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St A& 8z Modified Bold’s Basal Medium (MBBM) 2} A48 A v]= 822 Neo, 181 Tpifo] A&
£ 709 BLES AREst] A pluvialiss 399 Bt HigS Y BARES Blwstich. 1 Ax AR A& HiAQL
MBBMOIA H. pluvialis®) 374 fluorescent light B4 Al 7o) 7P &7 Hebd 9, blue+red LEDO
A AE Aol 71 BA Yebgt A8 WXl NeoollXl H. pluvialis®] 8732 fluorescent light 3gQojlA] Al
%ol 7P =A Uehden, blue LEDOIA= AIE 7ol 7Pd Wgol ERl=ict & AFE S8 MBBM HiX|7}
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Abstract This study evaluated the effects of the culture media and light sources on the growth of
microalgae Haematococuus pluvialis. Limited ingredient medium, Modified Bold's Basic Medium (MBBM),
commercial liquid fertilizer medium Neo, and seven different light sources with different wavelengths
were used to incubate A pluvialis for 39 days, and the growth rates were compared. As a result, the growth
of A pluvialis, a limited ingredient medium, produced the highest cell growth in the fluorescent light
source while cell growth was the lowest in the blue+red LED. The growth of A pluvialis in commercial
medium Neo was highest in the fluorescent light source, and cell growth was lowest in the blue LED. In
this study, the MBBM culture medium showed better results than the Neo culture medium. Microalgae
grown in the fluorescent light source using the MBBM culture medium showed the best cell growth result
in this study. The results were optimized for the culture medium, light source, and light quantity in A
pluvialis culture for the production of secondary metabolites and provide basic data for the mass culture

of microalgae.
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1. M2

27 Microalgae)Es FTIE ol 4 &
2A AAE SR 25,0009 Fol 3eH, gl 1,3009
ol &5 A7 BRAF, olatsigtad 114, w4
2o} AR B4t Soll de] L= lrH1-4].

v 2F= Y'Y ofugl CO,, O, pH, 2%, HiA|
A8/, WEkEE 5 ofg] 71X Q150 9JsiAl Ala A
3} oA AMRE AJARFo] AAFHETHA]. VAR F wigs
B3t o|AARE A4t A Qlo] AAMIE =olal #Y
gt AE BAS 9ol LEDE F¥CE sh= Aufuido]
SujgET ASE Sl=tl, "ARFY Aol
LEDC| B4 #e & mpy 181 pulse 50| A= A%
I} BlEo] oA AR AJAtoll SR AAE B X1 3
om Hio]Quj A, ofAERIH, p-7tEE 181l A 5
I} 22 Tt 58 Y] 4 B9 A4k o] 3
A3t Bl A=Y FAto] FHE 4= itk Hary]
3L ol

of2] 7] nIRF 5,
Nitzschia sp. 181 Skeletonema sp.2] 735 LED
o TR A TH450 nm)ollA] =2 AIE AFE
Bo Chlorella vulgaris® 739 ZA 650
nmlA 7FY =2 RS Btk gEiFeH(7l,
Dunaliella salina® 73%- LED @ sl A bz
(470 nm)=+ A4 12H660 nm)2] Hl&o] 1:39] 279
Al Al 7ol SAEH HuE glom, £,

Phaeodactylum tricornutum,

Q]

=
LED o<l 24 3660 nm)yS ol-8-al wiget H<-
o g-7h=Eo) TS AT 4 Aol WaHTHg. E
7 A W A8 o] kot vloledd Akt 94 %

o0& UHA Botryococcus braunii®] 739 LED T
ol AA 1660 nm), A 1470 nm) 13l
A 72525 nm)oll THERA Al i XE 3 edtE
9] 3ol HstE & SRRISHITHOI). ol=fgt &
TA1= LED F9Y 9T A E4 oS ol&9)
o] HNXFERE Hio] QuiACt XA} 72 JAITAL
AES B8 olAAMIEY AAE FHE 5 itk
AoE FHY HAo] F8olth= A HojErh
R HjA] 2AJ0] RIMRR Aol =83 FFE T
At B2 A7 23 SREU=T & Aol AR
o= H pluvialis®] 739 Walne’s culture medium
(WCM)Z} Guillard culture medium (GCM)°IA 4373+
3 AS YRS i, GCMS 4% BiAZ ARSHS 4
§ AlzF] F7PF ¥ 9453 on v WCMolA

