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A= OSA AES EA47 3 F, o] o]§sto] A|x3 OSA & ofdAe] o]gtets]
zF 1z 5& ZARIAL ofgdAd F AW Z7]= OSA MR X9 F7ket HEof
sto] 0.2 wt% sZolA HAgH0.31£0.01 pm)E UERHII, 1 o]A9] skoAe=
Wsbt gloick olEAel Ay GAEL OSA AR SEt HeAE Z7btelon], 075 wit o4l
A7t Bl A el diste] e eHgStTt oEA & OSA &9 AW S22 0.2 wt%
A7l BT olgelA Bmo] Zrlet tiEo] Z7k5kom (0.2 wi%  1.03 mg/m—1.25 wt% : 5.08
mg/m?), ol AWM OSA HEo] thE FZE o|fFE Ao 719" Aoz 4t OSA A
oAl pHE ZHstds W A QoA el Sl os A7|17F F71staem, ol Athd
oz w2 Aet Qo 7Q1E Aoz AlmE el EjH| A ot 24F P& ESE pHoll| S
of A A GollA Btem, pH 7 ol delie =2 &4t S EA4S Btk Fx-dduH-E ol&st
of dAgH OSA o] T2 A+ HHE s Aah, OSA HE2 AAF FH7 ofd AL A
HebZ PAst= AR UETE mEpA of g P4 Aol OSA &S AT 4%, dE9 3kt
oA §29 opdzoadt opdzuEo] 2 FHe| vho] P2 FAE DR OSA HE odAde]|
oA Fa3gt G35} orASE 7122 ‘QUA|A ol QFA S} (steric stabilization)’ 9l RS2 AR E ALt

FAo - SHE TERF FE, 295, LY, CLSM, AAEel st
Abstract : The present study was carried out to investigate the emulsifying properties of

heat—treated octenyl succinic anhydride(OSA) starch and the interfacial structure at oil droplet surface
in emulsions stabilized by heat—treated OSA starch. First, the aqueous suspensions of OSA starch were

TCorresponding author
(E-mail: hongst@cnu.ac.kr)

- 174 -



Journal of the Korean Applied Science and Technology

heated at 80°C for 30 min. Qil-in—water emulsions were then prepared with the heat—treated OSA

starch suspension as sole emulsifier and their physicochemical properties such as fat globule size,
surface load, zeta—potential, dispersion stability, confocal laser scanning microscopic image(CLSM)
were determined. It was found that fat globule size decreased as the concentration of OSA starch in
emulsions increased, showing a lower limit value (d: 0.31 um) at = 0.2 wt%. Surface load
increased steadily with increasing OSA starch concentration in emulsions, possibly forming multiple

layers. In addition, fat globule sizes were also influenced by pH: they were increased in acidic

conditions and these results were interpreted in view of the change in zeta potentials. The dispersion

stability by Turbiscan showed that it was more unstable in emulsions at acidic condition. Heat—treated
OSA starch found to adsorb at the oil droplet surface as some forms of membrane (not starch
granules), which might be indicative of stabilizing mechanism of OSA starch emulsions to be steric

forces.
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(1. 2 5 ZHd a4t HE (o]st
SA AR gz AT SHY =
"hiHoctenyl succinic anhydride, OSA)2 3}sh#]
o7 oAHES AN RMEEHN Haest 2
5 24, 284, Ak Fo= ARgst Qo
[2-5]. Egh, OSA &2 g B2 ol =4
ADT AREOSA7TE FAl 7L glo]
o Hdst AlZl=dl ARgEel 1 &7t
|- oheFSteH6-12].

o H M (emulsion)2 A2 o]z = F 7
o] Fe] AA|(l, BT 7R olFoi AAFL
2, o 2 Al 5o =g wof 7t A
7b 22 A FHE ASSE olF= e
Aol LA EAitE o] EARICE o] W AR
H fEAle 2/718 Aol ARMdES
2t PAEE FoAH, A T2
o HAxE I7HA oEAde =dd
(creaming stability) % ZZ]|Z(texture) 5
AN oEAd @0l AR EE fRAlEE
AE 5O AEAF ek 9 e 9 Btk

95 Sol qlov, o F AFPA DUy

©}

ro L
oxl P N

S Hox 2

octenyl succinic anhydride starch, emulsitying properties, dispsersion stability, CLSM

