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High-throughput screening of 48 kinds of sedative-hypnotic compounds in
functional foods by high performance liquid chromatography-
quadrupole-time-of-flight mass spectrometry
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ABSTRACT: Objective To establish a method for screening illegally added sedative-hypnotic compounds in
functional foods by high performance liquid chromatography-quadrupole-time-of-flight mass spectrometry.

Methods Samples were extracted with acetonitrile or 1% ammonia-acetonitrile (by volume fraction), purified
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with 50 mg N-propylethylenediamine and 150 mg anhydrous magnesium sulfate, and separated using a Waters BEH
Cig column (2.1 mmx100 mm, 1.7 um). The mass spectrometry analysis was performed in positive and negative ion
switching scan mode, combined with full-scan primary mass spectrometry and data-dependent tandem mass
spectrometry acquisition. Based on the established multilevel database of sedative-hypnotic compounds,
high-throughput qualitative screenings and analysis of the target compounds were achieved. Results All
sedative-hypnotic compounds showed good linear relationships in the concentration range of 10-600 pg/kg, with
correlation coefficients all greater than 0.99, and the limits of quantitation ranged from 20 to 50 pg/kg. In compressed
candies, liquid beverages and mixed milk powders, the average spiked recoveries (mass fraction) were
51.03%—119.92%, 53.36%—115.46% and 51.89%-116.79%, respectively; the relative standard deviations were
1.19%-9.75%, 1.27%—-9.93% and 1.24%—9.52%, respectively. In the screening of actual samples, the detection rate of
melatonin was 22%. Conclusion The proposed method is simple to operate, highly sensitive, and it is applicable for
determining illegally added sedative-hypnotic compounds in diverse food matrices, providing robust technical
support for food safety supervision.

KEY WORDS: sedative-hypnotic compounds; high performance liquid chromatography-quadrupole-time-of-flight
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Table 1 Spectral information of 48 kinds of compounds

BB ST Frimfmyy B

= Cfr =] . e =
e LSS E S CAS 5 X Fihk(niz) Fkk(nz)  ppm st R F BT (mlz)

1 o] S e £ 28981-97-7  Cy;7;H;3CINg  309.0901  309.0921 6.4 [M+H]+ 309.0924, 281.0732, 274.1227, 205.0774
2 =Mt 28911-01-5 Cy;H;,CLN,; 343.0511 343.0527 4.7 [M+H]+ 343.0508, 308.0822, 315.0326, 239.0377
3 pacillEe 29975-16-4  C¢H;;CIN; 295.0745 295.0763 6.3 [M+H]+ 267.0570, 205.0767, 241.0353, 260.1061
4 R 59467-70-8 CisH3CIFN; 326.0854 326.0874 6.1  [M+H]" 291.1186, 244.0334, 249.0834, 223.0802
5 gFRLRIMR  37115-43-8  CpHsCIN,O 325.0850 325.0866 5.0 [M+H]" 297.0660,279.0672, 216.0810, 205.0810
6 o-FIETIRES 37115-45-0  CHpCLNLO 359.0460  359.0473 3.6 [M+H]" 331.0271, 176.0254, 341.0349, 277.0522
7 a-FRHEBRIKMRE  59468-90-5 C;sH;;CIFN;O 342.0803 342.0827 6.8 [M+H]" 324.0703,203.0368, 297.0592, 168.0678
8 T % 125-40-6  CjoH;gN,O5 211.1088 211.1099 53  [M-H] 211.1105, 168.1037, 108.0828, 124.1132
9 M % 57-44-3 CsHN20;  183.0775  183.0779 22  [M-H] 183.0797, 140.0730, 109.0173, 153.0092
10 GG =N a7 76-73-3 C;HigN,O3  237.1244  237.1260 6.7 [M-H] 237.1262, 194.1184, 85.0088, 134.0976
11 L 50-06-6  C;,H;,N,0; 231.0775 231.0788 5.6  [M-H| 231.0793, 188.0717, 85.0053, 144.0839
12 S 57-43-2  CyH;sN,O; 225.1244  225.1261 73 [M-H] 225.1267, 182.1213, 138.1303, 85.0034
13 A flb Hb 2 77-26-9 CiHigN,O; 223.1088 223.1100 5.7 [M-H] 223.1104, 180.1044, 85.0054, 139.0140
14 B 76-74-4  CyH;sN,O; 225.1244 225.1261 73 [M-H] 225.1267, 182.1213, 138.1303, 85.0034
15 A E 76-75-5  C;H;sN,0,8 241.1016 241.1031 6.2 [M-H] 57.9771,241.1029, 100.9829, 162.8964
16 PGP 146-22-5  CysH;N;O; 282.0873 282.0886 48 [M+H]" 236.0961,207.0929, 180.0819, 190.0660
17 SRS TP 1622-61-3 C;5H;(,CIN;O; 316.0483 316.0501 5.8 [M+H]+ 270.0568, 214.0425, 241.0537, 207.0919
18 HPG P 439-14-5  C;H;5CIN,O 285.0789  285.0805 5.9  [M+H]" 193.0892, 154.0418, 222.1161, 257.0851
19 it FF PG 2011-67-8  C1H;3N;0;5  296.1029  296.1046 5.7  [M+H]" 250.1122,221.1088, 193.0896, 268.1095

