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Emulsifying Properties and Oxidative Stability of Purified
Surface—Active Substances from Defatted Rapeseed Cake Extract
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Abstract : Surface—active substances in defatted rapeseed cake were obtained using a supercritical
fluid extraction method. Then, it was purified by removing sinapine in the extract through a series
of steps using a mixed solvent: diethyl ether and ethyl acetate (1:1, v/v). Emulsifying properties of
purified surface—active substances were investigated, including fat globule size, zeta potentials and
creaming stability and its antioxidant activity in emulsion systems were also studied by peroxide
value and 'H-NMR spectrum. It was found that fat globules in emulsions with purified
surface—active substances were much smaller than ones with the unpurified. In addition, as pH of
the emulsion lowered and with increasing NaCl concentration in the emulsion, they were observed
to increase, which led to worse creaming stability. These properties were reflected in changes of
zeta potentials of emulsions. The oxidative stability was better in emulsions with purified
surface—active substances than ones with Tween 20 or commercial lecithin, possibly resulted from
the existence of sinapic acid in the extract. It was concluded that purified surface—active substances
from defatted rapeseed cake could be simultaneously used as emulsifier and antioxidant agent in
emulsion system.
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1.0 M 52 H7l - §aiA5H. ol A=A
247k ®FA6ke] NaCl H7tel whg 2t 27]
ZAFSHAT

=

242, pH #3} wE Ag+ 27] 4

At 4

AABEALHELS 0.5 wt% Ffots oEA
30 mLE 5709 test tubeo] ZtZF &7 g 35
0.1 N HCl € 0.1 N NaOHE o|g5to] pH
=2 3.5 7 82 WAL o2 LA 244]
b ®2] sto] pH W3] wE A 271 R
Arstedct.

AARHSAEAS 0.5 wt% &= odA
S fdez pHE XESHpH 3, 5, 7, 8) ¥
A F AHT 47 AHLE AT, |



4 RAA - olo - o)le - B

A Zt Al2E FYe pHE bis-trisgof 1000
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Korea)E olgste] SFEEE S5t 544
EBEE Aol wEol B2 EETAHAGSE:
HO%5%, y&: &35 o]8std skimg
H,O,/mL emulsion)z 2FAFSFSITE

717k w2 22 AsH=E(aldehydes) o]
st ®Ash7] 98l 'H-NMR  (BRUKER
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9] AFE mmol/L emulsion® 2 FHAFSte] FA]
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2.7. Sinapic acid 2A

A A e ZA & zEgHEd F
sinapic acid &E& Lee S[18]9] wWio] <A
HPLCE ol&ste] 453t &, A& 10 mg
< phosphoric acid(0.1%, v/v)7} FE 10%
gt 1 mLoll #7F5te] shaking bath(37°C, 3
AIZDolA  FEste] A& (14,000%g, 10T,
10B)stdt. A5HE Hsl 045 pm syringe
filter® ofi}sto] HPLC #A-8 A== AHE-oF3
I BXZAL Table 1] YRS

2.8, SAXAE

2 A9 33 vHg SAste] Yo 25H
bz UEraL, gl 7He] ol "AAS SAS
ver. 9.4& o]g3sto] ANOVA B4 & p<0.059]
/] Duncan’s multiple range testZ A5},

3. gt A nF

3.1, X|&x 37| W3t
AAEALY=4e A7t 5=0.1~1.0 wt%)
of W2 oHA0.1~1.0 wt% FAEALIEH,
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Table 1. Operating conditions of HPLC for the analysis of sinapic acid contents in
not—purified and purified—surface active substances
Instrument Agilent Technologies 1200 series
Column Capcell PAK C18 column o
(4.6 x 250 mm, 5 um; Shiseido, Tokyo, Japan)
Wavelength 350 nm

Injection volume 10 uL
Oven temperature 40°C
Flow rate 1.0 mL/min
Solvent A
. MeOH :water:acetic acid = 5:92.5:2.5, (v/v/v)
Mobile phase
Solvent B
MeOH:water:acetic acid = 95:2.5:2.5, (v/v/v)
0.1 min, solvent B 0%
10.0 min, solvent B 20%
15.0 min, solvent B 40%
Gradient condition 20.0 min, solvent B 40%
25.0 min, solvent B 50%
28.0 min, solvent B 50%
30.0 min, solvent B 100%
?-
. —— gy
- — 0 —  dy _ b}
%’ = a 5
£ 10 ~ BT |
5 Yo ——o——0——— E 4l
g 05 -
g 2
S 04} E
g ;_‘\‘i\{ E 2 -
03} Z 4]
0.1 0.3 0.5 1.0
Concentration (%) 0 0 3 7 15
Fig. 1. Mean droplet diameters (db, di3) of Storage time (day)

emulsions

surface—active

various concentrations (0.1~1.0 wt%).

