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Commercial pasteurization of foods using high voltage pulsed electric fields treatment
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Abstract

High voltage pulsed electric field technology has
been attracting attention in the the food industry as
an eco—friendly nonthermal process technology using
electrical energy. The lack of understanding of the
equipment and the burden of equipment cost have not
significantly increased the commercial application,
but the potential as a technology to replace the heat
process has been continuously increased. Sterilization
of foods using the PEF process has been applied to
liquid foods with low viscosity such as fruit and veg-
etable juices, but recently, high viscosity smoothies,
high concentrate protein drink, mixed juice, and alco-
holic beverages. Studies on sterilization of solid foods

* Corresponding author: Jung-Kue Shin

such as powders, raw meats are also being conducted.
Also, the application of extraction and recovery of
useful ingredients, activation of active compounds,
pretreatment of drying, improvement of meat quality,
changes of properties of starch has been studies.

Keywords: high voltage pulsed electric fields, non-
thermal process, sterilization, processing condition,
other application
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So] AR 4 ol glo
3 7hdol] W2 o) Aulage] A Ak v]
71e] glo] H7)% Gk AES| E o2 F
A Ao AGHE BerE BEAY FS
A US| kAt Aol A
A& AR o] ERA I glo] AFgol
= ek wet AFANAE Anlxte] &
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SPAAE 9, 9o, B 2 AFL WE 4 9
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Ea 2018; Shin

5, 2010). o]t =¥ 7h2H] GipAolHAE H]
& a8 WU T SR A7) = 117178(EFs,
electnc fields)S 2831 ZA o o3t 7o} £-80]
T Qleh. et A7) A ke s B

AL 71e4 Aol sl skl 3/
24, 718AQ] X|4je] HEo Aol jFmo] 2
o] Lojz|11 9J7|% F}H(Galanakis, 2013; Rocha
=, 2018; Sakri} Liu, 2014). 1F o= B8} 2
IS BT BHE SR, Bl A}
T2 22 FopolAe B A9t A80] o]F
o]z 11 o, 1FEO] PARLA O B A 7}5A]0]
shol =) QJoH(Puértolasy} Barba, 2018). 7] ofy
g P43 FAHORE WAL B2 171 % high
voltage pulsed electric fields, PEF), 33 *(high in-
tensity pulsed light or intense pulsed light, IPL), H]7}
o Z o} ZuH(nonthermal plasma, NTP), #-2Z2}=u}
(cold plasma, CP), 224} o} =7}
o] 3=t

Z(high voltage arc
discharge) 5-¢ oL A7k B o
o] HMYsA] ofow, i ALA 2|7} 7Skl
378 F AFe F4d 9 U 54 M)
7] ok EXJo| 9t} w35t A 7|E2A] 71Y &
ol vlsf ol x|o] 2rjE EY 4 e, ol4ts}

a0 MM £ 4 Qe AR ZHRAL Qlet st
ATk QhA] ofob7 |5t A E AlFEtokell A= X714
A|Alo) B, ofn] & S E|olA = 7]E 54,
4a19] oA B QhdAd, T1Elal g wA|of whE

4 7H‘?jf, oA ooﬂﬁ O] 23t
A} Sk AEAA] o ulel A
283t J"‘*Oﬂ et At bt ik OMEP &
A0 &, Az AA, 78 7|E AF 5789
Al 5 J‘Xq o 2 A 9] A-go] AlE L Qlf,

£ = M A ST 1R 1
WAIE gHaT okt 714 5 71 Shae) i
A WA qulzyo o] g8k A]Z o] Aol
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WM HA HIPH(High voltage pulsed electric
fields technology, PEF)

