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Gal/do] v Az HUl pH Fo A allel ofa o] oA = @i ol

¥ =(a-tocopherol)ell H|3] 5508) ZHH3 FisteS VA= 2H=E, G,
25 59 sFA = SAST. Ad S}, kst 2 gy AlE He 5 7
Tl ATHWAA o okE, A, FEE o AR &80 VgH e =
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A2 Az R TH

1. 48 A=

B Ao AVSH H pluvialis= S#|0l A dvfERF~(ofo]ETEA TF-2
siholH, &g = -40TdA B& Bt F58& ARE ARSI T 3+
4 astaxanthin sigma aldrich(Korea)oll Al T4t #|FS AFE-3FSI T
FE5 98 =3971(SD-300H, MUJIGAE seong dong, Korea)9}
Homogenizer(PH91, SMT process homogenizer, JAPAN)S A}-&83}%5 o
e ethyl alcohol(DAEJUNG, Siheung-si, 99.9%) %
Acetone(SAMCHUN, Pyeongtaek-si, 99.7%)2 AF&3}th B39} high

i

i

pressure liquid chromatography(HPLC)&Z&4e A}F-8%  methyl alcohol,
tert-butyl methyl ether, phosphoric acid, chloroform< X% 4 3s}st
(Gyeonggi—do, Korea)} supelco(darmstadt, Germany), Fisher
scientific(Seoul, Korea)oll ] HPLC grade® “Frlsle] AF&-3}3ic},



2. A

1) FEA18 astaxanthin® &% &4

(1) UV-VIS Spectrophotometer
UV-VIS Spectrophotometer(uQuant™ Universal Microplate
Spectrophotometer BIO-TEK INSTRUMENTS, USA)Z o]&3}o] 475 nm]

Sgel RS 4ot 29 astaxanthin®] FE BHAT,

(2) HPLC

b AR AR

o

methanol® -3l 8}
1, 2, 4, 8, 16M= A3t H 682l peak areasgto @ TS Alabste] &
A& A=A

astaxanthin &% =4S ¢3] astaxanthin F+=2

ol

L) H]+3t

H. pluvialis25-¥ FZ% esterd astaxanthing freed astaxanthin®® 7
A 717] 98 Han(12)e] WS WA AA H pluvialis F=E2= V7314 2
At g FEES AAFE3Y chloroform 1 mLE FH7FgF & Methyl
alcohol 4 mLE& F7fste] ZatAl awEgth methanolic 0.1N NaOH 5 mLE&
A7bsle] 20CAA 2A17F WA & B Elg T,
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astaxanthin 3% A2  Han(12)9 WS WHIAA  SAHSSH
HPLC(Waters 2695, Prodigy Scientific, USA)+ Eclipse Plus C18(4.6 x 250
mm, 5 ym)E °]&3al HE7]= UV/visible H&71(475 nm)E AH838F3d. 2
H 2EE 30C2 FA8% Y. 9% 10 L, 52 1.0 mL/min, ©]&72
&l A(MMeOH), €9l B(MTBE), &" C(1% phosphoric acid)& AH&-3t3ith
Free astaxanthin®} ester astaxanthing 2|3}7] ¢lste] Agule= 1587HA

91%, 25874 66%, 40%7t4] 16%= &3ttt HPLC %7 Q89°FS Table
1 A5k T



Table 1. A High performance liquid chromatography analysis condition for
determination of astaxanthin contents. MeOH : Methanol, MTBE : Methyl
Tertiary Buthyl Ether.

