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Nutritional Characteristics of Juvenile Black Rockfish
Sebastes schlegeli Fed a Diet of Fig Leaf Extract
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The present study investigated the effect of diets supplemented with different levels (0, 1, 3, and 5 %) of fig leaf
ethanol extract (FLEE) on the nutritional composition of black rockfish Sebastes schlegeli. Fish (10.05 + 0.44 g)
were fed to apparent satiation twice daily for 8 weeks. Adding FLEE decreased crude lipid levels and increased
crude protein and ash. Among the three organic acids in the whole body of black rockfish, lactic acid was
predominant, followed by citric acid and oxalic acid. Five free sugars were found in all groups. Fucose and glucose
were the dominant free sugars in the FLEE-added group. The abundant fatty acids in the FLEE-added group were
C16:0, C18:1-cis (n9), and C22:6n-3. The major amino acids in the samples were glutamic acid, aspartic acid,
glycine, leucine, alanine, lysine, and arginine. The abundant free amino acids in the FLEE-added group were

taurine, glutamic acid, alanine, leucine, and arginine.
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A7t A &A 02 AP Q) O w(Fermiandez-Navarro et
al., 2008; Kim et al., 2011), =+Uj] th3£4] oF4]o]F0l Zu| &2}
(Sebastes schlegeli)ol| A &= 7| A}, AB<tA|, YA, 1|4,
A, e, 521; 55 AFR7HAIE E85h7] et A+t
7} o] 2o Hth(Yi and Chang, 1994; Bae et al., 2000; Kang et
al., 2000; Park et al., 2008; Lee et al., 2008; Lim et al., 2009;
Seo et al., 2009; Hwang et al., 2012).

Ak} 2HA4(Kim, 2001; Jeong et al., 2002)3} ol &
(Kang and Jung, 1995) 9 A-5-844-8- 714 F-3}a(Ficus car-
ica L) dHAol A ghol Aul=aL e obdefd o Hha
54 G948 TR A Bkl &5k 60001 o)4do] &
A gl o (William et al., 1968; ©], 1980; Vinson, 1999), 4
AEErF =L i Ado] A7) gzl Foke ARSSHA] =
3ol Aol A, ghdoll A= k= shol A D all=(rElit
) A1 2A = ARE-E AL IK(Shin, 1997). 3 Tl Zaia
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x o0 Ao, Belalis, £71do] Wol Aol ule
=70, Ak} L Sheo] o), mﬂw%(phytosterols),
2} 28| E(lanosterol )1} 2~
Rt eprirtit v i
QItk(Fleming et al., 1969; Beuchat and Golden, 1989; Clark
et al., 1990; Kim et al., 1992; Choi, 1997; Vinson, 1999). <+
Holl= Fapke] BpAdnt ofue} RARES] Qo] AFEA, &
oA, Fokke] Sl Hle] o] ghike} e/dof tisto Oq?LEl
3! QItk(Chon et al., 2008; Lee, 2008). F3} vt §F 13
ol A oF 1.5 kg®] Slo] F] 7Hast, @A ol A Aul= L
S WAL B A7 1740E | okt glo] WA 5w
Q1= AlHolc) sl Au)et uls AR 7} 40-50 cmA =
SAHES Dagh HES W3 yejA] 4As AA] o
Rof o] g2 sk} 9le] 277} 7Rsoteh L 2 4 QIrk(Kim,
2001).
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A /\}%% Zu]E2(Sebastes schlegeliy> 20104 3
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]'?..ﬂ% At (crude protein 48%, crude lipid 12%, Japan)

