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Development and field—application of high—efficiency

non—-thermal technology to produce premium egg products
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{ SUMMARY >

I=WS D-02

Purpose&
Contents

I. Objectives
O Development of a novel non-thermal technology to control pathogenic
microorganisms, especially Salmonella spp., which have ability to make

biofilm, effectively to ensure food safety on egg products

O Improvement of quality and safety by indusrialization of the novel food

management system and process on egg products.

II. Research contents

O Development and field—application of high-efficiency non-thermal
technology to produce premium egg products

- Analysis of cause of microbial hazard elements

- Study on a novel non-thermal technology to reduce microbial population
- Quality inspection of the novel technology on process

- Field-application of novel technology to produce premium egg products

and assessment

O Reduction of microbial biofilm formation on egg and working surface
- Research on biofilm formation of main pathogenic and spoilage bacteria
on egg and working surface (in vitro)
- Research on bhiofilm formation on egg and working surface by storage
conditions
- Development of non-thermal control technology of biofilm formation on

egg and working surface




Results

O Development and field—application of high-efficiency non-thermal
technology to produce premium egg products
- There was significant greenish—black discoloration after continuous heat

processing more than 15 min.

- During 25 °C accelerated storage condition, HCEs processed with HHP

at 600 MPa for 5 min showed the best microbial reduction.

- pH levels of all HCEs were decreased during storage in accelerated

condition for 7 days due to fermentation by bacterial growth and spoilage.

- During 10 °C refrigerated storage condition, all treatment group do not
showed microbial growth until 24 days. By the way, non-treated HCE
showed significant microbial growth for 2.3 log CFU/g to 7.7 log CFU/g.

- Heat post-processing induced significant discoloration on HCE egg yolk
due to FeS formation, however, HHP post-processing maintained the color
value (L#, a*, and b*) of HCE egg yolk with that of non-treated HCE. It
suggests that HHP post-processing of HCE can prevent greenish-black
discoloration of HCE egg volk.

- Hardness and chewiness values of HHP post-processed HCE white
were Increased with Increasing pressurization levels. Nevertheless,
hardness and chewiness of steam-heat post-processed HCE were the

highest values among all HCE samples.

- HHP surface decontamination treatment of HCEs increased the efficacy

for the inactivation of Salmonella Enteritidis.

- On sensory evaluation to HCE consumer groups, HHP post-processed
HCEs at 550 MPa for 5 min showed better preference than steam-heat

post-processed HCEs on all aspects including yolk color, taste, texture,etc.




Results

- By comparison of consumer preference and physicochemical
characteristics of HCEs, consumer prefer HCEs which have brighter

yellow color and soft texture.

- HHP post-processing can improve physicochemical characteristics and
shelf life without egg yolk discoloration, so this technology can enhance
consumer preference and affect positively on egg product processing

industry.

O Reduction of microbial biofilm formation on egg and working surface

- By the study on biofilm formation of bacterial -classification,
biofilm—forming ability did not show by classification except Cronobacter
Sakazakil.

- By the study on biofilm formation on different working material, rubber

showed the highest biofilm—-forming ability.

- By the study on biofilm formation at different temperature, all bacteria
showed high biofilm-forming ability at room temperature except

Cronobacter Sakazakil.

- Relative humidity did not affect to biofilm—forming ability of bacteria.

- By the study on biofilm formation on different broth condition,

biofilm—forming ability showed in order of egg yolk > TSB > egg white.

- In conclusion, on working surface there are possibilities of biofilm
formation due to several pollution, so there are possibilities of

cross—contamination from working surface to food.

- Two kinds of microorganisms .S. Typhimurium and L. monocytogenes
showed survival on stainless steel, plastic, rubber, and egg shell during
more than 25 days, and especially, S. Typhimurium showed survival
during

35 days.




- Physical mono-treatment, UV did not show effective decrease of

microbial population even on 3,600 mWs/cm®.

- All chemical treatments showed higher efficiency than UV treatment.

- Sterilizing effect showed in order of CaO, NaOCI, Ethanol, and H20s.

- To apply on industrial field, we set CaO treatment (0.25%) as a

optimum condition which showed complete extinction of S, Enteritidis, S.

Typhimurium, and P. aeruginosa

Results
- After the treatment of CaO (0.25%) on conveyer belt which showed 2
log CFU/cm® of general bacteria, all of bacteria became extinct.
- Combination of physical/chemical treatment, UV/NaOCl, UV/H:O-
showed low synergistic effects.
- After the combined treatment, pH of egg yolk and white, weigh of
whole egg, Haugh unit, and color of egg shell did not show significant
difference compared to non-treated eggs.
O By field-application of novel non-thermal sterilizing technology which
enhanced the safety and shelf-life significantly, improvement of manufacturing
technique of domestic egg processing company and global competency
O Increase of sales due to improved consumer assurance by the novel
processing technology such as high hydrostatic pressure
Expected
Contribution ) .. . . . .
O Construction of efficient sterilizing technology by biofilm-forming ability
and its non-thermal control study
O Energy reduction using non-thermal processing technology
. ) s Non-thermal
Keywords Egg products [Microorganism Biofilm

process
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(Escherichia coli 0157:H7) (Salmonella spp.) (Staphylococcus aureus)
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(Salmonella spp.)

CHROMagar
Salmonella Agar

MacConkey
Agar(1950)

Colourless, translucent Mauve colony

« Lactose(Netral red) = Chromogenic Substance(esterase) — Mauve
= Selective agents : Bile salt, Crystal violet « X-Gal — Blue, White (non-Salmonellaspp)
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Steps of Biofilms

Imitial

Attachment @

Bindto solid  Irreversible

Dispersal
N R when environment
Final Maturation and favors, they again be

surface Attachment Initial Maturation SeEs e frosliving state
Mare and meore Then form aggregation i.e. Stracture
bacteria come three dimensional
contact structure initiate

a9 11 veled s g4 A

T Fe WYY
9 292

*Pouliry processing

(Slaughter and evisceration
area)

* Forms biofilm on plastic,
cement and stainless steel

* Dairy processing plants - [

Salmonella spp. |

* Survives heat processing

* Accumulates on pipelines,
joints

O Hir AEetd Ak - AbaL Aol FFekar glow, Aol B Al AE7|Y 53] 47
de 79 =atd Arm sbgadrh wig 27] el Akl Aol el A Frve
= W - Baste] 7] Aae Resta AR S so= oS Fuidlsts 7l



"
< N 1
M No & < o o
o ol T ,Ul.._ B ﬁm ~ N~
o o =S SR i S
e = o o ¥ oo T o - < o]
R ™ T g X0 2 —~ o o T g ]
" o= b HR =0 ol RO N 2 2 e > o
i wo 7o i Iz X = S B W el
~ O o - H at| < = = TV o o @ Bl B =3
D om L X7 S o) o x 2 %0
o = = w X - S o) "y Hlu_. o — o)
™ ™ b oo e il Mo T o) o _ - 0% ¥
Quﬂ Hﬁ,i zr T = uEﬁ R 1n£% R s 3 _ o
Wy oo b o= CRCa A Lo F il o -
= R g = B9 c s M ¥ F 5
GRS 5 G N o = B 9 ol oy S o
" = W G N o N ol 70 oy o
= i 2 e B o g i & o m T r
ol 75 3 9 b To =z T ] o o T X
=T o X0 H,\T il 7 T No 1~o_| = < e = ,ﬁ@ T = Wr ah Mr Mo
TG S ) v 2 I ¥ o <
s Bl K = 3 =3 ‘_E = F of Eo i~ = L oyl I "y
,I‘Vl o ‘Dﬂ_ . N Z#O O_U " X (g . o]
T m 5! T _ %I ~ oy O o o a . N:! o Tor ur
0 o] N N et vl ) Ar oR o 3 X 0 ~ gl
M o, Tre 2 Sy F 2 o w e sn X ;o e oy
=) o — o = M = L < E oF
il e ZXTF s N N o i
) = S ) ) o fuy G —_—
Tw wEw 5Ny 3 N SRR X e x  Tw = "
- = Gl ] NI, S S do 1 o B X
- T T Uiy wr < AR S " g T
— & o == S 3N o 1 — 8 No op — ) =y
A = 3 o = X ™ aﬂ,_ = op © Qq =z o o;_lioﬂ;1 rai=3
= o 3 = o %2.50 - P i < ﬁm . M A 7o COAN S R
b % ShoL oWz % il o5 2 S
o 5o g & o o < AT mo o o) VR T o
=0 K — No T == o - f T — o —~— rﬁ o - = 2w o AN
=0~ T FO R = = . op X - o) = < o Ky Mo o =y S
x < dmmvﬂ Ko T W_ﬂﬁﬂ %mﬁﬁlomﬂ = ﬂmﬁﬂ% o
; _ — = — 02 oV :
% rEh ST Y PS8 T R gty & T
x ‘ml S “,A WI B = T Eﬁ ‘H_OI 0 L@ —_ S Ho S NV el X Gy Z.o =y JH
= A w o a No T < OB = : a o o ol
CaCY o )| ol N/n\u L al 1_,A_I _ R NF o 7 wnmUl Sy W_Tlm s HA_I el Nra i~ piiss w. o
ot X7 TR o) i~ o o ) ) U 1 sl |- = % m o ™ o N e =y Ao r K=o
A ® T oﬂa%%a%ﬂﬂo CETEE503 ® o oo s
o] To < ~ " R R s =0 Sk 8 o = i~ _
U T TN TG BT%HM1 Aﬂuqbﬂ,.wmam1 zo]xrov%ﬂ e
—~ . vﬁ — ) ﬂ ;oT Q Xo 0 O# Ay R i N Rl E.D
N B ],oﬁ% R ]9ﬂmﬂﬂ ,_1rn.uumgCL g = Cl Gy =T
c Fr FTO ﬂ@;wo%@%@ © 0 A RIS
o Br i R K 5 T <= 2 = oF g W BB oA o)) W™ N~ e T
O l S~ ,u_._l o T E.o 0 - HT 0 N gr X N
o o = ™ T D ¥ 2 T A1 i w W S 9 on °F 5 " S 5
o ok " o Ga) % _ X = = I~ s 0 1 = i o o7 A TR = X
O :®™TE SIIY S o zvﬂ_%mﬂlb Qg Ny < Eﬁﬂa]o,ﬁ )
AL . B A g N T 2
R Php §w o 2z o 5
K=o ! ST m W T o+ H
O re - o Y = HE Vi
_ommu_ﬁ.bu% ﬁljudEnﬁ ww%
M o = W < o N
e R . o
) T 5

§i7]—31
+ cold water washi
ingo. &

k)
pil



o

o T

=
o

4 Aol o] ALg¥ 1

3}
o

o #el -5

=
o

ZA}

o

=3

171 o=
- wEkA] Asg, 425100 ppm), TA4H1%), ascorbic acid(1%), lactic acid(1%)

714, &=, I}

°©

oo

A

=3

Tor

oy

KeX
T
o

}

A
puk

07]

i

o

R=2
[}

S. aureus, C. jejuni, L.

S. Typhimurium,

S.  Enteritidis,

o
A

S
|

=

citric acid, acetic acid, lactic acid, propionic acid
=

generally recognized as safe(GRAS)Z F% o] A3} 4ol sanitizer2 AF-&-F o] gk

e A
==

=
Ao

o] 7l

=

¢}
=

p=2

o]

3 AlA

o

1

monocytogenes

O ¥+

7]

s b

A A

o
T

A ol oA E

7o
$717b 4 S of el e

B

i

AF
=

o
=

)

—~
fIfe)

N

]
il

™
o

AF7F HH]

T

o
yal

of o

2=
=

A2 7]

[e=]
=

+ H]

°
pal

o

-

& 7}

]
&

= A7

1

g AAAA & ol

—

;01_
KR

il

Ho
_

o

gls o] &AA

=]

LN

ARRD

IS

9ol ezkol

el

ojn

R

7g °]

of &AH b5

ZF

(S. Enteritidis, S. Typhimurium, S.

of &3}
aureus, C. jejuni, L. monocytogenes s )2

- HEEE oo

O uwebA Al



a% 13 & 7Fe 349 Flow
O MAE ALE AT T WAFE AY F d
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= o] Aol "BojxA H(Gast et al, 2005)

O 3t} AaAl 1 AA & Fallgh F7HAAd EQ] trihalomethane®] A =& A 7F A
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85%, 10 min 85%C, 15 min 85%, 15 min (1x} 32ZhH)

85%C, 15 min (10C'3ZH

80%C, 10 min (Al X x) 80%C, 10 min (BA$) 80%, 10 min (34D

I 14 7FE A Ate] FW @A
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N 2 & U2 7|=d g
A1 A 7= dg
1. AL (UV) A7)
O ALA(UV)E 4] 100-3830 nm Alole] &7
Zol gk AUAE 7FA A o fFU1ES Ats)
4o wel UV-A, UV-B, UV-CE EHF4H o
nm)o E&Ao] Hojuyrttu Aud. E A IA

& ok Abgol g el

R

ZEA (CRafi) 33 o2 7pA 3 Bt 114 o)
A7 wAEo s Arzes doF.
| = 3o 7M #S UV-C(100-280
o

g 2rola loy AFE At Al

O AL 7k Avto] Hle] & Aol glan Aabdnie] AA 8 defrt §olshy, 4
]

Hlg-o] Agetar oluA v o]l Atk Fed Hol U=

O @A HE} BAstel 2o L W, wpIgl A T AEHIL ot TR R ol
G FEGANN B, AAGET, 2ol BT ol zoli F9b R

O UV-Col sldstE 3¢ % 254 nmollA 2t &307F Hold 2oz dex 9low, 254
nmel & AT UV-C AEY m A% vl EAshs ik T2 Frsol 483
sie fd ARE Admdeli gl DNAU RNAS 748 78 72 242 99
g AU VAR AP BFHA AF A G Fo AELS FEF

o

2 (D)o@ PabEe] A4HA gon
o A, (3) F4e] Bestan
Al Aol Adstn Bge AAsL AashA gom, (4) bach A A%H %}
2E Zbssul, (5) AAF gl goldtel AAMOR Feldnl, (6) BAeH B
290l Aol ok A9 EF A GRE FUAAY 9 A8FA WA 9
= golstel Aotdaat Aelnt

FDASIA oA 4Ed B, 4F% Q55 BY, 4F A4 240 49
g A SLAT 7] %9

243t A1717] f1%k 7le= <)

O TiOy ol AT A BAUSel ol bA B2, AT FRE A”oL) A S0
Agsel, WIFHOR AET F Qu, WFA - kel S5de], 1 AAE ¥E ¥
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O TiOy YA W] LA (UV)E FASHH TiO2 FHvwll G 23 A& vk o=w
ste}t] ZH(hydroxyl radical, -OH)o] 4873 = = (o} 2] 1%), o] F#4k3l goze g
W} 2k3kE (oxidizing power)©] W% ol F7] A=A AA &

P o
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B
2
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O 1985 F-H TiOp F=u] Absiibg-o] v Eof mX= JaFo] izt A7 M=o,
Saccharomyces cerevisiae, E. coli, Lactobacillus acidophilus, Chlorella vulgaris 5 "=
of g A E A7t BaHHA ol gk A7t EASE AL

-OH

€cp ConductionBand

0,
00 .
Eﬂ::gg: 3.2eV | Recombination OH ,?
P
- . e 02 lQimu
Photon ValenceBand h*, Eos -
(hv<387.5nm) , o &

O %3¢} 7F&-2 high hydrostatic pressure (HHP) processingo. 2 &1, A L= 31|
AES 284S Y 2454 &S FEHE 100-900 MPa (mega pascal; 1 MPa 2F 10
(o]

le]
719h ¢ A4 (hydrostatic pressure) 0.2 & Hgsls Aoz A £ 9

O 23 7Fao] Hd a2l utyl S HEF 1 JUAR] FdurF A BesE F2
o] A% A AAEHE A3E B o= 59 7t A ®@ o] tis] HAAME A3 9t
7], &m], d2xx FolA 53 Ayt ygkS-(Watanabe et al, 1991)
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4 7H S Y Z(-OH, H+, -HO2-, H:0z) 2 &5 At AveS Ad A3

gl e e® e ® ;;; .
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o @ ¥ g
Solid Liguid Gas Plazma

Plasma Reaction
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H0® Plasma HaO ]

202
. 0O, (ozone
. - @ s & )
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Jet plasmas

5. Hurdle technology
O Hurdle technologyt 7N 2 <l slute] oA 7]wo]7] Kt}
AbgstaA AEe] FHEELS HLageta & =

Aol HEAZ7%

O Zt& 7142 71Eeke] 3184 sanitizerg ©] 83 WEA T A AlF o AAAE Fo
N AYES A7E} shed G349 VER ol & -

- 712k 1f2<y9} NEHE 20%S WEH s 5 ool A E ) ¢l2(Jung, 2001)

- OFMEAE 1% &= AAF 1%9) o8& 20% S WEAHgstH B7lEE T a5 Asfa
7 )& (Kim, 2007)

- daet ZA e ZAbdel HEAY A AF
&4 9] (Zhang and Farber, 1996)
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- (FLLF7= dEZE ofASd 300 MPa = 1093t 2319 A& 3t
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4.36 log CFU/g

-

T

A g A

-
=

ool
e

af

A

=
T

ny
Bl

T

xr
i
Wy
oy
T
B
<

s

g
=
il

pa—

o
T

oF

Tor

Ho
B
B
Ho

ol

Ho

Hin
Ho

=K

)

o

o

ol
X
Ho

/

7h 7ve A/

(1) 7}

™
7K
ﬂl
w
!
<
i)
o

=3
1o

T
Tor

Mo

Hin

wul
=<}

o

I HCE®lA v A&

=
L

oA | ¥ 7

= =
= &

4 A

= 99

3

heEe Ax

oW

T7HA Aol kgt

&

—_
fi%e)

0

4

o
B
—_
o
o
e
o
xr
i

iy

—

NI

£

o

i)

o

;OT

—

NI
B

o

27|

Sample b5

Sample 4

Sample 3

Sample 2

Sample 1
0

T ()
drdz}

[&+9]: log CFU/g]

I
o

,_Iryl
ﬁo

-

—
fite)

uzel

Ay

_2‘|_



ko3
T

1%

R 4T 54 5 AP v 2

[¢+9]: log CFU/g]

