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A study on Food Quality and Sanitary
Safety of Wild and Cultured Fishes

Yun-Chul, Kim

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

Abstract

Getting out of economic difficulties depressing Korean after the 1945 Liberation,
toward the term of industrial development, meat intake increased relatively rather
than marine products in Korea. However, in addition to the recent noticeable
growth of the food service industry, changed dietary life into the western style
increasing consumption of instant meal or meat caused spreading of obesity,
arteriosclerosis, and various kinds of lifestyle-related diseases caused by
oversupplying nutrition. At this point of time, the health component or
physiological effect contained 1in marine products have been founded by
food-related research workers. Sliced raw fish has< been known as a food
satisfying two aspects of health-oriented property and taste, to hold a great part
of the food service industry.

Accordingly, the consumption of sliced raw fish is sharply increasing, but more
than 90% of sliced raw fishes currently circulated are cultured live fishes,
because wild live fishes available for sliced raw fish have been dried up owing
to reckless fishing, and fishing banks are being reduced. Production amount of
cultured live fish has been increasing by more than 10 times in comparison to
the later half of 1980s, and a great deal of live fishes for sliced raw fish are
being imported from China or Japan. Total amount of production of Korean
cultured live fishes was about 58,000 tons in 2004. 15 kinds of fishes are being
cultured, most of which are flat fishes and rock fishes. Seeing through Korean

live fish circulation market, domestic cultured live fishes cover about 60%,



imported products from China hold about 35%, and wild fishes cover only 59%.
Thus, lack of wild fishes causes price rising, and some restaurants deceive
customers into being damaged, pretending cultured fishes to be wild ones. In
addition, a great deal of imported live fishes is currently consumed in Korea, but
there are no materials to secure hygienic safety for imported live fishes, as well
as the quality. Besides, when preparing for sliced raw fish with a red seabream,
of which color or flesh substance if similar to a snapper, which is sold by high
price in some cases. As the result of it, the market share of domestic cultured
fishes is dropping. But, like as wild or imported fishes, there is no skill to judge
objectively the hygienic safety and quality of live fishes. Thus, this study
attempted to distribute to promote consumption of cultured live fishes and
improve the national health, as -securing sitological superiority and safety of
domestic cultured live fishes, through evaluating sitological quality of wild and
cultured live fishes, hygienic safety of wild and cultured live fishes. The content

and result of the study is like as follows.

Chapter 1. Sitological Quality Evaluation of Wild and Cultured Live Fishes
1. Surveying the change in the sitological component for wild and cultured
live fishes

As analyzing general components by season, the biggest change has been
shown in moisture and crude lipid. content.

Research on the muscle of wild and cultured live fishes by season, regarding
the content of macro-minerals such as Na, Ca, K, Mg, P, and of micro-minerals
such as Fe, Cu, Zn, Se, showed significant difference in Na content between wild
fishes and cultured ones, even though there was difference according to the kind
of fishes and the season, and little difference in the content of Ca, K, Mg
between them (p<0.05). Cultured fishes contained a high percentage of Fe amid
micro-minerals, and the content of Cu, Zn, Se had no significant difference
(p>0.05). Although there’s a little bit difference by fishes, cultured fishes have a
tendency to contain a little higher percentage of collagen than wild ones. The
composition of fat acid of total crude fat extracted from sliced raw fish-only live
fish showed a little difference by fishes, 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 acid (18:1) 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.

2. Surveying taste component distribution of wild and cultured live fishes

In regard to the foregoing wild and cultured live fishes for sliced raw fish, its
amino acid composition was surveyed by season, its outcome 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 result from surveying free amino acid
content of wild and cultured Sea bass, Rock bream, Yellowtail, Rock fish, Red
seabream, and Olive flounder showed difference in content, but generally taurine
content for the whole free aminoacid held the most part. Wild fishes had a
tendency to contain a little more lysine than cultured ones.

Even though there was no big difference by fishes, king fish muscles contained
more histidine than other fishes. The result from analyzing ATP-related
compound showed difference in total content by fishes, seasons, wild and cultured
products, and IMP content that had largest influence upon the savory taste of

sliced raw fish, was higher in the cultured fishes than wild ones.

3. Surveying the muscle quality and fat distribution of wild and cultured
live fishes

In regard to the foregoing wild and cultured live fishes for sliced raw fish, the
flesh solidness that affects taste-is a little bit better in wild fishes than cultured
ones by season, and wild live fishes with harder flesh contained less fat than
cultured ones. Although the AEC value that is standard of measuring freshness
of wild and cultured fishes indicated above 0.85, which was good result, some of
wild fishes showed low value, which meant that the stress during fishery and

circulation dropped the quality of live fishes in comparison with cultured ones.

Chapter 2. Sitological Safety Evaluation of Wild and Cultured Live Fishes
1. Surveying Anisakrs spp. distribution of wild and cultured live fishes

In regard to six kinds of wild live fishes and six kinds of cultured ones, as
the result of surveying existence of parasite (Anisakss spp.) by season, cultured
live fishes did not show parasites, while wild live fishes had parasitic insects

inside stomach and the internals.



2. Surveying the residue of antibiotic substances of wild and cultured live
fishes

As the result of researching the residue of antibiotic substances of four kinds
of Tetracycline, five kinds of Floroquinolon, and Oxolinic acid, by season, for six
kinds of wild and six kinds of cultured live fishes of which sitological quality
was assessed, wild live fishes did not contain tetracycline antibiotics, while some
of cultured live fishes contained it microscopically, of which content was on safe
level, far from 0.2mg/kg (Food Code, 2004), OTC permissible level for Korean
fishes. And, wild live fishes did not show Floroquinolon antibiotics, while some
of cultured live fishes contained it microscopically. 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 cultured
live fished circulated in Korea does not come up to European standard. All of
collected wild and cultured live fishes did not contain Oxolinic acid, which

secured hygienic safety.

3. Analyzing the heavy metal content of wild and cultured live fishes

In regard to the eight kinds of wild live fishes and seven Kkinds of cultured
ones collected by season, from October, 2004 to October, 2005, from nation-wide
coast, as the result of monitoring. a heavy metal content, which is on very safe
under permissible level ine Korea (Pb 2.0 mg/kg, Hg 0.5ang/kg), and the change
in heavy metal content by seasoen has not been found; but wild fishes contained

it a little more than cultured. ones.
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Table 1. Sample profile of wild and cultured fishes collected from

fish market in spring (2005.4-2005.6)

Species Body weigh (g) Body length (cm)  No.
Seabass Wild 865+106.07 41.00+1.41 3
Cultured 1,490+98.99 52.00+2.83 3
Rock bream Wild 1,020+£28.28 31.50+0.71 3
Cultured 760+0.00 27.50+0.71 3
Yellowtail Wild 1,050+70.71 37.50+2.12 3
Cultured 1,124+65.24 37.50£3.25 3
Rock fish Wild 960+169.71 34.50+0.71 3
Cultured 400+0.00 24.00+0.71 3
Red Wild 890+42.43 30.50+0.71 3
seabream Cultured 1,420+£84.85 36.25%1.06 3
Olive Wild 981+20.52 35.50+1.20 3
flounder Cultured 730+14.14 34.50£0.70 3

Table 2. Sample profile of wild and cultured fishes collected from

fish market in summer (2005.7-2005.9)

Species Body weigh (g) Body length (cm) No.
Seabass Wild 690£70.71 35.00+0.00 3
Cultured 950£70.71 39.50+0.71 3
Rock bream Wild 1,010£28.28 31.50+0.71 3
Cultured 680+£56.57 27.00+£2.83 3
Yellowtail Wild 450+155.56 29.00+4.24 3
Cultured 1,340£84.85 44.00+0.00 3
Rock fish Wild 900£70.71 32.00+1.41 3
Cultured 720+84.85 29.50+0.71 3
Red Wild 870+14.14 30.50+0.71 3
seabream Cultured 1,050+£70.71 32.50£0.71 3
Olive Wild 981+20.52 345.50+1.20 3
flounder Cultured 930+42.43 40.00+0.00 3




Table 3. Sample profile of wild and cultured fishes collected from

fish market in fall (2004.10-2004.12)

Species Body weigh (g) Body length (cm) No.
Seabass Wild 1,033+471.73 48.83+7.97 3
Cultured 1,122+67.88 48.50+0.87 3
Rock bream Wild 420+£20.00 24.67+1.76 3
Cultured 230£17.32 20.50+1.50 3
Yellowtail Wild 883+247.05 40.83+3.75 3
Cultured 853+46.19 43.33+1.53 3
Rock fish Wild 933+115.47 39.67+1.53 3
Cultured 660+103.92 34.33+0.58 3
Red Wild 873+152.75 41.00+3.00 3
seabream Cultured 1,022+120.03 38.67£1.53 3
Olive Wild 1,333+340.20 43.33+3.51 3
flounder Cultured 1,180+105.83 45.33+1.53 3

Table 4. Sample profile of wild and cultured fishes collected from
fish market in winter (2005.1-2005.3)

Species Body weigh (g) Body length(cm) No.
Seabass Wild 786.67£23.09 45.00£1.00 3
Cultured 970+212.83 46.00+2.65 3
Rock bream Wild 470+55.68 30.17+0.76 3
Cultured 460£227.16 27.67+6.66 3
Yellowtail Wild 883.33£184.48 43.83+4.01 3
Cultured 2233.33+133.17 53.33+7.23 3
Rock fish Wild 900+17.00 39.17+0.76 3
Cultured 1037+15.28 40.33+£1.53 3
Red Wild 1350+427.20 46.67+5.51 3
seabream Cultured 920+72.11 37.33£0.58 3
Olive Wild 1028+92.92 40.67+1.50 3
flounder Cultured 1386.67+180.37 46.33£1.15 3
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gojo] =52 MAF thd Folch et al.(1957)2] ®wol 2sle] A5 5
v & 2] chloroform : methanol (2:1 v/v)& o2 AL F=H3 & AL
AA s A WAES]l methyl esterE tha3 2ol AU =
mLE F 38t 2mLe] benzeneol| Folil, o7]o] 14% BF3-methanol 2 mL&
7kste]  80Ce F2FxoA 30%3F stEsted wWEIA AT, A WAL
methyl esterE & AZth7]o] olPAA FHF 20mL, X+ ether 30 mL =
Z3 NaHCO3 2~3mLE 7}3 thS methyl esterE Al ether:o = 27
o AR etherss THITEZ T3 ARG F Buls AAT oE, gas
chromatography (Hewlett packard 6890A)ZM &2 th. A W4ke] 54 &
F A WA methyl estere] retention time¥to] B & - x| wpike] o] F ATt

9} retention time¥ o] F¥ 1Y EZE o] &3

2. 5. F otv=Aat B Haopn| =it gh

T obr bl ol 5o dAR Feke Aldst, A8 150 mge
6N-HCIZH 110C 2] sand bathol A 24A1%F ZF=E st A, AlggdaS 7
& dx A7 F, pH 229 FA4 gFAHo = 50mLE A&t 0.20 um
membrane filter=: o] #8ko] ofn] =4t A& A5 =2 A& ST F oobv
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2. 6. oAt T F SA
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Table 5. Conditions employed for breaking strength profile

measurement of fish muscle

Instrument SUN RHEO Meter Compac-100
Sample thickness 10 mm
Cylindrical plunger 10 mm in diameter
Crosshead speed 1 mm/sec
Load cell 10 kg
Chart speed 60 mm/min

_13_



2. 9. Adenylate energetic charge(AEC) &7
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2 12 FAEA AFF XA

2. 12. 1. BlE & Aol ZF ™ (Tetracycline) Al FRAEA A 7% A

HEZA o] FdA FAEZDY £412 Ueno et al.(1987)8] WS 7l &3}
AAE AT S, @yeto] BHdS £ o5 ZA vetar, AT oF 10g
o 0.5% disodium EDTAZ} &% 5% trichloroacetic acidE 40 mL Z 7}3}h
o] homogenizer (Kinematica, model Polytron PT 3000)% 2%7+ #+43} 3
Atk A AL 8000rpmol A 203+ A F 2] (Hanil, model Supra 21K)gF
T A AAT AAATS FHeko] EHoFE &% F  n-hexane
chloroform (9:1)8 % 40mL= 23] AlAsto] AP ES AAsHAT. A A o]
AAR FZ9 3dF 571 (EYELA, model N-2NW)& 40CelA 3mLA =
A %383, vacuum manifold (Supelco AHE o] 23} Sep-pak C18 7}
EgAe FARAZOH, o] FEES F2AZ Seppak C18 7tEHA = =+
F¢ 4OmL)E  AFHIT  Z methanol WOmL)2 FHAES LA AT
Methanol §& &2 Y% #5389 3 A 7|3, A1 ES acetonitrile?}

3} ot 2mL= A 898}lal, poresize 0.45m membrane

filter2 o3 ¢ HPLC=Z #2433 Sep pak C18 cartridges (Waters,
vac 3cc, 500 mg)e Al5E F2FA]7]17] Zdl methanol (20 mL), T/ (20
mL), 5% EDTA & 4(10mL)S Tx4o2 &7 cartridgegs A IJAIZ +
AL-8-31 3

B Egrto] S0 A] A S, FAHESA ] SH 2 HEGA] S, 14
i EEREHEHGA]EY Y
o, ZI7IRA A HETAE HF7] Hstel HPLC £4 =& 25t

w45t ek (Table 6, 7).

SAAl 2R e E40AM A EFEL 2ol 3§l
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Table 6. HPLC conditions for oxytetracycline and tetracycline

determination in fish

HPLC system

Column

Mobile phase

Flow rate
Detector
Injection volume
Column temp.

Retention time

Shiseido nanospace 51-2 system
Shiseido MG C18, 4.6 mm ID x 250 mm

methanol : acetonitrile : 0.01M oxalic acid
=1:18:72
(pH 2.0 adjusted with ammonia water)

1 mL/min
UV 360 nm
20 pl

35T

20 min

Table 7. HPLC conditions for chlorotetracycline and doxytetracycline

determination in fish

HPLC system

Column

Mobile phase

Flow rate
Detector
Injection volume
Column temp.

Retention time

Shiseido nanospace 51-2 system
Shiseido MG C18, 4.6 mm_ID x 150 mm

methanol : acetonitrile : 0.01M oxalic acid
=.23.202.0:5%
(pH 2.0 adjusted with ammonia water)

1 mL/min
UV 360 nm
40 1l

35T

15 min

_16_



2. 12. 2. A =2 (Quinolone)A FAEH %
o] 25 ¥ fluoroquinolonel aAY #| =
gylsto] o5 AMFeL, A wHfF F 5g& FHok] olFAI
acetonitrile?] 1:1 389 S 40 mLE 7139 homogenizer (Polytron PT 3000)
2 2wxh s v, dwds AAs 7] fste] 80TolA 5 FHL
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Table 8. HPLC conditions for fluoroquinolones determination in fish

HPLC system

Column
Mobile phase

Flow rate
Detector
Injection volume
Column temp.

Retention time

Shiseido nanospace 51-2-system

Shiseido UG 120 , 4.6 mm ID x 250 mm

0.1M phosphoric acid (pH 2.5) @ AcN =91 : 9
(added to 5mlL/L tetrahydrofuran)

1 mL/min

FL Ex. 280 nm, Em. 450 nm
20 wl

35T

50 min.
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Table 9. HPLC conditions for oxolinic acid determination in fish

HPLC system

Column
Mobile phase

Flow rate
Detector
Injection volume
Column temp.

Retention time

Shiseido nanospace 51-2-system

Cosmosil 5C18-AR; 4.6mm ID x 150mm

methanol : acetonitrile : 0.01M oxalic acid
= M 3886

1mL/min

EX 337nm, Em 365nm

20 p0

35T

10 min

_20_



XV o 5 uh o) = = T % = m_h 4
= - W oo T M H &~ % o] W
B owmn o omx B oo © = -
oy o B e P o= oy W pr
i oo T TS Z W
R =RV T SR,
g e
ma T o m W - T oy Nrm mﬂﬂ ) ﬁ 1
HL 3 3 X° o X o . AT
oI ' = T I - NI
T S o e 5 o R ~ now iy
M % . — o
oo S/INT S ow it o TPy ¢ L &
B R O O N A
o R o
o I - A O TR
G 070 < gmu . ny — i o o\ ‘Alu,ﬁA o| o)) ~
Ao P ox BR[O T T o o
5 . S
I S ) T T NI
T F ey PN o N - = T
Gl %ﬂS@ﬂn& o i w5
Elwt owa 2w Dag P BN 5 o400
A G I A N R R
B o= R @ B X ok oo oM
. kY :i — k, 2 —_ 1 ;‘lmﬂ ~ AN
S o R s B X 4l NToy
Y W o R R S o _ + Him <o &
: Q > . WV < T =
- IR O e T
B n Pa 3 _H_u,_ = < N SR G Sy e M
w o ol R R -l T B I B
T [ =y o} — _
ooy ok SNB d ged gy TR
S N R D= A S - R I
g ® oL T he Y 8T n P ]
jo — ™~ — o = ,:1_ = \.w_wo Ry < M,A ED = JI ,:1_
0~ k) I s o &y o X = o
R R Rl R R
~ Y L% ey </ C 2T g o
~ gl U - B oo o oo o

- 21 -

b2 21.55+0.28% = HEFSETH

p

T 73.91£0.90% %

3

Y

Jvt 4.26+0.08% = Y EFSTE
SRR

8

)

ol

ol
19.43+0.10,
}‘\l_

]

A
&

J

R

ok

A
[e)



)

Ho
<

—_

=0

AAR ol

[e]
EO]:‘C

Ton

—_~
HO

Nd

!

ox

H

g

]

o

K

18.93+0.36,

3}
=

3.27+0.34% % o1},
SR YL 7257+1.06% =2 LFEFRo

o

_o/]

o]
71.85£0.41% =

=
O

iy

]

8

F-& 19.9340.36% = L} EFSL T
ol

il

}

T 4.20+1.51% % YEFSET
Q:

]

=
=

]
Oh PPN
O}:}\

8
o
o

)

Ho
<

—

=0

)

At ol

e

Ton
~~
HO

Nd

ol

3!

ox

e

]

2bo

]

A
a

oF

’

T 21.52+0.34%,
el

BE!

5.31+0.67% S o1},

Konosu et al.(1992) X 119

}

0]
pud

AL 3

b2 23.31+0.85% %2 U EFRLH

J vt 6.50+0.85% = HEFRLTE
¥4

8

[e)

%

k!

