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Determination of 11 hormones residues in chicken using QUEChERS
sample preparation method with ultra performance liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective A multi-residue testing method was developed for the simultaneous determination
of 4 androgens, 3 progesterones and 4 glucocorticoids in chicken using QUEChERS sample preparation method
with ultra performance liquid chromatography-tandem mass spectrometry(UPLC-MS/MS). Methods The
homogenized sample extracted with ethyl acetate. The separation was performed on a phenomenex kinetex
column by gradient elution after puring from dispersive-solid-phase extraction(d-SPE). The analysis of 11 ana-
lytes were operated by electrospray ionization mass spectrometry under the positive or negative mode using
multiple reaction monitoring (MRM). Acetonitrile and water(containing 0.1% formic acid) were used as the

mobile phase both in positive and negative. Results The correlation coeficients of calibration curves were
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over 0.991 in the corresponding concentration range. The average recoveries of the 11 analytes at three spiked

concentration levels varied from 84.4% to 94.1% and the relative standard deviations(RSDs) varied from 7.5%
to 12.5%. The limits of detection(LOD, S/N>3) and quantitation(LOQ, S/N>10) were 0.37~9.55 ng/kg and
1.11~28.65 pg/kg, respectively. Conclusion  The real sample tests showed that the proposed method was sim-

ple, rapid, sensitive, reliable and cost-effective, and it was suitable for the simultaneous determination of hor-

mones residues in chicken samples
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1 MR5RZ%
1.1 F 5
Agilent 1290 UPLC / (

); API4000/ ( AB );
METTLER AB204-S/A ( , METTLER);
IKA 725 ( , IKA); Anke TDL-40B
( ); MS-3 Vortex (

, IKA); TurboVap LV ( , Caliper); 11

(megestrol acetate,
MA) (nandrolone, NT)
(boldenone, BD) (prednisolone, PDN)
(methylprednisolone, MPDN) 17a-
(17a-hydroxyprogesterone, 17a-OHP)
(methyltestosterone, MTS)
(betamethasone, BT)

(beclomethasone, BL) (trenbolone,
TB) (medroxyprogesterone 17-acetate,
MPA), 99.7%, Sigma

( s Merck ); QuECh-
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ERS (agilent technologies psa 50 mg); 1.4 UPLC-MS/MS
pH=12 1.4.1 &5
1.2 WA IS : Phenomenex Kinetex(100 mmx4.6 mm,
2.6 um), 130 C, : 0.3 mL/min, : 5
0.01 g,
pL, tA 0.1% ,B ;
, 100 mL , , !
100 pg/mL ,4°C
F1 RRBERRF
13 FESFTALIE Table 1 Gradient elution program
%A(0.1% %B( )
131 #& R
1 .
5.00 g ( 0.01g), 50ml 0 0300 9 >
. 2 5 0.300 85 15
10 mL , 1 min,
. 3 10 0.300 20 80
pH=12 5 mL, Imin,
4 11 0.300 95 5
4000 r/min S5min |, 50ml
5 12 0.300 95 5
10 mL
, 142 JRist
132 % 1 (electrospray ionization mass
06 g (aglilent spectrometry conditions, ESI); ;
technologies: PSA 50 mg; bulk carbograph 7.5 mg; C,sEC (MRM) ; 1350 C
50 mg; magnesium sulfate 50 mg), 2 min , : 10.0 L/min; : 275.8 kPa(40.0
4000 r/min 5 min 0.2 um psi); : 5500 V; : MS1, MS2
Unit; 2
F2 NHUEHRERESH
Table 2 Mass spectrometric acquisition parameters of 11 compounds
(m/z) (m/z)
(U/V) (U/V) (U/V) (t/ms)
97.0%* 148 37 10 25
1 MTS ESI+ 303.5 109.1 35 10 a5
121.0% 71 31 10 25
2 BD ESI+ 287.3 135.1 o1 10 25
253.4% 100 28 10 25
3 TB ESI+ 271.4 199.1 ps 10 55
109.2* 101 37 10 25
4 NT ESI+ 275.3 910 pd 10 55
325.5% 91 19 10 25
5 MA ESI+ 385.4 267 1 27 10 25
108.9%* 35 10 25
6 170-OHP ESI+ 331.4 96.9 86 35 N 55
327.2% 21 10 25
7 17-acetate, MP ESI+ 387.4 123.0 111 39 10 25
357.2* 15 10 25
8 MPDN ESI- 375.2 ) 58 31 10 55
355.2% 17 10 25
9 BT ESI- 393.2 3373 70 19 10 25
343.2% 14 10 25
10 PDN ESI- 361.2 1472 70 32 10 25
391.2% 16 10 25
11 BL ESI- 409.2 279.3 70 9 10 55
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) , 100% =
6
80% |-
5 5 5 60% -
e 40% =
23 [EWER. BEE
10 50 100 pg/kg 20% |-
b 3 b
0%
b 6 2 2 3 2
SCX /M I AR R
R 3
24 BERHTETR .
. W REE Fig. 6 Selection of purification methods
10 50 100 pg/L
*3 EWERSHEEE(N=6)
’ Table 3 Recoveries and precision (n=6)
(hg/L) (ne/ke) (%) RSD(%)
1 . .
100% - 0 86.90 9.5
BD 50 89.05 10.7
100 88.62 7.5
80% 10 90.47 1.2
PDN 50 88.43 11.0
60% | 100 92.08 1.5
10 88.85 11.1
MA 50 92.82 10.1
0, —
0 100 89.97 9.5
10 87.58 12.2
20% - MPDN 50 90.87 10.0
100 86.37 9.4
0% 10 88.80 10.4
i W LR T NT 50 88.28 1.1
100 88.92 10.6
4 pH 10 90.60 10.1
Fig.4 Comparison of the effect of ethyl acetate extract with TB 50 85.12 9.3
different pH 100 84.60 9.3
10 85.37 11.1
[l ik
100.00% MTS 50 94.17 8.0
90.00% 100 86.57 8.4
80.00% [
EY 1 . .
T000% |- —— F51 y 0 87.60 7.7
-acetate,
M 60.00% [ MP 50 90.85 9.7
%ﬁ 50.00% 100 92.45 9.4
40.00%
30.00% F 10 93.42 10.9
20.00% G 170-OHP 50 90.58 8.3
10.00% r 100 89.12 9.1
0.00% 1 1 1 1 1 1 ]
10 86.00 12.5
NS 1\10 IS 1\20 125 130 1\35
BT 50 84.42 9.4
FRRC 100 87.57 10.6
5 10 88.83 12.1
. . . BL 50 93.18 10.4
Fig. 5 Comparation the effect of extract from 4 different
100 89.32 10.3

