5 17% 56121 B 2 4 T iR o Vol. 17 No. 12
2026 4F 6 H Journal of Food Safety & Quality Jun., 2026

DOI: 10.19812/j.cnki.jfsq11-5956/ts.20260228001

SIAMI: XTI, ZArer, X, 55 B b s BRI AR vk OE T ik R S R )], A A BT AR A4, 2026,
17(12): 1-10.

LIU ZY, AN ZZ, LIU Y, et al. Research progress on detection methods for Cronobacter in foods [J]. Journal of Food Safety &
Quality, 2026, 17(12): 1-10. (in Chinese with English abstract).

B b vd TR ARSI T 5 e

NFHE 44D 0 L E Ok ok #E R RRHY, mxial

(1. RIS P E L%, R 300387; 2. RENESCHIEY 5 & Wkl i,
K 3004615 3. ML AR A, T7H 510423)

O PEATERE AR R EORTE, TR A LRI LI | WOLAE AR SEME Nm A s A, T E
A SRS RGTEAE, Y E MR YL G S ANERE, RN S MR AR I Tk R R
Mo ASLCRGERR T B s B A R R B AR BSR4 BB S0 e DR i A - 106 1A k- I
“ERERT R SOR R TIHGY . ABG R IRIEA R APATE 4 Bk . A5 A S SE R B i B e
AR SR O t R T S AT R A R 2 SO R SR B AR R TR B R S 4 AR
WRE ST BEBUR B O G B RAT I R ST AR A . R SRRSO AR A A A T bR
SE . RV SRS TN IR A GOKRBRE . BRI . A s R (5 P B DRk T
SN AR A . IR R Uk . AR, T REAE SRR . RS AT . RN K 2R
P A v A I, ARSI 45 SR R BB SRR TR . A SCE ST R T IR AN C R | IS Y R
PRI, i L A W R AL SRR T B AR S

KB s BT AR s TEEIBC G0 s I R o s B S B O AR e S RAT I TR BT R AR AR IR
4 AT 5 e

Research progress on detection methods for Cronobacter in foods
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ABSTRACT: Cronobacter are common pathogenic bacteria that can cause meningitis, septicemia and necrotizing
enterocolitis in neonates and infants. Severe infections may lead to neurological sequelae, posing a serious threat to

infant food safety and public health. Therefore, the establishment of efficient and accurate detection methods is great
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significance. This review systematically summarized recent advances in the detection technologies for Cronobacter in
foods and organized them according to a hierarchical framework of “culture-based confirmation-rapid
screening-viable-cell quantification-on-site detection-intelligent interpretation”. Conventional culture-based methods
remain fundamental for obtaining viable isolates, confirming results and supporting subsequent source-tracing
analysis. Immunoenrichment, real-time fluorescent quantitative polymerase chain reaction/digital polymerase chain
reaction and isothermal amplification technologies had improved the screening efficiency and quantitative capability
for low-abundance samples. Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry,
metabolomics, surface-enhanced Raman spectroscopy and flow cytometry had expanded the application boundaries
of rapid identification, phenotypic characterization and cellular state evaluation. Nanomaterials, microfluidic chips,
biosensors and portable platforms had further promoted the integration, field applicability and high sensitivity of
detection methods. In addition, the application of artificial intelligence in genomic source tracing, sensor signal
analysis, image recognition and multi-source data fusion provides new perspectives for the intelligent interpretation
of detection results. This review focused on the complementary relationships, applicable scenarios and translational
bottlenecks of different detection methods, thereby providing stronger technical support for food safety supervision.

