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71 BFEEZA 93 A8H 715 S 714 ascorbic acidyE FERH o2 EotASIA 44
ALslx] = o)#] g ascorbic acid®] AMELE A A|sl7] Y8 @ EFo] 443 ascorbic acidZ
BFYAIA HAZ A EEFES ARFAG. kA HEXE9 ARE 93 cholesterolo] L} B
-sitosterolo] ] X &9 QtAZlo wlxlE FIFL HA Y ow ascorbic acide] A3 E
%13 datslAl2  butylated hydroxytoluene(BHT), tertiary butylhydroquinone(TBHQ)S} o
-glycosyl rutin, natural concentrated tocopherolS A}-8-3}<]t}.

dEZF A ZA] cholesterolo) L} B -sitosterolS AF-83+ 739 ascorbic acid®) Ars7} A3 A
8 o]& cholesterolo] ) B -sitosterolo] ) £%¢] o] ZFulS 733t ¥ 3l ascorbic acid
o] &S HAAA AsE BAstE Aoz AAHG. ET cholesterold] s k7 0.3%4]
BT M AT HEFo] RS F Uk AH2-F FAESHAI = ascorbic acidel]
et 25 AstdAlgdE Yelglem tertiary butylhydroquinone, @ -glycosyl rutin,
butylated hydroxytoluene, natural concentrated tocopherol =92 & S8 Hgth. 2u

Ak D 3FAFE o] AFRE = ascorbic acid?) AHstdAoE AR} Y 2L T4 S
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Abstract

Ascorbic acid which has various physiological benefits as the functional substance is easily
oxidized and destroyed by the structural instability. Liposome encapsulated pure ascorbic acid
was prepared for the sake of the constraint of oxidation. The influence of cholestrol or A
-sitosterol on the stabilization of liposome was investigated. Butylated hydroxytoluene(BHT),
tertiary butylhydroquinone(TBHQ), « -glycosyl rutin and natural concentrated tocopherol were
used for constraint of oxidation of ascorbic acid.

The presence of cholesterol or A -sitosterol decreased oxidation of ascorbic acid. That results
were thought that cholesterol or g -sitosterol so increased rigidity of bilayer that the leakage
of vitamin C decreased. As a result, the oxidation and degradation of vitamin C were
constrained. At 0.3w/w% cholesterol content the most stable liposome was formulated.

The whole antioxidant that used at the research constrained oxidation of ascorbic acid. The
antioxidation for ascorbic acid increased in order of tertiary butylhydroquinone, a -glycosyl
rutin, butylated hydroxytoluene and natural concentrated tocopherol. But e« -glycosyl rutin is
preferable to tertiary butylhydroquinone which was the most effective in antioxidation as the

antioxidant of ascorbic acid which was utilized in cosmetics and pharmacy.

Ascorbic acid(vitamin C)¥= Q14|19 WY V|5 & =432 IF, A4F, BAEH, &5
59 FA4849 collagens] WAL 359 Aol FRd AT Y= 332
S st sf EFS HolFe JES . B FEFS WASy AAEA ARE
FAAIY A F fE 2] ARE Fi 427 B§E dodleE AL ]

histamine 34 2 =3} #A Fo| FHXE HNAIE melamined] FAHE Fo}
w2 A o]t}  Ascorbic acid: 7y -lactoned} FALS FTFERE BoHASY FU|(AtA)S €, R

7 2 RBH RAEA wEEe] HA BaAET. HFEY FeME FLFol &



e o] £4d FolNe B o] &AHAT WE Loz Ay FEE
49l ascorbic acid7} <UAASEA Ry WEe] oo, HFE, HFF FAME active
ingredient®= A A 2F9] ascorbic acidito] ALEEHE Aoz dA Y.

o] 2] 3t ascorbic acide] ©HS BYslu AAALES FFAI 7] 918t ascorbic acid
% A|(derivatives)7} AME-E[ A vE E&WHAA thh HolxE= Wi Utk mwEA o
ascorbic acid®] 43P} A2 sl ot 3to] HAJo] && L ¢t} Ascorbic acid®] coating
technique, granulation 5°| AFH YL granulation & 71 G F AN A ascorbic acide] I}
7} dojdti= @Ho] Qo coating technique= H|AA|ZolBE o]E o]2e] W o]
ANEszn 9. GEEFig ) A7) 222 3gstes F2ol= Yxise 73 AAA
AR FoH e 196030 % Alec Banghame B &4 QAR Ao] HAFE 22 ¥
e A ALz 2AHYY.