Bt R(d: fEgAEZ e ofgHHlol H B)
= T Aldel] S ote] ARGHE dE 2
g S7H1A /A 2 &
AA=AL] 715& sl 38 & 4 Utk
A4S vRe} Zo] OSA AERL 831 U o4
A2A AE oM Axe]| ARgeo] rhsoftt.
Mao 5[13]2 OSA A& H7t oo Fdh
A oEMe] tHETE FHEeH, o= OSA
A 7kl Rt odAde] Hx ARzl 7191H
Aoz Hustyr. dytdoz {Agdud o
Ao A=A FTE Z7N)E I FHpH, 9%
T, 2 el osiA wdstA #gshed],
Tesch 5[14] @ Charoen 5[15]¢] <J5ld OSA
A ogAe ¢ Adel E&E OSA &
ols WASt= YA H(steric force)o] 3t
A el #gote] QR @S WHIlstAS
ol A Z7|17F 3A HEbehA] FteS
Bt 535 HY 712 S skl APl

)
i)
i
re
P
o

O
ol
e

ge APt Az 2R B o Adel 52
| faplel Bejstetd S Aty A,
FRAE, BAre] 25k Bl o) A
o, Autzoz Aol FAL4E anAo
2 A8t Aoz Feid YrHIdl UAZ o
WA F AT ARl 2P OSA AR

(st AW FFHE AR Nilsson &
Bergenstdhl[16] Aol 9JotH, ¥ H7t 5
(£1.68 mg/mD)oAZ OSA HES] AW &2
ZFo =7 YyEltom, Varona S[17]1& OSA #A
= FLo ket gEo] AW 2 7ot
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o T AAdS gttt :

2, OSA ZH&E dAtel oste] J4 2 A
stele oA oHM(pickering emulsion)®] &
4L Yusoff & Murray[18]e] J3] Aoz A
Al =9t o] ofdde A 377F HwH
A(1-20 xm) FZY(creaming)o] e o
e 9HE 7 QAEE Ao o
(coalescence)ell thstol= wi-9- QHdste] A[Zhe]
Ao g AT 2719 #HEte A9 gt
I Bty S Timgren S[19]9] Hilof
2 47t FHE F&FEH OSA M oJEds
st A in vitrodl A A AsSPF 2A
HE Aoz yepded, ol AW S2d
OSA Aol dA e oJs Zat=o] AHEe]
A7t F7istel wep A 2o a4l 2lmlop
A7t A tEo R 2 X o4 Fof ARt
Ao2 FAoth AAR Sjoo (2019 A+1E
Bot] OSA Z& oEAS EAstdS o A
g RE F7Ee} gEe] AW AW FACt
Z7Fett e Aol @nd BEZ S5 1=

ol
e
R
ol
pach
g L

N

OSA A olgsle] S AF7H9l a7
EogRE geold Axg Juae fqyom
2% SE 2 UM deEA B4 WAE
A

= T

LAE gz EA5HA
A 24 A, OSA AEE
WA BSA7T, o TskE OSA WE e

7 A okt AA AF AdAClA olEAd
o] Alze ¥lad 12, 70C)olA stz
of2iet A2l ¥ AA AFAlM OSA &
= ez AR o] S me frAkste
b 2 A9 A AR OSA AR 8=
ol-gt oEH Ax 9 oo 54 WHATT
471, A" F2F, pHE 9, 24t dHE, &
7 WhHE AR 5kt

2 Addo] AgE AE2 FHAZT(EE
4 HWERIHoA e dF AH(20124)

fol
j?—hf
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b
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A
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2HE FESto] ARgSIH21]. SEd ek
Bis—tris, Nile red, Concanavalin A conjugated
with fluorescein isothiocyanate(Con A-FITC)E
Sigma—Aldrich(St. Louis, MO, USA)°lA ¢
5t o™, Sodium azidex Junsei A& (Tokyo,
Japan)& AR&SHTh oEAY] Al FhEehe
= @25 7|(Pyeongtack, Korea) AlE& Ao}
Aok FRre 2o ZAMILLI-Q, MILLI-
PORE, USA)ollA @2 32t S/TE AH8oIAS
™, 71 Hfol gl AMRE HE AR A 9]
Fe] Sa& AHgsHaith