—_
fife)
e
e
3K
o
o

i
A

He

Park(2000)¢] X

Ton

i
A

™
e

o

Ton

i

X

j—

0o
"

ok
ol
e

o

11

b, 1

ol

A&

]

A
o

o

L

Aol 2t

o
T

e 2 7o) A

JE A

M

o
ToR

=0

N
B
=)

R

2

fife)

bl o, A1)

O

Aol vl

o} AT
e

0

73 8 Park(2000)¢] H Lo fAf

o},

£33

O

El

=
=

Aol

2 e

bR

oy
wmo
T
o]
A
o|)
o

Ton

Table 11 e

=

=

o,

Qe =g A3

12
A

R

°

]
A

=

o]

Fsieh.
ooiﬂ‘ T
o % vehge

=

€]

e

L
o~

]

i

AF
=

JE A

okl A

=

1. 1. 1.

Aol

ot

<

AL
OO

70.38+1.53% % L EFWE O,

- 22 -



] . _ 4K s ° X N T
e I R - R~ S N X - NN 3 oy X o = R
8 oo T RN M % 3o w ] A S
ﬁm@%%amﬂﬂ%aui T F o HER 7 C oM
=T il ~ J— - X
528 g2y rFEw X G- TR S T owow
LB S A e ow W LS E a ogx Wk o oF X W N
NG P T W T K e = T = N
X TZE o> o © X~ =~ T ~ ~ W o) © |
= &~ o X X 3 ¥ my ™ o K
2 S w2 ol { F T Tow o L
— - < x5 XX : Y ay o| ~ B
HoA T < om oo W g R TS) = E ~+ T 0| b I
M o X = Fo o A T X M 27 L5 T oo 3% 5 o =Y
. o X o X g S w9 S oR i
S B D % I = Koy e T il <
ASCRT S A = T\ ¥ x5 g
\O — T,
i ® o B T AN} A o - T o = O
m B dd 9 ol TH N W 2y A o of < T X
" S AR % Q a Ao Ve -~ %
RER ®ome X Sl [ m % ) <% oW\ ~ , R
dy o J o T 5 &l o Mo o M 9 o)
Y K OB = O o
i~ S o) ~ e e G ' . X <0
ﬂm A~ ) e L = | D565 N o T of B ® W o) =
N Mo ow B Mmm > 8 M R i o S = M
- N —
&M%%@%%%%%@?%ﬂ&@ﬂg Y e o
T e s g 2R i, — w S T ay G TR Y
~ wme xS N W LR o .9 = — X N g
7O onX g EE G S R o 3 /N = NN
0t ,NrL i~ M JJJ m XU go =) o) ,ﬂ.c 0 # ,Dl ﬂu S iz A N o# ] MO
PP o L A o N of WS mm iy T - B
v . T =X EU =l _ﬂ_ o _ 2l Oﬁ Lf ~o »i HT_ HI ol
0 = - o —_ - = o N o =
_6xa%ﬁ%%%%maiwz@ %warﬂﬂr#ﬂyoa.
o N R ! . o oH 1 = o —x nt
a Zi (SR —~ 1 O// ) N~ N ﬂ_‘lm ox _ ﬂ.A.O PR
ﬂ%mﬁ%ﬂwaﬂo%m.m%i%%ﬂaﬂzwﬁﬂ%%@%
N ) Wy e 3 il S QA B S 8V 2 = X3 . of
oy = A v R A S T T Y <
SR . s &< S8 O e P AW ooy & B
< < (@] AT P T — vV = w S o ‘ul N N S R
W_l = < il <p % < (o) & . ﬂﬁ_Al o~ ™ o)) ofy W o
0 ) mx ~
oy TH & T Em Sy E o = o S R = W_. o = N x
E RS- P L EXTES LTk e T PTRE
auo_LmLuMﬂ&mMuﬂﬂﬂm.yyoﬁ w0 = o 5 o
o X W TR M P w E T S =

_23_



1. 1. 1. 3. %9

CEEE
CERPS LR

)

A

il g

o))
2

ﬂ_A.o

A3
£

Fol7h vhebsteh

71.16£0.54%,

7}t
4.15£0.10%, 3.80+0.93% = U} E}%L O

Fo 7h7)

g

l:lo]-

]

74.14+0.94% A 0.7 2%

=]!]
Sl

o

14 ol

=

g2 22.14+0.34%, %2

s}
=

R

o vy

22.11+0.26% =

ol A= 1.52+0.11%,

™ (p<0.05), AFA2F 1o
H(p<0.05).

ol zfol
Foll A1 &= 1.31+0.04% % &} A 4t o]

jlete

s}
=

o
=

4 g

hé})\

[e]
[¢}

E

gz
ze)
=
on

o

o %

%
o= delofd] ]

10

A\
T

Saeki®} Kumagai(1984)

o

il g
A

3
B

)
1o

I s

)

<

O
o

ol

%
<
el

o|J
e

Ton
)
ia
rH

o|J
K

o

ToR

L
A

ﬂ
H

o

!

o2 et

jal 8

jze]

]

H
ol
e

oo
ToR

~
HO

9

14 ol

=

g2 76.49%0.84%, %~

s}
=t

2~ H
T

o] o]

T TS 72.44+0.34% 2 EFS 004 (p<0:.05), =

T 1.14+0.24%, A4 S 2:39+0.22% =

tH(Table 12).

BOP

o

TR

i

o %

T TS 73.35+3.32%, FAAF Wo

74.32+1.66% %= LEFR . (p>0.05),

)

ﬁo

ol
~

B

ol
EO
ToR

2

KR
T

T 4.42+0.48% = A A Ako]

3

i

5.00+£1.12%, F22HE

(p<0.05).

o] Aol

s}
=

ke 22.2540.37% =
M= 1.47+0.08%,

(p<0.05).

Aol

il

Lol Al & 1.29+0.03% % =}

F2 2

[e]
[¢}

- 24 -



e (p>0.05), =4

ok
o

H o]
7 5.35+1.03%, A4 Hhol

1
R

gerel Aol

gl g

’

=]
RLS

\n

p=
ﬁo
o
Ton

e

]

Z X

9

3

Hlkoj 7} w2

4.99+1.83% % SFA1AF wro] 7l 2}

1.35£0.07%, 1.31£0.10% =

Fol7F gl A tH(p>0.05).

Ton

Hol A & % tH(p>0.05).

1 Aol 2

Z] o
|

el
il

ol)
e

Ton

H e}

Data et al.(198%)2]

At

o

Xq
N2
o
N
Mz
ol
‘ﬁo
Ton

N
o

N
™
T
N
No
o

T
Mz

o

Ton

HA 847 ol 3] &

ALE

o
T

o
e

B g e, o Al7lel el @A 7]k '’

oy
;OO
ﬁo
I

~
o

o
B
&

RS

)

Zv] 23

1. 1. 1. 4.

=y

TH(Table 13).

o)
AR

ok
5

= HolA

o] Fol

s}
=]

ol

Ton

< 1.16+0.11%,

Y

= (p<0.05), 3]

2o 147+0.07% o 2

ol

R

Jeby
jj,]

oy
el

Ton

ol

=

%2 21

S8 RS 78.14:0.96% 9

RIESELE

A

Aol zt

e

& X H(p>0.05).

A

NAE= 7h e,

S
=

1.49~4.08%

o
T

t}(Table 13).

ZY 55 2.66~6.63%

Ton

2t

=)

=z

)‘\l,

d

A

o
=

2.63+0.98%

_25_



2}
bol %

(o3

A

[e3

H

19.78+0.01%,
[¢]

Aol =
o

7}

).

_

CED

Fol = R H(p<0.05).
Z

HA A

- AL

1.20£0.04% = e
T

A3 A el

o

e}
= 7he

T

o

1.23+0.09%,

Azl

= 4.79+1.74%
EE
20.02£018%¢,
(p>0.05).

~ T W T8 P K R = ¥ XN e
A T = o ~ - BN o T e
° R wm W & WO E A % T
ooz Mo WS W N o O T ~ T o
X Pos | b o E . =)
I T S B e B0 N & TR
—_ < —~ Ho, S X oy o] oo o
2 B’ o) o X K ) Ay - X
NS x P oW B R R o o A
TR B O U A A L S ¥ ok R 2 g
won B Mow RO W X T o ol Nﬂ T o
o 48 MP o N /4 MW o= R H.:m MM I M X e
oF 19 MW X W = % 7 Eio njn T K T omn o~ % ol
= 12N Pzl /- B w v & =1
o @ o BOX - N o e Ao X
g T o < L a4 ' 9@ x ™ 2 < =
) o HOX L/ o il o) . g N (2~ Pa Hopm 2
B ox o =% S0 w2 el
e A SR T < F 6 =
3 ~ ~ ) (BN N R
‘ﬂ| 1FL HT_ ‘ﬂ| ‘wrp._.o »AL ﬂ_wl = \MK o° ,.rﬂDvO E’ M.M ﬂ IS
X i = roulle:r B Gl WA B o B
3 HO_M - Be sl = o 1ZM = i ) - o o|
v K o) 3 oo W - A N X B T 5 - 1 o %
o o N =r o < ~X —_— \mwl
- o % A W AN H_._E = _L ey .Cl ‘MM .m-C o W_I
® oo os o RS e T N S
o oE S <\9 5 MU 5 R 2 I )
.o [N O '~ o i ° ,DF :,L
= ot Ng % 5 m © = =) N .o o m W <F U e
> X & <
S L 48R AT TS Ry T A GO AR
C W oz WP = & = o R = Wp o o @ o
[ T S A S - S S o T oo
N> o° Te) X B ~ ol S I g
Ton T NS 1/ = o TR <7 N
B .o rE ol < =3 o Ao < M S o o o el n M
WS o ®E G Ko N . © e LT
S R - = T 9 < X° ~ = e
T S /X TN M er ~ A T S o
W A S MR T - 5 ® ~ & ~ T o|/ <
w2 Sox O.@CMQ&&M oo P omon o
) ~ o : ) . o)
T B ¥ TR B o N eowow § S
s S T I o) W o) w B R o =

LHERU 91

=

=

_26_

21.16+0.33%, 24k FEo] 19.75+0.32%



]
in

1.52+0.04%, 1.48+0.11%= e}

22

o]

=S
=]

o

ol
o

Ton

% x] BOP

74.53%2.39%

Fare
< 21.25%0.52% = Y E}LY

2~ B
T

R

=

&

4 g

Ton

g
A

ol
K

g

)

i

R

o

Ton
Q]
=

&
T

= (p<005), 3]

ol

R

A

e}

oy
o

Ton

°o] =32 m (p<0.05),

#1A tH(p>0.05).

-
L

~
R

e

w0

o

g

ol

i

ol

Ton

AbSHAL &

o]
I

Fae A A9

o]
H

N

o] ©t& 4

0
of

ol
o

o

o

Ton

i

s}
=]

M (p<0.05), Z= A%

ko

Fo| =

ol

g

Ee) &

=

69.42+2.34% =, AA4k

o
T

Ton

o

~
HO

N

o}
14n
R
<
I
50

2O 863~12.94% (¥ 7 11.24+1.72%) 9 2 LieqLt

ol

~
~

o)

Ton

e

~N
~

o]
o

Ton

18.99+0.43% ©. =

1.42+0.13% 1.19+0.06% 2= vE o).

21.00£0.31%,

el

~
~

ol
o
Ton

al

)

6.06£0.44% 2 = Y EFEEHH(pP<0.05).

23.20+0.37% ©|
1.41+0.10% 0. 2 v}ERET)

2.56+1.07%,

1.67+0.05%,

1

N~

7}

ol
‘ﬁo
Ton

g
o

ol

BR

24.95+0.56%

u} 2

o

3= 2801 (p<0.05),

ol

g

3]

(p<0.05).

- 27 -



W 3l=S Table 1591 YEFW St}

Ao R FHFL 787£040%F ER

3

L

1=
g 75.83+0.64%

!
1.09£0.09%, A4 HA

A
pul

]

o
R

1. 1. 1. 6. 94
A

el

X
i=1

)

LR 91

=
=

s}
=]

2~ B
T

1.49£0.87% = A 71¥ = 7H4

-

R

bl

©

L
o~

= UehA

=

Aol

0

ol
H

<

%
<
e
o))
o

Ton

Ton

g
A

shef o}

¢}

Aol ]

Ton

i
A
ol
il

>)
=

AE e S

Al 7| H 2

Fol7b Agtet.

_28_

PO A 7MW R 20% o2 e

ki3
A=)

=z x] HO]-
],

2e 2]

3% 7+A F 7t



Table 10. Seasonal variations of moisture, crude protein, crude lipid and ash in muscle of wild and

cultured seabass (L. japonicus) (unit © %)
Moisture Crude lipid Crude protein Ash
Wild Cultured Wild Cultured Wild Cultured Wild Cultured

Spring 78.65+0.3"  77.33£0.32  2.20£0.06 244%0.02 1822+1.02 20.83t0.98 127+0.10 1.15+0.02

Summer 74.06+£1.44 7244025 4.10+1.30 4.26+0.08 19.43+0.10 21.55£0.28 1.25%£0.04 1.43+0.02
Fall 7793+0.75 73914090 3.27+0.34 4.20£1.51 18.93+0.36 19.93+0.36 1.20+0.07  1.40£0.12

Winter 7257+£1.06  71.85+0.41 5.31+0.67 6.50+£0.85 21.52+0.34 23.31£0.85 1.36£0.11 1.39+0.11

Y': Data represented as mean for 3 fish.
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Table 11. Seasonal variations of moisture, crude protein, crude lipid and ash in muscle of wild and

cultured rock bream (O. fasciatus) (unit © %)

Moisture Crude lipid Crude protein Ash
Wild Cultured Wild Cultured wWild Cultured wild Cultured

Spring  70.38t1.53 69.09£1.06 7.74+1.58 = 794174 = 18.38+0.35 17.97+0.18 1.24+0.06  1.40+0.12

Summer 76.96+0.58 76.21+0.24 = 3.59+0.46 = 4.04£0.20 16.52+1.21 17.52+0.11 1.31+0.17  1.35+0.07

Fall 7423+0.85 73.37+1.57 = 531£0.12 ~ 5.90£1.52  19.12£0.90 19.08+0.55  1.24£0.11 1.45£0.05

Winter  72.08+t1.62 72.40+1.62 3.85£1.53  4.55£1.20 = 20.75£0.67 ~ 23.99+0.77 1.60+0.06  1.38+0.05
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Table 12. Seasonal variations of moisture, crude protein, crude lipid and ash in muscle of wild and

cultured yellow tail (S. quingueradiata) (unit © %)
Moisture Crude lipid Crude protein Ash

Wild Cultured Wild Cultured Wild Cultured wWild Cultured

Spring 71.16£054 74.14£094  4.15%0.10 3.80£0.93 22.14+0.34 22.11+0.26 1.52%0.11 1.31£0.04

Summer 76.49+0.84 72.44+0.34 @ 1.14£0.24 2.39+0.22  20.22+£0.36  20.54%0.17 1.71+0.05 1.62+0.08

Fall 73.35+£3.32  74.32+166  5.00%+1.12 4421048  22.55£0.45 22.25+0.37 1.47+0.08 1.29+0.03

Winter 70.20£1.79 69.61£1.59 4.99+1.83 5.35+1.03 = 21.48+0.65 21.68+0.44 1.35+0.07 1.31+£0.10
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Table 13. Seasonal variations of moisture, crude protein, crude lipid and ash in

muscle of wild and

cultured rock fish (S. schlegelr) (unit ©: %)
Moisture Crude lipid Crude protein Ash
Wild Cultured wWild Cultured Wild Cultured Wild Cultured
Spring 77.99+050 7470121  2.17%0.11 4.70+0.17 1861+0.40 20.14+0.27 1.16+0.11 1.47+0.07
Summer 74.84+150 74.49+0.27 @ 3.22+1.17 3.58+0.06 20.43+052 21.32+1.77 1.25+0.11 1.29+0.23
Fall 78.14+0.96 73.05£0.64  2.63+0.98 5.22+1.55 = 19.59+0.67 20.10+058  1.23+0.09 1.20+0.04
Winter 75.65+1.18 7353£0.30 4.44+1.14 5.97+2.07 = 18.05£0.44 18.87x0.76  1.27+0.04 1.21+0.06
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Table 14. Seasonal variations of moisture, crude protein, crude lipid and ash in muscle of wild and

cultured red seabream (P. major) (unit : %)
Moisture Crude lipid Crude protein Ash

Wild Cultured Wild Cultured Wild Cultured Wild Cultured

Spring 7555£0.98  72.46+0.73 1.73£0.43 6.42+0.60 21.16+0.33 19.75+0.32 1.52+0.04 1.48+0.11

Summer  7453+2.39 69.95+0.07 @ 255+2.18 753+0.16 21.25+0.52 20.95+0.49 1.51+0.03 1.50+0.13

Fall 7355+1.70  69.42+2.34 329168 11.24+1.72 21.00£0.31 1899+0.43 1.42+0.13 1.19+0.06

Winter 71.85+1.35  70.04+0.45  256+x1.07  6.06x0.44 24.95+0.56 23.20+0.37 1.67%x0.05 1.41+0.10
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Table 15. Seasonal variations of moisture, crude protein, crude lipid and ash in muscle of wild and

cultured olive flounder (P. olivaceus) (unit © %)
Moisture Crude lipid Crude protein Ash
Wild Cultured Wild Cultured Wild Cultured wWild Cultured

Spring 78.7+0.40 75.83+0.64 1.09+0.09 1.49+0.87 19.0+0.52 21.11+0.31 1.48+0.11 1.47+0.07

Summer 75.9610.81  75.84+0.06 1.54+0.11 1.73+0.93 20.9£0.82 20.98+0.19 1.59+0.15 1.34+0.06

Fall 76.6=0.20 76.67+0.35 1.29+0.25 1.55+0.57 23.13+0.51 19.08+0.56 1.65+0.09 1.33+0.05

Winter 74581091  73.50+£1.36 1.62+0.40 3.34£1.79 2248151  20.89£1.45 1.62+0.12 1.47+0.11
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Table 16. Seasonal variations of mineral contents in muscles of wild and cultured seabass

Spring Summer Fall Winter

Wild Cultured Wild Cultured Wild Cultured Wild Cultured

Na (mg/100g) 40.99+2.28 2222+10.62 67.46+14.12 23.37+12.13  55.59+2.38  38.87+9.30 73.98+33.07 75.86+22.88
Ca (mg/100g) 19.64+3.03 14.35£10.37 10.27+£0.35  10.29+0.32  15.48+4.33  11.04+3.70 34.01+23.90 26.31+2.78
K (mg/100g) 463.01+65.40 288.74+79.85 389.53+94.68 426.85+26.40 341.32+49.93 287.37+21.36 623.84+87.82 502.77+100.61
Mg (mg/100g) 30.11+0.17 12.38+8.22 22.08+25.62 23.37+12.13 31.45+9.16 2523+1.05 29.89+4.24  20.00+11.18

