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Abstract: Ractopamine (RAC) is a synthetic beta — adrenergic agonist compound that is a second generation
leptin". The current research progress on the detection of the RAC residues in animal products is reviewed from
three aspects: traditional instrumental detection, rapid detection, and biosensor technology, and the development
trend of the RAC detection technology is also reviewed, aiming to provide methodological reference for the
monitoring of the RAC residues and to provide ideas for the establishment of new detection methods.
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Cyanamid 23 & 1 R W], FH T I8 97 W9 IR 500
HRESE B B NI A, 1978 A FF 4G T Tl kL
i, 90 ARACHT, IS T3 EE kL, 1997 4, 7E
U R AE R I E S AR B R FR A
FEFE A R MR s A R 21 . RAC 5B AR
“RERAET RN TR R SRR (R R
PR AR e, G A X PR, 8 7E B 4k e
BETRARE R R SRR P 8 . RAC REfR 3
PIRLARE 5 B4 C, N2 A SR OB LA AR K
AR W 04 1, i 2 A 4 A K s R
DK RAC 3 3 i JIL PR 2k 760 il % o 19 1 A, i s
3N BN H ORI 20 B, E PR A0
NERHZGY), IR, RAC B9k R e , 6 A AT
Y PEE S, R BEBE IR RAC 454, B & A
RAC S £ il B Al e 23 5 LR Stk v 2 S Bt
PN, DEH , IETE R, K0 & T R 4 %
PEPIEE

RAC TESIWIFFIE |5 R 5% B8 o v, LA rh ke 28
AL, B, LR 200 35 B IR & K
S5 FRF T RAC, 2011 43R A3 A3
FI45 30 R DA % TRIAT O PSR | B R R
o B A 6 A 28 L ) 7S B R R A B 4 (2011
RS 41 %) EOREDHEZER ES N AL IE RAC 1Y
AR SR TR E U A T 2 o
K ,2020 43 FE O LA FR Ry it — 20 FLRE FR 5
21T R, AR 2 A A ) A R E BT O
RATCE S By A kAl Y 245 i R AR S
Y (O FBA 555 250 5 ), 2% (| sy 25
fliH RAC, HHIAEE 1l A58 UK 44700 %
R,
1 RAC &f
1.1 EMAER RAC XNAFLEL &R BEE
5L KL Paylean, fLEZAFE N4 -[3 - [2 -
Fodk -2 — (4 - BREEASL) - CHE ] EILT L ORI
(4 = [3 = [2 - hydroxy -2 — (4 — hydroxyphenyl) —
ethyl ] aminobutyl ] phenol ) , 3 % Ll 5 % £ ( RAC -
HCD) A 7E , 0 3K € Hy, NO, - HCL, 2 T
H337.83, % 1. 189 g/em’ AL FLEI AN 1 Fir

I3 U A R I T 3 P 1 A
Jii ,pH 435189 11.01.9. 21 8.85) , J& T4 3L 2 ifie
FAEY ., 75 RAC RYSSH R, 32 B0 35 P Al 2
RS R AL, RN S A b B, 2RSS &
Jo O R PR PR AL, = B R R H ( Adenosine
triphosphate, ATP) ¥% 1k & ¥ #f W2 It 1 ( Cyclic
adenosine monophosphate, cAMP) , I 1k 25 1 . #%
Wt , 5 K S ) ) — 2R 90 Tl A B TR A o A, DA T 52
PR E 5 1500 FC, A WF 52 R W1, 20 6 1 9 b
B, AWl 5 RAC 45 &, $2 i s W) K¢ F s 10
cAMP VB , 0 fi B 7 4 18, A2 36 B 0 AL
HRAE T RAC 82 H @G 3 @85 s AR, L
FHERRRE , SRRl 165 °C, Rt — i #A05
AR RE R IR H 45 4, ) % T K, HoOK IR W pH N
9.4, 5 THEE | LS54 WL, o T IR,
B IR S m] e A RO A pH > 7 PR T
I XAFTE , 53 W LR L BRAT BILI R A S 26 U
IR AW ZE O R, 1207 125 0T T A DU b
MR AL E

HO
OH

Zo

CH,
OH

E1 RAC &£HTRER

Fig1 The schematic diagram of RAC structure

1.2 RAC AR EAmE RS EAEFGE M XF
RAC WA ARFERLE (£ 1), EPRE S E
EHERE A 0B E HE  ULPR B g 7 ke B B
3504 0.09.0. 04 .0. 01 mg/kg; £ EIEENA .
FEFIE 40 1R A IR A% B PR 54331 R 0. 05,0. 15,
0.03.,0.09 mg/kg, KAGHLPA I 5% B BR £ 5391
0.1.0.45 mg/ ke ; MERHLE S A 5% B PR 10
0.04 mg/kg; H[E  BREE  H A B 74 =2 2% fifi ]
RAC St o5 Jin 590 = 78 3l ek K TRl A RAC,
HAS 57804 22 el it R R P & RAC, I Kk
#H°40.01 mg/kg'") .
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#£1 RAC BREBIRERE
Tab 1 RAC residue limit standard

RAC 5% B BR A

o

KA

A I MERDT O EIE RERE
Porcine  Porcine  Porcine Porcine Bovine
muscle liver fat kidney kidney
] B £ it v
MERL
/\?dmz; 0.01 0.04 0.01 0.09 0.09
. odex . mg/kg mg/ kg mg/kg mg/kg mg/kg
Alimentarius
Commission
eS| 0.05 0.15 ~ B
America mg/kg mg/kg
YIEVN 0.04 ~ ~ ~ ~
Canada mg/kg
EHE|
China 0 0 0 0 0
id
b . 0 0 0 0 0
European union
A 0 0 0 0 0
Japan
HE= 0 0 0 0 0

