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Protein-Protein Interaction in Processed Meats 

Introduction 
Functional properties of meat constituents are known to 

be of importance for raw meat materials carried through the 
manufacturing phases that result in "processed meat prod- 
ucts." Major functional properties are: 

(a) water-binding ability (or water-holding capacity); 
(b) fat stabilization (or fat emulsification); 
(c) particle-to-particle binding ability (or protein gelation); 

and 
(d) the development of desirable color properties. 

Functional properties have been described as "measures of 
the descriptive actions of performance attributes" imparted 
from inherent and added ingredients used in the processing 
of meat products (Acton, 1979). The functional area of con- 
cern presented here is protein-protein interactions which 
occur during processing and lead to internal product structur- 
al development. 

Protein-protein interactions can be viewed in many differ- 
ent ways and certainly are used differently by muscle biolo- 
gists examining self-association of myosin in thick filaments 
and the interactions of actin and myosin upon contraction 
and by meat scientists examining texture-building properties 
of tissue when heat processed to consumer products. Much 
deductive reasoning is utilized by the latter to explain how or 
why an occurrence is found in response to processing treat- 
ments. It is surprising how often basic research contributes to 
plausible extrapolations for applied meat processes. 

One of the best examples of protein-protein interaction 
involvement in meat processing has come from the relatively 
recent studies of "binding development" at the surface junc- 
tion between meat pieces and the recognition that binding 
strength is dependent on the nature of the proteins lying 
within the junction (Theno et al., 1977; Siege1 and Schmidt, 
1979; Turner et al., 1979; Solomon and Schmidt, 1980). 
Protein-protein interactions are also recognized as being 
important to processing of comminuted meat batters 
(Schmidt et al., 1981; Deng et al., 1976; Acton et al., 1983) 
where development of internal structure during heat process- 
ing contributes to textural aspects and additional stabilization 
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of the dispersed fat particles (Acton et al., 1984). For the 
majority of functional properties of meats (except color), the 
myofibrillar protein fraction plays the predominant role. 

Each of the physical and chemical factors which affect 
proteins in general is important to the functional behavior of 
myosin, actin and the actomyosin complex. Recent studies 
indicate that regulatory proteins of the thick and thin fila- 
ments of the muscle myofibril are not as important in the 
gelation type of protein-protein interactions that occur in 
processing (Samejima et al., 1982; Acton et al., 1983). As 
Ziegler and Acton (1 984a) indicated, however, these proteins 
(the tropomyosin-troponin complex and others) are relatively 
low in concentration when compared to myosin and 
actomyosin concentrations. Certainly additional studies are 
warranted on the possible role of these proteins in processed 
meats. 

Meat Tissue Factors 
Tissue pH, salt concentration, thermal energy input, pro- 

tein concentration (in sol state) and even time are some of 
the factors affecting protein-protein interactions. In 
processed meats, the aqueous phase pH is generally that 
attained in two cases: prerigor meat normally in the pH range 
of 6.8-7.0 and postrigor meat in the pH range of 5.4 to 6.0. 
Salt concentration (as NaCI) is an important variable, and for 
purposes of this discussion, with a 2.0% to 2.5% addition to 
tissue having a moisture content of 55% to 65%, the effective 
ion molarity of the aqueous phase would range from 0.67 to 
0.93 when approximately 0.15 M inherent to the tissue is 
included. At temperatures below 15.6% (60°F) to 21.1"C 
(70"F), there appears to be very limited protein-protein inter- 
action. It is below this temperature zone where grinding, 
chopping, and mixing of meats has already occurred. Howev- 
er, the establishment of water-binding and fat encapsulation 
(as in comminuted meats) by muscle proteins is active below 
this temperature zone. However, protein-protein interactions 
would occur if the system were held for any length of time in 
the 15°C to 21°C zone, due to the accumulation of energy. 
The practice in processing operations has always been to 
"keep it cold" or "move it through" processing. Major protein- 
protein interactions occur in heat processing which spans the 
approximate 15"-21"C to 65"-71"C (1 5O0F-17O"F) ternpera- 
ture region. The protein-protein interactions which occur are 
directly the result of continuous heat energy input under the 
prevailing tissue's aqueous phase conditions. 

