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Detection of illegally added quinolone drugs in health foods by high
performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the detection of 4 kinds of quinolone drugs illegally added to
anti-inflammatory health foods by high performance liquid chromatography-tandem mass spectrometry. Methods
The sample was dissolved in acetonitrile, extracted by sonication, purified using a modified QUEChERS method with
low-temperature centrifugation, separated using a C;g chromatographic column, and then analyzed using multiple
reaction monitoring in positive ion mode with an electrospray ionization source. Results This method showed good
linearity for 4 kinds of quinolone drugs, with a correlation coefficient (r) greater than 0.997. The limits of detection

were 0.01-0.02 mg/kg, the limits of quantitation were 0.02—0.05 mg/kg, the recoveries rates were 70.16%—109.26%
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and the precisions were 1.27%-4.56%. Conclusion This method is accurate, simple and easy to implement,

enabling accurate detection of quinolone drugs illegally added to anti-inflammatory health foods, and providing

technical support for risk monitoring of illegally added quinolone drugs in health foods.

KEY WORDS: anti-inflammatory; health foods; illegal additives; quinolone drugs; high performance liquid

chromatography-tandem mass spectrometry
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ST U HARPI ARSI, X Ak BB AR A R e e 1
QuEChERS 3£ (R AL BT sCRA R R PR [l
R BT BT S W R £ o R 2K
2y, LA R QUEChERS - R4 iBUAH
T - H I TG I R A 2 TP AR N T i A 25 25 4,
B ESCBUMERASIN, o PR £ by v R T i e v TS 254
P DRI 300 i At AR S 4%

1 MRS R%
L1 SR

FHRU R GE 99.6%) . RV B 99.6%) . Bl

0 RL(AIEE 99.0%) . RN B (A1 98.0%)(HF [ b 5t tx 28 5
KBHEA R |, BEE . RS (Eagal, S5 Sigma 24 ]);
FR(tikel, HiBLigsLnpHaRAR), & K-N-N
Fenitbi fb ik i (ethylenediamine-N-propyl silanized silica gel,
PSA) (40 pm, 100 gm, & EZHASFHA R ).
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WATERS ACQUITY UPLC H-Class PLUS/Xevo TQ-S
Micro = F VU FFIBAR (A5 BT FH L . WATERS ACQUITY
UPLC@ BEH Shield RP18 {4j%#¥(2.1 mmx100 mm, 1.7 mm),
Waters ACQUITY UPLC BEH C,g fAi41(2.1 mmx100 mm,
1.7 mm), Waters ACQUITY UPLC HSS T3 {i%#£(2.1 mmx
100 mm, 1.8 mm)., Waters Oasis PRiME HLB 43§ [& 4 25 Bt
#1(40 pm, 100 gm)(ZE[E Waters 24 1); KQ-500DE 2 75 ij i
PR (RT3 E FR A F]); VORTEX KB-3 iRjiEdR %
#%(3E[# Scientific Industries 23 ]); Centrifuge 5430R & 214
D HL(3E E Eppendorf 23 H); Milli-R04 2 B F7K & 4 2%
(32 [# Millipore 22 7]); ML104 B F K F-(K5 £ 0.1 mg, Fii+-
Mettler Toledo 23 w]); 0.22 um f{FLIEAL (A LR, K
B TFATAE R A ).

1.3 LWHE
1.3.1 ARk & ik B )

HER PR EUBE VD B ARE S (10.020.1) mg, BT 10 mL
FEMT, MAFS CIEEMR, BHOEERZE 10 mL,
AI1% 1 mg/mL BT EAR RS AT . WEBRFRIE VD 2 A0
AR TP B ARMESL (5.0£0.1) mg, BT 10 mL &RHP, i
Ao NGB, MACKESRZE 10 mL, 7745
5 500 pg/mL TEFID R FIEF I BARMER &R . MERRFREL
RSV BAREM (10.0£0.1) mg, & T 100 mL 25854, i
ARG F R W P v A, PR A E S 2 100 mL,
A 435145 100 pg/mL SR VD R PR UERE IR . i fE &Y
BB OB, 7 T-20 cCukF, AROWLA.
132 RAk T & B4