A A A71AF 7142 Gossling (1960)0] <]
7] }Oﬂ o3t g E B3} 7HsAdol At
=] & Doevenspeck (1961), Salex} Hamilton (1967)
soll eaiA A717o] nl=e] APdel v|A]= 9
Fo| A7F AIAFE]GlEE o] 1980t 7} & A
Hilsheger?} Niemann (1980), Hulsheger 51981,
1983)0] Z71%e] <Jgt njyEo] S8-4d3to| et
Al AL, Zimmerman (19860l Jal #17]4
HellA mlgEe] E4dolu wste] digh 7]22<l
olZo] AW A o7} W=t
1990 o] SolA A AL 574 8ol tigt &
71 AJZEIQ 2™, Grahl £(1992)& @ ##] &=
9} - T 5 Al 34 Aatol gt ﬁ:rL—
v o g2 HWE7 skl A44) At AR i
& 3}$ 37, PurePulse TechnolgiesAl= 7)) Al 7]
35~45 kV/cm, flow rate 3,000~8,000 L/he] AFe A
AFg-o] 71531 A4 A 2] A E 7)4H(Shin, 2000)3}
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[
gl Pyun, 2000). 724 HA H71AF Za]of o3t A&
?mf(fﬁ“fm G merieame i apoerid 2] Abgpo] F8 WP XA ARF A=
% ,Ww el (e A7140] A)7|(field strength, kV/em) EX 01714
ﬁhﬁ oH(kV), 2] Al7H(treatment time, ps~ms), HA Z
o (pulse width, ps), B 4= (frequency, Hz) 5] 9l

_ e o, StAHSTRELE A% (temperature), A|E 2]

Wﬁ @5@ BT S8 SElow nie Ui A8 W 271 o148
& m P e e ©) % Al2el ol A2 HF Tl Sk 22
Ae] A 2ol upe A2 719 mef So] Fa |

24 & A 9ch(Shin 5, 2010). PEF A|AHS &l

Cytopiasm »\B , A} 10 ton/h, o Z] BAEF 10~100 kl/kg, DA

[ ;?mf 4 m\g M Cowemedeemte: ) kel AlAglo] A 24 A Go] qAss

and subsequent pore formation
\‘M \\’l} (reversible breakdown) _]_ o]q %141 Oﬂ /\1 R B /\}_7]_ pilOt plant :IIIL E 94 }\] _/:

Medium E:ﬂ oz Z]-Z %/\ a1z Oﬂ ,g_o}-():] Zﬂ H/\]-—é‘}_

S s o, NARS| 7 9-of+= 2020 Oﬂ Z—'—Ul- Al

£ ’?m/f Kﬁ &ﬁa sl b e % Joll PEF AR & Z=fsto] Alg= A4S 2o
st a1 wEel|E shoich el A Tl A
571 allal Al EAR7E 24 selolA] 250)9)

AE7} A Q (Vega—Mercado 5, 2007)%| 11, A3A
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Fig. 1. Schematic diagram of reversible and irreversible A-gof gt o7} theFslA] okar, AuH] 24 9] o4
breakdown of cell membrane by high voltage pulsed - o
electric field (Shahin et al,, 2018), 3 Oﬂ EHE]’ Z]'Eﬂ' E]'*E‘ 4 ]jﬂL % Oﬂ H] OH ULX] OLO]'
A} 2 Qo= A|7ko] 22 o] A Ao Holt)
WA Az AR Bl ek vt RS Eglh  DHY WA HIPY Araol Ul
o)F WAL W A7 7142 ofe] Rofe] 4)E
Az BHol A HAETL ABHoR o] mAY WA A/FE A% gl FH Mg
o213 Itk T1Eete] elpol ofed mAY WA akw EEHI AU A2 8718 AAE) S5
%171%—% @‘%Q & Ul"é‘%ﬂ =248k 4 A PEFZL nldES S84 A7l el o

& YF Bl A% A 3 ols} hEA] Wasith PEFY] n]4E 3
2] W 2ae] 2 go] ol ROl ArkBaba S Relol A ofa] B-e 417 Martin-Belloso

5, 2016; Jaeger 5, 2009). =, 2004; Martin—Belloso2} Elez—Martinez, 2005;

A FA A7 A= £ 7R A= Atele]l  Shin, 200007} o] Fo|F =T FE A & wof S
NBE P F 50 4712 BN AYe] A 72 THe BA Moo B Aol
A7 FAPAA 4= 2 oY 2 A= o =z, A 329}2] w1}3] (electroporation & electric breakdown)

