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Abstract

In this study, the process of sinapine removal from surface-active substances extracted from defatted rapeseed cake
was established by using a mixed organic solvent system (diethylether:ethyl acetate = 1:1, v/v). The emulsifying
properties of the purified surface-active substances were investigated. Thin layer chromatogram showed that sinapine
was removed and purified surface-active substances were found to have better emulsifying properties compared to
a non-purified one or commercial soy lecithin. As for interfacial tension data, purified surface-active substances
showed values lower (10" wt%: 3.20£0.57 mN/m) than the non-purified ones (10" wt%: 14.16+0.27 mN/m). In
addition, we found that fat globule size in emulsions with purified surface-active substances was much smaller than
in emulsions with non-purified substances or commercial soy lecithin. These results could be attributable to the
increased amount of phospholipids in purified substances following sinapine-removal.
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ATHBell, 1993; Newkirk et al., 2003). &3] HAF3HA =
Ot 213 9 ook Azl AMEEHE HE BrEe]

gt Ak JAAAE FHFE A Foll 1.5-3.6%=
i e Az A8l T Fo FF FE(11-
3.2%) SAFSE 202 1 359 th(Szuhaj, 1989; Dunford
& Temelli, 1995). WA 2 APHgM = AIdFIAE
e HHo 8 g2 fAute 24y QIAAS 23 st=

EHEA=HY 984 FF H o9 {354 7 &
3 Aol AF(Kim et al, 2013a; Kim et al., 2013b)Z
A &H o7 FPsial drt.

SHA, FAEF Foll= T FEZL] sinapine, glucosinolates,

phytic acid 5°| Efr=o] 55 A5 2 A FOF o]&H
=8 Algte] L 1O W(Fenwick, 1982; Hu & Duvnjak,
2004; Luo et al., 2012), ©]% sinapic acid®} choline®] 2
9t sinapine F ] WS st 7ta/e] WAglA

trimethylamine (TMA)®] S fr=ste] o Atsol o
= Aol ZMo 2 W3t v A (fishy odor) B 5k

(bitter taste)2] ¥<lo] H= Ao E B IFHATH(Bell, 1993).
wEbA oA AFAEl ol FAiuF F sinapines A7 S}
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7] §3 oz 723 (Larsen et al., 1983; Mansour
et al., 1993; Newkirk & Classen, 2002), 718w 2]
(Dabrowski & Siemieniak, 1987) 5©| 43 =T} Larsen
et al. (1983)= 322 100°ColA] 3087+ 2228 (roasting)
8] & 7% sinapine®] oligomeric sinapine > 2 H}¥] o]
69.7 umole/150 mg Nl A 57.9 pmole/150 mg N2 Z+AH
S R39S, Dabrowski & Siemieniak (1987)= methanol-
ammonia water =3 -& 1) A|2¥S o] &3t fAjut F
sinapine $S 1.69 g/100 gl A 0.17 g/100 g =2 I
= A FT

A, o] AF(Kim et al, 20132)5 T3l A& FAlat

A ZERUEHER) To= ¢ F sinapine©]
S8l Ao g HiEol(Lee et al, 2014) o] AZ& &
SR ARE-aE7] flake] o] A|ATE vhEA] Hagh AR
A o] AF(Kim et al., 2013a)
A fA 2HEHEL S AER 5
°
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Fig. 1. Procedure of sinapine removal in surface-active substances extracted from defatted rapeseed cake.
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Thin Layer Chromatography (TLC) &4

AAE FHSAHEZL 20 mgmLe] FEE FH| 5o
TLC plate (100 x 100 mm, silica gel 60 F254, 0.5 mm,
Merck Co., Darmstadt, Germany)oll 8 uL* spottingd+ % #
71 &1l (chloroform:methanol: acetic acid:water = 170:25:25:6,
viVIVIV)E ©]83F] A7 AlFH tH(Smiles et al., 1989). A7
7} k5% TLC plates 7204 587 AZxslaL X238} &
LE() W2 go] 5 I & EFEE(PC, PE,
sinapic acid, sinapine)®] Rf (retention factor)e} H]m. 2}l

st

High Performance Liquid Chromatography (HPLC)Z
0|&8t Sinapine 244
A& 10mgE 0.1% phosphoric acid (viv)7} $HH-%

