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Rapid screening and quantitative analysis of 29 kinds of illegally added
compounds in diet health foods by ultra performance liquid
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ABSTRACT: Objective To establish a method for rapid screening and quantitative analysis of 29 kinds of illegally
added compounds in diet health foods by ultra performance liquid chromatography-quadrupole/electrostatic field
orbitrap high resolution mass spectrometry (UPLC-Q-Orbitrap HRMS). Methods HSS T3 (1.8 um) column was
selected for the chromatographic column, and full scan/data-dependent second-order scanning mode was adopted for
the mass spectrometry, and high-throughput screening and quantitative analysis were performed using a database of
primary and secondary mass spectra information. The methodology of the established method was investigated, and

the samples of health care products were screened and determined. Results Each component had a good linearity
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in the concentration range of 0.1-500 ng/mL. The detection limits of each compound were 0.3-20 ng/g, and the

recoveries were 68.2%-105.3%. The relative standard deviations were 0.4% to 11.3%, which could meet the

requirements of daily detection. Conclusion This method is simple, rapid and accurate, which can be used to detect

the illegal additives in health products.

KEY WORDS: quadrupole/electrostatic field orbitrap high resolution mass spectrometry; rapid screening; illegally

added compounds; diet health foods
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0 ER R ER (4 = 99.8, R IR A Al 2 A K RE I 5T B );
i i (Fiigal, S5 Fisher 24 a]); HBR (%4, 35
[l Tedia 23 F]); 92562 K b LB F K.

PRAg AL 35 B 23T 3.
2.2 FREBRHIES
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100 mg/L B ERE &I, B T-18 CRAROGLIRTE . 4349
HERRSEL 1 3dk 29 FhHAARMERE A G 1, T 50% S E ik
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IR R . R NS S SRS B, BRAN, RS
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B—EOE TR, A 1 mL EETK, WIERS 30 s, T
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1.8 pm); WENAHH 0.1%H ER/K(A)F 0.1%H IR ZNiE(B)4H

R, BEVEIRARE: 0~1 min, 5%B; 1~11 min, 5%B~98%B;
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252 kA

B HESI-IL; W35 R : 4000 VOEE F#50); i
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L/min; & PSSR 320 °C; S-LENS B45 5K
50%; “KH Full MS/dd-MS2 H#fitE=, —H i HHR
R=70000, H zfi 3% 25 ¥ i H #5 B 7 %X (auto gain control
target, AGC target): 3x10°, % K& FHAMIE 100 ms,
YL/ 100~1000 m/z; A HEAR R=17500, AGC
target: 1x10°, FR KB T-FEANTE 50 ms; /3% H: 1.0 m/z;
REERE A 15%. 30%. 45%. LR 0 % B8 B 1]
0 o s BRI R s L3R 1
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Table 1 Mass spectrometric parameters of 29 compounds
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SN i A

fes i | RS )
/min (m/z) (x107)

