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Songkla University, Hat Yai, species caught in Southern Thailand. However, the pelagic fish have high content of
Songkhla, 90112, Thailand dark flesh associated with the high lipid and myoglobin contents contributing to the
difficulties in making high-quality surimi. However, setting or heating at an appropriate
temperature can improve the property of gel by avoiding the degradation but
enhancing cross-linking of proteins. Therefore, the objective of this study was to
investigate the gel-forming ability of surimi from yellow stripe trevally prepared under
different heating conditions. Surimi gels were prepared under different heating
conditions. Textural properties, whiteness, expressible moisture content, trichloroacetic
acid (TCA)-soluble peptide content, protein pattern and microstructure of gels were
determined. Additionally, the optimal temperature of muscle transglutaminase (TGase)
was determined using monodansyl cadaverine incorporation method. Kamaboko gel
with prior setting at 40°C (K40) exhibited the highest breaking force, followed by
another kamaboko gel having setting temperature of 25°C, directly heated gel and
modori gel, respectively (p < 0.05). For deformation, both kamaboko gels showed the
lower values than both directly heated gel and modori gel (p < 0.05). The lowest
expressible moisture content and whiteness were found in K40 sample (p < 0.05). The
optimal temperature of yellow stripe trevally muscle transglutaminase was found to be
40°C. The highest TCA-soluble peptide content with decreased myosin heavy chain was
found in modori surimi gel (p < 0.05). K40 sample had finer and more ordered fibrillar
structure with smaller voids than other gels. Yellow stripe trevally could be used as the
new raw material for surimi which yielded the gel with high deformation. Setting at 40°C
is a promising means to improve the properties of surimi gel. Conversely, the
incubation of sol at temperature close to 60°C should be avoided to prevent gel
weakening.
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Background

Thailand is one of the largest surimi producers in Southeast Asia. About 16 surimi factories
are located in Thailand, with a total production of 96,500 to 113,500 metric tons of surimi
per year of which 80% is exported to Japan and Korea and the remainder to Singapore and
other countries (Hong & Eong 2005). In general, lean fish have been used for surimi pro-
duction. Due to the limited fish resources, especially lean fish, pelagic dark-fleshed fish have
been paid more attention as a potential alternative raw material for surimi production
(Chaijan et al. 2004). Dark-fleshed fish make up 40% to 50% of the total fish catch in the
world (Hultin & Kelleher 2000), and the catch of those species in the Gulf of Thailand was
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approximately 844.2 metric tons in 2006 (Department of Fisheries 2006). Due to the abun-
dance and lower price, these pelagic fish can be used for surimi production. However, those
pelagic fish have high content of dark flesh associated with the high lipid and myoglobin
contents (Chaijan et al. 2004). Those components contribute to the difficulties in making
high-quality surimi (Chen 2002; Ochiai et al. 2001). The presence of sarcoplasmic proteins
of dark muscle also contributes to the poorer gelation (Haard et al. 1994). Sarcoplasmic
proteins are able to bind with myofibrillar proteins, thus interfering the formation of strong
gel network. In addition, lipid oxidation seems to be a distinct problem in surimi made
from some dark-fleshed fish (Lanier 2000; Wu et al. 2000).

Setting has been reported to play an essential role in the formation of protein cross-links
mediated by endogenous transglutaminase (TGase) (Kumazawa et al. 1995; Seki et al.
1990). In general, setting has been applied to enhance gel strength of surimi. However,
setting response can be varied, depending on fish species, and is related to habitat
temperature of fish species (Shimizu et al. 1981; Araki & Seki 1993; Morales et al. 2001).
Benjakul and Visessanguan (2003) reported that surimi from Priacanthus tayenus and P.
macracanthus showed the maximised setting at 40°C and 25°C, respectively. Nevertheless,
the incubation of surimi paste at 60°C to 65°C mainly resulted in gel weakening or ‘modori’
phenomenon (Benjakul et al. 2003a). This phenomenon is caused by endogenous heat-acti-
vated proteases (An et al. 1996; Benjakul et al. 1997). Generally, gel weakening is varying
with fish species. Dark-fleshed fish generally had a high proteolytic activity, resulting in
high susceptibility to gel weakening (Shimizu et al. 1992).

