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Abstract
The changes in gel properties and myofibrillar protein structure of Trichiurus haumela surimi subjected to high pressure (300–
450 MPa; 5 min) or high pressure synergistic heat (90 °C; 30 min) treatment were investigated. The results showed that high
pressure below 400 MPa could improve the gel properties. The water holding capacity of the 350 MPa group increased by
27.40% compared with the control group. Moreover, the gel strength of surimi gel induced by high pressure of 300 MPa and
350MPa increased by 38.08% and 40.00%, respectively, and continually increased by 17.86% and 21.00% after further heating.
Both of high pressure and heating affected the composition of myofibrillar protein and partially degraded the actin and myosin
heavy chain. High pressure reduced the contents ofα-helix and β-turn, but increased β-sheet and random coil in the myofibrillar
protein. Subsequent heat treatment converted the partial β-sheet into the α-helix structure. In addition, in the gels of surimi
subjected to high pressure, the secondary structure of myofibrillar protein was significantly correlated with the whiteness, gel
strength, and texture characteristics of the gels. Collectively, the results supported an optimum pressure of 300–350 MPa for the
induction of hairtail surimi gel.
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Introduction

Hairtail (Trichiurus haumela) is an important catch fish with
annual catch of 1,010,000 tons in China, and nearly one-third
of the caught hairtail resources are small-sized fishes. These
small-sized hairtail, with cheap prices and high yields, are
important raw materials for the production of surimi.
Myofibrillar protein is the main protein of surimi and plays
an important role in the quality of surimi products because of
its excellent gel-forming ability and water-holding capacity
(WHC) (Cando et al. 2015). However, due to the low content

of myofibrillar protein in the hairtail, the gel strength of heat-
induced hairtail surimi gel is relatively low. Therefore, it is
necessary to modify the structure of myofibrillar protein and
improve its gel-forming ability.

High pressure processing (HPP) has received interest as an
alternative technology to conventional thermal treatment, in
terms of texture improvement, safety, and quality attributes in
minimally processed food products (Li et al. 2019; Li et al.
2012). It was reported that HPP could change the structure of
protein by different extents of unfolding and denaturation, which
altered the functional properties of protein, such as coagulation,
aggregation, or gelation (Ma et al. 2015). Meanwhile, Moreno
et al. (2015) reported that HPP increased the springiness of flying
fish surimi gel and the springiness reached a maximum at a
pressure of 200 MPa, while the mechanical strength of surimi
gel was independent of the applied pressure in the further study
on the effect of pressure-heat synergy. Hence, while studying the
HPP to improve the gel properties of the hairtail surimi, it is
necessary to further understand the effect andmodificationmech-
anism of high pressure or high pressure synergistic heat on the
myofibrillar protein and gel properties.
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The present study was designed to evaluate the effects of
high pressure and high pressure synergistic heat treatments on
the myofibrillar conformation of hairtail surimi by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) and circular dichroism (CD) spectroscopy, and to in-
vestigate the correlation between the surimi gel properties and
the structure of myofibrillar protein.

Materials and Methods

Materials

Commercially frozen hairtail surimi (AA grade, cryoprotec-
tants were 4% sucrose, 5% sorbitol, and 0.25% polyphosphate)
was obtained from Ningbo Feiri Aquatic Industry Co., Ltd.
(Ningbo, China). The surimi samples were vacuum packed in
polyethylene (PE) bags (about 250 g per bag) and stored at −
80 °C until use. Moisture content was 74.3% and crude protein
content was 15.0%.

All the chemicals used were of analytical grade. Bovine
serum albumin (BSA) was purchased from Beijing Solarbio
Science and Technology Co., Ltd. (Beijing, China). The re-
maining chemicals were purchased from SinopharmChemical
Reagent Co., Ltd. (Shanghai, China).

HPP Treatments

The Plunger Press systemwith a maximum operating pressure
of 500 MPa (CQC2L-600, Beijing Speedway Zhongtian Co.,
Ltd., Beijing, China) was used to process the vacuum packed
PE bags with surimi. The pressure come-up time was 1 min,
adiabatic temperature was 18 ± 2 °C, and depressurization
time was 5 s. The surimi samples were treated by different
high pressure of 300, 350, 400, or 450 MPa for 5 min using
water as a medium, at 18 ± 2 °C; for comparison, hairtail su-
rimi in the control group without high pressure treatment and
the corresponding pressure was 0.1 MPa.