2.2, HYH

2.2.1. OSA AR A=

OSA ¥ Ax%E Zhang S{22]°] WHS A
Sstalch. WA, At w-eAld OSA Aok A
w 7 il 3 wi%s AFstel Faogte Suj
o gollAA Alxstglct. He2iE F&3 2
2 AF 71F 30 wiB(w/w)7h HER FR5l
BAAZ & ZH]E OSA AlRE 2417 5 A
ststA d7bstolet. of w, W2 35T,
pHe 8022 yHstglnt. thgAlzto] ¢t
= FEANR. R

| pHE 652 2748i0] 1ee

g0l BY PN FF4 L Proges A

gatol A L PHLY slo] YA 55
O

gt slad JHEL T2 AZR7|(Hypercool,
Gvrozen Co., Ltd., Daejeon, Korea)E ©]-&5}t
Ax AFom HFHor 2 AP AgR A
|53l

222 A¥= 574

OSA AE9] X3 (degree of substitution,
DS)&= Kweon 5[23]1¢] W& HaPsto] ARgst
Atk 1A OSAR A&H HE 2 go AF &
%, 2.5 M HCl-isopropyl alcohol 15 mL=S 3
7ksto] 3027t wHbsiGlrt. o] e 90%
(v/v) isopropyl alcohol 100 mL& 3d7Fste] 10
LA A=A ) L AT = = B I
< ZFolZe (Diameter : 90 mm)E ARgsto]
22 IFoten SAlol MR HRste i
o= AAAZIZ] sl 90%(v/v) isopropyl
alcohol& E&{HWth ZHRsh= Haol2o] A
e AgNO; ZAekE o Rlstylnt. 3l4
2 AE2 vlAd %A 300 mL FFHFE 7lotod
90T F2ollA 208 ¢ 531 271 &, 9]
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£ mHeEzZgdel AARE olgsted 0.1 N
NaOH=Z ZA3}4t. Blank(OSA 2|3+ A]7]Z]
%2 HE) AP FAl Agst e, 54
o= OSA HE9 A== ofFfe] 4 (D] 9
8 AtEstelot.

0.162x (V,

DS = sample

1—021x(V,

sample -

I/;)lank) XM/W
I/blank') X M/ w

Viample: OSA AR Ao tigt NaOHS| Hx
(mL)

Volank: A A]=o] tigt NaOHe] H1j(mL)

M: NaOHY =5&%

W: Ao Az (g

2.2.3. OSA HE 494 A=

2F olgdel A diFl 0.5-1.25 wt% OSA
HAEE 200 ppm9] sodium azideE o= 20
mM bis—tris buffer (pH 7.0) gHof EALA]A
80T FFxoA 308 &t SSAFHL. F=
2o 2= B AY] AMSH HE9 o)3st
2 EA4E A% Jeong 52419 A5 xSt
o Aottt ZF FE=E SR OSA A&
AeH 2 AF2oA By A7l T IhEERE £
otor, FhEetRe AA oEAd FA Y]
10 wtwZl HEE Hrlstad. o] Egde
Silverson  mixer(L4RT, Silverson  Machine
Chesham, UK)E &3l 8,000 rpmelA 15& &
¢t dERE ARl T, IgEZI(M-110Y,
Microfludics, MA, USA)E ©]&35tod 3,000 psi
oA 2 |, 500 psillA] 1 H FFAA OSA A
2 oEAS ARE S5

offgAe] A 7] 94 AR A 2= i
T BA7](Mastersizer S, Malvern Instruments,
Worcestershire, UK)E &3l 45t eH, A7t
= AE B dF AH(Sauter  mean
diameter, dy)22 FEA|SFITH?25].

Edi3 n;
Z dz‘,z n;

numbers of particle on size d;) - )

dy =

(nii

2.2.4. AA E&F(surface load)
OSA HE oMol AW Fz=F

i
o2
Tlo
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Nilsson & Bergenstahl[26]2] W& ©]-85F9 .
HA, AxH oEHdE 13,000 x gollAd 1A%k
U PAHEY ot 45 (serum layer) ¥t 39
Z(cream layer)& &2ttt 2EA 445
o] dA=FE FHF ¥, total starch assay
kit(K-TSTA, Megaenzyme International Ltd.,
Bray, Ireland)& ol-&sto] 45l EAlshk=
OSA HEAH HlE2E OSA Ao ¥
=451k HEH R ot A(3)l 25t A
W Aol &9 HAY F2E OSA A7 &
(/7 mg/mH)E AXSAL

