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Determination of four nitrofuran residues in eggsusingultra pressure liquid
chromatography-tandem mass spectrometry
LIU Bo-lin, XIE Ji-an, SHAN Xiao-mei
( Anhui Provincial Center for Disease Control and Prevention, Anhui Hefei 230601, China)

Abstract; Objective

A rapid analytical method for the simultaneous detection of four metabolites of nitrofuran in eggs
by the ultra pressure liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS) was established. Methods The
metabolites in egg samples were released in HCI solution, and reacted with the 2-nitrobenzaldehyde (2-NBA). The stable
derivatives were extracted by ethyl acetate, and centrifuged at. The transparent liquid was detected. The identification was
achieved by electro spray ionization in positive mode using multiple reaction monitoring. The quantification was performed
by the matrix matched internal standards. Results The calibration curves of the four analytes showed a good linearity
between 0. 1 and 50 pg/L, and the correlation coefficient was above 0. 995. Recoveries were between 74. 1% and 97. 6%
with RSD less than 13.4% . The limits of detection of SEM and AHD were 0. 1 pg/kg, and the limits of detection of AMOZ
and AOZ were 0.05 pg/kg. Conclusion The method has the advantages of simple pretreatment, high sensitivity and
good reproducibility, which is suitable for the determination of four nitrofuran metabolites in eggs.

Key words: Ultra pressure liquid chromatography-tandem mass spectrometry; egg; nitrofuran metabolites; residue of

veterinary drug; food safety
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ACQUITY ™ UPLC i#f iy FE ¥ AH €335 A | 5 Bk i
AL (ZEVO TQ MS) 8010G Ff /i X JBi #f 24 1y A 3£
Waters ; Milli-Q 8 4li 7K & 45 . VORTEX Gnius3 Jj
IR 5] 2% .Seven Multi ¥5% pH it

AOZ ( CAS: 80-65-9 ) . AMOZ ( CAS: 43056-63-
9) AHD ( CAS:2827-56-7) .SEM ( CAS:563-41-7) |
AOZ-d, ( CAS:1188331-23-8) , AMOZ-d, ( CAS: 1017793-
94-0) . AHD-" C, ( CAS: 957509-31-8 ) , SEM-" C-" N,
(CAS:1173020-16-0) ¥ 14 [ 5 [# Sigma-Aldrich , 45 fi
FEREPEE (2-NBA) (2l JiF >98.5% , % [F Fluka) , HI
B N O TR O TR TR e ¥ o a3k 4l L A Ak 4l
5 BB CR S H 4l
1.2 e
1.2.1  FEShALER

KB AR BURE S 1.0 g (R A% 2 0. 001 g) F 50 ml
BT A 10 ml 0.2 mol/L &b 5 ¥ Wik , FEAK K
JA 20 Wl A AR TAE# (100 ng/ml) ,100 wl 2
fil§ B8 FH VA U (0. 1 mol/1L) L ¥ is iR 2 1 min, & T
37 CRH B 37 CHEF bl 5 520 o

Tk — U R R R, SR AL
(2.0 mol/L) ¥ pH = (7.4 £0.2),10 000 r/min
2.0 10 min ¥ BIEWEA S —1 50 ml g0,
MA 10 ml 4R & B, WER IR S R B 1 min, PX
10 000 r/min &> 10 min, WEE LR O TEIZ . FRE Y
10 ml TR CER A1 K, B IF SR TR Z S
WA W AE 40 CF N, T, HEF A 1.0 ml 10%
KIS (% 0.1% H ) , e i iR 2 30 s,4 C
4 700 r/min{§ I8 B 0 10 min, BT 1 % E R 2
0.22 umJEME, fit UPLC-MS/MS Jlj 2 .

Tk BUR AR S R A B E R, NaOH 3 )
(2.0 mol/L) 1 pH = (7.4 £0.2),10 000 r/min
O 10 min 4 FIEWEE AT —A 50 ml .04 5,0
A 10 ml IEC ke, FahiR&35),4 °C 4 700 v/ min &
O 10 min, BR 25 B2 M IE S %, TR WA A SPE
F:(HLB,30 mg,3 em®), AR, HLB 4K A 3 ml
LR TR 3 ml HEE 3 ml K GE A6 G EAE,3 ml 7Ktk
P& HLB A 3 TA P AK S, A 5 ml 2R 2 R %
MW, VER W 40 C R N, IR, A 1.0 ml
10% M EE KW (7 0.1% W) sk B, o
0.22 wm B it UPLC-MS/MS il 5E .

