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Development of High Quality and
Extended Shelf Life Ready—To—-Eat Bibimbap

through Innovative Namul Processing
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SUMMARY

(5 8.oHE)

1. Title
Development of High Quality and Extended Shelf Life Ready—-To-Eat Bibimbap through

Innovative Namul Processing

2. The purpose and need of research and development

At present, the demand of an increasing number of preprocessed food ingredients, but it is
limited to realize such as high quality vegetables and herbs using control elements
(Time-temperature, pH, Aw, ionic strength, salt, preservative, etc.) for improving food
preservation.

Out of regard for view of consumers which require freshness, High pressure processing is
regarded as new processing technique to provide fresh food with consumers.

The main purpose of this research is to develope high quality and extended shelf life

ready-to—eat Bibimbap through Innovative vegetable and herbs processing.

3, Content and scope of research and development

After screening of the main herbs for traditional bibimbap, microbial contamination has been
studied in herbs. According to the cooking method of herbs, Physical, microbiological and
sensory changes were studied. For physicochemical control of the herbs, the study was
conducted about pH, color change, water activity, antimicrobial, packing methods and packing
materials.

To ensure optimum process, pretreatment process (Cook-chill, Sous-vide, Superheated Steam
(SHS), High-pressure—processing (HPP)) was investigated. Processed herbs using pH control

agents, antioxidants, blanching and water sterilization were investigated.

4. Results of research and development

The closer the vacuum packaging, microbial inhibition was superior and packaging materials
were not an important factor. The lower the pH of product, it showed a significant effect on the
microbial safety and using sodium ascorbate was able to control the browning effect.

This study was able to confirm that the high-pressure-processing was effect on microbial
inhibition. Optimum condition, 3 minutes peocess time at 500MPa was applied during sterilization
process of herbs. Two or more pressure and processing time, it was not adapted method
because of problems with the reliability of equipment. Cooked with herbs and then complete
sous-vide method, then proceed with non-heat-sterilizedultra—high pressure sterilization methods
to proceed for 3 minutes at S00MPa was the most effective.

For the development of cold chain products sprouts, it was studied using lactic acid to adjust
pH and sodium ascorbate to prevent browning effect. After blanching sprouts, boiling
sterilization was performed for 20 minutes at 8C by the addition of lactic acid and sodium
ascorbate.

As a result, cold chain products which maintain texture before processing and have shelf life

_5_



more than two months could be developed.
Each herb has many characteristics of the physical and chemical. Therefore, It is important to
set the processing conditions sterilization temperature, pH, and high perssure conditions

of herbs by each.
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7}. Food Service System

Al 3

hxalife)
1T =
At

SRRl Al Algshes 2

o] WZE food service F-oF9] Al A&

(Table 11)el v}eR

Table 11. Classification of the Style for Food Service Operations.

System

Description

Integrated foodservice
systems

Both food production and food service are carried out as part of a single
operation.

Food manufacturing
systems

Production of meals is separation from the service of those meals, thus there is

a decoupling of service from production, such as in hospitals.

Food delivery
systems

The operation involves little or no food production and focuses only on the
service of continuously assembled or regenerated meals. Here there is
decoupling and production lining.

24 Hartwell H.J. and Edwards J.S.A. (2006) "

TuUls g2 wislel AJF-o “shalo AAE 71A oty w4 H A T8l w4
A FH 3 gl oy food service okl thek A H dga g WY A F B3 A= vE
sk A Ao},

. Food Service ¥ofoll A2 g FAAAS 93 7|& @d 58

Food service EoFZ industrial cuisine, fast food @ fresh food® EHF3te] 7]&ME9 tips

(Table 12)9

AlA 35
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Table 12. Technology Innovations Supporting Major Food Production Categories.

Operational Main . Desirable .
Category T Pre-occupations/ . Type of Operations
Principles Innovations
Challenges
* Produce-to- .
. » Extensive use of . . * Large
mventory . » Automatic preparation . .
. . novel technologies . ; hospitals(patient
production line . * Intensive heating -
- * Reconcile bulk feeding)/schools and
approach with . » Advanced product DT
th f production and desi other instititions
Industrial e use of a - esign . :
I food quality . . Casinos
.. CPU » Shelf-life extension
Cuisine * Clubs
» Airlines
» Stadium(corporate
dinning)
* Convention centers
* Batch production:  * Low labour cost » Fast food chains
make-to-stock or = Counteract the » Automation of frying = Hospitals(cafeterias)
assemble-to—orde negative image of * Units with fast * Stadiums(retail)
Fast T with frying recovery time
Food work-in-process » Self-cleaning options
inventory * Better and cleaner
cooking oils
» Just-in-tine * Fast cooking * Combination of » March —type
. : concepts 1n
delivery and » Assurance of different energy .
. transportation hubs
make-to—order quality/safety of sources and other :
: : * Food courts in
* Lean raw materials technological -
Fresh . : commercial and
res manufacturing solutions to speed up . .
. industrial sectors
Food cooking

» "User friendly”

techniques for rapid
testing of raw
materials

* Cruise ships
* Themed restaurant

chains(seafood,
steakhpuse, soup
and salad, eic.)

2 2]: Rodgers, S.(2008), ''Technological innovation supporting different food production philosophies

in the food service sectors’’

2 Al

cooking®} assurance of quality/safety of raw materialsE ™A
cooking 29 EE ¥ F 3+
g A d FARAE

wet oyt A4 A
operational efficiencies &< T oAl 7]&7do] o] Fojxof gttt Axd ARAE AH -

(Table 13)o] A9} 7o 224, 3}st

w2 Fokell A FH
Y& fresh food FoFo] Az EA “Hlu| 179} 72L&

3l A A= industrial cuisine Eoke] Af & o],
gluisle AE Al
Ly slolof by,
sl 2rete] JdsofoF aFw ARG-AL7}
o] kx| ojoF 3ttt (Superheated steamol] T3l idea generation)

A 7)e

A2 A el 7] &5

2 A9 Y 1
TEH= XH = fas

7]/\7@ ogx=

2. food sensory, microbiological quality, nutritional value %

f3

E BN F 1%%14 AGE shelf-lifeE FA37] A A=

A g AESA W o2 hurdle technologyE |83k 71<o| /My 9t}

Table 13. Additional Hurdles for Preservation of Quality and Extended Shelf-life prepared Foods.
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Hurdle

Advantage

Disadvantage

Controlling

Factor{(unit)
Additional
heating . . Inferior quality Heating method
i "Effectively sterile” food ) )
or cooking (texture/temperature) /time_temp.(C)
method
Possibility of treatment .
o . Image-consumer resistance . .
o within packaging ) The intensity of
Irradiation . . Capital cost . o
Not excessive nutrient ] ) irradiation(kGg)
Special packaging needed
loss
Inhibits oxidation and L. .
MAP ] . . Limited effect on pathogens Gas composition(%)
microbial spoilage
. o Spore resistance Pressure(MPa)
Hydrostatic Possibility of treatment . ) .
o ) Possible effect on structure Time(min)
pressure within packaging 5
of foods Temperature( C)
Impact on sensory .
pH, salt and o o Concentrations
i Low cost characteristics and nutritional
spices . (% or g/keg)
requirements
Heat stable .
. . Affects sensory quality
Effective against spore- . o .
Lactate . ) Failed to inhibit Bacillus
formers (including
. ; cereus
Clostridium botulinum)
Many are heat stable . . .
. . Acquired resistance by Concentrations
o Effective against spore-
Bacteriocins ) ] pathogens (mg/kg, nL/L or
formers (including . .
o } Decomposing during storage  mM)
Clostridium botulinum)
Responsive to
. temperature change . . .
Protective ) ) Cost/handling of cultures Viable population
Effective against spore- o
cultures Heat sensitivity (CFU/g}

formers (including

Clostridium botulinum)

=4 Rodgers, S.(2001) “Designing packaged ready-to-eat meals”
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Table 14. Classification of Food Production System in

Hospital Foodservice Sector.

System Model

Description

Advantage

Disadvantage

Cook-Serve

"Traditional" catering operation
Prepare and cook on site.

Distribute at the appropriate temperature.

Good sensory quality

Higher labour cost
Space
Time delay

Cook-Chill

Hold at 70~75°C or more for at least two
minutes after cooking.

Chill within 30 minutes of cooking and the
temperature of the food is reduced to 0~3C
within 90 minutes.

Maintain this temperature throughout the
storage(5 days) and distribution cycle until
regeneration occurs.

During regeneration, a core temp. of 70~75C
must be reached for a minimum of 2 minutes for
microbiological reasons.

After reheating, the food should be consumed

immediately.

Higher efficiency
Lower food costs
based on bulk buying
and centralised

purchasing

Number of temperature control for

food safety and nutritional content

Sous Vide

Variation of cook-chill operation.

Large scale production methods and the use of
vacuum packaging, either before or after cooking,
in combination with the chilling techniques of
cook-chill.

Storage temperature at 4+0.5C for 5 days.

More advantage for
HACCP

Higher food quality
and safety

Number of temperature control for

food safety and nutritional content

Cook-Freeze

Similar to cook-chill.

After cooking, dishes are blast-frozen to a temp.
of -20C and keep at this temp. until required.
Storage at frozen temp. for up to 2 years.
When required the food is defrosted and
regenerated to a core temperature of at least
70~75C.

Loss of texture owing
to the freeze/thaw
process and
subsequent
regeneration and

distribution

Extended shelf-life

Steamplicity

New technology which relies on a sealed pack
incorporating a valve.

The food, both raw and partially cooked, is
plated in a centralised production unit,
chilled(<5C) and distributed to satellite kitchens
where it remains chilled with an expiry date
currently of four days.

As required, meals are heated/cooked individually
in a microwave to >75°C which allows patient
choice at short notice and ensures better quality
food.

The ability to control
the cooking
environment, allowing
consistent
regeneration of the
food with the right
climate of moist heat,
thus avoiding drying
out and therefore

enhancing texture.

=4 Hartwell [L]. and Edwards J.S.A. (2006) "Hospital Foodservice: A Comparative Analysis of Systems and Introducing

the 'Steamplicity’ concept”
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Wl Fol He REol YR MAW F AR A gol Zusgrh (F2e 4R 245 ol
2 A9 A A AWz Agdr) A A 9T Bee F9Ad o} nAel 2o 24 AF

@ AEA

o 300g@AE Fol g
REg 22 2ok AN
2 b g7o} £k ART Bg v Rol 3 ~ 53 47718 33 A% w2 9 A

=715 108 A% WA F 25g& Ao g2 H A= 40)8

shEO| A L 230g/(C] PR BB FUste] Bol B Ho}
o FURE 3 ~ 53 Bl EE ol Fu ARE B2 A 718 3
=

e
=
3 AT Q9SS 5 Ao BHAA EV)E 10 AR W T "olX FuUE

o

2 A=Y FHdE gAste] g3 Huo fwd #Fd mEste] AR ol
BAsal Sl e FFE wtal wAS] Hske] A, AA 25ge FHskel 225mle] 0.85%
s4g AlEe 183 o n #4s} sto] FHlety dukAld S NARA|, X
< PDAH}R], &7]72 RCMB|A o] 3t plate ¥ 1000 2plated] E53to] Y34 spreaders ©| &
sto] mEdh & JukAlTE U1 25T oA 29 W getal A2 35TAA 58wl o
& & widFol Et NAMA(LukAI) ok RCMEI A (F7170)E Il olg oA 7ol Fetow &
2y A3} Beks Fal 7o FRE B H FEYY 5 gofsdith

w
==
5

o

o
frt
—
o
=

@ 16S rDNA sequencing #2419

SR FAS A THOR AMRHY, & AFoAs A, B, ATA, FHE o9
ool 27144 B VA kAT A4S A& AHEHEAY. PCR £4& Hdte] 27F primer (5
- AGAGTTTGATCMTGGCTCAG-3)9} 1492Rprimer (5 - TACGGYTACCTTGTTACGACTT -
A o] AlEEH Ao PCR W2 20 ng ¢ genomic DNA 7} template & 24 300 ¢ #+-8 &3
I} 37 EF-Taq(SolGent, Korea)oll A th&3 7+o] A At} Taq polymerase 7} 95 °Coll A 2
s @ 5, 95 °CollA 183F beycles & A Ps F, 55°C & 72 °C oA 183F Aeggh 5,
72°Col A 108 ATz e HAE v AT 99 HAS 3 amplification A 2lE AREL
multiscreen filter plate (Millipore Corp., Bedford, MA, USA)o| 4 A2 ¥ ] DNA sequencing ¥F&

e

M
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AlazM £H H AT Sequencing W2 PRISM BigDye Terminator v3.1 Cycle sequencing Kit
S ol&dtel AFgHAY. BEHoW DNAE 7MW A 559 Hi-Di formamide (Applied
Biosystems, Foster City, CA)& 7}t on, 71 TFEL 95 °C oA 6583 7194y & d&5&
o Al 57+ WZA s & ABI Prism 3730XL DNA analyzer (Applied Biosystems, Foster City,
CA) & =dl 433l

@ 18S rDNA sequencing #2419

ER 8 o wgole A4S f wyoR AREHY, B HAPdAME Ak, 9, AEA, Ty
o ed=E ER R w@ol v4& fld AHEHUG. PCR 245 fl8ed ITSI G -
TCCGTAGGTGAACCTGCGG - 3) ¢ ITS4 primer(5 — TCCTCCGCTTATTGATATGC - 3) Al
oFo] AlgH Ao PCR 982 20 ng 9 genomic DNA 7} template 24 3040 9 ¥-& E3E
I} &7 EF-Taq(SolGent, Korea)oll A tha3F 7ol A e = th: Tag polymerase 7} 95 °Coll A 28

FEAs @ 5 95 °Coll A 183 35 cycles & A H, 55°C 9 72 °C oA 183 Agsk &
72°Col A 107 HElgro 2z wSsAdAE vl At $o #A-& F3] amplification *1 2 H A|5E52

multiscreen filter plate (Millipore Corp., Bedford, MA, USA)o| 4 A2 ¥ ] DNA sequencing ¥F&
AlazM £H H AT Sequencing W2 PRISM BigDye Terminator v3.1 Cycle sequencing Kit
S ol&dtel AFgHAY. BEHoW DNAE 7MW A 559 Hi-Di formamide (Applied
Biosystems, Foster City, CA)& 7}t on, 71 TFEL 95 °C oA 6583 7194y & d&5&
o Al 57+ WZA s & ABI Prism 3730XL DNA analyzer (Applied Biosystems, Foster City,
CA) & =dl 433l

3) A A
AAeE A 2 AA = AHe aAbe, 73, AlEA, FuEdd L9

°l
& shepslel @A g AEEY QA e9AE % AP vgE AY F ST

= gl
a7 Slofel 0, 5, 1049] AA A APe QAT AEHE A% 200
A3, A4

Edo] dHe AFom TS }” Olvi W\}ﬂ, £ /‘1%“1, Tuzddl LAH = Fa

Waze 57475 @73¢ Brel 429 10T 9 15T xw}_zjow MBS FH sopst
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Table 15. A= 719 10T, 16T A4 A3 234

= 04 =} 54 =} 104 =k
N = o =
HET A= (CFU/mL) (CFU/mL) (CFU/mL)
10C ) 1.25+0.01x10° 3.78+3.42x10°
AL 4.90+1.05x 10 -
15C 4.2140.20%10" TNTC
10C ) 1.08+0.03x10° 3.70+0.12x10*
o 6.48+1.28x10°
15C 5.31+0.10x10° TNTC
10C 7.50+2.50x10* 4.85+0.30x10°
A FA 2.06+0.10x 10°
15C 3.20+0.05%10° TNTC
10C 3.03+0.68x10" TNTC
FUE 453+0.93%10°
15C 3.20+0.10x10° TNTC

2 0% 9A4% A7 AL A3 Y CIALAR

WA 45 8.00x107 CFU/mL ©] 20|
A

7174 10C Az stollA Ao vAEE dds SR 3 HA Jber]Ee o 59 o 10
o mRtoz uyEeRgon, A

g 16T A xddA= &2

SR
S
o
i
il
rlo
1
e
A
2=
ofl
r
rlo
—
<
©
s
ox
o

Table 16 A= 71 10T, 15T A4 A3 2%

= 04 =} 54 =} 104 =k
N = o =
HET A= (CFU/mL) (CFU/mL) (CFU/mL)
10C ) 1.54+1.41x10° 6.85+0.25%10°
AL 2.10+1.65x 10 .
15C 1.47+0.04x 10" TNTC
10C 6.75+3.75% 10 2.83+0.68x10*
E=a 2.00+1.00X10" -
15C 5.90+0.77x10° TNTC
10C 1.18+0.58%10* 1.43+0.91x10°
RES 1.46+1.44x10"
15C 3.11+0.04x10° TNTC
10C 1.50+0.21x10" TNTC
FUE 1.47+1.04x10°
15C 3.24+0.17x10° TNTC

ol AAEe §714 10T AREA el A WARE w5 g

e SAZ F ARsh AFA AN AEEe oF 50 0% 109 Mwel Aoz vehyo
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7174 mAdEe 10T

!
=4

= 3

e AA v=el edd 274 v A

Table 15. 3} Table 16. oA #

¢} 15T A

AL Hol 99 4F va

s

o[ 7} M5

i+

]

o}J

%1 4]

g At s
59 vuro| .

o obrel x¥ Fe

(YukA T+ 8.00x10" CFU/mL)

N
-

s

o W gE R

AR = vtEA A

4

Fol AA aiabe], B, A

o N
HE T3

5]

=
-

g W&ol o

3]

o A &

FaAp ZAbslgl o, o

s} 3

LR

T

A2 e A=

3]

TA e 7F 7F

Al
=

=)
=

UESd %7

o
sl
=
ofpy

zel

wir

ol

K

Rl A e v A

i)

o}

-
RN

Fo o, 2t

7@6

&

nMAEs £

o} 7-o] Table 17.914 Table 20.9] Z A e A vk
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Table 17. 3A Y F2 %94

A B ==Y
-> Acinetobacter sp.

kAl (NA W)~ ]
2T (NA ) B F34 2oy

-> Acinetobacter sp.

C. gl 34 2z

-> Streptococcus sp.

@715 (RCM HlA])

E a4 98 221

-> Trichosporon moniliiforme

y

2t (PDA #A)

F. €& &34 224

ALY Fo odyo R AukAlTFS  Acinetobacter sp., 7|12 Streptococcus sp., Nyt

O

Trichosporon lignicola, Trichosporon moniliifforme, Rhodotorula slooffiae ¢l R 2.2 3o} A}, o]
T2 BT N EAFEAY HASEAN AFEZAL ZF 10T oA 70T ®HF ote v gul
1.00x10° CFU/mL vlgte.z HAA dAd 2A g 7Fe g aaby A4 54 =

B2 Qe Azke] Ast, AR Q8 Fulo ozl AW o S FU}. Streptococcus sp.E

o
fi

BN

Z]

o,

2

- 44 -



S 218 E3lo] acidE A S, Acinetobacter sp.$t Rhodotorula slooffices 215 E& 249

A A ==Y
-> Pantoea sp.

B. @& 734 2z
-> Exiguobacterium acetylicum

GukAlE (NA w1

C. A% F44 221

->Exiguobacterium acetylicum

D. g4 ==Y

-> Exiguobacterium sp.

@715 (RCM HlA])

FQ QYo R E Pantoea sp. 9 Exiguobacterium sp. ©.2 3otS Y}, Pantoea sp. ©
, o5, AEY ®H, A, AokAlddlA] T, nltiEof A

T0A 7 o] A AEe whE dof] HakA e dol= FEth. Pantoea sp.7’t L9 H AES HEA 9

NES HEA L
FQ oY9yrow BAH Exiguobacterium sp.
of EAOEE pH 84 11 AfolelA] st &zl mAEolH, S F7AH oz Fikx
AR A F Yo, Ahavt TR A B 2 A4S BT durg o 20T A
A0CoA AstH, @2 SmollA Aol wE EF& 7 vk =3 e 7|3t
3]

, wEAE AUH, A4S FAeA =Tl A1, 2006).

5AA% el



Table 19. A=A =2 Q%+t

A T8 F=24

-> Exiguobacterium sp.

AakAet (NA ] A]) I 3in =221

-> Arthrobacter sp.

C. 93 &2
-> Rahnella sp.

@715 (RCM HlA])

E % &5 =4

-> Sporobolomyces ruberrimus

.34 22y
-> Cryptococcus sp.
Zl (PDA ¥]A])

Al F2 F8 odyow AWkAlTE Exiguobacterium sp., Arthrobacter sp., @7|1< Rahnella
sp., Enterobacter asburiae, X vt2- Sporobolomyces ruberrimus, Cryptococcus sp., Cladosporium
sp. 8 Ao wotu . AlFAdAME Y, FUIE, F4E, R, #3305 vdd F7

A=ol BF EAEE AoR Hol How o= FATE FolahA B AlFA slellA vkl



Table 0. FY= L8 %94

A B ==Y

-> Stenotrophomonas maltophilia

B. 34 #F21]
-> Klebsiella sp.

GukAlE (NA w1

D. 5% 34 2=
-> Cryptococcus sp.

E. g4 230l

-> Fusarium

A+ (PDA #A)
G. mea wol
-> Penicillium sp.
FUE FQ  edyrem AWMt Stenotrophomonas maltophilia, Klebsiella  sp.,

Chryseobacterium sp., A3t .2+ Cryptococcus sp., Fusarium, Gibberella sp., Penicillium sp. &%
27179 %7 10° ~ 107 CFU/mL A5 2 3Abe, 9o, A22 9 nwshgs
QAAEE BYow olF UWkAlF F Aol FE o]FE= Ao K

—7

toole Tt WEAAR 2 YEA fdgten A Axtd ER " ol vl
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Z AR Bol A3 dAY s T dY V=S @ d ¢ e AoR ddHdIT.

Table 17.914 Table 20.01 2 vepdl A aAbE], B, Ale], Tzl 295 3= 1A
= RS Fot 4 u=e Fo vAds AEIEIAE Yoy, rtEAdA FUe a9l
WAL AE ] Heke] 9 F ozl H APAAA A g e Ae Age A § 9
gl 4 ZAd=s YA SkAR SbguEeA EAE AT S+ e i vAeRs
Listeria monocytogenes, Clostridium botulinum, Staphylococcys aureus, Yersinia enterocolitica,

Aeromonas hydrophila, Escherichia coli O:157, Bacillus cereus & °| ¥3F¥t}.

geAom, 4A el mung dEel BAEd ANYE FF v4R A AAE 27
ogislol 9 A vAE B ohyz

22 AR AT g9 Az, AAAZ A% Fo)g om, AW E UEY FAANE fushs
O

AanAol Ag AUl MR NF FA6E, AGAGNA T Jg shed we dAY

HAA B EE 08 207 AEE 248 25 A9 Awel ANE 9 AFAA UgEe] AE

Aow Vet AwEe Qo ok Y dA L HAA AdE ] @] A on e

A4 AZEA @) WEel o5 ATSL A F AP FHol FEFRAA vgAH o B
[e3]

HAL 7sAdol Atk - YTN F2 2011.01.25

SBS 2= 2013.05.22

A3 mAY UdEe] 52 A3 Aol 24 dig A+



1.z 7bg W2 w2 Ao AT

g dEel =9 by A A4

AN A AaFE X 28 W (cooking method) o)ty F218 AAAHE AAE=E 3700 A
AbE3EE H2 7] Ve 5, A E7)Ee] HAL heating methodZA A9 Az, A 9 Fn 1174,
(

Hagel v AL oA Fi 299 715 AL Qofok Fv,

Table 21. Y& A 789 #2334

B Az i
AT 2l =
Sy - AT E 1A AR
Asapg T E e T 24 % g3 FEEHR)
3.6 F AR A ATE B A% RASEA FRG VD L
4. v o} W A FH T F250) o
L e § HX71(302) e e 10K
2 92 F v A4 34 R AF GH) SO
AEA — BEe AEA Tk
3 g 8
T ] — 7 ¥ 85ke
4. kTS o B F AP FH EF250)
L 9 10kg — U7 F 95kg (W A9 §12) (302 U7
oL 282 FwE ad 9 g A4 - e A7HE0R) U
ST s es
4. v o} W A FH T F250)
L BUE 8kg — A4 F 5dkg — U3 F Tdkg - FuEGk 24 WA
eug 211 F FAE BRI IRAE AAT 0z A4 dud 98 2 99 14 A4 F 93
T 3w - ulEy BASE 5
4 b o) Hob w QM LAH250g) & 23 3
- 9884 §%F : S0kg IF
g - AV Ewe amel aBugE de
7
- 98 Y F gAE B 257 9eld £ gomz qAt 2o F2 Y4 she] ARTY
Folx WA B 257} BolAA @A FA ok
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Table 22.

of
A
THH
il

AxAbel FA(g) 24h

b

3t

[e]

A s

3.6
3.0
3.2

=

=

1 3%(w/v)

IS

256.8
286
258

1g] 7&=
71olA 500 MPacll 4] 3E-3+ =g

gz 7], 7], ol9dl superheated
S

2

1

ko)
g

94
79.76

bt

9

gaate 9
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Table 23. H*]7] A& "

AR [ERs A=A s
Zo] 577cm
7F2 5em, A= 5mm,
(A Mg 10Wf 2ol 10cm, =°|
AVE 7 o] bmmel AVIE o] 10715cm
Alel  Eell 16413 3mme A&
A 7]
B3 3 408 &8)
ESlias 74 e @y 28 100C 7H4 #9 F 3498 dASA FEZ 3G AA A
15, 30%, 1%, 1%
Z A7k 3,5 7 10% 3,5, 10% B 0, 5, 10, 15, 20%
30z, 2% 3% A& HF
W Hz F FA 25 YA 38 FAste] 3 oldlel 15T o3tz W
Esalria kol Al 1AIZE B BU1E AAS L BaR dolle E71E AA
A S0g¥ x4
A ¢ A& F3 vrtg At
Ay 10C, 15°C 1094 A4
2) &7

AR i
Ae] 577cm
72 Sem, A1Z Smm, £°] 5Smme] =712 A
BT @A 100 FAN YA & 18
%
1677 2 F 408 Bo ahe 1A AL
copgg | BE Y B R F Zoeldlel & A% Y 7% 1FE FE T Zeholaol &
T e w aAEE Yol AQHE RelEth ARG W Fog Ho| AQEE HopaEth,
Z ATk 0, 5 7, 10, 15%& 0,1, 3 5%
®e oo solnE WA Al &7 F 24 WFae] Yol & oluld] 15T ol3kE 4
RS
77 s2E 1ES A
B2 DL S0g4 ¥
A 23 ANE F9) wAbg A
A 10T, 15T 1047 A%