T84 heads(AF7)9 E84 tails(2F7N)E 7M1 FHuiAY EAZ 7A€ JEFLS
o2 AsAge st ALHozZ ZAYso HEH FRE HoledH I A7
lamellarityo] w2} SUV(small unilamellar vesicle), LUV(large unilamellar vesicle), MLV (multi-

rr

lamellar vesicle), OLV(oligolamellar vesicle) o2 EEH}”). o]t o] tiks
lamellarity®} Z7]& YElE A EEFL 1 Z7)71 200m~FmAEo)w A¥uty A
TZ2E 7H olFu e QALY FAIREYZ AHSHY FAE g 4molth

dAE 22 Hd AFZRE TEoR HEEL FAXNARE el fHEEFRTY A
3, A8l sle A F4 H(aqueous core)dl] = & A (water-soluble) A 2o,
AX A woll= 2§ (oil-soluble) A #o] 71&3ts0] AF I/HA B 258 BY
(encapsulation)3l= 5o} gltt. X ZFdE F&A4 - ALA vlEY, F(aromas), WA
(colors), °F=(drugs), HM(vaccines) 5 2 22L& 24T 5 Jon BYH 22L A7
ol Agel wet A3 FEsA HEd olFute AnA(rigidity)S A3Ety BB
FEE 24 5 Q0 oHT B4 dFo) PEEL AY BolME B AL
(drug carrier) @ 9FE W 3 v A(capsulation)2, 3}FE Hoto = s A (nutrient
carrier) 2 T HGAR, 98 HopolxE H A R H(gene therapy) ¥ < 3t aw
(cancer chemotherapy) 528 da ArLsH1 b2,

£ A= ascorbic acidE @ X Fo] Betd A AXEZL AFsP. R
& ZEEF) AXE Y cholesterolo] L} 19} GAME FZE 7}A  B-sitosterolo] @) £E
o bt wAE GFS FAHIAYL. olE FEO wi Axd XS 29H
ML B EE AV WEHE B3l BEPonw B9 w ascorbic acid 9o] 7AW 3}
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2 X3}9] ascorbic acid®) <+A 8}o cholesterolo] Lt B -sitosterolo] vl X+ 93-S Pr}st
t}.  E3 ascorbic acid®] A3t WA E A EF A=A FABAZ butylated hydroxy-
toluene(BHT), «-glycosyl rutin( @ G-rutin)3} tertiary butylhydroquinone(TBHQ), natural concen-
trated tocopherol(nc-tocopherol)-S- A]-%’;Gl-ﬁt}. AL gAkslA 9} B3 & %7} ascorbic acid
7t Bdd B xEE vAE dgE B9 st A8g v, Bristed S 4t
AE AA etz

2. o] A5y

2.1 Ascorbic acid(ascorbic acid)e] 4+3}

Ascorbic acid(L-ascorbic acid)¥= 7 -lactoned} F-A}E FZX2 EAs B, F7)(AtAD),
2, 4 S9 9L wo} A A3l=o] dehydroascorbic acid7} ® i},

Ascorbic acid®] AF3uEg-S s} AE5AHA F Mo AxpA o] 3} A (electron transfer
process)Ql £ o] 29 a2 Q3 ascorbic acide] A3} = 7}A|(intermediate)] dehydro-
ascorbate radicalo] RHEOIA|T o]& WHEAo] FHStau I AAIE 28AE &AM 1E
219] ascorbic acid®} 1%2}9] dehydroascorbic acid® A &TH'®. gatsgAls o] o AA
B dehydroascorbate radical®} ®WF&3&te] 3] 7|(radical)E& YA F| B2 A3NESE oA %
t}.  Ascorbic acid9] AFs}ub8-2 7} 2 o|m ascorbic acide] 433 ¢ dehydroascorbic acid
Al vt o g A9 AEE AL 7MRA 2 vk, 3R % dehydroascorbic acidE A 7}
T8l H o] 2,3-diketo-L-gulonic acid7} THEOIX)=H ol FI2EA|7]9 o] 27)9)
C=07]5 Z7] W&o 2 FS(BEEAZ A& ArAQ 72 24Rd =7 499
C=071¢] AgZ(120 °) Q& AL AX ] AFEst e FEHS AAE7] o
A H7tdH oz EBaEHo] L-lyxosic acid®} L-xylosic acid7} A HEH o5&
ascorbic acid2 A 9] A FA4S goimd Aejolnt”.