N (phenylpropanolamine) 1.41 152.10699 152.10696 -0.20 134.09641, 117.07008
2= H D BR # (norpseudoephedrine) 1.55 152.10699 152.10696 -0.20 134.09642, 117.07010
JFE # (ephedrine) 2.01 166.12264 166.12260 —0.24 148.11198, 117.07014
£ B 85 18 (pseudoephedrine) 2.17 166.12264 166.12259 -0.30 148.11197, 117.07008
FH 2 JBR # 8 (methylephedrine) 245 180.13829 180.13836 0.39 162.12767, 135.08055
223l H] (amphetamine) 2.86 136.11208 136.11218 0.73 119.08572, 91.05470
FH 22|l ] (methylamphetamine) 3.53 150.12773 150.12775 0.13 119.08571, 91.05469
mineE X (caffeine) 3.78 195.08765 195.08766 0.05 138.06613, 110.07155
434547 B (phentermine) 3.98 150.12773 150.12782 0.60 133.10120, 91.05470
SR @ Mk(lorcaserin) 5.08 196.08875 196.08897 1.12 179.06219, 144.09346
22 AR (bupropion) 5.33 240.11497 240.11467 -1.25 184.05235, 166.04178
2548 5 W (fenfluramine) 5.57 232.13076 232.13071 -0.22 159.04160, 187.07294
18| 3 i % (indapamide) 6.62 366.06737 366.06760 0.63 132.08089, 117.05766
1 ik (phenolphthalein) 6.65 319.09649 319.09653 0.13 225.05453, 197.05994
g\;ﬁ:ﬁi;jﬁfyﬁﬂfmme) 6.77 252.15135 252.15137 0.08 125.01543, 139.03088
SPETT (fluoxetine) 6.83 310.14133 310.14127 -0.19 148.11189
&iﬁzﬁiﬁfggutramine) 6.87 266.16700 266.16705 0.19 125.01543, 139.03094
FE VT BE (bisacodyl) 7.02 362.13868 362.13861 -0.19 184.07578, 226.08621
443 il BA (sibutramine) 6.99 280.18265 280.18280 0.54 125.01545, 139.03099
fﬁiiﬁfl_l 1-bonzyl Sibutramine) 7.15 314.16700 314.16708 0.25 91.05474, 125.01541
ZE 2P A th B (homosibutramine) 7.20 294.19830 294.19855 0.85 125.01545, 139.03099
SR A it B (chlorosibutramine) 7.35 314.14368 314.14395 0.86 158.97636, 172.99200
FFL I 4% (bezafibrate) 7.50 362.11536 362.11563 0.75 138.99452, 316.10986
11 2 {1 JE (bumetanide) 7.56 365.11657 365.11670 0.36 240.13824, 184.07579
K ARABTT (lovastatin) 9.52 405.26355 405.26370 0.37 199.14815, 285.18481
FAABTT (simvastatin) 9.98 419.27920 419.27933 0.31 199.14825, 285.18494
FI| 22 AR BE (rimonabant) 10.08 463.08537 463.08603 1.43 362.98511, 84.08135
Ak UL 45 (fenofibrate) 10.46 361.12011 361.12030 0.53 233.03638, 138.99452
B 7 1 orlistat) 12.63 496.39965 496.39999 0.68 319.29953, 337.30994
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Extracted ion chromatograms of 29 target compounds (100 ng/mL)
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g 100 134.0p65 100 100 1481120 09 M2 00 1624276
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.‘:KE 0 Trrrrr I\Il T 115%’110?9 g 0 Trrrrrr |\ T }512’}()[70 g 0 Trrr llll7lqz()11| T ‘T T E 0 Trrr \1117T0‘I70T] TTrrrr i’é 0
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Fiditim/z) (1) Fi#ith(m/z) (2) Fidittmz) () Fikithmz) ¢ itz ()
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- 100 184.0523 100 159.0415 535 1306 100 1320808 100 225.0546 100 125.0154
B 5o 1600418 | = o I | - 319.0966 " 53.0465
E bsszs2 | | | 2400148 g 04.9363 | g _|225.0546 366.0666 g 197.0600 g 2521513
0 vvvvvvvvvvv g 0 vvvvvvvvvv ; 0 |||||| ; 0 ,E‘ 0 -
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B (m/z) (k) Fitm/z)  (12) Fi#itthm/z) (13) Bt t(m/z) (14) FERm/z)  (15)
91.0547
100 s0.p o 1250153 100 184.0758 16 125, 12;10466 100 £ T
o 13,5465 o 53.0463 i 362.1389 ’ o 3141670
g 50 “ Hﬁ"l l = 50 / 261666 50 t78.1896 e o862 T 5 50 I/ 230-1]327 p 50 125.0154 :
= 0 T = 0..1.A. R E e LEO"["“'* ...... =
100 200 300 100 200 200 100 200 300 200
JEA% H(m/z) (16) Bt (m/z)  (17) Fi#%tb(m/z) (18) ik (m/z) (19) i t(m/z)  (20)
100 | 1259154 100 1589764 a0 100 | 1389 100 240.381 o 163 100 199.1481
b 204.1084 1 ' 3161098 gm 2851849
& 50 f 5 50 S 50 ‘ = 50 (883504 @ 50
ol W I I~ o PN 171 5~ od 0 USRI TS b g0
100 200 300 200 200 200 200 400
Fititi(m/z) (21) Fikitt(m/z) (22) Bt (m/z)  (23) R (m/z) (24) Fiiti(m/z)  (25)
199.1481 463.0855 233.0363 114.0916 3,9 7994
100 100 100 100 .
g “ 810704 | oo 10ae i “ 337.0061 i “ 3611201 4 “
= 4192794 g 84.0813 g g 496.4013
0 = 0 = 0 ' =0
400 200 400 200 200 400
ki H(m/z) (26) JEkit(miz) (27) FEHH(mz)  (28) FEH(mz) (29)

