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Abstract The quality and efficacy of spirulina (Spirulina platensis) varies depending on the
culturing conditions, such as the environment in which it is grown and the region where it is
produced. In this study, the antioxidant properties and effective components of artificial light-cultured
spirulina (ALS) and natural sunlight-cultured spirulina (NSS) were compared. Chromaticity analysis
showed that ALS was darker and had a browner color than NSS. The 2,2-diphenyl-1-picrylhydrazyl
(DPPH) and 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging activities
of ALS were 379.08 pg gallic acid equivalent (GAE)/g and 2,602.55 pg ascorbic acid equivalent (AAE)/g,
respectively, which are approximately 2 and 3 times higher than NSS. The total polyphenol and
flavonoid contents of ALS were 5.21 mg GAE/g and 10.79 mg quercetin equivalent (QE)/g, respectively,
which are about 8 times and 1.4 times higher than NSS. The total phycocyanin content was 1,040.47
pg/g in ALS, which was 1.2 times higher than that in NSS. The C-phycocyanin content was
significantly higher in the NSS than in ALS (p<0.01), while the allophycocyanin and phycoerythrin
contents were higher in ALS than NSS (p<0.001). There were no significant differences in the
phylloquinone contents between ALS and NSS. However, NSS was significantly higher than ALS
in both vitamins By and Bj,. Overall, ALS showed higher antioxidant properties and functional
phycocyanin content.

Keywords spirulina (Spirulina platensis), artificial light-culture, antioxidant activity, phycocyanin,
cyanocobalamin

1. M2
23S K (Spirulina platensisy= AFA 7V QA8 B2 F Sz, Al Cyanobacteria)
of Sttt 2%, WSt BIslet Zo] A4 o] YHs| BE oA F A4S
Al

33t A 5
U BE, U2 YEA S A 4 Qe I8 oAM= A QIth(Usharani 5, 2012; Yang 5,
1997). 7Zst B3}

ZAstA weE 22004 A AxEYue U] I FFEOE 2o
, ﬁl#ﬂ e S oA Ak AvEue vl Bt 28 Az gate] o] & rh(Usharani,
2012). AT EVE =2 TEE FRH60-70%), F2 Z

geel 9 o B ARLE TR
Q1.0 (Herrero &, 2004; Kay?} Barton, 1991; Usharani, 2012), 7|54 A& 4 Aofo] gz &

o
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251 QItk(Affan 5, 2015; Kay?} Barton, 1991). AHEE]
ol g3Alold, 22903 22 MAE Z3etal glow,
59] IAopdE ER9] HEMS w1, J4ke 3 Y At
7F Q= Aoz LA ti(Herrero 5, 2004; Jaeschke 5,
2021). ERE, A¥E U= -84 HIEI Bto] 5519, o]
+ oA ARt AAA A7l F8% qTS gt %
ke Bt S0 A WH BA S &
8249 v|eby] 0 & (Afman 5, 2005; MinZ} Kim, 2009), B3
oAl SHAIAHQIE H4 ofu|lAlQ]l HEd o=
g3lE]= BAoA FQ3F HRQIA HES Stth(Ubbink 5,
1993). Fdejylo] BEshH Fato] Atz 7155k ZohH,
olo] wizt AtjAolty BFo] WAt o] MY AW EL U
= AZED 94 183§ ovA 3FYECE AF 9 H3AR
gde] ARSEIL Sltt ES, A3715AEY 71 R A0 &
AR} - @5 FEAEHE A0 222 € ¢ Sl TN A%
7ISAELRE SEEO] YoH(MFDS, 2024), 4771574 4
FA7HEEA AYstEe AlAZCE QlF HigEHI 9l
(Kim 5, 2008).

g QS 915t A0Sy AR A |d W sido]
T A 719x70] Y= AGofA o]FojAo} st=1], &
AB-&3 EEo] Bl AY ALLEA=olds o &
7oA AW EUE =k ABAkskaL Qlth(Usharani, 2012).
o, W1 LS B3 EAL Y 59| 20| 7FeTt shetol
U AHE Ao ME =] v BHAor ANEEUE A
AFSEIL Qith. WeAJH ) A1) A9 Ao k& o] Qlof _&
of FFZ Wol o, HFEALA, ], vl 53 2 ot
8210 & Qs o]/FAl A2 °]F7] olHth(Usharani,
2012). T3, 7% ol dd} et 22 2HH o] k0]
4} 3Hg, o A= 20139 F7Io|2 A7 AlA H 22 A
HEHUE AT Al B8 o Fui Y Talo] Ad3stHA,
B4 T7F AT TS B LR Tt 2 ANEY
U A4k 5= A = Sint of 2Rk QIFEige] AR 7]
4 9 A R0 AR AnEuels t=A 4ot
U BE FH AMEYUE dEE AT & vk A