Foto] olulAke-2 371E7E AASHgIT AF o] ALgE
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23t o £E&(fig leaf ethanol extract, FLEE)
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o, 3l Qo] 24, A1 B RS A1 Y

wolul, A A Aozt 419ul, 4% HWHERA B3

GESEECLDEE 571

7] 9faf oflehE &2 AAIsHth & 73kt ol S ke 5L
100% oflek-&1} 7 homogenizer (NISSEI AM-7, Japan)=
obafsheA 3380 o (No. 2513, o1 oot cool-
ing aspirator (EYELA COOL ACE CA-111, Japan)7} Z2Hel
Z]—g’——%—%ﬂ(EYELA TYPE N-N, Japan)2 795 & of &t

== AlASE] oF 100 mLO| 73k Q) of|ghs FZE(fig leaf
ethanol extract, FLEE)S $tH.3}¢it}.
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2 Al7 o) 3}5lo] moist pellet A 27| & A3 T -45°C o] Y
FHSko] ARSI
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71 <13k
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AR Adolo] YubiE B2 BAH oA Haystol
AOAC (2000)0]] uje} =52 Az 47| (HR 73 halogen
moisture analyzer, Swizerland), 222 Kjeldahl 247

(N X 6.25), 24|42 Soxhlet 2 (ether F&4]), 23]
Bo Ay sshg o 77k Bajsho).

M

ST 2

—

AT

B3 A3 o2 Azste] Buls
enizer (Tissue grinder, IKA, Germany)oll 17 80% ethanol
20 mLE 7ksto] #8412 EhE 250 mL| g Eek=10]
$7131 80% ethanol (v/v) 80 mLE 7}3F & 35wzlr)o]
ZAsteleh. 8o A 3AIZE Bt B FE3 £, 6,000 rpm
© 2 307 YAl sto], o2k (No.1)s}3lct. 040” © rotary
evaporator (CCA1110, Eyela Co. Ltd. Japan)E o|-8-5}o] ¢+
3] ot AHAIA oF | mLE 553 F S/FTE AR
slo] 10 mLE A-8-3}4 ). o] 48 3 mLE membrane filter
(0.45 pm)=2 ojasto] F7]4F EA Al &= AHE-SHo] HPLC

3k Al& 5 g& homog-
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(DX-600 IC system Dionex Co., USA)Z EA]5}%TH AHL
IonPac AS11-HS Analyticial (4 mm, USA), guard+= IonPac
AG11-HS Guard (4 mm, USA)E 27 ARE-5}%it}. Eluent=
EG50-24 mM KOH, flow rate= 1.0 mL/min, injection vol-
ume 20 puLo] 8t} Detection ED50 ConductivityS AR
ahict.

o =
Qalg 24

Aedof Al 22 1 g& 250 mL round 47} Seh2=1of @&

5, 80% ethanol- 30-50 mLE 713+ & A&7} g7l ghe-=
AMZ+Z e} A 5.2 heating mentleo]] 8.3, circulator”} 172 ] o]
U G| TS E AT thE heating mentles
75°C = &8 oF SAIRFERE F2 FE51H3 o TNo. 1) &,
Rotary evaporator2 o|e+-2-S 3HhA]A A 2-EHS 10 mL
2 55, L% 3 ol aZ2nteE I3)(DX-600 IC system
Dionex Co., USA)2 EA]5}9 ).
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AHARS: AOCSH(1990)0] et A1 0] A ZH-S methyl
esterd}3t &of capillary column (Omegawax 320 fused
silica capillary column, 30 mx0.32 mm i.d., Supelco Pack,
Bellefonte, Pa, USA)o] A2 gas-liquid chromatography
(Shimadzu GC 14A, Shimadzu Seisakusho, Co. Ltd., Kyoto,
Japan)E o]-&35}o] BA5I ) BAZ AL injector (Fid) &
E5250°CE 31, A9 2% 180 °C of|A 8E7F G-A|A1Z1

2, 3°C/minE 230°C7HA] 4-2A]7]30 1587 A A AT,
Carrier gas= helium (5% -3¢} 1.0 kg/em®’) S A}-8519 01
split ratio= 1:502. 2 319132, YR EEE A 2= methyltrico-
sanoate (AldrichChem. Co., MilWaukee, WI, USA)E A5}
et

