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ABSTRACT: As a typical endocrine disruptor, estrogen can accumulate in animals and pass into the human body
through the food chain, interfere with the anabolism of normal secretions in the body, and cause abnormal changes in
development, reproduction, behavior, efc., which seriously endanger human health. In view of the harmfulness of
estrogen and its ubiquitous presence in animal foods, accurate analysis of estrogen content in animal foods can
effectively assess food safety risks, which is critical to ensuring consumer safety. Therefore, the establishment of the
method for accurately detecting estrogen in animal food has become a research hotspot. This paper reviewed the main
detection methods of estrogen in animal foods in recent years, including traditional detection methods such as high

performance liquid chromatography and mass spectrometry, gas chromatography and mass spectrometry, and new
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detection methods such as electrochemical method, immunoassay and spectrometry, and the comparison and

summary of these methods were made, in order to provide a basis and strategy for the further development of

estrogen detection methods.

KEY WORDS: estrogens; animal food; gas chromatography mass spectrometry; enzyme linked immunosorbent

assay
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ME R (estrogens) J& — 2 B KB R CR B BRI R),
R A T T 3 Sy o W 3 3 R AR e 2 R
PEMERCR T2 LA OF 525 o8, B AR MERR | 8 —
FIME = FE SRR MMM 322 e AR W IR A AP SRR
SRS R, F S PRS- R AR AR R, A HE B
BE. COMMERY . DU A SFMEERDY . MEM S B ik
WA R ER . AR R SRR, B2
MAFEE RS, MR Rtk m, SR, i
SIYHURNE R, @ E s A NE, TN
WERG, HEIRET . A . 7RSI SR AT,
WZEZRCEILTEAKT . BB C MR, B
T AR 1 MR A e A KU T i e, &
FE AR A 250 SR B il sh i o AR I T © 0
M. COFmMERD . CoeHEm IR | R

BT, FI TR D e R 0 vk A S RO A%
#:(high performance liquid chromatography, HPLC) ., ¥ #H {2
W% - %/ R B¢ 3% (liquid  chromatography-mass
spectrometry/mass spectrometry, LC-MS/MS)., -
IR Fii%: (gas chromatography-mass spectrometry, GC-MS)
L BARZERL O ARBI gk N AN B 4 £ i v
PR W AE GE AR Ry TL AT T A B FLESS, XS 2 R
L ER AR R, SRRSO R RO R R AT
U T YRR J7 3R ARSI Jr 4R o i) SR K

2 DR EPHERFRNERATLESE

FH T Bl WP i o IR 2 v AL ELAE L R T 2,
T2, EABE R, X R TR
JrEERIMERE, 755 R R 2 A ERR L I, 7
0T /88 5T R AT =22 R S A S AT ARl 2
3k 2 U B Y £ R A [ A A B (solid phase
extraction, SPE). % 1 [ #H 2% HX (magnetic solid phase
extraction, MSPE)., [AH{## . QuEChERS %721, 3¢
HERBOR B Z TR R INBR KA | 2> FELL R G
MBHEZEAE . B AT HUREZL AR F R T 57
PEECH AR AT

