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ABSTRACT

MUSCLE FIBER TYPE AND ULTIMATE pH OF TWO BOVINE MUSCLES INFLUENCE

HEAT- INDUCED GELATION OF SALT SOLUBLE PROTEINS AND MYOSIN

By

A. Virginia Vega-Vargas

The influence of muscle fiber type and ultimate pH on the thermal
gelation properties of salt soluble proteins (SSP) and myosin from
bovine yagtus intermediugs (VI, predominantly red muscle) and
gemimembranosus (SM, predominantly white muscle) at 0.6M NaCl and pH
6.05 (VI ultimate pH) or 5.50 (SM ultimate pH) were investigated. VI
muscle had a higher fat content and lower protein content than SM.
Solubility of VI and SM SSP decreased by 30% (p<0.05) between pH 5.8 and
5.6, and pH 5.6 and 5.4, respectively. 1Initial increases in storage
modulus (G') of VI and SM SSP at pH 5.5 were at a lower temperature
(about 36°C) than those at pH 6.0. The G' at 80°C varied with pH and
muscle fiber type. VI SSP formed a more elastic gel network than SM SSP
as indicated by tangent 8; however, tangent 6 at pH 6.0 was lower than
at pH 5.5 for both muscles. Stress and strain at fracture of SSP gels
were the same (p>0.05) for SM at both pH's and VI at pH 5.5, but higher
in VI at pH 6.0. SSP gels from both muscles had lower syneresis and
expressible moisture at pH 6.0, VI had poorer water holding ability
compared with SM at pH 6.0.

VI and SM myosin heavy and light chain contained different

isoforms. Endotherms of VI myosin at pH 6.05 had three peaks with
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transition temperatures (Tm) of 53, 57, and 65°C, whereas at pH 5.50 two
Tm of 42 and 58°C were observed. SM myosin at pH 6.05 and 5.50 had Tm
at 46°/58°C and 43°C/50/62°C, respectively. Both myosin endotherms were
deconvoluted in 10 two-state transitions. The aggrggation rate was
higher for SM than VI myosin. Aggregation started at a lower
temperature at pH 5.50 than 6.05. The onset temperature for gelation
(defined G'= 10 Pa) occurred at 38°C for SM myosin at pH 5.50 compared
with 55°C for VI myosin at pH 6.05; however, G' at 80°C were similar.
Both ultimate pH and fiber type influenced denaturation, aggregation,
and gelation of bovine myosin during heating. Fiber type had a greater

influence on the aggregation step than pH.
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CHAPTER 1

INTRODUCTION

Skeletal muscle contains different fiber types: a-red (slow, type
I), a-white (fast, type IIb), and 8-red (intermediate, type IIa). The
proximate composition, pH and functional properties differ in muscles
composed of different fiber types (Lyon et al., 1984; Maesso et al.,
1970; Meyer and Egelandsdal, 1992; Ramsbottom and Strandine, 1948). The
effect of muscle type on heat-induced gelation has been the subject of
recent studies using simple systems, such as myosin or myosin
subfragments, to more complex systems, such as whole muscles
(Egelandsdal et al., 1994; Meyer and Egelandsdal, 1992).

Different muscle protein isoforms are present in each muscle fiber
type (Pette and Staron, 1990). Myosin, which is shown to be among
myofibrillar proteins to present the better functional properties such
as gelation, exists as different isoforms that have different thermal
behaviors. Rheological and water holding properties of muscle have been
shown to be influenced by ultimate pH of the meat (Daum-Thunberg et al.,
1992). Myofibrillar protein isoforms and ultimate pH have been
suggested as possible reasons for variations in thermal gelation
behavior of muscle proteins.

Proteins from white muscles form stronger gels than those from red
muscles in several species. Differences in gel properties and

myofibrillar protein composition of turkey and chicken red and white
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2
muscle have been reported. Most studies have been done using poultry
breast and leg or thigh muscles as these contain predominately white and
red fibers, respectively (Asghar et al., 1985; Foegeding, 1987; Xiong
and Brekke, 1990a,b). It is known that there are different proportions
of fiber types in bovine muscles. Consequently, there will be
differences in gelling properties of bovine muscle (Egelandsdal et al.,
1994; Fretheim et al., 1986; Meyer and Egelandsdal, 1992).

