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Simultaneous determination of 55 kinds of chemicals illegally added into diet foods by
UPLC-MS/MS
HU Ziyan, JIN Xin, ZHANG Ling
(Nanjing Institute for Food and Drug Control, Jiangsu Nanjing 210000, China)

Abstract: Objective To establish an analytical method for simultaneous determination of 55 illegal addition of compounds
in doet foods by ultra-performance liquid chromatography tandem mass spectrometry. Methods After ultrasonic extraction
with methanol, the samples were separated on Agilent Eclipse Plus C,,RRHD column (2.1 mmx100 mm, 1.8 wm) with
gradient elution using a mobile phase of 0. 1% formic acid aqueous solution and acetonitrile. Under positive and negative
ion scanning conditions, dynamic multiple-reaction monitoring mode was used for monitoring. Results The 55 illegal
addition of compounds showed good linear relationship in the corresponding linear range with all the correlation coefficient
greater than 0. 995. The average recoveries were 75%-125%, and the relative standard deviations were less than 12%, the

LODs were all in the range of 0.02-1.25 pg/g. Fifty batches of samples were tested by this method. Fluoxetine,

sibutramine, N-monodesmethyl sibutramine, N-didesmethyl sibutramine, bisacodyl, torasemide were detected in 38

samples. Conclusion This method is simple, rapid, sensitive, efficient and accurate, which can be widely applied in

the high-throughput detection of illegally added chemicals in different kinds of diet foods matrices.
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Table 1

Chemicals that may be illegally added to slimming foods
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Table 2 Relevant information of standard substances

