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Availability of Marine bacteria (Erythrobacter sp. Sn-1) for enrichment of
livefood in the slime flounder larvae, Microstomus achne
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This study was performed to compare the effect of enrichement of rotifer and Arfemia fed marine bacteria ( Erythrobatcer sp. Sn-1)
wiht those fed the different diets (Super Selco, w-yeast and marine Chlorella) on the slime flounder larvae, Microstomus achne.
Because the ratio of docosahexaenoic acid (DHA) to fatty acids in rotifer (dry weight %) fed on Super Selco and ESP-SR including
Erythrobatcer sp. Sn-1 was higher than that in rotifer fed marine Chlorella, the growth of the slime larvae fed the former showed
better than the latter. And the ratio of DHA and highly unsaturated fatty acid (n-3 HUFA) to fatty acids in Arfemia (dry weight
%) enriched by ESP-A including Erythrobatcer sp. Sn-1 were aslo higher than those in Artemia enriched by others or Arfemia
without enrichment. Larvae fed on Arfemia enriched by ESP-A showed better growth and survival rate than those fed on Artemia
enriched by others or Arfemia without enrichment. With regard to dietary value of Erythrobatcer sp. Sn-1, its use could improve the

quality of the live foods for the slime flounder larvae.
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Moo=
ol Fol ERANA 27 GAY BF H|MEEA rotifer,
Brachionus plicatilis ()24l L-type)# B. rotudiformis (¢} A<
S-type) ¥ Artemia® 7} Bol o] &&t3 glon sHitxoly F
B 4Z3 HEES 97 YoM e FAWAOR eicosape-
ntaenoic acid (EPA)Y$} docosahexaenoic aicd (DHA) 59 1%
EEX3A %A (n-3 HUFA)©] dt=4] ¥.g 8o} (Watanabe et al,
1983; Watanabe 1993; Rainuzzo et al, 1997). WA sjAka}e o)
A FFHE Yol EY n-3 HUFA &3Fo] $239, o]89 &
e HolQ ol 4 Hol9 n-3 HUFA &3 wehA &
o]7} & 4 9t (Rainuzzo et al, 1989).
Rotifer®] 7%, ¥4 &2E 943 7170l F waw2 WY
+ n-3 HUFAS] ¥3& #0]7] YN Ba R oF& A7t
FA AR (Watanabe et al, 1979; Lim and Hur, 1994), $3t29
(Fernandez-Reiriz et al, 1993), 1%l A27< 14t Chlorella
(Watanabe et al, 1983), Nannochloropsis (Lubzens et al., 1995),
Isochrysis®t Tetraselmis (Reitan et al, 1993) S22 rotifers ¢
372 33te] n-3 HUFAE /MAA L ¥ &4 zbojol 3332 9l
T3 Artemiad A% AAY 9= w2l n-3 HUFAY &%
Aol7t gow R3F ofFAeld FEHUE W n-3 HUFAY ¥
2o} HA copepoda®l YF Y Acartia, Tigriopus 5ol vdtd &
A& o} xpoje] 4 2 AEEH B2 FAH H2 st
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(Park et al, 1998; Watanabe et al., 1978). W&t Artemia® roti-
ferd} 2 YO 2 n-3 HUFAE /NAAZ 3 g4 Aol TF
832 1} (Rainuzzo et al., 1997).

HA rotiferst Artemia®] n-3 HUFAS #%#& Eo|7] 934
gFd Hol& /Latn 9191, Nichols et al. (1996) & Ho| A&
9 FIESAZ AFE o]4T o AEEFIERY ¢AY H
OJAES MY & Addtn RuEgoen n-3 HUFAF EPAE
Bo] Aitste oFE LAY EF rotifer Ao HF FH
A A2 (Erythrobacter sp. Sn-1)& ©] 43 23 3154 Chlorella
2 ¥ rotiferdth 433 n-3 HUFAY o] A ey
(Lee et al, 1997).

