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Quality Changes and Pasteurization Effects of Citrus Fruit Juice
by High Voltage Pulsed Electric Fields (PEF) treatment

Kyung-Tack Kim*, Sung-Soo Kim, Hee-Do Hong, Sang-Do Ha' and Young-Chun Lee'

Korea Food Research Institute
'Department of Food Science and Technology, Chung Ang University

A non-thermal pasteurization technology, high Pulsed Electric Field (PEF) has been thought to be a new
alternative processing technology instead of heating. The objective of this study was to examine and compare the
effect of PEF and High Temperature Short Time (HTST) treatments on the physicochemical, microbiological and
sensory characteristics of citrus juices. Total sugar and titratable acidity values of fresh citrus juice and two
treatments were not significantly different each other at P<0.05. The concentration of vitamin C in fresh citrus
Jjuice (31.2+0.59 mg%) was not significantly different with the value of PEF treatment (29.41+0.75 mg%) but
was significantly higher than the value of HTST treatment (27.41+0.75 mg%). The color values (L, a, and b) in
PEF treatment were significantly lower than the fresh citrus juice, but were higher than the values of HTST
treatment. Both total bacterial cell counts (6.6510.08 log,,(cfu/mL)) and yeast counts (7.79£0.07 log,,(cfu/mL))
in fresh citrus juice were significantly reduced by PEF (1.39 £0.14, 2.42 0.1 log,,(ctu/mL)) as well as HTST
treatment (0, 0). PE activity of fresh citrus juice (1.3 £0.12 units/mL) was significantly reduced by PEF
treatment (0.11 £0.01 units/mL) and was totally inactivated by HTST treatment. Sensory evaluation scores in
flavor, taste and overall acceptability between the fresh and PEF treated citrus juices (7.2~7.5) were not
significantly different but the values of HTST treatment (5.1~5.8) were lower than others. Consequently, PEF
treatment is thought to be a good alternative pasteurization method for fresh citrus juice to HTST treatment due
to its strong pasteurization effect, reduced destruction of nutrients and good sensory characteristics.
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636 g2 £.3181 8] 7

AN A% A2 7151 el 71ZATEA PEFA
2, haAE L AT olsketd B4, AR dwd
32 WEEAS M 2AEA S

Mz o Uy

nEet

4 AM T | EHPEF) &K

o] FAEE Fig. 13 2o A A PEFY] A& power
supply, capacitor, diode, thyratron, transformer, inductance,
treatment chamber, pulse generator=Z A% o] Ut} &
g &7 15kW, ZEARF G2 20Ky, E& At
20k, & AFE 500A, B2 L 5y, B& FoEes
300 Hz, B2~ e]= square wave, 27 chamber®| *]2]-&
FE 201010 chamber S7F 7H4-2 5 mmo| ATt

HEFA M2l =

AT e3ALE AlFAA Y3t & AFste] 7HY S
F2718 olg3) FES T viE AH3ld PEF A7 2 95°C
7FE* 2] (High Temperature Short Time, HTST)aF3t}. 214
g2 H8-9 PEFY MEE7L 40kViem, B2 2
S5us, & F¥ 758/mL, B2 HEl= square wave pulse,
PEF A F232 10L°|%3 PEF Xz F249 2x&=
35°Co)st2 A3t HTST AE 95°ClA 30% E<t
71438t

High frequency inverter

I
=
B AT AT LAY B2 AIHEPER) WA AA

Al 35E A 4 Z (2003)

ZFFE2 Alg 25mLS F3ke] 0.1 N NaOH=Z pH 847t
g w7x HAste] ol =¥ 0.1 N NaOHEH9] mL
o P AIF 6.7 mgE F3H AR 100 mLell HE F
o2 st A4 A="E JERiATH

HYMNE &3

Z3S Phenol-sulfuric acidB®o]] we} th&3 o] &3
St 2 A8 5mLE H3te] 2,0008 34T & o34
3 AEE 1mLE AgFe &7]3 5%(W/W) phenol £

