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Stabilization of Astaxanthin Using Nanoliposome
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Abstract Astaxanthin is an unsaturated compound with a double bond. So it is easily decayed by heat and oxidation (light)
during its storage and processing of it. Nanoliposome formulation technology was utilized to improve the stability of
astaxanthin. Nanoliposome preparation conditions were established and the stability of astaxanthin encapsulated
nanoliposome and free astaxanthin was investigated. Thermal stability and UV-stability of astaxanthin encapsulated
nanoliposome increased up to two times and tree times, respectively. Astaxanthin encapsulated nanoliposome
could be used as a stable functional material for industrial purposes.
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O}2E}ZHEl (astaxanthin, 3,3’-dihydroxy-B,B’-carotene-
4.4'-dione, C4Hs:04, FW 596.9)-2 x}AA ol de] EAs=
AE-F}ZE|=0]= (keto-carotenoid) Z4] polyisoprenoid 2}
oxygen quenching 715 7} benzenoid ring®] 2%
%2, WEF}EE (B-carotene)} w9~ FAKSE 25 AY
I QI ofiERIES A e F2A] M4 AR
N5 5 O W ET 7l SAlsta, HIE EQI
&3l EFHE (a-tocopherol)ol BISI] 550u)0) SFs=
BI7L JFE] e At kst S4olo [1]. okE}
o] st sl 729 C4, C4'9 X
oxo-group WjFo]z}al B 1w o] At [2], o}~ElztEl 9
a3} 712k A58 2F (singlet oxygen)E A|ASEAU [3]
2 E A% [4,5], TEHE 4398 (peroxide chain
reaction)S FAA7)E Ao E deiA A} [6,7]. oF=E}F
1S 3piks) 28-S AF); AkAe] A A o3| 3t =
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B} e o2 dHA Uk L 2 of ElZIRIS] &
734k~ (oxygen radical) A|Al 2]+ 7WA] (cancer initiation)
9} Z18Y (propagation)] IS HAAIA FAS, Tl
it A E T 5o] Bag vl Qo) [8-10]. o] LJell= o}
ZERHR O] gota el g B AT AT BalE L
o} [11-15]. T3k o} ~ERtE 2 W75l &4do] = A
o2 deA Yt [16-21], AFES] tigh X 5ads B
AT} [22,23]. o] Qo= FAS &7 [24], Al A
a3} [25], & 71ed #EE G [26-29], I1Eel g
Q@3 [30]0] B v} ok HESh R ERXIRIS] wlwhEks
o] mmA|E U3 kojic acid$} BIS=E S Y=
o= Byd vk o} [31].
AA7A Y] AFAHE] of=ERZRIY & A
dS3tar Ui, oA AARLAA of~ERRIRIS] &
9 A7t ] o]FojAa AN, oRAERIES
15A%s 7 BESIBIRMER Az A% A] G 4ks)
(el <3l FA gaj=lo] EAgo] 7Haste] 3-8l §F
A7 e Aot [32].

A Fe)H o2 ol ERztRle] QYA Ballw TS
et AP} A= wHIgE AAolt}h. Fujol A= of~E}
LS 83| Sk e g JEA 5 84 it

Y, o ok

% dlo
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& o] &3t AFE Fllg o), Al A8slEA] 2 A
U &5 53 ASEHA BTt [33]. &=
of| A of1ElzHE Az ot QP
gato] B a1 vl 91l [34], chitosan matrixS ©]-8-3}]
olXEZIE S AEslste] 2ol tigh A7 ZiA [35],
7| EARS o] &3l SnEIALZRE F23 o B
< st AP s A e gilslety
o] Bl u} Qlt} [36]. SAWIA] Uje]F oz o} ~ElztE]
APt A= 27] dElola A E=E FAl
=Y F = 7IES BaE vl gtk ok ERES AlE E
SPgEo R Sudelal oleh TE 7EAd wAIE A
317 Haide Ax 2 el wdE=] efar Ea
o] EAo] fAE & UESF sh= 3] Ve 5, s
A& 7|ee] 879k

FHTodl= sPFFY FEAAES TASHAA HFSHA
o FFA1E F e IF FIAFFAILHOEZH
2325 APl tig Filo] FolA|ar ok g EFLS A7)
222 3§k F201E A=Y 78 AR HAER
Aozl =t 1960 At % Alec BanghamS & Zrol|A] 91
A WG 122 A= S 02 SIS [37].
I AAERE FAE TP Y AFA (vesicle) ZA]
A4 2 74 RS SA 21T 4= 919 vitamin,
oFF T 22 AAE ek AEA] (delivery system)
2 B2 A7 JaE L ot [38]. AAAL AYA| e
F8 TR Wil SlEFY] AAHT g AVA|
g fAsE At Ve 2 5A4S YeRdTh mEbA
YEEFL I o)y bddo] 4317 wfiol
Aok @ sPFEAEY FoF TolA A FEHEA
2A S&EHI AT [39]. FE= NAAsHAY A
S Eoled E543% a5 A7) HEiA SHELAES
R FHAIE HHOZ XL AGAA Al=HS
AHEE] gtom [38], 4 EF T e A4 VE
7FA ascorbic acide= ¥ F-¢o] n|wWzQul F2 J) A0

T3 G55 23 JANE FEtH o m EQMAste &
oy 719k HESH HW AkgtEo] O EAo] A

Bl

¢

>

(

¢

o] Aot ol dHS Heksly] 95t Bl
o] ascorbic acidE EZA|A AAA d4to] B
vl AT} [40].

