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Rapid screening and quantitative analysis of 73 kinds of chemicals
illegally added in the healthy foods by Orbitrap mass spectrometry
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A high-throughput qualitative screening and quantita-

tive method of ultra-high performance liquid chromatography
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combined with orbitrap mass spectrometry (UPLC-Orbitrap-MS)
was developed to determine 73 kinds of chemicals illegally added
in the healthy foods. The samples were extracted with methanol
using ultrasonic extraction. The separation was eluted by gradient
on a Waters Acquity UPLC HSS T3 column (100 mm X 2.1 mm,
1.8 ym), with a mobile phase consisting of water (0.1% formic
acid) and acetonitrile in both positive and negative mode. The
data were acquired via full-scan data-dependent MS/MS (full
scan-ddMS?). The qualitative analyses of the compounds were
performed through the database established by Trace Finder soft-
ware, and the quantitative detection were undertaken through the
area of precursor ions. The results showed that each target had
good linearity in its own concentration range, and the correlation
coefficients were higher than 0. 99. The limits of determination
(LODs) were between 2~20 pg/kg, and the limits of quantification
(LOQs) were between 6~60 pg/kg. The recoveries of the proposed
method were in range of 72.2% ~117.5% at spiked levels of 100,
200, and 1 000 pg/kg with deviations (RSDs) between 2.3% ~
6.8%. It could be concluded that the high-throughput, qualitative and
quantitative method reported in this study was useful for the determi-
nation of illicit drugs in functional foods.

Keywords: electrostatic field Orbitrap high resolution mass spec-
trometry; healthy foods; illegal additives; qualitative; quantita-

tive
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Figure 1 Extracted chromatograms of sibutramine
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Table 1 Parameters of 73 compounds

b5 W 4 Fr 43 ¥ PRE R F#MEX BETOn/o R BT Gn/2)

TG 4 iy B9 C17 Hy CIN 8.54 [M+H]+ 280.182 65 139.030 9,125.015 3
N - s B3G5 il ) C16 Hyy CIN 8.44 [M+H]+ 266.167 00 103.050 2,125.021 2
N-N-BE B R4 4 i 1 Ci5 Hz; CIN 8.36 [M+H]+ 252.151 35 97.101 2,125.023 3
BN AL CiHisF3N 7.59 [M+H]+ 232.130 76 159.041 6,109.044 8
JBR 24 B CioHisNO 5.10 [M+H]+ 166.122 64 148.112 1,91.054 2
13 Bk CaoH14 04 8.67 [M+H]+ 319.096 49 225.054 6,105.033 5
TES Ci2 Hii CIN; O35S 8.48 [M—H]— 329.000 40 285.010 6,204.984 4
2R T IR CipHigN, 058 9.11 [M+H]+ 271.111 09 155.016 1,74.096 4
& 51 5 IR Cy3 Hys CIN; O3S 10.00 [M+H]+ 494.151 10 369.067 0,169.005 1
K& 51 5 4 Cis Ha N3 058 9.59 [M+H]+ 324.137 64 127.123 0,110.096 4
s 5 it % Co1 HyrN; 048 8.96 [M+H]+ 446.185 65 321.101 6,100.112 1
& %) v el Cor Ha3 N3 06 S 10.59 [M+H]+ 528.216 28 167.016 2,202.086 1
¥4 51 25 iR CyH3 N, O5S 10.15 [M+H]+ 491.232 27 126.091 1,181.097 5
% k& 5 CisHi9N; 058 7.19 [M+H]+ 358.122 00 135.091 7,119.060 4
Hk 5 25 Cor Has N, O 9.14 [M+H]+ 453.274 78 162.127 7,86.096 4
g 3] il Ci9 HzoN2 O3S 7.57 [M+H]+ 357.126 74 134.096 4,119.073 0
ZHOBUIR C,HN; 0.80 [M+H]+ 130.108 72 60.055 6,71.060 4

