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Applicability of punch test to evaluation of heat-induced gel forming ability of frozen surimi

The late Noboru Karo, Mii KuNiMoTO, Keiichi GoTO, Seiichi KitAkAMI and Ken-ichi ArAl

Abstract

To establish a method for evaluating the heat-induced gel-forming ability of frozen surimi from physical parameters
estimated by a punch test, we investigated the relative values of various physical parameters and their correlations on heated
gels formed from 28 market-purchased lots of walleye pollack frozen surimi of various grades. Two-step heated gel (set-gel)
and directly heated gel (unset-gel) were prepared under standardized conditions. The breaking strength (BS, g) and
breaking strain (bs, cm) of the heated gels were measured by a punch test at the same conditions. Gel stiffness (Gs) and jelly
strength (JS) were calculated as BS + bs and BS X bs. We found, first, that there is a positive, good correlation of increases in
BS versus Gs of the set-gel formed from frozen surimi with the progress of preheating. The relation between BS and Gs was
expressed as BS=a X Gs-b (a, b=constants). The slope (a) of this linear line was regarded tentatively as the strength of set gel
formation, although there was no remarkable difference in value among various grades of surimi. We also found that the
maximum values of BS versus Gs (as well as BS versus JS) of the set-gel were largely dependent on the grade of the frozen
surimi. The close relationship between the maximum values of the set-gel formed from various grades of frozen surimi is
therefore expected to be a useful measure for appropriately evaluating the quality of frozen surimi from its gel-forming ability.
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BIRDKEhZ LR 75 v Vv — %2 LAk, HFIT
C ORI & WIET 5 OIZET M E & i E (BS, g),
ZDL EDOERZMERMA (bs,cm) & LT, &y (L A
A= =) WZXVMETLONEBTH S (FH, 1999 ;
Y 2002). LA L, SHETIZZ 0 EICH LT Tt
Iy < H 5 (Kim S, 2000 : Park, 2004 ; Hamann 5,
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WZhw, oM ERLTWS. ZNid, breaking
strength (=BS) 7320 & 960g T deformation (=bs) 7%
ZRZEN3 L 1em D2 DODMEAFT ViL, 7 IVERE (BS
& bs) 2SEUAE (960g - cm) & 720, AERIOFHMASH K
BB ENLTHD (Park, 2004). LAL, FEREIC
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7o, BAETEBEBINTVWLE 2T IZZ OB, BAUh
BOBLZETHY, TRENICHBESEDOREO»FIZT
R LOHEEAOEEANEE L TV 55 (%, 2002 ; f&H
5, 2002 WM, 1999), ERHIAEHTH 205 H-HOW
P D 2HANICHED, KRELEDZW., —F,
Lanier 2%, i L CWwaolLiE, 4 BAEMH (7
F, YR) WERERE LZNSASVEORKTHY, 20
CENEBEICABoOMEY AL RENEEZOND
(Lanier, 1986).

DX BREREEETLE, BAEELTE, IhE
THEHICHRHE SN TE 72 Punch test IZ X > THIET %
WP ST X — % =53 ) F OB VIEHGE % HEICEE
it 229 %, ZOHEHEICOWTHD THRET5 S
EDRWEENT e o 7.

LEIIE, T TIMA Y > 87 BASEEm#IC X
S TEMWL, BELTHEET LY V7 omEmRk e sk
THA. NaCl OFIMEFR7Z T Cld e <, #iEHkiES ~
NI OEMR, F L TRY)RTF FHOMRHER &2 X 55
wEEbE DL 720F. T, KIE T TOMATIIARERE,
i F TR EIER, £l SSHER S v RY
F F#4E (GluLys) OHEK % E25, R XT7F FEMO
BEEERICH G T2 2 EMNBIMENTwS (Y277
5, 1988 WAL, 2014). 30 ORI, 7
MeS VN EDERGTEDED, INHIFHHMAR Y V8
JETIIRL, TOH, IFTURT T VIHCERRE
WEIWEREZGTFEERZERLTEY (LKL,
1986), T ITZHEBER & OBAIZIZE A Do TW
v, Fo, DFIXIOMMMEEEBIZT AL, i EHE
REDEG W EMREDHRA L 2IRETROSNDL DT
(Sato &, 1997), TNIEFE LRI %R SR Ww. £2
T, FBEOIFTVHOTEEY VB EETFVERML
e cidz <, FHNRRBICYES, 08200 FI1F
DL FTOMBE TR 20 LE B LT, Sk
PR O AT IR % BEE G LT, EAT L DIE R RE
Z WMV ST 9 5 720 DRFSE & i T & 72

