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Application of nanomaterial electrochemical sensor in food detection
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ABSTRACT: At present, nanomaterials have been widely used in the field of sensors. Compared with the traditional
detection methods of mass spectrometry, chromatography and other large-scale instruments, nanomaterials
electrochemical sensors have the advantages of simple operation, fast response, low cost consumption, high
sensitivity, efc., as a result, they have important applications in the field of food detection. This paper reviewed the
application of nanomaterial electrochemical sensor in the detection of pesticide residues, veterinary drug residues,

mycotoxins, pollutants, and microorganisms in food, and analyzed the advantages of nanomaterial electrochemical
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sensor, in order to provide reference for the application of this technology.

KEY WORDS: nanomaterial; electrochemical sensor; food detection

1 531 &

“REVENR, BEVENIE”, & dh %A e T4 A
Kk a, H5AREH ., LB RBEHAE A5
MR . —RWIESE . By, B A S5 a
183k 25— R AN KRR e Eil B0, S AR 1
b, 2015 4, FREIERSE (i), HilE TR
T RFFR BRI, 2D S AC R TR
B £ i 22 A B DU F ™ R, 2 e sl LA HE O R
B ELARAT I FREL, A U 2 R
ST A, LRIz M 2 4 5 S 6]

%3, BN M E 2L BB, 2018 4, FRE
EMAIG SR G AR RTE 97%0A b, ROH S iR S
WA URRZGHZRE . BEEISY. Y
TR TG Y IR 2 RO AR TS e ) AT i
AL AR AL BRI, FOR AR AT AR
WESE IR TSR 22 6 o o B i 2 4 ) REAT Ik AN RE A o

GOKBEHE—FI RSB HAE 1~100 nm Z 8] A EL
HIRA R R ER . AP SRR TE . RYF
(A= AR AR Iz S RS, B Bk 5 LR 2 1Y
AUORBRL L2 GORIRFRL, BRAOKRAE . A1 884 . 90K IK
R fLBA R TR BRAORRLT . BRAKALL

SETES: HIEZE, TR, FEUR DT MR L 2RI 53F5E . E-mail: sdsythy@126.com
*Corresponding author: TIAN Hong-Yun, Senior Engineer, The Provincial Food and Drug Inspection Institute of Shandong, No.2699, Tianchen

Road, Gaoxin District, Jinan 250101, China. E-mail: sdsythy@126.com



55 14 3]

SRS, S GRS A AR A ARG R B ] 4709

O Ul A K IR 01 (5 S
L (5, BT B e A — AL R3804

KRR A2 A TR A R A R R EEA T LA 2 i Py 12 A
AT i g R R ) L PR, v AL 22 S R R P REALAE D,

M SE B S0 PR A I E SRt o AR BR) A2 A Sl
L5 T AORBPRI AN R AL 2 AL IRER AR, A B i R A
JE T e HLR R I RV RE AR A T4, HARXTS
i M R SN i S 1 (S L N VAL SRS N 9
THFEMR . IICTE R ARSI | ARy . ARl FIERIE I 46
DA T IZ T S R

BahZ ISRz, WU Z, KR
anFPEZR . S —ERE , FIAE . BUR. MERR R AL A
RAR 2R R SR . AR} L A~ A S A DA T ) B
AR, TER MR RAGRE  B2U5E . HEHER.
AR bR AR P98 bR 5 7 TS F T IR P IT . A
WFFELRIE T GOKPDRE LA~ A TR A B b S I v 1) oz
S B i 22 A DRI B AR B A A SE B

2 PRMRE AL FE AR

HL b 25 AL AR I A T I A AR 2, AR R 0 4 o
BT 502 s Ak 2R AL R 1T 43 o0 A ) Ak 2 A5 SRR 2 (R
MATENE . 20, PRIR . H2U5R ) . IR
AN 0y, CO. Hy00)5 . BT HL2AERIFMH . NOy)
A ARG K S B o AR B, BOE R LA BRU R Pl JE LA R
AL S5 A G U ) R AR (R Sy b A AR IR AR ),
AL LR 30 2 F i 5 2 W URROT A (N L DNA S0 ME 45 &,
R S AR B A4y, B RN A Y R Ak AL
R,

