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# E:8Mk (Tyramine, TYR) & T AMicb—Fr, R—MEHF LM ERGERKLS T EANLEY, FETAK
BRI H RS, RFmEE, B, KR BARTASY, RMAESEHNE &, BREAKGE, 2FAK®
ARRGAEE, Bk, RHEkFGENEST TYR &6 £ RE R /fr?‘?n«ﬂkaé&é’ﬂk‘ﬂﬂ%ﬁo B A7 £
M TYR 9 R A RSB X RS B ARABEIR & JE R I &, 12404 AN F I KAREL I F =8, REAat
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Preparation of Tyramine-molecularly Imprinted Materials and Its
Research Progress in Food Detection

YANG Ding, HUI Yuanyuan, WANG Weizhe, LIU Yingying, HE Chao, WANG bini"

(College of Food Engineering and Nutritional Science, Shaanxi Normal University, Xi’an 710119, China)

Abstract: Tyramine (TYR) is a bioactive organic compound with low molecular weight containing nitrogen. It is found in
fermented or preserved foods, aged cheeses, beer, fruits, cured meats and dried meats, and is a by-product of microbial
activities. It will produce greater harm to the human body, when the concentration is high. Therefore, sensitive and rapid
detection of TYR content in food and control of its generation and accumulation is a hot issue concerned by the food
industry. Current techniques for accurate detection of TYR include polymerase chain reaction technique and enzyme-linked
immunosorbent assay, but both suffer from long detection cycle and cumbersome operation, which are not suitable for rapid
detection of TYR in the field. The imprinted polymers prepared by molecular imprinting technology are highly selective
and specific for the target with high stability, and have a wide range of applications, and thus are favored by researchers at
home and abroad. In this paper, the preparation methods of tyramine-molecularly imprinted materials are introduced,
including bulk polymerization, in-situ polymerization, sol-gel method and electrochemical polymerization. The latest
research progress of molecularly imprinted technique for TYR detection in food in recent years is reviewed, such as the
combination with solid-phase extraction, electrochemical sensors, fluorescent sensors and mass sensors and the future

development prospects of molecular imprinting technology in the detection of TYR are prospected, which provides a certain
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basis for future research work.

Key words: tyramine; molecular imprinting; food safety; test method; detection principle

% 1 (Tyramine, TYR) J& T35 & iR AW, M
i S0P M PR X s SR A TN r= A2, TYR BB
IR B =45 a TYR B HTAAR B 57 196 220 1R 5
b. ELAT T IR R PR B G T PO A A 5 ¢ A8 R T
TEPEMIEAES . pH. IR, BRTE A . miEek
PH . FLRRAT PR S B R s R ™A TYRM,
BRHAY TYR BRRETEIR &, N2 2. ind,
JHE I S5 7 IR, 7E SR SR FARME & A= %
fito D ER TP TYR — A P25t ikl TYR
BYF= A A LB E 2 AR Y TYR, H AT ARG 5%
HREEHFANH] TYR 19724, TYR AMOUEE M B4
RO IbFpRie ), B4 a FEEusite &9, 7T
DIVE R B ARG MFR bR 2 —, TR 0T A
W BT FEE N OB . RN, 28 4y e iUk
B ATE S H 3 TYR = A4k 600 mg, IR FH
MAO HIHIFI A AFE A H RO 6 mg'; EEE
i 247 i W B A LR B a2 R ) TYR A58 i
100 mg/kg; FEFRE K5 M PIZEH TYR A9k HHBR
S 20 mg/kg!; TSE X EE T TYR AR HIRR A 2 mg/Ls
KGR T TYR YHERFBR I 100 mg/kg™ .

TYR A AZE N TEH ARG 2 b R, (Hduss
XA AR A BEREEFEAE Y. ErarkrErE
HREHEAE R LDy, M 229 mg/kg (VNRZETT), 100 mg
Al 5w kI, it 2.9 mmol/L A9 TYR 2%
FaiE At a0 BFIE R I, AR A P
A ARTE, 5350 MAO-A 1 MAO-B, MAO-A i35
B /N AT TYR BYRESR, MAO-B 135 Kk
TYR BREMRN3 SABE TYR B E 5 4L &
PInt, TYR SIS IN S IS 2247, B S W & I
R 25 LA R, A R A Co AR T HRE2 04 i IR
&, 51 ME LT s | OB J s AR
MAO HI il F FHTHIAR 25 1) 28 35 18 7T e 2 2 LA
FEAE RSN, BIfE R R ARG, eah, A i
FERI TYR S35 KA FFEE 1057H 7E/Mg b R 4i
ML EIRERRHEE F7, M3 B 20008 I e B B0 RE S