New Zealand

i3 %) S
5FHTHJL CFHJW:] q:HE.IHH WL T OB R
Bovine Bovine Bovine Imports of
. Turkey Turkey .
livers muscle fat K porcine muscle
muscle liver
0.04 0.01 0.01
mg/kg mg/ kg mg/kg
0.09 0.03 B 0.1 0.45
mg/kg mg/ kg mg/kg mg/kg
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0.01 mg/kg
0 0 0 0 0 0.01 mg/kg

2 RAC Ml EHARER

F 2 B AR R B O] AR e 4R
—2, BV Qb , A AR AT S I SR g 1 i
FURE B ™ i T N R R IE L il Sl 2L A RAC,
ERTH FH RAC K07 24 = 0 AH sk ™ ol
R RCTRR (R — T AT | T K A e I A
RN R EAENY AR R EIET ik s
R Rl b
2.1 RAC A BLBAN Tk ARG Jr ik
22 1o SO TS | e ROHROAH (83 — BRI T 15 R
FHVE B S RO 635 — BRI BTG A A -
IR T
2.1.1 @&skméiEE SRR GIED (High
performance liquid chromatography, HPLC) B 5% 14
A PR RAC $2EUH R, 20t Wi - TR AK R
AL IR PRI 1 Y 3% S5 A (AT AN S B AR |
RTINS TN V2 4 IS NE 4 i = ) B LA E R
T U 1T R AE U F RAC, 2016 4F Tang'® # 57 A

Fe, O, BETCRIAS & 43 F ENIE R 5 W) (Fe, 0, @ MIPs)
S B 39 B HPLC — %% 5% ( Fluorescence detection,
FD) K 7 vk , F TR0 AR RAC, LOD 2y
0.05 pg/kg, LOQ N 0. 17 pg/kg, [ R K
73.60% ~ 94. 50% (RSD < 11. 17% ), {E 0. 5 ~
100. 0 pg/kg Vi B P 2P R 4F, i 0 ik A RAF )
LD R B, 2015 4F Ding 4R T —Fh
P HPLC — 2 4MGEM ( Ultraviolet, UV) J5 i, 46
WA A & b LOD A 0. 045 pg/g, LOQ K
0.149 pg/g, 76 0.15 ~100.0 pe/g W Fl N H T
TEMEXR, MEN 80.3% ~96. 1% ,RSD H
4.1% ,iZJ715 R AU Tang I G 57 19 J5 75
2021 4 Peng' ™ JF Sz T —Fif A {5 (1 45 PN 61 AH B A B
PR, F T4 HPLC - UV 20 Hr il & 46 56 A i
RAC,LOD 0. 64 ng/g,LOQ 4 1.95 ng/g, [l
TE 85. 2% ~ 108. 1% Z [a], &k PEYEHE h 2. 0 ~
800 ng/g, 5 HILRE i UL B 7 VA A0 LU, 3 Fh A8 PN [
FRTSCEE IO T s B SR (87 50 A WL LI AR AR SR
A AR AR A Tang TS (0 735 8, B R
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PO BARIL T BR Ty v B R i W D R
I ARSI i R

2.1.2 BHARAMEE - BBAEBRA LN E 5
BB AR L3 — R IR T3 (High performance Liquid
chromatography linked to tandem mass spectrometry,
HPLC ~ MS/MS) Kl J7 32 , LA i R AH €33 Sk 43
BRG, TSN RS, 2020 4EAETE A
JH HPLC — MS/MS %7 4% A v 3 o 22 T i 1 5% BE
R 7 v , 2R T IE C e 14k 52 0 RE B Al S8R, 5
AR ALAR K RAC B9 LOD 47 0. 15 peg/kg, LOQ
] 0.25 pe/kg, MEVEH 0.5 ~5 pe/kg, TEXE A
K RAC (51K A 88% ~99% (RSD <16.18% ) ,
UHERMERIFE T ENEEELERRR,
2018 4F Kyunghun Jeong'"”' JF & T —Fl LC — MS/MS
R 4 41 40 () RAC, W /% LOD ., LOQ 43 %I N
1.7 ng/gf15.0 ng/g, HICRN 74% | %57 1k R
JE RG2S IRTISCRAE SR e A 258, 2018 4
Kaylee RS/ Jf] LC — MS/MS JF & I 503E T 3% P h
10 Fft B ' 1 R 22 AR S sl A0 A DN 122 7 1 i T B
BT E] /N T 20 min, LC — MS/MS iz 171 ] Ky
9.6 min, JMAFHE A H RAC A9 LOD 4 0.2 ng/g,LOQ
}0.7 ng/g,10 F B B L AR Z BRI SN MR SR
T 85% , I F[A4E Kyunghun Jeong JT % [ J5 1% A
A RAFHREUE , 2017 4F Sun' ™ R T HNL T —
TR A8 35 AR (TAC) Hk 45 & LC - MS/MS 7
P RE T R KR I Kt R TR i RAC, LOD Ry
0.009 wg/kg,LOQ 4 0.03 wg/kg, M5 0.05 ~
25 wg/L, ISR 5351 R 89. 8% ~99% .87. 6% ~
91.5% 87.6% ~96. 1% ,i% )7 L AH HF LA L Fp
T B R R R RO 5 R DL K R G Y [l
WK,