TE AT GEAE S AT A B AR TRl b AT Ot 2 A R
IEPRRAC TR R AR Z — o FET RIS BTN 2 2

e R R VE AR 5, Xiong ZPUR MSPE &40
QuEChERS JrikibAT T eltitt, AR T B /b 2-2 5t
L H-3-5 N FL T RE AL B PR A FL — E L R e 4 R kL
(C,¢/NHy-Fe;0,@mSiO, MNPs)J-4 Fo I/ MSPE W,
S PR ARG PR v M R 11 MR 3 R T A
BT T 2B, 200 B 2 B KR A A e 1Y
FEBUIR, Hu 207 R - e v il 4 T 3R U SRk 4R
3¢ (polydimethylsiloxane, PDMS)/B- 31 #fl 4 (B-cyclodextrin,
B-CD)/ — 2. ¥ 7 (divinylbenzene, DVB) )2 il HEt8, XI5
PRIFIXG A Y 4 BRI 3R EAT T BRI T S 25 B (stir bar
sorptive extraction, SBSE), PDMS/A-CD/DVB 152 i HkE 5 %
ZEBCFA B (20 min) . PDMS/B-CD 24540 min)
IR A PDMS WRZHHEQ hERZL, H MM RNE
G E ST ST S D0 B T S N S Ve A =Y
W R S B A0 HE A, Yuan ZEPSUF LT 0 R0 A5 A S
AHZE BUIK %% (pipette-tip solid phase extraction, PT-SPE), il
72T HA S ES M A SBE/MWCNT & & 20Kk R
FEA AR R W B30, IZ A K A AR /MW CNTs AL 5 1 1
MivEfE S PT-SPE H AR#RIER MR LAELS G, FIH R
WA 3% - 9% St A I % (high performance liquid
chromatography-fluorescence detection, HPLC-FLD), #1f
T —FifRi PR MRG0 FLED s R
Ik

3 MEHERNERENTEE

XoF 3 5 A A% 1 sh P U R B SR U, N AT
() 15 G5 / bk HE A T )y 3 £ 24 HPLC . LC-MS/MS &
GC-MS %,
3.1 SMREEIERRILEKAE

SR FH YRR €00 335 0 7 i Ak 3 T o 8 3R A T
firtk, WTEBATINE, /i fe s 5 & R a3 7 vk
HALE A, EMERCR A PR 20, Wang SRS T
TBAH (5,33 - ¢ S A 2% (LC-FLD) I 28 R b v e — e
BRI 7 s, SR IR 280 nm, RS K S 310 nm,
)7 R PEJE R A 25 ~ 1000 ng/L, ME O BEAG I R
6.0 ng/L, WYL EF 954% ~ 107.0%, A0 XF b fE i 22
(relative standard deviations, RSDs)<3.1%(n=3), % J5 ¥ E.
A v ) AR RS 0 HL SR R4 Lu ZEPUOR A
SPE-HPLC 7% 3 5y 0 B B AF: fit v ) ik 28 3% B 0B A TG0,
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FEEMETEE N 0.1 ~200 pg/L, ¥ RN 0.09 ~

0.18 pg/L, [EIERI51H 86.4% ~ 101.2%7F1 86.7% ~ 99.5%,

RSDs 435114 2.8% ~ 4.0%7F12.8% ~ 4.3%; 5iHu ik 25211 1]
15 A0 A 3 - W 48 B 41 & 0 2% (HPLC-diode  array
detector, HPLC-DAD)F5 U 4= A 6 FHMEBL R SR B, %071k
HILEHETE R R 2 ~ 5000 pg/L, KEMIBR A 0.1~ 0.8 pg/L, fin
FRIECA K 79.1% ~ 118%, RSDs K 4.9% ~ 10.5%, Fradtsr
TR, RO R, ORI PR 2SR A e 3
FHA RN R .

BT MEBCR IR KO, R A 45 SR Y R R
A fd ] A3 B R 3% MS/MS fY SRM 8F, MRM 6 28 HEAT 4631
iz il LC-MS/MS 6 I it 8 22 5% B CL A5 3T VZ AT o Gao
PR LC-MS/MS Hi AR K A5 kE &l (M R,
B METEE N 0.4 ~ 40 ng/mL, KR H 5.1 ~ 66.7 ng/L,
BN 83.4% ~ 108.5%, RSDs N 4.2% ~ 15.4%., %7k
PRsk . fATeE . fERR . R, ST SRR
TR R ARSI, Tang 250R F 0 AR €033 - 5 10
M ARMHPLC-MS/MS)KrlA4-gdr 7 PR, &orikeE
2 ~ 500 pg/L Ju N Ltk R A7, #llFR>y 0.10 ~ 0.35 pg/L, 7
TRl 2% A bR [T Wi g 88.9% ~ 102.3%, RSDs 24 0.8% ~
4.5% IR, RN A WA 5T 2% I SRR i ol
I A W W A A R T R X R BRIy T
SPE-UPLC-MS/MS J7 ikl e % th i) 6 Rl K, Jrikgk
HEFERE A 2.0 ~ 50.0 pg/L, HMBRA 0.04 ~0.19 pg/kg, [
W %k 78.5% ~ 112.9%, RSDs N 0.66% ~ 8.9% .
UPLC-MS/MS J5 iR, #Eff, &M Tt i bR
R e R R
3.2 SHEeE-BHRRIEE

