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ABSTRACT

Transglutaminase (EC 2.3.2.13) is an enzyme that forms crosslinks between protein molecules. The enzyme is
found in many different organisms where they have very specific roles. This crosslinkes have unique effects on protein
properties such as viscosity, gelation, capability, thermal stability, solubility and water holding capacity. The basic
reaction mechanism of transglutaminases is similar. It is able to modify proteins by catalyzing crosslinking reactions
through an acyl transferase mechanism involving protein-bound glutaminyl residues and primary amines including the

e-amino groups of lysine residues in proteins.

Many patent applications and research papers in recent years reflect the potential of cross-linked proteins for
developing novel foodstuffs and processing methodologies that allow the manufacture of products with high conven-
ience, improved sensory and nutritional-physiological properties.

Transglutaminase is now widely used in meat products seafood surimi products, backed goods, noodles pasta

and dairy products.

So, the overall applications of transglutaminase in the food industry are reviewed in this article.

Keywords: cross-linking, transglutaminase, food industry, dairy products, meat products, baked goods.

INTRODUCTION

Transglutaminase (TGase, Protein-glutamine:
amine, y-glutamyltransfer-ease, EC 2.3.2.13) is an
enzyme that forms crosslinks between protein mol-
ecules. It is also known by other names such as Fac-
tor XIII or fibrinoligase. Factor XIII helps to stop
bleeding by forming crosslinks of fibrin molecules
and stabilizing fibrin polymers (Aeschlimann &
Paulsson, 1994). It catalysis an acyl transfer reac-
tion between the y-carboxyamide group of peptide
bound glutamine residues (acyl donors) and a vari-
ety of primary amines (acyl acceptors). In the ab-
sence of primary amines, deamination of glutamine
residues is the result of using water as acyl acceptor
(Motoki & Seguro, 1998, Dube et al., 2007).

TGases are widely distributed in nature and has
been found in various animal tissues, fish, plants
(Folk, 1980, Icekson & Apelbam, 1987) and micro-
organisms (Ando et al., 1989, Klein et al., 1992).

The first characterized microbial transglutami-
nase (MTG) was that of the bacterium Strpetomyces
mobaraensis (older synonym Streptoverticillium
mobaraense). MTG does not require calcium for

activity, shows broad substrate specificity and can
be produced at relatively low cost. These properties
are advantageous for industrial applications (Kanaji
et al., 1993, Nielsen 1995, Date et al., 2004).

TGase is used in the food industry to modify
a variety of protein-related functional properties,
including stability to phase separation, the forma-
tion of heat and water resistant films, water holding
capacity (WHC), protein solubility and rheologi-
cal properties such as gelatin and viscosity char-
acteristics (Zhu et al., 1995, Truong et al., 2004,
Yokoyama et al., 2004).

Specific application have been reported for meat
(Kuraishi et al., 1997, Motoki & Seguro, 1998), fish
(Seguro et al., 1995, Jiang et al., 2000), dairy (Mo-
toki & Seguro, 1998, Imm et al., 2000) bread and
bakery products (Gerrad et al., 1998, 2001), and
in soybean processing (Nonaka et al., 1996, Dube,
2007).

This review is intended as a background to
transglutaminases. Also, focusing on its utilization
in the food industry.
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Reactions catalysed by transglutaminase
(TG)

Cross-linking of proteins, resulting in the for-
mation of high molecular weight polymers, seems
to be the most dominant reaction in nature of TGs
(Gerrad, 2002, de Jong & Koppelman, 2002). TGs
form isopeptide bonds between glutamine and
lysine residues in proteins, thus introducing both
inter-and intramolecular covalent cross-links.

The general reaction of the cross-linking reac-
tion between glutamine and lysine residues of pro-
tein is shown in Fig. (1).

However, two other important reactions can
be catalyzed by TG. In the presence of primary
amines, TGs catalyses an acyl-transfer between
the y-carboxylamide groups of peptide or protein
bound glutamine residues (acyl donors) and a va-
riety of primary amines (acyl acceptors), includ-

ing the e-amino group of lysine residues in certain
proteins. In the absence of primary amines, deami-
nation of glutamine residues is the result of using
water as acyl acceptor (Nonaka et al., 1989, Zhu,
1995, Gerrad & Sulton, 2005). The reactions cata-
lysed by TG are shown in Fig (2).

