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<SUMMARY>

Purpose &

Contents

I .Objectives

OThis research aims to develop non-thermal sterilization
technology that can ensure microbiological safety by effectively
controlling harmful microorganisms that can be contaminated
in meat products. The second goal is to conduct a study to
apply the developed technology to mass production and to
supplement and improve facilities to build a system suitable
for it. The final goal is to develop non-thermal new
sterilization technology and industrialization-based research to

provide safe and high quality meat products.

II .Research contents

<Year 1>
O To apply high pressure sterilization technology, analyze the

appropriate treatment conditions for the meat products,
furthermore diagnose the existing high pressure facilities, and
establishe the necessary system supplementation and
improvement plan.

O Analyze contaminated microorganisms that degrade the quality
of meat products, such as raw meat, ground processed meat,
and ready-to-eat (RTE) products.

O Conduct a basic study to control microorganisms by treating
antimicrobial agents and high pressure, and study sterilization
techniques

O Select target strains from microorganisms contaminated with
meat products and conduct PEF and plasma sterilization

studies using the model system.

<Year 2>
O In accordance with the plan for supplementation and

improvement of the high pressure sterilization system,
manufacture or purchase the equipment, and rebuilt to suit

the processing of meat products, and mass production.




O Investigate microbial control in grinding processed meat, RTE
products and whole meat by using non-thermal high pressure
, antimicrobial, plasma treatment. Study the changes of
tenderness, color, texture, organoleptic quality change analysis
and breaking point (texture).

O Develope the new sterilization technology that combines high
pressure technology with anti-bacterial agents, and compare
and contrast with the exsisting non-heat sterilization

technology such as PEF and plasma.

<Year 3>
O Establish the optimal conditions for non-thermal sterilization

by meat products, and standardize the developed process.

O Established optimal mass production process through scale-up
research.

O Use PEF or plasma treatment to reduce parasites in meat
products (Raw meat).

O Apply non-heating processes such as PEF to raw meat aand

produce prototypes.

Results

O Applicated the non-thermal sterilization system in the existing
processing line with 1 technology transfer, 2 meat products,
and 1 job creation.

O Newly developed high pressure sterilization technology with
antibiotics, which can be applied to processed meat and rte
products. 2 patents, 3 academic presentations done.

O Establishe plasma processing technology research and pef with

result of sci paper, 1 patent, 3 academic presentations done.

Expected
Contribution

<Technology contribution>

O As the social demand for fresh, high-quality products increases,
products related to non-heat sterilization of meat products are
increasing. Therefore, results of this research can be used as a
reference for follow-up research as a source technology

O Currently, high pressure sterilization is only used for liquid
food in Korea, so it can be developed into research on
high-quality food application through sterilization of meat

products




<Economic and industrial aspects>

O Industrialize non-thermal  sterilization technology, which
dramatically improves safety and storage of meat products, to
improve the technical skills of meat processing companies and
strengthen global competitiveness.

O New market development by development of premium
products applied with non-heated sterilization technology to

existing industry.

<Social and cultural aspects>

O Non-thermal sterilization technology enables the development
of safe, high-quality meat products to respond to growing
consumer demands.

O Improving the safety of meat products through non-heat
sterilization can reduce the incidence of food poisoning, thus

preventing social-economic losses

Keywords

high . :
non-thermal & . pulsed antimicrobial
meat product| hydrostatic D
technology electric field agent
pressure
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279k Grounfi }’Jeef ' 600 MPa Food Microbiol. 2016
FEscherichia coli <5 log 57, 96-102

oL Ground beef 35,0 MPa, 4 °C, up to 40 Food Microbiol.

ETAN): min 5 847 2015
E coli D10 values of 9.74 min ’
Ground beef 600 MPa, 30 min Int J Food

Z19t . Microbiol. 2015
£ ol 4 log 205, 16-22

- Ground beef 450 MPa, 15 min Food Microbiol.

S —10}k /

- E coli >5 log 48, 1-7 2015




RTE cooked meat ) Int ] Food
products 400 MPa, 5 min Microbiol. 2014
Listeria monacytogenes 2 log 186, 84-94
RTE sliced ham 100, 152’ and 200
2710k pW/em”/nm ] Food Prot. 2014
" E. coli O157:H7, Salmonella | _, | 77(7), 1224-8
Typhimurium 8
readty ’to'.co‘)l; Poultry 1350 MPa, 8 min Int ] Food
Za19¢ r;:;ﬂgg}:ig Microbiol. 2014
L monacytogenes 0.5-2.3 log 186, 74-83
219t Hérq clam meat . 250-552 MPa, 2-6 min ] Food Sci. 2013
Vibrio parahaemolyticus >5 log 78(2), E251-7
E Beef carpaccio - 450 MPa, 10-15 min Meat Sci. 2012
Salmonella Enteritidis 3.68 and 5.94 log 92(4), 823-8
poultry meat 400 MPa and 40 °C
79 E CO.II, Ganzzy]gtac*fer J Food Prot. 2012
Jguni, and spoilage 45 log 75(3), 497-503
microbiota
Dry-cured ham 600 MPa, 5min. Int ] Food
Za19t Microbiol. 2012
L monacytogenes 1.82-3.85 log 54(3), 107-12
279 Raw chl'cken. breast fillets |400 MPa, 30 °C, 1 min ] Food Sci. 012
S. Typhimurium 4 log 77(11), E321-7
249)Ad Beef, chicken 1 J/cm’ Food Microbiol. 2015
- Yersinia pestis >6 log 50, 1-4
RTE sliced ham 100, 152’ and 200
24914 pW/em”/nm ] Food Prot. 2014
= E. coli O157:H7, S. 4 o 77(7), 1224-8
Typhimurium &
Chicken meat 0.06-18 J/cm Int ] Food
K] Microbiol. 2012
<2
Canpylotucter 23log 159(3), 267-73
Pork, beef Helium plasma
Total number of
Zopzn) microorganisms, yeasts Ann Microbiol. 2015
=0 and molds, and 0.98-2.09 log 65(3), 1537-1546
psychrotrophic
microorganisms
Meat Helium plasma, 10 min J Food Sci
Zo}=n} Psychrotroph bacteria, 3 1o Technol. 2015
yeasts and moulds & 52(2), 1228-32
pork-butt, beef-loin 10 min . .
- Food Microbiol.
e el . / :H7, 5.
HEFh | E af OS7HT, S 258268 log 46, 517 2015
Typhimurium
Zo=n} ilriu;ken meat and chicken AC voltage Food Microbiol. 2011
= e 28(7), 1293-300
Listeria innocua > 3 log




Lean ground beef 031 kGy Food Microbiol. 2015
E i Dy of 0.31 kGy 49, 2314
Sheep meat 3 kGy and 5 kGy L
: Braz ] Microbiol.
Zroja Coliforms and Salmonella b 14(4), 114753 2014
SEP
Frozen chicken breast 25 kGy, 4.6 h
£ coly L monocytogenes, Food Chem
Wk | Badillss ceras, 615 lo 163, 1426 204
Staphylococcus aureus and | & il
S, Typhimurium
7oA Meat 025 to 1.5 kGy J Food Prot. 2011
ST L nonocytogenes 3 log 74(2), 193-9
Chitosan, allyl
natural RTE meat 1so@ocywate, barley s’ajaw In’F J F(')od
compounds arabinoxylan, and organic | Microbiol. 2015
acids 208, 58-64
L innocua 4 log
Beef and tuna carpaccio |84-119 J/ om’ Int | Food
pulsed light L nmocyz‘@mes, £ o Microbiol. 2012
S Typhimurium and 1 log 158(1) 40.8
Vibrio parahaemolyticus (1), 42-
Chicken 3 Hz, maximum of 505 Foodborne Pathog
pulsed light J/pulse, 360 ps Dis. 2011
Canpylobacter spp 3.56-4.69 log 8(1), 109-17
Cold atmospheric Sliced RTE meat product 31 W, 20s Food Microbiol.
pressure plasma (bresacla) 30(1), 233-8 2011
L. innocua 2 log ’
2% Ground chicken 25% CaCly, 600 MPa Int ] Food
+ o
Microbiol. 2016
%(NaCl, K, ;
(CaCIZ) L nmonacytogenes 747 log 218, 516
2914 Raw and cooked meat 10" phages/cm Food Sci Technol
+ . Int. 2016
bacteriophage E. cdli O157:H7 2 log (1), 39
A2 k5 0.66 and 0.65 kGy Korean ] Food Sci
+ L nmonacytogenes, E. coli | Dy values of 0.66 and 0.65 | Anim Resour. 2015
agemg 0157:H7 kGy 35(3), 406-12
*7::3_’_’“%]- Ground poultry products 35205 ﬁﬂ;l";lpolyphosphate, Poult Sci. 2015
polyphosphate | ~ Jguni 47 log 94(9), 2297-302
Lu-wei beef 500 and 600 MPa, 70-90 °C
Z719¢ G. stearothermophilus o
+ Bacillus coagulans, G. spores had a higher ]1 1313})1 &c;zblol. 2015
A stearothermopfulus spores | resistance than B. coagulans (2), 446-
spores
ESL) Water-boiled salted duck 500 MPa. 50 °C J Food Sci
+ meat ’ . 2015
ax= B cereus and 5. warneri | >6 log 80(6), M1336-42




Cured beef carpaccio 3% sodium lactate, 600
+ p MPa, 5 min Food Microbiol. 2015
sodium lactate | & coli O157:H7, spoilage Below detection limits 46, 610-7
microorganisms
Zo} &} Raw chicken breasts APP jet, No+O, Foodborne Pathog
+
. Dis. 2014
atmospheric | £ coli <7 lo
pressure 5 11(8), 652-7
2319} Minced poultry meat 350 MPa, 8 min Tnt | Food
* (ready-to-cook) Microbiol 2014
18% potassium | Salmmella and L 05-23 1 186, 74-83
lactate monacytogenes -2.5 108 y /%
=19t . 450 MPa, 5 min,
+ Beef carpaccio lactoperoxidase
lactoperoxidase P Food Microbiol. 2014
system or L. nonocytagenes, S. 2447 Io 41, 27-32
activated | pryeritidis, £ cali O157:H7 | =7 8
lactoferrin
F79 prion AZHE {8 HIZE A Vles AL =&

Brown et al.e] 20031 X313+ Ultra-high-pressure inactivation of prion infectivity in
processed meat: a practical method to prevent human infectione]2t= A &2] +=F(PNAS
100, 6093-6097)e] wt=Zw prion WAL 21¢ A S o, 121-137 ° Co] 2%=9A
690 MPa<] 7<% 10° LDs, 1,200 MPa«] —?— 10° LDspe] A7 &3=2 2. 28y 690
MPa o]/e] k=3t 121~137 ° Co] 2%&= <E3H44<h(high isostatic press, HIP)A g2 &
AFolA FPstaA st ‘%Zl@—’?%(cold isostatic press, CIP)et= ZFoldt. wieha] HI7+E
7€ 2N A Fo Agdte B I 589 AHsHA Ew

Heindl et al.e] 2006 +=i
pressure treatment of infectious scrapie prions (Biochim. Biophys. Acta, Proteins, 1764,
552-557)°l A= 800 MPa, 60 ° CollA] 12083t prion @A S 1 X ;S ) 6~7 log
o] unitso] ZashE AHE B AT wpxriAE A xde] CIPE U= HIPl 714
31 800 MPa, 60 ° CollA 2A1ZF &2+ ¥ AHelsles A oA HaAAow Hile

3)
=

Protein conformation determines the sensibility to high

l%/\

Heindl et al.®] 2008 =& High pressure/temperature treatments to inactivate highly
infectious prion subpopulations (Innov. Food Sci. Emerg. Technol. 9, 290-297)l 4= 800
MPae] =3 60 ° Co] 2=oA 30, =+ 80 ° C9] 2504 53, 30 AHEstAs o,
prion ©&o] 6~8 log units7} Fad AF}E HY. o= ol AT 1208 Ao Hls|
el AREo] EEEHAJAAT AHS] H 2= ﬂﬂ&ﬁ | Al 5AFoll AFstA Fomn
FE3t = oHeo] AF

U Sy 53 3%
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253 A AH7E
5 mhxlo] AlTEx
st | A w | B T M s ouns | 2estnone g 9o
pdeael Az
. 29} B3 AR
<A FAF HZtE A VleS A& HT 108 T T2 55>
AF - - . _ ~
e s we) Wy 29 | = | 2994
Fresh ground |High pressure pasteurizing of |Cargill o=,
B i B P 8Os g | T, 20100024
meats ground meats ncorporated | pp o
Frozen . . . =,
meats & P PCT, T=
Z19k Whole High pressure pasteurizing of |Cargill, W= PCT | 2011.05.24.
muscle meats |whole muscle meats Incorporated
279} beef jerky, |High pressure processing of M2 | 2006.08.25.
sausage foods
219 Fresh cuts of |High pressure meat product |Cargill, M= |2009.03.13.
meat processing Incorporated
High pressure pasteurization
fresh
sausage of fresh sausage and fresh Walter
=AY 8¢ meat emulsion and avoiding Hl= 2012.07.03.
fresh meat > | Freybe
. the loss of color and taste in
emulsion
the process
= Deutsches
Method for controlling Institut ff)r
e L O Lebensmittelt | 7=,
%1% |sausage product characteristics in the : o 2 2009.09.02.
echnik eV. |4, PCT
manufacture of meat products | .
Triton
GmbH
Fresh Method for treating foodstuffs, | Deutsches
2o |Sausage, particularly for preserving Institut fiir )=,
T I meat fresh sausage or meat Lebensmittelt | -4, PCT 2006.05.10.
products products echnik e.V.
beef. chicken Method for manufacturing
Za1%k ’ " |high pressure processed food Hl= | 2006.04.05.
pork, lamb
products
Edible fresh poultry sterilizing |ZHOU
A2 A = .U0.20.
1 Fresh poultry and disinfecting method HAORAN TH 20130520
. : NIGATA
SO et Method for processing meal | INDUSTRIAL | 2 | 20091015,
carbonate and processed food produc CREATION




ORGANIZATI
ON
radiation, intact meat |Method of processing meat DaPuzzo v)=, PCT |2010.11.19
A P & Douglas C. ’ e
lonizing Process for the extension of Mitec
radiation, |fresh meat microbial life and color life of Incorporated u) = 2007.03.12.
MAP fresh meat products P
Synergistic sterilizing and
ZoZn) preserving method for fresh ZT(?RINESL?"UR
BZvl, |fresh meat |meat with high voltage field AL PCT  |2014.10.21.
MAP plasma and nano UNIVERSITY
photocatalysis
PEF, Method for processing
pulsed |pot-stewed | pot-stewed meat products CHENGDU —
ultrasoun | meat adopting pulsed electric field |UNIVERSITY e | 20150707
d and pulsed ultrasound

2= Ry =] B

A 2d U Ze/d R ANRAE) EF

L 2 &7 anF

<E. A5 S7F LHlE>
e AR 2 FH(E) 1915 21 F(Kg)
T % ES A% A % ES A% A
2006 330,554 874,704 416,849 1,622,107 6.84 18.11 8.63 33.58
2007 368,749 931,339 433,787 1,733,875 7.6 19.2 9 35.8
2008 365,116 926,764 435,991 1,727,871 7.5 19.1 9 35.6
2009 395,536 915,534 469,128 1,780,198 8.11 19.1 9.62 36.83
2010 431,299 940,620 522,310 1,894,229 8.82 19.24 10.68 38.74
2011 505,847 937,643 566,185 2,009,675 10.16 18.84 11.37 40.37
2012 486,021 960,000 579,371 2,025,392 9.72 19.19 11.59 40.5
2013 519,002 1,049,300 579,944 2,148,246 10.33 20.89 11.55 42.77
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FEUE §F avEe IR &5 Uk A A IS 199 SR &aRlE
1980 11.3kgellAl AT 41% F7kstd 2013+ 1980 Hok 3 g
42.7kgol A&

199 A7) A6 1980 6.3kgoll A 20131 209kgo. 2 F718tR L, #arle Be
713 2.6kgoll A 10.3kg o2, Fal7]& 2.4kgol A 11.5kge 2 F718

7 FToAME ALY avFe] P ol A 359 St 7 &¥ T =AY

H| 50 47~61%°]1Q 1L, 437] ¥F2 19~27%, HaL7] BlF2 20~29%°1 A+

ShAIRE WAy o] tidk HE FUtE §7/ &HloA Har] &M BT FUbete FAE

o) 109 9, B4

AR WS
2013 2014 2015 2019 2024
2015/2014 2024/2014

SRl 16,312 17,799 17,192 18,559 21,352 -3.4 1.8
& 3,682 4,088 4,022 4,187 4,981 -1.6 2.0

F= 5,010 6,126 5,585 5,991 6,847 -8.8 1.1

S 2,171 2,041 2,162 2,394 2,693 5.9 2.8

$F 2,074 2,192 2,036 1,957 1,878 -7.1 -1.5

A8 TS B

Agargle AA EAY Bk b 7R/ 2 AYReR Selue HA B9



arole] 4% 12 23t FAF HABES FHE Y FRb FHE

2013 WA H4Y AL 162 31209 Uo= o]F Hurlvh 3z 68209 4,
R3] 5F 1009 €, F317] 2% 17109 9 AHZolH, 20143 A37)9 =HA 7|7}

Z+zy 4z 8309 o, 6% 1,2609 Yoz ZFUlstal Havle 2% 4109 do=E AT
Aor FAHNS

20143 FA R 9k 2024F AN AWe wlwstd Harvl A8 2.8% HAAES HolH

2Z 6,9309 971A TS ALS=Z Ag=FHo U 2 IUMEEAME JUEa, 43|t
AR 2.0%, HAL77)F 1.1%8] FS7IF0lE RY Ao = AWd
. U S7MEE A= ALskEF
A) £A7(2) wo) A (3) 204) FEEAD) | oA A
. (142+3+4) (A+B)
T xw [aen| 2o [den| =2 |aan| 22 [dad| =2 aan| 22 |dan| =2 | aan

r
~ O
S
U
rh

) | &) | B | &) | ) | & | (%)

r

(%) | (&) (%)

(
2006 | 58,520 7.9 44,156 27 2,765 1736 27,157 -39 132,599 3.7

)
|~

,224 1.0 164,823 32

2007 | 58,233 -0.5 46,183 4.6 3,201 15.7 28,307 42 135,923 2.5 29,930 -7.1 165,853 0.6

2008 | 52,070 -10.6 50,267 8.8 4,316 34.8 31,470 11.2 138,123 1.6 24,804 -17.1 162,927 -1.8

2009 | 53,670 31 54,116 7.7 3911 -9.4 27,188 -13.6 138,885 0.6 20,091 -19.0 158,975 -2.4

2010 | 62,321 16.1 56,103 3.7 4,289 9.7 33,934 24.8 156,646 128 23,994 194 180,640 13.6

2011 | 64,240 3.1 53,939 -3.9 5,451 271 39,351 16.0 162,980 4.0 25,764 74 188,744 45

2012 | 61,425 -4.4 56,470 47 5,856 74 39,483 0.3 163,234 0.2 28,090 9.0 191,323 14

2013 | 62,332 15 65,667 16.3 6,710 14.6 46,637 18.1 181,347 111 27,559 -1.9 208,906 9.2

2014 | 59,778 -4.1 67,512 2.8 7,268 8.3 50,885 91 185,442 2.3 25,666 -6.9 211,109 11

AR (HEEKTIEAI B DA DA A

28 ol8d ASVTE ALFL WE ExE Z/ARAT offo] FUma
EFaAAE BAd 8] o3l o
AR AL 2006 44,156=4 20143 67,512E° = =7}3t A SItEE

o AE

Az A 2 NEe AXGL AL A AT ALTE 20069 27157 A
= 50,88 zolstg o, MolHe e 73t 2

ZASYAT EFAAAE 2 7F 3224E A 25666E0 2 FAF BiaIAS. W

AR 20066 58520EclA 20119 64.240E 02 E71EIAUL o]F  zhadio

2014\ A= 59,778 F 0] AYAte



® oW S7HEF AxE A
! () 247 2) W ol 4(3) () %(;jj J£4A)) EF£AA®B) (Eﬂ)
TETaw [man | w% |aan | 2% | dan| w2 |aan | s | ddn| w2 | aan | 5% | ad
(& (%) (=) (%) ) (%) () (%) () (%) () (%) () (%)
2006 58,520 35 44,156 6.6 2,765 153 27,157 4.3 132,599 49 32,224 1.6 164,823 4.3
2007 | 54055 07| 47068| 84| 3143 196 23953| 31| 128227] 30| 28341| 03| 156568 25
2008 55,323 23 52,813 12.2 3,439 94 27,159 13.4| 138,734 8.2 22,826 -19.5 161,560 3.2
2009 57,427 3.8 50,006 -5.3 3,804 10.6 26,485 -2.5| 137,722 -0.7 20,071 -12.1 157,793 2.3
2010 61,161 6.5 55,207 104 4,170 9.6 34,376 29.8| 154914 125 23,577 17.5 178,491 13.1
2011 64,444 54 53,589 -2.9 5,256 26.0 38,206 11.1 161,495 42 26,094 10.7| 187,589 5.1
2012 | 63506 15| 5600| 47| 5704 85| 39278 28| 164578 19| 28017 74| 19259 27
2013 63,627 0.2 62,646 11.7 6,670 16.9 47,311 20.5 180,254 9.5 27,427 =21 207,681 7.8
2014 59,945 -5.8 65,341 43 6,773 1.5 45,226 -4.4| 17,7285 -1.6 24,670 -10.1 201,955 -2.8
e (haa st as S9 AN

O A% 7heF &fle IR &5 S7k8 AF 4H g s, gefst o= war
Sl AS7beE el 1990 o]l AW 3.9% Frhsted 2013l 207F
2446 S V1S53

O AR FE5EE B9, 19903 o] % ol Amjgko] AR 11.2%2 AS5713F AF FolA
7Hg mEA SUMetReH, A AEFLS AT 84%, WS A HA 7.9%, 2AAE AH
3.8% 7%

O ol Hle|Ho] o3 AAgo=m W 37 ol&HM, We o] &3 HAL Eoidel wet
ol JuigFs F43] S71e ZAe® K AW AFY BF AV AL By HyA
ol =A SV, HAD S0 &AA BujFo]l wmEA Frtete AL ABVE AF
So® A% Ta A WER] Aoz vtoby. 3 dufR 2000 o] F FIFEo] F473]
T3E 2 A=, ol Boly arlE AbREoF st= Alfow st A, Bt FE 9
theFdol AAIART "ojA| 7] W] Zeg vhobd

3. TW SUHEF AE AR IR

<#. TW S7HEF AxAPE B4 A

(Fuf e A, AFE/HFE %)

e o o} GRS

20104 20114 ARE 20103 20113
CJ 239.9 306.6 27.8 28.2 30.1
Zu| 177.6 182.1 2.5 20.8 17.9
5 YF&B 95.1 124.5 30.9 11.2 12.2
TEETE 70.5 86.1 22.1 8.3 8.4
o} 67.5 83.2 23.2 7.9 8.2
= 201.3 237.2 17.8 23.6 23.3
A 851.9 1019.7 19.7 100.0 100.0
TeR A7, AZ209, 49, 84719, AL, GAAUY, $9 5 105/ Has

A5 gREEAATY



O 1980 =g, CJ T2 ~7Idol ARl EstdA BAAR] BAT=7F FPHUE
- % v\i:j’_

19909 o F Z3e] 1% 5 AzAle] 719} s 7 o] thekstol uje}
F5o] A%HoR 271

O 2011 m oy
2011 @+

O 201149 71& dAfE2 CJ7F 30.1%=2 7F8 =31, O ool 2u38(17.9%), 5dF&B(12.2%),

=
EHETE064%), E0@.2% o2 Cl, UF&B, @5+, dde IAF&2 S7HA,
°



4. 5 ASAF &6 A4

NSHE 7Y Al D AR

H=21,

7.6%

2712, 83% 18

REZ oo
=7
_ i
7HH, 297% T
! HE @R}
o
0|7
Hch 1.3% =5 do,
18.1%
mES O}
nEHE
o7t S

= D§Q 7L

25 HAAE T, 20113979 &H)
<39, W ASAFA hF 2B QA2
O 20119 = SAF AAZ] L A2 3 2“4?‘& o &+
AN HFAF T

A FU ALAFY QA=
AL 0, 545%7F T2 9 9

ol
=

4oz 298

=3 AUbEolY ®¥
A 70% AFEE SH
e Ao g vehd

27 AEAEF Y

A

al

P 245o0(x
N D510 11.7%

ZREML §

33.8%

_

LG x7t 8.3%01g o AxYAE I

Al

Henol LR L
m 90|t
nzeEnn
n i 0(X| 2oict

A g, 2011(145% &)

27128 29 ol

nEAE| SEIT
T
AT O]
soict
nSHus| Zoint

25 Al 5, 2011(531% 37

ZAF A >

98 SHAE 7.6%E
Fdol AMHL H9MAoE

O ols ARAE AP #F A =4 Ane FEsed ASAF AW A G:
yss SR AA 545%E dEaAw ¥ mEAn =t ggHelx vty
SHE ML 45545 Bl Au] e SHAT A% AF Aol o e
AAA RIE Ao Yehd

O =3 ArbBeleta g 83%e] Hee 2, A{/13E Agel U@ ode e
AEAN 2MAEC] AEMFES RAHOE ANFL UElE HFoUx, AF E:
A 5 o2 FF S7TF 4uE FolEt ool st oFgnt f L
ZERIEV S



O L3 AE9 40% o]io] HIIE FHrh AL 59 o]z ASTEZo] dokm Ao a7t
Aol AL, FF AST7EF 7Y Al tiEl, &nAEe 27.5%7F A7l FXA
L Az Ao hrgo] o4lH o FolATa SR

World Meat Production, 1961-2012

Meat production inched forward in 2011. Drought, disease, and the rising
cost of inputs are all projected to curb 2012 production levels.
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GLOBAL DEMAND FOR MEAT

2005 vs. 2050

fin tonnes]
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BEEF MUTTON PORK POULTRY
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ESA Working Paper No. 12-03. p. 131
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Demand in the rich world is satiated

Meat consumption per capita, kilograms, average 2010-12 (estimate), and 2022 (forecast)

OECD/FAO

2010~

2012 2022

B B beef veal

W MW pigmeat
W poultry

B W sheep goats
e New Zealand

Demand in the developing world is rising steeply

Meat consumption per capita, kilograms, average 2010-12 (estimate),
and 2022 (forecast), in the BRICS countries
(Brazil, Russia, India, China and South Africa)

OECD/FAO

2010~
2012 2022

B W beef veal

W pigmeat
I poultry

B W sheep

AF=: Meat Atlas 2014 — Facts and figures about the animals we eat
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Z238t 7gol =dE ol v, d, EUAE o] 23t e
s

sohol= , @Az, & ASAF, ready-to-eat RTE) & A& A|Fo v WRHoR
z=

1}t Vo] AF¥FHoRE F8&FHI Jdow, IFEAoly MAP (modified atmosphere
packaging) ¥ AFol HAstg A WHOEZH ALEH

9l mlFmet ohel 2wl olgEel, Y, U¥ Fold xudrlEe o8
AEAFS WL A

gEdoz YR ~Hd gL HATAN olAREH ASATL HEF 2E9
AggHon 2uge AHgEE glom AT FIN zute A8 4F A%
Wegol 2 2ow k8T Ug

dEol 7%, Ajinomoto WEAFAA Ze7bE AFS ARE JIEE Y-S AREFH
AFol om H3] 5ol loide Tl Wl Wl dEe &Eu Fh $4
Ao 2 8%, Fujichiku Ab=E Z234E o] 83 287ty Al2dlog THE 98 7LgAE9]
A Axeol HEXO] Y5 (1 A Jlsd AFXEA no.l0, 1994, 97-105,
N E)
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AL%: Markets and Markets Analysis
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23 AF AFL 20123 71E Bujyk 4 33 £, oAb smolm Al Ao
a2A F7Fste 2018ddE 22 & HY ASE qdH. ol ofAo} A FE4EG A
2319 719 HEol A AMA A HlE v FTe As RoAFe AAE SEYUYSE
ZRE ofAofo| A a1} A Fol e AT AFF
HPP Products: Market Value, 2011-2018 (SMillion}
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g —- %CAGR