YK AR A E Al A R R AR AR T L G B 4
AT RHE i A5 RS AT R B A AR A A B b, TRk
N LR 1Z o ARG A Py o Ak 25 A% S A ) 7
AR G 0 R E A R A IR —, Wt
oo e R | AR e MGG IR AR A T Bz
—o BT, BOE W A R M A
sk bR A 22 ARSI BRI
PGB IRAIKREE . A8 . A fLBRM B & @ gk
A R P11 b U M WU [ WIER AR 4P N % PR /e
A, RIG BRI AL R, AT LSBT AR I A AR

3 KM B S EREERRT SR
KL F3
31 RPN B REE R R R B ERE T
KA

AR 2 5% B T DT AT 14k B B4 718 5 AR X 28 5 Tl
BIRUR A B . FATE G R AT T — R BRI 4

R HUE B A R B 2GR B R B FE bR . I GB 2763-2019
(B ERRE aihh R 2GR RIS ) ' GB
31650-2019 (£ fi 22 4 [ ZEbR e £ i rp 5 2 oK ik B BR
) VOV A SR R B — R A i, X AR 2 5%
FRBAR AR, IR A B 2GR MY IR, [HR R Th O
BRI ZG AR bR, KT R DL R
7L i P - 2 5 R R L T T R0 PR A - 2 ) AT SR
BB DUAEE DRI 22 38 I8 AN AR e Ak 2 12 IS A
REFR VAT T IFSE, JRAE) T RAFAILE R . Chen 25120
BT T BT W (Coo) R4 2H K KL T (Aw) @4 1ML 1
#H F(bovine serum albumin, BSA)-3 Sk F i (quantum
dots, QDs)AIZNKALTY HL b 2% R St ie s, SO T X
XA L R AN PR P BV B R, AL A A
PR R B EY BAAERNSET, TR
BT B BB, T LALE SEBRAE Sl Hh s Ay ot b sz
WP B . Wang PV ZEAKRE(SIO)) W #kik, R
ERSEEE A, 4 T 4> F BN 2B 5 % (molecular imprinting
polymers-SiO2, MIPs-Si02), #4 #& Jt 1k £ BE ik 44 K 4
(carboxylic multi-walled carbon nanotubes, c-CNTs)5 %1k
1 8845 (graphene oxide, GO)X A% Gr-CNTs, 7 =&
Y EL AR T b BB i — 2 52 R B (chitosan, CS)RW, f/a
KRBT MIPs-Si0, #4HE H —FhEE st i o7 El iy
AL AR, FH I FZ AL AR T KR . B P =t
WS B IR B R REBRE  SEEE ARR e M, S
PRAES [T AE 91%~109%, Pl # # MIPs-SiO2/PtAu-
GrCNTs/GCE RE#S £ J= 1 2B RE b i EA TGN . Hu 2602
il TAK Zr02 / A S0 52 A BB i % B % i AL 4%
BEER, Fis FIZAL BRI E TR T mins & &, o4
45 T 0 7R X B AE AL B AR b 0% Ak 0 R U S Lk P
0.05~30 pmol/ L i [l N 52 R AF Y 2P 56 &, Kl BR 3k
20 nmol/L, JHMIAR [ e i ek 7 A it v 0 gt o5 a2k, ol
WCRTE 99%~104%22 [1] .