ojxE ¥ FFAAMT (Erythrobacter sp. Sn-1)& o] £t
Ho| &9 n-3 HUFAY ##& AAAE § gle Az ¥d
5o} Erythrobacter sp. Sn-1¥ 8% rotifer} Artemia nauplius
g #A7}A e (Microstomus achne) o1& Wi} o 2 0]59] 9ol
ESE A
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Rotifer A& A Yol o]&& A7AH zAojes FYPFAIZTY
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50 BH9E Fatag 2 (YT 00 F3HAY ¢& 1072
12198 7439 & dEF2AAM LIANAL 23F rotifer
£ 10~150A/m FFHt. B7tAbn] zoj e A £2& 11~
RCRAR, F5&2 15%2 AU 48 1UYA FAYZ Aol
Hsto] AR AEL A

Aol Al HelZ FFE rotifers 4 ton rotifer B FFR oA
% FF4AFY Erythrobacter sp. Sr-17+ 3718 ESP-SR (F
ABAL AL)E FFH AET, AT Chlorella® 388 43
T} 44t ChlorellaZ W9 3 Super Selco (Artemia System
SA, USA)E 1247 23 ¥ %743HA7] Super Selco H8TE 3}
At 4 AFTE 33 ey

Artemia HE Ag

Artemia A4 23L& 3 1094 F7HA0 2o} (AF 748
£053mm, AF 159 £ 022 mm, FA 123+ 042mg) 110°HgE
50¢ e19% Eetxd 2 (ST 400 54351 Artemia
napuliusE S7HA/M FF3HTt. F7tAE Aole] AE e
11~13C43, $5¢2 15% 2 3yt 48 1594 #8392 %
olg #3to AG, AE AFE FHHA) Antemiat Artemia
cyst (Great Salt Lake, Utah, USA)E 28C, AaAsiolA 244)3F
REIAANAT, =3 2ol A Holz FFHNA B3E Artemia
nauplius 3000007 A & 3 £ ¥]o]AY F&3to ¥ FHAAAFE
Erythrobacter sp. Sn-17} A7F8 ESP-A (2] 3]4}, A L), Super
Selco, w-yeast (F43AL ol3t4A), |54 ChlorellaZ 1243
FEEEADN e AETY LS A gL dxTFE 3
At 9G4 A FFFE 4 JYBEAY A2F5F 028 F
FIAL 4 487 33 wE

Rotifer, Artemia % Z71X|0] Xlojo X|@at 24

Rotifer® Artemia®] A3k £42 AojoA Heolz FdH7]
Aol gste] Gz AR AFF F ~75Cd BIAIYL &=
g AR Aol A ML H4YFFE F Aolle MAE
F3% F —75C) 2@ YELD AEE Bligh and Dyer
(1955)9] W} wel AL #2340 A4 methyl ester
EAge AOACHY wE AE dFFFY WFEFEA (C23:0
methyl ester) 1mé(1mg C23:0)8 cap tubed] FH3FZ, 05N
NaOH-methanol €9 1.5nE 7}3te] A A o 100T
A 383 7tgste Asta Ao, ¥ 12% BFs-methanol 2 &
74t AL A UL whed T4 @detd] o)A 100C A
2087 7tE3Y methylesterst 3Rt oF 30~40CE ¥4d F
isooctane 1mE A7}3lxn A& A g 30Z7F vortex mi-
xerZ EFERGE F4) snle XLIAEFE JtEtn A FAT
e EEo WA3lY isooctaned ol HHYHEE Y. isooc-
tanex 2 AEH (4nd)dl &7 F 94 isooctane 1 mE A7}

& &9 A F&89 ANEW] Eo3 o]E A4t methyl
ester A2 s+l

AWt 4o Al43l= GLCE Omegawax-320 (bonded poly-
glycol phase) open-tubular column (30 mX0.32 mm, id., SUPE-

LCO, PA, USA)°] #A 8 Shimadzu GC 14AE o834 &

HzAL columndE 185C~220C (3C/min), injector& % 250C,
detector &%= 250C 123 carrier gass He (1.0kg/cm) & A&
BETH AW EAL E2dzAdA 2MH ¥EE9 ECLF
vl gte] A Ao, AR BEFL 140, 160, 18:1, 1822, 18:
3, 20:0, 22:1, 24:0 (D-104 Doosan Serdary Research Lab. Kyu-
ngki-do, Korea)# GC-MSZ ¥% ¥ menhaeden oil& AHE-3}
=3