SRR 4 RIS PR EAA AR (1.3.1), FIH
FERRE, BOMl 10 mg/L IRAPREA M. 617120 °CUKAE
o ARAW 15 do FHREERRERCH] D BT R EE 1, 2. 5,
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10, 20, 50, 100, 200, 500 pg/L MRSt E T/RER, %
T 4 cCokAfiTh, PRSI
133 Moz ius

HERIFREL 1.0 g fRAEEE S 50 mL 4ETE LA, T
A 10 mL ZJifE, #J€ 1 min, #7455 min, K3 25.0(8000 t/min,
4 °C) 5 min, BHFIEW, fIMA PSA 100 mg ik, WHE 10 s,
Y5 B5.0>(8000 1/min, 4 °C) 5 min, W _F3EW, H 0.22 pm
L UG ML U 2 R/ IR, R LRI
134 =a%k

BRANTRIURE Fh A0, HR 3% Bl kAT
1.3.5 A& is- ik

WAH S 4384 Waters ACQUITY UPLC HSS T3
(2.1 mmx100 mm, 1.8 pm); F:3: 30 °C; Hi#: 0.3 mL/min; #¢
FEg: 2 ul; VEhAH: 0.1% (V:V) R K (AR BE(B), H6 3
VEIRALF: 90% A (0~1.0 min); 90%~80% A (1.0~1.5 min);
80%~2% A (1.2~5.0 min); 2% A (5~5.5 min); 2%~90% A
(5.5~6.0 min); 90%~90% A (6.0~10.0 min).,

Bt BFREM: mmiE s I, Ay
EEFHEH; G r = 2 S 4B A e B
310 °C; AL 650 L/h; B FURIEEE: 350 °C; BAIEH
JE:2500 Vo HAh BRI 1,

R1 4 MEBERLGYNRIESH
Table 1 Mass spectrometric parameters of 4 kinds of
quinolone drugs

e HET TET  HERE HESL
(m'2) (m'2) eV L /v

PV 205.1 44

IR A 362.3 - 62
261.1 26
204.9 32

kU 320.1 - 18
233.1 22
203.2 38

Bk 2 360.2 - 20
245.1 24
- 231.1 36

BN R 332.1 22
245.1 24

HONERE T
1.4 HIBAIE

Bye p R4 K etk R 2 B 1L waters TAE VY
MassLynxV4.2 84, HR B B EE 011 S A% 1 2 il %

FH 2010 4ERIAS Bxcel b, SR RECH 6 Ik, Ai%E
SR 2 Hd FH Origin 2021 #4F.

2 GR55HH

2.1 BERHRK
2.1.1 &igAEfrEeyit
Al E BRIk B RAF IR AT N, AR 5

T 3 Fh Cg BOiAE . ZEHER, MRS ZYYITE Waters
ACQUITY UPLC HSS T3, Waters ACQUITY UPLC BEH
Cis. Waters ACQUITY UPLC shield RP18 #1:_F ¥ H {54,
RO SCRRAR T — BT, SRR M o fELR € 1 A A
BAE, g E AR, WEAMER ., £
WF5THr, Waters ACQUITY UPLC HSS T, fifi A R4,
R A, WEIE EXIFR, UL, % T Waters ACQUITY
UPLC HSS T3 fE AR 250 1) 35+ .
2,12 AhARAr £ A EARAL

