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Abstract: In recent years, phages have shown promising applications in the control and detection of
harmful microorganisms in food processing and preservation due to their specificity in infecting bacteria.
For example, phages can be sprayed on food surfaces or combined with food packaging materials to
control food-borne pathogenic bacteria and spoilage bacteria, and genetic engineering can be used to
construct reporter phages for rapid detection of foodborne pathogenic bacteria. However, phage is also one
of the most important detrimental factors in food fermentation. Phage contamination often leads to the
failure of the whole fermentation process, causing huge economic loss. At present, phage contamination is
mainly prevented by the methods of disinfection and inactivation, fermentation bacterial strain change, etc.
This paper reviews the current research status of phage application and hazards in food industry to provide
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theoretical basis for broadening the application of phage in food industry and developing new technologies

for phage contamination prevention.

Keywords: bacteriophages, foodborne pathogen, biocontrol, contamination
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Jiti o Tslam 201G PR 3 MR VA I AV R TR I T
& LPSTLL., LPST94 #1 LPST153, H:# LPSTLL,
LPST94 et 24fi# 100% 1932 1R A AR (538 11 Fl ol i

x1 EEANEREBUREMBIZHR

A1), LPST153 REAEZL#H 9 FhimiEAIH 50%—100%
(VDT T EG TR BRI A 5 AIX 3 v B A 2 o7, 1 W P 1A
AR T 10° CFU/mML B FE 701 I B
(Salmonella typhimurium) B 2= WikE i, JBYL A 5
(Multiplicity of Infection, MOI)% 10 000 H, 4 °C
AL 3 h, FESE R A IED T TR AR T A
BR(<10' CFU/mL); 7E 25°C FVEM 6 h JGstse et
MPARENER G FEVDT TR o ik e BIE BT A T 1y
AT D A A AR T T R AR

Tl R 2 4 3R 02 2R 4E % S e AT B W] A2 )
FEfffb &9, RPMEEMELME . Gouvea
2 WOV P S IR 47 4k % JBE 9T [ 2 W T /& BFSE16,
BFSE18. PaDTA1, PaDTA9. PaDTA10 AKX

Table 1 Prevention and control effect of phage on food-borne pathogenic bacteria

ks I TR 4 LSS MOI PR MO ACSEEE J G 27 3Tk
Strains Bacteriophage  Sample Bacteria Temperature Processing Reduce the References
inoculum (°C) time amounts of
bacteria
S. typhimurium ~ LPSTLL Milk 10000 10 CFU/mL 4 3h 10 CFU/mL [11]
S. enteritidis LPST94 25 6h 10° CFU/mL
mixture LPST153
mixture
C. jejuni 12673 Chicken skin 100 10*CFU/em® 4 24h 9.5x10° CFU/mL [12]
F356 Chickenskin 1000  10°CFU/mL 5 24h 10 CFU/mL [13]
F357
mixture
L. monocytogenes ListShield™ Spanish 10000 10’ CFU/em® 4 14d 10° CFU/cm® [14]
dry-cured ham 12 14d 10° CFU/cm®
10000 10’ CFU/em® 4 14d 10° CFU/em®
12 14d 10° CFU/em®
E. coli 0157:H7 BPECOI19 Pork 10000 10’ CFU/em® 4 72h 10° CFU/em® [15]
Beef 10000 10’ CFU/em® 4 48 h >80 CFU/mL
S. flexneri Sh.f-26 vB_SfIS-ISFO01 Chicken 10000  10* CFU/em® 4 48 h >5x10° CFU/g  [16]
S. aureus vB_SauM_ Milk 10 10 CFU/mL 25 6h 10® CFU/mL [17]
MEI26 37 6h 10® CFU/mL
vB_SauM_ 10 10 CFU/mL 25 6h 10® CFU/mL
MEI18 37 6h 10® CFU/mL
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3542 °C M R TR 24 h, 45 B L P w5 5 A WA
A 1) il TR 2T 24 2% I i 270 M 41 ) B 72 L Vb 1] (R
PR AE A BT AR S R 2565 R4 T A
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= A AT
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MOI=1000 000), & T 4°C Hl 12 °C ¥53% 14d, &
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BRSNS e 3 18 h SR I E 1 1 3 T R
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(VD) EG TR I B AR o 0 0 S R g Wi TR A 34
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) 285 T ) HER 1
1.2.2 EER-EYEREHKARA

WG IR T 5 AR A M A
M 2P TR AR AR A T I A 5 A A BT i A%, A A
o B S A R AT

®2 ETHEEAEMNRRMERREE QNS AR

W s TR A DT R [T A IR oA M o S 1k 2 1
TE U 82, 456 3 > ) A2 i P S BRLXT 4 B 17 2R
BRSNS 43 BT 5 G sk A A R 2R T 1Y
W2 R R SRS G I W A2 i 1 I i £ 28K
KA, JE G| A AR R IUR 28k, AT
AT LA B AR A TP sAG I . Byeon 25176 F
s L A A B, R B G BR 1R 12600 1R 4
YRGS I E 1.76x10° CFU/mL 194:
B A BRI HEA T T DA

NH,MIL-53(Fe) f& — 7K 43 8 9¢ 4 T A7 1L
HEZZ(Metal-Organic Frameworks, MOFs), Bhardwaj
SEBORI ] NHLMIL-53(Fe) 28 58 16 57 1 — i
S D A 4 R G A R TR A L TR AR
TR S P e R 4 €0 R A R TR A Ml R e sk
W 4 8 AR BR T B0, BLIIINE T 4x10"
4x107, 4x10°, 4x10%, 4x10°, 4x10°CFU/mL X 6 F
NI B 1 4 B A A BR TR o T NHL,MIL-53(Fe)
HA MRS, Bz & RS .
FasE bl . HAT AT AR, I HAEAG IR PR A K 2%
P53 B3 BB 7 TR 34 a0 e, P SE B T 4 v 6
T ER A A I
1.2.3 EER-EYREFBEARA

