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Optimum dietary choline requirements in olive
flounder (Paralichthys olivaceus) and Korean

rockfish (Sebastes schlegeli)

Hua Cui

Department of Fisheries Biology, Graduate School,

Pukyong National University

ABSTRACT

The present study was conducted to evaluate dietary choline
requirements in Korean rockfish and olive flounder in Korea.
Broken line analysis of weight gain indicated that the dietary choline

requirements are 113268 mg choline/kg diet for Korean rockfish and

76153 mg choline/kg diet for olive flounder.

Experiment 1. Effects of the different levels of dietary
choline on growth and tissue choline changes in korean
rockfish (Sebastes schlegeli)

An B8-week feeding trial was conducted to evaluate the dietary



choline requirement in Korean rockfish Sebastes schlegeli.  Six diets
were formulated to contain 0, 250, 500, 750, 1000 and 2000 mg
choline/kg diets with 0.3% 2-amino-2methyl-1-propanol (inhibitor) and
four others contain 0, 250, 500 and 750 mg choline/kg diets without
inhibitor (C-To, C-Izso, C-Isgo, C-I1so, C-liooo, C-laooo, Co, Casos Cson, C10).
Casein and gelatin were used as the main protein sources in the
semipurified experimental diets. 5% defatted rockfish fish muscle was
also included to improve the palatability of experimental diets.

After 8 weeks feeding, fish fed C-ligoo, C-Tooso, Cseo and Crso diets
showed significantly higher weight gain (WG) than the other dietary
groups (P < 0.05). Specific growth rate showed a similar trend as WG.
Feed efficiency of fish fed C-lIipoo and Cys0 diets showed significant
higher value than that from fish fed C-ly, C-Izso, C-lsoo, C-I7s0, Co and
Cayso diets (P < 0.05). Fish fed choline deficiency diet (C-Ig) showed
significantly lower survival than fish fed C-laso, C-Iseo, C-Iigco, C-Iz000,
Caso, and Crsp diets (P < 0.05). Protein efficiency ratio of fish fed
C-Tiooo, Csoo and Crso diets were significantly higher than those from fish
fed C-To, C-Ias0, C-Isoo, C-I7s0, Co and Caso diets (P < 0.05).

Broken line analysis of weight gain indicated that the dietary choline
requirement of korean rockfish is 1132+68 mg choline chloride/kg diet
for maximum growth.

Experiment 2. [Effects of the different levels of dietary choline on
growth and tissue choline changes in olive flounder (Paralichthys

olivaceus)

_ivo-



An 8-week feeding trial was conducted to evaluate the dietary
choline requirement in olive flounder Paralichthys olivaceus. Seven
diets were formulated to contain 0, 250, 500, 750, 1000, 2000 and
3000mg choline/kg diets with 0.3% 2-amino-2methyl-1-propanol (inhibitor)
(C-ly, C-lzs0, C-Ispo, C-Izs0, C-ligop, C-lzono, C-Izoo0). Casein and gelatin
were used as the main protein sources in the semipurified experimental
diets. 7% defatted flounder fish muscle was also included to improve
the palatability of experimental diets.

After 8 weeks feeding, fish fed C-lipo diets showed significantly
higher weight gain (WG) than the other dietary groups (P < 0.05).
Specific growth rate showed a similar trend as WG. Feed efficiency of
fish fed C-l7so, C-ligoo, C-loooo and C-Ispeo diets showed significant higher
value than that from fish fed C-lp, C-Iosp and C-Ispp diets (P < 0.05).
Fish fed choline deficiency diet (C-Iy) showed significantly lower survival
than fish fed C-lyso, C-Isgo, C-lioos, C-lzooo and C-lsgoe diets (P < 0.05).
Protein efficiency ratio of fish fed C-I;s0 diet were significantly higher
than those from fish fed C-Ip, C-l2s0, C-lsgo and C-lIzgo diets (P < 0.05).