Preparation of Surimi Gel

A 500 g of each pressure processed surimi was cut into small
pieces, and chopped in a Stephan vertical vacuum cutter
(Model UM 5, Stephan Machinery Co., Hamelin, Germany)
for 2 min. Iced water was added to adjust the moisture content
to 75%, then the sodium chloride (2.5 wt%) was added and
continuously chopped for 8 min at a pressure of 0.5 bar to
remove the air bubble generated during the chopping process.
The entire chopping process was carried out below 10 °C.
After chopping, each sample was individually poured into
the plastic casing (2.5 cm in diameter) and the ends of the
surimi sausages were tightened, respectively.

Half of the surimi sausages were cold-setting at 4 °C for
12 h to obtain the gels of P group which were subjected to
simple high pressure. The other half of the surimi sausages
were heat-setting at 90 °C for 30 min followed by cooling at
4 °C for 12 h to obtain the gels of PH group which were
subjected to high pressure synergistic heat. Table 1 showed
the sample codes, pressure, and treatment. All prepared gels
were stored at 4 °C and all indicator analyses were performed
within 24 h after sample preparation.

Determination of WHC

WHC was determined according to Barrera et al. (2002).
The gels were manually cut into a thickness of 2 mm,
weighed (W1), and set into two layers of filter paper. The
samples were then centrifuged at 3000g for 15 min and
immediately weighed again (W2). WHC was expressed as
the ratio of gel weight after centrifugation (W2) to the ini-
tial gel weight (W1) and calculated according to flowing
Eq. (1):

WHC %ð Þ ¼ W2=W1ð Þ � 100 ð1Þ

Determination of Whiteness

A colorimeter (CR-400, Konica Minolta, INC., Japan) was
used to determine the L* (lightness), a* (redness/greenness),
and b* (yellowness/blueness) values of the gels. The white-
ness was then calculated using the following equation
(Petcharat and Benjakul 2018) (2):

Whiteness ¼ 100−
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

100−L*
� �2 þ a*2 þ b*2

q

ð2Þ

Table 1 Experimental codes

Sample codes Pressure/
MPa

Treatment

P-0.1 0.1 4 °C/12 h

PH-0.1 0.1 90 °C/30 min + 4 °C/12 h

P-300 300 4 °C/12 h

PH-300 300 90 °C/30 min + 4 °C/12 h

P-350 350 4 °C/12 h

PH-350 350 90 °C/30 min + 4 °C/12 h

P-400 400 4 °C/12 h

PH-400 400 90 °C/30 min + 4 °C/12 h

P-450 450 4 °C/12 h

PH-450 450 90 °C/30 min + 4 °C/12 h
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Determination of Textural Properties

The gels were equilibrated at room temperature (20 °C) for
about 30min before the tests of gel strength and texture profile
analysis (TPA), and then cut to 2.5 cm in length and 2.5 cm in
width. The textural properties of heat-induced gels were ana-
lyzed using a texture analyzer (TA. XT. Plus, Stable
microsystems Co., UK.).

The gel strength was determined according to the method
described by Jin et al. (2011). The gels were subject to a
compression test using a spherical probe (P/0.5S, 1.0 mm/s
depression speed) to evaluate the breaking force (g) and de-
formation (mm) of surimi gels. The gel strength (g·mm) was
calculated as the product of the breaking force and deforma-
tion (Lanier 1996).

TPA tests of the gels were carried out according to the
method of Kaewudom et al. (2013) with a slight modification.
The gels were compressed by 50% of its original height using
a cylindrical plunger (P/50) with a test speed of 5.0 mm/s. The
TPA parameters of hardness, springiness, cohesiveness, and
chewiness were determined by the resulting force-time curves.

Preparation of Myofibrillar Protein Solution

Myofibrillar protein solution (MPS) was prepared according
to the method of Xiong et al. (2009). The gels were homoge-
nized with 10 volumes (w/v) of Tris-maleate buffer
(20 mmol/L, pH 7.0, containing 0.05 mol/L KCl). The ho-
mogenate was centrifuged at 10,000g for 10 min. The precip-
itation was then collected and homogenized with 10 volumes
(w/v) of Tris-maleate buffer (20 mmol/L, pH 7.0, containing
0.6 mol/L KCl) and extracted for 1 h. The homogenate was
again centrifuged at 10,000g for 10 min and the supernatant
comprising the myofibrillar protein was collected. All the
above operations were performed at 4 °C. The myofibrillar
protein content was determined by Lowry method (Lv et al.
2018).

