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Abstract: Various types of milk powder purportedly providing diverse health functions have

emerged with the growth of the country’s elderly population. Some manufacturers illegally add
chemical drugs to their products to achieve their reported benefits, which poses a threat to con-
sumer health. The existing standard methods are inapplicable to such complex sample matrices
and require testing based on functional claims and classification. These limitations not only con-
sume manpower and resources but also seriously impede daily regulatory efforts to detect
unknown risk substances. In this study, a high-throughput method for the screening and
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quantitative analysis of 300 illegally added chemical drugs in functional milk powder and an
identification strategy for unknown structural analogues were established using Zeno SWATH®
data-independent acquisition ( DIA) ultra-high performance liquid chromatography-high resolu-
tion mass spectrometry ( UHPLC-HRMS) technology combined with a QUEChERS sample purifi-
cation method. The QUEChERS purification process was developed according to the characteris-
tics of milk powder matrix. The supernatant was separated on a Kinetex F5 column (100 mmxX
3.0 mm, 2.6 pm) by gradient elution using 5 mmol/L ammonium formate aqueous solution
(0.1% (v/v) formic acid, ) and methanol-acetonitrile (1:1, v/v) as mobile phases. The meth-
od was validated in terms of selectivity, linearity, limits of detection and quantification ( LODs
and LOQs, respectively) , matrix effect, accuracy, and precision. Based on a screening data-
base for the 300 target substances, electron-activated dissociation ( EAD) fragmentation was
applied to obtain rich secondary MS fragmentation information, and unknown structural ana-
logues were identified and confirmed through fragment attribution analysis. The results indica-
ted that all compounds had good linear relationships in certain ranges with correlation coeffi-
cients >0. 99. The LODs and LOQs were 0. 04-2.7 and 0. 2-8. 0 ng/kg, respectively. The aver-
age recoveries at three spiked levels were in the range of 73. 1% - 125.2%, and the relative
standard deviations were <14.8% (n=6). When the developed method was applied to detect
illegally added chemicals in 60 functional milk powder samples, it detected benzoguanidine and
sildenafil and successfully identified ethylphenidate, which is the structural analogue of an am-
phetamine. The proposed method is simple, sensitive, and accurate; thus, it may have practi-
cal application value for the daily supervision and law enforcement of milk powders with repor-
ted health functions.

Key words: ultra-high performance liquid chromatography ( UHPLC ) ; high resolution mass
spectrometry ( HRMS ) ; quadrupole-time of flight-mass spectrometry ( QTOF-MS) ; illegally
added; QUEChERS; functional milk powder; structural analogues
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Table 1 Physicochemical parameters, MS parameters and retention times for the 300 analytes