Aggregation 
Aggregation is a general term which has been used to 

describe many types of protein-protein interactions. Howev- 
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er, a distinct difference exists between protein aggregations 
termed “coagulation” and “gelation”. Coagulation is the ran- 
dom protein-protein interaction of denatured protein mole- 
cules and the clue is that randomness does not lead to an 
orderly structural assembly of the final aggregate. By com- 
parison, gelation is the orderly interaction of proteins, which 
may or may not be denatured, and which leads to formation 
of a three-dimensional well-ordered structural matrix (Her- 
mansson, 1978). 

Since denaturation is involved in these definitions, it is 
evident that native protein structure is altered when a “co- 
agulated mass” or a “gelled protein matrix” is formed. For 
muscle proteins during processing, thermal energy is the 
single most important driving force in protein transition from 
the native state to the denatured state. For myosin and the 
actomyosin complex, it is a continuous process of native 
protein structural changes involving secondary, tertiary and/ 
or quaternary structure. Hydrogen bonding, hydrophobic in- 
teractions, and electrostatic linkages are altered during tran- 
sition to the denatured state (Anglemier and Montgomery, 
1976). Once aggregation occurs, there generally will not be a 
return of molecular structure to the native state. Thus, with 
matrix formation by myosin or actomyosin, the course is 
irreversible. 

Bond energies that contribute to native structure and 

maintenance of a protein’s conformation are given in Table 1. 
These bonds can also be viewed as important in protein that 
is denatured. Once a new structure is formed, the same 
types of bondings can contribute to its structure. 

Thermal energy input to a protein system is known to 
drive denaturation reactions, that is, sufficient energy is 
provided to drive the reaction at a given rate through a 
particular path of bond breaking and possible altered bond 
reformation stages in the new structure. The result is definite 
conformational changes that will be present in the denatured 
protein state. While electrostatic and hydrogen bondings 
become weaker upon heating, the potential for hydrophobic 
bonding increases, and with conformational change, there is 
greater tendency for more interchain hydrophobic interaction 
to occur. 

Concurrently, if, in the gelation type protein-protein inter- 
action it is evident that there is a second path or reaction to 
aggregation, driven by thermal energy input, then the product 
of the first step becomes the reactor for aggregation in the 
second step. This sequence of reactions or steps in the 
formation of three-dimensional protein matrices has been 
proposed, and many of the remaining studies cited have 
done much to increase our understanding of what occurs 
during gelation. 

As an overview, Ferry (1948) probably gave us the best 

Table 1. Structural bondings found in proteins.’ 

Type of Bond Mechanism Energy Distance 
kcallmole of Interaction 

(Angstroms) 

Covalent Bond2 

Electrostatic 
(Ionic) Bond 

Hydrogen Bonding 

Hydrophobic 
Interaction 
(Van der Waals 
attractive) 

Electrostatic 
Repulsive Force 

Van der Waals 
Repulsive Force 

Electron Sharing 

Coulombic attraction 
between oppositely 

charged groups 

Hydrogen sharing between 
two electronegative 
atoms (directional) 

Induction of dipole 
moments in apolar 

goups 

Coulombic repulsion 
between similarly 
charged groups 

Repulsion between 
apolar groups in 

30-1 50 1-2 

10-20 2-3 

1-5 2-3 

1-3 3-5 

q, q, 
r2 

1 
r’h 

close proximity 
’ Adapted from Jones, R.T., 1964. The structure of proteins. In Proteins and Their Reactions, 

Schultz, H.W. and Anglemier, A.F. (eds.). p. 34. AVI Publishing Co., Inc., Westport, CT, and from 
Whitaker, J.R., 1977. Denaturation and renaturation of proteins. In Food Proteins, Whitaker, J.R. 
and Tannenbaum, S.R. (eds.) pp. 16-20. AVI Publishing Co., Westport, CT. 

