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Optimal culture conditions of Spirulina platensis NIES 39 have been established using different types of light sources. Several
types of photobioreactors were designed and the increase of biomass, the amount of CO,, fixation and the production of chlor-
ophyll content were studied. The result revealed that the input conditions of a 10 min period per 4 h at the condition of
5% CO; and 0.1 vvm, were excellent in the growth. The growth showing the maximum biomass accumulation is limited
to 1.411 g/ when using the fluorescent bulb and the low powered surface mount device (SMD) type LEDs which were
equipped-inside in the photobioreactor. However, the biomass exceeded up to 1.758 g/L level when a high powered red LED
(color temperature : 12000 K) photobioreactor system was used. The CO, fixation speed and rate were increased. Although
the total production of chlorophyll content undergoes a proportional increase in the biomass, the net content per dry cell
weight (DCW) showed the higher production with a blue LED (color temperature : 7500 K) light than that of any other
wavelengths. The carbon dioxide loss was marked as 0.15% of the inlet gas (5% CO,/Air, v/v) at the maximum biomass
culture condition.
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2 A= FE27Q Spirulina platensis NIES 39 (KCTC AG30033)
£ A ek e AEAYAIE| 2B Eokdtol ARSI
T kel ARE-E iR el F71AIQL SOT 816 medium=
=] C sourceE A|2] 3t C-free SOT medium= AHE-3F 1L, o]
gt 242 Table 1] YERARIEL SOT-13} SOT-25 247} 121 Cel
A1 15 min?t 1, YAA AN £ §F 6 N-NaOHE ©]&3t] pHE
9.5% ZA3te] AMg-Hlch,
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Table 1. Composition of C-free SOT Medium for S. platensis. SOT-1
and SOT-2 were Separately Autoclaved and Mixed Aseptically after
Medium has Stood for 24 h

Components Amount
SOT1 NaHCOs3 -

(Distilled water 600 mL) KHPO, 05 g
NaNOs 25 ¢g

K>SO, 1g

NaCl lg

o1 MgSO; - 7H,0 02 g
(Distilled water 400 mL) CaCl; - 2H:0 004 ¢
FeSO; + TH20 0.01 g
Na;EDTA - 2H-0 0.08 g

AS Trace-metals solution 1 mL
H;BO; 2.86 g
s T K solui MnSO; + 7H.0 250 g
i oo o
Na:MoO; * 2H,0 021 g
CuSOy - 5H0 0.08 g

2.2, 2 =A

Agof| A3 f502] EulleF 272 1 L flaskell working volume
600 mL, 7] pH 9.5, &% 35 C, WHFSE 180 rpm, FUEF7]=
A7]FOC % 12 : 12 = Light : Dark (L : D)°|t}. Z5+= Luxmeter
(TES-1332A, TES Electrical Electronic corp., Taiwan)& ©]&3}9] &
Ak 2E]a Aujek nRe] o] AkElekAv) SiE Ut 3U1E
FQlste] olabstgkaie] dist A3 EE w0, 7] A HE 5
T 050 gLE A8 Alr, CO, 3} wliEel W wjokl &
RS WA HiE TR ol4ste] WY Atk o)t
gAY o8l pHZE WolAle @S w] flste] EHH 6
N-NaOHE ©]€-3}%] pH 9.5 (= 0.5 o[Wh)2 B3

2.3. o M

A 4 F A UV/Vis spectrophotometer (Optizen 2120UV,
Mecacy Ltd., Korea)E ©]4-3}9] 520 nmol|A 5733 o.D.# A%
TAHZHDry cell weight, DCW)#}2] daA4& o] @5t Artskl
th Az A FFE FolIEE o]gato] o3t dAE ol
QA 105 TE 3 h gt XA 1 FAE SH88i: HF 4
ZatAFFel] st ALk the] AL S Fske] ARSIt

Dry cell weight (g/L) = 0.697 * Asy + 0.137

24, 2228 &

S. platensis NIES 39°] 229 F&2
AREEFATH10,11]. & ATl AREH e AR E ohd
7hetekA] gko} kAt wAlRe] ) o]F 7] wlio] filter oS E3lo
TAE 8§, 7AN 1 mLel tiate] FY 5312 methanol &8
W& ARESFSITE o3 A= microtube©] E©] methanolS 7}
F 60 C Z7olA 30 min &<t FET TR, 5 min 5t 0 TolA W
Z}3to] 650 nm, 665 nm 7 T elA FHEE Sk 7
St FHEE ofglel 22 Aol tigste] SRR 3RS AXlSISIt
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Figure 1. Schematic diagram of LED bioreactor for the cultivation of
Spirulina platensis NIES 39.

