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Fig. 2. Schematic drawing of static treatment chamber.
Electrodes are positioned horizontally at work.
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Fig. 1. Layout of a square generator using a pulse forming network of three capacitor-inductor units.
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Fig. 3. Diagram of reversible and irreversible electric
breakdown.
(a) cell membrane with a potential Vm, (b) membrane com-
pression, (c¢) pore formation, (d) large pores are formed irre-
versible breakdown,
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Table 1. Magnetic field inactivation of microorganisms

Initial .
. . Magnetic field Number of  Frequency futa Final numer
Microorganisms . . number
intensity (T) pulses (kHz) (per mL)

(per mL)
Streptococcus thermophilus in milk 12 1 6 25,000 970
Saccharomyces in orange juice 40 1 416 25,000 6
Saccharomyces in yogurt 40 10 416 3,500 25

Mold spores in “Brown N serve” rolls 75 1 85 3,000 1
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Fig. 4. Schematic view of pulsed light processing system
to treat pumpable foods flowing in a direction parallel to one
or more elongated incoherent light sources.
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Fig. 5. Mechanism of photocatalytic oxidation.
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poration] 7]% 2 Minnesota®] Huisken Meats<] 31} A
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Fig. 6. Conveyer for food irradiation using the micro-
tron—type electron accelerator.
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Ao} 19144 Bridgman-a de @il g o] b2 of] o sf A
He 848 34 Y, Timson and ShortyE A& (raw
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T2 vd wivld 213 mLe] F3 @i dojd)
w}a}xi FEe B9 MEs FQ3A Hol 25°C, 1 71
ol A &3k B2 pHE 7.000] A ¥ 1000 71% 3l M=
pH7}6.272 FadtA Aok vp7AZ 48L& 494 4
Fel g9 E A5 oY AL TAT R YR
AFAATE X gse gl A(EL EHEC] ¢E ) 9
3 AAAHE o] f-E AHd 2ok FHEAFeIV FAZEG
o] A ol A¥o] RAEFE & R ol F71817]
ol e Z77t o8 2 B E 384 go
53] 4439 Afole tgo] S/ 4E Aol
Atk 1} sl E DNAY Aol oy ¢kx
ol fr& ol et ol f W F-o]th(33). Gl o3l
Eo] AaHe %Jr’/]b 438 o AA XA A
2 g Ro] WAL 9o
2000~3000 7]k 2.2 7Fg el wh
2t A A E-9 *ﬂi gto ] 444511_ J_HE A H ATH39-
41). Isostatic pressures 2 H 7%, Mgy 59
E42 FE AL AEAE "3’:}3}7] A3 AEE of
St Bre L2 (2 ~250°C)ll A AA & ]t wjA = )
B2 8 E A9 3l CIP(cold isostatic pressure) 9 &
5 4F e 52 dEkeS 8= St BAHE AHS
48 71€2] WIP(warm isostatic pressure) 121 &
SZ(Ha 2000°C)oll A 71 & b A2 3l 54
7} &3l = HIP(hot isostatic pressure)”} X35 o
AEANAM ] 218 e & CIPE 0|83 &
AZ T 22 FAE o] dHEL A
B3 22 10% HAZo|th sz ofsH ?Jag
time-delay7t 913 AlF <] 271V Fefol #AGlo] &
R A3 gL 3}
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olgidt 54 S zZte= ¢E S B3 ¢S F s AFdEE
oY go] BE8As A Wy Bae B4 xe B
A3k A ¥4, 32 5 AAEAY WY, A9 A
ool §A4, 25, e, B4, =49 W3 58 5
7154 F971 dvH42). AFF BEA R W 209
A9 1000 719 A EAE UEhdeT] 2000 719 A =

Table 2. Volume changes associated with chemical bond breakage at 25°C

Bond type Example AV (mL/mole) Effect of pressure
Covalent c-C +12 Inhibits bond breakage