AU CioHisN; 6.16 [M+H]+ 206.140 02 105.070 2,164,118 7
& 51 3 Tk CisHys N, O, S 9.78 [M+H]+ 367.168 60 170.153 9,152,143 4
TR CoHisN; 1.71 [M+H]+ 158.140 02 116.117 4,158.139 6
AR CisH14 CIN; O 7.40 [M+H]+ 300.089 82 283.087 1,241.052 7
I 5 CigH13CIFN; 7.78 [M+H]+ 326.085 48 291.116 6,244.032 4
il 74 Cis Hi N3 O 8.66 [M+H]+ 282.087 32 236.094 4,180.080 8
E] Cis Hi11 CIN, 8.64 [M+H]+ 295.074 50 267.055 8,138.010 5
] 3 1 Ci7Hy3 CIN, 8.75 [M+H]+ 309.090 15 281.071 5,205.076 0
A VP Ci5 HioCIN; O3 8.84 [M+H]+ 316.048 35 214.041 8,270.055 4
= Ci7Hi2Cl Ny 8.86 [M+H]+ 343.051 18 308.082 3,138.010 5
b G CisH15CIN, O 9.55 [M+H]+ 285.078 92 222.115 1,154.041 8
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k1
[Ag/EX i ¥R fREEE MR BETOn/o R BT Gn/2)

%7 CgH; N2 Oy 6.76 [M—H]— 183.077 52 140.071 7,94.066 2
PN Cia H1s N, Oy 7.90 [M—H]— 231.077 52 188.071 7,85.004 4
G474 Ci2Hig N2 O3 8.84 [M—H]— 237.124 47 194.118 7,85.004 4
FE % CiiHigN, O3 8.59 [M—H]— 225.124 47 157.060 8,111.116 8
AFFL Cii Hi:CINO; S 8.30 [M+H]+ 274.029 92 154.041 8,209.060 2
eV 5 % Ci7H17CING O3 6.97 [M+H]+ 389.112 34 245.022 5,130.005 3
SUEAR K Ci Hig CIN, 7.30 [M+H]+ 275.130 95 230.073 1,167.073 0
Lok pE CiyHisN;0 8.54 [M+H]+ 306.134 94 264.124 4,236.090 4
S Ci7 Hyr NO, 7.47 [M+H]+ 278.211 46 215.143 0,121.064 8
T B CiyHy3NO, 6.26 [M+H]+ 330.169 98 181.064 8,153.070 0
W Co1 Ha5NO, 7.48 [M+H]+ 356.185 63 165.091 1,192.101 8
bR 2% Cis His N, O 7.68 [M+H]+ 233.128 45 174.090 8,131.072 6
B G C15 H,1 CIN; O, 8.65 [M+H]+ 287.058 18 241.052 7,163.005 8
55 hi 7 P Ci15H1oCl N, O, 7.59 [M+H]+ 321.019 21 289.029 4,177.021 4
J& B s - Cig Hao Ny O 10.04 [M—H]— 359.124 86 226.086 3,210.091 3
J& B b - C21 Has N2 O 10.22 [M—H]— 417.166 72 301.081 9,255.089 0
Je & T Cao Hzy N O 10.41 [M+H]+ 389.170 73 211.085 0,183.091 2
32 V& 3t - Cis HysCLLNO, 10.63 [M—H]— 382.061 84 278.013 4,243.044 5
R C;HsCIN; O, S, 6.32 [M—H]— 295.957 20 204.983 3,157.016 2
W 14 15 CioHz1 N5 0O, 7.13 [M+H]+ 384.166 63 247.119 0,138.055 0
) 1fiL Cs3 Hio Ny Oy 8.45 [M+H]+ 609.280 66 448.196 7, 397.212 2
