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Application of silica in rapeseed oil adsorption dephosphorization and its effect on phenolic acid
WANG Wei—jun', LI Wen-lin', LIU Chang—sheng'", ZHENG Chang', ZHOU Qi', LI Huang—xiang’
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Abstract: In order to fully retain rapeseed polyphenols in refined oil, silica (Si0,), phosphatidyl ethanolamine
(PE) and their complex were characterized by Fourier infrared spectrum (FT-IR) and differential scanning calorime-
try (DSC). With rapeseed oil as research object, the change of phenolic acids and effect of adsorption dephosphoriza-
tion during dephosphorization process were investigated. The best technological parameters were obtained by orthog-
onal optimization experiment. Results showed that combination of SiO, and PE might have weak interaction. SiO,
had excellent adsorption and removal effect on phospholipids in rapeseed oil. Under dephosphorization temperature
of 35°C, SiO, amount of 0.75%, and dephosphorization time of 15 min, dephosphorization rate was 86.7%. Mean-
while, retention rate of total phenol and Canolol in rapeseed oil were 99.5% and 98.7% respectively.

Key words: silica; rapeseed oil; characteristics ; dephosphorization; phenolic acid

IR e S AFL D IO MR ) B 2 P 22— AR
BrwiNg TR 22, 00 Ak Ak Bl | 1R 1ok i #3% | TE:
JIGE B8 O T O 38 LA R s St ol S5, G b R B A5
SERCR IR TIEZ — o SERFINE & W 0 1 i
gy RMZ MR H T E )R, B EEAAEIT T
f2 T 0 . BT 2R | i E R AT Canolol (2,6— — H 48
Be-4- IR FOR ) 4 B BrAA AL BT e AR I

Wk H 9 :2020-02-06

W55 Z A DI Re R P . o Canolol AT A AL 14 HE
e, HLRA PO S5 A B PED, AT A J 2 A
FHAAEL, T AT TR e 7 ik 26 22 5 1 O .
AEETL,

“EALRE(Si0,) A S PR BRI 7 IR K &R
UM T TR A T ARG g AR A S U A
AEM, & 3 A7 5 R 2, (A OB R 2 1T B2 2K

FEEWH : FR A RFHFEES (31772010) ; FIKMEE =L H AR R (CARS-12) ; FR A A FH# 34 (31871838)
YEFZ RIS : R (1990- ), L IR, BRERRFFT 5, A0+, = 2 AR TH AR FT , E-mail: 247606249@qq.com
IR KB (1978- ), 5 A ARG BIFSE A, T, AR T4 AR5, E-mail: jasonberg@163.com



684 v EHED AR

2021,43(4)

PES . F K AR (Si0,+nH,0) X FREERE , J&— Fil
FLEMAR & IR Y Z ALY 5, % b i b i 8 i 24k
Wy R HoAl 2 Jot AT 500 i W R E ', T BB 4E K S0,
O 2 32 o FH 0 S 7 T IR R 3045
T3 T, A9 0 X1 3 2105 A e T AR A i AN R S
I3 I HEAT T WG R 58 J I S IS8 € Ak B, A 22 BB AR
SR FH RUARL 7K S A TR 152 8% B R 1B 5 1) 77 X )
A Y BT R B X A Tk
By P AT B, SIS T B RCR o

H BT, Si0, 78 S AF Il I 8l T 22 vb 9 1z H 1 3¢
R, PRI, AR SO Sl A B 2T A0 635 43 A
122 7R H i i I AT o6 — SR R R RN PR G £
RS G AT RAE R T A A EAEH]
SRIT LA Si0, Sy W B 56 B35 511) , 5 4 HC AR SOk il 5 98 T
2B I3 T SR I AE A AR W R A
A B e Py R 1) AR AL R , LU Si0, 7 il B I i 5
JERSHR T 22 N SR IS4
N e 7
1.1 ##

