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ratory of Risk Assessment for Oilseeds Products (Wuhan), Ministry of Agriculture and Rural Affairs, Wuhan 430062,
China; 4. Key Laboratory of Biology and Genetic Improvement of Oil Crops, Ministry of Agriculture and Rural Affairs,
Wuhan 430062, China; 5. Hubei Hongshan Laboratory, Wuhan 430070, China)

Abstract: Grain, oilseed and their products are important for human beings, which provide the three most es-
sential nutrients. Their quality and safety are hot issues, which draws more attentions from governments and consum-
ers. Thus their detection methods are important to ensure the safety. Among them, solid phase extraction (SPE) is
one of the most scientific method to extract targets from samples, and the extraction material is the key factor to in-
fluence the efficiency of both extraction and separation. This review summarized the research progress of SPE based
pretreatment methods for grain, oilseed and their products, analyzed the advantages and disadvantages of different
materials, and prospected development trends of new extraction materials in analytical methods for grain, oilseed
and their products.
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TERR I P % il BoR i, (3 5 g g
S0 T A PR R0 vy e A R AR AR
BNz M H B AR AR e L
%%, X RE A EAT VAL o B e A A AL B
B [EAHAEEL (solid phase extraction, SPE) F| FHRE
S35 IEAH AL BUECRL 2 18] 23 F-VE F g, S M e
[ R A b T A A A 2 B i TR ke, -
RN RN SR ERIIE /R i N N TP 2P A
EERRCER . ZEBOP R SPE HUR AL, 22k
SE ST BRI B R o AR, —SE g AU A
RN FH AR 7 AT AL B i BRCE T 2R IBOR) 4 64
HHEAY A SO AR BT 22 4 A rp SPE BRI 5T
PEREBEAT LRI, S0 A T AU R 25 L LI Dy 42
151 SPE R PR RE SR AL 45

1 TSR

H AT, % WA H T SPE B8 kL, A fh e e | rp bk
AR A SR R A MR AR ARSI
Oy FAEF T (Bt (K P (B 738, R Ak ibk ik
WS, KR TR H e Bt 8 B (R 1)
K FH SPE HEA | S0 A FH I v (55 12 L 2 M e L 2
TG W) R e 4575 95 0T 1 ¥k o Zhong S FH RS
JH T AH # BOCRE 24k, R ASCAH 00338 50 056 o it ik, U
FE T RE Wi 4 B S R AR R AR L3R
H91%~107% , KM FR A 0. 3~5. 87 mg/kg. Han 25"
VUM FH A G0 A 27 2 AR Sy [ AE A6 BRORE SR0RE, 1 i e S5
A ET TR Y [ AR 2 R B AR AR T2 6 IR AR,
ECBEUE S SRR, SAS ELIAEE A 38 #h I o
A R B R O AR R O 2. 47 ng/g. Yu
AR TR A A [ AH 55 P S A 4 T STl
(1) 14 i 24590 , 1207 AR 0. 10~0. 30 pg/
kgo Antonelli S5 HE T 55 BH 25 - 2 4ok Fil A 55
FEFE SPE X HIOE I Bl 0w SR ACR , IF O
T — 2 S BER B A AT o0 A, S5 SRR, 585 P
T2 46 [ FH 26 BURE AH EL L A B8 e BB 2R RO B
b LM E Y 82 RN , MR H A 32 Fh, A6 R
Y I AE 9~36 ng/go T #R5F" Ml FH A JE [ AH 2 i
RV, e OB €385 — R B B i G 2 T HE )
T A IR [ 28 AR AR S B R 85, 2%~
92. 0%, K PR 4 0. 02 mg/kg, Dou 21y % 7 4 1
T DR T v A R AR 2R O/ N X 2 JRR T
VI REERT: I NS R DNE S S i R A =V A =1 Y &
R €8 i — 3 R T A S S A A e v 2R R S R
25, Fe A0 25 1 1 T W 3 KT 80% , 6 T BR iy 20 ng/

mL. Gorassini 55" A %8 50 4] MERIORGE Jih ELBh , 28 R I
A A A2 BN, FH A0 15 A SRS D ARCRSS 7ok b 7 4
st T =G 2 1k AT AR A R R A
M -

[, T IZ ARG SPE F A, T T2 3
ZHIFRE EYRE R R 25 B S A
FES AL EE . Rascon S5 FAUAH €035 B2 56 o i
FE T HYM Y 16 B Z 33588, (8 C o fF [ A
FEICEURL , A6 B K 4~110 ng/kg, 1YL R Jy 87%~
104% . Eyring S & 1 87 AUk 5] AH A% BRI i 2%
HAHM P Z A5, A T IR BRI C M IE
B FEBURCR | J5 3 10 ISCR 53%~118% , 1% 7 154X
1 FH R B 205 360 WL, H H AT 5236 #E I 4 A 4
Mo Deng TP A S B 5 N-TNEE S B A
[T A A BORE T [R] B  #E AR v i B 5 K B,
XU A Fl4—T-FE 1, B R 87. 7%~105. 1%, B il
FETER B, OB A F1 4—T- L 193 19 40 07 o 2 R 4501 A
0.2.1.0F12.0 we/kg. Song FE2HSL T C—ALO &
B T AH AR BORE v Ak [ G 000 R £ R e 4 vk b 2 iy
B 1F 2 AN R K IR 0 TR 45 L TR T R YRR v RO A
o5 — B I BTG 7 1, 7 e AR SPE 44 T Bt & 5
F K IR 7 A R RE R 0O 38 R A ) R
68. 3%~98. 6% F1 84.5%~108. 0%, K& M FR 43 ]
0. 03 pg/kg F10. 3 pg/ke, JrikE G M R I, HSL A
A . Hakme 2525 F QuEChERS 7 X 45 4 K
F 129 P 24 UEAT T $2 004k, R H G $ 0, SR J5
t JC/K BRAR EE \N=TA 3L 2 i | C FIBR 2T 4E4E M 43
R I31 A 2 B B 5500, 1) ASOAH (3 i 5 Bif
AN, 7 2 PRI E] 0. 005 me/kg.

