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ABSTRACT: Objective To establish a method for the determination of nitroimidazole drugs residues in egg, chicken
and pork matrices by high performance liquid chromatography-tandem mass spectrometry. Methods Samples were
ultrasonically extracted with acetonitrile and acetonitrile-water solution, followed by degreasing with N-hexane
saturated with acetonitrile. After centrifugation, the lower extract was purified using a Prime HLB solid-phase extraction
column to instrumental analysis. Separation was achieved on a Cig column (2.1 mmx100 mm, 1.8 um) with a gradient
elution using 0.1% formic acid in water and acetonitrile as mobile phases. Quantification was performed by the
external standard method. Results The 10 kinds of nitroimidazole drugs exhibited good linearity within the
range of 1-100 ng/mL, with correlation coefficients (r?) exceeding 0.995. The limit of quantitation for all
compounds was 1.0 pug/kg. Average spike recoveries at 3 levels (1, 2 and 10 time limit of quantitation) ranged from
80.1% to 107.7%, with relative standard deviations between 0.8% and 7.5%. Analysis of 150 batches of samples
using this method detected 3 positive batches: Metronidazole was identified in 2 egg samples (896.0 pg/kg and
1341.3 pg/kg), and dimetridazole was found in 1 chicken sample (480.2 pg/kg). Conclusion This method is highly
efficient and accurate, capable of conducting qualitative and quantitative analysis of nitroimidazole drugs in pork,
chicken and egg products. It effectively addresses the issues of incomplete food matrix and cumbersome operation in
the current national standards, and provides technical support for ensuring the hygiene and safety of animal-derived

foods.
KEY WORDS: nitroimidazole drugs; eggs; chicken; pork; high performance liquid chromatography-tandem mass
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1.1 RXFI SR

il FE R M bR o i (LR R 1000 pg/mL, RIfFE
EH PR R IR S A R AR, S UHERRE 1
HE: 2 Bk FRR (BB iE, 18E Merck AF]);, &
MRk . WIRE . JoKELRREM (ISR, =24 A Ak =il
MR/ #]); Prime HLB [E AH# BUH: (35 [ Waters A /)); A
HUMIIERR (0.2 wm, K HEHE IS SCI0 I 4 A BRZA W)

WAL YR AGEENEA TS TG,
1.2 X

Waters-Tq-s % = 8 DU 25 F 53 B % . ACQUITY
UPLC® HSS T; Cis (2.1 mmx100 mm, 1.8 pm)(E[H
Waters 23 d]); XS204 #Ii F4r 4 KFE(&FE 0.1 mg).
ME2002E 4 #t F 43 #7 K- (Jk 2 0.01 g)[ M5 -FL A £ H
i8R 5 () A BRA F1]; Allegra X-15R Y i 3 B0 HL(3E
[ D1 5 2 2 AR A BN 1) SB-100D i 75 I8 35 e i (77
B Z MR RA A FRA ]); AOSNG6 A BEAIL (B 1L T3 Ji
B TR 554 BRA F); EVA-80 RUMA (45 RH4E A1 I 4y A
B D)o
1.3 RIEEH
1.3.1  AR/EZE R 04 B

o v F TS : O 2 e RS oA il (A 356 ok e I B A Ao o

b MR 4 R 1000 pg/mL) 1.00 mL & 10 mL 258,
FAH R 2 205, Mo ST 100 pg/mL [ HRA
FRUEA IR o

IRGPRUEMT W 3 B % R HE P ) 0.1 mL
%10 mL Z5afrh, PR ERm e 2 20, o] o v
A 1.00 pg/mL YA BRUE R

IRGPAELAEWR: 3 A% BUR SR HERE AT 10
20, 50, 100, 200, 500, 1000 pL & 10 mL & K
-CIECGE 0.1%H R, 9:1, VIVIER B 2218, W&LEY
R E 1.0, 2.0, 5.0, 10.0, 20.0, 50.0, 100.0 ng/mL.
132 HRmegaTaz