* The bond energy for the disulfide bond as occurs in proteins, important to the protein-protein 
interaction discussed in this report, was not found by the author in searching available literature. 
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overall sequence of steps for gelation by proteins: 
Native Protein ------> Denatured Protein ------> 

Aggregated Protein 
As mentioned earlier, the process must be orderly, Le., a 
coagulum, devoid of regularity or interaction with the sur- 
rounding aqueous phase may follow the same reaction se- 
quence as occurs for gelation. There is much evidence in the 
literature of an orderly sequence of events for the myosin 
(and probably actomyosin) molecules reaching the desired 
continuum of a highly cross-linked protein matrix which in- 
cludes physical capillary forces and other bonding forces 
(hydrogen bonding and electrostatic forces) for interaction 
with water. 

Myosin Structural Components 
Each of the myosin molecule's structural regions has an 

important role in our understanding of the events in its heat- 
induced aggregation. The schematic diagram of Figure 1 
identifies the segments of myosin which have been studied. 
Myosin's native structure has been described as a double 
stranded a-helical rod (coiled-coil) with two globular heads at 
one end. Each "heavy chain" is continuous with a head and 
an a-helical tail. By selective enzymatic treatment, myosin 
can be cleaved into the head with a connecting stub of the 
rod, and the remaining tail segment, producing heavy 
meromyosin (HMM) and light meromyosin (LMM), respec- 
tively. Other techniques of enzymatic cleavage can be used 

Figure 1 
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Figure 1. Schematic of 
the myosin molecule LMM H Y M  

and various segments 
or fragments obtained 
by enzymatic digestion. 

- (See Goll et al., 1977, 
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to produce complete rods (myosin rod) and globular heads 
(S-lor HMM-S-1); HMM can also be cleaved further to free 
head (S-1) and tail stub (S-2) segments. (For a rather com- 
plete description of myosin's architecture and substructure, 
see Goll et al., 1977.) 

Heat-Induced Protein-Protein Interactions 
The heat-induced formation of a three-dimensional pro- 

tein matrix by myosin and actomyosin, termed gelation, can 
be represented by two stages of reactions. Each stage 
involves distinct segments of the myosin molecule. More 
critically, the stages occur in separate temperature regions 
during heating. One stage of aggregation occurs between 
3O0-50"C and the second stage occurs at temperatures 
>50"C. Thus, in the protein-protein interactions of myosin, 
each stage, by temperature region, can be represented 
independently using Ferry's two-step sequence of reactions. 
It is obvious that in applying this to processed meats, heating 
to a final internal temperature of between 65" and 71°C 
involves both stages as both temperature regions are tra- 
versed. 

The First Stage (3OOC to 50°C, 
Continuous Temperature Increase) 

The first stage involves aggregation of the globular head 
regions of the molecule. It is an irreversible reaction assum- 
ing heating will be continuous with continuous temperature 
elevation of the system. Through studies with the S-1 frac- 
tion, HMM segment and myosin, the aggregation is thought 
to be dependent on oxidation of -SH groups which are 
predominantly found in the globular head region (Samejima 
et al., 1981; lshioroshi et al., 1982). While -SH group reduc- 
tion (moles -SH/mole segment) progressively increases from 
20°C to 70% considerable reduction of -SH content occurs 
in the early temperature range of 20°C to 50°C for myosin or 
segments containing a globular head portion. No sulfhydryl 
reduction has been reported for myosin rod or the LMM 
segment (both devoid of globular heads) over the 20°C to 
70°C range. 

If the myosin molecule is sufficiently treated with PCMB 
(p-chloromercuribenzoate), a sulfhydryl blocking reagent, 
there is an appreciable reduction in the heat-induced interac- 
tion of myosin as measured from gel rigidity development 
(Ishioroshi et al., 1980). Also, if F-actin is added to PCMB- 
treated myosin, the actin-enhancing effect on myosin 
gelation is suppressed. These findings also support the role 
of sulfhydryl group involvement in head-to-head aggregation 
as one factor of the protein-protein interactions. 