SEAFIM (DUZ, EBEE N 4. 179 me/g) , HH EA
B2 Be iR E Y i 5 B e 4tk — Stk , | 4L,
4l >99% , W T 75 I 19 Ji 5 ik RERHE AT BR 2 ) 5
Pt , 08 TP [ Merck 23 W), (3% 400 57 7 RRARME S AR
AR, W8 T 3€ [ Sigma—Aldrich 23 &) 5 77 F 085
HE i, G T 2 il K 56 BT 5 Canolol A3 fE i, T T 36
Bocsci 24wl 5 B i Tk £ B bR i, W T v AG i
IRALH W T 22 [ Pike 24 A, 61541 ; TooK O BE i
MRI 2 PRI SN S B AL B Fh IR LB L IE C e
UK G TR TCoK BRI B, W T [ 24 46 14k 7 0] A FR
NI G e IS
1.2 FESLHNH

T 1 Bt P AT A G & 2 i W B R ) )
Avanti J-26XP = 2% 2.0 ML (3£ E Beckman 22 7] ) ,
CWF1100 5 3 41 (H [ Carbolite 24 7] ) , HEWR IR A 1L
(VP PE o BT AR ), H R 2% K OF (B A e
W -FCH £ A F]) , Du800 % 44 6 6 BE T (56 [
Beckman 23 F] ) , Tensor—27 {# BL W21 4R G543 (18 [
Bruker 22 7] ) , Q2000 22 75 9 i 2 AR AL (S [ TA 24
), BIRAL CHT VAT N 8 o R S g A s A PR 23 W) )
afi 7K 1 45 AL (25 [ Millipore 23 7)) 3 KQ-500DB %I %k
5 P IR A (B LTI B A AR A PR W) ) 5 g
BB 5 (32 E Waters 24 ) o
1.3 EaMHHE

¥ PE F1Si0, #2 BE/R H 1:1 FL R8T e K 2 %
5B R E GBS BRI A AR A
SR JF T i R EBR O K 2 B RIS 2 Si0,-PE & &)
FES, R G — P AR RAE A 5T B L1 L .
1.4 SAYHKIRLE
1.4.1 29k (FT-IR) 247  RAIRILEE H
2 FREE AR 400 ~ 4000 cm ™',
1.4.2 2578a#%F#H(DSC) o BN 5+
0.5 mg, IS IR NS 1, PATRE P FHE , FHER T
IR 0°C A , T2 300°C, FHIE 3 2 2°C/min; <A -
AR A A - 30 mL/min,
1.5 SiO, Rz T34 im b i T Z MK in
1.5.1 SFBEZEEE SO, a0 xR & m ik
4 5 Wi < 7E I B Tl B85 A 40°C L JBERAE INF 17] A 30 min 4%
R, ZZIRIN0. 5% . 1. 0% . 1. 5% .2. 0% .2. 5% F
3. 0% 11 Si0, X 18 Bl 5 K 13 12 11 s Wil o 12 56 058l VL
JEE X 058 1l 238 R W 2 1 5% ) < 7 Si0, BRI h 1. 0%
W R 58 B35 B5F T] 24 30 min 251 T, % %2 30°C. 40°C .
50°C 1 60°C. ik i Xof Fi B34 258 K W IR 1) 5 i) o WG T At
Tt ST 0] XTI 3 23R % 13 R 1) 5% W) < 6 SiO, IS 0 A
1. 0% % BFF R0 8 18 1 Sk 40°C 2614 R, % 22K (10
min .20 min .30 min.40 min.50 min.60 min) %} i #§
R R R
1.5.2 EREH TERKERLEAER L, DU
WER A B 2 F Canolol 44 B Z i nAAS 4y %
FAEHAT N — P IE AR AL SE IS, A R E o300 R
0.4.0.3F10. 3,
1.6 SEIFBIBARINE %
1.6.1 HipgAFeymlx 2 WEZIRHE GB/T
5537-2008 CHETHAS 6 BAERE 2 1t I )
1.6.2 %@ eI EME £ Khattab [ )7 51
HRVEE M, HERFRIL. 25 g ke TR B 04
LA L 5 mLIEC4E M 1. 5 mL 80% HI BEIA , 76
W IR AP IR A 5 min, FHLE 5000 r/min 244 F 5
010 min B R IMAEEERS 2 50 — RO T
AH TR 26 8T H 4 $R B3 Yk, % 3 AR BUR & 9F
E—RIRA . WA TS BT 550« 3540 Waters
Acquity BEH Shield RP18 ## (100 mmx2. 1 mmx1. 7
pwm) ; LA 2% TR W SNAR A, W i sl AH B,
JiLE A 0. 21 mL/min, A 30°C, #EFE & 3 pl, 47
6 FEBEE . K 4 A Canolol 280 nm . I+ T8 330
nm I 0% 330 nmo
1.6.3 EZ®@egm Z KM Folin-Ciocalteau 3",
H0. 5 mL3eAF 2 B4 SO A ) 10 mL b @5,



