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2 o 12 QoML faRs AHORIOIEGS)S] R FesRS & o WA 99,
sodium deoxycholate (SDOC)2} PEG-40 hydrogenated castor oil (HCO)2te] 28 ZAAES —7—“5}0‘1
oh EFE9 A 2A4S Fob] Slofl 2o A ADHE TYste] A¥E Adstal, AdolA €2 d|
o|HE 3] 2Aste] TE 240 st 2ekEe] £ nlAl= °§°§T% ’é’ﬂil_“i?gl'ﬂr. Ssef] SDOC‘:’J%
A7lge o 73U 9 lo] thet SatEo] 7 SFANElY, HCOUWS A7He me s1astelo] 714 a4
o HhH ] o AH|2 29l cetyl ethylhexanoate (CEH)®f tiet 3182 SDOC HCOS &7 d7Hie
ol 7FE 2A eSS & ¢ Aok 734 @ 9@ CEH Z42zbe] tigh fatda 7188k, 3719 5447
of thet SAl HAHSE AR A, HH O] AREGA £ 242 SS 0.7939, SDOC 0.0586, HCO
0.14752 FsfFich.
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Abstract : In this study, we enhanced the emulsifying power and solubilization of sucrose stearate
(SS) by creating mixtures with sodium deoxycholate (SDOC) and PEG-40 hydrogenated castor oil
(HCO). We employed the design of mixture experiments (DOME) methodology to identify the
optimal composition of the mixture, and the impact of varying the mixture composition on its
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characteristics was examined through regression analysis of the experimental data. It was revealed that
the emulsifying power for coconut oil was most improved when only SDOC was added to SS, and
solubilization was most improved when only HCO was added, while the emulsifying power for cetyl
ethylhexanoate (CEH) was most significantly improved when SDOC and HCO were added together.
As a result of simultaneous optimization of three characteristics, emulsifying power for each of
coconut oil and CEH, and solubilization, the optimal surfactant mixture composition was determined
as SS 0.7939, SDOC 0.0586, and HCO 0.1475.

Keywords * Sucrose stearate, Design of mixture experiments, Emulsitying power, Solubilization,

Optimization

1. M B SollA AFAE Eelste 59 a9E & 4 o
7] wizoll, AHEGA ALl gt o] &4
AR AI = o2 A RopllA A, &, AT A7 A E ALAHor s

e g2, A, S 59 0S8 r AR AP 5 SIH5-7].
Hy Qg E3] AlE oo AEeE A= sHFEoIv 71y AEEE 5ol 2ol AAg
SOl A, 8, Al ol @A £ AlY AAE e 7Hesh it 9 Ve 98k
oNAXE Aphase)e] HAIE ol 34, 7% FaskA g, o]t ‘3501 QIA| hdgat kg4
SH, BAAle] 5o ARGEHT ok ARG S& AEEoloR & g go ol 2
AAe] ZEY el MR Aol g 4 4 ALEE IR ASHE B8 A8 =
B 44 AR Be T oA gAR @ P ed A7 wol EHTHDW sFoketAd
53 = ﬂo1To1 oFAGE ARS O 75l A HEHETOE AdoA faiE d=8 A8t AlE
Adl, 7183 A¥e ALjsty diFE 73 o of e Awxte] ¥iol Hd o AXL Ut
Baro]l SR AP g9ty on EoHsy) (8]. AAGAA FollA Hlol2 AR IA= 4