T (D)ARNEERE; (2)25 PR BT G)RRELH; (4 PhRR BT, (5)F BLIRR B8 (6)Z2 AR MM (7)Y 22 IR BT (8)MMERR; (9)43F#Hill; (10)
SRR (LD ZARRER; (12)Z5 A, (13)81K AN (14)BRBK; (15)N, N-3U2= I EEG A5 5 (16)JR PG T (17)N-H.25 HIIE PG A5 fh W (18)
FEVb AT BE; (19) PG A B ; (20) R HEPE A B ; (21)ZE 570 A iMh B (22)& AP0 A it B (23) AL DUES; 24T St fhJE; 5 HRAMTT; 26)¥1k
T @TYFIZHRPE; (28)A3# DURF; (29) %A Fl .
K2 29 B HARME S WA — 22 Bk &1
Fig.2 MS2 spectrograms of 29 target compounds
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MR b RV AE AT 1S A5 1, TBUA 3 VR B A v S U
WHERESEST Full MS/dd-MS2 14, 1531 B AR BRS 3 5 i
ORI RS R R S, AR 3 0 B
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BRSO TS R, O A e A B A
) 0 R e R B S RO R R B — BOR E 1,
S5 A4 T A B 3 A A 2 el i DG Ok e

LT 7 2T 2% 1 — e U R B TR A B R T
FE 5 BB T R N s 2t AL &I ER B e i)
WAl IR A S, ] ISR, (HRE GRG0 B £
R I] 5 BR VA T BE S s RS, DI F Bk 6 A4y
S A Y, TR O A R VC AL, A i — H

i AR B A T RS A B TA DA E— 2 s PR A .
34 ZMHREREHR

Fi¢ 2.4 PRk 7 B H R ONR A TARR W, FEik
FERH . LB AR T kg m B kbR Y, DLE
PRI B DB AR bR X, hilbraEii g, 521451050
PRV, Lt R RS Rtk 29 Rk A TE
0.1~500 ng/mL W EWH N EA RIFHLEr H KT
0.995). £25 FUBURIRE & R IR B AL &9, #2 2.3 firik
REFET B EATRE A RTAL R, EHUGI, DIEMEEE SIN=3 it
Yol of (AR BE A i R R B . SR BRSOk L Ak
FBORKS H B L2 2.
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Table 2 Regression equations, correlation coefficients, linear ranges and limits for detection of 29 target compouds

el AN (B Ep-yc X RH 2R MV Fl/(ng/mL) G 1 BR/(ng/g)
RN Y =-3.13797x10°+1.38565x10°X 0.9996 6~500 20
W RIRR BT Y =2.1386x10%1.11799x10°X 0.9991 6~500 20
JER B Y =2.07184x10°+4.47325%10°X 0.9993 3~500 10
FARR L B8 Y =1.19131x10°+4.08555%10°X 0.9976 3~500 10
FH L SRR 8 Y =1.89618x10°+8.42971x10°X 0.9992 1~500 3
AR Y =8.17210x10°+1.84191x10°X 0.9988 6~500 20
R 322 4k A W] Y =2.43026x10°+6.40722x10°X 0.9991 1~500 3
WA Pl Y =4.32091x10°+2.04996x10°X 0.9989 3~500 10
e L] Y =1.77661x10°+1.78243%x10°X 0.9982 3~500 10
AREMK Y = 2.11495%106+6.11648x105X 0.9984 0.6~500 2
2R At Y =5.08359x10%+1.19078x10°X 0.9985 0.3~500 1
s e L] Y =1.89459x10°+9.47810x10°X 0.9994 0.3~500 1
LE1BPN R} Y = 5.11354x105+9.90432x104X 0.9990 0.6~500 2
3 15K Y =2.77355x10°+1.54893x10°X 0.9992 0.6~500 2
N, N-XU 25 L7 A ity B Y =4.62528x10°+1.89263x10°X 0.9993 0.6~500 2
FPGIT Y =2.31189x10°+7.08681x10°X 0.9991 0.3~500 1
N- 525 BG4 A4 ity B Y =1.51072x10°+3.28648x10°X 0.9992 0.3~500 1
L vb ] g Y =-3.14259x10°+4.99675x10°X 0.9986 0.3~500 1
P Y = 1.67177x10°+7.05179x10°X 0.9991 0.3~500 1
R EE G A Y = 1.05069x107+2.94405x10°X 0.9994 0.3~500 1
SEELT A i B Y =1.92745%107+5.77020x10°X 0.9978 0.1~500 0.3
AARTG A Y =1.34219%107+4.09728x10°X 0.9984 0.3~500 1
ARHLIFR Y =1.25818x10%+1.81307x10°X 0.9995 0.3~500 1
kA )e Y = 1.61542x10%1.57043x10°X 0.9996 0.6~500 2
EARATT Y =1.28139x10°+1.38874x10°X 0.9994 0.6~500 2
FARABTT Y =-3.69728x10°+1.27661x10°X 0.9995 1~500 3
FISLARHE Y =1.03884x107+2.69607x10°X 0.9992 0.6~500 2
38 DUy Y =3.96212x10°+1.54243x10°X 0.9998 1~500 3
B w At Y =5.31655%10°+1.06876x10°X 0.9985 1~500 3
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SR TR R HETR B, AR O B A AR
e S ATOREAE S TS IDAR RS W, 5 527 ¥ MICR A 9% B
Sro%E 29 R b A PIE TR, L W 3 R0, 0.5 AN
5 mg/kg) MARAETR TN, BEANERIKFEE WE 6 1k, 4550
# 3. ARSI IRAE 68.2%~105.3%Z 1], HHX R
Wi 22 (relative standard deviation, RSD)} 0.4%~11.3%, [u]

