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2 % MANRFE= FFEE FHcte SHIYAER T B4 HIA ART § 8829 8L SHA
4§ Uk & Ao E HAERR S obliquusS] AE Aol =2 ARl HjA|el Fh9] JFE BIsH] A
MBBM, Neo HiA|} 7712]9] FUE AH&ste] 399 &¢t Higstol A2 482 S35ttt 11 A3 MBBM# Neo
iz A RS S obliguus®] 7%, Fluorescent light 33-¥¥} Red2 LED (R660) FLolA HE AAo] 71 =4
=, Infra Red LED (R741) FolAE Al 4ol 71 1A #a= et B4 Al 452 MBBM HiA|
A 17.7 %, Neo BiAIO|A] 15.4 %2 AFEES AT MBBMI} A4 E JAHE JUAE Z33E Neo HjA| 9
AZNEZRA(dry cell weight/S ¥ W5}Y-S ), Blue LED (B450)% A|9]g LED FUo)A Neokth B2 AE A%
o] =& Zlo] ERIFUct. o]z, MBBM HiA7} Neo A HT nMZF A|ZF Sio| Hoh Hgo] FHE| T+
A 2F gl dE e 88 A4t qlo] B AHo] Fasith= o] ERIEh

Abstract Microalgae are independent organisms that perform photosynthesis and can alter the culture
environment to increase accumulation of useful substances derived from microalgae. In this study, cell
growth was measured by incubation for 39 days using MBBM, Neo medium, and seven light sources,
which is the main factor affecting cell growth of microalgae S. obliquus. In the case of S. oliquus, which
grew in MBBM and Neo medium, cell growth was highest under fluorescent light sources and Red2 LED
(R660) light sources, and cell growth was lowest under Infra Red LED (R741) light sources. The average
cell growth rate was 17.7% for MBBM and 15.4% for Neo. Comparing the effects of dry cell weight of
Neo medium containing nutrients on the production of aquatic plants, MBBM and dry cell weight of Neo
resulted in higher cell growth than Neo medium under all LED light sources except for Blue LED (B450).
This proves that MBBM is more suitable for increasing the cell growth of microalgae than Neo medium
and confirms that light source selection is important in the production of useful materials through mass

cultivation of microalgae in the future.
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1. M2

Ho] A2 A 7hssh FATA AR 5
& A=) 3o 7129 FHARE HAZ A HA
2 ZYL At A= AeH1]. 7129 HeleHA
2 9%, A4, B33 e 22 A8KERE
A= oY o= AFAYY S& AR U9 olE
AT v 282 f Hiol et gt ¥4lo] =
OFA|AL QUth. PN = SAFAEC] vl &=} HE
21 Ad FHgo] o} 7|& FEY 15,3008 ©44<]
Ad A3 7171 H]AlE vl QuiAR FEHbY Qi)
[2-4]. §9], vlHZF FolA S obliquus= vio] 2T A
Aol w2 dE XA g (%, dry cell weight)o]
11.0~55.00]9, Hio]QufA9] A& A4Hg(g/L/day)>
0.004~0.074% BI1%3l JTH5-71.

o|lHgt 13} HPAMIE-S Al g%t v|F|ote] F7tst
= BAE 7=, vAIRR el dFFE vIAe F
8 9Rlog P9 FFe FFo] e8] ¥ =
Z5k= LED ¥4 e 992 400~700 nmE ©]
= blue, green¥ red® EEME YefA Hr} LED

B9 F

Fo] vARRF sl FF= A= A

Sk Zo] PN AASHE Yol 1ej=ojof & At
ot} [9]. HHRFE o83 HA 2ol Slo]
o &3K Scenedesmuse LED Tl 27 HTH
A A LED €3 2404 Alx A4 A da
9 Q19] AH|9}F Al o] =2 F o8 HuE gt
[10].

£ AolM= 77119 LED 32 o]8sto] s v
MZFQ S obliquus® /373 2 59 iAo &85
of A2 4L #Fskt 7 7HA FEL2 white LED
(W12), Red+Blue, Red®} Blue &%} (RB12), Blue
LED (B450), Redl LED (R640), Red2 LED (R660),
Infra Red LED (R741), 3385 (F.L)olH, PAIRFY
HjF 82 Modified Bold's Basal Medium (MBBM)

AT WIFE AR A8 Al Neo HIAIE °]
&515ich ol& B6, widoll = 841 BT vix] 2
Aol W2 S obliqguus® 43S L% (optical
density, O.D.)&33} AZAMZEEA (dry cell weight)
£ B° vl B4 ol 94t LED FeZ o]
&3 S obliquus®] F-8E4 AL T AR

% oyl glol £8% 712HRE 0]§8 ATEA 1
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2.1 Y 2=

