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Abstract: Three kinds of silicon dioxide including S655, R92 and R40F were characterized, and their application in low-
temperature adsorption refining of fragrant rapeseed oil was studied. The results showed that all three kinds of silicon
dioxide had a loose porous structure, but the particle size distribution, specific surface area, pore volume and pore size
were obviously different. After being treated with 1.0% silicon dioxide at 45 °C for 30 min, the dephosphorization rates of
rapeseed oil by S655, R92 and R40F were 90.3%, 99.6% and 88.5%, the lightness increased by 49.9%, 52.5% and 53.9%,
the redness decreased by 31.5%, 23.4% and 37.8%, the yellowness increased by 17.3%, 20.0% and 20.6%, respectively.
Meanwhile, the retention rate of sterols (above 97.1%) was high, and there were no significant differences in deacidification
rate, fatty acid composition or tocopherol retention rate among the three treatment groups. The highest retention rates of
total phenol and canolol (98.1% and 99.4%) were found in the samples treated with R92. The contents of glucosinolate
degradation products, pyrazines, aldehydes and ketones in fragrant rapeseed oil all increased significantly after refining with
the three kinds of silicon dioxide.

Keywords: different kinds of silicon dioxide; characterization; fragrant rapeseed oil; low-temperature adsorption refining
DOI:10.7506/spkx1002-6630-20220809-117

&y K5 TS225.1 SCHRARERD: A SCESS: 1002-6630 (2023) 16-0001-07

Wehs H: 2022-08-09
HeuiH: BEARBFRSBARESIH (U21A20274) ; B AR A RE LT (CARS-12) ;
[ RO B Bk A TREIH (CAAS-ASTIP-2016-OCRD
H—EHE: EARHE (1990—) (ORCID: 0000-0003-1110-0261) , %, BUFWRsEH, #it:, WHoeismeukebnT.
E-mail: wangweijun@caas.cn
BEELRIA: B (1978—)  (ORCID: 0000-0001-8909-9649) , T, EIWFF G, {4, W5y A AmENn T,
E-mail: liuchangsheng @caas.cn



2 2023, Vol.44, No.16 Bz

XA MY

E[BE

ERE, Wl 22300, & ASFIRRSRE SR (K R AR S AR IR A SR AR BT A o B 2 F [0, & B2, 2023,
44(16): 1-7. DOI:10.7506/spkx1002-6630-20220809-117.  http://www.spkx.net.cn
WANG Weijun, YANG Bo, LI Wenlin, et al. Characterization of different kinds of silicon dioxide and their application in

low-temperature adsorption refining of fragrant rapeseed oil[J]. Food Science, 2023, 44(16): 1-7. (in Chinese with English
abstract) DOI:10.7506/spkx1002-6630-20220809-117.  http://www.spkx.net.cn

SERF 2 TR E B — = KR . SRR E SR E
s B S MR AR, B AR TR
Zly. LEMAEY SRS . AT EE — &5
R T A B e i O R B A% SOk Il AR R .
MR Pt JSLARIBES, (EAEAER BRI . WA
I A Gk I FE 2 B BCRR I R R AR A S
Bk, Forpay (SR b Y 2R Ak SR 90% ™, A
BRI 8 B2 B0 515 27.82% 125,34 %

AT AL B AT DA 25 v SR I R AR W E VR S
NI 1 o4 i oy 8 7 O N T I 37 e o
W SR 2,6 AR B -4- R ORI, RN
canolol, & — P i 14 i Bt A 770 AN A R i ot i 2 =
HERA, HKoskiZEM g A RILIFRIE, IR A Al
1122 W Lhcanololy . ¥k AT v 6 L AT 4 S0k 11 )
I, — R IR IR, IX XV S A E B T — R
AN, AR SR 7R o R R AR A A 2V B R A
JARN TRI, 38 3 R R A9 B A R AR 1SR AT
TR E RS Y A 8

EWRMHEEEREEMKEET (—&N
30~60 'C) , I AW FAE R [ A AR B 25 0k
HJ, AR, g, RRITTE, B TSRk
ARSI o (R T R PR e 5 P 10 PR B 7 5 T e
AR SRR b AR L R TR
K B RBOSARY, BA R BEIRSE R
SEMERY SRR AR R, (R k%
T AR EN T Bk AR XORR RS, X R 2L 25T
A6 2 R K G AT T RS AL R, i 24 2 2
FH S KB & B i R i 24 B, o AR
FH VS 1 R RS T WO P 7 9 5 RORR e 3R 4T 1 B
A B A PO T e ko ek e A b 2 B R B R, T
A3 T W B0, HIX BB 5T SR I B 2 s R A R
HEAT IR BRAS MAE D