The change in measurable free sulfhydryl groups for 
myosin and its segments is given in Table 2. For sulfhydryl 
group oxidation to occur, it is necessary for the head-to-head 
aggregation to have been preceded by a rapid conforma- 
tional change in the head region, particularly if covalent 
disulfide bonds are formed. Foegeding et al. (1983) reported 
that myosin gels heated to 70°C were stabilized by non- 
covalent and disulfide bonds. In addition, they reported that 
gels heated to 50°C were less difficult to solubilize (by 
guanidine hydrochloride and urea) than gels formed at 70°C. 

It is possible that the -SH group reductions given in Table 
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Table 2. Net reduction in free sulhydryl content 
for myosin and components from <20°C (initial) 

through heating to 7OOC.l 

Component Reduction in -SH Content 
(moles -SHlmole comoonent) 

HMM 8.6 
s-1 3.9 

Myosin 1.4 

LMM 0 
Myosin Rod 0 

From Samejima et al. (1981) and lshioroshi et al. (1982). 

2 are reflective of possible disulfide bond participation or of 
structural alterations which renders them inaccessible to 
measurement. For a myofibril preparation, Hamm and 
Hofmann (1 965) reported an increase in free NEM (N-ethyl- 
maleimide) reacting sulfhydryl groups when the myofibrils 
were heated from 30°C to 70°C although the total -SH group 
content reactive with AgNO, did not change. They concluded 
that heat denaturation was not accompanied by new disulfide 
bond formation, at least up to 70°C of heating. However, the 
myofibrils were not in an ionic environment of or equivalent to 
0.6 M KC1. Actomyosin, isolated from Atlantic croaker, 
shows a small decrease of total sulfhydryl groups when 
heated from approximately 30°C to 60°C with a 50% de- 
crease in heating from 60°C to 70°C (Liu et al., 1982). Liu et 
al. (1 982) concluded, on the basis of ease of solubilization 
(by 2% SDS) of actomyosin gels heated to 48°C that hydro- 
phobic interactions were the predominant force in 
actomyosin aggregation below 50°C. Solubilization of myosin 
gels heated to 50°C by guanadine hydrochloride and urea, as 
reported by Foegeding et al. (1983), also implies that hydro- 
phobic and hydrogen bonding are more important than 
sulfhydryl group reduction. 

It is reasonable to assume that the free sulfhydryl group 
content decreases due to rapid head-to-head aggregation in 
the lower temperature region and that this renders them 
unavailable to detection by reagents of the assays used in 
these studies. Aggregation cross-linkages could also involve 
noncovalent bondings as well. Whether covalent disulfide 
bonding is formed or not is not critical. The two-step se- 
quence of conformational change in the head region and 
head-to-head aggregation satisfies Ferry's mechanism in the 
first stage between 30°C and 50°C. We will move to the 
second stage and also consider overlapping events in both 
stages. 

The Second Stage 
( > 50°C, Con tin uous Temperature Increase) 

The second stage is associated with structural change of 
the helical rod segment of myosin which culminates in net- 
work formation through cross-linking of these segments. The 
data in Table 3, for myosin and its segments, shows the 
temperatures at which: (1) gel formation is initiated; (2) 
maximum gel rigidity occurs; and (3) whether further heating 
results in loss of gel rigidity or is maintained at a fairly 
constant level (plateau). Gel rigidity results are based on 

Table 3. Gel rigidity aspects of solutions of 
myosin, HMM, S-1, myosin rod and LMM in the 

temperature range of 20°C to 7OOC.l 

Component Rigidity hitiation Maximum Rigidity Stability 

Riaiditv 
"C (Range) "C After Max 

s-1 30-35 50-55 decline 

HMM 30-35 60 slight loss 
at 70°C 

plateau Rod 35-40 60 

LMM 35-40 60 plateau 

Mvosin2 30-35 60 Dlateau 
Estimated from original Figure 2 in Samejima et al. (1 981) 
and original Figure 2 in lshioroshi et ai. (1982). 