15 SPE MPRLC )12 1z FH T v o o 22 A il
o L SR MR R E M R, BUARAIG, Bl R R
PR BUAETHRE 2% ISR .

2 kAR

2.1 ERAKEH

Bk 40 K 2T 4k (carbon nanofiber, CNF) 42 44 K 2%
07 SR A R A I B AR, R 36 2T S i J= &
NI 2 Bl AR R il 2 R AR T B AT AR
52 BBOR 2 (S TE IR 2] T IZ ST . Singh
SEPIE TR S TE M b AR R T i AL AR
FATR R A 2 SOARTURR I i 4 1R 40 K Ok B 3
PE % 5 Wk 94 K 2F 45 (1) 52 5 W) (Nickel nanoparticle—
dispersed carbon nanofibers grown on activated carbon

fibers, Ni—ACF/CNF) , ¥ JH: F V49 1% 17 AH 2% B it
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R ACRE B, e R L T (FE 2R RE 2R I RR
) H, LL 10 mg Ni-ACF/CNF N fe A 7R &, 2
T 2T R TR R A AR 2455k B Y IR ISCRAE 72%0~
117% 2Z [6] 6 BRAE B 3514 0. 7~4. 2 ng/g Al
2.3~13.9 ng/g, Shelepchikov %55 FH & % 1t ¢ 21
¥ R 53— 0 490U GOk, 8 3 [ AH A5, RS
AH A3 5 35 356 SRS, I 2 A6 R il vh ZREE IS —
W 22 GRS RS B AE A7 [ AR 2 B b
F18) s 3R R S 5], RE T A2 i 107, 1103 AE 79~119%
ZIH
2.2 ZEERMKRE

% BE R 290 K 48 (multi-walled carbon nanotubes,
MWCNT) & th 22 J2 47 8 7 45 il i) Bl 98 K 87
HAA WRImAKR B A RGeS IR, B2
VB g [ KR A% RO B 0) T AR 00 B 22 A A ) 4
RAETIR A B Ak 22 BERR ARG (iR 1B A e ik
JEE I N=PN ik & e 52 5 v A X0 R B2 L ROK Y
P2 AR IR TR AT 43 B AL KR 6. 0 g/
kg, AR B R A 74, 19%~121%, Dong sl S T
LA 22 BE B 2409 A A7 S W A 790 14 10 A6 4 B — 8 1 28008 AH
3 — HR I T i TR I 5 oK /N2 R K 4
A BB S AR AL B W B9 T 125 R A [ Bk 5 Y 4
TR o 0 B W AR ROCR o O R Y I R Dy
73. 4%~113. 7%, ki M BR 4 0. 02~0. 10 pgrkg. H T
B A A S WO 22 A 2 0 M AT ) A i PR A
T RSCR , PR 5 0 AT ) B A
a5 HAM B G G DR A I I R RECR ™
2.3 BERITEY

A S5 BA PR Z R sp2 20k 5T HES K
B TR, AT A 0 S A S 0 W) A — 48P o) A 2
FEAE & R AR BT R AL RN AP e R AL
i HA B A Y SR KV (B 5 R A LR AR S
W E R, RS G 0 SRR S
BHRGF 0 e 13X A R, A 12 (6] - HEAH,
A K S BOERY S Jafarian—as] 555G 81 #E 1
A A 25 M (magnetic graphene oxide, MGO) , ¢ H: FH
TIAFIh D B-A M BRI, 55 C M 85 2 SR AH
P LSS BRI b B—A S 0 4 HROROR B
UF o JiAER GO 1 s K Bk R A T R e 1Y
Fe O, =S40 854, I LA by 082 B 550, T 12 [ AH
# B (Magnetic solid phase extraction, MSPE) & 4 43
BRI 8 Z TG IR . RGHITE T AU
T R  RMBE R 0. 06~0. 15 ng/g. £
fi 1 PAHs 19 JAR B0 5 85. 6%~102. 3% Lu

SER LTS A A B T AL BRI -Fe,0, 49 K &
BARE, I LN FH T R O R €3 - AR R T
Xof 1 74 v P IR BRARUER BRI RN T R A
SR EAT 38T o TERAL B BB 250 T, K H BR
0. 15 pe/L, & R M 0. 4 pe/L, K 3 Y ] i %
h 81.2%~103. 3%, = ¥ Il 1Y 8] Wi Z& 2 71. 2%~
84. 3%, WuSF Mt A b A BB AR L ALY Fe,0, 45
B, JT L T8 P [ RE A2 B, >R JH o 20500 A €83 1k
R 2 BRI AR BE 2 o B8 T M WA A B Fp 2
FARTEL i WA B ] RIT IR A 750 P 2 55 R 2R 26 OB 1)
S, FERAL SRR T 2R R 2R E R
5 H BR 43518 0. 05.,0. 02.,0. 02 pg/g. ZIRRERY .2 FE
F ZIRARE B I ds [0 53 51k 84. 55%
85.47% .86. 83%

s JE P A Ak £ 28 4 (reduced graphene oxide,
rGO )2 GO Z83A J5 I W AR AR (A 1 o B A e 1) —Fi A1
SR AORE , ELA a1 A R SR AT, sk Sl M O
P 3 1 A 6 B S —r BRI B A A LTS e
Y A AR BE A R B B R B BE 1. Yu
SR T REE AT BB IR AR A MR Fe, 0,48 JF AR
o B0 . KX GOKE B M RHE S MSPE 12 [ 51,
A 3 R ARORA €833 - e SR e Ak F AT AR R A B
Y E S SR (KD ERIANT,
BT RIFMEM R, B ER B M B, MK
HBR 20918 0. 02 we/kg F10. 01 pgrkg, B i 5 5 R
B HNAR TR 80. 4%~106. 0% , Fa & Mk B4, AH Xt
PR 22 /N T 8. 1%,

fiie 3 44 K A4 M Sy [ 4H 25 BUME B EL 4 Z2 R
SR RE  H GO S5 45 5 il i - HERURI 7
HEIER = AT Y SRR S A AR, B
T 3 T % 53 52 2%, A ALt 25 R O AT R Fr LA
H A B0 Bl 8 T 25 IEAE R, i Aok i Y
S JEE T ) S O Ko i P A B M 110 2 T A, DA T T
it HC 3 T LA T = i W B L A (] A ] o
Wi 2 THT O RE PR KR F BB S B A ¥ 5 A
FI TR K PG AT B0 R D RER
2.4 BUCBEER A FLANK BT

