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Rheological properties of surimi gel from white fishes by acid (acid surimi) and alkali (alkali surmi) process and effect of chemicals

on gelation we:- ;

#vestigated by punch and dynamic tests. The breaking force and deformation values of heat-induced gel of acid

surimi were less than their values of alkali and conventional surimi gel, and whiteness was greatly decreased. Gel point of acid surimi
was decreased but it of alkali surimi was increased with i mcreasmg moisture content in the range of 80 to 85%. Storage modulus
of acid surimi was the highest vaule in pH 6.8, but that of alkali surimi showed high vaule at neutral and slightly alkali pH. Propylene
glycol increased storage modulus in 20~50C hut urea and 2-mercaptoethanol suppressed it. Potassium bromide improved storage
modulus in 20~80C. The results suggest that alkai process is used for making surimi instead of conventional method.
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M 1=

Felrle UZH ME AASZ AT ofFS vidd 4
THS 5 2UAS diATRS $5¢ F YAl uAAE
EE oA AFLEA GG FAAEY TS AT F2
AAZ A itk (Wu, 1992; Park and Morrissey, 2000). 5
grje F43% $EE FEEE, 94, B¢EY €% A Ux
':°ﬂ o3 2A4H7) gEd e tEdEEe T2 945 o
£ AHgsta ;12"} (Lanier, 1992; Park and Morrissey, 2000),

’H A o8 F 40~50%7F HAE ofelr] Wi o 7

A7 AFE ol &3] Y3t gLy FAEY 2L Sy Az
TAY Mo & FHE BEolx AT (Davis, 1988; Shimizu
et al, 1992), +&% A YA 5 & FAld &AL & U= FHY
MEe o] FojAx] sk},

AT A TAE ANA &1, oF gAY S EHS
ol &3fel pH 25 F2o4 231 BHAL MR 2LUHY
WAL HEFA F ool vAe A T3l pH 50

FooM JAANA AAeu S Irdle dAY FHE )&

FEin Az Yol AdEHRen, o] WHez A= Pacific
whiting®] Fvle 7|&9 $Eu AZ FH HEo zZo
Ty 52 #8848 7 AN, +7E A Y45 2
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(Choi and Park, 2000; Kim et al, 2001). 28] X rockfish®] »4
F& ¢7% pH JYdA 7He3e ¥ %‘%ﬂ@ AAY ez 58
Feu e 719 AL A ez 353 e Ao vy
=& punch force &% £&& Holnl 4 QL F2 disulfide
Afel 7103 Aoz Buddd (Yongsawatdigul and Park,
200D, 23y 4 £ 97 He) FHLZ Az v E o
&3 71g A9 oFd) BE Zx ojg A YA A= g
A e 5 Jtg A FAVIF Fetde A A YA
%t
T Ao 4 2—?4

tureel] 9§ HFE B4

%E" 7};% ‘3"4 "]‘%3}1 & frac-
We torsion test®: o] &34 $FHF

Lo
=
3%

HEE S4%e Uli-»] & 083 punch test2 FHZEY ¥
For EAE FEASe HEHY 42y o] AN e
o, F e g AdHo 47 AT BF IAHoR 3

ol glot (Lamer et al, 1991; Kim and Park, 2000). % non-
fractured] 213 B4 4L dynamic testS &3] A3z gl
o £Eujd Z$ A% modulus gtol EHWUINE HF 2 W
g3} (Joseph et al, 1994).

?: AFE A 2 g7y A wygez AR fev Y 7Hd

4% #317] 984 punch testV]2 A=} WEFS
°‘°P§—3’—, A 2 gz He] ez Az Feniy 7tg A
viXE pH 9% 2 7HA 31549 #Hrld wg EA4E Wss
dynamic test”]2 &A% N2 FHLE Az vy 2
St Bojdts F9 3 A 4F%FE FEIGH
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N =

