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SUMMARY

I. Title

Mass-production of multifunctional aquaculture live-feeds in renovative photo-bioreactors

. Purpose and Necessity of Research and Development

Development of cryptomonads and other unutilized organisms as multifunctional
live feeds which can improve the productivity in the seed production of marine
aquaculture

Development of the mass culture of phototrophic live feeds and production of a
new concentrated live feeds on this established method. Furthermore, exploration
of new functional compounds, along with analysis and isolation of pigments from

feed organisms.

I. Contents and Ranges of Research and Development

O

Screening of available strains for the new multifunctional live feeds and
establishment of the optimum growth condition for the best selected strain.
Development of mass culture in an environment-friendly way like a circularly
culture media system.

Selection of an excellent strain after investigating the growth efficiency of rotifer
and bivalve larvae on the screened live feeds. And check of the effect of bivalve
larval growth and survival rate, and the nutrition enrichments of the live feeds
from the mass culture of the selected strain.

On the basis of the nutritional analysis for the mass culture of the selected live
feeds, finding the conditions for high nutrient components and improvement of the
photo-bioreactor for high-density massive cultivation to setup the mass cultural
process. Moreover, on the application of the concentration technique, production of
the condensed live feeds as a test products.

Isolation of pigments like chlorophylls and cartenoids from the qualified live feeds
and listing them as the test products. Furthermore, setup of the exploratory

technique for finding functional compounds.



IV. Result of Research and Development

O

Establishment of 12 strains of phototrophic live feed with a single cell isolation
method in Korean coastal waters, and detection of the optimal culture conditions
(temperature, salinity, light intensity, nitrate and phosphate) for mass culture and
intraspecific variability in their growth.

Confirmation of a series of culture processes for mass culture of phototrophic live
feeds using the upgraded photo-bioreactor, and discovery of optimal live feeds
with a high nutritional value for marine aquaculture.

Confirming that the selected phototrophic live feeds can improve the growth rate
and egg production of rotifer, and they can be used for enriching the rotifer.
Growth and survival rates of bivalve larvae also were enhanced under mixing with
the existing microalgae.

Isolation and purification of the seven pigments characteristic of cryptophyte. These
can be used as standard pigments. Unfortunately, despite the live feeds showed a
moderate antioxidant activity on the extract of the organisms, the active
compounds could not be isolated owing to a tiny amount. Instead, a betain lipid
compound, DGTA class was successfully purified which may be used as an
indicator of cryptophyte species.

Completion of a new condensed-cryptophycean live feeds as a test products using
application of the concentration technique of microalgae and suggestion of its

storage conditions.

. Achievement of Research and Development and Design of Achievement Application

The multifunctional phototrophic organisms selected in this study will be
developed as a new live feeds or nutritional enrichments for marine aquaculture.
Besides, the extraction of standard pigments can escalate the value of the live
feeds, together with the production of high value-added compounds and
supplementary health food in the marine bio-technical industry.

Design and substantiation of a high-density mass cultivating photobioreactor can be
used as a bioreactor sculpture related to the clean developement mechanism (CDM),
e,g the exhibition in diverse exposition, and also extend to environment-friendly

businesses, like CO; reduction, in association with the City Green Project.
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E 12 FAE 2UERFY 20 B2 AU AEF 2 dUHFE
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FTrHle HEEE LE A7 A E LE
(x10°cells ml™) (C) @ (C)

CR-MALO05 746 15 1.002 15
CR-MAL06 839 15 0.992 15
CR-MAL07 791 20 1.075 15
CR-MAL08-1 784 15 0.979 15
CR-MALOS-2 749 15 0.948 15
CR-MAL09 827 15 1.145 15
CR-MAL10 567 15 0.734 25
CR-MAL11 1,174 20 0.756 20

Zt F5dE A AEFLS TF met 27 vEsieEE, CR-MAL0S-12 15psud]]
A, CR-MAL05, CR-MAL06, CR-MAL09, CR-MALI1S 25psuclA], CR-MALO7%}
CR-MAL10-& 30psudl 4|, CR-MAL08-2= 35psucll Al 7Hd && AEFHS ehda, 47t
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(X10°cells ml™) (psu) @ (psu)
CR-MALO05 658 25 0.776 20
CR-MALO06 531 25 0.984 25
CR-MALO7 341 30 0.843 25
CR-MAL08-1 342 15 0.634 25
CR-MAL08-2 466 35 0.731 20
CR-MAL09 476 25 0.799 25
CR-MAL10 546 30 0.627 25
CR-MAL11 1,058 25 0.702 30
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FFuE wHe A 3
(mg/100g) (mg/100g) (mg/100g)
CR-MALO1 810 170 370
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CR-MAL03 340 290 820
CR-MALO4 130 230 790
CR-MAL05 250 80 950
CR-MAL06 500 80 930
CR-MALO7 630 60 860
CR-MAL08-1 590 10 1,600
CR-MAL08-2 630 140 750

3 BFae) FRFF HIE(%)E 7 HolFF wt va Aolg RIEw(TH
2-6), LM A 40% o] A= CR-MALOL, CR-MAL(O7, CR-MAL08-2¢0]%1 3, 13|
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o] A <] Hj%kA = CR-MAL04, CR-MAL05, CR-MAL06, CR-MAL08-1°] 1t}

CR-MAL CR-MAL CR-MAL CR-MAL CR-MAL CR-MAL CR-MAL CR-MAL CR-MAL
01 02 03 04 03 06 07 08-1 08-2
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‘E Ba 49.3
= 52.9 :
% 56.6 e 55.5 i
NA G8.7 74.2 72.7 o
. 60 . Bz =}
z0 w2
o :
T 40 3.9
= 20.6
o :
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E 24, el gel ALgE wgele] FRo FAHE L FE
SES £/2-Si Bg . gh Bl . g0k 7HEE
EapE) / -o1 = - = ar d HELEQH H]

NaNO; gg3 lotal 1540 1ol 1549 Jotal
Nitrogen Nitrogen Nitrogen
A4 (N) U
rea,
CO(NH;), 5254  (NH4):SO4 5254
NaH,PO, Water soluble Water soluble Total
O] P
() - H,O 36 Phosphate 697 Phosphate 697 Phosphate
Water soluble Water soluble
Z4EK) - Potassium 553  Potassium 553 ND

oxide oxide

FeCl; Iron EDTA Iron EDTA

- 6H,O 1.7 chelated 0.213 chelated 0.213
Water sF)luble 691 Water 591ub1e 691
Magnesium Magnesium

NazEDTA

- 2H,0O 1.7

CuSO,-5H,0 004 CoPPer EDTA o oo Copper EDTA 1

k= chelated chelated ND

e~

= Water soluble Water soluble

Na,MoO4-2H,0 0.03 Molybdenum 0.001 Molybdenum 0.001
Zinc EDTA Zinc EDTA
ZnSO,-7H,O 0.08 chelated 0.180 chelated 0.180
Manganese Manganese
MnCl,-4H,O 0.9 EDTA 0.190 EDTA 0.190
chelated chelated
CoClL,-6H,O 0.04
e ) Water soluble 10 Water soluble 10 ND
Boron Boron
Vitamin B12 0.3
Hle}l9l  Biotin 0.002 - - ND

Thiamine HCl 0.004

(GAE SEVIZA 1MolH, NDE HolE7h gleg olnlgh)
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E 210, 379 wjopo] 2A0) W obul it R A3 (Y28 FFme/ FA100g)

