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Characteristic Gel Forming Ability of Frozen Surimi from Pacific

whiting and Effect of Bovine Plasma Powder Added

Noboru KATO, Hiroshi OIKAWA, Kosaku YASUNAGA,

Yutaka YANO, Yoichi ABE and Kenichi ARAI

Abstract

Frozen surimi from Pacific whiting was thawed, ground with NaCl, and
subjected to gel formation by heating at 90C for 20 min., after the preheating at
a temperature between 20 and 60C for 2~34 hours.

The breaking strength (BS) and breaking strain (bs) of the heated gels were
measured with a rheometer using a cylindrical plunger (¢ 5mm) as a function of
preheating time.

The breaking strength and the breaking strain of preheated gels were
found to be the highest during preheating at 30~40T, but declined to very low
with a subsequent heating at 90C for 20 min. With the increase in the amount
of bovine plasma powder (0.5~10.0%) add into surimi, the BS and the bs of
preheated gels formed rather decreased at 30C but slightly increased at 50T,
whereas those of the two-step heated gel formed from all of the each preheated
gels were reinforeced.

Judging from the correlationship between the breaking strength and the gel
stiffness (GS=BS/bs), the quality of the two-step heated gels formed with plasma
powder after preheating at either 30C or 50C was very similar each other, and
becomes inferior similarly with the increase of plasma powder added.

These results suggested that plasma powder added into Pacific whiting
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surimi contributed largely to the increase in both BS and Gs of heated surimi
gels, indicating that this increasing effect was derived from the gel forming
ability of plasma protein itself on that of myofibrillar proteins conjugated with
plasma protein.
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IRV T 4 w7 - RT AT 4 v ZPacific whiting (Merluccius productus) 1FALKKRED KT
PERSICAEEL, 1005 b > OHENTREL SNTWD., SEEOHFATH L2, AT b
75 ORBIEHT ) S~NOFHHARDSRAASONTE . LIL, AT by ¥ I2EFELL
BT FICIEET 12O A B ONT, TORRICEHFET LR R AR
D=L LTHEBENTVS., ZOFERPFTUT BT OT 7 —ERrHAZHEL, Kt
XEB70, TOEOFVEEEEZSHLTHLEEINTEY, ZoxEes LTHMERKZ R
THOVEHEICE> TV 5.

BB E (77 X<BER) 13, WARILERED S V87 BHRM LR, RN
ER AR E LTHHE SR TE (T, 1987 ; A7, 1993 B, 1990). KiEda D Bl
BVTIE, HEHS5%D T T AV KOTMAS, € OMHIRD 72T HRRRA DS LWL S
N, ¥ 7-Pacific whitingTI&, L0%HIED T I XTMEEZRMT 2 2 LI2E o THH THME
DEHHT ) GOEFENTREE 25 2 M SN. THIEFHET MR T RIS 55 ~
N7 BGREHE R EST A720, My VS BPRBRNCAENTHL I LIZE IR TY
% (Chang-Lee et al., 1989 ; Chang-Lee et al.. 1990 ; Morrissey et al., 1993). %7z, [a]f3H
DHED SN T T ey vy BN REBERS GBS N TE D, ZOMIRIZET 28 S BEIC
U SN GEARIZA, 1993 ; Toyohara et al., 1993 ; An et al., 1994 ; Benjakul et al., 1996).
LA LA, ShFETICH L 5 7-Pacific whiting®# a3 ) &0 7 VIEKEEIZE D 5 W78
3, 0%, AR RO THUE L7224t OMBAoIREE L IEH) TrvbsE, 2oPtkzlt
REHEREPEIEAETHY, FUVERECHT2HERE L CRERZAETLZHRTDH 2
(Chang-Lee et al., 1990 ; Park et al., 1994 ; Yongsawatdigul et al., 1995).

ABFFEIZ BV TIE, Pacific whiting® sl 3 ) &% AT, LFAHO 7 VALIIHS 2 Nk
BE DB R P, I E LWINEBELE T TOFVIBKRIZHT 5 7 9 A< B RO RAN R 2 #6112
BE LT, 79 ABKRDOBHER LRI S VOME L OBRE &2 EHNZ A TH
ST A EEHME L.
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144mg/ gt Hit Th B, 77 AR IIKELE R ORI Twa8E (R4
T4 vaTyTB) T, ¥UNTET56%, Kir108%, 7T UEF NI AFOME ST L
DTH5.