Most processed meat products are formulated using least cost
formulation calculations which are primarily based on composition and
cost. In this type of formulation, the processor tries to meet protein
content specifications using any cut of meat available without
considering the functional properties of the muscle. Cassens and Cooper
(1971) suggested that a certain fiber composition might be optimal in
the manufacture of processed meat products. Fiber type is known to
affect the final texture of processed meats and their handling during
processing (Xiong and Blanchard, 1994a).

A formulation based only on protein content does not account for
specific functional properties of each muscle in the formulation. A
greater percentage of one fiber with respect to the another may change
final product texture characteristics. Similarly, pH has a great effect
on gelation due to the three dimensional matrix resulting from
electrostatic forces between protein molecules. So, a processed meat
formulation based on muscle type and protein concentration may be more
realistic in ensuring consistent yields and final product texture.

The influence of fiber type on heat-induced gelation in bovine
muscle needs to be studied more extensively as the influence of muscle

PH and protein isoform is not known. Most studies have been done in
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3

magseter (red fiber type) and cutaneus trunci (white muscle). We
selected vastus intermedius (VI) and gemimembranogus (SM) since these

two muscles are more readily utilized in a processed meat product.
porcine VI is composed of approximately 76% fiber type I (Robe and
Xiong, 1992; Suzuki and Cassens, 1980) and bovine SM approximately 70%
fiber type II (Iwamoto et al., 1991)

The overall goal of this project was to determine the effect of
fiber type and ultimate muscle pH on the gelation properties of muscle
proteins using bovine VI and SM muscle.

In the first study the objectives were to:

a) compare the composition and pH of bovine gemimembranogug and vastus
intermedius, b) determine the influence of pH on SSP solubility profile,
and ¢) evaluate the effect of muscle type and ultimate pH on thermal
gelation behavior of bovine muscle SSP.

The objectives of the second study were to:

a) identify myosin isoforms of bovine gemimembranosus and yastus
intermediug muscles, b) determine the influence of myosin isoform and pH
during the three steps of heat-induced gelation; denaturation,
aggregation and matrix formation or cross-linking.

The dissertation was organized around these two studies. The
first three sections include the Abstract, Introduction and Literature
Review for the entire dissertation. Each study was then organized as a
manuscript with its specific abstract, introduction, materials and
methods, results and discussion and conclusions section. The last
common sections were Conclusions, Future Research and List of References

in Journal of Food Science format for the entire dissertation.
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CHAPTER 2

LITERATURE REVIEW

2.1 MUSCLE COMPOSITION

Muscle is the principal component of meat. As a living tissue,
muscle is composed of water, protein, fat, carbohydrate and inorganic
constituents. In a typical mammalian muscle, water content is about 75%
and protein content is about 19%. Carbohydrates, mainly lactic acid and
glycogen, comprise about 1.2%; lipids about 2.5% and other soluble
nonprotein substances about 2.3% (Lawrie, 1991).

Water is present within the three dimensional network of muscle
fibers and is associated with connective tissue (Wismer-Pedersen, 1987).
In beef muscles, as in other species, water and lipid content are
inversely related; one increases at the expense of the other. Muscle
lipids are present as triacylglycerides and phospholipids. Soluble
nonprotein substances can be subdivided.in nitrogenous nonprotein
soluble substances (NPN) such as creatine and inorganic substances
(minerals) .

The composition differs between muscle types; red muscle types
have been reported to have higher in lipid and moisture content and
lower in protein content than the white muscle type among species
(Cassens and Cooper, 1971; Meyer and Egelandsdal, 1992; Ramsbottom and
Strandine, 1948). Moreover, the ultimate pH (pH after rigor onset)

between muscle types has been shown to be different. The pH is 0.2 to

4
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5
0.5 pH units higher for red muscle types than white muscle types among
species, including chicken and cattle (Amato et al., 1989; Foegeding,

1987; Lawrie et al., 1963; Meyer and Egelandsdal, 1992).

2.1.1 Mugcle proteing

Muscle proteins are classified into three groups: myofibrillar,
sarcoplasmic and stromal. In skeletal muscle, myofibrillar proteins
constitute between 50-55% of the total protein, sarcoplasmic proteins
about 30 to 34%, and the remaining portion is stromal or connective
tissue proteins (Acton et al., 1983).

