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FET 12 4K R IR 0 A DA RE & 25 ARG 4 R U 4T ) b ST R S S LR 3.3 ~22.6
pg/ kg, K 3 100% ; 7] IR0 & S R 1.5~ 2.1 ng/ke, Kot F 0 67% ; iR Bl & B E N 0.7~1.2
ng/ kg A Hh 17% ; S2 1 & BTN 0. 6~ 1.5 pg/kg, Kl F 0y 429, i IEARAE R o, Enfh R B, B2 MR, 35
TR 7 & A B MR 0 A2 B R A

L4817 : QUEChERS ; M & 0BUAH (03 BB R BT 1S 5 SR 4 il 23 H B R

hE 550658 XZERFRIAEG A L E S 1000-8713(2022)05-0409-14

Abstract: To ensure the success of large-scale sporting events, prevent the contamination of

food by prohibited substances, and evaluate the risk of foodborne stimulants and other hor-
mones in food, it is necessary to establish a high-throughput, rapid, and accurate detection
method for foodborne stimulants and other hormones. In this study, a QuUEChERS method is
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proposed for the simultaneous determination of 44 foodborne stimulants and 6 progestogens
using ultra-performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS).
The analyzed foodborne stimulants include 19 8,-agonists, 3 S-blockers, 11 anabolic agents, 8
glucocorticoids, and 3 diuretics. A meat sample was crushed and homogenized, following
which the internal standard was added. Subsequently, the sample was shaken and extracted
with water and an acetonitrile solution containing 0. 5% acetic acid, then dehydrated and centri-
fuged with sodium chloride and anhydrous magnesium sulfate. The supernatant was purified by
PSA, C, neutral alumina, and anhydrous magnesium sulfate. It was then dried with nitrogen
and concentrated. The concentrated extracts were separated using an ACQUITY BEH C,; col-
umn (100 mmx2.1 mm, 1.7 pm) with gradient elution using 0. 1% formic acid-5 mmol/L
ammonium acetate solution and methanol as mobile phases. The target compounds were
detected by ultra-performance liquid chromatography-tandem mass spectrometry with electros-
pray ionization and positive ion scanning ( ESI") in the multiple reaction monitoring ( MRM )
mode, and quantified by the internal standard method. The linear ranges of 3,-agonists and B-
blockers were 0. 1-20 pg/L, the linear ranges of glucocorticoids were 0. 5-200 ng/L, and those
of the others were approximately 0. 2-50 png/L. The linear relationships of 50 compounds were
good, with correlation coefficients >0.99 in the linear ranges, and limits of quantification
(LOQs) in the range of 0. 1-0.4 png/kg. The recoveries of the 50 target compounds spiked in
chicken, pork, beef, lamb samples at three levels ranged from 50. 3% to 119. 9%, while the rel-
ative standard deviations ( RSDs, n = 6) ranged from 0.42% to 15.1%. Nine meat samples
(including 3 beef, 3 pork, 2 chicken, and duck samples) were tested by this method and the
national standard method ( GB/T 21981-2008). The ¢ test was used for statistical analysis of the
hydrocortisone and cortisone contents, and no significant difference was found between the
results obtained by the two methods. The developed method was used to analyze 12 beef sam-
ples from a farm. In all, 4 compounds were detected, while the other 46 were not detected. The
content ranges and detection rates of the compounds were as follows: hydrocortisone: 3.3 -
22.6 ng/kg, 100%; cortisone; 1.5-2.1 png/kg, 67%; androstenedione; 0.7-1.2 wg/kg, 17%;
and testosterone: 0. 6-1.5 pg/kg, 42%. In conclusion, the proposed method is simple, accu-
rate, and sensitive, and hence, is suitable for the detection of foodborne stimulants and pro-
gestogens in different kinds of raw meat.

Key words: QuUEChERS; ultra-performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS) ; foodborne stimulants; progestogens; meat

BUIRPEMS W FE R TE T &M AR, G5 IRNEXSER iz i gk IRAY R, Ty
— e SR S AR RN T R AR ZARE 2 H R B AN B A, iM%
FEBHCRE TN I Ak B B %A Y R R 2 AR TEMERE A K, a8 Bl B IR S B 24 A
LIFIHLE (WADA) % i 192021 AF25 By e PHMEROIGE R T FEF B LR 6 i oh, — st
MRS B,-Iahin R A [FALHIF W R Al AR EC LR EA A, ind & &3

SIAARS A, EAR B, T3, AT, XIH. QUEChERS 4568 e 80 OAH €135 - 5 B¢ 0 1% 1k [R) I 58 78 &5 Y oy 44 FhEr v
AR 6 FhZE . (il ,2022,40(5) :409-422.