Sources of transglutaminase

Transglutaminases are widely distributed in
nature having been found in various animal tissues,
fish, plants and microorganisms (Folk, 1980, Icek-
son & Apelbaum, 1987, Lillely et al., 1998). It was
found in animal tissues, such pig liver, rat liver,
squid gill, Japanese oyster and from human blood
(Gorman & Folk, 1980, Wong et al., 1990, de Jong
etal.,2001).

The contribution of fish endogenous trans-
glutaminase in the setting phenomenon of salted
and ground fish flesh, so-called “Suwari” in Japan
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Fig. 1: Mechanism of the cross-linking reaction between glutamine (GIn) and lysine (Lys)
residues of proteins (Prot) catalysed by TG
Source: Dube et al. (2007).

(1)  Glu-C-NH,
| i
o

+ RNH,

(b)  Glu-C-NH,
| |
O

(¢  Glu-C-NH,

|
O

4+ H,0

— 3 Glu-C-NH,R

— 3 Glu-C-OH

+ NH;
| 1
0

+ H,N—Lys — Glu-C-NH—Lys , NH;

| |l |
o

+ NH;

|l
O

Fig. 2: Reactions catalyzed by transglutaminase (TGase). (a) Acyl transfer, (b) Crosslinking of
GIn and Lys residues in proteins or peptides. The resulting bridge is called an e-(y-glutamyl)
lysine (G-L) bond, (¢) Deamidation
Source: Yokoyama, ef al. (2004).
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has been evidenced by many researchers (Tsuka-
masa et al., 1993, An et al. 1996, Motoki & Seguro,
1998).

However, application of TG in food industry
was not feasible due to the relatively small quan-
tities obtained and the extensive costs of separa-
tion and purification steps. Microbial TG was ex-
tracted from Streptomyces mobaraensis by Ando
et al. (1989) and its purifications was rather easy
and the production of MTG has been established
commercially. Recently, many attempts to obtain
MTG from other microorganisms by conventional
fermentation (Junqua et al., 1997, Ho et al., 2000,
de Barros Soares et al., 2003) or by means of ge-
netics modification using host microorganisms are
carried out (Yokoyama et al., 2000, Kikuchi et al.,
2003).

Enzymatic characteristics of microbial
transglutaminases

The characteristics of MTG obtained from
various microorganisms vary even among strains
(Table 1). There were differences in the enzymatic
properties of MTG from Streptomyces sp. MTG
from Streptomyces libani showed slightly lower
optimum reaction temperature and thermal stability
than from Streptomyces mobaraensis (Umezawa et
al., 2002). The physicochemical properties of MTG
such as molecular weight, and its enzymatic prop-
erties had been reported (Ando et al., 1989, Kanaji
et al., 1993, Yokoyama et al., 2004). Its molecular
weight (MW) was reported to be ranged between
29,000 and 45,000 Da, and its isoelectric point
(PI) varied between 6.3 to 8.9 (Table 1). Protein
sequencing by the automated Edman method, and
mass spectrometry, revealed its primary structure
to contain 331 amino acids (Kanaji ef al., 1993).

The optimum temperature for enzymatic activ-
ity was 50°C. On the other hand, it lost activity
within a few minutes on heating to 70°C. It still
expressed activity at 10°C. The optimum pH for
MTG was found to be between 5 and 8. However,
MTG showed some activity at pH 4 or 9 (Ando et
al., 1989), and was thus considered to be stable
over a wide pH range.

MTG from a variant of Streptooverticilium
mobaraense is totally independent of Ca?". So, this
property is very useful in the modification of func-
tional properties of food protein, because many food
proteins, such as milk caseins, soybean globulins
and myosins, are susceptible to Ca2*, They are eas-
ily precipitated in the presence of Ca?* and become
less sensitive to MTG. MTGase are significantly
inhibited by Cu?*, Zn?*, Pb> and Li*. Since heavy
metals such as Cu?*, Zn?* and Pb?* bind the thiol
group of the single cysteine residue, this strongly
supports the idea that the cysteine residue could be
part of the active site of MTGase.

With respect to substrate specificity, most
food proteins, such as legume globulins, wheat
glutens, egg yolk and albumin proteins, actins, my-
osins, fibrins, milk caseins, a-lactalbumins, and
B-lactoglobulin, as well as many other albumins,
could be crosslinked by MTGase (Nonaka et al.,
1992, Seguro et al., 1995, Nonaka et al. 1997).