KEY WORDS: Cronobacter; biochemical detection; enzyme-linked immunosorbent assay; matrix-assisted laser

desorption/ionization time-of-flight mass spectrometry; nanosensor; artificial intelligence
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A Al S R R B R B B 3R s A RR AL A 5 Ak
RIAbE B o FOR T 50 B IR AT R IR PN A TR AR AR Qs
EMES, ZFERERATRENFEARESER
o AR, BN RE 25 H AN T R R R R S [R] H
For BRI AL, DR X 5 A8 1 . BHARTI 55Ut ik
E [ 43 B AR EA T4 2% T Y (0 RN AU AR AS I, 2% TRk
SR A 43 2 bRt — 25 A Hi25TM AT s Bl 24 15
& (HiMedia) EAT— R AN AN, 205k T 25 Bk
i, XTHA 58 BT B AE AL SN AR Y o B R AT T
if— 2 1 03 3RAE

A R B TR 1~2 d P SE UBE L Y4 I,
PRAVEBCON IR IEAL, (HiA RS, ELX AR AR A B 70 T ik
P56 B MERR PR TR . (B GERIN Jr vk LUV BB UE D AR 3, (B
JAR, FEEM TP 5 mERIE, Wk 1.
1.2 REFEMEFAR

Akl Rl B N S R IR B R el [ [ E S ST S 1A IR
W TS R I s RS, FRESCH
BB SR U A 1) < ) B AR — BT b — (5 SR
HIREHAE I
12,1 BERE SR M ik

Fif EB G 25 WK% ot %€ 1% (enzyme-linked immunosorbent
assay, ELISA)E—Fil Ry & F 0 e e R B0 R, 7l 5 i
TR A7 5 IR S B0 2 ST AT D o A 40 g G ™)
WU ZPTT % 7 —FhHE T DNA 51 24 40K Bk 2k K 1 %5 g
Fi& ELISA, TR ZILE 7 ¥ i se B ke . %0y
A DNA AR SRR A KT R, MBS R
WA E AR5 AR A i ioZs, DA SE B 5 B A I 4 T
LA o 22 50 W Ay DRt m] WAL O 2 $ 40 T 7 L, (B
R T B DL AR T T, FE@ L e piiiss] A
Z BRI B AR RN 5.

ELISA 3t FL Ay Sz R S 5 T A 1 vy 22 B0,
AR =N s e B Ao+, & TR Y o bT, R
PSR RAERT T HRARAIR, HASBYBEAR AT S8
AN o o R B A TR 4 SR e B ) 2 AR R
T MARTG BUIRES, JEREE A R S5 R MRS, &
PR TR BT B INE B B, &2 2R AS i 2% 5T T e
FER A AR ISR, BT R, R EA

FEUOL TR, 3% R E T A LI 5 LR n T EREE A
AT AR P R PR T K )2 A
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F A G A% SRR 3 2o B SR - B AR SR R,
B VAT AR R AL R AT DU 0 R AR S, HLA e
PR AR R A R 48 AL RS S o5 Y SHUKLA 2512
FIT S AT S50/ 4 S B MORE, RS T 58 2 VR AT R A I 11
RYPBAF IR &, FF B 50 B W BT A0 [
FEEAMABIE/ A EERIZHIEM AR Au H0K
WOk b, R AR 2 R 2 40 Ik o AR 22 g 0 S e T R4k
B B HU A A R AL S AR R BB AT TR, O AR
BT AP BR, TEE VAT TR H Ak S S g A T Y T s
1 82.58%LA |

H AL = AL B A B TG 58 ELISA FAT Ror il st
P AR/ TE 7 i L NS R A S A
WO PR EAE T B4l LI b ik o vh e vk BE 7L 2 1 S IR 7
PR R T P A SR Ik R R, 5 AR 2 1 B T o 42 i e U
FIAL B AR T T4 . 38 TR IR S IR R e B T
PRI AR S sl 455 A o B i et i S AR LA f b3
A, HARGIES LT BR3gsth iy i
B W, AR ESE ELISA IRFRIC RS 2.
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S PEREER 5 B 3 R (immunomagnetic separation, IMS)
e vw B AT TR A I R s Sk TR B, O
WO AE A TR SOARAE il 2R S Pl AR AR, JFAE
it 52 B0 E bR 18 5 B SR 0 R AR H R B P 4y,
T $88 755 J G0 14y 5 R s ) ot <04k A
FEROEMBE YR REWET w BT IR, #
A B AR R AR R R 1 80.5%; TERERISZERTS YL AR |
KM SF S YIRS, HARACEAIRES E] 61.1%L) |,
BAER S AER R IG LR T 5.0% % LR VERIE | 3K
MR FrEdeR, AT R B A R A R
DAL T 80w A TR

