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Abstract : This study was carried out to investigate the emulsifying properties of surface—active
substances from defatted rapeseed cake by supercritical CO;, extraction. Based on the interfacial
tension data, a supercritical fluid extract (SFE) with the lowest value of 14.16 mN/m was chosen
for evaluation which was obtained from No. 2 extraction condition (150 bar, 65C, 250 g). For
emulsions with SFE, some physicochemical properties (.e., fat globule size, creaming stability, zeta
potential etc) were investigated according to changes in SFE concentration, pH, and NaCl addition
in an emulsion. It was found that fat globule size was decreased with increasing SFE concentration
in emulsion, with showing a critical value at 0.5 wt%, thereby resulting in less susceptibility to
creaming behavior. The SFE emulsion also showed instability at acidic conditions (pH<7.0) as well
as by NaCl addition. This was coincided with zeta potential data of emulsion. In addition, SSL
(sodium stearoyl lactylate) found to be suitable as a co—surfactant, as it helped considerably in
decreasing fat globule size in emulsions and its optimum concentration to be over 0.03 wt%, based
on 0.1 wt% SFE in emulsion.

Keywords * supercritical carbon dioxid, enatural surface—active substances, phospholipids, creaming
stability, zeta—potential
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1. A &

A" (lecithin)2 12 (phospholipids)S
8 FREECR st HAARG A= AE, oF
Z, HE Ax T AgAer ZWA ol8EHY
AUTHI, 2, 3] d¥tdoz Ade | 2 o
T So=HE ded, ¢ A" 4, pH W
stell Qbdgh Aol ARE Fro] vy @Ho R
Qlsto] A1ZF AtgollA] ol-&sh=dl Algte] o,
b Aol e dFEREH 7EE 55
sto] FANE F AdEHE OF dAEe 2
o]-g5tal UrH4l. HAIHE ot T o]9]

QA

= giof, |4, sfEkEr], #A4 So=

= T T
BE 42 5 Jed[5] E9|, [ (Brassica
napus L) QA &=Fo] 1.5~3.6 wth= H

T 1.1~32 wt%et A9 AR e Hi
sto] 2AE ik Qg AlEd TEdeR &
ol 7Fssttol. HAEe T2 ¢1xdo] et
el phosphatidylcholine(©]3} PC)x}
phosphatidylethanolamine(e]s} PE)o2 AL
o] glom, o] F PCO 3Fo] &5 ThUt
pH  Hfeld  bEeF  f3s(emulsifying
capacity)= UWEHWH 5523 (oil-in—-water,
O/WNel Fatdl A|lxof Aot Zom dHH
UTHTI. ET, QIAEL Alzuts fLA4ste T8
EARA il gt JFEAdo] Hejuhar, Z A
HE zstet 22 ookt Aegde 2 Slof
THANAEA T OoFgoRL HWo| o]gEo]
22 TH8I.

A2 {3l (food emulsion)2> A2 4Jo]x] o
742 o)de] EdEE0] dAsHA EAFE <
gty oz EFYe AlARlolt) whEhA

=

/ol veErAl =

ok @A = FRRAEAIR QlolA HrHER
S7te feHlRE 2EAE AP oiEE=E
(glycerol fatty acid esters), At A4t o AH|
E(sucrose fatty acid esters), T2 ==
214t A AH 2 (propylene  glycol  fatty acid
esters), AZH|EF Z]HAE | AH| 2 (sorbitan fatty
acid esters), A" (ecithin) S°] $LoH[10],
o] F HAEL FYUSHA MM FE3F 735}
AzA AFidol ZEA o8&t Qlck

cold - Bad  WBMILE G

o] A+l

Ho] 2=%90
/gv: TE=

g $4 % EAshe 944
A% Amrt oA APAES o
s ZWE). Temelli F= 2917 CO, $A2
olgslol 44 F UAAY FEE e :
So] 4PEAE AL (1], Kim
A CO, 4 € olreg olfsto] g7 7