| Sk sfejolM = Q1% FHjF AnEUrE FAtE L 1o
U BE FEH=E 9do] ofe Aotk E3h 04 ANE
2lute] et 4 754 4o dajAe wol ATENL
u, =4l Jelg s FHY AnEy Y=o tigt £40
e FEE= viS mjEe Aol
2 AFollME Ui FARRE e AA a9E s <l
TuFE AnEE|Uartificial light cultured spirulina, ALS)
s} B4 ARy AR BAel A Wk 4]
AT E | WU(natural sunlight cultured spirulina, NSS)} H]
BA5lo] AGele A3t 712 ARE T304 S5

o

ook Lo oy
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2. M=z H 2HE

2.1. AlSf & X

2,2-Diphenyl-1-picrylhydrazyl(DPPH), 2,2’-Azino-bis-3-
ethylbenzothiazoline-6- sulfonic acid(ABTS), Folin and Ciocalteu’s
reagent, protease, o-amylasex= Sigma-AldrichA(St. Louis, MO,
USA)A 45t EEE0F ARH gallic acid, folic
acid, cyanocobalamin, phylloquinone< Sigma-AldrichAMo]A],
L-ascorbic acid, quercetin Junsei ChemicalAK{Tokyo, Japan)
oA Fdetct. 3% FFHFE £5AZR7I(Aqua Max™-
Ultra, Young Lin Instrument Co., Anyang, Korea)Z “JA|%
== ARSI, 71ek AloF Bl &= B HPLC % ACS
T2 Apgtot

2.2 Alg

LA HjkRt A4 AMEYUNSS) = EUFH AlE
(spirulina powder, Nutraceuticals International Co., Park City,
UT, USAyS Fufiste] ARgstalom, Q1 Fui et =it &
YEWHALS)= A &4 HFAHELWHF)oNA At
WL AFol Aslol] AH8FIect. o1 Wi} Al 222
U 8 R+= £5<4 500 mLof| NaHCO; 13.61 g, Na,O; 4.03 g,
K,PO, 0.5 g& HolA A¥2 & 14X & Az, S/
500 mLO NaNO; 2.5 g, KoSO; 1 g, NaCl 1 g, MgSO; - TH;0
0.2 g, CaCl, - 2H,0 0.04 g dojA AT=E 89 2HjR|E A
Zoto] Totlty. St viA = Bt &, A=0lA 24A1%F
WA SkGAT HIEH] By €94 | mLE Bt &3 HiA| o] 7}
3o #FH oz AmE|L}; viA|(spirulina medium)E A2}5
Qe vjof 2748 ARE AulEeint )] 800 mLo| Spirudina
platensis A& 1 mLE F=s}11, 25°C, FF 4,000 Lux, B
27 16:8 A0 7 4-6537F wiFslAtt viFH AlEE -70°C
N T2 Hftolx, 45 sl $Z2HZ7](FDT-12012,
Operon, Kimpo, Korea)olA] AZAIZT AREL E47]
(HGBSSSS6, Waring, Torrington, CT, USA)Z 43t th&
80 mesh sieve(Chunggye Co., Seoul, Korea)S S35t £
AR 9 AFEF 5ho] -70°Co|A BHst BA A7 ARG
SHtHFig. 1).

23 M= FZ

Al = Minolta A8%EA|(CR-200, Minolta Co., Osaka, Japan)E
olgsto] Estgor, 74 A EEWMTY] Y (lightness,
L): 97.10, AAE(redness, a): -0.17 D A = (yellowness, b):
1.99 gk W3¢ e & HAgsto] ARGl 7 A& 53] o]
A HbESlo] 2435191, AEE NSSQ| MEE 2702 3lo]
ofefjo] Ao A4lstaitt.
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A

Fig. 1. Color photographs of freeze-dried spirulina powders. (A) NSS, natural sunlight-cultured spirulina; (B) ALS, artificial

light-cultured spirulina.