Fig. 2] @atshale) f2i7lo] di@ #9288 Jehhnen, Fig 3o ascorbic
acid®] 4t3}, B AA S el
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g EZ L lecithin(Emulmetik 950, Lucas Meyer, Hamburg, Germany)& Al-8-3}o] A X8}
At} Emulmetik 9502 hydrogenated @ A|¥1© & phosphatidylcholine(PC)7} 94.0%°]¢ X
3t=lo] 9lt}.  Ascorbic acide BASF KoreaZ 2 E] FFut o™, propylene glycol(PG)+
Shinyo Pure Chem. Co.(Japan)ol] 4], ethanol(EtOH)S Duksan Pure Chem. Co.(Korea)ol 4|
medium chain triglycerideMMCT)¥= Inolex Chemical(U.S.A.)o| 4], macadamia oil> N.O.L
(U.S.A) A 13t ALE-3t o

g X2 Z9 o]FH 73 A|Z+= cholesterol(Chol)3} S -sitosterol2 A}&3H T}l Chol.&
Nippon Chem.(Japan)oj] 4] FFwtgkew, pB-sitosterol American Ingredients(U.S.A.)E 5
TH Lot AL A THTable 1). E A1k £M§ AFE AR en £2 24 S/
£ AH&ststh

A31E WA S @43 Al = butylated hydroxytoluene(BHT), a -glycosyl rutin( @ G-rutin),
tertiary butylhydroquinone(TBHQ) 2 natural concentrated tocopherol (nc-tocopherol)S- A}-8 3}
Row Az3|ALe} Fx24-S Table 20 YeEhAAT.

32 Aguy
3.2.1 Lecithin paste®] A%

& %E2 homogenizer
(Dasan, Korea)2 65C, 3000rpmolj A 1083 #A3}slHrt. T AZH lecithin mixture=
Microfluidizer(M-110Y, Microfluidics Co. U.S.A)E 657, 500baroj A 13] ZHA]A lecithin

pasteS A X34t}

Lecithin(Emulmetik 950)] EtOH, MCT, PG 2@ &%

e
ro

il
o

322 FEF Ax
3.2.2.1 Ascorbic acid7} BJ® Z2F9 A= |

Lecithin paste(50w/w%)ol] ascorbic acidB3w/w%)9} ZFFQRTwW/W%)E ¥ il 500barol] A 3
3 FHAA 14 HAEEFS AzsA. AzP 123 PEF chol.o]} B-sitosterol] &
& 0.1, 03, 0.6%= t}2 A 3o macadamia oil(20w/w%)3} 7 2L 3 T}A] 500baro)]
A 33 SHAIA 22 AEEFES A=A ARA 25E 65TE 9A48A FA8 90
Az 22 B EEFL 25TAA ABste] RA3H o1, ascorbic acide] A9t E ¢ st
o AFE&71E AHES AT BBAl DT L7]9] head space’t A7|A] REE P ow A
ol M FHEF9 A9 B AW ascorbic acide] FHEE =AYt

i 3shgE a8 =], #2549, 3%, 1999



3.2.2.2 Ascorbic acid$} FAEA7E THE PEF A=

F84 FAsA7} FiE FETEFL lecithin paste(5S0w/w%)oll @ G-rutin] 1} TBHQS
=T 2 7z} 0.05, 0.1, 02ww%=E 3} ascorbic acid3w/w¥%)St FHTFRIWWY%)E Bl
500baro] A} 33) EF}AA 12 AXTZL AzPT. A 1xp ZH X =9 macadamia oil
(20w/w%)E ¥ 3 500baroll Al 33] BHAIA 22 YEFS ARXFAH

