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Selection of seasonal optimum Chlorelia and
Nannochloris species and development

of media for mass culture

Jean Hee BAE

Department of Fisheries Biology, Graduate School,
Pukyong National University, Busan 608-737, Korea

Abstract

In order to find seasonal optimum microaigae for mass cultivation of
rotifer, Chlorella and Nannochloris were investigated, and agricultural
fertilizer media was developed for mass culture of these microalgae species.
16 strains of Chlorella and Nannochloris from KMCC (Korean Marine
Microalgae Culture Center) were chosen in consideration of sampling area
and size of microalgae.

The growth rates of 16 strains of Chlorella and Nannochloris (five
marine Chlorella, five marine Nawnnochloris, three estuary Chlorella and
three freshwater Chlorella) were compared at different salinities (15%, and
30%0) at 25°TC.

At different salinities, among the 5 marine Chlorella strains, C-23 C.
vulgaris (isolated from Gamcheon bay in Busan), C-12 C. vuigaris (isolated

from Nacdong river) and C-20 C. ellipsoidea (purchased from Japan)



showed the higher growth rate than other marine Chlorella strains at 15%,,
but C-23 and C-12 achieved higher growth rate than other marine Chlorella
strains at 30%,. Among 5 marine Nannochloris strains, the growth rates of
C-31 N. oculata (purchased from University of Texas, UTEX), C-87
Nannochloris sp. (isolated from Deukryang bay) and C-189 Nanrnochloris
sp. (isolated from Puan) were higher than those of other strains at both 1
5% and 30%,. EC-1 C. vulgaris (isolated from Hwajinpo) among 3 estuary
Chiorella also exhibited the highest growth rate at both 15%, and 30%,.

At the concern of nutritional analysis, crude protein content of C-31
and C-12 was 42.9% and 42.4%, respectively. The crude lipid content was
high in C-12 (2.64%), C-31 (2.58%) and EC-1 (2.43%).

in the cultivation at high and low temperatures, C-87 showed the
higher growth rate than the other strains at high temperature over 30°T.
However, at low temperature about 10°C, the growth rates of EC-1 and
C-12 were higher than those of the other Chlorella and Nannochioris
strains.

When rotifers were fed on three Chlorella (C-12, C-20 and EC-1) and
Nannochloris (C-31, C-87 and C-189), the growth of rotifers fed on C-i2
was the highest, 300 individual/ml. The highest eicosapentaenoic acid
(EPA), 15.3% and docosahexaenoic acid (DHA), 9.4% was obtained in
rotifers fed on C-12 and EC-001, respectively. From this observation, we
noticed that C-87 and C-12 was excellent microalgae for the mass culture
in summer and winter seasons, respectively.

For the mass culture of microalgae, the economical media should be



developed. Thus, this study of agriculture fertilizer was tested on the
growth of Chlorella; and its effect was compared with other media. The
suitable amount of fertilizer media was 1.25 times that of Schreiber media.
When 6 trace elements (Co (CoCly), Cu (CuSQ4 - H20), Zn (ZnSO, -
SH:0), Mo (Na;MoQOy - 5H20), Fe (FeCly), Mn (MnCl;)) were separately
added to the fertilizer media (1.25 times), respectively, supplement of 2
times of Cu and 2 times of Zn 2.0 into /2 media (basic) showed higher
growth rate than that of other trace elements. In growth of Chilorella
cultured with supplement of the mixed trace elements to the fertilizer, the
highest growth rate was obtained in the combination of Fe+Mn. And the
optimum amount of Cu was 3 times of /2 media.

In the result of the water analysis of media, the amount of ammonia
(10.0039 mg/ ¢) and total-P (14.3491 mg/ ¢ ) of the fertilizer media were
higher than those of {/2 media (0.0646 mg/ ¢, 1.5013 mg/ 2).

When we diluted fertilizer media to the concentration of phosphate on
the basis of /2 media, the best growth was found in the diluted fertilizer
media, 1.25 times/5 with addition of NaNQO;. When different concentrations
of NaNO; were added to the diluted fertilizer, the optimum amount of
NaNOs; was 200 mg/ ¢ . Therefore, the optimum industrial fertilizer media
for mass culture of Chlorella was composed of compound fertilizer 0.0417
mg/ ¢, urea fertilizer 0.034 mg/ ¢, NaNO; 200 mg/# and CuSQ4 0.0588
mg/ /.

To develop economical fertilizer media, the growth of Chlorella

cultured with laboratory and industrial reagent was compared. The specific



growth rate of Chlorella in both reagent media was not significantly
different from that in /2 media.

To understand the salinity effect on the growth of three strains of
Chlorella and Nannochloris which were developed as an optimum strain for
mass culture in summer and winter seasons, the microalgae were cultured
at 15%, and 30%, with the industrial fertilizer media (compound fertilizer
0.0417 mg/ ¢, urea fertilizer 0.034 mg/ ¢, NaNO; 200 mg/ ¢ and CuSOq
0.0588 mg/ ¢).

At 10T, the growth of C-12 and EC-1 was not significantly different
at 15%, and 30%,. At 30T, the growth of C-87 was higher at 15%, than
at 30%,, and that of C-12 was higher at 30%, than at 15%,. At 20T, C-87
showed high growth at 15%;, but C-12 showed similar growth at both 15%,
and 30%,.

With regard to nutritional analysis of three strains of the microalgae
cultured with the industrial fertilizer media at 15%, and 30%,, crude protein
and lipid content of EC-1 cultured at 10°C were high at 30%,, but that of
C-12 at 20 were higher at 15%,. High crude protein and lipid content of
C-87 cultured at 30C was obtained at 30%, and 15%p, respectively. Total
n-3 highly unsaturated fatty acids (HUFA) content of three strains was high
at 15%, and EPA content of C-12 cultured at 20C was the highest, 25%
at 15Y%,. Docosahexaenoic acid (DHA) content of C-87 at 30°C was the
highest, 1.22% at 15%,. Total amino acid content of C-87 at 30T was
higher than that of C-12 at 20°C and EC-1 at 10T in both 15%, and 3

0%,. Total amino acid content of C-12 and C-87 was higher at 15%, than

_iv_



at 30%p, but that of EC-1 was higher at 30%, than at 15%.

When larval flounder was fed on rotifers cultured with each strain of
C-12 and EC-1, the growth and survival of larvae did not show the
significant difference between two feeding regimes.

Taking into consideration the results obtained in the study, we can
suggest that C-87 Nannochloris sp. and C-12 Chlorella vulgaris are
optimum microalgae species for the mass culture in summer and winter
season, respectively. And the industrial fertilizer media composed of
compound fertilizer 41.7 g, urea fertilizer 34.4 g, industrial NaNO; 200 g
and industrial CuSOs 0.0588 g per 1 ton water at 15%, are the

recommendable for the economical mass culture of the microalgae.
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1. Rotifer di % WIS 913 A28 vAz=F A9

Rotifer e skl 2 3Hel v 2H72 Adslr] $lsle] ol &8 7AxEF
= 2Aagey s E2FLS8(KMCC, Korea Marine Microalgae

Culture Center)dll Al 2881 ¢l= Chlorelia®t Nannochloris &5 130% <+

=

ol AR MY, A7) B melste  #aAr Chlorella 5%, e
Nannochloris 5%, 71 723 =AF Chiorella 2}2) 3F 02 F 1655 A4S

of 9 el o] &stslvk(Table 1)

-

ol 5 16%F 2 /2 WA (Guillard and Ryther, 1962; Table 2)= 25T, 15%,
5000 lux 14 =wstell Al widstden], 44 54 & hemacytometerE AH§
gl AxE A4stR, Guillard (1973)8 W2 E  specific growth rate
(s.gr.)3 A5t cHsgr. = 3.322xlog(NY/Ny/(t2-1y), (t, tr @ HF £ wjk
A Ng, Nit HE Fotp, tn A e Ax dE)L

1-1. 8<%} Chlorella®t Nannochloris9l 2%

5F 9 S5 Chlorella®l 474 AE 15% T 30%, 7= 25TA 250
m A7t flaskE ol &8led Mg, 2Y) D& 100x10° cells/mE HE
stod wiAl 100 mé o2 1047wk slvh

si4=Ak Nannochloris 5% 2] A7&& 52t Chlorella®t =93 i =4

stoll A 7AZ 3WkR o 8w ksl



Table 1. List of Chlorella and Nannochloris species used in the study

KMCC” Species Size Sampling
NO. () area

C 12 Chlorella vulgaris 2.8+0.95 Nacdong riv.
C-20 Chlorella ellipsoidea 19+0.63 Japan
C-23 Chlorella vulgarts 312122 Gamcheon
C-42 Chiorella salina 1.3+0.0 China
C~58 Chlorella vulgaris 2.1£0.60 Deukryangman
C-31  Nawochloris oculata  21:060  UTEX"
C-64 Nannochloropsis sp. 2.3+0.43 Kusan(salt farm)
C-79 Nannochloris sp. 1.9+£0.63 Hwajinpo

C 87 Nannochloris sp. 1.8+0.62 Deukryangman
C-189 Nannochlorts sp. 2.3£0.43 Puan

....... EC-1 | Chiorella vufgaris .23i047 Hwajinpo
EC-4 Chlorella vulgaris 2.4+0.68 Nacdong
EC-9 Chlorella vulgaris 2.3+0.91 Sooyoung
FC-1 Chlorella uulgarig 3%i117 ” | UTEX
FC-15 Chiorella vulgaris 37+1.16 Jinhae
FC-38 Chlorella sp. 3.4+1.64 PKNU™

" KMCC : Korea Marine Microalgae Culture Center, C - Marine, KMCC EC :

Estuary,

*

ko

KMCC FC : Fresh water
UTEX : The Culture Collection of Algae at the University of Texas at Austin
PKNU : Pukyong National University.



UhE G oA 7T @il Chiorella®l 43S deolE 7] 28
ol 1=t Chiorella 3% 2 /2 8 21(100%6) 5, 0%, 15% 2 30%cl A, ©-4k
3EE 0% 15% A wieketsdct. 9% xdE & SK. vlA(Sorokin  and
Krauss, 1958; Table 2)9+ S.K. (50%)+{/2v8 ) (50%), /28] #)(100%)5 z}tz}
0, 15, 30% 2 =A3d9d. =Yzt 27 HF dEs #5Ar Chlorella®)

Nannochloris 233 593}

Table 2. Chemical composition of /2 and S.K. media

/2 media S K. media

NaNO; 1500 ng  DNOs 120 ms
NaH:PO; - 9H,0 869 mg KHPO 1.25 me
Ferric EDTA 100 ng MBSO TRO 100 me
MnClL 0.22 me CaClq 0.084 mg
CoCls 0.11 mg FeSO, - TH20 0.05 mg
CuSOs - SHO 0.0196 mg Krauss trace metal 0.1 mt
o H:BOs 286 g
/.nSQ1 TH:O 0.044 mg MnCl - 41,0 181 g
Nazoi0s - 9H20 50.0 mg ZnS04 - THo0 0022 g
Na:MoOy + 2H:0 0.012 mg CuS0q - 5HAO 007 g

. . MoO4 0015 g
Vitamine By, 1.0 g CalNOy)e - 4H0 500 &
Biotin 1.0 ng CoCly » 6H20 0.04 g
Thiarmine - HCI 0.2 48 Distilled water 1 7

‘ HCI 5 drops
Filtered seawater 1 # Distilled water 1 ¢




1 3. A¥E 6% Chlorella?t Nannochloris®] A7
1-17 1-29 % AdelMd Axo] 48 65(C-12, C 20, C-31, C-87,
C 189, EC-001)& Aeate], thA] 25T, 15%, 5000 lux A& ZHstelA =
71 A E wE 100%10° cells/mi & 7Y 3ukE 02 wigsted AE SHsA

o},

1-4. ma=em oA 6% Chlorella®t Nannochloris®} 473

He® 62 Chlorella®y Nannochloris®E 12719 sldsle 32T, 30T}
A &7)e sRsEtE 10T, 18%, 5000 lux AFxzEateAN 27 HF 2=
100<10" cells/m 2 10937 39502 vjeFato]

F3 w2,

=712 A7) 234 A A

R

1-5. Rotifere] W& 6% Chiorella®t Nannochloris®] ®l°o] 38

Rotifer, Brachionus plicatilis (L-type)oll th3t Hol 2 &8 ZAME7] 9
ate} 267, 15%., =71 4 U= 10 AA/mE 250 me 47t flask (100 mé
kol A rotiferg 547 wjFE A MEl® 6F Chlorella®t Nannochloris®)
T EHL cell volumed 71502 C-31 Nannochloris oculata® 7|F22 =
71 7F 2pe C-31, C-87, C-189& 3,000<10* cells/mé, &3+ 27|18l C-12, C-20
& 2950%10" cells/nl, 2717F 744 & BC-1& 1500x10" cells/mt} BE& ¥
olF THFAL

Rotifere] 44 i dA @rlAstel s AAwE Asagion, 29
28 ¥ 43 F(specific growth rate, 1< FAA GHr= (/DIn(Nt/Ny) (T=
HE0 T rotifer’t AR LL w=delrlZAAY wigdS; Np=T days WY

rotifer 3 1W &; No=3 & rotifer ¥ =)].




