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Present and future of non-thermal food processing technology
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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 2. Schematic drawing of static treatment chamber. Electrodes are positioned horizontally at work.
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= o] F2 885 TN T Ak A oA
Z9 99 2 90~95%0l AT AnkAQl
FEYH 5 1A oldA, GelldA], B2 Al 9
8 FE70l 50~60% o= =4 etk e A7
A9 wele @ 994 2ok gl A
kx| 871 Wzell 5 Y2 - 2329 olFe] Y
oAuR] @om A2 Alzke] HAL A FAdo]
S 7L Sl 7] 993 E27t ok A
718 A7l oF 5~15 kKV/mZ AlZ 9FA% A8
HOZ 71, wRHARE F4) 2 79] S8t
A derh 271 9384 27t 24§ 217173540
kV/m oJsholl dojupd Al2e] 4] 715 e
3] BHFA| gor, FEAO R} Bdnt dA)
A=A BlASH EA S AE 10° Pad] FE o= ¢F
Ao 73 AR F29] 782 67~68% 0130,

Y dHslolM A7) 98 EelE WSS o

= B A=dl & #BARIe] Al F20 88 oF
78%714) AR 4 Uitk Knor S(10)2 2
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51%¢°) Hlgt ) & 76%E AUk XY A
gt} B2 F2o] FAL 45Col|A 80%-7} pecti-
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A B e Foe) 2R ozl 42 ATZR
B ALE FEee O 48 02 HIeT g,
Dornenburg &} Knorr(11)-2- 24 2422 AYAE=
Chenopodium rubrum M EZZE AF20)4] 1.6 kV/cm,

Table 1. Magnetic field inactivation of microorganisms

10 pulse x12)%+ A7} AWAE amaranthin 4571 A
9] 100% FEE& W= wjZd 202 B3y 3tk
3} Morinda citrifolia M¥Z58 anthraquinone
9] FZo Gy} & FOE RIS k. 1 8
9] o] & o 2] Aibara F(12)> W7FF RSl 1A
o A2(50 kV, 20 min)E ¢ A3, WS d= ¢
o] - &£4lo] FOEQL AT E 1A R A8 H
3| Ak A B A2t whe] A7t grgo] Ariar
33tk Urano £{(13)-2 electrofusion-g o]-8-3}e] &
Aol gl UF WE ERE WY Y AR
ZAZAIZ L FXH M= Bushnell 5(14)°] f:A1E,
A F2 83 A D AEF F2 AFE A%
8 A7) 98 A& A E2 A AR

He S512 HSat

. ZI5X7P (oscillating magnetic fields,
OMF)

204)7] Z25E] 2}717e] nAEL] A7l Fake v
Aoks A geiA ok A-3 238}elx = OMF
7} AEE Adshs d AME 4 ok 12Y OMF
71&e] ARIAQI o8 Bt dASA] KL A
AF-2] T et At afitol) A= dek AF
£ 5~50 Telsa®} 5~500 kHz 7}%9] single pulse
OMFel| xZAIHE o Ao 92 log cycled] MAE
7 AAEN oM, 200Ce] LAAFLE 416 kHz)
pulseZ AHA3LL ol F AlFF 2.5x10'7 6
CFU/MLE 7H45|3ick 12 o2igh A5 98t
Me AEE 2 A3(10~25 ohms/cm)S 7EA3

ofo} s} AjEe] Tl wizt 1 &7} Aol ek

Magnetic Initial Fina!
Microorganisms field Number Frequency number number
intensity (T) of 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 7.5 1 8.5 3,000 1
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V. ¥ BXA(high-intensity pulsed light)
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#Re 25 ST o] & <l ®H nlAlEC] B
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4 7F "ol ARS-FTE 3 F2 ouAE 0.01~50
Jeme s vjekspm, H2 7R 1 s ~ 0.1 s W3
At} 33 H A= gasfilled flash lamp 5= spark-
gap discharge apparatusE o}-§-3lod ¥hlA|7Ic) 3
o] s vfg- A7) wjipe]] 2R F-ake] o] 23}
5 2 O71%] %21, non-pulsed B A% 3 219
A (UV) Huf it &3} olls ok 33 J2 Aele
EE SR vegotet 13 miAEe|] 4kt 23t
210, e ¥e] pulse(l J/em2 per flash)E o] &8+
735 7~9 log CFU/cm 9} 7+4-7} 71531930} Fig 39)
HAE ol gallx AES AAE e olefgt F HXA
o] -8 Blo] AF ot Fek vii(Z A

