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Growth of Larval Tiger Puffer Takifugu rubripes
Fed Diaphanosoma celebensis

U-Cheol Jeong, 'Jeong-Tae Lee, Feng Jin, Jong- Kuk Choi, Byeong-Dae Choi and Seok-Joong Kang*

Department of Seafood and Aquaculture Science, Gyeongsang National University, Tongyeong 53064, Korea
!Fisheries Resources Resarch Institute, Gyeongnam, Tongyeong 50411, Korea

Several of our recent studies have focused on mass production of the marine Cladoceran Diaphanosoma celebensis,
which can serve as a feed substitute for Artemia nauplii in the culture of larval marine fish. We compared the growth
and survival rates of tiger puffer Takifugu rubripes fed D. celebensis with those fed Artemia. The group fed D. cele-
bensis showed an increase in growth from 0.10 g to 1.78 g, while the group fed enriched Artemia had a growth from
0.10 g to 0.92 g. The survival rate of fish fed D. celebensis was 86.7% while that of fish fed enriched Artemia was
51.1%, indicating that the former group was superior to the latter both in growth and survival rate. Fatty acid analysis
revealed that D. celebensis fed Nannochloropsis oculata and Schizochytrium sp. had an eicosapentaenoic acid (EPA)
content of 16.42% and a docosahexaenoic acid (DHA) content of 3.93%. Meanwhile, juvenile tiger puffer fed D.
celebensis had an EPA content of 9.12% and a DHA content of 10.69%. Juvenile tiger pufter fed D. celebensis had a
similar n-3 highly unsaturated fatty acid content to that of tiger puffer fed enriched Artemia which had an EPA content
of 5.82% and a DHA content of 15.90%, indicating that no additional enrichment was required.
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M E njol-ol FulgtAlR 2 L& o] Qltk( Hirayama, 1985; Yama-

saki et al., 1987; Yoshimura et al., 1996). &g|ujol= & 52}

A5 Takifuigu rubripes)e: £ %(Tetraodontiformes), % = 2t AHae] gAo|A] A2k 7zkme] ke HRste] 12
3K(Tetraodontidae), Aol &oh= ofF2A 2 & Sxse o= A HF el AREEEAL 9l OB (Kim
2h ARk, Ui AR A W FF ol A4 WA =xst et al., 1999), 2|2 9] FFtael ZAH el tefA= olv] &

L o]Zo|tiRho and Jung, 1993). AH5=E-& 7H4} WA S0 2 AL sk ¢ltk(Jeong et al., 2016). YE|ujol= 079
Tetrodotoxin®| 2= 736t £ 7}x] 3 ¢l 2 1(Pyen and Rho, prpato gz A 9l EPA (Eicosapentaenoic acid),
1970), ilg SIFro= A= 2 424 glth(Han, 1998). 53], DHA (Docosahexaenoic acid)59] ©m|7}-3 11 %=E31A] Ak
St oA B RA7E 2 FA dAdFS st A, 5 (Highly unsaturated fatty acid, HUFA)?] §}efo] H.23}7] uf
2 d5old, A, AR Foll o ofFEar glont 2t ol o5 A Wol et A EEES BEshe et
8o gk AT A2 EAIR tiRE o], AR 9 WS ARE-SEAL QIAITE, o] 5 28] s A skA] el Sl A
" aAlo] 2| A =1 Qltk(Yang et al., 1994). TR o729 ol¥ Ao]th(Lavens and Sorgeloos, 2000). F5+ &g njo}o] &5t

TH Arke 9% HolggAAE sirE=deh-2E w-UH|
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a7 Eo tiste] oAl doll AAA B2 =] 3=
& E-3taL thAISHA] ok o= o1& tiald it #o]