16, 4% A% B4

6% Chiorella®r Nannochloris®t ol &8 ol FH3ste w3t rotiferd
GUATEE FAsY] et Al EF e rotiferE FEste] B AR 0T
of M WE Hudhadvh dntdE F 29U EE KieldahlH(AOAC, 1995) €]
P AAYUN6H) R, T2 24T HEES 125THAA 240 iz
(ACAC, 1998t % EHelov], 3 7332 AEste] 600T
, AL soxhlet 2
Hiether F=Z=W)o 2 M5t A ofu A2 Al&E 20 mgd test tubedl
%al 6N HCL 15 mlE 7Feted 283 & 110Tol A 244170 7h= R skl

of FsidE oAy ¢ AY AFxsd HCE A3 AAT o9,
sodium dilution buffer (pH 2.2)8 25 ml¥ A A&k, o] &48 Az
st} obm| 4l 2FE R4 7] S433 (Sykam, Germany)Z o236t ninhydrin %
Heox A&y §8x212 g3 #Zo: Column sizet 4 mmx150 mm,
absorbance: 570 nm and 440 nm, reagent flow rate: 0.25 ml/min, buffer
flow rate: 0.45 ml/min, reactor temperature: 120°C, reactor size: 15 m,
analysis time: 65 min. 553 A2 methylation& Metcalfe et al. (1966)2]
el ofsf HA sk

Z| -4 methylation Feries Silica Capillary ColumnS #H3gF SRI 8610
Gas chromatography ol 2]& 413t Aol 7l da28 8332,
detection> FID X225 Ap&st9ivy £4274L 923 2o Instrument :
SRI 8610C gas chromatograph, column: quadrex, 30 M, bonded carbowax
0.25 mm 1LDx025 g film, cat. No.: 007-CW-30-0.25F, injector temperature
0 250°C, detector temperature : 2807T, flow (gas pressure) : 18 psi. helium,

splite © 1 050 =59 AEvpEIHL 24 T2 382 peak simpleo] 23}



o ¥ A3h9)rh,
2. Chlorella®] 9= WIS 918 A AA vz A

Chlorella®) ek sjkA] AAAQ wjA & /HEstr] Hstel U8 84
o} REug g o &ste] Agsdict a4 vgel A4 FHS 46%, HHHE
e A el Trale] FeEre zhzb 21%, 17%, 17%% AES ol &3 4ch
Schreiber (1927) w =] A A QQitd el F=(NaNO; 100 mg, NasHPO, -
19Ho0 20 mg, 815 10)E 7]Fog vge %8s FAsY dF 1¢ & =24
B3 1176 mg, 24 Bl 1637 mgol sFE R, oy HlE FEE Ao
ole] Zwoll A Schreiber ¥lA1¢} 1.0 W& 71FEato] 2 AFollA A&zl
Chiorellat> KMCC C 205 o= Agshaict

2-1, Wl x FF & Chlorella®] 3%

U8 HEe 28 S eyl gk, © /2 ¥iA], @ Schreiber
w2, @ N W E<l complesal (FFREEM), @ FFE& ¥ R(E, 01176 g/
¢+ 82, 01637 g/¢: 1.0 2 & wdE B E(.04]) 50%+ complesal
A vlg 50%E ol &3te] Chlorella®] A47%4E vlustArh Wik £31E 250 mé
abzh Bz 95T, 0%, 5000 lux 9% zwstely HE LRt 35x10°

cells/m¢ om, 747k 28kE o 2 sl o)

2-2, 8 vne o 4 Chlorella® 474
wolg dlmel AH¥g ww2 wosr] fie O© (2 wiA, @ 12
(759)+8] 2 1.0W0(25%), @ /2 (50%)+H] & 1.0¥1(50%), @ {/2 (25%)+ul 5
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l()HH(75%), ), H] = ].OHH, %) Bl ®H 1513]-]’ (T B & 2.0u] = T E G 57t
2} ol sl 27 A H}]O(}%]—O:] 3 él—..% %_xém‘s—}_gi

chee b e vlae) BRE Jelusl skl O 12, @ WE 10

]

o

WAk, Q14 77 LoM A1F), @ ulE LsMeAd, A9 15W), @
2 (A 15u), slakd 10w Eselg 01176 g/¢, S4v8 02724 g/
), & vl 3 1.20u(AAg, 1AarE 1258 1|2 oAl FESEe] 5H3E A%
walg 2

Eowdd g wge] oAd vEo complesald #H7/ME A9 1 4 wHsE

O

ol Bl fete], D 2 ¥WA, @ wls 125 ui, & vlRE 1.0 vi(752%)+
complesal (25%), @ Bl& 1.25 8)(75%)+complesal (25%), & H| & 1.25 Hj
(50%)+complesal (50%), & vl & 1.25 wj(25%)+complesal (75%)% T3t

O5°C, 15%,, 5,000 lux 4% FHalolM 747 A4S A s

2-3. Vitamin dA7}ell W& Chiorella®] 473

F8 vlE wiAe £2 iAo vleNlS Hrhstod, Chlorella®l 237l o
g e ool myl fste], @ f2u7], @ ¥lE 10w} (NaNOs 100 mg/ £,
NagHPO, 20 mg/ ¢), @ ¥]& 1581 (NaNO; 150 mg/ ¢, NagHPO4 20 mg/ ¢), @
W g 1590 (NaNO: 150 meg/ ¢, Na:HPO, 10 mg/ #), & @+mixed vitamin (f/2
2 7} 713 vitamin Biz 1.0 pg/ 2, biotin 1.0 pg/#, thiamin - HCl 0.2 mg/ ¢),
® @+Biy, @ @+thiamin » HCIE 25T, 5,000 lux 9% =HsliA 3F 2k

35x107 cells/mb &2 7 7F 2ubE o 2 wjokslgloh

2-4. @ v A4 Hrh &

Chiorella®] W& miofol ol g=e Y& vlx Wil mig 928 7L

- 11 -



sb3, of 5ol Adel vA GIFE Lot kel L E(Co, 0.110 mg/ ¢
1090, 7 el{Cu, 0.0196 mg/ ¢: 1.0u), o}ed(Zn, 0.044 mg/ ¢ 1.00}), Bl =4
|&

sted ZHzE 054, 1.08), 1580, 20Wi 2 FFste) H® 1.25u) Wi (23 v g

U:lr

~J
‘rm

(Mo, 0012 mg/ ¢: 1.09)2] w2k Y42 2 wA) Hr7bs)= ks

0147 g/ ¢, 84 v 5 0.205 g/ ¢)° #H7Esked, 25T, 15%, 5000 lux 9% =
idatol Al TAI 2R o2 W rsted

Aa7bA Aol AHed U8 B3 vlae dh dake] 22%, 9 3
of 129%9%] M= E3F vaE AFESA 5o, thAl Schreiber (1927) Wi 2]
A nd e FREE VIFoR HsY Y& Fiste, e 1 2T H3F
HIEO166.7 mg/l, 84 MR 1376 mg/ ¢ 2l ¥ X2 Schreiber wi#2] 1O R
71k Apgshd )

9 AReA ARzt AP el 208000392 mg/¢), oA 2.090(0.088 mg
/€)% H(Fe, 10 mg/ ¢ 1L.0¥HT H7HMn, 022 mg/#: 1.081)S 22 FX(0.
~20vhE vz el Frbate] el A wdF EelA 8A ke
o7 dftat st

do AN Fde vR WY RE U@ Ao Foly AP B
A4S hehd FEARe AR B $EE sokalr) flslel @ K2 WA,

@ vl8 1.259(5% vlE: 0208 g/¢, &4 ¥8: 0172 g/£), @ "5 1.254)
+CuS0s 2.091¢0.0392 mg/ ¢), @ wl® 1.259+CuS0s 3.0M(0.0588 mg/¢), &
vl 1.2580+CuS0s 4.090(0.0784 mg/¢), & wl& 1.25M+CuSO,4 5.041(0.0980
mg/ £)E TR, 25T, 15%, 5000 lux €432 stollA] 797 3R o2 )
el sdeh.

25, &3 vy 4o Hoh &5

- 12 -



FAL wEe 5Fo H A4, WL, o4, e, AEE)E EHEte
@ /2 W=, @ vl®melA] 125w v 0208 g/ 7, 8.4 ¥R 0172 g/
21, @ @+FeCly @ @+MnCl, & @+ZnS0y - TH20, ® ©H+CuSOs - 5H0, @
®©+CoClhs F#3rsith (/2 WAlcl o] &5 552 vg ALE /294 P77t
Fe L0WE 7l vg WA ¢ Hrkste viw da 87 Ee wot
w7} gstel Hot A3 2SN 7AL IE o2 vl FE vk

g vlE 1256 wixlel A I fFeTE ez O 72 WA, @
g 1.25 8, @ @+FeCla+rMnCla+CuS0; - 5H:0, @ @+ FeCli+MnCl, © @
+FeCly+CuS0; - 5H20, ® @+MnCly+ CuSOy -5H0% o] FE3te] 25T, 1

B, A% Hatoll A &7} AE WE 100x10° cells/me2 74 7F wiekstd vl

2-6. Ovster powder?l 37} &3}

FEE v Ee] tiF Chlorella®l 3% &0E FFA717] sk dd =

e

A7 e oyster powder (3143 [727] 28 AAZ 5, Table 3)& FYHE
s iAo Hrbeted 1 beAdE AT wiAE O 2 WA, @ 2+
ovster powder =& @ HE 1.258(EF HlE: 0208 g/¢, &4 H[E:
0172 g/ ¢), @ D +oyster powder FZd, & @ +FeClzs+MnCly+oyster
powder F& oz PRIt /2 wjA 2}t Y& vl5ol oyster powder F
Zd8 (/2 w28 FAGHY G0 n/2)E vEog Hutslo AR Wi
£ #AEl Y Oyster powder =% -8 oyster powder 100 g8 F/5 200
mioll Eske] wjol A Wi 73Tl 2A1F 30 &b #Hol A7 F AETY
£ GF/C filter2 o 3}ate] AL dA7bx] Wy 2asigion, of FE45 {2
s A 950 meell 50 mbE 2o} Abgstivt. Chlorella®l Wik 25°C, 15%0, 5,000

lux 1% #Fsholl A 9URh 3B 0 E W)L

_.13_



Table 3. Chemical composition of commercial oyster powder (soruce of

data : Haesung Co.)

Composition Concentration Composition Concentration
Ca0 51.6% P05 003%
organic matter 5.65% K;0 0.04%
moisture 0.43% Mn 90 ppm
5109 3.54% B 20 ppm
MgO 0.31% Zn 20 ppm
Fe 0.16% Cu 3 ppm

2-7. k7| Ft £29 HPE wE wlAe] £ W

/29 =48 vz AN Chlorella BlF717t Fo wjAW F2 2 ¥3}
2 go}d ] gt f/2u A2} w8 Bm 1258 wA 2 250 mé 42 flask,
25T, 15%, 5,000 lux < £vstolA 16Uz 3WtE-22 Chiorellnd ¥t
Aok 2 BAE #4% Aliae 290 134 A% =88t GF/F filter (045
) 2 g & oy wjakelvl $A3te], NOs-N (24h), NOz-N (o2
b)), NHi-N (b2 yel) 2 POs~P (2949)&  Strickland and Parsons

(1972)2) gRjell 2lsto] AL

2-8. w48 v g w9 A3} NaNO; F7tel @2 Chlorella®l 47

A3 2-89] Anpoldq F e S v|Eos HR 125 W WAE 16
B 197 A sta, AAde 12 A 71Eo2 NaNOsE 160 mg/ ¢ 378k a,
T /2 WA, @ H)5 1.25 ui+NaNOs, @ H1& 125 /660 84, 8¢ va:
00147 g/ ¢, 8.4 B8 0034 g/£)+ NaNOs, @H1 & 1.25 u}/0098) &4, 5%

-14 -



H @ 0023 g/ 2, &4 B]B: 0019 g/ ¢ )+NaNOs, 250 ml 4k2f sz,

25T, 15%, 5000 lux @4 ZRatelA 27 HE DE 300x10" cells/mE 12

ne
AN
el
jor]
o )
o2
ol
ol
£
o
o
o
I
ot
ol
ol
Fatd
huk

Ooer s g8 Wzl A A v&S dotEr] $f§td, HFE
1250 (Eg ¥ & 0208 g/ ¢, &4 W& 0172 g¢/#) WAZ 1/25 1/5 1/75
2 Aeta, AAgdEs /2 WA 7)FELE NaNOsE 150 mg/ ¢ FA7Hs ohg, v
4 F b Hor 2t ey ] 00588 me/ e (12 WA Bk
715 30 )E Hrlete @ /2 viA], @ #8125 ¥, @ AR 125 wh/25(%
3 W& 0083 g/ ¢, &4 MIE: 0069 g/f)+NaNOs, @ @+CuS0Os 3.0 H,
G HlE 125 wi/5(5e vl g 0042 g/ ¢, 84 BlE: 0034 g/ ¢)+NaNO;, ©®
G+HCuSOs 3.0 W, @ ¥l8 125 wl/75(%3 vsE: 0028 g/¢, &4 H &
0.023 g/ 2)+NaNQ;, & @D+CuS0Oy 30 W=z FEsie] 9o Az w3
gl 87 3urE o 2wl oFa} gl
29 ug A2 ujekA] FAE o BE Chiorella®l A%

$12] 2-9 Mol gAg vy F AFEC] 7HF we g 125 656
+NaNQ; (150 mg/ £ )+CuS0s 3.0 Hl (0.0588 mg/ ¢ ) HFFell F7+ A8 &3
2 Qolr 7] Ysle, dzF) /2 iR vls 1.25 ¥l/5+NaNOs (150 mg/£)
+CuSOs 3.0 Wi (0.0588 mg/ £ )= & 7+2} 100%, 75%, 50%, 26% 8 713k

£

_ 7} AF 3= tissue cell chambero] 8¢zF wiekE Chiorellas 45 mi #

W3 25T, 15%, 5,000 lux A% FodtelA 1347 38 o2 wjgstt

2-10. NaNQz 37t 250 W& Chlorella®) 373

AME g HE Ao As TFEoE HrFshE NaNOse| A4 #



tEEE ZebR7] gt gzl 2 wiA e dv® 1.25 ul/5+ NaNOs+
CuSO4 3.0 ¥l NaNOsE 150 wg/ ¢, 200 mg/ 2, 250 mg/ ¢ %L 300 mg/ ¢ & 7t
Zr Folst o, A3 2-10% Y% wl 244 1093 dlekste g
bt

o

)‘I
O

|

2 4
211 348 Al Mg AleF Hobel wE Chlorella®] 47

she] A3ellA AAAA ik wFE vlw w2 st ste] F3)
&3 55t AeF8 NaNOsst CuSOsell W& Chlorella®l 473 Aol S dolr7y)
8o, izl 172 vl et 55 AlFR (M8 1.25 #l/5+ NaNOs+CuSQs 3.0
wpul )2k F P8 Aokl R 125 #/5+NaNOsz+CuSOq 3.0 ) wi#|2 3
Stod 2 25°C, 9 15%, 5000 luxellA 747 3wtE oz wjoksle] A3
=989l

b
[s30
mjo

3. 3%F5 Chlorella®t Nannochloris® W% wjdS 23 FHL A
oF uj# 9] w7

Rotifer tH& WS Sla) AdE=2 A= vike] HAFgsivia sdd v
52 AdEoR 3F Chlorella vulgaris (C-12), Chiorella vuigaris (EC-1),
Nannochloris sp. (C-87)& Aoz FdE& Aok vlg (23 ug 0042 g/
¢, 24 Y8 0034 g/#, NaNOs 200 mg/ 7, CuSOs 30 0.0588 mg/ ¢)2 wje}
Stof wjgF ghAel wWE P AR s vA Foje] Yol FFIAUE
g 2 vo]l 38 Yol uxt dth

- 16 -



31 QR L% wE 3% % Chiorella®t Nannochloris®] /34

3E 8 Chlorella® Nannochloris® C-12% 10T, 20T 2 30T, C-872
20C 9k 30T, EC-12 10Tl zZhzk 2 15%7 30%, 5000 luxolM 250 me
flask® F98 Aok Wl 2ulxo] A 149z 3ebg o2 wpekstol Ao Aels
Bl a5kl

Y C-129F EC-1 Chiorelias) 10TCelA 2] Ao} Aol & nlnlc}7) st
Zh7h El g Aok wls ulAe 28 F& 10T, A8 155 He da%

SA7 27004 wdstel Aag FAsolch

3-2. 15% 3 30% A 3FF Chlorella®t Nannochloris® 4 A& ¥l
E2 Chiorella®t Nannochioris (C-12, EC-1, C-87)& ol ut2 4%

£ v sty ¢)sked, el AdelA 7} Fof HA wik = AT

ttjo

2 20°C, 10°C, 30°ColA 9 16% 2 30%°0A F9E AloF vjg wix=2M 10
¢ oA"Y &7 A 5000 luxel A wMkstgdtl Zh Chlorella= A7 o571
AZ 5gg & ORA Adrka 80T A B#stdrk. A5 wheaton
vacuum pump systemg A}&3g W o2 Whatman GF/C filter& ©]-8-3}of
oF 2000x10* cells& filtrationd} 22 60°C dry ovenoll A 24A7F &<k 82 3
¥ 105 grtA FEE SASY celld EFom AMEATH