T (2013-2018)
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20011 22 2013e 2014-p 2M5p 2016p 2M7-p 2018-p
A} 5: Markets and Markets Analysis
Q01139 XE 201897HA] =2 AZE AR 52 =7} Fo>

23180 AR A7 AFY Aol F&3 4 Foln 2018 o 1209 Dej(e
1429) 752 NS /T A= 9=

D = 3A71% d%

O

O F)thEoll A 2014l A

AAAA = Aol 23k A® A% AFS AP Wl flou Fnew
FTAERLATY SolA B ATE AW

28 A FNES 08W £EE
Aol BF AT FYSHAE

R
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o
o
1>
u
_t:lo
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N
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NER FAo] O HIAE ATRY A wol4 A Ee
z23gh MG AEAe zdel G mABA AT FA@s, WA, o5
S)e BAse] AFe] e nAsE Tl ABHAAT AH Y 23t WG A
z7o] RS, FA0 AEZESFNS ol 8% HFe FA 9 BEEA, VYT
CI)_]_—

FZAESFATANA 200190] ASF  “Zugtel oF AMF 8 FFHo] AFA
A A7 Al U BIAE AHRW gPzle] KEAY v wd 21
zd0] we Ao wud Tz 9 zASY ws Wyl 2uPe o8 ATAE
WRNEe] AL, 2uk AT WASe) A% F FAAs Wb 21 A FEAE



tiste] Fu), &uA SAA B AAE B ol RofRlee & T e

(2) =9 ZA4718 4%

FUse gd ASeAE Eefels 4, ARay AU 22k RIEAF AL B 5o
w3t A Ho A FAHT YL

FN'

Hormel Foods, Tyson Foods, Foster Farms, Cooper Farms, Columbus Salame,
T o] Cargill, Zwanenberg, 2#<1¢] Espuna, Campofrio, ¥lv}=2] Danish Crown,
Moira Mac’ s, Z12]2=9] Infantis, Creta Farm, =%¢] Abraham, ¥=¢] Deli24d &

n) o
EIR=!
_Zr.
B2 S§7Fs SAE 238 A HFAFe ARl SAstaL =

(ol

I o &= 2
rloﬁrEL

5

Cargillol 4=  “Fressure”  (Fresh+Pressure) H#MT==Z Ao Eoj7l= 414 (fresh)
pattyE =1 Agste 3 HrbE, 71E AYE A @2 1FEZ beef pattyE
launching3}91€-. Fresh burgeroll thdt An|AtE2] Y=z} 2007358 20103 7kA] 18% 715
=718 AA 2=AF AFE 7]HEC 2 Fressure® beef pattyS EA16HAl H. Fressure® beef
patty= 71 @A AlFol Hls] FE571%ko] 21dolA 2L 2 F v 7HEF Sold

29919 Espunarl= 21 Ao AFAH 7|Fdo =z 1998E@HEH 2319 7S AFE3H
2 Aoy 2@ @ AF 2 7142 ol ol gstd 2w W AP 21t
Mgl A FEAFO] F kA Lol TAPAS HAEE wale] oy HuEe] Chod

=
AFAF 234 71Es o83t U+

Feuet @ AE E 19 2Bl A=A w17 Hormel FoodsAhe @A 219k 48
AFES 7P ol AetE 719, 200537 23¢ J1Ed] FAE Aol 200610
oA 3¢ ALY AEL FABOM, olF B3 2K 5L Bol T UYL
600 MPa 48 =AolA Askel e H7HE flo] AF FE/DS 60UolA 90YE
SERE

A AANA 74 2 $7HE A F shuola 4z

HF2 AH83lE w=9] Tyson Foodsoll M= Eair|el] i<t
Aol 600 MPa ¢goz 4 B AEsts
Hlal 14U A 4592 TA A-AZ

1939 d A EH w9 Foster Farmsol A= 219t g3k Ha7], 2Hx 2 RTE AZFES
A Zpol] ol EA1E. 2007l 300 L 839 =3t7] 27) 7Y &, olE

dsted A F A 4 SElv A AREAH 231y A AFe dARFE 7ol
71&9 =R R ]y A #ll H| 5 - Hj) 7vF /M= I+



3] 4} =7} BAE 5
Cargill vlgd#t= | FressureTM Fresh ground beef patties
NATURAL )
Sliced ham, turkey, beef,
Hormel Foods i =5 CHOICE®
and dry sausage
BREAD READY®
Foster Farms v = All Natural Sliced chicken and turkey
_ Sliced ham, pork, and
Infantis g2 Freshpress
turkey
Moira mac’ s S+ - Diced poultry’ s breast
Abraham =Y - Air-dried ham
Espufia o] - Sliced cooked ham
Campofrio 23l - Sliced cooked ham
Danish Crown | dlvl= - Sliced meat
Zwanenberg |UEd@= - Steak tartare
Columbus - 100% pork salame, turkey,
Salame ham, beef, and chicken
Creta Farm g2 - Cooked meats and RTE
Fully cooked and RTE
Cooper Farms o) = - turkey, ham and chicken
products
Tyson Foods v = - -
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o1

il
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9 23}

Al 14 E47HsS B RTE AlF 234-37A4 A 7l Ad

1

247184, RTE AFS) $EY A5E A2 09T 24

7 FhE ASAF BT =4

O =W ¢ & 2 o8 7|&# 1 Al EskE ASAEY] od 9 FHd IS T vAE
ZTv v 7 log CFU/g o) = st 5(Kim & Song, 2004).
O 2&AFe vAA=EF7F 6-7 log CFU/g A=7F =W Faj7t AZ=Ew 1 o4 F+5 8-9

log CFU/g ¥ wl&= ErkQlo] =77 AZstthal =A A= HAZF AT
$HNottingham et al., 1982).

O #A &3 FTodAM= ASAF AZ7IY FARJD Fij71&S 7-8 log CFU/gE AN AIZF H}
A= (Gill, 1982).
o &=

Sy Al Rz(EAkEe] A4, st aaTd A TIS(A FYFEFAAA A
2014-43%), 45 T A= HAALHAFFFAAA Al 2014-135%)= A =9
nAE fAEE Ve HER AEEHA Uda.

F AAIES AN EE DA A7 EAmgh) = 20 ool &Sl Falhod
g =5, ¢=0, m=0/25 go. & A UL

SAHEAAT Y A20x © Al A 27F0] =W ArdetFH(Salmonella spp.),
)& (Escherichia coli Biotype 1) AALS A A|ste]of 3t

@ 4

- 21FHol duk 937 2 e FFAReg 178/2002)8 71E, RE 2FFo] AFEH=
e A HReg 852/2000) 01 A A A& -5 F7HA<0 A 21 (Reg 853/2004)& Astar
A=

ZS = J71E 9D §EYAE HACCPo| 71%3F A4, Ar) 9 387 )&=S

o &

MN - off
<> o
i o
o



- 28 AL ASAZTY A 378 AFS 3.5-5.0 log CFU/cm?, AWM #2 A$ 1.5-2.5
log CFU/cm’, Atz dete] A5 Ag Ul 4842 efolol .

718 A& 3.5-5.0 log CFU/cm?, AWMl A% 1.5-2.5 log CFU/cm?,
]

ANE Y E=A)35FR ook 3},
3 "=

- USDA 4% FSISE @4 2|Z HAAZ 2 1388 o]& =274 @ HACCP, SSOP 5 =&
At AEE AGS T S

8N

log CFU/cm?, 1A= 4 log CFU/cm*E dA] $olol 3, =3k Amule}
=82, c=1, =;HA¢ A% n=38, c=2& A3t Y=

- SAFEMEATE &34 S4k3o] w378 Asta] LulxtoAl L7174 Hae) bt

AW g FAFES 0,

- 37 Yo ASAEFE vAE THel=ads Fol AgAE FE3ted A A sHExcellent, Good,
Acceptable, Marginal).

% 1-1 33 U ASAZL v4E sto] =2kl
=

= TVC/cm® or /g E. colicm’ or /g

Excellent 1,000 nAE

Good 1,000-10,000 1-10

Acceptable 10,000-100,000 10-100

Marginal (Action required) 100,000-1,000,000 100-1,000
G g8
- AE A&} 34d TR TA A 3703)0l HABE 7)Fo] AHA god, A FE

23 ASAF By olyet A &7kA] AAAHQ] 71E vpAEd =5 21F Aol

Aagog gAuste Aol b, FUMFLS SAdololoF st V&S 7HE
- A7), 23719 A9 dut NFSFE 5x10° CFU/gE 712S A3 Qo ZEA1d77}

Adrdade AEFHA Golok e VeSS A dS



B A7) 7tESlA AHE gg} A BAEE HAA E colf O157:H7-2 vd v =oj A
96,000 71 A, 32,000 ] 4 & 31 A9 APGS st AL 49 5HT 29
S EHE LAY, %%%E}?Jé(NYT){— 2007 7HEARe] Bs MASe e anATt
25 el g oteirt vhigttay Buste 4§ A4 A AAY BARS
aE3HMoss, 2009).

o

v W FA o WA E (CDO) A 1043(2003-2012) Ake] 391 o] Harr|o Al E. coli
OI57:H7 o< 43 A3 F 4,930 o] HHHIALL olF & oA U4 1,274
71(26%), 300 AG%)e] S 254 SFTHUS) &Y, 349 o] AzrE 2 3E(CDC,
2015).

2000 olF 7] Ba
197335} 20119 Afol
g 9 318 7o) Y9

S #AH Arda Fo urxjo] FA
HAa 95 o] HarjeA drue
13HCDC, 2015).

]

S
o
=

Z7Hg CDColM =
FHst] F 3,643 719

m[OLé‘d

20153 A Z A AALZFFSIS)Y Bare] ostda ml=e] AS=m A<l Lombardi Bros Meat
Packersol| 4] E.coli O157:H79) 2|3k 9o & oF 27,000 F-+=2] 4§ 71& A Fo]
FE5HGolA 34 FHATE E.coli O157:H7S &9 @S doym 2-8YUzte] AF5
Fste HYA rAEE 821 mlmolA WA AFE AR AF dEiloen, b
Hl=o A 6RFed o] A=) 50 o] wxtha BRaus iy 15(NEWS DESK, 2015).

KoX
=
q

L:
R

1

n)= A F o FF A (FDA)F A 5A A A E (CDO), A FAAA=ESIS) Al 7182 A

TR HRA 2] EekA R A 7] &(FSAC, Interagency Food Safety Analytics
Collaborat1on) HuAe W=, ATOZ A3t A=E9] 46%7F &7 A vZEH. 713
dele A A Aoz 93 H(AOL.COM EDITORS, 2015).

[FSACel wt= 20163 1€ Huisken Meat Companyel w2 <F 90,00 It+=9] 415 71
AFo] HAE Q@O Q3] B AFEo = 3]4H(WXYZ DETROIT, 2016).

20161 1149 wl=r L] vl E7HES 3| A A& E.coli Hddol o
2oz oF 16000712 JA FE AFo] 3)4HNSW government, 2016).
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2015 37 13 0
2014 3 1
2009 23 0
2008 79 32 0
2007 40 21 0
2007 47 0 0
2002 28 7 0
2000 46 24 0
1993 501 151 4
Outbreaks in the USA linked to hamburgers and ground meat_Source: Marler,

2015
ot RTEAIF &3 2 A=A

O RTEAIFS] F27|AF 2A}

S 19904 124, I8l HYR ATk AGAN §3D Aol SAANEAN £ col
Wgitol AEsol FAE AV} oF 220 WAL AT T, 1999).

- 2001 49, )% 2 FeErl o] FUE AFAA ubs F2T ADF ASH B3 5
S92 FEAZ TSN Pzelgol Fol AHUS APl B o] 6600 £
5 35BS EA D, 2000,

- 2008 94, AUt el FollAd Ayt b Hd &7 ZhedAR] HelE 2=
FEt ALY ERE FAA Askd AFA gzEH ol ol HEHo0, o]& 3
FEo= A7 AEAF oF 79, el 1" AREZE 3871 0] R HEAH], 2008).

- 20109 69, Attt LEhE ook BCFOIA CEzE s Abe] FA WAFONA el e 2o
ol 29 Aol Ay Hol AF B4 2AB@FYR, 2010

- 2010 8¢, w=9 SUtF AFHA ‘Eold FE UL mdYe ArnfER FEd2
2E2EWZ ‘7% AMEAAF & oA g2Elgo} vHH glolrt AEE o] 19089 7HE5o]
YZF2XHEFI R, 2010).

- 2011 8¢, "= ‘FEA’ Abe] olgkATE FAOA AYAE
Andgldo] HEFHO 19Ho| AALsl= 5 7690 A5

5 Al F ol A
&= EAS(YTN, 201D).
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- 201543 129, wAHME= Bl ‘premier Beehive NZ Limited’ AFe] 715 A&l A



g zH ol o] BHH gE =AHFEANE Fro], 2015).

0169 60 59 Welol® £l 24 Al AW 9 A2 AFATAA Az
& FEsks deelosl b AE 0l 830 AUTHAHAT L, 2016).

- 2016 114 vwl=r Q38toleo] sty wHo|a=’ Abe] AWz 3 JhgAlFelA
gjzEglobte] o ThsAol WA AT HFHAF0NTH =4, 2016).

3 1-3. RTE A& &4 mAdE 2o w& 23

AE S Aesd 4 | ¥ 9= Ty Ao adA -

. nl= AHE,
Abgta] &AL A E. coli 19943 Aa) o} Xl oF 221

HE% gomzol | 20019 | ME eZetEvi -
HEs dodol | 20083 | AU ereles oF 3373
BEEVE R aeet | 2010w o A .
PERER
ERE gadzel | 20108 | vt eede -
Auz Jbgs | Amdg | 20114 v ok F oF 761
3 goegel | 20154 wAdE B4 -
R0 AZAE | AzHel | 20069 | B uloloE % oF 873
vz Yool | 20168 | W% oselo

- 2008 2#Q g = Yo} Auke] RTE & /A% 569719 &S 4% 23, L
monocytogenes7t A7 AE F 11.1%, W& X2 A2 F 6.2%, A A2A A oA
16.9%, 89 oA 125%, Z8|d HFHZE 7FEAAEF 2] 20%0 A 7&351 3L, Salmonella=
WE X7 A2ANA 1.5%, 2PN 2%, A2H 2AAAE F 1L1%3 =
&5 S(Cabedo et al., 2008).

9,

- ol=2 3t ZEgolFo A AA FAT 2790 7HES M EolA E colil O157:H79]
A &237] 67 AZF, 2AA AFZ 47, A% 2AA AZF I NA AE=5H0S(Chinen et

- 20113 dh=to] E=AE JLERE 86TNE 2AS A 279 EF =y A3, 371 &AA,
1709 §XolA L monocytogenes’t 74Z&% A2(Go et al., 201D).



- 2012 &=9] 7t | B AAAF A2E 10304 A4kE 10807) 9] AFS EAT
A3} L. monocytogeness= 4712] 3, 872 AAIA] A|ZFAA AZSHJAL, S aureuse 4719
3 A FoNA, C perfringense 37/M2 3 AFANA A=HA-SPark et al., 2012).

g AlF U BE= AF AE Y 8 2 53

D 2 L

- Al W —mﬂﬂl’ o2 FAuEE AF F FUl, Cl, 257] Al FAA U Fd

‘A E” ‘) FhrxElolz , F7] ‘M ZHolZT Al AFS

Hepstol A& %ﬁ—’? %5 292 AP

- A AFES Ve Ade AP sA

<GH W ATE” <CJ 2Ho|Z >
- WA AAl &A P FECAM Al AlFS FUT F e SFd Ade I3

- Stomaching bagell €] 17§ <} BPW(Buffered Peptone Water) z+zte] s E] F-A ol
2u9FE(1:2 dilution)E YL 2 #37F stomachingste] A& 78 3

- S g EAEE AR 2 A5 S 1 mLE B@ AU ol gt A% e
A5t om, NANutrient Agar) ¥ <18 AHgstel E£3 Hagon S50,

- 37 ° C incubatorel 36 A7+ wjest & A4 3

@ 23 23



45 4

35 4

25 4

15 4

Total viable counts {log CFU/g)

05 4

=] ¢l =R

ad 1-1 4 AFE F &

- 4 AF2 1.39 log CFU/g, CJ A& 3.88 log CFU/g, &57] AF2 4.25 log CFU/g9]
MAE FEFE Holal (9 1-D.

- AE F nYE o dFo] Fololx Feldr] 9|4 AA KCCME= n] g E R EAE)o|
=48 o)Fs A7 oy mAEe] HAE HYS(E 1-4).

-~

E 14 4 AFE s AE SR

B AL NMAE AE
Serratia liquefaciens
Pantoea spp 1

S Serratia ficaria
Bacillus subitis/amyloliquefaciens
Serratia plymuthica
I Serratia ficaria

Bacillus subitis/amyloliquetaciens
Bacillus licheniformis
Bacillus licheniformis

=4 Bacillus lentus

Bacillus firmus

2. 238k, FaA T WZtE 71<€f uAE Ao 7% dF

l-J

7t 238 A VeEs T £4 J1ES 2 RIE AF9 24 vAE Ao a7 € 7|5 4+

D 2317 A B

L

21¢ 4F 719¢ F® IAE Aol £% FA L /% A7

. 2¥ IE



£317] A FAE Al &4 BSHANA F & 5 7] 471350 kg/h, Manica,
3}

2 3 100 go 54 F9= Molder (12 cm diameter & 1 cm height) S &85l ) €]
BFoZ Az & MAFgWd HEE W& & F EA7|(Foodsaver, USA)E &85t &
%

Z31%17]171(HHP 600 MPa/5 L, BaoTou, Kefa, China)E AF&3}e] 200, 250, 300, 400, 550
MPaE 5 & A& T3l 43

EFH5E 2A3H7] 93 stomaching bagell ZHE] 1719 BPW(Buffered Peptone Water) 200
mL (1 : 2 dilution)& Y3 2 #3F stomachingsl] AH-S A 3

54 e W EASE VAR 23S s A4S 1 nlE BFHHAS o] gtel A%
54 AAshgor, NANutrient Agan) WA & ALgste] &3 Bagos S48

37 ° C incubatorel 36 Azt wjekst & A4

o

b 43 23

Total viable counts (log CFU/g)

3.5
3
25 ~
7
15 ~
o
0.5 ~
0 T T T T
200 250 300 400

Pressure (MPa)

N

Y 12 54 g 4Hd 3 74

Bl A% Z7] Fo| 4.06 log CFUGY S el & +

oo 2
2

ot
= et
) of
. -
N
52
rlo
=)

30 Pl
32 [

&3 200 MPa 4.04 log CFU/g, 250 MPa 4.08 log CFU/g= 250 MPa ¥ A& Al7bA|
nAE S ME) gle Aow BEd.



Z=f

- 300 MPa ¥ A2 AIE WAE el Wsh 47171 Ak o 384 log CFUgR
AZE0] 02 log CFUlg A% 7438 89 & = IS

- 400 MPa +3 A7 A] 3.23 log CFU/g 550 MPa <t# 2] A] 1.87 log CFU/gE &% 9]
Z+z}+ 0.83 log CFU/g, 2.18 log CFU/g 74 S R 9.

- o] ¥ eFE MAE Agsel AAE wolw, A% Yol A 2AL Fw Egol
g Zolga s

(2 £317] F5F70 79 231¢ 47 71eS T MAE Ao £ g & 71F AT
Ob "= A3 43 By
- &3] 57 FRE Al & AsHlA 7 F r] E471(350 kg/h, Manica,

F7) H-$1= Molder (12 cm diameter & 1 cm heigh) S &-83te] ¥
ol eSS Y AF EA7|(Foodsaver, USAE E3f ¥ =4S

- 231971 7]1(HHP 600 MPa/5 L, BaoTou, Kefa, China)E AF-&3ste] 200, 250, 300, 400, 550
MPaE 5 &&<¢ 2835t Ao

e

- ==

0

#4E5 ZH3}7] 93 stomaching bagel €] 1719} BPW 200 mL (1 : 2 dilution)& @1
B2+ stomachingdte] A& <S 28 3t

Do

- %

3]

A e W EAske PAE

=42 = K
< Agstgom, NA MAE Agstel £ FAY oz 2459

& —ln

- 37 ° C incubatorel 36A]7F vk

%
ot
b
4>
ot

W 28 23

it
Olt

b ere 2% sEe A9 27] ol 372 log CFUgY S &l & &
-3).

al

A

ulo 112

2]
e

[

30, Pl

(1

- X3 200 MPa 3.73 log CFU/g, 250 MPa 3.66 log CFU/g, 300 MPa 3.63 log CFU/g2. & 300
MPa ¢t Hgl A7HA HAE S5l WMash gl Ao B,



- 400 MPa ¢+3 =¥ A] 3.37 log CFU/g 550 MPa +3 A& Al 2.41 log CFU/gE Z &5 o
Zy7+ (.35 log CFU/g, 1.31 log CFU/g #4E HolH, fdHo] =&+ vy E A3}
BHE Hole ZoE ARH.

4 -

| . | . | . | . | . l
0.1 200 250 300 400 550

Pressure (MPa)

I b
W
i

b
o
i i

Total viable counts {log CFU/g)
& ¥

[==]

a9 1-3. %) dEle) EE Fa
(h HWE 37t 4

- 237 S5 FHE A &A SN 7 F a7] 23471350 kg/h, Manica,

2 3 100ge] EF70 H91S Molder (12 cm diameter & 1 cm height)S &3] 1) g
- _
=

¢ g FEE Y& & MF EA7](Foodsaver, USA)E &85t X3

- 231%7]7](HHP 600 MPa/5 L, BaoTou, Kefa, China)E AF&3F 400, 600 MPaZE 5 & =<
g3l A3

- FF0 e W EASE AR Z3E 9 AE 1 mLE IRIH AL o] §3te] A%
NWe AWSGom, NA WX E Aol B AWOR SHSAL

- 37 ° C incubatorel 36A17F v ekst & A4 g
@) A8 25

- OkA]

obxl A& o)A 400 MPaXRE] A7t3 &2 Hol= Ao

3| Zso} 4P AP L A
oo Asksh vl5T PYE BYY 1-0.

l"‘l



- 238 AYE A F2 5 HE Y Ae 27 ¥l 427 log CFUEY S &0 & =

%0
?2
dlo

- 400 MPa = A& A] 3.95 log CFU/g 600 MPa ¢t A&l Al 3.07 log CFU/gE &% o
Z+7r 0.32 log CFU/g, 1.20 log CFU/g #AE HolH, ¢tgo] &5 v E A 7s}
FIE Hol= Zog ARH

45 1
a ]

3.5 o
3

25 A
3

15 -
1

05 |
0

Total viable counts (log CFU/g)

0.1 400 600
Pressure (MPa)

a9 14 570 AEle] F g Fas
@) 2377 FA B 21 A7 714€ 5@ HAE Ao} 13 %A A A2 AF

Ob mAE A3 43 8

- 237 FA RAE ALA 24 FKHAA T & F 17] £2)7](350kg/h, Manica,
Spain)E &3t 42 H9s B3

- 24 3 100 g9 %A B9E Molder (12 cm diameter & 1 cm height) S &3} 1) g
o Axd & AF3W AP E ¥ & IF EA7|(Foodsaver, USA)E &8st IF
%,

- %31%717]1(HHP 600 MPa/5 L, BaoTou, Kefa, China)E AF&3te] 400, 600 MPag 5 #%<F
2 g-3he] Ahtgh

- THFE =H3}7] Y3l stomaching bagell siE] 17§+ BPW 200 mL (1 : 2 dilution)E ¥ a1
2 E7F stomachingste] 23S A3y g

- A Y W EAEkeE mAE SAS W AE 1 mlE B

Jot
=
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flo
o
ofo
ob
£
re
I



HANe NYHAOM, NA MAE Agstel EF BBPOE 24392

- 37

° C incubatorel] 36 A7t vjeFst & A4 gt

Wb 43 2%

4.5 ~

3.5 A

2.5 A

L5 A

0.5 A

Total viable counts (log CFU/g)

0.1 400 600
Pressure (MPa)

a9 15 A e g F Fs

& AEYE sHA B2 A HE e B 27] ol 442 log CFUgH < & &

- 400 MPa +3 A &) A] 3.37 log CFU/g 600 MPa <3 A2 A]l 2.41 log CFU/gZ2 HZ=F o
Z+z}+ 0.35 log CFU/g, 1.31 log CFU/g &S Holn, ¢&Ho] &2 nyE A 7t3}d
BIE Hols Zo=E ARH.

(4 RIE AF &£AIA 2 €80l 3 23¢ 24 7les 8 vAE Ao &3 2 2 7%

AT

b

LY

- SPC AF &A1A] Al a 8ol 43S AP vHEAAFA =24 FH=E 712 AAF

o

=
u 23gk A A AR A6l B3} QA Bl

147171(HHP 600 MPa/5 L, BaoTou, Kefa, China)E& AF-&3td 400, 600 MPaE 5 #& <t
9% Fol By
AA AES 5U, 109 A% AFE 317 S8 10 ° C Incubatorel] B3 A%



- 2AA Y EAEtE s SAS f8 AE 1 mLE 23 AE o] 83t A%
M-S A o™, NA, TSA(Tryptic Soy Agar) iR S AL&3te] &3 HAHo g
SR =

Wb 232

# 1-5. RTE AF (&AAD) PAdE AFAE a3 24 (&9 : log CFU/g)

Sample DAY 0 DAY 5 DAY 10
0.1 MPa (NA) 1.83 1.98 2.11
0.1 MPa (TSA) 1.93 1.88 1.81
400 MPa (NA) 1.99 1.95 1.81
400 MPa (TSA) ND 2.01 2.09
600 MPa (NA) ND ND 1.95
600 MPa (TSA) ND 2.04 1.92

ND - A< AR wRk < 1.7 log CFU/g
W F 0 QA AR AL W 2% HUE A @

= < &AA9 79 NA plates
7] #°] 1.83 log CFU/g, TSA plate= 1.93 log CFU/gd& &<l 3 2

o e
)\}]\/\}\U-

BN
-b

- 400 MPa 43 g A 0 ¥xake] 9 NA platex= 1.99 log CFU/g, TSA platex= 7 Z&3HA A
ngto 2 gelo] E7ls3dtAw. 600 MPa 8 A elAl F 79 Agar BF HE HAA
nto g2 e 0 GAboll Al 600 MPacll A mIAl&E A3Hste] a3tE Hol= Zlo= Qg

S 59 A8 A 23 AYE a4A] B 2AA9] A9 NA plate: 1.98 log CFU/g, TSA
plate= 1.88 log CFU/g= HEF o] 0¥Ate] A@T3 IAA Aol & HolA| Fdh+

- T3k 400 MPa 93 A g]A] NA platex= 1.95 log CFU/g, TSA plate= 2.01 log CFU/gZ

HAE5o] TSAAA F7tete EES Holu 7|E tizxTd Hlg xfol& HolA| %+

- 600 MPa +¥ A g]A] NA plate= ND, TSA plate= 2.04 log CFU/g= HZEZHo HA
Hxad 27 24 g 3AT 5 A=

l

- 109 AE A 239 AP 8H @S 2429 A NA plate= 2.01 log CFU/g, TSA
plate== 1.81 log CFU/gE &5 o] 042 A4dTH A H=2A F=.