20 7-ZESEEMMVETE 4959-17-5  CsH,CIN;O 286.0741  286.0759 6.2  [M+H]" 222.1034,250.0983, 121.0761, 195.0923
21 7-RBIEAE PG 4928-02-3  C;sHisN;O  252.1131  252.1146 6.1  [M+H]" 121.0755,224.1183, 146.0704, 208.0992
22 T-@AEHERPERE 34084-50-9  CoH,FN;O 284.1193 284.1211 6.4  [M+H]" 135.0914,227.0980, 256.1247, 148.0626
23 4REEFHITERE 17270-12-1 CysHy CIN,O, 287.0581 287.0597 5.4  [M+H]" 165.0213, 140.0257, 224.0945, 259.0635

24 B YD PP 604-75-1  CysH;CIN,0, 287.0581 287.0597 54  [M+H]" 241.0546, 269.0495, 231.0705, 163.0063
25 SR PP 848-75-9  C16H2N,0,Cl, 335.0348  335.0366 53 [M+H]" 289.0296, 317.0246, 243.0681, 177.0211
26 = HPPE 1088-11-5  C,;sH;,CIN,O 271.0632 271.0647 5.6  [M+H]" 140.0252, 165.0205, 208.0991, 243.0680
27 B 846-50-4  CiH;3CIN,0, 301.0738  301.0751 43  [M+H]" 255.0689, 283.0642, 193.0883, 177.0212
28 S 58-25-3  CysH14CIN;O 300.0898 300.0914 53 [M+H]" 227.0506, 241.0539, 283.0890, 255.0702
29 FLIE e 151319-34-5  C;H;sNsO  306.1349  306.1371 73 [M+H]" 236.0926, 264.1239, 260.0926, 219.0656
30 HelE vk 43200-80-2 C,7H;;CINGO; 389.1123 389.1136 33 [M+H]" 245.0224,217.0270, 139.0036, 190.0148
31 SN 50-53-3  C,7H oCIN,S 319.1030 319.1043 4.1  [M+H]" 246.0134,239.0760, 214.0413, 211.0441
32 FEHIE 7361-61-7  CppHigN,S  221.1107  221.1120 62 [M+H]"  90.0363, 164.0520, 147.0908, 71.9893
33 ST 60-87-7 Ci7HyN,S  285.1420 285.1437 6.1  [M+H]" 198.0373, 86.0963, 240.0845, 225.0607
34 M%7 61869-08-7 C9H,FNO; 330.1500 330.1517 54  [M+H]" 192.1188,70.0649, 151.0388, 163.0917
35 JRIETT 54910-89-3 C;7HsFsNO 310.1413  310.1427 4.6  [M+H]" 148.1133,117.0711, 193.0583, 292.2383
36 AFEFLI 80-77-3  C;;H;,CINO;S 274.0299 274.0310 42  [M+H]" 154.0415,209.0601, 138.0230, 178.0173
37 L 298-46-4  C;sH;,N,O 2371022 237.1034 50  [M+H]" 194.0971, 192.0809, 193.0884, 179.0726
38 ST 5786-21-0  C;sHoCIN, 327.1371 327.1389 57  [M+H]" 270.0800, 192.0684, 227.0371, 296.0957
39 [P/ 27N 50-48-6 CyHyN  278.1903  278.1920 6.1  [M+H]" 191.0863,233.1338, 117.0700, 218.1099
40 TR I B2 52-86-8  CHyCIFNO, 376.1474 376.1493 52 [M+H]" 165.0713, 123.0237, 358.1386, 95.0287
41 R 73-31-4 Ci3sHigN,O, 233.1284  233.1295 47  [M+H]" 174.0914, 159.0676, 143.0723, 130.0648
42 PEiTRr =2 99300-78-4  Cy;H»NO, 2782114 2782132 6.5 [M+H]" 121.0637,260.2001, 147.0792, 215.1413
43 HRFI 2 548-73-2  CpHp,FN;0, 380.1768  380.1794 6.8 [M+H]" 165.0714, 194.0981, 123.0239, 187.0866
44 A2 26864-56-2 CasH,7CIFSNO 522.1628  522.1634 1.2 [M-H]  69.0362, 178.9890, 342.1663, 522.1737
45 AR 4205-91-8  CoHyCLN; 230.0246 230.0257 47  [M+H]" 212.9974, 186.9818, 171.9704, 144.9595
46 N12-52F I LIE  20971-53-3  C;H,CIFN,O, 333.0800 333.0821 63  [M+H]" 315.0697,211.0789, 305.0854, 246.0480
47 HIGE IR 2622-26-6  CyHy;N;0S  366.1634  366.1660 72 [M+H]" 205.0768, 114.0914, 237.0494, 142.1224