AB= \J(L,—1,)* +(a,—a,)* + (b~ b,)*

L;, aj, b;: Chromaticity values of experimental group

L, ay, by: Chromaticity values of control group

2.4, BUsS 24

AT EYY9 FAssS ABTS radical 27453 DPPH
radical A7 45t} A& 3 g9] 70% ethanol 30 mL
£ 713k 5 40°C, 308 F9oF 223} 2%7](8893-DHT, Cole-
Parmer, Chicago, IL, USA)Z $&3}0o] oj1}X](Whatman no. 1,
GE Healthcare, Amersham, UK)Z o]1}3t & NS A|H-8oH
02 AR5 ABTS radical A752 Arts 5(2004)9) =7
Ho g A3t WA, 2.45 mM potassium persulfate©]] 7
mM ABTSE E9511l 24417 59t ¥ & QHAoflA] §HEA|
A radicale FAHAAL. FAE ABTS iz Z4=7}t
734 nmoj|A] 0.7+0.027} E=& 3)A5to] AR8-31TE ABTS
549 285 yL9 AHEY 15 uLE BFsHe] TEZF G
HES-A17l 5 microplate reader(Eon, BioTek Instruments,
Winooski, VT, USA)Z 734 nmol|A] 34L& 24319t =
432 Aol tihste] ABTS radical 27522 UERHAL
™, pg ascorbic acid equivalent(AAE)/gC = UERNATE.
DPPH radical 2752 Blois?] ®'H(1958)0.2 =%5}%th
microplate®] Z} wello] AJE-89 60 uL2} 0.2 mM DPPH 240
pLE Tgste] 3027t A4 BEEAIZ] F microplate reader
£ 517 nmoJA] S50t 57832 kAol tieiste] DPPH
radical £75-02 YERN].0™, mg gallic acid equivalent(GAE)/g
o= YERH T

0

[¢]
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25 SENE Y SEALLO/E B 24
2Zdvs T2 Singleton(1999) ¥ O g =459 0
H, 35T 0| T T Zhishen 5(1999)2] WS 0|85
o] ZA519Ith. A& 3 goll 70% ethanokE 30 mL 7}8F 5 40°C,
302 &% 253 FE5}0] o] ¥X|(Whatman no. 1)& o7t
#2909 B8R ARG, S PR DR
A 40 pLof| 32} 254 200 plL, 50% Folin AJ2F 20 uLE 2}
2 7ot} Eaeka Lol 387 AL TR0 5%
Na,COsE 40 pLA 71_t & FAoA 1A7E ¥EEAIZ T
microplate reader2 750 nmoj|A EZTE SHsIHTt 47k
< AFA didste & FFoE ALSIAoH, mg
GAE/gO & Uit} SEetH o]t Jhg2 AIF-&9 100 uL
o] 70% ethanol 400 uL, 5% sodium nitrite 30 pLg X2
7bote] Edtotarl A2olA 5EZF WRSAIFTE It 10%
aluminium chloride 30 uL2} 1 M sodium hydroxide 200 uL
£ 7sto] SRt & 127 BARE H, /5 200 uLE 7tk
1! microplate reader® 420 nmoj|A SHLE A9 =
A2 AFA] tYgsto] FETE 0L FFoE AL
O™, mg of quercetin equivalent(QE)/g= WERNATT.

2.6. OJFA[OFH Z(phycocyanins) 241

g FAJobd SFFS BennettT} Bogorad(1973)9] Wyo=
2SI AR 2 g0 B4 20 mLE B3 130 TSR
3, 4°Co| Al 20087F HFSA|ZATE TR0 & 4°CoA] 1,650 xg
o F 2087 YAE | (MF-550, Hanil Science Industrial Co.,
Gwangju, Korea)d}1!, A&9-S of1}x](Whatman no. 1)Z o]
T}sto] A|g-gMo 2 ARRSIGITE A|E-8HLE microplate reader
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£ AF351o] 620 nm, 652 nm, 562 nmojA 24 TP E =
Aotoich. S48k off 9 A4S o]85te] C-phycocyanin
(C-PC), allophycocyanin(APC), phycoerythrin(PE)2 212} #|
AR, 3 TR T Al 20| L Tlefo] At
sheic.