IMS 2 B4y JLIEC 7 B rPAR 15 e oK 5 B 6 G A D
B oG S HE OB B o LR 5 S8 U O IR A k=X S B
(polymerase chain reaction, PCR)EK FH 4 A%, IMS-PCR s i
MRS, ok 0 0537 5L LASE THIR B B AR 5 Y B AR
B RINEE o IZIT AL R R o S AT R R = TS YA
A K WA R & g vh B S T NA

R1 RGN FGESTEE

Table 1 Comparison of traditional detection methods
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37 B % )2 #7192 (lateral flow immunochromatography
assay, LFIA)JE— 2838 ] T B3 Pl 0 A 1) S s A R,
HATBAERE . JCR R0 . A5 R T AL SRS X o
B AT LFIA Z DU R URFI R & SR KA R el
K, LRI 2R e SEE A A, TE AT LE A FL
AT IR L RIS R R A TR SOR S P TR A
PAN ZEUHE L — i 455 4 9K 0BG 30 70 LFIA S, smat
P I DX A SRy P vl BB I 1 5 4 A KUK A5 5 SR AR
I TAESHOR, AU RIS 10° CFU/MmL, R

LS R 100 £, RAEHRIZAE 3 h, HHA R ER
Sebk, T8 PR nT A Ak B A

SASEE, LFIA BPLHAE A E B (45 PR |
SRR, EARZWE . T AR KAL)
Hititr. 5 ELISA 4F5CI0as Jydia b, HTH R« R Ao
T APk WU T fE; KIS RN RE X A0S I, Ho sk
JE B TT BB B RN IR B

G T8 2 A D 2 AR 5 0 - B AR S R, A
HEEHR  BAERE, SRS A S KA S WU,
2,

T2 REFRUHARITE

Table 2 Comparison of immunological detection techniques
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— RERE T AR
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21 RABEXNREEAR
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il PCR J2 5L % WA DA 4T 4 vh i A HL AR
BFA, # LA 16STRNA, ompA., gyrB & ITS L[ Ayl
b, RS P S B R 2 ). DAS TR
ITS 4557 PCR % B[ RE i IC 2B IR A P ) 52 2 VA T
SYESHRIEAT S, A AN HiE— L XAy R R, TE 2
PR 5E B AT T S Rk b A I 2 5 ) 3k ompA .
BERTHOLD-PLUTA 55U UR FH BRI 1 Bl e 2 R &
W 4% X [ N ¥ (polymerase chain reaction-restriction
fragment length polymorphism, PCR-RFLP)FIBEHLY 1 L 25
4 DNA R4 Bi4aE 0 ) i (random amplified polymorphic
DNA-polymerase chain reaction, RAPD-PCR)XJ IR IR | -5 |
B IR G Y s B AT, e 3 R
BUEFFTE, WIS R A IR o b 5 B A R AL
FFNAS S S T AR

PCR B ARFRAEAHXT A, X SLOR A M BR AR, —
AR P BIAT 58 B 19 B, ARE TR G i 3% 05 12,
HORA T BERA, (BN IR TRk, R R
WE I, KA S Z5 9% st . s RrER R
SO, RS2 TR T AR S Wk BE BT b gk B A R Y
g, HIGRXAAEiETE . EFR, %98 PCR AN
AR AL, H2 T o0 sk Tl e |