Compound Molecular A(.iduct . Primary .Secondaly tr/
formula ion ion (m/z) ion (m/z) min
GW501516 (GW501516) C, HF;NO,S, [M+H]* 6.2014 454.0753 257.0511 19.30
Acarbose ( B 4) C,sH;;NO g [M+H]* -8.5645 646.2553 304.1425  0.88
Phenformin ( #£Z, XU ) CyoH;5N; [M+H]* -0.1828 206.1400  60.0570  4.65
Pioglitazone ( MLA% 51 ) CyHy,N,0,5 [M+H]* 3.1596 357.1267 134.0994  8.31
Acetohexamide ( i i) CsH,N,0,8 [M+H]* 2.2098 325.1217 119.0497  9.91
Dapagliflozin (k4% %1i) C,, H,5ClO, [M+NH,]*  1.8444 426.1678 135.0824 10.48
Buformin ( T k) CeH,sN; [M+H]* -0.6254 158.1400  60.0557  1.96
Metformin ( — H XUIK) C,H; Ns [M+H]* -1.2438 130.1087  60.0578  0.95
Voglibose (fR## 51 ) C, H, NO, [M+H]* -4.4924 268.1391  92.0726  0.81
Glibenclamide (4%%14K) C,HyCIN;O5S [ M+H]* 3.6417 494.1511 369.0676  15.06
Glipizide (%5105 ) C,, H,;N;0,8 [M+H]* 2.0781 446.1857 103.0546  10.48
Glibornuride (4% %) C3HyN,0,S [M+H]* 2.1685 367.1686 152.1437 12.26
Gliquidone ( %51/ ) C,;H;;N; 0,8 [M+H]* 3.5185 528.2163 403.1342 17.96
Glimepiride (185125 0%) C,,H,,N,0,8 [M+H]* 3.0740 491.2323  126.0923 15.31
Gliclazide (#%31554%) C;sH, N;0,8 [M+H]* 1.6298 324.1376  127.1238  11.07
Tolbutamide ( B i T K ) C,,H4N,0,S [M+H]* 1.7830 271.1111  91.0563  9.69
Canagliflozin ( FA%1¥+) C,,H,;FO,S [M+NH,]*  2.9683 462.1740 147.0842 12.97
Chlopropamide ( 58RI i%) CH;;CIN,05S  [M+H]* 1.7379 277.0408 111.0000  9.08
Rosiglitazone (% % 51| ) CH,,N;0,8 [M+H]* 2.4909 358.1220 135.0940  7.17
Muraglitazar ( 4 il ) C,HyN, 0, [M+H]* 4.4285 517.1969 186.0937 18.41
Nateglinide (FR#%117%) CgHy; NO; [M+H]* 3.2609 318.2064 166.0870 13.66
Troglitazone ( fi#% 51 ) C,,H,,NO;S [M+H]* 4.3743 442.1683 165.0942 17.17
Repaglinide ( Hfif% 5175 ) C,;Hy N, 0, [M+H]* 5.2199 453.2748 230.1916 13.92
Tolazamide ( ZHifEfK ) C,H, N;0,8 [M+H]* 1.7739 312.1376 115.1246  10.05
Vildagliptin ( 4E35%1077) C,;H,sN;0, [M+H]* 1.1743 304.2020 154.0980 3.95
Sitagliptin ( P§LZIYT) CysH,;sF¢N;O [M+H]* 2.0165 408.1254 235.0803  7.71
2-Hydroxypropylnortadalafil ( 2-32P4 3t 25 H b iA R AR) CyHyyN; O [M+H]* 2.4404 434.1711 312.1377  9.93
2-Hydroxyethylnortadalafil (2-3 2 %2 B ik hidk) CyHy N; O [M+H]* 1.5738 420.1554 298.1192  9.39
N-Phenylpropenyltadalafil ( N-A4P9 8 HAli5H3F) CyHyuN,O, [M+H]* 4.2807 505.1870 383.1493 16.13
N-Butyltadalafil (N-T ZfhikHidl) CysHysN; 0, [M+H]* 3.3816 432.1918 310.1629 13.48
N-Desmethylsildenafil ( N-2£ PG HEARE) G, HyNgO,S [M+H]* 1.2687 461.1966 283.1221  9.48
N-Desethyl-N-methylvardenafil ( N-2=Z 5&-N-F 3Lk E) CyHyNgO,S [M+H]* 1.6803 475.2122  312.1598  9.02
N-Desethylvardenafil ( N-2:Z FA%H1IFAR) G, HyNgO,S [M+H]* 1.3381 461.1966 312.1594  9.02
N-Desethylacetildenafil (N-2:Z JE£LHITIRIE) Cy3H3NgOs [M+H]* 1.7627 439.2452  99.0939  8.47
N-Boc-N-desethyl acetildenafil C,sH3 Ny Os [M+H]* 3.4102 539.2976 439.2524 12.14
(N-BUT IR IE-N-2= 2 FE4T HUIR AR )
N-Octylnortadalafil ( N-= 4% 1 flk43E) CyH33 N30, [M+H]* 4.9420 488.2544 135.0440 19.07
N-Ethyltadalafil (N-Z:Abis$idE) CyH, N;0, [M+H]* 2.6014 404.1605 282.1301  10.90
O-Desethylsildenafil ( O-2:Z JEFGHITIFIE) CyHyNgO,S [M+H]* 0.9178 447.1809 283.1240  9.94
Avanafil (Fi[EARE) CyHyCIN,0;  [M+H]* 2.4318 484.1858 375.1292  9.35
Aildenafil (3CHIIRAE) Cy;H;,NgO,S [M+H]* 2.0457 489.2279  99.0951  10.04
Aminotadalafil (‘Z3AMbikFIRE) Cy HigN, O, [M+H]* 1.4552 391.1401 269.1105  9.23
Aminosildenafil (23 FGHARAE) C,3H,;N,0,8 [M+H]* 1.7123 406.1544 364.1116 10.27
Piperiacetildenafil ( #<BENELT TR ) CyH; N0, [M+H]* 3.3434 438.2500  98.1034  9.09
Xanthoanthrafil ( AEENEARAE) CoH,;N; 04 [M+H]* 2.3347 390.1660 151.0837 10.55
Pyrazole N-desmethylsildenafil (At N-2< B ZEpg kL ) Cy HyyNO, S [M+H]* 1.6005 461.1966 100.1012  8.16
Benzylsildenafil (<7GHiARIE) CyH;,N,O,S [M+H]* 3.1813 551.2435 377.1288 12.63
Propoxyphenyl aildenafil (7§42 HIRIE) G, H3NsO,S [M+H]* 2.4358 503.2435 283.1237 10.96
Propoxyphenyl thioaildenafil C, Hyy NgO; S, [M+H]* 3.8051 519.2207 299.0993 15.95
(NERFER ARSI AE )
Propoxyphenyl thiohomosildenafil (VAR ZEZIGHARAE)  CpyHyyNgO3S,  [M+H]* 3.7604 519.2207 299.0961 15.33
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( Continued)
Molecular Adduct Primary Secondary g/
Compound K IgP . X )