GC-MS 3tk HAR s B — i iHE R R
IFEE, MEREXIERE, EAG A, 58X LT
P A AL AL R ARSI %&£, Wolecki EP72R A GC-MS
F AR 5 M3 DU (0 ) 55 3 I R, SR 1% — W LSk
Jt (trimethyl chlorosilane, TMCS)5 N,O-%{ (= H 3EAEke5E)
= F £ I B% [bis(trimethylsilyl)trifluoroacetamide, BSTFA]
(1:1, V:V)MEBER R TAT AR AR RN, IZ 5 R 1~
7 ng/g, [FEF 90% ~ 118%, RSDs 7 0.24% ~ 9.82%. #if
AAJE S A S BRER S, 5T o, REERS;
Matraszek-Zuchowska P83 7 17 GC-MS 5 £E 2= LA,
KRR S e R A TR, RR SR IEAT SR TR A R
Cis [AHZEHC2E AL, R L T B B (heptafluorobutyric
anhydride, HFBA)iF 7R AE AL IR VT, 1% Ml R 2k
VLA 0.19 ~ 5 pg/L(ug/kg), KRR 0.33 ~0.75 pg/L
(ng/kg), IS 68.4% ~ 115.8%, RSDs  8.2% ~ 34.4%,
ZITIE ORI, FE R R R A 0 P R B
BB (TR RGN ; Azzouz ZPUFIFH 1%TMCS 1 BSTFA 1
A AR R, N T X R 0 R R MER R Y

GC-MS ¥, ZIr By 8.5 ~ 10000 ng/kg, FariliBR
N 2.6 ~3.3 ng/kg, FEIEEN 90% ~ 102%, RSDs /T 6.3%,
BRSO R TN . R A K R, £ MRl
HSL T GC-MS Kl FRFE AR o 5 Ff i 2 5% B3 194 MT 0 1 o
3 3o o R A B R AT RE A T AL B, 20T A Ak R
TMCS-N- B & -N-( = F 3k RE & 3L ) = 9 & Wk B%
(MSTFA)(1:99, V-Vt A7 4E I W o % 7 ¥ 7E 0.01 ~
1.0 pg/mL WREEVO I 2 RIFLMOCR, BllBRA 0.09 ~
0.14 pg/kg, JFR B UL N 80.6% ~ 93.9%, RSDs A
1.67% ~ 4.72%, ZH 5 REE SEEE R, BRIERR, &
FF R sRaE R g =5k /. R GC-MS Fik%—M
Uy, REER, KRR, (HAT4 4 B BT H X L,
AR AR &

4 WERFREVERBAGIN 5

BREGEHARSN, Ak ek iR
WEETFEFIRH .
4.1 HUEZ

AR EE A R T, BARO AT fe Bk -k
AT R I T = A FLE, SR FH Ak 2 o BT el sl I
I A LR EL AR ATt 7 T B i Ozean 2614
25 T2 [ 4125 S ARk I S R R BN
KAt AR, T R A G 2 R AR A i b R T
W FE AL R o XA 0.1 ~ 5.0 pmol/L e T T
SRR, BIFEA 0.0074 umol/L, [N 106.62% ~
110.36%, RSDs 2 2.89%; Li V5 1l T 4T(PA)EHRG N 524
R4 A A BRI (PA/N-RGO) A Tl B L B R ffefb ), I
Z5E5 T N-RGO LR K LR AR Pd QKR T R AT
TEERSCR AN A, AR AT — i AE L HAE R T (1 A
FeiEtE . B ik R 0.1 ~ 2 Fil 2 ~ 400 pmol/L,
KBRS 1.8 nmol/Lo &AL REAS B FH F2F W5k i v —
T (RS, A1 #EN 96.0% ~ 103.9%, RSDs /NT 5.0%; J§
ARSI 1) L G T B R T O ME B 4 ED R R
TG idds, BN T4 S5 . BEIR . ISES% D)
R R A R R AT Rl I 2 RS X o e )
1.0x10° ~ 1.0x10™ mol/L, ¥iFR K 3.3x10"° mol/L, filkx
A1l 2%y 83.46% ~ 98.21%, RSDs /N T 3.74%, FaEMelF .
P R, B EE N AME.

