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Abstract: A method for simultaneous determination of six mycotoxins in edible vegetable oil by high
performance liquid chromatography ( HPLC ) based on dispersion liquid - liquid microextraction
technology ( DLLME ) was established. The sample was defatted with petroleum ether, ultrasound —
extracted with acetonitrile — water — acetic acid ( volume ratio 84:15: 1), purified by liquid - liquid
extraction with CHCI, as extractant and pre — column derived. Then, it was separated by Agilent XDB -
C,s chromatographic column (4.6 mm X 150 mm, 3.5 pm) with gradient elution, and detected by
fluorescence detector. The results showed that the linear relationships of the six mycotoxins in edible
vegetable oil were good and the correlation coefficients were all more than 0. 999. The detection limit of
the method was 0.2 - 0.5 pg/kg. The average recovery of the samples was 75. 88% —105.25% , and the

relative standard deviation was 0.5% —9.5% . This method could be used for the simultaneous detection

of six mycotoxins including aflatoxins ( AFB,,
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B FA I R R E P A 1 ORI s R 1
AEAF RV PR A2 P 32 21 55 0 S i 7 35 R
FUHERRE RN EESRMAES LA ENEHR
HE. oAMEYHTR R AN ER SR EME
RER PRASERHGEEER KDL ER HUE
RFEREDY, RKZBMEESZEANEE X
e 0 G A = =52 O 11K 527 N e W e
AG%EBEY BARBBIT —ZRER, SBLEA
RRHAM A, R G E AW Fi, &
B Y P B R R 5 W R T B
EHEAAEEE L,

AT, & R P B R R ki ik 5
A RENr i B AOR A @k (HPLC) |
WorE o — BRI RO i - R
FRM M R S 2 W R ik A A 4 % SR AT i
%, WEENTEIEE R BUEIR EE R, A
3% B — 2 A BRI ; B Gy T FR 2 2 B 2 il
HABPMERER , NREVE R BIE L 56 ; A% ki HPLC
TR R ESL R RS X 5 T

FL TR T 23 FF AL 3 ik SRR TR AR
B AR (SPE) 40 3 MZ Mk . QUEChER 3 |
B R 4 BOR R ME BUE (OLLME ) o1
HH SPE( 135 TAC A1 MFC) J& 1 ) i2 AR
B AR — PR AT AL EE 7 3%, (38 % SPE #RAE S 20
BB R, MR AR B R . HAT, X SR AT AL
B RN — Pl — 28 B B R AR BUSCR AT (A B
Y ZFh B R R AR R D W
BT —FPREAS A AL R AR I & A P Hh 2
HRRTE. AFRESL T —Mee RS g
FARE it o 2 Ff 1R 5 R 9 R ORUFE 83 — 258G
M 4341535 (HPLC - FLD ), 7ERE S i AL 38 5 T8, X 43
BURORMEE BB A ( DLLME ) 3 47 2 #0144 4L
DABE LA B FAE i v s R, S oe 3 B R
T 5 BB 5 ZAR I AN R B R R 2 KR
1 #M#RE5FE
1.1 =3t
1.1 RS

5 FivE FAE 03 (R 20 oK SR e A
ML AR ) 36 28 M, T, MIEHER
B, (AFB,) tRifE 5 (4 =99% ) B HE B,
(AFB,) tRifE 5 (A =99% ) &M EH E G,
(AFG) fpfESh (4 =99% )  EHEHFEE G,
(AFG,) FRifE M (4 =99% ) fEBEHEE A
(OTA) brife i (4 E =99% ) #EEFHZ B(OTB)
PRI i (26 =99% ) , 14T Sigma — Aldrich 45]; &

fE R, i, T BigEZER EC k. =R
e Al C/R, Al 1 T i E 255 A
MR, BB, W TR T AR =R, /b,
T EiEE EARA T,
1L1.2 &5 EE