- T3F 400 MPa 43 A 2] A] NA plate= 1.81 log CFU/g, TSA plate= 2.08 log CFU/g=



AZHol 7IE dxzTol vl AtolE HolA &+

- 600 MPa ¢+# @] A] NA plate= 1.94 CFU/g, TSA platel= 1.92 log CFU/g2 A %= o] oA

zws 274 924 ges A0 5 e

- 1 o]%o AL AEe dol EAE JFsA RPou 2apdE o] 5o Ao AR
S Aol =wo] 2 ZolZta Az,

&
o
2
>
k)
o

offt
o
4!
2
i
)
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r
SuA
2
N
ol
Ho
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lo
o
=
ox
il
2
2
fol
i)

=

U, YEF 9 =+ bacteriocin
712 AT

D 237 A8 20¢ L JEF 94 HTO2 AT B4 /1S AR Ao] T g % /1%
AT

b 43 Wy

- AF 0 AES A F
BB NeA 24 AE

A
Bgstel 2zte] B9 BT,

S 25 e el &8yl wet &30 A 5
%) A 3 3T 7] BEH71(350 kg/h, Manica, Spain)E

- 223 3 27 100ge] A 2 T F9 o NaCl 2 g 412 & Molder (12 cm diameter &
1 cm height)E 83l g moko 2 A =x3t

- gl HEE ¥ F WF E£A7|(Foodsaver, USA)E &8sl g =A% &
%3197 71(HHP 600 MPa/5 L, BaoTou, Kefa, China)& AF&3te] 300 MPaZ 5 & =4I
A gsle] A

- THTE =H3}7] Y3 stomaching bagell sHE] 1782+ BPW 200 mL (1 : 2 dilution)S ¥ i1
2 &3t

- FF e W EASE AR S 9 AE 1 mLE IRIH AL o] §3te] A%
qe AW or, NA MAE At B FBWOE SHSHAE

- 37 ° C incubatorell 36 Azt wjFst & A4 g

h 43 2%



3.9 +

3.8

3.7 1

3.6 1

3.5 1

Total viable counts (log CFU/g)

3.4

0.1 300 300+Macl 0.1 300 3004+ NacCl
A 2=

a9 1-6. 4 2 3570 sige 300MPa # A

an

244

oBZ
o

- 3% AYE SHA &2 T4 dHEY HS 7] o] 4.06 log CFU/g, 57 sHEe A
3.72 log CFU/g < &<l & 4 A1 1-6).

- T3 300 MPa 9 A A 54 #ES] A ¢ 3.84 log CFU/g, 571 E 9] 7 3.63 log
CFUlge2 HAEHo] 71€ o A 2ol HolA &+

- A FH9 79 300 MPa + NaCl A2 Al 3.96 log CFU/g, 570 F91<¢ 7% 300 MPa +
NaCl &+8 A2 3.75 log CFU/g 2 AEH o &5 45 A = Adstdd axs

A
HolA e & & As.
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(th 43 ¥

- 919 ANE EQE SARAS YT F A $5H T @ F 0]

3] 7](350kg/h, Manica, Spain)E &&3le] 54 RS

o
2
g?_i,

i

- 23 ¢ 27 100 g9 4 2
Nitrite ¢} 2 g (Z+7+9] % 10%)
g8t HE Rgo=R

- AFgWo) HEE 9e ¥ 1F EA7|(Foodsaver, USA)S &83le] 1y A3 &



2

ol

_&

3971 71(HHP 600 MPa/5 L, BaoTou, Kefa, China)E A3+ 300, 550 MPag 5 & &
&

bl i,

2 P

55 Z4317] 9138 stomaching bagell i€l 170} BPW 200 mL (1 : 2 dilution)& ¥ L
£-7F stomachingste] 23S 3 &

i

|
[\N] O}N‘

n

o

o WE W EANE AR AL U AE 1 nLE BFANYL o §3e] A%
Mg AR on, NA WA E Agstel EF FPoz YRS

I
N
& N

ot

- 37 ° C incubatorel] 36 A|ZF vjekst & A+ g

(= 48 23

Total viable counts (log CFUIg)
b L e
o i = noLn

[ =
[ T 3 T R ¥ R
I i i i

29 1-7. 54 e 23¢9 BEF 4 3T 49
# 7FE Ao &= MPa
¥ S - Sodium Sulfate N - Sodium Nitrite L - Sodium Lactate

1 AHEE SR &2 HEY A$ %] o] 4.73 log CFU/g, 300 MPa &2 7% 4.34
CFU/g, 550 MPa #&]¢] 7% 2.12 log CFU/ge] o] A& 9o ZAxe} Tr/\}L
A3E BHAd(E 1-7.

g

- 300 MPa ¢} YEF 99 W3 A4S 214 A3} AA Sodium Sulfatee} Ws A=
4.63 log CFU/g, Sodium Lactate= 4.45 log CFU/g , Sodium Nitrite 4.10 log CFU/g= Sodium
Nitritee} ¥33k 23& A QJslais A zolE HolA| ks

= o) 2= o
2 g U

ftlo
rd

- Sodium Nitrite®] 799+ 0.23 log CFU/g & A3} &35 Hol= A



- 550 MPa ¢} YEF e ¥ 4l

filo
R

& A7 HA Sodium Sulfatee} B33 Ax=

d (

- 1.96 log CFU/g, Sodium Lactate= 1.78 log CFU/g , Sodium Nitrite= 1.67 log CFU/gZ2 ©<=
550 MPa 2] Al Bt} W3k Ao 25 O HAE ALt 345 Kol AL FAT

2= 0]So
T AT

- Sodium Sulfate¢} W33k 2= 0.17 log CFU/g, Sodium Lactate= 0.35 log CFU/g , Sodium

Nitritet= 0.46 log CFU/ge] ZaE &  Aw Iz A3 ALa3E He o=
A,

3. 2314, 24 5 WtE 714 AHgel BE B B4

B

7t 23% 71E Ago B 4 2y
) FIBE A7 B4

Oh 438

A3t A FS Z39 AX(Bautau, China)S AFE3le] 24 & mAyE 75 Ad

filo

- Stomaching bagell #j€] 17}¢} BPW(Buffered Peptone Water) z}z+o] sjE] F-A) ol
2u 9FE(1:2 dilution)E Y3l 2 #3F stomachingsle] A3d-& s 3

- e o EAlEE NAE 24 96 A 1 mLE BEsA9 e ogalel A% sAEe
A351.09, NANutrient Agan) MIAE A83hol B BRUOE AN S

- 37 ° C incubatorell 48 A3t wijekgk & Al

h 43823
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3
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b e
0 T T

Total aerobic counts (log CFU/g)

0.1 MPa 300 MPa

400 MPa 500 MPa

Pressure (MPa)

g 1-8. 21 ¢ nyE Ags B4

rlo
R
Aul

- 20 HYE A 2

AARH(TH 1-8)

- 300 MPa &8 A7 A DAE ZHF29 FAsE Fol
5 A3 g

&5 1.27 log CFU/g A

- 400 MPa ¢+3 =¥ A 3.10 log CFU/g 500 MPa &
Z}7+ 1.56 log CFU/g, 3.61 log CFU/g A Z H <.

- 4ol

i
o

D

@ Az 24

oD 234

- guAow xuer AL AsA =Y, v W
2~ o)l o
S =1

oS A3 A S
- A Yo MAMEAES o] g3te] L (lightness), a

|

o] A9 7] o] 466 log CFU/gY< &9l & %

g g e, oF 3.39 log CFU/g=

2 A 1.05 log CFU/g2 A% o]

2 MR AzEel TS Rolt Ao Ielm,



- X3 o]& EUIE control® vl st A W3 =& @r?_l g 4 9= F =<2 AE (total
color difference) = /(Z,—L)* +(ag—a )*+(b,— b )* &
Aela e HE A Wste] g d A=E U3 E%f%.

(Wb 434+

3 1-6. b Aol wE dEl e A W}

.l CIELAB value Total Color
Treatment condition Diff
L* a* b* ifference (AE)
Control 4778 + 1.672 20.55 £ 1.78a 1033 £ 1.728 =
300 MPa (5 min) 50.70 £ 3.182 17.67 £ 1.802P 952 +£1.732 4.59 £ 1.692
400 MPa (5 min) 58.16 + 2.16° 16.65 + 0.75b¢ 1022 £+ 1.544 7.75 £ 2324
500 MPa (5 min) 5930 £ 2.40b 13.84 £ 1.61°¢ 11.03 £ 0.482 329 + 1.252

- Control T E]= L'= 46.12 ~ 49.46, a'= 18.6 ~ 22.09, b'= 8.94 ~ 12.262] < 7}A(E
1-6).

- 300 MPa®] ¢t¥ o= 5% F¢ =ik 3AHS AX

o] A9 = 4821 ~ 54.28 , a'=
16.24 ~ 19.68, b= 7.66 ~ 11.06 9] Z< =3} =

- 400 MPa2] g o 2 58 %ot 23t AL AR e A L= 56.03 ~ 60.35, a=
16.01 ~ 17.48, b'= 8.48 ~ 11.41 ¢ & =Adte] AYL

- 500 MPa®] & o 2 58 Zobl 239 FAL AX e A L'=57.20 ~ 6191, a
11.98 ~ 14.83 b'= 10.54 ~ 11.50

o
&?i
o
AN
o
oh
£
ne
32
oo

- o)== Control I gl B3l L k& =78t a e
1ol 2wt A F uld WAooz 9l HIE = oz yoto] F,

- m3 gto] Zr4Ee) wet L3S H$ ZUleka a e Badts RS mE How
S

- 300 ~ 500 MPa®| ¢¥¥ o & 53t 2%t
e aglom, ¢4 Aelel we felH9l

() Hxx £4



b 4384

- g EA W3S =437 Y8 TA XT Express texture analyser (Stable micro systems
Co) 71715 ol&3tA+.

- B ATolAE 75 mm A B YEY ZenE ojggon,
AolA AR 2718 7F2 lem AE lemE B0 AR @A

- Control #j€]E #®]E3l, Z2}F 300, 400, 500 MPaolA4 5 & 3t = =
HHP 300, HHP 400, HHP 500 47§ 2] A &S vFo] A9 S, 449 A+
Hardness, Chewiness, Cohesiveness, Springiness<] =

(Wb 4323
= 1-7. 48 Aelel e wee) Ax W
. Texture profile analysis
Treatment condition

Hardness Chewiness Cohesiveness  Springiness

Control 284437 £ 1671.578 43290 £ 373.922  0.37 £0.08  0.37 £ 0.08?

300 MPa (5 min) 358866 £ 1783.348 73598 £637.132 043 +£0.062 042 +0.132

400 MPa (5 min) 5510.89 £ 1098.402 118520 £ 381.132 046 £0.07*@ 047 £0.112

500 MPa (5 min) 5679.49 + 508.28P 144715 £ 61829% 045 +£0.092  0.54 £ 0.092

- Texture Profile Analysis (TPA) &4 A3 7} 2 Aol& YE =

X 3] A (Chewiness) & <-.

st &2-o 7 = (Hardness)2}t

- 334 (Chewiness) = 7 =(Hardness) X -3-3 4 (cohesiveness) X %2 d(springiness)e] 2] o =

g, F2A Ae gl BE FA B

D "= A3 £4

oD 234

- AT Woll djE L e 4317

71847 (PM-70, Manica,



Spain)E Ag3ste] 171 B3

- 3 " &3 7]% 80 g/1 patty & Uir ¥ KCCMoNA F+U%t 4k L. acidophilus, L.

plantarums 242y JF8lo] Wb=g

allf

o 48718 Agstol

i
r d
il
k1
™
ot
b
o)
o
o
fo
4z

£

El

d = 12 cm A
JEA F=sF 3

- Stomaching bagell #j €] 178} BPW(Buffered Peptone Water) z}z+o] sjE] F-A) ol

2u7FE-(1:2 dilution)E ¥ il 2 £3F stomachingste] AdS 28y 3}

SSHE O LA WA SYE A BE 1 nlE dsdae ol g Ay
8 o

- 37 ° C incubatorell 48 A7+ W kst & A4 3

(W 434+

E_
o)
o
S 5_
]
5
85 4
.EE
S0 3
("
@
m
o 5
8
=
1_
D_

Control L. acidophilus L. plantarum

a9 19, b HSA e A A

- AE AYE A &2 HHY A§ 27] wol 4.66 log CFUgH < &<l &
o o

=
T

- L aczdop]ﬂ]us A Al MAE FHTY FAE U & 5 Ao, ¢F 3.36 log CFU/g=
= A& =



4

7

L. plantarum A2 A \AE ZT

&S g 4 ARNerw, ¢ 3.90 log CFU/gE
AZ&5 0.76 log CFU/g A= 43S &2 A

2

%ol

i

S22 nAE A7}l 32 Hol: Aog I,

L2314 A HEAHEE T A A Ve AL 2 HFAY =24 &9

B

L 23 7le R 34 38 A=

D "= A3 £4

oD 23

A% Wl BER e 237 S4E 7Y F AR vl 271847) (PM-70, Manica,
Spain)E AHg-std 17)E A F

B 2 2375 80 g/l patty 2 vie ¥ KCCMolA FU43& §-4bt L. acidophilus, L.
plantarums Z+7Zy JEske] w3k,

—

K
>
of]
|
o
filo
of
%
S
1
B
o

% 12 om A%e] YIS Agstel NEE wE
97 GES

Jo M

o
ok

Stomaching bagell =] €] 17§ ¢} BPW(Buffered Peptone Water) Z+z+2] sffE] F-A] ol
2uE(1:2 dilution)E ¥ 2 #3F stomachingste] 23S 3y g

HE Y EA5= TAE SAHE Y8 AAE 1 mLE BF RS o] &3l A FMHS
A133F o, NANNutrient Agar) Hj A S Alg&3te] £33 HAHo g =A39 S

37 ° C incubatorel] 48 A1zt vjekst & A4

o

b 43234

50 o

32 2
oo 44

e

2= sl &o e AL 27| #o] 4.80 log CFU/gY S ¢l & &
1-

o S

L. acidophilus X2 A WA E FFFY A4S A @
=

4 9lglom, o 334 log CFU/gE
Z %% o] 146 log CFU/g 4 o

dHo] =&FF FAE sl 95 Hol= Zoz IS, 500 MPa x| L.
acidophiluss *€lst9 < 7% 1 log CFU/g w|tto 2 HEF o] 500 MPa T+ *j 2]t 7ol



weba 23eh A B A WEel axv] HE Aol WAYEIE Aol
23449 e HAY 5 AAUS
E =

5 Owj/o L. acidophilus mw/ L. acidophilus

Total aerobic counts (log CFU/g)
48]

0.1 300 400 500
Pressure (MPa)

a9 1-10. A 47 2 4 Ao of

|t
4
-
x:
o

2) ARAH L E3 HAE A3 24

b 2384
AlZE Yo FEly 9= 237 SAS U 3 AFA Yo wr]EH 7] (PM-70, Manica,
Spain)E AHg3std 1718 B9

B d 23715 80 g/l patty & Yir & KCCMollA FU3 4k L. acidophilus, L. lactis
ssp. Lactiss Zy7t A Fsle] w53

A F 12 cm AFe] H4E7E AHEste] dEE el AF2xFs T F Fol
o] o
H

At AlES =3¢ A (Bautau, China)E AFEste] A+ & v E S+ A3 S

filo
2
Og{;,"
o

4 ° C incubatorel] 1097+ AAS Z3) 0, 2, 4, 6, 8, 10 & mAYE #A7+3 2

ZF 23717+ Foke] yjE]E incubatorol A 7AW Stomaching bagell €] 17§19 BPW(Buffered
Peptone Water) z+z+e] s €] F-Aol 2uj7+3(1:2 dilution)S ¥ 2 E3t stomachingsd}e]



Ade 38 3

_

&3}

- Y W EASE HAE ZHS A8 S 1 mLE GFENee o

A &skl o, NA(Nutrient Agar) HjA| & AR-8-3Fo] %a‘ BHAHo2 433

re
I
ok
&
ok
filo

alfe

- X3 yeast and mold #& ZA3s7] ¢ PDA vjx]o] 10 % Tartaric acidE FH7}ste] &3
HAHoRE S5 =.

- 37 ° C incubatorell 48 A7+ wjst & A4 3k

b 243823 300 MPa ¢ A=)

8 -
S
=
L
-
=
=1
? 5 = Control
% s . - = = L. acidophilus
2] " I L. lactis ssp. Lactis
(=]
'.E 3 mHHP 300
% 2 2 HHP 300 + L. acidophilus
E I HHP 300 + L. lactis ssp. Lactis
= 11

0 L ] ! *

0 2 4 6 10

Storage days

a3 1-11. 4= 300MPa ¥ 4t 5o W& A& 3 (Total aerobic count)

- Control e A$ %7] o] 4.32 log CFU/gY S &2 & & Ao, L. acidophilus,
L. lactis ssp. LactisE &3 & 3.96, 3.67 log CFU/gC. 2 ¢F7t 7HAStE Ao g
gel=E (g 1D).

- 300 MPaE A3t T+ 4&F Fadhe ZoE FRAHM, ofF AL AHestA S T, L
acidophilus, L. lactis ssp. Lactise ZYZ; 3.62, 3.50, 3.21 log CFU/ge. & v E FdF2]

s gl I Al

- A7zl F7hgel mek e wEA ZAH0, dEE AYeA e T 109 A
6.74, 6.52, 6,38 log CFU/ge] o] AEHUoH, 489S A3 o2 6.26, 5.85, 5.53 log
CFU/go 2 #2ol2 9l Aol g Holx] £ate o2 HAR(EAUR oHEAE Helsha ge
<, L. acidophilus, L. lactis ssp. Lactis)



B Control

— % L. acidophilus

_ 1l L. lactis ssp. Lactis

B HHP 300
= HHP 300 + L. acdidophilus
Il HHP 300 + L. lactis ssp. Lactis

Yeast and mold counts {log CFU/g)

0 2 4 7] B 10
Storage days
a9 1-12. 45 300MPa H fr4bet 2 b fF-o mE AZAE

(Yeast and mold counts)

- Yeast and mold #ol A= Hl=s FElE Holw, control IE]Q A$ Z7] o] 2.53 log
CFU/gd & 3l & 4= dRQew, L. acidophilus, L. lactis ssp. Lactiss &3 & 2.17,
1.68 log CFU/ge. = ofzt Zrastes Aoz 9 (ay 1-12).

- 300 MPaE A3k oAM= Fdol vl F 0§ fdastes 2oz S, o Ax
28 3kA] & o, L. acidophilus, L. lactis ssp. Lactis& 22+ 0.97, 1.79, 1.22 log CFU/go.2

yeast and mold 9] Z4AE 1 & F U

- AR7I1Z st yeast and mold®] FA = FAAFHE Holu FoF oA ¥ AT

(th 24323 (400 MPa ¢ A &)

- Control IEIS] AF %7] F+°] 4.32 log CFU/gHdS &< & 4 Ao, L. acidophilus,
L. lactis ssp. LactisE &3 & 3.96, 3.67 log CFU/gSo. 2 k7t 7HAsdts o7
AT E 1-13).

- 400 MPaE A3 5 EH FYHU ZAFHE FUT + AN, obFAE A2 stA]
X I, L. acidophilus, L. lactis ssp. Lactise Z+7; 3.25, 2.61, 2.83 log CFU/geo.2 v A&
T AAE FA T T UMS
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E 7
o
22
? 5 - e III M Control
e B ik % L. acidophilus
2 41 ﬁl IJI § 8 . .
o ﬁ L M L. lactis ssp. Lactis
2 37 F 8 Y HHP 400
% 2 . N " HHP 400 + L. acidophilus
= 1 HHP 400 + L. lactis ssp. Lactis
'E ﬂ I T T T T 1
(8] 2 4 5] g 10
Storage days
29 1-13. FE 400MPa 2 fbd 5o mE A4 g(Total aerobic count)
- Aol FAG met #e WM FHHY, 4Pe AL Fe e 109 A
6.74, 6.52, 6,38 log CFU/ge] o] A&Hon, &S Hud £ 542, 5.09, 477 log
CEU/go. 2§22 3ol & Mol o2 HAP.(EANE o}FAE Aestn ge 2, L
acidophilus, L. lactis ssp. Lactis)
—_ 4.5 -
&
5 . ]
g] ER
= 3 A W Control
B
5 2.5 1 L. acidephilus
=)
: 2 7 | L. lactis ssp. Lactis
E L5 A B HHP 400
'E 1 4 = HHP 400 + L. acidophilus
E 0.5 1 Il HHP 400 + L. lactis ssp. Lactis
=
o 0+
-
] 2 4 3] 8 10
Storage days
a3 1-14. 49 400MPa 2 4k 2 e fF5o wE A A4 H(Yeast and

- Yeast and mold w4 =
CFU/gY¥ S &0 & &+ A

PSR

- 400 MPaE A&7 TelA= F

%2, L. acidophilus, L. lactis ssp. Lactis

om, L a
1.68 log CFU/ge. & 9%t Z+Aste= A

mold counts)
FeE Kol control I E S A-¢ %] o] 2.53 log
acidophilus, L. lactis ssp. Lactiss &3 7+ 2.17,
o= AF(dE 1-14).
ol =] 3] o2 IFRIHM, o} AL A g 3}A]
+z+ 0.44, 0, 0 log CFU/ge. 2 yeast and mold

Fadte A
Z

H
o
1_
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() 2FZA 7 (500 MPa 8 A=)

_ 8
=
> 7
® i
o B
=2 B Control
w 2
= % L. acidophilus
E 4 i I I I L. lactis ssp. Lactis
=y

L 3 A ik =T HHP 500
= I - -
= I T+ 1 HHP 500 + L. acidophilus
Q@
= 1 ]: HHP 500 + L. lactis ssp. Lactis
g
h G = T T T T T 1

1 2 3 4 3 L]

Storage days

19 1-15. ¢F¥ 500MPa ¥ 4k 5o E A4 & (Total aerobic count)

|

Control 3 €] 9] A$ Z7] F°] 432 log CFU/gY S &2 & & Ao, L acidophilus,
L. lactis ssp. Lactiss 2|3+ & 3.96, 3.67 log CFU/gOE Tt ASE How
solg(ad 1-15)

P

500 MPaEs A3t & EHAR vAE A4S AT 5 Ao, ofF AR A shA]
<, L. acidophilus, L. lactis ssp. Lactis& 27+ 2.10, 1.54, 2.31 log CFU/ge. 2 v &
Z

= =
SO FaE HU ¥ F AR

of &2
Ml rlo

AZ713re]l S7Fge] w7 WEA SAHEY, dES AsiA ¥ w2 109 2
6.74, 6.52, 6,38 log CFU/ge] o] AEHIoH, hdS Mg & 3.73, 3.35, 3.44 log
CFU/ge. 2 oAl Apol& Hole Ao E IRIFA(EANE obF AL AYstA] & o, L
acidophilus, L. lactis ssp. Lactis)

- 500 MPaE A& oA gl 9siA BF Aldsts Ao =2 #FHY, ol AE
A slA 2 o, L. acidophilus, L. lactis ssp. Lactis E5 0 log CFU/ge 2 yeast and mold

ik €T,
'T"/] 7 ’%Q—?__{SE }Aoil:x
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= 34 T r W Control
] -
= 2.5 1 I ! # L. acidophilus
: -
8 24 | IIL. lactis ssp. Lactis
2 15 - & HHP 500
=]
s 14 { HHP 500 + L. acidophilus
© Il NI
®| 0.5 A '[ HHP 500 + L. lactis ssp. Lactis
[=]
|_ D I T TI T T T 1
0 2 4 o] g 10

Storage days

a9 1-16. 94 500MPa ¥ F4kd 2 o4E fF5Fo mE A A F(Yeast and mold

counts)
- A7 Z¢E yeast and molde] X = ZAFEHE Holw, 10¥o] A3 T 3 log
7h7kel o] Zaske Ae e & AAH(TE 1-16).

- 500 MPa z=11¢t¢

24

Z]

FAE WEol EFHYS YFT + UNS.

xﬂ

Q) A&7zt Wel Az £4

b 23HE
A Well #mjE e 237 A4S 79 & 234 Y 17147 (PM-70, Manica,
Spain)E Abg3le] 117]|E 43}

24 ¥ 4231712 80 g/1 patty &2 i & KCCMol A FL3 4+ L. acidophilus, L. lactis
ssp. Lactiss ZY7zy A ZF3le] w3t

He| 45 sha, 3 J%% S8l Folde A8k



- 3 o] EUYE controld} vlwste] A W3l AxE 3ol & ¢ 9= Hr2l AE (total
: * * * =
color difference) = /(Z,— L)+ (ay—a’)*+ (b, — b )* & A4ksted, Control sje]ol] vl 2+
= o) =) [e]
AT g HE A W3 389 H AEE Fls B
Wb 234+
F 1-8. 1Y 500MPa B frabt 5ol mE Ayl A wst
Storage (days)
Treatment 0 2 4 6 8 10
condition
L* a* AE  L* a* AE  L* a* AE  L* a* AE  L¥ a* AE  L* a*  AE
492 214 49.6 243 492 246 480 23.0 487 21.8 478 14.2
0 7 4 (i} 2 3 7 9 6 6
Control + + + + + * * * * * * *
1.24 0.86 0.81 1.12 193 3.05 0.65 2.49 0.70 0.67 225 1.62
a c a c a b a c a b a a
570 120 125 564 111 149 550 156 108 534 139 108 529 16.2 761 525 16.9 592
6 0+ 1% 8% 0% 6% 7% 2% 2% 7% 5% 4% 2% 8t + 7 1 '+
HHP 500 + - * * -
0.62 0.66
108 152 099 068 059 115 289 2.83 3.03 237 199 223 069 0.31 a 0.38 1.04 a
b a b b a b b a a b a b a a c ab
55.5 16.0 838 558 147 115 538 159 100 50.2 185 5.40 532 17.7 6.67 50.3 19.4 6.32
HHP 500 + 1 8+ '+ 3+ 1+ 9% 2+ 2% 3+ 6%+ 9% + 6+ 2% + 5 7 '+
+ - - - + + -
L 2.07 1.89 0.99 2.29
L. acidophilus 124 1.46 b 368 335 472 110 121 451 098 1.25 a 1.09 1.38 a 0.55 3.35 a
b b b a b a a a b b a be bc
56.4 15.6 548 19.4 541 19.4 542 19.7 532 213 49.6 22.0
9.55 7.57 7.46 7.98 5.66 8.57
HHP 500 + 6 9 0 4% 1% 3% 3+ 8+ 2+ 4+ 8 6
+ * + * * *
+ + +
L. lactis ssp. 0.44 2.00 0.68 2.22 2.15 2.64
Lactis 1.53  2.36 a 111 2.41 a 124 463 a 1.01 224 @ 206 222 a 0.77 1.65 a
actis b b b b b ab b be b b ab c
= = [e) S = o
- U AE Qb A o] 500 MPaoll A 7Ha a3 A QS R15I¥ 7] W&ol A} BA4-8 500

MPaol| A

- Control I El&= 0¥ X}l A L*= 47.86 ~ 50.30, a*

Y ak =

we 7HA.