H I A -5 24 5% B 5 TG PR RTE 9 A AH R G 1 rL Ak 2
TRIEAS . PRI T — 1 3 B3 L Ak 25 A5 B L b 2 o
PEAL IR A2 A s A2 A TR AR e Ak 2 4
JEE AL B DN %) R S R T EL T2 43 B v 8 AU () R AIEAS:
TR T2 4 0 RO

3.2 HERMRBAZERSFAERHESE B WG
H M A

AR, HH A Rt R A ER
Wiz —., F&E GB 2761-2017 (&b L EFEaME 2
HEAE R A ) PR TR EM ER G RORE, %
FREHRELE T & & i i B3 % B (aflatoxin By, AFB)) . H
MERER M, AT A, BESR . Mihss
F A LERREGI R R, BHERE RN,
Al P, AR R T LA 5 R 2 AR R AR 0



4710 B dn 2 4 R R I A 4R

81

P Hrhwm &SR B, S . BREHE R, 7R
i LA R A, X ARG EE KR, fEREREK
TR ZFEAE I AR TE AL AT AFB, A 5, TR 20 ™ 4 45 il
i AFB, R ER F I - 1R 5L AFB, kil 7 1L HE 2
[P0 S 5 T e XA 7 B A B WP VR, 9ok
R E A 2 AR A 1 5 P

BT, Bfbie i EE R By ik FE R
F AL 2 G AL R S BRSO UL AR I B
Myndrula® S T —Fh Pk | RALAR Y AFB, i fh
i, WA AFB, MPLIARRE E B 2 FLEEE S 4 2 0K
ik b, T SEE XS AFB, Ry &, H H 7 0.001~
100 ng/mL 4 AFB; ¥ BEE Bl N X% S e AL I AT 1
R, RERIEE] 3 pg/mL, )5k R R . X T D 2
BEfR A KA (multiwalled carbon nanotubes, MWCNTs)@4
KA K45 5 (antimony tin oxide, ATO)-CS(7% FMH) & & b1k}
B e 22 W B R AR 2R 18T, K AFB, BLIRHI BSA [ € 7E
HAR T, AR LR . SCBL T X AR A T b v i B B
BRI, PRI TR By ST R AP AR A
o bR L5 B INAR SR AE 95% ~ 111%2Z 0], A% AR
MW2ETE 2.3% ~ 5.3%Z [H], JiikuEwPELT .

33 YR RBAFERSEERMITEMRN PR
Rz FA

AT YYR IR NI g WfE. B
R R B R R TS AL . EERINAA
BHEYR . MEEEHAG Y, ArTERGMaERg .
AL RS A T RESUR . GB 2762-2017 (£ 542 4 b
M i RIE YRR ) CORE T AR, L R
EIRELSE 12 RSB, WAOKR . Bk, AW 22
FEdh . 160 AABREERR

H A 1 by Yo 0 114 i T2 A R
EEMTESEE T WL . KIFaEl ), mxt
TS A LTS Y R SR X /D1 e e S S ST ]
Wl & T p-¥ MRS R A L A S B Tk B R
(B-CD/RGO/GCE) 1 Jiq it 15 e 3% G 4/ 91 K 2 FL 42/ 4 HLAR
(ploy-T/NPG/AuE)2 Fi AL 2= ABIRAR, 456 25 43 ik o Jhs
BRI, RS TIBRSIRNET . RIS,
B-CD/RGO/GCE [ Fl F il & W& 09 W &, 4%
Ploy-T/NPG/AuE o JH T SR PR (9 5, 454 i 25
5 HL B S AT SR AR IR 22 HE S% A,
RE A ISR I LE 95%~105% 2 18], J7 B ER L 4 . ey 2146
FH K B i 25 B35 4k S0 45 - Bk BR - B4 15k L A% (SnS-CSs/GCE)
AR A . ERAELE 25T, SnS-CSs/GCE HL iR Al
TETERER ARG IR S 0.32 mol/L, 11K T 5kt HiZ &M
MU ELA RGP BN . R b T, 2 —FhEAg
T R IO RIS 555 0 T Rk A 2 e

34 PERMRIBAFERSBEREDRNFHIRA

B, MUEYE AR SR LN EE N —,
TZE WA 2 S R £ A 200 1T 8 3 S0 B TS Y R AR, R
I EL SRR PR AR A TR T AR K TR RSO 1A 3
T £ PR PR AR 0 R R s R R . RS L
ST I ) =15 0 Qe o 17 o I P N €/ ST % 1 (.
4B i B0 RS D AR X O B 2 4 1 £ 0 A 1 s 2D
BT BER 0 R A R i FEE Y . H R ORI
il R B ) R I, PRI A e A T ek 4 1)
iy E B0