ERB A T AAACRETE ORI R PRS2 i 0 18 FH B X P 1 ) 52 685

SRIG A 5 mL 784K 0. 5 mLABARER R, IR A 1
AL TCE 3 min, FEANA 1 mL V8 5 A9 10 RT0R R 4R 77 W
IJFHZR K ERZ 10 mL, IRA)E TEE T #E 60
min , 7£ 765 nm Zb I & #E 5 WG R, 25 BT IR
MEFIN A mg(r IR Y i) kg (FE &) (mg/kg) -
1.7 #HESHAMLE

K FH Origin 8. 0 4K {41 %] , 5% FH SASS 18. 0 #fF
Sy M AL SERE , RS S0 H R AT 3 RO ICE A

2 HREHAAH

2.1 EE5YIMNFERIE

2.1.1 FT-IR &4E Si0,¥{k PE ${&H1Si0,~PE
BEYRMEMIMERER WLE 1. Sio-PER &
YIR2T A 5 T B A L W A 06 5 55 o 79 ol B
UNTOLI QY T A E D VN 25 il o OB £
H1 1616 em™ 4bJ& PE $FAE 0§ , X5 107 A9 J2: A1 &0 3 A0 BT
A i 3 ™, 3411 em™ O PE 43 F 1 N-H
19 Wz Wi 0N 1233 em™ 4 PE 43 F H P=0 19 I
WA S10, Y 3 1] HY L 3422 em” S Bk R LGS A K
H—OH A9 45 4R S R0 L 1640 em™ b Hh i 25 7K 43
1 H-0-H 19 25t iz 2l W fic i, 1081 em™ 2 Si-0-
Si B8 (1) [ X B A 4 i 20 R U L, 952 em ™ S =Si-OH
25 i1 4R SR 4 L 800 em™ Ay Si—O—Si BY X kA1 4
P& B2 LI | 465 em™ S Si—0-Si 4 25 i 4% 3 1 Wit
IS H 1 1081 em™ F1952 em™ MR I TE S S I
T P R AR BB R A T A, X W Si0, 5 PE
ZEPET MM EER AR RE.EE
Py I A B WSO 7 A 3R IR BT A A
A, R Si0, 5 PE M 4 AT Be S — Rl 55 19 48 |
YER™,

2.1.2 DSC &L Si0,¥{k PE ¥{k SiO,-PE &

4000 3600 3200 2800 2400 2000 1600 1200 800 400
B Wave number/em™

1 SiO,.PEFIES&YHEEM IR
Fig. 1 Fourier infrared spectra of SiO,, PE and their com-
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Table 1 Effect of different adding amounts of SiO, on phenolic acid content

SO, M D FTm =
Amount of Si0, /% Total phenolic /(mg/kg) Sinapic acid /(mg/kg) Sinapine /(mg/kg) Canolol /(mg/kg)
0 1114.6+10.5 10.0+0.2 9.8+0.4 656.0+5.9
0.5 1072.9+2.1 7.2+0.0 ND 654.2+2.5
1.0 1072.8+4.6 5.320.0 ND 653.5£3.4
1.5 1049.8+3.1 4.5+0.9 ND 643.1£3.2
2.0 1022.1£3.8 2.60.0 ND 646.5+6.0
2.5 1055.0+5.5 1.9+0.4 ND 651.0+5.8
3.0 1060.2+10.1 ND ND 641.4+0.6