554G e R I D7 A B, A ER Ak 43 BT i A 0
WEATELE IS AT, B, Yok, &5
R R S 005 o ARZ I W A7 e XE LT R sh 4 M A
T R m AER DRL, BIF ST T & B ) R AR 4G i
BORE, DLW 38 W B T, JEAEAS AR o 30 UE e
ST R E A, A LIE GC-MS. HPLC-MS 4
e ik
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Table 1 Detection methods of estrogen residue in animal food
B BE LoRIUWIRES e U B ELe EZ BTN
SRy LC-FLD 6.0 ng/L 95.4% ~ 107.0% [29]
a0 HPLC-DAD 0.1~0.8 pg/L 79.1% ~ 118% [31]
445 LC-MS/MS 5.1 ~66.7 ng/L 83.4% ~ 108.5% [32]
415 HPLC-MS/MS 0.10 ~ 0.35 pg/L 88.9% ~ 102.3% [33]
e UPLC-MS/MS 0.04 ~ 0.19 pg/kg 78.5% ~ 112.9% [34]
5 0l GC-MS 1 ~7 ngkg 90.0% ~ 118.0% [36]
X M GC-MS 2.6 ~3.3 ng/kg 90.0% ~ 102.0% [38]
LN GC-MS 0.09 ~ 0.14 pg/kg 80.6% ~ 93.9% [39]
415 KA 37 1.8 nmol/L 96.0% ~ 103.9% [42]
LA, R BER XS Mk 3.3%10"° mol/L 83.5% ~ 98.2% [43]
LS ] ELISA 0.149 ~ 3.27 png/L 95.0% ~ 115.2% [44]
WAL R, R PRI ENT: 0.4684 pg/L 90.4% ~ 93.3% [46]
417 PRI ENT: 2.75 ug/L 88.9% ~ 103.5% [48]
5 A SERS 0.5 mg/L 83.4% ~ 133.4% [49]

42 REE
42.1 BRIRS IR R ik

fif} BX 40 % ¥ (enzyme-linked immunosorbent assay,
ELISA) R FEPLIAR 50 5 2 1] 12 47 55 1 19 G 82 2 o )i A1 iy
AL SN AL FME TR, X BAR AT A T bR s A e
Ao ELISA REE R . AR, BIERLHEATEKR
BRI E, 16T R AR B B e B I, SR 4H 85
SEISLR A W Z A R BRI L bR IO P IA, 45
BORFR A5G, ORIV AF 5 5 TR i R
JBE, TR R, 0.149 ~ 3.27 ng/mL, Fii]
e BE(50% inhibiting concentration, ICso) A 0.689 ng/mL, il
PRI 95.0% ~ 115.2%. F1FEE ST T 14235 4+ i
S TR — B Bk, @A Ak — P E A (A
S B AT R R M = R E R O LR, 5 2
T M R S SRR RO 0.25%H1 0.31%, %7k
AT 0.202 ~ 13.281 ng/mL, ICso A 1.636 ng/mL,

TR 3G 7 928 W R I A 000 Sl g 1 R S R AR I
TR REREUE R . PR IGE . BAIR . ATRER S
WAL AR o (R R AR, 255 kA3 RN, MELLiE
T 24153 B [RIB A, DRk oA B Ay e 3 o v A T 7 % o
27V T BEURSERIF G T & Tt ) 0] UG 22 20 0 P I
TRV P DI o s S | S5 A ARSI R LUER
SR A%