B

AL E 24381900 glucoseZ HFFOE 3l 2 A
F THo2RE o] FFE FEATL

= AE 1mLE F3 5% metaphosphoric
acetic acid 292 #7}8l waring blenderdlA] oF 1E7 &
3t @d3A 7 F o338l 5% metaphosphoric acetic acid
g0z 100mL7t =A g8k oA 2mLE AFE
o &} 2,6-dichlorophenol indophenol§-8-& Hi-g Hoj
wy wahlg 8913t & HPO,-thiouread- 2mLE 7}k
2,4-dinitro phenyl hydrazine§% 1mLE 78t 37°CoA
3AIZE RIS 5 oAl S R AR jhg e
85% H,S0,&% 5mLE AA3] 7Fete] 2 E3etal HLol

High-voltage

1 t
transformer & Rectifier HY pulse generator

Thyratron drive

\

Sensed V, I
inverter OFF
signal

Inverter-IGBT]
drive circuit
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display
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Fig 1. Block diagram of pulsed electric field (PEF) treatment system.



WA B2 WG Aol o AEFe FAs 637

st 520 nmol|l Al B33

F BRAEAE %
I

2]2L L-ascorbic acid® 5% metaphospho-

ric acetic acid &0 =< AL FFLAoT sl Qe ¢
S wlog FEIAS ZAste] Hel C FEOE AL
BT,

Mz £

A 2} Al (Color and Color Difference Meter, Yasuda Seiki
Co. JapamyZ ©|-&3t LOAE), a@FA %), b@EAE)po =
Yehf oot olm) ARES EFE wame) L, a, b3S zb7t
100, —0.01, 0.00°]31t}.

OdE #+ &8

WA PR we 27

RT

—

nAE 5 Eo)7] 98t Al
e AU wieFsted 48 %0 &R 15 (Saccharomyses
cerevisiae KFRI 7039)3 M| 2% (Escherichia coli KFRI
00272, Bacillus subtilis KCTC 3135) uj -8 FHgF2o
g3l ZEFaF 27 AFFE 45X10° cfw/mL, &2
T5 64X107 cfumL7t HE=F 57@ At = AaFe
Petrifilm™ acrobic count(PCA, 3M) HMiA % 37°C, 2447} H
3l 1, EEE Petrifilm™ yeast and mold count(PYMC)
WA 2 o] &3l 21-25°C FadA 3~5Y F ARFE 27
AT, v #5e log, (CFURLE YERHZIoH,
SAS EAIAE T2 version 8.01'%] $l= GLM proce-
dure®] PDiff optiono]l &3} 43 % least square mean sepa-
ration HPel 28] BAHoH, BE EAXEY {9
P<0.05 HelelA dsgsiet.

Pectinesterase(PE) &4 &3

@) zAYE 72FF29) pectinesterase(PE) B843} A&
ZAFE7) f8ked Kimball®? Wel] &4842 A8t
%, 2mLe] AIEE 100 mLe} V]o]H el 78]al o)7]e] 25 mL
9] 0.15M sodium chloride®} 1 mM sodium azideol] &3H¢gh
1% He71d 8.8 78Rt o] A& wRkstHA] 02N

NaOHZ pH 7.57F %% % of7]¢] 0005 N NaOHE

05mL 7Fll pH7Y 75714 HEoleed Zie AHE &
Baiol PE B4E AN, BADA 190 2454
ZAGM B 1umole®] carboxyl groupsS FAI7IE &
Ao g e
mL NaOH)X (Normality of N
PE (units/mLy= - NeOH) X (Normality of NaOF) )

(Time)X (mL Sample)

i 2

7189l £H2 dynamic headspace™ el W} Purge
and Trap system$! Tekmar LSC 2000(Tekmar, USAYS A&
stk AlEH (55 mm 0.D.X 120 mm)ell #&FF2 10gS #
3t AL purgingstdA VRS FEEATH oW
mount, bottom, valve®} lines 7+ FE2o 2%F EF 100°C
2 7A3G}. Purging gasEZAE 30 psid] AAE B9 50
mLE 438 40°C water bath’dollA] 3027 purgingdtel
Tenex-GC(poly of 2,6-diphenyl-p-phenyl oxide)”} &+

Table 1. Operating conditions of gas chromatography (GC) for
flavor analysis

Instrument Hewlett-Packard 5890

Columm FFAP (60 m X 0.32 mum)

Oven temp. 35°C (5 min) ~1.5°C/min, ~220°C (20 min)
Injector temp. 230°C

Split ratio 1:30

Make-up gas He, 25 mL/min.

