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{ SUMMARY >

|:Ti£l;ﬂ_§: D-02

Purpose&
Contents

Development of a green integrated transportation distribution delivery system of
next generation for fresh agri—-food with a phase change material and a cold
storage system in a production center for energy recycling

Development of process technology for analysis and reduction of a hazard factor
during transportation distribution delivery

Results

1. Development of technology of a PCM(phase change material) with a long lifetime
and a cold storage system in a production center

O The PCM of n-Dodecane C12H26 20% and n-Tetradecane C14H30 was
developed for 0, 5, 10C as a producing process and a PCM and latent heat
energies were 211.34 J/g, 231.43 J/g, 213.84 J/g, and the PCM has recycling lifetime
of over 300 times(2 patents registered)

2. Development of technology with thermoelectric element for a transportation
distribution delivery system with a long lifetime based on Peltier effect

O As applied voltage was limited to 40750% of Vmax in an thermoelectric element,
a cold and hot storage device having serial connection to 3 Z2HT-085-S was
developed for effective COP(1 patent registered including three temperature chain
system vehicle)

O Air-cooling and water—cooling transportation distribution delivery systems of 25L
were manufactured to perform control experiment and a movable carrier device for
a consumer and a cart-type transportation distribution delivery system of 800L in
a production center was installed(l patent registered including delivery device for
storage and 1 technology transfer)

3. Environmental establishment of a transportation distribution delivery system for
fresh agri—food

O In an experiment of tofu and beef distribution with a transportation distribution
delivery system with a cold storage, temperature distribution was minimized and
although browning and odor occurred, rotting speed as to a microbial became
slower than a conventional distribution system. (SCI 1).

1. Microbial Hazard Identification of fresh foods before and after distribution by
Microbial Community Analysis (MCA)

O Monitoring on generic bacteria and pathogenic bacteria(Tofu, beef 100 samples).
O Microbial Community Analysis(MCA 2 samples).

2. Analysis of pathogenic bacteria growth characteristics by Pathogen Modelling
Program (PMP) on fresh foods

O Growth curve analysis by PMP (10 model).

O Construction of growth curve model in Tofu and Beef (SCI 1).

3. Development of reduction technology for microbial hazard

O Reduction technology by organic acid and other antimicrobials (SCI 3).




O With establishment of a total logistics and transportation system of fresh
agri—-food at low temperature, saving of industrial cost due to reduction of losses of
transportation and quality damage of 25735% per a year(a decrease from 30% to
1096 of 0.6 trillion)

O In progress of commercialization with technology transfer

O Increase of domestic and international competitiveness with improvement of

EXpec.ted. green technology process with energy recycling of over 1,000 times and a latent
Contribution  |peqt energy having a lifetime of 36 hours and manufacturing localization(20%
increase of value added)
O Development of hazard analysis and reduction process technology through
MCA and PMP analysis for fresh food transportation.
O It is possible to produce and supply of antimicrobial agent according to the
demand of all consumers who need natural antimicrobial agent.
. Phase change |Thermoelectric | . . . safet for
Keywords Energy-saving . & distribution . v .
material element microorganism

_iv_
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o 53| mujekA {505 SR St
F 2.8 8E/GAE F58 v
(+$:%)
T ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 “11 ‘12 “13
FEH 88 40.8 | 450 | 440 | 434| 445 441 | 423 | 418 439| 450
H) Z 7] 13.7| 143 | 142 | 140 141 | 144 | 129| 134| 141| 143
£ ) 143 | 154 141 141 | 167| 16.6| 156| 159| 149| 17.3
! o] & 128 | 153 157| 153| 13.7| 13.1| 138 | 125| 149 | 134
o | E3HA 83| 112 | 11.7| 11.8| 103| 122| 111 | 10.0 9.1 9.1
A S A 91| 102 9.1 9.6 9.6 9.3 7.9 86| 121 123
F T AnaA 234 | 236 232| 220| 246| 26| 233 232| 227 236
A8 FF 55 AH2013)
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H 3 dEsd L8 X Zat
ALA AU A5 FEdA R AAY SEFuE A =" AL

1. €4 Az 2 TH

7} 12 A A L A x

FE A= n-Dodecane C12H26, n-Teradecane C14H30, n-Hexadecane C16H34 <] e
E24S A 0C Y F<E A= n-Dodecane CI12H26 20%, n-Tetradecane C14H30
80%9] Hlg&=® Axsgoen, 5C Y #AFAA+= n-Tetradecane C14H30 100%, 10T 7B+ 7
4 A= n-Tetradecane C14H30 40%, n-Hexadecane C16H34 60% % | %3} T}

14- 2;‘4 70-0:1 XH A P(—] ul xﬂz
228 AA A= BFFMS koreall 5C 4 ZAEA(F-PCM)SF 2 AFLolA sk 5C 4
A P (K-PCM)E A&t o K-PCM<S Water 60%¢ n-Tetradecane C14H30 40%2] H]

&2 &3sto] Azt
b AL A Az FA

(1) &4
AAH &9 FHF, N-TETRADECANE (PCM), 24HAl &2 f3tA&
KR

200-2000 rpme.= &gHeti A o E A (EMULSION)
doto] A% 2ds FAFORN wilo] o] FolA s Azt

2) HA =2 #7574

FE ddBAHoNA WA G o] WHESA] o] FofX = FAHolm=R
ke 2 Q1 wpo] a2 W&ol 7} st %é‘% o Aol wlolaZNES AA
gk B A EH g2 (MONOMER)9F HHS-7HAI A (STARTER)E # 7Fste] 4
AN A Wb Al A A 23T
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(3) =¢34 (POLYMERIZATION)

ZE A ot BEA7 T LEAEAQ nfo]l AR AL A7}
PCM el /g A% th

(4) WHs 83 THA

pHE 2dste] vlolazAes Wee Fasl

AT,

L

g LA EHEA
1) x84
a4 wHel P& Pl ©]F 4 INDUSTRIAL VEDIOSCOPE SYSTEM (EGVM-358,

Sometech.Co.Ltd, Korea) ¥ SEM(Scanning Electron Microscope S-2380N, HITACHI, Japan)

S o] &3ty SASAT SEM SA4S 93t Axe sZAZ7](FD 5508, ¢4, st=h)& A&

sk

(2) FaA dHE5A 4

A x4 &4 42 = Differential Scanning Calorimeter(UNIX DSC 7, PERKIN ELMER, USA)E
o]&3sto] FAstP o, ¥4 271 -30730C, 1C/min®] =122 A5t 23 Z<E A 9
HPeE 454 AR BAsHon, 2444 F-PCM ¥ K-PCM< -20C W%l
Bypste] 5T =Eatd 50T waterbathol Yol HA27b4] 2EE 47l #%le 3008
WHES & A EAS AT
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2. T2

ORI EIE I

(1) n-Dodecane C12H26

Test Result Unit
Content of C-AN 0.01 wt.2%
Content of 1-Cjs—AN 0.16 wt.% wt.2%
Content of Ci2-AN 99.64 wt.% wt.2%
Content of Ciy~AN 0.00 wt.% wt.2%
Paraffin-Content 99.87 wt.% wt.2%
Bromine - Number 0.05 mg Br/100mg
Colour <5 Hazen
Onset of meltinglinie -10 T
Heat of fusion 223 KJ/Kg
(2) n-Teradecane C14H30
Test Result Unit
Content of Cj3-AN 0.06 wt.2%
Content of i-Cj4~AN 0.16 wt.2%
Content of Ciy~AN 99.61 wt.2%
Content of Cis—AN 0.00 wt.%
Paraffin-Content 99.90 wt.2%
Bromine - Number 0.04 mg Br/100mg
Colour <5 Hazen
Onset of meltinglinie 5.6 T
Heat of fusion 261 KJ/Kg
(3) n-Hexadecane C16H34
Test Result Unit
Content of Ci4—AN 0.00 wt.2%
Content of 1-Ci—AN 0.14 wt.%
Content of Cig—AN 99.36 wt.%
Content of Cigs-AN 0.13 wt.2%
Paraffin-Content 99.81 wt.2%
Bromine - Number 0.01 mg Br/100mg
Colour <5 Hazen
Onset of meltinglinie 18 T
Heat of fusion 224 KJ/Kg
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219 1-2. Vedio microscope system(x160) < ©]

5°C




a9 1-5.0 T A #AGA9% 9)

a9 1-6. 10C 7N #FE A& 9))
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UIEEEEICEECIER

(7hH) 0C 7B AL A9 freezing cycle 2 melting cycle

Ecolog TN4 1D:87588 - elproLOG ANALYZE QLS 3.64.01
Date of Reading: 2013.06.24 13:19.06

Log Interval: 1 min

Module Tag: KOREA FOOD RESEARCH INSTITUTE

Data Description:
DAelproLOG ANALYZE\087588_KOREA FOOD RESEARCH -20130624.mdf

N
i'l'q'
o
I

FR‘EEZNG CYCLE OF DODEGME-TETRADEM BLEND

84)DODEC-ANE TET'RADECAIE-M m

§ 1+2: Temperature [E2)

(i3] aimesodwey p+¢ S

16:00 17:00 18:00 19:00 20:00 21:00
__2013.06.23 N L R SRS TN S - —
Sun 2013.0623 2136:10 -104© 08% B9H 868
I 1-7. 0C /M FE A9 freezing cycle
Ecolog TN4 ID:87588 - elproLOG ANALYZE QLS 3.64.01
wﬂmmamﬂ 13:19:06 r,i::ﬂ:l.u*n
m'rq': KOREA FOOD RESEARCH INSTITUTE FORA T e

Data Description:
D:\elprol OG ANALYZEW87588_KOREA FOOD RESEARCH -20130624.mdf

53) ANE -
34}DODECANE TE'I"RADECANE ams 70%

-

=]
i
|
|

5 142: Temperature 2]

| RSCRRY, Ca RS CI T SIS | SOt SRt Lot

21:45 22:00 22:15 22:30 22:45 23:00 23115

2013.06.23 ——
Mon 2013.06.24 00:00:10 +52 % +123 8 +154 & +186 &

(53] amesadwa) p+¢ S

¥ 1-8. 0T 71 <4 A< melting cycle
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(W) 10T 7B LA 2] freezing cycle ¥ melting cycle

Log Interval: 1 min
Module Tag: KOREA FOOD RESEARCH INSTITUTE

Data G
Di\elproLOG ANALYZE\087588_KOREA FOOD RESEARCH -20130624.mdf
TETRADECANE-HEXADECANE BLEND

FREEZING CYCLE OF
S1) TETRADECANE : HEXADECANE = 100% : 0%
52) TETRADECANE : HEXADECANE = 1 70%

Ecolog TN4 ID:87588 - elproLOG ANALYZE QLS 3.64.01
Date of Reading: 2013.06.24 13:19:06 y;: sraszaly

(3] sumesedwal :p+£ S

S 1+2: Temperature [2%]

01:.00 02:00 03:00 04:00 05:00 06:00 07:00 08:00

3.06.24
Mon 2013.06.24 08:42:10 -9.1 31 -3 94 -100%

% 1-9. 10T 7 JF<E A9 freezing cycle

Log Interval: 1 min
Module Tag:  KOREA FOOD RESEARCH INSTITUTE

Data Description:
DielproL OG ANALYZE\087588_KOREA FOOD RESEARCH -20130624 mdf

MELTING CYCLE OF TETRADECANE-HEXADECANE BLEND
$1) TETRADECANE : HEXADECANE = 100% : 0%
$2) TETRADECANE : HEXADECANE = 30% : 70%
a9 R M " T 0,

Ecolog TN4 ID:87588 - elproLOG ANALYZE QLS 3.64.01
; : .
Date of Reading: 2013.06.24 13:19:08 % fraszaly

I 7L

){
L
=
(48] eumesadwaey ip+£ S

S 1+2: Temperature [£4]
|
!
|
|
|
|
f
|
1
|
|
i

e S I

""" © ogo0  09:30 1000 10:30 11:00 1130 12:00

Mon 2013.06.24 12:52:10 +204 B +16.1 & +222 8 +237 &

I3 1-10. 10T 71 FE A9 melting cycle
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(t}) Differential scanning calorimetry(DSC) =7

DSCE o8& #dAe 44 54 A= 29 1-11, 1-12, 1-13¢] Yeplsdeh st A
225 (Onset), AW 3 TE5 % (Endset), HNTE 2% (Peak)E FA3IATEH 0C F2 PCM9]
d 5L s A FRE(Onset), F¥3 FE52%(Endset), HNHTE =%(Peak)”} 2+7t
-597C, 6.24C, 1.75Co|H &I (AH)= 211.34 J/gelt}. 5T % PCMe € EA4Wst=
Onset -5.18C, Endset 743 T, Peak 217 C, AH 23143 J/g °l¥loH, 10T % PCM<

Onset -5.34C, Endset 7.18C, Peak 250C AH 213.84 J/g = ZA =T}

Pk = | TS T
e /+\
\ [Arés = 10558 186 @)

Deta H = 11 3410 Mg
Deta HE = 02113 klimol
Pebcd Vi, = 10000 uimoke

[y

\\
\
N

&0
/ End =624 "C
Orseet = -5.97 *C

40 X
F T

00T
-0 -5 -40 5 0 5 10 15M
Temparaburs (*C)

a9 1-11 0C #4 A 944574 W3l

497
AT
140 \

Area = 11594 845 mJ
Dieta H = 23 4341 Mg
Dekn Hi = 0.2314 klimol

/1T W
Vi \\
-

B

E;

Heal FlowEnda Up (mh) —— ——
8

<

2001 -5 -10 -5 L] .-
Temperabure (*C)

a9 1-12. 5T 74 gEAe] 4454 ¥}
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186.4
160

Peak = 250 *J

140 /+\\
Frea = 11004 066 )
Delln H = 213 8385 U
Della HE = 02138 kLol

100 W s 1 OOOK gl

80 /

Hidl FRWERS Up (M) —— ———

_/'__—_—_ Cnset = 634 %

1983 15 =10 -5 o 5 Ll 18596
Temperature ("C)

a9 1-130 10T ## FEA e 4454 st

jul B |
el 7 BEAMe dAMElE Vedio microscope system, 52471 % & SEMS %39
S5t om 3003 AARE F ERAQD Aole= UEUA g mlolaEast W =dd ¥
T AE7E vl S st AjALE o]l TS| ThsstRE AAAY dA4d FHoE Ve E A
o2 FAaE

a9 1-14 ZEA o8
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K-PCM (X850) K-PCM (X850)
300=] A{AHS

F-PCM (X 850) F-PCM (X 850)
3003 A

1% 1-15. Vedio microscope system= ©]-&3 ZEA ¢ 54

K-PCM (X 3000) ‘ K-PCM (X 3000)
3002] AL

A

F-PCM (X 3000) F-PCM (X 3000)
- 3003] AAHE:
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(2) FaAe €4 54 4

Oh 94EY 2 BYE

¢
)
)
2
8

ol
DO
o
(]
L

F-PCM 2<¥ 2 54 A #d ouA @2 77k 22237 J/g, -280.13 J/go = SAHE]

olwl peak =X -2368TC, -146T, HYE= 366TCTE A=At

K-PCM 249 2 &9 A #4 olyvx gt Zhzh 221.00 J/g, -23951 J/go = ZAHEATH

oluf peak &%+ -2467T, 586C=E SA AT K-PCM< peak 7} 2704 UERow o]+
ol R EAR S oleTxe PAEIAN F AR & o] EAGE S BT

o FYEE 156CE 40l F-PCMETH %o s g2 ekl shgmgie] e 3
7z

)

o

S SEEAY YEAdHe] 25t TR GG Eo] AA AW EstA 9] A8 Aol
=507 BEo g AsdH(Kim %, 2003).

EUA A Ax= 17 1-189 YEUglen, A2 AWst S0 3004 El =EE

300 AbolE Fol= 18301 J/g, 23157 J/g® EAYAT peak &
9 A 7z -2368C, -1.46T, 300 Ato]E ¥ -18.327T, -1.88C
K-PCM  z7] 7oA 2d 9 F4 A &4 oA @2 47 2
300 AbolE % 20845 J/g, 22363 J/goe2 EAHATH peak St R7|FACAM @d 2 F
A Al Z+ZF - 2467C, 5.86C, 300 Atel& ¥ -2357C, 5.89TC= 45

F-PCM , K-PCM EF Ato]Fo] F7t&dF= A oYX gro] 3+
3, K-PCM2 peak &%+ & Zo|7F glley F-PCM2 300Ake] &
| Aol Rl &5 7 AH&at7] fsiAe el Hadte adds 7HE Javt
= Aoz FdE

N

;:O
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Peak = -1.46°C

Area = -2661.210mL7") gneet = -5.12°C
Delta H = -280.1274)/g Endset = -0.92°C

Onset = -20.70 °C
Endset = -23.70 °C

g L]
£
8
é 100
]
e
148
o Peak = -23.68'C
Area = 2112542 mJ (a) F-PCM
. Delta H = 222.3728 J/g
190
% 28 - -5 0 5 13 3 10 " 2
Temparaure 'C)
4
Peak = 047°C Peak = 5.86°C
Area = -1425.785 mJ Area = -562.173 m)
3 Delta H = '1?1-?3%/1 /| Delta H = -67.7317 Jjg
Onset = -2169 °C h ol Onset =218 & Onset = 4.30 °C
Endset = -24.76 °C Peak = -10.21°C Endset = 0.92°C Endset = 6.25°C
“ Area = 519.723 m)
Delta H = 62,6173 J/g
| " Onset = -8.70°C
| Endset = -10.81°C
2‘ 1]
i
§ 100
H
120
148
Peak = -24.67°C
Area = 1314,543 m)
- Delta H = 158,3787 J/g b
(b) K-PCM

k2

i
Temperaars (')

a9 1-17. L2 A DSC
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il Flow Endn Down () —— ——

Hinal Flow Envdn Down () —— ———

Peak = -1.88°C

Area = -2315727 m) /" opset - -7.76°C
Delta H = -231.5727J/g Endset = -130°C

Onset = -16.21°C
Endset = -18.46°C

&
a
108
120

Peak = -18.32C (a) F-PCM

Area = 1830.115 mJ

Defta H = 183.0115 J/g
N"_“ 28 - =18 0 5 13 3 10 3 2

Temparaure 'C)
1
Peak = 0.21°C Peak = 5.89°C
Area = -1088.917m) Area = -476.471 m)
= Delta H = -155.5596)/ /'\ Delta H = -68.0673 J/g
Onset = -21.22 °C
Endset = -23.62°C Peak = -10.02°C Onset = -2.22°C Onset = 4.37 °C
Area = 448.192 m) Endset = 0.58°C Endset = £.24°C
* Delta H = 64.0275 J/g
Onset = -8.66 "C
& Endset = -11.41°C
L]
08
(-
Peak = -2357°C

o Area = 1010.970 mJ (b) K-PCM

Delta H = 144.4244 J/g

0
Tergeraure ')

19 1-18. 3003 AARERE A A o] DSC
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SRR

7F @A AR
(1) Peltier ¥z &3}

Thermoeletric Module

7% Peltier effect 7]4F o4 X

4

]

A&y FHjsE dd43 A

kls

EIREE I B

SRR E

P_

2 2l A2 FAEY. N-3 Al = 23 £ 7z
I gon P-g wteAlE W E Az B3 wteAolth AV 2 olME FHAY S
o 2R 242}7} F Ao MEAE FAA TS FEA BEE o N-F WA A=
23 A7 P-8 A A= AFo] d& wadU|E ol FA AT
AL 7P dAREA P-8 wb=AW e R53 Axle] Al QoA FHFE 1A
3 vk A ool HAAkeF EH T2 dApo|t) o]9f o] WEV|RE oleH FH2 o9}
2ol A H)
Qp =851 T, Equation 1.
Q, = BE]o1 Iz A I} WATT]
S = Ao AG [VOLT/C]
I = A5 [AMP]
T, = A=HA42%[C]
BH T HAE Aol LEAR Qo] Tl 2RoA e 2nw F LS E3lo] Ho
v Weko g {3t o] A7 ol Aoz FAET
Qp =(Ce AT Equation 2
Q. = 9Foh= A WATT]
C = GAEAF [ WATT/C]
AT = FH L% 2HC]
HE A ol A BAElE <9 (JOULIAN HEAT)E 4EEm dwre 18 HH o= olEdn
2 A olgo] TASE dF Q[WATTIZF AL AAL sk3|A 734 A
1 5 .
Qr= 5" R T Equation 3.
o714 R= V=AY A& [OHM], 1822 AyA oz A= ¢ JZ4agae otgel 2.
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QN: Qp_QR_QC

:S-TC-I—%-IQ-R—C-AT Equation 4.
R=c¢e+L/A Equation 5.
C=K-+ A/L Equation 6.

= 1
L = REEA 2] 4 o] [em]
A = Ao hA A [em?]
K= weA o dALE [WATT/emC]

R . C: G e K Equatlon 7

2) v 9454
Aejo] avte] o3 Wzed Qe AF o] Auldstel Zrlste ww Wzads Wl
% glste] S 713kt

crFddey Qv AT It
o 7} o= BAS dow Qnol TAad 7] AFEa Zud oz Qn=00] ® T}
a9E2=z HaYZdssE Qnanaxd =23 Fode AR IE S/ AL Fou|sir
Qo #S F3tAd 4 Equation 135 I2 vE3te] 022 Fo} 42 [9 g ol 2
o] -3l
S T, _
Laax 7 Equation 8.

o] 1% Al Equation 13 o thiste] fdom a2 A= ofgfol 2t

1 ST

On(iax) = 5" R Ce+ AT Equation 9.

(3) AEol Ete] 715y

gejst A1gAl oete] Melo] stdr)e A5 Que 9o Equation 4 = TAE =5
A4E Quet o] &RE QoA Y] fske] A% AHE oluA QF FF olUA ol B
. =

Qu=Qy+ Q Equation 10.

AgUA Qi ofdl Aoz mA Hdh
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Q =1V, Equation 11.

A7 Vile Re S« ATE @3 235 Aleldl &=A7F §le)9]
ojstel LAY 7|AHE T Aol F

pis

7183 A o]} g Ihof

Vi=Ie¢ R+S5+« AT Equation 12.
Q=I«(I+R+S+AT) Equation 13.

2] Equation 49} Equation 13 Equation 109 thdste] A e]shd

QNZS-I-THJr%-IQ-R—C-AT Equation 14.

(4) A A=
Yraast £ 7HEadE tAsr] flske] ofdiel 2ol Ao He 4

d A A5 (Coefficient of
Performance (COP))& A}-& 3t}

A% Equation 42 FA1H 59U 839 Qv Equation 132 ZAIE Q ¢

Q
3
Q

|

of dvhil FESA WAENE TAYEE 5

ol

(COP)c = P-& 9 N-& wreAe] dis Zo| dxdE&, U H]xg o] ofste] Watm o] &

o o]5g FHW AA WA T 4 Ak o AATEE FAGES solof an] oA

S EsE s Ao MeEAHAe (COP)7t 41:]17} = AF 19 #S Equation 155 1=
1

Iviaxcor) = m Equation 16.

(COP) ¢(aux) =TT X1 Equation 17.
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M= \J1+Z+ (Ty+T.)/2 Equation 18.

RON-§ wheAle] e S, K B g

of 71X ZE e A5 Figure of Meritebal & P-&
o] Fo] S ol ofy Aog hast wrh

7=258%/(k <) Equation 19.

Iniaxcops WAEHES 7HE BAdcz 7] A% A7l @S WEH oA S Equation
o

136) gshE 1 owe) WERE 9L 5 Ak

2 C-AT-MM—(TH/TC)] _
Oniamx) = (M—l)[l—i—(TH/tc)] Equation 20.

Equation 13.2 t}A] A2 shd
SeTpel— L I’ « R—Qy

92" _ )
AT = c Equation 4
oA Qn=0°] & w] AT7} H7F 95 & 4 Utk
]' 2
S e T.I_§.I « R—Qy
AT\ux = C Equation 4~

ATyaxes [2 "Eete] 022 F& wel 19 @& 3t Equation 47 s off A&

o
A& 5 U

1

2

1 ) .

5" Z e T¢ Equation 21.

(COP)ce #2 Equation 904 +3 4 glom ofge} 2o}

(cop) S 2L Eauation =2
P —— quation zz.
C(MAXQy) Z s TyAT,

) 7tEEd A-AF
HEJo] FAloA 71E HHe 95 o8 w o]AS HE| o] 3| EHE(Peltier Heat Pump)
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Wet o BHOR Zghol eFE WAL FA UEbdoR, FedM £ D&
2312 Qodw okgle adZelA] ni v gol BiTeAE Adsts

s P
/ BiShTe
s (Bi),(Se, Te), sak:
TAGS
- POTe2%)
s 13 L
_- -
7 L
£ w [Ty = B \
—
N z - /— ~ao
PHSHTe(3P) .
is siGe s ;::/’—‘—' SiGe
-
l—~—’l'/ SaTe
° L [t (S (SN, R [P Sy 0 T (N
0 1M M 300 400 S0 6O M B0 O 100 20 300 400 60 K0 700 800
* Temperature(*C) Temperature(*C)
-N-type-— -P-type -

138 2-1. N-type 2 P-type €442 &4
o] Model & 2HT-085-S = W A3t} A AA 2 MakerEo] AAE o8] 714 SpecsE HE
st A3} n-type : Bi, Te, Se ¢ 3+, p-type : Bi;, Sby, Te, Se? 5224 Z=0.003/TC ©]

el 7W7hE 29 A AaAE AZFgE 2HT-085-S Models A1 A st 3i o

THERMOQELECTRIC MODULES

Type |A B C D E F G
mim mm mm mm mim mim mim

2HT-085-(15.5-0.5-60)-62-83-S i1.o 0.65 | 2.15x2.15<1.8 | 1.55 | 2.9 | 9.2 | 62+62 |

2HT-095-(15.5-12-75)-62-83-5 | 1.0 | 0.65 | 2.25x2.25x1.3 | 1.45 | 2.8 | 8.2 | 62xB62

A | B Cc D E F G |
Thickness | Thickness | Leg | Distance Distance Height of Dimensions |
of the of the Cu- between the | between the the of the module
ceramics | plate legs on the | legs on the module
plate | first stage second stage .
B e
J:TIII]II[III[]_II]_]_'
I 0 1 o e O
—a »le b
imimim|msmimimimimimmimimin
JITTETE __
- - —_ S|
(=1

a9 2-2. 2H-085-S(2-stage) @A a2 25

WAae] £&2 o7l 18 WHoR oo mHelA mi ulsh Lol AU Y &

o] =2 HE FotM AdE drbste Aolvh dwtHor ddaxs HHdA(Vmax)l
80%% <17Fstetal sh=d ojw Yehl= 5 A (COP)= 05 5ot



40%

Performance

|
|
|
|
|
[

5 Input Power

19 2-3. Typical TEC-power vs. performance

Al o mEt 22X 5k A7FH9MS Vmaxe] 40750% 5 A7FskAl =W A%
(COP)&= 05Xt & COPE €& &+ Aok webx 2 AFolA AzA AAg 4
2HT-085-S, 37/1E A4z dZdsts Aoz 31 WAEAE ALagt. ouf 72+ g%
o17}E = Ae JVEA Vmaxe 50% A E=o]t}.

A =]
o] HA o 1w 7] o] dHAE AEE ok .

AdaztE 7 Al (0) 2 gidE F A & F538te] (+) 2 didE Ho R ol Ao
21 FollA FFste 499F 7HE 237 A4 YEde® =2 ouUAag&s Hole 3o
th 9ol WZatel e AAE AFE3TE ©F Tmax=220C<! HT-15-15-S &&= dHdaxE
AEELE, o] M aAE T OE FAER s UVE AVEHE 6A9 AR £ WAFAR
Al #Fgk 2HT-085-S 37H z AAE A} W= AU|ARE HolRE B W/edaus A

S KR

¥ 2-1. HT-15-15-S9] spec

Overall Dimension, mm 40%0.1x40+0.1x6.5+0.1 sealed
Max. current, Imax=A 114

Max. voltage, Vmax=V 24.75

Electrical resistance, R, Ohms 1.5+0.1

Max. cooling capacity, Qmax=W 173

Max. temp. diff., dTmax="1 69 (Th=257)
Max. hot side temp., Tmax,=C 220

Minimum figure of merit, Z, 1/K 0.00275

Parallel difference, mm +0.05
Thickness tolerance, mm £0.05

Wire length, mm, Gauge 15010, 1ISAWG
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T84 T T2 SAHEAF(33-1) A7o] MPH 49 sk FHo FHo Wzl o
A egdn. 53], e F 140 A Fo= {FAd AolE YA Lol FF JE F
424 By Ago] ¢ 4 Aoz ety At
E 31 FRe fEUANAL FA 2
A A (day)
0 1 2 3
W A=) 2k 5.95+0.01 5.90+0.03 5.85+0.01 -
u Tl %87 5.89+0.01 5.90+0.06 5.8940.01 -
b B R - 5.9240.03 5.87+0.02 5.84+0.01
- % - 5.87+0.03 5.90+0.02 5.87+0.03
W A=) 2k 0.56+0.01 0.50+0.03 0.52+0.00 -
AL o587 0.54+0.00 0.52+0.01 0.53+0.01 -
T W) % - 0.50+0.03 0.52+0.01 0.54+0.02
- % - 0.50+0.01 0.53+0.01 0.53+0.02
_ B 0.1002+0.02  0.0993+0.02  0.1088+0.01 -
(;bs Fulsg7] 01067001  0.0913+0.01  0.1008+0.00 -
WA B - 0.0899+0.00  0.0926+0.00  0.0897+0.01
600nm) S - 0.1013x0.01  0.0952+0.00  0.0813+0.01
W ga) 2k ND ND ND -
R Sl 587 ND ND ND -
(log cfu/g) -7 -8 - ND ND ND
THlE -7l & - ND ND ND
W a) 2k 89.10+0.34 88.72+0.32 88.84+0.55 -
L Fse) 88.70+0.44 88.76+0.49 88.50+0.50 -
W8 - 88.35+0.42 88.67+0.22 88.84+0.28
-] - 88.32+0.66 88.58+0.47 89.01+0.28
W A=) 2k 2.12+0.10 1.9920.20 1.87£0.07 -
ae o, sl 2.11+0.17 2.00+0.26 2.03+0.12 -
B -7 - - 2.10+0.18 2.00+0.26 2.13+0.31
L E R - 1.86+0.33 1.87+0.34 1.90£0.17
WA= 20.61+0.48 20.96+0.26 21.08+0.40 -
L Tl 20.97+0.70 21.00+0.60 20.92+0.73 -
WA B - 20.93+0.54 20.12+0.57 21.01+0.28
S E R - 20.60+0.43 20.46+0.75 20.56+0.58
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(2) 0 2 5C A=2FuE AlzglolA Fie A4 & F4Rst 54
FR(ZFQFR e stURvE@IEH)dA Fd wjE wol AlgEon FHEE 210
g?l A& AFEEAAT FulE 8T dHdaAE ot 2EfAT Theste s A AE Ao
2 U 2x7F 747 0, 5C7F HEE 25 AIZl & AREstth e Zhzbe] FujEsEr]e o
4 TFAGB00 gx4)9 e FAAK-PCM)E ¥ AFsAth HEFE F /A= ?%6}92
ow, % 359 #th: @ dHEH(CT) + AF 7Y T @ ¥ HM) @ StHEuE(ME
A) fAolzd A% @ A2 FUTEPP-0) @ dAAAE 183 Fujs87]9 %ﬂigg 0C
2 AA FdAs 2 AFdoA e 5C FEAK-PCM) ©]&. @ & F2TEPP-5) :
A AANE HL3 FHuEE7 YALEE 5T A4, ddAis B AFdoA] ALs 5C
LA (K-PCM) o]&. T3 A AFL2 499 FoF 79 Aoz AdS Aygsgen, &
MgEorE 2234 pH, AtE, A% g E vAE 2 #sH7ME AASATH
3-5.0 2 5T 25 L A=ru$87lE A& 759 FHA54 248 93 Ay =4
&7 TEA &= FEA T/ FHEET] 2%
CT T v - - -
HM stz ntE A A _ _ B
TEPP-0 25 L A& Fuj$87] 500 gx4 K-PCM 0C
TEPP-5 25 L A& Ful$87] 500 gx4 K-PCM 5C
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e
i
Mmoo
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A E(FHAIRE A Y wE wgon, FEFe

AexzdL £ 363 2k 1 @ HET(CT) : EPS boxE ©|&

f = (A, =)0 Z(C-PCM) 500£10 go & ¥43to] 4 packs %]

AHEEEAL, AE A 24 AIE B 20T A A § AR @ AT W(TD @ €44
s A AutruE FalEETIE olE @ A2 (T2) @ ddaAE A Ao
FHEE7E o)gsldon, AAFerE 5C. T1 ¥ T2 AlEd #dA= FMSKorea(3h=)
A= 500 £10 g Z(F-PCM) %33t9] 4 packS 9ol Abg&atgda, 23 A 24 AzF &t
-20C Ao st & AEsAn. g 2= L2574, pH, AlE, A%, g% nAE

2 B5PhE A
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5

3-6. T FAYIE A% A 27

471 FaA & HEA FF dHa 2%
CT EPS box C-PCM -
T1 e R 500 gx4 F-PCM -
T2 Nefold &7 F-PCM 5T

CT(EPS box)

3= Thermo Recoder (TR-52, T&D Co., Japan)=

il
=EWsE T|Eeglen, 25 Foe Fussr] WE AEsA, #2d

mLet 7 4lol=E Mixer® 2% ¢ A sgstal,
T 0.1 N NaOH=Z pH 8.3¢] & w7}
= mLFE lactic acid® 3Haksto] el T

M= FHo M-S Chromameter(Minolta CR-200., Japan)< ©]-&3}e] 33 yhiE =23}
Aot =39 L(Lightness), a(Redness), b(Yellowness)#k< 22 96.82, -0.21, 1.95 o] it}
=
=]

T TR AxHS o 32 (Whatman No.2)2 o3 & F33EE 600nmoA] FFE=E 3

ARE 10 g Askel 90 mLel Wit AYHGFE bl Favel W F 607 TA%
Az 5 GAH R s ste] Ft FA A (Petri film. 3M Co. Ltd., CA, USA)el| #HZF 3}
o 37Tl weFd & sl53kel log CFU/g © 2 vhERiRch

o
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(B) 7NZE=FAL
Hs 7k 157 9] panels AAste] T8 2 HAX o] st HrleleE vl HIEEE
oB7E FHO o, A A dk(o]F), 22ZzE AWbHQl 7T E F 63&olH, 9¥

=
Hreyon B

- a1 g =

6) B A=A
ZA3}= SPSS statistics 20
o] &3te] FAA FYHES 7917‘43}91‘:}.

2 S ©o]-83}o] Duncan’s multiple range test BH(p<

LI

/\216

3
0.05)=
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2. T2
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(1) ==¥s}
T1-EPS+= A, wuls87] v, 4&5<

7+7F 19.6, 24.3, 204CE2 ZAHEJH T1-E

S} 47 221, 247, 225CE A E A} T1-TEPP r
7bs AZFE 04541702 S Eom) ojuf AR 85 FHMEET] WF 35 AETAE
37CE ZA4HA °o]$ EPSH EPP 29} U}%U}Xli e “*oPOﬂ A% 1 3
A, s g7l W A2

T2-EPS+ A% 1¥ & #4dA 161C, 587 W 218°C ﬁ;%—d%
I

419 ¥

T 176C= =4
H AT T2-EPPE AF 19 & #FdA 165T, 587 U 218T, AZF FA2%E 186T
= ZAHEAT T2-TEPPBY 44 2% 4 7FeAzhE 045417 o2 oju Al 4.0, +
HE87] Wi 6.0, IZTAHEE 59T SAHAY. olF 2&7 sste] A% 14 & &<
A 179C, FulsE7] W 214T, AZ SAH2E 171TCE SAFAJT. T2-TEPPAE A 1
d F A, ELT] R, AESHZEIE A7 73, 56, 47CE SAFA R, A7t
¢ FEeEE 247 80, 52, 57CE 450 AC d9S A4t #uEe7] Wy 2=&
ARLER AdaA FAHE AS g9l th
T13 T2& 747 & #dAE A3l =d, EPS, EPP, TEPP box =% A% 19 % T2
A HAA, FulEgr] WE 2 ASFHE BF O 9 22 V23 Zow Hol B
Aol A MEE FEA7F aAd AL &4 AAgh

£
g
-
-
2
g
£
=

——T1-EPS-PCM ——T1-EP5-Inside = ——T1-EP5-5ample

-5
—T2-EP5-PCM =———T2-EP5-Inside =~ ———T2-EP5-Sample
-10 L L L
o 1 2 3 4
Storage days

% 3-17. EPS box o] A3 +5e] AA 5 =W}

_44_



Temperature (C)

——TI1-EPP-PCM =———T1-EPP-Inside =~ ———T1-EPP-Sample
= —T2-EPP-PCM =——T2-EPP-Inside =~ ———T2-EPP-Sample
-10 : : :
o 1 2 3 4
Storage days
¥ 3-18. EPP box ° A743gt F=59 4% & 2=w3}

o
g
-
=
2
-
£
=
5 E——T1-TEPP-PCM ——T1-TEPP-Inside ~ ———T1-TEPP-Sample
S _TZ-TEPPE—PII:M _TZ-TEFPB-IHSidE 'ITZ-TEPPB-SEH'I ple|
o 1 2 3 4
Storage days
25
——T2-TEPPA-PCM
20: | ——T2-TEPPA-Inside
Das | ——T2-TEPPA-Sample
g
-
=
2
2
£
=
5 L ; L L . i
0 4 8 12 16 20 24 28
Storage days
v 2~ 2~ [e] = - 94 = =
A AFulFA 28-S A8 TR AN F 2=

_45_



(2) #4493}

pH T1-EPS® pHe %7] 589914 A% 49 % 515= ZAsloH 5
T1-EPP ¢ TI1-TEPPE= 77} 514, 512% TI1-EPS$} #o] #HAasdte S veEdch
T2-EPS+= %7] pH#el 592%9°em AF 49 F 533e=2 FAsddvh. T2-EPP ¢
T2-TEPPBS] pHE A7 49 ¥ 7z}7} 518, 5482 ZAH At T2-TEPPA+= A% 28U F
5957 2713 #A3F #HS Utk T2-TEPPAES A|93 RE x4 2 A8 T A
A 29 ol F pH7E #Fashe AES YEh e, ogd Aies FHRE xSt dxd
Ao Al At A gk v 21Col A Ads FH(Wu MT and Salunkhe DK, 1877) % =
7] A Aol pH 6989014 49 % pH 56602 Z+Asdvts el FAe 4¢SS ey
ATh
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3-7. A AT | 2~dlS A& o A T MxE W
day L a b
T1-EPS 87.43+0.15414 4.60+0.70" 16.83+0.40"
T2-EPS 83.27+0.55% 3.15+0.06™ 16.23+0.85%
T1-EPP 87.43+0.15% 4.60%0.707% 16.83+0.40"
0 T2-EPP 83.27+0.55 3.1520.065 16.23+0.85"
T1-TEPP 87.43+0.15" 4.60%0.705 16.83£0.40%"
T2-TEPPB 83.27+0.55" 3.15+0.06™ 16.23+0.85"
T2-TEPPA 83.27+0.55% 3.15+0.06™ 16.23+0.85"
T1-EPS 87.43+0.15% 3.27+0.425¢ 18.20+0.174
T2-EPS 80.67+0.154° 3.110.12% 15.93+0.8645"
T1-EPP 86.97+0.514% 4,631 474 17.80+0.628C
1 T2-EPP 80.83+0.55" 3.10+0.09"" 16.63+0.96"
T1-TEPP 86.87+0.40%" 5.27+1.21% 17.03+0.46%"
T2-TEPPB 80.63+0.59% 3.14+0.12% 16.73+0.255¢4P
T2-TEPPA 82.37+0.455> 3.20£0.19% 17.30+0.62485%
T1-EPS 82.67+0.95% 3.23£0.09" 16.83+0.317¢
T2-EPS 82.67+0.95% 3.23£0.09% 16.83+0.3148%
T1-EPP 87.37+0.9215 3.07+0.46"" 17.97+0.325
2 T2-EPP 82.17+0.57% 3.23+0.065 16.93+0.81¢%
T1-TEPP 87.03+0.31¢Pa 3.30+0.44480¢ 18.33£0.21%
T2-TEPPB 81.77+0.46°P" 3.10+0.10°P 17.20+0.805
T2-TEPPA 81.43+0.47"¢ 3.17+0.06452 16.83+0.38*
T1-EPS 86.97+0.60"% 5.13£0.23%° 17.17£0.75%"
T2-EPS 81.87+1.30%" 3.12+0.07" 17.10+0.90%
T1-EPP 86.90+0.26% 3.27£0.40%° 18.67+0.6148
3 T2-EPP 80.93+1.33"% 3.10£0.09"° 17.47£0.47%"
T1-TEPP 86.63+0.55"" 3.07+0.31%¢ 18.53+0.29"P¢
T2-TEPPB 80.47+0.455¢ 3.19+0.09% 17.47+0.5048¢P
T2-TEPPA 81.30+2.01%¢ 3.25+0.18% 17.30+0.95%¢
T1-EPS 85.97+0.49*" 7.57+1.014 16.50+0.79""
T2-EPS 82.93+0.60%% 3.29+0.18% 17.50+0.53%
T1-EPP 86.53+0.514% 5.90+0.79% 18.00+0.75%
4 T2-EPP 81.30+1.225 3.30+0.10"* 18.23+0.40™
T1-TEPP 87.03+0.428¢ 4.67+0.59P 18.50+0.26™
T2-TEPPB 82.00+0.79 3.23+0.15 17.47+0.404
T2-TEPPA 81.21+1.41% 3.17+0.06" 17.60+0.40™
7 T2-TEPPA 82.43+0.35%P¢ 3.23+0.15% 17.77+0.96™
10 T2-TEPPA 86.27+0.124 3.03£0.154% 17.23+0.454
21 T2-TEPPA 86.60+0.174 3.23+0.15" 17.40+0.56%%
28 T2-TEPPA 86.33+0.12% 3.07+0.322 17.60+0.40™

1) Values with different capital letters (A™D) among tofu of same storage day of different treatments are significantly
different at p<0.05 based in Duncan’s multiple range test.
2) Values with different capital letters (a”c) among tofu of same treatments during storage days are significantly different at

p<0.05 based in Duncan’s multiple range test.
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% 3-8 A ATl EA~ES A& TR A F V] EExA

Z] vk & o

day o) ¥ -4 5 o3 =43 .

NEx

T1-EPS 9.0£0.00%  9.0£0.00%  9.0£0.00%  9.0£0.00%*  9.0£0.00%*  9.0+0.00%*
T2-EPS 89+0.32%  9.0+0.00%  89+0.32%%  9.0+0.00%*  9.0£0.00%*  89+0.32%%
T1-EPP 9.0+0.00%*  9.0£0.00%  9.0+0.00%*  9.0+0.00%  9.0+0.00%  9.0+0.00%*

0 T2-EPP 89+0.32%  9.0+0.00%  89+0.32%%  9.0+0.00*  9.0+0.00%*  89+0.32%%
T1-TEPP  9.0+0.00%  9.0£0.00%  9.0£0.00%*  9.0+0.00%  9.0+0.00%  9.0£0.00"
T2-TEPPB  89+0.32%  9.0+0.00**  89+0.32*"  9.0+0.00**  9.0+0.00**  8.9+0.32%
T2-TEPPA  89+0.32%"  9.0+0.00%  89+0.32%  9.0+0.00%  9.0+0.00%  8.9+0.32%
T1-EPS 76+1.07°°  81+0.99% 54117  72+1.62%°  67+1.70%  6.0+1.89""
T2-EPS  7.9+0.88°""  84+0.70*%*  6.7+1.06°  7.4+0.84°  69+1.29°>  6.8+0.79°™"
T1-EPP  85+053** 86052  83+0.67*  87+048%  80+1.33*% 80+0.82AB"

1 T2-EPP  80+0.82°™  84+0.84%%*  75+0.85%  7.7+0.82°"  68+0.79°>  7.4+0.97°P
T1-TEPP  89+0.32%  89+0.32% 88042  89+0.32%  84+1.26%  87+0.67
T2-TEPPB 8.6+0.52%  87+0.6725" 82+0.63%5"  84+0.70"%*  8.0+0.94P*  83+(0.48A5"
T2-TEPPA  88+042%  89+0.32%  88+0.42%  87+048%  86+0.52%"  87+0.48""
T1-EPS  80+0.00%B%  7.6+0.70°% 64+2.174%*  68+1.69"  7.0£0.94 B  65+1.65°P
T2-EPS 7.0£067° 732067  54+1.785%  54+1.17%°  47+1.42%  5.0+1.56°%
T1-EPP  7.7x067°"  7.8+042*%  51+202%>  36+1.07""  6.7+1.42°>  42+1.81"*
2 T2-EPP  7.5+0.71°"®  73+1.06"  50+1.15% 56117  63+1.16®° 58+1.03°™
T1-TEPP  7.9+057°%  74+097%  52+169%  69+152%  69+0.835" 59+1.37°™
T2-TEPPB 82+0.63** 8.0+0.94*"  7.3+067""  7.4+0.84""  7.9+0.74*  7.6+0.70""
T2-TEPPA  84+052"  83+0.67*  7.7+1.57"  83+1.0%  82+1.03%™  81+0.99*™
T1-EPS 75071 7.3+0.95%F¢ 4241485  33+125%°  68+1.55%"  3.9+1.605¢
T2-EPS  6.0+£0.82°"  6.4+0.84%%  33+157%  34+1.17%  4.2+1.23%d  33+149%
T1-EPP 77067 71+1.10%%¢ 464227 46+151%  64+1.35%P  4.1+1.855P

3 T2-EPP 55071 58092  36+1.43%  37+067°¢  42+1.23%  32+1.14%
T1-TEPP  7.3+1.34"B"  73+1.3488> 4842208  57+1.77%  6.8+1.62%  53+2.16""
T2-TEPPB  6.6+0.84°%"  7.0+0.82%  36+1.43%  4.0+1.41° 54+1.35°"  42+1.87%
T2-TEPPA  7.8+1.32%"  7.8+1.32%°  7.8+1.03%"  75£1.27%  74+1.17%  7.7+0.82%°
T1-EPS 6.4£0.84%  6.4+0.84%  27+£1.06%  3.1+057°  61+1.10%°  3.0£0.94°%
T2-EPS 44190 4517204 21416654 27+0.82P¢  34+1.71%  2.4+0.848
T1-EPP  6.1+0.88%  6.1+0.74%  26+1.07%  24+0.70“  53+1.49%  2.4+1.43%

4 T2-EPP  51£1.60°"¢  50+1.49°"¢  34+158% 15053  3.0+1.70%  1.8+0.63
T1-TEPP  6.1+0.88°  63+0.82°%  2.8+1.48°%  35+1.7280  56+0.84%  35+2.125¢
T2-TEPPB  4.6+1.17°  50£1.49°"  29+1.73%  29+099%¢  39+197°  3.0+1.15°“
T2-TEPPA  81+1.37%"  79+145™  83+0.95%"  84+0.70°"  81+1.29%  81+1.10°™

7  T2-TEPPA 7.7+1.16*°  7.8+1.14%"  83+0.82%%  84+0.70*™  8.1+1.10%™  81+0.99*"
10  T2-TEPPA  7.7+067*"  79+057%"  76+0.70**  7.2+092%¢  7.8+0.92%°  75+053%¢
21 T2-TEPPA 84+0.84%"  84+0.84%"  88+0.42%  87+0.48%  88+0.42%  86+0.52"
28 T2-TEPPA 83+1.06"  7.7+095""  7.3+1.06%  7.6+1.17%*  7.8t0.79%%  7.7+0.95"

1) Values with different capital letters (A"E) among tofu of same storage day of different treatments are significantly
different at p<0.05 based in Duncan’s multiple range test.

2) Values with different capital letters (a”e) among tofu of same treatments during storage days are significantly different at

p<0.05 based in Duncan’s multiple range test.
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= e A x7] 080592 S HA e, A% 39 CT 01073, EPS 14659 =
7kl e, TEPP+= 09174= & Wzt gldth A% 7¢ CT 01791, EPS 1.0910, TEPP
05827= Z=A =AUt A4 21¥ CT 09436, TEPP 166952 =A% o] #4730l ZF7}3ko] u}
gt B SUteke AF%S JUEA

pH, %= EPS+ A% 7¢ ﬁEt wA43tA 57} pHE
ol we} pHE Fol# <l Aol& yehAl @gkow 4

= Z7I O54+005°ﬂ/\1 A7 Oa]
CT 0.66+0.04, TEPP 6.16%0.022 ZAHt. A% 7]k & Adeve AY Z7]d e o=
AE = AR peptide 3 amino acid 53 22 FAAAH AL {7k o3 F2E
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GS, 2006)9] W} 923kt
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#E 3-11.5C 25 L A2ulE Al adelA 7o A 5 Ak s

day treatment L a b
CT 89.34+0.304 1.91+0.154¢ 18.93+0.19%
0 EPS 89.34+0.30" 1.91+0.15° 18.93+0.19
TEPP 89.34+0.304¢ 1.91+0.15%¢ 18.93+0.19%%°
CT 87.20+0.68" 2.88+0.16"" 17.96+0.28""
3 EPS 89.14+0.50" 1.80+0.25 19.10+0.474
TEPP 89.13+0.40%2 2.08+0.348¢de 18.77+0.4240<
CT 88.47+0.225 2.46+0.57"° 18.20+0.83
7 EPS 88.10+0.28 2.51£0.15% 20.21+0.292
TEPP 89.00£0.36"<" 2.24%0.16"" 19.07+0.105
CT 88.64+0.29" 2.14+0.274¢ 17.89+0.38""

10 EPS - - -
TEPP 89.22+0.4342 1.99+0.38Ad 18.60+0.70"
CT 89.13+0.224 2.04£0.177 18.89+0.334

14 EPS - - -
TEPP 88.17+0.35" 2.66+0.285 18.46+0.475¢
CT 87.56+0.19" 3.36+0.15™ 17.21+0.60"

17 EPS - - -
TEPP 88.67+0.24" 2.19+0.148>d 19.28+0.26™
CT 87.94+0.34" 2.81+0.20" 18.10+0.255

21 EPS - - -
TEPP 88.72+0.214° 2.34+0.11%° 19.07+0.1744°

1) Values with different capital letters (ATC) among tofu of same storage day of different treatments are significantly

different at p<0.05 based in Duncan’s multiple range test.

2) Values with different capital letters (a~e) among tofu of same treatments during storage days are significantly different at

p<0.05 based in Duncan’s multiple range test.

