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Abstract

Two experiments were conducted to evaluate imported and local fish meals in
juvenile olive flounder paralichthys olivaceus and juvenile rockfish sebastes
schleglii. In the first experiment, triplicate groups of 30 olive flounder averaging
17£1g (meanEtSD) were fed one of the six experimental diets for 8 weeks.
Chilean (59.8%/diet), Indian (63.3%/diet), Danish (56.9%/diet), Peruvian
(59.2%/diet), Vietnamese (64.2%/diet), and Korean (59.1%/diet) fishmeals were
used for the experimental diets. After the feeding trial, weight gain and specific
growth rate of fish fed Chile, Denmark and Peru diets were significantly higher
than those of fish fed India, Vietnam and Korea diets (P<0.05). Feed efficiency of
fish fed Denmark diet was significantly higher than those of fish fed Chile, India,
Peru, Vietnam and Korea diets (P<0.05). Protein efficiency ratio of fish fed
Denmark and Chile diets was significantly higher than those of fish fed India,
Peru, Vietnam and Korea diets (P<0.05). There were no significant differences in
whole body protein and ash contents among all groups. However moisture of fish
fed Chile, India, Denmark and Vietnam diets was significantly higher than those
of fish fed Korea diet (P<0.05). Crude lipid of fish fed Denmark diet was
significantly higher than those of fish Vietnam diet (P<0.05). Crude protein,
crude lipid and energy digestibility of fish fed Chile diet was significantly higher
than those of fish fed the other experimental diets (P<0.05). In the second
experiment, triplicate groups of 30 rockfish averaging 7£1g (mean=SD) were
fed one of the six experimental diets (described previously) for 8 weeks. After the
feeding trial, weight gain, specific growth rate, feed efficiency and protein
efficiency ratio of fish fed Denmark, Peru, and Chile diets were significantly
higher than those of fish fed India, Vietnam and Korea diets (P<0.05). Whole-
body moisture composition of fish fed Chile, India, Denmark and Vietnam diets

were significantly higher than those of fish fed Korea diet (P<0.05). Crude lipid

v



of fish fed Chile, India, Denmark and Peru diets was significantly higher than
those of fish fed Vietnam and Korea diets (P<0.05). Crude protein and Crude ash
were not significantly different among fish fed all the experimental diets (P>0.05).
Digestibility of crude protein and energy of fish fed Chile diet were significantly
higher than those of fish fed all the other diets (£<0.05). Crude lipid digestibility
of fish fed Chile, Peru and Korea diets was significantly higher than those of fish
fed the other experimental diets (P<0.05). Therefore, based on growth, whole-
body proximate composition and digestibility, Denmark, Chile and Peru were the
most suitable fishmeals in formulated diets for juvenile olive flounder

paralichthys olivaceus and juvenile Rockfish sebastes schleglii.
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Fatty acids APAE(LAAE o &)

A = "Hm=a  HFE AEY S
C14:0 5.1 6.0 4.4 5.4 43 4.0
C16:0 21.7 24.3 22.1 22.4 24.0 24.5
Cl6:1n 5.1 7.1 5.4 6.4 5.9 5.5
C18:0 47 7.1 3.5 5.0 8.1 7.7
C18:1n-9 15.6 13 20.8 16.5 18.8 18.5
C18:2n-6 12.9 135 13.1 14.3 14.1 135
C18:3n-3 2.3 1.3 1.7 14 14 1.2
C20:0 1.1 0.7 1.6 0.7 0.9 0.9
C20:1n-9 2.3 1.9 2.6 18 2.4 18
C20:4n-6 0.8 2.2 0.7 0.8 18 16
C20:5n-3 8.5 7.1 7.6 10.6 5.4 4.7
C22:0 0.5 0.6 1.6 0.5 0.7 0.7
C22:4n-6 0.9 0.6 1.1 0.7 0.8 0.8
C22:5n-3 1.1 1.2 0.7 15 1.2 0.8
C22:6n-3 17.3 9.1 13.1 11.9 10.2 13.9
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Amino acids