Yellow stripe trevally (Selaroides leptolepis) is one of the abundant dark-fleshed fish
species caught in Southern Thailand. Therefore, the use of this pelagic fish for surimi pro-
duction is one of the challenges in transforming the underutilised fish into value-added
products, particularly surimi. This species has been used for protein hydrolysate produc-
tion with antioxidative activity (Klompong et al. 2007). However, no information regarding
the gel properties of surimi from this species has been reported. Therefore, the objective of
this study was to investigate the gel-forming ability of surimi from yellow stripe trevally
(S. leptolepis) prepared with different heating conditions.

Methods

Chemicals

Sodium dodecyl sulphate (SDS), Coomassie Blue R-250, N,N,N',N -tetramethyl ethylene
diamine and all chemicals for electrophoresis were procured from Bio-Rad Laboratories
(Hercules, CA, USA). Trichloroacetic acid was purchased from Merck (Darmstadt,
Germany). Monodansyl cadaverine (MDC), N,N'-dimethylated casein (DMC) and dithio-
threitol (DTT) were obtained from Sigma Chemical Co., Ltd. (St. Louis, MO, USA). All
chemicals were of analytical grade.

Fish collection and mince preparation

Yellow stripe trevally (S. leptolepis) with an average weight of 65 to 75 g were caught from
Songkhla coast along the Gulf of Thailand from June to July 2011. The fish, off-loaded
approximately 12 h after capture, were placed in ice with a fish/ice ratio of 1:2 (w/w) and
transported to the Department of Food Technology, Prince of Songkla University, Hat Yai
within 30 min. The fish were immediately washed, gutted, filleted and de-skinned. Fish
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flesh was minced to uniformity using a mincer with a hole diameter of 5 mm. Fish and
mince were kept in ice during preparation.

Surimi and surimi gel preparation
Surimi was prepared according to the method of Benjakul and Visessanguan (2003)
with slight modifications. Fish mince was washed with cold water (4°C) at a water/
mince ratio of 3:1 (v/w). The mixture was stirred gently for 4 min, and washed mince
was filtered with a layer of nylon screen. The washing process was repeated twice. For
the third washing, cold 0.2% NaCl solution was used. Finally, the washed mince was
subjected to centrifugation using a Model CE 21 K basket centrifuge (Grandiumpiant,
Belluno, Italy) pre-cooled with ice at a speed of 700 x g for 10 min. The temperature of
dewatered mince was approximately 8°C to 10°C. To the dewatered mince, 4% sucrose
and 4% sorbitol were added and mixed uniformly using a kneader (Crypto Peerless Ltd.,
Birmingham, England). Prior to mixing, the kneader bowl was kept at —20°C for 1 h, in
which the temperature of surimi was maintained below 10°C throughout the mixing
process. The mixture (500 g) was packed in a polyethylene bag and frozen using an air-
blast freezer (-20°C). Frozen surimi was stored at —20°C for not longer than 1 month.
To prepare the gels, the frozen surimi was tempered at 4°C for 3 to 4 h until the core
temperature reached 0°C. The sample was then cut into small pieces, and the moisture
content was adjusted to 80% by the addition of iced water. The mixture was added with
2.5% (w/w) NaCl and chopped for 5 min in a walk-in cold room at 4°C to obtain the
homogeneous sol. The sol was then stuffed into a polyvinylidine casing with a diameter of
2.5 cm, and both ends of the casing were sealed tightly (Benjakul et al. 2003b). The sol
was then incubated at 40°C for 30 min, followed by heating at 90°C for 20 min in a
temperature-controlled water bath (Memmert Gmbh Co. KG, Schwabach, Germany).
The obtained gel was referred to as ‘kamaboko gel-40°C (K40)'. The gel prepared by
incubating the sol at 25°C for 3 h, followed by heating at 90°C for 20 min, was referred
to as ‘kamaboko gel-25°C (K25)". Modori gel was prepared by incubating the sol at 60°C
for 30 min, followed by heating at 90°C for 20 min (Benjakul et al. 2010). A directly heated
gel was prepared by heating the sol at 90°C for 20 min. After heating, all gels were imme-
diately cooled in iced water for 30 min and stored for 24 h at 4°C prior to analysis.

Determination of gel properties

Textural analysis

Textural analysis of gel samples was performed using a Model TA-XT2i texture analyser
(Stable Micro Systems, Godalming, Surrey, UK). Gels were equilibrated and evaluated
at room temperature (28°C to 30°C). Five cylinder-shaped samples with a length of
2.5 cm were prepared and subjected to determination. Breaking force (gel strength) and
deformation (elasticity/deformability) were measured using the texture analyser
equipped with a spherical plunger (diameter 5 mm, depression speed of 60 mm/min).