Ionic H.0—H +0H -21 Disrupts electrostatic interactions
Hydrophobic CH: in hexane —CH;4 in Water -23 Disrupts hydrophobic interactions
Hydrogen OH..OH — OH+0H +4 Enhances hydrogen bonding
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€ gl g, MEee] oy 5488 £59 W3
o] dojuti 2000~3000 7 1gANM = B4 71H9F &
437} dojube, 3000~4000 1ol A= vl B v}
o]# A9 Ao} Pojdtt 4000~5000 71l e HE
o] T3tH 3 wld WAR Yol dojubm 5000 71Y
ol ME B4Vt HItE AR EEASEHL W EAL £
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ojg3ta] A Fof & HEA FA, VAEY 2F
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o4 X80y UY) g Eelgt £a A4F-2 8000 1Y
o9l & ¢ BTG Rux Jrh49).
ofAfivt #A7EE Aol #A7E He 2R AL maillard
reaction, ascorbic acid oxidation 59 Hl&A# ZAWw
polyphenoloxidase(PPO), peroxidase, lipoxygenase %9l
o3 G4 Ao TEI=H A F4o] o)L
A 54 ZAsle adA 02 dAE 4 ey viE
27 Z2dgle A TH F EUHE EAH Utk 2
1A 2o A% maillard reactiondl] 9 BlEAE 2
e a4 A # Yok BRI oy 243
Ao % a4 Ayt gAYt v 4
ArAvig g2 A7 2austn AvH50,51). Shimada
2 stelof ofs At A ZwE) 7143 E AT,
Horie §& 600 MPaol M & 21 22l ® oA 5408
do) @] &Rttty E3SYTH52). Hayashi and
Asakat #(Bartlett pear)oll A4 £2]3F PPOE 400 MPa¥]
oz 108 A std PPOY &Ade] 5v) 713t n
B 135F ow Eshitiaghi and Knorr< 05~1.0% citric
acidg immersion medium2 2 AHE-3te] 4000 719kol A
15% A3t 2R £A5= PPOE ¢d3] 2843}
AZ1etn Bt HY(53). Lee 52 AAzo A &S =

239432 ML o PPOY peroxidase?) E-84313
E AU RMEY 1 HA3E contour plotdH T ©
Aol A peroxidase?] &3l ATt ¢ o
319 2.1 peroxidased F&olA E&AgEHE vlS %
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T4t FYF 2o ® g2 FAH F9 shue vgyd
Clascorbic acid), o}7| =4t 59 FUAFES &4t &
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o] o] F& FFEE A 85°C, 28 A YAl = 20%
oj4e] &£2o] dojdti(60). AEAHQ BrAA 21
et B E HuAE o ExE oA dojuh Bl
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ol o3 HAEG 385 = L AR Y FF7o wat
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E ¢ AF F49 7MEE AES 7R Exd o)
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X2 e A AT Y Y 54 vnPyoh
0% BERYE Z BE A Fo| A 209 o]4e] B8R
dE°] 7Ist Helg A& AE W Watanabe 5% 7HSt
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He 4 QA "k A Eo A HAES AT = DS
AFolegt 3y, HL AT Yv ZE nPEL A A
o $H 7 dHE %}E AE Lok, &5 dAE
Z HAT g AASA 2E AFEE £l o2 vy
Aoy AaEAE AESE 247 Bk U= A F
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ol 93 R E WR 3y Y8l EH AdU|ES o] &3

AFol gAY AaA 22 GFES =25t F34d
u A g F4E AR AU FTAINA HH, AF 59
2 T AR o) 2ulE a4 #AEE A5
HH65).
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o7l dwbEl dale, ¢4 AF 9 e vl
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23} 3ukgg do7)7) Wi vAES] 4] 7]
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& B84 7Izg nAEY A VsE £
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7t R o dojube A28 HIZkg H Q] AF 2ol
FAlel LdojuA dt

2H A s W™

Ao gits drga 4Estd B9 AaAge
ZE LES A7), A7) 26 &N 28, peroxyacetateX] 2]
AxgH e, CloA ), Hatsta44 *2, ethanol vapor
] 5ol Ak i M Fd AAHoR 7P g AL
£33 e 4 & trihalomethane

Ao At A4 SE

! E3AL Y43y 3 ok W
TEF QoA HEA T
A 7F A ). Nisin® £40] wol o3 Yol HFH
EA 2 AHEE o] stou Al Hls| F3o], AR Foll
Wl E 2 FHgo] otk x7]d AF FH & Y
AFLe F2 FHFY oJFY TA oY kA E F, {71
A da, 2 e FRES A Algol BEFAY A
A A M stg ot Aaanrl vinEsAY FAFE
o] Aol v xE FZEE0] Hugd wet thA] Ao
Buga Ja, old wat MENA FE3 AASFFE
M Q2L AFAE e 77 7Y Foll Jrhe6). AA
o) g3kq Xele A AEH M) PHe R vE e
2 RAT EF7)E £ LWL 3t HA deEd AR
U Ao of g 3t 7)ol A fﬂiﬂ‘: BEAAX S A
2 Qs 7 APASHE BFFOEN O aFHE
%%%l g A HAYx BE %7‘3%7417} 253 AlaEE