&4 FastAL dFE Y EEL lecithin paste(S0w/w%)oll ascorbic acid(3w/w%)<}
FRFQIWWRE B3 S00barol A 38 ERAA 13 HEFE AZHD o) § Az |
2} B EFo| 3akstAlQl BHTY ne-tocopherol] F%E zbzh 0.05, 0.1, 02(ww)%ZE 34
macadamia oilQ0w/w%)3} A Y1 500barol| A 33 FHAA 22 AEFHFE AZSHC.
AzA EE 65TE 487 FAFHAYG. Azxd YEFL 4, 25, 35T 27 2
F8te] AF 7o) RASAM EUR ascorbic acids] Azte] WE PWsE Sk}

323 ¥ F9 294 ¢AA Bt

Az" Jd¥EFEY dAA HIE Y8 T34 (dynamic light scattering method,
DLS)*™g ol gste] HEF 2718 FHFA

ZAof Algd FAatelr A X += Malvern system(Malvern PCS 4700, Malvern Instruments,
UK)e =z & o] 633nm¢] 50mW  He-Ne laser(Siemens, LGK 7626)2} PMT(PCS100),
stepmotor controller(PCS7), correlator(K7032ES), pump/filter unit(PR985, temperature controller
(PCS8)E FAFHO slew, F4te dolE = Malvern 4700 sofiware® HAIstg v, E3§
54 E5E 25TE dAsHA fAstden 53 Z4xs 90 °2 ¥A43san. A9 =2
| 332 33 AAsted BEgS FHeA

N

3.2.4 Titration method

Ascorbic acide] W3 titration method™®® =3 3} Q).

Liposome 1mfo] IN NaCl £ 49m& 718t SOmge] A58 AS wtE & 01N 82
o R HAYsHY. HAgfozE HEAY 1mE AL E3H . Aascorbic acid®] 42
obef Ao eJstd AtsA ).

018N 82=9 1m0 = 8.806mg ascorbic acid

4, A3 2@ 3 F



4.1 X F ¢AA

Ascorbic acid® 23 Rt} QAT X EFL w57 Y48 1x & £ sterol] chol.
< 27 0.1, 03, 0.6(ww%) H7tste] 23 B EE S AXdL T WYPLR chol.gjle
B-sitosterol & AH§3t] 23 Bl EF S Azdtd PXF FAANE vlmFrtsAt

BEE Y GALL A wE AR Av] WIE T BF}AoH B
g ascorbic acid®] Alzte] WE FWstE T A oE B EFo] ascorbic acide] LA
gto] v 4FE HrhetQ. Fig 49 So J¥FY A7) AFE JE S Fig.
67} 79l ascorbic acid®] ZFAIZte] WE FWIE 7247 YEAAT

Fig. 4ol A& chol.9] okslo wE XX qzt A7 WetE "}E}Lﬂﬁi-‘fﬂl chol. 2]
Fol Frtgtel wet B EFo A7) FA Azt FIHEE HolAwl 30de] ARstdr A
71 duE HEE Rolx ottt wEtA cholo] AATI fASHA B EFY o]FH
o 71¢] o ol At IS F& A2 AAEH. Chol.& TFsA ¥L X
F92 A7F A% F71EE Holed ol EHAS AA 9 A} AEHE HFEF
A =Ll 3] FH(aggregation) o 2 3t Yz} A7t 274 Ao AlEEh. Chol.o] 0.3%
FrE AXEET 0.6% FRHE HXF AS A 27 SIS EIE Azbe]l Adel w
2 dANFHEY ol o]FuoA chol.o] wHLH(repulsive force)g -FUAIF|aL gt
rigidity 2 ZA3AA HE An3 Fozy oFute FxA (AL FIHAIIZ] Wil
e 2Ee v A HHE 5 QP

Fig. 5ol A+ chol.3®} §AFg F%<¢l B-sitosterold] %o W g xXEFe =] ‘iﬂ;ﬁ}%
YERASATE.  B-sitosterol HA] AEF P& AV)E FIMANZ 20 chol.i} ol T Alol
o A=l dAY AVNE FIMNIIE Aoz AZFo. AT 3Yo] Y Fo:
chol.zhi= 22 A9 A7t A% FrlstAe ol B-sitosterolo] o] Fubel A ghe]
BEd JAXAHe] A9y RFo2 QA AVt A& FUtE Aoz AlgdEY. g
Ee A7 280~550mA =2 chol.9] 280~330me} HluY w FHez AA e
Y=g ol B-sitosterol?] Ez}7} chol.dll H)El =Z7] WEQ AxZ yztmE

