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ABSTRACT

This study evaluated the effects of modified atmosphere packaging (MAP) and bacteriophage treatment on the control of
pathogenic Escherichia coli strains (EHEC, EPEC, ETEC) and Listeria monocytogenes in cheese stored at 4C, 7C, 10C, and
15C. Cheese inoculated with the pathogens were packaged under various MAP conditions (MAP1: 100% N, MAP2: 75%
N, + 25% CO,, MAP3: 50% N, + 50% CO,, MAP4: 25% N, + 75% CO,, and MAP5: 100% CO,). Bacteriophages were
applied at concentrations of 1%, 1.5%, and 2% to the surfaces (7.5 cm’) of the cheese. At 7T, pathogenic E. coli did not
grow in cheese packaged at any MAP conditions. Cheese packaged at MAP4 conditions exhibited a trend of pathogenic E.
coli die-off beginning on the 12th day of storage. Increasing CO; levels in the packaging significantly inhibited the growth
of pathogenic E. coli and L. monocytogenes at 10T and 15C. Specifically, E. coli O157:H7 growth was reduced by 70%~
87%, while L. monocytogenes growth was reduced by 52%~64%. At 4T, the growth of L. monocytogenes was not effectively
controlled by either bacteriophage or MAP4 condition alone, although the population of pathogenic E. coli decreased. However,
the combination of bacteriophage treatment and MAP4 condition completely eliminated L. monocytogenes growth at 4°C. This
study underscores the potential synergistic effects of combining bacteriophage application with MAP to enhance the food safety
of cheese, particularly at lower storage temperatures.
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Azsh MElS] 2vlgo] Z7hgel me RN A
#el7t FodlAn 9w, fAES A4S sk Fa
X FET O R Listeria monocytogenes, pathogenic E. coli,
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LEZFF(hemolytic uremic syndrome, HUS)S Lo7lIt}
(Momtaz H & 2013; Dhaka P -5 2016). Shiga toxins(Stx) A}
A+ EHEC O157:H7 2¥71He 54 % shjoln] &34
=537 Add F2 SAIAe|th EHECS ARE

= al
o]-g3ste] A el WHSHA F-Aste] SRS FUst
H E5A4A= F2HAEE $/(attaching-effacing, A/E)S
UERBE eae fRAS MAE 249 wak ozt
(Croxen MA 5 2013). L. monocytogenes+ listeriosisS &H
Al7lE A9l #oln, 29¥ A4S AAAE W, & 3
< 7t24de 924 T8 @RFE oA 1 v 22
wAzAon 4 4 o YHon AUW ABE L
monocytogenes?t A QG0 H & Hol® HAZA F

9] g w-S Yeldth(Radoshevich L & Cossart P 2018),
ek 1A WellA] &S o] sl A g, i A,
ejob-e it 2 do] My A8 T AVIE HAAA o
T, fat 52 dog|m WA AV} gt AlE A A

9&< 713 4 ATHBuchanan RL 2017).
Fo <kdgk HAE 9fsl FAFA ZFAA MAP
(modified atmosphere packaging)<= 2]%2] #5788 A%
g 4= & W = dho]ti(Hotchkiss JH 5 2006). MAPE
ol AHEEE Nyw HIZA 7R W 8822 Qle] MAP
EgolA FAAR Wol ARHET Ahe AFd & S5
2l ggom =3 A & gaEA] 7] wEel Co9 &
el e 27 | E dialr] flal AREEM, Abae]
gk W7t & dojus 2 FAA 57143 Alte] 472 <A
37 fall FE2gA AFS-gHth(Kang DH 2012). 3
CO9| 735 M3t Fgo] 5o Asaart A Bt &
Tt goldas gl ket B3 A 7] foh
Aol A= Co7F MELS Falste] AXY pHE
W33 Al X V)5S WSAA FEEY Sl 9
FH, g49] 28-S JA g Kang DH 2012). Bacteriophage
+ dte|e]ol £ F8A o FAste] A E v elok
o AdstaL, ve2johiell A A2 phage”t &= Bt
gzlole] &35 o AEAS EET(Kortright KE &
2019), 413El|4] 2] Bacteriophage®] &3}= T3 2] Fof| A
ute2jol BAAE SolHer A slsy| wjEel A<l
A H =4 gtreR &850 FokA 3 It Moye ZD
= 2018).