Determination of whiteness

All gels were subjected to whiteness measurement using a Hunterlab (ColorFlex,
Hunter Associates Laboratory, Reston, VA, USA). [lluminant C was used as the light
source of measurement. L* (lightness), a* (redness/greenness) and b* (yellowness/
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blueness) were measured, and whiteness was calculated as described by NFI (1991) as

1
follows: Whiteness = 100— [(IOO—L*)2 +a? + b2

Determination of expressible moisture content

Expressible moisture content was measured according to the method of Benjakul et al.
(2003c) with slight modifications. A gel sample with a thickness of 0.5 cm was weighed
(X in grams) and placed between two pieces of Whatman filter paper no. 1 (Whatman
International Ltd., Maidstone, England) at the top and three pieces of the same type of
filter paper at the bottom. The standard weight (5 kg) was placed on the top of the sam-
ple and maintained for 2 min. The sample was then removed and weighed again (Y in
grams). Expressible moisture content was calculated and expressed as percentage of

sample weight as follows: Expressible moisture content (%) = [%—Y)} x 100.

Determination of TCA-soluble peptide content

Trichloroacetic acid (TCA)-soluble peptide content was determined according to the
method of Benjakul et al. (2010). To 3 g of finely chopped gel samples, 27 ml of cold 5% (w/
v) TCA were added and homogenised for 2 min using an IKA homogeniser (IKA Labor-
technik, Selangor, Malaysia) at a speed of 11,000 rpm. The homogenate was allowed to stand
in ice for 1 h and centrifuged at 8,000 x g for 10 min. TCA-soluble peptides in the super-
natant were measured according to the Lowry method (Lowry et al. 1951) and expressed as
micromole tyrosine per gram sample (Morrissey et al. 1993).

Sodium dodecyl sulphate-polyacrylamide gel electrophoresis

Protein patterns of surimi and surimi gels were determined by sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) according to the method of Laemmli
(1970). To prepare the protein sample, 27 ml of 5% (w/v) hot SDS (85°C) solution was added
to the sample (3 g). The mixture was then homogenised at a speed of 11,000 rpm for 2 min.
The homogenate was incubated at 85°C for 1 h to dissolve total proteins. The sample was
centrifuged at 8,000 x g for 20 min at room temperature (26°C to 28°C) using a centrifuge
(Model MIKRO20, Hettich ZENTRIFUGEN, Tuttlingen, Germany). Protein concentration
in the supernatant was determined as per the method of Lowry et al. (1951). Solubilised
samples were mixed at a 1:1 (v/v) ratio with the sample buffer (0.5 M Tris—HCI, pH 6.8, con-
taining 4% SDS, 20% glycerol and 10% SME) and boiled for 3 min. Samples (15 pg protein)
were loaded onto the polyacrylamide gels comprising a 10% running gel and a 4% stacking gel
and subjected to electrophoresis at a constant current of 15 mA/gel using a Mini Protein III
unit (Bio-Rad Laboratories, Inc,, Richmond, CA, USA). After electrophoresis, the gel was
stained with 0.02% (w/v) Coomassie Blue R-250 in 50% (v/v) methanol and 7.5% (v/v) acetic
acid and destained with 50% (v/v) methanol and 7.5% (v/v) acetic acid. A protein standard
(Bio-Rad Laboratories, Inc., Richmond, CA, USA) containing myosin (206 kDa), 3-galactosi-
dase (116 kDa), phosphorylase B (97.4 kDa), serum albumin (66.2 kDa) and ovalbumin
(45 kDa) was used to estimate the molecular weight of the proteins.

Scanning electron microscopy

Microstructure of surimi gels prepared with different heating conditions was determined
using a scanning electron microscope (JEOL JSM-5800 LV, Tokyo, Japan). Samples with a
thickness of 2 to 3 mm were fixed with 2.5% (v/v) glutaraldehyde in 0.2 M phosphate buffer
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(pH 7.2) for 2 h. The samples were then rinsed for 1 h in distilled water before being dehy-
drated in ethanol with serial concentrations of 50%, 70%, 80%, 90% and 100% (v/v). Dried
samples were mounted on a bronze stub and sputter-coated with gold (Sputter coater, SPI-
Module, West Chester, PA, USA). The specimens were visualised with a scanning electron

microscopy (SEM) at an acceleration voltage of 15 kV.

