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Rapid determination of 81 illegal weight loss additives in tablet candy by

ultra-performance liquid chromatography-tandem mass spectrometry

Li Hongli Su Min Wu Yanlei Zhang Mian Wang Yuqi Zhou Chunjie Tao Juan

(Key Laboratory of Condiment Supervision Technology, State Administration for Market Regulation,

Chonggqing Institute for Food and Drug Control, Chongqing 401121, China)

Abstract: [Objective] To establish a rapid detection method for 81 illegal weight loss additives in tablet candy using ultra-performance
liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). [Methods] Samples were ultrasonically extracted with 80% methanol-
water (containing 0.1% formic acid), separated on a Waters ACQUITY UPLC HSS T3 column, and eluted with a gradient of methanol and
0.1% formic acid water solution. Detection was performed using multiple reaction monitoring (MRM) with simultaneous scanning in
positive and negative electrospray ionization modes, and quantification was carried out using the external standard method. [ Results] The
81 target analytes showed good linear relationships within their respective mass concentration ranges, with correlation coefficients greater
than 0.990 0. The limits of quantification ranged from 0.01 to 0.40 mg/kg. The average recoveries ranged from 71.0% to 119.5%. The
relative standard deviations for method precision and repeatability were all less than 13.5% (n=6). [ Coneclusion] The method is simple,
rapid, highly accurate, and shows good repeatability, and is suitable for the detection of illegal weight loss additives in tablet candy.
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Table 1 Mass spectral parameters of 81 weight-loss compounds
&Y B3 F (m/z) T T (mlz) LR E/NV il 18 g/ V A A
G i it B 280.2 139.0°,164.0 80 22,24 ESI+
N-H 2 BTG A il B 303.1 164.07,139.0 70 24,15 ESI+
N, N-BL25 HBE P A iihy 0] 2522 139.0°,139.0 70 15,23 ESI+
SR A it 294.2 139.0",187.0 80 23,16 ESI+
Bin k]| 232.1 187.0",134.1 80 16,12 ESI+
TN Y 152.1 134.17,91.1 30 12,20 ESI+
SR 150.1 91.17,129.1 30 20,38 ESI+
ARk 196.1 129.17,184.1 130 38,17 ESI+
AR A TR 240.1 184.17,91.0 50 17,21 ESI+
22 At W] 136.1 91.0°,91.1 60 21,52 ESI+
LV A7 it B 314.2 91.17,159.2 60 52,30 ESI+
SV A 314.1 159.27,363.0 70 30,39 ESI+
FIBEARBE 463.1 363.0°,109.1 130 39,40 ESI+
i = 3252 109.17,264.1 80 40,14 ESI+
FE it g 340.2 264.17,275.2 30 14,17 ESI+
A Ak 306.3 275.2",148.1 50 17,18 ESI+
AR 328.0 159.07,122.9 60 20,25 ESI+
JER B 15 166.1 148.17,148.1 80 18,23 ESI+
£ 0K 2 B 166.1 148.17,138.1 80 23,25 ESI+
W 195.1 138.17,162.1 80 25,16 ESI+
P 5L JBR 225 180.1 162.17,124.2 40 16,27 ESI+
2T 181.3 124.2,369.1 80 27,20 ESI+