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
A HHA T 0 0 0 0 0
3T (N T) 0 0 0 0 0
- AV BT L4 F AR BN @ A 54 4% BF QuAwd 2 el
=52 XS
3 7td F
¥ 579 & HCE9 "AE 4
[¢H¢): log CFU/g]
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
A kA T 0 0 0 0 0
AT (N T) 0 0 0 0 0
- b F oA dukdlE R ARl AEHA 48 Selad s
9 W7 F
¥ 6 Y7z & HCE9 "AE 4
[¢F9]: log CFU/g]
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
A WA T 1.00 0 0 0 0
(A T) 0 0 0 0 0
- Y7z} & HCE® vAE #A4% 3 A3 sample 1914 1.00 log CFU/ge] dubAl+to] #
FHY oY, 2 MZEME ditAltto] HEE A Z3d.
- BE AZTA gFTTS AEHA ZkS
5) &7t F
# 7 27 § HCEQ MAE #4
[+9]: log CFU/g]
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
A HbA| 1.60 2.23 2.38 2.08 2.36
o] A () ) 0 0 0 0 0
- 27 & HCElAE RE 4S54 hgdwol d&ux fgtort, 4gFe duAwol
AZH A+
-9zt $4e AN Fol AR ogol UdUS Aol HE oA,




6) A4 ¥

i 8 IA ¥ HCES vA=
[&+<]: log CFU/g]

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
A WHA| o 1.78 1.30 0 1.78 1.30
g (g ) 0 0 0 0 0
- A Fo] HCEdM = it AEHA ¥kert 1.23 log CFU/g A =9 dukAlto]
A=H A=
7 HEE 5
T 9 Ux% % HCEY "AdE &4
[¢4]: log CFU/g]
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
A BEA| 1.60 1.48 1.00 2.70 1.78
o g = () 0 0 0 0 1.00
- WEF T HCEAME QubAite] A&,
- Sample 5°14 1.00 log CFU/g9] W#itvto] HEHAS
8) & 7ted v d e ¥ dukAlTE F A
3E 10 & 7HeE A dRkAl 74
[H9]: log CFU/g]
T A Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 2 Ty
AL AF 0 0 0 0 0 0
=4 8% 33 0 0 0 0 0 0
e F 0 0 0 0 0 0
vz 5 1.00 0 0 0 0 0.20
97 3 1.60 2.23 2.38 2.08 2.36 2.13
A = 1.78 1.30 0 1.78 1.30 1.23
Hxzg = 1.60 1.48 1.00 2.70 1.78 1.71
- A3 Ay 9 JuFE 7FE § HCEZMA ARde HE2 240
- ER, WE BN UFEe Ao FEUA 45 FANAS
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- g7} B4 213 log CFU/g9 X & 713 ®o] 2

2.70 log CFU/g (sample 4)7}F4] ¢
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[e]
2l ol A

W oFe g A2 dis) E4F

rr

A

N5 Aol FAE. ey A

et Ao o&f PTG W= Aol hEH O E ready-to—eat (RTE) & &4

-z
st A2 A L. monocytogenes, M- A Fl EAStE Salmonellast W 7¢t, o] 3
ol EAe= Vibriost virus, Sl S8t Campylobacter 5°1 S+

Heating/cooling

Pressure enclosure

Pre-packed products

Heating/cooling

Water outlet

Pressure releasing
valves

1) A Ax 2
(7hH E2Z (Raw egg) Al &5 +H|
- Ao AMgE FE S Ak i ntEo A Fufs] AFESH S
(W) A5 T8
- HlE PFS 98 °Ce 10 T 60 & I =oll FEEY v JAS AA d4dd g2 @
Z¥(Hard—-cooked peeled egg; HCE) Al 55 1|3
(2) ols}gl =2 (M=}
- g8 29d W S d AEE #ESH] f1ete] HCEE whe s Ao 3 & J&s i
3te] L (lightness), a* (redness), b* (yellowness)E =433, o|& EUZE AE (total

color difference) = L4 (ag—d P+ (b, —b)? B A

() 29 A3
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88°C, 10 min 88°C, 15 min 88°C, 20 min

88 °C, 30 min 88 °C, 40 min 88 °C, 60 min

2% 19 7FE AlZtel W& HCE Wb 3o 59 A4

p

L er
2l 9l =

r

- 7k AR 15 olRRE, dF R fdel mE o A

P
o

= Aol A7)

rok

- 15 2 o] MRS A, dF EWe] FeSe] JHom <

|
)
g
-
N
b
i)
&
Jhu
=
oldt
=]
=)
1o
ot
E
o
ox
s
Anj
Ho
o>,
ol
k)
il
1
&
b4
o

40 7 —+— Heat (98 °C) w
] . @ HE Heat(gacy L 30
= 3s 3 g :
g o 25 o
a ¥ = -0.5965x + 43.809 e - e
1z — - = —
2 - Re=0.9301 g3 R==0.9477
- = m© 15
e -
= o
2 25 A 8 b
s 2 —— Heat (895 °C)
_— 0 E N 5 --------- AT (Heat (98 °C))
= T T T = Lm_l’,"u T
o 10 20 ] ) 30 40 0 10 20 30 40
Exposure time (min) Exposure time (min)

a9 20 7FE Al & HCE @8 1o bx gtk AE gt
- AR EAE o] &l FA3 bx (vellowness)#t¥} AE (total color difference)sts Zef

Z2 YER S

- bx FtE 7FE AR A S| mE S o= Qe 37.35%H 222674 AxIA o2 FHAs)

R = -
.
- wa, AE g 94 71E Aol bg Ewoh guls) AAHes AME A2 % F de

_26_



- olE EUE 719 A Aol HCE W 119 31 dAe 9 o 95 & &
Ao olo mE AuA 7|oe] WER A H|E b FAHol FQdiva FET 5
A=

U 239t 7ES HE3 & 7hEEe] 25 °C A2 A F ol upE At gy 2 EF 54 "
A &

= v

(1) Ad Ax 2 9y
(7h gzte 4he dzk (Hard-cooked peeled egg; HCE) Al & H]

- 87 e 9 T3 7#H 2d FAZA(F)ZFEEH T ol Adel A8

- &S 13 7kE (98 °C, 15 min)3 HCE A E3 7HE 43 &4 (95 °C, 40 min)< 7]

|82 TR FFUL.

&0
S~

(Wh) =3¢k At A e
- Z3% A A E AE FAE RS 23dAE A (HHP 600 MPa/5 L, BaoTou,
Kefa, China)g A&, 48dES 93 WMAIZ S AFEs9S. HCEE FX+¢ 37
polyethylene bagell 2olAl H&3std o, 5 300 ~ 600 MPaz 5 & &<t A A&

8.

Framework
<’,:,’> |_—

th | Block
1 —— Plug
—t | Vessel
| Electrical cabinet
* Water pump
-&""'_"—F"_’
Hydraulic station, = Intensifier

Base support * Water pusp

(th A% 44
- Azke] Aol mE vAE A A=S dobrR 7] ko] 25 °C incubatorel 7719 HE

e AR, 24 A FAcw 7 A 3 vAdE H ot HYdS AFE A5

(2h) v =4
- H AR A Ax =AHL 7] 9d] stomaching bagel HCE 1 7§¢ BPW 200 mL (1 :
5 dilution)E ¥ il 2 ¥ 7 stomachingdte] 23S 3 3
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- HCE Wl €A8t= vAE S84S5 9l A4F 1 mLE HasHas o83t A% A
S Asgon, TSA WA E A}43te] 28 Huwon =439S

- 37 °C incubatorell 24 A|7F vt = A

(v}) ol&tst B4 (x4 pH)
- w3 g1 ) 3 g AeE AFZEy] ¢ste] HCES wto g A

3Fo]  Lx (lightness), a* (redness), b* (yellowness)E =43}, ©]

w8

color difference) = ~ L4 (ay—a )+, —b ) Z A 3

| Preparation of eggs | Weight : about 50 g

1

Washing | With flowing water

1

Boilng | At 98 °C for 15 min

oling With water bubbling
far 20 min

Ll L

Peeling

packing solution
Packaging |

v )

| Non-treatment | Heat treatment | At 95 °C for 40 min HHP treatment Condition : 300 400, 500 and 600 MPa

| for § min

-

y

stomaching | Added BPW 200 mL

1l

i
Micobial analysis |Using T5A agar | Quality analysis | Color (La b) Storage test At room temperature (25 °C)
Picture (color of yolk surface)

oH At 24 hr interval during 7 days

a9 22 239 7)E AT B3 EERE
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(2) 23% 71eS 183 dVIFEFY 25 °C A AFd w2 2yt g7 vl
- 239t 7lEe AES SAHE7] Yl polyethylene bagell HCESF FX45 H45-31¢
300 ~ 600 MPa®] ¢t#o= 5 & 3t A & 5, 25 °C incubatorel A %st3l .

- o] T 24 A7+ 7tAo® 7 9 T 1t A= 3 HCE® non-treated (control)

HCE, 1g]aL 7k $45F (95 °C, 40 &) 485 7% HCES nAd= A% A=E vl

-6 49 52 25 °C |4 At A 2 Aelad mAdE A 2 3E AxE dolr
i, &AqF FAE 24 AR @ HCE/L 4e $50] /M@ Tolnnd sl
Total viable counts in hard-cooked peeled eggs with packing
solution by different HHP pressures during storage at 25 °C
9 g
@ |
o |
w
o
(=]
Q
= wpées COntrol
w
t - Heat
=
8 w—ip==300 MPa
% ~-400MPa
> 4500 MPa
Ic‘.'-: ~—4—600 MPa
[l

Storage period at 25 °C (days)

o9 23 HCE Agad 25 °C A%7I13te] w& s A% =4

e
)
ol
>,
N
@]
—_

- Non-treated HCE (control)®] 7% %7] o] 220 log CFU/gol™ 6
log CFU/ge.2 718 A& &0 & &+ A%+

- T3 300 MPa¥ 400 MPa®] ¢85 o2 5 & &<t 3% $A43 A& 3 HCES 3¢
% control¥} H]S2g Ao mAEo] Frlete] 6 ¥ A Al 745, 7.54 log CFU/gol|l &=
93 = 300 MPa®}t 400 MPa¢] tglo s 5 ¥ woF xush S Agsts A At

3} vNE 2S¢ AN

CEY Z% 2 9 x3¥ 254 log CFU/ge] nAEo] AZy 7]
Alzrglom Ao r FIkste] 6 A Aol 7.05 log CFU/go2 5718t <.

|
N
N
e
o
i
SRS
of
o
o
Y
Y
.y

of
o

- 500 MPa%] ¢t#Ho=2 5 & &9t 3%} A 348 AX HCEY A$ 2 o x5H
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=
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The yellowness (b value) in hard-cooked peeled eggs with packing

solution by different HHP pressure during storage at 25 °C

S S )

b value

0 1 2 3 4 5 6
Storage period at 25 °C (days)

19 24 HCE A&+ 25 °C A A7) 7k wE b 3k (vellowness)

0 Control

B300MPa
0 400MPa
D 500MPa
0600 MPa

O Heat

1 5}

The A Evaluein hard-cooked peeled eggs with packing solution

by different HHP pressure during storage at 25 °C

AE value
~
wn

0 1 2 3 4 5 3
Storage time at 25 °C (days)

219l 25 HCE Aty 25 °C A7 7ke] @& AE gt Wst

_31_
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3 11 HCE Agxtd 25 °C A&713tel ©& Lab # W3}

Storage period

Treatment
0 day 1 day 2 days 3 days 4 days 5 days 6 days

Non-treatment 83.26™ 8878 8795  8731* 8844  8502** 8559
HHP (300 MPa, 5 min) 8367 8767  8811*  8514* 8885 8877* 8816
HHP (400 MPa, 5 min) 78.15*  87.60* 8745  90.06* 8890 8875" 8836™
HHP (500 MPa, 5 min) 81.53"* 86.09™® 87.08®  8850" 86.87*° 8838" 8825°
HHP (600 MPa, 5 min) 82.09* 8655  86.84®  8898®  8832® 8874® 8651%°

Heat (95 °C, 40 min)  60.79™  62.66™ 6201 6465 6356 63.86™ 64.59"™

Non-treatment 417" 548" 558 550" 565" 545"  _574%
HHP (300 MPa, 5 min) -3.86"  -564®  -569°° 472"  .554®  _610® -562°
.| HHP (400 MPa, 5 min) -350**  -533®  .562®  .560®  -548® _573®  _5g1%®
HHP (500 MPa, 5 min) -3.08"  -529°®  .550°® 559 559  _561® _566%
HHP (600 MPa, 5 min) -324"  -508°®  -564°®  .558®  .561®°  -547® -566%

Heat (95 °C, 40 min)  -420*  -465*  -531"*  -531"* 490"  -548"* 519"

Non-treatment 45647 4373 47.32°%%  4940™ 4629  4236™  45.66™
HHP (300 MPa, 5 min) 42.72**  4421% 4633  49.02"*  4944** 4759 47.16*
.| HHP (400 MPa, 5 min) 42.60**  44.88** 4627  4530*  40.20** 4358*%* 4819*
HHP (500 MPa, 5 min) 42.34%  4393**  4376™ 4944  4241* 4316 44.88"
HHP (600 MPa, 5 min) 39.78%"  44.02**  4597*  50.11"  44.94*"  4199%* 44.92*

Heat (95 °C, 40 min) 1613 1796 1907 17.73"* 1736™ 16.03"* 18.83"™

- Non-treated HCEX= L#%=83.26 ~ 88.78, ax=-4.17 ~ -574, b*x=4564 ~ 49.40°] < 7}
A. Non-treated HCE= =2 #9 Lx3 b*x9] s 7AW A& 7|3 sk 9 =S
FA= AS & A

- 3 300 ~ 600 MPa9 f#o=w 5 & o 21 T4 ¥A4S A% HCEY A%
L#=78.15 ~ 90.06, a*=-3.08 ~ -5.81, b*=39.78 ~ 50.119] #= =AH3}lo LU=

~ o] pon-treated HCES} W3t Axtz 2w TaAF AL AHFe 49 gatzo
Z HCE d3te] ¥ i8S o=z = .

5 =) = o

ok
+
b
o
B
N
o
~N
=
offt 0
rO
J
g
o
N,
o2t
A,
B
&
rr
PO
o

- dhd TeE A FAS AR HCES A% Lx = 6079 ~ 6696, ax=-420 ~ -548,
b*=16.13 ~ 19.07¢ #< 7} + non-treated HCE®l| H]&] wj$- w+& Lo} bx kS 7}
A Sero 2% FElshA Wa pwe] Soe] JawE AL gl & 4 e

doy
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=
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- 238 $a FAS AW HCES A7zt ©& pH WstE dolr izt o435,

stomaching bagel HCE 1 7He} &7/ 200 mLE ¥ 2

- pH meterE O]JQL%}O% non-treated HCE, et A ¥A-AS AX HCE, 2831 714E
S 34 3

filo
_1_4
Y
0
@)
ey
o
o
0
i
N
i
N
i3
_![N'
O_l_;
ol
2
IJ (o3

3 12 HCE A 25 °C A&7 3te] ©& pH W3}

Treatment Storage period(days)

Condition 0 1 2 3 4 5 6

non-treatment 7.19£0.07aA 7.10+0.17aAB 7.10+£0.55aAB 6.63+0.05aBC 6.50+0.05aC 6.54+0.06aC 6.50+0.01aC
HHP (300 MPa, 5 min) 7.17+0.11aA 7.11+0.07aA 6.92+0.15aB 6.76+0.10aBC 6.56+0.10aC 6.56+0.04aC 6.56+0.05aC
HHP (400 MPa, 5 min) 7.21+0.06aA 7.12+0.09aA 7.07+0.10aA 6.72+0.16aB 6.62+0.08aB 6.61+0.02aB 6.59+0.04aB
HHP (500 MPa, 5 min) 7.25+0.06aA 7.15+0.05aB 7.11+0.04aB 7.01+0.10bC 6.64+0.06aD 6.53+0.05aE 6.59+0.06aDE
HHP (600 MPa, 5 min) 7.12+0.03aA 7.14+0.08aA 7.15+0.03aA 7.07+0.11bA 6.86+0.07abB 6.83+0.04bB 6.78+0.22aB

Heat (95 °C, 40 min) 7.25+0.03aA 7.27+0.05aA 7.23+0.04aA 7.14+0.05bA 6.98+0.13bAB 6.97+0.12cAB 6.75+0.20aB

- pH A A, A% 7|zte] A& e} BE AewtolA pHZF 4% & = e

- AQuARGEA A5 6 AR 2T @elA A e folHA Aol flEe & 5
olo] o
IR A

- A& 717k X &o whet pH7F FAasteE 9Ude Akt (lactic acid bacteria, LAB) 2]
A3 AAHT= Asbolgt AlnE (o R A&k ikt gk nAE 54 73JJrL

- o]& olaf], okA 7]« nAE o] H2lo] wE non-treated HCE®} 300 MPa, 400 MPa<]

A 2t AT FAHES AW HCES pHE A% 7|Zbe] whe} vluwz w24 74

= 4k 500 MPa o] Ate]l oA 34 FA-8S 717 HCES 7MY S+ 34HS AF
al

- g, o % }iOﬂ/ﬁ 500 MPaPJ FHoA FAE S 71 HCEC & A& W2
= A
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i)
e
i)
J|m
oX,
)
E

o 2N E 48T SHEE 10 °C 3F A e 4 T3
A

7ZF (Hard-cooked peeled egg; HCE) A& <H|
713 220 FAZJAF)ZEY Fantol Ao AFEE

g oy
o
N rE

- 9% 12 7k (98 °C, 15 min)¥ HCE A &3 7HE S48+ &4 (95 °C, 40 min)< 7|

A ANER FEE] I

o
- 23S A AE S8, A AR Al AREE 779 sd g
4G (HHP 600 MPa/5 L, BaoTou, Kefa, China)g AH&, b=z
S AHESA S, HCEE 53549 &7 polyethylene bagol 2olA E&
550, 600 MPa= 5 & &< A A2 E 33 &

it

- AJZEe] A Tt nAE A AeEs dotr7] $15k9] 10 °C incubatorel ZH7]1¢] M=

5 AR, 46 4 nAds # ogst AAS APE5.

AL &7] el stomaching bagell HCE 1 7§¢F BPW 200 mL (1 :

=
=
2 7} stomachingdle] 23S 78 3

- HCE W &Al8te vAE S34S fs A% 1 mLE dd g ds o] &3t A 34y
S Ao, TSA WA E A}435le] &3 FutH oz =A59S.