formula ion ion (m/z) ion (m/z) min
Propoxyphenyl thiohydroxyhomosildenafil C,,Hy NyO,S, [M+H]* 2.7328 535.2156  299.0974 14.54
(NEFRRGACSR IS TP AR AR )
Propoxyphenyl thiosildenafil (7548 %451 CPG # R ) CyH;NgOsS,  [M+H]* 3.3703  505.2050 299.0985  14.90
Propoxyphenyl hydroxyhomosildenafil CyH3yNgOsS [M+H]* 1.3635 519.2384  99.0923 10.15
(WERIL RIS ST PG HAIR R )
Propoxyphenylsildenafil ( 74 % 253 75 HIBAE ) C,,H;,N,0,S [M+H]* 2.0010 489.2279 283.1203 10.27
Propoxyphenylisobutyl aildenafil ( 3R T 3L HARE) C,sHyNO,S [M+H]* 2.6818 517.2592 297.1375 11.99
Dapoxetine (i5JAPEIT) C,,H,;NO [M+H]* 49116 306.1852 157.0729 11.75
Dimethylacetildenafil ( — F 32T AR ) CysH3y NgOs [M+H]* 2.5397 467.2765 410.2192  9.13
Dithio-desmethylcarbodenafil ( —-#ift2s 3K EHIARAR) Cy3Hy NG OS, [M+H]* 3.9670 471.1995 371.1064 13.60
Dithiodesethyl carbodenafil ( —#ift2: 2 4 L HIRIE) Cy,Hyy N4 OS, [M+H]* 3.6248 457.1839  371.1053 13.19
Vardenafil N-oxide ({X#ifiBdE N-E1k4) Cy3H;,NgOsS [M+H]* 2.0830 505.2228 477.1938  9.29
Vardenafil ({XHARE) CyH;,NO,S [M+H]* 2.0704 489.2279 312.1568  9.18
Vardenafil dimer ( f%HiIfdE " ik) CyHyNgOgS,  [M+H]* 3.4970 8353014 312.1560 18.54
Vardenafil oxopiperazine (£X BBl VR BRHH ) C, HygNgO5S [M+H]* 0.8647 475.1758 312.1646  9.81
Vardenafil acetyl analogue (¥ bI3E 2 BERZEUY)) CpHy N5 05 [M+H]* 2.3504 438.2500  98.1010  8.48
Cinnamyldenafil (EEHTRAR) C3,H Ny O, [M+H]* 4.1885 555.3078 117.0762 12.76
Homosildenafil (Z£5Zp4HuHRIE) C,,H;,N,0,S [M+H]* 2.0010 489.2279 573.0100  9.69
Acetildenafil (£ 37AE) CysHyy NGO, [M+H]* 2.4950 467.2765 297.1369  8.45
Cyclopentynafil ( #EJBE) CpH3NgO, S [M+H]* 2.9237 529.2592 151.0891  9.94
Carbodenafil (K EHIBIE) CyH;, NgO; [M+H]* 2.4525 453.2609 339.1513  8.20
Thioaildenafil (#ift3CHHRIE) C;H;,NgO,S,  [M+H]* 3.4150 505.2050 299.0973  14.55
Thiohomosildenafil ( 5if%%E 5 PR ) CyH;NgOsS,  [M+H]* 3.3703 5052050 113.1084 13.93
Thiosildenafil (HifLEHARE) CpH;NgO;S,  [M+H]* 2.9802 491.1894  58.0672 13.54
Thioquinapiperfil (i 4VRIE) Cp HyyNgOS [M+H]* 4.4828 449.2118 204.1462  8.95
Chlorodenafil (Z}ik3E) CyH, CIN,O;  [M+H]* 3.0963 389.1375 361.1055 13.41
Lodenafil carbonate ( % #iJI5IE Rk FREF ) CyHpN 0,48, [M+H]Y 3.1290 1035.4175 487.2118 19.29
Mirodenafil (>KkZHFE) CysH;;N5O5S [M+H]* 2.4514 532.2588 296.1419  12.05
Acetil acid (FBEZBEER ) C3H,yN, 0, [M+H]* 2.3730  357.1557 329.1290 10.58
Noracetildenafil (FBZLHBTRAE) CyHyy NGO, [M+H]* 2.1049 453.2609  97.0782  8.61
Norneovardenafil (AfZEAEHARE ) CsHy,N,0, [M+H]* 2.4424  357.1557 151.0935  9.64
Norneosildenafil (A3 PG #iAL}) C,,HyN;0,S [M+H]* 2.8494 460.2013 283.1222 16.22
Piperazonifil ( RISISE) C,sHyy N4O, [M+H]* 1.8723 483.2714 465.2679  8.84
Hydroxyvardenafil ( 35X E) Cy3HypNOsS [M+H]* 1.0428  505.2228  312.1585  8.96
Hydroxyhomosildenafil (#2552 ARk ) CpHyNgOsS [M+H]* 0.9734 505.2228 487.2150  9.40
Hydroxyacetildenafil (%41 1R ) CysH3y N O, [M+H]* 1.4674 483.2714 127.0892  8.45
Hydroxythiovardenafil (¥ &HARAR) CyH;NgO,S,  [M+H]® 2.4121 521.1999  328.1368 11.54
Hydroxythiohomosildenafil ( ¥ 38 CEE 574 HIFE) C;H;,NgO,S,  [M+H]* 2.3427  521.1999  99.0943 13.31
Hydroxythioacetildenafil (F3EERACLZIHIRIR) Cy5H3yNg O3S [M+H]* 2.8367 499.2486 127.0869 11.94
Hydroxychlorodenafil ( }23E5 AR ) CHy;CIN,O;  [M+H]* 2.9470 391.1531 313.1372 11.78
Gendenafil ( JRHIARAR) CioHyN, 04 [M+H]* 2.8774 355.1765 327.1490 12.16
Desmethylcarbodenafil (2 H 54 [ ARE) Cy3H3NgO; [M+H]* 2.0624 439.2452  339.1533  7.97
Desmethylthiosildenafil (2 F TG HIBE) CyHyNgO5S,  [M+H]* 2.6380 477.1737  85.0767 13.40
Demethylpiperaziny sildenafil sulfonic acid C;HyyN, 058 [M+H]* 1.9215 393.1227 365.0956  7.28
(25 FH IR 15 56 VG b AR R )
Nortadalafil (22 Abik$idR) C, Hj7N;0, [M+H]* 1.8691 376.1292 254.0993  9.39
Descarbonsildenafil ( 2% PG HiIBF) C, H;,N¢O,S [M+H]* 1.5147 463.2122 418.1562  8.82
Desethylcarbodenafil (2 Z 5K I HARAE) CyHy N O [M+H]* 1.7202  425.2296 311.1200  8.20
Dichlorodenafil ( W& HARIE) CoH,CLN,0, [M+H]* 4.4508 407.1036  350.0375 19.15
Didescarbonsildenafil ( X% PG AR E ) CyyHyNO,S [M+H]* 1.1725 449.1966 311.1530  8.63
Dioxohongdenafil ( XUEIZT #iARIE) CysH3yNgOs [M+H]* 1.5482 4952350  127.0908 10.15
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Compound Molecular A(.iduct g . Primary .Secondaly tr/