A620 - 0.474 x A652
5.34

C-phycocyanin (mg/g) =

A652 - 0.208 x A620
5.09

Allophycocyanin (mg/g) =

A562 - 241 x PC - 0.849 x APC
9.62

Phycoerythrin (mg/g) =

A: Absorbance
PC: C-phycocyanin
APC: Allophycocyanin

2.7. BZ23F=(phylloquinone, BJEIEI K;) 24
L2 S Park 5(2023)9] o 5 9l 245}
Aot Al®E 1 go &§ F&-&ulj(dichloromethan:methanol=
21, Vi) 30 mLE A7HHE, 1412 § 23 FE
#3948 BRAHES] B2 0jHA (whatman No. 2)0] 5
TAA 50 mL HAZSATZE 0]F5A|7]1, methanolZ ©]-&
sto] 3% 483to] 2202 AL F2 2 mL
Hoto] A4 553 T n-hexane 2 mLo| A& stAtt &3t
A&l (methanol:water=9:1, v/v) 8 mLE #H7|5to] 157¢
AT T, 5B 718 xg02 AARLASIALE. 45 | mLE
st A4 B3t T2 methanol 1 mLof| A-&3)5t1, 0.45
um PTFE membrane filter(Futecs Co., Ltd., Daejeon, Korea)
& oyste] FEH0r AMESIITE o7|3PHEXNS 243
nm, WEIHEMV)S 430 nmE A3 I3 4277 Z2E
HPLC(Agilent 1200, Agilent, Santa Clara, CA, USA)& ©o]&
sto] F2 = S B4t -2 ZORBAX Eclipse
XDB-C18 column(4.6x150 mm, 5 pm, Agilent)o] o}¥9& &
A3t empty column(2x50 mm, XC0502WT, YMC Co., Ltd.,
Kyoto, Japan)S A5t ARESIATE 0] F5ARS methanol:
dichloromethane(9:1, v/v) 23-8M0] 3 mM sodium acetate
trihydrate, 10 mM zinc chloride, 5 mM acetic acidE 7}5}o]
E3k6t &, 0.22 pm PVDF hydrophobic membrane filter
(Merck Millipore Ltd., Cork, Ireland)Z o]i}s}o] AR&-5}%Tt.
AE FYFE 20 L, Y E 2T+ 35°C, 52 1.0

152

mL/min®. 2 Z435}9c}.

2.8, Folate(ZF HIEFAI By 2 trienzyme extraction—
Lactobacillus casei)

G4t 5%& 2 FAL2 Chun 5(20060)9] FHoz EA519]
ot A]& 1 g 20 mL sodium phosphate buffer(pH 7.8)2} 30
mL 3%} £55+5 FJ7E & F242(WB-20M, Jeio Tech,
Daejeon, Korea)o|A] 1587t 100°CE I A 2|519ict A0
2 YZAZ] & protease(2 mg/mL) 1 mLe} sodium phosphate
buffer(pH 7.8) 10 mLE 7}5Fo] 37°C A& ¥j¥7](HB-201SF,
Han-baek Scientific Co., Bucheon, Korea)o|4] 3A|7F HES-A]
At P24 1087 100°CE B A2t &, Ao
JZ5}0] g-amylase(20 mg/mL) 1 mL%} toluene 0.5 mLE 7}
Qb T2 37°ColA 2417 Ag Hijdslith. Itk folate
conjugase &N(5 mg/mL in sodium phosphate buffer, pH
78) 4 mLE 712k % 37°C A MAZIIA 16412 W8t

B0 2% Aeele] 548 BRI AR WgIS
HCIZ o]-835}o] pH 4.52 A3 o2 100 mLE A& &, o
34 (Whatman no. 1)2 ofksto] 23910 2 Ag3HAL. 1]
EFl By AW HjA|(folic acid casei medium:Lactobacilli broth=
1:1, viv)oll L. caseis HERE F 37°CoI A oF 6A17F Hj st
ARE5HTE B4 v A= folic acid casei medium 10 mLoj L.
casei 50 pLe} ascorbic acid(0.1 g/mL) 100 uLg E3sto] A
Z5FT}E B4 wiA] 150 uLE 96-well plateo]] 575+ &, A
Hofl 24 150 uLE Yl ©A 3JAsto] 37°Cof|A 18A17F &
oF sttt 2N HTFL L. casei®] S TE microplate
reader® ST 595 nmof|A] 2751 H T ATFAIL microplate
reader®] Hjo]E] £4] AT EQJo](Eon, GenS, Biotek Instruments,
Winooski, VT, USA)E ARESHLL, AAHHIEY By) g
kg/100 g0 A}l UERiSIT). B BAITT BAEL
? ARE 2 wHew AReh il BN