Z2-& flame ionization detector?t &2 thin layer chromatography
(TLC/FID MARK Vnew, latron Laboratories, Tokyo, Japan)& o]
Parrish (1087)2) W& A} gstdct A u4be lipid classol A F2¥ A4d&
14% BF3-methanol (Sigma, USA)® methylation A%l % capillary column
(HP-INNOWax, 30 mx0.32 mmx05 mmUSA)e| #3% gas chromatograph

(6800 plus, Agilent, USA)Z RAstanh & whdd ke dAE47

_17_



(Elemental analyzer, CHNS~O Mode, CE instruments EA 1110)5 o] &34

AT RERE B A& AEY C H N g% F N g4 (N%x6.25
=protein (%)) 2.2 Al2FsE 9 Coultate, 1989). ©}v) =42 high speed amino

acid analyzer (I, - 8800, Hitachi)& o] &8sl =3 st}

33 WA #polo] B o] A4
d A (Paralichthy olivaceus) Z-ele W3t M&) 9 2%/ Chlorella (C-129)
EC-1) Ho] E&& ¢olR 7] sle AFrdM 7152 +-HHF2Z 1 ton F
FollA 19CE A F o] Ed AojE Ay ALgsAT. AdTFE
10CoHA wiFd C-12 C vulgaris®t EC-1 C vulgarisE Zbz} L-type rotifer
(28T, 15%)ol el Faate]l wikd 3 WA ztojeo] Hola ALEE G
AEE 250 2(EFF 150 £) FRP 9352004 Ao] s 273 6~70he)

ol

o

2 A@atein} 10000t & &S] 74 AAE vaEge. A4d A F
TR ATz 19105CSt. ®, 2% F Chiorella® HEFuith o9
100x10" cells/m 2 green water® "H5o] F oW rotifer FFLEE 5~10

AaAl/mie FAEIT 29 7HHer 2o Aols ARG, Y Tr F
RF FA%e] AF AEeW A4 4o, 49 33 N

T A% A3+ One-way ANOVA testS AA &g 0w, #el @79
974 (P<0.05)2 Duncan’s multiple range test (Duncan, 1955)2 SPSS

(version 11) program< A}-£3l] 7 A3}
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a4 ¥

1. Rotifer & vl %S 93 A"y nAzx=F{F 7L

1 1. 8l=AY Chlorella®t Nannochloris®] 3%

5%¢ Ay Chiorellag 15% 2 30%1A 2t 1097 s kst 23t 30%
S NE C-23 C vulgaris (GFA)el wjer 7¥wte]l MY WE 5107x10° cells/
mE 7FA =srow vl& o7 C-42 C vulgaris (F=) C-20 C ellipsoidea
(Ao Zhzb 4686%10° cells/mést 4,657x10° cells/m 2 A vhebstch A%
o 07812~0.8072902.1, C-129} C-209 AFHEL N2 F9FH Aols
o)A e okth(Fig. 1)

155,004 ¥ C-207 C- 12 C uvulgaris (H§) Z+zh 5865x10° cells/me 2}
5894x10* cells/me& 74 =gtow, C-427F 5216x10° cells/mZ 7Hg w&
ME 2es dehylen, 4388 08100~-0837582 C-12¢F C-20¢] ©& 3
Fo) WlE FoAdew & AHES RYHFig 2).

15% 2 30% oA #} g3 55 54 ChlorelladiAl C-23& 30%°0 A, o
2 4% 9] Chlorella’= 15%°14 tf £& 43 & 29on, 5% =5 15%°] 3

O%ooll wlghe] Wi 22 &S

o

et et 5F st Chloreliad A=
rotifer theF wiFoll 2 et 15% A Aol /b8 Fud 2F C-129 C-20&
e gl

8154 Nannochloris 5% 15%3 30%2 A dolA 743 whFd
A3 0%l AlE, C-31 N oculata (UTEX)7F #ieF 7%kl 11,229x10*

cells/mE 713 =2 A WRE pgon J&oez C-87 N. sp. (537
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6000

5000

4000

3000

2000

1000

Cell density (x10* cells/mf)

Culture days

0.85

0.8 | bc bc

h O

0.75

0.70 r

Specific growth rate

0.65

060 1 1 1 1
C-12 C-20 c-23 C-42 C-58

Strains

Fig. 1. Cell density (up) and specific growth rate (bottom} of five
strains of marine Chlorella at 30%, 25T and 5,000 lux
(C-12: C vulgaris, C-20: C ellipsoidea, C-23: C. vulgaris,
C-42: C salina, C-58: C vulgaris).
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7000

- Cc-12
i~ C-20

6000

5000

4000

3000

2000

Cell density (x10* celis/m#)

1000

Culture days

0.90

R a a
0.85 b

0.80 |
075 |
0.70
0.65

Specific growh rate

0.60 |

055 r

0.50 L 4 1 L
c-12 Cc—20 c-23 C-42 C-58

Strains

3

Fig. Cell density (up) and specific growth rate (bottom) of
marine Chlorella at 15%, 25°C and 5000 lux (C-12: C
vulgaris, C-20: C. ellipsoidea, C-23: C. vulgaris, C-42:

C salina, C-58: C vulgaris).
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B C189 N osp. (3ehe] ZhzE 10519x10° cells/me2t 10,733%x10" cells/ml &

it

=0 A aRS Jehl a2, AFES 094470973424 C 64 Nannochloropsis
sp. (F2he} C-79 Nannochloris sp. (7 3E)= C-31°] d& Fel4em o
£ AAdES Yeh A Fig. 3).

15% N M= 30% A8k FAsEAl C-31, C-87 % C-1897F Zh2b 10,104x
10° cells/mb, 10,146x10" cells/mes} 10,075x10" cells/mi s ¥& ME LEF

A}

o]

o, A Eel 09303~09404% 30% wleke] wiamA e

ok
i

£ vhePIG o, 5F Nannochlorisiyel AAEL FoH AolE HolA &
$HHFig., 4). Nannochiorisd| A = rotifer o % wj ool A&3E 165% 04 23

o] © =9 C-31, C-877 C-1895 d¥3ict

1-2. 714kt G it Chiorellae) %

1Ak Chiorella 324 A5 0, 15 9 30%0A 797 dl<Fst 4 3 (Fig.
5), EC-1 C vulgaris (B3R )7 15% 2 30% N4 Ax d=zt zhzt
6,419x10" cells/m 3} 6,166x10° cells/mé2 714 Egtew, EC-4 C vulgaris
(+5)e 15%3F 30%ohA 2z 4360x10° cells/miet 5354x10° cells/ml 2,
EC-9 C vulgaris (FDE 15%% 30%04 Zzt 4529x10" cells/mt o
4,491x10% cells/me 2 0%l A Rk 2 AZ U2 YehlAch

714y Chiorella 3&2 55 16%3 30%°04 Fefdez w2 4Fs8
vElll o EC-1o] 15% 3 30%°1A4 2z 086003 084952 {240
M Ee AZES 1A a8y, EC-49 EC-9 Chlorellat w43t 7)1t

S

okt

b M2 FAE o] AMAEel Az, olHF Fee sjAH=Ec] wel

=3
HE A H A rotiferdy] HolZ FFAY rotifer’t AFsH7] A && HoR

gk o] 7 A Chiorellar EC-17FS Ml st
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12000

10000

8000

6000

4000

2000

Cell density (%10 ‘celis/mi)

Culture days

.92

Specific growth rate
(@)

C-31 C-64 C-79 c-87 Cc-189

Strains

Fig. 3. Cell density (up) and specific growth rate (bottom) of
marine Nannochloris at 30%, 25C and 5000 lux
(C-31: Nannochloris oculta, C-64: Nannochloropsis sp.,
C-79: Nannochloris sp., C-87. Nannochloris sp., C-189

Nannochloris sp.).
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12000

10000
B
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o 8000
(&)
1'CD
X 5000
2z
®
©
3 4000
>
Q
2000
0
Culture days
1.00
a
Z 2 a 2 T
@ 0.90
a
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z
e
@ 0.80
L2
o
[1:]
a
W)
.70
0_60 L L L L
Cc-31 C-64 c-79 C-87 C-189
Strains

Fig. 4. Cell density (up) and specific growth rate (bottom) of
marine Nannochloris at 15%, 25°C and 5,000 lux

(C-31: Nannochloris oculta, C-64: Nannochloropsts sp.,
C-79: Nannochioris sp., C-87: Nannochloris sp., C-18%:
Nannochloris sp.).
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7000 — 6000
—— 0%
< 8000 5000
T 5000
Sl 4000
S 4000
R 3000
> 3000
W
& 2000 |
© 2000
T
“ 1000 1000 |
0 0
o 1 2 3 4 5 & 7 O t 2 3 4 5 8§ 7
Culture days Culture days
10
5000 ab
- bc
4500 | 4 c
T a000 b o | =
= ] ——3
o 3500 £ =
© 3000 | 2 s =
o - —]
X 2500 _L_, =
= = =
5 2000 | g =
5 & =
2 1500 | =
Z 1000 } =
© =
500 0 —]
4] 0% 16% 30%
o] 1 2 3 4 5 ¢ 7 Salinity
Culture days DEC-1HEC-8 MEC-4

Fig. 5. Growth of three estuary Chlorella species at different salinities
under 25C and 5,000 lux (EC-1: Chiorella vulgaris, EC-4: C
vulgaris, EC-9: C. vulgaris).
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0% 15% ol 7459k vikst D=2t Chiorella 33 0% A+ FC-15

C vulgaris (A3 7F 84 A 2420x10° cells/m 2 71 =& N ¥ A5 s g
WWola, AFEE 05515~056012 Foldgl 2elg Holx] gdthFig. 6). -t

Hu, 1Bkl e HE F hAEe] SAe AEE Jehdidew, 2955 E
AE LBE7 BF Adasts . webM, g4t Chiorellae rotifere] A7 uj ek
HED 15%cl M= Aol Azd Aog s A 2stalth

ol el Aol A 16F el Chlorellast Nannochloris oA dEo] =3t
At Chiorella 2%, C-12, C-20, 3|4} Nannochloris 3%, C-31, C-87,
C 189, ¥4 15 EC-19 6F & 487 A4eaurt

1-3. A% 6% Chiorella®t Nannochloris2] 434 2 o 4 &

AAE 6F(C-12, C-20, C-31, C87, C-189, EC-1)& 15%, 26Ce] F4Y
b 2ol A 77U vl A3t Fig 7% g2 sS4 Chlorella 2% C-12
o C-209] AE WUxE 7hzh 5266x10° cells/ml, 5569x10° cells/m2, 447
=2 fFold o2 ztol7t iR e, dlit Nannochioris FolAle C-879 Al

it

bl

7h 6987x10° cells/me2 7H3 Eted, AFEL 085770875302
sl =4k Chlorellgell Wate] wlxa gokth =, 71541 EC-19) A& A%
Iw 4416%10 cells/me, A AE 0780724 slgabe) v FelFoz
O AAEL e

olE 6F4 WA 2uwAR AW 2 Table 49 Zoh X

AL

vhwl Al C-3lo] 429%, C-127F 424% % vm3 Eghon] A gL
C 12, C-31 2 EC-1°] =z}t 26%, 26% 2 24%=2 ¥ A e

F ol At FEH(Table 5)& 6%F9 Chlorella®t Nannochloris % C-189
F ROT%E b wtew, ggow C-208 C-870] Z7 5558%9F 55.39%
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Fig. 6. Cell density (up) and specific growth rate (bottom) of three
freshwater Chlorella species at 0%, 26C and 5,000 lux (FC-1:
C. vulgaris, FC-15: C. wvulgaris, FC-38: Chlorella sp.).
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Fig. 7. Cell density (up) and specific growth rate (bottom) of six
species of Chlorella and Nannochloris at the 25°C, 15%,
5000 lux (C-12¢ C vulgaris, C-20: C ellipsoidea, EC-1. C.
vulgaris, C-31: N. oculata, C-87: Nannochoris sp., C-189:
Nannochoris sp).
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Tuble 4. Proximate chemical composition of six species of Chlorella and
Nannochloris

(unit @ % in dry matter)

Kigc Species Sa;?é];e Protein  Lipid
C-12 Chlorella vulgaris Nacdong 42.4 26
C-20 Chlorella ellipsoidea Japan 377 1.2
C-31 Nannochloris oculata UTEX 1983 42,9 26
C-87 Nannochloris sp. Deukryangman 11.9 1.0
C-189 Nannochloris sp. Puan 40.6 1.5
EC-1 Chlorella vulgaris Hwajinpo 375 24
gl ulFE o}u = AS glutamine™ aspartate$hFo] vlm A E:Al e S

"4 olu]nak FoME leusine o] A YERYCH

2| urAL A B (Table 6) 6% ¢l Chiorella$t Nannochloris 74 1611,
16:0, 14:0 % 15:19] Fheke] A et o, PUFA 342 C-189< C-879)
2 50.449%9F 49.78% & 7HF wgka C-12% 4399%2 ¥ wH A el
EPA (20:55n-3)% C- 12014 3488%= 7} =¢tw, C-87¢ 0.35%% 7H4 ¢
ot} DHA (22:6n-3)= C-129 C-87<)4vt z+zh 029 0.02%9 38 o
Eful 2L v},

1-4. g9 A2l 63 Chlorella®t Nannochloris®) 737

6% Chlorella®t Nannochlorisg ©1&d 1F&7]o #|@st= 30TsH
32T, A&d AFL7)90 10CA A4S F38% A3 Fig. 894 . 30T
of 4= C-313 C-870] ujek 109 wkell Z+zh 7951x10% cells/mé o} 7,775><104



Table 5. Amino acid composition of six species of Chlorella and

Nannochloris

(% in sample)

Amino acid C-12 C-20 C-31 c-87 C-18 EC-1
Asp. 4.39 502 481 5.59 7.49 5.02
Thr. 2.22 262 2.11 2.54 342 2.04
Ser. 1.93 2.16 1.96 2.37 3.10 2.33
Glu. 6.96 8.12 7.95 9.36 13.06 6.77
Pro. 7.29 6.40 3.37 3.36 3.89 2.70
Gly. 2.59 3.23 2.58 3.04 4.08 2.87
Ala. 3.08 3.61 3.80 5.21 6.20 3.94
Val. 293 3.39 2.71 3.10 3.87 2.60
Ile. 2.15 2.72 1.59 2.48 313 2.18
Leu. 4.07 5.06 3.56 476 6.38 428
Tyr. 1.84 1.98 3.01 2.05 2.68 1.70
Phe. 274 297 3.18 3.25 4.29 2.595
His. 1.12 1.31 1.51 1.76 2.92 1.42
Lys. 3.07 3.66 2.75 3.40 4.61 2.73
Arg. 3.16 3.33 2.14 3.14 4.29 2.59
Total 49.53 55.58 47.03 55.39 7297 45.71

C-120 C vulgaris, C-20: C. ellipsoidea, EC-1: C. vulgaris,
C-31: N. oculata, C-87: Nannochoris sp., C-189: Nannochoris sp.
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Table 6. Fatty acid composition of six species of Chlorella and