Detector temp.  250°C

Detector FID

Table 2. Operating conditions of mass spectrometer (MS) used
for the identification of flavor compounds

Instrument: HP 5972 mass selective detector
Setup source
1) Electron voltage: 70 eV
2) Resolution: 0.05 amu
Setup scan
1) Mass range: 50~300 m/e
2) Scan speed: 1 second per decade
Data handling system
1) Computer system: Sun operating system Ver. 3.60
2) Library: Wileynbs (National Bureau of Standard, USA)

FA2H(12"X 18" stainless steel)l] 7)1 ES FABIATE F
2 & R AASE] st dry purges

Fabd g)QRS gaAr) Yste] FEEE 50°C]
A eu]7 g sl 180°CllA 3R M E d
Purge’} ¢8E Fol| trap Wl ol e HIFHELS Al
A7) $8ked 250°C A 3087 conditioning AFTH #
o] AF7eAE WAE] SlEted gk o] gk

d AE= &in

59 AEHe o HF £ 130°C 73_ 71 A=A A 2
A Ro] gles FsHoR IRIG § ARSI HEF
29 Fr|IRL B3] A% gas chromatography(GC)«]
=

3 7)1 BES TA8L7] 9I5te] gas chromatograph/mass
spectrometer(GC/MS)E AHE-8l] E-A13151 T GCollX MS=
158 =Ysl7] $1%F interface 2EE 250°CE MR ol
AFe3 MSS] Z&EAL Table 294 Z2th 8|3 #FF A
7vel] whe} GC9F MS chromatogram’de] 7148 A 7t
7+ pEsiglon F7)4Re] $42 Wileynbs Library®] spec-
trum¥} ¥)sfed Elsict.

o

=TI}
PEFS} 7haA o) ojgh FhaFael AedAE fste] A

7, g, B aE)a F9E 71EEe] Hske] 5

g 7155 AAE AAEth EHY Ased 258 A

slel Mz, o] 22 stel Wi

wog, FTHP4 VieE 9 7]

th WA 2e

Rom ALk ey
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Table 3. Changes in titrable acidity, total sugar and vitamin C
of citrus juice treated by PEF® and HTST? treatments

Table 5. Changes in viable microorganisms counts of PEF" and
HTST? treated citrus juices

Sterilization ~ Titrable acidity ~ Total sugar Vitamin C
method (%) (%) (mg%)
Raw citrus juice  0.224+0.01 8.8+033 31.2+0.59°
Citrus juice b
ireated by PEF 022£0.01 92405 29.4+0.75
Citrus juice c
treated by HTST 0.221+0.02 8.810.16 274+0.96

*“*Means with the same letter are not significantly different (p<0.05).
YPEF: high pulsed electric field treatment.
PHTST: high temperature short time treatment (95°C, 30 sec).

EERL Nt
HEME, 2 ¥ HER C
A BEF2, 1AGE2A7)ZPEF) A, 23 7

A2} (High Temperature Short Time, HTST) 28529 &4
b, F9 9 e cY WElE AT Fi= Table 3%
2t HAg Adre] A9 A AFF29 PEF 2 HTST A
g ZAEFF2 2F 0221001%2 20)S Holx ¥sith &
3o AT 8.8~92%, P<0.05 SN Foldoz Ajelrt
Re AR AU 2y HER co AS AAH 7
FF 23121059 mg%)%r PEF 32} 7(29.4+0.75 mg%h) =
P<0.05 FEAA 227 §isley, HTST A 2|49 vt
C T3 2742075 mg%E V2R P<0.05 FENA -9
Hog o zko ugth ol s1GA e % FEFaF
o} gyl C9} syt Vet Ao wdEy, EFLvt
ohd <k FAFo| ZpEA ] o3t HEll Co| S4B
Uiz e Aels RAs(@7FEH WA, ol #FEF
29 HlglF] C eFgAel bE Il F2uT AduFes =
Ui RIS Tressler 599 Ao} A3kt