LA — B2 H R HE T I T AR R B Ak A i
JRER, AT HRAURITRR R AR I B A R AR S R, T
1t 28 A W AR 1) T s ) 45 T LA T3 I o i
o Chen ZEIER T —Flopr B A IE T =4l BB ZE Y 4
AR STORAE A ) L Ak 2 DNA EIR RS . SR A ATt
A WP R R o S A 0 A R R A S L R A U, T A
W Z A VR O B . L2 5 =4 SRR A F i S 9ok
TS5 IR PEBOR A 1) & SR BIRET A 8 FEIL Ak A1
T, %G RS, PR AT 9.41x107" mol/L .
Abbaspourt VA il £ TR 4 ¥ €24 45 BR 1A A HLIL A
LIRS, WA= ) 28 AK 1) R 4 4 €00 75 R A P T
TERETE E MR M BEVEROR(MB) |, B4 AR o (45 Bk
BB MAIE e (R SR KR F (APT-AgNPs)45 4, 7F MB %
TERL T APT/4: B (64 4 BR 17/ APTAgNPs £ 25 &),
T 2 BCGE MR e 0 R T 4 B 6 R AT BR B, LA R R
1.0 CFU/mL . 3372 255 W K J AT B 7 14 0 s ik Y 7
FETE SiO B I AK ZnO _EAERARIEY), 8 ad kb ik ek
) P AW 2 TR 0 P A 5, RS 2L o v 1) K A TR 4
HAHFR A 100 CFU/mL.

4 HFERE

FUR, 2R AL Al 2 2 s DU AR O AL 37 £
an BT ATTR P R BRIV T, 9 B A 25
B BRE . HEER . SREY . BRI .
ARG AL 2 A Jeas HoAT (X R g B0, AR5 68, A
Wk, RGESFULA, (FRm TR, WE T
it IR AR P A, R M 22 4 MU SR IR T AR DR
AR IHAE B Al 2 AU I, 75 SR R LA JLAS K B )
R (V)R AR R R AL~ AR SR AR AE £ b 22 B A D o
MPEIT, RN AT el R BEA T R S i A 2, RIVRT X H bR i
QeMy bty POt 4 it — B IT R AW ALY, Stk
Uf, IMRTURHTR AR R )RR R A7 1 ek
R TR 22 Y I, S [ e A T vk . FRATTRRAS, BEAE BT
FERPHORBIR A, DK R 2 A EOR B 2 O B
sty RS ) 2845 A U2 I 1 — PR ) R L AR AR



55 14 3]

RUGTH, S UORMRE A2 A e B b A v 114 15

4711

SRR . RBUZ SRR T %

SE

(1

[2]

(31

[4]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

INATE, WO, RIRE A
148.

Sun YQ, Qi HF. Discussion on domestic food safety [J]. Mod Food, 2020,
(6): 141-142, 148.

P 2018 AEBUMHMIGHRAS Z B AR AR R
97.6%[J]. 4P, 2019, (2): 12-15.

Lu WS. Food part of the 2018 government sampling report: the overall

A1) BURE S, 2020, (6): 141-142,

sampling rate of national food is 97.6% [J]. Chin Consum Rep [J]. 2019,
(2): 12-15.

Dinesh K. Patel, Kim HB, ef al. Carbon nanotubes-based nanomaterials
and their agricultural and biotechnological applications [J].
2020, 13(7): 1679.

Luo XL; Han Y; Chen XM, et al. Carbon dots derived fluorescent

Materials,

nanosensors as versatile tools for food quality and safety assessment: A
review [J]. Trends Food Sci Technol, 2020, (95): 149161

Li FQ, Yu ZG, Han XD, et al. Electrochemical aptamer-based sensors for
food and water analysis: A review [J]. Anal Chim Acta, 2018, (1051):
1-23.

FAL, BRIBELL, 4040, S5 DORBPRRL B A 24558 BRI AIF 52
[7]. ARET SR, 2011, (3): 43-47.