FE R A B AT 2 A A v R Y, TG E AR R
DX AT BE R VR I TR B BTN, I 4 B R A A IR 4
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S RE B B A B 20 S0 7 (real-time fluorescent
quantitative polymerase chain reaction, qPCR)Z7E i PCR
FEah b R R R R WA R A I B R, W A S
DT 5 5L U 5 B VAT I R R A PR A o R i A
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ZHANG 2 PUSRH T — Fiofs ik 0 R 7 58 46 10 2 (phage
amplification assay, PAA)Yj qPCR HH&5-& WH ik, it
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B R A 85 =8 R N7 (digital polymerase chain
reaction, dPCR)JETE qPCR J&fit [ it — 2 & J (R 4o ) i &
BARP & B WA LN PCR RV AR B
LRI B EOT OB b, BEEAR R SRR A, A1
S T P M BT S B B AR RR I A X 1T . B
EPKE IMS | Btk B AR AL I BE (propidium monoazide,
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BT IR A PREORS S SR AR T — A 1 TR

dPCR 3R T 50 B 5 T 1R 2% B2 Ao ) i <«pJe 38 i 25 1)
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RS ITEMFL I A RIE ST =
22 FRIEBRA
221 FAFFRIHHA

WA 5 H R P 1 45 R (loop-mediated isothermal
amplification, LAMP)& CHEN 25235 % it — Fifr 357 1 iR
R AR o DA B i DA S DR (R S XA i 1 R 42,
Wl Z 4R | s B i DNA BAE R, 78 60~65 °C
PR B S U IR Y 1 - ka5 PO LAMP 454 36
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PR ORSE I A1, A% 50 B AT B R R DG B [ 7 47 i
it LAMP 5| A1H S RNA S 75, A A TS50
FRAE S IR IEZ T R AT AT M, S5 R RIZE R TR
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amplification, RPA)E—FHi 1S RZIRY WHE A, @il
EAMN TSP 55 DNA 454, RS GEAM
DNA REMBFEIEMT, FERSE T P88 SRy
B s AT 2R L LFIA 464 . mibAitis . bt
G RN T RO PR A 1 07126 L B S5 I M) S
M=ol R AP RPA J5 k%t 560 434 )L
BT T 5 B WA BRI, 4 IG5 I 1 RN SE s
2t PCR MBS IR N 26 3R . A5 R M, 3 RO LR E
PERTIMZS SR —3, RPA FriACRB A, 1&H THEM I
WG AR PR AN, A7 ] T S B I R 8 i 5

RPA DAL . S50 AR, A U YA
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(matrix-assisted laser desorption/ionization time-of-flight
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Table 3 Comparison of molecular biology detection techniques
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5SS S £WOGH B, IR ETAT LR aU R, JF S
B L S B sl Rk %2 SONG 404 & 4
b7 — Fi B H % W R B R s B
MALDI-TOF MS Fitgb# )5k, Fidad i b % i e =
B, P T AR B SE RAR e . STk PIF AR
RGN PIF A% 50 P 5w BT I AR (L T k5%

MALDI-TOF MS HAT Pt | isfy . @ it i, |
FRMT AR X, BRERMRAFERENR, &
W BAS S 5, AEBEZ RIS I SZ B, B3 A B A AIL
AR} B 3% BH M TR o 1A T DR A% A el i A, TR B
IR 5 20 D R AR A 5 PIF A 5l A 28 sl AN
32 KA RERA

A 2H 2% BT S Tt 5 B AT R A T L A
PRANTH AR A MSA T 9 FCHEE B HLA . 5 MALDI-TOF MS
FEE T RAR P S E AN, ACZE 27 BT S e R A
T 2 145 7 50 B VAT DA A A 3 AL RN B B A N AR
LIN 2EBOR H#A i 2 b (3% - %% 3 R (ultra. performance
liquid chromatography-mass spectrometry, UPLC-MS)5#
WEIPRF AR (nuclear magnetic resonance, NMR)FF- &1 L5f
27, RGOS TR ZEER L 60 °C NS SE AR B AN HXT
TRWEAS . T2 BT -1 BEAS [ 08y 52 5 5 4 1 i A Q2
Wil SERFBH, AN [F]NH 5 SR I R4 T ASCR 5 A0 T A LR A
FEYIRSC, AHOCALIER] 5 B AT . ISPt . BB
PRy KA Al BS54 Ak, S PIF i LIRS R LS
AL BEHE T A2 AR

