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Abstract A quick confirmative method was developed for determining the residues of 17 glu-

cocorticoids 11 progesterones 3 androgens and 8 estrogens in infant formula by liquid chroma-
tography-tandem quadrupole mass spectrometry LC-MS/MS . The sample was extracted with
acetonitrile at first. Then the lipid substances were removed by centrifugation under freezing
condition and liquid-liquid extraction with hexane of the extract. The purification was carried
out on hydrophilic-lipophilic solid-phase extraction columns and methanol was used as the eluted
solvent. The detection of 39 analytes was carried out in the positive or negative multi-reaction
monitoring MRM mode separately. Acetonitrile-0. 1% formic acid was used as the mobile
phase and an ordinary silica gel C,, column was selected to separate the analytes in the positive
mode. Acetonitrile-0. 1% aqueous ammonia as mobile phase and the separation was carried out
on an ultra-performance C,, column with a wide pH range in the negative mode. The limits of
quantification LOQ S/N=10 were 0.02 -5 png/kg. The overall recoveries varied from 59. 5%
to 117.9% and the relative standard deviations RSD were between 6.4% and 16.3%. The real
sample tests showed that the simple and accurate method can be used for determining the resi-
dues of multi-endogenous and chemically synthesized hormones in milk powders.

Key words liquid chromatography-tandem mass spectrometry LC-MS/MS  solid-phase ex-
traction SPE  frozen delipidation hormones infant formula
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NH, 3 mL/500 mg
96% Tedia
Fisher
Millipore =18 MQ
2002 cm
235 1.2
10 mg 100 mL
100 mg/L
: 96/22/EC -20 C
FDA -0. 1% 111 v/v -0. 1%
? 1:1 v/v 1 mg/L
- 1:1
v/v 1 mg/L
1.3 LC-MS/MS
LC Water Sun-
fire C 150 mm x2. 1 mm 5 pm
A 0.1% B 0~4
LC- min 15% A ~65% A 4 ~8 min 65% A ~80% A
MS ¢ - GC-MS ¢ 2min 10 ~10.1 min 80% A ~15% A 4
GC-MS min 0.3 mL/min 30 C 10
nL  Vaclo 2.8 ~11 min— 0~
} 2.8 min 11 min —
LC-MS LC Water UP-
LC BEH C; 50 mm x2.1 mm 1.7 pm
LC-MS A 0.1% B 0~
’ 0.8 min 10% A 0.8 ~4 min 10% A ~60% A
2.5 min 6.5 ~6.6 min 80% A ~10% A
LC-MS/MS 3.5 min 0.3 mL/min 10 pL
39 30 € Vaclo 2 ~5.5 min— 0
~2min 5.5 min —
1 MS/MS ESI
1.1 ESI” ESI™ 310.3 kPa
ACQUITY UPLC Wa- 45 psi 172.4 kPa 25 psi
ters API4000 AB 500 V 550 C
RX II Series 275.8 kPa 40 psi 69 kPa 10 psi
39 = 98% Sigma 10 ms
Aldrich Dr. Ehrenstorfer Oasis DP CXP
HLB 3 mL/60 mg Waters EP CE 1
1 39
Table 1 MS parameters for the determination of 39 hormones
No. Hormone Ionization Parent ion Product ion N CE/eV  CXP/V EP/V
mode m/z m/z
1 triamcinolone ESI* 395.1 357.3% 225.3 65 70 20 24 23 15 10 9
2 predisolone ESI* 361.3 147.2 343.2° 50 33 15 9 23 10
3 hydrocortisone ESI* 363.3 121.3% 309.2 110 32 23 7 20 13 12
4 methylprednisolone ESI* 375.4 357.2° 161.3 50 14 28 24 10 6 6
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1
Table 1 Continued