Y2F APl Yr|ES ZL8sA =W 54 A
TR &of] Adshs 98-S she W7 2AY a7t 2
FE A8k Alxro 7] diEdd ey ArF £33
71548 SPEE-S ul2W oFa Aol R o] 2 A
=0a ¢EA dth

2 doMe olFZE 7R EXsRtEE Az
A7 Al 3 4ks) (el o8l A shEo] Erdo] A
st §-&H9lel SAZE A= ofERRIES P Ado] <
g 7154 HEEA AGAeR §5F Wi P
P A BH0E Y| EF AF7|ES 083

o HB3lsin

-

o

i &l

]

=
=

-

YEF AZRE A5t A3 A2 UIF (soy bean)
oM FE38 lecithin® 2 EAME|DZAAE] 75%9)
Lipoid S 75-3N (Lipoid, Germany)E A-8-5}137, cholesterol
£ SolvayA} (Duphaer, France), S E g2 Agtol=
(medium chain triglyceride, MCT)< Paester 9307 (PatechA},
ehE ARESIAL, ethanol (3H=EEAH, =)L LUk
o2 PR AMgslE dEE ARSI e B 34}
THTE ARSI

Astaxanthing SigmaAl (MO, USA)Q| AFS 22X %
7} 92% o]l A& ARSIl o B S #AE
915k HPLC &= ARE-SF HlehE, S/, oMEU|E
2 (acetonitrile)<> Burdick & JacksonA} (MI, USA) A&
°2 BT HPLCHS AMSSITh

LI 2|ZE M=

U 255 AxsH7] 918+ lecithing X338t
cholesterol, MCT (medium chain triglyceride), ethanol=
T+ 57 (oil phase)¥ =4 (water phase)S Z}Z}
60-80C 2 7510 B3R F el Fge 9 s
] (TK Auto Homomixer Mark I, Tokushukikakogyo, Japan)
£ ARESte] 3,000 ipm ] HE2 1087 F3AA 2EF
S AZ3IATE AZE B XEZS 700 bar, 33] microfluidizer
(M-110Y, Microfluidics, MA, USA)E B3 A e EE
S A|Z3IAT} (Table 1).

Table 1. Formula for nanoliposome preparation with different oil
phase composition

Sample A-1 B-1 C-1 D-1
Component Wt%)  (Wt%)  (wt%)  (wt%)
Lecithin 5 5 5 5
MCT - 5 - 5
Oil phase
Cholesterol - - 0.5 0.5
Ethanol 10 10 10 10
Total Total Total Total
Water phase Water 100 100 100 100

EFELI-2ZE M=

IHAPEFE A7) A8t lecithinE T3
cholesterol, Medium chain triglyceride (MCT), ethanol=
TAE= 77 (oil phase)®} 44 (water phase)S 242}
60-80C2 7heale] BalAT] F 540 A4S B3 B2
=X (T.K Auto Homomixer Mark II, Tokushukikakogyo,
Japan)E AF&-31] 3,000 ipme] =2 1087 34 A 2
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IS AZSIATE A GEFY 255 40CE 243
ok JoFAdEQl astaxanthing 3718k 3000 rpme] &%
258 A 2B EEFS AT 2B EES
700 bar, 33] microfluidizer (M-110Y, Microfluidics, MA,
USA)E A IR EES AZ3ATH (Table 2).

Table 2. Formula for astaxanthin encapsulated nanoliposome
preparation with different oil phase composition

Component Sample A (wt%) B (wt%) C (wt%) D (wt%)
Lecithin 5 5 5

Oil phase MCT . 5 -
cholesterol - - 0.5 0.5
Ethanol 10 10 10 10
Water Total Total Total Total