&5 o4 ZropffA] 37 witolthJeong et al. 2016). X
=, deujots AT A 2L Ho| =2 A 877 Copepoda
(Schipp et al., 1999; Evjemo et al., 2003), ©-Z-F Amphipoda
(Sudo and Azeta, 1996; Aravind et al., 2007) 12|31l Z|Z}+
Cladocera (Segawa and Yang 1988; Adeyemo et al. 1994; He
et al,, 2001)E AT O 2 dh= A7t S| g Fof Stk
Ty 27170 A5 ARgolAlo]7] wiwell 14 A4l Sl
ARE AL =7} S7Fe R R i B Al ZAIE 7HAAL 9o
o, 5ol A F2 Yol U ks [ o] Holz Al Ao]sh=
4| o] 2]-2-0] A th(Stottrup and Norsker, 1997). ©+Z}F+= Gam-
marus pulex, Byblis japonicus “12| 31 Eriopisachi Ikensis 5-©]
Ui F A7} o] ol H o, HElE F1t A7 o i T
7F U A7) wizoll = uiefel B A ¢bal Yt Welton and
Clarke, 1980; Aravind et al., 2007). o]of| ¥l3l| A ZtF= A4
WA 3] ol Al slo] ke, ggo] %7 uE
of th ujere] 7hsAd ol rhal HarEal Qlk(Benider et al.,
1998; Jung et al., 2001a). G==AF X ZH7= A A A 0.2 ulj Qo]
O A2 AT gom, A9} ol AlulE sto] WA A7)
S AL83te] Tl SRANA] AF83}e] Srh(Ven-
tura and Enderez, 1980; Alam et al., 1993; Alam et al., 2008;
Kumar and Hwang, 2008). 13U H<AF X Z43= HE 4
gejo] ofaA] sloll A AEIR kot o] AR o]
o] Fogkal(He et al., 2001; Kotani et al., 2008), o]o]| 3|
A 2|55 djoFstel A7} ol 201 ek Chen et al, 1977;
Korovchinskv, 1989; Nakamoto et al., 2008). 3fj<=AF 2] ZHF-¢1
Diaphanosoma celebensisx= 73450 11, 7] %= 400-1,000
um AE Sefulofel Arslo] oreulolE ThAlak 4 9l
Ho|AlE2 F5 w11 ¢lck(Korovehinsky, 1993; De la Pena
et al., 1998; Nakamoto et al., 2008). =3}, G FsHA Q1 Hol Q)
oj A= e rfok= cystoll A et -, Yn-3 L= EZAY
Ab o gFerol vl w2 Aol 7] uizoll FdTdEt wgol 2
23131, JF7eHs s v ek DHAS EPAR 9 A3lsl= 7]
2h& 7HA7] dlzoll SAI7F H A QAT A1 24HR= ol o
gk @do] glof FHAYARA] eu]ofe] vlsl f-2|5ttt D. cele-
bensisi= “§'dotA|of ¢IQto] de| sk FHH Tor 7]
T} sfjol| A= AAo] ZhaRt Ao r A lrk(Segawa
and Yang, 1987; Achuthankutty et al., 2000). &5 5do}A]o}
A of| M= ZFdof| A A8EaL Q)= D. celebensisE A 8HA M,
Q19120 2 vjosto] alitel f FRA T Aol A ot
ofZ thAlstaL glom, FAdolet & sfatolF ol A 1}
oA ZE|H ths ©A Hol &R o857 fitt At &
u-51A| Z3gE] 31 QJth(Chen et al., 1977). E3F 35057 (Lates
calcarifer)|| D. celebensiss ©]-8-5}o] THAYARS A LEgE A
T} D. celebensis®] Htoll 23 o], A, 44 12]al Ak}

- 0] 4| - Feng Jin -

HF3 - A9 - BHF

2= Aatol] W3t 7] 2 A7 B aE] 3 9l o (Jung et al., 1999;
Achuthankutty et al., 2000; Jung et al., 2001b), D. celebensis
o] vkl ofo]l T3 AL o] F0i | 1 QJth(Park, 2010; Park
etal, 2012). waba] o#] A-Fol| A= sfatol 7 FHAGA T
of| Al de|ujo} A o] BEZA D. celebensisS A58 212
ool A Folstale o A AEEol vl ok Yotk
i, Aokt ]l 7HA & H7kskala} gt