Sl bR B s B B HE B AR, AR g e 5%
THEE-IK  CRE-KAVE R T shAR B 4 25 B, 242K F i
RN - AR ZR B, FP - A 2R St W T R S 2 ) 1 3%
Iy BRI T MG -/K AR ZR, AT RE S KA 2001 A 3 i o 52,
il 4 FhEsTEERAS 2 Y M, EA S S . AMRaks:
FECHEE-0.1% (V:V) F R /KA LA % B - 7K VA WA Sl i
SHAIT IO . 76 H B KR R PUIN 0.1% (V:V) H R AT,
EREIEIE A, mahy S, Rtk M. X AR A
EBFERT, REY RS TR EE RS, N E i,
VETE BN FR o FESLSERS L UEF TR BE VR R P i1k, ek
TRBIAHFP S AIPRIAE L LA 1.3.5 P i
2.2 RIRLIBEHMIK
221 RIEER KA

PGP R AR AR 2 B R B, AR SR8, 0.2%F fR K
VW NG, B, 50%H BOKEB(V:V) M ERBUAR,
BRGNS B bRk & PR BOSCR I 2 . 250 3%
B, RAZIEE R, Bagvb 2 . MWy B med
S TR T A 3 AR, R ALY Il
Wi T 0.2% P ERKIEW . 50% P B /K VAW, WA T A e,
R IR 80% PRIk £: S G/ R F O il . HARZ,
UL 1, X AT BRIk N5 (Rt T 4 Pl T 28
29 IRR A

B SR 2
m R A
EEAN A

LR TR

BT ORI R XA R il v 4 Fhids v
2 ISR AR
Fig.1 Influences of different extraction solvents on the recovery rates
of 4 kinds of quinolone drugs in cereal-based health foods
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222 RICEFAKRREG KA

PRI ) AU S i AL A R BRI — AN R &K
AL T 2. 5. 10, 20, 30 mL ZfEXT 4 Fh HArfL&
PIEEBCGCR R . 2R R, SRA 10, 20 130 mL #%f
AR R BGCRA Y . A T AR, AR 10 mL,
LI 2,

100 -
s0r =R

c\\" 60 -%'1«%@\5'3

$r IR VDAL

%ﬁ 401 Rl RO
201

2 5 10 20 30
AR mL

B2 VAR R £ 5 P 4 Bl b R 2 25 40 [l s S 5 i)
Fig.2 Influences of solvent volume on the recovery rates of
4 kinds of quinolone drugs in health foods
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PAE AP AELENRDT . AT, R AR, NEDITR
SEZRI, 43IEERE QUEChERS ¥ | HLB 43l A A UL HEA T
. HERFRIL 1.0 g AFE 2SO/ RS, 1 10 mL LI
B, W30E 1 min, A 2 min, KIRES.C 5 min (8000 r/min,
4 °C), B EHWIMA PSA W5 100 mg, #35E 1 min, %
{0 5 min (8000 r/min, 4 °C), BCEFFHAGI AT 45
/R, QUEChERS 3% Bl St 4 BT 5y, HLB Fy [l ig 4 5 i 1K
X AR PSA HAF T RERA PR . IRIiR . R%
EW, WX EARY R B HE /)N o T HLB W B 5500 e v
T2 2250 (W B B 0505, T R IS 3R AR . HAA TR 3.,
Rt A58 R QUEChERS 74 HEA 7 RF dh itk

120

100
%0 = ST A
8 m BT
§ 60 w YDA
B 4 =R A

20

0

QuEChERS¥: HLBZ AR A
etk 5

B3 by 2O R S 4 i v R 26 25 [R5 14 5
Fig.3 Influences of purification methods on the recovery rates of
4 kinds of quinolone drugs in health foods
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B 2% BT B34 R i B AR I G A o R P AL RR R, A
5B T ARG AR 0 B Ak B T A o
7, MATTHE T AR A B 28, MR 2 3015 2
JE AN (matrix effects, ME){H .