Agilent 1260 =5 0K AH 8 1% 42 (78 6 o M %
(FLD), % E Agilent / &]; Lab Dancer JE i {%;
SCIENTZ — 101S 2125 B0 We 4 1 ;s SCIENTZ — 10N
L@ BSR4 HL; Centrifuge 5424 R B 1% VR 55
AL, £ E Eppendorf 23 ] ; SCIENTZ - 5200 DTD #3
FECTE Ve AL Milli - Q 8 4l K i fb R 48, £ E
Millipore /A ] ; DZF — 6096 E.25 T8 46 ; LC — DCY -
24G TR AL ; B PR RS TIRAR
1.2 %7k
1.2.1 @ikt

Agilent XDB - C 3% 4E (4. 6 mm x 150 mm,
3.5 pm) ;AL 40 °C s PR SNAHTE 0. 6 mL/min ; FEA
& 10 pL; Zeka il & .
1.2.2 FRiEis A &

I PP P 25 T o T T o — 7 Jo 2 VA R ) i
W, A A ERR I 6 FhiRvE R & s &, IR - 2
G (R 500 50) 7 #2415 AFB, AFB,  AFG, I
AFG, JREWE Y 1. 00,2. 00, 5. 00, 10. 00,
25.00.50. 00 we/L, OTA #l OTB Jfi & ¥k J& 5 K
2.00.4.00.,10.00,20.00,50.00,100. 00 wg/L iR
ARE AR
1.2.3 FESLETALER
1.2.3.1  FELEE

S5 A [ R AR BT . I B PR B
5.0 g(MEHHZ 0. 01) AL A 50 mL BE.L 4,
A 10 mL F iy, B IETR 57 1 min, IR HURK &
G - K - OB (RFRLEE 84:15:1)10 mL, #%JjE 1 min
J5 B HEE 20 min, #E, ZJE T 8 000 r/min B.[»
10 min, LN JZREUAE T 15 mL .08, fF .
B EIRSRBOR | mL T 10 mL g0, SRR
K, IRHE 1 min, # & ,4°C .12 000 r/min [ &.[> 10
min, B E WG ARE o
1.2.3.2 DLLME 45

Bl mL =5 e (FAEZEBUR) ImA 1 mL
1.2.3. 1 i85 R Bk (FRTE 8O L B4R S .
KRG WG EASEA S mL BAEK (pH 3) BB
Brp RGN A EON 5K R A IR BT IR
RHEYRY 1 min, #RJ5 6 000 r/min , E {E B> 10 min
G HRBEOCERB AP R, B EiRRE,
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HEER 3 R, ZFRAEAK(40°C,1 mL/min) IR+
J& AR A
1.2.3.3 #ERIfiTAE

FE1.2.3.2 BEAFRBYIHE LB INAL AR
#1200 wl IF O LEH 100 pL =28, 38 7% 30 s,
40 CHEFE &4 T AT A AL 15 min, fi7AE 1L OVA TR
Z285K(40°C ,1 mL/min) BT, % B8 4 FH 200 wl &
fE BV R ETR S Ja (s S5O 3 3oy B A
2 BRS5HH
2.1 & EMepmie
2.1.1 JRshHrEs

AHEFEREE. O, B MHEFSE 0. 05% H IR .
0.05% 2Bz .0.05% =F L8R, %3t 6 L., RIG
6 LI LE R LA, ZAEVE MR SAE A B, BT
LA VI B 8 75 4% 20 401 B8 o I g e, A0 S
B2 T EER TR RE J140 55,6 Fh B 5 R AR
TR, & A (R BBt RN R Bs 43 % 4
[ EE 51 AN 5] B2 79 7K 3 W0 30 A HE AT A, R
0.05% ZERVE A B #HES, OTA F1 OTB 4355 FE 541K,
I H B bR RIETE A, T 0.05% =F/ B 1EHN B
e, L K, HFEEHENI S, B &
0.05% FHERIEN B #HBT & 45> e R I 43 25, B

