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Pulsed electric field pasteurization of mandarin and carrot juices

Seung Jo Lee, Hyuk Joon Choi', and Sea Cheol Min*

Department of Food Science and Technology, Seoul Women'’s University
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Abstract Effects of pulsed electric field (PEF) processing on growth inhibition of indigenous aerobic microorganisms and
the quality of mandarin and carrot juices were investigated. Mandarin juice was PEF-treated at 15-23 kV/em for 23-241
s, whereas carrot juice was treated at 13-14 kV/cm for 127-198 s. At 25°C (inlet temperature), PEF treatments at 23 kV/
cm for 104 pus and 14 kV/em for 198 ps reduced the numbers of total mesophilic aerobes by 6.3+0.8 and 5.5+0.9 log
CFU/mL in mandarin juice and carrot juice, respectively. Elevation of inlet temperature to 40°C increased the reduction
rates in both juices. In general, the treatments resulting in the highest microbial inhibition at 25 and 40°C did not alter
the physicochemical and nutritional properties of both juices (p>0.05). PEF is a feasible technology to pasteurize mandarin
and carrot juices commercially, with minimal quality deterioration.
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N B

o
rlo
i)
gg

]. /\Io] /\40
EFJrHLOI‘: 5

[e]

i Fr1EY 2
=2k FlRE ol T
ATHD). o)H" 7ol
E]‘Ooh?l' QRS0 TRFEZ 7HFS 7}
HARE FEEA ANEATH). B2

& A%l fES ARS OF
BRSO B FAS iy

o2 of
3

¥3kalar

ol

o
0 ¢ o 2

<

oy £ o gy

H
oL
N
N

T
i

T

nglr' [~ ofd rr o x
Tf

X0 R AN

th2).

Fo AF ALY R AR A
g o147 71 Aol F2 AHEET
A 2 thgke] o) Z=Ag 99 v, A W
st ) 2, 28T AR e 34 F40) »3
Aol FFgS = F UvkS). A2 FAF LR Fvet dugi
7F fAE 2EFE A FAF "Mﬂ st AvREe] 847
SVl wet 71E 7HE bt S g A A2 A Ve
o] &ks] AE L 91\:}(6,7).

A 2477 (pulsed electric field, PEF) *2]& H]7}d A
o 71 A 2 AE U d 9L HAae EFo= )
U= QITE PEF XEe 2F 79 BE o] Hke &7H

4 ox,

a8 s
-2y 7t

*Corresponding author: Sea Cheol Min, Department of Food Sci-
ence and Technology, Seoul Women’s University, Seoul 01797,
Korea

Tel: +82-2-970-5635

Fax: +82-2-970-5977

E-mail: smin@swu.ac.kr

Received March 30, 2017; revised May 13, 2017;

accepted May 15, 2017

408

07 AF o wH &
7199 48 do

2 Fol EAlStE VAES] AxEe| H
u &S A A17Itk®). Altuntas 5(9)
< 30kViem (A71% M71)-131ps (H2] A17H2] PEF A2 E o]
L31o] Ay F2o| HEH Escherichia coli O157:H7, Salmonella
aureus, Listeria monocytogeness X3t 789 2554 3.2-6.6
log CFU/mL AaiAZ T B84t} Saldaa S(10)S Ala) 3
25 25kV/iem-78.5 puse] PEF 2722 Azt 6.0 log CFU/
mL®] E coli O157:H7S ABIAIZ L, Milani 5(11)> 952 =
Foll HEFE Saccharomyces cerevisiaeS 45 kV/em-70 uysZ PEF
A2ske] 0222 log CFUMLE As|A AT Bgk vp Qo)
Min 5(3,12)2 FHE 1% (commercial scale)?] PEF “gH]E A}
£3ko] 40kV/em-928}F 57 ps®] PEF ZZoA oA Fagl E
nlE 22 o] B3 nAES 6 log CFUML 1% ASAI AL,
Jin $(13) %2F8 PEF S o]&3l] AF{ FAZ 36kViem-
T2us 2702 st 5 log CFUML ©14+2] E coli 35218%
A& skt
A& A