2 oloo
T oRE =
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A H. pluvialis®] 7A%-0l= vlo]@mA(2.5 x 10°
cell/mL) AJ4rFo] o Erh= Zlo] HiEo] nNzxF
wjFoll A wjz] Ado] FaF-E Bl QIT}H10].
A2 FEEE BAEE oY 71A] olAAMIE F
OFABIIE-Z AS o] 943t B4R AFA7HEEA
7IA7} Fom ot 9 oA Ak 9] ohefst e &
4 71%5°] YSE o] ofAEte AJito] gt =71 &
ofR| 1 QItH11]. & AtollA= otAERte A4 5
2 A A pluvialis /37 SHE Yol RAEF viF
2 A3} wix]Ql Modified Bold’s Basal Medium
(MBBM) iR} A& HA| v]E HiZ|QI Neo HIAIE
o]-g-sto] Hio| QujA APAtEES H|WSIGITE v AR
St 771A19] BYo g White LED (W12), Bluet+Red
(Blue®t Red #9¥el 1:2 &%, BRI12), Blue LED
(B450), Red1 LED (R640), Red2 LED (R660), Infra
red LED (R741), Fluorescent light (F.1)& 4743
ou, o] P59l FAT A 24 W3l OE A
pluvialis®] 378 SFEet ARNZFFE Fofl vl
st 2 Aol ofkAERY 1ABAE A9l
pluvialis®] = vigFo] E a3t vz 2/} vigF =
2 SIS0 2 H pluvialis B4 ofUl o2 w]A|
7o 1= wigell A vix] AT} v 2AS
E0to] Ml 4T LIS FIAIA oA AR
A3} i Ao g8o] 7 Zog ddkdrh

A TR

HBN

al
=

2. M=

HFEH
oHd

2.1 WY 25

B AFoA ARRH UNRZE= Haematococcus
pluvialis % H. pluvialis B1622 B3 ® 452
Culture Collection of Algae at the University of
Texas at Austin (Austin, TX, USA)[12] oA EoFgt
o} vigFettt. IHFFT= At vMIRF HgE i
250 mL flaskell 75 mL MBBM HiX|& Y1 E4 & &
2] WiF71oNA 2011 TOlA 1447F viFstoiTt.

2.2 30|13 2z

H. pluvialis®] AW & sl -60 TZ 1A+
B 2AZE ol ¥Esta 52 %7|(FDU-1200, Eyela,
Japan)E ol-&sto] ZFE 10 Pa o}, 2=+ 9 -57
T oA 9 2417 o4 52 71xsHH 54 AxE A

Z2}- O
22
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25 Ton Sputter Coater (MCM-100, SEC, Korea)&
o5l oF 45% Bt Au Eet=nt T ¥, EPMA
(JXA-8200, JEOL, Japan)°llAl 7F&53Y 15 kV, #i&
3,00080o4 2RIt

Fig. 1. SEM images show that (a),(b) H. pluvialis
freeze-dried for over 2 hours and observed
at 3000x magnification.

SMU SEI  15.0K

2.3 BiYE LED &¥

Fig. 2004 Hi= v} Zo] vigfo] AR Jd 771
A FYOF White LED (W12) =Hge]l Hele
400~640 nm°|¥ peak TFFL 539 nme} 455 nmo]
t}. Blue+Red (BR12) LED+ Blue 1 : Red 2 H-&9]
23 LEDE 1¢9] ¥ 9)= 430~480 nmo|™ peak T}
A2 665 nmet 461 nmeltt. Blue LED (B450) T
9] ¥9= 410~490 nmo|H peak T2 450 nmO]
t}. Red LED+= 37FAI(R640, R660, R741)E mHg<] ¥
$}+= 560~650 nm, 610~690 nm, 660~780 nme|i
Z+2+9] peak T2 640 nm, 660 nm, 741 nmE 7}
At Fluorescent light 49 #l+= 380~720 nm
ol peak TF2 549 nm%t 614 nm< 7HAth

Intensity (a.u.)