Mz H U

ol AL S-S TR E ol R ele U AR <
AoA F B35 Diaphanosoma celebensisES AH-8-3]
o, ujoF £7|= A7 1.6 m, =°] 1 me] =% 1 ton FRP
QY% AHgste] ettt wol= Skl 4|2 Nan-
nochloropsis oculata®} Schizochytrium sp.-& 552 =(Ko-
tani et al., 2008)E &3tsto] FHsk3iet. ol wjf2de 4
2 28.0+1.0T, 37| 18L:6DZ A3l oM, ke 7Y
wfe} e AAIs}3Ac,
Artemia £3t & ALt

Al o] A2 Artemia (Great Salt Lake, Utah, USA )= &5
34 psu, 2 28°C I8]AL FF7| 12L:12D AL 2 3Tt
Artemia cyst 1 g/L 852 2 £35}17](Multi Thermo Incubator,
Dong won Scientific co. Korea)ol| ¥ T}, 24A|7F 52k .35}
SFILE. F-obe dEv|ok= §Y7deHA| = DC SUPER SELCO
(INVE, Co., Ltd., Thailand)E AM-3}%1.2 ™, 200 mL/canE
d7ksto] 24417 Gk Sl Tkt

4Folt AP AAT AN 2EH Tl B AF
0.10+0.02 g AHX] oS oot AAehetm of o 2 A}

o

o 4 ARSsHch. 7 AT 300k, JnkEo

Lo
>

ol 7bzke] 42zl 17HA/mL o4 -2}
& 657k A3Yskglar, 42 25wt 4% (Body
¢

32 38 o fu
o K3
Nl
Y
lo

=
>
< ool

ANEARA & 3|4aBto] A A O & AFS4229] T7]%= 60
cm % 30 em X 30 em @] AARZFEz0]| 52 30 LAt o]
0] F4=5k2-0.5 L/min®| 137, Air flow= 4.5 L/min ¢tk AR
71t 22250+ 1.0CH o, §EEE=32.0+£0.5 psu
£ A
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HI

% A& F£2-2 Bligh and Dyerd'#(1959)0] #3121t} H] 7
ol A& 5 g& F5lto] Ml2E4)7](homogenizer AM-12, Ni-
honseiki Kaisha Co. Ltd., Tokyo, Japan)o{| 4] 15,000 rpm= 5
B7F B3t 3, Chloroform3} MethanolS 2:12 &35 &
S-S A= 2 i g o] 3FF 5t A% th chloroform
Fehe Relaly] gisto] St BokAT 9o Zu)) S 7, 1
#1°l Na,SO, & o] 41A413] chloroform<3-1F Z2u 2] 7] 394
t}. 22| 5 chloroform & %15 3] 4-527](Rotavapor R-114,
BUCHDE AHE-3t] 40T ofstoll A §uflE 23] SHAlX]
7,330 % A40| BAS 25T BE e Ak 7]
ool A 2YstATh A A methyl ester =4 3= Al 2
gt Wi #2E2(C,, , methyl ester) 1 mL (1 mg)E cap tube
of F35}aL, 0.5 N NaOH-methanol &8 1.5 mLE 7}s}o] &
a5 SRR ths, 100TCol|lA] 887k 7hdste] AHtstqlet. |
3 T 12% BF -methanol 2 mLE 713t & tube?] F+7-& 1L,
100°C oA 1187k 7} 3}ko] methyl3} 5151c). oF 30C & Wzt
3t & Iso-octane 1 mLE #7}5}al 30% 7} vortex mixer= &
Tstich. 241 3mLo) E8H 145 7 T E5o] RIS
6] iso-octaneZ0] E8] T == 519t iso-octane =2 A& H
(4 mL)ell %71 %, thA] iso-octane 1 mLE 73 th5 &5
A EZsto] A7 Hof| 2031 o] = AHPAL methyl ester A| &2
SFATE. A HAF B4 o] ARE-5F= GC (Gas Chromatography )=
Omegawax™-320 fused-silica capillary column (30 m < 0.32
mm X 0.25 pm, i.d., Supelco Co., Bellefonte, PA, USA)E %+
15t Clarus 600 (Perkin Elmer Co. Ltd., USA)E o|-8-3}3itt.
BXzAC R Columne 185CoA 887t X5k 37T /min
# 230 C7HA Ads AR 5, 1027 fFAI813ITt o] wf $2¢17]
£ 250T, A&7]+= 270°C 18] carrier gas+= He (1.0 kg/
em?’) & ARGSERITE AHARS] BAS Fd 2ol A AR
F#9] ECLY} Blasto] A6kl A4 35352 140,
16:0, 18:1, 18:2, 18:3, 20:0, 22:1, 24:0 (Sigma Chemical Co.,
St. Louis, MO, USA)¥} GC-MS (Gas Chromatograph-Mass
Spectrometer) = 574 %l menhaden 0il-& ARE-5}% T}

