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Abstract: A method for rapid screening and quantitative analysis of 12 kinds of illegally added drugs in throat-cleaning healthcare food
products based on ultra high performanceliquid chromatography-quadrupole/elecrostatic orbitrap high resolution mass spectrometry
(UPLC-Q/Orbitrap HRMS) was developed. The sample was extracted with acetonitrile and centrifuged at a high speed. The separation of the 12
target compounds was performed ona ZOBAX XDB-C18 column (50 mm x 2.1 mm, 1.8 pm) through a gradient elution with 0.1% formic acid
(containing 5 mmol/L ammonium acetate) and methanol as the mobile phase. Mass spectrometry analysis was performed via the full
MS/dd-MS2 acquisition with positive ionization mode, and the chromatographic peak areas obtained through extracting the accurate mass
number of parent ions by full MS first-order mass spectrometry were quantified. A database was established for qualitative screening based on
the retention time, primary precursor mass and secondary fragment ions information from DD-MS2 scans. The 12 kinds of drugs were
effectively separated within 7.63 min with the mass accuracy deviation lower than 1.48x10. A good linearity was obtained in the range from
1.00 pg/L to 200.00 pg/L, with a correlation coefficients higher than 0.999. The lower limits of detection ranged from 50.00 pg/kg to
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150.00 pg/kg. The average spiked recoveries for 12 target compounds were between 75.15% and 117.65%, with relative standard derivations

Modern Food Science and Technology 2022, Vol.38, No.12

(RSDs) ranged from 0.89% to 4.84%. The method was simple, fast, accurate, sensitive and selective, thus can be used for rapid qualitative
screening and quantitative analysis of illegally added chemical drugs in throat-cleaning healthcare food products.

Key words: health food with effect of clearing the throat; illegally adulteration; ultra high performance liquid chromatography-quadrupole/

elecrostatic orbitrap high resolution mass spectrometry (UPLC-Q/Orbitrap HRMS)

B TR E TALET IR RE, EETS Je i) S5 2
SIREAWEEA, LU TAE R 38K, WL .
R R IRE AR TS S, MR AR R 2
BAE EFHESN, i B AR E RIS, TEWESK
TRABE SIRSZ S RIE B B . I FHRE M TR
BRI, TS LR T I R R B SR PR
YRGB RPFERP R, (B —ANEST R
BRI RO SRR AN, 7RIS S AR B i R i
TN7 200 9 B2 A 254, AN 2R A i
I T — AR, W A1)
THEOL TR BRI, 20 B A BUBCK 14
FOA, FCEARIE, 1E R R T RS R H
I T AENRD), B AN R R T iR,
AT 95 PR T 9 R IR T o) 3 ORI 52
YERT: 5340 A B R 0 i ks H PR 8 B i 1,
R TE T'E EIRE AR BB, BRGSO
BN U RL, SRR TS AR . PSR
2RI R 2P 06 T Thee b, IRZS G s
IR MR A (R e £ i v P SR PR Tk 47 g MR i U7 1
HX YA —E IEIER, B andi 4L 2597
TEHFAXAPZ NG . DUARmRIE Ol 5 A A R
BN RN, SRR R SR

H AT AR s i st s B b AR IR )
AR W 5 A = A R vROT . S A
YR101 AR € i HR DR DAk IS ro g T v 6181,
LLAMEREEN2N, IR A2 H A kiR aE
RFIE M A AR B S P ARV N2 £ R W T R
fig. ihER S AWEZE . UPLC-Q/Orbitrap HRMS /& —
FrEnEERR AR AR, BAmREEAEEREE, £
R BRI IO S AR N P I S B T S 1)
Podi e MEIfiAr, H i e & i 2 aauk) iz R, =
WA 18 FH UPLC-Q/Orbitrap HRMS Xof 175 1A 28 1 £
it FHORR BT FH IR B BR DA % 10 Fhped RS2 itk
SRR AL /AT I SCHRROE . A 72 LATITTHT B3 LIRS 2
THWRR ORI S ONBE AN R, @257 UPLC-Q/Orbi-trap
HRMS [R]I}BRIHE 575 25 B B0, PLALISRES 12 Fhehdy
(o34 71, SEIE R AR S 12 BNy
W R P A R T B A0 BT, S M A
FUR ISR AR S

376

1 RSk

L1 U85 3

Vanquish # & R 1 245« Q Exactive Plus™
DU LT/ E HRL 7 B B 20 S 240, 55 Thermos
Mettler XS205 HLFRF-o B LARREH); 3-30K sl
WREOHL, [ Sigma; Milli-Q B4k, 5 EZH
F AT KQ-500 TDB iIEH A1, Rl HE (A
AIRAH]

