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The Optimal Culture Condition for Marine 7etraselmis suecica in

a Light Emitting Diode

Enkhchimeg Ayush

Department of Environmental of Engineering, The Graduate School,

Pukyong National University

ABSTRACT

In the present study, the effects of culture conditions using LEDs
(Light Emitting Diode) for. the cultivation 7etraselmis @ suecica were
investigated to ‘determine. the optimum culture .conditions for obtaining
high yields of microalgae.: Tetraselmis suecica was cultivated under 5
different tempratures ( 16°, 18° 20° 22° 24°C) during 8 days. The
highest maximum specific growth rate at the 20724°C was observed 0.86

1 and low temperature resulted in cell growth inhibition. Specific

day
growth rate and cell concentration were measured for the reactors at
the illuminations of different wavelength. The most beneficial
wavelength of the cell cultivation was white ( 0.72 day ) LED on the

culture of 7Tetraselmis suecica. Thus, the cells were cultivated under

white LED by different light intensities ( 3,000 ~ 9,000 lux) and under

_Vi_



the illumination of 9,000 lux showed the most high concentration of
cells. Air supply result in 3.5 times higher concentration than the test

cultivated without air supply.

Key words: Light Emitting Diodes (LED), Specific growth rate,

Photobioreactor, 7etraselmis suecica, Biomass

- vii -



Aol ofF AR ALFOE Qs 2ATFA(o)ATEL, CO)
g EADORA ATes Aabel AzEAn o]
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2.1 MAZFS 54

A FS AT WO T1%E AAsHH, wid A Gl A AARE = 2,0004
90%7} sl Foll A o] FoHt}. v A ZF+= (Microalgae) 5=

9]
FollA olatsteraet BE QR E FUYAE o] &t v {7

]
281,_‘

T oitstetA s F4ste] AEste TS dhe Aem dEA
ZFE YoM Al it ZF(marine algae)9t Hold AS3HE
G2 F (fresh water algae)® U5 ™ FHGHo == Adglaiwet vAx

2 BHF5 3 tH(Kanetsuna, 2002). ¢] A ZFE EReHorE BT

© :lm

el E(Pe® t=th(Table 1.).

Table. 1 The general classification of the algae

Common name Division Chlorophyll
Blue green bacteria Cyanobacteria a
Blue green algae Cyanophyta a
Red algae Rhodophyta a
Green algae Chlorophyta a&b
Golden brown algae Chromophyta a & cico
Haptophytes Haptpohyta
Dinoflagellates Dinophyta
Cryptomonads Cryptophyta
Euglenoids Euglenophyta
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Table. 2 Classification..of bioenergy (adapted from reference)
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2.2 Tetraselmis suecica® E4

T.suiceca= AolE 824 ym, AEE 2-42 B3l FAAAS 3
+© HAlZFolth. B Rotifer, A%, #2457 £/ 59 27| HoldER ®
o] o]&% 1 dtf(Muller-Feuga et al., 2003). Tetraselmisv= 4ol W3t
yAdo] =3 (Park. G, S et al, 2005), =24 2 FIAA To= o)

0

 FF 7HAZ vl F2 Aoz dEA JArR(1988). o =

[

Fo] &o]

F+ &4 (Austin El_gd--'Dégf,- -1_990; Aust;r-l--éti;'--19%2) A A ZA (Irianto
and Austin, 2002 % & ZAEE P e Ao Feugeh Ten
T.suecica®l Lji’%é}ﬂoi A H 5 7] ‘.‘.ﬁ‘%i_roﬂ ALY F
2 - nas et., 2003). |

classification

om: Plantae /

Division: orgﬁhyta
m .ﬂ‘i orophyceae
: _"'_'_':E--"'Volvocales
“Famil-yi Chlamydomonadaceae
S0um Genus: Tetraselmis
‘_" Species: T.suecica

Binomial name 7etraselmis suecica
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Pic 2. Photo's of Tetraselmis suecica
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2.3.2 2938 vl¥ ( Closed culture systems)

g ol&ste] mAzFE widsts AS v vA

z=
= A% Fos A= 4, VA AL, wjA e a, 2 AESH 3
} =

(Lee 1999). He] E&4Q dEE A b & P (panel type)tt & =2
% (tubular type), 34 (Optical fiber) ©]& & ©]&3}lo] 4% (internal
illumination)= &3 &2 7IH Y FASTHE7|E A AHAT. A TS
BFAAAENS7IE AYT dode Fge] T/, FAENE7|Y 71884

