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Recent advances in detection for foodborne pathogens with nanomaterials
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ABSTRACT: Food safety has become one of the hot issues in global research, among which food borne diseases
caused by foodborne pathogens occur frequently and have a significant impact on public health and property. In
recent years, people’s awareness of food safety has been significantly enhanced, and food safety problems caused by
foodborne pathogens have attracted extensive attention. Nanomaterials have the advantages of high sensitivity, high
selectivity, portability and low cost. They are more and more widely used in the detection of foodborne pathogens and
can gradually replace the traditional detection methods. Therefore, this paper summarized the detection principle and
application of different types of nanomaterials for foodborne pathogens based on the research of nanomaterials in
foodborne pathogens detection at home and abroad in recent years. In addition, this paper discussed the research
challenges and prospects in this field, with a view to providing security for future food safety and timely finding

foodborne pathogens in unqualified, unhealthy and unsafe food.

BHETE: EZEAARPEILEIH (21904064)
Fund: Supported by the National Natural Science Foundation of China (21904064)
SRIEEE: WS, B, P00, RO 2 RGO TR A0 i 45 S LA PR AR A U B L BN SR 4T . E-mail:
yangxjl1@njtech.edu.cn
WoRESR, 1L, Bz, EEAER T 10 R PECERET BB XN . E-mail: yangyq@njnu.edu.cn
*Corresponding author: YANG Xue-Jiao, Ph.D, Lecturer, College of Pharmacy, Nanjing Tech University, No.30, Puzhu Road, Pukou District,
Nanjing 210000, China. E-mail: yangxjl1@njtech.edu.cn
YANG Ya-Qiong, Ph.D, Associate Professor, Nanjing Normal University, No.l, Wenyuan Road, Qixia District, Nanjing
210023, China. E-mail: yangyq@njnu.edu.cn



%519 4]

Wik, S AR B IR B0 T A A e 6321

KEY WORDS: foodborne pathogens; organic nanomaterials; fluorescence nanomaterials; nanozyme; carbon-based

nanomaterials

jilll3

0 35

PEA 21 TR, IRk O IR K R 5
RAKE G A BRAIE TR gl i A 42T 2015 4R
KA T RT AR ISR TS, HFFEHR 2010
SRR 3R EIRPEBON R G T T 20 6 AL N IR AN
42 5 AFET=P . b P SO B A AT .
ALABLICH . IRl . S ORI ERE . R
JEEAF T, S A AR TN YR RO R Y
Yy, IR R R AR RAE, FRES R M
o . MR KkE. TSEEIET, WK 1 PR, hT e
AR NBIARZ, EATIRIEBL AT Bt 2 2 U R
SR Y RO A R O B X R
il 2 4 R R AT B2 AR

LI B R O TR AR A o A e B A
DRI AR e PRl SR, R4 10 £ DA SO T A ) Jr i AT
R S ARGEIE RS ROR I 5 A A i AR L 2%
Ty FERFUH, CURREE A 2 A W R L A A
MR R, B & FIRT R AOR MR R R, AR AMRHE
JRCA B i 22 AU R iz B LR 22—, BRI iR
PEEOH 5 T BAT BRI 1o AR SCEET AR B A% 1
B MNEBER, 5 TR B R BUE R RIL, XARTEZE
TR A AARIE £ I E0hs 1 P ARG U | AR K
OB SEHE SR AT 1A, FFER I T ARG B E &
JERRIBRER, DU A AR B RIE £ b 22 4 R I e 42
REHESIIER], $RAEE Z R 275 H—E BB .

1 RERRERMBRESNFR

1.1 EUMREMERE
1 PR PR O B 3 2R DU WO R R A i BOR A

T, X S B0 M AN R RE 8 A T AR B W EE K IR, ok
TS G K IR BB s N R AT RE 251k — R A
o S IS I AT T O e TR LA B U B0 R AL
FERWAFE . UTTIRE . IR VPT IR | 4 2 (U 4 BR A
A ER B B 2 . AR RR T N R R A A ER B UYL AR
2010—2016 4F r [ 52 £ UL S FH - G5 3 DL
EURTEEORTE F 2 RIS G4 Bk
W DT REAE, X Sem iR B0 A & e R
C i1 S