Zoll @ AJZto] AU AIFO] o] HelH BE sbgEolud Agel F2 wol AFHA 9=
7] woldo|th uwetd EHE Ado] HA 7% tl, 71&ollE= PEG (polyethylene glycol) A &2l

el o] Ralslx) gu #de A adz T Hol ARNDIAE P dE A8l
A% 5 AmE ANGAA o] je Fa  frh ST 94 PEGY A% AR HRAS
steH1-3]. oY FelEs] whee fue 4 Qloke
ARSGAL Gt BAL AEe] AA Agw T olfE st AH[RRe] ARl FH A
£ A4S, ARBAAL &5 DRl obd of AL UHH9-101 ofef wet A 4R Fe
o BY 2AE AW ASEE AUt Un4l  7IMeR St vlole AW DA B By
AR ARSGATL AR FE2D | AW o] FTFAA F7F APAY elAE RO ARG
A o9l ThE BLEESo] Zo] Ao 9= A7E AEA FEEEL ok 77 AL ol2~H
7Aool ggutsom ghsold Hr Az He] £ 7t T BRL] $4707 Auste] slesa
Mol kg BEol} gl BAE So] ghds] Al 719k ollAE A o Mol ANBHAIR,
A=A Bl AAE P 2@ wastel A 7€ PEG AQ AWSRATI FET 51
ASAA A7 T RAE AR AgEHE ol tha X uXA|RE, Ao Hstar AYEs)
Agoltt. £ A ARBGA ] 482 Kol A T ool FHE AWY] wiRel I 28
AU A FHE Y AR o AuggA o B 71 e JidiEn lrHlllL
£ EFOIEA ANEA SEe Ad aEdEs B AToAE 57F APAE AE FolA 7
Arole] omHom Eg RS WEo] Ag  F HEHRE o] 2olE FARA Aol
st Aol oA ARLHAE B 248 Elucrose srearare)®] {8 sM8HEE F
2 W HY BE 24 mesty 54 4 O I 9 2% 248 7S Awst
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At FARA AEOFO|E= 77} Aol AH|
ofg] Jh(stearic acid)o] ol ~F ZHE 540
AHEdAZ  HLB  (hydrophilic  lyophilic
balance) gte] 1622 HWA &7] wjiol, O/W
ety 7Hg SR ARGl AL Sl A=A
2E|ol[o|ES thE ARE/GAet] &7F XA
= 72 AMEEAe] 715 F 9 =ol7l A
e BAE QIR 239t =

FARA AHO| O E

He 7| 4 St =

Agkstz] Qs & AFolMe & AEA
(DOME: design of mixture experiments)
Yoto] AAE MPsioict. EdE AAAGH
dE 249 Hat EgEe A wiAl=
FS ©ole AA WO, Simplex Lattice
Design, Simplex Centroid Design, Lambrakis
Design 59 &4 AJdYHS T =gE +
AL HASRE 4 ot12]. 2 dAFtelAe AW
A 7122 715 fekEa HeekES 7
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Hsle Awsigt.
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2, 4 ¢
21, d8l M=

2 AN AHEE ARE o2 2 AW
A= sucrose stearate (AET  RyotoTM
Sugar Ester S—1670, Mitsubishi Chemical,
Japan, °]s} SSE E7]), polyglyceryl-10 oleate
AEH PGMO 10, Goldleben, Korea, ©]s}
PG1022 ®7]), polyethylene glycol 100
stearate (FEH Myrj 59, Croda, UK, o°|s}
PEGSZ 7)), polyglyceryl-4 caprate (&7
Soldoc PG410, Choice&Tech, Korea, ©]5} PG4
2 ®7]), polyglyceryl-10  laurate &
polyglyceryl=10 myristate (“3E% Supersifier
NS-3000, Kowon, Korea, ©]5} NSZ RE7]),
PEG-40 hydrogenated castor oil (&
Emanon CH-40, KAO, Japan, ©]s} HCOZ %
71), decyl glucoside (“3&™ Elotant milcoside
302, LG Chem, Korea, ©°]3} DG=E =E7)]),
sodium deoxycholate (Sigma aldrich, USA, ©]