formula ion ion (m/z) ion (m/z) min

Tadalafil (filbik$iIE) C,HyN;0, [M+H]* 2.2113  390.1448 268.1138  10.10
Tadalafil dichloro impurity (flisHrE 1044 5R) CpHgCLN,05  [M+H]* 3.7160 461.0666 274.0868 15.96
Chloropretadalafil ( skl HE L)) C,H,CIN,O;  [M+H]* 3.1511  427.1055 135.0457 13.73
Oxohongdenafil ( Bz AR ) CysH;, NgO, [M+H]* 2.0216 481.2558 410.2216 10.36
Imidazosagatriazinone (iR HARIE) C,;Hy,N, 0, [M+H]* 2.6748 313.1659 285.1431 13.89
Depiperazinothiosildenafil ( iUk 54 FE HRAE ) C;HyN,0,S, [M+H]* 3.2908 409.0999 381.0706  9.69
Pseudovardenafil (fh{&HiARE) C,,H,,N;0,8 [M+H]* 29188 460.2013 312.1604 14.51
Udenafil ( Z3#BARIE) CysHyNgO, S [M+H]* 2.8275 517.2592  283.1220 10.13
Sildenafil N-oxide ( PEbARAE N-4E1k4) C,,H;)N,O;S [M+H]* 1.6235 491.2071 404.1414  9.71
Sildenafil ( VEH#bIRIE) Cy,Hy NGO, S [M+H]* 1.6109 475.2122 283.1205  9.48
Sildenafil dimer impurity ( P4 HiIIE — 5 A=) CysHyN o OsS,  [M+H]* 3.4970 8353014 311.1501 19.49
Sildenafil impurity 12 ( FEHIARAEZ T 12) C,sHy, Ny OS, [M+H]* 3.4698 499.2308 468.1891 14.78
Sildenafil impurity 14 ( FE#BARAEZ T 14) C,,H;,N,0S, [M+H]* 4.4018 485.2152 371.1051 14.53
Nitrodenafil ( fi§#sARAE) C,;H,,Ns0, [M+H]* 2.5830 358.1510 330.1243 14.03
Mutaprodenafil ( IAEHARE) CpyH;3sNyOsS,  [M+H]* 3.5453  630.2275 142.0094 12.12
Acetaminotadalafil ( Z iR Mk RE) Cy3HyN,Os [M+H]* 1.6326  433.1507 262.0870  9.23
Acetylvardenafil ( Z B HBARE) C,sH,, N, O, [M+H]* 2.5644 467.2765 111.0927  8.84
Isobutylsildenafil (5T JEP5HABE) Cy3H; N0, S [M+H]* 1.8569 489.2279  58.0647 10.28
Yohimbine ( & % 5 C,, HysN, 0, [M+H]* 2.6471 3552016 212.1315  7.23
N,N-Didesmethyl sibutramine (N, N-X{25 F 3 g4 75 il 1 ) CsHy, CIN [M+H]* 4.1351  252.1514  125.0233  11.02
N-Monodesmethyl sibutramine (N-#.75F L7545 il 1 ) C,¢H,,CIN [M+H]* 4.3958 266.1670 125.0229 11.19
Alprazolam ( P[4 me¢) C,;H;CIN, [M+H]* 3.5801 309.0902 281.0793  9.91
Atenolol (P &/K) C,Hy,N, 04 [M+H]* 0.4521 267.1703  145.0668  3.63
Estazolam (3L #]M4) CH,, CIN, [M+H]* 3.2717 295.0745 267.0630  9.32
Tranexamic acid ( & H FFfR) C4H,5NO, [M+H]* 0.8361 158.1176  140.1075  1.55
Amlodipine ( 2 HF) CyHysCIN,O5 [ M+H]* 2.2663  409.1525 238.0690 10.52
Oxazepam ( BILTERE) CsH, CIN,0,  [M+H]* 2.4479 287.0582 241.0616  9.09
Aceclofenac (i &5 2) C,H,;CL,NO, [M+H]* 3.9073 354.0294 214.0510 12.91
Diazepam ( Hi7H2E) C,H,;CIN,0 [M+H]* 3.1538  285.0789  193.0967 11.05
Dioxopromethazine ( "% N5 ) C,HyN, 0,5 [M+H]* 2.9210 317.1318 167.0790  7.48
Felodipine (JIEH1F) CH,,CLNO,  [M+H]* 3.9643 384.0764 338.0405 15.65
Fenfluramine (FH$7H]) C,H | F;N [M+H]* 3.2459  232.1308 159.0440  8.40
Phenolphthalein ( B3Fk) C,H,,0, [M+H]* 3.5601  319.0965 225.0633  9.35
Captopril (RFEEF) CyH,5NO;S [M+H]*  -0.7068 218.0845  70.0714  5.05
Clonidine ( 7] 4R 7E) CyH,CL,N, [M+H]* 2.3645 230.0246 212.9986  4.22
Lorazepam ( 975774 ) C;sH,,C,N,0, [M+H]* 3.1013  321.0192 275.0224  9.23
Reserpine (i) Cy3HyN, 0, [M+H]* 41711 609.2807 195.0724  13.02
Chlorphenamine ( 5874 ) C,,H,,CIN, [M+H]* 3.8186 275.1310  230.0796  7.97
Chlordiazepoxide (44 %5) C,¢H,,CIN,0 [M+H]* 2.9507 300.0898 227.0578  7.64
Chlormezanone (5 35+LAR ) C,H,CINO;S  [M+H]* 1.6155 274.0299 154.0432  7.87
Clonazepam ( &4 7HEE) CsH|(CIN;O;  [M+H]* 3.0377 316.0484 270.0635  9.53
Tetrahydropalmatine ( %38 &) C,, Hy;sNO, [M+H]* 3.3765 356.1856 192.1083  7.99
Lovastatin (3&f&A7T) Cy H; O [M+H]* 4.1955 405.2636  199.1521 17.37
Lovastatin hydroxy acid, sodium salt (#&%fbiT2MREAER) C,,Hy;NaOg [M+H]* 2.3809 4452561 343.1867 15.53
Ephedrine ( FREHH) C,,H,;sNO [M+H]* 1.3279  166.1226  133.0922  3.59
Mevastatin ( SEHft7]) C,;H,, 05 [M+H]* 3.9495 391.2479 159.1201  15.93
Midazolam ( Bk ikmeC) C 3 H,;CIFN, [M+H]* 43242 326.0855 291.1225  8.69
Nimodipine (J& %) Cy HyN, 0, [M+H]* 2.9708 419.1813  301.0902 14.68
Nitrendipine (JE#f#1°F) C3Hyy N, 04 [M+H]* 2.5657 361.1394 315.1040 13.55
Nisoldipine (Jé#&HhT-) CyHyyN, 04 [M+H]* 3.2018 389.1707 239.0820 15.18
Prazosin ( JkM:% ) CyH, N;0, [M+H]* 1.7846  384.1666 247.1269  7.59
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Compound