, 1 Hel 9% dAS S alEstolof &k, BEd BE

Table. 4 Comparision.of Performance-in Various Photobioreactor

Total | Area/Veo BduCTiviey Bioma
per Refere
Design vol. 1. ratio per vol ss
N g

Flat-plate 14 85 28.8 26.6 9
Tank 5.6 19.3 0.51 2.67 36
Tubular 145 54 27.8 6.3 37
Slab 0.1 100 44 3.15 25 38
Inclined

6 85 51.1 43 15.8 39
slab
Flat—panel 15 56 2.64 48 40
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A3 As 2 AE

31 mAlzF R wjFxd

oo wjdzAL 500mL HAES o835t 27 FEE 4x10Y &=
1422°C, 9% Ad =% 3500 lux~9,000 lux, &7 Y Al AZ7F w7
gt 7k EA dEH o R FU] FHEEE 08 vwm~24 vvm9

WS gelste] AN

3.2 MAZEF (FF)

HoAFo A AL8H W NZERFE Tetraselmis suecica® SHa-al oF m) Al %

>3 ( KMMCC, Korea )22 5-H & REQIH.

—

3.3 FEAL AW A=

LEDE ©] &3 el mEZnid SESHasizl 9 o8 gls #
gk FA AR WS A ~H S H ST B0 R = F4 660nm=E Hga)

£ A4 LED, 450nm el @4 LED, 4 LED, %% LEDI
(RED:WHITE: BLUE=1:1:1), &% LED2 (RED:BLUE=3:1)2 A|%}3}%t}.
LED #3Z:= S-techAt2 ¥ bar @4/ LEDHZE skl AFs3Ath
(Ilsan, Kyonghi, Korea). LED®| T3 %<& A9 2d FP-60-12 355

712 AE3 o (Whawoo Tech. Co., Ilsan, Korea), Z4-& w-&-7]9 A
Ho dxsle] YoM o2 FS FFeIT = E FHEo] 2HL wb
SA2E YRE S8 vAbge] JfE FEe] we 24dsiit. &= 3 ¢



o WhgxE FAH Aded, M w2 1 dellE Mixed, 2 ©olE WA
x9, 7HE &2 3dels A zne] MAFHAY 7 el FEEE Y
& 684AW=E  dAsHAl FAEHAT xEe FHE XA (1-346

[luminometer, SEKONIC CORPM PHILIPPINES)$} 34 (MQ-306,

Apogee Instruments, Inc.)E AFE-3lo] 7+72} ZA4 8l

Pic 3. Photograph of photo-reactor illuminated by LEDs
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3.4 L&A

ATl AR E mAERFE
27528 ( KMMCC, Korea ). ZH-H gkt vjks 9l AR wl
|i= F/2 9]1A]( Guillard and Ryther 1962 )& AF&3Ft F/2 wix]e] tj
A %S Table 5.9 Y npe} 2t}

N

o

Tetraselmis

suecica® $r= | & 1A

Table 5. F/2 Medium composition (Unit: g/L. , Seawater)

) ) | Concentration
Major nutrient Chemical formula )
(gram/liter)
1. Nitrate NaNOs 75.0g/L
2. Phosphate NaHsPO,sHs0O 5.0g/L
3. Silicate Na2Si03-9H20 30.0g/L
4,Trace metals
FeCl3-6H:0 3.5¢g
NaEDTA 4.36g

Dissolve in 900ml of distilled H20.
Add 1 ml of each of following trace metal solutions.

CuSO4-6H20 0.98g/100ml
ZnS0y4- 7H-0 2.20g/100ml
CoClz-6HxO 1.00g/100ml
MnClp.4H20 18.00g/100ml
NasMoOy4-2H20 0.63g/100ml

H-0.
solitions 1-4

Make up the volume to 1 liter with distilled
Add 1 ml per liter of seawater of the above
5. Vitamins

Biotin 1.0mg
B12 1 .Omg
Thiamin HCI 20.0mg

Dissolve vitamins in 1 liter of distilled H2O. Store frozen.
Add 0.5 ml of vitamin solution for every 1 liter of seawater