Sazs sdoldoled] fote B Jhgate ge 99 BUE 24 AMs 3

st SDOCz #7]) & & 8FR/E AF&siH A
AedoE= FIYW <2%U(coconut oil, Ottogi,
Korea), o|AHZE U= cetyl ethylhexanoate
(A=Y Hicos CEH, Ecotech Korea, ©|3} CEH
2 B7DE ARESHT 2 Adel AREEE AW
A= AEEZ assay(active content) THEFo]
t27] giZof, Zt AF9 assay HlE&Z 7|Eo =2
TS HAst] A AFS SHth

2.2, R51¥ HAE

2 AFNA f3HH2 Jeong et. al [13] ¥
Yeon et. al [14]9] & H=Fste] SH4sHArt
Falcon tube (50 mL)oll 2 wt% ARAZAEAA &
B 5 gt IFY Y T= CEH ¥ 5 g &
Y, of7lo] 7| AAE {5 H2E 22
ZF0.1 92 Ho] 70T F2gRol|A 5E
Byt F4zod AW 5 EBEHA 9
1&2 7hF A8st &, oA 70T 2 20
B EHETE oJolx  XgH[(CM-1000,
Eyela, Japan)Z 2000 rpm &£E=2 308 7F 94
%, falcon tube®] 8= AT FolA &
Atk AFETHE AR (rack)oll AYA 2413F
I 7 A4 == S /f3E 9 EolE
S off Aat Z2 A= /IS

SHal.

[UISA

fr o o B |

o o offt

2 N oY, o

e 1L

3} (Bmulsifying power) =

AU Foh5 ol
A EXE 5 50

2.3. 712838 HAE

AR gAe] gt 783 BAE: MA Tt
31518 Z8oto] A4 M4l Orange
SS oil (TCI Chem, Japan)& 7}A|1 Y5t
0.5 wt% AHSGA +8A 40 g o 0.1 wt%
(1000ppm) 5= Orange SS M4 gt
B2 gAS & 71 A9 =, 60T =25
ZolA 30 &3t FmolErh FFFHEI(CM-1000,
Eyela, Japan)Z A=of4 2000 rpm &X=2 10
= 7t = 5, A% oprler gEH dHE
747y ARgsto] 2910 dE S Xegsiqlnt. ot
aqe FRFE 49 N F, UV-VIS 237
(V=750 spectrophotometer, Jasco, Japan)Z &
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Orange SS¢] UV-Vis & 1=
t}. 1o EZo] Orange SS2 JJEH 1451
E o= 495 nmolA e, Orange SS |l
o= oA FEE= %Oﬂ &3 Orange
SSe] Frof HlFEsHA Hed, $8% el =&
o5, ARSYA Y] 7Hg3tEo] ¢ OJ\"L- ofm| gt
t}. SDOCE Z]ﬂ"} Yz 7HgRAE SSet 2
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Fig. 1. Appearance comparision of emulsifying
power between between sucrose stearate
and mixed surfactant (coconut oil).
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Fig. 2. Comparison of the UV-Vis spectrum of
solubilized Oil Orange SS based on the
type of surfactant.
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Table 1. Design matrix for the mixture experiment

Sazs sdoldlolE] fote W Jhgale G % SRE 24 AL S

Emulsifying ~ Emulsifying

Std  Run  Point X, X Xe power of power Solubilization

No. No. type (S  (SDOC) (HCO)  coconut oil of CEH (Y3)
(YD (Y2)

