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Research progress on the detection methods of methyltestosterone residues
in animal-derived foods
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ABSTRACT: Methyltestosterone is a kind of hormone drug, which is used as growth promoters and sex reversal
agents in the aquaculture and livestock industry. Announcement No.235 of the Ministry of Agriculture and Rural
Affairs of China stipulates that methyltestosterone should not be detected in all animal tissues, but it is still prohibited
to use it at present, so it is necessary to detect its residues. This paper mainly summarized the action mechanism,
harm, regulatory standards of methyltestosterone, systematically described the existing sample pretreatment methods
and analysis methods of methyltestosterone residue detection in livestock and aquatic species. Determination of
sample pretreatment methods include the selection of extraction reagents, optimization of purification methods and
etc., the detection methods of methyltestosterone residues in animal-derived foods mainly include high performance
liquid chromatography, liquid chromatography-tandem mass spectrometry and immunoassay etc. Meanwhile, this
paper analyzed the application scope, advantages and disadvantages and selection basis of different detection
methods, and looked forward to the detection methods, so as to provide reference for strengthening the monitoring of

methyltestosterone residues in animal-derived foods.
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TR AL AT S, FERLZTIHA
W & R FIAE WG ACE AN KT B &, AT IR TREfS IR it == 8
TRV BT ) B TRt ) T SR L BORBRR £ A )
BHEARKFRRE g g N RBEAR Y S e, t—HE K
T EE R . TESIIRME R S b —E A TE DA R
PR IR B AR AR, T IR0 SRR, i sty
Rl A AR,

FH 24 52 i (methyltestosterone, MT)2&—F A\ T.& ALY
FE R I RR, B L ) 728 AR 1 R Ak i s
FAEH, 1€ 20 t2 70 AR & B AT DI Ry A R A i 7
RHER . & ISP RIMEASA MT R0
SIS SR NIRRT A A, BRI R AKCE
Hoff, B, MRk DY EFRIE 2002 AERARE AR
R 235 52045 (Bl Mtk Bl vp B 24 0 o Bk B PR A ) ol
MT FIREE 2541, R T bk e ok Ak B S,
YRR A MT GR BRIy ik R R A B A AT
A AR . ASCHEAR T MT MfERILE. faF
FAHICIE AR UE, JEEEXT S IR L™ i MT AT AL 52
5L ARSI B R AT T RGEMERR, 007 T Kk T 2
PRI EARPEER, & TE A BUR A TR T TXE MT 5k B A6 i i
ERES%,

1 MT HERNBIRERER

MT SRR SE AL AN 520, 76 2 Ol -5 7K™ IR A
RO TR (B A R R, R IR RE
YD R PO MIT FE S5 i o (1 AL
AR AR B A 5 AN BT R P, e e £ A
R R I SV R RE T, (RS RN E R &
JC LA B A AL A AR . MT 3 e 5 i A
BT R - R S BUK ™ IR 58 R B PRSI 4, Al s
ME RS ER K P2, SRR A B AR, Bk S
Wi R AL I ELR AT LASE i e A 47 031 20 A A R
ZRSERE KN,

HI T MT R R AR IR, a8 K™ IR
SR AR S AE AR I MT W97k, DAGARAS S s i i
b A, e 7 RS i 00 A i A b e B 2 R L
Aty P R 2R CR AR LG, TR SR A i
M4 MT . SR, W Shib el JdGE, AR &
B MT X578 &7 ah i A AR 7 3 A B R HA R
)RR s U0 2 mr A g R L At R i 2
v DR R S I — RE Y MT, AT LR A= P 4

il

FHEA 50 #1100 mg/kg 17a-MT HRBEHE W S 15 d 19
MR B 60 d, REATAUTE T IR M EEMEAS R, ASTE
MT ¥ it LB 2k 100%. FF HLAEFZEH, B8
MT (1% 5256 20 A PR £ 1 358 r e — ) & 1 b IR T % R
ZH R, 3% BT M I Y R R T T SR A
VAR LB R . SR BMIRUR BE 1 MT Al i iE 5558 5l
YIRIAE R, 4. 8. 12, 16 mg/kg MT ZH 355} Bif B e £ HLA {12
ARIEA, H 16 mg/kg HAARF 22 EICTF 12 mg/kg 4,
XERE B R B R R A BT i A K
ZER B RHERIRG MT A — o 28R K
PRI,

