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Abstract: The purpose of this study was to determine opti-
mum condition of Paviova lutheri and Phaeodactylum tricor-
nutum. Detailed studies were carried out on the effects of
various wavelengths of light-emitting diodes (LEDs), light
intensities and air flow rations. For the Pa. lutheri, cell growth
rates and maximum cell concentrations were similar regard-
less of wavelengths and air flow rates. Among the different
light intensities, cell concentration increased when light inten-
sity of red LED increased. For Ph. tricornutum, red LED was
found to be the most effective light source, and light intensity
of 3,100 Lux resulted in the most effective for the cultivation
of Ph. tricornutum. Different air flow rates were tested to
overcome shading effects due to denser cell concentration in
the solution. Aeration of 0.8 vvm was determined to be the
optimum aeration rate for the cultivation of Ph. tricornutum.
Especially, five and two times greater cell concentrations of
Pa. lutheri and Ph. tricornutum, respectively, were observed
when air was applied.
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Table 1. The composition of F/2 medium (Unit: mg/L, Filtered sea
water)

Component Contents
NaNO; 150
NaH,PO, 8.69
Ferric EDTA 10
MnCl, 0.22
CoCl, 0.11
CuSO;, * SH,O 0.0196
ZnSO, * TH,O 0.044
Na,SiO; - 9H,0 50.0
Na,MoO, - 2H,0 0.012
Vitamin By, 1.0 ug
Biotin 1.00 pg
Thiamine - HCI 0.2 pg
Filtered seawater 1L

Black box made of black acrylic panel

Red LED

-~

\White LED
—
J

Mixed LED
(Red : Blue = 3: 1)

Fig. 1. Photograph of photo-reactor illuminated by LEDs (a) and
schematic diagram (b).



172

Korean Society for Biotechnology and Bioengineering Journal 28(3): 170-176 (2013)

Lux) > mixed (2,300 Lux)2 th2 2%=7FS 74 T LED Grow
Control System (SF-302-1K, KAST Engineering Co., Korea)
£ o]-&sto] WY 60 W= Ut Fastdlon, Fee
Z XA (I-346 Tlluminometer, Sekonic Co., Philippines)E A&
stol Z4ahoich. Hrmol BE HFEAS 9190 red LEDE
Aeate] e E 850, 1,700, 3,200 Lux® 2714 7] W A] AH
Sholch Fm o) A& g A AT ol RS ekt vhae)
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slo] F5 &% 04, 0.8, 1.6 aeration volume/medium volume/
minute (vvm) 2.2 238}t (Fig. 1(b). M 5 24T -
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A2 A AAH 2= A E o]-&5fo] w719
L5 2123CE AR SA5 T jopole] LEL 4
22 EAG o §3tol 2 3taint.

23. A%y W H ol 34
Az e ot 7] 98l nH £/ 2] 5=+ UV spectro-
photometer (Genesys 10UV, Thermo Fisher Scientific, USA)E
AR&-81o] 540 nmof| A 45Utk Al 32 5= (cells/mL)9t &
Bl BAE &7] flsiA E-A157] (Hemacytometer) S
o] &3slo] AlZ4E I8k du 4 (BA210, Motic, China) 0.2
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theri= &34 %= =0.00000009 x A 5= AFA =0.99)9]
TAE A ow Ph tricornutum= SF% =0.00000007 x
A2 5 = (A =0.999)8] HA S 3l

27) AF A AL 529 A5 Fo)7] §l8) Bt dnlA
o|-g-sto] grelstl o, ikl 10 uLE F Al 33] v
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H|Z A& (specific growth rate)= THS-2] 2] 0 & A A5}
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A v F AIZF 9] Pa. lutheri®}: Ph. tricornutum®] Z|tj| &
= (cells/mL), 2] I t+= v oF A] 7k (day)S YEFHCE Y&
In(x/x,), X&5 t2 3 44442 duba o 2 v g7 £=7t
AZE 0 A A2FsEo] 2] A7) (lag phase)E A & Hj<=/d 4
7] (exponential phase}5 A A HA 71 & 71&7] k& 714
A E, AFEEe] o] =EshA "k 2 AFllA
o] Fef 1|24 £ A (DS ol gefo] AkHo|A w2
A S5 g E 7P 2 08 A ST

