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Fish-meat gel is an intermediate product used in a variety of surimi-based seafood. One of the most-
used raw materials of fish-meat gel is Alaska Pollock due to its high-quality meat in terms of gel
strength and texture. However, increasing demand for fish-meat gel, along with overexploitation of
the wild catch Alaska Pollock, has put the industry in need of low-cost sustainable alternative sources
for fish-meat gel. Pagrus major (PM) is a widely aquacultured fish known for having white meat that
is low in fat. The current study compares the quality of fish-meat gel prepared from aquacultured
PM to that of high and mid-grade Alaska Pollock fish-meat gel. Gels were compared in terms of gel
strength, texture, color, and protein pattern. Results indicated that fish-meat gels prepared from PM
were superior to Alaska Pollock fish-meat gels with regard to gel strength, hardness, springiness,
chewiness, cutting strength, and breaking force. In addition, although not matching in quality, PM ex-
hibited a cohesiveness, whiteness, and expressible moisture content comparable to Alaska Pollock of
both grades. Protein pattern analysis also showed that PM and Alaska Pollock fish-meat gels had sim-
ilar protein profiles before and after gel preparation. Therefore, P. major is suggested as a potential
substitute for Alaska Pollock in fish-meat gel production.
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Introduction

A variety of surimi (minced fish-meat)-based seafood pro-
duction heavily depends on the fish-meat gel as an inter-
mediate product prepared from different types of fish paste
[20]. Production of high quality fish-meat gels is mainly a
preferred method for seafood imitation products such as
crab legs and fish fillet. Demand of the current seafood mar-
ket is pretty high for fish-meat gel derived commercial sea-
food products due to a lot of benefits such as low cost, sa-
vory taste, high nutritious value, ease of production, store
and transportation [14, 15]. However, quality of the final
product can vary notably in terms of color, hardness, chewi-
ness and flavor. Production process and the fish species used

for production are the main criteria that define the fish-meat
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gel quality [16]. Preparing the fish-meat gel includes a num-
ber of steps namely; washing, deboning, mincing, salting,
heating and gelation which all have parts on the gel and
texture properties of the outcome. Beside all the advantages
and benefits of fish-meat gels and surimi products, there are
some concerns and shortages that the industry faces mostly
through the overfishing in order to supply the elevated de-
mand [10].

Since the white-meat fish is always demanded relatively
more compared to other fish catches, Alaska Pollock is the
most desired raw material for fish-meat gel production in
today’s market. Texture, strength, fat concentration, hard-
ness of fish-meat gels prepared from Alaska Pollock have
been the main checkpoints of why it plays the main role
in fish paste and surimi industries [7, 18, 22]. The high qual-
ity product and demand of white-meat fish products come
with overexploited fish forage which expectedly causes envi-
ronmental and cost-wise concerns.

Aquaculture is an up and coming method for supplying
the demand of variety of seafood to several industries. From
fish to algae, numerous species have been subjected to aqua-
culture techniques in order to create a sustainable source
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for high-demand industries [4]. In this context, fish farming
is being credited a promising alternative to fishing with sim-
ilar if not superior benefits of wild catch fish to seafood-re-
lated fields. Markets have been filled up with aquaculture
products that were raised in indoor or outdoor tanks, en-
closed pools or sea enclosures. Naturally with such high pro-
duction rates, fish paste, fish-meat gel and surimi contain
more farmed fish than that of wild catch and still continue
to holds its place as a top choice for favorable and affordable
seafood choice [12]. However, high quality surimi products
made from Alaska Pollock are still in high demand and re-
search efforts mainly directed into a successful substation
of white-meat from Alaska Pollock with a local, affordable
and sustainable source [8, 21]. In this connection, current
study focuses of the possibility of Pagrus major, a highly
farmed aquaculture fish in Korea, as a successful substitute
for Alaska Pollock in fish-meat gels. P. major is a common
dietary fish, with white-meat and low fat content. It is also
being farmed heavily and supplied to local markets in high
amounts. Accordingly, a comparison of fish meat-gel from
P. major with that of different grades of Alaska Pollock in
terms of gel and texture qualities is the main goal of this
study on the way to find a reliable source for high quality
fish-meat gel production.