A 2H 2 B3 4 2 A O 35 T T DA e L 2 T X
SRR SR A E R, HA BT ik SRS TR
BT R AR TS AU HIZ R BT ARHIHR R
RE, AR BORGIEE AR . PR EOR I v R
wEar, BRI T AR E RO I R T
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4.1 HSHIE

2% 18] ¥ 55 P78 BT 7 R (surface-enhanced Raman
spectroscopy, SERS)FJ 3 1+ Kl 7 & 335 AT B 4 e A% R | 2R
FE . BRSSPI IE8UES, HE A E% o
HLs2p IR, SElAN T b . JehRic 3BT, 1R it
RO BT LETIZ N THIEIZHT . bR Sl . 241
LR A FYA 7 W S 4T . 5 A ekl Jr AR [F], SERS T
SRR VR GT A0 M R A AL A R PR SR AR, AT ARG R
B b T RE B2 A M ) SR A, NICINSKI 2508
3T SERS #56& F s/t SERI T MA Ik SFHAR, X
K B &SI IRFEA R 52 BRIAFF AR UET T T 4307 45
RAEW], SERS RERSTE 45 s PNSLBUX A B8 (1 ¥ il 8 | JoARic
K, MERR A RS 98%. HOGIEAFEREGS A AL IX 7 s B v

w5 KB T TRE . BT R EA R A E, H
TE 50 B AT R 3 A B Rl RS A X 43 T AT A A — 2 R
PR iWF9E R SERS TE B i & 4 HRs A i) 45035 i s v A6
SRR PR AL T BB S

SERS MW | JIHE T E A KA e T . R
FRIC BRG] | R e, ELORTFEK IR I,
HEATERT . FEAR R TR SIS S 5 2%
FTH T, BSR40k, bR RN .
Fr 2T F T SR A O PO S ] A Wl 2 s SR Ao
AT B8 IR AS B e bric BEAL, SR R SR AR IR Mk
U 5 R M 4 BRI R T I AR .

4.2 RAHPEAR

A ANA SRR 1 AR P 3 T 55
B BT B I AR, T SR AR AN M U A e e
55, MRPHEFENAMEECR . BE5E 8t R A RS i
Fr PR IR D), e AR AT HE— A S WAz 10 40 AT A7 3
{H R 0] K5 5% (viable but non-culturable, VBNC )RS 4 it i1
e, HIbEE SN T BAEMCREN P B EEE
. CAL-SABATER Z5UOJF5¢ 13 F SYTO9 FIRLAL R I AR
PSSR, RESH T AR BT FR
AT B I S R 54k, 60 °CHI 65 °CHYTE AN HLE 18 B
B REARTE A, B T REEZ 18 VBNC R
A4NHE; T 100 °CAREENIGETE & KIS AN BT o 245 HAE 3L,
PIF Wit A2 A AR T 70 °CROHUK, TLIEMER KW
BRI, MR M LERRE,

DU AR FLA P | o A B A B, T
FF X B i wmiE wE . FE R 2 AR, TReME
GEV- M B X B2 A A A B R R R R A
i J A PR AR B BOR B R, SE BRI R T 4 A R T
O AR B AR SR T AL PR, WE T R A S HRE )
T AT T2 RORPEN,

i R BRI 5 ik T AR AME S B SR I A T A
SRS Y . TOhRIE AT S A RSSO 5 TR Y
AR, B RAR , & AT S8 S 6MiE S A4 BRI
i, W 4.

5 FBEKMNRARSHEE

5.1 ZAREARER N H N

YUK AR T IR B P B A I, v L 3R T
UL BT ROP RO . TS 8T HIREE, 125 2 v T R
Mp B T SRR . R S PIER TR T 0
AR QAR G LU Tk DR I By v 2 VAP I ) 53k o 12007
1AL U AERE IR B 4 H A7 DNA JF#EFT PCR 43, 47
77415 DNA SREHMBA I IA G AT 2452, S aiaod AL HR R
APRIRTRE ISR, Tors AR AR A, BRI P
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Table 4 Comparison of mass spectrometry and physical detection techniques
8L 1 4
BARA TR TR RIS H{;@?g R I s 1] K i R A LA ERo75
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