B 7B, Mok LRy >80 8
OPELERRY, BOMBET NV EEET 2005 TH -
T, AX N FITNEY o7 Hik, MARNLETH
. $Thbb, WHZEDIE35C LT ORI Tz L 72
%, BTt (85~90C) TS % &, MDA 5 i
TMALZZSEA LD S, WO TEWYEEOBICE LT
VEERT S (22T, R TFTOTZFMESEL) EFINT
Wz (R, 1999).). KX T, WOD 5 iR Tz
LT VGBS L E IR, 7200 o IR N2k
DTN ETFAMET IV, Fl&HVCERTME L7V E
ZEMBT OV (=Y IEV) L L7 BB, TN
FOVEER E LTHBICE L2 VWO T, KL Tid, =
BEME s Vv oW AR OB & 2 548 0 INET MLRG & £ 4%
L7z, A7 b7 7051, 0~35CTrmElL-&
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A IMBT N E T B 55, FIBGRE S S WIE &
T B HE (B0 FIVALEEE) BREDo72 (BES,
2004). WA FMMBGRIEA 5 C Tld, 48KFH#, 25T
TIE 6 ~ 7 REMI I BB VO BS B X U Gs A
RIELZ (—F, bs 3R RKMICER D). T4b
B, D AL, PRIMBAOREIC X > THM S h, X
IBASSET $ A & EMEITRAMITEL, ZoOMIZLIES LS
IRz ns (delks, 2004 46 k5, 2005). L2
L, BOGAETRThIYMMEIEEm LT 5. 2ok
E P PAEIE B RS H o S CREIL R 528, 23D
FhEMEST N & Tz <, ERPICERMEAT 52 &
MHEKD LD 2L, Bl EoREE S . I R e
T, HREID V20, ) FMALRKISE Ei Tk
LCH IO D 2 WM OB T Vo 5E. Th
TIHREINTERLHWLRER 25 L, ) 7F ALK
IBASATEHEATIE O BB v owEEelEL, I
e BRI 70 A8 ) BV OV OREE L LTHLY BIFCw 235
A T v (Kim 5, 2000 ; Park, 2004 ; Hamann &,
1997 ; &Ik, 1985 [, 1999). Park 255 H L CTw %44
D InET Vv oYX, Pollack & Whiting 9 1) & % Ji
e L, A2 0~4TIZBWTI2~18E:R], F721325TC
T 3R FMIE L 728, 90C TI5 L7z & & 5 A¢
(Park, 2004), Z OIS TIEAL D 7F AL AT IC
HEITL TV RWI EPHLNTHS (b5, 2004 db L
5, 2005). FAEMBASM 2 EEICEE L CMBE Lz4Y
INE IV ORI, NIRRT %2 A L3S
WCEBT AARERMETH S I EICHICEELTWARTR
X7 6%\,

— Iy RO AL, pH, IEB IO v
IS EREPRKELSEEERIFTOT, FEESETHYD
FIALROSISH LT, BAY YR, K.CO:n i (bt
5, 2003), “EBEoMmBGREORE bk, 2004), B
FOMAKRREIZ X B8 (LS, 2005) (2D CREMIH
FTL7z. FR0RER MR K EORAE S > 78 7 H oW
DB OWT Iz (BARS, 2014 ;5 FIHE, 1998).
KL TR INSOEEEZRIELTCT Y HORE L OMD
D&WT 5.

ESL WP

1. &8
REBTIZHWD 7 L — F25SA, FA, A, AA, KA,
RAB XU 2/ & LT SN2 i B o 45128
Oy FORT MY IEHHT N H (1998FEROE ) %t
AL 2o o— MMk O 1 Table 11278 3 38
D, EA (7 XY A) 2Ty b (648 BXUOEN
(HA) #E7avy b (548) THo20°, ThiZLksew
H D HFOKGIIENIAREME ENTWD SAHERET
B R, FUNTHRRRL VENDH LD, Th
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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