Nannochlorts
(% faity acid)
Fatty acid C-12 C-20 C-31 C-87 C-189 EC-1
8:0 0.41 0.20 0.66 0.16 0.09 0.40
10:0 0.26 0.20 - 0.16 - -
11:0 0.07 - (.45 0.04 .19 0.21
12:0 0.29 0.30 - 0.74 - -
13:0 0.87 0.30 0.42 0.04 0.22 0.23
14:0 4.28 4.20 361 480 3.50 2.25
14:1 0.64 0.20 1.23 0.48 0.36 1.20
15:0 0.29 - 0.68 0.59 0.27 0.37
151 0.19 - 1.42 0.12 0.40 061
16:0 17.49 24.30 9.24 26.83 15.40 1096
16:1 25.75 19.00 1.54 533 8.69 3.04
17:0 0.18 - 697 0.28 1.18 7.55
17:1 0.74 - 16.14 8.48 3.24 1166
18:0 0.19 (.60 1.10 2.08 2.99 0.99
1811 3.31 10.20 6.23 10.14 29.59 5.64
18:2 4.50 5.70 1.29 15.41 573 2.924
12:3 0.32 0.20 14.28 23.65 4.68 22.32
2000 0.06 - 3226 0.02 8.21 24.64
2001 0.05 - - 0.02 412 0.54
202 0.05 - 1.47 0.08 1.66 -
20:3 0.16 0.50 - 0.04 0.11 -
20:4 0.38 3.10 - 0.04 - -
21:0 4.07 - - - 0.71 0.34
20:5n~3 34.88 18.20 0.38 0.35 6.28 3.74
220 - - - 0.03 - -
22:1 0.02 - 0.635 0.02 - -
22:2 0.10 - - 0.04 2.09 -
24:0 0.03 - - 0.02 - -
22:6n-3 0.29 - - 0.02 - -
others - 11.30 - - - -
Saturated 24.49 30.1 55.37 35,75 32.76 47.93
Monounsaturated 21.39 19.20 20.96 14.47 16.81 1745
PUFA 43.99 39.30 23.66 49.78 50.44 34.63
TOTAL 100 100 100 100 100 100

C-12: C vulgaris, C-20. €. ellipsoidea, EC-1. C. vulgaris,
C-31: N. oculata, C-87: Nannochoris sp., C-189 Narnnochoris sp.
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Fig. 8. Cell density and specific growth rate of six species of
Chlorella and Nannochloris at the 32°C, 30°C and 10T
(C~12: C vuigaris, C-20: C. ellipsoidea, EC-1: C. vulgaris,
C-31: N. oculata, C-87. Nannochoris sp., C-189: Nannochoris
sp.).
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cells/m 2 7b8 =& A YrE ugon tgor 1897 569510
colls/mez A vERRTh 327Tol A= C-873 C 18998 AlX ZX7b 6,475x
10* cells/mesd 5,932x10" cells/mé 2 7F4 wmorch zevh, C-208 30C ¢ 32T
of Al Zhzh Ad A 3 sdxe 6dATAE AXE "R FbE Y,
o] ERE = zhastyon, B RTCAME i AE W= 578x10° cells/
m 2 YFE Chlorella®t Nannochiroisdl] vlsled vjg e HEXYUEE Leh)
Ark 30TAA e AAEL 03483~06313 2Fe]2 C 313 C-87°] 0.63133%
062812 AAgo]l 713k wokd, C-202 0348322 7h widkoh 32ToM =
AAE] 01521~060172 7} Foir FolH o2 & ztolE Hom, 30T
Aol 2ol C-87¢] 060175 7F =%T C-202 015212 7H @ AAEL
vhERH ATk

10T A wdka e A$, BEC-1& AAE shEAr Chlorella$t
Nannochloris 5% A ¥XUE 107~986x10" cells/md, 44 EFLS 0.0109~0.3303
o2 ui Jeiwgon EC-1& Hn A¥"Ert 3316x10° cells/mt, HFES
050527 4] W% A vhEbRkT)

1-5. Rotiferdl W3t 6 Chlorella®t Nannochloris®] #eo] & 2 A4 A&
6] Chlorella®t Nannochloris® L-type rotifer, Brachionus plicatilis
of wol Fate] g mAlR A3 ufd 5dvtel C-12¢9F C-20¢4 zhz}
301 AMA/me, 272 HA/MEE FE AHAFE YaddL, AFELS 06808~
05332¢] WY C-12% C-207F 068063 0660500 A FejA o2 713 &okn
C-189¢} EC-1& 053329 0537622 713 okt (Table 7).
ol e Ao A mEr)e] sfdats 30T e 32TAA Gl F4

AW C-87, A4 10TAA] 2E3A 4dde] $UE EC-1 1] il rotifer?]
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Table 7. Growth of rotifer fed on each species of Chlorella and

Nannochloris

(unit: inds./mé)

Culture

days C-12 C-20 C-31 C-87 C-189 EC-1
0 10 10 10 10 10 10
1 17 16 16 16 15 16
2 31 32 29 31 27 31
3 93 85 63 75 73 71
4 230 179 115 141 120 136
5 301 272 198 191 144 147

S.GR 0.6806"  0.6605"  05966”  05903° 05332  05376°

C-120 C vuigaris, C-20: C ellipsoidea, EC-1: C. vulgaris,
C-31: N oculata, C-87: Nannochoris sp., C-189: Nannochoris sp.

Wol F-&olAM rotifere] Aol sF Erel C-12, 3R & zbzt )
rotifere] o} = Ak} A4S B3 HatE Table 8, 99 2t} olulwab A
| o

son], Wi ofvlmat FolME leusined Feol A uhebdth E ofuw

iy
)

& vPF olul el M glutamine?} aspartatedFZFe] B A =

b gheke EC-1& &5 rotiferoll A 57.14%2 713 wom, C-125 Yol
2 ¢ rotiferoll 4 7HE W 5054%49th A M B M & PUFAE
EC-18& &3 rotiferdl A 6349% % 714 =9ten] EPAE (122 Yoz
3 rotiferol Al 1527% % 7b4 %32, DHAR EC-001% 3% rotifersl 4]

939908 713 =9k},
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Table 8 Amino acid composition of rotifer fed on each species of
Chlorefia and Narnnochloris

(% in sample)

Amino acid C-12 C-87 EC-1
Asp. 5.47 6.01 5.97
Thr. 2.24 2.21 2.59
Ser. 2.68 2.72 3.10
Glu. 7.69 8.03 3.8
Pro. 3.87 3.85 4.08
Gly. 2.03 2.45 2.57
Ala. 2.32 2.77 3.13
Val. 3.10 3.58 3.67

Ile. 254 2.86 3.02
Leu. 4.08 4.50 483
Tyr. 2.54 2.09 2.44
Phe. 3.17 2.95 3.20
His. 1.24 1.39 1.37
Lys. 4.09 4.44 434
Arg. 3.48 416 3.99

Total. 50.54 54.02 57.14

C-120 C vulgaris, C-87: Nannochoris sp., EC-1. C. vulgaris.
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Table 9. Fatty acid composition of rotifer fed on each species Chiorella

and Nannochloris
(% fatty acid)

Fatty acid C-12 C-87 EC-1
3:0 0.07 0.05 0.05
10:0 0.06 0.03 -
11:0 - - -
12:0 0.40 (114 0.06
13:0 0.47 0.54 0.55
14:0 4.49 2.94 2.27
1411 0.40 0.85 -
15:0 0.56 0.56 -
1511 - 0.17 -
16:0 14.32 15.94 12.63
16:1 16.14 0.26 8.35
17:0 0.49 0.47 0.51
17:1 (.20 0.63 0.26
18:0 3.06 3.29 2.98
18:1 1.85 1.38 -
18:2 11.0 24,60 41.62
18:3 477 8.10 4.16
2000 - 7.38 0.68
2001 0.77 2.08 3.75
2012 1.36 2.08 2.43
20:3 0.55 0.83 0.18
2014 - 1.26 0.12
21:0 3.67 2.39 1.13

20:5n-3 15.27 9.27 5.61

22:0 - 0.37 0.30

2211 - 092 1.49

22:2 11.12 - -

24:0 5.11 3.14 1.51
22:6n-3 3.29 0.80 9.39
Saturated 32.69 37.23 22.65
Monounsaturated 18.11 13.74 13.86
PUFA 49.20 43.32 63.49
TOTAL 100 100 100

C-12: C vulgaris, C-87: Nannochoris sp., EC-1: C. vulgaris.
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2. Chiorellg® A MIFs AT AA AA A AW

2-1 9 A F5ol w2 Chiorella® 7%

FAE HERE F s W2 ALEr] dAsted 2 WA uw
A 2(Table 10), {72 wiAell A WiF 79 gk A Ax 169x10* cells/md, A3
ol 032472 7H¢ #@hth Schreiber ¥ 2(0.2669) 39 U4 gl A

FE0.2825)°] ¥ =4 Yyelwdth Complesal ¥l # vh& ARE3E A4E= Ao

]

P sk o M (0.2213), =08 v 2(50%)+complesal (50%)¢] = o] HAF

|

2 027892 F9 % v FEu complesal WA TS ALESE AT FelAHeog Aol

FoRE Ao vEdd 94 R A A 79 AE WEIE 141x10°

Table 10. Growth of Chiorella ellipsoidea with different media at 257,
15% and 5,000 lux
(unit: x10% cells/m¢)

Culture

days 1 2 3 4 5

0 35 36 36 36 35

1 66 47 43 53 41

2 80 67 50 69 61

3 84 69 66 76 71

4 101 81 72 &5 82

5 130 84 86 94 92

6 147 100 91 124 110

7 169 131 105 141 137
S.GR. 0.3247 0.2669° 0.2213° 0.2825" 0.2789P

10 2, 20 Schreiber media, 3: Complesal, 4: Fertilizer (compound, 0.1176 mg/ ¢ ;
urca, 0.1637 mg/ ¢), 5: Fertilizer 50% + complesal 50%6.
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cel/miz 7b3 s et dlETel 12 A AdTE Aeled AAHo R

ABT S oot wAE FE vlR Ao wan.

2°2. d4& vge vl WE Chlorella®] 4%
9e] A AANE muyz 3le) AW wgel e motstr] o std

/2ef=| ek wd8 HIBE EF Hibste] 5U7 A WA E B d@I(Table

2

D, izt 2 2 Aol M 23 AArEe] 038382 71 A YEldod, 2

Ao} ol weHF Fe 4L BT ® HYE VRS Schreiber
A2l N3t PE 71Fe2 1095588 01176 g/ ¢, 84HE 01617 g/£)8
A3 54 NERLE FHIHUE W 4FE] 028022 15HL 200
| vstel viwY we 4FES st

e wide] Hdoz 288 4 9 $34 vags

o
o
£
-
N

N,
=
—

Schreiber W= Fe] 107 HEe Aoz eykov wo #303 uig
o ¥=& g3tr] sl FdE w7 Fxel WE Chlorella®] 43S
Al A¥Est Axtis Table 123 Zoh giz239 £/2 wx)oj A A FEo] 038152
b =A JER D, iR 125807 vlE "ot AP el e AEE

& YERA e, HE AT M e AFE] 02704~0298124 e A4
ES Buen, olg AT Alelele #9H Aol Rolx sttt vlg
15Ul 88x10° cells/me i 7b4 whe AE 22g Jehfdn, A4y 159 %
e, At 1.0M FE(E 8 01176 g/ ¢, urea fertilizer 0.2724 g/ ¢)& 3
7hak A9 90x10° cells/mel AE WX F wjwd 3o 43S eyl
4% Ay
ARES Y

Bl G822 w5 1.258) 2 (75%)+complesal (259%)& #H 713 83+

T8 d g HA 9] FE<¢ complesalS #H7lstd o AH4AS

A

(Table 13), Hl& wjx] 125417} 0.3208% /2 W7 Y&or =

rlo
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Table 11. Growth of Chlorella ellipsoidea with /2 and fertilizer media

(unit: x10 cells/mé)

(’;i“j | 9 3 4 5 6 7
0 35 35 35 35 35 35 %5
] 66 61 61 60 53 50 45
2 78 7 v 63 65 57 54
3 87 85 79 79 74 65 59
1 110 101 9% 94 83 81 64
5 134 192 14 109 9% 89 72

SGR 03838 0.3621°  0.3405°  03302° 028907 02701 0.2087°

1D 6/2, 20 /2 (75%8)+Fertilizer (25%6), 3: {/2 (50%)+Fertilizer (50%),
4. £/2 (25%)+Fertilizer (75%), 5@ Fertilizer 1.0 times (compound fertilizer 0.1176
g/ ¢, urea fertilizer 0.1637 g/ ¢ ), & Fertilizer 15 times, 7° Fertilizer 2.0 times.

Table 12. Growth of Chlorella ellipsoidea with different concentrations of
fertilizer media
(unit: x10" cells/m)

Culture

days 1 2 3 4 5
N 0 35 35 39 34 35
1 67 53 47 53 60
2 78 63 55 62 69
3 91 6] 64 69 76
4 105 81 74 78 93
5 130 93 88 90 114
S.G.R. 0.3815° 0.2981° 0.2704° 0.2844° 0.3407"

1: /2, 2! Fertilizer 1.0 times {compound fertilizer 0.1176 g/ ¢, urea fertilizer 0.1637
g/ £), 3 Tertilizer 1.5 times, 4: Fertilizer (compound fertilizer 0.1176 g/#, urea
fertilizer 02724 g/ #: N 15 times, P 1.0 times), 5: Fertilizer 1.25 times.
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Table 13. Growth of Chlorella ellipsoidea with fertilizer and complesal

media

(unit: x10" cells/ml)

Cg:yfe 1 g 3 4 5 6

0 34 R 34 31 32 33

1 64 54 42 48 47 40

2 76 64 56 64 56 54

3 836 86 70 73 67 67

4 108 105 82 82 84 75

5 143 126 105 116 105 90

6 166 148 122 128 126 110

7 187 152 133 142 136 120
S.GR. 03509*  03208"  02807°  0.3140™  0.2964°  0.2631°

1: {72, 2: Fertilizer 1.25 times, 3: Fertilizer 1.0 times (75%)+complesal (25%),
5 Fertilizer 1.25 times (50%) +

complesal (50%), 6: Fertilizer 1.25 times (25%)+complesal (75%).