2 MT % B E FMEXENRE

24 MT YEAE R Az 7 550 R 105 A 00 e s on 381 ) e
R, B AR ELA RN A R v A, E
X R SR RIS B S B, wFge & B
B MT Mgk & BMRAL, HEEHILEEY
B, 03 A% B e AR AR B ) S, AT 2 ke A P i B
SR, WS P A3 I T RE | BT b sl At 4 41
FE R A, B HAT SRR BN . 8o . R
PEOIS HOR B AR B 19 BALSFTRE AR SRR (1
iy, A ARACEIEREL . TS S, X T BE S5 AT AR
(A IE % DI RE, 51 & K el 85 5 R B Lt 2 s B
He, SR TR LA A AR S M I 4 B Ik R
B RSN R S LR T SHLESR A A K &
HiFEZ B, 1L S AT, 505 808 MAE |
E@ﬁ%[lé—n]o

AR R IR W R, TR IR 22 [ 5 R L X
R T A T D v B AR T e Sl R B N A R AR R
RS b, LRI RN 2 5 1 e A Ak e . BRI, 36
[ SR TR BRI e Sh B IR S MT SEMEia s
g 20 fhd 80 AR LUK, fEfEUE s AL KA
PR A BRI B Ol g A 1 FH . jC 95/22/EC 5484 H1
FEAS A A R B 20 56 B R LR Ay T R 2 7
JULPA A e v % BR R 0.64 pg/kg!™! FhEITE 2001 4F4
A EBSEHE AT FRUE NY 5070—2001 { ToAE & K7™ i
rhifn 25k B IR A ) thEbE MT B 5I M AE 259, NY
5071—2002 oA FE & i FHZ YA N ) o BIRGHL
TETEIK 2 L FEFE H R FH MT; 2003 4E 400358 & A 1 235 524
(kS B 2 m pR B B ) P IR R
AAFFEATAT S T B A2l o 2016 A ] ] 52 o
W BHAG B0 E R A HE R G R R ARG 6 s TR
AR MT 5% 88 Bk R ETE 2019 4F 12 A LA T
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FAVARATEE 250 S04 il S48 L0 T B 24 i S
A i B ) P Wt R R S U S5 12 K
FRAEE AT

3 MT %BRNAHERBICIEGE

MT 5% B8 K I A A ot AT A 38 2 2 IR R 4R I . ¥k
AL . B TR BTE, Sk
FES PR A E A 2, RZ 5 MT TE4549 Fn 3R Ak Pk o
L AEARL 1 0y o R s X A 25 SR TP, il oy B alifh
Wik 7 A0 75 5 DRI, AT O 33 3 1T (58 1m0 20009 R A 3 1 &8 00
a2l

P TR A T D) 2 R 40 A B ) 9 A 2 T Ok i
P PRBOER, % MT MRE S RS2 BCER F 43 A (1938
Y, EAEIREOY AR EOA I RERE 6 IR MT M
FARBCRE, SCRE I /D 3l Wy 5P B R O 3 T Y 4R 5T
HAC R BRAE S BR T RE A BT MT S 2R T A i
TSRS I/ 0 AR I S 3L T3k . R ik Rl
B ARRCR RN, AR SCHEAA 3 30 P TR B S
B G A6 RN R 45 T T - WA BUEE R (liquid-liquid
extraction, LLE)? | [HAHAEH4% R (solid phase extraction,
SPE)/ 1%, MT #f 4k AiAL B ARG . bRl L R e
ARTTENFE 1.