ME/% = (1-S/S.)* 100% (1)

K S WEERVCACAER L MR, S, HAliE IR
MR RLEE

2 ME N -20%~20% B} o8 55 ME; ¥4 ME W
—-50%~-20% 3% 20%~50% I} Jy % ME; 4 ME<-50%
5>50% 0 K5 MEP 201 AHF 58 % 88 T 48 15 AR a2 5 (O
) R TS LR B (T A TR B e e 2 i ot (O 1A9)
LR HEREG I ME, G550, 4 Fhsi ik 2 Yre
BEREE A ME, 15 IR £ b A
MR AR S IR A ME, BRI SR 2 5 DE il A
HERRZR TR T e 70028 P (e 1 S RO A s 2R A 1 i 3
JoT s T R S 25 1 AT, AR B AR S
DUPRT P 0] R A T M VAT 28 24 1) o o BT . AT I
%2,

24 FEFEER
241 FEK

XA E AR i R I OR A B R ) M e 2
PRABEE G 1 3L T2 IR RERG I, 455 BRTC 4 Pt
TS24 H b (o i, BoWe (55, Ul IR
T VL 4. 3 R A28 AR S VA T R A AU
TR BBV R IRV BRI RV B AR, H bR
T U AR S, WA RR . A HAR IR TR, A
TEIE F IO BT E bR, AT e E R, S
kT IEER . 1.3.5 WO GRS - TR SR AR B A Ik
TE, HIRILE 5~7,

242 ZMEXEZ, AERPEZEMR

e 1.3.2 Boil 4 Fhvsinmm 2 P iR S An e TV,
SRR 1.0 g A E ISR, #1.3.3 M 1.3.5 Fik
AEFRFEAGTIN, DL R GAABBR(Y) %R ) BT R B
ABFR(X, ng/L)ZHIARHEMZ (R 3). ZARY], 4 Rk
M 2i & BB NEME RI, MXREOBHKTF
0.997, [F) BEAL 3 5 550 28 CR fil B T AR P e S R A £ 5,
4 FhidsTRE 25 W7E A B BN R A47F, HHOCRE(NH
KT 0997, HARWFE 4 FF% S,

TE2S FRE i R 43 A0S I R 50 Wk B2 19 H AR AL & R A
PRUERS IR, LA 3 f5FT 10 f5(5EME Ui € LOD Ml LOQ. L&
IR, 4 PRS2 R L IR 0.01~0.02 mg/kg,
FERPRH 0.02~0.05 mg/kg(F 3~5). M3 3~4 ATHI, FEAH
FORE T SR IO B, U (S Hh BT o
FREH AR TFRUETDE | RN ERER A 3 ke, W
RTEFSERETT, AP RN AL 3 RSP,
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F*2 AEEFREBARR. FAXRERSIMEVHKEXRRERST 4 MEHEINXZAMN MEs
Table 2 MEs of 4 kinds of quinolone drugs in grain-based health foods, tablet-form health foods and plant-based capsule health foods
FE o dcsB RN MEs%
=2 7N = . min T — N
B AR SRS R A TP I S PR A i
1 AR A 3.80 4.72 17.98 34.62
2 587 U 3.92 2.84 15.66 19.38
3 HNTD A 3.93 5.17 25.60 21.87
4 R A 3.90 6.65 24.48 15.51
A B
AR A
72}
§_ 6000 2 4000
i 9
% 4000 4%(
g = 2000
= 2000 f B
0 0
1 1 1 1 1 1 1 1 1 ]
0 2 4 6 8 10 0 2 4 6 8 10
% BA Bsf []/min £ B B[] /min
C D
1000} b
; HAY R 2000
2 800- "
600 5
% = 1000
= 400) =
= =
il T
0 L 0
| | | | |
0 2 4 6 8 10
{4 A 15} 7] /min £ B8 B 8] /min
B4 FABERPARRDEA). B E®B). R EC)MEH Y A D) B 77 K
Fig.4 Extracted ion chromatograms of ofloxacin (A), enrofloxacin (B), ciprofloxacin (C) and norfloxacin (D) in a blank solution
A B 150000
300000 372 I i
u L b=yl B 2 R A
2 E2 R0 & “
g MEE £ 100000
# 200000 | o
i & 50000
B = -
% 100000 |- E
0
0 | | | | | | 1 1 1 |
0 2 4 6 8 10 0 2 4 6 8 10
583 i 1] /min P B2 B []/min
¢ P 3.81
2200000 - 3,83 5 600001 ' —
§( BN & u
% 2 40000 |-
= 100000} =
= =
= £ 20000 |-
0 0 A___,*
| | | 1 ] 1 | | 1 1
0 2 4 6 8 10 0 2 4 6 8 10
1583 s} 1) /min 15 &8 b} [A]/min
B 5 AEBMEESPEFPEA). BIEYEB). BRI RID D) G TEE (20 pe/L)