Sarcoplasmic proteins are in solution in the intracellular fluid
and can be extracted with water or low ionic strength (0.1 u or less)
solutions at pH 6.7-7.5 (Pearson and Young, 1989). This fraction
contains more than 100 different proteins, including myoglobin and
metabolic enzymes (Scopes, 1970). These proteins can be classified into
four different fractions: nuclear, mitochondrial, microsomal and
cytoplasmic. In general, sarcoplasmic proteins are globular or rod
shaped proteins and have low viscosities, low water-binding capacities,
molecular weights between 20,000 and 100,000 and isoelectric points in
the range pH 6.0 - 7.0 (Morrissey et al., 1987).

Myofibrillar proteins are an integral part of the muscle filaments
and require a higher ionic strength (0.3 u up to 0.5 u) for extraction
(Pearson and Young, 1989). They can be divided into three subgroups:
contractile proteins, regulatory proteins and cytoskeletal or scaffold
proteins. The contractile proteins, myosin and actin, account for about
Ss0%¥ and 20%, respectively (Obinata et al., 1981; Yates and Greaser,

1983) of the total myofibrillar protein. Myosin is responsible for most
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6

of the functional properties of processed meat (Smith, 1988). Actin
influences myosin gelation even though it does not form a gel (Nuckles
et al., 1991; wWang and Smith, 1994a). The regulatory proteins,
including troponin, tropomyosin and the actinins, play a role in the
initiation and control of contraction. Connectin, C-protein, myomesin,
desmin, nebulin, and filamin are among the cytoskeletal proteins which
provide the structure and alignment of the myofibrils.

Stromal proteins are insoluble in water and dilute salt solutions
and include connective tissue and associated fibrous proteins. The

major proteins in this group are collagen, elastin and keratin.

2.1.2 Myosin

Myosin is a highly asymmetric molecule with dimensions of about
150 nm length and 1.5-2.0 nm diameter in the rod portion and 8 nm
diameter in the globular heads (Pearson and Young, 1989). The myosin
molecule consists of six separate polypeptides, with a total molecular
weight of about 521,000 daltons for rabbit skeletal myosin (Yates and
Greaser, 1983). The two large polypeptides are called myosin heavy
chains and four smaller ones are known as light chains. Myosin has an
isoelectric point of 5.3 and contains a high percentage of glutamic and
aspartic acid.

Each myosin heavy chain contains about 1934 amino acids resulting
in a molecular weight of about 220,000 daltons (King and Macfarlane,
1987; Knight and Trinick, 1987) and contains an a-helix region known as
the myosin rod or tail. Rod regions of the two heavy chains are
intertwined in a right-handed twist to form a coiled-coil superhelix

stabilized by knob-into-hole packing and hydrophobic interactions
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7
(Squire, 1986). The rod portion contains two different levels of
repeating units. Seven repeating residues (a-b-c-d-e-f-g) form the
backbone of the rod. Residues a and d are hydrophobic and are in the
core of the molecule. The second level of repeat unit is composed of 28
residues which give origin to positive and negative charged stripes in
the myosin molecule which are important in the formation of thick
filaments (Squire, 1986). The function of the rod is to assemble
myosins into thick filaments. A schematic diagram of myosin is shown in
Fig. 2.1.

On the NHp-terminal end, each heavy chain has a globular pear
shaped region known as the myosin head which contains the ATPase active
gsite and the actin-binding region. The three dimensional structure of
the head of chicken pectoralis myosin has been determined using crystal
x-ray diffraction and 48% of the residues were involved in a-helix
conformation (Rayment et al., 1993). These a-helices are extended
through the major part of the myosin head and act as light chain binding
sites. Seven R-strand motifs are also present and are located in the
thick part of the myosin head. The two myosin heads are not necessarily
identical (Inoue et al., 1977 and 1979). Up to four post-translational
methylated residues are present in the myosin head: two trimethyllysine,
one monomethyllysine and methylhistine (Knight and Trinick, 1987). The
latter is only found in the type II myosin. These are not present in
the rod portion (Hayashida et al., 1991). The function of these
residues are unknown, but they are used to follow myofibrillar protein
degradation (Wohlt et al., 1982).