- 37 °C incubatorell 24 Al7F wjekst 3 A4 3

ofN
OHT
o

(ih) VIS $HE
- 45 Q el AR olF HCE el $RFoR EAste WAE FAe @RvARR
EJ(KCCM)el o] 2] 5

N
@"4

- API kitE ol &8 A3t or, & 24 3¢ A= AU+

(Bh) e shet =4 (A4}
R IH S8 A AEE WA AStel HCES who® Aw 3 & das £

k=
EYg 2 AE (total
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&~

*)2+(a0—a*)2+(b0—b*)2 = Ak

R

color difference) = -

| Preparation of eggs | 3 eggs/1 treatment

Weight : about 50 g

| Washing Wwith flowing water

I

| Boilng | At 98 °C for 15 min
| Cooling | With water bubbling

for 20 min

Non-treatment | Heat treatment | at 95 *C for 40 min HHP treatment Condition : 500, 550 and 600 MPa

for 5 min

i

| Stomaching | Added BPW 200 mL

|

Micobial analysis |Using TSA agar | Quality analysis | Color (L a b)

Picture (color of yolk surface)

Storage test At 10 °C

o

a9 27 2a%f 7

_

= ATl B3 5=

(2) 2329 7S A3 LrtEFE 10 °C Y Ao wp& At g3 v
- X319} 7lEe g s =A%) 98l polyethylene bagol HCESF X445 W %319
500, 550, 600 MPa<¢] ¢t=o =2 5 & 7+ A 3 % 10 °C incubatorel #73st% =

- o] 3 45 4 F<F 3% AHElE 3 HCES non-treated (control) HCE, 18|11 7}¥ %
At (95 °C, 40 &) S AX HCEQ vA=E A =& dlus] Bk,

- 45 4 F3F 10 °C Aol AAetHA 7 Al vAdE A R 35 s dolr
i, 239 A 3 AP E 3 HCES Aol 7I1E 7HE 4 div] dvhy 5344
o1x] ¢rolH 1A} 3PS
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B/n49 Bo7)junoa ajqela jejo)

50

45

2
=

Storage periodat 10 °C (days)

—d&— HHP 550

=== HHFP 500

—&— Heat

—a— Control

HHP 6500

—

nAaE A

=
T

1Y 28 HCE A&+ 10 °C A&7 kel

- Non-treated HCE (control)®] ¢ Z7] o] 2.20 log CFU/golw 9 & o]A A% A A

A 71l 3o

o?
oL
R

+

ol

0
o

o] ¢k 75 log CFU/go & I

=
=

%1 HCE$}F 500 MPa¢]

7

HCE®| 4% 27 ¢

[}
=

7heto] 45

57 AAon, BAKoR F

e v Re] 4%

Z

=

b

oﬁ
%

3 log CFU/g °o]7do] =5

Aol =

- 550 MPa¥]

Azl AE57] A#dler, 600 MPa2]

e
ok

A7) el

HCE+ 33 ¢

45 4 Aol o] 27]

-
s

z1 HCE

= 7]

o &4

A}
=

2 HCE®} 7149 %

7

HO]—

7421 3 log CFU/g <

7% HCE+= 7]&

KN
=

S 3L
St A

Aol A 5
HCE®| H]

1 550 MPa ©]4<¢]

9

=
o

- olE

oﬁ

oR
i+
ol
ol
o

el

X0

XO

—

ol

9 =

9]

2

7

Ed= 600 MPa¢]

avte

3
i

A ()] A
HCE WoellA 45 & =} o] % =g}

ok
2L

A

A 2l

TH A EREY

s

=
=

A ZF2Y

600 MPa = @]-2] agar platel

o]

3

0
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I MAE T4s T 24 3 P55

ol

(KCCM)oll ] =] sto] API kitE ©] &

¥ 13 HCE 10 °C W3 Aol W& g $4% &

ol

Identification of naturally occurring microorganisms in HCEs after storage study

Type of microorganism Number

Aeromonas hydrophila/caviae
Burkholderia cepacia
Lactobacillus paracasei
Lactococcus lactis
Pseudomonas luteola
Bacillus circulans
Bacillus cereus
Bacillus lentus
Staphylococcus epidermis
Staphylococcus chromogenes
Klebsiela oxyfoca
Panfoea spp1
Aneurinibacillus aneurinilyticus
Aerococcus viridans

»

AlAalaAlaalalalaiNNdDINdDIdDIDIN

- API kit 54 A,

== ) =
AEoldw. ol X

B 4
©
&
N
=
ol
_OL
rr
oy
O
eyl
2,
us
1o
A
o,
£
A
r (o]
pas

- W3t Lactobacillus, Lactococcus®t -8 AAtitol A&, A% 14 + HCES pH7t

S
= o =1 & = S = [e]
Hashs 4dS NPT F2E 5 A

=

— w3k ]2 EUE controld} Hlaate] M W Aw= o) 3 = 9= Hweol AE (total
color difference) = — L)+ (ag—a P+, —b) & A
7k Al HCE ¥2 53 ddo] e @ A= 393 nys.

[
ol
ol
2
=)
o
=
(e
Ln
o
Q
—t
o
A
an
@)
t
=2
=
ol
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- Non-treated HCE(Control)& L#*=83.26 ~ 88.78, a*=-4.17
#< 714, Non-treated HCE+

19 29 HCE A g+ 10 °C A&7 7tel] w2 b= 3t

L |
B8 HHP 800

2

Control

3 4

5

6

12

18 24

30 36 45

Stroage period at 10 °C (days)

[e)

0 HHP 500
| Heat

a HHP 550

= O

w2l T

0 1 2 3 4 § 6 12 18 24 30 36 45

Storage period at 10 °C (days)

Control O HHP 500 8 HHP 550
HHP 800 ®  Heat
1 } o)
2 AE g Wzt

~

-5.74, b*=45.64 ~ 49.40°]
@Sl Lest beol @& 7AW 30 U A A A% 5

b UE wm'AlE FAEkE e d T e
- 3H 30 4 A o]F Control®] L*¢} b+ Zko] 7+A3t AEZF 0 & *} Controlell vl =
AARo 2 Frlsle des ##FAT = e, oHE s 9 dgo=m Hol o= mAE
2 1% HCES] F-3fjo og Axelar Rl
- T3 500 ~ 600 MPa®] ¢goz 5 & FoF 21 AT FAS A HCES 4%
b#=39.78 ~ 50.119] #= FAst] ES F AN, 45 Ao AH 7|7 et Fo|HoR
WA &= AEFS BHY. ol AEAE 0 9 = Control I W3] 45076.74 =9
e HlES HYS

- ol FugtA] &2 AEle non-treated HCESF H| S Ay 2 2t SAT 4SS A
s 45 a4z HCE 989 59 dA4s AT = o, AA 7|7 52 =9
o] AYPHA &= AS & & F AAS

- B TtE S48 FAS AR HCEY 749 bx=16.13 ~ 19.079] #< 7H4. ol 0 ¢

Z}2] non-treated HCE®l H]3] wj-§- W& bhx Frolw Hotoww FEeishA 3t FHo I

Hol Mad AL g2 & = U=

- 7tg 4 3o WulstA HCE W&ol S-S S TIgE S o & o, 1o

vl 3¢k 4 342 HCE @3e] A wsle gd&s 71X]A] gt AMES &

AR 5.

- olE EUlR 23 4 FAo] WY A 23 st E JFE 4 3 S i AS

of FAIZE 7Fdoef] ok S HAS oz Ao & F S Aol AZTEHAF.

2 23% Vs 48 & hEEY B W v g



ZF (Hard-cooked peeled egg; HCE) Al & <=H]
7)1 ;A 22 FAZANF)ZHE Fa ol A A8k

Nt o

- H9&S 12 7FE (98 °C, 15 min)$F HCE A &3 7td 4+ 34 (95 °C, 40 min)& A

AANER T2 IRt

2 98 =AY R 2ugdx (HHP 600 MPa/s L, BaoTou,
Kefa, China)E A&, 4HdES Y3 mjA2 &5 AME3AS. HCE:E 349 37
polyethylene bagell HojAl E&3td o, = 500, 550, 600 MPa=Z 5 & &<F A+t A&

= o]’)«/\ .

(th =4 W3 =4
- HCEY EA W3lEs =Hs3&7] Y8 TA XT Express texture analyser (Stable micro

systems Co.) 7]71& o] &3 .

O Previous research O Qur study

15 mm

35 mm

————— Cutting ine

=4 54 M

- non-treated HCE (Control)< H]53)|, 27} 500, 550, 600 MPaoll A 5 & 3F 319} -4
7+ AgE $33 HHP 500, HHP 550, HHP 6003, 719 343 4<% 33 HCE
(Heat) 2 A3dS Yol =AHsdS. zhzte] Ao ths] Hardness, Adhesiveness,

Springiness, Cohesiveness, Chewiness?] 4 HEE o] &3 <.



(2) 2319 7|=L AL3 & JpEE &

¥ 14 HCE A ¥ &4 W}

o
i
R
=
l

Adhesiveness

Condition  Hardness (g) (g » sec)

Springiness Cohesiveness Chewiness

Control 210542 + 237.66A -0.79 + 0.17A 093 £ 0.02A 0.76 £ 0.02A 1479.85 + 196.30A

+

HHP500 2158.19 + 11576A -0.53

+

0.15A 0.93 = 0.02A 0.77 £ 0.01A 154547 + 44.70A

HHP550  2334.04 + 8250A -0.35 + 0.21A 092 + 0.02A 0.76 + 0.01A 1635.67 + 65.49A

HHP600  2684.37 + 68.31B -0.50 + 0.21A 092 + 0.00A 0.76 + 0.01A 1874.04 + 36.90B

+
+
+

Heat 2999.23 + 164.89C -0.64 + 0.32A 093 + 0.01A 0.77 + 0.02A 2132.37 + 148.02C

- Texture Profile Analysis (TPA) &4 Z3 7Fg & zolE YelyeE &5 7

(Hardness)2} A 34 (Chewiness) 31 <.

!

i

FA5S AR Wue) Just Fee AT
)& } 7 &

Al glo

N RS

ol
N
N
o
Hi
rlo

o
i

2500

2000

Force (g)
g

1000
500
0
Hardness (g) Chewiness
= Control = HHP 500 uHHP 550 = HHP 600 = Heat

29 31 HCE A2+ ¥ Zx=st 434 kel wu
- A3 A (Chewiness) = 7% (Hardness) X 534 (cohesiveness) X ®&# A (springiness)?]

How mAel b5k

4. 74 At A AES o] &3 & Ve E W LEAE MAE Alorle AT
7h LEAE vAAE A4
- A W 21 A AFoA, 2ash ST A 45 L o] F IHT vz 4 A



TE st Ay 7 A gt =of $HAFToR AAA= vAES Aeromonas

hydrophila/caviae = .

- Aeromonas hydrophila/caviae= % & "|AEZ,
HCE A& EAo=Z <3 Ued Adxz
Z & mAA Fom AFEde] Bojd mA= L Bad vt A&

HU
o
2
=2

ATE Y3 LHGAFE HAES, HCES 28 RTE A EdA 82 93dto]
L AHA AA e Z MNE Jlste A F572 Salmonella Enteritidis =

= A48 7heE W L9A4R Ve Aofrle AT
=

2 )
= =]
7h gZte 48 9ZF (Hard-cooked peeled egg; HCE) Al & 4]
- g72te g gde T3 713 2 FAIA(F)ERFEY T ol Aol A3

(\}) Salmonella T+
- AFrof o] &3k 9P~

B N
i,

oA AT bl

n-lLl

&
" A 52 Salmonella Enteritidis 2, 7}&F A3

- HCEZ UV ¥ X 3jo|q 30 & w<t 4
A

2t v vl 3t Salmonella EnteritidisS
% 7|3t 746 log CFU/g®] 5% % HCE % =

- 23S A AYE S8, SAE rERe 2a9EA (HHP 600 MPa/5 L, BaoTou,
Kefa, China)& A}-&, 45 . HCE+ Buffered peptone
water®}l 3H7 polyethylene bagell ¥WolA] &3 o, ?}E—:‘, OO, 550, 600 MPa® 0715 #
s At AEE S

O—|>~

(2}) =14 =4 % Percent injury (PI) test
- Awde o A A AL 3t7] 98] stomaching bagel HCE 1 7H¢} BPW 200 mL

(1 : 5 dilution)E ¥ 2 ¥ 7t stomachingsle] 28-S 23] 3

CHCE )l #Al8he WAE 348 98] 4F 1 mLE AR ol gt A% 54
2 A@stglon, TSA WAk XLD WA F 7H0% ALgstel 27t 28 Hurgom 34

et

- 37 °C incubatordl] 24 A7+ wjekst & A

- Ardel o5 o Adge) ]9l XLD wix|9f, vl gujx]el TSA Aebs Farg 1He] 2}
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£ o] &3 EAAEH e VA= Hl & (Percent injury; PD< ALk

CFU/mlselective

FU/mlnon— selective 100

- The injury ratio (%) 100 —

(1}) Kinetic model #-&
- HCE %W HEsh Andel 750 st 2 71+ Alo] &3E kinetic modelll
R B R

- The Geeraerd and Van Impe inactivation model-fitting tool (GinaFiT) X =213 & o]&
& Weibull model® Biphasic model& %83},

(2) 23 7Es AL L7t W dRde o Al &2

—— HHP (500 MPa) Nonselective L —&— HHP (550 MPa) Non-selective 44 —y— HHP (600 MPa) Non-selective

—O— HHP (500 MPa) Selective 2 —o— HHP (550 MPa) Selective R 7 HHP (600 MPa) Selective

Sublethal injury {Log N/Np)

2 £ LY 15 (] 5 0 15 a 5 10

Exposure time (min) Exposure time (min) Exposure time (min)

- 500, 550, 600 MPa®] &elA 0715 & b st 4t

|
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& Zof| = 47154?< FAATE 7D FAH AHYE FPFPS FFolE 90 °ColA
40 ¥ Feke]l A7 ¥ 4.88 log CFU/ge] A E
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- adEel vebg 43 @ PR FAA gH nARS el Aow, EAA A
= Huse] 2RUS FHAAT A E 88
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Hj Al el 3]

600 MPa
H]

550 MPa
Exposure time (min)

300 MPa

g} 9] Percent injury (PDE =

1% 33 HCE A#a ¥ +

=

)

OHHP [come-up) @HHP (1min) @HHP (5 min) aHHP (10 min) @HHP {15 min)

(%) oryes Anfu)

(Bi et al. 2015).
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25k

- 600 MPa

o] HCE W L dA % wAEQl Salmonella

Enteritidis 772] #|ojo] 2349

-t

kinetic model #]-&

=
[¢)

-

el

b2 e

[s]

A}
=<

Weibull model®}
o1} R2 #ke] 0.8 ©]
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¥ 15 HCE %99 HZF3h Andel F5:2] AE 3349 o3t Biphasic model 4%

Model parameters?

Sample Treatment f kmax1 kmax2 R2 MSE RMSE

HHP (500 MPa) 1.0000+0.00000A 3.51+0.06A 0.26+0.02A 0.9998 0.0030 0.0550

Surface-inoculated
HCE, 7.47 log HHP (550 MPa) 1.0000+0.00001A 5.16+0.54B 0.20+0.07AB 0.9940 0.1032 0.3213

CFU/g
HHP (600 MPa) 1.0000+0.00000A 5.63+0.73C 0.18+0.10B 0.9896 0.1832 0.428

Ve o gkel A9 E

- Biphasic model°ll 4835 W, sensitive population®] H]&
d TR AFE Aoz At 1 FoHd Aolrt gl

- sensitive population®] =&43 £EF Yehl= #< kmax1e] 45 A& d4Hol] =of
s FoHo 2 Frtste 4 B om, vk resistant population®] =843 £-5
YEt = @l kmax2e] A5 Ag dHe] Skl weEl folAor HAade A¥S ES
. °|= kmax1¥} kmax2 7+e] W] Ato 2 Qg Ao w<l

5. HI7FE At AlAFl A Gol mE 2u A de AL
7h Ad s 2
2715 2 97 (Hard-cooked peeled egg; HCE) Al& FH]
- B4E G2 222 8 V18] 29 FHIAMEF)RSTH S dol Al Abe g

- 9% 12 7k (98 °C, 15 min)¥ HCE A &3 7HE $4+d &4 (95 °C, 40 min)< 7|

)
- 23 A AHYE Y FAE R 2agdA (HHP 600 MPa/5 L, BaoTou,
Kefa, China)E A&, 48449S 93 /A2 &5 AME8AS. HCEE 349 &7
polyethylene bagell YojA &3 o 550 MPa® 5 & F<F At A8 & 35

- AHA I EHANE AA 20730 gk AvA aF 92 ks 3 2FA aAFY F
OFO0 R o] XS A S

- 207300 4wk AN Ee AAUE L A A st oz AAste] Py 91
B ods gdez Agstgen, & tEEF T 254 25 vl 24T U 2F
A Gy 37 S dd e R s & FA 66 W, o 62 o 128 W] wido]
o3+ =

- Alg Ay 2@ 747 HHP (550 MPa, 5 min), Heat (95 °C, 40 min)°] %l 2™, Color
(F3ke] M) Odor (WMAR), Taste (7)), Texture (27F), Overall preference (HwHZ w1
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g AR
- AL blind test® P85, HCES A== Addt vk &5 A g2 Agsidon, F+
AR ] A AsleR deshe

=4 2+ T-point hedonic scale® 7] =33 &

= .

dietd A Fak 51 B, o4#F 40 W, @A 91 S HP¥ew A

Color
7

Ov erall

= Odor
Preference

—  HHP (550 MPa, 5min)
Heat (95 °C, 40 min)

Texture Taste

18 34 20730t YRk 2ujx 28 B AA A3

316 207300 Auk AniAl 1 BEAF A %
Post-processing condition Color Odor Taste Texture Overall

preference

HHP (550 MPa, 5 min) | 6.20%0.71a 4.82%+1.11a 5.40%1.01a 5.60%1.01a 5.49%1.04a

Heat (95 °C, 40 min) | 2.8211.04b 3.9111.19b 3.98%1.30b 4.04t1.31b 3.50%1.30b

,RE RN 2w F4# HCEZ 7he
]

o} 30t HCE A&VY| A& bx #
re)s §Abe HCE vl Ag

o,
12
)
(i)
A
o
=)
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o)
o
=
[\
(@)
o 2

&n
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5 Odor

——HHP (550 MPa, 5 min)
——Heat (95 °C, 40 min)

Overall
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=
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=
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=
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54 9 onbels
o F-aj At ] BFI

o A%

|

A

Fa

Rl

22
!

i~

o

oW

=
=

e

IoH

Al
=

(1)

Cronorobacter sakazakil,

Typhimurium,

Salmonella

Salmonella Entritidis,
Listeria monocytogenesis, Pseudomonas aeruginosa

N

: 10, 20 , 37 °C

o}

~

0

0

=
o

&

S|
o

487 7F v F 96 well plateo] 1/50 3]

KeN
=

ok}
= .