_16_



Mol A4S HemacytometerE ©]-&3Fo] 3gr&d v 7 (AE2000, Motic,
China)& &3l A3 AFstart. METE dAZF] Ax FFdolA 1mL
Z vlolaz HIo g AFHE tubeol] 27 F 4% ERUY L94S Yo
A3 g 10mE Hd w7 ool Hol= MESFE dAvFor ZH 5

g ME F(cells/mL)E A= HHS o] 83

K
4
"

3.6 AIX AZxF (Dry cell weight)

05
v= BE-OTx
RZZG.B'EIQB/'
04 /
/ & drycellweight
g {mg/ml)
/ M (drycell
0.1 / weight (me/mil))
0 %

4] 200000 400000 600000

o
o

o
fa

dry cell weight
(mg/ml)

cell concentration (cells/mgl)

Fig 1. Correlations between biomass and cell concentration

Axe] Az Axseet dAE 47 fsiM AE dxZF(g/L)E 5
mL2] Bj¥NS 045 pm membrane filter® o] ¥}3F vt} 24 AP A%
(80°C)g ¥ 30% WWste] FAAR At

(&)

_’I7_



1 A
AE AZ% =0.0000008 x AlE T (ATAS = 0.9998)
o] BAZE At}

3.7 HIAZE =

mAzFe A A dFAAA A7, g, AT, APE T

o ¥ 7k FRter yE g Ut A 3 dutHew nAFESE

o

(specific growth rate)7} AlzFo] 0o A4 A]&sle] A A 7](lag time, A&
ot & AL HUH Wil EgsiA - Fv. 2 ¢ AYE dda
™ %

FA H=d & F8 Fh(Stationary phase)o| EE3stA ©th X

K

Hy

=& Aol AAY A9 ZalAl+ (log population) o 2
A7 AFLEEY HPAS & (DE o83k ALt AR

N S5 % E M 2 RS ALssiaT,
e~ [ o 7 (1)

pE HAAEE A (day D),

Xo = x7] (t=0)

X = AF wjd A 59 T.suecica®l =3+ 7k (cells/mL),

te= W F A (day)s HERAT
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Fig.1o]l Jebdch #Hol vg7d&=324°C8 22°Col S 'w 0.87day '&
74 Z o) 20°CoA A =0.86 day !, 18°Cell A= 0.62 day !, 16°Cell A= 7}
e 044 day 'o1d A MAGEEE A (1S o] &ste] AEsAT
(Table 6). T.suecica= AL AFEET} =ojAal HHA
20°C ~ 22°CAl A& A A& theE Chul, Won.K and Sung. Bum.H (1998)¢]
Hael dAst= AL} o] THE ol EAFEAAG ol 3438 dofwA
o

W oewd mebd SR Fel b ige) et As Be
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1.0

0.80

0.60

0.40

Specific growth rate (day-1)

0.20

0.0

24 48 72 96 120 144
Time (hrs)
Fig 2. SGR of growth column T.suecica in a incubator at

different temperature

Table 6. SGR of T.suecica in a incubator-at different temperature

(cells/mL)
NZ7He % 16°C 18°C 20°C 22°C 24°C
0 — — — _ _
24 0.072321 0.223144 0.405465 | 0.500775 0.741937
48 0.121473 0.279808 0.861383 | 0.878929 0.872421
72 0.308747 0.629023 0.687898 | 0.757375 0.673849
9% 0.419274 0.575646 0.568031 0.578134 0.575646
120 0.442751 0.463495 0.46932 0.473112 0.464478
144 0.375653 0.387065 0.384595 | 0.388691 0.376961
168 0.323851 0.33177 0.334544 | 0.334544 0.341252
192 0.284016 0.287197 0.29628 0.295107 0.254163
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st o Adxe 247 9 ¥@e2 nAdgEEE White (072 day '), Red
(058 day ), Mixed (049 day!), Blue (049 day ho=z zAisdiglonz
White LED7} T.suecica®l v ol 714 &34 524 244& Fig. 29 4
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Table 7. T.suecica in a photobioreactor at different LEDs (cells/mL)

Time (hrs) White Red Blue Mixed
0 40000 40000 40000 40000
24 73000 52000 47000 47000

