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(beauvercin, BEA) , RURAITHZE A, BRI E A, RUBARE B MRASEREZ B s H M k. 5%
SR A G- K-H R (84:15:1, V:V:V)HEE . 23 Oasis Prime HLB [ AHZEHUFE 41k )5, Waters BEH C,g fo41:
(100 mmx2.1 mm, 1.8 pm)43#5, fEIE 8T, L5 mmol/L ZBRE: KV - A i shARIES TAR BE R, 78
22 SN M BT AT e A I b, R UCIChRE I SRk e i . 48R BEA A 4 Fh R R 78
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Determination of beauvericin and enniatins in oat flours and millet flours by
ultra performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish an ultra performance liquid chromatography-tandem mass spectrometry
method for the determination of beauvercin (BEA), enniatin A, enniatin A;, enniatin B and enniatin B, in cereal food
oat flour and millet flour. Methods The sample was extracted by acetonitrile-water-formic acid (84:15:1, V:V:V),
purified by Oasis Prime HLB solid phase extraction column, and separated by Waters BEH C;g column (100 mmx
2.1 mm, 1.8 pm). In positive ion mode, gradient elution was carried out with 5 mmol/L ammonium acetate aqueous

solution-acetonitrile as mobile phase, qualitative and quantitative detection and analysis were carried out in multiple
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reaction monitoring mode, and the matrix matching standard curve external standard method was used for quantitative

analysis. Results The results showed good linearity (r*>0.999) in the respective linear ranges of BEA and 4 kinds of

enniatins, with the limits of detection of 0.02-0.05 pg/kg and the limits of quantification of 0.05-0.15 pg/kg. The

accuracy of the method was evaluated by conducting a recovery test at 3 spiked levels: The lowest, middle and

highest concentrations of the linear ranges. The average recoveries for oat flours and millet flours were
83.6%—105.2% and 88.5%—104.2%, respectively, with the relative standard deviations of 1.3%-8.2% and 1.3%-3.2%

(n=6). The 5 kinds of compounds were detected in different degrees in 10 samples of oat flour and 10 samples of

millet flour collected in Beijing, among which, the detection rates of enniatin B and enniatin B; were 100%.

Conclusion The method is quick, easy, accurate and sensitive, which is suitable for the accurate qualitative and

quantitative determination of beauvericin and enniatins in oat flour and wheat flour.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; beauvericin; ennitatin; millet

flour; oat flour
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M & % (beauvericin, BEA)FI B Al B8 R & — 2850
MR, EE RN, SRRyl
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B MR RN 3 A R s B IR A B /K 4 & AL I ) 7S B oA
MW, B BRI R AT 29 oy TP, sz A
FEREBEARAE E A (enniatin A, ENA), BRAIEE A,
(enniatin A;, ENA,), Bk X B (enniatin B, ENB) A
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DRSS PP-Aik b IR T R TR 2R R T R A DAY,
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TR EE AN A W S i) W s |
UELLAMEREIR Y AR - TR PO B €0 13- B K
3% 7% (liquid  chromatography-tandem mass spectrometry,
LC-MS/MS) 4 Hirt LC-MS/MS T2 M 2 B 1,
S R Al eSS SN ES  or 9EE LD RPN EE i 4= Bl
HIAPIWETE T B R LLFRFNZ LG T, TR
FINANG PIZRAT Pl it LE B W O 48 5t b 2 B A R,
ST AV N P RE R BRI I T8 . ABIESE
FUR P R AOBOR €S- BB R T i (ultra performance liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)
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RV T 28 i R BRI 1) PP B A PR A

1 MR5ERZE

1.1 #R5RF

TR/ AN, W B AL & .

