commons

O N § D E E D

@creatlve

ASZAEMN-HS3-MIASA 2.0 Mz
O 2A= OHNHS] =4S M2= ASMH 50 ARSA

o 0 HE=SS SH, HE, 32, 84, &3 5 28T 2 2UsLCH

— f=Rr—T0—

Ch5d 2= 245 Mdor gLk

HEZAEA. Flot= EHSME £ AIGHHDE 2HLICH

H2d. #5l= 0| == 2cl 5

14
o
ot
2
o
m
I
£
I3
Irey
r

o Fgts, 0 HEEY HOIS0ILEHH=ES 22, 01 AEEH HEE
ZTEH LHEHH MOE 2HLICH

o REATZSE U2 5718 wom Ol2E 2SS MSEA Falil

HESAEH OIE 0IEAS Ad= A2 HWEN Sotl IS BA BSLLL

0lZ1Z DIEHE A= Legal CodeyE Ol 2H 2 SIRLIC

Disclairmer B

Collection



http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/disclaimer-popup?lang=kr

TEMHt: B

]g -
4 7}

2008 2H

EEREKR K2
& m LB #

R W 2

E37



TEMHt: B

FAE oo ANAE A F
o} =]

4 A7}

EEHEE Bk %

e LR+ BHNo= #HT

20084 2H
ZERBR KB
-

R W 2



BRUEZY T B s iR

20084

2H



Abstract 1
q = 5
A= 2 ey 8
1. /é‘@ ZHE ........................................................................................ 8
2. AT HFH] cerruerrustlestibatie hosbessiaseers T eTomwemmassabosss o sbbesitosioggsnsssssasaseass 8
2. 1. Uk B AP AR e e B N 8

2. 2. 7] a fapal E el il B Y8 AN 8
2.3 ;q Hol—)‘\_]_- }_/\é Z;zé ......................................................................... 10

2. 4. % ofu| At B WEolu| Al BFEE = A s 10

2. 5. .,9,_;-;] o]-u]l,—_/}l- @—%1- %7@ ............................................................ 10

2. 6. ATPHEEZ T A cvoevrrrrrernmnnniniiienincnene, 11

2. 7. FIZFE A e 11

2. 8. Adenylate energetic charge(AEC) 7 rwereermssesseeness 12

2. 9. 718 Z(Anisakis spp.) L GAE] A} i 12

2. 10. t‘g-}\g%;g ﬂ"‘?r%k }_1\]_ .............................................................. 12

2. 11. 22L& T FA} e 13

2‘ lz%ﬁ]ﬂﬂ ......................................................................................... 13
23 R Iz 15




1. 0] A FEGZ] EZ FHIJ ceoreeerrerrnnennnsnniin, 15

I e L ) B 15

1. 2. B 7] ATFTEY BB} oo 25

1. 3. A HFPAERA Y] B S} cvevererernmrnn 29

1. 4. TF A B HE} s 36

1. 4. 1. & ofv|x=AF 2 F4olu Ak 3] 3} weeeerereeeenes 36

1. 4. 2. G o) AT EFE] B B coererernernne 38

1. 4. 3. ATPEHHEER T B} e 47

1. 5. I ZE Y BT v 55

1. 6. AZFE Y BB} coerrrrerrr 60

2. Fo]o YATA OFAA T T} e, 60
2 1. 7] }‘g%‘(AnisakiS Spp,) _?_%/QEH __,1_1\]_ .................................. 60

2. 92 t‘g-/\g%;g ;‘(l-_ﬁ_%k __,z_/\]_ ................................................................. 65
2.2 1. HIESGAC|ZUA FAED BFF FAF o 65
2.2. 2 EZR22F=ZEZ FAEED AFGF A} oo 69

2. 2.3 2428 FAEZA ZFZF AP v, 73

2. 3. TFE T FA] e 73
2  <F o
o3 81

ZFatel 2 86




Evaluation of Food Quality and Safety of a
Cultured Live Fish by the Place of Origin

Myeong—Jin, Son

Depeartment of Food Science and Technology, Graduate School,
Pukyong National University

Abstract

This study attempted to distribute to promote consumption of
cultured live fish and improve the national health, as securing
sitological superiority and safety of domestic cultured live fish,
through evaluating sitological quality of imported and domestic
live fish, hygienic safety of imported and cultured live fish.

As the result of comparing and surveying general components
of domestic cultured live fish which are same as Chinese sea
bass, fat greenling, Japanese red sea bream, rock bream, hag
fish that are imported live fish for sliced raw fish circulated in
Korea. It showed the biggest change in moisture and fat content.
But, even though there’ s change in moisture and fat content by
season, its difference between domestic and imported fish was
insignificant. There was a significant difference in Na content
between imported and domestic fish, but little difference in Ca,
K, Mg, Fe, Cu, Zn content. The composition of fatty acid of total
crude fat extracted from sliced raw fish—only live fish showed a
little difference by fish, but the composition rate of EPA(20:5),



DHA (22:6) was highest in polyenoic acid. The major component
of saturated fatty acid was palmitic acid(16:0) and the
composition rate of monoenoic acid with the main ingredient of
palmitoleic acid(16:1) and oleic acidl8:1) showed a little
difference by parts and time. Major fatty acid composition
showed similarity by order of 16:0, 22:6, 18:1, 20:5, and 16:1.
Domestic fat greenling contained more than 2 times of polyenoic
acid than imported one in winter, while Japanese hagfish showed
a tendency to have more than 4 times than domestic one in
spring.

In regard to the foregoing imported and domestic live fish for
sliced raw fish, the most samples analyzed from surveying amino
acid composition of imported and domestic live fish for sliced
raw fish by season, had a high percentage of aspartic acid,
glutamic acid, leucine, and lysine, and low content of cystine,
histidine, methionine, tyrosine, and phenylalanine. The content of
amino acid composition was almost similar. The ratio of essential
amino acid content was similar by about 39% amid whole amino
acids, in muscle of both imported and domestic live fish. The
content of sulfur—containing amino acid and aromatic amino acid
showed difference between imported fish and domestic ones by
fish, but the composition rate of the latter was a little higher
than the former. The free amino acid of imported and domestic
live fish had a high percentage of taurine against the total free
amino acid for the majority of fish, while hag fish showed a
tendency to have the highest percentage of proline, and other
free amino acid showed little difference.

The result from analyzing ATP-related compound showed
difference in total content by fish, seasons, imported and

domestic products, and IMP content that had largest influence



upon the savory taste of sliced raw fish, was higher in the
domestic fish than imported ones.

The flesh solidness that affects taste of sliced raw fish is a
little bit better in domestic fish than imported ones, and domestic
live fish with harder flesh contained less fat than imported ones.
Although the AEC wvalue that is a standard of measuring
freshness of imported and domestic fish indicated above 0.85,
which was good result, some of imported fish showed low value,
which meant that the stress during fishery and circulation
dropped the quality of live fish in comparison with domestic
ones.

In regard to five kinds of imported live fish and domestic
cultured ones, as the result of surveying existence of
parasite (Anisakis spp.) by season, amid cultured live fish only
fat greenling showed parasites, while imported live fish had
parasitic insects inside stomach and the internals. But, in part of
muscle used for sliced raw fish, it 'was not detected, which
secured hygienic safety for sliced raw fish.

As the result of researching the residue of antibiotic
substances of four kinds of tetracycline, five Kkinds of
floroquinolon, and oxolinic acid, by | season, for five sorts of
imported and cultured live fish of which sitological quality was
assessed, amid imported live fish, red sea bream contained
tetracycline antibiotics, of which content was on safe level, far
from 0.2 mg/kg (Food Code, 2004), OTC permissible level for
Korean fish. And, imported live fish and domestic ones showed
micro of floroquinolon antibiotics. Korea has not set a
permissible level of floroquinolon antibiotics, but Europe fixed a
permissible residue by 0.1 mg/kg combining enrofloxacin and
ciprofloxacin, thus the imported and domestic cultured live fish

circulated in Korea does not come up to European standard. All



of collected imported and domestic live fish did not contain
oxolinic acid, which secured hygienic safety.

In regard to the five kinds of imported live fish and cultured
ones collected by season, circulated in Korea, from November,
2005 to June, 2006, as the result of monitoring a heavy metal
content, imported fish contained on the average Zn 4.92 mg/kg,
Cu 0.31 mg/kg, Cr 1.23 mg/kg, Mn 0.15 mg/kg, Ni 0.23 mg/kg, Hg
0.19 mg/kg, Pb 0.03mg/kg, Cd Omg/kg, on the basis of living
things. While for cultured fish, Zn 4.37~13.49 mg/kg, Cu
0.09~0.32 mg/kg, Cr 0.08~0.13 mg/kg, Mn 0.05~0.17 mg/kg, Ni
N.D.~0.20 mg/kg, Hg 0.04~0.10 mg/kg, Pb 0.04~0.12 mg/kg, Cd
N.D.~0.08 mg/kg were contained. The other fish showed almost
similar content, even though there was a little difference. The
Hg content in Japanese hagfish is 0.39~0.47 mg/kg, exceeding
the permissible level in Korea (Pb 2.0 mg/kg, Hg 0.5 mg/kg),
comparing to other fish, and domestic one also showed high
value, 0.44 mg/kg. But, for other fish.showed very safe level,
under permissible level in Korea (Pb 2.0 mg/kg, Hg 0.5 mg/kg)

Thus, the sitological quality of wild, cultured, imported and
domestic fish showed insignificant ' difference by fish. Even
though antibiotic substances were detected from some kind of
domestic cultured fish and imported ones, of which content was
so extremely small that it is on safe level. The heavy metal
content of wild and cultured live fish showed safe level, but
domestic and imported hagfish had a high percentage of Hg. The
peculiarity of fish needs to be surveyed by monitoring heavy

metal content by fish.
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b & ol(sea bass,
Lateolabrax japonicus), ¥ x=#]7](fat greenling, Hexagrammos otakii),
YRA HE(red seabream, Pagrus major), S(rock bream,
Oplegnathus fasciatus), % 73] (hagfish, Eptatretus burgeri)®} Q3+

Sy P4 Bl Bolwe polatel ddaglod, ARe) A

A

B BEAFLS Table 191 Ve
2. 434
2.1 AR =7
QU Z4e FEE 16T AU Axy, zuwde

semi-micro Kjeldahl®, ZA| %2 Sexhlet F=H

o=z 747} 24359 HAOAC, 1995).
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Table 1. Sample profile of imported and domestic fish collected from

fish market in spring, fall and winter

Speci Sampling The place No. of Body Body
ecies
P season of origin sample weight(g) length(cm)
. China 3 1,118.3 + 68.1 437 + 09
Spring
Korea 3 1,385.3 + 125.8 499 = 50
China 3 980.0 = 2779 393 + 3.2
Sea bass Fall
Korea 3 1,2087 + 774 491 £ 1.3
. China 3 1,304.3 + 63.0 493 + 05
Winter
Korea 3 1,090.7 + 92.2 469 + 35
. China 3 408.3 = 162.0 277 + 38
Spring
Korea 3 301.7 £ 153 256 + 0.1
Fat Fall China 3 300.0 £ 52.9 247 + 2.1
a
greenling Korea 3 300.0 = 40.0 250 + 1.7
. China 3 259.3 £ 75.6 238 £ 15
Winter Sy
Korea 3 38313, 7549 272 £ 1.3
. Japan 3 1,256.0 + 252.4 336 £ 14
Spring oo P
Korea 3 L2eE8. T2, 343 + 1.7
Red Fall Japan 3 1SR 5 111 .4 328 £ 0.6
a
seabream Korea S 1,036.8 * 112.17 369 £ 1.7
. Japan 3 1,425.0 + 1044 36.3 £ 1.7
Winter
Korea 3 1,380.0 £ 79.2 ol & 1.7
. Japan 3 1,1100 £ 91.8 342 £ 2.2
Spring TR o
Korea 3 § 7205e 4827, 1647+ 16
Rock Fall Japan 3 836.7 = 80.8 293 £ 15
bream 4 Korea 3 260.0 £ 18.8 217 £ 18
. Japan 3 838.3 £ 66.6 293 + 1.1
Winter
Korea 3 8106 * 15.3 281 £ 19
. Japan 3 133.3 + 189 421 £ 2.7
Spring
Korea 3 1150 + 87 482 + 24
. Japan 3 56.7 £ 116 343 £ 25
Hagfish Fall
Korea 3 235.0 £ 93.7 55.7 = 80
. Japan 3 96.0 = 10.2 40.3 + 3.3
Winter
Korea 3 300.0 £ 40.0 67.1 + 6.8




A Qe gdo] E5& vpd v A5 58] chloroform : methanol
(21 v/v) §Ho7 FEeAUH(Folch et al, 1957). %3 A& FES
A A3 E 14% BF3-Methanol &4 0 2 methyl ester3}sl S th(Metcafe
et al., 1966). A ¥4 methyl esterZ capillary column(HP-INNOWax
polyethylene glycol capillary 30.0 m x 250 gm % 0.50 gm, model No.
Agilent 19091N-233)¢] %% gas chromatography(Agilent 6890N)=
o gste] AAE S EAGAT A AE methyl ester®] &4

A vFAE methyl ester®] retention time¥ H] &t} elslg]om ==
=
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29t Ax A7) & pH 229 A gkxalow 50 mLE A-&ske] 0.22
um membrane filter® o #}ale] ofm| A BEAQ Alg g ALt
(White et al, 1986). & oFrjiik 8 Hofn| - ko] &k oln] it

21 7] (Pharmacia Bioteck Biochrom 20)% 4] 3}$3t}.

