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Abstract: In this paper, a method based on liquid chromatography-tandem mass spectrometry for the determination of residues of various
nitroimidazoles (metronidazole, lornidazole, isopropynidazole, dimethylnitroimidazole, hydroxymetronidazole, hydroxymethylnitroimidazole)
in health food with propolis as the main raw material was established. The samples were dissolved and dispersed with 0.1 mol/L hydrochloric
acid solution, mixed well with vortex, then the target components were extracted by ultrasound and purified by HLB SPE column. The extract
was separated on a Waters ACQUITY UPLC®BEH Cjgcolumn (1.7 pm, 2.1 mx100 mm) with gradient elution using a mobile phase consisting
of 0.1% formic acid and acetonitrile. A tandem quadrupole mass spectrometer equipped with electrospray ionization (ESI) source in positive ion
mode was employed for the quantitative analysis of the analyte using multiple reaction monitoring (MRM) scanning mode, with ion abundance
ratio for qualitative analysis and external standard method for quantitative analysis. Under the optimal conditions, good linearities (R>0.998)
were obtained in the related linear ranges. With addition level at 2.5, 5.0, 10.0 pg/kg, the recovery rates were 68.12%~92.20%, the relative
standard deviations were 1.20%~5.83%. This method was simple, sensitive, accurate, and reproducible, has great popularization and application
value, and could be suitable for the determination of various trace amounts of nitroimidazoles in propolis-derived health foods.
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BB, R, BRSEAE %K 25 WE SR £ i b
R, REMEXEZGMTIN BB S2 &
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LELMATIEFRE (NY/T5030-2016 oA FELR ™
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THTHMIRAER, ARTEATH AT & AR
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e, S22 R B, MENMEE RN
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FEIAE G A SCRRER 2, 0 T IR SRR 2 i
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TR B R 2 P SRR 25 2 (R
TEHEmEME . ST, IR SR R
P2 F LRI ) B B FRIASHIN 77 ¥k o AV T SR i
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1 MR5ERE
L1 AR5 A

FHREME (41/599.5%, BePure, CAS'5443-48-1),
IBIEMEME (4£99.0%, Dr. Ehrenstorfer GmbH, CAS
57681-76-7), FPAEME (41)%99.9%, BePure, CAS
5 14885-29-1), HIfEEEKME (465 99.0%, Dr.
Ehrenstorfer GmbH, CAS*5551-92-8), ¥24E ARSI (4f
[$£99.3%, BePure, CAS'54812-40-2), #% HIFEFHRHIK
M (41fF99.5%, WITEGA, CAS5936-05-0); Zf.
HEE. IECHkE. HER (BagaD, B 25%%0K. #
B2\ LR Ol 3 iral), | AR A A PR A ] s
Oasis HLBEfHAZHU/ME (6 mL, 200 mg), WatersZy
#]; Agela Cleanert NH,-SPE/ME: (500 mg/3 mL ).

FE e R AR R R A T

12 (L& 5%

ACQUITY UPLC I-Class= B0 AHEE . waters
TQ-XS = & PUMAT H R 1A%, Waters/A ]; Mettler
Toledo ML204H F 73 HT R°F, MpRe#h-FER 248 (-
) ARAR; 28 AIRENRZ 4, HeidolphAH];
Thermo Multifuge X3RAKIRA R = #5041, Thermo
/7] ; Organomation N-EVAP 112%(% 4%, Organomation
AH]; ZABN2000A R4S, MAaH.

