GO =1 O W 20—

[« QN I R I RNV IR ) B R R R O O R e O T i~ - JUC JR U RN UL R RV IR L L B oS T G T o8 S o B O o T oS TS LS o B et oot el e i ol i
SO W=-10 AW =O O -1 WU bEaWN—OWOo=I1AM Uk WUNFLDSOE-ITGAWUMEWN=0OWOHW~-TCWMdWNF-O-W

Fournal of the Science of Food and Agricudture

JSFA2149.04/0608

5 Sci Food Agric 85:000-000 (2005)
DOI: 10.1002/jsfa.2149

Effect of microbial transglutaminase on
autolysis and gelation of lizardfish surimi

Jirawat Yongsawatdigul* and Penprapha Piyadhammaviboon
Schoot of Food Technology, Institute of Agricultural Technology, Suranaree University of Technology, Nakhon Ratchasima 30000. Thailand

Abstract: In the absence of microbizl transglutaminase (MTGase), the textural properties of lizardfish
surimi (Saurida spp) improved when pre-incubated at 4 and 25°C for 24 and 4 h, respectively. MTGase
optimally catalyzed incorporation of monodansylcadaverine (MIDC) inte surimi at 40°C, Addition of

MTGase appeared to reduce autolytic activity at 25 and 40°C, but had no effect on autolytic activity at
65 °C. Breaking force and deformation of lizardfish surimi significantly improved when 0.1 unit MTGase
g~! surimi (1.8 gkg™') was added and pre-incubated at either 25 or 40°C. Textural properties improved
concomitant with cross-linked polymers of myosin heavy chain and tropomyosin, but not actin, Addition

of MTGase also improved the storage modulus (G). The gel network of surimi mixed with MTGase .|

and pre-incubated at 40°C readily formed during the pre-incubation period, while formation of the gel =
network began at 48.1 °C in the absence of MTGase,
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INTRODUCTION

Lizardfish (Saurida spp) surimi is considered a low
value because of its poor gel-forming ability.! It
also undergoes severe textural degradation due to
endogenous proteinases,>> Both serine and cysteine
proteinases were found in lizardfish and contributed
to proteclysis of muscle proteins.? Proteolytic activity
of both lizardfish mince and surimi increased with
temperature and reached the maximum at 65°C
at pH 6-7.3 Myofibril-bound serine proteinase

appeared to play a vital role in proteolysis of ;

lizardfish surimi.?? The myofibril-bound proteina
purified from lizardfish (Saurida wanieso} was classi
as a trypsin-type serine proteinase and optimall
hydrolyzed myosin heavy chain (MHC) at 5

The problem of textural degradation
proteolys1s of surimi has been malnly

egg white powder {EW), whe
(WPC), beef plasma proteifi

to"a similar extent,” but
ore effective inhibitor in

improved gel-forming’ \ility of lizardfish surimi to
a greater extent than WPC.? However, addition of
BPP has recently become unacceptable due to the

outbreak of bovine spengiferm encephalopathy or
‘mad cow disease’. dn addition, EW could result
in a sulfurous odor surimi seafood products.

Most. Jmammalian tissue and body fluids and is also

in fish species. These TGases require Ca®*
tivation. Endogenous transglutaminase in fish
rfiuscle has been shown to be responsible for the
‘serting’ phenomenon, which resulted in more highly
elastic gel.?~!? In addition, microbial transglutaminase
(MTGase) from Streptoverticilliven sp which is a
Ca®*-independent enzyme, has also been reported
to improve textural properties of various food protein
gels, including fish protein.!*~1% However, application
of MTGase in surimi with high proteolytic activity
has not yet been elucidated. Proteolysis of muscle
proteins could greatly affect cross-linking reaction
of MTGase. Optimum conditions to minimize
endogenous proteolytic activity and promote cross-
linking would improve textural properties of lizardfish
surimi. The obiective of this study was to investigate
the effect of MTGase on proteolytic degradation and
gel-forming ability of lizardfish surimi.