HolEFo W rotiferdt ArtemiaZ FFF VAR Aolg
A, REE L Aoy AY 240 gt 48 AHE one-way
ANOVA-test& 443l Duncan‘s multiple range test (Duncan,
19552 A7 Hwde #94 (P<0.05)& SPSS (SPSS Inc, 19
97) program (Ver. 7.5 2.2 HA3 A
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Ho] ZFo W& rotifers] AW 24& Table 13 29 3
FAY Chlorella2 W3 ¥ Super Selco2 U733 AdF 9
g4 ChlorellaZ. v} 3 AT EPA B&o] 77} 2248%,
2349% 2 ¥ Jelygct, T3 a4t ChlorellaZ W 4% F Su-
per Selco2 F U473 48 toM DHAY ¥A Jebtth 19
Y 34 ChlorellaZ W43 A8 FAA4E DHA 098% 2 ©f
& A8T7EY 9% @A JESY 03 HUFAY ¥&2 3544
ChlorellaZ ¥l %3 ¥ Super SelcoZ Y4723 HAPTFANA 41,
67% 2 71§ A JEsd.

Hol FFol w rotifers QAFHI A7IAH Aoy FFH A
Z82 Table 29 #t}, @714 ztole ARL 54t Chlore
HaZ ¥iFd ¥ Super Selco2 B Y728 TN 869 mmE

Table 1. Fatty acids composition (area %) of the rofifer fed
on the different diets

Fatty acids - Diets
ESP-SR  Marine Chlorella Super selco

14:0 253 415 2.70
1610 1223 14.46 9.59
16:1n-7 11.16 16.11 1043
18:1n-9 17.19 246 2.12
18:0 475 2.82 7.15
18:1n-7 389 3.60 353
18:2n-6 869 3.05 - 447
18:3n-3 117 022 0.60
18:4n-3 038 021 0.55
20:1n-9 193 0.93 134
20:2n-6 047 0.23 035
20:3n-6 096 0.54 045
20:4n-6 1.58 288 2.18
20:3n-3 0.18 0.16 0.19
20:4n-3 0.86 071 1.23
20:5n-3 (EPA) 6.86 2248 2349
22:5n-6 0.51 0.00 0.25
22:6n-3 (DHA) 307 0.90 9.86
n-3 HUFA* 14.65 31.19 41.67

*HUFA, highly unsaturated fatty acid (C>20).
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EA Jebt A% ESP-SRE wis Ad7dE 984 Aol
BolA gsket. 2 &sialo] zpole] AT AHEE] AA
€ 9o} FF @& FYF Hojw HolA ¥tk
glo] F5o e rotifers AFAS F7iE] pofe] AHd vl&
< Table 3% Zth Ho|FFo| wWE EPA% n-3 HUFAY ¥&&
2tz 72~99%, 173~185% 2 $9&Q Aol veh}A gsitt
324 Super Selco%t ESP-SRYIA ] DHA H|&-& 57% 2 B3
A Velg A A Chlorellas "9 WA Uebsdd (P<0.05).
FFsA N BE Artemiad] A 3L Table 49 2},
ESP-AZ ¥%7%3& Aremia’t EPA, DHA ¥ n-3 HUFAY ¥
go] g H¥FEG w$ w4 velxtth 28y 844 Chlore
a2 G435 Antemiat F¥728E A &L Aremias
EPA, DHA ¥ n-3 HUFAY H] &4 SlojA @ ZAFE BT,
FIABA | GE Aremia® FFE A7IA U Aoje AR
HEEL Table 59 2tk &7lAln| X}OH AL 487 w2
Atole YERYA gkttt a8y A Z& ESP-AS FEE AET
dX 325mmZ 7H EA JeErg AT Super Selco® FFE 4
AT 281 mmobe zol7t Ytk FFFIE A L Artemia
AF7 71 Fe 225 mmE VERAT FAERY e
ChiorellaZ G¥728 3 Artemia 2F 7% F93Y Fole B
o}A] ¢kokch w3 AF L ESP-AE L7238 Artemia AE T
A 56 mglE BA JEISAT YA E A Be Artemia ¥
T8 AYstie A Aole BolA ¥t AEE A
o]A = ESP-A AT 714 L2 33% 8 RYAYW FAERS
Supcr Selco A@T9E Folrt gdch £ YA E A &
& Artemia 2277 71 2L 60% 2 JEFEA S 44 Chlo-
rella B8F (100%) e 2ol7} YUh