SAXE

< AR 39 W A5k mean+SDE LR 21,
JMP (2002) Statistical Discovery Software™ version 5 (SAS
Institute Inc., Cary, NC, USA)E ©|8-3}¢%] Tukey-Kramer
HSD test= 54| %] 2] s}3ict.

z a
NEm MES

D. celebensis®} Artemianauplii S A}55- 2ol o] 7| 6557t &
o]5k A4 Auh= Fig. 10] Lehd viel et e 27] 0.10 g2

glujot tiA] HolY o2 S At 469

A}FE-2 222} A D. celebensis 25+ LHu|of 25
ol A Z+7+0.56 g2} 0.39 g © & A F A& 23215 D. celeben-
sis g0l A Ad7do] ZFol S UER 3125 (P<0.05), 4521
A= 7E2E 0.94 g9} 0.74 g © & D. celebensis 2ol A A%
o] &=2 7 0 & UEPJTHP<0.05). 18] 1L 652 9| A= D, ce-
lebensis 572t AEM|oF FFol A 242 1.78 g940.92 g©
2 D. celebensis 530l A 2] Ad74Fo] =7 UERHTH P<0.05).
olw A7HIAE(SGR) D. celebensis B-o17}F 2.977%%.©.
o, dHnjolS FFol| A= 2.295%2 D. celebensis B+
oA 7= ol A LHERATHP<0.05).

D. celebensis®} LE|n]olS A8 2pojo| A 657t Folgt
AEE-2 Fig. 20 Uebd wiel doy, A A[2F 25404 D.
celebensiss 379 GE|fof FgolA AHEEo] 22t
93.3%2} 75.6%= AAAZ 252HEE] D, celebensisE 54
Bk JLof A o] A ELo] =& A 0 7 el o H(P<0.05), 454}
ol 4= 7+t 91.1%2} 63.3%2 D. celebensiss 553+ 7+
A O] BEEO] 2 A o= UEITH(P<0.05). ZL2| 3L 655219
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Fig. 1. Comparison of growth between juvenile Tiger puffer fed by
Diaphanosoma celebensis supplied of marine chlorella and juve-
nile tiger puffer fed by enriched Artemia nauplii.
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Fig. 2. Comparison of survival rate between juvenile Tiger puftfer
fed by Diaphanosoma celebensis supplied of marine chlorella and
juvenile Tiger puffer fed by enriched Artemia nauplii.
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M D, celebensisS E-38t -9} ere|ulo} Lol A 22t
86.7%%} 51.1%= D. celebensisE 3ol A AE=E0] =4
UHERSTH(P<0.05).