=~

o 3 ERRYBAC 352 9% A3 208
EEely, % 270 W2 FEE F A4,
943 9 AW wslo ge st

o] GAGE FHsetgel olBoR Ffo]
A ok A3 glow], ERE A4 AL
oot Mg ARZA A WA D 1 =
7 ShejEla QUeHI3). oleiet HAleh Bl 4
Aol olg4 BT ZHeld fAHREH QAW
agoE FEEAUY G ol9ld dAd
FUoR o18F 4 9 Aoz ARTTh 19
A& et ol §A F @hEel gk A
WS TG BERBPRA F3o) B AL
SR B7b QA o Bdel f3 o] of
@ ATL SAuA ge oz A Hgth
weby 2 @7l ofd A7[120e] olold 2]

#AEE AlRR st 2UA CO, #A4 F2H
S S

[*]

2 Bol EUSYEIL 91, oo fe
A% 2AH | 1 24o] gt

<

2.2 3

2.1. A8A 8

2 Agof AHEH FAERe qE|E o] 8ot
Q-GS FE5tT G2 201194 FE Zguro
2 FEANTH FPAFEY vho]l 2oy z|2HE

AlEoA] Fgutol -20C WEalo] HyshHA
ARESEEl FhEE e (LET]
(Pyeong Teak, Korea)A1E-& AlFollA 4ot
Argstdet M4 5314 SSL(sodium  stearoyl

TT o
lactylate)®t  Tween 20  (polyoxyethlene
monolaurate, purity>99%) % &4 GIHA|
GMS(glycerly ~ monostearate):= SigmaX}(st.

Louis, MO, USA)2XE FLYdto] ALgslgon,
ol¢lof Ade] AMEH WE AJofe AF oAt
S5&& ARSI
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= ‘Iji
Ao ge gEete e A
g5t ek (Table 1). =, Hd+&s f=she
FZ227 No. 3 =71 (350 bar, 65C, 250g)%
e AAF BFE FESHE No. 1 9 29] &
2x74(350 bar, 497C, 150 g ¥ 150 bar, 657,
250g)e olgst] xdA FE=S DSSHAH
o, COz| 42 6 L/min© = 2454500
19] 530] AR 92 FAEE 50 g2 o9
o = TR 5 ZHzd 2" FEEL
Rotary evaporator(EYELA, Sunil Instrument
co., Ltd,, Korea)E ©]&stq ogtas &435]
AATELH, o5 -20ToA Y& Eysh A
22 Agsrgn

Nouy Ring o2 AHFHAS STt =
AA FE2EL FH0.1 wtn 244 F==, 5
mM  bis—tris, pH 7.0)°] &35tHeH
n—tetradecanes FAHOE Sto] AH A 30E
Zof FHAAA(Sigma 700, Biolin Scientific
Inc., Stokholm, Sweden)E& ©]-&5to] AHAE S
2R3 14],

2.2.3. 3 Ax D AP 27] F4

F8H2 Yun & Hong?l ®i-& ®1E@ste] A
ZotHTH14]. $43(aqueous phase) o2 ZAA
FE2E2 BEEO0.1~09 wtHE 20 mM
bis—tris buffer(pH 7.0)o] &3gt & o€ 4
(oil phase)Q! ZH=2h(canola oil)e} EFH(7]S7
F 10 wtw)sta, HFAE Silverson T#E7]
(L4RT, Silverson Machines Ltd., Chesham,
UK)E °]8ste] 5,000 rpmollAl 587 ofjw]
Asto] pre-mixE ARSHATE ©] pre-mixE
AL 1dAFA7I(M-110Y, Microfludics,
MA, USA)E ol&sto] 3,000 psiold 23], 500
psiollA] 18] wdste] 2F fatls Az