HOET, AR 75 SR I 0G5 I PR RS 6 v 1 R
WEAFTRIE", EASFE R S AR 1 R AE AR
SRR 7o A1 ok PR B S v ) 97 P B LRI . STk, IR
FHE AR R A AR = S, ARSI e X S655. R92F
RAOF S AL EERHT SR RAE, SRR/ AT BMEE.
RIM-FLARII BT XU ERAT S 43 b A0 BL AR e 21 A1l 1%
OIS X IR R A ST I A UL R B I b 1 B FH 4

i

BIEFE 2 SR AR Bt PR 3 8 SR AT 3R e SR F 3 Al 2
JEAR AL KR 73 RIS, & A AN A R 2R — AL R AR
PR T SO o AR P PR 2 Y FRD I P 92 4t — 5 f0 Bl S
MBS AR -

1 MREHE

1.1 kSR

WENW P REERE AR AR S655.
R92. R4OF_FMtE i WEE. 4. IECkA|
Al HABRA R b At
12 5%

Du800R 4 e E it HARREAR: Hmsik
e EEWatersBHHE AR AT ;s GCT890 41 4
WA EEZER AR AE; PFXi880L4x H 3% 4
Wede  EEPYENARAR; S-3400NE 4 1
WEE HAHSIAF: AS-1C-VPE! L F 1 -FLA% 2 A
A EEQuantaA ] ; Rigaku XHFZEFTHL  HA
B2 A A NieoletZLAM bk EEZFEB WA A
ZS-90GRRLEE T TEE S /R SR A F
1.3 ik
1.3.1  AEFE A RERIRAE
13.1.1  HiETF RS

KAB#EE T 2 NE SRS, W
FACEERE ST S A0, AR JEREAT U . i R R
20KV,
1.3.1.2  LLERTH-FLFRE b7

SZHBET (Brunauer-Emmett-Teller) 43 #7205 — 4
R R I LR TR FLARFLA . HERIFRKE0.100 0 g—
FALRER RAEL50 CHEA8 h, SR 518 FIA AR BEAT 437 o
1.3.1.3  BifRarr

W—ZERHEMTHTEE Ky (RESH
0.1%) , ABFHRE3 min, FRLEE 43T ACI R0 A2 53 A
MAR3 KECEIME .
1.3.1.4  XHHERATH M7

BUE 5 A AGEERE f, RON XS 2R AT S A N 1E AT X
SERATH . SRR E: FE40kV. EHI50 mA,
i HZE15°/min. #£0.02°0, B S IMPRATH M 76 F
5°~90°,



AL EnH=z 2023, Vol.44, No.16 3
13.1.5 LA b ke T, FIE R RS2, AR, it

KRR BRI, o AR 5 IR
BB SR 4 W1 2 10057 & Eb 24 40 BIF B8 3T 3647 1 Ak 7,
RGBT Ak R AT H R . DR ok B0 B
400~4 000 cm ™', ¥R A4 em ', FHIKECA32,

132 R[RIFP2E S ARE R FH VR A SR TH W B 9 1)
S

)R 7 SRl TP N 1.0% B AS [/ Fh 26 — Ak ke, £
45 CW P #5430 min, 2RJ57E10 000 r/min & 220 min,
Frf BIEW RN RE S, TBCE T4 CORFERFI
133 IRAF RSB bR 10 2
1.33.1  tBFERNE

TE4x E 3 % 4 A I €A% 1) % P 3 1 bl 6 L e o
10 mLR A& A7, JeB & e £25.4 mm, [ARHESRL.
a. biH.

1332 WEfR&EE

Z M GB/T 5537—2008 ARG L6 0 g 2 & 1l
SEY o FIHPIRARELS giiFE, MAMEE0.5 g, TEHY L
TR, SRIE1EST5 CH I HRe2 ha ki, H
10 mLERER (121D ISMIE AR 5 FE MR, S IEE
A100 mLE R, FH#RK P IRFIIELC . FH50%4
AL AR R 2 IRk, 0 R R VA A A A A DT
VEAIRE R, BJE FUKM R E R B ZIE R . [FIR
FH R E . R R 10 mLE]50 mL L
EER, A8 mLER R E R (FiE73%00.015%) 1
2 mLAHBR AN BRI IA T (R 402.5%) Ja INZEHRTE,
EFE TN N E 10 min, A E KRR EZ)
B, ROTESEHEL10 min. 7R K650 nmAk il & ot
B, AR R
1333  BMIE

ZHHGB 5009.229—2016 (&M HH BRI IIMED .
FREGARES g 7250 mLAETE R, I\ £ k- 57 A B VR 4 V)
50 mLAN3 WM ECTE R~ 77, 7 iRRE A AR A . AR
AR AR AE T RO ARV AT F T8, A ]
BU ATt H 15 s B AR i e & . RNk
s . BN AHREAEATT (mg/g) .