12 FREGAIRRtE e SR B (it 21060496, 46
% 99.80%) . Eh MR ST N I (A5 21070641, 4 &
99.50%) « R B IR B (4it'5 21070312, 4HfE
99.90%) PHE A (L5 21040011, ZHE 99.80%)-
AE e (521081374, 45 99.80%). His( &t
TE(E 11692103, 46 99.90%) hER — 4 A (it
59062103, Z1iJF 99.50%), Iz AR A IR
N ORREER, (65 S036177, 100.00 pg/mL), Fil/REE
BHE TR AR FERREEHR (L5 11279, 1.00 mg/mL),
LGC Mikromol; fftEEH#iyT ('S5 2106580, 4fi &
99.9%), i EHEHARER A RS AIRAF]; &H
WiyT (415 227042-B4, 4H1E 98.00%). FERIAEI &
(#It5 227042-B2, #iiJF 99.60%), _FiFE#EAYIRL
HAERAR; HEE. O (fikaD, EE Merck 2
"l R R4 . ORRE ftialDd, 5E Sigma
AT MK (CEBEZA 1820 MQ-em, 25°C), 3
[ Millipore A F]. 105 fLXAIELIRI . B, 1N
HEAE. &8RAE. PUJRAE . FEOREE A BRRHT) & Fr i i
FARMER N, T AT

12 EHhoirs

1.2.1 RAIRER IR BELE

MR RRbRAE G B, A e R R
ZFE, T )i B FE N 1.00 pg/mL A BRUERE &7 W
4 CORAF o ARG 2 B IR 12 P dEfit S G =,
FAVIGE RN AHIZR A R b e TARI, I A o
122 Hsualk®

H e, 0O, )1 DIREAE . 8R1E. PEJRFE.
PR 7S 2824 3 [RIR P 24 N R 5 i IR 2t A e



MK EmBHY

Modern Food Science and Technology

2022, Vol.38, No.12

i, SHIREVLETRE, THERORIIR, SRR &
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WA Az 0.1% R (& S mmol/L ZFREL) ¥, B:

B, BREEVRFE)T: 0~4.0 min, 95% A~10% A
10% A~95% A ;

4.0~7.5 min, 10%A; 7.5~7.6 min,

7.6~10.0 min, 95%A.

1.24

JRE A

Q Exactive TM Jii i RGTHCA 04 HL s 55 25 U5
(HESD, RHIEE 7k (ESID); Wi LN
R1 12 HAYIRIBIE DTS

3.00 kV, BYHE IR A 206 5 4 i o 350 CHI
250 °C; HESCRIAHE SR 2> 5 BN 35 arb 1 5 arb,
FATNES, S-lens RF HLJE A 50 Vo JIEFIHE T 3
N Full MS/dd-MS2 538 . Full MS (— 2% 52 14 494)
A3 #E %Y 70 000 FWHM , 7 1% 45 45 36 Bl A m/z
100~550, Hzh2E#EH (AGC). fie KIENFE] (IT)
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Table 1 Mass spectrometric parameters of the 12 drugs
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it da R C7H2NO 256.16959  256.16922 -1.44783 . 152.06205, 115.11174, 92.04948, 167.08553
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E N7 o, . _ ) ) s
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%’fi 19 S ’ ’ ’
GHHA% CoHosCINoO;  389.162 65 1.389:162 51 0.361 74 19307602, 187.10772
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& F P . ’ ’ ’
ATt CoHuCIN:O,  383.15208 383.151 67 1.069 7 28008827, 259,135 55
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A -
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Fig.1 Extracted ion chromatograms of 12 drugs
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Fig.2 The recoveries of 12 drugs added to honeysuckle

throat-clearing health food at different extraction volume
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Fig.3 The recoveries of 12 drugs added to Sarcandra glabra

throat-clearing health food at different extraction volume
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Fig.4 The recoveries of 12 drugs added to chuanbei pipa
throat-clearing health food at different extraction volume
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T, A R0BE T SR B — Rl A B S SUR AR X S A
HILEZRITEDL

26 HEFEREGMETR
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PR TARVETR, A2 — i o0 R o 25 U4 )
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FHRREORNT 0.999 (WA 2D, AJ Tl EAT K 150.00 ug/kg (L3 2).

TR TR A FH AR DR B T SRR, € e s
AR, MRS, MIARAN s 2 DR SREE
AL (SAND i BARYIRT PR, 10 £/ e LU ff SCIOFEIR 1.2.2, BUNZRIE IS O & 5 1 2 (1 5
& HARPE IR T . SEaii 1.2.2, fE/NKIEM JREES, 23 BRI 2504 2500 5000 pg/kg =ANKEE
FORME A i 2 2 IR PRI, DA HAs K, BEFERERNE 6 K, THE EICER S
AR 2R R s A2 [RISCRAEAE 60%~120% X 1] A #EfWZ (Relative Standard Deviations, RSDs), %55 I,
AR N TTEIGE T IR, 455K 12 Fh2AEN 3, 12 FrZgWRICRAE 75.15%~117.65%2 18], F&%
b IR A A LR A T A E R R A 50.00 pg/kg~ 59 0.89%~4.84%, FFERIGAINEK .