1.3 RIF =%

1.3.1 ARERRAEH]

O BIAER R EOE B bR E S, B 100 mLAER
o, AR R 100 ng/mLARERE A, -20 °C
VKFERAT - ARYEFTTE FH0.1% F /K- 2.5 (90:10, VIV)
BRI — R YNG4 IRFE R A A TR, I
Hd
132 #Houkt

FREURE S N 25402.00(£0.05) g T-50 mLES Ly,
K& N1 mol/L HCIA10.0 mL, CRARFEFITE I
A0 mLIECkeliis) LRV E TiRieiR &4 ba
HIRHE2 min, A5 min/5 LA10000 r/minS 0210 min;
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#Oasis HLB [ AHZEHCIMEFSEHS mLH EEAIS mLK
L, BUEOE LEE AR CRIRZEME B )2
HRERE, EERIECKE, 32, BT, A5
FH5 mL/K. 5 mL 5% FEEMHGEE FUEAT10 min. 4%
NH,-SPE/IMIEAIS mLHEEEL, (REAEAREE, #$
EHT/EHLB R, S mLAFEE. 5 mL 4% 10 H
Bl . UEETRI, 50 CLLRERET, H0.1%H
/K- (90:10, VIV) 2.0 mLE %, 110.22 pmf#L
JERE, REISE .
133 &zt i

343 : Waters ACQUITY UPLC"® BEH Cyght: (1.7
pm, 2.1 mx100 mm), FFif: 40 °C; #AEE: 1uL;
TEhH: ANO1%HER/K, BRNZKE: WAHBBALF I,
=1,

x SRRERIERERIER
Table 1 HPLC gradient elution program

BFE)/min - AsR/(mL/min) A/% B/%
0 0.4 95 5
2 0.4 80 20
4 0.4 75 25
7 0.4 45 55
9 0.4 45 55
13 0.4 10 90
17 0.4 10 90
18 0.4 95 5
21 0.4 95 5

1.3.4  JRigm e &4+

FR2 BIRLEINRIESH
Table 2 MS /MS parameters of NMZs

Wbt L AR tget| #HHF/ (mlz) FEBF/ (mlz) #ILEE cone/V  AEIEREE collision/eV
128.2% 27 17
P ol 1.59 1720
82.1 27 21
201.1 140.2% 21 10
% Ak e 1.90
54.8 2 20
170.1 124.1% 35 2
-7 Al 3.72
109.0 35 17
1422 96.1% 29 16
= R A ke 1.82
812 29 23
) 188.0 123.1% 26 12
AP Al 1.37
126.1 26 17
i 158.0 140.2% 28 11
E2 0 S 1.62
55.1 28 19

E: *REH T,

SRHESIR; BB, By Z2RM
I (MRMD, 7rBEREE, BAIEHIE: 1.3kV, BT
PRIEFE: 150 °C, BivaAREE: 500 C, A< mE:
1000 L/h, 4EFLSE: 150 L/h, fffE= GRS k.
0.15 mL/min, HAEMRMZH %2,

1.3.5 AUz R e 2

¥ RTINS FESIEE IR % EAL

HBEATINE , SR Mass Lynx AT 5008 4022 5 504

2 HR5S

2.1 REUEF HEFE

IR S KRR dels DL S i b gy
WHPRBUR STy B e RS DRI,
ERHRBUA . NMZsie— A iR kL &

W, JETHSERIEREY), BA—ENgert, fE
FIREAE G REE, W IR TIE QR CBR. LHE.

FRR TR R A A ) AR SO L T 43
KRB CIE 7KF0.1 mol/LERRRIER N
I ARSI IR LD . LI, K
LR WG CFEHRERUN, SRIURTE B, SREGIR
HIXSEEAR, WTREARIEIUH R T ISR Z, S5
Wi AR PR T S M SR IR s KA E AR G 77N 8
I IYIFEHLBAE EANGEAT RO P 3 BRI R
JH10.1 mol/LERFRIA I AT LASAH ALK 54 245 1 1K,