1.2 RGaN7E

E4 NIk, DB Z2 e B e
T B RS AT BE TR F R . R MEE
Ji (polymerase chain reaction, PCR) . Il i ft 55 JZ AT 4G 4
A (lateral flow immunochromatography, LFIA). [ 5
W B34 B8 (enzyme-linked immunosorbnent assay, ELISA) .,
WHH €433 925 (liquid  chromatography, LC) il 5T i % (mass
spectrometry, MS),

— R, ABGERIRINJri, AnE AR oA
TR E, Horp SEPR M P S AL B DL R T R
BRI ST 7 — Pt B2 LRI ] A RESRAG IR A 25 RS Hip
WA T —26T5 ook b ik b 751 o b it s Am AU
T EVEPESCHE AR, AT LA 5315 0 AAE 1R I 15540 D
BEo b, FET PCR BRI TEORw AN, HEA S
JERESE, PCR AUFEZ H PCR, & PCR FIii%% 5% PCR.
1985 4F, L[E KARRAY JF] T PCR £A, Hi3E[E CETUS
A FEITFEM, 2 J5, CHAMBERLIAN 7E 1988 4 Ui i1 £
H PCR. PCR Ll DNA WHitR, 1 DNA R& MM IRIE
WHZ5T, % DNA ¥ 1 8)—E 1y i 17451 A g
Hro PCR LA £ S Eems i 1 = B b TR, &5 1
g, PCR ARZAEAL, (ARG A g rp SCR 2

®1 ERNRRMEBRE

Table 1 Common foodborne pathogens

EUEME SR ENELIN YK 225 30k
RIGFF 1 NG5/ RAFAE A A 2/ /32 15 Y i K SRR 5 [3]
AR 5 W B e A B IR /R S R A S R/ DA /i B /7L ) R SR U A [4]
Wi FE W/ 58O MR 2 PR3 T /A [5]
AR TS /4 B v 2/ /i [ RIS 161

S VAR ER T be S R R YAl A AR AR S TR R [7]
AL WK i /LA BT T/ MR S TR I PR 2 R T [8]
S B AT T DL I /0 8 /SR BE A /N 245 W 4 Wik AR AR AR B B 2 [9]

S CE N C XL /200 S I /A JR TR K /38R [10]

PR FENEAR T JHe 7591 I VS IR vt/ 3k B A M SR RESE S AR s [11-12]
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Seht PCRCE fE PCR), A6 BRAEFIF) 10°~10* CFU/mLP',
SR PCR #3524 H R BR:, AU 00w w# A, i
HAEZWisE i3 H #1241 PCR A6 sk A GE 38 2] A48 3
FBBPEZE B2 e Ah, PCR R ARSI A R S SR 4
BRSO BE )t 2 R R S B 45 SR

ELISA J&— Rl T Sae i AL o e i A . B
ORI R AA] A, FES S AR A Fp AT EE A
i, DI, PUSEHUARTRE R AEESE, ELISA 68 9,
G S) 2 A RS, H BHuk TS B R, 5%
WA, SR o PRI, ELISA R34 RGN Z R4 4 . 44,
WA BB FEib k£ 55 ELISA 5 PCR, Bk ALY
R-HER R FIR RS AR IR AL R B . ELISA Hi)sagg
S SHCRAIEAF LA L ELISA FlAl4E354+ ELISA WA
Jrak, HAE4in ELISA Jrikfs 5k 1000 £524, %8 ELISA
R KT Es, KRR B A 10°~10" CFU/mL, {HI)
REPEANK BURIG5R ELISA REA%IAF) 68 CFU/mLP,

TRV MS bt n] Bl SR T i ik,
CHEN %2555 5: B R BO AR (matrix-assistedlaserdesorption
ionization, MALDI)FIRAH (4 i%- i (liquid chromatography-
mass spectrometry, LC-MS)Z3 25 22 [C BH I (FE M BRI 4
0 2 TR TR ) A 2% E R K B R R e I 4
B, XTI SO TR, TOTR RS VR )T A, K
HBRMLZE 32 CFU/mL. ZHE %2857 7 —Fui it LC 43#r
KRR P &G SR B, WM& E B, A& 8
A sk, %O R B, ORI R . (B
A BRI R AR . TR A L bR
A ACOPAIC . b 3Ry 102 2% L B A B
B FNGR B RL AT LA P SR H8 12 58 S A s B B A

