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Rapid detection of quinol metabolites in animal muscle tissue by colloidal
gold immunochromatography
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ABSTRACT: Objective To optimize a colloidal gold immunochromatographic assay for the rapid detection of
quinol metabolites in animal muscle tissues. Methods The quinol residue marker 3-methylquinoxaline-2-carboxylic
acid in the sample was hydrolyzed by hydrochloric acid, extracted by acetonitrile, and re-solubilized by phosphate
buffer salt solution, and used for the detection of colloidal gold test strips. The limit of detection was formulated
based on GB 31650—2019 National standard for food safety-Maximum residue limits of veterinary drugs in food,
and the screening of the rapid test products that met the requirements was carried out, and the rapid test products were

evaluated according to the Opinions of the general administration of market supervision on the standardization of the
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use of rapid tests for foods (Guoshiheng Jianshi Food Inspection Regulation [2023) No.1), which preliminarily
determined the performance indexes of the method and the requirement of the cross-reactivity rate, the consistency
analysis with liquid chromatography-mass spectrometry was carried out. Results The method was applicable to the
detection of pig, chicken, fish and shrimp muscle tissue, the limit of detection of pork was 4 pg/kg, the limit of detection
of chicken, fish and shrimp was 0.5 pg/kg, the method sensitivity =95%, specificity =95%, false-negative rate<<5%,
false-positive rate < 5%; the cross-reactivity rate of the carbachol metabolite quinoxaline-2-carboxylic acid was<8.0%,
the cross-reactivity rate of quinolol, carbacholol and acetylmethoquine, acetylmethoquine metabolite
2-(1-hydroxyethyl)-3-methylquinoxaline-1,4-dioxide was<0.1%. The results of this method were consistent with
those of liquid chromatography-mass spectrometry. Conclusion The method is simple, rapid and accurate in
pretreatment, suitable for the rapid screening and confirmation of quinol residues, and provides a comprehensive
technical means for the research and development and monitoring of quinol residue rapid detection.

KEY WORDS: quinol; 3-methylquinoxaline-2-carboxylic acid; colloidal gold immunochromatography; rapid

detection; liquid chromatography-mass spectrometry
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51 22T112200105, BRI 5 I A= 0 B AR e A A3 B D),
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TERRFRBUREE 3 (R 0.1 @& 50 mL &0,
JIA 1 mL 1 mol/L KA, FEMIA 4 mL A& b ERA T,
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B0 5 min, B3 mL IR T 50~60 CHe4E LT,
A1 mL 0.01 mol/L BERRZE wP RV AL IR (SR L A AR
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SRR, T AR & R I

Q)W AR G-

TERIFRBUREE 3 gCREHIE 0.1 @& 50 mL &0,
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3%+ Hypersil GOLD (100 mmx2.1 mm, 1.9 pm);

R 35 °C; Wi A: 0.1%H ER/K; WshH B: 2&; Wi
Wi 0.3 mL/min; PEREAR: 1 pul; BEEEVEI S5 0LEE 1,
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Table 1 Gradient elution mode of mobile phases

A 8] /min 0.1% M R7K/% ZIE/%
WG 90.0 10.0
0.20 40.0 10.0
5.00 40.0 90.0
5.50 10.0 90.0
7.00 90.0 10.0

QBTG4

B = R g B B IRIRE 300 °C;
FERAHIEE 350 °C; Y/ HE 50 L/min; HBIA 10 L/min;
B AR 1 L/ming S 2 8 RO A 4 1
(multiple reaction monitoring, MRM#R =, RESMUIT:
ERE X 189.1/145.1, HEfERER 13 eV, EME T X
189.1/143.1, fiff#EELH 16 eV,
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T i PR (7 I o B U R A o PR — B X A AE
FARERRAE R E o, R 5 R — B0 A8 7 AR 4
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1K, $RBGS TR IR CBR AT LEEMIRG AL, 1R
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RALFR AR AR . SR R R . —iaFR R AT,  HAREGAH
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Al R, AP AR A EOK AR . CIETREC. B
TR 2% phER IR I B VA O ITAL B 3:, RERT 298 20~30 min,

