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Abstract /n vitro biological activities such as antioxidant, whitening, anti-hangover and anticancer activities were evaluated.
The antioxidant activities of astaxanthin and H. pluvialis extract were significantly higher than that of a-tocopherol
when the antioxidant activities were determined as xanthine oxidase inhibition, hydroxyl radical scavenging and
DPPH radical scavenging. The whitening effect of H. pluvialis extract was about two times as kojic acid. H. pluvialis
extract indicated an anticancer activity on a cervical cancer cell line. Astaxanthin showed anti-hangover effect
of 1.5 times as jiguja extract. The anti-hangover effect of the inclusion complex (As-B-CD) was about 1.2 times
of jiguja extract. And, the inclusion complex of Haematococcus pluvialis (H.p.-B-CD) showed almost the same

whitening effect as kojic acid.
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O}~E}ZHE (astaxanthin)-2 Q1AW A vitamin A2]
TAH FEE o, ke JI2Exo|ERTH H 4 108, HIE
9 E (vitamin E)¢] &3-EFHE (a-tocopherol) =T} 5008)
oPe] ksl S 7L e SRR AR - [14].
ofERRIE ] FEgh sl x| C4, C4'9) f1A]
g oxo-group WiEo|2tal BarE o] QAL [5], okERZE ]
rks} 712k A58 AkA (singlet oxygen)E A ASEAL:
[6] AH-EE1E A [7.8], FAEHE A EES- (peroxide
chain reaction)S AAAIE ALoZ IHA AT} [9,10].
ofERZIEIS] ksl 2h8-2 UFE Aol A A o)
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et 97} e AoE IR Utk 1 o= o}
ZEREl o] B34k (oxygen radical) A 23 7§A]
(cancer initiation)2} 13 (propagation)®] IS 7HAAlA
WAk 3okl tigh g ast So] ®Bare ulk 9lok[11-13].
o] &jolx ofERtE ] AQta o] thek B AFEAL
R AT} [14-18]. FEFF of=ERZIEIE H75e] &4
o] A Ao= dHA UL [2,19-23], AFAT | tigh
AR EIE BuEIT [24,25]. ©] 2lel®= AT &3 [26],
AL 2 &34 27], = 715 dEE &9 28-31], 1F
7)ol W3t 9k [32]0] Bud B} vk FE3 oliER
glo] muighgo] wimiA| 2 L4237l kojic acid9f BIs=gH &
A& AYe Aoz ®Bug vl gt [33].

T8y dA) of~EFE (astaxanthin)S TS AJE|S
Aol Betal 4z e R §-8-o] mugh A7golth o]
St o]fi= ofERIRIS x| 7IRlshs Aifolt). o~
ERRIRIS FxZ 07 o|F 4TS 7Rl EXSEstERE Ax
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U A D3t A8t (R)ell oJsl Al st o] EAde] 7
s, 3 X84 EAEA B e ddy o 2H
(ester) AF FFE5 7HAAL lo] EA &3l7t & =R &
U [34]. o]H 3 okERRIR O] QM FE-8d 0]
8ol Algtoz A&k

A Fe]FoR okiERR e QFYAdFt Bl THAS
A& A3t A= wHIG Aolnk FujelM= of=E}
TS FE3telr] g o R JEA T 84 L EA
S o83 ATE Iy o, A 83 A 2

olar, 1 F¥eY B T YFEHA U [35].
3 QP Y] SHlA okmBRtE Azl <

F QP88 3ol BarE vl 1Al [36], chitosan matrixE
ol-gate] ol2ERRtES HEdete] =0 g A
WA [37], 71EARS ol &5t SIntERALENY =3
OFAERIRIS Aadteto] At JHAT Al wE
Farskd ol Hartg vl 3lnt [38]. FAZHA] el ez
ORAERIE A3} s 7] Aeolal AT Eeli=S
Al =Y F A= 7S mHIg e & 5 ATk

2 A=A A8 S22 HEste} &= &
< f8l 28 A EE FFo A2 EHAEY (B-
cyclodextrin, hydroxypropyl-p-cyclodextrin, hydroxypropyl-
y-cyclodextrin)= ©]-83F ZH3}G=E-S AFsAaL HA
I s A ok BE AlFS &2 AATH
B-CDE o]&atd EHAIZAS -1 A4, 4k, Mz
2 GAel gk kAol AA FdHEAAL, =l gk
Sl ol~ElRElo] HI) pH 6.5914 1101, 25CoilA
130) S7H Z24& RIS [39].

