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NI, BRITHEN, RELEE. FREESA

BEE&ERDHDT. REBECARAR, KABRERETHo/, ¥ iz, VAIEEORZEENER
LRBDEBEORELL. Y INETIZ, VAVORBHEARNRERERS HDITDONTIIBRINTETSHED
810 | ZONLK DIV LS DRBBCEDOHRICE > TRREINZ, I RIYAFHIT B (DHA) ©
IAaYRIEITUE (BPA) IKREEIND 03 GERLFIEN® (highly unsaturated fatty acid, HUFA) 138
BFAORECEEICHO TEERBRBERZL TNS Z £H% Watanabe' IZ X DIRE T iz, ZOMELARE.
7L DFEELICET %L, n-3HUFA, RFICEPA & DHAICBEHT 5 OMNPLERo . £z, TA
UEBEORENMICEL TR HECEBRARLEOUR . FIATERYREDLLDD 7 4 )V —DEAR,
fHERBHK7 OV I OREES. TEXY v MRERERRERENMTRONTEE,

KEAS BOE, —REBICBIDTLLOHEET 2 — X0, THEEHELAFAOREICEEEZKIELT
WAZEZNHTHRE L. L. REERNTLSOAERICEEZEI TSRO THEEEZDL
nz, 29 gL OBET-REICHNS N TN DA EEREIERB P ISR KOTBmE2TDRN
=, KAEBEED, 51T, KEECRTLSOBIIHL THEEEZRKIET, " MHIEOREMICE >
TAEREEEOKRENELEINSZY, ABEHEAEORELERZEDICIIBRMOT LY EH/ETS
ZENMEERD, BE. Z<OBREAES THNSNTNSEGEEEETIE. BEKkEEER2HEY TS
DU N OEGRRBICES T, KEEREIHIIENARERZ>TNS, LEN->T, BRHLIITLAID
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BN TEELEZDDTHINEIFRAREETH S, £, ERERRICLDBEERBEENEASEEEED
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U7z. 150 M /mL OBHEYKI OL T 330 & 13.7L DHRKERES L TREREROFVESKEMEL /= 18L
BT ITAF v VBERBIIAN, 20O BLEBNSEREEAEER S 7T 1L8mL/FOEETHRI OL T
BREHR Uz, EEE, SRR, FRILTREEMEZNVERVIEE RN hF51 >
R—RAEHE> TIER~BE L /-, BEMAVIGEETIE. Th TN 1Oy I/ /HITAM—2%H
WTHREBKEITVD, 7 A= 3KEENS Sem BiL TRE L7z, BRKFOERMERET H7201C,
ARDY S0y T T 45— (60x40x2, B ZRERFEEMRRA ) 2EEKPICANEZ. Zh5DT 1)
&= 3EAHRL THhE L, SRR, SIILBEITR CTREREADOY > TV 2 N#E L 2.
RER(LE FFBIEX 2 DOHFETIT /2. —DIXEIERKREEM Nannochloropsis oculata THRILY 5 H1ET
& %.N. oculata DHMIAEE % 6,000 7T I /mL ICFAEEL 7. BEKITIE 60%FFRiEKZ R . KR % 25 + 1°C
IZHAEI L7z N. oculata ZEF U7=FrOSFBACRERNT 24 FFIE L2, I —DOFETI, AiflRaeE MR
%l DHA Protein SELCO (INVE #t8) Z#HRA L=, RFEREFDOBEZE 025g /L IRE L. TORDRE
SECRERIIAREED SR & Lz, WTHOAETSH. FEREFO T L OYHINEEE%E 1,000
/mL & Ule, SE(0%, 7L EEEE 4sum BET I U bRy FEUSEIE R v FATHREL. K
AEWMOBRNERE, 80°C BEENTRELZ. &1 REE EAMKE 1. 24, 48 Rt EGHEEWE, X
i) Mo 3 EIEL. REBICICHNW, HBELT, 1 KEBERTHERERLEZTORAVHOBAEL
7o _
EEABESMT IS O Folch etal. DAL NTE DTN TIT o /2. 1g DEKEY > TIIC—BEZHEGEE
Ml7. 20mL O OOFRINL-AF /—)VREER (1:2) & LEOERY > TIVITMA =%, 10 5HEEEL
7zo TDH, 90 BEIAREI T XL, Whatman No. 1 B TIEBE L 7z, % 100mL FF AE 75 X 324X
Bk, INRL—F— (RE52, (BR) Y~ hE2E) THREERPLEZ. 75 XJEOKEEYME 15mL O
ODORIVAICHEHBHEL. B 7% Whatman No. 1 B TiEE L7z, EHKZ 100mL FF A& T 5 X 2ICNEE.
INKL—%— (RES2, (BF) VY hR2R) THAEZREL:, BUYERTEREGERLZ%. 7721
TERBLU, BEMIEETHHOT, TORRBLTBWEISAIBKOEI LOEASIFEEEEY
L7z,

