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Optimization of Conditions for Manufacturing
Vegetable Juice Using Pulsed Electric Field (PEF) Technique
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"Department of Korean Traditional Food Culture, Jeonju University

Abstract

One of the effective non-thermal sterilization method, pulsed electric field(PEF) technique, was applied
for manufacturing commercial vegetable juice which is originally produced by conventional thermal pro-
cessing. Experiments were conducted through 2°x3? factorial design with independent variables such as
electric field, frequency, flow rate, temperature, and pulse width, and dependent variables or yields such
as viable number of microorganisms, sensory evaluated color and taste, and retention of vitamin C.
Treatment temperature and pulse width were main factors affecting to an effectiveness of sterilization
and sensory qualities. Optimum treatment temperature and pulse width for manufacturing vegetable juice
using the PEF technique were found to be 40~50°C and 3 ms, respectively, regardless of electric field, fre-
quency and flow rate. Quality of samples produced by the PEF under the selected conditions is superior to
that by the thermal processing in terms of not only retention of vitamin C but also sensory attributes.
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831 JE# 715 (non-thermal processes) 7]&ol &3t
AF7E v, B 5 ARFE FAHSE e 2
=57 THCastro et al, 1993; Qin et al, 1995).
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em ©Fe] TAHQ} ANFE AR HHAA
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2} gt} PEF WAgR9] 7123 84w HAFA
LAA(DC power supply), NAAE #7437 Ag
Z47](capacitor), A AJAE &= WA
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TAFA 527 Gtk W] BuE LA
£ o] Qolxn 2/ o) FHE, ol9) 2
& FA, B4 AolZo] tlS B A7 ¥R
o} o] o #7029 Pl ms-ps BSlolA Lol

v, HA0h HA Alo]o] 7HAL HAEZ HUp ¥
A AA vRET) AFd] 228 HHE AHjEles A
A AYATHE 12 0|32 vl 7] dEe AFE
2 A9 7HEHA Feth

PEF Aol ¢f3] mAEo] E&As He 7%
of teire 2E A7 RN =9HderH
(Chernomordik et al, 1987; Dimitrov, 1984; Coster
& Zimmermann, 1975), 2 & 7P dg wolEd
AE 0]BL HA 3T (dielectric breakdown) Aol
ot Alxute] mzjelt), A7) o3t AlxZeate]
o= A Axe AR, Axee gkE
(compression), M|Z=] A (viscoelastic)d] 32,
Alxete] Lz Agh ARt oS BE ol J&
oA3he AR A den o] & 2 JXE 4
HEH g3 2tk WA A AEE ARt of
gk o]& MR} 7 A7 =&=E A7)
el dxpe] sF6 we} o]o] olFEo] Axw
©] phospholipid vesicles®] ©]F3c] S48t = A
Zue] 24 o|FFE 7] FmA0)7] Wi F
Aste AA olFFe] HH o]2o] FHHL /‘1]
xet A HE FEsH HAL ot Alzete
AA7E FreEol FAREF 1 V) olde] =9 f‘ﬂi
o) w7 7F dojuhiA 2o Al F(pores)e] HA
Hoh= Aot (Hamilton & Sale, 1967; Zimmermann
et al., 1976).
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AL}, Oscillatory pulse’t AFB&37F 7 whom,
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zubo] 2EYAE FEgoRN HY 22 AlEE

£ de ? = Aow Helth PEF AHFA]l 60°C
016} 2N E HE 227t 2&TE
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] HH 7 % PEF AgA] v]8Ee] APgd| o
&S PXA A
Table 1914 HE uje} Zro] PEF Aw#7]&] 3
7Fest 2F AANE, TAUYR TF AF,
;xﬂﬂﬁ 5 % oFFBIH(Knorr et al., 1994). 2
e ol AF 2HG E2 AN 7iEe] 4
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Table 1. Applications of pulsed electric field(PEF) sterilization

Acid fluid foods

Nonacid fluid foods

Orange juice and other citrus juices
Apple juice (fresh juice or from concentration)
Tomato concentrate, ketchup

Fruit purees

Salsa sauce, Mayonnaise

Spaghetti sauce, with meat pieces

Liquid yogurt with or without fruit pieces
Jams

Light alcoholic beverage

Wines

Soft drinks

Liquid egg

Liquid egg white

Soups or vegetable juice, vegetable purees
Skim milk or whole milk

Functional protein preparations

Spreads, fillings, cereal dough

Syrups, honey

Oil/water emulsions

Minced meat, fish mince, surimi

Effluents from food factories

A A2="g AL317] AsiX< HE=EA] pumping
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Table 2. Properties of raw vegetable juice"

Properties Measurement
Concentration of salt 0.1%
Viscosity 50 ~ 100 cps
Total solid content 0.03%
pH 3.95
Acidity 0.30

D Vegetable juice is composed of tomato paste, carrot, apple
pulp, etc.

