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Abstract: A method was developed for the determination of 78 chemical drugs illegally added in three types of health foods (slimming,
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anti-fatigue and sexual promoting health foods) by QuEChERS--ultra-high performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS). The samples were extracted with methanol. The extracted solution was purified with QUEChERS approach. The seventy eight
chemical drugs were then separated on a ACQUITY UPLC HSS T3 column (2.1x100 mm, 1.7 pm) through gradient elution with acetonitrile
and 10 mmol/L of ammonium acetatesolution (0.1% formic acid) using as mobile phase and detected by MS/MS under multi-reactions
monitoring (MRM) modes (ESI" and EST)). The chemical drugswere quantified with external standard method. Under the optimal conditions,
these chemical drugs were well separated, and had good linear relationship (r>0.9991). The limits of detection (LOD) (S/N>3) were 0.5
ng/kg~420 pg/kg. The average recoveries at three spiked levels were in the range of 59.9%~120.7%, with the relative standard deviation (RSD,
n=3) of 1.3%~16.2%. This newly developed method was successfully applied for the determination of 57 health food samples, in which 14
chemical drugs were found in 41 samples. The developed method is rapid, simple, sensitive and highly efficient which can be used for the

qualitative and quantitative determination of illegally added chemical drugs in the slimming, anti-fatigue and sexual promoting health foods.
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Table 1 Mass parameters of analytes