3) #4957 (Superheated Steam)
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HAdF7] 2R S B3 ApE dL2 07 superheated steamE 5w F dow, HA7] B
o] ThFE cooking MW e Fe 7HE ¢ Ud=H(UEe FF, cooking FAC whE A2 ol
J

[e] =
) 2E/A 2 SR YEe 249 F e AAE Y8 (FIYLEEAE WEske] Table
1 J

=
B9 2L AMAFS F F EE AT (Fried 44 F A% URY 25 U HFL

- Control Parameter

Q. . ~ N
e 1000 e1s) wope] MaHA oA QB Al A2 1005 S5
« Al ZF : 30F~5E ’

ey 95 FopA ], 27ko] Aokl Aol FIH ik,
"o/l wme - o

H ] 3]
RNE AFY TsH Y AR Ao HEHF g JEE o Wee AAo] a3t
2 heater 2%, steam 2% % XA 7Y

g W W E AT

HU
0‘3‘:
ol
£
3
i
i
o
_C?L
_\|L
olf

Table 26. & F719] 814 7Fadh W UMY 24S AT 249 =4

heater &%=(T) steam <+ %(T) A2 A7k

100 400 TE

400 300 95

930 300 95

200 300 1%

VA 100 200 5
100 400 38

980 400 55

980 400 103

100 300 38

100 300 5

100 930 38

e 100 230 55
A 100 150 38
100 150 55

100 400 0=

100 400 120%

100 350 95

T 100 300 35
100 300 55
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100 250 5

100 350 45
100 400 5
100 150 30x
100 150 13
100 150 1530
100 150 2%
- 100 200 30x
A 100 200 7
100 300 30x
100 300 i\
100 350 13
100 400 40

Ao 274E& nigor BdZy] AE F
2 e S A2 ds s vhe 2ok

Iy
ofN
-
i
1o
1=
N
BN
>
o
o
_1 (]
r o
&
i
o
e
2
1o
r -]
olf
2
o
=

Table 27. }EF7] A2l 2743 W9

Heater &%(T) Steam 2%(T) A A gk
A 100 200~400 3~5%
ERes 100 350~400 90~120x%
AlEA 100 250~400 30~40x%
FE 100 250~ 350 4~5%

kAl Fldk WM x2S vigo R 13l of 50g9 UES IHXEE 100C2 143 & ~H

=9 WSE 200~400C Atoldl A Hulolo] & Abgslo] o] EAZIMA HEdgl e 30 ~583t

AFAIZ F FE5YAs ] AAHE BES AxA. 28 My 25 2 AR UEY &
Z

Pete] 27k @el ARstel Agshaln,

Table 28. }EF7] A8 W

At o A FA Fu=
4ol 577cm
7}Z 5em, A= 5mm,

(A 108) Aol st Zo] 10cm, %o
AEA ¥o] 5Smme] A7 = Zo] 10715cm

B olE 164 EY T 408 3Smmé A&

AA 7
ol g2 1Ak AR

I 28eE 9 AFAGE 47 gEstd AAGE AA
ZAIZH 0, 1,2 3 5 7 10& 0,3 Hb¥& 0, 05, 1, 15 2% 0,2 3 4 5%
W2 Ag F FA 2% YolA 338 FAlsle] F2 oo 15T olslz ¥zt
EA 504 27
Abad z3¢ AYE F9 vty A

2L
o
o
i)

10, 15T 10€< A%

_54_



=¢34 w3

gl

v x4 JhE Al w

Z A7 Texture analyser(TA.XTplus, Stable Micro Systems, UK)E o] &3}o] A9 01,
TPA(texture profile analysis)ZE Z4] 7 =(hardness), 2% A (cohesiveness), B2 A (springiness), 2
34 (chewiness)& FAa+S]t

TPA A3 Ze AEdd SAHAE ki AE 540 A48 s gste] 2318 &4

B
Stk ZF Agaruinh 53 wHEsel 4 Y 18 =4 A 58 wHge] 2o FAFT £
A7 B E Yehle AEEA A E(strength) & F7FE SHst] xexdd, A7)k
e =4 H3kE gdskl ey, A4 Xyt 53] dkgste] 53 whRe] o m SATI T

Table 29. TAFE] 9] 2 7FE WA WE texture =4

9771 7] s
(superheated steam)

0% RR 5% 10% 0+ 5% T 102 200C, 5% 400°C, 3%
A% 04
Hardness (kg) 3024214 31164297  2547+178 2019+142 3024+214 2073+223 28744245 2429+198 3096+287 2047+277
Chewiness (%) 024+102  010+142 898119 50133 9244102 921155 930+164  941%17D 925+178 914182
A% 54
Hardness (kg) 3087+164  3108+294  2410+197 1964+144 3087+164 2067+237 27194209 2371+194 3124+265 28544284
Chewiness (%) 917+117  003+150 901182 21142 9174117 915+167 927+178  930+144 920+190 908+143
A% 104
Hardness (kg) 3042242 31104207  2324+154 1894+157 3087+242 2735295 2870+£275 2154+186 3014+243 2840+267
Chewiness (%) 920+164  002+124 892164 805197 9204164 919+149 914:180  915:121 917124 905119

IAF U9 A4S Slst7] 9@l TPA test & AAIS A3 & oA & A 4
5, MY AgTIztel dolA® A9 Aat itk 2o Aztel Aojd4% WPAGe] mE %
A wshe 274 Aolsl vebgAH, 2 Aol ohd Ao YU

Table 30. -9 Z7Fa #H2lo WE texture =74
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b e

A7 7] (superheated steam)
0% 32 5% 102 0% 12 3% 5% 400CT, 90E  400C, 120%
A% 04
Hardness (kg) 21474124 2074:2%6 19704154 17426110 21476124 21495258 20544198  1040+114 2014167 20094254
Strength (gf) 6R7+45 64277 62024 600+50 68767 67642 661+35 64540 672+54 659+47
A% 54
Hardness (kg)  2050+142  2000:274 1864204 16474100 20596142 21024267 19645201  1791:154  2056+135 20544212
Strength (gf) 654+37 639+45 611+48 587451 654+37 645+14 632172 614+24 64527 632132
A7 109
Hardness (kg)  2087+116 19862185  1700:160 15476121  2087:116 20045208 18424151  1604+167 20204178 20174137
Strength (gf) 62121 618+32 60467 567+35 62121 615+59 605+24 5Q7+74 61741 61057
gl 23S #9s] f8l TPA test & §3 4 =(hardness) B 2474 =(strength)E 574
sto] |27, A7 mE 24 WS E SRl
HEE XAl AFE, 3 AFG7|o] Aojd s ol AL T ¢ qdow, 24
BT ZYAIZe] AodeE kel AS 1Y Ao, w3 AA7|ke] doj ¢S
okl A= AL T 4 QAT
Superheated steam 2ol &3 EAdRs= dlx]7]d 98t SRS T AR ZAHFET =4
SAEN oY, F]o o8t S} Hifs th W AdS YER AR
Table 31. Al=29 Z8]7Fs H2le] & texture =74
HE 57
9| %] 7] (superheated
steam)
0% 0% 12 12302 2% 32 4% 5% BT AE  ANTANE
A% 04
Hardness (kg)  3800:264 35114084  3028+160 281.8+398 2617487  2044+178  2025¢07  20L7+64  3760:121  363.4+117
Chewiness (%) 547+27 537+32 536+45 524+22 501+94 AR7+19 421457 308+68 536+24 525£19
Strength (gf) 1918+121 845178 798+45 764456 72034 64048 526157 520+64 1721105 1857+95
A% 54
Hardness (kg) 37514080 3218308 2805483 262404  2137+128 2041107  2010+81 2001454 3744231  3604=543
Chewiness (%) 533+54 520+78 534+24 519+26 ART+12 432437 398+35 35009 537+36 519+45
Strength (gf) 1857124 831+87 TRILT4 752162 691+55 605157 ART+32 A57+64 1714498 1787+105
A7 109
Hardness (kg) ~ 3623+247  305.1+44  2637+128  2555+84  2037+121  2007+84  1796+238  1764+125 3601116  358.7:314
Chewiness (%) 521+34 524+42, 521+54 515167 454419 412424 365+21 306+11 524+09 507+37
Strength (gf) 175807 814155 76058 74264 (51412 555457 42742 307535 16%5:06 164754
AF29 A TPA 2388 %3] 4 %(hardness)?t $ 34l (chewiness)E SAd9 o, A4
ZHA L AA7e] Aojd 2 I HErF e As &l 4 S
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Table 32. Y& x27}

e
(superheated steam)

g4 7]

50T, 5% 30T, 4+

204

158

10&

o
Lo

o
[ase)

A4 0d

1167+65

110267 1024+87 957+23 941+45 1248+87

547+12

1427+98

Hardness (kg)

503+34 485467 587+51 564+50

521+78

607+57

Chewiness (%)
Strength (gf)
A7 5¢

324+42 310+75 300+24 285+36 364+65 342+47

385+45

925+19 1209+64 115778

99451 944+24

1054+47

1348+88

Hardness (kg)

521+22 517+34 494+54 47587 574+24 557+32

584+24

Chewiness (%)
Strength (gf)
A% 10d

310+54 308+36 297+74 27160 354+14 331+24

354+33

997+15 980+32 924+57 918+55 1221464 1109+78

1258+74

Hardness (kg)

517+32 514+57 482464 464+08 56757 566+24

577+24

Chewiness (%)
Strength (gf)

304+42 296+38 286+42 262+57 354+27 327+30

342454
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v A% 1080l 43
log 7o1’8= WERHOl A5 AR WaE YEel AEoR o
e A=

o Aol glovt el log 5 o F7)
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il
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Superheated steam &8t AZo A-¢ HA7|y #7] o ZHUIHE AL AZH 27] o

i HISEE AR AR mE S EA Aol WA AR 109 F log 3~4 FE WEH

=3

2 ARS B SaFe ARVl HoldAsEs oS S Aol ARHY, Hlm iR
Natick 1740l A= A F9 PgA WA 2 A& vA= THF FAE log 57HA AdstaL
A7) wiel EXE Y v7tE e A E SEl AT ot JSE HoEn ek AAY
7+8 Eol7] 93 superheated staem 3RS b 2y 2 Fy A FA, dgaki uy 2o
AEE ngd Befol ¥ Ao AGHSGIT. AARYG JHEuES] ARV Fus W=

Table 33 ~ 369 7t}

Table 33. ZAFE 9] ZH7FE H2lo] WE =44 H3E) (&9 cfu/unit)
Lol =
EEl 2] Has]
(superheated steam)
0% 35 5% 10% 0% 1% 35 5% 200C, 5% 400C, 3%
09  570x10"  60Ix10°  7.10x10° 450x10° 5.70x10*  3.63x10°  825x10°  5.85x10’ 2.47x10° 2.75x10°
59 920x10°  1.15x10°  250x10°  6.02x10° 9.20x10° 167x10*  750x10°  2.41x10° 1.49x10° 2.16x10°
109 860x10° 524x10°  2.34x10° 585x10° 8.60x10° 3.85x10° 810x10°  1.15x10° 2.42x10" 3.10x10*

gl A]7] Alzrell @& 3AbE] mAdE HstE 108 AEE 8 7] d57F log 3 ol o Z wopxl
AL Qe & vy AA7|te mE 4 S/ 58 ol X A WAAR 10Y F9t log 2 F
e} Z =

£
A S7keke BT mEbd SAEE HE YA eR HAa 5E o AUt 2

8% Aoz AZH,
Superheated steam x@o] 93+ 4= WM3l= 27] 7 log 29014 log 42 =A WH3Fx|= gt

o, gto]l EAEE Aol WAYHE AF 38 ol FAGH] AsA= 7] g Al o

@ wpotol Wad Ao wdAn,

Table 34. B9 Z7}g Wale] W& Fut4 W3l (%81 ¢ cfu/unit)
7l =
A7 w7l (superﬁe:tgdﬂsteam)
0% 3% 58 108 0 1% 3 58 400T,90%  400C,120%
09  340x10" 212x10° 1.84x10° 5.85x10°  340x10"  450x10°  5.05x10° 1.10x10'  4.80x10° 1.31x10"
59 210x10°  530x10*  230x10°  6.02x10°  210x10°  826x10*  1.74x10°  140x10°  5.70x10 2.30x10°
109 560x10°  440x10°  3.40x10° 165x10° 560x10" 2.15x10° 3.10x10° 230x10°  2.16x10 7.00x10"
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2 Al WA 109 &< log 3 FEOE FUFFH] wha)

Table 35. Al=A9] g7l WAo] & Fs W3} (& cfu/unit)

] HEZ7
g4~ (superheated steam)

0% 0% 1% 1830% 2% 3% 4% 5 250,30  4007C 40
09  130x10" 570x10°  1.20x10°  940x10° 860x10° 2.30x10° 1.40x10° 130x10°  5.70x10° 4.24x10°
59 300x10°  460x10°  2.14x10°  5.15x10°  1.89x10°  224x10°  4.10x10° 2.15x10°  3.20x10° 2.14x10°
109 620x10° 260x10°  410x10°  6.80x10°  7.20x10° 460x10° 620x10* 500x10'  1.12x10' 1.45x10"

gl x17] Akl mE AlF2 9] mAdE HstE 13 0% AEE T 27 #57t log 2 FELE

Sobl A% HAF # vk 1¥ 302 AGA WF AF 109 F T log 3 AE FA59] 0l
wol AFAE A% 2UALOR A4 2% ol A7t By Ao A

Superheated steam A& ol 9|8t o W= 7] 7 log
B2 AN E A% 39 ol 7A8H] ode AR #d

=
superheated steam A2 & &4 74 Woto] Ao Aoz FAuotdAy,

Table 36. T2 Zg7la W2lo w2 ot A3} (k9] © cfu/unit)

N %&7
o] %] 7] S

(super heated steam)

0% 55 102 HE N B0C, 55 350°C, 4%

0 2.28x10" 8.70x10° 2.90x10° 1.50x10" 1.36x10" 3.12x10° 1.26x10°

54 2.00x10° 2.30x10" 7.00x10° 4.20x10* 1.76x10° 5.40x10" 2.45x10°

104 5.40x10° 3.80x10° 1.24x10* 2.25x10° 5.40x10° 6.10x1° 4.20x10"

d217] At mE Fuze wAde Wik 158 AYE o 27 #57 log 3 FEL
ol A& e & Ak A7 mE dF S 058 AP Al WA 109 w9
log 4 FE0% S5kl whal 10~208% A2 Al log 2 FEo& AR A S7k5He Btk o

Ay
A FUES 93 2 Aoz A4 108 ol XNErt Bad Aow A7

f



Z27) 1 log 2904 log 302 79 W37t ¢l

Superheated steam # o] 2

7] st Alote]
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=
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Table 37. Akl e HEF7] 2704
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<HIZ7] AHA> =71 A2$>

GHAZ) AER> | <Az qeEs

<

heater 100°C, steam 400°C, 7%
(16417 H A o))

Kol
T

heater 100°C, steam 200°C, 5%
16417+ A F7Vato] ©]§)

Kol
T

=)
T

heater 400°C, steam 300¢C, 2%

(16413 A § ©]§)

T

heater 100°C, steam 400°¢C, 3%
16417+ 2 A F7hete] ol 8)

Kol
T

=)
T

heater 250°C, steam 300°¢C, 2%

(16413 A § ©]§)

T

heater 280°C, steam 400°C, 5%
(6A17F A A 718t o4

S i = |
G T

heater 200°C, steam 300C, 1%

(16413 A § ©]§)

heater 280°C, steam 400°C, 10%
(6A17F A A 718t o4

& o~H8

T T
Foe 2EIEE U B A SR ZHA ol wHet w4l wel Wekle AH gl
i, 2EE FEFE 2 Hol 242 AspEARE A2 WA Gan AW "okl 5AE
HAH. 150~400CT7HA 2ERg stoll AlzHd AzZE sl 23 ve 2REUE Ee SR
A s Aol Moly 23 5o @l Al AIbHEMA, A3 400TAAM 90z,
120 AT AEe Hzdolt A 5 AWkl Ho| 3 Ag AAT £ ASUrh
Table 38. aAk2le] HE57] =78 of Wg}
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<D= A

S EEIEEES

<D= A

<NE=7] AT

heater 100°C, steam 150C, 3%

heater 100°C, steam 300C, 3%

heater 100°C, steam 150C, 5%

heater 100°C, steam 300C, 5%

heater 100°C, steam 250C, 3%

heater 100°C, steam 400C, 90x%

heater 100°C, steam 250C, 5%

heater 100°C, steam 400C, 120%
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Gz Ael A | < E] A F>

o
Y%

I =7 A7 #A> <HEZ7] A

heater 100°C, steam 150C, 1%

steam 150°C, 2%

heater 100°C, steam 200C, 30x%

steam 200°C, 1%

T 5

steam 300°C, 1%

heater 100°C, steam 350C, 1%# heater 100°C, steam 350C, 40x%

TuE A 2yene duglol Ae AlRtel YT #E A% Iy 579 ulE uto] ol

ol @ol Hojx= dAbo] WA mEkM A'IEE 250~400T Abelz AAskal X gl A

=

= A& B9laL, 260TAAM 523t Aesidle A 244
A F7FEAT B Ae] AR 4~5e] TR FskAut

of Y Ao |rl AxHof wEs dAfel LAY

Table 40. Ft=2 HFAF7] 2108 e A3}
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<HEF7] AE A> <GHEF7] A9 $> <HLF7] A > <AL AE F>

heater 100°C, steam 250C, 5% heater 100°C, steam 300°¢C, 3%

heater 100°C, steam 300TC, 5% heater 100°C, steam 350°C, 2%

heater 100°C, steam 350°TC, 4% heater 100°C, steam 400°¢C, 5%

e AF AARE nigoz Hd Frjo] W HYAE HAGY A, heater =55 100CTE 31F

g & steam =59 HWHAE 200~400T ApololA Zelshy A s4th

ZE| Ao mE 9w 3}
E UE 4% JE9 gx7|9 ¥y, SHS Xy & #A% Wil A5

s
PN
oY
1,
frt
=
=
o
i)
_yll
rir

Table 41. Ak el 2 <@g}
\

5% 9 %] 7]

3% %7

\k

s

SHS 400C 5+ SHS 200C 3+
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Super heated steam 2 < A]

Table 42. 29

el o

Hl 21 7] ghg gl #71sAul

CmEbA BVEARE Aelshe ARy A 7)ok &

2% Aom AR,
O

A
|

SHS 400C 90%

SHS 400C 120%

S

5% HA7]

3 7

B

HA 715 571 A

nAE A

AAZ =7 qA7] AR 4 F9k7] vl =
= As ddE HERY] wEel 3

x40] A3

T
=
A 2HAS A= Aol &5 Aoz ddd

A T It £
AeZ Bsld e u 58 o4k Hs= Aol )

1% HA7]

1330% A7

2+ H#7] 3 d#7]
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40C el A

-
RN

I =3+5 0] sealentZ A

o} &3k LLDPE

izl
A+

o}J

T57] T3 Eo] 5mLINTP)/24hr/m2/0.1mm atm o224 2 &

FA Alkoz Ao v Alojdll @A
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A ew 0% 7 59 7}

(CFU/mL) (CFU/mL)

10C ) 1.330.01X10°
oJukE A A2 8.05+0.45X10°

15C TNTC

10C 1 2.00+0.50X10°
ABEA Al 2A 9.00+0.10X10 .

15C 1.15+0.03X10’

10C ; 7.70+0.15X10°
ol A Hjm 1.18+0.07X10

15C TNTC

10C ND
AgEH TU= 2.50+0.50X10"

15C ND

I~

10C ¢ 15T AF2&oA dutxadst JAezds 483 uEe AF T e S4& o
a4
=

A, AFEAE AL 2 AFAS FuBol WFTYL A4 ARt 2rHFE 100~
10°CEU/mL, A% 594 3kel & 10°~10'CFU/mL o4 m g% Falo] @o| 542 nol &}

Table 46,3 #& Ao vigt Mo AFxge T AKFAL Adste 1 FHE
thi= Ea Wuk olyg)l &0 vLXH 3l PME (Pectin methylensterase) 29 W24 3E %3k
Eo o9® wAE Ao EL T 9= Aor A7EsiTh

o ¥ 2z Fohgol g JEo A3

NY/LLDPE &4 ¥3 AA2 24 Fig&d wE ARAS 5487 Yoto] Y3 =719 NY
9} LLDPE A& % dol EVOHI2 F715H4 ofFof W& AlFx 2 FYUEY ARA AFs
28 sglow A ZAi}i= ol Table 47. 3} Table 48. o e SiT)

ofo
f
1&
=
N

Table 47. A2 A& A Tk ¥sbol] w2 A 2344

m= 0=} 5=} 109 =k 15 =}
A R=R s o =
ek AdEE (CFU/mL) (CFU/mL) (CFU/mL) (CFU/mL)
10C 1 8.25+0.75X10" 1.70+0.11X10* TNTC
NY15/LLDPES0 ————  8.25+0.75X10
15C TNTC TNTC TNTC
o 2 4
NY15/EVOHI2/L 10C ) 2.73+1.03X10 1.56+1.39X10 TNTC
—  2.73+1.03X10"
LDPEX0 15C TNTC TNTC TNTC

Table 48, Fth= &S At Fabd wslel] mE A Ad2+
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07 59 7} 10917} 15997

e A= (CFU/mL) (CFU/mL) (CFU/mL) (CFU/mL)
10°C 1.80+1.00X10* TNTC TNTC
NYI5/LLDPES0 ————  10.00+0.02X10"
15C 7.15+0.45X10° TNTC TNTC
o 3
NY15/EVOHI2/L 10°C - 3.00+0.02X10 TNTC TNTC
LDPES0 15C 5.00+0.04X10" TNTC TNTC

+ APE AFgsrlel dM s w2 AL el At Aol Hold EVOHUE £3d
NY15/EVOHI12/LLDPES0S] ¥ Aol A H#AdE ve AMZdqA o5 234Q uAE Ao a3&
71918t 2.1} Table 47.914 H.ol& whep o] Algx] AZ9] 4bAh Fibg Wl na XW % v

A& A5 Aold s NYIS/LLDPESQ) A4 ¢F v s}

Ao} 2o ZAsto] v 1Zd Azt EVOH 7} Bl = NY$ LLDPE] 98 o] 5}019}1:} 5}
Hebl, i Aprsol u EVOHA S8 FREEel 22 AFA 2 Tueed AR
A

Aol e Aqel A9 gglow, ool ola EVOHZF A8 e L4443} v A%
Aot Zud A B4 S90S W wxd At de Ao Az,

g}, ¥4 FE F3go wE YEY AHA
NY/LLDPE $4 24 Ade & Fagol mE& AGdE F4s7] 93k LLDPES 7
(LLDPE 50, LLDPE 70, LLDPE 100)°] ®3}& Fof Algx % Iy 8 Fi& Hsld g

AR Aeg e 1 A= ofd Table 49, Table 5034 7t}

Table 49. A=A 9] #8 F3ba Wbl wE AP A2

= = 0=} 54 =} 109 =k 159 =}
5% A= (CFU/mL) (CFU/mL) (CFU/mL) (CFU/mL)
10C 2.14+1.71X10" 2.33+1.28X10* TNTC
NY15/LLDPES) ————— ND
15C TNTC TNTC TNTC
10C 1 5.18+2.73X10° 1.09+0.04X10* TNTC
NY15/LLDPE70 —————  5.50+1.00X10
15C TNTC TNTC TNTC
10C . 3.28+0.28X10° 2.22+0.03X10° TNTC
NY15/LLDPEIO0 ————  3.50+1.00X10°
15C TNTC TNTC TNTC
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Table 50. U= AZo] 8 T34 H3ld wE A=A A4

—— 0=t 592} 104 =k 154 =k
2 RS
S AdEE (CFU/mL) (CFU/mL) (CFU/mL) (CFU/mL)
10C ND 1.59+0.03X10° 5.50+1.50X10°
NY15/LLDPES) ————— ND
15C TNTC TNTC TNTC
10C ) 1.00+0.01X10° 1.35+0.25X10* 2.00+0.10X10°
NYI5/LLDPE70 —————  550+1.00X10°
15C TNTC TNTC TNTC
10C 2.25+1.25X10° 2.13+0.01X10° TNTC
NY15/LLDPEIO0 ————  1.00+0.04X10"
15C TNTC TNTC TNTC
Table 49. 9 Table 50.9] A& ZAAE FA3] WA, AT FUEY ¢ LLDPE 50004

AZAl wAES] Sl 7B YA gl # AoE W 01111 LLDPE 100 ¥7A] <toll A w| A=
SAo] b wmE Ao ® WY ol= LLDPES FA7F FA&s5E vAdE F4o tuA o]
g Aolghe Mo kel Adtolt), ojEldh Ao did] aEstd A, nE FE F

& AF A= T4 £ LLDPES FAldl wknl#sHA x1go] ¥of LLDPESY FAZF F79]
AaE nAso| oA FASHA HAR, AA AEE 7HEshe 34 A= LLDPES] Ao 4k

A AFel do| AgHy ol F BFES /Gt o® oo} thE %R AW, AT
o} FUE Sous-vide A 7tE AL 747 90T oA 1027} 30222 NY15/LLDPES0] A
g Bole 2HoR Ay Hov ¥ FAZE NYIS/LLDPES) Bl F78 NYI15/LLDPE70
¢} NY15/LLDPE1I00 wF Al ZolAx& dutzzdo] ofylom ojefgt x7|v9 ztol= AX 5
nAE FAe 9o 2o R FHE Mg Hvh F 4gE £ AR AL E £ vk

e, ZAAE FA 2 SR FAgd AHglel AFAt FuEe AY F uAE TS5
dael] 2717t % FL W2E L oo|gtE AT A FAEE dE Bt

AERoRZ, YoA 249 2x 2 S8 g WS 58 AT TUEY AY T uAE
T2 & 2AE A3 EVOHZE Abed Z4AZ 9 A4 Abh aiddo] Fo} EVOHZE AMSH A 952
IZAARG 6% 342 nAE T4 AoEs & Aor Jstg oy, FEFHE B UE9
EAQ3 £Rd kE EVOHS EAN UE AZdeE 7dadd 35 JehgA Eate Ao @
GElon, & AwEs} LLDPES w9 Hld #AE stotstrld oA Aestax ste Ui
A 92 2 FAC HAA dA2] 2] FHAAHoR HAHooF g £ AoA9 BBE X
Ao g AFE S AAEA AT