* Correspondence to: Jirawat Yongsawatdigul, School of Foad Technology, Institute of Agricultural Technology, Suranaree University of

Technelogy, Nakhon Ratchasima 3000, Thailand
E-mail; Jirawat@ces.sut.ac.th

Contract/grant sponsor: International Foundation for Science, Stockholm; contract/grant number: E/3264
(Received 5 September 2004; revised version received 16 November 2004; accepted 27 November 2004)

©® 2005 Society of Chemical Industry. ¥ Sci Food Agric 0022-5142/2005/$30.00 1

o1
62
63
64
65
66

69

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120



O W =1 O U

[T S T T T L T o e e
C\U\»&UJNHO\DOOﬂO\mnhUJNHO

tln

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

J Yongsawatdigul, P Pivadhammaviboon

MATERIALS AND METHODS

Samples and chemicals

Frozen lizardfish surimi (Saurida spp) samples were
obtained from the surimi plant at Samutsakorn,
Thailand. Samples were packed in a polystyrene box,
filled with ice, and immediately transported to the
Suranaree University laboratory. Frozen surimi was
cut into 1kg blocks, vacuum-packed, and kept at
—18°C until use. The commercial MTGase derived
from Streproverticillium (Activa TG-K) was donated
by Ajinomote (Thailand) Inc (Bangkok, Thailand).
Reagents used for gel electrophoresis were purchased
from Bio-Rad (Hercules, CA, USA). All other
chemicals were reagent-grade.

MTGase activity
The dried powder of commercial MTGase was
dissolved in deionized distilled water at concentration
of 35g1”!. MTGase activity was assayed using
the incorporation of monodansylcadaverine into
lizardfish surimi according to Huang et al'® with
slight modifications. The solution (5ml) contained
0.55 mM monodansylcadaverine, 2 g lizardfish surimi,
0.4M NaCl in 13.33mM Tris—HCI] (pH 7.5), and
400l enzyme solution. The reaction mixture was
mcubated at 40°C for 30 min; subsequently 5ml of
richloroacetic acid were added to terminate
rhe reacnon and precipitate surimi muscle proteins,
The precipitate was washed four times with 20ml
diethyl ether and then dried in a vacuum oven at
30°C for 1h. The dried precipitate was dissolved
in a solution containing 8M urea, 10gl™" sodium
dodecylsulfate (SDS) and 50 mM Tris—HCI (pH 8) at
aratio of 1:4. The fluorescence intensity of the solution
was measured with excitation at 350 nm and emission
at 480nm. The blank samples were carried out
using deionized distilled water to replace the enzym
solution. Monodansylcadaverine at concentrations
0, I and 10uM in the same buffer solution wagsuse
as the standard. The unit of activity was &
as nanomoles of monodansylcadaverine i
into surimi per minute.

Surimi gel preparation
Frozen surimi was thawed an
vacuum cutter (UMS5, Steph
Columbus, OH, USA
at 20gkg™! total wexgh
adjusted to 780g v’f"Gase was added ar 0.9,
1.8,2.7and 3.6gk i, which was equivalent to
0.05, 0.1, 0.15 and 0. 2 unit g~! surimi, respectively.
The raw paste was stuffed into a 3 cm-diameter casings
and pre-incubated at 4°C for 24h, 25°C for 4h,
and 40 and 65°C for 1h prior to heating at 90°C
for 30min. The control sample was heated at 90°C
for 30 min without pre-incubation. Surimi gels were
chilled in ice water and kept in a refrigerator (~5-8°C)
overnight before further analysis.

Machinery Co.,
1 chloride was added
moisture content was

2

TCA-soluble oligopeptides 61
TCA-soluble oligopeptide contents were measured 62
using the method described by Yongsawatdigul and 63
Piyadhammaviboon.? The sample (3 g) was added 27 . 64
%’_nll_i%’@ggichloroacetic acid (TCA) solution, 65

en the mixture was homogenized using an IKA 66
homogenizer (IKA Works Asia, Bhd, Malaysia) and 67
centrifuged at 8000 rpmes (Rotor PK 121R, ACCEL 64
Co., Italye) for 15 min at 4°C. The supernatant was 6
analyzed for oligopeptide content using Lowry’s assay 70
method!” with tyrosine as a standard. TCA-soluble 71
oligopeptide content was expressed as pmol tyrosine 72
gl 73

SDS-PAGE >
Sample solubilization was carried out using 76

SDS solution as detailed by Yongsawatdigul et a
Protein (30 ug) was loaded onto 10% (w/v) polyae
lamide gel according to the method of Lagm