CR-MALQ7 CR-MALO08-2 CR-MAL10
e} A . H3lagA = . 1:;_{51 < ZHy X 1:;_61 IS 2R
Fele= fresi RS TERE fosi WRES RS g0si WHES O
Alanine 66.0 220 61.0 70.2 414 62.7 926 644 481
Arginine* 470 260 43.0 35.6 284 438 405 371 249
Aspartic acid 930 33.0 86.0 764 56.5 82.8 9.5 76.0 487
Cystine 11.0 3.0 90 - 6.2 11.1 - 8.3 09
Glutamic acid 86.0 300 81.0 74.8 50.5 75.1 106.0 69.1 50.7
Glycine 470 17.0 46.0 51.9 27.7 429 624 40.7 290
Histidine* 16.0 6.0 14.0 18.4 91 13.6 197 10.8 10.3
Isoleucine* 270 90 23.0 497 21.1 305 459 2065 18.1
Leucine* 63.0 220 57.0 719 426 625 80.8 570 415
Lysine* 570 190 47.0 375 36.2 50.6 68.6 547 37.7
Methionine* 15.0 1.0 13.0 - 10.7 164 - 168 14
Phenylalanine® 38.0 14.0 36.0 425 242 36.8 447 32.7 226
Proline 420 13.0 38.0 471 23.7 334 421 319 15.1
Serine 51.0 17.0 44.0 30.9 31.0 455 36.2 394 174
Threonine* 440 15.0 41.0 52.7 26.8 38.1 56.5 331 11.2
Tryptophan*
Tyrosine 41.0 13.0 39.0 - 222 331 - 279 -
Valine* 430 13.0 40.0 64.8 M8 491 75.7 473 356
*REA QRS ofFe ol aby
CR-MALQ7 CR-MALO08-2 CR-MAL10
f _ 1 f _ N f _ N
s FHIA SRS ppg SR STAE gng SRAA A
100
80
;
= 60
«
= 0818 2 o) 12}
—?', 40 B 2oln] x4}
20
0
a3 2-11. T 49 (%)
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CR-MAL07 CR-MAL08-2 CR-MALI0
GAE f/o6 AR JEER pog SHAS TR g, g ML

de sl de s R

Caproic  Acid C6:.0

Lauric Acid C12:0 - - - - 04 03 - 0.7 18
Myristic Acid Cl14:0 17 04 31 13 06 20 23 08 26
unid. fatty acid.1 C15:0 01 02 02
Palmitic Acid Cl6:0 69 9.7 74 9.1 6.3 80 122 69 94
Palmitoleic Acid  Cl6:1 05 02 14 41 03
Heptadecanoic Acid C17:0 - - - 22
Stearic Acid C18:0 02 03 03 13 - 05 - - 04
Oleic Acid C18:1 06 15 12 31 06 42 26 - 04
Linoleic Acid C18:2 12 13 41 17 24 6.3 34 24 28
unid. fatty acid.2 C18:3 - 08 09
Linolenic Acid C18:3 103 77 9.7 184 14.4 106 269 204 288
Eicosadienoic Acid C20:2
Docosadienoic Acid (C22:2 - - - - 14 05
EPA C20:5 209 153 16.0 17.0 183 207 14.1 199 12.8
DHA C22:6 132 143 133 113 11.8 96 9.7 89 6.3
71E} A kAl 442 48.0 426 306 434 368 289 39.7 M3
CR-MAL07 CR-MALO08-2 CR-MAL10
f/2—Si‘ g %3:‘%& f/2—‘Si A %i{;ii f/Z‘—Si A %i{;ii
100
80
2
> 60 CRER T
b 110 4 W s
-§DJ - BEzsirgy
=3 492
465
20
0
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Uut FoE ofm] = A
4%% g%mg A¥E $%mg) 25 2B )

uy 2 7310 Alanine 465.0 Caproic  Acid 8.4
Arginine* 299.0 Lauric Acid -
Aspartic acid 448.0 Myristic Acid 0.9
Cystine 43.0 unid. fatty acid.1 18
Glutamic acid 5330 Palmitic Acid 72.3
Glycine 306.0  Palmitoleic Acid -
Histidine* 106.0 Heptadecanoic Acid -
Isoleucine* 143.0 Stearic Acid 26
Leucine* 4230 Oleic Acid 14
Lysine* 456.0 Linoleic Acid -
Methionine® 110.0 unid. fatty acid.2 -
Phenylalanine® 241.0 Linolenic Acid -
Proline 293.0 Ficosadienoic Acid 11
Serine 208.0 Docosadienoic Acid -
Threonine* 233.0 EPA -
Tryptophan* - DHA -
Tyrosine 184.0 718} A HFAL 115
Valine* 2320

% ZA 100gol T

F(mg) T+

ZAE (%)™, ofu] At
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CR-MALO7 CR-MAL08-2 CR-MAL10 D-chl
100
= 21.4 24.6
i 80 42.7 46.0
70 128 02| | owrstz
Mo 60 0% 8}
oL 11.2 57
@ 0 46.1
- 48.3
=
= 20
)
0
CR-MALO7 CR-MAL08-2 CR-MAL10 D-chl
100
5 80
ot 54.2 585 50.2 o
= ' On]E 4 ofn] =4k
7 60
N
G, w5 ohul gt
g 4538 498 38.9
2
Q 20
0
CR-MAL(Q7 CR-MAL(08-2 CR-MALI10 D-chl
100
11.4
= 30.6 28.9
- 80 44.2
of o7]e} x4k
60 2 45 o 23} 2]l
N 9.0
= 86.1 mE ¥ 35} 2]l
< 40
=0
3 55.5 56.6
56 16.8
25
0 \—

a8 213 FEF U AFN LURF FEHPA Fo GPRE 2HE() M



A3 A FAEHl9 VA A

ol

yAR=Ne]

5 B. plicatilis(% 59

s APAE TR HARATY RFABE on A7 BAE Ho| 9
¥ 4AEe 28] s we

25,000, 50,000, 100,000, 150,000, 200,000 M=Z e 2HEFE 100 m HAEZEI(HFSF
6,

80 ml)oll AN, &#FF B. plicatilisE mlF 2 A2 HF3 T A7+ 3705, 1, 2, 3,

12, 24770l W2 FAE HolFF % W3t FUsqurk AIZF Aol what ik

o

4 3 Ho}l mw REREE B F 1 wE Al $E sdoz 1YY o,
Sedgwick-Rafter chamberZE ©o]&38}o] F&Hu|7slo) A 33 At & B e
2Est e FEE FAbsith £2(25C) 2 EE60 pswye AASIAL, FFUle 24
AZE A&Hez FASAT Holsx ¥l wE &FF Brachionus plicatilis®] 42 &
(Grazing rate) 2t&S th2-3 7S Michaelis-Menten o] t st T=43lsle] A5 E

A5k
GR=V(C,— Cr)/ NxT
Vo 53 (ml)
Cot Cp : T2y 7] 2 FHF Holg T (cell mi )

=
FEFY A B 2SS FA5] 98 A= Hel i FFHCR-MAL 01, 02,

04, 05, 06, 07, 08-1, 08-2, 09)2 o|&3la] T 2.0x10° A|E2 HolZ FFIeH, &
2(25C)7 HE(30 psu)yS AR T EFFE W 5 WAE HAZsAh &7 AF
= MY 1w FE3t iFARAE stollA o]FoRen, Agd A= Agdd A
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kin

&otth A3
(Specific growth rate, r)2] A4k Rico-Martinez and Dodson (1992)2] 2o 2] A4t
5 AT

o

79 F9 ASBLD=240)014 wsAh Y Fo AT 4IE

r=(1/T)In(N/ N,)
Ny Az ol A &5F/2 A

Ny &FTFE 271 WA

=
H#5FY 4% 2 PSS vwsty] A8 A FAE Hol F5F CR-MAL0S-2¢
71&9 saZF2de} Chiorella ellipsoidea (=M ZF-3 KMMCC-2)E A=3stgch