_56_



& 3-12. 5C 25 L A=2uld Al 2=dlo A F59 A7k & 7] EEFA}
S P saa a4 014 wqy o oAd
ent 3%
CT 9.0£0.00*  9.0+0.00*  9.0+0.00*  9.0+0.00**  9.0+0.00**  9.0+0.00*
0 EPS 9.0£0.00*  9.0+0.00*  9.0+0.00*  9.0+0.00**  9.0+0.00**  9.0+0.00*
TEPP  9.0+0.00*  9.0+0.00%  9.0+0.00*  9.0+0.00*  9.0+0.00*  9.0+0.00**
CT 87+048M  89+0.328%  88+042%  89+0.32%"  89+0.32%  89+0.32™
3 EPS 74£1.07%  76+097% 59088  69+1.29%  6.6+0.70°  6.3:0.95
TEPP  8.0+067*%  80x0.67°"  68+092°°  7.6:0.84%  82+042%  7.7+0.48%
CT  7.7+1.16%%  75£1.78%d 7420844 804067 824063  76+0.974°
7 EPS 37+142% 3941605  32+162%  30£156%  34£135°  29+1.20%
TEPP  61x1.37%  63x125%¢  50£094%  61£1.10%¢  61+099%  59+1.20%
CT  80+125% 781484  77:1164%  79+0.74%°  7.8+092*°  7.7+1.064°
10 EPS - - - - - -
TEPP  7.3+095*™  7.0£1.05%  65+1515%¢  65£151%  63:164%  6.1+£1.29%
CT 6.7:1.648  66£1.26% 621814  66+1.65°%  69+1.45% 641584
14 EPS - - - - - -
TEPP  6.0£125%  55£1.84A0  47:241%  52+175%  54:201%  51+1.79%
CT  82+092% 821034  80+1.33*"  79+152%  7.8+1.62%°  7.8+1624°
17 EPS - - - - - -
TEPP 6515154  60£1.94%¢  48+230%  60+226% 542125  53+211%
CT 75£1.35%4  70£1.330%  68+1.32%  69£1.20%  7.0+1.25%°  7.1+1.374%
21 EPS - - - - - -
TEPP  7.0+156*  7.0+£125%  6.0+1.76*  51+2.38%  68+140%  58+1.87*

1) Values with different capital letters (ATC) among tofu of same storage day of different treatments are significantly
different at p<0.05 based in Duncan’s multiple range test.
2) Values with different capital letters (a~e) among tofu of same treatments during storage days are significantly different at

p<0.05 based in Duncan’s multiple range test.
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(W) F2ws}

8700 AFedA sURvlE AGHMY T
= obeek 2
pH A z27] 61982 SAHEHAIL A 4299 CT 6.23, HM< 6.34, TEPP-0T+ 6.36,
TEPP-5C 6312 A% Z71Hth 2% F7hshes 43S HAAT A3 94 ol 9
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05917, TEPP-5 0687622 ZF7}sl= A4S XA vAES A7 S SAHEA st

Fxol A W] w2 AWslE F 3-150] YU TR A Wsle A%
L7k 89.84, a %2 143, b @2 1627 value® Zt7F 4503, A4 49U L, a, b #<
CT 90.38, 1.05, 17.32, HM 90.10, 2.38, 14.06, TEPP-0 89.98, 2.16, 1591, TEPP-5 91.05,
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3# 3-15. 0, 5C 25 L A2uls Al=dol A F45-9 A% 5 A st

day L a b
CT 89.84+0.50"P< 1.43£0.154 16.27+0.39"°
HM 89.84:+0.50" 1.43£0.154 16.27+0.3942
0 TEPP-0 89.84:+0.50" 1.43£0.154 16.27+0.394b¢
TEPP-5 89.84+0.50" 1.43%0.15% 16.27+0.39%
CT 90.26+0.314% 1.89£0.1224% 15.41+0.39%¢
HM 90.10+0.344P% 2.01£0.184° 14.31+0.93"%
! TEPP-0 89.66+0.575 1.99+0.184" 16.38+0.334
TEPP-5 89.97+0.574P 1.57+0.225> 16.04+0.43%"
CT 89.61+0.81° 1.60+0.13%¢ 14.810.62¢
HM 89.74+0.717 1.54£0.26% 15.84£0.56"
1 TEPP-0 89.88+0.63" 1.50+0.174¢ 15.94+0.58%¢
TEPP-5 89.80+0.424" 1.61£0.24% 16.02+0.394"
CT 89.99:+0.521 1.84£0.13%" 14.50£0.26%¢
o1 HM 89.88+0.794P 1.77+0.31%¢ 15.22+1.14%
TEPP-0 89.81+0.40% 1.74+0.274¢ 16.24+0.314P¢
TEPP-5 90.08+0.35" 1.73+0.124 16.32+0.34%
CT 90.07+0.642% 2.00£0.194 13.71£0.47"%
- HM 89.80+0.69" 1.57+0.238 16.21£0.4942
TEPP-0 90.04+0.574 1.58+0.198 15.97+0.40A8%¢
TEPP-5 89.90+0.55" 1.54£0.225> 16.29+0.24452
CT 89.98+0.41B> 1.78+0.194" 15.32+0.33¢
HM 90.41+0.314 1.50+0.338¢ 15.48+0.9142
5 TEPP-0 89.73+0.225¢ 1.67£0.17°8¢ 16.05+0.154%¢
TEPP-5 89.43+0.42¢" 1.32+0.22¢ 16.23+0.472
CT 89.42+0.49% 1.31£0.15% 16.31+0.584°
HM 90.12+0.46% 1.77£0.244¢ 15.24+1.937
4 TEPP-0 89.64:+0. 7454 1.70£0.19%¢ 16.70+£0.814%
TEPP-5 89.99+0.374 1.63£0.174 16.27+0.28%
CT 90.38:+0.48" 1.90+0.15¢ 17.32£0.34%2
49 HM 90.10+£0.58"% 2.38£0.23%4 14.06+1.925
TEPP-0 89.98:+0.23" 2.16£0.10 15.91+0.33"B¢
TEPP-5 91.05+2.99" 2.27+0.29A82 15.87+0.29"

1) Values with different capital letters (A7C) among tofu of same storage day of different treatments are significantly
different at p<0.05 based in Duncan’s multiple range test.
2) Values with different capital letters (a”e) among tofu of same treatments during storage days are significantly different at

p<0.05 based in Duncan’s multiple range test.
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¥ 3-16. 0, 5C 25 L A=2FuE Al agloA 75 A% T 7a% ¥
ARA
day o7 A kA o] # z27 _
NEx

CT 9.0+0.00™ 9.0+0.00*  9.0+0.00*  9.0+0.00*  9.0+0.00**  9.0+0.00**

HM 9.0+0.00™ 9.0+0.00*  9.0+0.00*  9.0+0.00*  9.0+0.00**  9.0+0.00**

0 TEPP-0  9.0+0.00** 9.0+0.00*  9.0+0.00*  9.0+0.00*  9.0+0.00**  9.0+0.00**
TEPP-5  9.0£0.00%  9.0£0.00%  9.0+0.00%  9.0£0.00%  9.0+0.00%*  9.0+0.004*

CT 83+0.674 780794  7.4+0.84°°  80+1.15*"  74+0.70°%*¢  7.4x0.70°>

HM 8.4+052%" 8840424 79+057°% 8241234 81+057°%"  7.7+1.06°P

! TEPP-0  83+0.95""  82+0.79"%  84+097%"  84+0.70""  84+0.97*"  83+1.06""*"
TEPP-5  86+0.70%"  84+0.70*%"  90£0.00%  86+0.70°  83+1.25%>™ 860524

CT 80+0.674"  81x05748" 7907448 81x05748>  7.8+1.032B%  7.9+057AB

HM 7.9+0.74%¢  79+057%P  71+145°¢  76+1.26"°  74+1.17%  73+125"

1 TEPP-0 7.9+0.88""  7.6+0.84%  7.2+1.62°"¢  7.9+099"  7.8+0.79"  7.7+1.16"°
TEPP-5 86+0.52%"  83+0.82%" 864052  84+052%"  84+097%"  85+0.53%"

CT 76£117%°  7.8+0.794  75:071%° 770957  7.7+067%C  7.8+0.79A

HM 8.2+0.794%  82+0.794%  80+1.158%" 8209248  81£1.102PP  79+] 20

2 TEPP-0 82+0.63"%"  7.7+0.67*  81+0.74%*  83+0.67*"  84+0.70""  7.9+0.74"°
TEPP-5 82+0.92%%"  80+0.82% 864052  85+0.53%"  81+0.574P%  81+0.574%

CT 79+0.32%  79+0574  7.0+1.25%"  74+1.26%°  6.8+1.40%¢ 7.0+0.82¢

HM 76£1.358%  77£1.25% 6.6£14354 742097 7321644 7.1+1.524°

s TEPP-0  7.1+1.29%  70£1.70%  7.0£1.63*P% 76205244 70+1418d  70+1.250
TEPP-5 7.8+1.14%%"  75+1.27%  79+120"  7.8+042%  73+125%  75+0.97%

CT 8.0+0.94"  82+0.79"  74+135"  79+1.10%  7.0+1.76*  7.5+1.43%

HM 8.4+0.97%  81+0.74*  7.9+1.20%"  82+0.79""  7.2+1.03"  7.7+0.95"

- TEPP-0  7.4+1.17%°  72+092% 7215541  73:095%d  62+1.32%¢  7.0+1.05°
TEPP-5  7.6+126%° 7507145 731494  7.3x149%  7.3+1.34°™  7.2:162%

CT 7.1+0.88% 7.241.03%¢ 7.2+0.79"° 6.9+1.10% 6.9+0.99%  7.1+0.88"

0 HM 76097 69+088%  7.0+0.67%  69+0.88%"  65£0.71%¢  6.7+0.82"°
TEPP-0 7.6+0.84*"  68+0.63"  6.8+0.63"°  69+057°*¢  6.7+0.82°¢  7.0£0.47°
TEPP-5  83+0.95%"  80+0.82%°  80+0.824™  81+0.88"™  80+0.824%  7.9+(0.74A%

CT 771064 72+1.14% 784123 7840922  83x1.06%"  80+1.15"

9 HM 7.0+1.25%  75+1.08%  58+1.93% 5.5+2.2284 6.0+2.00% 5.8+2.15%
TEPP-0  7.6+1.15%¢  74+158%¢  57+1.70% 6.3£1.70°%  6.9+2.13%¢  6.1+1.66™
TEPP-5  7.8+162%°  80+125%°  79+1.374%  78+1.324%  72+175%0 7711 34A%

1) Values with different capital letters (A7C) among tofu of same storage day of different treatments are significantly

different at p<0.05 based in Duncan’s multiple range test.

2) Values with different capital letters (a”e) among tofu of same treatments during storage days are significantly different at

p<0.05 based in Duncan’s multiple range test.
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F 3-19. 15 H AFuEE7IdA TR AF F A W)
day L a b
CT 85.90+0.78" 2.37+0.23% 17.50+0.26%
0 Tl 85.90+0.7842 2.37+0.23% 17.50+0.26%
T2 85.90+0.78" 2.37+0.23% 17.50+0.26%
) CT 86.63+0.38" 2.30+0.10% 16.87+0.32%
Tl 86.20£0.4442 2.27+0.06% 16.83+0.40°
CT 86.47+0.17°% 2.20£0.174 17.30+0.26%
4 Tl 86.93+0.15%¢ 2.30+0.10% 17.23+0.214
T2 86.57+0.314Ba 2.37+0.25% 17.33+0.214
CT 85.60£0.624 2.13£0.124 17.40+0.30%
° T1 85.73+0.95™ 2.17+0.31% 17.03+0.76"
CT 86.43%0.124 2.00+0.10A" 17.10£0.174
0 Tl 86.40+0.7042 1.97+0.25% 17.33+0.324
CT 85.20+1.25"° 2.03+0.214" 17.93+1.18
7 T1 85.20+1.75% 2.27+0.297 17.93+0.65"
T2 86.17+0.85" 2.17+0.06% 17.37+0.407
11 T2 87.23+0.12° 2.03+0.06™ 17.03+0.06
14 T2 85.80+0.95" 1.97+0.15® 17.43+0.45™
18 T2 86.27+0.57% 1.86+0.05 17.43+0.57%
21 T2 85.87+0.38" 1.93+0.47% 17.97+0.7%
25 T2 85.80+0.61 1.97+0.15® 17.50+0.36*

1) Values with different capital letters (ATC) among tofu of same storage day of different treatments are significantly
different at p<0.05 based in Duncan’s multiple range test.

2) Values with different capital letters (a”c) among tofu of same treatments during storage days are significantly different at

p<0.05 based in Duncan’s multiple range test.
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w e 3 @4 014 247 ;ﬁéi
CT 9.00+0.00%2 9.00+0.00%2 9.00+0.00% 9.00+0.00% 9.00+0.00% 9.00+0.00%
0 T1 9.00+0.00%¢ 9.00+0.00%¢ 9.00+0.00% 9.00+0.00% 9.00+0.00% 9.00+0.00%
T2 9.00+0.00%¢ 9.00+0.00%¢ 9.00+0.00% 9.00+0.00% 9.00+0.00% 9.00+0.00%
. CT 8.20+0.68%  8.00+0.76™" 7.87+0.745° 8.13+0.644° 8.00+0.65" 8.07+0.59%"
T1 8.53+0.64%  8.33+0.62% 8.33+0.6244 8.40+0.63%4 8.40+0.74%4 8.47+0.64%%
CT 7.40+0.99%¢ 7400914  6.07+1.625¢ 6.73+1.285¢ 7.00+1.24¢ 6.80+1.265¢
1 T1 7.60+0.994° 7.33+1.054° 740+1.18%  7.33+1.05%8"  727+1.33%"  7.47+1.13°°
T2 8.07+0.884P 8.07+0.884P 8.00+0.964° 7.80+1.264° 7.60+1.44° 7.80+1.264°
CT 7.13+0.99%¢ 6.87+0.924¢ 6.67+1.18%¢ 6.80+1.214¢ 6.67+1.18%¢ 6.67+1.05%¢
> T1 5.80+1.865¢ 5.67+1.845¢ 3.87+2.0384 4.80+2.0854 4.00+1.695 4.33+1.7284
CT 6.60+0.994¢ 6.60+0.994¢ 6.40+1.18%¢ 6.27+1.16%¢ 6.27+1.10%¢ 6.27+1.03%¢
0 T1 6.33+1.23%  6.40+1.30%"  6.07+1.22¢ 5.73+1.16%¢ 6.00+1.20%¢ 5.93+1.10%¢
CT 4.87+2.3384 4.80+2.0484 3.07+1.4984 2.87+1.465 3.73+1.838d 3.13+1.68%
7 T1 4.47+2.365 4.27+2.158 2.33+1.238¢ 2.80+1.475¢ 3.20+1.7084 2.87+1.685¢
T2 7.67+0.90%¢  753+0.924% 7730594 7.53+0.74%%  7.40+0.83%  7.53+0.74%"¢
11 T2 7.27+0.80% 7.40+0.74>4 7.07+1.03 7.20+1.15> 6.87+1.19° 6.93+1.03
14 T2 7.27+0.80% 7.13+1.06% 7.27+0.80% 7.40+0.99> 7.20+0.77" 7.20%0.77"4
18 T2 7.27+0.96% 7.00+1.25% 6.93+1.16% 7.33+1.18> 7.20+1.01° 7.20+1.01"d
21 T2 6.27+1.03° 6.07+1.28° 5.27+0.88" 5.87+1.41¢ 5.87+1.25¢ 5.73+1.10¢
25 T2 6.67+0.98% 6.67+0.90% 6.27+1.33° 6.87+1.25° 6.80+1.15° 6.60+1.124

1) Values with different capital letters (ATC) among tofu of same storage day of different treatments are significantly

different at p<0.05 based in Duncan’s multiple range test.

2) Values with different capital letters (a™f) among tofu of same treatments during storage days are significantly different at

p<0.05 based in Duncan’s multiple range test.
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A polypropylene trayol] ¥ o] wrapping 3o 29
)0 2 250g x 8/W(C-PCM)E AF&3tit. il
o YR 255 A AT & e AoR2 AFste] AL&sAtt

A HA FufEE7] WF AA2Es 5TH, SAAE= full o] @ w7k SR F 2Edt

of FHAATF MHE F agE BA st AF7|zF s APE W ds A HBI-TEPPB). + H
A FalEE7]1e A% 5ToH, A7|ZE St UF 255 dASA A =E AC A
e ddste] A¥S AYsIHBI-TEPPA). 2T 2 ARAE]ZEZ 94 (EPS box)E, H
W g Iy dA@E A (EPP box)E ol&std o tixa 9 HludE FuEd o 2
FAANE AHEste] AT

Aa7el A%71ke 2= 7-(B1-EPS), v ++(B1-EPP), 3 W vj% & 7](B1-TEPPB)+
39 Ft 1Y AR HFS MY on, F HA FuE-87](BlI-TEPPA)«= 39 &2 1

o

=
A Aom olFt 29 HACE LU A Agagr. TNFRoRE LEEY
\}

e pH, VBN, TBA, i % #A5H7}E 2AA 89

F 3-23. T AFuEErIoA a7 FAREIEE A A=z

£7 A e JEA TR A= AAETHF
B1-EPS EPS box 500 g*8 C-PCM -
B1-EPP EPP box - - 2T
B1-TEPPB Sy T EE7 500 g*8 F-PCM 5T =44
B1-TEPPA Sy T EE7] 500 g*15 F-PCM 5T ACHY

.50 L AeFul58718 488 2179 FAEA

A7) StHERE(GIYERIE AW sk HER)oA 22 WA & T4 FHE T
ato] Abgslgom, A= lem® Adkste] & ©olg]¥ polypropylene trayel wrapping 3]
Aol A& A H mE Hgxzde e 2ok 0 O dE=F(CT)  EPS boxd
A A%, dek ZDAC-PCM) AHE @ BluF-(HM) @ stUErtEXER) Aol 2o A
, AFEE 2T @ AMYFUTEPP-1) @ €dazE 483 Ful$87(250 L)o ¥dex
0C, #EA+= HFMSKorea 7123t 5C <EA(F-PCM) ©]&, Z&=v} &4 1 min/hr 2H&
@ AgF2TEPP-2) : @d&zE 483 FujFHL71(60 Lo dd=% 5C, FEA+= &
FMSKorea 713 5C <A (F-PCM) 4 &

Aguk 2 A A A= 500+10 go 2 FEFsI] AFRE R, A A 24X 7 B -20C A%

=

) i=4 [}
arel]l AFE F AREedn. EetEvbEA(EE A, de)s L v E2A 01 ghr 95 =
A=, Ad A AR 12 FesEs AAsilal, AdVIbEet TAE sEs 036 golH,
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Fehznp 29 AF AR F 3-25¢F Z2uh 4] d5S 2x574) pH, nAE, A% VBN,
TBA, drip loss, #5371E 238 231719 A% F 4 Hsls A3 90}

¥ 3-24. 5T 50 L A=2FujE AlzdeoA A517] F4H7E 918 Az
87 AGANG AL FF AgeE  Fepxn wa
EPS EPS box o500 g=8 C-PCM - -
HM StUZulE &Ao] 2~ - - 2T -
TEPP-1 250 L A=ul&87] 500 g*8 F-PCM 5T 1 min / hr
TEPP-2 50 L A=Fuj&87] o500 g*15 F_PCM 5T -

¥ 3-25. Zgzul A Zx] A BARE

T eEo=2M 0l1g/h
A sk 220 V
=9 A 3.2 Kv
qEH Fa 60 Hz
=9 Fig 18 KHz
Sop=op wb wp FAA Ad g g
(DBD, Dielectric Barrier Discharge)
A A & FH L 99.9% Al 2tH
WA A4 Cu + Pt
Edbz=ur g =4 9y ool A Etolm o] Ao o 9o £ WH A&
4 Zopzute] WA A FEo] EAZF LA ofH RS

Fed olelg oy B als S5 AFo|th

(2) 2T 50 L A&ulE Al="lel A 4&arr)e] A% & FdWst 54

A7) StHERIEGIYERE dWsh-2s HEH)A 22 WA & T4 FHE
sto] Abgstd e, FA= 1 ecm® ddste] g golgl ¥ polypropylene trayel wrapping 3t
of Aol Ab&staith A e mE Aexde v gk 0 O fE7(CT)  EPS box
of A& A%, drk FAAC-PCM) AHE @ BHX-(HM) @ SU=ErtE(MESR) &) 2
A, AZLEE 2C @ AYFUTEPP-1) @ AAAE 483 Fol$87](250 D)o g
% 0C, #FEA= ®FMSKorea 71E3 5T FEA(F-PCM) °]&, Z&t=vl &% 1 min/hr 2t
& @ AHYF2ATEPP-2) : dd4&xE A& +uF871(50 L9 ¥4% 5C, FdA= &
FMSKorea 7H%t3st 5C < A (F-PCM) 4 &

At @ Jh FA A= 500410 go 2 EFE] AREE QL AF A 2447 Fok 20T

darel AR § Abgskdn. FEErPRA(RIHE A, d9)s T E2A 01 g/hr 95

2
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3 3-26. 2C 50 L A2l Al="eA 237 #437t5 A% Az
U

§7] FAANF  FAA R AGLE  Eehxvh uy
EPS EPS box 500 g=*8 C-PCM - -
HM  shtzntE fro)x - - 2 -
TEPP-1 250 L A&Fuj&87] 500 g*8 F-PCM 2T 1 min / hr
TEPP-2 50 L A2Fuj&-87] 500 g*15 F_PCM 2T -

th ool sd AxFuELrE A48T 2av)e] FAEA

ZalE BAFSE (AR FUste] 22 AL LollA SAHARAE AP A&}
perw, T lem® Awste] Z47F polypropylene trayell wrapping shel #1dstich. 72 ol ¥
Aerils 871 ddaaE o8t SEfAF beateE AAE o R 2RE
5C7F H=% AEAzl & Abgstsieh A7 ud ALsu$srls @daaE o) &ato] 2

. ZtZrel uEsg7]o ®FMSKorea 7HE3 5C 7<)
T2 EPS boxel EREFAA(C-PCM)E ¥o] = B

o}
k1
Jhu
2
K
=)
2
[o
H

EHAT THse
(F-PCM)E 4
faln Aeaar.

2
12
ot
P‘L
2 4
ko
=2
N

ZEeIa . .S
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47 A AN A FF e m
EPS EPS box 500 g*4 C-PCM -
T1 Aoy E Al S 47 500 g*4 F-PCM -
T2 ANelold A2FuE87] 500 g4 F-PCM 5T

Thermo Recoder (TR-52, T&D Co., Japan)

B2 Z1Ssgon, eEsg Fev Fulser) W, AETH, B

pHE A8 5 go] 573 45 mLE7}8l homogenizer® 23} 3 & Whatman No.l o2&
o] 748 o] 3} lS pH metersS ©] &3t 33 WtEslo] =45}

AMr= FRol WS Chromameter(Minolta CR-200., Japan)S ©]-&3lo] 33 WhE =43}
At =32 L(Lightness), a(Redness), b(Yellowness)#< 27 97.22, -0.18, 2.01 ©]At}.

VBN v & S (KFDA, 2002)& ©l83tol A8 5 gol &F+= 50 mL 7k+] H-3& 5t
+ % homogenizer= &3} 3 T3 o FA(Whatman No.1)E o gttt oo | mLE
conway dish €] 2o ¥ 0.005 mol HiSOs 1 mLE W ¥& 3 ¥3} K,CO3 1 mL
5 94 2% Yu conway dish F74<& 2o} /\]JELQ} Ko,COsE 25TColA 6027 w3
A AFAT ¥ 5 Ao Branswik Ao & Wl 5 00IN NaOHE 2 A dte] =439
Al T 384 A7 HEA 4E mg/100g &2 YEdiglen Aska e gs3 2t

ol
O:

g A7 e A & (mg%) = 0.14 x (b-a)f/W x 100 x d

a: =299 A4A (mL)

b gdde 444 (mL)

d: A

W Ase &

F : 0.01 N NaOH®] sHA 4

(4) TBA
23715 mete] 10gS #HAF T 0.3% BHA 05 ml ¥ 20% TCA &9 25mlS 7}ato]
homogenizer® &3} 3 UL STHFZ 50 m7l J=F AL AL & o3
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5 mlﬂ TBA(GMM thiobarbituric acid)-& < 5ml
530 nmoll Al ERE= =A s}

(Whatman Nol) |83t o3 & oo
< 7heke] Ejtst 15A17F Wetkao whx] sk
(5) Drip loss
23719 S5EA (%) S ALY A F9 FAE S48t ALtstat
6) VA=
EFF 2AL 42117] EHS Swab(3M Pipette Swab)S o] &3t d4A 342 FA7 3
T dAANRE Qﬁﬂ‘ﬂ T =4 A (Petri film. 3M Co. Ltd,, CA, USA)dl HZF3ste] 3
7Col w3 % log CFU/g &2 YERATE
(7) 71 == FA}
Hed7te g 15WS AAste] 2a7]e o3, SAHEA), XA (FaA) o3, thFAd,
A7 S FHo s 94 HEyor Hrist
(8) T A4
A& A= SPSS statistics 20 2135 o] 83} Duncan’s multiple range test "H((p<
0.05)e o] &3te] TAA Felds HASAT
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T2-EPS= A7 1d & &<aA 75T, 7#ul&87] UlF 241C, AEFd2%E 136TE 54
HQlaL, T2-EPP+= A% 19 & #49A] 53T, uiE87] Wi 228TC, A& T42% 139C=
SAH A T2-TEPPBO A4 2% #A4 7FHeAzb2 0464102 ojnf 2% A -
05C, 547 W 60T, MEFTALE 52T2 Z49Ax, A% 19 F #FdA 53T,
87 U5 228TC, AE TAL% 129CE SAHEHAY. T2-TEPPAE A% 1d & F4A,
FujEg7] WE ASFAeEs 247F 11, 58, 20CE ZAEYon, A% 77 B Fie
T 747 98, 6.6, 68T = FAE AC A4S d4dste] Fuj$&7] P 258 A=
st A FAEE AL & 54

o

Temperature (C)
=
[=]

——B1-EPS-PCM
——B1-EPS-Inside

-B1-EPS-Sample

Storage days

— B1-EPP-PCM

Temperature (C)
=
[=]

—— B1-EPP-Inside

—— B1-EPP-Sample

o 1 2 3
Storage days

19 3-40. A AFuEA g A T 223}

_80_



25

— B1-TEPPA-PCM
20 |
—— B1-TEPPA-Inside

15 |

B1-TEPPA-Sample

Temperature (C)

Storage days

Temperature (C)
=
o

o | B1-TEPPB-PCM
-5 - B1-TEPPB-Inside
-10 { B1-TEPPB-Sample
_15 i
o 1 2 3
Storage days

(2) FAwWs}

pH A7 %27] pHE 5260192, A% 39 £ BI-EPS 555 BI-EPP 550, B1-TEPPB
5587 =4 9on, BI-TEPPAE A% 39 535 AF 11Y 5622 ZAHE o AF7]| 7kl ut
¢} pH%= #2+ F7fet &S UEATE Holly 59 Aol o8t 24529 pHE A37]

2
N on

AR BueT, Tak 5& AWdse] we asze) 4

2 Q1% organic acid, aldehyde, ketone, alcohol, carbonyl % ©¢| pHel <
o
A

VBN AR %7
B1-TEPPB: Z+zb 17.81, 1650, 14.46 mg% = Z=AE AT}t A E-F oA
of gate] VBN #E& 20mg% olshal fFAstal o, 5o A

424 2 235

ol HH FIFHE =4 F dokal 37]H glo), & Ao A 39 F FHUF HAS
S & 4 vk BI-TEPPAE A% 11¥ 1545 mg%® ZAHHo Hi7t HAves A4S &
T A} 18 BI-TEPPAE Al9st ATl s g7 F94A #olE YetlA] &
kTl Shin 59 Hate] 9std VBNO T7hs wAEe] #H|etE 84 EE a49 A4¥s
oF #edo] glow, S/ A T HAsteE <5 W oid B8 &aef wAdEo] ke
FaEo 9sle] 8 dAo] ofnjato R R, thA] ofute] A Exle] FU)H A
AR F3Ee] VBNY o] Sl AoR FHEATL Halstdo



TBA A %7] TBA < 00730 mgMA/kgo 2 ZAHEon A% 39 ¥ Bl-EPS+
1.9393 mgMA/kg, B1-EPP+= 1.8084 mgMA/kg, BI-TEPPB+= 1.8722 mgMA/kg= =4 %A
om BI-TEPPA:= A% 79 % 14832 mgMA/kg, A7 119 ¥ 26581 mgMA/kg= =74
ATk AF7|zbel]l w2 TBAZM: Fod o= F7hsts 4d¢S el oy, BI-TEPPAE A9
g A Tgke] Fo A zbol= yWERUFA] @9kth Turner®] Hale]l mEw a17]¢] TBAZ
0.460]38td w 7h2@olgla Ry, 2 AFoMs A 7|7HEet 046 °l3t 2 A
of, Z2a7]e] W FHE oy Ui FulE A ol TBA gho] @A SAHE o= oA
7},

A& %7] 1.66 Log CFU/g °l¥ Fd4+= A 39 F BI-EPS+ 7.84 Log CFU/g,
B1-EPP+ 7.82 Log CFU/g, BI-TEPPB: 743 Log CFU/g® Z#4%<% o1, BI-TEPPA:
A 119 ¥ 657 Log CFU/g= S8 H AT AA7|re] S7HEFE 77t S7tete A2
2 ZAHJ oY BI-TEPPAE A& AgFoxs FoF<Q zol& udehliA] Fdth
Nottingham &l 23t 259 vAE47F 6-7 Log CFU/g o Z=¥3}
1 89 Log CFU/gell Edsat¥ #s2ow wolsd & gl Fui7t dAde Zoleta Hialst
Ak ® Ao M= BI-EPS, BI-EPP % B1-TEPPB: A% 3¥¢l B1-TEPPAE A% 11Y
of Faj7t AlFE Ao FAH AT

s A7) 2 Al e L oghel Wk UehubA ko w, a gk AT
S7hekel wet Faskda, A 195H a gk a7 AFEHAT b g 2 -
B FA8M #Aastgoed, a @ b gt #as A7t mE Aol ROt Az gt ut
E T4 Aol YEUA] %—}%E}.

ZNEE=ZA A 1¢ddE B1I-TEPPB A& +7F 93, &4 o], t54d 92 Awzel 7%
To| Al BI-EPS ¢} BI-EPP Rt} & H7l2 dglomn, XVOP 394 B1-TEPPAES A 9|3t
Aol Aol el A FurE dojuar hrYolel 2 o] FH7F WSt Hu =
7] @AR gk FHo] 33 olste] HIbgd ettt VsREAMA I, AR 1del=
B1-TEPPB ¢ B1-TEPPA”} B1-EPSY B1-EPP Ht} £ AHE FA3le Aoz ddd

o,

—+—B1-EPS —E—B1-EPP #—B1-TEFPB  —®—B1-TEPPA

Storage days
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—+—B1-EPS ——B1-EPP —d— B1-TEPPB —&8—B1-TEPPA
20 r
L1s t e
£ [
E 10 r
=
5 -
0 L 1 1 L L L 1
0 1 2 3 5 7 9 11
Storage days
% 3-43. FRA AFaEALE A T 4]l VBN ®st
35
30 - —+—B1-EPS —E—B1-EFP —&—B1-TEPPB —@—B1-TEPPA
25
§2D r
15 F
E
10
&
05 r
00 r
05 1 L 1 L 1 L L
o 1 2 3 5 7 o 11
Storage days
% 344, FRA AFaEA LY A T 4alv]e] TBA ¥t
12
—+—B1-EP5 ——B1-EPP —i— B1-TEPPB —®—B1-TEPPA
E 10
Fy
587
[™8
L
£ BT
g
=
E
L
o L 1 1 L L L |
0 1 2 3 5 7 9 11
Storage days
a9 345, BYH ALFMEN 2D AF F havlY FES
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i 3-28. TR AFuEAsE A% F 2o Ae ws)
day L a b
B1-EPS 36.27+0.38 33.83+1.174 14.50+0.90™
B1-EPP 36.27+0.38 33.83+1.174 14.50+0.90™
! B1-TEPPB 36.27+0.38 33.83+1.174 14.50+0.90™
B1-TEPPA 36.27+0.38" 33.83+1.174 14.50+0.90"
B1-EPS 36.17+3.09 23.1042.17° 11.03+0.96""
B1-EPP 32.53+1.274 28.87+1.42% 12.37+1.01°P°
! B1-TEPPB 34.00+3.724 29.27+1.00" 12.57+0.65"""
B1-TEPPA 37.23+1.524 31.73£1.10%% 14.47+1.70"
B1-EPS 34.10+0.61" 12.67+1.17% 7.60+0.35¢
B1-EPP 35.43+1.63% 13.43+5.26™ 8.37+1.4285¢
’ B1-TEPPB 34.57+2.95™ 11.23+0.86™ 9.20+0.805¢¢
B1-TEPPA 32.40+1.014° 28.63+0.294" 11.90+0.56"
B1-EPS 35.47+3.817 12.50+0.205¢ 8.47+2.1485¢
B1-EPP 34.97+0.58 14.53+3.085P 8.83+0.96"5¢¢
’ B1-TEPPB 34.80+1.827 11.67+0.51B"° 9.30+0.52°8¢¢
B1-TEPPA 32.47+1.26M 26.53+2.99A 10.83+1.1948%
5  BI1-TEPPA 35.97+1.30° 22.77+1.17¢ 10.93+1.12™
7  B1-TEPPA 35.83+0.42° 17.00£5.91¢ 9.43+1.48%
9  BI-TEPPA 35.53+0.29° 10.97+2.141 8.33+0.91¢
11  BI1-TEPPA 35.93+0.61° 9.40+3.38" 8.23+1.01¢

1) Values with different capital letters (A~C) among fresh beef of same storage day of different treatments are significantly
different at p<0.05 based in Duncan’s multiple range test.
2) Values with different capital letters (a™f) among fresh beef of same treatments during storage days are significantly

different at p<0.05 based in Duncan’s multiple range test.
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3E 3-28 @A AFuEAlad A T L3719 Be A
day e (j;*ﬂ) :T]j::) oI e 322
B1-EPS 9.00+0.00*  9.00£0.00**  9.00+0.00**  9.00+0.00**  9.00£0.00**  9.00+0.00**
B1-EPP 9.00+0.00*  9.00£0.00**  9.00+0.00**  9.00+0.00**  9.00£0.00**  9.00+0.00**
’ B1-TEPPB  9.00+0.00**  9.00£0.00**  9.00+0.00**  9.00+0.00**  9.00£0.00**  9.00+0.00"
B1-TEPPA  9.00+0.00**  9.00+0.00**  9.00+0.00**  9.00£0.00**  9.00+0.00**  9.00+0.00"*
B1-EPS 5.20£0.63  500+1.05“" 520+1.23" 4.80+1.23">  4.70+1.16"  4.60+0.84""
B1-EPP 7.00£0.94%  6.80+0.63%  7.30+0.67%"  6.70+1.34>  650+0.97"  6.50+0.85°"
! B1-TEPPB  7.90+0.32%"  7.40+052%°  7.40+0.84%>  7.70+0.485"  7.40+0.97%  7.40+0.70""
B1-TEPPA  880+0.42%  870+0.48%  8.70+0.48" 860+0.52" 860+0.70"® 8.70+0.48"
B1-EPS 2.00+1.05%  1.80£0.79™  2.20+1.32° 2.30+1.16°° 240+1.51%  1.90+0.99%
B1-EPP 2.80£1.40%¢  2.40+1.07°%  270+1.34“  3.30+1.42°%¢  2.80+1.32%  2.70+1.16°
’ BI-TEPPB  3.70+1.16%  3.40+0.84%¢  4.00+1.33%  3.30+1.25% 350+1.18%  3.30+1.425¢
BI-TEPPA  7.40+1.07*  750+1.08"" 750097  7.20+155* 7.20+1.32%  7.20+1.14%"
B1-EPS 1.00£0.00°  1.10+0.32°%  1.20+0.42°  1.20£0.63“  1.90+1.52%  1.10+0.32“¢
B1-EPP 1.8040.63%  1.60+0.97°P!  1.60+0.70“®  1.60+0.97°  2.20+1.23%  1.50+0.715
’ BI-TEPPB  2.00+0.67° 240+1.43%  230+1.06% 230+1.25% 250+1.18%  2.00+0.94"
BI-TEPPA  7.90+0.74*  7.90+0.74*"  7.60+0.52%"  7.30+1.06™ 7.70£0.82%*  7.70+0.82%"
5  BI-TEPPA  790+057°  7.30+0.48"  7.40+052"  560+1.84°  6.80+1.23°  6.20+1.14°
7  BI-TEPPA  4.10+1.45° 3.60+.58° 410+1.60°  3.20+1.62¢  4.40+1.78%  3.70+1.25°
9  BI-TEPPA  220+092%  160+0.70®  2.10+0.88Y  1.70+0.67°  250+0.85°  1.60+0.52°
11 BI-TEPPA 1500719  150+053%  1.60+0.52%  1.50+0.71°  1.90£0.99°  1.10+0.32°

1) Values with different capital letters (A™D) among fresh beef of same storage day of different treatments are significantly
different at p<0.05 based in Duncan’s multiple range test.

2) Values with different capital letters (a”e) among fresh beef of same treatments during storage days are significantly

different at p<0.05 based in Duncan’s multiple range test.
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(7)) ex=w3}

A7 194 EPS boxd #dA &%= 0T, FHl587) = 171C, A2F4L 113 CT=
Hﬂ7wwlﬂ%#%@ﬂ%@VHfﬁgiémﬂﬂﬂ-ﬂﬂZﬂﬂﬂmﬂ i AE 2x
= Zt7F 17, 209, 193 T2 AF 3dAd = AEA, Wy, MZF227F 25 C ooz F7473
ol E Aow ZAHAY. AAZ7|ZF o EPS boxe HF2kE #dAA 82 T, WH 20.2
T, 4% 152 CE =49 TEPP-13 TEPP-2& A% 294 FdA4E 2,4 C, 2%
= 5 76T, IE25%+ 55 7T4CE SAHHJL A 7dA4d = A= 2, 45 C, W2
= 45 68 T, MZ2%E 54, 66 CZ TEPP-1°] TEPP-2¢| Hla] 2%7} A HE AOR
SAHATG. A7I3F F<F TEPP-19 Hd=%=e A 18 C, iF 51 C, f1& 55 CT=E
253, TEPP-2&= #<dA4) 39 C, W 67 C, A= 71 C&E Ao A7k Het
W E87] TEPP-17F A4 2% 5 T2 2=fX7F & 3oz SAHFAG
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19 3-46. 5T 50 LAFu A =dlol A gujE8 79k ~ar]e] =33}

() FAws)
pH A7 Z7] pHE 56301903, A% 299 EPS 578, HM 5.45, TEPP-1 558, TEPP-2
5582 =74 ATk EPSE A% 3dUel 5852 /e, © o) B4 Erhs st A
2 790 HMS 5428 #4adtes &S BHAAW TEPP-1& 566, TEPP-2& 5942 Hzak =
7Vl Ao 2 UElth Demeyer 5(2007)2 &40l 93 falolmite] AN &HA 5 o
WA FEH Wl dad g A H dRYote] A opm|wAbe] FEajE ldhe
A < pH7F S7hebthal Haskg)

VBN A Z7] 720 mg%E SABEAIL, EE Aol A Srtste 43S B

A% 29 EPS¥® 11.53 mg%= A A F7kg wrd HM, TEPP-1, TEPP-2%& 717} 7.60, 7.90,
750 mg% o2 & WIE Holx &l EPStE A% 3Y olF FulE <l w4 o] Erle 3}
RaL, A 790l HM, TEPP-1& Z+7F 792, 839 mg%® <& F7H&S ®Wel ¥ii TEPP-2
15.02 mg%= VBN 3t&Fo] A F7ksk Aom AFadolA 183 FX(15 mg%)old o=
ety B ERSS & AT
TBA TBA# S A9 e A5 Yehdles #gez 2wl 2bste] o9& dA =
malonaldehyde(MDA)$} thiobarbituric acid’} ¥WFS-3le] A EH= H249 AesE 43 3t
o= 1 el AW A Aty Bo] M EHASES HEFHTH(Tarladgis B.G. &, 1960). &
% TBA W3le= A4 %71 01940 mgMA/kgolA EPSE A& 19l 04930, 32l 1.4338
mgMA/kg o & F243] Z7lete AeS B, YA A Ts A% 4974 04 mgMA/kg
o]ate] TBAZ YEMHATH A7 A7 7o HME 0.3893 mgMA/kg® 0.4 mgMA/kg ©] &t
o] A7 =AU, TEPP-121.1681, TEPP-2& 1.7396 mgMA/kg o2 TEPP-24 2] 7-¢]
TBA Ws7t 74 & Ao = eyt
u & 2a71el A4 5 vAE W3l Figure. 529 UE}
T 347 log cfu/g® SAHHJL A7F7]ke] Aol wpeh v A

=
= AF 249 703 log cfu/gz A8t Fui7t ZASH S & F

9
.
_\7\_1‘
N
g
o,
2
o
B
~
of

HM,
TEPP-1, TEPP-2= Z+7; 368, 4.08, 397 log cfu/g® Sk, A4 744 HMo] 4.79
log cfu/g® TEPP-1, TEPP-2(6.65, 7.62 log cfu/g)°l W& Feld oz AA F23 Aoz =
4% k. TEPP-2= NVRQS(2013)¢] #%7]E S35 7.0 log cfu/ge 383l eyt pH 7]
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+ 6.0, VBN 7] 20 mg%, TBA#Z 71+ 40 mg MA/kg Bt} ©2 kS Hola Qlo] A&7}
b s FulE A= gkort Agom ALt o = AFetA] ¥ AR ATH o

Drip loss Z7] 064%°1A4 A 296 EPSE 144% = 7HE 2 $5E4S ey o,
Um ] A= 0.65-075%= £ He ez FAHUT. A 7ol HM2 0.72%,
TEPP-1<& 087%% & W3lr} vAshA] & vt TEPP-2& 1.78% %% £4% YeAoh
Jeong ¥ Lee(2006)= 11w % Aw &17]E AFetdAA SA43 Ay AF7|To] AdFsE &
g%o 77]-0}M1 ZVJ 7?;&11 747} 2,07, 291%9] SE5EA o] TASA A

i
L
s
k1
_O|L
o
i)
> o

o] Uﬁ = Zifli LHERG Zi% gk hAle gk AoRE FE

AT A 7] EE YEUE La2 41.94 valuedl A EPST A7 3¥ 9l 37.83 value=
Hadhe AgS YeEddth HM, TEPP-1&= A% 790l 4446, 42.97 value® A 4713t &<
A F7veklal, TEPP-2v= A% 447b4] S7Fetthrh 74l 40.16 value® #HAdhes Ao
SAHAT. a S AFx7] 2810 valuedl ] EE A FolA A% 7]kl AFFE 3HAS
E A3¢S ®BAav EPSE A% 3949 1757 value® YEY £a317]9 B Mol A4 A
S Aoz Yehygth yHA A FES A 7o HMS 26.30 valuez 71 A2 W3sE B
Ga, 1 2o TEPP-1°] 2321 value® A %At} ¥vbd TEPP-2& 16.30 value® =74

Hol Aav]e] Ha2Mo] 71 AA Wk ® o= HAth b gt =g A% x7] 15.00 value
oA EPS= A% 3¢ 1009 value® A8k, ymAl Aga+= A% 744 HM 15.10,
TEPP-1 13.46, TEPP-2 12192 %43 Aoz yelyt Kang 5(2010)2 AW AE<] )
of 83 FEFE VA= &% T stuER Aarv)e] s AAolgta & glom, o3 &
A W ste] tisle] Brewer?t Habers(1928)= TBAS A A% Atolo] & Fa#AA7E 3l
st A o] A-satetrt Aol wel oxymyoglobinell €]dF A A== FAadtha 63l
71 = ZA} A7 39 EPS A+ B oA 23 0]6}4 H4E ol AEAdol A
d AL & Al A 494 HM, TEPP-1, TEPP-2 25 6% o|Ate] H7l= woka A
7 79 HM, TEPP-1& 747} tjitio] o 74 o]Ate] Hr7E WA vt TEPP-2+&
7 olake] HI7ME Wrol Ayt FajEo] AEAde] AAd Aom dFdHJAT HM A2
A 9L 7tA] BE oA 74 o] FL& HrE e Wk TEPP-1+ A4 9Y%¥ 54
Hl

olete] WrtE we Ao ey,
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3 3-30. 5C 50L A=FufE Al="lo A Aai7]e] A% & A W3}

day L a b
EPS 41.94+3.31% 28.10+3.114 15.00+1.147
0 HM 41.94+3.317" 28.10+3.114% 15.00+1.1442
TEPP-1 41.94+3.31% 28.10+3.11%2 15.00+1.14%2
TEPP-2 41.94+3.314% 28.10+3.114 15.00+1.1442
EPS 38.31+3.47° 24.23+2.78° 12.68+0.97"
HM - - -
1
TEPP-1 - - -
TEPP-2 - - -
EPS 38.46+3.045P 17.74+351¢ 10.51+1.27¢
) HM 41.27+1.9148° 29.57+2.9744 15.18+0.864%
TEPP-1 43.06+4.84"% 24.31+2.03Bak¢ 13.74+1 275
TEPP-2 41.83+5.14AP® 25.28+2.1652 14.17+1.11488
EPS 37.83+3.10° 17.57+2.86° 10.09+1.72¢
HM - - -
3
TEPP-1 - - -
TEPP-2 - - -
EPS - - -
A HM 45.43+4.64% 25.24+2 98P 14.53+1.23%2
TEPP-1 40.01+5.85" 25.52+3.92/ 13.41+1.734P
TEPP-2 44.43+3.9748 25.64+3.9944 14.52+1.0342
EPS - - -
. HM 44.46+4.92° 26.30+4.014P 14.99+1.06™
TEPP-1 42.97+3.9940 23.2145.204P¢ 13.46+1.42"°
TEPP-2 40.16+2.45¢ 16.30+3.45"" 12.19+1.28%"
EPS - - -
9 HM 46.28+4.874% 25.51+1.98P 15.10+1.0742
TEPP-1 42.13+3.5482 21.13+4.48"% 13.24+1.19"°
TEPP-2 - - -

1) Values with different capital letters (A™C) among fresh beef of same storage day of different treatments are significantly

different at p<0.05 based in Duncan’s multiple range test.

2) Values with different capital letters (a”c) among fresh beef of same treatments during storage days are significantly

different at p<0.05 based in Duncan’s multiple range test.
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¥ 3-31. 5T 50L A=2Fuls Alawlo|A] A4a17]e] A 5 7|5k XA

S Al AR Z] 9l A
= 24 5 A0 ol AN wee 5T
(1__0 —1) (‘VT—v—l) 7]-9~—J—

EPS 9.0+0.0042 9.0+0.002 9.0+0.00%2 9.0+0.00" 9.0+0.00¢ 9.0+0.004¢
HM 9.0+0.00%¢ 9.0+0.00%¢ 9.0+0.00%¢ 9.0+0.00¢ 9.0+0.00%¢ 9.0+0.00%¢

0 TEPP-1  9.0+0.00*  9.0+0.00*  9.0+0.00*  9.0+0.00**  9.0+0.00**  9.0+0.00*

TEPP-2  9.0£0.00**  9.0£0.00**  9.0+0.00**  9.0£0.00**  9.0+0.00**  9.0+0.00"
EPS 8.6+0.52" 8.6+0.52° 8.4+0.52 8.5+0.53" 8.4+0.70 85+0.53"
HM - - - - - -

1
TEPP-1 - - - - - -
TEPP-2 - - - - - -

EPS 3.7£1.25%  3.7£134% 44:171%  34£201% 54#227%  31+1.66%

) HM 7.8+0.79°  82+0.79*  81+0.99% = 82092  82+0.79*"  7.7+0.82"
TEPP-1  83x0.67*  83+0.67*  80+1.15™  84+0.70**  85+0.71*  84+0.70*
TEPP-2  83+1.06°"  84+097%"  82£1.32%  81+1.20*  84+097**  8.3+1.06®"

EPS 1.5+0.97° 1.6£1.07° 1.4£0.84¢ 1.1£0.32¢ 1.9+1.45° 1.2£0.42¢
HM - - - - - -

3
TEPP-1 - - - - - -
TEPP-2 - - - - - -

EPS - - - - - -

4 HM 8310674  84+052%"  84+0524  84+052%  7.8+0.92%  81+0.74*
TEPP-1  6.7+0.82%  66+097"  6.9+0.74"  67+1.06"™  6.8+092"  6.4+0.84"™
TEPP-2  7.6x0.70%>  80+047*  81£0.32*"  80+0.67*  80+1.25*  7.8+1.03""

EPS - - - - - -

. HM 81+0.74%"  81+0.74A  7.9+099%"  76+1.58%"  84+0.84%"  80+0.824°
TEPP-1  59+057°  6.0+0.82%  62+140%  52+1.69%  64+0.70"  6.3+1.06™
TEPP-2  2.8+0.92° 2.4+1.17% 2.1+1.73% 1.741.34°>  33+206“>  2.1£1.29%

EPS - - - - - -

. HM 7.6£097%  7.8+0.79%  7.7+067*  7.8+0.63*  82+042%  7.7+0.67"
TEPP-1  26+143%  26+1.43% 3.1+1.85%¢ 2.3+1.255%¢ 4.4+2.37% 2.2+1.235%¢
TEPP-2 - - - - - -

1) Values with different capital letters (A™C) among fresh beef of same storage day of different treatments are significantly
different at p<0.05 based in Duncan’s multiple range test.
2) Values with different capital letters (a”c) among fresh beef of same treatments during storage days are significantly

different at p<0.05 based in Duncan’s multiple range test.
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A7 194 EPS boxe #dA £x= 48T, 4l
A 713k AdFE A molAlE Aom 74 2
= 247} 182, 208, 17.1TCE A 3dA o= LA, WF, ME 2%7F 24T o]

e Aoz ZAHAY. AF7I7F FoF EPS boxd #HHFEE FHEA 11.9T, W 19
, AE 147 C2 ZAEAY. TEPP-13 TEPP-2&= A% 294 ZdAE -1.3, 0.7C, W+
8, 07C, AELE+ 25, 35CE A% A, A4 9dAd = FEA= 27, 1.
= 24, 40C, AZ2%E 25 48CE TEPP-1°] TEPP-2¢ Hl&] £%=7F f4 5
© Aoz FAFAY. A7 F<k TEPP-19] 2% FEA -19T, W 15T, A=
A5, TEPP-2+= F4A 06C, U5 51T, AF 37C=2 SA4H A7 &
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19 3-48. 2C 50L AZgujEA| el A g g7 oF &a7] o] 22

pH Ax 7] pHE 52502 =AHHJa, A 2¢d EPS 551, HM 5.38, TEPP-1
A4 AFS H AE} EPSE A% 39 5712 27}

o
HMS 534%2 & W3l gl 1 FA e s IS EOJ b&‘?ﬂ, TEPP—l,
[e)

TEPP-2% 72} 5. = Ao® yeut 2arle =4 5 FU)dHe gzt
ol el <5 T 9| glycogenolvt ATP7} ¢bds] nzdd w7+ #4ks A skl pHE Aot
: 3 pHe= HA st =m olek 22 pH

Ay 2] =] of

gl By H} 21 TH(J.R. Bendall, 1978).
5 BE AgTAA A F
7hele AES B A 2d9] EPSE 811 mg% = 7+ ﬂﬂ <718k ar, HM, TEPP-1,
TEPP-2% Zt7Z} 7.16, 7.44, 737 mg% o2 SA AT EPSE A% 3Y o5 Fiz Qg &
Aol Brbs stlar, A 794 HM, TEPP-1(7.24, 7.72 mg%)< A& 712 Hol v
TEPP-2+= 9.20 mgAE VA AA Z=7bEke] 2mv)e BEur) A Hu 9= Aow Wu)
A 9o HMS 840mg%= 713 e 2712 R 1, TEPP-1, 903 mg%, TEPP-2 11.45
mg% = TEPP-2 A5 VBN 3ol th& AHg7unv =4 S 7 W &Ly
Hu 7} el Ao 2 vElgth VBNS NVRQS(2013)2] 71+ 20 mg%z A 7|3F 5t
RE AgTe For)ed st oy Ao R A&str)ol = AdshA] ¥ o=
FhE A

TBA A 27] 01350 mgMA/kgel Al EPSE A4 199 0.5105, 3¥ ] 1.6812 mgMA/kg
o8 w438 FTrtete A¥s B, UHA A AR 497H4 04 mgMA/kg ©] st
TBAZ YeErAT A 99 HM 0.3761 mgMA/kg® 04 mgMA/kg ©]3te] FX&2 =A%
a1, TEPP-1 0.5339, TEPP-2 1.1211 mgMA/kg© & TEPP-2 TBA W37} 714 & A& 1
Bl Brewer 5(1993) TBA #& A7&7]%tel] whet Aol Abstyo] 12 AAPEHQ]
hydroperoxide”} 2z} At == FaE o] F7|4F, dHstol=, AE, 43, 7lRE7] 2
THA Fol AL AAHHIL I WAE giAbel AR &l i Y= FalE Al

O
(0%0]
=)
Q
X
fu
AN
o
[
?-SZ
K
2
o
~
L
o
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s = AA7Izke] A #She] wel TBA kel S7bskith
N A E A7 %% T Ha7le #4 Z2 A8 Aol 7P & IS A= Aol &
7 xdd ASete vAE o] 6 log cfu/g =¥ 7 log cfu/g =° =4g3a4d
37k A #E AL 8-9 Log log cfu/gd W #5241l Aol Astxo] FajH7 AeA drha
HAATHM.S. Lee &, 2004), ¥ AFol| AMES L3719 %7] T+ 1.55 log cfu/g=
SAZEHJIL A7zl Aol wet mAdE FAS SIS EPSE A% 3%_’01] 8.45 log
cfu/g®z SAste] Fa7t LA eS & AT AF 4Ll HM, TEPP-1= #4175,
1.85 log cfu/g® 2 W3 ¢UAI W TEPP-2%& 367 log cfu/g® 714 & 4% 1-1911, A
Z 74x HMo| 3.34 log cfu/g® TEPP-1, TEPP-2(4.62, 7.09 log cfu/g)ol ®|3] oz o=z
AA FA3 Aow Z=AHEAJY. AF 9= HMo] 4.35 log cfu/g® 714 A& 28 HY
1, 222 TEPP-1(5.92 log cfu/g), TEPP-2(7.71 log cfu/g) <=2 % Y EGE
Drip loss AL F 23719 drip loss =4 Ay %7] 078%lA A 24| EPSE
145%= 7V & S5E4E8 HEdla, U A Agae 1.0071.14% =2 48 2t A%
3del EPST & 345%° & SH5EAE HAoH, ol #Ao] EVbs ok, A% 444

HM, TEPP-1, TEPP-2 =5 1.0271.16%¢ <258 HAt. A4 9o HM-2 1.24%, TEPP-1
2=

o

2 1.19%, TEPP-2%& 1.68% %2 TEPP-2 Az 79 % £4do] 7P & Aoz e 14
s A ASES 4T A 74 A% ol B S5 &4FS FHi 4.35%0] 2= C.J. Kim
5(1994)9] HuHTE wgkon o] B Apds o 9e 2xoM AFS 97 Wi
2 et Van Laack 5(1994)2 gl S50 5% o]/dold Sl £31% ZFe=rha

BFR o} B Ao A= 5% o]F R =AU}
= AR 27] HEE Yey = Lk 39.77 valuedl Al EPSE= A A 290 43.37 value®
7 et AEE YERY. HM+ A% 494 714 45.01 valueZ 571tk A7 74 o
7

3898 value® #4a F fAstE A3¢FS B, TEPP-1, TEPP-2& A% 7|7 Hob F7l8ls=
Aoz FAHHEUT. a #S AFx7] 3260 valueol Al & A FolA AF 7]7ko] A G5
Aadte AES BHAt EPSE AR 3UAo] 1466 value® YElL} 2a7]o] B& o] =7
A Aoz yehyth UMz HeTES A% 7o) HMS 2629 value® 7Hg 4 Wg)
5 B, 1 528 TEPP-19] 2322 value® A AT ¥y TEPP-2+ 1863 value®
=74 & o] iiﬂf’ %t*%l 7V aA ¥zt " AR yEwth o= Brewer ¢

AR S AG Azko]l Aol thet AMEE st

X=
[e)
il A %7] 1531 valueol A EPS:= A% 39 10.93 value

3k H e O]Z] IStk bk
2 #AAastda, yMA e ge A% 994 HM 13,67, TEPP-1 1353, TEPP-2 12.26 value®
Aashe AgS B
7| ZEZA}L A% 247bA EPS A TE RE FEA 67 oo HIE wokA vk A%
3del BE oA 24 o]ste] H4E wol dFEAC] AdE S ¢ F AT S/ &
AW FEe] g v BHoks W =#8A e AS Av|AEo] MEst=d o= A
Aol Aol gtha s THRho &, 2007). YA = AgT= A% 44714 Y 2po]
£ Holx ¢tar, A 7o HM, TEPP-12 7Ztz} thy-Eo] d&oA 657 o9 HIIE
Wk AW TEPP-2+= 47 o]ste] H7hE wrol F3f dA 2 #Ad= ok sbA 7 HM, TEPP-1%
A% 9dFH o FE o] & A 54 olste] HIFE wrol AR TAZA] &7 AHMEE F
Ast= Ao Z YE T
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¥ 3-33. 2T 50L A&5uld A z=®oA] Aav|e] A ZF A ¥}
day L a b
EPS 39.77+2.824 32.60+2.094 15.31+0.93%

0 HM 39.77+2.824¢ 32.60+2.097 15.31+0.93%
TEPP-1 39.77+2.824¢ 32.60+2.097 15.31+0.93%
TEPP-2 39.77+2.824¢ 32.60+2.09™ 15.31+£0.93%

EPS 40.43+4.99% 24.64+4.81" 14.07+1.84°
HM - - -

L TEPP-1 - - -

TEPP-2 - - -
EPS 43.37+6.28" 24.16+4.99%" 14.03+1.38%

. HM 43.52+3.3244P 27.89+2.834P 14.50+0.64%
TEPP-1 42 97+4.60% 27.89+2.874P 14.69+1.134
TEPP-2 40.24+4.75% 29.17+2.76"" 15.08+0.99%

EPS 40.37+4.68" 14.66+2.33° 10.93+1.67
HM - - -

3 TEPP-1 - - -

TEPP-2 - - -
EPS - - -

A HM 45.01+5.86™ 25.40+3.731 14.94+1.072
TEPP-1 41.74+4.09%® 26.88+0.60"" 14.33+0.98%
TEPP-2 45.01+5.86% 25.40+3.73%¢ 14.94+1.074

EPS - - -
HM 38.98+3.51% 26.29+1.664° 13.21+1.474

! TEPP-1 41.60+3.68%" 23.22+2.328¢ 12.93+1.09%¢
TEPP-2 43.36+3.17°% 18.63+2.65% 12.40+1.08%"

EPS - - -

9 HM 38.67+4.88% 26.24+3.074° 13.67+1.67"
TEPP-1 48 57+6.637 20.34+3.16% 13.53+1.134%
TEPP-2 43.42+4 575" 18.32+1.75% 12.260.84"

EPS - - -

" HM 39.48+5.615 20.47+6.34%¢ 14.22+7.674
TEPP-1 44.90+5.904 18.09+2.00% 12.34+1.19%¢
TEPP-2 - - -

1) Values with different capital letters (A™C) among fresh beef of same storage day of different treatments are significantly

different at p<0.05 based in Duncan’s multiple range test.