A continuous SDS-PAGE
lamide was performed to ev,
mers according to the meth
Piyadhammaviboon.? Prot

t of 20 mA per gel. Stain-
ducted as described above.

at o wc:spectwe proteins of the unheated samples.

xture evaluation o
texture analyzer (Stable Micro System, Surrey,e 9
UK) was used to evaluate textural properties of 1q¢
the gels. Gel samples were cut into pieces of 3cm
length. Breaking force (g) and deformation (mmj}) were
determined using a 5 mm spherical plunger probe at a
test speed of 1 mms™!

Oscillatory dynamic rheology

Lizardfish surimi pastes (with MTGase addition
of 1.8gkg™! surimi and without MTGase) were
subjected to dynamic rheological measurement using 109
a CS-50 rheometer (Bohlin Instruments Inc, East 110
Brunswick, NJ, USA) equipped with a 4° cone and
plate. Samples were heated from 20°C to either 25
or 40°C at a rate of 1°C/min and held for 2 and
1 h, respectively. Subsequently, samples were heated
to 90°C with the same heating rate. Pre-incubation
at 25°C was carried out for 2h, instead of 4h,
to eliminate the drying effect caused by prolonged
pre-incubation time. The oscillatory mode at a fixed
frequency of 0.1 Hz and shear stress of 150200 Pa,
which was in linear viscoelastic range, was applied. A 120
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solvent trap equipped with a wet sponge was used to
prevent moisture evaporation during measurement.

Stiatistical analyses

Two different lots of surimi were used. The experiment
was analyzed as a split—split plot. The five levels
of MTGase acuvity (including no added MTGase)
were assigned as a split plot factor and the five
heating treatments as a split-split plot factor. In
each treatment, at least five gel specimens were
measured to obiain average values of breaking force
and deformation. Autolytic analyses were repeated
twice in each treatment. Duncan’s multiple range
test {DMRT) was used to determine differences
between means at p < 0.05. Statistical analysis was
performed using Statistical Analysis System (SAS)
software version 6.08 (SAS Institute Inc, Cary, NC,
UsA).

RESULTS AND DISCUSSION

Incorporation of MDC to lizardfish surimi
The commercial MTGase used in this study exhibited
MDC-incorporation activity of 50.3 unit g~! powder
at 40 °C. MTGase exhibited minimal catalytic reaction
towards muscle proteins at 25°C (Fig 1), but the
activity increased with time and reached a maximum
at 2 h. This suggested stability of the enzyme at 25°C.
The activity of MTGase at 65°C appeared to be
higher than that at 40°C during the first 30 min,
but declined after prolonged incubation time (Fig 1).
Muscle proteins of lizardfish surimi could unfold to a
greater extent at 65°C, exposing more reactive sites,
namely glutamine and lysine residues, for MTGase
catalytic reaction. As a result, a higher rate of MDC
incorporation was observed during the initial stage
(30 min) of incubation at 65 °C. However, prolonged
incubation time at 653°C resulted in decrease
MDC incorporation. Since lizardfish surimi contaj
endogenous proteinases that optimally hydrel
muscle proteins at 65°C,* prolonged incub

(uM)

MDC incorporated content

0 T T T T
0 30 60 90 120 150

Time (min)

~- 25 G -+ 40 G -+ 65C|

Figure 1. incorperation of monodansylcadaverine {(MDC) into
lizardfish surimi by MTGase.,

¥ Sei Food Agric 85:000-000 (2005)
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muscle proteins as evidenced by relatively high TCA- 61
soluble oligopeptide content of 7.1 pmolg'. Smaller 62
protein fragments resulting from proteolysis might 63
not serve as substrates of MTGase. In addition, 64
MTGase could be thermally inactivated at 65°C, 65
as previously reported by Ando eral.?® It should 66
be noted that the amount of incorporated MDC 67
also decreased after incubation at 40°C for longer 68
than 60 min. This could also be due to proteolysis 69
of lizardfish surimi, as indicated by TCA-scluble 70
oligopeptide contents of 5.6umolg™'. Therefore, 71
endogenous proteolytic activity must be taken into 72
consideration in determining the optimum condition 73
for MTGase in lizardfish surimi.