4o pUE FAHE FEAS AWHoR 4F W T F4E A% pl Fol Sopre



AR i) AR plF Weks AEE B AFS ARG ARE G5 ATl w9
N - ° o - -
Ax712ke] wWE pH WHEE Tl nA=e ES oFet AFe HA oARE FAY F Q7] wE
of WAAAY mE mAE S FRlsy] & A AP AES pH S8E AASHNL olF F
A AR GRY MALAE AFHA Lt
Table 51. 2AFE] 9] ZE|7hs W2Ald m& pH g}
k1l Rez =Ny
957 371 Be
(super heated steam)

0 35 58 108 0 1% 35 58 200C, 5% 400C, 34
0d 5.85+0.010 5.75+0.006 5.98+0.006 5.95+0.010 5.95+0.010 5.86+0.006 5.95+0.006 5.98+0.010 5.95+0.010 5.83+0.010
54 5.99+0.006 5.96+0.006 5.870.010 5.840.010 5.890.010 5.97+0.003 5.95+0.010 5.77+0.006 5.87+0.006 5.86+0.010
104 5.94+0.006 5.780.010 5.90+0.006 5.950.012 5.87+0.006 5.95+0.006 5.950.012 5.940.010 5.94+0.006 5.78+0.010

Table 52. We) Z#7he wale] e pH Wl W)
k1 fez =y
447 7] s
(super heated steam)

0 35 58 102 0% 12 3% 54 400C, 90% 400C, 120
0d 5.85+0.010  5.76+0.006 5.98+0.06 6.00+0.06 5.71+0.010 6.00+0.010 5.96+0.010 5.99+0.06 5.67+0.010 5.84+0.010
54 5.98+0.006  5.97+0.010 5.97+0.010 5.96+0.010 5.98+0.010 5.88+0.015 5.97+0.006 5.94+0.006 6.00+0.012 5.99+0.006
104 5.95+0.006  5.87+0.010 5.86+0.010 5.86+0.010 5.90+0.006 5.95+0.008 5.94+0.010 5.77+0.010 5.86+0.010 5.95+0.010

Table 53. Al&3]9| |7t ®2lo) W pH #s)
k1l Rez =Ny
94071 57
(super heated steam)

0 0= 1% 158 24 3% 45 58 250, 30% 400°C, 40%
0d 5.85+0.010 5.84+0.006 5.91+0.010 5.95+0.006 5.90+0.006 5.90+0.000 5.90+0.006 5.87+0.010 5.91+0.006 5.93+0.006
54 5.76+0.006 5.80+0.006 5.88+0.006 5.94+0.010 5.95+0.006 5.96+0.010 5.94+0.010 5.95+0.006 5.96+0.010 5.93+0.006
104 5.85+0.006 5.88+0.010 5.87+0.010 5.94+0.006 5.95+0.006 5.91+0.012 5.90+0.006 5.955+0.010 5.97+0.010 590+0.010
Table 54. FH=9 Z27ke BAol ©E pH W3}

. S
H1=7]
(super heated steam)
0% & 10 15 208 250C, 5% 350C, 4%
0y 5.7510.012 5.64+0.006 5.87+0.006 5.85+0.000 5.85+0.012 5.94+0.006 5.90+0.006
59 5.93+0.006 5.92+0.012 5.96x0.012 5.97+0.012 5.85+0.012 5.92+0.010 5.92+0.005
104 5.8610.000 5.95+0.006 5.78+0.012 5.77+0.012 5.93+0.012 5.92+0.012 5.94+0.006
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A E 9 7 & AX7|Z pH W3k Table 51,914 Table 54.9F 2ot A %3 vU&E9 pH
= AAES Aolsl Ao gglon A BE @ Aol 94 e gk e W)

2 pHMSIE et ggtow, 7 AeT Ag710e B pH WelE Hels) B A% A%
109744 2 ol glol #A5E AL FAT # At

mebd 22 el 2A7] GE pH NI g Ao BudHu, AT 10944
pH W7k Aol Ui @, & @ o4 Aol 4% pHi on 5% oaim o2 Aolg
ol 45 91 e

G, st A o]

1) chlorophyll 2] st -

2 ek, 2ejit Alre] At o Ml FolAw
T

U E71e] A4 AES FE SEEIF, 5 35480 ¥ 2RRdE
B AE e EA SAgH
Chlorophyllaset= Chlorophylld] £A43+=d] 21 & 2# o] Ha¥ Ay 45 Chlorophyllase”}
2] = o] Chlorophyllell 2H&3}4 Phytol radicals #2| A7 AW 3s =2 9] Chlorophylide® A4 gt}
olufol alkali7} £A18tH Z 49 Chlorophylineo] A4 ¥ 1 Aol o &fA= 229 Pheophorbide”}
). Chlorophyllase= &84 ¢ Chlorophylle 484 ¢] Chlorophylide® ¥ 3}A] 71t}

AUt oz =AALE 7FFsly] Ao 60775 T =AL & " AW Chlorophyll7} 45 ¢
o] AHet A4S FXT & dvh B MAFE S wel S F oFE s MY B2 f7
abo] wAlsElo]  Chlorophyllel Pheophytin®. 2 22 ] A7 & blanching?d wW= Wi £4<& g
FEHE 7713 AA7IE o= AR ZA¥s BAY ¢ Qlvh 2 ¢ A F E HIRAE &
712k thekol FgrE AFEE= ZAlo] Chlorophylle] #3871 At} Chlorophylle &Zkg]o] <t 3}
3L Ake] Bl AAE A Y] Wide] Be B ulE w AFg o YoFu Mg BE

=

}1\_]:
= A~
sk 4 9l

2) AW A6l wAst Qe WhEe R L 57

O etz
OH-radical(=2t7])9] &3 2&3 &7 Foll oldsedas Frste] dtsof prh 100]8h2
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] 4] 7] AF, dazds, Az (0, 05, 3%) / 60T/ 40min
l
A= Gt F5E o8 33 AlH
l
@ Aol dof 53] £50] B
l
A 2% (0, 1%) 1hr
l
A= Gt F5E o8 33 AlH
l
@ Aol dof 53] £50] B
l
X% 25g, & 15sec, sealing time 3sec

Figure 13. H]x]7] 9% 3% Z2HF¥ ¥5(0, 05, 3%)¢ A=A 25789 ¥5(0, 1%)d W FAE

@ 4% 2%

=
SN
¢
(o)
a
=,
N
N
2
u
1o
ofN
i
oA
it
W
¥
i
o
r >
)
i
iy
o
olf

(0, 05, 3%)¢F HA 2FE9 &

g 9
e o 27
o A =
o g 10C
. A ()
0% 1% 0% 1%
<t Lab <t Lab <t Lab <t Lab
2173 26.25 2203 2101
AT 0% 3 -950 3 -9.16 25 -862 25 ~777
12,51 14.34 12.41 11.66
2172 24.76 2418 2213
AT 05% 3 -8.79 3 -9.08 25 ~7.29 25 ~6.97
12.72 1451 12.08 12.62
23.40 2179 19.89 2002
2T 3% 2 -10.13 3 -9.38 25 792 25 -8.97
13.20 12.43 1098 1088
22.06 2130 2195 2235
Bk Bt 05% 0 -8.74 3 -8.80 25 ~791 25 ~8.67
12.23 11.58 11.56 12.06
2057 2434 19.96 2127
% B 3% 2 -8.74 1 ~9.17 25 -8.12 25 -6.72
11.37 12.55 1044 11.57
2033 2042 22,04 2260
e 2 05% 4 ~10.65 5 ~10.74 5 ~11.24 5 ~11.60
11.91 1197 13.04 12.95
2V 24 3% 5 2474 5 2075 5 1751 5 2128
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11.75
2272
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11.58
18.72
-7.06
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g7 230, 0.5%), 2324 (0.1, 0.3, 0.5%) / 60C/ 10min
l
Al ARk FXEE o8& 33 AlH
l
g Aol wol 53] E50] g
l
A 2w (1%) / lhr
l
A ARk FXEE o8 33 AlH
l
g Aol wo} 53] E50] g
l
3 25g, XF 15sec, sealing time 3sec

@ 4% 2%

, Abskzgr) ok w520, 0.3, 0.5%) ©E ¥

=

Table 59. " #7] A7 w=GteZs 0, 0.1, 0.3, 05%)d 59F &2l ¥ A% =
A A5
0Y = AY =}
A+ed be AY Ex e
T A4 Fw (kD)
1%

g0 Lab ¢ Lab
19.55 23.68
27 0% 4 -8.53 4 -853
9.97 10.54
21.45 20.72
ZF 05% 5 -7.37 5 -6.92
10.81 9.86
19.55 23.68
etz E 0% 4 -8.53 4 -853
9.97 10.54
24.38 16.63
Abskzks 0.1% 3 -8.71 5 -7.10
1154 7.99
22.76 16.87
2re - 03% 4 -7.02 4 -6.85
9.66 7.74
24.93 18.80
Absl ZE 05% 4 -7.89 4 -6.70
12.48 9.79
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Table 61. 3Ab2le] ZeE/be whalo] e Aw #8574

I Od£7
%7 %71 Hee]
(supe heated steam)
2007, 4007,
0% 35 5% 105 0 15 3E 5%
5% 3R
0el 0.984 0958 0.982 0.970 0.983 0.959 0.984 0.968 0.989 0973
T 40008 +0041  +0007 0021 <0007  +0042  +0.008 <0019  +0.002  +0.008
59) 0.981 0955 0984 0.970 0.985 0.960 0.984 0970 0.989 0.976
= +0.007 +0.038 +0.008 +0.021 +0.009 +0.043 +0.008 +0.021 +0.002 +0.012
1091 0.983 0957 0.982 0.967 0.985 0.960 0.984 0973 0.987 0.976
= +0.007 +0.040 +0.007 +0.017 +0.009 +0.043 +0.008 +0.025 +0.002 +0.012
Table 62,52 Z#|7}a H2lo) & Aw A3} =3
R e
| 2] 7] 57 (superheated
steam)
4007C, 4007,
0% 3% K& 10 0% 1% 3% K& L B
N= 120=
0% 0.989 0.989 0.990 0.958 0984 0.959 0.983 0.968 0.988 0976
+0.005 +(0.003 +(.004 +0.041 +(0.008 +0.042 +0.007 +0.019 +0.001 +0.013
59) 0.985 0.960 0.984 0970 0984 0.959 0.985 0971 0.988 0976
+0.009 +(.043 +0.008 +0.021 +(0.008 +0.042 +0.009 +0.022 +0.001 +0.012
109 0.985 0.955 0.981 0970 0.986 0985 0.984 0.985 0.988 0.980
+0.008 +(.038 +0.007 +0.021 +0.005 +0.005 +0.005 +0.006 +0.007 +0.005
Table 63. Al&A1¢] ZE7Hs A2ld 2 Aw #st 5%
R e
5| %] 7] (superheated
steam)
250°C, 4007,
0% 0= 1% 15% 2% 3% 45 5% - -
30= 0=
0% 0.988 0.986 0.987 0.958 0981 0.960 0.982 0.982 0.987 0976
+0.002 +0.005 +(0.008 +0.041 +0.006 +0.042 +(0.007 +0.007 +0.001 +0.011
59) 0.987 0.991 0.991 0.962 0982 0.955 0.980 0.982 0.986 0978
+0.003 +(0.002 +(0.003 +(0.044 +0.007 +0.038 +(.006 +0.006 +(0.001 +0.013
109 0.986 0.986 0.986 0.958 0984 0.963 0.987 0.987 0.988 0.981
+0.005 +(0.005 +(0.008 +0.041 +0.008 +0.045 +0.011 +0.011 +0.002 +(0.014
Table 64. FUE9] Z2|7ba WAl W& Aw #3} 54
I %&7
2] 7] Hes]
(superheated steam)
0% & 10 15 208 250C, 5% 350C, 4%
0g 0.977+0.002 0.987+0.006 0.992+0.003 0.994+0.006 0.990+0.006 0.983+0.003 0.980+0.002
59 0983+0.003 0981+0.006  0980+0.002  0976+0.001 09890001  0.984+0.003  0.982+0.002
109 0.985+0.002 0.986+0.001 0.987+0.003 0.986+0.002 0.982+0.002 0.990+0.001 0.980+0.002
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=l M
o FQd 9BL T ¢ AL | 2088 2NN AFAL Fdo] 713
2o Aoz FAHAT. R AFA ARTAel BAss dwe] A4 #1492
2 BF oA} 9aw Aow wuAy)

g Fv A=A ARgol mE Al

o 2Ago|A = nisind allyl isothiocyanate (AITC)E Ao X gsdle] mAgEo Aldo st
synergistic antimicrobial effectoll thdle] H 718t A2 Y8 FE9 nisindg} AITCE sAo] A
st W vt o Waltel A A Wt tiste] Hriekid

D A% 4

ALt =21 Listeria monocytogenes KACC 12671, Staphylococcus aureus KACC 10196, Shigella
bovdii KACC 10792+ 3¢ v) A & B E A8 (Korean Agricultural Culture Collection)ol] A okt
ol AW&3}aL, Salmonella typhimurium KCCM 40253 ghatu] A& 1w ZAE  (Korean Culture
Center of Microorganisms)olA T3] AFE3F9 T T+ 01%9 yeast extract’} FH7F#
trypticase soy broth (TSB)olA] 37T, 18417 F¢t 7|4 o2 st ajdd #FF= AHE A
of YAEZ (3000 x g, 205-)3le] sterile buffered peptone water (BPW)ZE A& 3 o] 34 & 23
gk 5 ARRSRI T

Mz ouE FvdEAe] daasgs Wrkely] #stel FIC index assay® Al Eth L
.monocytogenes, S. aureus, S. typhimurium and S. boydii® @A A 742 Clinical Laboratory
Standards Institute (CLSD®] ZX}ol wa} A4St} Nisin (640 TU mL-1)3 AITC (2.56mg
mL-1)¢] stock solutionE& TSB HIX|d] dAHAowm 122 4ol HF w&=7F 277 10IU
mL-1¢} 0.16mg mL-17} %% 3ok 84 ¥ nisin (0, 10, 20, 40, 80, 160, 320, 640IU mL-1)¥}
AITC (0, 0.16, 0.32, 064, 1.28, 258mg mL-1)& 717} 9%6-well platesell Al £33l A2 T E 5%
Hl &9 nisind} AITCY &S Az} o] 96-well plates® ZF welld] k6 log CFU mL-17}

Atk Nisin®] @5 A9} nisin® AITCY 53 A= HaAdF
S TA G ol &3lo] ALY, oA FIAA I w duAY

TdAd T EE vy A mel 2400

& olgstel @Al Fop-u
i

o $EAES Frsah

e
X
%
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Ghe e
PG s P I e sy, —JAOW
MIC o MIC o

MICNisin®} MICAITC+ nisind} AITCE @5 A 39S we HAAswEoli, CNisind
CAIT<= nisind} AITCE #% A8t & el HaAs gl

L. monocytogenes, S. aureus, S. typhimurium and S. bovdii® time-kill curveo] 7]%3F ¢
nisin? AITC E§E9 v @4& H7Fe9th Nisin (320U mL-1)¥% nisin (320IU  mL-1),
AITC (0.32mg mL-1)9] &35 TSB ®i Ao 247 H7lebar, shatAl7F 3718 TSB v x]ol oF
6 log CFU mL-19] 7} #FE5& FEstdth HEd #5752 37CAA 0,2, 4,6, 8 12, 18 24
AIZE Et ke At

A AEE AREE dSxom 1102 01%  peptone  waterd] 34390}
Autoplate spiral plating system& o] §3}o] 3|M¥ A|EE trypticase soy agar (TSA) ol =2
5k & 370Co Al 24~48A3F <F A ste]  Qcount colony counter system .2 AT St
A7 Aed fFe Ak 24 WE SA4S flske] ANAE FESAC 10M3E g T
o A nisin¥} nisin, AITC EE& AA 7] 943t Y472 (5000 x g, 10+, 40C)3FA T ¢
A2 F nisind nisin, AITC E§E0] EAs s AF5HE A8ty 7tk #5558 Fsho
3mLe] isopropanols H7Fe & 127 AElslal, 2mLe hexaned #7tste]l 527 HElsgdth. o
A& oAl YAEY (B000 x g, 102, 400)8 o], AT 9 hexane & FH3tal d5e 6mLe

hexanes #7}sle] AFE3 A F+=319] 33 hexane S5 nitrogen gas blowing system-= ©]

‘

o

Fad Auite] A, A S A%kl gas chromatography (GO)E o] £31o] #4314 th
FZ5 Akl FolglE ImLe hexanedl 0.5 N sodium methoxideZ 400uL 43¢ 500Col A 10+
v W213}aL, 14% boron trifluoride-methanol 400uLE 7}38F 3 250Co Al 3083+ #A] 3o 400uL
9] hexanel @ FE3AULE HWEsld AREE YAEHGO00 x g, 108) Fo FHeAu, AFee
hexane 9h& #3taL, s-5° 400 uLe hexanes 718t FE3E AS 23 &3 TH F5319
#] 3t hexane-S nitrogen gas blowing system ©]83}o] ZAZA713, 0.5mL9 hexaneo] =¢ GC
2 o] &3l AF #FE59 Fatty acid methylester(FAME)E A #3190 559 Fatty acid
methylester(FAME) 542 939l flame ionization detector (FID)E 2zt gas chromatography
(GO)E o] &34t FAMEY ## & 93te] Varian CP-7489 fused silica capillary column (100 m
x 025 mm x 0.20 mm)°] AF§-% STk

T AEE 248 93t propidium iodide (PI) stainings AA3F3 T} sterile phosphate
buffered saline (PBS; pH 7.4)-& ©]&3}%] propidium iodide (PD)¢] stock solution (2mg mL-1)<
THl3kaL, AR ol - 20T 9 A B th H#E Pl ostock solutiong sterile PBSE ©] &,
8] 4dsle] 50mg mL-19 working solutions A Z&A vk 273 stA A+ (4 ImL)E& 9
AR (5,000xg, 10 )3 Fo, ImL2 PI working solution®] A4 A]7]aL, 37°C, 1583 #f %3}
At PI= dA%E 55 147 ool cytometric analysis® 913Fe] Ao A & okl o

A Bastd T et A v g #FE Pl ostaining S 93 24 xR o2 AREE AT

o

BN
™

=

_90_



A9 FAE sk, dFELS A4 E000xg, 10 min) & H3FArk A #FE PBSe 2
3 A, HE F97F 1mlo]l &% PBS %+ 50 mM NaCl, 5 mM KCI3} 10mM EDTAE
23stal 9= 01 M Trs-HCI (pH 80  AFF AlFHG. SHE 55 3mM
diethyloxacarbocyanine iodide (DIOC2(3)) 10ml¥}t &3 3 250ColA] 683+ A dstict. vjked
% carbonyl cyanide m-chlorophenylhydrazone (CCCP)Z X 2389 depolarized $-° A oz

o2 A3

2) 49 A3

Nisin3 AITCE @502 AFEENE v HA A FEE L monocytogenesol A 640 TU
mL-19} 256 mg mL-1, S. aureus®l A 640 TU mL-1%} 256 mg mL-1, S. typhimuriumol A >640
IU mL-19} 1.28 mg mL-1 ZZ2|3L S. boydiiel A >640 TU mL-19} 1.28 mg mL-1Z Z}Z} e
23

Nisin® AITCY &3 Hgdd o FduAE a3}E <olrnry] H3 L monocytogenes, S.
aureus, S. typhimurium, and S. boydii®l nisin¥ AITCE 53 X2 8+%-& W9 synergistic effect
of thste] HrEew (Figuwe 1). 24 FujBEAQ &3 AHlddA AITCY wFie mgk S
Typhimurium®t S, boydiiB.t} L. monocytogenes$t S. aureusol A © £2 AF &34E e
I, 7} 2 synergistic effect™ S. aureusol Al #HZEH ATHEIC index <0.2). o|¥ s Az & u
IR s o] BERRA nisindt AITCE &3 Agste] ARG HaAdgsmw o A2

oz MAEY ede B E AT & o

1.0 &
[ ]
0a
.
&
[#X-1 1
G .
o "1
o4 \
\ n
o — — _ "
L]
02
& - L
. .
i
0.0 L -—..._.
0.0 0.2 0.4 0.6 08 1.0
FIC,,

Figure 20. Isobologram for the antimicrobial interaction between nisin and AITC
against L. monocytogenes (@), S. aureus (&), S. typhimurium (), and S

bovdii (®). Dashed line indicates additive interactions.
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Al dFFE oA AbFEEQ nisin (320IU mL-1) ¥ AITC (0.32mg mL-1)< F93t%9-& ule
34 &23E timekill FAE o] &3tol UEtitt (Figure 2). V| AEA A2 #F5 2443
ok A ol Nising %= X833 S typhimurium¥ Sbovdiid) A= Al E37F Jepx o vy
nisin® AITCE 5§ A3t S typhimurium3 S. boydiidl A= %7 %7} 447 5803 5.74 log
cfu mL-1°4 452 and 3.62 log cfu mL-1%2 A3

Figure 29 time-kill =4S 389 L .monocytogenes, S .aureus, S. typhimurium ZL2]3L S
Doydiioll W& nisind AITCO 153 Aol tiet ZdH7F S A Nisin® w5 Ao L
HoFdtel W A B3t UeR AR O S4TSR AdllskA Fskeitt Nisun ©
= A A= L monocytogenes<t S. aureus?t Z17; 8AIZE, AAZE Bl dE wf 74X FAS AS A
g BHE BYor, Ax Aol Aastr] AlRete] F57IE oA A HW L monocytogenes
217914 530log cfu mL-12 S aureus™ 2.35°14 5.62log cfu mL-1= Z}Z Z7}6kSit}. o] e st
Zd3te FH 2EZ QIS nisin® &4 As)rE Aoty wWEo® AR EY. Nisind AITCY
& AY &, 1043 ¥ AFFE L monocytogenes9t S. aureusoll X HFE A olgtm e ARE
GdE WL, 24413 Al A RAAE 35 Qlo] HE A olste] Adrt vrERy

N9 A Aol A, S, typhimurium S, boydii TFFEL nisintE XAl e AdAS B
L. monocytogenes®t S. aureus 52 nisindt AITC 2 HgAo o & ZAFEAS BY
o}, 283, AITCS nisin® 5§ Agle A8 FFo 3 nisin® 45 A S22 =,
g% FAEAAE AF A AEE Yerdily, 25 T E A &8-S UElth

oy g A3tz AITC/F vA=e 7t FAoly A A Asllet 22 288 £33 A4
stE goA uvehd Ao AITCY vt & izt Fd 9
isothiocyanate 93 H|=A4 allyl AFE= o] Foj 2 &4 Fx9 #AT
% Figure 29 #2 ZF}E Ev nisind} AITCY A= U2 mechanism
of Al AElH o 2 synergistic activityE WERH-S AlAFSHCL

=
10
~
olf
R
oty

10

Survival {log CFLUmL)

Incubation tirme (h)
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Figure 21. Effect of nisin alone (O, A, [, ¢) and nisin combined with AITC (@, A, i )
on the growth of L. monocytogenes (@, O), S.aureus (A, A), S. typhimurium
(W, (), and S. boydii (®,¢). Dashed line indicates the detection limit (10 cfu
mL ™).

Nisin3} AITCS Ao wE Axwte] Xk WM3lE ZA4319 ) Figure 3914 & nisin ©5 A
gl nisind AITCE 53 A2 F 37°C, 1043
typhimurium 183 S. boydii® A ET X 94ke] H3lE HolFEu)

L. monocytogenesSt S. aureus® F¥ X WAHE FulEAF (C16:0)3 ~Hol24F (C18:0)°] At
(Figure 3a, b). 3 (42%)3 vl S o, @5 X (nisin® 53 A (nisin+tAITC)S L.
monocytogenes®t S. aureus EFAA @A Fu|EM (C16:0) o HA7F vERHTE (35%). L
monocytogenes A= E3F A Aol 2g o2 (C180)3 Zwu|Edl4t (Cl6:1)e]l Z+Zh 30%, 15%
T Boltt (Figure 3a). @5 Agldl= 4 (CI18Dol 26%F 1891, B3 A o=
SEA (CI8D9 Ml &ol 14%= dlxa (20%)% HusHs o dAe gaE B L
monocytogenesd| nisin® % X & ZHAHCIZEDH] S F71ok FuELE (C16:00] & 4, 3
B2 Fo #FNA cis-FLEEIA LAY FITR nisind F-2AE #F FUHE] wfol YERY
= % frede] S 71918

58 Aol S oaureus® P EAF (C16:0)3% 2H o EAHCIZ0)0] Z7F 45%9F 38% ZF7F3k3d
U(Figure 3b). &3 Blastd, @5 Al #u| & HCI6), Sd HCI81) 28l 2=

AHC18:3)3} 22 B ESER LAY v &o

e

i 9¥Al L. monocytogenes, S. aureus, S.

o

‘

ox
ofl
ol
of\
)
rot
S,
o
f
e
ey
i

S. typhimurium3 S.boydii®| AE=H AR R v 2ELNCI40), BV ELHCI60), Z1]
EYHCI6D), ZEotEANCIS0) o2 A EE & + A (Figure 3¢, d). S. typhimuriume &=
A2 3t9e ul, FuEAHCIE0)Y] W&o 21%AAH AT ey 5 A 53 XAy BF &
I AHC18:1) ol dASA S8 Y (Figure 3c).

AP dFSol 3 AHE FEet] B o, &

)
B
of mlgo] F/FEaL SHAHCI8DY Hl&2 FAaEUT (Figure. 3). 28U &5 A3 55

f
)
>
2
i)
=
[m
2
o
f—
=
2
_Yzl
[>
4,
63
S
il
>
y
o
f—
%
=

G E T3 ALE ek delo] HAuk MEW 23 XHke] F7lE stress—adaptation
processz ol HASF=H, o] AL A EY barrier function®] AFO = oo T}

B3 nisin®] @5 A= S boydii® ZHIEAHCI6E0), #HEHAHCI6E), ZEH o 2AHC18:0)9]
Has U9, S oyphimurium™® FA3HA, S bovdiiol Al = nising @5 X2 (S W g
A 2AHC24:0)9] Bl &ol 71 A YEETH (Figure 3d).

