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Introduction

Quality attributes of meat and meat products are often
described in terms of protein functionality, i.e., any inherent
or process-generated property of proteins that affects physi-
cal and sensory characteristics of raw and finished products.
For example, in comminuted meats, the ability of a muscle
mince to form a three-dimensional gel matrix, to emulsify fat,
and to retain natural and added water are some of the most
important functional properties. These physicochemical pro-
cesses greatly influence product texture, integrity, physical
stability, cooking yield, appearance, and hence, palatability
and consumer acceptance.

Processed meats are heterogeneous systems composed of
muscle itself and various nonmuscle ingredients including
polysaccharides, flavor agents, salt, and phosphates. It is well
established that proteins are largely responsible for the func-
tional characteristics of muscle foods. This conclusion is based
on the pioneering research conducted by Fukazawa and co-
workers in the early 60’s (Fukazawa et al., 1961) and on nu-
merous studies that subsequently followed (for review, see
Acton, et al., 1983; Asghar et al., 1985, Gordon Barbut, 1992;
Xiong, 1997). Today, two questions are still frequently asked
by meat processors: 1) what are the major factors affecting
meat protein functionality, and 2) how can we predict prod-
uct quality from functional properties of raw material con-
stituents? Data generated from model systems are sometimes
difficult to extrapolate to in situ conditions of processed meats,
because the environment of model systems is usually over-
simplified from that of processed meats in order to address
specific questions. Nevertheless, it is generally agreed that
functional behaviors of proteins in processed meats and in
isolated systems are controlled by the same factors, e.g., char-
acteristics of the protein itself, temperature, pH, and ionic
conditions. For example, emulsification and gelation proper-
ties of isolated myofibrillar proteins can explain most, if not
all, of the stability issues relevant to raw and cooked meat
batters (Galluzzo Regenstein, 1978; Jones, 1984; Barbut,

1995). The hydration properties of salted meat clearly reflect
protein-water interaction and salt-induced structural changes
in the myofibrillar matrix (Offer Trinick, 1983; Parsons Knight,
1990). Similarly, bind strength and thus, texture and integrity
of restructured meat products can be largely accounted for
by the gel-forming properties of salt-soluble proteins extracted
to the meat particle surface or added to the product formula-
tion (Fukazawa et al., 1961; Siegel Schmidt, 1979; Kenney et
al., 1992; Xiong et al., 1993).

Despite extensive research conducted in the field of muscle
protein functionality, meat scientists are constantly challenged
by new questions and pressing issues. For example, we have
changed the traditional way of making sausage with up to
30% fat to new practices of making sausage with less fat (low
or no fat) but up to almost 40% added water. This change
translates into a lower ionic strength for the aqueous solution
(in which proteins are bathed) from about 0.82 to 0.50, as-
suming muscle contains 75% water, and 2.5% salt is added
to both types of products. The minimal ionic strength for solu-
bilizing and extracting myofibrillar proteins is near 0.6. There-
fore, how would protein behavior be affected by the reduced
ionic strength, and what should meat processors be concerned
about in making low-fat products with a much diluted salt
concentration?

In this reciprocation session, we will try to address some
of the questions and concerns, and hopefully this will stimu-
late follow-up discussion about the topic of muscle and pro-
tein functionality. In particular, we will focus our discussion
on the influence of various factors, inherent to muscle and
processing, on the functionality of proteins. Methods that may
be used to measure protein functionality will also be discussed.