P (mg/100g)  222.79+8.83 122.19+53.90 164.89+98.82 174.26+49.04 223.21+37.42 186.13+2.99 233.20£8.26 185.92+67.28

Fe (mg/kg) 2.62+0.01 1.77+£0.94 2.06£0.23 1.90+0.44 0.02+0.02 4.22£0.41 4.75£2.47 3.33£0.87
Cu (mg/kg) 0.34+0.01 0.09+0.05 0.34+0.05 0.27+0.06 0.39+0.16 0.17£0.07 0.39£0.01 0.32£0.18
Zn (mg/kg) 4.65+0.14 4.37+2.58 5.31+0.57 428163  10.64£2.21 11.81+1.35 13.26+2.95 13.49£3.90
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Table 17. Seasonal variations of mineral contents in muscles of wild and cultured rock bream

Spring Summer Fall Winter
Wild Cultured Wild Cultured Wild Cultured Wild Cultured
Na (mg/100g) 2724249 23.36+1.49  26.24+2.49 26.62+1.33  32.04+2.13  33.72+£3.03 46.39+26.05  32.27+1.32
Ca (mg/100g) 1578743 11.17+560 16.78+7.43 7.51+0.34 8.27+£3.17 7.96+0.98 2551+2554  11.69+2.03
K (mg/100g) 402.54+9.55 410.45+14.61 401.55+8.455 424.20+18.47 288.80+6.43 283.45+12.00 323.72+80.53 261.47+26.28
Mg (mg/100g) 13.70+2.38 8.25+10.88  23.70+2.38  21.83+13.18 16.09+10.69  13.12+3.29 22.47+13.10 18.11+12.09
P (mg/100g) 153.99+17.3 138.88+0.31 163.99+17.31 179.58+34.92 170.46+34.95 157.14+10.59 188.60+75.28 160.36+41.77
Fe (mg/kg) 1.51+0.21 3.99+2.44 1.49+0.21 2.15£0.87 4.01+£0.11 4.52+0.33 3.52+0.61 3.19+0.21
Cu (mg/kg) 0.10+0.06 0.26+0.01 0.13+0.06 0.21£0.03 0.41£0.09 0.32+0.05 0.55+0.49 0.30+0.11
Zn (mg/kg) 2.03+0.26 2.24+0.04 2.23+1.75 2.94+0.67 9.40+2.19 8.25+0.89  10.86+2.51  10.63+0.43
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Table 18. Seasonal variations of mineral contents in muscles of wild and cultured yellow tail

Spring Summer Fall Winter
Wild Cultured Wwild Cultured Wwild Cultured wild Cultured
Na (mg/100g) 2692415 20.19+1.06 30.47+1.79 27.83+1.63 26.92+4.15  31.31+1.26 51.16+12.29 44.96+17.26
Ca (mg/100g) 5.51£0.50 6.60+3.26 7.59+4.35  11.28+5.55 5.51£0.50 714+1.43  18.28+6.84 27.09+15.78

K (mg/100g) 360.49+26.00
Mg (mg/100g) 15.02+5.69

P (mg/100g) 204.33+28.26

Fe (mg/kg) 2.43+1.52
Cu (mg/kg) 0.36+0.42
Zn (mg/kg) 451+5.77

413.24£6.58 577.56+84.91 493.10£34.60 360.49+26.00

17.32+3.61  22.99+21.24  10.12+331

15.02+5.69

190.66+0.34 224.83+72.11 188.49+13.07 204.33+28.26

2.53%0.16

0.33+0.17

4.15£2.54

3.20£0.94 3.81£0.78

0.41£0.06 0.48%0.11

3.78+1.19 3.00£0.62

2.42+1.92

0.35+0.24

13.51+5.77

357.93£33.64 530.35+62.68 530.35£62.68

3241+£1.28 21.28+12.06

19.69£5.80

251.77+8.91 199.68+24.62 214.23+35.27

6.04+0.84

0.97+0.13

12.26£1.48

5.05+1.33

0.48+0.15

11.32£3.72

11.52+1.62

0.84+0.27

4.44+2.64
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Table 19. Seasonal variations of mineral contents in muscles of wild and cultured rock fish

Spring Summer Fall Winter
Wwild Cultured Wwild Cultured Wild Cultured Wild Cultured
Na (mg/100g) 38.33+13.13 21.71+£1.95  29.36+4.51 22231053 33.97+£1.93  31.37+1.68 26.24+3.49  34.64+2.22
Ca (mg/100g) 10.32+1.37 16.1944.48  14.26+2.72°  11.27+1.07 11.91+3.22 6.38+2.21 451+1.82 7.30+4.07
K (mg/100g) 409.20+5.08 425.45+19.07 388.73+15.59 334.23+44.02 290.10£10.84 284.42+26.60 227.38+22.02 256.79+37.99
Mg (mg/100g) 14.98+12.08 11.75+6.84  27.85+4.46  13.56+7.08 22.59+3.44  23.87+868  9.68+9.00  26.67+7.50
P (mg/100g) 155.78+42.92 134.64+21.34 180.54+19.52 120.61+21.76 192.37+24.74 181.55+37.51 145.44+44.14 211.66+2.99
Fe (mg/kg) 1.97+0.91 1.30£0.18 1.62£0.30 1.52£0.01 0.02+0.02 3.37£0.35  2.46+0.40 1.92+0.08
Cu (mg/kg) 0.38£0.20 0.18+0.02  0.24+0.04 0.24+0.01 0.09+0.09 0.18+0.12  0.17£0.08 0.15+0.03
Zn(mg/kg) 3.41+1.33 3.33£0.58 3.68+0.50 3.37+0.49 12394514  13.75+#2.39  5.75+251  11.32+1.53
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Table 20. Seasonal variations of mineral contents in muscles of wild and cultured red seabream

Spring Summer Fall Winter
Wild Cultured Wild Cultured Wild Cultured Wild Cultured
Na (mg/100g) 32.47+5.48 21.42+0.97 39.65+5.12 28.96+0.52 35.84+3.71 29.86£1.56 59.48+17.37 48.23+4.77
Ca (mg/100g) 39.40+12.73 8.03+£2.87 7.25£1.53 831+1.64 11.05£7.66 4.95+0.78 8.58+2.82 21.94+8.81
408.82+39.5
K (mg/100g) 0 406.63+36.61 475.42+33.23 466.45+95.88 374.89+22.25 33.09+£3.82 643.83£49.25 463.88+168.04
Mg (mg/100g) 10.24+2.02 13501294 35.94+349 28.38+21.96 29.02+7.07 2259+11.39 24.91+5.59 21.51£6.62
P (mg/100g) 164.03+9.86 173.29+44.25 221.22+10.98 215.76+70.82 238.21+23.84 204.21+£39.35 213.86£26.29 207.57+20.99
Fe (mg/kg) 0.96+1.19 2.36+0.80 2.42+1.16 1.54+0.27 0.10+£0.01 3.37£0.35 15.11+22.50 7.04+6.56
Cu (mg/kg) 1.32+1.72 0.11+0.01 0.36+0.19 0.31£0.02 0.22+0.08 0.79+1.01 0.66+0.60 0.33+0.08
Zn (mg/kg) 2.32+0.03 2.71+£0.46 3.63+0.32 3.04+0.59 6.81+0.49 13.75+2.39 8.95+0.33 10.39+1.84
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Table 21. Seasonal variations of mineral contents in muscles of wild and cultured olive flounder

Spring Summer Fall w inter
Wild Cultured Wild Cultured Wild Cultured Wild Cultured
Na (mg/100g) 18.95+1.82  17.95£1.82  96.68+3.02  29.86£1.56  24.25+2.87 23.99+1.00  36.00£7.73  66.13+61.80
Ca (mg/100g) 10.71+0.48  10.41+0.68 21.97+12.00 4.95£0.78 6.43+£1.25 7.46+1.06 9.71+2.92 10.52+1.29
K (mg/100g) 434.65+28.67 433.65+29.76 329.42+14.76 323.09+3.82 318.21+20.08 328.64+22.26 658.97+17.39 493.72+111.55
Mg (mg/100g) 1957254  18.60+2.24 ~ 19.01£0.59 2259+11.39  13.39+4.25 14.39+11.92  28.48+1.72 19.51+9.99
P (mg/100g) 183.55+17.53 185.05+16.35 149.08+8.65 204.21+39.35 173.01+43.72 167.33+43.91 371.10+8.72 181.56+40.47
Fe (mg/kg) 0.82+0.09 0.92+0.09 2.2410.30 3.5 A855 2.81£1.01 2.55+0.81 0.24+0.13 1.59+0.25
Cu (mg/kg) 0.09+0.07 0.08+0.04 0.23%0.02 0.79+1.01 0.24+0.15 0.28+0.28 0.15+0.01 0.14+0.07
Zn (mg/kg) 3.34£1.40 2.34+0.40 3:29%0.10  15.24£10.72 9.92+3.27 10.76£1.02  10.41+0.08 10.97+1.66
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Table 22. Comparison of collagen contents in muscle of live and

cultured live fishes

Content (mg/g)
Species
Wild Cultured

Seabass .47 8.19
Rock bream 7.10 6.21
Yellow tail 2D 2.43
Rock fish 4.90 412
Red seabream 5.11 5.81
Olive flounder 5.30 4.28
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Table 23. Seasonal variations of fatty

cultured seabass

acid in muscle of wild and

(unit : area%)

Spring Summer Fall Winter
D' I8 D 14 D 14 D %4

w ¢ w ¢ W ¢ W ¢ W ¢ W ¢ W ¢ W ¢

Cil4:0 362 411 304 318 190 374 223 842 479 502 686 424 249 344 264 370
C15:0 043 057 062 048 025 046 026 026 044 216 062 045 034 042 036 048
Cl16:0 2025 1819 20.84 17.46 24.89 2061 2331 2089 2271 21.07 1849 19.98 19.43 1931 19.60 18.27
C17:0 055 1.29 130 054 095 133 044 151 116 139 174 090 089 148 091 151
C18:0 420 492 1719 506 599 3.08 486 377 416 483 675 255 433 320 419 266
C20:0 275 205 261 136 167 214 176 076 100 066 193 136 046 018 050
C22:0 212 - 043 047 - - 074 - - - - - 024 165 025 175
Saturates 33.92 31.13 46.03 28.55 35.65 31.36 33.60 35.61 34.26 35.13 36.39 29.48 27.72 29.96 28.13 28.87
Cl4:1 022 - - 057 - - 006 010 030 033 - 057 022 034 024 022
Cl15:1 010 - - - - - = - 036 - - - - -
Cl6:1 1072 903 662 811 1247 1039 1130 1116 1535 1147 937 1064 1049 1039 11.12 10.15
Cl17:1 037 - 023 - 040 053 032 259 097 093 163 095 067 083 072 083
C18:1 2092 1815 1575 1747 1088 2471 2544 2341 1947 1857 1805 2599 2263 1863 23.82 22.36
C20:1 275 091 018 - - - 011 022 - = - - 084 252 087 258
c22:1 - -/ 319 090 152 = + - - - 249 o - - - - 036
C24:1 225 198 202 435 401 104 253 179 247 286 361 168 461 205 423 182
Monoenes 37.33 30.07 27.99 31.40 29.28 36.67 39.76 39.27 38.56 34.52 35.15 39.83 39.46 34.76 41.00 38.32
Cl18:2 111 274 085 184 091 439 069 051 119 281 091 589 081 412 086 3.82
Cl18:2 - - 045 - - - 027 - - - - - 02 -
C18:3 060 093 059 079 037 09 02 021 - 08 - 146 049 123 042 121
C20:2 - 28 - 292 - 247 115 029 - - - - 048 - 025 050
C20:3 167 - - - - - 168 012 252 373 26 132 349 181 308 195
C20:4 054 163 104 174 272 .104 056 099 064 056 08 - 119 101 075 046
C20:4 047 364, 044 487 08 551 - 056 - - - - 102 - - 11
C20:5 790 833 743 992 10.88 968 808 1604 1089 7.75 1227 851 827 1089 826 967
C22:2 - 172 S 340 - - 016 - - e - - 038 - 034 -
C22:6 1646 1696 1518 1453 1931792 1406 613 <1194 14.61 11.83 1351 1669 1622 16.65 14.09
Polyenes 2875 38.8 2598 40.05 35.07-31.97 26.64 25.12 27.18 30.35 28.46 30.69 32.82 35.28 30.87 32.81
o3 255 27.85 24.24 2698 33.28 19.60-22.96..23.37 2347 2381 2495 2348 2664 2935 26.08 2543
o6 325 923 129 963 179 1237 352 148 371 654 351 721 58 593 419 7.38
o336 785 302 1879 280 1859 158 652 1579 633 364 711 326 459 495 622 345
UFA/SFA 195 221 117 250 181 219 198 181 192 185 175 239 261 234 255 246
MUFA/SFA 110 097 061 110 082 117 118 110 113 098 097 135 142 116 146 133
PUFA/SFA 085 125 056 140 098 1.02 079 071 079 08 078 104 118 118 110 1.14
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

*D : dorsal, V :ventral, W : wild, C : cultred
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Table 24. Seasonal variations of fatty acid in muscle of wild and

cultured rock bream

(unit @ area%)

Spring Summer Fall Winter
D 14 D 14 D 14 D \%4

w c W c w c W c W c W c W c w c

Cil4:0 352 521 394 191 294 474 214 439 525 410 546 483 227 298 470 1.80
C15:0 0.88 065 089 507 189 047 179 046 076 046 081 050 058 030 116 -
C16:0 1689 2387 1577 1513 1977 20.00 16.77 1958 24.39 21.89 26.03 2353 2357 2225 28.13 20.98
C17:0 248 039 150 258 050 097 146 095 087 117 08 122 08 074 104 065
C180 1250 732 1031 569 931 421 994 457 578 378 603 383 680 539 683 512
C20:0 142 132 18 - 148 337 248 387 107 - 109 - 032 029 033 027
C22:0 0.81 028 084 215 08 - 081 - - - - - 044 033 - 072
Saturates 385 39.04 35.13 32.53 36.76 33.76 35.39 33.82 38.12 31.4 40.22 33.96 34.83 32.28 42.19 29.54
Cl4:1 521 013 531 - 171 014 051 014 175 024 - 028 - - 030 -
Cl5:1 200 014 198 185 098 053 121 040 052 - - - 045 021 044 -
Cl6:1 871 1269 951 10511151 7.76 1217 7.13 1187 9.06- 1244 1006 874 832 1067 821
Cl7:1 165 067 059 - - 029 001 030 072 059 066 062 063 072 073 062
C18:1 1320 2023 1661 1675 20.60 24.02 21.13 2480 21.71 1941 2290 2146 1962 20.19 19.14 20.59
C20:1 290 048 182 @ - - 241 038 295 048 207 111 202 154 255 141 250
Cc22:1 147 038 057 256 194 237 201 @15 - 243 - 132 ~076 060 089 0.71
Cc24:1 481 381 494 392 326 258 248 270 341 203 333 196 410 290 291 325
Monoenes 39.95 38.03 41.33 3559 40 40.1 39.9 41.57 40.46 35.83 40.44 37.72 3584 35.49 36.49 35.88
Cl18:2 070 075 075 390 103 68 103 665 138 152 149 167 1.03 1152 100 11.73
Cl18:2 039 - 094 - - 024 - 024 - - - - 049 035 053 -
Ci18:3 050 039 052 - - 069 041 065 045 - - 121 045 139 044 135
C20:2 0.37 018 032 084 076 037 - = 040 042 - - - 076 048 078 0.72
C20:3 033 315 064 101 143 022 291 023 198 070 19 - 79 103 671 133
C20:4 248 046 224 081 011 130 231 114 093 201 08 131 044 053 034 062
C20:4 067 007. 059 080 - 08 021 08 - 177 - - 076 081 061 1.02
C20:5 883 715 956 1094 779 576 838 517 983 1146958 888 609 530 471 579
Cc22:2 0.00 130 000 - - - - - 063 - - - 260 023 - -
C22:6 723 948 798 1358 12124986 946  +9:83 7575 1531 549 1525 875 1059 620 12.02
Polyenes 21.55 22.93 23.54 31.88 23.24 2614 24.71 24.61 21.42 32.77 19.34 28.32 29.33 32.23 21.32 34.58
o3 19.09 1748 20.30 2533 20.02 17.612056--1629 17.01 2878 1595 26.65 1573 17.81 11.69 19.78
o6 207 415 23 655 322 829 415 808 378 399 339 167 1051 1384 9.10 14.80
o-3@6 922 421 883 387 622 212 495 202 450 721 471 1596 150 129 1.28 1.34
UFA/SFA 160 156 18 207 172 196 183 196 162 218 149 194 187 210 137 239
MUFA/SFA 104 097 118 109 1.09 119 113 123 106 114 101 111 103 110 086 121
PUFA/SFA 056 059 067 098 063 077 070 073 056 1.04 048 083 084 100 051 1.17
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