il

Fig 3. Schematic view of pulsed light processing sys-
tem to treat pumpable foods flowing in a direc-
tion parallel to one or more elongated incoher-
ent light sources (gas-filled flash lamp).
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V. ZZ0] Mo} HES (photo-catalytic oxidation
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L3103 TiO, B9l superoxide o] (O2)3F 4k
sk} Zhydroxyl radical, - OH), 25| SAMAE
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Fig 4. Mechanism of photocatalytic oxidation of TiO:
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Fig 5. UV lamp and quartz tube coated with TiO.
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Fig 6. Bactericidal effects of UV alone (), and TiO2/UV
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genic bacteria. (A) E. coli, (B) Salmonella
typhimurium, (C) B. cereus. (15)
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Fig 7. Schematic diagram of the TiO.-UV photocatalytic reactor.
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R

A WP doid 7hsdel AL UM F5
of S AT ZAA )7} 7R, HAbs(radioactiv-
ity)oll ek 2Bjxke] FAA Q] Q141 7] HIsiA
£ B THEFo] I3t

22} ThA o) FHE] 2FoM ) o] 8-S #5 KEA,
, AAA ol 38 HAEI} 48, vEE 4
o7 o]Folx Zixte] WollAE AF(1958%), AN
L(1960'3), F1=(196413) o] HAQI 3171 371 Al
&R BAE MA 370, 170037]2] AVEolla] oF
20099%9] AFFo] AL A HIL 3o, Hx37,
g7) 59 SFAEFE TSI v 545, FF 47
Z A 4IE, UETE 2059 ool A EEE
of ol B7ksta Atk 19863RE BE UMY 2
AR2IEo] tiE|AE “Radura” A 23S FAES 8}
I gow, v FDAE ZvlAd Xgdtkes F78 &
NEZ 35t A gl AES L8471
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Fehe vt R A EAA = QI O etk 3
e AR ZAMIES 1950958 dsiskar
A Fg Alxdlolzt BT jlo] wl=
FDACIME 199713 129 A 37]o)) thgk Ak A}
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o) 2303} ol 98] gk Fig 9014 nois
ZAAH A2 A A7 el HEET &
57300 ARgste] HHEg]olE AFEAIICEM A2y
= WA F 9lew, 376l wIRE 3] itk A
o g Alehs FHEARTE fEsHA WA WAL
A AUAIE o8 5 Aok FF 4T 20009 5€

il

O

u]Zo| A= TitanAke] SureBeam Corporation®] 7]
%2 Minnesota2] Huisken Meats &} 38|77} 2=}
Hlof) oJa) AAkt Hol AlEE Ak

XA AF-E focused electronic beam©o] X402
W3lE]o] AlFo)| AR O ZA vhe|g|olE APEAIZ]
ok Apste) HolHe Fapee] Yok X4E Fe)
7 ARt B mege) AFo) v EAHoln)
o)A QA AFEIFFANA AMEE F ler, $7
Astoltt

Ao AR AN FHEAY] B ERE WA
sh= FAl(photons) & ©-§3h= A= AMSl= F
21912 cobalt 60(R¥7}H7] 5.27d)0] 713 wo] 4o
cesium 1372 2= VUEL Xt B2 g1 &
oksl A cobalt 605 2 o83kt AN FARE
S Adhs ek ARG Akl AN #)
71Eo] F5 FATA A ASEY AR A
= HAEHA o AeE d#A Stk Cobalt 60 5
o] M YAE AlZte] TR wet v A
2 AaHo] 7] 759 6~12%7} HH, cobalt 60
o] A9 16-21'A A & AR ZHE Qukpd-g
Ao Z Fa3jAlel wkgE]o] ARRE QoA A
AR A BaE B AM] H71Ee] S4E 9
gtk ok

<
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.........................

