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Optimization of Outdoor Cultivation of Spirulina platensis and Control of
Contaminant Organisms
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Outdoor cultivation of cyanobacterium Spirulina platensis was carried out for 40 days in a batch mode. A half
concentration of the SOT based on the underground water was used as culture medium. Working volume was 5.7
tons with 0.2 m depth. During cultivation, mean water temperature, DO and light intensity were all in proper
conditions for the S. platensis growth. The adjustment of pH to over 10 with Na,COj3 and addition of the 1.5%
natural salt were very effective to delete contaminant organisms, Chlamydomonas moewusii and Chlorella minutissima
occurred one after the other in the culture. The mean productivity of the biomass based on the dry cell weight from
14 to 25 days, after the contaminants were deleted, was 7.8 g-m™2-d"!, which was relatively high productivity in
that a half concentration of the SOT was used for the culture. Underground water used in the culture minimized
contaminants invasion and addition of the 1.5% natural salt was effective to delete contaminants as well as acted as
mineral supplement in outdoor cultivation of S. platensis. Harvesting using the floating activity of S. platensis was
effective from mass floating in day time after overnight without agitation and illumination.
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Spirulina(Arthrospira) = AH3@ o] @Al 24 FAl
(cyanobacteria, blue-green algae) ©. 2 ©o}3Zg]7} ofAJo}, &
ofrf| 2] 7}, FH Foll 25 (Fox19%), Edi, ofdth A<
of g7 FAANA & FHeE 5L a3
(Castenholz 1989) . Spirulina’= 60-70%2°] Tz FX&} ]
E}Y (vitamin By, B-carotene)S #-&-8la, & Sl
GLA (gamma-linolenicacid) & v+&F gHfste] =gk 51 W
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A3 A ZA] F-8-3 (Walach et al. 1987), 3] 3 A]o}
(phycocyanin), vwjo] AT 4FEH (myxoxanthophyl), Ao}t

Bl (zeaxanthin) 52| MiE itaEd AEX7HE So2
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3 Aoz dejAx 9dth(Kay 1991; Vonshak 1997;
Vonshak and Tomaselli 2000) .

Spirulina®] 732 WA kS 19700 LHE EA 2o
2 o] Fojx)7] AlFel Tt |l 2] Sosa Texcoco Co.ofl A
Hxo £¢] ol Al&hE] Sl AL (Durand-Chastel 1980:
Ciferri 1983), 1258 =] = (Spirulina Mexicana SA), &=
(Siam Algae Co., Ltd.), ¥ £ (Nippon Spirulina Co., Ltd.), ©]
22} (Koor Foods Co., Ltd.), w]=*(Earthrise Farms,
Cyanotech Corporation), t¥+H(Nan Pao Resins Chemical Co.,
Ltd., Blue Continent Co., Ltd., Far East Microalgae Co., Ltd.,
Tung Hai Chlorella Co., Ltd.), 1% (Parry Agro Industries
Ltd.), <= (Yunnan Spirin Co., Ltd., Hainan DIC Microalgae
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Co., Ltd.) & o2] Gl FF2<] thFAJqto] o] Folz]|
WA A= W7k 3,000 tons A3]sln 9 th(Shimamatsu
2004). Spirulina®] -9 )3 F2 2 Z7F7} bicarbonate T
= carbonater} 5@ LA FAAT EL 30
35°C) 2o A FASnR 22 Ay
o] o]z gkth(Busson 1971). %9] i@ 9& /‘l*é 2
& (circular) o]y} =22 K (raceway pond)o] HEH o=
o] &x]o] gk31 m]Fo] Earthrise Farmsol] A= 1571 S8%
A (15000 m) e ARSI HAFE o] §5ie] 4
Q1 ol F2 Fastar Avk(Vonshak 1997). ol A=
A 1R ol gete] WekRlol ke Spindinas] 2]
2D Xkl 24 o] A3y HaE vl ] e (Jooetal. 1998,
2000) -] of #ghul] oFol] ti gk K Mg Aot

webs 2 Ao s iR £ s Al
42 o1 o183 ] APATE Fopel 47 2
= RUEEAA, ed8=S] AlA, 4
kool HA 7o) B AL *636}%14. 53], &
QTE Aol E el Agete] SRERE fYHE o
: iﬁ‘r%‘ 3 TR ] wulY RS &8st
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23S o 717 St