Wang SX, Zhang XH, Niu H, et al. Research advance on application of

L

nanomaterials in analysis of pesticide residues in food [J]. J Cere Oil, 2011,

(3): 43-47.

Stephen IB, Chen BH. Nanomaterial-based sensors for detection of
foodborne bacterial pathogens and toxins as well as pork adulteration in
meat products [J]. J Food Drug Anal, 2016, 24(1): 15-28.

Ersin K, Kadir SC, Havin B. p-Fe203 magnetic nanoparticle
functionalized with carboxylated multi walled carbon nanotube for
magnetic solid phase extractions and determinations of sudan dyes and
para red in food samples [J]. Food Chem, 2018, (242): 533-537.

AT, LT, WEK, 55 SETHRIGORPRHY HL b7 S (L s e
LA £ 4 A R B N R 0], o A, 2015, 15(4):
136-146.

Dong XX, Wang Y, Shen YD. Nano material based novel electrochemical
immunosensor and its application in the field of food safety [J]. J Chin Inst
Food Sci Technol, 2015, 15(4): 136-146.

SEICH. WAL I E B i 22 A A T g BT[]
], 2020, 28(3): 80.

. Pz
‘Wu WIJ. Discussion on the application of electrochemical analysis in food
safety detection [J]. Technol Econ Guide, 2020, 28(3): 80.

TOKF. dw o S AA DR 25 A 4 s A (9 B
[D]. ¥rEE: 14K, 2017.

Ding YL. Quantum dot composite and its application in drug carrier and
metal ion detection [D]. Jinan: Shandong University, 2017.

FRIR. PRGN o B AL AR AR I B FHI[T]. 19 RE, 2019, 38(2): 91-92.
Zhang J. Application of electrochemical sensor in environmental detection
[J]. Energy Conserv, 2019, 38(2): 91-92.

SR, TKREKAE, W/, S RS E PR A SR S TR 4
0], BURAOLARHE, 2019, (14): 233-235, 237,

Yuan JX, Zhang QJ, Hu XL, ef al. International competition situation and

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

research frontier analysis of agricultural sensors [J]. Mod Agric Sci
Technol, 2019, (14): 233-235, 237.

FHidE. AL A R AR £ W e A I B S IWESE D). A R
TAERHE R, 2016.

Wang RX. Application of electrochemical immunosensor in food safety
detection [D]. Shijiangzhuang: Hebei University of Science & Technology,
2016.

TS AL LR T i A
b IR, 2009,

Tan Y. Detection of aflatoxin and protein by electrochemical

R AE AR5 [D). K

immunosensor [D]. Changsha: Hunan University, 2019.

XUBLAR. T ARk Sy 280 % g Fh I 28 B A7 2 e e A2 SRR B R 5
[D]. TP PURREE, 2009.

Liu KG Study on current and potential immunosensor based on
nanomaterials [D]. Chongqing: Southwest University, 2019.

VERUH. 70 Fi Al 2 i % ke M HC X 22 BRSS9 (D).
i FRAEKAE, 2013,

Xu SJ. Construction of a new electrochemical immunosensor and its
application in the detection of polycyclic aromatic hydrocarbons [D].
Shanghai: Donghua University, 2013.

GB 2763-2019 i 4 EShRIE fral R 25 i Kok B R AL (S

GB 2763-2019 National food safety standard-Maximum residue limits for
pesticides in food [S].

GB 31650-2019 £ iy 2 A R ZEbRifE £2 il H-E 2 A5k B B[S

GB 31650-2019 National food safety standard-Maximum residue limits
for veterinary drugs in foods [S].

Chen WL, Zhou Y, Yao X, et al. Sensitive detection of enrofloxacin
using an electrochemiluminescence immunosensor based on
gold-functionalized Cbo and Au@BSA nanoflowers [J]. New J Chem,
2018, (42): 14142-14148.