2.1.3 BEHRMEE - BB EE  HWEHK
AR TS — BREK BT ( Ultra — performance liquid chro-
matography — tandem mass spectrometry, UPLC — MS/
MS ) Ry 32 5L 43 B I ) 4 | SR 88 AR o 2
B IS S EAER T2 . 2019 4 Suo ™ FF A& T —
FiFH UPLC — MS/MS, 45397 i B 7h RAC 11
KM R ( Limit of detection, LOD) 4 0. 32 pg/kg, &

R (limit of quantification, LOQ) & 1 weg/kg, £k
Tk 2 ~ 200 ng/g, £ 25 2 0 By of [l ik 5y
76.6% ~ 98. 6% , X} br i fiw 2% ( Relative standard
deviation,RSD) <14.8% , 2020 4F Cao' ™ %IV & T
Hil5 T 4 - R OIGRIRENE REIL R N R I 9K 21 4t
H(SS/PAN — NFM ) K 96 LA [ AH 2E U B 51
44 UPLC — MS/MS & %% W+ RAC, LOD A
0.24 wg/kg, LOQ M 0.8 wg/kg, LVEFLHE A 1 ~
100 we/kg, YR N 91. 4% ~ 111% ( RSD <
11.9% ) ,iZ 7 e F Suo BIFEE ST 19 HAT B4 Y
Ml DL K o e 1Y R RORS B BE L 2021 4F
W2 FHHE P RO €% R ey 0 3 H I o i 1
(Ultra — performance liquid chromatography — high
resolution mass spectrometry, UPLC — HRMS) i# 1 B
mGULE AT — M EA SRR AR EY
(PPOP) VE R A= 5rf RAC [ A0 A% BT B B 51, Pk
Jii i 2 UPLC - HRMS 4381, RAC 9 [l 05 42k
97.4% ~106.8% ,RSD } 1.3% ~5.1% ,LOD K
0.02 ng/g,LOQ J0.05 ng/g, L PEJEHEI K 0. 05 ~
250 ng/g, M LT LRI RD 7 ik kR & R
R | TR B LA S AR G g e PR

2.1.4 AARE#E - R AARE SO -
RG] ( Gas chromatography — mass spectrometry
GC — MS) 7] 73 25 1 oK 43 25 1) i e | o PR RE )
AT LAWY 8 4 v B A TR BE BB BN R AE T4
XFGABR THE 300 °C 2247 7] LAIVAAL 5 85 i i
an, TEMNEGE B vh 2 T o3 il P KSR 9 A& W0 A
A A2 D, T 8 AT TR AL AT A Ak B A AT R AT A
W #F A BT AT AR AL WA BE R AT . AR 4R
T, TG A 20 h RAC 3R B /) GC - MS 7
P, 2019 A RAAEOL At p A SRR A,
ST SR S — B I E A RAC SR R i
SYHETE:, LOD h 2.0 pe/L, MR KN 94. 2% ~
108.2% ,RSD M 3.3% ~ 4.9% ,4kVEJLM 2 ~
40 pe/kg, TR | R FIORS %5 5 fE
T 2 2 BR BRI RN A 5K . 2017 4F Lin ™
ST BT RUAE i B [ 51 W B AR B (Stir bar sorptive
extraction , SBSE) Fll GC — MS [&] i 0 52 %& P4 #F &
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RAC,LOD 4 0. 091 ng/g,LOQ 4 0.253 ng/g, 1l
WK N 85.7% ~93.9% (RSD < 10% ) , ZeME il

H0.5 ~100 ng/g, SR BULEE T T HEA HEIZ DT 5
RAIBPEHR . RAC RN T 1 U A SR L3 2,

®2 RAC FHERMAELR

Tab 2 Comparison of traditional instrument detection methods

; 1 , Sallliz
Jrik B B e 100 fid
Method Matrix Extract Clean — up . Reference
modality
%m ESS 1L g6y AN
. LI BRTR A Fe;0,@ MIPs Pt 0.05 pg/kg  0.17 pg/kg [12]
Porcine muscle
HPLC _%W SN LR LT MCX FEAHAEHUE  %85F 0.045 ng/g  0.149 ny/g [14]
Porcine muscle
.%m 2N SPME ET) 0.64 ng/g  1.95 ng/g [15]
Porcine muscle
HPLC - [ [
.%m LR TR AR L EC ke ESI*  0.15 pgkg  0.25 pg/kg [16]
MS/MS Porcine muscle
R .
. LR LT - ESI* 1.7 ng/g 5.0 ng/g [17]
bovine tissues
A
Porcine muscle
LC - BR . L o ot
e %”{ . 2N VPR Sr RSB AEWL(DPX) EST* 0.2 ng/g 0.7 ng/g [18]
MS/MS Porcine urine
%ﬁ. AEME OO | LTk IAC [EFZEHUE ESI* 0.009 pg/kg 0.03 pg/kg [19]
Porcine liver
R
Fish
ik RN, B - M EEE Bond Elut PCX [#
e Lo IR, EST* 0.32 k 1 pe/k 20
UPLG—  Blood meal Rl B A heke  ugke  [20]
MS/MS WA e SS/PAN - NFM .
Porcine muscle LR R FHFEHL 96 FLAR ESI 0.24 pg/kg 0.8 pg/kg [21]
UPLC - A4 g gt NN
= i ] >y + -
HRMS Milk VN N PPOP [EIFHZHUAE  ESI 0.02 ng/g  0.05 pg/kg [22]
%H:I: T N ~ e N
L LR, AR MCX [#] AH < Bt - 2.0 pg/L - [23]
Porcine liver
GC - MS -
* 2 SBSE EI 0.091 ng/g  0.253 [24]