CR-MAL08-2 FF= m%E 5.0x10° AER, C ellipsoides’= mlF 2.0x10° A EE 3t &
5ol 27 FEAUKH Holo] waBe ZHF A, C ellipsoidens] B2Fo|

CR-MAL 082Kt} 254 =gt} £2(25C)% 4230 psu)S 433 & 457 ol
F 5 MAZ HAESAT &5 FY A Md 1 Y FE25+ siEdnF slolA o] F

=]
ng
olien, A MAE AFdd A+ ct A 7d T ?ié%*(L:D=24:O)°ﬂH
_Q_

Dodson (1992)2] 2o }s AAF=| ST

mh) A 2
RE A ZAI}E= one-way ANOVA testZ2 A A3 3 Duncan’s multiple range test

(Duncan, 1955)& A |8l H 7+ /2] A4(P=0.05)2 SPSS program (ver. 12.0)2.2 7
B8t
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FAE Ho] FTF(CR-MAL 01, 07, 08-1, 08-2, 09)°]l 3t F=E 24 At & &5 7/
o A48 A ATFE theT BUHE 31). 2 F3
BAstA] Elg o), CR-MALOS-T AFTE A9t Urx] dgFlA Heol &

&2 1.50x10°~1.84x10° cells ind.” " hr '9] HYE BHYon, Hu HAES HJ 2F
7= CR-MALO99 A 7HE =& A4 &S UEHT o2 s CR-MAL0S-2 A3 o A
1.82x10° cells ind. ! hr '9] HAEL BYFon, CR-MALO7 AFTo|AE 1.66x10°¢ cells
ind. "' hr'9] 44E< VeI CR-MALOT AF o A= 1.53x10° cells ind.” "' hr™ ']
AAES B, 7MY 22 A4ES UEd A¥ T CR-MALS-12 1.50x10° cells

ko

ind.”! hr '¢] HAE

filo
L
hul
4
=
[
oY
P
i
N

£ 3-1. Grazing rate of the rotifer Brachionus plicatilis fed the different strains of the

cryptophyte at different cell densities after 24 hours

Food concentration (cells m{ ')

Strain No.
25,000 50,000 100,000 150,000 200,000
CR-MALO1 5.89x10* 2.83x10° 2.79x10° 9.31x10° 1.53x10°
CR-MAL(07 1.89x10° 4.48x10° 8.73x10° 1.49x10° 1.66x10°
CR-MALO08-1 8.24x10* 3.31x10° 1.05x10° 1.50x10° 7.49x10°
CR-MALO0S8-2 2.31x10° 4.39x10° 9.66x10° 1.39x10° 1.82x10°
CR-MAL09 1.50x10° 2.98x10° 9.01x10° 1.43x10° 1.84x10°

FAAE Mol FF(CR-MAL 01, 02, 04, 05, 06, 07, 08-1, 08-2, 09)e]l W2 H=F A
AEY AF AFye F 329 19 3-3~69] JERA vle} Zr

EE A@FoA] Alzte]l AAste] wet &F R/ Aol Frlsle AEE EoH,
HAu A2 Bl AFFTE CR-MALO1Z 08-1, 08-22 ujek 79 A mg 44~50 7§ =
7t =L AAFE JEPHATHP<0.05). CR-MAL029F 09 Ad oA wjeF 6 A Z+z wl
2 35 JRAI9 32 AAE JERG A, 7w A4S B CR-MALOS A= ulok
74 A T 11 AR 7P @2 A AEE EROU(P<0.05), ntd 137 14 JiAE



5<Ql CR-MAL 06, 04 A& 79 497 ¢l 2po]2 Holx| eF}(P>0.05) (2 3-3~4).

2000000

2000000
_ CR-MAL 01 CR-MAL 07
= = +
1’5_ 1500000 é TE 1500000 L3
2 :
A K]
2 s
E 1000000 ‘GU'J’ 1000000
& ]
= §
£ w
6 B
500000 Rz =0.9131 © s R2 =0.9915
*
3 3
0 50000 100000 150000 200000 250000 0 50000 100000 150000 200000 250000
Food concentration (cells ml™") Food concentration (cells mI™)
2000000
2500000
CR-MAL
- _ CR-MAL
£ 1500000 08-1 ¢ L a0
2 3
E E 1500000
g 1000000 %
G [c]
R?=0.9984
R?=0.8112
o
0 o 50000 100000 150000 200000 250000
0 50000 100000 150000 200000 250000

Food concentration (cells mi™")
Food concentration (cells mI™)

CR-MAL
2000000 09

1500000

1000000

Grazing rate (cells ind.” hr™")

500000

R?=0.992

0 50000 100000 150000 200000 250000

Food concentration (cells ml™)

1% 3-1. Grazing rate of the rotifer fed the different strains of the cryptophyte
(CR-MAL 01, 07, 08-1, 08-2, 09) at different cell densities after 24 hours.
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2500000 ~

2000000 +

1500000

1000000

Maximumgrazing rate (cells ind™ hr™)

500000 -

CR-MAL 01 CR-MAL 07 CR-MAL08-1 CR-MAL 08-2 CR-MAL 09

Strain

I3 3-2. Maximum grazing rate of the rotifer Brachionus plicatilis fed the different

strains of the cryptophyte (CR-MAL 01, 07, 08-1, 08-2, 09) after 24 hours.

Hy Hzo w2 ITHEL CR-MALOL A FolA 372% = 7H =& T3ES U
Ebfl o1}, CR-MALOS AR5 A3 e A P79 942 Aolg Holx| &t
(P>0.05). CR-MAL05 APFAAE 206%2 7HF 2 TTLELS BHYTHP<0.05)(2
3-5).

HAn Az W2 JfA I EE)S CR-MALO2SF 082 A T4 03302 7} &
Aoz =L AFEL JEPATHP<0.05). T o2& CR-MAL 17} 08-1, 283 09 4
T2 0329 0319 AFES UEHHRAR, 0265 UERFHE CR-MALO7 A3 T2 /9 F
A FolE HolA gUTHP>0.05). 7HF *F& JHA FAFES B AT FuEES}

5

TEAgoA Fe kS el CR-MAL 05 A8 T2 0112 Jel At 3-6).
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£ 3-2. Maximum density, fecundity rate and specific growth rate (means+S.D.) of the

rotifer Brachionus plicatilis fed the different strains of the cryptophyte

Maximum density

Fecundity rate

Specific growth rate

Strain .
(ind. m¢ ") (%) (r)
CR-MAL 01 44+4 85° 37.2+4.72° 0.31+0.016*
CR-MAL 02 35+3.58° 323+7.41% 0.32+0.017¢
CR-MAL 04 14+0.68 235+6.72% 0.21+0.009¢
CR-MAL 05 11+0.68¢ 20.6+7.60° 0.11£0.009¢
CR-MAL 06 13+2.25 28.6+6.27 % 0.19+0.037¢
CR-MAL 07 20+3.61°¢ 23.6+10.25% 0.26+0.034°
CR-MAL 08-1 44+3.95¢ 299+5.30% 0.31+0.013*
CR-MAL 08-2 50+1.55° 263+3.37% 0.33+£0.004°
CR-MAL 09 32+2.11° 31.1+5.26% 0.31+0.011%
60 -
-0-CR-MAL 01 <~CR-MAL 02
TE 50 A -«CR-MAL 04 ==CR-MAL 05
_-g -+-CR-MALO6 <~CR-MAL 07
:T_;”.' 40 -+ -CR-MALO08-1 <*+CR-MAL 08-2
E -#+=-CR-MAL 09
| 30
o
G
o 20 A
0
£
=
Z 10 -
0 T T T T T T 1

Elapsed day

1% 3-3. Change in the number of individuals of the rotifer Brachionus plicatilis fed

the different strains of the cryptophyte.

