J. of Aq

Vol. 17(3) : 187-196, 2004

3

X
i)
H
av)

/

v
of
R
,
12

uaculture

grmogaleten|
Journal of Aquaculture

©Korean Aguaculture Society

% ZF3HA| Froll vE rotifer, Brachionus plicatilis®] A3} 24

4LE7]* - Joseph A. Brown'

ZFEI S B Py F-
'Ocean Sciences Centre, Memorial University of Newfoundiand

Biochemical Composition of Rotifer, Brachionus plicatilis Enriched
with Different Commercial Enrichments

Heum Gi Park* and Joseph A. Brown'

Faculty of Marine Bioscience & Technology, Kangnung National University, Gangneung 210-702, Korea
'Ocean Sciences Centre, Memorial University of Newfoundland, St. John’s, Newfoundland, Canada A1C 557

This study was carried out to investigate changes in biochemical composition of rotifer, Brachionus plicatilis,
enriched with the commercial enrichments (Enhance, Advantage, Algamac-2000, DHA-Selco and Advantage
+ Chlorella) at various durations of enrichment (0, 6, 12 and 24 hr) to improve the growth and survival of marine
fish larvae. Total lipid content of rotifers enriched with various enrichments tended to increase with an increase
in durations of enrichment up to 6 hr, but after that, was not significantly affected by enrichment materials. How-
ever, total protein content of rotifers enriched groups except for Advantage+Chlorella decreased with the increase
in duration of enrichment. The highest protein/lipid ratioc showed 2.7 in rotifer enriched with the Advantage
+Chlorella. The phospholipid/lipid ratio of rotifer enriched with the Enhance, Advantage and Advantage+Chlorella
groups was significantly higher than that of enriched rotifer with the Algamac-2000 and DHA-Selco groups. The
highest DHA level, 2.5%, of rotifer enriched for 24 hr was obtained in the Advantage, but was not significantly
different among other groups, except for Algamac-2000. No significant difference in DHA level of rotifer enriched
with the DHA-Selco, Algamac-2000 and Advantage+Chlorella groups was observed between 12h and 24hr of
enrichment. The DHA/EPA ratio in the enriched rotifers varied among enrichment material groups, ranged from
a high level of 11.1:1 in the Advantage+Chlorella group to a low level of 4.1:1 in DHA-Selco group. The results
from this study indicate that rotifers enriched with Enhance, Advantage and Advantage+Chlorella seemed to be
effective to improve nutritional value of rotifer for marine fish larvae because phospholipid, DHA/EPA and pro-
tein/lipid ratios of rotifer enriched with Enhance, Advantage+Chlorella were higher than those of rotifer enriched
with either DHA-Selco or Algamac-2000. Especially, supplementation of the Chlorella to these enrichments would
appear to be effective for improvement of fish larval performance because of no reduction of protein level in roti-
fer, which is critical for growth of fish larvae.
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M B2 fatty acid, HUFA)2] Docosahexaenoic acid (DHA, 22:6n-3),
Ficosapentaenoic acid (EPA, 20:5n-3) ¥ Arachidonic acid

WA o] Fo] v Wz Ho| HH A Aoj7] B (ARA, 204n-6y= A Ee] 74 B 2 Ay g4 2

A AL AR 2 w9 T3P o]E9] T 94“& of FAAste] 7] 2poi] A, AE g e Foll MOW ‘E%%
FE Hol& HH37] A7A] d&el et FAl 343] DL HA = o2 BT i Watanabe, 1993; Takeuchi,
23R B &S H2ATtHEvans et al., 2000). WA o]F 2o 7} 1997; McEvoy et al., 1998b; Estevez et al., 1999; Sargent et al.,
ol AHsk= A7l FFEE Hollle] A Ay ol 3+ 1999; Izquierdo et al., 2000). TA] 7] x}oie] Ho) *g%i o
F2 ujf Fasitial & 4 Qi) o] o] 85T Y= rotifers FE 244F Chlorellatt WaER
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T A8} =BT 3A WA highly unsaturated  Ho|2 3] thE@ARALEA|RE o] 59 HolE TEEXIA oh_
o] gheFo] A9 gl7] Wil o)ES HF 3 rotiferd] n-34) I
ZEE A kel dHaEe u)-$- S (Park et al., 1999a; Park et
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alj, 2000). WA n-3A4] T E XA dHefo) Be X
£ o] 83 rotifere] ¥ 7337t wr=A] 22 3th(Rainuzzo et
311, 1997).

FHzZol= 3t olF ztole] HololX DHA, EPA % ARAS]
%ﬁ%k 2 o)59) Al vl&o) Fe AHo] IRFHI Yo}
(Sprgent et al., 1997, 1999; Harel et al., 2001; Bell and Sargent,
2003). ©] o4 EPASH 34 A9l e DHAE 32 ¢ ¥
o] 27ZA wgsz A wo] WY T FHA T8 9T
%];»‘& Aoz wyH v 9lth(Sargent et al., 1999). kb AHA}
21 oF zpele] 44-g 984 vlaLa DHAZ} EPARTH =
A a7, )% WA DHAS 8738 o Aoz
E&’.Ql SJtH(Takeuchi, 1994; Sargent et al., 1997, 1999). &
3], Wg/d o/ =%7F, Limanda ferruginea, A% 7t
A0, Hippoglossus hippoglossus, T, Gadus macrocephalus
o thdt DHAY &7%S &4 o}FHT} vl ¥ Ao
B E 3 JrHZheng, et al., 1996; McEvoy et al., 1998b;
Copeman et al., 2002). ©]x]% DHA®] £24 wW&o] DHA}
£29 DAZF, 45109, PR, AF 5L )88 rotifer
E & AN F Aojoll FFFEA ol ARl
ABEgo] AN E FAFS BYrk(Kang et al, 1999; Park et
dl,, 1999b; Park et al., 2000).