2) Values with different capital letters (a”e) among fresh beef of same treatments during storage days are significantly

different at p<0.05 based in Duncan’s multiple range test.
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¥ 3-34. 2C 50L AL&Fujs A 2do| A2a7]e A = 7|55 FA}
A 2| A ELLES
day o ) mci‘;w,) oA e New
EPS 9.0£0.00%  9.0£0.00%  9.0+0.00%  9.0+0.00%  9.0+0.00%%  9.0+0.00*%

0 HM 9.0£0.00%  9.0+0.00%  9.0+0.00*  9.0£0.00*  9.0+0.00%*  9.0+0.00**
TEPP-1  9.0+0.00*  9.0+0.00*  9.0+0.00*  9.0+0.00**  9.0+0.00**  9.0+0.00*
TEPP-2  9.0£0.00**  9.0£0.00**  9.0+0.00**  9.0£0.00**  9.0+0.00**  9.0+0.00"

EPS 8.1+0.74 8.1+0.74 8.0£0.94 8.1+0.99 8.2+0.92" 8.0+0.82"
HM - - - - - -

! TEPP-1 - - - - - -

TEPP-2 - - - - - -
EPS 6.4£0.97%  61+0.88%  65:097°  63£125°%  7.1:088%  6.3:0.82"%

) HM 8.4+0524  84+0524 8420704 82+0.79%  83+0.48%"  83+0.674"
TEPP-1  7.9+0.74*  80+0.67*"  7.6+052%"  80+067""  7.9+0.32**"  7.8+0.42%"
TEPP-2  79+1.10%  79+1.10"  80+0.82*%"  80+1.15""  8.0+0.94%*"  81+0.994"

EPS 1.6+0.70¢ 1.5+0.71¢ 1.7+0.82¢ 1.2+0.42¢ 1.7+0.82¢ 1.3+0.48¢

. HM - - - - - -
TEPP-1 - - - - - -
TEPP-2 - - - - - -

EPS - - - - - -

4 HM 77+082% 72+1.14% 7.7+082%  6.8+1.14%  8.0+0.82%"  75+1.08*"
TEPP-1  7.7+1.06""  7.7+0.95%  80+1.05*"  83+0.82**"  7.8+1.14""  7.6x1.17*"
TEPP-2  7.620.84% 79074  78:0.79*"  75£127°%  76£1.07%"  7.8+0.924°

EPS - - - - - -

. HM 7940884  7.9+0.88%  8.0+1.06**"  7.7x1.06** = 7.8+1.14%  76+1.17*°
TEPP-1  6.8+1.32%"  70+1.15%  74+1.35"  65£1.43%  7.0+156%"  65+1.43%
TEPP-2  4.0+1.76%"  3.4+1.78% 3.8+2.15%¢ 29+1.52° 41+1.66% 2.8+1.62"

EPS - - - - - -

. HM 48+1.40%¢  48+1.40%  49+1.97%¢ 45097 551514 4.8+1.40%
TEPP-1  32+0.79%  3.0+067%"  37+149%  26+0.70°  4.3+1.83%  3.0+0.82%
TEPP-2  15+053%  16+097°¢  20+1.25%  1.3x067°¢  2.8+1.69%  1.7x0.67“

EPS - - - - - -
HM 3.7£1578  32£140%  34£1.71%  29£166"%°  34+201M  3.0+1.49M

11
TEPP-1  29+1.29%  28+140%  28+1.69%  22+1.03%  32£1.62%  2.3+1.25%
TEPP-2 - - - - - -

1) Values with different capital letters (A~C) among fresh beef of same storage day of different treatments are significantly
different at p<0.05 based in Duncan’s multiple range test.
2) Values with different capital letters (a”e) among fresh beef of same treatments during storage days are significantly

different at p<0.05 based in Duncan’s multiple range test.
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=2 S7tete d3s BAAT T2x= 5612 2 Aols YEUA St
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& 3-36. o] ASFuEAIdolA] A7) A 5 Aws)

day L a b
EPS 39.41+3.36% 29.08+2.15% 15.91+0.8344

0 T1 30.41+3.36% 29.08+2.15% 15.91+0.8344
T2 39.41+3.36" 29.08+2.15" 15.91+0.83%
EPS 37.76+2.21™ 27.23+3.33" 14.83+1.62%

1 T1 36.87+1.60" 27.13+1.35" 13.87+1.224
T2 37.86+5.10" 27.82+3.537 15.33+2.314
EPS 37.93+1.87* 22.31+2.98 12.77+1.49

2 T1 - - -
T2 - - -
EPS 37.91+3.15% 14.48+3.44%¢ 11.29+0.98¢¢

3 T1 38.42+2.637 19.83+4.90" 12.83+1.65"
T2 39.74+3.374P 26.52+1.96" 14.42+0.64™
EPS 36.78+3.00° 15.88+2.15° 10.69+1.38°

4 T1 - - -
T2 - - -
EPS - - -

5 T1 35.19+2.99% 14.79+2.625¢ 0.69+2.11%
T2 38.66+2.134 27.11+2.56" 15.33+0.68"
EPS - - -

7 T1 - - -
T2 38.99+3.30™" 23.13+5.78" 14.76+1.91°
EPS - - -

9 T1 - - -
T2 35.83+3.43" 17.63+6.11¢ 11.00+2.42°
EPS - - -

11 T1 - - -
T2 35.17+4.61° 15.01+2.13¢ 10.54+1.55"

1) Values with different capital letters (AC) among fresh beef of same storage day of different treatments are significantly

different at p<0.05 based in Duncan’s multiple range test.

2) Values with different capital letters (a”e) among fresh beef of same treatments during storage days are significantly

different at p<0.05 based in Duncan’s multiple range test.
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5 A A A ELES
day e AEA) G oI e e
EPS  9.00 +0.00% 9.00 £0.00**  9.00 +0.00**  9.00 +0.00**  9.00 £0.00**  9.00 +0.00*%
0 T1 900 +0.00* 9.00 £0.00% 9.00 +0.00** 9.00 £0.00*  9.00 +0.00**  9.00 +0.00**
T2 900 +0.00*  9.00 £0.00%  9.00 +0.00**  9.00 £0.00*  9.00 +0.00**  9.00 +0.00**
EPS  9.00 +0.00%  7.63 £0.81% 750 +0.73"  7.63 £0.89% 756 +0.89%  7.44 +0.73%
1 T1 863 +050* 844 +051*" 844 +0.63* 888 £0.34% 875 +0.45* 875 +0.45%
T2 869 £0.48*" 869 £0.48% 875 +045% 875 +0.45% 863 050 875 +0.45%
EPS 750 +0.82° 438 x0.89° 425 093  4.06 £1.12°  2.88 +1.20°  3.88 £1.41°
2 Tl - - -
T2 - - -
EPS  1.88 +0.72“ 181 z0.75°¢ 200 +0.97°¢ 138 +062°° 3.13 +1.26° 169 +0.60“
3 T1 381 £147% 381 £1.38% 356 +1.26% 288 £1.71" 213 141 269 +1.45
T2 794 068 775 £0.77*° 750 £1.21%" 775 £0.86"° 7.94 £1.00*  7.75 +0.86*°
EPS 131 048  1.31 £048°  1.38 050  1.13 £0.34°  1.25 +045°  1.06 +0.25°
4TI - - -
T2 - - -
EPS - - -
5 Tl 100 +0.00% 1.00 +0.00°%¢ 1.13 £0.34%¢  1.13 +0.34%  1.00 £0.00%¢  1.00 £0.00™
T2 631 £1.01% 631 £1.14% 594 093 544 £1.75 688 +1.63% 6.00 £1.46*¢
EPS - - -
7 Tl - - -
T2 683 £1.15° 669 £1.01° 650 £0.97° 656 £0.96°  7.00 £1.15°  6.69 +0.95°
EPS - - -
9 T1 - - -
T2 369 +1.30° 363 £1.200 356 1557 256 £1.21° 419 +142°  3.19 +0.91¢
EPS - - -
11 T1 - - -
T2 263 £209° 250 £1.90° 256 +219°  1.81 +1.17° 325 +1.95° 238 £1.86°

1) Values with different capital letters (A™C) among fresh beef of same storage day of different treatments are significantly

different at p<0.05 based in Duncan’s multiple range test.

2) Values with different capital letters (a”e) among fresh beef of same treatments during storage days are significantly

different at p<0.05 based in Duncan’s multiple range test.
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A& 28 34 R FHi$ A" 2 g9 R 4§35
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7h AR AY9E NFC A ez A4
O NFC #d¥ @2 REZ o] &3 NFC AA e AgEE A2
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A1717] 8kl Bl1¢ =gol¥(Card Emulation =) Tz shetalgd on NFC #H# 2~
HE9o] MCUQlI MSP430F23702] 12C <lEl#o]2e] AZAS F Qv 2% 2/F% AA
(SHT21D) R=2 AAs9S

NFC PHY =
(TRF7970A)

o
2. 2/8E AN

Texos Instruments, Inc.

TRE74T@A EVM Rev A

2% 4-1. NFC 982 REZS o] &3 MM AlFRE
O NFC #lffdx REF o] &3k AlA Qe o]~ 54 Alg

- NFC AlA e Lo AlA dolHE AT 4 dv= =dtoly Z2 8-S /dste], 44
olHE Ej19] IDFk vk dukgel NFC 18 o] &3le] NFC Al el 1o IDE 9%
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= 3}2| 2Byte = &
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=& H|O|E = 0x0034 = 52%
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O NFC MMl % AF
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Clock
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RTC_INT
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A4 NFC AME 1 A5

O AA AY¥ NFC AAMefz He= vizg] W AA(ZY 4-4)
- Al ey 24 99
2% fo]E(8Kbyte) @ 1719] <% dolHE 16bite® FAHERE Z 409671<
olHE AFT F A=,
= o] (8Kbyte) : 171<] dlolB &= 16bite= FAHEE F 409671<]
olHE AFT F AS.
- Sensor Configuration 99 8 7|%
Time stamp save : A4 HolHE 24T o], SAHAANE A43
Alarm Activate : €% 7]5S &4 3}
Choose the sensor : && 7|50l A5 AAE A
Repeat time for scheduling logging : 2=71&% E 4o Agd A 7F AA
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O HA A Yy NFC AMA 81 Z2ESZ HF

- AA A 9¥ NFC AN 19 Z2EZFL [SO14443-Type BE 7|2 o= sta glow, Al
A& Access 3 AR HAE ofdl 17 4-59 2ok MA AY¥P NFC AAE 1 819
7 “PROTOCOL” el = Folgh o] 5ol 7] 222l Read & ol¢t Write HH o1& AH8-3t
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NFC Sensor Reader NFC Sensor Tag

REQH / WUPE (Slot N) e
—‘_-_'_‘—‘—-—-_
Slat-MARKER {Slot 0}
Ready - Requested
— B s i AT
Slot-MARKER (Stot 1)
T
R
ATOBPUPIY
-— Read(addr)
—_— T T
ATTRIB(CID) ]
— o Rephy{Datay
I :
Reply(MLEI, C1D) 4
—— W ritedaddr |_.___‘_______‘_‘_-
o
| Sensor Data Access | Replyi Ack)y
‘_‘_‘—'——-_________ﬂ Write{Data)
ALT T ——
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“Single layer Planar spiral coil inductor calculator’& Al-&3to] =A% 219 e Al &3} “Single
layer Planar spiral coil inductor calculator’S Alg&3le] U3 <lgy AES zZt 2 0S

7HA dEj el tHuE HFsATHIE 4-6).
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O NFC_SEN_SQ30 H= A=}
- Antenna Shape : Spiral Square

- Quter Diameter : 3[cm]

1% 4-7. NFC_SEN_SQ30 2= Azt
O NFC_SEN SQ25 H= A = Azt

- Antenna Shape : Spiral Square

- Outer Diameter : 2.5[cm]
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wa9°z

1% 4-8 NFC_SEN_SQ25 ®.x= A7 3 A%

O NFC_SEN_OCT25 H= AA = A=+
- Antenna Shape : Spiral Octagonal
- Outer Diameter : 2.5[cm]

Number of turns (n) 5 turns 3
Spacing between fums (). 200 um
Turn wadth (w) 500 um

Outer Diameter (dout) 25000 ur

19 4-9. NFC_SEN_OCT25 ®= 14 3 A%

O NFC_SEN_CIR25 H= AA "2 A=k
- Antenna Shape : Spiral Circular
- Outer Diameter : 2.5[cml]
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. alculated Inner diameter

29 4-10. NFC_SEN_CIR25 H= A 2 A=+
O NFC_SEN_SQ20 H= A7 2 A=}
- Antenna Shape

. Spiral Square
- QOuter Diameter

: 2.0[cm]
: . 2
- Board Size @ 1575mm
nber of tumns ( 6
pacing betweer 1S (S 200 s
m h (w 500
mer Diam
w
Fill factor p=({Dout-

unyg

19 4-11. NFC_SEN_SQ20 ®».&= 44 g A%
O 2vtE AEE ol

& AAEY 7% @)
= NFCE Aate= 2~

EFES o
- =9l Z9E © Nexus? Generation2

£ AA : Android 4.4.4 7174
NE X 2R EF

3t AAely s M7t

1 1S014443 Type B
m AlA 2 E ] Read/Write 52 & A

13
- Mgy e 5% =% Read &

=9 Write =2 2, A1 Ao
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- Read R=: AP ZE Read == AAS 1 MM 1Y L5455 &
m Write Mode &2t

- AAYHE Write =2 A, A1) 758 JRE A4

- AMEHE NFC AA e o] <, 288 HEE AA Lo Write

- Monitoring Activate © - Monitoring Activate : [ o |

- Timestamp save L - Timestamp save

- Alarm Activate L - Alarm Activate

- Alarm Raised False - Alarm Raised False

- Choose the Sensor : e - Choose the Sensor : Temperature

- Timestamp Unit i - Timestamp Unit : srcand

- Repeat time o - Repeat time 2 -

- Number of the Saved Data ! o - Mumber of the Saved Data 20 Show Log

- High Limit of Alarm - High Limit of Alarm - 30

- Low Limit of Alarm - Low Limit of Alarm 20

- RTC Timestamp Set : 2106-02-0B D0:28:15 - RTC Timestamp Set 2014-05-09 17:11:27
- Monitoring Timestamp ; 2106-02-08 00:28:15 - Monitoring Timestamp : 2014-05-09 17:11:27

[===]
[ - o = - o =
a9 4-12. AAZH 9 Read/Write &2 Mode A&

O MMl Le] 27 75 A

= AET 27 27 4%
- Monitoring Activate : Enable
S gg 209 A8 AA AE e AA
- 25 AlMel &2 =7 : High Limit(30%), Low Limit(20%)
- RTC Time stamp Set : Enable

w AAME =24 7T AlY
- “ShOW Log” H1ES 24 27U oHE 182 ey,

- 27 "olg g EZ A “Show Log Table” HES F=2W, 274
B = gld = &

- 115 -
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Show Log Table | #M=2|

- Monitoring Activate
- Timestamp save e
- Alarm Activate o
Alarm Raised : False = %
- Choose the Sensor
- Timestamp Unit :
Repeal time .
Number of the Saved Data : 1412
High Limit of Alarm
- Low Limit of Alarm
RTC Timestamp Set 2014-05-09 171127
Manitoring Timestamp 2014-05-09 17:11:27

U AdE wake-on F4 2% AlA] =t A AE HE

O RFID A3} 7 helbs F7ket7] sia) A4 wee] PCBelolol2 Almol tlelshel

RFID7]5S F713F o] 3o 7|E A2l FU3 AV|E FAs=H 284S T A3 o
o, 29 4-149] 7hHeF (e 2 71EL #ololx Al 2ol tAlE delol-S yEh

o]
PR

(7}) PCB 2l ¢] o} $-(original) (1) =L PCB #@o|ol%
19 4-14. AA==2] PCB # o]o}%

O 7]& TelosW AlA gl RFID 755 F7Fst7] $ei4= RFIDH 3 SHelurE d 283l
th RFID7]s& F7Fg oA AlA ol A om qa=sd = A HJArh
O RFID <l WM72016<> RAMTRONAFS] AlF o= ofefjo} 22 5SS 7FA AL Sl

- EPC(Electronic-Product-Code) Classl Gen2 RFID <1E ¥ o]

- F3 g9 858-915 MHz, UHF (Ultra-High-Frequency)

- 16 Kbit i vx e

- DSPI(Dual-Serial-Peripheral-Interface) * = & 2

- 54 2% He -40TC T +87T
O EPC Classl Gen2+ @A RFID &419 =4 o™, 858-916MHz T3t o] 92 3=
RFID &4l F3 A&t Adsieh. b5 AlA dolH = 16Kbit W5 wEglol #7%=]



o, gE71E A dol & F J=F A

O TelosWe] mlo]lmZZHAEZ21¢l MSP4303 RFIDF Alolo] W#Hoju HlolHE Fuws &

212 DSPI Z2EZFS o] &3 o]FojAH, o] TR EFL 16HEQ HH o9 16U E ] to]H
2 JAH A

O RFID 415 9diA+= <telY9l RFIDF Sl WM72016 Abolol] wid W=z =7 L3k}
Stelvel &9 st RFIDH O 98 d9drsE FdstA EF5o=24, AaA7IE A
A71A 3l FA1E T ¢ A HAG ofgle] a9 4-156% HetH U v JEHIE Ho
T Aot}
> 10
GND Plane |:_ | = | »
P | 2 S L S < e
- Ry | IX:
B J o i
Matching GNDPIan;_-\.‘ TR— Al e ins mm "
Network I '

a9 4-15. HEy R v U EYA golok

2. Fr583 AY 2 T4 % LBS 7|t Fr5#E A2d 72

O wjH UESAE AlEH)AS T3l ALtst Jd9E S baluns ©] &3t 744319 on, <ty
o] &9 Jyd 2Rl 50Q¥ RFIDFC 4 d3dx 66—19939E 13 o] F=Qlh. 1
4-162 i UEYZ AlEHA AFE HFE Holth Y EE ANFo]5Q
S210.8, o] dEAErt &9 £o7 Ay & AU HEIE b}EME‘r FEA g Eze 9
g Zo A WASE SIS Rl S110 R ol YHAISTE AEHA i dAwhy wol RhALE
= 712 yehig welbd 22 A HEYIE JHA5E A A g JgE 28 &
o7 Z AGd F A=RF EoFE A4S dof vk S W WEHAE A& 87t
st F ok o o A 821% ¥, S112 stolorgity, A Ao A, AAg w3 YE A7}
A3E 9OOMHzEAH ol A =& S213 W& S11¢9] EAS Yelz 988 Feols 4= ot
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1a *ar3 S21
o v [—— 1) 900 MHz

s —— P i) i =T a) -1.747 dB

] | \ oyl A _\\/ _ PEAK
& > b) -16.976 dB

S[2,1]. 8{1.1] (dB)
§a
1
>.¢
Raes
L1

D N
N=sis \/ X

500 600 Too 800 @00 1000 1100 1200 1300 1400 1500
Frequency (MHz)

— 5[2.11 — 51,11

a9 4-16. A vIEA A AlEd ol Ay

O RFIDH I StHIYZS 713 A 2L TelosW ZES AASITH 71E0 ¥ RFID7| 5%
FHA = & A 37]*5 FrASATE 71240 AlM A TelosW &1 F4

,7_
7I's& Adslh

o

2% 4-17. RFID 7|55 %33 TelosW E&

O RFIDF 3} ¢tHlUYE st=dold ez d4d 5, RFID7Ie< AAst7] As @Az A4
o2 TEslte HAEE skt WA velAzdEE2Q MSP430¥} RFIDF 7He] dloly &
2ol &3] o] Fojx & 2 FQlsty] 93] DSPI Z2EZS A Yste= A E FdAT 1
FE 2059 2A7F RFIDH o] WH-r g A%o] =i, o HeolHE velazdEEZ 7 A
AR gojet Fae 29 4-18¢ el
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aquyperemﬁ-. = B 23
File Edt View Call Transfer Help

D s s 0B &

StoreValue read from FRAM is: 14.
StoreValue read from FRAM is: 15,
StoreValue read from FRAW is: 16.
StoreValue read from FRAW is: 17.
StoreValue read from FRAW is: 18.
StoreValue read from FRAK is: 19.
StoreValue read from FRAM is: 20.
StoreValue read from FRAM is: 21.
StoreValue read from FRAM is: 22.
StoreValue read from FRAM is: 23.
StoreValue read from FRAM is: 24.
StoreValue read from FRAM is: 25.
StoreValue read from FRAM is: 26.

% 4-18. RFIDA % vlo|a=2AEEH 9] dloly &4

O RFIDH Y WiEwxeg 5 AF&7Fs3 w2 e = 993words(=1,986bytes) & A A o] E 2 A]

WARE BE A7) AAAE dol8 4% SuelFel Aot

O &%, $E, EE W ANYRE 16MER 45T 4 F 993749 HelHE AFF
glom thewt gol RAY & Atk L% U FEE HAY] 96 3ES AFgetn o 7
7 % guAZ o8 ey 4 Ak S EAsY] 98 2022 g ol F 4
AR dolEE el 4+ Atk ¢ sER ARENE Fdehd F 1808 el 5
R 1MEE 308E JEiT, 19 4195 Holg gH% dneE e nelFi Zolg

Compression of sensor data

Sensor data format(16bits)

'000|000/00/00000000|  -Intervals-

‘ Temperature: -5, 0, 5, 10, 15, 20, 30°C

‘ Humidity: 12.5, 25, 37.5, 50, 62.5, 75, 87.5%
Temperature Time stamp
Humidity Time stamp: 128 hours (30min resolution)

a9 4-19. AA "oy 5 dudEs

s
2 N N
o o X ;1 ]
u —{0 ON
i =

Fol AlA dolE et AP ARE RFIDEAIS o] &3te] dadd
Fzkel AM 2 FE HolHE mlolaARAE

=% dlolglE= DSPI Z2EZS %3 RFIDH 9 W51 o
o= #HFH o= RFIDAHZ|E S8 =9l 32 A4S &
TIAFe] RU-824(RFID ME)S A}-&3F3ith.

4-202 AA Ao RFIDEAS %6}1 AA dHole 7y e AS YeEhiy 3
7ol velHE A% } glatsith A #A deo [ =
2 6etA Lol A 3H1EE AF&-3}7] Hﬂ%oﬂ olg 27+ =
et} FEE 53%E EL gl 5ol whel 4 Alel st F= w3 ES
2712 YERE 10000 sk AlzEg R ] A9 3709 Ho 3
A7lel 0ol slEst™ 8HEE AFE-38FS 7]l 000000002 FAECH o EE
sk 11010000 000000000 s F3t™ 4u]EX #FoA 163052 2dT 45

N

=8

EO
Hy

ot
o

e 3@ O

AC)
o

\

)

o

O obge

i)
N
Lo

SE

:Oé
ofl
oft
oL
2 oo

T
=
1
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olxth ol Y& F3 A= vlol" D0-008F YAt yH A 2749 HelEH = #rlY]

Temperature Reading: 27, formatted data: 6;

Humidity Reading: 53, formatted data: 4:

1 |Accelerometer reading x: 9266; v: &433; z: 15943;formatted: 0
sensingData 53248

——|data has been written to the memgfy!

Temperature Reading: 29, format d data: 6;
Humidity Reading: /5, formatted/data: 6:

2 |Accelerometer readlng ®: 9516; /v: 4496; z: 15943;formatted: @

sensinglata 55296

Temperature Reading: data: 6;
Humidity Reading: 36, formatted dath: 2

3 |Accelerometer reading x: 9952; v: 4184; z: 15943;formatted: 0

—|data has been written to/the memory!

[ [ 393382 [ 1|oa | 2 CrdBbgin | 1923711 Fiea
reader | packet | umestamp [ver] fig [ len ?F. msar | ocloali| nbrss | wh_rssl | ana_crit i | e inventory_dsta |
0 1 3913482 [ 1[wa | 7 entory 13023766 | ok | of [ wse b4 | wa2s0 [-463 dom | 34-00-10-01-20-02-77-F4-40-04-50-05- 18-EF-82-F7 |
veader | packet | tmestamp [ve fig [ 1w |/ tvon '%ETEET¥£1-§§?{u&ﬁ$IiiaﬁgfiaiaiT wite camt o data
1 2 59:03437 [ 1|0 | 5 |/ Tephccess [ ok [ 0 [ack] pone | nose | read | 0 | “eg-o0-Do-bo-oe-to-ca-00 |
T b g
1 Hex:DO-> 1101 0000 2 Hex:D8-> 1101 1000 3 Hex:c8-> 1100 1000
6 40 6 6 0 6 20
temp.  humd Acc. temp. humd. Acc temp. humd. Acc.

% 4-20. RFIDE Y 7] & o] &3 AlAdolg A

O RFIDYE B4 AA k7t 4% AA=%8 dolest RFIDH ) Muelol 448 ufvt
9 RFIDS A¥ 2948 e 75 A4 gFeed dolde A4 F ddLns Fo)v)
s A 29AE neE 29447 A8 AAA g L7 BRG], ol AT
FIDAS 242 obrletgith olel@ £A1Z sdsty] 9Ia) obel 18 4-21 (Aol A

[§) RN
a9 (OFAF)SE 2ol vlolazAEsee 498 RFIDAS TEAY ¥

e
=2
N
m
re

MSP430F1611
WM72016 j ’ /
P5.3(47) (=13 ANT-
Matching
network Antenna
P5.2{46) [} ANT+
P5.1{45) DO Vddr
P5.0{44) (=3 Vddraw
P4.6{42)
l Power switch
Battery (e
|".' — i = e
/ -~
<« — vooR_pxt  t ; /. VDDR_EXT

- P4.6{47] /O i | = J/ Pasan o _I.:;._‘
[ [ s }I
| =t $ l
/
,

rd

(a) Power Switch -

(b) Actual implementation (c) Revised implementation

% 4-21. ReEAE RFIDE A8 2914
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A 225 EPP boxel 2

=
T AE= AlzHE A

mlo FU
o

) <) e
83 FulE §712 AFREA DG exo DA LEAA

7}
PBAA e FujE 7] &% AAS 20, 5 10C Z(TO, T5, T10) 2 &
A A Fete] 7t AR emw Yzkd uf 7bA] 108 99 R EAs o

H A TS A FdE FASY Fuge®E Yeddt 2XWstE Thermo Recoder
(TR-52, T&D Co., Japan)Z A Z Azt W& 2=t E 7] 533 T

) FAAE 48 TP ALNEE] W YAE s

A 447 5= -20, 5 10C=(T0, T5, T10) AAsFon #AdAE 12 FdA=
0, 5, 10CE FA38t= Ao =Z LLDPE+Ny A&l EAA o 75045 g ol -20To| 244 %F

_Q g —|—‘
2
[rt
ol
=
L X
dl

E 2

e
) AeRR WAE o 74A 108 992 S5
THE S5t Hogto 2 YERA T

5
vk 7t exde AYH AesuEer] el @
S

U, 25 L Ae5uld A" e g Asny
(1) 25 L Aeuld A2~ g
Wrle] e & <A st QAR olFYPolung Yol e HS FASte] plast
c¢l ABSE 7|2 o2 3t ddggol & Fdes AEsAY. $eee plastic 5 mmE
FE Hog sto] 30 mmE FX ST 2159 battery ® power supply % controller's bo
XT stainless steel 2 A 23} T}
AL FulEar)e] S£He 47043504250 mm 2 E 4112 Loln], FZo] FAA box 5
ZF unitE A9 gk UH-& 52 350+300%250 mm= 26.25 Lo]t}.
WA AsE5d 29, ARAGT AFe 26 DVC, 26 AZ 5339 W 24 V, 3 A ©]3f
Hdth o F%E BToA x5 _f_g s A3 5 hrd YRLE= -3C=2 =459
Eake dT=30C % ZA AT 68 Watts dH o=
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SR R R A

Al

4-1. 25L A2 ol&

-
3t

Hr
;00

-

il

L7109 52 HA-27-10C 7+A

system

el
Nd
1

s

HEY sho] ex e By

7l -9 225 WeAY 297 9

iy

T
i

]
H
o}

™

O

Wl

T

u

09 424 B L ALFNEES S AAE 0

&

A5 20V/5.0A, 22V/5.5A, 24V/6.0A

A7HA H(DC)/ 2]

Battery unit
7h) 25 L A

iop-

;OL

25 L A

0, 5 10C=

Ho
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o =

SHA AG 22fA AP FEAY ALl we 29 A A4 AHS DTt 2
5 L AxFudgr]e] W 44255 0,5 10CE 3 F AC AYe TH3o] Fuld87]
e 258 Y2 B0 13 Ad2 A2FuE$87] iy 257 A% =
detds W FEAAE A F LS FAAR A3 F oddE o AES TR
oh 2xF AHS A2FuEsr] UFe vt AR Ededs o 7 APEd g
FEAE 4 G005 @)= AR T dYE FHAAR HEsto] A= wi7ztA e EWEE
SASAT ol A= 2 AAH2EY AaLelA 24 hr A3 5 Ao AFEHIAT =
=W 3}l= Thermo Recoder (TR-52, T&D Co., Japan)® A Z]A|7te] W& &E=W3IE 7] 538}
it
AR .

oh 50 L A2uls Alad i 8 e

(1) 50 L A=Fuls Al=" 7i
7h 712 74 2 AAE
Wrlel AEE & <A e AER o]FPdo=E T Yol gtk AES
AE 1 mmE 7122 3 YEE 04 mme ¢k AR JE WFIet g Wy
A#eta ddFgEo]l £ FUES AHEEY 40 mmE FAEIA. 259 battery, power
supply 2 controller 58 2H Qg ~2 A 23]
FHlE87]= A 650x400%270 mm = 70.2 Lo|™, B YA
&2 540%400+270 mm = 58.3 L= A 2}5} o}

ofrt

Y2h unit F-91E Aleg W

# 4-2. 50 L uls871¢] 712 4743

T A -
L4719 255 HA-27-10T 71 =dste] 259 54 9t
=E=x4d system -
el = i
=5 Al E ARy 25E AHAHOE HYHY st 2% s B
-2 A 25 471 YWHY 225 gAY &87] /s A
. dEEdr SHAZ FHo] folstH FH9 243 ALKH o=
Dattery unit g 5 A P

¢1 7} A H(DC)/AB AF  20V/5.0A, 22V/55A, 24V/6.0A
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I ‘ I !

unit

21745

3

=i}
=

9 4-25. 50 L AleulE87]e] AA=

4o

-26.

hA=2 |

a9 4-27. 50 L A
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2% 498 ALFEE7) AF 74
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(th) 50 L A-25=ul<%-87] unit

W= 2HT-085-S 3/ME 2d dZ23t] A2 W7zh unitell 24 DVCE A7HE o Hx
57 A9 AF7F 223 38 4% WJzto] =W 5 Aol AAHE. wEhA] 24 V, 6 A Hx7F T8
3 G At

7HE A A M2+ 200 H 91CE YE 2 wEA G EXE 324V, 6 A9t 5
i 25 60CE s GAEAT 7)ol e A= e 2571 90CTE o7k 2
FTOE x*-ga A EE 90T ThermostatE AP o= B uvpel o] vt 7pgatg] o &

/23 AAFH B YAFA L Jes TS A
Z ¢] Display: OLEDZE o]&3le] £ #& ,
45 9% Battery & $371%5 & 59 F2E 7HA A T

Display PCB7]¥te] OLED® ZAIEE 7H controllers +/d3ske] Wdae] At
3} e Displaye 7438t WA7lE, 237%, 71% 59 %3 o] T
AlEE5 FAdste] o] &2 A S FF 3kt

Battery A& & Al2=d"of QlojA FQ3 24 %94 3}‘%*‘5 Battery9] 7|&= 7]Eo] o
Ph)EAA = U T8I Size?t 7 ol 5@ Y A=2FulE&&7]d = Abgo] E7Fsstth whehA
Size7} A3 A YE7} =2 Lithium-Iono = 7H‘?=_5 i } U FA FaEsR e i
ol gak= JAZE flo] Tl AEFE A= Fw ZIdA e e SHA Y
SF 22 DVC 60 AHE 7I=2o2 siglon, A2 Fuld Alado] kg Hor ey 22
Vol 45 A= ARgo® 1243 7Heo] 7hed sd oz AAHAT. F4

300x190x75 mm =ZA] FAI= ¢F SkgAEE A FHA ] 20%8 % ¥+ & Sizes: TSI
=3

=
=

(=

29 4-29. B 7} unit A A test
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29 4-30. 7FE unit A% test

e r
a4 -
-
L
il | 4= wela
-
L e
- -

=

L
prr= il “de =
“ = %‘,

I=Tlll
o

o

T Iml' ::i ] '_'hll _f*%; I
S :] L[ L Lq;r _%:}E:;EJ i 1
TR T . W
e Lt 2 @i-,m_

Tarspai #la s Clicall

19 4-31. OLED controller 7| ¥ 3|2 FA%=

IS ;_|
1 o =

],

19 4-32. OLED controller 7] 3|2 FA == #|#sk PCB 7] %

-127 -



~nn
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[TE AC sig
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e — T

OLED display

m DCE aw ewE

40mm
L]
{ | -BT*E
5 N0000R 0000 BNO0ED RE00 0
AC 4= f?'l“‘
23.8v
5=
i W3
- =1 ]

1. AC DC

2.4 = oz

.88 gH
A0E ~ 305

B, | s
= [:] Contst e
X KEY PAD
e 1
I re'.l? [
o 3 o »an e v e Tramms-
L szae| s e w Do sET B tat
o J L . | we [T
we Eae \ B\ B\ B\ B\ - Fr I."
" ]I“\ S | [ | |
4 o)
PCE +OLED
+
.‘ ] il 1 ‘ 7 .: é JD-!
A ",“ m)'l,‘ \ | | | ¢ T .
I u._?fu w2 ET) E sa
L L -
o
= =
RO ACI20V. Red LED. 424D 10A
| remz-8 A1~8: DC24V, Green LED, 4a4b, 10A
. Fan2
T :lm "4k 1 men
I | Temt-w
19 4-34. AA| system H|A 3] 2L
Description Hi[ Iems P55 Value #iff
Thickness of packaze FE/E T 75mm Max
Width of packge WY 100mm Max
Height of packge #/% H 300mm Max
Battary weight Bt wi App: 8200z
29 4-35. A9 oF B 4
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a9 4-37. 50 L A2m$87] 25 R 5 54 59
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FaA= F 3 7HA FH 2 GFMSkoreaol A A %3 5C
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PCM)E ol&3tsom, &EA
=0, -5 -10CE AAsg o,

AAAE FHEE7 e F AQe AT LESAL AgSAh FuEE7] Wil ew
5Cel EdeE 492 ¥ F R L= 10T ol% 45d T 4Ee TRHAL

(th Rz ZIAAS AFE3 50 L AFils Alad 2% #f4 249

FEAE £ 3 7HA FF 2 @FMSkoreadll Al A %3 5C 4 & A(F-PCM), & ool A
A Az 5CTHA FLEAK-PCM), dukAlZzan] FLAA(C-PCM)E o] &3t om, A
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0CelA 244
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9% 444 FEE7) e AL R WE 914

i
rfo
M
&
2

@) AAWAFLAE LT 5%
<2

AR A A (C-PCM) ©] &3

e CO, C-5& 1.7 hr, C-102 15 hr7t 285 E oz ZAHYrh BFMS koreadl A 71
3 FAAFE-PCM)E o83t 243 S AAg A3 Ful$d7] Uiy Fo2=7F o 5T
of TdslE A7FSe FO, F-5% 15 hr, F-10& 1.3 hro] 285 E ZAo® AT B a7
off ol 4 Aitet FAMK-PCM)E o]&3te] 5C & A7t & 225 ZA3 Ay KO, K-5,
K-10 2% 3t 5C =9 Al7te] 1.3 hrZ FHEH A
2 AFd Ao A e FEAE A F AT AFLEE gho] WoldS4E 5C Hir
TEANE FolAE AL Folsnh 3 A, A 2% A AAHL2E gho] o
STE 22 AFA o B REE YT ZoR UG 4 FEAY AR o
2 Y743A F FHAstE 24 A9E ¥ 459 gon, W nE Fakd 2 g3Fs w
A v Aow AU
¥ 45 AAYZL FIAE o) &3 2xwE = A7
5C & 5C =¥ Al =% (0) @A st (g)
Al ZF (hr) BIE dAiaz LA fan Al 10C 5C
KO 1.3 46 3.2 7.8 21.7 65861 65861 658.6
K-5 1.3 46 -2.6 5.7 22.6 664.73 66474  664.73
K-10 1.3 49 -3.8 5.8 21.3 66291 66291  662.92
FO 15 47 2.3 5.6 25.8 61551  615.49 6155
F-5 15 47 -1.6 3.8 26.7 61454 61452  614.53
F-10 1.3 438 -15 49 25.8 619.11 61911  619.12
Co 1.7 49 1.6 5.0 235 53411 53412  534.11
C-5 1.7 49 -2.2 3.3 24.3 539.65  539.66  539.66
C-10 15 5.1 -1.7 4.1 22.6 5265 526.49 5265
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A5 A AAANE FFA=HAAY 1A
st JF #EYAALLE EF

i
ox
024_,
i
ox
N
Dol
ﬂ_‘
2
L

1. 4348 2 W9

S 2EupA ] FHok 3 90mle] 0.85% saline(Sigma, USA)S 7}slo] T2 &3k o}

N7 3 AEte] A ImLS Petrifilm™aerobic count plate(PAC), PetrlfﬂmTwcohform count
plate(PCC), Petrifilm™E. coli/coli form count plate(PEC)(3M, St. Paul, USA)o] &3t 3
S5Toll A 2474841z wi kst & A E /2 JetrE Agety, Fd Jgol 34 HHA =
o 5 FA3sAT

t}. E coli O157:H7 &2 % =4

Novobiocin(Sigma, USA)S #7}et mTSB(Oxoid, England)E Al &¢°] 108 H-3 = 7}sle] 3
TCAA 2417 F3td Tt o] Z3 S TC-SMAC(Oxoid, England) #j Ao HZ3}le] 37Tl
A 24/\] b vkt H osorbitols A 2 FAREES FHE TBX agar(Oxoid, England)ol

A A} A 389
VT1 (F) CTG GAT TTA ATG TCG CAT AGT G 150b
(R)  AGA ACG CCC ACT GAG ATC ATC P
VT2 (F) ATC CTA TTC CCG GGA GTT TAC G 584b
(R) GCG TAT CGT ATA CAC AGG AGG P
2}, Bacillus cereus(B.cereus)&<l % 4
A= 10gS #3Fe] 0.85% saline(Sigma, USA)S 7}8ta 283 ko= #43% 3 5 4
3| A 5te] GAE 31X NS MYP agar(Oxoid, England) 3o & HFHo] Imloe] HL & =%
SFATE 30Tl A 24A17F vkt & X2k F=W ol lecithinase ¥ o2 g3t 3o & +F

8 Qe AL, 43 ol HAuSEE Fahel 52 SR

-PCR Zzloln] 7|4 <d

5 R
(F) TGC TAG TAG TGC TGT AAC TC
cytK (R) CGT TGT TTC CAA CCC AGT 881bp
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v}, Staphylococcus aureus(S.aureus)&l 2 &4

A& 10gS #38te] 0.85% saline(Sigma, USA)S 7lslal 283 1402 w#dst 3 5 AX
3 A sle] @A F A HNS Baird-Parker(Oxoid, England) 3% & HE o] 1mLo] HEE
TdEl AT 37ColAl 482413 wi st —? Ty =z Al FEe JAA Hehs At

s
W, A Sl AHuSE Fabel @

-PCR Zg}loln] 7|4 <&

g 2439

FrA 2} A7}gkel

SEA (F) CCT TTG GAA ACG GTT AAA ACG 197h
(R) TCT GAA CCT TCC CAT CAA AAA C P

SEB (F) TCG CAT CAA ACT GAC AAA CG 4770
(R) GCA GGT ACT CTA TAA GTG CCT GC P

v}, Salmonella spp. 39 % 54

Alg2 10gS FH3Fe] 90mLe] peptone water(Oxoid, England)=S 7}8lar 37Col A 24A17F St
ek ok 5 owjdd 0.lmE 10me Rappaport-Vassiliadis®l A (Oxoid, England)oll &3t 4
2T 24417 wjF3t}, S A S MaCConkey agar(Oxoid, England)¢} XLD
agar(Oxoid, England)oll HZE3ste] 37ColA 24A17F wjdkst 3 MacConkeyHHX] ol = 3w A

Hdets, XLDoA = 4ol S Jets FAgshes WMo gk Fste] PCRE A
3.
-PCR Zz}toln] 7]

fr i A}eel

VA (F) ACA GTG CTC GTT TAC GAC CTG AAT 943h
(R) AGA CGA CTG GTA CTG ATC GAT AAT b

A}, Listeria monocytogenes(L.monocytogenes)&el 2 &4

A& 10gS #H3Fe] UVM-modified ListeriaEnrichmentbroth(Oxoid, England)& 90mL 7}3}aL
30CAA  24417F 12 wjkst = vl 0.1mLE  #H3dle] Fraser Listeria broth(Oxoid,
England)) 10mLel HEF3d H 37Tl A 24A13F 23 S-S AASTh S oSS dad |
S o]83to] Oxford agar(Oxoid, England)oll HZ3lo] 30Tol A 2474841 7+ wjek3l 5 o] A
A& (colony FH AL 79 FA4)S& PCRE SAAF AT

-PCR Zz}ol™ ¢7]44

A EEER
hivA (F) GCA GTT GCA AGC GCT TGG AGT GAA 456h
v (R) GCA ACG TAT CCT CCA GAG TGA TCG P

o}. Predictive modelling 2117] g

B AYY AR Harle ALl 9AT G vtECdA PR e, Hav] (F 1 em x 1
cm x 0.5cm) 10g<S it A=W (Nasco whirl-pak, 19x30 cm)oll A F3lo] A3ttt =4 %
AEe 22 L dS WAS7] 918 clean bench Woll A 3 =38t
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Z}. Predictive modelling F% *] €]
Aol AHgE FRE AR TR F U
o

2
§ 4355 449 The 9F LU

[‘£

A3E vpg o vud ALl HEHA &
A dAg Z7](eF 15%15%40 mm) 2 A s}

E

9 (Nasco whirl-pak, 19x30 cm)ell &%l
HHOJ & 5 FRoAY FAPE HlE

w7F 2 log CFU/g 50| HES HFotar 2&3t
A 2zt wjFeteh 24 2R agd e 94 Azvidg 9
2 108} 3 48to] SmasherZ o]g&al 287F w23} shivh. F23HHE A
olg] ©AH o= 84354 Tryptone soya agar(Oxoid)ell 100 uL2
TCol A 24X 7F Hjek & olel" oz HEs o wekyl 7o o)

f
N
N

L) ﬂll”

Lt
QL
£
B
N

E‘ro 10, 15, 20, 25, 30C
A

Bﬂoﬂ 3} 7\71—1/11 I~

wé-{)
10
|

A 217 #el 4 =24

Monitoring 2% A#E wlgoR e dukAd Z7] #55 10°~10cfu/g® 3539
o Hu7]e 7t 2 FE Vs 55 18ste] 5 10, 15, 20, 25Co A H s A, A A7)
e Az 2 2R o] AFEEE agste] 72 ARYEE AlRE AFS A5

7F 24 dHE wjdE A7 g7 " Ao 0.85% salinel® 10 3 A 3}¢] stomacher

3} Atk 0.85% salinel.2 A stE Al EAS AR A & 7}
FAE AR ImLEe Hste] Petrifilm™aerobiccountplate(PAC)e] #F 3t th& 35Tl A

247A8A Zr Hl 3k He JEg AFsa

lt

Ol

[,
o
o
o,
i

7h TR A A

FRHERE s FEshr] 98 AR AT FHEE skl 37TolA 48417 vl et
Atk FaE FH 25 gol B A9 225 mLe H7ete] SmasherE o] &3 283 A
33 & gAH o7 343l Tryptone soya agar(Oxoid)ol] Z=@3dle] 37Tl A 24A7F v &gt
© 2N FHol FIs FElstdth g el 30-300719] colony’t EAE s A5k
colony SR AFsAa, AF&ol =& F FJFS streak methodo =2 AL ste] ©d
colonys AUt HHdujA o] g FH FIj-ES Tryptone soya broth(Oxoid) <Al =] ol

HE8ko] 37CeAA 2487 wiFAIZL &, 2 Aol Abgsklnh Wit 42 27F primer
£ AF&35te] 16S rRNA FHd2 55 ¢ & Aol A7 d& EYE blast serach st3

e 81gm01a1 curve«] e E YetdH, vAE AFS dF3H7] fste 12 a2
T e T84 EdQl modified-Gompertz (2] 1)(Zwietering 5. 1990), Baranyi (2]
2)(Baranyi . 1994), Logistic =4 (2] 3)(Zwietering &. 1990)°l fittingd}o] Z+zbe] wjF =
Lo WE o S F2] W9l lag time (A, h) ¥ specific growth rate (4, log CFU/mL/h)
£ AbEskih

Modified-Gomeprtz modeloll A A& lag time¥} specific growth rateE E3 22 =4
whale] &% g wE lag timed} specific growth rates < =3} 3t}
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o
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H52 AREE 2179 AFEAT LA