X EE NG R TR PR AR SRR 2 R R ML R ST,
—20 °CH-TE

FREUEES: 2.00 g BT 50 mL B0, IIATZEGR
(YA I, XGRISAERET: LJi:Kk=9:1, V:V) 10 mL,
PRI HEHL 5 min, #BAIREL 10 min, A TCKERIRN 2 g, i®
JE 1 min, 4000 r/min, 250> 5 min; B EJEHEW, A 5 mL
CIEMANIE C %%, IRFEIRS 1 min, 4000 r/min, B5.0>5 min,
TR

Hik: B EIREW 5 mL, SN2 Prime HLB [&AH A< B
F£(200 mg, 6 cc), fRE=F 1 s/, WESTRBE. Wil
TAE 45 CKIBAARMRT, A 1.0 mL 0.1%F ER/K-2 N
(9:1, V:V)IA IR, 3 0.22 pnm AL UERE,  EALIR .

x1 HEKMEUEY CASS. NFE. BRETEER

Table 1 Informations such as CAS number, molecular weight and fragment ions of nitroimidazole compounds

R CAS % 43Fit/Da AT [y HEFLHLE/V  REFERER eV
113.9/68.0* 15
A-fi HL R g 3034-38-6 113.07 C3H;N;0, 20
113.9/83.4 6
. ) 188.0/123.0% 15
F2 I i s 4812-40-2 187.15 CeHoN;0, 30
188.0/126.0 15
128.0/42.0 20
2- A e 88054-22-2 127.1 C4HsN;0, 60
128.0/82.0* 13
. " 158.0/55.0 15
2 Y A i e 936-05-0 157.15 CsH,N;0; 30
1581.0/140.0* 12
172.0/82.0 21
FH i e 443-48-1 171.15 CeHoN;0;5 30
172.0/128.0% 15
201.0/55.0 20
% i 7681-76-7 200.15 CeHgN,O, 30
201.0/140.0* 10
142.0/81.0 22
55 il s 551-92-8 141.13 CsH;N;0, 30
142.0/96.0% 15
162.0/116.0% 17
S Ak 4897-25-0 161.55 C4H,4CIN;0, 20
162.0/144.9 15
I 163.9/90.9 32
I IR s 94-52-0 163.13 C-H;N;0, 18
163.9/118.1%* 18
) 170.0/109.0 25
SN 14885-29-1 169.11 C,H;N;0, 32
170.0/124.0% 16

R T
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133 BBEH#
(OHtig 44
a3 ACQUITY UPLC® HSS T Cig (2.1 mmx100 mm,
1.8 um); FBIAH: A A 0.1%H BRKIF, B WM, BEETE
BHARRE W% 2; WH: 0.3 mL/min; AR 35 °C; #EREE: 2 il
Fz2 BERBRER

Table 2 Procedure of gradient elution

i ] /min W A% TSI B/%
0.0 95.0 5.0
1.0 95.0 5.0
3.0 65.0 35.0
6.0 5.0 95.0
8.0 5.0 95.0
8.1 95.0 5.0
10.0 95.0 5.0
Q)i 54

K FH L5 55 1E 25 T Y6 (electro spray ionization, ESI")7E
Z [0 Wi (multiple reaction monitoring, MRM)#:= T i
Fraen e, VAR 1000 LAABEAE RN AS), B
RFIIEE 500 °C, #EFLFE S0 L/h, BAE HE 3.0 KV
B KHER), & FHIEE 150 °C, $1b&WiREF .
Tl e e A S5 LR 1,
1.4 HIEALIE

ARG Masslynx 4.1 R4, $diE4: Masslynx 4.1
ARG, SR Microsoft Office Excel 2013 #8743 47 o

2 EREHR

2.1 [EHEEREMRE

L Prime HLB {3 138 12 2 FEAH 26 B0 IV T L B
SRR . BERRSE TR L, ks Rl i A L 2T,
HCAE P, nT 3 BRE, $fifa sl S F£H
PRI R B AT, R TES . KRS
i R R 2 B B AR DR ARG I 43R P48 RS RS R ],
PEHURCR A Prime HLB [ AHAEBUR: A A X, BER RS
AR T I BRBERR SE TR T, VRO B .