Lot Grade Maker Moisture (%) Protein (%) pH
1 SA ® 74.2 175 7.33
2 SA ©) 74.2 16.9 7.21
3 SA ® 74.5 16.7 7.25
4 SA ® 74.1 17.6 7.29
5 SA @ 734 18.3 7.29
6 FA ® 73.0 18.6 7.36
7 FA ® 75.1 16.4 7.17
8 A ® 75.1 175 7.36
9 A ® 74.8 16.7 7.14
10 A ® 75.8 15.7 7.22
11 A ® 75.0 16.5 7.10
12 AA ® 75.2 16.3 7.20
13 AA ® 75.2 16.3 7.19
14 KA ® 745 16.7 7.34
15 KA ® 75.1 16.4 7.02
16 KA ® 75.5 16.0 7.21
17 RA ® 75.0 16.5 7.18
18 RA ® 74.0 175 7.04
19 RA ® 75.6 15.9 7.24
20 RA ® 74.3 17.2 7.09
21 RA ® 74.6 17.1 7.32
22 2nd @ 76.6 15.9 7.22
23 2nd @ 78.3 14.6 7.65
24 2nd @ 77.7 15.3 7.58
25 2nd 74.7 14.2 6.91
26 2nd ©® 77.6 14.8 7.30
27 2nd 78.3 15.9 7.68
28 2nd a 78.8 15.0 7.42
Lot :Maker

121 :@®-®in USA
2228 : (D - @ in Japan

L 72 L oEIRIZH & kS Tw 5. pH A3
3D HTIX6.91~7.30 (7.65LL EA326)) TH5b.

2. §YEOMET VIR

WHT D SR PR L2, MKkTAHIELRL, 3.0%
D NaCl & HL/REIY L LY b v ¥ — (SPC2M, &
14L, 3N ME£1450rpm, ZF#MHn% 6 rpm, (Bk)
REVERT) A LTI MY Lz, 30 B RD
WHIOIREIZOTUTICRZND KoLz, W ZIiE
48mm ORI =) F U #F 2 —TIIFHEL, 25Co
IR L, ZBNE Vo E s R R EICE
% F TR D7z o THME L7z, Z ORIFERYIZHL
0L 72 P inE 7L & 90T 304 &k (EiiAmd) L
TEMET V%, 2 FAnEe LIZEE90C T304

514%% 175 (2016)

L CROings s L 2 i3 L7z,

3. mESILOYEBRIE

L X N2 NE VIR AK THEIE, 25C TR IRE
%, EA30mMmM X 5 X26mm OHERORER L LT, L
F A —%— (NRM2002), A#T3¥ (k) %) 2fiHL,
BEAESMmM O 77~ ¥ v — (A E60mm/min) (2
X o THi sk FE (Breaking strength; BS, g) & Tk 7 [M] &
(Breaking strain; bs, cm) % #ll & L, 7 Vil ¥ (Gel
stiffness; Gs=BS+bs, g/cm) & ¥ U — & B (Jelly
strength; JS, g - cm) ZHHM L7 ZBIhSoWH T
A — & — RO E T 2 L X12E, W T omRER
ER/h B DRk (KE, 1973), R IZIdE#R e
LCELA T/, MEMLE A 4T - THIBGRE (1) %
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AWML GUrl, 1973). ri3ETHEBEKRES % TOHE
PCHREZ BV TORLA (5, 1992).

SO HOKGy, &8y HROERIIHN B L O pH Ol
TR X o TTo 72 (TR, 1994 5 %8, 2002).

KBRERBLUEE

1. BYMETIMERIEDEE (V) DEE)

AT b F T30 GOA ) MBS MALRIBIZ L - TiES
LMPEORREEALIR, LITBA L2 (Lks, 2005). §
bbb, T0H (AMH) 120~150% (v/w) bz bH
OMAKZEL, M3 H Ltk 25C T8IFMIZHI o T
mEL, 1EEZEIC—# %2 & DB L TR (90T, 30
) LTHRE LM VO BS & bs 2l D, Gs (BS/
bs) &Rz EBINE IV OWYAE & iR & o
MRz~ % &, BS & GsfllE, Wb mEowmiz
KECHML, 5~6MMBICHRRMIGEL. T2,
ORI R BAEIE, WO (W) oy 828
B (7.2~17.3%, w/w) 2L > TEDLLRNVWI LATRE
n7z. —h, bsfELMEDIIITKE BN 525, &
KMEIET DL 2 ~4 BT, BSRGs DA LD
BLURENo7 B, BSE Gs DB AR, ¥V 87 8
WENEHWIEERL 2525, —F, bs ORKMHIZ, ¥~
N7 BEIREDS10% DT TIRIRENS VI EE L & 525
10% D ETIZREICEDL ) 2, ZIFRAMEE 2D X ) EW
I S h oz, EIMBT VOYAEIL, BS & Gs fiild,
BBV OGE L FERIS, F N HRENEWIEE
WIS 57288, —T5, bsfililx, % /%27 EiRED10%
D CREWEICA Y (EfEREARDIZ W), Eh
PLEOBEETIRIZIZT-EDHEE R L.