Porcine muscle

2.2 RAC 8Bt 7 ik AH HAL GEA RS A i
T, DR I 7 B [ PN R T R AT R ) A O A
PRHUR I 7730 22 Ry IR B 28 W RV A ol bk
R | AR 4 S JE M i | B IR0 43 95 S s oy
ik,

2.2.1 BEEBRSIERM R LGN T k2 ik
FRIP 2% FERTRE ST AES B 5%, 5 B ARk I\
SRS A 24, Gl bR fRT IS AR (9 R RAC
BRI A AR i, Wk G
W B %) 2 ( Enzyme linked immunosorbent assay,
ELISA) St | il R Ak, A BRI i 4y

SePEh G R ) 1 B Ny T 3 AR Al G 430
OD 5, FITU ST FEITE, FIWr RAC 1Y 5 5 KA T
FEHREUE . 2014 4F Zhang 55 0 T E S
PEE T G LA JE R 5% LA ARSI ) Hh RAC 3%
i, FIFH RAC — BSA 774 2 s B BT IR FIB TR E o 1R
AR 57 i T B R e U AR S v ST — b
P deELISA J5i%, A% 1C5, 24 0. 6 ng/mL,LOD A
0.04 ng/mL, REGEEAXTE R . AR IEN TR
AR K SR | BT B T4 I, AR
Gy TR it il #% T % 52 W98 3 % Bk, 2012 4F Dong
S5O MR 2 ST AN R A HE T RAC BRBEHTIA - B
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PR EGRL G 8 1, ST T b & R S 4 b
BRI A% O EE &L 1C, oM 0. 25 £0. 03 ng/mL, LOD
4 0.02 + 0. 004 ng/mL, £k 14 75 £ 0. 05 ~
1.45 ng/mL, FERAG N 0 [T 570N , B H: R BURE It 1
T RS UAR S £ s RS UIR HE T 1 T 1, HL Rl
HEOAY RAC K& A 38 LW, Han'™' F
2018 AFEHEN T —FSE T & YUKRTRI Y RAC 5551
& icELISA, JR # LOD 4 0. 35 ng/mL, 2019
Peng ™ il £ T 51 % RAC B9 ¥ 5 1Pk 2 77 B B 4K
(McAb) DI EE T —FoBT Y ic — ELISA DAKS I
JRHHY RAC 5885, 1C,, M 1. 15 = 0. 037 ug/L,LOD
90.35 we/L, [ R R 96. 7% ~ 108. 6% , 7%
FRFLT 6.8% ,LMVEHEIFE0.1 ~8.1 pg/L, R
WAL L Zhang LA K Dong #5719 77 %, (H7E
SEBRAE S HEAT TR DU R FH I BRI AT
2.2.2 AFEkBEbalk  fLFEROLE
( Chemiluminescence , CL) +2 ] FH ¢ I Pk JiE 5 1k~
R INAA 2 v 9 A2 R O BE AR — 8 A5 1 N SRk
E HEOCZR 0 SR S kAR R R Ak 2% 2 R
BB FEIN A i 2012 4F Feng %51 g~y 1l
& RAC (93t 2l 1 569 4k 27 & 06 40 Hr i i, LOD 2y
2.5 ng/mL, 7E e HE S 4 F R, RAC 7E 4 ~ 800
ng/mL &Pk R4, 2015 4F MR R AR - &k
VIS A2 AOGIR R TR B — DA R Y
7%, RAC B LOD 4 1.0 x 10 " mol/L, M Fl
H1.0x107% ~1.0 x 10 " mol/L, 5 i Y J7 1 AH
A Vel 3 SN a ke R D PN e G
CdSe it i HL Ak 27 &G B 3G SR AR TR [A], A gl 1
CdSe ¥ s AL ROGARIRAR T 45 G R A 5
BEBOR i AR AR ROGE S 1S R 6000 1,
AT ST § — o e J o 5 1) 4 2 1 6 At 7 PR K
R SE RO, TR A RAC R 5
TR I [ 43 2 40, 322 7 ¥ 6 RAC B4R 1
4 0.8 ~29.6 ng/mL,LOD i5%] 0. 0968 ng/mL,
52012 4F Feng @7 W kAR LG, RBUEE T
Bfs

2.2.3 RRERIEENE EERKRIKSERERE
B (Immune colloidal gold technique , GICT) & JE iR

B ARG BEAN T B PR RS | R, AT AR B
FHOCASES KRR Re s BIAR R4 o . LR 2
REARC PR 5405 b A Bk R s —Hi e 2
M ER T R AR LS G DT A4 4 SR A2 T A
PR A LAY €5, 2009 4F Zhang 2572 @Sy T —Ff
FIE ] A PR ARG I A PR T v AR 48 2 F RAC SR 46
M G RE M AL FE 5 min RAT 3 5 201 60 2 15
PUHEAT PR, T R4 T 48 BRAG I I RAC 79 LOD K
IC, 43 % 0. 10 + 0. 01 ng/mL A1 0. 71 = 0. 06
ng/mL, 2011 4794 B A5 5 5 Ay A 1 A 0 I 0 o)
B PREAA G R | BT A 4 8 S 1 i 4 PR AR
M RAC 1m0 4R %, FH TR I 4% DR B il 4R 2% 7
8 ~ 10 min N 5E K, LOD & 5 ng/mL, 5 Zhang
HENT VAR L FE BRI ] A B AR X R T 22
2013 4 Jiang S HEN7 TR R RAC 5 58245
B IR 4 G 2T 5 RAC B9 LOD 4 2 ng/ml,
TAEREN 5 ~8 min, BT 2011 A5 B
SERY IR B Zhang HES7A G 8 20T 1R B R ARE
A AR, e PERAT