Sodium Dodecyl Sulfate Polyacrylamide Gel
Electrophoresis

SDS-PAGE was performed according to the method of Zhou
et al. (2016). The concentration of MPS was adjusted to
20 mg/mL, mixed with bromophenol blue buffer in a ratio
of 3:1, heated at 100 °C for 5 min, and loaded in gel comprised
of 5% stacking gel and 15% resolving gel. Electrophoresis
was performed at 80 V for the stacking gel and 120 V for
the resolving gel. After electrophoresis, the gel was stained
with Coomassie Brilliant Blue R-250 in 50% (v/v) methanol
and 10% (v/v) acetic acid and detained with 30% (v/v) meth-
anol and 10% (v/v) acetic acid until the elution solution was
clarified. High- and low-molecular-weight markers were used
to estimate the molecular weights of the proteins. Images were

captured and analyzed using the Bio-Rad Gel Doc XR + sys-
tem (Bio-Rad, Richmond, CA, USA).

Circular Dichroism Spectroscopy of Myofibrillar
Protein

To determine the secondary structure of the myofibrillar pro-
tein, the MPS dialyzed at 4 °C for 12 h was diluted with water
to a concentration of 0.2 mg/mL and tested using a CD spec-
tropolarimeter (Jasco J-1500-150, Jasco Corp., Tokyo, Japan).
A 300 μL of 0.2 mg/mL MPS was placed in a 1 mm quartz
CD cell (Hellma, Muellheim, Baden, Germany) using the fol-
lowing parameters: 1.0 nm bandwidth, 200 mdeg/1.0 dOD of
CD and FL scale, 1 s D.I.T., 0.1 nm/data step resolution, and
50 nm/min scan speed. The CD data were expressed in terms
of the mean specific ellipticity [θ] (deg·cm2·dmol−1). The
scanning range used was 190–250 nm, and Yang’s method
(Yang et al. 1986) was used to evaluate the secondary structure
of the myofibrillar protein.

Statistical Analysis

All experiments were performed in triplicate. Data were
expressed as means and standard deviations (mean ± SD).
The significance of the main effects was determined using
one-way analysis of variance (ANOVA), and the significant
differences (P < 0.05) among the groups were performed
using Duncan’s Multiple Range Test. Correlation analysis
was performed using Pearson method. All statistical analyses
were performed using software SPSS (Version 21.0, SPSS
Inc., Chicago, USA).

Results and Discussion

WHC

Changes in the WHC reflected the variations in protein-water
interactions and gel structure (Zhang et al. 2018). The WHC
of gels under different pressure was shown in Fig. 1. In the
groups of P, high pressure increased the WHC and reached a
maximum of 76.72% at 350MPa. Zhang et al. (2015) reported
that the pressure treatment at 200 MPa increased the WHC of
myofibrillar protein gel from broilers and Cando et al. (2015)
found that the WHC of Alaska Pollock surimi gel increased
with the increasing of pressure (0.1–300 MPa). In the groups
of PH, the application of HPP tended to a slight increase in the
WHC (P > 0.05). Moreover, at the same pressure, the WHC
values of P group were higher than those of the PH group.
These results may be related to the fact that heating process
reduced the number of water molecules linked to the surimi
protein, resulting in the decrease of WHC. This effect was
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expected, as it had already been reported by Fernández-Martín
et al. (1998) and Moreno et al. (2009).

Whiteness

Whiteness is an important indicator used to judge the color of
surimi gel (Zhang et al. 2016). As shown in Table 2, the
whiteness of the gels subjected to 300–450 MPa was signifi-
cantly higher than that of P-0.1 group (P < 0.05). The results
indicated that high pressure promote the polymerization of
proteins. As pressure increased (300–450), a*and b* values
of P group decreased (P < 0.05), the lightness and whiteness
increased slightly, and the highest value of whiteness was
about 56.74 obtained at a pressure of 350 MPa. These results
indicated that appropriate pressure treatment can improve the
whiteness of gel and correspond to the results of WHC. It was

considered that gels with high WHC values had strong light-
reflecting abilities that enhance the whiteness.