Materials and Methods

Materials

P. major aquacultured in Tongyeong, Korea were used for
experiments. Alaska Pollock fish-meat gels were prepared
from frozen surimi stocks (high - FA and mid - RA grade)
which were purchased from Seongjin Fishery Food Co. Ltd.
(Busan, Korea). Polyvinylidene chloride casing was pur-
chased from Ikjjin Corp. (Kureha, Seoul, Korea). Potassium
chloride and sodium chloride were purchased from Junsei
Co., Ltd. (Tokyo, Japan).

Fish-meat gel preparation

The minced fish-meat was prepared according to a
traditional washing process to remove water-soluble proteins
and other impurities. The washed meat was minced with
2.0% salt ice-water and the mince was washed in cold water
prior to dewatering process through centrifugation (8,000x g,
30 min, 4°C). Finally, excess of water was removed manually
by squeezing using cheesecloth layers. Sorbitol, sucrose and

sodium triphosphate were added for cyroprotection to the

final product. Final minced fish-meat was vacuum-packed
and stored at -20°C until further use.

Vacuum-packed fish-meat was chopped into blocks with
approximate volume of 8 cm’ and ground with a refrigerated
food processor (Hanil Co. Ltd., Seoul, Korea). During
grounding process 2.0% NaCl (w/v) were added to hom-
ogenate. Final moisture content of the homogenate were ad-
justed to 80% by adding ice cold water during the final steps
of grounding to obtain the fish-meat paste. Paste was then
filled into polyvinylidene chloride casings and heated in
90+2°C water bath for 20 min. Heating process was then
followed by an immediate cooling down in ice water (0-4°C)
for 10 min to stop any further reaction. The gels were labeled
as PM (P. major fish-meat gel), FA (FA grade Alaska Pollock)
and RA (RA grade Alaska Pollock), and stored overnight

at 4°C before analysis.

Determination of gel attributes

Fish-meat gels were cut into 25 mm high and 26 mm wide
cylinders and brought to room temperature. Samples were
analyzed with a rheometer (Type COMPAC-100I; Sun
Science Co., Tokyo, Japan) using a cylindrical plunger (25
mm in diameter) with up to 10 mm of compressive strain
and a compression speed of 60 mm/min. The attributes of
gels were evaluated by measuring the breaking force (g),
deformation (mm) and gel strength (g/ em®) from stress-

strain curve.

Determination of texture profile

A texture analyzer (Model COMPAC-100II, Sun Science
Co., Tokyo, Japan) was used to assess the texture profile of
fish-meat gels. Cylindrical fish-meat gels (25 mm in height,
26 mm in diameter) at room temperature were analyzed
with cylindrical plunger (50 mm diameter) with a com-
pression speed of 60 mm/min. Springiness, cohesiveness,
chewiness and brittleness were measured directly through
texture analyzer. For cutting strength evaluation fish-meat
gels were cut into disks (20x20x15 mm) and subjected to
cutting strength test by the texture analyzer with a com-

pression speed of 60 mm/min.

Determination of whiteness

The fish-meat gels were cut into a cylindrical sample with
a thickness of 15 mm and color values of the samples were
determined using the Color Difference Meter (Lovibond
Tintometer Model RT 300; Tintometer Ltd., Salisbury, UK).



The Hunter color parameters of L (lightness), a (redness/
greenness), and b (yellowness/blueness) were recorded
(n=5) and whiteness was calculated by the Park equation
[15].

Whiteness = (L-3b)

Determination of expressive moisture content

The method of Benjakul et al. [2] was used to calculate
the expressible moisture content of the gels. Gels were cut
into a cylindrical sample with a thickness of 5 mm, weighed,
and placed into three pieces of filter paper (No.1, Whatman
International Ltd., Maidstone, UK) at the bottom and two
pieces on the top. The samples were pressed under a 5 kg
force for 2 min. Expressible moisture content was calculated
and expressed as percentage of gel sample moisture to
weight.