jf‘&% Ro nnestad et al. (19992 Tl @ o] %7] zloje] o]
43R o1l o159 4ol Wl T2 4BL Iy B
At A& =9, T Yol BE< rotifere] B AFatel
turbot (Scophthalmus maximum) A}0) 2] Q&) & 39 o
W gl B rotiferS AAT Aol7t Yt HEgl 2
oAX 3 o2 eIt Die et al, 1997). wWakA] 4t
Fpoj] AR A4S AsliAE A8 /A azEEsA
sak ofg} 27 wo| B whid FFE ujg F251A
aejEofol & Ao E g

WA 2 ATE 27] S ofF AololAl FFHE =l
B rotifere] TE2Q G4 A3 sl A s IY
A8ASE G 784l B4 Chiorellad] 87} 2 F% 75} 4]

Zholl W2 rotifer?) A& 74, DHA, EPA @ ARA 33 2 o]
9] A H&3) v s vl B8k

Mz o Uy

Ak ZEH|

B A AMgE g A3 Crypthecodinium sp. & -
A5 B9 AF A ¥ (Enhances} Advantage; MarTek Bioscience,
USA), #3242l DHA-Selco (Artemia System, Belgium),
Schizochytrium sp.2 74E % 71& N E(Algamac-2000;
Bio-Marine, Hawthorne, CA, USA)9} Advantage %% 73} A]
=2 Chloreilagl A7V= Chlorella vulgaris (Chlorella; D)4}, &t
$Z ol g3t ol A AsAle] A, At T B &
Wz ke Table 13 20 YERAATH

Rotifer ¥2F 243}

Rotifer= G 738} 4% o)) W& 29} Culture Selco (INVE,
Dendermond, Belgium)E ©]-8-5}o] vl %313}, Rotifere 1 mi
@ 400 A= 10 L] WEE7IIN 9% 24 08 g2 o)
Foll A HH (0, 6, 12 by Vro] FFERL, G A3t 2
19°CE FA 3Tk ZF A A2 F A8 rotifere] A
Aat At 2 il BAE QJEiA AZRE(6, 12, 24 hE
H]FE710 A 4x10* rotiferss 585t E490)) ]85k

XA % i3 2y

AR £83 rotifers 7R o) A& S filter paper (GF/
O 95} 8 F, A& 322 9484 1 ml chloroforme] $1E
15 ml test tubell filter paperS &3t AALZ ZHE F
20°ColAT B3Itk 2122 Folch et al. (1957) BES ¥3
A1Z] Parrish (1998)2] W 0 2 FZ&IArh. A2 4L Parrish
(1987)°ll 218 A|AjE thin layer chromatography (TLC/FID)?!
MARKYV Iafroscan (latron Laboratories, Tokyo, Japan)= ©I-§-

shol gAsiet.

Table 1. Total protein and lipid content, and lipid class composition of commercial enrichments used in this study (mean+SEM, »#=3)

Enrichment materials Enhance Advantage Alg;mac-ZOOO DHA-Selco Chlorella
Total protein (mg/g DW) 9.9+0.1 12.244.5 18.1+1.9 - 75.543.5
Total lipid (mg/g DW) 171.4+15.0 141.5+4.1 289.7+£5.3 658.7+£24.3 58.4+3.5
Lipid Class (% total lipid)

Hydrocarbons 54215 34z1.1 1.820.5 0.70.2 6.5£0.9
Steryl/Wax Esters 0.0+0.0 0.0+£0.0 0.4+0.2 0.0+£0.0 0.0:0.0
Tﬁacylglycerols 59.3x1.5 59.8+1.0 66.9+0.7 52.2+1.4 0.0+£0.0
Free fatty acids 49x52 5.740.6 17.120.3 2.7x0.1 0.0£0.0
Aleohols 2.5+0.8 1.7+0.9 0.2+0.2 0.0£0.0 0.0+0.0
Sterols 29+1.2 4.6+32 22+1.4 0.7+0.4 0.0+0.0
Acetone mobile polar lipids 11.6+0.8 12.2+1.8 53+1.2 6.2+1.7 17.7£0.8
Phospholipids 13.4+22 12.7£1.6 6.0=1.0 4.2+0.4 75.8x1.6
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Table 2. Fatty acid composition of the commercial enrichments used in this study (mean+SEM, n=3)

Enrichment materials Enhance Advantage Algamac-2000 DHA-Selco Chlorella
Fatty acids (% total)