A

Fed 10 CellM 72 A13E

5|

- Microtiter plate reader 600 nmol A4l 338 Ux& 43 - planktonik OD
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1 0.125 mL

, 0.1% A =¢ nvlo)

Zooleg PEsw 28 AAT AT 5% A% F
ol g,
- 15% & aag uelede AAY
S WE R U AE F T B AxAY,
- 95% o 25 0.125 mLol| H7fete] Fn g
- 10 % microtiter plate reader 595 nmol 4 #38 WEE =43t - hiofilm OD
- BFI 542 ol g3te] A3} ghe &3
BF[— biofilm OD — blankbiofilm OD
planktonikOD — blankplanktonikOD
(3) Ad4y}
17 BFI &4 A3 (p < 0.05)
10 °C 20 °C 37 °C
o 35 35
: a
¥ 18 BFI9 &+
Strong Moderate Weak None
1.10 0.70 ~ 1.09 0.35 ~ 0.69 < 0.35
o7 Al 7Hx dF7F Al A BE 2 Aol BFI =47} 1 B Z1 o]Ao
T
LRGeS B 5 UAL.

= o
3T

zq
o o s e
EA} O E?}\___

| = 2xe

— Salmonella Entritidis, Sal/monella Typhimurium, Cronorobacter sakazakii A 7}4]
7ol whet vlol o B E P4 FA g FUtet

P
T
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- ¥ [isteria monocytogenes, Pseudomonas aeruginosa®l 73-%-, A<&3tolg} 10 ~ 37
o

°Col &% WMol T Aitel va B A FAE BAL
- AWRAHoR Al JHA wF BT L bloldE FATE S /AL dn #ad 5
AAL. o= vol P Bl o3t ARTY B 274999 9Fe] BrIL B 5 AL

- 53 A A &x

52
Pseudomonas aeruginosa®l 4% =7 ¢ =& A

o Ad, =52 nlo] e85 FE-SEM #9
(1) A¥g=7
I . Salmonella Entritidis, Salmonella Typhimurium, Cronorobacter sakazakil,

Listeria monocytogenesis, Pseudomonas aeruginosa

- A& : stainless steel, plastic, rubber (Z7] : 2 cm X 2 cm)

rfo

= 10,20, 37 °C

- 5 mL TSB <Ftell wiFd w3 AA-ES Far 2443 v k3t

- HyrE PBSE 3 A4 Al g

- PBS® 3|4 ® 2% glutaraldehydeE Y il 4%=A] Wy&arel] 2443 i+ 4S5 A F.

- 1524 dippingste] 3 kel A2 g

- o & (50%, 60%, 70%, 80%, 90%)°] 15%3%F dipping, °&-2 100% 154 2 =}
dipping &l

- g2 343 hexamethyldisilazane (33%, 50%, 66%, 100%)°] 15+ dipping $t.

- YA QoA 24417 A xAF

™.
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FE-SEM #¢ 3.
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19 Salmonella Entritidis7¢] A2 3 =9 FE-SEM ¢

-
it

Rubber

Plastic

Stainless steel

Biofilm

10 °C

20 °C

7}

&l

o] Salmonella Entritidis 1ol 4 A

‘|_

ojn
B
o
=

o_m
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]

HAE 7} rough &% H}o]

-
3t

g Hnen, o= AL

on
°

¢+

_52_



ofr

AT
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I Salmonella Enteritidis, Salmonella Typhimurium, Cronorobacter sakazakii,

Listeria monocytogenes, Pseudomonas aeruginosa
- A} 4 stainless steel, plastic, rubber (Z7] : 2 cm x 2 cm), egg shell (W< 171)

- 2% (°C): 10 °C (A, 20 °C (A=), 37 °C (3t¥E HFAH 2%, @& L. monocytogenesS)
749 30 °C)

o

- AR 30% (544, 50% (A3, =), 70% (&), HAA)

(2) 2R - npol ¥

- Y dFE Fo 244

oft

- Microplate readers =¢ $3%= =4 & HF 24,

- dukefx] (TSB), AA8f#] (Egg yolk, Egg white)”} 10 mL 2 @7 "HirFro i+ H

z.

- o] HETH FR Ead AAS FYste]l HAZoA 24417 ik

- WF F AEAE FASI Bt Froll 23] AH o R FHAd AA

- pwZF B3 Z#olEe AES o F 60%%F scrubbingdle] Hlo| LB E FE

Q) 2R - FAT

- SY EFE Eol 2447 wgske] .

|
4
o,
Y
of\
)
=i
[z
=
iz}
&Y
)
2
i)
o
—m
A
ol
2
B
2
rfo
=8
=2
>,
DO
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b R B A EWd vl odE AT

1) Salmonella Enteritidis

¥ 20 Salmonella Enteritidis 779 A& @ wjx|¥ nlo]oHE A S FFAlvF Bl

[37 °C, RH =

50%]

ZA} (in vitro)

Stainless steel

Plastic

Rubber

Egg shell

Biofilm

10

CFUfem®

CFUfem®

Planktonic
cell

>

CFU/mL
e N & @ o

S

CFU/mL
o N B @

CFU/mL

CFU/mL

3E 21 AEH wj Aol wE vpoleHFE FA5H FRATE FA
[37 °C, RH = 50%]
. . Biofilm cell count Planktonic cell count
Materials Media
(log CFU/cm?) (log CFU/cm?)
. TSB 6.27+0.34 7.57+0.18
Stainless
Egg yolk 8.05=£0.57 7.88+0.14
Sl ———— 5.71%0.07 7.01%0.09
TSB 6.61+0.09 7.61+0.19
Plastic Egg yolk 7.91+0.08 8.11+0.03
Salmonella Egg white 6.81+0.53 6.33+£0.08
Enteritidis TSB 6.34+0.23 7.59+0.12
Rubber Egg yolk 7.76+0.27 8.04+0.13
Egg white 7.26+0.15 6.23+0.35
TSB 8.24+0.13 8.06+0.13
Egg shell | Egg yolk 8.18+0.04 8.01+0.13
Egg white 7.79+0.00 7.35+0.32

- Salmonella Enteritidis 2 A A4

volkoll A 7H =& dATS BIS.

- Egg shell& A9t
o

o ®o] =

oF A}

1A

o

= .

- A8 X o7 Salmonella Enteritidis ¥

8 log CFU/cm? AE9 =&

wria pE o],

Hfol oA g 3
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2) Salmonella Typhimurium
¥ 22 Salmonella Typhimurium 2] A2 % wjx=H

[37 °C, RH = 50%]

| T

Stainless steel Plastic Rubber Egg shell

CFUlem®
cfuicm2

Biofilm

CFU/mL
CFU/mL
CFU/mL
© N » @ @
CFU/mL

Planktonic
cell

% 23 A} v o] w2
[37 °C, RH = 50%]

. . Biofilm cell count | Planktonic cell count
Materials Media
(log CFU/cm?) (log CFU/cm?)
. TSB 7.24+0.18 7.18+.0.36
Stainless
Egg volk 8.21£0.20 7.66+0.08
Szl ———— 7.06+0.05 7.12+0.12
TSB 7.55%0.13 7.92£0.02
Plastic Egg yolk 8.06+0.09 8.06+0.07
Salmonella Egg white 5.33+0.08 4.79+0.56
Typhimurium TSB 6.57+0.42 7.82+0.33
Rubber Egg yolk 7.60=0.60 7.47+0.10
Egg white 7.01£0.01 5.60£0.47
TSB 7.68+0.09 8.21+0.17
Egg shell | Egg yolk 8.16+0.19 8.13+0.09
Egg white 7.78£0.16 7.30£0.27
- Salmonella Typhimurium <& AAZH o2 =S nlo]eHAE A TS B Egg yolk

ANM M = FdeE B

o] o
AT .

rlr
1>
e
m}L
4
=]
)
)
N,
)
N
Lo
of
o%
rlo
N,
1o,
z0
2
k!
=
B
1o,
ol
o
o

- Egg shell& A ¢lslar

O ol e S B

- A8 A 02 Salmonella Typhimurium % ZWHAAET= vjx 9] JS Zo] v
7 ~ 8 log CFU/em? A%E9 = nlo]edE PFA o2 Hol dAFdMe 22 o4 7l&

do] Erhal dekE o),
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3) Pseudomonas aeruginosa
¥ 24 Pseudomonas aeruginosa w2 A L wjXE vlol| o BE P FHA vl

[37 °C, RH = 50%]

Stainless steel Plastic

s
s

cfufem2

Biofilm

e wm & @ @

CFU/mL
CFU/mL
CFU/mL

Planktonic
cell

£ 25 A A W doleBE AN PHAT 54

[37 °C, RH = 50%]

. . Biofilm cell count Planktonic cell count
Materials Media , )
(log CFU/cm?) (log CFU/cm?)
. TSB 7.78£0.11 7.16%0.03
Stainless
el Egg yolk 8.50+0.14 7.59£0.02
Stee Egg white 6.54+0.15 6.67+0.20
TSB 6.75+0.09 7.23£0.07
Pseudomon Plastic Egg yo?k 7.77+0.08 7.46+0.15
25 Egg white 5.63£0.24 6.02£0.10
. TSB 8.63+£0.11 7.47+0.09
4eruginosa | pupber Egg yolk 9.26+0.00 7.90+0.06
Egg white 8.61+0.11 7.04=0.06
TSB 8.15£0.05 7.73+0.15
Egg shell Egg yolk 7.59+0.17 7.17+0.04
Egg white 6.46£0.21 6.53+0.06

- Pseudomonas aeruginosa 2 AAH o2 =& vlo]QdE PG5S HAI Egg yolk

oA 7H e B HAL

- Egg shell& A ¢lslar

O Bo] We s B

rr

AFHESEY QD AAe] dFS A9 AL wA 9 JFE

o
o .

20

- ABH O R Pseudomonas aeruginosa i
7 ~ 8 log CFU/cm? A%E9 &2 nioledE
Adol =vha s oA,

o rr
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4) Listeria monocytogenes
3 26 Listeria monocytogenes 2 A 2 wjx]d nvlo]ledE FA 52 FfAl vl

[30 °C, RH = 50%]

Stainless steel Plastic Egg shell

CFU/em?

Blofilm

CFUfmL
CFU/mL

e N & @

Planktonic

CFUmL

CFU/mL
A I S

e N & © o

cell

27 AQ3} WA we vlo]oBE P4
[30 °C, RH = 50%]

1z
*
il
+
ﬁ

o Planktonic cell
. . Biofilm cell count
Materials Media (log CFU/cm?) count
o cm
€ (log CFU/cm?)
. TSB 6.86+0.22 6.53+0.37
Stainless
- Egg yolk 7.19£0.10 7.47£0.09
stee Egg white 4.59+0.39 3.3020.41
TSB 7.17£0.20 6.71£0.13
Listeria Plastic Egg vyolk 8.24%0.38 7.61£0.19
monocytogen Egg white 2.92+0.55 3.50+0.39
£ TSB 6.12+0.13 6.63+0.47
es Rubber Egg yolk 6.95+0.14 7.56+0.20
Egg white 3.54+0.22 3.34+0.39
TSB 6.90+0.23 6.99£0.07
Egg shell Egg volk 8.25£0.09 8.04£0.10
Egg white 5.39+0.23 5.87+0.04

- Listeria monocytogenes TS AA Ao R =& nlolodE A TS HAIL Egg volkol
A7 =2 TS RIS
- Egg shell& A

1:{ E]'%}o] dll= ok}l

A

Ao ® Egg whitedlX] ot #5559 Hlste] nlo]dF 50| AA3 * Ao

= (@)
2 A+

4

=

.
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- A8X o2 [isteria monocytogenes
log CFU/cm? A%¢ =& nfo]o g

o FekE o] .

5) Cronobacter sakazakii

¥ 28 Cronobacter sakazakii 7 A2 2 wjx]¥d nvlo]odE A

[37 °C, RH = 50%]

SRR e PR
Hol Aol Mol 23

1

o

S i kA E

Stainless steel

Plastic

Rubber

Egg shell

Biofilm

CFUfem®

Planktonic
cell

CFU/mL

CFU/mL

CFU/mL
o N & @ a

F 29 A} wjAl e whE

[37 °C, RH = 50%]
. . Biofilm cell count Planktonic cell count
Materials Media
(log CFU/cm?) (log CFU/cm?)
. TSB 7.02+0.00 7.23+0.09
Stainles
Egg volk 8.04£0.67 6.71+0.34
T e ——— 5.65+0.07 5.48+0.09
TSB 6.13+0.67 7.28+0.06
Plastic Egg yolk 6.78+0.16 7.26+0.54
Cronobacte Egg white 2.30+0.00 5.75+0.08
r sakazakii TSB 6.03+0.04 7.29+0.37
Rubber Egg yolk 7.03+0.13 6.44+0.07
Egg white 5.88+0.01 5.67+0.17
Egg TSB 7.13+0.15 6.30+0.34
Egg yolk 6.89+0.05 6.56+0.17
shell ™0 & white 5.94%0.09 5.830.19

— Cronobacter sakazakii < AA|H oz =&
7 = dAHTS BHAS

P =

_58_
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- Egg shell& Al9lstaie AFHFEH ANE AA Y FF2 A9 gla wix Y S o
Wol B S RIS
- 54X SR plasticyt Egg white?] 7 FHollA dA3| & nwlol]edAE IS EHA
o
=
- ARAHO 2 Cronobacter sakazakii 7+t ZHANAHT= A9 &S Ho] ¥ 6
~ 7 log CFU/cm®* AE¢] =2 vlo]edE FAT5o2 Hol dAAFd A 22 & 7HsA
o] =il FIekEo] .
W} 2242, d3es 9)E T8 As5ay FijAde ASEAL 9 Hlo]eZdE 3
2] =
o O

1) Salmonella Enteritidis
30 Salmonella Enteritidis 2] 20 °C & %oA ¢ A= 2 wjx|¥H nvlo]Q

hyA

@75 v [20 °C, RH = 50%]

i)

Stainless steel

Plastic

Rubber

Biofilm

cfuicm2

cfu/cm2

cfufem2

cfuicm2

Planktonic
cell

CFU/mL

CFU/mL

CFU/mL

CFU/mL
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i 31 AEI wjAol] wE mpoje
[20 °C, RH = 50%]

i}
ofr

Q%5 BRAT A

. . Biofilm cell count | Planktonic cell count
Materials Media . )
(log CFU/cm?) (log CFU/cm?)
. TSB 5.55£0.19 7.28%0.20
Stainless
teel Egg yolk 8.07£0.28 7.69+0.09
stee Egg white 6.56+0.14 6.54+0.07
TSB 6.38£0.43 7.35£0.09
Salmonell Plastic Egg yolk 8.26=0.02 7.65=0.09
Egg white 6.58+0.10 6.01£0.11
a2 TSB 6.22+0.32 7.33+0.09
Enteritidis | g pher | Egg yolk 7302001 7.99+0.09
Egg white 5.63£0.06 6.56=0.10
TSB 6.99+0.15 7.62%+0.09
Egg shell Egg yolk 7.04£0.16 7.70£0.10
Egg white 6.84+0.12 7.22+0.20

£y
rlo

- Salmonella Enteritidisit< AA A o2 =& nvlo]oAE A TS XYl Egg yolkol A

].Z]— = 6:]/\-]_‘:_4 E_O:]O

- Egg shell& Alojstaies AFHSEY AL AA 9 FF2 A9 glar wix ] dds ¢

- AE2X 02 Salmonella Enteritidisvr & ZHAZA BT = vjx|e Fgs Zo] 1 6 ~
8 log CFU/cm?* Ax9 =2 nlo]odE TOoE Hol dAoA e 23 &9 ThsAdol
=0 FEo g,

2) Salmonella Typhimurium
¥ 32 Salmonella Typhimurium 2] 20 °C 2S04 2] 24 2 sfjA & nfo] o AE 3} H 754
T FAE vl [20 °C, RH = 50%]

Stainless steel Plastic Rubber Egg shell

Biofilm

CFU/mL
CFU/mL

© N & o @

Planktonic
cell

_60_



% 33 A wjA o wE vlo]edE FAHTH FHAT 74 [20 °C, RH = 50%]
. . Biofilm cell count Planktonic cell count
Materials Media ) .
(log CFU/cm?) (log CFU/cm?)
; TSB 7.02+0.11 8.36+0.13
Stainless
el Egg yolk 7.57+0.07 7.58+0.14
stee Egg white 5.84+0.21 7.04+0.30
TSB 7.30£0.04 8.67+0.03
Salmonella Plastic Egg volk 7.71£0.19 7.80£0.18
Tyohimuri Egg white 6.38+0.25 6.46+0.20
yPRUmULL TSB 6.92+0.11 7.23+0.17
m Rubber Egg yolk 7.66+0.19 7.82+0.07
Egg white 5.80+0.01 6.37+0.06
TSB 7.69+0.17 8.16=0.17
Egg shell Egg yolk 7.76£0.14 7.75£0.17
Egg white 7.56£0.06 7.3620.04
- Salmonella Typhimurium < AAH o2 & nlo]eIdE IA TS HY Egg yolk
]/\1 7].%} o zsﬂx—l_—_o_ E%ﬂ\%
- Egg shell& Al9lstae AEHSEH ANE AA Y FF2 A9 gla wix Y S o
Wol] W= YdAEs BAS.
- AEH o2 Salmonella Typhimurium % XWHAART= wjx9] ¢S Eo] whal
6 ~ 7 log CFU/cm? A%E9 =2 Hlo]edE PFA o2 Hol dAFdMe 22 o4 7F&
Aol =vta FAkE o,
3) Pseudomonas aeruginosa
¥ 34 Pseudomonas aeruginosa 2] 20 °C =042l 212 = wjx|¥ nlo] o AE3} H-FA
T FAS vl [20 °C, RH = 50%]
Stainless steel Plastic Rubber Egg shell

10

fufcm2

Biofilm o4

cfufcm2

CFU/mL

Planktonic
cell

CFU/mL

CFU/mL
CFU/mL

© M & @ @

_6"_




T 35 AR A o vhol e BE FA I RAAT £

[20 °C, RH = 50%]

. . Biofilm cell count Planktonic cell count
Materials Media ) )
(log CFU/cm?) (log CFU/cm?)
; TSB 5.01£0.18 6.78+0.00
Stainless
i Egg volk 7.45+0.06 7.22+0.05
stee Egg white 5.89+0.44 6.27+0.20
TSB 4.86+0.21 6.67+0.32
Pseudomon Plastic Egg yo?k 7.88=0.09 7.68+0.10
a5 Egg white 6.08£0.29 5.66£0.27
i TSB 4.95+0.21 5.79+0.50
aeruginosa | puhber Egg vyolk 7.23+0.19 7.10+0.11
Egg white 6.61£0.11 5.56+0.12
TSB 7.46+0.15 7.22+0.12
Egg shell Egg yolk 6.87=0.24 6.97=0.11
Egg white 5.79+0.11 6.60+0.01