3t Fo AW AVE dREAT]
(Mastersizer S, Malvern Instrument,

Worcestershire, UK)E ©o]8ste] ZAst.0mH,

Z2YA CO;, fA F2We=r o

rlo

9 §A F

El

w229 3t 4d a7 3

Z3t= volume surface mean diameter(dy) 9
weight mean diameter(dis)2 EHSIA.

dgy= E din;/ ZdiQTLi
(A% d QAre] A%
dyy= 2 di4ni/ Edi3ni

(o0 A% d YA AS)

224, $3% 47 %7}
435} AZE Chuahan 59 #H2 WS}
ZAstdet15]. A& /3t 34 ol8stq Al
235 §3199(0.1~09 wt% ZYA F
wt% oil, 20 mM bis—tris)o] iste] pH =
NaCl 37t 5 ®Halo] @2 {3 F AL+
=271 Wk, FSFAuFE(Olympus  CX21,
Olympus Optical Co., Ltd., JPN)& o]&<qt 3
7}, AlEtZ "l (Nanosizer ZS, Malver co., UK)
#Hsl @ Turbiscan (Turbiscan  Lab.,
Formulaction, I'Union, France)& ©|-gst 2|9
x5 3 HEE ARSI TH6].

2.2.4.1. pH W38} w2 JTF
S35t 10 mLE test tubeo] %7 & 0.5 M
NaOH %<& 05 M HCIS o]gste] pH(pH
3.5, 4.5, 6.0, 7.0, 8.0)& WstA7]|1, o5 25T
oA oFF F<t HX|g & pH W] wE {3}
ool g HIE ARSI

2.2.4.2. NaCl & 9] Hslo] 2 JgF
T3l 10 mLE test tubed] %71 & NaClZ
SEH(0.1, 0.3, 0.5, 0.7, 1.0 M)Z H7} - &7
AR o o]E 25TColA otF & WS 7,
NaCl 37} 5% H3te] 2 f3tefo] 44 #
3HE ZAFSHA

225, 299 W= 24

o F 294 FE2= 5L B OE &
5te(0.1~0.7 wt% ZUA FE5, 10 wt% oil:
20 mM bis—tris, pH 7.0)¢] I A=
light scattering = ©]-8sto] SAsFATH17].
Az 7398 30 mLE Al=H(dia: 27.5 mm,
height: 50 mm)ell SXlstal o] A=W SH%F
Z|(Turbiscan  Lab., Formulaction, I['Union,
France)ol| Yol 25CelA 72A3Fst Rl o]
Ay EAS ZARSIH A= {3k Folo
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o2t backscattering intensity 2

2.2.6. Aetzed =4

AL Z N (zeta—potential) & Ao H-{51=
2ol YAte] mdH AV|d EAHo=A §3
PEE Hriohs ofe] HERA o]gd 4
ATHI8] 2 AP fFEAe pH Wk}
co—surfactant 7 ¥ A7l ko TE {3t
Z A Azt Alet2Eld HEHE AFSHT
HA Alm F58S 20 mM bis-tris RS
ol-gsted 15008 SHg & FA 87
cell(folded capillary cell, Malvern co., UK)<]
sk,  AetEeld  7]7](Nanosizer  ZS,
Malver co., UKQE ©]-&sto] Z4stalrH18].

2.2.7. Co-surfactant A%

2 Ade zdA4  FE=C  AYE
co—surfactants AAst7] $lste] FstAct. A
E3St co-surfactant= A4 F3H4 SSL(sodium
stearoyl lactylate) & Tween 20(polyoxyethylene
monolaurate)@  AFAH  {FIA
GMS(glyceryl monostearate) 5 ©]3ltt. Lee 5
o w191l w2 UA
co-surfactantE® 22t 0.07 wt% 7}k
o T B fIH(EAA FE= 0.
co—surfactant 0.07 wt%, 20 mM bis—tris, pH
7.00& AxstgoH, o] & drrAr], Fod
u7 4 AezEd 771 olgst /IR F
Ak A 327), A wst E At xRS
Astgch ol AAE co-surfactant?] F&
sEE AEStA 2944 FEEO AHHE
co—surfactants sEEZ Hriolo] FSlH (=Y
A =28 0.1 wt%, co-surfactant 0.001 0.1
wt%, 20 mM bis—tris, pH 7.0 AZ3F & o]
of o [{IpAe] A 7] WIS S% oo