Bach myosin head contains two light chains, each with a molecular

weight of about 20,000 daltons, which are located in the rod end of the
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Figure 2.1 Schematic diagram of myosin molecule: HMM, heavy
meromyosin (350,000 daltons); LMM, light meromyosin (125,000 daltons);
HMM-S4, myosin subfragment-1 (115,000 daltons); S2, myosin subfragment-
2; DTNB, 5,5-dithiobis- (2-nitrobenzoate) (adapted from Smith et al.,

1983).
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9
head or myosin neck. These have been identified as alkali light chains
(two types, Al and A2) and DTNB [5,5-dithiobis-(2-nitrobenzoate)] light
chains and can be isolated using alkali or DTNB, a sulfhydryl blocking
agent, respectively. The light chains are referred to as either A1l,
DTNB, and A2 or LC1l, LC2, and LC3 listed in order of decreasing
molecular weight.

The alkali light chains (25,000 and 16,000 daltons) modulate
ATPase activity and actin-binding ability of myosin; thus, they are
considered essential for myosin function (Squire, 1986). The alkali
chains are identical in the 141 amino acid residues composing the
carboxyl terminus; adjacent to this is a region of 8 residues where Al
and A2 differ by only five amino acids. Also, Al has 41 additional
residues in the NHp-terminal end (Obinata et al., 1981). The myosin
heads can have any combination of alkali light chains; both heads can
have Al, A2 or one of each. Both alkali chains are elongated shape
proteins with 40% a-helix and 20% fB-structure (Knight and Trinick, 1987;
Rayment et al., 1993).

The DTNB light chain has a regulatory function related to myosin
contraction. The molecular weight of about 18,000 daltons and the amino
acid sequence are very different from the alkali light chains. The DTNB
light chain has an elongated shape similar to the alkali light chain,
but has a lower fraction of a-helical structure than alkali light chains
(Rayment et al., 1993). Two thiol groups are present in the regulatory
chain or DINB light chain in comparison with only one in each essential
chain or alkali light chain (Obinata et al., 1981). DTNB has a binding
site for single, non-specific divalent metal (Knight and Trinick, 1987),

and the capability to be phosphorylated, which modulates muscle
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10
contraction (Adelstein and Eisenberg, 1980).

Trypsin and chymotrypsin hydrolyze myosin in the hinge region
forming two large fragments called light meromyosin (LMM, 150,000
daltons) and heavy meromyosin (HMM, 350,000 daltons) (Lowey et al.,
1969). The HMM retains the actin binding and ATPase activity and is
soluble at low ionic strength. The LMM can form thick filaments and is
soluble at high ionic strength (Lowey et al., 1969; Obinata et al.,
1981) . The HMM can be hydrolyzed at the head-tail junction by papain,
regulting in the a-helical rod portion (HMM S-2) and head portion (HMM
S-1) (Lowey et al., 1969). The HMM S-1 portion possesses both the actin
binding and ATPase activity. When the myosin rod is treated with
trypsin or chymotrypsin, LMM and HMM S-2 are obtained (Balint et al.,
1968) .

Proteolytic cleavage of the myosin head produces three separate
domains. Starting from the N-terminal end of the heavy chain, these
peptides possess molecular weights of 25, 50, and 22 kilodaltons (kDa)
(Mornet et al., 1979 and 1981). It has been reported that each domain
can be related to a specific function of myosin (Burke et al., 1987;
Mornet et al., 1979). The 25 kDa and 50 kDa fragments are related to
the ATP binding site (Mahmood and Yount, 1984; Squire, 1986) and the 50
kDA and 22 kDa domains participate in the actin binding site (Yamamoto

and Sekine, 1979a,b,c).

2.2 MUSCLE FIBERS
Myosin forms thick filaments through interactions of the rod
regions. Thin filaments are mainly composed of actin. Thick and thin

filaments interact at the myosin head. The cytoskeletal proteins keep
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11
myosin and actin in register to form an organized structure called
myofilaments. Myofilaments form bundles called myofibrils, which are
assembled in muscle fibers (Figure 2.2). Muscle fibers are the
structural unit of skeletal muscle tissue and are surrounded by
connective tissue called the endomysium. Muscle fibers are gathered
into bundles called primary bundles, which are in turn grouped in
bundles known as secondary bundles. Primary and secondary bundles are
surrounded by perimysium. External connective tissue, epimysium,

surrounds the entire muscle.