_56_



60 -

=
1
[ a
5 50 - a a L
£
= |
E
S a0 b
k-
P b
-
3 |
Z 30 -
@
c
@ c
©
€
g 20 A
Z cd cld
© 1
= i

10 -

0 . . ; ;

CR-MALO1  CR-MAL02  CR-MAL04 CR-MALO5 CR-MALO06 CR-MALO7 CR-MAL08-1 CR-MALO08-2 CR-MALO09

Strain

1% 3-4. Maximum density of the rotifer Brachionus plicatilis fed the different strains

of the cryptophyte.

40.0 -
ab

a ab
ab ab 7 ab
30.0 ab b a‘b
20.0
10.0
0.0 4 ‘ ‘ . . ‘ ‘ ‘ ;

CR-MALO1 CR-MALO02 CR-MALO4 CR-MALO5 CR-MALO6 CR-MALO7 CR-MALO08-1 CR-MALO08-2 CR-MALO09

Fecundity rate (%)

Strain

1% 3-5. Fecundity rate of the rotifer Brachionus plicatilis fed the different strains of

the cryptophyte.
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0.50 -

0.40 -

a a
ab ab ab
0.30 - b
C c
0.20
d
0.10 - I
0.00 B T T T T T T T T

CR-MALO1 CR-MALO2 CR-MAL04 CR-MALO5 CR-MALO6 CR-MALO7 CR-MALO08-1 CR-MALO08-2 CR-MALO09

Specific growth rate (r)

Strain

1% 3-6. Specific growth rate of the rotifer Brachionus plicatilis fed the different strains

of the cryptophyte.
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£ 3-3. Maximum density, fecundity rate and specific growth rate (means + S.D.) of
the rotifer Brachionus plicatilis fed on the cryptophyte CR-MAL0S-2 and
Chlorella ellipsoidea.

Maximum density Fecundity rate Specific growth rate

Strain
(ind. m¢ ") (%) (r)
CR-MAL 08-2 52+41.55 42.5+2.37 0.34+0.004
Chliorella ellipsoidea 67+2.11 40.2+2.26 0.37+0.011

75

70 4

65 -+

60 -+

—&C. ellipsoidea
55 o

50 - —-CR-MAL 08-2

45

40 -

35 o

30 H

25 +

20 H

Number of Brachionus plicatilis (ind. ml™ 1)

15 A

10 A

Elapsed days

a7 3-7. Change in the number of individuals of the rotifer Brachionus plicatilis fed
each of the two different diets, the cryptophyte Teleaulax amphioxein CR-MAL
08-2 and Chlorella ellipsoidea.
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SHEF(CRMAL 0822 J47std &5 79 opnlett HegdFe o
ghol Aol {FASIATHE 3-4). & =

ol "A4AH C0:5n37 C22:6n37 e 1

53], C20:5n3- o 5uj 9] F7HFS R Wi C22:6n3= mlFo R UENMTHE

£ 3-4. Amino acids composition of Brachionus plicatilis fed each of the two different

diets of the cryptophyte CR-MAL 08-2 and freshwater Chlorella

Amino acids(%) freshwater Chlorella CR-MAL 08-2
ASP 5.36 £0.69 4.60 +0.50
SER 2.26 £0.10 220 £0.24
GLU 6.30 +0.70 5.60 +0.61
GLY 1.56 +0.11 148 +0.16
HIS 0.54 +0.07 0.55 +0.09
ARG 227 +0.22 2.04 £0.32
THR 112 +0.09 1.09 +0.13
ALA 225 +0.14 204 £0.17
PRO 1.91 £0.10 191 +0.21
TYR 1.34 +0.10 1.37 +0.13
VAL 1.14 £0.06 1.10 £0.11
MET 0.36 +0.13 0.56 +0.07
LYS 594 +0.46 5.83 +0.45
ILE 0.84 +0.05 0.82 +0.09
LEU 246 £0.13 2.36 +0.25
PHE 1.35 +0.11 1.37 +0.16
Total 37.00 34.92
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i 3-5. Fatty acids composition of Brachionus plicatilis. fed each of the two different
diets of the Cryptophyte CR-MALO08-2 and freshwater Chlorelln
Fatty acid Content (mg/100g)
Freshwater Chlorella CR-MAL 08-2
C14:0 875 (2.2) 91.3 (2.2)
C15:0 66.0 (1.7) 71.2 (1.8)
C16:0 1139.8 (29.0) 1177.0 (29.0)
C16:1 100.2 (2.5) -
C17:0 51.8 (1.3) 505 (1.2)
C17:1 32,5 (0.8) 341 (0.8)
C18:0 238.0 (6.0) 251.5 (6.2)
C18:1 n9c 2044 (5.2) 2189 (5.4)
C18:1 n9t 102.2 (2.6) 1094 (2.7)
C18:2 né6 1197.1 (30.4) 1256.7 (31.0)
C18:3 né 9.8 (0.2) 11.0 (0.3)
C18:3 n3 131.8 (3.4) 1444 (3.6)
C20:0 13.7 (0.3) 12.0 (0.3)
C20:1 n9 86.6 (2.2) 93.9 (2.3)
C20:2 205.8 (5.2) 223.3 (5.5)
C20:3 né 89.6 (2.3) 103.8 (2.6)
C20:4 né 13.9 (0.4) 14.2 (04)
C20:5 n3 5.6 (0.1) 24.9 (0.6)
C22:0 19.4 (0.5) 16.2 (04)
C22:1 n9 9.1 (0.2) 31.3 (0.8)
C22:2 8.9 (0.2) 10.9 (0.3)
C23:0 294 (0.7) 300 (0.7)
C24:0 31.9 (0.8) 471 (1.2)
C22:6 n3 - trace
C24:1 n9 59.3 (1.5) 33.9 (0.8)
2 FA 3934.4 (100%) 4057.5 (100%)
>:n-3 HUFA 137.4(3.49%) 169.2(4.17%)
>'n-6 HUFA 113.4(2.88%) 129.0(3.17%)
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i ol { A sk HolAE I AF
) As 2Ty
7h A= fAe A 5 AEE
vlA 2t Ruditapes philippinarum D& A4S o g 3 Adors FAAE o] 671
ZFF(CR-MAL 02, 05, 06, 07, 08-1, 08-2)5 o|&3lo] mF 1.0x10* AlEe HolZ FFH3}
Hom, 3L BA@E ST 2L v g w1 HAZ JFsAoh 7 e 44
20T 9k 30 psuEs FASAL, FF7e 4/ A58 2 FAS AT AFLS 1297 A

Pstglom, 4ol FRE Fol v 49 HF(@HF AT YE &L ZASHA,

W =2 fAe A 2 AES tig v
22 Crassostrea gigns?] DE AL goz 3 Ao M= 5 FAE Ho| 27

ZF(CR-MALO08-29} 07)9} Chaetoceros sp.9F Isochrysis aff. galbana & 471 FFE ]85

£

% 7709 AFFE W 3.0x10" Ax Holg FFEsIHeR, 1L HFA (W] %5 800ml)
2L 800 20742 FEFSAAT ST GRS 2427 20T 30 psuE FAA
, BF7)E 47 dE&FR o2 SR SATH AFL 1097 AW gen, AFe] =5H
Fol 2 w49 AFEHF A AELE 2ASYT

2

kl

2) 27 g uF
7h viA g fAe A 2 AEs
FAE 2HEEF 671 £F(CR-MAL 02, 05, 06, 07, 08-1, 08-2)& FJF3std uvpx=&
Ruditapes philippinarum 49 433 YE&& vus] & Zzs | 369 19 3-5~7
ol VeRl ATt
Z}&o] tdt AzE AWHET, CR-MAL0S-1 ZFdA 7 z2+4 =277} 156.9m=
Fadez M =2 A4S UEHEHP<0.05). 2y HT AF 1564mE WERA
CR-MALO08-2 &3¢9} 155.0m< e CR-MALO6 FF o= 523 xlo]E Ho|x] %9
tHP>0.05). CR-MAL 07 353 ZTF<= HT Zg0] 153.2me vepdon, 71 @

pod]

flo

AFE 1ol A= CR-MALO29 05 FF2 B g Z+zt 149.8/met 1495m= F
o]Fo g o QAo JEFHTHP<0.05) (28 23 3-5).