B Ao ofmElztRle] &l 7)akS E]lekarat
TFgE ksl 2o SRS Tl st 24 )l
ST =3 el HY 3 A3l ek dkast
£ S481aL vrls A sFsael gk aE
AEsIGEE B3] cyclodextrin®}e] EH3TE-S A8}

< A= FEld okzeRiRd Bissg AEAdES U

EhiieA] Slais

o ke

¢

HE W

H=

Alet
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Astaxanthine SigmaA} (MO, USA)Q| A|FSEZA &
92% ol’de] AS AV AL, Haematococcus pluvialis
cracked cell> &% 1.5%2] Parry NutraceuticalA} (India)
2HE FASAAL, ERSES] Az AR-E HERA
o]|FZYAEHY (B-cyclodextrin)> WakoA} (Osaka, Japan)
BXRE 73] AFE-EFATE Xanthine?} xanthine oxidase,
1,1-diphenyl-2-picrylhydrazyl (DPPH), mushroom tyrosinase
(25,000 U/mg), kojic acid, ethylenediaminetetraaceticacid
(EDTA), 2-deoxyribose,trichloroacetic acid (TCA), bovine

serum albumin (BSA), alcohol dehydrogenase (ADH)=
SigmaAl (MO, USA)9] AlFS FH3td AH&-3t9a, 4,
6-dihydroxy-2-mercapto-pyrimidine (TBA)-2 Alfa AesarA}
(MA, USA)ZHE] T+t ARSItk L-3,4-dihydroxy-
phenylalanine (L-DOPA)T Across OrganicsA} (NJ, USA)
FHEH B-nicotinamide adenine dinucleotide (B-NAD)=
FlukaA} (Steinheim, Germany)Z5-E] T3}tk &aAd
of] AR&-3 cell counting kit-8 (CCK-8)-2 Dojindo Molecular
TechnologyA} (MD, USA) A& A&t dd2idS
3 MCF-7 M¥F (59h, HeLa Al¥F (RF3735-9hH
= A EFLY (=) 2N E FPUSHH:

S0lEIHAZRE] OIAEIXIEIS] FE=A

o

i}

LES-8- (pH 5-7)] SPFET A2 S 0.5% (W/v)
&2 P 3, 40CollA] 147 B2 vhRSAIH T
T8 ¥, QURIUR FAEL I53)9 oES
5% (wv)Y =2 HU7MS & 25342 (75 min,
0 kHz; Power sonic 510, Hwashin, Korea)s}>| o}~€}zt
O ==3103

= 'T‘EO]'MQ'

mE S @
S oo mr

EHsiatEe] HI=

AolF2Y2EAS SHG 0.1 gmLe] FE= 50T
oA 7hstHA galfstth of~ERFES 500 pg/mLo]
FTEE A3y ol AE (3: 1, viv) E-Erjol &3
STt MolZRY~EY §AF} ol Bl 8-S 1 1]
(viv)] HIEE 37K &, 50 CollA 7AI7F wwksldet. a
Hho] £ the WAAIZ] 3, 4CollA] 2427517t BEakst
R, SFHT olee = 747} 33] M F3le] FAnESA
EHAE A=zt

-Ad
(=3

0%k

e

1]

Xanthine oxidase g4 58

Xanthine oxidase A3 SHL An 5 (2006)2]
][40 whet S8 2 A28 0.1 mL% 0.1 M
01 2+ekZ=8- (pH 7.5) 0.6 mLS& 3 7}38kaL, xanthine
2 mM)S =<2 7129 0.2 mL¥ xanthine oxidase
(0.2 U/mL) 0.1 mL< 7}se] 37 Coll A 1587 vhg-A]
Zok 1 N HCl 1 mLS 71t vhe-5 E£8A1%] ths vhe-
ol Zof] AE QA (uric acid)Q] %2 292 nmolA &%
T2 =43} th Xanthine oxidase A& 2] (1)
Zo] AEgAY MUt FHVHY FEE HAERE

e,

NBA7VY uric acid A3AE
L2719 wric acid AAYEE

Inhibition rate (%) = (1 ) x 100 (1)
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DPPH radical 27 &8