co-surfactant®] A A7} =2 AA5)

sorbitan

|\

2.2.8. FAA

AYE Fot dojxl Aie= SAS package
(Statistic Analysis System, ver.9.2 SAS Institute
Inc)& ol-gsto] Bt} BFHAE FSIoH,

ZF o] dis) LA EAE A (one-way
ANOVA)Z sk AT rE

Duncan's multiple range test& -85t $AZA

o8 fod Folg FYskrt.

gt - FA o7l - FaE  EWEHMLEER
3. 4% 9 uF
3.1. ZHEA BH AWy 54
3FFO 24l CO, A4l F=WNo. 1, 2, 3
AGDE 53 4L QA FE2EEFHATA B
Aol - A 9 oil-water AHAA AHGH

e Z¥Zt Table 13 Table 29
Table 29 o5t =<qA FE2ES] AWFHL
No. 2 A@7(150 bar, 65T, 250 g) FZEo]
14.16 mN/m2 714 @oron], #o 2% 582
Z20] 2231 mN/mz 7} =& Augd ke
Hehfith ol F2ES sk e AEA
B9] Zjolo] 71915 Ao = (Table 1) No. 2 A&
T A% JAAHE 2F9| o] oF 79.20%%C
o, ¥ Ao =8 yebd No. 3 AgFe 4
&2 66.67%%2 e °F 13% Q1AE £
&5F 2pol& Bt wEtA o] AE EAR
AgL No. 2 AF7E

93 WS 9T olF AL
Bo 95F 294 FEES o5

3.2.1. A% 3719 W}

fstl F A FEEWNo. 2 AFT9]
7FsE(0.1~0.9 wt%)ell wE A+ 27] $st
(dyo, dp)E ZAYSFEHFig. 1). Fig. 10 <J3hd,
294 FE2E F=9 F7KeE "ES AT A
7= ZotHom(ds: 0.90 m (0.1 wt%) — dy
0.47 i 0.9 wt%)], 0.5 wt% ©|& d7F 3%
Fetl T AW 2= & HEHE Holx] ot
th. #3H2d F A7EE fetAE B/7189 A
HdES dEn oz s AWTe FHoiAA
HoH20]. E=7h f3 F fHAe Rt 4
B oolo] HH et fetAle BAE AW
T ARt FAERA] ZstAY AdeA double
layerE @Ml =W, o] A% AT A7=
o ol Zpoix|A] oAl HoHAA AT 3
7D[21]. & AdgA bl Az AHgH =
A FEEL Table 2914 BEE uie} o] E/7]
Z Ao AugEe g8%o
v 97] E3F 294
glsto] 2 2717

&

Qoich. $HH, 2A 2229 BLt 05 wit
MHEE £l F AYT 279 WS &
oA HomA QA ARTF 27(ritical

- 638 -



Vol. 30, No. 4 (2013) Z9A CO, 74 *

Moz g w9 4

Table 1. Extraction Yield and Lipid Composition in SFE Extracts According to Extraction Conditions

Extraction conditions

lipid composition in SFE extracts

No. pressure Temperature Co—solvent Y(;il)d Neutral lipids Phospholipids  Glycolipids
(bar) () (2 (%) (%) (%)
1 350 49 150 4400064 3.87+0.03° 76.40+0.02° 18.67+0.14"
2 150 65 250 3.72i0.071cz> 6.13+£0.11°  79.20+0.12" 13.20+0.12°
3 350 65 250 6.86+0.057" 4.13i0.21b 66.67%0.04° 16.40i0.12b
; }{aalues are Mean+SD(n=3).

values followed by different letter in the same column are significantly different (p<0.05).