1 A% A7E AuEH, CR-MALOS-17 08-2 ZF A HF Zta
27|17} 1374~1375m=z F9 402 714 2o AFS Ve THP<0.05). Zev Ha Z}
I 134.8mE UEFA CR-MAL06 ZF¢} fol&Q =ole Holx]  FrhP>0.05).

R
X
o
do
ox
o
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CR-MALO7S 273 3= 9 242 1332mE Jeden, 71 %o 438 B £
F= CR-MAL05$} 02 32 z+zr 3 27} 1285msk 129.6m=z S Aoz o A
A& JEFATHP<0.05)(1E 3-6).

v g fAe] AEEe 4 FFEE F3% Aole gllet CR-MAL0S-2 FF4
A AL1%E 7P =& ATES BT vad e AES Bd CR-MAL029 07 &
FoA 7zt 40.7% ¢ 395% 2 w2 ATEE UEHL, C(RMALOS-1E T8 TF
36.2%<] AEEE YElH o, CR-MALO6 FF+= 351%9 AE=EE BRI 717 @
44E EYE CR-MAL 058 3338 TFolA= 346%=2 7 @& AEES Ve

[e]

fr

flo

o

(=

o

3-7).

$# 3-6. Shell length, shell height and survival rate (mean + S.D.) of the manila clam
Ruditapes philippinarum larvae fed the different strains of the cryptophyte

Strain No. Shell length Shell height Survival rate
(¢m) (1m) (%)
CR-MAL02 149.8+3.47°¢ 129.6+5.32¢ 40.7+6.14
CR-MALO5 149.5+3.34¢ 128.5+1.85¢ 34.646.08
CR-MALO6 155.0+2.67" 134.8+1.74° 35.1+£5.96
CR-MALO7 153.2+2.83" 133.2+2.84° 39.5+6.00
CR-MALOS8-1 156.9+£2.49° 137.5+£2.71° 36.2+6.74
CR-MALOS-2 156.4+2.06" 137.4+0.93" 41.144.82
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27 3-8. Shell length of the manila clam Ruditapes philippinarum larvae fed the
different strains of the cryptophyte.
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27 3-9. Shell hight of the manila clam Ruditapes philippinarum larvae fed the different
strains of the cryptophyte.
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27 3-10. Survival rate of the manila clam Ruditapes philippinarum larvae fed the

different strains of the cryptophyte.
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me VERALH, @ CR-MAL 08-2+CR-MAL 07+, aff. galbanaS FF3 AFFE= HF
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£ 3-7. Growth and survival rate of the Pacific oyster Crassostrea gigas larvae fed

different diets including the cryptophyte CR-MAL 08-2 and 07

. Shell length  Shell height Survival
Food organisums
(xS.D) (um) (xS.D) (um) rate (%)
Chaetoceros sp. 91.25+2.47/ 80.3+2.2¢ 9.8+2.14°
Isochrysis aff. galbana 129.5+1.34° 114.6+1.5" 63+4.08°
CR-MALO08-2 120.8+2.67¢ 109.35+2.7" 50.4+0.96"
CR-MAL07 101.3+£2.3¢ 91.9+2.42¢ 20.4+2.221
CR-MALO08-2 + [. aff. galbana 143.5+2.4¢ 130.8+0.71¢ 62.1+5.85¢
CR-MALO7 + I aff. galbana 101.7+£3.6¢ 94.2+2 .3 30.3+4.2¢
CR-MALO08-2+CR-MALO7+1. aff. galbana 113.3+2.5¢ 103.2+3.2°¢ 35.2+4.24°¢
160 4
140 4
5
. T d
g 120 L
= .
i
7 e €
I T
100 A
f
i
80 T T T T T T 1
Chaetoceros | aff. Gabana CR-MALO8-2  CR-MALOT  CR-MALO8-2 + CR-MALOY +|. CR-MALOB-2 +

. aff. gabana

Strain

aff. gabana

CR-MALOT +1.
aff. galbana

% 3-11. Shell length of the Pacific oyster Crassostrea giga larvae fed different diets

including the cryptophyte (CR-MAL 08-2, 07), Chaetoceros sp., and Isochrysis

aff. galbana.
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g1e Wi 243 114.6mES VEFReH, @ CR-MAL0S-27 7 CR-MAL08-2+CR-MAL
07+1. aff. galbanas)A] B Zti 109.3/met 103.2mE Vet 73 @e zbm 43S
Al X2 DChaetoceros sp.o F73 AIdF=2 H Zrt 8025umE VEFACH (2 H
3-12).
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flo
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AZF A AEES @ Isochrysis aff. galbana A TFANA 63%=2 714 =& WES
< Bt 433 oM 7P =& A4Fe 2Yd © CR-MAL 08-2+1. aff. galbana
ARTLE 621%S, 2 tLgoez=E @ CR-MAL0S-2 A= 504%, @ CR-MAL
08-2+CR-MALQ7+I. aff. galbana®} ® CR-MALO7+I. aff. galbana HAdF= 27z 30.3%,
352%9] AEES BRItk 71 Fe A4F 2 Ay AFS BRI O Chaetoceros sp. 4
PTolA 98% = 7HE e AEEE e (™ 3-13).

160 -
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130 -
E b hc
-
2 110 4 ¢
e
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e
TU - T T T T T T

Chaetoceros | aff. Gahana CR-MALO8-2  CR-MALOT  CR-MALOS-2 + CR-MALOT +1. CR-MALOS-2 +
| aff. gabana  &ff. gabana  CR-MALOT + 1,
aff, galbana
Strain

2% 3-12. Shell hight of the Pacific oyster Crassostrea giga larvae fed different diets
including the cryptophyte (CR-MAL 08-2, 07), Chaetoceros sp., and Isochrysis
aff. galbana.
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27 3-13. Survival rate of the Pacific oyster Crassostrea giga larvae fed different diets

including the cryptophyte (CR-MAL 08-2, 07), Chaetoceros sp., and Isochrysis
aff. galbana.
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T(alt)y# Frl=2dE Euistr] #sted H.OFF butanol2  partitions AAIE F, ©]o]

butanol3--& ThA] FF3ste] A aks A ASH] A3 85%MeOH 7 n-hexanes A}-8-5}¢
I HFEHOE 85%MeOH =& dglom, o] 85% MeOH E o] of
stod gatsl 2 AR S AAE AASHS T