N

A s of| A AESE D, celebensis®} % 4733Vt Artemianauplii
o] AHPALF 2 AJ 2 Table 19] Uebd H19} 2}, D. celebensis?)
749-=16:0, 16:1n-7, 20:5n-3, 18:1n-9 18] 18:1n-7 - O &
LA el o, ofuf gk 717 20.98%, 19.53%, 16.42%,
10.23% 18] 8.60%: Ltepste. 9jopzat heulobe] 79
+= 18:1n-9, 20:5n-3, 18:3n-3, 16:018|1L 22:6n-3+-0 2 =
A yelgon, ol sk 242 21.83%, 18.27%, 13.69%,

Table 1. Fatty acid composition of juvenile tiger puffer Takifiigu
rubripes fed by Diaphanosoma celebensis supplied of Nannochlo-

- O] A€ - Feng Jin -

HF3 - Ay - HE

9.11% 12|31 8.42%& Lpebytet. 23FA|HhALe] A9 D, ce-
lebensis®}t Y F7st LdE|uloto A ZH2F 29.30%%} 14.57%=
D. celebensisT-oll A 37 VR 2.0 (P<0.05), Y7HE3E38}A]
HPAbe] 79-= 717) 38.35%2} 30.24% & D. celebensisT-0l| 4]
7)) JERGTHP<0.05). 12|3L sk Ake] A< D,
celebensis®}t Artemiaol| A 287} 32.35%2} 55.20% = %7
3} Artemia-ol| A =7 UERSTH(P<0.05). Y'n-3 HUFAS] 7
- D. celebensis2}t Ze|w] ot A Z}2F 20.34%2} 28.63% A1
Artemia~-ol| A 7| LHERSEO.1(P<0.05), Yn-6 HUFA 2] 7 $-
217} 5.25%%} 2.68%=A] D. celebensis1-ol| 4 37| LreRTH
(P<0.05).

Table 2. Fatty acid composition of juvenile tiger puffer Takifiigu
rubripes fed by Diaphanosoma celebensis supplied of Nannochlo-
ropsis oculata and that of enriched Artemia nauplii

ropsis oculata and that of enriched Artemia nauplii (% of total fatty acids)
(% of total fatty acids)' ) Tiger puffer
X - - - - Fatty acid - - - -
Fatty acid Diaphanosoma celebensis  Artemia nauplii Diaphanosoma celebensis  Artemia nauplii
14:0 3.26+0.06 0.48+0.03 14:0 3.65+0.09 0.26+0.05
16:0 20.9840.22 9.11£0.18 16:0 15.27+0.92 12.77+0.33
16:1n-7 19.53+0.03 1.9410.01 16:1n-7 7.04+0.15 1.80+0.04
18:0 5.050.02 4.9810.15 18:0 9.20+0.09 11.80+0.05
18:1n-9 10.23+0.36 21.8310.21 18:1n-9 13.88+0.12 16.79+0.45
18:1n-7 8.60+0.08 5.08+0.05 18:1n-7 5.31+£0.10 5.80+0.02
18:2n-6 6.4510.02 6.63+0.01 18:2n-6 3.12+0.06 4.5910.08
18:3n-3 0.31£0.00 13.69+0.32 18:3n-3 5.92+0.01 7.03£0.05
18:4n-3 0.00£0.00 3.56+0.24 18:4n-3 3.14+0.03 1.6210.06
20:1n-9 0.00£0.00 1.390.05 20:1n-9 0.22+0.01 0.57+0.01
20:2n-6 0.23+0.00 0.37+0.01 20:2n-6 0.23+0.02 0.41+0.02
20:3n-6 0.09+0.00 0.13+0.01 20:3n-6 0.29+0.01 0.35+0.03
20:4n-6 4.59+0.08 2.18+0.14 20:4n-6 5.55+0.09 6.35+0.16
20:3n-3 0.00£0.00 0.00£0.00 20:3n-3 0.29+0.01 0.00£0.00
20:4n-3 0.00£0.00 1.07+0.01 20:4n-3 1.03+0.02 0.60+0.02
20:5n-3 (EPA) 16.42+0.28 18.27+0.64 20:5n-3 (EPA) 9.1240.35 5.82+0.12
22:4n-6 0.00+0.00 0.00£0.00 22:4n-6 0.66+0.05 2.4610.08
22:5n-6 0.34+0.01 0.00£0.00 22:5n-6 0.40+0.01 1.07+0.03
22:5n-3 0.00£0.00 0.88+0.03 22:5n-3 4.9810.12 4.0210.04
22:6n-3 (DHA) 3.93+0.18 8.42+0.56 22:6n-3 (DHA) 10.69+0.68 15.90 £0.90
> SFA 29.302 14.57° > SFA 28.132 24.83°
> Monoenes 38.35° 30.24° > Monoenes 26.452 24.95°
> Polynenes 32.35° 55.20° > Polynenes 45.42° 50.222
>n-3 HUFA' 20.34° 28.632 >n-3 HUFA' 26.112 26.332
>n-6 HUFA 5.252 2.68° >n-6 HUFA 7.13° 10.65°
yn-3/yn-6 3.88° 10.67° yn-3/yn-6 3.66° 2.47°