webs] B AT A= L monocytogenes®t WU 4=
g tigatel] kg X =] WA fE571eS AGAI7I7] 9
&l MAP®} Bacteriophages &-8-3tc] X|=o|A W &=
G W 2 L monocytogenes®| /37 Aol B3 A =
Hel AR g3kE B4 Akt
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1. Held & =86 &7 Y L. monocytogenes?|
Al ZH|
2x=Hstel 7)AH % l

gell wet PERists wEer] 913
E. coli O157:HT(NCTC 12079), EPEC(t A 95 &2 o
), ETEC(& #F ZH &2 7)== 20% glycerol(Ducksan
Pure Chemical Co., Ansan, Korea)©] 3Z3Hd tryptic soy
broth(TSB, KisanBio, Seoul, Korea)ol] v Fsle] —807T ol A
B3RS L. monocytogenes(ATCC 15313, 19111)E 20%
glycerol®} 0.6% yeast extract(KisanBio, Korea)7} 33 TSB
(KisanBio, Korea)ll wfsle] —80Col|A Haaldit) A
2 93] B FFE TSB 10 mL2} 0.6% yeast extract©]
Z&E TSB 10 mLol| 242} 10 LA 5 HF3ked 140 rpm,
36T~ 8 9H(VS-8480, Vision Scientific Co., Daejeon,
Korea)alith. Z42te] dujkelt & LAl (VS-550,
Vision Scientific Co.)3}] cell pelletS 3t |2 EdH
0.1% = 314N (Difco™ Peptone Water, Difco, Detroit, MI,
USA) 10 mLe} &7 A4z stk Aldal e & %
SN AAstL 27+ pelletol]l 0.1% HE 3]4 H(Difco)
10 mLE o] & & FHISHIT o]k 2ol FH|E Patho-
genic Escherichia coli 37YA] T2} L. monocytogenes 2714
5 7247 E3sta Hid 0.1% FE dHQoz Ay
2ol whe} 101 3] AMste] ddol ARE-SHA

2. X|=AR FH| 2 MAP ZZ& X

B ATtol] AL 2] Z(Seoul Dairy Co., Seoul, Korea)=
2 A7) 585 @A H8l A=t B disAddE
uE sl £9), olstetE 54 EAS Hlwste] 7
= AZ2E A8E AFsAth X 2E HErEAE FE
Fyell A s FA o2 10 g2 A3 Sked Enterohemorrh-
agic E. coli®} L. monocytogenes S5 242t 27 o4
7} ©F 1.8~2 log CFU/ge] H =% HE3IA T MAP X729
714 z2/dl| wel x| 2o A Enterohemorrhagic E. coli <} L.
monocytogenes 350l TR TS EA517] &l MAPI
(N5 100%), MAP2(N; 75%, CO; 25%), MAP3(N; 50%, CO,
50%), MAP4(N, 25%, CO, 75%), MAP5(CO, 100%) 2}zte]
71A 2743 Z333kl MAP X737](MAP Mix 9001, AMETEK
MOCON, MN, USA)= X7 £ 47T, 7C, 10T, 15T A%
stk X =9 FE¥ES nEete] dxTe AFEF
(FR-B100WB, CSE Corp., Siheung, Korea)ste] #7315t}
A 77 T 4 AReicr Zbzke] Als 10 g dadE
0.1% HE s]49 90 mLE 2 (BagFilter P, Interscience
Co., Saint Nom, France)°ll 2] Stomacher (Bagmixer 400,
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Interscience Co., Saint Nom, France)S ©|&-3lo] 28 F<t
gt £ 01% HE Yoz 1071 345! Eosin
Methylene blue(EMB, Oxoid Limited, Hampshire, England)<}
Polymyxin Acriflavin LiCl Ceftazidime Esculin Mannitol
(PALCAM, Oxoid Limited, England) agarel] 200 uL< ¥5-3}
o] 36T 24~48A]137F HlF 5 colony counter(Scan 1200,
Interscience Co.)Z F &S Al3Fth

7y 2ol|A AlZHE =8 it B L monocytogenes
o] WztE HoFe= 12k BHREEES GraphPad Prism
(GraphPad Software V7.03, San Diego, CA, USA) X212
< AF8-3l9] Modified Gompertz model(Gibson AM & 1987)
T2 S o] &3] f-=7](lag time, LT), #3521 E(specific
growth rate, SGR), Z U7 E(maximum population
density, MPD)Z 4+&3&}9] T}

Modified Gompertz model
Y=NO+C*exp(-exp((2.718*SGR/C)*(LT-X)+1))

Y: ¥<(log CFU/mL)

NO: 7] & 234

C: vhAtst 7] el Aol

LT: f+5=7](day), SGR: #th5-4{<=(log CFU/day), X: 4|
ZH(day)