10 1 -1 0.75 0.05 0.2 0.69 0.92 1.44

7 2 0 0.8 0.1 0.1 0.7 0.91 1.27

2 3 0.7 0.3 0 0.89 0.72 1.04

1 4 1 1 0 0 0.64 0.64 1.37

8 5 -1 0.9 0.05 0.05 0.68 0.89 1.37

6 6 2 0.85 0.15 0 0.74 0.79 0.99

3 7 1 0.7 0 0.3 0.63 0.75 1.64

4 8 2 0.7 0.15 0.15 0.73 0.83 1.37

9 9 -1 0.75 0.2 0.05 0.79 0.79 1.12

5 10 2 0.85 0 0.15 0.68 0.88 1.78
A A Sl SS9 e Fdoll =8l 2 A el el = e 54% Y.2 s
o5 diEE AECR, §39 A5 =& oh 10919 =9 24 AN dojdl EA
T+ SDOCe}t 7Hg3teo] 7 $2 HCO= Z ZHE-S Table 1 YeRHILTH
7} Adeisto] SSef olEite] 29t 2AES A Table 1149 EA%k Y1, Yo, Yigk ZHzZbol of
saick $se) A Mol BEQ) W, FAR0 o S7RAS Adsied, AL WA 23y
24 SSE 4 0.7 ool &9t Hle=x AAst o] it fatEs Yetdle 543 Yol
1, SDOCe HCOS| =3 Hl&2 77} 0.3 oy of mdsy ¢ AIE Table 29 YeRfSIct &
2 AR 99S Tk oA SS(ASE) = 0.7 A BY AAAS e R? = 99.31%2 HlolH

S

< X, £ 10, SDOCEA®S HCOCHR)-S
< XpXe < 039 WSelH 2ge 4

ASAL, 7} 4RO 7 W8] TE Xar Xyt
XC = 1‘% tﬂ’éﬁﬁo}: —c:’j":]'

1ol M9t ZHe A HIE2 1099 AFS AT
9Att. Table 19] Point Typeolld - ,
2 YA, 12 FAAH, 2= 2% =HHS
oJu|star, 10¥19] A9 38 A= MINITABY
A AAE " A2 Agsiant. 24 vl

2 vheHsE 3k JHestEs yehle
EAZER AAsIA. folelel EAZES oA
HAA Ao" oz vehted) 835189
A 24| FRol ot |tgo] gEkA|7] o
Holl M odel FFY A} oAHE oY
]l CEH, 271A] 24 digt EA4% Vit Y.&
Zyzy otk 7HgEE2 UV-Vis FHof o3

7b melo] Agsigon, wAEA AoE 2d
27 B8 W% p-gho] 0.05KC}t Zon
7

=
HHpel FHHS o FAZCR o)A
1
-

Xp*Xc o p-#= ZHZF 0.054, 0.017, 0.042%
Uebt=dl, & A= 7] ABBAEE |3kl

S i T 4 Sk g9 &
A Ry Ag AmEd X, X Xc T ALt
Z+7b 0.638, 2.379, -0.6882 UQ1 o5 %
SDOC 249 A47t b F AsEo oA
o2 A yghed], ol& SDOC Z3Y oY
o] f3t el & IFE A= AL vt

o

Fig. 32 3|7 4oz dL& 22 ARgs}d,
F=o 7 ARxA Hlgol e FFY oY
gt 3t WHIE vEd 9ol ()9
SHE S5 =(mixture contour plot)S AoE
, SDOC (B)9] o 24<Q1 0.39] 7Mh&a=

rd rlol =2 rloi
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Table 2. The analysis result of the regression and variance of emulsifying power for coconut oil

Response F p R*(%) Equation on terms of pseudo composition
Regression 114.61  0.000
Linear 19.86 0.008
Quadratic 10.59  0.023 9931 Y1 = 0639Xy + 2.379X, — 0.688Xc
Xa*Xp 7.30 0.054 ’ -1.282X,*Xp + 1.870X,*Xc —1.403Xp*X¢
Xa*Xc 15.54 0.017
Xp*Xc 8.75 0.042
(Xp:SS Xp:SDOC X¢ : HCO)
50

0.3
SDOC(B)

L]

D: 1.000

Emul.power.
< 065

0.65 — 0.70
070 - 075
M 075 — 080
M 0.80 — 0.85
= > 085

0.3
HCO(C)

[ :HCO(G)
030

0.30

%
Hrhat

y = 08918

d = 1.0000

(b)

Fig. 3. Effect of mixture composition on emulsifying power for coconut oil (a) contour plot
(b) maximum value of emulsifying power at optimized mixture composition.