400 500 600

Wavelength (nm)
w12 I 5R12 [ 8450 I Re40 [ Reoo I R741 [ F L

700

Fig. 2. Emission spectra of LED lights sources. white
LED (W12), blue+red LED (BR12), blue LED
(B450), redl LED (R640), red2 LED (R6G6O),
infra red LED (R741), fluorescent light.
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2.4 B HHK|

£ Aol A pluvialis®] wgel AHEE #iA= F
Z52 Modified Bold’s Basal Medium (MBBM) Hf
A2} Neo HIAE ARESl¥Tt. MBBM HiA]+= Bolds
Basal Medium (BBM)[13] & HBAIZ] ALSZ 16714
HjQF AJRO & 2/Jsto] ARESIgITE MBBM HiAl= NaNOs
(246.5 g/L), CaCly:2H,0 (24.99 g/1), MgSO47H,0
(73.95 g/L), KoHPO4 (74.9 g/L), KHaPO4 (75.6 g/L).
NaCl (25.2 g/1), Co(NO3):6H,0 (0.4 g/L), KOH
(30.8 g/L), EDTA-FeNa (24.8 g/L), CuSO45H.0
(1.6 g/1), NasMoOs2H,0 (1.2 g/1), H;BOs (11.2
g/L), MnCl-4H,O (1.4 g/L), 18|21 ZnSO47H20
8.8 g/= 27 1 mLe FeSO47H.O (2.5 g/L)%F
Na:EDTA-2H,0 (124 g/L)<& 27 2 mL& 950 mL
SRl HFH2E 1000 mLE F-uE A5t HiA]
£ AxsHCH14-15].

Neo HiZ]+= (Aquario, Namyangju-si, Korea)oll4l
Yibehe 4498 A4 Bl& HiRlelH Neo solution 1,
Neo solution 2& 1:1H]&E2 Z3loto] ARESIYI}
Neo solution 19] F8/848-2 AAN), ZE(K), vt
YleMg) 12| JI(P)CE olFoiA 9lem™ Neo
solution 29 F8AE-2 H(Fe), 54(0B), EEd
(Mo) 18131 Z5(Ca)2& o]FA Jom 11 9] 7e F
4= w4 4 5o ZFE QI

3

2.5 HiQ¥

HjFHL 50 mL BiY¥ HE(Daihan Scientific,
Wonju-si, Korea)g ol-&sto] ¥ H3] 30 mLE A
Potp o, 2= 2011 CTE FAI5H 399471 vjgst
ek B Ao BE Fho] B 150 pmol/m’s
24 RE AYoA  photometer (ILT1400-A,
International Light Technologies, USA)S °©]-&5}
BFE S oH, 16AZH8AIZE B/SF7] oA Z
Poplet. Al 4 58S ol v FEE & €&
9YX(VM-10, Daihan Scientific Co., Ltd, Korea)2
oF 10&% &%t WEHAX & Al FEd 1 mLS Foto]
UV/Vis 333 %A(Optizen 2120 UV, Mecacy Ltd,
Korea)g ©]&€3to] 680 nmolA FF=E &7gstoirt
nAzR 4% S8 9 Ad S5 T 42
(SIB-05RH, Jeong biotech, Korea)E Ar&3to] 10&
ZF 8000 rpmC & YHEYE Xsto] AxE E23t
&, Ax 2E(FC 49, Lab house, Korea)ell 60 ToflA]
247 GF A ESto] AlxEgo] #s} gle2 Elsty