Broken line analysis of weight gain indicated that the dietary choline
requirement of olive flounder is 76153 mg choline chloride/kg diet for

maximum growth,
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solgle 29 o84S ¥ vPge W dg Wk =9
29 AUAAE o= Fw G AbrekAT Ade 30 5
S BFEstel wouA ARz WP wel 249 a7y

HIEIRIZ Hpu| {2 AR Holrlr] Halres vt

da3g goksolt) vgue 22 g428 9 £2F34E Ho| o

W A, SrstE 9 FrIEdAY #o gk ol {9 vgw 87

Fe 54 vlgvlo] AyH, Ao duid Algd I vETle g

& 2yste FAsA drh dF ol Fed dld 87 Fo] HuHYA

W e FUdME aFFd & AolE Uiy, 27 EL
gl

of AFEdRA AYofAtell ot} =9 phosphatidylcholine A&

Axere] AR eRr Autel $E58 S Alsd FEF WECE

A
o] 7hsElFo) AR of Y X ojo QoA A HRd o A
d H77r 2ot (Wilson and Poe,

=
i=4
1988). =3 AEzAe HA U FAE AT dEFAd ™



Azt o] Pl e g olgE viw wWEd FHES A
woAgus ok B AddA Fd @4 AdlAlR 2-amino-2-
methyl-1-propanol& At&3le] 8 FAFT MEFGE AR
2-amino-2-methyl-1-propanol2 Al5W 3 ol && AHs3lsim AR
of A7FA] DL-AXed 27 %FE 4-58 F7F AACE drie Hrt
o)t} o]Z3}e 2-amino-2-methyl-1-propanole ® X delA FH
AL AT E At 1y Fateii FY a7l #E <
T wol o]Fojxx] ggrh. eBE, B A7E I Fasut$al
Axet B ojd Fd #Ad AHIAQ 2-amino-2-methyl-
l-propanole H7lsldg o 23 27FE FHsEd 2 HFol gl

o}



o. A= 2 99y

A 10 23 EH9] oA 2D a7F AFS 9 49

1. 48 s
Aol Alg"H 7|2AFR Y ZAEE table 19 YER L} 7| %A R

toeMAfeR AR Adue Agsigon BeRgdon:
drEUL, AYPORE LHINAE AHA. N2ARe 29

X 0, 250, 500, 750, 1000, 2000 (C-lo, C-I»so, C-Isop, C-Izs0, C-Tiago,
C-loooe) mg cholinechloride/kg  diete = HAEZ<S  2-amino-2-
methyl-1-propanol& FA7}8l3 1 47] 248418+ 29 X E 0, 250,
500, 750 (Co, Cas0, Cso0, C7s0) mg choline-cl/kg diet2.2 A&
Z2-amino-2-methyl-1-propanol& % 7}31A] &kdvl AdAAgEs F
o] A7t & EF 2ol cellulose 2HSAT 283 AR
HHAES 7] Adf AEE &8 @ SAZTSES 5%8 HU)E
of AA(HAF2Zmm)e 7 HPFAT,. THE DXL Kosutarak
et al, (1995)2] ol wet A5} &L HHE (112, w/iv)RS}
o 75-80TC X 43] o]+ 5o =gd AL AAsHow,

E Ax7]d Yo 80Tolst®E &8 Zddte ARAZH AR A

25 80T WE BB

2. 4% 2 23 xRl
AEol= Z B2 (Sebastes shlegeli) Ao1S AL&5t o™, 160 L



AY ol B A (AR A: 7272004g/7ke)) S 85he] 2 AFA}
7% 3 WBoR BAY dHstdn 4 dd5ze §h402 &
e A9 717HES d/min o2 zAdYoH 2} S22 oo &
% J

= AASY d4E BHEEGT HEVEe g3 5oL 19£1T
Z A AR AA5Eo] o E&adt. duAg e 457
AAstden, duiitg 71HE 3F0E AQARE FFIE R Uy
A 153 o] AYe APYAEE FHAT 94D A8 B F
S A F 2~4%(AE 7]F) JIFLE 19 23(9:00, 16:00h) 3
dtict. AdrIzhe 20029 9¥ 279RH 119 2397bR) 8% ALY
438 st

3. olA 54

A FAH2 25 AR dAdHeH, 4FEL ZAE) sk
2417k A AT F MS 222 (100 ppm)ell 2o & otHA A 2EH
28 HAsAA 74 fxo Aol AA TAE FAAG. 4

FTE ¥, AAE(percent weight gain, %), U7+ 3AE (specific

e

O_L.

growth rate, %/day), ©¥ 3 28 3 & (protein efficiency ratio), A}&
B &(feed efficiency, %), 7t %A <*(hepatosomatic index), H]9E
(condition factor) ¥ AE&(survival rate, %) FAISIQY. &S
A-E 2AE7] 4 2 Szdz 3etdy 3 2AE A sq
2471 FRFEEY Asde gy 2o

Wt. gain (%) = (final wt. - initial wt.) X 100 / initial wt.