M

W4 /e) 477 (/g) Bacillus Staphylococc Salmonola moLr;Ztceyrtfge pathoger-lic
cereus us Aureus Spp. Hes E. coli
1 ND ND ND ND ND ND ND
2 1 23 ND ND ND + ND
3 ND 1 ND ND ND ND ND
4 2 20 ND ND ND ND ND
5 ND 5 ND ND ND + ND
6 4 9 ND ND ND ND ND
7 5 250 ND ND ND + ND
8 ND ND ND ND ND ND ND
9 2 40 ND ND ND ND
10 ND 5 ND ND ND ND
11 1 15 ND ND ND ND
12 ND 2 ND ND ND ND ND
13 2 820 ND ND ND + ND
14 ND 28 ND ND ND ND
15 ND 5 ND ND ND ND
16 ND 1 ND ND ND ND
17 ND 4 ND ND ND ND ND
18 ND 11 ND ND ND ND ND
19 12 29 ND ND ND + ND
20 3 70 ND ND ND ND ND
21 ND 105 ND ND ND ND ND
22 ND ND ND ND ND ND ND
23 ND ND ND ND ND ND ND
24 1 17 ND ND ND + ND
25 ND ND ND ND ND ND ND
26 1 800 ND ND ND ND ND
27 ND 2400 ND ND ND + ND
28 ND 111 ND ND ND + ND
29 ND 140 ND ND ND ND ND
30 ND 2 ND ND ND ND ND
31 ND 9 ND ND ND + ND
32 ND 20 ND ND ND + ND
33 ND 68 ND ND ND + ND
34 ND 53 ND ND ND + ND
35 ND 23 ND ND ND + ND
36 ND 7 ND ND ND + ND
37 ND 19 ND ND ND + ND
38 ND 360 ND ND ND + ND
39 ND 63 ND ND ND ND ND
40 ND 10 ND ND ND ND ND
41 ND 2800 ND ND ND ND ND
42 ND 2600 ND ND ND ND ND
43 ND 110 ND ND ND ND ND
44 ND 300 ND ND ND ND ND
45 ND 20 ND ND ND ND ND
46 ND 1 ND ND ND ND ND
47 ND 2 ND ND ND ND ND
48 ND ND ND ND ND ND ND
49 ND 275 ND ND ND ND ND
50 ND ND ND ND ND ND ND
51 ND ND ND ND ND ND ND
52 ND 700 ND ND ND ND ND
53 ND 140 ND ND ND ND ND
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ND 14 ND ND ND ND ND
ND 2 ND ND ND ND ND
ND 110 ND ND ND ND ND
10 ND ND ND ND ND ND
ND 23 ND ND ND ND ND
ND 110 ND ND ND ND ND
ND 110 ND ND ND ND ND
ND 2000 ND ND ND ND ND
ND 10 ND ND ND ND ND
ND 1600 ND ND ND ND ND
ND 800 ND ND ND ND ND
ND 800 ND ND ND ND ND
ND 1600 ND ND ND ND ND
ND 500 ND ND ND ND ND
ND ND ND ND ND ND ND
ND 2200 ND ND ND ND ND
ND 9 ND ND ND + ND
ND 32 ND ND ND ND ND
ND 105 ND ND ND ND ND
ND 32 ND ND ND ND ND
ND 71300 ND ND ND ND ND
ND 11 ND ND ND ND ND
ND 12 ND ND ND ND ND
ND ND ND ND ND ND ND
ND 150 ND ND ND ND ND
3 11 ND ND ND ND ND
3 700 ND ND ND + ND
ND 10 ND ND ND ND ND
1 22 ND ND ND + ND
ND ND ND ND ND ND ND
ND 2 ND ND ND ND ND
ND ND ND ND ND ND ND
ND 30 ND ND ND ND ND
ND ND ND ND ND ND ND
ND 1 ND ND ND ND ND
ND 10 ND ND ND ND ND
ND 84 ND ND ND ND ND
ND ND ND ND ND ND ND
ND 1340 ND ND ND ND ND
2 10 ND ND ND ND ND
100 100 ND ND ND ND ND
ND 20 ND ND ND ND ND
ND 4 ND ND ND ND ND
5 5 ND ND ND + ND
ND ND ND ND ND ND ND
1 16 ND ND ND ND ND
ND 36 ND ND ND ND ND

a7 AT dikAlts 2 A TS5t e st
o]

10Tl A 120 A7 At A dnbAgtao] Walel A F5at

At 10°~10° cfu/gel &8k Al87F 53, 10°~10 cfu/gel &8k Al27F 264, 100 ~10°
A E7F 334, 10~10° cfu/gell &abs Alg7 328e190em 10°~107 cfw/gol &3h=

10°~10° cfu/gell &at= A|&7F 34, 10°~107 cfu/gell &at= A&7 174, 10°~10° cfu/gol
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&ohz AlE7F 414 el o 10°~107 cfu/gell &3k 231717 39H o2 SAHAS

o X7)o] Mol 10° == ol ow AutAlFFIL ket E NS UEUIS

® 5-3. &3] gigk ARkAlT S 4 Ay

Microbial population range (cfu/g)
102-103 103-104 104-105 105-106 106-107 107-108 108-109

Initial 5 26 33 4
After 17 41 39

o ANbAITFG o] Wt} fEo AT WIE FAHSY ® 549 YHEMA S dFgT ¥
ATt x71d Hlske] FasteE AEES YENASYW  Bacillus  cereus,
Staphylococcus aureus, Salmonella spp.®} ¢=3d U Gd AF T e E2 A Fd=.
Listeria monocytogenes= =7191%= 2671 AlgoA #HAEE Ao AFZToE= 147019 A
ToA AEEH dF7F ARSI ES & A=

4 sho]

Con-2--5--7--9--10-11.13-14°15°16-19-24-27°28"31- «

S e gy e

19 5-1. hly A gene°ll 9|3t Listeria monocytogenes confirmation (before storage)
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38°70--80--82°97

29 5-2. hly A gene°ll 9|3t Listeria monocytogenes confirmation (before storage)

A Fol A 237 E FAS T 2EF o wet Listeria monocytogenes w22 ¢S A A3}
Ao MAEujx]d Oxoford agarg ©]&3ste] #2lst Ax, 2,5, 7, 9, 10, 11, 13, 14, 15, 16,
19, 24, 27, 28, 31, 32, 33, 34, 35, 36, 37, 38, 70, 80, 82, 97 A|=o|AM Listeria
monocytogenes®| presumptive colonies’} 7% A2

°o]= hly A gened target gene® & 3}o] PCRS 33 Ay 5% 54

A= A= YES S

rob

genes 7FHA| AL

Can 2 a8 Wl 213 18- 07 28

19 5-3. hly A gene°ll 9|3t Listeria monocytogenes confirmation (after storage)
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19 5-4. hly A gene°ll 9|3t Listeria monocytogenes confirmation (after storage)

Listeria monocytogenes?’t &9 A B Z 10CoA 120~ A# 3 & oA A3
S 2 [Listeria monocytogenes w3 AdS s A3} 2 5 7,9, 10, 11, 13, 14, 19, 27, 28,
31, 33, 37 A=A HAE=HAUS.

olx= A& HNAZF Listeria monocytogenes E.T} A 7ol
monocytogenes’} diluted oute] ¥ Aoz AZE AL
Listeria monocytogenesv Al s oAl A% T st AgoA 1274 #2857 B 54

Aol s or ASHUS.
|

e Hujitol] o3 Listeria

o o] Fujuje] JATEIY YR tis nAE FAE7F o] FojX K] g JSE& vty
uelA] Aav]e] HAEA A S SR Qe fEdEy 9 F23E J]se] 243
= ¢ T UAAE

¥ 5-4. A3 g Aemna 2 A3

) Staphylo Listeria o
N4 | g A Bacillus coceus Salmonella monocyto =34
°r °TY L cereus tphi o) &1t
aureus genes
19/100 84/100 0/100 0/100 26/100 0/100
Initial 0/100 (0%)
(19%) (84%6) (0%) (0%6) (26%) (0%)
1/100 64/100 0/100 0/100 14/100 0/100
After 0/100 (0%)
(1%) (64%) (0%) (0%) (14%) (0%)
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¥ 55, AlFA317]9] 10T, 120 A7 AFS b rS=2] W3}
- = 2= z} & 2= - = 2= z} & 2=
He (T5g7 ] cf%L/—g) Zjl(())]—g gfuj_g)r He (T5g7 ] cf‘?:/—g) Zjl(())g Ifu%—)r
1 4.228 7.544 51 4.631 7.839
2 2.270 6.173 52 4.632 8.551
3 2.415 6.344 53 5.494 7.845
4 4.331 6.148 54 4.283 7.875
5 3.401 7.079 55 3.649 7.450
6 3.854 6.220 56 5.453 8.393
7 5.167 6.004 57 6.071 8.533
8 3.682 7.255 58 5.593 7.839
9 4.857 7.505 59 5.828 8.318
10 2.881 5.580 60 5.185 7.260
11 3.146 6.756 61 4.799 7.155
12 3.623 6.491 62 5.483 8.393
13 3.961 6.628 63 4.433 7.585
14 3.892 6.362 64 5.585 7.690
15 3.146 5.708 65 6.147 7.342
16 3.863 7.458 66 4.591 7.274
17 3.602 5.996 67 3.085 7.476
18 4.845 6.653 68 5.921 8.167
19 3.748 7.253 69 4.265 6.914
20 5.453 8.100 70 5.288 8.555
21 5.455 8.127 71 4.322 7.973
22 5.480 8.019 72 4,785 8.274
23 4521 7.792 73 4,973 7.748
24 5.334 8.013 74 5.253 8.210
25 3.708 6.886 75 4.869 8.233
26 5.176 7.410 76 4,978 8.436
27 5.380 7973 77 5.998 7.863
28 5.803 8.938 78 4.185 6.914
29 5671 8.861 79 5.610 7.265
30 3.288 7.924 80 5.787 7.117
31 2.732 7.991 81 3.562 8.438
32 2.708 7.886 82 5.049 8.748
33 3.531 6.778 83 4.248 8.146
34 4.093 6.833 84 6.010 8.446
35 4.740 7.398 85 4.431 7.949
36 5.703 7.270 86 5.316 8.748
37 4.806 7.199 87 5.303 8.033
38 4.130 6.236 88 4.456 8.350
39 3.836 6.869 89 3.342 7.806
40 4,987 7.253 90 3.724 8.049
4] 5.430 8.146 91 5.004 8.158
42 5.695 7.892 92 4.875 8.009
43 5.176 8.124 93 3.396 8.230
44 5.758 8.201 94 6.104 8.396
45 5.230 8.314 95 4.820 8.025
46 3.989 8.500 96 3.732 7.924
47 4619 7.568 97 4.845 7.934
48 3.348 8.356 98 3.380 7.908
49 4508 7.991 99 4.342 8.431
50 4.863 8.949 100 3.483 8.413
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G R4 ND ND ND
&) A A ND ND ND
ETLAEH ND ND ND
ETAAEFH ND ND ND
ETLAEH ND ND ND
A A 2 35 ) ND ND ND
A A2 &) ND ND ND
A A2 %) ND ND ND
2= ND ND ND
2= ND ND ND
FExETFE ND ND ND
FExEFE ND ND ND
e ND ND ND
e ND ND ND
goll 2~ F = ND ND ND
ol el F = ND ND ND
&3l = 2 ND ND ND
ol el F = ND ND ND
&3l = 2 ND ND ND
FEIT=F ND ND ND
&)s 34 = ND ND ND
&)s 84 = ND ND ND
&)s 84 ND ND ND
ETLAAEH ND ND ND
G| 3] o] A =3 ND ND ND
FEA el ND ND ND
CJAYL A Z6 ND ND ND
CIAYL A Z& ND ND ND
G A ND ND ND
@ I o] A =3 ND ND ND
&3] 7] o] #| o] 7 ND ND ND
ETAAEH ND ND ND
CJAL A ZE ND ND ND
CIAL A ZE& ND ND ND
gol 2~ F = ND ND ND
gol 2~ F = ND ND ND
=542 EE) ND ND ND
o] Hly]| o] A ND ND ND
o] Hly] o] A ND ND ND
o] Hly] o] A ND ND ND
o] Hly] o] A ND ND ND
G I o] A =3 ND ND ND
FEA ND ND ND
oKy o] A ND ND ND
FotH = ND ND ND
@ I o] A =3 ND ND ND
G)af e 2t ND ND ND
CJAL A ZE ND ND ND
G A ND ND ND
ST A2 ND ND ND
SR A 2 ND ND ND
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11 3.07 3.44 61 3.18 5.30
12 ND ND 62 1.15 ND
13 ND ND 63 ND ND
14 2.4 5.3 64 ND ND
15 ND ND 65 2.90 ND
16 5.0 3.7 66 ND ND
17 ND ND 67 ND ND
18 4.90 6.16 68 ND ND
19 2.95 441 69 ND ND
20 ND ND 70 ND ND
21 ND ND 71 ND ND
22 1.30 ND 72 ND ND
23 151 ND 73 ND ND
24 4.36 558 74 ND ND
25 ND ND 75 ND ND
26 4.84 4.00 76 ND ND
27 4.89 5.96 77 2.48 511
28 5.29 5.93 78 ND ND
29 ND ND 79 ND ND
30 ND ND 80 ND ND
31 3.39 457 81 ND ND
32 4.36 5.83 82 ND ND
33 1.87 1.67 83 ND ND
34 ND ND 84 ND ND
35 2.67 5.32 85 ND ND
36 ND ND 86 ND ND
37 ND ND 87 1.76 3.05
38 ND ND 83 ND ND
39 ND ND 89 ND ND
40 ND ND 90 ND ND
41 ND ND 91 ND ND
42 ND ND 92 ND ND
43 ND ND 93 ND ND
44 ND ND 94 1.32 4.44
45 0.48 ND 95 ND ND
46 5.74 891 96 ND ND
47 473 6.60 97 ND ND
48 ND ND 98 ND ND
49 ND ND 99 ND ND
50 ND ND 100 ND ND
¥ 58 FRe 27] 9 ARE AwAlws B A3
Microbial population range (cfu/g)

0°-10' | 10107 | 10*-10° | 10°*-10" | 10*-10° | 10°-10° | 10°-10" | 107-10% | 10%-10" Sum

Initial 4 9 6 4 7 2 32

After 3 1 1 5 5 9 2 1 1 28
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E 59 VAE 30 Ag8 5 Ut Fod 2

Models Equation
. Moy .
yv=N,+C x Ex_z:r[—exp {(E.'}"LE KT) X({(i—-t)+ 1}]
modified- e Ny initial number of microbe
Gompertz e (C: difference between Ny and N«

* A! lag time

*  lmaxs Maximum growth rate

Y() = Y0+ fmge t + ——1In(e™ + g™ — ™)

LI

—— e

1 E"'-'.:_=“:""""“"w =
——In (1 + -

L

Baranyi )

e m: curvature parameter from the exponential phase

*  lmaxs Maximum growth rate

e v! curvature parameter to the exponential phase

* vy initial population density

* Vmax asymptotic for the population density

A
y=N+ @ )
! +E'IF{A-{.: —0+ 2}

Logistic -

A ln(Nmax/NO)
* A! lag time

*  lmaxs Maximum growth rate
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a8 e —) —
£ o
D 7
&}
S ey
5
(a) = 57
=
g 4r
(=N
2 4| O  Total plate counts
g —— Gompertz
S 2t Baranyi
1 L A L L 'S
-5 0 5 10 15 20 25
Time (h)
9
8 20 o6 ©

(b)

O  Total plate counts
—— Gompertz
Baranyi

Microbe population (log CFU/mL)
o

3 (! A (! L
0 10 20 30 40

Time (h)

Y 5-5. A7) W FRo YAw vAE] AA 7 A A (total plate counts)d

modified-Gompertz ¥ Baranyi 2 2-& ©]83F 724 fitting. (a) 256C A% 7+ Al &317]

WA v A& A EA 3 modified-Gompertz ¥ Baranyi B9S2 o] &3 fitting. (b) 30T

Az 2F A FE QA mAEe] A 243 modified-Gompertz % Baranyi @S o] &3

fitting.

Baranyi =4S n|AE HHAEA = lag phaseol A log phase A3k Ao EA 2 Jog
phase®l Al stagnant phase % Al¢] 54 &4, = W37} exponential =+ logarithmic
FHE Yetdll= Aol gk 4o sty #EE lag times AFE? (R 5-12, £ 5-
13).
213Eo v AE otHA FRE 9 d st A HE3 lag time AtEo] &g uwhet
Baranyi B2 A1A2 % A vAE dSd §2435 3 Aoz Add
Modified-Gompertz 222 Baranyi =2 Hl& 73ty lag time 3! specific growth
rate AFEo] folsle] AE nAHE o =] HIWHEA ALEE (Brandao 5, 2013).

o

Modified-Gompertz 222 4£317] By ofyel T8 UiAE vAdE o5 ndy F3s

O



%3 lag time¥} specific growth rateZ A3l A AE3)o], 098 o] AHe] =& R*E UEHY.
ueba] B2 AR A AlA A Fo] AlE vAE A dS5E 98] modified-Gompertz 22
Ko o]%.z‘s]—

= = .

¥ 5-10. Gompertz 2 Baranyi Ede] 93 A117] 30C AF 1+ 237] WA nAEe A%
=

A (lag time; A, specific growth rate, n) #24 23}

Max growth rate, pmax

Model Lag time, A (h) (log CFU/mL/h) R?
Gompertz 2.62 0.38 0.98
Baranyi 6.51 0.54 0.98
Logistic N.A. N.A. N.A.

¥ 5-11. Modified-Gompertz % Baranyi = @0 &3 A% F45 25T AF 7 F5 WA A
E9o A% 54 (lag time; A, specific growth rate, n) ¥4 23}

Max growth rate, pmax

| L ' h 2
Mode ag time, A (h) (log CFU/mL/h) R
Modified-
2.93 1.15 0.98
Gompertz
Baranyi 10.82 1.82 0.99
Logistic N.A. N.A. N.A.

(2) Modified-Gompertz E’_%% o] 83t 237 A mAEe HA EA BAT L3179 ulil
= olxA FRE 3 f-E7]
7h) EOﬂ e Al

X

% (5, 10, 15, 20, 25TC)oll AFste s ATERZ vAE JFS FHa

Hi A ol o) s EA% (29 5-6).

e A&+ vAE AHF AIE modified-Gompertz @l A-E3lo] 3|ATAES FAsEH o™
(719 5-6), modified-Gompertz =9 Ao W& AZHFE F 5-100] =A]h

o 1% 5-6° YERE vpe} ol modlfled—GompertZ e Aa17]9
AestA 29T F A BEE AF VAE SHE

lag time 2 specific growth rateE A &&A Ak %3 (% 5-11).

o Y 5C AH 7+ A27]o HAE nAELS kst A A5 A] 28l stationary phase
of wetdtx E3 wEld Y 2% 4237] WA mAES A2 modified-Gompertz

mdw F4% 5 gla.
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¥ 5-12. Gompertz 2 2& o] &3 £ A7) WA uAE Y EA B4
Temperature Parameter estimates Regression analysis
(C) A (h)? u [log  CFU/g)/hlP R RMSE? Bias®
5 N.A. N.A. N.A. N.A. N.A.
10 11.72 0.056 0.99 0.095 1.00
15 5.00 0.105 0.99 0.15 1.00
20 3.08 0.210 0.99 0.14 1.00
25 2.63 0.379 0.98 0.22 1.00
a\= lag time (hour)
bu=specific growth rate [(log CFU/g)/h]
‘R2=determinationcoefficient
9RMSE = root mean square error
“Bias=Bias factor
9
~ (a): 5°C
E o
o
5|
ie]
5
(a) g o}
3 o o
g 5t O @]
o] [oNe)] O
) o ©
G 4 O ©O O
=
3 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9
Time (day)
9
(b): 10°C
8 -
- ]
(b)

Microbe population (log CFU/mL)
o

0 1 2 3 4 5 6 7 8 9
Time (day)
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(c): 15°C
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Time (day)

(d): 20°C

o M~ (o] Lol =<
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40 50 60
Time (h)

30
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(e): 25

L L L L 1

w0 P~ w [le] <

(w/n49 Boj) uonendod agoulp

(e)

15 20 25 30 35
Time (h)

10

n] A& o] A Al 9 Gompertz

A (fitting curves).
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(2) Sxo] WE 237 WA vAB=e A5G d5S g 23 29 L R 23 Bl 9

St lag time % specific growth rate <=

e 2xo WE A7) WA mAES lag timeS exponential decayE WEE SAS (L
5-7a), 18] 3l specific growth rate2 exponential growth HE|E YElY (29 5-7h). o=
ZlWro g2 22 RElA S AbEslom 22 do wE lag time % specific growth rateE
3 5133 o] 4b=E3h

e Lag time % specific growth rate2 exponential decay % exponential growth = do] %+
fitting ¥ 27t 1.0 2 0.99¢] R*E e,

o WA 5C A% 7 F3ujAHA gt L37] WA vAdE A 2 modified-Gompertz &
=l Oﬂ o 2FEE A 3 lag time 2 specific growth rates 23 RES o] &3] A3

o & A 5ColA A7) WA vAELS 9 36.08 he lag times YERHTM, 0.023 log
CFU/mL/h¢ specific growth rates YEIH = Ao w2 o=,

o 2z} Rdlo] o3& &% lag time % specific growth rate A&117]9 5C A& 7k v E
A TR AT B FEIIE AR 1 4] s

My mu o®

¥ 5-13. Modified-Gompertz 2 2S o]&3le] A& 217 WA vAES 250 wE lag
time % specific growth rateE ©]&3F 23 293 23 2do] o3 2&H -9 lag time
9 specific growth rate.
_ Temperature )
Variables Models (C) Estimated Values
5 36.08
- 10 11.72
Lag ti =9. . o
ag tme, A=24071+121.73 Xe 15 408
A (h) (R = 1.0)
20 3.12
25 2.60
5 0.023
Maximum
10 0.054
growth rate, 01137 « T
(R* = 0.99)
(log 20 0.207
CFU/mL/h
/mlL/h) 2% 0.380

o wElA 5CeoA 36.08 hel lag times YWEMA™, 0.023 log CFU/mL/h®] specific growth
ratee YUEU = &37] WA wAEo] A7) A% 3 AFE o SFete] g AV E
AATE 7 Adve FE7IE 2 ATz Aol a4,

b

48] A3 modified-Gompertz E2lo] A7) A nAE A3} EAS 7 2

o kA 1z Y )
Edg & gL wEt EA lag time % specific growth rateg YERE A S
modified-Gompertz 2 @-& o] &3] HS A5 = &
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A (
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8 log CFU/mL=
modified-Gompertz
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2 A 5}
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72l lag time

Modified-Gompertz ==
4 log CFU/mL=

CFU/mL
7] A m A
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I3 6-8

=

ol

-
1

) x (-8 +1]]

4 log CFU/mL
8 log CFU/mL

Determined value
36.08 h

C
0.023 log CFU/mL/h

2718 x Ima=
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Equation

yv=N,+C xexp [—E'xp H
No = Nmax

No (7] #5)=

1 (specific growth rate)

Nmax (Z’] EH _\ELfl:)
C=

A (lag time)

Models
modified-
Gompertz

5-14. Modified—Gompertz
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ol (d): 30°C

(d)

Microbe population (log CFU/mL)

0 5 10 15 20
Time (h)
a9 5-9. 7 8ol HFH FH9 15, 20, 25, 30C A IF vjAE A
modified-Gompertz E o] 2|3t 3] 7=

ot

732}

¥ 5-15. FH9o exd A 7+ o5 A3 modified-Gompertz RES o] 83 AHEA]
24
Temperature Parameter estimates Regression analysis
(C) A (b)?* i [dog  CFU/g)/hl’ R*  RMSE‘ Bias®
15 13.09 0.062 0.98 0.31 1.00
20 9.30 0.135 0.99 0.22 1.00
25 6.60 0.280 0.99 0.17 1.00
30 4.69 0.564 0.98 0.33 1.00

a\= lag time (hour)

b=

specific growth rate [(log CFU/g)/h]

‘R?=determinationcoefficient

RMSE = root mean square error

“Bias=Biase factor

Modified-Gompertz =& A7 WA vlAE A Ao SoA] HojsE v} o] FHo z)
7l e A mE FF s A duls 2 1dete] 3934 fittingoll A BT
0.98 °1%2] R*E uER.

A L2 15504 30%7tA] AEsA 7ol wgl specific growth rate®] <53 lag timeo
A7 evE & TR AR e mAdE A g Ve AE vAE Y 3

2

= s bl wig el wet 10T iRkl A% #H
< T 10T Al mE vAds 4Fe 24 3 v 2l

3 Aol 10C AR 7+ A AAshA &
a7)e] 5C A% frAbetH, A2ollA A2 E A%l mE WA Ul*§§4 A 5}

o off
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_l
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2
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bl =
3] lag time % specific growth rate &S 7|¥to g2 T8 f5 2 A AHFHE= 1
s

b =
T 23A mAE S G + U= 78718 % AZ7ZE 2ol 7

()

(B) 2ol WE FH A= AFEY d55 A% 23 2 s F 23 2dof 9% lag
time % specific growth rate <=

A7) WA mAE AgtFdelA] Hoje npel zEo] o]ef e
B A ZAFS sAsty] Aa 15T mvke] A 3ol A
g N

AEo] JAEA 53] lag time 2 specific growrh rateE o &37] 93] 23 =4

N

&

e 250 WE A7 WA vAES lag timed exponential decayE WEiE YAS (1Y
5-10a), 18] 3L specific growth rate< exponential growth FE|& YEelY (29 5-10b). ©]
2 Jdto g 2z RdAS AEson 23 Rdo wWE lag time % specific growth
rateS ¥ 5-163} zro] Ab&E3

e Lag time % specific growth rate2 exponential decay % exponential growth = do] %+
fitting = o] XF 0999 R*E vERY (G 5-16).

o ALV A S vweR HAE 44 lag timeo] w4 FeHal, 4B FE o
oz AT AeE 9 specific growth rate’t F43HA AsEH e 4SS e
(¥ 5-10).

o Lo WE FH WAES AHEAe] A mde 9F) fitting ®eoll wel FH- 10T
Ao mE FH AAE dEEAS A5  dNeH, AT oA lag timedt

h

specific growth rateZ Zz}z} 13.09 h 2 0.062 log CFU/mL/ho.&2 ¢=%.

_—

Lo
X
X

it 5-16. Modified-Gompertz =
time % specific growth rateE ©o]& 3t

2 specific growth rate.

il o
it

Temperature

Variables Models (C) Estimated Values
10 13.09
Lag time, A=25.941 x ¢ 000+ T " o
A (h) (R? = 0.99) 25 4.69
30 3.33
Maximum 10 0.062
15 0.135

growth rate, .

) 1 =—0.0141+0.0195 x 1350 = T 20 0.280
CFU/mL/h) 30 1125
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A AF3 BEe} o] modified-Gompertz 2 S o] &3lo] mAAE AHAS o =317 8]
F lag time % specific growth rat ©]¢leo] %7] MAE Z7F (Ny), F

ol gk AR gHol A=A (F 5-19).

Lag time ¥ specific growth rate 22 2dgo] o) A& AAE AHE3 (3 5-18).

e T A% mE vAE A E423 (2" 5-9¢ wEW F5 AEE T

A 7+ °F 8 log CFU/mL A% 744 A33to] wel Npws 8 log CFU/mLE A4 (

5- 19).

¥ 5-17. Modified-Gompertz 2 @2 2 FHo] 10T A4 3+ F&7|3 AAS 93 i 24
Models Equation Determined value
modified— | T i
=N, +C xex [—E'x [{2.?13 I s (4 —£) + 1}]

Gompertz y - P P C j (/ )

e Ny (7] #) 1 log CFU/mL

° Nmax (Z’]EH _EL:F) 8 log CFU/mL
Variables ¢ A (lag time) 13.09 h

e 1 (specific growth rate) 0.062 log CFU/mL/h

* C= NO B Nmax

d RUHY Ay w2, F5 n) A =
ug} 2 2ol & yEld mEk NoE 1 log CFU/mLe=Z 2%
a9 5-11% X 5-199 yelbt vle}l 22 modified-Gompertz
10CAAA AZE A mA=] A4S A58 4345 YeEdL &
Al TR fE
CFU/mL o= vg A4 F¢ 10T A% =AM o 49 F FH7F 6 log
CFU/mL< Z¥st= Aoz o534

oL
il
o ~ (o3
3 » fl
a1
-
L

Microbe population, estimated (log CFU/mL)

4|
2r | approximately
4 day
0 II'\;-’|l L L 1
0 5 10 15 20 25

Storage time (day)
I3 5-11. Modified-Gompertz E2-& o] 83 10C A% F 759 vAE AF o= L

MAE A FEHES AT K71 Ee AT AA

- 176 -



N

o)

o v wUE] Hay

L= = ]
T

5{“]_

]

A

nAE At A

Nfo

<

il
i

Aol A F-5-H o

)

o)

F angom Aojsol 27 ol AF ol F v

g

3q.x

}1\1'

n A Eo] A

s

of ZFso] E4

TR
=W

S

=

il

A7F717E Aol gl B Al

wK

%

o
o

o

o

e
s
e

Hol A& AF 10TColA 2

!

23!

vzl

Mo
H

o

wK
o

Mo

S

T
&
=

e
ol
oR
+
ol
7o
T
ofy
o

23!

=
T

/\é o] A

=
[}

7F

e

Kol
=

o] 1 log CFU/mL

of wef 4 m

S}
=

A

o

o

(lag time % specific growth rate 541 2 &)

az

ki3

o

ofy

Call
) ol

Uebdel ute

=
=

o gpecific growth rate

el
i
W
<
=0
Gl
i
of
o7
i
<
M
oy
ol
!
-
o
el
fra
<
~O
" .
N ﬂu.u
N~ BK
o X
b Mr
ol
i D
cING)
_ ~
o
o —
ﬂ ox
o 4
ofF o
B R
oF ™

o

oH

)

=K

.
ol B

M ol

ko3
T

178

A

719l <% (4 log CFU/g) 5C 5¥

Aal

szoz oA

ol
e

!

A

]
=
T

A
o=

&+

o

§ 1/1000 wHe] w48

3]

ATl AFE FH= 237 ]

=

o5l 7ol

3

=l H]

b oA

A&

=
L

ofy
1Xro
To

)A
.

=
=

il

o)
o
o
=K
<

=0

o
ﬁo
.o
WON
R
A

=177 -



—

il
B

K

ol

o

2 gpecific growth rate

T8¢ lag time (A)

=i
=

il
-

Growth parameters

W
o}

N.A.

36.08
0.023

A (h)
u (log CFU/mL/h)

5T

N.A.
13.09
0.062

11.72
0.054

A (h)
u (log CFU/mL/h)

10TC

of mA= Pl WE EYE

Al 10T 14¢
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100 -

90 A = Corynebacteriales
80
g ol m Flavobacteriales
@
£ o0t = Bacillales
E 50 -
; a0 1 = Lactobacillales
E zz 1 ®m Enterobacteriales
10 1 ® Pseudomonadales
sk Day 0 Day 5
100
Lactococcus lactis Corynebacterium simulans
- Camobacterium maltaromaticum Rahnella aquatilis
= 2 Lactococeus piscium : Acinetobacter bereziniae
% 70 1 u Enterobacteriaceae AM491461_s = Yersinia kristensenii
g 60 = Sematia liquefaciens » Sefratia quinivorans
.:E - = Hafnia alvei = Myroides phasus
'% ® Pseudomonas panacis ® Serratia proteamaculans
.g * u Serratia plymtthica u Pseudomonas meridiana
;: 0 ® Pseudomonas lundensis u Brochothrix thermosphacta
20 4 ® Camobacterium divergens ® Pseudomonas psychrophila
10 u Pseudomonas fragi u Pseudomonas deceptionensis
o u Others

Day 0 Day 5

a9 5-12. A7) AR 7 v AE 43 W3 2AES 93 pyro-sequencing 4
(a) BteIE ol order =52 3 W} (b) Elglole] species w2 +H W}

2a17]o &= 5T 5 A% o]d 49 AddA Fald AS=E FHE = Lactobacillales 2]
Carnobacterium divergens =3 2 A¥¢ d e L2304 F 24 e £ A Ao A

oA Ao g FAHIEE Bacillales =9 Brochothrix thermosphacta %°] & "|AE9

7% o) & A= Aoz yElE (19 5-12).

5C 5°‘ A & A o)A Aarv|o $H3Y Lactobacillales®t Bacillales= % VA& 9]
o]

BbH Pseudomonadales 2 Enterobacteriales =°] 85%



doold AE o vvez EAtd nAE] AR 7 F AA SUFste] nAE
ol v& Haix= Ad34E vebydl (L9 5-12b).

ol= &9 A7l A FYd¥ Lactobacillales =3 & d714 BHeHIg o7l 571 279 A%
Z MASF7F 7as i 5714 wrg Elolel Pseudomonadales 2 Enterobacteriales =2
e g obe] A 1 RAIG Skl 2 Qo] e Aow ddk.

53] Pseudomonas spp. $°] 5C 54 A% o]F <&F 60%E A3 (17 5-12h).

5C 5¢ A ol¢ A= A= Yeld Pseudomonadales 2 Enterobacteriales 2]
WH ol 59 Hup o] ElEet 5T AZE A5 /HA 7F g5 S7hste] A=
TN HE B FES AAT Ao oiH,

HE FQ 21F =9 E coli O157:H7, Salmonella spp. &< SAEA &For} 5C 54 A
F 3 HEW  Enterobacteriales 39| Serratia spp., Hafnia spp., Yersinia spp. %

Pseudomonadales 2| Pseudomonas spp.= HUA 1 AEQ.
2 A A5 T3 A7) vAE Fus desTs 78 5 9l
MAT S7He & = dAow, meps A7) 22 AlAAFE
=

L= T
718k o] el FE 5 AnjEojok 3 AL

e
e
jali)

) TR AR A (10T) F Fod B 55 2 vAE THEY

T oM FEE didR ofFolA glow, Fo mydd EAst= B vAEol 14
ed¥er aga ik Ay T A % FAdA 55 24 Lddew aAdd

T HHE FE22 dFFES Ve gl met B2 o A=l daed T 4™
Aoz FaEy, Bk thy EAlste 22 A9 Bacillus spp. 3 Clostridium spp.
o edE deFE A T AEHA il FHel dolHo F5 A I HTEe
T ThsAd S 7HA AL e

a9 5-132 FHFE 10T 14 AR ofdy olF, Fhel EAsts vAdE IHe

pyro-sequencing®ll ]3] &A1 AaE E=AE
TR EAlE e HAEY -2 10T 149 A ol AR Lactobacillales,
5 Zo] 1

o] utgglol= 10T 149 A o]F WAHXA &= 5 A
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Q

u Clostridiales I
Day 14
s u Bacillales |
8
£
o
2 :
3 w Lactobacillales
a
(-]
]
=
% u Enterobacteriales
3
Day 0
u Others I
Day 0 Day 14
b 100
Paenibacillus cookii u Clogtridium saccharoperbutylacetonicum l
u Brevibacillus agri u Clostridium diolis Da!f 14
- u Clostridium puniceum u Clogtricium beijerinckii ;
% = Enterobacter xiangfangensis 8 Escherichia coli
§ u Enterobacter hormaechei & Enterobacter cloacae
'g = Lactococcus lactis = Racuttella omithinolytica
) u Klebsiella michiganensis ® Enterobacter asburiae
©
.% B Streptococcus salivanius B Klebsiella guasipneumoniae Da E 0
E u Klebsiella varicola ® Enterobacter ludwigii
s Entercbacter kobei u Klebsiella pneurmoniae
= Enterobacter cancerogenus s Streplococcus lutetiensis
u Enterobacter mori s Others

Day 0 Day 14

rol

#3F pyro-sequencing 2 3}

a9 5-13. FHEAA P S IS HE 2ALE
ule) g o}2] species 9 3 W3}

(a) ¥rElg] ol order =9 3 W3} (b)

10C 14 A4 & ¥AE FA sk Clostridiales 2 Bacillales 2] vhe|2]o}7t -4 319,
53] Clostridiales 2] 3&2] Clostridium spp. (Clostridium  beijerinckii, Clostridium
puniceum, Clostridium diolis)©] A Ae] 99.8% o] A&,

mEbA TR e EYA fHlE Ao FANE 22 JA T Costridium spp. -

Aol 993 A F LA ol B Hgo] TR
Fosh ol MR oo EelA feHE A5 =4 AT 09 ¥4 L Al
sl wheh 4% gk v AE ebdAel AAEE Jow Bud
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A6 & AFSAT AF S ZAE 58 T8 #HHMEA)
47

L AdAs 3 U9

7F. PMP (pathogen modeling program)2 ©] &3 2SS A AFEA ZA}
. USDA (United States Department of Agriculture)ollA] #|&3}= Pathogen Modeling
Program (PMP) Online site (http://pmp.errc.ars.usda.gov/PMPOnline.aspx)S o] &3 215

SAT HFER 2 R AR

(o)
A,
N

7 HZ 2del modified-Gompertz R 2ol 93 AFEo A

10 Microbiological
spoilage

2]
T

“—__Organoleptic
acceptance

Maximum
growth rate ()

Bacterial population (log CFU g")

Q 10 20 30 40 50 60 70 80 a0 100
Storage time (h)

N=Aexp(—exp((u-e-(A-0) A+1)))
, where N is the bacterial population at time (f) and A4 iS Nmax/No.

Equation 1. 25 =+ AF 54 4 A% modified-Gompertz equation

(2) PMP #4]9 =
o A2 FA A T U= 5T eSS AAsY PMP 2439 5.
« PMP £ tiA AF%+ E coli O157:H7, L. monocytogenes, Salmonella spp., S.

aureus, B. cereus

N,
ox
>

Q) A5 AF5AH 444 Heojlax
o AANE AF B T I AANFA o9 nAEe] S dda, 2= d8 dFE



-] : ;
TEF BEE 2700 EARTA) ERN SERH)
5B - D o o- BOTR - ARG SR @ B E

cAbeut PMP
“Tutarial

Modeled
Growth

log
(CFU/mi)
No
Hours '™ Lag
0,00 3.05 342
0,20 3,07 3.53
0,40 3.10 356
0,60 3,15 380
0,80 3,20 3.95
100 327 412
1.20 335 4.29
140 245 448
1,60 3.56 468

1.80 2.60 4.88

= » . 2.00 3.83 5.08

Madeled Growth Parameters 2.20 3.99 5.29

Lag Phase Duration; 133 (hours) | 240 4.16 550

Generation Time: .28 (hours) :-:: ::; :;‘1'

Growth Rate: Loailog | oparen
100 v

1% 6-2. USDA A& PMP #419] oA

BAMAE o9 AEswe uAg 4F 0 445 w4
. PMPE o83 AFHE AREAel oEA BAAN e Ad ANAE o AFE
o iAW S SAeL 1 5EAS A6t PMP 2 3¢ Bl H5gh

(D W= W AFE5E 24 W A5
 PMP &4 A&d 539 As5dE T A3 Al Faldel we 4T AsHds AT

(E. coli O157:H7, S. Typhimurium, L. monocytogenes, S. aureus, Salmonella

Typhimurium)
o 53] Wi ATmde wiA 2 AEd AFEE FAEES FESH] e oY AFsa e
TY T F oY ofFs et wiAld HEFe A4S FAHEL 5SS A%

(2) Modified-Gompertz equatione ©] &3+ 2] TS5 AFEA B4

o AFEdo AFEALS dA TIsdutelr o] AA|7] AlZE (lag time, A), HWFFELE
(maximum growth rate, u), & WA F < (maximum population density, Nmw)® HEE

. AFEdt A =4 3 A#ar4dS modified-Gompertz equations ©] &3+ 3] 7] 244

an

Eay
KR
=

=
A5t BAste] AFEite] 4RE4 2ASAE



B 2] o

Modified-Gompertz equation=
L - =

A=A A4 9

Diego, CA, USA)E o] &
3
Listeria monocytogenes (L. monocytogenes) ATCC 7644, L. monocytogenes ATCC

/\]zEﬁ- }\éxo]—

(3) =176 ™
(7]') Listeria monocytogenes

:]:,_'7

e FE coli
43894 3
ol E. coli OI5TH7E

3%
o 4 24717 A, e
He ¥

Gl

i

19116, L. monocytogenes ATCC 19117 3%
-1

3%9] L monocytogenes
Z3lo] 37Tl A 24X 7 Auj ok Hufok
T SAAHoR

3T d=
= 100ml¢] TSB(Oxoid)el &3t
L. monocytogenes?} &% TSB(Oxoid)
Aol wey dA g A kb v FHS

I & 34 9 A& i g

(W) E. coli O157:H7
O157:H7 ATCC 4389, E. coli
=70 W

g 3 A ddn BAe yed gon 3
, , San

ol g% 373M
Graphpad prism software (Ver. 5, Graphpad Software, Inc

oo
A=

sto] 3f s}

B\

cocktaildte] AAEA B3}

=

=z O
Z+7} 10mle] Typtone soya broth(TSB)(Oxoid, England)ol %

B
1__

oﬂ /\]__Q_'(S‘]—
A Aol 27 #7F 3 log CFU/mlo] 5=

=

=
ko3
<
Al X

H
zkzy 5,10, 20, 30°Cell wi st A, Z

% 11 )
F 3ol Tryptone soya agar(TSA)(Oxoid)ell
=iy

29 He
E Fio #FE =A%

£ A%stn 34
O157:H7 ATCC

, E. . O157:H7 ATCC 35150, E. coli
}Z} 10mle] Typtone soya broth(TSB)(Oxoid)oll #&3te] 37T

cktaildle] AAEA BAE
[e]
of AH&-3H
o2 471 sMste] 271 #5713 log CFU/mIol &=
x4

S|
H
Zy7y 5, 10, 20, 30Coll v YstHA], 7 &%

=z O

S = CO
=)

LN |

r &
S T

o];dah 20 rd—;gﬂ
N Z 8

of wz} LATE A zteit) wjgFALS HSEY] Tryptone soya agar(TSA)(Oxoid)ell

3F9 TS
Z 100ml19] TSB(Oxoid)®l
E. coli O157:H77} HE%¥ TSB(Oxoid)=
Aetal A& ol 78 F4E.

34 @ 4S5

e 5
Staphylococcus aureus (S. aureus) ATCC 25923, S. aureus ATCC 29213, S. aureus
=0 W ;:r
247} 10mle] Typtone soya broth(TSB)(Oxoid)oll & sle] 37TCelA 24

j
a-

(t}) Staphylococcus aureus
S cocktailste] A ZEA] BEAE
o
12 & dAAoRE 4K 5Aste] 27] #+7F 3 log CFU/mle] &
ex =4

ATCC 12600 3%
= 7
Hol ALE.

e 3%9 S aureusE
AIZE AueF, EulF & A
o]xg%‘c A

=

=

359 dS o
100ml19] TSB(Oxoid)oll &3 .
S. aureus7} HEH TSB(Oxoid)E Z+z+ 5, 10, 20, 30Col wjkstAAl, Z+
Al Zbabeh v kS #H3Ee] Tryptone soya agar(TSA)(Oxoid)ol] &=
gtal A5 E Fole] 5 E =A T

o<

A A

ﬁé [e] T
(2}) Salmonella Typhimurium
Salmonella Typhimurium (S. Typhimurium) ATCC 19585, S. Typhimurium DT 104, S
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(1) A5, Azl A%

Typhimurium PT 10 3% & cocktailste] A &AEA 493

3% 2 S. TyphimuriumE 27} 10mle] Typtone soya broth(TSB)(Oxoid)oll F&3ste] 37T
o A 2441 7F v, Evig = Aol ARE3H

3T s dAFE 42 F AR Y At x7] #57F 3 log CFU/mle] &%=
= 100ml¢] TSB(Oxoid)el &3k

S. Typhimurium”} #F¥ TSB(Oxoid)E 27 5, 10, 20, 30Col| wistH A, 2 &%= A
of wz} LdAT A zteit) wjgFAS HSFY] Tryptone soya agar(TSA)(Oxoid)ol]l ='&3}al,
ey = A4 | JerE Algetn AT E wot #5E 343

=]
4 9 BEEd Y

ol
At
Hl
Ry
1>
i
<

Al A543 9 PM
3?‘11 A /\] A8 = 2
o] A Jddx AFFd F o 5 a
cereus= EH’Z}EE THo| A By A dFo] AMEE
Hazle A A r 18o] EAlete L

[e]
monocytogenes 2 S. aureusE Ao FE A ar7]o A He, T4 Ao A&

(@) AAHEEH D], FH) Fo o AFE ¥l 54
)=
RUN

7h) #3271 W S, aureus, L. monocytogenes

Hazle) F= ixﬂ?'{“jru 2155 Alitd S aureus, L. monocytogenesS o2 2]117]
N HE=sEA
2 A3 XHE J HAu7le AE AET dd dd mtEdA Tkl

S. aureuss AE3st7] 918t & a17] 25g& Hit AEFW(Nasco whirl-pak, 19x30 cm)oll 2
il 10% NaCle]l #7Fe TSB(Oxoid) 225ml< 7hstal 23t wtd st g 5 37°Cel 4 24748h
HpoF 3 dAlHom AW 3AEte]  tellurite egg yolk emulsion(Oxoid)e]  #7H¥
Baird-Parker(Oxoid)ell Z=23gh thg 37To| Al 48A1%F vt 5 Tt 3o ZeixQl 3d
o AR g Fe3h

L. monocytogenesS HZ&3}7] 9ste] 4]a17] 25g& Hit AMZ(Nasco whirl-pak, 19x30
cm)oll ¥ il Listeria selective enrichment supplement”’} % 7}# Listeria enrichment broth
(UVM)(Oxoid) 225ml= 7}ehar 24%-3F w23} 3k 5 30TCoA 24748h ¥lY & GA|H o=
AR 3]sl Listeria selective supplement(Oxoid)e] % 7F8 Oxford agar(Oxoid)ol] =2
gk T 30Tl A 48A17F vk &, 24 Sko] Q=AM HeEe FeEh

w2]¥ S aureus, L. monocytogenes 214 HES DNA F% F, PCR¥ 16S rRNA

sequencing S &34 A g
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£ 6-1. A7)l A9 L. monocytogenes, S. aureus &S 935 PCR Zelolw 7|44
Figs =} A7 E e )|
L. hivA (F) 5-GCA GTT GCA AGC GCT TGG AGT GAA-3 A56b
monocytogenes Y (R) 5-GCA ACG TAT CCT CCA GAG TGA TCG-3 p
(F) 5-GCG ATT GAT GGT GAT ACG G-3
S. aureus nuc (R) 5-CAA GCC TTG ACG AAC TAA AGC-3 275bp
F 6-2. A7l e HE=H L. monocytogenes, S. aureus 32 ¢33 16S rRNA

sequencing Z#lolw 7|4 g

Universal primer A7IAE
27F 5-AGA GTT TGA TCC TGG CTC AG-3
1492R 5-GGT TAC CTT GTT ACG ACT T-3
3) ¥5 W S aureus ¥ B. cereus ¥d % A

FHo) F2 &3t A F5 A< S aureus, B. cereusE A O R FH|A HE3HS

E 9l A Aol A Fuls il &

A8 Z 9 (Nasco whirl-pak, 19x30 cm)ell ¥ iz
3283 wAs g F dAF R Az g
23}o] tellurite egg yolk emulsion(Oxoid)©] #7}¥ Baird-Parker(Oxoid)o] =33 3
37CoNA 48A1ZF vl & T e Al FEo AN Jgs w8

B. cereusEs 7 Z3dl7] st FH 25gS Wi AMEZ9(Nasco whirl-pak, 19x30 cm)ol %
31 MYP broth(Oxoid) 225ml& 7}stal 2%3F 23l 3 5 @A Hd ez AR 34810 egg
yolk emulsion(Oxoid), polymyxin B(Oxoid)e] #7}¥ MYP agar(Oxoid)ol] =23 vt} 3
0CoNA 24A17F vk & R FWo| lecithinase Ao E TE3 $lo] 9= BE A e

el

E
229 S aureus, B. cereus 94 H&
=

rlo

DNA %= 3% PCR¥ 16S rRNA sequencing<

¥ 6-3. FHANAY B cereus, S. aureus AES 913 PCR Zglolw 7|4
= A A} 7144 A 782l
(F) 5-TGC TAG TAG TGC TGT AAC TC-3
B. cereus cytK (R) 5-CGT TGT TTC CAA CCC AGT-3 881bp

(F) 5-CCT TTG GAA ACG GTT AAA ACG-3
SEA (R) 5-TCT GAA CCT TCC CAT CAA AAA 127bp

c-3
S. aureus
(F) 5-TCG CAT CAA ACT GAC AAA CG-3
SEB (R) 5-GCA GGT ACT CTA TAA GTG CCT 477bp
GC-3
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¥ 6-4. FHoAY HEH B cereus, S. aureus 535 93 16S rRNA sequencing X #}o]
M 7ML
Primer @714 4
27F 5-AGA GTT TGA TCC TGG CTC AG-3
1492R 5-GGT TAC CTT GTT ACG ACT T-3
g AAAFANA 2, F8E Aeude 4 54 4

(3)

a7l A B g AF=A S aureus, L. monocytogenesE O E Aai7]o| Ao A
°
Pz

AGeEe= 5,10, 15, 20, 25 CE AA st 2H2be] %o S, aureus, L. monocytogenes

o AFE SAH3

2a17] 10ge et AZWM(Nasco whirl-pak, 19x30 cm)ol ¥il %7] w57} 2-3 log
CFU/g F°] ¥ %% S aqureus, L. monocytogenesS Z}7} FE3te] 5, 10, 15, 20, 25Tl
Aket Zh 2 o] wel AT Ateit s SA

Y S-S 9ot 2EE 10ge] Aar7]e Hir 0.85% saline 0mls Hil 2381+ 23}
A7l & aAHo R A2 EAste] S aureus, L. monocytogenes ZYZye] A Elu] x|l

tellurite egg  vyolk(Oxoid)7}  #H7F& Baird—Parker(Oxoid) Listeria  selective
supplement(Oxoid)®¢] #7}¥ Oxford agar(Oxoid)o]l =49, sjk3t & o4 Hehs AS=3t

A=A
TR B3t AF== A1 S aureus, B. cereusE Ao ®E FRAM O AFS A3}
Pz

X5 10, 15, 20, 25, 30C=2 AAsI 2b7fe] 2% X S. aureus, B. cereus® 47

—

B\

Hat AZ 9 (Nasco whirl-pak, 19x30 cm)ell €31 %7] #47} 2-3 log CFU/g
Z S. aureus, B. cereuse Z}7} HEste] 10, 15, 20, 25, 30TCl A*3stH 7zt
| ot A g Aei AEE S8 3
S Y3kl 2EH 10g9 FH-o Hitr 0.85% saline 90mlS ¥ il 287+ A3} A
Aoz AR 3Xsle] S aureus, B. cereus ZtZte] A Eufx]Ql tellurite egg
yolk(Oxoid)7}  #7}¥  Baird-Parker(Oxoid), egg yolk emulsion(Oxoid), polymyxin B
(Oxoid)7} # 7} MYP agar(Oxoid)oll =2, vjokal 3 3&te A3

Moox o Ay M e X
o H1 HN o
L
o

Modified-Gompertz equations ©]&3F A S5 AFEA 4
ATEte] AFEALE dA 7l=gnte 23
Azt o] AFEAL Graphpad prism softwareS o] &3k A &=r4 9] modified-Gompertz
equation 3|7 =4 A S F3 FAHJSH, FAE S AEH Ao WE A g
Niax B3-S Vst 28, 589 As5d AEE5S oaE
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¥ 65 AFE AHEA BXo A}89 modified-Gompertz model

Models Equation
:U'max
y =N, + Cx exp[—exp(2.718 X 5 ) x (A—1t)+1]
modified + No: initial number of microbe
-Gompertz + C: difference between Ny and Npax
+ A\ lag time
* lmaxs Maximum growth rate
2. A7

7F. PMP (pathogen modeling program)< ©] &3k Al A2

S|
o

(1) 2=zdel] mE AdAF o9 A5 4454 PMP &4
=

== = = =]
Ta o Aende] AFEY &

o

n A& AFEAL |ag time (A), maximum growth rate (W& Z3AE F Yo
1

A, 2=o oa] AA dFS He dew L.