Actomyosin formed from myosin and F-actin at apparent 
mole ratios of 1.5 or 2.7 myosin to F-actin follow the same 
gel rigidity-temperature profile as myosin (Yasui et al., 
1980). However, natural actomyosin has a mole ratio rang- 
ing from 0.21 to 0.26 (dependent on extraction) which 
suggests free myosin in the high mole ratio combinations. 
Comparable data for natural actomyosin is not available. 

shear modulus of the segments in solutions heated over the 
temperature range of 20°C to 70°C. 

If we assume that the initial temperature zone of 30°C to 
35°C denotes transit into the first aggregation stage, it is 
evident (Table 3) that this initiation is shared by S-1, HMM 
and myosin, each of which contains the globular head (or 
heads). The delayed transit of the rod and LMM segments at 
35°C to 40°C rather than at 30°C to 35"C, both devoid of 
heads, may indicate that the first stage or a parallel to its 
equivalent is absent; then these segments may only be 
initiating an early phase of the second stage. It is myosin, the 
full component with head and tail, that shows both early 
initiation of rigidity development and a plateau attainment at 
60°C (Table 3). The plateau of rigidity is absent for S-1 which 
contains nothing of a tail segment. In fact, S-1 rapidly loses 
gel rigidity at temperatures exceeding 55°C. HMM (intact S-1 
+ S-2) by comparison, with its S-2 segment of the tail region, 
behaves similar to myosin. HMM does lose rigidity slightly at 
70°C well beyond the 60°C plateau. 

These distinctions summarized in Table 3 can be more 
critically differentiated over the temperature range where a 
response such as rigidity or other measures are obtained by 
using derivative plots of change in response with change in 
temperature (dR/dT). This procedure is extensively used in 
the literature and yields fairly accurate assignments of the 
transition temperatures (Tm's) at which each part of an 
overall process occurs under the conditions and methods by 
which the response is measured. The technique is not 
application of strict derivatives, but follows the smoothing 
method of Savitzky and Golay (1964) of a sliding fit of data 
points equally spaced over selected temperature intervals. 
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What is important here is that the transition temperature or 
temperatures are associated with "cooperativeness" - 
meaning that the change or transition is a major, rather exact, 
event which occurs within a narrow range of temperature 
(adapted from meaning of "cooperativeness" in protein de- 
naturation as given by Tanford, 1968). No derivative plots are 
necessary with the technique of differential scanning 
colorimetry. 

Transition temperatures from the gel rigidity responses 
cited in Table 3 and from other protein responses through 
application of techniques where continuous heating was 
utilized are summarized in Table 4. As pointed out by Ziegler 
and Acton (1984a), ". . . exact Tm value comparisons must 
be done with caution because of the differences in methods 
utilized . . .". The comparisons given in Table 3 and Table 4, 
where possible, correspond to protein solution conditions 
near those of interest, i.e., pH range of 6.0 or above and an 
ionic strength of 0.5 or higher (exceptions are present in 

Table 4). Some techniques do not allow observation of the 
second temperature region (>50"C to 55°C). 

The Tm's shown in Table 4 do confirm the existence of the 
two stages of interaction previously discussed and can be 
differentiated on the basis of: 

(a) the presence or absence of the head region and/or 
the tail segment; and 

(b) the first aggregation region from 30" to 50°C versus 
the second aggregation region at temperatures 
>50"C. 