However, in the groups of PH, a*value increased and b-
*value decreased compared with the group of PH-0.1
(P < 0.05). The lightness and whiteness of gels decreased rap-
idly in the PH-400 and PH-450 (P < 0.05), whereas there was
no significant difference between the groups of PH-350 and
PH-0.1 (P > 0.05). It was suggested that the changes in white-
ness of surimi gel induced by pressure or heating were attrib-
uted to the changes of myofibrillar protein structure and its
WHC (Shie and Park 1999).

Gel Strength

Gel strength is an important index for evaluating the quality of
surimi products because it directly affects customer
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Fig. 1 WHC of gels under
different HPP (300–450 MPa).
Different letters indicate
significant differences (P < 0.05)
between the different treatments

Table 2 Whiteness of gels under different HPP (300–450 MPa)

Sample codes Lightness a* b* Whiteness

P-0.1 51.67 ± 0.33e − 1.16 ± 0.08d 4.35 ± 0.02e 51.46 ± 0.33e

P-300 56.11 ± 0.41d − 1.45 ± 0.07e 3.62 ± 0.34ef 55.94 ± 0.43d

P-350 56.89 ± 0.44d − 1.63 ± 0.05f 3.17 ± 0.19f 56.74 ± 0.44d

P-400 56.83 ± 0.62d − 1.74 ± 0.03g 2.64 ± 0.11g 56.71 ± 0.62d

P-450 56.76 ± 0.69d − 1.75 ± 0.05g 2.23 ± 0.50h 56.66 ± 0.71d

PH-0.1 69.36 ± 0.74ab − 1.57 ± 0.24ef 8.47 ± 0.08a 68.17 ± 0.08b

PH-300 71.42 ± 0.97a − 0.38 ± 0.02a 6.58 ± 0.10b 70.65 ± 0.91a

PH-350 68.59 ± 0.31b − 0.91 ± 0.02b 5.81 ± 0.16cd 68.05 ± 0.33b

PH-400 66.65 ± 1.18c − 1.00 ± 0.08c 5.64 ± 0.08d 66.17 ± 1.17c

PH-450 66.04 ± 0.71c − 1.01 ± 0.09c 5.91 ± 0.17cd 65.51 ± 0.72c

Different letters in the same column indicate significant differences (P < 0.05) among them.
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acceptability. Changes in the gel strength under different high
pressure are presented in Fig. 2. The gel strength of the PH-0.1
group was significantly higher than that of the P-0.1 group
(P < 0.05), because the myofibrillar proteins in natural surimi
are denatured and aggregated by heat induction to form a gel
network structure (Nagano and Tokita 2011). In addition,
whether in the group of P or PH, the gel strength revealed a
tendency to increase first and then decrease with the increased
pressure. The largest gel strength was in the group of P-350,
which was up to 3746.12 g mm. However, when the pressure
further increased to 400 MPa and 450 MPa, the gel strength
began to decrease. A stronger gel network formed could im-
bibe more water (Kudre and Benjakul 2014). This result was
essentially consistent with that of theWHC (Fig. 1). Guo et al.
(2019) also reported that both the WHC and gel strength of
golden threadfin bream myosin were enhanced under 100–
300 MPa but reduced at 400–500 MPa. This phenomenon

was related to changes in the composition and structure of
protein (Cando et al. 2015). At the same pressure (except
0.1 MPa), the gel strength of PH group was weakened com-
pared with P group. The reason may be that some denatured
proteins caused by high pressure could only aggregate with
random, disordered protein particles after further heating,
which weakened the structure of gel network (Chakraborty
et al. 2002). Moreover, when the pressure reached 400 MPa
or above, the gel strength of the PH group was significantly
reduced (P < 0.05). Therefore, controlling the pressure of less
than 400 MPa is advantageous for the gel texture of hairtail
surimi in actual production.

TPA Properties

In addition to the group of P-450, there was no significant
difference in the hardness of P group (P > 0.05) as shown in
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Fig. 2 Gel strength of gels under
different HPP (300–450 MPa).
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significant differences (P < 0.05)
between the different treatments

Table 3 TPA properties of gels under different HPP (300–450 MPa)