48 F 1l 50-55-5 C33H4N,O9  607.2661  607.2686 4.2 [M-H] 607.2675, 592.2434, 577.2234, 181.0145
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Extracted ion chromatograms of 10 kinds of sedative-hypnotic compounds in negative ion mode
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Fig.2 Extracted ion chromatograms of 38 kinds of sedative-hypnotic compounds in positive ion mode
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Fig.3 Extraction effects of some solvents in mixed milk powder on
representative compounds
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representative compounds
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s R BRI e RSB TE . TRk, BAfE 48 Fhis
RN A P AR TR, 8% 20 mL V71 4R H
FE, QI 6 B, MM 10 mL 1%Z K Z A5, A
RFL TR A B AR A P LR R fe 4k 221 s ¥
FA SR SR BCICR TR, X — B4 0T BB 5 5 Al v 2R
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2.4 BUTERESE
KTHFHIIRE TR EEE HRSE R, AW
IE Ny R O i N 4y = B O T Rl DR N N i 1 2 e T T
TP v v A B IR A S W AR A I HLA B
TR, HEG, HXE A A A 1 AR
AHZEHUA QUEChERs ¥, # I LRI /o S5 5 ik
JEHRE(Crg) . B ik A BE W B 37 (graphitized carbon black
adsorbent, GCB). PSA. Flffh % Bl fik 46024200 ABF5Ex)
Fe7 PRIME HLB [EAHZ U . QuEChERSs i D KR 2804
CEEEWR AL 3 Ry xd BAsfeA4 EDICR I 2
QuEChERs EH T 5 FAREMEGFILAS, /200 A
(50 mg PSA #1150 mg MgSOy4). B (50 mg PSA. 50 mg Cg
Fl 150 mg MgS0,). C (50 mg PSA. 25 mg GCB Fl 150 mg
MgS0,). D (50 mg PSA . 25 mg GCB. 50 mg C;3 Al 150 mg
MgSO,)F1 E (50 mg C;5 1 150 mg MgS0y4). 45 5HR-%EH, KA
BHAL T P AL R 48 RV B IR Ak & W i TE1 i
I WL TR B AR AR OB O 2 R
THIIRIOR 2 % % %€ PRIME HLB B HIZEHURE:, S804k
BRI E HAERTE K . Cig Al GCB MM BB A 3%
A £ 0 R I P A € BRI 2 R T, AR B SR S b