TAIMEIZHES T, ALY B VALBUE AN AT 5 &
ZEIMES NV OWEMEIZE LI NSD, ToLE
BS & bs fEIZF U & 9 ICHAT L THMT 2D TlE% <,
e ORE THEITT 2720, BELSNIMET VO T 7 A
Fx —i%, WPHEEOZLE R GS5HEM L 2 g
oV, Fe, TOHIIMKTNESY V37 BHIREOMK
T TYWHEEIZIEA T 555, BS & bs DA DEES N
B )Rz, FHIIEHIKESTIEIRLS RS (b
5, 2005). Ehdz, 4D FIUALEBIC B B Wik E
(BS & bs) DB ZRZAL% PR TR CIHIZHES LOR
FZEPHERNIFEMTH L. €T, oW/ (T X —
¥ — DR B O W T HME 2N 2 785 8R, A8 D sk
TFNVALDHEATICHE > TBS & Gs (=BS+bs) 25MIY %
LX OMEOMICIEBS=axGs—b (a,bERK) TRIN
5 ERWHHBERR D 5 HEL T L2 (BTE, 1998). &
DFEFNE, B IMBT VB SN D & Z1E, BS & Gs
OWED I —EDMHEPR =NV SEMLTWwAZ L

HRLTWS. F72, MW EKMEICRSE & &N, K
JEASTE T L7 sCHIY 3 4. INBEFRI A RS < & ik
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i, F7203EH 60— T 55, ZHTINED EF
2%, BABSULHATRI 57 L2 RBL TV,

BS=axGs—b TREN AL, ) XV bs Tz
%5 BS L Gs OELABNEMIZERL TN D, Tz,
A FNALE G E LTRSS, LEICEE L 2mEER
g L R TR S NN L o WAl % M & 5 B IHR O
EZITIIIEMA D 5. FH SIS, ERLoBRo
e flilk, TOTHHEED LY IS DEE”
(DI THRRZ % BSvs Gs 70 vk OBNEITHIY)
ERLTVWLERE L (UTFRY0mE), F72, 4D
FVALRIEAS5e T L7z & ZI2HET 2% (BSvs Gs 7
Oy b) ORKEIE, EYOREST (Y FALRIBD
RMROKEE) #RTEWE LD, Thd, Ll
DO IS, BT HOMBTIVILEER L ) ERlY
WCRE 2 REE LTIk LEx HNnD (EED,
2014). 7k, BTN RT S Lwv) KRB b BIH
HY, EKIE SHICHZLERANICOWT, 30C 2K
M & 50T 2055 DM VDX VEREE & F OREEE L TR
HALTwa GEAK, 1985). ZOEIXBZ5 < HAMIC
EDZLDTHY), FEHONITIRBLANE L 3RL
5.

A B VAL S ASE 2 A iEl, pH B L vy
N7 BRI OWT S SIRIET 5 &, no#E (4
DOME) F, Y FBIXEI TP ORELR T,
IREEICER CARAE L, BiRlZ &ML Lo L, nEichk
S THMT 5 BS & Gs D RIZIZ—E DL BIBER D D
D, ZOMRIE, MEGREICED Y %<, LU BS=ax
Gs—b (a, b BH) OMJFNTEREL I EDbho7z (I
5, 2004). ZoFEFEIE, FRMBAIREIC X > THY O
MSIPR D ERZ2 DD, LYo, BS & Gs MBI
MREFIH Lza iz RIELTHRY)EML, 8D Zik
CHTEICL o TRESHBEIN LBV LEEZIRL TV,
72, a3 TVEDY Uy HEEICOBEEZIT W
HTHEHILbbrosz UNES, 2011). T4bb, [H
U0 HERICIMALTY v 287 BiBsE%210~20% (w/
w) OBNCZEZ %I, R ISND ) s IvizonT
FROEBRRELRZE A, aEIFIFIZHECEIC R -
720 L L, bHIZIBEESEWIEEAOREI WL 2 A 1HH
MaRL, afiiZfZR 2K %Z R, COHEEIX
KIZfEkR v, B, PEOKCO:;xMZTpH 2%
ZATCHRIEZ A, afiild pH7S5~78I2BWVW TR D EI o
720 2, HROT Y BiZEY pH7.0~740 N2 % 75,
COHWHTO afliDZEZIBW/NS o7z (LS,
2003). I, A INET OV EOL & BT S i Y o8
ZRRIMIITH B Y v 37 BB RRIMAE Y 28 7 Bk
KOBMBFIZOWTHRFF LA, 05~3.0% (w/
w) OWMETIEMETHEMS %2 BS b Gs HH O HF1 B
RIIEDLLT, afliTEELZ T ol 2L, 20
EELDDOREES (BSvs Gs 70y b ORAMH) (dHEN