T :ND 7R A 1
Note: ND— no detected
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Table 2 Effect of different temperature on phenolic acid content
R R TR I
Temperature /°C Total phenolic /(mg/kg) Sinapic acid /(mg/kg) Sinapine /(mg/kg) Canelol/(mg/ke)
ARAb
Untreated 1114.6+10.5 10.0+0.2 9.8+0.4 656.0+5.9
30 1090.2+10.4 4.3+0.4 ND 653.6+7.6
40 1082.9+5.1 4.5+0.1 ND 653.5+1.9
50 1109.2+7.8 5.0+0.3 ND 651.0+3.0
60 1111.4+10.0 5.4+0.3 ND 648.9+3.8
T ND FR A A
Note: ND— no detected
1007 TR 20, 3) EZE G AR 73 N5 5441, 15 1 Si0, 1Y
g M 2SR IR 35°C LRI 0. 75% I
E [B) 15 min, 7E A5 F T 1550 fem , BB SR 86. 7%,
5 50 :\;\i JE 3 1 Canolol P B4 35353128 99. 5% A1 98. 7% .
e E 3 Wik 5 &
: L0 25 S 17 T R A o 0 5
§ 60 =9, FEAE TR E W R,
HA B PE M Re, e o R E Y R
R B % o 5 LA 97 VAU I 2R 55 5 6 45 7 T LA AR 9 £
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Fig. 5 Effect of different time on dephosphorization
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Table 3 Effect of different time on phenolic acid content

I ] pENL} IR I
Time/min Total phenolic/(mg/kg) Sinapic acid/(mg/kg) Sinapine/(mg/kg) Canolol/(me/ke)
0 1114.6+10.5 10.0+£0.2 9.8+0.4 656.0+5.9
10 1062.9+9.6 5.7+0.1 ND 657.3+5.0
20 1109.0+£10.2 5.1+0.1 ND 652.3+1.1
30 1082.9+7.0 4.5+0.3 ND 653.6x1.5
40 1007.9+15.4 4.5+0.4 ND 648.4+5.6
50 997.5+5.0 4.5+0.3 ND 648.6+5.0

T :ND R Ak
Note: ND— no detected
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Table 4 Orthogonal experiment results of dephosphorization based on high retention of phenolic acid
TR S0, H it ‘ iR B R Canolol fft ¢
W R " SR - 5
Temperature  Amount of SiO, Dephosphorization rate  Total phenolic retention Canolol retention
Code Time /min Score
/C 1% 1% 1% 1%
1 25 0.75 5 78.9 97.1 99.6 90.57
2 25 1.00 10 81.1 90.7 97.1 88.78
3 25 1.25 15 86.0 97.5 98.2 93.11
4 30 0.75 10 85.4 96.8 97.3 92.39
5 30 1.00 15 87.4 94.8 98.9 93.07
6 30 1.25 5 85.6 99.1 98.3 93.46
7 35 0.75 15 86.7 99.5 98.7 94.14
8 35 1.00 5 80.2 99.8 99.7 91.93
9 35 1.25 10 79.2 97.8 97.7 90.33
B k,
82.000 83.667 81.567
Mean value k,
ié]ﬁ k2
86.133 82.900 81.900
Mean value k,
Bk,
82.033 83.600 86.700
Mean value k;
2% Rangel 4.133 0.767 5.133
Bk,
95.100 97.933 98.733
Mean value k,
HIfE ks
96.900 95.167 96.567
Mean value ks
HfEk,
99.233 98.133 97.400
Mean value kg
M2 Range2 4.133 2.966 3.633
P k,
98.300 98.533 99.200
Mean value k;
ié]{.ﬁ kg
98.167 98.567 97.367
Mean value kg
Hfi k,
98.700 98.067 98.600
Mean value kg
2% Range3 0.533 0.500 1.833
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