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A fundamental study on gel forming ability of the walleye pollack frozen surimi

Seiichi Kitakami

Kamaboko is one of traditional foods in Japan. It is a heat-processed elastic gel food
product manufactured from frozen surimi through grinding with salt. Kamaboko has the
following characteristics as a processed food: (1) various seasoning can be made, (2) its
external appearance, taste and texture are quite different from those of fish, and (3) it is
ready to eat without further cooking. Because of these characteristics, kamaboko has been
widely preferred by Japanese consumers. In recent years, frozen surimi is also processed
into artificia crab and lobster meat in the US and Europe, and those production is
increasing.

The main ingredient of kamaboko is walleye pollack frozen surimi, which was
developed in Japan in 1960. The worldwide production of frozen surimi in 2004 was
650,000 tons. Frozen surimi, as a raw material of kamaboko, has the following three
characteristics: (1) frozen round fish of walleye pollack is not suitable to make kamaboko
because its meat deteriorates rapidly, but once the fish meat is stored as frozen surimi
mixed with cryoprotectants, the quality of the fish meat can be preserved for a long term;
(2) fish mesat processed at the catching site and stored as frozen surimi is useful for a
stable supply; (3) large scale production of kamaboko is possible by using frozen surimi,
and the problems involving water supply, labor for fish processing, the disposa of fish
residues and polluted water can be reduced using surimi instead of using fish itself. On the
other hand, the fish species-specific characteristics of kamaboko have amost lost because
most of frozen surimi is exclusively made from walleye pollack.

Since the quality of kamaboko depends on that of the frozen surimi, a proper method
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for evaluating the quality of frozen surimi is essential. Japanese fishery industry has
traditionally used a nationwide standard quality test method for evauation of frozen
surimi. This standard includes many test items, and it regulates the conditions for
preparing kamaboko and the methods of measuring various gel properties. In addition, the
elasticity measurement is claimed as so-caled functional test. However, the preparative
conditions in the standard were prescribed for practical convenience, and it does not seem
that they include sufficient information for proper evauation. The measuring method in
the standard employs destructive test, in which the breaking strength (BS; df) and the
indentation length of break (IL; cm) at the breaking point are measured using a rheometer.
The BS and IL are regarded as hardness and flexibility of kamaboko gel, respectively. In
the standard method, the heat-induced gels for rheological measurement is claimed to be
obtained by heating of salt-ground meat at a constant temperature between 30 and 90 O
for 20 minutes or 2 hours, and the relationship between the gel and the heating
temperature in the gelation-temperature curve is evaluated. However, this does not
necessarily provide sufficient information about heat-induced gel forming ability of
salt-ground meat. The time reaching the maximal rheological value is different among the
gels; therefore, it is not always reasonable to compare the rheological values, which were
obtained at a specific heating time. Furthermore, it has become evident recently that the
ratio of the increase in BS to that in IL upon heating is not the same when the gd is
prepared from frozen surimi using the two-step heating method, which consists of
preheating a relatively low temperature and the following main heating a high
temperature. Therefore, a proper method for evaluation of kamaboko gel based on these
dynamic changes has been awaited.

From these points of view, the author tried to monitor the rheological parameters

during heating of salt-ground meat until it reaches the maximum, and evaluated the new
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method for the heat-induced gel forming ability of salt-ground meat through a linear
regression between the measured BS and gel stiffness (Gs; gf/cm) values.

It is well known that the properties of heat-induced food protein gels are affected by
pH, heating temperature, and protein concentration. Most researches concerning the
gelation ability of frozen surimi protein of walleye pollack are aimed for using in fisheries
industry so far, and few basic researches have been carried out. Thus, the available
information on the heat-induced gelation profile of surimi protein is limited. The present
study is the first systematic research for the profile and the characteristics of the gelation
of frozen surimi protein.

This thesis is composed of four chapters:

New method of evaluating the heat-induced gel forming ability of the frozen surimi
protein of walleye pollack is examined in chapter |. The author confirmed highly positive
correlation between the BS and Gs in the two-step heating of salt-ground meat, and the
significance and the usefulness of this correlation is discussed in detail. The author aso
examined the relationship between the rheological parameters obtained from preheating at
250 and the grade of the frozen surimi, in order to determine the regression lines
between the BS and Gs of the gels obtained from the preheating and the two-step heating
treatments. It was found that high grade frozen surimi gave greater slope of the regression
line between the BS and Gs and the higher maximal values of BS and Gs in the two-step
heated gel.

Chapter 11 deals with the effect of various additives and pH of meat paste to
salt-ground on subsequent heat-induced gelation. The following three kinds of additives
were mixed with salt-ground meat; (1) sorbitol and polyphosphate, (2) sorbitol, and (3)
sorbitol and NaCl. Then, the pH of each kind of salt-ground meat was adjusted to 6.8~8.7

by adding potassium carbonate. After that, the rheologica parameters of the two-step
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heated gel, in which preheating was done at 25 0 , was monitored until the parameter
values reached maximal. The dependence of the heat-induced gel forming ability of
salt-ground meat on the pH value differed between the meats with and without
polyphosphate. In the presence of polyphosphate, the rheological parameters reached at
maximal a pH 7.5~7.8, whereas maxima values were obtained a pH 7.6~8.5 in the
absence of that. Furthermore, a comparison of the regression lines between the BS and Gs
of the two-step heated gels revealed that the ratio of the increase in IL to BS depends on
pH. When the gel forming ability reaches its maximum, elastic and non-breakable
heat-induced gel is formed.