WA SAALEERE TR [HE—H K & 3L
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L7z C#ES, 2010; s8R S, 2008). 245 ofkHH
5, W, WREOGHT Y FIL, FO— B SHUE IR
e, BWEORE GEY) BAHTH L2003 E W TH D
A, afHiZZN o ICHBEINECDT, LYOBI EEKT
RELLTHRAL, 39 &0MmBsr VIR Z 28 EE
lid % DICERR TN & =) S e MRS, EBIZ, Sk
DFEZ BEERDT ) HFIZOWTAEY A WALRUSIZ & -
THEZ % BS & Gs OBIMZ L L5 &, SAT Y FH
5OHAE, BS=1.96%xGs—217 (HIBIRE - r=0.996),
FASDOT Y BHh 5 0¥A1E, BS=1.76xGs—185 (HHR
¥ r=0.997), LTI B9 50HA1E BS=
110X Gs—53 (HHEIFR%E : r=0.968) &7V, afiiid SA>
FA> #0300 BN 72 (LS, 2009). §74%b
L, SAHOT D HOLY) ORI IIHRDIENTEY, ZMH
DT ) FIZHARIUE, afETIIIT 2 BICHY L7
MM T B0 Y Fig, smvE ) SV b E R
L, afElZEWLNIVICH DI LKW BENTDH S
P, 2L, MUSEHoOTHIHETh aflilduy FTEIC
BEPICERY, BATPRRTVOTHIHEFRNLEED o
flizRTbObRMINA T HO%SME, A==
FNZENOMEDOEETEDLZ LI >TWEDT ([
H, 1999), 390 HEEOEMAMEF 2720, vy T
EWZHENPLDBYD FMEEEIZOWTIHN, WiEETS
ZENRREEEZOND.

2. BUMBTIEEEOKRE S (BDKEX)

A B VAL UGS IZ & > THEIN 5 BS & Gs B
BIREFR % — R BR BS=axGs—b THL, affiidtLy o
MEORNEE L TRMLAL, Toaftiizix, 28Ty b
DOHWDOT Y HOMICA SN REDEN 5 37 Bk
JE (BXUKSE) R pHDAERIZ, KELREELRIFL
vz Eid, BEICHEHB LA (dek s, 2005 M S,
2011). —MERIICIE, D SR ) B X ) RGA
3 &, RSN MET IV OYIEEE W L NV OfEIES
HENICEBDONYBETHSHH, EBIZIE, WUT 0 & EFR
DA, ) EFI SR THEERNTIE, o727 Tk
CIRARPEMED RV EDLLT, TOREHEZBEZ L1
BT AEmERLE kS, 2004). —7J5, pH I,
BRIZT7 VAW ZINZ T75~8012F 5 &, aflisixk
YRR R R B Z R L7z (dEES, 2003). %7z,
MARLTY YN HiREEZKLS T2 L afiidZDLS LW
A, PEORKEERE WALzt (B ES, 2005),
FOHICHI AR MBI KD X O iz Mz Ty v 287
HikEZ2 ET5 L afliZZEb ST, ARWHEMIKEL
BMmd sz ednbhrosz (MEES, 2010 &K 5,
2008). TNHOFFEE, WHTH HOLY FIVIEKGEL
LD IEREICEHIIS 2 121E, Y OMES 72T TR, LYo
KES (Y FMEBOBSSE T L7z & & Yo ik fE)
QEEBTHIENIDEFTLIEZRBL TS, £2

514%% 15 (2016)

