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This study investigated the physicochemical and enzymatic properties of unmarketable bastard halibut
(Paralichthys olivaceus) cultured in different regions (i.e., Jeju, Wando, and Geoje) as a potential source
of surimi and surimi gel. The proximate composition of unmarketable bastard halibut cultured in different
regions did not differ significantly at P<0.05. Compared to Alaska pollock muscle, all of the unmarketable
bastard halibut muscle had a 4% higher crude protein content and 5% lower moisture content. The collagen
content of bastard halibut muscle cultured in Jeju was 1.96 g/100 g, which was higher than in fish cultured
in other regions. Regardless of the region where cultured or pH, the enzymatic activities of the crude
extracts from unmarketable bastard halibut muscle ranged from 0.30-0.48 U/mg for casein and hemoglobin,
11.9-13.7 U/mg for LeuPNA, 5.6-6.7 U/mg for ArgPNA, 2.8-4.7 U/mg for SAAPFNA, and 0.1-0.2 U/mg
for BAPNA. Regardless of region, no mercury or lead was found in any of the unmarketable bastard
halibut muscle, except for lead in fish cultured in Geoje. The strength of surimi gels from unmarketable
bastard halibut cultured in Jeju, Geoje, and Wando was 1059, 988, and 900 gxcm, respectively. The surimi
gel from unmarketable bastard halibut cultured in Jeju was stronger than commercial Alaska pollock surimi,
which was grade SA.
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Shanghai Machinery Co. LTD, China)® 5313} 0., o]o]A]
setting (5'ColA 24A1Zh A 2] g o5, @Y (95Tl 30),
W2 (EeEollA 15%) B A2AE (5TolA 24438

Az AT, o5 AAEFL ABE, WAE U Ak Rel



600 S EA S L RS Y

Qurgy 24 9 2o I

AR -2 AOACH (1995)°] whe} =28 dtrtd Az
H, 24L& semimicro Kjeldahl, £ 3]#-2 714 3| 3} H
Soxhlet¥ &= 77} 574 O}Ojr/} aea, gheEst

- (R o+

o
<= 100
¥ gow Auser.

™ =
WHEsto] FATE =, cap tubeol TJHE] A& 0.1 g3t
6 N HCl 5 mLE 22} ¥al, capS 22 oS 110C oA 244 7F
& 7R EEdth oA T3 ES glass filter® o]
&}aL, evaporator® &5 3}0] HCIE A A3 UhS- acetate/citrate
buffer 2 mLE 7}k § 0.3 M NaClZA] 4§ (25 mL)3}4q
Az Ng A8 A5 9 300 uLoll oxidant solution 300
uL ¢} isopropanol 600 uLE W] A-ZoA] 42 FF AEAIZ]
% Ehrlich's reagent% 4 mL #7}ska 714 (60T ol Al 25+)
2 Ao A Byt & FFEE 54 (558 nm)SHSiT o] u]
AHEE EFEZLS 4-hydroxyproline (Sigma-Aldrich Co.,
USA)OI o1, F5%E 0-300 uL/mLe] M= sto] FFT4
gk & A& U] hydroxyproline?] 2 A4} collagen

a4 F5 9 9id 5=
Baags %Xgﬁ}ﬂ A%t 25 4AE FH L5 st
oﬁk 1 AAE 95 024

;g_
d

20 mm)O]’Oq ZA| 3
ol W, &4 S 74]’&5}7] gk @A FEF Lowry
et al. (1951)2] W]l w&} bovine serum albuminS ¥ T
WAz slo] 73 HFdow S48
FaAe] 3 &4
A7 A gigk 222 1% hemoglobin (Hb, pH 34— 6)2}
2% casein (pH 62 9)& AH&3Fo] Anson (1938)¢] WHES tha
T8t HAsAn =, WEU A2 (5, 200 uL)ol
0.5 mL2] 7]&2EN3} 1.5 mLe] ZF pHE H4FHE 7}5ho]
SR WhEZ NS 40Tl A 1AIRE 5ot RESAIZ T W3-

=

A& 9Jste] 2 mLe 5% trlchloroacetic acid (TCA) &<
J1aha, 3057) qu 71 3, YAEE (3,000xg, 20%5-)8ko]
ogom Ao%g o thald] fmgg (280 nm)E ZA 3t

71 de] ok &4 10 mM Na-benzoyl-arginine-p-
nitroanilide (BAPNA), N-succinyl-alanylalanyl-pronilyl-phenylalanine-
p-nitroanilide(SAAPPPNA), L-leucine-p-nitroanilide (LeuPNA)
Z12] 31 L-arginne-p-nitroanilide (ArgPNA)E A}-8-3}¢] Erlanger
et al. (1961, 1966)2] WL thh FHsle] FAHSUTE =
Aol 72+ g4 (£, 100 pL)ol 150 uLe] ZF 10 mM
1AL (HEEN F, HF FE 0.5 mM)T 2.8 mLe] 0.1
M sodium phosphate buffer (pH 7.0)5 7}ste] 3t Bh-g-& Y

oA AR5

S 40°ColA 1A Bt WA AT WA S
uLe] 33% acetic acid§S 7}kl 3037 A=
AR (3,000xg, 20431 Doixl A5 Hol| s}
(410 nm)= S48t