FENG Yuechao, WANG Jianfeng, HOU Fan, DING Qi, CHU Hongyu, LIU Yan. Determination of 44 foodborne stimulants and 6
progestogens in meat by QUEChERS and ultra-performance liquid chromatography-tandem mass spectrometry. Chinese Journal of
Chromatography,2022,40(5) :409-422.



h H i, 55 : QUEChERS 455 o 0B 3% - 53 5 B 125 [ o 0

555 1)

B 44 PR XLASFIA 6 Fh i © 411 -

AR Ll FH AR 24 i B LAl s B (ARl AR A
IS 250 5) ) (2019 4 12 A) HELEE s
B8 FHBS IR 6 S22 R AF MR . 0 T IRFERBUA S
TR RN, B 1L TR AR s e ) VAR
HAE TR A ) A5 I XU, S e PR
TR 19 12 5P 4 70 S B R R I i 2L

FURPES AT T S PR Y Bk ik E 2
TS R sk A R SR -
JOT v v R e v R v R e AL AR
BRI L AT ) S R Y RN T B (EAR SR 1 I
BRPRER, EZALIT 2 5. (1) [FI 29 Fph o 22 5
AR, R FH ) — A 0 7 3 X AR A5 e vy T A o6
F AN P R i e (A A PR e 55, S BORE A v B Ry
JERR R AR A BRI 5 (2) X B Ay A
PR AR O R R RR L, A
JR AL s, B RNt 2T R AL B AL IR B
H RITf& 50 A AR AR B0 R s 590 AL ) 45 i Ab 7
TR A% AR R IR K | S0 A R ) e R e A
PINAFAE B R 4 ) QUEChERS J7 3% B
I FHAE R DA 0 RN AR 3 28 A ARG I R U0 (H 2 4k
TR FEALET X B — RS P 57 RS A P A 5
e 2 AR B A Tk B AT RS LB
S AE PR %A R A2 3 E I F s x4, SR
QuEChERS HijAbE 5k, @ ar 7 —Fp [F] Bl o 3 &5
A 44 B PE 445 70 6 v 20 380 25 A0 AT
FA - R B T3 (UPLC-MS/MS) &l J5 ¥ , %07
T PR, SEBET  E RO, T A E N AMA
B PEF RIS AR I B 4 AR S

1 SKIEERS

1.1 {UEE R

ACQUITY UPLC #8508 (3 Xevo TQ-
S ERER DU AT A , 56 ) WATERS ; i B4 U 0>
ML:GR 22 GIII, H 74 HITACHI; & "X {X . N-EVAP™
112, BL % OA-SYS™ 7K % #4255 [ Organo-
mation ; 2% R HETR 211 . MS 200, AT M Fi i A 25 A
FRZN T 5 IR IEIR & % : Vortex-genie 2, 35 [# Scientif-
ic Industries ; §ICH5 6 7 15 e 45 . KQ-500 DE, R 111
T AR BRA ],

FlE | N (354l ) ¥4 F 32 [F Fisher Scien-
tific A BR 2 &5 Jo K R B AL 4l b 1k AL AR
(100~200 H) W B E 255 AR A R N-R 3
JHE R [ AR B AR (PSA, 40~60 wm) |+ /\be

BEARE RSB A R (CLg, 40~60 ) 28 L B 7
(NH,, 40~60 pm) 04 F A RA R w5 5L
552 FK i Milli-Q B 2l /K g b A 3 R Gl 4%

1.2 fREBRRIESH

50 Fg AR HED) BT (SERE R T 95% ) A1 11 A
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Table 1 Retention times and MS parameters for 50 target analytes and 11 isotope internal standard compounds

Retention Parent ion Quantitative/ Collision Cone
No. Compound . . T
time/min (m/z) qualitative ions (m/z) voltages/V  voltage/V
1 tulobuterol ( Zfi%#%) 4.97 228.4 172.2/154.1 10/16 18
2 clenbuterol ( FEEFES) 4.56 277.4 132.1/203.1 26/14 34
3 bambuterol (HEAiHE% ) 5.12 368.7 72.2/294.4 34/20 18
4 salmeterol (VPR ) 7.31 416.7 91.2/380.6 38/18 25
5 clenproperol ( FEEHE) 2.83 263.3 203.1/168.1 16/26 26
6 zilpaterol (FFMAKEE) 2.82 262.4 185.2/202.2 24/18 18
7 fenoterol (IETEAFS) 3.37 304.5 107.2/135.2 30/16 4
8 penbuterol (i) 7.31 292.5 236.3/74.2 14/20 72
9 clencyclohexerol ( wiEZEE ) 3.81 319.4 203.1/81.1 20/26 36
10 mabuterol ( Z7i%E%) 5.02 311.4 217.2/237.2 24/14 20
11 brombuterol (Jfi45%) 4.96 367.4 132.3/293.1 46/18 26
12 cimaterol (75 H54¢% ) 2.64 220.4 160.2/143.2 14/24 18
13 salbutamol (75T HefiE) 2.86 240.4 148.2/166.2 16/12 16
14 metaproterenol ( FFGHBHK) 2.20 212.3 152.1/125.2 16/20 22
15 terbutaline (4% k) 2.80 226.4 152.2/125.1 14/22 30
16 clorprenaline ( AR ) 4.51 214.3 154.2/118.9 16/26 18
17 ractopamine (3¢ 7525 ELHL ) 4.21 302.5 107.2/164.2 26/14 26
18 demethyl coclaurine (2 2 255) 3.32 272.4 107.2/161.2 20/18 40
19 tretoquinol ( [HiFEHEm ) 4.22 346.5 149.1/164.2 50/14 6
20 atenolol ( FiTEF%/K) 2.87 267.4 145.2/74.2 26/22 20
21 propranolol (EZEIEIK) 5.94 260.4 183.2/116.2 18/16 18
22 metoprolol ( ZEFLI%/R) 4.75 268.5 72.1/116.2 18/18 18
23 trenbolone (FFHI L) 6.98 271.4 199.2/165.3 22/44 62
24 methyltestosterone ( H 52l ) 7.75 303.6 97.1/109.2 26/24 32
25 boldenone ( i) 7.06 287.5 121.1/135.2 26/14 30
26 nortestosterone (#7%) 7.20 275.1 109.0/257.2 28/16 2
27 stanozolol ( ] HH AR ) 8.33 329.6 81.1/95.1 38/38 16
28 methandienone (254 /527 ) 7.31 301.5 121.1/149.2 26/14 26
29 mesterolone ( 3E52f) 8.33 305.5 269.4/95.6 16/32 15
30 mestanolone ( EHEHTE) 8.45 305.6 269.4/105.2 14/20 10
31 testosterone ( S2ff) 7.49 289.5 97.1/109.2 20/22 48
32 4-androstene-3 ( K M) 7.19 287.5 97.2/109.2 20/24 34
33 prasterone ( i & FEHERR ) 7.49 289.5 253.3/213.3 10/18 6
34 progesterone ( 22 ) 8.40 315.5 97.1/109.2 20/22 12
35 chlormadinone acetate (RS2 ) 8.20 405.1 309.1/345.1 16/14 4
36 melengestrol acetate ( B&ERSE(E244H) 8.30 397.2 279.2/337.1 22/14 2
37 medroxyprogesterone acetate ( fififik Ff }2 221 ) 8.25 387.2 123.0/327.2 32/14 2
38 17-a-hydroxyprogesterone ( 17-a-¥22f ) 7.58 331.2 97.0/109.2 26/30 4
39 megestrol (H 22 ) 7.87 343.1 187.1/325.1 26/18 2
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Table 1 (Continued)
Retention Parent ion Quantitative/ Collision Cone
No. Compound . . T
time/min (m/z) qualitative ions (m/z) voltages/V  voltage/V