WS R FURG 5 B W 2 H R AR DU R 25K
3.6 EFRMEmAYIE

FI AR 73543 500 % 20 A7 85 s I 28 0 B ¢ 1t Mg
BRES U TR, AR, A 2
AN HE Uk 2l B B 1M i 2 O B O AT bR s A o
BB A3, AELI R ke s e R, OIS 4 A 80.2,
563.7 mg/kg,

3 29 MR e E YR Fn A8 0 R R ZE (n=6)
Table 3 Recoveries and the RSDs of 29 target compounds (n=6)

wnk
&Y 0.1 mg/kg 0.5 mg/kg 5 mg/kg
B/ % RSD/% B /% RSD/% B /% RSD/%

SIS 86.4 7.5 92.1 5.8 95.3 53
X H PR RR B 80.5 3.1 88.2 5.1 91.8 1.2
JER BTk 80.7 5.2 78.3 3.7 101.3 4.0
P PR 35 76.5 113 88.0 0.9 87.9 3.7
FH LR #T0 84.7 5.1 93.5 6.9 90.1 2.4
ZAR 85.3 4.0 81.3 1.3 84.3 0.7
R 322 b 73.5 5.0 86.3 2.8 87.6 3.7
Wi HE 101.8 5.1 97.6 0.6 96.9 4.1
SRR 72.8 1.7 88.3 5.4 94.0 1.6
AREMK 71.3 0.5 86.9 3.7 99.2 4.1
% 3 fth i 70.2 1.2 81.6 6.3 94.8 2.8
BAs KL 73.0 5.8 90.8 4.8 80.8 0.6
LE1 RPN E) S 96.6 1.7 92.2 2.7 91.2 3.2
T3 1K 79.7 3.6 76.5 2.2 84.5 2.8
N, N-XL 2 L P A i # 68.2 2.2 81.2 0.5 93.3 3.2
EPETT 84.2 1.2 88.0 55 92.6 4.1
N-FfL 5 L P4 A7 84.3 52 88.7 2.5 94.4 3.6
L vb ] g 96.8 3.9 90.3 1.0 90.5 4.7
PG 105.3 5.0 91.5 0.4 82.5 3.7
TREE P A 83.8 6.5 99.9 55 88.6 4.5
ZEBEPYAT I ] 90.5 1.1 89.0 6.6 86.2 3.9
AT A il B 88.6 5.4 78.2 4.7 102.2 2.5
AR 73.7 2.7 77.7 4.4 91.4 1.7
i At Je 96.0 1.4 91.9 2.9 84.2 2.2
AT 75.2 4.6 89.8 1.2 97.1 3.6
FARAMTT 98.2 4.1 85.3 1.9 86.6 1.4
FIZABHE 76.1 1.8 94.1 5.7 93.4 2.1
A3 DR 70.2 1.0 95.9 5.1 96.6 3.8
LS i 73.8 4.5 98.7 1.2 87.6 6.8
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