HZoOI T 5T 4 =T DRIEEED T A&7 o 7. i LZI§E % 1mL O 7 O OK)V AIICHIE
L. RFCAEEES LT C19:0 2 2mg/mL &/25 XD ICHEMU Tz, BE%E 1omL B4 7 ABERELEFICA
N, T 1mL D SBEEA Y / —)VisH FOEHERE) 2MA . AREFUELE % 80°C T 3 KM
BL/z. BAE. ImL OANFHY & 55mL OEBKEMA, #BELL. EZLEZ 2,0000pm T 2 2E LD
BEL 7218, EADAFHUEE 1LSmL BRI Y 2—BIZB L. BB E1TD £T-80°C FTREL=.

BB ONFY L EH A OT T T 7 4 —H(G-3000, B IR SHEYICERM L. BB 21T
Sfm. NEREEDREEICL TEIEIBOEREZT >/,

1 REEBEFGREICTIEESER VSNBSS E% T 57-DIT Kruskal-Wallis REZEHEL . HEEVSREE

N7=15E 121 Mann-Whitney ® U RE TE BB L 7=,



WY R T L 88 Brachionus DHEEFDFiE

BER
0 AL BERUKE o 200
SN AT SECEN 17 ER. § 7

gL 27 BMEIEL (g2 RO D). M B E 0

AMEHROT A BEREER, VAL S SE

IZI3¥S 676 MK /mL T. 24 BERIICIE 1,066 é’ 750 |

4K /mL. 48 BERIICIE 1,204 B4k mL £TH O

MmU7 (Table . SEIEHDEE (9~11 HE) % 1 ;3 ; 5 ;5 7 ;s ;31‘011;21‘3141'5 1617
(&, TRTOEEMETT AL EENSIGEE Days

T LVEESITEM LT (Fig. 2. £7-. I?ig. 2. Change of population density of rotifer in eight
times of batch culture. Each solid line indicates successive

HEARATE (T LR 0~24 B¥H) OFIFHM  culture and each broken line indicates re-stocking.

mE (61.3%) WR¥OFEHFHAMBEME (T4

SRR 24~ 48 R 13.0%) K D HEM o 7z (Table 1; Mann-Whitney D URRE, UE =5.0,z1E =-2.8, p<0.01),
EREE T 750 8E mL TYLZEE L. BEHETOTAEEIL 4 B BICREEE 1,296 £ 43

fEE /mLICEBEL. Z0O% 500~1,000 & /mL O ZZEE L7 (Fig. 3; Table 2), INHEH DT LS BEILS

HEICESERE 1,332 + 21 @& /mL IZEZE L, 2 D% 500~1,000 & /mL D ZZ 8L /= (Fig. 3; Table 2)
FEAMEEHEFD pH EIX7 L 358 1 FREICIE 7.1 TH O, 358 24 BEZIOE 74 TETER LN

ZOHRELUIZM o7 (Table 3). MEAMEEBOBEFRREEIIT L HE 1 BEKITIZ 7.12mg /L TH-

Table 1. Statistics of rotifer populations of eight replicates of batch culture. The number included in

parenthesis indicates standard deviation

Passing time Average Minimum Maximum Average
after inoculation of density density density of increasing rate
from the previous day

(ind. /mL) (ind. / mL) (ind. / mL) (%)