DA R(ARAAE o B)

e d= dmm AT wWEY =y
Alanine 6.1 6.0 6.3 6.1 6.4 6.2
Arginine 5.9 6.2 6.1 5.8 5.9 5.8
Aspartic acid 9.2 9.3 9.7 9.1 9.0 9.2
Glutamic acid 16.5 16.0 16.9 15.8 16.7 15.7
Glycine O 6.1 5.9 5.6 6.6 5.9
Histidine 2.9 2.3 2.1 2.9 119 3.0
Isoleucine 4.3 4.1 4.3 4.4 39 4.2
Leucine 7h 74 23] 7.5 7.2 7.7
Lysine .9 7.4 1% A 74 7.5
Methionine 2.2 2.4 2-3 2.2 2.3 2.1
Phenylalanine 4.0 4.0 3.9 4.0 3.9 4.0
Serine 4.1 4.0 4.1 3.9 3.9 4.1
Threonine 4.2 3.9 4.1 3.9 3.8 4.2
Tyrosine 2.8 2.8 2.8 3.0 2.6 3.0
Valine 5.1 5.0 5.0 4.9 4.8 5.1
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citrate buffer(pH 2.2002 25mL HE&ZFe2=3d AHELSt 045 um
membrane filter & o343k A|g5HES ofv| =4t AF 4] 7](Biochrom 30,
eBiochrom Ltd., EnglandE AR&3ste] o33 2 o= F43AT
Cation separation column(oxidised feedstuff column, 4.6mm X 200mm)-=-
AFE-35FH AL 0.2M sodium citrate buffer(pH 6.45) 2 0.4M sodium hydroxide
solution & olEAo g AU olFAY HE5S 0.42mL/min,

ninhydrin €9 ¢] <4< 0.33mL/min, column &%+ 48~95C W%
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AFAE (AAE &) Pooled

4 ol dnz HE WEY SEMY

IW* 17.6 16.9 17.7 17.9 17.7 18.0 0.12
Fw? 773 68.3 81.9 80.0 68.8 72.0 1.31
WG 339.7°  305.0° 363.5° 348.0° 288.1° 300.0°  7.26
SGR® 2.55°  241° 264" 259" 234 239 0.03
FE° 104.1°  96.1°  109.1° 102.5°  92.6*  93.6° 1.53
PER’ 1.98° 1.84° 2.03° 1.90° 1.71° 1.76° 0.03
NPU® 60.2 57 4 97.2 96.8 57.0 97.3 0.57

Survival®  98.7™  97.3 100.0 98.7 97.3 96.0 0.58

'Values are means form triplicate groups of fish where the values in each row the
different superscripts are significantly different (/0.05).

IW: Initial weight (g/fish)

SFW: Final weight (g/fish)

"WG: Weight gain (%) = (final weight - initial weight) X 100 / initial weight

°SGR: Specific growth rate (%/day) = (logefinalweight-logeinitialweight) X 100/days

SFE: Feed efficiency (%) = (wet weight gain / dry feed intake) x 100

"PER: Protein efficiency ratio = wet weight gain / protein intake

'NPU: Net protein utilization (%) = (final body protein) - (initial body
protein)/(protein intake) X 100

Survival (%) = Number of fish at end of experiment / Number of fish stocked x
100

%Pooled SEM: Pooled standard error of mean: SD/y/ n.

S Not significant (720.05)
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Pooled
Ay A% dwWrz HE weEyg 2y SEM

Moisture 722> 72.0°  72.0°  70.8®° 722"  69.8%  0.27

Crude
19.1®  19.1 18.3 18.9 18.4 19.7 0.73

protein

Crude lipid 46® 45 50> 51  3.9° 49" 018

Crude ash 36 3.7 3.3 3.4 3.6 4.1 0.12

'Values are means form triplicate groups of fish where the values in each row the
different superscripts are significantly different (/0.05).

S Not significant (72>0.05)
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E 7GR AR Q4 o] % o] 84

o

7V A A £44 5
(% of total fatty acids)
AFALE (F4HAE o 7)