SDS-polyacrylamide gel electrophoresis (SDS-PAGE)

The protein profile of fish-meat gels were assessed by
SDS-PAGE [2]. Fish-meat gels (0.5 g) were solubilized in 5
ml of SDS-urea buffer pH 8 (20 mM Tris-HCI, containing
8 M urea, 2% SDS, and 2% B-ME) using a homogenizer at
speed of 10,000x g for 30 sec. Then the homogenate was in-
cubated in boiling water for 2 min prior to continuous stir
for 24 hr at room temperature and centrifugation at 10,000x
g for 20 min. Protein amount of the supernatants were calcu-
lated using bovine serum albumin as standard based on the
method of Bradford (1976). The proteins were transferred
into lanes (6 pg per lane) and separated on the poly-
acrylamide gel made of 100 g/ running gel and 40 g/1 stack-
ing gel by electrophoresis using a voltage of 120 V constant
at room temperature. Following separation, the proteins
were stained with Coomassie brilliant blue R-250 solution
for 30 min and de-stained with 250 ml/1 methanol and 100
ml/1 acetic acid in water for 1 hr. The protein bands were
visualized using a Davinch-Chemi imager™ (CAS-400SM,
Seoul, Korea).

Statistical analysis

The data were expressed as meanststandard deviation
(SD). Differences between the means of the individual
groups were analyzed by one-way analysis of variance
(ANOVA) using the Statistical Analysis System, SPSS ver-
sion 9.1 (SPSS Inc., Chicago, IL, USA) with Duncan’s multi-

ple range test; statistical significance was defined as p<0.05.
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Results and Discussion

In order to overcome the problems in fish-meat gel pro-
duction for seafood market such as declining wild catch, a
sustainable substitute for Alaska Pollock with similar qual-
ities is a recent research trend. In this context, properties
of the fish-meat gel prepared from P. major were evaluated
and compared to that of Alaska Pollock. Fish-meat gel from
P. major (PM) was tested for its gel and texture characteristics
and the obtained data was compared with fish-meat gels
from two different grades (FA, RA) of Alaska Pollock.
Prepared fish-meat gels were analyzed for four main qual-

ities namely; gel, texture, biochemical and color attributes.

Gel attributes

Properties of the gels prepared from P. major and Alaska
Pollock were evaluated and compared under the criteria of
gel strength, hardness, breaking force and deformation.
Aforementioned gel properties are directly affected with the
preparation process and conditions. In all four criteria (gel
strength, hardness, breaking force and deformation) PM was
superior to both grades of Alaska Pollock fish meat gel (Fig.
1). PM was significantly stronger and harder with a bigger
breaking force than FA and RA grade Alaska Pollock. In
addition, deformation properties were at statistically com-
parable levels.

Common methods to match the gel properties of Alaska
Pollock includes addition of extra gelation agents, protein
extracts and similar additives. PM was observed to be a high
quality gel making source comparable and even better than
Alaska Pollock without any additives. Gel strength of PM
was 327.97+3536 g/cm’ while the strength of FA grade
Alaska Pollock was a mere 282374427 g/cm’ (Fig. 1A).
Hardness, breaking force and deformation values of 703.37+
56.67 g/ cmz, 1610.00£137.49 g and 9.31+0.27 mm, respec-
tively are presenting a promising trait for PM when com-
pared to 595.77+36.76 g/cm’, 1353.33£66.58 g and 9.26+0.12
mm values of Alaska Pollock for same criteria respectively
(Fig. 1B, Fig. 1C, Fig. 1D). Among all tested criteria, gel
strength is a main characteristic that is a concern for storing
and transportation of fish-meat gels safely [6]. And superi-
ority of PM over Alaska Pollock in gel strength, adds notable
value to the fish-meat gel from P. major.

Texture profile
Texture profile of the final product is one of the main
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Fig. 1. Gel attributes of fish-meat gels prepared from P. major (PM) and Alaska Pollock of FA and RA grade. Values are means+SD
(n=3). ** Means with the different letters are significantly different (p<0.05) by Duncan’s multiple range test.

properties that defines the favorability of the product. The
high quality of Alaska Pollock fish-meat gel is credited to
its desired values at hardness, springiness, cohesiveness,
chewiness and brittleness [7]. Numerous additives such as
soy, beef or squid proteins to surimi products may help to
obtain the desired the gel properties and whiteness [5].
Although addition of other sources of proteins provide bene-
ficial effects, cost-wise it adds another raw material source
that needs to be supplied other than that of fish-meat itself.
Alaska Pollock fish-meat gels are often regarded as the top
quality in terms of texture profile. Hence, the substitutes for
fish-meat gel preparation often fall short of high quality
Alaska Pollock and stay comparable to mid to low grade
Alaska Pollock fish-meat gel. PM was tested for its texture
profile in terms of hardness, springiness, cohesiveness,