2. 5. frgotu|=At A F SA

Felobul el FF F4L of% 5g2 AW F 75% cthanole 25
mLE ¥ 6A17F wRksk & AR (3,000 xg, 15min)dte] 45
2 #skglrh o W, AF e Ao FAo] F Wk 75% ethanold A

7tate]l QAR stk o] AE=He A ethanolS A3 AAA 7] 9



i 729 5% & "ol E AL, 5mle FHsle] 5 -sulfosalicylic

ol

acid 250mgS ¥a & ZFste] #ASAIA AGHAIZT F QAR
(3,000 xg, 15min)3te] AL AT HE 0.

t}& lithium citrate buffer (pH 2.2)2 LA 3|4 slo] ofn] =4t HA17]

\)

0 ym membrane filter= o 7}3+

(Pharmacia Bioteck Biochrom 20)% #4189tk Spackman et. al,

1958).

Mt AAEZA ke FE3 dAAEEZ (Iwamoto et al, 1987)<
HPLC(Waters, controller 600, TM-600 intelligent pump, dual A
absorbance detector 2487, column oven 410 % differential refractometer)

Z AFg3le] BA439 ) columns u-Bondapack Cig (3.9x300 mm)2] & AHEuj
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mL/min, column €% 40C, #A =34 254 nmoll Al 305-7F #4138} 3, peak
™28 auto chromatography data system< S8l 2 &-3fo] AAHs 3 zhzt

o gere Taly.

cylinder plungerE A&3lo], €% 60 mn/min W9 H13HS A=
stRen, A¥gAd= 3 Alg G 3~53 FAHse] HF+rFFAA

(mean+S.D.)Z YER ST



2. 8. Adenylate energetic charge(AEC) &3
Bolg Fade 28 AAT e, Awe AARL Fo Folge

=

%, perchloric acidZ nucleotidesE F%&3F9th 18] 31 adenyl nucleotide
o] EA4& HPLCE At dojxl A= ot Aol ofste] Aitket
A tH(Thebault et al., 2000).

AEC = [1/2{ADP} + {AMP}] / [{AMP} + {ADP} + {ATP}]

9 (Anisakis spp.) LEGAH XA}

o] T 4 Al 34 A% 55 FEste kA& (Anisakis spp.)
o] ALHE FAEHY] fldto] Zoof 5 B WS AFsk] A &
oo g 2l th(Koyama et al, 1969).

N
o
ofy

2.10. FAED BFF 24}

AR FAAY BAL ouF F FAEA EAMEGASARSA 4
A9, 2005)9] 23l tetracyclineZl 4% (tetracycline, oxytetracycline,
doxytetracycline, chloro tetracyeline), fluoroguinolone| 5% (ofloxacin,

norfloxancin, pefloxacin, ciprofloxacin, enrofloxacin) % oxolinic acid&

gaez wAat,

1) B&FF %

FAEA BEAo) ALEE tetracycline (TC), oxytetracycline (OTC),

o)
>,
1L

doxycycline (DC), chlorotetracycline (CTC) & tetracyclinesl A =2
4%, ofloxacin(OFL), norfloxacin (NOR), pefloxacin (PEF), ciprofloxacin
(CIP), enrofloxacin (ENRO) % fluoroquinolonesd 3&aA&2d 5% H

oxolinic acid®] F+¥2 25 SigmarHUSA)A|FS AF&3 T Ao



AFE-¥  acetonitrile, methanol, phosphoric acid, tetrahydrofuran %
waters= HPLC grade (Merck, Germany)ZS Al-839121 oxalic acid=

SigmarHUSA) A 35S AF&3FS T

2) BHzZ

HEetto| 2UA(SAHEDR 0|2, FREHEDG | 2Y) FAEA,
ZRRAEEA FYRY, S2UN AR HPLC E4 272 Table 29
LFERU AT

gojo] FF<4 S Standard Methods for Marine Environment
(MOMAF, 2002)° w2} 439t =, 52(Hg)> Gold-amalgam™ &
2 Flow injection Mercury system(Perkin Elmer, FIMS 400)& A}-&3}

o AH ZAH3ATh 1 9 rFEHFY 2 F2 3]s mEk A A
71 & AAH(Merck, supra-pure grade) % S A Merck, supra—pure

grade)& Al&3to] Azl &

AgE3te] 25mLE 443t (), T 2 (Cw)," 28 (Cr), 37
(Mn), YZNi), ot (Zn) % E(Pb)S ICP-MS(Perkin-Elmer, Elan
610002 1 s SAHS] A=/lcoz HERIIT

gols FHAZII 05N FHAgHow
]_

2. 12. 3AAF

A% A= SAS(Statistical Analysis System) T4 ZTzaglo g 7zt
7+o] Aol gk ANOVA testg& o]-&3te] FAbtAlgh & v 3 %
TS 5k, Duncan® 5P| (Duncan’s multiple range test)=
P<0.05 frelaEol A Folak HAS AAlssl



Table 2. HPLC conditions for oxytetracycline, tetracycline, fluoroquinolone

and oxolinic acid determination in fish

Antibiotics Condition
oxytetracycline
HPLC chlorote?racychne Hewlett Packard(USA), Model 1100 series
system  fluoroquinolone
oxolinic acid
oxytetracycline Shiseido MG C18, 46 mm ID x 250 mm
Column chlorote?racycline Shi;eifio MG C18, 46 mm ID x 150 mm
fluoroquinolone Shiseido UG 120, 4.6 mm ID x 250 mm
oxolinic acid Cosmosil 5C18-AR, 46 mm ID x 150 mm
. methanol : acetonitrile : 0.01 M oxalic acid
oxytetracycline o )
=1:18:72
chlorotetracycline methanol : acetonitrile : 0.01 M oxalic acid
Mobile =23:20:57
phase fluoroquinolone 0.1M phosphoriic aci.d (pH 2.5) : AcN
=91:9
. . ; methanol : acetonitrile : 0.01 M oxalic acid
oxolinic acid { B -
=1 & Ba™b
oxytetracycline
Flow rate chlorote?racycline 1mIL/min
fluoroquinolone
oxolinic acid
oxytetracycline UV 360 nm
Detector chlorote?racycline UV 360 nm
fluoroquinolone Fluorescence Ex. 280 nm, Em. 450 nm
oxolinic acid Fluorescence Ex. 337 nm, Em. 365 nm
oxytetracycline 20mL
Injection chlorotetracycline 40 mL
volume fluoroquinolone 20 mL
oxolinic acid 20mL
oxytetracycline
Column chlorotetracycline .
; 35T
temp. fluoroquinolone
oxolinic acid
oxytetracycline 20 min
Retention chlorotetracycline 15 min
time fluoroquinolone 50 min.
oxolinic acid 10 min
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Table 3. Seasonal variations of moisture, crude lipid, crude protein and

ash in muscle of imported and domestic sea bass (L. japonicus)

(unit : %)
Moisture Crude lipid Crude protein Ash
Season
China Korea China Korea China Korea China Korea

Spring V76.7+0.9* 77.3+0.3* 53+0.6° 24+0.1" 17.7+0.7° 20.8+1.0° 1.2+0.1> 1.2+0.1°
Fall  77.7+1.4" 739+09" 45+0.3" 42+15® 181+0.1° 19.9+0.4"> 12+0.3" 1.4+0.1%

Winter 75.3+1.1° 71.9+04° 3.7+1.7" 65+0.9" 192+0.1° 23.3+0.9" 1.3+0.1" 1.4+0.1"

V. Values are expressd as meantSEM (n=3).

?: Distinct letters indicate significant differences between season, according to Duncan’s multiple
range test (P<0.05).
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Table 4. Seasonal variations of moisture, crude protein, crude lipid and
ash in muscle of imported and domestic fat greenling (H. otakii)

(unit : %)

Moisture Crude lipid Crude protein Ash

Season
China Korea China Korea China Korea China Korea

Spring 77.6+0.3* 79.7+0.4* 3.3+0.4" 22+02" 17.8+1.0" 187+0.8" 1.7+0.1* 1.5+0.1%
Fall 729+1.0° 765+15" 6.2+0.3" 34+0.4° 19.4+0.1% 20.2+0.1° 15+0.1" 1.5+0.1°

Winter 78.7+0.9" 79.9+0.2" 1.8+0.2° 14+0.1° 193+0.1* 20.4+0.1" 1.3+0.1° 1.3%0.1°

Distinct letters indicate the same as those in Table 3.
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Table 5. Seasonal variations of moisture, crude lipid, crude protein and
ash in muscle of imported and domestic red sea bream(P. major)

(unit : %)

Moisture Crude lipid Crude protein Ash

Season

Japan Korea Japan Korea Japan Korea Japan Korea

Spring 76.5+0.4% 72.5+0.7° 2.7+0.3° 6.4+0.6° 19.3+05° 19.8+0.3° 1.9+0.1* 1.5+0.1°
Fall 73.6+0.4" 69.4+2.3" 6.3+0.4* 11.2+1.7* 23.8+0.1° 19.0+0.4° 1.6+0.2"> 1.2+0.1°

Winter 71.1+1.6" 70.0+05" 4.9+02° 61404 22.240.1* 23.2+0.4* 1.4+0.1> 1.4=0.1"

Distinct letters indicate the same as those in Table 3.
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Table 6. Seasonal variations of moisture, crude lipid, crude protein and
ash in muscle of imported and domestic rock bream(O. fasciatus)

(unit : %)

Moisture Crude lipid Crude protein Ash
Season

Japan Korea Japan Korea Japan Korea Japan Korea

Spring 72.0+0.6° 69.1+1.1° 7.9+04% 79+17* 183+1.1° 180+0.2° 1.3+0.1* 1.4+0.1°
Fall 73.3+0.3" 734+1.6" 6.2+03"” 59+15° 19.6+0.1° 19.1+06" 14+0.1* 15+0.1%

Winter 73.0£0.7* 72.4+1.6° 81+05° 46+12" 18040.1* 24.0+0.8" 13+0.1° 1.4 =0.1°

Distinct letters indicate the same as those in Table 3.
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Table 7. Seasonal variations of moisture, crude lipid, crude protein and

ash in muscle of imported and domestic Hagfish (E. burgeri)

(unit : %)

Moisture Crude lipid Crude protein Ash
Season

Japan Korea Japan Korea Japan Korea Japan Korea

Spring 765+0.7% 77.4+1.3° 52+12° 4.4+04° 17.4+2.0° 17.6+1.4> 15+0.1" 1.3+0.1®
Fall 74.6+0.7° 78.0+0.7° 52+04° 56+0.3" 19.2+0.1% 19.4+0.1* 16+02" 1.4+0.1°

Winter 755+1.0° 72.4+1.0° 6.3+0.2° 10.9+05* 16.8+0.1° 15.8+0.1° 1.3+0.1> 1.3+0.1"