LA CoH5NO3S 7.10 [M+H]+ 218.084 54 172.079 2,116.070 6
T IR SE CyHyCl2N; 5.86 [M+H]+ 230.024 63 212.998 1,186.982 4
A Ca0Ha25 CIN; O 8.13 [M+H]+ 409.152 48 238.062 9,294.089 1
il 2 b - Ci7 Hig N, O 9.39 [M+H]+ 347.123 76 315.097 6,195.091 7
[TE=SEVIN CiyH2 N, O3 4.64 [M+H]+ 267.170 32 190.086 3,116.107 0
AR AT Cay Has O3 10.36 [M+H]+ 405.263 55 199.148 1,143.085 5
FARALTT Ca5 Has O3 11.42 [M+H]+ 419.279 20 199.148 1,173.132 5
P CsH;NO, 1.22 [M+H]+ 124.039 30 78.033 8,96.044 4
W FR AT R IR R Cyy Hyy NaOy 10.37 [M—Na]— 421.259 56 319.190 2,101.060 1
FARAMIT Co3 Hy O3 10.71 [M+H]+ 391.247 90 155.084 1,185.131 6
I8 38 35 ¥ £ At 7T Coy H3, 04 11.90 [M+H]+ 387.252 99 131.086 2,199.149 0
;R (E ] Cai H32 Ng O3 7.49 [M+H]+ 453.260 87 297.134 6,113.107 3
27 AR R Cys Hyy N O3 7.54 [M+H]+ 467.276 52 297.134 6,127.123 0
F2 L2 L P AR R Cs3H32 N O5 S 7.76 [M+H]+ 505.222 77 99.091 7,283.119 0
TG H AR AE Car Hyo NGO, S 7.80 [M+H]+ 475.212 20 311.150 3,283.119 0
A B RLAE Car HigN, O, 8.49 [M+H]+ 391.140 08 269.103 3,262.086 3
b i AR Cos HigN; O 8.87 [M+H]+ 390.144 83 268.108 1,135.044 1
i A% IR AR Co3s H32 NG O3Sy 8.75 [M+H]+ 505.205 01 327.127 4,299.096 1,
PRLE S iPe¥ e Cor Hiz N3 Oy 8.54 [M+H]+ 376.129 18 302.081 2,262.086 2
AL T e R R Coy Hyo NG 03 S, 8.62 [M+H]+ 491.189 36 100.099 5,341.142 4
ZESL TG ARl Co3 H32Ng O, S 7.85 [M+H]+ 489.227 85 114.115 2,311.150 3
R AR AR Cos HyaNgO4 S 7.42 [M+H]+ 489.227 85 312.158 1,151.086 6
AR AR A Ca2 Hz9 N5 04 S 9.54 [M+H]+ 460.201 30 169.097 4,312.158 1
IR ZL VG 1R 3k C22 Hyo N5 0, S 10.55 [M+H]+ 460.201 30 312.158 1,283.119 5
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Figure 2 Extracted chromatograms of vardenafil
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2.3 BERMM
FE 5K FR 43 AT 4 0 3R I A 43 5 e He B 25 4 1T Y
B AR BT B, 3R I S - 4 ik s T R AR L AR
P 43 B2 K T BB ) 3 52 o) B BT R0 A R Y AR
Jo 4 5, B¢ e S5 Dl 55 RN 1Y — P SR B o D IE A o ol 4R
T 4341 . Orbitrap HA B & /0 P13 85 R B & T
AN RN AR X AR . S T — 2 W R A R Y
TN A B FETAE T 00 B B L I VR R T AN
BITE 80 % ~120% , FH M /8 ik b R 25 R 35 Joi s R Ok 1)
AL
24 ZMEXRRKEHR