chewiness and brittleness and compared to FA and RA

grade Alaska Pollock in same terms (Table 1). Results in-
dicated the PM was superior to FA grade Alaska Pollock
in every tested criteria. FA grade Alaska Pollock had hard-
ness, springiness, cohesiveness, chewiness and brittleness of
561.9+39.6(g/cm’), 88.3+1.4(%), 71.2+2.1(%), 1,881.5+346.1(g)
and 166,055+30,649(g), respectively while PM showed the
texture  profile of  561.9£39.6(g/ am’),  88.3+1.4(%),
71.2£2.1(%), 1,881.5+346.1(g) and 166,055+30,649(g) for hard-
ness, springiness, cohesiveness, chewiness and brittleness,
respectively. Heating during the fish-meat gel preparation
is primarily behind the texture profile followed by pH and
salt concentration which also affect the taste and favorability
directly [13]. Although substitutes match the gel properties
of Alaska Pollock under similar preparation processes, they
require alterations and additives in order to match the cer-

tain texture profile. Considering the values, PM was sug-

Table 1. Texture profile of fish meat gels prepared P. major (PM) and Alaska Pollock of FA and RA grade

Fish-meat gels Hardness (g/ sz) Springiness (%)

Cohesiveness (%)

Chewiness (g) Brittleness (g)

FA 595.77+36.76° 85.34+3.82°
Brx 300.33+42.04¢ 84.84+4.45°
703.37+56.67° 89.05+0.94°

71.39+2.11° 1483.47+63.23" 131710.73+3274.97°
51.03+6.53° 543.93+6.53" 48845.44+9054.59°
73.98+2.26" 1551.00+316.42° 137945.06+26781.03"

Values are means=SD (n=b).

““Means with the different letters are significantly different (p<0.05) by Duncan’s multiple range test.
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Fig. 2. Cutting strength of fish-meat gels prepared from P. major
(PM) and Alaska Pollock of FA and RA grade. Values
are means+SD (1=3). “* Means with the different letters
are significantly different (p<0.05) by Duncan’s multiple
range test.

gested to possess the texture profile of FA grade Alaska
Pollock. High quality texture profile of P. major, comparable
to and even better than Alaska Pollock, provided valuable
potential as the aquacultured P. major fish-meat gels pre-
served the favorable texture and gel attributes of FA grade
Alaska Pollock in the face of same heating and salting
process. Another concern for the gelation process is the cut-
ting strength. The cutting strength of the fish-meat gels is
correlated to the firmness of the prepared samples. Alaska
Pollock fish-meat gels are known to maintain their cutting
strength following gelation process unlike other sources
which tend to possess lower cutting strength. The higher
force for cutting which means a higher cutting strength, is
in accordance with higher protein content of the fish-meat
gels. Cutting strength is a direct result of firmness and prop-
er gelling of the samples, as well. Comparison of cutting
strengths of PM and FA grade Alaska Pollock fish-meat gels
provided slightly promising results. Cutting strength of PM
was calculated to be 44.45:10.72 g/cm’ against the
733341732 g/cm’ of FA grade Alaska Pollock and
22.22¢192 g/cm” of RA grade (Fig. 2). Although cutting
strength of PM was lower than that of FA grade Alaska
Pollock, it was significantly better than that of RA grade.
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As it may seem as a drawback for PM, significantly higher
cutting strength from RA grade still holds potential for P.
major to be a substitute for Alaska Pollock.

One of the points that affects the quality of the fish-meat
gels is whiteness. Whiteness of the fish-meat gel is a crucial
attribute for a favorable and accepted commercial product.
Therefore, most of alternative surimi production methods re-
quire the addition of external whitening agents [1]. Conside-
ring, whiteness of the PM was compared to that of FA and
RA grade Alaska Pollock fish-meat gels. Alaska Pollock
fish-meat gel had a whiteness values of 77.72+0.31 while PM
had a whiteness of 69.05+0.48 in Hunter color values (Table
2). Expectedly whiteness of Alaska Pollock was significantly
higher than that of PM. However, in terms of RA grade
Alaska Pollock which had a 62.71+0.04 whiteness, PM was
nevertheless superior which makes it a fish-meat source with

matching quality in terms of whiteness.