- Pseudomonas aeruginosa 1< AAX o2 £ njo|od

NN 7Y me TS BAL

g 945l vk w

il
odh

glal iAo F e

"o
Hol Btz S R 5o w v HE v3] TSBRTU Egg whiteo] A nlo] &
o

=]
)
=

- A8H OS2 Pseudomonas aeruginosa % XHANARUE wjx]9] S @o] vk
E T
=

6 ~ 7 log CFU/cm® %9 w2 nfolo
/do] Erha dehE o,

_62_
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4) Listeria monocytogenes

¥ 36 Listeria monocytogenes 12 20 °C oAl e] 212 2 wjxd #lo] o E3} R4

T 45 ¥la [20 °C, RH = 50%]

Stainless steel Plastic Rubber Egg shell

Biofilm

CFU/mL
CFU/mL
o m B @ o

Planktonic
cell

E 37 AR WA B2 vloleWE FATH FHAT 5

[20 °C, RH = 50%]

o Planktonic cell
. . Biofilm cell count
Materials Media a1 CFU/cm?) count
0 cm
£ (log CFU/cm?)
) TSB 6.26%£0.16 8.13+0.04
Stainless
1 Egg vyolk 7.10£0.41 8.02=0.06
SUEE Egg white 357000 458033
TSB 6.31+0.09 8.05+0.10
Listeria Plastic Egg yolk 6.99+0.07 7.97+0.01
monocytoge Egg white 4.550.64 471£0.19
nocyrogen TSB 6.43+0.22 7.95+0.18
es Rubber Egg volk 7.53+0.30 8.01+0.07
Egg white 5.37£0.16 4.68£0.31
TSB 7.18+0.14 8.19+0.37
Egg shell Egg yolk 8.20+0.22 7.81+0.12
Egg white 3.68£0.16 5.21+0.41

- Listeria monocytogenes TS ZAA A o2 =& nlo|odE A TS HAYIL Egg volkol

A7 =2 TS IS

- Egg shell& A9slais AFHSEH Ad A9 dd&F A9 gla x| d&S o

Wol B s RS

- AEH O 2 Listeria monocytogenes w1 ZHAZARTE= wjx 9] J3FS Wo] vk
~ 7 log CFU/cm® %9 =2 vlo]edE FAH o=z Hol Ao 23 2 d 7t5

o] =vhal s F,
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5) Cronobacter sakazakii
¥ 38 Cronobacter sakazakii 2] 20 °C XA 2ol A& 2 vz nlo]odE AT
HA+ 82l [20 °C, RH = 50%]

=]
-

Stainless steel Plastic Rubber Egg shell
Biofilm : : 3 :
Planktonic § z § § ] é
cell 2 2
E 39 AP Ao ME vlo| e BAE YT LHAT £
[20 °C, RH = 50%]
. . Biofilm cell count Planktonic cell count
Materials Media , )
(log CFU/cm?) (log CFU/cm?)
) TSB 5.36%0.20 5.60+0.22
Stainless
i Egg volk 4.79+0.01 5.82%0.13
S Eeg white 4.93+0.15 4954017
TSB 5.01+0.19 5.67+0.21
Plastic Egg volk 5.16%£0.14 5.39£0.04
Cronobacte Egg white 5.10+0.26 481+0.15
r sakazakii TSB 4.94£0.09 6.12£0.40
Rubber Egg volk 5.09+0.00 5.33+£0.16
Egg white 5.01£0.09 4.46£0.40
TSB 5.71+0.26 5.65+0.84
Egg shell Egg yolk 5.50+0.32 5.26+0.23
Egg white 452+0.22 491£0.28
- WA 7Y Aol BET S ogllow, Aol e A T E Eo] Hol= Hiol
SEE P T nlete £A] &= Aoz AdFHA R,
- AEH o2 (Cronobacter sakazakii 5+ ‘324 5 log CFU/cm? A X9 Aty o=z
w2 vlo] o E FA TS HolAw A 22 2 TheAde]l vta ddE R
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6) Salmonella Enteritidis
¥ 40 Salmonella Enteritidis 779 10 °C 2=l A& 2 wjx|H nlo|odE HA 3 F

AT Bl [10 °C, RH = 50%]

Stainless steel

Plastic

Rubber

Egg shell

Biofilm

cfulcm2

Planktonic
cell

CFU/mL

CFU/mL

¥ 41 AAI wA o] wWE blo]oILE 3

[10 °C, RH = 50%]

. . Biofilm cell count Planktonic cell count
Materials Media , )
(log CFU/cm?) (log CFU/cm?)
) TSB 4.80+0.01 4.80+0.10
Stainless
" Egg vyolk 4.15%0.08 4.43+0.37
stee Egg white 3.8620.11 4.08+0.13
TSB 5.06£0.75 4.68+0.31
Plastic Egg vyolk 4.56=0.18 5.31£0.11
Salmonella Egg white 4.00+0.08 4.79+0.14
Enteritidis TSB 5.29+0.54 475+0.18
Rubber Egg volk 5.16£0.08 5.08+0.11
Egg white 4.71+£0.02 4.13+0.23
TSB 4.49+0.13 4.73+0.09
Egg shell Egg yolk 4.67+0.19 4.71+£0.08
Egg white 3.56+0.12 459+0.15

0.

i

- Ae
C 4
27 9.

O
2 o>

7}

=]

I

ol lthal dhesE o],

o] o
.

© 2 Salmonella Enteritidis = 10 °Coll A]

Mte] v FHEL B
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— Salmonella Enteritidisvr2 10 °CollA4 TSB > Egg yolk > Egg whitess .2 H}o] o
TS BIAR AE 2 Ao GFRY 25 (10 °0O)Y &S A ¥e E5S B

¥2

4 ~ 5 log CFU/cm?* A== 37
a2y 10 °Cel g ol A

= S

SRS EO




7) Salmonella Typhimurium
¥ 42 Salmonella Typhimurium 2] 10 °C 2S04 2] 22 2 sfjA & nfo]| oA E 3} H 74
T FAE vl [10 °C, RH = 50%]

Stainless steel Plastic Rubber Egg shell

10 10

cfu/em2

e N & @ ®
CFUIcm?

Biofilm

CFU/mL

p s T
CFU/mL
CFU/mL

Planktonic
cell

E 43 AR WA B vloleWE FATIH FHAT 5

[10 °C, RH = 50%]

. . Biofilm cell count Planktonic cell count
Materials Media ) .
(log CFU/cm?) (log CFU/cm?)
) TSB 4.49+0.24 5.83+0.27
Stainless
1 Egg yolk 5.41+0.44 6.10£0.13
S Egg white 4.98+0.16 5.06+0.29
TSB 4.98+0.03 6.0510.11
Salmonella Plastic Egg yo?k 5.74+0.08 6.10+0.11
Tvohimuriu Egg white 5.06+0.34 4/79+0.36
yp TSB 479+0.08 5.95+0.18
m Rubber Egg volk 5.7310.18 6.23+0.22
Egg white 4.98+0.11 4.97+0.20
TSB 5.17+0.06 5.53+0.03
Egg shell Egg yolk 5.75+0.17 5.61+£0.04
Egg white 4.68+0.14 5.38£0.00

- Salmonella Typhimurium <& AAZH o2 =S vHlo]eHAE A TS B Egg yolk
o]]/q ]_z]- o a/dk:.# Hoo

A A .

- Egg shell& Al¢jstiies AFHZEH AA AA 9 4F2 A gla wiA ] d3dF& ¢

ol W= S HAS.
- AE8X OS2 Salmonella Typhimurium ¥+

* 3
10 °CellAdl 4 ~ 5 log CFU/cm* A== 37 °C % o]'%oﬂ Hlgto] w2 FA S BHAH.
2t 10 °Co 3o A %= FiE3] AAolA e 23 2 ¢
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8) Pseudomonas aeruginosa

¥ 44 Pseudomonas aeruginosa 12 10 °C %o A ¢ A2 2 wjx]d nlo]oAE A%}
FHAT v [10 °C, RH = 50%]
Stainless steel Plastic Rubber Egg shell
Biofilm 3 B
Planktonic § é §
cell

3% 45 AAT s A wE nle]ledFE FA

[10 °C, RH = 50%]

. . Biofilm cell count | Planktonic cell count
Materials Media ) 5
(log CFU/cm?) (log CFU/cm?)
; TSB 6.23+0.02 5.18+0.04
Stainless
i Egg volk 5.36£0.16 5.52+0.03
S22 Egg white 3.01+0.15 4.82+0.11
TSB 5.656%0.03 5.61%0.16
Plastic Egg yolk 5.18+0.06 5.71+£0.09
Pseudomona Egg white 3.92+0.20 5.58%0.08
S aeruginosa TSB 5.91+0.07 5.51+0.13
Rubber Egg yolk 4.92+0.12 5.69£0.20
Egg white 3.85+0.23 5.00+0.00
TSB 5.55+0.11 5.53+0.13
Egg shell Egg yolk 5.49+0.07 5.92+0.16
Egg white 4.90+0.06 5.25%0.23

- Pseudomonas aeruginosa vt 10 °Coll4] TSB > Egg yolk > Egg whitess & & H}o]

= 65]/\6]%% Haolo

== A .

- A F e ggud e

>~I

- ARAH O R Pseudomonas aeruginosa i+ 10 °Coll A

37 °C R &0l nsto] v

=X

T‘] E/vn:z-

o) 24 29 7FsAdol Atk wekE o},

(10 °C)¢] Y& 2A &

iy
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9) Listeria monocytogenes
¥ 46 Listeria monocytogene 72 10 °C ==o A9 A& 2 wjx] ¥ vlo]edE A
A ¥l [10 °C, RH = 50%]

1o

Stainless steel Plastic Rubber Egg shell

109

CFUlem?
CFU/em?
CFU/em?

Biofilm

CFU/mL
e N & @ ®

CFU/mL

CFU/mL

Planktonic
cell

E 4T AR WA B vloleWE FATH FHAT 5

[10 °C, RH = 50%]

o Planktonic cell
. . Biofilm cell count
Materials Media a CFU/cm?) count
o} cm
& (log CFU/cm?)
; TSB 5.41+0.00 6.24+0.01
Stainless
1 Egg vyolk 5.25%0.03 6.04=0.49
SIEE Egg white 4.98+0.08 5.21+0.85
TSB 5.84+0.05 6.29+0.16
Lister Plastic Egg volk 4.98+0.00 6.30+0.03
Isterta Egg white 5.17+0.13 4.43+0.05
monocytogene
TSB 5.98+0.02 6.29+0.16
Rubber Egg yolk 4.85+0.01 6.30+0.03
Egg white 4.58+0.05 4.43+0.05
TSB 5.39+0.21 6.59+0.14
Egg shell Egg volk 5.37+0.38 5.73+£0.12
Egg white 3.68£0.16 5.59+0.05

— Listeria monocytogene 2 10 °CollA TSB > Egg volk > Egg whitess &2 H}o] 2.2

=2 3 o o] O
A= 65]/‘6]02 —]5]—)3\1:1-

- AAHOR BaF voleBE FAES ngon, A4 % WA JPud L (10
0] GFL A BE BHES RAS

O 2 Listeria monocytogene T+ 10 °ColA 4 ~ 5 log CFU/cm*A == 37
°C % 2o Hlste] @2 FXF BA5. 28y 10 °Co A= F3] dAgelAe 2
A} 9 ThsAdel drtar ddE o] .
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10) Cronobacter sakazakii

X 48 Cronobacter sakazakii 19

AT Bl [10 °C, RH = 50%]

10 °C &

Zo el A B oA vel e dE FAE eI F

Stainless steel

Plastic

Rubber Egg shell

Biofilm

cfuicm2

cfuicm2

Planktonic
cell

CFU/mL

CFU/mL

3F 49 AE 3t Ao wpE
[10 °C, RH = 50%]

|

. . Biofilm cell count Planktonic cell count
Materials Media
(log CFU/cm?) (log CFU/cm?)
. TSB 3.65+0.32 4.42+0.19
Stainless
teel Egg volk 3.73£0.14 4.61+0.04
stee Egg white 3.39+0.01 4.16+0.08
TSB 3.92+0.16 4.93+0.05
Plastic Egg yolk 3.68£0.52 4.62%0.13
Cronobacter Egg white 3.55+0.22 4.31+0.16
sakazakii TSB 3.45+0.11 4.46+0.04
Rubber Egg vyolk 3.55+0.03 4.53+0.20
Egg white 4.02+0.31 4.03+£0.08
TSB 4.19+0.27 4.13+0.19
Egg shell Egg yolk 4.04=0.25 4.32£0.36
Egg white 3.73+£0.14 3.14+0.44

— Cronobacter sakazakii 7-& 10 °Col A w]x]7te] nlo]QIE &A%
kil o2 T E9 Hsle Ao r gre vlo]odE PHdTS H

- AA % A G L

ABX o5 Cronobacter sakazakii
° o] e =
[e)

] N
g 7hsAe] Qrka gheks|ol,

H
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(10 °C)¢] &= 24 ¥ Ea5s Bow.

T+ 10 °CellA 4 log CFU/cm* Bx=2 37 °C %
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1) Pseudomonas aeruginosa — 37 °C

Materials

Rubber

A9/N40

Plastic

2U2/N40

AU9/NAD

Stainless steel

e ® ®w * & o

RH

9

- Pseudomonas aeruginosa ¥t

o_n.,
R

B

K
]

o
&

%
X

o}
N

JJo

0
,_mmo

i
el

ol nFHol A Fe)o Egg yolk, Egg White?} TSB &l

=]
I .

SE

Ao

v 7k

1]
=

wK

o

oW

=
=N

WH

B
N

o

il

Salmonella Typhimurium, Listeria monocytogenes

-

- 25125 °C
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=
"o

o

Nr

=
=

- Microplate reader

A
A

Hl =« (TSB)7F 10 mL

ot

To] 27 mol A 244 7F Wl

)5

-

of it ol 23] AlH o= FiAlt Al

—_
fite)

7, 10, 14, 21, 28, 35 <

)

5

)

3

’

2

Ed &A 1,

]

o

v} o]

o]

=l

% 60%3t scrubbing

A

al

ol X
=

84

Al
=

3)

—a— STmnless steel
e

000

3%

10

Time {days)

1% 37 35947y 2+ A Salmonella Typhimurium®] v}

_7‘|_



—e— Stainlesssteel
— PlaTic

—=— Rubber

—a— Egg shell

a9 38 359zt 7 AEW Listeria monocytogenes®]
Hhol e A5 AEE 7t
- S Typhimurium ¥ L. monocytogenes + 5 257 EE A A A 254 oA A
wl

N
L)
ftlo

- T B egg shelld] violedE I Tl MM =2 FAE HERY.

- S, Typhimurium® 4% 354714 2E A A9 A 3 log CFU/cm2 ©|7 wlo] o dEo] #+

£3ol, L. monocytogenes®] 73 AEE o] Ao w v

o 98 % ABE F uloleBEY UE/EY A % Y Ags 24 47

I Salmonella Enteritidis, Salmonella Typhimurium, Listeria monocytogenes,

Pseudomonas aeruginosa

- A A: stainless steel, plastic, rubber, egg shell (Z7]: 2 cm x 2 cm)

- 2%: 37 °C (& L. monocytogenes® 74% 30 °C)

- &84 A UV (0, 300, 600, 1200, 1800, 2400, 3600 mWs/cm2)
PEF (0, 30, 60, 90, 120, 150, 180, 240 sec)
y-ray (0, 0.3, 0.5, 1.0, 1.5, 2.0 kGy)

- 3}8+4 A2 Ethanol (0, 25, 35, 50, 70 %)
NaOCl (0, 50, 100, 300, 500, 700, 1000 ppm)
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H202 (0, 5000, 10000, 15000, 20000 ppm)

CaO (0, 0.05, 0.10, 0.15, 0.20, 0.30 %)
UV/H20; (0, 300, 600, 1200, 1800 mWs/cm2 / 0, 0.5, 1.0, 1.5, 2.0 %)

- 5342 UV/NaOCl (0, 300, 600, 1200, 1800 mWs/cm2 / 0, 50, 100, 150, 200 ppm)

o

A

%),
sho] wlol

fol 2220 A 24X 7F ul ek,

% 60%3t scrubbing

Fol =l

o)

gl x] HE &

A2 (&9 10 midl A= F

%

ha

3}
Al |1l X
=

o Ad&
-

Aste] Wit ol 23] AlFH R F AT AA.
/3t

3|
ZS|
E

PN
T

Z ¢ o]
Hlol e =& 3

F=d

s FAIgHE St =1

- dykalA] (TSB)7F 10 mL 4

o

_ZTI

o
]

- Microplate readerE =¢

)=
o)

=1
=

|

SIEEE

5

Fo] H Ao Al 2443 bl .
HE & &Y

IR

Al
ax

Jelg BaAlit 3

- A

- FEE FAl 600 wl)e ABAIEESE =24 /584 A2 (4.5 ml).

T
T
ol

—

4)

_73_

ol

1) Salmonella Enteritidis

7h =el/3ke/



¥ 51 UV AHgol wE Salmonella Enteritidis 772 A @ wlo]l e AE3} BH{-A A7H3} H

Jl
Materials
Stainless steel Egg shell
104 Ly Biofi
81 84
Uv >
g ot
2+ 2
"0 300 00 1200 1800 24:00 3600 4000 Un 300 600 1200 1800 2400 3600 4000
UV irradiation (mWs/em?) UV iradiation (mWs/em®)
E 52 UV Aol ute upol e AE W P HATE F3
[37 °C, RH = 50%]
irradiation L )
. Biofilm cell count Planktonic cell count
Materials dosage ,
) (log CFU/cm?) (log CFU/ml)
(mWs/cm®)
0 7.38£0.20 7.75+0.07
; 300 7.08+0.07 7.64%0.06
Stainles
] 600 6.75£0.07 7.19+0.17
3 s 1800 6.05+0.07 6.59+0.16
Salmonella 3600 570+0.11 5.97£0.09
Enteritidis 0 7.22£0.13 7.39£0.27
Eoe 300 7.15+0.15 7.07+0.21
" 600 6.91+0.13 6.37x0.20
shell 1800 6.71%0.14 6.020.08
3600 6.26+0.26 5.79+0.12

- Stainless steel®] 4% Hd 3600 mWs/cm2 *2]A] vfoledE3 FEHFA1o] zHzF 1.68
fex]
AN

log, 1.78 log #F4:8k31aL, AR T Hlo]d 5ol & AJAHES B+,

- Egg shell®] 7
A

A 3600 mWs/cm2 A A vlo]l e dE3 FBFAto] 2tz 0.96 log,
1.60 log #FA3} q

o

o

i, FRATRET vlo] e dEo] =2 AIAHS BAS.