Effect of MTGase on texiural properties
In the absence of MTGase, the breaking force
lizardfish surimi was lowest when pre-incubated:
either 40 or 65°C for 1h [p < 0.05; Fig 244, t
The gel strength was increased when sutimi

mcubation of lizardfish surim
deteriorated its textural propegt
due to an increased proteolyti
proteinases at higher temy

the* highest breaking force (p < 0.05). Addition of 95
MTGase “at higher level did not further improve 96
extural properties at 25°C. Textural properties of 97
Sirimii with MTGase pre-incubated at 4 and 40°C 98
showed a similar trend to those at 25°C at all studied 99
evels (p > 0.05). Unlike samples without MTGase,
surimi with MTGase showed an increase in gel
strength when pre-incubated at 40 °C. Since MTGase
showed high activity with MDC incorporation at 40°C
(Fig 1), protein cross-linking catalyzed by MTGase at
40°C could occur at a faster rate than proteolysis
induced by endogenous proteinases. Addition of 106
MTGase also slightly improved the textural properties
of lizardfish surimi heated at 90°C [p < 0.05; Fig 2(a,
b)]. Owing to the slow heat transfer in the 3cm-
diameter casing, the catalytic reaction of MTGase
took place in a limited time at 90°C before thermal
inactivation of MTGase occurred.

Changes of deformation were in a similar pattern
to those of breaking force [Fig2(b)]. Deformation 114
values of surimi with M'TGase were higher than those
of the control (no MTGase; p < 0.05). An increase
in MTGase to 0.2 unit g~ surimi did not increase
deformation values. Pre-incubation of surimi paste
with addition of MTGase at 4, 25 and 40 °C resulted in
greater deformation values than at 65 °C and without 120

3



00 =1 O W Wb

o

] Yongsawatdigul, P Piyvadhammaviboon

(a) 400

350
300

250 ; Hits

200
150 4

Breaking force (g)

100 1
50 1

0.

4C/90C 25C/90C

Heating regime

40G/80C 65C/90C soC

Deformation (mm)

T R N

4C/90C

HinEe=

25C/90C

Heating regime

2iks/
B5C/90C

[@ounivg D 0.05 univg B 0.1 unilg E0.15 unitig B 0.2 unifig|

Figure 2. Breaking force {a) and deformation (b) of lizardfish surimi at varicus addition levels o

temperatures. Bars indicate standard deviation.

d pre-incubated at various

4

[ 4]

(umol/g sample)
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i

TCA-soluble oligopeptide

65C/20C

40C/90C

Heating regime

(W 0 unitig © 0.05 untig B 0.1 unitig B 0.15 unitig B 0.2 uni/g|

Figure 3. TCA-soluble':glj_g”opep g:}_eswof lizardfish surimi gels with various addition levals of MTGase and pre-incubated at various temperatures.

The bars indicate standard“dgyiation.

pre-incubation {90°C). The highest deformation of
6.9 mm was found in lizardfish surimi with addition of
0.1 unit g~! surimi and pre-incubation at 25 °C for 4 h.
This was almost 2-fold greater than that of the control
(without MTGase and with no pre-incubation).
Based on the breaking force and deformation, the
optimum MTGase activity required to improve the

4

textural properdes of lizardfish surimi was 0.1 unit
g~! surimi, which was equivalent to 1.8gkg™!. The
optimum amount of MTGase reported to improve
the textural propertics of fish proteins varied with
fish species and type of MTGase. The breaking force
of Alaska pollock surimi increased when MTGase
was added up to 0.3gkg™! and with pre-incubation
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kDa
205

116

97

S P 0 0050101502

ladakanum alone at 0.6
the textura] propertie &

when pre-incubated at elther 25 or 40°C.,

TCA-soluble oligopeptide content

Low-temperature pre-incubation (4 and 25°C)
resulted in lower TCA-soluble oligopeptide content
than high temperature settings (40 and 65°C; p <
0.05; Fig 3). The maximum TCA-soluble oligopeptide
content was found at 65°C (p < 0.05; Fig 3). Severe