- 500 MPae] fFEl o2 5E Hok &

- 500 MPa gt} Ak

- 10 9]

CEA

Foll=

& WY 4

= [¢]

Z Aol &

a9t FAHL AN 0¥ ¥

a*= 11.12 ~ 13.76 b*= 11.98 ~ 12.49

o
N
ftlo
N\
o
QL
£

gl
A

o
__’__

L*= 56.29 ~ 58.3 ,

= 20.90 ~ 22.47, b*= 10.31 ~ 11.34¢

M= 0D xfoll A 22y L*= 54.65 ~ 56.94, a*= 15.07
~ 17.76, b*= 11.42 ~ 11.66, L*= 55.22 ~ 58.16, a*= 13 ~ 17.37, b*= 11.70 ~ 12.19

Holx &omr, control FEL 7
a*= 1240 ~ 15.33 b*= 13.72 ~ 14.72, L*= 52.26 ~ 53.00, a*= 15.72 ~ 17.63, b*= 12.95

49 L*= 45.69 ~ 50.19,



~ 13.70, L*= 49.77 ~ 50.86, a*= 15.73 ~ 22.18, b*= 11.74 ~ 12.60, L*= 49.16 ~ 50.57,
a*= 21.05 ~ 23.96, b*= 11.84 ~ 13.56 & A2 (LA U= control, 500 MPa, 500 MPa + L.
acidophilus, 500 MPa + L. lactis ssp. Lactis)

X Control IElol] Bla} L* Zre Z7}sla a* gFe 748
Bl 21t A F wwd WAygow s WIS e Ao

T3 o] =718t wel LY e g2 =713t2 a* e 7HASE EUANE He Ho=
FzhE (300, 400 MPa 2 3+= A=A ¢F5)

My, o
7
rr
O
2’1_'4
2
X
>
&
IS
O
(e»)
{
OO
U"I
OO
ﬂ
O
—
{
—
—
@
Do

H
56591 §E Ao, FUTE P

2 2 AolE nolA Y

@) AA71zr W pH &4

b AFLE
- A Wl AujEI e 437 A4S 7Y T AFA He 171&E47] (PM-70, Manica,
Spain)& Ab&ste] 171 &4

- B4 ®@ A£37]E 80 g/l patty & vir & KCCMANA F+4<k 4+ L. acidophilus, L. lactis
ssp. Lactiss ZYzb 7 ZFsle] w3t

- AFxAS AES =39 AX(Bautay, China)E A3t A4 3 g S
probeE 7}zl pH meter7| & AR&3te] g sE|F 2%, 30tE-S g3t AH

h 2323

=51

1-9. te] 500MPa 2 fr4bd f-Foll we A&7Izhiel pH ws

Treatment
Storage (days)
condition




10

a
5.74 + 0.02

a
5.68 + 0.08

a
5.35 + 0.15

a
5.36 + 0.10

a
5.49 + 0.02

a
5.35 + 0.03

Control
ab b b b ab b
HHP 500 5.91 + 0.06 5.85 + 0.04 5.78 + 0.04 5.84 + 0.01 5.72 + 0.33 5.76 + 0.10
HHP 500 + . b b . b b
5.97 + 0.10 5.85 + 0.02 5.74 £ 0.02 5.81 + 0.03 5.79 + 0.06 5.68 + 0.16
L. acidophilus
HHP 500 +
c c c c b b
6.43 + 0.14 6.25 + 0.12 6.17 + 0.12 6.16 + 0.02 5.94 + 0.09 5.87 + 0.28

L. lactis  ssp.
Lactis

vl E QkAAe] 500 MPaolA 7b EFA QL Selaiglr] WEe] pH B4 500 MPaoi A
A2

Control E& 09kl A 5.72 ~ 5.769] 3= 7HAH, LIS T3 &2 235 44
AEHREE 0YxF JE e H$ 5.84 ~ 5.96, 5.89 ~ 6.09, 6.29 ~ 6.57 9] S FAH3H
AR L.(&=AN=Z 500 MPa, 500 MPa + L. acidophilus, 500 MPa + L. lactis ssp. Lactis)

10 o] A#3 T &=
5.7 ~ 6.192 #EH
lactis ssp. Lactis)

pH7} 4" FEE Rolw, 531 ~ 538, 568 ~ 5.87, 5.51 ~ 5.82,
At 2 control, 500 MPa, 500 MPa + L. acidophilus, 500 MPa + L.

- 717ro] AYHAA AW Qs AFEHE AL BT £ Jdon, TS HEgE £ &
A o2 TAaFHE FX7 e AOFE Hol fikdo] A E A= AyE e S
o]lo] o
AMAAN T

(5) A&717F JY¢] TBARS £4

oD 23Uy

- AlF Yol e g 2317 SAL 7Y T AFA Yo | 47 (PM-70, Manica,

Spain)E Abgsle] 7|5 B

w4 @ a3

ssp. Lactis=

71E 80 g/1 patty & Uie
7247} A Este] w3},

< KCCMAA T4’ 4ttt L. acidophilus, L. lactis

A F 12 om Age] HWNE AL HEE VEL ATEEES ol 9% 7ol
o] [e)
H

AFEAS AES 219 A X (Bautau, China)S AF&3te] A4 &

HEIE 3 g¥ wojl



%o NaOH, butylated hydroxyl toluene, trichloroacetic acid, 2-thiobarbituric acid&
H7Vsle], spectrophotometer 71715 o] 83l 532nme] SFE=E A5t Autae] ATE
2430e

(W 434+

—o—Control
——HHP 500

—e—HHP 500 + L. acidophilus
—&—HHP 500 + L. lactis ssp. Lactis

mg malonaldehyde [ kg sample
]

0 2 4 5] 8 10
Storage days

a9 1-17. 49 500MPa 2 A 5o e A A7 9

TBARS s}

- mAE kAol 500 MPaoll Al 7hd EA Y- B3] wZ el TBARS &4 500
MPaoll A & stA=(2d 1-17).

- Control HEl= 0=} A4 0.66 ~ 0.71 mg malonaldehyde/kg sample®] #;& 7}1AH,
HIAAHS T3 4 Z2H4E 42 AHEd 09xF JEe 49 093 ~ 097, 0.91 ~ 1.03,
0.96 ~ 0.99 mg malonaldehyde/kg sample®] #<S SAstH AU (=AE 500 MPa, 500
MPa + L. acidophilus, 500 MPa + L. lactis ssp. Lactis)

- 10¥90] A3}3 Fojl= A uksta e ghol S71s FelE Ry control ol HIs] FAAFS
H7ksk slg = A4k o) ’bLEH o7 A3 Y E B 371 ~ 4.13, 3.45 ~ 4.00,



6 AZ71Z He #sAA
Oh 438

- AT Woll djEa e 437

Spain)& ARg3te 1715 B

ol

AlS £ & A¥A Yo 171847 (PM-70, Manica,

- B3 ® A37]5 80 g/l patty & Uis 3 KCCMol A F+43+ F4k++ L. acidophilus, L. lactis
ssp. Lactisg 22t HE3to R=3

o] 4 S Agste] WEE NHET AFEIFL B 9% ol

- Q2D AEL 233 2A(Bautou, China)E A-gate] 4F F AEE 4 ° C o
5959k By F A4 el UM dAmstE el 308 20 ~ 60g o
HsAANE QWG

- 71 AL B A4 dA, Ak SRR S s o3 o2 5-Scale® H7HE

W 234
Color
5 L
Owverall
Preference’ \Odor
== ontrol
== HHP (500 MPa, 5 min)
Texture" Taste
HHP {500 MPa, 5 min) + L. acidophilus
Control HHP (500 MPa, 5 min}IHHP PN Mia, Y imin)
+ L. acidophilus
Color 316 + 0.782 3.61 + 0.65° 3.77 + 0.68°
Odor 3.07 + 0.732 3.56 + 0.74° 3.56 + 0.78°
Taste 3.04 + 1.072 3.45 + 0.83*° 3.66+0.70°
Texture 2.94 + 0.91¢ 3.51 + 0.83° 3.74+0.77°
Overall Preference 2.93 + 0.93° 3.60 + 0.81° 3.73+0.70°
a9 1-18. A5 HAL
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# 2-1. USDS Al Frdd b= A5 4317 A&
a3 v ESH A3

o)

Year Number positive Number tested % positive
1994 0 391 0.00
1995 3 5407 0.06
1996 4 5703 0.07
1997 4 B0B5 0.07
1998 14 3080 017
199% 32 7785 041
2000 35 5819 0.60
2001 49 6356 0.77
2002 40 G241 064
2003 18 G409 D28
2004 14 7959 018
2005° 19 10963 017
2006 20 11755 017
2007 27 12225 022
2008 49 11,183 0.44
2009 40 12,293 033
2010 27 12225 022
2011 23 16352 0.14
2012 45 16262 024

- v §7F FFol doiA 1992~1993\3 Elcoll O157T:H7E] WigF o= <138 Ecok O157:H7
of thgk TAo] Fobd. FSISel &g Ecoli O157:H7 A= WAL Al W O & A7 &

ol gk A A=7F A4,

- HZols &7l 659 non-0157 =4 A g+t (STEC) @A« (026, 0103, O111,
0145, 045, O12D)°] F7}= o FAA] 7hde] ool et M= BdS =L

- 19949 o) F HAZA vl QA HRE Ecol OISTHIS BA57] 9% Be weoz
201237} A] E.coli O157:H72] W] &2 0.25% ©|3tZ TAAZ.



0% W E.coli 0157 : H7 ¥ Salmonella
W 5A| o Al E(CDC) dlolH

Yiar D157 Salmone g
1997 2.1 13.6
1998 24 136
1999 19 16,1
2000 20 141
2001 1.6 1540
202 1.7 16,2
2003 1.1 144
2004 0a 146
2005 1.1 145
2006 12 15.0
2007 12 150
2008 1.2 150
2004 1.0 15.0
2010 (1] 17.5
2011 1.0 16.4
2020 goal’ 0.6 14

* Center for Disease Control and Préventiorn.
" Healthy People 2020 goaks { DHHS, 2014},

mz

- 19973 F5 2011\ 37}A] E.coli O157:H7%
2.0014 2011l 1.002 HA} Fashe=
< 10%F WY 13.50014 17.5 Ao &2 <t

- E.coli O15T:H79] Z=HAo] 7}53|Aa 57
7F Ao o2 BHAdA A =¥ owE X0 ULZO]Z]
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- Ymdel HudHFS BAY F U3 dudnie] Fad FFY0l B F Ave AL
GAH. olRoR HRdFe @ AT FA AA FhE Bedogon, Awde
Fol ol@ Wio] BashA @y Yoke AT AF A et o BAol B@ o

- dA) <ERA ou e daA JEE, probiotics, ¥4 ® bacteriophage S°] U2
<, probiotics7} B o2 AMREIL lom, 7tE Aol mHAE HIMAE BEIFske A
A HASEE I &

N

bt K



FE 2-3. 4237 9@ A7) AFY &vlet dEE FA14 verocytotoxigenic £ coll A

Country Serogroup Year Kurmber of illnesses (reported deaths)  Vehicle of tansmission Reference
Denmark 0157 2012 9 Ground beef Sobrorg, Muller, Lassen, Ethelberg, and Molbak (2002 )
Miet brland s 0157 2011 k] Filet Americatn EFSA (2013}
LK 0157 2011 4 Beel curry EFSA (2013h)
Japan 0111 2011 181 (5) Yukhoe {raw beef dish) National lnstitute of [nfectious Diseases, [apan (2012}
LSA 026 2010 3 Grovund beef LISDA-F5I5 [ 2012)
LisA 0157 2010 21 Blade tendersed steak COC (20104)
France 0123 2009 7} Ground beef King et al, [ 2010)
LISA 0157 2009 26 (2) Ground beef CDC [ 20084 )
LISA 0157 2009 23 Ground beef COC ( 20090)
Metherlands 0157 2008-2009 20 Steak tartare Greenland et al. (2009)
Belgium Mot reported 2008 & Raw minced beef EFSA (2013h)
54 0157 2008 449 Ground begl COC (2008
LSA 0157 2008 94 Beel cuts COC { 2010k}
Dermark 026 2007 18 Beef sausaie Ethelberg et al (2007)
LISA 0157 2007 40 Ground beef patbes COC (2007)
- F o WA Verocytotoxigenic E,coli (VTEQ)o] o3k AW e diuf=o]A 9H Lojytomn,
3 So] o] HAAE "7t He d55S B So] 7P gkew, Aar), AR, &
A% Ae) S A 9.

o

A

- RE 01579 dHEE 713 A
01119 9Jsle] 181WHolet= whoj 3l

& dA=.

f_
& o
T
i =
X
o
o &
o =
oo

5 o7, BolA oz 2011d A
, \l= el A 2008 01570 )3 99 9

] =
. 28 TP WFFES MABNA T2 Yot VIECY F8& ALY,

Agomn pHHos Aol AYY. E =4 % Sy Ay F 098 & U & &
Aol AF, 53] & 93 437 AFS "= Ecoli 0157 VIEC TH o] of 75%E5 *}A|8h

NI =
- VIEC 799 dF AFollv ©edhA g2 vddyd dA el siARE 284
o O -
= T

A} E A

3
g AYse B3

- vl=3} Fiytel M= Ecolil 0157 VTEC ZF o] 2006104 20081 Alololl #A 3] 7Hadt A
oz BRuFEon, FXAozZE 30004 1.392 wWygo] AP L.

- FHAAE B E v=3 junet L 713t VIEC &4 AtelZE S7ske FAE 2.
oA iRz EA3 OECD VTEC 28 (384271)3 HUS 85571, Abw 5371 o] EAy gt



- EE F 84 O52 NF T8, 53 &ddAM HuHglow, digrre] T 8 A% A
2 bRl detA oz Aol 9l A7 Izt VIEC ddha Bdw ¥% 15 49
°] 0157, 026, 0103, 0145, 01113 w=2] 0157, 026, 045, 0103, O111, 0121, O145%.

- 200993} 2010899] o] AQly AW wae] Uid BAel wEwW s B ARAE
Weto] &ar]oA EHE 0157 VIEC few, Abgak 3w o] g,

F 24 ofd:MEA hFe Fet FE e 4317 sampleol A Elcoli O157:H79]

Sample type Sample numbers Number positive |%4) Numbers present Reference

{Log CFLU)

Bovine hide 1300 1049 (7.3) 0.13-4.24/100 cm” O’Bnen et al. (2003)

Beef carcasses 132 4 (3.0) 0.70-141/g Camey et al. (2006)

Head meat 104 3(3.0) 0.70-1.00/g () Brien et al. (2003)

Beef timmings 1351 3224 0.70-1.61/g ()’ Brien et al. {2005)

Retail minced 1533 43 (2.8) 0.52-403/g Cagney et al., 2004

beet/burgers

- ofdRME A BHE (£a17], &AL AT Fa A e Ecoli O157THTS] #33
)

-9 mde og® JbE @ EEe] J1E AAL WANE 5o AL ¥ u A2 =)
of e wA ede] WAAGL FPSL, LA 0P 8N AtE D FAA ] B
FAME A AT A&l AE

FAE. 2
H3le], =A)

- 7R ANA L] AP A AvA A L FP AFod Ui AR 2v|Ad Ui AE =
Aol A Felstgar, an 343 7EE WA AR &

= 7Hd4.

- Zy 2o Mo Ecoli O157H7e 45 &<Qldk A3}, bovine hideo| A 7} @& kA7 A

7)
25 HEE 4% A3 g2 mdE2 v 523 Log CFUSE YEFE 2™ bovine hide
7F 7H WE 9IS UEbd. O ol fr= sampled] U 9 B3] WE 4

U AS g8 LE9FY] "2AS A, SEZetRut A7 A A



log reduction (CFU/cm?
[ I W B
% _

o 4 & : B P g S ¢
"9-:0& > e@k -\.1-5~$5 ;rs‘d;‘ % w&-“':'.'s .\}“5'1 " =~§§b o 'c‘*{;ﬁ o“"u"ﬁ N ;b,:.“-' '3::‘3‘
. e O E W ) é-&q- & Tin@ -‘.?QB} _a._q‘.s}
T g Qﬁf Y
Method
a8 2-2. AAZ 17 FRH 2d99 Ecoli O15TH7E Z0]7] Y3 A AL Fol At
ZA Tl = U

- HAA Adg 7] FWHe| H@H Ecoli OISTHTE Zeo]7] #8) ol&3dles WHoZ=
E-beam, High Pressure Processing (HPP), Steam past, Hot water, Steam Vac, Acidified
sodium chlorite (ASC), Citric acid, Acetic acid, Lactic acid, Knife trimming, Peroxyacetic
acid, Fresh Fx, Hypobromous acid, UV, Ozonated water, EO water (acidec) 592 7|&E0°]
A=

o] & wAEFo 7+4 (Log reduction (CFU/cm?)) &#H7} £& W o 2= E-beam, HPP,

Steam past, Hot water 5°] A5

12
>
&Y
%
i
ek
o
!

High Pressure Processing (HPP)sms 2]3#<] wlA&E 2 WAE 93 H .
o2 AF HAC ZA vAES 933t HPP/F HASA AMEE u) 2Fo] H7, 9%
T FuE HIATIA] GeEteE AY. HPPE ZTAE AFS Y 870 Y F35olA

100~1000 MPa9] <5 -S 71ste] AHE-&

Electron-beam (E-beam)ZAt= oF 16mmyt &3& & &= wlgl FAAoz IR a9 A]
Aztel 35& AMEStH, XAd 2AME 7 AEFE MR 24 28 ]2 dhdolg; Al
}219l 715S Walsle AL x3Hg 1.0 ~ 10.0 kGye] A

o A & A FAY A
2]
2]

F 2 AAd EH7t e A= YERd



- Steam pasteurization2 100C & F7|7} €Y 2=0A ERT X 52 E&FE VA=
2 Z717F A $SHHW WY 257t BE AHEG ¢ wMEA G o T #E

& G717} FolaA EH Q| cavitiesol| A bacteriadl &3l B3 A7,

- Hot waterE ©o]&3F €32l 28 W42 F=2 DNA 719 3&E3 RNA 2318 dovl=
ZU B ofye} Algte] ARAlel JHE e a3 a4 NEAE AF. AsstE A4
Uiy AAZE de AR,

- ASC (Acidifidied sodium chlorite)= ®|=roll A 500~1200ppme] FE=Z AR&o] F<UAH. ASCO
S &AL citric acid == phosphatee}e] &3t3 22 A =7 3tolA oY
AP HHE ASAZCEZN FHE = o|xf 4o o]ibstehA 4kl @ dte] 7]1Eh

- CAP (Cold atmospheric plasma)= 28 A& A 40C olslollA ZEdl= Fk o] 23} 7t~
A EH2RvEs 3] B BEEA JhzolA AAEH0l dAh, o] 3 oy e v

BAE 4T & A+

- UV (Ultraviolet) At #HY, AdAA W1, 37 9 59 24 AAS 93] gdvixo=w
AREShE, Az =2 Al AFEE ] 2.

- Pulsed electric field (PEF)E o] &3} HA] A|goA vAEES AHdl= Atdle FI3
A8k 18U PEFE o] &3] 218 AEFE Addtes A7 WEE dAA7A 1 A7 9

Ao R A,

@ 4% fo edw Bepzv} A A

Beef jerky (40x 40 mm?, 6 g)

Group 1:

Inoculation test
|

Sterilization using irradiation at 35 kGy
I

Inoculated with each inoculum
Listeria monecytogences
Excherichia coli Q157:H7
Salnronella Typhimurium
.I.\slrrr'rj:rmn Tlarviex

1

Flexible thin-layer plasma treatment
i (control), 2.5, 5, and 10 min

Microbial analysis

a8 2-3. &2117] §39 flexible
thin-layer plasma g 34
(after meat science, 2017)



- X9 7S 9| flexible thin-layer plasma =#]o] #I}AHS YelH. § X Listeria
monocytogense Escherichia coli O157:H7, Salmonella Typhimurium, Aspergillus flavuss %
3 & plasma® A2 A7 W o] AL YL

Quler Inner Diclectise
electrode laver elecirode Laver harrier (PTFE}

.......|-l"ui.llj.....i. |
|

Lipper I'ransparent side Beef jerky 1|

High voltage
source

Oy 2-4. &317] X9 {93 gk & ZZEul A
=2 93 A3¥ AA (PTFE, ploytetrafluoroethylene sheet)
(after meat science, 2017)

- Flexible thin-layer plasma Al2®lS F=3}7] 9&] A48 A 2 HA7]# (129 x 199mm)
Ul F-ol ploytetrafluoroethylene sheet (100 X 100mm)<} ¥ 3 & A=A AE (70 X
0mmE AR AEFS B2 F AHE AEste] H7AE AT 5, AF 7R
EAS (5 Aol 15kHzo] wholEet 733 dhS JhetiA, A Ad =14 AE W

B AIE HAA .

fi
-?_‘: 5
=
=i
[
N
a A MOROCVIS g i
21 e E coli DISTHT !
=+ = 5 Typhomrium
I35 L Trvus
1] T
L] 2.5 5 10
Treatment time (min)
a9 25 437 3ol 4% ® e wH e}

2 A
2 Fgole] Ao Uik Flexible thin-layer
plasmae] E&43 &3 (after meat science,



- Flexible thin-layer plasma treatment:= =& Hrg|gole} FFolo #H3 &
R, &2317] S22 tig e HITHY MATS A AREY St wep Ak

- &7 Al gl A L. monocytogenes, E.coil O157 : H7, S Typhimurium 2 A. ﬁavusA F= 7
7} 6.04, 593, 5.62 % 5.24 Log CFU [/ gollaL, 77} 3.68, 3.28, 2.59, 10 &+ &<t =oh=w}
=% % 206 log CFU [ g. L. monocytogenes, E. coli 0157 : H7 2 S Typhzmunum R
S 90 % D F7HA ZFaA7E d Bad At 247 414, 3.74 © 3.22 ol

[
—_

- gl ol A B AUA T mAE Axee A2 4 34 F 5 9
glo] Az Ao ME ¥ FXEQ &AL vpAH 2 ME-$2 (Bacilus cereus) 3
e RIEEE

<. APP
o

F A=

NE

2. 2471 FPEP), F=Fe2rkCP) At (R 2 /W3 v 9P
b 4ES AYE 9T W2AF AP AW AF
D) 7H5d B2 AW AR 23

- 71 22T AW e =5

73 A At Wil ridEe daads Agstrd
Thax o &o] S7lel &l B~

= A2 A e JAYsi=

§& b

- A 23718 4 9 FEe) Wt Ao x| A2 Aygads &
O}H%Eﬂ A3tet, electroded] A4S =d & 4 Qo I A= dde WY & ¢

o] o
AT

() dE5A8 A& 7hed B271% Ao Az 2t

(A) (8 ©

9% 2-6. 9ESAY AL FEY BaRoE Aue) gz
M), B), ©



50

- 7 ¥ =(ZLH0-6).

i)

27717 AW e YARlE IA 7HARZ 2PE THE] B

- (Wt electrode® F7H5te] 7HEol JbeEES o] BES UEE o] 3ol AR 7]
o

B2 eletrode gabs AT 4 J=F 1stH

- B+ electrodeES F7}35te] 7b50] 7532 o4& U753 BEES o] &3t Alge =
o

7|¥ 2 eletrode gabs AT & J=E 1%Y

- (OF electrode® F7hate] 7150l HestES d& wEold] ~Azae ogale] Ao 2
o

718 eletrode gabs AT = UES 19H31%
(3 YESHY A8 AEY BAEoR Ave] A D A%

0-1 oA a1¢HE olo|f o E nig o=z HA A|ZES % 7Fs4 PEF chambere] CAD

=
A AAsE A (L -2-7).

- 71¥9] PEF batch chamber®] &e]o] F712 electrodeE F71sla, EES HUEE o] &3}
electrode gabs ZA3t= FHh2 A 2L




(A)

(B}

[

a9 2-8. dESAY 7hed T2 AW FF 2HE A,

dA 4= B)

- OY2-8BE 7H5Y B2/ AWM YA FHEEM, 4L 93 ARE
PN
T

gobd AT

BEH 2HEE O9 0-179 A 2802 FHI =
oo
3T

o] electrode’} ™ 1 Afo]e) electrodes} EEE A

ol
Rl

4) 7bed B23714 AWl Az 5l A 28 I

- A=Zd 7153 chambers WH9] electrode gabg 1-5cm7tA] AHFEA 22T 4 9l

2-9).

- W] glE UEE o

electrode’} &%

ic)
rr
Py
o

- 7]&9] PEF batch chamber&}= 24 AW 255 EEVF YL olAL 1370
Holz 7y 274 Aol AME BEH5A 9 chamberd AT & 45 59

g A2t Ao AT,

a}
3}

£ >

oo

-
o
filo

7} %= electrodeE ¢S ©os] 1A A|AH PEF A A

0-9Bo| A

7w



a9 2-9. 7}53 PEF chamber® =<5 (A), 9485537 #Hgo=w
A ZE 75 ¥ chamber 7} PEF generator«‘ﬂ] F2E 2 (B)

4?4 e B (B), 5X1x1 m 2 Zgl_% % zqao}

- 4859 B2V AgE 93 7Fs4 PEF chamber o thgk Abd HI2E7} A,

- 75 ¥ PEF chamberg o4& 7719 ¥5%l #83t7] 98 PEF parameters &, 9]
A 71(Field strength, kV/cm), ¥ 2~Z(Pulse width, ©)<S AARs= A& 33

< 4553 AVAEETE A Rt 2712 ddo] &3 F(White radish)E

O 985 AY A& 7Hed 223714 AW E o] &3 A7 A



- Pulse width 20 ps, frequency 25 Hz, pulse number 100°.2 133+ % 713 PEF chamber
£ ol g3te] AR Zr|¥E A7 Helzde] we 714 A7I(Field strength)E 213}
e (& 2-5).

- A g9] Ale] =7} 5x1x4Y w, o) field strengths= 2.6 kV/icmZ out voltageE 30%7FA ] &

=1 )
& T AR

- A 89| Alo] =7} 5x1x2¥ W, H o field strengthe= 2.7 kV/cmZ out voltageE 30%7}A &

S [e)
g = Al+H.

- A7 9] Alo] =7} 5xIx1Y w, o) field strength+= 3.4 kV/cmZ out voltageE 30%7FA &

=L~ o
g T U=

- AR e=E AR 7|7} FE4E S out voltageol A T £ field strengthS ®H.<J.

F 2-5. ARY A7)0 wE ted F2A7A AW Ry A2 348 A
sy

o))
Size Field strength Out voltage Pulse width Frequecy
) N Pulse number
(cm) (kV/em) (%) (ps) Hz)
1 10
1.7 20
Sxlxd 20 25 100
26 30
X 35
13 10
24 20
5xl1=x2 20 25 100
27 30
X 35
12 10
23 20
5z1x1 20 25 100
34 30
X 35




3E 2-6. ARE =70 WE Vted F2AA AW Ry A7 ¥4 A
s

@
Size Field strength Out voltage Pulse width Frequecy
2 - Puls by
(cm) (V/em) @) () H) © e
1 10
14 20
Sxlx4d 30 25 100
29 30
X 35
19 10
26 20
5x1=x2 30 25 100
29 25
X 30
18 10
29 20
5z1x1l 30 25 100
32 25
X 30

- Pulse width 30 ps, frequency 25 Hz, pulse number 1002 13 3 AHglst] A
field strengthE &<lstA = (& 2-6).

- ANg 9o Abo]=7} 5x1x4¥ o), H ) field strength® 2.9 kV/cmZ out voltageE 30%7}A

= = o
g 4 U=

- A 89 Alo]z7} 5x1x2¥ Wi, H i field strength= 2.9 kV/cmE out voltageE 25%7}+A]

g = A%+

- A7 2] Aol =7} 5x1x1Y w, Hof field strength+= 3.2 kV/cmZ out voltageE 25%7}A|

S A~ [e]
T 7 AN



¥ 2-7. A9 =279 W& 7sd 2277

Size Field strength
(cm) (kVicm)

Out voltage

%)

0.4
0.8
5x2x4 1.6
19
X

10
20
30
35
40

25 100

Sx2x2

10
20
30
35

25 100

5x2x1 19

10
20
25

30
35

- Pulse width 20 ps, frequency 25 Hz, pulse number 1002 3174

field strengths &1t = (& 2-7).

- A J9 Alo]z7) 5x2x4d w, H U field strength=

S 2~ [e]
& T U=

- A5 Afo] =7} 5x2x2¥ o, HU) field strength+=

= =~ o
g T AN

- A5 Ate]z7} bx2x1Y o, Ho field strength+=

& F A= & 0-53 M

field strengthE =%

sto] Amo| AolzTt 245

e

1.9 kV/cm=Z out voltageE 35%7}A

2.1 kV/cmZ out voltageZE 30%7}A|

2.4 kV/cmZ out voltageZ 30%7}4]

722 out voltagedl 4= H

% Aeste] A wmol

1t
=

2
flo &



® 28 ARS A7lo] BE A5Y BaAvlg A e 7% 84 A= @)

Size Field strength Out voltage Pulse width Frequecy
7 . E Pulse number
(cm) (kV/em) (%) (us) (Hz)
0.5 10
13 20
5x2x4 30 25 100
17 25
X 30
13 10
18 20
Sx2x2 30 25 100
2 25
X 30
11 10
2 20
5x2x1 30 25 100
21 25
X 30

- Pulse width 30 ps, frequency 25 Hz, pulse number 10022 13 & sl A7
field strengthE &1stA= (E 2-8).