22| CHEFHAE

58] vt v D5k A Yl B
3t Zo] 10 m, & 3 m, =°] 0.4 m(H ] 10 tons)] F=
2] (raceway type) ©. & A 2tate] ARSI ATHEE FFA]
71R AR A, i wgRe] 3 2 g5 AEE
sto] o] FE= &olsHAl sttt o v =] Wi
dE=Zo] 7m, Z03m, =] 04 m(Z) 0.8 tons)2] =
2 wgRE AAs] JEE WSS A8 xR o) &5t
ATt vl F42] 3 (drculation) S f13ke] o #F vl gFze] g
% ol 2} (paddle wheel) & A X]3}51 5 W& 2o
= Z7k1717] 9ste] YEF air stone(L 80
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Table 1. Recipe of SOT medium (Zarouk 1966)

Substance Content (mg-100 mI™!)
NaHCO, 1,680
K,HPO, 50
NaNO, 250
K,S0, 100
NaCl 100
MgSO, - 7H,0 20
CaCl, - 2H,0

FeSO, - 7H,0

Na,EDTA 8
Ajs solution 0.1 ml
As solution (100 mI™)

H,BO, 286
MnSO, - 7H,0 250
ZnS0; - 7H,0 22
CuSO, - 5H,0 7.9
Na,MoOy - 2H,0 2.1

Xl 2t (preculture)

A v Spirulina= S9] vz WR-o] HEE wik
Zol| A 1597 A gFsiiet. vixl= #skE SOT vi#| =
’d (Zarouk 1966) 2.2 3} 0.6 tons FEZ Hl| F3FH Tt vl %k
Z712 air stonedl] 2]gt Z7] Qo= AkA 2o ST
e Spindinets AFE WFRe WA AHEE B
SRR R R R DS e PR P DES )
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A A ME S
el 2 pH, &4k E YSI meters(630/100 and
95/100 FT, YSI Inc., Yellow Spring, OH) &, 3= 2%/
(LI-100 DataLogger, LI-Cor, Inc.) & o]&35}o] mjd 2.3 14]
o L3 FaoA SHsAT. wF =AY =T
(biomass)> GF/C(Whatman) o3}#] & o] &t 20 mle]
W FFE o st 40 mle] SRR Holle 348 =% £
103-105°Cell A 143t gt Azt FAS SH sk
(g-L7). A4k (productivity, g-m2-d™)& ZA2] Y&
< WA (area, m?) 2.7 F1tsle] Alalargieh,
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Q=X
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A& SOT AR o] =ate] ¢4 Zelatdth. &F &
e FF2HEH G-spin™ IIpFor Plant Genomic DNA
Extraction Kit(Intron Biotech., Korea)Z& A}-8-5}] genomic
DNAE 2] - FA|slit}. 18S1DNAS] F3Z-& 9|3 primer
= SR-6(Volvox carteri, 891-910: GTC AGA GGT GAA ATT



CTIT GG) ¢ SR-9(Volvox carteri, 1286-1267: AAC TAA GAA
CGG CAT GCA C) & 4185191 o} (Nakayama et al. 1996) . 185
tDNA %% Thermal cycler(GeneAmp PCR system 2700,
Perkin Elmer, USA) E A}-g-3to] 4-8)5}9it}. PCR wHe-%71
o A W B o 9CaN 48T Salatsl e, MCe A
30%, 55°Col| A 30z, 72°Col|lA] 4524 303] WkE-3}aL mlx|
ool = 72°Collq 723 #HF WEAIZ . PCR e
agarose gel 2 7 7] & (elctrophoresis) 3112, Gel extraction
kit(Intron, Korea)E ©|-&3lo] FA|3+ 3 3730XL Capillary
DNA Sequencer (ABL, US.A)E o] &3] SZH 7|9l A
g5 st gE 7149 BLAST searchs ©]-&-
dle] GenBank$} EMBL databasecl| Al 713 &A}3H 183
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TH(Fig. 1). o]& H]'E3l-9-2 A4 W—rf’ﬂ’ﬂ HH"%PO% 7]9‘01]
H|5t] 10°C H = =
=2 =2 "9 rt 30-38°C “é-ﬂi dHA Jom=
(Vonshak 1997) wlloF 713t B<te] =2 S. platensise] 22
4 25 U R vedth Hde e A S o] 8 -
10°C o]/%}e] Hd7|&5 Ho|= 594E 108714 = 5%
7He A1 glo] S. platensise] 2-9] wiFo] 7 }-—zg Aoz

gt} F=o] 2% 116 pmol-photons-m=2-s7! (v &k 18Y
Al A 2,340 umol-photons.m% s1(ujer 1927))e] W e
& 3t 1,282 pmol-photons-m2-s71¢1 thH(Fig. 1). Vonshak
and Guy(1992)= ZA ol ot 4 o] ez 59
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Fig. 1. Changes of water temperature and irradiance during
outdoor mass cultivation of Spirulina platensis.