FTH WK B S RSCGRO RS- DU AT - QAT IR ISR R A A B 48 R BN A

]

PR IR 2R B LY 2 B R B IR AR A 1 ISR . SR
1EHAB A AL, Cig fl GCB YA 4 B B AR — R
B LA AR B AR S AL S W [l R, I B FH L 1
IMEIRCR OB R 25 FRTIR, MR T ARZEE R
W4T, KA QUEChERSs MLFEf k41 & A (50 mg PSA
H1 150 mg MgSO.,) RS HE AP 5 i B AR 254k & W £ B AR
FEE SRR IR, I FLAT SR AR S T T

25 HWHR, EERMERYNHNER

AMFTE LA R B TR A LR AR OR) 3 R
i REASTEAT IR DBGR S, (i FH BEAG RE 48 FhEL i B Al
KAE Y IFRUERE BT EL ] 6 A RFIMERE(10., 50, 100,
200, 400, 600 pg/kg)) LT NFR AR APREIR AR, LA
5 DG FC A 9 pH 5 0 7 o 2 1) 3R SR DAY R K
P8 TR AT LA E AR A R 1 R e S

FUR, wTLA A EE BERP T30, BRAR (5 JE 4L
EAE e ol 4 R 00, BT, ANl A FR AR M e kAR A
HAR R FR A E B PR . ASWFFE LA 1.4 T I RTAL B 5 7%,
T A A5 AR S B R AT R B B Y O = A E R
PR Maps R I 2 H Ak e, JLoek bl E TR
JE ARG (m/z<5 ppm) LIS BE 5 e A O B3 Bf (R 0, 25 Rk
W (3 2), 48 PR BIIRZEAL G WITE 10~600 pg/kg AR
PRt R RIF(RHEM R E 2 =0.99), @ RRN
20~50 pglkge FEIEFBER . WARYCRI TR A FLA 3 TRk
7 T8 BBl A 1 0 —84.46%~98.31%, —103.35%~80.49% Fll
~109.62%~89.51% #4322k I TN P 2 37 (1 b o
(£ 20%), FEFHON I, B LRI S Bt 25 5 i) AEs,
SR PRI o DG b ol 26 77 7 40 # o

R2 48 MERBBRAL MM RERE . BERYNFEER

Table 2 Retention times, matrix effects, and limits of quantitation of 48 kinds of sedative-hypnotic compounds