2.2.4 BYR 5 HERK I E A = A HEE
He 25307 751 ( Time — resolved fluoroimmunoassay ,
TRFIA ) & —Fh AR EAR 10 2 o T HoR , LI 42
BOH S AR L I R TR bR e ), AU
SRR A RO BT bR C A, T
(1] 3 B GASCIN 5 LE TS oA e A o Sk B g
PRAE R RN IITTHREWT I B AR 2 2011 4F
TR AR 2 B[R] 43 B 96 S S B 2k, R
Eu’* FRid RAC £ 5 BEPLIAR, W 22 JRFE 1 () RAC,
LOD 4 0.05 ng/mL, 4 b F ELISA Kl 751, R
BT A T R AR A M, 2017 4R 0T EE s
THT RAC - mAb 42 FR1C I 8] 23 B 290 500 53
Wik, 10, 5 LOD 4354 1. 6 ng/mL F1 0. 136
ng/mL, KGRI M 0.39 ~12.77 ng/mL, 7R
FHRE P Tk 2 ROk A Tk i A5 S i 3
TFE XS L I 18] 3 B 2¢O H 9% 43 B i (LOD 2y
0.25 ng/g) , fH5 F M40 H7 5 5 A0 L, R 8505 AH
SRR, 2018 4F ) 45 gy W] B 22 4 1A 5 4
PSR SEAEFR B FI RAC 14 94 K X5 4 I ] 43 9% 5%
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He g 43 B )72, LOD M 0. 02 ng/mL, A kb T # fr
FE B B (B 49 B 256 S A 28 0 BT T 1, ASAN R ] B A i)

SCAERES FI RAC, RAEWEL, RAC PR A )
TIE AR I 3

&3 RAC BEMNFE LR
Tab 3 Comparison of rapid RAC detection methods

WiReS e E/IRES ez 75 = LOD P
Method Matrix Antibody Detection modality Reference
%lﬁ PcAb dcELISA 0.04 ng/mL [25]
Porcine muscle
.Zﬁrﬂ ScFv scFv — AP k22 &1 ELISA 0.02 ng/mL [26]
Porcine muscle
ELISA -
AP PeAb 458 TAK icELSA 0.35 ng/mlL [27]
Porcine muscle
zﬁﬁ( . McAb icELISA 0.35 pg/L [28]
Porcine urine
%E’( £ S = DL L N7, f22 T Rt £
Lo - RAC X &K 5 ELILFZ SOUE S ISHBUIEN 2.5 ng/mL [29]
Porcine urine
o WA
A - Wit 53 F % CdSe 7 #HLAEAA ROG R SR AR H 0.0968 ng/mL [30]
Porcine muscle
GICT %”T‘ . PcAb JRe A 4 i S BTk 0.10 ng/mL [32]
Porcine urine
%)’T‘ . PcAb (Eu®* FRICHIPIIR) decELISA 0.05 ng/mL [35]
Porcine urine
TRFIA -
4 McAb YK IAE BT ] 23 B2t S ie o ik 0.02 ng/mL [38]

Porcine muscle

PcAb. Z BB Scky. SAEEDTIR ; McAb. i sEREbiik

PcAb. Polyclonal antibody; ScFv. Single chain antibody; McAb. Monoclonal antibody

2.3 EUERBERAR R GRS R E R U
{18 SRR A 55 R S P 2 S g 45 ke ke, DA A
UG B L 1Y A= Wy A% i . 3R T A B - 4R
(Surface plasmon resonance, SPR) iy {4 S /E K
A= W A% A B — Tl LABT A SR IR B e BB
DR iR b e Y S M WP OR = T B i X B N (N
R RESE AR, B 41z W Tl 24
A A B2 A WA E R 25 A SER, 2017 4F
Wang' ™' LA RAC JKIXT 4 di FH—$Hi 7 & T —Fh
TChRIC Y TA] 422 58 4 PR 3R T 45 B 1 IR L8R (SPR)
PEALRES  LOD 9 0.09 ng/ml, ZEPEEFE K 0.3 ~
32 ng/mL, M7k MR WERR REER S = O BAERE
PR IR S 101. 8% ~106. 6% , 2016 4E5K I 1%
SR DA ST SR L ] 5 SR L 2 BE AR A KA
FIE vi 22 LRGP M T 1 e 5 28 FH T RAC
PRSI, 28 Pk Y5 BBl A 0. 05 ~ 4. 05 ng/mL, LOD Jy
0.08 ng/mL, I HL XS AP 354 28 X AR o ik
K TR K 96. 0% ~102.0% , YR 5

T LV B 3 RO 35 B A

2014 AF R DR I R EE T RAC A& fic {4
FLAb 2 A WA S r Ak 2 3 T R A A% I 2 Hh
[P 32 T A %) F BB P, 2 3 P TR T R AR B
WL METER N 0.5 ~ 100 ng/mL, LOD
0.1 ng/mL, Z N EHE] K 15 min, 3 H & J8 4 [/ —Hk
FER RAC FIFHZ 5 i R A 1 7 U, Hig i i
{E RSD {9 3. 8% , %7 547 R AT s S, (HIK
A I BN TR A TR