4.2 Ascorbic acide] QtAA o}

Fig. 63} 72 chol.o]1} B -sitosterol?] x50 w}a} 2<9]E ascorbic acid®) Fe] AHAW
35 JeEld 2Yolt}.  Ascorbic acid®] -8 A7} ascorbic acidE YA 2 EFL v
8w gxEE 2 ZH$ ascorbic acid -8 Mol H|Et 43 ascorbic acid9] FAAL BRA

thekelgE 58] =), A254, 3%, 1999



th. ol & FoA ascorbic acid7t @A A3}, B3 v HEF-L ascorbic
acidE BYste] AR EZFA HES SJ22A Asks} E3lg JAse 988 & 2
B2 AZ4HEY. T=3E chol.o]v} A-sitosterolo)] 3@ @l EE9] 79 chol.o]u} A -sitosterol
of XA FL YXEFo| Hlste ascorbic acid®] &4Ho] HA YEltEd ol chol.3t
B -sitosterolo] 2t9] rigidityE 7F3}etd FYPE EH FE 5 (permeabdility)d] FFE F
oz2x O AT A XEFo| YAt Alsdth

43 g4 a2

E]E%VH]}__A] ascorbic acid®] ArslHFA]|E 9jsle FAE31A|Ql BHT, o G-rutin, TBHQ
2 nc-tocopherols H7lst el FastAe T 747 0.05, 0.1, 02%=2 dHch. A=
g AEFL F22ANA BAstHA A7A T wE ascorbic acide] FWIE A3}
Rt Fig. 8~11°] F2spA ] £/7 9 B o] W& ascorbic acide) ¥ sE YUYt

Fig. 8& &3} BHT/} ¥3® 2]XFo| ascorbic acid 89 F+= BHTE 7}81# @&
< YEF vt o B& ascorbic acidE T IS & 4 k. 35TolA 14Yo] A
Y ¥ BHTY ¥%o] #AGlol ascorbic acid®] F& 734%E GAsHon 4TAAME=
BHT9] F%7} 0.05%%Y ) ascorbic acid®] o] 73.4%0]Y o1} 0.1%0] 4 W& 76.3%
2 BHTY sk d#glol €488At. o]l BHTZ} 0.1%0) e o o4 3iksa
A7 THHAA FE AL AN F AT EI} BE FEAN X9 TS ¥ @
3 A H5e Fas ZHE Yeided oF Tt BHTE Hojx 4~35THE
Mz vlad doll kA A &t gz & ¢ e

Fig. 93 102 +°84¢ oG-rutin? TBHQ7l &-48 2 EFo)A ascorbic acids] %
32 247 Udetd 29o2 4 F 44 H A ascorbic acidol] tldte] £ g4tst g}
E 2olu 3. AA FHEQ nutin®] FE4AE /HME oGnuting BE 3N 2%
of BAgle] ascorbic acide] ¥o] 76.3%2 WA A FEFRTE  o]E 0.05%0]319] ¥
M aG-rutino] 3443t g8 zZhetan & 4 9l

TBHQ+ 4, 25ToA Z4Z 14¥o] AY ¥ X #AQYe] ascorbic acide] e
822.%% YAsHom 35T = ascorbic acid®] Fo) 76.4%= 4, 25Co] H)sle = A
Hebg e ol TBHQZE el EdAste] datstaatel 28 Yy Aoz Aag
t}.

Fig. 11& nc-tocopherol?] 3213} &3 el -19 © 2 nc-tocopherol®] #H-$ 14 0]
Ak 25, 35CoAlA Fxe BAGlol A Hl=d AFAMEHAE RIS & F gt



& xd u}E ascorbic acid®] UAAL 35CRTE 4ToA vy FL& AFAE AU
o] & ascorbic acid®] AtEHFSolAM WL H&ATIE 8AQd WH FUIE ASAD H
oM ol 7t&3s ao A ALY HELE AF4dAH.

