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M ZE: EREE(nicarbazin NIC) E—3H 4,4 - “HYEEIR(4>4-dinitrocarbanilide, DNC)fl 2- 5 -4,6- —F A
I®®(2-hydroxyl-4,6-dimethylpyrimidine, HDP)ZH sk (V% 77+ & &) HLHEDNCH BRI EY) - NICKHZ 425
B2 N R SRR G @ KER Rl A - FR NICEKRY (W& T BRI IR & 2R H T
Aeanf@RE e o Bl FWESET AR R NIC R 0774 F B aIE S AR R R AP RS - K
AL BRI TEENEIE T A BA SRR S RS 45 R nI SR LS AR S R0RE g% (high
performance liquid chromatography, HPLC)f J&fH a1 - &2 X)o7 1% 2 (liquid chromatography-tandem mass
spectrometry,LC-MS/MS) %5 « Gy 73t /775 —NICHRERIGIN T 7AM FREOR BAEE B B K LMD
i FEARRRGEE e fa 2 (enzyme-linked immunosorbent assay, ELISA) %425 E 47 772 (immunochromatography
IC) T A FHE TR IR (surface plasmon resonance,SPR) 7%z #6152 (fluorescent immunoassay, FIA) Fil3fi =,
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Research Progress on the Detection and Analysis Methods of Nicarbazine
in Poultry Products and Feed

YIN Yongkang§ , WANG Xiaoliang§ , CUI Yanli, LIANG Xiao
(College of Animal Medicine Qingdao Agricultural University Qingdao 266109 China}

Abstract: Nicarbazin (NIC) is a class of compounds composed of 4 4-dinitrocarbanilide (DNC)
and 2-hydroxyl-4, 6-dimethylpyrimidine (HDP) in. which DNC is its residual marker. NIC is
widely used in coccidiosis control of chickens and turkeys due to its safety and high efficiency. In
recent years,its residue problem was high,which seriously threatened the safety of animal derived
food and the safety of consumers life and health. At present, the analysis methods for NIC in
poultry products and feed mainly include instrumental analysis methods and immunoassay
methods Among them, instrumental analysis methods, as confirmatory methods, have the
advantages of high specificity, high sensitivity and reliable results, mainly including high
performance liquid chromatography ( HPLC) and liquid chromatography tandem mass
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spectrometry (LC-MS/MS). Immunoassay is the mainstream technology for rapid detection of

NIC,which has the advantages of high inspection speed, low cost and strong practicability. It

mainly includes enzyme-linked immunosorbent assay (ELISA), immunochromatography (IC),

surface plasmon resonance (SPR), fluorescent immunoassay (FIA) and flow cytometry (FCM)

etc. This paper summarized the detection and analysis methods of NIC in poultry products and

feed at home and abroad in recent 40 years,so as to provide theoretical and practical guidance for

NIC residue monitoring.

Key words: nicarbazine; detection and analysis; poultry products; feed; instrumental analysis

methods;immunoassays

BRI R B AR T — R W B A FER KK
AR, AT RBE XA E TR, HagEHl
RN FE TSR PR MR RZ, B
K EL B (nicarbazin, NIC) J& T4 % & BB I ER K
2, BT S HRBRE R R BTN T
GG EERAE . NIC & 4,47 - EFERK
(4, 4-dinitrocarbanilide, DNC) 1 2-% X:-4,6-—H
FL R g (2-hydroxyl-4, 6-dimethylpyrimidine, HDP)
KEAY,DNC £ NIC Z#EHI R MR EETE
R4 » EL7E XS R P9 i HE i 3 B 48 T HDP, (& i, K¢
DNC fE4 NIC 3R B B4t .