40 triamterene ( 24 MENE) 4.43 254.4 141.1/104.2 44/38 16
41 spironolactone (42 P75 ) 7.10 341.5 107.2/91.1 26/48 48
42 canrenone ( HJCH|H ) 7.11 341.5 107.2/91.1 28/52 58
43 dexamethasone ( M1 ZEAK M) 6.78 393.5 373.4/355.3 8/10 12
44 hydrocortisone ( &AL AT HIF) 6.42 363.5 121.1/105.1 22/44 44
45 prednisolone (e 1E) 6.42 361.5 325.4/307.4 8/10 24
46 cortisone ( ] [{I#2) 6.19 361.6 163.2/121.2 24/36 18
47 prednisone ({&JE) 6.11 359.5 147.1/313.4 26/12 28
48 fluocinolone acetonide (iR F ) 6.82 453.5 121.2/433.4 28/8 16
49 fludrocortisone ( F & AT IS ) 6.34 381.5 239.3/91.2 24/58 38
50 beclomethasone (55 KAL) 6.81 409.5 373.4/121.2 8/42 6
I-1 methyltestosterone-D, ( F3£52d-D, ) 7.90 306.6 97.2/109.2 24/28 10
12 testosterone-D; ( 52Hi-D,) 7.49 292.5 97.2/109.1 24/20 90
I3 hydrocortisone-D; (‘& AkAI#A-D;) 6.42 366.6 121.2/330.4 22/14 16
I-4 salbutamol-D; (¥ T JfiE%-D5) 2.85 243.5 151.2/169.2 16/12 32
I-5 boldenone--D; ( ZHifii-D, ) 7.05 290.6 121.2/138.1 22/12 12
-6 clenbuterol-Dy ( FEf24E%-D,) 4.54 286.4 204.1/133.0 16/28 6
-7 dexamethasone-D; ( H1ZEKAA-D;) 6.78 398.6 378.5/360.4 8/10 12
I-8  ractopamine-Dy (3E3LZ LIE-D;) 4.19 307.5 165.2/111.1 14/32 14
1-9 progesterone-D, ( Z2ff-D,) 8.35 324.6 100.1/113.2 20/24 26
I-10 demethyl coclaurine-D, ( 2/ Z244§-D,) 3.28 276.5 108.3/164.3 20/18 18
I-11 tretoquinol-D, ( FEMER-D,) 4.18 355.6 164.1/137.1 16/46 12
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Fig. 1 Chromatograms of pairs of isomers ( mesterolone and mestanolone) and homologs ( spironolactone and canrenone)
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Fig. 2 Percentages of compounds with recoveries greater
than 50%, using an extraction solution of acetoni-
trile containing different proportions of acetic
acid in the chicken matrix
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Table 2 Internal standards, linear ranges, linear equations, correlation coefficients (R?), limits of detection (LODs),
limits of quantification (LOQs), and matrix effects (SSE) of the 50 target analytes

No. Compound Internal standard * Linear range/ Linear equation 2 Lon/ Loy SSE/
(pg/L) (pg/’kg) (pg’kg) %