Table 2. Interfacial Tension at the Interface between n—Tetradecane and Water Containing the

SFE Extracts(5 mM bis—tris, pH 7.0, 257C)

Extraction conditions

Interfacial tension

Treatment No. Pressure Temperature Co—solvent (mN/m)
(bar) (C) (&
1 350 49 150 16.98+0.24"
2 150 65 250 14.16+0.27°
3 350 65 250 21.35+0.24"

YValues are Mean+SD(n=3).
22 values followed by different letter in

the same column are significantly different (p<0.05).

globule size)& FAt Aoz AtgHch 3.2.2. pH9| ¥
pH H3HpH 3.5~8.0)° wE {F3FH(0.5
ol wi% QA #2210 wi% o, 20 mM
1332 bis—tris )& AT Z7|(dh, din)el WHEHE Fig.
g % ® 20] UEhSlTE. Fig. 2¢] ofstd, pHe| watef
8 10 2 dp @2 & HEE Holx tA|THpH
s 3.578.0%0.63+0.07 m), dis F pHZL A4
s ) (pH7.00845 AW+ 2717t 545] F7Fet=
5 061 AFS YeFRATHpH 7.00 0.86 wm — pH 3.5:
§ 04 1.46 ). EJ}, FoFdn|HS o]-&sto] pHE W
2 st g AT AAE TR AFig. 3),
= Aatt A 2719 wskel dAskeith. pH
0.0 — ‘ . ‘ 7.0004 AHAE 7P Ao, SHE AN
01 02 03 0.5 07 0.8 (flocculated fat globules)7b glo] <A A&
Concentration (wt%) LER I 18y pHZF Yobde] wet 2
Fig. 1. Changes in mean droplet size (ds, di) 7F &3] dAto] TEAE T, dHLE o] Hof
of emulsions (0.1~0.9 wt% SFE 2 Z¥ Q) @A™ AL wEE 2 99
extracts, 10 wt% oil, 20 mM bis—tris, t}, o] A BHBRAHo7g iAol pH FANA
pH 7.0) as a function of supercritical o] o] =5tz 915t Go] HrAISte] 1] A 9]
fluid extract(SFE) concentration. EAHZAo] AstEe] Uehd Aoz FAEH
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el
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(22], ER, Fig. 404 e o] pH g
of wg AetEZdd gl watet: wHol Qe

ZAow AREdt. Fig. 4] st Aletzeld
e pHOl ZHA(pH 8.0 — 3.5¢} tlEo] A
SAd-81.0 mV (pH 8.0) — -31.1 mV
(pH 3.5)], Shaw DO & Schulman JH2 #AJ€l
Fotdo] 2lolA pH7F fHAashH At
2 A 2240 477 e AL o] Ayt A
FEe] HA71A whdE (electrostatic repulsive
force)o] Hopxitky Huste] 2 A AWE 3
ahdsty QItH23]. whebd 2 Age] we pH
ZZ00 A TG A 7he] S 2 ok @A
2 AEY] wHEY Aot 9 wopd {3} A

Sz}
=

>l

7] RbEE Zste] 7]l Ao w AtmEich
2.0
18 4 —— d3p
_ —o— 43
8 16
8 14
®
k] 1.2 4
o
E 1.0 A
T
c 0.81
@
S 06 w
04{
0.2 T T T T T
3.5 45 6.0 7.0 8.0
pH
Fig. 2. Effect of pH on the mean droplet size

(ds, di3) of emulsions (0.5 wt% SFE
extract, 10 wt% oil, 20 mM bis—tris,
pH 3.5-8.0).