[ ¢ ¥ 182 4 (alendronate sodium, ANDS) & —Fifr
FHF 8 52 5 A A H A5 0 SUBE R 2590 . bR T B
fiz LA Ah , ANDS ) 53 F S5 hid L & — A B2 1E
PR B A 2 FE R AR sl I M A AL ) v
A DL o VAR S A A EAE R T X
— R, —SEWF ST UE B T X SRR AL A nT LA ok
Lewis [R/BSAH B.VE H 7 4 )8 A b R Lot &
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Fig.1 Schematic illustration of MSPE based on magnetic graphene nanocomposite

DL B A M R 2R T 5 R BRAAR R
il £ 3ok i P T I FE R VR TIR , ANDS il £ 2o A )
TR o Zhao SEPUH £ T A AL G VE 90 K UKL
Fe,0,@ANDS ¥ HAF Sy i M 76 FH 25 B B 5], PR
FE AL P 2, 38 o U A R A v i s
B B A T A AN S AR HTAL IR A S 2 10 min,
JbR ISR AE 78, 6%~118. 9% 2 [8] , %5 ¥ i 1
R4 0. 3 ng/g.

BN GRS LR T AR K, W AR
FH 78, sl R BE BRI R 22, SRR AR, 5 TR K
PSR, 0 R i g oK b1 k), 75 22 LA b L 25 &
i
3 maTAM

DFENEREY
4T ENE 2 A% (Molecular imprinted polymer,
MIP) R AELE G0 1 b s R 254 5 MR e (b &
Yy (B 73 F ) M BC I & o TR AW, RA R T
o S P R A B4, A R 7ok [ A A U Ak B AR Ty
TN Tz ik vk SRS R T B Y PAH MIP
FHACIU/ T, ST T R BHI E A 3 v 11 R 2 3505
I8 [14) 1o BECTRORE £ 35 5 SR T s, 11 R 2 43 i [l
KR TE 63. 5%~118. 6%, H XF A5 i fi 25 1. 4%~
18. 2%, Fe I K6 Hi FR 4 0. 03~1. 50 pg/kg, & & FR A
0. 10~5. 00 pg/kg. Liang %R HIK & T S 0
I3 BRI SR A ) B A0 A R AR 45 B R ASORUAE €515 -
AN 50 5 A6 AR A S b 0 i & R B, i
FOR N BEZ ARG AL BRI B B B AN P L 2 RE
FH L TR M R T Sk 16 L T I A R4 5,7 — 1 41

3.1

S TR NI BE S P L D9 0 R R 1, A%
TR G BT IR G R R B A Al A A
I EA B B R (79, 5%~91. 2% ) , T R A (K
M BRI E R BR300 118 ng/mL 0. 393 ng/mL) ,
HIE AT, s % 2B IA 7145 . Alghamdi
LS oy R AR E SYBY L, (AL T 00 T-RE &, 2
ST a4 B W f/N gy TR RL 7R B AR
LEAPFROG 3332 i 1€ T 22 A~ DI Rg B A i) FE 0L SC %
A ARYE 3 A0 0 AH B A e TR B AR A
KIRFEA TSI DI RE AR , e Jm 38 2ok F EE IR IR Al
DIRE R, & B W LN IR TR ERAE R 3SR, il 5%
T TERER AW, %A Nk Sk % R &Y AT
FE i U B R DT TR (RS AR IR YR ) a2k
By i S S IR B4 S e R R A R
TR IR A 94%~99%

53 F BRI R A W L A AE T & 1 JROREZ A5
L 2 B A R T B R SRR AT (R A Ty
FAMRAELL LB, 25 5 7 A T, HoRoK M 2%
3.2 £EEBEHIES

4 J& — A ML HE 28 (Metal-organic framework,
MOF) , S —Ff o 8 Z AL A AAb e}, H 3 ok 4 I s
Y R 75 550, A AILBCAARAE Sy B A7 g2 A s T
LA U B bR T RR K, FLAR AT IR A5 R A [ A
AEHU BRI A AR E] Tz MR M, Li SR T
HA 5450 103 RGO & MR Fe,0,@U10-
66-NH,@MON, ¥ Fe,0, it Bk 1Y) N % £ % MOFs /i
A, $R J5 3 52 sonogashira {8 15 2 MR LA HIL I A%
5] A Fe,0,@Ui0-66-NH, & 1f , 7 Bt K U /) 1 i
PERE A LAk T A D B 45 A = OB
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WE Ty a5 R (B, B, .G, M G,) , Kl
FRTE 0. 15~0. 87 pwe/L, B EHZAYZ , MON IR)Z 3
P TR AN IR O ) A S K M, DT AR T IR ek
R Ky 87. 3%~101. 8%, Mao 25 1L Ui0-66
Ry Wz B SR SR FH A3 B A A2 BGE  #E57 T QuEchers
0 AR A AL AR 255 B i (81 2) . Ui0—-66
UL T B R R W BT A AL A 24, HERR T Ak &
Yo VEWRAT BT 0 5 BT, OF AU Ak - HR ik
FiE AT 0T . LA S A T OPP [ A
R R 0. 16~1. 56 ng/g, F 3 15 I R K 81. 1%~
113. 5%, Ui0-66 A] LU Gy [l A e &2 4 FH 2270 10
WL RS T AT s

& JE A HUREZE B 034 TE T bR T ARUK , W B
A R A7, FLAR W R Y, BB EE & A, Bl aS07E 1 5
AR B 2 W E M E MR A .