1 hour 676.0 (88.8) 582 852 .
24 hour 1,065.8 (183.8) 808 1,368 61.3 (42.3)
48 hour 1,203.8 (243.5) 928 1,662 13.0 (11.6)

Table 2. Statistics of rotifer populations in the cultivate and harvest tanks of continuous culture for

27 days.
Type Average Standard Minimum Maximum Coefficient
of tank of density deviation density density of variation
(ind. /mL) (ind. /mL)  (ind. /mL) (%)
Cultivation 864.7 203.8 516 1296 23.6
Harvest 749.9 186.3 506 1332 24.8




INERAEME, B, REIE, FRRETA
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Fig. 3. Daily change of population density of rotifer in
cultivate and harvest tanks of continuous culture for 27 days.

Graph (a) indicates the result in the cultivate tank and graph (b)
does that in the harvest one.

1500
—%. B ED pH B EBERRE
KDL, EFREED pH EIIEAMKE
(Table 3; Mann-Whitney @ U B E,
Mann-Whitney @ U B, p<0.05). X7z, 500
A DMK DBREE DT AE N >

_ (a)
LETHEDLE, TO—F., EE#T >+ 1250 |
7RI ER LB TR (Tible3). ono | /\ M
eI M S UM DRI TR LAY 0| '\[
o7z (Table 3), FEA#KEZHEHED pH &bk s00 = T
BEERED T L 458 24 R R U 48 FREfd 1500 [
B LD b & NSRS SN | (b)

S 1000
p<0.05). BEEMOWEET > E_TIBE
TN EE IV EMN > (Table 3; 750

'Y ]

MAEEREOT LT EE 1 BEED
24 BEIBOWEEY > EZT7TBELDD
7= (Table 3; Mann-Whitney @ U RRE,
p<0.05).

Table 3. pH, dissolved oxygen and ammoniac nitrogen in the culture water of batch and continuous
culture. Each number indicates the average during culture period and each number included in
parenthesis indicates standard deviation. Each alphabetical superscript indicates the result of

Mann-Whitney’s U test among primary cultures (p<0.05, a>b>c>d>e).

Primary pH Dissolved NH;-N
culture oxygen
(mg /L) (mg /L)
Batch culture 1hr 7.163° (0.045) 7.120° (1.01) 0.010° (0.010)
(after inoculation) 24hr 7.403"° (0.078) 3.803* (3.195) 0.197° (0.032)
48hr 7.667° (0.250) 2.623°(2.197) 0.420° (0.050)
Continuous culture Cultivation tank  8.150” (0.026) 7.230%(0.777) 0.627° (0.076)
Harvest tank 8.170° (0.044) 7.350% (1.032) 0.300° (0.035)




WBEE Y RT3 Brachionus DREEFDF ik

& RABAR A

| REEEHORBONERE & 4 ISR (16:0, 162, 16:3 BT 18:20-6) . n-6 B R AINSHHE: (highly
unsaturated fatty acid, AT HUFA) BEId 1 KIFERH OB TRELR o7 (Table4). UM L. ¥E®ILZT
o BRI ERLEICED ST 1 RIFELHFMTIEEREISEWIARN 572 (Table 5 BT 6). Fiz. 15Kk
EEROREKT 1 RERERGORTHERED D > BB ORIIF BRI ET > BEOFNEN 72 N,
oculata 581t: 9 JENAEE, n-3 X T* n-6 HUFA # &, Table 5; HiiR5&{LHFI5R/L: 7 iglHEE, n-3 X UX n-6 HUFA R E,
Table 6; Kruskal-Wallis BR7E, p<0.05) . 1 KIEBRFMAETHREND > Mgl T, G A 5 DR
BOENRBENWEZRLE (Table 4~6; URTE, p<0.05). F/z. EFEERIER-) S OB OEIZ. #HX

Table 4. Fatty acid contents of the rotifer just after primary cultures. Each value indicates the average

of three replicates and each one in parenthesis does standard deviation. Each alphabetical superscript

indicates the result of Mann-Whitney’s U test among primary cultures (p<0.05, a>b>c).