Chapter 111 contains the effects of temperature on the transformation of salt-ground
meat into a gel and analysis of these effects using the reaction rate theory. A salt-ground
meat was heated at a constant temperature between 5~750 , and the rheological
measurement of both the preheated gel and the two-step heated gel were done until the
rheological parameters reached maximal. Then, the temperature-dependence of the gelation
was analyzed in order to determine the gelation rate based on the change with time of the
rheological parameters of the gel. Thermodynamic analysis was aso conducted to compare
with the analytical results of the thermal denaturation reaction of the salt-ground meat
protein. Furthermore, the author examined the relationship between the heating temperature
and the relational change in the BS to Gs values. There was high correlation between BS
and Gs obtained from two-step heated gel, which was pre-heated below 35 O . Therefore,
its regression line predicts gel forming ability of surimi.

Chapter 1V describes the effect of the protein concentration of the surimi and water
content on the transformation of the sat-ground meat into a gel. The rheological
parameters of the two-step heated gel, which was formed from salt-ground meat with

addition of 10~150% water and preheating at 25 0 , were monitored until the rheological
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parameters reached maximal. The maximal values of BS and Gs in the two-step heated gel
increased exponentially with the increase of protein concentration, while the increase in IL
was not uniform, and the higher grade frozen surimi gave higher BS and IL values. It was
also found that there is a positive correlation between the maximum values of BS and Gs
in two-step heated gels with different protein concentration formed from the same batch of
frozen surimi. The result imply that high rheological parameters of the two-step heated gel
are held even on adding water to salt-ground meat. This regression line indicates that the
higher the grade of frozen surimi was employed, the more elastic property of two-step

heated gel was produced.

As stated above, this study has shown the usefulness of the regression line of BS-Gs
in the evaluation of the heat-induced gel forming ability of frozen surimi. It has become
possible to compare the rheological properties of heat-induced gels using this regression
line. This study has elucidated the range of appropriate pH vaues for producing
heat-induced gels in the presence or absence of polyphosphate, and the favorable heating
conditions (the history of heating temperature and time) for producing two-step heated gel.
Furthermore, it has become possible to set the conditions for improving the rheological
properties of heat-induced gels through the adjustment of the protein concentration by
addition of water. Accordingly, in-line control will become possible through the
adjustment of pH and protein concentration (also with water content) of the salt-ground

meat, and control of heating for the efficient production of kamaboko.
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Preheating-time dependent change in breaking strength and indentation
length of break of preheated and two-step heated gels formed through
heating at 25 . (A) Unsalted surimi. (B) Salted surimi. o , Preheated gel
(@25 ); e, Two-step heated gel.
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Fig. 1-2

Relationship between breaking strength and gel stiffness of preheated and
two-step heated gels formed through heating at 25 . (A) Unsalted surimi.
(B) Salted surimi. o , Preheated gel (at 25 ); o , Two-step heated gel.
Numbers in parenthesis show the heating time (h) at 25 . The same data
shown in Fig. 1-1 were cited in this figure. Arrows indicate the maximum
values of BS and Gs.
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Comparison of relationship between breaking strength and gel
stiffness among two-step heated gels formed from different grades
of frozen surimi. o , SA grade; o , A grade; , RA grade; A, 2nd
grade. Arrows indicate the maximum values of BS and Gs.
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O O Abstract
A new approach for evaluation of the quality of frozen surimi by determining the

heat-induced gel forming ability of its salt-ground meat

There was a good positive correlation between the breaking strength (BS) and the gel
stiffness (Gs) of the two-step heated gels formed from the salt-ground meat through the
preheating at lower temperature than 35 O . The heat-induced gel forming ability of
frozen surimi was thus evaluated by determining the linear regression between BS and Gs
of the two-step heated gel as a function of preheating time at 25 O . It was found that the
high quality frozen surimi reveadled relatively low [BS/Gs] value and higher maximum
values of BS and Gs.
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Table 2-1
Proximate composition of three types of frozen surimi and pH values of
salt-ground meat prepared with 0-0.25% K.COs

Composition

Type of frozen Additive (%) pH of salt-ground meat
surimi Sorbitol Na NaCl Moisture pH K.COs  stored within  stored for
polyphosphate * content(%) added (%) aweek 14 months

0 7.18 7.03

0.04 7.44 7.29

Unsalted surimi 8.0 0.2 0 78.2 741 0.08 7.67 7.46

0.12 7.79 7.67

0.16 8.03 7.88

0 6.87 6.79

Unsalted surimi 0.10 7.64 7.49

(no polyphosphate) 8.0 0 0 78.2 7.18 0.15 8.01 7.72

0.20 8.28 7.92

0.25 8.71 8.29

0 6.83 6.78

0.10 7.57 7.61

Salted surimi 8.0 0 3.0 76.2 6.84 0.15 8.00 7.87

0.20 8.43 8.28

0.25 8.72 8.60

Three types of frozen surimi were prepared from an identical washed-dewatered mince of walleye pollack.
* Commercial name:Polyphosphate 2-D (Takeda Chem.Ind.Co)
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pH-Dependent changes in breaking strength and indentation length of break of
preheated and two-step heated gels from unsalted surimis with and without
polyphosphate salt as a function of preheating period.The frozen surimi was ground
at 10 or below with 3.0% NaCl (final concentration) and 0-0.25% K,CO; .The
salt-ground meat was preheated at 25  and subsequently heated at 90  for 30 min.
The preheated and two-step heated gels formed were sliced to 25 mm thickness x¢
30 mm. The breaking strength (BS) and indentation length of break (IL) were
measured with a theometer using a spherical plunger of 5Smm. (A) Unsalted surimi
with 8% sorbitol and 0.2% polyphosphate salt. pHs of salt-ground meat were (a) pH
7.18, (b) pH 7.44, (c) pH 7.67, (d) pH 7.79, (e) pH 8.03. (B) Unsalted surimi with
8% sorbitol alone. pHs of salt-ground meat were (a) pH 6.87, (b) pH 7.64, (c) pH
8.01, (d) pH 8.28, (e) pH 8.71. o , Preheated gel; ® , Two-step heated gel.
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pH-Dependence of maximum breaking strength and indentation length of break of
preheated, two-step heated, and directly heated gels from unsalted surimis with and
without polyphosphate salt. Maximum breaking strength and indentation length of break
are quoted from the data shown in Fig. 2-1. (A) Unsalted surimi with sorbitol and
polyphosphate salt stored within aweek at -25 . (B) Unsalted surimi with sorbitol alone
stored within aweek at -25 . (C) Same unsalted surimi as (A) stored for 14 months at
-25 . (D) Same unSalted surimi as (B) stored for 14 monthsat -25 . o , Preheated gel;
o , Two-step heated gel; x,Directly heated gel at 90