Characterisation of endogenous TGase in yellow stripe trevally muscle

Preparation of TGase crude extract

Fish flesh was homogenised with four volumes of extraction buffer (10 mM NaCl,
2 mM DTT, 10 mM Tris—HCI, pH 7.5). The homogenate was centrifuged at 16,000 x g
using a refrigerated centrifuge (Beckman Coulter, Allegra 25R, Palo Alto, CA, USA) for
20 min at 4°C. Subsequently, the supernatant obtained was centrifuged at 18,000 x g for
60 min at 4°C. The supernatant was used as ‘crude TGase extract’.

Study on temperature profile of TGase

TGase activity was measured in terms of the incorporation of MDC into DMC accord-
ing to the procedure of Takagi et al. (1986) with a slight modification. To study the
temperature profile, the assay was performed at various temperatures (20°C, 25°C, 30°C,
35°C, 40°C, 45°C, 50°C, 55°C, 60°C, 65°C and 70°C) for 30 min. The reaction mixture
containing 100 pl of 2 mg/ml DMC, 100 pl of 0.5 mM MDC, 100 ul of 0.2 M DTT,
0.4 ml of 0.1 M CaCl, and 2.4 ml of 0.1 M Tris—HCI (pH 7.5) was prepared. The reac-
tion was initiated by the addition of 0.2 ml of crude TGase extract, and the mixture was
incubated at different temperatures for 30 min. The reaction was terminated by the
addition of 0.2 ml of 1.0 M ammonium sulphate. Fluorescence intensity of MDC incor-
porated into DMC was measured with a spectrofluorophotometer (RF-1501, Shimadzu,
Kyoto, Japan) at excitation and emission wavelengths of 350 and 480 nm, respectively.
Blanks were prepared in the same manner, except ammonium sulphate which was added
prior to the addition of crude extract. TGase activity was calculated after blank subtraction
and expressed as the increase in fluorescence intensity upon the incorporation of MDC
into DMC.

Statistical analysis

All experiments were run in triplicate. Data were subjected to analysis of variance.
Comparison of means was carried out by Duncan's multiple-range tests (Steel & Torrie
1980). Statistical analysis was performed using the Statistical Package for Social Science
(SPSS 17.0 for windows, SPSS Inc., Chicago, IL, USA).

Results and discussion

Properties of gel from surimi of yellow stripe trevally prepared using different heating
conditions

Textural property

Breaking force and deformation of surimi gels with various heating conditions are shown
in Figure 1. Different heating conditions rendered gels with different properties. Among all
gels tested, kamaboko gel with setting at 40°C had the highest breaking force, followed by
another kamaboko gel (K25) (p < 0.05). Breaking force of K40 was 37.96%, 134.99% and
118.2% higher than that of K25, modori and directly heated samples, respectively. Breaking
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Figure 1 Breaking force (a) and deformation (b) of surimi gels from yellow stripe trevally using
different heating conditions. DH, directly heated gel; MD, modori gel; and K25 and K40, kamaboko gels
with setting at 25°C and 40°C, respectively. Bars represent the standard deviation (n = 3). Different letters
(a, b, cand d in Figure 1a) and (a and b in Figure 1b) on the bars indicate significant differences

(p < 0.05).

force of directly heated gel was lower than that of kamaboko gel but was higher than that
of modori gel (p < 0.05). The results indicated that protein-protein interactions stabilised
by strong bonds were established in kamaboko gels. For deformation, it was noted that
kamaboko gels, either with prior setting at 25°C or 40°C, showed the lower values than both
directly heated gel and modori gel (p < 0.05). The result suggested that kamaboko gels had
slightly lower elasticity than other two gels. The decreased deformation of kamaboko gels
was concomitant with their higher breaking force. The rigid and hard gel governed by the
strong network generally losses its elasticity (Park et al. 2005). An increment of protein-
protein interactions decreases the water-protein interactions thereby resulting in a
decrease in elasticity (Tanaka 1981). It was noted that the gel of surimi from yellow
stripe trevally showed the high deformation (16.33 to 19.10 mm) compared with
those reported in surimi from other fish species including bigeye snapper (P.
macracanthus) (8 to 10 mm) (Benjakul et al. 2002), frigate mackerel (6 to 10 mm)
and Indian mackerel (9 to 10 mm) (Chaijan et al. 2010).