2 KA

2.1 BRI R

A HURE RS2 — R R0 o] FH R0 e 4l KA Ak 768
M INERER LR, 4B HUHESE (metal-organic framework,
MOF) R H R e ol A7 A ThT ik Kt i 9 I
PR AZ B2 K7 . MOF J2—Ff A HLEC (AR 43 & 5 il
TEAC A HE B 28 B B A LB A HL-JE ML 2R Ak
ZILM R BT 43 1-D . 2-D Ml 3-D g5, HA K
) L 2 TTAURN 2 76 AU AEZR T BEY) . MOF 45 # HAT s fkoF
e, ARSI AN [RIPR5E ) S S0 R i R e O TR,
ZHANG ZEPUH T —Fh B e Dok (4 o @RI e s, it
Tb*'/Eu*'482% Bio-MOF(#&A Tb/Eu@bio-MOF-1)iil# T
K B FF TR A bR — e R . b Hs T 1 Eu’”
PHE F 22 # 0 B1 8 F & B & ot To/Eu@bio-MOF-1/
bio-MOF-1, X &4~ & Ak it FR % 2% 101 CFU/mL,
GUPTA 5P YRS 1 —Fh I T Ak 2 BT 4G I K M
FFE9E R EUE Cu-MOF, #rill¥k iy 2 CFU/mL.

M L2 (covalent organic framework, COF)J& i
A LA FRICH I B B Z ALK E G MK, 8Tz
TR IR BN . SR TR T BRI AR R, Bl
ROGIREEM RS . HMAITTR P LTI AL B AYLHEL R
i PRk 2R B T ORI, ABID %504 COF Fl T2
A EIRPEBOR A, 4 Jm 8551 A COF AT LAMGSR G 3R &
o, HR R I Y e T 1 R AU

KIAEREVEE(luminescence metal-organic framework,
LMOF)J&—Fi i 4 &8 &+ (3% 5 Z T e A ALK G BE Az
A BB ELZE SRR LMOF HAT 5 K A W [FE A o S 6
AABIFLEER |« £ & TR, S FRRER 1 R S AT,
W 1 AR ARG I v R AR 1) 4 L 9 0 B4 FE S,
FET L AL MR S BL A R (UTO@MB)AE DAy L B ) 4l
A RESIERH, UL APREME S maR, W 1 Fis
FR T — R TR IC FOBUE 5 MR e 9% 4,38 75 (dual-signal
lateral flow immunochromatography assay, LDLFIA)HF R
SRS T K FH K R 0 32 7R B9 K 8 #F 7 (Escherichia coli)
O157:H7, V¥ EICRE Ky 85.1%~123.0%, B7n i LMOF H
AR LFIA {55 WE KA, WA, HE %005 5
LMOF-241 7£ 340 nm 4t 7 H 3 ZU A ¥R Sk 64 4 5, 1 UCHE
W17 i &0 LMOF  BRA%E S2 BLHRGHCR R U 25 T 7 R
R, At BRISE] 46 pe/Lo Z M T UUER] T LMOF #48}
PR ICRN, 3R ARIEAE A 1M RE R AT B G4 b4t
2.2 REHRMEL

AT M JLAE L, R R R o P A A s
W T AR BT . DA% I T 43 b 5 LR 1 2 S 1A
WAL AR A, B VORI E | A AL ) S
ST ARG 3 A, ok B A 5 v A e B BB o A AL )
A %K. T xi(quantum dot, QD), 1ERZELKFLELHY
— R, BRI S, B AT RSO R
Bk ROST MO ) ot 2% I F e o o o5 DR HO R fsoE M
. SRRSO R ' R UM B8 R DG T R B 2
M, AR, W L BIRGORKLF, WARCH g R T
(upconversion fluorescent nanoparticles, UCNP), H 1960
AT I E U BRIk, DR A S A v 0 T R A
SR ZE R ST ROCRRPE T A 5208 B, A % 2RI~ Bl
£~ 980 nm £ A5 [T £L 4P (near infrared, NIR)J5 4> & H
LR,

PG5 AR AR T VR B0 A I, AT LA K
R EAG I AR RS Y . HUANG PR R T — R
CdSe/ZnS T SARC M SEZTT RS T 11 i Il i
AR B AR B s o RS HPOR A R I 4
JHHE 16 240 P 1) 16STRNA. JE BRI TS50 1 (4 U3 1 DX 43 A
TS REA, X 216 FhEIRMESEURT, IR R K
3 B MRS T ARG I, FRME T 138 PR iESUN
PRAN 78 T Iy BT bR, RAHEIAF] 10 CFU/mL,
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UIO@MB (( E.coliO157:H7 | ]

:: UIO: #5364 MLHESE
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AT

; methylene blue: WV EE#5; UIO@MB: W FH 3 75 0 75 (1) 4 36 A5 HLAE R .