1 tulobuterol clenbuterol-D, 0.1-20 y=1.008x+0.0127 0.9992 0.03 0.1 109
2 clenbuterol clenbuterol-D, 0.1-20 y=1.259x+0.0982 0.9994 0.03 0.1 97
3 bambuterol clenbuterol-D, 0.1-20 y=0.4152-0.0548 0.9995 0.03 0.1 148
4 salmeterol ractopamine-Dy 0.1-20 y=0.3392-0.0420 0.9980 0.03 0.1 133
5  clenproperol clenbuterol-D, 0.2-20 y=0.725x+0.0577 0.9992 0.07 0.2 108
6  zilpaterol salbutamol-D5 0.1-20 y=0.9212x+0.163 0.9975 0.03 0.1 85
7  fenoterol salbutamol-D5 0.1-20 y=1.1192-0.0307 0.9992 0.03 0.1 104
8  penbuterol clenbuterol-D, 0.1-10 y=4.360x+0.259 0.9961 0.03 0.1 129
9  clencyclohexerol clenbuterol-D, 0.1-20 y=1.3242+0.132 0.9985 0.03 0.1 80
10 mabuterol clenbuterol-D, 0.2-20 y=0.1162+0.00952  0.9991 0.07 0.2 108
11 brombuterol clenbuterol-D, 0.1-20 y=0.1372-0.00338  0.9993 0.03 0.1 124
12 cimaterol clenbuterol-D, 0.2-20 y=1.042x+0.0599 0.9996 0.07 0.2 117
13 salbutamol salbutamol-D5 0.1-10 y=0.4322+0.0494 0.9971 0.03 0.1 105
14 metaproterenol clenbuterol-D, 0.1-20 y=2.0462-0.0725 0.9993 0.03 0.1 103
15  terbutaline clenbuterol-D, 0.1-10 Yy =3.548x+0.159 0.9987 0.03 0.1 138
16  clorprenaline clenbuterol-D, 0.1-20 y=0.752x+0.0253 0.9997 0.03 0.1 177
17  ractopamine ractopamine-Ds 0.1-20 y=1.1212+0.390 0.9989 0.03 0.1 92
18  demethyl coclaurine demethyl coclaurine-D, 0.1-10 ¥ =3.200x+0.0441 0.9999 0.03 0.1 92
19  tretoquinol tretoquinol-D, 0.1-20 y=0.146x-0.00404  0.9994 0.03 0.1 115
20  atenolol clenbuterol-D, 0.1-20 y=1.7892+0.333 0.9959 0.03 0.1 127
21  propranolol clenbuterol-D, 0.1-20 y=1.7612+0.0714 0.9996 0.03 0.1 87
22 metoprolol clenbuterol-D, 0.1-20 y=1.1372+0.0171 0.9999 0.03 0.1 75
23 trenbolone boldenone-D; 0.2-50 y=2.423x+1.230 0.9951 0.07 0.2 112
24  methyltestosterone methyltestosterone-D5 0.2-50 y=0.7372+0.175 0.9957 0.07 0.2 90
25  boldenone boldenone-D, 0.2-50 y=3.571x+0.923 0.9971 0.07 0.2 85
26  nortestosterone testosterone-D; 0.2-50 y=0.0158x+0.0105  0.9963 0.07 0.2 106
27  stanozolol progesterone-D, 0.2-50 y=1.8582x-0.138 0.9987 0.07 0.2 103
28  methandienone testosterone-D; 0.2-50 y=0.0222+0.0111 0.9951 0.07 0.2 95
29  mesterolone methyltestosterone-D, 0.2-50 y=0.0284x+0.0152  0.9966 0.07 0.2 173
30  mestanolone methyltestosterone-D, 0.2-50 y=0.02742-0.0303  0.9957 0.07 0.2 95
31  testosterone testosterone-D; 0.2-50 y=0.0428x+0.0098  0.9966 0.07 0.2 98
32 4-androstene-3 boldenone-D, 0.2-50 y=0.6422+0.0248 0.9995 0.07 0.2 99
33  prasterone boldenone-D, 0.2-50 y=0.1352+0.175 0.9982 0.07 0.2 123
34  progesterone progesterone-Dg 0.2-50 y=0.5562+0.0887 0.9983 0.07 0.2 89
35  chlormadinone acetate progesterone-D, 0.2-50 y=0.00469x-0.0017 0.9987 0.07 0.2 127
36  melengestrol acetate progesterone-D, 0.2-50 y=0.05382x+0.0016  0.9998 0.07 0.2 123
37  medroxyprogesterone acetate progesterone-D, 0.2-50 y=0.06712-0.0176  0.9987 0.07 0.2 123
38  17-a-hydroxyprogesterone testosterone-D, 0.2-50 y=0.1582-0.0587 0.9940 0.07 0.2 107
39  megestrol methyltestosterone-D 0.2-50 y=0.02982+0.0062  0.9976 0.07 0.2 118
40  triamterene ractopamine-Ds 0.2-50 y=0.998x+1.474 0.9993 0.07 0.2 108
41 spironolactone boldenone-D; 0.2-50 y=0.980x+0.112 0.9992 0.07 0.2 104
42 canrenone testosterone-D; 0.2-50 y=0.01162+0.0023  0.9972 0.07 0.2 99
43  dexamethasone dexamethasone-Ds 0.5-200 y=2.269x+0.170 0.9995 0.12 0.4 94
44 hydrocortisone hydrocortisone-D, 0.5-100 y=0.630x+0.044 0.9991 0.12 0.4 99
45  prednisolone hydrocortisone-D5 0.5-200 y=0.1312+0.0.038  0.9964 0.12 0.4 85
46  cortisone hydrocortisone-D; 0.5-100 y=0.894x+0.056 0.9986 0.12 0.4 82
47  prednisone hydrocortisone-D, 0.5-100 y=0.2722-0.00203  0.9996 0.12 0.4 91
48  fluocinolone acetonide hydrocortisone-D; 0.5-100 y=0.4462+0.0587 0.9934 0.12 0.4 80
49  fludrocortisone hydrocortisone-D, 0.5-100 y=0.2182-0.00661  0.9999 0.12 0.4 81
50  beclomethasone hydrocortisone-D, 0.5-100 y=0.05352+0.0115  0.9992 0.12 0.4 60

the peak area of the internal standard quantitative ion pair. x; mass concentration of the compound, pg/L.