UiO-66

adsorption

2 MOFs-DSPE-GC-MS & # it 2"
Fig.2 Analysis flow chart of MOFs-DSPE-GC-MS

4 AR

4.1 HiEH#

PO A IR P2 5% R 3 AR A€ BUH R (immnwo affinity
chromatography columns, IAC) F#% .0 53 , He R FR
WP [F] E TE TETAH AR b, P B2 538 2 A
J B BRI AR W R0 7 A X — A R0
R U R AT 30 235 1) R T ) i, R A v 0
S, PR HRT DA S S b, 2 B3 R o 0 Rk B i Y
] 60 Ma 597138 2 5 V8 AL S5 BUTS 19 Sepharose
4B FEAN B = e S PR B R 22 s B HUIR SR A e
W BEE 5], SR AR S L T SR R
BT — V0 AH 0,33 — 53 36 5 33 256 P 100 A A it P R R
A BABCR AR 0 R S il g B AR bR g W i O7 1
B LA BB R A B R 1Y SR AE
87. 3%~95. 2% Z[i] , 1% J5 15 HAT B B RBUE , K
PRUER B Kt BR A 2 BR 43501 54 0. 02 pg/kg F10. 08
pe/kg, —EBRAUER B 1 R 0. 03 pe/kg. Zhang

SO FH Z2 P BE 227 A 1 PR v R A A (I 1
T ZE AR R AR, R = RO (15 - R
FE AR Ok, — Otk e i 2 % % B, B, .G, Ml
G, MMBEEHERAF TR ER, L WE N
0. 04~0. 4 pgrkg, AR T RAE G AN S Y
S [ 2853518 97. 5%~101. 7% . 95. 3%~98. 1%
F197. 4%~103. 3%, Yu S5 W Fe,0, 48 K Bk 5 #5
MR8 R B LIRSS A r T IR S bRk AN S e
P [E A3 A B 3% (Immnuo magnetic solid phase extrac-
tion, IMSPE ) Jlll & A 9 i T (9 2 i 25 8 % B, SE0F
b 22 T TE 15 3 19 Fe, 0, 40K kL % NH, 5& A
etk , ZJa FC RS AL, PR BT AFB, PR3 R 3]
ORI F I, 38 S RO BUAR DI RE ALY Fe, 0,40
K IURE AT LAAR 25 5y b fff FH ARG MR DN R 45 4 8
K I EA BT YRGS R AR AL T O A
IMSPE A3 B T #0e4i Hhr At o %5 2 [ i
TE79. 6%-~117. 9% Z 8] , 1% J7 1 B FH 2 Y6k i v
K6 H BR AN 22 HEBR 433124 0. 0048 ng/g #10. 0126 ng/g.

G328 S5 FIRE G AL Tt A iy W5 o ) A0 o A —
P JFAH BAE XS M i v sk AT e R R L 0]
BRERRETIL SRmPUiAR R A r= 75 2 FH o), &
5t HAERT, R R H ARG it AL Bl R
ARG KA 35 2 K Ry R
4.2 EELK

T P AR 2 B AR 43T (DNA T RNA) JE A% B
1) = e 2549, vT LU R SRR (A B 431 3] 3
AR ) BA SRR AR S AR AR
afi B i, B PR R E A AR R AL, BB AR R
I AR S RRE M S T Ik, S
e S 2% 30 o 280 A TIC A R 0 A TE A A B8 45 1)
WAL, AT EM Y™ Liu 55508 1o 2 5
1B 1 AFB, 3G C 438 2 S p B [ 2 78 VR Ak U T
(1) B B W 1 SR FH v RO AH 385 - 5 e 1k X 6 AR v
AFB, AT INE o FESAESRAE T, SB35 mAR iy
80. 9% , ¥ H1 B & 0. 025 ng/ml., I H.3% [ #H 25 1L/
FERTLAEE S U0, BRAR T AR .

i BC A (Aptamer, Apt) 15 HAB S Y (4 9 K 1k
S5 BV Ay 11 AH FE OB Ak 00 2 ik B ek sk b A ] 43 B
YIELA T2 W AT S . Xu SR8 T S 40Kk
T 5 4% A e AR Ty R Ak 2% 38 3 R AR, 0 I 0
FH T = O 0335 A2 4R S U R AR BRI T
27 16 T KA R 0 TR RN B il A R K B AN R
T/ KR (LOD) A 34 0. 05 ng/mL, 7E £ oK /)
2 KA A 90. 99%~95. 0% , H ELAT Al & & {fi
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R . Wang F i % T DI RBALIE FC AR 45 6 5%
MR RE TR KA, JF AR Ao e 455
1o OR35S RT I, DA T 8 Kk b i it
FHHFEA, FICRATIA 91, 39%~99. 1%, Liu 24 1)
FIE A3 T A8 7 B P S B ek , T oK rh
M55 7 &R B, B, B9 & & AL, I 94. 8%~
102. 4% , AFB, F1 AFB, () LOD 4351 4 0. 025 ng/mL Al
0. 010 ng/mL, ZA BH AL HATE T ROk 405 1 i
A 3R [ F () B 365 AR BS hn 7 AR S M R A g

Nasirian S £ T —FP G BeiA 526K G A3
S cDNA 5 4R 85 8 3K 1987 54 44 L (Apt@polymeric
dots@ cDNA-AgNPs) , F| H 43 # & 48 # B (Dis-
persed solid phase extraction, DSPE ) [ /7 45 & 2% 6

A AL IR e B BRI 1 /N A oy v 4 v R B R
B, 7E B I ERE R B AFERINE DL T, % B 25 % B,
HA 0 2R A 7 3 AR D208 1R 2R 5 B
K, REDOCTTRATIV o i A [a] v JiE o i 5 75 3%
B, 52058 BE B e MR G IS, SORE PR UE NG B 2 i HLix
T R A8, K BR AT 3K 0. 3 pg/mLLe

R T T (A A DL 3 v SR A T R e e e, B
T, EL A A B TR VS T 5 sl A
THCTYPERE S 55 o BRI L v i e P R g 2 A
JTH R R AR , 5150 & AR AR MO 58 A
SFRORZE G, S BRI H A A S B A A o 1) e e
B

®1 ETEMEZERERGERATAERAR

Table 1 Solid phase extraction based sample pretreatment methods for grain, oilseed and their products

