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Abstract

In this experiment, the surface-active substances were extracted from defatted rice bran and their emulsifying prop-
erties were investigated. The sample emulsions stabilized with the surface-active substances (3 fractions: 1-HS, 6-
HS and 18-HS) were prepared and then their physico-chemical properties such as fat globule size, creaming stability,
oil-off and dispersion stability were determined. It was found that the sample emulsion with different fraction of sur-
face-active substances showed different physico-chemical properties from each other. Specially, 1-HS emulsion with
the smallest particle size was evaluated to be superior to others in terms of higher creaming stability, low incidence
of oil-off and higher dispersion stability. From the study of co-surfactant addition (Tween 20, SSL and GMS), GMS
was found to be the most effective in reducing fat globule size in 1-HS emulsion. This indicated that there might
be a co-operative adsorption of the two surface-active substances at the oil-water interface. Thus, the potentiality of
the rice bran extracts, obtained with specific conditions, as natural surface-active substances was confirmed.

Key words: rice bran, natural surface-active substances, emulsions, fat globule size

M

I

o dojAl= =4 H*Pgi
°F 8-10% F=E 2HA sk o] 7
Eo] ¥ E I Slth(Lee et al., 2010). U]ﬂ‘-/]
N2 11-15%, SHF3HE 34-62%, -2 7-11%,
20% 2183 SE 7-10% T2 FAE ] FUH
Ao Z H7 = ok 22, Ulﬂg
AmE A sfstar, A%o] ojH Y 5
3= Bt Ut mAg % XJI&%
WA FFHFE 71 ALES Z2 g7
O Z(Kim et al,, 2004), 7]7+e] 3L

,000
0

R |

R

fn{a
2

o2

0
o @ o 1->4 r& ot

R U O 1 e =5

2ok Ho G orle Gy o

ok

L

o
=g
=
1=]
-

*Corresponding author: Soon-Taek Hong, Department of Food Science
and Technology, College of Agriculture and Life Science, Chungnam
National University, 220 Gung-dong, Yuseong-gu, Daejon, 305-764,
Korea

Tel: +82-42-821-6727; Fax: +82-42-821-8900

E-mail: hongst@cnu.ac.kr

Received March 5, 2012; revised May 21, 2012; accepted May 22, 2012

172

A

o

7HA 3 o7

sk,

A% BFF A7t ASHos o

f3t (emulsion)> A ] AAde] M2 AolA] &
WA (F2Hd7E FLsHAl Ak A 2EE deked], 5
Ho=z E/7)5 7o AwWAgEe] A7 ] o 2ol (e, =/
9] AH4E: 24.6 mN/m)(Krog et al., 1989) 433+ {3
AE H7VsHA e -5 fretle B<hg st AlZF A3
o gEo] ZH, AT &4, dd 59 3t 5
& 2go] @A s th(Shields et al., 2001). ©
52 Hastelr] flste] fshls Az
A& Adelste] st FHZodle 2F Ao A
735l wet JAfsA o] ARgo] Mz 22t
Ao A FEste] A Fel ARgete AAR3Ae T
u- A g om, AR FAF A T 33
AHdelM = HARL Fol ARSI R ARS-E AL Qe
n73E ARE st FPE fed Aol A A= tF

L
p
A

)

e
©

0%
tlo

Mo Jo {1 o

o rr re b b gz o

_|}L )
OXL
o

A
.

Z
RS

T omgeade] 2 9 ool fagdd Ak Zow
(Wang et al, 1999; Tang et al., 2003; Adebiyi et al., 2007;

Toliwal & Patel, 2007, Wiboonsirikul et al., 2007; Yeom et



ool Y 54 A A

Hong, 2006), 53] YA CO, 4 FEHS 53 4
% 5 U EZD Y fsdd Akl Bk Ate 3
=2 ekt A, Lee et al.(2011)2 =UAl CO,FAHE
ol g3l H} F EHEHYEHE S FE3L FE2U(HE,
25, R guEhs HA g eiglen 74 & £ AW
AEE SAHsA 2 A3 7t FEEYY AWAE S B
g Elere)d Fo] FHAAE el en, 4
2 2role= o] AAAAE Bt

AT AEd AR g§A e dste s el
o o] AF(Lee et al, 2011014 A& FHIHEH B
gEo] oy 7] A S AS B4 skaA}; Fsy skl

