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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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meba] A EAtFoM = dIFERE Te
sto] AATE F AdEE O A"
o|-gsta UrH4l. HAEE dEolut tiF o9
ot S Hijol, WA, sfHE], FA o=
BE AL £ QoH[5] Esl, A (Brassica
napus L)<= IAE &&Fo] 1.5~3.6 wtoz o
Fol 1.1~3.2 wt%et 7o fARE SEFE He
Sto] HAE LS Q% A2 TEdeR &
ol 7Fsstttol. HAEe F= 1xde] et
el phosphatidylcholine(©]3} PC)T}
phosphatidylethanolamine(e]st PE)2.2 FAE=
o] 9lem, o] F PCY FFo] =245 tpefet
pH  Hfeld  bFeF  f3s(emulsifying
capacity)e UWEHW™ 5723 (oil-in-water,
O/WNel 3kl A|lxof At ZAom A
UTHT7L. EZ, AAFEE AlzaE sk T8
A2 ol figk JFdo] Hojual, =&
HE zstet 22 ot AegdE 2 Slof
THAINAEA 5 SJergoRL Wo| o]gro]
A2 IeH8].

A1E f8td(food emulsion)& A= 40|z oF
v F 7HA olFe] E4E0] w5t 4tE
(]

4
LR

o @S FAaskelr] flsiA ek Al

g RS AdEste] dotd et
Ut A =l FeHAEAIE QoA HrER
7t fRHARE 2EAE AP oAEHE
(glycerol fatty acid esters), Zrg Z|®AL of 2 H]
E(sucrose fatty acid esters), ZZH FFZF
AAE ol AH|Z(propylene  glycol fatty acid
esters), A2 H|gF XRHAE o AH| 2 (sorbitan fatty
acid esters), #HA®(lecithin) 5o] <l20[10],
o] ¥ HAEL FsHA Mol FE3 73t
A2A AFAGe] Z6A o8& gk

TP LA G

Tol M2 fA F EAcke JdAE

2 g A&7t oy A3AEe] 9
ot Temelli F= Z2Y4A CO; A
]

T YAE FES AT FEXZ

% EUYEAY FES 9T A3 208
=gokn, 35 20 42 FEE F 943
47 R FHAD 28O YFE 2AsHA

A oHF AHED Qlew, ES =4 fAE
oot AR Ue2A A} W2 D 1 8%
7 =l QITH13). o]t At HEe]
o] o] g ol WA FAZEY QAL
F8HoR FEEITIHH % oleo] HAHE
FYoz olgd & Q& 7

U H&Sh vt Zol 4 5 dRrEe] e o
A4S TS THBAHED FEo TS A1E=
S vE7E QAT o] 2O /3 ™ol o
gt AT SER] ke ez A HQIth

(6]

N, T
o

A Mgz st 2dA CO, #A4 F2H
= 5 BHgd=dEe 41, o9 ReHIES

=
N% 2K d) 1 B2l gtk

2. A

jue)

2 A AgE AR ]S ]85t
FARFE FSot F2 201194 5 2o
B EMETAH SHAZIEY Hioleoyx2tE
A4 Fgidol -20C Yeale] HyshHA
Aaz  AMgsHEth  7hHsebie (%7
(Pyeong Teak, Korea) &S AlZolA FY5to]
AHgstet. A4 584 SSL(sodium  stearoyl
lactylate)®t  Tween 20  (polyoxyethlene
monolaurate, purityy99%) 2L G4 G
GMS(glycerly ~ monostearate):=  SigmaAHGst.
Louis, MO, USA)=RE Fsto] Abgstalon,
olglel] Aol AMEE RE A2 dF oY
sHS AHgskalh
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A
APt eHTable 1). &, Hd4&S |fTot=
7 No. 3 =71 (350 bar, 65C, 250g)3}
o1xd SHFS FEsH= No. 1 ¥ 29 &

2502 olgstel YA FEES ISk
olmf, CO9l #4552 6 L/mino2 XA o,
13] &0 A" 22 FAHER2 50 go= Sk
o FE = F 2dzd 2" FEEL
Rotary evaporator(EYELA, Sunil Instrument
co., Ltd., Korea)E ©o]8&3ste] ofgtsS 239
AAsEH o™, olF -20TelA ¥F Husty A
2= ARSHh