BEA FRAEAI(100 pg/mL), ENA FRAEE(100 pg/mL).
ENA, ARAE M (100 pg/mL). ENB FRAEZ (100 pg/mL).
ENB, FrUEE R (100 pg/mL)(INE K TRC 2 F]/ K HM /R
BHEA RS 7)); Oasis PRIME HLB [& AHZE UM (200 mg/
6 mL, SE[E Waters A rl); HEE. ZIE(RIEHK, i SREA
FRATD); HER(I%HR, AiE>99%, £E Acros 2AH); H
TREE . LR (2%, F21H Thermo Fisher Scientific 23 Fl);
S /K B Milli-Q 4l /K i Ab B R Ge il 4
1.2 HF5RE

ACQUITYTM #B = S A 235 Y -Xevo®TQ-XS HAEK
JiE{Y . Waters ACQUITYUPLC BEH C,¢ #£(100 mmx
2.1 mm, 1.7 um)(3E [E Waters 2% #l); Allegra X-30R
Centrifuge ¥ 4 &5 .0 HL(3E [E Beckman /A H]); Vortex-Genie 2
TR ENR % % (35 [E Scientific Industries 23 7]); Milli-Q # £t /K
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#5(32[# Millipore /A F]); Mettler Toledo XPE 105 K
(K5 0.01 mg, Hii-EHEREE-FER Z4E ).

1.3 XWFE

1.3.1 R A B

S BIERIR A 100 pg/mL BEA, ENA. ENA,. ENB,
ENB, #RER% £ 0.1 mL, FZIEE 4% 10 mL, i
1 pg/mL IR ARUEZ I, -20°C B AT
1.3.2 #enaras

WERRFRIL S g(RE 1 22 0.01 @)FFih T 50 mL N4 B0
B, A 20.0 mL ZIE-ZR-KIRATR(84:1:15, V:VIV),
TR HE 30 s, 180 r/min $R¥FHHLHL 30 min J5, 8 000 r/min &
O 5 min  FEFFE 10 mL _LER T 55— 50 mL &0, i
A 20 mL B4k, IRGS, gk,

4 5 mL 5 L FERIHE BB A Oasis PRIME HLB [
HZERHE . LS mL 40% I - /K WAE ke i, &5
2 mL ZREGEM (AP REEm, A 1 mL), A 15 mL
RN E O IRELTNTRBR, Z K ET 40°CKE
TR T, BEH 1 mL ZEE T, WiE 30 s, HES
it 0.22 pum FFLUERE, T B BRI
133 MBELH

(O

EB R @it Waters ACQUITYUPLC BEH
Cis #:(100 mmx2.1 mm, 1.7 pm); #BhAH A: 5 mmol/L £
BRI, WahAE B: Z0E; HEE: 30°C; JfiE: 0.3 mL/min;
PR 2 pLo BREEVEMGREF: 0~1.0 min, 70% B; 1.0~
5.0 min, 70%~100% B; 5.0~7.0 min, 100% B; 7.0~7.1 min,
100%~70% B; 7.1~9.6 min, 70% B.

Q)4

HLESE B IR, IR R, 2 s g g
i, BREHEIE: 2.5 kv; HifLBEE: 35 V; BFIEEE:
150°C; JBVAFISIRIE: 450°C; AR U(N) Wi dE: 1000 Lih;
Mi# 2 % J7: 3.2¢ mbar.

1.4 HIELIE

Fi|F Masslynx4.2 547 i 45 dg 4 AT AL B, Origin Pro
2021 SR ST AP R 2

2 HER5HH

2.1 FUiGSMEEAaL

FSERCH] 5 R IR EE R APMERR, RIS TRUT
XTRRE o BEAT — TG 49, AT HARY 9B 5 1 0
7 bb(miz); Z 05 FREAT T i, R 2 R A
FRASSE RTE )T B TV HARMI R E TERNE BB 1 TEZ R
PR CT, UL RE R, TRANBUE S RS Bk 1
PR

22 BIEFHHML

WIFEH# T Waters ACQUITYUPLC BEH Cig (100 mmx
2.1 mm, 1.7 pum)#l Waters ACQUITY HSS T3 #1:(100 mmx
2.1 mm, 1.7 pm)X¥ 5 FREM M50 &SRO N AE, 1B
WERIR W 9 5.0 pg/L. 455RR0, SMERBFRL Cp
FEor e, VTR HhT, Wi iqE &