BT TYR FE AR R G5 DL AR B L b
FEAERT 2P, B PRI 28 80 = PN A A A E 34
o ABGEIIRIN 7 1A R e = B AR R
IR G 25 W B U181 A5 330 Ty v A I 1 G | P B
B, ERE IR AR b PRI A Y T RE S HH BRI B A
TRIIPER 5 L Soie ik rh Al A 45 BBl B TR R
S JRRRE, T DA ST — s SR e B
R 73021 SEAESKE, 431 ERAIE PR AR . PERE ]
PRSI B A1 LR R AR v A2 B T kR 22
F P ARG, T -3 BRI R R A 1 TR
FEAMT T IX LTRSS, 2548 T /- FEE TYR
R v AT BIR, [RTES) o Ak i S BB T 1 A,

OB SRTIT & TYR R i it 7 Hlie 4% 5
=%
1 BRBZ-5 FENTE AR &

41T ER il 3% R (Molecular imprinting technique,
MIT) 4R TEZS RIGAY RIS G AL il e SR 73+
SEAVCHCHY SR G TEHR, SRR 53BN,
KRB, GBI RIS B 7 R 43 F BN 3R 54
(Molecularly mprinted polymers, MIP), ‘&A1 E A Al
A R ORI Tz, 5238 T E NS R
AR TR, &) W2 H TR A 25 AR
5 AT 22 4T . MIPs AR 23T ThEE
PR SRR L 51 R LR GEFD P i 5 S
L, EATHRE T 34 MIPs [9PERE. MIPs B9l &
LRG3 Ry = A PR, a T REFPAR SRR 53+ 23C OB
RGP b I ASSHRFAME SR -G i D RE AL & 7 7E
REAE 1A (B P e di 2 Iy 7 B AR 43+ A
AW UL, WRIRENTE ST E, WK MIPs
il 1 I s — A LU LR
L1 ARREE

ARG S B 8] B BN Iy i 22—, I ik d5t
VEfRT B, SRl 25 FH T 3R HURE S 1) MIP W B30 04 s i
FHITERP S B SrFRIBRE AR A TR &, 1Ei b
IMASEBRFANANT | K30 5 g S, BSOS X A 71
KR L IREES OB RN 07, B fE PRI RS AR 43 AT S
B = BEACHR Y MIPs., ZRENHAECY B TYR 5T a6
IR G, FINAMRAE S TIEE s =N, 28
LT WP OB RN 7 S A5 ) 5 BE SC IR MIPs .
Giebutowicz 55" 1 TYR 5 HBL DN RIS i 76 FH R
FhOTFE RS R T 24 h, PRI 2-F L DI i A
FERMIR £ —BEBE U TS KIS 2 TIR G R AW,
B PEIL . TEGE I TRIG S T MIPs. {H 2y
PAFAE— BB A, AU R ME AT H, eIk AR IE T
THBURCRARYS 5], XTI 5 1) MIPs 2338 il —ERE
FUYR 2%, H MIPs K 22 B A B v 1 xfE A e A Al 43
To IXLEERE RS T TR A B9 MIPs 5 TYR Z[alf
RS PEVE, S EEs Gae 0125, O RIBE .
12 RIREE

TR G R R, BRIy SE MR,
DL AT S5 2 e S - B, K D BB BRAA | AR 535~
S S AR FE R A A i S BN, LEHAE S BN
KRG NI = BEACHR ) MIPs. Chen 450
L TYR A8, FH RSN 4 R S DR A, — T BEpy
TR £ s R S, Jl ok IS SR -G A AR i ok
Wikr (Upconversion nanoparticles, UCNPs) 2 [ il £
T MIPs. W7 EEEHEPELT | AR o i A PR,
{H #4251 MIPs SE/K M 2%, ZE/K A TPl TYR
PISCRANGS, R as G RE T 22
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V- IS BAT T 2 ol B id B AIG . ekl 45
B S PR S ol B = AR AT e SRS E
S RTSRAAKE FORNER 5 Y450 5 SN, e — B Ta], ff
BERLIEAT IR G, TE L B = 4k I 45 454 1) MIPs,
Qiao 450 @ i VS L -BE RS I AEDEASERETE R T &
A PN RS S5 S DI RR K A5 MIPs, WF il (3040 5%
X TYR E/R HARE R PE . Yao 2809 0 1 175 7
PG RGEISE] T Ui0-66, F-LL 3-E NI = 2. A FEnE
St A L RESAAA, IO 2, AR IR ot Ay S B oo V4 e -
5 FEMIER &l THAT Ui0-66 #Y UiO-66@MIPs,
i — R YN FRAE BN 2 AR E A BAR A S P
S PUE, AT AP | AERHLSE BT TYR BOJE &
Rl TR SRR S5 SE BT 285 A T TR A 1 I - e A
Kl FEE G4 BN AR AT DA 4 ER U H EL
LR ERR P, AR RE A B iR B Ay T, 12
8 I T R A B MITPs TR B 3 i LA 4 o) EL I i
DAL BN S
14 HBUAEREE