3.1 R-EERGEA

TR -TR AL BCR AR AR I A& TR, R BT
PRI B AN AR B0 OV T Fh s e 25 57, SRiEAT 40 88
B — Pl fb ik o PR 25k B A3 v i SR IR0 AT
HEE, oM. W, ZWMIR RS, BTN A B4tk
FURE SRR UL, HEE . IR S AR A A . $REGE
FEPR, CREFIZ TR CBRiE THREURE AL G, 385 R s
SHR BURE AR AN R Z S PLE R E AR MT

B AR iy Ak R e 4R IBGR], FEARI R B T IE SR L [
RRZR Xt LI A 00, A A ATk ARifE SC/T
3029—2006 7K™ iy o FP S SR B AXOMIE VR €k )
W, SR Ak 3R R R A T R R 2 A T - TR AR
B, AHEH TR AR ERE AT . A . FRETHFER
TERA YA, 23X A ST el o ), RS SR
R SRR ZER T 2
3.2 [EMEZFEREA

[T R 2 TR AR 2 T 4 R R A R 1) — IR i T A B,
AR, WS MT B8R 88 sy & A b i, 82
R A 5 D A P Sk 3B 43 SR PR AN ) 28 28 1) i1 6 26 TBUAE Xof A0
A iATEE, MT g PEfb &0 B ESS, R R PR
08 B P VR o 1 2 R B, VTR BRI A B R . 5
TG IR-IRZE B AR LG, BRI RETAE | A T

FERE PR AR B T B B AR [ 2 U A i AR AR
S SEIO R0 I 0 DR B R A Y AR IR 1A T
SCHs . W8S T PIRAGAE Tk, B A R Tk
(ultra performance liquid chromatography, UPLC) %2 7K 7™ fih
BOMT REY . R H4E ODS-Cig #:(200 mg/3 mL)All
poly-sery HLB [ AHZEEUE (60 mg/3 mL)XAE b 2 BUK it v
RN IR, HLB AE DA (90%)iL i T C s HER 11
2 (50%), HMATE R — O R R A Y A s B SR K
B KL, RBAHBR AR AT o IEA LA AT AL AR e
T AT A PR (R 6 o O A5 e A Y B L
1EAHAY Alumina-A £ F1 Alumina-N #: #1545 ) LC-C 5 15+
AR AENSCR . BAR Alumina-A A0 [B1CR 55 (98%),
{HRETTE MR, WA IR 5 R LC-Cig i BR
Wz Hh, —SEWERY SPE AR QN FAB AR E . )5 Hi
AHZE BRI VE R AR 22 0SS, BRNBR AL B RCR | 32 ik
I HAR AT AL PR ], A8 AR

R1 MT H@RATCERBGAR . S UMRIRIRGE 7 %

Table 1 Pretreatment extraction reagent, purification material and concentration method of MT

L R P PRI A HALA R [ EEPIRPS S5 3k
MT WA 2 Cis AR AL U 40°CH K [7]
MT KT TR A 2 Tk A I Rk v 40°CHK VBRI R HEFE [20]
MT B\t S A A 8 f ik LC-C s [EIHHE B 50°CH K [24]
MT Hifh | AR IR 2Tk LC-Cs [ AHAE U 50°CH K [25]
MT ARG PR HEE-Z 1% Cis B AHZE TR 37°CAR [26]
MT il ZIiE EC ks AR [27]
MT rhAele | BaEM . LA XTER 2N Cis A AL BURE 40°CK IR I8 T 25 [28]
MT WAL fa, 0F 80%Z. fif HLB [ HHAE HUkE: 45°CHR [29]
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J T W RS IR S AR A 2 e, BT )
YIRS MT 8% B8 s DU 5 i A7 T I 9% BB B3l
PR B S MT 8% BRI 5 ik A SO A A5k
(high performance liquid chromatography, HPLC)P', < AH
- [T (gas chromatography-mass spectrometry, GC-MS)E2 |
YRORH 8,35 - B3 B 5T 3% 725 (liquid - chromatography-tandem mass
spectrometry, LC-MS/MS)*351 | BB G2 W FFH 2 s (enzyme
linked immunosorbent assay, ELISA)®Y | & #4045 o Yk 1=
(capillary electrophoresis, CE)P"Fifk2 & aukB8 ) KAk
Wk R . Il S5 L3R 2.