s wEY CASY PR LA T/ %
1 Hh R TR TN B i 154-41-6 C,H,,NO-HCl BT 7R B 99.6
2 H i 25 1 P JRR B0 2153-98-2 C,H,;NO-HCI BT 3% 97.0
3 E T PR 2 50-98-6 €, H,;NO-HCI By 7% 3% 99.8
4 Py JoR 2 90-82-4 C,,H,NO B 7R 3% 99.8
5 PP L JoR B G 552-79-4 ¢, H,NO By 7R 3 99.9
6 AR A ] 300-62-9 CH ;N By 7R 1 99.8
7 SE R 58-94-6 C,H,CIN,0,8, Bl 7R % 99.7
8 S A ER 58-93-5 C,H,CIN,0,8, Bl 3% 98.0
9 L 22 AR Al A 33817-09-3 C H N Fay 7R 3% 99.5
10 eS| 58-08-2 CH,,N,0, By /% 8% 99.9
11 IM L] 122-09-8 G H N BT 7 B 99.7
12 HIRA R Ok 846589-98-8 C, H,,CIN-HCI By 7R 3% 99.3
13 R 22 A At B 31677-93-7 C,,H,CINO-HCI By 7R 1% 99.9
14 o5 AL 458-24-2 C,H, F;N Bl 7R % 97.0
15 LR AT Hh 81131-70-6 C,3H,4NaO, BT 3% 99.0
16 kg K 54-31-9 C,H,,CIN,0.8 i 7K B 99.9
17 Hh R NN-BLZ 7 A i 7 84484-78-6 C,sH,,CIN-HCI B 7% B 99.7
18 WP 54910-89-3 C,H,F,NO Bo] 7R 3% 95.0
19 T Tk 77-09-8 C,H,,0, By 7R 3% 99.9
20 N-FA. 25 F I 94 A i 9] 168835-59-4 C,H,;CIN By 7R 1% 98.0
21 5] 325 W iz 26807-65-8 C,oH,,CIN,0,8 Bl 5 3% 97.7
22 2 R VG A I KA 125494-59-9 C,,H,,CIN-HCI-H,0 B 7 B 99.9
23 8 P A 1446140-91-5 C,,H,,CIN-HCI Far 7K B 98.0
24 R B 5 P A i 935888-80-5 €, H,,CIN-HCI BT 3 99.4
25 L Vb Al g 603-50-9 C,,H ,NO, By 7R 3 99.8
26 Hh TR AV A h W] 84485-08-5 C,,H,,CLN By 7R 3% 99.4
27 R 41859-67-0 C,,H,,CINO, Bl IR 8% 99.6
28 i L fb e 28395-03-1 C,,H,)N,0.8 Bl 7R % 98.0
29 AT 75330-75-5 C, 1,0, BT R 3% 95.6
30 F AR AMTT 79902-63-9 C,sH,,0, Far 7R B 99.7
31 W R SIS BE 158681-13-1 C,,H, CLN,0-HCl B 7R 3% 98.3
32 ARt D e 49562-28-9 C,,H,,Clo, By 7R 3 99.9
33 B E] Al 96829-58-2 C,,H,,NO, By 7R 3% 97.1
34 PNLE 521-61-9 C,H,,0, G BE 99.2
35 REH 518-82-1 CsH,,0, R BE 96.0
36 FEhrZEK 56211-40-6 C,H,N,0,S ok B 100.0
37 2N B 52-01-7 C,,H,0,8 o B 99.9
38 MU T 115-33-3 C,,H,,NO B 7% B 98.0
39 FE Vb AT E 2% 5T C 72901-16-7 C,oH,,NO, TRC 98.3
40 CIIR 83-67-0 C,H,N,0, G B 99.4
41 JBE 2 15 LE 70 T E 603-41-8 C,HsNO, By 7R 3% 99.9
42 E R IR 79559-97-0 C,H,,CLN-HCI o BE 99.9
43 FL AL TR 97240-79-4 C,,H, NO,S R e 99.9
44 72 TiE PR Bk 541-15-1 C,H,,NO, TMstandard 99.9
45 FIERER 481-72-1 CsH,,0, e e 97.5
46 R A LUK 834-28-6 C,HN,-HCl e e 99.7
47 ST R VY I 2= 59729-32-7 C,,H,,FN,0-HBr G e 99.9
48 e R % A 34183-22-7 C,,H,,NO,- HCI G BE 99.8
49 <+ 2 I L ) 19774-82-4 C,sH,,[,NO,- HCI G BE 100.0
50 i I ik 475-83-2 C,H, NO, o Be 99.8
51 LR PEAT R 81732-46-9 C 4 H,N,0,-HCl Hh g e 99.7
52 KR 478-43-3 CsHO, e e 99.3
53 AR R = HOBUIR 1115-70-4 C,H,N,-HCl Hh e B 100.0
54 T R 18559-94-9 C,,H, NO, G e 99.7
55 K 481-74-3 C,H,0, Tk B 99.4

WA Eb FERLZEK RN LLYP AT BEZS SR C ATl A 10 mL AR ROR R, A R 2 2 B BE 2T
Bl JBE L BE LU AT E B IR A AR ZEBE A BR LSRR 1 pg/mL HOTR A BRI

PR R R R £ OUUNK IR R P B > R R 2 i 1.3.2  RAEPRMEF B

W 8T M L 47 Pt L R R BE A R 2 R TIR AL G SN G L S SR R A T
IR R 8 B 6 45 W (100 pg/mL) 4% 0. 1 mL, BT BRIEOK RB R P EBE KRB R WSS T FEmR
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Table 3 MS spectra parameters of 55 kinds standard substances