Molecular
formula

Primary Secondary
ion (m/z) ion (m/z)

ty/
min

Sinomenine ( 7 )

Triazolam ( =M )

Salbutamol ( 7077 JliZiE)

Melatonine (#RZEZ)

Dehydro lovastatin ( il 52318 &Ah T )
Venlafaxine ( SCHIE)
Sibutramine ( F5 13 [ )

Nifedipine (fiEZ&#F-)

Nitrazepam ( fi§ P4 #)

Simvastatin (&A1)

Nicotinic acid ( {HFiz)

Zaleplon ($LHHE)

Zopiclone ({/FPETEf%)
Phentolamine ( i} %ZH71)
Terazosin ( FFHIMETR)

Tolazoline (ZHiPEHk)
Chrysophanic acid ( KZ )
Glabridin (18 #HLIZ )

Sodium picosulfate (VTR HiAR%N)
Amphetamine (ZZAEfBEA)
Bupropion (ZEALHEH)

Orlistat ( %F] & Alh)

Norephedrine ( <L)
Bezafibrate ( 7KL D14F)

Bisacodyl ( FL¥PT]HE)
11-Desisobutyl-11-benzyl sibutramine ( <3 P45 g BH )
Bumetanide ( fi &4tJE)
Fenofibrate (3Ei#i I4¥)
Phentermine (73472 H)
Fluoxetine (#PE{T)
Homosibutramine ( &% 7445 1)
Methamphetamine ( FF 223147 )
Methylephedrine ( F 5L J5R 2 5 )
Caffeine (MIHER)

Rimonabant ( F|ZHLHF)

Chloro sibutramine ( &A% 76 7 1 #H )
Lorcaserin (&R k)

Cathine (2 fhIFRE DK )
Pseudoephedrine ( fJFk 575 )
Indapamide (5|35l )

Dehydro nifedipin (254 fil§ 7 Hi1F )
Dehydronitroso nifedipin ( 25 %0V il Al 25 H15F )
Higenamine (25 H 12 247 )
Tretoquinol ( fii G4 )
Octopamin ( %77 B i)

Morphine (M)

Codeine ( 7] fF[A)

Papaverine ( Z25E7%)

Noscapine (HFH]T)

Thebaine (7 E[H)

Meloxicam ( &%)

CyHy;;NO,
CyH, CLN,
C3H, NO;
Ci3HN, 0,
G, H3,0,
C,H,;;NO,
C,;Hy CIN
CyH;gN, O
CisH; N30,
CysHy O
CcHsNO,
CyH;sN;O

C;H,;CINs O

C17H19N30
CIQH25N504
Cl[]H12N2
CISHIOO4
C17HI4O7

3C,sH;NO4S, H,

C‘) H]3 N
C,3H,,CINO
CyHs;NOs
C,H,;NO
C,oH,,CINO,
C22H19NO4
CypH,, CIN

Cl7H20N2 05 S

CyH,, ClO,
CIUHISN
Cp,H,3F;NO
C3HysCIN
CIOHISN

¢, H,,NO
CSH10N4OZ

C,,H,, CI;N, O

C,,H,;CL,N
C,,H,,CIN
C,H,;NO
CoH,sNO

C,sH,,CIN;0;S

C17H16N2 06
C171—116N2 05
C16H17NO3
CIQHZSNOS
CXH] 1 NOZ
CI7H19N03
CIXHZI NO?
CZOH21N04
C22H23NO7
C19H21N03

CIAHISNSOASZ

330.1700
343.0512
240.1594
233.1285
387.2530
278.2115
280.1827
345.1081
282.0873
419.2792
124.0393
306.1349
389.1123
282.1601
388.1979
161.1073
255.0652
331.0812
438.0312
136.1121
240.1150
496.3997
152.1070
362.1154
362.1387
314.1670
365.1166
361.1201
150.1277
310.1413
294.1983
150.1277
180.1383
195.0877
463.0854
314.1437
196.0888
152.1070
166.1226
366.0674
345.1081
329.1132
272.1281
346.1649
136.0757
286.1438
300.1594
340.1543
414.1547
312.1594
352.0420