+* Mass concentration of each internal standard is 1 wg/L. y: ratio of the peak area of the quantitative ion pair of the compound to



14 H 8, %5 : QUEChERS

255 el BB (- HB R R O [ 0

b 2 B 1A 44 B ELIRME LA AR 6 FhZR R - 417 -
x3 BRETEFRYHMREKEREZE (n=6)
Table 3 Spiked recoveries and precisions of the target compounds in a chicken sample (n=6)
Matrix Added levels *
No. Compound content/ Low Middle High
(ng/kg) Recovery/%  RSD/% Recovery/%  RSD/% Recovery/%  RSD/%
1 tulobuterol - 73.0 8.55 93.0 7.05 98.7 5.10
2 clenbuterol - 70.0 14.3 92.0 6.61 114.7 10.7
3 bambuterol - 77.0 7.90 93.3 9.66 106.7 1.08
4 salmeterol - 90.0 11.1 99.0 3.50 92.7 4.49
5 clenproperol - - - 74.3 3.88 85.3 1.35
6 zilpaterol - 66.7 8.66 78.3 8.97 102.0 8.55
7 fenoterol - 72.7 4.20 78.0 2.56 92.2 1.04
8 penbuterol - 65.0 7.69 80.3 10.1 93.3 9.90
9 clencyclohexerol - 62.3 4.04 70.7 10.6 101.3 10.9
10 mabuterol - - - 96.7 8.68 102.0 1.96
11 brombuterol - 83.0 13.6 94.7 8.07 92.7 1.25
12 cimaterol - - - 114.3 1.82 106.0 3.27
13 salbutamol - 76.7 7.53 95.0 7.37 91.0 1.10
14 metaproterenol - 62.0 5.59 65.0 4.62 76.0 0.76
15 terbutaline - 80.0 12.5 100.7 8.45 101.7 2.48
16 clorprenaline - 80.3 13.1 92.0 9.29 102.7 2.98
17 ractopamine - 83.3 6.93 94.0 7.45 108.7 3.83
18 demethyl coclaurine - 98.7 5.21 103.2 3.02 112.3 5.05
19 tretoquinol - 95.2 6.02 103.5 5.33 110.5 2.04
20 atenolol - 83.7 7.59 87.3 8.28 107.3 3.88
21 propranolol - 86.7 13.3 86.3 13.4 106.7 12.1
22 metoprolol - 76.7 15.1 92.0 9.78 108.7 5.92
23 trenbolone - 72.7 3.18 72.1 0.58 76.8 2.13
24 methyltestosterone - 73.3 1.57 108.1 5.98 94.6 2.65
25 boldenone - 79.3 5.25 100.6 7.75 96.0 2.60
26 nortestosterone - 112.0 1.79 113.3 4.08 105.8 3.15
27 stanozolol 104.3 2.77 87.2 0.92 73.8 3.45
28 methandienone - 104.7 3.98 103.5 2.30 105.9 3.21
29 mesterolone - 52.0 3.85 52.3 9.23 50.4 8.40
30 mestanolone - 52.3 7.72 55.4 10.2 50.3 10.2
31 testosterone - 84.7 3.61 89.3 7.71 97.9 6.14
32 4-androstene-3 - 103.0 2.57 103.1 1.81 93.0 2.78
33 prasterone - 74.7 0.77 64.0 6.12 74.5 4.37
34 progesterone 104.7 3.86 113.1 10.5 92.0 0.87
35 chlormadinone acetate - 84.0 2.38 82.4 5.55 86.1 0.76
36 melengestrol acetate - 93.3 8.66 85.1 9.87 93.5 7.92
37 medroxyprogesterone acetate - 96.0 2.08 87.4 1.05 88.5 0.94
38 17-a-hydroxyprogesterone - 103.3 5.59 93.3 6.19 101.3 6.57
39 megestrol - 838.3 8.65 63.3 9.12 73.7 7.84
40 triamterene - 62.7 4.02 74.4 9.17 66.0 9.09
41 spironolactone - 62.3 2.45 67.9 7.06 67.3 3.74
42 canrenone - 90.0 11.1 100.0 7.00 72.0 5.56
43 dexamethasone - 95.7 5.76 106.7 0.89 103.5 2.17
44 hydrocortisone - 112.7 3.36 88.7 3.17 97.2 1.52
45 prednisolone - 85.3 11.1 93.6 10.1 83.8 3.58
46 cortisone - 78.3 7.03 71.9 0.42 73.3 5.51
47 prednisone - 90.0 5.09 72.7 2.21 76.5 7.98
48 fluocinolone acetonide - 85.3 1.35 85.7 5.39 66.3 2.51
49 fludrocortisone - 91.7 4.92 80.8 5.74 62.4 4.49
50 beclomethasone - 70.3 9.16 68.2 8.69 72.5 6.69

No. 23-42; 1, 8, 20 pg/kg for the compounds No. 43-50.