25



0

1000 21
= I L 00O
= 800 | . s 19 °
< -
52 w0 E% ] ° eee
r o o L [ N ]
EE .8 EB 15 .
?ég,4oo- o 86 13 ®° xxx
= < x x X x X = § 11 X X
§ 200 | 5
o S o9t
o] c
0 1 1 1 1 P 07 1 1 1 1
65 70 75 80 85 90 65 70 75 80 85 90
pH of salt-ground meat
(D)
1000 21
= S
=800 | = Lor
£ 17
ED o ® EDH
S & 600 | 3 o
ESD oo oo | EE °2 e
8 5400 | o ° 65 1310 ° °
= < x X =& 11 } X x
$ 200 | % X s X X
X 8 09 L
8 e - X
O 1 1 1 1 — 0.7 1 1 1 1
65 70 75 80 85 90 65 70 75 80 85 90
pH of salt-ground meat
Fig. 2-2
Continued.

26



gooo-boo0oboboooboobooobuooboboobobooobooboo
gobogoobooboboodg pHOODODODODOOODOODODOODOOODOOD
oobooboo0 pHOODOO0OODOOOOODOOOOODODOOODbOODbOOOD
pH DOOOOOoDOOobOOooooooooooooooobobobobooboon
oooooooooooboooooooooooOoooobooooOooors’g
goboobooboooobooooboogoboooobogooobooboo
oooooooopyoooooooooooobooERuooooooooo
goboobooboooobooooboogoboooobogooobooboo
ooooobooboobooooooooooobogoEuuoooooooo
gobod pHOODODOOODODOODOODOOODODODODODOODODbODOD
gboobooboobobooobooooboooboobooboobooboo
goboobooboooobooooboogoboooobogooobooboo
gooobooboobooobooboooboobooboo

ooooboob BSO GsUOOOUOOOobOoDobOoOobobobDoboooo
oooboo[20 oooobooooob 30oobooooooobobooooo
00000 BSO GsUOU00ODODODODUODOO0ODODODOOFRE230000000
gobogooboobobooobooooboobob pHODOOOOOODOOD
J0o0oooODbO0OBSO GsOOUOUOOOODODOD(M@DOOOO 09780 0.997 O
OH)yooooooboooobooobokKLCo: Oooooooooooo-oo
go0oobo0o0oooO0oooooOoooOooDOoooDoobOb@MWobOooouoooao
UpHODOOOO 71806830000 68700000BSO GsOOOODOOO
000000000 BSS168Gs-782 (D DODODO r=0997)000O-0000000O
000 BS=1.55Gs-114 (r=0988)0 0 0 000 D00 OO BS=1.44Gs-75.6 (r=0.996)
goboobooboooboobooooboogoboooobogooobobooboog
ooooooo@a)yooboooooo pHOODDODOOOO-ooobbooooo
000 KCOODOOODO 0.08%0020%0 000 0200 0000000000
g 76708280000 84300000000 0DO0O0ODLDOOOODOODOO
goboobooboooboobooooboogoboooobogooobobooboog
gboobooboobobooboooboogobooooboobooboooboo
gooooBsO0OoOoboOoDOobOoooOoooDOoboobOooboobooGsOoOd

27



Breaking strength (gf)

Fig.
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Relationship between breaking strength and gel stiffness of two-step heated gel from
three types of frozen surimi with and without addition of K,CO,. The physical property of
two-step heated gel from frozen surimi with and without addition of K,CO; was quoted
from the data in Fig. 2-1. (A) o , Unsalted surimi with sorbitol and polyphosphate salt
(pH 7.18); , Unsalted surimi with sorbitol aone (pH 6.87); O , Salted surimi with
sorbitol alone (pH 6.83); (B) o , Same unsalted surimi as (A) with 0.08% K,CO; (pH
7.67); , Same unsalted surimi as (A) with 0.20% K,CO; (pH 8.28); O , Same sdlted
surimi as (A) with 0.20% K,COj; (pH 8.43). The pH of salt-ground meat with and without
K,CO; shown in parentheses was also from the datain Fig. 2-1.
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Fig. 2-4