ES
S4ED] diste] oil-watere] AW
Nouy Ring #Heg AAAZS ZAsHh =
AdA FEES 0.1 wtn 294 FE2=, 5
mM  bis—tris, pH 7.0)°] &dfistseH

Zof FHAAA(Sigma 700, Biolin Scientific
Inc., Stokholm, Sweden)E ©]-&s}o] AHALHS
2ol sAeH14],

223, 53 Ax 9 AP 27 EF

282 Yun & Hong®l S WPt A
Z5t9eH14]. 4 (aqueous phase)o 2 Z YA
FE2a2 FxH0.1~09 wtmzZ 20 mM
bis—tris buffer(pH 7.0)] &3t & ol& 4
(oil phase)?! 7Hsehr(canola oil)2t ERH(7]E3t
2 10 wtP)stal, HAPAL Silverson A7)
(L4RT, Silverson Machines Ltd., Chesham,
UK)E o]8ste] 5,000 rpmoflA 587F ou]
Aste] pre-mixE A|XSIATE ©] pre-mixE
AdAg I A7I(M-110Y, Microfludics,
MA, USA)Z o]g3to] 3,000 psicld 28], 500
psiollAl 13] #dsto] 2FE FatAS A|xsHch

3t F9 AYT Ve YEREAY]
(Mastersizer S, Malvern Instrument,

Worcestershire, UK)& ©]-83dte] ZAst3om,

A= volume surface mean diameter(dy) 9
weight mean diameter(dis) 2 E SIS

dyp= Z d?”i/ Zdz?ni
(a2 A% d QAre] A%
dyz= Z di4ni/ Edi3ni

(o0 A% d YA A%

2.2.4. &3 44 57t

635t AHEe Chuahan 59 HHS HIP5|o]
S5ttt 5] Aedt {3t 3L o]8sto A
29 534(0.1~09 wt% U4 F=E, 10
wt% oil, 20 mM bis-tris)ol] ©idte] pH
NaCl 37t 5& H3le] OE {3 5 A0
=271 9sh, Bt (Olympus CX21,
Olympus Optical Co., Ltd.,, JPN)& ©o]&3+ 3
7}, AlebZ el (Nanosizer ZS, Malver co., UK)
Hsl @ Turbiscan (Turbiscan  Lab.,
Formulaction, I'Union, France)& ©|-g&%t 229
S T F34E BkE ZARSHITH 6]

2.2.4.1. pH Wisto] w2 J7F
G35l 10 mLE test tubed] %7 & 0.5 M
NaOH &2 05 M HCI& o]&3le pH(pH
3.5, 4.5, 6.0, 7.0, 8.0)& W3slA7]|1, o]& 25T
oA B HoT WA & pH WS} w2 {3}
Aol YU WSt FAfetrt

2.2.4.2. NaCl 5xo| Histo] w2 g
G5t 10 mLe test tubed] %71 & NaCl2
5=9(0.1, 0.3, 0.5, 0.7, 1.0 MZ 7} - &5f
A o ol 25TollA s B9t whAeH 7
NaCl #7l 5% ®sto] whg {3tHe] 42 W
3He ZAFSHAT

225, 379 Ax &4

e F 294 FEE 5= ¥ OE &
3tH(0.1~0.7 wt% Z9A FEE, 10 wt% oil:
20 mM bis—tris, pH 7.0)¢] ZHY IAHZ+=
light scattering ®'#-S o]85t ZASIATH1TI.
Alg g3 30 mLe AlZ¥(dia: 27.5 mm,
height: 50 mm)ell FXIsta o|l& A=W A%
Z|(Turbiscan  Lab., Formulaction, I'Union,
France)ol]| o] 25TColA 7247kt {3tA 9]
Fd BEA4ES XAt 2= /3t oo
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-@%ﬁ .o]g]/gj .711,}05) .71/&}/13 .7‘311};1.