MTG is capable of gelling concentrated solu-
tions of proteins such as soybean proteins, milk pro-
teins, beef, pork, chicken and fish gelatin and my-
osins (Nonaka et al., 1992, Nielsen, 1995, Seguro et
al., 1995, Zhu et al., 1995). Different proteins can
be covalently linked by MTG to produce combina-
tions with novel functionalities. For instance, con-
jugation of milk casein or soybean globulins to egg

Table 1: Characteristics of microbial transglutaminase (MTG) of different origin

Source x?glﬁ:l;g;) Isoelectric point pH optimum Temp.(;) g;imum
Streptomyces mobaraensis S-8112 40.000 8.9 6-7 50
Streptomyces mobaraensis WSH-Z2 40,000 n.d 6.0 52
Streptomyces libani 37,900 6.4 5.0 53
Bacillus circulans 45,000 6.3 7.0 47
Bacillus subtilis 29,000 n.d 8.2 60
Streptomyces ladakanum 39,000 n.d 55 40
Streptomyces ladakanum 37,500 7.9 6.0 50

Source: Modified from Dube, et al., 2007.
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ovomucin, one of the glycoprotein, improved the
emulsifying activity as compared to both the start-
ing proteins (Kato ef al., 1991). Casein gelatin con-
jugation by MTG also yielded novel proteins that
were highly soluble at acidic pH (Neilsen, 1995).

MTGase is capable of incorporating amino ac-
ids or peptides covalently into proteins. This reac-
tion can improve nutritive values of food or feed
proteins, because covalently incorporated amino
acids or peptides behave like amino acid residues
in a protein.

In practical application, all common amino
acids, except lysine, should have their a-carboxyl
group either amidated, esterified or decarboxylated
to eliminate the negative charge on the a-carboxyl
group. Lysine, whose g-amino group is a primary
amine, is a good substrate of MTGase. In such reac-
tions, proteins act as acyl donors, while amino acids,
including lysine, act as acyl acceptors (Yokoyama
et al., 2004). Both lysine and glutamine containing
peptides are capable of serving as substrates with-
out modification. The lysine-containing peptides
act as acyl acceptors, while the proteins act as acyl
donors, whereas glutamine-containing peptides act
as acyl donors, and the proteins as acyl acceptors.

Developing industrially useful TGase

In general, there are three approaches to devel-
oping industrially useful TGases. The first is to ex-
tract and purify the enzyme from the tissues or body
fluids of animals, such as cattle, swine, and fish.
The second approach is to obtain the enzyme by
means of genetic manipulation using host microor-
ganisms such as Escherichia coli, Bacillus, Yeast,
or Aspergillus. Many researchers, have been work-
ing in an attempt to obtain a large amount of TGase
at low price. Takehana et al. (1994) (Streptover-
ticillium TGase, in E. coli), and Yakoyama et al.
(2000) (Streptomyces TGase in E. coli). However,
none of these TGases has been commercialized due
to factors such as food regulations and consumer
acceptability. The third approach is to screen for
TGase producing microorganisms. If an appropri-
ate microorganism which produces TGase could be
found, it would be possible to mass produce TGase
by traditional fermentation technology.

Applications in food processing

Many of the possible applications in the indus-
try have been proposed in detail in the scientific lit-
erature. Early work was carried out to modify food
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proteins using mammalian enzymes (Matheis &
Whtaker, 1987), but this was impractical on a com-
mercial scale. The situation changed in 1989 with
the purification of the microbial TG from Strepto-
myces mobaraensis (Ando et al., 1989) which could
be produced relatively cheaply by fermentation
methods. Subsequently, the application of MTG
in the food industry began to increase at a steady
rate. The use of MTG in food processing has been
covered in some reviews (Nielson, 1995, Motoki
& Seguro, 1998, Kuraishi et al., 2001, Yokoyana
et al.,2004).

Meat products

Muscle proteins, especially myosin, are po-
lymerized by TG (Huang et al., 1992) and the re-
sulting crosslinks strengthen the protein network
in muscle-derived products. MTG can produce re-
structured meat by binding together small pieces
of meat at temperatures below 10°C, overnight
(Fig. 1). Kuraishi et al. (1997) developed a novel
meat binding system using MTG and caseinate si-
multaneously.

Caseinate, when reacted with MTG, becomes
viscous, and functions as a glue to bind different
foodstuffs together (de Jong & Koppelman, 2002).
MTG can be added during mixing as a dry powder,
or in slurry with water.