fR BRIl PR BIARAE DT WRTRRIE T LRI RER e ol i B WM TR B U R R

G LRk min B %% BN % BN % (ng/kg) (ng/kg) (ng/kg)
1 i - e 8.746 -1.26 -5.70 -0.84 20 20 20
2 = 8.864 —4.13 -9.47 —2.22 20 20 20
3 LISy 8.548 0.39 -0.38 -8.15 20 20 20
4 BRIk 7313 -1.22 -14.35 -8.34 20 20 20
5 - B B s 8.336 ~76.11 —83.81 —82.30 20 20 20
6 a-FE 5L I 8.337 ~54.32 -36.88 ~26.49 50 30 30
7 o-FRBEDRIA A 7.275 53.21 66.87 59.87 50 50 30
8 T ez 5.873 20.31 33.78 49.45 50 50 50
9 % 4.132 -2.56 -8.71 -1.65 50 30 50
10 CICINEN=e7 7.050 32.38 18.97 23.31 30 30 30
11 RE L% 5.589 -12.35 -22.37 -17.65 50 50 50
12 SR 6.717 29.14 45.61 18.71 30 30 30
13 A fib b2 6.130 86.31 75.14 54.31 50 50 50
14 R b 6.717 45.78 65.31 50.14 50 50 50
15 BRACE 7.591 34.83 7.91 7.74 50 50 30
16 filg VU P 8.444 -5.48 —14.18 -10.67 30 30 30
17 ARG Pk 8.728 5.47 -2.71 1.13 30 30 30
18 Hb PG 9.735 1.71 -6.75 -5.93 50 50 50
19 i F PG 9.097 6.13 -7.09 -0.07 50 20 20
20 TR ATV P 5.691 8.72 ~16.02 -4.91 50 20 50
21 T-F IR PG 3.918 10.48 -20.47 -8.81 50 50 50
22 7 BT 7Y 6.252 -3.01 ~17.11 -8.07 50 50 20
23 4-FR L PR 8.568 2.75 —6.22 ~4.69 20 20 20
24 LRI D 8.569 -0.77 -0.97 -9.68 20 20 20
25 AP 9.449 20.45 18.78 25.34 20 20 20
26 APV 8.871 25.31 20.12 34.12 20 20 20
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i WAy aFs %WNE/EE%%EE?W/ﬁﬂEE LA I JE R R AR IR bR/
min BN/ %% BN % "% Eml/(ugke)  EaFR/(ng/kg) (ng/kg)
27 Bk 9.230 75.31 63.79 89.51 20 20 50
28 AAE 6.794 13.11 -1.73 -1.57 50 30 30
29 o 8.153 0.33 —4.41 —6.24 50 20 30
30 ff DG i 5.961 41.85 ~14.05 3.19 50 30 50
31 SN 8.402 -8.58 —9.45 -7.96 50 50 50
32 E A 6.013 -35.21 1.83 18.56 20 20 20
33 SN 7.753 8.29 0.27 1.49 50 50 20
34 A% vy 7.861 4.58 1.71 -0.25 50 20 20
35 FPGIT 8.365 0.21 -0.69 -2.68 20 20 20
36 AL 7.858 —47.11 —48.32 —57.94 30 30 30
37 DR 8.223 -50.81 —65.34 ~71.19 50 50 50
38 AAFE 6.888 —26.65 —66.53 ~53.66 50 20 50
39 [GIPIS= N 8.174 —67.03 —62.84 —67.15 30 30 20
40 IR I 7.666 ~84.46 -97.59 ~77.04 50 50 50
41 BEZ 6.867 —74.71 -103.35 -109.62 50 50 50
42 pEiATE 6.841 98.31 80.49 50.47 50 50 50
43 FIRF) 2 7.038 64.31 77.48 70.59 50 50 50
44 Fix ViE2 9.949 53.75 50.14 60.37 50 50 50
45 AR 4.280 78.54 70.12 80.49 50 50 50
46 NI1-2-FRIL I E 8.762 81.47 72.39 77.41 50 50 50
47 TRV 7.700 60.14 55.78 61.48 50 50 50
48 F i~ 9.206 52.37 44.10 45.59 50 50 50

2.6 ERRFBEE

T, AP k4R Bt 1 48 FhiE IR

TEREUT T BER | BARYCR AR A L 3 R R il
BHAPEREAR S TInbR BIGR S, Wk, $ . & 3 AKFR
HHRFE(50. 100, 500 pg/kg), Tl 1.4 Aiab R AT
WINERWERS 7 WINE, THE RN R, A
YRR ZE TR AE 2 R . 255 R, 48 Pt B iRk
A/ il i1 S LS I A R 1 9 T = s o € 2
51.03%~119.92%, AAXSHR M2 (relative standard deviation,
RSDs) A 1.19%~9.75%; TR AR -1 Inl i 28 o 12 434
TE 53.36%~115.46%, RSDs & 1.27%~9.93%; 1R-&FLH I
¥y oml ok O & 4 B 51.89%~116.79%, RSDs N
1.24%~9.52%.,

Har, &P s RS E Y 2R S -5
R SR 3 32 0 e TR R 3 - S TR SR S A 1S, ey
Pl F A — 2R DB LA B AR A, HEZ T3
TR . B, REEZME 2 KoK eI,
W IE W 25 R 40 P 25 7 £ v A T i 3 T I 0 B8 R A
70%~120%Z 18] o BRI, 36 )y I A 10 52 24 6 i SE e,
FEAEXE LA TR BRI 22 Bl Ak &4, TR HDR X T — S B |
LA B IR D e A4