2.2.1 Muscle fiber origin

Muscle development is schematically illustrated in Figure 2.3.
Muscle originates from the mesodermal layer of the embryo through a
series of proliferation and differentiation steps (mitosis and quantal
mitosis). The mesodermal cells produce the myogenic precursor cells,
which then develop into presumptive myoblasts. Presumptive myoblasts
are cells which are mononucleated and able to replicate, but cannot fuse
or synthesize myofibrillar proteins like the myoblasts. The PMb stop
multiplying and develop into a myoblast. The mononucleated myoblasts
fuse and synthesize the muscle fiber specific proteins. These proteins
are gynthesized as different isoforms which are coded from multigene
families (Mintz and Baker, 1967; Moore et al., 1992; Muntz, 1990).

There are different types of myoblasts throughout muscle
development. The commitment to a specific type causes fiber
differentiation by developmental stage (embryo, neonatal or adult) or
function (fast, slow or fast/slow contraction). Different studies in

chicken and small mammals have found that embryonic, neonatal and adult
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epimysium

endomysium

Figure 2.2 Diagram of muscle structure. (adapted from Judge et al.,
1989).
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Figure 2.3 Schematic model of muscle development and differentiation

(adapted from Stockdale, 1990a).
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14
forms of myosin are composed of different isoforms (Gauthier et al.,
1982, Muntz, 1990; Whalen et al., 1981). Gauthier et al. (1982) stated
that these transients do not stop being synthesized, instead a new
generation of isozymes replaces the previous stage. There are different
factors which affect the final fiber phenotype including activity,
innervation and hormones. The appearance of adult myosin isoforms has
been related to the development of the neuromuscular system (Muntz,
1990). The definitive fiber type is in a dynamic state and any change
in activity, hormones or innervation can modulate the fiber type at any
development state (Stockdale, 1990a).

Myotubes, which are multinucleated cells, are produced by fused
myoblasts (Mintz and Baker, 1967). Nuclei in the myotube are centrally
located and are incapable of mitosis. The mature myotube forms
myofibers which are similar to myotubes but with the nuclei located in
the cell periphery. The use of monoclonal antibodies to different
myosin isoforms provides a tool to study the embryonic origin of muscle
fiber types. There are numerous studies in birds (Bandman et al., 1989
and 1990; Gauthier et al., 1982: Hofmann et al., 1988; Maruyama and
Kanemaki, 1990; Stockdale, 1990b; Stockdale and Miller, 1989; Stockdale
et al., 1989) that suggest six different myosin heavy chain isoforms are
synthesized during development. Robelin et al. (1993) studied the
development of myosin in semitendinosus muscle of cattle from 39 days of
gestation to 30 days after birth using four different antibodies. The
authors found that there were two generations of cells: the first cells
produced only type I myosin, whereas the second generation of cells that
appear later, around 120 days of gestation, produced type I and II. 1In

cattle, as in humans, embryonic and fetal myosin are not synthesized
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after birth, when the mature adult form takes over.

2.2.2 Muscle Fiber Tvpes

The terms, muscle type and fiber type, are used interchangeably in
the literature, but muscles actually contain a mixture of fiber types.

A muscle containing 40% or greater of a fiber type can be classified as
white or red muscle (Beecher et al., 1965). There is extensive
information about muscle fiber types in skeletal muscle (Brooke and
Kaiser, 1970; Cassens and Cooper, 1971; Gauthier, 1970; Salviati et al.,
1982; Sams and Janky, 1990; Seideman and Crouse, 1986; Solomon and
Montgomery, 1988; Solomon et al., 1985; Suzuki and Cassens, 1980;
Totland et al., 1988). Methods of classification are based on specific
characteristics of each fiber type: appearance, physiological behavior,
biochemical properties or histochemical staining properties (Cassens and
Cooper, 1971).

The most accepted method of classification is to divide fibers
into three types known as type I, type IIa and type IIb based on three
features: speed of contraction, glycolytic capacity and oxidative
capacity (Peter et al., 1972). A fiber type present in small quantities
in some muscle, type IIc, is thought to be a neonatal fiber in
transition to the other types (Cleveland et al., 1977).