1334 SEACE R E

ZMGB 5009.227—2016 (£ 5 v i & Ak A8 )
EY) o MREURFES g T250 mLEtE T, MIA30 mL =4
HGE-UK QIR A, PRIBARAFE 58 2V A% . M1 mLf
AL BT, PRIR S (ERS AL A 3 mine HUH II100 mL
Ky REAIJEIN mLyERFE/R A, R ARHR BR A s v V5
WE, B AR NE S R T2 A%,
1335 AEmE=EMNE

ZHRGB/T 26635—2011 (EhifEdmis L E5mEES
SIS RN E RO B E) o FREX2 gl 25 mL

0.22 pmyEME, JEHA T RO (i o A . IRBh AN IE
CUE-SE A (99.5:0.5, VIV) , BEREE20 uL, WEN
1.0 mL/min.,

133.6 MY ESEE A2 E

ZHGB/T 25223—2010 (ZhEYahAg & EE 2 A &
S I E AR o FREN0.2 gl T3,
JIA10 mL KOH-Z B (2 mol/L) A10.5 mL Sa-fH
B ARV (0.5 mg/mL) , JiEiR )5 160 C/KIBFER+
BT h, AHEINAMK4 mL, ECkE10 mL, HEiiR
AEEat, W EEER. EERI3 K, &3 EER
B2 iE OE S, IIAN100 pL N,O-%0(= H Rk 58 = 4K
LB (RTAEAGRFRD , ATRAAEL05 CHRER R M
15 min. 7AW IE Ot B Al T SO G o0 b . £
WMy Agilent DB-SHTEBAHEFE, WA NASR, WEA
2 mL/min.

1.33.7  NRWIERAH R &

Z I GB 5009.168—2016 (£ & 4 g i B2 i il
SE) o B3 EARMMAE T 10 mLE O R, A2 mLIE
CUBEFI500 pl 0.5 mol/L FHEEHNIAE R, HEimiR &5 min,
5000 r/min®5 0> 10 min, By RT3 7047
R ONHP-INNOWAX EBANEH, HAANES, WEN
1.5 mL/min,

134 WRAESFFh T 2 1 13 HCS I e

Z: 8 KhattabZ P 5k, U125 @2k Fm 3 B0
BIINL.S mLIE BRI 1.5 mL 80% H B VA, 7843 I e F
VA5 min, 4RJ55 000 r/mingS 0010 min, FEEHLEG3 K.
PR BT 0.22 pmPERE, P8 T4 = OB i 4
Hr. canolol& My K 9280 nm.

1.3.5  WRF R0 S I 2

%M Folin-Ciocalteauy:™, HY0.5 mLEHT 2 By 3 B
F10 mLEG A, FAR A NS mLZETR /K R10.5 mLAR Fk-
Wik, 7RG CES min, 5N mLyEE
FBRBREN A 28K e 2%, IRAGHE L h, E765 nm
WARAMERIERE, SRATTTFRYELRR (ngke) .
1.3.6 IR SOFFIh A R 1 AU s 2 P N o

S RSP PO RS M. B SRR T
T, N0 pL bR (2-F -3 BRI D
RG], 1550 CTRZZEH40 min. SR 54 A Bk 36 A
GC-MS{CHtFE O, HEH £F 4k, 7E250 CARRS min, 4l
A4k fa ik A Gk, B BB RS . LG
W&+ FEAUR R R SNIST FEAHUCES, 4047 T fig
T 3T IR AT SR 2 (EL T L FEAIC T80 % 11 Ji 4y« K HH
P BRI T B 54 R U 0 1) 75 3
1.4 B

AR HEGHATI K, SRFR N +s. FraHdE



4 2023, Vol.44, No.16

E6miltl =

XA MY

)8 FlOrigin 8. 1 AFit 47 m B, {3 F Excel #1413 47 £
B85, HFSPSS 20.08K AT B2 PE T Ab #E

2 ZRE5S

2.1 ARFEFRSE A RER R
211 AT R

P BB R BN B E B TR, =l
KAFHE Z R SR O ) FLEs M . R, 3 Fh—
AALEER TS RS EAH R, H B ER IR (0 Sk 45 4, B
BHAEEMGMZILEN, 53CRR4]MHE A 5
P, DAL HENX 3 B — S RS B BT e B PR RE .