AR|e] 7] A4S 1% 5747 ] (capacitor), A9 of oJgt B2 d3tolct (Fig. ). LA HA 7|13
2] (switch), 312} WA 7] (high voltage electrical gen- o eZE HZL A7|A Yo AR} 320 et o]
erator), A=(electrodes), “12]11 2] 87|(treatment 20| o] =3}l A|3Zule] ¢l x| A Z0] LA TE|H A
chamber) 2 4 =0]14] Qlch(Park 5, 2012; Shin?}  A|Zuto] MRS THEA Hrt o]t AiAtol




oJsf| Ajauke] Qta} whof| AR{AsE7t &4 = HA
AlZaf Axp7E S71sHA| Eot o|F A A=t oF
I} dhef] S vl S4¢] AHg-Hske A714 <l
ol ol AlxZuto] 7] = (electrocompression)
UO7|a1 =0l A&GEHA AlLute] g
T A Als(pore)S FGAZITt 12t o]
A ] Ajazut a2 7Hg ARl Ao R AV
o] AAEA =H Hef e 2 EHZo A Het Al
O] Al B4 & A7 W Mo k=Fo] 4
XA = Als-o] AAHA] ThElE o] conducting
channels & /J5}aL Al 2ufe] F4d& FXIA|7] AL
Az W5 249 7= ol sl 1 715l &4
= Yo7 Apdof o]2A &= Zo|tt. Shind} Lee
(2015)2] 4%t A A7l <oJgt awel 53
33}t Atol] W= A|azute] oty k= £y H
Stof| ofsf| Az o] el FrEde 7=, I
= 489 = Fol Rl e, ArjAzto] 4
ool wha} HMAek o7t M3 Aol F7}s)
= A2 RIS 4= T ®F A A A7)
ol oalf APEE|A] o2 A|229] F-f-of| = A|29]
i 3 AA|Y] Aol o3t 7]E Ao dof
U Ao g2 SRIEITE - HA A7 A
2of oJsff mAE-S A A Q] Hale e
= Ry e g mES ol Jro] oF &
o] Mgk} AEH Ao Y 4= QIESE Eo] §lo
L PEF A 2|& ¥ Al:Z9] Ffoll= HHde 4
2 o} 3% Aol A7HE HjA|of| A A<l
a2 5HA] Foke Ao= yehyton, A|azute)
ATPase®] S A, A A2 Y 540 4 &
A 58 YeRl7) & k= Ao 2 Hal E|QlcH(Park
= 2013).

flo tlo

10 =2 T . i = 07101]
P ko] A171 (87149 A7), 2) A sk
ol ix]of o] ZolE Adsh ZHe, 3) A

A B
1£01 a0
g )
? 1E0 3 o
k H
. i
% 1£03 a0
& 4 30 kV/em
¥ 35 kv/cm
B4 o 40 kv/em £
045 kv/em
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o
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u 23°C
v 29°C
0 32C
0 35C
A 39°C £
1E05 ) 25 0 3 w “

o 10 20 30 ) S0
Electric fields strength(KV/cm) Temperatare ()

Fig. 2. Effect of electric field strength (A, B), treatment temperature
(C, D) on S, cerevisiae cells inactivation by high voltage
pulsed electric fields treatment (Shin, 2000).

7tel Ag], 4) BA 4= E= HlE S (frequencey), 5)
0] P, 6) A2 8712 FH, 7) AF] 4E
(resistivity), 12|31 8) AL-54 o] AL A& &
2 0] 9JTH(Shin, 2000). Shin (2008)] 2|a}H #
719 715 30 kV/emof 4] 50 kV/em=Z Z 24
o=z ZF7HNF wet ApEEo] dASHA S7Fst
Aom, A Algto] F7ePHA AdH oz AbE
&o| Zrasieiehar akitk(Fig. 2). PEF ZHx]of] A}
| S8R = 4T oY A7IE A
o7F A 08 5] ouxE e 4= Sl=
oLz o] AR F7to A 7)o AL IA
< AR 3qsk= Aol Slo] Fadgt 8glo]