3 WOk BIRLOQ MR
Wigiis? Rl R o KRR _
Extraction (ng/gorng/  Recoveries  Ref.
Analyst Sample Material Detection methods
methods mL) 1%
JOEL i st LiEER R WTTHRH]
SPE 0.02 85.2~92.0 [16]
Cholesterol Vegetable oil Silica LC-MS
ZIRR EERi SRR EEaR e T
SPE 20 80.16~102.5 [17]
Sesamin Vegetable oil Neutral alumina LC-MS
I 5 e RN . Rvsite3s|
Oasis HLB SPE 0.3~5.87 91~107 [12]
Squalene and phytosterols Vegetable oil GC-MS
E27S 5 .
S Hiyl St
Polycyclic aromatic hydrocarbon 8 SPE 0.004~0.110 87~104  [19]
Vegetable oil GC-MS
(PAHs)
EZ275 7 R AR
Gy WSPE - 53~118  [20]
PAHs Sunflower oil GC-MS
WEAR L QU T AR eI ie
SPE 9~36 - [15]
Phospholipidome Olive oil Graphitized carbon black High resolution MS
BB, U A, T N
S, , Tk LR
Aflatoxin B, (AFB]) Bisphenol A Carb/PSA SPE 0.2~2.0 87.7~105.1 [21]
’ Peanut oil LC-MS
(BPA), 4-nonylphenol (4-NP)
SE IS FEAE I it WA 3
SPE 2.47 93.8~104.4 [13]
Resveratrol Peanut oil  Cotton fibers HPLC
ZWmEY SEFFilh 559 BH B 1Ak W
SPE 0.10~0.30  61.2~129.3 [14]
phenolic compounds Rapeseed oil WCX LC-MS
it N o
_ O R
Aflatoxins (AFTs), Zearalenone Cs—ALO, SPE 0.03~0.3 68.3~ 108.0 [22]
Vegetable oil ’ LC-MS
(ZEN)
K wY [E¥e YN
VGCNFs@ACCNFs WSPE 0.005 70~120  [23]
Pesticides cereal High resolution MS
%25 By - S
Ni—ACF/CNF SPE 0.7~4.2 72~117  [24]
Pesticides Grain GC
BRI IR FEERFI AR
CNFs SPE - 79~119  [25]
Dioxin—Like Polychlorodiphenyls  Sunflower oil GC-MS
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¥ieai] wY ORI
MWCNT@SAX@PSA SPE 6.0 74.1~121  [27]
Pesticides Grain LC-MS
AT B SR 26 ES/S BB
MWCNT SPE 0.02~0.10  73.4~113.7 [29]
A trichothecenes Maize LC-MS
i LisRZ Rl TR
MGO MSPE - 80 [31]
Phytosterols Vegetable oil GC-MS
EZIvs I AR (3%
GOPA@Fe,0, MSPE 0.06~0.15  85.6 ~ 102.3 [32]
PAHs Vegetable oil : HPLC
R Hu i BT
GO@Fe,0, MSPE 0.15 71.2~103.3 [33]
Capsaicin Gutter oil LC-MS
2R 2R AR (3%
GO@Fe,0, MSPE 20~50  84.55~86.83 [34]
Sesamin Sesame oil HPLC
i i AR (3%
rGO@Fe,0, MSPE 0.02, 0.01 80.4 ~106.0 [36]
AFTs Vegetable oil HPLC
FAE AEA i WSTHR
Fe,0,@ANDS MSPE 0.3 78.6 ~ 118.9 [38]
Resveratrol Peanut oil LC-MS
EZIS5 i WAR 3
MIP SPE 0.03~1.50  63.5~118.6 [43]
PAHs Vegetable oil HPLC
W ERER B, P WA @S
CQDs@MIPs SPE 0.118 79.5~91.2 [44]
AFB, Peanut oil HPLC
AEEW B i AU
MIP SPE - 94~99  [46]
Tocopherol, phytosterols Vegetable oil GC-MS
AR R IR . ) ARG
AFT Coreal Fe,0,@Ui0-66-NH,@MON  MSPE HPLC 0.15~0.87 87.3~101.8 [49]
s erea
AHLBEAZY . .
. N ) AT
Organophosphorus pesticides y bl ol Ui0-66 SPE GC_MS 0.16~1.56  81.1~113.5 [50]
egetable o1 -
(OPPs) #
IR AR i Hifk@ Fe,0, BT
IAC 0.02,0.03 87.3~952 [52]
Capsaicin, dihydrocapsaicin Vegetable oil Antibody@Fe,0, LC-MS
HHHR w0 EAREN BT
IAC 0.04~0.4  953~103.3 [53]
Mycotoxins Cereal Antibody LC-MS
. N PO
HIEHEB, W Bk Fe0, B
IMSPE  Fluorescence spectro- 0.0048 79.6 ~ 117.9 [54]
AFB, Vegetable oil Antibody@Fe,0,
photometer
HHHE R B, R WA @S
Apt SPE 0.025 80.9 [56]
AFB, Peanut HPLC
B i w0 WAH 3
JEN Coreal AuNPs@Apt SPE HPLC 0.05 90.9~95.0 [57]
erea
% s _ e
Fe,0,@chitosan@Apt MSPE - 91.3~99.1 [58]
Ochratoxin (OTA) Corn powder : HPLC
wihEEER oK Fe,0,@Si0,@agarose@ap- AR5
AFT c ’ MSPE oo 0.025, 0.010 94.8~102.4 [59]
S orn tamer
. POEIRRE RS
W& TR B, INZZ Ky Apt@polymeric dots and ¢D- :
DSPE  Fluorescence reso- 0.003 97.0~105.0 [60]
AFB, Wheat powderNA-AgNPs

nance energy transfer




TR A < BT [ R A AR R 7™ it i A BB AR AT 5 0 725

5 #ib

R Al N HH R BT A, AR ™ Al
Jo i 22 A R RS B T 7 i i o PR UETH P B
HEE X SPEEARTR B m KL 75 % By DR (R
T MR e T B ARHUM B SPE HOR Y
Biils o ARSCEER T 6T SPE B A A AR I 5l iy Ak 2
TR SCHRERR KB, #f Z R R LA A G
REIBUR ARMEL , 312 v A g S8R, 19 o R A 5
PERERHES &, BRI T AR RS, SO0 1T
Ab BRI T] o bR 822 14T BB AR AR 7 i ]
FHAE AT A B AR R, AR AR AR ™ it p H AR
BRI RRE M R AR R | TR R BT A
Tk, XoF B v AR A R R G D T A I
T HAREEMNE L

SE 3k

(1] Yang R N, Zhang L X, Li P W, et al. A review of chemi-
cal composition and nutritional properties of minor vege-
table oils in ChinalJ]. Trends Food Sci Technol, 2018,
74: 26-32. DOI:10.1016/).tifs.2018.01.013.