3. Bacteriophage Xz[7} HelAd AlZ=F7o| 0|x|
He oA

Bacteriophage™= E. coli bacteriophage(Phageguard E,

rir

Phageguard, Wageningen, PA, Netherlands), Listeria bacterio-
phage(Phageguard Listex, Phageguard)E A-8-3}%1 2™, Phage
o] k& Az Zhol=lef whet 10 pl/em?e] 712

7.5 cm?e] WA 75 LS BFt9 0o 289 phageo] 9
< 2 x 10’~4 x 10’ PFU/cm?*°] ] THPhageguard 2024). ] =
= Aoz 74zt 10 g¥ AF ko] E coli O157:HI(NCTC
12079) T} L. monocytogenes(ATCC 15313, 19111) 27}4]
52 242F 27] #5471 < 3~4 log CFU/go] H =2 3
3t 3 0%(control), 1%, 1.5%, 2% & =2 BacteriophageS 75
WL AE] F AT ool ofF Ao} fEHE WPLES
nelsle] 70% LRGSR nels) 15T 217 A%
Ak A7d 2 el A Phage AE] 79 wol wet A 8E
AF sk E. coli O157:H7}F L. monocytogenes 521l 1]
© S TAsITE A% 713 F 4 AlRteie} zbzte]
Al 10 g7 B E 0.1% & AN 90 mLE Hit el ¥
o] Stomacherg ©|-&3ato] 285t #AS} F 0.1% HE 3]
Aoz 107 3|43l EMBLF PALCAM agar©l] 200 uL<

Zyzy J-F8to] 36°CollA 24~48A1ZF vk 2 colony counter

Of

X zol| A WY AFET AF A E 93 MAP 2 Bacteriophage &2} %7} 321

o

2 gL AFsiih

4. Modified Atmosphere Packaging(MAP)Z} Bacterio-
phage2| Hel Xz2| 2ot

225 FaHoz 747 10 g¥ ANF 3k E. coli O157:HT
9} L. monocytogenes®] TFE %7 &5t <F 3~4 log
CFU/ge] H=% HE3 & O Control(Vacuum), @ Phage
1.5%(Vacuum), @ MAP4(N, 25%, CO, 75%), @ Phage
1.5%+MAP4(N, 25%, CO, 75%)= T-Eato] A2]ekd
MAP77 Bacteriophage®] 2] fr7-¢F ¥ aA|elo] wet
E. coli O157:H7%} L. monocytogenes®l| VX 4g-S 4
317] 9181 MFDS(2009) AZ2AF 27} 713 WA T £5(H
1l 2.1C)9F AYPAFZAIHMEDS 2022)5 Fasl npl ¥4
L& ANl 41T, A2} fEHE A4 W
o] 4Tl A7stint. A% 713F & 97 AlZteict
510 g7 HiE 0.1% FE S|4 H 90 mLe Ht
Stomacher& ©]-8-3to] 2% Bt 723 & Fid 0.1% H
E Aoz 107 34 ste] EMBS} PALCAM agarel 200
puLS FF38ke] 36T oA 24~482]13F vl 3 colony counter
2 g Agsisich

Ftel A

E N

5. SAIXz|

E A= SAS software(Ver. 9.4, SAS Institute, NC, USA)
E o]&3dto] X zoA] MAP 27 7|AZdRiste] W LT,
SGR, MPDge] #1491 Aol @3] tje) Qelujx) ¥4t
2 (one-way ANOVA)= ©]-83t3 3 AF9-715-S Duncan’s
multiple range testS AFE3F0] A2 FF p<0.05 FFO
fold e vlm EAaI.

4=

a
=
™

ES

1. Hd ASET 4% XNoilE fIgt MAP =1}
e (7T, 107,
15C)y7F ¥4 g+ &3 ¥(EHEC, EPEC, ETEC) %
L. monocytogenes2| 3ol LA FS TR0 gk A
TAZ= o Fig 13 2ok 42 MAPI(N, 100%),
MAP2(N, 75%, CO, 25%), MAP3(N, 50%, CO, 50%),
MAP4A(N; 25%, CO, 75%), MAP5(CO, 100%)S B 223}

o

fo w

Atk YA AT WARS 259 7T E JB3ER
[e]

2 MAP2, MAP3 2 E4E x| ZoME 24514 & A
2 slelEckFig 1A). 18u 75% CO,7} Z3E M
(N; 25%, CO, 75%)2 T4 A zo|Xe WdA gt
A% 12947 Abdshe dE Hldh

10T E=ofiMs ZA el wet gl <]