AT FAFL AT [/ Candida albicansE HEZ 4ol YM LA u) Ao vl 3}
t]j2= gAY (Disc Diffusion Method)g& =83t 3 1, YA ZF S 2 Amphotericin-B}
+ANETLE DMSO &9 AHgstalen, ta=a &bl o8] 48 clean zoned]
A71E FAHsH 249 AEE ST FEE =29 Al E4E B fsto
24 #uzZ 2AME olgsigEd, o W AEE wWide  DPPH
(1,1-diphenyl-2-picrydrazyl) 0z AASS AW, DPPH £4L 80ug/mé in

filo

MeOH=Z ZAlsta FHst2A sl= 7+ FF9 FEEL 200ppm, 20ppm, 2ppme] F%
2 g & of7]o Zz DPPHE YL 40048 €] spectrophotometer 517mibgo 2 &
FEE =59t o] APoA FHWERTLZ Ascorbic acid9t ¢AHWETSE 100%

o

AHEE AT FAE Hol W ZFFY FEEO Uste I g4 SAT Ad
BE FF7} £33 B34S Hol FA @stx, 97 FFo) 3 Atz @49 A e
olefo] ¥ 3-87 o], CR-MAL03, CR-MAL07 181 CR-MAL08-2 ZFF9] FZE A
2 77} 24 ¢A 9 DPPH &A% S Bo FYoh

_69_



=220 =T
zzw3 == e 200ppm 20ppm 2ppm
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= A A
T &Mz 2RE F2E FE220 dst daAE 24Tk AaA 242 o
Z712 8 HPLCE o]&3slth

- HPLC : Agilent 1200 series

- Column : Agilent Eclipse XDB-C8 (150x4.6mm) 3.5¢m

- =2 33 450m

ST 50T

- A7) &ul : solvent A - 70 : 30(MeOH : 28mM ammonium acetate pH 6.5)
solvent B - 100% MeOH

_|Q|_
CFUF 10p (FEAIE - 27] AU Sl = 14)
o 71€7] : 0% - %% A, 5% B
508 - 5% A, 95% B
53% - 5% A, 95% B
548 - 95% A, 5% B
598 - 95% A, 5% B
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crocoxanthino] o] Q& Aoz BAE oW, acaroteneT EAHQTH olHE =&

7} e 2B ZFEOSZ alloxanthin, monadoxanthin, crocoxanthin, a-carotene©]
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DAD1 B, Sig=450.20 Ref=off (REFORT-CRYPTOWCRYFTO-ACETONE(DOODOO).D)
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BaAE 2es7] Aste] WA PHE F2B 20mg F
50mgel Thste] M7t AEYAE oGl FH BAL Ansiel ol
27} HPLCZ o}d)s 2ol A4S 22590
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HPLCZ olHE FEFE 50 mgs w8 Z= 19, 791 28 9Ho] 4z28 wu
Sl AaAz FolAth o 4ESel tate] MaAE FAskr] Aol opE ful=
UV spectrum2 733 ZA3 1¥Ho| a-caroteneo|® 7WHo] pheophytin A, 9HLS

pyropheophytin AZ 88 H T} olAME FZFE 50 mgoll tiste] a3 Z3} a-carotene
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Al F579 AaAdd tE UV spectrumg YERN (2™ 3-19), 79 Eodo th3k +
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DADA B, Sig=450,20 Ref=off (REPORT-CRYPTOMACETONE-MEDOHWCETONE-MEQH-RP2(0000D).0)

T

alloxanthin

27aT6
22.820

T T T T
20 35 40 45 50 55 min

“DAD1 B, Sig=450,20 Ref=off (REFORT-CRYPTOWCETONE-MEDOHWCETONE-MEQH-RP3-2(00000).L)
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DAD4 B, Sig=450,20 Raf=off (REPORT-CRYFTOWCHLOROFPHYLL A.D0

chlorophyll a

DAD B, Sig=450,20 Ref=off (REPORT-CRYPTOWMCETOME-EAWCETOMNE-EA-NPI(OOOOD).D)

] pyropheophytin a

DAD1 B, Sig=450,20 Ref=off (REFORT-CR¥PTOWACETONE-EAWCETOMNE-EA-NFT(0000DO).0)

150 =
125 =
100 =

L pheophytin a

DAD1, 51.281 (2522 mAU, - 1 of ACETONE-EANPF(0OOOOMD
DAD1, 45483 (1737 mAU, - 1 of ACETONE-EA-NFS(00DO01D
DAD1, 46,526 (2136 AU, - ) of CHLOROPHYLL A.D

pheophytin a

2000 —
1500 —

1000 —

500 —

pyropheophytin a
1

T T i T T
=00 400 s00 800 00 nm

I3 3-24. B2 ¥E chorophylld] A4 &<l (a) HPLC Z2rtfE27 (b) UV ~HEH

_81_



_82_



Al 44

|

AAEA, gAY Hdez He u v Fu AE

3T
X

719] Al

o)
HH

B AT

#3747} %] (Glass-fiber filter)

ted HlEE&Holmg tiqEe

o5

AQATFO R

é-_]__

& A, =y

[e]
01;-1'%'

FHa 5A1ZE E A=t

oM, oA E2F o3

_
o

il

W
)

b))

o
mr

A
el
oH
el
A
o

o))
H

&R

—_

oF

o] AEFL Zfo|& ALIZE 248, %)

&
T

%

(

[e)
=

3]& (%)

1@

i
=0

[e)

(1000%H) Y

N
Ho

__o_l

T

86.7

517,600 x 10° cells - ml™

597,000 cells - ml™

CR-MALO07

85.6

489200 x 10° cells - ml™

571,000 cells - ml™

CR-MAL08-2

@/ (Dx1000)x100

(%)

%
e

g

_83_



2. FEA L] nAY

A, 7128 e =z

3]

=7 4

B

~u

Him

=2
(¢}

27} 7}

(10~15°C),

eny

5T olsh), &

| @y e

3]

77k Golno] 9

=1}
=

Kl

=

RAaLw

ol

~—
o

_
o

)

B

Aok 4-1~2).

EK

‘cq

\

:AO

FAAA 80%o]

R

60% FFoz A

<7 o]
XIHEEE

+HEHH, A

Hlo

718

=1}
=

TYRel

Al Al

%

Hj

T
T

H2H10~15T) A 9l

w
el

R

ol

T

oF
TH

)
A

ted 20 o]

=)

_84_



60 -
5 00%
= 5o [ 3% 354 92% 93%
o B0%
T 40 A ]
& 62%
= 30 A ]
,{'_
Y 10 S
% oo
6 1 2 5 10 20 30
@A L5
WA RABC olsh)
.. B0 A B0
L 100% T 100%
- B - B
= L
S a0 - 72% T 40 - 74% 729
s = 60%
— 30 53% — 30
aL AL
3 o LS 7
o] 10 - T
o 0.3% a
o —b— b1 1 T — 0.0
] i 2 5 ] i 2 5
ER A AL ER A AL
&2 B #(10~157) = Are

a8 41 FEuAe Hadged i AlX YA wHspel HES(%)

_85_



_86_



o

Z CR-MALO7%} CR-MAL10& tj

=

o

=

A}

A
g Wl Y

2E

A= 2

L

A

Ry

)

3

o] A

3

2

=3

1) A1A]
AE L&

[e]

7} A A

3. AlA

o o w T T T *H
- P oW % M o 5
NG I ajo mu ﬂm m_ww_ 3 " s
< o H * H N “_._l
M_ i ™ o T o 63 m__mm MM z “__
24 = oo~ 0 - P Y
: T o W ow Hoo] B A g
S A T E % 5 <
— X h T
= Ux = 5w T )
s & T = ow Pl
o B = o
U %_ 3 . qr w7 ° Yo 3
. | < "o ow W mo i
3 > 7= = 0 o k2
z TR 5w F v
ol Ho BT Hp > ° o
oMo T o m P >R
+ % O SE ko o
- = G T o= w °
3. fmig LEEZ L
T o w 2 g N T Mo
70 By wy \Qw/ < oo H E M_M B B "
N5 oA g 5 o % Mo
5 o= T 2B T v
= = 5 ) 0
o a_.pnmo o M i Wﬁ_u M.O|M N do N ,m_M N W_A_.M I
— i~ o = 2l = == of
‘)IA_IL —_ _ZTI E 1m_.0 ﬂ.H” w AT .ﬂc —~ ~ ~
H %u Ho oE Am,wu o m P W mour Mﬁ __om_ X wz_h_u ﬁw
=3 0 T 5 o ‘ﬂw _
T o P og o T KW L O F T
TR s W OR W M E oo TR % T "
L) ax : 3
h T 2 2® Aogs @ T g X Ll
o fe % T T oW A ===
OB OB E LN mox oo Yz
R < T ox o om Y e ) < »
70 ~) o & H P W gl . W om
5oy T Z W oz LN + °
o N N TS C &

_87_

17} A= vl

Pz

Y 437 2k

T

T

g2 AFLAEEA 7}
1] =]

=



_88_



| -
-

ZEEoronel Jiod

Al 14

1. 131 % (2010. 07.~2011. 06.)