Feed efficiency (%) = (wet weight gain / dry feed intake) X 100



Specific growth rate (%/day) = (log. final wt. - log. initial wt.) / days
Protein efficiency ratio = (wet weight gain / protein intake)
Hepatosomatic index = (liver weight / body weight) X 100

Condition factor = [fish wt. (g) / fish length (cm)’] X 100

AR e APAES 7 F2E2 Soheld TAAR FE5o 2
A AolAE EAEoH, AOAC (1995l Het £ 4
7bEzizy (115T, 44%), 2992 Kjeldahl A4 A3 (Nx6.25),
i APshPon 4z At 2AYe HES U

2 AEz3 F Soxtec system 1046 (Tacator AB, Sweden)& A&
o

soxhlet F+&H o7 HEA34cl

28 ¥ gAYE ¥4

BYUFTR ¥ ATE A A AR 24 S fte APl E
Ader) AA of 2427 Fo BANFE AFols 7 F2Y 3
Y B R FEctd d3E FAZIE ol&std 4ol miR
Ao HHNe AHI F micro-hematocrit ¥ (Brown, 1980)e]

o8] 2231 hemoglobin® #A& Drabkin £9Y9& AlE3t

cyan-methemoglobin ¥ (Sigma Chemical, St. Louis MO; total
hemoglobin procedure No. 525)2 &2 =7 uth. AR B4
3t AP HAE 3000rpmel A 1587 A4 &5t IR As

tlo

o)



of AT

ZY £4L Wells and Remy WHd w2t A3 2 24
gdF FME 98 05-10g9 28 EF= FHsle 50mle 1% sodium
acetate(PH 4.6)0l ol 80TolA 1A% #Z3stm YA E 5o
lipid-bound choline¥} free choline® 2 ¥z gttt HHAE S 25ml PH
7b 469  acetate buffer2 AolFzm  AAEF HAZS
chloroform/MeOH (2/1, v/v)lipid solvents® Mo]Fo] ZAGEL v
3 £Ag el 2N9 Ba(OH):E 7} %388l lipid-bound choline
o] EajHr}. free choline 05-1.0g9 & F 3] 50ml9 1% sodium
acetate(PH 4.6)0 ¥} 80TolAl 1412+ #2338l YA Leste] @
& A543} 25ml acetate buffer2 WolFil FAjEeldte Q& A&
A3} Bo}l 2Vol.9 acetoned wol 0THAM AT} A4 E 3]
of dL& AF R free cholineo]l 2 HHEL 25ml9] acetate buffer @
Aol YT AHEH ¥4 lipid-bound cholined EAsli=tl Al
SR ig). 29 ¥=E FAsr] 93 0, 1mM, Z2mM, 4mM,
6mMe PH>7.0°! d £A(PHE 2N¢9 NaOH £doz z3)L
10m1¥ #Hstqd 25 mle 2% 2] Amomnium reineckate (acetoneol] &
AE Y3 g Lo Emie Z2FLFE W I 25mlY 209
reineckate saltE ¥ol $&3] EFANATH. £d94E& 45
dEAe v ZAAT Hdle] 5ml] acetoned Wolx itk
526nm ¥} ell A spectrophotometer® &7 3t standard curve THE

t}(Fig. 2).



