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ABSTRACT

The possibility of using microbial transglutaminase (MTGase, 2.3.2.13) on bio-texturising of soy protein isolate
is the main object of this study. Covalent cross-linking of proteins by MTGase is easy and simple for application, safe
and well controlled process than commercial methods used for protein texturisation. Two commercial preparations
of MTGase were used for restructuring soy protein isolate (SPI). The investigation of the product (gel) formed was
evaluated using textural profile analysis (TPA). The results indicated that using of MTGase for texturising of SPI
enhance greatly most of TPA parameters. The most affected parameters were hardness, cohesiveness and gumminess.
Bio- texturising of proteins is a promising tool for restructuring and modifying the structure net work of protein mol-
ecules. The cross-linking reactions promoted by the action of MTGase allowing for the development and widespread
use of new and improved functional properties in food industry.
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INTRODUCTION

Proteins are one of the main food components;
hence their modifications via chemical, physical or
enzymatic methods are alternative available tools
for improvement and/ or development of new func-
tional properties of protein-based foods (Gaspar &
Goes-Favoni, 2015).

Plant proteins occupy an important place in hu-
man nutrition, especially in the diets of low-income
earners of developing countries. Furthermore, ani-
mal proteins are scarce in many countries, and veg-
etable proteins have a lower price than muscle pro-
teins. Besides, it is well known that meat contains
cholesterol and a higher proportion of saturated
fatty acids than polyunsaturated fatty acids ,which
exert suppressive effects on pathogenesis of many
diseases (Asgar et al., 2010).

The functional properties of proteins are the
physiochemical properties that affect their behav-
ior in food systems, contributing to its quality and
sensory or acceptability i.e., texture, appearance
and flavour (Gaspar & Goes-Favoni, 2015).

Enzymatic texturising of protein or bio-textur-
ising of protein is a promising tool for modification
of protein molecules. The commercial enzyme,
(MTGase), demonstrated its potential application
in vegetable products such as soy which is little

exploited in the market (Goes-Favoni & Bueno,
2014). MTGase still rarely been used in texturisa-
tion of plant proteins. However, there is an increas-
ing demand for vegetarian foods in many branches
of the food industry (Dube et al., 2007, Piestrasik et
al.,2007, Chang et al., 2011).The enzyme MTGase
catalyses acyl transfer reaction forming inter-and
intramolecular cross-links between amino acid res-
idues of glutamine and lysine of protein molecules.
The MTGase has several characteristics which cov-
ering many applications in food technology. The
enzyme does not alter the pH, colour or flavour of
food and it is active in a wide range of pH ranging
from 4.0 t0 9.0 (Ando et al., 1989, Cui et al., 2007).

With respect to substrate specificity, the en-
zyme has a broad specificity, so most food proteins
could be cross-linked by MTGase (Nonaka et al.,
1997). Besides, the enzyme is capable of incor-
porating amino acids or peptides covalently into
proteins, which improve nutritive value of food
proteins (Yokoyama & Kikuchi, 2004).A practi-
cal application of this enzyme is the formation of
heat-stable and irreversible gels, which could be
obtained in different substrates even at relatively
low protein concentrations (Goes-Favoni & Bueno,
2014). Covalent conjugation of two or more pro-
teins of different origins may also be triggered by
MTGase, generating a new protein with properties
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different from those of original proteins (Gerrard,
2002).Several studies have reported that MTGase
does not pose health risks and has no microbial an-
tigenic potential (Seguro et al., 1996, Kuraishi et
al.,2001).

Textural profile analysis (TPA) covered a wide
range of food textural properties, which are usually
divided into two main groups; primary and second-
ary. The primary parameters are those which could
be measured directly from the TPA curve includ-
ing; hardness (firmness), fructurability (brittle-
ness), cohesiveness (stickiness), adhesiveness and
springiness (elasticity). The secondary parameters,
gumminess and chewiness are those that could be
adequately calculated from two or more of the pri-
mary parameters. Generally, TPA could be used
correctly for solid and semisolid foods. All of the
TPA parameters must not present for all tested
samples. Gumminess is only applicable to semi-
solids and is mutually exclusive with chewiness.
Also, the parameters of viscosity and brittleness
are found to be mutually exclusive. Only solids
can have the characteristic of brittleness, whereas
viscosity is limited, in the classification of liquid
and semisolid products. The TPA test is simple and
the textual parameters deduced intuitively under-
standable, it has become very popular. The result
can be very misleading if the test is not conducted
with the proper operational settings. Comparisons
between TPA results are only likely to be valid if
identical test protocols including the test geometry,
speed and percentage of compression, are all kept
constant (Bourne, 1978, Rosenthal, 2010, Trinh &
Glasgow, 2012).

The present study focuses on the bio-textur-
ising of soy protein isolate using MTGase and its
opportunities to modify and improve many of the
main functional properties of proteins. The ef-
fect of two commercially MTGase preparation on
cross-linking of soy protein isolate was studied.
The main textural properties of the gel formed were
evaluated using texture profile test.