(10 wt%
bis—tris, pH 7) stabilized by purified
substances

H(dy: 0.36—0.32 xm), 0.5 wt% ol A7t

A%, & Wakg Wolq gokrh ol Kim 5
7] 24 fAes BE B x4 FE

2o 4ot 54 Awe} vimste] Fe £33

oil, 20 mM Fig. 2. Changes in mean droplet diameter (dis)
of emulsions (10 wt% oil, 20 mM
added at bis—tris, pH 7) stabilized by purified
surface—active  substances  (0.1~1.0
wt%, in emulsions) with storage time.
im (d: 0.90—0.47 pymOB, F& FZE0 AA
g Fof sinapinee] AAH] wat {3 A2
A2 o] A S71E Qs xHE AL
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Fig. 3. Changes in creaming index of emulsions
(10 wt% oil, 20 mM bis—tris, pH 7)
the purified surface—active
substances 0.1~1.0 wt%, in
emulsions) with storage time.

containing

3.1.1. NaCl 37}l =g 28+ 27] A3}

NaCl 7pell =g odA0.5 wt% BA=EH
4 EH, 10 wt% oil, 20 mM bis—tris, pH 7)
o] 2 A7) H3ILE Fig. 4o YERSATE Fig.
4ol ot A A71(di)= NaCl H7F &
o] F7tet HEol F7lste S HAen (0.1
M:0.64 yum — 1.0 M : 876 um), o|=
7Fel NaClel oJsfj 2=+ 7+o] 34 &2 &<
o] ZXEo] xfjE AME wasir 2 AY
of AMEH BHEEAESY T84T IR
212 [phosphatidylcholine  (PC)x+  phospha-
tidylethanolamine (PE)]-& 20]2A] #3IAZ o]
2 Qlsi fet A Ttol AA7IA whiE
(electrostatic repulsive force)o] 44 FFo=F
frieEo] QHARE ofddol FdHrH29,30]. 1
L NaCl& ofg@de] d7tshd siefd ol 2(Na")
o] o] FHoA FHstet T8-S st
714 whrE o] 7t &} (screening effect) &
ARG, ot A= AT §F 9
Gdo] Yeleg zgsto] A A7|= F7tst
A HeH271.
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NaCl Concetnration (M)

Fig. 4. Effect of NaCl addition on the mean
droplet diameters (ds, diz) of emulsions
0.5 wt% purified surface—active
substances, 10 wt% oil, 20 mM
bis—tris, pH 7).

312, pHel B& A7 271 9 At

H3}
16}
- —— 9,

= 14}
£ \ -
% 1.2 \\
£
= 10 N
< AN
2 os \
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& 06 °'__§
s

0.4 '—-——o\.__.
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Fig. 5. Effect of pH on the mean droplet
diameters (s, di3) of emulsions (0.5

wt% purified surface—active substances,
10 wt% oil, 20 mM bis—tris).
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Bk o] AaE Fsty] f18f pH ®zte] ot
E e Aepdsks SA4sidle 1 4
W= Fig. 60 Uitk Alebd9= 54 pH
T ()9 ez vegtew, I Aigh
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o et A 27 W Aekdst 54 Avs
Kim S[27]¢] A3 Axtel G413 AT =
A pH FelA S4dstz k= WHE‘?‘;%’@,
Aol 4 pH ZHoA F4ol2H)NT A4S
Zhgoto] AT BHAA FHAsHFe] FAELT
2 QI8 AR 714 ghdEEo] Aot
A e el ot A 2717 SR A
2 gttt B3 JAAEPC, PE)9 pK, #
o9 Yol (PC: 0.8, PE: 0.3) 4Hg ¥
SAsE A =Hw[31], pH7} Eold4= 3
27t F7ete] Al A= S7lsHA ok

2 flo |o o ©

pH

3 5 7 8
-10

-20

-30

-40

-50

{—potnetlal (mVv)

-60

-70

-80

Fig. 6. Influence of pH on the zeta—potential
of emulsions (0.5 wt% purified
surface—active substances, 10 wt% oil,

20 mM bis—tris) with pH.