4.1 BHEREEILEE

1R 0 AT v AT [ R A T 22 Bl S B RV R, AR
SR A, R ZRRAL G W B SRR M 22 1Y
B, AT AL HORRI T, H R R A kP
[l SC/T 3029—2006 X 7K ity H T £ 43 FF B 52 i 1 A )
N T RO AT Jr vk o 3T SR AR SR N A ik R B,
JrERER A BB PR S L KRR, 10 pg/kg, DGR
I&F 70%, ANEA A THERN, — e E X b7k —
B R R AL IB % SC/T 30292006, 18 FTAbHIL
TR v R TR 75 0 2% R ORBH I I8 R, PR USUR TR
1 MREBLRE, I HiEb s H e s A&
el RO FR R . IS ) 5 e e A UL AR A,
PR S % B SR AR R & 78.5%~86.5% 2 [, HHXHArife
W 2= (relative standard deviations, RSDs) & 1.8%~3.1%, #

5 AP Sy T — O T K e S R 0 S 1
TR SRR B 3 A BTk o AR R 3 SR R 25 0 = e b
PRI | RS AEAR I A B PR SRR SO R B IR B, R
- RN TR PR IR EE, SEEUXT K ™ fh v S S2 0 1) 42 1
FUKE EE 11 BT 4R T A UTUE o 33k ol 1 RO AH €0 1% 40 B vk
G BRA 5.0 pg/keg, BENRCRN 73.6%~91.4%, L SC/T
30292006 F i ofe it 45 5 Bl e AG TN T 52 . LT 25 090R)
FH— PRI | W RITEFEAC . We4E 2 505 i - AR T
ik, #i4 HPLC @7 T —FE I8N ie i iR s i S 3
P66 VA ) - TR 2 B 1k (deep eutectic solvent-dispersive
liquid-liquid microextraction, DES-DLLME), il %€ 4~ @
At A SR AT P R SRR, R AL B O RN S IR AR AL R Y
SRR LSRN 2 0 5 S A T TN AR AU
TR A BRI T PR L B ) B /K AR AL v 5, 9 L DR A
89.2%~108.2%2 [6] »

15 TR i o A N ) 4 U A P L SR R B
PR R M N R U R, (R ORI 2 (W AT 9T & B0
RIEEALRUR 2% L ER TR, AE7E— 2 PR, 23T
Bt 3% 5 o I Ak P L
42 BIESFUERKAZ

a5 FUEH Irk A o REUE MR s S5
Bols ol SRS, H AT AR IR R 25 PRI A 1k 5 kY,
B RO 3 - B v o R sh g IR e i R R, I
HZ 21 RS T TR ik, 40 STOREY %5146
BT T PRI BAATEENY HPLC-MS/MS 43K £ FHUE b iy
FEEEWE, SR NG X B ORER IR A H L OR T AR Rl

2 HESIZREMNRNSGE. BUNE. KHREENRERE

Table 2 Detection methods, recoveries, limits of detection and relative standard deviations of MT residues

2P AR F LRUIWIR/S A% /% Kt bR /(ng/kg)  AHXIERMERZE/% S SCEK

MT KT UPLC 82.0~86.0 - <7 [24]

MT o X:lfgﬂ UPLC 68.7~90.7 10 2.09~5.87 [25]

MT PR [k UPLC-MS/MS 71.06~83.06 0.4 7.4~153 [28]

MT Eifh HPLC 78.5~86.5 1.8~3.1 [29]

MTMT -4 HPLC 89.2~108.2 0.2 [33]

MT WAL A LC-MS/MS 66.3~114.5 0.15 3.6~15.7 [39]

A

MT e _‘?jﬁ%ﬁ ’ HPLC-MS/MS 82.4~96.3 0.5 <6.98 [40]
JLGHTE XS BF

MT PR, W ELISA 80 0.31 4.46~13.14 [41]
F e 1%

MT IR GICA 10 [42]