2.2 KERFAENIER
BiFE 4, MQCA FH L 52 RS A LR A 16T 3

WS, (AR A SR IBUROME LA Sty HL A3 8 e,
BRI IR SR U AN A ALV R B2, DA [T A Bk
WA ZEBOAAL I A DG X4 22, (X 26 7 1A RE B B H A
AR MQCA. i TSI MBI, 85 R B . W
RSB AR, INIMAER MQCA 5441 A3
B, WHHEEAR R EOIRA, DME TR SRS b 24,
R PEHRIE GB/T 20746—2006 Al SN/T 0197—2014, # 5hAT
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TI0dffR, F51E 50 CCHRIR KA 4R E KR 1 he BIRIK T
SCERFERT A, JETk i A PR RS i) 17 FH 3K

bRt GB/T 21322—2007 FARLES 781 54 44-3-2006
A (T Ak B8R PR ) 2 DR O T TR P VA VK i, STk oA
BREMBRAIIGE: ZHANG PR fER Kt i ke,
SRR M UEAT T Ak, RIRFH 2 mol/L EhRRMRARFE b,
BRI, ISR AT IE 92.7%~104.3%; 22 QIAkEE120%
150 g/l = OMRINFIREN . FEIHRESS, PRI S i bkl
FE AN RR EICR AT K 87.6%; IR ST 4 1A
A WREASEAT TR, (T 2 mol/L AEhRE, Zid+1%
T A58 5 R ) ) 2 3 4 TR IEK e 2 WO BRI 2 Ao i, 45 2R /R R
FiRE i B TSR I TE 90%~100% 2 [7]; 45 i 2527 %
AMIE N 1 mol/L AYERBRIAIE 8 mL RUREAT, FEIeke; H
Ko PR EIR A K R R S 50 @/ fmiiRiR
B, ZerdsKRSE T B 28 208 MK B R AR i 22
SINTIIE, TJCTF AT pH (A% . SRR E I, A
AL W0 T IR RS TR, I RE S R4 J T 1Y
FUALEREE] . PRIL, ABHFITIRBURR AR AR i Bk A 20
2.3 EREERA TRV IEEE

FF 2.2 VABFBR I B SCRR TR A 0 R A R
XA Ty B BRI S A A TR SR AL AL . =R . #r
2. BERRUEAT KX H KAk . FCHITREE R 0.5, 1.0, 1.5
1 2.0 mol/L FYELTR . BERR AN =S L RKIBTR, LSS AR
RAE RO AT, WA — 54 R (4 ng/kg) INFRAE bh
2 1.3.1 BHEFEE 200 pL IR 2 SARMAELIFE 3 min,
IRACSE T Al A B AR LSRR, = (20~25 °C)X
N2y 8 min, HEIRAUS B AACR, WE 1. ARG
RATLIEH, ZHOBAHERF R MQCA HEBUSUIREZE,
MBI R T 1 mol/L b2y i BURAUA: B ik FE 2 T
BRI, TR R FIBRER M B3RS 1 mol/L J i gtss#in]
DI IPH 2SS, o ERR M 0.5 mol/L ¥k B T il 4R 2k 45
R PR, ARFTT LIS RO A FE S Y MQCA. ]
iF, & HIFERIE 1 mol/L (=R IR  Eh B FIBE IR X
WA MQCA A TR BUS B It a5k 72.38% .
101.82%. 79.46%, FLrvERER 1 Ml ey o PN, SRS
TNERR K AR T M BRI fedi, BRI, ARFSEIERL | mol/L
ER 1w BT B K AR
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R dmwo A . R R R SR 42, ]300 T 6

S So0oo e AL ST AN R 5 YR, SRR
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E: al, bl cIAAZAZEAIMIH0.5, 1.0, 1.5H12.0 mol/LAY =4
ZFR . RRER . WRER/KARREAL PRI AR AR A AL a2, b2, 243
HPH1.0 mol/LAY =52 FR . hFR . BERUKMRAE A G R
P RERIRH A T AR A S e R AT 12
TR (315 B A 4% 24
Fig.1 Detection results of colloidal gold immunochromatography and

liquid chromatography-mass spectrometry without acidolytic
reagents conditions

HREACEIIR 50 AMRE A o ARPEINALE R AT, A SRR
RAHUE R 99.00%, Fr51EHN 98.67%, RBAMER K 1.00%, &
FHPEZR R 1.33%; B fRARA R RSN 98.00%, FiR
T 100.00%, REHPEZR S 2.00%, BEATER S 0%, W2,
A S REUELT B B, B MRS T A S,
PRI S A AR BB BE A 1 150 o A Rl i HAT A 5 1)
VG, FA5 SRR SR R = T A 225, 456
ARWFFELERE, WG AT B v RE AR AR ik BN R =
95%. FE5FME=95%. BAMEER<5%. BIHMEE<5%.