IR =B 2 (Adenosine Triphosphoric Acid,
ATP)R ZAFTE T AR N —Fhae =W 5T, #E
% 559G R FH & 9 o 1 3 200 T 20 W A A

Table 2 Detection effect of bacteriophage-based food-borne pathogens detection technology

ORIES N A Gioallliny )] Zioalll] 23 SR
Detection Technology Bacterial strains Detection time (h) Detection limit (CFU/mL) References
I TR A L e S. typhimurium 4 60 [38]
Phage lysis method P. aeruginosa 4 40
IV T AR - A AL IR B TR AR S. aureus 2.5 1.76x10? [39]
Phage-biosensor combination <1 40 [40]
technology
Wk P -2 0 A A I PR R E. coli <1 10° [41]
Phage-Biology/Chemistry Technology V. parahaemolyticus 4.5 10° [42]

E. coli 7 10 [43]
A A E. coli 24 10 [44]
Report phage
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HRANER AT, HIEMEIOCRE AW ATP
(), DNITHERT HS A B e B . [RIREAY I, 28
St I RO ) BT BRI (Adenylate Kinase, AK)
RENS SR H R TT —B%R(Adenosine Diphosphate,
ADP)#Ab R ATP, Hifigiid ¢ 2w ry /R AR
AL P AN I A Blasco ZMFI AK K
M JEAE 1 h Z R T 1x10° CFU/mL 9K
JFF i

i DB T e B R W % 1T R (Reduced
Nicotinamide Adenine Dinucleotide, NADH)/Z4f
J e e A A P S R T, T AR A TS At
o —RORTE, R QT I A A A v
NADH & B2 AR R E 9, & a5 i sh ik
Yy A B ARG, NADH fEANHSET-Z J5
N2 7E M N W ) AE R G 4 % . NADH 7R
FMN-NADH & fb idt J i A5 't 2% g/ i1 fiE
RN, TR I R A 2 7 S BE A 9 AT )
%H . NADH WA AR . A
&t ) Peng 25 MR TR /A4 S 1) NADH
A K NEITRE S G 10° CFU/mL 4 8
WmAYEIE, 76 4 h BUE &S, Hhwi b )
BT, BT FAET T 450, R8T
o U P BT ]

i 5 200 TR o I T A L s 2 R TSR 22 A L Y
W, KA R N AR ARSI BB A% 8 B A I AH
M) H . Blan, KRBTSR S 2R p-F
FUME T, B-2F FLWE B B AE 5 N 3 B-D-i ACF7Lb
MR (Isopropyl B-D-Thiogalactoside, IPTG)AY17E
T T BB A 21 B-D-F I th s A 26
FEF IR, Chen SR T7 Wi I AR I
FRE, R R FF R B-RZLE g, fE
I FIR A 1x10" CFU/ML (K FFE .

T 32 O YRR 1O T A 52 % ) B R A £
TP KA TR —Fh R A0y =X IR IR
FRIEATHOCHRIC, WEmIATER TS EZ 5, #9¢

eI AL PR TE s E AN A ffrh 2R, a] FH2¢
St AR X AN PEA TR . Mosier-Boss 25U
SYBR Gold # R Y EFRICTI T R ML A P22, fif
B2t BAEE R 2] T YP T TIGT LT2, 2 Ehnic b
FRIAAR A ARG I T HAAR S, R A0S VA b T 3% 240 e
AR, I RE R B X Z AP AR R TR, FE R S
A I o B ey R S
1.2.4  $REEEE AR R

W LR A BB 1A DNA H R sl A
A, BRI RR Y 5 O SRR B 3Rk, ATt
IR B A DA P R ) ok 17 P ) i 45 3 DR A 44
TSR B (ux) . SR EODOEE T EE R (gfp) . 1K
BB LA (ina) . K5 G R BEIE A (nanoLuc) Fl
B-F LB B K (lac2)55 o % W RARTE R AT
T TR A 2 A5 B TR RN o

Chen “PUE T7 BgHifA DNA i AT —B
lacZ, TEARYLRIGHFF RIS FRak iy B-FZLBE 1T
Ph 4-FREARIE - B-D- b 12 (4-Methylumbelliferyl-
B-D-Glucuronide, MUG) MK AT 26, Fi
I A P e e AL 10" CFU/mL f R I AF 14 -
Meile 25 e BAZ I A AR AR TR 1 AS11 Y DNA
HIf AT Nanoluc FEH , Z A5 WERIATLE 24 h
SRS L A= 07 VR DI PR RIS O B 1 S5 A il v )
AR A0, BRI s [A) 46 %5 T 72 he Hinkley
SEBUPE T7 WA IE A T Nanolue W RIBHEA T
RESE & 47 4 2= /K AL B W 45 A B3 (Carbohydrate
Binding Module, CBM)}:[ chbm, LIE Nanoluc
DOCRBFAEL YR B L, Bef RN = B R
b, PRERI R, RS RS EPA 1603
WA A2, BRI KAk H<10 CFU/mL 1)
KIGFFG, BRI [ A 44 h 5% %] 8 h, K
KATLY T R st ]
2 Brih Il B A B Y B SR g

W B AARAE R A B B K8, EAE S R b A
YR AR R, (R T AR ST E L . SR,
I TR A R PR 5 | A 4 AT 17%) i A6 T 3K — ARk X AR
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