Setting played an important role in cross-linking of gel network, especially by non-di-
sulphide covalent bonds induced by endogenous TGase (Kumazawa et al. 1995; Seki

et al. 1990). The differences in setting response at different temperatures were
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presumed to be due to the differences in protein and TGase stability. TGase was found
to mediate myosin cross-linking via the formation of e-(y-glutamyl) lysine linkage (Seki
et al. 1990). When comparing the setting at high temperature (40°C) and medium
temperature (25°C), the superior gel was obtained in the former. Protein molecules of yel-
low stripe travelly might undergo unfolding at 40°C at a greater extent. As a result, more
exposure of those reactive residues favoured TGase mediated reaction. Tsukamasa and
Shimizu (1991) found that heat susceptibility of myosin heavy chain (MHC) was a factor
affecting TGase associated setting phenomenon in fish muscle. Additionally, at sufficiently
high temperature during setting, hydrophobic interaction might be more enhanced (Niwa
1992). Without setting, protein cross-linking induced by endogenous TGase might not be
enhanced. Furthermore, gradual alignment and aggregation via some weak bonds occurred
to some degree. This was reflected by the lower breaking force in directly heated gel in
comparison with kamaboko gels. For modori gel, the lowest breaking force was obtained
(p <0.05). This result was in agreement with several reports for surimi from other fish
species including sardine (Chaijan et al. 2004) and Indian mackerel (Chaijan et al. 2010).
Gel weakening or modori phenomenon has been known to be caused by heat-activated pro-
teases, which are active in temperature range of 60°C to 65°C (An et al. 1996; Benjakul et al.
1997). The lower breaking force of modori gel indicated that endogenous heat-activated
proteases were involved in degradation of surimi proteins at 60°C used in this study.
Whiteness

Whiteness of gels prepared from yellow stripe travelly surimi with different heating condi-
tions was in the range of 73.18 to 74.41 (Table 1). Slight differences in whiteness were
observed in different gels (p < 0.05). Directly heated gel exhibited the highest whiteness
compared with those prepared by two-step heating (p < 0.05). This could be due to non-
enzymatic browning, which might take place at higher extent with a longer exposure time
used for two-step heating. During heating, not only metmyoglobin formation may cause a
decreased whiteness of gels but the Maillard browning reaction may also affect the colour
of gels (Whistler & Daniel 1985). Yellow stripe trevally is a dark-fleshed pelagic fish and has
high lipid content. Lipid oxidation products including aldehydes formed during gelation
could be participated in the Maillard reaction (Chaijan et al. 2007). Nevertheless, gels of
yellow stripe trevally surimi showed the higher whiteness than those from surimi of other
dark-fleshed fish including sardines (Chaijan et al. 2004) and Indian mackerel (Chaijan et al.
2010). Whiteness is an important factor determining the quality and acceptability of surimi
gels (Yoon et al. 1997).

Expressible moisture content
The lowest expressible drip was found in kamaboko gels, both K40 and K25 (p < 0.05),
indicating the highest water holding capacity (Table 1). Modori gel and directly heated

Table 1 Whiteness and expressible moisture content of surimi gels from yellow stripe
trevally using different heating conditions

Samples Whiteness Expressible moisture content(%)
Directly heated gel 7441 +0.08* 530+001%°

Kamaboko (K25) gel 73.65+0.11° 478+001°°

Kamaboko (K40) gel 73.19+0.15° 443+0.01°

Modori gel 73.18+0.14° 5.77 +£0.02°

*Mean + SD (n = 3). Different superscripts (a, b, ab, bc and ¢) in the same column indicate significant differences (p < 0.05).
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gel had the highest expressible drip (p <0.05), suggesting that protein network of the
gel was lower in water-binding capacity (Niwa 1992). Generally, the lowered expressible
moisture content was in accordance with the increased breaking force (Figure 1la).
During direct heating, rapid unfolding of proteins possibly resulted in more intense
coagulation. More water was released from the gel network, and the protein dispersion
becomes very uneven (Niwa 1992). Benjakul et al. (2010) also reported that kamaboko
gel from goatfish surimi showed the higher water holding capacity than modori gel.
Therefore, the improved water holding capacity of yellow stripe trevally surimi gel could
be achieved via appropriate setting prior to heating.