Water phase 100 100 100 100
Astaxanthin 1 1 1 1

HE rdd gt

Table 10149} o] F/ddEe] SH] (wi%)E WA
78X SHRTE HT FUE EHA ofEIRS XS}
© IHYEESY TAYEY XSS AXSI 45T 2=
2 A" @ o]y (HgHshE o]8-ated oA (dark
site)®] 1A BAsIATh o] AlEES 28Y7E WX|s)
WA 7Y 7tAo® HE7 3l Zeta-Potential Analyzer
(ELS-8000, Otasuka Electronics CO, Japan)Z ©]&3}¢]
5234 (dynamic light scattering)?] ¥2]2 EA2k4

g A} Z71E SHSIAT
Astaxanthing| QFM =7}

A ol EREIS HlERS (2 mL)ol] 3.125 pg/mLe] FE
£ 835t AT} ol~ERE S et I =TS Al
3 A8 28UTE HASPHA 2% 9 zpejile] J3S HE
stttk 259 IS FRlstr] s AEE <ol
(NA3HhE o)&3dte] U4 (dark site)e] ZA0A 25T
2 45CE BT, Aol Y IRl ¢824
OS2+ UV lamp (253.7 nm, 19.8 watt, Sankyo Denki Co.,
Japan)< AF8-8IAL 62 cm BRI Aglo|A] ARSI
UVE 23 ti27te] 45 23004 AI8E U= A
A Bt 2tz Alg 5L 28U WA sAA 7Y
¥Ao 2 AE3sEe] HPLC A% (Agilent 1100, Agilent
Technologies Inc., CA, USA)O.2 F-A5}o] of~E}lztE] 9]
e S ARSI

HPLC EMEZ

HPLC system (Agilent 1100, Agilent Technologies Inc.,

CA, USA)E o]&3te] HHL2 Apollo C18 (5 pm, 4.6 x
250 mm, Alltech Associates, IL, USA), AZ7]= UV A=
7] (474 nm)E A8l 745 0.7 mL/minZ 3}a QE-2
T 40TCoA, o] ze Wy /755 95:59
HIEE 33t & ARg3te] A8k [41].

=g ¥Z ZAdu)of we} lecithin 5%, cholesterol 0.5%,
MCT 5%, MCT 5% + cholesterol 0.5% 52| 47}4] &<
A3t (Table 1, 2) SEF, W) XE, XS, IH
W] ZF0 2 AR5 FEsle] 5438 HESIHTE Table 3
oA X npet o] g ZF A|Z Al 150 nm ©|3t=
A=} A7 7} Fob 2.1, lecithin 5% %} cholesterol 0.5%
S-S 2lAZE2 100 nm ©]sle] YR} 7|5 RISk

Table 3. Zeta potential and particle size of liposomes and
nanoliposomes prepared by different formula

Formulation Zeta potential (mV) Particle size (nm)
A1 Liposome -52.27 368.3
Nanoliposome -52.93 89.5
B-1 Liposome -56.32 265.1
Nanoliposome -59.83 127.3
C-1 Liposome -60.00 360.3
Nanoliposome -69.50 77.3
D-1 Liposome -54.94 261.7
Nanoliposome -61.79 120.3

Table 4. Zeta potential and particle size of astaxanthin
encapsulated liposomes and nanoliposomes prepared
by different formula

Formulation Zeta potential (mV) Particle size (nm)
Liposome -52.40 473.9
Nanoliposome -63.58 118
B Liposome -52.40 473.9
Nanoliposome -63.58 82.3
c Liposome -59.18 326.9
Nanoliposome -63.75 140.9
Liposome -61.21
D Nanoliposome -66.92 344.1

9, FHWP=SEF] A5 (Table 4) 150 nm ©J3=2
24 A717F Aol oM, cholesterol 0.5% -3t 2l2E2
100 nm °Js}e] A=} A71E RIS EHSHA] 982 T
SHG A Z7)17F 2A ek o3 ZlEE 74
Well of2BRtEl S o= 7|7 7131 Ao ddt
HA: A e BE Mgl teld 59 @ vEt
Wlem, 1 kel -50 mVolA -70 mV Alel2 PR el
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£ IRletdrt. SAE AR gk FAPE
=], olAs FalA g EEY e E 5785
<t 0|88 4= Ut} [42]. 578} phosphatidyl choline (PC)
2 FAEY & lecithin® A AHEAA 0|2 &2 PC
2 PAE FEZL -10 mVULle e VA= Ae=E &
HA on [42] AERA9 e Hdigke] AW 45 22
o|l& QJxfo] whlE e AR, FEo|= A= S A
o2 Hago] Ut} [43].