o] AL 7+4THS W31, Vonshak et al.(1996)
& Spirulina 3775 /3 O2 kA IR ES o ﬁﬂ@% FA
alo] =S 2AFE Azt 1,500 pmol- photons m2.s7lo]| 4]

£ 20-21%, 2,000 pmol-photons-m2-slol A& 39-449%
3,500 pmol-photons-m=2-s7lol| A= 50% ©]4te] A =S
Hasigith w& FERNTEY FAde H4g FEE =
AEHA 3] E5 22 (Ohad ef al. 1984; Samuelsson et al.
1987; Vonshak and Richmond 1988; Vonshak et al. 1988),
& vl A T2zl A TS Fde AR
datdoh, B o vl E FE=7} 1,500 pmol - photons -
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43 3C o] S 2AL AL
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Fig. 20| ¢} #ro] pHe WM Z27]0ll= 89521 294
2] % 2S4S WAstaAt %&\%E%-% féﬂé‘?@% k&
2F S7PAA 10 o) d ez 24 sHA (%
Foll& pHE 2 WEglo] 10,104 10.39] 4—3— A8k

. £E4aE W 2719 11 mg L7k S7teksou
1 o] Fel= 7.5904] 859 W= Aot (Fig. 2). &
A FEE EE S AR S F3dol o) =
S TEE Kol Zlo] gkl Aoz JFFA Ashacl
o2 g3ty gy £ ajdellA = A<} air stoneo]] <2
ot AL o] =2 watel] o) AL FEE F
A& F Ut
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Table 2. Contaminant organism and productivity of S. platensis at each phase during mass cultivation

Productivity (g-m2-d1)

Phase Contaminant organism Cultt(lge p)erlod
Mean Maximum ay
1 - 4.7 11.3 0-3
1I Chlorella moewusii - 4-9
I Chlamydomonas minutissima - 10-13
v - 7.8 16.6 14 - 25
\Y - 6.8 20.4 26 - 40
10.5 12 1.0
o pH . oo . P 1 PII P 11T PIV PV
10.0 - bo Harvest 11 Harvest [I1
{1 0.8
95 o® oo 'L >
00l 10 TJ %ﬁ 0.6 |- Harvest I
= o &0 ) [}
) é q;a
85| 1o 8 = 04l i T .,/‘
)
8.0 [ % 4
a
; . f‘.’ |, al \[F
75} fymata  u, ’
7.0 ‘ ‘ ‘ . . . . 7 0.0 ! ! ‘ : : :
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Time (day) Time (day)

Fig. 2. Changes of pH and dissolved oxygen concentration
during outdoor mass cultivation of Spirulina platensis.

Chlorells’= EZQ 2AAEZ LA 2t} (Vonshak and
Richmond 1988) . Chlorella®] T4 2 93| - & = dzta]A
z7004 2 F2sle S platensis?] E4 S o]&-3sle] pHE
ol WHZ o]&ste 3lo] InbAo|th(Vonshak et al.
1983). & ol 33 QG E2] B2 185rDNA ¢
71N L o] &8ttt Mg 3LEAFEH cdES Fdo] g
1 w0y, B3 A3} Chlamydomonas moewusii®t 9% 2] 5-A
AL 7 3 e, 10840 Ed3 @ HWE-2 Chlorella
minutissima$} 9%2] GAMS 71 ZAe® SHEHAY. F
#32] 1851DNA 971 e] NCBI 54 ¥l 3= DQ345293
(Chlamydomonas moewusii) 2} DQ345294 (Chlorella minutissima)
olt},

Hj ek 3 < L@ =9 FAA7]= Table 2] YeRy
AQth. C. moewusii= vl ek 3L R EE] =& sl7] A &ste] 49
ARE g Z2jo] PREIT vl 52U A 3E] 7271 <
FAZ AFT] 271 QAAEQ] Comoewusiie] o & Z4]

o 711t vk (Fig. 3). whebA wiek 5L Ao F4F C.
moewusii®] TAE 95kl ALHS 05%7F H =5 H7let
I B EES HUkete] pHE 93717 7 ZT 1 2
3} 62 HE W eggol hFel Aol PAH WA AP
2& wFzel Wye] wE FPsEA PHAGT C
moewusii®] AbEel| whet wiF 9UdA o] AFFL 018 g- L=

Fig. 3. Dry cell weight of Spirulina platensis during outdoor
mass cultivation. Data indicate means + SD (n = 3). Phases
(P I-P V) were divided by occurrence of the contaminant
organisms and harvesting of S. platensis (see Table 2).
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