BEAh, BESE T S sAI X o B s . 558 T HEE-K
ZNiE-K . 5 mol/L ZIR%E-Z AT 5 mol/L 2 FR%k-H fiEdt: 4
PR Z 5T E AR i, SRR 1 iR, sk %
TR & BUAF 76 (0 i I AN RE 58 4 40 B RS L, T ELK -2
K- FE B A 25 15 38 g 0 i B S AU T B AR 1
R, VAT 5 Pl LB BE 2 [M+NH, ] 9455 B B 12 e 1
[M-+H] FI[M+Na] W ({5 5 i NAE, 7EEERAEEMIARIET,
B, T R 5, T LAASHIF 5T ok R R
WA B PR T PR O, g
Wi, R ZNE-5 mol/L ZFREKIEATREEE VL, HARPIAY
Wi 17 (BRI 43 3 BE i o FEDRARUF T B RS S A 3 18
Wi BB R BRAR,, FFA BT Bk (B 1),

23 MBI
231 RIUEF B9HEAL

EA R R NG KRR AFTAYH BEA.
ENA ENA, .ENB #l ENB, f$HC, /Mg G2 R i 2200
IIBFFE TR T 85%00 25 - /K A T3, A S 2z 4500
KT 50%0 G- KB T IXOKFITR A H BEA
ENA. ENA,. ENB il ENB, M5 ¢& 0L, AMF5EHRAZ
KRR E R, HR T M S5KMRA BT

F1 sHEBRKAMNRIESH

Table 1 Mass spectrum parameters of 5 kinds of target compounds

HEHR B B85 F (m/z) TETF (M) Tl fg/eV {4 84 Bt ) /min
BEA [M+NH,]" 801.8 244%/262 33/33 3.72
ENA [M+NH,]" 699.8 210%/228 35/30 4.61
ENA, [M+NH,]" 685.8 210%/228 30/35 421
ENB [M+NH,]" 657.7 196%/214 30/30 3.36
ENB;, [M+NH4]+ 671.7 196*/210 30/30 3.80

MR T, T
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Fig.l1 Total ion flow diagrams of 5 kinds of mycotoxins in different mobile phase systems under positive ion mode

BEA . ENA. ENA, ., ENB Hl ENB, [FISCRIEZE . A, i
A ERA BT A R AR I, B e ARG, A
TiEE BEA. ENA, ENA,. ENB FI'ENB, fRHECE, (E4%
BOARITRINT 1% R, L2 R anE 2 fios . 25585
B, 5 FhECHRE 2R 84%H) £ s B SR [l R v F
50% & 1A R R SR UG EI i [l H b, A 5Tk
84%Z NN 15% 47K, (RIS 1% ZBRAVE Ry 5 Fh LI 2¢
ESISEi: 6

10 [ ZhE-K-Z18(50:49:1)
I 2 fi5-7K-Z B (84:15:1)
100 -
|
=
Bl g0}
70 -
60
BEA ENA  ENA, ENB ENB,
AFHEFR

B2 SRIAAIE G-/ L3 BOE I BEA, ENA. ENA;,
ENB Fl ENB, Y Fl % (n=3)
Fig.2 Recoveries of BEA, ENA, ENA,, ENB and ENB, using
different acetonitrile-water ratio extracts (n=3)

232 HkikeyiE

25 [ B PERE A AP AGE BVR A R EE TR (100 pg/L)o
JbRRE 4 /K- IR BUS T A B Oasis PRIME HLB
AR, 203 S mL (9 2 - /K VB0 Uk [ AR 2 BOH:,
WM LT 20%. 40%F1 60%ZE-/KIA R, WititE 5
R AR IESCR, AR BE RO LR 52 o 25
R, S AR TSGR FEE 87.9%~101.7%(1& 3)-
40% 1) 2 - /K VIR B TSR A5 K, ELBRE 8 2L 1 EEA9,

120 - C_120%ZJiE7K
110 C140%ZJiEK
" I 60% 2. JiE 7K

100 |

N

s 90+ E3 T

%ﬁ 80 |-
70 -
60 |-
50

BEA ENA ENA ENB ENB

NGRS
B3 SRAIRIFZIE-/K ISR BEA, ENA, ENA,.
ENB #il ENB, [ B % (n=3)