Table 1. Operating conditions of HPLC for the analysis of
sinapine contents in not-purified, purified surface-active sub-
stances and residues

Instrument Agilent Technologies 1200 series
Column Capcell PAK C18 column
(4.6 x 250 mm, 5 um; Shiseido, Tokyo, Japan)
Wavelength 350 nm
Injection volume 10 pL
Oven temperature ~ 40°C
Flow rate 1.0 mL/min
Mobile phase Solvent A
MeOH:water:acetic acid = 5:92.5:2.5, (v/v/v)
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%

20.0 min, solvent B 40%

25.0 min, solvent B 50%

28.0 min, solvent B 50%

30.0 min, solvent B 100%

Gradient condition

21y

R =

10% methanol 1 mLol 3 7}8}e] shaking bath (37°C, 3417}
wlA F23F 3 AAE2 (14,000 x g, 10°C, 10%)3+2L, 4+

SAE Fst 045 um syringe filter= o] 3}3}e] HPLC
48 AIEE AREEISITh HPLC #4 27& Table 19]

LFERY S th(Satu et al., 2003).

Sinapine XM|7{ FHEMEEZC| FSIEN

AAE THEAHEZE S n-tetradecane®] =
Wi%)E &3 A 713 5 mM bis-Tris (pH 7)3 FHCZ 3}
oil-in-water A|¥-S FA3ATE 542 Du Nouy Ring
WS 35190 (Shaw, 1992; Couper, 1993), Al 84
308 $of WA= Al(Attension sigma 700, Biolin Scientific
Inc., Stokholm, Sweden)E ©]&3slo] AAAHS =43}

k.

=E(107-107

Sl TH 3 Xt 2| =%

AAE EHEYEE A FS (ol phase)?] 7=t
f+(canola oil)ol]l &3]3 & 4420 mM bis-tris, pH 7,
0.02% sodium azide)®} &332 o]E E37]|(L4RT,
Silverson Machine Chesham, UK)E ©]|-8-3} 5000 rpm®]
A 58 Fet A SthERERAE=Z 03 wi, 7h=
2 10 wt%, 20 mM bis-Tris, pH 7). o8] #2 YL 3
St 2 71(M-110Y, Microfludics, MA, USA)E % 33 %
FH3000 psi: 29, 500 psi: 1HHAIA FHF F3tdS A =3t
S (Kim et al., 2013b), F3}9 T &4t} = Ay
T9] A7) YEEA7](Malvern Master Sizer S, Malvern
Co., Worcestershire, UK)E Al-&-3lo] Z43l3 SHAA+=
volume-surface mean diameter (d;;) % weight mean
diameter (d,;)= A3 THMcClements, 2005).

dy,= 23d’n,/ 21d*n; (n;: numbers of particle on size d,)
dy=23d*n,/ 23d’n, (n;: numbers of particle on size d,)

SHXE

AR 33 v S5t Wk FFAAE Ve
WAL, gk 7k o4 A7 SAS ver. 94 (SAS, 2015,
SAS Institute Inc., Cary, NC, USA)S ©]-&3}3 ANOVA
4 3 p<0.05914 Duncan’s multiple range testZ A A]

ST,

Ay

[

i

EX|gxiefoz F&5 FHEMEER F sinapine M
o]d dF(Kim et al, 2013a)°14 L& HZ F= x4
(FZUE 150 bar, 2% 65°C, HZ-g&0 (ol &)
250 gy ©]8ste] EA fAlgo 2 RE xHIER (0]
sf HIgA THSAPEL)S FE313, ©lF Fig. 19 A3t
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Fig. 2. Thin-layer chromatogram of surface-active substances
extracted from defatted rapeseed cake. Lane (1) sinapic acid
(band a, standard); Lane (2) phosphatidylethanolamine (band b,
standard) and phosphatidylcholine (band c, standard); Lane (3)
sinapine (band d, standard); Lane (4) surface-active substances
(not-purified); Lane (5) surface-active substances (purified); Lane
(6) residues.