LA R A BB R B R JER S . liAs
{ICBR BP0, a3 A1l i D RE SaA, 3m a3 il F
Wit Ba] L BRI L TS Rl T DA A R RE Y S mT s HL
L 53 F BRI AR, AR 43 S5 DB s
(V)38 b He AR B A A sl A B A AE B A P SR i E 2,
R A FARIR A S B AR R B 174 F e s v P
HE—E M EANTEEIN, TIRE RS AR IR A 1E
B HH 3k, 33 B TR F A SR T R A TR T A
MIPs, T ZH 2 2 (A5 AR 53 7E DI R SR 1Y FL 2R A B
BEZ R A MIPs, MM IR 57 & 51 A MIPs HB9,
BT HEBT L TYR LM . ALBE W) (Bithiophene)
SHUIREFRARTE AR TG S RS ki 4 MIPs.
3 3 2253 DK R 22 A A BH P TS S R AR 1,
iZ MIPs Xt TYR BA & E L, Li 5% 2L TYR
SHASEHR . H BEPNIES R S DO RE AR, FE 22 X B Rl F B
Ay S R 5% PEDOT: PSS KRG 4 L MIPs,
FEXT S BRAE S A TR B, SR AR ag B Pk
. Huang 55 LISE RS AE N BN JZ A A}, (i
FAEMR L AE AR R 1T TYR R G, Al
T MIPs. 7RI MIPs kT TYR EAT R
PRRCER, 525 43T BNl 2R 549 (Non-molecularly

imprinted polymer, NIPs) HLAKAH Lk, PR 5BE F71 48—
A, B A FARCR S EAR GRS a4k, 38 1 7))
A6 T ARG G- 53T BRI A Ak 25 O i DB

2 MIPs 7EE&BRAGI A 2 F B R s idt e

N TYR 5B KRN ARG SO H g ikt
AT R BAAS FR PO S RER
(B AH AR B2 AL IR AR L0, i i n] DA R A
HERAHBAIN TYR & &, {H R AA T RE i Y AT AL B AT
I, A R e R 22, B AR By, AT Lolkd
RAAFRAEEER S, MIPs AT L A0 45 0 7] 458
P FREEI A2 PR — P EE I, IR EsH A
55 FAEAT . R tEas, 5 LA L4y BRI T L A mT e
T TYR Kl B 45 A4 & i ateel,

2.1 [EEZEE

W4T BN 5 AR AR BRI 5 -5 ] LB A 380 bl
2 55 BRI ES, SRR S R BT, LS8
[T R A B AR FH 1A W 791 T s e 4 R 435 S il 4,
T LA T S RIS g A, H 43— BNl [ AH 2%
BB A A BRI 7 P8 W R 751) o B o SR T R g A
B A R 5 A ARSI 2536 FH LA SRAS B v R A
PRSI

T MU A A5 B B 551038 i AR PR AR A A E
FHEREE T4, X £ TPt BARP A FE B, Al 45 /AN
R TR Z B S RGER IR, 224
FHAERYT DL TYR AR 53T, XSS R R T RE
PAPR, 2 T IR ISR R SSERR, SR AR AR TR
HikH4E T MIPs, F5LL MIPs S IEURE [ il [E AHZE B
TG TH H  TYR AT AR EL 8 3 %o [T AH % 1
SAFEA A, 465 T RE S RITAER A B A, FEBUS Y
TYR P& G i RO AR g AT 2, X TYR BYA
BR>A7 0.15 pg/mL.

e PER L EA LR BUR L A R AT AR RS
L, AR R AR B AN R T, AT LLE A R
SERTA] 2 AT, i de T 250t pE 2D IR T 2L
T LU I e Ry 52 2= s, [ AHAE U H BRI 5
FEFNG . FEM#E MIPs HYid R rh gl S mi bRl fe
BRI B AR TR, AT RASZEE B AR TR bR
SrESEO, AR SRR A TR Gkl T —
F AT 2 R 5 T BN 4N K SR BE ) FeyO,@Si0,-
MPS@MIP Ziifih m-MIP, 1E Ay #1435 151 AR 25 B Y

