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Further Study on Quality of Walleye Pollack Frozen Surimi as measured
by Heated Gel Forming Ability

Noboru KAT0, Yoichi ABE, Kosaku YASUNAGA, Norikazu NAKAGAWA, Shigeo SATO, Mii KUNIMOTO and Ken-ichi ARAI

Abstract

Frozen surimi was thawed, ground with 3% NaCl upon addition of 0~150% water, and heated at 90C for 30 min, with and
without preheating at 25C for several hours. The breaking strength (BS) and breaking strain (bs) of the heated gel were
measured with a rheometer.

Characteristic physical properties of the heated gel formed from walleye pollack frozen surimi were compared among
those from 28 lots appeared on the market and 16 lots, freshly prepared in Alaska, U.S.A.

The results obtained are;

1) There was a good, positive correlation among the maximum values of BS vs. Gs (=BS/bs) plots of the heated gels formed
from 28 lots of frozen surimis on the market. The maximum value of BS vs. Gs plot was higher in the order of
SA>FA>A>KA>RA>2nd grade of frozen surimi subjected to gel formation. Of only 5 lots, the relation among BS vs. Gs plots
was slightly shifted from others, and the maximum values of BS vs. Gs plots belonged to those of KA ~ RA grade of surimi.
2) Sixteen lots of frozen surimi were obtained at Dutch Harbor in Alaska, half of which was prepared through a main
(conventional) line (M), and another half was through a secondary (modified) line (S). The relation and level of the
maximum values of BS vs. Gs plots from M line surimi were compatible with those from SA grade of surimi, whereas those of
the heated gel from S line surimi were about equal to those from KA ~ RA grade of surimi.
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Table 1 Proximate composition and pH of 28 lots of frozen surimis appeared on the market, subjected to heat induced gelation.

Frozen surimi on the market Heated gel
Lot. Grade Maker Moisture (%) Protein (%) pH Moisture (%) Protein (%) pH
1 SA @ 74.2 17.5 7.33 72.1 16.8 7.15
2 SA @ 74.2 16.9 7.21 72.1 16.5 7.04
3 SA ® 74.5 16.7 7.25 72.6 16.0 7.06
4 SA ® 74.1 17.6 7.29 71.9 17.1 -
5 SA @ 73.4 18.3 7.29 71.3 17.8 -
6 FA ® 73.0 18.6 7.36 71.4 18.1 7.14
7 FA ® 75.1 16.4 7.17 73.3 15.0 7.02
8 A @) 75.1 17.5 7.36 72.7 17.2 7.10
9 A ® 74.8 16.7 7.14 72.3 16.2 7.04
10 A ® 75.8 15.7 7.22 73.4 15.2 7.08
11 A ® 75.0 16.5 7.10 72.8 16.0 6.99
12 AA ® 75.2 16.3 7.20 72.5 17.8 6.99
13 AA ® 75.2 16.3 7.19 72.9 15.8 7.07
14 KA ® 74.5 16.7 7.34 72.1 16.2 7.09
15 KA ® 75.1 16.4 7.02 72.7 15.9 6.85
16 KA ® 75.5 16.0 7.21 73.2 15.5 7.01
17 RA ® 75.0 16.5 7.18 72.8 16.0 7.06
18 RA ® 74.0 17.5 7.04 71.8 17.0 6.96
19 RA ® 75.6 15.9 7.24 73.2 15.4 7.03
20 RA ® 74.3 17.2 7.09 72.1 16.7 6.96
21 RA ® 74.6 17.1 7.32 71.2 16.6 7.08
22 2nd @ 76.6 15.9 7.22 74.2 15.4 7.04
23 2nd 74.7 14.2 6.91 74.2 14.1 7.07
24 2nd O 77.6 14.8 7.30 75.3 14.4 -
25 2nd 78.3 15.9 7.68 75.9 15.4 7.31
26 2nd a 78.8 15.0 7.42 76.4 14.4 7.20
27 2nd @ 78.3 14.6 7.65 76.0 14.2 7.27
28 2nd @ 77.7 15.3 7.58 75.4 14.9 -
Lot. Maker

1~21, ©~®: USA
22~28, (D)~D: Japan
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Table 2 Freshness of materials, preparation line, and proximate
composition of fresh frozen surimis in Alaska, U.S.A..