G C)ds

C: olBA AZA H7KE OSA A2e] Hmg)
Cuost 4% 0 ZA3H= OSA 249] %¥mg)
dt AW 27

o P F 7189 RAuE0.1)

225 399 R

OSA A& Fkof o odide] a2 H4
T =4e 389 T(Diameter: 8 mm, Length:
250 mm)S& olgste] FARSHITh 7 sEHE=E
AzE oddS 2y ol 20 mLA F 5o
Y Aol AstHA AFd=HE 6, 10, 15

ol AHFE AEHL] FAserum)F| EOlE
747y 24 29 = o A @)l
oo AEH FoeE mHAsSHYH

Creaming index(wt%) = 7 <100 e 4)

E
L7+ Oz}F= =
S OO0 I

it o84 4] ol

2.2.6. pHol =& oEH B4 s}

g4 F OSA HE &7t 0.5 wt%dl oY
APH 7.0 442z 0.1 N HCl =2 0.1 N
NaOHE o]gslo] pHE 3, 4.5, 6, 92 XA5}
At o ¥, 7 omAel w7 A7 2%,
Turbiscan(Turbiscan LAB, Formulaction,
Toulouse, France)ol] 2J§t BAF oM x Hris
Yot a, Zt pHEZ Aebd 9 (zeta—potential)
£ S4ote] oA A71H A WHIE XA
Skt

pH ®3s}o] g oEAMe A 27+ pH
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APt SR AHo=HE A2oA 1AZE 7
Z & JEBA7](Mastersizer S, Malvern
Instruments, Worcestershire, UK)S o] 83}o] =
Aot
Turbiscanef] 29t EAF <t
Turbiscan W&ol A=2te #lo]# W@ @ 880
H

&3
gl HEoter Heo A=EAAR Ak,
backscattering intensity) & AlZtoll w2t S
2A ogAde] 2MEH HekE 245t U
ZH(multiple light scattering)oll &A%t =
tH27]. AAl 342 o"Aa 50 mLE A=l

2

wgsigon, Ane 2471719 4mEgol
(Turbisoft, Fomulaction)& E35le] I Aback
scattering intensity(ABS) = 2 z]qi=ro]
ols HE2 EHSATH27-28].

27 2AAsE A2E ZISE AHAHAE
Zetasizer Nano ZS(Malvern Instruments Ltd.,
Malvern, UK)E ©]&st] ZAstct. 2t Als
E FYS pHOl bis-tris bufferg2Ho] 1000uH
514 ARl & &A 87]|(folded capillary cell,
Malvern Instruments, Malvern, UK)of| &% 3}

o Z7gsAtH29].

22.7. 3% Eojy #F

7k 9 ek wE AR 47 JEel |
3= A ffstel  Feh Aw|B(CX2l,
Olympus Optical Co. Ltd., Tokyo, Japan)& ©]
gkl OSA A& dEgA1 wt%, 20 mM
bis—tris buffer, pH 7.002 80C=Z /A|H T2
FZo|A 302 &S AADSHICH, o]F o7
of 80 AlefS Hristal SkA7|E o]8st
of 7 (3,000 ps) & A FEiE B
Skt

2.2.8. F=# ¥v|F(confocal laser scanning

microscopy, CLSM)

OSA Hi o dA Fol A= AT+ A &
2} #x+= Flowler & Greenspan [30]7} Chen
S[311¢] ol g Fx=3 dn[AH(LSMS Live,
Carl Zeiss, Jena, Germany)& ©|-83dlo] s}
Ak R oEHd AEe OSA HE dHY
0.3 wt%)& F2xod A (60T, 3027
T o7l FhsetRE H7HEA oEA FA o

H] 10 wt%)st1l, o] &%= Silverson mixerZ

F2H5000 rpm, 5&)AA A=t FFE=
2 AP 94 9I7F Nile redot H& A4
S 9§ Con A-FITCE AhgsHArH32]. Nile
red G4 AJ°F2  1,2-propanediolo] -&3}(0.001
wt) - Gao] HystHA ARgSElon,
Con A-FITC @M AJeF2 phosphate buffered
saline(PBS) & Con A-FITCE £3(0.1
WtR)NA BF HyPSHAA ARgsigioh 2 A9
of AFEH FxH dn|Ae FUeR 488 nmet
532 nme] o] o] (diode laser)E AHE-
stglom, yEStuA St olEAd Alme 20
mM  bis—tris buffer(pH 7.0)-&<<] 108] 34
A7 % 1 mL Fste] FAAIF(nile red: 4 xL,
Con A-FITC: 200 xL)a} ¥HEAIZE @n)g<
Foll A2 o|mA|= Zeiss LSM Image Browser
AT EQo]E AREste] ek