- A8A R F 7HA AE BF FRATERT vto] L Fo] UVA P gk AaAdo] =
ko Hu 3600 mWs/cm2 & Fol%x 1 log (90%) A= #A=E wud AdEgis

[e]
HA=.
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¥ 53 Gamma irradiation 8ol W& Salmonella Enteritidis 7¢] A 2¥ njo]o LA E3 R&

Alxt A sk Wl

Materials
Stainless steel Egg shell
10 10 =
i —a— Buwfilm
:t_ E;::-I:‘mm: cal ‘ \‘ —o— Planktonc cell
. -
S
\ ~%. i )
> k- 35
Gamma | 5 B .
. . o 2« \ Sl | o 5
irradiation 8. ™~ -
3 :
: ~ - S
2 » {} E L —
0 r . ] Lo
00 05 10 15 0 0o 0 10 15 20 25
Gamma(kGy) Gamma(kGy)

¥ 54 Gamma irradiation #2]el] w&

[37 °C, RH = 50%]

dhol @ WEI HAHAT A

. Irradation Biofilm cell count Planktonic cell count
Materials
(kGy) (log CFU/cm?) (log CFU/ml)

0 7.59+0.15 7.78+0.07
0.3 6.80£0.12 3.48+0.13
Stainles 0.5 6.35+0.20 2.98+0.27
s steel 1.0 5.32+0.29 1.81+0.25

1.5 3.68+0.64 ND

Salmonella 2.0 2.22+0.29 ND
Enteritidis 0 7.59+0.15 7.83+0.10
0.3 6.72+0.21 6.39+0.23
Egg 0.5 6.00£0.13 4.73+0.09
shell 1.0 4.61+0.18 2.36%0.28
1.5 3.02+0.32 1.98+0.07

2.0 ND ND

ND : < 1 CFU/cm2, < 1 log CFU/ml

- Stainless steel®] % gamma irradation 2.0 kGy @ A] Hlo] 2 HE 9]

R, FrATY] A5 15 kGy ol el A ExE HAS.

- Egg shell®d 7-$ gamma irradation ) 2.0 kGy #g]A] Hlo]| Q. Z

&) o

== HJANE

L

- AEAoR, F
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of tigh AdAde] wkem, 1.5 kGy Al 3 log (99.9%), 4 log (99.99%) Ble]dE 4

3 55 NaOCl A&l W& Salmonella Enteritidis 2] A& vlo] &3 FHAld 433}

H] 1
Materials
Stainless steel Egg shell
10 10
| —&— Bioflm J —a— biofilm
—o— planktonic cell
LR 2
L
e
™ l\ P
E "1 N s°
NaOCl 2 4l 2
g =
L e
T - T T o T T T T
o 200 400 800 a0 000 1200 0] 200 400 800 800 1000 1200
MNaOCl (ppm) NaOQC| concentration (ppm)

3# 58 NaOCl A gloll wE npol e A3} FfAl+t 3 [37 °C, RH = 50%]

. Concentratio Biofilm cell count Planktonic cell count
Materials
n (ppm) (log CFU/cm?) (log CFU/ml)
0 7.14+0.19 -
50 5.90+0.33 -
Stainles 100 5.34£0.21 -
300 4.26+0.28 -
s szl 500 357+0.35 -
700 2.42+0.38 -
Salmonella 1000 ND -
Enteritidis 0 7.70+0.07 9.03+0.08
50 7.20+0.18 8.96+0.06
B 100 7.13+0.29 791+0.14
300 6.51+0.14 5.52+0.26
shell 500 6.48+0.23 3.47+0.25
700 6.23+0.09 3.20+0.25
1000 5.71+0.29 2.02+0.11

ND : < 1 CFU/cm2, < 2 log CFU/ml
- Stainless steelol] dFA % nfoje I E

iz, o 1000 ppm A E2HE HAS

Lo,

7% NaOCl 700 ppm A @Al 4.72 log #2384

- Egg shell®] 7% NaOCl 1000 ppm A& A] vlo]edE0o] 199 log, FAlve] 7.01 log

= o
Aast
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,7& S|

4 0 2 Stainless steel 2.t} egg shelle] vlo] 2. E 9]
2 Al 1 log (90%), 4 log (99.99%) w®lol o & At F =

¥ 57 H202 A gl W& Salmonella Enteritidis ¢ A ZA¥ wvlo] o

jus)

| L

A Adde 7HAH, 700ppm

g3 PaAE A7

Materials
Stainless steel Egg shell
10 = 10 =
—a— Biokim
| —&— Biofilm —o— Planktonic cell
I —O— Planktonic cefl e —
81 84
s "1
& | . L i ‘\ﬁ:
8 8 4 ~—
B e 2 D S
2 = > e,
T O —
H-0 G 5] e
- =N —
22 B 4 4 2 4 Ey ﬁ--?
S 1
24 [ 24
0 ’ ]
o 5000 10000 15000 20000 25000 ] 5000 10000 15000 20000 25000
Hydrogen peroxide concentration Hydrogen peroxide concentration

¥ 58 HoOp Aol up& nfo] @

[37 °C, RH = 50%]

HEE]

FAlE 5

. Concentratio Biofilm cell count Planktonic cell count
Materials
n (ppm) (log CFU/cm?) (log CFU/ml)
0 7.70+0.16 8.42+0.07
500 6.60£0.07 7.80£0.13
Stainl 1500 5.86+0.11 7.40+0.06
ainles
2500 5.62+0.08 7.26+0.21
s sl 5000 5.21+0.14 6.61+0.17
10000 4.30+0.09 5.74+0.12
Salmonella 20000 2.87+0.06 1.65%0.60
Enteritidis 0 7.15+0.19 7.39+0.27
500 7.02£0.15 7.10£0.26
Egg 1500 6.52+0.12 6.75%0.15
2500 6.07+0.08 6.28+0.20
shiell 5000 555£0.12 5775011
10000 5.40+0.08 5.05+0.01
20000 4.18+0.27 3.39+0.44

- Stainless steel®] 7
log 7439+

- Egg shell®]

= [e)
HECEES

F Hx02 20000 ppm 2 A] vlo]FFo] 483 log, F-frAlie] 6.77
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7% H202 20000 ppm A 2] A] wvlo] @ FEo] 300 log, FrAlve]l 4.00 log




- AzHor F A AE BT FHAFEY nlo]eFEo] HO, Aol thik A &Aool
Eorom  Hu 20000 ppm HE Al 3 log (99.9%), 4 log (99.99%) nlo]| e IE AFEi}E
HYS

¥ 59 CaO Ao W& Salmonella Enteritidis ¢ =2

H| 1l

2

=

Hhol 0 Mg} B4

At A28t

Materials

Stainless steel

Egg shell

leg CFUkm2

CaO

Flankionic ool

i 60 CaO Aol wg npo]od

[37 °C, RH = 50%]

. Concentratio Biofilm cell count Planktonic cell count
Materials
n (%) (log CFU/cm?) (log CFU/ml)
0 7.17+0.17 7.39+0.21
0.05 4.43+0.24 4.00+0.41
Stainles 0.10 2.97+0.30 1.73+0.26
s steel 0.15 2.55%0.11 ND
0.20 1.97+0.11 ND
Salmonella 0.30 1.64£0.09 ND
Enteritidis 0 7.16£0.10 7.22+0.22
0.05 5.93+0.13 6.14+0.14
Egg 0.10 5.64+0.27 3.99+0.38
shell 0.15 4.29£0.19 1.79+0.25
0.20 3.77+0.17 ND
0.30 3.23£0.18 ND

ND : < 1 CFU/cm2, < 2 log CFU/ml

- Stainless steel®] - CaO 0.30% A A] Hfo] 2 HE o] 553 log FAastA L, FHAT
015% oFL_TE% E 4% El?j\%.

- Egg shell9]
0.15% °]% &

Ca0O 0.30% =& A

Kol
=K

75 Ho] ©. 2
24% 99
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- Aeder, 5 7HA A 0.15% o) Fell Al
3% AW 030% Al 3 log (99.9%), 5 log (99.999%) 2kt

2) Salmonella Typhimurium
¥ 61 UV Ao W& Salmonella Typhimurium 2]

3} W
Materials
Stainless steel Egg shell
10 10
—&— Biofim —— Biciim
—a— Plankioniccell —&— Planktonic cell
g B
P> : s
“E E HM £ 6 :
g £
4 £
uv S :
54 G 4
o o
= 2
2 2
0 : : : + | | ] 0 + + ; i t t /
0 300 600 1200 1800 2400 3600 4000 0 300 GO0 1200 1800 2400 3600 4000
UV irradiation (mWsfem?) UV irradiation (m\Wsicm®)

E 62 UV Aol wE npol o
[37 °C, RH = 50%]

g3} PHAE 5

irradiation L )
. Biofilm cell count Planktonic cell count
Materials dosage )
5 (log CFU/cm?) (log CFU/ml)
(mWs/cm®)
0 7.36%£0.16 7.29+0.14
; 300 7.07£0.11 7.09£0.28
Stainles
1 600 6.88£0.15 6.73£0.20
5 Sifee 1800 6.41+0.37 6.21+0.17
Salmonella 3600 6.12£0.09 5.84+0.15
Typhimurium 0 7.22+0.13 7.66£0.11
B 300 7.05£0.16 7.22£0.21
hell 600 6.86+0.20 6.47+0.17
she 1800 6.46+0.28 6.02+0.11
3600 6.19£0.10 5.54+0.19

- Stainless steel®] 4% UV 3600 mWs/cm2 =] 2] A]

FrAlTt2 1.45 log ZFAsHA .

Hlo] @ FEo] 1.24 log #HAst L, F

- Egg shell®] 7
T 212 log Z:L

£ UV 3600 mWs/cm2 = 2] A|

a5

Hpo] Q.

dFol 1.03 log #Haskelar, A
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- A 3600 mWs/cm2 = & A
AL 7+AE ®Heow egg shell TS 2 log (99%)

=, UVA gl= dtaart

¥ 63 Pulsed Electric Field (PEF) A&l W& Sa/monella Typhimurium 2] =
FAr Al A 7Esk v

[ =)

upe)

=

+ A

nn)§ Aow

Adol M npoled =

Holg.

ol

=
At

Aol 1 log (90%)
kel

e mye dRAo

el

H
= =

Materials

Stainless steel

Egg shell

Pulsed N
Electric
Field
(PEF)

log CFU/cm2

‘ —a— Biohim
|
]

log CFU/cm2

-+— Bighim |

Time(sec)

T T
150 200 250 W00

Time{sec)

¥ 64 Pulsed Electric Field (PEF) #g]o] W& nlo]odE3} H&

[37 °C, RH = 50%]

At 5

. Time Biofilm cell count Planktonic cell count
Materials
(sec) (log CFU/cm?) (log CFU/ml)
0 7.00+0.15 -
30 6.43+0.23 -
60 5.77+0.12 -
Stainles 90 5.52+0.08 -
s steel 120 5.25£0.08 -
150 4.95+0.06 -
180 461+0.21 -
Salmonella 240 4.31+0.25 -
Typhimurium 0 8.29+0.13 -
30 8.04+0.03 -
60 7.63+0.12 -
Egg 90 7.25+0.18 -
shell 120 7.01£0.10 -
150 6.72+0.25 -
180 6.17+0.27 -
240 5.73+0.32 -
- Stainless steel®] 7% PEF 240 sec A& A] 2.69 log, egg shell®] 4% 2.56 log 743k

o

= .
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= A8 (30, 60, 90, 120, 150, 180, 240 sec)l Al stainless steel Rt} egg shellol 3
A%® S, Typhimurium biofilm cell count”} © =4 YEE.

o

- deAom Al 240 sec A ollA Hio] @A Fo] 2 log (99%) ¢ AHadE HAE

-
3t

65 Ethanol A glo] W& Salmonella Typhimurium ¢ A2 vlo] o AE 7} BG A
A 7ks) vl

Materials
Stainless steel Egg shell
| 5 s |
) = . - ) R “E -
Ethanol |$ 3 - % - P~
' =3
* EtOHconce;tration[%] ) ¢ ' . EtDHconce:(t}ration(%) ” .
¥ 66 Ethanol A &]d] w}& wlo] o &3} HFA+ X
[37 °C, RH = 50%]
. Concentratio Biofilm cell count Planktonic cell count
Materials
n (%) (log CFU/cm?) (log CFU/ml)
0 7.67£0.08 8.04+0.11
) 25 7.11+0.09 6.77+0.07
Stainles
35 4.96+0.10 452+0.34
s steel 50 3.91+0.12 3.72+0.07
Salmonella 70 2.48+0.12 2.26+0.13
Typhimurium 0 8.19+£0.05 8.21£0.16
B 25 7.31£0.15 6.78+0.29
hell 35 5.66£0.23 4.46£0.32
she 50 3.90+0.11 3.73+0.11
70 2.60+0.33 2.35+0.17

- Stainless steel®] 7% Ethanol 70% 2] A] Hlo] L HE o] 519 log, FFAlTo] 578 log

=] [e]
skl =

- Egg shell®] 49 Ethanol 70% ##]A] vlo] & Eo] 559 log, F-Alro] 5.86 log 4

sH912.

rr

At E

k%)

- A¥4 2%, Ethanol 70% A#A] F A2 Z5F 5 log (99.999%) °l% 28}
g Holon, FRAEy ve]ledEo Aol o =A yEhE.
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¥ 67 NaOCl A&l W& Salmonella Typhimurium 2] 2|2 nlo] o dE} BFAw A
73k Wl
Materials
Stainless steel Egg shell
+ 10
o Biofim ‘ -
Planktonic cell —&— RBiofilm
—O— Pianktonic cell
7] 4
g
W
o k= il
5 g 5
© i z
NaOCl % B g
0 0 ) ' ' > !
200 W sog 400 m i?'w 0 200 400 800 300 1000 1200
NaOCl {ppm) NaOC! concentration (ppm)

& 68 NaOCl #2lo] wh& wpo]edF 3} FfAt 4]
[37 °C, RH = 50%]

. Concentratio Biofilm cell count Planktonic cell count
Materials
n (ppm) (log CFU/cm?) (log CFU/ml)
0 7.36+0.16 7.29+0.14
50 6.72+0.37 5.97+0.25
Stainles 100 5.92+0.27 5.45+0.18
300 4.89+0.22 4.40+0.37
s sl 500 3.85+0.21 2.98+0.23
700 2.77+0.32 2.29+0.27
Salmonella 1000 ND ND
Typhimurium 0 7.95+0.26 9.13+0.07
50 7.61+0.07 8.39+0.18
Egg 100 7.26+0.17 8.11+0.04
300 6.59+0.10 5.54+0.39
shiell 500 6.4520.05 5.06£0.20
700 6.41+0.09 3.73+0.19
1000 6.08+0.21 2.09+0.14

ND : < 1 CFU/em2, < 2 log CFU/ml
- Stainless steel®] 7 NaOCl 700 ppm ©]% #g]A] #Hlo] e A E3}

ﬂ /\AE‘-

At B 241E

do

- Egg shell®] 4% NaOCl 700 ppm #2]A] vlo] 2 HE-o] 1.87 log, ¥-FAliro] 7.04 log 7+

- AgHoRE F /A AF BT BFAET blo] @ B E o] NaOCl Aol tfdk &4 o]
=31, 700 ppm A2 Al vl E0] 1 log (90%) #HA 2 dAbE e a37F B F.
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¥ 69 HO: Aol W& Salmonella Typhimurium 2] |2 wnio]eAE3 HA{A A
e mja
Materials
Stainless steel Egg shell
10 10
—o— Biofil —e— Buofilm
O P 1l —0— Planktomic cell
g 8 :gi
‘EL: 6 .Igl 'é 64 F\"‘
O i — o —~ ':.!_7_
Hz0, g B i g R —
— 5 z
24
~
0 0+ . ; : -
5000 10000 15000 20000 25000 10oo0 15000 20000 25000
Hydrogen peroxide concentration Hydragen peroxide concentration

[37 °C, RH = 50%]

%)

. Concentratio Biofilm cell count Planktonic cell count
Materials
n (ppm) (log CFU/cm?) (log CFU/ml)
0 6.73+0.09 6.91+0.17
500 6.45+0.13 6.12+0.22
Stai 1500 5.88+£0.09 5.33+x0.11
ainles
2500 5.40+0.13 5.06+0.03
s sl 5000 5.05+0.08 4.24+0.15
10000 418+0.14 3.34+0.13
Salmonella 20000 2.65%0.21 ND
Typhimurium 0 7.58+0.11 8.00+0.10
500 7.07£0.09 7.26%0.13
B 1500 6.57+0.12 6.67+0.17
2500 594+0.11 5.80+0.16
shiell 5000 5.38£0.10 4.95+0.30
10000 4.44+0.18 4.10+0.08
20000 3.86+£0.24 3.26+0.15
ND : < 1 CFU/em2, < 2 log CFU/ml
- Stainless steel®] - H20: 20000 ppm # 2] ©]% #Hlo] 2 HE9o] 408 log #Aastsda, H
AT BHE HAS
- Egg shell®] 2% H.0, 20000 ppm A7 ©]% njo]eAEFo] 372 log, HFHAlvro] 4.74
log 7HAskSl =
- AEH o= F 74 ZHX] B FiAldrEg vte] e Fo] HaOr Aol digh A 34d o]
E=9kal, 20000 ppm A # & wlo]EEo] 3 log (99.9%), 4 log (99.99%) #Asl= At d
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¥ 71 CaO Aol w2 Salmonella Typhimurium ¢ A &A¥H wlo]e &3} HH AT A3
3} Bl
Materials
Stainless steel Egg shell
10
—8— Bicfilm —&— Biofilm
—O— Piankionic call —0— Planktonic cell
8 B B & )
N o oy .
E k-! ’; 5 - e
5 5 2 n R
CaO E‘ Ny T %‘ 4 R .
T ) 2 T
2 * R .
\
0 T - T T r 0
0.00 1] 010 0 020 1] 030 0.3 000 1 01 020 0.25 030
Ca0(%) CaO(%)

# 72 CaO Aol w npol e

[37 °C, RH = 50%]

AE} PRATE A

. Concentratio Biofilm cell count Planktonic cell count
Materials
n (%) (log CFU/cm?) (log CFU/ml)

0 8.23+0.08 8.12+0.16
0.05 7.42+0.16 5.40+0.17
Stainles 0.10 6.44+0.20 3.70+0.20
s steel 0.15 5.62+0.16 2.69+0.35

0.20 411£0.13 ND

Salmonella 0.30 2.22%+0.29 ND
Typhimurium 0 7.96+0.19 7.94+0.11
0.05 7.25+0.08 6.17+0.13
Egg 0.10 6.17+0.08 5.03+0.12
shell 0.15 5.12+0.24 3.05+0.18
0.20 4.18+0.10 2.04+0.15

0.30 3.87+0.22 ND

ND : < 1 CFU/cm2, < 2 log CFU/ml

- Stainless steel 2]
FATS 0.20%

- Egg shell®]

- A8AHoE T 7HA

a1, 0.30% A EA] mpo

o) 771
A -

AL Ca0 0.30% =& A

ol AHEA BEHE HAS.