2

o
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2ol Z B F AATHp<0.05). 10T WA AF2] &
=71 247t 1.14, 0.96, 2.17, 3.45, 572, 10.28¥ 2, AFE
%7t MAPL, MAP2 X7 7te] fFrrldde fol4
7F ek 2ev HdSASEE H ot

d
MAP5|A] WA tigate] S2]0] Asis= A=
thFig. 1B).
15CollAl= MAP2, MAP3, MAP4, MAPS
= W ] F=7lol oAl Gk
O} MAP4(N, 25%, CO, 75%) EA&IA Al
o|F o 2 ZFA3I thFig. 1C). HuiZhAld
15Ce] 2EoA 1A 24 ko] fo] A9l Aol &
o AEZFoR RALLI} ISLE JH2A
et el g eSS dEs 7
AL Flstith 53] €09 gkl et B
o] f=rI% HSA &R s FA N, T
A4 AFEAe] AR A gHelE foHez g3k
Ao 7 VEbdTth MAPL 714|249 A9 thx
Zrol 7459 fFEriv HulSSElA AA] thEaX]

HTO mlo <l

o 1A OJ@EL&

o ML o Jp N o

K dp 2 o
o{NHur_E‘W-lo@ﬁEE
orle i g ks 3 s
N o M orr £ 32 T do 30 &

o
)
[

9,
0 N
I
o3l
I
=
I o
o
fu
r
By
R
N
o
o
rlo

HoFA oF BAEREAERS

1.229(MAP2), 1.68%U(MAP 3), 1.962(MAP 4)= MAP4(N,
25%, CO, 75%)F 24 ] 2kl 7k 9 eH(p<0.05). 22fut
A EEs 7IAXEE BT Y22 Aol & HS
©om MAP4(N, 25%, CO, 75%)2] 7124l A 71 =g
A BstE AL g 4 AATHFig. 2A). 10T A5
FE=71E 04 (F ), 0.73Y(MAP1), 0.83Y(MAP2), 0.84%
(MAP3), 0.80¥(MAP4), 0.99Y(MAP5)& FFE% o]l
MAP 2749] 71A 2/ 2] Wsk= L. monocytogenes®] %71
of o4 d&s FA LUtk HNFAEEE 10ToAA
1.05(13F), 127(MAP1), 0.91(MAP2), 0.75(MAP3), 0.60
(MAP4), 0.45(MAP5) Log CFU/d® thZ73} A3 TFE Alo]
oA 2] f-o]A el x}o](p<0.001)7} YFEFSETE 10°C, 15Tl A]
HAd AT =79 ¥ walkdS Wl L. monocytogenes
o] F=7l= 7 2=olA w5 dol X2 = Hdd diF
THT} L monocytogenes®] 7d74¢] B 2 o]FoX= A&
golgk o= gt ey 100 WA NEHET L mono-
cytogenes= Y| 18t & Wl CO, 100%2] 3713421 MAPS
o] 3% A 2F 920 H= HAANIY] =17 A%
o] HeA thael Al MAPEZ o] A4S A8t d o
B e A I Ul A o] mam Al
Ak X =, 7F2FF, A Ao, 7FEA 2 L. monocytogenes
o] 3742 COy0ll ol AfiskAlE 38k S K Brown SR &
2018), Pseudomonas fluorescens®} 2 154 M2
40% o)) =& Co, B71FAd 8] Alojd Ao Bu
=t Guillard V 5 2016). =3+ 23521 L. monocyto-
genes> 1 573 <1 thadtoll &l 77 M EE e =
28)zte] o] =] wjEol, CO,oll &gt My o] J&s
g o} A Ert vlwA d vyehd e g BHuEg]
THAbou-Zeid KA 5 2007). 38251 15ColA] L. mono-
cytogenes= COy7t S7VF5 A 7o] A= Ao 24
Holl wh2 gPFoEe] Aol Hadhs Aoz AT

47 Q) 10+ B® 104 ©
34 8+
& g ] &0 &
e ns— 5 =
= 1 = B
Q 29 3 S] S}
o0 o0 o0 4
e e e
= 14 ~ - s
2+
bl 1 T T T 1 - I 1 i | b 1 T T 1
0 5 10 15 20 25 0 10 20 30 0 2 4 6 8
Time(d) Time(d) Time(d)

-~ Vacuum -8 MAP | - MAP2 -+ MAP3 - MAP4 -+ MAPS

Fig. 1. Effects of temperature and gas composition on the behavior of pathogenic E. coli in cheese.
MAPIL: 100% N, MAP2: 75% N,;+25% CO,, MAP3: 50% Ny+50% CO,, MAP4: 25% Ny+75% CO,, MAP5: 100% CO». (A) 7T, (B)

10C, (C) 15C.
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Time(d)

T
10

Time(d)

1l
15 20 25 0 2 4 6 8 10
Time(d)

e~ Vacuum -8 MAP | - MAP2 -+ MAP3 - MAP4 —» MAPS

Fig. 2. Effect of temperature and gas composition on the behavior of L. monocytogenes in cheese.