of we} sinapine°] A|AE A FHIAHEAS AUk
Fig. 2= d®e] &vf 5= 8A 74 (Fig. 1)° W= sinapine
g ol JuE BAFA Uk Lane 1-32 ZH7t
sinapic acid, PC®} PE ¥ sinapine ¥FEZ 0|3, lane 5
A U= AREIH O F sinapine©] £ A
#$4E& Fotd AAHASTES & F UMY, AAL

2R IR -,
sinapine Zt-3-E(lane 6)°l EAIFFL S0 1= AT

HPLCO| 2[5t N EHEMZE & sinapine £4

Fig. 33} Table 2= H|HA|, BA] 0L B4 2 2
E-(residues) =2 sinapine®l] T3k A &Y A4S Ueh)
2 Ao vGA 2HEY EZI JHE 9] sinapine &
Fo 7b7} 505.75+0.05 mg/g, 480.88+0.07 mg/gl 2 EA|
UERe ™, vhd HA| WS M ASEHA 2%
th o] At 2 A Ald AR ] Dabrowski
& Siemieniak (1987)2] methanol-ammonia water & $}-8-vj
Al &=E] S o] &8k W ol HIst sinapine A Al 1ol
- EIA OIS BT
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Fig. 3. HPLC Chromatogram of sinapine in not-purified,
purified surface-active substances and residues. (A) sinapine
(standard); (B) not-purified surface active substances; (C) purified
surface-active substances; (D) residues.

Table 2. Sinapine contents (mg/g dry wt.) in not-purified,
purified surface-active substances and residues

Purified

Sample  surface-active Surface-active extracts Residues
substances (mg/g) (not-purified) (mg/g) ~ (mg/g)
Sinapine N.D." 505.750.05%  480.88+0.07°

UN.D. : Not detected.

DValues are meantstandard deviation (n = 3).

*®Means with different letters in the same column are significantly
different according to Duncan’s multiple range test (p < 0.05).

Sinapine M7 EHEMZZEC| 75}

Fig. 49} Table 3> AA|FHEY =4
el AR Fapxt 2714 34
Fig. 491 Ueld 2 HAZHEA 529 Y7t 527}
7S ARAGE S Yol ©™[32.33+1.06 mN/m (107
wt%)oll A 3.20£0.57 mN/m (10" wt%)], ©]+= B1AA] %4
G EA ol AAAHA0" wt%; 14.16£0.27 mN/m) (Kim
et al, 2013b) B} wl-¢- W o) Tk A, H]
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Fig. 4. Changes in interfacial tension of purified surface-active 2 =2 5203%A F5AFAK (FHAIH S PI009164)
substances with respect to concentration. o] R glol| o5 o]Fo]xl #<]
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Table 3. Influence of emulsifier type on the mean droplet iél-_Tl__E_%l_{

diameter (dy,, d,;) of 10 wt% canola oil-in-water emulsions
(0.3 wt% emulsifier, 20 mM bis-Tris buffer, pH 7.0)

Sample d;, d,
Purified surface-active substances 0.31£0.01°  0.64+0.01°
Surface-active extracts (not-purified)  0.73+0.05*  1.02+0.06"
Commercial lecithin from soybean 0.69+0.07*  2.79+0.21°

YValues are meantstandard deviation (n = 3).
““Means with different letters in the same column are significantly
different according to Duncan’s multiple range test (p < 0.05).

sto] 3t S A|xstd A 2715 Z2ARE A ZH(Table
3), AT A71d) e A7 BA FHSHEE Fsld ol
7P AL, A s gAEE, dF AR o2 U
B TH0.6440.01 pm < 1.0220.06 um < 2.79£0.21 pm). ©]
= F2E AAHHE S 3k sinapine Al Aol whet A
O F3 A AR e o] Frtste] vehd A
2 Ao, B3 2 A UF gAY 2o &
sP7lso] s AlAbsEaL QT
kA 7] Aol 2Ask] & 3

Al Foll E=A)3k= sinapineo] A A EH L FA) b3}
&4 < sinapic acid7} $HrE o] 4™ (Wang et al., 2014),
3 7)E o gA" Rt vﬁ}? AAEEE, A A
Tt R AFE 3 RA A &0l Thsd &
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