3.2.3. NaCl &7}o] w2 Qg

NaCl 7] @2 §8F(0.5 wtw ZUAA F
25, 10 wt% oil, 20 mM bis-tris, pH 7.0) &
ARF A7 (dy, dip)] WSS GotE7] $isto
S3lle] NaCle HEdE=z  Arlsta(0.1~1.0
M) A 37 H3LE S5k tkFig. 5). A%
Fo] ArlE f8tl F NaCl 5x9 E71et ¢
2ol ZI15tdomdy: 1.43 i, diz: 2.80
0.1 M) — d 1.93 m, di: 191.94 m (1.0
M)], €3] NaCl &7} 0.7 M o]Aro| A =kt
a717vy F438] F7¥ekstt. olds At ¥Ed

oA
=23

LB e pr s

n7E olgste] fatd F Aol WskE A
HEZ Fig. 6°1%= & et Itk NaClo] =7}
0.1 MY A% #3A F AFFH A
(flocculation)o] tha WAYsH= 2SS WS &
Ao, NaCle] F=7F Hak F7ketol wet A
F2e] b (coalescence)o] dofut A =2
717v A9s] Srleksinh. & AdelA f3AR
ol " %A FEE T F3s(emulsifying
capacity)2 UEl&= phosphatidylcholine(PC)a%
phosphatidylethanolamine(PE)2  Z]%+te] =W
of F2tElo]l 59 Hoks UeUlim(Fig. 4), o=
s FE AT 4A THePATA by
(electrostatic repulsive force) 22 <lsto] QFAJSH
fstfio] FAHETH24]. I8Y NaCl &9 Z
7kel HEo] AT Aol AATA whde
7F8 & 3H(screening effect)oll 25l Hopz|al Z
o] o3 ° S AP OoEN Fig. 69
A R kel ol f{3b BEHgAde] FrksHA
HoH25].

o
o
-

3.2.4, 389 AL z}x

gojole] QAR P
AE 5 o9 71 #okz uiro] 3y
om E3| Ax EAL AH|X =W
A E9] 9y T 7 AAell olA 33%}
Q47 "Heh & Adole fepde] 299 <F
HAEE A5l 95ko] light scattering W& A}
gotyrh. Fig. 72 294 529 =5 ¢
ato] Az {EHA(0.1~0.7 wt% A FF
=, 10 wt% oil, 20 mM bis—tris, pH 7.0)¢] =
g MFEE T2AZE FoF SAot] 42 Ak
% (delta backscattering intensity, Y&)& A&
H Eol(XF)el tigt 289 23kl JH=E U
Ebdl Axtolct. Fig 7 945]'“5, et & =Y
A FE229 =7t FE 490.1~03 wt%),
Az shel AR gl X4 FgoR
A Hzsgen, FEA E719H0.5~06
wt%) NeE ks &9 AR A =
X5 ol FoAl= Zi% W Atk
olggt o] AL ghe] Wl Ao o
€ serum3o FA4W BAZE Sl AC=[17],
et & 2dA FEEY TRt SUHESSE
azgge] 9§t serumFT B0l
UHI Y HMFE F7h. ERE, ol At
=7471719] AZEo](Turbisoft, Formulaction)
of oJste] A%t Yo HtolTEHE (V)
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=20 -

Zeta-potential (mV)

=100

Fig. 4.

Fig. 3. Microscopic images of 0.5 wt% SFE extract oil-in—-water
emulsions at different pH values(x400).

40 -

35 45 60 70 80
pH
Changes in the zeta potential of
emulsions(0.5 wt% SFE extract, 10
wt% oil, 20 mM Dbis—tris) as a

function of pH.