MATERIALS AND METHODS

Materials

Soy protein isolate, SPI, (SSPI-90D1W, Linyi
Shansong Biological Products Co., Ltd. China) was
used in the present study. The SPI was stored in a
closed container at 4°C until used. Two commercial
preparations of microbial transglutaminase obtained
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from Ajinomoto Foods Europe, S.A.S. France and
Miihlenchemie GmbH & Co.KG, Germany. They
were designated as E; and E, respectively. All the
chemicals used were analytical grade.

Methods
MTGase activity

The enzyme activity was determined using the
colorimetric hydroxamte procedure with N-Carbo-
benzoxy-L-glycine. A calibration curve was pre-
pared using y-glutamic acid y-monohydroxamte
(Macedo et al., 2007).

Preparation of gel samples

Soy protein isolate (30g) were mixed with
45ml of distilled water containing 0.6g MTGase
which representing 2% w/w of the amount of SPI
used (Min & Green, 2008). After mixing, the re-
sulted paste was placed into Petri dishes and incu-
bated at 37°C for 30, 60, 90 and 120 min. These
treatments were assigned as T2, T3, T4 and T5 for
each enzyme preparation. For enzyme free sam-
ples (control, T1), the same process was followed,
but no enzyme was added (Taylor & Walsh, 2001,
Chang et al., 2011).

Texture Profile Analysis (TPA)

TPA of the gel formed was performed on
the texture analyzer (TexturePro CTV1.2 Build
9, Brookfield Engineering Labs. Inc. England).At
zero time and at the end of each incubation period,
a piece (3x 3 cm) of the gel formed (height 1.5 cm)
was removed from the Petri dishes and placed on the
platform (TA-RT-KI) with 10 Kg load cell, trigger
load 0.07 N and test speed 1.5 mm/s using cylindri-
cal plunger (TA 10).The samples were compressed
to 50 % of its original height at crosshead in two
bites (Yuan & Chang, 2007). The tested TPA pa-
rameters were; hardness, cohesiveness, springiness
and gumminess. The measurements performed on
three replicates.

Statistical procedures

F-test and analysis of variance of treat-
ments difference was performed according to
Steel &Torrie (1980). Statistical analysis was done
by, ANOVA, F-test, and least significant difference
(LSD) procedures available within the SAS soft-
ware package, version 9.13 2007. The following
model was used to analyze data obtained in facto-
rial experiment.
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Yij = pu+ ai+Bjt oBij +eij

Where; Yij = effect of enzymes with different
incubation time; p = overall mean; a i =the effect
of enzyme, B =the effect of time, aB =interaction
effect and e ij = random error assumed to be inde-
pendently and randomly distributed.

RESULTS AND DISCUSSION

Overall view

The measured activity of the two enzymes
used, E, and E,, were 7.5+ 0.2 U/g of each enzyme
preparation. So, an equal amount of enzymes were
used. An identical protocol including; test geometry,
compression speed, percentage of compression and
other operating conditions are all kept constant for
all tested samples so the results are likely to be valid
(Rosenthal, 2010).The samples used in the present
study were treated as semisolid materials; therefore
gumminess rather than chewiness are presented in
the results (Anonymous, 2012, Trinh & Glasgow,
2012). A graphic of the two-bite, force distance tex-
ture profile analysis curves of the two MTGase used
on bio- texturizing of soy protein isolate is presented
in Fig. (1). For reason of space, the data at zero time
and after 90 min of incubation are only presented.
The main features of these TPA curves are summa-
rized in the following points: (1) the curves show a
steep initial slope which indicates that the samples
tested have high hardness, (2) the smooth curves,
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sharp peaks and absence of shoulders suggests no
fracturability and/ or no point of rupture or gross me-
chanical failure of the gel formed, (3) for adhesive-
ness, a low adhesiveness value was observed only
in the control sample, while no noticeable values of
adhesiveness were observed for all samples contain-
ing enzymes. This indicated that cross-linking of
proteins by MTGase leads to overcome the low co-
hesiveness of the enzyme free samples (Piestrasik et
al., 2007, Asgar et al., 2010, Rosenthal, 2010, Anon-
ymous, 2012, Trinh & Glasgow, 2012, Nishinari et
al., 2013, Banjare et al., 2015).

The statistical analysis of the data obtained
is presented in Table (1). These data revealed that
there were significant differences within all the
TPA parameters tested. The main observations are:
(1) the effect of E, was generally higher than E,,
Table (1-A), (2) for time of incubation, Table (1-
B) showed an increasing of all TPA tested param-
eters by increasing the time of incubation for both
enzymes, the highest increase was noticed through
the first 30 min of incubation for both enzymes, (3)
the interaction between the enzyme and the time of
incubation, Table (1-C), indicated that addition of
MTGase significantly increased all the tested TPA
parameters of the gel formed.