Tz %

W=

2 AP AREE WA AER ) AR S = F ol A
AArE Ao 2 FFEA (pore size: 0.84 mm)E FHAIZ A
< A= WA G4 o3 ¥MskE HAR §17] flsl

-70°C2] deep freezerol H¥slHA] Ao ALL3IATH
Ft=gHE ()57 (Pyeong Taek, Korea)dl| &2 AE-31S)
o} AR Tween 20 (polyoxyethylene monolaurate, purity >
99%) 2 54 34 GMS(glyceryl monostearate)= Sigma
AKSt. Louis, MO, USA)ZHE Fd35te] Algslom,
SSL(sodium stearoyl lactylate)> (5+) 41 2(Cheongwon,
Korea) Al &2 A3} T

Z2A CO,RHMIE 0|36t 0| & EHENEES| F=&
7 5 ZHE EF FEL old dAt(Lee et al,

201)$}F sd3Al skt &, 2942 (150-350 bar),
£5(33-65°C), RZ81) 2H(50-250 g) S

o] D-optimal designol| whe} AAE 7+ A3
2 FEHYS AR o FE2A 2 247k
CO,2| flow rate(L/min)= 622 24350, B
BE)E HPHEE o] &3l 2A17H] FEAITH

Al extraction vesseldll FYJ3ATh 1 3] F20) AFRHE &
U732 50gelRe, & T5 F ¥

FZE2 evaporators ©]-&3te] eSS A|AT & 4
AxE T8l s AAskd. sAdx0F d5E 5=
E8 n-hexaned] &3l B A3 HFS AR i) £
ES Ao ol& AWAE S48 AERE St

SENE WIS S5t EHENSY Bel2 M

D-optimal designe] FZ3=
T ES e, olF 3719 544 #8=

My
2
=
i
23]
(g
]
oX,
o g
rl{g i
> &
)

Me ¥ o

i, fot O po

Z
o
s
ol
ol
o
=z
SE
>
o
o
N
N
o
s
rlo
M
ot
O
Z
®
o
ol

34 M= @ XHT 7| B
fr3}8-& Tornberg(1978)¢] HHY

, s~’J(aqueous phase)>-Z 20 mM bis-trisE Z=5(pH
el gletel Aed G4 BT o EFAL
silverson mixer(L4RT, Silverson Machines Ltd., Chesham,
UK)Z ©]-&3}o] 5,000 rppmoll A 2387+ pre-mixingS 3+ &
A 71(M-110Y, Microfludics, MA, USA)E ©]|-&3}¢]
3,000 psioll Al HE 3t S Azt fshel S0 A
T Z7E YE=E2X 7] (Mastersizer S, Malvern Instrument,
Worcestershire, UK)E &3l 2431992 ™, ZA3+= volume-
surface mean diameter(d,,) % weighted average mean
diameter(d,;)= Th} 2ol FA| kAT

dsy = Sdin/Sding (2 A% dy 2 4R AP

47 d,: Ak A%)

dyy = Sdin/Sdn, (n;:

Z2/2) ol st 5%

frafoo] Azjdol gk HYAS B 7sh] 91k -3t
Aol NaN, 0.01%E B2 F °l5 37 HE4 test tube
(Inside Diameter: 8 mm, Length: 205 mm)°l] 2] 4%

Table 1. Extraction yield and interfacial tension data of n-hexane-soluble fractions of the SFE extracts for response surface analysis.

No. Extraction conditions Variables
Pressure (bar) Temperature (°C)  Co-solvent (g) Yield (%) (mN/m)
1 150 33 0.59+0.04"= 12.28+1.9%7
6 350 65 0.78+0.23% 9.65+1.19°
18 350 65 2.61£0.01° 17.76£0.6°

1) Values are Mean£S.D (n=3).

2) Values with different superscript letter in column are significantly different (p < 0.05).
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C(%) = A / Bx100

A: total height - cream layer(mm)
B: total height(mm)

C: creaming stability(%o)
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LUMiSizer(LUM, GmbH, Berlin, Germany)E ©]-83}¢
Hciii=2