Comparison of relationship between breaking strength and gel stiffness of two-
step heated gels formed at different pH values. The breaking strength and gel
stiffness of two-step heated gels formed at different pH values are quoted from the
data shown in Fig. 2-1. (A) Unsalted surimi with sorbitol and polyphosphate salt:
o,pH 7.18; e ,pH 7.44; ,pH 7.67;0 , pH 7.79; x, pH 8.03. (B) Unsalted
surimi with sorbitol alone: o , pH 6.87; ® , pH 7.64; , pH 8.01; 0, pH 8.28; x,
pH 8.71. (C) Salted surimi with sorbitol alone: o , pH 6.83; ¢ , pH 7.57; , pH
8.00; 0, pH 8.43; x, pH 8.72.
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pH-Dependence of slope of linear relationship between breaking strength and gel
stiffness of two-step heated gel fromed at different pH values. On the basis of the
results shown in Fig. 2-4, aregression line of each heated gel was calculated using
the least squares method. The slope of the linear line indicates the relative ratio of
theincrease in BSto that in IL (4 BS/Gs) caused by two-step heating of the salt-
ground meat. The coefficient of correlation was in the range 0.981-0.995 for al
regression lines obtained. (A) The gels from the surimi stored within a week at -
25 . (B) The gels from the surimi stored for 14 months at -25 . o , Unsalted
surimi with sorbitol and polyphosphate salt; , Unsalted surimi with sorbitol alone;
O , Salted surimi with sorbitol alone.
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0 O Abstract

pH-Dependency of gel forming ability of walleye pollack frozen surimi and the effect
of polyphosphate

Frozen surimis of walleye pollack containing 8% sorbitol, 8% sorbitol plus either 0.2%
sodium polyphosphate or 3.0% NaCl were ground with 3% NaCl and 0~0.25% K:COQO:.
The pH of salt-ground meat were ranged from 6.8 to 8.7 depending added K.CQs. The
salt-ground meat was preheated at 25 0 over 8 h, and then heated at 90 O for 30
minutes. The breaking strength (BS) and indentation length of bresk (IL) of heat-induced
heaed gel were measured as a function of preheating time. The time-dependent changes in
pH-dependence of the gel forming ability and the effect of polyphosphate were
investigated. The rate of increase in BS and gel stiffness (Gs=BS/IL) was found to be the
highest in the heat-induced gel formed around pH 7.5~7.8 in the frozen surimi containing
polyphosphate, whereas the increasing rate of BS and Gs of the gel from two lots of
frozen surimi without polyphosphate was the highest at around more alkaline pH 7.6~8.5.
These results indicate that the optima pH condition for the heat-induced gel formation
from the frozen surimi is evidently different between the lots with and without

polyphosphate.
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Fig. 3-1

Time-dependent changes in breaking strength, indentation length of break and gel
stiffness of preheated and two-step heated gels as a function of preheating temperature.
(A, C, E) Gelsfrom SA grade of frozen salted surimi. (B, D, F) Gels from FA grade of
frozen unsalted surimi. o , Preheated gels; e , Two-step heated gels. Assay condition:
dliced gel of ¢ 30 mm x [ 25 mm, using a spherical plunger of ¢ 5 mm. Preheating
temperatures are on top of each diagram. (A, B) Breaking strength; (C, D) Indentation
length of break; (E, F) Gel stiffness.
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Continued.
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Fig. 3-2
Maximum breaking strength and gel stiffness of two-step heated gels as a
function of preheating temperature. (A) Gels from FA grade of frozen unsalted
surimi. (B) Gels from SA grade of frozen salted surimi (closed symbols) and
another FA grade of frozen unsalted surimi (open symbols). o e , Breaking
strength; A, Gel stiffness.
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Fig. 3-3

Linear relations between breaking strength and gel stiffness of preheated and two-
step heated gels formed by preheating at temperatures lower than 30 . (A) Preheated
gels. (B) Two-step heated gels. Preheating temperatures; o ,5 ;e ,10 ; ,15 ;
A,20 ; ,25 ; ,30
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Fig. 3-4

Relationship between breaking strength and gel stiffness of preheated and two-step heated gels formed by preheating at
temperatures higher than 40 . o , Preheated gels, ® , Two-step heated gels. Preheating temperatures are on top of each
diagram. For comparison, the relation of the heated gels formed by preheating at 25  is also shown. Numbers near the line
are the heating times (h) at respective temperatures. The dotted line indicates the linear relation of breaking strength and gel
stiffness of two-step heated gelsformed at 25  from the same raw material.
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Fig. 3-5
Arrehenius plot for rate of heat-induced gel formation of salt-ground meat from
walleye pollack frozen surimi. The rate of gel formation [Vgg] of the salt-ground
meat was defined as the reciprocal value of the time required to reach the half-
maximum breaking strength of two-step heated gels (shown in Fig. 3-1). m , Gels
from FA grade of frozen unsalted surimi; A, Gels from SA grade of frozen salted
surimi. K: Absolute temperature.
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Table 3-1
Thermodynamic parameter for gel forming rate of salt-ground meat from

walleye pollack frozen surimi

Assay Ea A H- 4 5 4 G-
Condition Index temperature (keal/mol) (kca/mal) (eu.) (kecal/mol)
@)

Storage of surimi *1 Deterioration 25 50.5 49.9 91 22.8
rate 35 50.4 49.8 89 232
Storage of Deterioration 25 349 34.3 39 228
salt-ground meat *2 rate 35 349 34.3 41 221
Gelation of Gel formation 25 35.6 35.0 43 223
salt-ground meat *3 rate 5 19.2 18.6 -13 22.3

*1  The defrosted surimi was stored at 25 or 35 0 . The surimi was ground with NaCl and preheated at 35
O for 60 min, followed by heating at 90 0 for 20 min. The breaking stregth(BS) was measured with the
time of storage. Cited from Hashimoto et al. [10]

*2  The salt-ground meat was stored at 25 or 35 0 . The meat was once crushed and preheated at 350 for
60 min, followed by heating at 90 O for 20 min. The BS was measured as in * 1. Cited from Katoh et a.[16]

*3  The increase in BS of the heated gels from the salt-ground meat was measured with the progress of

preheating time.
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0 O Abstract