3.2, 32|Y AHLE H

_—_

3.2.1 &) B2 299 HPE st

AARALLEAE] BEO0.1~1.0 Wi T
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PRl W olRAe] AT 7] WskE 4
SHATHdhy). Fig. 2 AR7IZke] 2 F5 A
WE 2] WetE ued oz, oEd
AARDIHED SE7 03 wite olstd A9
ARk F7ke} clo] AT 27\(d)7t B
A5t Fbke e ¢ 4 Atk 159
% 0.1 wt% : 1.28 — 439 um, 0.3 wt% :
0.64 — 446 pm). ol= 93484 & AEA A

Y AP B oA FRG S A
Wuke GAotA] gpot zd | Aoz Az,

A7t §3A0) oFo] BRI AT A7E §

LEAA=S RS B ASE AR Wt A T

SH skofl 9= WA the AR d¥A 9l
CH28]. ol@fet et P2 Fig. 3-4 o
2 odAMe 3y orAgA

g 24 Aaket Axst
At 159 59 A9 229 JHEE AR
WA 03 wito ofsh Gt ol @ el A%
R4 ERe] akEe] olrt AASH Bt
0.1 wt% : 10.63%, 0.3 wt% : 10.87%)st2
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g oluie] 2B dA@A 2019 Hw)
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weld), gW, AAEABARAL At St
0.5 Wit o4 A T HPEE 943

Aoz ekt

3.2.2. pH Hi3}o] w2 Turbiscan 8™
HE=

Fig. 72 0.5 wt% AARHd=dS AHS
o Axg oqEHde pHE x4
Turbiscan &x]o] ¥ 3008 ZoF A3 2
9 ZR3kdory, XEFH2 8719 =ol(0~45
mm), YES ABS(-8~+30%)2 vehon, 1
Aol 7 He 27| At g 0%= St
Alzro] ZAutste] wet Wst= ABS(%)E YE

o o

r.?h ol

==

Aol 29 ZHRAlE Zro] ZFrlste] AF
@Yol FAs] TS Aoz wWesiart
A o pH A|Hof| A o HAe] AR
A(Fig. 522 o] 2 HoA
HEEE 1]‘%*-?94 A =2 Aol ZHite] 9

T Qlek 4BSE odA Fo] 4t wkoll FF
Z W=t 24 Foll ool AW sk 4
o] Aot U7t s=7t Aot TS
=9 3, A9 FE7 SUbeHH o #t=
Z-=tH24]. Fig 7l °Jstd, 0.5 wt% BAEH
SHEE oAdAL pH 5 ofstollA] 87]9] o
o
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Fig. 7. Turbiscan creaming profiles of emulsions (0.5 wt% purified surface—active substances 10

wt% oil, 20 mM bis—tris) with different pH. Creaming profiles were expressed as

backscattering intensity versus sample height.

3.3, &5} otdT

3.3.1. THsHET}

oA A= /3 AR {ET
AR T A% AT Bedste] w9 Fasith
Fig. 82 7z} ogdAlol ghiHol Sle 13 Aeks
=, hydroperoxide®] RAAFPOV)S ZAs 4
Ttolt}t, thxrFoz AFEH 0.3 wt% Tween 20
oA 9 0.5 wit% UG HAE oEHY] A
S A7 509744 POV7E S7HTween 20
oA 0.98+0.01—-5691+125  meq/L
emulsion, AYE FHAE ofHA: 1.25+0.01—
84.89+1.92 meq/L emulsion)?t & ZAstth
(Tween 20 of'A: 56.91+1.25—44.12+10.29
meq/L  emulsion, YL HAE oHA:
84.89+1.92—48.36+16.29 meq/L emulsions).
o), 0.5% AAEHZdEd odae A%
60427k2] POVZE 2 ¥2HE YehiA] eh3teH0
Uz} 0.74+0.02—3.20%+0.23 meq/L emulsion).
olglet Al F= AAFUIAHEE F9Y
sinapic acido] 93t ZAC & WestGl+=H|[17,32],
AAR BA Aol HEAHEE Folk dFE
sinapic acid7} &4kl JAJ 2 H[Fig. 9, Table
2] AA B8& AX F sinapic acid o] <F
28] ol FUHEES <l & 4 AATHA A
63.47+0.04 mg/g —AA T 123.28+0.02
mg/g). TS Lee[26]%= 73} A|2HIo|A sinapic

—@— Tween 20

— -0 —  Lecithin a
80 | ——— Purified surface-active Y
substances /

Peroxide Value (meg/L emulsion)
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Fig. 8. Peroxide values of emulsions stabilized
by 0.3 wt% Tween 20, 0.5 wt%
lecithin =~ or 0.5 wt%  purified
surface—active substances. The

emulsions were stored at 40°C for 60

days.
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Fig. 9. HPLC Chromatogram of sinapic acid in not—purified and purified surface—active substances.
(A) sinapic acid(standard); (B) not—purified surface—active substances; (C) purified
surface—active substances.

Table 2. Sinapic acid contents (mg/g dry wt.) in not—purified and purified surface—active

substances
Purified surface—active substances Not—purified surface—active
Samples
(mg/g) substances (mg/g)
Sinapic acid 123.28+0.02"° 63.47+0.04°

YValues are mean+SD (1=3).
“"Means with different letters in the same column are significantly different according to
Duncan’s multiple range test(p<0.05)
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