FEALVEANT. CBEMERTHUE SR
7 2019 EAE(EREZLEEX RS T EHRK
BREREITHE, NICEELF T & ANARLA,
Bz R M5 JF R B D o B9 0 5 2R B PR B (maximum
residue limit, MRL) & 200 pg/kg'®, 34 Bk B H K
ME NIC eSO Y B m PR IERH, HASY
P51 v T B A B E K 7= i b NIC 9 MRL
20 pg/kg , 2020 4E 4 A R Sb AN B R b AR R FB Bl
REIC2019 E Y K sh ¥y 7= o B 25 5% B8 I #E 3R
WA RO NIC REBAEBRAZR™ , HHM
12 FH M SRR FE B AR B T, BRI, Iin s %ot 28 245 4 i) 3%
BUETSUE, EILE, BRI ER™ K
TR NIC sl 7k H &R 2. EH X EW
E P& 287 5 R NIC Rl 7 s T 4R
FEAIRAS MRS, DU I 2
YMRBEERET RS REFHYHEEREMES,

1 L&HFaHiE

A8 43 A ¥k R 8 {8 P ARp R AL AR HEAT R T 43 BT B
FE. B A 63 Chigh performance liquid
chromatography, HPLC) #1 ¥ #H €4 -8 BX i 3 ¥
(liquid chromatography-tandem mass spectrometry,

LC-MS/MS) &2 NIC #4387 /b B & |2 U 3%

ST 5 ¥ . Hrr LC-MS/MS 3 24055 85 35 WM €38
FB I R %k (high performance liquid chromatography-
tandem mass spectrometry, HPLC-MS/MS) . # &
RO AH £6, 1% B8 B i 3% (ultra high performance liquid
chromatography tandem mass spectrometry, UPLC-
MS/MS) 3. Mo, 2R Bk P AR BE vk | b Tk F 43t
BN E SR AT NIC otk BEEL
BB A Mg, BB EARE
1.1 &HHEBEEE

WM (033 s (performance liquid chromatography,
LO R Mk 4k 2 1B B W 78 1B 8 VR A 5] B 5%
BT WE B, BT B 4 AR O 28 5T T R 43 B A TR
HAW—FhE BRI EE. NIC 1 LC ik
MR 10 pe/ke, %05 ¥ HEHH BE A &, 45 m [ e R
&F 9026, 5 HPLC J5ikAH 1b, LC J5 B HE 3 i .43
RN ZE., &80 LC FEARNATHEN 5
¥, B 2003 SEEEF X TRA LCERIWE K™ m MK
B NIC ({338 . HPLC s R7EZ M LC ik
Fah AT T S EARERSIMH . R RRER T A
WM KBRS . 21 H42%), HPLC ik —MFk
A SN %8 (ultraviolet detector, UVD) 2% %€ Y &
M 28 (fluorescence detector, FLD) # 47 B /&M, 5
BREEMERERFANG LC FRAER, R
WEWXRE 1 pg/ke, PR ARRAB LR ZE
B E AR GR A B AT v Al B A U 0 O 20 A o 2
FLIE A5 XS B L 5K 8 I R RN Y S HEAT A AL B, 3 A
FARAMHYRE ST RERBIERSE, B
A REN, FREAVEN (BMERFTFL 100 mL
BHHLEFD , HABRRE
1.1.1 UVD &4 UVD il vk B A R 8 &
SRR BT AE ) OR R R NS YR E
BITHWME . NIC HEA 1R IR 0 28 4 R, /]
BHAT UVD W&, & 2800+ 5 aj a3 X B &
HamEFMEAISRE, TAZRERN R 8E.
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1987 4E ,Knupp ZUP g~ HPLC &M 54 /34
i CELIE 495 S M A h NIC 3R &, R A A LIk
3 2 B 3k U 1 i =% AR o R AT R A0 B, O kR T
BRA 5 pg/ke H IR BICHRAL Ry 306 ~40%0. B
R it B AL B 7 W4 R B A AL L #8 i L3R AT
B ALBOR 22, R L2 Wy m el i R i E R
BRI T HPLC M . R A A 2£ B (solid phase
extraction, SPE) J7 ¥ X #¢ & ¥ 17 /T AL 38 , 7T A 340 %
A BLIE 68 T &, W0 L T A B R I 4R
2 ECR , FF )8 T HPLC Rl 7 i 4t .
1989 4, Vertommen 209 5% B} HPLC 75 &5 & Il X%
FEh NIC 5 8, & i fil SPE ¥t &4 NIC 5 &
FIRE S HEATRT AL E, UVD ZE 3% K 343 nm &b 2%
FERMES 2.5 pg/ke, T80 [l R K 88. 256 ~
116. 4%, B A RBIRT T HPLC J5 ¥ &
W RFYERIRE ., 2001 4F, Primus 41 gt 57 HPLC
J7 R XG WS R i b iy NIC 5% B , 10 A 3 72
g AR A HLIER 9 6 I & (XU 200 pL, B AL 2R
IFENS min, R T AR WEAE RS TR
WA, BT K 347 nm 4K KR Oy 27 ~
35 pg/mL, BN B K 97. 7% ~101. 4%,
1.1.2 FLD % #% FLD # ) #% R 8% 8
UVD M4 &, B A RIF &M, HFHTE
YA A AL, ELO S8 B R A TR D6 B i — 2T 3Rk
HUR, R N R Y 2R, A S R T NIC A3,
2015 4, Protasiuk Z:01 FF % 7 —Fh & 8 HPLC 43
Broges, Sk A FLD & 3 45 4 U 4708 ih NIC & &, %
FER WA 50 pg/ke, I8 00 B Wy 98. 306 ~
1%, JiEk M2 Y48 F R RS RFE K
R, HEBEAMIL, FIRRAYEENGEHIH,
HRA T ZRBIER 25 3R B 7, B 6
TERF LR P HIRR R 25 Y 2 5% B A I i 4R E
HAR% ., 2003 4F, Anastassiades 251 $#2 1 QuEChERS
(Quick,Easy,Cheap, Effective, Rugged, Safe) J5 &,
][] IR EURE i P 2 R R B B2, 2 HBT N Y
JUYZRIRE B RTAR B 5 5. 2020 4E, Silva &P 4k
QuEChERS i 4b 38 J7 ¥ , 8 57 5 30 WK M 68 3 - 58 A/
WYt (high performance liquid chromatography-
ultraviolet/fluorescence method, HPLC-UV/FL)
7 s 6 900 98 T JEE b b 32 3R R A NIC FANRZ YD & 7 3
BB Y. T 3 B gy By A FR 43 5 A
20.15 A1 120 g/ke, WM EKCH Y 01% , fifE
48 I [A] |59 48 8 0] RO 48 1 AR 2807 35 O HPLC J5 i
A 0 R4 8 L R AR AT [ R 4R R B T AR