H24084 (Umg)S 42T A 1 mgo] 1IN WA

7]l: o)

FE 015 1 Umgl g 3kt

i

e 9

A7 == Okada (1963)2] W& okt Wigste] 5433
I, AlEE 98 52 dA% A7) (2.5%2.5 ecm)2 A slo]
AT &, AZFEE Sun rheometer (CR-100D, Sun
Scientific Co., Tokyo, Japan)E ©]-83}] A|59] 8}5 3} 2 o]
E 44 54 s, st x ZolE UEhiiiTh o] o,

A=
2+ 20

< AHE3)

theometer?] load= 1 kgl 2 3} 3L, plunger?
mm/min®. % 3} 0 W, plungere 217 5 mm2] -8
s

WA S5 e Age] 49§70 AN, 12T A

5 $- ®wol AAF A7 (2.5x2.5 cm)E H P H /|
Adgh Aads 77 Alg 2 sho] ZAMAA] (ZE 2000,
Nippon Denshoku Industries Co., Japan)2 Hunter L 2 b3k
2y 2y ZR% -8 Park (1994)0] 91533 R = L3bE A4k
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Table 1. Proximate composition and whiteness of commercial
Alaska pollock surimis with various grades

Proximate composition (g/100 g)

Grade Moisture ’?rgigii Ciir:ize Ash Carbohydrate“ Whiteness
SA 743108 16.9+0.1 0.1x0.0 0.9+0.2 7.8 40.3
FA 746109 155+0.1 0.5£0.1 0.4%0.1 9.0 37.2
AA 746102 16.7£0.1 0.8t0.1 0.610.1 7.3 36.6
A 747+08 15.7+0.1 0.5:0.1 0.20.1 8.9 305
KA 738101 16.2£0.2 0.9+0.0 0.1+0.0 9.0 28.3
KB 75.1£0.3 16.0t0.0 0.7¢+0.1 0.6%0.1 76 27.0
RA 749+04 16.8£0.0 0.7x0.1 0.4£0.0 7.2 18.6

DCarbohydrate (%) = 100 - (Moisture + Protein + Lipid +
Ash).

Fe) Qo] FRE AR GBI, ol A%
o B9 ol gomtH @84 BuAe Feld o JEu
WAZ 9ol T (ANAOE 4% BT AT (AW
o2 4% WS Bl Az el erH
(Chen, 1987). AWA0Z APEA Afo] T3t 74 4%
F AWARE SE  wo] A Ae s

=
745 75.0-75.5% 2, FAS<] 7
- 755-76.5% W9 2 RAF Y]
A o] At} (Kim et al, 2007). ¥ 2o A HEF A5
TS AAEAE AFY i gl dig A4 A4
T A9 SAH, FAYH 2 AFE 2
2 ARG o w2 wejo JSdTh
asdk AlFE We A5 WAL= SAFE O] 40.3, FAR©]

, 28.3, KB&©] 27.0
2 RAF O] 186°IAtk A, HAEHE A9 S5 TEddA
= SAT I FAF©] 30014, AT = RATO] 25-30 H=
TS Tt (Kim et al, 2007). 2 AR A AES A5
WMAEE HdEd A5 MR gk 4ol H83te
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Fig. 1. Gel strength and whiteness of commercial Alaska
pollock surimi gels with different grades.
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Table 2. Proximate composition and collagen of bastard
halibut cultured in different areas

Proximate composition (g/100 g) Collagen
Area - X —
Moisture  Protein Lipid Ash (9/100 g)
Jeju 75.70.1 21.9+0.1 0.74£0.2 1.3+0.1 1.96+0.16
Wando 75.610.2 21.840.1 0.7£0.0 1.2£0.1 1.58+0.07
Geoje  76.0£0.3  20.840.9 0.610.1 1.4£0.2 1.68+0.04
Alaska © 00502 171801 04102  0.80.2
pollock

" These data were quotted by Kim and Park (2004).
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S, Park et al. (1995)> 9@X|¢] @iz 24 5 LT
WL 73.79% W9 olojA, ThE o] /o] dwdE x4 F
AR e 29 (- 76%, F717HS

73%, Dol 70-72%)3% fFrAFSEAY Edtha Bk vp gl
ol9} e gl e LA H 2 R AS Ax FH
T oA sdehe =AY T 3 E FFOoR v Fo

o

noh o] a8 FAx| e Holo Wrgle] WAE 24
2 S AS7) U8 o RE 24 s Jurt o
SR, FHA o) 1 WA bl Aolvh gloe e
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FAA el W WA GA 5] e Fe AT