Az

AA ZFFFA PEF A8, Z8]3 HTST Azl 7asie)
MRS 24 A3 Table 49 T PEF X279 8]
L), 8% (@) ¥ FN=(by= 22zt 29.7710.16, 19.71£0.05,
1952+ 012 A 7hg5240] 3185+0.24, 20.58+0.1, 20.73
+0.15 Bohs P<0.05 7oA feldoZ wgkor} HTST
AT 27.46+038, 18.83+0.03, 18.32+025 Bl £-9
oz EA et AW o2 PEFY HTST AHze 4
A Zragso visle 7)ol AAn 9 FAT A Fo)F

Table 4. Changes in color of PEF and HTST treated citrus juices

Microoragnisms (log,,cfu)

Sterilization method
Aerobic bacteria Yeasts
Raw citrus juice 6.651+0.08" 7.791£0.07*
Citrus juice treated by PEF 1.39+0.14° 242+0.1°
Citrus juice treated by HTST o 0

**Means with the same letter are not significantly different (p<0.05).
YPEF: high pulsed electric field treatment.
DPHTST: high temperature short time treatment (95°C, 30 sec).

Table 6. Changes in Pectinesterase (PE) activity of PEF” and
HTST? treated citrus juices

Sterilization method PE activity (units/mL)
Raw citrus juice 1.3£0.12°
Citrus juice treated by PEF 0.11£0.01°
Citrus juice treated by HTST 0°

*Means with the same letter are not significantly different (p<0.05).
PPEF: high pulsed electric field treatment.
PHTST: high temperature short time treatment (95°C, 30 sec).

oz yo 3o|2 BYtw, o] HIST ¥ PEF XAl 7t
FLE9} PEF A F:229) 2banste] HEFA) % 22
F2o] ZWEd YECZ AgEIoh

OjYE MEE

AN ZyEF2, PEF A, 283 HIST X8 #adasd
Z Ags 2 AR Wske Table 59 Zrh AA ZEFs
o HEHe] I YW £7] F MNFFE 6.65+0.08
log,o(cfwmL)°l 4] PEF Aol ¢J3ate] 1.39+0.14 log,, (cfu/
mL)E P<0.05 FEoM feBNe= HolE BRI, HIST
Ao side BF ArEaiirt. AR Agol= Al Al
#59 fAR 23S RYEd, 27 FF 7.792007 log,,
(cfwmL)?| 4] PEF Aol e]ste] 2.42+0.1 log,y(cfu/mL)E
P<0.05 FZo)A foHo7 2olE BPYL, HTST Aol
daiMe BF AbEstdth o] A#E Grahl 0] /S
23kV/emollA} PEF X2]3t9& 3% 4log, (cfwml) TaE
12l ZA9} Hofmann®0] #AX F2F 25kV/iemolA PEF
et S W S cerevisiae?] 3.5log (cfu/mL) 7FAE B
g Aol FrAreT

Color” (Hunt's value)

Sterilization method

L a b
Raw citrus juice 31.85+0.24* 20.58+0.1* 20.73£0.15*
Citrus juice treated by PEF? 29.77+0.16° 19.71 £0.05° 19.52+0.1°
Citrus juice treated by HTST? 27.46 £0.38° 18.83+£0.03¢ 18.324+0.25°

““Means with the same letter are not significantly different (p<0.05).
UL: Brightness, a: Redness, b: yellowness.

YPEF: high pulsed electric field treatment.

YHTST: high temperature short time treatment (95°C, 30 sec).