FESRAEHLBE A A IO RO, BB R B —
SE ST R A AT DU IR A et ok

RZIEFF0.1 mol/LERIRIF AT SE L, &AL FR B EAT
Yelit-
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Fig.1 Effects of different extraction solvents on the recovery of

six target compounds
E:oa: BRRENFM; b MR EGE M,

22 B fbi Rk

BT [ AH AL EL/ I FH T 2 b o 24 B A 1)
P FBUC, 5REAEITR) Cyclone-P o kAT, fdiFH
TELRIEEE BB RE N, TR EPUE, HA%K
TELE AR B IS = HAZ , ZEE A,
WA R S e LU B S A, T R T S vk
o HLB/IMEHUR Y RIR LI/ — LI LA SRR
WP e L A, (RIS BT SRk A K, 6 % 25
PERIAERR M S VIR —E IR PR, Refe LBk
FER AR R A 5, nEh e, BEE. MRMEAR R
AR RS, el kBl HLB/ME EREE 22t
K S%HENETS IR, MRS IERW G 2H K
EARMRFIMITERERE, S0 50 2 H AR Rl
#, H# THLB (6 mL, 200 mg) F1HLB (6 mL, 500
mg) PIFTHIUAE SPEE A AR e (s, 255
(6mL, 200 mg) Fk&Aedem H AR nLant mie s
10%~15%7 45, 7T Re RIELE & TR0 AR
W, (HERRR TR, SRS TR,
H AR SARR Ry, 5 fE1E#E6 mL, 200 mg A% 1)
HLB/MF . fEHLBAE G ENH AT eI, NHoAE
FA S &7 e R R, el ik
BRAFERGIRIFIIEE T, PTUALBR SRR sy
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2.3 A A E AR AL

SR AR AR B & B AR R
ST M5y 8. %% Y BEH Cig (1.7 um, 2.1 mx100
mm) Al (1.7 pm, 2.1 mx50 mm) PRI A ik,
SERIIAEK B AR I A 5, PR A 3R
TR 5 52T HEE-0.1% K 216-0.1%
H /K RS AR 2R, 25 TR ZUE-0.1% H R /K A
ZOF HARETE SR8 ST Gf
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Fig.2 Multireaction detection (MRM) atlas of different
chromatographic columns and mobile phases

E: a: &M HABEH Cig (1.7 um, 2.1 mx50 mm) #L4%;
b: &34 HBEH Cig (1.7 um, 2.1 mx100 mm) #A4&; c: A3
A8 P EE-0.1% P BRAKAKR R d: AR A CHE-0.1% P BR KK R o

100 1 a

% L
0 N
100
% L
0 L L 1 1 1 1 1 1
100
o L
0 . P . P . .
100 - [.74

9% L
0 . . .
100
% |
0 " . . L L . .

100r  ligs?
%_
0 1 — 1 1 1 1 1

._.
=
§)
w
I
(9
=)
N
o0

w
I
W
o
N
oo

%_

100 -
%t A
0 | L L L L L L

100 - 1 3.4 5 6 7 8
% L
0 1 1 v 1 1 1
100~ lw2 3 4 5 6 7 8
%r
0 139 '“zs:u}“" N L L L L
100 - L2 3 4 6 7 8
%r a
0 - o - - - -
1 2 3 4 5 6 7 8
Time

1 2 3 4 5 6 7 8

Time
100 ¢ d
1000.5 1.0 1.5 121;0“92.5 3.0 35 4.0 45 50 55 6.0 65 7.0

151
125 L6
Foso 164
Is1
107 .