4: Fertilizer 1.25 times (75%)+complesal (2524},

7} 0.3140¢] 4HEZ

Hi 4] 1259 &

N L

2
=2TE A

[

2}

mtm

= A e, complesal @

ERE -

°|

Blg 1.250] BlAE 259 H7FsbE & w(0.2631)

HTH0.2807) K

2-3. Vitamin A 7}ell 2 Chlorella® *3

Hlm w2 iAol AL g = HE S W
of 747 Wkt A= Figo 99 gk dizT<l {2 wiHelA s

Al & ’1‘-'

A

of 127x10" cells/ml 2 A #F3QaL, vitaming 2713
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Fig. 9. Cell density (up) and specific growth rate (bottom) of Chlorelia
at different concentrations of fertilizer media added with and
vitamin (1: £/2, 2 fertilizer 1.0 time (NaNOQOs 100 mg/ ¢, Na;HPO,
20 mg/ #), 3. fertilizer 1.5 times (NalNOjz 150 mg/ ¢, NaHPQ4 20
mg/ 23, 4 fertilizer 15 times (NaNQs 150 meg/ ¢, Na:HPO, 10
mg/ £), 5 2+mixed vitamin (biotin+Biz+thiaminHCI, 6: 2+Bis,

7. 2+thiaminHCD.
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cells/ml 2 @3¢ sh& A XY

m\m

Btk AFES 2 wjAoA (0.23372

["IJ_,

7 metonm, ggo® ua 100 wF el dAEe] 021422, Bl 154
(NaNOs 150 mg/ ¢, NagHPO4 20 mg/ £) vi=¢] 02035 2ot Estr}h vein g
Bl 108 wj Aol w5 e E3F TEE ASw AdAEC] 0.1806~0.18302
2 FYAH AolE Holx| gdth o= Chlorella 58 52 Fd A= vlEkw

of Aol & FaE vIAA Be AdoE Bzt

2-4. e v Ao HIF AH

Hlg Wi A (1.258)e /2 Al o] 85 e FHE(Co), TEI(Cw, oty
(Zn), ¥ HdEMo)el % 928 29X F= 1083 7|Foz
05~20me =i 7tz} dsbstel 797 wlokst d3H(Table 14, Fig. 10), %
ol Y4l Hub d¥e] 8 $F & AAE dERddd gFE7e ug
Wi ALz ek A E 05 wi(0.055 me/Z)E FIFE A FAA v 7dA
b2t ME "DE7F 149%10° cells/mes}b 148x10" cells/me, 4o 24z} 0.2930
W 029128 7Hd ok Al APl olddt P E AHUME AE T 4
Eol el 0304203559, okl 0.3096~0.35982 ZHEL Z2HdFE v

_‘_4

sioef Aol H2b3be] wiekd 7 9-(0.2903~0.3230R o Bl A = A4H

rUO

as
UERRT HAl A9 FelM okl 20 (0088 me/4)s TEl 20
(0.0392 we/£)& H7FSHAL A AFol 27 035089 0355924
Lhebute)

Aol /2 wiAol] ol &¥ & 459 n#F HAE HE v G508 05~
20 W2 AT ABelA s 4Fsel wgw T 20 wst obd 20 W
BoAs ke 247b 05~20 Ml(H: 5~20 mg/ ¢, WIE 011~044 ng/¢) o
2 d7bebed thAl 8UT MA@ A= Table 15, Fig. 117 2tk 9¢]

b:
Q
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Table 14. Cell density of Chicrella ellipsoidea cultured with fertilizer

media added with different concentrations of trace element

{(unit : =10* cells/mé)

) Trace  Concentration Culture days
Media
element (mg/ ¢) 0 1 2 3 4 5 6 7

£/2 33 62 78 89 115 152 176 205
Fertilizer 35 38 44 50 63 96 127 149
0.0%5 36 37 42 48 58 30 112 148
0.110 34 39 45 50 66 83 113 152

Fertilizer CoCly
0.165 34 4] 50 66 78 99 125 155

0.220 34 47 65 68 89 108 144 164

0.0098 35 43 50 54 72 106 129 154

0.0196 35 41 62 67 80 103 139 165
Fertilizer CuS04

0.0294 34 53 69 79 1056 129 157 171

0.0392 34 B 72 81 106 138 167 191

0.022 34 41 46 55 63 100 121 157

0.044 34 51 65 79 95 127 146 177
Fertilizer ZnSOy

0066 35 59 74 84 109 135 161 187

0.088 34 62 31 90 108 145 168 194

0.006 35 40 43 46 62 79 100 141

0.012 33 41 46 52 72 84 118 152
Fertilizer NaxMoO,

0.018 35 43 56 62 78 103 139 165

0.024 34 45 64 70 38 108 145 169
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Specific growth rate of Chlorella ellipsoidea cultured with fertilizer
media added with different concentrations of trace element (1: /2,
2. fertilizer 1.25 times (compound 0.1470 g/ #, urea 0.2060 g/ #¢), 3
2+CoCly (0.055 mg/ #), 4 2+CoClz (0.110 mg/ ¢), 5 2+CoClz (0.165
mg/ £) 6 2+CoCle (0.220 meg/ £), 7: 2+CuSQ4 » 5H20 (0.0098 mg/ ¢ ),
8 2+CuS0Qy + 5H0 (0.0196 mg/ #), 9 2+CuS0q - 5SH20O (0.0294

mg/ £ ), 10 2+CuSQy - 5H0 (0.0392 mg/ ¢), 111 2+ZnSO, - TH0
0022 mg/ ), 120 2 +ZnSO,q » THO (0.044 mg/ ¢), 13t 2+

7nS0Qy4 - THO (0.066 mg/ ¢ ), 41 2+7ZnSQ;4 - TH20 (0.088 mg/ 2), 15
2+Na:MoQs - 2H:0 (0.006 me/ #), 16: 2+Na:MoQs + 2H0 (0.012

mg/ ¢), 17 2 +Na;MoQy - 2H0 (0.018 mg/ ¢ ), 18 2+Na:MoO4 - ZH20
(0.024 mg/ ?).
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Table 15. Cell density of Chiorella ellipsoidea cultured with fertilizer
media added with different concentrations of trace clement
(unit :© =10" cells/m¢)

Trace  Concentration Culture days

Media element (mg/ £) { 5 3 4 = 5 - g
2 100 211 920 1,575 2,115 2,458 2902 3,200 3,625
Fertilizer 100 117 139 335 933 1475 1,991 2,337 2,738
5.0 100 115 156 341 928 1,500 2,083 2513 2,838

10.0 100 118 165 342 928 1508 199 2541 2,854

Fertilizer FeCls
15.0 100 120 172 381 931 1,741 2,050 2520 3,033

20.0 100 122 193 402 1,013 1,804 2,088 2,808 3,129

0.11 100 116 164 360 913 1,496 1925 2321 2,783

0.22 100 117 178 355 920 1504 1,895 2,329 2,825
Fertilizer MnClz

0.33 100 119 181 325 948 1650 2192 2,588 3,083

0.44 100 120 173 393 966 1633 2221 2,708 3,113

Fertilizer CuSOa 0.0392 100 121 195 418 1,217 1,783 2,29 2817 3,258

Fertilizer CuSO4 0.088 100 122 214 431 1,184 1,821 2421 2,776 3,167
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Fig. 11. Specific growth rate of Chlorella ellipsoidea cultured with

fertilizer media added with different concentrations of trace
element (1: £/2, 2: fertilizer 1.25 times (compound 0.208 g/ ¢,
urea 0172 g/ ), 3 2+FeClz (5 mg/ ), 4 2+FeClz (10 mg/ 2 ),
5 2+FeCls (15 mg/ £ ), 6: 2+FeCl; (20 mg/ #), 7. 2+MnCl; (0.11
mg/ £ ), 8 2+MnCl (022 mg/ ¢ ), 9 2+MnClz (0.33 mg/ ¢ ), 10
2+MnCly (0.44 mg/ #), 11: 2+CuSO. - 5H0 (0.0392 mg/ 2 ), 12
2+7ZnS04 - TH2O (0.088 mg/ £ ).
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Fig. 12. Cell density (up) and specific growth rate (bottom) of
Chiorella ellipsoidea cultured with fertilizer media added
with different concentrations of copper (1: /2 media, 2
fertilizer 1.25 times (compound 0.208 g/ #, urea 0.172
g/ €), 3 2+Cu (0.0392 mg/ #), 4: 2+Cu (0.0588 mg/ ¢ ), b
2+Cu (0.0784 mg/ ¢), 6: 2+Cu (0.098 mg/ £ )).
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Fig. 13. Cell density (up) and specific growth rate (bottom) of
Chlorella ellipsoidea cultured with fertilizer media added
with mixed trace elements (1. £/2, 2! fertilizer 1.25 times
(compound (.208 g/ ¢, urea 0.172 g/ #¢), 3! 2+FeClz (10
mg/ ) 40 3+MnClp (0.22 mg/ #), 5 4+ZnSO4 - TH20 (0.044
mg/ £ ), 6 5+CuS0s - BH20 (0.0196 mg/ #), 70 6+CoClay (0.11
mg/ 2 ).
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Fig. 14, Cell density (up) and specific growth rate (bottom) of
Chiorella ellipsoidea added 3 trace element to fertilizer
media (1: £/2, 2! fertilizer 1.25 times {(compound 0.208
g/ ¢, urea 0.172 g/ ¢ ), 3: 2+FeCls (10 mg/ # )+MnCl2
(0.22 mg/ ¢ )+CuSQOs - 5HO (0.0196 mg/ ¢ ), 4: 2+FeCls+
MnClz, 5. 2+FeCls+CuS0Q4 - 5H:0, 6: 2+MnClz+CuS0O4 - 5H20).

_51_



Table 16. Growth of Chlorella ellipsoidea cultured with fertilizer media
added with ovsler powder extractl
(unit © x10" cells/md)

1 2 3 4 0
0 100 100 100 100 100
1 214 215 113 126 111
2 798 833 171 205 135
3 1,208 1,342 337 455 181
4 1,579 1,675 896 725 346
5 2,100 2,133 1,317 995 746
6 2,983 2,683 1,779 1,400 1,088
7 2,896 2,975 2,021 1,596 1,388
8 3,417 3,350 2,413 1,758 1,664
9 3,875 3,792 2,496 1,988 1,817
S.GR. 0.5862" 0.5828" 0.5157" 0.4792° 0.4734°

10 £/2 , 20 1+oyster powder extract, 3: fertilizer 1.25 times (compound 0.208 g/ ¢,
urea 0.172 g/ #), 4: 3+ oyster powder extract, 5 3+ FeCly+MnClz + oyster powder

extract

fa FelM Hob At Fd B s 9 HUME A9 AR E

i

047929} 047342 A ovster powder F& -2 HAUtalA & wm 1.254 vjA
o] 051578t £3l8 A ey, Chiorelia®) Wil A= a7 glE Ao

2 vhehyrh

27 viekTIE Eet 12 9 w8 v siA e £ H

Chlorella®] W& WA F2 ol &3te vd& vE HA¢ /2 wjA
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Table 17. Growth of Chiorella ellipsoidea cultured
with /2 and fertilizer media for the

analysis of water quality
(unit : x10" cells/m¢)

Culture

days f/2 Fertilizer
0 100 100
1 206 110
2 683 160
3 1,181 344
4 1,950 644
5 2,281 844
b 2,038 1,094
7 3,131 1,206
3 3,425 1,575
9 3,781 1,700
10 4,494 1,936
11 4,856 2,075
12 5,038 2,144
13 5,188 2,350
14 5,306 2,714
10 2,319 2,869
16 5,331 2,894

S5.G.R. 0.3585 0.3034
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o mg wxoNA 32 mg/ e A /2 A 69.33 mg/ ¢ o) oF 5% FES e

ok,

98 w=d8 HE Wi 343 NaNO; H7lo] ul& Chlorella®l A%
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Table 18. Water quality of {/2 and fertilizer media during culture periods

(unit : mg/#)

Media OV NooN NO;-N NH,-N PO,-P
days

0 69.3333 0.0646 15210

2 73.2533 0.0143 » 1.4831

4 50.3840 : 0.0327 0.5537

5 44,6667 0.0005 0.0010 0.1944

£/9 8 39.3067 0.0002 - 0.1181

10 35.3760 0.0005 - 0.1267

12 33.9467 0.0004 - 0.1493

14 357333 0.0021 ‘ 0.5046

16 325173 0.0028 - 0.1665

0 32000 00008 100039 12.8717

2 45024 0.0021 11,8894 38313

4 43595 0.0015 11.4096 1.7951

5 42880 0.0016 139798 1.9231

Fertilizer 2 34661 0.0050 115238 1.9994

10 32160 0.0055 12,6490 17606

12 36001 0.0060 132773 1.9015

14 32517 0.0076 18.4520 15681

16 39517 0.0084 19.0003 15659

- ! non detected.
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Table 19. Growth of Chlorella eilipsoedea cultured with diluted fertilizer
media {(compound 0.208 g/ ¢, urea 0.172 g/ ¢) added with NaNQ;
(150 mg/ #) at 25T, 15% and 5000 lux
(unit :© x10" cells/mé)

£/ Fertilizer Fertilizer/5 Fertilizer/9
+NaNO;s +NaNO; +NaNOs;
0 300 300 300 300
1 589 353 538 520
2 928 550 850 793
3 1,558 1,017 1,341 1,142
4 2,313 1,558 1,950 1,558
5 2683 1,979 2,308 1,879
6 3,171 2,483 2,575 2,117
7 3,446 2,904 3,067 2,338
8 4,013 3,304 3,479 2,625
9 4,338 3,583 3,858 2,850
10 4,705 3,621 4,150 3,021
11 4,929 3,996 4,248 3,163
12 5,388 4,538 4,646 3,579
SGR. 0.3472° 0.3266" 0.3294> 0.2981°
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Fig. 15. Cell density (up) and specific growth rate (bottom) of Chlorella
ellipsoidea cultured in diluted fertilizer media added with NaNO3
(150 mg/ ¢ ) and CuSOq (0.0588 mg/ 2 ) (1: £/2 , 2: fertilizer 1.25
times (compound 0.208 g/ #, urea 0.172 g/ #), 3. fertilizer 1.25
times/2.5+NaNQs, 4 3+CuS0, 3.0 times , 5 fertilizer 1.25 times/5
+NaNQ;, 6 5+CuSO4 3.0 times, 7 fertilizer 1.25 times/7.5+NalNOs,
8; 7+CuS0s 3.0 times).
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Cell density (up) and specific growth rate (bottom) of
Chlorella ellipsoidea cultured with additional supplement

of fertilizer media in 4.5 mé cell chamber (1: /2 media,

2. fertilizer 1.25 times/5 (compound 0.0417 g/ #, urea 0.0344
g/ 2)/5+CuSOy 3.0 times (0.0588 mg/ ¢ )+NaNOs (150 mg/ 4 ),
3: 2+addtional supplement (100%), 4. 2+addtional supplement
(759%), 5 2+addtional supplement (50%), 6: 2+addtional
supplement (25%4).
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U, 10 A0 2009 250 mg/ 42 Hrbelde W, AFEel 44 038259
0380754 o] A uvhebwka, 72 sAe] AEE05000)3E F Atolw jIA
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o) A n 3738x10° cells/mé, A ES 04549, A A4 vlsuiR e FHE
Bl Wz 8us AETYUE 3313x10" cells/mi e 3408x10° cells/mt, A&

rir

o (043313 0438302 f/2u]A 9} wlmatel okt o, FeolHRl Aol
B.o) 7] 2k THp<0.05).