Distinct letters indicate the same as those in Table 3.
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Table 8. Seasonal variations of mineral contents in muscle of imported and domestic fish collected from fish

market in spring

Mineral content

Na Ca K Mg P Fe Cu Zn
(mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/kg) (mg/kg) (mg/kg)
China 32.07+1.11 20.24+4.06 499.63+896 29.59+0.57 315.31+9.77 1.00+0.11 0.36+0.04 4.82+0.11
Sea bass Korea 5386688 26314278 552.77+45.06 22.35+3.18 21592+11.28 3.33+0.87 0.32+0.17 4.49+1.40
Fat China 40.33+557 17.95+1.87 533.39£15.05 21.87+1.81 323911820 0.68+0.31 0.21+0.04 3.05+0.03
greenling Korea 31.36+1.03 22.80+3.10 502.37+18.64 19794163 35497+12.60 1.03+0.14 0.27+0.02 3.85+0.15
Red sea Japan 35.78+2.34 23.67+3.90 531.02+22.98 38.26+1.78 380.69+16.41 0.68+0.24 0.20+0.02 3.85+0.15
bream  Korea 4823+477 22944281 543833604 2651+2.62 207.57+20.99 304156 0.33+0.07 10.39+1.84
Rock Japan 2855+2.11 8264278 525.04+18.55 24.61+2.62 265.62+2876 0.86+1.02 0.21+0.13 2.38+0.14
bream Korea 3227+1.32 1169+2.03 455473628 2211209 260.36+41.77 319+0.21 0.30+0.11 4.63+0.43
‘ Japan 35.94+0.97 5.82+0.40 341.01+10.55 19.92+0.63 199.16+3.90 3.57+0.21 0.53+0.02 6.68+0.55
Hagfish Korea 3395+2.14 4.73+0.49 28854+24.62 19.75+0.67 250.27+22.89 2.50+049 0.47+0.06 6.13+0.75
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Table 9. Seasonal variations of mineral contents in muscle of imported and domestic fish collected from fish

market in fall

Mineral content

Na Ca K Mg P Fe Cu Zn
(mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/kg) (mg/kg) (mg/kg)
China 28.71+549 9.77£2.87 356.53+21.45 32.29+0.33 253.42+6.58 3.32+0.88 0.27+0.10 4.26+0.45
Sea bass Korea 3887930 9.04+£2.70 287.37+21.36 25.23+1.05 186.13+299  4.22+041 0.17+0.07 &8.81+1.05
Fat China 26.36+1.94 10.45+2.36 593.19+46.60 36.29+1.04 313.05£17.32 2.17+0.10 0.32+0.02 4.31+0.20
greenling Korea 44.95+2.60 11.92+374 573.75+17.74 3566+1.25 306.99+7.51 1.77+0.32 0.27+0.02 3.41+0.19
Red sea Japan 39.68+1.02 13.97+2.04 529.42+14.76 39.01+0.59 349.0848.65 2.24+0.30 0.23+0.02 3.29+0.10
bream Korea 29864156 11954278 433094382 2559+539 2742142135 337+0.35 1.36+0.41 7.04+0.42
Rock Japan 27.22+1.88 8.34+1.63 447.93+14.95 37.08+1.21 323.67+11.44 2.86+0.28 0.31+0.02 3.58+0.28
bream Korea 33724303 7964098 383.45+22.00 33.12+320 257.14+1059 452+0.33  0.32+0.05 8.25+0.89
‘ Japan 3954+2.01 885+1.85 30254+10.51 24.45+3.21 281.41+£19.62 3.62+0.61 0.72+0.10 854+1.34
Hagfish Korea 40.25+392 6.04+0.96 279.48+10.65 21.48%2.65 240.67+10.54 2.73+0.20 0.46+0.08 9.05+0.98
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Table 10. Seasonal variations of mineral contents in muscle of imported and domestic fish collected from

fish market in winter

Mineral content

Na Ca K Mg P Fe Cu Zn
(mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/kg) (mg/kg) (mg/kg)
China 35.70£2.18 16.84+3.94 423.65+20.64 31.65+1.30 289.04£11.30 0.85+0.08 0.22+0.03  6.01+0.05
Sea bass Korea 52.16+4.08 17.34+2.24 440.35+38.61 2859+2.85 238.10+13.09 2.01+0.58 0.22+0.07 6.63+1.02
Fat China 33.40£1.57 9.12+1.26 510.64%£14.06 2255+2.01 332.62£1821 0.41+0.11 0.41+0.05 4.02+0.05
greenling Korea 36.36+2.83 0.02+1.69 478.62+15.09 27424285 311.20+11.56 0.80+0.08 0.41+0.03 3.52+0.23
Red sea Japan 37.78+2.34 10.03+1.69 502.30+28.61 26.58+2.86 390.33£14.64 0.72+0.12 0.27+0.01 4.76+0.32
bream Korea 3628+198 15384264 4389041695 2354+3.08 36528+14.28 1.12+0.05 0.33+0.01 7.82+0.53
Rock Japan 2867311 884+0.82 453.61+32.06 24.85+3.08 332.05+16.50 2.72+052 = 0.19+0.05 4.01+0.20
bream  Korea 31724223 961+1.02 39581+24.08 2223215 23620+16.88 305t0.18 0.29+0.03 6.69+0.13
‘ Japan 36.42+1.72 846+040  375.21+9.61 20.84+1.76 207.85+6.95  3.26+0.25 0.46+0.08 8.89+0.09
Hagfish Korea 36.88+1.07 7.30+1.49 342.03+19.65 2261+2.03 236.35+21.85 2.40+0.19 0.52+0.04 7.45+0.12
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Table 11. Seasonal variations of fatty acid composition in muscle of
imported and domestic sea bass
(unit : area%)

Spring Fall Winter
DY v? D v D v
China Korea China Korea China Korea China Korea China Korea China Korea
C14:0 519 411 389 318 510 502 417 424 516 344 410 3.70
C15:0 064 057 060 048 067 216 059 045 0.70 042 064 048
C16:0 21.65 18.19 20.36 17.46 20.96 21.07 21.23 19.98 19.40 19.31 1877 18.27
C17:0 044 129 054 054 043 139 052 090 - 148 084 151
C18:0 444 492 394 506 269 483 382 255 293 320 313 266
C20:0 123 205 203 136 124 066 142 136 259 046 1.77 050

C22:0 053 - 139 047 052 - 073 - 130 165 116 1.75
Saturates 34.12 31.13 32.75 28.55 31.61 35.13 32.48 29.48 32.08 29.96 30.41 28.87
C14:1 019 - 023 057 023 033 019 057 152 034 - 022
C15:1 036 - 025 - 038 036 008 - -
Cl6:1 1067 9.03 9.65 811 12.28 11.47 10.86 10.64 816 10.39 8.39 10.15
Cl7:1 050 - 054 - 051 093 054 09 - 083 114 083
C181  20.32 18.15 21.76 1747 21.88 18.57 22.96 25.99 20.12 18.63 19.14 22.36
C20:1 - 091 P10 U 0Tt YO04A Wi 202 — 258
Cc22:1 - — & 007 3000 90,04 ~ -=0.05"5% o F - 036

C24:1 198 198geli93# 435 161 2:86 ) Wibe 1°68-. 202 %, 0504255 1.82
Monoenes 34.02 30.07 34.53 31.40 37.00 34.52 36.57 39.83 31.92 34.76 31.22 38.32

C18:2 352 274 435 184 @220 281  6'GES.c9 5.61 412 5.02 13.82

C18:2 - -

C18:3 092 093 1.27 079 134 089 146 163 123 143 1.21

C20:2 - 1285, 0,047,2.92° A5 URIEEE 3 7 103 [0.50
C20:3 310 4 - 204~ 2.0l SHE R 187 1.65%.1.81 1.95 /195
C20:4 054 163 014 1.74 0.08 056 {012 - 071 1.01 0.72 046
C20:4 - 364 072 487061 - '058 - - = - - 11
C20:5 936 833 806 992646 7.75 580 851 795 1089 811 9.67
C22:2 012 172 157 844 028 ———=_021— 79035 =" 031

C22:6  14.30 16.96 14.43 14.53 13.29 14.61 13.66 13.51 18.07 16.22 19.80 14.09
Polyenes 31.86 38.8 32.72 40.05 31.39 30.35 30.95 30.69 36.00 35.28 38.37 32.81
-3 25.12 27.85 23.90 26.98 21.17 23.81 20.75 23.48 28.36 29.35 30.06 25.43

o6 6.62 923 725 963 999 654 999 721 729 593 8.00 7.38
o3o6 379 302 330 280 212 364 208 326 389 495 376 345
UFA/SFA 193 221 205 250 216 1.85 208 239 212 234 229 246
MUFA/SFA 100 097 105 110 117 098 113 135 100 116 103 1.33
PUFA/SFA 093 125 100 140 099 086 095 104 112 118 126 1.14
Total 100 100 100 100 100 100 100 100 100 100 100 100

Y'D : Dorsal muscle, 2 V : Ventral muscle
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Table 12. Seasonal variations of fatty acid composition in muscle of
imported and domestic fat greenling

(unit : area%)

_27_

Spring Fall Winter
DY v2 D \% D \%

China Korea China Korea China Korea China Korea China Korea China Korea

C14:0 274 153 264 275 273 301 406 200 594 146 539 061

C15:0 036 033 037 044 038 044 054 046 - - - -
C16:0 1593 17.34 17.38 17.71 1501 19.21 1550 20.92 19.19 2055 1994 20.86
C17:0 064 046 067 044 123 132 181 045 - 0.70 228 0.12
C18:0 312 526 371 468 230 279 368 359 350 533 497 514
C20:0 248 086 29 184 295 211 239 145 280 129 276 054
C22:0 1.59 0.8 208 120 280 212 210 047 - 210 1.00 219
Saturates 26.86 26.63 29.81 29.06 27.40 31.00 30.08 29.34 31.43 31.43 36.34 29.46

Cl14:1 0.16 007 018 050 033 028 0.03 017 153 0.20 - -
C15:1 - 033 013 0.20 - - 0.18 0.46 - - - 1.77
C16:1 9.87 539 942 463 6.7 971 1049 1321 978 811 1042 7.10
C17:1 037 029 044 037 025 021 034 0.75 - 4.33 - 0.74
C18:1 19.80 14.63 21.68 14.27 16.74 2543 16.83 30.84 19.27 19.01 1759 19.69
C20:1 024 015 0.04 3 0.3, 10084 08 1% 0.02 . F 0.09 0.31
C22:1 037 020 0.13 0.32 . 020 021 017 - = - 0.22
C24:1 142 158 143145 120 094 069 107 035 191 091 151
Monoenes 32.23 22.64 33.45 21.74 25.60 36.80 28.93 46.69 30.93 33.56 29.01 31.34
C18:2 154 1.05 1.53%1.21 1S ES3 250Nl 72 1.94 " 1.80 = 1.41% 0.40

C18:2 - £ i 1 E = 3 - = * = -
C18:3 087 041 08 064 112 093 L7 057 0.76 037 1.05 0.71
C20:2 - B 0.11 iy = 0.01 011 0.07 = ¥ = 1.41
C20:3 1.47 4.20.01.37 ¢3.87% 0.73% 121 R 0.  113w=192 109 1.13
C20:4 072 007 012 048 092 032 027 017 079 1.00 093 1.01

C20:4 - 041 0.67 % F- 0.17 §0.59 029 - - B -
C20:5 12.41 10.39 10.57 12.07 14.81 938 1515 893 1152 11.86 9.34 10.90

C22:2 069 223 078 0.20 049 0.03 068 0.19 4 0.77 1.00 -
C22:6 23.21 31.97 20.77 30.73 27.20 18.32 18.80 10.51 21.50 17.29 19.83 23.64
Polyenes 40.91 50.73 36.74 49.20 47.00 32.20 40.91 23.97 37.64 35.01 34.65 39.20
o3 3721 4284 32.28 4392 44.05 28.95 3593 20.18 34.57 3052 31.15 36.26
w6 301 566 368 508 246 322 438 360 307 372 250 294
o306 1236 757 877 865 1791 899 K820 561 1126 820 1246 12.33
UFA/SFA 272 276 236 244 265 223 232 241 218 218 175 239
MUFA/SFA 120 08 112 075 093 119 096 159 098 107 080 1.06
PUFA/SFA 152 190 123 169 172 104 136 082 120 112 095 1.33
Total 100 100 100 100 100 100 100 100 100 100 100 100

YD : Dorsal muscle, ? 'V : Ventral muscle



Table 13. Seasonal variations of fatty acid composition in muscle of

imported and domestic red sea bream

(unit : area%)

Spring Fall Winter
D" v? D \% D \%

Japan Korea Japan Korea Japan Korea Japan Korea Japan Korea Japan Korea

C14:0 286 540 326 336 409 761 435 554 516 260 387 248
C15:0 038 051 041 056 048 061 047 - 049 038 039 0.21
C16:0 18.82 14.74 20.38 21.75 21.50 21.59 20.62 19.48 21.74 17.63 21.14 16.41
C17:0 0.43 - 043 1.04 048 204 045 148 048 1.12 039 1.71
C18:0 584 697 621 747 652 451 6.04 537 704 629 560 530
C20:0 3.06 270 193 246 245 - 225 206 108 046 405 071
C22:0 1.76 087 154 033 137 1.01 114 157 133 266 7.08 3.01
Saturates 33.15 31.19 34.16 36.97 36.89 37.37 35.32 35.5 37.32 31.14 42.52 29.83