- A 89 Ato]=7} Hx2x4Y W, HU) field strength= 1.7 kV/IcmZ out voltageE 25%7}* = 2]

5. o
g U=

- Alg o] Abo]=7} 5x2x2¢ wl, ) field strength: 2.0 kV/cmZ out voltageS 25%7FA =] €]

5. = o
T U=

- Alg o] Abo]=7) 5x2x1¢Y wl, A field strength: 2.1 kV/cmZ out voltageE 25%7}A =] €]

S 2~ [e)
z F AN=

- 3 2-63 vusl] AR Alol=7F 45 22 out voltageol A E B W2 field strength&
B4l

4

- 889 A2ANH AHYE YsiME A wFgeko] Ay zZHo] FUSH £33 5o duz

a7 FFEALE AASA=

- 237 FEALL olFe] Al AWEA ALHYeT FF 83, 42Y, KE 5 I}
Z4AEe 4BE AP AR Ve,



2d Al F-5 o] &% HE A, A 859 Alo|zx7}l F45 field strength7} ofsiAl 2
e Ae g RS

- ol& Q3] 217 (FFADY B2/ AH AHE= 2 x 2 x 1 an A7E AIEE A5
A S F3Yst

O 21714 Ao 93 45§ R A7 A

o

- &a17]8) Apo]lZ2E 2x2x1E st 7HH 8 EfolAE ol &St st or, pulse width,
frequency, out voltage ¢ =& vlHo7t X271 4S A= (I8 2-1D.

- Out voltage7} 40% °]ddXE dES A59 2571 Asste 4ol EAE ogbA out
voltage= 40% ©lstoll A =S FH3H o, frequencyE 20 Hz, pulse numberE 1002 &

13tal pulse widthg ®s}ste] ST AAE H29f Fo] 30 s o 17149 5ol

7H st A Ayxrdes dddh

DkWicm

Figh g o)

29 2-11. B2 Al o A8 o



® 2-9. E2AH AP o3 d85g YR AU A
Electric field
%% Power strengzth Pulse width Fregquency Pulse number
(V/em)
10 0.3 ] 100
15 0.3 5 2 100
20 0.3 5 20 100
25 0.3 ¥ 20 100
10 0.3 10 20 100
15 0.3 10 2 100
20 0.7 10 20 100
25 0.8 10 20 100
10 0.7 20 20 100
15 1.1 20 20 100
20 1.6 20 20 100
25 21 20 ] 100
10 0_8 25 20 100
15 1.5 25 20 100
20 18 25 20 100
23 22 23 20 100
10 0.8 30 20 100
15 1.3 30 20 100
20 1.9 30 20 100
25 2.3 30 20 100
AR e Rk - R L RO £
W) A% fo 29T A7 A2 o 47
- A5 fd 9T AIEA AAE ENE SAHRA SR Escherichia coli ¢ Lactobacillus
plantarum & ©| &3t 4+ Ag BAE A5
@ HgA 2t A w3t HF
- A5 F HEsrd B2xHdrge AdadsE HAEskr] 8l AdEde J8AA AH4E
e ATANS.
(O Escherichia coli
- Escherichia coli= 3v=r n|AERE=AEHAARE &5} single colonyE Nutrient broth Hj

A HE
T A

3]413}e] Nutrient agar NaCl3 - 5%, pH4 - 5 = uj=| ol
2 &3 9 sub-lethal injuryS &<1gh

F e

ste] g w7l A 30C, 150 rpm o= 1 2] 71
A} FA2AAXA] Batch chamberol Al =73 o] A g

22}

Hj ek & =7] ¥4 107 CFU/mL

3 Standard solutionel] A
HZE g 36ToAA 1Y wjek



3 2-10. PEF processing conditions for the inactivation test of Escherichia coli

Field strength(kV/cm) Pulse width(us) Frequency(Hz)
10 30 50
15 30 50
20 30 50

E.coli (log CFU/ml)
=

—a— 10kVicm
—o— 158KVicm
—w— 20kVicm
U T T T T

0 50 100 150 200 250

Pulse number

18 2-12. PEF A8 AZto &3¢ Eschericha coli B =&
& 24 (9 #Z=: 10 kV/cm, 15 kV/cm, 20 kV/cm)

- A2A7NH Ao wWE  Escherichia coliel A&E& ZA¥, 10 kVicm Hg ZddAE=
Escherichia coli®]l 74 &35 A9 & 4 gler, 15 kVicm A7 A= pulse
number”7} 200¥ w] logAtelE <7} 6 CFUMml ©o|3t2 ZHASh= AL & F AL =, 20
kVicm 8] Z7o|A+= 150 pulse number¥ uj log Ale]E <=7} ¢F 5 CFU/mMIZ 74383 o
™, pulse number”} 200¥ W= 4 CFU/mlo|3t= 743

- 9 A= EUE PEF Aol 3+ Escherichia colid) BE& A EAHE FATd -+ L.
O Lactobacillus plantarum

n A =R EME A FE] Fgrbol single colonyE Nutrient

- Lactobacillus plantarum= 3gr=
A8 wjF7iolA 30C, 150 rpm o2 193 v ¢ =7 #4107

broth v x| o] H=3s}

- 100 -



CFUmL oA nHy F2AX Batch chamberol A/ 73 o] *J8] ¥ Standard
solutionoll 4] 3] 4 3}a] Nutrient agar NaCl3 - 5%, pH4 - 5 =74 #ix|o] z}zF HE g 36T
A 1Y vl & nAE A &3 9 sub-lethal injuryE &<13

¥ 2-11. PEF processing conditions for the inactivation test of
Lactobacillus plantarum

Field strength(kV/cm) Pulse width(us) Frequency(Hz)
10 30 50
15 30 50
20 30 50

—— 10kVicm
—a— 15kVicm
—y— 20kVicm

Lactobacilluy plantarm KCCM 11322(log CFU/ml)
s

0 T L hd

0 50 100 1580 2

=

0 250

Pulse number

a=
R

1% 2-13. PEF A gl |3 Lactobacillus plantarum *3
Z& 24 (HY #2=: 10 kV/cm, 15 kV/cm, 20 kV/cm)

- PEF A glol w& Lactobacillus plantarum® &4 A3}, 10 kVicm ] ZHoA+= pulse
number”} 509 @l Lactobacillus plantarum®) Z&&o] ¢ 4 CFUmMIE ZHAstPow, 1 o]
% pulse numberg FVMNALE AEE Fa EARE A B F QAL 15 kViem Mg 24
o 4+ pulse number7t 50¥ W= 10 kV/icmel YA logitelE 47 <F 4 CFU/ml ©]3}
2 HAskal, 150 pulse o)ddlAe ¢hdd] AlEEE Ae & 5 Ue &, 20 kViem A g
ZZME 9 Al 50 pulse number¥d UH log Atol& 47} ¢F 4 CFUmIZ 7F4:5F% 2™, pulse
number7} 1009 w] A3 AlEIE AL B £ gL

@ e+ 2 78S A

ofN

HH
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HA e, 714

=
=

AN

& Az vgEo] 4

AAHE

B3 AR AEHo] TAEHA &

S AAF

I

=

2 714

1 =

%
&

=

A+ Eschericha coli

ST
1.
L AE s Saccharomyces cerevisiae

1A

A=

-c:;-_]__

5

A

i

(Anisakis.

23] =

e

7] FH A

l

- Ao A uler @ 23 Athu

o
=

1) 3 2~ $H3M)

g F

geEezml A

1
=

u_

EEEE

Z

- 7SS el 28 F 10 el o)

%!

o) A
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9.5

204 PH__W‘""\‘
85
80 4

7541

70 4

Escherichia coli [log CFU/mL]

65 4

60 v ‘ —e— E.liATCC 11775 ‘

0 10 20 30 40 50
Time [hour]

a9 2-15. Ecoli K12 (ATCC 11775)¢] A& =4

—&— Scerevisice

-
e ]

Saccharomyces cerevisiae [Log CFUMmL]

T T T
10 20 30 A0
Time [hour]

19 2-16. S.cerevisiae 9 A=A

- Escherichia.coli (K-12) ¥+ TSB wj x|l #j<F & <F 10A1ZF o] 3 9.0 log CFU/ml & o]

AP 2l

- Saccharomyces cerevisiae v+ YM ®jA|o vk & °oF 10413t o] % 8.0 log CFU/MLE +
o] 4AgS &<l

t} 9889 H2AJAPER), FS=Z2ulCP) Mg aH44=F

(1) 985 FHAY 27 ¢

N

8% 223471 %(PEF) &3 A
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3 2-12. MAE B IS E A 85 220 Agxd

Size Field strength Out voltage Pulse width Frequency Pulse

(cm) (kV/cm) (%) (us) (Hz) number
1.0 13
2x2x2 1.5 20 20 50 150
2.0 26

PEF

n3 s bec) o

Log CFU/cm?
=y
|

T T T T
Control 1.0kViem 1.5kV/em  2.0kViem
Field strength

a9 2-17. nAES HES 9559 AAAVHE A
S n|AQyE X = (B-E Coli [1-S.Cerevisiae)
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® 2-13. S2A7A A s 53 7AE AHAR

Field strength(kV/cm) Survival
0.5 Survived
1.0 Not survived
2.0 Not survived
- 2xAYd AP A3 455 ®1 vAEY A5 log scale o] TAATIA KekAs (O
g 2-17).
- 7148 %9 5 kVicm A= G Aolde MAE Td & & AJAAT 1.0 kVicm ]
o) A ARNE BE AP AL BRIF (F 2-13)
- ¥9 vy Ee] A AA 2w el Astel FRE A @l AFa}E R8I o
AL, 78T Aee &7 438 dee e S
(2) 85 FHAAY 297 ¢ 7T F=EF=2rHCP) 29 A
O g=Eetzr} Az
- 27 A 22 HHoE nAER VTS BT
- ZeEzgxus Aystr] el Z2H package o] MES Y 2EI H AYE 2P}
A
- FEEY=20 Ay ZTES BB Hd 1AIZEEQE WA A HEE A FH HAES
A 3 3=
- FeEgzantes # 2-133 2 2AdoE AHygstgen, 190-18,199 e HAXE ALESH
o 275 AR5 A S
E 2-13 vAE F VAFS FES 4559 F=EgEv Az

Inlet Voltage(V) Outlet Voltage(kV) Treatment time(min.) Electrode gap(cm)
100 18
3 0.5
130 24
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T1H2-19. EEEYRn ARRs

O =

[
e

gzul A2l w19 A%
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Cold plasma

8 o
2 b
6 -
B
o s B c
5 4
U
al
[=]
i
2 —
0- T T [
Control 18kV 24KV

Treatment voltage

192-20. MAES HE3 B FeZatznl Ay
s u|AE R 5= (B-E Coli [1-S Cerevisiae )

3 2-14. 2=EFt2r AYE T3 78S AAEA R

Inlet voltage(V) Outlet voltage(kV) Survival
100 18 Swrvived
130 24 Not survived

Fo &gzt A Al 24kV Aol A EColi= 0.6 log S.Cerevisiaes 0.4 log7t o8 o=
Zage B o 1.0 log scale o] 7HaskA] o} &7t 22 2 U(1H2-20).

FeEezriAs RE AeReld AR AA BAHAS (E 2-14)
MAE Ao goldE T ALY BE EAE B & AW, /14F APl 2
o [

o Hgol F5Y Ao AR,

2

rlr
e
[»
=
N
o)
i)
=
)
Ogl:",
ol
el
s
o

daas H4A olF BE

,?L
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3. ¥2Z71Z(PEF) Az 23 A5 & FAEA] ¥H

7} B2AAZA A3 98589 E73F EA

D 9559 d2A714 A8z

- duge B/ A & Awstgo) W Hw

ARz da o HE 217 FEALS ALAAE
- dEge) B AU $Y 2oy SHusE fls) s Azde 5 A
Mol o) 271434 ARE FFetel AL (& 2-15)

3 2-15. 9859 =94 5494 IS AR 22317 A =4

Stz (Cit) Field strength Out voltage Pulse width Frequency Prlsi il
(kViem) (%0) (us) (Hz)
0.5 5
1.0 10
2x2x1 30 20 100
1.5 15
2.0 20

*Biological electric conductivity was treated with the above conditions and cut into 1x 1x 1 cm.

*Cutting force was treated with the above conditions and cut into 2x 1x 1 cm.

- pH, temperature =% Ao+ 4317|129 AOJRE 2 x 2 X IemE A4S g2 BX2AH7| A9
field strengthE 0.5 kV/cm ~ 2.0 kV/cmZ A g3t 2ge 3P A 2.

*8;

- A Aol A WFeE Ay % FASke= Ze longitudinal PEF treatment, Zo] %
o] o2 g 2 =A== AL transverse PEF treatment® 2| A3 (28 2-21).
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Longitudinal

A

Transverse

Direction of
¢electrical field

a8 2-21. 9884217 57 e 248 A wek

o 2 F2AH7A Ay

Q) BEFo F2A7F A o7 s AHEE 54

- A889 AV EHEAS Y AWESE A7) HAE=E (Biological electric
% S

conductivity) &8 T3 A7|AEEH H77F BV A% AEE UEHe A& A
71 AFe] 92 Yeid ¢ 3. 223174 AgAF AR AESHH dArdERe 54
2 LCR meterg o]&3s}o] 1 VoA frequencyE 1 KHz ~ 2 MHz7HA] WA 7Y A3 S

(138 2-22).

- AETH AUHAEE Z2H AolE 23179 Ao]ZE 2 x 2 x lcmE HAWd thg P77
Zo] field strengthE 0.5 kV/cm ~ 2.0 kV/icm=Z Al 3= 1 x 1 x lcmZ AT A
1P =

a9 2-22. A shEH =
2 A8 298 probe B)



- AVAER wet dES W AEEe 9

o o
v
S5t 248 Az o 27 HAFULL AST & AL

H A T A5 ARY WAERE FHL O7
om 2AHZA YBES ANRE Ixlxl cm 2 ddste] AR S
- 349" wFA impedance #2 ofHe] A& o83 HEE FHoE M. olnf 12

sample®] ZAo], A+ sample?] @3, Z(w)s= impedanceE YERY.

4) B2 A7 5 Ag B mE deso] A=y A Es W

O Longitudinal ®& A2 & AV|A=%= W3}

—&— Conbol
10 {| —o— 0.5KV AL
—— 1.0EkV

_ — 1BV
E %21 = zoxv T
o, J 1
= 05 [ TTT
= rr.
= F-d]
2 IF A
= T
=
o
o= 0.8 4
=
o
w 0.5

0.4 A

0.3 : ; ; ; ' .

0.0 0.5 10 1.5 20 25 2.0 35
Frequency [Log KHz]

a7 2-23. 9ES ARY B2A7|A A8 (ongitudinal direction)

23
o
i
[
o

- 988 AR E2H7]A A7 (ongitudinal direction) o W& AV|A=E=
2-230l A A 3R =
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| A=%7} ¢F 0.7 S/mZ 7} $9k1, 2.0 kV/icm A S 3 2179 F
SImZ 713 Eoen, o= H2AAAY Ay F=rF 723

L
-
o 23] A5E AESH AVAESI FR F7kE FAS Holxm 9

©

- o] A3}, longitudinal WFANH ZHF ANAEEE BrAs e A B
A9 shrlfnin HUT 5 Qon, D2 A T3t dehgtin wug,

-

N
ﬂJ

QO Transverse W3k g & HA7|A == W3}

1.4
—— Control
—o— 0.5
N
e e =
E -
e,
£
= 1.0 4
=
=
=
=
[ ]
© 08 4
b
=
n
w
0.8 4
D-q T T T T T T T

0.0 0.5 1.0 1.5 20

3
in
sy
[=]
1)
(4]

- 988 AR B2HY|A AHE (transverse direction) o] W& HAr|AEE WHIIE 19 0-24
of AASFA S

- Control2 Ho A7|HME=%7F ¢F 0.8 S/m& 7Fg <kar, 2.0 kV/icm AgE & &
g A7|dEE+ ¢F 1.2 SimE 7P &3ko ™, o]+ longitudinal W33 U3 FAE Hol
o, "aAs)gel Ae A4Er 4% A e A1) I5F YEFH AAE
718 FAE Holx g

- o] A%}, transverse WA A3 A
Zz2 9 gydAgy g 4 9o, AxA

- 111 -



(6) B2 Aol o3 duso dTx ¥}

- H2A7 AE & 9589 #d #Ee d¥st Y flol AH #FE e
Dino-lite (AM-7013MZT,AnMo Electronics Corporation, Taiwan)S o] &3&}o] #2392

- A2a7)e] B2HV A Ax 8 2 3E Ay= O9 0-14 o AAFH 9o, 437
o] AbolZ+= 2 x 2x 1 cmZE AL

Z A 22 Y @S B F fldoy, I2A0E A &3]
=< A

a9 2-25. B2ZA7E Aol o 9559 xH A

(6) B2 7)17HPEF) A 2lgt Y559 Cutting force &7
O Cutting force =4+
- Cutting force® A2+ 5 blade”} A&l 7}s)

analyserZ ©]83lo] bladed probeE A}-&3}
A

=3k Aa17]9] cutting force= texture

[
=
a7le] SARE ddsts Aew FAHe
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AolH, (B)= bladed probeE o] &3te] HAE A&

- Cutting force =4 & 93+ &£117] sample?] Z7|= 2 x 1 X lemE AFE3H3 =

A

m&

o
K
v}
ol

- A&317]19] cutting force =74 Al, &3L7] 7,%01] tﬂra} cutting force®] 93-S 1

(A)

19 0-26. 231719 cutting force &AL ¢3+
texture analyser (A), blade®d probe (B).

O Longitudinal ®-3Fe] Cutting force

Beef (longitudinal)

100

Max force [M]

{I T T T T T
Control 05kviem 1.0EWon 1.5kViom 20kWeom

Field strength [K\/cmi]

*Means with different letters indicate significant differences. (p<0.03)

a9 2-27. 274714 A& (ongitudinal direction) o] W& A= S
9] cutting force ¥ 3}
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- 431719 A< longitudinal
231719 Aeolz=1 x 1x 1 cmz PP L.

Wheko A o] Cutting force A3+ 17 0-279 A A H o

- Control& cutting force7} 67.74NZ 7} =3k, 2.0 kVicm A=

force= 39.57NCo.2 714 vgrow H2~Ad7|&9 A ZA=r7F 43 s v 237 o

E cutting force7} A ZAsE FAS Hola L.

- o] A3}, longitudinal W&k A =43+ cutting forcee= H2=H 7749
ol e & g ow, 2R A s Ay vt A=
2= 0l S
T O ARw=-.

QO Transverse ®&kol A 2] cutting force

o] o

}\}\v—‘]ﬂ ’

3 A317]9)

Beef (transverse)
T0
d \\\
a0 4
-|— b "'-—l;l—-.._____‘_____-‘-
B0 A E bll: -I'
C
T
= T
g
=
20
=
20
10 1
EI T T T T T
Contol 0.5kW/icm 1.0 K\Wem 1.5kVem  Z0EVW/icm

Field strength [kY/cm]

*Mleans with different letters indicate significant differences. (p=<0.03)

a9 2-28. H~A7)1A A& (transverse direction) o w&

o] cutting force W3}

B>

a71e) e

71e] Aol

=1 x 1x1cm=E PRS-

Rl

transverse WaFol A 2] cutting force 23= 19H 2-289]

- Control2 cutting forceZ} 57.25No.2 7} =3ka1, 2.0 kV/icm A&

- 114 -

3k A37]9] cutting



forcerx 41.18N°. =2 7}A yolom HAA7|A9 X8 ZA=7F 724 AgE we A37] ¢
42 cutting force7t Axp Zasts FAE Hola L.

- o] A3} transverse WaFol| Al =A% cutting forcers H2A7|Ae Ay AErt AIGFE2 G
olFE E F dom, AV AYY ARE Ay A=V AEeE oyt B
=.

(1) 2A1717 Al 9559 texture profile analysis

O Texture profile analysis (TPA) =% %Y

- Texture profile analysis (TPA) & &9 =2, §2 To] Ad, FAT X Fol st A7
= XU AXZY &4 e olE9 EAIAE gy x3sta By A5y AL Y
e #5387 242 Yed.

- o] g3t 27 o] 35mmel A%

robe (SMS P/35R)E Ak&-3}<

21317]19] texture profile analysis (TPA)+= texture analyser&
@ p

a179 BHE ZHHYEL.

- 713 0-29%= texture profile analysise] =% 18z o]m, TPA ZHHE 93+ 4317] sample?
7]+ 2 x 2 X lemE AR LS.
- 231719 TPA &3 Al, &£a17] Ao wgf 249 3¢S vF AL 18 3ke] longitudinal #
&3} transverse WS 47 SASA S
T Sprad Past Tewt Spoed
Firsd hillge Sepasid Bt

FLERAE T, Fird ¥ liBdeawal oo

Camproisien

Secand Y iihdrawal

o parr N

AREA 1

AREA &

=

R
laagth A

lamgih 2

Lengrh §

TIME

a9 2-29. Texture profile analysis (TPA) &4 18]
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Textrue profile analysis (TPA)=
o] dollA AFES F ¥ A EE5S I3 J1d=z=E vepd.

TPA®] parameter 2+= hardness, springiness cohesiveness, chewiness, gumminess, resilience

ol AU+

Hardness= Fo1xl Al59 W3S #s] F2& Hol Yol springinesse= A&7} 4=
Qg Roko g =Zole: AEZE UM, chewinesss AEE 7] s ad Azre] 2

TPA HIZEZ Sl Abgrol A&

[e) [e)
= PR =
on, 2a7)d E2471F AgE Tk ¥Wske =4e UEkd U=

O Longitudinal ®W&2] TPA

719 A 9] longitudinal ®aFellAe] TPA A= F 0-169] AAHO] Jom, L3179 At
= 2X2xX lecmzZ ZPsA <.

Hardnesse] 73-9-, controle] 413.44+66.332.2 7} =9k3, 2.0 kV/icm A g S vt 4317
7} 239.97+£38.972 71 ko A ZF=rt A4S dA 45 hardness7t 7<47<} ol &
. 2EY BAFHCZE B2V HE & Y FoAs YEUA €S E 5 9

Springiness, cohesiveness, resilience®] 73-%-, controla} H 7714 A2 & I+ 2FHe] Aol=
AAAT BAHOZ foldte tehiA 4eg B 5 2l

Chewiness®] -9, controle] 264.59+27.12% 7} =37, 2.0 kV/cm A g & v
167.77+26.752 7} “Estom AHE =7 sl d4E chewiness?t A xF Yol
A=

flo
o
=
N
N

o

ol AH=E, 23719 A9 longitudinal W& 27 AHgl & Ayl HAdgy &

KX
.

50
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¥ 2-16. B~A71% A7 (ongitudinal direction) o] W& Y582 EAHE

Hardness Springiness Cohesiveness Chewiness Resilience

Control 413.44+66.33% 095=+0.02° 0.68=0.03° 264592712 0.23=+0.02°
0.5kV  303.46+18.74® 0.97=+0.01* 0.71+0.01*® 207.43+15.01° 0.20=0.04?
1.0kV  27733+2229° 0.96=001* 0.70+0.02*> 185.71+955%° 0.18+0.02°
1.5kV  25555+28.73° 097=0.01* 0.73=0.02® 180.93=+14.95%° 0.21=0.04%

20kV  239.97+£3897° 096=0.01° 0.73 £0.01* 167.77£26.75° 0.18=0.00*

*The values are expressed as mean + standard deviation. Means with different letters indicate significant differences. (p<0.05)

(O Transverse Hskoll A 2] TPA

- 2a7]9] A9 transverse WA el TPA A= & 0-179 AAIHO] Jdon, 21179 A}
o]2= 2 x 2 X lemZ &3S

- Hardness®] 7%, controle] 745.45+42.782 7} =t1, A& ZA =7} 73] & 4= hardness

7F A gl S B F Ue. BAHLE H2A7H HY AE7F 15 kV/icm o] HE 9
0]
P

- Springiness, cohesiveness, resilience®] 74-¢-, controld H A7 g & %

AAAT BAHOE fofE U 222 ¥ 5 U

&
©
N
1o
)
o
rr

- Chewiness®] A%, controle] 463.40+27.68= 7}3 =1, 2.0 kV/cm g & 2e L3177}
315.78+2659%2 714 wrom Ael A=rl A AS4E chewinessh Ha} dolde E 4

ol o
P =

- 9 2=, &317]19 A9 transverse WA A2H7|F A & Asrt HIATw B
A=
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¥ 2-17. B23A71% A€ (transverse direction) o W& YF 8o EAH3}
Hardness Springiness Cohesiveness Chewiness Resilience
Control 745.45+42.78* 0.93=+0.02° 0.67 £0.01* 463.40+27.68° 027 +0.01%
0.5 kV 678.69+4497° 0.91=+0.02% 0.66 +0.01* 407.18+23.76*® 0.27+0.012
1.0kV 65485+ 122.14* 0.89=0.05% 0.65+0.04* 374.14+38.97%° 0.26+0.012
1.5kV  501.99+62.93° 0.94=+0.03* 0.70 £0.02* 330.21+61.08° 0.25=+0.02°7
2.0kV 507.96+=34.50° 0.90=0.03% 0.69 = 0.02? 315.78+26.59° 0.28 £0.027

*The values are expressed as mean + standard deviation. Means with different letters indicate significant differences. (p <0.05)

®) B 7)1ZHPEF) el up& o

il

59

O B2ANA 485

Ag] $

o
>

H‘l

3}

- AR 24 Ao 2379

strength= 0.5 kV/cm ~ 2.0 kV/cmZ &3l A3

- 48589 H~AYA A8 &, control, 0.5 kV, 1.0 kV, 1.5 kV, 2.0 kV¢

FE 0-189] AAI= U=

- 9589 %4.): A7 Ay & Ax =4 A3 A8 ZF=7F 1.0kV/icm o) 733 A8 E
< WRH W% (lightness)7F ofF RoldS & 4 A+ a*(FHAN=E)E 180 29
7} A)H, b*(%“—“,l‘—;)% 12.0 F9] s 7HRAE Koy BAZHSE AW/ AE A
oat= YEhHA S B F U

- dE2hE iz 214713 e 3 oF 3R Aot EE B 5 S oAe
o FoEE THE F glv ¥4

-9 AR, 27| AR QAd ATr]e Me JFS wx ety B 5 9lS.

A=, pH,

Aol Z2E 3 x 3 x IemzZ AHW3d the

- 118 —
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=
a
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A717%2]
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E

AL ETE

=
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F 2-18. 27 Aol whE Y55 Ak st
5 a* b dE*
Control 42.52+1.11° 17.67+2.52° 11.92 + 1.48 -
0.5kV 41.83 +0.62° 19.59+ 0.27* 13.00 £ 0.48" 2.40 +0.18
1.0 kV 40.15+0.47° 18.00+ 3.17* 1171 4125 3.68 + 0.41
L5 kV 39.89+0.15° 18.66+ 0.87 1247+ 0.67* 3.00 +0.21
2.0kV 40.07 £ 0.54° 17.78 £ 1.35° 11.95 £ 0.30 2.68 + 0.66

*The values are expressed as mean + standard deviation. Means with different letters indicate significant differences. (p<<0.05)

- pH, temperature 3 Alol= A&317]9 Alo]Z2E

2 X 2x 1lomzZ A3 g B2HA7| %9

field strengthZ 0.5 kV/cm ~ 2.0 kV/cmZ A gl 43S 23592

- 4889 "2 714 Ag F, control, 0.5 kV, 1.0 kV, 1.5 kV, 2.0 kVe] pH & 2=w¥3} &
A AFe F 0-199 AAEA U

- pHE F2=H71% A8 A= LkViem7ZhAl = 25 &tz O olols 443 #X
He B F A5 28y ol "G Zolr] wiiel] 22X Aelvt pHY Wt & 3
Fe F= AL opdzta ddd

- WA AU A% eEMsE Ay F50k FASs mago deite A ¥ 5
g ol Warge) MY Zwel G BE ZoE Uy, AW L5 W 34
AL @7] M) HFozMel Buldlt Felst g HOoE BUE

pH Temperature (°C)
Control 5.40£0.012 19.3£0.15°
0.5kV 5.36+0.01° 222 +0.46¢
1.0kV 5.32 +0.02° 23.7 +0.26°
1.5kV 5.31+0.01° 26.2 +0.15°
2.0kV 5.32+0.01° 29.4 + 0.20°

*The values are expressed as mean + standard deviation Means with different letters indicate significant differences. (p<0.05)
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g, 228717 Ae 458 858 54

D) W2A7 4 A2 F 928 faopreit B4

O 9859 freopmyt

1%
s
T

L

[
ol
ol
o
AN
o
ol

- WA A F 4mge] ofuln WalE ZHey] 96 folnln

% 10ge #3 H 10mLY ultrapurewaterE 7}ste] 183F #2334-S A
£ 233H3000rpm, 104).