FH2 lfellre ddd

>

T2 o|A+e] PEF AH|E o]
7 ATt HPE A ‘OLP ofF] o5 o] & F i+t
A7t B Aot b B Ao BALS =4F o
29] 7Hg F2a9t g2 FAE BdEl 29| PEF AYS
o) 4-3te] AFEEA A AT AL AAIZL, A FA9)
A3 H7 20N AgE F229 FEE vwsle] PEFR 4
H F29 H7ksh= et

3T

=y

2

3t
L
= 2
F2

o
#2e

=] n{u O £

= 20
T

-

T

X

F

71-%34_ 928 2 T i__,%g]_oq xﬂzfﬂ. 60°BX-°4 71—%

= 1w T o

FZ(Ilhae Co., Itd., Jeju, Korea)Z} 35°BxS] G T2 &



PEFE o]&-3t

N (llhae Co., Ltd.y& —20°C °lstllA] Y& #7431%93L, PEF A
g F2 FEA 92 2 NS 747 13 TBx
=

=
4 ZReE ANstel 724 AR st

=
e
|

A
ul
=

2

[¢]

PEF ZH|

PEF ZH](HVP 5 elea, DIL, Quakenbrueck, Germany)<= 5
kWe 2 7|9 AL M AW, a=|3 X8 vaE
o] 7+ JIEFo]AR FdEo] Utk A W= colinear FEE
A ZEQlEla 28E FolY, 10mme] A= 7+ (gap distance)
< 73 Ut} "2-o] FEl= bipolar square wave(14)°]th Al
& 9% HE(H-07553-70, Cole-Parmer Instrument Co., Vernon
Hills, IL, USA)E °]&3te] A7 30Le] f502 SR,
AZE7F olFsks A 10 mm)S 27429} 45+1°CE A3 &
25z FHAA AR FY 2EE 254291 40+2°CE -3}
Atk A& e WEToA wiEEe AR 28 718
(Center 305, Shanghai Total Meter Co. Ltd., Shanghai, China)<
2 Z2A39Y. a8 AgE F2E A ¥4 FEGOmL
Conical tube, SPL Co., Pocheon, Korea)oll ¥+ F(30mL) B2
A3 F(1-3°C)7F B ofolzukiag o] Al A WZIAZ T

EZ OlME XN&l A
PEF Azl o3t 7Ha F29} B2 T2 U9 T2 3714 Al
o7 a2 2 FFol] A=E =AMt PEF A A @&
F2ol FF F2AE 25°Ce] B]F7](VS1203P1, Vision Scientific
Co., Bucheon, Korea)ollA] 3-5¢7+ Wx]ste] B2l mjAES 52
AZATH6.6-7.0 log CFU/mML). #gd F22& 25°CE FY3t 15-
23 kV/eme] A7 A712 23211 ps®] AlZF <t PEF x2]813)
3, B F2E 25°CE FYstY 14kvViemZ 170-198 pus Bt
Ag)steitt. T2 9] 2o A G g dgE B
3l7) flste] 2 e B F29 2EE A7) AEs WY
< T3l 400cE - o] F AE FAE 20kViemE
13 kV/em® 124 ps 52 A

129 ps FF AU, G2 FoE

getdth g F29f F2 F229] A7]A =% (electric conduc-
tivity= ZH2F 0394 0.70 S/melAL, 7 F28] AFe A F
A A7} (dielectric breakdown)7} doJuA] gfom g & F2
o] F2o] 77t 629 65°CE dA W= ZZolA o]FoRrh

T

a1

F2u0h

ekt

S T 409

PEF A2je] A71E hehhs
= thew 7o) ARSI,

HEQ oA H = (specific energy)

EIEE ‘?alE(kJ/LF% «VxIxt
7)ol me& F29] By(L), VE ANV, IE AF A=),
a3 & AP A7kps)elth B Aol AR A ZAE

[e]

S 2 HE Table 19 YERAAT

H]x8] F29} PEF A8 F2E a9 0.1% (ww) HEFE
84 & A9 F(plate count agar, PCAMIA| S} TAPEEF-F-
(potato dextrose agar, PDAMIA|o| Ho=2 3} 3 oH--Fu)
Ao} AAZE G T A= 22 37°Col|lA] 1297 28] 25°C
oA 3-5U7F WG AL vl & ko] AN F2 57143
Az 28 2 F3ol5 ATt HaeT, TAEEGT,
8] $1ES+= Difco Laboratories (Detroit, MI, USA)IA 7Y