EY 14 B3 15} 18] /min g s e BT FET i BE/V
RN B 3.12 ESI+ [M+H]" 152.1 134.1%,117.1 9,17
2 WPk R 25 B 3.48 ESI+ [M+H]" 152.1 134.0%,117.0 9,21
TR BT 4.59 ESI+ [M+H] 166.1 148.0%,116.9 9,21
A B H5 B 4.95 ESI+ [M+H] 166.1 148.0%,117.0 9,21
FH B 6K B Tl 5.69 ESI+ [M+H] 180.1 162.1%,147.0 13,25
A Al B 6.67 ESI+ [M+H] 136.1 91.0%,119.0 21,5
LA WE R 6.07 ESI- [M-H] 293.9 214.0%,178.7 37,49
GG E IR 7.23 ESI- [M-H] 296.0 268.8%,204.9 17,25
P 322 3 b 1] 7.59 ESI+ [M+H]" 150.1 91.0%,119.0 29.9
W R 7.99 ESI+ [M+H] 195.1 138.0%,110.1 21,29
S ERL 8.21 ESI+ [M+H]" 150.1 91.0%,133.0 17,9
ARk 9.98 ESI+ [M+H] 196.1 128.9%,144.1 37,21
B Al 1 10.30 ESI+ [M+H] 240.1 184.0%,131.0 9,33
pAN e 10.68 ESI+ [M+H]* 232.1 158.9%,187.0 33,13
AT 12.22 ESI- [M-H] 4232 303.1%,321.2 17,17
Ik € K 12.53 ESI- [M-H] 329.0 284.9%205.0 17,25
N,N-XL 2 H L7 A7 fh B 12.50 ESI+ [M+H]* 252.2 124.9%,138.9 33,9
FIGIT 12.66 ESI+ [M+H]* 310.1 44.2%,148.0 13,5
i3 ik 13.06 ESI+ [M+H] 319.1 225.1%,140.9 21,45
N-FfLJ FH LG A5 il BH 12.66 ESI+ [M+HT* 266.2 124.9%,138.9 29,13
15|35 13.02 ESI+ [M+H] 366.1 132.1%,117.1 13,53
4 A i 12.86 ESI+ [M+H] 280.2 124.9%,138.9 33,13
A HE 7 A il A 13.14 ESI+ [M+H]" 314.2 91.0%,124.9 49,25
ZE B A1 il A 13.17 ESI+ [M+H] 294.2 124.9%,138.9 41,17
He Vb Al g 13.21 ESI+ [M+H]* 362.1 183.9%,226.0 37,17
SRV A it ] 13.41 ESI+ [M+HT* 314.2 159.0%,172.8 33,17
AL IR 14.45 ESI+ [M+H] 362.1 138.9%,316.1 33,13
i e 14.59 ESI+ [M+H]" 365.1 240.0%,184.1 21,25
AT 18.08 ESI+ [M+H]* 405.3 285.1%,199.1 9,9
F AT 18.92 ESI+ [M+HT 4193 285.0%,199.1 9,9
T BB BE 19.19 ESI+ [M+H] 463.1 362.8%,84.1 37,33
A DURe 19.82 ESI+ [M+H] 361.1 233.0%,138.9 17.33
BRI ] At 23.44 ESI+ [M+H] 496.4 319.2%,337.1 17,9
KR 18.32 ESI- [M-H] 283.1 240.1%,183.2 25,53
K 16.26 ESI- [M-H] 269.1 241.0%,225.0 29,29
FLHLZE K 11.17 ESI+ [M+H]" 349.1 182.4%,168.0 53,57
U2 P g 15.35 ESI+ [M-C,H,08]" 341.2 187.0%,107.0 30,31
MRS T 15.40 ESI+ [M+H]* 402.1 266.0%,196.1 20,57
He Vb AT g 24 5 C 10.70 ESI+ [M+H]* 320.1 183.1%,167.1 57,25
nI QIR 3.36 ESI+ [M+H] 181.1 138.1%,67.0 17,33
i 2. Bk HE Vb BT g 8.48 ESI+ [M+H]" 278.0 184.0%,167.0 16,36
FlRON 12.75 ESI+ [M+H] 306.1 158.9%,275.0 24,7
FCL AR 11.86 ESI- [M-H] 338.1 96.0%,78.0 20,20
7 i A B 0.83 ESI+ [M+HT 162.0 103.0%,85.0 12,16
FERME 14.10 ESI- [M-H] 269.0 240.1%,223.1 10,29
WK 0.94 ESI+ [M+H] 206.0 60.0%,105.0 23,23
P Rt % 11.55 ESI+ [M+H] 325.2 109.0%,262.0 25,15
A 2 1 12.25 ESI+ [M+H]* 342.1 116.1%,72.0 22,34
i L) 15.66 ESI+ [M+H] 646.1 58.1%,100.1 45,30
T - B 10.88 ESI+ [M+HT 296.3 265.3%,250.5 24,30
PEAFE 2 10.10 ESI+ [M+H]" 368.2 294.1%,72.0 21,40
KE R 14.37 ESI- [M-H] 283.0 239.0%,183.0 10,25
AR 0.81 ESI+ [M+H] 130.0 60.0%,71.0 11,23
W T R 3.20 ESI+ [M+H] 240.0 166.0%,147.9 20,40
KR 18.02 ESI+ [M+H] 254.9 151.9%,180.6 40,40