Liver

Imm ediately homogenize
with 50 ml of 1% sodium
acetate (pH 4 6); heat to
807G for 1 hr; centrifuge

Precipitate

Washwith 25 ml acetate
buffer; centrifuge

b
Supernatant

Add 2 vol. acetone
at 0T, centrifuge

Precipitate

Extract with lipid solvents 1
Supernatant
l (Free choline)
Residue Extracts
{Discard)

Hydrolyze with Ba({CH),;
isolate choline as
reineckate

h 4

Lipid-ound
choline

Fig. 1. Preparation of sample for choline determination



Free choline or lipid-bound choline

adjust the pH >7.0 by
2 N NaOH

Add 2.5 ml 2% Ammonium reineckate;

dilute with 5 ml distilled water: add 2.5 m|
2% reineckate salt

Shaking; centrifuge

r
Precipitate Supernatant
(Discard)

Extract by 5 ml acetone

y
As260m

The choline concentrationis
com pared with standard

Fig. 2. Analysis chart of choline determination



4) sA ]

EA# 8= Computer Program Statistix 3.1(Analytical Software,
St. Paul MN. USA)Z ZAHEA(ANOVA test)& 2EAate] HA o
23 A (LSD : Least Significant Difference)22 Hw7he] 2o A
(P<0.05)E AAstAd. 28z JFES AEE broken-line model
(Robbins, 1986)& ©]&8te =28 THSAS Procedure NLIN, 1985).
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Table 1. Composition of the basal diet (dry matter basis)

Ingredient %
Casein, vitamin free' 35.0
Gelatin' 6.0
Rock fish muscle(defatted)’ 5.0
Dextrin' 32.1
Squid lLiver oil 11.0
Vitamin premix(choline free)’ 3.0
Mineral premix4 3.0
Attractant 0.6
Inhibitor’ 0.3
Cellulose’ 2.0
Total 100

' United States Biochemical, Cleveland, Ohio 44122

2 Kum Sung Feed Co., Ltd., Pusan, Korea

* Contains (as g/100g premix) : dl-calcium pantothenate, 0.5; inositol,

0.5; menadione, 0.02; niacin, 0.5; pyridoxine-HCIl, 0.05; fiboflavin, 0.1;
thiamine mononitrate, 0.05; L-ascorbic acid, 0.05; retinyl acetate, 0.02;
biotin, 0.005; folic acid, 0.018; B12, 0.0002; cholecalciferol, 0.008;
alph-cellulose, 98.18.

* Contains (as mgkg diet) : Al, 1.2; Ca, 5000; Cl, 100; Cu, 5.1; Co,
9.9; Na, 1280; Mg, 520; P, 5000; K, 4300; Zn, 27, Fe, 40.2; I, 4.6;
Se, 0.2; Mn, 9.1.

* 2-amino-2-methyl-1-propanol

_11.-



A 2:dA dolA U 7F AL AP 43

1. 43 A=
AFel ALRH 712AEY ZAHE table 2] YERAY. A HALS

t oMggen AAAH 499 Assddon, GrnEdos
YAENL, AWUORE LHNFE AAHRAY APy T

= 0, 250, 500, 750, 1000, 2000, 3000 (C-ls, C-Iaso, C-Isoo, C-Izso,
C-ligoo, C-Taoon, C-Isgr) mg cholinechloride/kg diete 2 A EH<R]
2-amino-2-methyl-1-propanolS #7134t AAlgdEa e
A7 o] we 3 Aol cellulose® FE3AT 28 ARAH
&8 ol Ad AFE FEH d gADHFES 5%Y Hoketd 2
(A A 2mm)ez AsAn. 258 X9y L Kosutarak et
al, (1995)¢] "ol met Agst ogEe] HEE (12, w/v)Rdh
75-80C oA 43 ol TSE TEE AdE AAFALH, olF
AZx7)e] Yol 0TelslZ 258 Z=Hdte AxzAZY Als A 2%
-80Cd ¥& B@aAct

2. 43 & 43 OAY
AE ol dA(Paralichthys olivaceus) o1& Ar&3tem, 60 L
Ay 3ol 25vh A (B FFA: 59+0.03g/vke]) 8 7+ AY
NETT 3 wReT Ry MAGAL. 4 ABFEE F140
FEFe 43 7IZbESt 2/min 22 2SR eT 7 &
~EE AR Aas BFEdY. A87Itest d3d

Tz A ARANDVEL AAF L] JEAY dulrg AL 4F
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B AASRen, duag 7123 3F0e JYAEE FFARD
wWx 13748 2do] AWE JYARE FIFAHAT 4Y A= B
Fge oAFY 2~4%AT 71F) 71Eo2 19 28(9:00, 16:00h)
Fobgich A7 20029 99 31AFEH 119 3147A 8F3
AHgae e
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Table 2. Composition of the basal diet (dry matter basis)