- 60 -



Cell density (x10* cells/mi)

Specific growh rate

Irig,

5000

4000 r

3000 F

2000 F

1000

0 1 2 3 4 5 8 7 8 9 10
Culture days

0.42

0.39

0.36

0.33

0.30

Media

17. Growth of Chlorella ellipsoidea cultured with different

concentration of NalNQs in fertilizer media (compound 0.208

g/ 4, urea 0.172 g/ ¢ ) added with CuSO4 (0.0588 mg/ ¢ ) (1

/2 media, 2: fertilizer 1.25 times/5+CuS0s 3.0 times+NaNQO;
150 meg/ ¢, 3: fertilizer 1.25 times/5+CuSQO4 3.0 times+NaNQ;

200 mg/ £, 4: fertilizer 1.25 times/5+CuSQ; 3.0 times+NaNOs
260 mg/ ¢, 5: fertilizer 1.25 times/5+CuSOs 3.0 times+NaNO;
300 mg/ £ ),
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Fig. 18. Cell density (up) and specific growth rate (bottom)} of
Chiorella ellipsoidea cultured with laboratory and industrial

reagents {(NaNOs; and CuS04) in fertilizer media.
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3. 3F% Chlorella®y Nannochloris® W% wWFS 3 T8 Al
oF ujx] o] & 3}

3-1. G2y 2% W& 3FF2 Chlorella®t Nannochloris®l A%

TAe Aok HlE AR vz 00417 g/ e, &2 HFE 0172 g/e,
NaNOs; 200 mg/ £, CuSOs 0.0583 meg/ ¢ )2 3% Chiorella (C-12, EC-1)%} 1%
Nannochloris (C-87)2 15%3 30%:1 41 vl etalsich

Aol 10Tk M2 C- 129 EC-19] 475 B9, EC-12 15%°M 12
A s 2333x107 cellymé™ A A ¥ PVEZ Yehlde, 1 o)F HA b
23te ZAEg el C-128 25wl EZ7iele EC-1xth $wd A
A sles GERNRA T 149 A E 15% 9 30%°14 2,163x10° cells/meet 2,191
<10" cells/ml 2 EC-13 ujs=d Feldvh 16% 3 0%l 2 F(C-12,
EC-1)e] 44 8(0.3401-0.3462)& 59 % zlel& ®el# &rskrHFig. 19).

0T E C-877 C-12 BF 15%4A4 Zd A% 2x7 6216x10°
cells/mé2} 3,850x10" cells/meE 30% ¢ 5267x10" cells/mest 3,446x10° cells/
wioll wliste) o Eghorl C-12 = 15% 3 30% 0 2 Atele HolA] gk
ol AAE S C-8791 15%3 30%N A Zb7} 049315 0.4719% C-129] 0.4267
B 0A41070] wste]l % freolH e Eakvh(Fig. 20).

ogal m2u)el 30CHA C-129 C-87% sjgsr H i (Fig. 21), C-87&
AR 15%T 0% AE REsd 7z 16333x10° cells/miot 8,800%10°
cells/mi 2 A C-120) H|sle] 9538 Aol Ehon 165%NA AHFE 06352
2 30%°l 054600 vkl o e AFES 2Hch ¢#H, C-128 30%°lA
AE 257b 4016%10° cells/mt, A FE 0432824 15%2 2,316x10° cells/
ml, /348 035340 H]ste] o Eatow, 20T A& viste 53], 16%9
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Fig. 19. Cell density (up) and specific growth rate (bottom) of two
strains of Chlorella (C-12, EC-1) at 10C with 5,000 lux.
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Fig. 20. Cell density (up) and specific growth rate (bottom) of

Chlorella (C-12) and Nannochloris (C-87) at 20°C with

5,000 lux.
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Fig. 21. Cell density {(up) and specific growth rate (bottom) of
Chlorella (C-12) and Nannochloris (C-87) at 30C with
5,000 lux.
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e uE 4FES dEhuo

C-12 Chlorellas 1/2 v, 10T djestal & wl, wl¢ o 48
(0.2524)& vetuigled, £38 Aok Blg =), 10T AE EC-13F A9 &
A AHES eI oleld FHE A BB i 172 s A 9
C-129] 345 Hmstr] $igted, oha] 10CAA t2uxj2k &8 A% v &
i x[2 C-129F EC-1& w3t A3 Fig 229 2ok g4 A oF v
oA C 123 Wi 14U AE L% 3506x10" cells/mZ EC-18] 4475x10"
cells/mlell Wlgte] njad s QF d=E e 2 Wixelds C-12
oA U E 587x107 cells/me, AA4E 0111022 EC-19] AX 2% 5237x
10° cells/me, 42& 033652TH w¢ we ARES Jelgo], e 464
of Astet fAbst 4AES el

3-2. 15%03 30% A 3% 7 Chlorella®} Nannochloris® < A& #)x
FHel Chlorella® Nannochloris® U4 Al vHlE ¥ (EF vz
00417 g/ ¢, 84 Y= 00344 g/ ¢, NaNOz 200 mg/ 4, CuSQs 0.0588 mg/2)
5 oulgstol Ak AEE EA4% Ad(Table 20), EC-1 olM& 10To1A W%
st A 30%cM Zawst A Adio] 247} 524%9 T.8%E 15% 9
50.7% ¢ 66%° Bt thih =it} C-12 e HA wpek £ 20T
AMoufekstd s W, 30% 9 ZE(207%)3 =AuH10.2%) @Fo) n)Ee] 1
5%l M 36.3%9F 17.2%& vl =& kS Yell ek =dh 30T A nje
C 879 A5 ol 15%M 52.7% 2 30%2] 45.29%° B)a}el
|

T
El

P
=

Hiy

ot ZAE 30%NA 6.1%2 15%°] 54% R} o =4 e

0
+

Fitol w2 ARkak A #(Table 21)ol 4 n-3 HUFAS] 332 15%°0 A
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Fig. 22. Cell density (up) and specific growth rate (bottom) of two
strains of Chlorella (C-12, EC-1) with different media (f/2,
fertilizer) at 10°C and 5,000 lux (1: EC-1, industrial fertilizer
media, 2 EC-1, /2, 3: C-12, industrial fertilizer media, 4-
C-12, £/2).
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Table 20. Proximate chemical composition of three species of Chlorella
and Nannochloris at 15% and 30%

{unit © % in dry matter)

KMCC | Culture 15% 30%s
NO Species temp.

' {T) Protein Lipid Protein  Lipid
EC-1 Chiorella vulgaris 10 50.7 6.6 52.4 7.8
C-12 Chlorella vulgaris 20 36.3 17.2 207 10.2
C-87 Nannochloris sp. 30 52.7 54 45.2 6.1

EC-1, C-129F C-87el 4 z+z} 32.36%, 35.29%3} 2663% 524 3 &7 5ol A
30%0 wiahe] WA A vhebwth EPA (205n-3)& C-129F C-87904=
15%. 1A 2zt 25.08% 9 1.809% % 30% ol A Rt wgkou, EC-1914 = 30%9)
A 22% %A 15%9) 1.7%° Blsid =& &S vt 53], C-12¢ 1
Bt 30%° A EPAS] 3hake] 2508%9t 2062%E A thE 289 1.4~22%¢)
Blated wi$ = A dERdch 9 DHA (22:6n-3)3= C-872) 15% 3 30%014
7h7b 12949} 0.7% % =Stom, C-129F EC-10lA % 03~06%2 @3] ua
& zbole MolA gk}

% otn| = Ab A B(Table 22)2 C-879 4 16% 3 30%:°1 A1 z+z} 72.399%¢ 9}
7027% % & 2% 5 vlske] BlnH EA vebstens, C-129 C-87eA =
30% B 15%olA thA Eeba, EC-1elAM e 30%clA 67.95%=  15% 9
55.92%0l  H)8te]  ufg wA YERgY. HjEs opr]eAbE glutamined}

aspartate 3ol i A = A Vel aspartate @ WE & Apol&



Tubie 21. Fatty acid composition of three species of Chlorella and

Nannochioris at 15%, and 30%s
(% fatty acid)

EC-1 C-12 C-87
Fatty acid

15%q0 30%0 15%s 30%: 15%0 30%0
C4:0 0.17 0.49 0.26 017 0.04 0.07
C14:0 0.36 0.38 159 1.34 0.08 0.51
Cl14:1 0.39 0.47 0.46 050 1.00 0.88
C150 - - 0.16 0.15 0.03 0.15
C16:0 935 10.42 913 10.82 4,24 7.98
Ci6:1 1.65 1.89 10.32 10.60 2.29 2.52
C17:0 0.17 0.14 0.26 013 1.09 0.06
C17:1 5.58 5.89 0.43 0.18 2.59 3.41
C18:0 0.66 0.85 0.85 0.22 0.51 0.73
C18:1n9 3.37 2.43 4,08 6.22 2.10 2.08
C18:2n6 .76 7.75 3.83 392 593 10.834

C18:3nb6 052 - 2.06 323 - -
CI83n3 25.83 25,87 4.89 5.40 19.05 20.78

C20:0 2.64 465 6.89 3.06 11.64 -
C20:1 17.59 1877 971 16.55 21.37 19.86
C20:2 6.76 6.03 4.07 4.91 2.66 7.61
C20:3n6 1.55 4.03 2.85 292 6.92 4.14
C21:0 - - 1.24 - - 4.82
C20:3n3 421 3.37 4,96 5.75 457 2.96
C20:4nb 1.23 - 057 - 0.37 0.37
C20:5n3 1.70 2.20 2508 20.62 1.80 1.42
C22:1n9 1.43 104 1.43 0.97 2.26 1.68
C22:2 0.19 - 0.20 - 0.22 0.19
C23:0 0.85 (.36 0.86 0.24 1.26 1.00
C24:0 2.39 1.38 2.15 067 3.73 3.01
C24:1 1.52 1.12 1.30 0.94 3.03 2.20
C22:6n3 0.62 0.47 0.37 0.50 122 0.73
saturated 17.10 17.81 21.31 16.57 22.11 12.77
monounsaturated 27.27 2854 2271 29.29 30.73 29.09
HUFA 51.37 49,72 48 .88 47.26 42,74 49.05
n3 HUFA 32.36 31.91 35.29 32.27 26.63 25.89
nb HUFA 12,06 11.78 5,32 10.08 13.23 15.36
n3/nb 2.80 2.91 389 3.22 2.90 1.70

EC-1: Chiorella vulgaris, C-12: C. vuigaris, C-87. Nannochloris sp.
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Table 22. Amino acid composition of three species of Chiorella and
Nannochloris  at 15% and 30%

(% in sample)

EC-1 C-12 C-87
Amino acid
15% 0% 15% 0% 15% 0%

Asp. 534 543 636 547 793 683
Phr. 086 276 372 323 389 338
Ser. 075 279 341 297 368 3.8
Glu. 031 1226 873 938 1037 998
Gly. u84 287 414 350 432 370
Ala, 460 529 607 462 638 658
Cys. 000 049 000 000 000 733
val 203 286 401 341 403 000
Met. 012 08l 054 016 016 100
Tle. 184 197 257 213 265 227
Leu. 420 433 629 518 660 574
Tyr. 136 164 226 147 227 218
Phe. 248 251 328 269 417 365
Lys. 367 373 510 419 484 402
His. 131 111 148 134 175 136
Arg. 636 919 467 401 558 406
Pro. 309 695 321 722 268 415
NH3 086 096 L1510l 109 086
Total 5592 6795 6699 6198 7239 7027

EC-1: Chiorella vulgaris, C-12 C. vulgaris, C-87. Nannochloris sp.
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welA etk EC-12) A% glitamine® 30%°) 15%1 veko] muzd %
o shars el Qloh W ofplAbe] A9 iR wmE 7} AlRe] ohe
2 2 aolF wolr] AT cysteined] A$= EC-19F C-87¢l4] 2+t

049% 2} 7.33% 5 30% N A1 v vhERETE

33 9= Aojol] tist W) T &

10CoA A Jlekst EC-19F C-12 Chlorella®] Hol d&ol thdt x| #o]
o] Axka MEEES Table 2337 2th C-12 Chlorellas Ho] ¥5sta] u <k
st L-type rotifer& Fd38I& 495 28 TaA dA zAoe AR 377
+0.3668 mm, EC-12 w3t rotifers 3w 3 #o12] 364+0.3068 mm K.t}
b EA veutodt, fFoF o Aolv gl p<0.06). FEEAME C-12
2 w43 rotifer® T Abolel M 32.37%2 EC-19] 20.12% X}t A e

woh o] H <l apeli= HolA] ekatct.

Table 23. Comparison of growth of laval flounder, Paralichthys olivaceus,

fed on rotifer cultured with each strain of Chlorella

Total length {mm)

Chlorella Survival Daily growth
strai . 9 i
Srams 0 days 4 days bdays (%) gain {mm)
EC-1 3.35+0.1327 3.64+0.3068°  29.12° 0.11°
3.01+0.1309
C-12 34302615 3.77+0.3668°  32.37" 0.13°
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o
1. Rotifer W&k wjoke 2]3 AMY HA vlMZ2FH 7

Rotifer, Brachionus plicatilist 1 =179} wjeke] £-old wFo sfit of
Fol =71 fAe Yol AEZA gl ol &5 Slvhliao, 1975 Watanabe
et al., 1983; Juario et al., 1984).

Hol AEZAM UAZRFE rotiferd] AR F AdFE v
(Hirayama et al, 1979), @&i<=Ab  Chloreila #°| Tetraselmis sp.,
Nannochloris oculata, Chlamydomonas sp. % Dunaliella sp. & WY =
g oje] 97 2E vl 9ltH(Scott and Baynes, 1978, Hirayama et al,
1979; Witt et al., 1981; en-Amotz and Fishler, 1982, Okauchi and Fukusho,
1984).

HAl rotifer MFS A o] BHE AERF FodMe dgo] 7HE &0
= oHjofol s B oohuEt gRoY F& Tl &4 Hiel W

2ol W2 Chlorella sp.$t Nannochloris oculata?y 7V @o] o] &5 1 9]

i)

SN A—

b {Watanabe et al., 1978, 1983; Lubenz and Fisrlen, 1980; ames et al., 1986,

1987, James and Abu-Rezeq, 1988).
oAt e Sl qa AgdA Ay, BElEo] g HAng
oo BEST ¢ 13061 F 2] Chlorellast Nannochloris & AANY, 4
2 wel Aeae e sld, s15A Chiorella 5%, 854 Nannochloris 5%, 7)
S @54 Chiorella 2424 3%, % 1658 A=skd rotifere] i@ wds
d AE nAZRFE Betsty] fete G o wE Ads =
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Atahaieh o] Ao AY AEol Blud w& 5 Chlorella 5F oA

Lr

T ARE gl C-129 C-208, a4t Nannochlorisdl A= C-31, C-87
9 C-189%, 714t Chlorella) i EC-1, 2% 6%F-& tA] Ad8sgct. g5
b Chlorella'= 0%l A vz dago] =& Hola|w, 7lpitolt} a4l
Chiorella EF9 vty Fejxoz e AdFES UepARIt £3 g4t
Chiorella®] 73%- 15%°N M+ Chiorella AE7 8jF A T A=A A
AFE UEdida, YR e R FE AAA rotifer iR Al A HJELS
15% Aol 22 0%l Adde] 7lest g4 Chlorella & AEAM %
Agsr Ao 2 FdEo] AL st

A ow S5 mAzRE #A4o2 98 WAdel 2rKMcLachlan,

.Q
v

i
it
—LI
=2
x
m
= =
o2
ro
g:’:
4
2

Chlorellast Nannochloris2l A %% 15% 2
30%e] e A& =88t AE dE T Heob felH o Zelrh A
A, AFEE EY & #Helvh Aedhe] Agolx 0ol M ul A 15%
I 30%c Wiste] vlmAH e AAEE Bdod, Aol AHIHAY, AXE
He7h gdAste Aee gle or vEhdth olgd ARE B sfaale)