X 5000 %

X 50 000 1%

S655 A fuEE

R92 &AL B

R40F Ak fi:

P AR AAERER S 1 AR

Fig.1  Scanning electron micrographs of different kinds of silicon dioxide
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Table1  Specific surface area and pore characteristics of different
kinds of silicon dioxide
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FL42/Mmm 7.08540.011° 6.96440.022° 4.259+0.010°
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Fig.2  Particle size distribution (A), X-ray diffraction profiles (B) and

infrared spectra (C) of different kinds of silicon dioxide
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Table2  Adsorption refining effects of different kinds of silicon dioxide

on fragrant rapeseed oil

g/ (mglg) 4.656+0.180°  0.450£0.001°  0.019£0.000°  0.53740.015°
i (mglg) 233940.063  1.923£0.001°  1.948£0.000°  1.93040.008°
A (¢100g) 016840003  0.099£0.004"  0.091£0.001°  0.085+0.000°

L 58.65540.163°  72.9454+0.007° 74.210+0.057° 74.885+0.078"
9.840+0.042"  7425+0.021°  8.305+0.007°  6.74540.064'
b 101.535£0.629° 119.115£0.092° 121.8054+0.092° 122.410£0.113°

23 R[EIFPE AT TR S I AL I W B e
bR e AL
HER3m A, MEMming, 3 M AP RO2

EAEE ST L Flcanolol AR B R B i, 2 N98.1%
M99.4%; MAEFTEIM S, 3 P = A AR R 3247
Mo-EEFW . p-AEFBMELE TS B EE P
(P>0.05) , HPRAOF bt LR & B, 40
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PR SERF IR B R, BIAE9T. 1%L b, HidiS65s
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Table 3

microcomponents during adsorption refining of fragrant rapeseed oil

Effects of different kinds of silicon dioxide on

mg/kg

iy S SOSSTAUEREA RO2TAERS Y RAOF MRS

BB 119836+1571°  116340+1.42° 1175.794645° 1 145.04418.64°

canolol 848.88+4.69" 836.33+3.86° 843.60+1.40° 821.84+1.71°
eEER 305904312 291164987 298.13+5.04' 305.46+4.56"
FEER 42960164 413.90£1090° 422.14£0.10° 42296+136"
BERR 73550£148° 705.06+20.77 7202745.13° 727424321
TR 96237£3.20° 946.7945.23° 940.03+11.57 934.08+£2.96"
SR 27979841396 2786.66+15.17"  2769.02419.50° 2752474049
FAERE 34134843090 3376.6011288° 338730424157 3362.57+3.90°

BESE 717383420350 71100543329 709635455.23° 7049.1247.35
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Table 4

composition during adsorption refining of fragrant rapeseed oil

Effects of different kinds of silicon dioxide on fatty acid

%

HE FRRmE  S65S A fLREREM RO2AMEER M RAOF S (LRERS
B, 36670113 3.673+0.000° 3.665+0.001° 3.658+0.009"
BRIAREC,,  0.242£0000° 0.240+0.000° 0.23940.004' 0.24240.003°
BfERRC,,  2.141£0.037° 2.178+0.003° 2.139+0.022° 2.11540.056°
MEC,, 6420140008 64.24440.001° 64.026+0.000° 64.1094+0.063°
THC, 1715320003 17.128+0.002° 17.14340.012° 17.15140.008°
THMC,  8.662£0004° 8.6624:0.003° 8.675+0.003° 8.66940.002°
TeHBCy,  0.56420.005° 0.560+0.002° 0.568+0.004' 0.566+0.006'
TehE—MCy, 181120017 1.79440.002° 1.86240.010° 1.84640.030°
HHCy, 1.561£0.013" 1.52340.006° 1.684£0.026° 1.64620.006°
R 637120044 6.41140.001* 637140018 6.338£0.071°
BAREMENE 6781520037 67.801£0.006° 67.810£0.033° 67.843£0.062°
LRI 2581520007 25.79040.005° 25.81840.015° 25.82040.011°
THRITENRE  93.630£0.045°  93.59040.001° 93.62840.018° 93.66240.072°

HERAT 1, S E AR (3.667%)  Erfidih
B2 (0.242%) . HEJERR (2.141%) . JhEE (64.201%) .
Wilfg (17.153%) . WHEE (8.662%) . £
g (0.564%) . B/E— W (1.811%) FlIFHE
(1.561%) , HAHFNENTR N6.371% . FAEHNRT