In the case of sausages and other meat prod-
ucts the effect of TG addition is improved texture
with higher breaking strength of firmness, and in-
creased deformation and elasticity of the gel. This
leads to an increase in manufacturers’ profits due to
reduced product loss during processing and slicing.
Also, the possibility of utilizing by-products from
the meat industry (e.g. mechanically deboned meat,
greave protein, collagen/ gelatin) and improving the
binding properties by TG treatment looks promis-
ing (Nielsen, 1995).

Meat pieces, including minced meat, can be
also bound together without any need for sodium
chloride or phosphates, yielding “healthy” meat
products with improved water-holding capacity
and texture (Motoki & Seguro, 1998, Yokoyama
et al.,2004).

It should be expected also that protein hydro-
lysates with improved solubility could be utilized
more widely in meat products.

Castro-Brions et al. (2009) reported that maxi-
mum mechanical properties (Texture profile analy-



Alex. J. Fd. Sci. & Technol.

Vol. 8, No. 1, pp. 31-43, 2011

(a) po ik

—
TG
—>

¢ ,

Fig (3): Application of microbial transglutaminase (MTGase):
(a) restructured steak from small pork pieces, (b) new type of seafood

Source: Motoki & Seguro, 1998.

sis and puncture test) could be obtained by incubat-
ing beef pastes at 50°C for 30 min with minimal
effect on colour and cooking loss when 0.3% of
MTG was added.

Fish products

The addition of the TG during the setting proc-
ess of surimi (fish paste products) results in a gel
with greater breaking stress and improved elastic-
ity (Sakamoto et al., 1995). Fish species with high
proteolytic activity were traditionally not capable
of being used for surimi production. In these under
utilized fish species the addition of TG has been
reported to improve the gel characteristics of fish
paste and lizard fish mince and allowing their uti-
lization in surimi production (Heajung et al., 1996,
Benjakul, et al., 2008).

It is likely that the quality of frozen fish
products also can be improved by injection/ tum-
bling with TG resulting in a reduction in loss dur-
ing thawing of frozen seafood products, such as
shrimps which must maintain their textural proper-
ties (Nielsen, 1995, Kuraishi et al., 2001, Yokoya-
ma et al., 2004,).

Dairy products

Casein has been shown to be a very good sub-
strate for TG, while the globular whey proteins have
been shown to be poor substrates. It was found that
a heat-resistant firm gel was formed from casein in
the TG reaction (Motoki & Seguro, 1998, Kurai-
shi, et al., 2001, Yokoyama, et al., 2004). Yogurt,
a milk gel formed by acidic fermentation with lac-

tic starter, has the disadvantage of serum separa-
tion or syneresis upon change of temperature, or
physical impact. As a gel formed with e-(y-Glu)lys
bonds has improved water holing capacities, the
set —type yogurt which is made from TG treated
milk has a greater capacity for holding water. Also,
it increases the firmness and viscosity, and whey
syneresis is prevented (Kuraishi et al., 2001, Rod-
riguez-Nogales, 2006, Cancino et al., 2006, Yuksel
& Kerdem, 2010).

In cheese manufacturing, TG treatment of milk
results in an increase in curd yield, a less dry tex-
ture and reduced whey separation. Processed cheese
products treated with the enzyme present higher
heat stability reduced synersis index, maintaining
viscosity when melting (Kuraishi et al., 2001, Coz-
zolino et al., 2003, Arrizubieta, 2007, Fernandes &
Bordignon, 2010).

The TGase reaction also make it possible to
produce another dairy products, such as cheese
with low-fat contents, sugar-free ice cream which is
softer, smoother and easier to scoop. This is prob-
ably because the growth of ice crystals is inhibited
due to the structure of ice cream that can retain the
water molecules more tightly (Motoki & Seguro,
1998, Kuraishi et al., 2001).

TG also has potential commercial application
as a food grade additive capable of improving the
heat stability of milk (Osullivan et al., 2002), thus
conferring resistance to coagulation at steriliza-
tion temperatures or gelation during storage. TG
has also potential applications in controlling the
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stability of milk protein containing emulsions and
foams (Dickinson & Yamamoto, 1996). Utiliza-
tion of crosslinked whey proteins for formation ed-
ible films or coatings was studied by Mahmoud &
Savello (1992, 1993).