Wang QQ, Huang WH. Construction of a novel electrochemical sensor
based on molecularly imprinted polymers for the selective determination
of chlorpyrifos in real samples [J]. J Sep Sci, 2017, 40(24): 4839-4846.
BIEIE, Ao, TRERIE. TSRk ZrO, S8 IRAB i F AR I 7 3
R FRAR X BEEIUETE )], A TR ITE R 2 (A SR FHE M), 2019,
12(53): 930-936.

Hu CZ, Song B, Xu JH. Determination of residual parathion in apple
based on graphene/nano ZrO2 composite film modified electrode [J]. J
Cent China Norm Univ(Nat Sci Ed), 2019, 12(53): 930-936.

Jaysiva G, Murugan K, Chen SM, et al. Electrochemical detection of
thiamethoxam in food samples based on Co;0, Nanoparticle@Graphitic
carbon nitride composite [J]. Ecotox Environ Saf, 2020, (189): 110035.
RAFSEE, PEZE, mSCHL. =SSR AEIR 4 BN AL AL AL kR ] 4
Jo AR R A PR 43 B R B 2 (). R DR A AR, 2019, 34(5):
134-139.

Zhao LY, Pang J, Gao WH. Preparation of trifluoroethrin molecularly
imprinted electrochemical sensor and its application in rapid analysis of
grain [J]. J Cere Oils Ass, 2019, 34(5): 134-139.

AL, KB 4 T ENLEARAEAR LG BRI i ).
2017, 46(2): 169-172.

LT,

Guo YG, Guan J. Application of molecularly imprinting technique in
pesticide residue detection [J]. Liaoning Chem Ind, 2017, 46(2): 169-172.
EIEH, BT, WA, S AL e R A A I



4712

B dn 2 4 R R I A 4R

81

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

W], F U BRI, 2018, 49(7): 1334-1342.

Wang YX, Xie SY, Chen DM, et al. Progress in the application of
electrochemical immunosensor in food safety detection [J]. Chin J Anim
Veter Sci, 2018, 49(7): 1334-1342.

GB 2761-2017 it &R bRl £ 5 P B B LS.

GB 2761-2017 National food safety standard-Limit of mycotoxins in food
[S].

WOREE. B WU A R I ST RG] A R,
2011, 20(2): 108-112.

Huang TP. Health hazard to humans and prevention strategies of
food-borne mycotoxins [J]. J Bio Saf, 2011, 20(2): 108—112.

HUTIR, SRR, WOET. mETER By BRIIED]. LA
HI2E4R, 2019, 10(24): 8399-8404.

Ma JY, Sang XX, Huang DY. Detection method for aflatoxin B, [J]. J
Food Saf Qual, 2019, 10(24): 8399-8404.

F—fR, XA, RAEDE, SF RSO G- A B B E e A Th i
AR Bi[J]. B ERFRINAER, 2019, 10(7): 2059-2063.
Wang YC, Liu Q, Wu XG, et al. Determination of aflatoxin B, in peanut

by high performance liquid chromatography-tandem mass spectrometry [J].

J Food Saf Qual, 2019, 10(7): 2059-2063.

THME, Hher, JAIN. JEF Cu-TPA MYk E A YL Ras vt o it 25 25
B K], R :244], 2019, 40(11): 2301-2307.

Wang CY, Jiang XQ, Zhou B. An electrochemical biosensor based on
Cu-TPA for determination of aflatoxin B; [J]. Chem J Chin Univ, 2019,
40(11): 2301-2307.

HIRGE, T, i, AL E A YA R A B i A B R AT P Y
BEFIBFFERE R[], £rah kR, 2019, 40(2): 300-305.

Hui YY, Wang BN, Peng HX. Application research development of
electrochemical biosensors in detection of aflatoxins [J]. Sci Technol Food
Ind, 2019, 40(2): 300-305.

FEGEE, A, AT BT AR B TR B Gy A R A
e i P A RER B[J]. &aEHE, 2016, 37(20): 120-125.

Wang RX, Feng YJ, Li SG. Rapid determination of aflatoxin B, in food by
immunosensor based on graphene/ionic liquid [J]. Food Sci, 2016, 37(20):
120-125.