Protein pattern

In order to provide a better understanding to perceive
the final product of P. major fish-meat gels to present it as
a sustainable source against Alaska Pollock, protein patterns
and expressible moisture contents were compared. Al-
though, gel attributes and texture profiles of gels were com-
parable, appeal of the gels to the end-user also requires the
matching quality of the nutrition and taste. Gel forming
process degrades the myofibril of fish meat to form actomy-
cin gels which changes the protein profile [19]. This changed
status of protein pattern results in a severe change in the
water-holding capacity of the product which is carried out
by myofibril bindings mainly. Raw meat products are hailed
as quality products as much as they could retain the mois-
ture even after the gel forming process [9]. In this manner,
the expressible moisture contents of PM and Alaska Pollock
fish-met gels were compared. As expected from the low-fat
quality meat of Alaska Pollock both FA and RA grade
Alaska Pollock gels exhibited a relatively high expressible
moisture content of 7.52+0.68% and 7.74+1.41%, respectively
(Fig. 3). On the other hand PM was observed to be prom-

Table 2. Whiteness of the fish meat gels prepared from P. major (PM) and Alaska Pollock of FA and RA grade

Fish-meat gels Lightness Redness Yellowness Whiteness (L-3b)
FA 86.21+0.15" -3.70£0.05° 2.83%0.12° 77.72+0.31°
RA 81.32+0.24° -3.24+0.03° 6.20£0.07° 62.7120.04°
PM 86.75+0.18° -3.36+0.44° 5.90+0.20° 69.05+0.48"

L, lightness; b, yellowness/blueness. Values are means+SD (n=5). “ Means with the different letters are significantly different (p<0.05)

by Duncan’s multiple range test.
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Fig. 3. Expressible moisture content of fish-meat gels prepared
from P. major (PM) and Alaska Pollock of FA and RA
grade. Values are means+SD (n=3). * Means with the dif-
ferent letters are significantly different (p<0.05) by
Duncan’s multiple range test.

inently moist with 8.40+0.94% moisture content.

Along with expressible moisture, SDS-page protein pro-
files of fish-meat gels were prepared and compared. In order
to evaluate the effect of gel-making process, protein profiles
were analyzed for each step. In particular protein patterns
were depicted for raw fish meat (F), fish-meat surimi (FM),
fish-meat sol (salted fish-meat surimi) (S) and fish-meat gel
(G). It has been reported that myosin heavy chain plays an
important role in gel forming ability of the meat products
[11]. Recent studies also indicated that actin-myosin inter-
action is equally important for gel formation although actin
itself has no role in gelation [17]. Benjakul et al. [3] indicated
that several other proteins such as tropomyosin are also tak-

kDa  Marker FM S G kDa

Marker FM

250 | : MHC

35— n— TM 35 —

FA

ing parts in the ability of gel formation during the pro-
duction of meat products. In this context, FA and RA grade
Alaska Pollock was compared to PM in terms of SDS-page
protein patterns of aforementioned myosin heavy chain, ac-
tin and tropomyosin proteins (Fig. 4). Salting and mincing
of the surimi and gel forming resulted in elevated amounts
of MHC, actin and TM, in each step respectively. Gels made
from both Alaska Pollock and P. major showed very similar
MHC and TM profiles. On other hand, PM actin levels were
not significantly affected by gelation, nonetheless, in com-
parable levels with that of Alaska Pollock. Raw-fish meat
from P. major exhibited relatively lower actin levels along
MHC and TM compared to fish-meat surimi and fish-meat
sol. Expected changes of MHC levels from R to S confirmed
the proper gel forming process and firmness of the products.
Heating and salting processes were expected to change the
protein patterns during fish-meat gel production. Hence, the
salted and minced fish-meat surimi sol was also included
in the protein pattern analysis. The levels of MHC and TM
compared to actin for S were in a similar fashion to both
surimi and fish-meat gel indicating a preserved protein pat-
tern and a proper gelation process. Compared to both grades
of Alaska Pollock, P. major sourced meat was subjected to
a drastic changes of MHC and TM levels during surimi
production. It suggests that although P. major is a creditable
substitute source for fish-meat gel production, in terms of
surimi seafood it still needs optimization in order to match

the protein patterns of Alaska Pollock.
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Fig. 4. SDS-page protein pattern of fish-meat gels prepared from P. major (PM) and Alaska Pollock of FA and RA grade. F: raw
fish-meat, FM: minced fish-meat surimi, S: fish-meat sol, G: fish-meat gel, MHC: myosin heavy chain, AC: actin, TM:

tropomyosin.