2.9. FE3IPIZ (Cobalamins, HIEFRI Biz) 24
(immunoaffinty-HPLC/PDA)

el 22 9 HAS Jang 5001410 P02 A
SFTE A& 2 g9 0.2 M sodium acetate trihydrate buffer(pH
4.0, 1% sodium cyanide) 50 mLE 7}3t ¥ EtA3 J4E
W-goto] 1087 223 S50t F25F(WB-20M)°A]
651 5%t 100°CE FZolHA FUHRFE AlofeF ezl
(cyanocobalamin) 0.2 AZA|FH ). FE&HL2 WZF & Whatman
No.1 o] 3le] claalgirh ol £291S. immunoatfinity
column(Easi- Extract Vitamin B,,;, R-Biopharm Rhone Ltd.,
Glasgow, UK)S AH&3to] 38 2519tk 528 Anote
0.45 pm PTFE membrane filter2 o]1}slo] FEHO0Z ALE
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SFtt. HPLC(1260 Infinity, Agilent)-photodiode array detector
(PDA, Agilent)2 AF85t0] 245191t} Columne ACE 3 AQ
C18(3%150 mm, 3 um, ACE, Aberdeen, Scotland, UK)E A&
stglon, 49 o8 2kt 35°C, A& 361 nmRict. ©]
FAL o] B4 AS water®, BE acetonitrileZ 510 7]&7] &
gl& BASI ol 54 7171 272 o5/ A 100%= Al
ZFsto] 11i2714] o] 54 B 15%7F 40|28 &2, 19
H7H] o154 A:B=75:25(vv)7F H& g SHiTh 0%, 2087t
A o]5/ AB=90:10(v/v) /0] HEF ZEFUoH, 2627}
A 27| 2743 o] o] 54 A 100%7} =5 &1L, 4077}
A o5 A 100%E FAIoHATE ofuf Al& U 100 L,
920 10 mL/minC& ZAs}yct FavlE ke Ao}
el (ug/100 g) & Akl Uehglct.

2.10. &4 =4

EA &AL SPSS 27.0(Statistics Package for the Social
Sciences, SPSS Inc., Chicago, IL, USA) T2 13-& AR&5I9
omj, xR WS o]§olo] FFn=3)T} REHAE AFETHY
o = A& ZF FHRI Aol ttestS ]850l p<0.05
oA $ele A

3.1 M4E

A EUO] ME= Table 13 At ALSS Mk LIH(E
), agHFANE), bHENE)S 7+t 21.04, -5.45, D 0212
Uepton, NSSE= 247 21.88, -6.20, & -0.278 UrElytoH
T AR BF A 58 Bt -y Fujef AnEEuet
LA v A g VY] Yo ML= §olHQl AolE
EFH 21 H(p<0.05), FHE = FoJAQl ZpolE Ho|A] gkt
(p>0.05). Byun 5(1997)2 =4t AU 2E9 ME=
Z¥ZF 1.3k 20.0, aZk -5.9, b3k 4.70]2kl HII5ko], e} 4

2 hehf et Corekei $(2015) AEY] glo] 3.7 o]4go]oo
goko. Aol jo|F THG 4 Irky Ruslgiy), £ A7
oA AEZ} L14Z 5 AR Zho] §ero2 7 §h Xjo|
2 BolAt ggrort, A Bl ANZLUL oA o]
HE o}Fe AAg wi Ao el

3.2. glefs FEC/N=E ¥ FEC/250/E BE

F2 AR 2HEd a7 542 59 AlE &2 Ad BEe
AAshs Al AYEHe] Bo] E0l2m(Kumar
5 2022), AW ETUO|AM FAEE FAEH HE aik= 93
Aohy, o-7h28l 2 7|e w]ebla} ojujgo] ojs) vzsct
(Lu 5, 2010; Upasani®} Balaraman, 2003).