R M-I T BB A T L A Pk an

Table 1 Advantages and disadvantages of tyramine molecularly imprinted materials
T e s Bk
o Eidl S A i IS ES
ARES Sy, AR, T i PR SEURIERET, GRS BERLAGCEIL, oy,
A BRTERTO0. PO PR SRAOTLIINE  FmeE FRIBIRER, St n, | S R IEa e, oy
e DO BRI, SN, BPRR i B A5 £, FRACEE G, T IR, SIS OIS B LA 1, 4
* BRI R B IR G S (34]
AR EEI A, HaVERT EET . N N - . e
ipygs  RODUREN) BMERE, WG AR RSV P24, e (371

FILLAIRAS R LR A, T RE T8
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AT BT, RS BRI AE S TYR B E 2647 1
FERIIESE, IF B G WAH 1% - BTk B HI E TYR.
JH—Fh 23 B UE R T7 72550 10 GRS BRMUEPEASE 5, A
L TYR WREAE 0.303~126.5 mg/L Z[aJAsF, TR HFR
FERBRS> 34 0.033 mg/L F1 0.075 mg/L.
22 SFENERfERESR

fR I8 B TR St Tl . AR
et I i S ERAN ], AL 8%t 7T 43 Ao A s
CER Ao (i I e s S W s | VR A e R = P 5
MR s, BRI A 53T B s sl 2 5 A AL IR
i, MIP ARG OT 5 HAR B 5 e B,
A LS IRAS I 4 Jo r) RS ARG I
2.2.1 Sy TERE AR AL s AR R T L
B AR B A5 S AL A5 5, SRS 3 7%
JEAGIN o AR USRI ) o R AR AR
1T, SRS TR H AR SR T X R D A R A TR S U, U3
5 BB 5 S AR T AR T LIRS A R F
JE. BHPTEHE S, A5 Tl A2 S A A A TR
et et m B i N i T E S e, S FENIEH
AR IBER IS & T A A AR s SRR &, S5 ]
A, FUE PRI FRAMRA R AL, XA T 4T ENli L
AR FVELS | RN RE S AT fO D3, B
HufEE T %) TYR PRI, AT EAL et o3 AT O =
A Z BRSNS = S PR A

Huang 452 i i) 25 & Z2 BEGR 2N K A5 - 42 9 K
RIS RPBIRISESE, JT R T —Fiug B R A 53-1-E
AL AR RS o TYR AR 537, fi PR DU Be s
( Tetraalkyl Silicate, TEOS) Fll = Z, 41 3L 78 3L 7 ot
(Phenyltriethoxysilane, PTEOS) A T BE AR, Gk T
MIPs. TEBALZEMFT, NS TYR #REEE M
KFR, VLN 1.08x107 £ 1x10° mol/L. &l FR Hy
5.7x10"° mol/L, 7EELIAE & YA b, X TYR A7 E
WA ST Li S50 SR TR ST ENE SR
B EAHA ISR S A AL B B AR E—
HE TYR W57 7822 W Bl ik fo bR 1 Ayt
5 &% PEDOT: PSS, H 3L 5 44 2 ( Methacrylic
acid, MAA) A UIRE A . 7E 5~100 nmol/L i ¥ JE
YO P, RGN 45 2R 5 et (R=0.9939) , K thi BR
2.31 nmol/L, REyEH 3.11 HA nM'em 2. Viknasvarri
2101 ) Bithiophene AT REEAMR, R FH DFT AL HIXS
TYR B SRS G W dEAT a5 Ui Ak, 7E53 T BN
JEPGIA— AN T TYR 005 FOLA,
JHT TYR BUBEPEMEDNE, sl {25 53 Wk o AR 22 ik
(Differential pulse voltammetry, DPV )FIE A2ARHA T
7% (Electrochemical impedance spectroscopy, EIS) X
TYR SRR, KRR 159 #1168 pmol/L.
222 SrTENEPOLLEEE  MIP BATRRE B
s AT LAE Sy B ARSI B e, 2GR a4
B e m R 7E AR R R b, A28 2%
5 B Z 677 AE DR N, Fai AR iSO,