MAPI:
10C, (C) 15T.

2 zo A HAA T L monocytogeness &

7CoAlA Baste] 204 $of 7A=Y WstE #Es 47

o

+ Tha Table 13} 2T} AlZto] 2del] what BE wtollA 0,
o] ko] STIEFA oM, CO= Fhdhe A3ds BT COo,
£ MAP2, MAP3, MAP4ol| 4] Z+Z} <F 40%, 38%, 28% 744
st om, COo §do| =255 daste dol A=
AL BEE = vk Barukéic 1 5(2020)2] oA =
ARz A N, 60%, CO, 40% EA3F X =4 CO7t <F

25% #H2skal 0,9 el S7kshe Hlsdt Ak Balskel
t}. Cabral GJ 5(2019)] AFNM = Minas Frescal X2l
A Alzko] APdell et 20% olste] COo, Al o] g e
A O SIS CO, GA] Aidte s 2o
 AFAIet dA|ehs AR YEwth AR R COo,

=
TEE

o] agolu 0,9 F7F FEw oite] atelE Byl ot A
zo] 27 2 BEewe 2o Aol uhel 1 Aol
tS 7kshes o & vehgrh

2. HM AMZSET MUSE ?|et Bacteriophage A
gl =0t
Az A WG Alesde AsE A% e &

SR Bacteriophage©l] 50148 2t E. coli O157:H7$} L.
monocytogenes -5 AH&-te] WA e A S
2501 7T G822 15CoA BB 1%, 1.5%, 2%

100% No, MAP2: 75% Npy+25% CO,, MAP3: 50% N>+50% CO,, MAP4: 25% Nyt+75% CO,, MAP5: 100% CO,. (A) 7T, (B)

] Bacteriophage A 2|7} 2|24l 11 919 2 F= PFol
n 2 E PGS B3 A3l v Fig 33 2ok 2 23
A A3} Bacteriophage= USDAS} FDAoIA 5<13ke] 4
Al A 2B M = ARt 97 wEell skeol AlghS
A ka1 obASHA A&E 4= dth(Phageguard 2024).
7CoA E. coli 0157:H7< BacteriophageE *2]3+ =&
Aol A 3 log CFU/(99.9%) ©1/d2] #7387} dojwtar
A7ke] W} ARl AR LeThFig 34). 15CANE
Bacteriophage S A 2]t L5 A@wol|A Z7]dll= "Pﬁ Ea=
A%E w44 22 FRee o) 2 rFe
3B). WA tiAt-& 7ClA 28k . B = Bacterio-

=

phage® A 2|3t Fof O 743 P‘{‘ AeS By oy E&
2291 15Tl = BLA it S48 AslsiA sl

2 F7) 3 E7]se] Ho3 Aoz A" L mono-
cytogenes®] 73 E. coli O157:H7<}F 28] 7C2} 15ColA &
I+ Bacteriophage 12| & Z7]°l| 2.5~2.8 log CFU/g A =2]
L. monocytogenes T2 AT st oy 7T} 15TA
Z2]o] b3 AsfEA] EFtKFig. 3C, 3D). Silva ENG &
(2014)2] Ao wEwW R x)=Aleld] 83 x 107
PFU/g Bacteriophage *12] & L. monocytogenes®] A73}=
HAARE W2 Ed A v STleke Aie Easkith
3t Z2]3(Devlieghere F & Vermeiren L 2019)3} )2
(Truchado P 5 2020)°l|4] L. monocytogenes phage 12| A] A

Table 1. Gas composition (%) of cheese packed with modified atmosphere conditions at 7C during 20 days

Gas (%)" MAP2 MAP3 MAP4

0 day 20 day 0 day 20 day 0 day 20 day
0, (%) 0.00+0.00 4.17+0.50 0.00:£0.00 4.22+0.53 0.00:£0.00 4.33+0.06
CO, (%) 25.000.00 14.93+0.10 50.00:£0.00 31.10+1.24 75.00£0.00 54.40+0.10

D MAP2: N, 75%+CO; 25%, MAP3: N, 50%+CO, 50%, MAP4: N, 25%+CO, 75%.