Y% BT73A (Pennahia aregentata, B¢ A% 205¢cm; ¥ A
% 158g)% W 48 W (Protonibea diacanthus, B7F A%
195cm; BE AT 12609)€ 474 A 59 249 oA FAA
Thste dPA2 Furst T 4204 HEAZ F 4 R
WAE AARL §9& AHso FEn] A2 AL39A 2
2|3 Pacific whiting (Merluccius productus, 37 A% 47 cm; ¥
& A% 13592 "F Oregon F¢ Warrenton 24 Point
AdamsﬂW Y58 A 8E Oregon T8 WY Seafood Lab.2 2
g ¥ By At v Az AHLdA

Te|oj9 M=

FEule Al 7] e g ZAFAT & FAd ¥ FEv
Az w5l 20 F F7+F 7189 Ultra Trrux (IKA T25
basic, IKA Works Inc, Wilmington, NC)& 8,000 rpmell 4 2%
B vhd e ¥ AR (10000Xg, 208)3e] AAES F48
HA, o] 2FE 28 ANT F HAFHOZ 0.1%9 NaCl $922
FAE zAdAT (FA FEn). Al 93 Feve &
o g of Foll 9w F FHTE 7MY Ulwa Trrux (IKA T25
basic, IKA Works Inc, Wilmington, NC)Z 8,000 rpmoll A 2%
e TAsg E}u 2N HCI& 42 AH83te pH 258 A3
oA = 3 d4& (10000Xg 20839k 34 A%
EHE 353 2AzY € ¢ A2 58 22 gl e
WL 7He-A diAdd 3 dide TN Yle T
348t 2N NaOHE & o] &3ld pH 5008 2E3}q
¢ AAAND F A48 (10000Xg, 208) 8 A%
AL 3439 2N NaOHEH& Arg3le pH 7028 24
ata, Y5dA WAA (4% sucrose, 5% sorbitol, 0.3% polyphos-
phate) & 7t 1% F<¢ YA7] (Shin-il Co. Korea) 2 & &
Tt zAgAG (A Fn). 2z @Ze) Ao A%
FuE pH 10504 @¥AE 59 3 pH 5094 @A S
3143t 314 @ AE 2N NaOH $402 pH 70 #2222
ZA% ¥ 99 B5uA HAAE At A E ARG
(gze A Fu).

(5 (R o o © o o

12 1T mlo to

7}

2E r°: B3 YLES A3 FF FFol
80% 7t HA AP em, d2 2% 2H3Y. S} 4&
1A ®YI A2 18 5 FHS YD #4883 v
pasted H|d W] Y3 JF TAINE o] &3 42 pastel
dolls 3718 AL, sausage stuffer (Sausage Maker, Buf-
falo, NY)& AH&-3}¢] collagen tube (1.0X20cm, # 180, Nippi
Co, Japan)ol &334t Z3% mbex 90T water bathol A
15% 5 7148 F A E2EAA 158 ¢ A7), v
o Yol 32yt ¥ BAd F Ao F4 Agd ALsgd

noue
T <}

fo o

o
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499 9 AR (10X20mm) Yol AE 5mmd 78 &
AE ZF3L 60 mm/ming £22 &2 WA rheometer (Sun
Rheometer, Model CR-100D, Sun Scientific Co., Ltd, Tokyo, Ja-
pan) 2 breaking FHAZE (P WE (mm) #& ZH3}

CIE Lab colore A ZHAl (Model CR-300, Minolta, Japan) &
o] g3t A9 Wx (L*), ANE (a1 FAE bHE 243
Aok AxAe ZARWE o83t FEegan, 6/l o4y
Ae EAHFAN, ANz s AT AH L*—3b*E o] 839 A
At (Park, 1994).

N3

HEM B49 &Y

A g gy Mg vy pH Wt 2 sHEA o #Aule] e
e EAL cone (AE 4cm, 2% 45)S BFA 7 Bohlin
theometer (Model CS-50, Bohlin, Cranbury, NDZ Z38th
A% modulus (G'), £4 modulus (G”) ¥ phase angle (tan de-
Ita, )3 22 FeHd 542 ethylene glycol™ & EFE4L (11,
v/v)& X3 thermo circulator (Neslab, RTE-211, USA) &
1C/ming $E2 255 A5A7WA 20~80C X FholiA
Ao, e A FEY &4 WA A%d £
o trapperg AH8-3% 3, 1Pa torquest AEFF 0.1 Hzol A &3
38t F2lvl9 pHE 1IN HCI3 NaOHZ Zdsion, 33
A ZE Sigma At9] propylene glycol (P1009), urea (U0631), 2-
mercaptoethanol (M7154) ¥ potassium bromide (P5912)E A}
&34