55 i 4 AR ESIHX, #BFmiz) FHFmiz) #EdEREEEV E@FEow/E/NV 4R TR /min
1 Z UK ESI"  130.1 [M+H]"  60.2%/71.2 12,24 58 0.925
2 YR ESI' 124 [M+H]" ~ 78.2/80.2% 24,24 68 1.169
3 ENEN ESI" 1581 [M+H]"  67.2/95.2* 28,12 63 1.347
4 T RBR ESI"  2402[M+H]"  148.1%/222 16,4 63 4235
5 TP A EST 152.1 [M+H]"  117.1/134.1* 16,4 50 4.709
6 P ESI 179.1[M-H] 122/164* 2422 164 5.774
7 TR, ESI' 166.1[M+H]"  117.1/148.2% 20, 8 68 6.268
8 A R ESI' 166.1[M+H]"  117.1/148.2% 20, 8 68 6.706
9 AAE% EST 2959[M-H]  204.8/268.8* 24,16 159 6.848
10 F AR ESI' 180.1[M+H]"  46.2%/162.1 16, 12 64 7.030
11 BT R T ESI' 230 [MH+H]"  42.2%/44.2 50,28 124 7.045
12 FHEB ESI" 3302 [M+H]"  44.2%/582 36,28 172 7.381
13 vhordE ESI 195.1[M+H]"  42.2%/138.1 50,20 81 7.387
14 KT ESI* 206.1[M+H]"  60.2%/105.1 16,28 78 7.598
15 5% B EST 861[M-H]  385.9%/699 42,29 360 7618
16 AR ESI 254 1[M+H]"  104.1/237* 4428 149 7.710
17 F LA ESI 218.1[M+H]"  70.2*/116.1 20,8 63 7.793
18 %5 A EST 861[M-H]  385.9%/699 42,29 360 7.795
19 o I B ESI 211[M-H] 119%/147 12,4 68 8.133
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20 LB _AAR ESI"  317.1[M+H]"  71.2/86.2% 50,24 91 8.226
21 AF & ESI* 196.1[M+H]"  128.1/129.1% 48,32 78 8.248
2 T 4551] BR) ESI"  358.1[M+H]" 107.1/135.1% 44,28 81 8.369
23 BT ARAE ESI"  4833[M+H]" 127.1%/143.1 32,36 215 8.379
24 XIEEF ESI"  2782[M+H]"  58.2%206.1 16,8 58 8.424
25 ARLTIWARAE ESI'  4533[M+H]"  97.2%/113.1 32,32 182 8.432
26 Tl R ESI"  3562[M+H]"  165.1/192.1% 24,28 144 8.483
27 Ik B R RAR B ESI"  275.1[M+H]"  167/229.9* 40,12 98 8.505
28 LTIARAE ESI'  4673[M+H]" 111.1%/127.1 32,32 195 8.512
29 FIEEK ESI"  349.1[M+H]"  168/264* 50,12 63 8.533
30 N s ESI 230.9[M-HJ 42%/85 14,5 85 8.547
31 ARIBARAE ESI* 4892[M+H]"  151.1%/312.1 50,40 210 8.560
32 N-% F 3 B AR 4E ESI 461 2[M+H]"  85.2%/283.0 36,40 197 8.610
33 B3 ARaE ESI’ 517[M+H]T  112.1%/283 40,52 210 8.867
34 AR 4E ESI"  4752[M+H]"  58.2%/100.2 50,32 192 8.690
35 G EKE 2 ESI"  3252[M+H]"  109.1%/262.1 24,16 129 8.761
36 3 HiARE ESI"  4892[M+H]"  58.2/72.2% 36,48 197 8.771
37 FEH ESI 2939[M-H]  178.9/213.8* 50,32 164 8.803
38 R EAK ESI 329[M-H]  204.9/284.8% 20,12 81 8.803
39 A FEAUER EST 2740[M+H]"  153.8%/209 13,12 70 8.863
40 B A AMIAARE ESI"  39L1[M+H]"  204/269* 68,12 115 8.989
41 FRE ESI 225.1[M-HJ 42%/182 16,8 119 9.080
42 BBk ESI"  319.1[M+H]"  141.1/225% 18,20 68 9.087
43 AT ESI"  310.1[M+H]" 44.2%/148.1 8.4 53 9.185
44 R ESI 282.1[M+H]" 180/236* 44,24 81 9.187
45 o] e ESI"  309.1[M+H]"  205%281.0 48,28 164 9.234
46 N,N-R& F A HA d oA ESI 252 1[M+H]" 125%/139 24.4 60 9.237
47 HhikARAE ESI"  3899[M+H]"  135/268* 26,9 100 9.245
48 AT ESI*  316.1[M+H]"  214/270* 4424 91 9.249
49 AR ESI"  306.1[M+H]"  158.9%/274.9 28,8 58 9.267
50 o ESI"  343.1[M+H]"  238.9/308* 48,28 167 9.280
51 A% 51 B ESI’ 357[MHH]T 119.1/134.1% 50,32 79 9.295
52 N-3#% F K B A w8 ESI 266.2[M+H]" 125%/139 28,12 95 9.321
53 #5tk ESI"  4462[M+H]"  103.1/321* 48,8 53 9.326
54 & A vk B ESI"  2802[M+H]"  125%/139 24,12 58 9.447
55 TR T Mk ESI 2711[M+H]"  74.2/91.2% 8,36 58 9.448
56 KN ESI"  365.1[M+H]"  184/240% 20,16 58 9.489
57 F A A kB ESI"  3142[M+H]"  91.2%/125 40,20 63 9.542
58 BRI AR ESI’ 505[M+H]" 99%/113.1 40,32 190 9.579
59 R TP ESI'  347.1[M+H]"  254/315* 16,4 58 9.653
60 FAHHARE ESI'  4912[M+H]"  582%100.1 50, 32 187 9.664
61 BERSER ESI’ 354[M+H]" 214%/215 40,20 73 9.685
62 AT B ESI 3142[M+H]"  46.2/158.9% 12,32 58 9.769
TR
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63 #F) Ft ESI"  324.1[M+H]"  110.1%/127.1 20,16 139 9.817
64 2 ESI* 285 1[M+H]"  154/193* 28,36 68 9.917
65 ¥ 22 ESI"  3032[M+H]"  97.2/109.1* 28,28 68 9.933
66 Py TR ESI"  262.1[M+H]"  184%/226 28,16 139 9.944
67 $Z P B ESI’ 341 105.1/107.1* 50,36 93 9.946
68 &5 Rk ESI' 4942[M+H]"  169/368.9* 40,8 53 10.070
69 AARILARAE ESI 4602[M+H]"  151%/312.1 50,40 195 10.105
70 #%5] £ Wi ESI"  4912[M+H]" 126.1%/352.1 28,8 58 10.200
71 X&E ESI 269[M-H]"  224.9%/240.9 24,28 159 10.264
72 #F) R ESI"  5282[M+H]"  386/403* 20,8 63 10.621
73 7R E B AR AE ESI"  4602[M+H]"  283%/299 40,40 200 10.640
74 AT ESI"  4053[M+H]"  199.1%/225.1 8,16 58 11.210
75 RS TIPS ESI 453 3[M+H]"  86.2/230.1* 28,28 63 11.356
76 FAERMIT ESI"  4193[M+H]"  199%/325 8 65 11.649
77 FIZAR 32 ESI"  463.1[M+H]"  84.2/362.9* 28,28 164 11.842
78 BLA) ) ESI'  4964[M+H]" 114.1/319.3* 24,8 159 13.853

E: AR EBRT.
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EHERE, 385 - UPLC-MS/MS 4747,
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PR UAE IE BT R X S i 2 R AR, AR vz Oy
341 s IE B e AR B T LA B TR I
fIZg el IM-H ] 7 5B B 7 (L3R 1. £t
BN BEE T IEI T2 T B e S AT R TR AT
SERINT. FFREEYIRE MR E & Tx R T e
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22 AR EIEAHERAL