24 A= IS ¥ H E =

Fatty acids

C140  43+0.06" 49+0.03° 3.9+0.12* 4.8+0.18 3.7+0.18* 3.5+0.09"
c160  187£0.09 19.4+0.27 19.0£0.19 18.9£0.32 19.1+0.48 18.7+0.30
C16:1n 6.1+0.12* 7.7£0.12° 6.4+0.15" 7.1+0.10° 6.7+0.06" 6.5+0.10"
C180  5-310.07"4.3+0.23" 4.3+0.07* 4.5+0.53" 5.8+0.12° 5.4+0.06°
C18:1n-9 19.6£0.48" 19.0-0.26" 22.0+0.33° 18.5-0.33" 19.4+0.21* 20.7+0.38"
C18:2n-6 1L7£015 11.940.12¢ 10.5%0.07* 114+015" 11.2£0.15" 11.80.06"
C18:3n-3 51£0.15 57£0.18 52+091 4.7+062 4.7+0.71 4.9+0.68
C20:1n-9 0.1£0.01 0.1£0.01 0.8+0.77 0.6£0.57 0.7+0.63 0.7+0.70
C20:2n-6 1.5£0.06* 1.2+0.07°°1.40.07*" 1.5%0.01¢ 1.0+0.10* 1.140.09™
C20:4n-6 2.3+0.03" 4.2+0.06" 3.3+0.03° 2.6 £0.12* 3.4+0.15° 2.9+0.32"
C20:5n-3 6-4+0.12 6.6+0.18" 6.0£0.03° 9.2+0.18° 5.4+0.25" 4.4%0.15"
C22:5n-3 2.8+0.03" 2.8+0.03" 2.2+0.03" 3.5+0.15° 3.00.12" 2.0+0.07*
C29:6n-3 163+065° 1224+0.27* 152+0.35" 12.740.15" 15.9%0.64" 17.3%0.06°

*AZ OE AR AT FoT Al =(K0.05).
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8 Fxre] o AW ol g4 Brhel W P Hoje] MojAel o
T4 obuliit BAARE E 8 o dehiTh MolAe T4 ofma

Holx & keHP>0.05).

il

4% Ay 2E AFTE #FYFA Aol
AT E FFI Hor] gxe FHSolu|=4AF  (threonine, valine,
methionine, isoleucine, leucine, phenylalanine, histidine, lysine, arginine),
ot #AH o i=4k(glutamic  acid), Zv|Al  o}v|:=4Hthreonine, serine,
glycine, alanine),  &%Ffolu]=4Hmethionine, cystine) %  HIF=
oln] = 4Hphenylalanine, tyrosine)e] & ZE AP {3 zHol7}
AUATHP0.05). EZF 2 o7] FGXo] FFEH e FAHox=A F
glutamic acid ¢] ¥ &o] 7} =%Fal, aspartic acid, leucine % lysine <]

shefol T opulwibel Hel He FFL BT weEd o BEFHol

me Hoy] WA elAe P4 opuwal e Fel@ o7k fE
Aoz vegom, olRe off A4AE APABW o7l W

Yo FAolvste] 83 T3E Ao wuHET)

-24.-



8 %) AU B ofi o84 WAL Y T4 ot B Az

(% of protein)

AFAE (AAE &)

24 A= "Wrelz  HFE HEY Y

Amino acids

Alanine 6.8+0.37 7.2x£0.12 7.0+0.24 7.2%+0.29 7.2£0.15 7.1+0.31
Arginine 6.3£0.06 6.5£0.06 6.5+0.03 6.4%=0.09 6.5£0.03 6.3+0.09
Aspartic acid 10.2+0.13 9.9+£0.07 10.0+0.10 10.0+0.12 10.0£0.03 10.2+0.03
Glutamic acid 15.2+0.23 14.9+0.07 15.1+0.12 15.1+0.13 15.1+0.06 15.0+0.09
Glycine 7.5+0.80 9.0£0.06 8.4+0.44 8.4+0.88 8.4+0.09 7.9+0.63
Histidine 2.2+0.06 2.2£0.10 2.3+0.09 2.2+0.03 2.2+0.10 2.1+0.09
Isoleucine 45+0.15 4.2+0.03 4.3+0.12 4.3+0.15 4.3%£0.06 4.3£0.15
Leucine 7.8+0.21 7.4£0.03 7.6+0.15 7.6%+0.19 7.5+£0.03 7.6+0.15
Lysine 9.0+0.29 8.6%£0.07 8.8+0.18 8.7%£0.20 8.7£0.06 8.8+0.21
Methionine  2.9+0.06 2.8+0.03 2.9+0.03 2.8+0.07 2.8+0.06 2.8+0.03
Phenylalanine 4.1+0.03 3.9+£0.03 4.0+£0.03 4.1+0.07 4.1+0.03 4.1+0.03
Serine 4.5+0.07 4.5+0.03 4.4+0.03 4.6+0.03 4.5%+0.03 4.6+0.03
Threonine 4.5+0.03 4.4+0.01 44+0.03 4.5+0.03 4.4%+0.03 4.4+0.03
Tyrosine 3.4x0.09 3.2+0.03 3.3+0.07 3.2%0.17 3.3£0.03 3.3+0.06

Valine 5.3+0.12 5.2+0.03 51%0.12 51£0.13 51£0.09 5.2+£0.13

*AZ OE AR AT FoT Al =(K0.05).
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A &= A& oy (McGoogan and Reigh, 1996), A}

o
T

el

= ATl

1995).