Aeko] w2A BrhKnorr et al, 1994). o] &
o H]Fo] & o & Aol AMEE opiFAE
£ L7t 0.1% AEolZ FEE 50~100 cps I
=2 H@3 & Holoja] PETY| st AdAA
o] st How AGFEHTH

HEEA % PEF a2
2x3? 291 AFAA (Table 3)ll wt 7142 Al

Table 3. Independent variables and yields for experimental
design

Code
Items m 0 "
X, Electric field 30kV - 40kV
X, Frequency 1000 Hz - 1500 Hz
Independent X, Flowrate 1.0mL/sec - 0.5 mL/sec
Variables 3
X, Temperature  30°C  40°C  50°C
X Pulse width 1 ps 2ps 3ps
Y, N/N,(bacteria)
Y, N/N,(yeast and mold)
Yields Y, Sensory evaluated point (taste)
Y, Sensory evaluated point (color)
Y, Retention of vitamin C (%)
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Fig. 1. Schematic diagram of pulsed electric field system.
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At 279 o3 A AEEF 7|&9 sHEA
o8 AlE9e] vl AIAE FEE d 2088 o
o2 AXNBHHT
clots S

nAEAE A3 dubila E 8- F3ol7t
ZH7 ¥ 2o wet A4E As 24709 A
7 AE 9 7129 71gadd Aol s ve
C9] 33 HPLC(Waters 510, USA)E &3 3ttt
HE7|EE UV detector(Waters 481, USA)S AHE-
3}913L, m-Bondapak C18(Waters, USA) columnol
1 mL/min® £E2 o]F4 e 399 mL, glacial
acetic acid 1 mL, 22} S/ 600 mL)YS F3A)7]
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A X2

Table 49| Al¥ FEEPEF A7 A5 mAE
o7, TS5AAES, HE ¢ §X Ax)el digh
z¥z}e] PEF At 27 ¥ @713 M7, 3k,
TEEE, AYr, YAy U a3E Ak
7] 913td ANOVA testS 3t Tt

Xl
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DME A dat

Ar3lAl S AlRe Z7] duikdlagE 1.19x10°
MmLel7 7] &R - FZo|FE 2.54x10°7)/mL
o], Table 4914 B ule} 7o) & 7271%
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o] Ag =7 F 209 27N vAEC] HEH
A R¥3UT}. PEF A+t § WAES] Adrs AL
o} HaZo] Zrld 7Y & FFE ol past
Rew, AFYLEE 40~50°C, BAZEL 23 usH &
7} A3 27U 7IEF S s v
B AMES 98 H4 Az A7) A7) 30
~40 kV/em, 3= 1000~1500 Hz, £¥&% 0.5~
1.0 mL/sec YoM, o] BYore Adaze] Ao

Table 4. Product qualities evaluated after various conditions

factorial design

7F A9 gtk

SsdAL A3t

Table 49] Z3E AW A v Bo] HEEx) &
2 271X 24 98 AFE ABEF 71F9 7}
G AIRE U AJAS Fd gAFeR e
pulse width® A& A|Fe] 5o Aol glojA
= 718 NERY FA UsiAw ARz es 8

of pulsed electric field(PEF) sterilization through 2°x3?