14:0 3.5+0.0 14.7+0.2 18.0+0.4 16.8+0.0 1.4+0.0
16:0 20.9+0.2 17.4+0.9 17.7£0.4 39.9+0.5 20.2+0.2
18:0 6.2+0.1 1.3+0.1 0.5+£0.0 1.120.0 0.4+0.0
ZSFA' 35.6+0.0 33.8+14 36.4+0.9 58.9+0.5 43.5£0.1
16:1n-7 5.3x0.0 2.60:1 2.0x0.0 3.70.0 0.2+0.2
18:1n-9 0.0£0.0 10.0+0.1 9.8+0.4 0.0+0.0 1.7+£0.0
18:1n-7 15.240.1 0.4+0.0 0.0£0.0 2.4+0.0 0.4+0.0
20:1n-9 0.4£0.2 0.0+0.0 0.0£0.0 0.0£0.0 0.1+0.1
IMUFA? 24.7+0.3 13.5£0.0 12.0£0.5 6.2+0.0 3.9+0.2
18:2n-6 5.5¢0.1 6.4+0.7 0.1x0.0 0.1+0.0 49.8+0.0
20:3n-6 0.1£0.0 0.1+0.1 0.1x0.0 0.2+0.0 0.2+0.1
20:4n-6 1.4+0.0 0.0+0.0 0.0£0.0 0.6+0.0 0.0+0.0
20:4n-3 0.3£0.0 0.2+0.1 0.0+£0.0 0.4+0.0 0.3x0.1
20:5n-3 (EPA) 4.3x£0.0 0.5+0.0 0.0+£0.0 0.7+0.0 0.0+0.0
22:5n-3 0.9+£0.0 0.5+0.2 0.320.0 0.1+0.0 0.0£0.0
22:6n-3 (DHA) 21.4+0.1 43.8+2.2 51.1%1.5 24.20.3 0.1£0.0
ZPUFA’ 39.7+0.3 52.7+1.3 51.6x1.4 34.9+0.5 52.6+0.3
Zn-3 28.9+0.1 46.2+2.2 51.4+1.4 25.8+0.4 2.40.1
Zn-6 11.7+0.3 6.5+0.9 0.2+0.0 9.2+0.1 50.1x0.1
n-3HUFA 27.0£0.1 45.0+2.3 51.4x1.5 - 25.6+0.3 0.5+0.1
n-3/n-6 2.5+0.1 7.2+1.3 283.8+15.3 2.8+0.0 0.0x0.0
DHA/EPA 5.0£0.0 95.7+1.3 0.0£0.0 33.620.6 0.0+0.0

'Sum of saturated fatty acids (SFA) includes ai-15:0, i-15:0, 15:0, ai-16:0, i-16:0, ai-17:0, i-17:0, 18:0, 19:0, 20:0, 22:0, 23:0, 24:0 at

<1.9% each.

2Sum of monoene unsaturated fatty acids (MUFA) includes 16:1n-9, 17:1, 18:1n-11, 18:1n-6, 18:1n-5, 20:1n-11, 20:1n-7, 22:1n-11,

22:1n-9, 22:1n-7, 24:1 at<3.5% each.

*Sum of poly unsaturated fatty acids includes 16:2n-4, 16:3n-4, 16:4n-3, 16:4n-1, 18:2n-4, 18:3n-6, 18:3n-4, 18:3n-3, 18:4n-3, 20:2a,
20:2b, 20:2n-6, 20:3n-3, 21:5n-3, 22:5n-6,22:2NIMDb at<1.4% each.

el e Zh A7bE $2 & AR rotiferE Bio-Rad
Protien Assay (Bio-Rad Laboratories, USA)YE ©]-&3}o] thul
A& #Z3F I spectrophotometerE ©]-23} 595 nmol| A T
0y g ek

X|dhit A

RHEAE B8 test tubedl] YA A|RE 583 T 10%
BF3-methanol 2 mlE 718ty AAa $78 The 85°CoAl
1A ZF 3087 7} 8ted methyl esterd} 3491 THMorrison and
Smith, 1964; Budge, 1999). Al&= ¢F 30~40°CE W73 ¥
£} hexaneg H7iste Aihe £8 FE3Q0 FE2E A
W2k Varian 8110 autosampler”} =]l Varian model 3400GC
#-4]7](Varian, CA, USA)E ©|-&-3l Auhibg AT A
Wb 2o AM-El GLCE Omegawax-320 (30 mx0.32 mm,
id., 0.25 pm film thickness, Supelco Bellefonte, PA, USA)S
o] 43t} B4 2 AL columneE 185°C~220°C (3°C/min),
injector=% 250°C, detector <%= 250°C L2]3L carrier gas:=

He (1.0 kg/cm?y& AHE-3IE T}, A Rke] 4.2 Bl ZA 004
28 standard (PUFA 1, 3 2 37 component FAME Mix,
Supelco, Ontaro, Canada)E ©]8-3ld FAslIH T

Foll WE rotiferd] Tl gk 9l XA} #]
"4‘3]?—5"“ i3t 44 Z3= One-way ANOVAE 4
215t Duncan’s multiple range test (Duncan, 1955)2A] H
7] #-2]4 (P<0.05y& SPSS (SPSS Inc., 1997) program (Ver.
10.0)0.2 Agskant.

2

:2

QY 7dE AP rotifers] & A F e 3
3} Fig. 13 Zoh 28 Aol rotifere] & 222 A7t
o] AAETE FIshs S HAAT I A3} 6417 o
T AZHEE F3E Aol BolA| %%‘ikv}(lbo.osy g o
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Enhance  Advantage Algamac- DHA-Selco Adv+Chl*

2000
Enrichme nt materials

Fig. 1. Changes in total lipid (a) and protein (b) content of rotifer
(mg/g DW) enriched with the different enrichments for 0, 6, 12 and
24 hours. *Advantage (70% }+Chlorella (30%), Different letters represent
significant difference among duration of enrichment (P<0.05).