0 AR e
106)._5 1015 2.0 25 3.0 3.5 40 45

223

7
+ o0 P
26 355363301 43

5 1.0 15 2.0 2.5 3.0 3.5 40 43,

50 5.5 6.0 6.5 7.0

50 55 6.0 65 7.0

357
L L

0 L 1 L 1 1 1 1
0.5 1.0 15 20 25 3.0 35 40 45

o 153
176[\1.9%
13 2m

50 55 6.0 6.5 7.0

0.5 1.0 1].3 20 2530 35 40 45

ol ' 220
12 e . L L L

50 55 6065 70

0
05 1.0 1.5 2.0 2.5 3.0 3.5 40 45

100
%

%

%

%

%

100

% |

0
0

E3 FREmRR,

Time

159

S

50 55 6.0 65 7.0

Wi €

o
100

5 1.0 15 20 25 3.0 35 40 45

2 201216
0%, M V-Gl L L L L

50 55 6.0 65 7.0
e e

0
10(9‘-

5 1.0 1.5,2.0 25 3.0 35 4.0 45

213231
AN L

50 55 6.0 65 7.0
R

%
100+

5 1.0 1.5 20 2530 35 Jé};O 45

50 55 60 65 7.0
BN L

0
0.
100

5 1.0 1.5,2.0 25 3.0 35 40 45

161
.60

196 070
Ay L L L

50 55 60 65 7.0
F FH e ik

0
0.

5 1.0 15 2,0 25 3.0 3.5 40 45

1.0g] 20423 269200
P | N

50 55 60 65 7.0
P

.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45

Time

50 55 6065 7.0

W g/kgBIZS R RARM (MRM) [Eli
Fig.3 Multireaction detection (MRM) atlas of standard solution,

AR T B R ERE R BRI B2, 5

propolis matrix blank and propolis matrix blank adding target

substance of 2.5 pg/kg

299



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.5

E:ar FRRSIER: b BIRE AR E Qe B AR AT
c: BHREAFZA; d: MREARZTG; e: AREAFRZTE
A B AR AT

HC ] 100 ng/mLIRVR A AR R BT R B,
S BME BE . ETURRAL. BUAARNREE . WA
AV HEFURE . AEESR R . #EL
Wik AlfdE B S P S HOHAT Tk, D
VIR BRERS TR -, DOREERCRIFE TN
BHET, MUREMNMITEAHEAEEST. 2k
7 K 0 P 1 AL 13 o ER RS A ) R R Ty O, AE AR SRS
N BT AN R L i b H AR RS A

HYHET RIS
24 HKMXZA

N BRI BN RIS, PRIE E 4t SR v,
XPANTR] (15850 2 R 25 L RS SR Ao i 2k o 420
A TR SR R A, R PR o A v o
JR A N0.20~2.00 pg/LIFTE A R YIARE TAER, LA
H IR EIR B (x, pg/L)yNREARKR, H R4
@) AMPAAFIATER R . S5 R NK3 . 6Ff HArH)
TR AP RS R P eSS R AT, A REEY
KF0.998.

3 MMLAMIRIZIETSTE. MEERE. HXRY

Table 3 Linear equations, linear range, correlation coefficients of six compounds

AR o4 Y cANED R LT B (ug/L) MR FEH

P pfed y=22836.3xx+370.013 0.5~20 0.9998

& Ak y=21462xx+12047.8 1.0~20 0.9988

] F R A y=52692.8xx-33.103 0.2~20 0.9999
AL o

=P A ARk y=23476xx+2420.38 0.5~20 0.9996

B A y=14141.7xx+286.486 0.5~20 0.9999

£ LT Rkl y=27498.4xx+294.08 0.5~20 0.9998

P pHed y=18694.4xx+748.303 1.0~20 0.9997

& ik y=18719.9xx+17617.8 1.0~20 0.9995

sk SR AR y=50171.9xx+807.978 0.2~20 0.9996

=P A ARk y=21448.1xx+3872.04 1.0~20 0.9997

P2y i ¥=9323.37xx-37.207 0.5~20 0.9998

£ LT Rkl y=27653.6xx-7622.33 1.0~20 0.9990

SIN>10#fi5E LRI e R, 458 WF4. AR %
8, JrEER IR 90.014~0.285 pgkg, EEMR N
0.045~0.951 pg/kg.