HPLC analysis system

Instrument Waters 2695
Column C18 Eclipse Plus 4.6 x 250 mm, 5 pm
Column temp. 30T
Detector UV/vis detector
Wavelength 475 nm
Injection volume 10 uL
Flow rate 1 mL/min
Eluent system A : MeOH, B : MTBE, C: 1% HsPO,
Gradient solution A B C
0~15min 91% 5% 4%
16~25min 66% 30% 4%
26~30min 16% 80% 4%
31~40min 16% 0% 4%




2) F= Wi

() g53e

H. pluvialis ¥4 &2 0.5 go|l 32} 7 10 mLE Yo 1A &<k =39
(SD-300H, MUJIGAE seong dong, Korea)F&=S 83} t}t. o]% 118
St 225 FZsle] 27 108 &<t =319 filter paper(Whatman 2,

Cytiva, China)E o]-&3fe] ZHete]agth & 10 mL= A &3l

2 &7 =

H. pluvialis ¥4 2 05 gol &9 10 mLE Hol 1A% &< 253
(SD-300H, MUJIGAE)®  FZ39t}. {ujE= Ethanol, Acetone,
Acetone+ Ethanol &3 (1:1, v/ AH&3IATE 5 @8] 7M8 £ &1
E At & s 253 F= A 225 242 AR, 2413, 3A1%L
g, 50T, 70CE  =zFse  FE HAH e B olF
homogenizer(PH91, SMT Co. Ltd) 3500 rpmellA 10% &<t F=3F% )
filter paper(Whatman 2)& ©]83}o] At 3tst 3 10 mL= A 8385t

(3) okl A F=
H. pluvialis 3 % 5 gol TFF 100 mLE ¥ o}dA(TPR-I,
T-04231, Taiatus techno, Japan)& ©]&3to] 4+¥ 3 MPa, Heater 50V,
Motor 150 rpm ZdoA &%% 80T, 120T, 180T, 210C= =xZA3te F=
Ptk m&e] 7 F& 2%E Ad¥ete] 80% Ethyl alcohol® F&3FItH
3 filter paper(Whatman 2)& ©]&3}e] #ZHolzst & 100 mL= 483
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3. SAAY

e Ad dolHE 33 vE Agsidlon Hit £ XFAXE YERYIT
B ool EAIA 8= IBM SPSS(ver 28, Chicago, 1L, USA)S o]83o] AlF

T 95%(p<0.05)91 4 Duncan’s multiple range testE 3J3}3it}.



A3 23 £ uF
1. ¥4 3¢

1) UV/VIS SpectrophotometerZ o] &3 £A]

UV-VIS SpectrophotometerZE ©|-&3}4] astaxanthin 522 0.1 ug/ul,
0.05 pg/uL, 0.02 pg/uL, 0.01 pg/uL= 3]A4¢k 5 scansto] Ao ~AEF]S
gk A, A= 475 nmete AS G183t (Figure 1) astaxanthin <

=& 0.125 pg/ul, 0.0625 pg/ul, 0.0312 pg/ul, 0.0156 ug/ul, 0.0078 ug/
ll

=

—

it
o
k1
il
%
o
_0|L
2
o
ot
1M
rx
tlo

4% ¥ AUEFHE 475 nmel A E3

Atk ARAS HAES A RPgre] 0.99772.2 1= Ut (Figure 2)
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Astaxanthin Standard
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Figure 1. UV-VIS Spectrophotometer Am.x of astaxanthin standard.
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Figure 2. Calibration curve
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2) HPLCZ o] &3 &4

H. pluvialis %59 astaxanthing ¥43}7] 998 HPLC &4 %H4

93 34, AF TS,

(1) Astaxanthin 532 4]
Astaxanthin®  Sigmarle] AToz 4% 97%  olAS  ALREY
Astaxanthing  "&s  &uje] &3ste] HPLC ¥a & FAA
s}

Astaxanthin ¥+ %54do] 6E ol A7l AEHE AL Fldyr).