F Sei Food Agric 85:000-000 (2003)
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(o) cP

kida
205

116
97

¢ 0.05 0.1 015 0.2

s P

rimi with various addition levels of MTGase and pre-incubated at 4°C

-incubation (g), followed by heating at 90°C for 30 min. The numbers
ht; (P) raw paste; (CP) cross-linked polymers.

proteolysis at 65°C explained poor textural proper-
ties of surimi gel pre-incubated at this temperature
[Fig 2(a, b}]. Although MTGase catalyzes the forma-
tion of e-(y-glutamyl)lysyl isopeptides, which are resis-
tant to proteolysis,! proteolysis of lizardfish surimi at
65 °C was not inhibited by addition of MTGase at the
studied level (Fig 3). However, the inhibitory effect
of MTGase was noted in the samnples pre-incubated
at 40°C. High catalytic activity of MTGase at 40°C
could result in more &-(y-glutamyl)lysyl isopeptides,
which were less susceptible 1o proteolytic degradation.
The TCA-soluble oligopeptide contents of samples
heated at 90°C were lower than for those heated
at 40 and 65°C (p < 0.05; Fig 3). This resulted in
higher breaking force and deformation values than for
those incubated at 40 and 65°C [p < 0.05; Fig 2(a,b)].
Heating at 90°C without pre-incubation reduced
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proteolysis in lizardfish surimi because endogenous
proteinases were thermally inactivated more rapidly.

SDS-PAGE patterns
Samples with addition of MTGase contained cross-
linked polymers (CP) with molecular weight too
large to travel into 50 gL.™! acylamide gel as noticed
on the top of the gel (Fig4). A high intensity
of CP was observed in samples pre-incubated at
4 and 25°C, and in those without pre-incubation
(90°C) at all addition levels of MTGase [Fig 4(a,
b, e)]. Retention of MHC and TM decreased
as MTGase concentration increased in these three
heating conditions [Fig 5{a, b)]. Since TCA-soluble
oligopeptide content of samples heated by these three
heating regimes decreased with increased MTGase
levels (Fig 3), the reduction of MHC and TM
observed was more likely to be caused by the
cross-linking reaction catalyzed by MTGase than
by proteolysis. Among the myofibrils, myosin was
reported as a preferred substrate for MTGase and
endogenous TGase exiracted from fish muscle,!5:24
Our study also indicated that TM was cross-linked by
MTGase, but to a lesser extent than with MHC.
Significant losses of MHC and TM were observed
when samples were pre-incubated at 40 °C at all addi-
tion levels of MTGase [Fig 5{a, b)]. Reductions in
MHC and TM at 40°C resulted from both the cross-
linking reaction and proteolysis. High TCA-soluble
oligopeptide content along with low retention of MHC
{30%) and TM (37%) in surimi gels pre-incubated at
40 °C without MTGase indicated evidence of endoge-
nous proteolysis [Figs 3 and 5(a, b)]. Yongsawatdigul
and Pivadhammaviboon?® reported that both MHC
and TM were preferred substrates of endogenous pro-
teinases in lizardfish surimi. However, the formation

Formation of CP at 65 med to the least
extent compared with dther ng regimes (Fig 4).
This was in agreeme ith the MDC-incorporation
activity (Fig 1). Begradition of muscle proteins to
smaller molecules could Jimit the formation of high-
molecular-weight polymers. In addition, MTGase
exhibited optimum temperature at 50 °C and minimal
activity at 65 °C.?° Therefore, pre-incubation at high
temperature (65 °C) for 1 h could thermally inactivate
MTGase, resulting in limited protein cross-linking.
Consequently, textural properties of lizardfish surimi
with addition of MTGase were not improved when
pre-incubated at 65°C.

6
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Intensity of AC was not affected by pre-incubation
at 4, 25, 40 and 90°C, but it decreased to about 50%
when pre-incubated at 65 °C for 1 h [Fig 5(c)]. These
results indicated that AC was not a preferred substrate
for MTGase, but it was hydrolyzed by endogenous
proteinase(s) associated with lizardfish surimi. Huang
et al'® also reported that AC was not cross-linked by
MTGase.