- ARG F A=AvkS 5mL F3ke] 10%2] Trichloroacetic acid 5mLE 7}&te] thA] A E
212 23 3H10000rpm, 10%).

- A4Z9S 0.2xm membrane filterMillipore Co)E o33k % olwi-ak R 7|(HITACHI
L-8900, Hitachi, Ltd., Japan)oll 20 xL FY3te] B2 g

- BA & UV detector 440nm oA} 570nm 2 EAdlF o, ofn4t BFLAoTE= (Wako
L-8500 buffer solution PF-1,2,3,4, RG ninhydrin coloring solution set, Wako, USA)E A}-&3}

¥ 0-20 & 30use] A " Z3 20Hze B2 F34 18] 100 pulse numberE AHE-3}
o iz, 1.0 kV/cm, 2.0 kV/icm o] AZ0E AHeZd = MES 7IA 2 A3+

- & oiF|x=4t e Uiz 280555 mglkg, 1.0kV/icm 2640.95 mg/kg, 2.0kV/cm 2421.41

mglkgO. 2 AeFEst F7 & 5 ohul:mite] Fapo] AN

- QGlycine, alanine, valine, leucine, isoleucine, serine, threonine, asparagine, glutamic acid,
arginine, histidine, lysine, methionine, phenylalanine, tyrosine, prolinee H2#A7|4 g 7
Tt A AFE A9 o, aspartic acide} cystine¥} tryptophan A7) ol EA) s}

. o] AAE H2ZH7E A7t &A7]A FElEe obn|4kE HAAITGE A

39

N

(I

0 30

%5
o =
= &

do
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% 2-20. AR AS AvsH z2Ee] feohn st @

Amino acid

(me/ke) Control
Glycine 110.48
Alanine 419.24
Valine 167.34
Leucine 237.27
Isoleucine 123.89
Serine 143.13
Threonine 100.78
Aspartic acid 16.65
Asparagine 53.16
Glutamic acid 242.64
Glutamine 479.12
Arginine 121.88
Hictidine 537 RS
(2) 22713 g & 4559 A3 A3 dwd 24

O SDS-PAGE % Western blot

- @A AY F 2ol ASHEE Ay )8 A5 A% @A Troponin-TSh

=
EAZAT St dWE TR 840 y-calpaing 4%

- % 5 A57Z ] dojubH A Troponin-T €} Tropomyosini}e] Adte] FA=v &
| ] ZeWA Troponin-T$} Tropomyosin®] Adte] ¥ ZgdA 177}
A3}y troponin-Te| o] a4 & oz AT

(o]
(i3
ox
i)
A
o
)

O

- 17]8 @wiHo] R EH, EAo] A3fA L y-calpaine] ¥o] sold AL=ZE AT

- Adge U] dAS 23 F AYaAAS

- oA 222 J1E3 chamber®2 F2A7|4 AElE 233 5 5g9 =zro =z #e}l 15mLe)
homogenizing buffer (100 mM Tris-HCI, 5 mM EDTA, 0.05% beta-mercaptoethanol, pH 8.3)
o] @i Polytron homogenizer (T 18 digital ULTRA-TURRAX®, IKA, USA)Z F#&A3}2¢S
283t (13500 rpm, 2°C, 30%)
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w23 2} F dAEY T E ol &5t dAdEeE WA (5500%g, 4T, 30%)

A4EY F oEABNAL FHes AFAL L FES oA ddBeE AW

(15000g, 4C, 15&).
FEde o -calpainell thdk SDS-PAGE £41& 93] SZAAZ.

dAEY F &2 e 15mLe #43 dF8&doz 23 AHF AdHdEYE AP
(2300g, 4°C,10).

AAEYE v F F2FxolA 80CE 7Mgsid i, EdaMdS xdste A5 ImL&
FE3 5 A dAEYE JYg F (15000g, 4C, 15 ) Troponin-Tel| thgt SDS-PAGE &
s fa 542 Al

FE2E @A FE BSA WA o AAHA, Sid WEL SDS-PAGE gelol| A=
HAe. @l A ANgE HA3a 5 % acrylamide stacking gelS AH&3}e] poly acrylamide
gel (u-calpain @ troponin-T¢] 7% 10 % gelol 16 xg )o& E3PS. AL 120V o
A3 =

3l Ao A4 Bio-Rad Mini-Protean II A]2~¥] (Bio-Rad Laboratories, Hercules, CA)ellA #
RS

e ANy

N

]

A7l 9% %, 125 % AL Coomassie brilliant blue R-2502 A3} GA5FH L, 10 % A
oA &gl H w9z transfer buffer &<H(25 mM Tris, 192 mM glycine, and 10% (v/v)
methanol)€] polyvinylidene difluoride (PVDF) membranes®l] ¢]&}| blotting = &

PVDFe}e A 2o A 0.1 % Tween-20S $H+ 3+ 1 x Tris buffered saline (TBS) 5 5 % (wW/v)
22 EfoA 1A1ZF blotting HFRXe™, BlotS 1 : 1,0000.2 3]4 = troponin-T antibody
(mouse monoclonal anti-rabbit Troponin-T, clone JLT-12, T 6277, Sigma, St. Louis, MO)<}
w—calpain antibody mousemonoclonal anti-bovine s -calpain, MA3-940, Thermo Scientific,
Rockford, IL)E 1 : 1,0000.2 3]X35t] AZ 3A =

¥ %, 98 TBS-Tween (TTBS : 0.05 % Tween 20, 20 mM Tris, 137 mM NaCl, 5 mM
KChe 2 AN& &¢a, troponin-T¢+ x-calpain E2S& Z+z 1 @ 300002 3)4 =
peroxidase conjugated anti-mouse IgG (Sigma A 2554) A9} A A Lo A 1 A7 FoF HY
& 3=

- HY wkgA W= 318t WHELC Plus Western Blotting Detection reagent, GE Healthcare,

Buckinghamshire, UK)oll ¢J&l] AZE&=F|om, W= 5 =42 AlphaEaseFC AZE o]
(Ez-Capture MG, ATTO, Japan)E Al&3te] =439S
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QO p-calpain 2 troponin-T &= 4 Az}

Control 140 kViem 20 kViem

B-Calpaln 80 KD | et ontt i

Troponin-T 37kDa | P w— —

a7 2-34. 27 2@ 22AZFE A 3 Y589 p-calpain

troponin-T¢] western blot 23}

=
=
= a
g 100
g
=
S 0.8
=
=]
=9
(=1
—
& os -
=
£
E
= 0.4 b
= A
=
=
w 0.2 4
P C
=
=
= 0.0 T T T
Control 1.0 KV/cm 2.0kV/icm
I

2-30. x93 B2A7A A2 Troponin-T/u-calpain 2]
s

- western blot 23 Troponin TS A% AHYZE7l 718 5 Hdadte 2As & 5 AN
u-calpain®] 7% #f2]A <2l 2folE HolA| &9k, Troponin/u-calpain®] %5 £ w Fxx

e
ZIZAYE Re A O dstEs & F s (3" 2-30).

) B2H1717 A2 & A58 At 54

O TBARs %

- 7t - YFS 7AE F2 8AF sl A As =5 SA3%7] 98 TBARs W
He AHESEA =
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S 1omLell ¥l #4313k H, d4AE8E I P8 5(2000g,

mL<e] trichloroacetic acid/thiobarbituric acid (TCA/TBA)-& <o @2

- Az ImLe 2

-

d ol 3mL ¢ 2% butylated hydroxytoluene(BHT)(w/v)S 7} 35 wHkdk thg 95C 9
T A 1583 7t F A4 d4S A&

2l & 3 EH1000g, 104)

EAE ol&3ste] 53InmellA FAstd oM, S/F 3 2 mL TCA-TBA-HCI
Gl A &=

o g AerAz)
mg

rr

Apgsked Algteklal, &l

- TBARs&= 1,1,3,3-tetraethoxypropane standard curveE

MDA/kg=Z X &3} .

O 217178 g & A3t

25
a
b
201 —
7 C
g d
g 15 e -
=
Ex
£ 10
-
==}
o
0.5
00 T T T T T
Control 0.5 KV/em 1.0 KViem 1.5 KV/em 2.0 kViem
Ry = S o [e]
BN A dE55e AW

a9 2-31 dExT 2

Qs

A W E3) 20 Hzel B2

a9 0-31. & 30 wse F3t4~ 183l pulse number 100S
AR5 control, 0.5 kV/cm, 1.0 kV/cm, 1.5 kV/cm, 2.0 kV/Icme] A =Z 2 X3 =l A

A d 237 AR A s =S UER.
T2 TBARs= 140 + 0.01 mg MDA/kgZ ZA =AW, 2.0 kVicme] E~H
2.33 + 0.01 mg MDA/kgE ZAHEHAS.

- A¥dAa3 gz
4 117]12] TBARs=

N A E ne
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- TBARs= A8 Z=7F 71 & 5 ngz oz Frhsialen, txad 2.0kVicm 29

TBARs 7ko] 0.9 mg MDA/kg A4S k3l TBARs gtol 10 ol o] & A% A
o]HE LAIths AFRII} Qo] 20kViem o]3HE Hel T Aol oHE A F U

4 vgAE AR ABAE A

7t 2 71ZPER) AAE & s 3 =g

3

s

A

T

D 2217 A8E 583 23 7+

ol

i

- L22d s AR o Ay el B2HAE

Ag &35 AAsA7el, A=

of AtgHoE F8o] Jled AF HEI}A=.
ol RES AT dEos wol Uun ATTY F Fesmold FAT xese
E g AFH, dEFH Y o2 F dHF &3] SEE AAHSI S
- gulEzee ABITAAE AAL zedel SEe) £4E Azsan Aeold za)
of HEele AT AT glol, dsEDIN DI Bl ol$HT Yor] Ed
FHIo= FHE FHE S8 GUEA AFEE Jo - dsst Hads
- H 1 7 SV 2 AR EAES dEANE HE F e A F ARl aA AAsSH
I A, wEkA A7) SEE ol T ARG A AlFoly A A FolY ek ¥
W ofuzh wEE e BT AAE FUE AARS AT AL
7| e}, IS5, %
HEAE. 5 0 ApAE| S 2, 103, T
ul&!:;-rﬂ.?s.m“
#{¥| . 56, T
.
1/} 24, 102, 15 ;
| H, 102, 15%
S THAI A T, 51, 12%
. Al R - 1|7 e
AT 24 5| 1| ] 23129
= HEA !
a9 2-32. ¥ FE AAAE dF (&4 S FiERE
2]
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@) FrE =& A% 55 F2A7ZHPER) A =4

o)
2590 H~2A

- d5s

52 9 o)8He &

718 A flsl AggEel we A,
7] FFAEE AHESHE

- 2SN ABge] W g HUE gl 7 A5 A5 ANE AS SAA,

=

o] dAsez Qs dFAAde] s

- WA 2Rk

3} at7] 98l & 2-21 9F 2 AP E PGS

U

=¥ Agste 71 AWME ZEsien, 22T Ede F

scale up 2ol 1o WE Afojzol WE AedE Ast 5 A AN 27 FA

a

ield strength7}

¥ 221 FHIE 2YE A% F2A7% A =3
Size Field strength Ot voltage Pulse width Frequency Pulse
(cm) (kV/em) (%) (us) (Hz) number
1.0 30
Ix6x3 L5 45 20 50 200
20 60
S 2AdES] A5 AWE 59 2808 A A A=e] 2707k Z7e9 F
S Z7kalel Aol ojeigol AL ER, AL sl Fae el drWEe Fe
Gr)e) 17 7o s olei ol Yo} woh g =vE AR,

- 20us o B2~ Z3} 50 Hze] &< 200 pulse numberE A 3SF ejolA out voltageds &
gete] At om, Aol A7|7 A7]o AT A HAAFE field strengthe FH4gkol
™, =27 @ 2Ad g 0.1-0.2 kViem A= A 22 =

@) 2R A A F ARKe FHEA, B4, A

TEEA, B9, 37

AEE
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- Drip loss®] SAWHE S A€ 10ge2 A& H, vwAetd e 7=t ¥l I 44
2£2)(1000rpm, 4T, 102)E 3y FH FAE S4st] At

HESH A7IAEE 9 z-index= 4 7HsFchamber2 Agld 889 A/AEEE =
43 W3 FLsk, longitudinal WEFo 2 F2H/HE AL A=

a7 A F 9% S84 AP AE7 vkl mAsgAw, BAHCR FoH
ztol & HolA o, Heds 7hsd & e drip loss GA o dQl AtolE HolA ¢
[o) R
PA

WA Ael F FFEA 2 Bege gl Wert glom, o W Fe Az
2 o gge

At A3 A 22k 7}

¥ 2-22. A=A A7 2FE Weight loss 2 drip loss

Sample Weight loss(%) Drip loss(%)
Control - 4.29+0.82
1.0kV/em 0.16 £0.10 3.46+0.80
1.5kV/em 0.18 +0.09 4.47+0.36
2.0kV/em 0.28 £0.18 436+0.28
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Electric conductivity(S/m)

| I | |
] 2 3 4

Frequency(logkHz)

1% 2-33. 7]= chamberE &3 F A% #Ag &

A=

1 AVNAEE

(@-control, O-1.0 kV/cm, A-1.5 kV/cm, A-2.0 kV/cm)

1.2
o]
5
=2 1.0+
=
y=]
5 0.8+
=T}]
Z2
E 0.6
]
=
£ 0.4
A==
2
< 0.2
=
o

0.0-

Control LOkVem  1L3kViem 2.0kViem  Thawed
Samples

a9 23 HEF L UF 5 AED AEN B2

A A9 Z-index

- A

%l

7

_/_‘\.
o

bl g
=
w-‘ =

o

N
-

1:10 k

Fi8 =

ol
-

- Z-index= H~A7#
o= AxzUyi7}

rr

HE

A s

Avjut

%@ chamber Az|Azet w72 AYAdE7F S7hgel wet

ol
oL
B

rpr
o
ﬂ &‘g

SARE 0, IF F AT AIRE 12 S W &
3 £ Ho o, MTIAZ AHUZ=7}

N o
rlr 4
N,
=4



Z7FgHoll whet H
- Size up® AlZAAME 7153 chamber gl 2} FASE E95 o

4 B=H717 AA T

H]

Z]

r
BN

rr

gl

B o>

ol

A

z

- FHlE 2T

gste] S7FskAa(1 ™ 2-34).

U]o
ﬂ.l o
ot
ro
QL
s
oo

-

A= F9 FHE=

s

s IS

2718 AAY? AR

J %

27g3st7] flsil 50C FE 90C e WM &2

D

= O =z
"= T

zoll 1AMZE = st

cutting forceg SASIF = (F 2-23,7138 2-35).

¥ 2-23. Cutting force Z=43}7]
23k A BAA

Pre test speed 10.0 mm/s
Testspeed 4.0 mm's
Post test speed 10.0 mm/'s
Blade
Probe (Watner Bratzler
& reversible)
Distance 30 mm
Sample size lem x 3em x lem
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6) =g T mE 277 Ag 2 FHE 223 4559 =94

=N
T

Cutting force (N)
o
&

o
2

0 1 T T T T T
Raw 50 60 70 80 90

Sous vide temperature (°C)

a9 2-35. = Z2E] 259 wE Cutting force
(@-control, O-1.0 kV/cm, A-1.5 kV/cm, A-2.0 kV/cm)

7] Zdeell A Cutting force &4 Al 7153 chambere}l FAMSH A&dFo 2 HelF=7F F71
== cutting forcer7} TAIH(ZET 61.83N+8.72, 1.0kV/cm 53.24N+7.05, 1.5kV/cm
48.13N=+7.73, 2.0kV/cm=£10.29)2 &213}%5 2.

50C oA 90C7HA 431718 SHl= %23 5 cutting forceE A3 A3} 70C 7= 2
2A71% Agade g cuttmg force 77t §A9S :931]‘?46]—93\013%, 80C ooz %]
ste Alelle 223d71%
70C o]+ %A cutting force7} 713 AL 17| E 65C o] ZFA 7] W AA 229
F=0 7 <3l cutting force7} 23] 713 Ao 2 BAoe.

WOCAA FAS Zasts A0S LLolA AL elstel THRY ZHART Aole] A
Feo] wlg oklA Yoyt Ayow

1718 A a7t A" Ay -5 T /M 22
cutting force& }.o] HE gg|oA Eo] o]&F& 60C =7 st 3l
ek, A *17\_}& 315‘}04 = 38hd EA4S 4%

_‘EL
rE
)
rO
P
2
N
—l> r>J

i

o]F AFL 2YLEZ 60CE TAZ HE A 1AZ A 2443 74A] FHlE 222 I

[
o,
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O Cutting force W3}

80—

) =

40 =

Cutting force (N)

1
0 1 3 6 12 24

Sous vide time (h)

13 2-36. 60C oA =g AlZtel wE cutting force W3}
(@-control, O-1.0 kV/cm, A-1.5 kV/cm, A-2.0 kV/cm)

- FHIE AIZFS 2y S99 S u cutting forcers Aol Rl HlE WS FXE B,

T
32
5
=
I
it
A
Ks)
2
x

(O Texture profile analysis (TPA)

- TPAE A|E 35mm probeZ A&7} 50% 4= 2 wi71x] & 71sle] A9 o, 83
HE=4 3 HAOgd Haaes AYS SAHRS A S

- TPAS] AF-21E& & 2-24 o 2=
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¥ 2-24. Texture profiles =%
3t7] g AFAA

Pre test speed 10.0 mm's
Testspeed 2.0 mm's
Post test speed 2.0 mm's
Probe type SMS P/35R
Distance 50%
height 20.0 mm
Sample size lem x lem x lem

- TPA

E %7 A|7FA A hardness®} chewinessoll Al A & oto] thxo B8] Fe& $X
= HY 2-

TA
25).

B o

e Ml
o

€
- Springness<} cohesiveness, resilience= i = wE F4HA 27t A=

o b BE 24N Z=Y7HA BF F2A

- Cutting force®} Z33l9S wf == 3HA &S 04 ~A
7179 Mg &= I3 ar|dsrt fAE A S0

of
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F 2-25. 60C oA ZF =8 Az E thzT D H2H7A Ag e Texture profile

Sample Hardness(N) Springiness Cohesiveness Chewiness(IN) Resilience
Control 11.70+5.062 0.98 +0.012 0.62 +0.032 7.02+3222 0.55 +0.082
&, 1.0kV/em 9.74+3.78= 0.95+0.072 0.59 +0.03= 55442552 0.50 +0.072
1.5kV/em 85142272 0.92 +0.042 0.57 +0.032 452+152% 0.38 +0.10°
2.0kV/em 2.86+2.03b 0.97 £0.032 0.59 £0.022 157+1.020 0.23 +0.04c
Control 21.20+3.04 0.64 +0.082 0.63 +0.03° 8.70 +2.55% 0.32+0.03*
i 1.0kV/em 15.88+2.13b 0.62 +0.052 0.61 +0.01% 6.02 +0.82° 0.32 +0.01°
1.5kV/em 21.77+3.99° 0.66 +0.44° 0.63 +0.02° 9.03 +2.14° 0.30+0.02°
2.0kV/em 10.10+1.05° 0.62 +0.042 0.59+0.02° 3.68 +0.47° 0.25+0.01°
Control 19.35+1.57° 0.53 +0.022 0.52+0.02° 532 +0.44° 0.25 +0.02°
% 1.0kV/cm 16.43+1.69 0.58 +0.08° 0.57 £0.03" 545+122° 0.30 +0.01°
1.5kV/em 18.44+1.31% 0.58 +0.032 0.62 +0.012 6.59 +0.50° 0.29 +0.012
2.0kV/em 15.4243.09° 0.58 +0.012 0.54 +0.01° 479 +0.96° 0.24 +0.01°
Control 20.30+3.02% 0.57 £0.052 0.54 £0.02= 623 £1.06° 0.25 +0.022
& 1.0kV/em 22.03+1.60° 0.56 £0.042 0.51+0.012 637+00912 0.23 +0.012
1.5kV/em 19.34+2 17 0.51+0.032 0.49 +0.02° 4.86+0.620 0.23 +0.022
2.0kV/em 17.44+1 4gb 0.53 £0.052 0.49 +0.03® 453 +0.75% 0.23 £0.022
Control 24 64 +1.49° 0.52 +0.04% 0.49+0.02° 6.40 +0.98" 0.22+0.01°
121 1.0kV/em 21.29+3 74 0.51 +0.05° 0.43+0.02¢ 4.7441.28° 0.19 +0.03¢
= 1.5kViem 2836+3.01° 0.57 £0.03* 0.56 £0.02° 9.07 £145° 0.26 £0.02°
2.0kV/em 18.21+2.05° 0.56 +0.03% 0.51+0.02" 523+1.01° 0.22+001°
Control 244944 52° 0.61+0.052 0.46 +0.06 6.72 +1.06° 0.22+0.02°
sy 1OKViem 20.86+3.36% 0.61 +0.06° 0.43 +0.04° 550 £1.42% 0.21+0.03®
- 1.5kV/em 19.91+2.94° 0.65+0.112 0.43 +0.04° 5.49+0.98%® 0.21+0.02°
2.0kV/em 15.16+1.69° 0.56 +0.06* 0.49 +0.03° 421+1.04° 0.20+0.012

*The values are expressed as mean + standard deviation. Means with different lowercase letters indicate significant differences. (p<0.03)

- AR 2425 A4 A 4 ol LLAVANA tEouls] APSe] e FX
B, olee @4 PaR PN BAE DR AR FLo] SofuhEA
@l o AWHA Yolup 2 AzA o Bol e AoT BUHE 2-26)

o] -
AN

o) o]z}
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O =

o~
T

=
=

H

3 2-26. 60ColA ZF z8 AIZF & tixzd 2 2173 ATt
of M2 A3}
Sample L a b
Control 41.22+2.282 17.11+1.012 13.83+0.942
. 1.0kV/em 4039+1312 16.87+1.742 13.74+1.08
1.5kV/em 39 58+1 492 15.81+0 582 13.61+0.632
2.0kV/em 40.80+2 102 16.50+ 1.082 12.83+0.552
Control 52.16+1.712 1824+ 1.03° 19.05+1.092
i 1.0kV/cm 5241+1.47° 17.96+0.39° 18.47+0.80°
1.5kV/em 54724153 15.88+1.52° 18.21+1.90°
2.0kV/em 57.28+1.26° 15.47+0.66° 18.41+0.78*
Control 54.68+0.75" 13.19+ 0.56° 16,65+ 0.60°
i 1.0kV/em 58.26+1.04° 10.98+ 0.68° 1523+137%
1.5kViem 59.65+1.08 10.78+ 1.16" 15844138
2.0kV/em 55.89+1.65° 10.82+0.57° 14.11+067°
Control 59.46+1.97° 10.21+0.54 145640432
i 1.0kVicm 61.14+0.69 8.02+0.49° 13.80+0.712
1.5kVicm 58.82+2.01° 8.88+ 0.69% 13.80+ 1.60°
2.0kV/em 55444297 7.75+1.18° 12.27+2.96*
Control 61.91+0.84 6.82+0.19* 12.90+0.40°
h 1.0kVicm 59.74+1.43b 6.62+ 046 12.04+0.812
= 1.5kViem 58.79+1.71° 6.97+1.14* 12.18+1.12*
2.0kV/cm 58.29+1.55° 6.21+0.30° 11.80+0.52%
Control 57.42+0.69° 6.83+0.46 11.90+0.832
vy LOKViem 60.02+2.902 6.44+ 0302 12.41+0.402
1.5kV/em 58.22+0.262 6.63+0.222 12.82+0.292
2.0kV/em 37.65+1.052 6.77+0.102 12.04+0.412

*The values are expressed as mean + standard deviation Means with different lowercase
letters indicate significant differences. (p<<0.05)

3}

Drip loss(%)

159

3 6 12

Sous vide time (h)

a9 2-37. 60C oA ZgAZte] wE drip loss W3}
(@-control, O-1.0 kV/cm, A-1.5 kV/cm, A-2.0 kV/cm)
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- Rgd 24e AYAE Drip loss 247 2& o 1Y Qo Ane 17 2-37%
o
=

- 24N Aol iz 1.5 kViem A2+ 1.0 kVieme} 2.0 kV/iecm A Fo2 FEE A
ok Zol7t W A, AAAQ] HEgFS RS W drip losse R2A7HE AR A I&F

= TA deor &

O
e
o, [

(6) Az o] e 2718 A 3 erls 23 d559 383 54

- ol A tehd HAwe] 7t
ol myoglobin®] #Fg =4

X
T
ot
£
o
o
fu
=
o,
QL
N,
do
:Cu){:‘
k1
N
N
Y
rlo
=
filo
18
X
P,L
rlr
=
B~

ok

Rl

71¢] %2221 myoglobine F71¢ HZ3sHA oxymyoglobin® & Wala 177} Fol 9
o

) o] 7}= FA o A metmyoglobine] 11717} &3] ¢JA =W metmyochromgen® & w3}

o

- wekA] A A myoglobin S =43l metmyochromogen® 2 g myoglobin &2 A2

93 FuE R FANA §F3 A wALE myoglobin 74 A1 1719 Y
A5E BPHOE FUA ¥ 5 UL

€9 10mLell ¥ #43} AZEH desEd 1A FAAZ F A= Lﬁgst}(lOOOOg,

- YAEE & =99 Whatman No.l filter2 ]33t % PRBS&N o2 25mLE Y%,

13 olefje} e TAL o|gste] total

of

- B3Z s AZE 525nmet 700nmo A FHE=E
myoglobin &S AL

!

I

- Total myoglobin (mg/g) = (Asss—-A700) X 2.303 x dilution factor

_/é_]‘

i

Ashe 13 0-39 3 Zom MEZgolA HME] WHTe 1Y 0-380] EAFGL

Jut
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204
"
3 154
W
5
=
T 104
o
5_
G T T T T T T

Sous vide time(h)

% 2-38. 60Tl Ze Aol mE HAE W
(@-control, O-1.0 kV/cm, A-1.5 kV/cm, A-2.0 kV/cm)

Total myoglobin (mg/g)

0;[} I I 1 1 I I
] I 3 b 12 24

Sous vide time(h)

19 2-39. 60C oA Zg A Ztell W myoglobin ¥ 3}
(@-control, O-1.0 kV/cm, A-1.5 kV/cm, A-2.0 kV/cm)

lo
»
o
_>|4_:‘
o
i
o
o
A

- 28 A% myoglobine ANz} vi/tA R diza P At
okekS(ns = p > 0.05).