T, FlEHWT Eii2’a y b WG E T AT S
e v BS & bs DIRKMELZIEL, ZNohb Gs &
JISZRIBL TR B, BT VOEIE—ED
#gett (90C, 30%0M) THEL 72mEsr v ot % i
K B L7z 2o ofild, Table 2IC/R L7245,
NIZEBE, WFhoTh 2R Lzad, BES
N5 BB IV DM 2 < BBV L D ZF RS
WZHARTEMIZAR Y, BS, Gs B XS I132.0~25M%
72bslZ15~17f5 & o7z, F72, EHLLOMBVIZE
WTD, BT EHRL LA (SARR) T ) ErsE6R
MBI IVIZE, PHEHEBALNVERY, FATFA
(=) o3 hsofidfueEmsilonz, 34b
5, SAD SO NMBT VAR T b BV E
PODMBAT VAR L7z o & SEWEZ LB &, EhN
BV TlE, BS T30, bs TL7, Gs T22, #LTJST
42RDED B 572, F2, TBIMEA L TIE, BS T54,
bs T1.5, Gs T3.6, ZLTJS TUEDEDL D »72. Bt
MBS NV OWHEEAFH L XVIZH Y, F725 ) FO%H
B OEFIKECOIE, B0 7F LGSR L, WIEhs i
KEWCESL EFTORICHMINIERTHLEEZEZ LN
b, B, HYOBIIE, afiThRSZE, T HEEO
FRRM OZITEE E T3NS L, SAfE =ML TIE 2R
BETHY, 2oL, LY FVISICZLE S BS & Gs D
BNELr ERE L CafizRDDITIE, 7% 0) O %
L7z, —H, BYoKRES (AWM &, $0&0
S OEPKE L, B LB LS -7z, 2P
BUREE AW BRIRT 52 LIk o T, WESRAICE LI
MzEfL, WEORFLEFTAZ L DHFETHLDT,
Ml e LTI KD ERTH L EEZ NS,

Z 2T, INSORKYIEMEZ EES ) & 0 amE O
OREL LTHHT 2720, DEAFoOW S5 A —% —
B OMBEOH I OWTIHRZ. 9, BS & bs DRR
% Fig. 1(A) 1R L7z, T/, (a) Bmas v, F7-
b) BFEMAETSVOWGETHE. T2k b e, KT
HEACH B SAREDT Y B H 5 DT VT & E Il
LR, THIEHDIZTHOTIELLDH DKMEE %
LIEINEH SO0, WMHOBERIZINT Y FNEL L, rid
(a) TI20.756, (b) TIX0.890TdH - 7=, WifliDd R % %
FEBPRFEBIR L 72, Kb TREOFREZMNL
5O T Y i, Fig. 1B&C) Tih¥TsX9
2, fo23fEoa v o RIFERD SN THES 20
T, GALPOIHTRREL S MED, WhidEshmE
HEEI N, 22T, I ZBwi23fioay M Tr
#RDBHE, FREN0872 (a), 0890 (b) &4y, ®
REWMHEIZIE 2 o 7228, HERE LTS Y I 0% o 7.
— %2, BSEAFIZZA#ATHLEEDOWIT/2Z, bs i3k
ATZREOTETNHYE$ 5 L2 SN TWB DT, WifEikic
IOV BVHBEZDNE, 2FIFZ0F7 2AFv—%, WY
PHAERES LTED ALk 2 0 TH 558, %
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Table 2 Rheological parameters as measured by physical properties of heat-induced gels from 28 lots of frozen surimis of various

grades/makers.