*D > dorsal, V :ventral, W : wild, C : cultred
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Table 25. Seasonal variations of fatty acid in muscle of wild and

cultured yellow tail (unit @ area%)
Spring Summer Fall Winter
D 14 D 14 D 14 D |4
W 4 ol 4 4 4 cC_ W 4 ol 4 C
Cl4:0 311 237 294 289 148 594 136 454 373 762 370 773 310 339 331 252
Cl15:0 061 058 096 061 043 078 112 061 056 068 054 058 050 052 054 046
C16:0 2447 3266 21.16 2886 21.10 2328 20.74 2029 1898 1845 21.66 20.26 19.24 2053 20.09 21.39
C17:0 050 110 079 112 093 090 188 077 114 138 14 122 105 126 107 123
C18:0 841 1120 1098 11.06 10.11 969 1063 7.21 690 538 746 549 58 614 607 911
C20:0 070 145 161 163 058 247 - 270 - - - - 038 034 033 066
C22:0 - 039 094 037 - 107 - 026 - 081 - 058 067 084 057 117
Saturates 37.8 49.75 39.38 46.54 34.63 44.13 35.73 36.38 31.31 34.32 34.76 35.86 30.79 33.02 31.98 36.54
Cl4:1 010 042 012 - 024 - 019 - - - - 022 - 014 -
Cl5:1 017 - 021 008 089034 - — 079053 - 062 - - 026 -
Cl6:1 657 491 701 583 386 883 302 7.03 692 751 658 769 547 597 478 520
C17:1 097 041 117 044 041 053 - 102 089 103 101 08 082 079 075 073
C18:1 1979 1677 21:24 1838 1280 1873 1387 21.12 19.26 1520 19.15 1567 19.29 23.03 2293 21.31
C20:1 023 071 025 - 013 - 033 08 092 - 098 055 142 106 184
Cc22:1 158 096 111 109 051 = = 096, 040 - - - %234 045 040 -
C24:1 291 201 194 190 143 - 217 229 232 262 318 245 315 230 299 266
Monoenes 31.99 25.39 33.91 28.09 '19.9 28.85 19.06 32.94 31.4 27.81 29.92 28.29 31.84 33.96 33.31 31.74
C18:2 151 095 098 108 126 191 134 155 158 173 162 152 135 111 144 108
Cci8:2 049 031 050 034 - - moB7Z OS5I - - 4 - 049 028 -
Ci18:3 012 060 063 072 032 105 - 080 009 059 - 058 118 053 113 051
C20:2 023 00l 026 024 012 - 031 092 - - 186 030 051 028
C20:3 021 019 - 020 = . 202 - 022 231 221 241 218 206 227 189 216
C20:4 194 126 210 131 224 088 213 131 219 -~ 049 223 045 031 053
C20:4 031 046 . - 054036 015 - 070 092 - - - - 059 049 -
C20:5 671 502 538 552 447 591 422 771 772 975 881 950 857 685 893 648
Cc22:2 051 - - A - - - o2l - < - 068 042 038 043
C22:6 189 1566 17.30 1524. 3624 1498 3752 17.71 2071722792248 21.58 19.44 2001 19.30 20.25
Polyenes 30.21 24.86 26.71 25.37 4547 27.02-45.21 30.68-37.29 37.87 35.32 35.85 37.37 33.02 34.71 31.72
o3 2767 2254 2541 2279 4327 2282 4387 2753 3071 33.93 3129 3215 3142 27.84 2972 27.77
o6 203 183 099 208 18 42 134 278 573 394 403 370 527 427 433 352
036 1363 1232 2567 1096 2326 543 3274 990 536 861 776 869 593 652 686 7.89
UFA/SFA 165 101 154 115 189 127 180 175 219 191 18 179 225 203 213 174
MUFA/SFA 085 051 086 060 057 065 053 091 1.00 081 08 079 103 103 1.04 087
PUFA/SFA 080 050 068 055 131 061 127 084 119 110 102 100 121 100 109 087
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
*D : dorsal, V :ventral, W @ wild, C : cultred
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Table 26. Seasonal variations of fatty acid in muscle of wild and

cultured rock fish

(unit : area%)

Spring Summer Fall Winter
D Vv D Vv D Vv D 14
w ¢ wW ¢ W C W ¢ W ¢ W C W Cc W C
Ci14:0 315 399 486 442 604 373 216 310 696 516 427 500 368 388 242 3.09
Cl15:0 038 052 048 057 050 048 034 047 - 052 043 056 - 036 034 -
C16:0 1847 1747 1728 1874 1896 17.93 1725 1934 1800 1576 1435 19.28 14.36 16.66 1530 16.93
C17:0 015 067 137 072 189 106 075 097 - 147 085 148 128 123 108 1.08
C18:0 310 349 288 356 381 378 375 385 289 348 345 380 361 316 451 435
C20:0 189 237 113 18 133 218 338 166 - 044 - 130 - 027 - 057
C22:0 093 199 - 153 - - 107 - - 19 121 - 200 247 195 498
Saturates 28.07 30.5 28 31.39 32.53 29.16 28.7 29.39 27.85 28.73 24.56 31.42 24.93 28.03 25.6 31
Cl4:1 013 020 - 020 021 017 010 018 - - - - - - - -
Ci5:1 - 010 - - =" 0,06, m - - 032 - - - 020 -
C16:1 1019 845 1305 88l 815 922 913 857 11.88 1021905 964 7.88 813 625 711
C17:1 049 052 1.07 054 267 047 048 050 187 149 132 120 118 112 079 1.04
C18:1 2347 21.23 2165 20.78 2262 2674 2946 2625 2563 21.13 2315 2234 1546 1886 1557 18.79
C20:1 - 019 - 0I5 101 023 o011 - - 192203 - 219 224 273 316
Cc22:1 - - - - 4738 012 ‘M8, - - 3 -~ 357 041 - 099
C24:1 181 140 126 197 228 172 175 180 - 197 192 - 204 201 209 259
Monoenes 36.09 32.09 37.03 32.45 36.94 39.93 41.21 3848 39.38 36.72 37.79 33.18 32.32 32.77 27.63 33.68
C18:2 107 191 135 191 100 508 122 495 187 152 178 13 216 199 353 163
Cci18:2 0.71 - 058 0.24 022 - - - - - - 188 -
C18:3 091 130 1.04 129 046 121 039 117 - 091 128 - 051 083 051 065
Cc20:2 - 10.05 032 025 021 022 - - - - 214 038 043 0.69
C20:3 133 085 144 089 024 - 167 - 238 19 239 204 239 216 223 186
C20:4 060 014 1.00 148 138 028 146 - 069 224 204 296 043 062 092
C20:4 - 078N T 083 070 038 064 - - 046 - - 082 060 087
C20:5 1085 1093 13.86 11.10. 10.73 806 791 822 11.88 11.06- 997 1L21 810 1238 672 1155
Cc22:2 125 041 - - ~__ 031 - - -~ .'264.222 - 053 071 -
C22:6 1912 2101 1628 2097 14.8971399 17.72 11525 1664 1847 1689 1659 24.49 1968 2954 17.15
Polyenes 3584 37.43 34.97 36.16 30.53 30.91 30.09-32.13 32.77 3455 37.65 354 42.75 39.2 46.77 35.32
o3 3148 3343 3218 3336 27.56 24.64 2630 2610 2852 31.13 3038 29.84 36.06 3332 37.39 30.27
o6 240 359 279 280 239 603 348 581 425 342 463 334 669 535 679 505
o-3@6 1312 931 11,53 1191 1153 4.09 756 449 671 910 656 893 539 623 551 599
UFA/SFA 256 228 257 219 207 243 248 240 259 248 307 218 301 257 291 223
MUFA/SFA 129 105 132 103 114 137 144 131 141 128 154 106 130 117 1.08 1.09
PUFA/SFA 128 123 125 115 094 106 105 109 118 120 153 113 171 140 183 1.14
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
*D > dorsal, V :ventral, W : wild, C : cultred
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Table 27. Seasonal variations of fatty acid in muscle of wild and

cultured red seabream

(unit @ area%)

Spring Summer Fall Winter
D Vv D Vv D Vv D 14
w ¢ wW ¢ W C W ¢ W ¢ W C W Cc W C
Cl4:0 679 540 223 336 233 276 190 422 703 761 634 554 311 260 222 2483
Cl15:0 065 051 - 056 047 034 043 054 062 061 06 - 059 038 045 021
C16:0 1611 1474 1997 2175 21.24 1685 20.80 19.09 17.04 2159 20.19 1948 2358 17.63 20.67 16.41
C17:0 064 - 108 104 083 055 098 059 175 204 125 148 121 112 113 171
C18:0 748 697 609 747 748 466 7838 459 618 451 578 537 834 629 860 530
C20:0 - 270 211 246 101 245 121 333 178 - -~ 206 035 046 042 071
C22:0 087 087 - 033 039 - - - - 101 - 157 118 266 149 301
Saturates 32.54 31.19 31.48 36.97 33.75 27.61 33.2 32.36 34.4 37.37 34.16 355 38.36 31.14 34.98 29.83
Cl4:1 012 - - - - - 010 021 - 035 045 - - - - -
Ci5:1 027 - - - 063=—=""o 080 m - - - - - 026 - 020 -
C16:1 621 593 516 632 385 579 352 368 921 11451076 927 6.89 597 585 591
C17:1 034 - - 033 083 029 023 045 176 167 111 12 070 075 062 088
C18:1 1650 1435 1969 1646 1295 1877 11.94 1767 1585 18.06 1925 2232 2001 2094 2355 19.93
C20:1 339 063 - -~ 051 - 043 024 168 156 177 - 1838 242 226 203
Cc22:1 022 -/ 080 232 109 277 092 322 233 - 18 - 030 051 039 042
C24:1 311 364 143 285 451 334 430 246 333 212 248 282 295 312 336 403
Monoenes 30.16 24.55 27.08 28.28 24.37 30.96 22.24 27.93 34.16 35.21 37.63 35.61 32.99 33.71 36.23 33.25
Cci18:2 053 200 338 147 113 251 107 261 08 180 125 177 092 111 092 131
Cci18:2 - - - 037 036 020 034 024 - - - 041 036 043 081
C18:3 039 - 041 086 030 08 032 1.00 - 078 - - 035 055 034 077
Cc20:2 011 166 041 024 051 026 025 032 - - - - 033 - 039 -
C20:3 037 - 047 - 0200 - 017 - 262 097 214 103 277 137 264 202
C20:4 081 238 052 1.05 387 =129 419 09 121 1 101 106 070 095 070 088
C20:4 016 - . 160 116 044 133 044 180 114 - = e - - - -
C20:5 1249 1015 1013 832. 574 956 599 807 1259 10461186 1051 626 733 628 849
Cc22:2 037 086 - - - - - - 143 - 2091 - 040 080 042 093
C22:6 2207 2721 2452 2128 203372540 3179 2471 11.63 1232 1104 1452 1651 2268 1667 21.71
Polyenes 37.3 44.26 41.44 34.75 41.88 41.43 44.56. 39.71 31.44 2742 28.21 28.89 28.65 35.15 28.79 36.92
o3 3576 3974 3558 3151 39.24 37.13 4229 3474 2543 2456 2391 2609 2382 3151 23.99 31.85
o6 117 366 586 287 228 410 193 473 458 286 339 280 4.02 248 395 3.33
o-3@6 3056 1086 6.07 1098 1721 9.06 2191 734 555 859 7.05 932 593 1271 6.07 956
UFA/SFA 207 221 218 170 196 =262 201 209 191 168 193 182 161 221 186 235
MUFA/SFA 093 079 086 076 072 112 067 086 099 094 110 1.00 086 108 1.04 111
PUFA/SFA 115 142 132 094 124 150 134 123 091 073 083 081 075 113 082 124
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
*D > dorsal, V :ventral, W : wild, C : cultred
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Table 28. Seasonal variations of fatty acid in muscle of wild and

cultured Olive flounder

(unit : area%)

Spring Summer Fall Winter
D Vv D Vv D Vv D 14
w ¢ wW ¢ W C W ¢ W ¢ W C W Cc W C
Ci14:0 304 364 376 545 213 302 157 191 447 599 509 481 493 404 471 452
Cl15:0 038 069 041 075 091 049 046 - 079 067 071 - 091 054 031 062
C16:0 2084 2722 21.10 2035 2071 21.21 21.38 2038 17.85 2443 1834 2616 2340 1922 2098 21.15
C17:0 034 122 037 094 101 051 066 08 119 08 128 - 071 146 074 154
CI18:0 511 506 536 335 617 560 588 825 436 399 389 426 472 414 499 454
C20:0 140 270 182 277 191 243 229 148 380 - 350 - 301 030 294 035
C22:0 068 - 087 203 057 - 019 - 28 - 28 - 071 - 007 -
Saturates 31.79 40.53 33.69 35.64 33.41 33.26 32.43 32.85 35.31 35.94 35.61 35.23 38.39 29.7 34.74 32.72
Cl14:1 - 016 - 025 - - - - 027 - 045 - 038 0.5 002 018
Ci5:1 143 011 133 013 117066 066 037 054 095 067 118 - - 038 011
Cl6:1 433 565 504 799 519 423 483 429 660 7.89-.690 672 710 681 694 7.07
C17:1 034 040 029 058 071 - - - 054 124 054. 129 009 076 061 078
C18:1 948 1590 814 1883 1096 1637 1278 17.25 1832 1625 1926 1214 1320 21.14 1420 18.60
C20:1 - 030 - 028 071 - 049 - 037 124 010 257 110 268 254 3.00
Cc22:1 082 232 088 042 049 256 208 178 007 - 004 - 317 343 230 404
C24:1 332 287 339 270 427 307 299 231 215 - 355 = 300 328 384 321
Monoenes 19.72 27.71 19.07 31.23 235 26.89 23.88 26 2886 27.57 31.51 23.9 28.04 38.25 30.83 36.99
C18:2 053 145 057 177 094 188 148 1.85 341 28 321 239 238 336 214 328
Cci18:2 - 029 - - - - - _ - =02l - - 022
Cc18:3 017 106 025 131 049 072 069 070 122 - 105 - 101 109 072 1.06
Cc20:2 - 10300 - Wohs' - - 126 007 - 003 - 038 036 00l 039
C20:3 380 - 384 105 271 - 18 - 255 209 154 197 046 160 - 159
C20:4 041 110 042 025 147 351 095 1.89 - 020 - 101 026 087 091
C20:4 - 072 - 084 009 068 - 326 - 059 - - 091 002 -
C20:5 1000 716 1039 812. 748 772 791 670 872 865 613 1093 793 850 831 804
Cc22:2 - - 023, 036 00l%._~ 038 092 044 - 4 103 - - 052 013 049
C22:6 3349 1968 3154 1943 207272534 3040 2457 1942 2290 1910 2558 20.19 1545 2223 14.31
Polyenes 4849 31.76 47.24 33.13 43.09 39.85 43.69. 41.15 35.83 3649 32.88 40.87 33.57 32.05 34.43 30.29
o3 4407 29.00 4260 2911 39.16 37.29 3995 3386 29.36 3155 2648 3651 30.14 2530 3213 24.32
o6 442 247 441 366 392 256 336 637 603 494 537 436 322 623 217 526
036 997 1174 966 795 999 1457 1189 532 487 639 493 837 936 406 1481 462
UFA/SFA 215 147 197 181 283 201 208 204 183 178 181 184 160 237 188 206
MUFA/SFA 062 068 057 088 070 081 074 079 082 077 088 068 073 129 089 113
PUFA/SFA 153 078 140 093 129 120 135 125 101 1.02 092 116 087 108 099 093
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
*D > dorsal, V :ventral, W : wild, C : cultred
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Table 29. The specific and total amino acid (EAA and TEAA),
non-essential amino acid(NEAA and TNEAA) and total amino aicd
(TAA) contents in the muscle of the wild and cultured live fishes

Seabass Rock Yellow tail| Rock fish Red Olive
bream seabream | flounder
w C w C w C w C w C w C
EAA

(g kg-1 dry wt.)
THr. 30.32 | 29.7 | 34.67 | 23.8 | 2391 | 31.18 | 23.97 | 22.21 | 26.29 | 28.98 | 28.21 | 284
Met. 17.19 | 20.02 | 22.34 | 13.32 | 13.38 | 20.27 | 16.46 | 14.63 | 15.69 | 19.01 | 19.26 | 19.4
Lys. 50.6 51 60.24 | 39.49 | 39.67 | 51.77 | 40.66 | 38.55 | 44.35 | 49.88 | 45.48 | 45.81
Phe 28.74 | 32.76 | 38.55 | 20.91 21 33.7 | 2256 | 20.12 | 24.25 | 33.11 | 30.23 | 30.44
Val. 34.07 | 31.35 | 34.69 | 25,51 | 25.62 | 32.79 | 24.32 | 22.99 | 27.34 | 3041 | 275 | 27.7
Leu. 43.11 | 41.69 | 50:03 | 34.06 | 34.22 | 43.46 | 34.33+{.32.16 | 37.21 | 41.34 | 37.99 | 38.25
Ile. 30.16 | 29.35 | 34.05 | 23.31 | 2342 | 31.65 | 24.1 | 21.91 |.26.15 | 28.76 | 26.17 | 26.36
His. 18.64 | 19.54 | 23.25 | 13.52 | 1359 | 45.67 | 14.06 | 12.84 | 16.43 | 19.53 | 19.62 | 19.76
Arg. 37.18 | 36.78 | 39.76 | 24.48 | 24.6 | 37.77 | 26.82 | 26.08 | 33.72 | 35.05 | 35.33 | 30.48

NEAA

(g kg—-1 dry wt.)
Cys, 253/ | 3.26 (#3842 | 2.77 | 278 | 327 | 252 | 2.36 2.6 331 | 2.74 | 2776
Tyr. 16.91 | 19.35 | 13.27 | 13.81 | 13.88 | 19.73 | 14.55 | 14.24 | 15.33 | 19.11 | 28.21 | 18.99
Asp. 55.98 | 53.02 | 62.59 | 43.77 | 43.97 | 54.58 | 44.57 | 42.1 | 47.12 | 52.3 | 49.25 | 49.6
Ser. 26.65 | 26.2 | 31.06 | 20.65 | 20.74 | 26.97 | 21.45 | 20.6 | 23.43 | 25.87 | 25.86 | 26.04
Glu. 8143 | 782 | 9432 | 62.19 | 62.47 | 79.05 | 65.57 | 61.45 | 71.57 | 76.27 | 71.56 | 72.07
Gly, 25.86 | 27.74 | 29.79 | 20.59 | 20.69 | 27.9 | 20.11 | 19.21 | 23.42 | 27.34 | 22.8 | 22.96
Ala. 34.92 | 33.82 | 39.3 | 26.81 | 26.93 35 27.11 | 25.64 | 29.8 | 33.75 | 30.36 | 30.57
Pro. 29.1 | 30.78 36.39 | 20.55 | 20.64 | 30.52 | 22.3 | 20.05 | 26.5 | 29.28 | 264 | 26.59
(g kg};A(ﬁ‘y wt.) 563.38 | 564.54 | 647.71| 429.55 | 431.51 | 605.28 | 445.66 | 417.15{ 491.2 | 553.32 [ 526.97 | 516.18
(g kgj:_lE‘j?i;?y wt.) 290.01292.19 | 337.58 | 218.4219.41328:26 | 227.28 | 211.49 | 251.43 | 286.07 | 269.79 | 266.6
(g kgﬁEéf wt.) 273.38|272.37(310.14 | 211.14| 212.1 |277.02 | 218.38 | 205.65 | 239.77 | 267.23 | 257.18 | 249.58
T‘?ﬁi?gg‘éA 51.48 | 51.76 | 52.12 | 50.84 | 50.85 | 54.23 | 51.00 | 50.70 | 51.19 | 51.70 | 51.20 | 51.65
TEArcﬁ‘l/O’Ié];ol);AA 106.08 [ 107.28 | 108.85]103.44 | 103.45 | 118.50 | 104.08 | 102.84 | 104.86 | 107.05 | 104.90 | 106.82
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Table 30. The A/E ratio (specific EAA content x 1000/ total EAA
contents in cluding tyrosine and cystein) in the muscle of the wild

and cultured live fishes

Seabass |Rock bream| Yellow tail| Rock fish Red Olive
seabream flounder
w C w C w C w C w C w C
TEAA+TSEAA
314.80 | 309.45 | 354.271-234.98 | 351.26 | 236.07-| 244.55 | 245.08 | 308.49 | 269.36 | 300.74 | 288.35
(g kg-1 dry wt.)
A/E ratio
THr. 94.35 | 97.98 | 97.86 | 101.29 | 88.77 | 101.28 | 98.02 | 93.19 | 93.94 | 97.60 | 93.80 | 98.49
Lys. 162.01 | 163.52 | 170.04 | 168.06 | 147.38 | 168.04 | 166.26 | 162.48 | 161.69 | 164.65 | 151.23 | 158.87
Val. 99.59 | 110.10/| 97.92 | 108.56 | 93.35 [108.53 | 99.45 | 99.15 | 98.58 | 101.50 | 91.44 | 96.06
Leu. 132.43 | 139.31 | 141.22 | 144.95 | 123.73 | 144.96 | 140.38 | 139.46 | 134.01 | 138.14 | 126.32 | 132.65
Ile. 9323 | 9746 | 96.11 | 99.20 | 90.10 | 99.21 | 98.55 | 90.95 | 93.23 | 97.08 | 87.02 | 91.42
His. 62.07 | 60.24 | 65.63 | 57.54 | 130.02 | 57.57 | 57.49 | 73.40 | 63.31 | 61.00 | 65.24 | 68.53
Arg. 116.84 | 120.15 | 112.231-104.18 | 107.53 | 104.21 | 109.67 | 115.92 | 113.62 { 125.19 | 117.48 | 105.70
Met.+Cys. 2328 | 19.72 | 25.76 | 16.09 | 2354 | 16.16 | 19.18 1864 | 22.32 | 1829 | 22.00 | 22.16
Phe.+Tyr. 52.11 |+45.65 | 51.82 | 34.72 | 5343.| 34.88 | 37.11 [ 36.61 | 52.22 | 39.58 | 58.44 | 49.43
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Table 31. The amino acid score [AAS, (specific EAA contents in
the sample protein/the same amino aicd contents in the reference
profile recommended by WHO/FAO in 1985)x100] in the muscle of

the wild and cultured live fishes

. ) Red Olive .
Seebass |Rock bream| Yellow tail | Rock fish Ref. profile
seebream flounder

w C w C w C w C w C w C | Child|Adult

Ile
(g kg-1 dry wt.)
AAS for child |104.82|107.71{121.61| 83:25 [113.04| 83.64 | 86.07 | 79.61{102.71| 93.39 | 93.46 | 94.14
AAS for adult |225.77(232.00|261.92|179.31 |243.46 [ 180.15 | 185.38|171.46 | 221.231201.15|201.31 | 202.77