3. Zat ¥ nF

4
;

w

i |'H
A, oot [

R|E=

Holl A A7t OSA Z Ag=E 0.0157
=3 aitt. o= Nilsson & Bergenstahl[8]€]
Aol A AAIRE o] FFE] OSA Hio] 2&e
#91(0.0076~0.0224)°14 &3t Fro] g Ad
Aog AtaEm, waha 2 Aofi OSA &
o] Azxe FosH PH Zew wdsiich

A
=

2

H
L

3.2, X|g4 37|

OSA AE H2(0.1-1.25 wt%) Hsho] o=
odMde] AT ZA7|E Fig. 1o YebHICH
Fig. 1o] oJotd odHd & A+ A7]= OSA
AR A7t w20 F7H0.1-0.2 wt%)2t t&
o] ZA(1.58—0.31 pm)stIeH, 0.2 wt% ©]
Aol A7t sEolA= YA Aol HEUA
skt ol OSA ARog ¢rA3lE n]7y o
4ol zuFE Z7](1-20  gm, Yusoff &
Murray[18]; 10-100 xm, Timgren -5[33];
50-270 pm, Stolt S[34]1Ht} AFFs] z-e gro
2, B A ofdd Az Mo et OSA
A derdo] it dAe T3 welo] Sl A
oz FAstALE Fig. 25 1 wt% OSA A& &
ol (20 mM bis—tris buffer, pH 7.0)e disf &
AHg] @ 19t A (80T 30 min, 3,000 psi)ell
e A4z FHY ®EkE Fst dAnjEE olgst
o 42 AAE HoFT ot E3L, Table 12
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1.6

&% Ao we AR JF 27] HekE vE
I 9lch. Table 1o w=2¥ 80C2 IA=] <
+A4715 Fagh OSA HE<] <)z 37]
A #A@YgEFd A 6241+0.01 gm,
<1 0.07140.008 #m)T ZC® LehETh 47t
A719] Weh= Fig. 29| FotdndE T #F
08 1 3t Aute Ao FeEjelle Aol7k Al
06 - dxe] 9] OSA #E(Fig. 222 AP #E
Azl FeiE olFa glgler, whge] dAe]
gt OSA HE(Fig. 2b)2 TstEo] @00 23]
2oz A FAYPY] YAtr wEE.
Fig. 2b°] A= Hedie] 2354e a7¢
Stolt 5[34]0] TRt FHIF fFAISHA bt e

1.4

1.2

1.0

Mean droplet diameter (u m)

0.4 1

0.10 015 0.20 0.25 050 070 1.001.25

Concentration (%)

Fig. 1. Fat globule SiZCS (0732) il’l OSA—StaI‘Ch L]—’ ;ﬂ_uﬂ__ ?:}Z]- lﬁoﬂ 7@/_\111—% Q_T’_ S)J\_l‘_:_ _1_:'1__1:11'__% 511:}_
emulsions (10 wt% oil, pH 7) versus A5t 2 Qleith ol AR oluz oA JF
concentrations  (0.1-1.25 wt% OSA- zlolof| 7]olst Aoz AlmEw, B Ao A}
starch). g% FnY WE 3 ozer e

2.43%[24]2 Stolt S[34]0] AR&SH Hz] HE]

Fig. 2. Optical microscopic images of OSA-starch granules (a: raw OSA starch;
b: Heat—treated at 80C for 30 min, before homogenization; c: Heat-

treated at 80°C for 30 min, after homogenization).

Table 1. The particle size of 1% OSA-starch suspensions as affected by heat and high pressure

treatments
Heat-treatment Homogenization Size(dsp), #m
Before - 25.56+0.01°
Before 62.41+0.01°
After )
After 0.071+0.08¢

*Values (mean+SD; n=3) with different superscripts in each column are significantly different
(p<0.05).
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=

ofdE oA T 28.6%ETE EX H2 oS o
frokal Qlo] |A AzZo Zjolzh et o=
At EQler 9, A & a1ke ARt HE
AA(Fig. 20)& A7 o] dgdi= th=4
dAE RES TE & 2 %led, ol 1Y
Aol oJs OSA o] mAsHA Z4f=e] 7
sHAn|ForE o] A9 ErMsote] xHH
Atz ARE ot Ade gk A
o2 OSA i Sdxe] =7 Hsks AFe
Nilsson & Bergenstdhl[26]19] A ZAi}e} §A}
2t Ao =2 Nilsson & Bergenstahl[26]2 1%t A
2l Qs OSA A& d=pe] =2717F AASHA 2
aolae Histe] 2 Aol AnE Ty