Sample codes Hardness (g) Chewiness (g/mm) Springiness (mm) Cohesiveness

P-0.1 2023.74 ± 35.40a 928.15 ± 41.38e 0.82 ± 0.02b 0.56 ± 0.01d

P-300 1912.94 ± 17.84a 1552.98 ± 19.56c 0.95 ± 0.01a 0.85 ± 0.01a

P-350 2134.97 ± 19.95a 1734.50 ± 35.45a 0.96 ± 0.00a 0.85 ± 0.01a

P-400 2060.56 ± 14.91a 1614.82 ± 53.79ab 0.95 ± 0.00a 0.82 ± 0.02b

P-450 1666.90 ± 16.88b 1251.07 ± 12.38d 0.95 ± 0.00a 0.79 ± 0.02c

PH-0.1 2045.30 ± 30.95a 271.86 ± 52.56f 0.68 ± 0.05c 0.19 ± 0.01g

PH-300 1372.11 ± 41.77c 164.85 ± 23.30fg 0.61 ± 0.08c 0.20 ± 0.01g

PH-350 1179.53 ± 25.80cd 139.51 ± 22.12g 0.53 ± 0.09d 0.22 ± 0.01f

PH-400 923.22 ± 78.15e 133.86 ± 40.07g 0.52 ± 0.10d 0.28 ± 0.01e

PH-450 952.75 ± 66.66de 129.46 ± 13.26g 0.52 ± 0.07d 0.26 ± 0.01e

Different letters in the same column indicate significant differences (P < 0.05) among them.
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Table 3. Compared with the group of P-0.1, the springiness,
chewiness, and cohesiveness in the groups of P-300, P-350,
P-400, and P-450 were significantly increased, which were
consistent with the results of Le and Turgeon (2015).
Meanwhile, four parameter values of TPA properties reached
the maximum in the P-350 group. Cheng et al. (2011) used
different methods to treat the gels with the same content of
soybean dietary fiber, and found that the gels treated by the
simple pressure were softer and more elastic.

Table 3 also presents that the hardness, springiness, and
chewiness decreased but the cohesiveness increased after
pressure induction in the groups of PH. Moreover, the
springiness and chewiness decreased with the increasing of
pressure. Compared with the groups of P at the same high
pressure, four parameter values of TPA property in the
groups of PH had a different degree of decline according to
the Table 3. Moreno et al. (2015) found that simple pressure
(40, 125, or 200 MPa) induction could improve the springi-
ness and stability of the surimi gel, but the hardness of the gel
in the PH group was higher than that in the P group. The
changes of TPA property in this test were inconsistent with
the Moreno’s, which may be related to different fish species,
pressure settings, and heat treatment temperatures.

SDS-Page

Myofibrillar proteins play the most critical role during meat
processing as they are responsible for the cohesive structure
and firm texture of meat products. Themost abundant proteins
were myosin heavy chains (MHC) and actin (Zhang et al.
2014). As shown in Fig. 3, the myofibrillar protein mainly
contained a 200 kDa of MHC, a 43 kDa of actin, and a

35 kDa of tropomyosin-T (TNT). It can be seen from lanes
1–5 that the number of electrophoretic bands was almost un-
changed; this result probably indicated that high pressure had
little effect on the composition of myofibrillar proteins (Qiu
et al. 2013). However, a significant decrease in the amount of
MHC and actin was observed after pressure and further heat
treatment. Cando et al. (2016) also reported the heat-induced
degradation of MHC in pollock surimi.

Compared with the groups of P-300, P-350, and P-400,
MHC in the group of P-450 had less degradation. Wang and
Xiong (1998) reported that pressure treatment above 300MPa
can passivate myofibril-bound serine proteinases, resulting in
a decrease in MHC degradation. Conversely, there was no
significant difference in TNT content after high pressure.
These results suggested that high pressure leads to degradation
of actin and MHC in the myofibrillar protein, while had no
effect on TNT.

CD Spectra

CD spectra in the far-ultraviolet wavelength region (190–
260 nm) are used to characterize the conformation structure
of myofibrillar protein under different HPP (Greenfield 2007),
although the protein concentration required is quite low (about
0.1–0.3 mg/mL) (Liu et al. 2008). The CD spectra and sec-
ondary structure contents of myofibrillar protein in groups of
P and PH were shown in Fig. 4 a, b, and c, respectively. The
negative characteristic peaks of the α-helix in the protein ap-
peared at 208 nm and 222 nm and the positive peak appeared

Fig. 3 SDS-PAGE of
myofibrillar protein from gels
under different HPP (300–
450 MPa). Lanes 1–5 and 6–10
corresponded to the groups of
P-0.1, P-300, P-350, P-400, and
P-450 and PH-0.1, PH-300, PH-
350, PH-400, and PH-450, re-
spectively. Positions of molecular
weight standards are labeled on
the right. MHC myosin heavy
chain, TNT tropomyosin-T, M
marker

�Fig. 4 CD spectra about the group of P (a) and PH (b), and the secondary
structure contents (c) about myofibrillar protein in the gels under different
HPP (300–450 MPa)
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at around 192 nm. The β-sheet had a negative peak at 216 nm
and a positive spectrum at 185–200 nm, while β-turn had a
positive peak at around 206 nm.