Aot AL £

gofulieARe Aglo] ARE 05 g2 18 mL @] 4
#sto] 6 N HCI 3 mLE 73t th& JFHEE o]-&5to] Al
TS skt Wagk A/ g2 121 °C 2 heating blockof|
A 2447 7148 171 &, 50 °C, 40 psiQ] rotary evaporator
2 ARS A A3t 3 Sodium loading buffer® 10 mL 383t o}
<, ©] ¥ 1 mLE 3J3}] membrane filter (0.2 pL)2 o]3}s}
o] o}l AHE A 7](S433-H, SYKAM, Germany)2 A5 &
A5}tk A9 cation separation column (LCA K06/Na)
S AREelY A, A 375 4.6X150 mm, 2Y £X+= 57-74
°C, flow rateol|A] buffer= 0.45 mL/min, reagent+= 0.25 mL/
mino|¢low, o|uj buffer®] pH ¢+ 3.45-10.850]%1 &
wavelength+= ZF2} 440 nma} 570 nmo| 1t}

Felotn=dt 24
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Table 1. Proximate composition of whole body in black rock
fishes Sebastes schlegeli fed different diets

Proximate FLEE level (%)
Composition

(g/100g)  Control (0) 1 3 5
Moisture 64.56£0.56™ 66.11+0.76 65.50£0.80 65.94+1.70

Crude protein  15.46+0.10*" 15.78+0.06° 15.8840.06° 15.89+0.02°
Crudelipid ~ 15.17+1.71° 11.44+0.51° 10.85£0.23° 11.92+0.92°
Ash 3.5740.02° 3.99:0.10° 4.0740.07° 4.0740.05°
Carbohydrate’ 2.03+0.76™ 2.68+1.23 3.71+0.75 2.17+1.29

'Values with different superscripts in the same row are signifi-
cantly different at P<0.05 by Duncan's multiple range test. Values
are means+SD (n=3).

*Carbohydrate (%)=100-(moisture+crude protein+curde lipid+
ash)%.

N is not significant.
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e AYE 33 whESE B A 2 yEhfiglen, fo04 4
32 SPSS (Statistical Package for Social Sciences, SPSS
Inc., Chicago, IL, USA) software package (ver. 19)5 A5}
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Table 2. Organic acid contents of whole body in black rockfishes
Sebastes schlegeli fed different diets
(mg/100 g)

FLEE level (%)
Control (0) 1 3 5
Lactic acid 111.79+1.54"  97.02+1.02° 104.86+1.77° 98.84+3.09°

Oxalicacid 3.1240.18® 3.40+0.26° 3.43+0.09° 2.72+0.39°
Citricacid  5.78t0.54™ 6.02t020 5.22+0.11  5.97+0.98
Total 120.69+1.90° 106.44+0.86° 113.51£1.92° 107.53+2.84°

'Values with different superscripts in the same row are signifi-
cantly different at P<0.05 by Duncan's multiple range test. Values
are means+=SD (n=3).

Ns is not significant.

Table 3. Free sugar contents of whole body in black rockfishes
Sebastes schlegeli fed different diets
(mg/100 g)

FLEE level (%)
Control (0) 1 3 5

Fucose  23.1242.16*  27.80£0.39° 25.17+1.20° 29.45:0.63°
Glucose 13.67+0.31°  36.14+0.91" 20.94+0.62° 19.85£0.14°
Mannose  5.09:0.13%  14.33+0.10° 15.26+0.18° 14.46+0.27°
Fructose  8.89:0.39°  18.30+0.30° 22.38+0.22° 17.45:0.26°
Ribose 1.37+0.09°  4.39+0.29° 4.23+0.09° 4.29+0.17°

Total 52.14+1.26° 100.95£0.56° 87.98+1.00° 85.50+0.84°

'Values with different superscripts in the same row are signifi-

cantly different at P<0.05 by Duncan's multiple range test. Values
are means+SD (n=3).