Cl4:1 0.10 - 010 - 015 035 016 - 0.19 - 020 -

Cl151 0.22 - 028 - 011 - 015 - - - - -
C16:1 521 593 537 632 59 1145 612 927 807 597 6.06 591
C17:1 0.40 - 032 033 038 167 048 12 044 075 033 088
C18:1 18.19 14.35 1820 16.46 21.13 18.06 23.85 22.32 19.30 20.94 20.56 19.98
C20:1 0.15 063 0.20 B 050 166 § 025 = 043 242 033 2.03
C22:1 0.01 - #0.08_J2.37 oI —0:08 - = 051 042 042
C24:1 328 364 032 28 249 212 313 282 378 ~312 303 403

Monoenes 27.56 24.55 24.87 28.28 30.69 35.21 34.22 35.61

C18:2 578 2.00 580 147 587 189 595 1.77
C18:2 - E i ===0/ 37 N = 3 3
C18:3 0.59 | = 0 066y 0.36' | UMISEN0N/S [BISEE..
C20:2 014 166 019 024 018 - 016 -
C20:3 163 v 194 - oL 2 007 RIS 1505
C20:4 0.03 2.38 10.76% 1.05 012 "1.00 F- 71.06
C20:4 0.77 -% 7009 I16%0W5-. - 077 —
C20:5 6.73 1015 6.99 832 749 1046 7.19 10.51
C22:2 031 08 004 - 037 = 049 -
C22:6 2331 2721 2450 21.28 1527 1232 13.54 14.52

Polyenes 39.29 44.26 40.97 34.75 32.42 27.42 30.46 28.89

32.21 33.71 30.93 33.25
02508 L I =@:211 1.31

S| <0136 == | 0.81
146 055 1.10 0.77
1.08 137 086 2.02
1.49 09 113 088
556 733 744 849
056 0.80 044 093
20.07 22.68 15.37 21.71
30.47 35.15 26.55 36.92

o3 30.66 39.74 3291 3151 24.01 2456 21.91 26.09 2858 31.51 25.04 31.85
w6 832 366 802 287 804 28 806 280 133 248 1.07 3.33
o306 3.69 1086 4.10 1098 299 859 272 932 2149 12.71 2340 9.56
UFA/SFA  2.02 221 193 170 171 168 183 182 168 221 135 235
MUFA/SFA 0.83 0.79 073 076 083 094 097 100 08 1.08 073 1.11
PUFA/SFA 119 142 120 094 08 073 08 081 082 113 062 124
Total 100 100 100 100 100 100 100 100 100 100 100 100
YD : Dorsal muscle, ? V : Ventral muscle
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Table 14. Seasonal variations of fatty acid composition in muscle of
imported and domestic rock bream
(unit : area%)
Spring Fall Winter
DY v? D \% D \%

Japan Korea Japan Korea Japan Korea Japan Korea Japan Korea Japan Korea

C14:0 459 521 703 191 460 410 494 483 547 298 598 1.80

C15:0 069 065 064 507 045 046 038 050 068 030 093 -
C16:0 21.22 23.87 23.71 15.13 1751 21.89 19.88 23.53 19.94 22.25 18.70 20.98
C17:0 059 039 077 258 091 117 075 122 092 0.74 0.68 0.65
C18:0 360 732 647 569 319 378 401 383 341 539 397 512
C20:0 261 132 153 - 2.45 - 1.81 - 544 0.29 317 0.27
C22:0 212 028 - 215 184 - - - 282 033 258 0.72
Saturates 35.42 39.04 40.15 32.53 30.95 31.4 31.77 33.96 38.68 32.28 36.01 29.54

Cl4:1 018 013 032 - 021 024 033 028 034 - 068 -

C15:1 0.24 0.14 - 1.85 0.28 - 0.12 - - 0.21 0.92 -
Cl16:1 10.07 1269 13.38 1051 899 9.06 842 10.06 821 832 835 821
C17:1 050 067 116 - 028 059 093 0.62 043 0.72 2361 0.62
C18:1 17.05 20.23 14.13 16.75 21.20 19.41 20.76 21.46 2461 20.19 - 20.59
C20:1 022 048* 024 % —~0JI% Vi0U I\ 32 §2.0% '041# 255, - 250
C22:1 0.09 088, o' #256+80.51—248 212 7.324 087V 060 % - 0.71
C24:1 273 #3.314.29 K392.-48¥30 47108 WMk 196" B.08%, 2:90™ 396 3.25
Monoenes 31.08 38.03 33.45 35.59 34.94 35.83 36.72 37.72 37.45 35.49 36.82 35.88
C18:2 3.19 10.75 [0.58 /3.90 5.80NNING2 NN 16/ 6.60.-1152 594 11.73

C18:2 - - = = = = 3 1 = BRI -
C18:3 1.14 039 0.11 = WROOZEN - N A (09]1..1.30 @ = 1.35
C20:2 0.06, .0:18 %0.16 "0.34 WO.ION - EEUNEEFr & (032048 - | 0.72
C20:3 1.70% 3115 441 1:010 1738, 0.7 Opwsz =" — 1.14 103 1.30 1.33
C20:4 013 046 066 081 1.16 201 132 131 135 053 124 0.62
C20:4 1.06 007 - 080 - 1778 —— . - 081 - 1.02
C20:5 741 715 1221 1094 755 1146 944 883 595 530 6.17 579

C22:2 028 130 206 - 005 - 003 - 034 023 170 -
C22:6 1853 948 6.22 1358 17.02 1531 15.32 1525 7.26 10.59 10.82 12.02
Polyenes 33.50 22.93 26.40 31.88 34.11 32.77 31.51 28.32 23.87 32.23 27.17 34.58
o3 2721 1748 19.20 25.33 26.65 28.78 26.09 26.65 15.47 17.81 18.23 19.78
w6 6.01 415 515 655 741 399 539 167 806 1384 7.24 14.80
o-3/w6 453 421 373 387 360 721 484 1596 192 129 252 134
UFA/SFA 1.82 156 149 207 223 218 215 194 212 234 229 246
MUFA/SFA 088 097 083 109 113 114 116 111 100 116 1.03 1.33
PUFA/SFA 095 059 066 098 1.10 1.04 099 083 112 1.18 126 1.14
Total 100 100 100 100 100 100 100 100 100 100 100 100

YD : Dorsal muscle, ? VY : Ventral muscl
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Table 15.

Seasonal variations of fatty acid compositionin muscle of

imported and domestic hagfish

(unit : area%)

Spring Winter
Japan Korea Japan Korea Japan Korea
C14:0 5.69 4.16 4.81 6.88 3.88 3.32
C15:0 0.40 0.36 0.36 0.82 - -
C16:0 18.41 17.35 18.11 14.95 18.99 16.03
C17:0 0.68 0.45 0.32 0.81 - -
C18:0 5.35 6.42 6.71 3.38 7.18 5.76
C20:0 2.75 2.15 2.10 2.47 251 3.71
C22:0 1.22 0.59 1.21 1.04 1.33 1.36
Saturates 34.50 31.48 33.62 30.35 33.89 30.18
Cl4:1 0.12 0.32 0.72 - 0.58
C15:1 0.34 0.28 - - - -
Cl16:1 5.20 4.66 5.16 5.59 6.22 4.47
Cl17:1 0.59 0.65 0.32 = - 0.65
C18:1 41.18 42.17 40.12 38.85 38.82 43.16
C20:1 0.22 0.04 0.03 = e 0.07
C22:1 0.29 0.17 0.16 = -
C24:1 8.00 8.16 8.94 11.03 8.19 8.86
Monoenes 55.53 56.37 55.06 56.35 5323 57.79
C18:2 0.43 0.62 0.34 0.55 - 0.67
C18:2 7 = = 5 —
C18:3 0.13 0.26 0.42 0.19 1.00 0.07
C20:2 0.05 = = -3 3
C20:3 3.02 2.43 215 2.67 2.63 1.02
C20:4 0.30 0.39 0.31 0.38 = 0.39
C20:4 0.16 = = " -
C20:5 2.28 1.91 2D 3.10 2.03 2.47
C22:2 0.22 0.16 0.21 0.27 1.85 2.08
C22:6 3.59 6.17 5:44 6.14 oL 5.33
Polyenes 9.97 12.15 11.32 13.3 12.88 12.03
o3 6.30 8.73 8.62 9.81 8.40 8.26
w6 3.45 3.26 2.49 3.22 2.63 1.69
o-3/w6 1.83 2.68 3.46 3.05 3.19 4.89
UFA/SFA 1.90 2.18 1.97 2.29 1.95 2.31
MUFA/SFA 1.61 1.79 1.64 1.86 1.57 1.91
PUFA/SFA 0.29 0.39 0.34 0.44 0.38 0.40
Total 100 100 100 100 100 100
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Table 16. The specific and total amino acid (EAA and TEAA), non-essential amino acid(NEAA and TNEAA) and

total amino aicd (TAA) content in the muscle of imported and domestic live fish

Sea bass Fat greenling Red seabream Rock bream Hagfish
Korea China Korea China Korea Japan Korea Japan Korea Japan
EAA(gkg-ldrywt.)

THr. 20.51 22.08 23.45 22.68 28.02 24.02 28.38 19.19 21.4 22.09

Met. 19.41 16 16.81 17.14 14.38 17.19 16.04 13.02 16.59 19.46

Lys. 38.54 37.64 40.47 38.36 32.05 41 36.84 33.92 31.16 32.57

Phe 24.2 21.22 25.43 239 29.44 24.22 29.51 1894 22.63 20.34

Val. 19.04 21.45 22.57 20.05 16.35 23.64 18.18 199 19.47 20.77

Leu. 27.09 31.18 32.8 30.61 26.68 33.34 26.28 28.14 28.47 29.77

Ile. 25.26 22.47 23.73 19.89 27.95 24.95 20.24 20.12 19.61 19.31

His. 18.97 13.66 15.05 155 18.61 173 14.26 %1383 15.22 17.35

Arg. 28.6 26.21 28.93 26.59 28.54 29.34 24.89 22.78 24.64 25.03

NEAA(g kg-1 dry wt.)

Cys. 3.89 3.67 3.89 3.9 4.09 4.02 3.41 3.74 412 4.47

Tyr. 13.65 12.56 12:21 13.62 16.5 13.25 19.61 10.82 10.04 13.58

Asp. 34.99 39.63 42.79 41.97 36.7 43.35 30.56 35.28 34.62 35.02

Ser. 15.2 20.05 22.37 22.02 13.85 21.75 15.16 17.61 19.31 19.73

Glu. 52.66 60.13 63.52 59.71 56.78 62.78 56.94 52.66 53.09 53.04

Gly. 18.59 17.78 19.28 18.73 16.51 19.82 1351 16.77 21.18 174

Ala. 21.59 24.35 25.84 ) 23.61 26.84 24.56 22.29 21.36 21.31

Pro. 33.61 17.59 19.16 18.48 35.64 20.4 38.52 15.89 38.29 28.46

TAA(g kg-1 dry wt.) 415.8 429.55 564.54 563.38 4257 431.51 416.89 605.28 553.32 491.2
TEAA(g kg-1 dry wt.) | 221.62 163.62 176.86 165.15 222.02 181.57 214.62 146.173 153.15 159.57
TNEAA(g kg-1 dry wt.)| 194.18 195.76 209.12 203.43 203.68 212.21 202.27 175.06 202.01 193.01
TEAA/TAA ratio(%) 53.30 38.09 31.33 29.31 52.15 42.08 51.48 24.15 27.68 32.49
TEAA/TNEAA ratio(%) | 114.13 83.58 84.57 81.18 109.00 85.56 106.11 83.50 75.81 32.67
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Table 17. The A/E ratio (specific EAA content x 1000/total EAA content including tyrosine and cystein) in

muscle of imported and domestic live fish

Sea bass Fat greenling Red seabream Rock bream Hagfish
Korea China Korea China Korea Japan Korea Japan Korea Japan
TEAA+TSEAA
(g kg-1 dry wt.) 239.16 179.85 193.02 182.67 242.61 198.84 237.64 160.73 167.31 177.62
A/E ratio
THr. 85.76 122.77 121.49 124.16 115.49 120.80 119.42 119.39 12791 124.37
Lys. 161.15 209.29 209.67 210.00 132.11 206.20 155.02 211.03 186.24 183.37
Val. 79.61 119.27 116.93 109.76 67.39 118.89 76.50 123.81 116.37 116,94
Leu. 113.27 173.37 169.93 167.57 109.97 167.67 110.59 175.07 170.16 167.60
Ile. 105.62 124.94 122.94 108.88 115.21 125.48 85.17 125.18 117.21 10872
His. 79.32 75.95 77197 33.21 76.71 86.65 60.01 75.49 90.97 97.68
Arg. 119.59 145.73 149.88 145.56 117.64 147.56 104.74 141.73 147.27 140,92
Met.+Cys. 23.30 19.67 20.70 21.04 18.47 21.21 19.45 16.76 20.71 23.93
Phe.+Tyr. 37.85 33.78 37.70 37.52 45.94 37.47 49.12 29.76 32.67 33.92