Ingredient %
Casein, vitamin free' 35.0
Gelatin' 6.0
flounder fish muscle(defatted)’ 7.0
Dextrin' 32.1
Squid liver oil 11.0
Vitamin premix(choline fre:e)3 3.0
Mineral premix4 3.0
Attractant 0.6
Inhibitor’ 0.3
Cellulose' 2.0
Total 100

1

United States Biochemical, Cleveland, Ohio 44122
? Kum Sung Feed Co., Ltd., Pusan, Korea

Contains (as g/100g premix) : dl-calcium pantothenate, 0.5; inositol,
0.5; menadione, 0.02; niacin, 0.5; pyridoxine-HCI, 0.05; fiboflavin, 0.1;
thiamine mononitrate, 0.05; L-ascorbic acid, 0.05; retinyl acetate, 0.02;
biotin, 0.005; folic acid, 0.018; B12, 0.0002; cholecalciferol, 0.008;

alph-cellulose, 98.18.

* Contains (as mg/kg diet) : Al, 1.2; Ca, 5000, Cl, 100, Cu, 5.1; Co,
9.9; Na, 1280; Mg, 520; P, 5000; K, 4300; Zn, 27; Fe, 40.2; 1, 4.6;
Se, 0.2; Mn, 9.1.

: 2-amino-2-methyl-1-propanol
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m. 42 =

AY 1 23EFG Y 2+F 2AS AP 49

8F7+e) A ANE table 3, 4, 59 Fig. 3, 4, 59 YeEhiiek AF
(%) oA C-Liow, C-lwos, Csoo & Crso &8 T Clo, C-laso,
C-Isoo, C-Iso, Co & Coso T35 70l Hl&l FoH o2 A Hegton®
< 0.05) C-Iipoo, C-loooo, Csoo & Crso &7 T AbolellE FoH Aol &
Bolx ¢kt P > 0.05). AR ASREE (%), ¥ TE(%/day), T
AT &%) UoIA CLiooo, C-laoos, Csoo & Coso FHTE Cl,
C-laso, C-lso, Crlzso, Co 9F Caso B 7ol H|F] FolHoz =4 Ve
Wom(P < 0.05) C-lie, C-Taooo, Csoo & Crso & T Abelolli= F43
o) ztol= Wolx ¢k} P > 0.05). MEL oA CIb FFT7F
e Ay wE foxoez @A YHEeElEew( P < 005 & 4
T Ateldl e FoAAY Aol E Holz] Fdn

AolA EAA7 Al Ado] glojA C-ligo, C-Tocos, Csoo, Crso AFT
E OE Ay v ffHeE A vERGew( P < 0.05) A
o 910JA C-Irso, C-liooo, C-Taooo, Caso, Csoo 9k Crso AH 771 v+ & 23
7ol HlsiA FoHo® FA YEMRY( P < 0.05). L3 s
AN E CI, 7 & AP vl feHez =4 veldd@
< 0.05).

gAE A g ANEEd dolA Co Caso, Csoo & Crso AFT
7 2 AT vlE FoHez g2A YeEidew( P < 0.05) £

_15_



2 ® Z(Cholesterol)ell gloi X Ciso HAEF7F thE AF o Hd F9
Aoz wA dewm( P o< 005 ¥R EHSHAZ=
(Triglyceride)o] o3 A= Caso, Csoo & Crso @ 7F Tt L@ 70l 4
A FelHesw A dERes( P < 0.05) W S HE ol 2H)
2 (Cholesterol este)el] loIA] C-Iisp & C-lige A HFE o E AH T4
va] feldoez EA e P < 0.05).
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Table 3. Growth performance of Korean rockfish fed the experimental

diets for 8 weeks'

Diets WG(%)’ FE(%) SGR(%)' PER(%) HSI(%)° CF(%)’ Survival

C-Ty 73° 038"  1.05° 0.80° 2.46 1.44 91°
C-lrso 101 048  1.35° 1.01° 2.76 1.48 100°

C-Iso 124 0.54%  1.55° 1.14° 3.01 1.52 100°
C-lso 138 0564 1.67°  1.18% 3.10 1.53 97*