FALA VIR B 0 SO B I ARRIE R R s R R, W
H UL B IR 2 My (AN e iR s | PR R AR KR Ay
TIEALA Y, SEET BER IR S MEA R S R R
EEAER i, RAERNPIT IR ). EEE R
i, %07 R RAIF(RSD <9.93%), Hirp 23 Fi Ak
YRR ERESE . R AR RS2
S W RSB 70.14%~119.92%, 5 BT 75 H: AR
MW AT SR . SR, 13 R R RS
ARAML . WARE . N1-2-F85: RG22 IR TG BN
51.03%~118.51%, X5 RANXH AL AT GEIAH F LU R %
WL B YRS e T . AR IEE); Q)RTAbBRA A
(BRI SR . SRIBURHE] g b 0R); )X asS 5 (@i
FEZEAVRIR SIARZL AR ); (4)FE TR (a2 BRI+
Y5, S)HAA | ARMEZF AR R B 550 12 Fik
GYEARRER PRI ERNLR, EREREEAZ
FRAS IR AR, X R e i R R IR A AL
AR ORI L B A2, Wl R, REFTLEY
9 I A Rt Ak, ARAS 5 VA S — R i s 05 1 AR [l il
F(51.03%~119.92%)7F4 T/YNBX 082—2023 {4/
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SR A AR b 48 FEF I IREIL A 11

AR 2 5% R AN o 4 B S O A AR R ) K ( S I 245 )
(USP<1225>) [ Jlr s 45 il B2 ok, WE PRI T 2 4256 0 h 41
i BRI Ak 0 1 O 85 2550 3 R 6 M 12
2.7 EbRMEmiEE

K FAASIGE 5 2% T B 45 5 4 45 114 45 Fh e Bk
FUA S B IR DR B SRR (g S A TR A . AR R,
A 10 HUCE FR A BB IR SR £ S H AR SR 2
Kt 2% 22%, B SFON ER BER AR, o, 8
M= R R R RN 300 pgke, 1 HLIREEN
1125 pg/kg, 7 1 AFER SR, 5% 120 mg/kg; Ik
A1, 2 U AR HAT FE R B IR DR A AL, (S
HARIITE E REBR 50 pg/kg BT o AKS: HE A 2SR A4
IR, AT RER TR i SNBSS . AR HE I
TIRLE, R P ZAE v [ 0 AR AR/ A Ay 33 £ S R
F, ARRTVE g O g £ i ok, LAl 5 28 5 7™ A i A A
Fe, JFHP7 bR s F W AR R RS PR L A H A
HGET R 0.5~3 mg) LyEREFWP, o B ARk
SXHEINAS BN 1A JRURSE, A 2007 s il FLA PR o . AR
i 4 eI, AR P TR B LA R B IR T &
AEAEAR T A AN T 25 XU, 3 £ P PT R 2 i 2 2 ft
JRERA R TE U, RS | R A 2 A5 B i O T

3 & i

GRS T —Fh 3T HPLC-Q-TOF-MS (1 i
BTk, TR 48 P F BRI A Y. 3T S LARTE
P B FR AT S B IR D 12 AR A 5, R
BEK G AT HEEL, 454 QuEChERS J7 kX i it
ATHTARFE, AbFRS RRE S AT BB TR . AL
TERE PR LU, %5 RS SR BT 48 FhEER BhIRIL &9
PR ol e R A, A5 EM, KRR E IR A
20~50 pg/kg, XFFAFIZSHIA G IET, ks ESCR R
R R B B3 BIRCRE R 51.03%~119.92%, BAARTK
B2 BN 53.36%~115.46%, B4 LB Y25 1]
R K 51.89%~116.79% TEXTSLBRFE S BEAT IR AT, & B
HRABZERG H ARy 22% AL i I FH XURS: o B SR LAl T
FELAFEEN, AR5 1IR 2 &, Dok i it
T S A VR AE AR RREXURS: o AR 5 IRV . S I ki, 15
ik g B ae e & W ek i 2, b I
W TR ARE S I T R T A RO B AR F B, HA R
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