25 BEREEER

FERATERE G HAIN0.5 ng/keltl HARL &4, $RIK
FALSEREATINE, DAEMRELS/N>3HE 77 i Bk H B,
=4 ML EMIRIRHIR, EER

Table 4 Detection limit and quantitative limit of 6 target compounds

A bt S/N LOD (S/N>3)/(ng/kg) LOQ (S/N=10)/(ng/kg)

B Bk 21.10 0.071 0.240

&Rl ek 5.26 0.285 0.951

b W R AH ek 67.96 0.022 0.074

N § ¢ T 32.15 0.047 0.156

BT R 77.53 0.019 0.064

Pl R L 47.61 0.032 0.105

Ak 53.14 0.028 0.094

& Ak 8.99 0.167 0.556

) F R Ak 57.28 0.026 0.087
L3

A AR 8.43 0.178 0.593

P23 i 110.98 0.014 0.045

Pl X L 2743 0.055 0.182
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2.6

1B i 2 At o 2

PN T FRH DR A £ i 2 AR, STk

o EE R, WRERNEE S BRI a4
[ 67.25%, FUCR AR, TR [E) 7B AR AR
ANIE], X P B TR e B P b 3 J5 43 3 A T T VR

2.7

BoE, FERAYERELT 2 AN 2.5 5.0 10.0 pg/kg =

AMRBERIbRAER, B NIREE 5 43,

IRAERL TR, 11

HARE S PRLE0S RIS USRS bt 22, 45 5R L
5. MRS ATLUEH, 6 M HARME AR nkr Al
WHTE 68.12%~92.20%]H], RSD 4 1.20%~5.83%, fi¢
GIA BB HARR IR .

x5 B EMERF RPN ERRMK TR EER
Table 5 Recovery of NMZs in blank samples at the levels of 2.5~10.0 pg/kg (n=5)

A g/2.5 pg/kg A g/5.0 pg/kg A #/10.0 pnglkg
AR b4
B E/%  RSD/% B E/%  RSD/% EDICE/%  RSD/%
¥ el 70.41 1.90 69.11 1.61 71.73 3.90
e Ahek e 84.20 3.53 87.92 2.60 91.10 2.01
5T A 69.42 1.50 68.12 1.20 71.24 1.51
HdiE o
=P A AR 73.90 233 7591 1.73 73.21 3.63
BT Aok 86.23 2.90 86.43 3.21 86.40 4.40
Pl N 92.20 3.21 89.94 2.50 89.30 2.61
P ke 73.51 2.74 74.20 4.83 76.41 5.12
K AH ek 70.22 542 71.32 3.80 72.60 4.02
) 5T A 68.43 3.60 69.10 5.83 70.23 6.41
238 4
P A Rk 69.20 473 70.83 3.94 71.40 5.30
BT Al 79.62 2.81 80.80 291 84.10 4.64
P i 78.81 5.10 84.03 342 83.72 521
SE I B o B A
* 6 MEMMENER
Table 6 Test results of commercial samples
G5 = S A ok Rk a2 /(ug/kg) AP Ak a2/ (pg/kg)
1 BRI 1 16012601 / /
2 SRR 2 151201 / /
3 SRR % 3 150824 / /
4 SERR A 4 20150901 / /
5 SRR S 20151102 0.40 /
6 R IR T 6 20160102 0.60 /
7 RS IR F T 20150101 / /
8 R IR F 8 20151103 / /
9 SRR 9 20150801 435 /
10 BB E 10 150401 71.09 0.20
11 BRI E 11 20160301 / /
12 BRI E 12 20150501 0.15 /
13 BRI E 13 RFJ788204 0.48 /
14 BRI E 14 20160101 / /
15 R IR F 15 151102 / /
16 BB E 16 20151012 0.77 /
17 BRI E 17 20150913 / /

#TR
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18 SRR E 18 426966004 / /
19 AR E 19 201501003 / /
20 SRR 20 / / /
21 SRR 21 20151001-09 / /
22 SRR 22 20151102-09 / /
23 SRR 23 / / /
24 SRR 24 20150601 / /
25 R AR 25 15070901 / /
26 SRR 26 20150108 / /
27 SRR 27 20160302G / /
28 e i F 28 16010802 0.38 /
29 SRR & 29 426965034 / /
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