Batch culture Continuous culture

(after inoculation)

1hr 24 hr 48 hr cultivation tank  harvest tank

Total lipid contents 13.36°(1.03) 16.06® (1.52) 14.12" (0.44)  16.60°(1.38)  17.06*(0.35)
(mg /100mg DW)

Fatty acids contents

(mg /g DW)

14:0 0.99(0.30)  1.52(0.86)  0.94(0.20) 1.25 (0.24) 1.00 (0.13)

16:0 6.94°(1.74) 11.79°(1.15) 6.68°(1.06)  13.14*°(0.57)  12.91°(1.10)
16:1 0.68(0.22)  0.94(0.32)  0.67(0.21) 0.99 (0.18) 0.83(0.22)

16:2 3.68°(0.74) 7.49°(2.18) 3.88°(0.81)  5.91*(0.36)  5.93*(0.56)

16:3 0.71°(0.08)  0.49" (0.38)  0.61°(0.02) 1.12% (0.08) 1.15% (0.04)
18:0 1.65(0.34)  2.01(0.99)  1.49(0.29) 2.82(0.08) 2.75 (0.19)

18:1n-9 0.63(0.56)  1.01(0.53)  0.48 (0.09) 0.81 (0.08) 0.85 (0.13)

18:1n-7 0.58(0.05)  0.53(0.47)  0.57 (0.04) 0.99 (0.07) 0.66 (0.57)

18:2n-6 14.80° (2.69) 24.31°(3.99) 14.09°(1.37)  26.14*°(1.95)  26.43*(1.70)
18:3n-3 214(1.17)  3.49(1.47)  1.46(0.04) 3.86 (2.51) 5.31(0.29)

20:4 n-6 0.06 (0.10)  0.31(0.36)  0.30 (0.26) 0.21 (0.19) 0.23 (0.21)

20:4 n-3 0.16(0.28)  0.33(0.32)  0.02(0.04) 0.31(0.27) 0.09 (0.16)

20:5 n-3 0.00 (0.00)  0.02(0.03)  0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

22:5n-6 0.00(0.00)  0.00(0.00)  0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

22:51n-3 0.00 (0.00)  0.00(0.00)  0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

22:6n-3 0.00(0.00)  0.00(0.00)  0.01(0.01) 0.04 (0.07) 0.39 (0.36)

2 n-3HUFA . 230(1.44)  3.84(1.81)  1.48(0.02) 4.21(2.23) 5.79 (0.59)

< n-6HUFA 14.86°(2.73) 24.62°(4.17) 14.39°(1.42)  26.34°(1.96)  26.66" (1.68)




IR, RETEA. REIE. HRESA

AEETEIET L\ 1R 48 BRI OB DB L D 2 A <&M 072 (Table 4~6).

REBICEOFEID S U2 RFEHA 20 L LOIEIBD S 5. 1 KEREHHTHERENRE S NZD
DIXT 7% R 2B (20:4n-6, ARA) RULA YR F T B (EPA,20:50-3). FIATANFY LB (DHA,
22:60-3) THholz. LML, TOMERIIFEBRIFETRRD/K (Table 5 XU 6)o N. oculata THRER{LL
TeHE, EREENSHEMLUZHE O ARA KU EPA BROF VA MER BN SERLEEHBOHDLD
HEM o7 (Table 5; Kruskal-Wallis BE KU U BRTE, p<0.05). —7F. MIRE(CHITHRERILLZHE. HX
REZEIEN 5 D7 Ly 1R 24 BEEAE OBUE R ONEGRES IR S OBUBID ARA KUY EPA, DHA B0

Table 5. Fatfy acid contents of the rotifer enriched with Nannochloropsis oculata after primary
cultures. Each value indicates the average of three replicates and each one in parenthesis does

standard deviation. Each alphabetical superscript indicates the result of Mann-Whitney’s U test

among primary cultures (p<0.05, a>b>c).