AFG, AFG, #1200 L 8Kk H 50 ng/L 1y OTA
1 OTB #3R e S AW, A BT S B RS KEH,
oAt i %€ [/l 2 % W A9 % . AFB, | AFB, | AFG, |
AFG, FrfE & K 360 ~380 nm, AFB, # AFB, &
ARG 450 nm, AFG, Fl AFG, ffE& MK
470 nm, B 2 4 PP E I B F R MK KK N 365
nm, & 5K 460 nm; OTA 1 OTB kKN
327 nm, R KA 460 nm, A F] T4 5 580 R
HUE,
2.2 REBIRERGMEA

AT AL SE B #E i AFB, (AFB, (AFG, I AFG,
hnbrE 5 pe/kg OTA F1 OTB fiitr& 10 pe/kg.
2.2.1 {REURAERE X BT

ZHRMAEHRBR B THE.CHESMER
HLIE R A A ik op B B R AR A R —
Mk RS CE SR PIMIE R IEEGBR. L
Kb, A RER T HEE - K - 8 (B
84:15:1) HEE - /K - FER (KT 84:15:1) . &
G- K - CBR (AR 84:15:1) (O fF - /K - g
(IRFRI 84:15:1) HIEE - /K (IAFREL 84:16) (P -
IKRFREL 84:16) 6 B Il A% 32 B X £ K vl o
6 Ff L B 7 R Im EISCR A Em , S5 R LR 1,

LM ahi, FHILEFEF BEE R A #1,0.05% H 120 SAFG, =AFB,  SAFG,  =AFB,  =0TB  =OTA
BRYER B AHET,6 Fi LT 5 R e 5 1A AR 4T 1Y 43 55 ook 0 T
MR b TR ARIECE AR A ¢ I B
G R I R, 2T SR E R L%
SRR VR L3 1 260
®1 RBEEEEHER =
i [/ min A /% B AR/ % 1
0-~3 10 90 20 . . . . .
3.6 10 ~25 90 ~75 HRE-—K - HEE-—K- ZiE-K- ZIE-7K- HEE-7K ZHE-7K
Zm R Zm TR
6~9 25 ~45 75 ~55
912 45 55 E1 AREBEMEAEYHD 6 HERSE
12~15 45 ~ 65 55 ~35 TR Bl 2RO R
15 ~24 65 35 HE 1 RHL, OfE - K - SR (RFREL 84:15:1)
24 ~24.5 65~10 3590 £ TR I v 6 b 0T 3 3R A R 3] i 26 2
SRt 10 0 i B 20 - K - ZRR (RALEL 841150 1) fE
2.1.2 R NERAERBUR . RG,#E—EX 5 - K - 2RI
B2 200 pL vk B 25 pe/L [ AFB, AFB, . FL AT T4, EE B Z bR ECR SR FE 2,
Fx2 EERELLOIXEAETSS 6 MEERSEMRE KRN
" " Jnbr ENLER /%
L~k - LHR AFG, AFB, AFG, AFB, OTB OTA
AR 80:19:1 76.25 76.26 74.75 70.36 80.29 82.47
F L 84:15:1 90. 46 86.37 87. 66 82.25 92.85 91.27
TRFRH 70:29: 1 70.63 80.38 76.55 74.75 72.33 80. 53
PRBLH 50:49:1 78.28 81.88 75.34 77.82 86. 26 75.82
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HR2 AT LLEW, SR CHE - K - 2B (1K
FALE 84: 15: 1) $REURT, 6 F B 3 2 3% A9 ndm (BT
TE 82.25% ~92.85% Z [a], [ M52 50 R FH L -
K = CER(IAFRLL 84: 15: 1) oMb B B R I
B9 SRR o
2.2.2 {REOTA M

AT K 1 Ay 1], 7% %% i 24 Ji (12 000 1/min, 5
min) \EHENRZ (10 min) &7 (20 min) FEIR (20 min)
4 FpRIOT A0 F Kb b 6 B LT B R s | R
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S I e
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aEl &
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T
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AFB, AFB, AFG, AFG, OTA OTB