Two myosin segments, LMM and S-2, have been found to 
yield an apparent Tm in the lower temperature region (Burke 
et al., 1973; Goodno et at., 1976; Swenson and Ritchie, 
1980) although neither possesses the globular head (S-1) 
portion. From gel rigidity data (Ishioroshi et al., 1982), LMM 
shows only a single transition at approximately 53°C. This 
technique (and others in Table 4) may not be sensitive 
enough to ascertain that another Tm in the 40" to 45°C range 

Table 4. Transition temperatures (TM's) of myosin, myosin segments and 
actomyosin from studies utilizing various techniques for thermal melting. 

Transition Temperature1 
Protein or Solution Conditions (Tm), "C 
Segment Technique PH M o r  Tm, Tm, (Tm,) Reference 

Myosin 
HMM 
s-1 
LMM 
Rod 

LMM 

Rod 

Rod 
LMM 
s-2 

Myosin 
HMM 
LMM 
s- 1 
Rod 
s-2 

Shear Modulus 

Optical Rotation and 
Circular Dichroism 

Optical Rotation 

Proton Binding 

S-2 (short) Differential 
Scanning 

S-2 (long) Calorimetry 

Myosin Differential 
Scanning 

Actomyosin Calorimetry 

Actomyosin Light Scatter 

6.0 

6.0 

6.0 

7.0 

6.0 

7.2 

6.0 

7.0 

6.0 

0.6M KCI 43 55 
45 54 
43 none 
none 53 
none 53 

0.6M KCI none 50-55 

0.6M KCI 43 54 

0.5M KCI 44 55 
42 52 
39 50 

0.5M KCI 41 est - 
41 est - 
40 est - 
43 est - 
41 est - 
---> 52 est 

0.6M KCI none 50 est 

42 50 est 

1 .o 43 49.5 

0.05 51.5 60 

0.6M NaCl 48.5 57.5 

Samejima et al. 
(1981) and 

lshioroshi et al. 
(1 982) 

lshioroshi et al. 

Samejima et al. 

Burke et al 

(1 982) 

(1981) 

(1 973) 

Goodno et al. 
(1 976) 

Swenson and 
Ritchie (1 980) 

60.5 Wright et al. 

73 
(1 977) 

Ziegler and 
Acton 11984) 

none = Tm not present 
dash = technique does not measure 
est = estimated from figures in reference 
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is present. 
The region linking LMM and S-2, as found in the myosin 

rod, is referred to as the “hinge” region (Burke et al., 1973). 
When limited enzymatic digestion is utilized in preparing the 
respective segments, it is possible that parts of the “belt” 
spanning the hinge region may be possessed by LMM and/or 
S-2, and if present in either fragment, could be responsible 
for the lower Tm occasionally observed. The lower Tm has 
been identified in the myosin rod where the hinge region 
remains intact (Samejima et al., 1981; Burke et al., 1973). 
From the data of Burke et al. (1973), who used papain- 
derived LMM for a-helix fractional alteration measured by 
optical rotatory dispersion, LMM showed two cooperative 
transitions, the first at approximately 42°C and the second at 
52°C (Table 4). The chymotryptic prepared LMM of lshioroshi 
et al. (1 982), when analyzed by optical rotatory dispersion 
and circular dichroism, yielded only one apparent Tm in the 
50” to 55” region. 

Since cleavage at the “hinge” region (or “belt”) is also 
used in producing S-2, additional inferences from this region 
were obtained by Swenson and Ritchie (1980). They pre- 
pared “short S-2” and “long S-2” using chymotryptic diges- 
tion (2 steps) for long S-2, and subsequent trypsin digestion 
of long S-2 to obtain short S-2. Since the primary difference 
between these two segments is the absence of the hinge 
region in short S-2, their examination by differential scanning 
calorimetry (Table 4) showed that short S-2 yielded only one 
Tm at approximately 50°C (0.6 M KC1, pH 7.2) whereas long 
5-2 (same conditions) yielded two Tm’s, the first at approxi- 
mately 42°C and the second at 50°C. 