324

7C
A

M

%
0 5 10 15

Time(d)

Log CFU/g
o

-
L

©

-]
]

N

Log CFU/g

T 1
10 15

Time(d)

- 0% = 1%

HORA oF fAREME

EIDL

15T
B

Log CFU/g

o\ -

(D)

Log CFU/g

=
o\ -

Time(d)

- 1.5% -8 2%

Fig. 3. Effect of bacteriophage concentration on the behavior of pathogenic E. coli (A, B) and L. monocytogenes (C, D)

in cheese at 7C and 15TC.

743} aFA TN E 2F 2.5 log CFU/gRE & AFto|A] v
o Aztsl gotel Aol AU T S8k e
dx)8k= Aoz Yebgt) 7CoME E coli O157:HT, L.
monocytogenes B bacteriophage®] Fx=ol| W 2 Aol&
Holx| sttt elv 15T = the AdrET 1% &

AglTtollA 52 oAl BHIF ko 1.5%~2% T%
B E S Al 3ol o)A 2polE HolA] Tk

)

=y
a

=49
3. Modified Atmosphere Packaging(MAP)Z} Bacterio-
phage?| HetMe| &1t
x| 2|4 MAPS} Bacteriophage2] W32 &35 H7]

A o2 WA AFsde] F2S Aslske P =
& 27191 1.5% phage®} N, 25%, CO, 75%2] 71424 S 2t

MAP4S] HEAe] T 4Te) LRI uus A
WHsls B8 A3l= thE Fig 49 2t 4ColA E. coli
O157:H7-& A|3te] = dol] whet Al A A8 AL
Bk MAP 2402 T4 Az E Zole] A7
sPF dojuiA]= AN 2w}l FEAgE o o e
AbE o] A¥h= 7T ZhazAdol AdHglo]l MAP

fr

=y
2=

aF3le

= 79 A3el U2k tHFig. 1). Bacteriophage
2]} Bacteriophage®t MAP4S WA 2| et 72 H]
A, 2719 #7371 <F 2 log CFU/g 2
o] AA3] Abdstlon o] gk wre 1y
J3FS ol Yehd Ao ® AL UTHFig 4A). Wb
2ol A F2 8= L. monocytogenes 735+ H A
2] o]9]e] BE Tol|A Aol 1= ATHFig. 4B). MAP4
(N2 25% CO, 75%) = E7e Al 2l AFEgs
the A AAA AR AA ek = Fskth o]
o} & A3E L monocytogenes?t AT 4TColME
MAP4 ©= AP 2e 7S Aok Rote o= A<
1522t} 1.5% BacteriophageRt TEx]2]gt A&
7] 2 log CFU/g %= A23st7t dolwdA|rvt A% 3
AEE A S48k 8-S Ho] 9A] Bacteriophage T
AP 2% 4Col B3 2 =\A L monocytogenes®] 52
AsskA] ettt 1o H]3l Bacteriophage$} MAP42]
A ejdolMe 27 st dojd & 2 7 1414
78S B9 =, ©|& BacteriophageZ 13+ 7] A 71+3}
Jojuba 1 % A AAA

o _<i W ot

oX

15
[e]
=

e

fs

ckies

o

¢

L

R

s
ok
o}

Il P

i)

o
=

e 0% o

MAP4 9L Fo2n 44



34(5): 319~327 (2024)

47 W)

Log CFU/g
T

0 T T o | ]
0 5 10 15 20
Time(d)

X zol| A WY AFET AF A E 93 MAP 2 Bacteriophage &2} %7} 325

(B)

Log CFU/g
Ll T T

[
1

0 T T T 1
0 5 10 15 20

Time(d)

-~ Control -+ Phage -~ MAP -= Phage + MAP

Fig. 4. Combined effect of bacteriophage and MAP on the behavior of pathogenic E. coli (A) and L. monocytogenes (B)

in cheese at 4C.

Control: Vacuum packaged, Phage: 1.5% Bacteriophage, MAP: 25% N>+75% CO,.

4T %ol L monocytogenes ’37¢S AAE F IS5
golslgitt olde A= © 71<sAr DY dlA] Salmonella
(Sukumaran AT & 2016), A4 E. coli O157:H7
(Boyacioglu O 2011) ¥ A3+ ZAzje} o] =,
MAP ©53] 2], Bacteriophage @5*2], WA 2l FollA
WA o] 7S AAlsta AAA7E H & E7t 3