[2]  Yao Y Y, Xu B J. New insights into chemical composi-
tions and health promoting effects of edible oils from new
resources [ J |. Food Chem, 2021, 364: 130363. DOI:
10.1016/j.foodchem.2021.130363.

[3] Msanne J, Kim H, Cahoon E B. Biotechnology tools and
applications for development of oilseed crops with
healthy vegetable oils[J]. Biochimie, 2020, 178: 4-14.
DOI:10.1016/j.biochi.2020.09.020.

(4] Xia Q,DuZlL, Lin DS, et al. Review on contaminants in
edible oil and analytical technologies [J]. oil Crop Sci,
2021, 6(1): 23-27. DOI: 10.1016/j.0cs¢i.2021.02.001.

[5]  Arroyo-Manzanares N, Campillo N, Lopez—Garcia I, et
al. High—resolution mass spectrometry for the determina-
tion of mycotoxins in biological samples. A review [J].
Microchem J, 2021, 166: 106197. DOI: 10.1016/j. mi-
croc.2021.106197.

[6] Igbal S Z. Mycotoxins in food, recent development in
food analysis and future challenges; a review [J]. Curr
Opin Food Sci, 2021, 42: 237-247. DOI: 10.1016/j.
cofs.2021.07.003.

[7]  Mousavi Khaneghah A, Fakhri Y, Gahruie H H, et al.
Mycotoxins in cereal-based products during 24 years
(1983-2017) : a global systematic review [J]. Trends
Food Sci Technol, 2019, 91: 95-105. DOI: 10.1016/j.
tifs.2019.06.007.

[8] Abdolmaleki K, Khedri S, Alizadeh L, et al. The myco-

toxins in edible oils: an overview of prevalence, concen-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

tration, toxicity, detection and decontamination tech-
niques [J]. Trends Food Sci Technol, 2021, 115: 500-
511. DOI:10.1016/j.ifs.2021.06.057.

Hakme E, Lozano A, Ferrer C, et al. Analysis of pesti-
cide residues in olive oil and other vegetable oils [J].
Trac Trends Anal Chem, 2018, 100: 167-179. DOI:
10.1016/j.trac.2017.12.016.

Sun Y Q, Wu S M, Gong G Y. Trends of research on
polycyclic aromatic hydrocarbons in food: a 20—year per-
spective from 1997 to 2017 [J]. Trends Food Sci Tech-
nol, 2019, 83: 86-98. DOI:10.1016/].tifs.2018.11.015.
Casado N, Gafian J, Morante—Zarcero S, et al. New ad-
vanced materials and sorbent-based microextraction
techniques as strategies in sample preparation to improve
the determination of natural toxins in food samples [T].
Molecules, 2020, 25 (3) : 702. DOI: 10.3390/mole-
cules25030702.

Zhong D, Mo R, Wang R, et al. Determination of squa-
lene and four phytosterols in vegetable oil by polymeric
reversed solid phase extraction coupled with GC-MS
[J]. Food Ferment Ind, 2021, 47(4): 231-236.

Han W C, Shi N, Wang X Y, et al. Application of natu-
ral cotton fibers as an extraction sorbent for the detection
of trans—resveratrol in adulterated peanut oils [J]. Food
Chem, 2021, 339: 127885. DOI: 10.1016/j. food-
chem.2020.127885.

Yu X, Yu L, Ma F, et al. Quantification of phenolic
compounds in vegetable oils by mixed—mode solid—phase
extraction isotope chemical labeling coupled with UH-
PLC-MS/MS [J]. Food Chem, 2021, 334: 127572.
DOI:10.1016/j.foodchem.2020.127572.

Antonelli M, Benedetti B, Cavaliere C, et al. Phospho-
lipidome of extra virgin olive oil: Development of a solid
phase extraction protocol followed by liquid chromatogra-
phy—high resolution mass spectrometry for its software—
Food Chem, 2020, 310:
125860. DOI:10.1016/j.foodchem.2019.125860.

T &, s, 5, A5 AR ARSI RO (3 - R I
JBT i I 5 SR A I ) . PR G . Ay
S M, 2018, 54 (5) : 596-600. DOI: 10.11973/lhjy-
hx201805023.

assisted identification [J].

Dou X, Zhang L, Li P, et al. Sesame oil determination
by solid—phase extraction and liquid chromatography—
tandem mass spectrometry [T]. oil Crop Sci, 2017, 2
(3): 181-6.

Gorassini A, Verardo G, Bortolomeazzi R. Polymeric re-
versed phase and small particle size silica gel solid phase

extractions for rapid analysis of sterols and triterpene di-

alcohols in olive oils by GC-FID [J]. Food Chem, 2019,



726

rHE I EHEY

2022,44(4)

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

283: 177-182. DOI:10.1016/j.foodchem.2018.12.120.
Rascon A J, Azzouz A, Ballesteros E. Multiresidue de-
termination of polycyclic aromatic hydrocarbons in edi-
ble oils by liquid-liquid extraction—solid—phase extrac-
tion—gas chromatography—mass spectrometry [J]. Food
Control, 2018, 94: 268-275. DOI: 10.1016/j. food-
cont.2018.07.015.

Eyring P, Preiswerk T, Frandsen H L, et al. Automated
micro—solid—phase extraction clean—up of polycyclic aro-
matic hydrocarbons in food oils for analysis by gas chro-
matography - orbital ion trap mass spectrometry [J]. J
Sep Sci, 2021, 44 (2) : 600-608. DOI: 10.1002/
J88¢.202000720.