. not detected. * Standard addition levels were 0. 1, 0.8, 2 pg/kg for compounds No. 1-22; 0.5, 4, 10 pg/kg for the compounds
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Table 4 Spiked recoveries and precisions of the target compounds in a pork sample (n=6)
Matrix Added levels *
No. Compound content/ Low Middle High
(ng/kg) Recovery/%  RSD/% Recovery/%  RSD/% Recovery/%  RSD/%
1 tulobuterol - 93.3 6.19 100.3 0.58 105.7 3.82
2 clenbuterol - 92.0 7.84 105.0 4.36 110.7 5.52
3 bambuterol - 92.0 3.77 92.0 6.79 104.0 1.92
4 salmeterol - 92.7 5.10 90.7 3.37 95.3 1.21
5 clenproperol - - - 116.3 2.76 107.3 3.53
6 zilpaterol - 84.7 3.61 100.0 10.0 103.3 4.03
7 fenoterol - 97.8 1.97 72.2 9.61 84.4 12.8
8 penbuterol - 85.3 2.95 87.7 7.76 110.0 6.56
9 clencyclohexerol - 93.7 5.05 92.7 4.98 108.7 6.46
10 mabuterol - - - 97.7 11.0 85.0 5.13
11 brombuterol - 87.0 6.99 81.3 1.88 86.0 2.33
12 cimaterol - - - 107.3 4.30 112.7 4.19
13 salbutamol - 93.3 4.83 110.7 8.15 114.0 1.75
14 metaproterenol - 107.0 4.07 99.7 10.0 112.0 3.57
15 terbutaline - 110.3 2.09 91.0 8.30 86.7 2.90
16 clorprenaline - 100.0 1.34 110.0 1.76 111.3 4.52
17 ractopamine - 75.3 5.03 66.7 8.66 62.7 9.75
18 demethyl coclaurine - 95.3 4.73 105.7 2.73 110.7 3.09
19 tretoquinol - 84.0 4.76 89.3 7.28 93.7 5.88
20 atenolol - 96.0 5.51 110.0 1.69 110.7 2.09
21 propranolol - 98.8 6.21 97.5 5.28 106.3 3.32
22 metoprolol - 95.1 4.02 97.6 5.33 113.2 5.71
21 trenbolone - 76.7 7.53 77.3 1.49 77.6 3.57
24 methyltestosterone - 97.8 1.97 98.7 7.67 105.3 2.32
25 boldenone - 113.3 10.2 102.7 2.98 104.0 4.62
26 nortestosterone - 114.0 3.04 113.4 3.12 115.8 2.88
27 stanozolol - 65.3 7.70 66.7 4.58 70.8 10.6
28 methandienone - 103.3 5.59 100.7 4.14 105.9 3.21
29 mesterolone - 51.0 7.07 51.3 5.95 50.4 8.40
30 mestanolone - 50.3 3.03 53.7 9.19 57.7 4.36
31 testosterone - 75.0 6.67 103.3 1.12 97.9 6.14
32 4-androstene-3 - 113.3 5.09 113.0 3.86 99.1 4.45
33 prasterone - 61.3 3.77 64.0 4.13 66.3 4.61
34 progesterone - 93.3 12.4 98.7 6.59 92.0 0.87
35 chlormadinone acetate - 70.0 4.01 69.7 3.61 66.1 0.99
36 melengestrol acetate - 96.7 5.97 84.0 12.6 83.5 10.9
37 medroxyprogesterone acetate - 68.3 11.2 72.7 4.20 78.5 1.06
38 17-a-hydroxyprogesterone - 79.0 8.86 69.4 9.32 74.6 7.34
39 megestrol - 70.3 7.83 69.3 7.08 87.4 5.15
40 triamterene - 65.0 10.8 65.0 7.69 66.0 9.09
41 spironolactone - 69.3 1.67 72.0 8.45 74.0 7.15
42 canrenone - 100.0 5.04 73.3 7.87 72.0 5.56
43 dexamethasone - 116.7 4.95 105.7 3.04 78.9 4.79
44 hydrocortisone 13.3 87.3 7.36 105.7 5.21 70.8 9.09
45 prednisolone - 60.0 5.96 73.3 9.86 63.6 4.75
46 cortisone 3.86 62.0 8.06 96.4 7.86 73.1 5.92
47 prednisone - 66.0 8.44 74.3 7.41 76.5 7.98
48 fluocinolone acetonide - 65.3 6.37 82.0 6.34 66.3 2.51
49 fludrocortisone - 87.3 7.36 87.3 11.6 62.4 4.49
50 beclomethasone - 77.6 10.3 81.1 1.05 69.1 6.41

No. 23-42; 1, 8, 20 pg/kg for the compounds No. 43-50.