;ﬂ 6‘]-3}:0 /\]7Lo] 7ﬂJ,].zﬂ-)‘§ 7L —g;}_E_ 7330

Advantage+Chlorella AT A] 270~279 m,
W AR 2F SR A
BolA] UTHP>0.05).

B A3} T7 B2 2447 B A8 rotifere] THEA
2 Ao gt 2@ 7442 Table 39 YERITH 244]
7t B 7334 rotifere] & WA FHES Advantage+Chlorella

BAA 7
g/g DWE 27| &

2§99 Tl

+ Joseph A. Brown

A% T72] 276 mg/g DWE A9Jstr BE AET7} 27] rotifer
of @d Q270 mg/g DW)ET W7 Yehhe d&e B
3L Algamac-2000 (207.4 mg/g DW)3} DHA-Selco (196.6
mg/lg DW)E 4% 74813 rotifere] £ whila shake A 7t
9] rotifer¥HET fojF 02 B UERGTHP<0.05). L
21} rotifer®] & A §Fe BRE AF oA S ASH B
o 2 AL EA YERAL, DHA-Selco Aol 7Hd 2
135.8 mg/g DWE YERITHP<0.05). 211} Enhance®} Algamac-
20003 ARl Apole RolA] rh(P>0.05). 3 BE
Aol FF 748 E rotifere] T /K| ”e] ¥]& 7]
B 73] rotifer?] H-&(S.0)RT fro]H o R v vERs
THP<0.05). °1&§ AETF 7P e 9RE/AES B &2
Advantage%+Chlorella——rL°ﬂ/‘1 272 YEPY

S 24X 7 G 7FEHE rotifere] A 4L ZE HAQT
o)A triacylglycerol} phospholipid’} 20%°]d<} &2 ¥]&&
ZPAEEL AT 9 F 02 Algamac-2000014] free fatty acid
o] Hlgo] 23.2%% thE HPTHG iﬂl UrE}”E}(Table 3).
FY 7 ]'5} A]7F8 phospholipid®! H]-&-2 Enhance 3 Advantage

H% 'T“ﬂ"i 12417k o]% TA| —7]'3}"17(]”} OE A8+ Al

ko] ﬁJ}t’V‘i Zaste AFS BAthFig. 2b). 22
Alagmac-2000 2 Advantage+Chlorella A& 2] phospholipid
= AE 279} I s} AzbE -43‘?_] ztol= HolA] %
2. M (P>0.05), DHA-Selco & F T+ 12417F o] & F3 g
Apol HojA gttt #H 24A1 7+ ©]% DHA-Selco9]
phospholipid Hl&°| 2 AFrRt} 713 ©e 27.1%=2 et
HA R Algamac-20002F §-2]2]%1 2ol Ho|x] gUATH(Table
3; P>0.05). =3k A|7H triacylglycerol W& 12A|17W7HA] &
7Vebz 7A%E Holthrl 24x700) 5 ThA] ZHhshs AR B
Aok 2 DHA-Selco 12417} o] % A& F7tehs 43S
HAA T 1241703 £33 Aol HolA FUrhFig. 2a;
P>0.05). Gk 743} 2447+ DHA-Selco 2 379] triacylglycerol
9] H&o] 542%% TE AEF Rt} 2 HE&E ekt
(Table 3; P<0.05).

Table 3. Protein and lipid content, and lipid class composition of rotifers enriched with different enrichments for 24 h

Enrichment materials Initial Enhance Advantage Algamac-2000 DHA-Selco Adv+Chl
Total protein (mg/g DW) 270.3+5.8 231.3£6.0" 242.6+0.5® 207.4%2.9° 196.6+36.4° 276.0+0.3°
Total lipid (mg/g DW) 55.148.4" 116.1£2.0" 107.6+6.8° 133.624.4° 135.8+7.9¢ 102.5+6.7°
Protein/Lipid 5.0+0.7° 2.0£0.1" 2.3x0.2% 1.6+0.1* 1.5+0.4* 2.7+0.2°
ipid Class (% total lipid)
tlydrocarbons 0.9+0.5 3.5+1.2 4.2+1.9 2.9+1.6 2.4x1.1 3.9+2.2
Triacylglycerols 20.2+4.6" 35.5+2.0° 33.3x0.3® 39.1+4.1° 54.2+6.2° 30.8+4.9%
Free fatty acids 0.320.3" 2.4+0.2° 4.0+2.1° 23.210.1° 10.0£5.6™ 8.8+8.6*
Sterols 7.520.0° 5.4x1.6™° 6.7+1.8™ 3.4x0.4% 2.4+0.2% 3.50.1*
Acetone mobile polar lipids 22422 3.3x0.3 3.9+0.3 1.2+0.1 4.0+£0.8 3.5+2.1
Phospholipids 69.246.1° 50.0+1.7% 48.2+5.6" 30.4£5.2® 27.120.5* 49.7£9.1%

Values (mean+SEM of three replicates) in the same row not sharing a common superscript are significantly different (P<0.05).
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Fig. 2. Changes in triacylglycerol (a) and phospholipid (b) ratios in
total lipid of rotifer (%) enriched with the different enrichments for
0, 6, 12 and 24 hours. *Advantage (70%)+Chlorella (30%), Differ-
ent letters represent significant difference among duration of enrich-
ment (P<0.05).

