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Determination of diethylstilbestrol and zearalenone in milk power by ultra
performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of diethylstilbestrol (DES) and zearalenone
(ZEN) in milk power by ultral performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS).
Methods The milk powder was infiltrated with water, extracted with acetonitrile by QuEChERS, and purified with
neutral alumina column. The separation was achieved using a Waters UPLC®BEH C,g column and a binary gradient
mobile phase of acetonitrile-water solution. The measurement was carried out by electrospray ionization (ESI) in
negative mode under multiple reaction monitoring mode and quantified by internal standard method. Results The
linear relation were good in the range of 5.0-100.0 pg/L (+*>0.995) for DES and ZEN. The recoveries of DES and
ZEN were respectively in the range 91.5%-97.5% and 92.5%-95.7%, at 3 spiked concentrations of 5, 10 and 50
ug/kg. The relative standard deviations were less than 5%. Conclusion This method is sensitive and accurate,
which is suitable for simultaneous determination of diethylstilbestrol and zearalenone in milk power.
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' # W 79 (diethylstilbestrol, DES)J@ 2 BEIE A T4
BCMERER, YT P T DA L AR 0T i A 8 3 R T
o, HAE HARIAE R AR R AR, ) S RE S sh ik
A BB, CmEm R SRR R A K, IRINRE T O
MR 2 S EUG M AR TR, HEXE A%
AR R, 2407 AR T O Mt T8
FYESLSe KB, BT SR SR HD, R e
4> (96/22/ECY Kt C. 4 Wi 3 511 Ay 501 49 5% 58 M 45 F i ), 3%
FE R4k 2002 4F 235 S5 A% - (it i 2R
FREA PR ) Ak 1 AE S 410G O EY . RO R
BT (zearalenone, ZEN)J& FH 220k B TR 7= A 1) —Fh ELFR
B, FEARME R ZHAAEY, TR A MG
W A R A R IR e R SR S
R R R AR EE R S AR 2 me/ke!”, FR[E
GB 2761-2017 { & B w5 KRR EARE ) e /NE K
K B R AR SRR R 60 pg/kg!. H T O ER
K AR E TR AR fL E sh A= K U2, Horp O M 34 A
PR WA PR, AW A FR B R AT SR AR IR
SR 5 R 2 0 A TRl S R R D 7 M T R A R I R K
IREEIETATT R, S8R T I 5% P sl K R
WEETR BRSO, M A A ke fa L),

R I s S T R0 K R s T 1) vk R B
(AR ] 2 H S S AR Bk | AN ROk s e 4
TR AR BB AR 2 3 TR OV AR - HR BT R U TR
AR - R I RS AR WA - R I T A LA
PR A . RS RS OL AN, TER I ST B TR ok
Z W, TE s ME B 1 K IR 25 075 1 ) S v Aor I 1

il

(GB/T 22992-2008"8Nrfr | I 21 0 28 1 DTTE R AR B,

ORI A 2 7 BAEZE U L TR B dd R K AR B
EE M E (GB - 5009.209-2016!"V45 =3k, SR p-Hi%i
T BR /TR BRI 2 A T /K AT L REARIR, WO . R
FIR L . ABFSE R ] QUEChERS KRB IE, 454
rpe E AR /R AR Dy SO RS S AT R AD SR TR AR
YRR €235 - B BT A DA w11 8 s B 9 D R K IR
AT o 2R kB e R, AT W
3 EP L O P B R i B TR S 40 S B 1 AR AR
X

2 MREREE

2.1 X5

Waters Acquity UPLC Xevo-TQS #8 =i S0 A i3 -
I Jo A [ TC 4% HEL 1S 25 5 7 F (electrospray ionization, ESI)
LM MAsslynx4.1 FHEab PR 55, £ E Waters A H;

ACQUITY UPLC® BEH Cig fai#E(EE Waters 24 ));
Multi Reax iR iEdRZ# . I HE 2 OAL(FEE HERMLE
2N AE); AT (ZEE Organomation Associates 23y #);
8, 7R F-(Hit 1 METTLER TOLEDO A #)).

