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This study was conducted to optimize the processing of high quality surimi gel from unmarketable cultured bastard
halibut Paralichthys olivaceus. According to endogenous enzyme activity and processing optimization, high quality
surimi gel from unmarketable cultured bastard halibut was prepared by mixing 3.0% (w/w) salt, 2.4% (w/w) starch,
5.0% (w/w) egg white and 4.8% (w/w) ice water in a Stephan mixer, set at 5°C for 24 h, followed by boiling for
30 min, and finally cooling for 30 min. The strength of the surimi gel from unmarketable cultured bastard halibut
prepared by the above processing method was 1,257 g X cm, which was 33% higher than that of a commercial surimi

gel from Alaska pollock, grade SA.
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YA f247ko] 948 Wato] okt Ful7} Fof 98]
ek makshol 4A18) A4 R7he] 2nlargo] o} A st
= 3t 2] shteltt(Jang et al., 2009). PR 2| = Stk
S 2A feuEtoll A 71 o] o] 8-EaL Q= ool AW A
Abe] ofg) F5o 2 Qlste] tiRtEe FAA ofEst, FA
o= S-fubet QFAIAT of 5ol Ak o]4S AL Yrk(You,
2003). gHH, AFEEAA B =y kA F2]9] oF 60% o)
L MASFe] WF Al e o2 Q3 Ao g xje]Zbal Q)
ok ek, AFE R EO] GFA] of 7h= GFALAF YR 0] AAT
% 2710k Aol o Fstol me slele, 22, FHo
BE A7 YR|9 4=¢] 32 S oz A oglr} Azl 4230
o= ojgfzol A5te] 2Itk(Cha et al., 2009).

T, AR ES o &of 2-3%9) AR S ki 7]
o[ T th o1& Fo P84 Tl actomyosing: 4]
7131, o]& 7k s}o] actomyosin®] Tl WLFO| Y71 |7 H
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et al., 2007). o3t 4

A|Z 0 2 AL, A, lobster?] gt
Aol o7 sfEgtth(Kim
Xﬂ%—% T AAHE SIAIRE 2]
A=9] B, P7W St 5o AT Al Asd
ol Jjdo] I 8= §fw }E} w48 w58kl ATHKOSIS,
2010). BFATE, o SAAE & o]o] FF 2] ;]9 dm
Faa AA =9 oldAkd B AT f38S YAISE A
oA oo A% 7154 QARG o] o] AE|o]AY] AT
A, TolAl eejn| o] &M F7F T o' Qlske] ofH x|
Q1 th(Park et al., 1995).

ol gt A|FEEAA| = HA| FA ‘°17P94 oj 52} 4R
+ A9 dE &S sAl AT 5 s 7P mE ARl ek
59 shrh k) AAkE AL 9l *—“*J JA] 5 Hol Aol A
FHAA U= 500 g o]5te] A] *%*é H|57 oFA4E g A9 71
2 29 o]-g-of ofgt ApA EeF 2ol & 4 Qe

A efu] 24 vjol-g- ﬂ%‘—EEE‘rE’l Feju] 2 AAE &
A= o] g3}7] 9ot A2 = Lee et al. (1985)3} Park et al.
(1985a,b) 9] g of 2] &} 11501 & o] &=t e n] 9 SAFAA|Z 2]
A zofl T3F 4, Kim (1978)2] WAFo| & o] &3t $1A159] A
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Zof| 3k At Park et al. (1968)2] Aol & o]-§-3F A2 A
Zof I3t AL, Kim et al. (1996)2] HlE-0]F-2l catfish=2H g
se2jo] Alxo] Tk A7 Fol 9L, Bl A UAIS] §a
o]-§-of gt A== Cha et al. (2009)9] H|5+2 A4 HA
E 283 AAEY Axol et A57F ek AT, o] 4
T AREA A WA o83 AR B A% W 24
of It A= nEFA Eu] ARE AT P T8 F
o shuiel A 3782 Aol Al 2okqlaL, weh, EA
2o A 22 93 W FH setting TS ALk 24 3