)23 ¥ wE e W, nising ©= A3 L monocytogenes, S. aureus, S. typhimurium, S.
boydii 1|4 long-chain fatty acids(C24:0)9] #=-2 H|E&Z UENWTE o| A2 &atA A& o
F7F ol XA E RS EtAle] =FEHUS W membrane profile®] short-chain fatty acidsol A

long—chain fatty acids® W3s}stHA vebbE A4S Adstal s, oleld a2 Alxwe 7
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Figure 391A43= nisin® AITCZF A &AW vx389d #59 thekdh ¥4 profiles ER I
Art ol A A FFY AH, #F FRol wel Az XAk AR vlEo] o
Hslel =7t E dseth &, ol AieE wAEe] ~EH A JhoA Yo
Ay Az JFAe Ml A B 2doA AEE fste] o9
of g A5 AARSITE

ool oA, nisind} AITCY synergistic activityol] thalA = A=A AFHA AT A ET
A AE 24 WMB7Y nisindt ATTCell th3h A& ddstrlds JishA ¢gdenz o Aud o
T7F Bgsithal AR ET
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Figure 22. Changes in membrane fatty acid composition of L. monocytogenes(a) ,S.
ureus(h) ,S.  typhimurium (c), and S. boydii (d) grown in TSB
containing no antimicrohial([]), nisin alone (), and nisin combined with
AITC (W) for 10 h at 37°C.Means with different letters (a-c) within the
treatments at each fatty acid are significantly different at p<0.05. (%)

indicates no fatty acid was detected.
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ol AAbE =Y nisind} AITCo|l x=%#A1Zl L. monocytogenes, S. aureus, S. typhimurium , S
bovdiiE MAE T334} depolarizationd] 71%3to]  synergistic effect® olH ottt (Figure 4, 5).

Figure 4= L. monocytogenes, S. aureus, S. typhimurium , S. boydiiol Z+Z @5 2 2] (nisin)¢t
2 A7 (nisintAITC)E 3192 i, light scatter characteristic®} PI fluorescence intensityZS 4
Rt} B3t XEl® L monocytogenes, S. aureus®| forward scatter histogram3 side scatter
histogram< 42 ¥¥ 2 Yetd 1, S typhimurium , S. bovdiiol A= #H3 E¥E eyt
Hl A2 gz nlaslBd,) 53 A 9-E w S, aureus(Figure 4d, e)& A 93 BE 50l A
cellular particle 2719 7247} Yebyal(Figure 4a, g j), ¥ granularity(Figure 4b, h, k)& X%
t}. Light scatter characteristic®} forward scatter characteristic®] ®3}= =3+ X7} ++F 3ol
dAs HelE /A eE AL BFa e, oA Iy Fddd ST =279 granularity
7F st gekil e BAEth ol A2 s FATEY AET AFAE nisine] M3 AoE
Al & ¥ T

PI fluorescence intensity L. monocytogenes, S. aureus1¥|3L S. typhimurium TFo)A %
Z s #FEHEAA, ETI vustyge ul S boydii 59 PI intensity WA °F3HA
25 A K Figure 4e, 4f, 4 22 3L 41). PI fluorescence intensity: &3 Xgl@d #5529 A&y
A A=Y, o) AL AxY SRS e

e

N9 Ay, ZF FF AFEY WH3E= nisin and AITCY FrjAgE Zgo] 703l Ao=R
AR E U Flow cytometric techniques ¥¥ba o2 wA&E ol A&} £ Abdo] ot Hgle} %
A& el o] &A@k WebA, flow cytometric assays vt A @ A= A4 AHE A4S

rie

=72 olgd & otk
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Figure 23. Histogram overlays of forward light scatter (a, d, g, j), side light scatter
(b, e, h, k), and PI fluorescence intensity (c, f, i, 1) for L. monocytogenes (a, b, c), S.
aureus (d, e, f), S. typhimurium (g, h, i), and S. boydii (j, k,I) treated with no antimicrobial

(blackline), nisinalone (blueline), and nisin in combination with AITC (redline).

Nisin® w9 A&+ nisindt AITCe E3+ X7} L. monocytogenes, S. aureus, S
typhimurium , S. boydii®l AME"AY H3lol| 3 mechanisme H718H7] 93] flow cytometry
£ o] &3}9 depolarization assayE Al @3}t (Figure 5). DIOC2(3)e] A3} =2 &Fo] vjeh
= dot plot2 A8 TFE MrxuHe HEE JeRWtH(Figure 5a, ¢, e, g).

Ao AM2E L. monocyvtogenes, S. aureus, S. typhimurium , S boydii T proton
ionophore¢! CCCPE o] &3t 7247t 97%, 99%, 97%, 97%%  depolarization® ) tH(Figure 5b, 5d,
5f, 5h). Nisin ©% 2 #A] 38 ANEDAY depolarization &S L. monocytogenesol A 72%,
S. aureus? Al 69%% YENEH, nisindt AITCO &3 AHgodAe= 47 96%9F 9% =
depolarization®] &3 F71& YeEH AT (Figure 5b, d). ¥ nisin AITCS &3 AgZE 3 S
typhimuriumo| A= 39%, S. boydiiol A= 32%9 A& o & °Fdl depolarization A S B YT}
(Figure 5f, h).

SR S AZEAEH G AT mebA AlzuAadE VAR A mE
Pl = Al 2ol ot ol gd &+ St

oot
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24. Dot plots of DIiOC2(3) red and green fluorescence (a, c¢ ,e, g) and

depolarization activity (b, d, f, h) of L. monocytogenes (a b), S. aureus
(¢, d), S typhimurium (e, f), and S. boydii (g, h) treated with no
antimicrobial (black dots and bar), nisin alone (blue dots and bar), and
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Al 4 % Hurdle technology %2-82% %¥3 11

AA = AEAoZ ol &+l & Cook-chill ¥, =o 9t JaF g A4y E HAs &
T & Sous-vide WH, © AZF Z¥ 7}53 superheated steam A WHS AFEEF oW, WH
e
=

2 &, NaCl 9, CaCls & && AHgdtel 24 9 Mo W3 E Hast &+ ole Ay &

219l Wzlel ¢ Texture analyzer(Stable Micro System Ltd, Model TA XTExpress, UK)&
o] &&le] AlRol| thal FE A A HHH % (break intensity)®t 7 =(Hardness) #H3E =439

5 FA4& probew 20mmE ol &3 i, AW EE HAEE Z(adapter #31)E 10mm/min®
o| 54 E(table speed)ol Al =43} T Texture analyser® A Z7AL Table 13 723, ZF A

=
A7uhet 53 WwEsel 54 9 13 54 A 53 wiel xRoE FYHYT,

Table 66. Texture ©43-8 $38 TA 4%
Item Condition
Force units Gram
Distance Format Strain
Strain 60
Time 20
Tigger type mmy/s
Probe 20mm
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Mo A B3 AEE ME SHE dishel sLA AT
(Minolta Co., Ltd., CM-3500d, Osaka, Japan)& ©|&3%
geke] FAsEATE AAA Ao zolE YEtJlE AE #
ST, BEBE L9068, a=159, b=-8609] S 717 MAHE ol §3 9T,

FUEL 4ol 10cm, %ol 3mmé AEE FHslol AP o833, Al
T AlF st AbgekloH, Holrt e
X 2 AR5 oolgeleH, 7E =4

n &
kg RES Ae T AL TAEE B A

7}. Cook—chill method
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Al ] gk FEE ol &
l
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l
7] 2 3zt 97 CelM 3T7HA 90+
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]_
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Figure 26. A2 &7 ¥ A9 A7 S(break intensity) H3}

HAZ) A Ze ARee AEIF sebi oy 2w, de 5o H7F oFol mE Aeol= A9

LrebubA] ehgkom Al Azt mE Adrtwe] Apo] A AA e ekt

D.5% Cacl? 408
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0.5% Mac| 304
0.5% Mac| 208 HEHardness
E 7ocanst
=5 T 308
B 7oc 208

L=

[1] 5::I iillﬂ 1_r:|-_-| Et;l:l 2f:|:| 3".';".1
Figure 27. 2] 27 ¥ 3AM] 9 % %=(Hardness) $3}
22| Al7ke] Ao

=
BHT aFoly el A/bE A Aow, AFHTE A4l

A% AT A AA vt B, gerel 249 Anel 93

> o
=2
)
=
ox
cir
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Table 67. A7 271 ¥ 1Al N& W3}

PAR=
L a b

=+ 34.50+2.15 6.13+0.91 17.79+1.19

70T, =, 208 34.50+2.67 4.82+0.15 15.15+0.27
70T, =, 30% 35.96+1.57 5.31+0.24 16.23+1.57
70T, =, 40% 36.61+1.89 5.98+0.64 18.85+0.92
70C, 0.5% NaCl, 20+ 36.89+0.67 5.20+0.49 17.91+0.57
70C, 0.5% NaCl, 30+ 36.26+5.14 5.38+1.01 18.15+1.54
70C, 0.5% NaCl, 40+ 36.58+2.67 5.94+0.57 17.91+1.27
70C, 0.5% CaCly, 20% 36.67+3.12 5.17+0.87 18.97+1.19
70C, 0.5% CaCly, 30% 35.56+2.54 5.11+0.49 18.24+2.14
70T, 0.5% CaCl,; 40% 35.90+1.57 5.09+0.24 18.64+2.08
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Ay 27 ¥ axbg]e] M ¥shs Table 67. 9F 2ol Z Aol 2t agto] X ol = A
S Holi, L} bk & AolE YERR & AoR Aad

=

0.5% Cacl 404
0.5% Cacl2 308
0.5% Caclz 208

0.5% Macl 408

0.5%Macl 302 W
0.5%Macl 204 .3.:,_;
Erocag -
E70C 308
70 204
=
o 1000 2000 3000 4000

Figure 28. #2] &7 W o] A E(break intensity) ¥}

0.5% NaCl &fol A 2|3 Alge #EHL 208 2y A 79 & Aol5 Yeux eksko
X Alzke] Aol wel 343 Aste

Ao % 05% NaCl §o0A A2ld Alge ghol 7 $A SAHUNL, 258 ddM 9

0.
Al Aol Aold5E BEs} AL A0E ok AFHAE 2 99
o,

0.5% Caclz 408
0.5% Cacl2 308 1
0.3%Cacl? 208
0.5%Macl 404
0.5% Macl 304
0.5%Macl 208 EHardness
E roc4og
E70C 0L
ET0C 108

E

i) 500 1000 1500 2000 2500 3000 3500 4000 4500

Figure 29. X2 27 ¥ 39 % =(Hardness) W3}

0C BolA AU AR A% Ae Aol BoldrH A Wl £F BEE A7
Agsh AAN BE A WsE ARV & Aok A vehbA @gich webd, gl A
Sole 233 BHY BE 93] 24 g Aoz Audd
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A

L a b

=+ 38.75+2.27 32.04+0.19 39.11+0.87

70T, =, 208 46.84+1.67 41.26+2.47 48.17+2.45
70T, =, 30% 46.30£2.02 39.24+0.68 46.47+2.19
70T, =, 40% 45.27+0.98 38.03+1.57 43.99+2.09
70C, 0.5% NaCl, 20+ 46.31+£2.49 39.60+1.69 46.07+1.67
70C, 0.5% NaCl, 30+ 43.93+£2.67 35.02+1.14 42.18+2.19
70C, 05% NaCl, 402 42.58+2.98 33.94+0.24 39.91+1.98
70C, 0.5% CaCly, 20% 46.67+1.14 37.17+0.67 42.97+1.75
70C, 0.5% CaClz, 30% 45.56+0.67 37.11+1.98 42.64+0.85
70C, 0.5% CaCly, 40% 44.90+2.64 36.09+1.11 42.64+1.57

T2 AAHEE T Lah, agl, bakol B HolX e AEE BT Awoly Aes WA ®
oA @ Agel 45t bg Fo Aom dehgth miebd, dA2e od Mol HelA A
o ZAAY.

3 AlEAe F4 H bAAd AT

0.5%Cacl? 1848
0.5%Cacl2 102
0.5% Caclz 54
0.5% Macl 154
0.5% Macl 104 ——
0.5% Macl 54 .:;
E 700158 ks
e
E ol
=
o 100 200 300 400 500
Figure 30. A2 27 ¥ AlgA9 A7 E(break intensity) 3}

AAH o2 BF Ame g7 vl& @ol ¥ FAHJoY dgdye BF S7lss Ao
UEstth #EeE s Addy 2 05% CaCly §9olA Mgk A|57F 48 ASE vEeyon X
# AZFe] mE Aol AA YERA] gkt

0.5% Cacl2 185
0,55 Cacl2 1042
0.5%Cacl2 54
0.5% Macl 154
0.53% Macl 1042
0.5% MNacl 54 W Hardness

Er0v1se
270ici0g
£ rowceid
o=

o 50 100 150 200

Figure 31. #2] 27 ¥ Al5x]9] 4 %=(Hardness) #3}
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70C =olA Ageh Aol A5 g Algko]l dojgel me} ghol wrebxlal, =34 0.5% NaCl &
ol A A gk AR ERTE 05% CaCly §90lA Agdt Alze] Axrt 24 54 =0

mEkA, Aol 249 Ard dFe Fu Aoz Addn.

Table 69. A2 274 8 AlgA9] M #H3}

A0
o =N
L a b

=+ 17.13+0.68 -10.0620.33 19.47+1.24
70T, &, b& 21.81+0.57 -12.40%0.24 22.86%1.01
70C, &, 10& 22.3620.24 -12.01£0.19 22.78£1.19
70T, &, 15% 24.24+1.05 -12.45%0.28 24.57+£0.29
70°C, 05% NaCl, 5% 25.02+0.57 -14.1620.18 25.09+£0.67
70C, 05% NaCl, 102 23.57+0.94 -12.21£0.16 24.39+1.54
70C, 05% NaCl, 152 22.68+0.84 -12.57£0.54 24.48+0.57
70°C, 0.5% CaCly, 5% 22.28%0.16 -12.78+0.24 28.71£0.84
70C, 0.5% CaCly, 10% 24.38+0.67 -13.38+0.19 25.33£1.57
70C, 0.5% CaCly, 15% 24.53%0.29 -12.72%0.67 24.19+1.67

A9 Ash AAE AEAY LR R TG RE Bobds A% WYR, age 2
o UEETh bgre vETel v BF Felo

ol Anal A Ao vEg,

N
iy
P

4) Fu=e Fd 2 A dF

0.5% Eacl? 184

0.5% Cacl2 104
0.5% Cacl? 58
0.5 bacl 155

0.5%Macl 108
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ET0CisE
FT0CI0E

B rocell

200 400 &00 800 10400 1200

=

Figure 32. 2] 27 ¥ Fys9] A7} %(break intensity) H3}

05% NaCl &9 2 05% CaCly &0l 58 A3 Aax ZA 2o|& Yehfx] ko
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Figure 33. X2l 27 ¥ T2 4% Hardness) H3}

=3 0.5% NaC &HolA st A m= A=rh A srobxl o, 05% CaCls &<l 58, 10
T AYe AEs dE2TRY v 9 A= AR, ol 05% NaCl &9l A A 2§
AlaRt 458 £2 £AE UEhddt B9, dao] 249 AR d¥E Fu ALR Y

—|—‘

Table 70. A& 24 ¥ FuEo M% H3}

PAR=
L a b

=+ 72.00+6.98 2.78+0.55 34.74+1.02

70T, &, 5% 68.51+5.45 2.89+0.23 28.46+1.09

707C, ‘j, 10% 70.30+4.24 3.20+0.19 27.54+0.95

70T, &, 15% 70.22+9.24 3.07+0.42 27.65+0.48

70C, 0.5% NaCl, 5% 72.36+4.68 2.98+0.24 26.58+1.24

70T, 0.5% NaCl, 10+ 72.50+7.25 2.35+0.23 28.32+1.37

70T, 0.5% NaCl, 15+ 71.69+6.09 2.07+0.97 28.20+1.15

70°C, 0.5% CaCly, 5% 70.72+4.68 2.52+0.45 33.54+0.67

70C, 0.5% CaCly, 10% 69.67+2.57 2.89+0.67 30.90+0.94

70C, 0.5% CaCly, 15% 71.99+7.38 3.61+0.54 24.82+1.24
A st 459 Lt vz vls] oiFiE 2~4 A& Aastd oy, AaEd Hys AE
o gash A FASE ghe vehiSih mieba sl WA Ao 9 T A0 A
L, AaEe] ofd WA WAL A Azto] Aoje we} AtE R YA 102s WA &
vozdoR AYSE Aol & Aol AA agk 94 Ag Azre] dojFlel ek Fobx:
BEE Belon, Ausd A A= ol A FAHAJ bgke dix7d vl g FE
wobdi Aoz vehdid, d4e e FAE} Astd A A AT e A
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ZF A 82E 500 A AF 43 3 97C water batholl A 5% 108 X213 & chillerl A 90
3CZ WZsdth A3 2% A 05% avs 58, 108 IAAZ & A-do I £33
water bathdn5¥#, 10% A &3 & chillero]l A 90%3F 3TC=E WAt £34Ad A&k 05
5SS 111 BER Yo T Ay £A438] 97T water bathol] 5%, 108 23 & chillerdl Al 90
B3 3C® W7k

I Y] FE W obdAd A
TR ASE YT
SFCEELFEERTA
TR ASE 10N
PhsR 2R RFT|

ERRHELI =g 3R mECE

PTRASE R o

7T =g
FVT R
g5

‘.; !-I:I'ﬂ' EI;CI QI;:}

Figure 35. A2 270 ¥ 3Alg]e] A

A e AR AR
Aol Al e

=

SRR ASESunY E——
SRR FRET _
$T0 IR A SE 108 2IE| _—|
Tz 2z g gl

FLE ASTREN

9L SR ASESEHE B Hardness
Barisg
ST 108 _—u

15"1: = _—|

I; 5;] '.|.I:;I:l if:ﬂ EE;EI 15:{]' 3':;".1

Figure 36. A2 =711 ¥ A9 Z%(Hardness) W3}

Ao AA dHe o 27 olx 7= st oy Ay AlzFolv A %
of A eFgkth Aw A Foll o3 AE A B gle Ao

- 106 -

Aol A &

-

u/\T:

5= (break intensity) 3}

Aol w}
Ao 2 Foret

= A



Table 71. A7 27 ¥ A9 N& W¥H3)

A
L a b

Pl 34.50+2.69 6.13+0.04 17.79+1.51

97T, 5% 35.48+2.12 5.48+0.11 17.15+1.20

97C, 10+ 35.58+2.93 5.31+0.08 16.23+1.76

97C, 15+ 35.59+3.11 5.98+0.05 18.85+1.43

AFE 5 A F 97T, 5& 36.24+2.13 5.20£0.11 17.91+1.33
e 5 A F 97T, 108 36.15+2.10 5.38+0.09 18.15+1.15
A& 108 AA F 97T, 5& 36.06+1.74 5.94+0.06 17.91+1.65
AFE 108 AA 5 97T, 108 35.67+1.08 5.17+0.04 18.97+1.26
AaE % #A7 F 97C, 5% 36.12+2.94 5.11+0.19 18.24+1.29
AvE FH H7 F 97T, 102 36.01+1.11 5.09+0.01 18.64+1.65
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Table 72. A7 271 ¥ 9] A% #s)

A
L a b

o=+ 38.7512.50 32.04+1.38 39.11+1.29

97C, 5% 33.92+1.84 30.40+1.77 37.63+1.13

97C, 10% 44.64+1.99 36.03+7.01 43.73+1.74

97C, 15% 43.20+1.51 35.16+1.76 42.67+1.41

A28 68 HA F 97T, 57 45.07+1.12 38.17+1.43 46.37+1.31
AEE 58 HA F 97T, 10% 46.10+1.41 39.97+2.15 47.8312.94
AEE 108 #A F 97C, 58 41.52+3.46 32.98+1.26 41.05+2.04
A58 108 #A F 97C, 10& 46.02+2.60 38.39+2.57 46.7614.20
A28 T #Z7 % 97C, & 46.5112.16 38.40+2.49 45.37+2.78
A28 T Z7 ¥ 97C, 108 46.02+2.43 38.18+1.80 44.92+0.16
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Table 73. A2l 231 ¥ Ao A= Hs}
A
L a b

Pl 17.13+0.67 -10.06+0.23 19.47+0.47

97T, 5% 24.69+1.72 -13.39+0.33 22.46+0.59

97C, 10+ 21.91+1.24 -12.47+0.49 23.08+0.27

97C, 15+ 21.63+1.67 -11.15+0.24 22.14+0.43

AFE 5 A F 97T, 5& 22.58+0.92 -13.93+0.67 23.71+0.28
e 5 A F 97T, 108 22.86+0.72 -11.97+0.19 23.27+0.91
A& 108 AA F 97T, 5& 22.24+0.33 -13.60+0.94 22.29+1.01
AFE 108 AA 5 97T, 108 22.73+1.09 -11.29+0.74 21.53+0.27
AaE % #A7 F 97C, 5% 22.16+1.47 -13.91+0.19 22.57+0.73
g vH AU F 97T, 108 22.09+1.51 -11.41+1.09 20.94+0.47
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Table 74. ¥ 24 ¥ FuE9 M% H3)

A
L a b

Pl 72.00+3.05 2.78+0.24 34.74+1.11

97C, 20+ 71.29+2.55 2.80£0.19 35.93+0.68

97C, 40+ 68.88+2.67 3.72+0.09 33.92+0.98

e 5 A F 97T, 208 72.65+1.67 2.41+0.29 35.36+1.08

AeE 5 A F 97T, 408 73.28+2.87 2.90+0.67 35.81+0.57

AFE 108 AA 5 97T, 208 73.63+3.08 2.12+0.64 35.72+0.67

AFE 108 AA 5 97T, 408 72.94+3.33 2.66+0.09 35.40+0.81

AwE FH H7F F 97T, 202 71.62+2.67 2.44+0.23 34.65+0.53

AwE FH H7 F 97T, 402 72.12+2.19 2.78+0.12 34.65+1.72

ATE AV AEA Lat2 A Abe] Zojflel mrzb ZA wolxla, aghd Eolslth
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Table 70. A 271 8 1AL ] A& #3}
A
L a b
B 35.50+2.98 6.13+0.54 17.79+1.15
oven 100°C, steam 380°C, 30% 35.24+2.47 6.16£0.47 17.15£1.10
oven 100C, steam 380C, 30&, 255 A 35.96+2.10 5.81+0.10 16.23+1.23
oven 100C, steam 380C, 1% 35.61+2.23 5.98+0.23 18.85+1.41
oven 100°C, steam 3807C, 18, 258 32X 34.50+2.62 6.03+0.19 17.791.03
oven 100C, steam 380C, 1% 30% 35.61+3.14 5.98+0.76 18.85£1.20
oven 100T, steam 380°C, 1% 30&, 25% A 35.96+2.31 5.91+0.33 16.23£1.76
oven 150°C, steam 380°C, 30% 35.89+3.174 5.20%0.15 17.91%1.15
oven 150°C, steam 380C, 30%, 255 FA 35.26+2.28 5.98+0.29 18.15%1.33
oven 150C, steam 380 c 1% 35.58+2.21 5.94+0.27 17.91£1.25
oven 150°C, steam 3807C, 18, 258 A 35.67+2.54 5.97+0.15 18.97+1.11
oven 150C, steam 380C, 1% 30% 35.36+2.37 5.91%0.18 18.24%1.54
oven 150C, steam 380°C, 1% 30&, 25% 3IA 35.90+2.48 5.99+0.65 18.64%1.25

HAZ7] Ay 20E 2Ed A N ®gle Table B 9 2ol BE AIREN 29
superheated steam A2 & MEo] ®&7} Ao yephA] gkt dxg & g FE A5 Litol
ol Ad whal wAbElE g8 AL FAREE FAE FXSa Jom, agh, bit BEF A9 A
ol & LFERUIA] 9 gt
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Table 76. A7 271 ¥ 9] A% #s)

A

L a b
B 38.75+2.50 32.04+2.11 39.11+3.38
oven 100°C, steam 380°C, 30% 44.01+2.67 36.69+2.62 43.78+3.39
oven 1007C, steam 3807C, 30%, 2558 A 44544315 37.47+2.96 44.29+3.77
oven 100°C, steam 380C, 1% 44.04+3.15 37.23+2.89 43.45+3.35
oven 100°C, steam 3807C, 1%, 25& 3IA 44.73+3.34 37.76+2.32 43.60+3.20
oven 100, steam 380C, 1% 30% 43.00+2.52 36.26+2.54 42.20+3.76
oven 100, steam 380C, 1% 30%, 25& 3IA 44.39+2.25 38.21+2.74 44.82+3.15
oven 150°C, steam 380°C, 30% 44.40+2.78 36.26+2.41 43.37£3.49
oven 150C, steam 3307C, 30%, 25&8 3IA 44.56+2.37 37.15+2.34 43.86+3.65
oven 150C, steam 380C, 1% 43.95+2.74 36.26+3.11 42.34+3.60
oven 150C, steam 3807C, 1%, 25& FA 44.29+2.54 35.58+2.48 42.71+3.26
oven 150C, steam 380C, 1% 30% 41.63+2.32 33.51+2.25 40.53+3.57
oven 150C, steam 3807C, 1% 30%, 25% 3IA 43.08+2.89 35.37+2.78 41.78+3.49
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A

L a b
B 17.13+1.45 -10.06+0.24 19.47+1.84
oven 100°C, steam 380°C, 30% 21.40£1.47 -12.64+0.31 21.31£1.51
oven 100C, steam 380C, 30&, 255 A 21.67+1.10 -1351+0.17 21.16+1.41
oven 100C, steam 380C, 1% 21.38+1.23 -12.64%0.18 20.11£1.65
oven 100C, steam 380C, 1%, A2FE IA 21.99+1.35 -13.35+0.74 21.05+1.43
oven 100C, steam 380C, 1% 30% 22.94+1.51 -12.4620.54 20.74+1.77
oven 100T, steam 380°C, 1% 30&, 25% A 20.67+1.41 -13.05+0.67 20.13+1.76
oven 150°C, steam 380°C, 30% 21.81£1.62 -13.80+0.61 22.15+1.15
oven 150C, steam 380C, 30%, 255 A 21.08+1.26 -14.05+0.64 21.28+1.72
oven 150C, steam 380C, 1% 21.96+1.29 -13.24£0.58 20.64+1.37
oven 150°C, steam 3807C, 18, 258 A 21.19+1.57 -13.65+0.67 22.29+1.78
oven 150C, steam 380C, 1% 30% 21.26+1.37 -13.10£0.54 20.98+1.87
oven 150C, steam 380°C, 1% 30&, 25% 3IA 20.86+1.65 -12.51+0.62 19.261.80

B957) AP A& 2T ARA) A% Wz Tuble 77, % 2ol LR QAUS Ea) nRE
FAAgom, 19 LEs} Fobgol mE Aol A9 UEid gk FAE 9
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4-2300 53800 2R A2
H-250T S3E0T 28 &
#2500 53500 LEN= AT
#2500 53000 12N= 8
W-1501 4380 18 ¢