& 5 A Jig 494.2 369.17,169.1 100 20,35 ESI+
s 510 % Jik 367.2 170.2",152.1 123 16,24 ESI+
1% 51 55 4§ 324.1 127.17,110.1 142 20,30 ESI+
& 51) 3% Jik 491.2 352.17,126.1 150 12,36 ESI+
&3 ik 128 446.2 321.17,347.0 95 16,12 ESI+
s 51) 14 i) 528.2 403.17,386.1 119 24,12 ESI+
2R K 206.1 60.0",105.1 111 20,32 ESI+
H A% 271 ) 357.1 134.17,119.0 123 36,64 ESI+
Fii 4 91 4% 4533 86.0",162.0 111 28,20 ESI+
2 4% 5 il 358.1 135.17,107.0 146 28,44 ESI+
RS T R 271.1 155.0°,74.0 91 16,12 ESI+
B ] At 496.4 319.37,160.1 100 16,30 ESI+
B AZS 366.1 259.07,150.8 80 20,26 ESI+
5|35 0 e 366.1 132.17,240.0 40 18,30 ESI+
i KAt Je 365.1 240.0°,107.1 70 30,42 ESI+
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2K
ALy B (m/z) T T (mlz) LRV M RE/V g R =X
HE A T 341.3 107.17,264.0 60 42,27 ESI+
FEHLZEK 349.0 264.0°,163.0 70 27,25 ESI+
387 ) 415.0 163.0°,107.0 100 25,38 ESI+
b/ 1] 341.0 107.0°,171.1 135 38,25 ESI+
By K 38 229.9 171.17,237.1 60 25,36 ESI+
R E 254.1 237.17,225.1 115 36,25 ESI+
731N 319.1 225.17,141.1 80 25,40 ESI+
Lt v AT g 362.1 184.17,184.1 80 30,30 ESI+
XUIR TN B2 R L 70 1T e 4142 184.17,240.1 80 30,35 ESI+
W T 430.2 224.17,240.1 80 28,30 ESI+
T 334.1 240.17,256.2 80 30,28 ESI+
P T R D Y R i 454.2 162.0°,258.0 80 35,20 ESI+
4-FEm T 352.1 258.07,258.0 80 20,35 ESI+
4-FR ST T 4922 258.0",184.2 80 35,26 ESI+
& S L Vb AT E 278.1 184.2°,44.1 70 26,45 ESI+
SPET 310.1 44.17,192.2 35 45,28 ESI+
[EEZRR) 330.1 192.27,275.2 90 28,41 ESI+
7% 75 1o ) 471.3 275.2°,199.1 120 41,35 ESI+
EARALTT 405.3 199.17,199.1 85 35,33 ESI+
FARABTT 419.3 199.17,139.1 90 33,30 ESI+
ARFL IR 362.2 139.17,233.1 90 30,22 ESI+
A DR 361.1 233.17,138.1 80 22,15 ESI+
AR 166.1 138.17,259.1 80 15,15 ESI+
AR S 277.1 259.17,163.9 80 15,23 ESI+
3 v 2 11 i 302.2 163.97,166.0 80 23,18 ESI+
W e 240.2 166.0",152.0 78 18,22 ESI+
A AR 226.2 152.0",324.2 70 22,29 ESI+
29 it 15 342.3 324.2°,119.0 80 29,—22 ESI—
W J2 VD iz 210.8 119.07,285.0 —60 —22,—25 ESI—
gk 329.0 285.0",242.9 —80 —25,—15 ESI—
I PR 2 300.9 242.9",83.0 —70 —15,—22 ESI—
Tk 221.0 83.07,205.0 —50 —22,—28 ESI—
e A i 284.0 205.0",214.0 —100 —28,—45 ESI—
E 294.0 214.0°,269.0 —100 —45,—27 ESI—
S e 296.0 269.0°,146.0 —100 —27,—27 ESI—
SAVETR 337.0 146.0",258.0 —100 —27,—25 ESI—
PR e gk 358.0 258.0,300.0 —80 —25,—29 ESI—
A VG 158 W 424.0 300.0,308.0 —120 —29,—34 ESI—
T 430.0 308.0",322.0 —130 —34,—34 ESI—
FRWEIRE 388.0 322.0°,418.0 —110 —34,—19 ESI—
e R 420.0 289.0°,205.0 —150 —34,—39 ESI—
IR I 1 378.0 205.07,240.0 —160 —39,—22 ESI—
IR & 284.0 240.07,225.1 —80 —22,—35 ESI—
K#HE 269.0 225.17,182.0 —170 —35,—41 ESI—
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Table 2 Recovery ranges of 81 compounds with different extraction solvents and calibration curves