5 UEhSiet. o] gk 2tol= Fakat mpAvE Fohat o S
SEolghes F9E Afolol A HAE 4= ¢lct. Mohsen et al.,
2010y A=4 Q/dEQl =AHE TS 0.125-2.000 g/kg O &
SAA R M1 AR S Yoo A 12758t 3w
St o oA 9] ekl o] fzobx|al, 2AT} B 7
agtepar Harsto] | Aot fARE kS Bt = FLEE
o] 7Pt 2u = AW Aol FFE ol AW A
a7t o]Folzl Ao WolX|qk FLEES] o| 7|54 &4
o] HAE|=A] 2 Aol Al Bis]A] kgl e, P&k 29
O AR TS Hole A2 F 5olA A 9 A
2 zpolof 7]Q1ghckar Aztech A 2ulEEe Yty ow
A AgHRFo] =2 73S Hol=t(Lee et al., 2000), A]&2] 2l
FLEER7} Atz 9] 352 AW A 8-S il A AHAAE oA
of 7I7hE AR o' RIEE Zlo] 7Hed 4= Q& Ao’ o
AT 2eu A ojol|A] Aol 7kR] o] A7t ARgo] o] FolF]
A oFe WhE B A7IAR HiRt A 2ad AL
2 Welth FLEEZ} obd 718l AofA X7k AbR 2 ARSRE 4]
ol & §47] 2uEo] AHolA T35, 1 W 9 HolA|

ESELDEDLE: 573

of o, T, A 5l 3| E SR Ak VAl g
A ko k(Seo et al., 2009), B Y-S H7FeE AlRE 140U7F
S B R T ERE AL L
4319 2. 1(Kang et al., 2000), FAHag o A &3 DMPT
(dimethyl-B-propiothetin) A7Al2S 35G35t Zu]E2} oA
Yl 22 DMPT H7bs o] 4o Srpstaleti
R 1% Ith(Bae et al., 2000).

QI st

FLEEE 713t AR 2 ARSeE 20529 f7)4F S
Table 22} 2t} §7]4h lactic acid, oxalic acid, citric acid”}
AZE 0 n, 0] lactic acid7} 7} =9k, FLEE 37}
7 RelH 02 e ke LR ekP<0.05). % 4714t 9
& ) %57} FLEE J7}ER0} 5212 0 & =9th(P<0.05).

UetA 0 2 o] Fo] {714k oFeF2 oS, AREO] HFA]A]
e 27, A of) whah J3kS v X tHKim et al., 2009).
o]ulj Foll = propionic acid, pyruvic acid, fumaric acid, malic
acid, citric acid 5} & ot f7l4kE0] A& =)
(Kim et al., 2009), & &119] = A3 3L0]| A] lactic acid, ox-
alic acid, citric acid7} &% %11, o]3 lactic acid T-5-5F0]
73 e qkom o277k FLEE 7hpet § o4 0.2 Solet
(P<0.05). Lactic acid= o557} =AM off shefo] A2 A1t
AEH A SERO] B Ul AAOR O RS L
U AL o} 57} A8 of T WA e Ho] 2k
Z]o]tHKim et al., 2000). Kim et al. (2000)-2 AFeIAF L oFA]
4t 2r5(Pagurs major), |2, Z23]&29] ofA| Wf 7|4t gk
ol A lactic acid7} EolsHA| A et = o] 2= 459 A
SAC Bl A o= Btk Park (1982)2 o3
AR So A A TfAL] F 2.3 B 5 glycogen©] A] lactic
acidoll o|27|7tx] 8] @71 £l 5, afFE-goll ofste] A
A== lactic acide= Ak FgFo] SESH Aelof|A 1 dR7}
AFBAE 2ol S017} 'Hib7EAef E 2 ReE AL, U Al =
glycogen 2 2 A HA] o] lactic acid®] 42 Qittal 51%le