M OEX
= =

T2 3mLE AELHAMWUA 35mmyel] F2 FE AT
LHEL T AAAMinolta Chroma Meter CR-400, Minolta

Camera Co., Osaka, Japan)S ©]-8-3}] F£29] Hunter L (light-
ness, =), a (redness, 4 T), b (yellowness, FN )5 A3}
Atk AxHAlE EF MATHL=94.11, a=-0.62, b=321)2.Z X
A3t

F2=0] AWEE Zhou 5(15)2] ¥l o} SAATE A=
= YAE217](Supra 22k, Hanil Science Industrial Co., Gangne-
ung, Korea)S ©]&-3td 4°CollA] 10,000xg= 203 & Uil
a3, #elE AEAE 045 um FAF] HE(6750-2504, What-
man Co., Piscataway, NJ, USA)Z o]3}sle] B4 A|g5 FH|s}h
At ZdWEs EFEEA(X-ma 1000, Human Co., Seoul,
Korea)E ©]&3t 420nme] pgollA S48 FHEEY o=

e,

(=13

=
ol
=

H
o

7

X
tRe F=A(PAL-1, ATAGO, Tokyo, Japan)S
133, pHE ¥ollo] X v e (FiveEasyTM Plus, Met-

A

©

o

fr
i o

<)

e ot

o

P
2

_I
ol

Table 1. Parameters of pulsed electric field (PEF) treatment applied to mandarin and carrot juices

Inlet Electric field . .
Sample” temperature strength Pulse width Frequency Totz?l treatment Spec1lf{'1c/ energy Terppegature Flow rate (L/h)
C) (kV/em) (us) (Hz) time (us) (kJ/L) rise (°C)
15 3 10 45 23 3
80 241 160 21
’ " 15 23 26 4
25 50 113 164 21
Mandarin juice
45 85 163 23
23 20 50 94 189 26
55 104 211 29 30
40 20 20 40 75 129 21
60 170 220 32
. 25 14 30 65 184 239 35
Carrot juice 70 198 258 38
40 13 30 45 127 141 24

YElectric conductivity values for mandarin and carrot juice are 0.40 and 0.74 S/m, respectively.
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grel & Z®7](JS0S-500, JS Research Inc., Gongju, Korea)s
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22 20 uLelSlaL, UV-Vis A& 71(G1315B, Agilent Technologies)
o]8-3ted 450 nme] IFA wlElIZES AESIATE A9
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MA, USAYS AME3I93, 4 2= dY QE(GI316A, Agilent
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Z(vitamin C equivalent, VCE)Zt2 & yYeRHATE. DPPHE
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& SPSS (Ver. 23, SPSS Inc., Chicago, IL, USA)S ©]&3}o]
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Table 2. Effects of pulsed electric field (PEF) treatments on the inhibition of total mesophilic aerobes and yeast and molds of mandarin

and carrot juices

PEF treatment condition" Microbial reduction (Log CFU/mL)
Sample E t W
inlet spec ili
“C) (kV/em) (us) (kj/i) Total mesophilic aerobes Yeast and molds
15 45 23 0.2+0.27 0.1£0.04"
241 160 1.1£0.3¢ 0.9+0.1¢
21 23 26 0.4£0.4" 0.4+0.2¢"
25 113 164 1.5+£0.4° 1.1+0.38
Mandarin juice f
85 163 4.6+0.1%¢ 2.8+0.1
23 94 189 5.440.5% 3.540.3¢
104 211 6.3+0.8® 4.4+0.1%
40 20 75 129 >6.7+0.1%est.”) >6.6+0.1% est.
170 220 3.9+0.4¢ 3.8+0.1%
o 25 14 184 239 5.0£1.1%¢ 4.8+0.9>
Carrot juice 198 258 5.5£0.9% 54:0.6°
40 13 127 141 >6.6+0.4" est. >6.5+0.2%est.
T, .» E, t, and W___ are inlet temperature, electric field strength, total treatment time, and specific energy, respectively.

