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Effect of Pulsed Electric Field on the Activity of Apple Polyphenol Oxidase

MA Lijiao, QIAN Jianya’, WANG Lijuan
(School of Food Science and Engineering, Yangzhou University, Yangzhou 225127, China )

Abstract. The product quality of fresh apple and apple juice could be deteriorated by the enzymatic
browning of polyphenol oxidase (PPO). The possibility to deactivate of PPO through the pulsed
electric field (PEF) was discussed. The condition to deactivate PPO enzymatic activity was
optimized by the response surface analysis based on the results of single-factor experiments, such as
voltage , residence time, frequency, and pulse width. The optimal condition was achieved with 25 kV
of voltage,530 Hz of frequency,8 Y s of pulse width,and 45 s of residence time,under which the
inhibition rate of PPO activity reached to 51.86%. The color value and browning index of fresh
prepared apple juice were directly related to the relative activity of PPO. PEF could inhibit the
enzymatic browning of apple juice. For the apple juice prepared from the fruit treated under the
optimal deactivation condition,the color value was significantly larger than that of the control group
(P<0.01). The content of total soluble solids and solution pH did not show significant change (P>
0.05) ,while the content of ascorbic acid decreased insignificantly (P>0.05).

Keywords: pulsed electric field (PEF),Malus pumila polyphenol oxidase (PPO) ,activity, response
surface analysis
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Table 2 Experimental design and results

AR b il )37 i
-1 - 0

1 1 0 28.84  29.82
2 1 =1l 0 0 38.75  40.58
3 =1 1 0 0 3478 3395
4 1 1 0 0 46.55  46.57
5 0 0 =il =1 3489 3521
6 0 0 1 =1l 40.03  39.79
7 0 0 =l 1 34.5 35.74
8 0 0 1 1 42.17 4285
9 =l 0 0 =l 3524  36.76
10 1 0 0 -1 47.05  49.72
11 =l 0 0 1 4024  39.82
12 1 0 0 1 49.5 50.23
13 0 =l =l 0 2545 2589
14 0 1 —1 0 3025 3225
15 0 =l 1 0 32.78  33.03
16 0 1 1 0 3499  36.80
17 -1 0 -1 0 2828  27.28
18 1 0 =il 0 48.64  45.64
19 -1 0 1 0 40.05  39.80
20 1 0 1 0 47.05  44.80
21 0 -1 0 -1 35.16  32.90
22 0 1 0 =l 40.82  38.81
23 0 -1 0 1 36.77  35.53
24 0 1 0 1 40.74  39.75
25 0 0 0 0 51.09  49.53
26 0 0 0 0 49.10  49.53
27 0 0 0 0 50.72  49.53
28 0 0 0 0 49.4 49.53
29 0 0 0 0 4732 4953
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Table 3 Analys1s of variance for regression equation

LAY

1502.87 107.35 24.83 <0.000 1™
52 60.53 14 4.32
AL 51.59 10 5.16 2.31 0.2179
afi 5 s 8.94 4 223
J=¥ | 1 563.40 28
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Table 4 Test of significance for regression coefficient

R

49.53 0.93 47.53 51.52 <0.000 1™
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A? -2.21 1 0.82 -3.96 -0.45 0.017 2
B -9.59 1 0.82 -11.34 -7.84 <0.000 1™
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D? -3.19 1 0.82 -4.94 -1.44 0.001 6™
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Fig. 2 Contour plots of the effects of pulsed electric field
on PPO activity
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SEINEEM LTS R R TR A PER
SIS IN T /L . 78 PEF X PPO et itk T2 4%
PEF 4 h SR o5 A BI #R B 25 X 50 % iR 4
(P<0.01), 5B PPO AHXI1E 71 5 (4 E A1 BI AHSE

i,
2

0 1 2
i )/
[ SERERI]
0.70 -
0.65 [
0.60 [
0.55 [
0.50 [
045 [
0.40 [
035 [
0.30 [
0.25

BHE

IR 1) /h
(D) AR AL
—s=—Control, —e— PEF-1, —— PEF-2, —— PEF-3, —«— PEF4},

Bl 3 PEF EXEEERTREMBTHEBMZNE
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332 ¥R TSS,pH A& RA 44 % C#) T AL
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PEF X B SE JL 9T 9 TSS . pH HEA B & W (P>
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% 5 PEF xR+ TSS.pH & VC K& M (n=3)
Table 5 Effects of PEF on TSS,pH and vitamin C of

apple juice

£ i oM 22 C R

0 TSS/(°Brix) pH %ﬁ%ﬁ%ﬁjﬁ
Control 4.04+0.08 3.84+0.04 0.67+0.04
PEF-1 4.15+0.06 3.87+0.04 0.62+0.03
PEF-2 4.06+0.08 3.86+0.03 0.58=0.06
PEF-3 4.100.04 3.890.04 0.50+0.07
PEF-fi 4.02+0.07 3.85:0.01 0.51+0.03