A ER U] Fibsksd FEYHE 9 SehEeolE o
< Fig. 29} 33} Zt}. DPPH 2|z &7 442 ALS(379.08
ug GAE/g)7} NSS(176.62 pg GAE/g)Ett 9F 28] =Qkow,

3000.00 | ok
1
ONSS ®ALS 2.602.55
. 2500.00 |
O
2
O
2
2200000 t
=
9]
©
©1500.00 t
£
O
C
o
& 1000.00 t 896.85
3 - x
g N\
3 500.00 | 379.08 \
& 176.62 \
0.00 NN N\
DPPH ABTS

Fig. 2. DPPH and ABTS radical scavenging activities of
sunlight- and artificial light-cultured Spirulina platensis. NSS,
natural sunlight-cultured spirulina; ALS, artificial light-cultured

sekok

T B AFet gARE 23S YeER oy AT ofA xjo] spirulina; All values are mean+SD (n=3). = p<0.001.
Table 1. Chromaticity of sunlight- and artificial light-cultured Spirulina platensis
Sample” Chromaticity

L? b AE
NSS 21.88+0.27% -6.20+0.13 -0.27+0.06 -
ALS 21.04+0.04 -5.45+0.07 -0.210.05 1.14+0.21
t-value” -6.719™ 11.163™" 1.676

UNSS, natural sunlight-cultured spirulina; ALS, artificial light-cultured spirulina.

L, lightness; a, redness; b, yellowness.
YAll values are meantSD (n=3).
"p<0.01; “p<0.001.
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*k

BENSS ®ALS 10.79

no
1
*

©
~
o
@

Contents (ma/g)

0.65

TPC

y @

FC

Fig. 3. Total polyphenol and total flavonoid contents of sunlight-
and artificial light-cultured Spirulina platensis. NSS, natural
sunlight-cultured spirulina; ALS, artificial light-cultured spirulina;

sk

All values are mean=SD (n=3). = p<0.001.

ABTS 2Z A7 42 ALS7} 2,602.55 ug AAE/gE NSS
(896.85 ng AAE/g)H T} oF 38| =30th ALSS| SE&2H = &
22 521 mg GAE/gZ NSS(0.65 mg GAE/g)Eth oF 8H =
o1, ALSO] ZZetE o]t RS 10.79 mg QE/gE NSS
(7.68 mg QE/g)Ht} oF 1.44] =4t 15 gufjdo] mAulieF
of Hls| 2= FAsks}t AR} FHgol =2 g UE o]
ANEY U= QT FHdo] 2 i B4E T A
& AT A 22 gt HAAIZko] ISR oF
o}, o1F BujoF AL 4,000 Lux] =& FeFul HzA
= 16:8A[7t0 & YFSHA vigste] AnEE| v Ak} &4
< 7= AEEY TFol S7Kt A2 & AmErh. Kumar
5(2022)] EY EfEo|Es EYHEY 7MY & 5
g, E9¥s9 slo| =87 4 7|5 s8I HAE 7156t
£ 5YoE Qg FEYulE o] PAS ST w2 A
TAE BRIty Husigith E3), AuEDY 559 T&
2Hs T2 3,48-9.92 mg GAE/go]ekil Hilsto] & A9]
ALS A7} GAEI o, EetH 0|t RS 0.59-1.05
mg rutin equivalents(RE)/go|2}1 B 13}o], B o rel= Aht
H 235 Y

3.3, mFA[Ofl(Phycocyanins) 8l&t

GAEY F9 HZ MAQl phycobiliproteins(PBPs)+= H
549 oF 50%E @l (Jaeschke 5, 2021), PBPs2] C-
phycocyanin2 ZI8F o}gHA0 | allophycocyanine B2 I}HA
phycoerythrin E-7HAS LERf = A Al4o|th(MacColl,
1998). E3E, dIFAobdF= M4 B4 Qo 495, &

154

A7 He 9 7 HT 545 Hols AoE HiEo] gt
(Estrada -, 2001; Fernandez-Rojas -, 2014; Jaeschke -, 2021).