Zhang & Zhong (2009) reported that when
whey protein isolate (WPI) was cross-linked by
transglutaminase within microemulsions could
enhance the heat stability of WPI. This novel ap-
proach can be used to manufacture heat-stable pro-
tein ingredients for clear beverage applications.

Baked products

Several studies have proven that the use of TG
improves baking properties and products quality. L-
lysine was bound very efficiently to gluten by TG at
reaction rates faster as compared to other substrates
(Casein, soy protein) (Ikura ef al., 1981, Iwami &
Yasumoto, 1986). The action of the enzyme rein-
forces the protein network structure changing the
viscoelastic properties of the dough (Larre et al.,
2000). Many patent applications (Table 2) showed
that TG greatly increased the crumb strength of
baked loaves, reduced workload, and improved the
water absorption of the dough. Each of these effects
would lower processing costs for commercial bak-
ing (Gerrad et al. (1998). The usefullness of TG has

been shown in other baked products, such as cakes,
puff pastries, cookies and bread crumbs. By add-
ing TG, the depression of sponge cake after baking
is prevented. TG addition to dough also improved
its stability and loaf volume, as well as, improved
the lift of puff pastry and the volume of yeasted
croissants (Gerrad et al., 2001). These effects are
retained even after freezing offering a potential so-
lution to the problem of dough deterioration during
frozen storage. In addition, deep fried dough prod-
ucts such as doughnuts absorb 25% less oil when
the dough has been treated with transglutaminase,
with the concomitant health benefit for the con-
sumer (Kuraishi et al., 2001).

The addition of MTG to such doughs with a
low in wheat content, improved the quality of the
dough and derived backed products. The sticki-
ness of the dough was reduced, which facilitated
mechanical processing. Due to the improved gas
retention, bread volume increased. An enhance-
ment of the fresh quality and inhibition of staling
has been achieved in bakery products when MTG
was added to a-amylase — supplement doughs. By
combination of both enzymes, breads with softer
and less chewy fresh crumbs were obtained due to
a slower crumb staling kinetics (Collar & Bollain,
2005, Dube, et al., 2007).

Table 2: Patent review covering bread and bakery application

Patent number Ye'ar O.f Title
publication

JP 02286031 1990 Wheat flour for crake and production of cake mix and cakes
JP 4360641 1992 Production of breads
US 5279839 1994 Bakery products and intermediates
JP 6078663 1994 Preparation of oil-fried processed food

JP 7184529 1995 Production of bakeries

JP 7250609 1995 Production of baked product

JP 9191820 1997 Method for preventing softening of cookie

EP 0760209 1997 Method of manufacturing baked products

JP 10028516 1998 Bread suitable for heating by microwave oven

EP 0847701 1998 Modified cereal flour and processed food using the same

JP 11155468 1999

Bread composition for half baking use

Frozen dough, bread from baking the same and oil and fat composition therefore
Method of producing breads (with transglutaminase and partial protein hydrolysates)
Utilization of transglutamiases for the production of baked products with a low

Transglutaminase fermented pre-dough, useful in bakery products is obtained from

cereal flour and/or non-cereal material optionally together with baker’s yeast and/

JP 11276056 1999
EP 0938845 1999

and enzyme preparation
US 6517874 2003

wheat content
DE 10346764 2004

or lactic acid bacteria
JP 2004242647 2004

Manufacture of transglutaminase- and gliadin-containing bakery products with

high volume, improved flavour, and soft and fine texture

US 20050202144 2005

Process for producing bread with extended shelf life, bread dough and bread

improver composition for producing such bread

Source: Dube, et al., 2007.
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Since cereal products, especially bread, are the
basic components of the diets in many countries,
there is a high demand for gluten-free breads by
persons with celiac disease. Moore et al. (2006)
tried to mimic the viscoelastic properties by utiliza-
tion of MTG. They reported that it was possible to
produce a stable network within a gluten free bread
system, improving the loaf volume and crumb
characteristics.

Seo et al. (2003) reported that the addition of
MTG to wheat flour improved dough stability and
chewiness of cooked noodles made thereform. Wu
& Corke (2005) reported a drastic increase in both
storage and loss modulus of fresh noodle sheets,
even at a MTG level of 1g/Kg! of wheat flour, but
the effect mostly decreased with higher levels of
the enzyme. This could be related to the limited
content of lysine in gluten, which would restrict
the cross-linking reaction at high MTG dosages
(5-20g/Kg! of flour). The addition of TG would
also disturb the internal starch—protein interaction
equilibrium, causing a decrease in viscosity. De-
spite the low content of lysine, the cross-linking re-
action resulted in a positive change of elasticity and
breaking strength of cooked noodles (Dube et al.,
2007). MTG was generally added to the raw mate-
rial (wheat flour) to obtain noodles with enhanced
elasticity, texture and sensory properties (Table 3).