Batch culture Continuous culture

(after inoculation)

1hr 24 hr 48 hr cultivation tank  harvest tank

Total lipid contents  13.41 (1.46) 1425 (0.47) 13.74(1.43)  1535(1.60)  15.87(1.22)
(mg /100mg DW)

Fatty acids contents

(mg /g DW)

14:0 117°(0.32) 1.24°(0.16) 1.16"(0.10) 1.96* (0.14) 2.34% (0.84)
16:0 6.87°(0.44)  5.94°(0.25) 5.83"(0.91)  9.88°(1.66)  10.37*(2.38)
16:1 2.62°(0.19) 3.54°(0.06)  3.25°(0.24) 5.81% (0.49) 6.21* (1.35)
16:2 1.88™(0.25) 1.81°(0.06) 1.37°(0.38)  2.70° (0.59) 3.40° (0.78)
16:3 0.98(0.13)  0.10(0.09)  0.33(0.57) 0.65 (0.45) 0.33 (0.17)

18:0 177(0.22)  0.74(0.11)  1.12(0.45) 192(0.55)  1.60(0.14)

18:1n-9 1.11°(0.34)  1.02°(0.08) 1.01°(0.03) 1.67* (0.07) 1.76* (0.22)

18:1n-7 1.02(0.05)  0.85(0.06)  1.08(0.51) 1.58 (0.39) 1.54 (0.13)

18:2 0-6 10.08 (1.49) 6.66°(0.19) 6.47°(0.94)  10.79°(1.33)  11.16*(1.83)
18:3 n-3 122°(039)  0.77°(0.07)  0.60°(0.05) 1.30° (0.17) 1.39* (0.17)
20:4 n-6 1.29°(0.18)  1.01°(0.14) 1.19*(0.36) 1.91% (0.42) 1.81%(0.24)
20:4 n-3 0.32(0.15)  0.00(0.00)  0.08(0.14) 0.18 (0.19) 0.05 (0.08)

20:5 n-3 2.919(0.22) 5.38°(0.48)  4.62°(0.21) 8.03* (0.57) 9.21% (1.20)
22:5 n-6 0.00(0.00)  0.00(0.00)  0.00(0.00) 0.04 (0.07) 0.18 (0.32)

22:5 -3 0.01(0.02)  0.00(0.00)  0.06 (0.10) 0.07 (0.11) 0.00 (0.00)

22:6 n-3 0.29(0.27)  0.00(0.00)  0.05(0.09) 0.22 (0.18) 0.26 (0.22)

Sn-3HUFA 476 (0.67) 6.15°(0.54)  5.41°(0.10) 9.80° (0.41)  10.89*(1.34)
Sn-6HUFA 11.37°(1.66) 7.67°(0.32) 7.66°(1.30)  12.74*°(1.73)  13.16°(2.07)




WEEE Y IRU I #8 Brachionus @ﬁﬁc‘:%@?fﬁ

LREBEFRGEDODBDLD LN 57 (Table 6; Kruskal-Wallis BE R U B E, p<0.05) -

FEA M SR THREBICET > TOARAVEBTIE. 74 8 24 REZOIEHEBENMLO 2 DO HE
BEREOREDH DL D BENHEMIZH o /- (Table 4; U BRE, p<0.05). FEERDIEANTHIRFEBLHI THE
WL L7581 HRD 537z (Table 6; UKRE, p<0.05)o T 5IT. T A 24 B O TN S DIEHBE O
BITEFERNEENSOHBOBDOERRBETH = (Table 4 KU 6)e TDLK D/RMERIL N, oculata TH
#RICLLIZBESIEED S NN o7z, £ N oculata THERIL LB AICITERERENS ORBORD
IElfB BV Ak T RED S ORBOTNL D EFERIEL M o7z (Table 5; U RTE, p<0.05). —H. H

Table 6 Fatty acid contents of the rotifer enriched with nutritional enrichment diet after primary
cultures. Each value indicates the average of three replicates and each one in parenthesis does
standard deviation. Each alphabetical superscript indicates the result of Mann-Whitney’s U test

among primary cultures (p<0.05, a>b>c).