TIWVOFRE | wuid 0 &R, 25%DONaClZMATAE—FA vy — (F¥ a3+l
MK-K74) (ZX D120 M0 217, WHZHE L7, 30 B0 oW O EEZH
TCTHote. COWMAESENTIAF Y 7 B8P %RM (EE37mm, % X20mm) (ZFEHIL,
20~90C DA NI T, 2 ~34BEMIIC D725 TME L 72 (Z OINELEE % T2k, 345
L7 V& PRSIV E S 5). RIZ, Z2O—H#8% X 51290C T2 Hms (Amzk) LT
CEMBAT NV WR L. B, TIAIHEEZBRMT AHEE, 05%4 510.0%% HNE 1
Sy R L7z,

TIOYERERC T IVRIEDETE | Pz W IZMEICE 2  TICRIFIICELS 50
REVED D 5 7230, MBI TOKKP TS EHHI L 725, 72 By vIidiRmsg, =
IR LT, #HeMIZLA A= — ORE) ¥ (B) 8, NRM-2005]) 12X 9, W5 mmoH
HIRZ 7 > Vv —2 AL T EZIE L. &b, Wk LTIE, BRIRE & B A ofl
Ex L, OB SRR & BTN A O L UTr IV Z 5 L 7.

b R

BRTVBOTIVEREEDREKREN W ) Gor VKR Z Rid$ 2 06k 0if5eT
X, HLEDMBGEMTTRIELSINE ZF IV OWHMEALRE SIS Z L 2% )57 (Chang-
Lee et al., 1990 ; Park et al., 1994 ; Yongsawatdigul et al., 1995). ZAR#FZETlE, 20~60T P
DOFTEMIE T 2 ~34RE R IZ b7z o THINEL L, R —E%290C TAMBUIME L 72, i
BT N & BB IV OREWTSREE & BT A D ZE L%, PRI LT T ey L7z
R ZFig 1 IR L7

ZHIZE B L, 30CKU40T TOFMELIZ B\ THEWIREE & B Mz Fh b BEmL,
2 ~ 4 BRI IC1I389800g X U L.3cmD Bl I L7275, 50C T B o305 # 2 B il 12 5%
TH5LOD, DBIE—HNCHPTE L1072 T2, 20C TIIMBERBETY, 7 BIKHE
IZEEFED, 60C KT TIEELBMT S &% KM (100g%02cmd L X)V) 2k X
T o Tz, RISTMET V20T TMET 2 &, HoNIZBMEs VoWEEIE, Tl
M EEZ B D Y 7 <, AT L CREBIREE 12200~300g, BHFM A 130.3~04cm®d L X)L
D572, L7edsoT, AT MO ¥ SEHHT ) HOBALIZIZR UL > THRIL 7
Pacific whiting® &85 0 472513, PR %20~60C & L7z ZBmski:, K090CT
DEMBEIZ L o T, GOPHEHEE R Ty VERGE 2B 2L 3HELZVWZ LB S1TH 5.
Z 2 TTINER T )V OWHEAEA R b B HISE L 7230T, F72, PO m oISy
ML 22705, DR BEAZRI50CE2BATMRT A EEL, SHICABICHLT
05~100%D 77 X< RZEIML T, MEPES WEHEOZILZ R L. Phinssr v e
BB AT O THEIRTIREE B X OBEIT M A& & T s & o BIfR %, %£T30C T i
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Fig.l. Changes in breaking strength and breaking strain of preheated gels and two-step

52

heated gels from salt-ground meat as a function of preheating time at a definite
temperature between 20 and 90C.

Preheated gels (O) and two-step heated gels (&) were prepared from frozen
surimi having protein concentration of 144 mg/g of wet weight. The surimi was
thawed and ground with 25% NaCl. The temperature of the salt-ground meat was
maintained at 7C and below, stuffed into a plastic case (¢ 37mm, height 20mm), and
preheated at a temperature between 20C and 90C for varied times to obtain the
preheated gels, followed by heating at 90C for 20 min to produce the two-step heated
gels. The gels prepared were assessed for breaking strength and breaking strain with
a rheometer (Fudoh NRM2005]) using a cylindrical plunger (¢5mm).

(2)20C ; (b)30T ; (¢)40T ; (d) 50C ; ()60T ; and (f)90T
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MEIIFig. 2 (a) ~ (d) 12, 72, 50COLEORR%#Fig. 3 (a~d) Z/RL7-.