MICAOTRON

Fig 9. Conveyer for food irradiation using the microtron-type electron accelerator.
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VII. 3T} (ultrasonics)

22519 409 $4L e powers] TF}
(0.1~20 MHz) 2295 239 vjghy] F4of o]&
gk Zlo] F8 ALt 2395 ] &
Hog gsow s 2e Gt glom, OE
At R Bl ARgEhE &dph Jloka 2ot
o] Folo] W FHEL 7HaFY -7 2ol FA
Yolsi 24k AF) 44 Gram 24 BANF
of] ti gk Aol thsted A3l ek th 2] model
systemo]] AFEE= tiAF B218 AR o E B 2
<92 108 213} peptone G0l I+ Salmonella
#2 4 log cycle W Ao 2ERSGE A9
0.8 log cycle Hlol] 7714l Fth 2{9ks &
avh At 2230 A B3} §7] il 53] A
g BHow ARiFoE ol2EHY OB W 3
Paje] ARgale] G4 A BEHE AEFHOE B
Tk A& QIZslalof gk
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=X
[s) OF

| £19 7j&0
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2 ANEHQF, Timsond} Short(18)= < -f-(raw
milk)7} 4ol J3e B AL FRA T2y
A7 B A7t A€ AL ohr 1004 do)
AJAME 23971l tigh A7t vuigd H2
Aol A% 2IY7NY Ax Ve, BAH &
AFe] AA7] wFelek 23t )& mAE o
ol e A7t megE v SjevEe] A
o thgt A= &3] aE] =t riM 24
B FRES ol o8 v ES] A T Aol &
ol A JEE dsied B B0l HAtk
gl =2 1098 ZojRe) mel oF 1719 A=
2 F7Fgct webA] 7Y 22 siAjell A ealiskE ¢
2 ok 1100 719F Akolrh 2Fe] Apo] $83)
B 275 H9E BE 4000 7|9 ooz e

A7t Aol el wigl wil-9- ot 71EA] ol

B : el NEOIRe] O

uiehe- QhollA] Qg3 upe} 7ho] SE A 1
ok 2R AF e 2, 7R, B gloiM &
Ao} v El=d 712 EXrt dde) wAl, &
WAol o7l ARl F3] slshA W, gi0 B
A3}, 2t 718 APE Sl 93 vXe vhE
ZA¢E EAge] AHE giAZ {AI8H maillard
reaction, BIENIS] w3, HAH ghe] £4dx) 72 E
A2l fass slety Hate Fasigitke
A Zo7E Pk 239 71Ee] AE 7Rl AR 5
LEHA 1990 dth Fof JEA ZA4E o2
I AL AarEr). Hore $5(19)2 A& vHeo]
B A3 A2 E F3 2AsieE ot o] Wt
A3 3 ER-e] o] fAET Bk itk

743 71849 dElE T lelxe )7t iy
= uigko 2 ukso] R0 Rur} Sl ek
© 29} Hkg-& AAHths Aotk & ojd ek
dold w w2 o]d WhSEe & Hulo] 3} vt
15 A B Hulo] 3R jo|7} vz,
e & Fu7t Zashs Bdo g whgE
] &719tl= Zlolth Table 200 tgo] AETHF L
2 293 31814l wRle Jgko] S9kEe] Utk

9] EAFS] shvhe gEol IHAYle I
< VAR G vFRAT JPFe PRtk Aol
t}. o] $hole PR Ure vH(H0 —H*
+ OH)¢] 7% 1 moleg] £o) 2] Hoj Fhol&
4712 vPd vty 21.3 mL o) R334 Gojd
ok webd gFe B sEd SXIEA Ho 25°C,
1 713} 3lollA 2473 2] pHE 7.000)A]%F 1000 7]
g} SPllM = pHYF6.27 2 ZHA4dH] ik vl IRE
qEe 254 AT g FWsie g @
AR AR YRl A AEE ek Uy
A(EA TFHEo] FFHol 3l WAHE o)fE A28
& o F5AgN 22T A olF Aol
FHEFE B Fol9] o} 7] sl e
Z7pt o158 A HHE £X3A] gon 53] ¢

4AFe A3NE ol F715E Aol Z31Y
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Table 2. Volume changes associated with chemical bond breakage at 25°C

Bond type Example 4V (mbL/mole) Effect of pressure
Covalent C—C +12 Inhibits bond breakage
Tonic H.0 — H" + OH -21 Disrupts electrostatic interactions
Hydrophobic CHjy in hexane — CH. in Water -23 Disrupts hydrophobic interactions
Hydrogen —OH..OH— — —OH + OH— +4 Enhances hydrogen bonding