2 =2 A€ 52Uy B4 g3t 44 A+ 7
300.0
—e— d32
E 2000 { —o— d43
ﬁ 100.0 -
]
9
L
£ 30 4
8 251
§ 2.0 1
S 154
1.0
05 1
00 L— ; . . .
0.4 0.3 05 07 10
NaCl (M)
Fig. 5. Effect of NaCl addition on the mean
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Fig. 6. Microscopy images of 0.5 wt% SFE extract oil-in-water emulsions

containing various NaCl concentrations(x400).
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0.1 wit% SFE extract 0.2 wit? SFE extract

s lim Bmckmcalkring - Ho xoom O lim Backscalwring - o zoom
| *>D:000000%

I:'1“:1 Ham ad ':-tnmm:m e Tcan Hamed r:-fumm:m
0.3 wit? SFE extract 0.5 wit? SFE extract
i Dulim Bachacnlisring - Ho xoom ; Delis Bxchacmilerig - No zoom | N

0.7 wt% SFE extract

Ds s Bmchucal kring - Ao xosm
=

£
o Tmm Tomm
Sean Aam sl Asf 000 00:00

Fig. 7. Creaming profile of emulsions (0.1~0.7 wt% SFE extracts, 10 wt% oil, 20
mM bis—tris, pH 7.0). The emulsions were incubated at 25°C for creaming
experiment and the results were expressed as deltabackscattering intensity
versus sample height.
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Table 3. Mean Migration Velocity of Fat Globules (1}, in emulsions (0.1~0.7 wt% SFE
Extracts, 10 wt% oil, 20 mM bis—tris, pH 7.0) as a Function of SFE

Concentration

SFE extract
(No. 17, wt%)

Mean migration velocity
(Vi m min™")

0.1
0.2
0.3
0.5
0.7

11.17+0.18"?
2.83+0.10°
1.50+0.08°
0.83+0.01¢
0.83+0.03¢

Mean migration velocity (V,) was obtained from Turbiscan Lab.

YAll values are mean+SD (n=2).

?Values with different superscripts within the same column are significantly different at

p<0.05.

Aot Ax|otE=d(Table 3), Ao H
olFELE RN F 294 FEEY =7
0.1 wt%d 7<%, 11.17 im/ming o™ 24A >
229 5271 0.5 wt%olAE 0.83 m/minZ
A FE= &9 F71et gEY ATt
TolsEE7t §45 4" AL IIT ¢
At dukd o= {atAol ] HEE £
=g AFREE Stokes WZof 95hH FEHW
T= AT 3719 AlFel HEHskRR[25], Fig
7 9 Table 39 A= f3H F 2UA 2=
550 Zolsh ool AMT Ah AL
(0.90—0.51 um) Stokes FAZlo] Ao} A
BT olE&wsl ok Hebd Lo A
7t S7Vote] ZE A2 AtmE i

el

1 Ok 30 o b

3.2.6. Co—surfactant &7} a3}

B3}
oA systeme ARESHEH], 2 Y2 2
FZ 50| HSt co-surfactantES AATH7] 9
o g5tk HAERE co-surfactantE  SSL,
Tween 20 ¥ GMS%.e™, 0|5 Lee 52
(19]ell whet Z42F Z7bste] 73k (0.1 wt% %
A =5 0.07 wt% co—surfactant, 10 wt%
oil, 20 mM bis—tris, pH 7.0)2 AZT F o]
S99 AW I, dwE S5t (Fig.
8). Fig. 89 <JstH, SSL& H7te AS dyp Ft
2 0.33 im, diz A2 1.02 m=Z Tween 20 =

_?L é Eoil

GMSE A71st A[dyn: 0.71 um, diz: 0.98 m
(Tween 20), ds: 1.06 um, diz: 4.04 m (GMS)]
o} Hlwsty] A 2717F o A J4E As
gAg & A% Co-surfactant H7b] whE
el F AT Aol HEkE & ] A6
sty $lste] Fedn|EE  o]8stArHFig.
9). Fig. 991 oI5}, Tween 203+ GMSE A7}
& et ool S (flocculation) 3 gl
(coalescence) ¥l AW+ Azt TEEGoH,
Hell SSLE 71et {8t A+ 2717 2
At AEHE fAche AoR YeTh ol
co—surfactants A7Fer F3tAo] Aetzdd =
A Aot & dAstithFig. 10). Fig. 109
oJ5tH, SSLE H7IRt f&to] Aetxdd gh2
-83.25 mVolloe™, Tween 207} GMSE %
st fstelo]l AetxEld gk Z4Zb -57.7 mV,
-52.97 mVZ ZAEHUct. ditxo=z Aepxd
Mol g e {3t EQhgAol Frtsh=
Qb olo] & £ glom, dHiHe] =2 AetEl
A 2 dAE e =2 FHrE g e
Tt {2 bgst AeHE fAske A
UeHTH26]. 2 AN 2AA FE2EE ©]
3l 83t Az A] SSLO] A= Tween 207
GMSE #7lotdle ol Eot o =2 Aetzdd
e fEstgen, o2 Qlste] AW A=
74 71 A wbdEo] Frlote] {3kl e] b
T7F =obxl Ao= AtRE G}