B A3t AZPE A2 F%Y n-3 HUFA 2 DHAS 3
W3l Fig. 33 2t B8 AA7olA 9% 33} A 7ko] Az
&5 n-3 HUFA % DHAS] §ke 22 Aoz Zvlshe
ke RA2g Jeldth 28y DHA-Selco ¥ A% 9%
78k 124]7F o] BBl Aol Bolx] kT (P>0.05) B3,
Algamac-2000 A EToNA 6A17F o FF 73} A7kl e
olE9 FF2 FelHA Ao)7F YERA] G3ITHP>0.05).

3 FY A3 2427 o] F rotifers] XA 432 Table
49} 7t} FF A EFl W A= $%¥Y n-3 HUFA
o] 32 DHA-Selco A8 3.1%2 7F =4 JebstA
Sh, Enhance®} Advantage 2379} F213 ¢l Xpol= Rolx| ¢F
ATHP>0.05). $HH A= FHF DHAY 332 Advantage 4
oM 25%2 7P EA JeERERI T Algame-20002 A9
¢ oE 279 A Aol BolX] FATHP>0.05).

2477 F4 78 rotifer?] DHA/EPAS] H]-&-& Advantage
+Chlorella A@-7ollA 11.1:12 717 ¥4 Vel 3 Algamac-
2000 AET] 9.5: 13 #-21F<l 2ol HolA] &9k (P>0.05)
DHA-Selco A@7olA 7 @ 4.1%2 UERITHP<0.05).
WS EPA/ARAS] H]&-S Advantage+Chlorella®t Enhance 4

r

(]

El24 h (a)

W6h

N12h

— [
(7 I . )

n-3HUFA (% DW)

0.5

DHA (% DW)

Enhance  Advantage Algamac- DHA-Selco Adv+Chl*

2000

Enrichme nt materials

Fig. 3. Change in n-3 HUFA (a) and DHA (b) contents in total lipid
of rotifer (% dry weight) enriched with the different enrichments at
0, 6, 12 and 24 hours. *Advantage (70%)+Chlorella (30%), Differ-
ent letters represent significant difference among duration of enrich-
ment (P<0.05).

oM 27 5.2:12 7 A4 el ™ (P<0.05) Algamac-
2000014 7P¢ w& 1.3:18 YEeRt

I #

Z7] )4t o F Apoje] Ho| AMEQ rotifere] AY3}sHa 24
o tht A= Wol olfoHT) &3, o|FoA A3} n-3
HUFA?! DHA, EPA 9 ARA thgh #4)o] 5= 20T} (Planas
and Cunha, 1999).

Mercier et al. (2004y2 A 2] 74 A& 5 triacylglycerol
& Zpoje] Fa g AP O o]-8-E X7 phospholipids Al
Fepe) 4 W AR (neural tissues)2] F5A 98¢ 3t}
3 B3R Z28u) o[+ phospholipidS AHd o2 &4
g gl7] Wil Holg Tl RZHE FFHook it}
(Fontagne et al., 1998). 2 o]F zjoje] A3} A& o)
%+ phospholipid 3-F &3 triacylglycerolR T 28t o=
B E A Qlth(Kanazawa, 1997; Izquierdo et al., 2000; Bell et
al., 2003). ©|#{gt o|-R+= phospholipid 35 4384 2H]
o} Adsto] g Al 719 7)%50] 5T o] F o] 284
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Table 4. Fatty acid composition of rotifer enriched with different enrichments for 24 h

Enrichment materials Initial Enhance Advantage Algamac-2000 DHA-Selco Adv+Chl’
Fatty acids (% total)