DPPH radical 274%< Heo 5 (2006)2] ¥4 [41]°l
w2} Wkl 0.4 mMe] =2 831k DPPH 89 160 L
o AlZ 40 pLE H7Fsted §hAolA 3023 ARG v
microplate reader (VERSAmax, Molecular Device, CA,
USA)E ©]-&3}] 515 nmollA F8%=5 S43I3itk DPPH
radical 22752 Alg&e] 7ot #3479 3%

HAasE YeRiATh

Hydroxyl radical 2715 &8

Hydroxyl radical 2~75-2 Kang 5 (2001)2] W [42]
o & =439tk 50 mM FeSO, - 7H,0 20 pL2} 50 mM
©] EDTA 20 L= Z+z} ¥ar, 50 mM 2-deoxyribose 40 pl
o} A& 40 pLE H7FeEdTh 710l 100 mM S14HeHE8-
A (pH 7.4) 240 uL2} 50 mM H,0, 40 uLE ¥ 37C
of| A 4417t F<F WESAIFTE WS- %, 2.8% TCA 200 pL
9} 50 mM NaOHol| €313} 1% TBA 200 uL= 37}t
100C 1534 &<t 7FEA71AL, A HollA F53] ¥2s
& 530 nmollA4] AAF malondialdehyde (MDA)2] =
=43}tk Hydroxyl radical 2752 A58 7}

ToF TRV FRE AASE UERRIch
ojustM (tyrosinase inhibition assay)

Tyrosinase A& S Jeong 5 (2004)2] W [43]
o we} A8k W 0.5 M SIRkeREg-o (pH
6.5) 0.5 mLoll 10 mM L-DOPAZ =<1 7129 0.2 mL
2 A FE8Y 0.1 mLe &3l mushroom tyrosinase
(110 U/mL) 0.2 mLE 37kt 25 CellA] 223 RESA|
A kgl Fof| AAE dopachromeS 475 nmol| A A3}
Atk Tyrosinase 4|31/ Al&2-84¢] 7} 737}
T FEE AAEE eIt
shelat

10% fetal bovine serum (FBS)Z} 1% penicillin-streptomycin
o] 2718 RPMI-1640 W01 212 wlee £t A%
Z (MCF-7)¢} 289 X3 (HeLa)Z 1 x 10* cell/mL
o] =7} HEF 96 well plateol] Z+z} 180 pl? ¥z,
5% CO, HIF710IA] 24A13F v st S48tz a=
A]EE phosphate buffer saline (PBS)°l =91 & T
Z 20 uLA 7 welloll F7Fsk 5% CO, w7104 244]
3 uleE F wAE AASL A= #iA] 190 pL2t 10 L
°] CCK-8 £S5 7} wellol]l 7} Th CO, wiF7]oA
5%2] COF =3l 4A17F vl 3, microplate reader
(VERSAmax, Molecular Device, CA, USA)S ©o]&3}o]
570 nmoX FF=E S8k A3t ghe Aol tigh
Z21 %] 8ll& (inhibition rate, %)= UJEFHOH, 2] (2)¢} 2
o] A=ttt [44].

AY{JI?I e
Inhibition rate (%) = (1 ="y x 100 )
Ablank
0:17]}\1, Asample : /K]_]E_,_ %]7]' Well‘q %E (570 nm)

Avank : PBS -8 27} well2] F3= (570 nm)
=F|s|x & (alcohol dehydrogenase activity)

S A4S Jeong 5 (2004)2] WY [43]00 wet 7]
A2l ethanol®] &4 NADY &A] 3lollA thALEHA
A EE NADH 4 340 nmolA FREE =1
alcohol dehydrogenase (ADH) /J 224 43T} -4
50 mM 12FE8- (pH 8.8) 1.3 mLol| 15 mM B-NAD
= 1.5 mL¥ £33 F 95% ol|ekE 0.1 mLI} A|BE &
THE 0.1 mL #3718 F 25T dEd ez Qo
252 FAAA FUt o] ¥k 0.1% bovine serum
albumin (BSA, pH 7.5)°ll =<1 alcohol dehydrogenase 8-}
(ADH, 0.75 unit/mL) 0.1 mLE 414314 £33 o2 253
FEAZ 340 nmol|A] 58 =S S5 ol
o= ADH th4! 0.1% BSAE I7lsle §3=5 =43}
Atk AlFe] ADH 48 izl tidh g (%)L
=2 33k

