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HU MRS WAAE IR AL 50 mLL, HI 3 R0 ER S HC— 3R
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Fig. 1 Schematic diagram of the
Pulsed Electric Field( PEF) test equipment
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Table 1 Parameters of PEF treatment

Ak 3 % 2350
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WP e s me BT o
/mL Jem

F4hat EREE 0.5 2.5 1 110 0.5 15~ 17

TR 50 4 H 13 Ve ik MR 8 60~ 70°CL 2%
NaOH fi# 5 min, #8 )i HJC B K U6 5 min, 30 ng/L
AL EERAE RS 5 min, FEEE AGEPE 5 min. FEGA
B M HRH AR P AT Ve A B
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PEF F 37 56 5 0 R P FUAT 08 35 Pk S i 36 v vk 1
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slope of the inactivation curve); ™ S i 28k 3
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F (p < 0.05) . 34 kV/em~ 1050 s B FLAT 1# B K
BT 4. 135 DR

Ragip 5 WFFEKI 20 kV /em + 146. 5 ps I10. 1%
NaCl 22 Myl i ICFLAF B PR T 1. 5 AN E i 4
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Fig. 2 Effects of the electric field strength and the

treatment time on the inactivation of

Lactobacillus plantarum in the apple juice
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Fig. 3 Variations of the temperature of apple juice
treated by PEF with varied electric field

strength and the treatment time
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JEE I ANAEL 23 3 4 8°C AN 9°C o Bt fik e B ) ZiE K4 R H UL
AR — DK, (H R ZE . W i3 9 5 D 30 FI
34 kV /cm. MBKPRIS AN 250 ps ZEKF] 625 ps IR
ik B S 2k 229N T 6°CHN 9. 5°C, 1 24 ik s 7] 4k
BN 625 ps FEKF] 1050 ps BFP0RFEEE 38 AR A 43 51
AL T 2°CHI1.5C.

HLIZ IR N 34 KV /em - BKPRIE 1] 4 1050 ps B8
W FE G At B R, R 19. 5°C o 1 T AW NG EE7E 15
~ 17°C, JT LA PEF &b 2P Ji5 v 3 il 15 f vy AN 37°C
37°CIM EA 2 AR SEFLER AT 14, Ik PEF )R B 1EH]
FERAERR RN, (H I T AEHGN. 2 1] 2 75 47
AE B3 ) 20N 5 B — BT
2.3 Hulsheger 8 Weibull #2280 LogLogistic 12
B

P 2 ] L, Sk A ) 5 R A A FUAT R R 5R A R T
BER AR PR il ok o ] 2 — 20 G AT B A8 ke o AF 9 45
RKW] PEF 1EH T AEYFUAT B HO5RAF AR 5 K pf i
) Z 18] JF AR LR AL X &R, UEW] PEF 1 R0 LT 181 47355 ith
LIFATF O — B Sy # R SLAb AT 7 2 11 16 i
R PEF FVFRUEDAA I IF AT & — 8 ) 5
R0 S — R W AR G ) — B ) A BB AN N
PEF X3l 20 ) % W R 53 #

T EAFH) T PEF AR MR FLAT 1 K3 3 )
7, T ATIE ] Hulsheger B L. Weibull BB AT Log-
LogisticBRUKAULT I 2 R FUAT I 10 RIT th2k . &
2 91 A A1 Hulsheger #5 8, Weibull £ 2 Al Log—
Logistict R4S AH P FUAT B8 3 ith 28 B 1 3 ) 27 2
it .

Fz 2 Hiulsheger 2 Weibull #BEF LogLogistic BENHEMATFERRURNANESH

Table 2 Kineties parameters calculated by Hillsheger model, Weibull model and Log-Logistic model

for the survival rates of Lactobacillus plantarum treated by PEF

Hillsheger Hi7

Weibull Fi#

LogLogistic i

HL 37 i 1 ;
[P | I 5 a 5 T -
/kV - em /s b Rk /us b R Ag(efur mL™") /lg( :-I‘uL-UmI,‘ N Slg s 7 Rk
10 12. 85 0.579 0. 899 0.267 0.274 0.976 - 2.8 - 4,231 2.724 - 3.322 0. 988
16 9. 947 1.071 0. 931 0,183 0. 255 0. 931 - 2,845 - 3.902 2,738 - 6.08 0. 985
26 6. 487 1. 662 0. 968 0.087 0. 228 0.977 - 2.633 - 3.983 2.809 - 3, 282 0. 987
30 2,279 1.944 0.928 0.048 0. 189 0. 909 20,6 -3.03 0.958 - 13.137 0. 963
34 0. 541 12. 177 0.976 0.051 0. 149 0. 879 20,15 - 1.931 1.084 - 16.449 0.952