14:0 2.1+0.0° 5.30.1° 5.8+0.2° 10.2+0.3¢ 2.3x0.1% 5.8+0.5°
16:0 7.7+0.2° 15.520.1° 14.6£0.3° 39.6+2.8° 14.2+1.1° 13.5+0.5°
18:0 4.2+0.2° 3.8+0.1° 3.1£0.0° 2.4+0.1* 4.2+0.3° 2.5%0.1*
ZSFA! 16.6+0.4* 26.1+0.6° 25.3+0.3° 54.2+2.9° 24.3+1.5° 25.3x1.0°
16:1n-7 26.8+1.0° 9.8+0.2° 11.120.2° 6.3+0.3* 9.8+0.2° 10.1+0.4°
18:1n-9 27.2+0.2° 14.0£0.2° 15.8+0.1° 4.8+0.1* 17.320.9¢ 14.6+0.4%
18:1n-7 7.120.7° 3.4+0.1* 3.6x0.2° 3.6x0.0° 3.9+0.3 3.3x0.4°
20:1n-9 4.3+0.3° 0.5+0.0° 0.6+0.0°* 0.3+0.0° 0.5+0.0° 0.5+£0.0°
ZMUFA? 73.6+2.1° 34.1+1.2° 37.720.7° 18.0+£0.0* 35.4%1.5° 35.7£2.5°
;18:2n-6 3.8+0.4° 8.9+0.4° 3.0+0.0° 1.240.1° 6.8+0.0° 9.7+0.2°
20:3n-6 0.8£0.0 0.9x0.1 1.0+0.1 0.6x0.0 0.8+0.1 0.8£0.1
20:4n-6(ARA) 0.7x0.1* 0.6x0.0* 0.620.0° 1.2+0.0° 1.8+0.1° 0.5+£0.0*
20:4n-3 0.0+0.0* 0.8+0.0° 0.8+0.1° 0.7+0.0° 0.7£0.0° 0.5£0.1°
20:51-3 (EPA) 0.9+0.0° 2.920.0° 2.9+0.2° 1.6x0.1° 4.50.4° 2.6+0.1°
22:5n-3 0.0+0.0° 1.320.4° 0.0+£0.0° 0.6+0.0° 1.420.0° 0.610.0°
22:6n-3 (DHA) 0.4+0.0° 22.520.6™ 26.520.0° 15.62.2° 18.7£2.0% 22.9+1.1¢
TPUFA® 9.8+1.6° 39.8+0.5° 37.0:0.4° 27.8+2.9° 40.3£3.0° 39.0+1.5°
Zn-3 2.0£0.0* 28.5+0.1° 31.6:0.4° 18.742.2° 27.1£2.5° 26.5+1.3°
Zn-6 5.9+0.5* 10.8+0.6° 4.7+0.1° 8.8+0.7° 11.320.4° 11.8+0.1¢
n-3HUFA 1.5+0.0° 27.5£0.1% 31.1x0.3¢ 18.6+2.2° 25.6x2.4° 26.0+1.3¢
n-3/n-6 0.3x0.0° 2.7+0.2° 6.8+0.2° 2.1x0.1° 2.4+0.1% 2.2£0.1*
DHA/EPA 0.4+0.0* 7.910.2° 9.2+0.7° 9.5+1.1¢ 4.1£0.1° 11.1+0.2¢
EPA/ARA 0.3+0.1* 5.2+0.34 4.8+0.2° 1.3+0.0* 2.5+0.1° 5.2+0.2¢
n-3HUFA (%DW)* 0.1£0.0°* 2.9+0.0% 3.0£0.0° 2.230.3° 3.1+0.3¢ 2.4£0.1%
DHA (%DW) 0.0+0.0° 2.320.0" 2.5+0.0° 1.9+0.3° 2.3+0.2% 2.0+0.0™

‘Values (mean SEM of three rephcates) in the same row not sharing a common superscript are significantly different (P<0.05).

| Includes ai-15:0, i-15:0, 15:0, ai-16:0, i-16:0, ai-17:0, i-17:0, 18:0, 19:0, 20:0, 22:0, 23:0, 24:0 at<1.9% each.

fIncludes 16:1n-9, 17:1, 18:1n-11, 18:1n-6, 18:1n-5, 20:1n-11, 20:1n-7, 22:1n-11, 22:1n-9, 22:1n-7, 24:1 at<3.5% each.
Includes16:2n-4, 16:3n-4, 16:4n-3, 16:4n-1, 18:2n-4, 18:3n-6, 18:3n-4, 18:3n-3, 18:4n-3, 20:2a, 20:2b, 20:2n-6, 20:3n-3, 21:5n-3, 22:5n-

6 22:2NIMDb at<1.4% each.

n—3 HUFA and DHA content of dry weight % = total lipid of dry weight (%)xarea (%)x0.892 (Yoshimatsu et al., 1997).

Advantage (70%)+Chlorella (30%).

783N FFE A7) WEoJ™ (Bisbal and Bengtson, 1995),
E-3], phospholipide= AFE43F 714 (Koven et al., 1998), il
Aol FEA 2H ] 9 (Koven et al., 1993), o} Hk 7
314 A 22] 243} ¥ (McEvoy et al., 1995; Murai et al., 1988)
2 o) o) lipoproteindHdS A (Fontagne et al.,
1998)3h= o= B 7E 3 9tk wehd B AF|A Enhance,
Advantage %! Advantage+Chlorella® 9% 7318k rotifergl
| phospholipid®] H]-&°] Algamac-20003} DHA-SelcoE F535F
rotifer®TH EA Vreht o) Atole] 4AT AES _H_c} 744
Al & e Y FEAE AdEn.

z27] 4t Aoje] BAEA A3E Hs n-3 HUFAS &
Ao 3k Q77 2o} o] Fo]F =4, Planas and Cunha (1999)
£ @A Aojoll dolA rotifere] 7z FHF 2% ©]4d, turbot

Qo= 1.3% o13g aF8tty B ysksic). 23 Yoshimatsu
et al. (1997) THH-E¢] 34t o] 79 Aol o1& 7743 4
AL A oF 3-4%¢] n-3 HUFAS 2738tts Bach
2 A3 glo]A z} ok A3 E 2407 G 73S rotifer
2] n-3 HUFAT DHA-Selco, Advantage ¥ Enhance”’} 2.9%
o2 2 Yoshimatsu et al. (1997)°] #NAIZF Q-2 71712
e Btk ZeU Advantage+Chlorella®} Algamac-20002
22} 2.4%, 2203 E2 WS 75 BT Planas and Cunha
(199971 A g 34T oAF Aoje] Q7 FHAA & 75
Q Aoz dekdr)