= u—
F AFol Tv Ex sk =en A4

rg o i [
2 ofN ox
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2 AE O A7}
(Park et al., 1995)5]0] XS o] 83+ 4ejn] 2 AR E ] A%
FA 9 EABIL fste] AvbaoR APET} QWE 1
2L, Slof 4] QI Sejn] 2R|RA Tkt ofFof fste] 7
ES ARG ATES AL off, AWl WL waoo
seeju] A zA]of o] 2 o] gsh 2714 Tl Aol ghgo|
52 Abo] Ul WIRo 7 catfishS o] 830 2 Qlsto] AR EL|
AR 2] 7HEA A o] Yo} AR ZakA| = Abgo] 7Hs St 3
ENE LAY o] §57]0) = A7 ek

oljat Aol A HAHEA HITFA A YHE 1 5]
ulo] ZURR AFG3] Ystol SHHoR dro] B4, 1
AR 9 BB H A B} WHEA] FEE oo} gk,

B AT oA AFAY A WA 0] 712 QhgBtet o] F o] &
FAFEEAH L] N2 A 0] Ape] v L 913 o
WO AT B 7A AFA FA YX S o] 3 LEA| AA
o A2 AEL ASA A7 45, HE D guo] Hrt 2
7, setting %7 9 71427 )0 thst] =T

AR

»

Mz A A
Xz

H] 524 A|S=AF OFA) '3 X|(Paralichthys olivaceus)« AFE
AR = A FA] 24 AR A Yol ok a1F0] o] 23k A
AR R S 7HRE] AR AlS ) AlFo] 242t 400-500 g 9
2 33-37 cm M9 9] 2& 20099 9-10Ye] +5te] AME-aH%l
o}, o Hl51- A AFAE A 2= Aol A7 Zrojate] A
5 93 FARFHA o A SEE7HA] 2 v 2397t
EAAA AR sk oH, o] SHAIA ] Az
EEREERES

HAAE Azl ARG U= F S (F) S&C TE[HA
oA Al2gt A, 2eaL, WAAHES A oA A=
T A 20099 24of SEE SR a4 TP rR
Bl ERol AR5l AHS F AEARl A A2 Ae
2009 3] B SGAI A nhEN A G sto] ARE-St
k.

Al FA8 =4 7]2 % endoprotease 7] H 2l casein(pH
6.0)7} exopeptidase 7] 21 LeuPNA(L-Leucine-p-nitroanilide)
+ Sigma-Aldrich Co. (St. Louis, MO, USA) A|&2 F¢3}o]

sto] ZAlslsc.

o] uf, i $4& A I8 B FEE Lowry e
al. (1951)2] v|AM = o] w2} bovine serum albuming FFtHH
AR shol T ARA O 24T,

AEA| NTHEY

A7) Ao that BAL 2% casein(pH 6)2 AF&-5}o]
Anson(1938)¢] WS tha S4ste] ZHei). =, UG
o] F290(£, 200 uL)ol] 0.5 mLe] 7] A-g-o 7}k 1.5 mLe] 0.1 M
phosphate buffer(pH 6.0)E 7}5to] &35t HH-3-EH-2- 40-65
T "IolA TAIZE 59 BESAI7|5 22 5T 1HA o2 AA|
SH ) o]oj A HESAX]E 915} 2 mLe] 5% trichloroacetic
acid(TCA) §913 713111, 3027F HA A7 5, P4 we
(3,000 x g, 202)3ko] Aoizl AF5-olfof thste] S (280 nm)
2 24t

371 o) gt &AL 10 mM L-leucine-p-nitroanilide
(LeuPNA)E Al8-5}¢] Erlanger et al. (1961, 1966)2] B4 & ¢}
2 5Asto] 2ehgich. 2, D) 24 HAN(S, 100 pL)e]
150 uL&f 2t 10 mM 7] 8- gA (52N 5, ZF 5= 0.5 mM)
2.8 mL2] 0.1 M sodium phosphate buffer(pH 7.0)E 7}-5}¢]
B LS EAL 40-65C WSoIA] 1417 Bt whSA] 7] 5]
LEL ST AR AAsT). o|olAl, WA E $Iste]
300 puL2] 33% acetic acid -8H-- 7513, 3027F A A7 =&,
YA (3,000 X g, 2042)3to] Foj 7l AF5-oof tisto] T
(410 nm)E SA45F3Ach