RN AR, B OB (5 - BRI B 75 (ultra performance liquid chromatography-tandem mass spectrometry, UPLC-MS/MS); =54{
YRORH €033 - 53 6 BT 13%92: (high performance liquid chromatography-tandem mass spectrometry, HPLC-MS/MS); i1 4: %195 JZ #7 (colloidal gold

immunochromatographic assay, GICA).
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PEAT WU A, %0 i B AL BR AR B, i HSAIR A . R
R BRABTAER—F0 5 UL 0 3L TR 0T sh ik i
FR A S T T, (RIS ik 25 3h iy A 75, REGAL 45143R
FH HPLC-MS/MS Wl 4B &+ MT W& it w LS BsE o
A R 2 At A 3k o A AR B A Sl R £ e il
H, Zr ik R NT 5 pgkg. BHOL A L FE2
MM EREMH, eI BEEE RS S, AN F—3hY
DEPE L SRR AS 1 2 25 B 2 B R AR B i A 2 B . X
AL F] LC-MS/MS [N E R . B, XS E AL
Wb 20 R ER I, FRTE B, IUASRR A MT AOKG H
FRA 0.15 pg/kg. EEFRH 0.5 pekg, HBAZEPF) A EAH
LSS UPLC-MS/MS [RIEHAGIIE A . 1, HF4Esh
IEPEE S P 2R EZGEREE, SRk R, MBIk
f . URAE S MT B [l 3 4 50 81.0%~86.4% .
76.5%~89.8% . 81.4%~89.4%, ATyt KHIRR T L5 8E
B E R, BT ERE LR EF N 2
HR AR R A2 PR T . T SRR ST T A A AR B
AR AR O3 - R I TR, MT 7€ 1~200 ng/mL Tk
LR R RAF, MR HBREA 0.5 ngkg, £l
H 1.0 ng/kg. FHEf . HAREE L NLAEXTER 3 ANRE &Y
W E N 82.4%~96.3%, RSDs ¥R KT 6.98%. Kk 4]
T ek 2 AR A - v O S - R R S
AR 9 R BB E k. MT (GRS
HOAR EISCR 92%~100.8%, RSDs K 1.17%~1.59%, {4
P3N bR IR R R 89.0%~96.4%, RSDs K
2.15%~2.17% 1% 5 L AT AL PRI BCR S R U v, A
PELT, AT Sk At 0 4 5 £ v S T i 3 1 0
it

S AR - T A RO R L AR A 2
PR AR A MO, (ARG 2% . APt . R Ak
A, FEOLAEILER I o LS K, ASRFA A ER 1
Kb | f s A i B R
43 RESEE

a2 S AT 5 1 BT B AP i B R R R, JF AL
EeAE R P, o] T R S A TR A A, FE MT
K v A T3z B PO 3% R R AR =2 1] A 43
T IE R E R R A, WANG Z5P00 o 41 it g
PATHM R, XA R W —Fh S MT A4 & E A
FPURA I R W —Fh s MT A & B 6 f bk,
FEF U HUAR A S T — i PR A B 2 A S R T
2, AT LA TR RS MT (R0, KONG 255U
BT A Ve I G0 8 T R A 4 B 8 J2E T U A )
BHRE R MT, 20131k MT 19 IR
82.4%~100.6%, 5AHEE- G LSS R —2. SMEBFE