No. Independent variables Yields
X, X, X, X, X, Y, Y, Y, Y, Y,
1 -1 -1 -1 -1 -1 0.03813 0.44747 - - -
2 +1 -1 -1 -1 -1 0.02688 0.20623 - - -
3 -1 +1 -1 -1 -1 0.02844 0.28405 - - -
4 +1 +1 -1 -1 -1 0.01344 0.12062 - - -
5 -1 -1 +1 -1 -1 0.04313 0.39300 - - -
6 +1 -1 +1 -1 -1 0.02875 025292 - - -
7 -1 +1 +1 -1 -1 0.02906 0.27237 - - -
8 +1 +1 +1 -1 -1 0.01750 0.12451 - - -
9 -1 -1 -1 0 -1 0.00038 0.00262 - - -
10 +1 -1 -1 0 -1 0.00022 0.00143 - - -
11 -1 +1 -1 0 -1 0.00016 0.00119 - - -
12 +1 +1 -1 0 -1 0.00008 0.00048 - - -
13 -1 -1 +1 0 -1 0.00104 0.00762 - - -
14 +1 -1 +1 0 -1 0.00082 0.00405 - - -
15 -1 +1 +1 0 -1 0.00090 0.000595 - - -
16 +1 +1 +1 0 -1 0.00074 0.000357 - - -
17 -1 -1 -1 +1 -1 0.00015 0.00000 - - -
18 +1 -1 -1 +1 -1 0.00000 0.00000 5.70 442 86.9
19 -1 +1 -1 +1 -1 0.00000 0.00000 5.00 4.13 849
20 +1 +1 -1 +1 -1 0.00000 0.00000 6.05 3.75 853
21 -1 -1 +1 +1 -1 0.00025 0.00143 - - -
22 +1 -1 +1 +1 -1 0.00011 0.00000 - - -
23 -1 +1 +1 +1 -1 0.00011 0.00017 - - -
24 +1 +1 +1 +1 -1 0.00000 0.00000 5.94 4.04 66.2
25 -1 -1 -1 -1 0 0.00300 0.03424 - - -
26 +1 -1 -1 -1 0 0.00206 0.01984 - - -
27 -1 +1 -1 -1 0 0.00200 0.01673 - - -
28 +1 +1 -1 -1 0 0.00088 0.00623 - - -
29 -1 -1 +1 -1 0 0.00419 0.03658 - - -
30 +1 -1 +1 -1 0 0.00269 0.02607 - - -
31 -1 +1 +1 -1 0 0.00253 0.02062 - - -
32 +1 +1 +1 -1 0 0.00134 0.01167 - - -
33 -1 -1 -1 0 0 0.00032 0.00286 - - -
34 +1 -1 -1 0 0 0.00016 0.00163 - - -
35 -1 +1 -1 0 0 0.00019 0.00122 - - -
36 +1 +1 -1 0 0 0.00000 0.00000 543 3.65 66.2
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No.

37
38
39
40
41
2
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

Independent variables Yields

X X X5 X X Y, Y, Y, Y, Y5
-1 -1 +1 0 0 0.00054 0.00327 - - -
+1 -1 +1 0 0 0.00029 0.00327 - - -
-1 +1 +1 0 0 0.00019 0.00245 - - -
+1 +1 +1 0 0 0.00016 0.00000 - - -
-1 -1 -1 +1 0 0.00000 0.00000 522 3.36 87.3
+1 -1 -1 +1 0 0.00000 0.00000 522 4.23 64.2
-1 +1 -1 +1 0 0.00000 0.00000 5.00 4.80 61.7
+1 +1 -1 +1 0 0.00000 0.00000 3.79 4.14 64.6
-1 -1 +1 +1 0 0.00018 0.00095 - - -
+1 -1 +1 +1 0 0.00011 0.00048 - - -
-1 +1 +1 +1 0 0.00000 0.00000 3.79 4.83 60.1
+1 +1 +1 +1 0 0.00000 0.00000 3.79 4.40 89.4
-1 -1 -1 -1 +1 0.00065 0.00357 - - -
+1 -1 -1 -1 +1 0.00014 0.00143 - - -
-1 +1 -1 -1 +1 0.00016 0.00071 - - -
+1 +1 -1 -1 +1 0.00000 0.00000 3.71 423 85.7
-1 -1 +1 -1 +1 0.00071 0.00500 - - -
+1 -1 +1 -1 +1 0.00019 0.00167 - - -
-1 +1 +1 -1 +1 0.00022 0.00143 - - -
+1 +1 +1 -1 +1 0.00008 0.00000 - - -
-1 -1 -1 0 +1 0.00025 0.00095 - - -
+1 -1 -1 0 +1 0.00016 0.00071 - - -
-1 +1 -1 0 +1 0.00000 0.00000 5.00 4.67 86.5
+1 +1 -1 0 +1 0.00000 0.00000 5.00 477 86.1
-1 -1 +1 0 +1 0.00030 0.00071 - - -
+1 -1 +1 0 +1 0.00016 0.00143 - - -
-1 +1 +1 0 +1 0.00000 0.00000 4.67 4.56 633
+1 +1 +1 0 +1 0.00000 0.00000 5.55 5.55 86.2
-1 -1 -1 +1 +1 0.00000 0.00000 491 527 893
+1 -1 -1 +1 +1 0.00000 0.00000 4.82 491 87.7
-1 +1 -1 +1 +1 0.00000 0.00000 4.65 4.46 68.6
+1 +1 -1 +1 +1 0.00000 0.00000 4.73 4.74 62.6
-1 -1 +1 +1 +1 0.00000 0.00000 5.00 4.66 66.6
+1 -1 +1 +1 +1 0.00000 0.00000 5.08 4.83 88.5
-1 +1 +1 +1 +1 0.00000 0.00000 5.18 4.48 88.5
+1 +1 +1 +1 +1 0.00000 0.00000 4.82 4.74 63.3