29.35 | 30.16 | 34.05 | 23.31 | 31.65 | 23.42 | 24.1 | 22.29 | 28.76 | 26.15 | 26.17 | 26.36 | 28 13

Leu.
(g kg-1 dry wt.)
AAS for child | 6317 |65.32 | 75.80 | 51.61 |.65.85 | 51.85 | 52.02 | 51.79 | 62.64 | 56.38 | 57.56 | 57.95
AAS for adult [219.42]226.89(263.32|179.26 |228.74180.11 | 180.68|179.89|217.58 | 195.84199.95|201.32

41.69 | 43.11 | 50.03 | 34.06 | 43.46 | 34.22 | 34.33 | 34.18 | 41.34 | 37.21 |37.99 | 38.25 | 66 19

Lys.

(g kg-1 dry wt.)
AAS for child | 8793 | 87.24 [103.86| 68.09 | 89.26 | 68.40 | 70.10 | 68.66 | 86.00 | 76.47 | 78.41 | 78.98
AAS for adult |318.75]316.25|376.50|246.81 [ 323.56 | 247.94 [ 254.13 | 248.88 | 311.75|277.19|284.25 | 286.31

Met.

(g kg-1 dry wt.)
AAS for child | 80.08 | 68.76 | 89.36 | 53.28 | 81.08 | 53.52 | 65.84 | 63.72 | 76.04 | 62.76 | 77.04 | 77.60
AAS for adult |117.76]101.12|131.41] 78.35 [119.24| 78.71 | 96.82 | 93.71 [111:82] 92.29 |113.29|114.12

Phe.

(g kg-1 dry wt.)
AAS for child |52.00 | 45.62 | 61.19 | 33.19 | 53:49-{-33.33{-35.81 | 34.02 | 52.56 | 38.49 | 47.98 | 48.32
AAS for adult |172.42|151.26|202.89|110.05|177.37|110.53|118.74|112.79]174.26|127.63|159.11|160.21

Thr.

(g kg-1 dry wt.)
AAS for child | 87.35 | 89.18 [101.97| 70.00 | 91.71 | 70.32 | 70.50 | 67.18 | 85.24 | 77.32 | 82.97 | 83.53
AAS for adult |330.00|336.89|385.22|264.44 |346.44 | 265.67 | 266.33 | 253.78 | 322.00(292.11|313.44|315.56

51 50.6 | 60.24 | 39.49 | 51.77 | 39.67 | 40.66 | 39.82 | 49.88 | 44.35 | 4548 | 45.81 | 58 16

20.02'1 17.19| 22.34 | 18.32 | 20.27 | 13.38 | 16.46 | 15.93 | 19.01 | 15.69 | 19.26 | 19.4 25 17

32.76 | 28.74 | 38.55 | 20.91 | 33.7 21 | 22.56 | 21.43 | 33.11.{24.25 | 30.23 | 30.44 | 63 19

29.7 130.32 | 34.67 | 23.8 | 31.18 | 2391 | 23.97 | 22.84 | 28.98 | 26.29 | 28.21 | 284 34 9

Val
(g kg-1 dry wt.)
AAS for child | 89.57 | 97.34 | 99.11 | 72.89 | 93.69 | 73.20 | 69.49 | 69.43 | 86.89 | 78.11 | 78.57 | 79.14
AAS for adult |241.15|262.08|266.85|196.23 |252.23 |197.08 | 187.08 | 186.92]233.92(210.31|211.54|213.08
His.
(g kg-1 dry wt.)
AAS for child |102.84| 98.11 [122.37| 71.16 {240.37| 71.53 | 74.00 | 94.68 |102.79| 86.47 |103.26|104.00
AAS for adult |122.13|116.50|145.31| 84.50 |285.44 | 84.94 | 87.88 |112.44]122.06|102.69|122.63|123.50

31.35 | 34.07 | 34.69 | 25,51 | 32.79 | 25.62 | 24.32 | 24.3 | 30.41 | 27.34

8%
J
ul
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~
N
w
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13

19.54 | 18.64 | 23.25 | 13.52 | 45.67 | 13.59 | 14.06 | 17.99 | 19.53 | 16.43 | 19.62 | 19.76 | 19 16




Z4zy o] F o] 259 WA T/ FAE FAH Ao w 25 A
FH Al = A Ha & lysine ¥ F&oln =4k} threonine©] FF-3F %2

WeF= ofju| = 2k(phenylalanine and tyrosine)< FAO/WHO(1985)c A1 | <t
Skal gl ob =4t profiled} Hlul@ho] of ©lo] o] Ao]o = &-FEst
ay R te]  HolE dEUA=H, Ad Aol wig
methionine®] ©o}W W= Ab7b7b FA AL EE oA AFdAbe] Blste] e e o
Efuiglom, oA AHE A/E vl &A% methionine®} cystine ¥FaFo] A
Hlgo] W& Zlog Hol ik Fojo g Abm FHA o]E ol =t

ek a7 Zed Ao=w dFebEh

1. 2. 2. frejotn =43t ke W3t

Ohta.(1976)%= Frefotr =t A 94 =49 A E T8 ¥
ooty 2 AA7E 54 e vtE AEdd Fodotn o AALsta ¢
Aake] Fol, Ew, Wol, 23 E x
Table 32~Table 37 “etHAh. A obul =4k} mpz7pA] 2 of F3p 2
QU B A T e 4
& taurine FF W EE 40%H S E diFES  AAeta At g
alanine, asparagine, glutamine, glutamic acid, lysine & °| =
i ol ot

7hEE AT AL Fol ol tig fFElotregt FEE A
kA 4ol 218.52mg/100g, %A 4te] 239.5mg/100ge] % d#S e lom,
I % 9™ ko]l Ad4bo] 123.04mg/100g, “FA14to] 118.70mg/100g o =
AA9 56.3%, 49.6%5 #A|stal A tH(Table 32). Glutamic acid, glycine,
alanine, lysine, anserine® g=Fo] Wkt AA4ba oF24F 7Ho] XA H] 9
Zpol = mw] sk AT,

OYR ALE AT FA A

o

frefob ] =4k gk 325.25 mg/100g
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3 22049 mg/100g &= Z+7} yErwt o, s o] Hsto] AdAAME e A
&S el AA ofu]x=bo] 3t taurine S AFA ko]l 40.8%, %
/;]/‘\l-o] 306%% i]—X]ﬁ]—O:]y 7]’—%;:‘—;,]_"7 U]—Fﬂ-7]—X]E x].?_}llo‘l Oo]:/l})x\_oﬂ 313}04

o o ) 5 2=
Oa xS A% FAT & Ak

UER AT Folok v A R F frEotvmate] $FeFo]l Tt dele A4
Abo]l 271.68 mg/100g, 24ke]l 157.9mg/100go =2 el o, AEH =
&2 4bo] 270.7 mg/100g, AFA4ke] 216.83 mg/100g o= Y EFRTE 5o v}
Z7FA & taurine $FEFol AA Frobu=Aboll iR 2SS AA sk o,
Aol 59.4%, FAAF 656.8% = LELRE o™, ApIAbo] lysine ko] = gko
U GFAE AEHA FU AL HAE SA AFHE Folet mpzvbA R
taurineo] 2FA| st Bl &2 AA4b kA 4bke] ZF7F 67.6%, 60.6% = U EF:
o oA Aol A= alanined} glycine aFol T71d AL ol 4= gl

Ak st} ok Aak oo &A= F fElolu =t FEFo] AdAlo]
286.38 mg/100g, ¥214ko] 289.0.7mg/100g .2 e}y o™ taurine &2 =}
AAko]l 36.18 mg/100g(12.6%), 242 41.46 mg/100g(14.3%)= Y EFSE o1,
HEH histidine  $FEFol AFAAEo) 216.84 mg/100g (75.7%), F24ko]l 21594
mg/100g(74.7%)=, 7]eF A HAHE ofFI}= &P taurine HU=
histidine g&o]l =2 A4S Wetwoh 2 Bo] o fFobr=ibe 10~
1I78e] Felobr]i=qbe] A H QO
mg/100g, FA2te] 41.46 mg/100ge= t& ofFol Mgt v IS o
Btk & ofF 3 5old AL histidined] FFol zkdibe] 26.84
mg/100g .2 AA  Felopnmate] 278%% AA s o, F2Aito
histidine ¥ &2 21594 mg/100go. = A A9 629% 5 A8t v, 218
glutamic acid o] g2 WA= 651 mg/l100gl. 2 thE ofFHT}H
< FS e A (Table 34).

o
=

, 1 3= taurined Aol 36.18

Hir
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zy & 7pEd AAA AL S did F fFEobn =4t TR
2+ 7y 179.56 mg/100g, 239.86 mg/100g o= &F 2 Ako] ALk w v} $hgko] =9k
o agla ogE oFd wAPAE taurine @ EY M &L AAAGS
55%(98.81 mg/100g), 214t 61.9%(149.53 mg/100g)= %24t o]
gtako]l ol o ™ alanine, lysine®] TFE ofn|:=2tbo] H]sle] Fkomw wmlxlrf
Az FAqte] AAMR Y FFo]l E kv (Table 35).

2HE M EI vRAAR F fryobrl sl FeFo]l AAAko]l 126.89
mg/100g, &F2A4to]l 233.95mg/100g= e F2 ko] =& S e
Nom  taurine T AAAI FAAro] 272 96.12 mg/100g(75.8%),
141.01 mg/100g(60.3%) 5 YERHAT 7|8 ofn it b A v A
oS vEbd Sl

7bEA A4 FAA FE 2K F o obv| AL A AN FAL
ol ztz} 197K, 13707F HEHJd o I ek A A4k 275.81 mg/100g, &
A2k 19112 mg/100g = Websk ot Z2jal Aol = AAARI FA Lol
Z+zy 1109k 2070 AEEHR e T e 27 217.36 mg/100g, 186.64
mg/100g 0. 2 EFSETE. 18] 1L taurine SRS 7FS Ho| A AAaby} 9F A Abo]
Zy 7k 138.53(50.2%), 124.80(65.83%)0 oW, A= Aol AAA Y F2jirko] Z+
7} 138.81(63.8%), 186.64(62.5%) 0.2 tf& o] T3 Hlger ek dA
opw = Abel  thE Bl &S UERITh. ApdAakal A ATo]l  138.53 mg/100g,
124.80 mg/100g 0. & & =}ol|7F-§l o™ glutamic acid &2 =AFA2ko] 11.76
mg/100g, %F24ko] 13.33mg/100g .2 3ghafFo] =gkt (Table 36).

HAY fFeobu il TS 7FEE A AAS 21655 mg/100g, A AR
13896 mg/100g 2.2 YE}FY S ™ taurine, lysine, alanine, glutamic acid ¢
ol il 2 T 53] taurine® @Fo] E=A o2 EHktH(Table 7). Taurine
g A4k 89.21 mg/100g(41.2%), A4S 77.32 mg/100g(55.6%) = 1t
Ebukch 1y ShAl A Ao A & taurine 22 glutamic acid7t =
Koyt JAolA= e ofFdE D anserine T ol 166~22.0%° H &
= ek

-

¢
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Table 32. Content of free amino acid composition in muscle of wild

and cultured seabass

Content (mg/100g)
No. Amino acid Fall Winter
Wild Cultured Wild Culture

1 Phosphoserine 2.49(1.1) 2.17(0.9) 0 0
2 Taurine 123.02(56.2) 118.70(49.6) 132.79(40.8) 67.48(30.6)
3 Phosphoethanolamine 0 0 0 0
4 Aspartic Acid 0 0 0 0
5 Hydroxyproline 5.61(2.6) 8.40(3.5) 0 0
6 Threonine 3.47(1.6) 4.88(2.0) 11.31(3.5) 6.62(3.0)
7 Serine 2.89(1.3) 4.06(1.7) 2.91(0.9) 4.54(2.1)
8 Asparagine 0 0 0 0
9 Glutamic Acid 6.61(3.0) 8.06(3.4) 5.22(1.6) 4.28(1.9)
10 Sarosine 0 0 0 0
11 a-Aminoadipic 0 0 0 0
12 Proline 0 4.69(2.0) 36.23(11.1) 5.35(2.4)
13 Glycine 8.57(3.9) 8.50(3.6) 26.23(8.1) 40.13(18.2)
14 Alanine 12.83(5.9) 11.84(5.0) 29(8.9) 29.97(13.6)
15 Citrulline 0 0 0 0
16 a-Aminoiso-n-butyric Acid 0 0 0 0
17 Valine 4.22(1.9) 9.46(4.0) 6.26(1.9) 2.27(1.0)
18 Cystine 0 0 5.3(1.6) 0
19 Methionine 2.97(1.4) 6.45(2.7) 0 0
20 Cystathionine 0 0 0 0
21 Isoleucine 3.68(1.7) 8.47(3.5) 4.55(1.4) 0
22 Leucine 4.35(2.0) 11.16(4.7) 8.34(2.6) 3.26(1.5)
23 Tyrosine 2.10(1.0) 4.60(1.9) 0 0
24 B-Alanine 0 0 0 0
25 Phenylalanine 1.86(0.9) 4.91(2.1) 0 0]
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 1(0.6) 0 0
30 8-Hydroxylysine 0 0 0 0
31 Ornithine 0 0 4.73(1.5) 2.06(0.9)
32 Lysine 18.48(8.6) 8.61(3.6) 29.86(9.2) 35.1(15.9)
33 I1-Methylhistidine 0 0 0 0
34 Histidine 4.00(1.8) 3.28(1.4) 22.49(6.9) 19.43(8.8)
35 3-Methylhistidine 0 0 0 0
36 Anserine 8.38(3.8) 7.92(3.3) 0 0
37 Carnosine 0 0 0 0
38 Arginine 2.99(1.4) 1.83(0.8) 0 0
Total 218.88 318.11 325.22 220.49
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Table 33. Content of free amino acid composition in muscle of wild

and cultured rock bream

Content (mg/100g)
No. Amino acid Fall Winter
Wild Cultured Wild Culture

1 Phosphoserine 4.53(1.7) 0 0 0
2 Taurine 161.57(59.5)  104.05(60.3)  146.67(67.6) 164.06(60.6)
3 Phosphoethanolamine 1.38(0.5) 1.38(0.8) 0 0
4 Aspartic Acid 0 0 0 0
5 Hydroxyproline 5.23(1.9) 0 11.36(5.2) 0
6 Threonine 3.65(1.3) 1.75(1.0) 2.26(1.0) 0
7 Serine 3.23(1.2) 1.6(0.9) 0 3.38(1.3)
8 Asparagine 0 0 0 0
9 Glutamic Acid 5.51(2.0) 1.99(1.2) 4.02(1.9) 7.98(3.0)
10 Sarosine 0 0 0 0
11 a-Aminoadipic 0 0 0 0
12 Proline 5.49(2.0) 3(1.3) 0 0
13 Glycine 13.34(4:9) 5. 31 (3.1) 12.36(5.7) 43.3(16.0)
14 Alanine 16.94(6.2) 6.67(3.9) 25.09(11.6) 28.74(10.6)
15 Citrulline 0 0 0 0
16 a-Aminoiso-n-butyric Acid 0 0 0 0
17 Valine 4.23(1.6) 1.6(0.9) 1.88(0.9) 2.37(0.9)
18 Cystine 0 0 0 0
19 Methionine 3.24(1.2) 2.29(1.3) 0 0
20 Cystathionine 0 3.67(2.1) 0 0
21 Isoleucine 3.96(1.5) 16.4(9.5) 0 0
22 Leucine 2.85(1.1) 1.31(0.8) 2.32(1.1) 3.26(1.2)
23 Tyrosine 3.22(1.2) 0 0 0
24 B-Alanine 0 2.15(1.3) 0 0
25 Phenylalanine 3.14(1.2) 0 0 0
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 14.73(8.5) 0 1.59(0.6)
30 8- Hydroxylysine 0 5.47(3.2) 0 0
31 Ornithine 2.11(0.8) 0 2.12(9.9) 1.78(0.7)
32 Lysine 21.45(7.9) 0 8.75(4.0) 14.22(5.3)
33 1-Methylhistidine 0 0 0 0
34 Histidine 1.92(0.7) 0 0 0
35 3-Methylhistidine 0 0 0 0
36 Anserine 0 0 0 0
37 Carnosine 0 0 0 0
38 Arginine 4.69(1.7) 0 0 0
Total 271.68 172.67 216.83 270.68
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Table 34. Content of free amino acid composition in muscle of wild