'HUFA, Highly unsaturated fatty acid (above 20 carbon fatty acid).
Values are means of triplicate groups.

'HUFA, Highly unsaturated fatty acid (above 20 carbon fatty acid).
Values are means of triplicate groups.



A8 FRAYA] ol A Holom BulS a71

D. celebensis®} G733t Artemia naupliis 33 A5
29] AHFAF 2442 Table 20] YR v1e} 2T}, D. celebensis
2 33 AFE 0] HL=16:0, 18:1n-9, 22:6n-3, 18:0, L]
3120:5n-3 <=0 2 =7 Uelg o, oju] gk 7k7)- 15.27%,
13.88%, 10.69%, 9.20% 12]119.12%= YEGT) goF7ist
deujots T A9 = 18:1n-9, 22:6n-3, 16:0,
18:0 12|31 18:3n-32 0.2 &7 Uehhon, ojuff h5f 7t
7} 16.79%, 15.90%, 12.77%, 11.80% 121l 7.03%%= e}
ok 2SR ERARS] A= D, celebensis?} Artemia 53t
Ao A ZVzE 28.13%2F 24.83%= D. celebensisg o]+
oA A HERE o m(P<0.05), d7ReEsARAke] Ae=
Z¥7} 26.45%2} 24.95%% UERGTHP<0.05). 183l Tt
ESPAYALS] A9 D. celebensis?t dH|v|okggHol A 2
7} 45.42%%} 50.22%% GH|v|o} Il A A UEs T
(P<0.05). ¥n-3 HUFA9] % D. celebensis?} LE|n|o} 2+
Troll A 22t 26.11%%} 26.33% = A 2Fol & e A] ¢hgkow
(P<0.05), Yn-6 HUFA 2] - 72} 7.13%9} 10.65%2 e ]
of Faroll Al A LFERETH(P<0.05).

oo

ol§l A2 FolAl D. celebensis?t G U742kt den|ol=
Apt Apofofl Al it At D. celebensisE sa7-ol4 4
Ak AEe 2 = YeRgth o] gt A3k= De la Pena
(2001)2] Ao A K3}stA] 15U A2 soi(Lates cakari-
fen oAl D. celebensiset Le|njot 353t A3, A4E L A
EE&2 D. celebensis 37} thR1Q1 dH|m]obH Tt =9E0
], 12| A|->(Penaeus japonicas) $-7] 3ol 7] 304 5o &
Tt Ao A e A BEE A B D. celebensis?t 4H|
ojo} B} =7 YelRgti(Nakamoto et al., 2008)= A2}
AFSHA] LrElst T, ol Aol A D. celebensis 1ol A =
8 2 7]o] 0] 4 W =L el vlof ol o] 8] 7]
Uk dEmloks tiAIE 4= ol S22 ol A o= vEpyt
th. D. celebensisE w013t A-150] 440 80 w2 €
Q102 of 2} 7}A| 7k QIANATE 2|4 G FehA] Q1 S ol 4] sl it
e BrolFU S Aot g EeAiARe] A
S| 2fol7} Uttt $AHe] Z-G-F+= Linoleic acid (18:2n-6)
2} Arachidonic acid (20:4n-6)E 25X WK Holman, 1968),
of = ol A4l ol wel ApeAite 2 ARgShe A
AP FFeF 1 a4to] thErhar Bk §ltk(Stickney
and Hardy, 1989). &, #2 g0l Fetal stojete FA| 713
o)(Oncorhynchus mykiss)®] 73—+ linolenic acid (18:3n-
HE AeAAte R Q5FA|THTakeuchi and Watanabe,
1977a), % o|(Cyprinus carpio)2} WA+o|(Anguilla japonica) =
18:2n-62} 18:3n-32 W5 TR F 3l Zlo|ti(Takeuchi and
Watanabe, 1977b). 0]¢h= o222 0.2 2= (Pagrus major)it
voj(Seriola quinqueradiata)s-2] d|itolFo] QlojA= EPA