SAZEY
TUHA AMT fdH AFL FAZEIY IMP (1992)2
AA 8¢,
du Y n&

7td do| 24 840t M

e B7A, Ws 2% 99} Pacific whiting & A, 4t 2
&z Hestd Az sEv] 7tg A9 B3 Fxe} WL
o|Fd wa}t & Ao]E Bon 2L ofFolgd EARE v
Az el wet ZolE Holn YU (Fig 1. of & Ade
Shimizu et al. (1981)¢] 52% 9 meat pastei A Y45 A
gte] o]Fd wWE A ¥4 EHS A9sL TE-HEY =4,
AAgn TF-4L HEY, A2 A4 HEY 2 4
T AL HEY 28 A 49.& ERE F A0 39
2,83 A (194) S BEAE A e 7HE LV1EY Ad
3 (setting) ¢t S EH (returning) F=& 5 W} Hol 4 &
Bvn Ead wpet Zgich WE BT3RS Pacific whiting?
gdzE Ae feEve JFARE g FA s 7tE A
Hi%d g Bgov ¥E 43 ol Fee € My £
gole] Hdte o 20g AE 2 FS By 2 AHF

°l°|‘
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Fig. 1. Breaking force and deformation of surimi gel from 3

cycle washing (WA), acid (AC) and alkali (AK) pro-
cess.
1, croaker; 2, black spotted croaker; 3, Pacific whiting

gdule FAZE FE FA FEuld v @A e gd
B 9 Wy gL A Ay 42 AR 24T FE9 9
7hg Ae] A vl 7tE AR B} g EJon A A
Z 2 gz A tee & Aolg Ho|A %t o] &
de AZ2E #yv Az T34 gt ofF 9P JHEsE
g8 Aeld AR EAY & pH @to] FAlo Wt &
N Ao A 7ldEy] GEA Rog B R U
L o}F £ W pHAA WS, 52 pHollA FHE3d =
A7 ¥ F4 pHE zETozA T¥F A4S 43MA
gl e 715 SAE AE & AT A=F =52 3 ¥
A& 9A = A (Boye et al, 1997) ©] 5o, ¥ 4=gn|
AZ ¥4 F pH 259 1059 =&3le 7S 902X B4&
NAE 4 & ALZ 7ged,

A, A 2 gabE] el Mg wiad B (Fig 2), ¥4 F
glujo] Hste At ge] AE FEvle 5L e WARd
& 9% nX e 2R Ueigt o] e e oF Fi £F
5 gl §449 myoglobin FHAY FAHL 1150 59, Bo]
2l 58 wUHol 68, BoiFo] 86, T 73, T 84 (A, 1976)
24 o%q me} ta zolrt glovt, %7t pH 5.0 F2oA F
Asle] fen A go] IEHy| RO Bddd.

£85l2k0| W2 Pacific whiting 2/0/2] A EMo| {3}

S8 33 83% 9 85% 9 AN e £ T 80% 9 83
%9 428 Ay FYve APHA €99 AF modulus B
HE 2oqFn A (Fig 3). 7tE9 &%) @2 phase angled)
peakZ 23 &% (Joseph et al, 1994; Lian et al, 2002)2 3%
o AR e o) A3 2w 8 T3 80, 83, 85% A 47
36C, 40T ¥ 46C F2o2 F§ FFo] Fr¢el met A 2
%7} oAtk Hsieh et al. (1993)9) Bxo} Y X3t 28t
dzty] v ASE FF TF 80%, 83% % 85%9 A &
EE 36C, 26C, 13CEA AdHE Fyvde vz 7 §EFY
Z7tst &0 7432 H, phase angle gtol A%t 2=71A &
Halglo] dASA FAHGI o) FFE Tade AEE B9