T3t backscattering intensity2 EHFA T

2.2.6. Aetzed =4

AlerZ €l (zeta—potentia)2 HAo] F-Foh=
E2olE At W AV|d EAo=A {3
LS Hrkols Skt HE=2A olgd &
ATH18] B AF2 {ItHe] pH WSk}
co—surfactant &5 L HU} Hko]| wE G35k
Z A Azt Azl HIE ZAFSHAT
HA Alm F38S 20 mM bis—tris A
olgste]  1500df s & =4 871
cell(folded capillary cell, Malvern co., UK)¢]
ZA5t1,  AerZ"dlAd 7]7](Nanosizer  ZS,
Malver co., UK)E o|-&35to] A5t 18].

2.2.7. Co-surfactant A%

2 AYe zg4  FE= AHs
co-surfactants Ast7] fIste] Ptk A
E3 co—surfactant= 3448 534 SSL(sodium
stearoyl lactylate) @ Tween 20(polyoxyethylene
monolaurate)¥}  AGAH  {3HA
GMS(glyceryl monostearate) 5 ©]%tt. Lee 5
o HH[19]el wE  2AA FEE
co—surfactantE 2z} 0.07 wt% H7Iet & A&
3L Bl AEHEYA FE= 0.1 wi%,
co—surfactant 0.07 wt%, 20 mM bis—tris, pH
7005 Axstaen, o] & JEEAY], Fd
07 9 AREN 71718 olgel] gl F
ME A Z27], dE HE 9 A sEEds
Aokt ESH AHE co-surfactant®] Z/Z
T HEsStA x4 FEEC AR
co—surfactantE FEH=ZE Hrisle] {3l (Y
A &% 0.1 wt%, co-surfactant 0.001 0.1
wt%, 20 mM bis—tris, pH 7.0)& A|X$ T o]
of wE fetle] A 7] WSk SA st

co-surfactant®] AA A7} =& ZAA5}Ac)

sorbitan

AL

off I

2.2.8. TAA

AYS Foto] dojxl Aike= SAS package
(Statistic Analysis System, ver.9.2 SAS Institute
Inc)& o]gsto] Hy BFAAE FoHloH,
Zh o] s LA ARE A (one-way
ANOVA)S AASHAT AFHA R =
Duncan's multiple range testS 2-83lo] 542
o& §old Aols ARHA.

TP LA G

3.1, ¥HEA B4 Augs 54
A CO; 4 FEWNo. 1
AFHE 5ol 4 24 FEEEHEY E
Aol A& A 9 oil-water AHOA AHAE
7 ZZb Table 13 Table 20 A5k
Table 20| <JstH =dA F2E9 AUYH
No. 2 A¥F(150 bar, 65C, 250 g F=EE°]
14.16 mN/m= 7} Wdgton, g & £82
LreRA No. 3 AG(350 bar, 65T, 250 g) F
Z£50] 2231 mN/m=2 7F¥ =& Awuas 7k
Hehfith ol FE2ES sk e AEA
B9| zolof 7]t Z o2 (Table 1) No. 2 AH
T 7S JAAHE 2F9| o] oF 79.20%%.C
o, 9 2 &8 Ueld No. 3 AgFEe] &
&2 66.67%% UERY oF 13% IxHE £29
AF Zfol& Btk wEhA o] AME TAR &
M H7HE QI3 ol A2 No. 2 AdHE
5o A535 2944 FEEE o859t

)

3.2.1. A 2719 W

3 T 294 FE2EWNo. 2 AP A
7Fs=(0.1~0.9 wtw)oll o& A+ 7] A3}t
(d, din)Z ZAFFACHFig, 1), Fig. 10] ©Jahm,
294 FE2E F=9 F7keF "ES AT A
71 Zotgler(ds: 0.90 mn (0.1 wt%) — di
0.47 m 0.9 wt®)], 0.5 wt% oA A7}t A-¢
R F AT A7) & HEE HolA] 4%k
. 7324 F ArtEe fEAE /7189 A
HAHS WEe o]2 Q| AW = Fobx]A
HoH20]. 3, G3t T /A 7t €%
FE ool HH Hrleh fEtAle BAE AW
T Gl FFEA] ZstAY AWelA double
layerg @AMl =H, o] B¢ AL I7=
o ol ZotAA A HHLA AYF =
7DI21]. & Ao {3l Az AHEH %<
A FEE2 Table 2004 Hi= Hiel Zo] =/7]
= A AWAES geHor dFRgon 7
T 37 B3t 294 FEE L9 S H|
#sto] 2 3717 Fofrl= AL ERIT £
At T, 294 F=E=9 &7 0.5 wit%
O FFEEE fEH F AYT 279 ¥It ¢
AotAl Be=Ex dA AL