[e)
B oATE AAAECER, A AFEE A45ARAL BAG N JIAE Wl
o AFET 454 WIuT £xd o 4EE4N BAL 95
Ae vAEe] A A% HAAS W AR Al SFHE AR L% A5
Weh A Aow BAY Ed WA 4ge 2xd s &gl ue PMP ¥
NAz g S0 me FEE Aoz ¥y

7} €% W2 E coli O157:H7 A%< PMP #4

E. coli O157H7¢] PMP+4 A3 10T 15CE Hlugt Ay =57t weEk E coli
0O157:H7 lag time< ¢F 3v] A3 o™ growth rate= ¢F 2.5¥
AdL=7F 10T o gobd 45 E. coli O157:H72] 7370

10 CollA] lag time<s ZFZF L. monocytogenes °F 350 h, S. aureus °F 330 h, B. cereus °f
150 h, E. coli O157:H7+= ¢F 60 h2 YEE. E. coli O157:H7¢] ©& ol H]3| lag time©]
deo] #E Bom el

10C % 15CoA E coli O157:H79] lag times Z+2F °F 62 % 20 hS YeEFH WA L
monocytogenes 2 745 FLdxAAA ¢F 350 % 180 hS e,

20CoA A A HFd5F+ 9 log CFU/mL =<0 =23

25C (=)ol A lag timeo] 4.09 h= 43| ol wet Wgdrd Al foldorg,

PMP 423 E. coli O157TH7T= W& AF=d 53] L monocytogenes®| 1|3 H| a4
w2 A s, &S lag times YENWE Aoz A wet E coli O157:H77F A4
Ao L9dE AS o AFesae vlE] G o 93 FEoE FAE JeAdo]l &
A webA E. ocoli O157HT7 @] HIfgh AHAAFE 8 R A T 2238 F9
dof 3 Aoz oy,
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A.10°C | B.15°C

E. coli 0157:H7 (log CFU/mL)
o

E. coli 0157:H7 (log CFU/mL)
@

0 5 100 150 200 250 300 350 0 100 200 300
Time (h) Time (h)

. 1C. 20°C .| D.25°C

E. coli 0157:H7 (log CFU/mL)
o
E. coli 0157:H7 (log CFU/mL)

0 100 200 300 0 100 200 300
Time (h) Time (h)

18 6-3. PMP 248 £3 vi#| W E coli OI57H7 ¢ AAEA A4 2 o=

¥ 6-6. Gompertz 3] AFAE o] &3 WA W E. coli O157H7 ¢ AFEA 4 Az

Tem?%r)ature Lag time, A (h) Maxig:)zmcgﬁ)m:i/;e)lte, u
10 62.14 0.045
15 20.17 0.108
20 8.14 0.218
25 4.09 0.378

(W) &xd W& L monocytogenes 73 7e] PMP #4]

e L. monocytogenes®] PMP HAo] wp2H 25 =5 10CoA 15CE ZF7FAZ 2%, lag time
o] oF 2u] A 2 growth rate?] oF 2¥) SU1E Ao FAHHE.

o 25TColA L. monocytogenes 2 E. coli O157:H72] lag time 27} 60, 4 h= #2414,

e E coli OIS7TH79 7AF 25ColA maximum growth rate’} 0.378% UEMY

a, L
monocytogenes® 73-¢ HU&xoA 0.0912 e} o 4ujAE Zol7p U= AS el

st
A=
o wW&td L monocytogenes, E. coli OI57TH7S A&(25T)olA A#FE A L

r

monocytogenes population® ¥+ =2 AR E coli O157:H79] H] & 158 o]
24 Ao duyg,
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A. 10°C B 15°C

5 -~
E E
2 8 2 g
[
6 )
g7 g7
@ @
g 6 $ 6
g g :
% ‘ g
- 3 < 3
2 T T T T T 2 - . - - - T T T
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
Time (h) o Time (h)
C. 20°C D. 25°C
10 10
5 9 I 91
E E
2 -
(5] (&)
g7 g 71
@ @
o g 2 6
] §
. -
g § g .
- 3 ~ 34
2 i v v T T T T T 2 iy - - T T T T T
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
Time (h) Time (h)

29 6-4. PMP #4& %3 vix] W L monocytogenes 9 A3EA 4 2 o=

3 6-7. Gompertz 373745 o] &g viA| W L. monocytogenes ¢ BF 54 A A

Tem?%r)ature Lag time, A (h) Maxigg)zmcig:%)m:i/;e;te, u
10 350.68 0.012
15 177.04 0.026
20 98.37 0.052
25 60.16 0.091

(th) 2% W& Salmonella spp. 37429 PMP &4

PMP database: 9u¥td oz wjA W AFZ AFEAS AAs
spp.2] A5 a7l A Salmonella spp. 37
71 Salmonella spp. 44574 PMP #4435 & .

Salmonella spp.2] lag timeS E. coli O157:H73 vln&d A9 20CANA E. coli O157:H79]
lag timee ©¢F 8 hQl WHA Salmonella spp.= °F 4 hZ YEY. T3 T2 25271 94
Salmonella spp.9] lag time % maximum growth rate E. coli O157:H7 ¥ 7]€ A F=
ol mE) 27 &3, weE A7E e,

vbH - Salmonella
-8 =

o A1
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Salmonella spp.i= T2 AT 5ol vls] 4o & X gslm, AdAbo] wEo wel A2
F9 Salmonella spp. St S FrRe 7] 98] AXAAE & 2 A F AN =

7 atd Aow wag,

16 18
_ A.20°C _ B.25°C
- —
E 14 E 14
S =]
[T w
(3] o
g 2 g 2
= 10 @ 10
: ;

£

g 8 a 8

0 . . . . 6 v v . v

0 50 100 150 200 0 50 100 150 200
Time (h) Time (h)

18 6-5. PMP 418 53 & 7)o Salmonella spp. & AFEA 4 9 o=

¥ 6-8. Gompertz 3] AFAE o] &3t 2 7] A Salmonella spp. & AAEA A4 Ay}
Temperature . Maximum growth rate, u
(C) Lag time, A (h) (log CFU/mL/h)
20 45 0.261
25 2.9 0.416

(2}) X W& S aqureus A9 PMP 4
o

PMP B4 A3} S aureus®] €=Z7AS 10T olAo g Z7AZA ZA$ AFEA & W3

7F b oz A,

10ColA S, aureus?] lag time % maximum growth rate= Z}z} ¢F 330 h 2 0.0291 Wk,

15C A lag time ¥ maximum growth rate Z}7} ¢F 100 h 2 0.060.%2 #2414,

LEE 10CoA 156C=E F7HAZ A4S, S. aureus lag time ¢F 38] 4%l growth

ratex™ ¢F 258 S7ts Ao= FAHH,
[e] S

S. aureus 2o okl Al

,d
P
|o

A r 2=y Felsor &
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A. 10°C B. 15°C

S.aureus (log CFU/mL)
o

S.aureus (log CFU/mL)
(=]

o 4

200 400 800 800 1000 1200 6 260 40‘0 560 5;60 1 DlOO 1200
Time (h) Time (h)

C. 20°C D. 25°C

S.aureus (log CFU/mL)
@
S.aureus (log CFU/mL)

200 400 600 800 1000 1200 1] 200 400 800 800 1000 1200
Time (h) Time (h)

13 6-6. PMP #2418 E3 vix] W S aureus & AFAEA EA 2 o=

o 4

3E 6-9. Gompertz 3714 o] &3k WX A8l S aureus o BHSE A A
Tem?%r)ature Lag time, A (h) Max1g:)1;m61%%);vnfi/;§lte, u
10 32851 0.019
15 95.31 0.054
20 38.50 0.128
25 21.65 0.252

(mp) & %o WE B cereus AEe PMP &4

PMP+4 ZA3} 10CoA B. cereus®l lag time % maximum growth rate Z+ZF ¢F 150 h
201 2 A 15T lag time ¥ maximum growth rate2 27 ¢F 40 h 2 0.2
2 244,

B. cereus 373542 W HEe
A E QA o= o TSt
B. cereusA maximum population densityl:— °F 8 log CFU/MLE #4%. g 5=+

maximum population density+= ¢F 9 log CFU/mL o2 44,

8 10C ooz 44AY A5 MY e Ao ¥

|

B. cereus® AFS5AHE AT AHSAA v B5 B cereus= B AT Eol
Hl ] 34 AgAdo] Holu &2 lag time¥ WE maximum growth rate® e+ ¥HA

maximum population density+= E} 2s 53t H|E| @ HAow FAH.
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10 10

A. 10°C | B.15°C

B. cereus (log CFU/mL)
(-]

B. cereus (log CFU/mL)
L]

250 300

8
g
g
g
g
g
8
8
g
g

B. cereus (log CFU/mL)
(=]
B. cereus (log CFU/mL)

250 300

c,
g
g
g
g
%
g
o
g
g
g
g

a8 6-7. PMP 45 =3 wix] W B. cereus ¢ AFEA B4 9 o=

¥ 6-10. Gompertz 3 AFAE o] &3k x| Wl B. cereus ¢ AFE5EH A 23

Tem?%r)ature Lag time, A (h) Maxig:)zmcgﬁ)m:i/;e)lte, u
10 150.21 0.107
15 35.29 0.184
20 11.34 0.288
25 4.99 0.410

(vh) A F 53t 22 PMP 2443} 6

E. coli®} B. cereus®l PMP4] A¥ B} AF=to Hl&] & lag times YEUW= A2

= A4

L. monocytogenes= A= A-g7do] HoluvtH B mAEd Hls] AL o] wE Ao

e x Qo (Kim &, 2010), PMP #4243} A -2oM L. monocytogenes® 7d7¢2 €} 2

SEel HlE =¥ o R A

Adze] g 2AdAFd Aesd ZEUHY A7 A mEd, Havy L
B. cereus AZolgo] EAetn, g @Al 3

|~ L. monocytogenes 2 S. aureus™ FH-oNA B.

_I

monocytogenes A= ©]3 3} FHU
st 74 Ruy"eE 4 |

cereus 2 S. aqureus’t AEH v I

<

&Z
K
N
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(2) AAAFE o AT
%

e EH ZE AAAE ool Hivgt
A, AAAE HAGAl s 29
(Kluytmans &, 2005).

59 S aureust AW O AAAFE & B AR

timeo] dA 3] A met AAAFE HHAE €3 Ass T AF4S AT

uebqd PMP 2423 Adx Jeidx d 7 Ade] wel AlX2AES [ monocytogenes, B. cereus,
S aureus©ll FoFek o= ek,

=
PMP database®] 4% 10°C ulvtol A 2]F 53 A% data 2 Salmonella spp.2l 1A W
A dataZb F-AE. weEbA As s A5 s Y 2 24 918 A EY]
1

7o 04 AFERe] WA 4AEAS A 1 54S BT,

_{

B AR o= 2de PMPe] A8 % modified-Gompertz equatione %] &3}
PMP £ oA #&3 vie} o] AF 5 ujA] oA 2% F7lo W& lag time 7

2 % maximum growth rate =7}7} ##

ot

(7h) 2 =of W& wix] W E coli O157H79 A3 =4 2L AFEA FA4
o E coli O157:H7+= 5°CollA A 7o) &whalx] 33t stationary phaseo] =& 3FA] %3
o E} LT HlE] AHEE7F 10T BEu =old 9 E coli O157H79] lag time %

maximum growth rate’} &2 34 W3,

20°Ce} 30°CellAl E. coli O157:H79] lag times Z}7z} 539 % 1928 uUeld. E coli
O157:H79] lag time® EF AFTZtol Hla] v & Ao= uyepdol wel E coli
O157H7 e A F&gtel Hlal 4 2434 o] Holum Hold 424 &0 mE &2 lag
times YElE o=z duky,

A& = 20°Co A E. coli O157:H72] 745 0.29, L. monocytogenesol A 0.2, S. aureus®l
A 0.19% E. coli O157H77} 7V =2

E. coli O157:H7 A=+ =4 2 modified-Gompertz equation®] <3+ A FEA A4
m2H, E coli O157TH7E ®iA| A AdA&A1Z 7§ maximum population density:= < 9

log CFU/mL=Z #44.
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w w = 4
0 1
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Time (h) Time (h)
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C. 15¢ D.20T
'g' o E 10 - .
5 iz 5
('9 [
o G 84 %
2 g
3 & *
5 41 5
[=] [o] 4
= =
g ,l 8
uj u 2 .
0 ; 0 y . - v
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Time (h) Time (h)
12
E. 30T

E. coli 0157:H7 (log CFU/mL)
[~

0 2 4 B 8 10 12 14 16 18 20
Time (h)

% 6-8 2=° wE A Wl E. coli O157:H72] 374

¥ 6-11. Modified-Gompertz 3] #41& o] &3 ujX|oA 2= W& E coli O157:H7

o 4EY B4 A3

Temperature Lag time Maximum growth rate ) )

RMSE R Bias

(°C) (h) (log CFU/ml/h)

5°C N.A. N.A. N.A. N.A. N.A.

10°C 25.37 0.04 0.29 0.98 1.02

15°C 7.76 0.16 0.24 0.99 1.00

20°C 5.39 0.29 0.24 0.99 1.01

30°C 1.92 0.72 0.16 1.00 1.00
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() &% & wjx W L monocytogenes% A
e PMP #2443 uwe} 5T, wiXW L. monocytogenes2]

D]D]fs]— }\-]X]—O] 01]/\01-?.,]9}19‘]4-’
A"Hol F A= 4734 Wl AW L. monocytogenes®] 5C A #o] #zy. w3l

monocytogenes= A 2|3+ 2] FES 5T &3] AHHstA 53

e 5ToM+= lag time©] 68781 HhH 10Tl A=
257 HE u lag time®] §243] W3S,
o SA Fg PMP AoA yEehduiel ol

maximum grwoth rate®] <7}7} & 7% .

19.41, 15CelA+=

SES 7t

w2}t lag timed &

e R* %<& 5,10, 15, 20, 30Col A Z+zF 0.87, 0.97, 0.99, 0.98, 1.00& YElo] BA A=

AHow AH Aow weg.

A.5C

Listeria monocytogenes (log CFU/mL)
Listerta monocytogenes (log CFU/mL)
o

B.10C

(V] 100 200 300 400 500
Time (h)

Time (h)

C.15%C

Listeria monocytogenes (log CFU/mL)
~
Listeria monocytogenes (log CFU/mL)

20 30 40 50 60 70
Time (h)

o
3

E.30C

Listeria monocytogenes (log CFU/mL)

=]
o 4

10 15 20 25
Time (h)

20 30 40

19 6-9. 2%d ©E wiA W] L monocytogenes®] 374
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¥ 6-12. Modified-Gompertz 3] 73418 o] &3 wjx|ollA 2= WE L. monocytogenes

o JFEA 24 A9
Temperature Lag time Maximum growth rate ) )
(°C) (h) (log CFU/ml/h) SE - bias
5°C 68.78 0.02 0.54 0.87 1.02
10°C 19.41 0.05 0.29 0.97 1.00
15°C 6.77 0.15 0.15 0.99 1.00
20°C 6.76 0.20 0.22 0.98 1.01
30°C 3.22 0.47 0.05 1.00 1.00

(th &xo] & wiA| W Salmonella spp.d] 234

Salmonella spp.= E. coli O157H7 ¥ S. aureusol A #ZH vle} 7o) 5°Co| A &t A
A3FA 53Fe] exponential growth % stationary phaseZS YERU A H3)

10°C % 15°Coll Al Salmonella spp.d] lag times °F 37 h ¥ 7 hE yEkd ¥vhd 20°C 2
30°Coll A lag time ¢F 4 h % 16 h= 1,}5}144 Salmonella spp.2] WlU¥=EE 10°Ceoll A
15°CE F7HAZ 749 lag time ¢F HHl ZHAsEA o, 20°Col A 30°CE F7HAIE A5
lag time®] A+ oF 25v) 9 &3

T35k 10, 15, 20, 30°CollA4] maximum growth rate= 22+ 0.05, 0.13, 0.29, 0.74 log
CFU/ml/hE YErd. Salmonella spp. Pl ¥=%2] A5o w2 maximum growth rate®= T
grow s s vldsts Aoz ddd

ko wE Salmonella spp.ol AF=H =4 2

AAER BAAY WSSl
W2 Jag tim© W37} maximum growth rateo] Hld] L A3 Aoz FAEoH,
53] A2 F 10°ColA 1 o]dez 255 Wl A2 49 lag time W3l Zo] ¢ &
A Ao vy, o]} e wdwo| WE Salmonella spp. AFEA WI= B AT
=i AFEA L FAE.
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29 6-10. 2%l W& wi A W Salmonella spp.©l 374

6-13. Modified-Gompertz 3] #3A4& o] &3 njR|o|Ax] =z wE Salmonella spp.

_TT_]Z_
o 4EN B4 A3

Temperature Lag time Maximum growth rate ) )

RMSE R Bias

°O) (h) (log CFU/ml/h)

5°C N.A. N.A. N.A. N.A. N.A.

10°C 37.23 0.05 0.15 0.99 1.00

15°C 7.48 0.13 0.16 0.99 1.00

20°C 4.17 0.29 0.11 1.00 1.00

30°C 1.55 0.74 0.16 0.99 1.00
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() &%of & wiA Wl S aureus® &4

S. aureust™= M 71 E E. coli O157:H7 2 Salmonella spp.2] AZEA I} FAFSE A7)
HS Yetl. wetA S agureus?) lag times EF =99 W] wlE] A 2(10T —rL)Oﬂ
A st g WzbehA #EE= Adow ddd.
10, 15, 20, 30ColA S. aureus? lag time % maximum growth rate= Z+Zt ¢F 30, 8, 7
3h % 003 012, 0.19, 064 log CFU/ml/hE YERHA ST, & AFolA EAE B AFTH
9] lag time¥} maximum growth rate®} W] s H-$- S aureus®l lag time % maximum
growth rate7} AREAQl 2E=F7bo| A 242y A = A3E UEY,
S. aureus= Y14 71 lag time % =% maximum growth rateE e wEl S,
aureus— Ef A 5ol HlE BAHSGFHo| =4 Zom, HHo] =9 Aoz yuky,
T S aureus WlFEEE 20Tl 30CE S7HAZ A5
Hj o] Fbete Aowm EAFHIJoH, O]l‘c PMP #4439}
et S oaureus7t A EA L dHAS A £ A g = =
20C ooz AsdE A% S aureus® ’\é%c‘] o dd. AdAFY 5 R AY I 2=

A= AAAF S aureus SHHAS FHE S F8 242 dAGHE.

maximum growth rate’} 3
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a9 6-11. 2= W& wA Wl S, aureus®] A=A

100

¥ 6-14. Modified-Gompertz 3| 7 41& o] &3k wjx|o A 2=z W2 S qureus 9 A%
54 &4 4%
Temperature Lag time Maximum growth rate ) )
RMSE R Bias

(°C) (h) (log CFU/ml/h)
5°C N.A. N.A. N.A. N.A. N.A.
10°C 30.21 0.03 0.57 0.88 1.00
15°C 7.52 0.12 0.18 0.99 1.00
20°C 6.77 0.19 0.17 1.00 1.00
30°C 3.04 0.64 0.16 1.00 1.00
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A& kA Foermw At Aolg HY g Sl Wo] WAl Y] uiE
= ol +8
KN

GenBankoll A= o]l 90,0007F4 o] 4F2] 16r RNA

Oh H37) o HFEHTI B % 5

D #3719 L. monocytogenes 2 2 %A

Isolated Isolated Isolated Isolated Isolated

Co 2 3 a 5

19 6-12. hly A geneoll 9|3t L. monocytogenes confirmation

Aol el Hur|E PP T 2E FHo uEl L. monocytogenes =S A
Alstgiom  AEux]Ql  Oxford agarg ©]&

monocytogenes®| presumptive coloneis’7} &5 A<

°o]= hly A gene target genel 2 o] PCRS F33% A3 2F TU3 genes 7HA 1L
AE AR YEyES.

PCRZ 3213t L. monocytogenes? 16s rRNA sequencing A#E # 6-159] YEFH A S

3 6-15. 16S rRNA sequencing= ©]-&3t & 317]9lA] L. monocytogenes =&+ 574 23}
Samples Strains Identities
L. monocytogenes Listeria monocytogenes 07TPF0776 strain 07PF0776 99%
isolated-1 16S ribosomal RNA (1356/1359)
L. monocytogenes Listeria monocytogenes 07TPF0776 strain 07PF0776 99%
isolated—2 16S ribosomal RNA (1473/1480)
L. monocytogenes Listeria monocytogenes 07TPF0776 strain 07PF0776 99%
isolated-3 16S ribosomal RNA (1471/1477)
L. monocytogenes Listeria monocytogenes 07TPF0776 strain 07PF0776 99%
isolated—4 16S ribosomal RNA (1471/1477)
L. monocytogenes Listeria monocytogenes 07TPF0776 strain 07PF0776 99%
isolated-5 16S ribosomal RNA (1480/1487)
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_7Z¥7r

monocytogenes 07PF0766%} 99% %Al o] et}

g2 5709 Aay] A Zol A L. monocytogenes 4 Ay BT L.

Aoz sAH 5.

i e

@ 2719 S. qureus 8 2 A

5

el .l

: —_— ]
ol ——— — S

Isolated Isolated Isolated '
3 4 3

29 7-13. nuc genedll 213+ S. aureus confirmation

e AAstE o A u) A 9l Baird-Parker agarg ©]
S. aureus® presumptive coloneis’} AZ5 &,

o] = nuc gened target gene® E 3to] PCRE 33 A
= Ao® YEyE.

PCRZ &<2l3t S. aureus? 16s rRNA sequencing 2= ¥ 6-16°] YEFHAS.

6-16. 16S rRNA sequencingS ©]&3+ a7 ¢ S. aureus ¥ 5 54 Ay

Samples Strains Identities
S. aureus Staphylococcus aureus subsp. aureus N315 strain 999%
isolated-1 N315 16S ribosomal RNA (1373/1374)
S. aureus Staphylococcus aureus subsp. aureus N315 strain 999
isolated—2 N315 16S ribosomal RNA (1473/1480)
S. aureus Staphylococcus aureus subsp. aureus N315 strain 999
isolated-3 N315 16S ribosomal RNA (1485/1488)
S. aureus

Assembl A ke Md -
1solated—-4 v =4 1
S. aureus

A bly %A & A< -
1solated-5 ssembly +4] & 1

=

5719 AgolA HAE A S aureus & 3F

[}

o] B F7F S. aureus subsp. aureus N3159}
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o

fr

~Parker agargs ©|&3dto] Fa|gk A, 3F9 FHolA gl
H 5 3o EeAel FeEe HaA Feks SEA, SEB genes target geneS = 51
PCR< —’FSE“?} A7 BF sdg gene% 7 e Aoz e

el

b

vtK gene% target gene® Z &to] PCRS 33 A3 =

=
PCR @A A stelgl zhz) 3?94 S. aureus®t B. cereust 45 $ldte] 16s rRNA
sequencings st om, AyE #F 7-179] YEFHIS.

¥ 6-17. 16S rRNA 9714 E B4 S &3 5 =8 S aureus, B. cereus 59 &4

Samples Strains Identities
) 999
Tofu_S_1 Staphylococcus aureus strain NBRC 100910
(1408/1412)
99%
Tofu_S_2 Staphylococcus aureus subsp. aureus N315
(1399/1401)
99%
Tofu_S_3 Staphylococcus aureus subsp. aureus JHI1
(932/938)
) ) ) 98%
Tofu_B_1 Bacillus cerues strain NH-Beihezhul
(1171/1190)
) ) 98%
Tofu_B_2 Bacillus cereus strain Bc
(1175/1204)

HHE

2 4" S aureus 2 B. cereust 77t o2 T A ZoA EE-54H.

TR FEg 3 S aureus 3FS 16S rRNA F-41# d7]Add 7| %3] FAH3 A}
aureus A5 3% Tofu S_1, Tofu_S_2, Tofu S_3 =% S. aureus 9 AEe# 1&F
o &3t =2 849, Tofu S_12 Staphylococcus aureus strain NBRC 1009103} 99%,
Tofu_S_2+  Staphylococcus aureus subsp. aureus N315¢F 99%, Tofu_S_3+
Staphylococcus aureus subsp. aureu JH1¥ 99% 454l o] YeEH(E 6-17).

%)
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FHRAA 2283 B cuereus 2FS 16S rRNA FHR @7|A ol 7] x5t A 2y
B. cereus AT 2% Tofu B_1, Tofu B_2 B5 B. cereus® %9 AESH 1% &£
st= w2 289, Tofu B_12 Bacillus cereus strain NH-Beihezhul ¥} 98%, Tofu B_2
Bacillus cereus strain Be$} 98% 5ol YES(E 6-17).

APz AJg 5 10059 sl BYEH S *—L]"]a At ostH, FHAA S, aureus

w}a} S. aureus 2 B. cereust A%

¢

rr

2 B. cereus BT HAEHA L. ol A3
[e)

oy o =
O
HU
5;
nﬂ

@ AAAFCER, A/ Fo o9 AFETe) HYEA B
5

WA A o mde HE by Bl glol b Fasum 2 mFS AAshe
Aa) VAR 4GS Fora wde] oa Ao oFeta PriGomA s)Ee] vy
B Zakel wlskel W A ] AF5 ool 2 &R} e Aow

978 3 98 (Park 5, 2007).
]

4B
R
£
Ao

(03

& A ARAF W AF5del e9d el T2 Jlen, frE, A% 3 By £
7h BAEG A AAAE W ATEE 4 AdAdel

webA B Aol s AdAE U Fa o AFEde] S o5 2l A5k, o
2 B AY 2md wE mAE ddAd s A AT R FENE AEE 54
o 3

AAAE W Fo o HTET] A A5 AT AEE AT & de 2= 2 A
A7 AAE T HHeR s gl

ek 54 SmellM AldAEe] vAE s SEE e AR A 28

lag time ¥ maximum specific growth rate 2F&°] &1 3H.

o] sigmoidd eje] AAS FH3F 7] 98] AFEEHE sigmoidal curved WHE A 2] o
Z+ modified-Gompertz (Zwietering 5, 1990), Baranyi (Baranyi &, 1994), Logistics
(Zwietering &, 1990) 5°] A+

AdE A Ay wrEw, modified-Gompertz equatione A al7] 8wk ofuz} 3o U
AE mAEY Jag time®} maximum specific growth rateE HZEA A&} S
modified-Gompertz equation< lag time % maximum specific growth rate 2= 0]
213 uAE oS WIHSHA AFE-H (Brandao %, 2013).

upeba 2 ATl A A E T8 94 Asmuy AFEEE EH67l s

OFO
ot

modified-Gompertz E &g 0]

hH H37) W F8 2| Aesdy A 54 4

@D #]317] W L. monocytogenes® A E4 A

o 27 A ®2l ¥ L. monocytogenes 5% & AF W AZEAD B ALE & 3FS A
43t



e L. monocytogenes ATCC 76442} & 17| A 2] L. monocytogenes w21+ 5% & ELISA
readers ©]-§3le] 30CoA 2] TSB W AAS o=3t (19 6-14).

0.8

—e—— L. monocytogenes ATCC 7644

0.7 4  soveves [ L. moneocytogenes isolated-1 L
——-gp-—— L. monocytogenes isclated-2 » -

0§ { — —&— - L monocytogenes isolated-3
— - — L. monocytogenes isolated-4 ;- /
—-—@—— L. monocytogenes isclated-5 J P

0.5 4

Abs

0.4

0.3 4

Time (h)

3l 30 ColA 2] TSB W L. monocytogenes

%
wERF U vewre 4% d%

T

o RUTNF 5T T 2T EEUT FAE AF dEHS v
e L. monocytogenes ATCC 7644¢} vl g wf A

A
[e)
S M7Agste] 2a7] W L. monocytogenes 373573 Aol A&

ofN

e WA B ATNMNE L monocytogenes EEHF 3%3 Beldd 3% Hms] o 4%
Jmske] e A Harle AR : ¢

[

oX,
o
g

o

N{N'
of

b 4 317] W L. monocytogenes ¥itF2 A 54 4

1) &% wE& Har] W a7l W L. monocytogenes ZEFi+ AH Ay}

modified-Gompertz 293 o] &3 JHEA 4

e L. monocytogenes ATCC 7644, L. monocytogenes ATCC 19111, L. monocytogenes
ATCC 191155 cocktaildle] & 117]e] 3 log CFU/g 22 HE3aL 5, 10, 15, 20, 25T
A F A WstE JHa ARl o8] AR (L 6-15).

o AX It L. monocytogenes w79 A ZAINE modified-Gompertz R 2ol 4835}
AGAE AAFF e (298 6-15), modified-Gompertz 29 4o W& AEHFE
¥ 7-189 YERY.

e 1% 7-159] YEFE wle}t o] modified-Gompertz E 99 AHL&L A av|oAe L
monocytogenes “3°¢e BdYT F A5 =8, AF AE AL SR E 9 ndy
2o "A2l lag time 2 specific growth rateE A& = A3 (F 6-18).

e 1Y 5C AF 7+ HarlAe L. monocytogenesS et A AAE A Halo]
stationary phaseo] =238x] &3 welA g %9 2]317] W L. monocytogenes®] %3
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L. monocytogenes (log CFUIg) in beef L. monocytogenes (log CFU/g) in beef

L. monocytogenes (log CFUIg) in beef

modified-Gompertz B9 = 223 £ gle
10 10
<] (]

A 5°C y +f B-10°C

84 £ 8-
o

7 1 g 74 . [ ] .
3 L ]

6 4 < 6 .

5 5

4 L 1 .. . 4

a4 Poro® 4 3

0 100 200 300 400 500 600 TOO 800 Q00 1000 0 100 200 300 400 500 600 TOO 800 SO0 1000
Time (h) Time (h)

10 10

.1 €. 15°C 3 o D. 20°C

8 € 3
=

7 4 E 7 .

6 hd g s

[ ] L] -1 L]

5 5 4

4 A 4

34 -‘ 3.

0 100 200 300 400 S00 600 7TOO 8O0 900 1000 0 100 200 300 400 S00 600 TOO 8O0 900 1000

Time (h) Time (h)

.| E. 25°C

0 100 200 300 400 500 600 TOO 800 900 1000
Time (h)

a7 6-15. %o W& 37| W L monocytogenes w0 3=
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3

a1

6-18. Modified-Gompertz 3] F4L o]&3 HaurdA EFdd wE L

=
monocytogenes %o AAEAR B4 A

Temperature Lag time Maximum growth rate -

RMSE? R Bias
°C) (h) (log CFU/ml/h)
5°C N.A N.A N.A N.A N.A
10°C 44.99 0.01 0.19 0.99 1.01
15°C 16.94 0.03 0.04 1.00 1.00
20°C 8.74 0.03 0.25 0.98 1.00
25°C 5.81 0.09 0.20 0.99 0.99

“RMSE = root mean square error

PR? = determinationcoefficient

‘Bias = Bias factor

a7l e L. monocytogenes HawFv 259 Aol wat #HS lag times Y EY
o owE A A (1Y 6-15, & 6-18).

HAa7)E= v AE AP S uHste] gty oz 5T olstol A FE 2 AAE,

7)ol AL 7+ nAE AFELFLS G717k A @ BAMI Ao Ad 9@ A
Hsol a7HAT ddxo7 EIHsF.

A AAIGE mheb o] mAEL 2k whel AdAF e FFS vEhiv, 2 A
T md g g3 5 i, 74 Bl Ao wet 54 WEE 45 & 5 s
ks 2 ATl M = 4av]E 5T AFes §<¢ L. monocytogenes {2l A
Q= o Z317] 9 10T ol e LXoA a7

A& ]
el 2%o] wE lag time % specific growth rate W3} FAS Fsxog md
5ColA Yelll= 4 a7] W L. monocytogenes =759 lag time % specific growth

rateE =3

ftlo
r

& 2 a7] Wl L. monocytogenes it AFEA oA=& 9 23 29 s
dlo]] o]3%t lag time % specific growth rate Oﬂ—;

2 2371 W L. monocytogenes ¥wit9 lag time exponential decayE U
S (19 6-16A), 18] 3L specific growth rate2 exponential growth & Ej& e}
% 6-16B). o5 7IWro R 2% RPEAS AkEstdon, 23 Rdd mE lag time %
= 3E 7-199F o] A=

Lag time % specific growth rate= exponential decay % exponential growth X dof %+
fitting o] Z+7F 1.00 % 098] R*E YeRY.

wab 5C A% 7F AFEE A 33 lag time ¥ specific growth rateE 22 RS o] &
o] Ab=3t

& A 5TCAAM 27l W L. monocytogenes ¥+ 9 36.79h-‘14 lag time¥}
0.016 log CFU/g/h®| specific growth rates UYEIE R o=

specific growth rate&

Ot

]_
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5 | A Lag time (h)
40 4
€ -
@
£
& 20
|
10 4
0 4
5 10 15 20 25 30
Temperature (T)
0.10
B. Maximum growth rate (log CFU/g/h)
£
2 0.08 1
-
[V
O
2
= 0.06 4
@
©
=
S 0.04 -
L=]
g L] L]
£
% 0.02 -
=
L]
0.00 r r
5 10 15 20 25 30

Temperature (T)

¥ 6-16. Modified-Gompertz 3] #5413 o] &3l & 2317] W L. monocytogenes
E=7T9Y 2xo W& lag time % Maximum growth rate®] 2xF ®dlg 2 3734

3E 6-19. Modified-Gompertz 3] 7] =715 o] &3t AF&E¥ a7l W L monocytogenes 3+
TFolel %o wWE lag time ¥ Maximum growth rate®] 22 =& 3} 23 2do] o] Ak
=49

<54 lag time ¥ maximum growth rate

Variab] Model Temperature Estimated
ariables odels
() values
5 136.79
Lag time, A =4.8097 +433.8439 x ¢ 0B0 T - P
A (h) (R? = 1.00) 20 853
25 5.94
5 0.016
Maximum 10 0.017
_ 0.2822 « T .
growth rate, 1 w=0.0156 + 0.(2)00063764 X e 15 0.020
(log CFU/g/h) (R® = 0.98) 20 0.034
25 0.089
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o wlA] 5CeA 136.79h9] lag time¥} 0.016 log CFU/g/h¢] specific growth rateg YERY
= L. monocytogenes ¥wa 59 217 A% 7+ A4S modified-Gompertz Ed-S o] &
sto] A E kAol gHEE fE7IE 9 AFTIHE AT e

3) Modified-Gompertz 2 =& $83 5C A=A 7+ Ha17] W L. monocytogenes Exit+9
A dS5H Hav)e &8sk 44
A

o ASE ook Hd Al
o

=
S A $£F Now) 0] D549
e AZojAe MAE AF AF A duik oz QYFE Hi wAYE 529 2 log CFU/S

No= A3 (3 6-20).

o 3 A %o wE 7] W L. monocytogenes Xl AX EA A (29
6-15)° w=m 2]317] W L. monocytogenes ¥awt5= A4 b °F 75 log CFU/g &5
A At Aoz FdE o] NypwEs 75 log CFU/go.2 A3 (3 7-20).

# 6-20. Modified-Gompertz =22 2 2 317] W L. monocytogenes Ewxad59 F%7)8 A

4e 9% s A%

Models Equation Determined value
modified- Hiax
Gompertz y= N, + Cxexp —exp{(2.718>< = )>< (A—t)+ 1}}

e Ny (7] )= 2 log CFU/mL

* Npx (AU #5)= 75 log CFU/mL
Variables * A (lag time)= 136.79 h

e 1 (specific growth rate)= 0.016 log CFU/g/h

e C= NO - Nmax
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Approximately 330 hours
(13.75 days)

L. monocytogenes (log CFU/g) in beef

29 6-17. Modified-Gompertz 22 -& o] &3 5C A 3+ 2 a7|dl A 2] L. monocytogenes
P A d5 2 vAdE bdAd FRE S fEUId 2 A7 AA

e  Modified-Gompertz = 9S o] &3t 5C A 7+ 4 17] W L. monocytogenes Ea1t59
ARS 4= A9, Har|E 5TeA ¢ 137559 7+ AR AL Hur] W L
monocytogenes w7} ¢F 5 log CFU/g o2 F7isita o= (29 6-17).

o uwEbA] &7 2 log CFU/g 2% L. monocytogenes ¥+ +5 HE3sto] FE57]3%
S 5 45 5T 10 oA of 13 oWl &2 At H oo & Zow dehd.

@ 43171 W L. monocytogenes -2l A EA EA

1) exo w& Hzrl W Hir] W L. monocytogenes WEliFel AR EA ¥
modified-Gompertz 22 o] &3t JFEA 4
o A 3 ®H AFY 7 H37)9 L. monocytogenes EET T AH
S o]&3sle] 5 10, 15, 20, 25C AA
monocytogenes @ F AHEF AFRE fittingstR o (¥ 6-18), =% lag time

specific growth rateE X 6-21° YEY.

o] modified-Gompertz
_]

Y2 omy
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3 +{A.5°C 3o
g . £
Kt . £

2 2

o

100 200 300 400 S00 600 TOO 800 900 1000
Time (h)

9 C

L. monocytogenes (log CFU/g) in beef
L]

13 o

L. monocytogenes (log CFU/g) in beef
w

o

100 200 300 400 SO0 600 TOO GO0 900 1000
Time (h)

L. monocytogenes (log CFU/g) in beef
o

o E 23°C

L]

100 200 300 400 500 600 TOO 8O0 900 1000
Time (h)

| B. 10°C

0

100 200 300 400 S00 600 TOO 8OO 900 1000
Time (h)

D. 20°C

o

T T v T T v T T T
100 200 300 400 S00 600 TOO 8O0 900 1000
Time (h)

% 6-18. &0 WE 2 37] Wl L monocytogenes w8 T 9 AFHA

3% 6-21. Modified-Gompertz 3HA=4E o] &g  HaT]oA Lzxdd wE
monocytogenes w2l AAEA A A3
Temperature ) Maximum growth rate )
Lag time (h) RMSE® R® Bias®

(°C) (log CFU/ml/h)
5°C N.A N.A N.A N.A N.A
10°C 32.07 0.02 0.12 0.99 1.00
15°C 8.02 0.02 0.20 0.98 1.00
20°C 4.52 0.04 0.17 0.99 1.00
25°C 1.77 0.18 0.18 0.99 1.01

“RMSE = root mean square error

PR? = determinationcoefficient

‘Bias = Bias factor
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Ok AFo|A] Ho]F uie} go] A v o

Z 9 E¥-& modified-Gompertz E @l olaf 2

o] 4te] R*Z Utebd.

A 228 FsAlded wet lag time®] 749k specific growth rate®] &<
A 2 37] Ul L. monocytogenes Tt A% AES W Ed Vg AF vAE

B4 G 599 AnE e,

21317] W L. monocytogenes l"%i]ﬁj% Nl A 2 AFLE 5T A Aol @urahx

9ol stationary phased] Egal# 3

371 W L. monocytogenes —rﬂ?—rA
dxo] 3| A=A fittingol A 25 098

m ﬁ

oy
o
i
o
of
o

kA 713 viel o] mAES 22X we dAg sjHY 5SS YEUH, A E
5CAIA el L. monocytogenes Tl A% 54 4L 23 2d AHES 53 lag time

=
2 specific growth rateE =3 = A5

=50 W& 2317] Wl L. monocytogenes el T AFEA A5 9% 22 2d
22F 2dlo 93k lag time % specific growth rate o=

AR T ALA G e ARA FAHE siAdsty] faE 10T o]ske] A% 7l A
&7 W L. monocytogenes #3212l AAEA E3] lag time % specific growth rate
= 2‘} E%}Oﬂ ;Gg_sl—oi/\/q oﬂZ%

<%0 & 237 W L. monocytogenes w2 2] lag timee exponential decayE w
2 e (19 6-19A), specific growth rate: exponential growth FE|S e (71

2 6-19B). 27 2 do] u}£ lag time % specific growth rateE 3% 7-223 o] Ak&3t
Lag time % specific growth ratex 23} 2dd] Z fitting ¥o] 2% 1.009 R*E gy
(% 6-22).

22t RdlS o] &3slo] A% ¥ lag time % specific growth rate 2] o] &3] 5C A%
7+e] lag time¥} specific growth rateE oS3 23} 77 147.61h % 0.019 log CFU/g/h=
=l

-

ot
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Lag time (h)
3

0.20

Maximum growth rate (log CFU/g/h)

0.02

0.00

0.16 4

0.14

0.12 +

0.10 +

0.08

0.06

0.04

Temperature (C)

A. Lag time (h)
L]
1'0 1l5 2'0 2]5 30
Temperature (C)
B. Maximum growth rate (log CFU/g/h)
1I0 1I5 2I0 ZIE» 30

1% 6-19. Modified-Gompertz 3|7 3+d-& o] &38to] 4At&E¥d Ha17] W L. monocytogenes

EE AT &% wWE lag time ¥ Maximum growth rate2] 22}

EE R EE

% 6-22. Modified-Gompertz 3] o] &3to] Ab&Ew & a7] Ul L monocytogenes
T+ 2% wE lag time ¥ Maximum growth rate®] 2% Ry 2z wdo] o9& A&
H %4 lag time % maximum growth rate
_ Temperature Estimated
Variables Models .
(C) values
5 147.61
. _ . 1 .
Lag time, A =2.2416+709.2921 x ¢ 30 T 12 zgf
, )
A (h) (R” = 1.00) 20 3.49
25 2.50
5 0.019
Maximum 10 0.019
04067 + T .
=0. . X
growth rate, p p=0.0186+0 02000(1)61977 © 15 0.021
(log CFU/g/h) (R” = 1.00) 20 0.040
25 0.180
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e 22 RYS =3 A= F lag time¥ specific growth rateZ o]-&3fo] okaulel 7ol 5C
A 2 37 W L. monocytogenes EEWFO  fFE7I H AIS
modified-Gompertz E2-& o] &3t AAT & U5

3) Modified-Gompertz R &S $83 5C A=A 7+ 237] W L. monocytogenes 2]+

A% dES3 v wEr1E 24

o SHA ATE mpel o] AFE oJokE bHACAA AAstE ] W mAE FEel we
7)ol 5C A 7+ vAE ekHAHS 93 L. monocytogenes Fw=w52o AW I 7]

+< 5 log CFU/g= 243 (& 6-23).
* L. monocytogenes ¥t AT v IA2 27] vAE F5 (No+ 2 log CFU/g
2, JAd vAE AFFEE Npw)E 75 log CFU/ge 2 A (F 6-23).

Models Equation Determined value
modified- Hmax
Gompertz y= N, + Oxexp —exp{(2.718>< = )>< A—1t)+ 1}

e Ny (7] )= 2 log CFU/mL

* Npax (AW #5)= 75 log CFU/mL
Variables * A (lag time)= 14761 h

e 1 (specific growth rate)= 0.019 log CFU/g/h

e C= NO - Nmax

Approximately 310 hours

L. monocytogenes (log CFUIg) in beef

3 ] (12.9 days)
2 -
1 T T T T T T T
0 200 400 600 800 1000 1200 1400
Time (h)

* Modified-Gompertz 2 &S o] &g 5T A% 2t H17] W L monocytogenes 2]t 2]



3% o A5, HAarlE 5TCAA ¢ 1299 % AFE AS Har] W L
monocytogenes w77} ¢F 5 log CFU/g =202 S71stta o =9 (19 6-20).
wekA] 2 a7)d 2 log CFU/g 22 L. monocytogenes el %5 H

S A5 A5 5T A 7oAl oF 12¢ oJUl = A Hojof & o= AT,
Modified-Gompertz = &S o]&a] Ar=3F 27]e FE7]3he 5C A =4
oA EE|3t L. monocytogenes -T2 871l L. monocytogenes EwT9
E7)1gkell vlE of 1Y wWE Ho® e

ftlo
A\
e

T35k 10, 15, 20, 25Ce] AHEANS ¥udS W, L monocytogenes %o v L.
monocytogenes w2l T2 lag timeS U &I, specific growth rate= O =2 A2 &9l
g F gL ol AFLE 5T 9o LM% L monocytogenes elitF7b L.
monocytogenes ¥R T o= w24 mddt= 2SS ou g

web A arvle] AYH O R L. monocytogenesS FHEd] &3 FE57]S nAYE <k
AAS AT § glow o2 FH& 7] s Har|o WA ¥ L. monocytogeness 2
5} o] 1gs A As AT

23t S. aureus 3%FE ELISA readerE o] &35}
6

2 317] W S aureus®] 47 54 4
o 3
-21).

S. aureus ¥ 3FY iy

37CoM el TSB Wl &5 A= (2

)
>

16

1.4 4 —8—— 5. aureus ATCC 25923
oo @ S aureus ATCC 6538
1.2 4 ——-—p-—— 5 auwreus ATCC 29213
——f-—-- §, aureus isolated-1
—_— i — S. aureus isolated-2 W

S. aureus isolated-3

0.8 +

Abs

0.6 4

0.4 1

0.2 4

0.0

o
(5]
B
o
(]
-
o
-
(5]

Time (h)
a9 6-21. FHEE o83 37ToAA Y TSB W

S. aureus :wvT 2 BYTTF A o=

2T 3F 25F S aureus ATCC 259233 f-A3eH A4 jES H 9.
aureus ATCC 65387 S. aureus ATCC 292132 tha =9 A% dEs 1Sl
AA A7l U S, aureus®] 3%l #F AFE wRVMAR BE RFETTE R
74l

kA 2 AF A= S, aureus T 3FY el 3F9 HJuv] 0l AHEALES M
wate] A2=AG Al Hazle] mAdE PdA gRE 93 FEvIeh B2 AFTIS

A} T

mi e A
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A7) W S. aureus X

213} modified-Gompertz

9%

A

7] W Ha7] W S. aureus EFHF9

al

£

ol

ofy

o

tol & a7)e) 2 log CFU/g %22

S

cocktail

=
=

FF

-
it

%)

S. aureus 3

ki3

A AL

ok
==

taz 5, 10, 15, 20, 25C A%

S

=
o

6-22).

3z =%
S .T_IL_\__

71 W S. aureu

2 17] W L. monocytogenes]

5 0999 R*E uE

I 2 fitting =] ]

S

1)

7 E1-& modified-Gompertz = o] ¢

E 6-24).

(

W

specific growth rate

)
=

o A5 wet lag time®] #Has

o] YEbd

AFEE 5 10CoN A9 S. aureus

o

o)

. HE3E 15, 20Tl e

A

B. 20°C

T T T T T
~ w w - L]

jeaq ul (B/n4o Bo)) snaune 's

T
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Jeaq ui (6/n4o Bo|) snaune ‘s

T
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¥ 6-24. Modified-Gompertz 3] =AS o] &3t Hau7|oA 2=Fdo WE S aqureus ¥+
o 4FEY 24 A3
Temperature Lag time Maximum growth rate - )
RMSE? R Bias®

(°C) (h) (log CFU/ml/h)
15°C 6.01 0.05 0.07 0.99 1.01
20°C 3.54 0.07 0.05 0.99 1.00
25°C 2.16 0.17 0.11 0.99 1.00

“RMSE = root mean square error
2 . . . .
PR? = determinationcoefficient

“Bias = Bias factor

2) 2o e Hur] W S aureus T AHEAD dAS5E g 23 29 g 9 2%

dof o]%t lag time % specific growth rate <=

15C mgte] A ZAoA 7] W S aureus T lag timed} specific growth

rates o53et7] 918 23 Edlo] # &3t

o Ok A A AR lag timeS exponential decayE (¥ 6-23A), specific
growth ratei= exponential growthE W2+ ¢3S HY (29 6-23B). % 7-256& 23 &
do] wE lag time ¥ specific growth rateE HLE}%J

o 259 wWE 7] W S aqureus X2 AFEA] 22 o # fittingE ol wel
A 2% 5, 10CAA 9] lag time % specific growth rateg A& & 7 UAS (F 6-
25).

o A= A3 5 10TCoA H7] W S aqureus ¥+ 217} 10.44h, 18.38h9] lag timed}
0.046, 0.045 log CFU/g/h 9] specific growth rateE YElH+= Aoz =3,

1
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19 6-23. Modified-Gompertz 3] 242 o] &3t 2+&% 4 a17] WS aureus

Lxo W& lag time ¥ Maximum growth rate®] 2% =dg 2 373

Lag time (h)

Lag time (h)
4

A. Lag time (h)

Temperature (C)

0.20

30

B. Maximum growth rate (log CFU/g/h)

0.15 4

0.10 +

0.05 +

0.00

% 4

T T
10 15 20

Temperature (T)

30

o

=2
N
£
N
Lo

¥ 6-25. Modified-Gompertz 3] #3415 o] &35t &9 37 U S aqureus o7 &
Lo wE lag time ¥ Maximum growth rate®] 23} 243} 2z Rdo] o3 A&y 2w
lag time ¥ maximum growth rate
_ Temperature Estimated
Variables Models .
(C) values
5 18.38
) _ . 10 10.44
Lag time, A=0.4213+32.2059 x ¢ 1B T 5 é) o1
, .
A (h) (R® = 1.00) 20 3.54
25 2.16
5 0.045
Maximum 10 0.046
_ 03219 « T .
growth rate, 1 w=10.0450+0.00004 < e 15 0.050
(R2 = 1.00) 20 0.070
(log CFU/g/h) )
25 0.170
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o wzlA modified-Gompertz RS o] &3] A 2% 5CAA 4127] W S. aureus &
T &7 X AGT| S AT 7 S

3) Modified-Gompertz =2 $-83 5C A% 7+ 17 U S. aureus T=dFY A% o=
3} Harle 57 44

M Aol A} HBAAR kAol FuHtii Hus)
log CFU/g= A4 +& (% 6-26).

7] P AE #F+= 2 log CFU/ge 2 AAstlon, Ha7] Wl S, aureus £ 4%
Ex4 B4 (29 6-22)9 el Ny 6 log CFU/go® A A3 (F 7-26).

s

Azl ol mAE FES 5

e

I 6-26. Modified-Gompertz 2224 2 317 W S. qureus Tad59 5718 A4S 9
st W AA
Models Equation Determined value
modified— Ponax ) }
= X — . X X —
Gompert y=N,+ Cxexp exp{(Q 718 C A—1t)+1
e Ny (7] )= 2 log CFU/mL
*  Nmax (Z’]EH ﬁ-fl:): 6 lOg CFU/mL
Variables * A (lag time)= 18.38 h
e 1 (specific growth rate)= 0.045 log CFU/g/h

e C= NO - Nmax

T 8
@
£
£ 7 4
Y
e
O
g s
S Approximately 75 hours
i ( 3.12 days)
%)

2 -

1 T T T T

0 50 100 150 200 250
Time (h)

M

-24. Modified-Gompertz 2% o] &3 5C A& 1F 27|42 S. aureus

96
FRFY A 5 L AR Y FuF A% KENG T AP 4

5

e  Modified-Gompertz 29< o] &3 5C A 7+ A7) W S aureus Fx75Y AFE 4
=3 A9 HJur7|E 5CoA oF 3129 3+ AFS A9 vl W S aqureus EFTF7F
°k 5 log CFU/g FF o2 F7tstta o354 (13 6-24)

e wetA a7l 2 log CFU/g 522 S aureus T2 HE8 FE7|38S o=



e
g TR m @
m ) o L] B3
c Zis
I
g m 3 O
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= v o f - 8
T T i
. g T b o Hr
ol — 0 X0
™ X < w 2 . s 5 mo
& T wir T -
HI N ul = o}
| o XO = Q . N
ol SO O i
— 7O <o B
= X X L g w
NS
ol of g x = &’ o
A N = J 3
5 0 W ™~ S
R &N S
ﬂ a ZT_ R _zT.c B L o W
(E N TR S — S
WO MT . " 55 - @ @ [ © w - 3. o - S
=) 2 w = % J49aq ui (6/n49 Boj) sneune ' =
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n S 5 S o g
~ ur S S T N
—_— . . O W . > - 2 _L
o X v Y &
_ %0 T o~ )
—~
o = M o 8 )
o) N *
“ — do o : ¥ T
or (S~ M o
A o 5 _
X g T O_E o vm _i
‘.% ﬂDl X e o0 L = L p—
v wmE R VTS g g5 *
M xR & . & = Eyg
\V) 7l :
e a r “
= . & T W g ﬂw w = ™
%) S W T )
© W O I
;O\_ =0 G —_— | e
o = Lo T A L8 7 "
o — = % ey v ~
o N ® o = | : : &
b DMe T B < oY |
W Y oy o E R X B % & 8 F 2 & = £ J & 2 6 * & & &
@ ! 1# . joaq u (64D Boy) sneune ‘g jeaq u (640 Boy) sneune s
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=

¥ 6-27. Modified-Gompertz 3]A S o] &3k Ha7|oAs 2z wE S aqureus ¢
#Eo PR 24 A

.