Myndrula V, Viterb R, Savchuke M, et al. Gold coated porous substrate for
photoluminescence-based immunosensor suitable aflatoxin B, [J]. Talanta,
2017, (175): 297-304.

X7, ST G — I TR R B, PRSI AR [D].
T INZRPETR2, 2019,

Liu ZN. Development of a rapid detection instrument for aflatoxin B,
based on immunosensor [D]. Zibo: Shandong University of Technology,
2019

GB 2762-2017 F & REEAME B hi5 QP (S).

GB 2762-2017 National food safety standard-Limit of pollutants in food
[S].

KM, AHERE, XISCR, 45 SETIORIEA PR WS L B A2 148
R[] BRI A2 (A ARPARRD), 2019, 32(3): 52-59.

Du P, Li YP, Liu WI, et al. Nitrite electrochemical sensor based on cystic
composite material [J]. J Minnan Norm Univ(Nat Sci), 2019, 32(3):
52-59.

S, BREAMEF-. FAL =R DI ) & b P SRR ER ST (). AR BB
52:3%, 2019, 44(9): 75-76.

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Peng Y, Ouyang HP. Electrochemical detection of nitrite in pickled food
[J]. Grain Sci Technol Econ, 2019, 44(9): 75-76.

Wi, SE3CH, BYE. B TORBE A AL A AL R AR PG e i e
JREER]. P E A 2ER, 2014, 14(1): 244-250.

Yang F, Dou WC, Zhao GY. Hydroxyapatite modified electrochemical
sensor for the rapid determination of trace lead in tea [J]. J Chin Inst Food
Sci Technol, 2014, 14(1): 244-250.

Py, B8, SEICH. RBEIRKA/SDBS 22 I ET Rl i AR et ) 2 4%
RG], 28R, 2012, 32(6): 485-493.

Yang F, Zhao GY, Dou WC. Hydroxyapatite/SDBS modified
screen-printed carbon electrodes for the rapid determination of trace lead
in tea [J]. J Tea Sci, 2012, 32(6): 485-493.

PG, AR A S A2 A R AR PO I AR i P AT ()
BE]. SRR, 2018, 39(8): 218-223.

Feng YJ, Li SG. Graphene-based electrochemical sensor for rapid
determination of benzo(a)pyrene in vegetable oils [J]. Food Sci, 2018,
39(8): 218-223.

FHidE, WA, BT, AF. A S A R O R
PRI ()EET]. R, 2016, 32(9): 295-301.

Wang RX, Feng YJ, Li XQ, et al. An electrochemical immunosensor for
rapid quantification of benzo(a)pyrene in grain-and oil-related foods [J].
Mod Food Sci Technol, 2016, 32(9): 295-301.

LA, EAEMN, X133, 5. ZET PAMAM WECIR RS FH @4 a]
PE AL R R IIFE D). RS, 2014, 33(8): 875-879.

Fei SD, Wang CP, Liu YJ, et al. Investigation on construction of an
amperometric immunosensor for rapid detection of benzo [a] pyrene based
on dendrimer-PAMAM [J]. Chin J Anal Lab, 2014, 33(8): 875-879.

XNR, Rz, TN, 5. PR 7K o 22 SR & i i fb 2y Sk
BRI, WA AIE, 2015, 54(18): 4593-4595.

Liu Y, Wu HY, Yu YP, ef al. Design on electrochemica immunosensor for
rapid detection of PCBs in water [J]. Hubei Agric Sci, 2015, 54(18):
4593-4595.

AT S PRT . ROTR A IR 2 R T [D]. 87T
TLIR KA, 2019.

Cui XP. Rapid determination of trace lead and mercury in sea cucumber by
stripping voltammetry [D]. Zhenjiang: Jiangsu University, 2019.

RS, GRAE, VI, AF. BRALEE-BRIRAE W A A AN TR AR
e R T, R4k, 2019, (4): 24-28.

Zhu M, Zhang Y, Xu S, et al. Preparation of stannous sulfide carbon
sphere complex and its application in nitrite detection [J]. J Yangzhou
Univ, 2019, (4): 24-28.