333 ¥R AEFHEH CIE Lab B0 E 2 HH
L¥*a*b* JEI 58 (0P 0 e i A F8 b, U Lx {H

L R/ A 0~100), {E#R K8 2% B
FERER o HELLERAGRAA , IEME L, B (B D 2% 5 b *
KR N E AR BT, T R, B SR AR
AR B L L* H K, a* BN, b* HR, &6
AU, i 2 A IAD K 4% 4L SR T ARG B A PR R )
A R TRE . L* 0 FRE,a* F1b* fH I
Tt L¥ (HE AL 3 IE ] B AR A AL #b  PEF 4b B
AN, TEAF R ) 1 h 6 BRAL Y L f
AV R e K, PEF-E A L* (B 28 TR B d5e /N o 5%t
HRZH AR L, PEF Ab 35 (0 S B il £ 00 0 i o i 0 8
5], UL B PEF Ab B B8 0% 7 1 il 41 4 25 1% ] T fif
FE S B ARAIE

% 6 PEF MERTBFEMNHM (n=3)
Table 6 Effects of PEF on color of apple juice

e
Control L% 45.38+0.30 43.21+0.13 42.49+0.33 41.51+0.54 40.59+0.62
a* -1.05+0.22 -0.36+0.13 -0.44+0.13 -0.22+-0.09 -0.28+0.04
b* 17.00+0.28 20.90+0.94 20.60+0.39 23.02+0.54 20.42+0.37
PEF-1 L* 45.32+0.35 43.79+0.08 43.25+0.09 42.65+0.27 41.79+0.35
a* —1.49+0.43 —-0.74+0.08 -0.63+0.17 -0.87+0.07 -0.48+0.10
b* 16.72+0.77 18.29+0.52 19.47+0.57 17.77+0.68 21.58+0.65
PEF-2 L* 45.43+0.30 43.78+0.15 42.97+0.11 42.31+0.12 42.23+0.15
a* -1.235+0.37 —-0.88+0.08 -0.56+0.13 -0.39+0.19 -0.48+0.10
b* 16.54+0.44 18.77+0.53 20.56+0.58 20.48+0.56 22.33+0.72
PEF-3 L* 46.47+0.40 45.10+0.11 44.53+0.14 44.01+0.07 43.68+0.13
a* -0.905+0.02 —-0.855+0.05 -0.35+0.13 -0.53+0.21 -0.43+0.06
b* 17.42+0.11 19.33+0.50 21.49+0.47 21.92+0.90 24.58+0.98
PEF-fI; L* 46.33+0.34 45.21+0.09 44.10+0.07 44.05+0.10 43.74+0.16
a* -1.29+0.16 -1.26+0.33 -0.78+0.16 -0.55+0.11 -0.58+0.04
b* 15.16+0.95 17.87+0.40 19.95+0.25 23.08+0.65 23.48+0.47

4 = i

N RIS R DR kb (PEF) X0 E
AR Z A AL (PPO) 6 HA B RUR . K
F, 37 56 5 S TR PN Tk o R A 1 AR R OR R Bl
FL 37 A0 AR (1K TR 1 1) 236 f 25 3 i (P<0.01)
PEF X} 325 PPO #1 i 2R 52 W) 45z 14 7K - 1L R
20 kV 15 RmF[E] 45 s 4% 500 Hz, Jk o8 s

I R Wi 7 TG 0 Ak ST T PPO ) R 5 PEF
HL R (SR BRI A AR bk v S 4 AN A ER SR
W2 WX A 28 50 UF % AR 5 B, PEF X 3%

SE3H

A PPO My EAEEIAL 2544 . HL 25 KV, 45158 530 Haz,
1SR ET] 45 s Rk M98 8 ws, TEULARME T, SER
PPO ] 2 AT 35 51.86%

i A ST 1 €0 R A5 48 20 S PPO 1 4R X I
JIEBANK . PEF AbHAE 0541 ] S5 7 0% Tl 42 4 7%
50 BALA L, h B DAk T 20 2 R TR A 1 SR B
Tl & AT (4 h ) B AR R T R IR
(P<0.01),PEF &b 3 iy S He fif 2 1) S 3+ (9 TSS .pH
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