181.0680
308.0888
148.0835
174.0987
199.1560

58.0712
125.0228
254.1047
236.1016
199.1494

80.0531
236.1009
245.0290
212.1130
290.1652

91.0593
181.0644
270.0565
184.0760

91.0595
131.0792
319.2993
134.0968
138.9999
184.0816

91.0607
240.1418
233.0368

91.0601

44.0546
125.0219

91.0601
162.1310
138.0659
362.9922
158.9829
129.0744
134.0987
115.0560
132.0857
284.0963
284.0989
107.0502
164.0734
119.0510
165.0714
165.0713
202.0912
220.1027

58.0700
115.0339

4.64
9.95
3.45
7.26
19.32
7.48
11.47
11.19
9.26
18.64
1.15
9.11
6.49
7.56
6.80
3.35
17.15
11.39
11.43
4.25
7.67
20.66
2.75
11.26
11.44
12.21
10.86
19.34
5.12
11.58
12.23
4.78
4.07
4.79
18.82
13.07
7.18
3.00
3.59
8.88
10.53
10.83
4.34
5.97
1.01
2.50
4.25
7.90
7.89
6.61
10.70
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Prednisolone-21-acetate (kJEMJEBAARIR) Cy3H3,04 i 2.1284 403.2115 385.2032 10.16

x1 (%)
Table 1 (Continued)

Compound Molecular A(.iduct gP Primary .Secondaly tR./

formula ion ion (m/z) ion (m/z) min

Sulindac ( #FHkiR) C,H,;FO;S [M+H]* 4.3655 357.0955 233.0769 11.44
Piroxicam ( ML% 5 5E) C;sH;3N;0,8 [M+H]* 1.5810 332.0700  95.0664  9.17
Benorilate ( I13#T) C,,H,5NO; [M+H]* 2.7895 314.1023 121.0293  9.85
Etoricoxib ({KiC% ) CsH|sCIN,0,S [M+H]* 4.1759 359.0616 280.0805  8.84
Naproxen ( Z535/) C,H,,0, [M+H]* 3.0365 231.1016  185.0999 11.22
Fenbufen ( Z51ii5%) CsH,,0; [M+H]* 3.4011 2551016  105.0340 10.54
Oxaprozin (B IP%Z2) C,sH,5sNO, [M+H]* 4.0258 294.1125 103.0565 12.42
Nabumetone (%% 3 ) CisH,60, [M+H]* 3.3700 229.1223  171.0819  13.22
Feprazone (I:¥%H75%) CyHyN,0, [M+H]* 3.9539  321.1598 253.0984 13.18
Celecoxib (ZEN ) C,,H,F;N;0,S [M+H]" 3.5139  382.0832 362.0765 15.36
Alclomethasonedipropionate ([ 58 K ¥ XU R ) Cy3Hy, CIO, [M+H]* 2.0209 521.2301 301.1584 15.89
Antipyrine (%% k) C,H,N,0 [M+H]* 1.4844 189.1022  56.0517  5.62
Amcinonide (2 PEZ3H) CoHy3sFO, [M+H]* 3.5238  503.2440  99.0917 15.96
Aminophenazone (2 J& HbkK) C;H;;N;0 [M+H]* 1.5504 232.1444  97.0814  4.09
Phenylbutazone ({fZ&#) CHyN,O, [M+H]* 3.7878 395.1864 357.1707  7.48
Beclomethasone (f5%0KH) C,,H,,ClO [M+H]* 2.1650 409.1776  391.1669  9.36
Beclometasonedipropionate (13 58 Hs WA BR TR ) C,H4,ClO, [M+H]* 4.0868 521.2301  57.0339 18.07
Betamethasone (ff5KAL) C,, Hy)yFO, [M+H]* 1.8957 393.2072 147.0799  9.36
Betamethasone 21-acetate (& fthKH5 Bt AR R ) C,,H;, FOq [M+H]* 2.4665 435.2177 147.0802 11.65
Betamethasone dipropionate (i flBRAA XN IR ) CyHy; FO, [M+H]* 3.8175 5052596 279.1732 17.21
Betamethasone 17-valerate (ffflBKHAKAERMR) CyHy FOq [M+H]* 3.6368 477.2647 279.1739  15.93
Budesonide ( fji b5 1) CysH,, O [M+H]* 2.7168 431.2428 147.0809 12.07
Deflazacort (#< A 4) C,sH; NO, [M+H]* 25632 442.2224 4242131 11.29
Dexamethasone ( HiZEK ) CyHyg FO5 [M+H]* 1.8957 393.2072 147.0827  9.36
Dexamethasone 21-acetate ( HbZEKAABERR IS ) CyH3 FOg [M+H]* 2.4665 4352177 147.0801 11.65
Acetaminophen ( %} Z B2 1) CyH,NO, [M+H]* 1.3506  152.0706 110.0657  7.01
Diflorasonediacetate ( —J5HrHA XU ELRTR) CyH;, Fr 04 [M+H]* 2.9853 4952189  43.0182 14.98
Phenacetin (AEASPE T ) Cy H;;NO, [M+H]* 2.0437 180.1019 110.0635  7.01
Fluoromethalone (% %) C,,H,,FO, [M+H]* 29233  377.2123  279.1740 10.18
Fluorometholone 17-acetate ( F5 K i fit B iR ) C,,H;, FO, [M+H]* 3.4941 419.2228 279.1772 12.60
Flumethasone ( #CKAL) CpHyF, 05 [M+H]* 1.8437 411.1978 121.0648  9.62
Fludrocortisone 21-acetate ( & 7 AYFABEFR TR ) C,;Hy FO, [M+H]* 2.4445 423.2177 213.1274 10.29
Fludroxycortide ( FEZR) C,,H;;FO, [M+H]* 2.4987 437.2334 181.1022 10.27
Fluocinonide ( % FABERZTS ) CyH,, F,0, [M+H]* 2.9376 4952189 121.0648 14.47
Fluticasone propionate ( FERANHNIRER) C,sH;, F5048 [M+H]* 4.4300 501.1917 293.1542 17.22
Prednicarbate (M4 75251 C,;H36Og [M+H]* 3.6993  489.2483 57.0336  15.35
Sulfamethoxazole (i H! &) CioH; N;058 [M+H]* 1.3660 254.0594 108.0449  6.58
Mefenamic acid ( FF 25HRMR ) C,sH,5NO, [M+H]* 3.7452  242.1176  224.1075 15.41
Methylprednisolone ( 1 :3k JE#A B ) CyH; 05 [M+H]* 1.8036 3752166 161.0967  9.19
Methylprednisolone 21-acetate ( {33k JE W o BERR TR ) CyHy, O [M+H]* 2.3744  417.2272  253.1596  11.26
Trimethoprim ( F 44751 ) C,HN, O, [M+H]* 1.2576  291.1452 123.0690  5.28
Cortisone ( FIfY#L) G, HyO5 [M+H]* 1.9898 361.2010 163.1113  8.55
Cortisone 21-acetate (7] [IFAREFRES ) Cy3Hs) 04 [M+H]* 2.5606 403.2115 163.1113  10.83
Clobetasone 17-butyrate (s T BRER) C,sH;, CIFO, [M+H]* 47014 479.1995 279.1384 18.78
Clobetasol 17-propionate ( 5 th R PAFRER) C,5H,, CIFO4 [M+H]* 4.1031 467.1995 355.1446 15.95
Mometasonefuroate ( SEAABAAHERR TR ) C,;H,,CL, 04 [M+H]* 4.8692 521.1492  95.0128  16.69
Halcinonide (7% /8 Fg) Cyp Hy, CIFO, [M+H]* 3.8893  455.1995 279.1739  15.08
Prednisone (i&JE#) C, HyOs [M+H]* 1.7658 359.1853 341.1756  8.47
Prednisone 21-acetate (% JEAABSFRER) Cy3Hyp O [M+H]* 1.7658  401.1959  147.0806  10.76
Prednisolone ({&JEJE) C, Hyg Oy [M+H]* 1.5576  361.2010 147.0807  8.40