2 ko] wE oEde A
o] WoE uEhd Axfolrt. OSA M
7

, OSA A& =7 0.2 w
Tt FESE AW SRS Fele
Aoz Uehdth0.2 wt%: 1.03 mg/m’—1.25
wt%: 5.08 mg/m?). OSA AR L7} e

M rg o 24 of

ZH0.13 0.15 wto)elA vehd AW S2kEe
#4aE Nilsson & Bergenstdhl[26]9] At
AR AgoR, ()08 BARL[S] HEH
32
A3t P Qe A= AT AVt 55
HREHAL FAasH =, olz s AWE &
2487] 98] Bagh OSA HEO| e A+ 2
717} Z7Yysk Az

S5 27 aFH v, oEA
OSA A& s&7t 0.2 wt% oldl FitollAe
Varona 5[17]¢] 5 Autel A2 ow fFARRH
b, ol vt Zrlele A 27|17 IA st
W AT AWS E2%7] Sls) dagh OsA 4
O] F2 TRt TS, ool whet A
9717} 9ATH OSA AE =1(02 wt%)=EE
OSA ¥ ¥& F7F AFSFE Jolo] OSA
Arol 2 Z7keHA "Hrh o2 <& g9
OSA B Ao S28 OSA HEI A4
A% stol AW FHFE 37 AVle ade
2 z2-gohA Aok

fol
j?—hf
Jo
i)
nc
b
1

=
Ry
A
lo
Jo
j9_15
Bl
o,
~J

r (mgim?
'S

nt1 0.:|5 U.’Z 0.‘25 Ui5 U.'75 ‘; 1.‘25
Concentration (%)

Fig. 3. Changes in surface load (/) of OSA-

starch emulsions versus concentrations

(0.1-1.25 wt% OSA-starch).

3.4, 3|4 ot

OSA A& =%(0.1-1.25 wi%)o] T2 of =4
o] Iy <A (creaming stability) 2] WHIE
Fig. 4o Yebfidlct. ZF oddE 15¢ & 4

[e3

2 AAstEA ZEge it e TES
A 0.1, 0.15 wt% J7F Lo A 389

A®7F AR 1092k 42 66.1%, 64.4%=2 Lt
el Fajyoe] FAsH WSS & & 3
gt WA, =% 0.2-0.5 wt% s 3
o 2] thsto] ol Qbgste] 54 (serum) &
ol AjHoz ralA yepsdth A% 15
of 0.2, 0.25, 0.5 wt% OSA HE H7} =
T4 Y AxE 27 10.1%, 10.0%, 1.7%
2 Jehgon, A7l 5% 0.75 wt% oA 11t
oAl A=Yol WA ¢kSkth(data not
shown). o]2|gt At dutzoz ofdxel 3
g &g FAoHs o239 Stoke 2ol <]st
o g4 o & 4 ol

Q.
o gl

e

1% 2a (po P9 e, (5)
9n
Vo 3gy &£
ar A Hi2E
Pt B WE
pt AN WU
n: B4t Ax

Aol dsiM ZHY Hxe AT "HAE
o] Aol vlFstER OSA HE 0.1, 0.15 wt%
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N,
i,
010[(
)
)

Sh= oEAA o] dHiA o= w
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Fig. 5. Changes in fat globule sizes (d5) (a)
and zeta—potential values (b) in 0.5%
OSA-starch emulsions versus pH.
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Fig. 6. Optical microscopic images of 0.5 wt% OSA-starch emulsions at pH 3 and 7.
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Fig. 8. Mean migration velocity of fat globules
in emulsions (0.5 wt% OSA-starch, 10
wt% oil) with pH.
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Fig. 9. CLSM images of fat globules in emulsions (0.3 wt% OSA-starch, 10
wt% oil, pH 7) stabilized by heat—treated OSA-starch (a: Nile red, b:
Con A-FITC, c: a and b were superimposed, d: magnified image).

2 =22 Sy A A+ (CNU sted+)
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