Fig.5 Chromatograms of ofloxacin (A), enrofloxacin (B), ciprofloxacin (C) and norfloxacin (D) in
cereal-based health foods (20 pg/L)
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403
% 300000 |- SRV L s
& AR R ) 150000 B
N [=%
2200000 - i 100000
= =
£ 100000 - = 50000
~=@
0 —A 0
1 1 | ] | 1 1 | ]
0 4 6 8 10 0 2 4 6 8 10
1 84 B[] /min 1 B4 BF 1] /min
C D
80000 -
4.05 " 37
7 o N AN 1
£ 200000} NS & 60000F HRUE
N
% E 40000 F
2 100000} B
E 20000 F
0 0 7
1 | | | ] 1 1 1 1 ]
0 2 4 6 8 10 0 2 4 6 8 10
A5 B4 15} 7] /min £ 84 Bis} ] /min

K6 JriflZe R dh h AR Ib A (A). BUETDRE®B). TR ()RR 2 (D) 1% 1E (20 pg/L)
Fig.6 Chromatograms of ofloxacin (A), enrofloxacin (B), ciprofloxacin (C) and norfloxacin (D) in tablet-form health foods (20 pg/L)

4.04

4 6 8
4 B4 15} 1] /min
4.02

A B
150000 3.92 20000
a AH A
o 7]
# 100000 |- & 60000
5 il
by = 40000
= 50000 |- =
& 20000
0 A 0
1 1 | | | 1
0 2 4 6 8 10 0 2
4 B4 1t 18] /min
C D
4.06
100000 . 30000
& HHE 2
9 2
® # 20000
= o
& 50000 =
= & 10000
0 0
| | 1 1 | 1
0 2 4 6 8 10 0 2

B 7 MR R E SR AR R (A) .

5 85 1t 8] /min
Bk BL(B). BN

Yk S

Z:E N

B2 i} 1] /min
b B (D) 35 151 (20 pg/L)

Fig.7 Chromatograms of ofloxacin (A), enrofloxacin (B), ciprofloxacin (C) and norfloxacin (D) in plant-based capsule health foods (20 pug/L)
AELREERD 4 MIEETLAYRLMEEE. &MHT12. HXAEH. LODs 1 LOQs

Table 3 Linear ranges, linear equations, correlation coefficients, LODs and LOQs of 4 kinds of quinolone drugs in cereal-based

*=3

health foods

ha=2 a7 RAEIEF/(ng/L) LR AHIE R B LODs/(mg/kg)  LOQs/(mg/kg)
1 AR A 2~500 Y = 1464.1X+2338.5 0.9993 0.01 0.02
2 Bitiih 2 5~500 Y=615.07X+943.9 0.9972 0.02 0.05
3 W R 5~500 Y=1170.0X+1784.4 0.9974 0.02 0.05
4 R A 5~500 Y=312.86X+612.53 0.9988 0.02 0.05