, o= AR Ak o] flolAH 714 AAA O] A
o] AR E| D& lactic acid7} X HThT 3HYc} B A Lo A=
lactic acid®] gtgo] th& -7]4F B} =2 s e
o] Akt Avks ®.glc) Ty FLEE 3719 lactic acid
o] el vlms) §oH 0% gaslt JFS Holn
24ol, FLEE =2 7]s&=2o] sigtatgol 2+-&-8f A lactic
acide] 2 A7+ A|QIAA ol Ao QS vl 4 9
S Ao AzbE,

=

weld &2

ool

3 ¢ito|A] FLEES @402 17k ALRg golat %)
webo] 3 felge FLEE 8717 % tlagmct ojxo
=

=92 H(P<0.05), 53] 1% FLEE H7le B Ag
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Het §92 02 A UehthP<0.05). HEH F23-2 fu-
cose, glucose, mannose, fructose, ribose©] %1 2™, 3% FLEE
79 fucose 2 Al9|gh ®= FLEE 79 {29
ool 2ot FoA s A U THP<0.05). ofF
7} F2 Ffohe el glucoses) riboseo| ™, YRbE o2
glucose= AE/J ol A 5 Foll Aol EASHAIRE AL
ofli= glycogeno] &4 Faf =] o] 5715k (Park et al., 1997),
oA W glucose= AR HAAIZEF W 2o whef ¥ 4= Qlok
o B E QI THKim et al.,, 2009). ¥ 15194 FLEE 712
glucose $Fego] iR} Fol¥ o & =9=4| 1% FLEE
A7F-] 543 glucose o1 571= 243 FLEE 717}
< W glucose ol ok wlFHhaL ot o] H gt -2
T Zpol= thE ol A= EHRIE It} Ribosed] 75, 4
oRlE offF TRoA e A HEEAIRE AFoll= ATP7}
B g)o] gr50o] A= inosine & 25 82| th(Park et al.,
1997). &, oAbz W FLEE 37h= ARYHHARE: SAske] A
019 5o Tl AR} glucose®t - BR-E =0l L AL
T g ol kS nEE 7R T Al

o
e mebo] A2 e AHolL Bol wek 27
= FAAFO] 4~10%, AFAe] 2~4%0]H
(Seo et al., 2009; =AM}, 2009), ©F2] 2] A g o]
558 ol o 19%, A|gko] e Ffeiaolit o of
0.8%% o1t (Park et al., 1997), & 2FAALS o] 3
FHTh e Hol T, FARE iR e HRH S2S ek
U} FLEE #7152 2ejstol A3 AR R AL 208
2 Z]o] o] &AL Aol A, palmitic acid (C16:0), oleic acid
[C18:1-cis (n9)], DHA (C22:6n-3)2] ZAJH|7} &=3k11, 0]59]
A 4 A4S oF 60%E AFAIBE e, o] 3F-9] ARt
2 7y AF R (222l Zpo|E Koz ¢t Table 4). T
Sl R E A3 Lo A saturates?] 2417} 49.72%-50.51% %
71 2=k T3 9.2 monoenes (28.72%-29.81%), polyenes
(19.49%-19.84%) 2] +o]3om, Z} Ag ¥ saturates2}
monoenes, polyenes?+2] -2 4 z}ol+= ¢l 3itt.
=23} ofehE FEE A7 ARRE Holth 29 EE X oje A
W A AR gheFoll Pk A ¢Fom(Hwang et al., 2011), A
oFAf H7F AR E Foltt 2 EEo] ZJojet o] JA AW
AHpabol| EFS F=A] FoK(Seo et al., 2009), & AL} G-AF
3 AE ek e, Fake) AR Fold &
9]} 7jojo] 8 v AR H7Io] ol Sl
= A Yehlith . B aEo](Bae et., 2000), = Ao} 2}
2 Uehyk. Gt e Folgt 2 Be Aojel A9, =
W} oA Aol S7HE AAIRE, FLEE 7k Algehe
RS 0L A S 2 Aol S Ho| A ekt

flo x o

= S JL U T

T - BT - A

Table 4. Fatty acid composition of whole body in black rockfishes
Sebastes schlegeli fed different diets
(weight, %)