[ ]
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Molecular Adduct Primary Secondary g/
Compound K . X )
formula ion ion (m/z) ion (m/z) min
Hydrocortisone ( £ LW (1944) Cy Hy, O [M+H]* 1.7816  363.2166 121.0694  8.41
Hydrocortisone acetate ( Zfb1] FFABSTRER ) CpH;, O [M+H]* 2.3524  405.2272 309.1853 10.22
Hydrocortisone- 17-butyrate ( L] B4 T HRER) Cy5Hy6 06 [M+H]* 3.1326  433.2585 121.0653 12.08
Hydrocortisone 17-valerate ( &k r] AU GERES ) CyHy5 Oy [M+H]* 3.5227 447.2741 121.0656 13.51
Tramcinoloneacetonide ( [ 42 %3 f#) C,,H;, FOq [M+H]* 2.4188 435.2177 213.1280 10.27
Triamcinolone acetonide acetate ( [l 22 {ERE AR ) CyHz3 FO; [M+H]* 2.9896 477.2283 213.1267 13.79
Triamcinolone ( 275 ) C,,H,,FO,¢ [M+H]* 0.6205 395.1864 371.1543  7.48
Triamcinolone diacetate ( #iZZ P4 Ji XUES BR R ) C,sH,;, FO, [M+H]* 1.7621  479.2076  321.1489 10.25
Ketoprofen (fili%7%) CsH,,0, [M+H]* 3.1057 255.1016 105.0340 10.54
Diphenhydramine hydrochloride ( £k 4R 8) C;H, NO [M+H]* 3.3542  256.1696 167.0917  8.80
Propyphenazone ( 5N %# LK) C,H;N,0 [M+H]* 2.6078 231.1492 189.1052  8.80
Atropine sulfate (FiTHE 5 ) C,,Hy; NO; [M+H]* 1.9309 290.1751 124.1155  5.57
Anisodamine ( 111 %% 6#) C,;H,;NO, [M+H]* 0.9017 306.1700  140.1085  4.36
Scopolamine hydrobromide ( 73 %578 ) C;H, NO, [M+H]* 0.9181 304.1543 138.0941 4.61
Procaine (& KK ) C;;HyyN, 0, [M+H]* 1.7674  120.0480 4.52
Lidocaine (F|Z-RKH) C,,H,N,O [M+H]* 2.5837 235.1805  86.1013  5.59
Norfloxacin (A ) C,sH,sFN;0, [M+H]* 1.2683  320.1405 302.1316  6.25
Ofloxacin (‘AFIPE) C3H,,FN,0, [M+H]* 1.5440 362.1511 261.1055 6.23
Lomefloxacin (1§30 E ) C;;HyF,N;0; [M+H]* 1.7959  352.1467 265.1155  6.62
Pefloxacin (97D ) C,;H,,FN,0, [M+H]* 1.6105 334.1561 316.1476  6.33
Fleroxacin (% VP& ) C;HF;N;0,  [M+H]* 1.6992 370.1373 352.1291 6.13
Sarafloxacin (VbHiVP ) CyH;;F,N;0;  [M+H]* 2.3767 386.1311 368.1218  7.57
Difloxacin ( 3P A ) CyHyF,N;0;  [M+H]* 2.7189  400.1467 382.1388  7.63
Sparfloxacin ( &IAYN A ) CH,F,N,0,  [M+H]* 2.0816 393.1733 349.1854 7.73
Ciprofloxacin (FHE) C;H;FN;0, [M+H]* 1.5833  332.1405 314.1309 6.44
Danofloxacinmesylate (kI A ) CoH,,FN;0,4 [M+H]* 2.0664 358.1561 340.1492  6.56
Enrofloxacin ( Bi%7b &) CoH,,FN;0,4 [M+H]* 2.3156  360.1718 342.1655 6.84
Ciglitazone ( #4511l ) C,3H,3 NO5S [M-H]~ 3.9299  332.1326 150.0139 18.72
Furosemide (k£ ) C,H,|CIN,0;S [M-H]" 1.8907  329.0004 204.9939  6.20
Hydrochlorothiazide ( % 5 WEH) C,H;CIN,0,S, [M-H]- -0.3513 295.9572  77.9697  4.40
Secobarbital ( & 7] 2L ) C,,H;N, O, [M-H]~ 1.3511 237.1245 194.1188  8.93
Phenobarbital (7K H %) CpH|pN, 04 [M-H]~ 0.7004 231.0775 205.0555  6.90
Amobarbital (5 5GE %) C, H;3N, 04 [M-H]"- 1.1850 225.1245 182.1205  8.44
Barbital (L H%) CgH |, N, 0,4 [M-H]"- 0.1588 183.0775 140.0722  4.50
Sennoside A (FIETH A) CuuHi 0y [M-H]~  -1.0956 861.1884 386.1051 5.16
Sennoside B (51 B) C4Hy504 [M-H]~  -1.0956 861.1884 386.1038  4.45
Emodin-3-methyl ether ( K # 2 HI k) CsH,, 05 [M-H]" 2.1902 283.0612 240.0436 19.11
Diflunisal ( — U2l C;HgF,0,4 [M-H]~ 3.0356  249.0369 205.0558  6.95
Nimesulide (JE:47F]) C;H,N,0,8 [M-H]~ 2.7586  307.0394 229.0612 12.08
Flurbiprofen ( 3 Hi&75) CysH,;FO, [M-H]~ 3.6808 243.0827 101.0400 12.38
Diclofenac sodium ( XU 25 FR4H) C,H,,Cl,NNaO, [M-H]"~ 0.0334 296.0065 252.0162 11.81
Etodolac ({KITJER) C,;H,,NO, [M-H]" 3.3830 286.1449 212.1443 12.28
Indometacin ( M5[IWE3E) CHcCINO, [M-H]" 3.9273  356.0695 158.0610 13.84
Chlorzoxazone (FMEVD5%) C,H,CINO, [M-H]~ 1.7745 167.9858 132.0113  7.88
Acetylsalicylic acid (& PThk) C,H0, [M-H]" 1.3101  137.0244  93.0395 2.10
Ibuprofen ( fi¥%7%) C;H;0, [M-H]~ 3.0732  205.1234 143.0871 12.53
Analgin (% J53T) C,H,;N;0,8 [M-H]~ 0.4233  310.0867 175.0397  7.48
Sulbactam (4= 4H) CH,,NO,S [M-H]~  -0.7950 232.0285 188.0400 0.78
Chlorothiazide ( 5{WE) C,H(CIN,0,S, [M-H]" 0.1299 293.9415 213.9664  4.11
Pravastatin (#f&AiT) CyHy 0, [M-H]" 2.4404 423.2388 327.1624  8.48