#5128 FolAl Zes Ry, ssol SDOCS]
e fote 4ol 2 9% nE AS & 5
9Iek. ol SDOCT} ol 2 ARSYAZ i)
£ w] uho] S3kAr AR 2 7712w
o 2Hgstel f3te] AR Fole AOR o
A}, 8129 B(argen) A 12 493

T 2 240 2AstE 7 At b)olA B
§§ 0.7¢ SDOCE Fdh#] 0.32= H7H5a w7t
A Aoz Fafzlct olnf {5t AUt
Y; = 0.8918% WEhtal, ojuf oS5 Wh-3-o] Fot
HEED)E 12 gt RYAos B gL 3
A 2Adole] 23 o fake High 0.8918
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= AR S Fo E2 Xy = 0.7, Xp = 03914
o] 53518 740.89, Table 1, Run No. 3)7 9] &
A5 LrER o

Y FRE gsto] o2HE= U9 CEH

of thet e3tE A9 IAEA Zib= Table 3
I Zrh FHEY AdeE HE ARASs 2
R? = 90.18%% H|1Z %2 AFAE Holu,
Ay 9 23 Bg BT p-gho] 0.018, 0.0228
FAXCRE o A et 2ES] A&
24 Hlgd WE AHEZ oY CEHeYl oigh
G81e WElE Fig 40 Uit 239 oo
W= e 594E SuAE(@E Hd, SSet
HCO9 FZHAHNA fatdo] 7 &3, Z
RO BRY YPoR FAFE {H0] Aa
e g 5 ot 5o8E 53 HUs 12 A4
Aot HHIJE AlZg ZAib), Xa €SS =
0.8213, Xz (SDOC) = 0.0212, Xc (HCO) =
0.15749] zAor2 F3931S 1 Yz 0.92129]
HAzgE 4 =Ha, o]gA 54 ny T
UP*E(D)L 12 vebdeh oA iihi 299
318 Axel=s 2, JAHZ 29 CEHolA
359 AHSEAE = AR8ot= Aol &
Ap-golit AU A 2% sHTE 95}
2 Az it

Olw

i O il rr 4

Xp*Xc A+ p

o] gl ZoZ Yeh, o
Al FH BAe AAgE A, Agat 2aF 2y
BE p 0052 SAHSR {odo] A vet
U, AARAS e R? = 95.80%=% HolHd
3ol At AR yehgrt o] nyd 7%

Sazs sdoldole] fote B Jhgate ge 9 BUE 24 AMs 7

& S|F4E Table 49 2. &Rl 72 4
24 Watel i@ 7kgetel] WekE Fig. 5o
gt BeHE STAE@E EW, HCO %
HOPFOR 4% gatlel FlEe g
% ot 7hgetee] BEL Az Asta A%
92 Ame A5 SDOC B glol, Uela 5
ARSHAE Xa (SS) = 0.8121, X (HCO) =
0.1879¢] vl g2 23S of Y; = 1.7286=2 X
Ao} W1, oly) dZE We] FYWEED)
= 12 Yegrt SS gEXRiE HCO 4%
ST9E 0 AHEsl By 45EE U

At

LA

> 0l

3.3. SA| ™3 2 stol AH
Table 2-4°] 3]fAo] Z7ASke] Derringer
and Suich (1980)7} A¢tst 3= T HIH

[16]& o]8&dte FT3ul 23‘4 a2 o
Z47ke]l 3k 9 7hgskE, F 3709 REgHS
FA HAstet AYZEANE Fig. 60l xﬂﬂlé}‘z‘;
B HHsHE gl qlo] 3749 bt
7VEAE 12 FUSH é@o}a‘;ﬂuﬂ a4
, Xa = 0.7939, Xg = 0.0586, Xc = 0.14759]
92 FASES o), 7Y 2 G319
69242, CEH 8319 Y, = 091612, 7}
= 150092 A3} = o =" dt
FEL (D)= 094692 Uehyth &3
3t ZRIOA ] HitE EdE XA
B3] X, = 0.7939, Xz = 0.0586, Xc =
| AE Egtote] 2l AdE &
o} o} ERIAA A, I od {3 %
42 0.67002 HAHZXAS 95% AFFE7H
0.6577 - 0.7270 Atol9] ez vehtil, CEH

m”ESE L
o

1o 1o Ik
o
b
T.‘[

ﬂ
)