Shimidzu 5 (1996)2 ol=Efztd o] EsEH T} 5004
Ae slEgo] Ho-S HaIsaL [1-4], oR-ERtEle
g2 J}=E|eo]=H T} A 10M, vitamin EQ Yu-Ex
HERTH 5000) o) Akt &S 7L =T oA
2 C-4, C-4'9 $1X]3F oxo-group WEol2 HrEo] 3]
o} [5]. of=ERzRIS] ksl 712RS AFE AFA (singlet
oxygen) 5 AASHAY AHFEiEZd A7) il 53] #t
3= A4 WkE- (peroxide chain reaction)S FAA|A A& 2]
ABskE RSk Ao R AR QT [45-48]. & ATllA
+ of=ERRI 9] ksl s-S gRIsky] 8 B FFe 3
2kt gAS HESA:

kst 54 AlEEE 4 ok=ERIY (astaxanthin) %
AEIAL 55 (H. pluvialis extract) L o] F E2S
HERAL] S 2H2E- 0 2 EHAIT] IS (As-p-CD
o} Hp.-B-CD)= ARESIAAL, thEw o2 R84 3ksiA)|
¢ dEFHES ARSI 43 AN T EEE
Tov XY ok FEE $kete] HrelelaL,
EH3RES] B #2 AZHEC] in vitro AP R
iAoz QW A7FERE HEg-o] O|FAZ|= in vitro AT
of|A QHYs) G} Uehd Ao 2 dhdhe]o] ghlksl S
ZF AN WA S Qe ZA0A B B AFS A
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At WA olxelElY] BuZd 4245 F5y
a1, AH O 2 DPPH 2}t &7, hydroxyl 2}tz &
s 2 xanthine oxidase A3I&A 55 =3Itk
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Q
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Fig. 1. Inhibition rate of astaxanthin, H. pluvialis extract (a)
and inclusion complexes (b) on xanthine oxidase. (a)
. —#—  o-tocopherol;, —=—, astaxanthin; ——, H.
pluvialis extract, (b) : —#—, a-tocopherol; ——, As-B
-CD; —»—, H.p-3-CD.

Xanthine oxidasex= 2§ oA 32 (purine) Aol
oJsh= A4E xanthine?} ¥h3-5PH A3 555 FEshks
82+ (urate)S BFASHA] Ftk Xanthine oxidase$} xanthine
7187} wha-& ARkl 2| JA4 wheo =2 oA 9l
t} [42]. Xanthine oxidase ASJEAL TA HHH ZFoi
A3E 84 (uric acid)d] &S FEE=E SAsk YR
th Fig. 1(a)ollA] B vie} o] JniERAL FE2E52S
I FE (dry matter) 7|22 0.375 pg/mL F=01A 90%
o]/ xanthine oxidaseE A3N3tAL, -2 FZoA Hx
TO 2 A L EFFEHTE & 244S et
o]Z& An 5 (2006) [40]0] H11d AFAT} (1000 pg/mL
N 40% A3H)e} HlashA vl =2 Edo|]ltt (Fig. 1).
Xanthine oxidase A3N&/d2 of~ERRIS] g4tsl Ao

2 7|80 Ba% A& ol X9k xanthine oxidase} xanthine
o] Whg-oll A dofjuh= Bz FA4S Asliske dE= ok~
ezl o] SO Z 2A5S ER1E &= ST 2ASFES
FRAL] oF 50% T B UERllE AoE YR,
1 pg/mLe] F=oA EH3I3HE As-B-CD} Hop.-p-CD=
Z¥7F 70%2} 50% BES] AfEdS BATE (Fig. 1(b)).

(a)

=
=
=]

80 |

60 |

40

20

DPPH radical scavenging activity (%)

ol

1 3 5 10 25
Concentration (ug/mL)

(b)

DPPH radical scavenging activity (%)

06 20 10 200
Concentration (ug/mL)
Fig. 2. DPPH free radical scavenging activities of astaxanthin, H.

pluvialis extract (a) and inclusion complexes (b). (a) :
—#—  a-tocopherol; —<—, astaxanthin; ——, H.

)

pluvialis extract, (b) : —#—, o-tocopherol; —=—, As-3-CD.