FZIEKBER(ZIEIK=9:1, V2V, TF [a]) B il fi 2 g
KGR G FRUER W PRIME HLB, WESWER, AX
T, E¥E EANE, THEEICR, &GP SR A
92.8%~97.6% 2 I, 2 HH 12 [T FH A& UM AN 23 W FFF i ek s
25, A RIFREbAE
22 REUATIAERE

2 2R A AR BORE, TE TE ARk, T R
1k, WCEE AR IR, DRI — B S B IBOR S & A e LA
AHUAH, FeH WSRO NE . AR FERT M. 2
0.5%H ). ZFE(E 1%HER). ZIF:Kk=9:1. ZJF-K
=9:1(% 0.5%H ). ZIE-K=9:1(F 1%HR)X 6 Fhel A
W, AaE BT IbR 2 pe/ke), HEEINCR, EE R
AIE R, F LA YEARRERE, ARZEREGT
g L% 3, B AL S YR B R IS E W 1, 45
IR RS 6 S TSR O Ry 20 B 454k A 0 S 2 [ e R A

®3 JBUEAYEFRER. FREHREAZ G THMFRFEEYEE (%, n=3)

Table 3 Mean spiked recovery rates of target compounds in different matrices and extraction solutions (%, n=3)

. ZWE W . ZIiE-K=9:1 ZiE-k=9:1
- o M aoswmmy  vemmy O aoswim (i 19
SRR R REDeE MR S ER SR R SR R
(RSDs) (RSDs) (RSDs) (RSDs) (RSDs) (RSDs)
ATl HE DR g 91.3 (5.3) 83.5 (5.4) 82.6 (4.3) 81.6 (4.3) 79.5 (5.3) 78.6 (4.6)
FR I R e 92.4 (4.6) 84.6 (2.6) 833 (3.2) 82.4 (4.2) 81.6 (2.2) 83.9 (4.5)
2-FH T ks 90.6 (2.1) 82.8 (3.3) 81.6 (1.8) 83.3 (4.6) 79.5(2.1) 81.6 (4.7)
¥4 H B F g 89.3(3.2) 81.6 (2.8) 82.5(1.2) 81.4 (2.8) 74.5 (2.8) 80.6 (2.3)
o FH i e 91.3 (4.6) 82.3 (1.7) 81.8 (5.3) 82.9 (1.6) 82.3 (4.6) 81.4(5.2)
% i 93.4 (5.3) 80.7 (4.6) 82.8 (3.4) 83.4 (2.7) 78.4 (5.6) 80.8 (4.2)
b 2 i e 92.5 (1.3) 84.3 (5.2) 81.6 (2.8) 84.6 (3.6) 75.6 (4.2) 80.6 (4.3)
LN 90.6 (2.8) 80.6 (2.2) 82.8 (4.6) 82.1 (4.5) 86.6 (4.3) 79.8 (4.9)
IR K e 91.8 (1.7) 80.9 (3.4) 81.9 (2.3) 81.6 (2.2) 84.4 (4.7) 78.4 (4.1)
S PR T e 92.1 (2.2) 81.6 (2.5) 81.6 (4.6) 82.1 (5.6) 72.9 (4.1) 79.4 (2.8)
A BE R 85.3 (3.4) 80.4 (1.2) 82.3(2.2) 91.6 (3.3) 82.6 (2.1) 80.6 (2.6)
oA J e R T 84.6 (5.6) 80.3 (5.6) 81.6 (5.6) 92.3 (4.8) 83.3(5.3) 80.4 (3.2)
2-FH i ks 82.1(7.8) 82.1 (4.6) 80.8 (3.4) 94.6 (7.2) 84.2 (5.1) 81.3 (4.6)
¥ HF Jk F i s 80.6 (1.2) 80.6 (4.3) 84.6 (4.6) 92.8 (7.3) 78.8 (2.1) 79.4 (2.8)