Fig.3 Recoveries of BEA, ENA, ENA,, ENB and ENB, using
different acetonitrile-water ratio lysates (n=3)
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5 FRREIN A B IETCRAG BT REAIG, X2 R BB A HLAH
TR FT AR S BER A R 7, BE ST — 25 Ve,
FEAR 2 IR . I, T8 40%1E R ik e TR
2.4 JFIEUEIE
2.4.1 EFE P IEN

FE ROV (matrix effect, ME)J&48 3037 H 34 %F B
T B 3t R o ) B 8 R B RN, ME 7 S A3 A v
WAETE, SR AT aE A ERtE . AR, Y
BITTHE AR ME=(28 (A BE & 3% T 20 A0 B S AR Y
oA B 14 e T L/ 2 R L I A o ) A5 ) g 0 T AR
-1)x100%. [ME|<20%, 3%BHIGHA (1 3EIR0N ; 20%<|ME|
<50%, FUIIETR 5, IME>50%, RN HRES
YA BRI RN o SRR B IR U AE 2.5%~47.8%,

WS R R AR AR, 2R VCECAR R LR, AMRIE R, 45
N 3 TN 4 iR, 5 FRFINPIFE S B 0 Y 1l N S B
RAFIIZMESC R, MOCRE(r)>0.999. 7125 IR ALN
KRR AL HR R IINBR AL, DUE B SN A 3 3K 10 B9 Jfi
e FE 43580 8 O RS B BR (limit of detection, LOD)FIE
12 fR(limit of quantification, LOQ). 4JEJi kHeZ ki), 1k
J7¥:HY LODs 24 0.02~0.05 pug/kg, LOQs 7 0.05~0.15 pg/kg,
MILT R /NKAEE, AR LODs A 0.02~0.04 pg/kg,
LOQs K 0.05~0.12 pg/kg, 53CHk[6,20,29T % A+ A
LA R R R TR 2 1 A L, AR T I R A A AN )
.

F2 FREBINRGNE RN
Table 2 ME:s of oat flours and millet flours

IINKA B FE TN AE 0.8%~34.8% (K 2), MEHE MY IR AL R H RO
e % N N L]
B3 T/NKH, S R AP E RS LA o T v i o
LRV A0, AR R AL 57 25 11 S FBOH e i A o SEA . e
R SN gy Al A ' '
242 FHWKMEE AR R FR ENA - 12:5
3 31 JHHE 2 oy /N KM 1949 2 10 66 S5 T o Joi o e J32 0 ENA, 25 0.8
=l
2 0.01, 0.02, 0.03, 0.05, 0.06, 0.10, 0.50, 1.00, 5.00, ENB 183 10.5
10.00. 20.00 F1 40.00 pg/L M RINESIRMERK . &
§ = R N & ENB 47.8 34.8
UPLC-MS/MS WlI5E, DA ik B W R AL bR, LA GE J
#3 mEMPABEZEMEREERNEMEFEREXRY
Table 3 Linear equations and correlation coefficients of beauvericin and enniatins in oat flour
HEHR LR LOD/(ngkg)  LOQ/(nug/kg) MERE(?) LV E/(ug/L)
BEA Y=109320X-3709.84 0.03 0.07 0.9994 0.03~40.00
ENA Y=239035X-7996.95 0.05 0.15 0.9995 0.06~40.00
ENA, Y=187147X-5457.19 0.05 0.15 0.9991 0.06~40.00
ENB Y=224061X-6943.08 0.03 0.07 0.9997 0.03~40.00
ENB, Y=153252X-4698.36 0.02 0.05 0.9990 0.02~40.00
F4 MRBPAEERMBRRNERNEESERBEXERK
Table 4 Linear equations and correlation coefficients of beauvericin and enniatins in millet flour
HWHER LT AR LOD/(ug/kg) LOQ/(ug/kg) MXRE LR/ (/L)
BEA Y=11640.3X+127.909 0.02 0.05 0.9990 0.02~40.00
ENA Y=51564X-501.524 0.04 0.12 0.9991 0.05~40.00
ENA, Y=44918.2X-3228.7 0.04 0.12 0.9995 0.05~40.00
ENB Y=66718.2X-3166.48 0.02 0.05 0.9997 0.02~40.00
ENB, Y=28112X-1115.36 0.02 0.05 0.9996 0.02~40.00
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T5 Tk BIVERF SR RIS TEAS, AN B ARi ez
13 F/N A RE A 43 ) FE AR B2 (LOQ B K F) . Hpr ]k
(5 ng/kg) MRk (16 pg/ke) 3 KT AR E 52
55, BRI 6 AT, Z5IRANEE 5 R, S5 RETE
PR RAE 3 AU AT B AR A 09 7 2 180 iR oy
83.6%~105.2%Z [, JMFRATE & I 2 5 5 A0 RF X A v O 25 7
1.3%~8.2%IE RN, AL, [ISERISTE 60%~120%TE I, fF
4 GB/T 27417— 2017 AHEPEE A0 M A RIS
R ) PUAHSGELR, RIAT LR RAF AR T ROk 2