H.250T, 528010 12
42001 5380 0 22 23
H-200T 50T 28

Hi200 G 5350 T 1E 0= A

A-200 10 53800 1230
2T 53T B2
H:2001T, 53807 1

rl:ﬂ

4 wh o we o Il-l =] “1 |I|

] 100 200 300 404 500 600

A

L a b
B 72.00+4.14 2.78+0.19 34.74+1.24
oven 200C, steam 380C, 1% 68.81+4.09 3.19%0.16 29.31£1.57
oven 200C, steam 380C, 1%, 255 IA 69.09+4.62 3.25+0.17 30.03+1.84
oven 200C, steam 380C, 1% 30% 69.83+4.82 2.54%0.33 29.97+1.38
oven 200C, steam 380°C, 1% 30&, 25% A 67.91+4.96 3.57+0.47 31.24+1.77
oven 200C, steam 380C, 2% 68.13+4.17 3.67£0.29 30.32+1.35
oven 200C, steam 380C, 2%, AFE IA 66.69+4.74 3.97+0.57 30.38+1.51
oven 250°C, steam 380C, 1% 68.50+3.98 3.45+0.19 30.771.70
oven 250°C, steam 3807C, 18, 258 2AA 68.81+3.67 3.79+0.80 30.63+1.76
oven 250°C, steam 380C, 1+ 30% 69.034.18 2.74+0.16 32.20£1.12
oven 250°C, steam 380C, 1& 30%, 2552 I~ 68.20+3.45 3.95+0.65 31.3311.41
oven 250°C, steam 380C, 2% 67.05£4.19 4.14+0.48 31.34+1.43
oven 250°C, steam 3807C, 28, 258 2AA 66.19+4.24 4412057 30.97+1.15

Ha%7) A7 20& GG TR AR W Table B 9 2ol LS AANE Ee)
©ob obgol mhe AMEE /sl duol AWES ¢ ¢ AN FAE
R velg o JRe] Aol 2 A gkgiv,
Aol fRol BE AR ol Ao e ot 9 27 AY F Likol el
E Sgon age &7 Ae F 2T FOH EobrE
2 E9 TUge BELL a7 nos Yo gAn Ay A
AN A AL AAT STE YRR B G4 RE gED 4T R7IE Ao
A ARLe Axs st AP/ B o Wobx @ Ael ¥ & URE A 24% 44
= Aol Fasity 4aAd

NFA Y A A Aol 3L, 0B 2xrl wesE AR EAMIt Ax Ee AHE &

rir
oxl
o
tio
-
A,
=
Q.
4,

Superheated steam = 2]



AskE Ao® yryth mebA HAFe xgE AAL =4S AT F dRs 20E 24
= P

gto] HAER A3, =o A dH AsBvs 240 84 £, 240 HastAl dol 1o
A7 A A A9 2exdol € ¢ 9l Aol A4d

e A G HaTe] 2YAIRE AAste] A 2t 7]Ee B o Ay Alsnd
= gol dataL, ARBI; Aol AV Fote] wAREE H23 I ¢ e Aol A4

AA YERYA] kT
N A5 7] (superheated steam) A2 E S8 7] FEAHE 2R dS5AE F i FEFST)
X )

o147 A%

)
o
By
=
s
2
>,
[>
o,
o

oy A FAE FE 5T 7] (superheated steam) ZE| AR S A &ehE AE7|AAZAA =
o,

ol gl7]el Sous-vide *

B

F 2AGUALGRTE AYE A 2T

2}. High pressure processing (IHPP) method

Do Aze) o v B g 2astel o v = Abd 549 ol

)

N FE vegetables(B -, AlF%], Qo] ¥, FuUE Ay, =X, TaEA)Y T HF AL
25g-2 A#ste] 225mL9 0.1% peptone water® 38| 43}o] plate count agar (PCA)o] auto spiral
plating system= ©|-&3}o] =3l 37CNA 4847 #i¥ ¥ Qcount colony counter system© %

A3kt

- =

Salmonella typhimurium KCCM 40253, Listeria monocytogenes KACC 12671, Staphylococcus
aureus KACC 132365 3o A A& B E=4FH (Korean Agricultural Culture Collection)®} 3= 1
A &25+9 3] (Korean Culture Center of Microorganisms) o 2 Hokdkol o] &34t} 75+ 37T,
2073 Eot 371A Q1 Aol A AhEl g g £ A4 2(3,000xg, 208) vk dAEEHE A2
25 0.1% peptone waters ©]238e] oF 10° CFU/mLZE 8 43}9] vegetables? HZES 93] Al

g3,
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P
R
2

Al

o] &3l vegetablest] " AE2 AMH EAS oldldly] Y8 Salmonella tvphimurium,
Listeria monocytogenes, Staphylococcus aureus®t 72 indicator bacteriaE &3l vA= A3
AEE H718t9 vt Raw vegetablesi} cooked vegetables® 7 7FA ©& x719 Algd Z17 H=
ot AEE vegetablese W, AT, 2ol F, FUE, AR, RebA], RIHA Solth AF
1 dAe= F3 AlFAE 100, 300, 500 MPacll A 208 7-4] 2319k A 2lsho] v AEARE, Mo #
3 9 xAo W3l 58 AU A 2004 = AHHE 8F 2 vegetablesol &l 500MPacl A 30
A 2398 AHste] mAdEe] Abd ARE Hrhekalth

U {
o i

A R ]
A¥E rawst cooked vegetables(3+, AlF %], 20|, ¥, FUs, A, =2kA], TIHA)S &4
Zt 10ge AZFste] Far¥  polyethylene bagel W Salmonella typhimurium, Listeria

_?‘_

monocytogenes, Staphylococcus aureuss °F 10° CFU/go] M=% AEs9h 22" Agse A
& EAs T

- 2
#3193 8 = high pressure processor(Fig. 57)& o] &3t Ad 1A= ¥ EHE AEES
100, 300, 500 MPadllAl 0, 5, 10, 15, 20:=3F X238t th Come-up times< 100 MPaollA 26z, 300
MPaoll Al 1+ 28%, 500 MPacl 4 23 302 AT+ (Fig. 53). A% 264 & 500 MPacl 4 0, 5, 10, 20,
0EA ANEES A 3A Tk

CLOSUREAFTER

EHD CLOSURE

PACEING FLUG

SAFETY PIN

COTOLING JACSET

PRESSURE VESSEL

THERMCCOUPLE |

THERMOZOQURLE NI

PRESSURE MTERSIFIER

Figure 57. Schematic cross section of high pressure processor
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&00 B0

Fressure (MFa)
Temperature {'C)

-2 0 2 4 8 8 10 12 14 16 18 0 22 24 X 20 3 32

Frocessing time (min)

Figure 58. Typical pressure and temperature profiles during high pressure processing

- HAE Gt
38t el AEE 0.1% peptone waterZ 8 3to] HF 3t Salmonella typhimurium, Listeria
monocytogenes, Staphylococcus aureus® =3¢ APES HI18FA Y. Salmonella typhimurium-=-
Xylose Lysine Deoxycholate(XLD) agar, Listeria monocytogenes<- Modified oxford(MOX) agar,
Staphylococcus aureus< Baired-Parker(BP) agar®l auto spiral plating system= ©]-&3}o] =43}
o] 370ColA] 48A1%F Bl 3= Qcount colony counter system S = A S4=3F U

]
3% Hg F A#Z9 A #H3= Hunter colorimeterE ©] §3F0] L, akx, b*2 FOo = FEA S

2 7ke] WM8= TA-XT2i Texture AnalyzerE ©|£319) 439t

i

el ogk Add mRg Qs f vgEY Abd £

H vegetables?] 7] VA EL Y HAEE A S (Figure 59) %214 (ballonflower), A}
Z] (bracken), W+ (carrot), 2.°|(cucumber), EIXLH A (mushroom), F(radish) 5= %7] ¢} 2-4 log
L u] AEo] A8 FYE(bean sprouts)®} A1 (spinach) 52 4 log o442l 3714 1]

AEE] HEHAT

‘QH&@EE vegetables U9 v =2 7t TAA A A Heldd & FFgE wal dE Fof
5 B2 7o "AE] A8 Wil vegetables®] AG7IT 2 EFAE AJIATE FR8E W

| 9o ekl $E0g o FA ARAe Fas] sl vAE 2 xxe B4 oA
7] 91 ukaA Y by el A9t e,
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Total viable counts (log CFU/g)
0 2 4 B 8

Ballonflower
Bean spout
Bracken
Carrot
Cucumber
Mushroom
Radish

Spinach

Figure 59. Indigenous bacteria counts in different vegetables.

23 A Al vegetable matrix®] G FE dobrr] 8l peptone waterdl] WAEES HEIA
ANEATE G T (Figure 60) G(+) cells®! Staphylococcus aureus$t Listeria monocytogenes
T come-up time(CUT) &2F 1llog ©lske] #A4AE K wkA G(-) cells?! Salmonella
typhimurium<- 1 log °]79| 7-% 2E BATh BE st Ay 58 F AE vAdE £ 2

Ee %
log O] 0}7]' ‘C"]}V\J-— 10% :61;01]t 1’7“ O]a'i @iﬂ Qilj—

FU

HHN'

Peptone water

—8— Slaphyloeocous aureus
—k— Saimaoneilz fyphimunium
B[ slena monocylogenes

g

=

i

[

£

=

=]

]

U T T T T T T 1
Cut 0 5 10 15 20 25 a0

Pracessing limea [min}

Figure 60. Survivor curves for selected foodborne pathogens in peptone water treated at 500 MPa

for 30 min.
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239 Y Al FUES AFAE A RE vegetables A EE 208 ool 3 log A% A
3T ol FUEI AFAE A3 vegetablesoll Al F 19t 93 food matrixol] 93 n| A=
o W& FI7MAIIE protective effect7t #AHA F5S ¢ F Ut =A A Salmonella
typhimurium® 47} A &3-A4(<1.3 log CFU/g)% A H %

Staphylococcus aureus$} Listeria monocytogenes< iy A8 108 & #H=3A olst= A
At dubgd oz G(-) cellso] G(+) cells®t} 23t dtoll A AA3HA As)drt, FUE A RolA

= Salmonella typhimurium® =7} 2398 A8 108 3 #AEFHR LA Staphylococcus aureus
9} Listeria monocytogenesS  FE3  tailing @Atol #ALAUE A AE Listeria
monocytogenes®) W3 Staphylococcus aureus$t Salmonella typhimurium® <+ Z31%F Sholl A
AetA ¥hgskel 58 F 1.3 log CFU/g ©l3t& A= 2t

9 AT A= Staphylococcus aureus’t I HE Al OE ol nlE =2 ASA
(baroprotective effect) H.o 208 & HAEIA o2 HAHAT Qo] A TdA=
Staphylococcus aureus, Salmonella typhimurium, Listeria monocytogenes R+ 0] Z319r X ¥
108 & AzdA ostE #ZAaHdvt TuwAld A= Staphvlococcus aureus, Salmonella
typhimurium, Listeria monocytogenes B 1ol W7t A AdlEo] 21t 2 58 & AF37
o|3tR ZFAHAL. AlFA A= AdA o R Salmonella typhimurium©| U78HA A &)
T A=A olet® AHEA I Staphylococcus aureus®l Listeria monocytogenes+— =19 X85
QF 71 tailing #E BT

Ul 59 FF9F vegetables®] Fiol mwhel oFtel A& AErF gl TEHIJA T, vegetables©]

Z319 HEle vAEE EE4o2 AAAHT. o] & vegetables®] vIAESHY HAAE FH 3

Ol =& 0o ]_57__ M o] o, ] ] 3 q_
A T2 7 BHYS AAET
Reais of balanllawer W Bean sprost . Brachin
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- SRS EEE -"\ LR P o SR R T 8- Skt § d asdad
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Figure 61. Survivor curves for selected foodborne pathogens in cooked vegetables treated at 500

MPa for 30min.

- Z23%9 9% raw vegetablest] #] A& Al EA4

Vegetables®] " &84 b £49 s 93 #4lel Fdl = microbial interventions&
gt o] W So] AAEAY. Chlorinated water, hydrogen peroxide, peroxyacetic acid,
trisodium phosphate, ozone, chlorine dioxides 2 © st 874 sanitation treatmentsE©| A
AA G ol 52| wAE Ao]E = YAl vegetables?] MWl 72 A EA AJE 2IYFY
o mrebA BEAEE dER] 209§ A=A A ERE ofy el vegetables®| A A3

AEAES A3 22 /MW oR AAHAS T 9Tt
g3 A F2 ol BE3 Listeria monocytogenesd Z1.9F Abd EAS Frbskelth 100 MPay)
300 MPa® Hgld 93 A|FA A Listeria monocytogeness= 205 Z19F g Fo% 1 log
o ge A E BYTE 500 MPaZE A #¥ WA Listeria monocytogenes® 4= %7] b
FAARE 208714 230 AZALE S/ E B8 4 log A=
Hal7) Qlolh Al FA A Listeria monocytogenes W& HYG AW 10+

Zo= ok 25 log AR FAAE Bo] Wto Ao} FAFS tailing EAHS BEE ST

sk
s

j=y

Procaeaing lime [ivin) Procassng lme dmind
SuT L] 5 10 15 20 cur [x] 5 i 15 a0
— O W= T —
:3'—&\\—;__ \:—n-_ —— .
e, v 2 S
B ““1— ot J_ . T id e
: t——
e 4 =
B!

£ 5l -m-100MPa —5- 100 MPa
ity =300 WP
-850 MFa ) 8-500 MPa

Lialania moroeydaganes N maw carmot [Log Mtk
L
Liztann monccptogenes n raw spinach [Log (WiKo|]
(2]
i
|
|

Figure 62. Reduction of L. monocytogenes treated by HPP at 100, 300, and 500 MPa for 20 min

In raw carrot and spinach.
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100 MPaz A& d Dol A Staphylococcus aureus® % llog ©|3Fe] S+ A4S W YAyl
st gEe SR wEl FRE A Ade Bt (Figure 63) 300MPaz A2 g+
o| X Staphylococcus aureus® % 208 F 33logZ7tA A8 o™ 500MPaz A& ¥ Ftol A
Staphylococcus aureus® % 20 F bSlogol/de] A4k ¥-d 100, 300, 500 MPaz Z3L9+
A @ AFA A Staphylococcus aureus® G 2log ©]8 W& A ATEES BT o= AlF
2] 2] food protective effectdll 93l Staphvlococcus aureus?t %3S dFoA] HIHIUE Aom A}
s¥h

Procassing lime fmin] Procassing e (min
CuUT £ B (] 1% 0 CUT a 5 1o 15 a0

Q e : s
M o

N LN =

TT—— —a

SHARACTICRYN AU In maw canmk [Log (il
SRR AWRLE I AW SEnach [Log (NG

5. =100 MPa \ —a 100 MFa

4300 MPa 1 —&-auomea
—B- 500 MPa - 50 WP

Figure 63. Reduction of S. aureus treated by HPP at 100, 300, and 500MPa for 20min in raw

carrot and spinach.

g3} A FR o] HE3E Salmonella typhimurium-S 235t odl E&ZF R A& Hvh
(Figure. 64) 100MPa¥} 300MPaz A #¥ 3 Wl A Salmonella typhimurium® % 2 log ©|3}
o FEANA HAAhHP O 500MPaz M Alel= 5% olule] Slog ool HAE T 500MPai
Aed AlFANAE Btol Aol o]l FEE tailling Aol #AHZA il 5 log o4l Al

Salmonella typhimurium-S 77t 44T A4S BAT

Proces=ing ime (mm| Praasging e fmind
GUT @ 5 10 15 E LT o 5 10 16 20

n — . . ; i 5 .
= — = e
N =z -
= b Z -“+

44N 7= !
R AN S
= , — F
: i ™ :
h o 3 —
x 2 y B i i"“"'n-H__
& ' = '|I gt S
= \\ ] § ——k
z E |

- = - T I
5 : £ 3 "||
£ ' a .
i £ ~
= E 1 \
£ £ \
Z B i
£ | -e-tmones II".. A Rl L 1
& 7 o ues » A e

-0 NP -B-500 MPa
i -6
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Figure 64. Reduction of S. typhimurium treated by HPP at 100, 300, and 500 MPa for 20 min in

raw carrot and spinach.

3% Ay F gt A W=tz H|EFe] Lx Fh(brightness)S A3 o] XAl
o Mol 9l @t W7 golHE & 4 Ak (Table 79) w4 a*(redness)= 100MPa
Za4HY & BAde AEE BAoy b Ay Az7Re] STt wel ax ghol WlERa e F%

o
I frAFSHA T

bx(yellowness) a9 WHIIE a*x gt FAFSE A3dS BT D9 carotenoidst ol M43}
=3

Table 79. Color changes of the raw carrot treated at 100, 300, and 500 MPa for 20 min

Treatment Color
Pressure (MPa)  Time (min) L* a* b*
0. 0 59.02 £ 0.54 30085 £ 0.96 35372082
100} ] 53244 1.33 200097 & 1.84 2527+ 1.30
100} 5 5315+ 1.74 20006 £ (.82 2539+ 1.12
100 10 5292+ 1.59 2299+ 0958 2377+ 143
100) 15 5554+ 1.30 2538 £ (.82 2831 £ .56
100 20 52,97+ .39 2297+ 1.84 20,78+ 078
300 0 48.76 £ 0.91 2139 £ (.68 2770+ 1.21
300 5 47,29 + (.59 24.20 £ 0.6] 3312090
300 10 50010+ 0,30 30,73 £ 0.93 .06+ 076
300 15 SLRI£ 092 28.94 + o0 3436+ 263
300 20 . 51,05 £ 0.70 2819077 3689+ 1,30
500 0 48,25+ | 28 26,02 £ 1.31 30,78 + 3133
500 5 5165+ |43 2995 £ 1,36 3519+ 289
00 in 52,71 £ 046 2963 +£0.74 1874+ 227
S0 15 A0.694 1,33 0,72 £ 0,69 37064 0,76
00 20 4912 4 .40 1246 4 (.57 35494 1.00
2 AP T AFAY A A= 2T Bske] Lx g2 AT Lx g2 E I A
Alzbol F7 gkel wel dASA Hadts 4IFE BUh (Table 80) Wzl A ax 32 7434

N

]
yellowness®= 718ttt 23748 Ao AsEE
RIS

el Walo 9lo] xagtel JaFL vegetables? Fiol uwiel vhEu}, dubzowm
Hlw3le] Z319F 7}32 vegetables?] 212 fx& 3 £& Wy F
vegetablesol] & A|3}= chlorophyll% dxd 7tE Al HEtal €8 pukste 23 AE Al ¥A
3 A

o mpeba] Aol A 2319
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Table 80 Color changes of the raw spinach treated at 100, 300, and 500 MPa for 20 min

Treatment Color
F‘rf.':;:;url:[\'TFn-]“ Ti:Tu;lgl:n_inj_ * ar h"‘
el 0 4Al7EzI0 S074065 0 55141.07

|'::H:| ] 443"":I:UT5 -4*}3:&029 G602 £0.50

[ (M 5 42,80+ 245 =405 £ 0.45 4,76 £ 0.69

L CH 10 46,49 + 2,49 =560 + 0,39 658 £ 041

[ M 15 42254193 4,21 £0.73 2204 1.09

[ (k2 20 43,83+ 1,19 5012 +£0.34 G609 £ 047

300 0 42,054 1.53 -3.95 4+ 0.53 487+ 0.63

300 5 32,13 4 2.56 6544 1.00 794 + 1.46

300 10 3540+ 1.74 501 4+ 1.01 5844142

300 15 35,84 + 3,39 412+1.00 467+1.39

300 20 32514220 4,11 +0.70 5394095

S0 0 34, '3".-' + 4.62 205 £ 0.57 380+ 1.08

500 5 3332+ 1.79 402 +0.73 550+ 1.17

500 10 34.75+2.02 =539 + 0.63 .40 +£0.76

200 15 36h.56+ 184 401 £ 097 280+ 1.31

(0 20 3417+ 3.30 4,71 £ 0.65 304 + (.88

38 A & I ATA 9 toughness™= Table 813 o] gt# It A g

2 Sk T gk XA -dwd G BEA e B4 29 Wlel phosphatidic acid ©]F
o Fxo wyE FE3)h old wil ion permeability?} textural changes?} H.iLE Il Q)
H 9t proton extrusions A&l A EY ATPaseE 2243 A7) 3 membrane fluidity S 7+

B>

F49

Pectinmethylesterase®} polygalaturonase 2}
ot} o)

of WA AA}
rigidity & S 7FA1Z1H}

A 21t} vegetables® cell 7%=
Peroxidase®} polyphenoloxidase™ 400MPaollA] E&A3} =% &x otAsvta W ¥ giok
ZARARA Bl =

_J_J__]:]

Z39 oA turgor pressure®t firmnessE

Aol o
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Table 81. Hardness changes of the raw carrot and raw spinach treated at 100, 300, and 500 MPa

for 20 min

B Treatment _ Sample S
Pressure Time Baw carrot Raw spinach
Control 633 60 428 £ 38
100 MPa (I min 630+ 28 448 = 67
100 MPa 5 min T48 £ 39 623 =53
100 MPa 10 min 085 £ 49 B85 =71
100 MPa 15 min 1075+ 78 8454113
100 MPa 20 min 750 + 64 815+ 127
Control o8] + 80 409 £ 37
300 MPa {} min 360+ 7] 481 = 60
300 MPa 5 min 605 + 42 BI8 =68
300 MPa 10 min 758+ 74 782+ 120
300 MPa 15 min 653 + 159 5 +226
J00MPa 0min 6810 503
Control A45 + 49 440 + 39
500 MPa 0 min 42311 490 = 14
500 MPa 5 min 313+ 159 61839
500 MPa 10 min 325+ 148 820+ 163
500 MPa 15 min 65 + 78 64571
500 MPa 20 min 543 4230 563 + 95

- 23919 9% cooked vegetablest] Rl Ao Abd EA

100MPaz A &ld F3F AlFX] ol A& Listeria monocytogenes® <+ 208 $-o|% llog ©|
st e 7AAE Btk (Figure 65) %3199 oHz A Az ZF7tel we}  Listeria
monocytogenes® 9 ZrAa= F7F8FA TR 500MPa® A ® Wtoll A Listeria monocytogenes )
= Z27] 108 Jiell oF SlogZ7hA] #FAst9 AT 208714 Slog A9 AAE FA3HE tailing H4

S Bk wto vlasle] A|FR| oA Listeria monocytogenes® WAdo] #2E Q).

Preceasing e {mind Processng tme fming

CUT ] 5 10 15 0

" °'“=€g;i_‘%7 -

— . P

-4 4 - — - |
2 2

S

-4

Listeria manncplaganes in cookad camol [Log {kial)

Lisfers momocy/Aogenes in coosed spinach |Log (/No)

5 —&- 100 MPa 5 - 100 MPa
—&- 300 MPa & 300 WFa
- 800 MPa - 500 MFa

H £

Figure 65. Reduction of L. monocytogenes treated by HPP at 100, 300, and 500MPa for 20min

in cooked carrot and spinach.
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100MPaz A&]¥ Wol| A Staphylococcus aureus® 4% 1 log ©l3te] ¥ A5 BT %
39Fe] b S 100MPaoll Al 300MPaz® Z7FA1A S Staphylococcus aureus® ¢ 94 d= 74

Bno|x ¢kttt (Figure 66) ¥FH 500MPaz A& ® dtolA Staphylococcus aureus® =+ 10

% 5 A
B % 3 log 7HA #A4sr9od 500MPaz A#d Al FA oA Staphylococcus aureus® i 205
T 2 log A= H2HAUT
Pragaezing lima (min) ProcRasing lima (mind
CuT L] 5 1] 16 20 cur o 5 0 1 o
n l—\?-;__ 3 r O R +
= — ——& = M _#*_'H._ —a
: \ I z i Te——
@ - . g -1 \H___R
= R 2 — i
£ B T
E .2 4 E = H‘“ﬂ-u__.
H g
; -3 —-—___‘ E -3
: E
g 4 R
S s
= 5 - —8- 100 8FPa & — 1 MPa
E% 200 MPa 5 & 300 MFa
=500 MPa @ =500 MPa
5

Figure 66. Reduction of S. aureus treated by HPP at 100, 300, and 500 MPa for 20 min in cooked
carrot and spinach.

Ry

ST A|FRO HES Salmonella typhimurium< %= of o& T&AoE Asl HUu
(Figure 67) 100MPa¥} 300MPaz A @9 9 oA Salmonella typhimurium® v 208 % 1
log%} 2 log9] B3 500MPaZ A& Al 102 § 5 log oo A% AT 500MPaz A &
H AFAAAE 58 T Blog ool A Salmonella typhimurium® 7% A% A0

Gram(-) cells®] Gram(+) cellsel] 1] & Za.¢to] W7HeHe wolt)

AN

Jurg o2

o

Pracessing lims (min Praceszing time {min)

cuT il ] 1a 13 20 ] 0 15 o
s R ==
Z \ '+"--__ * é!i ___?“—h—_+__ )
= [ mo 2 B
5 L Lot
E H\""'\-\.._Ii_____ E ——
E 2 *‘---___; =
= .. W
W
E 5 J E - \
E 1
£ "I"x g Y
E - I"‘\. é -4 I"
& \ 3 \
L] = )
[ i i
E | stmones Y B #- 100 MPa Ih
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Figure 67. Reduction of S. typimurium treated by HPP at 100, 300, and 500MPa for 20min in
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rﬂ &3

Table 82. Color changes of the cooked carrot treated at 100, 300, and 500 MPa for 20 min

cooked carrot and spinach.