. SRl A& 75 frequency”7t AXAY H
29| Zo|7} AojA|A| = Al SHEEL] oY

| Fp SREE] ofuR] o] DA A HE= o
A3t Ato] oHYA A Hrt wheba] A&z o
YAE A 4= Q= S4X|7F 2 asith. PEF
FA o AFE-EE= HA9] HEf= exponential decay

pulse, square pules (rectangular pulse), spike pulse,

o 1o
2,

it

monopolar pulse, bipolar pulse 5°] AM&E| 3 Q.
Shin 5 (2007)2} Ha 5 (1999)¢] oJsH © 5=
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Fig. 3. Effect of pH (A), ionic strength (B), and initial cell

concentration (C) on S, cerevisiae cells inactivation by high
voltage pulsed electric fields treatment (Shin, 2000).

AEmstm el 995 (2020)

~E exponential decay pulse?} square wave pulse=
23RS 7-$- square wave pulse”} exponential
decay pulseth 2F 2 log 0JAQ] =& A8
el Zlog B335l7 glon, Qin 5 (1994)
3} Beveridge 5 (2005)-> monopolar pulse} Th=
bipolar pulse”} A1&2] Alof] A1}l Ao Z H
2SFE T PEFO] 93t A& 9] A2 A1) 77|
% E40) wehAE erg WA et o2 5

A7) A= E8(ex, &)o] W2 41F9] o=

A7) A7k AXHA ¢17HE A719] 5% A
A Aol At ol2ol A 4] A Heh. AEe] 4t
o] At o] Fofx|7] Qs = AEFS =, T
2 wlertl 52 i ol 2l 24 el
A BT} AL 0|2 F YwS YH|ote] 2o
Jb R olstoiAor sitk. A2l 871 PEF 4
% AEo] A2 H7]4 AelE e nuoz A
=3} A=+E 2% (holding) 3+ 4= AR LA =] o]
Qlow, B3)I(parallel plate) E}2], 5 3) Al (parallel
wire) E}¢], A&t (concentric cylinders) E}Y], co-
field Bty 59 H=2 71xl A2 87]50] KLy
31 9JtH(Hofmann, 1989; Mohamedx} Eissa, 2012).
de] AREE= BHP Y A 287]= A7 A7
o Bm7h Felahan e 9 AeIF 4 2lof 714
Asksl 2 daA 910, concentric cylinder
g Ao RUT BES DS 4 9ol A0
i 283t u = AAL 7FA] a1 Q) o, co-fieldd

© A AFo] AH BESA spol A7 R
2 5o] whago] glo] eblAo] e o] QX

A2 8719 HA7} e Helg7lel uls) ofHct
= el ge,

TG B2 A7)l 3 AlFES] Aol o]
A AES R Al /T Qe Al o
EPAE GRS W=rh(Fig. 3). pHi o) 44
2 ARt Qlold Fad aclos 4]
pHO A= Tj-59] A Z7} QP Aol L} Lhe: pHel
HE B SAS] S1T ouI%) S0 g

Aol st Aabio] Zhasi| Hlof edlx)
Wit o} g AAE] BEH Aol 7bs



3}tHHong, 1997, Schottroff S, 2018). A]%& o] &
Aotz o]o|ut M7 EE T PEFS] A<t 37l
FaFe A= AlEW o] Adeo] WokRH A
she] AEA = Aol wet A7e] 350 A
Faoll 9aFE vAA EH, £3] H, Ca**, Mg** ¢}
Lo o] 252 A|xZute] FEuboe & JFS 1l
|31 A|izEte] Aol e iRt o] 2-0] wWolX]
Al =HH A7 EEo e FoFS u|A At aE0
2 A == AT HYTA = A
of S7V7F AlEe et avE S7HAZIU 9 o]
O 2 o] ZFwrt Skt M7 HEET) B A
71t @3] A+t 83E TAAI7IA Hot
(Saraiva 5, 1996; Vega—Mercado <, 1996). u}}A]
A1350] Algtof QlofA] o]9] ¢fo] tEfFor EAY
Sh= LHES] Al T2 At At st |
oh 5 A o 9] LAEE Aat Bt ¢
FZ nR| A Hrt. A Aol mEH AF0] 27
LAETL At S FeAlol g =2 Q)
A 27] LAETE EO0H AP X7 QP&
A fHot bajm, AFEEE Ash=s ZoR B
%327 9Jth(Son} Shin, 2008). wlala] AlZL o}
= o 7Fsetet @ dol HA| b= eHEstollA Al
= OF = Ao A4t 344 583 =Y = 3
o