2.5 SCRREESRASI
JAA T BT AL 5T RN 20 AW Sy 5 B

RIFL A R BATRN, o ds 10 H#EEH R 10 f3/hK
M, SEEREEIRANER 6 B, Hih, A 4 /KRR AL 10
R FEFAEEN PG T BEA, WeEETE I 0.48~2.08 pg/kg,
A 6 U /INKRRESL A T ENA, HREESE I 0.17~0.31 pg/ke,
4 By/NKBRERET 10 (RHEE B AES R H T ENA,,
e FETE B2 0.49~2.58 pg/kg, A 8 4 /INKEIRE AL 10 153
MBS RI T ENB, WREVERE 0.16~22.70 pg/ke,
H 8 M/NKBFERA 10 H#EEMFER PR T ENB),
e FEFE 2 0.05~20.30 pg/kg. W UL, 38 3 AR Y 5 vk
TR BG5S FheE 2, R BUAb 5T B A JHE 22 A AN
KA AN [FI R BE (975 e, e B i e AR B T vy, | e
Tz R

RS MEBRFUKY DB ERERMNERAE R MAREWEFAEEE (n=6)

Table 5 Spiked recoveries and precision of beauvericin and enniatins in oat flour and millet flour (n=6)

M N K
HE#RER
TFREE A(ng/kg) Il /% MR 22/%  JIARAREE (ng/kg) B HR/% R HE A 22 /%
0.07 83.6 2.5 0.05 88.5 2.1
BEA 5.00 98.2 2.7 5.00 101.2 29
16.00 100.2 1.3 16.00 99.5 2.3
0.15 92.5 5.5 0.12 94.2 2.1
ENA 5.00 98.5 5.0 5.00 99.5 2.8
16.00 102.3 3.1 16.00 103.4 2.9
0.15 97.2 8.2 0.12 90.4 1.8
ENA, 5.00 99.5 4.5 5.00 100.6 2.7
16.00 99.1 3.6 16.00 103.2 22
0.07 95.2 6.9 0.05 88.6 22
ENB 5.00 98.6 52 5.00 102.3 32
16.00 99.4 1.8 16.00 96.2 1.3
0.05 88.6 6.8 0.05 90.2 1.3
ENB; 5.00 105.2 4.1 5.00 104.2 2.1
16.00 101.5 2.5 16.00 103.2 1.6
*6 ZFHERFSHERSEREER
Table 6 Occurrence of 5 kinds of mycotoxins in actual samples
HEZZ M (n=10) /NKHF(N=10)
HEHR
Kz 4 5 e /(ug/kg) K AR 5K e /(ug/kg)

BEA 10 0.62~2.08 4 0.48~1.40
ENA 8 0.22~0.42 6 0.17~0.31
ENA, 10 1.07~2.58 4 0.49~1.01
ENB 10 1.79~22.70 8 0.16~1.22
ENB; 10 0.79~20.30 8 0.05~1.27
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