45C BT mE A LGS FRIgH A7), g)2Ee]
749 Az AF 368.3 nm (A-1), 265.1 nm (B-1), 360.3 nm
(C-1), 261.7 nm (D-1)22 YA} 2715 YERNleH 21Y
3 426.7 nm (A-1), 444.5 nm (B-1), 572.0 nm (C-1), 442.8 nm
(D-Do=Z YA} 2717 AR AS ER1E 4= Ao 28U
Zo]= 416.6 nm (A-1), 386.7 nm (B-1), 300.1 nm (C-1),
349.1 nm (D-1)2.& YA} F7)7} thA] Eolses AS 39
3k 4= AT} (Fig. 14(a)). ©13 Alte] Agol me} 2%
7t VTS YIS EAREo] EEEiA YAk uhe
T3k Q)= lecithin®] Ax|Fo] EAJslE o] EHAS
ZH| sted FFsiAE e ALY o R AdEr EE
o] B9t RS SIS 4= AUTH [44].
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Fig. 1. Effect of various lipids on the long-term stability of (a)
liposomes and (b) nanoliposomes.

el EE0] A9 Alx A% 89.5 nm (A-1), 127.3 nm
(B-1), 77.3 nm (C-1), 120.3 nm (D-1)¢] ¢4=} =71= Jehy
01 2891 o] 113.8 nm (A-1), 1792 nm (B-1), 103.8 nm
(C-1), 162.0 nm (D-1\2-2 A= AEHT} 97} 7|7} thae
AAE 7S B JAt 2olee Ak 3 o
ERER] @910 cholesterol 0.5% 718 Aol 718 9F4
S IRIF 4 AT (Fig. 14(b)).

Fig. 15(a)0llA B nle} o] IHTEF AA] A =27]
7t AR} 289 £ YA A7 Fop o, Aldo] Bt
A te Ae G F AATh

FIHP=YEFNAM = 289 F lecithin 5% T3+ =
219041 90.0 nm, MCT (medium chain triglyceride) 5%
53k Z70) A 167.7 nm, cholesterol 0.5% $H+3F =4
o4 117.2 nm, cholesterol 0.5%<} MCT (medium chain
triglyceride) 5% $FR3F 21IM 175.4 nme] =712 Y}
WAL Lecithin 5% ZZ004 A% 25HTE =77} tha
Zo]50] Eekyel Alde B o, cholesterol 0.5% 3Hr
& AFol 7P S G 5 AT (Fig. 15(b)).
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Fig. 2. Effect of various lipids on the long-term stability of (a)
astaxanthin encapsulated liposomes and (b) astaxanthin
encapsulated nanoliposomes.
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o 22 A AAES TR
FERG Y50l ¥ Hge As A
cholesterol 0.5% 3H3t A|&o] 714 oFgdl AL el
AATE O]ASZ cholesterol®] 2]EF o|FH ol A HE
S A7) 9] A S Ao EA o
A MRS ST 2t 9 & AT [45,46].
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OSBRSS ST I W 25 9 ok ERRiEl S
Wehs (2 mL)ol] 3.125 pg/mLe] =2 &35le] A8
Azstdet UV er A2 e thek HA H7HE 28¢Y
B2 X8k, HPLC 2418 B3 ofEltel e 7 35F
< Axkste] MFAES 7S
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Fig. 3. Effect of temperature on the long-term stability of astaxanthin
and astaxanthin in nanoliposomes; (a) 25°C, (b) 45°C.

A AY, 25CollA] HEA] of2elel glafo] 28YUA|
50% FFo R ZHaE vha I EES 70%7}F %
Fole] IHYES FA A olxelxElY vlwgs A

20%2] Aol FdE A ERIT 4= A (Fig. 3(a)).
45C R A] of~ERE 3haFo] 28YUA| 30% o2 &
A3 FAEo] L5 gl W7t Edolgle AL 3}
g 4 Ao T U= EF] 79 of~ERE Fefo]
28YUA 60%7F FESF TRPEES FA A ofEl
7} vl 75 28 A= ePgAe] Zoldl S & S 3
At (Fig. 3(b)).

T3l UV 2RO A Fig. 4004 B v} o] =44
9] of~EREIL 7Y A F 50%7F EAEA 28U
15%2] =8-S VERSITE vha 2] EFe] 74
A= 70%0) g e so= et Qg do] dE
AL Qg & AT

120

—@— Astaxanthin in nanoliposome
100 —O— Astaxanthin

80 |

60 |

4t

Relative stability (%)

20|

0 7 m 21 2
Storage time (day)

Fig. 4. Effect of UV irradiation on the long-term stability of astaxanthin
and astaxanthin in nanoliposomes at room temperature.
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B ATeE o FATE Fhd BEsETRE Az}
A A Gt 235} (el J3) 4 shisto] BAo] st
of 89N AV} e olEkIEIS] bR L Slat
of LpeelEE AR7)1%S olgskitt AR B
Fot] 2|2 Az L 2NE FSAT, Tk
QEES Azste] L) oliEART} QRS
HESNGT. oERIS TPs] TR EE A A
FA] ol-Ee] 13} Goll th3t Qo] 29 =
P, UV QPR 30 PR 22 sk
opde] ANEHE oliEIES TAHT TRk EES
QPgo] 953 7154 AR AiHoR SEE HIln
SIS B B2 F e Rew e,

B ATE Sl Iesh $RU7EAFAL A
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