Fish freshness Frozen surimi
(Running time to Product
Lot. | Maker |preparation after|preparation .
. . Moisture
fishing) line (%)
(hr) ?
1 13 M 74.3 7.29
2 S 78.2 7.28
3 M 74.8 7.25
20
4 I S 76.1 7.27
5 M 75.6 7.25
37
6 S 76.4 7.25
7 M 74.7 7.24
46
8 S 76.9 7.19
9 14 M 74.9 7.05
10 S 75.6 7.35
11 M 74.5 7.07
I 37
12 S 75.0 7.31
13 76 M 73.8 7.05
14 S 74.5 7.30
15 I M 74.4 7.04
16 S 73.1 7.28

Main line and secondary line preparation of frozen surimi: After
washing the mince with water, the muscle part in the mince was
collected by means of straining using a refiner and subjected to
preparation of frozen surimi through a conventional way (the
product is called as main line surimi (M) ), the discharged mince
was returned in a refiner to strain the remaining muscle part in
it, which is utilized for secondary preparation of surimi, calling as
secondary line surimi (S) in this study.

~150% DK ZEMZ, 3.0%D NaCl & |2/ 1 L >~ b
A1y & — (SCP-2 %, 7140, IMExE1450rpm, 7%l
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TUWZFH L, 25C oERKMFTmE L, B sr vo
WM R KREICES T THEEMICD > TPAMimE L
72, ORI E D L 72 PSSOV % 90T 30451
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fEOZAbZEEL, BHLT, 37085 X7 HOZEN
BUC X 280 FVIEHEEOMS L RES (BER) & MR

4

L7 (b EiZA, 2002 db EiTZA, 2003). %8B, Ko
Ey B E . (R, 1994 5 48, 2002) \CXoTE
w7,

MEST N OYTEMOWE : S X N7 ME VIHEAK T
wHIt%, 25C C—mMREMR, BEAE30mm X & 2 25mm O
FIRREBR E LT, LA XA —%— (RE)LEE NRM
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Fig. 1 Preheating time-dependent change in BS vs. Gs plot of
heated gels of various protein concentrations.

Frozen surimi was thawed and ground with 3.0% NaCl upon
addition of 0~150% water. The salt ground meat was preheated
at 25°C for several hours, a portion of which was taken out at an
appropriate interval, and followed by heating at 90C for 30 min.
The breaking strength (BS, g) and breaking strain (bs, cm) of
the heated gel thus formed were measured with a rheometer by
using spherical plunger of 0.5cm in diameter. The protein
concentration of heated gel were 17.2( O), 15.7( @), 13.9( &),
10.7(a), and 7.3 () %, respectively.

Arrows indicated the maximum value of each heated gel.

FOERBEMICHED DN SDTHH LY EiE L 7 5 En
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7ZL, FUEROTHIHERTH-TH, £4220y b
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NTwab, WROWHRT Y HiZu v  TEITKRGEEDN

HoTWaED, FHORKREERE TS L, Kol %bb
B, MBS IVIEKREOM S & afis LTHRDbL, Ik
WypzehtikseEzrzonhs. 7, ROIMETSVIE
WRED K E S (ESH) &, BSvsGs 70 v + DR AMED
SILBMGETT 5 2 LA kD, 7272, Zofticidy vy
PR DL L IERAASNTWAEOT (dLLiZ
A, 2005), WA LR A & X, @EMAKLARVT
DGO ZOMERD. FEITRETERS., £/, Lk

5 9 %% 37 (2011)

Table 3 Linear relation between preheating time-dependent
changes in BS and Gs values of two-step heated gels
formed from frozen surimis of different grades.

Grade of surimi Protein concentra- BS=a-Gs-b
tion of heated gel(%) | a b r

16.0 1.95 339 | 0.998

14.3 1.95 266 | 0.993

12.0 2.00 245 | 0.996

11.0 2.02 197 | 0.997

SA 9.5 1.78 115 | 0.996

8.6 2.04 143 | 0.998

Av| 196 | 217 | 0.996
SD| 0.09 83 | 0.002
CV(%) | 473 38 | 0.202

17.2 1.82 | 332 | 0.998

15.7 1.85 | 264 | 0.998

13.9 1.68 | 126 | 0.998

A 10.7 1.68 | 108 | 0.989
7.3 1.75 97 | 1.000

Av| 1.76 | 185 | 0.997

SD| 0.08 | 106 | 0.005

CV(%) | 4.60 57 | 0.452

14.2 0.88 53 | 0.963

13.6 0.97 42 | 0.901

12.6 1.22 56 | 0.986

12.0 1.19 53 | 0.996

2nd 11.2 1.17 55 | 0.990
10.6 1.14 61 | 0.970

Av| 1.10 53 | 0.968
SD| 0.14 6 | 0.036
CV(%) | 12.30 12 | 3.719

The preheating time-dependent changes in BS and Gs values of
the two-step heated gels of various protein concentrations were
measured in the same manner as in Fig. 1, except that three
different grades of surimi were examined.