AT Buli S A Av Sy gFAohd o £
A5t Ail= Fig. 49} 2t} C-phycocyanin, allophycocyanin,
9 phycoerythrin®] 9.2 AF&SE total phycocyanin EaF-2
AT FF 2MEU7E 1,040.47 pg/gs HERHO] LA
3t 2 E21H904.39 pg/g)ell Bl oF 1.28) &2 AR e
Wt HFAoRdS FoHd Aa e dolB g 4,000 Lux?] &
< BT 1684719 BARds 7= QA Fuld 210l
FES HaA JPAA gFAord o B3 S7HAX A
O 7 AlmEth F AR BF F yFAord g 5 Bh miet
A& &= allophycocyanin 30| 714 =2 H|5(40.1-47.2%)
< AAAPoH, g0 g X3t stAS wi= C-phycocyanin
(31.7-38.7%), 1 o2 H2ME i phycoerythrin
(20.6-21.1%)2] 0% 7 Uttt 22t mAjopd o
2S5 |3 W, C-phycocyanin® =A|HjUst ATEE L
(349.56 ng/g)7t A3 FHg AuETLH(329.37 pe/e)eh 72
207 =A UEREOH(p<0.01), allophycocyanini} phycoerythrin
o= Q1 FHY A2TEY ARTt RAEY AT E U
v FoFor w2 FF2 Ut (p<0.001). Bae &
(2020)9] Aol =™ A¥EF o] C-phycocyanin o]
0.40 mg/g, allophycocyanin T2 0.36 mg/go|2}tal 31| C-
phycocyanin & A ZIHETE EA] LERLOH, allophycocyanin
o v AnERSt AR S HERRSL

3.4. EZ3/=(Phylloquinone, vitamin K;) &&#
Y2A=2 e K 07 B 284 vEvlY shta
AET vH 2R SHMA FFE e, A WA

1200.00

NSS mALS 1,040.47
1000.00
904.39

800.00

600.00
491.23

34956 368.70

40000 5630937

Content (ug/g)

186.13219'87
200.00

0.00
C-PC APC PE TP

Fig. 4. Total phycocyanin contents of sunlight- and artificial
light-cultured Spirulina platensis. NSS, natural sunlight-cultured
spirulina; ALS, artificial light-cultured spirulina; C-PC, C-
Phycocyanin; APC, allophycocyanin; PC, phycoerythrin; TP,
total phycocyanin; All values are meantSD (n=3). ~p<0.01;
“p<0.001.
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A a9} wo} I 172 TS B2 Ao 8%
A2 GH(Tarento 5, 2018). PAEF= w2 HAE, vl
A 4 A3, 44 deido R Qs BEFA=Y A
o] AEHT} 4|91 AFOE AFP3} shr]o] 5 APt AR
H7lEth(Demaind}t Adrio, 2008; Tarento 5, 2018).
AEU] 2= T2 Fig. 59 22w, 915 Zj
oFs] AT ETLHALS)E 1,032.27 pg/100 gO& LA ujoFst
2122149l NSS(1,051.94 pg/100 g)9} 5929l 2ol S 1}
EFHA] 94 TH(p>0.05). $HH, Tarento 5-(2018)2 HIA|RF &
oA FAlto] 7P =2 £E YEF=Z HFotaL 9o,
A9 shel AnE U] BEF= 2 1,000 pg/100
g o)kl Hustger), 2 Aoz ojet fARE At
£ Uetith Z27=9 A AHE2 AF 1 ked €Y <
1 pgo] FESE ZoE HIFJTHIOM, 2001; Turck 5,
2017). 3H=2Ql kA AFH 7]2(MOHWSF KNS, 2020)0] u}
29 HEYl K9 49 & HHFe] 4 944 71 65
g/day2 oF 6 g9 AFELY EUTtC R FES BEH= T
F2 AHT & IS A0 AleEHY @A7HA] HER] AL}
D7} AuEE U] 8 A4 HIERICE o 2 A
& Boto] HlEH K e e =52 SRIT 4 U

3.5. HJEIEI Bo(folate) ¥ Bia(cyanocobalamin) &3t
H|ERY Bod}t HIEHY] Bii= A2t o2 A4S gt #A
7F Q= 84 H|EHI O Z(Afman 5, 2005; MinZ} Kim,

H

Fig. 5. Phylloquinone (Vitamin K;) contents of sunlight- and
artificial light-cultured Spirulina platensis. NSS, natural sunlight-
cultured spirulina; ALS, artificial light-cultured spirulina. All values
are mean=SD (n=3).

https://www.ekosfop.or.kr

2009), H|E4> ofu] Akl T RAIAH QLS B4 ofH| Akl |
Elodos wEstE= oA F8% HRAR TS g
CHUbbink 5, 1993). 53| H[EM B9 B¢ F2 554 4
Foll EAsto] AFoxpel A Agol A WAYgt.