Fig. 212X % &, 30C TIZ Pz v OB WL & BT M A ARV b 83 %
A, HMOEACIET 7 A ROFMED05%TROKEL, ThUETEELAMESL R
MM SN —T7, TEINES IV OREIRTIREE & BRIV A RN I A S BNS % 720
THhoHH, TOMIET T AT ROBRMEDS L T EE L R BN D 72, TIUE Pk
FWVIRT A L 3L SO TH Y, ZD7ORMEAT3.0%LL TR IE &7
BrVEDSENLRVISELR. B, AMEZEE (FRnEz 3120 90T Tkl <%
72 VbW L ENET OV ORERIREL & BRI A DED F 727 5 A B ROBMELSL WIT L En
lE%bI EARENT.

Fig. 312k % &, 50CTIE Pz Vo X Vithid 7 5 A< EOFMEN LR E &iX
MBAZRE > TEPCHM L T2 M T 2%, TREIHICEITE. T2, 79 AHEROE
MEDZ % 2513E, BIDEAVIZNS L), BBHEEIZRRHMT 5 L) 82k 7.
C D VHIMEST v ORI 5 T T A KORMO LB AT 130C D35a L WS
R ZB o> TWAD, ), ZERIMEO 7 VIHEIZFMECE > TH2ICHEMT 52723 TH Y,
F7:, 7IATHMEROBIPLVIFIERWEE RN E/R L. Lad, PHINZREA30T

DEGEDBMBT VOEE ZE A LEHT ML R o7, 51T, BT VO 7 LYkl
ST T AIBKOBMEDNL VI EEL 2D, 0COHEGLIFEALFHLICR72. TOFHHE
&, MBS X 2D 7 MBI 5 7 7 A RO FI1E30T £50TC TOMELTIZR A % 25,
e < 90°C205 BB DB IEF AT K E WV izsd, FEHE L Ol Bz 7 v oW HEfE A5k Uiz
ol:llEHEIEDLLDTHA.

ARIDET IVEICHE D M EOFEIIZEL | —BONEETES WD P s v & ZBom#k
TFVDENZENIZOWT, FERFIZEILT 2 BRREE & 7 VEIPE OB 1E Rk oM BB R 2
WALT A LB SRTWS (FERIED, 1996). Zhid, 20X VEDOBIEIZENT
BEWTREE DS T % & &, BTN A BEWTREE & DRI D 2 558 D 2 HEHFE L 2255 B
WILTRwLZL2RTIDOTHS., ZORKE, HGHTYVFOMERILL LY, BMEhs
DI EE2BEDT, YILO#ETICHG T2 TOENDOEEYZ T CET S, TO%&M
TTOFEDETHL EEbNS.

JTFig 1 OFFEEIIC LT, BERFRE L 7Vl & OB % Fig 4 ITERIL7. Shick
% &, 20~40COMO—EIETOMEIZ X Y K SN2 Tz s VI B L CidimifEo e
BWIEOMHBBRAH Y o Z LAVR &7z, Lo L, 50~90C oMo —EiRE TR IS
TARIME T VO IZ TS —FWIZKRE KT L, 72, Rt LBRERD 540,
HH¢®ET%’%¢LT&%T&;5"&ofwf VW TRIZ, Fig.2 KU 3 iRz 5k

LT, 77X REZRML Z2MEST N OREWTREE & 77 VIO BfR % Fig. 5 1R L7z, %
T FHMET v (A) D%, 30T T05~10%D 7 F XHERZ BRI L 7247 )V ORI RIE &
FVEEORIIZ RV IEOMBEBRESRO bR, 72, ZOMRIET I XA~BEZ RN %5
OWEOBREM (Fig.4) LIZLAETEHELE. LHL, 50CT0.5~10%D 75 XK
WMLz VoOmEOMRIE, EiLL7230CToX V2R BRERY SN, RRb o
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Changes in breaking strength and breaking strain of preheated gels and two-step
heated gels from salt-ground meat with bovine plasma powder as a function of
preheating time at 30C.

The salt-ground meats were prepared from frozen surimi with 0.5%(a), 1.0%(b),
3.0%(c), and 10%(d) bovine plasma powder, and preheated gels (O) and two-step
heated gels (&) were obtained in the same manner as in Fig.1.
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Changes in breaking strength and breaking strain of preheated gels and two-step
heated gels from salt-ground meat with bovine plasma powder as a function of
preheated time at 50C.