Deng H L., Su X G, Wang H B. Simultaneous determina-
tion of aflatoxin B1, bisphenol A, and 4-nonylphenol in
peanut oils by liquid-liquid extraction combined with
solid—phase extraction and ultra—high performance liq-
uid chromatography—tandem mass spectrometry[J]. Food
Anal Methods, 2018, 11 (5) : 1303-1311. DOI:
10.1007/s12161-017-1113-x.

Song Y, Yang L., Wu P, et al. Determination of aflatox-
ins and zearalenone in vegetable oil and cereal products
by solid phase extraction column purification coupled
with ultra—performance liquid chromatography tandem
mass spectrometry [J]. CHN J Food Hyg, 2020, 32
(1): 39-44.

Hakme E, Poulsen M E. Evaluation of the automated mi-
cro—solid phase extraction clean—up system for the analysis
of pesticide residues in cereals by gas chromatography—Or-
bitrap mass spectrometry [71. 7 Chromatogr A, 2021,
1652: 462384. DOI: 10.1016/j.chroma.2021.462384.

Singh M, Srivastava A, Sharma Y K, et al. CVD grown
carbon nanofibers: an efficient DSPE sorbent for clean-
up of multi-class pesticide residue in high fat and low
water commodities by QuEChERS using GC-ECD [J].
Microchimica Acta, 2020, 187 (9) : 1-10. DOI:
10.1007/s00604-020-04464-8.

Shelepchikov A, Turbabina K, Ovcharenko V, et al.
Solid phase extraction of PCDDs/PCDFs and dioxin—-like
PCBs from edible oils and fats[J]. Chemosphere, 2019,
231: 20-24. DOI:10.1016/j.chemosphere.2019.05.089.
B, WA, BLAE, S BRACKE E A RE LY
eI B REHTL ] AR TR RAE L, 2019, 47(10) : 38~
40, 45.

Wk, R =L X, S A SRS BERINKRE S
VP~ i BCRURE (5 i — 3 IG5 33 vk 0 A AL R T
SR K B AR B A ()] AR g . e ol
2020, 56 (10) : 1052-1058. DOI: 10.11973/lhjy-
hx202010002.

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Dong M F, Si W S, Jiang K Q, et al. Multi-walled car-
bon nanotubes as solid—phase extraction sorbents for si-
multaneous determination of type A trichothecenes in
maize, wheat and rice by ultra—high performance liquid
chromatography—tandem mass spectrometry [J]. J Chro-
matogr A, 2015, 1423: 177-182. DOI: 10.1016/j.chro-
ma.2015.10.068.

DA, TAR, LR, % BAVKE IR A RHE
KBTI R LB AR )] HokEoR, 2021,
40(3): 23-32. DOI: 10.15890/j.cnki.jsjs.2021.03.003.
Pena—Pereira ', Romero V, de la Calle I, et al. Gra-
phene—based nanocomposites in analytical extraction
processes [J]. Trac Trends Anal Chem, 2021, 142:
116303. DOI:10.1016/j.trac.2021.116303.

Jafarian—Asl P, Niazmand R, Jahani M. Solid-phase ex-
traction of phytosterols from rapeseed oil deodorizer dis-
tillates with magnetic graphene oxide nanocomposite [J].
J Exp Nanosci, 2020, 15(1): 307-21.

Ji W, Zhang M, Duan W, et al. Phytic acid-stabilized
super—amphiphilic Fe;0,~graphene oxide for extraction
of polycyclic aromatic hydrocarbons from vegetable oils
[J]. Food Chem, 2017, 235: 104-110. DOI: 10.1016/j.
foodchem.2017.05.054.

Lu Q, Guo H, Li D, et al. Determination of capsa-
icinoids by magnetic solid phase extraction coupled with
UPLC-MS/MS for screening of gutter oil [J]. J Chro-
matogr B Analyt Technol Biomed Life Sci, 2020, 1158:
122344. DOI:10.1016/j.jchromb.2020.122344.

Wu L, Yu L, Ding X, et al. Magnetic solid—phase ex-
traction based on graphene oxide for the determination of
lignans in sesame oil[J]. Food Chem, 2017, 217: 320-
325. DOI:10.1016/j.foodchem.2016.08.109.

Zhang H X, Lyu L, Fang Q, et al. Cation— structure in-
ducing efficient peroxymonosulfate activation for pollutant
degradation over atomically dispersed cobalt bonding gra-
phene-like nanospheres [J]. Appl Catal B: Environ,
2021, 286: 119912. DOT: 10.1016/j.apcath.2021.119912.
Yu L., Ma F, Zhang L. X, et al. Determination of aflatox-
in B, and B, in vegetable oils using Fe;0,/rGO magnetic
solid phase extraction coupled with high—performance
liquid chromatography fluorescence with post—column
photochemical derivatization [J]. Toxins, 2019, 11
(11): 621. DOT:10.3390/toxins11110621.

WRHER, [IBE RN, XR, &5 . @A S50 2 5 ok
5 0 A WE T HE e [J/OL]. A T3k e« 1-11. [2021-
12-23]. https://doi. org/10.16085/j. issn. 1000-6613.2021-
0180.

Zhao , Cheng D Q, Tao M, et al. Rapid magnetic solid—

phase extraction based on alendronate sodium grafted meso-



TR A < BT [ R A AR R 7™ it i A BB AR AT 5 0

727

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

porous magnetic nanoparticle for the determination of trans—
resveratrol in peanut oils [J]. Food Chem, 2019, 279:
187-193. DOI: 10.1016/j.foodchem.2018.12.014.

Maranata G J, Surya N O, Hasanah A N. Optimising fac-
tors affecting solid phase extraction performances of mo-
lecular imprinted polymer as recent sample preparation
technique [Jl. Heliyon, 2021, 7 (1) : €05934. DOI:
10.1016/j.heliyon.2021.e05934.

Tarannum N, Khatoon S, Dzantiev B B. Perspective and
application of molecular imprinting approach for antibiot-
ic detection in food and environmental samples: a criti-
cal review[J ]. Food Control, 2020, 118: 107381. DOI:
10.1016/j.foodcont.2020.107381.

Speltini A, Scalabrini A, Maraschi F, et al. Newest ap-
plications of molecularly imprinted polymers for extrac-
tion of contaminants from environmental and food matri-
ces: a review [ J]. Anal Chim Acta, 2017, 974: 1-26.
DOI:10.1016/j.aca.2017.04.042.