Table 2. Growth and survival of the slime flounder larvae, Mi-
crostomus achne, fed on rotifer enriched with the dif-
ferent diets

Total length
(mm)

Diets Bo<(iy w%dth Survival rate

mm mm %
ESP-SR 847 +0.123* 212+ 0.056*° 480+ 3.87°
Marine Chlorella  7.55 £0.124* 227 £0.302* 42.8 £232°
Super Selco 869 +0202° 206+0144° 322+ 10.84°

Values (mean = s.e. of three replication) in the same column not
sharmg a common superscript are significantly different (P<0.
05).

Table 3. Fatty acid compositions (area %) of the slime floun-
der larvae, Microstomus achne, fed on rotifer enri-
ched with the different diets

Diet

Fatty acids - e
ESP-SR Marine Chlorella Super Selco
EPA 72 1.10° 9.7 £ 044° 99074
DHA 57%125° 261006 57+089°
n-3 HUFA* 173 £3.02¢ 173 £ 0.71° 18.5 + 2.64*

Values (mean * s.e. of three replication) in the same column not
sharing a common superscript are significantly different (P<0.
05)

*HUFA, highly unsaturated fatty acid (C>20).

olgdA - HEh

CHEA - AeE - 2d9

FFEIA FF WE Antemiag F ?‘& F7}Au zpoie} A
HhAE H]&-2 Table 63 2t} ESP-AS TFE Aolg A4 e
o2 AT Aol 2Tt EPA (224%) DHA(198%) 2 n-3
HUFA (488%)7} 7t &4 Yt

U2k

a

ikl 7 Zpole] YA GeAWAFe #E dFA EPA
4 DHASH Z& n-3 HUFAY #3F& siitziole] B34AA 43
I A2E B2 9%& v A) (Watanabe et al, 1983; Wata-
nabe, 1993). WEtA] sjitAtole) AFA Q] A AEES ¢V
A e AodlA FFHe 27] Ho|WE rotiferdt Artemiad]
n-3 HUFAY #3#2 ¥9oF $c} (Watanabe et al, 1983). 28

Table 4. Fatty acid compositions (area %) of the Artemia fed
with the different enrichments

. Enrichments
Fatty acids
Control* ESP-A Sslé c%r a-yeast éﬁf}?ﬁa

14:0 0.88 099 071 0.66 0.70
16:0 12.50 8.45 878 1247 1285
16:1n-7 455 284 2.80 0.00 1.52
18:0 494 420 550 574 599
18:1n9 1561 1194 1635 1609 1040
18:1n-7 5.54 4.52 482 6.54 2.83
18:2n-6 5.69 452 522 530 549
18:3n-3 2865 1444 2462 2653 2741
18:4n-3 4.19 246 372 401 3.97
20:1n-9 0.44 145 0.80 0.95 0.52
20:20-6 0.15 026 022 021 0.20
20:3n-6 0.16 0.19 022 021 020
20:4n-6 1.37 1.46 1.60 1.59 1.60
20:3n-3 048 0.40 0.52 0.57 0.57
20:4n-3 0.46 0.81 0.58 049 0.00
20:5n-3 (EPA) 017 1402 579 119 0.77
22:5n-6 0.00 044 0.12 0.00 0.00
22:6n-3 (DHA) 006 1191 295 0.90 022
n-3 HUFA' 117 3061 1004 3.16 1.55