The presence or absence of a portion of the hinge region 
may be responsible for the overlapping of apparent “major” 
events occurring in the first stage (30°C to 50°C) discussed 
earlier. While the globular head interaction predominates in 
the first stage, there is also apparent early disruption of the a- 
helix at the hinge region in moving from the coiled-coil (a- 
helix) to a random coil type structure in the same lower 
temperature region. Further helical disruption of the “tail” 
portions requires a higher energy input, thus these helical 
alterations predominate in the second stage at temperatures 
> 50°C. 

The coiled-coil to random coil conformational change in 
the tail region is extremely important to aggregation occur- 
ring in the second stage of events. For LMM (Ishioroshi et al., 
1982) and myosin rod (Samejima et al., 1981), ultraviolet 
absorption difference spectra at 285 nm, where the aromatic 
side chains of the protein absorb, confirmed that absorption 
increases as both segments are heated from 20°C to 65°C. In 
addition, several workers have reported increased binding 
and enhancement of fluorescent intensity for actomyosin 
(Niwa, 1975) and myosin (Lim and Botts, 1967; Wicker et al., 
1984) upon heating in the presence of ANS (8-anilino-l- 
napthalene sulfonate). ANS is a fluorescence probe capable 
of binding with hydrophobic regions of proteins when 
conformational changes allow reaction with nonpolar resi- 
dues. The binding of ANS is initiated at temperatures begin- 
ning in the 35°C to 45°C range (Table 5). The fluorescent 
intensity increases with further temperature increase. The 
exposure of hydrophobic residues facilitates hydrophobic 
interactions and thus increases the potential for tail-to-tail 

Table 5. Binding of ANS (8-anilino-1 -napthalene 
sulfonate) to nonpolar sites on myosin. 

Solution Conditions Temperature (“C) Range of 
OH Molaritv the Initiation of ANS Bindina 

8.0 6.0 M KCI 3540°C (Lim and Botts, 1967) 
6.0-8.0 0.1-0.8 M KCI 3543°C (Wicker et al., 1984) 

(not significantly altered 
over stated pH and 

molarity range) 

cross-linking in establishing the gel framework. 

Sol-to-Gel Conversion 
By mechanically shearing intact muscle tissue cells, by 

addition of limited free water, by addition of salt and through 
means of dispersive actions, a suspension of macroparticles 
exists in a continuous aqueous phase. The term “sol” ap- 
pears to apply to the aqueous phase of macromolecular 
hydrated myofibrillar proteins. Even the sheared tips of sus- 
pended myofibrils, partly solvated in the high ionic environ- 
ment, are free to interact when heat is applied to the total 
system. One notable feature of the “sol” of myofibrillar pro- 
teins is apparent - its protein concentration is high and 
further solubilizing effects by water addition are limited (le- 
gally as applied to several meat products). A sol-to-gel 
transformation occurs in such meat tissue minces due to 
continuous energy input (detected by temperature) during 
heat processing. 

The tacky-sol transformation of myofibrillar proteins to the 
gelled state results in formation of the ultimate three-dimen- 
sional interlinked protein network. This protein network phys- 
ically (due to capillarity) and chemically (due to noncovalent 
bondings) stabilizes water, and physically or structurally re- 
strains dispersed fat (in comminuted meats) from rendering. 
Reviews of applied research in this area were given by 
Schmidt et al. (1981) and Acton et al. (1983). The major lack 
of knowledge in this area is the rheological behavior of 
dispersed meat systems spanning the temperature zone 
where a flowing system changes to a nonflowing solid prod- 
uct. 

The temperature region of importance in gelation has 
been given here as initiation in the 30°C to 35°C zone and 
termination near 65°C to 70°C. From all of the gelation and 
meat binding studies, the temperature region above 50°C 
appears most critical. Gels do not reach appreciable strength 
until the myosin tail portion has undergone helix-coil transfor- 
mation and subsequent cross-linking. Of course, the myosin 
head region is important since, from ultrastructure studies, 
these appear to form the initial ”super-junctions’’ upon which 
the “super-thick” filament network interlinks (Siege1 and 
Schmidt, 1979; Samejima et al., 1981). While similar studies 
of gelation by natural actomyosin have begun to appear 
(Deng et at., 1976; Acton et al., 1981; Liu et al., 1982; Ziegler 
and Acton, 1984b), the ultrastructure of actomyosin gels is 
one of thinner filamentous strands with larger pore size 
distribution and a different cross-linked appearance when 
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compared to myosin gels (see scanning electron micro- 
graphs presented by Yasui et al., 1982). Binding strength 
development at the junction between adjacent cut meat 
surfaces shows temperature dependence particularly above 
50°C, and has been previously reviewed (Theno et al., 1977). 