Frozen surimi

Product

Directly heated gel Two-step heated gel
Lot  Grade Maker BS (g) bs (cm) Gs (g/cm) JS (g - cm) BS (g) bs (cm) Gs(g/cm) JS(g- cm)
1 SA @ 888 1.44 617 1279 1865 1.68 1110 3133
2 SA @ 787 151 521 1188 1690 1.71 938 2890
3 SA ® 789 1.37 576 1081 1671 1.61 1038 2690
4 SA ® 892 141 633 1258 1643 1.63 1008 2678
5 SA O) 637 1.27 502 809 1259 1.52 828 1914
6 FA @ 767 141 544 1081 1566 1.59 985 2490
7 FA ® 668 1.34 499 895 1487 1.47 1012 2136
8 A @) 596 1.34 445 799 1383 1.60 864 2213
9 A ® 524 1.23 426 645 1374 1.53 898 2102
10 A ® 730 1.24 589 905 1350 1.45 931 1958
11 A ® 584 1.25 467 730 1235 1.56 792 1927
12 AA ® 586 1.34 437 785 1390 1.63 853 2266
13 AA ® 517 1.18 438 610 1010 1.44 701 1454
14 KA ® 596 1.17 509 697 1058 1.32 802 1397
15 KA ® 451 1.11 406 501 938 1.38 630 1294
16 KA ® 647 1.38 469 893 828 1.43 579 1184
17 RA ® 658 1.05 627 691 1292 1.30 994 1680
18 RA ® 634 1.16 547 735 1271 1.36 935 1729
19 RA ® 468 1.18 397 552 991 1.45 683 1437
20 RA ® 414 0.92 450 381 901 1.18 764 1063
21 RA ® 353 0.91 338 321 362 1.22 707 1052
22 2nd @ 349 1.16 301 405 667 1.48 451 987
23 2nd @ 412 1.21 340 499 812 141 576 1145
24 2nd @ 315 1.20 263 378 609 1.43 426 871
25 2nd 382 1.13 338 432 755 1.42 532 1072
26 2nd O 354 1.14 311 404 637 1.40 491 962
27 2nd 320 1.10 291 352 412 1.11 371 457
28 2nd a 295 1.03 286 304 347 1.12 310 339
Lot :Maker

121 :@-®in USA
2228 : (M- @ in Japan

The frozen surimi was thawed and ground on addition of 3 % NaCl (w/w) with maintaining the temperature of the salt-ground meat at 9

C or below. The salt-ground meat was heated at 90 C for 30 minutes to prepare the directly heated gel, or preheated at 25 C for several

hours to prepare the two-step heated gel. During the preheating, a portion of the salt-ground meat was taken out at a definite intervals

and heated at 90 C for 30 minutes to determine the maximum values of its physical properties. The heated-induced gel was sliced in 25

mm in height x 30 mm in diameter, and the physical properties (breaking strength (BS, g) and breaking strain (bs, cm)) were measured

with rheometer (Fudoh Ltd, NRM2003]) by using a spherical plunger of 5 mm in diameter. The gel stiffness (Gs, g/cm) and Jelly

strength (JS) were calculated as BS/bs and BS x bs respectively. As for the case of two-step heated gel, the maximum values of BS and bs

were recorded.

BRCIX BBV ST VO WTROLE N5 Y
FALZL, BB o7z &b,

Shear stress (Torsion test) vs Shear force (Punch test),

Kim & &

Shear stress (Torsion test) vs Shear strain (Torsion test)

NG XY RE

DBRIZO VT HRTW B9,

24

, ZHES LM LABOMEL 2> Twa (Kim 5,
2000).

KWT, BS & Gs DBfR%E Fig. 1(B) (IRL7z (a) 2%
“BmE v, (b) BEMBTIVORETHL. I
X5E, WEOMIZIIMmD TRWIEOHBEDED S,
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Fig. 1 Relation between two rheological parameters of heat-induced gels from frozen surimis of various grades. The data shown in Table

2 were cited. A regression line was calculated by using the least squares method. (a) Two-step heated gels, (b) Directly heated gels

(A)BS vs bs, (B)BS vs Gs, (C)BSvs JS, (D)bs vs Gs, (E)bs vs JS Grade of surimi: SA(O), FA(2), A()), AAK), KA(+), RA(X),
2nd (@) A full lines: A regression line from 28 lots. A broken line: A regression line from 23 lots, excluding 5 exceptional lots. r:
Correlation coefficient. Exceptional lots were shown in the gray backgrounds.
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T I ZAE AT T SRS B 5 ) A 515 55 M Vi
EEil, TSSO LD ERDL -2 @i s SA>
FA>A>AA>KA>RA> Z#d ) G OIMES VO NARZ 7