1 LMOF XJ K B it A ppL i B
Fig.1 Detection mechanism of LMOF for Escherichia coli®*

K 14554010 UCNPs HIPER I B B0 e, T AR
iR RS D oL i P LSRG B RS E T . ZHANG 21038
T —FhEETRUE UCNP 2 G BAE B IRES, DL UCNP 1
RPARICH, BUAVE RIS, FH RIS R B 1
AT EHA BRI, KL F RIS GRE 5 sh K i R
S AR BRIA PR, AR 13 1115 CFU/MmL, 1%
FALGR I )y X

2.3 YKEEHR

KRB H 2 A B, H AL TS B S A AR A
IR, <K& SCREAMIN A3 19— ARIE,

e R CHLAPRIURE, B AR S A ik S5 S 1 P A AR R,

[ Hk ELAT 9 KA R G b R R A A T

RIREGEEATHEALTE M« R R s, 1B R
RO PR BIR R ERIC, AT T D R SR B S DL 1Y
DA I B AR Hp ¥ 2 B AR FH o AEL P L A5 4l R o
AT . Rk . MRS SRR, BRI T IR
FHAHES o AR GOKEGAE A KRB B 24, T
TR AR . AR R AR, R R EOR

FRIATTI % T v 0

ZHANG S5 T GOR BT V22 5528, FF A6
S OMA BRI KR, FIER 92.4%~110%, & F%E 1L
Yy ook Uk L Au-S BEFESE, 3,3°,5,5°- DU H 3 B R i
(tetramethylbenzidine, TMB) 7] i1 3 S Ak A (H,0,) I EALAE
FHAS Y, oxTMB, MIfir=Az o] WLAYHS (., SR1M, HTF9KBEE
B BIRRE, A o €04 4 BR B 0 A7 A T LA S 5 A
TMB-H,0, RGMEI-AT RIS . B, BFEE 4S8 05
ZFER BRI HE M 10 BHNF] 106 CFU/ML, 7E 652 nm &bl & Y
TRA VR B R AE TR . 1% IR7E 12 min WAEA R
IRAT WL AR fE (B 2). 5340, b ATWESE A B R B4 e
BT ER TR L AT AP AR B A TG TR BS  OR Tl T 1R
15 S HR 2 1 FH T8 ARG

o N
HAuCl &apt SH %ﬁe%
CTAB

Fe,0,NPs Fe,O/Au apt-Fe,O,/Au apt-Fe,O /Au+ﬁi¥lf@%%£k%
ES RNy | A0 ¢

N @ @b

K2 FesOdAu K E G0 & T2 e o @i
G A A A BR TR 2
Fig.2 Schematic diagram of the preparation technology for Fe;04/Au
nanocopsites and colorimetric detection of Staphylococcus aureus™*

RN 10 45, GRRERR T2 N A TR E0R
BRI, A7 e 29k kR )

(DRI AR I HEACBCR IR NS &, X EE 2 W
T AT PR A T 17 T A B A A 43 B A o o T A R BB 20
KT - U B0 R A I T A A AKHRE e A AR AR AT
PR R IR R SO, 0] Aok BAE DNA S8 375 90 K il
T AT LA 3 95 2 25 AL a5 R LT 44 K Tl 1) 75 1 SR 1 v
ALRICR

()GHK I B FA AL o A B, RRIIE S A A F Y
PR B —FP ELAT RS PR KBS, HAE L AL A Ty 2
BRI R . HETAA W E S e TR 2 A 50
WE5T, BRUKPES G 4RNE M o0 T 9K 1 RE 1Y
ﬁ}l"_‘_'[“]
2.4 FREYKAR