1.2.2 Rl i A e il

4 el i 5 10k g X 35 4 s 9 i A VA < R LA A 1Y
4 Fofofirs 5 vk g X 35 90 B HE ) BT ( AOZ L AMOZ [ AHD |
SEM) , 73 5l I & WG 5 g, JF 2 25 2 20 B, TS i B2
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100 wg/ ml i) bR il 45 W, BESGORAF T - 20 “CoKAH o

4 ol g Lk e AR 385 40 P8 B b i B A U - PR R
I 4 P kg A 8 A A B HE ) T (AOZ-
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B, IR e B2 O L 100 g/ ml (45 £ 5
W, BECIRAF T - 20 CUKFE

4 Tofr i i vk mRg X 1T 0 TR R b o A - 40
HERH RS B AR bR HEfE 2 10 pl 22 10 ml 285,
NG F R 2= Z0 B2 IR AT, BE il B 100 ng/ml 1 T4
W WL T -20 CUKA N,

4 Tofo i 5 vk e A DN YR R A U TR U A
539 HERR A% BT 3R N bR bR fEAE A5 10 pl & 10 ml
HEE T, H MR EZ R, ]S, B H K
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o R FH TR 2R 810 < 0 0 o A R B AR i A TR
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500 .1 000 .5 000 wl %] 10 ml Z5 &K, M A 200 pl
A TR R HE AR W, T 109% TP s K 0 R (%
0.1% W IR ) & %4 2 % &, Bic il i 0.05.0.1.0.5,
1.0.2.0.5.0.10.0.50. 0 pg/L M#REZRS
1.2.3  fUAs 551

s S WA A:0.1% H R (& 5 mmol/L
LTREE) \B: S s B EVENT :0 ~3 min,80% A;3 ~
3.5 min,45% A;3.5 ~4.5 min,5% A;4.5 ~5.0 min,
80% A ;i 0.3 ml/min, #:{i 35 °C ,#E4h % 8 °C ik
B 10 ul,

JE S B R 3.0 KV, JRIRE 150 °C L, 2%
VN EE 500 °C, Ji v 77 <0IR EE 500 °C, i ¥ 7] < it
I 800 L/h flf f8 SR K <, i 4 0. 15 ml/min,
FALIE 257 FEL 0 1 B 5 5K 22 B g Wy A
1.2.4  TAEMZ 5 mbrid s

S3 N FRICE 3 R A S I B PEAE 1.0 g ORF B
F0.001 g) T8 4> 50 ml &0, 43 50 A br i
NI R 50 4% 1.0 ml (A ofE R R 91 09 ok B2 Ry
0.05.0.1.0.5.1.0.2.0.5.0.,10.0.50.0 wg/L, &
A2 pg/L iy 4 FMACHY B NAR) , 53 B2 A 50 ml
BB S RS LR I s g, R
A R[] R ot i Ah 3T 1%

TAR it 56« 43 0 FR B EL 48 R 2 A0 B B PR AR
1.0 g(K§HH £ 0. 001 g) T 4 4> 50 ml B0 1, 435l
F20.5.2.0.5.0 1 10. 0 pg/L AERATR AN 4 T f 5k
e A 3 40 T R Y A W, 2 BBOAD B [ A i i Ak 3
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2.1 FES RIS SR A ) e
Rk mg Ol LE Q8 s M IE ST
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AT AE 16 h ffi 2 Az i B A B0 o i 4 v 1 A
Y1, pHESRI M, H R L lRIEE, WWERT
R MRS, T R TR 42 WU, Bg 7 25 o i e 42
WO, AN BR 2 23 52 ) I 22, AR R B0 . Al
Fo# T R RO VL, — R 1.2, 1 FRk i 7 i —,
PR AE 40 CTFHI N, "+, #E#A A 1.0 ml 10%
B KA (3 0. 1% WL ) , e iR 2 30 s,4 T
Y UR B0 10 min B 32 )2 0 BRI, B T8 78 3
TS % CHU % 977 1k, % I HLB 4
Fit . 7R b A8, ) HLB FE AL i), 38 25
BT LA A%, 4 B 1 9 HILB A% A W ¥ 58 4
Ve T K. Do, CR TR 5K & A B, 76 3%
JBAE i Z H HLB [ AR 2 O 2 B il T 2 B
M) V5 (1 T WAg 248 [ Bsf A 2 |l T S o il 1 i AR
JEH AT A — B0, W J7 25 19 RSD %K, HLB ¥t
AL E LT