1.2 LC-MS/MS 7%

LC-MS/MS ik &—f AR W EFEEM R G
KM ERMTHEAR, FEMHF HPLC-MS/MS #i
UPLC-MS/MS il 5k  EA R B E HRE.H
BHEMEREEMNLYE. BE LCMS/MS %8N
FEAH B 5% B B UE T s, F R A RRSR O R A
NIC Y TEN M R B AR BEHTHIES . 5%
# HPLC-UV & HPLC-FL #f ., LC-MS/MS J7 & £
7 1 Y A2 L 1) A i A i R A R R

FIFH HPLC-MS/MS Kl B 25 5% B i, |TXF &
FEE TR PR AT R, R S T R .
2017 4&, Barreto ZU' g ~7 ) HPLC-MS/MS ¥ &
AL AT A RS 14 FhTER 2SR E R A 2
& AR VE B 5 X R AT AR B, RO
NIC 7 7% By v Ao I PR A0 2 & R 4 51 29 55.51 1
61.03 pg/kg, 7E 3 & o 4 W KR A1 € & R 40 5 R
12. 3 #1 13. 77 pg/kg, B0 B W R F 102, 45% ~
107.28%. BT, HPLC-MS/MS 7 & £# Ml NIC
5 BB LA T BR , SR B 38 AR O T Ak 3 Bk TT
[F] B A 90 A v B R 100 2 Fh 1 peg/ke E Y5
B R E R i AR