A0 BT (Umg)e RATIA | mgo] 1475 ¥
SA7E F8= 0.15 1 Umg o 2 stglon, 7] dof uhg a4
o] Lrmof o3t JFe A7 Y3 AdBAES Hd Aol
ek W Ea = e ik

gxI 2=2[0|(surimi) & HHZ2 ME

g el YA 2Ry B2 D WS AASL, e
(filley 2] & =o)gt & ZH(M-12S, =525, ==
ok, A B A A 27]5ko] Al 25T H A AAE-S Stephan
mixer(774027-01, UMC 35 Electronic Co. LTD, Germany)o]|
A e ufof tisto] 3%(wiw)oll sidshe A gnhE A7t
GER MR EERESES DR LR EUERE
of AAT] H(2.2-7.8%) B HH(1.2-6.8%)} 2o s}
of 2uf(viw)ell sFshe i 242 A7hYE EddstaL, Ay
EZAF7](SH-400B, A+ 3 AL, Korea)E 0]-&3}0] &7]3t & £X17]
(50501, Shanghai Machinery Co. LTD, China)& Z%13}312
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Table 1. Code level of independent variables in experimental
design

Independent Symbol Range levels
variable 1414 A 0 A +1414
Starch (%) X, 22 30 50 70 78

Egg white (%) X, 12 20 40 60 68
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X HH (response surface methodology, RSM)2 Al-8-5}
2114 A Sl (central composite design)ef 2]oF &M
o} FAAEL AxsolA Ta7 Mg &, A& A7t
7.8%)3} P H7FeH(12-6.8%) & SEHA R 35 s}etol
FA A f| whet 1152] A|&E, & factorial design(4-1),
star points(4-%) 2 central points(3-1)S F2H¢ A 02 HA 5}
o] Aol H3YsttH(Table 1). o] wf 27]9] S0 ¥
2} center point value5-2 o8] AP o] AutE BEoj& AA314
o} E3F o] 5 HPWpol Y8 FIFS e THe(Y,)E o
SAAFY] FHol 7P 2A FFE v = A=Y ) 7t
of Y= vA= & (YR sk, o5 33 vk S5}
of 71 gk 3 24 ol ARSIt AR o ofjt AE
A el statistical analysis system(SAS) program2: ©]-&
HaL, 2279 of| = ¢ 5Hel-> MINITAB programS:- ©|-8-5}
o, HY et FEHS 7o) 1A= Maple software S ©]
A

ol I 3@ 2 2
%5;?@#0_%
NF]FO{N

l

wn el T

+ Okada(1964) 9] Wi oF7F Mg sto] S76}H31aL,
AEe 9F of5S GAR A27](2.5X2.5 cm) 2 Aetsto] AL
s}t =, A7- == Sun rheometer(CR-100D, Sun Scientific
Co., Tokyo, Japan)E ©]-8-5t0] A| 29 853} Zlo|& 212 57
et o, Bka X Zol(g X em) & YEF ¢ict. o] uf, rheometer 2]
load+ 1 kg& & 3}¢1 a1, plunger®] £ %+ 20 mm/min® 2 3}
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Fig. 1. Effect of temperature on the endo- and exo-protease
activities of crude extracts from muscle of cultured bastard
halibut P, olivaceus toward casein (pH 6.0) and LeuPNA (pH
7.0).