The cross-linking reaction also occurred even in
the samples without pre-incubation [90 °C; Fig. 4{e)}.
MTGase appeared to catalyze the reaction during
the heating period before the enzyme was thermally
inactivated at >65°C. A decrease in MHC and TM
intensity confirmed the occurrence of cross-linking
during the heating period at 90°C. Catalytic reaction
time was relatively short because more retention of
MHC was observed [Fig 5(a)]. This explained the
slight improvement in textural properties of samples
without pre-incubation [Fig 2(a, b)].
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QOur results demonstrated that addition of MTGase
would significantly enhance the textural properties of
lizardfish surimi only when a proper heating regime
was applied. Pre-incubation at 25°C minimized the
degree of proteolysis but required a longer time (4 h) to
induce CP formation due to limited MTGase activity
at 25°C. Pre-incubation of lizardfish surimi at 40°C
in the presence of MTGase appeared to accelerate
the cross-linking reaction to a greater extent than
proteolysis of MHC, resulting in comparable breaking
force and deformation to those pre-incubated at 25 °C,

Dynamic rheological changes

The storage modulus (G") of lizardfish surimi without
MTGase initially increased at abour 32°C, showed
a peak at 41°C, and declined to the minimum at
48°C before continuously reaching the maximum
at abour 75°C [Fig 6{a}]. Similar patterns with
higher G’ values were also observed in the sample
mixed with MTGase and pre-incubated at 25°C
for 2h. The initial increase in G’ was attributed
to the aggregation of partially unfolded actomyosin,
while the decline of G’ resulted from dissociation
of myosin and actin from actomyosin complex
and denaturation of myosin, leading to increased
fluidity.?* The second increase in G’ observed at
48°C was attributed to formation of permanent
myosin gel networks. When lizardfish surimi was
pre-incubated at 25°C for 2h in the presence or
absence of MTGase, the initial G’ values were
higher than those without pre-incubation [Fig 6(a,
b)]. These results suggested that pre-incubation at

{a) 100000
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Figure 6. Dynamic rheograms of lizardfish surimi with and without addition of MTGase heated from 20 to 90°C without pre-incubation (a), with
pre-incubation at 25°C for 2 h (1), with pre-incubation at 40°C for 1h (¢), and during the pre-incubation period (d).
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25°C promoted aggregation of lizardfish myofibrillar 61
proteins. In addition, the catalytic reaction of MTGase 62
occurred even at 25°C, resulting in higher & 63
during 2h pre-incubation at 25°C [Fig 6(d)]. It has 64
been generally accepted that muscle proteins from g5

wopical fish do not undergo extensive aggregation 66
for the ‘setting’ effect at low temperature (4, 25°C) §7
due to the higher denaturation temperature of fish 8
proteins.?® However, our study demonstrated that 69
muscle proteins of lizardfish, a tropical fish species, 70

aggregated to a certain extent, and such aggregation 71

could be promoted by addition of MTGase. G 72
continually increased from 20 to 90 °C without decline 73
after the samples were pre-incubated at 40°C for 74
1h [Fig 6(c)]. Lizardfish myosin underwent thermal 75
denaturation when pre-incubated at 40°C for 1h. 74
The unfolded proteins subsequenty aggregated tg 77

form gel networks. However, pre-incubation at 4
without MTGase appeared to have a detrimental E‘e"-
on gel network formation as G’ gradually d
throughout the 1 h incubation period [Fi
was due to proteolytic degradation i
by relatively high TCA-soluble oli
Addition of MTGase extensivel :
Cross- hnkmg and aggregation

network development
of samples with add

TGase began at a lower
at of the samples without
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gel network development and resulted in a higher
elastic gel.

CONCLUSIONS

MTGase can be used to improve textural properties of
lizardfish surimi, which exhibited severe proteolytic
degradation. This would be beneficial to surimi
seafood products requiring pre-incubation or a
‘setting’ process, such as kamaboko or imitation
scallop. Addition of 0.1 unit MTGase g~! surimi
(1.8gkg ') and pre-incubarion at either 25°C for up
to 4h or 40 °C for up te 1 h significantly increased both
breaking force and deformation. MTGase catalyzes
covalent cross-linking of MHC and TM, resulting in
more elastic gel networks. It should be noted that
the gel-enhancing effect of MTGase will be minimal
when surimi is subjected to a rapid heating process.
Therefore, addition of MTGase is not necessary in
rapidly cooked surimi seafoods.
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