Briefly, surimi and fish-meat gel industry demand certain
quality criteria in order to provide favorable products to
customers. Alaska Pollock has always been the main choice
for high quality fish-meat products due to superior attributes
of its meat that was observed during the gel formation and
at the final product. However, overfishing and higher costs
urge the producers for sustainable alternative sources to be
used in fish-meat gels instead of Alaska Pollock. Up to date,
particular actions have been taken to match the Alaska
Pollock quality like different protein additives, whiteness
agents, alternative gel forming processes. As aquaculture
fish farming is a raising trend to supply the market with
low-cost quality fish-meat, using these fish for fish-meat gel
preparation is also an up and coming fashion. In order to
find a suitable substitute for Alaska Pollock that can provide
the similar qualities, P. major was analyzed and compared
to two grades of Alaska Pollock. Results indicated that
fish-meat gels prepared from P. major is superior to that of
high quality Alaska Pollock in many criteria such as gel
strength, chewiness, brittleness while being competitively
comparable in remaining criteria. In conclusion, aqua-
cultured P. major possess a promising potential to be a suc-

cessful source for producing high quality fish-meat gels.

Acknowledgement

This research was a part of the project titled "Development
of processing technique of fish-meat noodle using aqua-
cultural fishes (20140320)’, funded by the Ministry of Oceans

and Fisheries, Korea.

References

1. Benjakul, S., Visessanguan, W. and Kwalumtharn, Y. 2004.
The effect of whitening agents on the gel-forming ability
and whiteness of surimi. Int. ]. Food Sci. Technol. 39, 773-781.

2. Benjakul, S., Visessanguan, W. and Srivilai, C. 2001. Gel
properties of bigeye snapper (Priacanthus tayenus) surimi as
affected by setting and porcine plasma proteins. J. Food Qual.
24, 453-471.

3. Benjakul, S., Visessanguan, W., Tueksuban, J. and Tanaka,
M. 2004. Effect of some protein additives on proteolysis and
gel-forming ability of lizardfish (Saurida tumbil). Food Hydro-
coll. 18, 395-401.

4. Bostock, J., Mcandrew, B., Richards, R., Jauncey, K., Telfer,
T., Lorenzen, K, Little, D., Ross, L., Handisyde, N., Gatward,
I and Corner, R. 2010. Aquaculture: Global status and
trends. Philosophical Trans. R. Soc. B 365, 2897-2912.

5. Chang-Lee, M. V., Lampila, L. and Crawford, D. L. 1990.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Journal of Life Science 2016, Vol. 26. No. 8 961

Yield and composition of surimi from Pacific whiting
(Merluccius productus) and the effect of various protein addi-
tives on gel strength. . Food Sci. 55, 83-86.

. Cheng, C. S,, Hamann, D. D. and Webb, N. B. 1979. Effect

of thermal processing on minced fish gel texture. J. Food
Sci. 44, 1080-1086.

. Crapo, C. and Himelbloom, B. 1994. Quality of mince from

Alaska pollock (Theragra chalcogramma) frames. |. Aquat. Food
Prod. Technol. 3, 7-17.

. Galal-Khallaf, A., Ardura, A., Borrell, Y. J. and Garcia-

Vazquez, E. 2016. Towards more sustainable surimi?
PCR-cloning approach for DNA barcoding reveals the use
of species of low trophic level and aquaculture in Asian
surimi. Food Control 61, 62-69.

. Huff-Lonergan, E. and Lonergan, S. M. 2005. Mechanisms

of water holding capacity of meat: The role of post-mortem
biochemical and structural changes. Meat Sci. 71, 194-204.
Jiang, S., Hsieh, J. and Ho, M. 2000. Combination effects
of microbial transglutaminase, reducing agent, and protease
inhibitor on the quality of hairtail surimi. ]. Food Sci. 65,
241-245.

Kamath, G. G., Lanier, T. C,, Foegeding, E. A. and Hamann,
D. D. 1992. Non-disulfide covalent cross-linking of myosin
heavy chain in “setting” of Alaska Pollock and Atlantic
croaker surimi. |. Food Biochem. 16, 151-172.