Tonization Parent ion Product ion
No. Hormone DP/V CE/eV CXP/V EP/V
mode m/z m/z
5 betamethasone ESI* 393.3 355.2 373.2" 60 19 13 23 25 9
6 dexamethasone ESI* 393.2 237.1 355.1" 50 25 16 15 24 8 7
7 flumethasone ESI* 411.2 253.2% 335.2 70 21 17 17 21 10
8 triamcinolone acetonide ESI* 435.5 213.2* 225.1 60 38 29 14 14 11
9 fluocinolone acetonide ESI* 453.5 121.3* 337.1 70 49 20 23 13
10 hydrocortisone acetate ESI* 405.4 309.3 327.3" 80 25 23 17 23 10
11 fludrocortisone acetate ESI* 423.3 239.3% 343.3 100 35 30 16 21 13 14
12 prednisone acetate ESI* 401.2 147.2 295.4" 65 36 20 9 19 11 9
13 cortisone acetate ESI* 403. 4 163.3" 343.2 110 35 26 10 23 11 9
14 dexamethasone acetate ESI* 435.3 309.3° 337.3 50 19 18 20 23 9
15 17a-hydroxycorticosterone ESI* 373.3 109.3% 331.2 100 37 25 21 7
16 beclomethasone ESI* 521.3 503.2° 319.3 60 17 24 13 20 11
17  norethisterone ESI* 299.3 109.3 231.3~ 110 36 25 6 15 10
18 mifepristone ESI* 430.3 134.3 372.4" 80 42 29 8 9 8 7
19 norgestrel ESI* 313.4 109.3 245.2°" 90 38 27 21 16 8 10
20 dydrogesterone ESI* 313.3 97.2% 211.2 80 41 32 19 13 6 11
21 17a-hydroxyprogesterone acetate ESI* 373.3 313.3* 271.4 70 21 24 20 17 8 5
22  megestrol acetate ESI* 385.4 267.3% 224.3 70 26 33 18 14 8
23 chlormadinone acetate ESI* 405.3 309.4° 267.3 70 20 30 21 17 7 11
24  progesterone ESI* 315.3 109.3° 297.3 70 35 24 6 19 12 11
25 melengestrol acetate ESI* 397.3 279.3% 337.3 70 27 19 17 21 12 9
26 medroxyprogesterone acetate ESI* 387.4 123.2° 327.3 70 38 20 23 22 7 10
27 17a-hydroxyprogesterone caproate ESI* 429.4 313.3% 271.4 70 22 27 20 18 10 7
28 testosterone ESI* 289.3 109.3* 253.3 80 35 24 20 16 11 10
29 17-methyltestosterone ESI* 303.3 109.3* 227.3 80 39 28 20 15 10 13
30 trenbolone Acetate ESI* 313.3 253.2% 271.2 100 27 26 16 18 9 11
31 zearalenone ESI™ 317 175.1 131.1~ 110 33 40 12 10 10
32 estriol ESI™ 286.9 144.9* 171.0 100 55 50 13 10 5
33 zeranol ESI~ 321.1 277.0% 90.9 100 31 48 12 9 9
34  estradiol ESI™ 271 144.9% 182.9 100 55 54 7 11 10 13
35 estrone ESI~ 269.1 145.0° 159.0 100 16 31 17 8 10
36 diethylstilbestrol ESI~ 266.9 237.0% 250.9 85 39 35 16 9 8
37 dienestrol ESI- 264.9 92.9% 248.9 80 35 34 8 5 3 4
38 hexoestrol ESI~ 269.3 134.1 119.1~ 70 20 45 20 18 11
39 halcinonide ESI~ 453.2 433.2" 397.1 100 40 50 15 22 13 15
* quantification ion.
1.4 v 0.22 pm
508 50 mL LC-MS/MS
10 mL 1 min 40 C 20 ’
min 0 T 8 000 r/min 10 min
7 mL 2.1
39
4
10 mL - log K, 0.63 ~4.31
50 C
4 mL 30%
3 mL 3 mL HLB
3 mL 3 mL 30%
5 mL NH,
3 mL 50 C
ImL - 2:8 v/
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10 g
30 mL 40 C
3 105 C 100% 80% 60% 40% 30%
3 20% 10%
11.0% > 9.9% > 0
9. 1% ~30% 39
81% ~95% =40%
2.2
HLB 30%
C, HLB
) 4-6
30% 39
40 C 20 min 5 mL HLB
2.3
60% NH,
¢ NH,
Shao ‘" - <25%
2.6
<20% 178- <5% Yang
! C, C,
10 30 C
10 Sunfire C,
Water Sunfire C 1.3
RSD 3~8
<11.5% m=6 min
0.1% pH 10 pH
2.4 Cq BEH C,,
4% pH pH1 ~
12
1.3 9
- 3:1 vw/v
40%
- 2:8
v/v 9
2.5 1
HLB 2.7