BS=a-Gs—b

BS = breaking strength (g)

Gs = gel stiffness (=BS/bs, g/cm)

a, b = constants

r = correlation coefficient

Av = average

SD = standard deviation

CV = coefficient variation

LEBRR DT D b IO WTIEFE U3 0 FEE D S
ENMEBAS VT, ¥ N EREOECESRL NS
il % EHMDH D EHRENT. 7220, 2T
DSBS NIMET VTIE, & N7 EEEICED
D% —EBOBMEICE T o728, ZhSDHEICOWTIZ
RIZW S P TE R W.



TN « BTHRAE— - Gk - PN - (R BERE - BIASIRL - Frobfe—

B, MoHEOEMY V7 EIcBWTIE, T8y
YR EOHED YT D XD RSVIERE T ABITH T
LRCwiv, /WAL, FMERE (749327 v 7,
KBAbE) CTiEmE (3 %) R Fin#25~40C co
DA IV OWER LORREE 725 S o
7o Fi, GEERE S UXZE (7V7 0, RTEGH) T
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LT, 7N EBEENI3S% DM VO BSvs Gs 7
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Lk, FEHEOLIREI, A REROI0EOHHT ) Fi2
DWW, PAMEBUIAE D ZBmET V@ BS & Gs DZAL
75, BSvs Gs OB % b3 BRI M & FLEBARES L
7o, ZORE, BATPEMOTH HoOREIZE, BRE
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Fig. 2 Protein concentration-dependent change in maximum
values of BS vs. Gs plot of heated gel.

The preparation of the heated gel of various protein concentra-

tions from frozen surimi and the measurement of physical

property of the heated gel were conducted in the same manner

as in Fig. 1. The BS was plotted against the Gs of the same

heated gel. As for the case of two-step heated gel, the maximum

values of BS and Gs were employed. The protein concentration of

the heated gel was 15.7(0), 14.5(@), 13.5(2), 12.2(A), 11.5

(), 10.5(M), 9.5(=),85(+), and 7.3() %, respectively.

A full line: Two-step heated gel

A broken line: Directly heated gel

A dotted line: The line corresponding to preheating time-

dependent change at a protein concentration of 13.5%

FOREL LV (SAME 2HOBMEDZEIFI20%). Lo
L, BSvsGs 70 v FORKAM GIAKLZWTHlE L7
fili) #HR2EMBEOLHAETIREEGEOEN D LH720, T
D B OSRE MBS VO L OBD Y 25T 5 DI
HMETHBEZ EERM-72 (L RF2, 2009). &2 TABF
HTEINEREE L RATLZEE L.

WIROEHT Y HIERT S IET )V DT : Table 1
WCRFE L 72280 v M2 HROBHT Y HiZOoWT,
SN B MES LD BSvs Gs 71 v b DA% Ko
THELZ., §0H50%MIISABS5T Y I, FAX 20
v b, AD4uv b, AA2"2uv b, KAAS3 T v b,
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Fig. 3 Relation among maximum values of BS vs. Gs plot of heated gels formed from frozen surimis of different grades/makers.
Twenty eight lots of frozen surimis (shown in Table 2) were subjected to gelation. The preparation of the heated gel and the measurement
of BS and Gs were conducted in the same manner as in Fig. 1 without addition of water. As for the case of two-step heated gels, the
maximum value of BS vs. Gs plot was employed.
(A, B) Maximun BS vs. Gs and grades

(A) Two-step heated gel

(B) Directly heated gel

Grade; SA(O), FA(A), A(Vv), AA(D), KA(x),RA(+), 2nd (@)
(C, D) Maximun BS vs. Gs and makers

(C) Two-step heated gel

(D) Directly heated gel

Maker; D(O), @(£),® (), D), ®(x), ®(O), D(@),®(a), ®(¢), (M), D(+).
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Fig. 4 Preheating time-dependent increase in BS vs. Gs plot of two-step heated gel formed from frozen surimis freshly prepared in Alaska,

USA.

The preparation of main line and secondary line surimis was conducted in the same manner as in Table 2. The heat-induced gel formation
of 16 lots of frozen surimi was preformed in the same manner as in Fig. 1, except that water was not added to the surimi.

Main line surimi (O, &, [, +)

Secondary line surimi (@, &, Hl, x)

(A) Maker 1:O@ 13hr, 24 20hr, ] 37hr, + X 46hr
(B) Maker I: O@ 14hr, 2AA 37hr, |l 76hr after fishing
(C) Maker 1I.
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Fig. 5 Relation among maximum values of BS vs. Gs plot of heated gels formed from frozen surimis freshly prepared in Alaska, USA.
The freshness of fish, and preparation line adopted with makers of frozen surimi were shown in Table 3. The preparation of heated gel and
the measurement of BS and GS were conducted in the same manner as in Fig. 3.

(A) Two-step heated gels

(B) Directly heated gels

Makers; 1 (O, @), I (&, a), I (], M
Main line surimi (O, 2, [])

Secondary line surimi (@, &, l)
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