UPLC-MS/MS Rl 75 ¥k 58 = 3% 43 23 I 45 4 4
EF-EK . EAEABEE . SEE. REHENRR
OB WA B, Hi 28 O vk B IR Mk BE R KO BT 3K )
0.1 pg/kg, WHEZEHRE HPLC-MS/MS &%, Bt
RARZERZT BN TFEA 258 NHIES T,
2015 4, Muharem %556 & 43 BF 5 3% (X 5 R AT
REB RS A, B T UPLC-MS/MS B3 52 X%
WHEHE NICZENK 6 iAW RE,
NIC BB [RK 0.5 pg/kg, BN WKy 67. 7% ~
126. 8% , HIXT A5 #Ef 22 (RSD) <C10. 4% . 2020 4E,
S e 25080 gt 5y UPLC-MS/MS ¥, #1038 2% th 42,45
NICTE N i 8 7 & 25 5% B, H o NIC i 4 3 KR 2y
5.0 pg/ke, & B BR & 10. 0 pg/kg, ¥ [ i 2 H
91. 8%6~109. 0% , LN A X BRUEMRZE K 2. 626 ~3. 824,
HEE AR FRME R 2 R 4. 1% ~9. 6% . UPLC-MS/MS
D7 VRN 24 BB 24 % B PR L 1R O LV L R R BRI
) & e e, 7E (R UE B 25 3R BE R I 7 v Pk BB AR HE B K
By R BB VEET B RORG 4% BE Y IR B, A AR m K R
ENEBEFREREZEBENBELAEER L.

2 BRESHHE
ETHE-ARRERINEES T REES
RERT AT EREAR. ZHERARERE.
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o R R FNR A R R, R R R AR
BEGAALTR, ERTREFES YRI5,
H B, T NIC 25%p46 0 i) S B 20 A 5 1 £ B A 35 g
BX %0 % # M 5 (enzyme-linked immunosorbent assay,
ELISA) %% 2 7 7 ¥ (immunochromatography, IC) .
0w % B T & £ g (surface plasmon resonance,
SPR) . %5t 4 £ #6 M) £ (fluorescent immunoassay,
FIA) #1541 i R (flow cytometry, FCM) %,

2.1 ELISA # 3 7%

ELISA J7 g2 B ui b F &) 2 WSR3 7
B ERESTHE S, SRR E FEREEM
RN ORN.NIC BTN FHEY, RA
B SRR TC e R, Bk R sy A b
R % NIC LAY 5 Bk H B BB H & %
I, SN )G T AR R R A B . G Y R A
HREPI RSB SS W R R, A
TS BT Y 8 O e e e . R, 72 S 40 H
HEHEER RIS RERMBF L AAEE.
2001 ¢, Beier U 7ETH R HLEH B 4y F BB X 1Y
FH Al A BT 6l 4 DNC 315, 3815 DNC H#
SLREDLIA , E a7 ELISA J7 kil NIC 22 88 , %7 6 19
KRR & 0. 33 nmol/mL, 5 15 f DNC fL =45/
214 TG 32 XU JBE . 2002 4F, Connolly %1% R i 3 Fh
DNC 24t J5 il £ s 8 i, K43 5 # DNC £ 55 Edi
1K, @734 ELISA Jr sk ill NIC 5R 87 , 2 B0 il ¥k
BE(IC ) BN 2. 3~7. 6 ng/mL, 2018 4E, FE{E 51
Bt R 5 AT AL SR, 4 8 Bk DNC B g5t
K, BN B H NIC &l (¥ Ml #3584 ELISA J5 ¥k, J7
Bf IC, fE 4 0. 19 ng/mlL, 28 44 4 3l ¥ BBl 2% 0. 06 ~
0. 61 ng/mL,i% 7k 5 H i sk ® 25 & DNC £ #28
ol 35 70 B 8. 32 X I, #E 38 PR H R S i [l R
94.8%~112.0%, X R B ¥ K 6.3% ~ 10.5%.,
ELISA 75 BA 68 X3t b 2 A i 55 52 F 458 1 40
OB RIS AR Oy 8, BELd B P JFHITEZ K
B FIVEUE, T AT ELLSE B B 34k B 5 32 B HoAth
HETHFBES R D IREE A FTHRETE .