ZERER KB T MEBEPRAERE 25 (100 wg/mL) 1.3.3 IRAUHE TR

£ 0.5 mL, B FH— 10 mL 28I b, H B R 3 7 T B W BRI A (1 g/ mL) i
NS W 5 weg/mL IR A ARE IRAFRME TR B(S ng/mL)idE &, EEAG R, 4R
W o A1 AE R RPN ME TAERR W ST ~ S5, i i ik B AR Ik
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Table 4 Linear range, linear equations, coefficient, recovery, repetition, RSD and LOD of 55 chemical drugs

o FRAELIE/ 197 B WXRE WMck/%  WEM/% RsD/e R/
(ng/mL) (pg/g)

AT B 10~100 y=1125.8x-85.6 0.997 1 82.3~96.5 6.87 2.58 0.02
25 B D0 JRR 2 10~100 y=2253.8x-174.5 0.997 1 81.4~94.2 8.50 3.24 0.02
JRR 35 10~100 y=13707.0x~1 296.6 0.996 8 81.3~97.7 6.81 3.08 0.02
A JBR H5 B 10~100 y=10 256.0x-763.8 0.995 7 79.1~96.7 4.37 2.09 0.02
FF L JBR 225 10~100 y=7 163x-530.9 0.998 8 97.5~102.3 4.75 4.15 0.02
2 A B 10~100 y=3 974.9x-447.8 0.998 9 101.2~110.3 4.21 0.89 0.02
e 50~500 y=17.7x-44.9 0.999 0 87.8~89.3 2.97 2.06 0.02
S e 50~500 y=29.3x-15.9 0.997 4 87.0~106.6 9.27 3.69 0.02
FP L 22 At ] 10~100 y=17 852.0x-2 090.7 0.996 3 87.4~113.8 8.98 1.89 0.02
nfjr e BRI 10~100 y=1756.5x-212.7 0.996 5 92.8~106.6 4.91 5.17 0.02
Ak R AL 10~100 y=724.5x-23.2 0.999 2 88.5~100.2 3.87 1.35 0.02
E R NUR 10~100 y=4 049.7x-391.2 0.999 8 101.1~107.1 2.20 233 0.02
2 A A 10~100 y=6 908.1x-603.7 0.999 5 102.8~109.8 2.89 1.59 0.02
By Al 10~100 y=21 055.6x—1 464.9 0.999 7 102.9~109.2 2.17 2.14 0.02
AT 50~500 y=53.6x-21.1 0.996 8 84.6~104.4 7.30 2.16 1.25
Ik FE K 50~500 y=131.1x-96.3 0.996 3 76.6~92.4 10.35 3.24 1.25
NLN-RU 2 H PG A i 1) 10~100 y=3 213.9x+1 069.1 0.997 5 99.0~111.3 9.62 5.63 0.02
FIETT 10~100 y=12 499.5x-951.5 0.999 0 108.7~112.7 1.69 2.58 0.02
731N 10~100 y=1251.7x+383.3 0.996 7 103.4~117.4 5.13 4.26 0.02
N-2A. 2 B 76 A i B 10~100 y=7 880.4x+218.2 0.9952 88.5~116.1 11.72 4.34 0.02
ng| 3k i 10~100 y=694.4x-53.2 0.997 5 99.1~111.7 5.87 2.69 0.02
G i B 10~100 y=7 822.1x-607.2 0.999 9 93.4~121.6 11.50 3.66 0.02
B i ) 10~100 y=10 501.6x-757.8 0.998 2 100.4~107.6 3.23 3.58 0.02
ZEBLVE A7 il 10~100 y=9 497.7x-895.1 0.997 6 99.8~110.5 4.10 3.87 0.02