FLEE Level (%)

Fatty acid

control(0) 1 3 5
C12:0 0.18+0.00™ 0.18+0.00 0.18+0.00 0.18+0.00
C13:0 0.05+0.00"  0.06£0.00° 0.06+0.00° 0.06+0.00°
C14:0 8.12+0.05™ 7.75£0.48 7.96+0.08 7.82+0.04
C15:0 0.85+0.11" 0.87#0.02 0.85+0.02 0.8610.04
C16:0 25.71£1.13 24.70+1.27 24.73+1.58 24.89+1.57
C17:0 0.80+0.06™ 0.81£0.01 0.85t0.04 0.81+0.02
C18:0 7.74£0.48™ 7.95+0.36 7.76£0.27 7.97+0.24
C20:0 2.03£0.05™ 1.99+0.13 2.15+0.15 2.03+0.12
C21:0 0.25£0.00°  0.24+0.01* 0.22+0.01* 0.23+001*
C22:0 0.95£0.15°  2.55+0.16° 2.67+0.15° 2.61+0.33°
C23:0 1.41£0.05" 1.49£0.12 1.48+0.01 1.43+0.05
C24:0 1.61£0.19 1.62+0.14 1.601£0.14 1.5740.16
Saturates 49.72+1.81" 50.22+0.49 50.51+2.00 50.4611.06
C141 0.38+0.03>  0.3240.04% 0.35+0.03* 0.31+0.03
C16:1 6.25+0.55™ 5.53+0.53 5.77+0.12 5.57+0.15
Cc171 0.77+0.04®  0.77£0.01% 0.73+0.02° 0.810.02°

C18:1-frans (n9) 0.53+0.03" 0.58+0.04 0.56+0.04 0.55+0.03
C18:1-cis(n9) 16.75+1.15™ 16.82+0.67 16.53+0.18 16.56+0.39

C20:1 3.63£0.67™  3.60+0.29 3.43+0.04 3.63+0.28
C22:1n-9 0.74£0.12 0.73+0.05 0.69+0.03 0.74%0.02
C24:1 0.74+0.07¢  0.68+0.012 0.65+0.02° 0.85+0.06"
Monoenes 29.81+1.61" 29.03+1.18 28.72+0.22 29.02+0.49

C18:2-frans (n6) 0.18+0.01" 0.18+£0.01 0.18+0.00 0.18+0.00
C18:2-(cis) (n6) 0.83x0.05™ 0.77+#0.05 0.79+0.02 0.81+0.04

C20:2 0.75£0.04™ 0.76+0.03 0.72£0.01 0.76x0.04
C22:2 0.09+0.00°  0.09+£0.00° 0.08+0.00° 0.07+0.00
C18:3n-6 0.32+0.00°  0.37+0.02° 0.33+0.03> 0.25+0.022
C18:3n-3 1.19£0.112  1.22+0.04° 1.28+0.06® 1.41+0.06°
C20:3n-6 0.04+0.00°  0.05£0.00° 0.04+0.00° 0.05+0.00°
C20:3n-3 0.14£0.02 0.16+0.01 0.13£0.01 0.16x0.03
C20:4n-6 0.30+0.012  0.31£0.01% 0.29+0.01° 0.32+0.01°
C22:6n-3 16.65+1.44™ 16.86+1.33 16.93+0.76 16.53+0.82
Polyenes 19.49£1.60™ 19.84+1.34 19.80£0.65 19.560.75
n-3 17.99£1.57™ 18.24+1.30 18.33£0.70 18.11+0.78
n-6 1.68+0.06™ 1.69£0.02 1.65+0.02 1.61+0.04

'Values with different superscripts in the same row are signifi-
cantly different at P<0.05 by Duncan's multiple range test. Values
are means+=SD (n=3).