C-Tiooo 168° 0.63° 1.90° 1.33° 3.59 1.58 100°

C-I2000 178 061 197 1.29% 3.46 1.56 100°

Co 130°  0.53*  1.60° 113 330 148 97
Caso 151° 057 177 121 365 151 100°
Cso 171°  0.62°  1.92*  132* 377 154 97
Crso 180° 0.64° 198 135 377 157  100°

1

Values are means from triplicate groups of fish where the means in each

column with a different superscript are significantly different (P<0.05)
Weight gain % : (final weight - initial weight) x 100 / initial weight.
Specific growth rate (%/day) = (log. final wt. - log. initial wt.) / days
Feed efficiency % : increase in biomass of fish x 100 / feed intake.

Protein efficiency ratio % : (wet weight gain / protein intake) x 100

Hepatosomatic index : (liver weight / body weight) x 100.

Condition factor : [fish wt. (g) / fish length (cm)’] x 100.

_17_



Table 4. Proximate composition (%) of the whole body of Korean

rockfish fed the experimental diets for 8 weeks'

Diets  Moisture Crud.e C.ru'de Ash l?w-er rnus?:le
protein lipid lipid  choline
C-Io 73.7° 15.7° 5.7 6.5" 344" 156"
CLs  71.6% 16.5 6.0° 6.2°  390° 346
C-Isgo  71.5™¢ 17.1° 6.1 6.1° 412° 732"
Clio  70.7°° 17.4¢ 6.4° 59°  473%  1321¢
C-lioe  69.5 18.2° 6.5° 56° 508  1888°
C-oo  68.7° 18.3 6.5° 559 506°  2305°
Co N5 17.2¢ 6.2" 55 500° 919°
Caso0 70.6% 17.7° 6.4 54%  539°  1416°
Cso 70.3% 18.4° 6.5° 52" 563®  1855°
Crso 69.28 18.5° 6.6" 520 575 2614°

" Values are means from triplicate groups of fish where the means in

each column with a different superscript are significantly different

(P<0.05)
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Table 5. Concentrations of cholesterol esters (CE), triglycerides (TG),
cholesterol (CHOL) and total lipid in plasma of juvenile korean

rockfish fed the experimental diets for 8 weeks'

Diets CE’ TG cHoL* T.L’
mg/kg mg/dl.

C-Io 31.5% 968 100 428°
C-Taso 35.0 114 109° 476"
C-lsoo 38.0% 121 117" 494
C-I7s0 41.0° 134° 122" 502
C-Tooo 41.7° 150 129% 587°
C-Taooo 30.5° 171° 107% 567
Co 32.3* 211° 118™ 645"
Caso 34.0™ 247° 127% 698"
Csoo 36.7° 256° 129 714
Crs0 37.3% 250° 141° 719°

' Values are means from triplicate groups of fish where the means in
each column with a different superscript are significantly different
(P<0.05)

2 CE : cholesterol esters
* TG : triglycerides
4 CHOL : cholesterol

> TL : Total Lipid

_19_
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P

choline concentration (mg/kg diet)
Fig. 3. Weight gain (WG, %) of Korean rockfish fed six different levels
of dietary choline with inhibitor and four others without inhibitor

for 8 weeks. Values are means from triplicate groups where the

bar have different superscript are significantly different (P<0.05).
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0.75

0.25

D D D D D Q) D D N\ D

CJ C}l c}l

choline concentration (mg/kg diet)

Fig. 4. Feed efficiency (FE, %) of Korean rockfish fed six different
levels of dietary choline with inhibitor and four others without
inhibitor for 8 weeks. Values are means from triplicate groups
where the bar have different superscript are significantly different

(P < 0.05).
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choline concentration (mg/kg diet)

Fig. 5. Specific growth rate(SGR, %) of Korean rockfish fed six different
levels of dietary choline with inhibitor and four others without
inhibitor for 8 weeks. Values are means from triplicate groups
where the bar have different superscript are significantly different

(P < 0.05).
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220  with inhibitor
@ without inhibitor

180 : * o

140

WG (%)

100

0 500 1000 1500 2000 2500

choline concentration (mg/kg)
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Fig. 6. Broken line analysis of weight gain (%) in korean rockfish fed

different levels of dietary choline for 8 weeks.
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Table 6. Growth performance of olive flounder fed the experimental diets

for 8 weeks'