422 RAKZEENE
DL AN IR I T L M B e PR S PR Y

R 532z, AE I E i b MR A A Dy A 2 )2 06
o PN DO IR AR R BEY), 50O
ORI BRSO 2 ehric ik, @ 19Ok E )2
BRI & PR R R R O MER AR R
KRR 0.4684 pg/L, MNAR YL EEA 90.39% ~
93.25%, SAURMERS . ME RS SR NE /T 0.1%.
Z 7R ATAE 15 min P SERAGIN, 354 a5 PR i i A o
BE AL T S U DLEE R 0B U 0 b B A ok R
(UCNPs)-NaYF4 13k, 15 RB0R 2 EhR 10 C s iR 5 ve
BEPLIR, H415 2R RSO CREr, il R 2 Mk
AURHI AR AR MER SR B, R 20.84 ng/mL, itk
JEA 25 ~ 10000 ng/mL, fNFRENES 90.1% ~ 115.2%,
RSDs < 5.0%, FE S AGIIEE S 15 min; 2245 BHER A
AR A I ME T B S BB O ME S R
HENT T g AT R AR R e ARSI AR W i v e
B IT VR, TR 2.75 ng/mL, LML 5~
2000 ng/mL, MIFRENLE N 88.9% ~ 103.5%, HAFHREL
INT 10%, ZT7 AR Rr Sk RAF . R L R
B, BIFE 15 min PSERKG I

YN AE S AT AT S B bRk R A W sh P
AR, (ARG 255 2 B R T A B . H T,
25 1 BN T R A R R IS W AN, A
PRGN 7 1 o FH A, AT LA B E B . ShAgde .
REAL A A I A 2R, SEBRIZ )y TR0 £ b 4 4G I ) THI Y
SN
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43 Kk

2% 1 18 5% B2 L % ¥ (surface-enhanced Raman
scattering, SERS)J&7E 38 37 "2 >t 1% 701 3 T 34 538 5 AR i B
it b AR BB B GG S T R, BA KT T
N, RREVERR | 7 SEPBE SRS L PR AR CO R G
JIi& SERS FEN7 1 PR ) 15 PR ot v s P B B ) v,
SARKIAR EE Ry 0.5 mg/L, bR ISRy 83.4% ~ 133.4%,
SRR ZIT AT F TG A v O A M 5k P A PR AG
Han 2 PUgR 7 — Fh 3E F 36 0 8 9% 47 2 84t
(surface-enhanced resonance Raman scattering, SERRS )i
RS2 LRy SR i TR BRI 5k, MEMER S
AU T I I S N A S AR, B TR
[ SERRS ik, SEHUMERER iy 2 FAGI, %07 2k i A
B2 0.1 pg/kg, 5500 BT AL T2 10 45 2 1 LR 1 U7
PR AR IR AR 2 o IR B R . R
PR IE I SR A, FE A RIS A el vh B T Y
75 o

H B2 i R A I Sl Wy v £t v M SR Bk AT
(ST NI 27 N TR WS R W RSk Re 0 O I
G54, PTG R0 A R A 5 s ARG I 91 PR B 7 ) )
PR

£ 1 B TG OGEE S RINEERS I S YT
vt PP IR 3R A B TR LR LG

5 Z5RE

A FERS UL AR SR [ P9 A sy 4 it MR R A D
FERF AT T A BEE A D S TR ERCR A
LA PEBOR ML, FRTC ORI & 1 2 MR AR
Jrids, XLETTIEFAT R (00 A 5, DA DRk o o 0 e
RS THE 2. iR R S S T B R A
by PRI 18, (3% K2 JSe i B 00 5 9 B 3 W f o f 20,
JOLARLH 2 1 R SR 08 9 5 T A A
5o FRR o3 8 55 ABARATY 5 AR ST A v 0 A B AR o T
ARERT5 vk, BOEAERN A SRR AR K RS B BT
BHFIETHAR BB SR, T 0 W R T B AGL N 5 3 1oL
MR R R FREEL . B AP
IR

SE MR
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