TERRH - e T ik vl i SR 7K - R B kK- 24
SR NTBIARR T BARRINAY), B RTERshAH
IMEIREI R ORI, MR T
PLOREIE R, MR aiGgEsn s, PSS R 15
BRI RUR . AR 0552 7 10 mmol/L LPR%E-
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mmol/L ZFREE (5 0.1%F ) -HEE. /K (0.1% R
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FERE RSN ;I T-50%k 5T 150% )2 B3 B 3L
IR ARG EL T FSe e A & LIk 78F
WA 2T L BN B 5 o DA SS PR
PEJFE A, M AR E] i A 27 925 ) HoIn N BC
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LA R T EE AR S R TR S P AR, DIE
WETETRL (B). 4% Huang P HRIE () VTSR AL

Table 2 Linear equations and limits of detection (LOD) of the78chemical drugs

R 2 78 MLFAYIRL IS TR LR

N, FEFRNME(%)=B/Ax100. Z5E&MERY, K
43 2R T 80N M80.3%~119.2%,  FE RN A
2 AR 12N 25 R B RO B R, S MG T-50%
TR 150%. BRI, AT iR F B A UG I fh 2
THBRIL RN 2, DASE i 2 0 B IR AR B

25 mEH&EEER

e S 45 ’f(fg/if] /ﬁ ;Z‘) A% #h 45 ’f(fg/f f&;ﬁ;
1 = UMK 2~200 9 40 RIAEARAE 2~1000 306
2 B 10~200 12.5 41 FRBIE 50~10000 420
3 B IREL 5~200 40 2 BBk 2~200 25
4 T MEEE 2~500 8.8 43 AEIT 0.5~1000 17.8
5 = TR A 1~200 5 44 PR 2~200 19
6 F 10~1000 100 45 FoT -t 0.5~1000 236
7 JRF B 2~1000 7 46 N,N-33 F 2 5 77 B 0.5~200 19.4
8 IR AR 2~1000 26 47 AR AR R 50~5000 52.8
9 AA0E%R 10~1000 100 48 A T 1~500 16.7
10 IR 0.5~500 4.6 49 SR 0.5~500 27
11 THRE 0.5~1000 52 50 =g 5~500 19.2
12 & ik 1~1000 35.7 51 A% 5| B 0.5~1000 150
13 vhordk [ 10~1000 138 52 N-3#% F A &4 wh B 0.5~1000 6.8
14 K TB 0.5~500 5 53 #3 |tk 2.5~1000 144.6
15 HEB% B 100~20000 216 54 7 7 1t B 0.5~1000 11.6
16 BRI 0.5~500 23.6 55 FFERT Mk 10~1000 50.8
17 FeA) 10~1000 50 56 T EAS 20~1000 165
18 FBH A 100~20000 102 57 F A EH A e 0.5~1000 438
19 o o) P 100~10000 172 58 BRI IARE 0.5~500 0.5

20 $B A AA 0.5~1000 222 59 PRI T 0.5~1000 15
21 AF B 0.5~500 19.6 60 A G HARE 1~1000 322
22 T 4551 BR 0.5~1000 4 61 B AR 10~1000 71
23 k2R Ak 0.5~500 29.6 62 AR A B 5~1000 9.2
24 XFEF 0.5~1000 4 63 3| 54k 1~1000 12.6
25 ARLLHARAE 0.5~1000 18.8 64 5 0.5~500 2.9
26 FilE 0.5~500 10 65 E2E i) 2~200 114
27 I R BRARAREK 0.5~500 14 66 phibeTR 0.5~1000 8
28 LI3b AR AE 0.5~500 125 67 AT 50~1000 168
29 FIEK 1~1000 26 68 A5 R 0.5~1000 189
30 REE 100~5000 164 69 PR HARE 0.5~1000 15
31 ARIBARAE 2~500 24 70 #:5| E Mg 0.5~1000 29
32 N-Z F A F b AR 4E 2~500 42 71 X&EE 0.5~200 8.4
33 B3R dE 2~500 252 72 #5| 7EB 5~1000 35
TR
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BELER
34 B HARAE 2~500 22 73 7R E H3bARAE 0.5~200 15
35 AL £ 2~500 19 74 BARARTT 2.5~5000 8.4
36 £ 3 HiARIE 1~500 26.8 75 AR A 0.5~200 2.7
37 FE% 5~200 20 76 FAEMIT 2.5~5000 2.1
38 vk E K 10~500 194 77 FFARIE 0.5~200 2
39 A £ 200~10000 203 78 BLA) ) 4 5~500 1.9