N is not significant.
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1791.64 + 23.39°

1801.14 + 25.78

1714.23 £ 24.10°
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Table 5. Total amino acid content of whole body in black rockfishes Sebastes schiegeli fed different diets
(mg/100 g)
) ) FLEE Level (%)
Amino acid
Control (0) 1 3 5
Aspartic acid 4434.53 +44.012 4584.79 + 42.28° 4389.00 + 32.83? 4640.58 + 54.18°
Threonine 2000.31 £ 32.36° 2097.32 £ 86.01° 1989.58 + 88.20° 2132.21 £ 53.51°
Serine 2098.37 £ 15.44° 2225.58 + 96.28 2123.67 + 55.41% 2263.62 £ 39.17¢
Glutamic acid 6112.27 £ 111.13° 6325.80 + 89.65% 6860.22 + 58.04° 6410.60 + 181.06%
Proline 224913 £ 25.19° 2317.36 + 68.57% 3272.40 £108.29° 2464.61 + 127.85°
Glycine 3487.89 £ 110.442 3782.83 + 98.75 3624.50 £ 115.37%° 3921.30 £ 129.85°
Alanine 3069.78 £ 56.13° 3186.26 £ 77.78° 3091.88 + 113.492 3261.61 £ 58.10°
Cystine 283.84 £ 12.11° 299.39 £ 12.33° 228.28 £ 8.13° 276.91 £ 10.74°
Valine 2077.65 £ 37.07° 2053.76 £ 17.16° 1981.48 + 55.982 2058.65 + 19.22°
Methionine 1332.21 £ 29.89™ 1359.36 + 13.34 1343.15 £ 47.55 1380.02 + 35.84
Isoleucine 1787.14 + 24 97° 1789.24 + 17.36° 1716.66 + 17.912 1763.65 + 47.34%
Leucine 3130.67 £ 49.91° 3092.16 + 40.97° 2981.18 £ 43.60° 3223.60 £ 35.49°
Tyrosine 1301.39 + 19.54° 1294.30 + 16.95° 1253.64 + 28.29° 1310.20 + 10.43°

1855.36 + 41.30°

Histidine 1293.24 + 60.21%° 1358.26 + 15.84° 1257.13 £ 30.19° 1307.28 + 51.29°
Lysine 2704.39 £ 41.19° 2869.35 £ 22.95° 2598.75 £ 21.03° 3088.09 + 25.14¢
Ammonia 1082.25 + 15.21° 1150.52 + 26.31% 1135.48 + 44.33° 1084.20 + 32.21°
Arginine 2497.36 + 20.442 2698.75 + 40.56° 2642.59 + 38.37° 2878.67 £ 22.39°
Total amino acid 42734.06 + 118.96° 44285.64 +214.71° 44203.81 + 252.92° 45501.15 £ 25.19°

Total EAA2.

18614.61 + 184.26°

19119.35 + 64.17°

19224.76 + 91.41°

19867.53 + 160.95¢

"Values with different superscripts in the same row are significantly different at P<0.05 by Duncan's multiple range test. Values are

means+SD (n=3).

“Essential amino acid : threonine, valine, methionine, isoleucine, leucine, phenylalanine, histidine, lysine, arginine Ns is not significant.
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Table 6. Free amino acid content of whole body in black rockfishes Sebastes schlegeli fed different diets