A0 E2 O] v Bot HIEH] By, o 52 Table 2
o} Zth. HERl Bod} By, o BT AR A9 EY
(NSS)7} RIE Fulg AW ESLH(ALS)ETE 242 1.4419 1.3
o =2 S UET 2 oA 245 AnEue] v
EFl By FFZ AFHIY AW ET Y 62.24 pg/100 g, A M)
& 2TEFY 92.85 pg/100 g0 = FY3] 2 T HER
+14), o]+ "= FoodData Central (USDA, 2024)0]| 4 H.1I3t
Az AEF U] HIERI By 9 94 ng/100 goj2tal B
sto] & A At fARE 20l AS ZIT S AUSITh H|
B Bpe YHHA O R AlEA4 AFolA EAsHA] ¢l 5&4
AlFolA ARt & AFofA AT AvEeue] HEl
Bi, T2 Bl AWEY 18.62 pug/100 g, =AMl &
TEF 23.33 pug/100 g2 & AF9] w2 T HERET,
ol AuEEyol Hell B, gFo] FHEs Byt
Watanabe 5(2002)9] A+ Z3tete A5t spARt, vl=
FoodData Central(USDA, 2024)0]4] B 115k= A% AuEavt
9] H]ebl By, T=FS 0 pg/100 g0 Yeh} B A1 Avtel=
BFe AolE HolFlnh Y HAdFFol HE] By 400
ug Dietary Folate Equivalents(DFE)/¥, H]EMI By, 2.4 pug/
(MOHW®} KNS, 2020y 7|02 & u, vty Bj,9| 3%
oF 10~13 g9 AMEey E92 A5 A 2 A=
225 Aoz Bl

4. 29
2 AFolAE IF Fuiget ATEYUHALS)S A H]

-

ot 2T ZNSS)S] FABE ST el HES B4
ulmatT. ALSY) A LEH(HE), agi(HAE), 123 bk
@EHE)Ye 747} 21.04, -5.45, D 0212 NSS(ZHH 21.88,
6.20, 3 -0.27)°] H]3} Tk oiF T 2L Uekyick. 18]

p

=

Table 2. Vitamin By (folate) and B;, (cyanocobalamin) contents
of sunlight- and artificial light-cultured Spirulina platensis

Sample” Vitamin By Vitamin Bj,
(ng/100 g) (ng/100 g)
NSS 92.85+2.74 23.33+1.38
ALS 62.24+3.19 18.62+0.39
t-value? -12.592"" -5.866"

UNSS, natural sunlight-cultured spirulina; ALS, artificial light-cultured
spirulina. All values are mean+SD (n=3).
P'p<0.05; "p<0.001.
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U AE7} 1142 5 A& 7ho] $Qto = 1dg vk AolE B
oA sttt DPPH oz 4752 ALS7} 379.08 pg
GAE/gC 2 NSS(176.62 ng GAE/g)Hth oF 24 =& 4230]
9ith. ABTS gtz AASE ALS7} 2,602.55 ng AAE/gO.&
NSS(896.85 ug AAE/g)ktt oF 34} &3t & s o
2 ALS(5.21 mg GAE/g)7} NSS(0.65 mg GAE/g)H.th oF guj
=09k, 2ETtHLo|t 3HFE ALS(10.79 mg QE/g)7} NSS
(7.68 mg QE/g)Ett oF 1.48] =2 kS H it} C-phycocyanin,
allophycocyanin & phycoerythrin $5F9] 3}0. 2 AMESH Zx
FAohd 3RS ALS7} 1,040.47 pg/g O 2 NSS(904.39 ng/g)s
ot 9F 1.2 " =9t} ¥, C-phycocyanin T2 NSS(349.56
ug/g)ol ALS(329.37 pg/g)Hth FAHCE EUTHp<0.01).
g2 7 3RS ALS(1,032.27 pg/100 g)@F NSS(1,051.94 pg/100
2)7F F+Y2Ql Zo]E HolA| &ATHp=>0.05). NSSO| H]ERH]
Bo®} By 3HFS 7F7} 92.85 pg/100 g3t 23.33 pg/100 gO&
ALSHTE oF 1.48) =4 Yesth AHH o0& AvEeLto
873 HIEH Bodt Biy g W AJHf R AT ESLH(NSS)
7F =otoy, Akt 7154 HFAlohd S Qs B
Ut AT EYWHALS)7t =2 £5% A2E YERT o]
AT o, AT FHGLE Aikete A¥ED U= A
‘g0l 5t 8 84 9 A8 B o] Eof

94 AB2YR B8Y 4 UL Ao B
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