2017 4F He %' DI RN FER , RS BT
PR R G T — i 2 50 SROME 4 4 K IR )
b2 e AL A, AL S A5 IR VR Ay e e AR IR
s I — AR G2 3 A 5 WAL A AL R R AR A
A A P — S B A ) A s | oy FH IRt e 3 I
PEYI T 0 4 A A 9 O ST 0 5 R A T RAC 1Y
LOD 24 2.27 pg/mL, K:illE FE 24 0. 01 ~5 ng/mL,
IFHA R PR IEAT T AR SR I, L3R 93. 0% ~
103. 2% Fae P, R BORE b A A I 5 2 iy s 3
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AAE, AT TR R RAC 19 RGN, 2020 4 Gu
A1 £ T GCE/GNP/RAC HL AL 2% 5 35 A5 B 7%
FEAESE A SEIG T BOWE T R 2R 4T RAC 3R B ARG, A6
MG K 1 ~ 7000 ng/mL, 7% F 87. 6% ~

103.3% (RSD <14.6% ) ,LOD H 0. 1 ng/mL, %)y
WA T B e ) IF Bl i T £ fb
FEJR . RAC AW ISR ik b L 3 4,

R4 RAC £MERSEN T AR

Tab 4 Comparison of RAC biosensor detection methods

FE AL ORUIDIRES FEH LA oAUl Ic [l Ak
Matrix Method Extract Linear range LOD %0 Recovery Reference
SPR 233
%ﬁ . ﬁi%ﬁ; i - 0.3 ~32 ng/mL 0.09 ng/ml. 1.96 ng/mL.  101.8% ~106.6% [39]
Porcine urine SPR biosensor
.%VA‘] 96.8%
Porcine muscle
B()Vi]’?: I:Ju%(‘le AR WA R s 98.0%
o eI " 0.05~4.05 ng/mL  0.08 ng/mL - [40]
ES| Immune biosensor Acetonitrile
102.0%
Sheep muscle
X5
Chicken muscle 96.0%
T A e Ak 2
WL R
- Aptamer - 0.5 ~100 ng/mL 0.1 ng/mL - - [41]
electrochemical
biosensor
R HL AL 2 S A R
. R Electrochemical - 0.01 ~5 ng/mL 2.27 pg/mL - 93.0 ~103.2% [42]
Porcine urine K
immunosensor
A
kaly 95.3 ~100.4%
Porcine muscle
IS HLAb2E PG A G DTN
_H Electrochemical Acetonitril | 1 ~7000 ng/mL 0.1 ng/mL - 87.6 ~103.3% [43]
Porcine fat .
1IMmunosensor acetone
L] 95.6 ~101.4%

Porcine liver

3 I &

W4 AE I 583 RAC ARSI 7 3 ok A7 %0
WA AR PR A R 1 28 & e — TR
BGAMATS, Lh LTI ik 7R S PR AG I AR
HA R AR AR ] 7 32 ) AR Bt e LA % T IO Yt o5, 4%
A HA A S A, R AT 58 A EAR BT, Al G
R 5 0 A T R B i G B 40 A i A, P R
SR (33 — T T 10 S5 AL 1 X 90 O 285 SR i —
AHRIE, HET RAC BAE#E R 7, K285
sy BATRE I R R RE DB S (1
W2 1 2R EMEE K, Ll MR AR, A 7
FESCPRERAE e SR | AT AR Ay TR e s

X IMEMB it , 28 Hi 75 % Bl A | e IR
JEAS G R R BE, 7S B B R ORIE A I 45 28
FE AR IR 242,

SE Lk

[1] Johnson B J, Smith S B, Chung K Y. Historical Overview of the
Effect of B — Adrenergic Agonists on Beef Cattle Production|[ ] ].
Asian — Australasian journal of animal sciences, 2014, 27
(5).:757.

[2] Smith D J, Shelver W L, Marx A. Detection of residues in urine
and tissues of sheep treated with trace levels of dietary ractopam-
ine HCI[J]. Journal of Animal Science, 2016, 94(12) .5423 —

5433.



R 25 2Rk 2022 4E 5 H 45 56 B 5 1

Chinese Journal of Veterinary Drug

« 77 -

[3]

[10]

[11]

[12]

Hoque M R. Effect of dietary ractopamine supplementation on
growth performance, meat quality and fecal score in finishing pig
[J]. Korean Journal of Agricultural Science, 2020,47 (4):
707 -715.

Swanson, R. M. , ractopamine HCl improved cardiac hypertrophy
but not poor growth, metabolic inefficiency, or greater white blood
cells associated with heat stress in concentrate — fed lambs[ J].
Translational animal science, 2019. 3(1) :1786 —1791.
Antonelo D S, Mazon M R, Nubiato K, e al. Effects of immuno-
castration and B — adrenergic agonists on the performance and car-
cass traits of feedlot finished Nellore cattle[ J]. Animal, 2017. 11
(11).:2103 -2110.

Kunping, Yan, Huiqun, et al. Rapid screening of toxic salbuta-
mol, ractopamine, and clenbuterol in pork sample by high — per-
formance liquid chromatography—UV method [ J ]. Journal of
Food & Drug Analysis, 2016, 24 (2) 277 —283.

Feddern V, Aroeira C N, Molognoni L, et al. Ractopamine anal-
ysis in pig kidney, liver, and lungs: A validation of the method
scope extension using QuEChERS as a sample preparation step
[J]. Journal of Chromatography B, 2018 1091.79 - 86.

Tang Y, Gao J, Liu X, et al. Determination of ractopamine in
pork using a magnetic molecularly imprinted polymer as adsorbent
followed by HPLC[ J]. Food Chemistry, 2016, 201:72 -79.
Vulic A, Pleadin J, Persi N, et al. UPLC - MS/MS determina-
tion of ractopamine residues in retinal tissue of treated food — pro-
ducing swines[ J]. Journal of Chromatography B Analytical Tech-
nologies in the Biomedical & Life Sciences, 2012, 895 - 896
(5):102 -107.