B2 FEERAXMEAENHG 6 ERSS
R (5] 4 2 6 500

& 2 B %0, A A SR BOR & A i b 6 Fh A
B AR ECR S TE 80% LA E, inkR [m R & T
WIETRY JRR M B ., X TR ERHEER
A FREE, o 2 o e AR AR , HL & 1 R S B3R G
T2 PR AN HENR 377 PO b 4R B SRR eIk, B A $R L
Tk SR BRI AR 9 S BURE A AR MR R B
W R R R,
2.3 DLLME &4 84440

£ DLLME ZEG 2 ZERGR RS B 5 2L HL
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PR AR B ZEBUHOR 84T T % 5%, A1 CH,CL, |
CHCL, 1 CCl,, XF % K i #F 47 fin % 55 55, AFB, |
AFB, AFG, 1 AFG, b 5 we/kg OTA F1 OTB i
Fr 10 peg/kg, 1.0 mL 3BBGRFIA 5.0 mL 7K (pH
3) 0 1.0 mL FRifAE A ALIA I (CZEBG)) |, B4 5L 00 1%
B 3 OFAT, B A R bR EICRRANE 3 PR,
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i

RECRG

[N e} (=) [\

o =) o (=]
o

Jin#

~
(=]
T

20 1 1 1 1 1 ]
AFG, AFB, AFG, AFB, OTB OTA

E 3 DLLME REZEEF&AEinth 6 MERSES
el e A
B[l 3 AT %0 CCL AR 2R & EEF RN
Hnbr R B OTA & T 80% 4, LA T 80% ,
AT EE; RE CH,CL AE N ZEBUR B AFB, |
AFG, ,OTB 1 OTA [EI R4, {HY5 CHCL, ZEHUK
RN EE , CHCL 1B ZEBGR BT AFB, (AFG, [
b B0 T CH,CL 1y, B, A 5256 %
CHCI, f£2) DLLME 3372 19 Z£ B o
2.4 ARRAT A A F XN 56 56 R
Xt 6 FR & BB RFTHERATAEL, AFB, |
AFB, AFG, F1 AFG, JFi & ¥ B F7 25 pg/L, OTA F
OTB i VRE N 50 ne/L,6 Fh B RN A LHT
JE bR i T R ELA LR 4.
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Hi (&l 4A FIIE] 4B AT, 6 Fh BB B RAREIA R
PEATHERATAE AL B AG U B 75 31 Y 3% T R, ARG, |
AFB, (OTA 1 OTB ¥4 48 H5E e i, i AFG, F
AFB, ZOUm N IE 5, E AR F L E AR &
ik, I 4C FIE 4D Al H,6 Fl B FE Min
WEVAROIE TR AT AT AR 1L 5 , AFB, fil AFG, BY%5 (5
SRR, M4 MEFSFRNRNEETHRT
AFB, B3 An4h, KA 3 Fik A B B2 1k, AFB, il

ARG, TESIMEIRET T RE R ABALF O™ A BA 58
FOGH =Yy, T 2615 5 i B A4 3 3, SE 3
107" Gy s BRI o A= 536 ) X — 5k, R
HERTATAEALXT AFB, Al AFG, #EATAbHE, M7 BEXT
HEATABAIE o
2.5 HREE HRAEER

F1 HPLC — FLD TE& AL 7% 14 T I 52 BL i 19 3 51
R AR R RO 2 HIbR 2R . Z55RILE 3.