Protein pattern

SDS-PAGE protein patterns of surimi, surimi sol and surimi gels with different heating
conditions under reducing conditions are shown in Figure 2a. MHC constituted as the
major protein in surimi and surimi sol as indicated by the highest band intensity. The
decrease in MHC was noticeable in all gels. However, MHC was more retained in
directly heated gel. The result indicated that MHC might undergo either
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Figure 2 SDS-PAGE patterns (a) and TCA-soluble peptide content (b) of surimi gels from yellow
stripe trevally using different heating conditions. DH, directly heated gel; MD, modori gel; and K25 and
K40, kamaboko gels with setting at 25°C and 40°C, respectively. M, marker; Sur, surimi; Sol, surimi sol;

MHC, myosin heavy chain; and AC, actin. Bars represent the standard deviation (n = 3). Different letters (a,
b and ¢) on the bars indicate significant differences (p < 0.05).
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polymerisation or degradation to a lowest extent compared with other gels. The de-
crease in MHC after heating was generally due to the polymerisation or degradation
(Benjakul & Visessanguan 2003).

Setting at 25°C or 40°C prior to heating at 90°C might allow the protein cross-linking
mediated by endogenous TGase to take place effectively, especially when setting was
performed at 40°C. It was noted that protein bands with MW of 120 to 130 kDa were
formed in K40 sample, suggesting that the degradation of MHC occurred to some extent.
Therefore, polymerisation and degradation of MHC occurred simultaneously, especially
during the setting at 40°C. However, polymerisation more likely took place to a higher
degree than degradation. The ratio of polymerisation to degradation, which varied among
the fish species, directly determined the final gel quality. MHC was most susceptible to
cross-linking during setting (Benjakul & Visessanguan 2003). Benjakul and Visessanguan
(2003) reported the decrease in MHC of surimi gel from bigeye snapper, particularly when
the setting at high temperature was implemented. Benjakul et al. (1997) reported that
MHC was also more prone to proteolytic degradation than other muscle proteins, includ-
ing actin, troponin and tropomyosin. In modori gel, the disappearance of MHC with the
occurrence of new protein bands of MW approximately 110 to 120 kDa suggested the deg-
radation of MHC during incubation at 60°C. The degradation of MHC in the modori gel
was coincidental with the decreased breaking force (Figure 1a). High degradation of MHC
was reported in surimi gel from dark-fleshed fish including mackerel (Benjakul et al. 2002).
Alkaline proteases have been reported to contribute to the protein degradation in surimi
gels (Boye & Lanier 1988; Toyohara et al. 1987).

TCA-soluble peptide content

TCA-soluble peptide content of surimi gels prepared by different heating conditions is
shown in Figure 2b. The highest content of TCA-soluble peptides was found in modori gel
(p < 0.05), which was in agreement with the highest degradation of proteins as shown in
SDS-PAGE (Figure 2a). This indicated that the proteolysis was maximised in modori gel.
The highest degradation of muscle proteins led to the marked weakening of the gel as indi-
cated by the lowest breaking force of this gel (Figure 1a). Dark-fleshed fish had a high pro-
teolytic activity, resulting in poorer gelation characteristics and high susceptibility to
modori (Shimizu et al. 1992). Shimizu et al. (1992) also reported that the poor gel-forming
properties of muscle from dark-fleshed species are caused by the presence of heat-stable
proteases, which are active in degrading myosin during heating at temperature ranges of
50°C to 70°C. The directly heated gel had the lower TCA-soluble peptide content than
modori gel (p <0.05). Lower TCA-soluble peptide content was also found in kamaboko
gels in comparison with modori gel. Bigeye snapper surimi gel, prepared by setting at 40°
C, also contained the degradation products (Benjakul et al. 2004). Takeda and Seki (1996)
also found some proteolysis in walleye pollack paste during setting at 25°C. Polymerised
proteins found during setting might be less susceptible to degradation by endogenous pro-
teases. As a consequence, the lower degradation took place in kamaboko gel with prior set-
ting. K25 samples had the higher TCA-soluble peptide content than K40 samples
(p < 0.05). Polymerised proteins might make gel network more resistant to hydrolysis by
proteases. Without incubation or setting, the low TCA-soluble peptide content was
observed. This result suggested that slow heating at temperature enhancing proteolytic ac-
tivity might cause the protein degradation and loss in gel property. Since increased
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breaking force and deformation were obtained with setting at 25°C and 40°C, it was sug-
gested that cross-linking occurred to a greater extent than proteolysis. As a consequence,
properties of surimi produced from the yellow stripe travelly could be improved by prior
setting.