Enl

A 7] (critical
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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(;eol)d Neutral lipids Phospholipids ~ Glycolipids
(bar) (0 (2 (%) (%) (%)

1 350 49 150  4.40+0.064" 3.87+0.03° 76.404002° 18.67+0.14'

2 150 65 250 372400717 6.13+0.11"  79.20+0.12° 13.20+0.12°

3 350 65 250 6.86£0.057 413021  66.67+0.04° 16.40+0.12"

; V?lues 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) (0) (g
1 350 49 150 16.98+0.24"°
2 150 65 250 14.16i0.27C2)
3 350 65 250 21.35+0.24°
YValues are Mean+SD(n=3).

2) a—c

globule size)E& ATt ZAow AlmgHct

0.4

Mean droplet size (zm)

0.2 1

—a— d32
—o— dg3

n:1 n.‘z n.‘s ols o.lr
Concentration (wt%)
Fig. 1.

of (0.1~0.9

emulsions

0.9

Changes in mean droplet size (dx, di)

wt%  SFE

extracts, 10 wt% oil, 20 mM bis—tris,
pH 7.0) as a function of supercritical

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

3.2.2. pHe| 93

pH ®W3HpH 3.5~8.0)9] wWZ {3FH(0.5
wt% ZYA FEE, 10 wt% oil, 20 mM

bis—tris )O] AT A7|(dh, diz)e] W= Fig.
20 UErlet. Fig. 20 <JshH, pHE| w3t
2 dp @2 & HEE Holx gtA|THpH
3.578.0=50.63+£0.07 ), diz L pH7F &4
(pHT.00&5E A+ 2717F 5439] F7lske
&S YerfJekpH 7.0 0.86 um — pH 3.5:
1.46 m). T3t Fedn|3-g& o]-8ste pHel W
Stof mE A gAE WIS AakFig 3),
Aest AW 2719 wsket dAskeiTh. pH
7.0004 A= 7P Ao, S8E AT
(flocculated fat globules)7} §lo] <tA3H Aef=
eI 1ey pHZF Yobde] met 2
F S @ido] EEL, dF=
Z AH A2 FA4E e
ot o] A3t FEHoz A9

12 4o 3tz Igh WRo] HHEsto]
B/ o] AstEo] UEhd



AR oA A - A -

ral

[22], TR}, Fig. 4olA E [kl o] pH 4
of g AetEeld o] Wil wElo] =
Aoz Arz=EQeh. Fig. 4o oJstH AetzelAd
#H2 pHe #ZA(pH 8.0 — 3.5¢2 & 4
S E=H[-81.0 mV (pH 8.0) — -31.1 mV
(pH 3.5)], Shaw DO & Schulman JH-S A€l
frefellofl ol pH7F #astH ARpte] &2
2 AL 2240 47)7F FebE AL o] Ayt A
Hrpzke]l 7] A W (electrostatic  repulsive
force)o] Hopxitky Hyste] 2 A AWE 3l
st UeH23]. weba 2 A™e] 22 pH
Z00A FAS A 7] S5 W g @4
2 Ao g Aot 2 dopd {3 A
7] Wb zste] ]It Ao w AtmEich

20

18 4 —— d3p
_ —o— 43
8 16
8 141
[
E 1.2
o
0 104
|
T
c 0.81
3
s 061 w

04{

0.2 T T T T T

35 45 6.0 70 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 A7} w2 93

NaCl H7te] w2 F8tR]0.5 wt% Z=UA 5=
25, 10 wt% oil, 20 mM bis—tris, pH 7.0) &
AT A7(dy, dp)ol HSHE dotr7] $lsto]
83l NaCle HE¥E=z  Arlsta(0.1~1.0
M) A+ 27] HSE &35t thFig. 5). AW
T A71= 3t & NaCl &9 2719} ¢
2ol ZI15tdomdy: 1.43 i, diz: 2.80
0.1 M) — ot 1.93 um, di3: 191.94 m (1.0
M)], £3] NaCl =7} 0.7 M olAtellA] Aa
3717t 23] F7lstact. ol Avte Fskd