BRANK bR 5 8095 | B840 K A1 RIR 40 K 4 (carbon
nano tube, CNT), KZEHRINAKASRL AT F T80 S Ja 9
JEARIOL s H R B AR CNT B T R4S R LTI AR,
FLAMYAMEFECE . ONT A 88 RE A4 45 K 3% i AR 28 1
T AT AR o S B k2R L A, TR S B
AHZELT KB M LRCKR T B o BRANK A JEBR AR 7]
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RRATE R, HYE R T BRI R TR 450, R4 IZ 0
B ml )2 FRBERR 4 K 4 (single-walled carbon nanotubes,
SWCNT) 8%, £ BE ik 2 K 4 (multi-walled carbon nanotubes,
MWCNT), SRAPKE R EZIEE K 0.5 nm 2 12 nm, KTk
YA ) TR LA P T ARSI A5 $ i B IR R SO A
LEE L PRI 0 S (B TR E. coli K 1271
S. aure, K&K EAKZE 10 CFU/mL, AS2E] 2 min E. coli K12
FS. aure A 2 E A, FM CNT HA R & IR M E0% i
(1. 5T SWONT AL IE T340 i A4 (field
effect transistor, FET)i% 11, YAMAD 2504 SWCNT FIld]
HCIRAE S A I ARAL S, TR E. coli K-12, i
W SWONT R IR 4N A AN Stk & AL WroE s b 55 |
ALY L ARG AR I ERE . XA AT LASEBL 5 min 4
K E. coli K-12, MG 10°~10° CFU/mL, # B K
10° CFU/mL. BHARDWAJ %P0 ] T HiiA &1y SWCNT
FF & A ATERE BRI, ARG ST Ao
HERm, AIYERE 10~107 CFU/mL. X0 T RS0
PRI MRALA . RABE IR e —FMRA B A % .

A BRIAE ) — R EOE A iR, HoA — 2R L
F R M, 4 K 3 T A (2630 m*/g) Fl i Y G APk
(3000 W/mK), fem B RHEA RIFHAEHEEN. £
S SR UM . 5 T IR HUR A pr A
PEBU R 3 R, 7R 1D S5, BRIE T LAEIRGS H HE
§1% CNT, TWitE 2D W, BRIEFIE AR, SRR A
SRR B e A R . DL 3D IR AE R A BB ) — Rl B X
MR, HHES LT AR S A R B
I RLTS,

WA A B IRGIOKRE; C. AR D A%,
B3 N[ SEF AR 40 K A2

Fig.3 Nanomaterials of different structurea’

52-53]

PANDEY %% T —FhIk T 47 845 1 1 1 Johmic
MR AE L RS, T R AU BOR T E. coli O157:H7,
o BIR B ME LR 5 BER 3R BRI A R S BUA R T
LA AR A ZE T o 1A BB R AR A A i R 1
H R AR AL . AN PR A T L AR A e £ P A
W T FL it 3 DA B A B89 1) R T B R 45 5 | i L AL 2415
SR, A H AR (R ARG R 5 R R I
#+AF E. coli O157:H7 R ML I 10~100 cells/mL. tAh,
F T BRI A 500, At A T DA ARG R R AT R A

L. 4 4 PR, AKBARI ZE0550 28 1 24K AT T 1 i 5]
BRI B, B TR - R R AR R, 3R
T o R A, B HAARE AR R 1B 10 CFU/mL,
FEF A B A RIGA I O157:H7 Wbk LA R 54,
REUEMKE 10~100 CFU/mL, M, 2208 H) 2
FAT R SR EOR R . 2 )2 4 B0 RE L0 KR R
BRFT 2 10 min A5 I, R FH 6 88075 B4 B S 300G 00 K i
FFEADO, s Su#IE B 1 7 S804 T LA L 7 FH T 2 Vs 5K
37 AT P BRI v

E.coli Vg
antibody
0 linker —

Vas

antibody E. coli

Ve 25055 A R antibody: HUAA; linker: 3#4%; source:
TAE KM graphene: A178M5; drain: JmAlk HL I o
B4 FHFHI R AT B 1 1 B0 -FET W BHHIL i)
Fig.4 Graphene-FET for detection of E. coli adsorption
mechanism®)

3 45K

LR PEBOW RS IR R — A HR A A 3L T AR (],
ARSCRES T BRGSO B A S0 T A I 1
BT o SRS FRAORBE R BRI e mT A v il — 2645 58
F TR SO BRI A Bk, FL S 0 475 1 s AS ] ) 9
ARETSS ARSCERIR T ORI AR ¥ ) R A R R
BRI B P AR, DUBARIS M AR . BRI
P VR B o R KA e e S92 B 5 S A £
5. REEE, BRI XU AL £ 2 1l R o
B S R A BRI AT G ) T 0k o ARG FERH A
SR N A ke, PR . BERE R AL ATIENI,
BT AT, UK Wi B A T 2 P[] 8O0 A B 2 TR,
AR AL i 2 A M AR b O e AR 3 B S P BE, AT N
b R fEAE . OIS BN 2 A A B At 23
HA BRI .
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