Microstructure

The microstructures of surimi gels prepared by heating at different conditions are illu-
strated in Figure 3. Kamaboko gel, particularly K40, showed the higher interconnected
three-dimensional protein networks. More compact and denser gel network with finer
strand observed in K40 sample was coincidental with the higher breaking force
(Figure 1a) and higher water holding capacity (Table 1). K25 sample showed similar
microstructure but exhibited lower interconnected three-dimensional protein network
with larger voids. However, K25 exhibited denser protein network than directly heated
gel and modori gels. The directly heated and modori gels had loose protein network
with larger voids. This was in agreement with the lower breaking force with less water
holding capacity of directly heated and modori gels. The finer and ordered gel network
with smaller voids was observed in gels with the highest gel strength as compared with
the very loose network with larger voids observed in the gels with lower gel strength
(Balange & Benjakul 2009). Rawdkuen and Benjakul (2008) reported that kamaboko
gel from bigeye snapper with high breaking force and deformation was finer and
denser than others, while the gel structure of lizardfish with poorer gel property con-
sisted of a large number of pores and loose structure. Jafarpour and Gorczyca (2008)
reported changes in the polygonal structures of kamaboko gel from the threadfin

Figure 3 Microstructure of surimi gels from yellow stripe trevally using different heating
conditions. (a) DH, directly heated gel; (b) K25 and (c) K40, kamaboko gels with setting at 25°C and 40°C,
respectively; and (d) MD, modori gel.
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bream surimi as a result of cross-linking between sarcoplasmic protein and myofibril-
lar protein. However, no association between the area or the number of polygonal
structures per square millimetre and gel strength of the resultant kamaboko was
found.

Endogenous transglutaminase activity as affected by temperatures

Activity of endogenous TGase from vyellow stripe trevally muscle as a function of
temperature determined by MDC incorporation method is shown in Figure 4. The activity
increased as the temperature increased and reached the maximum at 40°C (p < 0.05). The
decrease in activity was observed at temperature higher than 40°C. The loss in activity at
higher temperature was caused by the thermal denaturation of TGase. Benjakul and
Visessanguan (2003) reported that TGase from P. tayenus muscle showed the highest activ-
ity at 40°C, whereas that from P. macracanthus muscle had the optimum temperature at 25°
C. The optimum temperature for TGase activity varies with fish species. Red sea bream liver
TGase had an optimum temperature of 55°C (Yasueda et al. 1994), whereas walleye pollack
liver TGase showed the maximum activity at 50°C (Kumazawa et al. 1996). Therefore,
temperature was crucial to maximise the setting phenomenon. Temperature of 40°C used
for prior setting of K40 sample in this study was coincidental with the optimum
temperature for endogenous TGase. As a result, yellow stripe trevally TGase remaining in
surimi catalysed the cross-linking of muscle proteins to a greater extent at 40°C than at a
lower temperature (25°C), leading to higher breaking force of K40 sample.

The activity of endogenous TGase at 60°C was found to be very low as compared to that
found at 40°C. The loss in activity at higher temperature was caused by the thermal denatur-
ation of TGase, which consequently resulted in lowered cross-linking of muscle proteins.
Additionally, the degradation at 60°C was pronounced. As a consequence, the lowest break-
ing force of modori gel was obtained. However, the rate of TGase mediated cross-linking of
MHC was primarily dependent on the conformation of substrate at a given temperature
rather than on the optimum temperature of TGase (Araki & Seki 1993; Kamath et al. 1992).
Thus, TGase activity played a role in cross-linking of protein and gel property.
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Figure 4 Temperature profile of crude TGase from yellow stripe trevally muscle. Bars represent
the standard deviation (n=3).
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Conclusion

Yellow stripe trevally could be used as the new raw material for surimi which yielded
the gel with high deformation. Setting temperature showed significant effect on textural
properties and cross-linking of myofibrillar proteins. Kamaboko (K40) gel exhibited the
highest breaking force with the lowest expressible moisture content (p <0.05), corre-
sponding to the optimum temperature of TGase activity. Therefore, setting at 40°C is a
promising means to improve gel quality of surimi from yellow stripe trevally. Conversely,
the incubation of sol at temperature close to 60°C should be avoided to prevent gel

weakening.
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