B Ao A 8ikst PR FE AT (JeJusi, Korea)
2BY nNZRFE S obliquuss BoFHol ARgsIent
Bkl mN2F= MBBM HiRIE o]83}le] 25 T
2HjF7| oA BB 12407 27T 12417 =4
o7 AR 159 SZ Adeigsiant. ojde] =
EollAe} Zo] FAF HAL AH|F(SEM) TES siA,
wFE S obliquus= -60 TE 1A+ YZela 5 Z2A%
7I(FDU-1200, Eyela, Japan)°lA -57 CTZ <F 24|17t
B¢ Axsltt. Axd MEZ Au 9T F EPMA
(JEOL JXA-8200 EPMA)OIA 7Kt 10 kV, vi&
3,0008091 A TSI B AFolA AR wARF
S obliquus® 93t SEM oA 2 7}&AY 10 kV, HY
€ 3,000uHofl 4] Este] Fig. 1] YERAATHILI

SMU SET  10.8KY  x3,800  lpm WD1Bom SMU SET  18.8kV 3,080 lym WD1Bmm

Fig. 1. The SEM images present S obliquus growth[11] (a)
Single-cell form (b) Four-cell combination
form

2.2 HiYE LED H¥

7129 ®uo] W=2W S obliquusd] HFE, AL &
F 9 AR AeZ SRS W, S obliquuse <
150 pmol/m*solA Hd J4ES Uebdcty K 1E
I QItH12) 2 AFolAe Bol ©E vMRF %
= Hlwshy] sl 7] o2 339 FEE ARSI L
o, Ago] AbeH FLY 7Y 5492 Table 1.9 3
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Table 1. Wavelengths of LED lights

No Name Wavelength (nm)
Range 1% peak | 2™ peak

(@ wi12” 400-640 539 455
(b RB12? 430-680 665 461
© B4507 410-490 450 -

(@ RG40” 560-650 640 -

(e R660” 610-690 660 -

® R741° 660-780 741 -

(@ FL” 380-720 549 614

f) White, 2 Red+Blue(2:1 mix), ¥ Blue, ¥ Redl,
% Red2, ? Infra Red, ” Fluorescent light

Fig. 2+ wigol ALSE LEDE AHEZW]E(SM245,
Spectral products, Korea)2 &3] 3z H AHE
HE vwek ot ofgfjo] Holx (a)= White LED
old, I3 TAL 539 nmet 455 nmE 7Ht} (b=
Red 2 : Blue 19] H|&<] Red & Blue &% LEDO]H,
o3 g2 665 nme 461 nmoltt. ()& Blue LED
2 13 32 450 nme 7M. (d), (@2 (D= Red
LEDO|®, 3= 32 242} 640 nm, 660 nm, 741
nmE 7Ht} (g)= Fluorescent lighto]™, = ot
2 549 nm&} 614 nmE 7HIth 77H4] FES 5Y 2
7 150 pumol/m*s& FAskaL ujkol AR&s}9ict

2.3 B BHX|
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Medium (MBBM)2} Neo HiA|E AREs}3tt. MBBM
= 167HA] AROE AR} glon HiggE FollA
NaNOsE HANA 39.06 %S AHASkLL, MgSOse
7H20, K2HPO4, KH2PO4 52 11.8 %, ©19]9] g&-2
0.2-4.8 %5 A5t 11, 13-14].

Neo 8iA]&= AquarioAt (Namyangju-si, Korea)©l
A A 2 A-E A4 BIEE Neo solution 1,
Neo solution 2& ©]F0]# 9]°2™ Neo solution 19
AE 71 AAN), Z2EK), "FaulsMeg) 283 Q1
(P)oz2 FAE0] 9Jo Neo solution 2= A& &
(Fe), B4(B), E2E2d(Mo) 131 Z<(Ca)2 & olF
A Qick 1 9] 718t 4= vjA] 4y, oAl 55 A9t

s sk

2.4 iR

S obliquus ¥iFE %t 7] 2k 201 CE
A5k 3997 vieFetith. LEDY] J- B 9
T =%4 (LI-1500 Light sensor logger, LI-COR,
USA)E o]83}19] 150 pmol/m*s2 59 Aoz %
Astelow, FF7l= 12417 9243 12417 922
o=, QRo] UG Adsty] flste] W Apddkg X5t
St} HjFRLe 50 ml FE (Falcon Centrifuge Tube,
Wisd, Germany)g ©]-85t #i¥H1] 30 mLE X13)
stoich. pNRFY AHSE S7d6H7] s UV/Vis
E34 % 7](Optizen 2120 UV, Mecacy Ltd, Korea)
£ ol-&35to] 680 nmollA 8% (0.D)E 575t Al

XA 2 dpH

41- X< O

=

X
3

—
a)
—

N R -

Intensity (a.u.)
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2. Emission spectra of LED lights (a) White LED (W12): 455, 539 nm, (b) Red+Blue LED (RB12): 461, 665 nm,