R3 6HMERSEHNEAMEREAFTE EXRY LHRREESR

HEHR  AMEEE/ (py/L) EE W HRFB(R) HHR (pgke)  EER (pgke)
AFB, 1 ~50 y =0. 147 6x - 0. 026 2 0.999 3 0.2 0.6
AFB, 1~50 y=0.161 7x -0.047 5 0.999 1 0.2 0.6
AFG, 1~50 y=0.126 6x -0.057 1 0.999 1 0.2 0.6
AFG, 1~50 y=0.137 9x -0.024 9 0.999 4 0.2 0.6
OTA 2 ~100 y=0.023 0x - 0. 020 9 0.999 4 0.5 1.5
OTB 2 ~100 y=0.016 Ox —0. 002 3 0.999 4 0.5 1.5

M3 3 A %0, AFB, (AFB, (AFG, .AFG, J% OTA
OTB 43 HI7E 1 ~50 wg/L.2 ~100 pg/L 3 B 1k
KRBT, R HKTF 0.999, J7 i B (LIS 1
H=311)#0.2~0.5 pg/kg, & &R (LMEMELL =10
)8 0.6 ~1.5 pe/ke,
2.6 ERESHEE

EZE HERM S HREM . S HEFH . ZH
VRNV (2 EAEA VAR S IR R AR 3 AR

BB AVRIEE T, TE R 200 T X ndr B 2R 47
PRE A AT A A FRZE | 42 HPLC - FLD #4745
M B IAR KT 6 IRE R SE50 , THE bR =k
RGBSR NE4, HFE4TTH,S Mkt o
FERE R 3 NIRINAKCE T RN EEAE 75. 88% ~
105.25% Z 8], 3%+ 45 #E 1 22 (RSD) 7E 0. 5% ~
9.5% Z [8], 1 B % J7 16 Xt AFB, | AFB, | AFG, |
AFG, \OTA 1 OTB & R4 AR B FIAG % 3

R4 STHEER 6 MEESRMROKERBXMNIRERE (n =6)

HE R K B ok I SR
BR  (peke) EE/% RSD/%  [EWCE/% RSD/% [EE/% RSD/% [EKE/% RSD/% B/ % RSD/ %
2 78.35 1.3 84.46 2.8 78.46 3.5 80.76 2.8 76.52 1.2
AFB, 5 82.48 5.2 90. 62 0.8 85.46 2.1 85.42 2.4 80.86 5.4
10 82.38 1.8 82.75 2.2 83.63 2.8 90. 43 1.1 84.48 4.1
2 76.79 1.2 80. 40 1.7 82.38 6.5 75.88 1.0 78.34 9.5
AFB, 5 83.56 4.8 81.34 5.3 78.24 1.1 84.12 8.4 79.21 5.1
10 86.32 3.6 83.26 4.1 76. 58 4.3 80.98 1.3 82.72 4.2
2 83.78 1.7 86. 12 2.5 82.36 6.8 79.12 8.8 78.89 1.3
AFG, 5 83.54 6.2 80.52 6.4 79.67 1.2 92.45 6.2 89.45 1.6
10 85.42 0.9 83.54 1.7 83.82 2.5 87.12 7.5 98.74 1.2
2 98.21 2.3 101.98 1.8 76.56 2.8 86.36 1.2 85.31 4.2
AFG, 5 84.81 7.2 94.31 4.4 80.82 5.1 103.21 6.1 78.35 4.7
10 76. 85 4.6 83.58 7.2 86.74 7.1 80. 89 5.1 89.54 1.1
4 90.32 2.3 78.74 2.8 92.48 4.2 90. 49 2.8 82.43 6.8
OTA 10 95.04 4.5 102.32 5.1 105.25 0.5 84.25 5.2 90.02 3.2
20 103.21 1.9 95.44 1.4 90. 06 7.2 85.56 4.8 105.12 4.2
4 80. 43 0.6 83.19 4.9 86.35 1.4 82.75 1.2 89.78 2.4
OTB 10 89.78 1.3 79.22 5.8 82.24 2.3 101.22 1.6 86.28 6.6
20 102.56 3.5 82.82 4.1 95.23 4.2 92.88 4.6 90.13 6.2