%Ei%(mg/L) =255 % Ago + 4 X Acss

2.5 ZUEUET|9| FA| 7Y

251 €3S B HYE vEY 7

A} o) hkslekA: a1 stel] WE S platensis®] A7 AEE Y]
ws7] 913 FFe AR ST A AR v 2ol
T8I tE 958 BEENETI(EAEH 4 LE AAS] flste]
732l (Pyrexglass) AAZE HEg715 Ao A% 255 mm,
#0] 255 mmE AT CO, FYT, AEAFA S, w775 2
SFtE. Spargeri= 217 17 mm glass filterS AA] A28k A8-519)
I 7] ofRl el RIXAA T FYA dATE ThekeEA] ok
ALAQ1 ko] ko] o] FAXEE S THFigure 1). ==X
= HER FHEA] gorom kRt St olikslekAs)
F717F £ 9 vEE F4E § JEF TRl 29
BE ol gste] FAEREEY] TEAFUN-E TSI 371 A
e 295 9] A FAAe FAENSIE AAAA F= A
2] FHof= 02 um ZE|(Millipore, Aervent 50)5 21sto] z}
g2 121 C, 15 min®] 21 0% Wytatal, Buljelr] AA% e
& A AAlEslek

> BFTOE ARRSIlon, oA
A5 7] 2A0E o] AFE Xgs)

B2 U 255 AU 4719 E35(18 W x 4, FL20SD,
Woori, Korea)s ©|-&3to] Y& Filetes AA|skglom, F-2At
He FY A9 FFss 19 XSt k7] T4
FHE S A olw Fg-sollA] s dol
< F7] whitel g7 Uil AXEHE Fde fEd
T35t Uiells =] £8EEE W AAE At ol
Foto] Wi 257135 TR FA4E 5 AEE Ad7bsoF3ithFigure
3(A). 3 AR G Eol7] Slell vk e 1/20] Hlo] vt

o]

A
A S RS QRO FolE olgdte] e Auar.

¢

o

rir

S
o M
o, 2

R

ofd
e

CEREEN
odck. BB

Omg
(o

o N

ol

=)
tlo g
i_l"
2
o2
o%

o
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A om, dFulE A8 4% LED W2kael 5 mm 271
LEDE Ale] 7HA 20 mm o= 3tof gt W 7704 28712 0.5 watt
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Figure 2. The growth rate comparison of Spirulina platensis NIES 39
using fluorescent lamps as the intemal (single beam type) and external
(quadruple beam type) light sources. The values shown represent the
mean values of at least 3 independent measurements.
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Figure 3. The photobioreactor for the Spirulina platensis NIES 39 culture. (A) Internal light source (single beam type 18 W), (B) Extemal light

source (quadruple beam type 18 W x 4 EA).

BF U3l Co, T, AR, & W TE ARk
A7 A Bz AES WAtk Sparger= 47 15 mm
glass filterS AFAl| A|2Heto] A3l 0w, wljoF7] Q] Hulete]] $X]A|
A air-lift FENZ Bjekee] &3to] o] Fo| A == 3K Figure 1). 4
Z+o] 494 121 CollM 15 min®] o2 daashar, Fujekr] Azt
E]—Xﬂ m:s]. ui:qlga §]_7:]oﬂ}\1 N/\];]_oir/]_.

Hjek2 35 C, 5% CO, 0.1 vvm, 7] X\j%“
(j: 0.5 ©Ju), 12 : 12 =L : DY wjfxAo=

Hobﬂoﬂj\i )\164 ° ;(]61] ].030134 ]/;l-g]_ }-_/]‘\_ _Z,_CQ 174 e} bﬂo]
i/\}ﬂf Bfjekrl71ol 4 holtl 10 minZt FU8II) oju) FJ
ojrtshetae] FAE dolry] SleliA olitste: SH7IAZ 7752
Temp. CO)E ©]&3to] oAt sS(ppm)E Skt

0.5 g/L, pH 9.5
w9 gt 24

2.6 OIAl_Ilc_J-IZ _="_A'| U_l AHQI: EJCK-)I
=]

6] bt i 9 ZEQURDE AAEE 2 0AE uol 4

O_u

| S 5 gi7lel o] AR 255 S7ste] B Y
Z5E 7188 v (geometric mean)ol] 28] YERHTE nljoko] X aE]

IEE FAE g W F3wrt ol = Q1] wiiell LED 3¢
I Ao wE A g 9 ol AbEkER A 1178 o i W 3gsto]
gelaigin), FUd M= CHROMA METER, CL-200 (Konica
Minolta Sensing Inc., Japan)& ©]&-3to] 32| ¥ S4& st I3