F2 FEMRERTER

Table 2 Calculation table of method performance metrics

A R B f i

FEE L a A T 454 b A o - K25 5 b A o
PR B FH RF 1

BAPE(ES H . 0.5 3546 H R 4 296 300 0 300 300
FEPE (L ASAG R L 2 %546 B 297 3 300 294 6 300
B 301 299 600 294 306 600

RIUPE(pH)/% 99.00 98.00

5P (p-)/% 98.67 100.00

T BAPEZR (pf)/% 1.00 2.00

S FRPE R (pfH)/% 133 0

H:a NS O A I A5 2 0 45 R o B R 5L H PR A TUEZE S b M AR AT AR IR AR B 45 R . pHIE B 38 W2 2 U (sensitivity),
WK Ry LB 2 (true positive rate, TPR), B 3878 76 T A3 525 hy Bk AR A4 w3000 38 1E 6 38000 8 BE Ik A9 L 461 . p— o 3R e S5 1
(specificity), R JELEHTE 3 (true negative rate, TNR), Bt B2 7EBTA SEBR A BT AR A v, DU IE A 000 R BHE R LU . pEoR
1 B {E (negative predictive value, NPV), BIFUIN g B 09285 5 v, S2BR g BI04 L, FH T e 0 A8 B 7 B4 R v i s o pfe
FRIEHNE (positive predictive value, PPV), BIFUN Ay B 45 5 v, SEER R BHM 04 L, FH T e T A8 280 iy ket o, R I A2 B 1

SER TR IERRTE,
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BEH 4 P BATACRYERBEERE A L XGIA . A IR A
RATFE B AR AR R ARE A . BLDLH RS RE S, 200 R4
S AR G B J 2 M AN € - i 2 A o BT A P L 3
P A I PR A B B RSB AR PR FRE A DRAG 2 R 3 D
PE, DL AR G DA SE SO B PE, RS2SR LI 2a.

a b
4] od o 1200 ,
1000 |
800 |
600 |
400 | MQCA
200 |

AR

LR R B [A]/min

IriE—BE 4 RN SR 3, HIEEREA . XS, M pAER
WAH OGS B R E A O, AR AR R AR
ERAE AR 0.25 pg/kg, DU A BHMERE S E A SR
7.90 pg/kgo Pk, BRSHTRG I Jy 32 5 YORH €633 - o S A I 4
AR —3.
27 RXXERNDHER

HRFE FT 017 SR 0, C R0 A8 S 555
WEHUA 2 L 7 IR IE RS TR 25 T BB ST 42, X C
Ji v 2 BEA R DA IR G E A T B, IR A T
FEARFEAR, FEUEAT ORI . 2 4 AT A1 3 A A g
AN = A 2 BE . R BV L TR PR R 2 R AR
WY 2-(1-58 Z.3%)-3-H L k- 1,4- S8 B9 58 XU
FKEUNT 0.1%, dhi# AL B, C Huby= it B2
WS IR -2 R R 1) 28 S N 2R 25 5 43 Sl A]: 2% L <0.1% . 8%
HEik, AT EEA RIFHEEE, #EFES REAR

€ 70000 MQCA T e I R - 2 - 2 T 1) 38 UL N 6K < 8%
60000
i 50000 #£3 BHE—BMSWER
i;' ;gggg Table 3 Results of methodological consistency analysis
Zz %gggg BG4 FR i FERAIR [ (ng/kg)
0 A — N/A
14 B B} 1] /min

i [A — N/A

VE: atPURUCITHIBERAIA . I . SARIRE | ARk bR AP — N/A

di s AADLBH I PRURE b O BE T A M 4 28 T A oo Bk AR R — 0.25

R IR R RIS o AU PO RE S O (i I 5% " .
B2 SEBRBHPEARR G s
Fig.2 Testing results of actual positive samples T B, +J9 B, N/A g RAs i
#z4 MQCA XXRRNHER
Table 4 Results of MQCA cross-reactivity analysis
A S B it C fbhgt
RE/R7) ) ) Y
. IRIIE ke TRE ke IIRE g sk
/(mg/kg) /(mg/kg) /(mg/kg)
s 2,1 50 <0.1 50 <0.1 50 <0.1
FEA 50 <0.1 50 <0.1 50 <0.1
Tk P e 50 <0.1 50 <0.1 50 <0.1
2023 AL 50 <0.1 50 <0.1 50 <0.1
MEEk-1,4- — 484k ' ' ’
MR -2 -2 iR 0.2 2 50 <0.1 0.05 8

3 4 i

BTN E SRR AR . CHRPRI . WERRZE n bl
VR BURTAL B, TR S P IR £ Al v SRR )
R P A 45 2 S22 BT 12 o G X TR A i R BRAGE 7™ it R REARY
P2 B PRGN Tk CSh I £ i o v LT B B A

Y1 MQCA PRGN 2 (ARG e )2 ik ) IOTERER bR
REE=95% . FE5tE=95% . IR <5%. MR
< 5% ZJTIEIRTAL B A PRIE L R, 7k R ABE
R J3E 23 A v £ T ke B ) ) DR 55 B E, R
a0 TR DN R, SR TRIALR, S LR Y
WM IR EAR T B
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