Pectinesterase(PE) & &3

A ZFEF2, PEF A, 28] HIST Xe) 73a32e]
PE(pectinesterase) 84 84 W3h= Table 63 2t} A4 7+
#FL AFAF0 PE 4L 1.310.12 units/mLo] 0.
v}, PEF A&l 28] 0.11+0.01 units/mLE P<0.05%014 &2
ARl Aelg Holn 90%2] A4S AL, HTST A
279 79 PEZ/°] 100% AREFATh PEF A@d o8 &

8 Za2ao] FE s 639

Vega®} Mercado®& A A7}
ToF B2 o & G Witk FASINE Pseudomo-
nas fiuorescense=Z 8 FZ3t proteaseE 20kV/em, 20 &
F2 AYAL A4S 50%, 35kViem, 10 BA25 A7 A
60%, 35kVicm, 20 HBLg Ag] Al 70%°] 34 B84
AHE RAEGTH B3 Ho $@2 dA% =71¢lA PEF
ATA B SR/ WE TA] EEAE & Xolg F

Table 7. Changes in flavor compounds of citrus juices treated by PEF" and HTST? treatments

PEF treated citrus HTST treated citrus

Peak No.  Retention time Compounds Raw citrus juice - L
Jjuice juice
1 2.904 Ethenone 19 18 11
2 3.158 Acealdehyde 56 51 33
3 3.310 Ethanol 15226 12205 6722
4 3.63 Thiobisethnethiol - - 993
5 3.677 Acetic acid 1696 1289 1154
6 3.926 1-Propanol 763 562 411
7 4.105 Acethydro peroxide 155 123 106
8 4231 2-Butanone 421 416 290
9 4.455 Ethyl ester aetic acid 4240 3820 357
10 4.566 Chloroform 5187 4875 568
11 4.692 2-Methyl-2-butanol 1033 861 335
12 5.150 Butanal 174 170 76
13 5.361 1,3-Propanediol 217 164 94
14 5.606 Ethylammonium chloride 149 132 -
15 5952 Butanoic acid 100 98 -
16 2752 1,2-Dioxine 32 23 -
17 6.306 3-Pentanone 186 149 60
18 6.913 Propanoic acid 77 68 -
19 7.029 Formamide 25 32 -
20 7.134 2-nitrobutanal 45 40 20
21 7.930 1-Butanol 509 443 159
22 8.095 2-Methyl-1-propanamine 361 350 50
23 9.331 Benzene 51 45 -
24 10.165 Propene 17 17 ¥
25 11.756 2-Oxetanone 17 15 t
26 13.772 Cyclo hexane 53 61 10
27 16.422 Acetamide 19 t -
28 16.590 Ethyl-1,2-diethyl-1-1-pentanol 25 22 13
29 17.387 1-Pentanol 44 42 -
30 17.595 1,1-Dioctyloxyoctane 32 t -
31 19.872 Disulfide 161 163 15
32 21.20 2,3-Diazatricyclohexane 25 22 14
33 25.27 B-Myrcene ethanone 108 98 52
34 2595 1,3,5-Cycloheptatriene 28 19 -
35 26.74 2,2 3-Trimethyl-1-vinyl-3-cyclopen 26 17 -
36 2752 Limonene 5158 4502 2799
37 28.22 Methylester 108 101 52
38 28.84 1,3,6-Octatriene 26 t -
39 29.38 y-Terpinene 316 302 t
40 30.57 Cyclopropanecarboxylic acid 93 65 25
41 3112 8-3-Carene 39 33 t
Total area (Area count/10%) 31,195 14,419

37,107

YPEF: high pulsed electric field treatment.
PHTST: high temperature short time treatment (95°C, 30 sec).
3t: Trace.
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Table 8. Sensory evaluation of citrus juices PEF" and HTST? treated citrus juices

) Properties
Sterilization method —
Color Flavor Taste Overall acceptability
Raw citrus juice 6.9+t 1.54" 74+151° 74+1.62° 7.5+1.69
Citrus juice treated by PEF 70+131* 721125 7.0+1.30° 73%151°
Citrus juice treated by HTST 6.911.32* 5.8+1.03 51+1.15° 5.6+0.94°

**Means with the same letter are not significantly different (p<0.03).
YPEF: high pulsed electric field treatment.
DHTST: high temperature short time treatment (95°C, 30 sec).