715k Chiorellas @%e] WSty 2 deae AL ¢ & gow, g4
%

ik oAF FE AN 27 A Mol BE Y rotifer HE wige} At
FE EAHEE AEo AFH weo] AESQ Chlorella®] <9 g
ol ofgrke Aelth, A& ALvlels AxEe) Aol W Azdm, %
2 alolele gEb e AEe] WAL dejur) wideld, uekd f A
oMz seviet A7) 2 JAshE straing At ssich 2 A9
oAl Hel® 6% 2 Chlorellas 32T, 30C 2 10T~ 74zt wi<ke d3, o

271 sigslE 32T 9 30TNAE, C-87 Nannochioris sp. (5 @whi
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C-189 Nannochioris sp. (%-9he] 4adFo| 713 =4 ey} 53], C-87<

320l 1094 6475%10" cells/mb =AM Wi & AX WUEE BT

88 C-20 C ellipsoidea (Japan)= 23 A& § 32T A 59744 =
AL FFRER oY, T ool F RE AEFIE FAsS L, 30TAA TEA
BE AES7} AAsgn 32T 30T AdEe] Zhe 015213 034832

e we HAEs yelWors ogd gl ek uieke AR %
AL & A gt C-12 C vulgaris (S%)8& 32T A C-203 w37}
A7 e MAEL Bk 0T E C-200] v3te of§- =& A AES

UEb o], C-2090 wl&l vliwa merlel B Agde Ao g vpepykh

x

ofeff ksl #]-2¢l 10CNME 7|54k EC-1 C vulgaris (W E)7F o &
Zo} vate] A FEo] 0505284 = debY, Fo] wepAls ALE Y o
4 ool v § A FoF A

Hirata et al. (1981)& sh<=4} Chlorella saccarophilac A& 0~60%, &
= 14~32T9) oA widatds A 9% 15~-35% ol
vigtovd  17~-23ColA AFFo

oAe 4%

o
!
°

—_—

2]
o zog myusgo. & sl

rx

Chiorella® 281 A $¥ Nannochloropsis sp.= 20T A 7+ HAe A4&
< ettt R udtg ot (James et al, 1989). ol ¢} ol Feoff whetr] HA
A 2x7 E5 gloh B odqgte) o] & 54t Chlorella C-129 C-20
o 2%xof uwtE A7 el Yo FAE AnEZ ehgflch olatke]

Aafof B il 32C% 30TNA AdEel 7B =W C-87

it

Nannochloris sp. (52 & 23" 1270 rotiferd) o] AEZ o=t Hl
orstzlel A ol AER HTFT
w3 BC-19 AAEL 32T 30T A zb7} 0.4849¢F (0.4329%, & 44k

C-209] 0.15213% 0.34839) vl A = vluy w2 A EE ddozy &y
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Aol A vnia b H el A4S el Aen Welzth

Chloretla & F2 C stigmatophora, €. pyrenoidosa, C. vulgaris, C
zofinglensis & A & rotifer Bl o] &3 wWrt At Lubzens and
Fisrlen, 1980; Pourriot, 1980; King and Snell, 1980; Rico-Martinez and
Dodson, 1992). 53], ©<4t Chlorellas) C. vulgarisi= 3|4t rotifer W% £
ol Lepadella patella?] ¥]%c]t}(Nandini and Sarma, 2001), ¥4} rotifer,
I calveiflorus (Rico-Martinez and Dodson, 1992)2] uf2ka] o] AHZ o
|7 dtth ole} #Zol Chlorella 7w wioke] ulwZ 7] wjid
rotifer 2o} AEE2 71 Wol o} HAT, Chlorella 772l d7dolv o]
8 o daMe FAAL vnsp SRR G 2 Addes W o
el Aol AydE AH FH Chlorelia®t Nannochloris %52 974 W3
of mpE AAS FMFToEH ol Fe 5L viwme & g

Pl safe] Bt ol & WA AEY AT AT d%E 7

t}. Thompson et al. (1990)& vl xF2] A Aal ke ziof wrel gapazl

th X arskglal, Harrison et al. (1990)2 b o] zj3ho] wa} nlA

—

ol #aha gk ¥ xAe] Wgdttn Wwastdh mlAlEFel A

lt

2 #% F HUFA, 5

.

1 EPA®F DHA:- &% 4 (Langdon and
Walcock, 1981; Chu and Webb, 1984; Enright et al, 1986)3 & o}z k2
A& DBrown et al, 1989)9] & &g @A) gl

B AFeA 6F2) Chlorella®t Nannochlris®l QA E4& =AHS 43
Aubal AR F 1607 16119 §teFel 7bA =skedl, Nannochloropsis
oculata®l F8 AWite] 16:0% 1611 9vh= Hodgson et al (1991)3
Volkman et al. (1993)¢] B e} FAS A2 B9},

Whyte and Nagata (1990 C  saccharophila® =8 AdbALe 16:0,
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16:1n73 181n99o]e} W 13el =1, AFN M )4 Chlorella C-127}

Iz

2o ANE ro FAZ Bl Hote TolMe FARS Aot dERuE He
z oabgarh Zefu, 71Ael BC-lel A s Fa Ao 17:034 20:08] %
ko] = Vel st Chiorellasts thd ARE RIGT

6% Chlorella®}t Nannochloris®] A%4F % DHAY C-12¢ C-87° 47
029%9 0.02%51.2™, EPAS A5 st Nannochloris FellA C-1897F
628% % wskout o2 2 F2 03~-374%%v}t. Volkman et al. (1993)= 2
0Cell vld 3t Nannochloropsis &<l DHAZF A3 HEEA vz w0
a3, EPAT 161~282%% & A9 AAEGE o =2 §4&
el itk James et al. (1989)& Nannochloropsis®t Chlorellas 15~35C 9]
2ol A wiekallS ul, Nannochloropsis= 15C2} 25CalA 0.2%2 0.4% 9
EPAE Hatsldrh ol& 25ToA wigd & A5 Nannochioris®e Aol
7bosldedt, 20Cet 25Tl W e Chlorella®l EPA7ZE Zhzb 0.15%9
030% 2 vhetwel & A7e dxet FAret g

FE 65 nHMZEFE Yeolg Faske] wjeFdt rotiferd T8 A WAlol
16:0, 16:1n73 18:1n92 A sk Chiorella®l W4t 33 §-AHSE AHE
®Ath EPA 3ol 714 =ddd C-128 Yoz F3F 4 FelM X rotifer
o AEFo) Etow EPA FHE =4 vebwed rotiferel A4 A&
Holz Fad nAEFo g T UM (Scott and Middleton, 1979;

Ben-Amotz et al, 1987, Frolov et al, 1991).

2. Chlorella® WaF vitg 3 53 AA u|#] )2

ko] Aol M FAE] Hol =) rotifer hF widE A vlA

- 77 -




o] e wjoke] ol gxi- s ulms A wickel Mg /2 wiAel
stel AL wrbsb gokis @A el glend, /2 iAol MFAE o A
o] MAEo] e wyel b B AFeME sjFat Chlorella®) #FA Al
g5 A MRS Z2AEY) fstd, AA & complesal#t FHE VIR
(ga-2guE)s o wAstgth 2% A3 8 wEE A4 s
of Hla e A AEE wds, i WgE TAE vne A FEE

Sehreiber WA 8] N P wxe] 12502 vhehdtd mebd g s A

rl

2 Aeatd (2 Aol v 4 drkE wE g, o e =Y Uke
g zloe e

nAzEe] ek wekal g e el A&da glov o vE

=S

rir

ol
ha

Zg MBol Arsl 9log FTAFHO 9o (Ukeles, 1980; Gonzalez-
Rodriguez and Maestrini, 1984), %% ¥l & vix o & vlAlzFel A el Hep
ol ek g} BE ol &5l 91A rh(Stein, 1973). & el At
89 =g v 2 A ok v ALTF 46%, BT visE da 229%,
ol 129, 74(ZH) 12%, T84 nE@EIIUE) 3%E TAHS e,
Chlorella 59 tIAZEFe A3 "Had ng das 79 FFE A
erol /2 wjAle wste] wr& AEE LERRIIC

3 oA oA E BE F 23948 Y AX dxvt VstardeR ¥
AstA e w4 g B A AE BF F 5Y oje] Asfol A L)
Nk gaRem Zalsled, /2 Wil wlEl 27 Ao Ade] FAHOR
vHERRE U

R oodpejas WA, UL wEel /2 wjRo AHEEE 63 F UIEAL

)

/\

R e(Co), Ta(Cu), oFd(Zn), BeEdEMo), H(Fe), ¥1HMo)2 T
= wejate] thE o2 HINE F Chlorella® W4T A3 T MR /2 )

e
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AL 7kabe] 3uH(0.0588 mg/ ¢)E H7FeEA S W, 2 iR M e bl oF
0%l wats= A a2 g2 wBygdul Ee o5 nlEk Y9423 27FH o)A
Lgete] wE v FFE9E W, PR Hl:
ARG vud & Azas UEddG 919 Zae A 2+ 7H0.6810),
H+ubgb+old(0.6621) 3 4

bt
=
.
il
e
e
fo
L
i
=
oo
ok

s

Wibrold + 2 (06742 TEEt HlE wj A9
A7bstel Chiorellas wid3tR & 2%, g 308 @5ex THGAS 99
AAE06660)TE T H 2ol A Wb, A, w3, opd, FEle =
SES B dUish A Fe nE 445 HUkslR 22 vlE sjA R 298]
2l o @ AFES vehde], A g e v 4425 S8y Hot
shir ARt 7o 3sE v E iR vdEow Hrtshe Aol AAHA A
°F RBolFt)

T2l AS & mleF Y949 FL=5(Cd; Jayaraj et al, 1992, Guanzon
et al, 1994), Z&(Cr; Wong and Chang, 1991), YA (Ni, Wong and Chang,
1991; Jayaraj et al, 1992)R ¢} plARFd 54L& vAs Ao=Z HISHT g
U}, Franklin et al. (20000 pH7} 6514 572 7a@ o Fe 9 WA 5
2 (72-h ECso)7F 15 /¢ oA 35 /¢ 2 Frtstel ddld @54t Chlorella
sp.o] 4SS Mo R 2l

2 Aol e A Hrl wEE dotry| el on] HdEs 3
Azfel A /2 WRe) HrbskE T2 wEe 2~80M9 FEE Hrbste] wlg
gk Az, 581(0.098 mg/ &) ol AAE Tt ¥ETE AdE] daste 4
e 2T Starodub et al. (1987)2 789 ECsn (BE F 44 ol
509% 04 el FHAdte X)) FE7F 100 pe/ 4 Adal Hasth B
AXM = 2 A 71FEY el vEE 196 we/ v o1d, JHE 4EE =il
2] 3.0 ¥li= 588 wg/ 2 ECxn ¥k oldtgon, Adgo] dastr] AzFate

_79_



T 5 el 98 pe/ e 2 A Starodub et al (1987)¢) ECx =9 FA AT

Gonzalez Rodriguez and Maestrini (1984)¢] w.31ofl A 12714 ] &2 A
1622 vAd ZEES  Conwey HIAE WERTE sel wieFst A
Nannochioris  oculata,  Isochrvsis  galbana, Chlamydomonas  palla,
Chaetoceros sp.elA = B Aol Axet npriAlE Hl & s Aol vjs
o g9 et 2oy, Phaeodactylum tricornutum, Skeletonema
costatum, Tetraselmis striata, Thalassiosira pseudonana A1 8159 T+
of wil okrre] ol Ak 2 WhE < Conwey iAol M e} A7t
FArEt A, AR gl H =sith

Chlorella®] W w8 A=A a4 vlad o 7b# rlFela 5
& #vlale] A4S W, lsglg Bl g2 TS wE ARSI S WEt
ool warEgl et o |3 /2 dzle]l oF 80% 9 AHdES ERATE
webd, wdg wlselA 2 wixjek vasted AAN)Y FAHEL gRYol
Ewel zjold we 4G A 890 A HoE YHo 2 WA} Y
4 W82 1697 wikste] wixe £HS FASAT 2 A FHE
Bl Zojl Al Z7] U oHNH,-N) gae 100 mg/ ¢ 24 /2 #)=12] 0.065 mg/

uLo

29 oF 153wy How iHPO,PIel A= /2 iAo of 9wl HFE S
vk SL T

MAlEd 5 ood RS w2 grder TR mg - atom N/¢ Y
olyol wj$ wlzrale, o] Asigct Hud vk gth(Kaplan et al, 1986).

ol i)ol w57} 05 mg - atom N/ ¢ Bt ol =2 Fx¢ pH o uik

In

Ao A wYEE 1049ZF ¥ FxFe A8 Asisdrn Histan o
(Admiraal, 1977). %5‘1, =g 2%, pH 2 dxyet smoe] AaddA o

sS4 F=alop b, & pHeh gEvel FrE BRFHor FAERe 54
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& 71k W E o (Kalpan et al., 1986).
oAFe A F1lE wiE iR +HE 2 wRd vt =2 dEY

obel Q1A wr(2F 150 #i)7t Chlorella®] A &+8 Ao, =71 4

o
]
2
ML
flo
>,
o
Hy
._\‘;_1’
e
i
J;l
=
M
R
=
)
=
>
do
rO
>
it
o
off
il

sy
o
lo
3
ol

98 R 125 92 ou) BN sz 2g
EHE P 2AMNE AL 2Er) gasy] Adsgn. 89, v98 MR

WA o] Aol st /2 viAel vldte] 5% HE= dig wkoerd, viE

b

o
o
O
o
R
e
=
o
=
=
Jot
1
o,
>
uiech
-

AE 9u Mg AF AAHel FHol t& doly @f AdEel
Chiorelia®l 37¢& Alzte Aoz AU

oAl Zre] A Ei A el bR Yoyt Hibg el s AHEEe AL
2 Rz glti(Caperon and Meyer, 1972; Epply and Renger, 1974;
Bienfang, 1975, Conway, 1977, Terry, 1932). wtebr], B A A= THE
Hgel & dEYol s vEr] fldtd ¥jg WA 125 wiE 5 Wi, 9
= 3453 NaNO:E /2 iAo Abgshe (150 me/ ¢) 2= FH7hetod vl
St & w, Chlorella®] 7deo] /2 wi=l9] of 86%E & A& Bt
Chiorella WA H98& &5 AT 49 /2 A vlato 27 4%

el

of wig- wistty refu, HAF vl wiAd NaNO;E H7hshds 4+, 5
sheb ou) B|M T WAl wRelM HE 2dA ME DE7E 2w (589x10"

cells/mi)e] w)aral 7hzh 537x10° cells/me 9t 520%10% cells/mbE B A%

ns

g vebd ez, g s e 52 obRdolsl e Ay sR) A

ol
o3l

& A3 3 geoloz HoiEul
B E sl PRE vAHERFE 44 dFYeRA Z2AY Be R
YelEs  ol&3sly, o8 FF vAHZF(Angbaena variabilis, Nostoc

muscorum, Chlorella ellipsoidea, C. pyrenoidosa, Chaetoceros simplex,
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Cyclotella cryptica, Skeletonema sp.) A4 Fado g #Hil
tiobell A fabd AAES vekddz Bad v vk Lefiley, 1980). 2@,
Paasche (1971)% Dunaliella tertiolecta’= g 2rvh FEUol #FAelA 1
0~30% A% | wa] AHasctn R asdvh =8k Antia et al. (1975)& A
A vAEFE WEg 4% dAEE FHT AN | FFE] w=rha
Hnaglc) olgl 2o} mAHZFe F3 Axfe] upul FaPorxe] Y
vpogbRujele] gk 42 Ao® HiEL g

oA Al E FHE o aE A ghRYel FRE vEu WA FHY
og2A AN (NaNOy& #H7betel Chlorellas sldstd s o, =& 44 ES
vehslel =3 8AE g HE Al A+NaNOgo| ul#F 44 F @t
o7 b Eok| ] 3.0 wi(0.0588 me/ 2)E skl Chlorella® i aFet3d
S ul, MR 125 Wi/A(ES v E 00417 g/ £, &4 ¥ & 0.0344 g/ ¢)+NaNO;
(200 mg/ £)4+CuSOy 3.0 #(0.0588 mg/ ¢ ) wle] HF 4= 2 vjx2] 3o
oF 96% & ‘HERUIRATE

s, wiAle] T2 Alb) & E dolry) fdtd Wi £ 8 dA HIE
1.25 #1/54 NaNOz (200 mg/ ¢ )+CuSOq 3.0 3(0.0588 mg/ #) WA 2 25~100%
o] b AHI2 3 A, ZBHANE FA ok /2 iAo = E wjek 7|7t