solution composition
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Y=bX+c 1.0~100 pg/L , 11 , 3 (S/N>3) 10
, (S/N>10) 11
0.991, 4 11 0.37~9.55 pg/kg
, 1.11~28.65 pg/kg
T4 LMHBENEYRTIEMEEMEHEXRL
Table 4 Regression equations and correlation coefficient of tetracyclines
r ng/kg ng/kg
MTS Y=1070X+1290 0.9979 1.65 0.55
BD Y=4260X+17800 0.9917 1.11 0.37
TB Y=1350X+3750 0.9959 2.48 0.82
NT Y=1740X+6560 0.9954 2.34 0.78
MA Y=1600X-782 0.9989 2.29 0.76
17a-OHP Y=1190X-368 0.9985 2.73 0.91
17-acetate,MP Y=474X+510 0.9971 12.04 4.01
MPDN Y=2370X+11700 0.9970 15.87 5.29
BT Y=367X+1960 0.9973 1.54 0.51
PDN Y=193X+2920 0.9936 28.65 9.55
BL Y=367X+2380 0.9957 9.66 3.22
3 é:lgl: 'VE\. Zhang AZ, Wang QL, Shen J, ef al, Simultaneous determination

57 3k

(1

QuEChERS

E

.

, 2006, 34(4): 298-302.

Sun M. On the Effect of Anabolic Androgenic Steroids to Human

Health[J] Henan Inst Sci Technol: Nat.Sci.Ed, 2006, 34(4):

298-302.
(2] , ,

190-196.

7 1.

2010, 28(2):

of seven sex hormones in fish products using ultra performance
liquid chromatography-tandem mass spectrometry[J]. Chroma-
togr, 2010, 28(2): 190-196.

[3] , . [71.

,2010, 20(7): 1649-1650.

Tan H, Mai Q. Determination of chloramphenicol residues in aq-
uatic products by enzyme immnunoassay assay[J]. Chin J Health
Lab Technol, 2010, 20 (7): 1649-1650.

[4] , , )

[J1. , 2008, 36(4):

525-528.
Zhan CR, Guo P, Chen ZG,; et al. Determination of Thiampheni-
col and Florfenicol Residues in Aquatic Products by Ultra Per-
formance Liquid Chromatography[J]. Anal Chem, 2008, 36(4):
525-528.