Diets WG(%)Y FE(%)' SGR(%)* PER(%)’ HSI(%)° CF(%)’ Survival

C-lg 113.9°  0.40° 1.46° 1.84° 1.97 1.00 84.0°
Cls 1576 049°  1.82° 2.14° 2.12 1.07 92.0"

C-lsee  197.8° 054> 2.10° 2.40° 2.37 .10 96.0%
Clso 23500  0.64° 2327 3.11° 2.48 1.16 98.7°

C-lie  2493%  0.65° 241° 2.97* 2.55 1.21 04,7
Clwo  239.5%  0.61° 235 276 2.52 1.21 93.3%®

Colae 2263°  0.61° 227" 2.86 2.49 1.18  97.3%

Values are means from triplicate groups of fish where the means in each

column with a different superscript are significantly different (P<0.05)

2

Weight gain % : (final weight - initial weight) x 100 / initial weight.
Specific growth rate (%/day) = (log. final wt. - log. initial wt.) / days
Feed efficiency % : increase in biomass of fish x 100 / feed intake.
Protein efficiency ratio % : (wet weight gain / protein intake) x 100

Hepatosomatic index : (liver weight / body weight) x 100.

7 Condition factor - [fish wt. (g) / fish length (cm)a] x 100.
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Table 7. Proximate composition (%) of the whole body of olive flounder

fed the experimental diets for 8 weeks'

Diets Moisture Crude protein Crude lipid  Ash liver lipid

C-Iy 77.0° 15.3¢ 2.40° 4.88° 23.4°
C-Lso 76.7° 15.8° 2.64° 4.55° 29.0°
C-Isoo 76.0° 16.3° 2.98° 4.32" 30.8°
C-Izs0 75.6° 17.0° 3.36® 4.18° 28.7°
C-Tiogo 75.2° 17.2° 3.60° 4.06° 33.9°
C-Taooo 75.2° 16.9° 3.26™ 4.27% 37.9°
C-Iso0o 75.2° 16.9° 3.33% 426 417

' Values are means from triplicate groups of fish where the means in
each column with a different superscript are significantly different

(P<0.05)
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Table 8. Concentrations of cholestero! esters (CE), triglycerides (TG),
cholesterol (CHOL) and total lipid in plasma of juvenile olive

flounder fed the experimental diets for 8 weeks'

Diets CE? TG? CHOL* TL?

mg/kg mg/dL

C-Iy 12.3¢ 357° 89° 343f

C-Taso 19.0% 438 118" 644°

C-Isoo 22.0° 557° 144 694"

C-Iso 43.7° 579° 151° 712¢

C-T1o00 63.3% 720° 165° 854°

C-Tag00 59.7% 675% 1497 1268°
C-Tso00 52.0% 626" 147° 1116°

' Values are means from triplicate groups of fish where the means in

each column with a different superscript are significantly different

(P<0.05)

2 CE : cholesterol esters
PTG - triglycerides
* CHOL : cholesterol

> T.L : Total Lipid
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Fig. 6. Weight gain (WG, %) of olive flounder fed seven different levels
of dietary choline with inhibitor for 8 weeks. Values are means
from ftriplicate groups where the bar have different superscript

are significantly different (P<0.05).
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Fig. 7. Feed efficiency (FE, %) of olive flounder fed seven different
levels of dietary choline with inhibitor for 8 weeks. Values are
means from triplicate groups where the bar have different

superseript are significantly different (P < 0.05).

_30_



26 r

|

C25¢ C500 C750 C1000 <C2000 C3000

SGR (%)

choline concentration (mg/kg diet)

Fig. 8. Specific growth rate(SGR, %) of olive flounder fed seven
different levels of dietary choline with inhibitor for 8 weeks.
Values are means from triplicate groups where the bar have

different superscript are significantly different (P < 0.05).
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Fig. 9. Broken line analysis of weight gain (%) in olive flounder fed

different levels of dietary choline for 8 weeks.