=3}

m[o l‘_\l

R H A g Mg MEE ALHD
At} =9 Al 24 B, Monsanto3] Aol A 7] &
AZHERE sulfited] €2 sulfur dioxide, sodium sul-
fite, sodium bisulfite, potassium bisulfite, sodium meta-

bisulfite, potassium metabisulfite”} 1.8 & pHE

AAA EAZe o8 2o, 4ot kel WakE T
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A7 le Ao d8A U AF ATAZA FH2
E9] FDAE Ecolab, Inc7} £3 3L 7}3 peroxyacetic
acid, octanoic acid, acetic acid, hydrogen peroxide,
peroxyoctanoic acid, 1-hydroxyethylidene-1,1-diphos-
phonic acid®] &g EA4 o AR £ UEE $2U3MH
t}. Ecolab-& o] A& InspexxTM 2000 & o] & 0.2 A} & o
WA HATh o] ZaAY HEF AAZ Fdanst
UZH HEL acetic acid®} hydrogen peroxideo] ™, o]
3Abe S7HE oA AFAN EE A, S 1E A
A, WA 22 2ol e W02 S A 71
el &gt A7t APF ATHED).

HEH AT AAH

Alcide Corp.(Redmond, Washington, USA)¢l| A Sanova®
Folgoz A85e FH AF77E A EA Sanova
Food Quality Systemo] I H|, AH] FAATE of)a}
5%, 7te®, olf, B YT A2y FREHAA o
g5 le "%;“ﬂ~ MEe R o) AL HF AH DA 9}
BZrA Ale)dl| spray chamberE Aste] A7 AE @
N FEl 2 Rt A AR Z A € 11 384
2=, Novuss ProvusTM 34 A o] 7], AIMS(automated
inventory management system) 2. 2 T4 5 o] it} A
A+ sodium chlorate(NaClO2) ¢} citric acidE AM&3H9,
o] Al Ak A {37 Wl dtstr] A3
AHESHA RS S88 Aol o= s ol2A HY
A EE &5 AU E o] &3t AL FU|AAAM @
& AT S 7R3 Aot A FUldA o] FoR & 3}

AAYE o] &3 AY Z& &
U G5 Aotk H T
@4 BIOCON ACEZte Eaad 21
2 ZAg 9239 3&7—‘}0}04 7]E7HHL°ﬂ 4 0}93'4 ]

ih

rlo

AL
Py e o}
-‘%_e_

A Fges
o & }El 4‘31“’ 5“*0}04 ’“V\QH 2%e
T FHE A AR E AN 5 A
A stk 28 Ad A e FA = o e v dA g rEd w
3 =7] Azt HA &0, B &F} w9 golsin
EF A g et 229 BE &S Az W) 2143)
BEHE 2e e BAHE AL
= , Azt %—% foé@-’?ﬂ"

o] A2

S B3 HEY GUL &4 € B FAFHA G

:g_ o S oL ES
A AFAE F2A 7= F4 7 (minimal proc-
essing)ol g 77k IFHATE 53] A opa) 7ok 4

e JtdAdTe] EEEtY halogen 3MFHE, oxidizer,
alcohol ¢ 38t3 A& o] &3 AY A R UV =
AL 5o R E ol Ytk A 71 Bol AHSEn
A= &2 242 Cl# chlorine dioxides A A7) 4
of o]&xm glor} OIU] o|HEF °¥7]'5“}U3] trihalo-
szmur AR
off otk v A5
2748 49 /\}%Q 9)\% A
EHo] SAste Ao

oA 1~2 log cycle®] 74wk
1t (Table 3).

FaE B EAEtE A8 EY AE F2E Y
F §12.9 chlorinated compoundE A 4+&h=d] ojH E4
e FEG 5 v gA AuAE Q&Y AlEo] o] 4F
olgtl HuHI it Q&L FART 156d] Eate
ArEg 7R A, Ve AdART €4 e HEHYE
7EA B ¥-742 91 548HA) 7} Qo] Eschericia coli, Listeria
T 3l HAES wME EHF 02 AATFTHE). 94
HolHA gaitito]l oy
A B o] SEAQ & F At
%‘% 1997%1_ u =+ FDAC] ¢]8] GRAS(generally recog—
nized as safe) 2 17485 Wo} (A& 45 H A} Table
4= 7+ 2314 o) oxidation potential & Y EVH E2 9 &L
fluorine & 2.2 2% 43S 7tAE S HoF 1
At