Batch culture Continuous culture

(after inoculation)

1hr 24 hr 48 hr cultivation tank  harvest tank
Total lipid contents  17.30 (2.40)  21.24 (3.03) 18.86 (1.61)  19.43(1.27)  20.44 (1.30)
(mg/100mg DW)
Fatty acids contents
(mg/g DW)
14:0 1.22°(0.20) 1.86°(0.27) 1.23°(0.18) 1.65" (0.11) 2.01% (0.41)
16:0 15.72(7.01) 17.67(2.33) 11.18 (1.67)  13.73(1.69)  17.94(3.34)
16:1 2.96 (1.46)  4.14(0.24)  2.46(0.41) 3.15(0.19) 3.84 (0.62)
16:2 2.04(0.91)  2.34(0.31)  1.44(0.23) 1.81(0.35) 2.40 (0.48)
16:3 0.44°(0.00)  0.94*(0.15)  0.61°(0.13) 0.70° (0.13) 1.15™ (0.49)
18:0 3.85(1.19)  5.43(0.72)  2.63(0.44) 3.48 (0.84) 4.28 (0.82)
18:1n-9 6.77° (1.73)  10.33*(0.66)  5.30° (0.78) 7.71° (0.68) 8.20™ (1.47)
18:10-7 0.68 (1.18)  0.89(1.31)  1.22(0.22) 0.52 (0.91) 1.87 (0.34)
18:2n-6 10.85°(2.14) 18.22°(1.56) 10.75°(1.53)  13.75"(1.45) 17.23*(3.15)
18:3 n-3 1.10 (0.59)  1.47(0.06)  0.78 (0.12) 1.08 (0.18) 1.28 (0.18)
20:4 n-6 0.84°(0.19)  1.45°(0.11)  0.79° (0.23) 1.13*(0.19)  1.33*(0.19)
20:4 n-3 0.18(0.18)  0.52(0.04)  0.59 (0.32) 0.50 (0.28) 0.98 (0.49)
20:5 n-3 273°(0.48)  4.46%(0.18)  2.49°(0.41) 338" (0.34)  4.00™ (0.72)
22:5n-6 0.69(0.27)  1.06(0.09)  0.55(0.24) 0.85 (0.11) 0.90(0.17)
22:5n-3 0.22(0.20)  0.33(0.06)  0.24 (0.05) 0.29 (0.06) 0.39 (0.13)
22:6 n-3 4.66°(0.57)  8.52°(0.44)  4.50°(0.91) 6.31°(0.64)  7.31%*(1.15)
Sn-3HUFA 8.90°(1.64) 1530°(0.74) 8.60°(1.71) 1155 (L.11) 13.97*(2.12)
Sn-6HUFA 12.37°(2.55) 20.74*(1.64) 12.09°(1.85)  15.73"(1.74)  19.47* (3.40)
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R E OB BICIEmE A, 5 ORBHIENWN/2M > 7= (Table 4~6),

. =

—RIZ, TLOREABEREERILI~5 BEITITON 5, TOM. VL EEBOBEMET = — 1B A Y
5 R, BREICEENINEB o TV, IO LAY AV EERORET 1 —XDEWEIT LY D
EREEEICEE TS, VAR TE, BAMSEEEOREID BIEOFOAMEMENE &>k

(Table 1) L7283 T, FRBRTHAWCHEAMETERE TR, EAMNWEROH, RFICTHEAMENT 24 K
HOT LI EEBORBIINEEEICHEY T2 LHETE S, £/, FRBCTIATOMAME 24 R
DT LV EGRHOIEESEIIEAMRE 1 KU 48 R OBEEXL D ZWEMICH 7= (Table 4). FIUHE
FIAE Ak EE TS LU =BT REEBEFI THRERLLZBEICORD SN ENS (Table 6) . AR
FERBRIIBT DR EEEO T LA OEBEENERL. ZOZEIRE>TTLAINEDEL OlisiE%
BINL7=bDEHERMTES, ERETEELZEROT LA VERBOEHBREEDFERICENWERICHD

(Table 4). TN, EFRETEREINZTLVOELABEENEWEHIBTE S, N. oculata THZERL
LZBEIRHE< OIEHBR TRROERIAR SN (Table 5)s LML, 2 DOREHEE (18:2 n-6 KX TN 18:3 n-3)
KOWTI EARE 24 R4S RFHEIRO T AT K DEAME 1 BRBROT LS OEFENSE <72> 7= (Table
5)e —AT. HAMKE 24 FFEIED 18:3 n-3 DEHFEIT 48 HFBOHD LD HE W (Table 5). L7zA> T,
REMZAMMNS, 1 RIERETEEEEOBNTLAIREDEL DIEHBEEZRINT 5 &EHmDIT 505,