Co-surfactant 2%

2 AFE Fate] - fsA S UE sHEAE
A FYES O E co-surfactant 23 2 H S YA
AEZ co-surfactant= T4 fF3HAIQl Tween 20 2
SSL(sodium stearoyl lactylate), X1-f-43 34 GMS(glyceryl
monostearate) AT EHEFEZD FIE 0.1 wi%s 7FE2H(
el el alaL, A ESHE co-surfactant 0.07 wt%(++-3HY o
H] SEH]E)E A (Tween 20, SSL] A$) &&
(GMS®] 7350l &aliete] zH2te] 4, s &
Heet fold Az Fate] 7384201 wive EHEAE
2 E3IE 0.07wt% co-surfactant, 10 wt% oil, 20mM bis-
tris, pH 7y AlZ3510m, 23kl w] 7 (CX21FS1, Olympus
Corporation, Tokyo, Japan)S ©]-&3}o] co-surfactant 3 7}

E A8 3t Fo A =27 B dE vskE 3RS
F o]& 7|02 7P 953 co-surfactants 417 3FA T
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E7A|x18]= SAS Package(Statistic Analysis System, version
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9.2(SAS Institute Inc., Cary, NC, USA)E ©|-&-3}o] FE4HE2
(ANOVA)# Duncan's multiple range test® p<0.05 ==l
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o7 ATE ol AL 3 71N FRY 2AAFA =

20 mM bis-tris, pH 7)& A2l A3t A7 7] g2
At A719] WskE S sHAthFig. 1, 2, 3). 1-HS
stall(Fig. 1)e] A% 718 FE(S, 10, 15 wt%) Mol o}
2 %7] AT =271+ 242 030, 028, 030 um AL,
109 A3 FolE 034, 0.34, 037 um= oA S7FsA )
6-HS 3t (Fig. 2)°] 4% =71 AW+ Z7|+= 030,
030, 0.32 um%37, 10 ¥ 742 <l 038 0.34, 0.37 um=
Z7FeFA T 18-HS 3t (Fig. 3)& %71l 0.29, 0.30,
037 umAaZ, 10 & 742 4l 035, 0.37, 0.44 pm= 57}
stATh dubg oz 7F FE276 BAIgle]l A% 7171o]
Z71gel ek A 2717 SRk eH, 71 d el
M ES 15wt% e A A7 F Ho7 F
7ot 7ol A 717kl mE A A719] F7t
= AF 717y T AW S (flocculation) 2 A
(coalescence)S AlAlsle ALoZ AW ko] 71 =2 &
sll(ie., 15wi%)ol A Pl e Z o= eyt
3l Fo] A= #9Ugle] brownian movementE &}
= olw g QdAke] FEo] o7lEe] AWTE =
AL Qe AW REA gt wRkE ¢ gtk
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Fig. 1. Changes in average droplet size (d,,) in 1-HS emulsions
(0.1 wt% 1-HS, 5-15 wt% oil, 20 mM bis-tris, pH 7) containing
various concentrations of oil during 10 days of storage. 1-HS
represents the hexane soluble fraction obtained with extraction
condition No. 1.
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Fig. 2. Changes in average droplet size (d,,) in 6-HS emulsions
(0.1 wt% 6-HS, 5-15 wt% oil, 20 mM bis-tris, pH 7) containing
various concentrations of oil during 10 days of storage. 6-HS
represents the hexane soluble fraction obtained with extraction
condition No. 6.

0.6
0.5 4
g
] 0.4 4
o g %
0.3 4
—&— oil 5 wt%
02 4 —O0— oil 10 W%
' —w— oil 15 wt%
T T T T T

0 2 4 6

o]

10
Time(day)

Fig. 3. Changes in average droplet size (d;, in 18-HS emulsions
0.1 wt% 18-HS, 5-15wt% oil, 20 mM bis-tris, pH 7)
containing various concentrations of oil during 10 days of
storage. 18-HS represents the hexane soluble fraction obtained
with extraction condition No. 18.
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g st 23 279 Wik Bate] e HE =
HEY & gon uehy o) 71l sl s gE)

Aol A717F Aees AW =T 2 AL
Stokes' lawS o] &3lo] AT & Ut
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Vg = 2a"(py - p)g/9m

(Vs : creaming &%, a : YA A4, po} p, = BAFE 3}
Aol WE, g = A3 HE)

37HA SFe ZHEHEZ(I-HS, 6-HS 2 18-HS)S
ARgate] Al 23k 5-3F(0.1 wt% THSAHEE, 515 wit%
oil, 20 mM bis-tris, pH 7)¢] Z&™ g4 WHI}E Fig. 4
of el AT 1-HS F3ke o] A9 75 =G, 10,
15wit%) Z2W AL 989, 988, 98.6%= 7 =9k
3, 6-HS F34-& 979, 97.7, 97.6%= UEFH oM, 18-
HS f3l& 977, 96.7, 91.7%% t}& F E3& o]&3}
of Azxg sl vlawste] B FYAS HERH AT
3, 718 15wt%E R3t= 18-HS FA(E
15wt%)9] 39 PP =7t 7P W Ao AFAENS
, ©]= Stokes' lawoll ZA3le] H&3t vie} o] A%
oA T AW Z77F 7PE 3A F7HEE A 3e,
A4 um)dl] 71918 Ao 2 ALE ETH(Yun & Hong, 2007).
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Fig. 4. Changes in creaming stability of emulsions containing
various concentrations of oil. The stability was measured after
10 days following emulsification.