'HUFA, highly unsaturated fatty acid (C>20).
XControl, without enrichment

Table 5. Growth and survival of the slime flounder larvae, Mi-
crostomus achne, fed on Artemia enriched with the
different enrichments

s T g Doy o By Sl
Control* 881 +£0365* 2250305 30x70° 60 £ 289
ESP-A 1014+ 0469 325+0063° 56+30° 33055°
Super Selco 980+0319° 281£0143* 471665 206T150*
@ryeast 9841 0187° 26310069° 4180 43+94™
Marine Chlorella  990+0248° 256+0112®° 43+40™ 100£577°

Values (mean * s.e. of three replication) in the same column not
sharing a common superscript are significantly different (P<0.05).
*Control, without enrichment
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Table 6. Fatty acid compositions (% area) of the slime floun-
der larvae, Microstomus achne, fed on Artemia enri-
ched with the different enrichments

) Enrichments
Fatty acids -
Control>? ESP-A  Superselco  «-yeast (}’\I/zllaor;gﬁa
EPA 025 224+103 29%044° 19£1.01° 142069
DHA 125 198094 181020° 1.3+045° 121061°
n-3 HUFA' 743 488+221° 123 £0.74* 97+ 1.05* 100 + 3.03*

Values (mean + se. of three replication) in the same column not
sharing a common superscript are significantly different (P<0.05).
'HUFA, highly unsaturated fatty acid (C>20).

*Control, without enrichment and no replication.

U HolES rotiferst Artemia®l n-3 HUFAY] #&2 o|& H
o] B FFHE Yol n-3 HUFAY o utetA zpols}
U7 &9 (Rainuzzo et al, 1989), o8 79 FYA A
o83t n-3 HUFAZ MAAIZ & #Hojo) Ho)2 FFHHL

B Ao GYatA e W& rotifer® Artemia®l n-3 HUFA$
Hl&o] FE&5E A7A 0] zole 4R AEEL ¥/ vehte
738S HY¥ch. a8y ESP-SRE FFEF rotiferd ZB¥ n3
HUFAY] H]&& 3|44t Chlorellalt ¥31 Apolo] A&EEL &
Aol g Holx FAIT AL wA JERT (Table 2). o] F2S
A¥+= Y54 A7t n-3 HUFAS EPAXT DHAE ¢ o] &
Fated 7198 4 Ut (Olsen, 1997). ®3 Watanabe (1993) &
A7 Aol ojF o] welA DHAS el Aol7l 9lem &
8 W53 oFIE 254 oFEY Aol A4 U9 DHAYE =91
B3t 22y DHAY 3L Aoyl REFE AKdS5rt A
g2 o 9] DHAE F43] Z4dc (Watanabe, 1993). o
B Y54 o]F9 DHA U0 A uehlr] gid o9
DHA &7%% A JEd Zoz2 addr.

ot £ 479 A8l @A zlole Y54 AREH
DHA ¥H|&°] & ESP-SR$} Super SelcoZ %43 rotiferg A
g Aoj7t DHA H-&°] W& 354t ChlorellaZ W 43 roti-
ferg AT zAoB T &t} AU DHAY vl&o] =A VLY
gEd 47o A JeEid Aoz wAdHT

Watanabe et al. (1983)¢] A%, 3154t ChlorellaZ ¥ %3 roti-
fer= n-3 HUFAY H &8 37HAE & Sl £& Yolo|A T £
489 ¥F4 4% F7HAY] AojE WEe s ¢ 2 rotifertt
Artemia®] DHAZ} ¥7] 989 2HH-gdn dddct T8 Fe-
randez-Reiriz (1993) & Super Selco?} rotifer®] EPASH DHAY
HEE gole $2 du¥7dAzn rudged £ 4749
rotifers ¥4 YEPT Artemias rotifer™Z EPASH DHAY Y|
&2 F/HEA gtk 383 ESP-AS 3FF Artemiad A%
EPAY DHAE &7 uelde=s ESP-SRE ¥3E rofifere Ar
temia®tE A Gy} o)4Le A Holo g )AL
AHse Y5 wadA n3 HUFAS #43%e o9 Rez
AAE gog o g FAHY G775t £ Holok & Ao
2 B9 ¥ (Dhert et al, 1993).