inlet> spec

IValues w1th different letter superscripts in each column are significantly different each other at p<0.05.
JMnhibition resulting in no colony formation on the plates (detection limit: 1 CFU/mL)

Table 3. Effects of optimum pulsed electric field (PEF) treatments at inlet temperatures of 25 and 40°C on the color, browning index
(BI), total soluble solids content (TSS), and pH of fresh mandarin and carrot juices

Color BI (Absorbance
)] 0
Sample L ) 5 at 420 nm) TSS (%) pH

Untreated 39.35+0.43% 0.57+£0.16* 16.60£0.30® 0.62+0.03* 11.15+0.09* 3.78+0.04*
Mandarin juice ~ PEF treated at 25°C 39.56+0.32° 0.43+0.24® 16.75+0.20* 0.62+0.03* 11.13+0.10° 3.79+0.03*
PEF treated at 40°C 39.43+0.49° 0.40£0.22° 16.51£0.17° 0.64+0.03* 11.10+0.06 3.76+0.04*
Untreated 34.90+0.36" 12.52+0.32° 12.88+0.25 0.46+0.04* 7.07+0.15 4.78+0.15°
Carrot juice PEF treated at 25°C 34.88+0.31° 12.55+0.20° 12.93+0.13° 0.47+0.04* 7.05+0.15 4.79+0.09°
PEF treated at 40°C 35.06+0.35 12.38+0.23° 12.82+0.18° 0.50+0.03* 7.06+0.04° 4.73+0.17°

"The values for electric field strength and total treatment time at the optimum treatments were 23 kV/cm-104 ps and 20 kV/cm-75 ps for the
treatments of mandarin juice at 25 and 40°C and 14 kV/ecm-198 us and 13 kV/em-127 ps for the treatments of carrot juice at 25 and 40°C

respectively.

DValues with different letter superscripts in each column are significantly different each other at p<0.05.
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F(IO)L:_
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25°C(°3=> PEF AH2)olA 7k F29) g F2
cm-104 pse}t 14 kV/iem-198 us= A4 =
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vy BusEA =

ol ol Z9XS kxR
A BIHE 71FoE HAH A7IS A

AL, T4

= H =
747k 23 kV/
25 40°C(F

AR 39
Z

2 PEF 2ol 2kt 20 kV/iem-75 us$t 13 kV/iem-127 ps= 2
AUt 478E 42 PEF A9 52 PEF A= 1= =



412 B2 Z 3 88] %] Al 49 W A 4 5 (2017)

80

MJ_Untreated
MJ_PEF treated at 25°C
MJ_PEF treated at 40°C
CJ_Untreated
CJ_PEF treated at 25°C
CJ_PEF treated at 40°C

60 -

40 -

20

Vitamin C concentration (mg/100 mL)

Mandarin juice (MJ) Carrot juice (CJ)

Fig. 1. Effects of the optimum PEF treatment on the
concentration of vitamin C in fresh mandarin and carrot juices.
The values for electric field strength and total treatment time at the
optimum treatments were 23 kV/cm-104 ps and 20 kV/cm-75 s for
the treatments of mandarin juice at 25 and 40°C and 14 kV/cm-
198 us and 13 kV/em-127 ps for the treatments of carrot juice at 25
and 40°C respectively. Values with different letters are significantly
different each other at p<0.05.

9} g F2 Y AlF5E 50 CFUML ©lskz Asisldch. 2%
4 HAE 7R - zH F229] Mt & 4 712(100 CFU/
mL 0|3} olate] B2 (25), o] A B Aelr AMgE e
PEF X2] & 7 AANE 2702 g T2 2 F
AEet ol FLE AYHoE Adetet Asithe
HojFrh

P
o ru[m

Ay ebm 2|7 pH

2F& PEF AE|9} 52 PEF A7} 1hag F29) 3 F29]
Ao nRE 9GS Table 39 YERNSITH A PEF A7 2
T PEF A F g Fach 9 20 AL AR wel
A FUTHp>0.05). © F& PEF e 7+ F29 AR ()
E fojgoz ZHAAZTHp<0.05) (Table 3). A7 Al719t 22
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o