2E(0)9] oj¥e 1829 ozein(FALFh ol A H-
Hom %EA38tal Schonbein®] Ozonee]st ¥ 3
o EA% 48, €4 -192.7°C(760 mmHg), W17 -111.9°C
(760 mmHg), ¥l5 1724, A2l 3t AL u=
17 oL} 2% ol st M= R0 2 {oto g Ado] B}

10, 253 A=2HE M 2=Z Z27] £9) 0.0002% 9

Seo
P30 ZAHE A4e) Thsset

E M J|E
229 93} bacteria® inactivatione B33t 7]3to)
o} gutEld 2 & & cell membranegtel respiratory en-

zyme, B3} A HHAE Tl 21 £ 3 cell envelopest ol pep-
tidoglycans, cytoplasmW 4l enzymes® nucleic acids,
spore coats®t virus capsidstiol]l @ AE3 peptido-
glycans& E&3l= T HE FA Q2458 FAC
73] zel7} 1 2v} molecular ozone®] microorganisms
of th3l 23 inactivatorgbe As$t -OH, O, ‘HOs3



Minima! processOil QI8 A2 HIZ (k) I8 2F 25

Table 3. Chemical preservatives: application, effectiveness, and quantities applied

Compounds Application area Effectiveness Appl.l e.d Advantage / Disadvantage
quantities
Harvesting, handling,
Chiorine processing equipment, 1~2 Jog kills § rApplied at pH 65
(hypochlorous acid); process water and facilities; seeds %S out ()) 200 ppm; 20,000 High pH reduce
Na, Ca hypochlorite whole, fresh cut fruits, Prouts ppm
vegetables
Chlorine dioxide Processing equipment; whole, 1 log kill for 1~5 ppm; 200 Less affected by pH and organic

matter

(Cl102) fresh fruits, vegetable equipment ppm Reduced chlorinated byproducts
Hydrogen peroxide Whole, fresh fruits .

A 2 ’ << RO
(Hz02) vegetables, fresh cuts 3 log kil <5% HA,
Ozone Wash, flume water; fruits, 1~3 log kills Expensive equipment is needed to

1~4 ppm

(Os) vegetables generate ozone
Bromine Used with chlorine;
(dibromodimethyl processing equipment, 1 log kill 200 ppm
hydrantoin) facilities
Todine Processing equipment, .

) >~ ’ 1l -
(iodophors) facilities 1 log ki 10~100 ppm
Peroxyacetic acid Flume water; fresh-cut fruits, 2 log kills 200 ppm Powerful oxidizing agent

vegetables

Weak organic acids
(acetic acid, lactic acid,  Specific antimicrobial activity pH reduction -
benzoic acid, sorbic acid)

isodi h . ..
(T%Sg‘)i‘um phosphate Green tomatoes; lettuce 4log kills ~ 1~10% TSP pH 11~12 limits use
Quaternary ammonium Sanitize floors, walls, drains,
compounds rocessing equipment - B
(cationic surfactants) b g cquip

Permeabilising Growth inhibition against

Chelators ]

. . Under research agent of the outer - gram-negative
(citric acid, salts of EDTA) . 2 ) ..

membrane bacteria by Ca” chelating activity

Table 4. Oxidation potential of common substances

Osxidizing reagent Oxidation potential

Fluorine 3.06
Ozone 2.07
Hydrogen peroxide 1.77
Permanganate 1.67
Chlorine dioxide 157
Hypochlorous acid 1.49
Chlorine gas 1.36
Hypobromous gas 1.33
Oxygen 1.23
Bromine 1.09
Hypoiodous gas 0.99
Hypochlorite 094
Chlorite 0.76
lodine 0.54

2o kg Sl &9 B RAEEC 93 anti-

S
microbial activityE YepdtE szt Aok &L

flo

polyunsaturated fatty acids, membrane-bound enzymes,
glycoproteins, glycolipidsZ ¥ 88+ cell envelope] th
3t A EAES NN OE AE YREA leak-
ageE doA AT lysisE otk EXIAPAEY
0]Z 287 enzyme? sulthydryl groupse] 2] 2]3)
A3EE AE FREE XS AE E40] T
F4:3F Abdo] dojdth Foegedinge coat protein®] Al
ABD Bacilus cereus A7} A3 TR R 6 F43)
QEd 3 B8ANHE AL AT 18I spore
coat7} dAHQ LE g B F¥olgn FE W
RATHE9).
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