Nichols et al. (1996) % Watanabe et al. (1992) & rotifer?] %%
A3E Y8A AEE ol 83AEH, ol F& EPAT Bl 4

AH AP DHAT W$ 94 Jesaga B3 e deu &
AgolA B3 MEQ Erythrobacter sp. Sr-17F #7H8 ESP-
SRY A% Lee et al. (1997)9 E7AE rotiferd) DHA H£9|
8|44t Chlorellabth ¥l 23 EA Jebdch 53] 334 ATl
Erythrobacter sp. Sn-17} d7}8 ESP-AY A% Antemial & ot
& Ho|Ht} EPAS DHAY M &o] W% A eyt gedA
3§ M) Erythrobacter sp. Sn-18 378 ESP-SR, ESP-AS
o] &8 rotiferst Artemia®} FENA TS U FHY Y4
sSART o R3] ez fpddd

39, ESP-SRE FHFH rotiferd] DHA H&o] 307% 24
Super Selco® FF# rotifere] DHATE 9.86% 24 A9 ¥y &
& DHAY 24 713 edx B33 (Table 1D, ol 5& AH T
A71Am Aojd M 4& 5 DHAY ¥ &0 57%2 $4&HA
veldth (Table 3). ol A& AB7A HolBEeY Fdt BIE
A3t ded XA 93 Ho|AE F DHA #ol ol
AE9 GPrte Iz vtgdhe Zo] o HolYEd EA
e A2 Fe) gty 232 F J5E yEHdg. S 5o
AE 2 EA3t= EFZAFols el SFHAZY, 9%
of 9d Fag Holu, =3 JYASA ] AHe-E Ao} EF
FAgeols, dagAgels, BxFAeels, {3
dadz e 5o XA Feho whhA Hol Y A =
A== DHAY &% 4% P45 A& dF4E Yzl
goz HolAE AU TFHE XA e @E
A77t dgEojop 3n, olejqt Ao o} JFEE W 2
Age Ade]l e @ Aoz BHHEM

Rotifer® ESP-SRZ W FsldA o F Aold) 35& A, 234
JH73E 3 Super Selcod} HMIRE o FUYA3}E A g2
2 HolZ FFIAE & dFL YPE AoZ HuEo Holy
g I F94A d$ Hag Aoz AGEn, ofH§ Hel
AE 358 99N FALRE /H5A FALRE rofi-
fers Wl ¥3tH 5:4Y Chiorella®t} ¥l%5e FAAFE 2
3] rotifere] A4S B4R 3= 9o € £ 3t (Wata-
nabe et al, 1979, Lim and Hur, 1994).

2 97y A%s ¢ BW, /AT Erythrobacter sp.
Sr-17} #7148 ESP-SR# ESP-AE HolAEX rotifer® Artemia
ol TFEY A% n3 HUFAZ MAAA o]ES 43 A7iAq]
Aojel AT HEEL AE & Jv F& Holgin Addt

g o

27120 (Microstomus achne) Ao & tlde 2 A (Er
ythrobacter sp. Sn-1)& 35 rotifer?t Artemia® F¥MAEH
£ Super Selco, A EE, 8154 Chlorella®t v R ZALSH . 3
GAH o] 38 EPS-SR¥ Super Selcos 83 rotiferdl A A
443 DHAS ¥l &o) |54 Chlorella® 3% rotifer? ok ¥
%3, 1 A o] EL AT Aoy Aol wA veuth =9
oMol EX¥E EPSAE FTEE Aremiac DHAS n-3
HUFAS ¥l &o] 42 QU443 A st 9423 AE TF3A &2
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Artemiath Etth. WA ESP-AS TEE Aojd 447 4=
go] g 9YBSAY FHAE FFAALL AR &
A etk S1%AF Erythrobacter sp. Sn-19] Hol €89 &
Aol A7) ztolE AR ¥ w Hol B9 Poke MM
A & 98 Aoz Bady.
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