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Simultaneous Determination of Five Estrogens in Feed by Ultra
Performance Liquid Chromatography-tandem Mass Spectrometry

Coupled with Solid Phase Extraction
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Abstract: A method was developed for the simultaneous determination of five kinds of estrogens (dienestrol, diethylstilbetrol, hexestrol,
170-estradiol and 17f-estradiol) in feed by ultra performance liquid chromatography-tandem mass spectrometry coupled with solid phase
extraction. Estrogens were extracted by ethyl ether from the feed sample. The extract was deproteinized with trichloroacetic acid (TCA), defatted
with n-Hexane, and then purified by Max phase extraction column. Five kinds of estrogens were derived by Athena C18-WP chromatographic
column with gradient elution of acetonitrile/0.25%o0 ammonia water. Finally, identification and quantification were performed using multiple
reaction monitoring (MRM) with one precursor ion, and two product ions for each analyte and electrospray ionization in negative mode. The
parameters of the liquid chromatography and mass spectrometry were also optimized to enhance detection sensitivity. The quantity of estrongens
were determined by internal standard method with 17f-estradiol-D; and diethylstilbestrol-Dg as reference. The results showed that the linear
ranged from 0 to 10 pg/L for five estrogens with the correlation coefficients (r) were no less than 0.9994. The limits of quantitation (LOQ) for all
analytics were 1.0 pg/kg. At the spike levels of 1.0 pg/kg, 2.0 pg/kg and 5.0 pg/kg for each estrogen, the recoveries of estrogens were within the
range of 70.20%~114.37%, and the relative standard deviation was no more than 9.08% (n=6). The results demonstrated that the developed
method can simultaneously determine the five estrogens in feed with advantages of simple pretreatment and high accuracy.
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1 5 Mg MEEE R EARAREIRIES
Table 1 Mass spectrometry parameters for five estrogens and two internal standards
_ . 2 N N - BIEAGE e wk
MLk AEEK FBF (mz) FBF (mz) fGHREEDP/V CAS
= CE/eV CXP/V
@ 93.0* -120 -31 -12
SR CsH;30, 266.33 265.2 84-17-3
249.0 -120 -36 -12
o 251.1* -80 -33 -32
Ty CisHyO, 26835 2673 56-53-1
237.1 -80 -42 =27
s men D 119.1* -90 -55 -18
T By CisHy0, 270.37 269.1 84-16-2
133.0 -90 -25 -16
‘ 259.1* -120 -36 -19
THMER-Dy  CisHpDsO,  276.40 275.3 91318-10-4
2452 -120 -41 -18
.® 145.1* -100 -45 -15
17a-34e — B2 CisHo40, 272.38 271.2 57-91-0
183.1 -100 -45 -18
-® 183.2* -120 -50 -19
17ﬂ-1}15f2;ﬁ§_ C 1 8H2402 27238 27 1 . 1 50‘28'2
145.1 -120 -51 21
185.0* -100 -54 =22
17p-¥—B5-D; C;sHyD;0, 275.40 274.2 79037-37-9
145 -100 -53 -15

E: MFENRER BTARZEET; REAF OTHER-Dy; @178-%=E-D;.

14 HaEaHE

FREL 5 g OR0A2] 0.01 g) TakHEE & T 50 mL HL &
WRIE DT, RN 100 uL 100.0 pg/L CHER)
-Dg Fl 17-M —BE-D; AR, 153 5 min, JIA 10 mL0.2
mol/L ) ZFREZEMIATR (pH=5.2+£0.2), VA JiE 30 so
IO 10 mL 2. 700 uL 10% =5 288, i 30s,
TN 5.0 g To/AKEAEN, WRE30s, HRZHEHL S min,
4500 r/min E5.0 S min, WZBZE T H—RE . &
fit L HEE K, A BRI AR E
o N 2 mL =T BEEERARY), 1RE 1 min,
BIA 5 mL 1.0 mol/L ESAME, #AHE 1 min, 4500
r/min B0 3 min, B EEKMHEAN S —REH. A
AR E R R — IR, S HE A REGR,
REat e

#1t

[ AHAEEOEAS I AT KR S mL FFEE . S mL /K3
1, G IR A RIS FE AR, KA S mL
1.0 mol/L ZEALHRIAAN 5 mL 0.1 mol/L S AL
FEK (723, V) WRBERIAERERUE, R
B AHACEORE 5, JRUEATo A 5 mL 2% FFR-A#1 ] 3

1.5

PR/ BV . (9:1, v/, WOAETR R, i
BIRAEHITE 2 mL/min. PeBiiREET 40 CF, FHZE
MESHRTE, A 1 mL ZBE-KIBHR (11, V)

TSRS, N 1 mL ZJEERIE Chaam, ek
2130s, #4522 mL &SR LE Y, T4 °C 15000
r/min &0 3 min, BUREEGT 0.22 um JERE, £

e

JE o
1.6 ARSI AT

AR A FE F Microsoft Excel 2010, [&IZR 2
K GraphPad Prism 6 £ Origin 9.0 #{f.

2 HER5VE
21 FEHBHRAL

i AT A B ARSI EA R )3
FITEOL R AT . B 100.0 pg/L B bR
B SRR SN TUE, AR, SRR
NRHMT LR e, e EE T

B AP — 205 = FE R B AN R s
TeEtfEsE (B D, S —Fa9% DP.
CE 1 CXP 4.