. not detected. * Standard addition levels were 0. 1, 0.8, 2 pg/kg for compounds No. 1-22; 0.5, 4, 10 pg/kg for the compounds
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Table 5 Spiked recoveries and precisions of the target compounds in a lamb sample (n=6)
Matrix Added levels *
No. Compound content/ Low Middle High
(ng/kg) Recovery/%  RSD/% Recovery/%  RSD/% Recovery/%  RSD/%
1 tulobuterol - 111.0 0.90 104.3 2.21 102.8 1.08
2 clenbuterol - 116.0 3.95 95.0 3.80 107.8 9.55
3 bambuterol - 105.0 5.79 113.0 4.06 104.7 6.25
4 salmeterol - 102.7 14.6 70.3 0.82 80.1 2.31
5 clenproperol - - - 66.0 3.03 72.7 5.39
6 zilpaterol - 110.0 4.72 65.3 9.96 74.0 14.2
7 fenoterol - 65.6 10.6 66.7 4.58 76.1 4.99
8 penbuterol - 114.3 0.50 76.7 2.72 70.0 13.1
9 clencyclohexerol - 104.0 10.7 67.3 10.1 77.3 13.6
10 mabuterol - - - 110.0 7.10 111.8 9.30
11 brombuterol - 115.7 2.78 99.0 12.7 103.5 8.40
12 cimaterol - - - 98.0 12.8 96.7 10.0
13 salbutamol - 110.7 4.46 77.3 13.2 68.9 10.1
14 metaproterenol - 100.7 4.90 85.7 7.13 87.5 8.66
15 terbutaline - 96.0 1.04 104.3 11.4 112.7 6.96
16 clorprenaline - 101.0 0.99 116.0 2.28 113.7 2.38
17 ractopamine - 74.3 2.05 77.3 2.69 82.3 3.00
18 demethyl coclaurine - 84.0 1.19 85.3 2.95 79.3 4.68
19 tretoquinol - 94.0 1.06 102.7 2.98 104.5 2.15
20 atenolol - 82.7 2.52 90.0 2.22 98.9 11.1
21 propranolol - 96.0 5.38 101.4 5.08 105.6 4.03
22 metoprolol - 102.5 4.99 107.3 5.07 112.5 3.22
23 trenbolone - 69.3 4.41 79.7 10.5 84.3 11.3
24 methyltestosterone - 108.7 3.83 101.6 2.86 107.9 13.3
25 boldenone - 98.0 5.40 108.8 4.69 108.1 2.57
26 nortestosterone - 113.3 1.02 107.8 2.45 107.1 1.77
27 stanozolol - 70.7 9.94 55.1 4.67 55.9 8.23
28 methandienone - 84.7 5.94 106.7 3.56 106.4 7.73
29 mesterolone - 54.0 6.42 54.4 6.07 55.1 5.29
30 mestanolone - 60.3 11.0 54.3 6.08 52.0 5.75
31 testosterone 1.00 116.7 3.96 100.4 2.74 86.3 12.7
32 4-androstene-3 - 114.7 5.81 91.3 7.29 94.9 3.58
33 prasterone - 89.0 9.20 64.2 13.9 80.6 12.6
34 progesterone - 96.3 7.79 80.3 3.61 81.0 13.8
35 chlormadinone acetate - 67.5 10.1 80.1 7.22 81.6 2.62
36 melengestrol acetate - 78.8 2.01 78.5 1.93 80.4 9.68
37 medroxyprogesterone acetate - 64.5 5.74 119.2 3.35 113.8 2.14
38 17-a-hydroxyprogesterone 74.6 7.34 119.9 4.83 115.3 2.92
39 megestrol 87.4 5.15 66.8 10.6 66.5 10.8
40 triamterene - 67.3 6.18 61.2 5.89 72.1 12.0
41 spironolactone - 79.9 5.95 78.5 8.60 78.7 8.30
42 canrenone - 71.0 2.82 105.7 2.38 105.5 11.2
43 dexamethasone - 99.0 15.0 105.9 7.60 104.8 2.75
44 hydrocortisone 4.90 118.3 4.34 90.8 4.98 71.4 0.87
45 prednisolone - 62.3 7.58 78.5 1.75 75.5 5.53
46 cortisone 1.10 89.0 4.05 80.5 6.29 69.7 5.22
47 prednisone - 86.7 6.56 72.3 9.10 77.3 3.42
48 fluocinolone acetonide - 63.0 11.4 84.9 2.35 69.3 10.7
49 fludrocortisone - 65.7 0.88 86.0 1.71 63.2 7.14
50 beclomethasone - 74.2 6.77 82.4 4.98 69.0 4.07

No. 23-42; 1, 8, 20 pg/kg for the compounds No. 43-50.