BEOHEICLD, WONDTERY v hRERBENRRINTE 42D, 5lEHKE. KRR
EREENRRIN, 10’ L ELOKETHEGEEENMTONDILSIR> TERE, B2 AHFETHNWE
P REREA ™ OFRERELZODTH DM, FEHEROBEEEERE (500~1,000 & /mL) 135H 9 A3
5 U7 B. plicatilis ZER L7=EE (100~400 A /mL) LD HFHNHDTHo7 (Fig.2). Ld. £
Tid 27 HEIDERFERIIONWTHEL TS, FUEEEZREDLEEFRELTWS (2007 & 6 AR,
FIFFRDOEFRIERICH T 558 - WEFRAEOKEIIMDO TRELZHDTH 72 (Table 3). FEHET €
ZTBER pH EITHAMEFEEOBDOI D EN 7/ (Table 3). MAMTIEREDRES, HHET > ET7B
EOLACEFRFRREOEKTICHEN., TASOEIEHIIET TS, 7 FEROEMAAIIZE OFE A Hk
EERETHEETE (Table 3), MAMEXTHEELET LS ORERLBOISHBREERTS, £<0
BE, BAME 8 BHEOEEERII 4 HEBODOL D Do/ (Table 5 BN 6) . EFEEHEE DMK
T, BHEEBERBEIEV LNV EHERFL THEA (Table 3), BBEMOT > EZ7REBRBEIIE —KIEE
KUOFTRE EMN 7 (Table 3). WHEHOT > E-7ESRBE LR OMAMEEOM ML 48
BRIEODOLNIES . BMABSHEORMAME 1| KU UBHBOLOLD bEM > (Tible 3. —F.
EHMNS DT L EMIRGEEFNIT L > TREBMMLL R OEHBREEEEF VL N)IVICH S (Table 6), LU E
DESEZEETDE, BHEAKDPOT7 VEZTEBEOBEIITLSOEEERICH LT, AGRREBELD
LB EEERIZTHNEEZI NS, LML, INEETERZERH N, oculata THREBILLIZBEEIC
Rohs, Thbb, —KESETIIEREEDT CE_TRBHRBEOANENL NIV TH>=0ICHEH
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57, EHBSERIIVWTNOMABZEEELD b EN >/ (Table 3 RU5). ZHUE. N oculata 1255
YR IR AT AR R LA DS RERI L D & 3 (RN C LB BLTWB L BbNS, DED, %
FRREFENRTNET DB 7HREBRICLZEZEIENDIN, OLUABBRREBEICLZZEDHINHEL
FEh. TOBRLL TRENICEABEERO U LS OISHBEEEN DR hotbDEEX SN S,
FAR T, ERETHEINSZT L EERBEOREN, MAMSEEEOLEOMAT — XI2HY T3
NI SDICHERN o7z, EREEETHEEKORMET L BEABREENR—ETHER5IE. TLY
BEERBEEED £ —FIR2 3T ThHd. SEOERERETIIECREEN—E LMo 72h, HED
FABRH ORI D R oNsh o7 (Fig 2). EEKEHKKIOL S ORMEN 1 H 300L (60% /H)
THoEDT, FERAY v bRFEBEOFEN SEEEHEHEED 60% /HTH2IITTHD, EfRETHEES
NET LS DEL DIEHBESEEVHEAMETEREOEA KT 24 FHBOHDEE L NIV TH o 7z (Table 4
~6)o L7zNi0 T, WHRLABEEOENSEZA DL, BREEEDT L EKBOME T  — X3 50H
FEMIICHN T DL SICEDND, LAL. KEOENSEA D LHAME 24 FEHZOKE L EHEEEEDK
BETIEE<ERS>TWVWD (Table3), TNW A, BEHEHEDT L I BFEFEOEME T x — X EIEEN TH
BEMEIMPITDNTIIRER TERN, EREREICBITZT AL OBREKBEMOREEZRSMITBEDIC
. BREHEESHCTLSOEECDONWTHSAITIHEND S, BHE. RLIEFEHEESMAOMEME
BT 1 — X, RERCODROBMOERIIONWTHEZED TR, EEFBETEIFETH 5.
< DWEANEHEHEER TIIY L EBAMERNTHEL TB 0. 3~5 KlEE VRIS HEREIF O
BHBICTLDEZN#EL TFRICHKREL TWD, FFEOBAMEREETIE, MAME 48 REHBRNZ O
fHY 570 DIERIICH Y T 5, EREREORE. HEHO T LS IMFANDREICEDNS, FHE
HRTI EEEENEEDSOT LY OXERCEOIEHBRESEREIL. WA MSERIEOMHZ #E 48 R
HBOHDD 1.5~2fFTH o7 (Table 5 KU 6). FRICKHT ZEBMEMBICDONTIE, n-3HUFASEE. FiC
IAIYRY I B (20:50-3, EPA) KO RIYAFHIT B (20:50n-3, EPA). n-3HUFA #28. DHA/EPA
CHMNBEETHD I ENHSNIEINTNS, 333EPA 5 id DHA. n-3HUFA REIIMFRADRE. HiE
B BIUERKRICH U THRAICEEERITT, 2 FERLICHETZ INETOMRTIIEAMEA THRE
LETLYEEALTWE, DED. ¥BREAIEAMERNTERINET LS OB EEEICANTRE
SNEHEMENE VY, BEFRETEEL AT LS EEFRETHBICIE, EAMEETEELETLIVEDD
£ EBERDAER D EMNTRETH D, LMo T, BHFBEOFRRICEFRT 558 EORMEEMFR
TEBHEICRDE, — AT FADIEHEDOBARBRICL2BEFENEND ZEHBEETERN D £k,
KFFXTIIRENHEE DA DNTRE LA, fORER, FIAEY ORI ECES I VEIIDNWTHIEEE
BIC X2 EHEOEENH 2, BEFENTLSENLTBRICEY X > AZEBRLUEES. BERREN
RETHIENHSNTNDS, ¥ EEEREOEAL. BECHNOBRBITRNSDMN, —HTHIED%
BEFROBEERICKAEREEZ BT A0, BEHBRUNADOFERIIDVWTERERBEONRZBRHNTHHE
NS TND, ZORBUMATIE, XBERCAOHEEELRETILESNETIAHEMEND B,