COHEMED . O AR DS, oK IR R (7 E
DR.Ehrenstorfer GmbH A #)); ZJi§(ZE[E TEDIA A #]); &
LR 2G5, RS/ MEQ g 6 mL, EELHER
23D, SERE KR Milli-Q 4K #L(3% [E MILLIPORE 2\ )
il %

22 LWHE
221 ARBEEREAF

ORI R FOK AR B2 73591 FH L G R 100 pg/mL
FRUERE &, CmMER-DS F Z S ECHI B 1.0 pg/mL AR R
W, —18 °CHREOGLRAE . T MK O -D8 L il B
100 ng/mL NHR TAEW, 1% TAEWIG F B ELRL .

222 HoudE

FREL 2 g BEA T 50 mL B0 S, A 5 mL R4k
#1200 pL 100 ng/mL C W& MERS-D8 FRFRHERS IR, T iR e
P28 8% 5 min J5 A 10 mL 25 F0 2 g G4k 5h, FEinie
2 min J5 {RE FE RO, BCRE R AL RV, e
W, A 3 mL ZHBEWR PR/ ME, A I H IR AR AL
HFRAKT, H5H 1.0 mL ZIEAE R 727, 14045 pm
TS EHLINRE
223 MBELH

(1) WA IS

ACQUITY UPLC® BEH Cg (Ai:(100 mmx2.1 mm,
1.7 pm); FEHAHR: 7K(A), ZIEB); HEEVAER: 0~2.8 min,
50%A; 2.8~3.0 min, 50%A~10%A; 3.0~4.0 min, 10%A;
4.0~4.1 min, 10%A~50%A . Jit#: 0.3 mL/min; #3:{f: 40 °C;
PR 1 L,

(2) Bt

HH I 55 25 7 i (electrospray ion source, ESI), 1+
B B HE: 2.5 kV; BUAFIAIRE: 550 °C; B
JEIREE: 150 °C; By RIS PE: 1000 L/Hr #EFLRGEH:
150 L/Hr; H i L £ & W W I (multiple  reaction
monitoring, MRM). i FT 1% B3 AEA I sh A Y T =X
oAb Cm e . O MY -DS8 e 6 K A B s T % 2 5,
MRM RAESHIENZK 1.

3 HER5HH

3.1 HEmEEENG

QuEChERS # S $2 B 2 HAG Pl . sl . AR SRR i,
TE K AN 22 0 Z2 A 2 5% B ARG TN vh B 32, (HAE sh 4 il
R R AR B R AN A o AR SR B QUEChERS 5 ik [H]
BF G T W A K B2 S SR ORI K X5 A9 i 72

]
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A3 5 TR B 2 Fharab B =R, 453 & Bk RE
ERAINIK 2 S8 O HEER-DS B 4a Xt EI KT 10%, T
oK G C K Em-DS Ay 4a X MIKCREE R E] 60%L) |, ik

JE Wk R REAS 2 7 ORZIK, 390 15 L A A e AR,

T o A M Y PR SR BCRCR, o bl DL,k S s ik
AT i BEA R B i O ME I O 4R U8R

O M P93 T R R i 38 K T AE K R B T i
TEFEICH A AL B RERE B SRR AT, TR L RE$R
i UL A RRCR, M BRI A . LR
BOR i — 20 i o PR S A BRI v A 2 B U
TR AR S 2% T, AT REAT AU AR 5 Py ke i) T4
3.2 IUERFEHML

B T v B R (B T S R
U SR [R] TR AT EASY U 2 ) X6 4 0 T 1 5 K 8 s
WS BT AL . H R B S A R A A Bl
J R HERE B ERERE S 2 B, DN SRS e B WTE

AR T HAT B (A, AR e kb AR,
A ERE S BRI B & Wil o B T T B DL, R
HUPR A DERERR 1 S 1Y B 408 o A FL L R TR
F2H, FHE A R A R T SR

Gy e AHIEGE 43 BIAE A HUA h ok B 2 i R H e
IR P B BG4l K BN 2 BREL AT, SR 2%2 By g
FlF SR A, IR MOKAE, JoisA HLA = H
WA S W, 7 B 0 114 i 1 3% 4 8 27K AMOK AR e B
WA, [R1BS 28 1 S A ML k65 P o S 4 500 55, KD 4=
WFFE 26 FK VR 22 4 S TR 2R G2 1 3 A

R B R JEE F A A AR ot 5 o R 1) T e, A s A2
RN OUT, NS SRR, AR ERER
PERER N 1 pL, BCAF R RS T8 St KOF, [l s
T HOAH G E AR AR A A HH PR