(2) H. pluvialis ¥4

Homogenizer & Z53 A2]d [ pluvialis %% astaxanthin &S ¥4
stk =4 23, 919 ZE=de Ayt mshA R 6% ol astaxanthin
free forms &2t = AT} 25~358 9] ester from?] astaxanthine Th&F
ghretal glel A pluvialis F+E2< 7FrisiAelE st HPLC €4 & 38t

At} ester AT Eo] free formo & A7l T A&} astaxanthin

EeEdd 22 ALY ERT=6min)¢ 337t 2G5 = 3S 18 oh.(Figure
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Figure 3. A) HPLC chromatogram of astaxanthin standard solution B)
HPLC chromatogram of /. pluvialis extraction sample C) HPLC

chromatogram of H. pluvialis saponification of extract sample
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C €
1 T
b
20
a
=1 a a a
. _ = 2 - :
E<A

HOW HTHP LTHP EtOH Acetone SC [CO260%+ 5C(C020nN) e (120°C)
EtOH 40%)

a 8 B

&

Astaxanthin content{mgfg drowteq of Hpluvialis)
of Spectrophotometer

i Extract
Figure 4. Astaxanthin content of H. pluvialis according to extraction
method. Extracted according to each method and analyzed with
UV-spectrophotometer. (HDW = hot distilled water, HTHP =
high-temperature and high-pressure, LTHP = low-temperature and
high-pressure, EtOH = ethanol, E+A = ethanol+acetone, SC = super
critical, SWE = subcritical water extraction) Results were expressed as
the mean =+ S.D. Different letters on bars are significantly different

among different concentrations by Duncan’s multiple range test(p<0.05)
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H. pluvialis®] astaxanthin H%& F+& 2525 gYsl7] Y3 F= A7t W3}
Z714L 99.9% EthanolE AM&3te] 1413 &
25T, 50C, 70C® W3S Fo] *

=
ottt AA ko] wet == § HPLCE AREstel A8kal astaxanthin

34.49 mg/g®l astaxanthin % IFS HJyoY 7 2= F5 G489 Ao
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Figure 5. Effect of temperature on the astaxanthin extraction from /A
pluvialis. The extraction conditions were fixed at 99.% ethanol
concentration, extraction time of 1 hour, and ultrasonic extraction. After
extraction, analyzed by HPLC to compare astaxanthin content according

to extraction temperature.
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astaxanthin = %S B3 AL Figure 6°] YeERATE Figure 69 YEF
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of Spectrophotometer

ab
ab
4 2

time(h)

Figure 6. Effect of time on the astaxanthin extraction from /. pluvialis.
The extraction were fixed at 99.9% ethanol concentration, extraction
temperature of 25C, and ultrasonic extraction. After extraction, analyzed
by HPLC to compare astaxanthin content according to extraction time.
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gALEl V)5 o2 2 24y A astaxanthin®] 99.9% EtOHZE 25TColA 2417 =

oF 202 FE=AS W A pluvialis AZEE 1 g3 FHo| 34.11 mgo] =2
T AE Ao FFAr}. Astaxanthin 95E AFESt = M¢-AES £

Ao F& 7oA FEAL 4 $ astaxanthin o] 17.77 ng/g(13)8 AL
IH PSS W o] astaxanthin QFFAAFe] 524 B Hgteirta dds
At wEbA H pluvialiss YRZ o] &3] T B, AMA T AFAG S

22 gFsiA ol 7ted Aom Atm Y

ol¥st H. pluvialiss 71 A4 AE&HAA EtOH F=(14), =3 %
ZFEaA A2 FE(15), EtOH 67C FE(16)WUHoR F&53 4§ IS
4 & astaxanthin®] =2 7+7F 1.26 mg/g, 22.89 mg/g, 14.64 mg/go|th.
2 Ao HAsst 202 astaxanthing FE2HUS B A pluvialis 1=
% 1 g9 astaxanthing 34.11 mg €5 & A= S 1HPS o, o= 7]
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Figure 7. Astaxanthin contents in subcritical water extract of H pluvialis
extracted at different temperatures.
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Figure 9. Residual content of astaxanthin extract as measured by UV-VIS
Spectrophotometer. (A) light-induced pigment stability (B) Colour stability
due to temperature (C) Colour stability depending on the type of gas (D)
Colour stability according to pH
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