oo o do
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Fig. 8. Effect of co—surfactant addition on the
mean droplet size (dyn, di) of
emulsions(0.1 wt% SFE extract, 0.07
wt% co-surfactant, 10 wt% oil, 20

mM bis—tris, pH 7).

3.2.7. SSLO] HAEL
Co-surfactant(SSL) 9] & H7Vss AASH
71 95t 0.1 wt% 294A FEEFol SSLY 5

£ gotel {5001 win ZUA FEE,
0.01~0.1 wt% SSL, 10 wt% oil, 20 mM

bis—tris, pH 7.00& AZst APF FT7](dy,
dpp) 2 Az ES SHstAtHFg. 11 4 12).
Fig. 11 2Jstd SSLo| s=7F ¥ 7H$(0.01
wt%) dyp &2 0.57 m, diz 1.03 m= ki 3
Al vebgou =& 5 He(0.03 0.1 wt%)ol

Ae et & AT 271 Ford AdHl(d:

0.38 m)eld 2 st Holx gtk olefat
AT R Y7 YA AL 54

e Fig. 12004%= & uehtar ik Fig. 129]
o5, SSLO] sX7F 0.01 wtnd 7% AletE
B4 gre -73.27 mVE 7Fg weken SSLo|
Tt S7Iekel wet AEzdd 32 S7ske
(29 #ez) 0.1 wt% SSL sZolA Aetxel
A FL -86.53 mVe UERGH wEbA 2 Y

ol fratell F SSL &7k 0.03 wt% o
B AT 2717F F45] AAotxe Ae &
& 4 dlen, TR AEzdd gx 493
29 |9 FE UHHER 244 FE=29
co-surfactant® Aget SSLY| A Hrtske
0.03 wt% o<l Aoz AraE et

o 1o flo

-100

. 804 s
S
E
E -60 - )
t (1
2
S a0
s
Q
N
20
0 . . .
SsL Tween 20 GMS
Co-surfactant
Fig. 10. Effect of co—surfactant (SSL, Tween

20, GMS) addition on the zeta
potential of emulsions(0.1 wt% SFE
extract, 0.07 wt% co-surfactant, 10

wt% oil, 20 mM bis—tris, pH 7.0).

Microscopic images(X 1000) of 0.1 wt% SFE extract oil-in—water emulsions(0.1 wt% SFE

extract, 0.07 wt% co-surfactant, 10 wt% oil, 20 mM bis—tris, pH 7) with various

co—surfactants (SSL, Tween 20, GMS).



12 139 -344 094 - Ay - 444 - Ads
1.2
—e— d32
—o— g3

T 10

°

N

@ 08

ko

o

o

5 061

=

@

[

= 0.4

0.2 : : , , :
0.01 003 005 007 0.10
Concentration (wt%)

Fig. 11. Changes in mean droplet size (d,
di3) of emulsions (0.1 wt% SFE
extract, 10 wt% oil, 20 mM bis—tris,
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Fig. 12. Changes in zeta potential of emulsions
(0.1 wt% SFE extract, 10 wt% oil, 20
mM  bis—tris, pH 7.0) containing
various concentrations of SSL.
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