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Introduction

The use of newer technologies in restructuring meat prod-
ucts is leading to “out of the box” thinking in terms of what
we can do with value-added meat products.  In the past, the
limitations of salt/phosphate technology on the color devel-
opment and raw handling characteristics of these restructured
meat products have traditionally limited processors to a pre-
cooked product or an item that must be cooked from frozen.
Over the past several years newer technologies have been
developed that allow restructuring of muscle foods into forms
that possess raw binding that in many cases is similar to whole
muscle.  Additional advances in technology have made some
of these restructured products especially difficult to visually
differentiate from whole muscle.  These technologies have also
allowed for value addition by making better use of trimmings
or incorporating other processing methods that improve the
quality of raw materials (e.g., combinations of tenderizing and
restructuring methods).

Non-thermal Gelation

There are several categories of products that are consid-
ered to be able to function in cold restructuring of meat prod-
ucts.  These are based on very different processes.  The four
primary methods discussed here are hydrocolloids, plasma
factors, unique protein binder systems, and cross-linking en-
zymes.

Hydrocolloids

The primary hydrocolloid used in cold-bonding of muscle
foods is the alginate system.  The alginate system was devel-
oped and patented by Colorado State University in 1986 and
is generally considered the original non-thermal gelation
method for muscle products (Means and Schmidt, 1986).  Al-
ginate is derived from brown algae of the class Phaeophyceae
and is a linear polysaccharide composed of D-mannuronic
and D-glucuronic acid.  The three components of alginate

system are sodium alginate (~0.6%), calcium carbonate
(~0.2%) and an organic acid (~0.6%).  Sodium alginate is the
basis for the gel matrix while calcium carbonate is the source
of the calcium ions that cross-link the alginate molecules.  The
organic acid is usually glucono-δ-lactone (GDL) or encapsu-
lated lactic acid and helps to maintain proper mouthfeel of
meat products.  In this reaction, calcium ions are slowly re-
leased into the system from calcium carbonate.  These ions
react with the glucuronic acid forming cross-links.  The gel
formed from this reaction is non-reversible and product must
be held in the desired final form during the reaction period to
achieve proper binding. Factors determining effectiveness of
binding include meat quality, thawing state, air removal, cross-
linking rate and reaction time.  Slick mouthfeel properties as-
sociated with unreacted alginate are minimized with the use
of the organic acid.

Plasma Factors

Blood based systems are also available for non-thermal
gelation of meat products.  These systems make use of the
clotting mechanism to form the bonding matrix (Paardekooper
and Wijngaards, 1988).  The mechanism involves the forma-
tion of fibrin monomers from fibrinogen through the action of
thrombin.  The fibrin monomers then aggregate.  A second
effect of the thrombin is the activation of a transglutaminase.
This transglutaminase catalyzes the formation of covalent
cross-links between fibrin aggregates, and to a lesser extent
between fibrin and collagen, and fibrin and fibronectin.  This
aggregation and cross-linking results in the formation of a gel
matrix.  In the manufacturing process the fibrinogen and throm-
bin present in blood are separated from the blood cells and
purified to various degrees.  These separated components are
then frozen.  Commercial sources of fibrinogen and thrombin
(beef origin) are available and marketed as Fibrimex® by FNA
Foods in Canada.  Fibrimex is sold as two frozen components
that are then thawed, mixed together and applied to meat
surfaces to be joined.  Use level of fibrinogen generally de-
pends on the desired bind and can range from 3% to as much
as 10%.  The level is generally a function of the size of the
meat pieces to be joined and related surface area.  The throm-
bin component is typically added at a 10:1 to 20:1 ratio of
fibrinogen to thrombin. The reaction proceeds at a very fast
rate once the thawed solutions are mixed and must therefore
be handled quickly (within 10-15 minutes).  To help control
this the thrombin addition level is adjusted to balance the
formation of fibrin from fibrinogen, and the activation of

 Non-Thermal Gelation
Tony Payne

Tony Payne
Ajinomoto U.S.A., Inc.
West 115 Century Rd.
Paramus, NJ  07652
paynet@ajiusa.com

I N G R E D I E N T   T E C H N O L O G I E S



American Meat Science Association26

transglutaminase.  This product is versatile in application and
can be used in or on most muscle foods.  Factors determining
effectiveness include meat quality (age in vacuum), thawing
state, air removal, solution temperatures, muscle fiber orien-
tation and reaction time and rate.