Rodriguez et al. (1996) rotifere] ¥ ke Y 2siA
o) Zganr} A7) Zosithy Rusdd ok 3
09e A% AR o] 8F AN rotifers] F AWe]
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FE 37 o]F 2 W3t fle A= Yeiun. o
Mo Fst G AeAE FEE A A F = T
oM FE3 2fole HolA| It HEZF Watanabe (1993)<]
AT BHo) 95 f3le Y-S o)8-3 rotifer B 73 12
A7k ©]F n-3 HUFAY 32 Wy} gle Aoz el
2 d¥oMx #3999 DHA- Selco$t Algamac-2000 2
Advantage+Chlorella= 1287} ©]§ n-3 HUFAS] a2 x}o)
7} Q9A1%} Enhance$} Advantage= 12717} 0| & Z7)ehe= Ak
& B3t} Yoshimatsu et al. (1997)°] A A& n-3 HUFAS] &
TS 7HE 739, Enhancedt Advantages 2447 % 7
glale Aol AR Aoz Agdr) ¥ Advantageol
ChlorellaZ 718 7% n-3 HUFAS] §3F©] Advantage?t 3
F& Auc F7RA ik %S BAe o]AL Chiorella
e} n-3 HUFA §&o] w7] diiQ] Aoz waen. et
Algamac-20002] 73-$- n-3 HUFAS] go] A ] ¥
Lol B3 rotiferd] n-3 HUFA 3ol W7 Jelue
2 rotifers] o] &4l Wi EAlFe) & Aow AoHET)

32 n-3 HUFAS] DHA, EPA ¥ ARAS B2 34t o F #+
ole] " Aoz o] RE T glom 53, o5 X<l
v]-go] mj¢ FQ 3ty HIFHMcEvoy et al., 1998a;
Estevez et al., 1999; Sargent et al., 1999). ©|Z-2 DHAS} EPA
ok ofugl EPASH ARAZH] ZARAAL] A% & wiFolth
DHAS} EPAE phospholipid -Zol|X fatty acidS oll2Hl =23}
A7l Ze 45 Agde A EAERDHE ¢EA
ChH(Sargent et al., 1999). Y¥tE 02 DHAE AIAZ Ao Hol
FE¥sia glon ARG 243 7150 F83 4L sh(Bell
and Dick, 1991). 22|22 DHART} 8o =& EPA At
& Aol A4 71 FAAEJ] BHE & 7FeAl w71
5ol Aoje] AAgat A& Y FEg vl & Uk(Bell
et al.,, 1995; Rodriguez et al., 1997).

Sargent et al. (1999)= YRFE o2 &4k Rfojol] thst HolAl
E9] 3 DHA/EPAHI&L 2:12 R YA )& u}
A o9 v &L 2F Aot Avka BRI HE &
™ Estevez et al. (1999)¢] A ¥ o)A wrbot A}oje] Z-$-, rotifer
9] DHA/EPA (0.1~3.1) HI&dl] WA 3= AEES Aol
7} Q= Ao 2 Ve, Furuita et al. (1999)2 J3] =jo]9)
7%-, DHA/EPA Bl && 433 AE& AojA9] Aol
ENGR] LA 9F B =2 stress HollA] DHA7} EPAR T} &
ettt Bk ek 28y Rodriguez et al. (1997y 27]
gilthead seabream®ll*] DHA/EPA (0.3~1.4)&°| =242 o|&
o] Aol A VEN R, 53], Copeman et al. (2002)2 <
A o}FQl = 7Ixju] 9] 74-¢- DHA/EPAS)] Hl &2 T:12 £&
DHA #eke o3l R g Huskth ®3 4, Gadus
macrocephalus Ar1$} tIA ¥ halibute} 7%, DHA”} o]& ]
T & A HELES H8IAM EPART ul9 =4 27E
ok B 2E v} 90th(Zheng et al., 1996; Evjemo et al., 2003).

A e
e
fric )

PRUNN: ¥

B Ao A 7t Y AR I 733k rotifer®] DHA/
EPAS] H]g©0] BF 4:10)40 2 DHAS| v|&o] ¥4 Uehd
A%k DHAS| 87%0] v9- 2 WA olfE gz 9
o|2 F¥E 7%, DHA/EPAS Y| &o] IL11Z 7V 5&
Advantage+Chlorella”} rotifer®] QY 32 238 oz
AE T

3 EPASH ARAS) A% ZHAA 282 eicosanoidF 43
o 2AojA i3 9 3ch(Sargent et al., 1999). Eicosanoids=
Apole] A7), A, FE, WY, stress A%, HE, A ®Ho] &
gt A 9E8E Fske Ao BuE3 AvkBell and
Sargent, 2003). EPA®} ARAL eicosanoid®41-S 93 7]20]
™, ARA7} EPART} %2 A3 8448 7K eciosanoidE
B33 (Bell et al, 1994). |3 ZHA ARAS] B&o]
=345 gilthead sea bream®] "7, AL, stresse] A3 o] &
L Ao BIEI At (Bessonart et al., 1999). T} Al
HoZ ARAZ} EPART £ Holg AFHE 739 flatfishd]
turbot, THA1SF halibut, =% 7k B g3] zpoje] AA Ho)
Falo) A UJehles Aow W3 et (Estevez et al.
1999; McEvoy et al., 1998b; Copeman et al., 2002), ©|A2 #]
L eicosanoid 439 2J%t stress Ao AF2 B3
At} WA Bell et al. (20037 EPA/ARA H]&9] 510142
2 gk Zlo] o]AF{ oAF A A wo] dE ZAAaAd
T ok RSy, TR H2 A7 2ol o3hE 2] A4
A& 98 o]Fmt} EPA/ARA Y| €o] thEA Q75 =1 sea
bass ¥ striped bass7F 2}t 1:1, 3:1%1 202 H I35 rk(Sargent
et al. 1999: Harel et al, 2001). W&} & A& x EPAS}
ARA®| $#o] DHART 93] 27 YebtA| et rotifer F%F