ke Avlsh AR sk
2 o
B AT e A48 ATEE ste] 2] Hof

% X 25 MAPS} bacteriophageS 242t == WA Al W
AT, 7T, 107) B FE2=(15T)elA F8 2%
o

N
N

ojr :
ox
%, (o
Mo
_1)«
ol
ol
14
=
|
ind
i)
N
@l
o
ol
ol
=2
>
ol
M
i
oX
e

coliv= 7373kA] ko™, 10T, 15T A Pathogenic E. coli
(EHEC, EPEC, ETEC)®} L. monocytogenes 55 MAP 7}
ZgoA COL9l FHedo] etadrs o] AAdEE e
1313t} Bacteriophage= 0%~2%<] =2 AHE|alA =
W, E. coli O157:H72] 7% At} 99%°] =2 A|3H3tE Hel
om 1.5%~2%2 FEdAE 2 Ao|7t dlevt 1%9] &
TolAe Azt 23 Aok 18y 4T 92 WA=
AAME 3l= L. monocytogenes®] 73-%- MAP} bacterio-
phage®] TExg|Tro 2= A4S 93] AT o gk
a2y MAP4(N, 25%, CO, 75%)<}F 1.5% bacteriophage2]
WA a9E 493 A3 E coli OISTHIANMNE ZE
Aol A AFEE St AEE BYom MAP4 X7l 21
IEFS T dERTEY ¢ WME APES Btk Ed,

bacteriophage &5 2|2} MAP4 W]+ v 53t 3
= Helom x7] Azst & AlRte] A whet XS]
APEBIITE 4CollA L. monocytogenes2] 73-%- M3 e] o]
2] RE TN S 191, MAP4 BE 1.5% bac-
teriophage &= 2] 2 L. monocytogenes “374& A& 4
ot WA oM 27] Ast & 93 22 A
& fAE = AALE 22X S F pathogenic E. coli®] 7%
MAP$} bacteriophage?] TEAE|UC 2% 4T WA=
A AAE A = o L monocytogeness RS &%
AN & Aty Wi F 7S WA sile W L
monocytogenes®] 23732 A& = AUt webr] MAP4<}t
bacteriophage W A 2]= WAlA f871%ke] 11 X =4
L. monocytogenes®l| ©|gt 2|55 sl WPo R F7

49l 7oz Alzd,

REFERENCES

Abou-Zeid KA, Yoon KS, Oscar TP, Schwarz JG, Hashem
FM, Whiting RC (2007) Survival and growth of Listeria
monocytogenes in broth as a function of temperature, pH,
and potassium lactate and sodium diacetate concentrations.
J Food Prot 70(11): 2620-2625.

Barukgié 1, Séetar M, Marasovié I, Lisak Jakopovi¢ K, Gali¢
K, Bozani¢ R (2020) Evaluation of quality parameters and
shelf life of fresh cheese packed under modified atmos-
phere. J Food Sci Technol 57(7): 2722-2731.

Boyacioglu O (2011) Use of a bacteriophage cocktail in com-

bination with modified atmosphere packaging to control



326 o5 - A

Escherichia coli O157: H7 contamination on fresh-cut
green leafy vegetables. Ph D Dissertation North Carolina
A&T State University, North Carolina. pp 3-5.

Brown SRB, Forauer EC, D'Amico DJ (2018) Effect of
modified atmosphere packaging on the growth of spoilage
microorganisms and Listeria monocytogenes on fresh
cheese. J Dairy Sci 101(9): 7768-7779.

Buchanan RL, Gorris LGM, Hayman MM, Jackson TC,
Whiting RC (2017) A review of Listeria monocytogenes:
An update on outbreaks, virulence, dose-response, ecology,
and risk assessments. Food Control 75: 1-13.

Cabral GJ, Valencia GA, Carciofi BAM, Monteiro AR (2019)
Modeling microbial growth in Minas Frescal cheese under
modified atmosphere packaging. J Food Process Preserv
43(8): el4024.

Centers for Disease Control and Prevention (2017) Raw milk
Question and Answers. https://www.cdc.gov/food-safety/
foods/raw-milk (accessed on 10. 7. 2024).

Croxen MA, Law RJ, Scholz R, Keeney KM, Wlodarska M,
Finlay BB (2013) Recent advances in understanding enteric
pathogenic Escherichia coli. Clin Microbiol Rev 26(4):
822-880.

Devlieghere F, Vermeiren L (2019) Efficacy of phage P100 on
L. monocytogenes in refrigerated vacuum packaged cooked
ham. Fleischwirtschaft 99(11): 92-95.

Dhaka P, Vijay D, Vergis J, Negi M, Kumar M, Mohan YV,
Doijad S, Poharkar KV, Malik SS, Barbuddhe SB, Rawool
DB (2016) Genetic diversity and antibiogram profile of
diarrhoeagenic Escherichia coli pathotypes isolated from
human, animal, foods and associated environmental sources.
Infect Ecol Epidemiol 6(1): 31055.