TS 7P R Ao ARHAL e ks o A
<l DPPH AHrett 2 2755 AT DPPH=
B fo)A-E sk 9o EFEE, ascorbic acid,
polyhydroxy aromatic compounds, aromatic amine®]] 2]3]|
SAEHA grjZoe] LAEo] A2 Aol A E =T o]
AT s st £4o] Fagosoz S35 WHoth
=74 A3, Fig. 2(a)ol A&} 2o] SrtEIAL F2ES
izl Sk ERHE Bl E4S vElla, v
A OFERIEIS 25 pg/ml FEANA 15% Ax9]
o7 ge 4SS Atk oL dnEIAAL FEE
o FHreElo] e IsHE UEE e 7t2Ezo| =0
o5l &/do] S7HE AR kAt THSRNEY A
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As-p-CDRFO] 200 pg/mLolA 20% A=e] o3t 284S
RIS (Fig. 2(b)), THE FASARL 52 Bon
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Fig. 3. Hydroxyl radical scavenging effects of astaxanthin, H.
pluvialis extract (a) and inclusion complexes (b). (a) :
—#—  qa-tocopherol; —=>—, astaxanthin; —»—, H.
pluvialis extract, (b) : —#—, a-tocopherol; —=—, As-B
-CD; —»—, H.p-B-CD.

U0 hydroxyl 22 2755 574381t hydroxyl
o)z A FERAo] ulg- Zgste] A Akstel]
23 A4S k= Ao dEA Utk Fe9} H,0.7}
HF-3-5= Fenton’s reaction®] 2]l A4J¥ hydroxyl =]z
o] 2-deoxyriboseS 4F8}A]A malondialdehyde (MDA)Z
B3| A)ZIck o]w) MDAE 530 nmollA =33}k hydroxyl
efoige] Mg HES S5 ok oleilele] 29
2.5 pg/mLe] F=0A hydroxyl ZFIZ-S 100% 2731
i, —c‘sﬂu}i?rj% FEEE 2.5 ug/mL F=004 80% A7
FAE=Y] 73"?—, As-B
-CD7} 2.5 pg/mLe] FEA 50% T2 275s B
2, 9 FRSHEE %e BEL Uehich (Fig 30,

O|AL of2ERz- o] 2] du-EHEo| B3] vl

a7 e B4 Uehjglon, Buid Aol =
Zo= H_]_% A IAsh= A=Yt [7,8]. 1Y 7]f
o] AFollA RuERH Luk-EFHEKRT 5008 ©]/d<]
GARFO|= in vivo AHONA D& AAZ in vitro BAS
Aol M= gRlo] ol Aoz AdEn) o] 2 7]E0
HuERA HEPIE R of~elzel o] 34kst g of
Sk vl AFAFAME 1T 4= AT} [48]. EH ST
o st S48 AES Ay, Y ofERER
The w2 &8 Yeha, ol#fs Aif= ofxEfittlo]
Z8] A Rol EAdo] WEER] ghof YeRd Ay}
2 gadtt 7Ee] BudME ¥-E -9 in vitro
S = BAY] vRSAIZES ZA F335 EAR oA &
s E Fo=2 vERdT) [49,50].

A opzebtel e adstet A vl aabrt deiA 9l
o] 34E A2 F4a Qirk of EltEle] wjulgA LS

80
60

o ~1

20

Tyrosinase inhibition rate (%)

oo
=

0.75 1.50 3.00
Concentration (pg/mL)

(b) oo

80

60

40

Tyrosinase inhibition rate (%)

20

0.0 1.5 3.0 10.0
Concentration (pg/mL)