Sk 1 Orbitrap 5 43 B B35 %F 73 il 3E 2 95 i (9 74 24
BEATE AT, DL H AR ¥ BE B  RRAL B 04 T AR AE D 4L
AR v LU EH AR IV B D B AR AR L il AR AE R 2 BT A
HEME—EMEENLERRRIF.R>0.99, fE5H
Jr VR P A AR B 1 B ARG W K s R (LOD) LA
S/N=3ffgs2,S/N=10 B XF B[ ¥ B J 22 = R 5k &9
A R e B LR 2.

K2 BEUEYKRHRREZR
Table 2 The LOD and LOQ of 73 compounds

LA/ K i R/ ERR/ MRV L/ K i B/ FE R/
[ atg/EA S (AR EAR S
(ng* mL™ ) (ug kg™ (ug-kg™» ng+mlL ) (pgo kg™ (ugekg D
P4 A ity ] 0.6~200  0.998 2 6 B 0.6~200  0.998 2 6
N-B 2 B 5 g A i B 0.6~200  0.998 2 6 W 0.6~200  0.998 2 6
N-N-REHIEPEAA R 0.6~200  0.998 2 6 RS 0.6~200  0.998 2 6
PAS A 0.6~200  0.999 2 6 BRI R 0.6~200  0.998 2 6
JRE B R, 3.0~500  0.996 10 30 FFHIVG 0.6~200  0.998 2 6
[LAA0N 0.6~200  0.998 2 6 JE R - 1.5~300  0.998 5 15
kg 3K 3.0~500  0.997 10 30 Je BT 1.5~300  0.998 5 15
RS T IR 1.5~300  0.998 5 15 Je Z - 1.5~300  0.998 5 15
a5 R 1.5~300  0.998 5 15 A H 1.5~300  0.998 5 15
51 555 1.5~300  0.998 5 15 A GER 3.0~500  0.998 10 30
& 51 Ik 1.5~300  0.998 5 15 R IR 0.6~200  0.998 2 6
& 51| s ) 1.5~300  0.999 5 15 i 1 0.6~200  0.998 2 6
& 51 2 % 1.5~300  0.999 5 15 R F) 0.6~200  0.998 2 6
B A% 51 1.5~300  0.998 5 15 Al SR 1.5~300  0.998 5 15
Fii ks 31 2% 1.5~300  0.999 5 15 BT 1.5~300  0.998 5 15
Mt %) 1.5~300  0.998 5 15 [ES:IRE 0.6~200  0.999 2 6
UK 3.0~500  0.999 10 30 (TRt N 0.6~200  0.999 2 6
KB 1.5~300  0.998 5 15 AT 1.5~300  0.998 5 15
A8 31 1% ik 1.5~300  0.998 5 15 AT 1.5~300  0.998 5 15
TR 3.0~500  0.997 10 30 A 3.0~500  0.996 10 30
AAEs 0.6~200  0.998 2 6 BT ERRGNERE 3.0~500  0.998 10 30
Rk M 0.6~200  0.998 2 6 FARABTT 1.5~300  0.998 5 15
i PG 0.6~200  0.998 2 6 Joh R R AR Al T 1.5~300  0.998 5 15
PG 0.6~200  0.999 2 6 AR M AR A 3.0~500  0.998 10 30
o] S g £ 0.6~200  0.998 2 6 IR 1.5~300  0.998 5 15
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gk 2
- LM/ K i R/ E R/ P LA/ Kt B/ FE PR/
(ng* mL 1) (ug+ kg™ (ug- kg™ ng+mlL ) (pgo kg™ (ug-kg™H

SR 0.6~200  0.999 2 6 FAEZERPIMIARAE 0.6~200  0.998 2 6
=t 0.6~200  0.999 2 6 [LLg:UR 1] 0.6~200  0.998 2 6
HLPG 0.6~200  0.999 2 6 Ak R e 1.5~300  0.999 5 15
M % 6.0~500  0.998 20 60 R ARE 0.6~200  0.999 2 6
KEHZ 6.0~500  0.998 20 60 AR ARARE 1.5~300  0.999 5 15
GICIsR A2 6.0~500  0.998 20 60 ELiE (s pEls 0.6~200  0.999 2 6
IR E % 6.0~500  0.999 20 60 WAL IR 1.5~300  0.999 5 15
ASEFLIR 1.5~300  0.998 5 15 ZER PG AR 0.6~200  0.999 2 6
T FERE 1.5~300  0.999 5 15 fRHTRAE 0.6~200  0.999 2 6
AT 1.5~300  0.998 5 15 PR BB 0.6~200  0.998 2 6
B 131 1.5~300  0.999 5 15 BV b IRl 1.5~300  0.998 5 15
perRIES 1.5~300  0.998 5 15

2.5 ERERBZE

FERCHE R TR TR 3 R (5 B T R 100,
500,1 000 pg/kg & VR INAR R BAKTFEE 3 K.
S5, H I o 72,290 ~ 117.5 % o AR X AR HE DR 2%
2.3%~6.8% , FWAIZ 7 Ik & — FloE B A [7] 3k I 4 i 1
A 3 V0 e 3 R O A A A O
2.6 SEERFEEmET

FIAATT B 28 4 I/ & fh A7 R, 1 bk
G IS AR AT L 1 HEUORE B A B AR E .
3 Hik

ENTEe L Y R VAN 1 S - S LLEE | 7S
TSIV 25 B 4y T A R O A K RO Ik O R L bR
R B BE B E A R s AN U] LA Dl M O A R
73 B 0 s 3 T LR A I SR A R L AT
HoAth B ARAE A P S 1) A E B AR HE O AE L B0 T B
B AT R R S AR R 5 A A 1 O i 25 W R 2 AR AT R 4
Ji L AS W 8 3 b 8 B0 R

S 3% 3Lk
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