Summary and Perspectives 
Protein-protein interaction is a functional event that can be 

related to structural integrity of meat products through orderly 
heat-induced aggregations. These aggregations are two- 
fold, involving the head portion(s) of myosin at temperatures 
between 30°C and 50°C and the rod segment in the tempera- 
ture region above 50°C. Some initiation of conformational 
change occurs in the rod segment in the lower temperature 
zone due to the sensitivity of the “hinge” region connecting 
the S-2 and LMM segments. The complete myosin molecule 
is necessary for attaining appreciable continuity and strength 
in the protein matrix. From ultrastructure studies, there are 
morphological differences between myosin and actomyosin 
aggregates, implying that in processed meats, differences in 
textural attributes between prerigor and postrigor raw rnateri- 
als may emerge in the finished product. 

While deductive reasoning and plausible extrapolations of 
protein-protein interactions were used here to establish a 
case for heat-induced ”texture building” or “texture forma- 
tion” in processed meats, in the next 5 years it will be 
interesting to view these perspectives as research efforts 
continue. 
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Discussion 
Trout: You are talking about defined denaturation tem- 

peratures of the different components of the myosin and the 
myosin molecule. But most of what you presented, if I’m 
correct, comes from studies that were done under fixed 
conditions of pH and ionic strength, so really the tempera- 
tures you are talking about only apply to those particular 
conditions. Do you agree with this? 

Acton: No, I agree that there is a shift in thermal transition 
temperature due to changes in pH or salt concentration. 
However, I did not try to pick out 43°C vs 42°C or 44°C. I tried 
to show that there are two zones that are involved and we 
transverse these zones. In comminuted meat systems, the 
midpoint of this range is where you move from one zone into 
the other. This is where it changes from a flowing to a non- 
flowing system, texturally. But it is influenced by pH and salt 
concentration. 

Trout: So the temperatures aren’t rigid or fixed and are 
within a range. 

Acton: Within a couple of degrees but there’s still a low 
temperature range and a high temperature range. 

Trout: It seems from the work that we’ve done just recently 
and also work by Anne-Marie Hermansson from Sweden that 
what’s occurring is slightly different from what you are pre- 
senting. If you regard the changes that occur at low tempera- 

tures, say from 0°C to 5WC, as being one set of changes and 
the changes that occur at temperatures above that as an- 
other, then the initial changes actually determine what hap- 
pens subsequently. 

Acton: That’s right. It’s an orderly process. It is a two-step 
mechanism. 

Trout: And it seems that these initial changes are depen- 
dent on the ionic strength, pH and type of ion. 

Acton: They are also dependent upon one other thing (in 
the manuscript, it’s dealt with a little bit more), thermal energy 
input - the rate of heating. 

Trout: Well, that was one aspect that I wasn‘t going to 
include. But it seems possible that at low temperature a 
particular type of protein structure is produced which is 
stable to further heat-induced changes. Under fixed condi- 
tions of ionic strength and pH, you don’t always see the 
importance of this initial change. Under the right conditions, 
the proteins form a structure at low temperature that resists 
further aggregation. If you look at the myosin gels that have 
been heated at low ionic strength and pH under the electron 
microscope, you’ll see that they are aggregated and have no 
real structure, because the proteins did not produce the right 
structure initially and are more susceptible to subsequent 
thermally-induced aggregation. 

Acton: I don’t disagree with that. 