(mg/100 g)
Free amino acid FLEE Level (%)
Control(0) 1 3 5

Phosphoserine 76.89 + 3.14° 114.89 + 2.36° 80.03 +4.16° 67.95 £ 1.95°
Taurine 602.72 £ 57.53™ 605.56 * 29.69 562.16 + 31.54 530.71 £ 44.18
Phosphoethanolamine 2.85+0.13° 3.41+0.11° 247 £0.29° 1.42 +0.232
Urea 0.79£0.16° 0.48 +0.172 0.72 £ 0.09% 0.82£0.14°
Asparticacid 262.41 £+ 20.54° 250.54 +19.18° 285.07 £13.23¢ 137.35 £ 16.45°
Hydroxyproline 154.15 + 18.45° 231.57 £ 28.23° 183.97 £ 17.112 162.19 + 20.562
Threonine 223.78 + 15.69° 199.63 + 30.24° 231.26 + 22.16° 118.13 + 25.87¢
Serine 169.84 + 15.96° 164.54 + 20.57° 174.85 + 11.56° 99.37 +9.222
Asparagine 154.95 + 26.48° 100.00 £ 10.33° 158.93 + 15.62° 70.50 + 2.35°
Glutamicacid 591.54 + 26.59° 518.35 £ 24.32° 617.45 £ 32.55° 237.03 £ 40.95°
a-aminoadipicacid 9.61+1.14° 8.15+£0.91° 8.07 £ 0.76° 5.72 £ 0.352
Proline 45.00 + 1.22° 35.48 +2.14° 33.15+1.36° 18.34 + 0.54°
Glycine 215.74 £ 21.55% 233.50 £ 19.46° 223.89 £ 28.17° 173.08 + 22.682
Alanine 595.63 + 36.82° 511.17 £ 41.13° 601.97 £ 23.58° 369.80 £ 15.46°
Citrulline 10.29 £+ 1.02° 14.58 + 1.23° 9.89 + 0.59° 5.87 £ 0.68?
Valine 219.58 + 10.26° 200.66 £ 9.72° 226.69 + 12.84¢ 113.08 + 5.972
Cystine 9.03+0.23° 7.38 £0.51° 8.46 + 0.82° 521+043
Methionine 94.71 + 5.64° 92.23+8.23° 86.79 £+ 6.10° 56.69 + 2.55°
Isoleucine 140.86 + 11.15° 14591 + 12.32° 149.28 + 10.81° 69.64 £ 7.59°
Leucine 540.96 + 40.56° 329.34 £51.23° 491.82 + 39.24¢ 251.29 £ 13.422
Tyrosine 193.59 £ 10.47°¢ 161.60 + 12.52° 181.67 £ 19.38" 86.46 + 6.54°
Phenylalanine 250.78 £ 25.41° 152.52 + 16.35° 225.87 £ 28.62° 106.11 £ 10.132
B-aminoisobutyricacid 48.05 £ 6.14° 37.19+3.51° 37.19 £ 6.26° 23.44 £1.95°
y-amino-n-butyricacid 2.83+0.21% 4.55+0.11° 3.17£0.11° 243+0.232
Histidine 55.61 + 5.56° 39.94 +4.21° 35.70 £ 2.17% 30.56 + 3.26°
3-methylhistidine 2.15+0.14° 1.59 £ 0.09° 1.51+£0.13° 0.40 +0.022
Tryptopan 4.33+0.21° 3.87 £ 0.45 3.26 £0.61° 1.12+£0.19°
Carnosine 8.41£6.94° 37.43 £ 5.89 36.33 £+ 5.89° 20.81 + 3.422
Ornitine 2.19+0.15° 1.60 £ 0.15° 218 +£0.15° 1.08 £0.102
Lysine 61.30 £ 6.54° 17.31 £3.95° 23.89 £ 3.95° 41.50 + 5.62°
Ammonia 169.31 + 20.36° 182.68 + 19.63 210.95 £ 19.63° 52.88 + 4.622
Arginine 499.96 + 54.23° 339.25 £+ 64.13° 474.46 + 64.13° 310.61 £ 15.25°
Total 5461.84 + 449.62° 4748.90 + 402.18° 5375.10 £ 422.61° 3178.59 + 281.9°

Values with different superscripts in the same row are significantly different at P<0.05 by Duncan's multiple range test. Values are means

+SD (n=3).
N is not significant.
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