T -
7T
oy H 7 W W
te LY 2E | 2w -
% = e | T | 0 RUNICS
_ o R mK | T o | ® | 7
M_l o = oo | o X & = = 7 M_ i
Bolzd e Yre® Hr gy TR
|2 ~" mat LD b w
o g | NN Nk g 28 RE
BE LT N EX TR oy g
~ e
TE| NT | EFFE=s % W= ~| %
= w1 dD | |
Gl = 2 2 2 s |8 s
,HE ~— — — — — — — —
%o "
™ = X
T =K R T
2 Mw Th : o° | P o=
Hr o = K| e
e AR %O T T
T — wjr o o %o W R
- . oo | T So |k | o
al ) do T ' o
T oy &l e | Tl o
=0 T o My - e | e
o o ofl O A wr 9 TN
o Hw wir Em = %o
B o MT_ do TN © Tr %
" Jjo " M o 7K ah "
7l ie R o A 2
il W oEr B "N o T LN
—_— < = %0 .HU
3 K oy E
e o =0 zﬁ o o0 4 W
<R RO o Ne i =

~—
o

_89_



2. 22 A% (2011. 07.~2012. 06.)

8o o ap
. = %
O == ow _
do | o i i T & a3 T
ﬂ_‘lm —_ - 0
70 % do | R T~ Mo =~ Mm o X W K Ht
G | = o ® M e P g N
3 S W o | BN B oW moTE
I I 2N R E® e T 1H -
T w3 __w“_ o T | O gy M__H = oo W " = 3 -
Iy Wk | 28 X I I S T I ol ) 4 | =
BT e FP w | W B T3 — | W] = 6
N e e A Tl N N 5 | R
Vo @M 2R g I R R w0
< EN k| e TR OE g M g Mﬁ o
el s e R N s S T o | D
PR T w0 ¥ w | eme x| R W
E..* = j ol ol ol o
To 32 jan]
Sl = s /g &8 &g 2| g | &g = s | g g
A .:W_m o __ﬂm w % w_w,‘__ MM w]ﬁ .d|ﬂ @ Mm X < H =K
' ~ [ - o] o] N _
O e O I e - - I R B S
e 5 ) —_— | = © z_o = o —_ %Jo —~ i
s oy e oY N N O =0 el Gl Ho o < do <
Bl o 1_%.]_ NE oo | 50 | %o Em o W | = mnﬁ = | = H n = = | o
S TR I - I S R B BT oo | 2| W e | PR g
I o o = Mo Bm o X | A oHe | BT
T S g el g R g™ ey g Bl W o
jans —_— = <
ST EE ML D B R T MY
= o N TEm W |  HT T T | HW| O
"‘—A
Ho " M% X0 M ,._._o _ % U_.e
= T JJo = <! G
i N 2 ~ S <
ﬂl 20 o° s N = Ao
T == 2 < i ~
3 m N 20 H G ,.,..An.._ =
W A 2 Ko W < WD
IR T Mo~ B o W

_90_



#A ok 7lEdd g Jlod =

Al 24

"B
A

p—

0

A

ol A =k vl 7k Hl

Hj <

B 7]

2

up
mr
iy
o
of
o

ol

NA GRFo2A FF O

PN
=

)
=

5l

R

~u

22!

B

<

A

2. AAA -

Foz A AHEE

g

)

~—
o

HAE

=
=

ol

il

O

)
%

wK

b
)
oF

o

o|§EHIR o]F &4

W

i
o

cEEL

243}k 7]

AL

s

28

my

o

==
~

o
o

T
in

3. A3 - W34

o] T840 #1j

A=

5 Hjole

==
=

A Y gaol me Coel

Lol A m Al

=1
=

O AF1t3s}

j=1 o]
15

= H A

F Tt

=)

_91_



ol

010
=
<0
oK

=
<0

N

8J

H53

A1 A7 A

B

)
~

F

=)

Ig=k

o
=

e A4

el

il

™

Q]
=

AR
AN

3 FAlO] o] 2 HH

Ly

ol

=
=

Azl Er

il
4

FlTt.

=)

o FA=

=
T

grgozy 7

AAE

T
T

e

%

FT

=)

HE g5

PR
El

)

o

p—

o

0

7}

A

Al 24

)

L=l
(<]

1. 283} - 343t A (71=2A

A

A
g

~—
o

(=1

_92_



2 A=

Ay

Foll 4wl oF 7]

A ol

=

3}

bo
o

p—

=

B

"y
i

)

BEAERZAN 55 TN

1

kel
pa

_OA

A g olth.

3

wK

o

i

wK

s

olwfshF el o

a7 Az

o 7 ol .

5}

3
oL

E
T

T 9] 3| Ao =Rog

=

=

o[ Fell F

=0

o
o

A7heh A

3o},

=k

Z7449 BgATI

3

| Soll

FoR Ao FgTtR

Al
A

N

ol

el

a7k

=
T

R RSEES

b
=
j —

=
el

A

o
I

AoHge 28 BAE 22N AAHE d

o)

_93_



1

kel
pa

F71 4

°

o|[BEZA HE

17123 dAE "ol

oy

DHAY} EPA <}

1]

=
=

3

3 E AL AT

=
=

=
T

2
2 !

°

ATF7F ISl A &

1

Rig

Ty Sl &

|

(e}
T

A

&

=

3. 23 =el 7

B
BN

°
H

Mo

wK

AL
00

e

i

)

F71 <

(<)

A HAZRE AR

L —

[e)

st 7]

S

AR

[e)
<

=

o

P-4

Hol glm, el A4

1905

0

B
W)
Mr
ot

)

3!
o

_94_



Mesodinium rubrum MR-MAL01<]

3 N
F&4-(1) olmislF FEANE A3 HoldE #F84. F=dAIA 17,

115-121
Shuk 2009, 2HER FF9 A AFExAY SHERF VY LA 5 gUHERF
Dinophysis acuminata®] 54 #%& Z7. A g Y189 =&, pp.112

Alila C, Grenier S, Tamse CT and Kuzirian AM. 1997. Biological factors affecting
larval growth in the nudibranch mollusc Hermissenda crassicornis (Eschscholtz,

1981). ] Exp Mar Bio Ecol 218, 243-262.

Almeda R, Pedersen TM, Jakobsen HH, Alcaraz M, Calbet A and Hansen W. 2009.
Feeding and growth kinetics of the planktotrophic larvae of the spionid
polychaete Polydora ciliata (Johnston). ] Exp Mar Bio Ecol 382, 61-68.