N
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Effect of primary cultivation method and population growth phase on nutritional enrichment of

euryhaline rotifer Brachionus plicatilis
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It is important to evaluate the effect of the primary cultivation method of rotifers on the secondary cultivation as
nutritional enrichment. So far, various methods of rotifer cultivation have been dcveldped. Recently, mainly two
methods are performed, batch or continuous culture. This study aimed to clarify the fatty acid contents after the
nutritional enrichment in order to evaluate the quality of rotifers cultured with different methods. Two primary rotifer
cultures were performed using batch or continuous methods. From the batch culture, three experimental populations
were used; they were taken from the culture one, 24 and 48 hour after inoculation of the rotifers. The continuous culture
was performed with two tanks; one was for cultivation with continuous feeding and water supply (cultivation tank), and
another was for stocking from cultivation tank by over flow (harvest tank). From the continuous culture, two
experimental populations were used from the cultivation and harvest tanks. Secondary cultures were performed after
each primary culture and each rotifer population was nutritionally enriched with Nannochloropsis oculata and a
commercial nutritional enrichment diet. After secondary culture, the fatty acid contents of each population were
analyzed using gas chromatography. Although there was no significant difference of lipid quantity among primary

rotifer cultures, in both cases of secondary culture, total n-3 HUFA quantity from both continuous culture populations
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was higher than that from batch culture population one and 48 hour after inoculation. When the enrichment was
performed with N. oculata, rotifer populations from the two tanks of continuous culture and the batch culture tank 24
hour after inoculation contained a higher quantity of ARA and EPA than those from the two other samples taken from
the batch culture. When the enrichment was performed with enrichment diet, populations from the two tanks of
continuous culture and the sample taken 24 hour after inoculation from the batch culture tank contained higher

quantities of ARA, EPA and DHA than those from the two other samples taken from the batch culture.

Key words: rotifer, batch culture, continuous culture, nutritional enrichment, fatty acid