2.2 FIA #®U%

FIA Rl i 248 IS0 Y B B 5 6 Y B AR o bn
Y, BIETRIC Y 5t 7 4 J7 A R 7] 43 92 6 IR
¥ % 355 M %8 ¥ (fluorescence polarization immunoassay,
FPIA) . 9% Y ¥ K 3 58 4 5 Wl & & ({luorescence
quenching enhanced immunoassay) . B [8] 43 B¥ %¢ Ot
M| 8 5 (time resolved fluorescence immunoassay,

TRFIA), 2004 4F, Hagren 207 W] 22 & & 0 FF B

H i NIC 7 88, 87 TRFIA BEATHI 4007 . % 7 B
FE S B A AFBE s DNC A T BR 2> 514 3.2 #1
11.3 pg/kg, B M EI R B 15 97. 3% ~115. 6%, 4t
NERRB 10X, HBERREN 8.1% ~
13. 6 % 2 [8] , 2021 4F, Zhang %50'*1 g 7 FPIA # ¥ 1%
WH NIC 25 8, T LR NFR R 5. 7 ng/mL,7E
X B P R I R Ry 74, 26 ~85. 8%, f FEHE &L
I A BAE P91 R T B ] B L R 40 min, FIA 4387 7
B EA R PE R BRERE A RRSE
oA P S T B BE O s B AR IC  RT BT
RS TS B T G, TR E AR WU

2.3 SYEERRNE

H: Y45 JR 2% (biosensor) DA A= ¥ #F B) A 5% R
Bl CEESR LA B S Y S Y R, B4
YEHERBNESHEAEES Y L2 e
KE,AAREE. . HEMSH TR EENR
M. 2003 4F,McCarney %1% 5% B SPR A ¥4% /% 2%
ARG A FF A NIC 25958 8 , DNC £ X8
A JE A A A 00 BR 4351 & 19 #0117 pg/kg. 2008
4%, Danaher %1% 5% F Az ) 45 JR 25 1 i X8 28 70 AT e
RS o NIC 52 B 2647 Rl 975 28 , i AE 5 NIC #9461
BRAERBR A 3K 17. 1 1 33. 2 pg/ke, WEHH
o ) R 05 & PR 4351 h 18. 9 1 34. 8 pg/kg.

2.4 ICHMA*

IC il 2 R 2 — Rk S B R F 635 B r
ARG E R RERZE ST, FECHRRESE
R.EARBIERERTEAR BEFARIEHEA. L
HBRNCEARE, R kA E. R e AT
B AFHTEARICY S5HEERCY NS4
=T EB AL FIYE %225, A ] (5~10 min) {#
AEIEWA RIS R, 2018 4, Wu 2 4 &
DNC B 58 BEPi A , 2 57 AR 4 G0 0 20T 7 Bk i 4
i NIC, 3 IG {4 3. 4 ng/mL, HAER mprilk H 4
WIRR A 10 ng/ml, 764 5 o R BR 24 100 ng/ml,
2.5 FCM #q)i%

FCM & F1| F o =X 40 LA 3 17 8 1 B & & 40
W — AR LR = T A, R R R E W
BERARNAESHNTHRMR . B THRABERER
B , AR FF NIC A4 43477 . 2012 4F , Bienenmann-
ploum 47 i 22 28 I =X 40 M 5 5 43 7 Jr 35 46 0 4 )
FXGE PR ZFPIER R 2y, 395 NIC By # I FR
53 pg/kg,WBH NIC BEIRK 9 png/ke.

B R NIC G0 kil 815
BEWFEI,
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3 /N &

H 1950 4E LIk, NIC 7E & & BR HUR B IG 7 T &
HEEEH. IYEERPH NICEE AN E
ot 22 4[] R R o 32 B AATT I 36 3, B SL B A I i
WA F e a3 NIC RS, REAMEZ4,
B, HPLC-MS/MS 2 E W SR A 5732 i NIC
BRERNHEIE L. RV EEARAEE . ARER
MR R R M O A R R IR A B B
AR 3N, 5 BRI B A He v 5 LA T A T A B
EH AEHTRERANAGHiE, AESHEEH
LU EAAEZENSLTREFEH. RESTT Tk
BARERIE S R 5 THRESRA. &
ASEZU EEBERRWALM, & B AT NIC R34
W7 2 0 EFBA B 7 15 76 3 35 P 3k 07 25 o 2
R BB RS, B, A RERERR
) B B R AT B AR & AN B Ak BT AU R A BT 4G P
B TEARE W, RIEN W REER ML L,
R b, BAAR A b figf ple 1] 5 38 7 BT R RE 38 171 B BB 5K
5%, BEAYE EEBEAHA MR, BASRE P ETFIRY
HAE , AR EFAMNMHEREEEHR.
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