Interpretation of the TPA parameters

Hardness refers to the force required to cause
a given deformation. It represents the highest point
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Fig. 1: A graphic for the two — bite force time texture profile analysis curves of bio — texurised SPI
samples.

(The data shown is that at zero time ( control) and after 90 min of incubation for each enzyme E, and E,).
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Table 1. Means of the texture profile parameters as influenced by enzymes, time of incubation and
their interaction in soy protein isolate gel treatments.

Factor Hardness (N) Cohesiveness Springiness (mm) Gumminess (N)
A. Enzyme
El 16.462 0.4427» 8.822 7.68 2
E2 14.49° 0.37800 831 5.66
B. Time of incubation (min)
T1(0) 8.69 ¢ 0.208 ¢ 5.400° 1.84¢
T2(30) 13.554 0.350¢ 9.290 » 5.084
T3(60) 16.10 ¢ 0.435¢ 9.015» 6.62¢
T4(90) 19.14® 0.475° 9.478 a 10.109
T5(120) 20.42 » 0.515 9.645 2 9.78 b
C. Enzyme * Time of incubation
El1 * Tl 8.691 0.206h 7.07¢ 1.84i
El *T2 14.66 ¢ 0.360¢ 9.14¢ 5.25h
E1*T3 16.45 ¢ 0.460¢ 8.564 7.58d
El *T4 21.40 0.6002 9.79: 12.892
E1* TS5 21.11° 0.5100 9.54ab 10.85b
E2*T1 8.691 0.210n 7.07¢ 1.84i
E2* T2 12.44 0.400f 9.44¢be 491¢
E2* T3 1575 0.410¢f 9.47abe 5.66f
E2* T4 16.87 4 0.430¢e 9.16b 7.18¢
E2* TS5 19.72 ¢ 0.440¢4 9.75% 8.71¢
LSDO0.05 .034 0.0244 311 .017

Means followed by the same letter(s) are not significant, but different
Letters are significant at 0.05 level of probability according to LSD method.

of the peak in the first compression cycle (Bourne,
1978). Hardness is the most representative param-
eters of TPA. It is the direct effect of action of MT-
Gase on cross-linking of proteins (Gutt e/ al., 2014).
Fig. (1) showed that the second peak is smaller than
the first indicating some weaking of the internal
structure of the gel formed. This effect is consist-
ent with TPA as technique (Rosenthal, 2010).The
data present in Table (1-C) and Fig. (2-A) showed
that the two MTGases have a noticeable effect on
the hardness of the gel formed with priority of E,
than E,. The hardness was increased by increasing
the incubation time to 90 min for E; and extended
to 120 min for E,. The highest value of hardness
(21.40 N) was that of E; after 90 min incubation
which is about 2.5 times higher than that of the con-
trol. These results indicated that the cross-linking
of proteins by MTGase strength the network struc-
ture of protein molecules and hence increase the
gel hardness. These results are in agreement with
that reported by Kuraishi ez al. (2001).
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Cohesiveness is a direct indication to how the
test material adheres to itself, so its structural in-
tegrity opposes successfully compressive or tensile
stress, it is affected by the chemical structure of the
tested material (Anonymous, 2012). As shown in
Table (1-C) and Fig. (2-B), the cohesiveness rose
up from 0.206 to 0.600 for E, while it increased
from 0.210 to 0.430 for E, for both the control
samples and after 90 min incubation, respectively.
Gaspar & Goes-Favoni (2015) stated that the use of
MTGase improved the textural properties includ-
ing hardness and cohesiveness resulting in strong
gels with a compact and ordered structural confor-
mation.

Springiness is an indication of how much a
deformed sample returns to its original size and
shape. The less a product is destroyed, the more
springiness it will be observed (Trinh & Glasgow,
2012). For the two MTGase tested, springiness was
moderately increased through the first 30 min of
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Fig. 2: Effect of incubation time on textural parameters of bio- texturised SPI treatments

incubation but less pronounced through the rest of
incubation period (Table 1-C and Fig. 2-C). The
springiness values of the control, after 30 and 120
min of incubation were 7.07, 9.14 and 9.54mm for
E; and 7.07, 9.44 and 9.75mm for E,, respectively.

Gumminess is one of the secondary parame-
ters of TPA. It mainly refers to the semisolid mate-
rial. Generally the results, Table (1-C) and Figure
(2-D), indicated that the gel produced by E, was
gummier than that of E,. The maximum gummi-
ness (12.89 N) was obtained after 90 min of incu-
bation for E,, and then decreased to 10.85 N after
120 min of incubation.

CONCLUSION

Bio- texturising of proteins is a promising tool
for restructuring and modifying the structure net-
work of protein molecules. It is very simple pro-
cess compared with the commercial methods used
for production of structured protein. The process
doesn’t alter the pH, colour or flavour of food. It will
stop spontaneously when no more substrates, glu-
tamine or lysine, available. The cross —linking reac-

tions promoted by the action of MTGase allowing
for the development and wide spread use of new and
improved functional properties by the food industry.
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