6 2023, Vol.44, No.16

E6miltl =

XA MY

RAN6T.815% . 2 ABHRITEE 925.815% . AL g i
% 993.630% . 3 Fh A ALEEW BERE SE  &% FE  R 4 1k
AR, RAME. TR, K. fE4—mER A
TR R AR, (ARG, AR T BRI AS A s
R I AL R B2 (P>0.05) B, 3 Fh %4k
FeE T SRR F Il W BRERS A 55 P B R 2L F G ¥ 35 R o

2.5 R[EFR S AR TR SR F I IR BORS JR
M AU B3 R R T

WERM M BT EGRMOER, HinA R T8
TP SO 9 B 5] F7 . SR T A B S A SRS i FE A
AL SR AR IZ R, X DR 9 B RS AR B 1
TR SR M0 AR 5 R A0 S5 i e 288 A 5 ) R T % i
PR RN AN B R AR, DR RS R AR SR
5 I M AR 23 B AR A (B #5967 E . Yao YingzhengZ5:PY4H
SR 2N =5 P B iR N AL P (E R N i L~
SR FH T AR SO S G 8 P o 48 A A IR ol 7 1)
AU N8 = P NI s U A e e a7 &y L
AR RS S0 42 25 M JRUR: o8 () R M) G0 S TS

RS TT A, WA SR o (R4 R A XU o 4 =
FEBUE Bl RIS R AR R =K. 3 Fl
TR RS R S, TR SR i R R R AR
TEYRAETRESL, 2-TH. 3-THIE. 3-FEE
G Q2)-1k-24- W, S-OEIE. 3- T R RmER
B B SR MG A TR 35 S35 3G 0, 5 - P A IR 3 K
2, 3K 3R R AR A X AN [ o IS B R e ) B AN TR
IRZIE, AT RESE R N H > T AR AR R AT 8. T B AR
PP RGN, o DARO2 AU R H s 5
% (63.1%) .

WRESEFF I B A IR I A RS g S
LI, o DAL R R RS B %, HESH
B o 3 b A A Tk S A5 0 T SR K et b 5 28 0 . 114 5 i
B ZER, HnS655 A AR RS I I o R RS HY
2-7.FE-6-H FEME S, RAOF — 484k Tk ks it b S FEAS W
3,5- 2 HE-2-FRIEIE S, TTTRO2 — AU AL AR Ik ity 3 1 e
MRS R BRI (P<0.05) o 3 Fh A Rl RS
P2 S, BRI AL 28 Y BE W, 5%
I8 HE S R I BT — B0k, K AT A DR A R PR Jok ot
P b B MBS R AL TR R b B ) M R A, A
M5 R T X a3 (3G R BRORS 5 i e e 25475 o 32 %
WAL, EBHIRE, PIRO2 AR b Nk %,
MR SIS PR R S R 2 PR S o B Sl B N 1 18.4%
28.5%119.2%.

A5 AARRERR ORI A SR I BRORT R P UK 1 5 1535 0
Table 5

components during adsorption refining of fragrant rapeseed oil

Effects of different kinds of silicon dioxide on volatile flavor

mg/kg
b , oo SOSSTAMLEE RO2TAH{LAEE RO fLEE
FER KUK B2 SERFi pramal i pham
WHREEN
2Tl 1.5274£0.011°  322340.013° 4.7814+0.011° 2.87640.012°
3-THilG 0.004£0.000°  0.170£0.000° 0.196+0.001° 0.143£0.001°

3-HEDER 4.63610.012"  630620.004" 6.414£0.012° 6.183£0.011°
Q2)-R-24-"460  0.1954£0.000°  0.306+0.000° 0.309+0.000° 0.26140.001°
S-CUlG 2.03340.000° 2.47540.001° 2.527£0.001° 2.45240.001°
STHAERRERE 02924200000 0352400000 0.360+£0.000° 0.325+0.002°
5-HBRAE 0.142£0.000°  0.081£0.000° 0.123£0.001°  0.0890.000°
EUaS 0.04940.000°  0.05240.001"  0.065£0.001°  0.044£0.000°

SERFRRIG TS 035440001 0.61240.002° 0.62240.002° 0.46440.001°
AR 0.659£0.000°  0.589+£0.000° 0.735+£0.005° 0.507+0.003°
B E R 9.8914£0.002° 14.1660.009° 16.13240.006° 13.34440.007°
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