Fang L., Jia M X, Zhao H P, et al. Molecularly imprint-
ed polymer—based optical sensors for pesticides in foods :
Recent advances and future trends[J]. Trends Food Sci
Technol, 2021, 116: 387-404. DOI: 10.1016/.
tifs.2021.07.039.

kv, aRER, Mg, S S BRI RH AR R - R OR AR
EGEEENE A D 11 R 2 ER05 2T ], b AR 2
e, 2018, 33: 111-115, 126.

Liang G, Zhai H, Huang L, et al. Synthesis of carbon
quantum dots—doped dummy molecularly imprinted poly-
mer monolithic column for selective enrichment and anal-
ysis of aflatoxin B, in peanutU]. J Pharm Biomed Anal,
2018, 149: 258-264. DOI1:10.1016/j.jpba.2017.11.012.
Alghamdi E M, Whitcombe M J, Piletsky S A, et al. Sol-
id phase extraction of a—tocopherol and other physiologi-
cally active components from sunflower oil using rational-
ly designed polymers [J]. Anal Methods, 2018, 10(3):
314-321. DOI:10.1039/c7ay02726e.

Alghamdi E, Piletsky S, Piletska E. Application of the
bespoke solid—phase extraction protocol for extraction of
physiologically—active compounds from vegetable oils
[J]. Talanta, 2018, 189: 157-165. DOI: 10.1016/j. ta-
lanta.2018.06.070.

Cheng W W, Tang X Z, Zhang Y, et al. Applications of
metal—-organic framework (MOF)—based sensors for food
safety: Enhancing mechanisms and recent advances [1].
Trends Food Sci Technol, 2021, 112: 268-282. DOI:
10.1016/}.tifs.2021.04.004.

Wu K J, Wu C, Fang M, et al. Application of metal-or-
ganic framework for the adsorption and detection of food

contamination| J |. Trac Trends Anal Chem, 2021, 143:

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

116384. DOT:10.1016/].trac.2021.116384.

Li CY, LiuJ M, Wang Z H, et al. Integration of
Fe;0,@Ui0-66-NH2@MON core-shell structured ad-
sorbents for specific preconcentration and sensitive deter-
mination of aflatoxins against complex sample matrix[J ].
J Hazard Mater, 2020, 384: 121348. DOI: 10.1016/}.
jhazmat.2019.121348.

Mao X, Yan A, Wan Y, et al. Dispersive solid—phase ex-
traction using microporous sorbent UiO-66 coupled to gas
chromatography—tandem mass spectrometry: a QuECh-
ERS~type method for the determination of organophospho-
rus pesticide residues in edible vegetable oils without ma-
trix interference [J]. J Agric Food Chem, 2019, 67(6) :
1760-1770. DOI: 10.1021/acs.jafc.8b04980.

Senyuva H Z, Gilbert J. Immunoaffinity column clean—
up techniques in food analysis: a review [J]. J Chro-
matogr B, 2010, 878 (2) : 115-132. DOI: 10.1016/j.
jchromb.2009.05.042.

Ma F, Yang Q, Matthéius B, et al. Simultaneous determi-
nation of capsaicin and dihydrocapsaicin for vegetable oil
adulteration by immunoaffinity chromatography cleanup
coupled with LC-MS/MS [J]. J Chromatogr B Analyt
Technol Biomed Life Sci, 2016, 1021: 137-144. DOI:
10.1016/j.jchromb.2015.12.017.

Zhang Z, Hu X, Zhang Q, et al. Determination for multi-
ple mycotoxins in agricultural products using HPLC-MS/
MS via a multiple antibody immunoaffinity column[J]. J
Chromatogr B Analyt Technol Biomed Life Sci, 2016,
1021: 145-152. DOI:10.1016/}.jchromb.2016.02.035.
Yu X, LiZ M, Zhao M Z, et al. Quantification of aflatox-
in B1 in vegetable oils using low temperature clean—up
followed by immuno—magnetic solid phase extraction[]].
Food Chem, 2019, 275: 390-396. DOI: 10.1016/j.food-
chem.2018.09.132.

Vergara—Barberan M, Lerma-Garcia M J, Moga A, et
al. Recent advances in aptamer—based miniaturized ex-
traction approaches in food analysis [J]. Trac Trends
Anal Chem, 2021, 138: 116230. DOI: 10.1016/.
trac.2021.116230.

Liu H, Luan Y, Lu A, et al. An oligosorbent—based ap-
tamer affinity column for selective extraction of aflatoxin
B2 prior to HPLC with fluorometric detection [J ]. Mikro-
chim Acta, 2017, 185(1): 71. DOI: 10.1007/500604~
017-2591-17.

Xu J H, ChiJ X, Lin C C, et al. Towards high—efficient
online specific discrimination of Zearalenone by using
gold nanoparticles@aptamer—based affinity monolithic
column [J]. J Chromatogr A, 2020, 1620: 461026.
DOTI:10.1016/j.chroma.2020.461026.



728

rHE I EHEY

2022,44(4)

[58]

[59]

Wang S, Niu R, Yang Y, et al. Aptamer—functionalized
chitosan magnetic nanoparticles as a novel adsorbent for
selective extraction of ochratoxin A[J]. Int J Biol Macro-
mol, 2020, 153: 583-590. DOI: 10.1016/.
ijbiomac.2020.03.035.

Liu H, Lu A, Fu H, et al. Affinity capture of aflatoxin
B1 and B2 by aptamer—functionalized magnetic agarose
microspheres prior to their determination by HPLC [J].
Mikrochim Acta, 2018, 185(7) : 326. DOI: 10.1007/

[60]

s00604-018-2849-8.

Nasirian V, Chabok A, Barati A, et al. Ultrasensitive af-
latoxin B1 assay based on FRET from aptamer labelled
fluorescent polymer dots to silver nanoparticles labeled
with complementary DNA [J]. Microchimica Acta,
2017, 184 (12) : 4655-4662. DOI: 10.1007/s00604—
017-2508-5.

(TTEGd - 5827 22)