2 tHSullivan and Reigh,

Aol =

4389

Els

o] &

e Qo

o) &

?l_

ol

w}2} 4]

%5l

A% Aol dFES 7

Aol

.—OL
oF

il
—_—

,m_.._nwo

Nr

ol 7} T

29

ATl A

2

}rlol =2 (Kim et al., 2011),

)

el A A3}E o

A

A2t =

FAbR

AN A

W
B
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E 9 gA AR Q48 ol o] 84

o

AP 2she E4ES

AFAE (ATAE o)

24 A= IS ¥ H E =

Al

=
74.7+1.2° 61.0+0.9° 56.5+0.2° 67.8+ 0.6 50.2+1.2¢ 72.2+0.6°
31-8(%)

B>

i
=
i

93.2+0.3" 83.7+0.4" 84.8+0.1° 88.6+0.2¢ 82.3+0.4* 91.3+0.2°
3}2(%)

B>

N

14
96.0+0.2° 87.3+0.3” 91.6+0.1° 93.9+0.1¢ 86.3+0.3* 91.7+0.2°
2:3-5(%)

A
88.4+0.6° 79.1+0.5° 77.1+0.1° 84.1+0.3 74.44+0.7* 83.3+0.4¢
234-8(%)

" ATge 3B Pt EEOAL

* 2 e SR ARTE folF 2ol QS (K0.05)
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Al 3 2TEYH AR U dAAE off
°]-&4 BT}
Ald AR 5T

a9 A=

Aol7] =3B AR W ANA

M
2
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o
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ox
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it
do
o
M
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r o
I

diul=, #HF, wHEGE ZE U o 6 F& ARSI HIARE
AZpstR o, E44d54= & 10 of Yetlidch AdAES] deddo s
o, gy uFel I3 AMFRES AMgstd o, AU oAFE,
grslEdoz AMEy YArEAS AESATE B3R, OiFEAH,
H eI &35, MU Z&3E, vlelyl C, BIEY E o Z3e 7|e HAVME=E
ol g3ttt FriAo = 7t HUERE 8%, dSFdAE, HERETE,
nu 2 E3E, HERY C, HENY E 2832 3L HUrsign npRaew

238 SAHS fste ASlaECr203)S 0.5%S  HUbste  4&3)E
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£ 10, 292 AR 948 ofE o84 Wy} AT 24
N (L w =)
ARAE®) dEAF (A E o %)
29 A= d"Hrl=z HFE HEYE Y
Ak of 7! 59.8
Ol Z Al o B2 63.3
dlnl 34k o] 22 56.9
o2 o2t 592
H Egal o] 2° 64.2
U4k o £ ° 59.1
)31 ] =1} 10.0 10.0 10.0 10.0 10.0 10.0
2w 22 2.5 2.5 2.5 2.5 2.5 2.5
P 13.8 14.1 13.7 14.0 13.9 13.8
g ~Ed 5.87 0.57 9.02 5.37 5.32
o] & 3.3 4.8 3.15 4.2 4.7 4.55
71eF "7 7 3.73 3.73 3.73 3.73 3.73 3.73
FAHE %, AE)
BN 8.6 8.3 9.0 8.5 9.1 6.9
Zth 52.5 52.2 52.6 52.7 53.1 53.1
E | 10.0 10.1 10.8 9.5 9.8 10.0
Z3) 5 14.0 18.2 10.3 13.1 17.9 13.8
lzghmd 69.8%, A 9.2%, %3|E 155%, FE 8.1%
‘zohl A 63.4%, ZA A 6.7%, 235 24.0%, FE 5.0%
Szobm A 72.4%, 2AA 11.1%, 238 12.5%, +5 6.8%
‘oA 69.6%, A E 8.0%, X3E 16.6%, S5 6.8%
SzchmlA 65.9%, A A 7.0%, 238 226%, =8 9.4%
Szorld 675%, ZAA 7.5%, 238 17.8%, &8 3.7%
MENEFE, tUZEFE, HEVIC, HEVIE, d3tZY, A3 Y FYAE, AR