Zhang Y, Wang F, Fang L, et al. Rapid determination of racto-
pamine rsidues in edible animal products by enzyme — linked im-
munosorbent assay: development and investigation of matrix
effects[ J]. Biomed Research International, 2014, 2009 (3) .
269 -281.

Zvereva E A, Shpakova N A, Zherdev A V, et al. Highly sensi-
tive immunochromatographic assay for qualitative and quantitative
control of beta — agonist ractopamine in foods[ J]. Applied Bio-
chemistry & Microbiology, 2018, 54(4) :436 —441.

Feng T, Hu Y F, Li G K. A novel flow injection chemilumines-
cence method with ferricyanide and luminol for the determination

of ractopamine in biological samples[ J]. Spectroscopy & Spectral

Analysis, 2012, 32(1) :74.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Qi S, BoZ, BoZ, et al. An electrochemical immunosensor based
on pristine graphene for rapid determination of ractopamine[ J].
Chemical Physics Letters, 2017, 685:146 —150.

Ding G, D Li, Jiao Q, et al. Development and validation of a
high — performance liquid chromatography method for determina-
tion of ractopamine residue in pork samples by solid phase extrac-
tion and pre — column derivatization [ J ]. Meat Science, 2015,
106 :55 - 60.

Cp A,Sz A,Cw A, et al. In — tube solid phase microextraction
and determination of ractopamine in pork muscle samples using
amide group modified polysaccharide — silica hybrid monolith as
sorbent prior to HPLC analysis — ScienceDirect[ J]. Food Chem-
istry, 2021, 355(1) :129662.

BN, RF5E,2/IME, . RORAR (3 - 8 I5 BT R
SESEPI TR 8 Tl B - 2R EEIGR B [J]. i A R
4R, 2020, 11(5) :1642 - 1650.

LiLZ, WuXG, Li XM, et al. Determination of eight kinds of
B — agonist residues in pork by high performance liquid chroma-
tography — tandem mass spectrometry [ J]. Journal of Food Safety
& Quality, 2020, 11(5) ;1642 - 1650.

Jeong K, Akil H M,Park H C, et al. Simultaneous determination
of B — agonists and monitoring in bovine tissues by liquid chroma-
tography — tandem mass spectrometry[ J]. Acta Veterinaria Brno,
2018, 87(1) :47 -54.

Mastrianni, Kaylee, R, et al. Analysis of 10 beta — agonists in
pork meat using automated dispersive pipette extraction and LC —
MS/MS[J]. Journal of chromatography, B. Analytical technolo-
gies in the biomedical and life sciences, 2018, 1084 .64 —68.
Sun X, Tang Q,Du X, et al. Simultaneous Determination of Rac-
topamine, Chloramphenicol, and Zeranols in Animal — Originated
Foods by LC — MS/MS Analysis with Immunoaffinity Clean — up
Column[ J]. Food Analytical Methods, 2017, 10:3239 —3246.
Decheng S, Peilong W, Yang L, et al. Evaluation of B - agonists
in blood meal; Validation of determination method and potential
pathway for reentry into the environment[ J]. Journal of Chroma-
tography A, 2019, 1612 :460624.

AJC,ASL,BHZ, et al. Sodium 4 - styrenesulfonate function-
alized nanofibers mat as 96 — well plate solid - phase extraction
adsorbent for quantitative determination of multiple B — agonists
residues in pork samples — ScienceDirect[ J]. Food Chemistry,

2021, 335:127631 —127631.



.78 -

22k

2022 45 A5 56 &5 5

Chinese Journal of Veterinary Drug

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Wu C,Ning X, Chen X, et al. Multi - functional porous organic
polymers for highly efficient solid — phase extraction of B — ago-
nists and B — blockers in milk [ J]. RSC Advances, 2021,11,
28925 —28933

BIEOL, . 3 FERIBOTEERIT B - RS A
WPy LB SR T]. BARE M ,2019(3) 182 - 184.

Zhao M E, Peng Z C. Comparison and Application of Three Ex-
traction Methods in Detection of Receptor Agonist Residues in Pig
Liver [J]. Analysis and Testing, 2019(3) ;182 - 184.

Haibo Liu, Diebate Ousmane, Ning Gan, et al. Novel Stir Bar
Array Sorptive Extraction Coupled With Gas Chromatography -
Mass Spectrometry for Simultaneous Determination of Three B2 —
Agonist Residues in Pork [ J]. Chromatographia, 2017, 80
473 -482.

Zhang Y, Wang F X, Fang L, et al. Rapid determination of rac-
topamine residues in edible animal products by enzyme - linked
Immunosorbent assay: development and investigation of matrix
Effects[ J]. Biomed Research International, 2014, 2009 (3):
269 -281.

Dong ] X, Li Z F, Lei HT, et al. Development of a single —
chain variable fragment — alkaline phosphatase fusion protein and
a sensitive direct competitive chemiluminescent enzyme immuno-
assay for detection of ractopamine in pork[J]. Analytica Chimica
Acta, 2012, 736(5) :85 -91.

Han S, Zhou T, Yin B, et al. Gold nanoparticle — based colori-
metric ELISA for quantification of ractopamine[ J]. Microchimica
Acta, 2018, 185(4) :210.

Peng D, Zhao L, Zhang L, et al. A Novel Indirect Competitive
Enzyme — Linked Immunosorbent Assay Format for the Simultane-
ous Determination of Ractopamine and Phenylethanolamine A
Residues in Swine Urine[ J]. Food Analytical Methods, 2019 ,12
(5): 1077 - 1085.