2.7 FERAE ST
2019 4R 5256 2 R % J7 %0 B il 22 42 KUR: 1

M 28 A~ B AR A (RLAE B oK b B AW KRB
TSR ANR AN ) BEAT 6 P B R R E 245
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W5, HFES ATH,E9 MEHmESTKEE
AFB, AFB, AFG, ,AFG, .OTA F1 OTB 6 F £ &
R(HAREMMEEEF A 6 FEFETR) /&
HERIAR] 32, 14% . HA RS H AFB, g9k 3R
4 14.29% , 584 0. 601 ~2.620 pe/ke; AFB, f

SR 3.57% , F 8N 0. 745 ne/kg; AFG, BIKG
HR N 3.57% , A 0.751 pg/ke; AFG, HIFS i
KA 10.71% , 5859 0.618 ~0.775 ng/keg; OTA fy
W2k 7. 14% , &8 3. 330 ~4.387 ng/kg; OTB
ROK A 25.00% , &80 1.519 ~4.644 pg/kg,

x5 WM ERMERTERSE AFB, AFB, AFG, AFG, . OTA 1 OTB &8 pe/kg
FER S e AFB, AFB, AFG, AFG, OTA OTB
1 iR/ ] 1.329 ND ND 0.775 ND 3.331
2 TELE 2.620 0.745 0.751 0.618 ND ND
3 F oK ND ND ND ND ND ND
4 TR ND ND ND ND ND ND
5 FoKiH ND ND ND ND ND ND
6 KEIH ND ND ND ND ND ND
7 KE I ND ND ND ND ND ND
8 KE I ND ND ND ND ND 1.519
9 K5I ND ND ND ND ND ND
10 Kl ND ND ND ND ND ND
11 R ND ND ND ND ND ND
12 R ND ND ND ND ND ND
13 K5I ND ND ND ND ND ND
14 K5I ND ND ND ND ND ND
15 yNR ND ND ND ND ND 1.956
16 yNGR ND ND ND ND ND ND
17 yNGR ND ND ND ND ND ND
18 yNGR ND ND ND ND ND ND
19 AT 0.685 ND ND ND ND ND
20 AT 0.601 ND ND ND 4.387 3.269
21 AT ND ND ND ND ND 1. 644
22 AT ND ND ND ND 3.330 4.644
23 A ND ND ND 0.681 ND 1.581
24 oy i ND ND ND ND ND ND
25 JRFIH ND ND ND ND ND ND
26 VAR ND ND ND ND ND ND
27 JAFIH ND ND ND ND ND ND
28 JAFIIH ND ND ND ND ND ND
¥ : ND TR AR
3 4 i Ky 460 nm, TEFEMAMT 6 F EH B RAM L

PUIAR B f8 b5, L T 6 FEH H R
HPLC [R]85 450 5 43 A 2 44, PR 5T T Wi AL 325 B v
PRI S Lo ) ZE ORI L 32 B =X LA B i 3 A A
PRI % A I 30 A 45 X I 3R HPLC kI i 5%
M, AL EEE AR N : OHE - K - SR (R
84:15: 1) 1F Sy 42 B . 75 A S 48 B Oy A D I
CHCL, fE2% DLLME 53 72 B 25 BU5R . HPLC 4347 &%
AT Al A BB, i zh 48 B 0.05% HR,
XA EBB, W 0.6 mL/min, AFB, AFB,.
AFG, #1 AFG, UK Ky 365 nm, K& 5K K
460 nm,OTA F1 OTB & % I& & & 327 nm, & 5

ARF,R ¥KT0.999, FEHREN0.2 ~0.5
pe/kg, EEMRHA 0.6 ~ 1.5 peg/keg; # i 1 F 20
PR Ry 75. 88% ~105.25% , AR5 bR ifEfR 25 4
0.5% ~9.5% . ZI7iEAIA AR AR 6 Ff BB
B Ro

K FHZ 7 i T B 19 28 A& FHAE W i i
TR, R S & AFB, BIFE & 4 4>, & F AFB,
ARG, BIFESL & 1A, &F AFG, FER 3 1, &
A OTA 1 OTB Fy#E S 4510 2 AT A, A7k
FIARL R e M ot B A il Y 6 B
HEER.
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