3 2 12 MTEEIE M SRR ZE A E IR R G2 A R P AE TR

Table 2 Linear equation and lower limits of determination of 12 drugs in six throat-clearing health food

B A5 Bk AL ax I, ) R— .

REP ZRIEE MARE BAGEGRE FREE I Nivek
K359 Y=126x10°X +1.28x10°  0.999 7 50.00 50.00 50.00 50.00 50.00 50.00
HERA A% Y=5.07x10°X+9.67x10°  0.999 0 50.00 50.00 100.00 50.00 50.00 50.00
Ok B FRARE Y=4.06x10°X +5.20x10°  0.999 4 50.00 50.00 50.00 50.00 50.00 50.00
A% Y=2.67x10°X+8.60x10*  0.9999 50.00 50.00 50.00 50.00 50.00 150.00
AT Y=2.10x10°X +1.83x10°  0.999 3 50.00 50.00 50.00 50.00 50.00 50.00
HAFZE Y=9.46x10°X +3.41x10* 0.9994 100.00 50.00 100.00 150.00 150.00 150.00
R A AR Y =2.68x10°X -3.85x10°  0.999 9 50.00 50.00 50.00 50.00 50.00 50.00
JR AR Y=1.84x10°X +7.20x10°  0.999 7 50.00 50.00 50.00 50.00 50.00 50.00
RS, Y=195x10°X —-1.11x10°  0.999 9 50.00 50.00 50.00 50.00 50.00 50.00
FERIT Y =345x10°X -5.69x10°  0.999°0 50.00 50.00 50.00 50.00 50.00 50.00
REMT Y=2.67x10°X-3.02x10°  0.9997 50.00 50.00 100.00 100.00 100.00 100.00

& AEARE Y=220x10°X+3.11x10°  0.999 3 50.00 50.00 100.00 100.00 100.00 150.00

7R 3 12 MZPHERTERR E R P R INAR M EFETREL. (/76)
Table 3 Spiked recoveries and relative standard deviations (RSDs) of the 12 kinds of drugs in sixthroat-clearing health food (n=6)

S5 P =L £(RSD)/%
(pg/kg) 2RI PR £ HNFE  FWBA FRELE N NAdek
250 84.31(4.30) 9534(3.13)  82.72(3.67) 86.96(3.44)  83.42(433) 81.34(4.25)
Rifp a9 2500 83.92(2.51) 101.25(2.87)  83.54(3.12)  89.38(2.96)  85.30(2.69)  85.32(3.66)
500.0 93.86(1.91) 103.84(2.78)  88.76(2.13)  91.69(1.80)  86.15(2.48)  86.21(2.53)
250 82.94(3.57) 96.26(4.14)  75.64(3.17)  85.95(3.11)  8252(2.61)  79.33(4.39)

B F AR 2500 92.81(2.38) 99.86(2.68)  77.27(2.13)  88.77(2.46)  83.43(3.15) 82.52(3.61)
5000 96.82(0.95) 10534(2.78)  7833(2.78)  9245(1.73)  84.12(2.17)  86.43(2.57)

250 79.95(3.16) 96.77(2.87)  82.57(3.16)  82.68(2.13)  82.78(3.12)  82.39(3.82)

o RBAENE 2500 82.97(3.22) 101.65(2.93)  84.67(2.82)  85.92(1.68)  85.34(2.68)  85.36(2.68)
5000 87.21(1.54) 105.86(1.82)  86.73(2.63)  87.37(2.92)  87.35(2.12)  86.33(1.80)

250 96.84(4.84) 98.35(3.87)  83.57(3.66) 83.78(2.93)  86.17(3.18)  75.65(4.68)
A A% 2500 10595(3.17)  105.83(2.84)  87.35(2.94) 86.44(3.06) 91.22(2.33)  75.35(2.98)
5000 110.51(191)  110.64(2.76)  89.22(2.14)  93.76(2.43)  94.64(1.77)  78.63(2.70)

250 80.61(3.21) 9432(2.80)  86.293.75) 82.76(3.93)  89.11(2.17)  85.74(2.66)

AFHE 2500 85.94(2.17) 102.33(2.88)  92.87(2.62)  85.15(2.57)  93.46(243)  91.55(2.64)
5000 95.84(1.38) 97.88(3.16)  95.80(243) 93.74(1.59)  96.75(132)  94.63(2.14)
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i