& #2079 As 84 54
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Fig. 2. Whiteness of surimi gel from 3 cycle washing (WA),
acid (AC) and alkali (AK) process.
1, croaker; 2, black spotted croaker; 3, Pacific whiting

A A oju] ok AL AR glv Aoz FHHUD 9
2 dde A A Fvrt Ast LE7AE phase angle #%°
Z713 7 peakE 2 F Fade AFde ofF dE FHA
Gd AsyL gl Aol WA agpregation, gelationd] £AZ ¥
ol dtiE Al (Boye et al, 1997)0 | Fo] @A L& Y3
dzd AGE ov Fdu Az FHNAN F ¥ ¢ 4
7t AYHY F2 FF Frie 9RA AFE AT whEl
F54 F7td Jldde Aoz AT W 5 WHY
croaker actomyosin®} phase angle & 30~40Co|A ZHA3dto
o3 A matrix? actomyosin EHAE FAdUdE BL (Jo-
seph et al, 1994) ¢} £ A3 AH7} Xo]E Hole AL 4 4
e Ay 9L BE 449 Fevd XY 2¥H o
Ao gF o Ao FHHE

2 A8 Aol vjFo] Ao) FAF FEAHE R3] 93
Ae XY Feu] A FEEF 8% ols, dFE Ay
FEnjel B4E 85% olgtz =AY ot Yo, ofF AFY
Azde €28 Ag Fvst AAY Fu|d vgy ¢
g4E By ReE 45 + Ut

#Z pHUI Pacific whiting $-2|0] S40| 0|xX= g&

AAE 3o AT Feln AF pHE 7ME 2 49
g vlxe Aoz Yeu pH 689 A3l g2 13T FI2oiA
on pH 74, 80 2 855 Z7 36T, 49C, 42Co| At (Fig. 4).
Phase angle®) W3}o)A pH 683+ 22| pH 74 ol 3ol X 19C
H2e) st peaks JERRT AR (B3 HAA). o] £
AFHE 19C ¥ AN 3¢ A 9F A3 F4L B
A 2T A HEo 4% A%e HAsHT J4E S
FuH3I 7L 36~45C9) Fhol A Azt o] A ARE FA
€ Aoz FHEY. €23 v B+ pH 66,70,75 R 82
o Azt 5 47 31T, 36C, 37C 2 37C2A pH F7t wet
A3 x5t F7iste Aoz Jegd dF AF modu-
lus pH 6.6°1 Bl3td pH 7.00) o}F Egtem, A 29} pH 6.8
Mg F v&std e R 4FeE ARG s FF

2.
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Fig. 3. The effect of moisture content on storage modulus of
Pacific whiting surimi gel by acid (A) and alkali (B)
process.

pHE 70°] 713 24T Aoz Bddnh 2 A 9
Q) A% phase angle #°] A3} LA T F7H8tr} o] F-9
SEREHE ZAste AFL B d wEto &2 sdnle 2
J1%E we ge agz fAsr Ad 2x ThAAN AL
peak® 29 F Zastm Uit o 2& Ade A Fvl s
azie] 480 Abole] A 7|Fe] Aol7t YH S HoFe AL
2 gudr 9ude] H3F pH gol 44 v e 9% 84
8ol Lian et al. (2002)& 4ol 9 A2 A% modulust
15~80Ce]) &5 FholA A% F7HsAR, Ao] peakE HolA
aotttn B3¢0, Boye et al. (1997)2 7 |74 &9
Ft}g =% & carboxylate-phenolic 719+ FAHHE obul=7]e] 4
3442 A SREY HE 2FE Pl BEd 2 ¥
Aol 9FE mA Busgch

s18tx|o| A717F M| Pacific whiting 22| X% moduluso
o|xlz gg

satA o) A7izh A Feve] Astd ve dFE A
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Fig. 4. The effect of pH on storage modulus of Pacific whiting
surimi gel by acid (A) and alkali (B) process.

87] 918t 4 A Zslel 7193t propylene glycol, F&
A8 254 435289 33 #HA3E urea, $-S AHY FH
@ol) 71931E 2-mercaptoethanol B S-S A¥e] FAd 719t
potassium bromide® ¥ % ¥2 F71ste] A% modulusE &
a2t (Fig. 5, 6).