Temperature Lag time Maximum growth rate ) )
RMSE R Bias
(°C) (h) (log CFU/ml/h)
15°C 4.98 0.04 0.06 0.99 1.00
20°C 3.21 0.08 0.09 0.99 1.01
25°C 2.72 0.24 0.10 1.00 1.00
e A ex ¥ Huy] U S aureus T TTFO A HEL modified-Gompertz 22| &

fitting= o] =% 0.99 o]4¢ R*’E Y (F 6-27).
o 7] W S aureus T A EA Ay v AR AFE 5 10Tl A9 4
7] W S aqureus F8 T AL A dojupx] &L (19 6-25).

o T3 25CE AT 2% oA A mAE A o] 5 log CFU/g HRFO & 15
ok o] Al b Aol wiivbA R Az WA uAdEel ol o]l A Ao
of %4,

o M AR mRA AR 22k BA 2d A 85 I A2 A 3 A7 Wl S aureus &
Y9 lag timed} specific growth rateE o =3}

2) =& & A7l W S aureus T TY AEEL dFS 9% 234 29 A 2 2%
wdlo] 93 lag time % specific growth rate o=

10C olste] A& =1 Al A7)l W S aqureus 8] F9 lag time % specific growth

rateE d535t7] S8 23 RES A &3 (¥ 6-26).

e Lag time @ specific growth rates 283 22 Rdo] # fitting Ho] =% 1.00¢ R*=
vhebs] (£ 6-28).

e A=39 lag time % specific growth ratex 5C A&xAY wf Z+7 34.46heF 0.028 log

CFU/g/h<, 10C Adzx=dd o Z+7F 11.37h<}F 0.030 log CFU/g/h= e,
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A. Lag time (h)

Lag time (h)

Temperature ('C)

0.30

B. Maximum growth rate (log CFU/g/h)

0.25 4
0.20 4

0.15 +

Lag time (h)

0.10 +

0.05 4

0.00

®

T T
10 15 20 30

Temperature (T)
19 6-26. Modified-Gompertz & 754 & o] &3l A=
2371 WIS, aureus w8l 2% ME lag time ¥ Maximum growth rate]

24 w9 8 AIA

At

¥ 6-28. Modified-Gompertz 3] A4S o]83sto] 4At&Ed A7) Wl S aureus T35
o] W& lag time % Maximum growth rate®] 22} Rda} 232 wdo] o) A&

lag time % maximum growth rate

a

Variabl Model Temperature Estimated
ariables odels
() values
5 34.46
Lag time, A=2.5324+115.3634 x ¢ 020+ T 12 1419387
A (h) (R% = 1.00) 20 3:21
25 2712
5 0.028
Maximum = 0.0267 +0.0002 x 27 * 7 10 0.050
growth rate, 1 p=u ’ 15 0.040
(R? = 1.00) 20 0.078
(log CFU/g/h) :
25 0.232
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-22F REE B3 AEE 5C Aol Havl Wl S aureus wE]THFO lag time R
specific growth rateg modified-Gompertz E 2o #g3slo] nAE tAAS 93 F-E57]3
D AG7E AT e

3) Modified-Gompertz =@ -& §&3 5C A 7+ H37] W S. aureus =&l T2 A o=

I Har)e] wErg A4

- #3719 5C A 1 mAE S A% S aureus wE T T AW w5 7IES 5 log
CFU/g= 243 (& 6-29).

-FSE A Ay wpAsA 2 27 v AE Fd5 (NpE 2 log CFU/g 2, Hd vAE 4%
TF (Nma)E 6 log CFU/go 2 A4 (3 6-29).

¥ 6-29. Modified-Gompertz 22124 2 237 W S. qureus Twd59 %78 AAHS 9
st Mg AA
Models Equation Determined value
modified— ipax ) }
= X — . X X —
Gompertz y=N,+ Cxexp exp{(Q 718 c A—1t)+1
e Ny (7] )= 2 log CFU/mL
d Nmax (Z’]EH ﬁ-fl:): 6 lOg CFU/mL
Variables * A (lag time)= 34.46 h
e 1 (specific growth rate)= 0.028 log CFU/g/h

e C= NO - Nmax

10

9 -
T 8- .
2 Approximately 155 hours
c 74 ( 6.45 days)
Y
2
O
g s
L]
3 4
S
@
v 3

2 -

1 T T T T

0 50 100 150 200 250
Time (h)

a9 6-27. Modified-Gompertz E2S o] 83 25T A% 3+ H 7|9 S, aureus
T Ty A dF 2 s kA dRE f% fEUIe 2 e A7 AA

R4

o

e  Modified-Gompertz E€S o] &3] 2F=3 5T X1 7 A7) WS aqureus EE T 9
4 BN 7] Bt 2 log CFU/Y W o 6dolehn By (19 6-27).

=
e 5C A 2+ 7] W S aureus E=59 01] A eI vludS w S aureus =

}-J
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10, 15, 20, 30, 35C9] H#H2ToAx FHo HFH S aureus’t 7 log CFU/g &5 °]d<S
2 FA8 w7tx 77 exd wet S A E@sh
!

o] £5(10, 15, 20, 30, 35C)ol W& FHolA F4 &

=
S. aureus AAA3AS FAASIG oM (1Y 6-28), A& W lag time¥ maximum growth rate

5 3% 7-30° =AIEH
10 10
o A-10°C .| B.15°C
8 8
s 81 . s 81
) =)
5 71 S5 71
S S
o 61 o 61
=] =]
o 5 o 54
g . g
S 44 S 44
@ ©
%] » %]
3 4 3
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a9 6-28. 2% W& T8 Ul S aureus®] Ad7%=A
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6-30. Modified-Gompertz &7 =4S o] &3 FHAA 2=z W& S qureuse A%
q

§ w2

Temperature Lag time Maximum growth rate ) )

RMSE R Bias

(°C) (h) (log CFU/g/h)

10°C 49.27 0.01 0.17 0.99 1.00

15°C 10.86 0.07 0.17 0.99 1.00

20°C 3.44 0.17 0.13 1.00 1.00

30°C 1.73 0.58 0.17 0.99 1.00

35°C 1.67 0.87 0.09 1.00 1.00

e  Modified-Gompertz @& 7} AF ko] wE FiRoA e FX 1B S qureus 59 A
T s & xddstd BA4 434S YehllE R el BF 1o 23 099 oS
LHER.

o AF 2% 10, 15, 20, 30, 35Coll w2} lag time 49.27, 10.86, 3.44, 1.73, 1.67 h, maximum
growth rate®= 0.01, 0.07, 0.17, 0.58, 0.87 log CFU/g/ho. & 24,

o HAMrHg oz HAS AFE(10-35T)7F Ao wel maximum growth rate= 57+t
3, lag timee #AshE A4S el ol V)& I A FddAe nAE A HAE
I FAI AAE e

o 2XE 10To0M 15C2 S7HAZE A5, FHeA e F5 22 S aureus?l lag time °Ff
5uf 7h7bel ZAE AL maximum growth ratew °F 7H) St Aom FAH.

o F% W S aureus7t WAlE A, FHO A FHRE fste] fE ARG P 22X
Foldior & oz FaEM, 10T ol 2=dA = S aureus Aol o] gk Fufjo] Fof
3 Zow ey,

& 9% 23 2 i 9 23 2o

W 2% w2 T3 28 S aqureusd AAEA o=
2%l lag time % specific growth rate o=
-FE OE AFow 54 FEo] B, pH 5-650% HlawA F7] wE nAdE 4%
of A xHoE FHstr] A9 AF H fFEol EAF wE F U
- A A AT 9 Lol 2% Wl mE lag time¥} maximum growth rate
g 22 REES Egoza AT F e 22 EES $3te] lag time ¥ maximum
, T We S aureus®] S A 5 A+
- 14 2do A AEE lag time ¥ maximum growth rateZ 7|¥Fo & 22} Rdl2S AHE3EQ)

o 2z Rdo wWE Jag time ¥ maximum growth rates 3 6-319] =A|gH
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¥ 6-31. Modified-Gompertz 3] #=4& o]lL3ste] 229 T2 U S aureusd %o w
lag time 2 Maximum growth rate®] 22} 293} 221 Rdo] o At&EFw® %W Jag time 2
maximum growth rate
_ Temperature Estimated
Variables Models .
() values
10 49.30
Lag time, —1 ' —0.3287 « T
ag time A=1.6619+1274.787 X e 5 10.87
A (h) (R? = 1.0)
25 2.01
Mo 10 0.06
aximum
0.1086 « T
=0.02 X
growth rate, 1 p=002xe 15 0.10
(R* = 0.99)
(log CFU/g/h)
25 0.30

e 2o WE FRoAY TR By S qureus® lag timeS exponential decayE WE =
S YEPE (29 6-29A). Specific growth rate2 exponential growth FE|S YEFH(ZH

6-29B).
e Exponentialdt s{E1& 7} A A 2xo] w2 FHoAo FX 2 S qureus AT ¥ WHE

9l lag time¥} maximum growth rateE % 5

1.0, 0.995 YERY. °]

}:_1: = BA 2
A7 BHEH FA0 mde) AREs weS ofnE

=4
& Eote]l AE e uAE FRFY 9 F¥ 2EE V|2 10, 15, 25Tl A
W S aureus® 44& d535t7] & lag time¥ maximum growth rateE At&E st

7+ 10, 15, 25 ColA 2] lag time< 49.30, 10.87, 2.01 h, maximum growth rate<

e 22 RYS Edle] &9 lag time¥ maximum growth rateE o] €% AL AF Lo
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300

A. Lag time (h)
250 -

200
150 -

100 -

Lag time (h)

50 A

0 10 20 30 40 50
Temperature (C)

1: | B. Maximum growth rate (log CFU/g/h)
1.4 -
1.2
1.0 A
0.8 |
0.6 | D)
0.4 A

0.2 1

Maximum growth rate (log CFU/g/h)

0 10 20 30 40 50
Temperature (T)

1% 6-29. Modified-Gompertz 3|7 2Fd-& o] §3to] At&Ed T4 S. aureus®) &xo| W&
4 wee

lag time ¥ Maximum growth rate®] 2z}

€ Modified-Gompertz 2 9& &3 A& 1+ F5 WA S aureus 3% o534 FH9 %
A7 AA
o FHoA wAE] 5 log CFU/g 14 &A1 A, Fo7 18

zZhate] HujF7F wAystezr FH A 7F ugE okdA g

e

A &9 lag time % maximum growth rate, 7] "]AE TNy, Hd "AE AL 5
T (Nma) ol teH BRI D291 (GE 6-32).
e 2 TR Ao wE FH A S aureus AF A AI(Y 7-32)] wEH T
W S. aureus ©°F 8 log CFU/g AE7HA] Ad7xstel wel Npxs 8 log CFU/go 2 A

(% 6-32).
o S aureus® AHFA HE W A= A7 2 log CFU/g el meF Nog 2 log CFU/g
o7 AAI(E 6-32).

11
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¥ 6-32. Modified-Gompertz =22 2 S qureus F59 F5- A% 717+ &S 3 W
AA
Models Equation
modified-Gompertz y= N,+ Cx exp|—exp(2.718 X #Iéax )X (A—t)+1]
) Determined value  Determined value  Determined value
Variables . . .
10T 15T 25T
¢ Ny (7] 5) 2 log CFU/g 2 log CFU/g 2 log CFU/g
* Npax (AW ) 5 log CFU/g 5 log CFU/g 5 log CFU/g
+ A (lag time) 49.30 h 10.87 h 201 h
¢ 1 (maximum growth rate) 0.06 log CFU/g/h  0.10 log CFU/g/h  0.30 log CFU/g/h
¢ C=Np—Npax 3 log CFU/g
e I 6-329] EAIE WEE modified-Gompertz R 9ol A 83 Ay ZF £13(10, 15, 25T)l
e 3 WS qureusd A o= 2 =ZE e (2 7-30), modified-Gompertz
RA2RY AdEd A% 2510, 15 25T)2F o5 F8-A% 71-& & 7-33¢0 YER.

S. aureus in tofu (log CFU/g)

S. aureus in tofu (log CFU/g)

10

-
o

A. 10°C B. 15°C
9 - 9 4
=)
8 - S 8-
S
7 1 7 4
g
6 - > 61
i)
5 I = 5 ]
Approximately 100 hours é Approximately 40 hours
41 (4 days) 2 A (1.5 days)
3 - ® 3
]
2 2
1 y . ' . Y 1 , b . : . . :
0 100 200 300 400 500 600 0 20 40 60 80 100 120 140 160
Time (h) Time (h)
10
C. 25°C
9 4
8 -
T 4
ﬁ 4
5
4 1 -
Approximately 12 hours
31 (0.5 days)
2 4
1 , — v . . . '
0 5 10 15 20 25 30 35 40 45
Time (h)

19 6-30. Modified-Gompertz R =& o] &3+ 10, 15, 25C A& 7+
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FRONAM Y S aureus B A5 E WAE MY FHE AT FE- AT I AA
o FHA At FH A4S WAAI0T olshEF 15¥9S AGHL A= AAoY, A FH U
S. aureus?t 2 log CFU/g o2 v AT 4 10T A 1A oF 49 & 5
log CFU/gS Z¥sle= Aog o=4.
¥ 6-33. Modified-Gompertz =92 o]&3F 10, 15, 25C AF 7+ S. aureus WA F5H< v A
= 8 FRE A AT 71 A3
Temperature (C) o= %A% 7|7 h (date)
10 100 (4.1)
15 40 (1.5)
25 12 (0.5)
e AUE RYEY AT Az ostd, 2 Al¥ TR E AT FREE FE ARG S
nAgEo] ZHAoRE Aojro] F5F ] mAEe] SR e S
o Iy Ao AlEH FH I Hitr FEE ALESIY S oaureusE WEEIPonE FH
W S aureus7t FAAA o2 EAT 7 A= ThsAol A
o webd TR AL - wel F5 W mAEY] EX Ve s vhetete] ZF xxdo
et F5-AY 7Ishs AAdold Zow HuHEy Jdx HUEY A Ao mEW
nNAdE o9 5] 2 log CFU/gs =34 7Fsdo] =LA SAT el wet 10TCeA 49 w
ol frE A 7ek Aol A,
@ FHRAA F2E S aureus ¥t S, aureus TwTTY A vl
o FRoM EHH S aureus X S aureus T FE FUlE Fo] tEEz TR A
g Zpol vt A=Al dobr ] flste] AR vla A a3
o FHOA EYH 3FY S aureusES cocktail, 3F 9 S. aureusES cocktailste] 2 log CFU/g
TTo2 HFEA A, 15, 20, 30, 35Tl Xyt Z 5o S vl A Fg
o TN wHHEFY ZEdT A AolE HFTEr] flske] SPSSE ol &d ZHxE TH
A AA A& (FA 95%).
s YA ATs Hste] HHEE TAARAS Al A3, p-valueZt 0.05 olst&2 Ab&=d. ot
A7 A 25315, 20, 30, 35C) B T 2T x5 To Aol fodoew A
o7} & (19 6-31)



& ©

I Type strains #
7 4| 3 Isolated strains *

H
Ha

S. aureus in tofu (log CFU/g)
E

0 T T T T
Inoculation  15°C (BOh) 20T (24h) 30T (8h) 35T (6h)

29 6-31. &%(15, 20, 30, 35C)ell wE FHo A 9
FH 232 S aureus 1T (Isolated strains) 2

S. aureus EF i F(Type strains)d A% #H

TRl A FH Ul UAlstE S aureust B2 AEF edTRUY Aol oF 1 log

CFU/g XQE WEn e FRO fET o

oW AA fFE7g Aolrt E Ao ”&L%

upepA] Aol A %57] s AT Ag, ZedTY A9HF Boe s Al
3

3T
R H =l W
o= MAdES 2y, A0 B A feUds AEE ¢ des Adow ddd.

T 28T B. cereus 3 54
Lro WE TR 2y B cereusd modified-Gompertz RS o] &3 AFEA A

=]
10, 15, 20, 25, 30TC & H#AL2EoA FHol HEH B. cereus’t 7 log CFU/g % °]d2S
2 =A% w7z 27 oo wel Ae A kst
Modified-Gompertz =2 -S A-&3slo] &5%(10, 15, 20, 25, 30TC)ol wE FHA F5H &
B. cereus® lag time¥} maximum growth rateZ AF&E3dto] o2 E 7-340] EA|E L
AaaE (™ 6-32).
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(=]
o

o4 A.15°C . o1 B. 20°C
[ ]
3 -
5 8 5 8
=2 2
2 6 S 6
& S
5 - 5
g g
7 4 5
= =
P 34 2 3
8 . 3
o 2] < 21
1 14
e — . . . . . ’ . . 0 ; y . v . r y s
0O 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Time (h) Time (h)
10 10
g1 C.25°C ¢4 D. 30°C
2 . 2
s & s 8
<7 <7
= 2
S 6 S 6
& &
5 5
1 g
2 e 47
g g
2 34 2 34
S 21 S 2
] @
1 1
01— . . . . . . . , 0 ; ’ ; . ’ .
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Time (h) Time (h)

a9 6-32. 2% W& F5 W B cereus® A=A

¥ 6-34. Modified-Gompertz 3] #2415 o] &3t FHAAN 2Lz WE B cereus? 374
4 B4 23
Temperature Lag time Maximum growth rate ) )
RMSE R Bias

°C) (h) (log CFU/g/h)
15°C 15.68 0.13 0.19 0.99 1.01
20°C 6.72 0.32 0.13 1.00 1.00
25°C 4.86 0.53 0.15 1.00 1.00
30°C 2.38 0.91 0.20 0.99 1.00

Modified-Gompertz =L 7} A 250 wE FHoA e T3 Eg B cereus iF9
A e S F zddsted A4 A4S JeErdE R gol BF 1o g 099 o4
LER.

2% 10, 15, 20, 30, 35Co uwel lag timee 1568, 6.72, 4.86, 2.38 h, maximum
growth ratetx= 0.13, 0.32, 0.53, 0.91 log CFU/g/ho. = A%,

AmA o g AAZ A= (15-30C)7F A58t wel maximum growth rate®= %7181
i, lag time uLJ—é}l‘c B3E e, ol 7]Ed Xl A FAA e nAE A ™

24 o

- 233 -



. T2 15T04 20CE Z71A12 FHol el T8 18 B cereus? lag time oF
29 7}7bo] kA% 3 maximum growth ratex °F ZHH 7t AR FA4H
_]
(o]

dekel A el 12

o I3 UM 7]E3 mio} o] MRS 2% wl dAI PHor AY EAS YHEUE
2, 755 10C AFst= sl B cereus A7 54 w42 AgHo=z | HT 2
2 2dl 7S E3F lag time ¥ maximum growth rate olZo] &34 <)

@ 2o W& FF 28 B cereus® AEEAE dFS 9% 23 Ed o 9 23 mdo

9] 3} lag time % specific growth rate o=

o FHY A A mE AP FTAHS sAst7] f& 15T wrke] F5 A% 7oA
9] B. cereus 47 54, 5 lag time ¥ maximum growth rateE o=3}7] 93 22 =4
= JNEEh

e E73] lag time ¥ specific growth rate &S 7

oz TR 4% 9 Agel AgEE 1
S

4

-

=
e Fud & JE KT

(o

[l:
0C ZHdoA T8 WA B cereuso] 93 mAE ©

A A 717 AA o] 7bE g
o 1x BdoA AE% lag time ¥ maximum growth rateE 7RO 2 23} R dA S AHE3)
Gom 22 Rdo wE lag time % maximum growth rateE 3 6-359] =A] g

-

22}

e 2o WE FRNA FH B B cereusd lag time exponential decayE WE = &
A5 Ve (18 6-33A), Specific growth rateS exponential growth & E]S YEFH (2

2 6-33B).

=

¥ 6-35. Modified-Gompertz 3] =4S o] &3] A& T3 W B cereusd %o wE
lag time 2 Maximum growth rate®] 22} 293} 22 Rdo] o At&EFw® %W Jag time 2

maximum growth rate

_ Temperature Estimated
Variables Models .
() values
01900 - T 10 38.64
Lag ti =2. . IRt
ag time, A=2.1995+269.0159 X e 15 1561
A (h) (R* = 0.99)
25 4.02
: 10 0.03
Maximum
0.0795 « T
=0. . X
growth rate, 1 H 0-1998 +0.102><e 15 0.14
(R* = 1.00)
(log CFU/g/h) 25 0.54
o 7} AL wE FRo|AM FXH HiE B cereus A AHF WHEQA lag timed}
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maximum growth rate> Exponentialdt 3f®e] ]3] Z FaA o] TA2 HgAS e
= R? gko] 099, 1.00= IJ—E}W

Z2 10, 15, 25TColA 9 FH5 W S aureus®] &S od=38l7] 938 lag time¥ maximum
growth rateE AF&EstA 3, 22 10, 15, 25T A9 lag times 3864, 1561, 4.02 h,
maximum growth rate= 0.03, 0.14, 0.54 log CFU/g/ho. = #2 4.

e B cereus WA T3 10, 15 25C A# 7+ mAE otdA 2= 93 573 @ AF
71Zve A FHE Al S aureus®l ARSI AFEAA 2 wpel o

modified-Gompertz 52 & o] &3l A=E F 95

P

_—

30

25 +

20 +

15

Lag time (h)

10 +

Temperature (C)

1.2

1.0 |

08

06

04

02}

0.0

Maximum growth rate (log CFU/g)

0 5 10 15 20 25 30 35
Temperature (C)

19 6-33. Modified-Gompertz 3] #2413 o] &3lo] A=d F5F
)

lag time ¥ Maximum growth rate?] 2%} &2

© Modified-Gompertz =22 83 A% 1+ 5 WA B cereus B =34 FH9 7%

A7 4 A
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kM S, aureus®] B AFI FH FE-AGTVIE A v R TR A D A
= A FERE AT F-A% VIt AdEvIEe] A e 52 5 log CFU/g= A
g
%1:

Tl FH A 2 TR A B ocereus B w4 ALY 6-32)0] wEWH T
W B. cereust ¢ 8 log CFU/g A=7A] Adxhgeo] Mt N & 8 log CFU/ge=2 AA
(3% 6-36).

B. cereus® AZFA HE W AEF A7 2 log CFU/g ol 7] FHo A4 Ao
2 qAE= 7o & NoE 2 log CFU/ge = Z2AE(E 6-36).

=
=

¥ 6-36. Modified-Gompertz =22 2 B. cereus WA F5H< F% A% 717+ 2=& §3
EEREE
Models Equation
modified-Gompertz y= N,+ Cx exp|—exp(2. Ié,ax )< (A—t)+1]
) Determined value Determined value  Determined value
Variables . . .
10C 15T 25C
* Ny (7] o) 2 log CFU/g 2 log CFU/g 2 log CFU/g
* Npax (AW ) 5 log CFU/g 5 log CFU/g 5 log CFU/g
+ A\ (lag time) 3864 h 1561 h 4.02 h

u (maximum growth rate) 0.03 log CFU/g/h  0.14 log CFU/g/h  0.54 log CFU/g/h
C=No~Nax 3 log CFU/g

¥ 7-36° =A% W4E modified-Gompertz B2 o] A g3 Ay 72 2%(10, 15, 25C)9
w2 =58 Y B cereus® A d= a2 ZE el L(2E 7-30), modified-Gompertz
5 EE A =X310, 15, 25T0)3F dF F&5- A 71HS 3 7-379 UERY.

¥ 6-37. Modified-Gompertz 2 2-& o] &3+ 10, 15, 25C A& 7+ B. cereus WA F45-¢ 1A
AN gRE AT AT 71 AF
Temperature (C) o= F%5-A% 7|ZF h (date)
10 150 (6)
15 38 (1.6)
25 9.5 (0.4)
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W

F710E AR &85 ATEAT AsE 7ls 24

A7 YBEF G4 g HEL 2vshzd 9ol Holdw AgAol FxH] 53
2o ATl gk 287 355

SHANE A AaFE Al Al AHZMA vZtE Aoz A Ho {FEE7] wEe] FAE &
Aste MARS NEF 4F oG

E3] A s #osli= Escherichia coli O157:H7, Listeria monocytogenes®} Salmonella
Typhimurium} 2 WAYT Ao ogd = Qa, F9 FFoeNE WALHOR <

3k Staphylococcus aureus 59 2ESAdo]l 9= 4 glo] olo 3 a&# A3 <
A 2 A 7Est o]l Q3
AafFe EAA 719 AE 7 o€ 7] wie] v B AFvnorE AFEATS S5 A

Aste He A A+

AAAAE NG g AR Yol AHE FFASAZE ot AiEF, o
Aok, HArs ol AGHT QAT ofF £2BAE B5H B4 A% doy »
¥ oob e ARGadl @ EdgEde So F40 EAL H1 e

e EAME AASI A QA FAF 714 Al 4FEFS AstnA
92

7122 FDAOIA ditd oz Qhdstttal 14 sk= =2 (GRAS; generally recognized as
safe) 24 B 7HA fr7]abE 2
Fr712bs ARESE7] Ol kA 17
71Ee ATES %33}04 2 x

Eswaranandam S 5ol <3} o] 7}X] 7} AA T 1 F malic acide=
2 #7]4FH.t} L. monocytogenes= 7}% A oR A&sitty Bust .

T3k Park SH S wWE2W malic acide =°l 4] propionic acid, acetic acid, lactic acid,
citric acid Bt} E. coli O157:H7, S. Typhimurium, L. monocytogenesS % &34 o =%
A& gt ®H a1

Ramos—Villarroel 5ol W= Fg3=of 2% malic acide A2l &S Wl E. coli O157:H7<
159 &t & 1.73-1.82 log CFU/g A A #H <.

ek A Fo] {74 AP dlS u) 1%9 propionic acid, acetic acid, lactic acid, citric
acid® T} § L3 F=9 malic acid’b A S 5AT At 6% ZyAolelal B s+,
Sagong 59 dAToAE 1% malic acidE UAFo HEH E coli O157:H73 L.
monocytogenes®ll 5 A2l PE W, & FLT F%=9 lactic acid, citric acid®tt Bt} A
st a37F Holyvta B sk, S, Typhimurium® 7 -$-9l+= citric acidol 4] malic
acide} W= Azt &3E vEhltha Bl

Tamblyn¥} Connerdl]l wWZw 0.5, 1% malic acidx 5 7F=4toll €413k S. Typhimurium
of tfsle] 1.20, 2.16 logs CFUX A% vt HIsS .

w3k 2 25% malic acidE Al 7FA] L F2mo] Hrrste] Ad

ro

A3 E. coli O157:HT,

- 242 -



S. Typhimurium, L. monocytogenesolX =5 5 log o9 A& ZEH7F vepycia

Raybaudi-Massilia 5°] 23S

L F71AE ol elo & shetA Aol tiE AT AHs 7E AL

(2) TDS Aol gt A F= #73t 7]
T i

A% A7 o AW EIL S
Heggers JP 5% Reagor L 5o W=2W A-5FA= A, Futole] =4, x4, 7]
AFAe S-S 7HA L U5

Tk Saito M 59 Hiud wWE2W z2gFEAe FAkE 7]5ES 7FRl catechin,
epocatechin-3-O-gallate, epicatechin, trimeric, dimeric, tetrameric procyanidin¥} #=<& 9]

= AEES A e AoE dEA e

Stratford M 53 #2 Hio] o3t AgdA FEES A=A a34olgtal Bast
AL, Xu W 5ol m2H 01% Aesa FE22 0508 log CFU/g2 A&l a37F Q)

=] o
i SRS

=
MBS RO ART & 9
[e)

o AgbsHe AEs

TDSE #lebyl Bl eh9-8 Fatoletas s, wle Bl FE49).

ol AEol HrhHol YUY FAAZ ol B FFAHL ehd F oS

TDSE RE 4F 2 go] sbsshe] it A=Al WS,

Ed, 9 ehgael Bom Bagel $5d 4Ae AU o] AFHHE Ayl A@

g7d ol
b= AHEE 7 ds
TDSE AA 2Fol A &sl7]o oA o]d AFelA AFES w5, BH 55 ZASIA .
Choi &oll 9stH Axg= A AHo=z HEF3SH Escherichia coli 01570 HTY,
Salmonella Typhimurium, Listeria monocytogenes®} Bacillus cereus sporeS 2% & %9
TDSE & 4oz AR = dvkal Barsel .
2% TDSE Ag3 H, 25 °Coll g ALet= Ao Aoz HIFHd E coli 0157
H7, S. Typhimurium, L. monocytogenes+ 2t7} 2.43, 2.37, 0.93 log CFU/g°] A3 <.
Bacillus cereus 2] sporeo] tiajE &Aool A gty B2,
w3 TDSe #8712k thiazol ring® amine group®] A& o]F9S w&dlil, sodium
lauryl sulfate©] "X & 2] membranes FZA3ste] vAE F24S oA st
BYA 7= A2 HAsHS 5.
Fransisca 5ol W2 TDS® malic acidg &7 AL&3ste] &utal Aot HFH E coli
OI57H7S EdH o Ad 4 vk Harsgl 2.
10% malic acid¢} 1% TDSE #H7Fs & Aol E. coli O157:H7o] HEH ¢33 RKots 20
A AT H, 2080 AF ¥ s o WstE Bkl

1% malic acid®} 1% TDSE 3.08 log CFU/g9 A 7ol 7Fsdlom™ 10% malic acide} 1%
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TDSE o] BF A}
TDS¢ #F714bs Ba3Aad A AUAEHRE s & F UAAS.
Oh &< L. monocytogenes7t 1142 HEH o 7F+4E 100 ml/kg chlorine®} 1,000
mg/kg TDS7F Z7Fd &olo] 5&3F A ste] o5 THA R AT = Utk B st

o

= .
Ay o7 038 log CFU/gS A7 5 AL
T3 TDSE A gk o 7lsAe #54 Wsls d#s Az RgAel o3

o [e]
= [e)
H 18 =

i)
)
[
ih)
_\7\_1‘
il
£
au)
=
32
dlo

A ThaL

flo

Lee 5o 95 TDS¢} chlorine, calcium oxide, ethanol, hydrogen peroxide, quaternary
ammonium compounds ¢ FHH A5AE HWAAHZT Aol A AYHoE HE
¥ coliforme U5 ZHACZ AAIZA & dvkal Basdl&.

5,000 ppm hydrogen peroxide®} 1,000 ppm TDS, 100 ppm chlorine® 800 ppm<] TDS,
150 ppm chlorine¥} 500ppm TDS, 200 ppm chlorine®} 100 ppm TDS, 100,000 ppm
ethanol®} 800 ppm TDS®2 H A A & coliforms HAHF AAL 5 AAS.

T3 2 =5 Agd A Ao A s vud 23 #eAor Wit gt

B 31895

o)% Fa TDSE AF Ul WA Ggon gad 5 gt Aow Felsha s,
TDSE AEo] Ael@e W B Wal el gon, o8 BEow s 3
e MR AP EdHolA, Ko} A4 52 WAHY AT Ug TRHY 3

o2 ®Hel.

[e)
2o} DNAS] 714
Tk HE A WAoln St EAS AMESHA @3 A AFEE F A7) Wi AXAFE

of EAst= AT

!
filo
Mo
:?L_‘,
ol
s
N
H
%
e

veAgd &A= E  coli S. enteritidis, L@l L.
monocytogenes2] AsE $18 UV-CE A&

Ao ALE3 vre g o} =, L. monocytogenesoll A 7+ B3 4L

25 kJ/m2 o2 ZASIE S ul, E coli, S. enteritidis, ~22] 3 L. monocytogene®| A 0.72,
1.22, 2.61 logs® =7+ &37} Yehge.

T3 Kim 52 1 kJ/m2 Al71¢ UV-CE ZAFIES wl, Aj# 4o =738l aerobic
bacterias EHA OS2 Aojd G YJThL B S,

o] elox, EwtEd] &A43F= Salmonella= 0.223 kJ/m2 Al7]& 30% 7 UV-CE ZA}3l
S o, 2.33 logs 43t Lim ¥ Harrisono] 3 <.

UV-C7} ofd & v & njdA g WHos AL Zo=nprt 3.

A Fozvte @4 AAE, X e e EES whEo] AxuS g EtHA] Al u
g At B9E JRRIval ¢

E@, A& FehEnbs bacteria W ohUel, Fao], vloleWE, XA} B mapHow ¥

Martinez-Hernandez &



st AlZivka Basa ols.

e Lacelli= A4 7AYo A Zgt=vlE 168 =2 A8 S w, L. monocytogenese}t E,
coli O157:H77} 2+2F 1.35 MPN/cm2, 0.33 log CFU/cm2% A= Atk ¥3ls. T3 A
g A% AFY FA FYHQ Aolrt A=

e o] QOHJ‘, Lee 52 dvulo EA3}= E. coli O157:H7, Bacillus cereus, ~1%] il Bacillus
subtilis®l] Xig Zet=uE 2027 Ag S o, 25 oA 230 log CFU/g A% AZE

714 R 718dTAg 294 AEE &8 AAAF AT LETA 7

y
M o
i

7h AdEFdE AL {7k

o

188 A7
(1) Malic acidE AF&3t A F5Ae] A3bst 7|+
o oY 7HA F714 F A ERANS E&] FF malic acidE A A Ee] A3 o

S | .
o WALLE(B°C)olA Malic acid®] A EARS gQlsty] s NiEAQ AF5AHT2 E coli

O157:H7, S. Typhimurium, L. monocytogenesS Ao 2 2HEAS 2135
o B AFHo = 2a7)d AFEATS HEF3] malic acidd] AT EAS =AHEAS.
o B AY AR HJarle AS AET AU Uy vfE A ?Uﬁﬂﬁg

e E coli O157:H7, S. Typhimurium, L. monocytogeness %7] 17} 5-6 log CFU/mL9]

=2 2317] 25g9] HE3dFe] laminar flowell A 208 A ZA]171 5 malic acid 0.25, 0.5, 1,

2%2°] dipping £ 15%7F At & Hit A= (Nasco whirl-pak, 19x30 cm)el] %]
5°Col Al 443t Baaly A g=Awe] A3 a3E S4359% 5.

o Z¥7Z}ol E. coli O157:H7, S. Typhimurium, L. monocytogenesi= EMB(Eosin Methylene

Blue), XLD(Xylose Lysine Deoxycholate), Oxford(Listeria selective) agar ¥j#|Z o] &3}

T5E =473
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E. coli O157:H7

T
6_
5_
E
4
3
o
(8]
2 3
-
5] —=— Control
a Malic acid 0.25%
——-v-—— Malic acid 0.5%
1 Malic acid 1%
— - — Malic acid 2%
0 T T r
0 1 2 3 4 5
Time(Day)

Listeria monocytogenes

6 .\0/’\-.———-
O
,._%-‘w ‘."_F"d_&“:“-x._‘ Q
&1 PO e S .
et it ~ a
i -~ - — ——
A —
E 4
pom |
w
(8]
2 31
-
5] —*— Contrd
weeelpenenn Malic acid 0.25%
——-v—— Malic acid 0.5%
14 — —&—-- Malic acid 1%
— —@ —  Malic acid 2%
0 T T
0 1 2 3 4 5
Time(Day)
Salmonella Typhimurium
T
6 .
5 E
E
4 4
5
[TH
(8]
g3
-
,] —¢— Conwa
S - B Malic acid 0.25%
——-v-—— Malic acid 0.5%
34 —te—- Malic acid 1%
_— i — Malic acid 2%
0 T T T r -
0 1 2 3 4 5
Time(Day)

7-2. 2 317]1o) A 2] malic acid 5= W& E coli O157:H7, S. Typhimurium,

L. monocytogenes®] A7rst 54 4
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a9 8-29] Ao wWrEW L. monocytogenes® A3 0 dayolAl 05% malic acid5-E
controliljr _?qu Do d57t 71—/\5 S EO]

749 control®th H W 2 log CFU/mL7MA] A 73} 5= Aoz dud.
7)ol AHAR I} olm=Al S o7 ¢la] malic acidd A& &I =ZA

)

e A
% @ Azt obd tE AUA E3E £EF @ F 9

rr

te go-gete

Acetic acid®} TDSE o] &3 A7+

SE #7114 F acetic acid® AAske] Agol AHgIA S

Fr1e W FEAZ pHE ASAA PR WA BRHo AAT 5 U,
EF f/14 4ES] A A7HEY TDSE $A A stel AUALAE SHsnA 9
o

TDS &9 &= 30% etahnols AFE3F% .

Za7]e 1A o R HES E coli O157:H7, S. Typhimurium, L. monocytogenesS ot
o2 {714k S SAH LA oA

2 A AR Huvle A AR A dE vtECA sl

E. coli O157:H7, S. Typhimurium, L. monocytogenes< %7] #<7} 8 log CFU/mL°|
EE 2 7] 25 goll HE3t9] laminar flowoll A 30% &<F AZXAF.

Wi 579, 1% TDS, 2% TDS, 1% aceric acid(AA), 2% AA, 1% TDS+1% AA, 1%
TDS+1% AA, 2% TDS+1% AA, 2% TDS+2% AA ¢ 7} §94& FH|gh

zF g oo 30% 7+ HA e F "yt AMZw(Nasco whirl-pak, 19x30 cm)ell ¥ o] 5°ColA 5
oA 7F Bysty A Fm A A3 BaE S8

272y o] E. coli O157:H7, S. Typhimurium, L. monocytogenes= EMB(Eosin Methylene
Blue), XLD(Xylose Lysine Deoxycholate), Oxford(Listeria selective) agar ¥} #| & o] &3} o]
T5E SAE

A3 ste] mAE o] WEkE 2 8-2, 8-3, 8-4° HEd.

% 8-39A E. coli O157H79] Z+ A g F-ollA n A& 42 WstE verd.

AAAow Z AEA7E YEA Fkort 2% TDS+2% AACA &E37F F%kem, 1%
TDS, 2% TDSo|AH a¥7F £& Ao R YEYS

TDS+ dwtdom ek Alded g% wizstA #&stes Aow defx 7] it
a5 Al E coli O157H7AA & 235 YeERA] &3 Aoz dod
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6.0

55 1

5.0 -

Log CFU/mI

35 4

3.0 4

25 1

20

45 -

40 4

—— DW

—— T0S 1%

—&— TDS 2%

—0— AA 1%

—0— AA2%

~@— TDS 1% + AA 1%
—— TDS 1% + AA 2%
—0— TDS 2% + AA 1%

—8— TDS 2% + AA 2%

a9 7-3. 59 1+ 5 °CAl

0 1

F| 3 4 5
Time(days)

Agst 237] Ul E. coli O157HT9] w4 W3l 574 A7

a9 7-4°14 S. Typhimurium®] ZF A& oA vAE o W3s e,

* E. coli OI57T:H7] vl & AEA7F el o, TDS9H AAS S A2k A 2]l A

T BRIl Be5E AGEAL AAE AL FARL.

o)

.

Log CFU/mI
w w
[=] w

L
w

g
(=]

ok vl ge W, Ao 2 log CFU/ge] Aol7h = Aoz vebyd .
2% TDS+2% AAZF 7b¢ &7k Fohem 2% TDS+1% AAZF 1 thgo= a3l F9k

1| —@ TDS 1% +AA1%

—&— TDS 1% + AA 2%

]| —@— TDS 2% + AA 1%

—8— TDS 2% + AA 2%

% 7-4. 59 3+ 5 °Cell A

T T
0 1

&3 ]

2 3 4 5
Time(days)

W S. Typhimurium® ¥4 W3 54 A3}

o 19 7-5°1A4 L monocytogenes® 7+ Az FelA nAAE o WIE YER.
e E coli O157:H7, S. Typhimurium® IS4 Ad3d= vg=2A4 25394 A L
monocytogenesoll A= & A2 37 YEFS S
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TDSSh AAS] W3R A felolx F7 B Bgor] 1 sEs} we5E ARAYL
296 TDS+2% AA A2 Fol A ARATA 714 #olwe.
WzTsh vmae o, A 5 log CFU/ge ol7h iz Aoz thehate.

o
(=1

o
wn

o
(=]

&
w

~
=]

5
Iy
—o— TDS 1% \\ I
1 | —— TS 2%
—0— AA1%
1| —o— aa2%

—0— TDS 1% + AA 1% \

Log CFU/mI
W W
[=] on

N
o

201 | —o— TDS 1% +AA2%
—0— TDS 2% +AA 1%
159 | —o— TDS 2% + AA 2% \
10 . ; v v o
0 1 2 3 4 5
Time(days)

17 7-5. 59 7 5 °Cell AAE Aa7] W L. monocytogenes®] i W3t =H Ay}

Bk % ol A

ol

AAH oz TDSS #7]4k¢1 acetic acidE A AH&3lS wf, #7F

Oy Aol 53 adHelon aged Add dAHE A FEE ol
SIHAIE o ARk Baw o nel

() HAF=ES ol &3 AF

F71b @A o] efo] HAFEFEY AFgFAFEE] I aHE A

E. coli O157:H7 ATCC 35150, ATCC 43894, ATCC 438955 cocktaildlo] AF-&3} 5=

S. Typhimurium ATCC 7644, ATCC 19111, ATCC 19115% cocktaildlto] A}-&3 5.

L. monocytogenes ATCC 19585, ATCC 6994, ATCC 140282 cocktaildto] AF-&3}90 S

B Ao e Huv]d AFEAT 3F (E coli O157:H7, S. Typhimurium, L.
monocytogenes)< 5-6 log CFU/mL 522 HE3e] laminar flowol] 20minzt A ZA| 71

T, AeTAFEE 05, 1, 2, 3% A7 53 HAA skl 74 w2 Afst a3E SA
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E.coli O157:H7

6 1 e ;3 ) =
a"“'.——\e— ____'_. o ',;-4 "
54 o - ey e V
- -—
E 4
=
w
6]
2 3
-
2l —¢— Control
o GSE 0.5%
———g-—= GSE 1%
44 —o—- GSE2%
— & — GSE 3%
0 T T . - -
0 1 2 3 4 5
Time(Day)
Listeria monocytogenes
7
6 - W
5 e .
g S
- = S -'g
2+
w
o
2 31
-
s —*— Contral
Qe GSE 0.5%
———w-—— GSE1%
1] —-—— GSE2%
— - —  GSE%
0 . - . - .
0 1 2 3 4 5
Time(Day)
Salmonella Typhimurium
7
6 4
54
E
44
=]
T
o
2 3
-
5| —%— Contra
D GSE 0.5%
———9-—— GSE1%
1] == csE2
— & — GSE 3%
0 v T T r -
0 1 2 3 4 5

Time(Day)

a9 7-6. HaveM e AgFAFEE FRo WE E. coli O157:H7, S. Typhimurium,
L. monocytogenes®] A7rst 54 &4
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a% 7-69 WEW AEeFAFEES IHFYdTA L monocytogenesol A 7HE A7t &
H7t Z Aow Hod.

L. monocytogenesw AaEAFEE 05-3% Ag oA HA 1 log CFU/mL, Hd 15
log CFU/mLYH 74 4.

E. coli O157TH7 A= 0 dayell AgsAFEE 3% HAS A Fol4 1.8 log CFU/mL
A28t AA T 5°C Bt Fol I EH = 4FS
S. Typhimurium?®] 4 $-ol+ =& 7\}%?4%
7)ol AEgFAFES s et AF
05% A 79 7V =& % 3% AT o]zt AA
23171914 9] malic acid®t AHeFAFEE] 45 ©GEA
gl So] ggor o) AA JehA Fe 7

webA] malic acid + AAEEAFEE 2E tE 749 AS5EHE 3 Aojrp &

cocktailsto] AFE-3FA &

E. coli O157:H7 ATCC 35150, ATCC 43894, ATCC 438955 cocktaildlo] AF-&3}5 <.

S. Typhimurium ATCC 7644, ATCC 19111, ATCC 191155 cocktaildte] AF-&-319 2.

L. monocytogenes ATCC 19585, ATCC 6994, ATCC 140285 cocktailslo] AF83}5 5.

2 A AR 27 A AR A dE vtECA e

2a7]e) E. coli O157:H7, S. Typhimurium, L. monocytogenes—é 5-6 log CFU/mL
S 2 HE3te] malic acidet AHeEAFE=ES] A7t 2945 FHI .

HEH A317]+ laminar flowoll 203 A=A $ 2b2F Hat %'ﬁ‘z’:, malic acid 2%, #t
BT AFEE(GSE) 05%, malic acid 2% + AFFTAFE=E 05% £ 5837F A5}
Ha A Z 9 (Nasco whirl-pak, 19x30 cm)oll 2ol 5°Coll Al 3¥3F sy My a3E =

A5G

tl
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E. coli O157:H7

7
s N
5 -
-
E 41
3
('8
0
g 3
-
2 -
——e—— Control
o 30 Malic aicd 2%
11 ——-%—- GSE05%
—— e Malic aicd 2% + GSE 0.5%
0 T T T T T T T
0.0 05 1.0 15 2.0 25 3.0 35
Time(Day)
Salmonella Typhimurium
7
BT . J—1
0///_’.5\__—\&“—0*“;’
e
5 L3 e T "‘H"::_-\,__h‘ =8
o ’ ST S
E 4
= |
W
&)
8 2
|
2 4
—a——  Control
o Malic aicd 2%
1] ~——--%—- GSE05%
— =& —.  Malic aicd 2% + GSE 0.5%
0.0 0.5 1.0 15 20 25 3.0 35
Time(Day)
Listeria monocytogenes
3 -
>
. —
51 e
=7 \x"v-_i
4 - T Ty
g Y
s | (o .
G 3
&
.|
2 . A
o
~———a&—— Control
38 Malic aicd 2% 5
1 ——-y-—- GSEO05% ) o
—. =& —  Malic aicd 2% + GSE 0.5%
0 T T T T T T T

0.0 0.5 1.0 16 20 256 3.0 35
Time(Day)

a9 7-7. a7l A 5°C A& 7|Zke]l W& E. coli O157:H7, S. Typhimurium,

L. monocytogenes®| ™3+ malic acid®} A FExFEE9 Apay =4
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o 19 7-7°] Ao W= L monocytogenesol A 7V A 73t a37F 2A ERG.

e E coli O157H79]l 4%t 2 dayolA malic acid 2% + A&eFTAFEE 05% A2 oA
control2.t} 1 log CFU/mL A% A

e S. Typhimurium®| 4]+ malic acid 2% Az A 2 dayet 3 dayel A4 1, 1.4 log CFU/mL
A3t G AW 4 dayol A+ controlol Hladke] 0.8 log CFU/mLe] 7Aool &E3}3t

e A F 2 3 dayelAd malic acid 2% + AFEAFEE 05% e TE control®th Z+7}
1.1 log CFU/mL, 15 log CFU/mL #4sts FA4E 2.

e L. monocytogenes®] 739 malic acid 2%°lA 3 day°lA controlel W x3te] 4.3 log

CFU/mL #2433l &

2371 A= malic acid$} AFEFEA A AU X §37F #AFH A S

o Aa7]o] EAetE A A gl JIFd Aow oA,
w3k A A e malic acidoll L. monocytogenes?’t HEH 21715 1% A AdHt A

w3t 23 g 2 Aom 544,

o o] Ay= HA At wE At g3 Aolrp Avkar g

S Hlwste] HA A A7rS AAE sl 9 Ao

Cwpeba) AAle] FA A

O F A A 7+ (dipping time)oll W& #7+3} &§& v

15s E. coli O157:H7 1 min E. coli O157:H7
T 7
6 0——————__'“‘——-———-_.______ 6 .———————_"“——-——_h
;‘:—:—-‘-'—'Q—u:-:»-_...._g,‘__:‘.:‘.n—.q 5;—;—:-#_4&,:: ______ R
- -
5 Ny e 5 [ WP .Y
- -l
E 4 E a4
2 3
L [T
[&] [&]
g *] o 39
- - §
24 24
—8—— Contral ——a—— Conirol
o Malic aicd 2% o Malic aicd 2%
14 —-—--v-- GsEo® 14 ——-w—- GSEO0O5%
e Malic aicd 2% + GSE 0.5% —=d.—.  Malc aicd 2% + GSE 0.5%
0 T T 1 T T 0 T T T T T T
00 05 10 15 20 25 30 35 0.0 05 10 15 20 25 30 35
Time{Day) Time(Day)
5 min E. coli O15T:H7 . .
. 10 min E. coli O157:H7
4
6 — . . -
Q % R 6 -~ — .
— P e, T LI eTR—
5 = ey ® ——— el o I
s i - . -
- 5 - ——pe—
= Ty o <
E a4 ] -
) E 44 =
L =
o w .
o 34 o -
£+Y
5 2 3
-
21 —&—— Control 2 4
o Malic aicd 2% —&—— Control
1] ——w—- GSEO05% o Malic aicd 2%
—o—f—-  Malic alcd 2% + GSE 0.5% 1] ——+*— GsE0s%
—=&-—-  Malic aicd 2% + GSE 0.5%
0 : v - T v
00 0.5 10 15 20 25 30 35 o : 4 ! i $ i
0.0 05 1.0 15 20 25 a0 35
Time({Day)
Time(Day)

a9 7-8. I A A ZHDipping time)oll W& E. coli O157:H72] <+ W3}

- 253 -



Log CFU/mL

Log CFU/mL

Salmonella Typhimurium

Salmonella Typhimurium

7
7
B -
6 4
5 -
5 4
44 —
E 4
=
s
3 5]
]
-
21 ——e— contml .
..... O Malic aicd 2% ——&— Contral
1] ——=—— GSE05% e Malic aicd 2%
— = Malic alcd 2% + GSE 0.5% 14 ——w%—— GSEO05%
—-—te—-  Malic aicd 2% + GSE 0.5%
0 : : - : :
00 05 1.0 15 20 25 30 35 0 y y T y T
Thmeu 0.0 05 10 15 20 25 a0 35
ime(Day,
Time(Day)
5 min Salmonella Typhimurium 10 min Salmonella Typhimurium
7 8
.
G E
5 -
-
4 4
5]
3 g
-1
2 o
—e—— Cortrol 24 —e— contro
o Malic aicd 2% o Malic aicd 2%
+] ——+—- cGseos% ———- GSEO0%
——&-—-  Malic aicd 2% + GSE 0.5% ——ty— Malic aicd 2% + GSE 0.5%
0 T T : - T : : 0 - - ; . - - :
00 05 1.0 15 20 25 30 35 0.0 05 10 15 20 25 30 35
Time(Day) Time(Day)
_ - .. . = . . o a .
a9 7-9. I A A ZHDipping time)ol W& S. Typhimurium® < W3}
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15s Listeria monocytogenes 1 min Listera monocytogenes

5 6
*—_H\Hx, .._————‘\_‘______ﬂ
B e T
5 ¥ .,-’J'“"-hx 5
B e g
a4 - ~ 4 -~
4 4 T s
= '3\_ E i yo———————F
5 5y = =
L a o [ G
O - o o .
é" K \_. § . . ~.
5 L St 2 T
B — 0
—8—— Conlrol 2 —p——  Control Py T
....... G- Malic aicd 2% o SRR Malic aicd 2% - e
19 ———-—- GSEO05% gy 11 ——4——- Gseo0s% Ty
—o=&.—. Malic aicd 2% + GSE 0.5% —=&.—  Mallc alcd 2% + GSE 0.5% =
0 T T T T + T 0 T T
00 05 10 15 20 25 a0 35 00 05 10 15 20 25 a0 35
Time(Day) Time({Day)
5 min Listeria monocytogenes 10 min Listeria monocytogenes
& 3
. -
* e = * T
5 — 5
It
i R . o
e - ﬂ‘q"ﬂﬂ
4 =1 ~ 47 2 TTee
» . . -
E i E 7
= s s -
TI.Y b T w3
5] - . o A
o = o o A
] o 3 -~ - o
. e - e
2 o 2 & 2
LM
—a—— Control o —e— Control
sssssilhecans Malic aicd 2% 7 O eree Malic aicd 2%
11 ———=—- GSEO05% N Y 1 ——+—-- GsEO05%
—=&-—  Mallc alcd 2% + GSE 0.8% . — """ ——&—- Malic aicd 2% + GSE 0.5%
[ RS o 0
0 T T T - - - T 0 T T ; - :
00 05 10 15 20 25 30 as 00 05 10 15 20 25 30 35
Time(Day) Time(Day)

% 7-10. I A A 7HDipping time)dl W& L. monocytogenes® Tt H 3}

a9 7-8, 779, 7-102 FAA|Zbel| W A Fm Aol A 7Fs AfolE e
B Ao = E coli O157:H7, S. Typhimurium® L. monocytogenesS %43 2zt A

F ol B 5 F, malic acid 2%, AHeFAFE=5(GSE) 0.5%, malic acid (2%) + A&F
=5

A (05%) &l 77} 15%, 1%, 5&, 108 & A & 5°C o] nAstAA
s 34

a9 7-89 Ao mEW X Agto] AoAHFE control BTt AwtAl A# T E. coli
O157:H7°l tfgt A a37F S7H=E .