APCI ESI

35
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APCI ESI
Blasco 1 1
mg/L 2.8
1 3 17 r
0.99 2 S/N =10
M+H ° LOQ LOQ 2
! 2.9
3 1 x LOQ 1.5 x
M + LOQ 2 x LOQ
H -~ 10
M-H - RSD 1
2
0. 1% M-H - 5 39
2 39
Table 2 Linear relationships recoveries relative standard deviations RSDs and
limits of quantification LOQ S/N=10 of 39 hormones
Hormone Linear equation Linear range/ ng/kg r Recovery/% RSD/% LOQ/ pg/kg
Triamcinolone y=913x -274 0.2 -20 0.9986 81.1-110.3 8.6 0.5
Predisolone y =1970x - 741 0.05 -20 0.9997 72.0 -98.4 10.2 0.1
Hydrocortisone y =1040x - 310 0.1-20 0.999%4 87.8 - 103 8.1 0.25
Methylprednisolone y =2710x +944 0.1-20 0.998 76.7 -93.2 6.9 0.2
Betamethasone Yy =6990x + 985 0.05 -20 0.9999 75.7-94.8 12.3 0.05
Dexamethasone y =4400x - 873 0.05 -20 0.9997 69.0-92.3 9.3 0.05
Flumethasone y =789x - 181 0.2 -50 0.9981 73.1-101 9.5 0.5
Triamcinoloneacetonide y =800x + 339 0.1-10 0.9994 84.5-97.1 10.4 0.2
Fluocinolone acetonide Yy =48T7x -25.7 0.2 -20 0.9949 66.4 -99.2 13.7 0.5
Hydrocortisone acetate y =574x -473 0.2 -50 0.9991 70.0 - 101 12 0.25
Fludrocortisone acetate Yy =569x —242 0.5-50 0.9987 76.1-97.3 8.9 1
Prednisone acetate y=23.3x-14.2 2.0 -50 0.9936 84.4 -96.7 9.7 5
Cortisone acetate Yy =829x -204 0.2 -20 0.9991 72.7 -104.5 10.6 0.5
Dexamethasone acetate y=121x-53.2 0.2-20 0.9929 64.4 -102.3 15.2 0.5
17 a-Hydroxycorticosterone y =1840x + 1010 0.2 -20 0.9981 83.8 -117.9 13.6 0.5
Beclomethasone y =1570x - 1470 0.5 -50 0.9998 78.5 -100 11.8 0.5
Norethisterone Yy =909x - 598 0.2 -20 0.9965 80.2 -98.3 7.6 0.5
Mifepristone y =5890x - 1190 0.05-20 0.9968 83.4-94.9 9.3 0.1
Norgestrel y =8890x + 848 0.1-20 0.9996 79.4 -98.5 7.8 0.25
Dydrogesterone y =2160x - 316 0.25 -50 0.9991 75.5 -107.8 12.8 0.5
17 a-Hydroxyprogesterone acetate y =1560x + 152 0.1-20 0.9998 76.4 -99.7 11.5 0.25
Megestrol acetate y =4950x - 1450 0.05-10 0.9997 62.9 -96.2 12.9 0.05
Chlormadinone acetate Yy =6540x - 2030 0.25-20 0.9999 85.8 -98.8 8.6 0.5
Progesterone y =10900x + 148 0.02 -50 0.9999 94.5 - 105 6.4 0.02
Melengestrol acetate y =1530x - 891 0.1-20 0.9977 78.6 -94.7 7.7 0.1
Medroxyprogesterone acetate y =4560x — 289 0.1-10 0.995 72.6 -91.0 10.1 0.1
17 a-Hydroxyprogesterone caproate y =9140x - 7330 0.25 -50 0.9998 63.1-86.7 9.5 0.5
Testosterone y =8060x - 878 0.05 -10 0.9997 76.5 -101.7 8.3 0.1
17-Methyltestosterone y =7680x —4240 0.05 -10 0.9995 86.1-102.5 6.2 0.1
Trenbolone Acetate y =14600x - 992 0.1-20 0.9988 81.1-100.2 9.3 0.1
Zearalenone Yy =2460x - 476 0.25 -50 0.9998 85.8-99.4 11.6 0.5
Estriol y =1300x - 147 0.1-20 0.9995 75.3 - 104 9.7 0.2
Zeranol Yy =9540x - 2110 0.1-20 0.9999 71.4 -91.8 10.3 0.2
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Table 2 Continued
Hormone Linear equation Linear range/ png/kg r Recovery/% RSD/%  LOQ/ pg/kg
Estradiol Yy =6370x - 5100 0.25-20 0.9998 64.0-92.0 11.8 0.5
Estrone y =10900x - 8480 0.1-20 0.9983 77.0 -106.2 9.9 0.2
Diethylstilbestrol y =6830x - 5920 0.5-50 0.9989 60.8 -93.8 16.3 1
Dienestrol Yy =5670x -10.9 0.5-50 0.9998 68.0 -109.0 14.8 1
Hexoestrol y =3510x -371 0.5 -50 1 59.5-104.9 15.9 1
Halcinonide y =3100x - 2300 0.5-50 0.9996 71.8-90.8 8.5 0.5