1g P: calculated by built-in function of ChemDraw.
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Fig. 1 Separation chromatograms of two groups of isomers

Mobile phases: a. 2.5 mmol/L NH,HCO, aqueous solution-
MeOH; b. 5.0 mmol/L NH,HCO, aqueous solution-MeOH; c.
10.0 mmol/L NH,HCO, aqueous solution-MeOH; d. 5.0
mmol/L NH,HCO, aqueous solution-ACN; e. 5.0 mmol/L
NH,HCO, aqueous solution and MeOH-ACN (1:1, v/v); £. 5.0
mmol/L NH,HCO, aqueous solution and MeOH-ACN (1:1, v/
v); g 5.0 mmol/L NH,HCO, aqueous solution ( containing
0.01% formic acid (FA)) and MeOH-ACN (1:1, v/v); h. 5.0
mmol/L NH,HCO, aqueous solution ( containing 0. 1% FA) and
MeOH-ACN (1:1, v/v).

Peak identifications: 1. pyrazole N-desmethylsildenafil; 2. N-
desethylvardenafil; 3. N-desmethylsildenafil; 4. thiohomosilde-
nafil; 5. thioaildenafil; 6. propoxyphenyl thiosildenafil.
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ANERAE AT W I v A A S — 20 R DR
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ST BAn AW o e AR UE O 2 AR
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Cow milk powder = 80%-120% 2 >120% Sheep milk powder
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Fig. 2 Optimization of sample pretreatment conditions (n=3)

For Fig. 2 T and II, A: ACN; B: 1% formic acid aqueous solution-ACN (2:8; v/v); C. water-ACN (2:8; v/v); D: 0.1 mol/L
Na, EDTA-Mcllvaine buffer solution-ACN (2:8; v/v); E. MeOH.

Amount of adsorbent EMR-Lipid dSPE / mg
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Fig. 3 Chromatograms of blank milk powder samples
before and after purification using the opti-
mized QUEChERS method
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Fig. 5 Mass spectra of two real samples for identification of illegal added drugs
a. substance identification of benzoguanidine; b. substance identification of sildenafil.
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Fig. 6 Chromatograms and mass spectra of unknown drug identification in a suspicious sample
a. chromatograms and spectra of unknown compound and amphetamines; b. collision-activated dissociation ( CAD) pyrolysis mass
spectra of isomers; c. electron-activated dissociation (EAD) pyrolysis mass spectra of isomers.
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