As shown in Fig. 4 a, the magnitude of CD spectra in the P
groups was noticeably reduced after pressure induction. By
calculation from the CD spectra (Fig. 4c), the high pressure
reduced the contents of α-helix and β-turn, but increased the
contents of β-sheet and random coil in the myofibrillar pro-
tein, which favored the gelling process (Liu et al. 2008).
Meanwhile, the magnitude and the α-helix fraction gradually
weakened with a rise of processing pressure, which can be
considered that the secondary structure of the protein was
clearly affected by high pressure treatment.

In the groups of PH (Fig. 4b), the shape and magnitude of
each CD spectra were similar. Subsequent heat treatment con-
verted the partial β-sheet into the α-helix structure while the
WHC and gel strength decreased. Therefore, the myofibrillar
protein in the gel induced by high pressure was stable and
exhibits excellent gel properties (Xu et al. 2011).

Correlation Analysis

In the above results, the effects of HPP on the structure of
myofibrillar protein and gel properties of hairtail surimi were
determined. As it has been indicated that the functionality of
proteins was mostly related to the structure (Wang et al. 2019).
However, it was not clear if the secondary structure changes of
myofibrillar protein would affect the properties of surimi gel.
Therefore, the correlation between the structure of myofibril-
lar protein and properties of surimi gel was further
demonstrated.

In Fig. 5, the α-helix content of myofibrillar protein in the
groups of P was positively correlated with the gel strength and

cohesiveness (P < 0.05). The hardness was negatively corre-
lated with β-sheet content (P < 0.05) and positively correlated
with chewiness (P < 0.05). These results were different from
the result of Wang et al. (2019), which might be related to the
different calculation methods and the content of NaCl. The
WHC, increased after high pressure induction, was positively
correlated with the random coil content. Compared with the
α-helix, the random coils are relatively loose structures. The
increase in random coils enhanced the interaction between the
side chains and promoted the gel from forming a relatively
stable three-dimensional structure (Imtiaz-Ul-Islam et al.
2011), this interaction is essential to the aggregation of myo-
fibrillar proteins.

As shown in Fig. 5 (group PH), the β-sheet content was
negatively correlated with the α-helix and the β-turn
(P < 0.05), which resulted in the change of structure since
the β-sheet was transferred to the α-helix and β-turn.
Moreover, random coil content was negatively correlated with
the gel strength and WHC. This was different from the results
of P group. The probable reason was that high pressure syn-
ergistic heat induction accelerated the denaturation of surimi
protein, affected the interaction between proteins, and
destroyed the gel network structure that has been formed
(Buamard and Benjakul 2018).

Conclusion

Simple high pressure treatments less than 400 MPa improved
theWHC,whiteness, gel strength, chewiness, springiness, and
cohesiveness of the gels, but had little effect on the hardness.
Although the effect of HPP on the gel properties was practi-
cally masked by subsequent thermal processing, the results of

Fig. 5 Correlation between secondary structure contents of myofibrillar protein and gel properties of surimi gels. Water-holding capacity (WHC); gel
strength (GEL)
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SDS-PAGE indicated that both pressure and heat treatments
can cause the degradation of actin and MHC in myofibrillar
proteins. On the other hand, during formation of the gel which
was subjected to simple high pressure, the α-helix and β-turn
content decreased, while the β-sheet and random coil content
increased. Compared with the gels which were subjected to
simple high pressure (except 0.1 MPa), there were a higher
proportion of random coil and a lower proportion of β-turn in
the gels which were subjected to high pressure synergistic
heat. Meanwhile, there was a significant correlation between
secondary structure content and WHC, whiteness, gel
strength, and texture characteristics when the gel was subject-
ed to simple high pressure. In conclusion, it was confirmed
that suitable high pressure can modify the structure properties
of myofibrillar protein from hairtail surimi and adjust their
unfolding and refolding characteristics during subsequent
thermal treatment, which was responsible for the observed
changes in various gel properties of hairtail surimi. These
findings may provide a reference for the application of high
pressure technology in the processing of hairtail surimi and its
products.
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