A HE DG IR OB 5% | AR B I MR R LT
5o POCIE S MRS H AR BT AA O, PRI AT
LI 5 H AR 00 e BEBY 43 B IR 28 6 A% I 4%
(Molecularly imprinted fluorescent sensor, MIECLS)
HIRA S Ry A RN A, S st HAR AR 5 5
BT, ARRFEAE DS AT DL e Ak 2t

T, AHARAE Ty L 1T R Y IR A S S LA 1 1)
s e EEE T EAEPE G BARY), —RAE MIP
BASRTO G, SRS Bt g & 9IA
SIS CIR I 7 el = Fh: 55—, 52O6HRR]
FATTEPLE G 5 ., PO CIIRE AR, JrHr AR
HPOPiRe R Z A HAE - AR 9O UE 5281k
RBEATINAE 5 55 =, TEALIRAS TR AT G oL, a1~
i (Quantum dot, QDs) & J@/ AR PIFHEEF, Hi%
GEl DAL BERAH L, MIECLS HAT RALMER . maky
R T EZESAG I (DR, B B AR b B AT
HERFA P LA SERARAS B o (HLIX S B3 A E ] H1 52 ]
FHME RS M A7 A T e — 23, ST A DA
IZE AR OB &, #0985 T BRI D AR IR
A PRSI 0T334 s m] SR AL . R Rk
ZIREI T I R TR .

Qiao 4507 il #8 T —Fh I A MIES T TYR 43F
ENIE A% IR AR, SR TV IS -BE A EUE AR A R 1
JE R T ik s =43 FENIE SR G2, TYR BYK: H R R
0.059 mg/L, W] LIA R ST TYR 431, %
e, Zhang S B MITHELIRIA G QDs 2
BN A HIHEZE(Covalent organic framework, COFs),
TR T —FlePad | B 31 BN SO0 L it . TE
PEALSEAETS , AEXT 2GR DN 35 pg/kg £ PERG |
35000 pg/kg, TYR FiilBR Ky 7.0 pg/kg. UAbIE004%
AR MR, VNS LS. Wang S50 SR FH RAHBEL
WAL TYR S BER5T, 3-Hi kDN 2k — & A kL
(3-Mercaptopropyl triethoxysilane, MPTES) “& Jj ig
PAAR, B KYE CdSe/ZnS T T i S B A il
THADC AL EL Gra-QDs@MIPs .. 1208 BIL I
MBS TYR BA VPR, TERA AL ARSI 25478, H
Kr i BR 2 0.021 mg/L, £&PE7E B2 0.07~12 mg/L.
Miao 8553 il T —Fhpi BRI or T BN H fh2E &
Seflidas . BRI PER I A AT B (rGO-COOH)
M)A B2 AH AR (g-C3N,) 22K - (CNNS) 5| A HLfh
2% % % ( Electrochemiluminescence, ECL) & & , ¥E
1x10"°~1x10"* mol/L HASIFERIN, TYR BUREIIER
1.79 nmol/L., Chen %5 ] UCNPs [UZR A CHN
MIPs FY4EFPEDUNRRE, B UCNPs B AR 7E 1%
48, L MAA S DIRE AR, 7 UCNPs K IHIHE T i
(LEREHE MIPs, IZIRYUSETE 1.0~100.0 mg/L {5
PERMESC R A, TYR KR 0.2 mg/L.

2.2.3 iRy A RIERMRSE (Quartz crystal
microbalance, QCM ) /& /&% L EL e #k (i P BB i [ 4% ,
B S R R F B SR T 1) BT B AR A AT 5 | A e
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Table 2 Tyramine molecularly imprinted sensor
RS ) fig 5 il i i b S 27 SR
RT3 53 FENITZ YL K el Kt BR EamlieE Pt EZ P CIN
MWCNT- = s s
TEOSFHIPTEOS 1. ~ . %~109.39
AuNPs/chitosan/MIP gl 1.08x107~1x10° mol/L  5.7x10° mol/L  92.1%~109.3% Gy . B F s (R [42]
Ak MIP1-MIP2/GCE ~ BITHIOPHENE 290 pmol/L~2.64 mmol/L 159 umol/L 95%+2% MRAES i, 5% T [40]
SPCE/PEDOT: . ) R
PSS/AUNP/ Lmd-MP MAA 5~100 nmol/L 231 nmol/L  93.6%~102.4% [41]
CDs-MIP APTES 0.5~10.0 mg/L 0.059 mg/L  90.9%~104.4% [35]
GraQDs@MIPs MPTES 0.07~12 mg/L 0.021 mg/L  92.5%~101.25% 43p7 RAEEES, (Avkke  [54]
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