=4
g2 Z5%0] 1.96 g/100 gO & 7H4 Wk, the o7 AL
92 2% (1.90 mg/100 g) = AAA 92 <5 (1.60 g/100

o] ol ghA, AFAF {WA o Fepal e Aol
5 (0.34 /100 g), NE T (0.43 /100 g), FA| /N5
5 (047 g/100 g), 159 5 (0.50 g/100 g), A7¥o] &5
(0.51 g/100 g), ol =5 (0.60 g/100 g), TAA =5 (0.68
g/100 g), FE &5 (0.73 g/100 g), ¥l =5 (0.88 g/100
2), =#Z7te el &5 (0.94 g/100 g), 5o &5 (1.16 g/100
g) R Aol 25 (1.54 g/100 g)Ethe= =9kor), Wao]
T (1,99 @100 g), 7HH o] T (212 /100 g) B o]
5 (219 g/100 2)2] ZAE (Park et al, 1995)H.U= Wk}
wEbA olE Y59 FEizl gl sk AR FE 44
Aol #AGle] GX & AAFS] LAZ o] &3tz dh=
Bg- AAFE AxTE T T4 T4 olFel -84 v
Aol NEA] mfEofol & Ao ATt

o
~

HAtE WA 2% ) 2RA BYRE
479 (A5

ry
fo
BN
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P
e
o,
oo
o 2

o o e’

mg/100 )] oA o, 5% FoF=FollA 2ol 7t ATt

FAA el BARQLO] vlT+A FA 25 g4 AAV|A
of 3k 2L Hb (pH 3 2 6)S 71HE 89S u 77}
0.38-0.43 U/mg B % 0.40-0.45 U/mg ¥ 2] 3L, casein
(pH 6 % 9y 71H 2 39S W 217} 0.42-047 U/mg B
2 0.30-048 Umg B ER, A9 AT, AA 2 &%)
9 pHE (pH 3, 6 R 9)°ll TAIGlo] BE HA 25 a4
g B gA4L 0.30-0.48 Umg W2 Woks o)
ofuel A& Ztol]l I A 2kl 7t ASATh A, AREAS] AAF
279l pH B 91?1 pH 6914 @A &§ 540 A 7|2
gk wEAS V1He TR FAAGA BAglel
0.40-0.47 U/mg WM& o} wro}, vl 32 |JA=5H AAF
o] 7k F olE &mAd o &Y At T 22 Jge
= o glg}l weks] QI 39, Ting et al. (1968) 10 & 59
3} cathepsin®] F-i- Aol s ATl A pH 3.7 F-
oA Hb 7[&e| tiste] 73 A4S Hol= Ei4a ¥ pH

3500

£ 28443 3093.9
g 3000F 2527.9
= 2500f
@ 2000
% 1500
§ 1000
S 500f
T 0 . .
Jeju Geoje Wando
Cultured area
B Hb,pH3 = Hb,pH 6 ™ Casein, pH 6 M Casein, pH 9
06}
0.48
04 0.45 0.47 . 0.45
04l 03 130-4 038 0504

Proteolytic activity (U/mg)

0.2
0
Jeju Geoje Wando
Cultured area
£=)
E 15l  MBAPNA " SAAPFNA M LeuNA M ArgNA
S 13.71
—  4r 12.66 11.90
2 12t
£ 10}
@ 8t 08 6.65
'*E, sl p 46 5.56
5 4 =
g 2
< 0

Wando

Jeju Geoje
Cultured area

Fig. 2. Protein content, proteolytic activity, amidolytic activity
of crude extracts from muscle of bastard halibut cultured
in different area.

7 2 87ANE A4S KHolx E4vF BEIT 319,
Makinodan and Ikeda (1969)i= o], E7ltlgo], 3150, Ao
g, W], U 59 & Tl BExdhe S Faasol
T3t Aol A pH 3 F-Zoll A4 Hb 7] &9l pH 8F-TFoll A
caseinol] el A4S Hol= A4 2 o e Bajg
27F EESTh A Bargh v) glth HEg Makinodan et al. (1983)
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Table 3 Heavy metal of surimi from bastard halibut cultured
in different areas

Cultured area Commercial
Heavy metal Al
kg) ‘ ] aska pollock
(mgrkg Jeju Wando Geoje  (Grade SA)
Mercury ND ND ND ND
Lead ND ND 0.1 ND
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Z52°] 0.5 ppm ©]3}, o] 2.0 ppm ©]3t=E FA S UT)
o2 gk Aol A T4k AR AAE GAEERH A
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Fig. 3 Gel strength and whiteness of surimi gels prepared
with bastard halibut cultured in different areas.
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