.21, plunger:= 2|7 5 mme| -5 ARS-3FGITH
A0 o D

HX| 22 Sl ZEA0 EMo| CHEH LEo| Uk

L 5(40-65C)} 7] casein(pH 6.0) & LeuPNA(pH 7.0))
o whE 52 AR b4 YA 2% o) ZEAe) Ay
2 Fig. 13} Zt}. Casein(pH 6.0)S 7|42 39S o] &= W
sto]l w2 A G2 F5 feff 2840 FaflEAde 0.42-0.53
U/mg H 9= tha Rokrh(d|olef mAA]). ZL2{H, casein(pH
6.0)= 714 = SIS W P4 I5 foff 2R e
40CoAA 79%, 45T LF 50C oA 5 92%, 18|11, 55T
A 100% 2 2= et 3z, 60C oA 55%, “18]31, 65°C
o= oF 34% Y =5 UEho] HlaA] o et Ao
Ebuith LeuPNA(pH 7.0)% 714 & o191& o 2% #3to] u}
E P 9A 25 el 2R RS 40TCofl A 2
(100 %)E Lep 1oL, ojuf o] Zai&Hd 12.66 U/mgo] {th(H]
o[ e} B A A]). 0] 5] Lol 4] B/ o] A 5] ZF4sto] 50T
Al 35%, 65 C ol A F 8% 2] JFE/IS Kol 2k o] &
ATk o] Atz u|Fo] Hol &&= Wale] kg g2 L&
el 2aA0] AHE/dS casein(pH 6.0)°] et &40z &
endoprotease ] 79~ -2 &/ of| v|sl 2= ¢Hdo] &1
%)= HbH o) LeuPNAO] thgt &4 © & E exopeptidase ] 735
4 w2 ool mlsl &&= g gl I A Tt o]
72 endoprotease®} exopeptidase 7+ 2= 9]&4 o] *}o]
of Fixsh= T Eeafj a0 7] S0l o whE Aol
o Zol kil TekE it

HAZE 7 5 A HEH A2 7 U R WA T
wofjaae] 7|0k Ao ® g A qlen, 55-60 CHo] =&
oA dojdth(Park et al.,, 1995). ol= & AH AT A= Lt
B0l YA 25 Foll #325k= a7} 2% (55-607C)
oA FaEAE Hof o] ZrfjollA Aol HET dAto] tha
Z3yste] et IeE ek
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Fig. 2. Gel strength of surimi gel from cultured bastard halibut
P, olivaceus as affected by setting conditions.

ghd, o] 59 LU S T AS YA = 2S5 E o] 60-
710%E Z}A) 8, L2 2z 5]

2} §-9] A E5HA BEAJAAZEA 2-g5ln 2 thil ] Ball g Aol
LA A ] thgk BEgAdS o] 7o ket FAef #H
o] ZIth(Seki, 1977). o]} ¥ o] w2, FA], A
o], olet Eri| 2 RE &3 5 2840 LHAHH ©
Ao tjgt Bl 2Ad-2 vk-g-A17H(1-6A17H 9] wHe} myosin heavy
chain(MHC)¥} actin®] #-8|7} A 64A Ueh 25 Fof &
Eshs T d Bejaart 25 w0 fafjof 8 Hlo]
skl o, Ak o] Rk MAS o] 7o il Ak Eeig
A& wolrhal 51¢lth(Pyeun et al., 1996). T3}, F52] AL
of dojuf= Ap7raste} st BiofA 25 F2] lysosomal
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MHC, ¢ -actinin, actin, troponin-T 2 troponin-1 52 #3}|3}
o}z 3} ti(Matsukura et al., 1981).

ol/de] Aol BarofA, HlA A|F4l F4] HA
7+ ARE o|g5l7] Yot A7tadt aavt wo] Exsl=
WS A148] AlASE] 25 ko il fafsol ZFek U
Aaao] Q& UL, ool HA (AN LR 5 79
A Baf| s gk A Astojof & Ao = T Q)

Setting =71

FAMAAES gt o2 7] 7ol gt o] 55 SA] 7HEA P
3} Z1 X o= transglutaminase 2] 2 7HA1S 9J5to] AA L=
of| A AT A7 2 7+, = setting A 2]gh Al o] o] 7
AE s SArAAE Aol A= o] setting &2 WS ghol
skl Qlth(Park et al., 1995). 4| =ejn| o] 7354 et
o] dgte g vlitA AlF4t A A REE Hu]E Azt
o3 o4 7}A] setting 27 (- setting, 5C of| A 24A]17F 521 A
2], 25 C oAl 3A17HE<E A2, 40T ollA] 1A]7HE<E A 2] 2 60
CollAf 0541753 A 2])ollA] A3t AAE9] A7 A
& A¥}= Fig. 29} 2t} Setting 741 2] AA59] A7 == 888
gxcemQlH] Bkstod, setting A1 2] AAlF 5 STCTolA 24412 &

Steaming >|-<951 .0

Heating
methods

Boiling

+1239.7

0 300 600 900 1200 1500
Gel strength (g x cm)