D, THIEZEmMEHAS IV () BLUOEMETS VOWTH
DYEETHRERLTH-72. 72720, HUSERITKAMHTFEN
7o) TS, 2o VIEREIZR U Tid%k <,
Oy FTEIHENTHEL TSI E L REN. T
A, FUEROBETH-TD, ThEERE LTHHT
HEEIZIZuy hTEIZH S, LD, MET VALEEZ M
LTBE, Thi28EEmictnsEs 2 EBERFHO
TOLETHLEEZONDL. 2B, GsIZxfT 5 BSO
B2 TR, RPIORT L9, BB LT
1%, BS=1.736 XGs—200.9, £ L Tr=0.966& 7% > 7275,
BAREMRD L RRANTHRHET S5 o7y M &k
1¥, BS=1.809%xGs—216.3, riz R @M »D0.991% 7 -
7z, —7J7, EN#A IV Tid, BS=1512XGs—1235Tr=
0930k %Y, F-5MoBMNT Ty M ERITIE, BS=
1.653x Gs —162.1, 1 ZRREHMD0.981127% - /2. 28D
Ty bOHRT, 5HOTy MAYRTEZRTE Y FAMED23
Oy b OBEERERRA S/, KR TSN E L
TWBD, THIEEBIMEs v EENET VO VLT ol
AICH B L TWwiz, BSICTH T % bs DI EAML VD
i, WhIERPHEES S TWBEZERZRIBLTWSA, Flot
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A= —DBNTHDH, BN E %o 7B HEE kT
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5, 2011).

T, BS & JS &L DBIR% Fig. 1(C) IR L7z. (a)
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5 EBw Tk AL, BS=0557%x]JS-167.9, rix
0.99%5DFEfEIZ R -7z, F72, EMET VTIE, BS=0.610
xJS—=118.3T, riX0.9920EHIZR~7z. BSvs]S 7 u v
b CHARLERD PO T D G SIS BB V3
KbEL, ZoYrid, SASFA>SA>AA>SKA>RA>
DT HOMBT NV Lol X512, FUEHOTH
GTduy PTLIENMIREZHEERT I E RSN
25, TNHASEITBS & Gs OBRIZB VTR L 724 R
EELMUETHo72. L7z ->T, MBS VD ]S I,
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Fig. 1(B) /R L7z Gs ¥ LB, A0 M vik
RIS 2 RIEE LTIHEFICAREEZONL. Thb
L, B FIALRIGDET Lz e SICELET S JS DK
fililx, JSEHEHEL L-LEDL)DRESOREL Rk
TENHESL. 7L, BSEJSIE, 2O T 2
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R cik2fEomt BS L bs) RAEDTWLEE (I
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W, ZhE, Park 52%ER L TV B O—DTH % A%
(Kim %, 2000 ; Park, 2004 : Hamann &, 1997), ##»
BT R T 2B VD BSvs Gs (F 7212 ]S)
IR SN 5 HBIBMR 2 223 —RBIE 2 RO THITIE,
BS % bs B ICFIETRD 2 Z LKL O TR
v, B, MATSVOBSIE, ¥y rEiEE (C) 12
i ARAE L, BRI > TRELWMT 2 DITH L
T, bsDF VX7 HIRBENORAF TR /NE L, 7
~8% (w/w) DLETIXIZIZFAMEE 2, SAfE —#Ho
MEF N OMEIZITIFT 272572 (B ES, 2005). L7228
>T, BSIZT0 GO r VL2 H 55 vV o
Z, T7-bs ZZOBBELOBH LB XML TS EEZ
HTENMRL. Thwz, JSIEMET VOIS
LA 08Y 7O ERE HbE/-HA (Hi=
mass) &ML, YESUTHEHTS I ERM*ES.

Fig. 1(B, C) LB T 572012, KITbs & Gs D
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RL7z. EheEh (@) 3BTRSV, (b)) ZEnzsr
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AT LA SAROMET VoYL E L, Tho=
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WHTEL, ROMBIZR O NG o7 WEOBRE £
TR RIZX AR L7228, fBEiC>wTid (D) o=
Bn#sr v cldr=0.610, 5oy b EBITIEr=0818
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EN7z. Hamann 5 b Punch test |2 & - TR 7z Stiffness
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A% (Hamann &, 1997), FHH S LFBRIINT Y FHKE
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Fig. 2 Relation between same rheological parameters of two-step heated gel and directly heated gel from frozen surimis of various
grades. The data shown in Table 2 were cited, and used to calculation of regression line. (A)BS , (B)bs, (C)Gs, (D)JS Grade of
surimi: SA(O), FA(2), A(), AAKD), KA(+), RA(x), 2nd(@) A full lines: A regression line from 28 lots. A broken line: A
regression line from 23 lots, excluding 5 exceptional lots. r: Correlation coefficient. Exceptional lots were shown in the gray

backgrounds.
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