10 o2 Ne N, ool

2 ox

LAY HA A7 AlF Aatollo] A8 A+
= Atof| oJafjA XY= AL Qlrt.
PEFQ] 2]379] A4t 2182 Z7|de L8lA] =2
O] FA AlEE ez 3] AR
gk AFE ARt & Sho| A5 A
WFe] A7} o]FojF o, o] I}
, Hh(liquid egg), stimulate milk ultrafiltrate
(SMUF) 53} 22 A& Fof gt -+ Axt
7} 2%l tHDunny} Pearlman, 1987; Grahl %,
1992; Sitzmann, 1995). ©]% @50l e Ztjsto]
A AZEARR} A A A At RS e #llA] 5=

et
P
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2
o
2
1

ol

>
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=2

To

[» > N do
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[e]
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2> PEF 45t 215 A|2fste] AlAkS dAlshsl e
1, PurePulse Technologies 3]AF= 3,000~8,000 L/
ho] A& At o] AL A A& ete]
ol 2H(liquid egg) 2] A2 AAJ517] = 513 tH(Shin
3} Pyun, 2000). Park -5-(2012)3} Shin 5-(2010)¢]]
2]} 2000~20010 ©. 2 PEFo]| 2]t 213 o] A
2 AEF AX T AR AN 5O WA
Foll thgh &go] 2 o]Fojz Ao E By
itk 18jal &2 A7) o] Fo 7 3 FA9
Abof o] A5 F3l 27 At 240 o) At
FAO| 933 A5 WA (-5 VIS 2=
o]y A9 AYAato] 7hssE Ao R LERT
A FA o]QJof| e oA, -7, T, AE, &
AR QA Aato] 7Hse AoR HAE Il
Ao} oo Tt AA|A dlo|E= HalER] kil
QIth 2010 o] 9] PEFQ] A]Z-0] A4t A8 A+
5 AH B Table 104 H= vfe} o] o}&]7}%]
= FE Y AL of ] AL ZH2 oAF AR
F2 ZLEa Qo ojde] At vt v
3§50l L2 A AEo] 25 o] & Wi
9] Aol A= AR (smoothie)t} &3 =49}
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Table 1, High voltage pulsed electric field processing to inactivation of microorganisms in foods

Food type Target microorganisms Processing conditions Inactivation results References

untreated smoothies spoil-
age after 8 day, treated
smoothie spoilage after 18

Apple—strawberry— PEF continuous flow

banana smoothie

Yeast & molds Timmermans 5-(2016)

system

day at 4T

Apple juice E. coli K12

PEF in combination
with high intensity light
pulses

5 log reduction

Caminiti 5-(2011)

Strawberry, apple, and E. coli O157:H7,

pear juices

HVPEF combined with

S. enteritidis, L. monocytogenes natural antimicrobials

> 5 log reduction

Timmermans 5-(2014)

Infant milk formula Cronobacter sakazaki

15 kV/em, 3,000 pulses

4.4 log reduciton

Pina—Pérez 5(2013)

Tangor juice powder  Aerobe, yeast/mold, coliform

16 kV/em, 70C, 100
kJ/L

3.9, 4.3, 0.9 log reduction

Lee 5(2018)

Dried blueberries native microorganisms

2 kV/em

5 log reduction

Yu 5(2017)

E. coli, Sal. Typhimurium,

12.5 kV/em~90 kV/

0.1 log ~ 6.2 log reduc-

O jui Buckow 5-(201
range juices yeast & molds cm, 4 ps~1000us tion uckow 52013)
1 kV/em~35 kV,
Fruit and vegetable juice Enzyme éc()rré 3850 C fem. 50%~90% inactivation ~ Mannozzi 5-(2019)
- . 2.2 kV/em~13.2 kV/ , Rezaeimotlagh &
Cranberry juice E. coil om 6.57 log reduction (2018)
High solid protein solu- 32 kV, 7L/h, 150
1871 SOAC protetn soli Listeria innocua fem, TL/h, 5.7 log reduction Schottroff 5-(2020)
tion kl/kg