199 A58 M2 YErt dasta o) 25%9 50%E S7hAEE A= AR

<

2e7k A% Frbstedch =9, A4 g9 ezAe] AU4dE 150300 ng/
= A7ksklS o, 2009 250 mg/ 4 oA 7HE w2 A ES vEhsY

oo} #& ANE TS Bul, Chlorella®] W WtA) AHE3te BH4
BlE dAE 2 5 00417 g, 84 00344 g, A (NaNO;y 200 mg)¥ v
& 48 CuSOs - 5HO (0.0588 ng)S H7hshs o) 7bd ZAAeln, wd
A7) WAl HE F T-8dUA Hsk wUE vlE wfjH] 27 5o 25%8



kel M AlgstE BF AS ALgstg e, of mMAE i wiekel M85
S 7%, Chlorella® 2 S%A A2 @7b7h ok Al €k mhetA, datd

3 oE ARS b 4o 38 Aekoi Algstel Hlu wiAE e
Ea oajorg Wig wAeh e vjme Axp, f2uR, AoRg sE wix|g
wolg uaE wiAe el feAl Aol meld gttt HE F 89A
o) Tae uE wAolAl 3408<10° cells/mi® Alk& vAe) 3312x10°
cells/meel B]3tod o] A YJERRTE Chlorella?l ti#d wigA #9k 22 %
o] melg Aok ulg wAE AEY AS, 2 vl A wlg el WE)

of ATl ST mUE wge] bgstel, Bul ¥ Feol Y s

Zojg Bla WA (B uE 00417 g/ ¢, 24 B8 00344 g/ ¢, 58
AAd 200 mg/l, FYE T 00588 mg/ )2 C-20 Chlorella
ellipsoideas Wekskde W, /2 WAk vlwstel gl fFelqon Aol
7t gl Ao et

TPE v AR rotifer A& e wickel A Chlorella (C-12,
EC-D)3 o238 ik wiskel A8 Nannochloris (C-81F 15%T 300 =
wera s W, 10T C-129 BC-1€ @l wE F2 Aol BolX
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ehskth 20Tl A= C-129) C-87oA 25 15%.°] 30%.) st dde] o

oft

o ez yelg o, 30TA C-12% 30%o1 A, C-872 15%°lA A3&
of B #A YElRTH

C-12 C vulgarist= /2 A, 10CNM wjtedS o EC-1e] H}dle] uf
$ 92 AAEE JeElRey, #d98 Alek BlE wx 10T el s
A% BC-12F A fard 43 FeE vepddeh oleld C-12 Chioreila®]
wj Aol wE AL wlawaly] flste], thAl 10Tl A C-12%F EC-1& /287
ob g Aok vlE vl R vl viekaiel s o, £2 WHelMe Aol H
2, FAE Al BE mAdE e AdES Uitk wetd Asd A
el C-128 F98 Ao va w2 ugFed 2839 Chlorella®] vi%ol
ted ez ey,

Fubregas et al. (1984)% Tetraselmis suecicat 0~35%2 Fi3 2~64
mM NaNOs 55 Zzistell A wslds A d&2e Wset NaNOs 2] &
Tol o 2 JEs e AoR BusEr FI dEFH A¥dY v A4
A & e BT biomass atel o & dgg viAH, F oA e 4 9
o ubet AAHY et 2ETE FAdE AR YERT

B oA ae 165%% 30%9M 2 &5 Chlorella®t Nannochloriss ) %¥
Bte] ofoF AES BAF Al EC-18 30%-°lM C-129 45+ 15%M =
il Ay 2A gtEke] o Eghon, C-87elM e 2e Aol 15hNA, &4
e 30%00A FEol o ®A JEelgel C-129 C-879) 23 EF A5
wokel 5%l Zekuda Fhako] 30%.0of vl watewl, olE uAEFe
obAl WA e GE TRt wAZRTY Gy g A¥E 2 Aoz He
Zl e},

n-3 HUFA A9 24e oA dag nAzisE ddstar T2
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3 g 7eoltH{Watanabe et al, 1983; James et al, 1987, Rezeq and James,

1987). Z1E|v, nAEFe] ARy oJugARe wal 53, AW

o

noi‘

: S B ¥
sk vk Ao $ejd oef bRz fEe] v Busa gl
t} (Iwamoto and Sugimoto, 1955; De Pauw et al., 1984).

Wiy 25X n-3 HUFA e 38 F+ ez 2asxn gl
(Olson and Ingram, 1975; Teshima et al, 1983). James et al. (1989)° 2]d}
W 0~35T9 LxdA zhzh wjkslde o, Chlorella= & %=7F $7behs A
of wlall n-3 HUFA dtee 7kAashuy, Nannochloropsist 25°C7HA = & 7}8t
dou HA KA L%(15~20T) ohMiE F n-3 HUFA §#e +973 A}
o] 7} ¢lgit). I, Chiorelia®l EPA &= 8o 4% @4 ods Aoz e

vonl 0~35T &5 FolA BTAAT HE==H AT

Renaud and Parry (1994)F [sochrysis sp. 9+ Nitzschia sp.& 8% 10~
skl A ARFEY §-9F zlejx= Aoy Nannochloropsis oculatays 35%
of o e AAse Vel Isochrysis sp.8t N. oculata= FA 4 §HEFo]
AR 3% 74 F7beke Aol widstd Frbetdoh G Fhee die ®
o 2 9sko] gy Aom Rudgld. =3 Isochrysis sp., N. oculata®t
Nitzschia sp. 3%& 4wl wet FA% shage sy Bastgvh

Teu, 2 ATlAE i) me AN R4 03 HUFA 4 #0]
3 FF melA 15%o0M EA vebdes], EPATEE 15kl wmtew
B3], C-129014 tHE 2 F(C-87, EC-Ddll wste d5aA & F38 e
Wz, DHAA EL C-879 15%0A 74 %2 3 dehiddg

Z ojuwal dakeA C-129 C-872 15%°1A o =evt, EC-1& 3
0%l A o #2& ke yYehlgen, ol A& Wgs 22 4%e W
238 el =
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2olg wE A 10T mMIaAs 45 AAE B C-129
EC-1%2 rotifer® wletsted w2 #ojeol ololm F33k A3, AAelM= 7o
2 Aol glglon, MEGAME EC-11l oA &= n-3 HUPA I} F
ofbu b Gake] o C-12¢0A4 Rl A dEbgeh e 2 Aol
= AL 7)7be] TR grob of F Abele) o] E&ol tE A2 7|3t
Zx FAAQ Aol Hast,

ol

i)

ol2| g RE Ang £33 9, rotifere] Heo] WEQ Chlorella &
= Nannochloris®]  Aldd  £9) g wgS 94FH 27l C-87
Nannochioris sp. (SaFahe] A#sr How vozm, ALH A27lde
C-12 C vulgaris (S%)o] Agstd, a2 gl 1EF 53 w8 417
gt Qs ME 344 g+EFPAR NaNOz 200 g+& g8 CuSOs 0.0583 go &%

At mujH 7 4 g

"

Aow ey ok Zol Adel uwp HYF T

o

o sty TEACh MENAE AT AS, Wy ve Tu A

—
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% 8o

A A5, 4aE 2 2R FD OAAA &7 Yol AEEA o] &Y
¥ rotifer Wo] AWEQ, Chlorella®y Nannochloris®l A& th=k njeko] g

§ FHE FTAbeta, AAlYolan bAA] i wWids fleh T8 HlE W

g MR T A BR3t e 130952 Chiorella®t Nannochloris
AFANAT 27 §E& 1HESE 1135 Chlorellast 5% Nannochlorisg A4 sk
Aot 5F9 TAY Chlorella X, 15%9A C-23 C vulgaris (7+3),
C- 12 C vulgaris (45)% C-20 C ellipsoidea (4 E)o], 0% = C-23
3} C-12 of 7 =2 A4S vrERITS s At Nannochloris 5& oA+ 1
5% 30% o A C-31 N. oculata (UTEX), C-87 Nannochloris sp. (5 31h)
7 C-189 Nannochloris sp. (F<h)ol, 74t Chlorella EC-001 C vulgaris
(BH )7 16% 30%o0 A 7Hd =& A ES VrebdTh

olgf ol AAdFEo] Y& 3 Chlorella (C-12, C-20, EC-D)3} 3%
Nannochloris (C-31, C-87, C-189)8 o2 JYHEs =AM 23, =d
iAo C-313 C-1294 22t 429%, 424%, ZF%-& C-12, C-31 %
EC-001°1A] <2kzt 26%, 26% = 24%% ¥3kth. DHA (226n-3) A
C 129} C-87e A v Z;Z} (0.29% 2} 0.029%2) =8 Ve ATk

32T A C-87 Nannochloris sp. (5293 C-189 Nannochloris sp. (%
¢ho], 30Tl M= C-31 N. oculata (UTEX) 9 C-87 N. sp. (5#wh)o] 7H4
=o e Jelyow, 10Cod= EC 001 C vulgaris (1 E)7F oh&

Chiorella®y Nannochloris £ 79 83t fo8 oz w2 AAES YEU
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).

ol % 6EF ¢ Chlorella®t Nannochloris 5% ZoM L type rotifer ¢ =0o]

= Fuelds A% C-12 C vulgaris (3%
&g vehli g A A dRANAM =

7V E AR FEFoE
&k rotiferol A 9.39% =2 7} ko)
ChiorellaZ Schreiberd) #],

Bl Fat &

Complesal 4] #] =

m, -8 v7m sANAM 7 =

el Al 30170 A/ me =2 7Y e A

G

C-125 ®olg& 373 rotifero A

1527%% 7}% =9ton, DHAY EC-1€ Hol& &+

THE vE wAE o

HyES dehia, o)y,

i

Al Al el A7 F e Schreiber ¥iA 9] N#t P AE2 1266 SAvh(E-gu)
S 0147 g/ ¢, 2aMRE 0205 g/ ¢). 22 o] wdE vg wWiAE /2 A
o wlate] AMxe] gAEol vuA Hn Y& v wAdE uARF
Aol Had me dark Ao dfuro A & dae] vk waEhA,
72 WA #A7bEs 6% A (2 EE(Co), F(Cu), oFA(Zn), =2 =l
(Mo), Z(Fe) 2 Wt(Mn)& 7}z 9508 vl w48 vl&m Ao A
7reke] wi kR A3, Chlorella®l /d7do] F2l(Cw)st oA (Zn)dl A =t £

A7 SIS e
Ul At
F ot
R S

Chlorella®] Wit 713F 5t
A% AY, FU¢ TFE FHE

A 15013 mg/ 2o, Ha

M%) 0.0646 me/ 2 o °F 1539 =& T

Chiorellas A+

ELE R I

A feldon e WS e

g Ee 4FEE Ut FHCwe dF WP Bsw A7 F

A 172 djA el A2 CuSO. 29 3.0:0E #7188 o 7H4

f/2 W=k w98 Hlg A +2 Mg
Bl 5 wjAlol A 143491 meg/ 2, {72 wlA ol

mole} e
et

10.0039 ng/ ¢ = {/2

2E 0.
=

ofel Hls) AL

vl 5 v A 32 meg/ ¢ BA /2 R (69.33 mg/ )} °F 5%l Yok ua}
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A, S YR e E 5] fEA] vE w4
Hl 5 0.0417 g/ ¢, 48R 00344 g/ 2 )3l A4 FFPo AAE S 200mg
/¢ A7betol, Chiorella® MWall e w714 %<& 4ES huAh =
S A e wiAd mlEk A Sak e 3.0u1(0.0588 me/ ¢)S Hbstelg W,
4% ZFrtatel & 2 WAe] oF 96%e) e A vehid o

E,oulel 8YA) )9l e HAe wE wjxE 1562 Ealgte] thA] AH|

£
~
)
(o
AN

s w, A dwrt AlE Frhstvh @ ook e wiH]el A AR F
A& S5 Aloff HAdEd el Chlorella® oA Feol A4 A
ol 7} fllom, x5t 72 MR AERE FelFl Aol E HolA sk
o},

o] AEAA setd HAe FHE A va(SIHHIE 00417 g/ 4, &
VR 00344 g/ ¢, 2 AE 200mg, Fab7el 00088 mg/ 2 )MAIZ AEE o
o wekel] HAgsicin #etd 33F5H Chlorella®t NannochlorisE 15% % 30%
of A wlFsl & W, 10CHME C-129 EC-19 2% E5 g g& 4%
o] FoHel Aol HolA &gktl 30CoNME C-87& 15%M, C-12& 3
0%l M o & AdES et o, 20T = C-872 15%AM 438
ol o woto} C-128 G W& Ao & aols Rolx st

Chiorella® &8 Al H & iAol A 15% 3 30% A wfdste] F%F
AEs P A4, a9 2249 FeFo] EC-12 30%9A, C-12& 15%
oA o o, C87& 2T 30%olr, 2AHe 16% A =2 T
2 vt Ak A n-3 HUFA g2k 3% 25 15%9A =3hoH,
Z Ak AR FolM EPA 3 C-129) 15%00A 25%2 71 =& &
S veldigith DHAE C-879] 15%°A 1.22%%2 7Hd =& §3F& 2t
F opu| At AELS 3 FF Chlorella®t Nannochloris oA C-87¢] 15%, %%
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0%l A 5 Th wekor, C 129 C-878 15%°1A, EC1-& 30%ol A o
w0 trebstuh 10T oA sk Co129F EC-1& rotiferd wR¥ste] W x =
ofo] Yol FHAAE W, 4y FEA AY AFEEL F949 o)y
o]z ¢Fete.

ol el AnE FPHoz B u q45H nErlele C-87 Nannochloris
sp., 2 2 Adol= C-12 Chlorella vulgarisE o2 15%, 31 1E9 =2
§HIR 417 g, 84HE 344 g, F9E A gares 7 200 g

00588 g= Hrbste] vidtats Zel axntded sloz dheks gl
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FHAFEA ol47) Mt Tl ol U AE A =k
£og, o =fol gy wol REsm AT AAL S sl
28 AZF Sk oldlsh AFoRM BN FAD v FA ojriys 2u
FAS BEaA A Fol, oA o8, A Ad, G vpm ey
44 st RS MFE B A A4 HAE =edd el
F4 D5 QA s FEARY S8 AdE =7 s, A o
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