2.2 TAEMNZR (et B RS HY R

PRIBCSPERE 5 2% 1.0 g, 0 51 im A h e W &
514 1.0 ml, il Bk BE 4 0.05.0.1.0.5.1.0.2.0,
5.0.10.0.50 pg/L (Y TAEMIZL, 28 )5 Fi BEFE i 45t H
A BRERAE  FR IR 1. 2.2 (A S S5, SR T Waters il
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K3 B4l 7 20,4 R LE 5.0 min N 58 2 5k
o B AE H bR e b B AT e BT A 0, A 0 kE
o TR TGO . FrifE ISR WA 1,

DL BE (/L) AR AR R (o) AR 0 T AR 5
by T AR LA R A A (y ) 2 Tl A v A i £k, &5
HER] 4 R BEAE 0.1 ~50 pg/LJE N 5 H
VTR LA 2 R IR PESC R r 35 >0.995, 554k,
HRAE 3 AEEMRLL (S/N=3) W7 i e 1 5 b far th bR
(LOD) Sty e AHCHREIZE 1,

2.3 [l R BORG % E

HERR PRI 4 13 X 21 [ 1 A i 2R A7 A7 [l Wi 5 0
KSR, ISR A& A M AR WS &, A T
0.5.2.0.5.0.,10.0 ng Ak B 7K1, B A Uk BE 7K1 fi
3AFAT T, # A O ik R AT 42 I, UPLC-MS/MS i)
LR ILFE 2, PIERIEE R 74. 1% ~97.6% ,RSD
FE1.13% ~13.4% Z (8] %70 ISR I R %
e A X AR R Rk A B I
2.4 SEBRAES BT

KA T SR T 1Y 90 0y XS4 &, #i IRAC
TGy A A it v (e Rk g A B i AR DU 2
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HF20130730693+20
2-NPAOZAMOZAHO-SCA_20130906963 S (M, 22) 219 nmuz'c‘cmga
] 2945} 1NP-SEM ::
1
2~>P«AOZ-MOQ'N20$U(_)®13”X09&6&\IMQ?§) 10 1.2 14 1.6 1.8 20 22 24 26 28 30 32 34 36 38 4.0 42 44 4‘§u§«‘a§cmss-
2.19 TIC (209 SCA-13C 15N
4896} 2)NP-SEM-BC-BN, '
1
zmoz-mc?z-'gowq;}megm(’mwg ) 10 12 14716 1.8 20 22 24 26 28 30 32 34 36 3.8 40 42 44 4.6“'5“16'8,c e
26 'KZ\?-)’}J‘Q*O‘
1 528118 3)NP-AOZ P
. 2 04 06 08 1.0 12 14 1.6 1.8 20 22 24 26 28 30 32 34 36 38 40 42 44 46 438
2:NP.A0Z-AMOZ AHD-SCA_20130906363 S (Mn, 30) & NRM O 1| Channel ES
o 2.6 T @402
:E 1 40 196 4)NP-AOZ-d, o
= 0 02 04 06 08 1.0 12 T41.6 1.8 20 22 2426 28 30 32 34 36 38 40 42 44 46 4.
E 2NP-AOZ-AMOZ-AHO-SCA_20130906963 Sm (Mn, 22) 2 29 5“’2'%’!(!;::%
z 1 5 'IML 5) NP-AHD T
0 02 04 06 08 1.0 1.2 1.4 1.6 1.8 20 22 2426 28 30 32 34 36 38 40 42 44 46 48
2-NP-ADZ-AMOZ-AHO-SCA_20130906963 Sm (Mn, 22) 6 MRM of | Channel ES
229 ncn-»wom
4524 6) NP-AHD-"C R
0
secalidoscl dopnnd 10 12 14 T6 T8 20 73 24 26 28 30 32 34 36 38 40 42 44 4§ E8orme,
] 15 i04. 7) NP-AMOZ -
0
sesoradt 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 4648
1.66 T QP AL
10 500 8) NP-AMOZ-d, e
¢ 02 04 06 08 1.0 12 14 1.6 1.8 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
t/min
PR 1 o UG 5 s v K P o P33 (33 0m 2. 0 g/T)
Figure 1 Matrix matching and internal standard spectra
LA e AR B 2 T AR AT G B B R R #3 SLPAERAR AR (2 25,0 =90)
Table 1  Linear relation, correlation coefficient and LOD Table 3 Results of metabolites of nitrofurn in real samples
for metabolites of nitrofurn P KR myeokmg Sty mokd /M
- 4
HTY 2 2 r LOD/ (ng/kg) /% /(pg/kg) /(ng/kg) 7 (ng/keg)
AMOZ y=0.7273x - 0. 01017 0.996 0. 05 AMOZ 0 ND ND ND
SEM y =0.2248x +0. 1496 0. 995 0.1 AHD 0 ND ND ND
AHD ¥ =0.5658x - 0. 06364 0.999 0.1 SEM 0 ND ND ND
AOZ y =0.6142x +0. 00939 0.999 0. 05 AOZ 3 1.40 +1.35 245 ND