Table 3: Patent review covering noodle application

Also, it was found that the ability of MTG in
the formation of heterologous polymers between
soy protein isolate and durum wheat proteins to
improve the quality of raw and cooked spaghetti
(Aalami & Leelavathi, 2008). Min & Green (2008)
suggested that the combination of 0.05% to 1% of
MTG with 1.7% isolated soy protein was optimal
for development of a low NaCl, phosphate-free
patties using minced catfish belly flap meat.

Gujral & Rosell (2004) showed that the ad-
dition of TG to rice flour improved the dynamic
rheological properties of rice flours dough, result-
ing in a progressive increase in its viscosity and
elasticity with increase in TG concentration. So, it
was possible to obtain rice bread with an increased
specific volume and softer crumb at 1% TG level
in the presence of 2% hydroxypropylmethyl cellu-
lose. Analysis showed that rice proteins are polym-
erized through the TG reaction, providing a protein
network necessary for holding the gas produced in
fermentation.

Marcoa & Rosell (2008) evaluated the effect
of the addition of different protein isolates (pea,
soybean and whey proteins) and transglutaminase
on the viscosimetric and rheological properties of
the rice flour dough. It was found that the use of
protein isolates and TG broads the applications of
rice flour in the bakery industry with nutritional
improvement of the resulting products.

Year of

Patent number c . Title
publication
JP 2286054 1990 Preparation of noodles
JP 5244887 1993 Production of noodles distributable at normal temperature
JP 6014733 1994 Noodles
JP 6225717 1994 Production of a multilayer noodle
JP 7322843 1995 Production of raw type packaged noodle
JP 8051944 1996 Manufacture of noodle with transglutaminase
JP 8256715 1996 Production of raw type packaged noodle
JP 9028334 1997 Production of noodles
JP 9154512 1997 Production of new noodle
JP 10179066 1998 Chinese noodles
EP 0870434 1998 Method for producing noodles
JP 11225695 1999 Extrafine frozen boiled noodle for cold noodle
EP 0948905 1999 Enzyme preparation comprising transglutaminase and process for producing noo-
dles
JP 2000253841 2000 Production of boiled noodle or the like
JP 2002262794 2002 Noodle and method for producing the same
JP 2004187546 2004 Cereal-based noodle materials containing soy milk and transglutaminase and/or
glucono-d-lactone
JP 2004275056 2004 Raw Chinese noodles and their manufacture

Source: Dube, et al., 2007.
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Soy products

Soybeans constitute the most important veg-
etable source of protein ingredients for food for-
mulations. This is mainly due to their high protein
content, a well-developed processing technology
and beneficial effects on nutrition and health (Fried-
mann & Brandon, 2001). So, there has been some
interest in the modification of characteristics of soy
proteins. It was found that TG cross-link soy glob-
ulins resulting in modification of the gelation and
textural characteristics of soybean products.

Tofu, a typical soybean curd product, is pre-
pared through coagulation of soybean proteins.
The use of MTG in tofu manufacture has claimed
by several patent applications (Table 4). Due to
the high moisture content (~90%), traditional tofu
generally has a shelf life of 2-4 days, even when

kept at temperatures below 10°C. When stable tofu
is produced from sterilized soybean milk, larger
amount of coagulants (Ca?*, Mg?* and/or glucono-
o-lactone) are required (Nonaka et al., 1996).

It is very difficult to produce long-life tofu,
since the soft, smooth texture of tofu is easily de-
stroyed by retort sterilization. However, the addi-
tion of TG improve the texture of tofu because it
increases its water holding properties which results
in tofu with a smooth and firm texture, which was
stable for 6 months or longer. In addition, treatment
with the enzyme allows for better control of the
coagulation reaction and a reduction in weight
loss during retort cooking (Nonaka et al., 1994,
1996, Motoki & Seguro, 1998, Kuraishi ef al.,
2001, Tang et al., 2007).