The legend is the same as in that of Fig.3, except the preheating of the salt-ground
meat was made at 50C.
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Fig4. Relation between gel stiffness and breaking strength of preheated gels and two-step
heated gels.

Preheated gels and two-step heated gels shown in Fig.l were applied to calculated the
gel stiffness of these gels as breaking strength / breaking strain.

Symbols used were as follows, (O, @) preheated at 20T ; (A, A) preheated at
30T ; (J, @ preheated at 40T ; (O, @) preheated at 50C ; (v, W) preheated at
60T ; (¥¢) preheated at 90C. Open symbols were for the preheated gels and closed
symbols were those for the two-step heated gels.

A regression line was calculated from the data of the preheated gels formed at 20TC ~
40C using the least squares method.

FHET AL o7z, Tz, ZRFROTOy FHBDRDESIEY, WHEP S m25
NOSEDP IR WAL B ER L. RICTEMET )V (B) Wirm, YA A
30T, BLUS0COWTIOFVOYAD, BWGRE & 7 IVEITEIIZIEEMET 5 MHE 2D,
g7 ay M ilﬁl LK CELR > THBETLE)ICho72. Thbh, BINBEOZV I EW
L2, WZrVOMEIZIZEAEERY, FVPEL, BUOMEIRLZEE2RLE. &
B, MPTofiEix, 50CTHmMELze EO By VomEOBRERL ) D X512
FHIArE L7,

UL o®EN SRS &, Pacific whiting O3 0 &i&, A%, I, ML 27 VIEK
BADELLEoT0DED, 77 AIKBERDORIME, ZOFVIEKEE 2R RMICHET 5.
B, WHZNET 508 T ) ORISR L T LM EITRDOLNEDT, 75 ATHEK
T D FICHEBERINT 5 2 LD ELRATII RV, T2, A0S VK Z 3R
BB S5 DIZLERMEARME, 77 ABROIEAEET TIEI0CHIHTH 2 DI LT,
77 A RDOAAE T TIR50C UL LRSI . 72721, BERTREE & 7 OViElvE oM
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Figh. Relation between gel stiffness and breaking strength of preheated gels and two-step
heated gels from salt-ground meat with bovine plasma powder.

(A) preheated gels
(B) two-step heated gels

The bovine plasma powder was added to the salt-ground meat at a weight of 0.5%
O, @), 10% (&, Aa), 30% ((J, @), or 10% (O, €). Open symbols (O, &, [,
) were those for the preheated gels formed at 30C and for their two-step heated
gels, and closed symbols (@, & B @) were those for the preheated gels formed at
50C and for their two-step heated gels.

FRARTEGiAMZ 5 &, TOL ERBEIND ZEIMET IVITEITKH L TewiEo 7 v e
HYH (Qbkizs, 2002), 77 XAIHROBMESZ WIZE, TOMMAPRESHNSL Z LN
bhol. LaL, MMENT 7 XABRBD 5 237 Fidr ML L TARIO 7 VIEREED
WIRICHGT 20, £72R3WE 87 BHyMELER L TP VIEERBEORRIZHS§ % Dk
KRIZHIH A TR,

Z =

Pacific whiting®@ a3 ) O VIEKEEIZEREZE L LY, TIAIBEREBRMT LI LR
<, ZEM&ESVoOYHEEE LTI 3FEELMREP o720, TOREREE L TIIHERH
57077 —XOlYNEE 2> TE 7 (EAIZA, 1993 ; Toyohara et al., 1993 ; An et
al., 1994 ; Benjakul et al.,1996). Z D IZOWTIIHFAET AR TRICL2ETH5D L,
BAICHET 2 RBEERERICLD L T2 0 0FHDPH 2. WFE, HT77 Y YLKOR
56  SlTyNE= A St
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T, THHIIBCTII50~60C THi B L ShTWD (Anetal, 1994). F72, 75X
NI N EFZIRERSCHEL, L0%DBEMTY ) B2 590%DIHEEAHE SN S & #H)