LD AT IE 10~100 y=17 871.5x-1 074.9 0.998 8 96.9~115.6 6.14 2.59 0.02
SRV A it B 10~100 y=3896.3x-391.3 0.998 7 98.3~108.0 3.40 435 0.02
AL 10~100 y=689.6x—-68.3 0.997 5 103.2~110.1 3.00 1.69 0.02
i KAl Je 10~100 y=882.4x-79.4 0.999 3 100.0~106.9 2.33 1.89 0.02
ARALTT 10~100 y=232.3x-18.0 0.998 7 99.8~110.9 6.11 4.32 0.02
F AT 10~100 y=231.42x-15.0 0.997 6 98.4~112.5 4.59 3.02 0.02
FIBEARPE 10~100 y=3 940.1x-152.7 0.998 1 107.9~114.7 2.56 2.63 0.02
37 10~100 y=1317.1x-110.2 0.999 2 102.0~110.6 2.93 0.98 0.02
A 7] A 10~100 y=1051.2x-55.4 0.999 7 75.9~87.3 8.23 3.24 0.02
K 2 ik 50~500 y=1111.8x-646.5 0.999 8 75.2~82.1 5.69 3.07 0.02
K#EER 50~500 y=1809.8x+31.6 0.999 9 76.2~83.5 4.32 2.89 0.02
FEHL ZEK 10~100 y=2 673.3x+1293.3 0.999 9 89.2~96.5 3.27 0.68 0.02
HER A T 10~100 ¥=950.1x+196.5 0.999 8 89.2~96.5 3.27 2.34 0.02
BB T 50~500 y=9 277.9x+1 344.3 0.999 9 92.3~98.5 2.97 2.69 1.25
LD R IE 2% C 10~100 y=1823.0x-461.5 0.996 8 90.2~101.5 7.23 3.13 0.02
CIRR: 10~100 y=2 062.8x+2 449.9 0.999 3 79.2~88.4 6.28 3.91 0.02
Jiit 2, Tk B Vb T e 10~100 y=3 348.5x+4 577.6 0.998 6 92.4~106.8 7.73 3.62 0.02
& I A 10~100 y=7 299.2x+576.9 0.999 0 86.9~99.4 5.92 2.55 0.02
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7 JiE PR 10~100 y=1 848.4x+528.0 0.997 4 93.4~105.8 8.59 3.56 0.02
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2 BUIR 10~100 y=80.6x+363.5 0.996 2 79.4~93.3 8.70 5.88 0.02
VU 2% 10~100 y=1351.2x+131.2 0.999 1 85.4~99.3 4.01 2.87 0.02
2 AT 10~100 y=1143.9x+80.1 0.999 9 88.5~97.6 5.92 2.88 0.02
i T ) 10~100 y=1105.2x+307.5 0.998 8 96.7~112.9 8.23 3.56 0.02
T - 10~100 y=1119.5x+111.6 0.999 2 80.1~96.6 5.22 1.87 0.02
PEAR FR % 10~100 y=1244.4x+616.5 0.999 9 88.5~98.4 5.57 2.84 0.02
KHER 50~500 y=1872.0x-112.0 0.999 0 78.2~84.5 4.82 2.32 1.25
UK 10~100 y=82 296.6x+1 343.1 0.997 3 92.3~105.6 5.32 2.74 0.02
W1 i 50~500 y=4922.6x+1 364.9 0.998 5 78.6~86.7 6.23 3.82 1.25
K 10~100 y=359.0x+78.4 0.997 2 77.0~85.7 5.20 1.59 0.02
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