th 73t sl A DNA Q] wAdo] dojulA] i ot
Ak o= o]21gk ol wjiFolth
Il olsl vl o] AFEE 2
wof A FATE Al Zadl Mxete] EAjske
chilgol HAS oloz E7 glom 4|2 2000
~3000 7]Sko.& 71sistoll whe} v B &0 Al xuto) 5t
3‘4_*2}15 F&5 #A2E ) Isostatic pressures QF
B 8%, A2k o) 2dere Ha59 A%
28.~ Y] 1) A1) e e e
250°C)oll A AAE o v R sl BEAEE
&&}= CIP(cold isostatic pressure)9} B% 3]
F/H Eo} §]rzshﬂ}° o -’J_u.i k= g@;\p%@ },%
A& 7)%<) WIP(warm isostatic pressure) ZL2] 7
2 E5(F32000°C)ollA Z1AE o A2 o}oﬁ
FEFES 7Hg5ke HIP(hot isostatic pressure) b
EEo] itk Aol e] 28t Aele Bz CIPE
|88k 7)golrk 2Fe] it B2 FAEe 9l
o) IHEE 2] B} 22 10% Hwolch gy
2loll 25l HE-L- time-delay 7} 17 A &) =27k
Jejoll BAgle] BE BEo] FUS 482 9,

lel S5 77

N

O

¢
F oX o

<]

=
O

= =
2 mAEY B84, oA &
e sk A B, FE T AR IEAE
HAe] Azt mhe] §:4], 4
st 55 53 7154 Fo7k ok AEs AEAR
off ek 23] E7k= 1000 7|3 A=RE veh}
=4 2000 719 Aol vhilA ), ek 5}
H, BARRE £o] ¥z} Fo] Yo 2000~3000

713kl M= Bae) 1A BEAET o, 3000

~4000 7|4 ME nAE T ntole] 28] Apdo] dof
Wk 4000 ~5000 7)ol A= o] 35 B0 wh
A WAz o] Aok 5000 719} ool ME &
2o apldg o g BgAdskE Y yEA xxpe] Al
o] Wal} Qo). Table 35 zhzehd olejst &
7t Al omE S FREA & o Tk
3 A1Fo) 2850 L_“hxa Ak nAlEe] @ oju)
A, BN B o] e ol &8 5 Utk

Table 3. Effects of high hydrostatic pressure treatment on
total aerobes and E. coli in Angelica keiskei
(AK) juice (20)

) Total E. coli
Pressure Time
Treatment ) . aerobes (CFU/mL)
(Kgicm?)  (min) (CEU/mL)
Control - - 1.76x10°  8.80x1¢0°
1 3800 5 1.66x10° <10
2 6200 15 1.24x10° <10
3 6200 5 7.15%10° <10
4 5000 15 1.00x10° <10
5 5000 10 7.20x10° <10
6 5000 10 7.80x10° <10
7 5000 10 4.55x10° <10
8 5000 10 7.55x10° <10
9 5000 10 8.20x10? <10
10 6700 10 8.40x10° <10
11 3300 10 1.67x10° <10
12 5000 17 9.40x 107 <10
13 5000 3 7.40x10° <10
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Table 4. Oxidation potential of common substances
Oxidizing Reagent Oxidation Potential

Fluorine 3.06
Ozone 2.07
Hydrogen Peroxide 1.77
Permanganate 1.67
Chlorine Dioxide 1.57
Hypochlorous Acid 1.49
Chlorine Gas 1.36
Hypobromous Gas 1.33
Oxygen 1.23
Bromine 1.09
Hypoiodous Gas 0.99
Hypochlorite 0.94
Chlorite 0.76
Iodine 0.54
cycle®] Z4uke Hol= FAIE YR Tk21).

Fae Bl SAEE R7181ES
& 4= 912 chlorinated compound & AJAFsH=H] 0]
4 FARE FEE & e Ui AFAE 2E9 AL
go] olardolgl B3I YIth22). 2EL g4H
o}k 1L.5ulel g3l AdES 7HA, 7)et AFAl Rk
N g2 AERYE 7 B7HER ssiAlY A
7} Qlo) Eschericia coli, Listeria 5§30 &2 w}
23 HHOE A|A grh21). GaAFHT =& A

AZ L2 =

. O

Fig 10. Disruption of the outer coat of Bacillus subtilis
spores after treatment with sub-lethal levels of
ozone as seen by the transmission electron
microscope. Before (A) and after (B) ozone
treatment, respectively (24).