Fig. 3. Gel strength of surimi gel from cultured bastard halibut
P. olivaceus as affected by heating methods (boiling and
steaming).
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Fig. 4. Gel strength of surimi gel from cultured bastard halibut
P, olivaceus as affected by boiling time.

ok Aot AAES) A9 1,240 g X emz 40%7} 57F5to 74l
El HEA, 25 C ol A 3AITFERE A 2Rt AAIES] 79804 g X em
£ 9%7%, 40 Col A TAIZHESE A 2Rt AAIF9] 5 630 g%
em= 29%7}, 60°C ol A 0.5A1 7152t A 2|3t AA|E2] 74-9- 555
gxemiz 37%7} WobA AshE QL At e &EE A
e e 3lskel). o|ef o] YA =R E AAEY AxE
fI5ke 25 CollA 3AIZF o)/ setting 2 2]5h= -5 Lot T4 =]
WE W27 S e HEE dAo] WAslY] dilEelet
Tt = Qlck(Park et al., 1995). 3HH, Al WE) SAGH 421
9] A7 (945 g X cm)(Heu et al., 2010)¢f B]3}o] setting 5+
A AAIES A== 5% FolaEolA Aozt glalent, 5
TollA] 24417t B2t A =gt AAlEe] A== 32%7} =oF ¢
F6191aL, 25 C ol A 3AIZHEE A 2igt AAlES] A= 15%
7} wrof 2ol 7t Uit

oo Axt= n|Fo] Hol H|4fA AFAE FA HA 2R E
A E= AR} Sk A9 o5& L)do] 9 SR &
Lo A TAIZE setting A 2] 5F7] Hrh= 5TOA] 244752t
setting 2| 2|5}= o] F o 2fet PekE ik

ARHA o2 AA|Fe] @2 7tz of met Afol 7t WAL,
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Fig. 5. Response surface plots for processing optimization
of surimi gel from cultured bastard halibut P. olivaceus Y,
(gel strength, g xcm), X, (concentration of starch. %), X,
(concentration of egg white. %).

AutH 02 A LT} T, AL E ] MESE Belo] 75}
oA 2|, A ol A A7k 7hedalis ¢ ehejo] ofat AlEo]
oAtk &2 A Qrh(Park et al., 1995). ol i3t o] 4] W
AR E] 15 BH AL 9lto] w512 AFAY oA YA m
B 5202 Axe o AAe) (e W 2Ahe gelald
Az AREL) ABEE A B AT Fig. 37} 2} B4
Azlalol Az YA AAEE] AT 1240 g xem 24}
Aelato] A2 WA Q&S] A7l 951 g x cmo] ]3]
3197} 50} S5}, 3hal, Park et al.(1995)8 A1 %] 4|
%2 913k 171700] 9] 7$ sfelero] e} whelo] A,
A7) 2 60-80°Co A, B2 45-501C oA B}E0] = 45-55
C % 85ColAol A, L2l T Weji= 45ColAke] WSlo) A 7l
slofof etejo] s}, o] 59) WIS HofLhr oka) et
® g} ek,
g dRjEe) A AL Y B0 w7 A%
oba] YA HE s2)u|E A 23t oS A AelAel 1
AR E] AYES Ao B A3 Fig, 49 L), AAY
7ol W2 AZFEE 30842 AR|E0] 1240 g X om 71
QLT TR0 453a] 2] AAE(1,226 g X cm) 15542
AAE(1,047 g % cm) 52 0] 901} 305 A 2] QAE 9 45
2 3)2) QAAE 7l 5% £-2)520 A 2ol 7} 3T

oliye] ATk RE WA A4 k4 YA =i AAE
& Az A BHE A o4 T o] Y FXF T Ao

2 3027k ol A=lsh= Alo] o2 = i

i 2> ol e

2

R 9 Lhto] Ay} 71

DED YA AAEY A2E IR EFUAIAEE 2L A
wE)0] 12 Y THs] giste] FATAA o
e 11579] A RS Axste] THus0l AYES 243 23t
= Table 26} 0t} o] 5 S A4S ot AR w0k B