(20:5n-3)¢} DHA (22:6n-3) 22 Y'n-3 HUFA7} A7) 2
k1 R w3 QIth(Yone and Fujii, 1975a; Yone and Fujii,
1975b; Fujii and Yone, 1976). E3H A2 W] EPA7} 55-3]
3he5lo] Qlrka sheielE DHAR ARl 2571 7] o)
ol sfitelo] DHARFE SE5A14 o §ltke A+ (Bell et
al., 1995; Sargent et al., 1997)7} ®E %7 3}, LT
oF= H|EEH A2t = DHA o] W7| wfio Jd7dat7t
g Qlrhe Q7 L E 7] = 519 tHOka et al., 1982). T+
o] skl Bl AR W Slal WA Ao R
EPA, DHA 2 Yh-3 HUFAS 275} djate] zp]o]e] A
SA A S Al ol5 Aato] B2 o] th(Sargent et
al.,1997). skA|9k dHm|ote] - Yn-3 HUFAS] ghfo] =
5] Yo DHAE EPAR H8ksk= i AU S-S 7HA AL §lof
A BA| 7} &1L QItk(Oka et al., 1982; Alam et al., 1993). o]WH
AR ol A J7dslet dEmob= EPA7} 18.27%0°] 3 DHA
7} 8.42%= FUABHE FZoll = &5k DHAZF WA et
AL dE|uobe] e A @Al At o gk 280 o5t
o] DHA”} EPA=R 9738} 5| Ql& 7Fa/d o] Alth =3k ¢H|v]
of Lol A 18:3n-39] X[Hito] Eo|H o7 =2 2 dH|u]o}
O] S4S 2 e AL qlok. e Ho| =] A -G A
T oA 18:3n-3 XA ghefo] =& A Eolol= 58
gk Aol ARk, MEa 22 sjitolof Al DA AR 2 9]
A= v W2 Z1(Watanabe, 1993) 2.2 81514 317] 2o
ol gt Fo| L mlote] wAF o= Yrehhar Qi o] gt o
Elujote] GeFata ol A wizoll FUSdEHA = Y n-3 HUFA
O] kS S7HA A FFofofrt gtk sRA|NE A o] A%l D.
celebensis®] 73--= =] FAA2E sHA| Aol £
5} EPASF DHAZ}F Uebd 212 EPAE 9H-8haL Q= alf vl
M| 2521 N. oculata?} DHAE $-3-5}31 Q1= Schizochytrium
sp.& Ho|Z ujoF3l7] ufj&of D. celebensis®l] EPA?} DHA7}
A% Aolet AbrEnh. 12| Al =2 EPA o] vlaljA] -
DHAZE 7}41 D. celebensisS H-& A5-Eo A DHA”} EPA
B} =4 yeld A& D. celebensisol| 4] e EPA7F DPA
(docosapentaenoic acid)S 7] 4 DHAZ H&+e]= A HhAl A3k
W AUZ o] The sjilofo] ula) Saalo] olelg Zazh
et A o= Abm it e o] o] A ATEoA siAk
o= EPA7} -45] §t-5] o] Qlrhal slej et DHA=R %%ty
= &&7F=7] fZol sfite] A2 o) o] DHA R 5 55412
< ¢lth(Bell et al., 1995; Wen and Chen, 2003)= A7 &
H 7 o= n|Fo] Ko} o3t 7]2to] 2o v sfAlut Ui}
U= AIRIA] ofH thE sfiitofo] tisiA = vebb=A o
gt A7t o afEojop & Aoz AbrET
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