50% H ik 80% I iz e R Ayt N i A
R YL /% Ci)i 50% B K (4 0.1% B b 50% Z it 7k (4 0.1% ) it e
<60 0 10 3 2 0 4 0
60~80 3 16 20 10 3 7 3
80~110 41 25 27 31 50 29 50
110~120 37 25 24 29 28 32 28
=120 0 5 7 9 0 9 0

2.4 ERMMATMN R AME

10 T A AR, I A AT SR 3 T KR S AT Z g
A CO) PEAN B BTN, 1,2>0 Sy B 5T 14 58 5 1,<C0 O B 5
P [1]<C20% 55 L TR 5 20% < |1]<<50% Sy A5
FEJRBLN 5 |1 >>50% Mok FE AL« %58 T 81 R Al
TE TR A B S v Y TR AORE 25 SR LR 3. R 3 T JE A
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25 ERGFHMEEEE.RERSEER
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MEREBWFE3) . R 3 TH,FE4 H B0 e 3
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Table 3 Linear ranges, correlation coefficients, limits of detection, limits of quantification, mean recoveries, relative

standard deviations, and matrix effects for 81 illegal additives (n = 6)

e %&Mi[ﬁ/ — *ﬁ&ﬁf{/l Eﬁﬁf{/ Il 232/% BT

(ng-mL™") (mg-kg™")  (mg-kg ") 115 2% 101 /%
G A7 it 0.2~10 0.999 7 0.005 0.01 115.9 104.7 109.0 —15.3
N-BAL 5 L PG A7 il B 2~100 0.997 6 0.050 0.10 91.7 104.3 73.6 7.2
N, N-X K B 5L 7 i it 1 0.2~10 0.998 3 0.005 0.01 118.1 99.4 107.2 —19.2
ZE BTG A i 0.2~10 0.999 3 0.005 0.01 116.0 110.1 93.0 —11.2
J¥ AL 0.2~10 0.999 9 0.005 0.01 91.0 91.1 85.3 —18.7
T I 0.4~20 0.999 4 0.010 0.02 89.8 96.9 97.4 —10.4
L 0.4~20 0.999 1 0.010 0.02 86.3 80.2 98.6 —11.4
AR Ak 0.2~10 0.999 6 0.005 0.01 88.8 86.8 88.5 —17.7
B AEABTH 0.4~20 0.998 2 0.010 0.02 108.4 98.6 87.5 —20.3
22 Al W] 2~100 0.995 7 0.050 0.10 83.6 74.0 103.5 —24.5
P A it 2~100 0.998 8 0.050 0.10 113.2 112.6 88.8 —18.3
SA 75 A7 it B 0.4~20 0.999 6 0.010 0.02 108.3 112.3 93.0 —18.9
FI BN BE 0.2~10 0.998 7 0.005 0.01 114.4 110.5 79.1 —26.8
PGk 2= 0.2~10 0.995 0 0.005 0.01 105.9 89.3 76.1 —11.5
FE A G 2~100 0.999 5 0.050 0.10 114.2 110.8 113.0 23
& i Ak 0.4~20 0.994 4 0.010 0.02 112.9 102.8 86.4 —24.7
AR 0.4~20 0.998 0 0.010 0.02 105.5 88.0 87.6 —30.6
JRR B 0.2~10 0.997 7 0.005 0.01 100.2 97.8 112.6 —5.0
P JRR 55 B 0.2~10 0.998 2 0.005 0.01 108.6 100.7 91.4 —19.7
e P 0.4~20 0.997 4 0.010 0.02 82.0 75.6 97.4 —31.6
PP R JB 5 ik 0.2~10 0.997 9 0.005 0.01 102.4 93.8 82.2 —23.8
A 0.4~20 0.997 9 0.010 0.02 81.1 83.8 89.4 —46.1
i 3 A ik 0.4~20 0.999 2 0.010 0.02 117.6 95.3 101.2 —17.5
1 51 0 Jik 2~100 0.995 1 0.050 0.10 107.9 93.2 110.5 —23.8
% 5 55 ¢ 0.2~10 0.992 6 0.005 0.01 85.4 79.0 73.5 —46.2
& 51 2 ik 0.2~10 0.994 7 0.005 0.01 118.6 101.6 112.8 —17.7
i B Nk 1 0.2~10 0.992 0 0.005 0.01 117.8 98.1 85.0 —11.7
1 51 WA i 0.4~20 0.998 6 0.010 0.02 116.0 114.5 107.4 —18.6
2RI 0.4~20 0.998 3 0.010 0.02 104.9 82.6 80.2 —0.9
A A% 271 ] 0.4~20 0.999 9 0.010 0.02 92.2 108.4 97.7 —25.4
i A% 5 2% 0.2~10 0.998 7 0.005 0.01 78.7 87.9 115.2 —13.9
% % 2 0.2~10 0.998 8 0.005 0.01 84.8 78.5 113.8 —16.4
2 e TR 2~100 0.997 3 0.050 0.10 111.0 110.2 88.2 —6.9
] F Ay 8~400 0.993 6 0.200 0.40 114.4 117.0 79.4 34.4
EALRE 0.2~10 0.999 8 0.005 0.01 91.4 97.5 71.0 —18.1
ng| 3k i B 0.2~10 0.999 4 0.005 0.01 105.4 104.0 78.9 —10.5
i Al Je 2~100 0.994 1 0.050 0.10 80.6 79.9 82.6 —8.1
U2 P TR 0.4~20 0.995 1 0.010 0.02 99.9 96.6 100.4 —35.3
FeH FE K 0.2~10 0.999 5 0.005 0.01 103.5 118.8 103.3 —4.0

5 ) ] 2~100 0.999 2 0.050 0.10 104.4 101.6 78.9 —20.5
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M Y . Tt R/ JE 1R/ a5 4 /% BT
L&Y . AHOC R B ., =