Y MTELISA 255 & o] 46 0 PRV H (9 MT 5k 7, 6
[ Kernel it 7] & F17% E RIDASCREEN izt 7 & i) % UF 43
W2 0.1 F1 0.2 ng/mL, AiFA LT MT (¥ ELISA A&
WL MM RWET K, E0FE & K™ dh
MT 5% BB E (0 b 5 /b  Esm&G gy T —Fh el 35 5
TR B S0 8 MR B 9 DA AT £ A S R ) MT 3R B8, Rl AG:
R 031 pg/L, [FESMET N & R U AR Y, K™
FE S I BRI 0L R R 81.02%~103.19%, RSDs
4.46%~13.14%, M 5E 455 5 WAH k- i 2 AT R AT
MM (=0.9971), B R EIF ] GICA H A7 T %
HT AT DUBE AN K P S R MT IRk 44t 5k . K
ML A MT ARSI DA THIE, 5
SR A LRS- MT SHR A T4t
G4y, AR AR I 2 5L I 2T €0 2 2% TR 1 3t 0 s R O 1 B
PR, 4845 U MIAG H BR AR B 10 pg/kg, I HAG I B ]
FARALT 10~15 min, A FHFRIEBFE R IfiE . SPEHr
FAR W DU RG 0 s e M L E AT, YRAN T EE A I
HIAR I
4.4 HABEMEAR

B T L3R 8 0w BN ik Ak, A — SR
ARSI 35 £ X MT SE4 TAG I A4 5 35 o W B 408 Fl ok i)
FLALZE TR A, sk Seph W BT R B AR AT v . A
FE MRS B R UK R S A B A I RS R
TR RBONFDEIAT MT 5Y1RAPuE e, R
W, A3 TR RGN B AR s s T —Fh
BEf o . REUE RN, GOYAL P2 T MT
J S5 ) A 3 SE TR ARG I 19 2 v R O U R AR T,
2T BN KR B0 T A AR MIT B LS R i) i A2
Wi 7 B 5 HR s, A PR 2.8 nmol/L, I 45 B Rk
AL T R — B (AR feas ) 22 |
Gy Z BIRE ML AP0, e T5 LA 2 3 5R Jy i EBLE
ML THRE T -

Rl MT (A BRAR 7 i N 2o Bl . e ARIE L
S FHATH, BEERIE ARG A B 2L, 8k 2 05
FEARAE MT 5% B ARG 75 1 R B 580 )32 Al g F AT o
SRR E A MT 58 B3R 7 32 B A e a5 B L3R 3

5 ZERIE

MT Bl HIAE S IR L dh b m] AR e i R A AL %, fiE
AL R T ORI S AR R . (BRI MT 233 A
R A S IR i, BV o A B 2 X A A A
FEEMRE, WSO MR 0 LR . Bk
A3 R A, TR £ it e AR P i) MIT 5% B A T gt
BRI EE,
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Table 3 MT residues detection methods and their advantages and disadvantages

Jrik AR R e B
wre ”Fﬁ%”"‘”g%g?g;g\?*ﬁzm% B AR AR DMK ECE
GCMS T%Tﬁfﬁf;ﬁg’;@ﬁiiﬁgﬁ S TR TR (L, 5
LeMs o bl thiks 7 WA
s TRTRORGRSMES, GasREE o —

PR, PEATE BEUE MR

A P9 06 T R A ER AT MT FEsh i I & 5 b
BRI AR E S, AR Tl TP R IRR . X+
MT BYBALRE T3, BT SC/T 3029—2006 H -1 25 HL
BiAR, BUAE TR FH R AR/ I I AR, A AR IR i ik
JRACN ) B AHAE B A o H AR T gh il £ 5 b MT 19
R 5 ¥R A AFAE L A, 1 AR A S I A R 25
AT H R R 2, (R RTAL A RS 2 | FERTHG L R
TEAHEATIN, T2 AR R A AN B B A, Bk
SRS AER AT WO - Bk p A B ik R A . R A
FE L RE T, A b st sh g A S R 2 4 )
R RTRE, (RGNS B 5, AHER 0 Y, S
TS HAT R . SRR rT AL, AR
FEAL A P ES F 0 TR R RT E 7 2 BT, R B T
WA AT AL, X AT RE B AR E o TEHK G0 W PR S
DS IR BRAERRTAE | PR p R vk, 3 R R L B
— PR, B RERER . R 8. fEREFIRE AL
WA, (BET RS PR R, REE e R AT
Ao B X MT A1 B B A AR ARt g i T o
TR, Bl L MER . R R ORI R R B
B, AT ERABIE S IR & St MT 5%
WA, A IZAG I 4 AR 5E 3% .
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