Table 2. Central composite design and responses of dependent
variables for surimi gel from cultured bastard halibut
P, olivaceus to independent variables

Coded levels of variable Response
Run no. X X, Y Coefficients
Starch (%)  Egg white (%) Gelstrength(gxXcm) assessed by
1 -1 -1 962.3
Fractional
2 1 -1 910.6 factorial
3 -1 1 1161.3 design
(4 points)
4 1 1 963.5
5 -1.414 0 1256.7
7 0 -1.414 940.3 (4 points)
8 0 1.414 1132.2
9 0 0 1218.6
Central points
10 0 0 1220.2 (3 points)
1 0 0 1219.9

Table 3. Estimated coefficients of the fitted quadratic
polynomial equation for different response based on t-statistic

Coefficient P-value
Intercept 1219.57 0.000
X -87.77 0.006
X, 65.41 0.018
XX -78.21 0.018
XX, -108.41 0.005
XX, -36.53 0.229

Table 4. Response surface model for preparing surimi gel from
cultured bastard halibut P, olivaceus

Quadratic polynomial model R®  P-value

Y = 1219.57 - 87.77X, + 65.41X,- 78.21X,2-
108.41%,% - 36.53X,X,

92.7 0.0072

Y (gel strength, g <X cm), X, (concentration of starch, %), X,
(concentration of egg white, %).

HpQl A7 o] WAE A E 524 5= MINITAB 7 =
23-& 0|83} RSREG(response surface analysis by least-
squares regression)E AA|SE th5 A7 o] gk = SHHS
g% 18] BAE Maple software 2 242} 32 T4 3fek A}
+ Fig. 5¢} 2o} AAIES A7 e X (FEsE)0] -1.4140]
A-1.293 A7, X, (Fill512) 7} -1.4140 4 0.519 H917HA]
o] BF =HHaT 7S S7she B UE e,
o] 59| ¥ 9] ol dollM = SHHPT} ST E ok A
= UEhf i

Table 22] A1} 2| & 0]-8-3}o] MINITAB program®] RSREG
2 J2}3K(linear; X, X,), ©|2F8H(quadratic; X%, X,%) 2 w.2}3}
(cross-product; X, X,)2} 2-2- o] 744] 22 sl7uFA 4l 2] A%
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Table 4. Response surface model for preparing surimi gel from
cultured bastard halibut P, olivaceus

Quadratic polynomial model R®  P-value
Y = 1219.57 - 87.77X, + 65.41X, - 78.21X*-
108.41X,” - 36.53X,X, 92.7 00072

Y (gel strength, g X cm), X, (concentration of starch, %), X,
(concentration of egg white, %).

Table 5. Analysis of variance (ANOVA) for response of
dependent variables

Bastard halibut

- Gutting

- Beheading

- Filleting

- Deskining

- Chopping

- Washing

- Refining through a seive

)

aw surimi

Sources DF SS MS F-value  P-value
Model 5 180841 36168.1  12.74 0.007
Linear 2 95863 47931.3  16.88 0.006
Quadratic 2 79642 398209  14.03 0.009
Cross-product 1 5336 5336.3 1.88 0.229
Residual 5 14194  2838.9

Lack of fit 3 14193  4731.0 6540.52  0.000
Pure error 2 1 0.7

Total 10 195035

Table 6. Optimal conditions for preparation of surimi gel from
cultured bastard halibut P. olivaceus and its predicted and
experimental results

Dep en dent F%T;r?c:?;:; Critical value  Gel s.trength (] X cm)
variables model  Coded Uncoded Pr:gl'ﬁéed ExpSZE:ntal

Y X -1.293 2.4
(gel strength, gxcm)  x, 0520 50 1262 1257428

X, (concentration of starch, %), X, (concentration of egg
white, %).
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- Adding starch (2.4%), egg white (5.0%), salt (3.0%) and cold water
(4.8%)

- Mixing using a stephan mixer for 2 min
- Exhausting with a vacuum packer

- Casing using a stuffer

- Setting for 1 day at 5°C

- Heating at 95°C for 30 min

- Cooling for 15 min into ice water

Surimi gel

Fig. 6. Flow chart for preparing high quality surimi gel using a
bastard halibut P, olivaceus cultured in Jeju Island.
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