*See Table 3 for details of each term.
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A 24 2=t

Ao 2 PEFE o183 vlEe] dutel 7H
2 %L MIAE gER aenE AU)E A
71, AN, ARk, BAE, AT FREE,
Fobp, v} pHeE ol24E Fol Sled £ o
TolXE Table 59 AolM B uiel o] Az

Table 5. Effects of independent variables on each product quality analyzed by ANOVA test

Sum of squares Degrees of freedom  Mean square F-value P-value
Y, (N/N, for bacteria)
Constant 0.00090 1 0.00090 15.864 0.0002
Electric Field 0.00005 1 0.00005 0.891 0.3487
Frequency 0.00005 1 0.00005 0.820 0.3685
Flow rate 0.00001 1 0.00001 0.084 0.7735
Treatment temperature’ 0.00125 1 0.00125 22162 0.0000
Pulse width" 0.00108 1 0.00108 19.030 0.0001
Etror 0.00373 66 0.00006
Y, (N/N, for yeast and mold)
Constant 0.07579 1 0.07579 13.871 0.001
Electric Field 0.00801 1 0.00801 1.466 0.230
Frequency 0.00478 1 0.00478 0.876 0.353
Flow rate 0.00001 1 0.00001 0.002 0.965
Treatment temperature' 0.10862 1 0.10862 19.881 0.000
Pulse width" 0.09298 1 0.09298 17.019 0.000
Error 0.36059 66 0.36059
Y, (sensory evaluated score for taste)
Constant 580.66000 1 580.66000 1357.000 0.000
Electric Field 0.10098 1 0.10098 0.236 0.633
Frequency 0.47205 1 0.47205 1.103 0.307
Flow rate 0.00890 1 0.00890 0.021 0.887
Treatment temperature 0.13516 1 0.13516 0.316 0.581
Pulse width 0.95505 1 0.95505 2.232 0.153
Error 7.70210 66 0.42790
Y, (sensory evaluated score for color)
Constant 482.59000 1 482.59000 2613.991 0.000
Electric Field 0.02454 1 0.02454 0.133 0.720
Frequency 0.01644 1 0.01644 0.089 0.769
Flow rate 0.55491 1 0.55491 3.006 0.100
Treatment temperature 0.08706 1 0.08706 0472 0.501
Pulse width" 1.63230 1 1.63230 8.842 0.008
Error 3.32310 66 0.18462
Y, (vitamin C retention)
Constant 0.00001 1 0.00001 861.061 0.000
Electric Field 47.09700 1 47.09700 0.303 0.589
Frequency 93.89500 1 93.89500 0.603 0.447
Flow rate 52.78100 1 52.78100 0.339 0.568
Treatment temperature 69.39500 1 69.39500 0.446 0.513
Pulse width 64.87000 1 64.87000 0417 0.527
Error 2802.40000 66 155.69000

Dsignificantly effective factors at 95% confidence level
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Table 6. Results for final sensory evaluation”

Condition 64 Condition 65 Control”

Preference on color of

730 6.90° 5.10°
product
Preference on total taste 6.60° 6.90 * 575b
of product

110 points preference scaled multiple comparison test conducted
by 20 trained panels

Isterilized by thermal treatment(104°C, 112 sec)

*Values having the same letter are not significant at 5% level
based on the ANOVA test.
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