and cultured yellow tail

Content (mg/100g)
No. Amino acid Fall Winter
Wild Cultured Wild Culture

1 Phosphoserine 0 0 3.73(0.5) 0
2 Taurine 36.18(42.2) 41.46(14.3) 118.9(16.5) 94.57(14.7)
3 Phosphoethanolamine 0 2.5(0.9) 0 0
4 Aspartic Acid 0 0 0 0
5 Hydroxyproline 0 0 0 0
6 Threonine 0 2.3(0.8) 16.11(2.2) 3.41(0.5)
7 Serine 1.28(1.5) 1.89(0.7) 9.92(1.4) 3.05(0.5)
8 Asparagine 0 0 5.38(0.8) 0
9 Glutamic Acid 1.75(2.0) 6.51(2.3) 6.25(0.9) 5.16(0.8)
10 Sarosine 0 0 0 0
11 a-Aminoadipic 0 0 2.84(0.4) 3.51(0.5)
12 Proline 0 0 5.22(0.7) 0
13 Glycine 2.26(2.6) 2.93(1.0) 10.77(1.5) 4.07(0.6)
14 Alanine 6.45(7.5) 7727 42.23(5.9) 15.28(2.4)
15 Citrulline 0 0 0 0
16 a-Aminoiso-n-butyric Acid 0 0 1.46(0.2) 0
17 Valine 0 0 7.18(1.0) 2.36(0.4)
18 Cystine 0 0 0 0
19 Methionine 0 0 4.1(0.6) 0
20 Cystathionine 0 0 0 0
21 Isoleucine 0 0 5.82(0.8) 0
22 Leucine 0 0 9.3(1.3) 2.87(0.5)
23 Tyrosine 0 0 6.3(0.9) 0
24 B-Alanine 0 0 0 0
25 Phenylalanine 0 0 4.35(0.6) 0
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 0 5.21(0.7) 3.14(0.5)
30 8- Hydroxylysine 0 0 0 0
31 Ornithine 2.27(2.7) 0 4.11(0.3) 0
32 Lysine 8.72(10.2) 7.84(2.7) 29.61(1.8) 11(1.7)
33 1-Methylhistidine 0 0 0 0
34 Histidine 26.84(31.3) 215.94(74.7) 383.83(53.3) 447.8(69.5)
35 3-Methylhistidine 0 0 0 3.79(0.6)
36 Anserine 0 0 36.33(5.0) 44.35(6.9)
37 Carnosine 0 0 0 0
38 Arginine 0 0 3.92(0.5) 0
Total 85.75 289.07 720.57 644.36
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Table 35. Content of free

and cultured rock fish

amino acid composition in muscle of wild

Content (mg/100g)
No. Amino acid Fall Winter
Wild Cultured Wild Culture

1 Phosphoserine 0 0 0 0
2 Taurine 98.81(51.6) 149.53(62.3) 96.12(75.8) 141.01(60.3)
3 Phosphoethanolamine 1.9(1.0) 1.53(0.6) 0 0
4 Aspartic Acid 0 0 0 0
5 Hydroxyproline 2.97(1.6) 4.23(1.8) 0 0
6 Threonine 3.7(5.1) 3.54(1.5) 0 3.4(1.5)
7 Serine 3.87(5.2) 3.21(1.3) 1.38(1.1) 4.24(1.8)
8 Asparagine 2.05(1.1) 1.3(0.5) 0 0
9 Glutamic Acid 3.8(2.0) 7.22(3.0) 2.32(1.8) 6.05(2.6)
10 Sarosine 0 0 0 0
11 a-Aminoadipic 0 3.33(1.4) 0 0
12 Proline 0 1.41(0.6) 0 0
13 Glycine 9.03(4.7) 7.68(3.2) 2.72(2.1) 10.33(4.4)
14 Alanine 9.83(5.1) 17.79(7.4) 6.97(5.5) 16.3(7.0)
15 Citrulline 0 0 0 0
16 a-Aminoiso-n-butyric Acid 0.41(0.2) 0 0 0
17 Valine 1.53(0.8) 1.79(0.8) 0 2.47(1.1)
18 Cystine 0 0 0 0
19 Methionine 1.89(1.0) 1.93(0.8) 0 0
20 Cystathionine 0 1.59(0.7) 0 8.56(3.7)
21 Isoleucine 1.08(0.6) 1.52(0.6) 0 2.48(1.1)
22 Leucine 1.48(0.8) 2.07(0.9) 0 3.39(1.5)
23 Tyrosine 1.35(0.7) 2.06(0.9) 0 4.95(2.1)
24 B-Alanine 0 0 0 0
25 Phenylalanine 0.86(0.5) 1.09(0:5) 0 0
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 0 0 2.29(1.0)
30 8- Hydroxylysine 0 0 0 0
31 Ornithine 0.78(0.4) 0 0 0
32 Lysine 19.77(10.3) 22.2(9.3) 12.73(10.0) 22.21(9.5)
33 1-Methylhistidine 0 0 0 0
34 Histidine 0.93(0.5) 1.81(0.8) 4.65(3.7) 3.75(1.6)
35 3-Methylhistidine 0 0 0 0
36 Anserine 8.69(4.5) 0 0 0
37 Carnosine 0 0 0 0
38 Arginine 4.85(2.5) 3.03(1.3) 0 2.51(1.1)
Total 179.58 239.86 126.89 183.8
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Table 36. Content of free amino acid composition in muscle of wild

and cultured red seabream

Content (mg/100g)
No. Amino acid Fall Winter
wild Cultured wild Culture

1 Phosphoserine 0 0 0 0
2 Taurine 138.53(50.2) 124.8(65.3) 138.81(63.9) 186.64(42.6)
3 Phosphoethanolamine 0 0 0 0
4 Aspartic Acid 0 0 0 0
5 Hydroxyproline 0 0 0 0
6 Threonine 6.5(2.4) 2.96(1.6) 0 9.11(2.1)
7 Serine 6.9(2.5) 2.8(1.5) 2.16(1.0) 9.73(2.2)
8 Asparagine 0 0 0 0
9 Glutamic Acid 11.76(4.3) 13.33(7.0) 5.6(2.6) 20.1(4.6)
10 Sarosine 0 0 0 0
11 a-Aminoadipic 0 0 0 0
12 Proline 4.08(1.5) 0 0 4.25(1.0)
13 Glycine 17.31(6.3) 8.4(4.4) 12.6(5.8) 45.51(10.4)
14 Alanine 15.25(5.5) 12.19(6.4) 17(7.8) 42.89(9.8)
15 Citrulline 1.82(0.7) 0 0 0
16 a-Aminoiso-n-butyric Acid 0 0 0 0
17 Valine 3.54(1.3) 3.67(1.9) 1.90.9) 4.29(1.0)
18 Cystine 0 0 0 5.56(1.3)
19 Methionine 1.85(0.7) 2.35(1.2) 0 3.21(0.7)
20 Cystathionine 0 0 0 8.96(2.0)
21 Isoleucine 3.21(1.2) 1.98(1.0) 0 2.16(0.5)
22 Leucine 3.06(1.1) 3.9(2.0) 2.63(1.2) 4.85(1.1)
23 Tyrosine 2.17(0.8) 2.07(1.1) 0 3.58(0.8)
24 B-Alanine 0 0 0 0
25 Phenylalanine 0 (0] 0 0
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 1.36(0.5) 0 1.6(0.7) 2.6(0.6)
30 8-Hydroxylysine 0 0 0 0
31 Ornithine 1.31(0.5) 0 2.25(1.0) 0
32 Lysine 20.95(7.6) 9.16(4.8) 32.8(15.1) 5.25(1.2)
33 I1-Methylhistidine 0 0 0 3.17(0.7)
34 Histidine 17.5(6.4) 3.49(1.8) 0 6.56(1.5)
35 3-Methylhistidine 0 0 0 2.19(0.5)
36 Anserine 15.61(5.7) 0 0 68.07(15.5)
37 Carnosine 0 0 0 0
38 Arginine 3.09(1.1) 0 0 0
Total 275.8 191.1 217.35 438.68
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Table 37. Content of free amino acid composition in muscle of wild

and cultured olive flounder

Content (mg/100g)
No. Amino acid Fall Winter
wild Cultured Wild Culture

1 Phosphoserine 0 0 0 0
2 Taurine 89.21(41.2) 77.32(55.6) 81.14(40.6) 109.16(49.9)
3 Phosphoethanolamine 0 2.79(2.0) 0 0
4 Aspartic Acid 95(0.4) 0 0.59(0.3) 0
5 Hydroxyproline 0 4.39(3.2) 0 0
6 Threonine 4.01(1.9) 2.59(1.9) 3.10(1.6) 3.61(1.7)
7 Serine 6.54(3.0) 3.78(2.7) 6.00(3.0) 4.80(2.2)
8 Asparagine 2.06(1.0) 2.58(1.9) 1.47(0.7) 0
9 Glutamic Acid 8.05(3.7) 4.22(3.0) 6.04(3.0) 5.93(2.7)
10 Sarosine 0 0 0 0
11 a-Aminoadipic 0 0 0 0
12 Proline 5.93(2.7) 2.14(1.5) 6.04 (3.0) 0
13 Glycine 3.61(1.7) 1.61(1.2) 2.06(1.0) 9.78(4.5)
14 Alanine 18.32(8.5) 9.06(6.5) 15.58(7.8) 13.79(6.3)
15 Citrulline 2.95(1.4) 0 3.02(1.5) 0
16 a-Aminoiso-n-butyric Acid 0 0 0 0
17 Valine 2.51(1.2) 2.17(1.6) 2.10(1.1) 0
18 Cystine 0 0 0 0
19 Methionine 3.03(1.4) 2.40(1.7) 2.68(1.3) 0
20 Cystathionine 8.69(4.0) 0 10.32(5.2) 0
21 Isoleucine 0 1.38(1.0) 0 0
22 Leucine 1.24(0.6) 1.69(1.2) 0.91(0.5) 0
23 Tyrosine 0 1.77(1.3) 0 0
24 B-Alanine 0 0 0 0
25 Phenylalanine 0 1.41(1.0) 0 0
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 0 0 5.01(2.3)
30 8- Hydroxylysine 0 0 0 0
31 Ornithine 3.09(1.4) 0.74(0.5) 1.88(0.9) 3.77(1.7)
32 Lysine 16.22(7.5) 13.94(10.0) 16.61(8.3) 11.79(5.4)
33 1-Methylhistidine 0 0 0 3.07(1.40)
34 Histidine 1.12(0.5) 1.30(0.9) 0.91(0.6) 0
35 3-Methylhistidine 0 0 0 0
36 Anserine 35.99(16.6) 0 37.86(18.9) 48.16(22.0)
37 Carnosine 0 0 0 0
38 Arginine 3.03(1.4) 1.68(1.2) 1.81(0.9) 0
Total 216.55 138.96 200.12 218.87
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ofuj &9 YNAVELLE FE TH FFAYAE F
A= 4<2 ADP, AMP, IMP, HxR, Hxelt}. ArjAd o2 Fa3 22 IMP
o} AMP=, IMP+ #Z#uks& U glutamic acide} 3 E35H A =29 ot 74
31 7)1 = 28(A<5 & 3, synergistic effect)e] Slvk. @A, AMPE 1 #Al&
Aol Fulo]x gt IMPA % glutamic acide}e] Aol <& 2} (HIFEiNF) 7}

o)
AR

Fig. 12 Fol= &l A4y} At JAATPRE =2 9 ool
7y 7y 9.97 1g/100mg, 9.88 pg/100mg L. = vpgk o m -z} A 4ol A ATP3 o] 6.60
1g/100mg, ADP+AMP®] gH=Fo] 1.37 pg/100mg 28] a2 IMP §F=Fe] 1.56 pg/100
go] Atk A Ak M= ATP3EFol 6.67 ug/100mg, ADP+AMP¢| 3t=Fo] 0.85
1g/100mg 2¥] 2 IMP= 213 pg/100mgol Atk o532 A ALt A= F ATP
dd =4l 10.29 pg/100mgol Ao, ATP $F2 554 ﬂg/IOOmg, ADP+AMP
+ 1.46 1g/100mg, IMP+= 2.50 ug/100mge] 1oL, G2 Al = & ATPH A=A
o] 9.37 ng/100mgo] A o.w  o]F ATP+= 552 pg/100mg, ADP+AMP+= 091 pg
/100mg, IMP+= 2.77 pg/100mg o] &&= B AT, 7F&d o Adqt sojolM =
T ATPHHAEA Y T &Fo] 9.59 ug/100mge] AT, olF ATP+E 6.12 pg/100mg o]
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o 111 ﬂg/lOOmgB] ADP+AMP7} 113, IMP+= 2.10 pg/100mg <& A 51 43
ok A Fole F ATPHHAEZ o] 934 ug/100mge] o™, ATP+= 591 ug
/100mg, ADP+AMP+ 1.32 pg/100mg, IMP+ 1.80 ug/100mge] At AEH
ZEAAE Fold A= ATP 7.60 £g/100mg, ADP+AMP 1.45 1g/100mg, IMP 0.61
1g/100mg 5o ATP#H#EEAo] EAstdon, F ATPHHA=ZHY THE
10.17 £g/100mgo]  AATE F2ANA = F ATPHAE A FeFo] 971 ue
/100mgo] 13, ATP7} 4.92 ug/100mg, ADP+AMP~7} 1.61 1g/100mg, IMP+= 2.87
1g/100mg o] ¥ =0 U AT

LA oF A Ake]l EEO e ATP #d3gEe] Ad4 wiste F 3
Fol 6.68~129 umol/g o= YEEL ow (Fig. 2), %A 243 Folel mpz7hA]
2 A3 stel] 7B & Q8<Qle] H= IMP gl AdAjtR T A 4le] =

< FF= dEhia d9dd. 2y FHod= Adibo] kAol Hls 3wuj

b B2 IMP %S JYEl YAl gloem g IMP o Tt Al R o] #
AAko]l AAke] Fretar BAAE A w£AVE Adoka @FohdEd. a8 a
A A A o2 Inosine® hypoxanthine H&ko] ATPA#H3LE F *o ks
L ER AT

EE59 ATP #FHEHo] gFS wH FHo ik oF2ike] A

ATP#HHAE A o] gF&ko] Zzhzb 10.28 1g/100mg, 11.06 pg/100mg o & vpskow =}
ALboll A ATPS o] 8.37 1g/100mg, ADP+AMPE] $haFe] 1.11 pg/100mg 12
i IMP &Fol 0.39 ug/100mg el Slth, F2Iatol A= ATP3F=Fo] 9.11 1g/100mg,
ADP+AMP<2] gFo] 151 pg/100mg 2] 32 IMP+ 0.23 £g/100mge] Stk o &
S HA, AdAdA e F ATPHAE o] 11.72 pg/100mge] 2w, ATP
shaF2 8.81 pg/100mg, ADP+AMPE 1.91 1g/100mg, IMP+= 0.70 1g/100mg <& A
st aL, Al A= F ATPH A=A o] 10.99 pg/100mgo] 4 oW, o5 ATP
= 812 pg/100mg, ADP+AMPE 2.27 £g/100mg, IMP+ 0.30 1g/100mg 2] &=k 2
B 7he3d 9 Adi s5dMds T ATPHA =49 ko] 9.85 1g/100
mgo] Atk olF ATP+= 6.25 1g/100mgo] 12w, 0.96 £g/100mge] ADP+AMP7}
AL, IMP= 2.29 1g/100mg = ARtk FAA 253 T ATPHAEH o]
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10.56 pg/100mge]l 1 ov, ATP+  6.25 4ug/100mg, ADP+AMP+  1.00 £g/100mg,
IMP+= 294 1g/100mge] Aotk A&H A4l =wmolA = ATP 8.33 1g/100
mg, ADP+AMP 1.42 pg/100mg, IMP 0.30 pg/100mg 5 ¢ ATPHHEZHo] &4
stRom, F ATPHAEAS &3S 10.33 pg/100mge] A AT F2 Abol A =
F ATPHHAEZHY  3haFo]  9.87 ug/100mgel 3L, ATP7F  7.10 g/100mg,
ADP+AMP7} 1.48 ug/lOOmg, IMP+= 1.08 £g/100mgo] Sh-% o] 93t}
AT} A4l Woje] F ATP #ASTE S 7.66~13.3 umol/go =, &
4 g rs At oste] AMIE Hudris
Raue} vzt 2 A uke] F=A7F ¥ &= IMP ko] 5.37~5.76 umol/g = th
& ofFe vste & TS B HFig. 3).
Fo B, S AALI FAAY HA
ATP#HEEH 9 FFol 2b7h 874 1g/100mg, 8.13 pg/100mg o= vhgk o, 2
Abol A ATP3F o] 590 1g/100mg, ADP+AMP<°] &Fo] 1.60 ug/100mg 1] 3L
IMP  gFo] 0.77 ng/100mge] Ak, F2 koAl &= ATPE o] 5.37 pg/100mg,
ADP+AMP2] gFgFo] 1.28 ug/100mg Z2lal IMP+= 1.09 £g/100mge] itk o &
S A9EYA, AAdMdA = T ATPHE= Do 9.04 1g/100mge] o1,
ATP &2 568 1g/100mg, ADP+AMP+= 1.87 £g/100mg, IMP+ 0.69 1g/100mg
EABEA L, FAAAAE FT ATPHHEE o] 8.20wpg/100mge] R o™, o] 5
ATP+ 5.62 1g/100mg, ADP+AMP+ 1.54 pg/100mg, IMP+ 0.12 1g/100mge] 3+
Fe B 7hEE Y AATolol= & ATPH A =4 o ool 8.07 ug
/100mg ©] % T o] & ATP= 5.66 1g/100mg o] & o™, 1.38 1g/100mg ]
ADP+AMP7} 3L, IMP+= 0.66 pg/100mg & A sk th. FA4F Woj= 8.09
1g/100mge] ATP#HAEH] dAom, ATPE 576 1g/100mg, ADP+AMP+=
1.32 g/100mg, IMP+  0.79 £g/100mge] Ao, A=Hd AAL wrojolq =
ATP 555 1g/100mg, ADP+AMP 1.79 1g/100mg, IMP 1.43 £g/100mg 5 <] ATP
BHAEHo] EAst9 o, F ATPHHAEH 9 52 9.15 1g/100mge] AT},
SFA Ao A= F ATPHA=ZH 9] ko] 878 ug/100mgo] 1L, ATP7} 5.56 ug
/100mg, ADP+AMP7} 1.76 1g/100mg, IMP+= 1.25 1g/100mgeo] &% o] A AT}

i)

g
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Zv =2 AT o gEFE BW, g H AALI FAAY HA
TP 570 grako] zF7z: 11.21 peg/100mg, 10.45 pg/100mg o2 v gkow =}
Akl A ATPE=Fo]l 7.04 1g/100mg, ADP+AMPe] ko] 1.38 pg/100mg 1 2]
i IMP gFo] 211 pg/100mg E=A st F ok, FA Aol A= ATP3 o] 7.41 ug
/100mg, ADP+AMP9] 3FaFo] 1.59 pg/100mg 22 32 IMP+= 0.97 1g/100mg <& A
sttt oFH S Avrd, Aditel = F 11.27 ug/100mg o] ATPHH =2
o] 9loem, ATP &2 6.90 £g/100mg, ADP+AMP+= 1.58 1g/100mg, IMP+=
2.33 1g/100mg o] a1, F2 Ak A = F 10.89 £g/100mge] ATPHAEZ o] A
o o]F ATP+ 6.78 ug/100mg, ADP+AMP+ 1.67 pg/100mg, IMP+ 2.37 ug
/100mg®] TF=FE Bt 7tSH9 ZAAM ZulEtoA s T ATPHHE=A
o] gheFol 10.57 ug/100mgo] ATk, o] T ATP+ 6.93 ug/100mge] 9o, 1.53 ug
/100mge] ADP+AMPZ} %131, IMP+ 1.83 1g/100mg o] Rtk F 2 4F =39 &2
> ZF ATP#HAEHo] 1058 ug/100mgol o,  ATP=  6.98 1g/100mg,
ADP+AMP+= 0.99 1g/100mg, IMPE  2.39 pg/100mge] Aok A4 ALk
Z3a B = ATP 7.34 ug/100mg, ADP+AMP 1.29 1g/100mg, IMP 2.09 ug
/100mg 5 ¢ ATP#AEHe] EAsG oW, F ATPAAEZS] &2 11.17
©g/100mge] A ATk, FA A= F ATPEHAEE ] dhaFo] 10.82 1g/100mg
oldar, ATP7} 7.08 ug/100mg, ADP+AMP7} 1.21 ug/100mg, IMP: 2.10 pg
/100mge] o5 o] AT (Fig. 4).