_35_



Table 18. The amino acid score[AAS, (specific EAA content in the sample protein/the same amino aicd
content in the reference profile recommended by WHO/FAO in 1985)x100] in the muscle of

imported and domestic live fish

Sea bass Fat greenling Red seabream Rock bream Hagfish Ref. profile
Korea | China | Korea | China | Korea Japan | Korea | Japan | Korea | Japan |child| adult
Ile(g kg-1 dry wt.) 25.26 22.47 23.73 19.89 27.95 24.95 20.24 20.12 19.61 19.31 2.8 1.3
AAS for child 90.21 80.25 84.75 71.04 99.82 89.11 72.29 71.86 70.04 68.96
AAS for adult 19431 | 17285 | 18254 | 153.00 | 215.00 191.92 155.69 | 154.77 | 150.85 | 14854
Leu.(g kg-1 dry wt.) | 27.09 31.18 32.8 30.61 26.68 33.34 26.28 28.14 28.47 29.77 6.6 1.9
AAS for child 41.05 47.24 49.70 46.38 40.42 50.52 39.82 42.64 43.14 4511
AAS for adult 14258 | 16411 | 172.63 | 161.11 140.42 175.47 138.32|. 148.11 149.84 | 156.68
Lys.(g kg-1 dry wt.) | 3854 37.64 40.47 38.36 32.05 41 36.84 33.92 31.16 32.57 5.8 1.6
AAS for child 66.45 64.90 69.78 66.14 55.26 70.69 63.52 58.48 53.72 56.16
AAS for adult 240.88 | 23525 | 25294 | 239.75 | 200.31 256.25 230.25 | 212.00 | 194.75 | 203.56
Met.(g kg-1 dry wt.) | 1941 16 16.81 17.14 14.38 17.19 16.04 13.02 16.59 19.46 2.5 1.7
AAS for child 77.64 64.00 67.24 63.56 57.52 68.76 64.16 52.08 66.36 77.84
AAS for adult 114.18 94.12 93.88 100.82 84.59 101.12 94.35 76.59 97.59 114.47
Phe.(g kg-1 dry wt.) 24.2 21.22 25.43 23.9 29.44 24.22 29.51 18.94 22.63 20.34 6.3 1.9
AAS for child 38.41 33.68 40.37 3794 46.73 38.44 46.84 30.06 35.92 32.29
AAS for adult 12737 | 111.68 | 13384 | 12579 | 154.95 127.47 155.32 99.68 119.11 | 107.05
Thr.(g kg-1 dry wt.) 20.51 22.08 23.45 22.68 28.02 24.02 28.38 19.19 214 22.09 3.4 09
AAS for child 60.32 64.94 63.97 66.71 82.41 70.65 83.47 56.44 62.94 64.97
AAS for adult 22789 | 24533 | 26056 | 252.00 | 311.33 266.89 31533 | 21322 | 237.78 | 24544
Val.(g kg-1 dry wt.) | 19.04 21.45 22.57 20.05 16.35 23.64 18.18 19.9 19.47 20.77 35 1.3
AAS for child 54.40 61.29 64.49 57.29 46.71 67.54 51.94 56.86 55.63 59.34
AAS for adult 14646 | 165.00 | 173.62 | 154.23 | 125.77 181.85 139.85 | 153.08 | 149.77 | 159.77
His.(g kg-1 dry wt.) 18.97 13.66 15.05 15.2 18.61 17.23 14.26 12.133 15.22 17.35 19 1.6
AAS for child 99.84 71.89 79.21 80.00 97.95 90.68 75.05 63.86 80.11 91.32
AAS for adult 118.56 85.38 94.06 95.00 116.31 107.69 89.13 75.83 95.13 108.44
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Table 19. Content of free amino acid composition in muscle of imported

and domestic sea bass

Content (mg/100g)

No. Amino acid Spring Winter
Korea China Korea China

1 Phosphoserine 4.09(1.6)  0.02(0.0) 0 1.50(0.6)
2 Taurine 109.96(42.9) 52.53(17.6) 98.63(37.5) 111.73(42.6)
3 Phosphoethanolamine 0 0 0 0
4 Aspartic Acid 0 0 0 0
5  Hydroxyproline 7.35(2.9)  6.08(2.0) 0 0
6 Threonine 3.02(1.2)  4.08(1.4) 5.03(1.9) 5.19(2.0)
7 Serine 571(2.2)  2.93(1.0) 8.52(3.2) 6.86(2.6)
8 Asparagine 0 0 0 0
9 Glutamic Acid 5.05(2.0) 6.25(2.1) 591(2.2) 11.74(4.5)
10  Sarosine 0 0 0 0
11  a-Aminoadipic 0 0 0 0
12 Proline 7.20(2.8) 0 8.42(3.2) 2.89(1.1)
13 Glycine 23.63(9.2) 13.32(4.5) 38.82(14.8)  37.15(14.2)
14  Alanine 21.50(8.4) 13.35(4.5) 27.63(10.5)  27.62(10.5)
15 Citrulline 0 0 0 0
16 a-Aminoiso-n-butyric Acid 0 0 0 0
17  Valine 7.04(2.77)  2.63(0.9) 9.01(3.4) 2.79(1.1)
18 Cystine 0 0 0 5.31(2.0)
19 Methionine 5.72(2.2) = 4.04(1.4) 0 2.39(0.9)
20 Cystathionine 0 7.96(2.7) 0 0
21  Isoleucine 553(2.2)  2.07(0.7) 0 2.25(0.9)
22 Leucine 474(1.8)  2.95(1.0) 551(2.1) 2.17(0.8)
23  Tyrosine 391(1.5) 3.85(1.3) 0 1.01(0.4)
24  B-Alanine 0 0 0 0
25  Phenylalanine 3.12(1.2)7 3.60(1.2) 0 0.92(0.4)
26  B-Aminoisobutyric Acid 0 3.38(1.1) 0 0
27 Homocystine 0| 241(0.8) 0 0
28 r-Amino-n-butyric Acid 0 0 0 0
29 Ethanolamine 1.60(0.6)  3.02(1.0) 0 0
30 6-Hydroxylysine 0 0 0 0
31  Ornithine 0 0 0.90(0.3) 0.57(0.2)
32 Lysine 27.63(10.8)  4.62(1.6) 36.59.1(13.9) 21.10(8.1)
33 1-Methylhistidine 0 0 0 0
34 Histidine 13.40(5.2) 291(1.0) 17.83(6.8) 17.26(6.6)
35 3-Methylhistidine 0 0 0 0
36 Anserine 4.33(1.7)156.19(52.4) 0 0
37 Carnosine 0 0 0 0
38 Arginine 1.08(0.4) 0 0 1.79(0.7)
Total 265.61 298.12 262.85 262.24
Extractive nitrogen 294.86 307.52 289.64 314.97
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Table 20. Content of free amino acid composition in muscle of imported

and domestic fat greenling

Content (mg/100g)

No. Amino acid Spring Winter
Korea China Korea China

1 Phosphoserine 1.96(0.8) 0 1.13(0.4) 1.32(0.5)
2 Taurine 94.31(40.4) 102.89(56.4) 129.71(46.8) 149.81(58.1)
3 Phosphoethanolamine 1.95(0.8) 0 0 0
4 Aspartic Acid 0.74(0.3) 1.94(1.1) 2.11(0.8) 0.66(0.3)
5 Hydroxyproline 0 0 0 0
6 Threonine 3.44(1.5) 3.78(2.1) 8.12(2.9) 4.92(1.9)
7 Serine 2.15(0.9) 2.83(1.6) 7.05(2.6) 14.53(5.6)
8 Asparagine 0 0 0 0
9 Glutamic Acid 42.30(18.1) 12.79(7.0) 9.61(3.5) 6.31(2.5)
10 Sarosine 0 0 0 0
11 a-Aminoadipic 0 0 0 0
12 Proline 2.18(0.9) 3.29(1.8) 4.44(1.6) 0
13 Glycine 10.81(4.6) 9.64(5.3)  25.39(9.2) 49.59(19.2)
14  Alanine 12.88(5.5) 1759(9.6)  27.26(9.8)  20.56(8.0)
15  Citrulline 1.80(0.8) 0 1.72(0.6) 0
16  a-Aminoiso—n-butyric Acid 1.74(0.7) 0 0 0
17  Valine 2.05(0.9) 2.22(1.2) 3.91(1.4) 0.80(0.3)
18 Cystine 5.76(2.5) 0 6.37(2.3) 0
19 Methionine 3.96(1.7) 1.63(0.9) 2.93(1.1) 0
20  Cystathionine 6.57(2.8) 0 3.28(1.2) 0
21  Isoleucine 1.16(0.5) 1.80(1.0) 3.56(1.3) 0
22 Leucine 1.82(0.8) 2.67(1.5) 2.71(1.0) 0.84(0.3)
23 Tyrosine 0 0 2.30(0.8) 0
24 B-Alanine 0 0 0 0
25  Phenylalanine 1.19(0.5) 2.13(1.2) 1.64(0.6) 0
26 B-Aminoisobutyric Acid 2.73(1.2) 0 0 0
27  Homocystine 2.01(0.9) 0 1.22(0.4) 0
28 r—Amino-n-butyric Acid 0 0 0 0
29  Ethanolamine 2.80(1.2) 4.98(2.7) 0 1.10(0.4)
30 6-Hydroxylysine 0 0 0 0
31  Ornithine 1.26(0.5) 0 0.92(0.3) 0.57(0.2)
32 Lysine 15.18(6.5) 10.49(5.8)  14.11(5.1) 3.55(1.4)
33 1-Methylhistidine 0 0 0 0
34  Histidine 7.48(3.2) 1.72(0.9)  14.81(5.4) 3.21(1.3)
35  3-Methylhistidine 0 0 0 0
36  Anserine 0 0 0 0
37 Carnosine 0 0 0 0
38 Arginine 3.52(1.5) 0 2.67(1.0) 0
Total 233.75 182.39 276.97 257.77
Extractive nitrogen 330.48 332.61 332.19 279.27
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Table 21. Content of free amino acid composition in muscle of

imported and domestic red sea bream

Content (mg/100g)