A9 CaO 0.30% A7 A
0.20% o] HeA] =

= S+

A BF
AR,

uo] &2 5 o]

Hho] 0.9 &

FrAlst i vpo] e HFo] CaOA gl w3t
°] 4 log (99.99%), 6 log (99.9999%) #t4
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B,

3) Pseudomonas aeruginosa
¥ 73 UV Agol W& Pseudomonas aeruginosa 2 AW wioloAE3 BFAd A7

3} Hl WL

Materials

Stainless steel Egg shell

b
=

//
I

Log CFWem (mi)
-

Log CFUfem” (ml)
=~

uv

r

=1

0 300 600 1200 1800 2400 3600 4000 y ! ' i t ! !
300 600 1200 1800 2400 3600 4000

UV irradiation [m‘u"u'a-’cmz} UV iradiation {mWs/em?)

=

374 UV Aol mh vlo]l e AF I F-fAlvt 53]
[37 °C, RH = 50%]

irradiation Lo .
. Biofilm cell count Planktonic cell count
Materials dosage
(log CFU/cm?) (log CFU/ml)
(sec)
0 5.88%+0.04 8.54+0.04
300 5.55+0.01 7.07+0.03
Stai 600 5.43+0.05 6.69+0.10
tainles
1200 5.24+0.09 6.34+0.11
s steel 1800 5.10+0.02 6.30+0.06
2400 475£0.07 5.93+0.01
Pseudomonas 3600 3.99+0.17 5.70£0.40
aeruginosa 0 6.02+0.03 8.49+0.03
300 5.94+0.09 7.39£0.12
Egg 600 5.78+0.05 6.78+0.47
hell 1200 5.50+0.28 6.22+0.37
she 1800 5.29+0.08 5.96+0.05
2400 5.00+0.06 5.88+0.14
3600 4.87+0.04 5.53+0.13
- Stainless steel®] 74-%- UV 3600 mWs/cm2 A 2] A] vlo] Q= Fo] 1.89 log FFAsHAaL, -
FA TS 284 log TFAdAS
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- AEHoR F 7HA AE BEF FEfATRET vle]l e Eo] UV Ao dlgk AgAdo] =
kom Hu g 3 wlo]eEHE9 AF 1 log (90%) Az Atrgyry mju)sk Aoz 1
B}t
¥ 75 Ethanol A8 W& Pseudomonas aeruginosa 2 A2 nlo] o dE 3} HGA+t
A 7ks) vl
Materials
Stainless steel Egg shell

9 —&— Biofim
—C— Pianktonic cell

Log CFU/egg

Ethanol

Lag CFUfem” (mi)

& = M W e ot @

T T T T T
0 10 20 30 40 50 60 70
EtOH concentration (%)

T T T T T
0 10 20 30 40 50 &0 70
EtOH concentration (%)

3 76 Ethanol A ¢fell w& nlo] B F 3} FFAld FA
[37 °C, RH = 50%]

. Concentratio Biofilm cell count Planktonic cell count
Materials
n (%) (log CFU/cm?) (log CFU/ml)
0 6.50£0.28 7.64+0.21
10 5.30£0.27 7.38+0.18
Stainles 25 4.83+0.24 5.36+0.15
s steel 35 4.73+0.07 3.98+0.28
50 4.48+0.13 ND
Pseudomonas 70 3.24+£0.34 ND
aeruginosa 0 8.06=0.10 8.17+0.07
10 7.28+0.17 7.65+0.17
Egg 25 6.18+0.17 7.14+0.13
shell 35 6.04+0.21 3.24+0.34
50 5.86£0.09 ND
70 5.73£0.05 ND

ND : < 1 CFU/cm2, < 2 log CFU/ml
- Stainless steel®] 749 Ethanol 70% #g]A] vlo] e E0] 3.26 log AN L, H-H-AF

2 50% °|FHH EHE FHAL

- Egg shell®] 7% Ethanol 70% *2]A] wvlo]@dFo] 233 log #HAsA L, FAld
50% o]FFH EAF HAS.
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O
T
°
to

H 25| Ethanol #elol gk A FA
, A 70% A2 F vlo] = Fo AF 2 log (99%), 3 log (99.9%) AR A

¥ 77 NaOCl Aol W& Pseudomonas aeruginosa 2] A ZAE wvlo]| o AE 3} BE A3 A

Materials

Stainless steel Egg shell

—&— Biofilm

anic cell

NaOCl1

log CFUfcm2-
s &
log CFUicm2

T T T T T T T T
] 50 100 150 200 0 50 100 150 Z00
NaOCl {pom) NaOCl (ppm}

3# 78 NaOCl #glo| wh& wpo] e AF 3} FfAat 4]
[37 °C, RH = 50%]

. Concentratio Biofilm cell count Planktonic cell count
Materials
n (ppm) (log CFU/cm?) (log CFU/ml)
0 6.61+0.01 8.26+0.55
30 5.34+0.48 7.76+0.16
50 4.95+0.35 7.47+0.17
Stainles 70 4.76£0.10 6.51+0.03
s steel 100 4.28+0.16 6.22+0.23
120 4.00£0.14 5.57+0.04
150 2.33+0.17 4.87+0.24
Pseudomonas 200 1.35£0.49 3.66+0.06
aeruginosa 0 7.05+0.07 9.00£0.06
30 6.71+0.15 8.57+0.33
50 6.43+0.03 8.54+0.00
Egg 70 6.25+0.08 8.19+0.11
shell 100 5.43%0.14 7.04+0.35
120 4.70+0.01 6.04+0.06
150 4.21+0.22 4.43+0.20
200 4.20+0.00 3.66£0.06

- Stainless steel®] 7% NaOCl 200 ppm A 2]A] #lo] e HE9o] 526 log, FFAlir< 4.66

log 7435+
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- Egg shell®] 4% NaOCl 200 ppm # &l A] vlo] 2 E0o] 285 log, A+ 5.34 log 7

B e e

- AEAORE F A AP BT BfAdET blo] B E o] NaOCl Aol ot # &0l
=dow Hd 200 ppm A2 F vloleFAEF A5 2 log (99%), 5 log (99.999%) 743}
= A YJebd.

=

79 CaO A&l W& Pseudomonas aeruginosa T2 A& nlolodE3 K

3} vl

Al A7

™

Ho

Materials
Stainless steel Egg shell

CaO

Log GFUfem? [mi)
Log CFUfem?’ (mi)
e o &

4

H e

T T T T T T T T e
0.00 0.5 010 0.15 0.20 025 0.30 0.35 0.00 0.05 oo 0.5 0.z0 0.25 0.30 0.35

Ca0 concentration (%) CaQ concentration (%]

# 80 CaO Al W npo]dF3 F-FAlt 4
[37 °C, RH = 50%]

. Concentratio Biofilm cell count Planktonic cell count
Materials
n (%) (log CFU/cm?) (log CFU/ml)
0 6.12+0.03 8.24+0.07
0.05 3.86+0.03 7.97+0.20
Stainles 0.10 2.94+0.09 6.10+0.36
0.15 2.68+0.03 5.61+0.04
s szl 0.20 2.36+0.30 2.45+0.21
0.25 1.57£0.18 ND
Pseudomonas 0.30 0.64+0.04 ND
aeruginosa 0 752£0.11 8.17+0.11
0.05 6.20+0.13 7.92+0.13
B 0.10 5.46+0.17 6.07£0.01
0.15 4.90+0.35 5.48+0.12
shiell 0.20 4.56+0.09 2.84+0.09
0.25 4.47+0.05 ND
0.30 4.38+0.11 ND

ND : < 1 CFU/cm2, < 2 log CFU/ml
- Stainless steel®] 74 CaO 0.30% A& A] vlo] & Fo] 548 log #rAastdal, FAld

0.25% ol A58 =dE =%+,
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- Egg shelld] 2% CaO 030% AH&Al vte]dFo] 314 log #AsA L, FFAlde
0.25% ol Ay 4% =HAS.

S ARAeR F o AW BT SR seledEe] Ca0 Aol dF AFel
*ow 0.30% A2 F Heoled 45 3 log (99.9%), 5 log (99.999%) 7ra~3sf+= At
S5} ven,

lwl' HH

4) Listeria monocytogenes

1 UV Aol wWE Listeria monocytogenes 2] A AW npo]l o =3} BG A+ A 7+3}

-
it

|

3
ol

a7

Materials

Stainless steel Egg shell

10 4 g 10 —a— Bicfim

—&— Biofim
—a— Planktonic cell —ik— Planktonic cell

: D

uv : . S 5, 3
2 2
"0 300 00 1200 1800 2400 3600 4000 0 300 600 1200 1800 2400 3600 4000
UV irradiation (mWs/cm®) UV irradiation (mWs/om®)
I 82 UV Aol & vto]ed 53 AT 4
[30 °C, RH = 50%]
irradiation o .
. Biofilm cell count Planktonic cell count
Materials dosage
(log CFU/cm?) (log CFU/ml)
(sec)
0 6.51+0.15 8.77+0.03
300 6.26£0.04 7.92+0.13
Stainless 600 6.10+0.29 7.56+0.15
e 1200 5.40+0.03 7.04+0.08
1800 5.05+0.07 6.76+0.02
2400 494+0.01 6.72£0.03
Listeria 3600 4.67+0.13 6.57+0.11
monocytogenes 0 7.28+0.18 8.86+0.08
300 7.06£0.25 7.61+£0.08
Egg 600 6.07+0.12 7.09+0.08
1200 5.72£0.08 0.42£0.05
slazlll 1800 5582011 58120.05
2400 5.40+0.02 5.91+0.01
3600 4.73+0.27 5.58+0.13
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- Stainless steel®] 7

FrAlT 2 2.20 log %L °

$ UV 3600 mWs/cm2 = 2] A|

}\}\D

vio]l @ = 5ol 1.84 log 74askelal, F

- Egg shell®] 2% UV 3600 mWs/cm2 #]2]A] vlo]eFEo] 255 log A3, F74
T2 3.28 log Z.@L 53 =
- ARA R F 7HA AE BF FRATET vto] Q. Fo] UV Aol digh Aol =
g, 3600 mWs/cm2 A2l Al vo] S Ee A 1 log (90%), 2 log (99%) ZFasths w]v]
sk At g dtE UERY.
¥ 83 Ethanol A glo| W& Listeria monocytogenes 2] A A nvlo]Q HE3} RFA7 A
4 g el i
Materials
Stainless steel Egg shell
Ethanol % E
E10H concemtration {3} b a ' _;: -x-':: =T - A "

¥ 84 Ethanol A& w}& nlo] o A&}

Hfr Al A

[30 °C, RH = 50%]
. Concentratio Biofilm cell count Planktonic cell count
Materials
n (%) (log CFU/cm?) (log CFU/ml)
0 6.41+0.16 9.00+0.16
5 6.01£0.06 8.67+0.02
Stainless 10 5.63+0.11 8.50+0.13
| 25 5.32+0.00 8.39+0.87
stee 35 443:0.19 6.0120.15
50 3.00£0.01 4.87+0.04
Listeria 70 2.48+0.01 ND
monocytogenes 0 6.80£0.14 9.07+£0.16
5 6.76£0.02 8.94+0.02
55 10 6.73+0.08 8.50+0.13
25 6.20+0.15 8.39£0.87
ol %5 6.07£0.06 6.88£0.15
50 5.68+0.06 4.37+0.04
70 5.68+0.03 ND

ND : < 1 CFU/cm2, < 2 log CFU/ml
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- Stainless steel®] 7§ 70% H=2]A| wlo] L HEF o] 393 log #Aasta, FHATS 74
= HAS

- Egg shell®] 7% Ethanol 70% *g]A] wvlo]FEo] 1.12 log #HAstA L, FFAld
70% A EHE HAS.

ArH o7 T 7FA A BT BRHA R vlo] 9 HE o] Ethanol # & el
()

| Eskem, 70% A F npoledFo] 4% 1 log (90%), 3 log (99.9%) 74

o
)
ok
By
o2
o,

o
w
=

Ll
iy
o

¥ 8 NaOCl g w2 Listeria monocytogenes 72 AW nlo]e =3 EFA+F A

73k vl
Materials
Stainless steel Egg shell
5 3 —e— Binfim g7 : Emﬁu_-n )
B —&— Planktonic cell Planktonic cell

NaOCl

log CFUEm2
o s

log CF Uikem2
n

T T r T T 3 : T T T T
0 200 400 800 200 1000 0 200 400 §00 200 1000
NaOQCl (pom)

NaQCl (ppm)
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3 86 NaOCl A g]e] w& nfo] e FF 3 F-FAld 2
[30 °C, RH = 50%]

=

. Concentratio Biofilm cell count Planktonic cell count
Materials
n (ppm) (log CFU/cm?) (log CFU/ml)
0 6.78+0.10 9.01+0.08
50 6.54+0.21 7.73+0.08
100 5.72+0.12 6.26+0.14
Stainles 150 5.64+0.06 5.69+0.07
s steel 200 5.53%0.07 5.48+0.02
500 5.49£0.04 4.46+0.11
700 5.27+0.05 4.30+0.17
Listeria 1000 5.22+0.02 3.70+0.01
monocytogenes 0 7.44£0.01 9.12+0.02
50 7.10+0.20 8.76+0.04
100 6.60+0.04 8.35+0.02
Egg 150 5.89+0.06 6.59+0.07
shell 200 5.76+0.09 6.49+0.03
500 5.34+0.16 5.70+0.08
700 4.96+0.11 4.33+0.14
1000 4.77+0.02 3.72+0.03
- Stainless steel® 7%~ NaOCl 1000 ppm 2] A] vfo] 2 HFo] 156 log FFAsHA L, H
M2 531 log FAasA .
- Egg shell«] NaOCI 1000 ppm *2]A] H}o] @ B E-o] 267 log #HAsA L, HF-HAT

- ABAOR, ¥ A A BF RRAZRT vho] 2@ Eo] NaOCl Aele] that Aol
Ekom, FHo 1000 ppm A A vle] L FFo] 1 log (90%), 2 log (99%) #Ashe A s
3}E Lheh,
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¥ 87 HOo A Bl wWE Listeria monocytogenes 2] A ZAH nlo]l L&} HHAH+ A7
3} Hlw

Materials
Stainless steel Egg shell
’ - —&— Plaktonic csl & —A—Rlakionic.o
Eh‘\‘\.\{
P . ) : == 2
2 5
H20, 2 %
i Hydmgen’.;Jeromde:cEUCrf;emratm:ri::: i o 5;::Hydm;;;faroxidégci;gel1trat?ocr1::: e
E 88 HyOp Ao mE vlo] &3 /AT 74
[30 °C, RH = 50%]
. Concentrati Biofilm cell count Planktonic cell count
Materials
on (ppm) (log CFU/cm?) (log CFU/ml)
0 7.32+0.25 8.91+0.09
. 5000 6.62+0.12 8.85+0.03
Stainles
i 10000 6.60+0.18 8.65+0.09
5 SiEe 15000 6.60+0.06 8.10+0.41
Listeria 20000 6.31+£0.07 7.73+0.56
monocytogenes 0 7.92+0.08 8.31+0.18
Eoe 5000 7.68+0.32 7.84+0.13
el 10000 7.67+0.11 7.23+0.36
she 15000 759+0.33 6.71+0.16
20000 7.35+0.10 6.68+0.23

- Stainless steel®] 74-% H.O: 20000 ppm #2]A] Hle] A Eo] 1.01 log #As AL, H+
MFE 118 log 7HA3A L.

- Egg shell®] ¢ H.0» 20000 ppm A& A Hlo] e FBEo] 057 log TAsF AL, FAl+
2 163 log 74 st 5.

AZAo =2 F 7HA AdE BEF FiHAdEY vle]ed Fo] HO, Aol tigh A 34 o]
=9rom, Hol 20000 ppm A Al vlo] B Eo] 1 log (90%) #HAasts Ay ayE veR.
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(W) =2l/3ks/x 873
3

1) UV/NaOCl

¥ 89 UV/NaOCl W& 8o W& Listeria monocytogenes 2] A& nlo] e

At A zFsk v

A7rak A7

s

Biofilm

Planktonic cell

Stainless
steel

Egg
shell

0 Moo

3 90 UV/NaOCl ®-&Agel] &

[30 °C, RH = 50%]

vlo] 0 ME T} RgAF 44

Mean (+SD) reduction value (log CFU/cm? or ml)
Treatment NaOCl (ppm)

0 50 100 150 200
0 - 0.34:0.19 | 0.83+0.03 | 145:0.04 | 155:0.05
. uv 300 | 026+0.19 | 185036 | 2644022 | 3.08¢0.17 | 3.10:0.08
Stainless 600 | 042014 | 217017 | 265:061 | 314013 | 381%0.20
(aWe/em?) | 1200 | 112018 | 865019 | 375:047 | 381:028 | 411+0.20
1800 | 147+0.22 | 412:017 | 437:001 | 570£012 | 6.70£0.12
0 - 0244031 | 107022 | 1.14%004 | 1.2620.17
Egg uv 300 | 023007 | 1.25#008 | 135001 | 158004 | 1.66+0.02
600 | 040008 | 1.67+0.14 | 1804002 | 240+0.03 | 2.62+0.01
shell (We/em?) | 1200 | 074£004 | 168:001 | 198:001 | 252:008 | 263001
mvsem 1800 | 1.14+021 | 183001 | 1994003 | 2644024 | 270004
0 - 128:0.16 | 206:023 | 275:022 | 3.43+0.15
, uv 300 | 0.85:0.17 | 213000 | 264003 | 3.080.07 | 3.70+0.02
Planktonic 600 1.21+0.18 | 3.00£053 | 4.94+0.18 | 5.28+0.04 | 6.80+0.09
cell (aWe/em® | 1200 | 1732011 | 3362001 | 5642039 | 6152004 | 7.3620.07
1800 | 1.95:0.05 | 4.12:017 | 530%0.05 | 7.12£0.16 | 9.01£0.00

- Stainless steeldll @A ¥ L monocytogenes

~ 6.70 log

Haskla.
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- Egg shelldl @A ¥ L monocytogenes ¥Fe] L Z 5L UV/NaOCl H-E&A7 ¥ 125 ~
2.70 log Za3tA <.