Heat-induced gel forming ability of salt-ground meat of walleye pollack and the

temperatur e dependence

Temperature dependence of the gel forming ability of walleye pollack frozen surimi was
examined. The salt-ground meat was preheated at a given temperature in the range of 5
and 75 O with varying heating time, and the resulting gel was referred as preheated gel.
Then the preheated gel was heated at 90 0 for 30 minutes, and such was referred as
two-step heated gel. The breaking strength (BS) and indentation length of break (IL) of
both the preheated and two-step heated gels were measured at given preheating time, and
their maximum values were recorded. When preheating was performed within the range
from 5 to 35 00, the rate of change in BS was dependent on temperature; that is, BS
reached to the maximum values faster at higher temperature. When the salt-ground meat
was preheated at 40 0 and above, the rate of the change in BS was independent on
temperature, and BS decreased with time. BS remained in the same level over 70 O
regardliess of heating time. There was a good positive correlation between BS and the gel
stiffness (Gs=BS/IL) of all the two-step heated gels formed through the preheating at a
temperature between 5 and 35 [0 . Consequently, a linear regression between BS and Gs

represents an intrinsic gel forming ability of each frozen surimi.
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Table 4-1
Proximate composition of frozen surimis used

Concentration in surimi (%)

Grade Preparation

Moisture Protein Sugar Na-PP pH

SA 74.2 16.9 sucrose, 5.0 0.25 7.21
On ship made sorbitol,4.0

A 75.1 17.5 sucrose, 4.0 0.25 7.36
On ship made sorbitol ,4.0

2nd (special order ) 78.8 15.0 sucrose, 4.8 0.25 7.42
Inland made sorbitol,1.2

2nd 78.3 14.6 sucrose, 4.8 0.25 7.65
Inland made sorbitol,1.2

(special order) : Very fresh and large size of fishes were used for preparation.
Na-PP : Sodium polyphosphate.

56



00000000000O0000
00000000000000003000000000000000000
0000000000000000 5000000000000 30mm x O
025mmO00000000000000000CEO00000 NRM2002J)0 O
00000 5mmO00000000C@O000 6cmn)D0000 BS (of)
O0000 IL(emOO0O0O0000000000 Gs(=BSIL, ¢ffemy0 0000
[25]0 0000000000 BSO GsO0OOOOOO0OOOOO0OOOOODOO
000[252200000000000000000000000000000
O0pHOODODODOOOO0[4600000000000000000000
000000000000 0000000000000000000000 (%)
ooooo

0000000000000 000000000000000000000
0O@50 18%)0000000000000000000 (Table42)0000
000000002000 400)0000000009%00300000
00000000000000000000000000000000000
oooooo
ShS-00 0000000000000 (ShS-PAGE) 00000 DNODOOOODON
00ooo0o0o

00000000000000000000000000 2% SDS -8M 00
2% 2-0 00000000000 (H 80)00000000000000 5y
0 Laemmli 00 O0O0[30]0000075%00000000000000000
0000000000000 00 Coomasse Brilliant BlueR2500 00000 O
0ooooooo

goooooo

gobogoboooboboobonobo

OO0Oooo0obD AQOOOOO Table420000000000O0O00ODODOO0OOO
200 5000000000000 b0b0oL0D0DU0oOoDoLDUobDUOobOoDbO
gbooboobooboboooboooogobooooboobobooboo
0000o0D0O0000DO0O0O000o0DOoO0O000oooDoOoO0OoonnD29%)

57



Table 4-2
Mixing ratio of water into surimi and its effect on proximate
composition of two-step heated gel prepared

Mixing ratio (w/w) Concentration in heated gel (%)
Surimi + Water  Water (%) Moisture  Protein Salt pH
100+ 0 0 72.7 17.2 29 7.10
90+10 11 75.0 15.7 29 7.12
80+20 25 774 13.9 29 7.11
60+40 67 81.9 10.7 29 7.14
40+60 150 86.7 7.3 29 7.15

The frozen surimi (A grade, moisture 75.1%, protein content 17.6%) was thawed and mixed with
various weight ratio (11~150%) of water. The mixture of surimi with water was ground with 3.0%
NaCl (w/w), and subjected to preparation of two-step heated gel by heating a 900 for 30 min
through the preheating at 250 for several 5 hours. The concentration of each component was
expressed as the content (%) on the basis of the heated gel.
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Fig. 4-1

Preheating-time dependent changes in breaking strength, indentation length of
break, and gel stiffness of two-step heated gels as a function of protein
concentration. The salt ground meat from the mixture of water and surimi (A grade)
with various weight ratio was preheated at 25 for 8 hours, and subsequently
heated at 90  for 30 min. The breaking strength and indentation length of break of
two-step heated gel were measured. Assay condition: Sliced gel of @ 30 mm x | 25
mm; Using a rheometer with spherical plunger of ¢ 5 mm. Protein concentration:
172 o ,157 e 139 ,10.7 A ,and 7.3 x % of heated gel (wet wt).
(A) Breaking strength, (B) Indentation length of break, (C) Gel stiffness.
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Fig. 4-2

Protein concentration dependence of maximum breaking strength and
indentation length of break of two-step heated gel from various grades of frozen
surimi. The maximum values of breaking strength and indentation length of
break were aobtained in the similar manner as shown in Fig. 4-1 by using 4
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Fig. 4-3
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Relation between breaking strength and gel stiffness of preheated and two-step
heated gels formed. From the data shown in Fig. 4-1, the gel stiffnesswas calculated as
(breaking strength / indentation length of break), and plotted against the breaking
strength. The breaking strength and the indentation length of break of the preheated gel
were also measured and plotted in the figure. The protein concentration in two-step
heated gel was on top of each diagram. Preheated gel (o ), Two-step heated gel (o )
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Fig. 4-4