Type I fibers or 8-red are slow contracting and have a
predominantly oxidative metabolism (Brooke and Kaiser, 1970). Red
fibers tend to be small in size, contain high numbers of mitochondria
which can be located at the Z-band and in the interfibrillar space
(Gauthier, 1970), and have a high content of lipid and myoglobin. The

Z-band is wider in red fibers than in white fibers (Gauthier, 1970).
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16
Type I fibers are more resistant to fatigue due to their slow rate of
ATP hydrolysis (Beatty and Bocek, 1970). The blood supply to type I
fibers is more abundant and fibers contain more RNA with increased
ability to synthesize protein. Red fibers react strongly with oxidative
stains such as succinate dehydrogenase (SDH); nicotinamide adenine
dinucleotide tetrazolium reductase (NADH-TR) and myosin adenosine
triphosphatase (ATPase) under acid conditions during histochemical
staining.

Type 1Ib fibers or a-white have a fast rate of contraction and
relaxation which can be related to the more abundant and better
developed sarcoplasmic reticulum (Pearson and Young, 1989). White
fibers are generally larger than red fibers. Type IIb fibers contain
larger amounts of glycogen compared with red fibers and glycolytic
metabolism predominates (Pearson and Young, 1989). In the case of
histochemical staining, white fibers react strongly with glycolytic
stains, such as myosin ATPase under alkaline conditions and
amylophosphorylase (AP).

Type Ila fibers or a-red have intermediate properties with mixed
oxidative and glycolytic metabolism. Intermediate fibers are similar to
white fibers, although they have slightly slower intrinsic rates of
shortening (Pearson and Young, 1989). They contain a large number of
mitochondria and thus are more resistant to fatigue. The Z-lines in the
intermediate fibers is thinner than the red fiber and this is one

feature which can be used to distinguish red and intermediate fibers.

2.3 MUSCLE PROTEIN ISOFORMS

Different isoforms of myosin are found among the different muscle
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fiber types (Gauthier and Lowey, 1979; Schiaffino et al., 1990). There
are numerous possible combinations of myosin isoforms due to the
hexameric nature of myosin (Staron and Pette, 1990). Myosin heavy
chains have been suggested to be the major contributor to myosin
diversity (Moore et al., 1992). The myosin heavy chains from slow
muscle can be combined with slow or fast myosin light chains. Young
(1982), showed with peptide maps, that there are differences in myosin
heavy chains of fiber types I and II. 1In slow myosin, only one heavy
chain polypeptide was found per species (Billeter et al., 1981; Salviati
et al., 1982; Young and Davey, 1981). Two different maps were obtained
of purified single bovine fast fibers which were different from the slow
heavy chain and from each other (Young and Davey, 1981). Later, Young
(1982) established that each variant is predominant in each of the two
type II fiber types. Using gradient sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE), myosin heavy chain (MHC)
isoforms have mobilities from fastest to slowest of: MHCIIa, MHCIIb, and
MHCI (B&r and Pette, 1988; Carraro and Catani, 1983; Sugiura and
Murakami, 1990; Termin et al., 1989). Moreover, these protein bands
have been identified using monoclonal antibodies for each specific
myosin heavy chain by Western blot and enzyme-linked immunosorbent assay
(Betto et al., 1986; Lowey, 1980; Picard et al., 1994).

Myosin light chains vary with fiber type (Lowey and Risby, 1971).
In contrast to myosin heavy chain isoforms which have similar molecular
weights (Young and Davey, 1981), myosin light chain molecular mass
varies between fiber types (Sarkar et al., 1971). 1In the type IIb or
fast-twitch fibers, three different myosin light chains have been

identified: LC1f, LC2f and LC3f. LC1f and LC3f are alkaline light
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chains with molecular weights of 25 and 15 kDa, respectively. LC2f,
corresponding to DTNB light chain, has a molecular weight of 17 kDa
(Sarkar et al., 1971). The ratio of LCl1f to LC3f in the fast muscle is
2:1 (Asghar et al., 1985).