Acid whey concentrate native microorganisms

39 kV/em~95 kV/cm,
1~4Hz, 1~100 pulse,
9us~50us

(1.8 log reduction

Simonis 5(2019)

PEF in combination SO,

Red wine Brettanomyces bruxellensis ~ and HPP, 30 kV/cm, 5.2 log reduction van Wyk $(2018)
{1kHz
20 k I
Raw chicken Campylobacter jejuni 02 Ol/;z’sjgv?;ie’ 1.9 log reduction Clemente 5-(2020)

Sk 24 ¥3} 5ol
(Table 2). SEA|3E

g 1 Fro 2

Ao 7} giet.

2 A7)0l Mlae] Alauls mha|stel APES o
A Z el »ZHOF
& AJES Al ﬂ?n FESHAL Al Y 8
X 88 o] tf
°4€L7M S0 28] o] FojA|aL Qi
At 0]9]9] A-8-2 1980

o 7]: Al 7)12RS 2 85} o]

1)

%E 2247 2

Z7H71E

O

K r°*'

e B 271
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dhat A7t ool gk
SIAER E I E X
A ol 7HAAL Sl AlEERA] A7]9] Ao]
;(—]o}- ,rl

CHRogob, 1988)2}=

=4 52
o of 20} olgel 52
2015; Gachvska &,

NEQ] Az AH e 2

Sub Al o= R E £ FEHE 52 &
AT A7t Bag ol
T, AL GORRE FA0 88 ol A
T OITOWEP 2|29 AtollA= A, A
=of 2§ o] PEF 21943} A=
4S5 gl ov(Barba 5,
2010), F7gell Hagt ouA]
= 10% o Aok 4= gl Zle® HiuE1 gl
71 %= &}cH(Ferreira 5, 2019). LAY HA A7 A
485k ol Ak soluy



Table 2, Other application of high voltage pulsed electric field processing in foods

Application Sample foods Processing condition Application results References
th ins fr d
anfhiocyanins from re 2.5 kV/ecm 2.15 time yied increase Gachovska 5-(2010)
cabbage
) sugar form sugar beet 670 V/cm, 250 us 2.34 time yield increase Barba 5-(2015)
Extraction

inulin from chicory

100~600 V/cm

yield increase Loginova 5(2010)

20 % increase, 10% energy

grape fruit 6 kV/cm, 8.3 kl/kg i Ferreira 5(2019)
saving
. tioxidant activity 10.5% .
Bioactive com- pine nut 5~20 kV/em, 2400 Hz antiox a‘;;;sv:y ¢ Liang 5(2017)
pounds recovery/ onoid - roal L o R
o carotenoid from microal- , uengo?} Raso
activation . 5~20 kV/cm, 75 ps~40 80
gae bioproducts /em, 75 ps~40 ms % improve recovery (2017)
. reduce drying time from 17 to  Astrain—Redin &
h 1k 2 28 kl/k
_ spanish sausage V/em, 200 ps, 28 kl/kg 9-10 day (2019)
1]
clydration carrot 0.6 kV/cm, 0.1's decrease drying time 33%—55% Liu 5(2020)
blueberries 2 kV/cm, decrease drying time 33%-43% Yu 5(2017)

. wheat seeds
Pre—sowing seed

2~6 kV/cm, 20~50 pulse

increase water uptake,

. . Ahmed 5(2020)
germination ratio

treatment

0.125 kV/em~0.15 kV/cm,

Starodubtseva &

wheat seed 40~50 ps, total 4  treatment increase gemination ratio (2018)
Meat processing beef loin 5, 10 kV/em, 20, 50, 90 Hz increase tenderness Bekhit £(2014)
d trogradation ten-
Bakery process starch {10 kV/cm eerease re d:nff; ation fen Zhu (2018)
I 9led), Jalté 5(2009) Axel o 2%

= FA1xY
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2 4= 9= Ao 2 X159 tHAstrain-Redin 5,
2019). E3F Folt BRI 2L o] 7
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