Comparison of linear relations between breaking strength and gel stiffness of
preheated gel and two-step heated gel as a function of protein concentration. The
same data shown in Fig. 4-3 were used to illustrate this figure. Protein
concentration : 17.2 (o ), 15.7 (e ), 13.9( ), 10.7 (A), and 7.3 (x) % in heated
gels. (A) Preheated gel, (B) Two-step heated gel. Broken linein (B) is the relation
of preheated gel as shownin (A).
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Fig. 4-5

Comparison of linear relation between maximum values of breaking strength and
gel stiffness among two-step heated gels from different grades of frozen surimi and
those among different food proteins. The maximum values of breaking strength and
gel stiffness of two-step heated gels formed from different grades of frozen surimi,
and also from bovine plasma and egg white powders were estimated in the same
manner as in Fig.4-3 by changing the protein concentration in it. (A) Two-step
heated gels: from SA (e ), A (), 2nd (specia order) (), 2nd ( A ) grades of
frozen surimis. (B) Two-step heated gel () and directly heated gel () from A
grade of surimi. The heated gels from 4.8~16.1% bovine plasma protein (x), and
from 4.6~16.6% egg white protein ().
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Fig. 4-6

Preheating time-dependent change in myofibrillar protein components in
two-step heated gels as a function of protein concentration. The composition
of myoafibrillar proteins in the gels was analyzed by SDS-polyacrylamide gel
electrophoresis. The protein concentration in the gels are on top of each
diagram. Conditions: 7.5% polyacrylamide gel, Five p g of protein in
SDS-urea-mercaptoethanol solution was applied. (MHC)n, Polymer of MHC
; MHC, Myosin heavy chain ; X1, Components supposed to be partially
degraded product of MHC ; A, Actin.
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0 O Abstract

Gel forming ability of walleye pollack frozen surimi and protein concentration

dependency

The frozen surimi was thawed, mixed with 10 ~ 150 % water by weight, and the
mixtures were ground with 3.0 % NaCl. The salt-ground meats were preheated at 25 [
and subsequently heated at 90 0 for 30 minutes. Breaking strength (BS) and indentation
length of break (IL) of the gels were measured as a function of preheating time, and gel
stiffness was calculated as Gs=BS/IL. The results were (1) the maximum values of BS and
Gs of the heat-induced gels exponentialy increased with elevating protein concentration,
whereas the increasing modes of IL values were different from those of BS and Gs.
However, it was clear that the maximum levels of al these measures were in order of 2nd
< 2nd (specid) < A < SA grade, (2) there was a good positive correlation between the
maximum vaues of BS and Gs of the two-step heated gels within the protein
concentration range from 7 to 17%. The linear regressions and their slopes depended on

the grades of frozen surimi.
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A new qualifying method of walleye pollack frozen surimi by

evaluating heat-induced gel forming ability of salt-ground meat

Seaiichi Kitakami et al.

A study was performed to evaluate the quality of walleye pollack frozen surimi by

determining the heat-induced gel forming ability of salt-ground meat. (side 1)

Ten lots of various grades of frozen surimi (slide 2) were subjected to the grinding
with 3.0% NaCl and to the heat-induced gelation at 900 for 30 min through the

preheating at 25 0 for severa hours.

The maximal values of breaking strength (BS, g) together with breaking strain (bs,
cm) were measured by a rheometer, and gel stiffness (Gs=BS/bs, g/cm) was calculated.

(dide 3)

The correlation between rheological parameter of the heat-induced gels and the
protein concentration of the salt-ground mesats was investigated in the relation to grade of

frozen surimi used. (slide 4)

The maximal vaues of the BS together with the Gs of the heated gels were

exponentially increased with the increase in protein concentration (C) of the salt-ground

meats. (dide 5,6)
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A regression line was shown as Gs=AC”, where k'is constant, /7was 2.19 for the Gs

of two-step heated gels, and 3.52 for the Gs of direct heated gels, respectively. (slide 7)

The heat-induced gels with different protein concentrations were prepared by
premixing with water into the salt-ground meat. It was recognized that there is a positive
good correlation between the BS and Gs values. A regression linear line was thus shown

as the maximal BS=aGs+5, where a and b are constants. (dide 8)

Using the equations above mentioned, linear relations between the BS and Gs of the
heated gel at a fixed protein concentration (10%) was determined, and that the maximal
vaues of the BS aso with the Gs becomes higher level in the order of
SA>FA>A>KA>2nd grades. The level of the heated gel from SA grade was several times

higher than that of 2nd grade. (dide 9,10)

The results also indicated that the higher grade of frozen surimi reserved the protein

moiety, being able to contribute to the efficient heat-induced gel formation as compared

with that of lower grade of frozen surimi. (slide 11)
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didel
A new qualifying approach of walleye pollack frozen surimi by
evaluating heat-induced gel forming ability of its salt-ground meat

pH

pH
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dide 2

Proximate composition and pH of frozen surimi of various grades and of
heated gels prepared from term

=z
o

pH NaCl  pH
% % % % % % %

SA SAl 742 175 83 733 (721 168 82 2.9 7.15
SA SA2 742 169 89 721 (721 165 85 2.9 7.04
SA SA3 745 167 88 725 (726 160 85 2.9 7.06
FA~ FA 751 165 84 733|731 157 83 2.9 ND
751 175 74 736 |[727 172 72 2.9 7.10
KA~ KA 745 167 88 734|721 162 838 2.9 7.09
2nd 2ndl 788 155 57 742 (764 144 63 2.9 7.20
2nd 2nd2 776 148 76 730|753 144 74 2.9 ND
2nd 2nd3 794 142 64 753 ||772 138 6.1 2.9 ND

© o ~NoO U WN R
>
>

10 2nd 2nd4 783 146 71 765|760 142 6.9 29 7.27
ND; no data
-7 -5 3%NaCl
25 0 8 90 30
5mm 30mm
25mm 25
10
SA
pH
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dide 3

Procedure for preparing heat-induced gel from frozen surimi and
evaluating rheological property

(-30 )

v

-7 -5 )
v
v 3% NaCl

6 8 )
v 48mm
v 25 0 8
v 90 30
v

‘l
5mm .