Donnelly CW (2004) Growth and Survival of Microbial
Pathogens in Cheese. Cheese: Chemistry, Physics and
Microbiology. Elsevier, Nethalands. pp 541-559.

Gibson AM, Bratchell N, Roberts TA (1987) The effect of
sodium chloride and temperature on the rate and extent of
growth of Clostridium botulinum type A in pasteurized
pork slurry. J Appl Bacteriol 62(6): 479-490.

Guillard V, Couvert O. Stahl V, Hanin A, Denis C, Huchet V,
Chaix E, Loriot C, Vincelot T, Thuault D (2016) Valida-
tion of a predictive model coupling gas transfer and
microbial growth in fresh food packed under modified
atmosphere. Food Microbiol 58: 43-55.

Hotchkiss JH, Werner BG, Lee EYC (2006) Addition of

2 &7

HoFA oF BAEREAERS

carbon dioxide to dairy products to improve quality: A
comprehensive review. Compr Rev Food Sci Food Saf
5(4): 158-168.

Kang DH (2012) Current thermal/non-thermal technologies to
control foodborne pathogens. Food Sci Ind 45(1): 48-59.

Kortright KE, Chan BK, Koff JL, Turner PE (2019) Phage
therapy: A renewed approach to combat antibiotic-resistant
bacteria. Cell Host Microbe 25(2): 219-232.

Lee JY, Yoon YH (2017) Microbiological safety concerns
with dairy products from farmstead plants. J Dairy Sci
Biotechnol 35(4): 215-220.

Ministry of Agriculture, Food and Rural Affairs (2024)
KOSIS Production and Consumption Performance by
Dairy Product. https://kosis.kr (accessed on 10. 7. 2024).

Ministry of Food and Drug Safety (2009) Food Hygiene in
the Home for Consumer Awareness Survey. Consumers
Korea, Korea. p 48.

Ministry of Food and Drug Safety (2021) Korea Food Code:
Dairy Product. https://foodsafetykorea.go.kr (accessed on
10. 7. 2024).

Ministry of Food and Drug Safety (2022) Korea Food Code:
Standards and Specifications by Food. https://www.food
safetykorea.go.kr (accessed on 10. 7. 2024).

Momtaz H, Dehkordi FS, Rahimi E, Ezadi H, Arab R (2013)
Incidence of shiga toxin-producing Escherichia coli
serogroups in ruminant’s meat. Meat Sci 95(2): 381-388.

Moye ZD, Woolston J, Sulakvelidze A (2018) Bacteriophage
applications for food production and processing. Viruses
10(4): 205.

Phageguard (2024) Listeria Solutions for Cheese Processors.
https://phageguard.com (accessed on 10. 7. 2024).

Radoshevich L, Cossart P (2018). Listeria monocytogenes:
Towards a complete picture of its physiology and patho-
genesis. Nat Rev Microbiol 16(1): 32-46.

Silva ENG, Figueiredo ACL, Miranda FA, Almeida RCC
(2014) Control of Listeria monocytogenes growth in soft
cheeses by bacteriophage P100. Braz J Microbiol 45(1):
11-16.

Sukumaran AT, Nannapaneni R, Kiess A, Sharma CS (2016)
Reduction of Salmonella on chicken breast fillets
stored under aerobic or modified atmosphere packaging
by the application of lytic bacteriophage preparation
SalmoFresh™. Poult Sci 95(3): 668-675.

Truchado P, Elsser-Gravesen A, Gil MI, Allende A (2020)



34(5): 319~327 (2024) X zo| A B ASET B HE 918 MAP 2 Bacteriophage 7} H7} 327

Post-process treatments are effective strategies to reduce
Listeria monocytogenes on the surface of leafy greens: A
pilot study. Int J Food Microbiol 313: 108390.

Van Mierlo LAJ, Arends LR, Streppel MT, Zeegers MPA,
Kok FJ, Grobbee DE, Geleijnse JM (2006) Blood pressure

response to calcium supplementation: A meta-analysis of

randomized controlled trials. J] Hum Hypertens 20(8): 571-
580.

Date Received Aug. 2, 2024
Date Revised — Aug. 28, 2024
Date Accepted  Sep. 12, 2024



	치즈에서 병원성 식중독균 성장 저해를 위한 Modified Atmosphere Packaging(MAP) 및 Bacteriophage 효과 평가
	ABSTRACT
	서론
	재료 및 방법
	결과 및 고찰
	요약
	REFERENCES