I s B F(RSD)/%
Ang/ke) SR L REK £ NG £ EVEUES FTRAREE NNk
250 76.36(3.97) 84.93(2.81)  7639(3.51)  7537(4.11)  76.34(3.58) 75.15(3.56)
HAFTHE 2500 80.62(2.34) 86.75(3.49)  7590(3.54)  7834(3.40)  77.26(3.18) 77.36(3.17)
500 0 81.94(1.75) 86.91(1.32)  78.62(2.85)  75.92(243)  79.10(2.12)  79.13(2.45)
250 80.93(2.37) 101.36(2.50)  81.38(2.72)  86.17(2.92)  85.22(3.79)  85.35(3.01)
HM_ARm%E 2500 86.98(2.02) 106.54(2.79)  86.56(3.17)  88.47(3.18)  91.85(2.86)  91.54(2.85)
500 0 89.77(1.94) 107.35(1.51)  89.63(2.46)  94.33(2.87)  93.92(2.35)  93.92(2.38)
250 117.65(2.82) 103292.97)  95.18(3.53)  95.30(3.73)  96.13(3.53)  95.37(3.18)
i S-¥21 2500 113.65(2.91) 101.84(1.28)  113.51(2.95) 11525 (2.84)  113.45(2.97) 102.54(2.80)
5000 108.54(1.56) 110.13(0.96)  109.80(2.73) 106.71 (1.37)  105.86(1.89) 116.41(1.89)
250 112.67(2.41) 101.64(2.98)  116.32(4.27) 105.66 (2:34)< 111.14(3.54) 114.72(4.80)
FAmRER 2500 109.66(3.91) 107.67(2.89)  113.56(3.63) 101.62 (2.69) . 105.72(2.84) 100.80(2.62)
500 0 107.24(1.73) 113.93(3.22)  106.92(2.24) 109.40.(1.16)< 98.17(1.22) 102.77(2.44)
250 96.84(2.88) 96.86(4.37)  91.25(4.13) .94.38(4.32)  95.16(433)  89.68(3.77)
FERT 2500 106.92(1.34) 105.60(2.54)  103.80(3:29) 102.63 (2.46) . 103.57(3.13) 91.82(2.38)
500 0 107.35(0.98) 102.97(2.32)  107.63(2:83) +104.92(1.98)  107.14(2.17)  96.13(2.08)
250 81.32(2.95) 91.30(4.28) < 76.26(4:56) 1 81.37(425). 79.31(4.34)  7535(3.67)
REMT 2500 85.73(2.27) 96.742.86)  7635(3.88) ' 83.75(3.41)  82.74(324) 83.92(3.71)
500 0 91.37(1.83) 96.32(2.17)  7827(293). 88.76(2.93)  86.44(2.05) 86.16(2.94)
250 89.35(4.66) 89.66(2.82) ' 7535(433) . 80.61(3.35)  77.65(3.98) 76.22(3.21)
FExEAFE 2500 85.97(3.13) 92.88(2.17) < 7597(2.64) . 84.94(2.76)  81.54(3.44) 77.33(2.56)
500 0 95.72(1.08) 9582(0.89)  77.93@254)  86.16(2.34)  87.31(2.17) 79.97(2.17)

2.8 HABEH I 3 it

SEEOAL IR 1.2.2, A RIGE 12 Fh 25 bR eV AT
R RAE, SRR R — L R
MR RS T B S B, §\ Trace Finder
WA, ST 12 M PR A B E . 7EAME
FARAES I OL T, WIS R 25— R RS T 1
{ER 0T SO — 00 A S IR R B 20 % [ 3R 70
i 5EE E B2 T s E SR LT, W)
HERE AR, T8 - 2 bR e RAE
] — EL i 25 A T 25 S AR B B () RV T AR R A T AR AN
T, NI SEBLTE R ORI S b 12 Fh2 i pRod
25 BT

29 HEdE

SIS IR 1.2.2, N BT I BRSE  E J  Th
S ) 105 AIER SR8 & ana b AT B, B
2 AFATIE . 25 B ELL, TREH—
FEOCHE: it P 2 R S BAT R E JRR B B R s R BR AT
FH 5 JBR e B b 44 ot ik — 2 e R, R B A
30.79x10° pg/kg 1 0.31x10° pg/ke.

ARSI M) FH e vt S8R €1 — DU BT/ e 37
T i 2 WV B R G ST T SR LR B
12 MG PRI A E BT T 1% REE— B
TR R TR AT R e
FIPRERICHS, M —Zm o b Tt T e &, 1%
JTERTAC B R T AR, W A KR, & RIS
DRAE i RS I 2D BRI B Al v R
B eI E TR T Z R BRSC Y

HE Lk
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