-30-



N
A
iz
K

=

._n.ﬂ
o

A A

FANEATAIE

ﬁo
o
o

o
wr
i
)
N

)

BH

30 w1

300 L ==oll 2z

b om,

A5

20L 7} HE=

To

oy

7t

3

Dz

(2) &3t

e

A
pid

To

e

el

i

PHEe AAHOT MA AR 2

,m_.._nwo

T

o

of

bel 4 F3b ol A}

S

PN
&

K

on

o

olJ

L
o
~H

+

B

-31 -



18.3+0.75° C eH, =849 £ T4 1=xsto -20° C o R¥AsH

BE-EA o AHgHgT
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oAl &3 B HEREA
(1) oA =4

AL 8 Fe AAFE F, AFES S skl 24 A

e
>
R
&Y
2
4
X,
il
A
ol
o
38
v}
(2
ool
o\
il

A2 Al 7] 22 MS-222(100ppm) & v}

%, ZFA&(Weight gain, WG), ¥d3+AAE(Specific growth rate, SGR),

>

} 59 &((Feed efficiency, FE), @23 3t8 &(Protein efficiency ratio,
PER), Au gt gdo] & E(Net protein utilization), A &&(Surviva)s z+z+
SAsA

(2) dRIAE 4

3

e
e
il

o APAEst 2 Sz 5 ugd Bz AP dol

Mz

A48t o, AOCAC (1990)e] ®el wet =T (INX6.25)E  Auto
Kjeldahl System (Buchi B-324/435/412, Switzerland; Metrohm 8-719/806,

Swizerland)& A}&3le] EASFT, ZAHE ether = AFL3HY

r:]_‘
o
BN
o
A
oxl
QL
3B
i)

]_

pats

om, R 105C 9 dry oven oA 6 A

Ol

=
=

"

23|72 600C 3SR oNA 4 A2 B9 B F =4 sty
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Q) A4 24
A4k 248 Folch et al. (1957)9] WHel wel 22X E3 ves
=dd@lviver F ALdE FEIAT FEIF AHELS 14% BF3-

methanol(Sigma Chemical Co., USA) 2mL & 7}star 30 #3F 85T oA

0

FFA AR S, A4 ether 2 23] A 248 A 82 ALL3I9T
GC #4 =72 HP-INNOWax capillary column(30m X 0.32mm i.d., film
thickness 0.5 um ,  Hewlett-Packard, = USA)9] A=zrE gas
chromatography(HP6890, USA)Z carrier gas += helium & A}&3}%T}.
Injector ¢} detector(FID) &%+ Z2F 250C, 270C= A A3t al, oven
255 170ColA  225C7kA]  1C/min S7HA1HS. Z2F AWk
TYxHAA FF=AAE methyl ester mixture(Sigma Chemical Co.,

USA)$} retention time & ®lwsle] FAHsgow e 7 peak 9

ofpli= At B2 AR 05g & AW FHske Ald#e ¥ar 6N-HCI
of ZFtd B3 Z 110C 9 dry oven oA 24 AJgt o)At 4}
b8l AlF T Glass filter 2 3]s o A3tal A2 AH-E 55T ol A

citrate buffer(pH 2.2002 25mL HE&ZFet2=3o ALt 045 um

-34 -



membrane filter & o33k A5 HES ol =4t R-EE27](Biochrom 30,
eBiochrom Ltd., EnglandE AF&3ste] o33 & o= F43AT
Cation separation column(oxidised feedstuff column, 4.6mm X 200mm)<
AR5 AL 0.2M sodium citrate buffer(pH 6.45) 2 0.4M sodium hydroxide
solution & olFAdozE AESAT  olFAHe #FE5L  0.42mL/min,

ninhydrin €949 <4< 0.33mL/min, column &%+ 48~95C wWrs&%

i

135C 2 zdate] BAs9ch

AEALRS} 19 e =R e L A =9 e IR
QA& 15333 = Al (Analyticjena, Germany)S Al-83te] X3 3 Rk

ez gabste] SAsATE APAIE S A&3kE2 Cho et al (1982)°]
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6) TAA

SR

rr

A7 EAA Y= SPSS(Version 11.5) ZZ1#E o] &3}e] One-

way ANOVA test & 2 A]3$+ & Duncan multiple range test(Duncan, 1955)

ot

7] 9 2HK0.05)S A A AT
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A24d A% 5 uF