No. Amino acid Spring Winter

Korea Japan Korea Japan
1 Phosphoserine 0 3.76(1.7) 0 0
2 Taurine 168.36(54.9) 110.36(50.3) 170.67(48.1) 137.76(41.7)
3 Phosphoethanolamine 0 2.43(1.1) 0 0
4 Aspartic Acid 0 0 0 0
5 Hydroxyproline 0 0 0 0
6 Threonine 9.67(3.2) 4.96(2.3) 7.80(2.2) 5.64(1.7)
7 Serine 8.62(2.8) 4.06(1.9) 7.28(2.1) 3.72(1.1)
8 Asparagine 0 0 0 0
9 Glutamic Acid 21.67(7.1)  1519(6.9) 1854(5.2) 6.63(2.0)
10 Sarosine 0 0 0 0
11 a-Aminoadipic 0 0 0 0
12 Proline 0 4.23(1.9) 3.72(1.0) 3.76(1.1)
13 Glycine 30.36(9.9)  12.37(5.6) 35.62(10.0) 14.76(4.5)
14  Alanine 29.52(9.6)  21.07(9.6) 36.12(10.2) 22.84(6.9)
15  Citrulline 0 2.52(1.2) 0 1.97(0.6)
16  a-Aminoiso—n-butyric Acid 0 2.08(1.0) 0 0
17  Valine 6.20(2.0) 4.28(2.0) 3.35(0.9) 2.04(0.6)
18 Cystine 0 0 4.74(1.3) 0
19  Methionine 5.42(1.8) 2.78(1.3) 4.56(1.3) 1.49(0.5)
20  Cystathionine 0 5.33(2.4) 5.45(1.5) 3.1000.9)
21  Isoleucine 2.52(0.8) 2.45(1.1) 2.85(0.8) 1.45(0.4)
22  Leucine 3.70(1.2) 3.66(1.7) 5.18(1.5) 1.03(0.3)
23 Tyrosine 2.64(0.9) 0  2640.7) 1.1000.3)
24 B-Alanine 0 0 0 0
25  Phenylalanine 0 2.41(1.1) 0  0.980.3)
26 B-Aminoisobutyric Acid 0 0 0 0
27  Homocystine 0 0 0 0
28 r-Amino-n-butyric Acid 0 0 0 0
29  Ethanolamine 0 5.50(2.5) 1.34(0.4) 0
30 6-Hydroxylysine 0 0 0 0
31 Ornithine 0 0 0 0
32 Lysine 8.65(2.8) 592(2.7) 10.05(2.8)  31.63(9.6)
33  1-Methylhistidine 0 0 2.47(0.7) 0
34  Histidine 9.27(3.0) 3.98(1.8) 5.67(1.6) 14.63(4.4)
35  3-Methylhistidine 0 0 1.090.3) 0
36 Anserine 0 0 2534(7.1) 74.50(22.5)
37 Carnosine 0 0 0 0
38 Arginine 0 0 0 1.54(0.5)

Total 306.60 219.34 354.48 330.57

Extractive nitrogen 297.89 350.73 330.64 319.98
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Table 22. Content of free amino acid composition

in muscle of

imported and domestic rock bream

Content (mg/100g)

No. Amino acid Spring Winter
Korea Japan Korea Japan

1 Phosphoserine 0 2.79(2.3) 0 1.06(0.5)
2 Taurine 170.36(57.8) 36.28(29.6) 166.66(61.0) 123.39(52.0)
3 Phosphoethanolamine 2.08(0.7) 1.53(1.3) 0 0
4 Aspartic Acid 0 0 0 0
5 Hydroxyproline 0 9.16(7.5) 0 0
6 Threonine 2.01(0.7) 3.04(2.5) 0 5.05(2.1)
7 Serine 3.90(1.3) 2.09(1.8) 4.31(1.6) 2.58(1.1)
8 Asparagine 0 0 0 0
9 Glutamic Acid 9.21(3.1) 7.62(6.2) 9.03(3.3)  12.37(56.2)
10 Sarosine 0 0 0 0
11 a-Aminoadipic 0 0 0 0
12 Proline 1.31(0.4) 3.19(2.6) 0 6.97(2.9)
13 Glycine 35.13(11.9) 9.13(7.4) 36.40(13.3) 28.68(12.1)
14  Alanine 36.93(12.5) 16.01(13.1) 30.61(11.2)  25.39(10.7)
15  Citrulline 0 0 0 0
16 a-Aminoiso-n-butyric Acid 0 0 0 0.75(0.3)
17  Valine 1.90(0.6) 2.84(2.3) 1.90(0.7) 4.091.7)
18 Cystine 0 330027 0 3.08(1.3)
19  Methionine 1.31(0.4) 5.24(4.3) 0 3.92(1.7)
20  Cystathionine 2.12(0.7) 7.82(6.4) 0 0
21  Isoleucine 9.54(3.2) 1.91(1.6) 0 3.83(1.6)
22  Leucine 3.80(1.3) 3.17(2.6) 3.63(1.3) 4.05(1.7)
23 Tyrosine 0 1.50(1.2) 0 2.0000.8)
24  B-Alanine 1.31(0.4) 0 0 0
25  Phenylalanine 0 1.54(1.3) 0 1.67(0.7)
26 B-Aminoisobutyric Acid 0 0 0 0
27  Homocystine 0 0 0 0
28 r-Amino-n-butyric Acid 0 0 0 0
29  Ethanolamine 9.58(3.3) 1.52(1.2) 9.60(3.5) 0
30 &-Hydroxylysine 4.23(1.4) 0 0 0
31  Ornithine 0 0 0.70(0.3) 0
32 Lysine 0 3.01(2.5)  10.23(3.7) 7.05(3.0)
33 1-Methylhistidine 0 0 0 0
34  Histidine 0 0 0 1.55(0.7)
35  3-Methylhistidine 0 0 0 0
36  Anserine 0 0 0 0
37 Carnosine 0 0 0 0
38 Arginine 0 0 0 0
Total 294.72 122.69 273.07 237.48
Extractive nitrogen 301.92 314.66 298.60 286.08
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Table 23. Content of free amino acid composition in muscle of imported

and domestic hagfish

Content (mg/100g)

No. Amino acid Spring Winter
Korea Japan Korea Japan

1 Phosphoserine 2.98(0.3) 0 0 1.49(0.2)
2 Taurine 13.70(1.1)  19.04(1.7) 15.85(1.7) 13.37(1.4)
3 Phosphoethanolamine 10.38(0.9) 9.52(0.8) 5.45(0.6) 7.47(0.8)
4 Aspartic Acid 4.73(0.4) 4.17(0.4) 3.62(0.4) 7.47(0.8)
5 Hydroxyproline 7.11(0.6) 0 169219 12.81(1.4)
6 Threonine 61.46(5.1) 53.71(4.7) 5837(6.4) 68.03(7.2)
7 Serine 9.97(0.8) 12.35(1.1) 13.01(1.4) 24.65(2.6)
8 Asparagine 45.61(3.8) 0 31.72(35) 32.67(3.5)
9 Glutamic Acid 38.38(3.2) 220119 16.89(1.9)  14.73(1.6)
10 Sarosine 0 1151(1.0) 0 0
11 a-Aminoadipic 3.74(0.3) 3.8(0.3) 3.66(0.4) 10.54(1.1)
12 Proline 444.38(36.9) 279.62(24.4) 227.42(24.9) 240.11(25.4)
13 Glycine 59.09(4.9) 24.21(2.1) 53.92(5.9) 75.97(8.0)
14 Alanine 39.97(3.3)  38.33(3.3) 22.20(24) 39.68(4.2)
15  Citrulline 6.66(0.6) 5.23(0.5) 0 4.36(0.5)
16 a-Aminoiso-n-butyric Acid 7.60(0.6) 5.55(0.5) 1.47(0.2) 0
17 Valine 53.39(4.4) 96.48(8.4) 55.03(6.0)  74.80(7.9)
18 Cystine 14.67(1.2) 6.70(0.6) 4.46(0.5) 7.51(0.8)
19 Methionine 99.11(8.2) 126.,51(11.0) 99.48(10.9)  78.09(8.3)
20 Cystathionine 15.82(1.3)  22.18(1.9) 0 9.70(1.0)
21 Isoleucine 2317(1.9) 420737 22.13(24) 23.13(25)
22 Leucine 66.27(5.5) 84.32(74) 8297(9.1) 53.03(5.6)
23 Tyrosine 41.90(35)  65.71(5.7) 50.23(5.5)  50.25(5.3)
24 B-Alanine 0 0 0 0
25 Phenylalanine 36.50(3.0)f  56.33(4.9) 5562(6.1) 21.72(2.3)
26 B-Aminoisobutyric Acid 0 0 0 0
27 Homocystine 3.19(0.3) 5.93(0.5) 0 0
28 r-Amino-n-butyric Acid 0250502 2) 0 0
29 Ethanolamine 3.47(0.3) 5.25(0.5) 0 0
30 6-Hydroxylysine 0 0 0 0
31 Ornithine 1.68(0.1) 1.94(0.2) 0.54(0.1) 1.22(0.1)
32 Lysine 34.35(2.9)  26.63(2.3) 24.992.7) 27.30(2.9)
33 1-Methylhistidine 3.40(0.3)  21.28(1.9) 0 13.71(1.5)
34 Histidine 1493(1.2)  30.08(2.6) 23.56(2.6) 0
35 3-Methylhistidine 1359(1.1)  18.22(1.6) 0 9.15(1.0)
36 Anserine 0 0 6.33(0.7) 0
37 Carnosine 0 0 0 0
38 Arginine 21.98(1.8) 2359(2.1) 1667(1.8) 22.70(2.4)
Total 1203.18 1147.32 912.51 945.66
Extractive nitrogen 631.88 552.24 661.81 655.28
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Fig. 1. Seasonal variations of content of ATP related compounds in
muscles of imported and domestic sea bass.

D : Domestic fish, I : Imported fish
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Fig. 2. Seasonal variations of content of ATP related compounds in

muscles of imported and domestic fat greenling.

Symbols are the same as those in Fig. 1.

_45_



IMP:= 042 pg/100mg A3} 12, FY o= ZF 11.99 pg/100mg 2
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2.04 1g/100mg 18] 32 IMPE 0.60 £g/100mg =ttt A2l =4t
Awdfulol A= F ATPHH =4 ] ko] 10.76 pg/100mgo] = A 3t Aot
o] % ATPE 7.32 1g/100mg 2™, 1.89 g/100mge] ADP+AMP7} U1
a1, IMPE 1.23 pg/100mg A& A 44 FH=vlol = 11.71 1g/100
mge] ATPIHEZo] Aoy, ATP= 9.11 xg/100mg, ADP+AMP+=
1.69 1g/100mg, IMP+= 0.74 1g/100mgo] L AT,

Fig. 39 =it 53 s34 59 ATP #dE4d9 =, &
d FUAAAE F 1017 g/100mge] ATPHHEZHo] 9llom, ATP
3FeES 6.86 1g/100mg, ADP+AMPE= 1.21 £¢/100mg, IMP: 1.42 1g/100mg
SABA L, FHPAAA = T 11.28 pg/100mge] ATPHHEZo] U S
M, o]% ATPE 841 1g/100mg, ADP+AMP+E 1.17 1g/100mg, IMP:= 0.99
pg/100mge] &3S BT 71SE S AHEW gulsty S29Jake] A A
ATP #HAEA gaFo] Z+Zk 968 ug/100mg, 11.59 pg/100mg o2 gk o
], Uikl Al ATP &l 6.77 ug/100mg, ADP+AMP2] shaFo] 1.29 ug
/100mg, IMP & #Fo] 1.02 g/100mg =A &ttt S=44kell A= ATPSHEo]
9.12 1g/100mg, ADP+AMP®] 3teko] 158 ug/100mg 22 i IMPE 0.27 ug
/100mg EAFATE AEH FUit FEolAe F ATPARAEAS] 7
2ol 10.51 pg/100mge] EAsFA T o5 ATP+ 7.61 ug/100mg &1 A
o 1.36 xg/100mge] ADP+AMP7} 11 a1, IMP+= 0.91 pg/100mg <& A 3
Atk YA FEol= 11.91 pg/100mge] ATPHHHEH] gl on, ATP
= 9.92 1g/100mg, ADP+AMP+ 1.67 1g/100mg, IMPE 0.20 1g/100mge] 4
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Fig. 3. Seasonal variations of content of ATP related compounds in

muscles of imported and domestic red seabream.