Slow or red fibers contain two types of light chains, LCls and
LC2s, which are similar to cardiac LC1l and LC2. The LCls has a higher
molecular weight than LC1f. LCls can be either of two different
polypeptides - LClsa and LClsb - with molecular weights of 27 and 26
kDa, respectively (Sarkar et al., 1971; Weeds, 1976 and 1980). The
LC2s has a molecular weight of 19 kDa and is similar to LC2f. The ratio
of LCls to LC28 is 1:1 for myosin head. The stoichiometry between LClsa
and LClsb is unknown.

Actin does not differ with skeletal muscle fiber type (Pearson and
Young, 1989) and is called a-actin. This type is also present in
cardiac muscle and small percent of cardiac a-actin. Tropomyosin is
composed of a and 8 chains. For fast skeletal muscle, the a:8 ratio is
3-4:1 and for slow skeletal muscle the ratio is 1:1 (Cummins and Perry,
1974; Obinata et al., 1981). The difference in the a:8 ratio between
fiber types has been related to differences in troponin T binding and
some glycolytic enzymes (King and Macfarlane, 1987). The three troponin
subunits (I, C, and T) exist as slow and fast isoforms (Dhoot et al.,
1979; Hartner and Pette, 1990; Salviati et al., 1982). C-protein binds
myosin and is a common impurity during myosin purification (Starr and
Offer, 1971). C-protein fast and slow isoforms have been identified in
mammals and birds, and have slightly different mobilities during SDS-
PAGE (Callaway and Bechtel, 1981). Xiong et al. (1987) observed more

intense bands around 300 kDa molecular weight in electrophoretograms of
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chicken white muscle fiber proteins than red muscle, which were
tentatively identified as connectin, nebulin and filamin (Bechtel, 1979;

Elgasimi et al., 1985; Wang, 1981).

2.4 PROTEIN GELATION
Thermal gelation of meat proteins is the most important functional
property determining textural characteristic of processed meat products

(Acton and Dick, 1989; Foegeding, 1988; Smith, 1988).

2.4.1 Theory and mechanigm

Protein gels have been described as "three-dimensional matrices or
networks in which polymer-polymer and polymer-solvent interactions occur
in an ordered manner resulting in the immobilization of large amounts of
water by a small proportion of protein" (Flory, 1974; Hermansson, 1979;
Mulvihill and Kinsella, 1987; Morrissey et al., 1987).

The formation of a protein gel has been suggested to follow a two
step mechanism involving unfolding of protein (denaturation) followed by
an aggregation process (Ferry, 1948). Foegeding and Hamann (1992)
presented a model of heat-induced gelation (Figure 2.4): proteins
unfold, aggregate, and when the gel point is reached, start to form a
three-dimensional network with viscoelastic properties. Denaturation of
protein involves a change in the secondary, tertiary, or quaternary
structure without changing the amino acid sequence (Tanford, 1968).
Protein unfolding, in this case due to an increase in temperature, can
be measured by analytical methods which detect any change in the
structure of the native protein molecule such as differential scanning

calorimetry (DSC), Fourier transform infrared spectroscopy, Raman
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Fluid Phase
Heat Ti
NATIVE —— UNFOLDING OF ™™, PROTEIN-PROTEIN
STRUCTURE INTERACTIONS
Time
GEL POINT
Solid Phase /
Time
PRIMARY MATRIX » EQUILIBRIUM MATRIX

Figure 2.4 Schematic model of thermally induced gelation of protein
(adapted from Foegeding and Hamann, 1992).
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spectroscopy, circular dichroism, and monoclonal antibodies. Clark and
Lee-Tuffnell (1986) stated that, in some cases, only partial unfolding
of protein is necessary to initiate protein gelatipn. When temperature
is increased, the Van der Waals interactions between nonpolar residues
and hydrogen bonds are stronger than the hydrophobic interactions.
Protein stability decreases and the protein unfolds exposing the
hydrophobic residues (Nakai and Li-Chan, 1988).

Mulvihill and Kinsella (1987) proposed that the ability of
denatured protein to associate and coagulate, precipitate, or gel
depends on the protein, its amino acid composition, molecular weight,
net hydrophobicity, concentration, and critical balance between
attractive and repulsive forces. The aggregation of unfolded proteins
is due to protein-protein interactions. Turbidity, light scattering, or
other forms of s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>