257



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.11

o

Intensity / (cpsx10°)

on

Intensity / (cpsx10°)

(@]

Intensity / (cpsx10°)

o

Intensity / (cpsx10°)

(¢]

Intensity / (cpsx10%)

258

9
93,0 H,C | CH,
O = 249.0
HO
6k O 235.0
. OH 221.0
6.8 Dienestrol
3 .
147.0
116.9
143.1155.9 2000 [aa7i 2652
11P.0;
799 ﬁ?l{[ 1711103009/ 12330 | 2610
ol ll, 18077, .
50 100 150 200 250 300
m/z / Da
4r 237.1
3k CH,
Ho Q < D oH 2219 | 2511
H,C
2r . .
Diethylstilbestrol
1k 2090
2229
) 267.3
9]3‘9'86 1312 0oy 19\4.24}0. By’
0 ra M ) dy )
50 100 150 200 250 300
m/z/ Da
15 119.1 OH
10t -
OH
1330 Hexestrol
5L 134.1
269.1
0 871 10692 f 180 1712 1970 2}0-922}1 | )
50 100 150 200 250 300
m/z/ Da
3 -
OH
145,1 f H -
2t Of
HO
. 17-alpha-Estradiol
1r 183.1 2392
. X 2535 2712
115.1 1}8.813010 : 75| 1s12 195000y 232
900 150 200 250 300
m/z/ Da
121
oH
1832
8tk 145.1 ““ E{
14 "0 7 beta-Estradiol

200 225
m/z/ Da

f 6 185.0
oeq
\z-\ ’ 2]
= 1450 w H
X 4t HO O@ H
@ 143.0 17-beta-Estradeol-D3
2
g 21
&
2]\].0 226.1
?00 120 140 160 180 200 220 240 260 280 300
m/z / Da
g 25
2452
~ 20} o
=] OH
% pe S L,
& 15 i O D 2380 259.1
Z HO D
b D
z 101 Diethlstilbestrol-D8
K]
= 5L 213.1
4.9 1350 i 127_] 43.1 2753
0 I 1 2 I |
50 100 150 200 250 300

m/z/ Da
&1 5 MERER 2 MRFRE ISR
Fig.1 Product ion spectra of five estrogens and two internal
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MBS R U BRI EE R i e R AE ARG, 1T
HF 5 PR i R G, R, Bl
BITE 76.30%~114.38%2 0], Kk, &+ Max FHAEN
] AR AEEL/ M o

24 AMXFR. RHRfEER

1.2 PRTRRR SRR BOZ MRS, BT
AR RETRE AR, HRATHERIGEATINE

DAR 201 B AR ST AR S N A BR AU TR AR T L
TENHPAAT Cyd, SR H AR S AR 1
WEERI LA A AN AR (), il TAERZE .

M3 2 ATLLE N, ZAERLMEA S REITE
0.999 LI, ZRMEXRARRLF. DMEMELL (S/ND >10 Ft
XIS RIARFI AR B2 A2 5 v e R (LOQD, 5 e
BRI LOQ #4141 ug/kg.

R 2 5 MMM RAZMSIE, KIEEE. KMEXERR

Table 2 Linear ranges, linear equations, correlation coefficients (r) of 5 compounds

Aot 4 AR KMTEE/ (ug/L) )35 42 HX A% (1)

170 — B 0~10 y=0.122x+0.000238 0.9995

17p-¥—B% 0~10 y=0.0956x+0.00503 0.9999
T B 0~10 y=0.0233x+0.000267 0.9994
TRy 0~10 y=0.0717x+0.000363 0.9997
By 0~10 y=0.0213x+0.00242 0.9999

25 ERERE/EEE

B AEYRRL, BRI WgETRL. il A
AR RN 7R S AR, 0 1 pgkgs 2
ug/kg. 5 ugkg FRAEVI, 1218 1.4 A1 1.5 79500

PR AT RTACERANSE, A FATIE 6 1K,

HIOFR SR IITE 70.20%~114.37%22 18], XS AR
2N 0.15%~9.08%, PREEEITIATAI NN T 1%. 1%
T3 15 R A PR RS 5 5 el v B 3R ke R A g

3 5 MM RA AR ESER B R ERE

Table 3 Recoveries and relative standard deviations (RSD, n=6) of five estrogens spiked in feed samples

A R

# Aa Rt A ) IRGEA A Be a4t AN A
Mg =/

Qe kT gy I faxt i axt
£ flmZ g Hlm 2 g Atk 2 g ftm 2 g Hlf %

1% 1% 1% 1% 1%

170- 1 8507 252 87.73 2.70 8580  0.86 7730 3.38 85.87 3.90

I 2 103.63  4.00 90.33 221 9093 270 87.13 143 94.00 0.61

B 5 106.00 278 93.10 0.40 90.80  1.80 93.77 271 98.93 1.69

17p- 1 8475 059 92.93 0.94 8547  0.15 85.80 1.00 82.67 123

I 2 9545 059 96.20 231 9333 632 9587 277 8287 251

B 5 99.52 125 10027 132 9730 151 100.13 147 94.60 3.11

. 1 9727 079 77.63 2.19 8353  3.03 88.77 1.66 94.81 5.12

;’;;’; 2 99.10 0.95 91.30 9.08 107.03 3.76 91.24 4.34 96.54 1.61

5 104.87 0.90 103.97 0.45 114.37 2.89 103.17 2.78 114.31 041

1 72.90 1.84 71.97 2.39 75.57 2.20 76.07 1.38 86.97 1.70

;;:\ 2 7967 221 79.10 5.00 81.10 273 8540 048 89.13 1.61

5 8833 051 77.07 2.34 9040  1.80 102.67  0.92 94.53 2.04

1 75.33 1.69 71.07 1.33 7367 180 76.37 0.59 74.61 2.38

G 2 88.07 215 70.20 0.31 77.93 1.23 94.43 0.50 79.18 3.42

e 5 89.20 0.16 90.50 1.15 86.53 1.39 101.77 2.59 109.51 0.75
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