Feng T, Hu Y F, Li G K. A novel flow injection chemilumines-
cence method with ferricyanide and luminol for the determination
of ractopamine in biological samples[ J]. Spectroscopy and Spec-
tral Analysis, 2012, 32(1) .74.

ARFER. FETRAV) - BRI E RO R B - M4 a 7
FZGYIR I [ D). Shijiazhuang: JHLERI K2, 2015.

Diao Y J. A novel Ni (IV) Complex — Luminol Chemilumines-
cence System Coupled with Flowinjection for Determination of
« agonists. [D].

Two , shijiazhuang: Hebei Medical University,

[31]

[32]

[33]

[34]

[35]

[36]

[37]

2015.

KA, XIER, B S ETERARMAENENEE
TR AR RO ST [T]. R, 2019, 77(2)
179 - 183.

Zhang Z X, Liu Y J, Wang Q, et al. Capillary Electrophoresis
and Quantum Dot Electrochemiluminescence by Micellar Reversed
Sweeping [ J]. Acta Chimica Sinica, 2019, 77(2) :179 - 183.
Zhang M Z, Wang M Z, Chen Z L, et al. Development of a col-
loidal gold — based lateral — flow immunoassay for the rapid simul-
taneous detection of clenbuterol and ractopamine in swine urine
[J].
2591 -2599.

W, X, M, 55 KR E CMR R A G E ATk
DR AG TN IR AT BRI [ 1] v E S £ YA 4R, 2011, 19
(6):59 -64.

Analytical & Bioanalytical Chemistry, 2009, 395 (8):

Jiang W, Liu Y C, Chen Y J, et al. Development of colloidal gold
immunochromatography test strip for rapid detection of ractopam-
ine [J]. Chinese Journal of animal infectious diseases, 2011, 19
(6):59 -64.

Jiang J Q, Yang X F, Wang Z L, et al. Development of a mono-
clonal antibody based colloidal gold immunochromatography strip
for multianalysis of clenbuterol and ractopamine [ J]. Chinese
Journal of Animal & Veterinary Sciences, 2013, 44 (1) .87 - 94.
T, ZEEME, MO, S IR BRI S TR E
I L WM (D). b E R TR AR, 2011, 23 (5):
438 —441.

Wang C, Li Z X, Lin G F, et al. Test ractopamine with the
method of time — resolved fluoroimmunoassay [ J]. Chinese Jour-
nal of Food Hygiene, 2011, 23(5) :438 —441.

7. SR 2 DM AR T N 8] 23 HE 58 ' G o3 B J7 1 Y
SELI]. T4 RRE, 2017, 45(3) 36 —40.

Li Z. Establishment of time — resolved fluorescence immunoassay
for ractopamine samarium labeling [ J]. Jiangsu Agricultural Sci-
ences, 2017, 45(3) :36 -40.

kAT, XIS, Bk 2%, SF SRS Rl BEPOL e o>
ik 2 A U R RIS e 2 DUt e[ 1], #)
SR, 2011, 56(4) :304 -308.

Zhang 7, Liu J F, Yao Y, et al. Simultaneous determination of
chloramphenicol and ractopamine in pork tissues by competitive
double label time — resolved fluoroimmunoassay [ J]. Chinese

Science Bulletin, 2011, 56(4) :304 —308.



R 25 2Rk 2022 4E 5 H 45 56 B 5 1

Chinese Journal of Veterinary Drug

- 79 .

[38]

[39]

[40]

) 5%, 8 1%, T %, %. Alphalisa ¥ R E S HLUT 5T
RPN L L [J]. EIRBER RE¥M, 2018, 43
(11) .67 -72.

Xiang L, Gong Q, Wang Z, et al. Simultaneous determination of
clenbuterol and ractopamine in animal tissues by AlphalISA[]].
Journal of Chongging Medical University, 2018, 43 (11 ):
67 -72.

Wang S, Shuai Z, Xiao W, et al. An Improved Label - Free In-
direct Competitive SPR Immunosensor and Its Comparison with
Conventional ELISA for Ractopamine Detection in Swine Urine
[J]. Sensors, 2017, 17(3) :604.

SKIRWE, T3haE, 2Rk, 45, LT ZRERANKE s s
LI E i PR 2 B[], BARFE, 2016, 37
(08) :170 - 175.

Zhang Y Y, Wang R X, Li Q W, et al. An Immunosensor for
Rapid Determination of Ractopamine in Foods Based on Multi —

Walled Carbon Nanotubes [ J]. Food Science, 2016, 37 (08) :

[41]

[42]

[43]

170 - 175.

JA e, B P A S 3 2 L TR IS T A Ak A
PSRBT R[], PEEY TR, 2014, 34 (1)
42 -29.

Zhou N, Chen D, Yao D S, et al. Development of An Electro-
chemical Aptasensor Basic on the ssDNA Aptamer of Ractopamine
[J]. China Biotechnology, 2014, 34(1) .42 -29.

He L, Guo C, Song Y, et al. Chitosan stabilized gold nanoparti-
cle based electrochemical ractopamine immunoassay[ J]. Micro-
chimica Acta, 2017, 184(8) :2919 -2924.

Gu C,Ren P,Zhang F, et al. Detection of Six B — Agonists by
Three Multiresidue Immunosensors Based on an Anti — bovine Ser-
um Albumin — Ractopamine — Clenbuterol — Salbutamol Antibody

[J]. ACS Omega, 2020, 5(10)5548 - 5555.

(% 8. &KEHE)