- A¥AY AN oot ZE FFo= myoglobing] FHEFo] askgiom 6AIZE 7HA= A
gro] izl HlE] o @e FEFS BYow, 1243 o]Fe YA Aol YEREA
%2(ns = p > 0.05).
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AA3E BEdE 223171 A a7t FHlE 284 £

4. 929713PEF) A A 2 $ZAZ
) B2AY A @ FZAZ 204

FHIE Z29 AR @A e APAl 7HEE chambers= o] 83t7] o ©@xlo]l 3
o

ZHlE 29 28 SXAZE APFAAHo] Y7o 712 chambere] @A o]yl HEo] A
AZE o) go]& Aolgt Hgt

A os APTP L Azke] Bol samld] MAE g EA Al Fte] BA

H= 7R S+

b
ofl
Lo
ro
k
utl

B2RA71% AZE AsiAe ARFFel A x40 FdsH &

2a7] EFAEE A=

A

) A& F 2-27,283 Zom, AR Aojz2E HXAXT|H

X1ﬂ°ﬂ 4/\ 1 x 1 x lcme]’d = ojof ‘3}57_ F3x9] 544 AZ7E deme Holok 7] W&

gulddS HAAS 243 2 x4 x lemET} 2 x 4

«oom ARS A olF B £ Al el BaAe SEo) AT AolZE 2 x 4
X 2 Aoz 2 AA St 2P S

¥ 2-27. B2A 7 839 Field strength® Out voltage ztolo W& Az

= Field strength Out voltage Pulse width Frequency
Size (cm) (kV/cm)g (%) 2 ms) ((i[z) Pulse number
0.5 14
2x4x2 1.5 38 30 25 500
2:5 60
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X 2-28. H2H Y S3E9 Pulse number zfolo] W& A7 =7

. Field strength Out voltage Pulse width Frequency
Size (cm) (kacm)g (%) 8 s) ((i{z) Pulse number
100
2x4x2 235 60 30 25 300

500

- 3 2-27 A4 Out voltage 14%°l 4] Field strength7} 0.5 kV/cm=Z AH&& 4+ AU
- ¥ 2-27 oA Out voltage 38%°l A4 Field strength”} 1.5 kV/cmZ A8 & 4 AAS
- 3 2-27 oA Out voltage 60%°l 4 Field strength7} 2.5 kV/icmZ A& 4 AU

- 3 2-28 A Out voltage 60%°ll 4 Field strength”} 2.5 kV/cmZ& Pulse number 100, 300,

500 g =Rz AT 5 AL

(2 g2 Azx=sd 24

B8 Hd
x}g;j o PEF N2| > @)

[
o
Do
S
(@]
iz
[»
=
N
o}
_).1'_1‘
AC)
i
o
oo
et
Ho
35
-
L
of
ox
b

- 2 AN YEhue 9% ¥R 9EA 985S AE olF btz F20R AdE

- AE, dA, Az o] FAHE FAA Aol = TAo] v FEA x| Slo] AL
daaHRs de T U=
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- AxFH T AYHHS AuAoR Bo| WE HHE 241
4ojd 52 AT 29% BAE

- WA, AAS AF A FHe| SHoA Ald AN 28

Aeld Ange KX AXE B FYALL BEHAL 5 UL Aol BHL
Q) B2AY AAAG F2e) AY TR AL BF

- 9mse] AW BAH ©E: 7S Yoluy] s HaAsR AT 1o)0H EHteE 3
2o AVAEE

- AVIHAEE AL gz pulse number 50002 23 2.5 kV/iem A +E 7FA 3 313
st AE85S 300mL Sl JAT FEddA 2AT-EL FHues A o8 &
Zbebe A7IAEES S AS(T™ 2-4D.

O A A7NAE=E

0.06
—&— Control
—O0— 2.5kV/em
S 1
g N
% 0.04
g 0.03 4
E 0.02
E Reduction of
= blood extraction time
0.01
0.00 & T
0.0 0.5 1.0 1.5 20 25
Time (hour)
a9 2-41 22AE SEAA FHUL AES H7A
== =4

- 2AE AU AEFS AAT FEHolA 30EF, EC meterg o] &3t ZAZ A7A
EEE fE2FS 0030 + 0.001 S/m, AT 0.032 + 0.002 S/mol %S

- B2A7F AT dESe AATE GEHA 602F, EC meterg o] &35t SAHT A7A
==& Control 0.038 + 0.002 S/m, H&EL 0.042 + 0.002 S/me] AL

- AR AT dESS FAAT AEdA 90&F, EC meterg o] &3t A A7
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EEE OETS 0.042 £ 0.003 S/m, AT 0.047 £ 0.002 S/me] %=

A7 A 985S FA FeHddA 1208F, EC metergs ©] &3t 43 74
0.003 S/m, A g2 0.051 + 0.002 S/mo] A+

o] FUHHoE ¢ AHE Ay AAAHVH A o
Azt %, EC meterg o]&3ste 43 =
0.057 + 0.002 S/mo] %<

$2 PAD AeolA 18085 3
o 5)

0.051 + 0.002 S/m, 3@+

wetA, 271 Aed dEFolA 2AZEeE ERve
% ZA4E EC metergaiA AAZ 23 HE S

= AlREo] 2AIRtol B, T 243t Pl AVAEE
ol Aol 90&e] BAHS W HMIIHEET}E 0.0 /mojR oz HAi 3 v‘f—,

=+ S
S A8 34 28N 25% Ne 95T F dee AR 4 F ANE

Azl osf Frtsts A7A
FAAA AE FAHA 484
+ 0.046 + 0.003 S/me|%laL

(4) 28 SX sample AAQ A/NAEE H3l =34

okA EC meterE o] &aA4 H2xe] Y7 SolA]
g Ae

& A Eo) osiA iz vl
gol ANAEE Z7F 571 W °

rlr

gzl WMHUzLy] dEo olgders AVHER

O

o] Ang Fuatel URSE AAANA
& Zad Aoz Bad.

AT 2o AV|HAER FaZo] gEA Flstr] fsiA A
3}

3 sampleo] 713 AVIAEE WHIE S5 AsA A B2H7E AT 559
AESHA AZNAEE Ao o]&d LCR meter(LCR-8000G, Gwinstek, Taiwan)S A}-&-3}1
o

LCR meterg &34 A F3Pst7] 98l S3E sample2> 1 x 1 x 1cm cubed = =}

2 = a3k

Frequencys 1KHzollAl 2MHz7tA] ZAH S &g 0~3A17+ A7 A0 2 =4S AA S}
AL, 0~1A17H2 208 HASo 2 S-S A S

Ho

559 A 34 @5 Abs dotry] S B2HE] S sample AAQ WM EE
sl S48 Ao H2A7H AMexde dAA B 2HE F dETH A& Feld
strength 2.5 kV/cm, Out voltage 60 %, B2~ = 30[ «s), X& 5 25 Hz, Pulse number 5002
2 Agstd AVAEEE Hlustes APS AP =
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Frequency [Log KHz]
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X

&

X

o)
o]
o

o o)l 4 LCR meter

3T

— OFA]

o C,._ C,.ﬁ
o T 55
o N N
il i i
o [y Y
g2 gl i
1 i I
il i i
ot T =3
N W W
% < <
o 24 2
=3 ™ T
—_ o] o]
W =T T
i) ! W

) )
) o) e
= ig Iz

™ w
e 03 03
ﬂ QL . Q‘._ .
o <X
.H_Ol _nﬁ ox vﬂ 0
= i A E A\
oF of B o B JHL
o T o T ER R &
& NE N Potiwd
ﬁ W O—E w O—E T T T T T T
A1 T o X 2 5 8 3 § 3 8 @3
X 3 31_ 3 iL [wyS] &nananpuod jeaLn2ayg
= o o

—

H o o
—_ o)
B 3 ]
% o v a N
~ B n mo

9 2-42 A2Ad S sample A #A7HAEE HA3H0~3A 7T,

LCR meter)



0.9

= Cou-Omin
O 286V om-Omin
0.8 4| ~W— Con-20min
—f— 2 3V an-20min
8 Cou-40uin
= =0 2.5kVian-40min
E 0.7 4| 4 cou-s0min
({i == 25KV an-60min
::.
=
£ 0.6 4
=
o
=
=
g .
g 0.5 1
B
'E
204 4
= \
0.3
02 T T T T T T T

0.0 0.5 1.0 1.5 20 25 3.0 3.5

Frequency (Log KHz)

a3 2-43 B2Ae] X sample AA9] H7|A== ASHO~1AIZL,
LCR meter)

rr
5
o
dou

Zuk IA7ES B 9850 xRt 97t MAE &5 A Z718
Qg

ZAHow, TAHA sAHow A%s dvhg AW TAY ALS BEAL F QA L
of B 4 = AYS B 2o WA

|
>
>
o
Lo
Y
ek
-
o0
flo
AN
)
ol
ok
rlr
jn)
S
>
ofo
ol
ok,
rlr
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o
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o

& A=

S0l A&t Ad T2 AL d=e FAF AR

- SLS (Sodium Lauryl Sulfate)-Hb method+= Hemoglobin determination®] thx=z<l Ww F 3
U2 o]2le] Cyanide hemoglobin(HiCN)5©] ¢S

- HiCN (Cyanide hemoglobin)-method ti4lel SLS (Sodium Lauryl Sulfate)-Hb method& A& 3k
olfr= A4 HICNHH-E Aol F3lg toxicdt A& YAsta FHH oz EAE doz

T 9= BEAES AAA AA E F3lst non-toxicdt EALE A= SLS-methodS
Agsl7|2 AAsHA S

- SLS-Hb A &% -& Sodium Lauryl Sulfate® ©]-83}e] hemoglobiny} ®H-§Al# SLS-HbE &
A A A A SpectrophotometerE o] &3} 539nmollA FF = A3 e ¢ o7 Fakg

- SLS solutionS THE7] 984 SLS 6gell 0.3M Phosphoric acid buffer solution (pH 7.2) 20ml

|
oo
i
o
e
>
ol
oo
(it
=A
N
N
iy
&
2
4N
v}
oo
o
oo
£

S 28 buffer solutiong ©]-&3j A

- o] &S Stock solution®. & ARg3}1 Working solutionS 1008} 3] &te] A3},
- Working solutions ©]-83% AZAZAA APWPHS 6mLe A£37] SXAA SHYL AE
(300mL =74 ¢hel 5mLe] Working solutionS ©dta mgk g & 5%

Z.

S A7 F 530mmelM EBBEAES A FRES ZFste] Hbel £AE 53349

L

- SLS-Hb method+= Pulse number x}o]<} Field strength z}o]E& &= ZAXjol2 A S A A5}

A=

N\

O A= Wz 54

- 431D Pulse number Z72tolE= Field strength 2.5 kV/em, Out voltage 60 %, B2 2 30
us, & = 25 Hz, Pulse number 100, 300, 50002 *|g]ste] SLS-Hb methodE Sl A&
A0l APEHHA AFte] &7 we} FFE 20| & vludste A4S IS

- 2132) Field strength 2713to]= Field strength 0.5, 15, 2.5 kV/cm, Out voltage 60%, 82

Z 30us, A% & 25 Hz, Pulse number 50022 #}&]3dle] SLS-Hb methodES Faf Ad &3
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o] WAHARA A3t

=2
ot
allf
2
k=)
Ach
E]o{r
o
b
2
o
Ll
Ry
El
ol
rlr
>
oo
ftlo
™
ot
QL
e
ulfe

0.020

0.018 4 —&— Control
—O— PN 100
0.016 A —w— PN 300

—&— P.N 500

0.014 4

0.012 4

0.010 4

0.008 4

0.006 4

SLS-Hb concentration (Abs)

Tine (hour)

13 2-44. 23¥1) Pulse numberzlo]E #F Z7o|A] SLS-Hb 3%
H 35}

k

- B2y Y58E HAG HHelA 30E%F, SLS-Hbel 3=+ ControlelA 0.004
0.001[Abs], Pulse number 10014 0.007 £ 0.000 [Abs], Pulse number 30094 0.006
0.000[Abs], Pulse number 50014 0.009 + 0.000 [Abs]Z ©]d

H

- H2aAy 9858 AAZ A A 60E%, SLS-Hbe] &3 =+ Controlel] A 0.008 + 0.000
[Abs], Pulse number 1004 0.009 =+ 0.001 [Abs], Pulse number 3004 0.010 + 0.001
[Abs], Pulse number 5009 4] 0.013 £+ 0.000 [Abs]Z o]} L.

- H2aAg 4d8S5E AR AHA 90&2ZF, SLS-Hbe] &3 %=+ ControloA 0.011 +
[Abs], Pulse number 1004 0.012 =+ 0.001 [Abs], Pulse number 3004 0.012 + 0.000
[Abs], Pulse number 5009141 0.017 + 0.001 [Abs]Z ©] &

- H2AAg 958S JA T Ao A 1202%, SLS-Hbe] &3 =+ Controloll A 0.012
[Abs], Pulse number 1004 0.012 + 0.001 [Abs], Pulse number 3004 0.012
[Abs], Pulse number 50094 0.017 = 0.001 [Abs]Z ©]3=.

- Pulse number x}o] 7| A& Pulse number 50021 7o) €534 & SIS-Hb §F=&
B3 BE S3x9 Alx FAHANA A FAH 285 = Ao 2A1ol 22
, = 2AZFe] EEES W SEE= 00128 Uiy AdF = 7R g3 99 Pulse

e
N
A
o
=

=]
R
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number 500> 30& Z#A] 0.009, 60 Z#4A] 0.0130] 2= HA 1IAZE o) =, A€

QA7 50% o] TE:AFIT B £ 9L

ol
o

0.030

—&— Control

—O— PEFO0.5kV/em

0.025 4| —w— PEF1.5kV/icm
—&— PEF2.5kV/iem
Reduction of

blood extraction time

0.020 4

SLS-Hb concentration (Abs)

0.015 4
0.010 4
0.005 1 Reduction of
blood extraction time
0.000 ¢ 1 T T
0.0 0.5 1.0 1.5 20 25

Time (hour)

1% 2-45. A¥2) Field strength 2}o]& & ZZ oA SLS-Hb
H 3}

o
old

b

- Ay d55ES FHX S AEolA 30%-3%, SLS-Hbe] §33 %=+ Controlel A4 0.005 + 0.000
[Abs], Field strength 0.5 kV/cme|4 0.011 + 0.001 [Abs], Field strength 1.5 kV/cmol A
0.014 £ 0.001 [Abs], Field strength 2.5 kV/cme| A4 0.013 + 0.001 [Abs]Z ©] 3=

HA2A8 955S FJAAT deEoA 60=3%, SLS-Hbe] F33%=+= ControleA 0.007 + 0.000
[Abs], Field strength 0.5 kV/cm oA 0.013 + 0.000 [Abs], Field strength 1.5 kV/cmellA]
0.015 + 0.001 [Abs], Field strength 2.5 kV/cm |4 0.020 + 0.001 [Abs]Z ©]0-S

HA2Ag 955S FHAS eolA 9023%F, SLS-Hbe] F33%=+= ControleA 0.011 + 0.001
[Abs], Field strength 0.5 kV/cmel|4 0.017 + 0.000 [Abs], Field strength 1.5 kV/cmol A
0.018 + 0.001 [Abs], Field strength 2.5 kV/cmel| A 0.024 + 0.002 [Abs]Z ©]A <.

A 9E5KS FJAA T oA 12083, SLS-Hbe] &3 %=+ Controlel 4 0.013 + 0.001
[Abs], Field strength 0.5 kV/cmel|l4 0.019 + 0.001 [Abs], Field strength 1.5 kV/cmellA
0.020 + 0.001 [Abs], Field strength 2.5 kV/cmel A 0.025 + 0.002 [Abs]Z ©] 3.

Field strength x}o] ZZAd|A = Field strength 2.5 kV/icmel zHAo] A53A %<& SLS-Hb
FEE BRI BE SZo Ax FAHANA AP FAH 285 Aol 2AZR R, o

E]otr
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Z21 Controle] 1208, & 2A1to] &3S v S35+ 00132 velWay A+ £ 71
F37F F39 Field strength 2.5 kV/icme 30% 234 0.013 HA 1AIZE 30% ol =, A
g TAH 28T T5%E GEAZITL B S e

- A8 1) Pulse number =}o]e} A&2) Field strength z}o] Alojo] g8 AWZo] A3 X
= %71 wZol 1ARE @5, 1A 308 ©59 Aol TAFAT AA 2 1AZE A 1A
0ol @=AZE F doe A7 dHE I35

- 27 A 4550 SE9 AE FAHANA A d5S 5% a5 B A
HolHES TFAMEH 1AZAA 1IAZE 308 &, A T4 F 2A1Z A 50~75%<] Al ZE
& BEAE BRE BY

A 3- ASAF v7IE A Al2FH FF5 2 dF LS T 4Y
1. ASAFY 23 71E LS 3t ASAFA JE A =4 4
7F 39 Ak Z=A
D FUHS 2347 AL FA AL
- O 39} o] o AEFAAT AHEH 23UV AMAAE FAS] A g
3-1. FWe 27 A4 A
ERE =7} 34} 27 8 o
g%)hﬁ?l E}Olglﬁ%f}"ﬁf__% <13l *—;‘-L
ABB Pressure 5 2l 3A=E 0 HFE Ao FIaR
Systems S S 56 Bae 2] ARkl ultra HPP 600 MPa
NoE FHE Heg
R gAY wopel Age v
ACB Pressure | wopo. | gro 2 J992do] ALl &t 978 %3 | 507420 L | 700 MPa
System F AA ] AAS ALE N A
Avure SEY 2005, The Gores Group, LLCel 2|3}
Technologies °ﬂtr Flow Tnternational Corpo.ZHH =¥ 600 MPa
Inc. e 3},
2001 AgE A= st Vs
ggOtfltld Kefa = cold sterilization, cold isostatic | 307300 L | 600 MPa
' pressing 5o % %] =5}
198800 AgEo] AEo9 A48 &
Elmhurst 1 AHoZ s gro tary HPP| 221 | 639 MP
Research Inc. 1= VGSSle/] ;‘Ei = HE f’a&ﬁytﬁ] rotaty a
i 1 A Add A sk
Ergieered | g [09,8, 999 12 AT verd
Systems Inc. = £ ATE a7 E AT MPa




1974d Ultra HPP water—jet cutting=
Flow vz | 981 ARE ) 1993 ek A7)
International g | T _wAs zt7] AlFSRel 1999\ o 600 MPa
Corporation = L ABBE ¢l=%E S0 AvureglE o2 0
2 o ¥
Fresher All Natural Freshness®} = ste] %11 ~
Evolution HPP | "1™ | 9t71= A, A, A2 1767525 L | 600 MPa
- el Q Aol a9 A, 1% | e
Hiperbaric o/ 0, R AL S 71 s s L | 600 MPa
ﬂ.i—yoly A/}_]-7A,Q. Eg@ 3| A
INNOWAY gz |2 aogna Haa ot wan Al
19113 Ase A= 90dd) $9F 231
Kobe Steel, Au |t A4S = A, FY i, AFA | 130L | 392 MPa
Ld. 59 AT
Mitsubishi 1950t Agiso] 90 A -8 A
Heavy A& | 7tEs A% 20y vessels AARES | 140 L | 600 MPa
Industries, Ltd. ZA i) 239t g 7]oE
1961 dgso] £452 nEe =4
T sl= S
muLtivac | 59 | SR 19 S FOUDHES | 55350 1| 600 MPa
s
Resato = 1985]5.)":!]“;1 Eﬂ%}\éﬂ]‘q 7H]£- E—l Ag}?_]:

i Lﬂ%% HE719] 0% waterjet cutting 717] & 1{;[11(30
International — Fo] 7k A5 a
Stansted Fluid | o3 1970d AgH Atz HA 7ty 485 | 10 mL™5 1400
Power LTD. 87 | ojal zaqty] A ARow ¥ L MPa

. 1930 0] AYse] gwiel g9 =
pyde thgh L ¢ ST i e

ressure - = ol 5 Q. Q. oo = F

Technologies ﬂg ";f?;féi’ A7Ee] wE 2aw A
1972 ®bE=A] 238k 98 AHE 3]

UNIPRESS e | AR 19934 A a7 A4 =2 15 L 500 MPa
A TS

Y t. _i ‘.T&T‘-! |

\ |
ansassse )
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erbaric

H PRESSURE PROCESSING

?%DH'P

~—

BaotouKefaHPT(China) — &

2x400 L - 600 MPa HPP system Horizontal

Capacity: 3.2 tons/h

(5 min holding, 2 min loading & unloading, 5 min pressure increase time, total cycle time12 min)

19 3-3. Baotou Kefa Co. Ltd®] Z1¢7] AFA
(2) 23199 A 5AF F& A

O Cargill, Inc.2] fressure® ground beef patties

- 2% ASAF NS A8 AXvE & eVt e =99 AEE T ASAF A
4 Agzds BN

- Ugd@=e] AAARD 2 F3] A Cargill, Inc.&= 20119 F-E 71%01] I A SEIIAY & A
pre-cookingd & AWM A IEE 3¢ Hstd WZAFE T & e fressure® ground
beef pattiesE Tulsl] o3 Q).
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138 3-4. fressure® ground beef patties AR

N

- Cargﬂl, Inc.ol M2 23 HgE E3 AAALY AAF e Rt AHNEE o 28 4
T dor P} dAHIL B= HEHE ATE + S E=Z E coli O157:H7, Arde}
FE 4o F e B O MAER AF wl BdTS TAaAA HF RS

A A Z (Fressure® Ground Beef Patties, 2016).

_{

09; Xnﬂ

ground beef patties

Flavor profile

Day.s....;......1.4......21
1% 3-5. fressure® ground beef patties®] %713t A%

a3y
O fressure® ground beef patties &4 &4

sto] fressure® ground beef pattiese] F4HE& ZAE=Z Yelhgd

lﬂ

- http://fressure.com/E %+
=3 2

138 3-6. fressure® ground beef patties®] AAF ZA T

- Cargill, Inc.e] ®-{3  ‘High Pressure Pasteurizing of Ground Meats’ ¢ 53]
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(US20120269952 A1)
(Cargill, 2012),

. 7&5(;’_32,_;&}

o Ay &% ¢F 0-7 ° C(eF 30-45 ° F)

« A2 4= 350-900 MPa(50,000-130,500 psi)
« 8] AlZHholding time): 5%

o 7}t AIZE 9F 30z A 150%

Ll

2Asle] 9o FANY AT Ay 2Ue Foluw thew Be

2. 231 A A2" FE& 9% v 2 A A

7F 23 7171 g 2 B Al

1 3B

- 3] Au] FAGSitec)e] FEE YR pin FES Fudle] 7|E44] JA oA

ZA3l Vessel 2 ¢4HE =21 AlA

A5 4" AEA D /A 7)o £
= Anle] mtd B 79 pine AjHo] wimrl HA BAStS wAH| F7]7F 0|21 o=

Agt A T Al FH JPFo 2 Adds AbE 28 =2 3

- A4 BE FF dABaotao Kefa)oll 71 pine A A B4 =5 @ H oo 1
o) =

2 Folstgd o &9 Sitec FAY F

u{m
filo
o
£
ol
2
=
Y
fo
o
o
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<71E Hdu| 2gdEe>

dle(pin)

<Sitec (Switzerland)>

29 3-7. 2914 SitecAhe] AJPRE(F), srEHLE A m A2 Ll H ()

FAAAFAG ghelo] WA W e Az vl

- 2P AHel UE 2 o GAZE ol el WEH o 2a%f EE & ¢ e
A= @B o) 7o) A 2 Al bl o7 mart daskAl H.

o>

- AZAE B]) FE FEol BF Seald Fol TE Fr of RF A5 FYTE
9 Qeld AAH ABE F W Seale % Frl%he] AV, FEE 4 BEA YA
s AT A /AP

- @A A F A)E Auel

[e)
o
Al A 227 i dASA 1
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Isometrische Ansichi

Anmugsmament 140 - 150 Km
<7|E 2u A=34E8>

?FS} ® @@@@?@@

i AN
W ANz NN ST TS
- s }o- -
§ IS SIS
I"M ".

Sea

101

<Sitec (Switzerland)>

1 3-8 29 SitecAto] AAWBE(H), FrEHSH A=A A WHE(F)

(3) Cylinder sliding

- Cylinder(VesseD<] Sliding & #9119 olg ¥ 2 s Buwg el da=w I
&S

Head R FANA 22171 WAste] & AFo

- Cylinder®] sti 51 49| Sliding | H= Fofo F4 #& wA 3 w4 JPd 44
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<Cylinder sliding E= ¥9>

9 3-9 FEOAHAEHA 2194719 Cylinder sliding &4 91X

(4) Intensifier

- e Be 4US A% D UL o183l FESE FAR RIA B 189 E
Fol AT 5 Y. W] 1R Seale B /189 TFE WA A & 7))
AR 18] HAA 1.

- 1o R Seale wR AR Azo] we el o3 sk WT & UL

- ololl 7171 2wl dAlel Seale ALF Alo] opd aAe] AE= »E AARE Azte] THsdh
A ZYE 3 Aol 3xd ol RS oSl

. A5AFe] At FRA 2R mE 2u 71719 S, AEHE T FERA ATSE
= & 7171 A%

D F¢7] 2 FEFZA 8 3 BACAA=E 1F)

b Z¢7](ntensifier)

— 153 -



S T% Al DA W, 25 A I F

19 3-11. =97]) W3R Seal w3+

b e

I
P
=2
A
N
o
o
)
r o
o|\
zl
N
fo
]:o[‘
o
o
i
o
N
Ho
ol
zd
N
i
N
AC)
o

- % e Z3P), 7 FAD F wddE 271EE gEo) AojuriA $ES Sealingol

- A)EAE 1RE W Sealing® AFIHAOL, WTAC] FolA dee 45 AvlEd 43T
ARYO] 28 e

- ol B4k A& SUHATIZ] HEl Z1A A Fell 71E 15 SealingS s(bronze) Sealing .=

b B
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Flow Waterjet
Hyperlet® 94i-D Intensifier Pump
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L. acidophilus

MRS broth Culture

976 g/EA
L . acidophilus 8 leg CFU/g
12 diameter
500 MPa for 5 min
4 °C
[SHPN = a1l = ol =2 E 3 2~ o ar Z =
42, 7Abt HE 2 204 ﬂae s J—}\]X]'/] Xﬂ& 5 A
L . acidophilus
MRS broth culture » 212 gEA 6.3 g/EA
83 g/EA
. .
Isolation MRS broth Red pepper 6.3 g/EA

Spring onion

L . acidophilus 8 log CFU/g

Cooking wine

727 diameter

Soy protein

Black pepper

Phosphate

barrel

500 MPa for 5 min

Azl whE AlgEd 1 mLek 108 @A 3499 1 mLA & Bt A=A 2 o]
Ao FatHoz Hake] oF 43~45TC = AT FEFHMACHA 1) °F 15 mLE F3F
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JAA TR TR FEm FostdA £§

JERECTIES

Hog BFsu HE =

B 7)golHA HAA wiAE & st A ZITH

Fabg el S oAlety] st oAl EFHA] 3~5 mLE 7hste] SHAIZIH
SIAIZ HEZHA = FHo] 3B1ToAA 48+£2A1 7H (A 5ol whebA 30+1T H+= 35£1T
o A 72+3A1%}) v YT,

2) A A

i 5 AR FJEaeE ASEs] ALed "Eae AL Sk Ee] glal 1709 #H
W 15~30070 9] Hehes AT BHs "ot JHgFE AAtste AE dFHo R g

3) Aol AR

R

@D 15 - 300CFU/ plateS! 7%

sC

N =
{(1xn1)+(0.1xn2)}x(d)
N= 2% g &% mL 7 At J2g
>C = BEE HAo Airtd Jea9 g
nl = 3 WA S el e B
02 = oA S A ALE
d -3 AR SR AT Bael 84
. R
T ¥ {00 1000 | CFV/g(ml)
a2 o 24,000
(230+244+33+28)

N =

{(1x2) + (0.1x2)} x 102
= 537/0.022 = 24,409 = 24,000

@ 15 CFU / plate w2kl 724
R
110 1:100
14 2
10 1

N (14+10)
- (1x2) x 107"
= 24/02 =120

=
He

CFU/g(mL)

Y
AR
+

120

4 Aol AEs 24E
2 2 A=A 49 #5E =24
S|4 x 10004 HE ] 0
10 cn(1A45-9) A A%, & 37 292
Z90}.

4.8 o g+t
mgEel Agdels ey % AxdEYdl A% ZIANEH I4F FEAA FF

A JgF(CFU/m2) 24 ks o] oF e
) x HEE x 267 AFH &%F)/10 on x
Z

33 29+ 300 cm22 Yo =thz Ak
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1) A1
43 Az wE A&3 3 o4t IAAE(10, 1, 01 == 1, 0.1, 0.01 == 0.1,
0.01, 0.00)& 77t 571 == 370 EC = (wf=] 10) HE o] HF e the 445+02TC
SFepzol A 242241 2F wikEg Alg gl 10 mLE H7FS A% vlE=e] wiA 10 mL
£ ol&stt xS A4S dadS F(E. col) FAAoleta AAs L HE 1
T dE 2 g5 gt A4 1 mL B2 1 g 9 AFFFE S
2) FtEE-AFVIEE Y E
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HE4HHEA = 5 AETES o83 MPNH)oZ thgaas HARA A&
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LST-MUG)o| HE3te] 445TeA 2477 v kgt & 9 d ZAbstel] F& Fgo] 3
e = AFEHE T IR At HErxed FAS Y dgETFE AEgt
U AzxgEy
Azgel & AlFE&H 1 mLet 2 9A A H 1 mLE 29 o] g I F
WA T (o)A 55) B ot AZRZEEMA TR 7D HE3 F 35+1ToA] 24~48
AZE a et g ARIEMA 1AM E F2 HeE T 90 VEE AT 1
FE Axteta, g3 ARIEMAOAAE G4 2 1] 55 Atee o
B gl u4E Fate]l T FE 4SS ¢ AE 2 VAR E 451
AWkA ol whe} ko)
5 &&
51. ¥4
(1) A A2 48 AJuess FAdste d_ES I
(2) ZPdAE AF IS 9% FARES A S
5.2. At
(1) 2 2= 2ZAG AR Aol whet AAkgkt
(2) 2o BRI == 5Ee AAZ} gl 3 9 AFdxTel nEoh
(3) A 7t e e AU ES AR A ZAdste] AR A G Al Baght
(4) A= 2 AASo FABYE AAst T B FHe 7] 58,
53. Alx v By
(1) AlzAre Fahst7] fa Aol Ao gl=s wjx] g
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sigt=o] Bgo]l 11 e =% & A 259 daEo Mol MIE«+= AF WS 7.
T oA BF A gh Aol AT AoZAA7E glo] B Fe] WEs By sfof
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Light Penetration Light Reflection

Qil Contr
Top View Microporeus Film |FP filled = Diffusion y 3
Microparous film
(Oil control film, 3M)
9324, B ATl A AHES TTIS e

@ A% F4 RUHDL 9T TT 84 54 24

O A F4 ABAOSOE L2 27} = A dAss 184 AR 483
44 EAsE d AeEE 93 54 9. DSCE &89 AZg vhepam
bt f71Be) HAT S8 L §§ Aoyt BARE W Bad ouxel HyHe A
258 Uuh.