EERE TR P2 R
e olgste] falal F Aol Walg 4

W& Fig. 6ol & veht gtk NaCle] 527t
0.1 MY AL {3 = uzrel 24

o H
(flocculation)o] Tha WAsle AL BEE 4

URe™, NaCle] F=7t Hap Z7Fetel wet |
W72ke] Fd(coalescence)o] dofut A+ =2
717v 43s] kst 2 AdeA fIAE
olgH %A FEE F f2Ms(emulsifying
capacity)<& WEH+E phosphatidylcholine(PC)¥}
phosphatidylethanolamine(PE)-2  Z|=2o] =™
of F&t=e] 5o AsHE UeH(Fig. 4), o=
ol FH AW 4 heFA7|A whdE
(electrostatic repulsive force) &2 <late] QFAH
fratefo] FAETH24]. 12y NaCl 5%9] 5
7kel HEo] A Aol AA7A whdE e
7} A screening effect)oll I3l Wolx] Z
W] 34 3 e SUAFCEA Fig 69
Al Rt mRet o] {31 BEQHAo] FrteH
HoH25].
3.2.4. 29 M= 23

frete] ddErte S HE,
e 71 Rokz Lo A%
PP B4 AHRF SHAA
7o) @Al QoiX R
AgoM= fetde 229 ¢
AL E ZA517] 95t light scattering -2 At
&ok3itt. Fig. 72 294 559 =& &

sto] A Rg F3HH(0.1~0.7 wt% ZQJA F=
=, 10 wt% oil, 20 mM bis—tris, pH 7.0)¢] 3
g FEE 724K FQF SAske] 42 Absh
= (delta backscattering intensity, Y5)& A&
1 Eol(XF)el tigh 2% m=sted JH=E
b Aito|rt. Fig 7 9olotH, {3tH F
A FE2=29 vt ¥E A90.1~0.3 wt%),
Alg SHRO] AR gho] X&F Hegoez =y
A #ZAasew, w=7F F7FsHH0.5~0.6
wt%) AN=E Siaote &9 AREe] A =
XF 93Po] FoAe A TES o+ Usith
olg|gt &9 AFARE Zhe] W3t Fdol w
£ serum3O FAT BAZE Sl AC=[17],
et & 24 FEEY TRt SESSE
Fego o3t serumT FAo] dAHS & +
UtHI Y P& F7h. ERE ol At
ZA71719] AZE Yo} (Turbisoft, Formulaction)
of oJste] St Yo ol TEHE(V,)

il
Sk
=

29
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=20 -

Zeta-potential (mV)

=100

Fig. 4.

ZAA CO, A

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 bis-tris) as a

function of pH.

Fi

Mean particle size (um)

—

g.

- 641 -

3
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1.0 1
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5.

249 §3 42 97 7
—e— d32
1 —o—da3
&
01 03 0.5 07 1.0
NaCl (M)

Effect of NaCl addition on the mean
droplet size (dy, dis) of emulsions(0.5
wt% SFE extract, 10 wt% oil, 20 mM
bis—tris, pH 7.0).
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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 tm 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.

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

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

p<0.05.

Ael: A2|51A=(Table 3), Aol Hat
EEEE fol F 2 3RO Bws)
0.1 wt%d A%, 11.17 m/min¥ o zdA =
£E29] 57} 0.5 wt%olAL 0.83 m/minE
A F2B sre| Zrle} dRo] YT B
Folus} 343 1 A HF & 9
Sick. Atrom gejole] Fely HEE 24
g AFREE Stokes WA <5tH FH
T= AHTE 3719 AFel HEHstRR[25], Fig
7 9 Table 39] 2= /3 F 2UA F55
B0 Zrjel ol AT Tr7h ghshw
(0.90—0.51 m) Stokes H=Zlo ZA3}o] AWl
B olSEEs st ebd 2o AR
7t S7Veto] zdE ACZ AR E ot

P

[e)