60mm/min -~ !
3omm,  25mm, 25 A
(@ ;BS
(cm) ; bs
BS (9)
bs (cm)
(Gs)

Gs=BS/bs  (g/cm)
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dide 4

1500
16.0%
S1000 }
143% g
12.6%
500 L 110% @
9.5% af 72.6 - 85.2%
/, 7.8-3.0%
8.6%
0 1 1
0 500 1000
(9/cm)

Relation between maximal values of BS and Gs of heated gels with various
protein concentrations prepared from frozen surimi of SA grade
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dide5

2000
B 1500
1000

500

1500

(9/cm)

1000

500

- 1 20 r
2
2
1
4
- 45 € 15 3
§ %
—75 6
10
- 10 | 7
76
8
- 9 05
)
1 1 1 J 00 1 1 J
5 10 15 20 0 5 10 15 20
(%) (%)
1 No.
1 SA  SAl
i 2 2 SA  SA2
45 3 SA  SA3
4 FA FA
5 A A
6 6 KA KA
- A 7 2nd  2ndl
8 8 2nd 2nd2
/10 9 2nd  2nd3
10 2nd 2nd4

Protein concentration dependency of maximal rheological parameters of heated gels
prepared from frozen surimis of various grades. (Two-step heated gel)

SA2

SA FA~ A KA
SA3
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dide 6

2000 20 r
2
— - = 15 F 1
5 1500 g 2
g— 5
2, 76
1000 F // 10 F 10
475 9
500 g’ 05 | /
1/
10
9
O 1 1 ] 0.0 1 1 1 ]
0 5 10 15 20 0 5 10 15 20
(%) (%)
1500
— No.
£ 1 SA  SAl
S, 1000 F 2 SA SA2
= L 3 SA  SA3
5 4 FA FA
2 5 A A
3 6 KA KA
500 6 7 2nd  2ndl
7 8 2nd 2nd2
o 9 2nd  2nd3
9 10 2nd 2nd4
0 1 1 1 ]

o
()]
=
o
=
($]
N
o

(%)

Protein concentration dependency of maximal rheological parameters of heated gels
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Constants of BS (or Gs) = kC" equations of heated gels formed from frozen surimis
of various grades

=
o

ks g r kg e r ks g r kg Ng r

SA SA1 000050 518 0991 0037 346 0998|312 229 0991 324 208 0997
SA SA2 000080 501 0989 0045 337 0998|780 195 0990 439 196 00995
SA SA3 000005 599 0988 0024 359 0997|052 283 098 092 245 0.99%
FA  FA 000004 613 0994 0037 343 0991|(083 271 0991 135 235 0.995
0.00020 538 0995 0011 383 0999|056 276 0997 123 233 0.999
KA KA 000630 400 1000 0.067 3.13 1.000( 1.97 213 1000 183 208 1.000
2nd 2ndl 0.00220 451 0996 0.046 331 0996 092 248 0998 152 216 0997
2nd 2nd2 0.00340 429 0999 0.040 330 0999 119 233 0999 180 203 0997

© o N o g »~ W N
>
>

2nd 2nd3 0.00001 6.34 0982 0.005 414 0976 023 292 0982 095 232 0987

=
o

2nd 2nd4 0.00020 5.33 0994 0.018 366 0998 005 337 0981 096 218 0991

a 000137 522 0993 0033 352 0995|172 258 0992 182 219 0995
k 000206 0.79 0.006 0019 030 0007(f232 042 0007 113 016 0.004

b/ax 100 151 152 06 564 &84 07 [|[135 163 07 624 73 04

BS =kg C®
Gs =/(G c’e

©
3.5
2.2
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Relation between maximal values of BS and Gs of heated gels with various protein
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Relation between maximal values of BS and Gs of heated gels with different protein
concentrations prepared from frozen surimi of different grades
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Relation between maximal values of BS and bs of heated gels with 10% protein
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BS=27.411exp[1.8908bs],
r=0.973
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Summary

see"Abstract” in details

[ ]

SA

103



oooobo0ooboobooooboooobooob0obooobooooDO
gobooboboooboobooobooooboobobooboboon
oo@Quuouobobooooo@uuobooooooboooooooo
o@)UuobfboooooooooooooobooooobboOoboOooo
gobooboboooboboobobooobooobooboobobooon

O o o o og

o 0o o o o oo oo d
oo o000 00000000000 o000 oo o g

goooboooooon
gbooboobobogiseo 0o oobooboooboobonn
0000000000 00D0D0 65 000(R4 DHYYOUOODOODOODO
ooooooooooooOonbO 3gobooooobpoooooboobo@ao
goooboboobooboooboobooobuoooobooboobooo
gobooboboooboboobobooobooobooboobobooon
o0o000bOO00DbOo0obOo0boD@UuoooooooooooDooo
ooboooboOoobooboooboooobooooooooD@E@Guoooo

g
O
gboooboooboobooobobooobooboobobboboon
gobooboboooboboobobooobooobooboobobooon

U

gboobooboobooboooobooboobooboboo

gboooboooboobooobobooobooboobobboboon

goo
gooobooobooboobobuooooboooobooboboobooo
gobooboboooboboobobooobooobooboobobooon
goooboboobooboooboobooobuoooobooboobooo
gobooboboooboboobobooobooobooboobobooon
goooboboobooboooboobooobuoooobooboobooo
gobooboboooboboobobooobooobooboobobooon