B3k vt =) lipase, glucose oxidase, heat-stable or-amy-
lase= 70~85% E84st HE EIsqitt

|

A zhgFE2, PEF AE)], 283 HTST A7 22529
R WIE GOMSE 243 AFE Table 73 2t).
HaFse) 38 P7VdE-S ethanol, acetic acid, 1-propanol,
chloroform, 2-methyl-2-butanol, limonene 522 74 Eo]
ATt 2 189) GC chromatogram’dol] Uehd 24 7ha5
29} PEF A7, HIST A7) FAES vls) &2 o
HTST Aalve AN zh25 29 PEF Ao vjsle] 4
g IR £48 Yehldith £3) ZaF2e F4 §
717821 ethanol, acetic acid, I-propanol, chloroform, 2-
methyl-2-butanol, limonene FofA @& £4& Yehidch
AR 7)1 4 8o g ARy AM FFF2E 37,107
10°, PEF AHg+FE& 31,19510° 233 HIST A F=
1441910°2.2 414 ZhgF20l viste] HTST 3+ 37
Aol & 61% AL 4£4F o2 FAESTH PEF A2
EFaE O 16%0] FUIFET] 24E FoR® Ko}
HTST AzlHr}h &7] &4do] FL Aoz gt 28w
HTST Ao e ol3dAdRos 4R glfide ALY &
ZIAE<]] thiobisethanethiolo] HA&E 0, ol AA| HTST
el FAAE £ o 6.9%S AABIAT ojEd A=
Jia 5®o] PEFS} HIST *ig) 2#AF2 rjdee B
gk Aol §AMEH|, o]5& PEF 7] A LdAFA =
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e A ZEF2, PEF A8, HIST A8+
Hr7b Zzb 694154, 7.0E£131, 69+1.322
P<0.05 T4 RS HolA &), e} k7)) ot
o Ax, T4 71sxdMe A AEFF29) PEF AT
o] WEH7te BF 72758 P<0.0S o4 4929 #}
o|7} e}, HTST A9 #5H7h= 5.1-582 AlA
EF229t PEF Xe]ol nste foxow v vebyt
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Aasse] AT AL ST st Bivt
Y AF7EE NEH Je ZALEAA7IZHPEF) 7)E
S He3o 2N, 95C 71¥A El(High Temperature Short
Time, HTST) 7ZHg529te] ojgishs BA, njdE Mtda
g FFEAS HZ - 2ARIAT AR A} F99 FL-
A 7HEF 2o PEF 2 HTST X #4334 5% 022+
0.01%, 8.8~9.2%Z. P<0.05 FTolA o3& XolE Holx]
okotch HiElY C9 ¢ AX FEFF2(31.210.59 mg%)et
PEF A2]7(29.4%0.75 mg%)= S<I217F 91921, HTST A
ZTE 2741075 mgh= OlERTF FoHoE e S B
Ak PEF A3 #AaE529] L), d85@) 2 ST (D)
= 22} 29.77£0.16, 19.71+0.05, 19.52+0.12 AA 7353
2 Hoe foog Wekont HIST el Aue #9
HOZ =t A EFEY 27 & AdEFTE 665+
0.08 log,, (cfu/mL)X] PEF A&l 23} 1.39+0.14 log,,(cfu/
mL)E Z4SIH3, HTST X2l FolAs =¥ ApEsiyn, &
2o APz A A8 A BRI, 7791007
log,o(cfw/mL)llA] PEF Aol o|aled 2.4240.1 log,,(cfu/mL)
2, HTST Agld] e 25 APEsinh A4 7HEss
o zZEd 9] PEY A2 13+0.12 unitymLo] P21},
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