AAH oz FAsA7L g AEFY H ¢ FASA7L TFEHA &L X FA H|
3lo] %<l 5 ascorbic acide] &40 At Ascorbic acidol] i3t A3} A A I = tertiary
butylhydroquinone, a -glycosyl rutin, butylated hydroxytoluene, natural concentrated tocopherol
o2 $5EE BYd-

a G-rutin®} TBHQE fAM3H 34 &35 Vellem nc-tocopheroldt BHTE= «
G-rutin, TBHQel| u]3}o] Azt a7t vjnd A vebgted o= polypheonisidl «a
G-rutin®} TBHQ7} ascorbic acid®] §2]7]¢1 dehydroascorbic acid® QA7)+ hydroxy7]
& B4 el Bo] ¥£335t7] g Vet A7 Atsd

5.d &

Ascorbic acid®] A3 E o A3t7] Y] $43F ascorbic acidE B YA|7l HAT Y E

o

Azsta T AE ascorbic acid®] AFsHEAE et FASAE ALEH A} A
2 A28 4ddH-

Cholesterolo} 1} B -sitosterolo] @] X ZE9] o9& 7}3}sled B Y3F ascorbic acide]
&, A3 9@ BlE Ao Z A ascorbic acide] A B 1A Etg . EFE cholesterol
ol FE7F 03% A5 7HF AR HEF] AHFHA

AHE¥ §AFEA| & ascorbic aciddl]l it R2F A A EHE VEFIJ S Y tertiary
butylhydroquinone, «-glycosyl rutin, butylated hydroxytoluene, natural concentrated tocopherol
co2 e 2y, @A A3 AQ tertiary butylhydroquinoneol H]&lo] Ab3}ubx]
AN tha HofAAR HABANA F5F F3AQ] a-glycosyl rutino] A f 2
74 Fol AHgElE ascorbic acide] AsdAdE o P Aoz Yz

23 xE A
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Table 1. The Chemical Formula of Cholesterol and B -sitosterol

Chemical formula Maker
H,C CH,
N CH Nippon Fine
cholesterol ?
CH, Chem.
(chol.)
Japan
OH
American
B —sitosterol Ingredients
U. S. A
Table 2. The Chemical Formula of Antioxidants
Antioxidant Chemical formula Maker
c OH
butylated (CHy); C(CHy,
Eastman
hydroxy toluene
US.A
(BHT)
CH,
OH
HO Toyo sugar

a —glycosyl rutin
(@ G-rutin)

OH

refining co. LTD.

O-Gluc-O-Rha Japan
OH 0O
OH
. . C(CH
tertiary butyl hydroguinone ( 2)2 Eastman
(TBHQ) US.A
OH
natural concentrated CH, CH, H,
oconherol CH o™ | ;,3 LIBiol
0OCophero on (CH.); | CH(CH,), CH, France

(nc~-tocopherol)

CH,




multilamellar

Y- Lipophilic active ingredients
= Hydrophilic active ingredients

fl= Phophatidylcholine

unilamellar

Structure of unilamellar and multilamellar liposome.

1.

Fig.

A|2574, 3%, 1999
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H H
—C-C-C-CC— +AH >  _C-C-C:CC— + A
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RO + AH — ROH + A-

Fig. 2. The function of antioxidant for free radicals.
(AH : antioxidant, R : alkyl group)
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Fig. 3. The oxidation and degradation of ascorbic acid(vitamin C).
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Fig. 4. The size of liposome prepared from different amount of cholesterol.
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Fig. 5. The size of liposome prepared from different amount of g -sitosterol.
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Fig. 6. The residual amount of vitamin C in liposome prepared from different amount of
cholesterol.
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Fig. 7. The residual amount of vitamin C in liposome prepared from different amount of
B -sitosterol.
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Fig. 8. The residual amount of vitamin C in liposome prepared from different amount of
BHT(butylated hydroxytoluene) at 4, 25, 35°C.
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Fig. 9. The residual amount of vitamin C in liposome prepared from different amount of
a G-rutin( @ -glycosyl rutin) at 4, 25, 35°C.
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Fig. 10. The residual amount of vitamin C in liposome prepared from different amount of
TBHQ(tertiary butylhydroquinone) at 4, 25, 35°C.
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Fig. 11. The residual amount of vitamin C in liposome prepared from different amount of
nc-tocopherol(natural concentrated tocopherol) at 4, 25, 35C.
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