Fig. 4. Inhibition rate of astaxanthin, H. pluvialis extract (a) and
inclusion complexes (b) on tyrosinase activity. (a) : —#—,
kojic acid; —=—, astaxanthin; —*—, H. pluvialis extract,
(b) : —#—, kojic acid; —=—, As-3-CD; —¥—, H.p-3-CD.
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uh ek [33]. PlEAge 71| Bard WHS tyrosinase
272 kojic acid9} HISTE A4S AU = Ao g HaH
Al e/3-5 S793te] Wristct Wehd (melanine) A<
Alell de] #¥dh= HeRe AEiia 242 1S A
of e Aol Egtaolt). o] M40 M3 BE= tyrosine
£ &% E4= 3] dopaquinones AA Aol o]Fof
AW o] % opr]iegt & Tl E ko] Fokgof o3| HE
Z o= daphds dsiA Hrh & AelA Wehd M4
Y3 gl A tyrosinase’} L-dopas 712 Z 3l 27|
g T8 S FXFTH= RS ©]831Y tyrosinase
2o AfeE S4ek= WS ARSIt dA A
vjel EAZ A = kojic acidE HERTF L2 H|wE}
AT} Tyrosinase A3l /43 5745 A7} Fig. 4(a)ollA B
< Hie} o] BE 33 FEoA SRtEIAL FEE0]
=< kojic acid BT} 28) o)do] A4S Uellle AL
2 YERTE Lee 5 (1999)9] AFtellA 7]&] Barg n
HEA Bk 7 U 3259 ICs0%k€] 20-50 pg/mLe] A%
Hluste] SutEFAAL 552 ICso#ke] 5 ug/mL o8t
2 2 A4S el AE RIS [51]. EsK
EANE TP v AYE EIAS FEES
EAZ Hp.-p-CDL E4do] 10 pg/mLe] =04 °F 80%
o] Asls= HERAT (Fig. 4(b)).

oFAEREL ks) Ayt 2l thekgt W5 E EA
YAAE-S sh= Blo0= UeiA Jlal, Ftaae] oish W&
ATEIE HuERAT [14-18]. 123 FFad= st
kg 7|Qlsks AvE AZETh 1 o2 of~ElRIE Y]
&34k~ (oxygen radical) A Aol 2J8F 7HA] (cancer initiation)
9} Z18) (propagation)d] 7G-S FAAIA G, THl
3t oE} So] BaEint [11,12]. & AgtellM= it
Aoz AREE I Qe Y MEF (MCF-7), A8 Al
X (HeLa)oll thal] o} Epela} SnfEI AL 32559
S SASATE AR AT, A9t AT (HeLa)ol
iaiAE izl 5-fluorouracil (5-FU)I} Blasle] HlS:
ShAY =2 MESAS UERAL, 39t AlXEF (MCF-7)
o tisfiM= tZ=T*2] indol-3-carbinol (1;C)2] 50% T2
2 48 JePIT} (Fig. 5(a)). EH3RHE2] Aol 2}
OFH|EF (HeLa)oll thalx] Hp.-p-CD FH3E0] thzt
Ql 5-FU9} Blwste] vis=sh &S YERAT (Fig. 5(b)).
olgist dafe xAsRtE FAHT vlsss ZAHg=),
A SH A AEFTY F 2407 s FAI717]
izl 71 AIZFs TREE E-e] E4do] 73| wd
o] Uehd Ax=E A9k Zirar 5 (2008)2] ATolA
= melarsoprol¥} 1742 ¥H3FHE-2] FAS} A Eo
sk AsllsS 247 484171 72417 B]t vl & 54
Adl, 72412 BEEA] Adlso] 15 BE STk A
I 4 AT [49].

flo 1% &

(@ 100
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20

on
0 10 20 50

Concentration (ug/mL)

(b) 100 |

80 |
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ot
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20

10 20 50
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Fig. 5. Inhibitory effects of astaxanthin, H. pluvialis extract and
inclusion complexes on the growth of cancer cell line
MCEF-7 (a) and HelLa (b) (—*—, I3C for (a) and 5-FU
(b); —<=—, astaxanthin; —%—, As-3-CD; —~—, H.
pluvialis extract; ——, H.p-B-CD).

a8} B9 S E3E P AED Ao @
TGl WFo] B ATNE o} 2EElY AL
a3te PESh. 7% Eie] Il shulo} 2 A}
(Phaffia rhodozyma)o|\X| FZ% of=EbRIS S50 A7}
sjo] TEAL, BT VHEE 24 59 SN H
B o7} et [52]. TlXe] ollgke thik= = alcohol
dehydrogenase (ADH)<} acetaldehyde dehydrogenase (ALDH)
o oJajA] o]FojZit} o]E &A= 717} acetaldehyde2}
acetateS P45 acetate= acetyl-CoAZ H2H=|o] TCA
922 AH UAS S SeHS S 34
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Fig. 6. Effect of astaxanthin, inclusion complexes and jiguja
extract on alcohol oxidation activity (I, jiguja extract;
[, astaxanthin; I, As-B-CD; T, H. pluvialis
extract; M, H.p-B-CD).
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