Aol ATP #AEA o &L Fig: 5ol eIt 53 Add FE
o F ATP #HEZY o] 890 umol/golFom, ATPE o]l 6.99 ug
/100mg, ADP+AMP<®] 3FFo] 1.35 ug/100mg 28] IMP 3sFo] 0.27 ug/100mg
EAEATT. FAAE F O ATPHAEZFTFo] 892umol/g AN 2H,
ATP3=Fo] 6.68 1g/100mg, ADP+AMP<®] 3F=Fo] 1.45 pg/100mg 1231 IMP+
0.38 £g/100mg A3ttt oI FHES HWH, Aol = F ATPHAE Ao
9.54 1g/100mgel o™, ATP 2 6.65 1g/100mg, ADP+AMP+= 1.89 1g/100
mg, IMP= 0.66 g/100mgo] 4 a1, F2 4ol A= F ATP#I A= o] 9.33 1g/100
mgol e, o]F ATPE 692 ug/100mg, ADP+AMP+ 1.83 1g/100mg, IMP+
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0.11 £g/100mg®] =S HATh 7FSH o] A FEdA= F ATPHAE
2ol gako] 9.12 ug/100mgo] At o] %5 ATPE 7.13 1g/100mgo] 2™, 0.88 ug
/100mge] ADP+AMP7} 9131, IMP+ 0.90 £g/100mg o] A th. oF 21 AF 335 of A]
= T ATP#HHEEHol 879 pg/100mgel R o™,  ATPE  6.55 pg/100mg,
ADP+AMP¥= 145 4g/100mg, IMPX= 0.41 pg/100mgo] A Atk ALd A4t
HEol= ATP 6.49 ug/100mg, ADP+AMP 1.38 1g/100mg, IMP 0.69 rg/100mg
Y ATPHHAEH o] EAstHR o, T ATPHAEZ 9 =2 8.80 1g/100mg
o] ATt A= F ATPHHAEZHO FaFol 9.20 ug/100mgo] $aL
ATP7} 6.92 1g/100mg, ADP+AMP7} 1.60 1g/100mg, IMP= 0.42 pg/100mgo] 3+
rEo] AT ATP #+d =49 F gt A3 ghol] 943 F+= IMP
2k x

o AQan FAN g ALEE i Aelzbgont 3 Fole v

M

Wxlel ek ATP # @3 EE gaFe dutd o2 Park(2000)0] A2k}
FAA JH9 FHALAAHE B A AAAL 956 umol/g, FAAE
658 umol/g9 & d#HS Bt 3 Aol FAEHA, WA ATP %
Ao gtaFs YolrH HHe AAAT FAALe] = ATPHHE A9 gako]

Z+2y 971 4g/100mg, 9.11 pg/100mge] $l ow, AL Ao Al ATP3F=Fo] 7.45 ug
/100mg, ADP+AMP¥] 3F=Fo] 1.89 ug/100mg 122 IMP o] 0.21 xg/100mg
o] At &2t A= ATPE Fel 590 xg/100mg, ADP+AMP2] &=Fo] (.85
©g/100mg 28] 22 IMPE 213 1g/100mg At 52 S 2, A4k
Ae F ATPZAEZo] 924 ug/100mgel o™, ATP 32 6.88 1g/100mg,
ADP+AMP+  2.13 ¢g/100mg, IMPE 018 pg/100mgo] a1, A4t M= F
ATP# - &4 o] 9.46 1g/100mg©] § 2., o] = ATP+= 5.83 1g/100mg,
ADP+AMP+ 2.11 pg/100mg, IMP+= 0.98 1g/100mge] &S H AT 72 9
AAst dA e AE F ATP#HAE A 9] ko] 9.24 4g/100mg ] S th(Fig. 6).
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ATP-related Contents (ug/100mg)

W " C w C w C w C
Spring Summer Fall Winter

Fig 1. Seasonal variations of contents in ATP related concents in

muscles of wild and cultured seabass.
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Fig. 2. Seasonal variations of contents in ATP related concents in
muscles of wild and cultured rock bream.

Symbols are the same as those in Fig. 1.
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12

10

ATP-related Contents (ug/100mg)

w - C w C w C w C
Spring Summer Fall Winter

Fig. 3. Seasonal variations of contents in ATP related concents in
muscles of wild and cultured yellow tail.

Symbols are the same as those in Fig. 1.
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Fig. 4. Seasonal variations of contents in ATP related concents in
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muscles of wild and cultured rock fish.

Symbols are the same as those in Fig. 1.
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12

ATP-related Contents (ug/100mg)

w C w C w C W - C
Spring Summer Fall Winter

Fig. 5. Seasonal variations of contents in ATP related concents in
muscles of wild and cultured red seabream.

Symbols are the same as those in Fig. 1.
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ATP-related Contents (ug/100mg)

W C W-C Wi C W C
Spring Summer Fall Winter

Fig 6. Seasonal variations of contents in ATP related concents in
muscles of wild and cultured olive flounder.

Symbols are the same as those in Fig. 1.
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Table 38. Seasonal variations of AEC contents in muscles of wild

and cultured live fishes

Spring Summer Fall Winter
Species
Wild Culture Wild - Cultured Wild Cultured Wild Cultured
Seabass 0.89 0.83 0.80 0.85 0.90 0.90 0.91 0.89
Rock bream 0.80 0.92 0.84 0.85 0.90 0.82 0.91 0.80
Yellow tail 0.86 0.92 0.85 0.91 0.86 0.93 0.86 0.86

Rock fish 0.91 0.92 0.85 0.88 0.91 0.90 0.81 0.87

Red seabream . 0.78 0.91 0.75 0.88 0.85 0.88 0.89 0.83

Olive flounder 0.85 0.90 0.89 0.86 0.90 0.93 0.92 0.91
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(a) Wild (b) Cultured

Fig. 14. Lipid-stained muscle of wild and cultured rock bream.
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(a) Wild

Fig. 16. Lipid-stained muscle of wild and cultured rock fish.
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Fig. 18. Lipid-stained muscle of wild and cultured olive flounder.
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Table 39. Occurrence Anisaekis spp. of wild and cultured fishes

collected from fish market in spring

No. of fish No. of larva

Species ] Location
infected found
Seabass 2/3 124 Intestine, Stomach wall
Rock bream 0/3 ND” Intestine, Stomach wall
. Yellow tail 0/3 ND -
Wild
fishes Rock fish 2/3 70 Intestine, Stomach wall
Red seabream 2/3 27 Intestine, Stomach wall
Olive flounder 3/3 33 Intestlr%e, Stomach wall,
Liver surface
Seabass 0/3 ND -
Rock fish 0/3 ND -
Cultured Yellow tail 0/3 ND »
fishes Rock fish 0/3 ND -
Red seabream 0/3 ND .
Olive flounder 0/3 ND -

*ND : not detect.
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Table 40. Occurrence Anisaekis spp. of wild and cultured fishes

collected from fish market in summer

No. of fish No. of larva

Species ] Location
infected found
Seabass 2/3 200 Intestine, Stomach wall
Rock bream 0/3 ND -
) Yellow tail 0/3 ND
Wild

fishes Rock fish 2/3 50 Intestine, Liver surface
Red seabream 2/3 20 Intestine, Liver surface
Olive flounder  1/3 g O, Komach wall

Liver surface

Seabass 0/3 ND .
Rock fish 0/3 ND 4

Cultured Y ellow tail 0/3 ND v

fishes Rock fish 0/3 ND -
Red seabream 0/3 ND -
Olive flounder 0/3 ND -

*ND : not detect.
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Table 41. Occurrence Anisaekis spp. of wild and cultured fishes

collected from fish market in fall

No. of fish No. of larva

Species infected found Location
Seabass 1/3 150 Intestine, Liver surface
Rock bream 0/3 ND” -
wild Yellowtail 0/3 ND -
fish  Rock fish 0/3 ND -
Red seabream 1/3 3 Intestine
Olive flounder 3/3 20 Intestine, Liver surface
Seabass 0/3 ND \
Rock fish 0/3 ND 3
Cultured Y €llow tail 0/3 ND
fish  Rock fish 0/3 ND -
Red seabream 0/3 ND -
Olive flounder 0/3 ND -

*ND : not detect.
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Table 42. Occurrence Anisaekis spp. of wild and cultured fishes

collected from fish market in winter

. No. of fish No. of larva .
Species . Location
infected found

Intestine, Stomach wall

Seabass 1/3 10 :
Liver surface
Rock bream 2/3 8 Intestine, Stomach wall
Yellow tail 3/3 195 Intes‘tlllr?e, Ston:fach wall
Wild iver surface
fish  Rock fish 1/3 30 SFomaCh wall
Liver surface
Red seabream 2/3 84 Intes‘mge, Stomach wall
Liver surface
Olive flounder 1/3 . Intestlr}e, Stomach wall
Liver surface
Seabass 0/3 ND L
Rock fish 0/3 ND )
Cultured Y ellow tail 0/3 ND vy
fish  Rock fish 0/3 ND /
Red seabream 0/3 ND _
Olive flounder 0/3 ND _

*ND : not detect.
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2.2 FREA BFF A

2.2 1 HEZNo|ZAA JAEA AEF A

Ay Ajrel Al 2004 109 ¥l 20059 1097b#] AldE =2 Fdg A4l
FA A BHo] 6o et HETGAZAALD FAEAo] ot RS FA
gt Ayt Table 44, Table 45, Table 46 Z+Z} e A T,

B Adx do] 6% 187/ td HEZGAZUAG FAEA B
S A A3 A EFeARE OTC7F 0.02me/kg 7% 5 2l tH(Table

44). o5& = OTC7F ¢4t &=, Fw, 9AAAM dA=HAoy o1 §F
°] B3t 0.02~0.03mg/kg &2 v o]l th(Table 45).

7hE Ao = AAA Zojoae HEHA Bkou AL Zoje F
w 3vte] 5 1vkEelA TC7F 0.01mg/kg HE5N e, 29 &e 3v}
1ekgle Al OTC 2 TC7F Z+2F 0.02, 0.03mg/kg, @A 3vkz] EFolA 0.0
1~0.06 mg/kg?l OTC7} vl &5t (Table 46). A d = S22
2 1upg ol ¥ OTC7F 0.01 mg/kg # = ¥ ATH(Table 47).

o] 9 A} zAdAL dojolA = HEZA | SRHAYE FAAELD] HEHA
gorom, FALL ol AR Ao SHF GEHJAoY o5 AEF
Feluet ool wE OTC 8871 A19 0.2 mg/kg(dF+4, 2004)=

24 5 A= g kA FEol
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=
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Table 49~Fig. 52¢ 7}7} e 2 Th.

A ztadal F2x o] 65 18/4Al0l I ZEREAEEAY
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Table 44. Range of residual tetracycline group antibiotics in the

muscle of wild and cultured fishes collected from fish market in

spring

Tetracycline group Antibiotics (mg/kg)

Species No.
orc TC CTC DC

Seabass ND ND ND ND 3
Rock bream ND ND ND ND 3
wild Yellowtail ND ND ND ND 3
fish Rock fish ND ND ND ND 3
Red seabream ND ND ND ND 3
Olive flounder ND ND ND ND 3
Seabass ND ND ND ND 3
Rock bream NI()OI)(I)')OZ ND ND ND 3
C“}f.t”hred Y ellow tail ND ND ND ND 3
* Rock fish ND ND ND ND 3
Red seabream ND ND ND ND 3
Olive flounder ND ND ND ND 3

"OTC, Oxytetracycline; TC, Tetracycline;
CTC, Chlortetracycline;, DC, Doxycycline.

_97_



Table 45. Range of residual tetracycline group antibiotics in the

muscle of wild and cultured fishes collected from fish market in

summer
Tetracycline group Antibiotics (mg/kg)
Species No.
orTcC TC CTC DC
Seabass ND ND ND ND 3
Rock bream ND ND ND ND 3
wild Yellowtail ND ND ND ND 3
fish  Rock fish ND ND ND ND 3
Red seabream ND ND ND ND 3
Olive flounder ND ND ND ND 3
Seabass ND ND ND ND 3
Rock fish ND ND ND ND 3
Yellow tail ND ND ND ND 3
Cultured Rock fish 0V D ND ND 3
fish (0.03)
Red seabream 00&)‘6;02 ND ND ND 3
Oliveflounder O.O(%B?())).Oél ND ND ND 3

"OTC, Oxytetracycline; TC, Tetracycline;
CTC, Chlortetracycline; DC, Doxycycline.
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Table 46. Range of residual tetracycline group antibiotics in the

muscle of wild and cultured fishes collected from fish market in fall

Tetracycline group Antibiotics (mg/kg)

Species No.
oTc TC cTC DC
Seabass ND ND ND ND 3
Rock bream ND ND ND ND 3
wild Yellowtail ND ND ND ND 3
fish  Rock fish ND ND ND ND 3
Red seabream ND ND ND ND 3
Olive flounder ND ND ND ND 3
Seabass ND ND ND ND 3
Rock fish ND N(l()).OOOé())l ND ND 3
Yellow tail ND ND ND ND 3
Cultured
fish  Rock' fish N(I?)EOO%())Z N?Oz)(l)')og ND ND 3
Red seabream ND ND ND ND 3
Olive flounder 0'%5&'% ND ND ND 3

"OTC, Oxytetracycline; TC, Tetracycline;
CTC, Chlortetracycline;, DC, Doxycycline.
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Table 47. Range of residual tetracycline group antibiotics in the

muscle of wild and cultured fishes collected from fish market in

winter
Tetracycline group Antibiotics (mg/kg)
Species No.
orc TC CcTC DcC
Seabass ND ND ND ND 3
Rock bream ND ND ND ND 3
wild Yellowtail ND ND ND ND 3
fish Rock fish ND ND ND ND 3
Red seabream ND ND ND ND 3
Olive flounder ND ND ND ND 3
Seabass ND ND ND ND 3
Rock fish ND ND ND ND 3
Yellow tail ND ND ND ND 3
Cultured
fish Rock fish ND ND ND ND 3
Red seabream ND ND ND ND 3
Olive flounder N(I())Eooé?l ND ND ND 3

"OTC, Oxytetracycline; TC, Tetracycline;
CTC, Chlortetracycline; DC, Doxycycline.
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Table 49. Range of residual fluoroquinolines in the muscle of wild

and cultured fishes collected from fish market in spring

Fluoroquinolone group Antibiotics”
) (mg/kg)
Species No.

Oflo Peflo Norflo Ciproflo Enroflo

Seabass ND ND ND ND ND 3
Rock bream ND ND ND ND ND 3
wild Yellowtail ND ND ND ND ND 3
fish  Rock fish ND ND ND ND ND 3
Red seabream ND ND ND ND ND 3
Olive flounder ND ND ND ND ND 3
0.001 ~
Seabass 0.007 ND ND ND ND 3
(0.004)
ND ~
Rock bream ND ND ND 0.001 ND 3
(0.0005)
0.003~
Cultured Y ellow tail 0.004 ND ND ND ND 3
urture (0.0035)
fish
Rock fish ND ND ND ND ND 3
0.016~
Red seabream 0.022 ND ND ND ND 3
(0.019)
ND ~
Olive flounder ND ND ND 0.001 ND 3
(0.0005)

"Oflo, Ofloxacin; Peflo, Pefloxacin;, Norflo, Norfloxacin;

Ciproflo, Ciprofloxacin, Enroflo, Enrofloxacin.
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Table 50. Range of residual fluoroquinolines in the muscle of wild

and cultured fishes collected from fish market in summer

Fluoroquinolone group Antibiotics”

Species (mg/kg) No.
Oflo Peflo Norflo Ciproflo Enroflo
Seabass ND ND ND ND ND 3
Rock bream ND ND ND ND ND 3
wild Yellow tail ND ND ND ND ND 3
fish  Rock fish ND ND ND ND ND 3
Red seabream ND ND ND ND ND 3
Olive flounder ND ND ND ND ND 3
ND ~
Seabass ND ND 0.005 ND ND 3
ND ~
Rock bream ND ND ND 0.006 ND 3
(0.003)
0.004 ~
Yellow tail ND ND ND 0.005 ND 3
Cultured (0.005)
fish
0.004 ~
Rock fish ND ND ND 0.006 ND 3
(0.003)
Red seabream ND ND ND ND ND 3
ND ~
Olive flounder ND ND ND 0.001 ND 3
(0.0005)

“Oflo, Ofloxacin; Peflo, Pefloxacin; Norflo, Norfloxacin;

Ciproflo, Ciprofloxacin;, Enroflo, Enrofloxacin.
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Table 51. Range of residual fluoroquinolines in the muscle of wild

and cultured fishes collected from fish market in fall

Fluoroquinolone group Antibiotics”
) (mg/kg)
Species No.