== |

X741 20 H{Qk

41 =< o A-i%)

o
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AL HRFAL(WBA-220, Daihan Scientific Co.,
Ltd, Korea)Z o|8sto] AXNEZIFS =519},

=t
=

3. 2% ¥ 1
3.1 HE T2 H pluvialis 2| S

MBBM HiX|ol|A e u|MZF H pluvialis= 50
mL9] Bl FEO] 30 mL ¥ RHE 7HHEE 7709
HiF FHol| FEtal 399 B 759 FUA wiFS
ZAPstoct. A= T2 FUolA sk v|AzF Al
z 3% Al AT FHE FLSA £
sto] EFFEAE ol8st FLEE 334 ESHHA
o} MBBM B8R & o]-&sto] uiqst H pluvialiss 27]
AE wo] B 8= 0.0017 ¥ 8Y FF=S vl
SH9S o B 8ol Al oF 104] oJete] A3 Holm,
z27] f=7]o] 4% £=7F L7 AL RISk i
849 &TF= 72 Blue LED (B450)°14 0.009,
White LED (W12)°l4 0.008, Infra red LED (R741)
oA 0.006, Red2 LED (R660)°14 0.005, Red1 LED
(RG40)°11A 0.004, 12131 Blue+Red LED (BR12)ol4]
0.0039] 4% Fol S4=glon, i 8do] At
ol 093 & Zo|7t Qe AL vNRFe 44 E4
 A717F Aol Al AgAEo] Wl 7IQloks AL
2 HQIc}. A viF 7|7 5 Fluorescent light (F.1)2]
A4o] 7P w2 Ao2 E: 0.001904 0.1522 &
7}5}94, Blue+Red LED (BR12) ZoME= 74 =
9 RS Hol HE 4% Fo] 0.0322 BHEEHA

Fig. 32 MBBM Hjz|ol|A] 7& FLollA st A
pluvialis®] AZE 34& 4% e 8= I =0
ot wi%F 39€9] 2E &=+ Fluorescent lightof 4]
0.152, Red2 LED (R660)°1A 0.125, Infra red LED
(R741)°114 0.088, Redl LED (R640)°14] 0.085, Blue
LED (B450)°ll4] 0.070, White LED (W12)°ll4 0.063,
1183 Blue+Red LED (BR12)°IA 0.0322 &HHA
t}. AA 8 717F 5 Fluorescent lightol A 447 7t
Z 2 A08 ZF 0.001914 0.152& <F 1524}
o] Al=zF Z717} 2ol ERI=9oH Blue+Red LED
(BR12)°1A] AAo] wje- =gom FFT 0.001904
0.032& ©F 324} J7Igto] =t M FXEE
29l Fluorescent light JYI & FLTE HA
Blue+Red LED (BR12)OJIA Al oF 4.75812] x}o]
g Hojzrt

= O
45
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Fig. 3. Effect of LED light sources on MBBM culture
medium of cell growth of H. pluvialis (mean
graph after 3 measurements per sample;
white LED (W12), blue+red LED (BR12), blue
LED (B450), red1 LED (R640), red2 LED (R660),
infra red LED (R741), fluorescent light (FL)).

Neo HiZ[OlA] wieFH mNZRF A pluvialiss 50
mL9] ¥l FHo] 30 mL v FuE A== 7719
v FHo] FESIAL 39U Bt 759 FHoA ZzZt
HiokS XYoot A= o2 FUoA sk mAR
7O AlE Y S Aol EFFTAE ol8dto] &
B=E 3314 SA4s13ict. vl 8Y7HA, Neo HIAIE ©]
&3to] WiRt A pluvialise 2718% W9 B4 %
T 0.0029 ZE FLoA 9 v 8L} B wEtHS uf
OF GHff of5te] g Holw 27| frlo] A &=rt
LY AL golstct. viF 8Y H|wof|A], Fluorescent
light= 0.012, White LED (W12)°l4 0.008,
Blue+Red LED (BR12)°I4] 0.007, Blue LED (B450)
o4 0.006, Infra red LED (R741)°l4 0.005, Red2
LED (R660)°14 0.004, 18] 1 Redl LED (R640)°4
0.0049] S¥=7t SA=glom, wiek 8ol Z793t 7%
o] 0¥t 2 A7} gl AL AT A B A
BA717F 4ol AlE AggEo] @l 7IQlshs ZeR
Holct AA| wieF 7|71, Fluorescent lightol|A] A%o]
7V 2 AoR F4TE 0.002904 0.0622 F7ts}
%3, Blue LED (B450)°A&= 7H¢ 9 A44& HAo
FAZ T34% 0.0298 TEHAC