K BR(limit of detection, LOD), & & FR(limit of quantitation, LOQ).
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F4 RAFIERBERP 4 MEFFHLBYHZLMETERE. &MEHTE. HXZRE. LODs 1 LOQs
Table 4 Linear ranges, linear equations, correlation coefficients, LODs and LOQs of 4 kinds of quinolone drugs in tablet-form
health foods

ha=2 a7 L MEVE R/ (ug/L) Ry AHIRZHL(r) LODs/(mg/kg) LOQs/(mg/kg)
1 AR A 2~500 Y=1699.8X+1286.7 0.9993 0.01 0.02
2 587 g 5~500 Y=781.82X+907.8 0.9993 0.02 0.05
3 W R 5~500 Y=1250.1X-1352 0.9992 0.02 0.05
4 R A 5~500 Y=372.2X-180.27 0.9992 0.02 0.05

x5 EYHERELARBRRES 4 MEERLGYHEETEE. &EHFE, BXHEH. LODs # LOQs
Table 5 Linear ranges, linear equations, correlation coefficients, LODs and LOQs of 4 kinds of quinolone drugs in plant-based
capsule health foods

i &Y RPN/ (ng/L) AW P () LODs/(mg/kg)  LOQs/(mg/kg)
1 AR A 5~500 Y=941.94X-4478.3 0.9984 0.02 0.05
2 Rk R 5~500 Y=544.97X-2062 0.9989 0.02 0.05
3 EINTRAY = 5~500 Y=777.66X-2987.3 0.9977 0.02 0.05
4 R A 5~500 Y=252.63%-1095 0.9976 0.02 0.05

AT 5~6. iR 3~5 WA, ST R RKS H PR A E 2 R
TEREYIPE I RS AR A S T vh i TEA T 2R AR M B A
R ST b . O AR AR M A B SR
R AT TE ME 5 34.62%, B T HAR R AR R,
AE7E W B 3 ST I
243 wKELHETE

BRIEHL 18 aFkdh, 43 A% 3 4, 4rBl LOQ. 2 f%
LOQ il 10 fi5 LOQ 3 /K-F1y 4 Fh BARIL & WITR A bR fE

W SiRFWH, 4 B HFLE W HE IR
70.16%~109.26%, A RRES AT 6 WK, AN
1.27%~4.56%(3% 6), FRIZFIEVREHER, &6 4 P
B2 G I3 b . IAFE 6 AT, S RID R 1 [EI R
AR, X AT REJE R R PSA BRI BR T %5 2 (4 S S Vb 2 e
. Bk PSA A IE LI ML A K B S 25 M e S A B2
14 TP 3 R N 2 A RE T 22 [0 7 A e IR 5 | R 2 F
FVEH

®6 AEE AHAMEYEREXFEERD 4 FEEERXAYE T B R FHE % E (n=6)

Table 6 Average recovery rates and precisions of 4 kinds of quinolone drugs in cereal-based, tablet-form and plant-based capsule health

foods (n=6)
FE NS &Y bR/ (ng/kg) B %/% K2 1%

20 75.16 3.25

AR R 40 82.13 2.16

200 88.16 2.04

50 84.34 4.18

R A 100 108.13 3.28

P 500 88.12 2.15
50 109.26 3.71

Basb 2 100 103.57 2.95

50 95.13 3.03

50 77.35 3.72

WHYE 100 104.27 3.20

500 80.12 1.80

20 76.24 4.44

AR 40 82.11 4.05

PRI (R e 200 86.58 2.79
50 101.69 456

iR AL 100 108.43 2.98

500 95.37 4.37
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=18
FE AN &Y fnkrskF/(nglke) Il /% KB /%
50 107.41 3.15
Bt 100 94.24 2.45
K (R 500 89.57 2.68
50 89.52 3.11
WHNT AR 100 94.24 2.07
500 82.57 1.39
50 70.16 3.04
AR R 100 78.46 217
500 83.58 1.61
50 72.15 3.17
Wi A 100 83.47 2.46
HOPPEREAES (R - e =
50 75.12 3.69
R 2 100 83.36 2.79
500 80.59 1.55
50 75.47 2.15
HHY R 100 83.76 1.76
500 89.36 1.38
2.5 SKRRMEmBNE
3 & it

A E 3R 753 X G S R G TR i -F 65 T S A 5K 3
AR A A TSI, A BS/NT LOD. X B R AR
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Table 7 Results of sample detection (mg/kg)
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