2 1:]}1_,
B
=

(S

O DSCe] A= 718 9 9¥7 F4& =3st=dl isopropyl palmitate (IPP)oll A & st=
E4 Aol & &8 H 2 A §F4E HdoDE uvERE. 135 T 2=dA Holof afdste=
AL MADE B AT AHEE PP (14.8 T 53¢ P_O%?
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Area =1.315mJ Area=1.320 mJ Onset of melting  ~\red = 34.428 mJ
Delta H = 3.9372 Jig Delta H = 3.9514 Jig et ) melting  peita H = 103.0787 Jig
2 - Peak =0.38 °C Peak =4.75°C : Meiting Poak = 14.81 °C
B Ly [ I3 |
B L, ol ™ F 1st heating
[ il | -]
0 ~ Ll I 2nd heating
Area=1.384mJ Area=1172mJ i Area = 34.261 mJ
— Delta H = 4.1451 Jig Delta H = 3.5092 J/g . Delta H = 102.5789 Jig
2l Pecak = 0.65 'C Peak = 4.90 °C . Melting Peak = 14.87 °C
2
E z
c : ’
o & 5N >
© 6 IPP freezing IPP melting and diffusion
| = .
@ < < , e >
2 8- : : .
ke) . Recommended ; Usual : Possible | Temperature abuse
: | temperature | cold chain ‘temperature:
© i . temperature | deviations
o 10+ H i during |
I distribution!
12 1 Arca=-1.581mJ  Area=-1.832mJ Area = -34.268 mJ
Delta H = -4.7321 Jig Delta H = -5.4846 J/g Delta H = -102.5974 J/g
14 Peak = -1.13 :‘C Peak = Zsp ‘C : Freezing Peak = 12.54 °C Cooling
[ S [ | ; by
LI LI ! i
16 T T T 13 5 T T T 1
-5 0 5 10 ~ 15 20 25 30

Temperature (°C)

193-25. &4+ &4 isopropyl palmitated] H=%H-S

o] we TTIS) 84wk

O ol @ IPPE= TTI ol A AmA
A3 A AkEA S, oEA
YUErA g

1%83-26. TTI
palmitate®] &4k

o] -
AA

O o8 s TEE °|FA

transparent film, coating film, microporous film, base fimo. 2 FAEo Q=
Z+Z}y protection, diffusion channel, diffusion of FAE, red color coating]

o
}\}]\15

qde 3

o5 e

Bo3=+= DSC thermogram3j}

Microporous film

o34 2& 53 isopropyl
o=
=]
TTIe] we Adangos ds sl
A&
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L Transparent film — protection

Coating film - diffusion channel

A
J Microporous film - diffusion of FAE

L Base film — red color coating

Before IPP diffusion After IPP diffusion

1393-27. TTI t+=A4 93} isopropyl palmitatee] &4k 250 AW ZE AR

Image recording

'_Ct{mpuler

T
® LED Iﬂght source

Blotting area

Camera

Diffusion channel

! q
\\ £ N sl
Ruler \f\

LS =
\ Low-temperature incubator with | 5h -1 % .
\ PID controller ~ —

O 15, 20, 25, 30, 35 CY 57}A LxoA] 48417t B¢k Al = TTIE #9935l & 193}
Zol g == yepd. iAo mE ik Ade E4EETE AIgRe]l A gl wek

ZAaste FERSE UL, dATE L7 $258 Sl o wel doy,
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20

18 -
2
16 r
—_ o
E_ 14 ,,/5_”;%;#:‘%;!_;!- ¥
o — : %
g f"i;ﬁ_’)fff" i:___§_____..jg
2 = ,«-"’i_,,—-‘i Ji_.____.--*ﬁ E d__)E_--—-E
2 LES. ] = s
- I,,./’i,-' .f___,g"-‘_.-- _-_E______E___
e : = _,_,-E-*’
0 o ‘E
3 B o
£ —8— 35°C
:E —>— 30°C
—¥y— 25°C
—7— 20 °C
—— 15°C
35 @

Time (h)

50

T193-29. 57FA S LZoA 48A17F B¢k TTI FE Y isopropyl

palmitate®] =4k

O 2] 1(Ficke] 4t A 1H2)S WS 2] 2Ficke] &4tk Al 2H2)HE T3 =8 23S 2
4o ejolA flo] Holy e didstd, 250 BE A Date 7€ 7 U+
O o714 73 s Dk olelu$z BA4el otk FHAe sty Xz
Uetd® A 63 25 A 62 ol &std, T2xAoA =9 AR 4w TTIe
FHEES 2T 5 UL
34 4T =% 34
_ dc
2} 1(Fick®] 2t Al 18 3) J=-D—
dx
) ) ac 9%C
2 2(Ficke] it Al 2% 3]) TP il
at dx?
23 X*=2D¢
2
24 D= £
2t
E
45 InD=—|->)=+InD
(R T 2
) Ennl
A X = JZt « @~ (F)r+in Do
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O olgA 73 mdye =S AFs] fste] 4 f= AN dHd == o] &3 15,
20, 25, 30, 35 C ol A 7FA &% 13, 23, 33 ColA F7I=E TTIe Alzte] mE
FrAgE B 2 A tg I"F} 2ol dAdeE yehfa, e 2ECA
B4 g o] &3 At WE FAYE Ho= Y.

20
18 4
[ ] —
e

e 3°c
& o=
o B z3°%
8 =
= -
- o —
:'Eﬂ % 13°C
c
=
E
i
]

® Measured
Predicted
T .
40 50
193-30. TTI &4t o =3k

3, 97.8, 96.7%<2] A¥}
3}

=
=
s

o AFY EEVIE A% U 2 A3 AY

(D S718 AFe BE7T 71F 892

- 2AlEoJokEelHA oA WHEI RIARSY HAYE fJATBYNE AAAY A AT
2015)°l W= Fa=3 Hwsls o, FeuTds FEEAe] A5 ts) =3 dHstd
WA71ES 7HAAL Q1AL old ;e AARVIE A3 Hasinal s

- A gddtEHY e FEdAle] IRk dFVIES AlREste AlAske Aol
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3#3-5. FEEAY AAEe vAS(ERM TS ARV E
o5 o] was
(Good microbiological (Critical microbiological

. . (Not acceptable)

condition) condition)

5x10° CFU/go]

5% 10° CFU/gw] ¢ -1x 107 1x10" CFU/gz=3}

CFU/go] &}

TE 87 AEY REVZ V|EFo R AT A 6.69 log CFU/g
Golm ofefel FAe HHzAo] HH Helh 242 By

=]
=
2717 A%< Bl

o= T

- SellA dER V= T ¢
ghol BE Ao It
A7 Avtet vlas)

3 =
2 .
) —o—Control

——HHP 500 + L. acidophilus

Total aerobic counts (log CFU/g)
F -

0 2 4 6 8 10
Storage time (day)

(o))
e
24
=2
>
ol
CD
=}
0
(@)
5y
L &
0Q
o
u

- WEe) Ae 23UT faE ADE A g EL
4ol HEZ|ZEe] 6UE el HUTh W 2ughd fAEe
3.35 log CFU/ge.= A 5ol miAg Lo Hlste] HS 31 HEZZ

Q) &AA AF BEVIZT A
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—4—HHP500 + L acidophilus

—o—Control

g 0~ W I ST M AN O

(B/n4o Boj) syjunoo aigoiae|eloL

Storage time (day)

T19H3-32. &AIA A Fe] HEV|ZE

5 A}l Al 5.6 log

- 9 24 A

o)
o

o] REV|ZFo] 5U=R
104 =kl A1 5.5 log CFU/g2.

=
=

CFU/ge.

o

o] Hxg ol HlEt T

al

=%

- E ok A A Al

o)l

)

A

iy

EEE

z70]

2]

REVIZHE RAFo 7|E {7FFA| & A

o7
o
o

0

713k A%

=< BE

3

Hlglo & ®E7|7H

@) A3

o E R e

4

S|

7} e} Abel

)

S o

bl g1al Ao

S

4

1l

=i}
=

-2~5TC)ollA HE

3%
FEslof

k5]
pul

P} 2l AA

o
o

o

O

T

2t AR AF WY
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D A A3 24
Oh 438

- AlF Wl v s
Spain)E Algste] 7|5 Eg

B
k1
N
ol
a0l
filo
-
iR
o
L
o
>
=
o
kd
N
Mo
i
N,
el
=
2
=
o

=3
(@)

o

- B " 4175 80g/EA patty= e 3 KCCMolA 943 54kt L. acidophiluss 8 log
CFU/gRtE HFste w53

- 4° C incubatore] 10¥€7F AAS E3) 0, 2, 4, 6, 8, 10¥ mAYE A3 AFE 233}

- Stomaching bagoll €] 17§} BPW(Buffered Peptone Water) z+zhe] sfe] F-Al ol
v R(1:2 dilution)& ¥ 2¥-3F stomaching 3t 2@ Wyt

- 3 g U EA5t= mAE =4S Y& AE 1Im
A &3l o™, Latobaclilli MRS Agar ¥ A& Ab-g&3le] &

=
i

e}

4

=
| 1x
2

- 37° C incubatoroll 48417t v gt & A4 g

(h 4323

T

T
3
']

[=
C
(=

=]

3 L)

] [==1
PR W 1

I
i
:

Lacticacid bacteria counts {log CFLU/g)

Storage time (d)
—= O] e [AE ——HFF  —e— [ AE=HFF

T193-33. b B 2k Al wE #2450 A8 A9
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- Control 3jE]9] A-¢ Z7] 4ol 247 log CFU/gU S &<l & & ¢l
Sojydd wal Hof 5.6 log CFU/g (10Y¥ xp7tA] Z713+S &4eldt,

- L. acidophilus& A &g & 8.28 log CFU/ge. =2 F7}H4
Sojdolx Ao 109 2 (8.74 log CFU/Q7HA] §-2] 4 o

tlo
oy tot
2,
o
S8
Rl

=

- 500 MPa& o5 A #+2& 4H o8] x7] 2.33 log CFU/ge] 74
AA717 ] w2} 0.14 log CFU/goll A1 0.8 log CFU/go.2 f4tate] 47}

I35ttt control 3jEj o BlSte] AE ST 4 o, ofFA

L. acidophilus, L. lactis ssp. Lactise Z+Zy 2.10, 1.54, 2.31 log CFU/go.

S S A~ o]
ZAE A T F AAS.

@) ANAE MABE A £4

oD 234

=
Bn zug AYE HsEEs @

- Stomaching bagell Z4~A]A] 17) ¢} BPW(Buffered Peptone Water) Z}2}o]
2uREH(1:2 dilution)& @il 283t stomaching 3t A3-& X33t

- 37° C incubatorel] 48417+ vkl & Al

o

h 43823

- 182 —
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-1 1 3 5 7 3 11 13 15

P MW BONO-®@WO

Total aerovic counts (log CFUfg)

Storage time (d)

e COMTTD] e | A et HF P gl | 45 =H PP

09334 239 B fabE Agle] mE AAA BA

- Control &AIA9] A 27] F o] 4.98 log CFU/gY < &1 & = Aen, L
acidophilusE A2t & 4.76 log CFU/go. &2 °Fxt ZHAsteE Ao =2 SR1E.

- A7 712+9] Z7}ol = Control &AIRQ} L. acidophilusE €)% oA mAE F 79
Aol = UERUA] oFe Zlo] i,

- z7]°) control 7= tiH] 500 MPaE A &l3+ &2 0.6 log CFU/ge] v E ZHAE AT 4
AR, L. acidophilus®} 2119k sAlol AEd 2 0.58 log CFU/ge] P& F+59

s FA T T UM

- AA7IZre] soldd wet o wmE FAS st 4™
2+ o 8.24 log CFU/ge] o] HEFHCeH, L acidophiluse
Ad=HE AHEg +& 6.43 1og CFUlg, L. acidophilus®} Z 1%
CFU/ge.® 218t Aeo fFo wet oAl xfol& Hole Zox g,

- AA7Ike]l Sl wet 239k AP vlade] F o Aolrh Eojue A=
It o 159 &l A L. acidophilust Z31%k-S FAloll 2§ 3 controla*2] o]zt
2.36 log CFU/gZ 71 & AL A & 5 A2

M 2§57+ A AFlA = 500 MPa

o i
238k Agl B Ak Bl a3Ade d5E  AUE

Q) AZ71E W AAF Az £4

ohH 23d
- §7HE GA (EUFANA AR f4F (L. acidophilus) B8 AANAE &L}
FE 7 FY4e Ha 234 AYE VHEEIESE &
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- 4° C incubatore] 15€ 7 AAS &3] 0, 5, 10, 15¢ &A]x £H U A HslE Ad4A Y9
AN = A S o] 43te] L (lightness), a (redness), b (yellowness)E

—

- X3}, o2 EUIZ control¥ Hlmdle] A W ATE 9 T 4 9= HE9l AE (total

REEREED

)
2
ol
ok
£
@)
o
=
=
o,
B i

(Wb 43243

® 3-6. 719 A ARV W] AAF AR 24

Storage (days)

Treatment 0 5 10 15
condition
L* a* b* AE L* a* b* AE L* a* b* AE L* a* b* AE
51.88 6.72 11.48 59.59 5.95 9.85 61.68 5.82 9.46 59.82 6.47 9.46
Control + + + + + =+ + + =+ + =+ =+
8.59 0.99 0.45 0.72 1.2 0.19 0.36 0.55 0.09 0.26 0.05 0.12

58.76 6.59 11.26  7.36 61.01 4.65 10.22  3.70 58.77 5.16 8.64 3.64 58.51 4.58 9.01 4.04
L. acidophilus + =+ =+ +10. =+ + + + + + + + + + + +
0.55 0.47 0.31 4 1.24 0.68 0.31 1.75 0.14 0.09 0.00 0.18 1.08 0.67 0.06 0.19

6003 534 1147 1093 | 6472 398 959 592 | 6665 327 964 570 | 66.07 335 1033 685
HHP 500 + + B + + £+ + + £ 0+ + + E
379 02 015 1017 | 046 016 038 054 049 008 02 055 024 019 013 031

HHP 500 + 6277 550 1103 1105 | 6551 367 999 674 | 6603 319 945 515 | 6553 334 1023  6.40
+ g EE" g + r  * + + £ £ + + £ %
078 072 022 1008 | 112 01 01 135 072 027 013 093 084 022 044 089

L. acidophilus

- Control &A|A& A&713F &<+ L*= 51.88 ~ 59.82, a*= 6.72 ~ 6.47, b*= 11.48 ~ 9.469]
e 7HR.

- 500 MPa¢] ¢t# o= 5% ¢ =3¢ A4S A 0L 2 2AA Y FF AZ7ILE <
L*= 60.03 ~ 66.07 a*= 5.34 ~ 3.35 b*= 1147 ~ 10.33¢] #<= A3t LA

dlo

- TS WA 249 A A7 HF L*= 58.76 ~ 5851 a*= 659 ~ 458 b*=
11.26 ~ 9.019] gt= =745t AU+
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- 500 MPa 83 f4t4S BWES A WHst=
3.34, b*= 11.03 ~ 10.23¢] F<& ZH3to] &

- A AEE & 79 AE A= AA7|IE 5 7.36 ~ 4042 SAHEH AT 500 MPag)
geloz 58z 2ugt FALS AuT 9 A9E AR B AE= 10.93 ~ 6.859]
HS dAoH, FAS BET A AR7IZE $¢ AE= 11.05 ~ 6.4E F7835to
A=

- 23% A" & Control &AIA| 9} HlwdbA LY ke Z713tal a* e 7435 b*
H2 WA g AHE B 2k 348 T oiE HAo =R Qg ¥ E st Ho=
atetol] .

Storage (days)

Treatment 0 5 10 15
condition
L* a* b* AE L* a* b* AE L* a* b* AE L* a* b* AE
59.80 3.59 12.75 60.78 3.40 11.53 54.56 5.02 12.50 58.20 6.11 10.46
Control + + +0.4 + + + + + + + =+ =+
115 0.26 8 0.2 0.25 0.2 119 0.75 0.08 0.23 0.14 0.43

59.10 2.90 12.47 196 60.37 3.34 12.28 219 50.92 4.46 11.97  4.56 53.48 5.21 10.04  6.11
L. acidophilus + + + + + + + + + + + + + + + +
177 0.46 0.12 1.1 0.52 0.4 0.12 0.12 0.48 0.23 0.13 0.4 4.79 0.04 0.13 5.57

62.56 2.55 1166 3.29 64.62 2.45 10.33  4.50 61.26 2.40 1231 858 63.87 2.72 10.33  6.88
HHP 500 + + + + + + + +

+ + + + + + +
0.79 0.35 0.58 1.48 0.52 0.21 0.52 0.29 0.43 0.11 028 0.52 0.42 0.22 0.1 0.52

H

HHP 500 + 6423 224 1190 479 | 6918 244 1046 885 | 6165 246 1229 893 | 6252 287 1166 577
+ x E g x ET + + - g + £ %
034 052 096 108 493 022 039 589 12 018 0% 136 1 o0l 031 1

L. acidophilus

- 7te AeE BE Ze 7bg A viastE Leghel A4 at gt

flo
N
N
B>
QL
rr
L

- Control &AA= AA7]13F &< L*= 59.8 ~ 58.2, a*= 3.59 ~ 6.11, b*= 12.75 ~ 10.462]

s 744,

- 500 MPad] ¢fg€o & 53 & 239 8= AR &4
[e)
=

~ 63.87 a*= 2.55 ~ 2.72 b*= 11.66 ~ 10.33¢] #t
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~ 10.04¢] #& A5 AR

- 500 MPa =3 FAMFS I3 Al HI = X AZA7|7F =9F L*= 64.23 ~ 62.52, a*= 2.24 ~
2.87, b*= 119 ~ 11.669] #LS =AH3H AR L

- 4 AYE S 7o AE A= AAZAV|E B¢ 1.96 ~ 6.112 = E 7 500 MPag]
G0z 58 21 $4L Ad o) A A/ B AE= 329 ~ 6.889] e
ARom, FAAS HESH A= AT 5 AE= 479 ~ 5772 A3t A&

- 239 AE® F& Control AAA BT L* e Z7lsta a* 3 72+A4sty b* zhe
HelA| g 25 R 23 34 T @A HA 0T Q) Wl Ao E Hotol
)

@) A7+ W pH &4

O AdHH
- S A4A (ELEA)ONA A x3 A
AR Fo FUS Hu 2u¢ AYE I EE g

EGT ANAFE 20 ZAAE AR A

S 23y}t

R =

h 43234

# 3-8 7td A AA7IzF e pH

A 2AAE Bhs

(L. acidophilus) A& AAAE FFELA35A

% 100° C waterbathell A 10 min

e o] probeE 7}z pH

Treatment Storage (days)
condition 0 5 10 15
Control 5.97 £ 0.03 6.05 = 0.02 5.35 + 0.4 481 + 0.04
. L. , 5.86 £ 0.02 6.01 + 0.0 521 + 0.12 492 + 0.0
acidophilus
HHP 500 6.08 £ 0.01 6.18 = 0.01 6.07 £ 0.02 5.95 + 0.0
HHP 500 +
I 6.06 £ 0.01 6.13 = 0.0 5.87 = 0.01 5.93 + 0.02
acidophilus
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- Control &AIA= 0¥ el A 5979 #es 7HAH, f4bF &2 5.86, =3¢ T2 6.08
agal gAY o AdeE 6.060= e

- 5 A} A pHZF &F F7Fshu A A7]3Eo) Loa
15¢ =z9] controli+& 4.81, A+ & 4.92, 2319
A3+ 593072 FEHE,

- 10 o] % 7]Zko] AYHA Z3k 5ol whel pH 7H49] Zpo] &l & 4 e xut
A2 3 Fo AUHORE ZAaFHE F£X7F e oz #EAF o= B 9
A 7E 239 Z)gel o3 2AHE AR Ak,

Treatment Storage (days)
condition 0 5 10 15
Control 6.14 + 0.01 6.24 = 0.0 555 + 0.37 5.06 + 0.06
aad(;hﬂus 6.39 + 0.36 6.23 = 0.01 554 + 0.14 494 + 0.1
HHP 500 6.16 = 0.01 6.23 £ 0.01 6.00 = 0.0 595 + 0.03
HHP 500 +
I 6.16 £+ 0.03 6.21 £ 0.0 6.04 = 0.0 595 + 0.02
acidophilus
- 78 3 BE AAA 79 pHYF &F FTtske A <9 & 4 d%ler, Control &AA &
0 ZAlA 6.149] &S 7HAH, f4b4F &2 6.39, 231 ¥+ 6.16 18] HFgAH 9
A= 61602 e
- 5 AbellA pHY7E 4&F F7bsty A A7|3to] ol wet pHYE A e AS ggon,
159 29|, control& 5.06, F4td & 4.94, 23 & 5.95 18] HEAE 9

A= 595 dEH.

- 10 o] % 7]zko] AYHA 23k 5ol whel pH 7H4o] Zpo] &1 & = en 2at
S 3 e AUFHoZ AAFHE £y} AL Aoz #AFH o= nAE 23
A 7E 23k Zlsdd o8] 2= Aow ATE.

(6) AZ717t W& TBARS #4

oD 234

- S7FE A (EREA)NAM Az Fabd (L acidophilus) A& A2ANAE AFERE}]
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- 4° C incubatorell 15¥97F A &S =3 0, 5, 10, 15¥ AAAZ 3g & wojWl Zo] NaOH,
butylated hydroxyl toluene, trichloroacetic acid, 2-thiobarbituric acid& % 7}sh<,
spectrophotometer 71715 o]&3&f 532nme] FFES ZA3te] @i AES
SA s =

(W 432+

nd

=

mg malonaldehyde/kg sample
Q@ bn = : (LT ™ L B

& B 10 12 14 16

=]
[T
£

Storage time (d)
e COMETD e | AT et HP P e L AB+HPP
a9 3-35. A%71ZF We] TBARS &4
- Control £AA= 09 =}ollA 0.43 mg malonaldehyde/kg sampled] kS 71AH, Fabd +3

21¢ 7 281 HRAPS B8 9o ARE 747 AW RE 09 ol 0.42, 0.44, 0.38 mg
malonaldehyde/kg sample®] ZhS A3l AAL.

A

IS

H

N
=

Ad ol Aol gol Z7H FeE Boldt control o
A7he 23 BEAYT TolAE AQA Frho] FriHoE gashs

z

3
< el

Ll 4
12 M

oBL

- ol At AAE = BAabo]l XA A 9] ¥do] H+= Heme ionS chelationA] A
control¥} Za1etoll vlste] A& AHaj7E A A dojys AS=E dAdH.

(6) AA717+ Y2] Cooking Loss 4

b Ady
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I \
-~

ol A A z3 FAbE (L. acidophilus) 2§ 2~ANAE 2 FEAS
£l s 7hsstEs T

- .0t A FA@ - 714 & FA@) [ 719 A FA(@ * 100 Y3t Cooking Loss (%)
E A4kgi
W 2823

),
5.l

0 2 4 6 8 0 12 14
Storage time (d)
—m DT e | S e HP P o | A E+H FF
a3 3-36. A7 el Cooking loss #4

- Control ZA#]2] 739~ Cooking loss (CL) & A%7)zkell whel 17.26 ~ 29.29%2] <
gelstdon] 7t Fol §hovE we g9 FEo e AL AU T & AU

- SAFS AE3E 72 0¥ 29 CLL 10.022 control 2t wreto) AA7|7ko] A E4E
CL zrol wi=A &2 15¥ = wl= 34.939] FEEAS 89

- 23 AYE T2 A7 whe} 6.36 ~ 14.74%9] CL#k= &<t A E
gk 2 5.56 ~ 17.43%<¢] CL#k= &%

- 23S He@ P CLgol Be UUCE do] 9T $84 wude] §E5 o] Fu
SR AYSHe] AL B, FEREY0] Fojmk ZOF oy

(7 g2z B4

b A
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- S 4A (ELENA A X3 FA (L acidophilus) A& 2AA S R FEAE}H]
E #F9 FUS 1 2t HYE I EE 3

- AFoz A AAFS 21 AAE AFESE] A+ & 4° C incubatorel] 15¥€3F AA-S
53 0, 5, 10, 15Y¢ &AA & FHIF

- ZFnjE AAAE 100° C waterbathell 4] 10 min &3l &4 W3S =AH3s7] ¢s) TA XT
Express texture analyzer (Stable micro systems Co.) 71718 ©]&3}%2

- B AFgAE 75mm ASe Y8 ZEHE o]lgon, AR TS AL F U=
Aol Alg A27]5 712 1em A2 Iem2 250 AU A A S FHANF =

- Z}zye] Adto| thsl Hardness, Chewiness, Cohesiveness, Springinesse] &4 H ==

o] &3} =

b 24

3 3-10. AA71ZE el " 2A 74

Texture profile analysis (Hardness)

Texture profile analysis (Chewiness)

Treatment  Storage (days) Treatment ~ >torage (days)

condition 0 5 10 15 condition 0 5 10 15

control 90746  1102.64 160214 121033  control 57166 57298 57919  662.89

LAB 93670 99823 116645 132082 LAB 69890 74032 82948  980.20

HPP 83065 81392  809.12 80092 HPP 57692 57137 55502 553.44

LAB+HPP 81117 79274 76385 78793  LAB+HPP 53026 54221 47051  633.64

Texture profile analysis (Cohesiveness) Texture profile analysis (Springiness)

Treatment Storage (days) Treatment  Storage (days)

condition 5 10 15 condition 5 10 15

control 0.66 0.63 0.61 0.61 control 0.94 0.92 1.03 0.88

LAB 0.76 0.74 0.71 0.69 LAB 0.98 1.01 1.00 1.06

HPP 0.75 0.74 0.72 0.72 HPP 0.82 0.85 0.96 0.97

LAB+HPP  0.70 0.71 0.68 0.74 LAB+HPP  0.84 0.89 0.90 1.09

- Texture Profile Analysis (TPA) 423}, 7} & Zo]E Ye+ &5 S 7 = (Hardness) 2}
%18l A (Chewiness) <.

- control®} 4k 79 ¢ ¥& Cooking loss #e ¥&o 2 7 =(Hardness)7} 2t ol
Hlgle 2 A& g o AA7|gte] Aol mel I Zo|rt HojA= As g1
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73 T=(Hardness) X -2-% 4d(cohesiveness) X &= Ad(springiness)2] 2

- %3] A (Chewiness)

b AE AL

o
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