Symbols are the same as those in Fig. 1.
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sUlat EE0 U B59 ATP #6E4 9 ke Fig 49 2
gt T Uit A= & 11.28 ug/100mge] ATPHEEH ] A oH,
s} 9.24 1g/100mg, ADP+AMP+= 1.40 1g/100mg, IMP+= 0.32 pg
/100mg =R, FAAAME F 11.85 £g/100mge] ATP¥ & =4 o]
ARom o]F ATPE 876 1ug/100mg, ADP+AMP+:= 1.76 1g/100mg, IMP
= 071 pg/100mg®] S B 7Hede A9EA, Sliitba YAt
o] AA ATPHHAEZ ] gaFo] z+zb 11.22 1g/100mg, 11.37 1g/100mg o=
vgrow, Sulitel Al ATPSFEFo]l 791 1g/100mg, ADP+AMPO] o]
1.52 1g/100mg 28] 32 IMP =] 1.06 ug/100mg E=ASA T T H Ak A
= ATP% o] 821 rg/100mg, ADP+AMP2] gFaFo] 1.98 ug/100mg 18] L
IMP= 028 g/100mg =t th A&H e Uit EFcM= & ATP
HAEA o] 10.39 ng/100mge] EA3skA T °o]F ATPE 7.19 ug
/100mg EA D92, 1.49 ng/100mge] ADP+AMP7} 4913, IMP+ 1.11
1g/100mg EABA T P4 =5l 10.95 pg/100mge] ATPH-A =2 o]
ANeH, ATPE= 7.64 ug/100mg, ADP+AMP+ 2.59 1g/100mg, IMP+ 0.27
1g/100mge] A AT
Fig. 59 =4t 2ol of QA B 4SISFATP #HEZ o 3=k
A EA 53 FuUitel A= & 556 1g/100mge] ATP#-=4o] AU
o ATP 332 3.26 1g/100mg, ADP+AMP+  0.89 1g/100mg, IMP= 1.07
1g/100mg EA3EH AL, FTAAel A= F 584 1g/100mge] ATPHHEH o]
ARoH olF ATP+= 2.17 1g/100mg, ADP+AMP+= 2.02 1g/100mg, IMP+
1.33 4g/100mge] ke wolth 7Hexe Adnw, ZFusks 9ake 7
A ATPHAEA ] o] 247y 535 pg/100mg, 5.74 1g/100mg 0.2 ko
w, uldbel Al ATPSFeFe] 3.27 4g/100mg, ADP+AMP®] 3heke] 0.97 ug
/100mg 28] a2 IMP $FaFo] 0.76 pg/100mg = A3t FYArtol 4= ATP
skeFol 1.96 pg/100mg, ADP+AMP2] 3sF=Fo] 240 pg/100mg 12 22 IMP+=
1.12 1g/100mg A8k A=H o Ui Mo = F ATP

ok
o

32
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Fig. 4. Seasonal variations of content of ATP related compounds in
muscles of imported and domestic rock bream.

Symbols are the same as those in Fig. 1.
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Fig 5. Seasonal variations of content of ATP related compounds in

muscles of imported and domestic hagfish.

Symbols are the same as those in Fig. 1.
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ATP ##HEAe] gako] 531 ug/100mge] EA3FATH olF ATPE 357
1g/100mg £ o™, 0.85 1g/100mge] ADP+AMP7F U031l IMPE
0.56 1g/100mg EAFATE. Y2 HAdojol= 553 ug/100mge] ATP#H
o] e ATPE 292 g/100mg, ADP+AMP:  1.44 1g/100mg,
IMPE 091 £g/100mge] A S Th.

FYrt FUlgl wole digk &H o] @ude melE AulitelAE
FAAE 1.25+0.15kg o &2, 7SS0 = FU A 94k
7}1.26+0.10 kg, 1.35+0.20 kg2 YElRton AZoE auatz =94k
2+ 7+1.3740.06 kg, 1.49+0.11 kg2 ey tH(Fig. 6).
T A FHwele] digh SHe] dashe Foll= wulibel A
1.69+0.10kg, YA 1.65+0.11 kg o2, 7FS o= FuUakal $=914to]
Z+74.71+0.13 kg, 1.65£0.19 kg2 YEloH AL Fuitat 52
7+741.59+0.09 kg, 1.62+0.12 kg © = Y EbuETH(Fig. 7).
T Fulal ZFEA digk &9 wEshe Hol= Fulitd A=
1.23+0.10 kg, YA 1.3140.09kg S &, 7ol FuUjatal £¢4te]
711.29+0.08 kg, 1.39+0.09 kg 0.2 YEIE o Agoi= itz F9l4ke]
7} 7+1.25+0.09 kg, 1.37+0.07 kg o-2 L+Ebs ok (Fig. 8).

Fa T B i SHe dudEe wele FulitdAs
1.75+0.13kg, FUAHS 1.89+0.15kgo =, 7FSolle FWaka ¢ato]
7} 179+0.07 kg, 1.83+0.15kgo 2 UEIF oW ALo= Fuatd 59
o] 7+7}1.85+0.09 kg, 1.80+0.10 kg &2 eEFWETHFig. 9).

Foatat Al ol S dude ofFHE Abolrt At
ol FUAH Fulike HuE 0 FoHQl Aol gldou, T, AE

FAke] v EE AFEES UEHT 183 553 A=

BFE Aulite] st Boh A e ghs YERd oY oAl A

_l
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Fig. 6. Comparison of breaking strength in muscle of imported and

domestic sea bass.
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Fig. 7. Comparison of breaking strength in muscle of imported and
domestic fat greenling.

Symbols are the same as those in Fig. 6.
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Fig.8. Comparison of breaking strength in muscle of imported and
domestic red sea bream.

Symbols are the same as those in Fig. 6.
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Fig. 9. Comparison of breaking strength in muscle of imported and
domestic rock bream.

Symbols are the same as those in Fig. 6.
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1. 6. A7 =9 W3

TFAAT FUAE ol AR EE SAT AH/E Table 240 HER
At AFE BAR TEAA ZEY
UEtUAIRE FAS HeAl & Fele 0858 I|EET & A5(Dun
and Johnston, 1986)o A ¢} o] =2k}t o fil Eojo] BE o Fof A
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Table 24. Seasonal variations of AEC in muscle of imported and

domestic live fish

Spring Fall Winter

Domestic Imported Domestic Imported Domestic Imported

Seabass 0.90 0.89 0.89 0.88 0.89 0.89
Fat greenling  0.89 0.89 0.92 0.89 0.90 0.90
Red seabream @ 0.87 0.86 0.90 0.86 0.91 0.88
Rock bream 0.89 0.87 0.89 0.82 0.89 0.80
Hagfish 0.92 0.90 0.90 0.89 0.90 0.86
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Table 25. Occurrence Anisakis spp. of imported and domestic fish

collected from fish market in spring

No. of No. of
The place of

Species o fish larva Infected location
origin .
infected found
China 3/3 63 Intestine, Stomach wall
Sea bass -
Korea 0/3 ND -
Fat China 1/3 6 Intestine, Liver surface
greenling Korea 0/3 ND -
Red Japan 0/3 ND &
seabream Korea 0/3 ND -
Rock Japan 0/3 ND 3
bream Korea 0/3 ND .
) Japan 0/3 ND r
Hagfish
Korea 0/3 ND &

*ND : not detected.

_58_



Table 26. Occurrence Anisakis spp. of imported and domestic fish

collected from fish market in fall

No. of No. of
The place of

Species o fish larva Infected location
origin .
infected found
China 0/3 ND* -
Sea bass
Korea 0/3 ND
Fat China 3/3 6 Intestine, Stomach wall
greenling Korea 92/3 o1 Intestm.e, Stomach wall,
Liver surface
; Intestine, Stomach wall,
Red Japan /s i Liver surface
seabream  y  oa 0/3 ND
Rock Japan 0/3 ND -
bream Korea 0/3 ND
Japan 0/3 ND -
Hagfish
Korea 0/3 ND -

*ND : not detected.
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Table 27. Occurrence Anisakis spp. of imported and domestic fish

collected from fish market in winter

No. of No. of
The place of

Species o fish larva Infected location
origin .
infected found
China 0/3 ND* -
Sea bass
Korea 0/3 ND
Fat China 0/3 ND -
greenling Korea 1/3 9 Intestere, Stomach wall,
Liver surface
Red Japan 0/3 ND -~
seabream  p .., 0/3 ND
Rock Japan 0/3 ND -
bream Korea 0/3 ND
Japan 0/3 ND -
Hagfish
Korea 0/3 ND -

*ND : not detected.
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Table 28. Range of residual tetracycline group antibiotics in muscle of
imported and domestic fish collected from fish market in

spring

Tetracycline guop Antibiotics
The place of (mg/kg)

. . Species No.
origim oTC* TC' CTC" DOXY
Sea bass ND" ND ND ND 3
China Fat
ND ND ND ND 3
greenling
Imported Red
. ND ND ND ND 3
fish seabream
Japan Rock bream ND ND ND ND 3
Hagfish ND ND ND ND 3
Total ND ND ND ND 15
Sea bass ND ND ND ND 3
Fat
: ND ND ND ND 3
greenling
i Red
Domestic 4 ND ND ND” ND 3
fish seabream
ND~0.007
Rock bream ND ND ND 3
(0.003)
Hagfish ND ND ND ND 3
Total ND~0.007 ND ND ND 15

'ND : not detected, "OTC : Oxytetracycline, TC : Tetracycline, CTC
Chlortetracycline, DC : Doxycycline.
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Table 29. Range of residual tetracycline group antibiotics in muscle of

imported and domestic fish collected from fish market in

fall
Tetracycline guop Antibiotics
The place of . Kk
o Species (mg/kg) No.
origin
oTC" TC” CTC"* DOXY"
Sea bass ND* ND ND ND 3
China Fat
) ND ND ND ND 3
greenling
Imported Red
fish ND ND ND ND 3
seabream
Japan Rock
ND ND ND ND 3
bream
Hagfish ND ND ND ND 3
Total ND ND ND ND 15
Sea bass ND ND ND ND 3
Fat
- ND ND ND ND 3
greenling
Domestic Red
fish Korea ND ND ND ND 3
18 seabream
Rock ND~0.01
y ND ND ND 3
bream (0.004)
Hagfish ND ND ND ND 3
Total ND~0.01 ND ND ND 15

"ND : not detected, *OTC : Oxytetracycline, TC : Tetracycline, CTC
Chlortetracycline, DC : Doxycycline.
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Table 30. Range of residual tetracycline group antibiotics in muscle of

imported and domestic fish collected from fish market in

winter
Tetracycline gruop Antibiotics
The place of .
L Species (mg/kg) No.
origin
oTC" TC” CTC"* DOXY"
Sea bass ND* ND ND ND 3
China Fat
) ND ND ND ND 3
greenling
Imported Red
] ND ND ND ND 3
fish seabream
Japan Rock
ND ND ND ND 3
bream
Hagfish ND ND ND ND 3
Total ND ND ND ND 15
Sea bass ND ND ND ND 3
Fat
, ND ND ND ND 3
greenling
Domestic Red
. Korea ND ND ND ND 3
fish seabream
Rock
ND ND ND ND 3
bream
Hagfish ND ND ND ND 3
Total ND ND ND ND 15

'ND : not detected, "OTC : Oxytetracycline, TC : Tetracycline, CTC
Chlortetracycline, DC : Doxycycline.
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Table 31. Range of residual fluoroquinolines in muscle of imported and

domestic fish collected from fish market in spring

The place of

Fluoroquinolone group Antibiotics”

(mg/kg)

. . Species No.
origin * * * . * *
& Oflo” Peflo” Norflo® Cipro Enro
Sea bass ND* ND ND ND ND 3
China Fat
) ND ND ND ND ND 3
greenling
Imported Red
] ND ND ND ND ND 3
fish seabream
Japan Rock
ND ND ND ND ND 3
bream
Hagfish ND ND ND ND ND 3
Total ND ND ND ND ND 15
ND™00®R
Sea bass ND ND ND (0.001) ND 3
Fat
. ND ND ND ND ND 3
greenling
Domestic K Red o
orea ]
i ND ND ND
fish seabream (0.005) - ¥
Rock
ND ND ND ND ND 3
bream
Hagfish ND ND ND ND ND 3
Total ND0008 ND ND NDOOR2 ND 15

“ND : not detected, “Oflo : Ofloxacin, “Peflo :

: Ciprofloxacin, “Enro : Enrofloxacin.