R

Al

2 f94o] ¢19lt). (Table 82) ©l= Lx

aLgpAtefel w2t Lx ghel S7hehe WSth axoh bl it wlalste] 2
s

Aol A ik 2 F

Q Fag Fo o

Treatment Color
Pressure (MPa)  Time {min) L a* b*
0.1 0 5283 +£247 26,79+ 1 .08 3734 = (L85
100 0 5242 £0.73 2902+ 0.25 34.81 £ 081
100 5 51.20 £ 082 27694 110 3696 & 185
100 [0 5201 £1.18 2504 £ 0096 40.25 £ 1.05
100 15 S0.80 £ 0.96 3071 = 0,66 3024 = 1.21
100 20 54.37 £ (.69 2651 £ 087 3512 £0.57
300 0 55.89 + 1.66 2492 +2.99 2950252
300 5 5290 & 1.0% 29604+ 0,77 36,14 £ 1.47
300 [0 51.33£0.73 3150023 3920 £ 1.06
300 15 3236+ 1.15 2915025 3579 £093
300 20 5278+ 141 29,80 + 0,78 3044 =078
so00 00 FINE£043 2857+ 113 33.79 = 1.63
500 5 53,25+ 1.13 2002 £ (0,38 37.26 = 0,60
300 1 3326+ 0.71 26,81 0,72 34e0 =177
300 5 53T £ 082 2715+ 1.36 AT 10205
300 20 5549+ 1,19 2627+ 104 I6.55£1.75
ZaS8F g F AFAY M WEks gixarel] vlaske] Lx ax, bx grolld & xpolrF @ EA
Skt (Table 83) A AleX 9= Fe de 7149 Hgd AaxE olH
sh7b dojuyp a1k Aol mE Mo We dEy A @skt
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Table &83. Color changes of the cooked spinach treated at 100, 300, and 500 MPa for 20 mun

Treatiment Color
Pressure (MPa)  Time (min) L* a¥ b*
0.1 0 3332 2050 0,50 2020 759 +0.5]
100 0 32.87 + 088 S5R6£039 6754048
100 5 373184 -5.34 = (L32 6,00 = 0,49
100 10 3262+ 146 =563 20,21 6354030
100 13 33.03 £ 1.08 <570 £ 0.69 h.26 +£0.71
100 2 3242+ 1.27 =578 = 0L63 632074
300 0 3905+ 1.91 =3.50 = 0,40 3752046
300 5 3265+ 260 497 +0.56 591 + 085
300 10 3367 £ 1.56 454 =156 S68 +0.51]
300 15 3435171 =487 20,38 5340061
300 20 3245+ 1.54 -3.58 20,65 6524+ 1.03
T o T Sl

300 5 ILER£2T70 540 =074 fodd £+ 096
300 10 3309+ 252 -5.31 = 0,49 6.24 £0.73
300 L3 3507 £ 251 -4.34 £ 0,61 5.08 £ 0.86
300 20 3346094 608 = (.41 713 +£0.52

zZ29d g3 AT A9 toughnessi= Table 84.2F 29| raw vegetablesol] Bl 3le] Z7] w& Ft
2 29 E F B AFA toughness= $EH M AlzFe Frbel wel Fob

e A &S BHTh Vegetables 249 H3E &4 % nasd ur-so o8 AxY FgAE9
Za1St 7k mE vegetables X749 T T4 2 B 3AA dhgol &3}

Aoy dutd oz 23k 7hEel 7] @Al vegetables? firmness7t AR RE 2419k A 2 AI7E
7t ) firmness7t F71eE AEE HAUh ol &4 pectinmethylesterase”} -2 = o]

9l methylated pectin3} ¥F23}o] demethylation®] =% 7)¥T. Z319 3Foll A vegetables

o zAe] AL weq Qatol 2] Wi mael 4 g A6 e BFHgom

R

N
X,
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Table 84. Hardness changes of the cooked carrot and cooked spinach treated at 100, 300, and 500

MPa for 20 min
Treatment Sample

Pressure Time Cooked carrot Cooked spinach

Control 161 =62 Pt S |
100 W Pa () min 163 + 48 240+ 14
100 MPa 5 min 203 £ 60 243 4+ 39
100 MPa 10 min 278 £ 32 243 £ 46
100 MPa 15 mun 583 £ 6l 205+ 28
100 MFPa 20min 448446 253474

Control 188 < 38 218 439
300 MPa 0 min 218+ 56 260 +42
300 MPa 5 min 408 + 46 323+ 194
300 MPa 10 min 403 £ 67 313+ 46
300 MPa 15 min S00 £ 71 413 £ 187
300 MPa 20 min 695 + 177 210+ 78

Control 173+ 28 248 + 32
500 MPa 0 min 188 + 25 248 4 60
500 MPa 5 min 210+ 32 243 £ 25
500 MPa 10 mn 260 +£29 270+ 14
500 MPa 15 min 335421 250+ 28
500 MPa 20 min 308 + 131 243 11

2) 23 Ad vt ARg A9 =9 shehd £4 W)
© 4 W

A
7t Ao A F&H W ukS-8 93] AE¥ Trichloroacetic acid (TCA), Folin-Ciocalteu reagent,
2,2-diphenyl-1-picrylhydrazyl (DPPH), ascorbic acid, polyvinylpyrrolidone (PVP), catechol,
guaiacol, hydrogen peroxide SigmaAlolA T8 ow e Aok 2 &v= HPLCY E4&
grade% AH-EBkol T

e e

2 Aﬂaw, AL Sﬂ B F e 18 Adsl B, et sn B
om Wi AR F FE AAST opil B BWE R AA F, FHFA 18 ARE o
= b

Bl Zzy 7R3 583

=

ol

2 A AHE etk 238 Ay
LEE 0EE X3, 100, 300, 500MPa® come-up timese ZFZb 0.8, 15, 2.8% oAt} =1
A F RE ASE U ol vES AT diol A SA.

=3 Al F29 #F caroteboids3 #H2  spectrophotometric method ]3] EA&-tt A& 5o

30ml acetoned} &3alo] wdtal o33 & petroleum ether’} F5-% 500mL separation funnel
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A B89 Y. Aqueous phaseE A AT & 20g9 anhydrous sodium sulfate’} $r59 100ml
volumetric flaskell YT FFHEE 450nmolA 43I F  carotenoids?]  FEe Ct=
(A450-V-104-D)/(E1%-W)ell o] &l Axter vt (E1%+ b-carotene®] extinction coefficient, 2592).

A2 ek Tt ascorbic acid 78 minor modification with B2 H-& o]&3to] A3t
A& 50gg 100mL2] 10% trichloroacetic acid®} F&3}A 7l Fof, Ao 583 A A 713, YA
Z (5000 x g, 103, AR $F A5 ImLe 39 F/HF ImLg H71s $ 0.2mLe]
10% Folin-Ciocalteu reagentE #7tste] ZFstAl 42 Fo 1083F W3+ th Ascorbic acid®] &
T FAL2 094 100mg/mL  AlelollA  EH|HEATE FHE  AlE+E Labomed UV 2800
spectrophotometer (Labomed Inc.)& ©]&3}% 760 nmolA &% =

ZF A& B0gs 4%9] polyvmylpyrrohdone (PVP)7} %3%Fd 0.2 M phosphate sodium buffer (pH

5 200mL¥} FAsIAZ] = 4oC, 1A13F wRkshdel, w Rk $o YAE2(8000 x g, 20+, 4%)3}]
oS # 38l polyphenol oxidase (PPO) and peroxidase (POD)S &4 ZAo] AF&3FSIT]
Catechol®- PPOSF 7®b3&to] ZAe EHHPAE IAst=d, oA Labomed UV 2800
spectrophotometer (Labomed Inc.)& ©]-&3}9] 420nme| & #Ho A 250C, 3837 434t PODE
A EAS Yoo 94 B3 =29 ImLS e 4mlL 2 1% guaiacol solution®} 0.4mL of
0.1% hydrogen peroxide solution= 7 7}3le] WAl Z Th Guaiacole POD9} WHS- Abslale] 744 9
tetraguaiacol= ®StETh WHEE 2 470nm & Fol A 250C, 3% FAA T PPOe PODe @&
S SAEE W AIZE EQt FERY WEE HFPor FASe] YERHAT (A/min).  PPOS
POD9| residual activities (RA) 2 th

(o)

par

o

A5

lo
s
i
rlo
>
o
S
>,
ofo
ofs
o,
s
e
o,
o}
o,
2
)

RA (%) = A/Acx100 (Acst A= 47 dixast xee] aadds vEhig)

A g2 A% H3}= colorimeter (Minolta Chroma Meter CR-400, Osaka, Japan)E o] &3lo] =
A3FEth L*, a*, and b* coordinates™ 217} lightness, redness, yellownessE WeRWth A -3

TAoll HjaLgk Mro] o= AE = [(ALtx - ALcx)2+(Aatx - Aacx)2+(Abtx - Abex)2]05 o 9] =l
ettt AW AEE BI = [100-(x - 0.3D1/0.172, x = (ax+1.75-L*)/(5.645 L#+a* - 3.012-b*) &. 2

% ¥+ g Folin-Denis® ol W} F+&E 0.1g/mLel Folin-Ciocalteau A °F % 10% Na20H3
LHS 7 ImLAS #7eE & A2 A 1417 AR 3 T spectrophotometerE ©]-£3Fe] 760 nmell
EE S48t Gallic acid® 07512mg/Le == Azxste] Agd #d WY ow 4

glo] A2 REHFAMOEFY AR FFEY F dAw FEE AU & ST o=
Moreno %9 W4 wg F&F% 0.1g/mLol 0.8mLe 90% diethyl glycong &3 & 0.02mL
AM sodium hydroxide3} 400Ceol A 1083t 8--SA AT &35 415nmel A i

ZEAZ So] 0512mg/Le] FE WA Aol EEUFHORYE 558 F Fehunol

=,
it

F

olEdE 7} AR SdHS SAUY. FEE (005g/mL)S e &&d 05mLel 0.2mM

- 134 -



DPPHS®}F 250Col Al 3083 98 AT 3%+ 51mmelA A3 om AxE%5(%) S AA
(%) = [1— (AI/AO)] x 10022 A4Fatalrt. IC50= 50%9] DPPHAA G S Kol &89 v &
At

SEM imageE o] A @3 AFA 9 244 Aol& vlusiith ARE FAAAENE o
HAzal7) 8 WA 3% glutaraldehyde 9o 2 A2 A 347 FoF A3 F (0.1 M sodium
phosphate buffer (pH 6.87)% 1582 33 AF3AY. AFE A58+ 2% aqueous osimium
tetroxide®] & 4TNA 2647 A 3R 0.1 M sodium phosphate buffer® A& & At}
30% acetones AlZoZ 10%% ¥ graded acetone series @345 A3, A&+ Hitachi
HCP-2 critical point dryerZ ©]-&3Fe] liquid CO29 93t AAA HAEx3AS 73 Hitachi E-1030
putter FAE °F 10 m FA9 F£9% (Au gold coating)S 93 & LVSEM Hitachi S-3500N
AR FA AR F o AFs AT

>~

A & G AA 9] Ascorbic acid$t Fcarotenoids el WEE BT
(Figure 68). =39 Ag & @3} Al F Ao A ascorbic acid®t % carotenoidse] =W 3sIE Bl
th X8y g9 ascorbic acid FEF-2 AW HEl] 15% Aadtgow 2aerA e E Gl A
47 mg/g oo ® FXEATE AlF A9 ascorbic acid AL G FAFS ﬂﬂ% 2|
th dAH 2 F AFAH 9 ascorbic acid?] FHS 24%AE Aoy 2u Wy FEQ Ft
w2} ascorbic aciddr#9 E71E A& AT} (Figure 68A). & carotenoids®] &% a1 g o] vl
a8 A G AlgAdA 2 BEgS Bdv (Figure 68B). ol =8t Ao & 55
&9 F7kek A2 el Ml degradation®] FaEE KT

a0 L
s a
a T
280 T 1 o] i
L e 4 ;
-] AL
_ 0 - =
o =
2 2w
1 3
8 5
| g i
-E 190
A
2 B an A i |
o l . I_ l B l . l n
Lo Tharresd 100 L 300 Bii's S NI's Fo Ay &) MFa
Tegalmant Treatma

Figure 68. Ascorbic acid contents (mg/g, A) and total carotenoids (mg/g, B) in raw,
thermal, and HP-treated (100, 300, and 500 MPa for 20 min) carrot () and
spinach (). Means with different letters (A-C) within carrot samples are
significantly different at p<0.05 and means with different letters (a—-c) within

spinach samples are significantly different at p<0.05.
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Table 851 4] b

A vlust Pa) A&$ T2 rednessot
yellownesst 7217} 21.1-23.73} 187-201fh 7138t} o] X el o3k d
oF A MAxo &S FU13 Ao®E ARFAT. A|FX9Y brightnessy= &
I greennesst Gx# & FU1EEdow 100MPa x# & #4dtE AES BHAU AEFA Y
yellowness® greenness®t Al X & 7180 A=

3 (>300 MPa) Aol A BA=A e Fo %20 2ol & Holx| Ftrh. MEA(AE)E 100 MPacl A
Aele G 500MPacll Al Agl | AleAE AlQdstas ot vaste] {24l Aol E Kol
2 SFgit}. ol ZIgtel] 98 Mmool WElyt Ax e Aom nel

rightness”7}

g

E%
B
-
oy
By
ol
iV

2] 9] redness®} yellowness+s= *3L

. 2

Table &. Color changes (L*, a* andb*)and color differences (AE)of carrot and spinach treated at
100, 300 and 500 MPa for 20min

Treatment Carrot

L” a [N AE
Control 36.38 £ 1.22a" 2107 £ 0.28b 1367 £ 0.11ah
Thermal 3557 £ 141a 21.32 = 0.96b 17.68 £ 0.29h 1.39 £ 0.120b
100 M Pa 3701 £ 093a 21.14 =+ 1.28b 17.82 £ 1.01hb 1.43 + D.530b
300 MiPa 3742 £ D.56a 22.83 £ 1.07Fa 19.63 £ 0.34a 2.37 £ 0.39ab
500 M Pa 3747 £ 0.75a 23.72 = 0.34a 20,11 = 0.20a
Treatment Spinach

L~ a ki iy of

Control 19.59 + D.15a -368 £ 0.10b 517 £ 0.29ah
Thermasl 18.94 = 0.0%ah -5.15 * 0.12c 6.04 £ 0.31a 1.830 £ 0.06h
100 MPa 17.01 £ D.52c -1.70 £ 0.10a 3.64 £ D.6%c 3.62 £ 0.54a
300 MPa 1245 £ 0.14b -348 £ 0.03b 4.57 = 0.10bg 1.34 £ 0.14b
500 MPa 18.50 £ 0.32b -3.53 £ 0D.0O7h 4.39 = 0.24bc 1.37 £ 0D.46b

a9 Ag® B AFA A PODSE PPO 749 ¥EkE Figure 7914 Rt} 9
PODE/d 2 300MPa7tA] o] 319t F7bel whel #hadhe AE Btk 239 dhellA POD &4
o Adfle BARAGY e Zao 724 MFom VQIHAUTE 300MPadlA AeE w2l Al
7P S 17%9 POD €4S BYth v Al5X9] POD €42 2agte] F7kdl mel 48%
(100MPa), 50% (300MPa), 59% (300MPa)= 4 7t Btk ol Al=A¢ PODE 23y
o a3 WAS 1S AA T PODeE € PPOE 219HY Z7ld wg} #9802 AdE

Atk 238 st Al olH g vheksh mAEA Aslel AFL AFE FALE, ¢HEE pH § o9

J

f4d 9 g e AR AT dukdoR zagtd 93 EA A= lipoxygenase,

¥

lactoperoxidase, pectinesterase, lipase, phosphatase, catalase, polyphenoloxidase, peroxidase® <2
2 pashis AFe nth
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Figure 69. Residual activities of POD (A) and PPO (B) in thermal and HP-treated (100,
300, and 500 MPa for 20 min) carrot () and spinach (H). Means with different
letters (A-C) within carrot samples are significantly different at p<0.05 and means

with different letters (a—c) within spinach samples are significantly different at p<0.05.

dAe B 2ag Ay F s 2 EE o= g WsE F4319tH(Table 86). A &
3 AlF A NA ZFZ 25 86mg GAE/100ge] £3=9 33 8 42mg GAE/100ge] ZelH wol=
gEs B ey Zetpnol=o e 2y Ay 59 Ftd wet F4EE A
S BT ol 23t Ml 93 B A9l tissued HI|Z QI FEFE] FT/EHASS AAL
Eig=d

Table 86. Total phenols (mg GAE/1I00 g) and flavonoid (mg RE/100 g) in raw, thermal and
HP-treated (100, 300, and 500 MPa for 20 min) carrot and spinach

Treatment  Carrot Spinach

Phenol Flavonoid Phenol Flavonoid
Control 2517+ 2.40cd” 7.96 £ 1.03h 8633 L 0.79¢ 42354+£2.77d
Thermal 2078 £ 1.61b 9.12 £ 0.82ab 9531 £ 1.35b 57.27 £ 1.90b
100 MPa 2514 4+ 1.02d 7.27+£0.27h 7548 +£2.73d 48.04 + (0.82cd
300 MPa 29.67 & 1.53bc 8.54 £ 0.54ab 87.8]1 £ 1.84¢ 53,79 £ 2.20bc
J00 MPa  36.31 +£2.28a 992 +£0.33 104,52 = 1,380 6346+ 2.28a

* Means with different letters within a column are significantly different at p=0.05.

[ez]

=)
=

=~

Figure 70904 +=
st -8 F
o} (Figure 70). 500 MPall A *
vja Ak kst e s Btk o=
EHAYE el F2 9

A

=

R
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Figure 70. DPPH scavenging activity (ICs)) of raw, thermal and HP-treated (100, 300 and
500 MPa for 20min) carrot () and spinach (). Means with different letters
(A-C) within carrot samples are significantly different at p<0.05 and means with

different letters (a—c) within spinach samples are significantly different at p<0.05.

a8 Ald Fom AFHY A H3E Zolwr] Yol SEM imageE #E3T
500MPacll Al =315 Aele golAs ABF-o Wert vetsda, AlaAedAE 7]ge WErt o
Eluttl (Figure 9). A E-3 Wl wl (Figure. 71A, B), 231 Ag¥ g2 %70 vy
A dgd BEH5E BT (Figure 71C, D). 23 H2d Alax= 7159 Fo7t wls 24 &
2R3 (Figure 9G), 3HAE=] FH o] AJNFAY (Figure 71H). o]H st Fx9 wsleE =

oF A Gt AR e AZyFEd FEA Zdd T

=<

=
HHN'
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Figure 71. SEM images: A, untreated carrot (control; x1,000); B, untreated carrot (control,
x10,000); C, treated carrot (500MPa, 20min; x1,000); D, treated carrot (500MPa, 20
min; x10,000); A, untreated spinach (control; x1,000); B, untreated spinach (control,

x10,000); C, treated spinach (500MPa, 20min; x1,000); D, treated spinach (500MPa,
20min; x10,000).

A Q@G AA AMEHA e Ax BHE gFE = AEE @50 Aste PHoR
Bol og &4 nlewl g ool sao] wol YA, e Aol 93 m s} #ukd A o]
g} o Ser

NEe B9 HEE 298 4+ 9E Sous-vide Y 2 superheated steam X2 E E3] F8&4
HERY 2 A ool A A7) wEd mE 3 oRE Iy g8 AEe At
ATt

Cook-chill B3} Sous-vide, superheated steam X2 2742 99 AoA AAH Z2Hoz 3

g3te] 4P
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Table 87. Z 7} & A)g] AE#s)

A wge ¢ B T IAE geca edan d@e  TF
REA0  (me/1000) <mg/)100g <mg\//[1%)og) (mg/100g)  (mg/100g)  (mg/100g) (mé%)og)
Cook—chill 16.40 5.24 56.57 7.24 14.24 0.05 0.87 8.69
Sous-vide 34.12 8.25 84.24 8.21 19.47 0.09 1.46 18.02
superheated -
steam 24.45 812 64.57 7.68 15.04 0.05 1.42 12.24
pilot 18.75 3.25 24.48 6.45 11.24 0.01 0.54 10.19

Ze7he] w2 AR AEWshE Table 87.3% Zo| RE J44E <] Sous-vide & ¥ 7HF
A SAEAY v EpY A°] R Cook-chill ¥ pilot 218 & ZA A A& AT 4+ U
o, vl CEgaF JA| Auk ol AAHATH

Qe k2 pilot %ﬂ Al Sous-vide M §F BT} 3~4u) AL v SAHN oW, e 7
Al 2~30] AE @2 Aoz el dF TS S8 A AEEC] fAHE AR dud
=
Table 88. Z&7FaHo we o A8 s}

(ug v (mg/100g Mg) a Ve iy (Na)
RE/lOOg) (mg/lOOg) ) (mg/lOOg) (mg/lOOg) (mg/lOOg) (mg/lOOg) (mg/lOOg)
Cook~chill 942.67 867 0.77 11.55 18.23 0.17 0.18 46.79
Sous-vide 1298.02 11.24 0.88 752 12.14 0.07 0.05 18.88
S“psi{?};erited 1126.42 11.68 0.72 823 14.25 0.09 0.00 14.88
pilot 646.15 9.74 1.27 715 12.97 0.05 0.05 25.72
7ol mE gt AJEMSE Table 8.3 72Fo] 37HA] A2 wHd ofdt g &48 Qg
Ay g2 v, 2, ofdd, 2, YEF o] Cook-chill Ml + 7P =4 FA =Sk
Es oF 2]

| gote] ol A8k HEbd A S pilot B4 A# T ¥l Sous-vide X # F
71kel A EAE AL 2 UENL AL, superheated steam X & FFT A FARGE FEE U
ERu] AT,

HlERY C 33 94 Sous-vide 54 % superheated steam X2 § 7b @o] A= Ao®

deht 71Ee #AE ANT S e PHow o gavld 42T Aoz And,
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Table 89. ZE|7FE ol W& Algx] 4Ews)

I Ep <l AT e JEH
A wgm e (P RN aeca  oden A (Nay

RE/100g) (mg/100g) ) (mg/100g) (mg/100g)  (mg/100g)  (mg/100g) (mg/)lOOg
Cook~—chill 851.06 12.12 1.56 36.31 22.02 0.38 0.72 23.24
Sous-vide 495.55 16.47 1.68 92.87 34.61 0.68 1.62 67.03

superheate - )

d steam 1072.41 18.05 0.23 97.07 48.82 0.69 1.50 96.03
pilot 786.58 9.84 2.76 67.64 33.92 0.54 1.07 39.11

7ol mE AlEAle] AERSks Table 8731 o] vIERRl Ask whale, 24, ofd, HEF

oteFo] superheated steam A& & 7Y =4 SFAHHAoH, HlEY Co T HA| superheated

steam A2 & 71 = SASHAG
HlER A9 S-S superheated steam

A2 F %o] Sous-vide Xg F FFkmul 2H] oA =
B

A SAFRSH, vlEtY C 5 JA] 1805 mg= Sous-vide A § & A ZolE HEY

7] g YO 2 superheated steam A 2|7} 7 s A Al

Table 9. Z7FEdHd & s AJRws)

MHLA L g e TOE agca eldam AR g

C
(ug (mg/100g (Mg) (Na)
Cook-chill 11.5 12.12 2.04 27.43 23.12 0.39 0.77 16.34
Sous-vide 11.94 14.23 252 37.55 19.45 0.57 091 62.59
superheated
steam 31.59 16.13 1.62 24.01 17.61 0.34 0.53 63.60
pilot 12.75 9.46 3.21 24.98 16.57 0.32 0.42 13.04

zE7Feyel mE Fuao] RIS Table 87,3 20| vlerRl A &2 Cook—chill, Sous-vide,
pilot Mo o3 stk slE A Yehubx] &to ™ superheated steam X 23 A|ZoA 713
q

=7 S A
ol9] ekl pilot MEZoA 7FY =4 A HJ 2 Sous-vide X7 2 Cook—chill A8 Al &3

Ej

rlo

udk

ofed, Ao ekl Spous-vide A MZA 7 =A 2AHJ L, YEF
superheated steam A2 ¥ 7} A SAH AT
H e C &2 superheated steam A& & 714 @Wo| Holdds A2 YEL o™, Sous-vide
Aol = M@ #E02 AFHA5, pilot A F 7P A7 Ao V& SR A 9
o

el = A~
ghelel 4 Qi

o
=
I
=

-
o)

NI
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2) 4 dud H4 AAY 24

O AL o] FAWs
Table 91. Z2|HHe w2 wAlge] EAl Hs)
#E Ak Ax A
Cook-chill
. 596.71+58.42 365.62+50.09 179.58+14.61 37.99
(70C, =, 208)
Sous-vide
. 587.47+58.53 360.24+64.29 185.76+22.91 39.79
(97C, =, 208)
superheated
. . 545.14+38.53 327.54+54.24 198.57+12.54 39.67
(oven 200°C, steam 3807C, 1¥#)

ZEHol w2 axbe]el B4 W= Table 913 72th aAbElE 37bA Aedged o8 #E, A
g, Ansh 2% 2 Aol glol 44Ut 1 & #EN ATEE Cook-chill 2ol 27
393, 4 X superheated steam X2 7} 53tk

Zepge] Ade) U@ 2L 4% £4 2 oA AEF, NS B& nefshe] AR
Aol gHlE Aoz AmAd

@ Fto] 4R}
Table 92 el B e 54 vl
A% Ak A A
Cook—chill
. 2707.73+132.88 400.70+62.29 3143.36+164.76 78.85
(70C, =, 208)
Sous-vide
3 2545.92+132.88 350.27+62.29 3616.78+164.76 62.09
97C, &, 58)
superheated
. . 2470.99+132.88 316.63+62.30 2665.50+164.76 72.11
(oven 200°C, steam 3807C, 1¥#)

ZEiel] mE go] 54 ®skE Table R.8F 2t 3714 Aol o3 #Ed

ok o)

AFolE YEY A
71 29kt kA% Sous-vide A E %
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Table 93. 2]l m& AlaAe] 54 W3}

#% Ao 4w A
Cook-chill
. 244.19+27.48 357.12+12.98 165.10+11.80 38.52
(70°C, 0.5% CaCl, 5%)
Sous-vide
. 419.98+28.76 241.49+12.95 192.45+19.00 35.96
(97C, =, 5%)
superheated
324.24+26.47 343.23+16.67 117.44+11.24 32.74

(oven 100C, steam 380C, 30%)

el mhE AlaRle] B4 Wshs Table 9334 2tk Al A9 ¢ 24 A2 ¥Rl e Ady
Al

zholi= AA YERUR] &gkt AT #HEHL Sous-vide ] E 71 4EYa, AR A
Sous-vide A& Al 7HF 43 Aoz UL oM, superheated steam Aol os A=l 7HE
wolzl AL &dd = ISk mEkA Sous-vide A F AlFA 2ol s AAE Aom
=
@ FEe E4ds)
Fuge AR P BE A4 A £2E o) weh 2l
Table 94. Z2HAd] & FEo EA A}
#E Ak AE A (AE)
Cook-chill
3 853.43+13.50 227.96+28.62 289.24+32.57 79.99
(70C, 0.5% NaCl, 5%)
Sous-vide
. 669.38+44.02 279.95+40.57 155.75+25.14 79.88
(97C, =, 208)
superheated
633.08+32.24 86.48+28.24 101.98+11.24 74.86

(oven 200C, steam 380C, 1%)