22 SR AR Y AR R R BORS E E (n =3)
Table 2 Recoveries and the relative standard deviation of

metabolites of nitrofurn

ST i/ ng -1 1] i R/ % RSD/%
0.5 93.5 9. 60
2.0 97.6 8. 80
AMOZ
5.0 86. 2 3.55
10.0 95.1 3.51
0.5 78.6 3.69
2.0 74. 1 7.35
SEM
5.0 77.7 1.13
10.0 78. 1 3.23
0.5 76.0 4.81
2.0 89. 1 8. 12
AHD
5.0 93.1 2.40
10.0 90. 1 3.40
0.5 92.6 2.26
2.0 94. 1 2.97
AOZ
5.0 90. 1 13.4
10.0 93.1 9.35
3 IhNg

SEESL T R R A T R o A Y R
AR - TR B AR I 7 3 A e 2 AT 2R R IR
RS O 5 T EHLI e, AL T RE A AT AL B

T ND 7R R A

B BRAR TSR A RIS 4 A5 4 A B B4 ol D
f I Ak BRI R RE AR 4R Y R R 4 R T
FEo SRABE VR, oy Be i i, AR B B BEAE
5 min PN S8 BN SE , 4 T AE R S SRR i
B i R ol i A R I ) e B ) e K

5% 3Lk
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 E:BH A EHTRATERESSHARAEERREN L, FiE HHEZ T ER-H R RS E AL
PR HR I, K A Hypersil-C, & 3% 42 (250 mm x 4.6 mm,5 um), & 3 48 % 10 mmol/L H,S0, K& ik, Ak A

I ml/min, @ K 2 275 nm, #H# 220 pl, —MEHEILAELTE. ER

1% &P B bz £ 0.01 ~1.00 mg/ml &

EAZRGFEMLE, MELEZRHMr=0.999 2,RSD <4.3% ,F3H K FEH 95.9% ;.1 FH R 85 W4 =18 &7 B4
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Rapid determination of azodicarbonamide in wheat flour by HPLC-UV
ZHANG Gui-fang, ZHANG Xiao-yu, GONG Yue-hua, SUN Zhao-peng, LIU Ze-jing, HAN Wen-qing.
(Yantai Center for Disease Control and Prevention, Shandong Yantai 264003, China)

Abstract : Objective
Methods

To establish a method for the determination of azodicarbonamide ( ADA) in wheat flour by HPLC.

The samples were extracted by acetone-dimethyl sulfoxide mixture with ultrasonic oscillations. The ADA

separation was carried out on a Hypersil-C 4 column (250 mm x4.6 mm, 5 pm) with 10 mmol/L H, SO, solution as mobile

phase at a flow rate of 1 ml/min, and detected at 275 nm with a 20 pl injection volume. Results

ADA was 0.01-1. 00 mg/ml, and the correlation coefficient was 0.999 2. The average recovery was 95.9%

4.3% ).

with the current standards. Conclusion

The linear range for

(RSD <

The ADA content of 45 samples from Shandong province were lower than the detection limit, which were in line

The method was proved to be simple and accurate with good repeatability and

high sensitivity, which could apply to the determination of ADA in bulk wheat flour.

Key words: Flour; azodicarbonamide; high performance liquid chromatography; rapid determination; flour treatment

agents; food additives; food safety
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