Loret, ]. 1998. Fish as a foodstuff-a catch 22, pp. 17-29. In:
Tanacredi, J. T. and Loret, J. (eds.), Ocean Pulse: A Critical
Diagnosis. Springer Publishing: New York, USA.
Okamoto, M., Kawamura, Y. and Hayashi, R. 1990. Applica-
tion of high pressure to food processing : Textural compar-
ison of pressure- and heat- induced gels of food proteins.
Agric. Biol. Chem. 54, 183-189.

Panuncio, A. 2001. Study report for the course on handling
and processing of marine product: Surimi and surimi
products. Bull. Fish. Res. Inst. 22, 2-11.

Park, J. W. 2005. Surimi seafood: Products, market, and
manufacturing, pp. 375-433. In: Park, J. W. (ed.), Surimi and
Surimi Seafood, 2nd ed. CRC Press: Boca Raton, FL, USA.
Peters, G., Morrissey, M. T., Sylvia, G. and Bolte, J. 1996.
Linear regression, neural network and induction analysis to
determine harvesting and processing effects on surimi
quality. J. Food Sci. 61, 876-880.

Sasaki, S.,, Ogawa, Y., Ichinoseki, S., Tanabe, M., Nakade,
K. and Miyaguchi, Y. 2015. Evaluation of the effect of glycer-
aldehyde 3-phosphate dehydrogenase on heat-induced my-
ofibril gels by investigating actin-myosin interaction. Food
Sci. Technol. Res. 21, 87-93.

Scott, D., Porter, R., Kudo, G., Miller, R. and Koury, B. 1988.
Effect of freezing and frozen storage of Alaska Pollock on
the chemical and gel-forming properties of surimi. ]. Food
Sci. 53, 353-358.

Stone, A. P. and Stanley, D. W. 1992. Mechanisms of fish
muscle gelation. Food Res. Int. 25, 381-388.

Tina, N., Nurul, H. and Ruzita, A. 2010. Surimi-like materi-
al: Challenges and prospects. Int. Food Res. ]. 17, 509-517.
Torres, M. O. and Felthoven, R. G. 2014. Productivity



962 BBULRIX| 2016, Vol. 26. No. 8

growth and product choice in catch share fisheries: The case
of Alaska Pollock. Mar. Policy 50, 280-289.
22. Zhou, P., Mulvaney, S. J. and Regenstein, ]. M. 2006.

Properties of Alaska Pollock skin gelatin: A comparison
with tilapia and pork skin gelatins. ]. Food Sci. 71, 313-321.

Bh
Jhu
H
o
(T
Mk
00
g'l_l
T
é

wot' - 2™#' - mEFlatY="2 - 07| -

RELEERELELERIEL L DR

2 dTdAMe QAFE ofF 959 A Fud 17 AAF ALE AT L
K of

2]
2 F4HL Je B E ol &sta] Az A5

ARHYT B4 SN AAF Az o 45
Aztel dgol 4R AAHT Yok £ A% AT B

ALEE I AT A% FAH TS FETE, WA
F2 o1 E e =1 (Pagrus major)& AEE ot A& T

o5 AT 2 2 EHS A AR, d2A 49,
B3t ol 2= A:LTJr RAF Y A#&Y 5T
ENS AES7] Yo Aol 2% NaClE H7hste] &
2N FH e o g Ae Axsgit. =r] 73 ¢
ting strength, breaking force 59| 23 2 E“/\i% |
o 2A=5H JdT 5 A0 Bl FY 952
SR Hlastth =rd 5o AHES RAF S HH A

{e

-

S3e vl Ao A S4& Yehhdg. olde 75545—;'

2T 5 9

Nl

i—r_a_léu:i
Bd oo

it

Zot AIHIES| A U texture EM

Foz oA F
e FAsk 2o AAF éziﬂi/ﬂ«] 7Hed <
S5 F= £ gEsta slow SN
ot 2 RopEstzRE F£U% ¥F A5l
A ol del 2R FHAY. wekA £ AFolAM =
A< Azxstglon, =r 3 &L ol &3k
TEFZEAHE 4 SDS-page pattern 54 F3l 4
< o] &8t Axd of§ A S4} Husi. 2
gFol 80%7t H =5 3ol 90°Col Al 2087t 7HE @
7

E XL gtress-strain curveZ2EE Y AR E, cut-

& A& (FAF S RAF)Y ol & A
8 EE A B4R E edgen, AT BHY

E1 EUE o] &3 1FH dAFY AL Tt




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