Zelulel B R B4 Mske Table 043 2tk 7 A Wil ME AR ol =i v

Efubx] gFgkont #EHo ik A7) Cook-chill X2 Al 7HF & AS=Z ey E40 W3

Vg ge B @ 4 AT SAW, ABEe Sous-vide A2 A R $5F Ao U
N

b e e oF 9% 24 & wesel 44 AY 248 FYse Aol $hu ARE

2. ¢ 7} 923 2319 A2 9 Huddle technology & %3 A 79

o

ar
[}

o2l

oA AFsk g JbE w92 7], 7], SHS)S #t' o2 Huddle technology £ %
Mk Agtetaat shvh 238 AE 2742 YR M 59 3(500MPa 3), A& HHR

4% olgatslen FREE 2o Jheiied mE =¢ - olghshd WskE FAs

T
i
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AL L

1) pH W3}
Table 9. A9 7b8 2743 239 A 2 AF7|d B2 pH #3=4
i 239 AT
9271 2] super heated 52 7] 2] superheated
steam steam
. . . L 200C, 400, . . . L 200C, 400,
0 = 0= 3% ) 3m 0 i 0= 3% ) 32
0ol 5.85 5.98 5.95 5.95 5.95 5.83 5.85 5.98 5.71 5.96 5.67 5.84
+0.010 +0.006 £0.010 £0.006 +0.010 £0.010 £0.010 +0.006 +0.006 =£0.012 +0.010  £0.006
59) 5.99 5.87 5.89 5.95 5.87 5.86 5.88 5.96 5.75 5.90 5.74 5.80
= +0.006 0010  £0.010 £0.010 +0.006 £0.010 £0.006 +0.012 +0.010 =0.010 +0.006  £0.010
109 5.94 5.90 5.87 5.95 5.94 5.78 5.86 5.92 5.78 5.92 5.72 5.82
+0.006 0006 £0.006 £0.012 +0.006 £0.010 £0.012 +0.006 +0.012 =£0.006 +0.012  £0.010
Table 96. ¥+ 7h& 23 2318k Al @ A%7|3%el] wE pH W54
i 239 AT
9271 2] super heated 52 7] 2] superheated
steam steam
B B B B 400C, 4007, n B B B 400C, 4007,
0 5 0= 3% 0= 1205 0 5% 0= 3% 90 1205
0al 5.85 5.98 5.71 5.96 5.67 5.84 5.7 5.87 5.85 5.94 5.90 5.85
= +0.010 +0.06 +0.010  £0.010 +0.010 £0.010 £0.012 +0.06 +0.006  +0.006 £0.012  +0.010
59l 5.98 5.97 5.98 5.97 6.00 5.99 5.87 5.89 5.90 5.91 5.94 5.88
= +0.006 0010  £0.010 £0.006 +0.012 £0.006 +0.010 +0.012 +0.010 =0.012 +0.010  £0.006
109 5.95 5.86 5.90 5.94 5.86 5.95 5.85 5.84 5.92 5.96 5.92 5.91
= +0.006 0010 £0.006  £0.010 +0.010 £0.010 £0.006 +0.010 +0.012 =0.010 +0.006  £0.010
Table 97. Al&x 9] 712 2A% 239 Ay 2 A7 70 B2 pH |4
CEST 239 AT
92 7] super heated 92 7] superheated
steam steam
250C 400°C 250C 400C
h=] h=] h=] ? ? i=] h=] h=] ? ’
0% 0.5 1& 0= 105 0% 0.5 1& 203 105
02l 5.85 5.84 591 591 5.93 5.98 5.96 597 592 592
+0.010 +0.006 +0.010 +0.006 +0.006  +0.006  +0.012  +0.010 +0.010  +0.005
59 576 5.80 5.88 5.96 5.98 5.96 594 595 5.90 5.88
+0.006 +£0.006 +0.006  +£0.010 +0.006 +0.012 +0.010 +0.005 +0.012 +0.012
102 5.85 5.88 5.87 597 5.90 594 597 594 591 5.90
+0.006 +£0.010 +0.010 +0.010 +0.010 +0.010 +0.006 +0.012  +0.005  +0.010
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Table 98. T Y& /M AW X239 A & A7 W& pH H3l&A

i 239 AT
9271 super heated 9271 superheated
steam steam
0% 108 158 2552; Sio%c 0% lo¥  15% 2550%(3 ?’iﬂ‘f’
0ol 575 5.87 5.85 594 5.90 5.86 578 577 592 594

+0.012 +0.006  +#0.000 +0.006  +0.006 +0.006 +0.012 +0.006 +0.012  +0.012

59l 598 596 597 592 592 577 530 538 590 5389
+0.006 +0.012 +0.012 +0.010 +0.005 +0.012 +0.006 +0.012  +0.010  +0.006

109 5386 578 577 592 594 590 585 5382 538 592
+0.000 +0.012 +0.012 +0.012 +0.006 +0.006 +0.012 +0.010 +0.006  +0.010

Table 99. A2 9] 712 ZAW 231 A7 2 AR 7t ©E Aw H3=A

CESH 2ug A2
9271 2] superheated 9271 2] superheated
steam steam
0% = o 3x 05 WE0e e xRS 5
0ol 0.984 0.982 0.983 0.984 0.989 0.973 0.989 0.990 0.984 0.983 0.988 0.976

+0.008 +0.007 £0.007  £0.008 £0.002 +0.008 +0.011 0014 =£0.008 =0.017  +0.021 +0.010

59l 0.981 0.984 0.985 0.984 0.989 0.976 0.992 0.99 0.988 0.988 0.990 0.980
= +0.007 +0.008 £0.009  £0.008 £0.002 +0.012 +0.015 =£0.007 =£0.014 +0.012  £0.019 +0.023

109 0.983 0.982 0.985 0.984 0.987 0.976 0.997 0.991 0.986 0.987 0.991 0.982
= +0.007 +0.007 £0.009  £0.008 £0.002 +0.012 +0.009 £0.014 =£0.007 =£0.021 +0.004 +0.015

Table 100. B9 7} 270¥ 238t g @ AA7|z4d & Aw #3574
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92 7] 5 ] super heated 92 7] 2] superheated
steam steam
400C 400T 400C  400TC
0% 5 0% = 0 5 0%
90z 120% 0= 120%
0,989 0,990 0984 0983 0983 0976 0981 0984 0985 0984 0989 0976
0y +d 005 +d 004 +0.00 +0.00 +0.00 £0.01 +£0.01 +0.00 0.01 +0.01 £0.01 =+0.01
- - 8 1 3 2 8 4 5 9
0985 0,984 0984 0985 09838 0976 0984 098 09838 0987 0992 0.980
59 +d 009 +d 008 +0.00 +0.00 +0.00 £0.01 +0.00 +0.01 +0.01 +0.01 £0.02 =+0.01
- - 8 1 2 9 2 1 0 4
0985 0981 098 0984 0983 0980 0985 098 0990 0981 0984 0984
104 +d 008 +d 007 +0.00 +0.00 +0.00 £0.00 +0.00 0.01 001 +0.01 +0.01 =0.01
- - 5 7 5 9 8 9 4 5
Table 101. A1 &2 742 24 239 g 2 AF7) 7] B2 Aw HE}=A
B 231y A
9271 super heated 52 7] superheated
steam steam
250C 400°C 250C 400C
h=] h=] h=] ? ? h=] h=] h=] ? ?
0 0.5 145 202 105 0 0.5+ 145 202 10
0ol 0.988 0.986 0.987 0.987 0.976 0977 0.992 0.994 0.983 0.987
+0.002 +0.005 +0.008 +0.001 +0.011 +0.011 +0.007 +0.006 +0.009 +0.008
59 0.987 0.991 0.991 0.986 0.978 0.967 0.975 0.989 0.988 0.990
+0.003 +0.002 +0.003 +0.001 +0.013 +0.013 +0.009 +0.008 +0.011 +0.012
102 0.986 0.986 0.986 0.988 0.981 0.982 0.983 0.982 0.987 0.986
+0.005 +0.005 +0.008 +0.002 +0.014 +0.008 +0.011 +0.009 +0.012 +0.007
Table 102. FUE9] 7k 27448 23 g 2 A7)0 BE Aw #3574
= 239 AT
52 7] super heated 52 7] supe heated
steam steam
0% 108 I5% 2552; Si(g 0% 108 I5¥ 2552;’ Si(g
0ol 0977 0.992 0.994 0.983 0.980 0.988 0.986 0.987 0.987 0.976
+0.002 +0.003 +0.006 +0.003 +0.002 +0.004 +0.007 +0.015 +0.010 +0.011
5o 0.983 0.980 0.976 0.984 0.982 0.985 0.990 0.988 0.990 0.982
+0.003 +0.002 +0.001 +0.003 +0.002 +0.011 +0.012 +0.016 +0.024 +0.017
102 0.985 0.987 0.986 0.990 0.980 0.993 0.992 0.984 0.985 0.985
+0.002 +0.003 +0.002 +0.001 +0.002 +0.008 +0.024 +0.027 +0.026 +0.016
T E(Aw) GA pH W&t vpRd7kA 2 2309 Ao mE Zols AA YERUA gk
o, ZWy R Al ey 239F A ofFel] wE g Afol&: yEehbxA] skl thxT-s
S AT BF A )] B2 g el AF 100 A% F AAE A vhehA ot W

FEEAE ¥dke 2 UEuA e AL AFRHIT
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239 Ao WmE Ut yE A7 94 W3 Table 103.914 Table 106.3F 7t}
q

o 7wt 2y AR FF glol i ol nal log 2~4

AR AFo A o] T2 = AL o T 4 QAT

2o AT H7) AEE S AE T 48 Aol AW A W AT 5Y A Fo=
ol AEHA Fska, uALE Y AF A9 FH7] A AFE T A5 ¥ ARG 5YA Hol F
AekA] e AR veyth JF Aols yERAIRE e ARl 238 M2 A logd ©l
Al Bo f57t 2y A E B log 2~4 FEOE HAHAT

Table 103. ZAF Y 712 A 239 Az 2 A7 w2 2744 #s=4
(&9 ¢ cfu/unit)
= 238} Azl
)] 7] %7 super heated 94 7] 27 superheated
steam steam
v 7w oow 3w R0 B ow o oow o3 N0 U0

570 710 570 825 247 275
x10*  x10*  x10*  x10*  x10° x10°

920 250 920 750 1.49 2.16 112 1.54 3.68 4.10 425
x10°  x10*  x10° x10°  x10° x10°  x10'  x10' x10" x10" x10"

10 860 234 860 810 242 3.10 6.55 7.48 312 1.10 212 2.54
g x100  x10°  x10°  x10°  x10* <10 x10®  x10° x10° x10° x10° x10°

04 N.D N.D N.D N.D N.D N.D

54

Table 104, B9 713 2719 239 g 9 AR/ 7o) mE 04 Hil=H

(4 cfu/unit)

CEST 23 AT
52 7] 2] super heated 9271 2] superheated
steam steam
- - - - 400°C, 4007, - - - - 400C A0C
0 5% 0% 3% N = 0 5% 0 3% - ,
0= 120% , 0= o
120%

3.40 1.64 3.40 505 4380 131

o]
0y a0t <0 w0 <10 x10* w10 ND ND ND ND ND ND
501 2.10 230 210 174 570 230 640 545 124 o 245 189
x10° x10*  x10°  x10* x10° x10°  x10'  x10'  x10 : x10"  x10
102 560 340 560 310 216 700 470 625 412 310 458 578

x10° x10°  x10°  x10°  x10* x10*  x10°  x10° x10® x10° @ x10°  x10°
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Table 105. Al&A19 7} 2708 239 A 2 AL 2 T4 He54
(4 cfu/unit)
L 231 A7
4| 2] 7] super heated steam 4| 2] 7] superheated steam
v oseoax 00 WO erose 1w B0 WO
09 1.30x10° 570x10°  1.20x10° 5.70x10° 424x10°  ND ND ND ND ND

54 3.00x10°  460x10°  214x10*  3.20x10°  214x10°  2.27x10°  3.25x10'  1.24x100  1.24x10'  254x10!

109 620x107  260x10"  410x10° 1.12x10°  145x10°  1.10x10*  4.21x10°  2.15x10°  1.68x10°  1.80x10°

Table 106. T+ 7t 27 239 Mgl @ A7l wE S5 54

(4 cfu/unit)

EESS e

H| %] 7] super heated steam H| 2] 7] super heated steam

250C, 350C, 250°C, 350°C,

& 1% 153 ¢ ¢ 0 108 153 ¢ C

5% 4% 5% 4%

0 2.28x10"  2.90x10*  1.50x10'  3.12x10° 1.26x10° N.D N.D N.D N.D N.D
59 2.00x10°  7.00x10°  4.20x10° 5.40x10? 2.45x10° 2.14x10°  4.75x10' 1.10x10" 2.54x10" 3.12x10"
1020 5.40x10°  1.24x10"  2.25x10° 6.10x1° 4.20x10° 1.25x10°  2.45x10°  2.05x10° 3.12x10° 2.54x10°

AVETFSFE Listeria monocytogenes KACC 1267102 drFdn A& 1 E4H (Korean
Agricultural Culture Collection)ol| A A& wo} AFE3ATE 5+ trypticase soy broth(TSB) el A
370C, 20/%F &t Z7]4Q1 AdElE wi e Ak vigd dFE YA T 2(3,000xg, 10 min, 4°C) &
% H&to] oF 107CFU/mL.o] ¥ =% sterile phosphate buffered saline (PBS, pH 7.2)o 3 43} t}.

ul Aol A #AHE wEolFT] 9t PBSY HCIH lactic acidE 217 #H7F &, pHE 4.0,
50, 6.0 AA3l] °F 107CFU/mL & 33X EEE L monocytogenesE FE389th. PBS (pH 7.2)
of FE3 5= U FaoR AFREUY ZF A|EE 5mL A sterile plastic bag(s x 5 cm)ol] F¢
% impulse heat sealerZ o|-&3lo] %3}t

XY AMas 2329% AYE Y89 high pressure processor?] vesseld] ¥ il 300MPacl 4 58

2309 HEEAET 232 X8 come-up timee 1.5E9|%13 10% Wl depressurizations
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R 2aqb A Foll, e FUHAQ Abdely 35S Adsly] fldte] AHE ARE de
o X A8kt

23 AHd FFo] AEEE SA, AFsr] fste] AHgd ARE AHH R 1022 0.1%
peptone water®] 3| 4&}9] v} Autoplate spiral plating system< o] &3&+e] AP AEE ZF 50mL
A H3lo] trypticase soy agar(TSA)e] =3k & 37°Coll A 24~48A1ZF &<F wj¥ste]l  Qcount
colony counter system® 2 Al4=3}5] vk

Propidium iodide(PD) staining< AX &4olu AP Aol A7]= Al2The] 358 T3t A2
YRR AE3 propidium iodide’} DNASF ZE3l= HE o] &3 Aor B Ao 219
A2 #5ES Pl staining ¥ flow cytometryS ©]43Fo] Alxute] e WHalE H7si9) Pl
stock solution(2mg/mL) & sterile PBSE ©]§, 3|43}e] 50mg mL-12 PI working solutiong A
Z&te] oo HFIGT 23y HEE #FE 4AEH2000xg, 20min)dtel Pl working
solution (ImL)ell AF-f- Al7]1aL, 37°Cell A 1083 #l &a}9 T 05’51% e AFE 93kl PBS
of AFEf A7 Y4EE(2000xg, 20min)dle] M A FAS 23] WHESHY. PIE dIAE o
T 1AIZE o|Uldl cytometric analysisE H3te] ol HA & A oA B#AFSTE PI
staining®] &4 ETOE I HYE A w2 FFE AMESAT ddE #FELS flow
cytometryfmf o] &&Fe] B33, B4 Al 675-nm long-pass filterS ©]-&3te] H24 &34 PI
signal-= 43t
238 AYE dFEs] Axudy WsE AT Hgd #FES 1mlLe PBSY Xﬂl?*wor

, 3 mM diethyloxacarbocyanine iodide (DiIOC2(3)) 10 mlg& 4ols ol 250Ceol A 583 ¥
ATt YA UxTe fsted o FE depolarizing agent?l  carbonyl  cyanide
m-chlorophenylhydrazone (CCCP)Z A& 3 & A}-&3}9it}.

Scanning electron microscopy (SEM)2 %19 A& @ #59 Fefzd H3E #2387 Yl o
L3999 231 AP ® +FE phosphate-buffered saline (PBS, pH 7.2)= A Ad A& 3 4%
glutaraldehyde® AT AFE 75 A W AFH £ 50% ethanoldl A 100% ethanol7}#] <=
A 02 et 3 F 33%, 66%, 100% hexamethyldisilazane o2 &34 4S 33819 ok
g9 Age 7 9 (gold palladium)S el AAdAUF o2 #ESG T

HEAQ NE LFT L monocytogenes® pH @&l mE ZaSkstol A Abd
T 4°C, 24MTE AX 713 Et APR/E S-S BEete], taa s AP A
709 EFH A

PBS(pH 7.2) o #%E3F L monocytogenesi= 4°C, 24X 7 A& 717 SoF ZusrA g @ #FF9
A @S dF BT 1 log unit o3k FEolA AT (Figure 70A). ol A& 4°Ceoll A 244

% F 23 AY #F uAY #F ZF AT B2t g o, AdF A
& A AE oAb FA ol Wolx 7] wiEo 2 AbE R HCI lactic acid® o] &8}o] pH 4
A e PBSell AE 238 Ay F, 4°Col A 244 AR FFEL 6 log unit ol Fad

e 9th (Figure 70B). =3¢ A ¥ &2 #5359 vuwsgds w, 2uy Hg @ #F35

g, AEd
ZA3E Figure

f

flo o
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pHE 42 A3 239t A g 75 UA A ol L monocytogenes? a&8 W s}
of HW lactic acid& ol &3} AEE -3 #57F HCIE ol &3t AEE 243 FF1HT} ¢
2o Atdo] YJEd AL B S e, 4482 llog unit o 8tE YER T (Figure 70B). Figure
70CeF Dol A= pHZF 59 622 AAR PBSAA L monocytogenes® 7HAa&S Yea 9al,
&2 03 log unit ©|3F= YEFYE
o Aol w9l Ayl WS L monocytogenes FQ Ao thEke] Wi 2 ZIsF )

Aoz vetsted, pH 42 AR 5l 2aske A AYsials wWe A% 71 st
detection limit (20 CFU/mL) ©]3}2] s=A-& B9t (Fig. 70). Z&v} 239 A g 552 244
T AFTZE st BE AR A 35 e Bl

HCI# lactic acidE ©l-&3sto] pHSZ A4 F ZiShe A3 dFoAe= Ao Fiol meh A
= UE F4s AT HClE ol 83te] pHSR A = &

7} 369, 487, 525log unit .2 FAHSA HHH  actic aci

F[F

id& ol&3ste] pl 6= AAT dF&
HClE ol &3ke] pH 52 AT w9k vasigle o dAF Haes Biled, A% 71T &

6-log unito]49 #AA&S HoTh

A 712 e 238 vA Y TFY AEEolY AAES & WIE BolX f@gton, &Sk
A wFEe A 7|3kl SEFE d Y AAER SUMEHE e BT (Figure 70). HClIE
o] &t AF} H|WEH, lactic acidE ©l&3te] pH 602 AT dF+ o B2 HF42E&8E BYh
0, 12, 2473k A% 713F &< HClE ol &ste] pH 602 AR dF= 747 115, 1.81, 213 log
unite] Fa&S Kol HHA lactic acidE o83l HAS HF= 47 226, 3.02, 3.28 log unit2
AAae&E B9 Figure 70D).

Lactic acid®= %3 A Aol pH g&F o= [ monocytogenesE AEA7]+=d|, HClE T
lactic acid& °o|&3F pHE AA3I L monocytogenesol Al © =& HFAdol YeET ol A2
HCL Bt} lactic acid?} 344 S a3 o ® AFXAIA L monocytogenes® W pH (pH)E &3}
Aoz RA7]7] w0 ® AZAT. pHid Wals vl sqbe] Az MAS Jor|y, 2
2 o AAE 2 oy AHREL E5 A HCIH lactic acidl 3% 2ol A 7]l
H Aoz HClo| Eol ¢43] &gl o] H+o| ¥ & WA acetic acid, lactic acid, citric acidet #
TS dFEE dduA] G2 dHE doldr] "ol Axrte Tl Axdr A FAbEa
gl ol protongs WEse] dFE AFEAZITL dlZl® H+= protond w2 ® HFA W&
ATP synthase, Na/H antiporters, electron transport system¥} Z2 AZE E3lo] 5+ WEZE F
wd 5 A
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Figure 70. Reduction of L. monocytogenes cells in control (A,ll; PBS, pH 7.2) and PBS
adjusted to pH 4.0 (B), 5.0 (C), and 6.0 (D) with HCl (1) or lactic acid (I
treated with HPP (300 MPa, 5 min) for 24 h of incubation at 4°C. Means with
different letters with in HCl (A-D) and lactic acid (a-c) on the bars are
significantly different at p<0.05. No and N; represent the inoculums level and the
bacterial count after bmin of process time, respectively. No was approximately 7.51
log CFU/mL. (%) indicates Ny was reduced to below the detection limit (<20
CFU/mL) during the HPP.

Zyzy g2 Akg o] 838ko] pHYF A AW PBSo| HE3% L monocytogenes® x3LQy A T AlE
o W3 EA W 2AHS Yol 231 AE F 4T, 1247 AFRE LmonocytogenesE Flow
cytometryE & 3to] fluorescence intensityE #2389 tH(Figure 71). 231 X2 & %] @il 4T,
12A17F AFE A58 AHEd HCLS AFESlY  pHE A $ A&+ fluorescence intensity”} =
Al W3letA &S 4+ vk pH 4, 5, 69 Z+ZF 38.03, 40.6, 34.50%9] fluorescence intensity
7} YebstH(Figure 71A, 71E, 711). 28] 3L lactic acidE AF&3te] pHE A A A5 & 39.65%¢
Al 63.49%AFe] 9] fluorescence intensityE WEFUIITE 2319 HEE A 2 A|EEH H|ASH
Fe w, 23 AP F AT, 1240 AFE AEES Aund dA wEt e Aol BAHS
o WA HClE A g A8+ 64.99% (pH 6.0), 61.82% (pH 5.0), 78.23% (pH 4.0)= fluorescence
intensity 7} =713 A& AW E 4 Atk (Figure 71C, 71G 71K). o9 fA}8HA|, lactic acid® =]
F3 A85EE 2 W3S Yt (Figure 71D, 71H, and 71L). o1& 7Z& AlZ9 &4 A=
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L. monocytogenes it52 AdI Af Xof E 9=, Figure 70BAA & 4 S+ 6 log unit

ol Afs a0 BER Ao AR

5| 14 : (B) ) (o
) B1AT% pH 4 3E.51% pH 4 21T pH 4 17.72% pH4

}
b
b
b

(Hi

= {E) ’ iF) (G)
i%': 40 e | EH 5 54.38% pH5 |30 I pH5  [¥®mEn pH 5
- 3-J|
F o0f

i

50 (I [ Ky L}

1 i X I
4r_|I ES50% | pHE [GEEES pHE 35.01% pH & 33.54%, pH B

g
:
b
4

1)
10° 10° 102 1? 100" 10 1R 107 1ﬂ 10° 10" 10* Rl LR 11 [ 10" 107 10" 10°
Adjusted wilh HZI Adjusted with lscts acid Adjusted wilh HCI Adjusted wilh lactic acd
hon-pressurizad calls Prassunged celis

Pl fluorescancs

Figure 71. Histograms of PI fluorescence intensity for the non-pressurized and HP-treated
L.monocytogenes in PBS adjusted with HCl (A, C, E, G, I, and K) and lactic acid
(B, D, F, H, J, and L) to pH 40 (A-D), 50 (E-H), and 6.0(I-L) after 12h of

incubation at 4°C.