(A) 1 Untreated
[ PEF treated at 25°C
I PEF treated at 40°C

a

H o
()

Total carotenoid concentration (mg BCE/100 mL)

Carrot juice

AlZbel| wEt #HAF T2 W N TR =)= o] FFtol
Ueldths 22268 EkS o & A7 52 PEF A7t
& F20 A4S v 7lRH s FEE AAAFE Fe
AlgEh

A PEF X7 ¥ =& PEF g 7+gd F29) g =29
AWM EE= vAE 29 Hlaste] {941 xfolE HolA| sk
THp>0.05) (Table 3). Cortes 5(27)3 Akmn3} Evrendilek(28)=
PEF A& T2 A5 ZAHE7 vHXE] A8¢] ZHEse} v
skl 717 Al71eE 2] A7kl #AIglo]l 5279 olE B
oA ki BTl £ Aol AR A2 PEF ]
9 F& PEF Afe= F29 ZA¥Ed] S VXA &ttt

732 PEF z%ﬂ]ﬁ} & PEF A7} 7 F229 g 29
F= 2 pHell v]X+= Y2 Table 39 YeEMRTE 442 PEF
Agl9}t T2 PEF M= g 29 9 F29 ¥= 3 pH
2 93N 71A ZUTHp>0.05). PEF A&7} F22¢] GE9} pHol
FEE vAA] e HA A FA9 BEvlE F2o) gish
PEF Ag] dA7olXE Bi7t =HJTH3,14).

HIEIRI C &%
42 PEF AE|9} 52 PEF A7t g7 29 32 F229
16}“1 C F=° "X 9= Fig 19 UYebiSdt) HiAe] 2
F2ol g Fo) v C %7t 712} 51.243.13 7.6+£0.6
mg/lOO mLo|9E W 42 T & PEF 8] & vglHl ¢ &
TE fojrow wakx] eshth(p>0.05) (Fig. 1). Xiang S(4)

FZ FAE 25 kV/iem-144.6 ps= PEF A 319S o, BIEb C
TErh WA goktta Bysieit HlEl ce G ¥izkele

7hgel me E4dol e 4 )leU(), PEF A2 & T*«]
5&11 F22 65°C olate]al, 2 &AM B3 F 2
Hoptb vl2 dSWE Yzto] Hug, Fid E
3lglo}] F2 ) HEl C 7 folFow ’:@EM
oz io]\;],. 1:1:5]_ H]E]_U = }\]—k]oﬂ}\-] 0}766} 7—]0 E
A=w(29), A F229 G2 F29] pH7F ¢F 452 Qg A
S Awsted M F vlERl ¢ £4do] J8 F= 9l
Zolth, HIE] Co ¥ dd AF 24S A9r] fs A
odx] F2o B C FEE HA 25mg/l100 mLo] ¥
3h3,30). B AT AL PEFSF & PEF A2 & 7H& F
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Fig. 2. Effects of optimum PEF treatment on the concentrations of total carotenoid (A) and B-carotene (B) in fresh carrot juice. The
values for electric field strength and total treatment time at the optimum treatments were 14 kV/ecm-198 pus and 13 kV/em-127 ps for the
treatments of carrot juice at 25 and 40°C respectively. Values with different letters are significantly different each other at p<0.05.
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Fig. 3. Effects of optimum PEF treatment on the vitamin C
equivalent antioxidant capacity (VCEAC) of fresh mandarin
and carrot juices. The values for electric field strength and total
treatment time at the optimum treatments were 23 kV/cm-104 ps and
20 kV/em-75 ps for the treatments of mandarin juice at 25 and 40°C
and 14 kV/cm-198 ps and 13 kV/ecm-127 ps for the treatments of
carrot juice at 25 and 40°C respectively. Values with different letters
are significantly different each other at p<0.05.

Y HElR ¢ FE } 747} 49.1+3.99}F 48.5+2.9 mg/100 mLe] L
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%(6.6+03 mg BCE/100 mL)$} WEFIZEl %%(5.4+0.1 mg/100
mL)ol FEFS FA] UTHp>0.05) (Fig. 2). Torregrosa 5(26)3}
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