Y= 24

ol@3te FoHel HHolE Holx WITHK0.05). BER(LY 6)IHE

ol®ol W, wWm, HTH oBuTt fFoHom v
debom, WEWS Fua ofE3E  folHel  Ho|E  molx
UJITHP0.05. AP ACIY Ok BE FATI folHd o)z}
UEREA ShTHP005). B A@AT, sbdel A¥F 9w, wEM,
FU o] ArkE APANBE FFIT AT e, e, 9T

R MY MPANERE FIFR AT W) AAs ke FAL
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ATAIA}t FAG AFS BAT gAY ZHX 9 dojolA Hds9]
A= wet AR AARRESC] HaskeE Zlo] BalEglom(Aksnes
and Mundheim, 1997; Pike et al., 1990), o]&2] AzFAol wel Aoj<}

AT Ao &S v|A+= AeRE HuE At McCallum and Higgs,
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Pooled

10
A7 A% dWrz #H= wEY =y OEM

IW? 7.6 74 75 75 75 75 0.02
FW? 25.6 23.2 25.9 26.1 24.4 24.8 0.26
WG 238.3%9  213.1%  244.0° 247.4% 223.7* 230.1°  3.25
SGR® 2.10%" BT ™ 213 —=215% F2e3%  2.06®  0.02
FE® V05" 7 65.890" SIS WB2 1%, 7245 75.0 1.43
PER’ 1.48¢  126* 151¢  152¢  1.33®  1.41*  0.02
NPU?® 44.7 42.1 43.9 45.0 45.0 47.6 0.73

Survival’ 9780 933" 978" 989" 967" 956" 0.6

'Values are means form triplicate groups of fish where the values in each row the
different superscripts are significantly different (/0.05).

IW: Initial weight (g/fish)

SFW: Final weight (g/fish)

"WG: Weight gain (%) = (final weight - initial weight) X 100 / initial weight

°SGR: Specific growth rate (%/day) = (logefinalweight-logeinitialweight) X 100/days

SFE: Feed efficiency (%) = (wet weight gain / dry feed intake) x 100

"PER: Protein efficiency ratio = wet weight gain / protein intake

'NPU: Net protein utilization (%) = (final body protein) - (initial body
protein)/(protein intake) X 100

Survival (%) =Number of fish at end of experiment / Number of fish stocked x
100

%Pooled SEM: Pooled standard error of mean: SD/y/ n.

S Not significant (720.05)
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12 298 Ay QA ofi o184 By Ay WA E A

Pooled
24 A= dWrla H® wEg =y oM
Moisture 68.3°> 69.3° 68.6° 66.60 69.2° 66.5° 0.32
Crude
187"  17.7 18.3 19.6 18.4 20.7 0.64
protein

Crude lipid 733" 733" 744> 778"  6.00* 6.49°  0.80

Crude ash 282F Dt 4.88 4.98 431 5.38 0.29

'Values are means form triplicate groups of fish where the values in each row the
different superscripts are significantly different (/0.05).
S Not significant (2>0.05)
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13, 292 A QAR ol o84 WL A Ak B

(% of total fatty acids)
AFALE (F4HAE o 7)

24 A= IS ¥ H E =

Fatty acids

Cl4:0  3.5+0.06° 3.60.09° 3.2£0.07" 3.9£0.07* 3.2+0.09" 2.8+0.06"
Cle:0  182+0.03°17.3+0.19° 18.040.26° 179+009" 17.4+0.18" 175::003"
C16:1n 7-9£0.15%9.0+0.07°7.940.12 8.74+0.12° 8.1+0.15" 7.6+0.12°
c18:0  51%0.06° 5.1+0.03" 4.3£0.10° 5.0+0.03" 5.1+0.06" 5.6+0.31°
C18:1n-9 26.9+0.13" 27.1£027" 28.4%0.15° 26.4£0.32° 27.9-£030% 27.9+0.24°
C18:2n-6 10.8+0.07 115012 10.9+0.20° 11.0-+023" 12.040.25° 11.64-0.09°
C18:3n-3 2.6+0.07* 3.1+0.06° 2.9+0.03" 2.80.06" 3.1+0.08° 3.1+0.01°
C20:1n-9 1.6+0.12* 1.60.06" 2.3£0.07" 1.6=0.09° 1.8+0.06" 1.6+0.03"
C20:2n-6 1.3+0.03" 0.940.03" 1.240.03"1.10.011.0£0.07*°1.0£0.07*
C20:4n-6 1.8+0.01* 3.320.09" 2.5+0.06° 1.9£0.07* 2.9+0.06° 2.7+0.03"
C20:5n-3 6.1£0.06° 6.1+£0.12¢ 5.74+0.06° 8.240.03° 5.140.07° 4.4+0.06"
C292:5n-3 1.5+0.01° 1.740.01" 1.1£0.03* 1.820.01° 1.70.03 1.2+0.06"