Fig. 4= Neo HjA|O|A 7F FUoA A A
pluvialis®] AE 34& &7 B FB= Ixo]
ot 8 39Y9] 2F &4 Fluorescent lightoll A
0.062, White LED (W12)°ll41 0.053, Infra red LED
(R741)°14 0.050, Blue+Red LED (BR12)°JI4] 0.040,
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Redl LED (R640)°141 0.038, Red2 LED (R660)°l4]
0.033, 183 Blue LED (B450)°141 0.0297} S3 =3
tt. AA| 8j9F 7|7, Fluorescent lightollA] Al 47|
7P w2 Z o2 e 0.002004 0.0622 F 314
9o M=z F7PF el &= on, Blue LED
(B450)°l4 “g7go] w9 =3 om F3gk= 0.002°014
0.029& °F 14.54] F71%o] WA= A FF=E
7F4 Fluorescent light?} X4 &FEE HQl Blue
LED (B450)0llA Mg °F 2.14] RJol& HojErh,
o]x"8 MBBM} Neo HiR|oIA Wi¥E H. pluvialis ANl
X 30| Fluorescent light”} AE A% SR a3}
7} Aokl AJZRicE ol= Tomohisa Katsuda et
al.,(2004)[16] oA E1gt A3}l Fluorescent light
(400~740 nm, peak 550nm)oAl WSt A pluvilis
ot fARE 478 HojEot

0.100
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Fig. 4. Effect of LED light sources on Neo culture
medium of cell growth of H. pluvialis (mean
graph after 3 measurements per sample;
white LED (W12), blue+red LED (BR12), blue
LED (B450), redl LED (R640), red2 LED
(R660), infra red LED (R741), fluorescent light
(FL)).

3.2 B HHXIO =0l ME H. pluvialisQ| SF
=4

Table 1> MBBM, Neo HiA|olA] ¥l 399 % 2=
7S vt ok, B 399 & 2F A4S vlu
< ] MBBM BiR|A A pluvialis= =2 /37 EL
Wow o] Neo BiX|ofA] A3t ulA|zF7} At
o= vro 4S5 "t olgt Ao o7} Hol=
olf= Aol AEE H pluvialis®] &% HiA7}
MBBMT} H]5=3t &S 7Hd MB3N BiAE ARE5H9]

om MBBM} HIS:Rt HijA] /0] 218 0] 1ol MBBM
HiAlolA g2 AES HojEHal dEs vARRF
< HiRI9 Aol et 4 B0l A= H=A YEht
o, o]2fgt 5/44& ol8sto] &9 AL Hole HiA|
W g gEske A7 SEAL 10, 17-18].

Table 1. Final Optical Density of H. pluvialis.