y peak area x content of the analyte pg/kg.
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Fig. 1 MRM chromatograms of a milk powder sample spiked with 30 hormones at LOQ level in ESI* mode
1. triamcinolone 2. predisolone 3. hydrocortisone 4. methylprednisolone 5. betamethasone 6. dexamethasone 7. flumetha-
sone 8. triamcinolone acetonide 9. fluocinolone acetonide 10. hydrocortisone acetate 11. fludrocortisone acetate 12. prednisone
acetate 13. cortisone acetate 14. dexamethasone acetate 15. 17a-hydroxycorticosterone 16. beclomethasone 17. norethisterone
18. progesterone 19. melengestrol acetate 20. norgestrel 21. dydrogesterone 22. 17a-hydroxyprogesterone acetate 23. megestrol
acetate 24. mifepristone 25. chlormadinone acetate 26. medroxyprogesterone acetate 27. 17q-hydroxyprogesterone caproate 28.
testosterone 29. 17-methyltestosterone 30. trenbolone Acetate.



11 - 39 1037-
100 7 3.87 3 100 7 2.79 3 100 7 4.20 3
50 - 50 [ 50 -
0l s FUTTUNT AR B ol 1. TR BRI ol vl
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
c\\° 100 L 4.33 u § 100 L 438 35 a\\" 100 L 4.45 36
=y L iy I Z L
z [ z z [
2 8 2 F e L
S 50 E 501 S 50k
L L L [ o L
2 2 2
g 0 K £ E
] L L
~ 0 ..J\N/\»qq LN | e 0 b ) et 1 s ~ 0 .L.A;.\J\./le. L L
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
100 _ 2.56 37 100 L 2.70 3% 100 L 4.86 3
50 - 50 s0 L
oL ) L (ORI B (1) TV BRI R ol B R
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
t/min t/min 1/ min
2 9 MRM

Fig. 2 MRM chromatograms of a milk powder sample spiked with 9 hormones at LOQ level in ESI™ mode
31. estradiol 32. estriol 33. estrone 34. diethylstilbestrol 35. dienestrol 36. hexoestrol 37. zeranol 38. zearalenone 39. halci-

nonide.
2.10
20
20 1.4 ~27.9 ng/kg
5 0.6 ~1.2 png/kg
0.17 ~1.8 ng/kg
4 12

0.9 ~35.6 pg/kg

0.1~1.9 ng/kg 0.2 ~1.5 pg/kg

RSD 17.1%
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