C22:6n-3 127023 9.5+0.28" 11.5+0.12° 9.7+0.17* 10.8+0.15" 13.1£0.13"

* R TE AR APTE fold Aol7} SUK0.05),
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b freld ztel 7t YLATHP0.05). ERE X|of7] ZF &2l i o]
AE TFAdotH| 4t F glutamic acid ] $eFe] ZHE #9kal, aspartic acid,
leucine ¥ lysine 9] 3t&o] t}E olm| - alo)] B =S FFS BT

et o EF R/l wWE Aol7] EyEZHS] FA oinkAt 2AHL BE
AT FoAT AZel7t fle Ao® UEton, ozl o] A7
AAel Ea3 FAotmgte] S23] FAH Ues o= AuHH,

FASA AWE Hol7] A9} fAE ARE Bk

.

-47 -



# M4 xoES AR A ofif o84 W7 F AR A ofr AR A4
(% of protein)
AFALE (F4HAE o 7)

24 A= drelz HF H E =

Amino acids

Alanine 6.8+0.35 6.84+0.19 6.9£0.25 6.9£0.25 6.9+0.35 7.1£0.15
Arginine 6.7£0.06 7.0£0.34 6.6+0.06 7.0+£0.43 6.7+0.07 5.7£1.15
Aspartic acid 9.940.06 10.1£0.0110.040.09 9.8 £0.15 10.1£+0.1710.0+0.15
Glutamic acid 15.040.1514.9+0.03 15.0£0.1714.940.20 15.2+0.24 15.1£0.06
Glycine 8.4+0.62 7.84£0.45 7.9+0.53 8.1+0.61 7.7+1.04 8.5£0.51
Histidine 2.44+0.03 2.4+0.03 2.3£0.03 2.5£0.07 2.3+0.07 2.4£0.06
Isoleucine  4.3+0.09 4.4+0.07 4.7£0.40 4.3£0.12 4.3+0.12 4.3£0.06
Leucine 7.4+0.17 7.5%+0.20 7.7£0.29 7.3+£0.21 7.5+0.27 7.5+0.07
Lysine 8.3+£0.06 8.4+0.06 8.4+0.07 9.0+0.62 8.4+0.15 8.3£0.12
Methionine 3.1£0.06 3.2+0.10 3.1+0.06 3.0+0.12 3.1+0.09 3.1£0.03
Phenylalanine4.1+0.03 4.2+0.15 4.0+0.12 4.0+0.06 4.1+0.07 4.1£0.06
Serine 4.7+0.01 4.6+0.03 4.6+£0.03 4.6+0.06 4.7+0.03 4.8+0.12
Threonine  4.4+0.01 4.4+0.03 4.4+0.03 4.4+0.07 4.4+0.09 4.4+0.03
Tyrosine 3.3+0.03 2.84+0.45 3.2+0.12 3.2£0.06 3.3+0.06 3.2£0.03
Valine 5.240.22 5.2+0.18 5.2+0.13 5.2£0.19 5.2+0.22 5.4+£0.15

* R TE AR APTE fold Aol7} SUK0.05),
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3 15, 2] B2 AR YA ofit ol g4 WY A 25ke BAAT

AT JAAE o F)

24 A= IS ¥ H E =

Y
(il

70.9+1.19 57.6+0.2" 48.7+1.6* 62.5+0.8° 47.2+3.6° 68.3+0.7%

B>

3H&(%)

W

2:3-5(%)

93.8+0.3! 84.6+0.1* 83.2+0.4" 91.9+0.2° 87.1+0.9" 91.6+0.2°

A4
91.9+0.4° 79.0+0.1* 86.24+0.4° 91.3+0.2° 79.5+1.4* 90.2+0.2°
2:3-5(%)
N A]

2:3-5(%)

90.0+0.4% 79.9+0.1° 82.6+0.5" 88.5+0.3° 78.3+1.5° 87.3+0.3°
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