. not detected. * Standard addition levels were 0. 1, 0.8, 2 pg/kg for compounds No. 1-22; 0.5, 4, 10 pg/kg for the compounds
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Table 6 Spiked recoveries and precisions of the target compounds in a beef sample (n=6)
Matrix Added levels *
No. Compound content/ Low Middle High
(ng/kg) Recovery/%  RSD/% Recovery/%  RSD/% Recovery/%  RSD/%
1 tulobuterol - 102.3 2.26 105.3 3.09 89.9 5.33
2 clenbuterol - 113.7 2.83 111.5 7.83 113.9 5.31
3 bambuterol - 106.0 2.50 104.7 3.79 89.3 4.77
4 salmeterol - 87.7 2.37 98.6 3.03 97.3 13.2
5 clenproperol - 85.7 1.35 85.1 1.49 86.8 4.38
6 zilpaterol - 101.3 1.51 97.9 1.59 89.6 0.76
7 fenoterol - 72.0 2.78 80.9 4.59 73.9 5.34
8 penbuterol - 104.0 3.47 113.5 2.91 109.5 8.45
9 clencyclohexerol - 65.0 2.66 66.6 8.46 66.6 4.78
10 mabuterol - 107.7 3.75 117.7 1.44 110.3 0.82
11 brombuterol - 103.0 0.97 104.8 2.98 107.1 2.68
12 cimaterol - 112.3 4.39 103.9 0.99 105.6 2.18
13 salbutamol - 94.3 11.7 106.1 8.12 109.0 2.70
14 metaproterenol - 67.0 8.31 84.2 4.91 84.2 2.38
15 terbutaline - 95.0 5.26 102.3 8.64 97.5 10.3
16 clorprenaline - 85.0 4.71 87.9 1.25 85.0 1.19
17 ractopamine - 101.0 0.99 86.2 4.96 87.1 2.52
18 demethyl coclaurine - 93.7 2.47 88.9 3.64 89.7 2.77
19 tretoquinol - 84.3 3.81 84.1 1.80 87.0 1.59
20 atenolol - 101.0 3.43 110.2 6.72 104.5 3.78
21 propranolol - 92.6 4.52 99.8 7.01 100.6 5.01
22 metoprolol - 96.6 8.75 110.5 4.22 112.9 4.47
23 trenbolone - 92.3 5.20 102.7 2.97 91.9 1.78
24 methyltestosterone - 107.5 6.51 111.8 4.19 74.8 2.79
25 boldenone - 105.3 5.16 116.5 4.41 96.0 2.10
26 nortestosterone - 86.9 8.31 90.9 4.19 78.8 2.64
27 stanozolol - 51.7 5.58 54.4 2.57 52.5 3.25
28 methandienone - 84.3 4.87 99.1 3.07 69.0 3.72
29 mesterolone - 57.3 4.01 50.4 5.34 53.9 3.18
30 mestanolone - 53.1 5.50 52.4 5.86 53.9 3.36
31 testosterone - 70.1 5.44 65.8 7.24 66.0 1.60
32 4-androstene-3 - 92.3 8.40 80.6 7.89 79.1 0.77
33 prasterone - 92.2 5.92 101.2 7.18 107.5 2.18
34 progesterone 12.0 104.6 1.99 96.6 1.47 93.0 3.22
35 chlormadinone acetate - 63.7 7.66 75.3 5.81 68.3 9.47
36 melengestrol acetate - 85.3 12.8 83.4 12.6 83.7 8.31
37 medroxyprogesterone acetate - 90.0 7.95 93.9 3.31 97.4 3.41
38 17-a-hydroxyprogesterone - 73.4 8.58 76.1 10.1 72.2 5.32
39 megestrol - 60.7 8.30 71.0 4.09 74.7 3.09
40 triamterene - 63.7 6.27 61.1 1.36 68.0 2.15
41 spironolactone - 91.4 7.03 83.7 1.97 86.2 5.03
42 canrenone - 67.3 5.22 69.1 3.95 66.5 2.90
43 dexamethasone - 81.2 7.10 107.8 3.03 101.2 10.1
44 hydrocortisone 5.57 88.0 2.11 94.1 6.97 70.4 4.53
45 prednisolone - 70.3 11.9 71.7 7.36 66.2 8.19
46 cortisone - 98.6 7.98 90.7 4.83 84.0 3.15
47 prednisone - 75.4 7.86 79.9 7.70 67.4 7.49
48 fluocinolone acetonide - 73.0 10.2 78.7 8.51 66.0 9.31
49 fludrocortisone - 77.0 3.66 78.2 6.70 66.5 7.52
50 beclomethasone - 66.1 5.21 66.7 6.19 69.1 6.11

. not detected. * Standard addition levels were 0. 8, 4, 8 ng/kg for compounds No. 1-22; 4, 20, 40 ng/kg for the compounds No.
23-42; 8, 40, 80 wng/kg for the compounds No. 43-50.
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Table 7 Detection results for meat samples by two methods (n=2)
Sample This method/ ( ng/kg) GB/T 21981-2008/ ( ng/kg)
Hydrocortisone Cortisone 4-Androstene-3 Hydrocortisone Cortisone 4-Androstene-3
Pork 1 4.9 1.7 - 5.2 1.7 -
Pork 2 16.4 7.7 - 18.4 8.1 -
Pork 3 5.6 0.9 - 6.7 1.4 -
Chicken breast - - - - - -
Chicken wings - - - - - -
Duck - - - - - -
Beef 1 5.9 0.4 - 6.3 0.4 -
Beef 2 3.8 1.3 0.3 3.4 1.1 -
Beef 3 5.8 2.4 - 5.7 2.0 -
LOQ/ (pg/kg) 0.4 0.4 0.2 0.4 0.4 0.4
—: not detected.
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Table 8 Detection results for 12 beef samples (n=2)

Compound Content range/( ng/kg)  Detection rate/%
Hydrocortisone 3.3-22.6 100
Cortisone 1.5-2.1 67
4-Androstene-3 0.7-1.2 17
Testosterone 0.6-1.5 42
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