Unique Protein Compounds

Pearl Meat compounds, originated in Japan by Chiba Flour
Mills (Shigeo and Naoko, 1999), are mixtures of several in-
gredients.  The components of the preparations generally in-
clude an alkaline agent (baked calcium, alkaline earth metal
hydroxide and sodium hydroxide) with one or more than two
kinds of a neutral salt and a basic salt.  Various preparations
are available for meat products.  Pearl and pearl-like binding
systems also contain a wide variety of different proteins in
combination with an alkaline agent or combination of similar
ingredients.  The reaction is not well understood but probably
involves surface protein denaturation (oxidation) and possi-
bly a form of calcium cross-linking.  In at least some cases,
ammonia is evolved during the reaction of these compounds.

Two basic preparations are available for use in meat prod-
ucts, Pearl F and Pearl MX30.  Selection depends on method
of use.  Dry application of the product for restructuring in-
volves surface coating of meat pieces, placing surfaces to-
gether, and reacting for a minimum of 8 hours.  An alternate
method involves producing a water-slurry with the prepara-
tion that is mixed with the meat and then immediately formed.
Products manufactured with Pearl compounds have a char-
acteristic odor and generally produce visible raw product
seams where surfaces are coated. Factors determining effec-
tiveness of bind include forming pressure, air removal, thaw-
ing state, surface wetness and reaction time.

Transglutaminase

One of the newest technologies for non-thermal gelation
of restructured meat products is transglutaminase (TG).
Transglutaminases are a wide class of enzymes that have been
shown to have the ability to cross-link proteins, peptides, and
some other primary amines.  The typical reaction is with
glutamine and lysine where the enzyme catalyzes the forma-
tion of ε-(γ-Glutamyl) lysine bonds.

Transglutaminases have been isolated from guinea pig liver,
blood (factor XIII), plants, mollusks, bacteria, and other di-
verse places.  The basic difference between most of these
sources is in the specificity for a substrate and the calcium
requirement for activation.  Typically, sources of TG originat-
ing in microorganisms are calcium independent while those
from animal sources are calcium dependent.

Commercial sources of microbial transglutaminase
(MTGase, EC 2.3.2.13) are marketed as Activa by Ajinomoto
U.S.A.  This MTGase in particular is calcium independent and
produced by the microorganism Streptoverticillum
mobaraense as characterized by Ando et al. (1989).  The en-
zyme exhibits activity over a wide pH (5-8) and temperature
(2-60°C) range and is stable over broader ranges.  MTGase
reacts to varying degrees with many proteins.  The extent of

the reaction is largely determined by the availability of
glutamine and lysine within the protein.  Because of its prop-
erties MTGase has the ability to affect texture, binding, and
yield parameters of many protein-containing food products
(Motoki and Seguro, 1998).  Along with widespread approval
in many other food products, transglutaminase is approved
for use in nonstandardized meat products and modified (pro-
cessed) meat and poultry products and processed seafood at
65 ppm or less.  Meat preparations for both restructuring and
texture modification are commercially available.  Activa TG-
RM is used in restructuring of meat pieces at a typical use
level of 1% (~50 ppm of enzyme).  In addition to the enzyme,
this preparation contains sodium caseinate that is used as pro-
tein source to create the matrix that is then cross-linked by
the enzyme.  The product can be used as a dry coating or by
mixing with water and coating the pieces to be joined.  The
products are then formed and allowed to react.  Another prod-
uct, TG-TI, contains no additional protein and is used in cases
where ample protein is available as in frank and ham sys-
tems.  In these systems MTGase acts to improve texture, han-
dling, and slicing properties.  Typical use levels of TG-TI range
from 0.05 to 0.3% (5 to 30 ppm of enzyme) depending on the
application.  MTGase products are quite adaptable to many
different processing methods.  Overall factors determining
effectiveness of MTGase in meat systems include meat qual-
ity, thawing state, air removal, available protein, reaction tem-
perature and reaction time.

Conclusions

Technology has advanced to the point that we now have
several cost-effective and consumer acceptable methods of
manufacturing restructured muscle foods that eat very much
like their whole muscle counterparts.  The future holds even
more promise.
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