- 66
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Table 32. Range of residual fluoroquinolines in muscle of imported and

domestic fish collected from fish market in fall

The place of

Fluoroquinolone group Antibiotics”

(mg/kg)

. . Species No.
origin * * * . * *
& Oflo” Peflo” Norflo® Cipro. Enro
Sea bass ND" ND ND ND ND 3
China Fat
) ND ND ND ND ND 3
greenling
Imported Red
] ND ND ND ND ND 3
fish seabream
Japan Rock
ND ND ND ND ND 3
bream
Hagfish ND ND ND ND ND 3
Total ND ND ND ND ND 15
Sea bass ND ND ND ND ND 3
Fat
. ND ND ND ND ND 3
greenling
Domestic Red
. Korea ND ND ND ND ND 3
fish seabream
Rock ND0OB
i ND ND ND ND 3
bream OomB)
Hagfish ND ND ND ND ND 3
Total NDOOBb ND ND ND ND 15

*ND : not detected, “Oflo : Ofloxacin, “Peflo :

: Ciprofloxacin, “Enro : Enrofloxacin.
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Table 33. Range of residual fluoroquinolines in muscle of imported and

domestic fish collected from fish market in winter

Fluoroquinolone group

The place of Antibiotics*(mg/kg)

.. Species No.
origin

Oflo” Peflo® Norflo* Cipro® Enro"

Sea bass ND ND ND ND ND 3

China Fat
] ND ND ND ND ND 3
greenling
I ted
mporte Red ND ND ND ND ND 3
fish seabream
Japan
Rock ND ND ND ~-ND ND 3
bream

Hagfish ND ND ND ND ND 3

Total ND ND ND ND ND 15

Sea bass ND ND ND ND ND 3

Fat o2 0 S Dl No | ND | 3
greenling
Domestic Red
. Korea ND ND ND ND ND 3
fish seabream
Rock ND ND ND ND ND 3
bream

Hagfish ND ND ND ND ND 3

Total ND ND ND ND ND 15

*ND : not detected, “Oflo : Ofloxacin, “Peflo : Pefloxacin, "Norflo : Norfloxacin, "Cipro

: Ciprofloxacin, “Enro : Enrofloxacin.
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Table 34. Range of residual oxolinic acid in muscle of imported and

domestic fish collected from fish market

The place of

Oxolinic acid (mg/kg)

.. Species No.
origin Spring Fall Winter
Sea bass ND* ND ND 9
China

Fat greenling ND ND ND 9

Impprted Red seabream ND ND ND 9
fish

Japan Rock bream ND ND ND 9

Hagfish ND ND ND 9

Total ND ND ND 45

Sea bass ND ND ND 9

Fat greenling ND ND ND 9

CulFured Korea Red seabream ND ND ND 9
fish

Rock bream ND ND ND 9

Hagfish ND ND ND 9

Total ND ND ND 45

*ND: not detected.
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2UyHs 23, 74
2 o}d(Zn) 2.38~11.68mg/kg, Z=(Cr) 054~0.85mg/kg, T2 (Cu)
0.20~0.53 mg/kg, &3F(Mn) 0.03~0.18 mg/kg, YZ(Ni) ND-~0.03
mg/kg, B (Pb) ND~0.03mg/kg o2 3F5Ho] Idfon, $&(Hg)e
059 mg/kgel ¥ HAHEAE #ALstar, 010~020mg/kg A= 5
of AN, Ft=EF(CHE A HEHA Ut TUi doly F5H
Bt FEFE FIs FAREE s Bew, ofd(Zn) 3.64~1349
mg/kg, Z#(Cr) 0.09~0.85mg/kg, T&/(Cu) 0.16~0.37mg/kg, 3t
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Table 35. Content of heavy metal in the muscle of imported and

domestic fish collected from fish market in spring

Content (mg/kg, wet basis)

Cd Cr Cu Hg Mn Ni Pb Zn

" ND*"ND  0.7070.82 0.1670.25 0.06°0.09 0.1170.15 ND~ND NDND  4.2174.95
(ND=ND) (0.76+0.04) (0.20+0.03) (0.07+0.01) (0.13+0.01) (ND+ND) (ND+ND) (4.59+0.35)

Sea bass
D* ND~ND 0.21~040 0.12~0.20 0.0470.05 0.12~0.18 0.03~0.05 0.02~0.04 6.98~7.35
(ND+ND) (0.30+0.04) (0.16+0.03) (0.04+0.01) (0.15+0.03) (0.04+0.01) (0.03+0.01) (7.21+0.16)
I ND™ND 0.7570.81 0.3170.36  0.0970.15 0.1870.23 0.0370.06 ND™ND 3.6274.01
Fat (ND+ND) (0.78+0.02) (0.33+0.02) (0.12+0.02) (0.20+0.02) (0.04+0.01) (ND+ND) (3.81+0.16)
a
greenling I = i ' % .
D ND™ND  06570.75 0.2170.26 0.1270.16 0.1170.15 0.0270.03 ND~ND 3.3573.88
(ND+ND) (0.70£0.04) (0.23+0.02) (0.14+0.02) (0.13+0.02) (0.02+0.01) (ND*ND) (356+0.19)
I ND'ND  05670.84 -~ 0167021 0187023 015021 ND~ND ND~ND 52676.62
Red (ND+ND) (0.69+0.16) (0.18+0.02) (0.21+0.02) (0.18+0.02) (ND*ND) " (ND+ND) (591+0.66)
seabream
D ND~0.08 0.26~0.46 0.06~0.14 0.1070.16 0.26~0.31 0.02~0.6 0.02~0.03 6.24~6.59
(0.05+0.02) (0.36+0.10) (0.10+0.03) (0.13+0.02) (0.29£0.02) (0.4+0.01) (0.02+0.01) (6.38+0.12)
I ND70.02 06570.84 036043 0.1270.15 0117015 ND~ND ND™ND 4.2674.86
Rock (0.01£0.00) (0.73+0.02) (0.39+0.02) (0.13+0.01) (0.13+0.01) (ND+ND) (ND+ND) (4.53+0.28)
oc
bream _ i
D ND™ND  0.12~025 031~0.35  0.06709 0.08~0.11 008~0.14 ND~ND 621~7.06
(ND+ND) (0.17+0.04) (0.33+0.01) (0.07+0.01) (0.09£0.01) (0.11+0.02) (ND+ND) (6.57+0.39)
I 0.0470.08 1.0671.08 0.5670.69 0.4570.51 0.2370.26 0.0570.07 ND~ND 11.35712.14
(0.06+0.01) (1.07+0.01) (0.63+0.04) (0.48+0.06) (0.24+0.01) (0.06+0.01) (ND+ND) (11.98+0.31)
Hagfish
D ND™ND  09571.02 0.5970.65 0.3770.41 0.2070.27 0.0370.06 ND~ND 095711.56

(ND=ND) (0.98+0.02) (0.62+0.02) (0.38+0.05) (0.23+0.02) (0.04+0.01) (ND+ND) (10.26+0.64)

*ND : not detected
T : Imported fish
"D : Domestic fish

_72_



Table 36. Content of heavy metal in the muscle of imported and

domestic fish collected from fish market in fall

Content (mg/kg, wet basis)

Cd Cr Cu Hg Mn Ni Pb Zn

ND"'ND  0.8070.94 0.2070.45 0.0770.08 0.0770.10 ND70.01 ND70.01 3.6474.79

I (ND+ND) (0.87+0.05) (0.27+0.10) (0.08+0.00) (0.09+0.01) (0.01+0.00) (0.01+0.00) (4.26%+0.45)
Sea bass
D ND~ND ND~0.40 0.10~0.25 0.0370.05 0.14~0.20 ND~0.33 0.04~0.24 10.90~13.35
(ND+ND) (0.26+0.23) (0.17+0.07) (0.04+0.01) (0.17+0.03) (0.20+0.18) (0.12+0.10) (11.81+1.35)
I ND™ND 0867091 0.2970.35 0.0570.08 0.2070.29 0.0270.12 ND™ND 4.0974.64
Fat (ND+ND) (0.88+0.02) (0.32+0.02) (0.07+0.02) (0.23+0.04) (0.04+0.04) (ND+ND) (4.31+0.20)
a
reenlin
g g D ND™ND 0717091 0.2470.30 0.1470.20 0.1370.19 0.0370.05 ND™0.01 3.2173.73
(ND+ND) (0.82+0.08) (0.27+0.02) (0.18+0.05)-(0.15+0.02) (0.04+0.01) (0.01+0.00) (3.41+0.19)
I ND™ND  09771.01 -~ 0.2170.26 0.2070.22 0.0970.14 0.0270.03 ND™0.01 3.1773.40
Red (ND+ND) (0.99+0.02) (0.23+0.02) (0.21+0.01) (0.11+0.02) (0.02+0.00) (0.01+0.00) (3.29+0.10)
seabream
D ND~0.38 ND~046 0.06~194 0.1470.20 0.33—~0.62 0.09~0.29 0.01~0.05 6.86~7.31
(0.13+£0.22) (0.20+0.24) (0.79+1.01) (0.19+0.02) (0.53+0.13) (0.22+0.11) (0.03+0.02) (7.05+0.12)
I ND™ND 09471.02 0.2870.34 0.1970.17 0.070.09 0.0170.02 ND™ND 3.3673.97
Rock (ND+ND) (0.98+0.03) (0.31£0.02) (0.18+0.01) (0.08+0.01) (0.01+0.00) (ND+ND) (3.58+0.28)
bream b ) n p -
D ND~0.05 0.06~0.22 0.28~0.38 0.0870.10 0.09~0.13 0.08~0.46 0.01~0.02 7.25~8.94
(0.02+0.03) (0.15+0.08) (0.32+0.05) (0.09+0.01) (0.11£0.02) (0.28+0.19) (0.02+0.00) (8.25+0.89)
I 0.0570.07 1.1271.18 06670.70  0.7170.74 0.2970.36 0.0370.09 0.0170.02 13.90714.21
(0.06+0.01) (1.15+0.02) (0.68+0.02) (0.73+0.02) (0.32+0.03) (0.07+0.02) (0.02+0.00) (14.00+0.11)
Hagfish
D ND™ND 1.0571.12 05270.62 0.3370.45 0.2270.30 0.0270.06 0.0170.03 10.35712.64

(ND+ND) (1.08+0.03) (0.57+0.01) (0.40+0.04) (0.26+0.02) (0.04+0.01) (0.02+0.00) (11.55+0.44)

*ND : not detected
“T : Imported fish
"D : Domestic fish
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Table 37. Content of heavy metal in the muscle of imported and

domestic fish collected from fish market in winter

Content (mg/kg, wet basis)

Cd Cr Cu Hg Mn Ni Pb Zn

ND"'ND  06670.82 0.2970.40 0.0670.07 0.0370.06 ND'ND 0.0170.03  4.7074.99

I (ND+ND) (0.72+0.06) (0.36+0.04) (0.07+0.01) (0.04+0.01) (ND+ND) (0.01+0.01) (4.82+0.11)
Sea bass
D 0.07~0.10 ND~0.28 0.14~049 0.0870.13 0.14~0.18 0.08~0.18 ND™ND 10.97~17.99
(0.08+0.01) (0.13+0.21) (0.32+0.17) (0.11+0.02) (0.17+0.02) (0.13+0.03) (ND+ND) (13.49+3.90)
I ND™ND 0517058 0.1470.25 0.0670.06 0.0870.18 0.0170.02 ND™ND 3.0273.08
Fat (ND+ND) (0.54+0.03) (0.21+0.04) (0.06+0.00) (0.13+0.04) (0.01+£0.01) (ND=ND) (3.05+0.03)
a
greenhng D ND™ND 0647094 0.2570.29 0.0770.07 0.0370.06 ND™ND 0.0270.03  3.6774.06
(ND+ND) (0.76+0.12) (0.27+0.02) (0.07+0.00) (0.05+£0.01) (ND+ND) (0.03+0.01) (3.85+0.15)
I ND™ND 0767092 0.1770.23 0.2370.24 0.0270.10 ND70.01. 0.0270.03  3.6774.06
Red (ND+ND) (0.85+0.07) (0.20+0.02) (0.24+0.01) (0.05+0.03) (0.01+0.00) (0.03+0.01) (3.85+0.15)
e
seabream b
D ND~0.06 0.05~0.37 0.25~040 0317040 0.10~024 ND~0.20 ND™ND 930~1251
(0.03+0.03) (0.22+0.16) (0.33+0.07) (0.37+0.02) (0.18+0.07) (0.10+0.10) (ND+ND) (10.39+1.84)
I ND™ND 0647084 0.15043 0.1270.12 0.0670.14 0.0170.02 0.0170.01 2.1972.54
(ND+ND) (0.70+0.08) (0.21£0.13) (0.12+0.00) (0.08+0.04) (0.03+0.03) (0.01+0.00) (2.38+0.14)
Rock
bream r = p- ~
D ND~0.09 ND~0.15 0.18~0.38 0.127020 0.15~0.18 0.16~0.18 ND™ND 10.14~10.92
(0.04%0.05) (0.09+0.08) (0.30+0.11) (0.17+0.03) (0.170.02) (0.17+0.01) (ND+ND) (10.63+0.43)
I ND™ND  0.7370.85 0507054 0.5370.65 0.1670.20 0.0270.03 ND™ND 11.27711.92
(ND+ND) (0.81+0.05) (0.53+0.02) (0.59+0.08) (0.18+0.01) (0.03+0.01) (ND+ND) (11.68+0.25)
Hagfish
D ND™ND  0.7970.87 0.3770.50 0437045 0.0770.13 0.0270.04 0.0170.05 9.89711.94

(ND+ND) (0.85+0.03) (0.47+0.06) (0.44+0.02) (0.10+0.02) (0.03+0.01) (0.02+0.02) (10.83+0.75)

*ND : not detected
“T : Imported fish
"D : Domestic fish
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