Also, Change et al. (2011) investigated the ef-

Table 4: Patent review covering soybean protein application

Patent number Year of Title
publication

JP 2100647 1990 Production of fried bean curd

US 5055310 1991 Process of preparing shelf-stable “tofu” at normal temperature for long term

JP 3168059 1991 Production of retorted “Mabo-Dofu” preservable at ordinary temperature for long
period

JP 6217729 1994 Production of bean curd having freeze resistance

JP 6269257 1994 Preparation of frozen bean curd

JP 8112071 1996 Preparation of new bean curd food

JP 10000067 1998 Production of fried bean curd

JP 11221039 1999 Production of filled bean curd

US 6042851 2000 Process for producing packed tofu

JP 2001352911 2001 Method for producing vegetable sausage substitute

JP 2001046003 2001 Bean curd having freezing resistance and its production

US 6342256 2002 Tofu products excellent in freeze resistance and process for producing the same

JP 2002281928 2002 Method for producing packed soybean curd

US 6582739 2003 Processes for producing functional okara milks and functional tofus

JP 2003052326 2003 Frozen tofu (soybean-curd) and method for producing the same

JP 2003023990 2003 Method for producing powder soybean curd from soybean powder as raw material,
and powder soybean curd

JP 2003023988 2003 Method for producing powder soybean milk from soybean powder as raw material,
powder soybean milk and milk product obtained by processing powder soybean
milk

JP 2004097044 2004 Method for producing bean curd steak

JP 2004261107 2004 Sterilized soybean milk and soybean milk product containing sterilized soybean
milk

US 2004180128 2004 Production method of soymilk curd

JP 2004222618 2004 Method for producing reconstituted tofu and ingredient material-containing recon-
stituted tofu

WO 2005087019 2005 Manufcture of isoflavone-high soy milk and tofu

JP 2005204660 2005 Soybean milk with good body, its manufacture and soybean milk products

JP 2005021070 2005 Manufacture of frozen tofu containing starch, trehalose, transglutaminase and bit-

tern

Source: Dube, et al., 2007.
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fect of MTG on the rheological and textural char-
acteristics of black soybean packed tofu containing
agar as the coagulant. Results showed that the ad-
dition of MTG increased the gelation temperature
of soymilk, and produced a firmer and more elastic
packed tofu with low cooking loss.

Other applications

Gharst et al. (2007) studied the effect of trans-
glutaminase cross-linking on the rheological char-
acteristics of heated peanut flour (PE) dispersions.
They found that high molecular polymers were
formed in TGase-treated peanut flour. These data
suggested potential applications of polymerized
PE dispersions in peanut-based food products, in-
cluding protein bars, shakes and value added baked
goods (Clare et al., 2007, 2008).

Shand et al. (2008) studied the rheological
properties of heat-induced pea protein isolate (PPI)
gels with added MTG. Enhancement of shear strain
or gel elasticity of heat-induced PPI gels with MTG
were found and provides opportunities for extend-
ing the properties of pea proteins when developing
new food products.

Bioavailability of cross-linked proteins

The wide application of microbial TG in food
production has raised concerns about the potential
effects of the cross-linked proteins on consumer’s
health and the bioavailability of the cross-linked
residues. Glutamine-lysine isopeptide bonds are
widely distributed in natural products and food
stuffs (with the exception of milk) and cooking it-
self results in glutamine-lysine isopeptide bond for-
mation (Motoki & Seguro, 1998). Mammalian di-
gestive enzymes do not cleave this isopeptide bond.
However, two kinds of enzymes have been found
in kidney and in intestinal brush border membranes
that degrade the bond in vivo (Seguro et al., 1995,
Yokoyana et al., 2004). Furthermore, nutritional
studies have indicated that the glutamine-lysine
moiety in cross-linked proteins can be metabolized
and that the lysine is incorporated into proteins (Se-
guro et al., 1996). Thus, TG catalysed cross-linking
does not reduce the nutritional value of the proteins.
Pedersen et al. (2004) evaluated the allergenic po-
tential of added MTG in food. They reported that
the enzyme was fully degraded after 5 min of pepsin
treatment and showed no homology with known al-
lergens. Thus, they concluded that no safety con-
cerns with regard to the allergenic potential of MTG
have been identified (Pedersen et al., 2004).

Gerrad & Sutton (2005) suggested that using
TG in baked products may act upon gliadin pro-
teins in dough to generate the epitope associated
with the coeliac response. Further work is urgently
required to assess this possibility because they do
not recommend the use of TG in baked products.
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