CLoNTw2 (Morrissey et al., 1993 ; Piyachomkwan and Penner, 1995). Affge i, &
AP L TR WAAZBATHEH LTV A2, ZRICHEDLSTEHHT Y ZOX VK
BEIHIR E LCTES o 72, 72, WP ORIEEKE Y » 3 7 B o HUK % SDS — B A ik Bk
THMT 2L, S0CULETMELZE 212133 4 ¥ Y EREM LIRS OB, Z0 50 E
WYL T 2T 20T, ERLa7a7r7—¥ol5MKETEX2 BRIz
KRR L), FRCE L TR 2O MEMMES > 2 BT 2477 VLot &
SRS AT TEB Y, MEMHED 51395K % X, 34T v 5132160, 83
KUG60KZ NV b ¥ ED5 TR AR SR TWEDY (—F, 1983), —#ICAAOREADLH
CBTHEY, 27 b ¥ FHWMHPICIZI50L 70K 5V b ¥ Ok, $7:150K 55O, KO3
F T T HTOLGEERBFHE SN D IZES>TWS (An et al., 1994 ; 48 - 44, 2000).
Pacific whiting®#D 7 WALIZERL CTld, LRl LT &, MICH T4 4 X0k & W44E
BT B0, 77 AIBEROBFMEDED Y T, BEZLLDWEELWN TR 4% LT
w5,

—J7, Pacific whiting#DES MALIZHE ) P OZEAL L 75 X< RO TR & OB
WCOWTHEICIRET L7z & 25, FMNEAS VoOWIEEIC 32 75 A< BEORINC & 2 H
SRANFRAE, MBREEDS30C OB E1305% Tl L 2 ), 50C DRAIF10%TRE E ol i
MDA Z N5 &, 30CTORAIIRROEAVIZZ NI THAT 528, 50C 04
FREOMZIRIFRFE L2, —F, ZBMES VOWMAEICH LTIE, FRmsEEcmEb Y
%<, TIAIBERDRMENES B2 EHBOEEVDRKREL 2, FLVIHEORN
WROOLNTz. TN R, FHMEST VORI L TIERL SO FEHRELH L, T
Gho707 7 —EEMEHET L2007 I Ay YRV EPRH S TWwA L) ICR AT
Z & TE&SA (Piyachomkwan and Penner, 1995), —EIIZELA7 VI L Cid 2 o7 il
AT E SNd v, 0, BB VOWTEEIEZ 7 5 X< B ROTINE ORI -
THELCHEML, 0545100%2F2 T A2 2RD2DIE, 77 X<HETD
5 Y8 B AR T VAL L T, ABO 7 MALIZBIM L TW AR Z B ORELTW 5.
Wk, DX BEENEBENLD-7201%, MBSV ORBENHAH 5 H55E DIREE & B
KRONTWZ2DTHS ) LHBELTD., TIXIHRIIEINTVE Y VSV ERS
HEIZOWTIE, BEHCHEFICRL MO TWS GFEE, 1993). T, 747 =4 i3
DYRMTTONESY V8 HT, BTEIAT~65FD=FDOY 722y F LK), I+
RIF Y YBEMAEMEML, 55~70CTHMEL THMWI LV EEET 5 Z L ZBEICHRE ST
W5 (Foegeding et al., 1986 ; AHLIZA, 1990). F7=, T 7 I ABERIIT VLTI v 7
U7 )y REDE 87 ERITHETLH, 10%KEHIE, HHMTLERmEIz X ¥ L,
BERRHAES 87 BE D BB TV ERELZ L MBS TS (FH, 1987). 2hw %,
Pacific whiting® W#DZT VLI 2 75 A< HERICE 28ma R, F&LTrhicy
INTVL 74T ) =T VICHRL TR DEHEEIND, EBICT4T) ) —F Ui
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WA STz, IEUREAZ0COHE, £ EW50C TOFMES VOWEEL 77 X
T ROFIME AL L TEWHEISET 201X, 79 X757 v BENHEDP T VLT il
BECFENET 270 E 2 bN5. Eik (90C) THZ L7z Bmgk s Vi, TinsimEic
Mhh i, 79 AIBEORMEIKET 2ECIVIEEEZRT I, LOHER I
FTLLDOEEZ L, B, 77 ACEBIICL, MEEREICEbLE T AT VY I F—EDF
GEh, ZNHFTFILOBRICFSTATEELDHD 9 5. LarL, FHRMZARTIE,
LB SE, AMOBS VLI - TRZ A I+ Y v EH0LE{LE D L AW T 21EH 2R
L7z, 2@z, 77 ABREMICE > TR O VLRROBEHRII P T X ATV 3
F—HI2Lk B I4 Y VEHOLEL GUEHRER) ITEKFEL TR I EPNALPTHL.
DOMFEICE D B 51, BRETHTH 5.

Pacific whiting® A 5 PN )V, ROZEMESARSVERET L L E, ThENOT
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