E. coli O157:H72] 4% HA A7kl 58 o] 4 ] malic acid + Ao FAFE=ES] At dE
I7F GEA BT FUkE = Ao a.

29 7-99] S. Typhimuriumell gk JAAIZPE A2kt Aol w=w 58 A 229

2 dayoll Al @A rmoh B e Fte] o] SUlE = o2 ddd.
S. Typhimurium® 7% 10% A A gFo A= 58 JAA A x1 A3t g971 =2

Aoz ey

a9 7-1091 4= L. monocytogenesS Ao 2 XA kel wE A 713} xpo] S e,

L. monocytogenes®] 7345 A 16x45YH t& AFssMdrn A3t g37 =%

E. coli O157:H7¥ S. Typhimurium®.t} L. monocytogenes®] AratAo] ok W=7} =
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& o sy

o BHAIRE 10 o] HAESS A FHFVF = deA FES A8 oE AL
= e,

o mEbA olF HYPolM = AT AT AFdS 98 A AP AAATE Azt
AE vt or AES A 5 AAete] A3 dde APT A

dg Fa £59 5% AR TEL

o

B A AgEE AHANNEL ArF F GAFA FE
- GHEE e *3% ol el e,

Aol AlgH £ 3% < cocktail o] ALE3 S

E. coli O157:H7 ATCC 35150, ATCC 43894, ATCC 43895E cocktail 3} ¢
e S. Typhimurium ATCC 7644, ATCC 19111, ATCC 191155 cocktaild}¢]

£ =z

&S 9@l malic acidet 33—2} 225 g w2 Ay gas =3
Ea ! =

= =

AL
A&

e L. monocytogenes ATCC 19585, ATCC 6994, ATCC 14028% cocktail3}¢] /\}

L]
oz
o,

of %% E. coli O157:H7, S. Typhimurium®} L. monocytogenes
, 495, 421 log CFU/ge] HI=% 3+

N
=~

o2 2 o o> o

o

§, 5 37}%1011 42 580 2499

(N o st ol

[ ]
oSS!
L O
&é
~_>|~_I-
Sz
C A e ™

S
HHX]% o]-&3 04 s SAAE

= laminar flowS o] &3 2087 AxAZl ¥ ztzhe] A&
&

. Typhimurium¥ L. monocytogenes= 27+ EMB, XLD, Oxford agar

¥ 7-2. 1% malic acid, 05% A& FAFZ=E(GSE)¥ malic aicd®t GSES] H A gl <3t

O

AFo| el E coli O157T:H79 A7+ &3 =#2

Population (logl0 CFU/g) by storage time

Treatments 0 Day 1 Day 2 Day 3 Day
Water 541 + 0.15 Aa 522 + 0.17 Aa 5.02 + 0.07 Aa 513 + 0.27 Aa
MAP 1% 5.33 + 0.18 Aa 373 + 0.34 Bb 375 + 0.6 Bb 3.08 + 0.54 Bb

GSE® 0.5% 5.30 + 0.13 Aa 467 + 2.34Aab 2.15 £ 1.25 Be 2.34 = 0.09 Bb

MA + GSE! 540 + 0.17 Aa 191 + 1.44 Bce 1.51 £ 091 Be 0.99 + 0.86 Bc
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Population (logl0 CFU/g) by storage time

Treatment

5 Day 7 Day 10 Day 14 Day
Water 479 + 0.31 Aa 482 + 0.08 Aa 372 + 0.39 Ba 406 + 0.71 Ba
MAP 1% 259 £ 0.14 Bb 277 £ 0.19 Bb 251 + 0.31Bab 1.02 + 1.77 Cb
GSE* 0.5% 208 £ 1.31 Bb 1.79 + 1.33 Bb 151 + 2.14 Bb 067 + 1.17 Bb
MA + GSE! 158 + 1.39 Bb 1.63 + 0.33 Bb 1.07 £ 1.2 Bb 0.46 = 0.55 Bb

Different capital letters indicate significant differences (P < 0.05) among storage times for each treatment;

different lower case letters show significant differences (P < 0.05) among treatments for each storage time.

"Mean + standard deviation obtained in two experiments, one of two experiments in duplicate (n = 3).
PMA = 1% malic acid.
‘GSE = 0.5% grapefruit seed extract.

dCombined = 1% malic acid + 0.5% grapefruit seed extract.

Kl

a1

0

T 725 WAZANA 1% malic acid®t 05% AEEAFEE dExg HPAgS

S A, FFF EASE E. coli O157:H79] ¥1stE UERH 24,
Wzl 149 Bk mykEl FAFe B coli OISTHTS RE A2l 7oq fodow

14 °] % malic acid, AbsFTAFEE, B AZTE AgstAS 459 E coli O157:H7
5

< 541 log CFU/gel Al 1.02, 0.67, 0.46 log CFU/go.= A 7+st ¥ A&
A717F 149 o) Fol= EE HgFE2 E coli O157THTS 4.4 log CFU/g ol A%kt
A2 F 9

o] A= ‘% 2 2] Btk tﬂﬁﬁﬂﬂf\] E. coli 0157-H7-4 Afadzt o & s .

¥ 7-32 YAzHANAM 1% malic acid$t 05% AHeEAFEE ds Aol HlADS 3
= A, 5ol EAskE S, Typhimurium®] ¥ 3HE vebd 9.

2E AT A S. Typhimuriumes o4 o2 A3 S

4717 1958 34744 = @5 A8 1Y malic acidet AeEAFEE2 WA A S,
Typhimuriumel] gt A g 37F FJH oz =4 SHHAS.

149 7re] AA&717F F<¢b S, Typhimurium< 25 A8 oA 4.1 log CFU/g o] A 7+5

o] &
A .

7-3. 1% malic acid, 05% A& FTAFE5(GSE)¥ malic acid®} GSES] H®HgA o] olsh
Aol A el S Typhimurium® A% &3 =A°

Population (logl0 CFU/g) by storage time

Treatment
0 Day 1 Day 2 Day 3 Day
Water 495 + 0.26 Aa 45 + 0.06 Ba 381 = 0.16 Ca 368 + 0.32 Ca
MAP 1% 446 + 0.18 Aab 259 + 0.66 Bbc 2.53 + 043 Bc 241 + 0.52 Bbc
GSE® 0.5% 443 + 0.03 Ab 3.7 + 0.44 ABab 3.20 + 0.27 BCb 2.87 + 0.72 BCab
MA + GSE! 487 + 04 Aab 1.8 + 1.22 Bce 1.95 + 0.01 Bd 1.68 + 0.72 BCc
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Population (logl0 CFU/g) by storage time

Treatment

5 Day 7 Day 10 Day 14 Day
Water 3.48 + 0.27 CDa 3.18 + 0.28 Da 3.19 + 0.24 Da 3.35 = 0.3 CDa
MAP 1% 1.25 £ 1.09 Chc 0.84 + 0.62 Ch 092 + 0.11 Ch 068 + 0.6 Cb
GSE® 0.5% 2.08 £ 0.59 CDb 1.76 + 1.52CDEab 0.51 = 0.89 Eb 0.88 = 0.84 DEb
MA + GSE! 1.30 £ 0.65 CDc 0.10 + 0.17 Db 0.26 + 0.24 Db 0.16 = 0.28 Db

Different capital letters indicate significant differences (P < 0.05) among storage times for each treatment;
different lower case letters show significant differences (P < 0.05) among treatments for each storage time.
"Mean + standard deviation obtained in two experiments, one of two experiments in duplicate (n = 3).

"MA = 1% malic acid.

‘GSE = 0.5% grapefruit seed extract.

IMA + GSE = 1% malic acid + 0.5% grapefruit seed extract.

5

7-4. 1% malic acid, 05% AHZEAFZE(GSE)? malic aicd$} GSE®] # A g o3t
Ay ol A o] L monocytogenes® A7 &y =A*

O

Population (logl0 CFU/g) by storage time

Concentration
0 Day 1 Day 2 Day 3 Day
Water 421 £ 0.19 Aa 4.04 £ 017 Aa 401 £ 0.27 Aa 3.78 £ 0.47 ABCa
MAP 1% 3.86 £ 0.38 Aa 3.27 £ 091 ABa 2.22 £ 1.19 BCab 242 + 0.81 ABb
GSE°® 0.5% 390 £ 0.08 Aa 351 £ 0.08 ABa 253 £ 1.36 BCab 1.79 + 0.16 CDb
MA + GSE¢ 407 £ 0.27 Aa 1.62 + 0.14 Bb 1.03 + 0.97 Bb 0.77 £ 0.40Bc
. Population (logl0 CFU/g) by storage time
Concentration
5 Day 7 Day 10 Day 14 Day
Water 3.27 £ 0.32 Ca 392 £ 0.12 ABa 3.44 £ 0.38 BCa 3.69 £ 0.13 ABCa
MAP 1% 1.89 + 0.49BCDb 1.99 + 1.02BCDb 0.75 £ 0.65 CDb 0.65 £ 091 Db
GSE° 0.5% 1.02 + 1.05 DEb 1.36 = 0.21 CDEbc 0.55 £ 0.95 DEb 0.39 £ 0.36 Eb
MA + GSE! 0.76 £ 0.36 Bb 0.72 £ 0.73 Bce 0.68 £ 0.36 Bb 0.25 £ 0.24 Bb

Different capital letters indicate significant differences (P < 0.05) among storage times for each treatment;
different lower case letters show significant differences (P < 0.05) among treatments for each storage time.
®Mean + standard deviation obtained in two experiments, one of two experiments in duplicate (n = 3).

PMA = 1% malic acid.

‘GSE = 0.5% grapefruit seed extract.

MA + GSE = 1% malic acid + 0.5% grapefruit seed extract.

N
-
rr
0%

¥ FxzA A 1% malic acid®t 05% AsEAFEE dxAget HaAHE 3
S A, GAFl EA8 = L monocytogenese] WSS UEFH E <.

= I %ot L. monocytogenes:= malic acid, AHFFAFE5E, H3PA g oA 77+
5 log CFU/go.2 744,

o 1-3Y3HY AR ESF @ A TE AL HaAA Yol xRt A Aol E

e Malic acid, A&FAF=E, HAHHA E  coli O157:H7, S. Typhimurium¥ L.
monocytogenes®| Wt AzrEAF, 14 A ol= B Aol 3% AF=ATo] 19
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Hog had.

SHAINE B2 A Aol WA E e At gt o whEA e

B P o] Arave A 1dATH 95 ARFEg FejHoR & AdH S UE
A

AEFRAMEEA ARE 7hed TDSS] &+ ast A&

A EA ol &l ARE Thed HA 3 A =

BYE AstAR AbEo] Y FddA o] = TDSE st A% Wl vAE

2k &=

TDSe| &2 A gelstz] S8 dBmASd AF=AE] E coli OISTHT,  S.

Typhimurium, L. monocytogenes, B. cereus=S At-&33 <.

B. cereus ¥ ATHAA g #F 3FS cocktailste] AME-3FA

Fag FRERY 283 #FE5 Ao

E. coli O157:H7 ATCC 35150, ATCC 43894, ATCC 438955 cocktaildlo] AF-&3}5 <.

S. Typhimurium ATCC 7644, ATCC 19111, ATCC 191152 cocktailate] AF-&31 2.

L. monocytogenes ATCC 19585, ATCC 6994, ATCC 140285 cocktaild}e] AF-&3FH <.

2 A AR EFFEE AE AT 4d dE mtECA skl S

2 Ao = T AFs Ades JFste] TDSY F+ddds SHA+.

Hyt A Zw(Nasco whirl-pak, 19x30 cm)oll FH o=z AEI FH 25 go E coli
%7 #F7F 4-6 log

Azrel

ftlo

ftlo

O157:H7, S. Typhimurium, L. monocytogenes, Bacillus cereuss
CFU/mLe] Hx=% FHFe3A+.

o] & 0, 01, 05, 1, 2% X9 TDSE 77} 100 ¥ HEFow 0% TDSE tizx-o]H
A THTE AHESEA

TDS €99 &m& 30% ethanolS AFE3H 2.

ZE A= 5 °C, 25 °CollA 5zt ®mytsiH O, 1, 3, 5ol WAE 9 WstE A5

o)

E. coli O157:H7, S. Typhimurium, L. monocytogenes, B. cereus+ EMB(Eosin Methylene
Blue), XLD(Xylose Lysine Deoxycholate), Oxford(Listeria selective), MYP(Mannitol egg
Yolk Polymyxin) agar Bj A& o] &3} #4= =43}

Tk TDSO &%7F Foldel wet A WA, dAA #8529 A4 W & 54

B E AiE statistical analysis system (SAS version 9.4, SAS institute, Cary, NC,

USA)E ©o]&sto] Fo2¢l ko] F55 st

vAE o HeleE 3 85, 86, 879 ‘4‘5}144 fom Fs AA Ay HE 88, 879, 8-10
of e S

% 75,76 7-7914 5°C % 25 °Col A 5 U BSt Wy Fok TDSE Ael & F F
ol E. coli O157:H7, S. Typhimurium, L. monocytogenes 2 B. cereus® "AE 4 W

sHE e,
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o Zt MAE = TDS A9 B S7TE Addd iz Abolol A F9 4P <0.05)
2ol & LFERU A+

5 °CollA Bas 2 % TDS AZF< A5, E coli O157:H7, S. Typhimurium, L.
monocytogenes, B. cereus® &%=7F Z+z} 0.29, 0.34, 0.70, 1.47 log CFU/g® #2332

o 1Y Z HAE FE 25 °CodlA FHe A S

o HAWMH o R FUlslE FAS HAAR 2 % TDS A+t izl v& A% J4 a3
E el

25 °Coll B33 2 % TDS Al oA thx+o H8] E. coli O157:H7, S. Typhimurium,
L. monocytogenes, B. cereus® &%7F 242} 0.34, 0.90, 1.34, 1.29 log CFU/gw& A 4

1} O
A=
.+ AMHOR TDSS FE7t ¥24% TR HFE VAR /b aRHeE Fojui @
e B
o 53] F59 Fa% o mAE F Ul B cereuse thE WAERT TDSY ¢S
e AL FAHAS
. ol TDSE FRel Hgnhd FRe R ngEe TR AT + UL AoE
e,
¥ 7-5.54Y 7+ 5, 25 °Coll A& =5 W E. coli O157H79 4 We =4 23
Population (log CFU/g) by storage days (at each temperature)
Reduction
0 Day 1 Day 3 Days
treatment
5 °C 25 °C 5 °C
Control® %6.05 + 0.10 Ac 6.19 £ 0.10 Aad 953 £ 0.04 Aa 6.23 £ 0.03 Aa
0.19% TDS 597 + 017 A 6.11 = 0.09 Aab 891 £ 0.30 Ba 6.16 £ 0.14 ABab
0.5% TDS 6.03 £ 0.25 A 6.19 £ 0.10 Aa 885 £ 0.11 Ba 6.02 = 0.11 BCa
1% TDS 6.06 £ 0.04 A 6.16 £ 0.07 Aa 8.83 £ 0.16 Ba 598 + 0.08 BCb
2% TDS 588 + 0.17 A 6.11 £ 0.03 Aa 894 + 0.21 Bab 592 + 0.06 Cab
Population (log CFU/g) by storage days (at each temperature)
Reduction
0 Day 3 Days 5 Days
treatment
25 °C 5 °C 25 °C
Control” 6.05 + 0.10 Ac 894 + 0.02 Ab 6.74 + 0.13 Ab 9.33 £ 0.03 Ac
0.1% TDS 597 + 017 A 894 + 0.04 Aa 6.35 = 0.26 Bb 931 + 0.01 Ab
0.5% TDS 6.03 £ 0.25 A 8.83 + 0.03 Bb 6.16 £ 0.12 Ba 9.27 £ 0.03 Ab
1% TDS 6.06 £ 0.04 A 8.81 £ 0.02 BCa 6.08 £ 0.11 Bab 9.17 + 0.06 Bb
2% TDS 588 + 0.17 A 876 £ 0.05 Ca 576 £ 0.15 Cb 897 + 0.06 Cb

“Means * standard deviations from triplicates.
"Treated with sterile distilled water.
“Means with the same uppercase letter in the same column are not significantly different (P > 0.05).

dMeans with the same lowercase letter in the same row are not significantly different (P > 0.05).
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H® 7-6. 59 1k 5, 25 °Cell A3t

T35 W S, Typhimurium® < W3 =4 A3

Population (log CFU/g) by storage days (at each temperature)

Reduction
0 Day 1 Day 3 Days
treatment
5 °C 25 °C 5 °C
Control® 6.20 + 0.15 Ac 595 + 0.17 Aabd 873 + 0.07 ABa 598 + 0.31 Aab
0.1% TDS 6.21 £ 0.03 A 595 + 0.12 Aa 9.01 + 0.05 Aa 586 + 0.07 Aa
0.5% TDS 6.19 =+ 0.04 A 594 + 0.07 Aa 852 + 0.07 Ba 598 + 0.09 Aab
1% TDS 6.20 £ 0.10 A 6.16 £ 0.18 Aa 854 + 0.25 Ba 585 + 0.13 Aab
2% TDS 6.16 £ 0.12 A 6.10 + 0.03 Aa 8.05 + 0.08 Ca 575 £ 0.05 Ab
Population (log CFU/g) by storage days (at each temperature)
Reduction
0 Day 3 Days 5 Days
treatment
25 °C 5 °C 25 °C
Control” 6.20 £ 0.15 Ac 9.17 £ 0.12 Ab 6.27 £ 0.08 Ab 9.27 £ 0.04 Ab
0.19% TDS 6.21 £+ 0.03 A 894 £ 0.02 Ba 6.09 + 0.32 ABa 8.17 + 0.08 Ba
0.5% TDS 6.19 + 0.04 A 8.39 + 0.38 Ba 6.09 + 0.08 ABb 8.20 + 0.03 Ba
1% TDS 6.20 £ 0.10 A 8.22 £ 0.25 Ba 6.00 + 0.15 ABb 850 + 0.65 Ba
2% TDS 6.16 £ 0.12 A 8.10 £ 0.02 Ba 584 + 0.16 Bb 837 + 0.04 Bb

“Means * standard deviations from triplicates.

bTreated with sterile distilled water.

“Means with the same uppercase letter in the same column are not significantly different (P > 0.05).

dMeans with the same lowercase letter in the same row are not significantly different (P > 0.05).

¥ 7-7. 59 2F 5, 25 °Coll A

X W L monocytogenes® 4 W3 =4 A}

Population (log CFU/g) by storage days (at each temperature)

Reduction
0 Day 1 Day 3 Days
treatment
5 °C 25 °C 5 °C

Control” .63 £ 0.14 Ac 6.55 £ 0.01 Aad 851 + 0.23 Aab 6.60 £ 0.01 Aa
0.1% TDS 661 £ 0.14 A 6.49 £ 0.07 Aa 838 £ 0.26 Aa 6.66 £ 0.10 Aa
0.5% TDS 6.68 £ 0.07 A 6.44 £ 0.07 Aa 864 + 0.04 Aa 6.29 + 0.14 Ba
1% TDS 6.59 + 0.06 A 6.44 £ 0.04 Aa 854 + 0.02 Aa 6.20 £ 0.20 BCa
2% TDS 6.58 + 0.12 A 6.22 £ 0.01 Ba 798 £ 0.19 Ba 6.02 £ 0.05 Cb
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Population (log CFU/g) by storage days (at each temperature)

Reduction
0 Day 3 Days 5 Days
treatment
25 °C 5 °C 25 °C

Control” .63 + 0.14 Ac 839 + 0.08 Aa 717 £+ 0.06 Ab 879 £ 0.09 Ab
0.1% TDS 6.61 £ 0.14 A 856 £ 0.10 Aa 722 £ 0.06 Ab 852 + 0.14 Aa
0.5% TDS 6.68 £ 0.07 A 835 + 0.06 Ab 712 £ 0.11 Ab 877 £ 0.10 Aa
1% TDS 6.59 £ 0.06 A 842 £ 0.20 Aa 6.81 £ 0.09 Bb 862 = 0.14 Aa
2% TDS 6.58 £ 0.12 A 764 £ 0.19 Bab 593 £ 0.08 Cb 745 £ 0.21 Bb

“Means + standard deviations from triplicates.
bTreated with sterile distilled water.
“Means with the same uppercase letter in the same column are not significantly different (P > 0.05).

Means with the same lowercase letter in the same row are not significantly different (P > 0.05).

¥ 7-8.549 3+ 5, 25 °Coll A%t 5 U B. cereus®] w54 W3t 54 Ay}

Population (log CFU/g) by storage days (at each temperature)

Reduction
0 Day 1 Day 3 Days
treatment
5 °C 25 °C 5 °C
Control” 424 + 0.34 Ac 434 £ 0.31 Aad 8.09 £ 0.17 Aa 436 + 051 Aa
0.1% TDS 440 + 0.35 A 425 + 0.10 Aa 790 + 0.09 ABa 412 + 0.12 ABa
0.5% TDS 365 + 063 A 424 + 0.30 Aa 792 + 0.22 ABa 3.75 = 0.21 BCa
1% TDS 405 + 013 A 3.95 + 0.18 ABa 759 + 0.27 BCa 3.80 = 0.10 BCab
2% TDS 365 £ 075 A 360 £ 0.12 Ba 744 + 0.14 Ca 3.50 + 0.18 Cab
Population (log CFU/g) by storage days (at each temperature)
Reduction
0 Day 3 Days 5 Day
treatment
25 °C 5 °C 25 °C
Control” 424 + 0.34 Ac 798 + 0.15 ABa 3.79 £ 0.16 Aa 824 £ 0.22 Aa
0.1% TDS 440 £ 0.35 A 825 + 0.13 Aa 3.70 £ 0.21 Ab 8.14 + 0.23 ABa
0.5% TDS 365 + 063 A 754 + 0.09 Ca 364 + 013 Aa 761 + 0.16 Ca
1% TDS 405 £ 013 A 763 £ 0.19 Ca 342 + 0.37 Ab 785 + 0.07 BCa
2% TDS 365 £ 075 A 7.81 + 0.16 BCb 277 + 0.07 Bb 6.95 + 0.05 Dc

“Means * standard deviations from triplicates.
"Treated with sterile distilled water.
“Means with the same uppercase letter in the same column are not significantly different (P > 0.05).

dMeans with the same lowercase letter in the same row are not significantly different (P > 0.05).

e 3 7-9 7-10, 7-11%& 5 °CellA 5 &<t H¥steE &9 TDSE A 3 & FHo A
A, AWML FEEe] WEE ehy,

o A BHe TDSHAYTS hET Aol A fHA FHol(P > 0057 g AOE et
o

- 262 -

)

L



WAl 5L B V)] AoJASE TDS7E A 749 WAl g 7ske as)
AA T Feolel Aol=(P > 0.05) AU

Tk AW &% A B 7|7te] AojAFE FEET Ao FoH Aol=
(P > 0.05) $1

FhA-ok Tl e H ]l Aol 7k vEbu Al @ 9kr] witel A

2
<
-
2,
1
ofo
et
N
)
olr
oX,
o
H
o
po
|o
fr
f
ule

7-9. 59 k5 °Cell A7 FHo A s 54 43

Color
Treatment
0 Day 1 Day 3 Day 5 Day

Controlb 4490+0.32 a 4.60+0.70 a 470£0.67 a 450£1.08 a
0.1% TDS 4.90+0.32 a 450+0.71 a 470£0.67 a 4.30+1.06 a
0.5% TDS 470+0.48 a 4.40+0.84 a 4.70+0.67 a 450+0.71 a
1% TDS 4.90+0.32 a 4.40+0.84 a 4.60£0.70 a 450+0.85 a
2% TDS 4.80+0.42 a 4.20£0.79 ab 4.60+0.84 ab 4.20+1.03 ab

"Means with same lowercase letter in the same row are not significantly different (P > 0.05).

bTreated with sterile distilled water.

7-10. 5 7+ 5 °Coll A3 FH-of WA 3t 54 23

Odor
Treatment
0 Day 1 Day 3 Day 5 Day

Controlb 44671048 a 4.40+097 a 4.20+1.03 a 4.20%1.14 a
0.19% TDS 4791042 a 4.20£1.03 ab 4.30+£0.82 ab 3.90£1.20 ab
0.5% TDS 4674048 a 4.20£1.03 a 4.20+0.79 a 3.70£1.42 a
1% TDS 456+0.53 a 4.20%£0.79 ab 3.90+£0.74 ab 3.90+£0.88 ab
2% TDS 4.33+0.67 a 3.70+£1.16 a 4.00+0.67 a 3.90+£0.88 a

"Means with same lowercase letter in the same row are not significantly different (P > 0.05).

bTreated with sterile distilled water.

7-11. 54 3+ 5 °Col A7 FH-o Huty 8= 54 23

Overall acceptability

Treatment

0 Day 1 Day 3 Day 5 Day
Controlb 4.80+0.42 a 4.30+0.82 ab 4.30+0.95 ab 4.10+0.99 ab
0.1% TDS 470+0.48 a 4.50+0.71 ab 4.50+0.71 ab 4.00£0.94 ab
0.5% TDS 4.80+0.42 a 4.50+0.71 ab 4.30+0.67 ab 3.90+0.57 bc
1% TDS 470+0.48 a 4.30+0.67 a 4.10+0.57 ab 4.00£0.47 ab
2% TDS 4.40+0.52 a 3.90+0.99 a 4.20+042 a 3.70£0.82 ab

“Means with same lowercase letter in the same row are not significantly different (P > 0.05).

PTreated with sterile distilled water.
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thoBed AeE olg% Yrad HE

2] %= aerosol AEIE EF3AAH malic

o
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rlr
ol
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A
acidg Al&ste Wol A5 .

A BHES Ast] fEiA, A Al g L 7hs AdE R o] 8.
ST A
= fe]

M

2
0%
r =

ol

ol
AT, A o) AitAl AFe FAG B Fel AT GolaA B4
adER AF5is Adey] A tHent Aga 4.
T Ths AEHY Al vt A A 53 714 wiEel AR&ste=dH Aleko] 2

o
ol gk o] &, FH3t AEle AdAVE ol AL WRoRE Ty s

@) = A A| 2 5313 peroxyacetic acid®] E3E A AL

UAy ol £ 8t= Escherichia coli O157: H7, Salmonella Typhimurium, —1@] il Listeria
monocytogenes+ #5-3}3F peroxyacetic acidE 10 #7F AL i, 0.8, 0.3, 18 1L 25
logs A #AFAT B g

Choi &%=, Al=xl¢k ¢4

Ej o] 29 malic acide} H|E A2 W< UV-C

FFoll EAlste AFEde Adlete AE A

Ao HE3H Escherichia coli O157: H7, Salmonella Typhimurium, 1@ il Listeria

monocytogenes+ Z71157F 272y 554, 440, 5.21 log CFU/ge°] ¥ %% 3 <.

HE3 5, clean bench ¢HAlA 30 w37F A=A H AdS P32

AT Wz, 538 2% malic acid &5 A2 (MA), UV-C @5 *J2](UV), malic
acid A2l & UV-C Ag(MA+UV), UV-C A2 ¥ malic acid A2 (UV+MA), & 57FA =
2P = A=

malic acide= BH SHFTE AF&std HE s%8 2%7F HES A x5t A& o,

50 x 50 x 30 cm9] o= ¥ FHH) Ul T} nebylizerE tubeE Ab&3lo] AAZAF o of=ad 7Y
Al

YL vl FFFTE AR Mo BA GRS FEFE wiAste] Adeds (2™ 7-10).
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a9y 7-11. oF=2 Y MUl S AFESE BE38ESE 296 malic acid A& Al2=El: (A) 0 %, (B)
5 %, (C) 10 %, (D) 15 %, (E) 30 %, and (F) 40 %.

B58et 2% malic acide 20 B9 FAFOl AHEsgoew, BE AP S room
temperatureol Al 213 5 12

UV-C ZAF= clean bench QFoll Al 218 =glom, 2 kg/s39] Al7]= 30 1+ A 25k .
g z7te] A HA AT B9 F s AR dsis o2 A sa e
(MA+UV, UV+MA).
EE AR 2 F

He AAEge,

, Bt o wol 5 Eol A 159 7F K ek

=
o
i
)
g
o
©
i
ol
ol

Escherichia coli O157: H7, Salmonella Typhimurium, Listeria monocytogenes
EMB, XLD, Oxford agar ¥W{#A| & o]&3slo] #+5 =43

uly
N
N
N
M
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¥ 7-12. 25313 29 malic acid®t UV-Col| 23t AFo el E coli O157H7S A7 &
o =4
Storage time (days)
Treatment
0 after treatment 1 3
Control 554 + 0.20Aa 553 + 0.18Aa 548 + 041Aa 541 + 0.27Aa
MAP 554 + 0.20Aa 443 + 0.36Bb 465 + 0.42Bb 435 + 0.77Bb
uv 554 + 0.20Aa 431 + 0.64Bb 403 + 0.03Bb 3.88 = 0.78BCbhc
MA + UV 554 + 0.20Aa 3.88 + 0.02Bb 3.12 + 0.29BCc 3.33 + 0.51BCc
Uv + MA 554 + 0.20Aa 2.64 = 0.60Bc 250 + 0.50Bd 2.36 + 0.34Bd
Storage time (days)
Treatment
6 9 12 15
Control 565 = 0.19Aa 525 + 0.01Aa 493 + 0.25Aa 505 + 0.03Aa
MAP 410 + 0.45Bb 457 + 0.02Bb 395 + 0.16Bb 3.89 + 0.67Bb
uv 345 + 0.37CDb 3.55 + 0.24DEc 3.60 + 0.23EFDb 3.50 = 0.50FDbc
MA + UV 276 £ 0.49CDc 253 + 0.37DEd 299 + 0.40DEc 3.09 + 0.30Ec
Uv + MA 2.18 + 0.45BCd 1.90 £ 0.11BCe 1.79 £+ 0.57Cd 1.90 £ 0.75Cd

"Means * standard deviation obtained in two experiments, one of two experiments in duplicated (n = 3).

PMA = aerosolized 2 % malic acid.

Different capital letters indicate significant differences (p < 0.05) among storage times for each treatment;

different lowercase letters indicate significant differences (p < 0.05) among treatments for each storage time.

o 3 7-122 MASH UV @548 9 HidAgE A A, FdFo SAst= E. coli O157HT
o] WstE vERA 39
« MA, UV, MA+UV, UV+MA A& = uwl, &5l SAst= E coli O157HT= 47
1.1, 1.22, 1.65, 2.89 log CFU/g¥ Az AT A A
o EE AFFAA tiExTFe Hlste] fol Al AFel(p < 0.05)7F YEFYEeH, UV+MA AEE
dqS Al 7 F  ANEAI YERS S
o U], By 99 Aol 7HF F AMEHRIE vER o, 159 Aol tixTedl M st MA,
UV, MA+UV, UV+MA AgE 3 439 E coli O157:H7°] Z+7+ 1.16, 155, 1.96, 3.15
log CFU/g® A3 =.
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¥ 7-13. +533 2% malic acide} UV-Coll &gt Fd5ol A< Salmonella Typhimurium£]
A7 ws H4e
Treatment Storage time (days)
0 after treatment 1 3
Control 440 + 0.30Aa 439 + 0.12Aa 432 + 0.b1Aa 438 + 0.28Aa
MAP 440 + 0.30Aa 3.86 + 0.68ABab 3.77 + 0.13ABab 3.72 + 0.01ABab
uv 440 + 0.30Aa 3.67 + 0.34ABabhc 3.43 + 0.45BChbc 3.26 + 0.47BChc
MA + UV 440 + 0.30Aa 3.38 + 0.47Bbc 2.85 + 0.59BCcd 2.75 + 0.35BCc
UvV + MA 440 + 0.30Aa 3.01 + 0.44Bc 2.13 + 0.50Cd 1.75 + 0.50CDd
Ereatment Storage time (days)
6 9 12 15
Control 4.3 + 0.06Aa 437 + 0.26Aa 4.31 + 0.16Aa 423 + 0.25Aa
MAP 3.75 + 0.22ABa 3.60 + 0.35ABab 345 + 0.94Bab 3.50 + 0.50Bab
uv 3.44 + 0.50BCab 2.99 + 0.87BChc 3.10 + 0.35BChbc 2.74 + 0.29Chc
MA + UV 2.81 + 0.39BCb 2.59 + 0.20BCc 2.16 + 0.94Ccd 2.1 + 0.65Cc
UvV + MA 1.83 + 0.76CDc 1.33 + 0.38Dd 1.15 £ 0.17Dd 1.23 + 0.25Dd

®Means + standard deviation obtained in two experiments, one of two experiments in duplicate (n = 3).
PMA = aerosolized 2 % malic acid.
Different capital letters indicate significant differences (p < 0.05) among storage times for each treatment;

different lowercase letters indicate significant differences (p < 0.05) among treatments for each storage time.

¥ 7-132 MA¢S UV w@=5Aget HadAes A= Al

Typhimurium®] ¥3s}E YERd E .

e S. Typhimurium< ¥4Fl 2715 %7} 440 log CFU/go] H =5 HF 315+

e MA, UV, MA+UV, UV+MA AHZHE S u], 45 &A1= S. Typhimurium= 2H2}
0.53, 0.72, 1.01, 1.38 log CFU/g® A=A <.

o tiETo] nste] Fo Al Aol(p < 0.05)FE ©E HIFE A EFA AR e
re=

e RE HYTF F UV+MA Ha 7} 7+4 S. Typhimuriumol] tidt A7 E37F =24 Ve

o
.

, SAFE EAE= Salmonella
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¥ 7-14. E53}3F 29 malic acide} UV-Ceoll 93 U$AFol| A9 Listeria monocytogenes®)
1

Storage time (days)

Treatment

0 after treatment 1 3
Control 521 + 0.59Aa 522 + 0.22Aa 531 + 0.65Aa 53 = 0.27Aa
MAP 521 + 0.59Aa 452 + 0.11ABab 4.39 + 0.13Bb 3.88 + 0.21BCb
uv 521 + 0.59Aa 421 + 0.71Bb 3.95 + 0.45BChc 3.35 + 0.49CDbc
MA + UV 521 + 0.59Aa 416 = 0.73Bb 3.59 + 0.40BCc 297 + 0.07CDc
UV + MA 521 + 0.59Aa 2.27 + 0.67Bc 2.07 + 0.06Bd 1.98 + 0.31Bd
Storage time (days)
Treatment
6 9 12 15
Control 538 + 0.34Aa 539 + 0.29Aa 575 + 0.33Aa 574 + 0.19Aa
MAP 3.83 + 0.28BCb 3.61 + 0.67Cb 3.59 = 0.05Cbh 3.35 + 0.27Cb
uv 3.28 + 0.23CDbc 3.18 = 0.11CDb 3.09 = 0.14Db 3.01 = 0.00Dc
MA + UV 2.70 + 0.30EDc 2.45 + 0.11EDc 2.27 + 0.45EDc 2.08 = 0.05Ed
UV + MA 1.66 + 0.57BCd 158 + 0.17BCd 1.44 + 0.28BCd 1.16 + 0.10Ce

"Means + standard deviation obtained in two experiments, one of two experiments in duplicated (n=3).
PMA = aerosolized 2 % malic acid.
Different capital letters indicate significant differences (p < 0.05) among storage times for each treatment;

different lowercase letters indicate significant differences (p < 0.05) among treatments for each storage time.

« X 714 MASH UV d=5Xxeiet #HadAgs dS A, FFol SAsk=  Listeria
monocytogenes®] W3= e F9.

e L. monocytogenes= %75 %7} 521 log CFU/g7} Y52 HZE5A L.

o MA A5 AT BE Aol iz sludls o, F94< Zel(p < 0.05)7F
e =

* MA, UV, MA+UV, UV+MA A& & wf, 5o EAst= L. monocytogenes+ 7t
Z+ 0.70, 1.01, 1.06, 2.95 log CFU/g® A%

o BE AT F, UV+HMACA 7Hg 2 A3t Eﬁrﬂ LHERE

* 2% malic acidg 203 &< FFol Add AFol= E coli OI57HTRE #2121 Aol 7}
HEU =2 AERoer, UV-CE A3 FolE= E coli O157:H73 S. Typhimuriumol A
oAl Aol 7F e

o 5717 A Fo FAFE LSRN 16Y BAS T, UVIMA A7 BE A5
ANA 71 F AREHRE YE S

o ol Ade, ATEAol] wEt zholrh JA yErd Aew dTHEY. E coli OISTHTS

2 A F=qo] Bldte] malic aciddl ‘?_%HSJ A womn, UV-Cx E coli

W7F 2A dEdE A o

o
fr
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5

7-15. ®5-3}3 2% malic acide} UV-CE A 2|3t 459 vt & Mg 540

Sensory Storage time (days)
O Treatment
characteristics 0 after treatment 1 3

+
+
+

control 480 + 042Aa 480 = 042Aa 480 + 042Aa 470 + 0.48Aa
MAP 480 £ 042Aa 470 + 048Aa 470 + 048Aa  4.60 + 0.69Aa

color uv 480 £ 042Aa 470 + 048Aa 460 + 051Aa 460 + 051Aa
MA + UV 480 + 042Aa 470 + 0.48Aa 460 + 0.69Aa  4.60 + 0.84Aa

UV + MA 480 £ 042Aa 470 + 048Aa 460 + 051Aa 460 + 0.84Aa

I+

+

I+
+

Sensory Storage time (days)
O Treatment
characteristics 6 9 12 15
control 470 + 048Aa 460 + 069Aa 420 + 1.13Ba 390 * 1.19Ba
MAP 430 + 0.67Aa 440 + 069Aa 390 + 1.37Ba 3.30 = 1.05Bab
color uv 420 £ 0.63ABa 420 + 1.03ABa 3.70 £ 1.25BCa 3.20 + 1.03Cab
MA + UV 400 + 0.81ABa 4.00 = 1.15ABa 320 + 1.22BCa 2.70 = 1.49Cab

UvV + MA 410 = 0.87Aa 400 + 0.66Aa 310 £ 1.28Ba  2.50 + 1.35Bb

dSensory scores are based on a 5-point hedonic scale ranging from 1 = dislike extremely to 5 = like extremely.
PMA = aerosolized 2 % malic acid.
Different capital letters indicate significant differences (p < 0.05) among storage times for each treatment;

different lowercase letters indicate significant differences (p < 0.05) among treatments for each storage time.

¥ 7-16. E53}3 29 malic acid®t UV-CE A @3k dAFo na 5 WA A2

Sensory Storage time (days)
o Treatment
characteristics 0 after treatment 1 3
control 490 + 0.31Aa 490 = 0.31Aa 480 + 0.42Aa 460 = 1.26Aa
MAP 490 + 0.31Aa 480 + 0.42Aa 460 + 051Aa 450 £ 0.84ABa
odor uv 490 £ 0.31Aa 480 £ 0.63Aa 470 £ 048Aa 450 + 0.97ABa
MA + UV 490 + 0.31Aa 470 + 0.48Aa 460 + 0.69Aa 440 + 0.84ABa
uv + MA 490 + 0.31Aa 4.80 £ 0.42Aa 460 + 051Aa 450 + 1.26ABa
Sensory Storage time (days)
. Treatment
characteristics 6 9 12 15
control 450 + 0.97Aa 410 + 1.28Aa 400 = 1.24Ba 3.80 + 1.22Ba
MAP 440 + 051ABa 4.10 + 1.28ABa 4.00 + 1.33Ba 3.80 + 1.13Ba
odor Uuv 440 £ 051ABCa 370 + 1.41BCa 3.70 + 1.49BCa 360 = 1.42Ca
MA + UV 400 £ 0.66ABCa 3.60 + 1.26BCa 360 + 1.57BCa 3.10 + 1.44Ca
UV + MA 410 £ 0.99ABCa 350 + 1.08BCa 3.30 £ 1.49CDa 290 + 1.44Da

“Sensory scores are based on a b5-point hedonic scale ranging from 1 = dislike extremely to 5 = like extremely.
PMA = aerosolized 2 % malic acid.
Different capital letters indicate significant differences (p < 0.05) among storage times for each treatment;

different lowercase letters indicate significant differences (p < 0.05) among treatments for each storage time.
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¥ 7-17. 338 2% malic acidet UV-CE A3 439 nt 5 AAFed #85 =
za
Sensory Storage time (days)
o Treatment
characteristics 0 after treatment 1 3
control 480 + 042Aa 480 + 042Aa 480 + 0.42Aa  4.80 + 0.42Aa
MAP 480 + 042Aa 480 + 042Aa 480 + 0.42Aa 470 + 0.67Aa
1l
overa uv 480 + 042Aa 480 + 042Aa 480 + 042Aa 480 + 0.42Aa
appearance .
MA + UV 480 + 042Aa 470 + 048Aa 470 + 067Aa 450 + 0.84Aa
UV + MA 480 + 042Aa 470 + 048Aa 460 + 096Aa 430 = 1.05Aa
Sensory Storage time (days)
O Treatment
characteristics 6 9 12 15
control 470 + 048Aa 440 + 0.69Aa 390 + 1.59Ba 360 + 15Ba
MAP 450 + 052ABa 440 + 069Ba 360 + 1.83Ba 350 + 1.35Ba
1l
overa uv 450 + 052Aa 440 + 084Ba 340 + 171Ba 330 + 1.33Ba
appearance
MA + UV 420 + 063Ba 400 + 094Ba 310 + 1.28BCa 290 + 1.28Ca

UV + MA 420 + 1.03Aa 3.90 £ 0.56Ba 3.10 £ 1.1Ba 2.90 = 1.19Ca

aSensory scores are based on a 5-point hedonic scale ranging from 1 = dislike extremely to 5 = like extremely.
PMA = aerosolized 2 % malic acid.
Different capital letters indicate significant differences (p < 0.05) among storage times for each treatment;

different lowercase letters indicate significant differences (p < 0.05) among treatments for each storage time.

EoAFolA A3 ol Ui AEHHA, WA, AAA] FEE)E K 815 8-16,
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e MAZE A s FAFE= A WA, AdA490 8% dolA gz Hste 12, 12, 94 A 9
%4"4‘3 ZFol(p < 0.05)7} LrERE.

e UVE AT g5 4, dA, ﬂiﬂﬂo FEE
Fejdel Aol(p < 0.05)7F WEFSE

o I3 BE FBEAH H7F WA z%ﬂﬁ& ST AYEA @S FFF Aol7b YERLEA

okol o
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=2
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]
O
Ne)
i/
=2
R
B
N
-
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ol Adat= AN FEd EAets AsETe Adlisted F8sHA 2d F

Ao Zepzolol
UVCE HEAU e 2Rl EAGE AFELE Aol 49
o B A=  FEscherichia coli 01570 H7, Salmonella Typhimurium, Listeria

monocytogenes 7t AREE Qo™ AT 7] &7 582, 5.09, 565 log CFU/ge] ¥ %
= 71—71— 7<4 ’6]—
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HoAFe] AR E A2 Eebxvbe §AA AY d B S AMEee 7IAE AFESER e
W, 71A 2A wrel AXE Efolwe o3 2EEHE YHS AFEE

STl vpE oo Fepz=wl LAVIE X AIA 30T FF FHEvbE TAAIF.
Uv-Ce ZOOuW/mZA Al 712 clean bench\ﬂ of YAF= F1 0% %‘-"J ﬂ .

Zzke] Ae) F, PAFE Witve] Fol dmolA 99 7t washe AFH AAS) s
o} B W= AuE
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EMB, XLD, Oxford agar W] #| & o]-&3}] %—’FE‘ A3

e e dd b or dgstgion, o, HA3t, Az

18] mig- F4 &5, 95°] "y F5o 2 5o 7&/\}3 A

FI

-18&= %}*&%oﬂ EA 5t AT Sl ek AL Zek=Evtel UV-C, r8]ar HaPA e e
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UV-C @=Ager BafAe Fole= 4<% zol(p < 0.05)7F AJA A2 Zgp=ntE
T A dlE Aol 7oAl kol 7F UEuAl ek

B 9dA, AL Zek=viel UV-C @5 ef Halxe Fo 3ol EAst= E. coli
0157: H7+= 0.61, 0.89, 1.55 log CFU/g TTow Ad,

S. Typhimurium® 7%+, tiEx7o vl8] A2 Zg=ntel UV-C @548 2 Wi
S 065, 0.88, 2.70 log CFU/g w28 A=A o™, E coli O157H7H ¥ =3 A3Fo
2 By 7 & AdEdE HErU

rto EAEE L monocytogeness= AL Zel=ule} UV-C Ha A o 714 2 A
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=
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E7-18 AL BebzEvisl UV-CE A @ F4F9 nw 3 A35E A7 23 240

Log CFU/g
Pathogens Treatment
0 day 0.5 day 1 day

Control 582 + 0.15Aa 582 + 0.15Aa 583 + 0.13Aa
plasma 30min 582 + 0.15Aa 557 + 0.06Aa 5.14 + 0.18Bb

E. coli O157:H7
UV 30min 582 + 0.15Aa 495 + 0.15Bb 465 + 0.10Ch
Plasma after UV 582 + 0.15Aa 4.39 + 0.35Cb 4.25 = 0.06Db
Control 509 + 0.57Aa 509 = 057Aa 526 £ 0.33Aa
plasma 30min 509 + 0.57Aa 444 + 0.14ABb 4.02 + 0.34Bbc

S. Typhimurium
UV 30min 509 + 0.57Aa 421 + 0.32Bb 3.80 + 0.25Bbc
Plasma after UV 509 + 0.57Aa 2.39 £ 0.68Cb 2.18 £ 0.64Cb
Control 565 + 0.38Aa 565 + 0.38Aa 545 + 0.46Aa
plasma 30min 565 + 0.38Aa 471 + 0.41Bb 474 + 0.31Bb

L. monocytogenes
UV 30min 565 + 0.38Aa 451 + 0.40BCb 441 + 0.18BCb

Plasma after UV 5.65 £ 0.38Aa 4.03 £ 0.11Cb 3.90 £ 0.27Cbc

Log CFU/g
Pathogens Treatment
3 day 6 day 9 day

Control 581 + 0.06Aa 567 + 0.14Aa 566 + 0.04Aa
plasma 30min 5.06 + 0.40Bb 5.09 £ 0.36Bb 5.05 £ 0.25Bb

E. coli O157:H7
UV 30min 475 + 0.60BCb 468 + 0.27Cb 476 + 0.32Bb
Plasma after UVb 425 £ 0.22Cb 4.14 + 0.10Db 411 + 0.31Ch
Control 494 + 0.09Aa 457 + 0.15Aa 475 + 0.20Aa
plasma 30min 406 + 0.51Bbc 3.64 + 0.34Bc 357 + 0.37Bc

S. Typhimurium
UV 30min 3.35 + 0.07Bcd 295 + 0.21Ccd 3.09 + 0.12Bd
Plasma after UV 2.28 £ 0.09Cb 2.40 + 0.24Db 2.36 = 0.09Cb
Control 513 + 0.37Aa 513 + 0.13Aa 523 + 0.13Aa
plasma 30min 479 + 0.13ABb 469 + 0.18Ab 466 + 0.17Bb

L. monocytogenes
UV 30min 4.36 + 0.18BCb 4.01 + 0.35Bbc 3.68 = 0.16Cc

Plasma after UV 3.88 £ 0.15Cbc 3.38 £ 0.22Cc 2.81 £ 0.46Dd

"Means * standard deviation obtained in two experiments, one of two experiments in duplicated (n=3).
PTreated with cold plasma for 30min after treating with UV-C for 30min.
Different capital letters indicate significant differences (p < 0.05) among treatments for each storage time;

different lowercase letters indicate significant differences (p < 0.05) among storage times for each treatment.
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£ 7-19. AL Fekzvish UV-CE A F4F9 net & #% 37} 570
Sensory Sensory evaluation of lettuce (9 scale)
o Treatment
characteristics 0 day 0.5 day 1 day
Control 9.00 £ 0.00Aa 9.00 £ 0.00Aa 9.00 + 0.00Aa
plasma 30min 9.00 £ 0.00Aa 9.00 £ 0.00Aa 8.80 £ 0.45Aab
Appearance
UV 30min 9.00 £ 0.00Aa 9.00 £ 0.00Aa 8.80 £ 0.45Aa
Plasma after UVb 9.00 £ 0.00Aa 9.00 £ 0.00Aa 860 + 0.55Aab
Control 9.00 £ 0.00Aa 9.00 £ 0.00Aa 9.00 + 0.00Aa
plasma 30min 9.00 £ 0.00Aa 8.80 = 0.45Aa 840 * 0.55Aa
Texture
UV 30min 9.00 £ 0.00Aa 9.00 £ 0.00Aa 8.80 £ 0.45Aa
Plasma after UV 9.00 £ 0.00Aa 8.60 = 0.55Aa 8.40 + 0.55Aa
Control 9.00 £ 0.00Aa 9.00 £ 0.00Aa 9.00 + 0.00Aa
Overall plasma 30min 9.00 £ 0.00Aa 9.00 + 0.00Aa 8.60 + 0.55Aa
acceptability UV 30min 9.00 £ 0.00Aa 9.00 £ 0.00Aa 8.80 £ 0.45Aab
Plasma after UV 9.00 £ 0.00Aa 8.80 £ 0.45Aa 8.60 + 0.55Aab
Sensory Sensory evaluation of lettuce (9 scale)
O Treatment
characteristics 3 day 6 day 9 day
Control 8.60 £ 0.55Aab 8.00 £ 0.71Ahc 7.80 £ 0.84Ac
plasma 30min 8.20 £ 0.84Ahc 7.60 £ 0.89Ac 7.80 £ 0.45Ac
Appearance
UV 30min 8.40 £ 0.55Aab 8.00 £ 0.71Ab 6.80 £ 0.45Bc
Plasma after UVb 8.00 £ 0.71Ahc 7.60 £ 0.89Ac 6.20 £ 0.45Bd
Control 8.20 £ 0.84Ab 7.80 £ 0.45Ab 8.00 £ 0.71Ab
plasma 30min 7.40 £ 0.89Ab 720 £ 0.84Ab 6.80 £ 0.45Bb
Texture
UV 30min 8.00 £ 0.71Ab 7.80 £ 0.45Ab 7.80 £ 0.45Ab
Plasma after UV 720 £ 0.84Ab 7.00 £ 1.00Ab 520 £ 0.84Cc
Control 8.40 £ 0.55Ab 7.80 £ 0.45Ac 760 £ 0.55Ac
Overall plasma 30min 8.00 £ 0.00Ab 760 £ 0.45Ab 6.80 £ 0.45Ac
acceptability UV 30min 8.20 £ 0.45Ahc 7.80 £ 0.45Acd 7.40 £ 0.89Ad
Plasma after UV 8.00 £ 0.71Ahc 7.40 £ 0.55Ac 5.00 £ 0.71Bd

“Means #+ standard deviation obtained in two experiments,

one of two experiments in duplicated (n=3).

PTreated with cold plasma for 30min after treating with UV-C for 30min.