HBORAXTRE AR, B EA R EIRE R AR
HER, % 1.3 THEEREIE, DUBTEIREE (x) i
ARR, & BFRY)E R FRTETAR (y) AR, %
HARAE TAE LR, 25 S hnAbva i i 26 (2 PR V5 B A A
KA (0. GREIR, S35 2 RIF 2
PERR, 1209991 (F 2). HUHMERES, IMAAIFERK
P FRTEARIEI, TR 1.4 FE ARS8 s e I T2
BT, EHLIE, DMEMELEN 3 (SIN=3) i
78 FRZGWIRIJTIER R (LOD), S5 UK 2 (R
()5 B PR EH B M 3 2 L RE A SRR o AN [F) R A
fm ) LOD 7E 0.5~420 pg/kg 2 [,

2.6 WAk ER

KRR AR 1 ul, % 1.3 i, fRik
FAFEZIE 6 IR, 78 B H ARG AW BIAXS AR 22
(RSD, n=6) H0.51%~8.2%. LAIAREHIRIHHIH
RHE. Rl DIRE AR S AR, 2l
I Choks D+ - Chnks 2> Flm Oiiks 3) =AYK
I 78 P AT bR RS, THE T ER bR
W, AR 3 ANBAT. Horb, ks 1. in
i 2 RO 3 53 3 R% 250 € B PRI 1 510 £5F1 100
. MAF 78 FhALEZY I INFS FICRA 59.9%~
120.7%, RSD (n=3) A 1.3%~16.2%. HIAT A
B0 /R A [FIFIBLRE S R AT SR, T T H R T
s/l

2.7 HwlE

ARG X I 28 B o _E ) S PRI A ) i R ) 7
PR ELA IR P 57 G 5 G2 ) D3k ) 57 #k IR
fe i ORCEE 28 ik, F7l 10 fib v 12 LR, IR
2 4ty ORI 5 4D AT ARSI A4 . Al BRI,
A A1 HELRE A S S ARVE I AL 25 259, A HE JRIE
FRARFASINAEEZ5%) 13 Fh CFE AR B R P A B
SURTEAT B AR, Dy RREEHR . BREHE. — HOOUIN.
WHERE . 5B, BUSEF AL BB B. BRIEK. KH
), PUE T AE SR % IR AR I 2 1 Fh
(PEHBARAED . Horr, 3 AN (REE) kv,
TR 229~2.69 ghkgs 3 M (RE KRR
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BB, S84 0.75~1.27 mgkg: 3 ME (REE Kl
SARTEA I, SR N 0.14~0.22 mg/kg: 1 ME (ig
) KBk, SEAN 766.5 mgkg: 1 ME (K
KOV BRI, SN 5.9 ngkg: 1 DFE (REE 4
HRR R, SN 11.2 ng/ke; 18 MRE (REE. 7).

ML IRV, PR A U, A ER
11.7~176.3 pg/kgs 20 NFE iBE. ol #f). R
WO K EERR, A A 0.001~7.43 g/kg: 11 AMFE Uik
Fe. Bl D K2R, SR8 0.31~11.8 mg/ke:

6 ME R FE 3D RIS H TS A RIRV5H B,

BN 15.7~365.1 mg/kg; 1 M (RMEED K ZE
K, EEN 400.0 mgkg; 10 ME (RFE. AL 1
FD K KR, S BN 2.40~169.0 mg/kg; 1 ME (R
D frHPEHARAE, S &8 1.72 mg/kg.

3 Z4ig

B0 H AT ORI I 2 A R
AL HLMFEERIRE S, AR T
TR PR RSB EE T - B T TR UV e A DU AE | U9 55
AR R G IR R 78RR I 251
Jiike FERMZREHAFITEI. QuECHhERS 4k, 1k
JE EHGHEFENE . SEGMSEIUEEAALL, 128
REGEGHEH D HAEPIRD R AL PRI [R) 56 55
ZMR A WRAES BFRT ORI ) BRI 5
TRIRSTRR BRI 78 FL AR s R
PRI E BT, ATAE 14 min Y SEBCEAMCES _EHLR
TR, M. BUERLE T, 78 LA
REABTS BT s, TELRMEVERIN MR R AT, A
KAEBIIRT 09991, kit FR(LOQD 9 0.5~420 pg/kg.
RITFEEA R B RE R A T, e 45 R
AR TR, RS AL G TR S ARETR
Iz i e S BRI, ARSI ES RRE, Ik
RESSLRAGE A U9 55 FIIE B S SIS ORI B )RV
INIRR AR Bk, UM RN RHZ ™ it e )
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