2 ,  : QuEChERS/ - 11 391
[J]. 2009, 27(3): [J]. ,2009, 30(2): 115-119.
294-298. Wang ZJ, Leng KL, Sun WH, et al. Determination of chioram-
Lin WX, Dong WF, Chen X, et al. Determination of hormone phenicol, thiamphenicol and florfenicol residues in aquatic prod-
multi-residues in animal tissues by gas chromatography-mass ucts by HPLC-MS with internal standard method[J]. Prog Fi-
spectrometry[J]. Chin J Chromatogr, 2009, 27(3): 294-298. shery Sci, 2009, 30(2): 115-119.
[6] s s s - [14] Harwood DT, Handelsman DJ. Development and validation of a
[J1. s sensitive liquid chromatography—tandem mass spectrometry as-
2006, 24(1): 14-18. say to simultaneously measure androgens and estrogens in serum
Li P, Qiu YM, Cai HX, et al. Simultaneous Determination of without derivatization[J]. Clin Chim Acta, 2009, 409: 78—84.
Chloramphenicol, Thiamphenicol, and Florfenicol Residues in [15] R , , . 26 po-
Animal Tissues by Gas Chromatography/Mass Spectrometry[J]. [J]. , 2008, 36(11): 1476-1482.
Chin J Chromatogr, 2006, 24(1): 14-18. Wu PG, Wang Q, Chen HH, et al. Multi-Residue Analysis of 26
[7] Tso J, Aga DS. A systematic investigation to optimize simulta- Types of f,-Agonists and Steroids in Animal Tissues[J]. Chin
neous extraction and liquid chromatography tandem mass spec- Anal Chem, 2008, 36(11): 1476—1482.
trometry analysis of estrogens and their conjugated metabolites [16] s ,
in milk[J]. Chromatogr A, 2010, 1217: 4784-4795. - [J]. 2006, 34(3):
[8] Regal P, Vazquez BI, Franco CM, et al. Quantitative LC-MS/MS 298-302.
method for the sensitive and simultaneous determination of nat- Qin Y, Chen J, Zhang MJ. Chin J Determination of Anabolic
ural hormones in bovine serum[J]. J Chromatogr B, 2009, 877: Hormones Multi-residues in Animal Muscle Tissues Using Lig-
2457-2464. uid Chromatography Tandem Mass Spectrometry[J]. Anal Chem,
[9] Kushnir MM. Rockwood AL, Robeas WL, et al. Performance 2006, 34(3): 298-302.
Characteristics of a Novel Tandem Mass Spectrometry Assay For [17] , , s -
Serum Testosterone[J]. Clin Biochem, 2011, 44: 77-88. 39 [J]. , 2010, 28(11):
[10] Shao B, Zhao R, Meng J, et al. Simultaneous determination of 1031-1037.
residual hormonal chemicals in meat, kidney, liver tissues and Zhu WX, Liu YF, Yuan P, et al. Quick determination of 39 hor-
milk by liquid chromatography—tandem mass spectrometry[J]. mones residues in infant formula by liquid chromatogra-
Anal Chim Acta, 2005, 548: 41-50. phy-tandem mass spectrometry[J]. Chin J Chromatogr, 2010,
[11] , , , . / 28(11): 1031-1037.
[J]. s [18] GB/T 21981-2008
2005, 33(4): 463—-466. - / [S].
Peng T, Li SJ, Chu XG, ef al. Simultaneous Determination of GB/T 21981-2008 Determination of hormone mubhiresidues in
Thiamphenicol and Florfenicol Residues in shrimp by High Per- foodstuffs of animal origin-LC-MS/MS method [S].
formance Liquid Chromatography [J]. Chin Anal Chem, 2005, [19] Yang Y, Shao B, Zhang J, et al. Determination of the residues of
33(4): 463-466. 50 anabolic hormones in muscle, milk and liver by
[12] R R s very-high-pressure liquid chromatography—electrospray ioniza-
8 1. , 2010, 29(2): tion tandem mass spectrometry[J]. J Chromatogr B, 2009, 877:
152-156. 489-496.
Xu YJ, Tian XH, Zhang XZ, et al. Determination of 8 Estrogens [20] Klinsunthorn N, Petsom A, Nhujak T. Determination of steroids
in Aquatic Products by Ultra Performance Liquid Chromatogra- adulterated in liquid herbal medicines using QUEChERS sample
phy Tandem Mass Spectrometry[J]. Instrum Anal, 2010, 29(2): preparation and high-performance liquid chromatography [J]. J
152-156. Pharm Biom Anal, 2011, 55: 1175-1178.
[13] s s s [21] Aguilera LMM, Vidal JL, Romero GR, et al. Multi-residue de-

termination of veterinary drugs in milk by ultra-high-pressure



392

[22]

liquid chromatography—tandem mass spectrometry[J]. J Chro-
matogr A, 2008, 1205: 10-16.

Stubbings G, Bigwood T. The development and validation of a
multiclass liquid chromatography tandem mass spectrometry
(LC-MS/MS) procedure for the determination of veterinary drug
residues in animal tissue using a QUEChERS (QUick, Easy,
CHeap, Effective, Rugged and Safe) approach[J]. Anal Chim
Acta, 2009, 637: 68-78.

(UAE % 8 R #%)

fEZ &I

»

x

ERA, BEIRF, TEHRAE
HERBEEEEYRSH.
E-mail: 1yj19870319@126.com

HER, IR, TETARABDAR
BAESEEURS.

E-mail: shimianhe74@sina.com