Different capital letters indicate significant differences (p < 0.05) among treatments for each storage time;

different lowercase letters indicate significant differences (p < 0.05) among storage times for each treatment.
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dd A5 T e AET 70 oF vrtECdAN skl s

B
B. cereus ¥ w9 E# T+ 45 log CFU/g9 5571 %% 10g2] F5o HEsh
o
Z

3
=

kel

o] HEE FRE gy Yol citric acid(0.5, 1%)9 Z+zF NaCle] 05, 1, 3%
A= F=F59 malic acid(0.5, 1%)9 ZH2ZF NaCle] 0.5, 1, 3% E3tx o] gl
sto] 37°Col A 8AIZb&<E v et #4E S48

B. cereusi= MYP(Mannitol Egg Yolk Polymyxin Agar)S AF&3Fo] <=

of id

o]N
Ll

= -
T =

Ll
B\
ol
ol
Ok
3R
dlo
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log CFU/g

log CFU/g

log CFU/g

Citric acid 0.5%

—@®— NaCl0.5%-S
- D MNaCl 0.5% - |
-7 MNaCl 1% - S
—-h— NaCl1% -1
L | —@— NaCI3%-s
—m— MNaCl3%-1
o] 2 4 6 8 10
Time (h)
Citric acid 1%
[ =
T
T ==
Ju :'\"\-ng.__t
*
S
o
~ T ——
%
—@®— NaCl0.5%-S
- D MNaCl 0.5% - |
-7 MNaCl 1% - S
—-h— NaCl1% -1
L | —@— NaCI3%-s
—m— MNaCl3%-1
0 2 10
Time (h)
Malic acid 0.5%
—@— NaCl0.5% - S ““:i
- D MNaCl 0.5% - |
-7 MNaCl 1% - S
—-h— NaCl1% -1
L | —m— Nacl3%-s
—m— MNaCl3%-1
o] 2 4 6 8 10

Time (h)

- 279 -



Malic acid 1%

log CFU/g

—e— NaCl0.5%-S ~

@ NaCl0.5% - | ~
L NaCl1% -S ~
—-&— NaCl1% - | S
®— NaCl3%-S Segr
a— NaCl3% -1 oy

0] é 4 é : 10
Time (h)
L9229 {7]4H(cltric acid, malic acid)¥} NaCle] &E-3*18] Al B. cereus

5
s BevFe A e, (T: Type culture; 575, I Isolated culture; ¥ )

a9 7-15% 05, 1%9F 22 W% Hro {74k Agl 9l NaCle] 23 g4

AUA Z3E SASH] 98 deY 24de A

Citric acid 0.5%° 4+ NaCl Z+ZF 05, 1, 3% A2 A| B. cereus T+ 2 dF2o A
e oA

olde] v= g ZAyel wwsgS ul, 05% citric acidollA B. cereus X9l &
T 5 AR s T NaClat a2l A] o] oA €.

webA] citric acid 0.5%¢F NaCl 0.5%¢] F35+ B. cereus® 34U A AAA=ZMN
AHEE 7 U

Citric acid 1% &A= NaCl 1, 3% A B. cereus? A57F 4%,

T3 NaCl 1% = F=dFRu LedF9 A7t 8AZRbe] 5 ApbdE .

Citric acid 1% @5 2] 2o} vlueals o NaCl 1% olde] H7l= B. cereus® %
TAZN AHEd 7 s A= ¥

Malic acid 0.5, 1%62] 8o A=
I8y NaCl#} malic acid &
= 43s B9l

w2} 7] AH(citric acid, malic acid)® NaCle] E&38]+= FHol| £A3t+= B. cereus?)
Aztste] aAoE ALEE F s AoE wHekd.

2.

NaCl 3% §oldell A B. cereus® A5 A
A Aol malic acid =A A BT #5471 =g A =7}s}

A

et
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FARFAE AT A YA FEedH 377 fle Al

100

YUz 443 0C Trﬂ PCMQ A
% (Onset), A3 F52%(Endset), dHEE 2% (Peak)
7} zZhzh -597C, 6.24C, 1.75Co1H A3 (AH)= 211.34
J/geltt. 5C f+# PCMe ¢ 5A4¥W3lE Onset -5.18T,
Endset 7.43 T, Peak 217 C, AH 23143 J/g °olloH,
10C A PCM<2 Onset -534C, Endset 7.18C, Peak
250C AH 21384 J/g & SAHAS. vlolAZ &3t A=
TS AA 3003 ol AAE F EW I He
dol 10% olstz EAlEo] AAAQ wol 7bs
2 Jod,

El_/\éjq. ﬂ]—‘/gl% _11%}\47:134_&_ F-PCM tﬂ—od 51;
Al ANHA e zhzt 22237 J/g, -280.13 J/go
A olu] peak ==+ -2368C, -1.467T,
366C, K-PCM %4 9 54 A &4 olyA %
221.00 J/g, -23951 J/go & ZA A}t olw pea
-2467C, 586 C= SAHHIS. HYd=s 156TE
o] F-PCMET} we Y= gto=w ‘E‘“HMU
U A A& FLAE FF3H7] AdA =
e Fag AR FdHAow, A= F-PCM 27
7oA a2 FE Al ZgE oA g A7 22237
J/g, -280.13 J/g, 300 A}o]E Folli= 183.01 J/g, 231.57 J/g
2 BT peak 2w 27| doA Hd 2 5L A

ﬂlﬁ

NoHr

me

of
V\‘?

et

VAl

o

N
S|
=
A
=

HU o

e 2
o O N o G|

_\3

W‘ A
va o Mo o
o HT N

-

o
0,
o
2

2b7} - 2368C, ~146T, 300 AbelE F -1832T, -1.83C
2 REYL
K-PCM  #7] 2764 2 9 £ A 34 oluA 7

1
N

o Zb7F 221.00 J/g, —239.51 J/g, 300 AkelE ¥ 208.45 J/g,

22363 J/go 2 A HATE peak LET Z7|ZCNA B

d 92 F9 A 47 -2467C, 586, 300 AlolE F -

2357C, 589C & EA AL
F-PCM , K-PCM =% A}o]&

A gkol Z:l = ZA3S g, K-PCME peak &
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= 2 Aot gldey F-PCME 3004fol & & vy
[e)

peak gkol SrobAlE o] AN

Peltier effect 7]t
ol A A& )
T8 Edax AA
2 T3 N

100

¢ Peltier WZt& & A &3t7] 9lsl P-3 % N-3 n:
A2 TAE Thermoelectric ModuleZ Al-g&3t3lom, <=

o obdl oz Auatels.

S27?
1 ¢ _C.AT

2 R
cAEo ETe std wEe dels AIYAd olate] B
Eol 7levlel sta%E QHE WZAEN QN o EIE
QoA 7] sl g ALg UA QIE FI AUA
ol Hes A v =
cAdae] AAAFE WARY EE ADRAE A

&t7] flato] offiel ol Ao w= AJAAS (Coefficient
&

2
off
-/

sde YAYEe =5 AU ARE 4YeE
of mestelo s ojele AL WEHYS
CguEge Bu A AR ofF we aAE AT
AALAE gafok s, YAALE £ 2AE AET
GA2AE AEFGE

PS8 30T TElA WRE 0CAA Welok
e %, e 2% A2 W 5 Ab AALAE Aol
goz 290 GA2AE AL EHDS
cAAxAN A T Ao HAASS Al FEIE, F
9 e% A5 vdehlE 4545 22 el z9) 3ol
8 4% ol% gho] AESE 29 Fol ®e £AE A
EagE

cwebd BEE IAR A8 JteAds HES A
2HT-085-S= AlYS #HES A3 n-type : Bi, Te, Se
o] 3+, p-type : Biy Shy, Te, Sed =2 =4 Z=0.003
/T o)del 77k 29 EHARAE Az 2HT-085-S

Model S A1 4 &} <.
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THERMOELECTRIC MODULES

Type [A | B C
m mm mm

m
2HT-085-(15.5-9.5-60)-62-83-S 1.0 | 065 | 2.15«2.15=1.8 | 1.55 | 2992 |62-62 |

ZHT-095-(15 5-12-75)-62-835 | 1.0 | 065 | 2.26x225+13 | 145 |28 | B2 | 6262
| I | |
&1 € [ € ] D E F [€] |
Thickness | Thickness | Leg | Distance Distance Height of Dimensions
of the of the Cu- | between the | between the the of the module
ceramics plate legs on the | legs on the module
plate | | | first stage | second stage
A
= |
| ; 1
[: I
g S _—
Wl o

- dHa AE FEREAL Mt R dHdaARE S8 o
daddaxzA tEE A =Y vkE Al =2 EdaA
A4 HAol == <Qlsto] deto] HA Hoew o o
of ddaAE AbEE e, 7hd Al - 2 didE FollA
d& Frete] + 2 e Hom oFAFoR 1 FHoA
Toste EFWE 7HE B =7 YEdoR =2 o
UAgEES Hole Aom Z4H%E. 1 23 Tmax=22
0CQl HT-15-15-S & ddxaE Akl =
cdAxAE FNE AHE

o
AF7F &8 YA Z A=e 2HT-085-S 37ME 2E=
AAZ A FAE A7 ARE YERe] B Ao S
P B FoE A2UL THRAS
« HT-15-15-S =2 A}

Overall Dimension, mm 40+0.1x40£0.1x6.5%0.1
Max. current, Imax=A 114

Max. voltage, Vmax=V 24.75

Electrical resistance, R, Ohms 1.5+0.1

Max. cooling capacity, Qmax=W 173

Max. temp. diff., dTmax="T 69 (Th=25T)
Max. hot side temp., Tmax,=C 220
Minimum figure of merit, Z, 1/K 0.00275

Parallel difference, mm +0.05
Thickness tolerance, mm £0.05
Wire length, mm, Gauge 150+10, 1ISAWG

- 283 -




T oo F
z 4 W%S%d
) AO. éo SN i —
H wuuwmo_,_ﬂo%izﬁ E%Am_xﬂoﬂim,m #
N . 1rO [@N] ) olJ —
s e A J M o szTcL_ ok T o
S E AT E ngwi&w PETEATREDT
,.ml’ _ZTPEMFI;oﬂﬂLm/H %ba@MﬂMAOO#Z*O‘WAI HE%O%U@M&%MWOOTFMA—HMQ ‘_ﬁv‘_iﬂc
02%1T9ﬂ1. 6;orlﬂﬁio N G Mo 3 ol %7%%
91]:;2. ° — ﬂ]AH = N ﬁE~eT]kooE Agabtmﬁ = =
dJX2~_ﬂo  IE ~X7%.E|,_H] )ﬂXo EQIL ﬂnlr.oquﬂnor
Au]UrJ.oo.TPLoﬁ‘lbf < oF } 0 K oF e OE o w5 o
tﬁ&OﬂWﬁoE ¥ %%mwwu%r e R ovﬂﬁ%ﬁ%omﬂﬂwo%
ila_:yauyﬂot }%.ﬂﬁﬂ %Eﬂgeﬂi b Eﬂom)%%u °
< ! o ;DR i Z CHLmﬂO o W o
O#RMMC.*“AI‘W—U_LWH Mo?ﬂﬂ]}li HEﬁq‘_ﬂDﬂ_LigL COtﬂﬂNOCT‘I 0
%muﬂotzlﬂx;f ojﬁuw1ﬂ H}%WE&U%.%OO %_z_ﬁahu_:gAj
T _ X]leﬂ J;ld;%@.x_i Euow .ﬂAl_n__AuoEEMLEEC g&EQL
];oTMaTﬂﬂ_ﬁwﬂV] N x o ol ™ ) R uquuoamuwuiqo_/%.nmo
N OCquaw_]erur %mzﬂﬂﬂ EMmﬂEﬁM%iﬂx% 13%;; rd
< BN SECE o#ﬂglaﬁ. ;01%@%140% o ~— o &
= N g™ ~3 e KT o o) = N xxJ.E =W —
S I Jo X B TX7A11_,|10 o = = ETr]zﬂA X ]oWu.'mo
0y ®o = = & 9 = <© AR koﬁ_%lhﬂ o*Lgo*_:7 5
o o aTmown_Jinga o~ O = w © = ° 3 < ﬂotLgo o2
SO s X © T g o %ﬁﬂ@gmwﬂ%ﬂ AC_;ZIO@
— — = — —_ < - X ]nﬂc -
b MR T W b A%%ﬂ%ﬂ EoﬂuurﬂﬁquwMVMTqu%mw
_~ =~ 1;‘_ E = = ) LE_rO . %9 HA\A,.#W —_ 7Hoo_ﬂ ‘._nuﬁljix_
ﬂaﬁ@rgotoaoﬂ E6¥ﬂw i ovﬁfﬂwnﬂmw1%,1xrﬂL < 2
c,H__oﬂ% w UE R %,mpo:fi %ﬂﬂamgo %m,%aﬁfﬂm
O o Ao o+ oy == A I <0 T o of Ko J %o o o) B E OO AT
N S 1 ol 7T.aTmM1rJ%EvL3 HT%HE%AJ@Oo%mmigouaﬂ.%é
J Ao - S N X ~ g ®d i o_x_a~%,41mﬁ;ux
ﬁﬂ.memjmgu%ﬂmm%ﬂg_@} [Nﬂoﬂ_mﬂ%ﬂ%wmgi N
Aﬁﬂ.x%ﬂﬂo N %%xuﬂﬁéergiiuﬁc T ool
zﬁmoﬂ%lﬂ N W oo = o o }ix+ﬂmomug
T ooy o o T Ho o o & . %F T g«
%ii]ﬁﬂ%&%z ﬂﬁu'%&
ouﬂoLlV MMEE
_XAlaLuCuTEEW%
O oF o y —
= = W e W o
® X
B0 o
T8 of
o
b
<
S
H i
I
g
T = RO

<A AR o

- 284 -




ol _
%WM%&%&]
ov_w%%} o o
ﬂ.”io,uAl‘_HH o . LI‘_OW <

Hnﬂeﬁﬂiéooﬁocﬁﬂ X e o oo
EE o noio%ﬂeg oF T B ™
= o o< = = TUBD do 75 e i ,
- ﬁlﬂ]ﬂmll__/lo%iwv EE:E]H_S%B O IR,
GRS R o o < pr g 50 b 9{@%35}
74_1J23W or ;blﬂﬂﬁlma EloPmA o T O
E_AUO z?Ot&l & s 2 = =) H,TotLioPAOtéoc oo HWx
Voo @ B T W ﬂ%ma%m_: :Td%HmﬂmuJ¢§6W+7ﬂo§
i#}%@rroﬂur S pHTF o w Aﬂﬁﬂ_ﬂmo%A%ﬁn. Do e 4
W % T ar ﬁrwumn,io wo S A T ® _zwo ot o A o cx o %
o W ~ = = ®/ ° = g R i Mo - A =
I moM = © oo Mo e S = - = M W oo ® o H
&%w%ﬂ%mu%ﬂg A w3 @mﬁw%%m g;o_@#_ﬁdmu#
‘HOIW Ov;L}mMMmMaiL OEMW_UTOE,W.LZ_;E EHHTlﬂDZﬂL%EMEINﬂWH ﬁu.ybmc,ﬂu,
M;O,Hﬂ%mx#%u% AH@;MLEE; oo Nz ﬂ,po%?ﬂﬁlga
wg@%1g&ayﬂﬂ %w7a7gm 1a§z%an$W%,%mﬂn@

J O#ﬁo&l Jmﬂ;oa . = ,Jll:wmow_fW]L ﬁoo” l%omﬂq_ﬂﬂw ﬂ,m_uonbpd.a_i
o ﬁAﬂLiLt‘lﬂ}]Ea‘m! AoﬁE]LﬂCX ..mﬁodlo R oo— _b.EwruotuTﬁT

e Mo oﬂo_soﬂ T ioﬂrll.o_bﬂu7 =R
+ T - %%ﬁug K ok B HowF go 2T L &R g LY | T g
}ET%&%HUE;QMM OMmmﬂ;iloH\T ovuﬂlﬂArOZZ_&ow_ﬂ&WmonnnDﬂu_aT o
LC;O]HLMOEAL.OO_E my aTAT__oﬂyﬂ Te) ATzoﬂAlL.ﬁNioéHo_LX ‘o|‘o|ﬂ
o %%ﬂxiiﬂo = N%@wq T o X meﬁu22wac, do RO
ﬂe@i%i%%%ﬁgﬂm Aaeﬂefﬂouﬂ é%i%%%ATP#THT%H%D%H
lan = LL% o)  — o T © W — 0 ~ N P’., o 9H
#vaﬂuo%.uoﬂmmﬂ:.ﬂ ﬂww_ﬁoz47 Aﬂuﬁmylﬁ,Eﬂmﬂilﬁrom.%
gl ] or 7w o 1_w ™~ _L do o T o= ™ o 4 _ N B = T < <
]Eumo \I;OX‘_HT_XOEMQ‘F . ,I\Mﬂ]_loyﬁ \H_HLC\I_:.ILO.EOW \UIL.UM]N LFO_ui - B
%QMX o_Afiuu.ixo%iﬂo%wﬂs% ;HSJAT@ =2 " %1@%%%@
[%NIOMM.EWWomMm’ﬁAO,E%Mo&LODTwﬂoTCzoEwaEﬂoT%ioﬂoAu NG
z%ﬂiw{@r t%ioﬂ%%@lp4§%é$m2uﬂﬂm%m%12
ox.&ﬂh%%ﬂw@T%mmﬂiwﬂﬂlL# %R%ﬂT
a7gﬂm%ﬁx3,,ﬂﬂ o & %mumoxwat,
_ﬁ.HtE;A*uTﬂ]_ SIS o= ,ﬂuo.,xﬁ_l
2uu.%mm7.4ﬂﬁ°1£°c S g —

30L6.28]
leTLXH;l 1

7.3 i
56, ATC, AR =

Z}

- 285 -




b JiexE 7H7 80, 52, 5.7CE =45 AC 19<
Adste] FulEgr] W 55 ARLEz F4ds &
AHE e FAsAS

« AF F pHE T2-TEPPA: A% 28¢ F 595 X%

AR gh& YERI S T2-TEPPAE A|9g 2E
=7 2 A FAA A 2 o]F pHZF w43HA "o
Ae AEFS Jelide. =& TI1-EPS, T1-EPP %
T1-TEPP 7} A% %7] 04104 AF 49 % Z+z+ 0.80,
0.83, 0.85% =7} T2-EPS, T2-EPP ¥ T2-TEPPBE A%
Z7] 0450 A% 44 % Z+7} 0.74. 0.85. 0.75% S 7}st
= AF&S e

© AR F TR AR was A4t Aness
Fro L ghe wobA a @, b g Fhehe 4%L o}
Biglot o4l ol & ehhAE ¥e. HE Wl
7] e

A

7]
A SRR A% 49 F4 00700, 01300, 0.0900- =
kol hash il

s FH A T T Wske TI-TEPPAE A9 @
EE AgTedA A% 29 F mAEol FAAS

T1-EPS, T1-EPP ¥ TI1-TEPPE= A% 2d .
Log CFU/g, 7.03 Log CFU/g, 564Log CFU/g = 4%
of iz vls] T1-TEPP7} 1 log cycle 4% YA e
WS, T2-EPS, T2-EPP ¥ T2-TEPPB+= A% 2¢ % 7+
Z} 6.79 Log CFU/g, 595 Log CFU/g, 6.15 Log CFU/g =
=45 o T2-TEPPAE AZ7Z &<t Fd57F =4
2] ggol FHHA EdSS & T UAAS

e TR A F #HeH/I= TI-EPS, TI-EPP %
T1-TEPP 7l&=zAbA¥ A% 19 dAA QA aEelA
T1-TEPP7} % = 2 YEon, o] A
o
o

o
N
g
(@]
w
Neoj

lo |o

KeX

F717F Ehe dEz2Tet Ao oAl zbolvt e
A @eke.  T2-EPS, T2-EPP, T2-TEPPB %
T2-TEPPA 7|3 =FAMAT A% 1Y FH 98483 49
3 57}A] B} oA T2-TEPPB ¢+ T2-TEPPA7F -9
How & Wrtes dden, A% 2dde= 67HA HHE
& oM T2-TEPPB ¢ T2-TEPPA7} feoldo=z =
< H7tE YErd S

«5C FYrulE Alz=dolA 5 2 A ZUHAYS 9

st FAEAME AY %7] pHE 563, A% 2¢el EPS
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5.78, HM 5.45, TEPP-1 558, TEPP-2 558, EPS&
Aol 5852 F7 R, AR 7Uel HMS 542=
v A%S BHAAT TEPP-1+ 566, TEPP-2+= 5942 #
2 S7bske Ao ® WERs VBN A% %27] 7.20 mg,
A7 290 EPSE 1153 mg%® =LA S7k3k wkd HM,
TEPP-1, TEPP-2%= 7}7} 7.60, 7.90, 750 mg%o.2 &
315 Holx ke EPSE A% 3Y o] F Fuz <l
Aol &7bs stlar, A% 7del  HM, TEPP-12 217}
792, 839 mg%z AL T7H&S UEUWSlS. TBA A
2 %7] 01940 mgMA/kgelA EPSE A% 1] 0.4930,
3Uel 14338 mgMA/kge. 2 F243] S7tsts A4S BA
i, U4 A A A 49714 04 mgMA/kg ©]3h9
TBAES YEUYaS. A9 A& 79¢ HME 0.3893
mgMA/kgZ 04 mgMA/kg °lste] FAZ FAHHJI,
TEPP-12£1.1681, TEPP-2+= 17396 mgMA/kg® &
TEPP-24 2] ¢ TBA Hﬂé}ﬂ M 2 AR UEwS.
nBE AY 27 FHFE 347 log cfu/g2 SAHHEAL
A %71 3ko] A el uhEt VEE S22 57 sklaL, EPS
= A% 2906 7.03 log cfu/g® Z235ke] Huj7t HAHA
25 & F UdAJS. A 49 HM, TEPP-1, TEPP-2&
Z+7F 368, 4.08, 397 log cfu/g® S8R, A 744
HMo] 479 log cfu/g® TEPP-1, TEPP-2(6.65, 7.62 log
cfu/g)el Hlal fFelAHoz AA F2% o2 FAHHUS.
TEPP-2+= NVRQS(2013)¢] #A47|EQl w5 70 log
cfu/ge Z¥s oy pH 7]F 6.0, VBN 7|& 20 mg%,
TBAZ 71% 40 mg MA/kg BUt} @& g8 Hola glof
A= s FoEAE oy A&oR AHEEH7]
= Al 2 ez FdEdS.
Drip loss 7] 0.64%N1A A 24 EPS+ 1.44%
2 7t 2 SE5E4e vEdE, UHA AT e
0.65-0.75% = £Ao] A& Foz ZFAHHAS A 7Ll
HM<& 0.72%, TEPP-1& 087%= & W3lr} wAlelA] &
< WbH TEPP-2+ 1.78% &% £4& YelyAd <.
FHAol HalE Lghe 41.94 valuedl A EPSE= A3 39
3783 valuez #HisteE AEFES YERdlew. HM,
TEPP-1= A% 7ol 4446, 42.97 value® A%7|7r &t
A Skt al, TEPP-2v= A7 447b4] S7kstobrh 74
o] 40.16 value® ZA23dt= Aow ZAHEHYS. a S A
Z

7] 2810 valueol Al EE Aol A A% 713ke] A

oy 2
o
Ot
o

ML &

W
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T2 fardte A4S B EPSE AR 39 1757
value® YEIY 2a17]9o] H2 Mol A 743k Aoz 1
Bl s U A A AAd AYTES A 790 HME
26.30 value®Z 7F% AL WIS By I o=
TEPP-1°] 2321 valueZ Z#A¥ 4. TEPP-2& 1630

value® SAHH o] La7]e] FH2Mo] 713 A4 W3l | A
o2 HYI b gt ES A %7] 1500 valuedl Al EPS+=
A% 39 10.09 valueZ #ZAsR o, yeA A= A
& 744 HM 15.10, TEPP-1 1346, TEPP-2 12.1982 4
o Ao YEbds. A VI w2 Aav)e VeE A
4 39 EPS AEtE RE FEAA 27 ol HTE
Whol AHEdol AAE As & F A AT 494 HM,

%7}% C%WHJ TEPP-2% 3%
717F F-sfjEo] AEAd ol %@sﬂ
AT A 9U7tA BE B

Ao
C SduE A="dA % 2 A EUEHPES 9
3 FAEME pH A% %7] pHE 52502 SHEAL,
A7 29 EPS 551, HM 5.38 TEPP-1 540, TEPP-2
5412 E= AYT7F S7bshe A¥FE EHASE. EPSe A
= 571Z F7betla, 17l Fo= A8 o o
Aol B7bsdatdlE. A 799 HM2 5332 A% 24
1, TEPP-1& 551,
7t Aeow vEhd e A% 9
dA HM 5342 & tﬁﬂ glol %Xlé}—‘i BEFE Hl wr
W TEPP-1, TEPP-2%& 77} 553, 5712 718t Ao=
UEl . VBN A% 271 6.98 mg»%= SHHAL, A
71Zkol AR BE A FolA Hak Frhst=
BA, A% 244 EPSE 811 mg%= 71 =
$om, HM, TEPP-1, TEPP-2+= Z7 716, 744, 7.37
mg% o2 ZA4H 5. EPSt A% 3YU olF Fula A3
Aol 715 a9, A% 744 HM, TEPP-1(7.24, 7.72
mg%)<S 4L S7FE HQl ¥bd TEPP-2& 920 mg%=
7V AA Frkstel Aanv)e] Favh A& Ha e Ao
2 BAHAS. A 9o HMS 840mg%= 7H 42
7S ®Wla, TEPP-1, 9.03 mg%, TEPP-2 11.45 mg%

ol
rir
ofN ox
ot
filo
.
i&
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= TEPP-2 A2|7¢ VBN &&o] th& A ruo =7
z"*ﬂ"i 7h wke] Aarv]e] Rufjrp wAstE Zom u
Y. VBN NVRQS(2013)¢] 7]+ 20 mg%= A 47
sy %OJ e Agae Rl FFeiA = gskou
A g o8 ALt = AFstA ¥ AoE ATEHIAS
TBA+= A% %7] 0.1350 mgMA/kgell A EPS& A% 1¢
o] 0.5105, 3¥e] 16812 mgMA/kgo. 2 w43 <F7lsle
B EA, uUHA A A" 49744 04
mgMA/kg ©lste] TBAE WetAS. A% 9o HM+=
0.3761 mgMA/kg= 04 mgMA/kg ©]3te] FX&E =AW
al, TEPP-1< 05339, TEPP-2+ 1.1211 mgMA/kge. =
TEPP-2 TBA W37} 714 2 A02 Jewge,
MAAE 27 FH5FE 155 log cfu/g® S=AHJ L AF
71Zko]l Aol wel mAdE S24E Skt EPS+ A
390l 845 log cfu/g® T2 ste] Faj7t WA A 5=
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log cfu/g® 2 W3le= AW TEPP-2+= 3.67 log cfu/g
2 7V 2 SAS B, A% 794 HMeol 334 log
cfu/g= TEPP-1, TEPP-2(4.62, 7.09 log cfu/g)°l ®lal|
ojrow AA FAg AR FAHHAS AT 9dd+=
HMo] 435 log cfu/g® 7} AL Z4AS HYw thgo
2 TEPP-1(5.92 log cfu/g), TEPP-2(7.71 log cfu/g) =<
2 ey S,
Drip loss %7] 0.78%°lA A& 2do] EPS+= 1.45%% 7}
15 YEblilar, A e 4= 1.0071.14%
5. A 3Yol EPST+ 345%9 & 5%
AE Bl O o] #4eo] E7Fs sk, A% 44
HM, TEPP-1, TEPP-2 X5 1.0271.16%¢<] <48 R
A7 9ol HM2 1.24%, TEPP-1& 1.19%, TEPP-2%
1.68%= T(2hH) % MW= Lk 39.77 valuedl A EPS
= A 289 4337 value®2 F7Fste AEFES YERA L
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o] 3898 value® A F FAEE ATgS HIoH,

TEPP-1, TEPP-2+ Xﬁ = 71{

-

%

offt
2
olN
)
ol
r

P
o
fr

A% 712 5 7 3 A=. EPS& A
34 A 14.66 value= ‘/]-E]-b]— 2a17]e] H2 Aol AA
agt Ao R YeEy S UmA A AA AHYTES A
F 7o HMS 2629 value® 7F4 A& W3ls By,

- 289 -




T T
° ﬂ_OI ﬂlc‘._'
| H W o Fo@hken @
— =
wm LGN HTWEC#GOC% A%:or,a no,
ﬁm o - on uw_z.moﬂwi ﬁ.ﬂoc%uw ﬁm_z.m 1,
70 RN i l}wr.la_ug =® D N CESK
~ N my NN < w L T b oy = o ~ o T < A
N g ) e do = & ) o %E ) TS < He =
W e o A & ) %wmormoi% o ,%c“_% = maﬁiﬂ%% o
g™ 3 — o H_JXMHE&@. LIS o7 ]%ﬁm lAWovmWT
g R 5T = ST % S - M T oo In
= — = dﬂﬁAﬂ}wl o} O oo A S = \_W oF o o =] i o_eﬂ.ﬂwﬂomﬂ N
a L X it o §1H3ﬂ07% ot_ﬂoCo ﬂo"*h o_uﬂwmAjlx w =3
y & S T ok = i o < Mo 43 Enou%_éﬂﬁs
J8wed e aEs gRT TS G i =
_ X A wxwo%m%o%ﬂﬂ éﬂof%i% - @éma?mﬂwo Gl
ﬂﬁlﬂe MA_M m oTHoﬂmﬁn_/uMAlAToW MW_,O Murwﬂ_wu ﬂ.‘ﬂOtm_'O ﬂqE_AuqﬁuWﬁuO. XB
5 B = X _ X < F : _ ; » oS -
ool Hﬂ%wnw_eﬂ@?%x quo_aow%%mm %%oilm_.a»Em i
& %o it | PR Bl P 0T 2 s O SRS i
s i ol NN W g g 2% = @.m%au%o. S
Ex oy W\T_oMAmaﬂEN%OC & do geﬂﬁmnz e mhzﬂ.ioo ~
o#% e Ludﬂmﬂw_md_ﬂ_ga%l%o ﬂuﬁomﬂumo?mm} -2 Jﬂmﬂ_;%%uoomﬂro, L3
d N o%1u1rﬂ_,%%§r@ 1u1$xﬁ§_%:7mo MFZ&@%O =
& o mcurm?xO_ﬂLﬂm%ﬂ u_x%c,%%mﬂomlof =08 S~ @ S Iy
Jo X Eaﬂﬁﬂi&;wﬁc_ﬁ‘_ Eﬂor ﬂNCmAﬂAlﬂuﬁﬁ‘o' iﬂu ‘MQLEM./IST_O B
now L ~ 5 w%]:o S & - % 1 m < o o= S
T T <lfe O ms o N Dy ! B = T o g0 o X2
EIESE _%Eﬁroc X _sT%zuﬂﬂ Mﬂ%@ﬂnlﬂ ] &
Eﬂ@m%%ga%.qg@wf%anww%mﬂL 7
o X W X y
Eﬂﬁmjwm&%éﬁamﬂ_mo%_ﬁa%ﬁol,low Gl
A@A_/o]r‘._ 1t_u|ﬂ1ZrU1rt _rOH;I N ﬂNU
B g E 5 ST S F S
N P < — N
S in o) e —_
o ol N
(] .
—
RO oo A=
Bo <} ®T
o < K TV
ﬂi%@g
0
Nr,_lm_nu,ﬂloﬂﬂw#dw
B o MoK
ﬂU_ZT!‘I\L:,ﬁO
U_KﬁL‘UH”aH

- 290 -




2
o

-
-

1.5 hr, F-10TC

-

1.7 hr, C-10C+ 15 hr7t

-
R

- 20C el A

A AFEI FMS A3

AlZFe C-0TC, C-5T
2, ®FMS korea Al#2 F-0C, F-5TC

1

2

1.3 hr7t &8, & A+ AAFS K-0C, K-5C, K-10T

o 9] F-oll A

j_‘rL

—

<M

B

par
file)
0

0

i

1.2 hro] A8 5%lem 5T=E Ui &%

A WH 2EF 6.076.1TCel

o]

_?:
I+ 900MHz

°

HEA=7E o

]

o

1392~ 66-1991QS A= 9
uf %

[e)
}

k)
pul

==
=

o]
H

3 ]

Aol A, A7
TA A 2 S213

5023} RFID
= A

ofy
ojn

R

!

ofy

"0

il
o

ol
K

oﬁ
B

fIfe)

0
o

mjn

o

15 hre =

ol

fE = AR

4

I

—
fite)
~
—_
fite)

o}

e oo

N

o

vzl

Nr
il

stol &7} shuzo)

132C= HA
(e}

=

1.0 hr %

=

105C

W

]. A

S

EE

=

W wu of 2u) wEA %7t

;A &AL}

, 852 6803 Kwh, 652¢

2

x

4321 KWh, 4139,
6478 Kwh, 620

=
=]

oﬁ
5%

&

ik

ol
o

o

e

ol

ol

_ZTI
!

<
X

- 291 -

Auky 134°C, AElel 125TE Z24¥oH,




= Aty 101°C, Aol 104THL A FA A7k
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o FALAe} SR HYAS AZdste] 72 hr e Sl
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dsaz 24 2

A3 Z71e AL

9= AN FAHE
O 7], Fre nAgE B
1. A 7], 759 nAE 4
- 27 Assd A4
(Listeria monocytogenes, Salmonella spp. Escherichia
coli O157:H7, Staphylococcus aureus)
- AETA T+
FEIAWET(H 7] 54, 958 E45)
gt (P A, 1g9 100138}
- HFA n A&
(GHbAlTt,  Listeria monocytogenes, Salmonella  spp.
Escherichia coli O157:H7, Staphylococcus aureus, ™73t
T (coliform), t7t)
O fELE 20 B HENG A
- X = oluy} — 2= 2% 0] = By
/I\J % -ﬁ—%/\]_}:‘%ﬂ 437]1_ EEI_’H]:\"_FO] 6-7 log T = [q] 5_7] TJHE
ol oA B A AAEA 5 (o] F metagenome &)
£ 2Ab) S% | 100
% H-‘g—i = 3 E 4 67log CRU/mLai o] seuf Ajgp |~ B ¥
i 4
; .
‘ _ 10C A%
3 4 ﬂa[elJ a4 4
O FEAI2dl T4 AdFe Qo wE AT 8 A%
e T
- Havle 10T A7 5 AesAdo] AEHA &2
50, 5 day)
- FHE 10T AZ7IE 5 AesAd 2 dukA ol
HEHA &40, 5, 10, 25 day)
O %% 2] metagenome 2]
- 275k Rofel @@ F AR ¥4
- Pylosequencing©ll 2%+ MCA 42 A]
O PMP (pathogen modeling program, USDA) %
T8 XAE T HAFEdY AF 5 =4
A =T A o 17 A% AFZAN mME A FAA HIWeA HEH=
Bl Ay AA
100 TJH ﬂ =270
1. ¥%
¢ B. cereus, L. monocytogenes, S. aureus,
S. Typhimurium, Clostridium spp.
2. 4317
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¢ FE. coli O157:-H7, L. monocytogenes, Shigella sonnei,
Salmonella spp., Pseudomonas spp.,
o JNHAFE Aol WE L= PMP 24
1. ¥%
o F5 % BR PE PovIAE F b 0
B A #el B. cereuss A A
. PMP of B. cereus as temperature
1
L]
s -
= empuam!r Lag time Maximum growth rate
b 7 (k) (log CFU/mL)
g s 10 2774 0.079
2 15 1087 0.179
o 5 P
g = 0 505 0346
e 4 I S N (e 2% 2 278 0573
5
O 20 40 B0 80 100 120 140 160 180
time (h)
2. 437
¢« F53% «IJJ 7l AE FANAAE T MY AEEF =2
-3 ﬂ& E. coli O157:H7S AA &
PMP of E coli0157:H7 in broth as temperature
mi
= 8
E lz| Temperature Lag time Maximum growth rate
g =l cy h) (log CFU/mL/)
27 10 62.14 0.045
g oo
g 15 2017 0.108
% ; E——— 20 8.14 0218
w | ot 2 409 0.378
| IEYZ.:
2 o 50 103 150 o =0 0o k-3
Time {h}
O FRIAANY ASEd 4FED
WY W e e s 57 Y ol
1. L. monocytogenes <=4 A3 EA
Growth modeling of L. meonocytogenes in broth as
temperature using a modified-Gompertz equation
"
g 10
;5;_ 9 Temperature Lag time Maximum growth rate
S ('C) (h) (log CFU/mL/h)
% L 5 66.7 0.022
% 7 10 116 0.046
g [ 5C 15 55 0.152
€ s jds 20 43 0.205
E_ . §SE 30 1 0.405
3
0 100 200 300 400 500
Time ih)
¢ L monocytogenes= W ZAoNA A - 2%t wet
FHE 2ete AAAE A F 10 CFU/mL vRbe] &
23 Aot a7,
2. S. aureus® 254 A% EX

- 294 -




Growth modeling of S. aureusin broth
as temperature using a modified-Gompertz equation

10 +

o £ ¥ i % T
=5 I gr; R T :gg Temperature Lag time Maximum growth rate
E *lljx a Y son [{) h) (log CFU/mL/h)
z LY ° = 30T S
g T # 5 5.0 0.002
- & ;
26 fa,-' 3 10 151 0.054
2 % 4
g s .'! 5 15 5.7 0.131
s ¥ e
G 0 2 0.183

3 2 5 _r__-_—-—v— 30 2 0.600

2

0 |UD 200 300 400 500
Time (h)

o S aureus®= ANAXFo| EAT AL HAH wet AEES
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n7) MY HEEd D

W F0Y 242 0§ ¥F 54 ofs
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o 4
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1. E. coli O157:H7¢] 2=d¥ AF EA

Growth modeling of £ cofiin broth
as temperature using a modified-Gompertz equation

o

- + 5T
o = 10T 3 B P
E . Temperature Lag time Maximum growth rate
5 T v 15C s - o
& Lty & 20T ('C) ) (log CFU/mL/b)
C s 47 °
g +£ v s . 30T 5 N.A NA
|
T oeqlp/ o 10 0 0.035
~ T
2 lif s 15 47 0.158
O 4{gy "4 X
3 y o 20 52 0.311
u 2{FF e = e, . . 30 14 0.702
.
ot - -
] 100 200 300 400 500

Time (h)
¢ E coli O157H7 5CellA A7 3 S48t Xste slo=
Ut ow 10TelA A4 T4l wet Hur] 4%
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O H71E FTAZ 83 AFIALE AR Jlse
=
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- AAGT AN fF7)4bE ol &
1. 2117
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—8— TOS 1%+ AA 2%
25| —o- TOS 2N An 1
—- TOS 2% +AA 2%
0 s T T T
0 1 2 3 4 ]
Time{days)
S. Typhimurium °lA 2] TDS$¢ acetic acid®] 4t
= AT
ST
80
55
50
43
40
is
30 —0— TDS 1%+ AR 1%
—8— TS 1%+ AL 2%
25 | —o- TDSZHemA 1%
- TOS 2%+ AA 2%
0 T
0 1 2 3 4 ]
Time(days)
L. monocytogenes °| 412 TDS¢} acetic acid®] 4
= AT

Listeria monocytogenes

AN

A

- 298 -




o 35 A\
g - TOS 1% \ B
= 301 | e~ TOS 2% \
~D— AATE I‘.
251 | - aazs \
—0~ TDS 1% + AR 1% \
209 | —a— TDS 1%+ AR DY Y
—0— TDS 2% + AA 1% \
157 | —o~ TDS 2%+ A0 2% \

[} 1 2 3 4 5

Tume{days)

& Za7)o)A e TDS® acetic acid® A& dE Listeria
monocytogeneso| A 7FE & Ao w yElyta, WA
3 ARt TDS$ Acetic acide] A5aaE E3 Aoz}
g A o] 5.

- 299 -




FeEA 3

)
=

Tokd 9 VA E

36hr A&

=

=

N

ol | A

J
=

Z}
=

A 24 F
713

@)

]
on

2

Mo

B

o

<M
o
Mo
™

4
m

—

Hggo=

/\01—

3k 3003] o]

_(H

J=1 R
= =2

A 7H

W

0 A A

1

o

v A A 7F
O Microbial community analysis 7]l <]

O 1L, 25L, 50L, 100L

PN
T

=3
o

oF

n A= e

ki3

- ERA RS o2 AZF 25735% fr

AL

0% #A2= 1,200 7H4]3%)

2. ZAH &3

)

ox

+

o

el

AARE &AL

=i
=

3T
=

=

Al 3
Farm to table ¥4 oAl 250%F

p=2
¢}

)
4

’

o

1

arL
o

]_

7
10% A z+st 7}h

’

-
=

1

A

=

=

AN A o] 83% = 7HE =
H

g A

KLe] ol YA 7} ARG AL glo} o]

=
3

&

7 AA T
=

et

Ao A 800%Hon 2

I

A

il

-

O =

}

S

el

el

-

o

388 &3

O oA recycling #

3.

B

Y s Al

=
=

O YA recycling
O AHAHF-H An]A|74A] o]

e

ol
o

Ny
H
oy
=0

)

=K

- 300 -



Bo
e
Nd
wK
s
olo

N

ofy

B
<

~

ol
o

ol

o

0
Hip

™
)

Mo

A1d dTAT 43

1. AHE 3 A &

o
N
03

-

=

)

=855 |8
w — — (@]
o = e B e B
LO <t <t LO
w383 3
(@] (@] (@] N
i L
A I e I e A
o? B | R |
W 5|5 | F
[9N] (@p) (] (9]
O D o S
0 LO O O
(@] < <t (]
Jof | & Lo Lo g
— — — —
2228 |3
R
WS | ol o | o
F1818|8
(@] (] (] (@]
— — — —
T
=m | 2
I
M| =
f_/_AII X
T
o
® | | omm
N ~,
—~ @) .HO
R
12| ®
o oo | o | °F
= A SO
Jie] !
A -
oo | ©
\O
M f | R | o
p Bl | o
0 ~ ~
= ~K ~K K
L 1
A= W W ~
el | %
F | = | = | A
o | o | o | T
=S S A I

wr
Lo
)

il

% LO LO (@)
— [@N| [@N| —
P o — — —
W 2 = = —
O © © ©
ol = 3 3 3
N (@] (@] N
1T Y N Y rr
® T E || F
Al o o o o
= = = =
o~ o~ © op)
o} | o S L0
(@] D D LOY
g 0 (@) [@)) N
S o) o) 30
E.r- O LO LO ©
— — — —
o _ _ _ _
(@] (] (] (@]
— — — —
m | 2
| %
oM
O
o]
|
o | £
S =
m| L | B
—_ Jang n_mo n_mo
ﬁ___ﬂﬁ v N N
I G B S
o] o]
i e
o} H XH
o
a wyﬁ wyﬁ =
N
oMo ] ] HiT
o ) ) o
S I B
o o
X | ol oy | o)
T | B =m

[\
CAEEN
o =2
=

N
L
vAO
b R°
~.| oF
oF
3
2
0 m
b €
~

<

~

N

ﬂ.o

4

=
m| Ak
LA

Ho

™

olo

o

—

o

N

X

<]

B

- 301 -



eb. Al Es}

AL sk A| 38 AF=A Y
2. AF7I¥F A&
7} =5 A A
= U]
Al A wmy 521 Vol. o SCI
A (No.) g T&
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Quality evaluations of bell pepper in cold system combined with TEM
(thermoelectric materials) and PCM (phase change material)

Jung-Min Sung, So-Hee Kim, Byeong-Sam Kim, Jong-Hoon Kim,
Ji-Young Kim, Ki-Hyun Kwon®*
Smart Postharvest Technology Research Group, Korean Food Research Institute, Seongnam 13539, Korea

PCMEZ &g BMax} SZIA|AHS| XMF § T2l & ot

AR - A9 - AW ATF - AAG - A7E”

SRABATH ADIE REAAY AP

Abstracts

For the distribution of fresh produce, the thermoelectric cooling system combined with thermo electric materials
(TEM) aned phase chanee material (PCAD was studied. The PCM used this study was produced by im-situ polymerization
technology which refeved microencapsulation of hydrocabon (n-teftadecane and n-hexadecane). In this study, quality
characteristics of bell peppers in thermoelectric cooling system combined with TEM and PCM were analyzed and
confrol was placed in an EPS (expanded polystyrene) box. As a resulf of quality characteristics analysis, weight
of bell peppers decreased and moistme content of bell peppers was 90.96-94.43% dwing storage. Vitamin C confent
of bell pepper decreased during storage and reduction ratio of control was higher than that of BPT-5 freatment(bell
pepper in thermoelectric cooling system with PCM which is kept the temperatre at 577). The result of color
value, on 21 day, AE value of BPT-5 treatment was 5.05 while that of confrol was 41.8. On 21 day, total bacteria
count of BPT-5 treated bell pepper shown less than that of confrol. In conclusion, it suggested that the thermoelectric
cooling system combined with PCM improved quality of fresh produce dring transportation and storage.

Key words  thermoelectric cooling system, phase change material, bell pepper, quality, vitamin C
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Microbial contamination of tofu in Korea and growth characteristics of
Bacillus cereus isolates in Tofu
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Available online 28 Movember 2016

This snedy investigated the microbial contamination of commercial tofu frem local supermarkets in
Seou ], Korea Growth modaling of Bacllles cereus isolated from spodled tofis was used to determine the
appropriate and temperature for sale sorage of tofic During the monitoring of 100 commercial tofu
products, pathegenic bacteria (B cenews, Staphydococcus gurens, Le s momocy ogenes, Selmamella spp.
amd entenehemaerrhagc Edierichia aoll D157 HT [EHEC]) were ot detected. Aembic bacteria were Ko-
lated from 32 of 100 tofu samples becawse of different stenlization and packaging me thods. To solate the
Feywords o nanit microergand s dnvolved in tofu putrefaction, tofu was intentienally spoded by storage at 30°C
B il dion for 24 h. After spollage, the most abundant colonies were hamvested and confirmed as B census by
Tafu analyzing their 16 5 ibosomal RNA (MNA ) sequences and fatty acld compositions To investigate growth

Spailage hackeria properties on o, selated B cerets was cultured and inoculated on tofie The growth of B oerews at
Identification different storage temperatures (15 °C, 200°C 25 °C and 30 °C) was analyzed. As a result, the appropriate
Growth model storage time of tofu stored at 5°C, 10 °C, and 15 °C was determined to be 999, 417, and 208 days
respectively
& 2016 Elsevier Lo All rights reserved.
1. Introduction Biagin, & Sandra, 2016).

Tafu, a popular soy-based food in East Asian countries, is an
inexpensive source of high-quality protein {Fontecorvo & Bourne,
1978; Préstamo & Fontecha, 2007). Tofu contains appmecimately
GE—8 4% potein and 79E—87% water, and has a near-neutral pH
(52—6.2)} (Kovats, Doyle, & Tanaka, 1984 ) It has been reported that
tofu is easily contaminated by microorganisms, even when stored
in refrigerated conditons (Dotsom, Frank, & Cavaletto, 1877).
Spoiled tofu has a sour taste and an unpleasant smell due to bac-
terial gmowth. Themrefore, tofu is a perishable product with a very
short shelf life compared to other soybean products. The preser-
wation of tofs is influenced by envimnmental factors such as bac-
terial load, storage temperature, air composition,  and
manufacturing process (Angeles & Marth, 1971; Kang, Lee, & Oh,
1948}, Prevention of microbial spoilage of tofu s considered an
important research topic to ensure food safety (Diana, Maurice,
Claudio, Ludana, & Elisabetta, 2013; Fmanm, Giovanna, Anita,

* (omespanding authar.
E-muail ad drexs: swanhi@lonn krminsc_kr (5<% Oh)

hirtpe ffiebe el ong L KI6 [ Jwet 20611081
Q0236438 i 2016 Elevier Ltd. All rights resarved.

Estimation of growth characteristics by predictive models using
mathematical equations can be used to estimate the gmowth, sur-
vival, and inactivation of microbes by using mathematical equa-
tons (Juneja et al., 2007; Rodriguer, Alcal, 4, Gimeno, & Cosano,
2000; Sant'Ana, Franco, & Schaffner, 2012) Primary models
describe changes in micmbial counts or other micmbial esponses
with time. Sigmoidal models, such as modified Gompenz equa-
tions, and logistic and Baranyi models are widely used for fitting
observed microbial growth data and prediding micobial growth
mtes (Gibson, Bratchell, & Robers, 1988). Secondary models
describe the responses of primary models to changes in envimon-
mental conditions such as temperature, pH, or water activity.
Among these, temperature is the major factor affecting bacterial
growth that is ikely to show variation during food processing and
storage (Hiroshi & Satoshi, 2005 }; therefore, a number of predictive
maodels of bacterial grmowth in food have been developed to model
the offect of temperature changes. Several studies have been re-
ported for predictive models of Bealhes cerews growth in broth and
foods (Heo, Lee, & Ha, 2009; Landott, Sinigaglia, Gardini Vannini,
& Guerzoni, 2001; Sutherland, Aherne, & Beaumaont, 1996; Glmez &
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Abstract  This study imestigated the antimicrobial activity of malic acid (MA), grapefruit seed extract
[G5E), and combined [MAHGSE) treatment against Eschenchig coll OL5T:HT, Saimonelo Typhimurium,
and Listsria monocytogenss on fresh-cut lettuce. The antimicrobial effects of 1% MA and 0.5% GSE
alone and in combination (1% MA+DS5% GSE} were tested on artificially inoculated lettuce during
sorage at 5°C for 14 days. The maximum reductions of £ coll O15FHT, 5. Typhimuhum, and L
monocytogenss were 496 480, and 395 log CRUfg observed with MAGSE during storage for
14 days, respectively. MAMGEE showed the greatest reduction against in E. ool O15THT and L
ronocytogenss. These results indicate that the combined treatment was more affective than MA and
GSE alone treatment. Therefore, it suggests that MA + GSE could be used &= an effective interention
method for improving microbiological safety of fresh-cut lettuce.

£ KofSFaST and Sprmger Hia

Keywords: malic acid, grapefruit seed extract, foodborne pathogens, lettuce, reduction

Introduction

Corsumption of ready-to-eat vegetables ha been incressing as
consumers’ demand for safe food that can maintain their health [1-
3. The= products are usually =aled in packages and stored at low
temperatures. They can possess diverse pathogenic microonganisms,
such as Escherichio coll 0157:H7, Solmonely Typhimurium, and
Listeria monocytogenss (1,4-6).

Among foodborne pathogens, £ colf O157:HT, 5. Typhimurium,
and L monocytogenss are of high public health concem (2,7} These
foodbome pathogens have besn ksolated from lettuce and cause
severe cases of foodbomeilinesses (1-3,8-11) Varous sanitizers such
& chiorine diowide (C0:), hydrogen peroeide [H:0:), and oxnized
water have been used for enhancing microbiological safety of fresh
products {1,2}). Chlonne-based sanitizers are most widely used in
fresh produce industry But the use of chlofnebased sanitizers i
likely to produce tomic chemicals such & trihalomethanes formed
with organic matter, considered as carcinogens {12). Thergfore, there
ts a continuous demand from consumers for safe sanitizers such as
natural sanitizers.

Organic acids are considered generall-recognized-as-afe [GRAS)
products. Several ongnic acids have been used as zanitizers on
vegetables [13-16). Among ong@nic acids, malic acid (MA) has been
found to be highly effective againgt L monoqtogenss compared to
other onganic acids [17). In addition, MA showed more reduction

@ Springer

activity against £ aoli0157:HT, 5. Typhimwurium, and L maonocytogenss
than other organic acids pro plonic, acetic, lactic, orcitric acid) when
applied on unwaxed apples at room temperature (X242°C) 2]

Grapefruit seed edtract (GSE) i also kmown as a natural
antimicrobial. t possesses antimicrobial, antiviral, antifungal, and
antiparasitic properties (18,19). In addition, G5E contains beneficial
products such as catechins, epocatechin-3-O-gllate, epicatechin,
and trimeric, dimeric, and tetrameric procyanidine [20). These
properties of GSE have been attributed to the antioddat ve activity
of citrus flavonoids.

In & pravious study, Poimenidou etal. (21} reported that comibined
treatment of commercial sanitizers with natural antimicrobials was
more efective for pathogen reduction than the application of Sngle
treatments. Therefore, combination of natural antimicrobiaks, such
& ofganic acids and G5E, could be efective in the reduction of
foodbome  pathogens. Hence, thiz study was performed to
investigate the combined offect of natural antimicrobials MA and
GSE) for inacthation of E. ool O157:H7, 5 Typhimurium, and L
maonocytogenss on fresh-out lettuce.

Matedals and Methods

Bacterial strains Strains of E coll O15T:HY [ATCC 43895, ATCC
35150, and ATCC 43894), 5. Typhimurium [ATCC 19585, ATCC 6994,

"
" KoSFosT
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