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To convert meat tissues into functional meat batters, the 
highly organized and aggregated native myosin must be 
dispersed/solubilized by chopping in a salt solution (Fig. 1). 
Only after an appropriate sol is formed, can the batter be 
thermally gelled to form a product with the desired texture. 
Batter formation and gelation are multiple-step processes, as 
indicated by the heavy arrows. In the batter, myosin is 
probably neither in true solution nor denatured. Myosin ex- 
tracts made under similar conditions can reassociate into the 
myosin filament if the ionic strength is reduced and the 
ATPase activity of the myosin head remains. Myosin prob- 
ably undergoes some low energy transitions, but not irrevers- 
ible ones. 

Myosin, the principal protein in postmortem muscle, has a 
high molecular weight (510 kD) and a high content of basic, 
acidic and polar (70%) and sulfhydryl (3%) amino acids. 
During batter formation, ionic strengths greater than 0.6 M 
are necessary to keep myosinlactomyosin dispersed and 
prevent excessive protein-protein interaction (aggregation/ 
coagulation) before heating. 

Some surface denaturation of protein on lipid particles 
probably occurs, fitting the definition of emulsification. 
Myosin can form an emulsion in model systems; however, 
the extent and importance of emulsification in a meat batter 
is limited. The batter is better described as being a high 
viscosity, protein sol with suspended fat particles. Possible 
situations where emulsification is a factor could be at the 
momentary melting of the fat during chopping in the vicinity of 
the moving blade or during the initial stages of heating after 
the fat has melted but before the gel has firmly set. 

The conformations of a protein and its association with 
other proteins are governed by equilibria among the aqueous 
phase components - water, proteins and salts (and other 
solutes). Salts associate with polar groups (carboxy, 
imidazole, amino, sulfhydryl and also phenolic and guani- 
dinyl), displacing water, disrupting ionic and hydrogen bonds, 
and lessening protein-protein interactions by increasing the 
net negative charge. This increases repulsion between pro- 
teins and favors transition to a denatured state where 
charges are further apart. Differential scanning calorimetry 
shows a decreasing Tm and denaturation enthalpy with salt 
additions. However, transition metals, such as iron, copper 
and zinc, strongly bind to sulfhydryls as well as carbonyls 
and imidazoles, lower the pH, reduce the net charge and 

cause coagulation. 
Predictions of a protein's behavior in a salt solution or 

other solute can be made by considering the sum of the 
solution's effects on individual hydrophobic and hydrophilic 
groups (Fig. 2). A negative change in free energy when the 
groups are transferred from water to the solute is the favored 
direction for the equilibrium. Salt solutions interact with hy- 
drophilic groups ( - 6 Gtr) while organic solutes favor 
hydrophobic groups. Urea and guanidine hydrochloride have 
negative 6 Gtr for both groups, making them very effective 
solvents. By enhancing protein-solute interactions, protein- 
protein interactions are reduced, thereby favoring solution 
over aggregation. Gelation occurs at the proper balance 
between these interactions. Fig. 3 shows the salt-pH condi- 
tions where serum albumin will form a gel, generally they lie 
between the conditions that cause solution and aggregation. 

As the temperature increases during processing, hydro- 
gen bonds weaken, protein-water interactions decrease, and 
hydrophobic protein-protein interactions increase. A gelation 
that produces desirable textural qualities is a controlled se- 
quence of protein interactions. It is probably initiated by 
disulfide bond formation between myosin heavy chains at 30" 
to 50°C and followed by hydrophobic interactions and aggre- 
gation at 50" to 70°C of the remaining parts of the molecule. 
Optimal conditions for heat gelation of myosin are pH 6.0 and 
60" to 65°C; salt concentration, per se, is not as critical a 
factor, providing pH is above 5 and ionic strength greater 
than 0.3 M. 

Relatively little information exists in the meat literature on 
myosin in the batter phase, most research measured proper- 
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ties of the gels during or after heating. Table 1 summarizes 
the effects and possible mechanisms of various solutes in 
meat batters and products. Included are solutes of practical 
use and of theoretical interest. 

In summary, successful batter formation is characterized 
by disruption of muscle and adipose cell structure, suspen- 

sion of fat particles, disaggregation of actin and myosin 
filaments, and prevention of reaggregation of (acto)myosin. 
This process creates the protein orientations and thermal 
denaturation enthalpies for the subsequent heating to form 
new protein interactions of proper crosslinking to bind water 
and fat and to give the characteristic textural properties. 

Table 1. Effects of specific solutes on meat batters. 

NaCl CI - strongly attracted to - NH, + of proteins, proteins become more negative and repel 
each other, opens structure and permits more water binding. 

NaCl and KCI increase functionality. 0.6M. 

Salts destabilize proteins during frozen storage. 

Effects on functionality vary, depends on specific use and analytical criteria. MgCI, 
CaCI2 

Transition Causes aggregation, lower pH. 
Metals Very detrimental to meat gels. 

Increasing pH Proteins become more negative, repel each other, increase water-holding capacity. 
(alkaline 

phosphates) 

Isoelectric point pH 5.1, minimum solubility. 

Optimum gel at pH 6 

Raises pH, possibly chelates transition metals. 

Beneficial to meat batters, disrupts electrostatic and H bonds, weakens H,O structure, 
increases solubility of hydrophobic groups. Reacts with adjacent carbonyls - eg. peptide 
backbone. 

Beneficial to meat batters, mechanism probably similar to urea. 

Improve functionality through raising pH and increasing ionic strength 
alkaline phosphates increase pH about 0.3 units. 

Transition metals strongly bind to sulfhydryl groups. 
DTT, - SH Reduce intra- and intermolecular disulfides that initiate heat denatured 

NEM Block sulfhydryls, weaken gel. 
Cystine 
NaBH, Reducing agent, weakens gelation. 

Alcohols 

Na Citrate 

Urea 
(Gu. HCI) 

Arginine 

Phosphates 

Sulfhydryl 
Reagents 

aggregates. 

Promotes disulfide exchange, more rigid gels. 

(see Kim et al., 1986) 

Organic 

Cryoprotectants Polydextrose Bind water. 

Lowers dielectric constant, promotes transitions from native to highly helical 
form. Detrimental to meat batters. Solutes 

Sucrose 
Sorbitol 

Carageenan 
Ca alginate successful. 
Egg white 

Possess - COOH or -OH groups, form H bonds. 

Non-meat gels must effectively interact with myosin gel to be Gels 

Casein 
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