Oflo Peflo  Norflo Ciproflo Enroflo

Seabass ND ND ND ND ND 3
Rock bream ND ND ND ND ND 3
wild Yellowtail ND ND ND ND ND 3
fish  Rock fish ND ND ND ND ND 3
Red seabream ND ND ND ND ND 3
Olive flounder ND ND ND ND ND 3
Seabass ND ND ND ND ND 3

ND ~ ND ~
Rock bream ND 0.035 ND 0.017 ND 3

(0.012) (0.006)
Cultured Y ellowtail ND ND ND ND ND 3
fish  Rock fish ND ND ND ND ND 3
Red seabream ND ND ND ND ND 3

ND~

Olive flounder ND ND (88?) ND ND 3

“Oflo, Ofloxacin; Peflo, Pefloxacin; Norflo, Norfloxacin;

Ciproflo, Ciprofloxacin;, Enroflo, Enrofloxacin.
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Table 52. Range of residual fluoroquinolines in the muscle of wild

and cultured fishes collected from fish market in winter

Fluoroquinolone group Antibiotics”
) (mg/kg)
Species No.

Oflo Peflo Norflo Ciproflo Enroflo

Seabass ND ND ND ND ND 3
Rock bream ND ND ND ND ND 3
wild Yellowtail ND ND ND ND ND 3
fish  Rockfish ND ND ND ND ND 3
Red seabream ND ND ND ND ND 3
Olive flounder ND ND ND ND ND 3

ND ~
Seabass ND ND ND 0.029 ND 3

(0.011)
Rock bream ND ND ND ND ND 3
Cultured Y ellowtail ND ND ND ND ND 3
fish  Rock fish ND ND ND ND ND 3
Red seabream ND ND ND ND ND 3

ND ~
Olive flounder ND ND ND 0.003 ND 3

(0.001)

“Oflo, Ofloxacin; Peflo, Pefloxacin; Norflo, Norfloxacin;

Ciproflo, Ciprofloxacin;, Enroflo, Enrofloxacin.
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Table 53. Range of residual oxolinic acid in the muscle of the wild

and cultured fishes collected from fish market

Oxolinic acid (mg/kg)

Species Wild Cultured No.

Spring ~Summer Fall Winter Spring Summer Fall Winter

Seabass ND ND ND ND ND ND ND ND 24
Rock bream ND ND ND ND ND ND ND ND 24
Yellow tail ND ND ND ND ND ND ND ND 24
Rockfish ND ND ND ND ND ND ND ND 24
Red seabream ND ND ND ND ND ND ND ND 24
Oliveflounder ND ND ND ND ND ND ND ND 24

*ND: not detect.
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2.3 FF% FF 24
A ekl A 20049 8UFE 200589 69744 ABEE AR Ao

A AR Zo] 6F 1870A 2 FA o] 65 1874 o
s A A, AR 7Y FEE HAETFS AEIVIFoRE ofd
(Zn) 351 mg/kg, 78 (Cuw) 0.73mg/kg, =7F(Mn) 0.18 mg/kg, Z&(Cr) 0.10
mg/kg, 7}=8(Cd) 0.04 mg/kg, UZNi) 0.02mg/kg =22 {500 AA
o FAAE olFe FaE& HTFFL obd(Zn) 3.12mg/kg, T (Cu) 0.23
mg/kg, Z&(Cr) 0.10 mg/kg, % <HMn) 0.10 mg/kg, Y2 (Ni) 0.03 mg/kg, 7}

#(Cd) 0.03mg/kg - o2 Frsof N th(Fig. 54).

ol 5 AAA &o] 65 18/ H A &o] 65 187 A o WT F=
TFE A AAEA FHS FANG ARE Uetiglon, Alddel o
Ta%&e Wat= vy sl o (Fig. 55).

7FE A RS AL Zof 65 18A B A ol 6F 1871 ol
T TS TS AT AN, AQAN o F{Y T F =
o2 o}d(Zn) 11.62mg/kg, & (Cu) 0.76 mg/kg, =L =(Cr) 0.36 mg/kg, 3t
(Mn) 0.25mg/kg,- Y Z2(Ni) 0.25mg/kg, T<=(Hg) 013 mg/kg, 2 (Pb) 0.04
mg/kg, 7F=#(Cd) 0.03mg/kg & o= 5ol ATt AL 7Y F
& PJagHEFe AEV|Fo 7 okdd(Zn) 11.58mg/kg, 73 (Cu) 0.50 mg/kg,
A% (Cr) 0.26 mg/kg, U2 (Ni) 0.24 mg/kg, T<=(Hg) 0.18 mg/kg, W 3HMn)
0.13 mg/kg, 9 (Pb) 0.04 mg/kg, 7}=+%(Cd) 0.03mg/kg o= TTHF5o] 9l
A o (Fig. 56).
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TS (Hg) 0.29mg/kg, =7H(Mn) 0.17

T2 (Cu) 0.34 mg/kg,
0.11 mg/kg, 7}=%8(Cd) 0.04 mg/kg

8.94 mg/kg,
mg/kg, Z&(Cr) 0.14mg/kg, Y2 (Ni)

Toz Ffrol A (Fig. 57).

o] el AitollA & QKo
|71 A (F 2.0mg/kg, T 05mg/kg)olste] w9 obH
AAxko]l FAA By tha @Ol

2 Tosd §F HIe oy, Add

AR Fis FFS Felrte
PN
.
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Table 54. Content of heavy metal in muscle of wild and cultured

fishes collected from fish market in spring

Mineral content (mg/ kg, wet base)

Species -
cd Cr Cu Hg Mn Ni Pb Zn
Seab 003~007 016~016 034~035 o o 0.09~013 002~008 014~025 455~475
€anass  (05:0.02) (0.16+0.00) (0.34£0.01) ~°° (0.11£0.03) (0.05:0.04) (0.19£0.08) (4.65%0.14)
Rock — 004~007 008~009 006~014 (., 007~009 (o 0 009~017 184~221
bream  (006:0.02) (0.09£0.01) (0.10£0.06)- "% (0.08+0.02) (0.13+0.05) (2.03+0.26)
Yi”iw 0.02 0.20 120 001 103 0.04 0.13 420
Wild at
fish . 7 0.02~003 0.10~011 0.10~253 0.04~0.13 0.26~0.28 2.30~2.34
02~0.03 0.10~0. 10~2. , 0.04~0. r 26~0.28 2.30~2.
Rock fish (goas001) 0.10:000 (1326172 %% (0.08:0.06). NP NP (057:0,02) (2:32:0.03)
Red 001~005 041~015 056~0.76 oo 0.12~021 ND~001 015~027 245~270
seabream. (0.02:002) (0.13:002) (0.64£0.11) " (0.16£0.05) (0.00+0.00) (0.210.08) (2.5520.14)
Oliver  002~007. 009~015 005~011 oo 002013 | 0 0.25~029 215~2.20
flounder (005£0.02) (0.12£0.03) (0.08+0:08) "~ (0.12:0.01) (0.27+0.02) (2.18+0.02)
0.01~0.02  0.03~0.12 0.05~0.12 0.03~0.06 0.12~019 255~6.20
Seabass ;01:001) 008:006) ©.09:0.08) 2% (0.05:002) N2 TNP (4 16:0.05) (4.37+2.58)
Rock. ~ 005~006 011~041 025-026 . 005~007 ND~008 016~029 221~227
bream - (005:001) (0.11£000) (0.26:0.01) % (0.060.02) (0.04£0.06) (0.22£0.09) (2.24:0.04)
Yellow 002004008045 0.21~044 o, 006~007 \ND<0.35 0.06~055 235~59
Cultured tail (0.0310.01)  (0.17#0.05) (0335017 ~°° (0.07+0.00) (0.1740.24) (0.31+0.35) (4.15+2.54)
fish Rock fish 0037006 ND=0I7- 017020 ;s 009-013 ND=001 0.09-028 269-381
OCK JISI (904£0.02)  (0.09£0.08) (0.1820.02) 0 (0.11£0.02) (0.00£0.01) (0.18%0.10) (3.33+0.58)
Red 001~004 ND=005 011~012 oo 0.10~010 003~0.04 022~049 238~303
seabream (0.03:0.02) (0.02:0.03) (0.110.00) ~°° (0.10+0.00) (0.04£0.00) (0.350.20) (2.71%0.46)
Olive 0.01~007  010~016 0.05~0.11 o, 010~011 0 o 0.22~0.27 206263
flounder (0.04:005) (0130.04) (0.08:0.04) - (0.11:0.01) (0.25+0.03) (2.34+0.4)

ND: not detect.
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Table 55. Content of heavy metal in muscle of wild and cultured

fishes collected from fish market in summer

Mineral content (mg/ kg, wet base)

Species )
Cd Cr Cu Hg Mn Ni Pb Zn
Seab ND~ND  0.19~021 030~037 . ND~005 009~0.10 060~194 491~571
€abass  (500+0.00) (0.20+0.02) (0.34x0.05) ' (0.030.04) (0.10£0.01) (1.27+0.95) (5.310.57)
Rock ND~002 024~025 019~023 - ND~ND ND~017 014~015 246~341
bream  (0.01£0.02) (0.25:0.00) (0.2120.03)~' (NDND) (0.0820.12) (0.15:0.00) (2.94:0.67)
Yellow 002~007 033~036 0.89~1.31 001 L21~147 ND~0.13 010~057 868~927
. ; (0.0550.03) (0.34£0.02) (1.10£0.30) "~ (1.34+0.18) (0.06%0.09) (0.340.33) (8.98+0.41)
Wild tail
fish . ND~004 024~030 0.23~050 ND~0.06 0.06~116 3.40~3.85
Rock fish (4091003 0.27:000 0362019 %% 0.03:004) N2TND “061:078) (363£032)
Red ND~002 024~025 0.19~023 o o IND~ND ND~017 0.14~015 246~341
seabream (0.01:0.02) (025:0.00) (0.210.03) ~ ' (ND:ND) (0.08£0.12) (0.15:0.00) (2.94:0.67)
Oliver  ND~003[ 019~032 024~041 0 009~0.14 009~058 0155039 243~753
flounder (0.02:0.02) (0.26£0.09) (0.33:012) “° (0112003) (0.34034) (0.27017) (498+361)
Seab ND~ND 1019~0.24 023~081 (.o  ND~ND ND~00L 009~0.19 313~543
€abass (Np:ND) (022:0.04) (0.27:006)  (ND+ND) (ND£0.01) (0.14£0.07) (4.28+163)
Rock' " 'ND~002 024~025 019~023 ' ND~ND ND~017 014~015 246~341
(0.01£0.02) (0.25£0.00) (0.21£0.03) "~/ (ND+ND) (0.08+0.12).(0.15£0.00) (2.94+0.67)
bream
Yellow  004=005015~026_040~056 . .ND=ND' 016<020 037~089 256~343
; (0.05+0:01) (0.21£0.08) (0.48%0.11)" "2 (NDAND)" (0.18+0.03) (0.63+0.37) (3.00+0.62)
Cultured — tail
fish Rock fish ND7004 013-019-023=024 5 ND~001 022023 040-125 302-372
OCK JISI (002+0.03) (0.16£0.04) (0.24£0.01) ° (0.0120.01) (0.23+0.00) (0.82+0.60) (3.37+0.49)
Red ND~004 026~033 029~032 o 001~0.02 012~0.14 0.07~011 262~3.46
seabream (0.02:003) (0.30£0.05) (0.31x0.02) " (0.01:0.01) (0.13£0.01) (0.09+0.03) (3.04%0.59)
Olive  ND~003 019~032 024~041 o 009~014 009~058 015~039 243~753

flounder (0.02:0.02) (0.26£0.09) (0.33+0.12)

ND: not detect.

(0.11+0.03) (0.34£0.34) (0.27£0.17) (4.98£3.61)
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Table 56. Content of heavy metal in muscle of wild and cultured

fishes collected from fish market in fall

Mineral content (mg/ kg, wet base)

Species -
Cd Cr Cu Hg Mn Ni Pb Zn
Seab ND~0.02 003~009 023~055 o 015-027 003-028 002-002 8661302
€anass () 01+0.01) (0.05£0.04) (0.39£0.16) 0 (0.20+0.06) (0.18+0.14) (0.0240.00) (10.64%2.21)
Rock  ND~ND 019~027 030~048 . ND~018 025~033 001~002 753~1181
bream  (NDiND) (0.230.04) (0.41£0.09)- "7 (0.12£0.10) (0.20:0.04) (0.020.02) (9.402.19)
Yellow 001-036 004~027 0.09~057 oo 001~009 003~026 0.01~004 995-20.16
) tail  (0.15£0.19) (0.19£0.13) (0.35:0.24) > (0.04£0.05) (0.1740.09) (0.03£0.02) (13515.77)
Wild
fish Rock fish ND7005 018-028 ND=017 ,; ND~0.11. ND=040 \0.19~053 6.46~1557
OCK JISI (002+0.03) (0.23+0.05) (0.09+0.09). "~ (0.08+0.07) (0.19+0.20) (0.02£0.02) (12.39+5.14)
Red ND~0.03 044~087 013~027 ;o0 ND~010 0.04~020 001~0.10 633~734
seabream (001£001) (0.23:0.12) (0.220.08) > (0.06£0.05) (0.14£0.09) (0.07£0.04) (6.8120.49)
Oliver . ND~0.09 029~051 004~059 oo 004=016 019~047 002~008 958~11.47
flounder (0:03:0.05) (0.37:0.12) (0.28:0.28) ' (0.12£0.07) (0.33+0.14) (0.05+0.03) (10.76+1.02)
Seab ND~ND 'ND~040 010~025 o0 014~020 ND~033. 004~024 1090~1335
€abass  (NpiND) (0.26£0.23) (0.17+0.07) > (0.17£0.03) (0.20+0.18) (0.12+0.10) (11.81+1.35)
Rock' 'ND~0.05_ 0.06~022 028~088 o . 009~0.13 0.08~046 001~002 7.25~8.94
bream (0.02:003) (0.150.08) (0.32:005) 0 (0.11£0.02) €0.28:0.19)" (0.020.00) (8.25:0.89)
Yellow ND=ND "037-0455085-110 _ 5 ND=015 10.14=028 003~008 1063~1351
tail (ND+ND)-_(0.41£0:04) (0.9740.13) < «(0.10£0.08) (0.22+0.07) (0.06+0.03) (12.26+1.48)
Cultured

fish Rock fish ND7005 014-027 001=027(,; 008-009 017-035 001-002 1L11~1577
OCK JISR (003+0.03) (0.22:0.07) (0.18+0.12) " (0.09+0.01) (0.28+0.09) (0.010.00) (13.75+2.39)
Red ND~033 ND=046 006~194 o 003062 009~029 001~005 6862731
seabream (013£0.22) (0.20:0.24) (0.79:1.01) °*° (0.23£0.33) (0.22£0.11) (0.03£0.02) (15.24£10.72)
Olive  ND~009 0.29~051 0.04~0.59 007 0-04~0.16 0.19~047 002008 9.58~1147

flounder (0.03+0.05) (0.37+0.12) (0.28+0.28) (0.12+0.07) (0.33+0.14) (0.05+0.03) (10.76+1.02)

ND: not detect.
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Table 57. Content of heavy metal in muscle of wild and cultured

fishes collected from fish market in winter

Mineral content (mg/ kg, wet base)

Species -
Cd Cr Cu Hg Mn Ni Pb Zn
0.17~0.26  0.38~0.40 015~0.17 002~018 0.02~0.03 11.17~15.34
Seabass ND=ND (91,006 (039:001) %10 (0.162002) (0.10:0.11) (0.030.01) (13.26:295)
Rock ND~0.07 0.08~017 021~112 oo 007~013 ND~003 0.03~007 843~1349
bream  (0.03:0.03) (0.110.05) (0.55:0.49) °° (0.11£0.03) (0.01:0.02) (0.040.02) (10.86+2.51)
Yellow ND~0.08 0:05~017 0.33~0.63 0q1 012~046 011~019 0.03~005 896~1561
Wild tail (0.04£0.04) (0.11£0.08) (0.48+0.15) = (0.15+0.02) (0.150.04) (0.04+0.01) (11.32+3.72)
1
fish g k fish AD=008 1 006021 011-017 o0 013017 ND=009 002-037 936~12.27
OCR JISIL (003+0.04) (0.12+0.08) (0.14£0.03) ~°° (0.1540.02) (0.050.05). (0.14+0.20) (11.32+1.53)
Red ND~0.02 002027 020~134 gy 011~037 012~031 002~031 869~932
seabream (001£001) (0.120.13) (0.66£0.60) = (0.21%0.14) (0.24x0.11) (0.18+0.15) (8.95:0.33)
Oliver  ND~008 [015~021 007~020 |- 017~0.28 010~0.14 0.02~007 9.15~1240
flounder (004:0.04) (019£003) (0142007 “°° (0.22005) (0.12+0.02) (0.05¢0.03) (10.97+166)
Seab 0.07~010 ND~028 014~049 (o0 0.14~0.18 0.08~0.18 003004 1097~17.99
€avass  (03:0.01) (0.13+0.21) (0.32+017) = (0.17+0.02) (0.13£0.03) (0.03£0.01) (13.49+3.90)
Rock . ND~0.09 ND~015 018~088 o 0.15~018 016~0.18 0.05~012 10.14~10.92
bream ~ (0.04:0.05) (0.09£0.08) (0.30+0.11) “* ' (0170.02) (0.17+0.01) (0.090.03) (10.63+0.43)
Yellow . ND~008 014-020 058~111 ., 018~0.19 ND~012004~0.12 283~748
Cultured tail (0.04+0,02)- (0:17£0.03) (0.84+0.26) = (0.1940.00)" (0.0420.07) (0.09+0.04) (4.44+2.63)
re

fish o k fish ND=006 0090168009702y ; 0I5 018 ND-021 007031 287-748
OCK JISIT (002+0.03)(0.13£0.03) (0.17£0.08) " (0:16£0.02) (0.130.12) (0.17+0.12) (5.75+2.51)
Red ND~006 0.05~037 025040 "~ 010~024 ND~020 002-009 9.30~125I
seabream (003£0.03) (0.22:0.16) (0.33:0.07) ™ (0.1820.07) (0.10£0.10) (0.05:0.04) (10.39+1.84)
Oliver ND~0.08 0.15~021 0.07~0.20 007 017-028 010~0.14 0.02~0.07 915~1240
flounder (0.04:0.04) (0.19:0.03) (0.14:007) "' (0.224005) (012+0.02) (0.05+0.03) (10.97+166)

ND : not detect.
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