7435 913+ Algamac-20003 DHA-Selco= °©|AlF2] Hol=z
T S Zoj2] A Hol&E wY 7Fedol Ug A=

ﬂd
2 -
g

Ho| AE gloj ThldrT= AFo &
AF=e gio} ey e o] g EHR] o
o)F Rpejo] A wlo] HH o]F AZIAL o=
A 2&e] Z7te] wg- S8 JE8E 5] il 97
ZRE ] ojni=Aake] @ 3tE Z7HETH(Ronnestad et al., 1999).

Ak zloje] 7] Ho| MEQI rotifere] A P AZ
T 28~67%2 THFSHAl VERAIRE 74 o] Ate] 2
& HolZF ¢ Holo| Hof BAIgle] A A vERdT}
(Lubzens et al., 1989). Jie and Olsen (1997)2 rotifere] Tl
A g v FS HkE 7 o5 Yol HH 2 4
7 deel weA B2 9T W AR Bty 1y
U rotifere] Tld sheRs o FshxE) Al Z2 w4 AH
e #Aardte AE RATHDie et al., 1997; Jie and
Olsen, 1997). ¥ & o) 9JoJ*] Enhance, Advantage, Algamac-
2000 ¥ DHA-SelcoZ ©]-8-3t P& #3813 rotifere] &id
g A|7hol Aol wiet FF A3} o)A rotifer © A

o
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‘;}%*EU} Zadhs Ae B ey GG ZskAl 9 rotifer
] ujk =ojdl &< ChlorellaE E718I53e 749, @ld &
% 78l o1 rotifer BHHA T Ao LA A
B} o] Aok 743} A rotifer7 T

=2 w4 Chlorella (Maruyama et al., 1997)8 43§
2R 259 vd gako] UAEE A U AeE H
2l chilzl dako] 276 mg/g DWLE YRbE o2 g%
;U]H]}_-‘?r,l etraselmis sp, Isochrysis galbana, Paviova lutheri
= Ho|Z w3t rotifer (Reitan et al., 1997)¢] whi@ shak
317-334 mg/lg DWRTE 23 @A velded o12e 3% %
:§} o)A rotifer iFA A7 el (Hol FF, 4FE 5l 9
gt Aoz AGAthJie and Olsen, 1997). wWehA A o
Fol £ rotiferS AA5}7] SlalAs G A o149 rotifer
W<k AR A Tsejor & Ao AdkEn).

Die et al. (1997)2 %7 turbot A& WO 2 F2 T
;.‘——_1/7‘];" WgE B A g 7R rotifers S
A, o159 AAmt AEGo] EA Uehdty RusATh of
A a4k Apoje] 7] "o A3 A D Fo] 2 AR
E TEse Ao S Fostug B A¥y 2o] e XE
s 7EHEEEE rotifer B 733 A] Bl e] FEko] i
He AL JASAY Y~ ﬁ} oMoz {A3k= Aol B&
g Aow A} o)t AoA] FF A TE T
o] =& B Chlorella vulgarzs (Maruyama et al., 1997)2]
A7k o)Fo] DHA 2 EPA7L 18] glo], 9% ZBATS 4
38} rotifere] DHA/EPA B89l 982 7| XA &2 A] rotifer2]
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rotifer?] S A /XA 0] H]|&2 7] FF s} o)7e] rotifer
(5.0)20}) Z4she %S B3 Advantage+Chlorella A3

oA 272 7}% A Jebytth Enhance, Advantage 2
Advantage+ChlorellaZ %% 7J8}€ rotifer®] phospholipid ¥l
&°] Algamac-20005} DHA-SelcoRtt froH o= &4 et
Btk B8 AT rotifer 1E FF 7%—23 DHA e
"c?c’o}E 738} A7l wet SUtEE RS BAAL, 2487 o) F
7V3 ¥& DHA 338 Advantage Ntﬂ%oﬂﬁ 2.5%% Vet
ok Algamac-2000 AFTE A3 2E APFohs Fod
0] xfo)= HolR] &ert) 22]3 n-3 HUFA % DHA® 3k
Algamac-2000, DHA-Selco ¥ Advantage+Chlorella &3+
o] 124243 2477F 7He) [ Apel= BolA| @ttt G
74343 rotifere] DHA/EPA®] Y& 7d & Advantage+
Chlorella 23879 11:13% 7F¢ ¥ DHA-Selco 2379 4:1
F= A< ZolE Bt

2 Aol 27= £3)A Enhance, Advantage, Advantage+
Chlorella® <% 71318 rotifer®] phospholipid, DHA/EPA,
protein/lipid®] ¥]-8-°] Algamac-2000 ¥ DHA-Selco®] A XL}
Eol BE it o} F AolE SN rotiferd] IS IS
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