%Sﬁnﬂno]ootojr}oh:iﬁ__mmlm
23
G
_E

Table 3. The analysis result of the regression and variance of emulsifying power for CEH

Response F p R%(%) Equation on terms of pseudo composition
Regression 7.35 0.038
Linear 12.91 0.018
Quadratic 10.62  0.022 90.18 Y, = 0.651X, — 3.111Xp — 5.644Xc
X *Xp 7.00 0.057 ’ +5.612X,*Xp + 9.490X,* X + 4.824Xp*X¢
Xp*Xe 20.02 0.011
Xp*Xc 5.17 0.085
(X4 1SS Xs:SDOC Xc : HCO)
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5

Emul.power.
< 070

070 — 0.75

m 075 — 0.80
M 080 — 085
W 085 — 0.90
u > 0.90

03 07 03
SDOC(B) HCO(C)
()
B [1:5S(A) [ 1SDOC(B) [ FHCO(O)
nigm = 10 0.30 030
i oy [0.8213] [0.0212] [0.1574]
& 0.70 00 00
Y2
izt

y = 0.9212
d = 1.0000

(b)

Fig. 4. Effect of mixture composition on emulsifying power for CEH (a) contour plot
(b) maximum value of emulsifying power at optimized mixture composition.

Table 4. The analysis result of the regression and variance for solubilization

Response F p R*(%) Equation on terms of pseudo composition

Regression 28.53  0.001

Linear 6.62 0.039
- 95.80 Y; = 1.39X, + 8.18Xy — 4.59Xc
Quadratic 9.62 0.019 . — 11.33X,*Xp + 9.58X,4*X¢
Xa*Xp 11.16 0.021
Xa*Xe 197 0.037

(Xa :SS Xp: SDOC X¢ @ HCO )

e Rk W2 09372 95% A=) U, Zl A A 3719 g
0.8702 — 0.9619 Atelo] oz uepdtt. niz] 8t mzaHN &3 EAA]9
or ZHgSHoME B> 14952 95% & 2k

A= 77l 1.4258 —1.5759 Atolo] gro = et

SRS
A

nE
SEESIRNE

- 325 -



Vol. 41 No. 2 (2024) Fazs AHoRo|ES] foH 2 7185 e A% £FE 24 HHg

SS(A)
&’ Solubilization
< 1.0
- 12
- 14
- 16
> 1.6
03 07 03
SDOC(B) HCO(C)
(@)
A= [ 1SS(A) [:SDOC(B) [FHCO(Q)
D100 =8 10 030 030
o =l [0.8121] [0.0] [0.1879]
=& 070 00 00
V3
gt
y=17286
d = 1.0000
(b)

Fig. 5. Effect of mixture composition on solubilization (a) contour plot (b) maximum value of
solubilization at optimized mixture composition.

2= [ 1:SS(A) [ :SDOC(B) [ HCO(C)
D: 0.9469 =5 1.0 0.30 0.30
e oy [0.7939] [0.0586] [0.1475]
HE 0.70 0.0 0.0

=N

Y1
A|ohzt
y = 0.6924

d=084888 TSI T .

v2
| ohgt

y = 09161

d = 1.0000

Y3
2| CHgE
y = 1.5009
d = 1.0000

Fig. 6. Result of simultaneous optimization (Y;: Emulsifying power for coconut oil,
Y,: Emulsifying power for CEH, Ys: Solubilization).
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4. B E
Ao FmazA AgHolHoE(SS) &3 %A
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