(c) Blue LED (B450): 450 nm, (d) Red1l LED (R640): 640 nm, (e) Red2 LED (R660): 660 nm, (f) Infra Red
LED (R741): 741 nm, (g) Fluorescent light (F.L): 549, 614 nm
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29| AL AHFoR vwsilth 3= 5 A
HioFst mA 2R IFE REE I¥uwty] (VM-10,
Daihan Scientific Co., Ltd, Korea)Z w343+ Al A
HE 23ote] S3ES 5 23] S5, S5
7t 4ol wt 33] BHE EA5te] 1 PR A=
9] AL Hwsth vARF wig T ARA|EZRA
(dry cell weighoEs 3457 st R
(SIB-05RH, 7 o] 28], Korea)2 8000 RPMO.& 10
B AZE it Estal[15] 74 5 mlE &5
sto] 31 WRP|E HdotA £8 & A HAlol ot
o] QEA 60TAA 24 A7F ARSI o] &
A8 ARAL (WBA-220, Wisd, Germany)= ©]-&3}
of AXAMZEAE 751312, MBBM % Neo HjA]
ARGl e Al H| st

AlS

3.

2t

3.1 MBBM HHXIHIM S. obliquus®| HEEA

S. obliquus7} MBBM ¥l v A]ollA] 399 &<t o
o] 42 77}A]9] LED FolA ohe B9 S8=%
< ZA519ct 399 B Bt Hf 43 Bl FL %
oA At =7 Sk 0.0299014] 0.274
2 2359]th Infra Red LED (R741) FoA= A%
o] Wj$- 7 FF 0.0629] SFLgtel T Ut Fig.
304 K= uiel Zo] vieF 10¥7HA], Infra Red LED
(R741) BES AT 671A19] FHolA S obliquus=
AR AAES BN 20Y o5 R FL FYo] g
LED JEc} W2 AJ7o] FHAE| ULt Infra Red LED
(R741) BEL 839 #st A9 gl A2 T
o} 8iF 3999 4=k F.L FYolA 0.274, Blue
LED (B450) F¥ollA 0.231, Red+Blue &3 LED
(RB12) oA 0.224, White LED (W12) Z-goflA
0.22, Red2 LED (R660) 3ZollAl 0.218, Redl LED
(R640) 3ZLof|A 0.213, Infra Red LED (R741) 33-<of
A 0.0629] gho] TEE U Hd FF=gE 7] FL
JET A SF=3S 7HA Infra Red LED (R741)
BY2 4.4909] zpolg ZH= S FRIsHh

A =
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Fig. 3. Average growth curves of 3 times experiment
of S. obliquus on MBBM culture medium by
LED light sources (a) White LED (W12) (b)
Red+Blue LED (RB12) (c) Blue LED (B450) (d)
Redl LED (R640) (e) Red2 LED (R660) (f) Infra
Red LED (R741) (g) Fluorescent light (F.L)

=
Ny

3.2 Neo HHX[MM S. obliquus®]

N2 S obliquus’t Neo IS HiZ]o]A] 30U &
Qb 774K 9] Foll A sk B9 FBEgE SAot
%ty MBBMO] HiRHTH AAH oz Yo FHLglo]
= oH, 399 viF Bt o 8-S HQl Red2
LED (R660) oA gAst nARFo] FF=g
0.014°14 0.238% S4=tt. MBBM HiA[oA 44
St A3} ZHo| Infra Red LED (R741) FLoXE= S
obliquus®] /37o] ¢ =24 0.0559] FF=gto] &
Z=] .

Absorbance(0.D.)

0 10 20 30

Incubation time (day)
—m— W12, — @ RB12, —A B450, ¥ R640, 4 R660, 4 R741, —»

40
FL

Fig. 4. Average growth curves of 3 times experiment
of 8 obliquus on Neo solution culture
medium by LED light sources (a) White LED
(W12) (b) Red+Blue LED (RB12) (c) Blue LED
(B450) (d) Redl LED (R640) (¢) Red2 LED
(R660) (f) Infra Red LED (R741) (g) Fluorescent
light (F.L)
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Fig. 404 H&= vle} Zo] 8iF 10¥7H4] Infra Red
LED ¥ ALt 67k49) LED FolA S obliquus
£ fARE 48] TEESICh vk 39U9] S8t

2 Red2 LED (R660) ¥olA 0.238, F.L oA
0.236, Blue LED (B450) 3¥ollAl 0.167, Red+Blue
<3t LED (RB12) F4°1A 0.165, Redl LED (R640)
sZholA 0.161, White LED (W12) 33golA 0.158,
Infra Red LED (R741) 3ollAl 0.0559] gho] &=
Aok g F4=3S 7F Red2 LED (R660) Z4=t
Infra Red LED (R741) 32 4.34]9] zjo|& 2= A
= RISkt
3.3 39¢ HiY =

MBBM, Neo #iX]ellAl 77FA19] LED F4olA 39
vk & 4= O.D.gk vlwe 1= E Fig. 59 U
ERf it

S. obliquus®| HEEM

0-2f~-~

(o 7% | O S S

Absorbance(0.D.)