& e FoR et

2.7. OJABIEA IS

S WA H2] A S platensisS WiFsh A A2
3 4%0] PPENST|E o] g3lo] ok 1A sl A Kaa)
Stk AMATE B3 S platensis€] HZ o FERA: SR W 45
£ 5% CO,, 0.1 vwm & AH AT vk 35 C, e Gz

22 1500 luxol A H ol 28000 lux7k<] WAsHY A¥E S35k
Y AYHSFZ = working volume 4 L, Z71HFEE 0.5 ujjoF
Z pH 9.5 (£ 0.5 o)), 12 : 12 =L : D Z7o]t}. oitalgts 59}
F& A A&t MRERY] 2GR E ol gate] 2dsgion, 5
dE= 71AI= 0.2 pme] 3718EHE FIHAIA Z]Ael 2FE e At
S wAA AT A 3 259 257t A-3] 2 %= incubator

35kt Ml 223 HI3E, 2011

yF-ellA AAlekede.

S. platensis€] o17tgleta 173} vloJHE F7431] flafe] o] &
Azl HgiT) & %_ | A% C-free SOT medium®lA] S. platensis
gk =Y QgoFAor o] o]Folzivkes 7Hgsted 4353

v)A| 7o Ao ETFA 77g3he olaksleae] KFco, gLl)
AAREM O] FAEEWX, gl) B 27] FAEEX, gl), 279
Fag3K(C,, 0.507 g carbon/g DCW), 55 W2 TAIE (X, g/L)

o|AbglEr A 0] AT Mep, 44 g/imol)d B4 YA M, 12
g/mol)«] HZRE th2e] A (1) Zo] vERd 5= Qi

,ﬁ rlr m[m

U rm Jlm

M,

0 ()

c

Feo, = C(X—X;)

I3 o]Atstekae] 31
A dA e 'hago] dAsits ZHdatel 471 4 (1) viEeke]
()9} o] #7138 4= SItH10,11].

135 (Reo, ¢/L/day)= Bk gl glof

dF, co, A[coz dX

RC().Zi dt - C:‘ A[r W (2)

olibslera 1SS T3 oA bsleATS A sto] 1Y slke
Olii}%i%kﬂr«] WEEE VeP 5 glom, T3 o|ikseia
< THOE FHste] SAsIGIc) ol olikslebAe] HuE T
2 %‘Jﬁm S84 van der Waals®] o774 ®Ag21& o] &3k3th
0 C, 1714ellA12] o371 B4 2E 35 C, 17]142] AA 7]
*‘Ei nAgsto] ARgsRGltt o] A2 sk T AAR] 2}
7R 2ARE 471 S8 v A (3)S olgste] RSl

P T T T

w2 CO, 1 mol (44 )2 0 T, 17]¢ellM 2] o714 Hy&=
224 LoJA|uh 1 t5=2] HAulek 27121 35 C, 17]9telAe] AA7]
A F-9= 253 Lojghe ahs 98 5 QUth olejst o]&8 nigo s
Z}7ke) 39l 9 vk 7ioll X S, platensis ] olAkalgRA 7Sl gt



Spirulina platensis NES 395 ©]-83t LED JAAERES 7|04 2] olatslea 11y3)e} 3¢l

14
—A—LED 7500K O7500K

—#—LED 12000K 12 + N 12000K

10

Dry cell weight (g/L)

Chlorophyll conc. (mg/L)

]

0 5 10 15
Culture time (day)

(A)

a7 305
20~ g7500K
18 " m32000K
& 16
? 14
z 12
o
2 10
T os
s
] 6
K]
5 4
P
° L
0 6 16
Culture time (day) Culture time (day)
(B) ©

Figure 4. The influence of color temperature on the growth (A), chlorophyll concentration (B), and the production of chlorophyll per dry cell weight
(O) of Spirulina platensis NIES 39. The values shown represent the mean values of at least 3 independent measurements.
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Figure 5. The amount of CO, fixation velocity (A), and accumulated amount of fixed carbon dioxide (B) of Spirulina platensis NIES 39 under
the different conditions. The values shown represent the mean values of at least 3 independent measurements.
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Figure 6. Growth of Spirulina platensis NIES 39 using a high-powered
white LED photobioreactor. The values shown represent the mean
values of at least 3 independent measurements.
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Figure 7. Growth of Spirulina platensis NIES 39 using a high-powered
red LED photobioreactor. The values shown represent the mean values
of at least 3 independent measurements.
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Figure 8. The lost amount of carbon dioxide decreases with the cell
growth. The values shown represent the mean values of at least 3
independent measurements.
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