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Abstract: A gel permeation. chromatography purification (GPC)-gas chromatography-mass spectrometry (GC/MS) method was

e determination of teroid hormone residues (androsterone (A), dehydroepiandrosterone (DHEA), testosterone (T),
progestero: (P)‘strone (E1) and p-estradiol ($-E)) in butter samples. The butter samples were extracted by oscillation with
ethylac@/cyc exane (1:1, V/V). The extract was purified and degreased by GPC column. The GPC concentrate was evaporated to dryness
under a stream of nitrogen. Derivatization of the residue was carried out with pyridine and aceticanhydride. Finally, the derivative was separated
using a GC column/(HP-5MS, 30 mx0.25 mm, 0.25 pum), and the qualitative and quantitative analysis was conducted under the model of
selective ion monitor (SIM). Steroid hormone residues were quantified using external standard method, which had good linearity in the
concentration range of 10-500 pg/kg with correlation coefficiency larger than 0.999. The quantification limit was 4-10 pg/kg. At the spike levels
of 10 pg/kg, 50 pg/kg and 200 pg/kg, the recoveries of hormones were in the range of 77.2-112% and the relative standard deviation (RSD) was

from 4.2% to 10%. The above results showed that the method was accurate, reliable and suitable for the determination of 6 hormone residues in
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butter samples.

Key words: hormones; butter; gel permeation chromatography; gas chromatography-mass spectrometry

PR R SRR ) = B R o, LRI R
MEBCE AN R X e i B R R R R AR A
aol s g R AE KT, DUKIREER Sish ) FesE
G Fe T BRI A TR R B K
TR T, KR S = 2R 2 & S 80l 2%
B USRI B, B O B0 RS
E RN FBHIIE, AIFESDIRIE A H 2
WM O, SR R R R
B M RERIE M AR MR, MR BT
AR ZR FE DA, = RBEE A
HFERTAHE A (B D).

H T2 ia i & i ik B R I i kaE,
FEILFRYINIALL AER. FRREERE.
FFIE . 2R40. RSERAIK SO B), s i i R ik
B B AT AROE AR /b o Byl s TR B oA AT
EHMEEGNZ —, HREZSSTHENRE
R R

B S RN B R, ARG IR R - A AR
HURERT AR BB AR HE LA L BRI L4524, TR,
AW TR LB HINE RO R4 1R S5 (1 (GPE)
HEOR, ﬁ*ﬁ%&%ﬁ%ﬁ%éﬁd%ﬁﬁﬁ@%
ZAMAR > T REIEH>600, M IEHR<500),
VN 7 el A 7 I o7 W = 1P 02 O
W7 v A WO - HR BT (HPLC-
A ERE- Gk (GCMS). HIR GCMS 1AL
HPLC-MS/MS VZAH L T ZEATAMG, REBER G, (HA2
GC/MS PT55R A Aar I 2K [ BEdieas (1) i g = HLAE 1
WEARFIR IS 2= B B, R,

{ FHEE A, RIS

B 3
.
Tt 28, 2 e P O #iH—M 0 R 0
,Ef§ ,c;t?b ﬁ
(o]

i pon -] I OH

E—

HefH

-

O OH

B 1 6 MEEREmERR

Fig.1 Structure formulas of six hormones
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Table 1 Optimized mass spectrometer parameters of steroid hormone derivatives

wedh %5 PR B 18] /min HFAE B F/(m/2) K /z)
Z BB B TAc 20.665 124/147/228/330 ) 124
HE TR B R B AAc 18.136 201/257/272/332 ( 72
BLE KA IRBEBR B DHEAAc 18.784 121/255/276/33W' ) 0
BT P 21.605 124/229/272/3 1’( M"’ 124
e BRI B BA B ElAc 19.733 146/185/270/312-(M*") 270
17p-3f — B B BR B S-EAc 22.031 146/172/314/356 (M) 314
14 FERAIE 22 GPC¥# b & tHH w2
FREL 1 g FENL CRERAE] 0.01 @) T 15 mL FLE5 a nor
OEF, TN S mL ZBRZEAACEE (11, V) i
i 1 min, ARG ERT 8 mL, HEIRHIZI 15 ming ; 100
F- 10000 r/min FEL> 5 min, Yk LiHE GPC i @
L, 28 GPC b, W4d, W8k 2 mL RGICT IS =
i, 40 CTREARMEL 0.5 mL, BA2ml 80
i, 40 CTREAMRERT, MIKH 200 pL 4R
F1200 pL MERE A ETR P05 R EZY 1 min, T 70 ‘CHE Moo 102 104 108 108 1D
RTIRFEATAA 50 min, HUHAEIER =, 40 C A i} {i] / min
ARERT, 200 pL B O 7%, it 0.22 pm AL b 10sp El
JEME, At GO/MS M5E
2 HR5W =
2.1 '{f&x& | B =
BWERIG T RIS, SREFMIES
BHE R, 20 25 30 35 40 45 30
HOE AR AR, SRR I OGN R Rk 1] / min
PG MG AU 7. IR BRI [ 2 GPC BTEATATE] (a) FNFEUCEERTE] (b) XEHTHEM
i, IECkE. LEROHER. FCke. AUT 3 H IR FREMER SN

WA, SRR, BAR S PERIEAFIYY T LA AE S
HREZB OB O K (11, V) BRSO, 1
FRICNTETE AT, AN, 2R AEAR ket it GPC
WA, PUNER R OB EkE (i1, VD
PR o
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Fig.3 Derivatization formulas of hormones
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Fig.4 Mass spectrums of hormone derivatives in full-scan mode

(M/z 50~500)
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Fig.5 Total ion current (TIC) chromatograms of hormone
derivatives in selected ion monitoring (SIM) scan mode

(concentration: 0.5 mg/L, injected volume: 2 pL)
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Table 2 Calibration equations, correlation coefficients and LOQ of steroid hormone derivatives

wet KMTE B/(ug/ke) =) AR XA (r) L OQ/(ug/kg)
HEBRBE BA B 10~500 Y=1.43x10°X-1.42x10° 0.9994 10
Jo R AR B BR A 10~500 Y=2.55x10°X-1.35x10° 0.9993 5
R B4 A B 10~500 Y=1.23x10°X-1.45x10° 0.9991 10
2 i) 10~500 Y=7.24x10*X-8.54x 107 0.9990 10
B B B i 10~500 Y=7.29x10°X-7.57x10° 0.9991 5
17p- — BB BR B 10~500 Y=4.59x10°X-2.40x10° 0.9991 4
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* 3 TEMHET 6 MABEREH R MR ESRFEER (n=6)
Table 3 The recoveries and accuracies of 6 steroid hormones in spiked butter (n=6)
ety Atz (ug/kg) ETECE /Y% ABXTAT AN £/ %
e BRI B BR B 10. 50. 200 77.3~105 5.4~10
Pt A KA BRI BE BR B 10. 50. 200 79.7~99.8 42~9.5
ST BEBL By 10. 50. 200 77.2~90.3 6.1~8.0
25 10. 50. 200 83.0~112 7.1~9.3
SYEBF) B A B 10. 50. 200 90.1~106 4.2~10
17B-% — B2 BEBR B 10. 50. 200 78.7~109 5.1~9.2
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