Z+Zy Y8 A o] &8t pHrt A AW PBSo| HESH L monocvtogenens® FILQ A E & A|E
B4 W3l EAS FA39 . HCIH lactic acidE ©l 43+ pHE A A3 PBS(pH 4.0, 5.0, 6.0)
o L. monocytogeness FESHIL ZIS AP Fol| 12A3F BAT, 231y AHEdA AR
H 22 E A BES  flow cytometryE ol &, A|Z9d 9 #3E =489 tHTable 107). A E24 9
o] Wats 3¢t AEHA @& duk A 2AGAE JEYG T CCCPE o] £3+9] depolarization
A7l = 9750%%aL, PBS (pH 7.2)o HEst %3t HA#d w579 nAHgE o579
depolarization activitys= 27 5.33%%} 3.36% = °FsAl YER T

2ol FFY x2ask A eks A#Eglol, p7l HAETE L monocytogenes®  depolarization
activity A H A DIOC2(3)= @M E 79 HlE&2 70.81% A 97.07%7HA] Th4Fst M= 1}
Byttt (Table 107). A2 9ol Wishs 239 HA g dFnt g dFodA ozt $718E &
Ze ¢ 9tk Depolarizationo] pHO Akole]  of&fu]-y ZA ddEHE AL, Axd 7143
suspending medium¥}9] pH*}o|7} 7] <18k},
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Table 107. Depolarization® of HP-treated L.monocytogenes in PBS (pH 7.2) adjusted with
HCl and lactic acid to pH 4.0, 5.0, and 6.0 after 12h of incubation at 4°C

Treatment Acidulant pH Depolarization
(o)
Non-pressuriza PBS 7.2 3.36 £ 0.37
tion
HCI 4.0 9290 =+ 0.99
5.0 90.78 + 3.82
R 60 ] 7081 + 3.63
Lactic acid 4.0 9480 £+ 3.86
5.0 9321 £+ 438
6.0 81.80 + 11.29
Pressurization PBS 72 533 +£244
HCI 4.0 96.24 + 3.17
5.0 96.33 £+ 2.70
R 60 8043 = 521
Lactic acid 4.0 97.07 £ 322
5.0 9585 + 3.20
6.0 81.64 + 8.1

* A depolarization positive control is the CCCP-treated cells.
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images< &3to] AP Faugte] 53 Al F 4T, 12413 AFE L monocytogenes®] & H
A oH(Figure 72). 300 MPa, 5+ A glolA MxE FHEjeo] S W= AFHA &
7 B 2ol AL #FAE 4 AU oA L monocytogenesE 300 MPaol A
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Figure 72. SEM images of L. monocytogenes in control (A, B; PBS, pH7.2) and PBS
adjusted to pH 4.0 with HCI(C, D) and lactic acid (E and F) treated without (A, C,
D) or with (B, D, F) HPP (300 MPa, 5 min) after 12 h of incubation at 4°C.

ad

B AFE T8 lactic acid®t 23199 B3 X7} L monocytogenes? AFo] E3A <l g3l
S oo AS wEUdT 239 AYE AR #F7F AFAR FHE A HEE Bole AL
ofU ARt 21f He AET SR olojd £ ' ALE BT AEY A9 i
T3 AeA AEeks AFAS Aol gle AR vyl mebA xashel o3 #F A
mechanism® © WHH AFE 5lo] Axwe] &4k o3t AE AFE S flow cytometry® &
SHAl S8ke Aol dasttti AlRHAT oldd ZAdE v AR HAs AN FEE
gto] &8 Aldl lactic acidet 22 F71AFL 23SFe] e HEe @Y AAERG w$

synergistic effects HeEpEZ wlAE SPdAd FHd &8& & Ho|t},

do o pE

r
iy

p

OuAE 4 AHxA
AV ETFSFE Listeria monocytogenes KACC 1267102 = du A& W EAE  (Korean

Agricultural Culture Collection)oll Al F-Fakol ALY 5= 37T, 20A13F & & 714 <1 Abe
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oAl A 23] Adiulkg 343 biofilm FAol o] &5 Ut}

@ Biofilm9| A
FE stainless steel coupons(lmm>20mmx20mm)oll Al & 714 0.2 biofilm cells® <7} ¢F 106
CFU/mLo| & wj7}x] ajFstddet o = & o83kl coupons’doll °FatA biofilme FA

3l cellse A7 3o}

@ Az

TSB ¥ x]& pH5.0 3} pH7.07F ¥ %% acetic acidE ol &3to] &A 3t} Nisine 0.02M HClIZ
LA A HE nising ¥=7F 1,000 [U/mLo] H=E 34319t} Biofilme] 343 coupons< nisin
S gf3 pH7.03% pH5.02  TSB ®|A(TSB7+N, TSB5+N)¢t nising #83}% o= pH7.03%¢
pH5.02]  TSB H{X(TSB7-N, TSB5-N)oll Z+z} ¥ %349}

¥A¥ A HFE high pressure processor (Fig. 16)9] vesselol ¥ il 400MPaol A 2083F %3194

%3199 come-up times 25803 1% ol depressurizatione "FHT 23S HHH A&

= A E AS o] &HA ARV A (SEM)S 53] imagesS A AT

© "= AT

Planktonic cells¥} biofilm cells®) 3+ pour plate methodE o] &3] =439t Cell scraper
2 A% biofilm cellsE F&3le] d4dsA 0.1% peptone water® 84 3te] Al55 MOX agarol
plating3}$1t}. Planktonic cells® Z<& #Wl oz 3A3te] MOX agardl plating 3 3 370C, 484 7t
St 27 oA wl sk,

® Scanning electron microscopy (SEM)

SEM< biofilm cells®] Fef4d #H3lE #2237 A8 o] &5 At} Coupons Aol FAE biofilm
cells2 phosphate-buffered saline(PBS, pH 7.2)2 F+ A# A2 3 4% glutaraldehyde
oh A ¥ biofilm cells& Al ¥ AlE 3= 50% ethanolell Al 100% ethanol7}-A] =4 o
th Z7 3 33%, 66%, 100% hexamethyldisilazane 0.2 ©4+3A4 8 FP3Uct @49 A5E &
H o (gold palladium)-& WHEo] AR &0 d oz #asted o

@ Storage study

23 AEg 7o &5 s9& Frhsty] A& 4, 20, 37°Ce A4 vE A 99w A

7}
et E=3F Biofilm¥ planktonic cells®] <=+ 0, 2, 5, 949 Zt7z} SA 3t

DA EH

=
=

[N)

) Ad A

- 155 -



Ao A= vegetables®ol EA4 7hg2dol S1i= biofilm cells®] AAE Hal zughe] 24 &
Hg PGk FAALR nisin ¥ A E0A biofilm cells®] 2319 A2 BAoA F2t
o sk 54e Hrbskoit
Az st Al 2319k nisin®] 53 A2l ©WE L monocytogenes biofilm cells?] APE: %
9to 93 couponse]l HEAE biofim cells® A3 AEE 2z vbE X (TSB7-N, TSB7+N,
TSB5-N, TSB5+N)ell A #H 7}t o Biofilm cells®] %7] %% 32x106 CFU/mLo|SIth 2E A
o] didl] duka Al TSA9F Mefna)z]l MOX oAl biofilm cells®] 747} BAIF22 F9A
o Al o] biofilm cellse] WA EA wldol] @2 oA ziagtel o3 =49 cellso] -
EHAEE Bl
TSB7-N3 #vlwste] TSB7+Neo| Adjdo=z w@e cellse] #AaHSth TSB7+Nd| &A]3h=
biofilm cells®] 47} 2318} A & TSAeH MOXAellA 77 5519 593 log7hA A=tk =
aLgtel oek wAES] A 54 nisin EA o AFE FEolA FAEAT 28Il nising]

ZA ek ol TSB+N3}F TSB5-NelA 6 log o189 HAaE ROl 2l o3 mAde9 A

:10 o,

O

W EALS sb A 4 EH I nisin® AL AR A A ST
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Misin - + - + |
]
=
&
g -1
5
LL
o 2t
f=]
=
=z a3 |
[1F]
0
E c
B % T €
£
£
= -5 L
2
=
& 5 | B
o oTSA b .
, _IMG:-: A @2 A B

Figure 73. Reduction of the biofilm cells treated by HPP at 400 MPa for 20 min in TSB at 7.0 in
the absence of nisin, TSB at 7.0 in the presence of nisin, TSB at 5.0 in the absence of
nisin, and TSB at 5.0 in the presence of nisin. Means with different letters (A-C)
within TSA are significantly different at p < 0.05 and means with different letters
(a—c) within MOX are significantly different at p < 0.05.
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Figure 4B A #EE AXY biofilmo] LEW FE7F TSBAlA 2% #lg F #FHG. 235}
Al & BE AlmA Fe biofilm cells®] detachment”b &1% It} ©] 3 2
71t} vegetables EHo] F2E biofilm cells® o &3 2HHes

(Figure. 74A¢} 74B)¢} TSB7-N(Fig. 74C)Abolell & Aol #AH A At TSB+NelA|
biofilm cells® F=o] #&H T} Nisin®l permeability S 571471+ 23193 2= biofilm cells¥
9k ol 2} planktonic cells® d54 AMNE 23t TSB-N(Figure 74C)%F TSB+N(Figure 74D)
|4 e pHQl TSB5-N(Figure 74E)3 TSB5+N(Figure 74F)el A biofilm cells®] & Ef% #3217}
Z HAJr olH g A= Z2ASEA 7L biofilm cellsE A slstr] sl Abs} 22 F4 hurdle©]

=<
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Figure 74. Scanning electron microscopy (SEM) images of L monocytogenes biofilms formed on
the stainless steel coupons in the control (no HHP treatment, TSB, pH 7.0; A and B),
TSB at pH 7.0 without nisin (TSB7 -N; C), TSB at pH 7.0 with nisin (1000 IU/ml,
TSB7+N; D), TSB at pH 5.0 without nisin (TSB5-N; E), and TSB at pH 50 with
nisin (1000 TU/ml, TSB5+N; F).
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- A xA A 2AYFH nising 53 AP wWE L monocytogenes biofilm €l
detachment &7

39t M2 ¥ biofilm cells¥} planktonic cells®] & A% nisind AHA 27 Fholl A
biofilm detachment& ¥ 713l th.(Figure 75) TSB7-N A g oAl TSAS MOXA el detached
biofilm cells®] ol 2do] A4 TS HolA kAR, MOXoA 324 log= TSA®] 454 log
o nlusto] g2 AELE WATH ol xagtol AR Ao = A2 permeability et Al A 9HE

A7 Aoz 7eEth TSB7T+N Aol Al TSAS MOXAFolo] A3 detached cellsol| Al 5

rf

gsl zlolE BT TSASF MOXONA 27 197 log2t 069 logel AE=TE BAY. o] A3 %23
o} Abd E3= nising A2 FAEH I nisine 23190 £AF cellsd] Ao R A ad HY
S A A BT, TSB5-N3# TSBH+No| A A3k detached cellso]l @2rwx] ¢Fokr}, Zaote] <3k

vegetative cells¥} spores® AFE T 3+= nisind} ¥ pHet 454 28-S wodt}

OTSA
X
- a = [C)
E 5
=
T
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E‘ 4
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£
g d_ *x
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=
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E 1
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Figure 75. Reduction of the detached biofilm cells treated by HPP at 400 MPa for 20 min in TSB
at 7.0 in the absence of nisin, TSB at 7.0 in the presence of nisin, TSB at 5.0 in the
absence of nisin, and TSB at 5.0 in the presence of nisin. Means with different letters

(A-B) within TSA are significantly different at p < 0.06 and means with different letters
(a-b) within MOX are significantly different at p < 0.05. Asterisk indicates significant
different between TSA and MOX at p < 0.05. ND denotes no viable cell detection.

A ol A 239 nisindl =E¥ L. monocytogenes biofilme| 3558 x319fel] 2|3
A2 ¥ biofilm cells¥ planktonic cells® 35528 H7slr] 93 TSB7-N, TSB7+N, TSB5-N,
TSBo+N A& 99 g9t thd 2k 2 A A8kt Biofilm cells®] == TSB7-N ©l|A]
AT A 5¢ 3 514 log CFU/couponZt#] W2 A 5718k 9kH TSB7+Nell A 247 log CFU/coupon
A =2 A F7F8F ). (Table 108) TSB5-N3 TSB5+Nell Al biofilm cells¥} detached cells2 4T
oA 99 &3t FREA ForE ol AAVIZE FoF A xHo] AAVIZE F<F biofilm cells¥
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detached cells®| &S E&Ho = A3

Table 108. Recovery of L monocytogenes biofilm cells during 9 days of storage at 4C, 20C and 37T

Storage condition Biofilm cells

Temperature ("C)  Time (day)  TSB7-N TSBT+N  TS5B3-N TsSB5+N

4 0 33dex 1.0y n.d. n.d.
2 3899%ex  20day n.d. n.d,
6] 5 l4ax 202,y n.d. n.d,
] 4.33bx 247ay n.d. n.d.
2 5.02ax 1.58b,y n.d. n.d.
3 52lax 4.%4ax i.d. ..
9 5.82a.x 5.32ax n.d. n.d,

17 1] 334 x L0ley n.d, .,
2 6.97a.x 6.6lax n.d. n.d.
5 5.84bx 328bx (0. 80a,y n.d.
g 4.T3c.x 4.96h,x 0.94a,y n.d.

* TSB7 - N, TSB7+N, TSB5 - N, and TSB5+N indicate the samples treated by HPP at 400
MPa for 20 min in TSB at 7.0 in the absence of nisin, TSB at 7.0 in the presence of nisin,
TSB at 5.0 in the absence of nisin, and TSB at 5.0 in the presence of nisin, respectively.

X -y Means with a different letter within a row are significantly different at p < 0.05. a -d
Means with a different letter within a column are significantly different at p < 0.05. NG

denotes no growth in enrichment cultures.

Biofilm cellsoll H]a23to] TSB7-N3# TSB7+Nell 4] detached cells®] +7F 247t 4Tl A 5¢ %
6.30 log CFU/mL3} 2¢ & 391 log CFU/mL7MA] F7F8td v A% 257 S 7Hgell o2} biofilm
cells¥ detached cells® & £%7} F718F9E; 20CHEHR &2 v, TSB5-N9| detached
cellse 54 3 2 log °o|d7Hx 3 & H At} 20T} 37CA A %712 biofilm cells¥ detached cells?]

ol aglol 44 4 logst 7 logeld 7H+] 2 &= AT

Table 109. Recovery of L monocyvtogenes detached cells during 9 days of storage at 4C, 20C, and 3
7T
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Storage condition Detached cells
Temperature ("C) Time (dav)  TSBT-N TSET+N  TSB3-N TSBi+N

4 f 4.54bx 1.97b,y n.d, n.d,
P 5.83abx  39lax n.d. m.d.
3 6.30a,% 3604,y n.d. n.d.
9 0, (00a,% 2 Il:'I'b y n.d. m.d,
2 8. 26a,x 'ﬁ.[],‘:b.} n.d. n.d.
5 B.08a,x% 8.52a.% 2.23y n.d.
9 .24 % H.11ax 252y f.d.
37 0 4.54x.b 1.97c,y n.d. n.d.
2 B 16xa B.21ax 0.97ay 0.83a,y
5 1530 7.71abx 0.82a,v 0.72a,y
9 Tilxa T.48bx 219y 1.26m,7

* TSB7 - N, TSB7+N, TSB5 - N, and TSB5+N indicate the samples treated by HPP at 400 MPa
for 20 min in TSB at 7.0 in the absence of nisin, TSB at 7.0 in the presence of nisin, TSB at
50 in the absence of nisin, and TSB at 5.0 in the presence of nisin, respectively. X -y Means
with a different letter within a row are significantly different at p < 0.05. a -d Means with a
different letter within a column are significantly different at p < 0.05. NG denotes no growth

in enrichment cultures.
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3. Sous-vide & Cook-chill®} %3¢} A 29 HA Combination X7 A A

3ol A v e MEA FHE 93 Aol
28t 1 F HFEF 7] (Super heatedsteam) ]
steam) F=@ Aol AAH AFAZAAE el {71l
Al Sous-vide & Cook-chill®} 3.3 A 2] 2] Combination %%%

A sk,
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A F g
A dJA AdE BT (superheated
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slo] ¥4 $ J7ME A M2l E 8= Sous-vide WAS AEEY ow wylvwrE £ uag 4F5
A A A Aold 7RE oy gol v Al vAE 27T AlY B2 FUEES AY
SR 3, 1 A= o) Table 110. 3 7.
Table 110, Z319f X8 ZHo] W& A|Fx]9] u|AE AFA 28 Ay}
- - 0 =} 59zt
&4 =4 A= (CFU/mL) (CFU/mL)
10C TNTC
23977 x ) 1.02+0.30%10*
15C TNTC
10C 1.87+0.09% 10°
300MPa, 3% 4.75+2.25%10"
15C TNTC
10C 1.48+0.14x10*
400MPa, 3% 3.25+7.50%10"
15C TNTC
10C 6.55+1.90 % 10°
500MPa, 1% ND
15C TNTC
10C 5.30+1.25%10°
500MPa, 3% ND
15C TNTC
10C 1.00+0.10% 10"
500MPa, 5% ND
15C TNTC
23¢ AHE 84 ¥ Sous-vide FAL A &3 AFA AZ 27 FFEE 1.02:0.30x10"

CFU/mL o|%leH, Sous-vide &4 ¥ 300MPacl A 39 3¢t A4S 39 W A=A A& %

7] T A75+2.25%10" CFU/mL 22 Yergth o= Sous-vide 4 3 300MPacl A 3% %39}

A7t AlFEA Y 27] MAE Aol &3t g vERITH

Hxdd wmE AlFA AZdd i 2ay e T AdEs BekE A

300MPa 3 400MPa 9| A 2lAl 7] wjgge] o datsdel= 2 Ao|7l gle AR Moo,

500MPa ©]%e] skl A g A] 7|3 Aojo] &
7

AR QB zug Ae Azkel Fe G@el U FwolAe AYone

Z39 9

A Ao sdart

Table 111, 2357 He] 270 2 Fuge] nge A4y 49 47
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0 2k 592k

a7 (SR
5738 24 e (CFU/mL) (CFU/mL)
10C TNTC
ZaerA e x 4.94+4.31x10°
15C TNTC
10C 3.52+0.26% 10°
300MPa, 3% 1.12+0.51%10°
15C TNTC
10C 2.63+0.15%10°
400MPa, 3% 1.00+0.25%10°
15C TNTC
10C 3.10+1.25%10*
500MPa, 1% 1.40+0.56%10°
15C TNTC
10C ) 6.54+0.35% 10
500MPa, 3% 2.98+0.68%10°
15C TNTC
10C ) 7.30+0.84 % 10°
500MPa, 5% 4.68+2.33%10°
15C TNTC

AR U8 gy FUEe x7] wAESFE 10°0~10" CFU/mL A %o, Sous-vide 378 A&
Al ZL S Table 111914 2 4 gl whel 7o) 4.9424.31x10° CFU/mLolt}. Sous-vide 4%
A& o]Fo i =2 27| A=Y Fo oAAA 21 AP mE 27| #uAEY Fol=
Z abol7b veRRA AR, 59 AAl &35 A 27 500MPa, 3% ol Aol thE =

sk 2R Vs Ao BdEdE & F AJgh
=
of mE AleA AEe Ao 2ol 1, 3,5 & A AT wE vAAEs o= 2 Zelvt ey

AEH 02 9 Table 110.3 Table 111.94 Ko Anje} 7o)
o vAE AFA Ad¥e E3tol, e AlFd dig HHe Y
A Roz s or, o]F Cook-Chill ¥ Sous-Vide HH o=

ol oiel =g =P =A 500MPadll A 3E-& 81 oH, Cook-Chill # Zi1gk A7 H
Zasy Aol g A et A2 xS Table 112, 3% Table 1139 2z}

ol
<
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Table 114. &<t st Axe] & 239t A2 A3 A A
= 0=t 34z} T4 =} 144 =} 30 =}
M5 AEEE (CFU/mL) (CFU/mL)  (CFU/mL)  (CFU/mL)  (CFU/mL)
) 10C 1.00+0.03x10" 7.60+0.40%10* 6.10+0.30%10" TNTC
Sous-vide .
—————— 1.00+0.01 %10 :
only 15C 5.00+0.02x10" 1.03+0.13%10° 1.0140.06%10°  TNTC
10C 1.00+0.01x10" 2.15+0.25%10%* 9.15+0.85%10* 6.33+0.50%10°
Sous-vide + HPP  —————————— 2.00£0.02x10"
15C ND 0.25+0.45%10* 5.45+0.05%10° TNTC
. 10C 1.65+0.16%10° 3.75+0.15%10" TNTC TNTC
Cook—chill R
| ———————— 4.35+0.65%10°
Only 15C 550+050%10° TNTC  4.70+0.20%10° TNTC
10C 3.00+0.01 10" ND 1.00+0.10%10"  3.50+0.03%10*
Cook-chill + HPP ———— 2.00+0.01 X 10"
15C ND 3.19+0.03%10* 7.30+0.10%10* TNTC
el AAE HAH AL Table 114. 9F 7220] Cook—chill &2 A 70T A 20%, Sous-vide
el A 9IToA SRS, A% 500 MPaolA 3% Az A AR AE A=
Cook—chill + HPP ¥4-& 3t9-& o uA= 52 AAE B3 Y& AF F4 Aojd 71 2347}
T2 AoR Yegoy, o FAHS B It AF AT A 10T AolA oF 309 o]t
%7}% 1eE AAE e Ao Y A
Table 115, Alg=ll] Wisk Axje] & 239F e %4 A8 23
= 0=t 34z} T4 =} 144 =} 30 =}
M5 AEEE (CFU/mL) (CFU/mL)  (CFU/mL)  (CFU/mL)  (CFU/mL)
. 10C 9.85+1.15%10° TNTC TNTC TNTC
Sous-vide .
———— 1.02+0.06%10
only 15C 1.10+0.02x10°  TNTC TNTC TNTC
10C 8.20+0.30x10° 3.70+0.20%10° 7.50+3.50%10° TNTC
Sous-vide + HPP ——— 1.26+0.04%10*
15C 6.60+0.30 10 TNTC TNTC TNTC
. 10C 3.60+0.10%10° TNTC TNTC TNTC
Cook—chill .
—————— 7.15+0.15%10
Only 15C 36140.03¥10°  TNTC TNTC TNTC
10C 1.23+0.36%10° 8.85+0.05%10° 1.21+0.08%10° 4.80+0.25%10*
Cook-chill + HPP ——— 2.13+0.15%10°
15C 1.41+0.15%10° TNTC TNTC TNTC
AF219 AXY HAHE2AL Table 115, 9 720]Cook-chill A2l 2] Z$ 70T 5%, Sous-vide
el A 97CAA bRl om 39 500 MPaoll A 38 A7 A AXA Ad A3 Cook-chill
+ HPP 4% 39S 1 vAE F2 AoE 3 s AF £ Aojel| /M 237 £2 Ao
2 Yelyton o] FAE Bl AlTA AFE AL Al 10T A=A oF 149 o] 30d wHHe



Table 116. Fuheoll oieh Adxe] & gt A2 A 48 23

NS AR eE 0 =} 3Y =} 7Y A} 149 =} 302 =}
e e (CFU/mL) (CFU/mL) (CFU/mL) (CFU/mL) (CFU/mL)
Sous-vide 10C D ND 1.00+0.10%10°  4.15+0.05%10° TNTC
only 15C 1.50+0.50%10" 5.20+0.20%10° 2.18+0.03%10" TNTC
_ 10C ND ND 1.00+0.25%10"  3.63+0.50% 10"
Sous-vide + HPP I — ND ; .
15C ND 1.00+0.25%10°  3.24+0.50%10 TNTC
Cook~chill 10C 2.80+0.60%10° 2.27+0.17x107 8.45+0.05%10° TNTC
———— 8.05+0.55x10°
Only 15C 4.38+0.13x10° TNTC TNTC TNTC
10C 495+1.05%10° 4.90+0.70%10° 1.62+0.09%10* 2.84+0.10%10°
Cook-chill + HPP ND

15C 25041.50%10" 9.55+0.35%10° 1.00+0.50%10° TNTC
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AZE e Axa wAl
l

A4 Guk FEE o-& JHHA AA
l

A AR 2% &9 + AR5 FA 108l 24hr 2A]
|

x4 HA 10g + 05% A& 3ml
l

Sous-vide 60C / 40min

l

Rk FHeol Hg
|

aE 95C / 30min
|

a4 el A5
|

Z% 500MPa / 10min
|

A A 10C, 15T =+

Figure 77. ZAZ31HA 75 34
Table 119. AEIHA v|AE A3 A3}
Zmet 39d 99%  BUR NUA 4UA S5l9A eBAd mAd B9 10097
EIWA(107T) 15 10 20 10 60 175 12.5 15 12 10
XEIWA(5T) 175 12.5 25 70 78 20 25 5 - -
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Table 120. A3y wAdE AE A3

21 394 994 2394 YA MIF 594 GYF 2IF g 10197 108974

ZARNI0T 5 =7 =2t =7 =3 =4 =4 =2t =7 =7 =2t
2ARNI50 &4 =7 =2t =7 =3 =4 =4 =2t =7 - -
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&g Arekd ksl ola AlEel Alx AS =gA M= As AT ¢ AT 2 A
wheh GAFEA FEE 01%2 4

Table 125. s AGAE =40 A4

z4 sample 1  sample 2  sample 3 sample 4 smple 5 sample 6 sample 7
gl A7 95C el 102 o o o o 0 0 0
3z 23] o o o o 0 0 0
ANA 0.7% 0 o o o 0 0 0
A=A A 0.8% o) x 0 0 ¢) x x
sodium ascorbate 0.1% O @] O X O X O
At 95T 20% O o) o) o) x o) o)

x4 % g pH 3.68 6.50 3.70 353 3.70 6.48 6.55

oA &7 210" 4 £+ 4 1x10' 3x10'
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Table 132, $kx1] Y& F7]3F 10T, 16T A4 g Ax
0% 394 794 1497
= }o
A5 AdEE (CFU/mL) (CFU/mL) (CFU/mL) (CFU/mL)
10C 2.15+0.15X10° 2.00+0.04X10° 7.10+0.20X10*
314k2] Control 2.85+0.95X10° .
15C 2.85+0.95X10 TNTC TNTC
bel HPP 10 A 1.77+0.46X10" 4.00+3.00X10° 1.50+0.50X10
al 001,
15C 2.00+1.00X10" 2.00+1.00X10" 3.25+0.05X10°
G Control 10 5 19+0.8X10° 3.00+1.00X 10 3.00+1.00X10" 8.50+0.50X10"
T ONntro. 14T,
° 15C 1.15+0.09X10* 1.05+0.15X10* 3.80+0.10X10°
G PP 10T A —— 4.25+0.25X10° 3.50+1.50X10° 1.00+0.02X10
— 00=1.
° 15C 1.50+0.50X10" 1.50+0.50X 10" 1.40+0.20X 10"
RS- 10°C Y 5.65+0.75X10° 2.42+0.09X10° 6.00+0.90X10°
o ontro 580,
15C 4.05+0.05X10° 4.60+0.50X10° 9.50+0.50X10°
JRES— 10cC D 1.08+0.93X10° 1.08+0.93X10° 1.08+0.93X10°
b 15C 8.05+0.05X10° 8.05+0.05X10° 8.05+0.05X10°
0 Control 10 0 60+0.20X10° 5.25+0.25X10° 2.41+0.84X10° 1.28+0.54X10"
= ontro 60+0.
e 15C 4.05+0.05X10° TNTC TNTC
- 10C D 2.49+1.92X10° 2.00+1.00X10° 3.00+0.02X10°
Zun -
° 15C 5.24+0.21X10° 5.65+2.25X10° 3.70+0.30X10°
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0% 4 397 794 1497
= 1o
M5 e (CFU/mL) (CFU/mL) (CFU/mL) (CFU/mL)
10C 1.55+0.25X10° 1.55+0.25X10° 5.40+0.30X10*
FAFE Control 1.07+0.09X10*
15C 1.07+0.09X10° TNTC TNTC
10C 1.37+0.29X10* 1.00+0.07X10* 1.00+0.12X10°
A2 HPP ND
15C ND 2.00+1.00X10° 3.25+0.30X10*
10C 2.50+0.50X10° 1.00+0.10X10* 1.2040.30X10°
2 Control 1.66+0.03X10°
15C 3.50+1.50X10° 3.50+1.50X10° 1.52+0.36X10°
10C 4.30+0.30X 10’ 1.00+0.50X10° 1.00£0.20X10°
o HPP ND
15C ND 1.00+0.20X10" 1.00+0.60X10"
10C 3.00+0.40X 10 7.55+0.25X10* 4.30+0.60X10°
A& Control 3.00+0.10X10°
15C 4.00+0.20X10° 4.60+0.80X10° 1.50+0.40X110°
10C 1.50+0.50X 10" 1.05+0.35X10° 1.050.35X10°
Al &2 HPP 1.00+0.05X 10"
15C 1.00+0.10X10* 1.00+0.10X10* 1.00+0.10X10°
10C 1.75+0.45X10° 5.75+1.05X10* 1.79+0.255X10"
Z 15 Control 1.23+0.21X10°
15C 1.68+0.24X10* 3.54+0.14X107 TNTC
10C 3.50+0.10X10" 5.00+0.15X10° 5.00+0.40X10°
F1}E HPP ND
15C 1.20+0.50X10* 3.50+0.50X10° 3.90+0.50X10°
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Table 136. 231 A= st 33 Wl

XtEst nFEC O 7HEE UMY FTUE B UaME EE UL 0iFE 28
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