26 B A T R T 2E 174
= 3(8)
. N i) " ZNE-k=9:1 ZIE-K=9:1
. e W moswmmy @ wmm) ST aoswmm) o 1)
ERER Py EDR RS S S O RS RESjElies
(RSDs) (RSDs) (RSDs) (RSDs) (RSDs) (RSDs)
FH i e 83.3 (2.1) 81.4 (1.3) 82.8 (7.7) 91.1 (2.4) 79.8 (2.3) 78.6 (4.1)
% i s 79.9 (2.3) 82.8 (4.5) 81.6 (2.5) 95.5 (2.6) 83.2 (2.4) 77.3 (2.7)
Hh 2T 80.4 (2.1) 82.6 (6.7) 80.9 (2.7) 92.1 (2.4) 81.2 (6.3) 77.4 (1.6)
S 82.3 (5.6) 81.7 (4.3) 81.8 (2.9) 93.3 (2.8) 80.2 (4.5) 79.8 (4.5)
ZRA 81.6 (1.7) 80.7 (7.3) 82.7 (4.6) 92.7(2.9) 79.8 (4.8) 80.1 (5.1)
ST 82.8 (2.8) 80.3 (8.4) 83.3 (2.3) 92.7 (3.2) 80.1 (5.3) 81.3(2.2)
ATl FE DR s 81.6 (1.6) 81.6 (5.3) 84.4 (5.3) 91.6 (3.5) 75.8 (5.7) 81.9 (3.3)
Rk 82.3 (3.3) 81.4 (2.4) 80.6 (4.2) 91.8 (3.7) 79.9 (4.2) 84.5 (4.2)
2-FA g ks 80.8 (4.5) 80.6 (1.8) 80.7 (2.2) 933 (3.8) 80.6 (7.5) 79.8 (5.6)
2 PR e P g e 81.7 (6.2) 80.7 (4.3) 81.3(1.8) 94.5 (3.9) 81.3(7.3) 77.8 (2.7)
FH i e 82.5 (4.8) 80.9 (5.6) 82.4 (5.6) 95.8 (4.1) 80.4 (2.6) 74.6 (2.8)
A ER LY 83.6 (1.9) 81.6 (3.2) 80.7 (7.30 94.7 (4.3) 80.6 (3.4) 79.8 (2.4)
b 55 i 84.5 (2.50 81.2 (4.6) 80.9 (3.2) 94.6 (5.3) 79.9 (7.3) 78.5 (2.6)
S8 R 80.6 (2.2) 82.3 (5.8) 81.9 (4.20 94.5 (4.2) 78.4 (4.3) 72.5(3.2)
IR DR 81.2 (3.6) 82.4 (2.6) 82.9 (4.6) 94.1 (4.6) 79.9 (4.6) 74.9 (2.4)
SN T 83.3 (4.5) 81.7 (4.6) 81.7 (2.2) 93.1(7.9) 80.6 (2.8) 80.4 (2.1)

T AT BRI 22 (relative standard deviation, RSD).

W i
W
ol

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
A5+ B2 5} 8] /min

W )37 71 43 /%

T 1 2-F A R 2. 4-fiF B 3. FRBEFAIL; 4. 5 FF O R il
WS HIREME; 6. D REME; 7. HBSEREME; 8. G A mkmk;
9. JRAHDKIE; 10. SEPTAHME
B 1 RS FERRms A A P A B I 6% 51 (10 ng/mL)

Fig.l1 Total ion current chromatogram of nitroimidazole
compounds (10 ng/mL)

89.3%~93.4%Z [, tRifEIMZEAE 1.3%~5.3%Z [A]; 3 PJFl
$E L BRI N 25 7K=9:1 I & Ak A 1 -2 [ g 78
91.1%~95.8% 2 [], PREIR2ETE 2.4%~7.9%Z [], 4 LI
MR BOR A T A0 A W B9 TSR i, i J X0 2R 3 T 4R
WHHE R WG YRR A LR IBOR o 2 Kk=9:1,
2.3 EREMN

h T il — R AT EEIL AN X S B 25 SR FLAA T ),
ARBIFFE R T AT i) By R 3K — 5 o 4 B HL A R BEAN
o FEFRON R AT SRR /Yo=(BE Fh 3 5 HP s
A T] 57 A V85 8 11 W) 7 1L/ 240 s 700 vl o o Y VL 174 ) g