T3 bR S HOIT R AR 0 O M 19 R T K IR 5 A T 1
MRM 5% EEILE 1,

%1 DES. DES-D8. ZEN MRM £#{
Table1 The MRM parameters for DES, DES-D8 and ZEN

WEw HE T (m/z) FEBF(m/z) 3E £4 Al /s HefLH RV Tl 1 e /e V
237.2 25
DES 267.3 551.9° 0.1 20 %3
DES-D8 2753 259.2 0.1 20 23
131.17 29
ZEN 3173 175.0 0.1 25 4
W ERE T
299 MRM of 5 Channels ES-
100 . - 317.3 > 175 (ZEN)
o b k 9.89¢5
0 n . n . . . . . . . . . . . . .
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
230 MRM of 5 Channels ES-
100 - : 317.3 > 131.1 (ZEN)
ok 6.42¢5
0 L ! ! L ! 1 ! 1 1 1 ! 1 | I 1 1 I
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
211 MRM of 5 Channels ES-
< 100 : 275.3 > 259.2 (DES-D8)
" %k K 6.11e4
= b I 3T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
MRM of 5 Channels ES-
100 - 214 267.3 >251.2 (DES)
%L 5.99¢4
0 " . n . " . 382 . . . . . . . . . .
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
MRM of 5 Channels ES-
100 215 267.3 > 237.2 (DES)
% 5.19¢4
3.82
0 T

1.00 2.00 3.00 4.00

5.00 6.00 7.00 8.00 9.00
A5} [B]/min

1 DES. DES-D8 fll ZEN /) MRM %
Fig.1 MRM chromatograms of DES, DES-DS8, ZEN
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# 100 pg/mL DES 1 ZEN IBSFRUEG IR T K G FE,
i s 9 2 43500 5.00, 10.0, 20.0, 50.0, 100 pg/L [ DES
Fl ZEN RAFRERS, bR DES-D8 HE K 20 pg/L, #
DES-D8 1> DES 11 ZEN fy kg, HilVEbriElZk, DES [l
AR ¥=1.32X-2.89, HISEHREL 17=0.998, ZEN [alJ-7)5
FEHN: ¥=19.51X-2.90, HIEZREL 17=0.998, i1l %5 H ek
DL 3 f55 e LT B A BOAG H B, DES I ZEN A9 #8346
FR43 51k 0.5 pg/L 1 0.1 pg/L.
332 @REFAEEE

0 3 A AR B DGR SEE, 3 BIHERR AR 2.0 ¢
Wilkshesh, A DES I ZEN {E-&4rHER W L& DES-DS
AR, 3 D IARU BE 43 AE 6 AT, i 2.2.2 Jridab s
B, THEINAR BIBCR, 3 Hras R LR 2.

%2 {4 DES 71 ZEN MAREIK R RHEZE (n=6)
Table 2 Recoveries and RSDs of DES and ZEN (n=6)

k&Y bR/ (pgke)  BICE% FXERAERZE %
5 91.5 476
DES 10 95.1 4.02
50 97.5 3.29
5 92.5 441
ZEN 10 93.2 4.52
50 95.7 3.89

34 HmOH

A FZ T LA L 1 o 5 A% PP AR A Al 2% 5
4% (China National Accreditation Service for Conformity
Assessment, CNAS)ZH 21 32jifii € 0493 b 2 0 e 5 BE 77 38iE
114 ) (CFAPA-390), Hrh A #4550 47.80 ng/kg, B HE4G
4 138.28 pg/kg, A REFT B AL Z HLAMEAY H14-0.20 F1
0.28, WA 7R AY 2

[ FZO R T T 10 RSk AR, 45 2R C AR e
KA EEEN A o 2 2.0 g FEAATHEE, DES Al
ZEN AR/ BR300k 0.25 pe/kg F10.05 pe/kg.

4 &

1EJ575 GB 5009.209-2016 1, ZEN A HIBR A 1 pg/ke,
MAETT ¥ GB 22992-2008 H1, ZEN HI DES B J5 2k H BRI
H 8.0 pg/kg. ZIT AN T EAR A N T R R, TE
(] P A T A e 2L R T B, T AR D, R AT H
B i AR AR BR, 35 058 o O A B B oK RS
75 T 532 B8 PRSI, T A 7 TR A T P 7 i 4 o 4 A
PR IHf
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