Si‘fite MBBM Neo
W12 0.063 0.053
BRI2 0.032 0.040
B450 0.070 0.029
R640 0.085 0.038
R660 0.125 0.033
R741 0.088 0.050

F.L 0.152 0.062

3.3 HiX|f| M2 H. pluvialis HAEMESZ

MBBM H{Z]¢} Neo HiZ|ofA] ko] Fae wjh%
F H pluvialisg 2477t A% 3 AN EZSHE 275
SFALE ARMESHFL 1 LE 7I$2= F4 113 meoll
A Hof 847 mgo 2 S=U. Fig. 5+ H pluvialis
o] AXMEZHS 1 LE 7|=] gt 2= E el
t}. MBBM HHA], Blue LED (B450)°llA4] vt mjA|=
FO| ARMZFFL 1 LE 7|2 = 847 mglE 7MY
A SRIFIT ARNEZHE 7202 T uf, w4
%579 442 Blue LED (B450)014 71 &8 442
Hof Blue LED (B450)7} ulA|Z5 44 X0k 2
F}E BoF}

Dry cell weight (mg/L)

W12 RB12 B450 R640 R660 R741 FL

Light source
I VBBM [ neo

Fig. 5. Effect of light sources on H. pluvialis growth
based on dry cell weight.

o] JFS RIS Al A pluvialis= MBBM
i 2|9} Neo HiAIE A2 T}2 g opdoflA Bige A
Yotk wiF Foll SFEE o8t AlxE e TE
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Table 2. Optical Density and Dry cell weight of H. pluvialis.

Ligh Light Wavelength [nm] MBBM Neo
ight
Optical Densi Dry Cell Weigh Optical Densi
sources Range 1st peak | 2nd peak P nc(i/[axf nsity Y (rflg /L)elg t ptlc(‘;/[a; nsity Dry cell weight (mg/L)
W12 400-640 539 455 0.063 467 0.055 27
BR12 430-680 665 461 0.041 490 0.040 87
B450 410-490 450 - 0.070 847 0.047 707
R640 560-650 640 - 0.085 610 0.042 63
RG660 610-690 660 - 0.126 280 0.036 77
R741 660-780 741 - 0.108 113 0.054 20
F.L 380-720 549 614 0.152 217 0.064 53
sk, Wi F2 POl AXAEFFE 2Pt B4 AxAEFU) B9 Blue LED (B4s00IA 7HY Be
Atk Table 28 FIAZRS) SYEI} AxAEELS e AT 2 U

Z7gE HojEr) o S9%== 0.1520]9 Fluorescent
light?} MBBM HiAOllA] g3t o], 71 22 &
F=+= 0.0360]7 Red2 LED (R660)Z Neo HiZ|o]A
A Aol FYEE 71F0E T o, v RFI]
472 Fluorescent lighto|A 7F 2 S4EE Ho
Fluorescent light7} HlAZ2F 43& SXst= 23E
HojFth. MBBM HiA|o|A] XA ZSF] Het-2 437

mg/L °I% Neo HiA[O|A ZARMEZIFC] ﬁév}%
147.7 mg/Lelth. MBBMOA 9] HAEAZFHES Neo
Bz AT 1 L 7|0 = oF 38 W2 S gl ¢
Jom o2t Aife nARF il et viA]

Melo] ZQ3FS oF & 9lr},

4, 48

B Ao M= A pluvialiss 2579 ¥iZ] (MBBM,
Neo)2t 9] mHo] AR thE 7719] FollA F 14
N H. pluvialiss 399 &% ¥lFS APstlom, vl
AzF 4% E3L A MY T & ARAZSTHS
243ttt 1 23 MBBM ¥R A pluvialis®] AlE
372 Fluorescent lightol A S84 =+= 0.152&2 71
A vepdon, AXNEZFS 739 Blue LED
(B450)°14 847 mg/LE 7P w2 kS Folskgitt

Neo BiAIA 833t H pluvialis®] 739 Fluorescent
lightolld == 0.062E 7F¢ &A Yelton, A%
A|Z552] 739- Blue LED (B450)°14 707 mg/LZ 7}
=4 Uepiich & A5 S MBBM HiA|oflA 8%
St H. pluvialis®] A47F0] 7P <olgoH, 1 S04
= Fluorescent lighte] AIE A3Ao] 71 &Qkct. vhd,

69

olefst 4% Ak H. pluvialis NI B4, FL
qel3 WS HAKE AoR VAZR o ok
S5t 1z AmEA 9851 B8 Aol
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