{ED)* 100% o ARG H PHAERE A A9 FAARE L, X AS ) 3 o 4%
AR AP IO -1 T T 23R SEIe 8 R IR, B
AL BARME A PR S FEEL T b i B T A0 34 7E+20% 1
JLFRI N Bl X B RO AEAR B ST A5 F A B . Y
Uk, ESEPRRIIE AR, AT LB PR R bR A R T T4
Br, TG 1k 2 HH O TR o S 30 25 58 ™ A 1 T4k
24 FEFWER
241 HMBEE. AERATER

AT R AG TR XS R 3 Fhas IRR S, SR
FHTB A 7 ik VS AR HE VA W 7 =X, BT A 5 3 28 B,
*E%¥m&ﬁ%ﬁﬁwﬂﬁ?3ﬁﬁmmﬁﬁ#$@
FEEE T MR AR T 10 Bk B B e
B, SRR RIARHE M S FR T L S e &, 10 Rk
PILRPELRPETERE ) 1~100 ng/mL, ZEMEC R RAF, HXR
BT 0.995, Wk 4. KBRSy 0.025~0.046 pgikg, &
EIRAH 1.0 pgke, 5 GB 31658.23—2022 & 1Y :E &HFR
—3, W B R IREEOR
242 WDk EFHEEE

m$$ﬂﬁMmm% B SR, MRy

hE 2 A5 R BRI 10 A5 7 vk i FREAT 3 7KK
S5, llkl: SPRIRIAGEE L MSPY . BB 3 RHEEURE AL AT

Hnbr IR, Has K |
FAL BT 1.0, 2.0,

[ . RSD L3 5, 10
10.0 pg/kg, FISCRILE N



557 TN, S5 RGO (s - A3 I 0 R Sh M £ b P A R S 2 5k B

R4 ZBUEAYHRLIR, ERRREMESE

Table 4 Limits of detection, limits of quantitation and linear equations for the individual compounds

aEw K R/ (ng/kg) R/ (ng/kg) AV Fl/(ng/mL) bR P (@)
A BE kg 0.025 1.0 1~100 Y=8384.39X-433.21 0.99613
J e R T 0.029 1.0 1~100 Y=9636.21X-206.32 0.99628
2-FH i ks 0.031 1.0 1~100 Y=10361.12X+104.30 0.99812
5 F B s 0.036 1.0 1~100 Y=7638.32X-120.02 0.99732
FH i s 0.029 1.0 1~100 Y=8934.56X+263.1 0.99685
% Tk 0.028 1.0 1~100 Y=10312.25X+106.33 0.99756
Hh i e 0.025 1.0 1~100 Y=9642.33X-56.33 0.99689
S A g 0.035 1.0 1~100 Y=8942.11X-891.46 0.99789
R K e 0.039 1.0 1~100 Y=7693.12X-561.22 0.99689
ST 0.040 1.0 1~100 Y=5567.16X+268.22 0.99875
A-Til§ HE DR g 0.046 1.0 1~100 Y=7985.59X-205.32 0.99864
FREL g 0.038 1.0 1~100 Y=9986.12X-423.20 0.99874
2-FH T ks 0.042 1.0 1~100 Y=8964.21X+123.11 0.99742
J2 PR 2 PP g e 0.036 1.0 1~100 Y=9634.12X-456.23 0.99871

x5 BUESPETRER. NEIRMAFTEINREYZE (n=6)

Table 5 Spiked recovery rates of each compound under different matrices and different addition levels (n=6)

ey WINAE/ X X Py ;o

(ng/kg) -2 IR % RSDs/% SEE BIBCR % RSDs/% -3 IR % RSDs/%

1.0 97.1 3.7 93.0 2.6 93.0 2.1

4-Tig L kg 2.0 97.5 1.9 95.2 1.3 952 1.5

10.0 107.7 2.4 101.0 2.6 101.0 5.6

1.0 90.3 5.0 86.4 2.4 86.4 3.6

e 5L g e 2.0 91.4 1.6 86.3 2.8 86.3 6.8

10.0 91.1 0.8 89.1 1.6 89.1 1.9

1.0 92.0 3.6 90.2 1.7 90.2 4.9

2-FH T ks 2.0 94.9 1.3 93.0 2.6 93.0 2.4
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