Tk, R, RS, S TR P AN IR RO A P XUR TRV T R BUR
SJa/R0]. o E SRR, 2020, 37(4): 65-71.

Wang L, Zhao JM, Zhao G, et al. Current situation and Enlightenment of
food borne pathogenic microorganism risk early warning at home and
abroad [J]. Chin Anim Health Insp, 2020, 37(4): 65-71.

R -FEAR, DY, AU, SFBTEEM DXCAR A )
TFYAIZE I AIATI]. 2 A R 22417, 2018, 9(1): 210-217.
Gulibahaer'T, Li HF, Li XY. Analysis on determination results of
microbial contamination in some kinds of food in Xinjiang region [J]. J
Food Saf Qual, 2018, 9(1): 210-217.

Chen SQ. Three dimensignal graphenc nanoshcet doped with gold

nanoparticles as electrochemical DNA hiosensor for bacterial detection [J].



%14 9 SRS, S GRS A AR A ARG R B ] 4713

Sensor Actuat B Chem, 2018, (262): 860—868. 1EZEN
[50] Abbaspour A, Norouz-Sarvestani F, Noori A, ef al. Aptamer-conjugated
silver nanoparticles for electrochemical dual-aptamer-based sandwich = o —
RiBE, FERTEIM, L, TERAR
detection of Staphylococcus aureus [J]. Biosens Bioelectron, 2015, (68): SEAERRSENSHE
g WA= o
149-155. E-mail: wuhongmin8801@163.com

[51] 3K, #HER, dal, % ik A LB g B R b2 s oy
M 7L & R R B AT RS BF ST (0], A A R 2E AR, 2014, 33(12):
1421-1425.

Zhang XA, Jiang YX, Shen JZ, et al. Amplified electrochemical Hi= sRIEF TEARAE
ABEBREVNSHR.
E-mail: sdsythy@126.com

immunoassay of E. coli in dairy product using functionalized ZnONRs [J].

J Instrum Anal, 2014, 33(12): 1421-1425.

(T1E% . FRARE)

RY HY oY oY oY oY R AR ARY HY HY oY oY oY Y Y ARY ARY AY oY oY oY oY Y ARY AY AY AY oY oY oY R Y AR ARY AY oY) oY oY R ARY RY HRY Y oY oY oY

“REFamMISRNI " TEERE

AR RN = o pr AR A B R A R i, AR L AR AL R LR, A RE . KEY . &
Fohh . TEER . TEESELARM . LR KSR T FRERR IR, AT R
AN =R R AR 22 1 B b R DG i, R ]t 7 A R =, SO 0 AR AN B 78 40 ) FH DA K s LA b
T AR EAR BT YIS IR R LR G R KT, SRR N LA A ) PR HE T IR B A I e e, SER
YTy MW EIES 29 3.

AP T <RI R TSR, FRESZRENTSSE6RA. gRRSNTS5%4E
A, R EEFR SRR, SREYRBEEAR | RSB ESEA . K=RMTS5EEFR A RlifE
YWin T S5LAFM A% ESREANE B XSRS R MBS, 2508 R SC¥ ], AL e
2020 4F 12 J] R

ST IRAE SR B, R 3 e B SR R A U VAl o SRR T B 58 B R 0 A SR B U 5
ANBCHARLBEE R, L8 . 500 SO LA™ . 575 2020 48 10 A 15 HATi@E L M uh s E-mail %
Fao FRATEEPLs AL B2 H R A s IR e & 2

[Fi) b T S AT A ) 5 =2 () e — T, PR R 4 DG S g

PR 2 5 SRR

et =

P37 : www.chinafoodj.com(#8 7 F R i 2 53 B b 2 4 o A I 2 4 =3 D - 3 80 SR -1 WH R e -0 R B
<L AR SN T S 44

MRAR F R E-mail: jfoodsq@126.com(# AR B2 Sl T 5 #3024 F i)

(RS2 MEAM IR Shdf3