- 32 -



V. = 9

Aol7} JA gz Eg floiM FAd AAAEE HAUE o
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(Wilson and Poe 198%), laketrout(Ketola 1976)9} #F %4 9]
(Griffin et al. 1994 & AaE vekdch 22y ZXlojelAs T
W Ageke] HA JeEl o™ (Craig and Gatlin 1996), T & oA
E AE TG AABY FUFE Atold] AZRAT Qe Bavt
A tHRumsey 1991). =3 ALY E¢ 7l dxlel 2y 882 HolH
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AF7A A7 ojFoA FH a7 A ATt ol FolHY. 27
FA7E 50g2) lake troute] SlolA EH QFHE 1000 mg/kg diet
(Ketola 1976), 56g¢] #pdul7]e] glojq && 8732 400 mg/kg diet
(Wilson and Poe 1988), 34.1g9] white B4olol o] F8 g7 FL
1700 - 3200 mg/kg diet (Hung 1989), 105g9] £F= Fojol 3lolA &
A 872 500 mg/kg diet (Griffin et al. 1994), 55g] F¥1ojd] qlof
A 2 87 HE 590 mg/keg diet (Graig and Gatlin 1996), 4.0g2] A
MEoldl YA Fd8 LT HL 4000 mg/kg diet (Rumsey 1991), 0.62g
o] #AF dauole] ojd EFF L7FHE 900 - 1000 mekg diet
(Shiyen and Penshan 1999), 16g9] vellow perchel| 0oiA FH 7%
£ 598 - 634 mg/kg diet (Twibell and Brown 1999). o}e} Zo] Z7|%
Ag} o] Fo] thEel wel FH Q7HE Wt Ao dojrng 2
Walel Wzksich B ofFelgte Z7IFAZ gl wEk 87 FE W
3

HEF B0 doiA] wlellL F9 AtgEolvt 2@y e B
L WERle2RE 4 @4 gtk AT vk et oM H)
EllS ZES 10% wAzbsdE  FoldMe 50%  diAzbssid
(Rumsey 199D 237t Qloh wElLE 42388 A vAedeg
dAse] o FY 8770 IR B dAede] a7%E o
&8 o Azl oigh Ho Fd a7HE Yebth Fslopu| 4t ghgko)
2T7%HE 2HeA Fg W Almd FAHF st opvxeAbate] A
oA dIAME B A7t AFHIT oAd kel glojA v
eds 2% H7MA Edo O 877t FHastitHAnderson et al,
1979). Al o W He ¥ Fd a7FE dAgs o
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©ovi(Baker et al. 1982) 2 & HeFoz 27 PrlaldE se wxe
d 87%FE Y5 givhBaker et al 1982). ¥ A7 AleH
2-amino-2-methyl-1-propanol® FHFAF "E2E 4 s Rumsey
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°f =& Aol7] ¥, =9 Eeto] gloj JostEol Az e
A H7HE FH Atasd A 2Y 27 %S FHsna A
HetA, A7l 438 EYE AW 29 27 % =2y A7
T AR Y FFo) I we 2HEE ZvlslE Az u
Aew a7Fd =gsd dAsA Jdehd wEM, Ay Ans
EWE  broken-line EAWel % zFuete =Y s7Fe
1132468 mg choline chloride/kg diet, @2 Fa Q73L& 76153
mg choline chloride/kg diet© 2 3 7}5]4dc}.

A3 1t v B2 29 a7 F AL 93 23

°f dF= A7) =Bt oM AlRY 2d gT7%e AA )
12 A ddei R TAZE 727£004g R oS
AbEstRlen, 10 AP T2 Uyo] 3 MHor Ty FE2 galst
AALPAMEE THIAYL 4509 A (AU R ER)Y 8 =
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500, 750, 1000, 2000 mg choline-cl/kg diet. = A2 A1 inhibitor
= H7lssln wl d¥ANEE 2P FEE 0, 250, 500, 750 mg
choline-cl/kg diet®.2 A &2 inhibitors 2 7}38}5A) % A THC-Iy,
C-laso, C-Isoo, C-I7so, C-Tiooo, C-Tnooo, Co, Casos Csoo, Ciso).
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E AdTd vE fFodes ¥4 el oH(P<0.05).

2471 A3E EUZE, broken line analysisel 93] ZA& L AEE
FRE zvEH AHd A2E A% AR choline LT7FL
1132468 mg choline chloride/kg dieto. 2 elLIT}

A 2: gX 2 27F 232 94 249
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