Brown MR, Jeffrey SW, Volkman JK and Dunstan DA. 1997. Nutritional properties of

microalgae for mariculture. Aquaculture 151, 315-331.

Brown MR, McCausland MA and Kowalski K. 1998. The nutritional value of four
Australian microalgal strains fed to Pacific oyster Crassostrea gigas spat.

Aquaculture 165, 281-293.

Brown MR. 1991. The amino acid and sugar composition of sixteen species of

microalgae used in mariculture. J] Exp Mar Biol Ecol 145, 79-99.

Cruz FLD, Valenzuela-Espinoza E, Millan-Nunez R, Trees CC, Santamaria-del-Angel E
and Nunez-Cebrero F. 2006. Nutrient uptake, chlorophyll a and carbon fixation
by Rhodomonas sp. (Cryptophyceae) cultured at different irradiance and

nutrient concentrations. Aquacult Eng 35, 51-60.

Dahl U, Lind CR, Gorokhova E, Eklund B and Breitholtz M, 2009. Food quality
effects on copepod growth and development: Implications for bioassays in

ecotoxicological testing. Ecotoxicol Environ safe 72, 351-357.

Dunstan GA, Brown MR and Volkman JK. 2005. Cryptophyceae and rhodophyceae;
chemotaxonomy, phylogeny, and application. Phytochemistry 66, 2557-2570.

_95_



Eriksen NT and Iversen LJJ. 1995. Photosynthetic pigments as nitrogen stores in the
cryptophyte alga Rhodomonas sp. ] Mar Biotechnol 3, 193-195

Jeong HJ, Ha JH, Yoo YD, Park JY, Kim JH, Kang NS, Kim TH, Kim HS and Yih W.
2007. Feeding by the Pfiesteria-like Heterotrophic Dinoflagellate Luciella
masanensis. ] Eukaryot Microbiol 54, 231-241.

Knuckey RM, Semmens GL, Mayer R] and MA Rimmer. 2005. Development of an
optimal microalgal diet for the culture of the calanoid copepod Acartia
sinhiensis: Effect of algal species and feed concentration on copepod

development. Aquaculture 249, 339-351.

McCauslnad MA, Brown MR, Barret SM, Diemar JA and Haesman MP. 1999,
Evaluation of live microalgae and microalgal pastes as supplementary food for

juvenile Pacific oysters Crassostrea gigas. Aquaculture 174, 323-342.

McKinnon AD, Duggan S, Nichols PD, Rimmer MA, Semmens G and Robino B. 2003.
The potential of tropical paracalanid copepods as live feeds in aquaculture.

Aquaculture 223, 89-106.

Renaud SM, Thinh LV and Parry DL. 1999. The gross chemical composition and fatty
acid composition of 18 species of tropical Australian microalgae for possible

use in mariculture. Aquaculture 170, 147-159.

Schiopu D, George SB and Castell J. 2006. Ingestion rates and dietary lipids affect
growth and fatty acid composition of Dendraster excentricus larvae. ] Exp Mar

Bio Ecol 328, 47-75.

Sciandra A, lazzara L, Claustre H and Babin M. 2000. Response of growth rate,
pigment composition and optical properties of Cryptomonas sp. to light and

nitroger stress. Mar Ecol Prog Ser 201,107-120.

Seixas P, Rey-Mendez M, Valente LMP and Otero A. 2010. High DHA content in
Artemia is ineffective to improve Octopus wvulgaris paralarvae rearing.

Aquaculture 300, 156-162.

Seixas P. Coutinho P. Ferreira M and Otero A. 2009. Nutritional value of the

cryptophyte Rhodomonas lens for Artemia sp. ] Exp Mar Bio Ecol 381, 1-9.

_96_



Silva AF, Lourenco SO and Chaloub RM. 2009. Effects of nitrogen starvation on the
photosynthetic physiology of a tropical marine microalga Rhodomonas sp.

(Cryptophyceae). Aquat Bot 91, 291-297.

Stottrup JG, Bell JG and Sargent JR. 1999. The fate of lipids during development and
cold-storage of eggs in the laboratory-reared calanoid copepod, Acartia tonsa

Dana, and in response to different algal diets. Aquaculture 176, 257-269.

Thinh LV, Renaud SM and Parry DL. 1999. Evaluation of recently isolated Australian
tropical microalgae for the enrichment of the dietary value of brine shrimp,

Artemia nauplii. Aquaculture 170, 161-173.

Tremblay R, Cartier S, Miner P, Pernet F, Quere C, Moal ], Muzellec ML, Mazuret M
and Samain JF. 2007. Effect of Rhodomonas salina addition to a standard
hatchery diet during the early ontogeny of the scallop Pecten maximus.

Aquaculture 262, 410-418.

Volkman JK, Jeffrey SW, Nichols PD, Rogers Gl and Garland CD. 1989. Fatty acid
and lipid composition of 10 species of microalgae used in mariculture. J. Exp.

Mar. Biol. Ecol. 128:219-240.

Yih W, Kim HS, Jeong HJ, Myung G and Kim YG. 2004. Ingestion of cryptophte cells
by the marine photosynthetic ciliate Mesodinium rubrum. Aquat Microb Ecol 36,
165-170.

Yih W, Kim HS, Myung G and Kim YG. 2004. Rapid feeding on live organisms of
the phototrophic ciliate Mesodinium rubrum by Farrer’'s scallop Chlamys farreri.

Mar Biotechnol 6, S142-5145.

_97_



Aol 4

TRIA YT

H

ot

¥ o}

S
=

]

GG Aol AT AR

3. 2% 71D

o) H Y.

L —
| -

A

_98_



	녹색 광생물 기술을 기반으로 한다기능성 먹이생물의 대량생산 기술개발
	제 1 장 연구개발과제의 개요
	제 1 절 연구개발의 목적 및 필요성

	1. 연구개발의 목적

	2. 연구개발의 필요성


	제 2 절 연구개발 내용 및 범위

	1. 신규 다기능성 광생물 먹이 개발

	2. 고밀도 대량배양 기술 확립

	3. 광생물 먹이의 기능성 검증

	4. 농축기술 적용 및 시제품 생산



	제 2 장 국내외 기술개발 현황
	제 1 절 국외 기술개발 현황

	제 2 절 국내 기술개발 현황


	제 3 장 연구개발수행 내용 및 결과
	제 1 절 신규 다기능성 광생물 먹이 개발

	1. 신규 광생물먹이 종주 순수분리

	2. 환경적응 특성

	3. 성장반응 특성


	제 2 절 광생물 먹이의 대량배양기술 확립

	1. 대량 배양체계 확립

	2. 일반 영양성분 분석

	3. 고밀도 대량배양기술 적용

	4. 우수종주의 일반 영양성분, 아미노산 및 지방산 분석


	제 3 절 광생물 먹이의 기능성 검증

	1. 수산양식 기능성 검증

	가. 윤충류에 대한 먹이생물 기능성 검증

	나. 이매패류 유생에 대한 먹이생물 기능성 검증


	2. 기능성 물질 및 색소 추출

	가. 활성물질 탐색

	나. 색소체 분석 및 분리



	제 4 절 농축기술 적용 및 시제품 생산

	1. 배양체 수확시 농축효율 비교

	2. 농축배양체의 보관법

	3. 시제품의 제작



	제 4 장 목표달성도 및 관련분야에의 기여도
	제 1 절 연구개발 목표의 달성도

	제 2 절 관련분야의 기술발전에 대한 기여도


	제 5 장 연구개발 성과 및 성과활용 계획
	제 1 절 연구개발 성과

	제 2 절 성과활용 계획


	제 6 장 연구개발과정에서 수집한 해외과학기술정보
	참 고 문 헌