~ L monocytogenes F-rAi el 4% UV/NaOCl H-&H7 & 213 ~ 9.01 log 43S,
- AEA o2 stainless steelo] FAE vlo]leIEL HU 6 log (99.9999%), egg shelldl
FAE wloleFHEL 2 log (99%), -+ ﬂﬁ% FAArEE = A EdE yerda,
stainless steel Hlo] 2 HE 2 l‘i‘v*ﬂ%‘-"ﬂ A & AYAER7F eSO egg
shelldl A% nlo] e E9] 7 /\]14113347} YERA] 255

2) UV/H:0, 1837

¥ 91 UV/H:0, H-gA ol W& Listeria monocytogenes 2] A AW nlo]o I &3 H&H
At A zksk vl

Biofilm Planktonic cell

Stainless
steel

Egg
shell

1 Hytrogen percaice o B Hyfogen permiide
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¥ 92 UV/H:0, HEA o] mE vlo]| 2 d &3} BFAT 54|
[30 °C, RH = 50%]
Mean (+SD) reduction value (log CFU/cm? or ml)
Treatment H202 (%)
0 0.5 1.0 1.5 2.0
0 - 041012 | 072008 | 078+023 | 1.01+0.32
uv 300 0.26+0.19 | 058+0.30 | 1.05+0.21 173032 | 2.01+0.07
Stainless 600 | 042:014 | 2.32¢002 | 262:003 | 3512042 | 3.59:0.09
(mWs/em®) | 1200 | 112£0.17 | 341:011 | 357+034 | 407:003 | 4.27+0.02
1800 | 147022 | 363000 | 4.18+0.01 | 4214003 | 4.54+0.04
0 - 025+041 | 029013 | 033041 | 057+0.02
Egg uv 300 | 0262019 | 1.12+0.02 | 145+0.11 | 1.85£0.22 | 2.27+0.01
600 | 0.42+0.14 | 1.44+018 | 279024 | 2.32+016 | 1.90+0.19
Slaclll (mWs/em?) | 1200 | 112:017 | 190+0.01 | 203001 | 216:001 | 2.34+0.03
1800 | 147022 | 1.32+012 | 169+016 | 279003 | 2.88+0.01
0 - 046006 | 127+011 | 155+013 | 1.64+047
uv 300 | 0.85+0.17 | 1404014 | 2.34+004 | 3.88+0.09 | 4.16+0.03
Planktonic 600 | 121£0.18 | 204:003 | 233007 | 275:000 | 3.75+0.78
cell (mWs/em?) | 1200 | 173:011 | 267:007 | 281002 | 3.05:0.03 | 4.08+0.03
1800 | 1.95+0.05 | 253+0.00 | 293+001 | 407002 | 4.98+0.02
- Stainless steeloll dX ¥ L. monocytogenes vlo] 2 Z 22 UV/H0O, HEX 2 & 058 ~
454 log B239S
- Egg shelldl &A% L. monocytogenes vFol L& UV/H0, H-EA 2 & 112 ~ 2.88
log a8kl
- L. monocytogenes F-A19 7% UV/Hx0, B85 3 140 ~ 498 log #4392

- A22 02 stainless steelo]l FA % nlo] e

22 HAY 4 log (99.99%),
52 2 log (99%), F-FA+2 4 log (99.99%) %
A= A e vla] =2 Alv

A &= UrEMW x

Ao o AR 2 AFE Felsery

AT AA

1= - .

P = =
Aol A EdE

1 O
SA T .

egg shello] &

o
AL,

2) AW - W Wl pH 24
- FAstel B, W Feste] diwo] Fq



FAE ol 3] e 1

, FEe 30 sk sk

- pH "H72 4.

4) 28

11%, 10%, 8% 2] <9l

X
-

[o
ot

231 4] TheberA] gl

.

- 11% /Joﬂ

o én Fhepero
ol sheber

oW HF& 1.080 ©

1’8, 10% 4@l Fhebero
1.060, 8% 2ol W

ko 1.073, 8%
2% 1,058 HRto 2 4k

5 AgH - 599 (Haugh Unit) 54

- TSS(Technical Services and Supplies) Set ¢} Eggware X~ %71

—Z
g =4,

- A A% B e vz

2+ ol Lx (lightness), a* (redness), b* (yellowness)E 4.
7 AN - FAH(HEE) 24
AHS BT R 23] AlHste] dzbe] o] & A A

7h & g9 gs/Ee A A= HAF F vl
¥ 93 & A5 Fsl/Eeld AAE HAL
%3 pH Wl pH AF FA (g) H| F R
6.35+0.01 8.14+£0.02 55.25£0.58 1.080 o]+ 86.65+2.01
- A AT 384 B A AR HAIS £ 33 Wt o g WP

TR —

M 1.080 o] U= q—ﬂ-lﬂﬂﬂ’ ARl A
0784 ~ 109142 A ¥ 0] 9L

- LLE*Q]
A .

- WESAE 1% Al 54 7hereko
HE2 1
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- 3999 (Haugh Units):= H YW zo](m
o9l = 100xlog(H+ 757 - 1.7W0.37) = J%g}%‘\gtﬂ 72°] a4 LQ] ASHFoE 1A EHY
o

|2

felod s Aol A F vha, vl pH, Ag T, WF, ESGAE Z4se] BAA
A3 A o

2 A FAsh fold el g Ao e,

O

W) pelemBEAe] Aol W vzke] MA@ wzbel W
¥ 94 CaO Ao W& JHzte] L a, b E

= 1
Hunter color sample-sheer
Treatment resistance
L= ax b* Maximum force (g)

0 80.74+0.94 475+0.14 9.65+0.13 3060.26+195.77

0.05 80.82+0.73 4.67%0.15 9.60+0.12 3148.28+368.85

0.10 80.53+1.01 471+0.26 9.97+0.12 3059.41+85.78

CaO (%)

0.15 80.01+1.21 474+0.23 9.91+0.33 3131.90+451.48

0.20 80.17+0.81 4.76+0.20 9.63+0.56 3145.80+220.39

0.30 80.05+1.42 4.83+0.27 9.92+0.15 3164.36+£347.52

A2l Pzbe] A9 L#=80.74, a*x=4.75, b*=9.65 o] #S A5t A5

|
4

- 1# &< 005 ~ 030% CaO AelE 3 F2he] A4 L+=80.01 ~ 80.82, ax=4.67 ~ 483,
b*=9.60 ~ 9979 & FA43st] AU

) AN FA Y W23 CaOAH (005 ~ 030%) Fo W7ol
42 A3t feld Aot gl Ao AE.

= PAA e AR YR

|

it
r
X
o
fr
(@)
Q

@)
2
Ach
>,
e
N
Lo
=
&
5=
~
B
o
k1
=
o,
o
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& 95 UV/NaOCl ¥-gA el m @24e] L, a, b gt ¥3}

NaOCl (ppm)
Treatment
0 50 100 150 200
0 83.2040.12 | 8352+0.39 | 83.70£0.22 | 83.16+0.12 | 83.23+0.39
uv 300 83594033 | 83.35:0.31 | 8342+0.39 | 8355+020 | 83.39+0.06
L 600 | 83.31+0.13 | 83.40+047 | 83.40+0.26 | 83.12+0.12 | 83.55+0.35

(mWs/cm?) 1200 83.47+0.21 83.81+0.27 83.14+0.39 83.55+0.23 83.45+0.11

1800 83.20£0.11 83.46£0.43 83.74+0.11 83.52£0.04 83.55£0.38

0 350+0.04 | 3.17+0.17 3.72+0.12 3.54+0.02 3.55+0.16
uv 300 3,42+0.04 3.32+0.11 3.71+0.07 3.72+0.32 3.77+0.12
a 600 3424003 | 3.41+0.19 3.58+0.02 3.47+0.24 358+0.10

(mWSs/cm?) 1200 3.49+0.48 3.2310.02 3.74£0.01 3.56+0.09 3.5510.11

1800 3.42+0.38 3.33+0.10 3.56+0.04 3.56+0.03 3.70+0.08

0 8.80+0.04 8.61£0.13 8.45£0.45 8.40+0.28 8.40+0.24
uv 300 8.68+0.41 8.73£0.03 8.48+0.42 8.62+0.24 8.61+0.42
b’ 600 8.47+0.27 8.52%0.11 8.561+0.17 8.73+0.03 8.60+0.35

(mWs/cm?) | 1200 | 838:0.19 | 858£027 | 877:011 | 855t0.04 | 8.88:0.06

1800 8.68+0.06 8.5910.12 8.40+0.46 8.41+0.47 8.7910.04

S AIZFESH UV £4F  A5A(NaOCDE 13§t A2 she] 487

Fol &

ol
dlo

- BAE wzhe] A% [Lx=83.20, a*=3.50, b*=8.80 ¢ & =4

2

H L sle] §9 & zol7t 9= Ao A=

1 3}

o

et

- BAE Ww gAY el

- AEACE UV/NaOCl B &AZ A dztel 4 wise] e mAA ¢t Aow ey

x:d
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A+ (in vitro)
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=

Aol AEEA
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=K

il

- Cronobacter Sakazakiis A|&|3sta &

1 o]

op
B
fie)
U

o
el

ol
‘I_J
0

% ZA3, Rubberdl A 744 n}o]

=

E2

(-h A
- FE-SEM

1
il

A 9]

=
=

- Cronobacter Sakazakii

il 37 °C, A& (20 °C)ell M BE #FF& vpole

<)

e
B

K

)
10

B
N~

oj
T
100

,.A_.u,-o

Jo

(wh) wi =

el

FaEol A, A2 Egg yolk > TSB > Egg white £ 2% #}o]o]

ojn
BR
o
:AE

)

s o] 4.

v
7

™

)

=K

hvi
=

(1) Hke]

ﬂo

(7h) H}o]
- S, Typhimurium ¥ L. monocytogenes + i E- stainless steel, plastic, rubber, egg

shell 2} &o|A 254 o)A AEHS HJor S Typhimurium 45 25 A ZoA 3547t

A 3 log CFU/cm2 °]%+

A ]

—

e

X

oy

[e]

3

2]

()
- UV A8 9 4% g 3,600 mWs/cm2 ol A= &3}

%

- 100 -

] 2] 1.tk

A

UV =

-

s

ahA AbitA 2l

(h) #etd gAY

- mE g



- A2 7+= Ca0, NaOCl, Ethanol, H202 o2 =2 37} LR

- S, Enteritidis, .S. Typhimurium, P. aeruginosa 752 FfAiro] dAE 3= HQl
CaO (0.25%) A& & d44 & HAHxo=Z AA 5.

- & 7hEEE W ARkt 2 log CFU/em2 7F A& AW AlddsiwolodEd 283}
0.25 %) A8 & dAE 52IE AU+

(2h) =2l/3keh2 e
- UV/NaOCl, UV/H202 =% AUYA &7} nneln] EAA o7 egg shelld Al 7Hd e
AR 2o 7F HER

(u}) Eg3}etd AT AAL

- ‘/]'ﬂ' ‘/]'HHJ DHtﬂﬂ‘, xuj_ 9] l?‘ﬂ], < s a =1 =
g At npo] e EF Aol A F ATS wastdS Wl 7oA AolE yEh A B3k
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N o6 Z AFA™OA F&let slie2sty|=d
O Use of UV-C radiation as a non-thermal process for liquid egg products (LEP) (Sevcan
Unluturk 2007)

Ak AFS v7FE AdS UV-C =AM B34 W3t Axs Fdelsts dvtolvh 53] v H
2 M 3tQ] Escherichia coli strain (ATCC 8739)& E}Alo 2 3sto] vl =& S5
omn 2 log ol AtEstE s #EE & A wekA A7 AFREE UV Ads SaElA
AAe A4 e ofd Aot ¥etd % o 2 23E 42T F dS Aol

O Effects of combination treatments of nisin and high—intensity ultrasound with high
pressure on the microbial inactivation in liquid whole egg (D. U. Lee et al 2003)
Z39t - nising WA B 231 - 22595 HEste AT nAE A7t

ojth, 39t 250, 300 MPas At&3sts ©ild X7 nAE #&dS 2133
Listeria seeligeri®] 7| =2 5 logeld 7 o}
= &8t AL A7 Hus HEAAYE do] g F2 AAE Hole As AT F

AT,

O Rheological properties and protein quality of UV-C processed liquid egg products
(Poliana Mendes de Souza 2013)
UV-CE 2834 dgde] duld 54 = FAS4 545 13 d3doln. 2= Add
s ool WHeR gRlse Aoty AFANEE UV-C AEE &84
FASE 50 WatA] gom Aol wwy 54 A WelA| Fevh weba dato] ik
I

=
04, AH 54

O Inactivation of Salmonella Typhimurium and Staphylococcus aureus by pulsed electric
fields in liquid whole egg (S. Monfort et al 2010)

M-S pulsed electric fields (PEF) AF&-3te] vA&E u] & st ojs] #zsk Addojr), ot
+ Salmonella Typhimurium¥ Staphylococcus aureus’} £#jslH PEF *#E &3 3 log
A

olate] AztsE VEWITA SHelH

O Inactivation of Escherichia coli 0O157:H7, Salmonella Enteritidis, and Listeria
monocytogenes on apples, oranges, and tomatoes by lactic acid with hydrogen peroxide
(Journal of Food Protection, 2002)

Hiksteaeh gakdke] WEAE s Fa AR, ealA] B EntE Fo] E. coli OI57HT, S.

Enteritidis ¥ L. monocytogenesZ A 7F3}lsl=td] 3= 9.

O The effects of various disinfectants against Listeria monocytogeneson fresh—cut
vegetables. (Food Microbiology, 1996)

Aok A e 244 WEAY Al ZF Tl L. monocytogenesE A 3HsF dh=dl &t

= 5.
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O Growth inhibition of yeasy isolated from processed rice cake with ethanol and organic
acids (Journal of food hygiene and safety, 2007)
OFAEAL 1% & 2 1%9F ol ehe 20%S WEA st & 713F Fo a= A8 uz

7t 9e.

O The effects of aqueous chlorine dioxide or fumaric acid treatment combined with UV-C

on postharvest quality of ‘Maehyang’ strawberries (Postharvest biology and technology,

2010)
3} A4 50 mgl-1 E+= FEAF 05% & UV-C (5 kjm-2) BWE&A A 7|9 FoF,

o] Ak
ER 9 ol Az gt S

- eI

A 8 & =7V =FdEAAH0 S5 HAAIH
| HF
C

M 9 zF AFIfE N o E HAFA S oFF =X
=~
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| SEWE ‘ D-12

ApALo]F
s =EAAA/ | Impact =AY (5AAL
7] ) E3)52x7} | Factor | /53152Y EE

FEARD

141G
(SCIo /218

359

(TF o grl = 2016. 05. 23 - -

i
e

Inactivation of

Escherichia coli
O157:H7 on Orange
Fruit Surfaces A1

and in Juice Using
Photocatalysis and High

Hydrostatic Pressure

Journal of
] 2F Food 2015.01.16 SCI
Protection

i)
o

i
rlg

Effect of salinity and
incubation time of
péganfl_(ltonifc cells on Food

1ofilm formation, 5=

motility, exoprotease A2ws AR microbiology o219 S

production, and quorum
sensing of Aeromonas
hydrophila

i
Fio

Inactivation of
pathogenic bacteria
inocylated onto a
Bacto%l“ agar model Journal of

surface using A1 5 A A} Applied 2015.06.14 SCI

TiO,-UVC
photocatalysis,
UVC and chlorine
treatments

Microbiology

(@)1
i
e

Comprehensive
reviews in
A A} food science 2015.05.04 SCI
and food
safety

Current and Recent
Advanced Strategies for | 27

bistil
off

Combating Biofilms

i
1

Synergistic effect of a
combination of

ultraviolet-C irradiation and
Food
A2d % A A} 2016.05.03 SCI

Control

sodium hypochlorite to
reduce Listeria
monocytogenes biofilms on
stainless steel and eggshell

surfaces

r
St

Bactericidal activity of
calcium oxide (CaO, heated
scallop—shell powder) _ . . - <
. o A2H 5 ] A} Biofouling FuF SCI(E)
against Listeria
monocytogenes biofilms on

egg shell surfaces.

e
e

Bactericidal effect of
Calcium oxide

(Scallop-shell powder) Poul
- oultry
Az Science

binti)
o

SCI

4
K
ol

against Pseudomonas | 2%
aeruginosa biofilm on shell
of egg and major egg

contact surfaces
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A 24 SR

2
Elia
A qEH st 3 MER 1e) st 3 i
A
Inactivation of Bacillus cereus Spore by Sy
1 Combination of TiO2-UVC photocatalysis and Skt 2] 35 713} 3] K-k 20154 6€ j(g:;)
High Hydrostatic Pressure !
Inactivation of Bacillus subtills Spores by . _ N sheh g
2 X . K IFT 15 USA 2015 7€
TiO2-UVC Photocatalysis (=¢])
Effects of High Hydrostatic Pressure Post
Processing to Improve Storability and ~ _ N sk
3 ) ° ) IFT 15 USA 20154 79
Physicochemical Properties of Hard-Cooked (=)
Peeled Eggs
High hydrostatic pressure processing for
enhancing the microbiological safety . sl g
4 IFT 16 USA 201611 7€
and consumer acceptance of hard-cooked peeled (=9)
eggs
Bactericidal Activity of Calcium Oxide (CaO,
Heated Scallop-ShellPowder) against Listeria . N stk
5 - IAFP USA 20161 79 N
monocytogenes Biofilms on Egg Shell and (=)
Stainless Steel Surfaces

A 11 & J|EfALE

A 12 & gaFd

O Pierre-Yves Ancion, Gavin Lear, Gillian D. Lewis (2010), Three common metal
contaminants of urban runoff (Zn, Cu & Pb) accumulate in freshwater biofilm and modify
embedded bacterial communities, Environmental Pollution, 158, 2738-2745

O R. K. Gast,1 P. S. Holt, and T. Murase (2005), Penetration of Salmonella enteritidis and
Salmonella heidelberg into Egg Yolks in an In Vitro Contamination Model, Poultry Science,
84, 621-625

O K. Y. Ko and D. U. Ahn (2008), An Economic and Simple Purification Procedure for the
Large—Scale Production of Ovotransferrin from Egg White, Poultry Science, 87, 1441-1450
O Michiko Watanabe, Takahiro Makino, Keiko Kumeno & Soichi Arai (1991),
High-Pressure Sterilization of Ice Nucleation—active Bacterial Cells, Agricultural and
Biological Chemistry, 55(1), 291-292

O Robert E. Marquis (1976), High-Pressure Microbial Physiology, Advances in Microbial
Physiology, 14, 159-241

O CM. Lin, S.S. Moon, M.P. Doyle, KH. McWatters (2002), Inactivation of E. coli
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