T8-S HolHA divihto] dole 7282 2

& 5 e oAl HEe SRRl &F A2 1997

W n]=t FDA <] 2J3] GRAS(generally recognized as

safe) 2 1AL ol PINE YZHR Table 43

Z} AkskA| 9l oxidation potential-S VFERH ZOE

Z2 fluorine Th&- 2.2 7}5H A3l S 7R |= A& B
4 Yk

I QECIH TPt

2F05)9] o T]20] ozein(HAVTH O A
SaE e =948k} Schonbein®] £&(ozone)
o)}y WAt A8, §3 -192.7°C (760
mmHg), ¥} -111.9°C (760 mmHg), ¥|& 1.72A],
Aol kst YA wlE Z1Aolv 2% ©lstellM=
FaoZ §eko 2 Ado] BEylseitt 553 A=3
ol YWAlE X2 Z7] &9 0.0002%9) Fout &
AN Q12]o] 7Fssith

2. QFQ| M7 I

Q:E) oJgt AF 712 mi¢- BRItk ket
LZ2 A ¥u} Yol respiratory enzyme, E3X3}X|H}
Ak A E 3} cell envelopestoll peptidoglycan,
cytoplasmoll &4 ¢} nucleic acid, spore coat$}
virus capsidol] P AE 3} peptidoglycan-s X3+
she B2 AX 74 8AES T3 ) Xt
91 © 1} molecular ozone©] Y| A E<] thglk =92 inac-
tivatorgl= 7319} -OH, -0, -HO; & 7+&
A e LE9] Bl FAHEE o8l I e
Uehdtks 27t Jek23).

Cell envelopes: 2 -2 polyunsaturated fatty
acids, membrane-bound enzymes, glycoproteins,
glycolipidsZ ¥3}51+= cell envelope2] thekst -4
BEAESS 218} A2 =2 cell content?] leakageE &
oA A= lysisE doth BXAPPLES] olF
A% enzyme 2] sulfhydryl groupse] 2350l ]3|
Ak3}=] cell permeability & EZ3S)= cellular activ-
ityS] B3slo) F&at Apgo] Yoldeh

MO L1 393 (2010)



Bacterial spore coats: Khadre2} Yousef(24)&
O ZF 2~

L2 X9 Bacillus subtilis2] )% spore coat
7H A 23 Hol AL WANTFig 10),

XI. H2 Z=A0(cold plasma)

Hol| ARL3fed At HHo Tk o] cold Plasma
© 37143 o AR glom, v S4ES
HEPA)NME o] 7les 7P w3 37138
O Avishi Qick 2t vl FA 24e] “PNNL”
olgke ATAolME AR ekt 7|eR A&k
o e Bl BAZRA: Sarinn ) A2

_

A2 FRRvlE AR, BgAE] 1ER AF

Table 5. Chemical preservatives: application, effectiveness, and quantities applied

A Bl gDl ol Aul 2 e Z2s

Compounds

Application area Effectiveness

Applied quantities Advantage / Disadvantage

Chlorine

Harvesting, handling, 1-2 log kills for

applied at pH 6.5

high pH reduce

(hypochlorous acid); processing equipment, seeds (sprouts) 200 ppm

Na, Ca hypochlorite process water and facilities; 20,000 ppm
whole, fresh cut fruits,
vegetables

Chlorine dioxide Processing equipment; 1 log kill for 1-5 ppm; 200 Less affected by pH and

(Cl0O») whole, fresh fruits, equipment ppm organic matter
vegetable Reduced chlorinated

byproducts

Hydrogen peroxide Whole, fresh fruits, 3 log kill <5% HxO

(H02) vegetables, fresh cuts

Ozone Wash, flume water; 1-3 log Kkills 1-4 ppm Expensive equipment is

(0s) fruits, vegetables needed to generate ozone

Bromine Used with chlorine; 1 log kill 200 ppm

(dibromodimethyl processing equipment,

hydrantoin) facilities

lodine Processing equipment, 1 log kill 10-100 ppm

(iodophors) facilities

Peroxyacetic acid Flume water; 2 log kills 200 ppm Powerful oxidizing agent
fresh-cut fruits, vegetables

Weak organic acids Specific antimicrobial pH reduction -

(acetic acid, lactic  activity

acid, benzoic acid,

sorbic acid)

Trisodium phosphate Green tomatoes; lettuce 4 log kills 1-10% TSP pH 11-12 limits use

(TSP)

Quaternary
ammonium
compounds
(cationic surfactants)

Sanitize floors, walls, - -
drains, processing equipment

Chelators
(citric acid, salts of
EDTA)

Under research Permeabilizing -
agent of the outer

membrane

growth inhibition against
gram-negative

bacteria by Ca* chelating
activity
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Fig 11. Lab size indirect cold plasma chamber (25)
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Fig 13.

Changes in microorganisms after cold plasma treatments (left: indirect, right: direct, celi: B. cereus) (26).
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