W12 RB12 B450 R640 R660 R741

light source
= MBBM S. obliquus <+ Neo S. obliquus

F.L

Fig. 5. Comparison of O.D. value increases after 39
days of incubation in MBBM and Neo medium

Neo 8JA9] Red2 LED (R660), Infra Red LED

R74D)< AIsta MBBM9] O.D.#to] © 371%t A&
gletgitt. 22 Ao] LED J¢ A= ool th=
A 379 o]zt WAYsH= Zlo] ERIE|eH, 660 nm
9] Red LED7} 640 nm, 741 nm®| Red LEDEH} S
obliguus9] 3%l T&S F= A IIskAh

3.4 HZMEZA|(dry cell weight) &4

HokE N RRLE YAEE T 24A7F AR A &
dry cell weight& 3% &% o}o] lg—,‘ﬂj{g 514k,

Table 2.& S obliquus® MBBM, Neo HiA|NA 437
S uA|259] O.D.%3 dry cell weightS mg/L %]
2 %) vlwstt.

Fig. 62 30 mL HjA°lA 399 <t #F & 4t
AZE Azt A2 AR EZRA(mg/L)E EHT 1
Aot} SF=g E ARNERAE ZF ARE 38 vt
& Z7sto] HoghS YeRH groltk. Blue LED (B450)

FLS AlQstal MBBMO] Neo HiR|ET} @2 AXA|
ERAE 7HRE ACE TEEL
0.3
Sod 1] { ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
o
[0 L
8 *®
2
S0 | S ORISR NAOUSUR SRS [SSNEN S
Q0
<
0.

W12 RB12 B450 R640 R660 R741 F.L

light source
= MBBM S. obliquus <+ Neo S. obliquus

Fig. 6. Compare MBBM culture medium with Neo dry
cell weight(mg/L)

Table 2. Comparison of absorbance(O.D.) and dry cell weight of S. obliquus grown during 39 days in MBBM,

Neo medium.

MBBM Neo
No Name Absorbance Dry cell weight Absorbance Dry cell weight
(©.D) (mg/L) (0.D) (mg/L)
(a) W12 0.22 317 0.158 57
(b) RB12 0.224 337 0.165 43
© B450 0.231 107 0.167 167
(d) R640 0.213 347 0.161 117
(e) R660 0.218 257 0.238 40
6] R741 0.062 30 0.055 17
(g) FL 0.274 140 0.236 133
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4, 48

AZFRA S obliquuss 2559 wiXI(MBBM,
Neo)9} mHo] th2 771219 LED FollAl & 28709
S, obliquusg 399 Bt W% HFPstgict. 1 At
MBBM ¥HAO1A 4343t S obliquus®] 7S F.L Fol
A T34 0.274% 7V =4 FEE Y, Infra Red
LED (R741) FHoIA SF=3k°] 0.0628 7 A
Uerdth. Neo HiAoNA st S obliquus®l 735
MBBM X9} ZHo] Red2 LED (R6G0) FLolA &
Z3ko] 02382 7P =A TEENLH, Infra Red
LED (R741) FHA EF=3ko] 0.0552 7P 2A
Tt MBBM HiRlE 17.7 %2 B A44ES 7t
FoH, Neo BiAE 15.4 %2 B AFES 7= A
< gRIskitt. MBBM HiA|7} Bt Aol 2.24 % ©
Ee S RISkt Z42k9] #iA(MBBM, Neo)oll Al
398 BGAIZ S obliquuss AF AA AZRAEEA
£ H@sl9S o, White LED (W12)°lA 317, 57
mg/L, Red+Blue &3} LEDIA 337, 43 mg/L, Blue
LED (B450)°l41 107, 167 mg/L, Redl LED (B640)°]l
A 347, 117 mg/L, Red2 LED (B660)°lIA 257, 40
mg/L, Infra Red LED (R741)°lA 30, 17 mg/L, F.L
FoA 140, 133 mg/Lo] TEE ). o] MBBMS
v & AR u| Blue LED (B450)2 A|€J5t LED
FHUolA Neo AT 2 A|lxef SE7} 7Hsotth=
o] gRlatelet. o=t A% Aih= wARF9] %ol
LED2] Z-¢3} ujz]9] Mejo] Fastt= A FRIstY
1, S obliguus®| W= MHFS ATt 71ZAEEH -8
StA o842 ZoJtt.
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