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Cultivation of Chlorella Sp. Using Light Emitting Diode
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Abstract : The purpose of this study was to determine optimum conditions for the cultivation of Chlorella sp. FC-21 using light
emitting diodes (LEDs). Specific growth rate and cell concentration were measured for the reactors at the illuminations of different
wavelengths of LEDs. Among various types of LEDs, red LEDs were the most effective light source, and also greatest increases
of specific growth rate and cell concentrations were obtained when light intensity of red LEDs increased. The specific growth rate
decreased when initial cell concentration increased due to the shading effect of each cell in the reactor. To determine beneficial
effect of aeration to cell cultivation, micro-air bubbles were aerated at 0.35 vvm in the reactor at the illumination of red LEDs.
Two and ten times greater specific growth rate and cell concentration were obtained when aeration was applied. From this study,

we found that red LEDs with aeration were the most appropriate light source for the cultivation of Chlorella sp. FC-21.
Key Words : Light Emitting Diodes, Chlorella sp. FC-21, RED LEDs, Carbon Dioxide, Photobioreactor
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2.1. MSx =2

2.1.1. AF2 7 2 HiX]

B2 Ao AMRE N ZRFE Chiorella sp. FC-212 3ha-
3 v EF2YEKMMCC, Korea) 2 2E] T
AREEL hA| = Table 16] Lhebd Hhe} 2-e A EO] IMulA
(Jaworski's Medium, Thompson et al., 1988)5 =A|5}¢]
121CA] 1557k @@sto] AMga}le.

Table 1. Jaworski's medium composition
(Unit: mg/L Deionized Water)

Component Contents
Ca(NOs), - 4H.0 20
KH2PO4 124
MgSOy - 7H.0 50
NaHCOs 159
NaHPO, - 12H,0 36
NaNO; 80
EDTA FeNa 225
EDTANa, 225
H3BOs 248
MnCl, - 4H,0O 1.39
(NH4)eM0o7024 - 4H,O 1.00
cyanobalamin 0.04
thiamine HCI 0.04
biotin 0.04

A A A=

Chlorella sp. FC-212] A% A3-2 LED o] apifof ot
AR =S L] SiA oR e AT v
glS L=stgnh oz =4 ubAl 660 nm=E WY
LED, 450 nm u}#o] A1 LED, ¥4 LED, =
3} LED1 (RED:WHITE:BLUE = 1:1:1), 3 LED2
(RED:BLUE = 3: )& 247} A|2sk3it). vEg-7]+= 7H2 60
cm, A|Z 60 cm, 9| 60 cm?} 7}2 55 cm, AlZ 35 cm,
3£0] 46 om 7|2 oA of2 L o] g5to] Aaatsc
LED # I S-tech LEDAFZ5E bar &4]9] LEDHZE
A5t A9 thIlsan, Kyongki, Korea). LEDo|| 34
g AUS BY FP60-12 W9IFFE Agsteon
(Whawoo Tech. Co., Ilsan, Korea), 332 HI-8-7]9] AbELo
Mol lof A ol BE TS 2w U Fero
2HE “V’AVE“ Q= %HJ HEARES] 7| g teof] )
& 3] wkgxE A e, T
= Mlxed FE O = o°l AA =L, 2%toll=
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Fig. 1, Photograph of photo-reactor system used in this study.
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A2 T (cells/mL)= A7 =4S 34 Hemocytometer
o]-g-3}o] Fstdn| 7 (AE2000, Motic, China)2 E3f 2
A Astadch. #A A2 Alzs=ete] dAE 47
AeA A A2 (/L) 50 mLe| HiFHS 0.45 pm]
membrane filter2 oJ¥}3F & 80T o A 24417 A=x3E &
AN AAokalch 2 A% B A2 - 000000002
x 2= = 0999 BAE ¢

WX U} Chiorella sp.2] 470 HQa3gt Rl A4 9l

o] = W3 ®Asy] 9l COLORIMETER(DT/870,
Hach, U.S.A)E ARg-sto] £4513AtE d42] 79- NOs-N
(method 10020), 312] 79~ POs* (method 8114)& =43}
o] NOs-N9} POS"9] 24 A] 217l 24 ki 0~

mlm

30.0 mg/L, 0~45.0 mg/L3 93 ¥l £0.5 mg/L, 0.1
mg/Lc}.

Folxl Fxo| Ao Chlorella sp. FC-219] 2|t} H|F-2]
2T (specific growth rate)= 29 Alo =2 AAtslgth

Mmax = '+ (Ln X/xo) 1)

A7) A, pmacs T HIF AL E(day ), xo 2 xi= 27](t=0)
o AA wjoF A|7F 39] Chlorella sp. FC-212] ] =
(cells/mL), 12|31 t&= HjF A|7H(day)S LEFHCEH

LEDE |83t Chlorella sp. FC-21¢] tjgt

Table 20 Q9F=o] Qit}t Uutx oz FsHA o
Wol e Yo EAHHE, Yo A7E
pmol/m*/s& FEA|EHc}.
3.0, Tl W2 MEN
Z} APz utE Chiorella sp. FC-212] o
Fig. 20 Ueh} Qleml, o MEA%EE 4 (DS ol%
shof 4bE3HoltH(Table 2).
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Fig. 2. Growth curves of Chiorela sp. FC-21 in a photo-reactor
at different LEDs,
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Table 2. The biomass production and the specific growth rate of Chlorella sp. FC-21 under different LEDs and test conditions

e ey | concnuanon ety | B 6L
RED 1700 50 0.30 8.0x10° 22x10" 0.44
; BLUE 1900 165 027 8.0x10° 15%10" 0.30
WHITE 6900 102 028 80x10° 17x10" 0.34
Mixed (R1:W1:B1) | 4000 115 026 8.0x10° 1.4x10 028
RED 2600 67 033 8.0x10° 79%10° 0.16
2 WHITE 6200 90 027 8.0x10° 69x10° 014
Mixed (R3:B1) 2300 70 022 80x10° 59x10° 0.12
RED 4400 116 042 85x10° 46x10° 0.09
3 WHITE 9000 140 033 85x10° 33x10° 0.07
Mixed (R3:B1) 3600 120 025 85x10° 30x10° 0.06
RED 4400 116 074 2.0x10 35x10° 0.07
. RED 4400 116 053 1.0x10° 41x10° 0.08
RED 4400 116 044 2.0x10° 43x10° 0.09
RED+AIr® 4400 116 1.09 2.0x10° 51x10 1.02
5 Fluorescent Light | 4500 56 017 85x10° 3.0x10° 0.06
Fluorescent Light + Air* | 4500 56 048 85x10° 3.0x10° 0.06
# CO, concentration in the air is around 0.03%.
® Biomass was measured when the cells grew up to the plateau stage in the culture,
BLUEZ /4% MIXED #eje] x=w-& HjA|slal RED, RED LEDs®| 7% F5F S7to] whE H|SA&E9 $71

WHITE, 7123 £3} LED2 (RED:BLUE = 3: )& A%
MIXED &efje] " of i3] Chlorella sp. FC-219] H|UE
ol sl mAstech 12 U@ el wgy] Fulel
A 3R ANFORA 2% U FFS FAA B
o Z7ko] W HFSAe] ) okrgkeh Aol A§
d 2E 9 P 2T FASEG A AEEE
Table 201 £oFs]o] Qlek. A7bA F wio] chshAl Yo
o] FNASF MFHSEE o] F715HE A2 & 5 9

2 thFig. 3).
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Fig. 3. Correlationships between specific growth rate and light
intensity at different LEDs,
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