REE-EL k-
3.0. 973 2 473 Hst

P, lutheri} P. tricornutum®] 3}7}of| 2 A2 EAJ-S ulots)
7] 18l 37FA] 2}A-E o] -§-5fo] v Fatl om, Fig. 20 w47

o k2 4793 Ho] LhehLbalc
Red, white, mixed LEDsS ©]-8-5} vl oFo|| 4] Pa. lutheri®]
< mixed LEDOJ| A 0.85 day'& 7} =& AL S HY
©m 0.71 day” (white), 0.56 day™ (red) &= 2. & ZFA3FT). &
o] 8] A% £ = mixed, white, red LED Thas 2}o] S H § O
U, 2] A 2 2.19x10° g/L (red), 2.37x10° g/L (white),
2.38x10°g/L (white) 2 .5 8] 223k ZH-S 91 9] Tk (Table 2).

Ph. tricornutum®] 1730l W2 A2 EX-L red LEDOJ A
0.78 day' 2 714 =& AL E H 9 0™ (.76 day” (white),
0.63 day (mixed) 4= 0.2 ZFA3FH T 2O A3 2= 3.78x
10° g/L (red), 3.56x10° /L (white), 2.70x10° /L (mixed)& red
LEDo|| A 7} £2 5-&-2 X 9t (Table 3).

T 5 A2 ool e AFEAS Blas) & o,
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Fig. 2. Growth curve of P. lutheri (a) and P. tricornutum (b) in the reactor at different LEDs.
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Table 2. The maximum cell concentration and the specific growth rate of Pa. [lutheri under different test conditions

Test Set LEDs Light Intensity Specific growth rate  Initial cell concentration Maximum cell concentration

(Lux) (day™) (cells/mL) (cells/mL)

Red 2,600 0.56 4.0x10* 2.19x10°

1 White 6,200 0.71 4.0x10* 2.37x10°

Mixed (red:blue=3:1) 2,300 0.85 4.0x10* 2.38x10°

Red 850 0.67 4.0x10* 1.88x10°

2 Red 1,700 0.60 4.0x10* 1.99x10°

Red 3,100 0.54 4.0x10* 2.19x10°

Red + Air (0.4 vvm) 3,100 0.56 4.0x10° 1.13x107

3 Red + Air (0.8 vvm) 3,100 0.57 4.0x10° 1.13x107

Red + Air (1.6 vvm) 3,100 0.54 4.0x10° 1.22x107

Red + Air (2.4 vvm) 3,100 0.49 4.0x10° 1.20x10’

Table 3. The maximum cell concentration and the specific growth rate of Ph. tricornutum under different test conditions

Test Set LEDs

Light Intensity ~ Specific growth rate

Initial cell concentration Maximum cell concentration

(Lux) (day™) (cells/mL) (cells/mL)
Red 2,600 0.78 4.0x10* 3.78x10°
1 White 6,200 0.76 4.0x10* 3.56x10°
Mixed (red:blue=3:1) 2,300 0.63 4.0x10* 2.70x10°
Red 850 0.56 4.0x10* 1.57x10°
2 Red 1,700 0.69 4.0x10* 2.81x10°
Red 3,100 0.78 4.0x10* 3.77x10°
Red + Air (0.4 vvm) 3,100 0.78 4.0x10* 7.94x10°
3 Red + Air (0.8 vvm) 3,100 0.78 4.0x10* 9.14x10°
Red + Air (1.6 vvm) 3,100 0.78 4.0x10° 9.17x10°
Red + Air (2.4 vvm) 3,100 0.70 4.0x10° 7.96x10°
S7Fohe 5 ol whE FSleh A Aol & Bl (Fig. 2).  of F-27k 2po] & HolA] ¢hlthes Aot A A7) [24].
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Fig. 3. Growth curves of Pa. lutheri (a) and Ph. tricornutum (b) in the reactor at various light intensities of red LED.
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Fig. 4. Growth curves of Pa. lutheri (a) and Ph. tricornutum (b) in the reactor at different air flow rates.
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