Factors Affecting Meat Protein Functionality

The single most important “functional” protein in meat is
myosin or its complex with actin, actomyosin. Because it has
a well-balanced hydrophilicity-hydrophobicity and a large,
long fibrous structure, myosin is capable of forming highly
elastic gel matrices and a cohesive, rigid fat globule mem-
brane in comminuted and emulsified meats. The relatively
high content of sulfhydryl groups from cysteine also makes
myosin susceptible to oxidation, which at times could be de-
sirable in terms of forming cross-linked network systems via
the disulfide bonds (Srinivasan Xiong, 1997). The concentra-
tion of proteins, including myosin and actomyosin, in the
aqueous protein extract or exudate drawn to the meat par-
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ticle surface during processing is determined by many fac-
tors. It generally increases with time of extraction (tumbling,
massaging, chopping, etc.), with increases in salt concentra-
tion (ionic strength), and with an increase in pH, to name a
few. Of course, there is hot-boning (prerigor) vs. cold-boning
(postrigor). Exudate extracted from prerigor muscle (less con-
tracted) contains a large quantity of free myosin as opposed
to actomyosin extracted from postrigor muscle (more con-
tracted). Processing conditions that favor solubilization and
extraction of myosin usually lead to enhanced functionality
of the protein exudate.

Functional properties of meat proteins are influenced by
the presence of nonmuscle ingredients whether they are ionic
or nonionic in nature. Phosphate compounds, particularly
pyro- and tripolyphosphates, have remarkable effects on hy-
dration of low-salt (< 1.5% NaCl) meat due to their ability to
increase electrostatic repulsion between myofilaments and
possibly to dissociate the actomyosin complex (Bendall, 1954;
Granicher Portzehl, 1964; Offer Trinick, 1983). However,
phosphates have been found to interfere with protein gel net-
work formation in comminuted meats (Robe Xiong, 1993;
Torley Young, 1995). Likewise, many polysaccharides (gums),
although exhibiting remarkable water-binding potential them-
selves, tend to diminish the gelling and emulsifying ability of
meat proteins, thereby weakening the texture of restructured
meats, by competing for water and disrupting protein-protein
and protein-lipid interactions (Xiong Blanchard, 1993; Xiong
et al., 1999). On the other hand, some cations, Zn, Mg, and
Ca in particular, when used at low concentrations under cer-
tain specific processing conditions, are able to enhance gela-
tion, emulsification, and water-binding by proteins in pro-
cessed meats (Barbut Mittal, 1988; Xiong Brekke, 1991; Nayak
et al., 1998).

Measurement of Meat Protein Functionality

A variety of instruments have been developed over the years
to assess functional properties of food proteins. Water-hold-
ing capacity of meat or protein products can be measured by
centrifuging the sample at a certain speed and time then de-
termining the amount of water (juice) expressed, or by press-
ing the sample against a filter paper without the application
of centrifugal force. Other techniques used to measure water-
binding in meat and meat products include NMR (Lillford et
al., 1980) and NIR (Forrest, 1998). Recently, optical sensors
have been developed to determine emulsifying capacity of
proteins in comminuted batters (Barbut, 1999). As to gelation
studies, static, and dynamic rheological tests are employed.
For static compression and torsion tests, a meat or protein gel
sample is compressed or twisted and the stress and strain val-
ues are recorded. For dynamic measurement, the real-time
development of an elastic protein network system and the
sol-to-gel transition can be readily detected, allowing for the
elucidation of the mechanism of protein gelation (Xiong
Blanchard, 1993). Emulsifying activity of muscle proteins as
well as stability of protein-stabilized emulsions can be as-
sessed by monitoring physical changes in the emulsion (fat
particle size, coalescence, etc.) during homogenization or

during storage. Both scanning and transmission electron mi-
croscopic examinations are widely performed to reveal the
ultrastructure of meat protein-fat emulsion as well as gel sys-
tems (Gordon Barbut, 1992; Nayak et al., 1998).

Conclusion

In the compositional and structural complexity of processed
muscle foods, proteins have been identified as the compo-
nents that play a most important role in water-binding, gela-
tion, emulsification, meat particle-binding, and consistency
in meat products. Physical and chemical processes of pro-
teins involved in imparting desirable product functionality are
influenced by various intrinsic and extrinsic (formulation and
processing) factors. Various analytical tools are presently avail-
able for measuring functional properties of muscle proteins
and meat products during processing and storage. To assure
that results obtained from model system studies are appli-
cable to meat processing, multiple processing factors that
closely resemble those in situ conditions must be included in
the experimental approach.
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