O

O

oooboooOOoOOo0oooooboOoOooooooooOooooboooo BY(gnHO

g
U
g
U
g
U
g
o000 IkemoOODDOO0ODDODODOOOBSODOODODODOODODODOODOOOO
g

gooobonoboooobboobooboboobobooboobonn
goboobooooboooboooboobobooboooobooboboOoDbDb 30

104



O o o od

o o o o o o
oo o0 o0 o0 0000000000000 o000 o o o og

ilOoDOobooboooooboobo20b000 2000000

gon
goon
gon
gon
oon
good
oon
goo
oon
gon
oon
gon

gogo

oon
gon
oon
gon
oon
goo
gon
gono

goo

goo
good

g
0od
g
od
od
go
od
oo
oo
od
od
od

oooono

od
od
od
od
od
oo
oo
oo

goood

0od

gogon

0od
od

gbooobooboobooboogobooooboooDog
gboooooboooobooobooboooboooo
gbooobooboobooboogobooooboooDog
gboobooboobobooobobooobooog
gbooobooboooobooobooboooboooo
goboooobob BSO ILOOODOOOOODOO
gbooobooboooobooobooboooboooo
gobooooon

ooooboooobooboobuoobooboooboo
gboobooboobobooobobooobooog
O0O00oo0oD0oO0oO0 BsOOODOO Gs=BSIL)O OO
gboobooboobobooobobooobooog

oo
g
0od
g
god
od
go
od

od
god
0od
god

goobooboobooboobodpHODOODDOO

goboboobooboooboobooboobon
gboobooboobobooobobooobooog
goboboobooboooboobooboobon
gboobooboobobooobobooobooog
goboboobooboooboobooboobon
gobooboooooo
gooobooooobooboboooobon
gooobooogoboobobooboboooboo
oboooo0obo0ob0 »sLOOoODoDoooboooo
gboogn BSO GsUOOOOOODOODOOOOO

HEN
god
HEN
god
HEN

0od
oo
0od

O

o o o o o o o o o o O

o o o o

o o o o o O
o o o o o O

g
O
g

ooobooboobobooobuoboooboboooo2s

googoboobob BSO GsOUbOODOOoOOoobDOooOO

gobobobgobooboobooboobooboboob

gobooboobobobobooboobooobooboooBsd GsuOoO

goboboboobooboobuoobobooobooboobobbon

105

o o o o o o o O



O

o o o o g o o o

U
g
U
g
U

g
g

O

gboooobooboboooboobooobooobooobooooboooboDbn
oooob0 pHODODOODOOOOODOOODODOODODODOOObOOooooDbO
gboogoobooboobobooobooboobooboboobobooDbo
gob3gboobooboobooboob0oboouobog pHO 680 87
oooo2300000b00obooobobooobooboobooooboo
gboboobobooboboobooboobooboboobobooDbo
oooobopHOODOODDODOOODODO pH 7507800000000
UpH 760 8500000000000 00O000O00OO0OODO0ODOODOO
U0 BSO GsUUOOOODODODLOOODOODOODUODbOODbOOBSOOODO IL
gobooooobob pHODOOOODOOOOOoboobooooDbo
goooboboobooboooboobooobuoooobooboobooo
g

goooboobooboobobuooooboooobooboboobooo
goooboobobogob 50 7000000000000 DOOO

O
g
O
g
O
g
oooooobooobooboooboobooboobDobooooboobo
gobooobooobooboboogoboooooboooboobobooboomoo
ooooooboooboobooooboobooboobooooboobo
gobo0obo0od BSO GsOOUOOOUOOLOOODOOOODbDOODO3s 00
obooobooboooboboogobuogn BSO GsUOODOOODOobOoOoDO
goboobooboobobooboboobooboboobobooDbo
oooobooobooboobooboooooboogo
gobooboobooboobogoboooboobooobooooboooboDbo
I A A A A N e KO R M 510 P
gobooogoboo2s0b0g0gbooobobooboobobooboobo

goboobooboooobooobouooooboon BsSO GsOOoooO

goboboboobooboobuoobobooobooboobobobon

O
O
O
gboboobooboobooobooboboobooiLbooboobonn
g
BSO ILOOOODOOOOODOO0OOO0OOO0OO0ODOO0obOO0obOO0oOoo0oooDoDbOo

O

0ooboooobooooboobouooogob BSO GsOobooooooo

106



gbooboobobooobooboouobobooobobooobooooobO
gbooboboboogoboboouobooogobooobobooobooobo
gbooboobobooobooboouobobooobobooobooooobO
goboobooooo

g0 oooog o
BSGsOODODOOOOoOoooooooobobooooboobooboobo
gogboobooboboboboobooboobobooboobon
gbooboobobooobotbouoboooobobooboobooobobo
U pHOOOODOODODOOOO0OOOoooooboobooboboobon
gbooboobobooobotbouoboooobobooboobooobobo
gogboobooboboboboobooboobobooboobon
gobobooboooooooboobobobobobdg pHODODODOD
gogboobooboboboboobooboobobooboobon
gooogo

107

o o o o o o o o O
o o o o o o o o O



oo@Oo) 0O O O O
Seiichi KITAKAMI, Ph.D.
goooboooboonbog
National Surimi Manufacturers Assoiation
gooobobooobooo
Kita-7,Higashi-1,Abashiri,Hokkaido 093-0057,Japan
Phone:+81-152-44-7218 FAX:+81-152-44-7219

E-mail:surimi@nifty.com

November, 2006

108