48 1.40E+05 1.15E+05 1.05E+05 1.25E+05

72 3.50E+05 2.30E+05 1.75E+05 1.75E+05

96 3. 70E+05 3.30E+05 2.40E+05 2. 10E+05

120 4.10E+05 3.50E+05 2.95E+05 2.95E+05

144 430E+05 3.50E+05 3.00E+05 3.20E+05

168 4.04E+05 3.48E+05 3.20E+05 3.15E+05

192 4.09E+05 3. 78E+05 2.94E+05 3.20E+05
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Table 8 SGR of T.suecica in a photobioreactor at different
light intensity of LEDs (cells/ml)

(Tﬁg 3000 dux 6500 lux 9000 lux
O _ _ _
24 0.182322 0.60158 0.5738
48 0.405465 0.626381 0.840879
72 0.623934 0.723018 0.741541
9% 0:541548 0.556156 0.607854
120 0.483469 0.465456 0507136
144 0.414493 0.395818 0.422613
168 0.355284 0.330362 0.360818
192 0.305565 0.290604 0.315716
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Fig. 5. Stack column T.suecica comparison of fluorescent and LEDs
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Table 9. SGR of T.suecica comparison of fluorescent and LEDs

(cells/ml)
Jume 9,000 Tux (LED) 9,000 Tux (Fluorescent light)
0 — _
24 0.5738 0.117783
43 0.840879 0.140706
7 0.741541 0.618637
% 0.607854 0516716
120 0.507136 0.419604
144 0.422613 0.360074
168 0.360818 0.313093
192 0.315716 0.282068
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Table 10. SGR of T.suecica in a photobioreactor illuminated by
9,000 lux white LED at the different aeration

conditions (cells/mL)

}Ef};? 0.8 vvm 1.6 vvm 2.4 vvm
O _ _ _
24 0.048790164 0.048790164 0.09531018
48 0.279807894 0.399878458 0.219127465
72 0.643840471 0.572764106 0.557470904
96 0.70385218 0.661986569 0.626891168
120 0.633937116 0.612210348 0.624362822
144 0.571522792 0.577947854 0.574202378
168 0.50143597 0.49819644 0.49330816
192 0.43894318 0.437818734 0.440242375
216 0.389172208 0.394401932 0.3973944774
240 0.358629287 0.35085559 0.369635147
264 0.320310456 0.318413625 0.333747684
288 0.287763093 0.287233991 0.305082854
312 0.260337713 0.267312864 0.269426914
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Cell concentration (cells/mL)
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2.0x10°
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Table 11. Biomass production and specific growth rates T.suecica with

different colored LEDs and fluorescent light at different temperature

and differing test conditions.

Light intensity

Specific

Initial cell

Maximum

Lux | © o | (day™ | (cells/mL) n e/L)

Fluorescent ight 16 1 55y | 50 | 044 | 40x10' | 38<10° | 030
temprature

Fluorescent light 18 | 55y | 50 | ggo | 40x10' | 40x10° | 032
temprature

1 | Fluorescent light 207555, |" i3y 11 0ge /| 4ox10' | 42x10° | 0.33
temprature

Fluorescent ight 2211 g5y | 55 1| 087 |~40%10*. |, 42x10° | 033
temprature

Fluoresgent hight. 24 | 5oq5" |39 Wiz | 4010 | 43x10° | 0.34
temprature

White 7000 | 101 | (072 o 40x10° |- 43x10° | 0.34

Red 1800 | 72 ] 1088 | 40x10' | 35%10° | 029

2| Blue 1900 | 1601] 049 | 40x10' | 32¢106° | 025

Mixed (REWIBL | 4000 | 110 | 049 | 40x10' | 32x10° | 0.5

LED White 3000 | 52 0.62 4,0x10* 4.8x10° | 0.38

3 [ LED White 6500 | 100'| 072 | 40x10' | 43x10° | 0.34

LED White 9000 145 |1 084l | 40x10' | 50x10° | 04

4 Fluorescent light 9000 | +130 0.64 4.0x10* 3.8x10° 0.3

WhiteAir'(08vwvm) | 8000 | 130 | 070 | 40x10' | 14x10° | 115

5 | WhiterAir(L6yvm) | 8000 | 130 | 066 | 40x10° | 13x10° | 111

White+AirC4vvm) | 8000 | 130 | 062 | 40x10' | 16x10° | 1.8

# CO; concentration in air is about 0.03%

> Biomass was measured when the cells grew to the plateau stage in culture
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