(ng-mL™") (mg-kg™")  (mgkg ') 115 21% 1017 R/%
eIl 0.4~20 0.998 6 0.010 0.02 105.3 106.8 97.9 —28.5
oy oK 3% il 0.2~10 0.999 8 0.005 0.01 100.1 95.9 80.0 —7.1
TR MENE 0.2~10 0.998 9 0.005 0.01 95.0 85.9 85.4 —24.3
i ik 0.2~10 0.999 8 0.005 0.01 114.8 106.4 79.7 37.9
L Vb AT I 0.4~20 0.998 6 0.010 0.02 112.8 108.8 78.8 —31.9
WUFR TR R B LG v aT e 0.4~20 0.994 5 0.010 0.02 91.2 82.1 75.2 —6.2
WA T 0.4~20 0.999 6 0.010 0.02 76.6 76.5 91.7 —28.8
XL b T 0.4~20 0.997 5 0.010 0.02 105.2 112.0 77.6 —16.5
P T R T H R B 0.4~20 0.999 5 0.010 0.02 96.8 86.8 1193 —20.3
4-E™T 0.4~20 0.997 6 0.010 0.02 113.6 111.0 88.2 —29.0
4-EAWFTBHT 2~100 0.992 4 0.050 0.10 101.0 112.8 87.4 —33.2
& O WEEE LG Vb AT g 0.2~10 0.993 2 0.005 0.01 77.9 87.1 107.2 11.4
PETT 0.4~20 0.999 1 0.010 0.02 109.5 107.4 106.9 —21.9
T2 P T 0.4~20 0.999 0 0.010 0.02 105.4 103.5 97.5 7.1
25 15 W i 2~100 0.997 8 0.050 0.10 115.3 104.4 116.4 —22.9
W ARABTT 2~100 0.999 0 0.050 0.10 112.0 111.6 114.9 11.2
FEARABTT 2~100 0.996 3 0.050 0.10 113.5 99.3 104.4 —38.6
ARFL IR 2~100 0.999 5 0.050 0.10 111.7 119.5 74.7 —20.8
CI37nE 0.2~10 0.998 7 0.005 0.01 111.8 107.2 106.4 —22.9
FAhRH 0.2~10 0.999 9 0.005 0.01 96.0 89.5 109.6 2.7
SACRES 2~100 0.999 3 0.050 0.10 107.0 104.1 90.2 0.0
E e RN 0.2~10 0.999 7 0.005 0.01 109.7 106.5 112.2 —53
W T B 0.2~10 0.993 9 0.005 0.01 111.2 114.1 104.6 12.6
A A AR 0.2~10 0.998 8 0.005 0.01 105.8 115.6 101.1 —6.8
44 il 0.4~20 0.992 3 0.010 0.02 100.2 109.4 103.6 —20.7
T J& > Ji 8~400 0.996 9 0.200 0.40 110.4 118.2 84.1 —49.2
UL /S 2~100 0.9919 0.050 0.10 91.7 110.7 79.8 —43.8
FI IR R 8~400 0.990 2 0.200 0.40 102.1 104.3 80.3 —36.0
2. Tk e J 8~400 0.999 4 0.200 0.40 109.7 75.3 78.9 —17.7
i it e 8~400 0.991 0 0.200 0.40 106.8 81.3 85.3 —4.4
Ve R 8~400 0.998 5 0.200 0.40 104.0 100.6 83.1 —6.4
A ER 8~400 0.995 9 0.200 0.40 100.7 89.2 85.5 —27.5
SAETHR 8~400 0.993 4 0.200 0.40 106.4 106.4 82.1 —38
FH G 8~400 0.990 0 0.200 0.40 107.9 109.3 88.8 —19.6
U 8~400 0.990 2 0.200 0.40 117.6 98.0 86.9 0.0
LR 8~400 0.996 7 0.200 0.40 108.7 116.8 110.9 5.2
PRI 17 8~400 0.990 4 0.200 0.40 105.6 107.7 81.2 29.6
I IUE R 8~400 0.999 3 0.200 0.40 115.1 107.7 71.6 —24.0
IR 0 8~400 0.991 4 0.200 0.40 118.4 102.9 80.7 —21.0
Nk EF 8~400 0.999 5 0.200 0.40 112.6 100.1 76.6 —12.4

PN E 8~400 0.999 1 0.200 0.40 112.5 112.4 114.1 —15.8
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Table 4 Measurement results for typical positive samples
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A2025020 LA LB T R AR 0.789 104
A2025021 TR R 0.370 130
A2025022 EESCNINE £ 2.18
A2025023 N B L) 2 2 TR A R 0.276
A2025024 EEIERLE S 0.142
A2025052 CARB ARMOUR [ 2% &7 LI A 2.93
A2025054 AR R 625
A2025104 WP P A 1.11 0.580
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Figure 2 Comparison of sibutramine-positive sample and standard
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