Propylene glycold #718 A4 (Fig. 5), 20~40C 2% 7
oA HrEA e dETd HEed ¥& A% modulus HE
Bgou 5% A7t Alde 7tg Z71d dzes Aol E Ho
A ggred (A3 oA A, 80CAMN Y A% modulus B2 prop-
ylene glycol® A7t Aol Wz Ao Hgd ¥ Aoz Ye
wth o] 22 Ae 71g Ad £ AL ALAA F713
(Niwa and Muramoto, 1971), ¥ @92 9] 752 ©E 71€ 29
AT propylene glycol®l A7tol 28 F7tficke 23 (Utsumi
and Kinsella, 1985)¢} &3] AT

Urea: #A7Me 27 37184 wel A29A A% modulus
ge yzzd vFd e gL HYPon 1Log AFE I
gole Zastes Aoz veht 25% 9] uread F7HE A 4T 65C
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Fig. 5. The effect of propylene glycol and urea on gel of Paci-
fic whiting acid surimi.

ol ddl M ETS AY Aeolg HolA &t (Fig. 5). 2&L}
2M 129 urea FEANME 80CAME AR modulus gtol
Z2TH B2 Zolg Holx §lojA Fuly 7td A A 7]
adts AL ALdMe 4 AFeH, T2ME 244
F5Agd Jdgtte AHAE B 9ot (Niwa, 1975; Niwa
et al,, 1983; 1989). Myosin 2718 &£ 0~60CAA A3
Z74ee AA7IE 8L ¥sE HolA 1 FHEYY Wdte
80T o]49] & 2TA #5ET (Kawai et al, 1983).

25 mM9] 2-mercaptoethanol®] 7= dj223 v|&3 A3 §
HE BYoh somM o)de] Hil Aldle tZTd ugy v
A% modulus &7 7tE 2% 45l 4E A% modulus 7t &
B we Ao eyt (Fig 6). o 2 23+ 3718 2-mer-
captoethanol®] 24 S-S Ajte] 4L Wajshy) 2oz %
4o 7t 3H F ol% @A) w4 SH7IY A% By
Itoh et al. (1979)2 60CA Yo actomyosing ¥&A SH &
HUZ k&5o] vld Bzl Atolo] ZEE 8 actomyosin®] 2
Ao 71d3ke Aoz F3Yc Myosing 7Hd3he 5 S-S
AL 53 9 8L myosin heavy chain® SH 717} +
2 o]ed e FulAle EAEe]A A3t e YFA o
ol S8A 9 g 7l @} (Kishi et al, 1995).

Potassium bromide?] A7l A% modulus®] AAF 712

v 71d 49 B4 54 313
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Fig. 6. The effect of 2-mercaptoethanol and potassium bro-
mide (KBr) on gel of Pacific whiting acid surimi.

293929 (Fig 6), o] 22 AF= I2dH §-S 2% =
7hell 7118 Aoz AdE) Potassium bromide @9 7}
T2 248 BEAAE B3 o0y AE FAANAx, 7}
g Fuste 5 S-S A% ¥4S Zstdt} (Pacheco-Aguilar
and Crawford, 1994).

(@] OF
R =

&zhz] pHAA of§ gl AS 29 F 534 HIE F3d
gl Ag 3¢3ln, FAHLR pHE 2H 3o AT 42 ¢
ul 7t A9 fAFze APFL FA AFE F3 2AT 7
Z9 FEnu| 71g A4 udty &£4do] gle Aog Jegoy,
WAL Zhe el dolgle 449 & A4 sty B
et A4X4E FEv e A% modulus Fe ¥ ol ZaA
o] mel Ay oy, ¢#e vy A4e S8
v #F pHT AR modulus & 9L u3 defe 4
A2 gzg A g0 ke gk ZolE Bt} Potassium
bromideT S-S A9 4L ¥3 719 29 AF modulusE
77 Rez vesd, ¢#E A Fevie ga7dx, ¥
3k 2 QAo v R o graded] FAFE AXE IF €8
Z2E &40 gle Aoz wdsgrh
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