A by

3.2.6. Co—surfactant F7} &3}

dutx oz AE {3t AZRE 9
A systeme ARESHH=T, 2 A¥
FE22° AE? co-surfactantg A3t
o £Yst¥rt. HAESH co-surfactante= SSL,
Tween 20 ¥ GMSH oW, o5 Lee 59 HIY
[19]e what Z+2F H7lste] G3tH(0.1 wi% %=
AA FEE, 0.07 wt% co-surfactant, 10 wt%
oil, 20 mM bis—tris, pH 7.0)& A|Xg & o]
B9 AWF A7(d, dwE Ao (Fig.
8). Fig. 89 ¢JstH, SSL& H7/te A & &
2 0.33 mm, di F2 1.02 mmZ Tween 20 E=

ol

z
7]

ol

L, rlo

o

H
L
<3}
=
9

[¢]

GMSE H7FsF A[dy: 0.71 um, diz: 0.98 m
(Tween 20), ds: 1.06 im, di: 4.04 m (GMS)]
ot Hlwste] 2+ 27|17 o A F4H A2
1 4 Uty Co-surfactant 7pel] whE
F8tl F AT dAe] WHIlE & ot AA9
sty $lste] Fedn|Ee  o]85tAtHFig.
9). Fig. 9o €3, Tween 203 GMSE 7}
gt Fetl2 o] S (flocculation) ¥ FY
(coalescence)® AlH+ UA7E HEE o, v
Mol SSLE 7kt 8t A 27|17 2
AHT HEHE fFAoke Ao=Z Yepyth ol
co—surfactants A7}t F3tfo] Aetzdd =
A Aot & dAstith(Fig. 10). Fig. 100
oJ5tH, SSLE H7IRt f&too] Aetaxed ghe
-83.25 mVoller, Tween 203+ GMSE A7}
S fEtlo] Aetxeld gh2 Zbzt -57.7 mV,
-52.97 mV= SAESIth dutdog Aeta
Aol g A9 gt EQhgAol Frtsh=
gk ]lo] = &= qlom, wWiHe| w2 AetxH
A e dAE e =2 AHrH g s
Tt {ate kgt AHE fAske AT
UePATH26]. 2 AZolA 244 FE2ES °]
St {3t Al Al SSLO| H7l= Tween 203
GMSE H7Ista& o Hrt o =2 Agtxald
e fEstgen, o2 Qlste] AW U=
7] 714 qhirEo] Frtste] {atfe] Qb
T7F =obxl Ao2 AtRE QI

(B

Sk

oo filo Jo
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Fig. 8. Effect of co—surfactant addition on the
mean droplet size (ds, 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] A=

Co-surfactant(SSL)9] & H7MsE 2745t
7] {5t 0.1 wt% YA FE&°| SSLO| 5%
2 g5t /8901 wtr 294 FE2E,
0.01~0.1 wt% SSL, 10 wt% oil, 20 mM
bis-tris, pH 7.00& Axst AT I7|(d,,
diy) 2 AetzdEdE S45taHFig. 11 2 12).
Fig. 119 9JstH SSLO] w7t @& 79(0.01
wt%) dyp W2 0.57 m, diz 1.03 mZ oA =
A Yebgou =& 5 He(0.03 0.1 wt%)ol
Ae 3t & AP 371E Fobxl A (dy:
0.38 m)oflA & HHIE Holz] dgrh o]«gt
AL 78N AT d7e] A xeds 5%

247 CO; fAl FEHor 42 24 fAH F 2924 229 /3t 42 97 1

3t Fig. 1294%= & yepta it Fig. 1290
oJ5hH, SSLe] &7 0.01 wtnd A% A%
94 zke -73.27 mVE 7F¢ 29roen SSLO]
7t St wet AetEdAd 32 S71sko
(L9 #oR) 0.1 wt% SSL sxoflA Aetxel
A2 —86.53 mVE UERSITE metA 2 Ay
Ed 93t & SSL =7t 0.03 wt% o4
A A 3717 45 FolA e AL &
g4 dglon, EI AEtxdAd g dF
FF9 g9 FE UetinR 27 FEEQ
co-surfactant® Z gt SSLO| 7 HAriske
0.03 wt% o4}l AoR A==t

o 10 flo mx

-100
_ 804 *
)
E
™ 60 - ]
-
5 3
g 4
:
-20
0 T T T
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).

Fig. 9. 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).
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Fig. 11. Changes in mean droplet size (dh,
diz) 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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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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SHAl AW 2717} Aok A s1g 4 9l
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