A-1: 1-HS (5 wt% oil), A-2: 1-HS (10 wt% oil), A-3: 1-HS (15
wt% oil), B-1: 6-HS (5 wt% oil), B-2: 6-HS (10 wt% oil), B-3:
6-HS (15 wt% oil), C-1: 18-HS (5 wt% oil), C-2: 18-HS (10
wt% oil), C-3: 18-HS (15 wt% oil)
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Fig. 5. Degree of oil-off in emulsions (0.1% HS, 10 wt% oil, 20 mM bis-tris, pH7).

A : 1-HS emulsion, B : 6-HS emulsion, C : 18-HS emulsion.
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Moo = R o o

=
W3tol] WE F31A[0.1 wt% EHSAEA(1-
HS, 6-HS, 18-HS), 5-15 wt% oil, 20mM bis-tris, pH 7]
°] FEE LUMiSizers ©]-&3te] BH7letaict. 7+ f3}
NS LUMiSizerol| loading 3t & I A7k 7HHo=2 &
A oMe FAZH o, AE Fig 6, 7 2 8l YERNA
T} Fig. 62 1-HS #3l4 9] P& Yepliz glom,
F49 71&7e 71E X6, 10, 15%)° w27t
64.14, 32.44, 35.6 1%/hourZ 2= %t} Fig. 7 6-HS
Fold PR FAe] 7eTe e sk we 7h7)
46.96, 38.19, 49.35%/Mhour$] ™, Fig. 82 18-HS -3}
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Fig. 6. Changes in the integral transmission of 1-HS emulsions
containing various concentrations of oil at different times.
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R AT W Fago] oSS vshH ol &
3t Al ol GAlgtthe As eJn]Fh(Detolff et
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Fig. 7. Changes in the integral transmission of 6-HS emulsions
containing various concentrations of oil at different times.
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Fig. 8. Changes in the integral transmission of 18-HS emulsions
containing various concentrations of oil at different times.
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3| =2 A](Table 1) 18-HS F3}de] % 7171+ 1-HS
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6-HS fratdzt= I 715 $x9 F7KS, 10 2
15 wt%)2t Bl E0] HolAle AR YepthfekFE ==
olR)). o)A AF(Lee et al, 2011 &H, F= =4
% B8 ()0l
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Fig. 9. Microscopic observation (x500) of oil globules in
emulsions (0.1 wt% 1-HS, 0.07 wt% co-surfactant, 10 wt% oil,
20 mM bis-tris, pH7) stabilized with various co-surfactants: A,
1-HS only; B, 1-HS + Tween 20; C, 1-HS + SSL; D, 1-HS +
GMS.
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Ho g HF MAACH, olF o]&ste] thEe] HF
< Y3t

Co-surfactant 4%

1-HS frstdo|A] #2=E = oil-off @] 7HAS Hsll
A3 co-surfactant =3 A ES SR HFig. 9). AE
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(sodium stearoyl lactylate), -4 F3FA GMS(glyceryl
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of A= 7] e FHE Bt &, 1-HS F35
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Fig. 10. Effect of co-surfactant addition (GMS) on the average
droplet size (d,;) of 1-HS+GMS emulsions (0.1 wt% 1-HS, 10 wt%
oil, 20 mM bis-tris, pH 7) at 1 or 4 days following emulsification.
A: 1-HS (0.1%), B: 1-HS+GMS (0.1+0.01%), C: 1-HS+GMS (0.1+
0.03%), D: 1-HS+GMS (0.1+0.05%), E: 1-HS+GMS (0.1+0.07%),
F: 1-HS+GMS (0.1+0.1%)
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ME 2 AT Aot FAH GMS A7t ofal] A
9] Z7|7} FolA= synergistic effectE AT F AA=
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st Fo] AW 27] WskE S48k thFig. 10). & 4
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