1) %2 BRI F T Hilsheger
P R EL R ik 0. 899 LA L, W] Hillsheger
BRI T PEF R FUAT B k05 2k . B H 375
J5E 38455, FURT 1 oo (BT BRAR, b (LB HTH N, iz om %
M 10 kV/em 8998 5 34 kV/em B FLAT B 1 ¢ {5
12. 850 us F%450. 541 ps, b {5 H10. 57984512, 177.

te A2 S KPP IS, 2 — 5 FEI R R R )
W5 R NIRAE T 1009 B 18 B o Z2 g Bk pp i) . — 52 fi 3
SRR, JAT KRR T ., PEF M MAEM A A K
R boETE X PEF USYEI S 28, b BOREE
A 275 VR 280 R A o ARG v, B H 47 9 R I 5 3PL T e
32 W A, b {E 2 M 184 0, 2 BH Bl i 37 96 5 19 A 4
FUFF D6 3 B VE RO, R B R Z Wi e, S5 2
2R .

Hm AR B A e e BB R e s B i B 4 PEF /EHT R
2 PP A ) AT Bl ) 2 AR Ak, i LB L 37 5 1 SR
AP REAR, b AEZHTE N o A3, Hulsheger
RIS BT AR ) LA BT 05 I e 15 2 1 2 8 e A0 b, 1748
W35 A FE R o Rodrigo 568 WF5T K IR
25 kV /em B, FEAIFLAF B0 ¢ AL 24. 30 ps, HEASTRES
W HK.

2) AFHIZHEE T Weibull BRI IS A 5 R
R ik 0. 879 LL L, KB Weibull BERLAREFLG T
P FUAT 1 35 1 28 o M358 A 10 kV /em 95551
34 kV/em B, LB 1 a M\ 0. 267 us R B E] 0. 051

s, AR 1 b ARG H L 0. 149 ) 0. 274.

a PR30 N Ry A L, b TR I R AR R
MERITEAR, 29 b < 1 BERGG IERSE M, b > 1 B 2RIE
MR N, b= 1 B RIS & — R L, W—2%
BN O R ARG EE R W PEF R A FLAT
W R &M, 58 2 WA, alvarez F "
Weibull B 50 M PEF 1E ]~ K FF B 2Kk 3 i 28 2 0
Bt A5 PR 3 9 B 5, o fRIRRCR PR, b {028 4k A2
0.488 ~ 0.579, /T 1, HARKK 45 R4, [FFEAR
EB T PEF 1EH FREDI RS AR & — 230 )
FROE, FTIAT R Weibull BEEL3 4T PEF /EHT R K
T T T 5 TR 15 B 1) 2R 3% 1 2R 19 3 RAUEE R, o {HIGH
NBE, b (SN T 1o AHLE Rodrigo 25 W HFFEH KB
Weibull B8 5041 PEF 15 FH R4 FUAT 181 235 th 28 1),
bAHA 0.88 ~ 1. 14, $0 |, RUBAFFG —Hsh 1%
R

3) Log-.ogistic BARLLG13 F 1 ot REL R ik
0. 952~ 0.988, KW Log-ogistic B[R FEE AU
PEF 4 FEFLAT 1 0% Hodhs

Log-Logistic 458 £ 4] H] T-WF 5 # b 213 B0 7
A W) IR R AN R ZE R (K R . LogLogistic
B (400 G S B T T2 Rt A1 S A B IR UM AN ), ey
A A5 v 37 5 P A7 A SRR A 0 A, R et mT U T
50T PEF ALEE R K580 12 098 T IR AR{L
— M T PR AL 2 R (AL B R AR B B PEF AL
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I IR 5T 3 R IR A ) 37 4 I A i ik 56
T Z M AFAE LM C R, (2 Anderson 257" KL T
ZFF0 B AL RN T 2 M AF AR IR K R A
FE, FEIRATHREE &5 Forb, I E F (.2 (W47
TEATF IRTR R, Y RECR® 79 0.843, LN =
0.0013E> + 0. 146E — 0.4968( E: *f NV (1] Hi 37 5% )&,
kV/em) « Raso 5 R AR5t & B HE 3 5 S RN (L
AR IRIK R .

P RE R T LA S RS R 50 A 1 P
2 2 B R WA A Fi g s R 3 AR A R L e

FIAUL 5 L) SUAT T 110 2R3 i 2k
2.4 Hulsheger 2 Weibull #E 0 LogLogistic &
B

Pl 4 A A0 LT TRT 3% A 280 SR 000 18 R i i B e
P, DA Sl Hc a4 B AR AR, ASERR L KcHis o PABKR, BN,
LI R S I ) A7 G AR SR, R R B R 43 )
S 0. 988.0. 988 1 0. 996, Hulsheger 15 % Weibull 4
B Log.ogistic # MU S H BB AR 0N y =
- 0.031+ 0.989x .y = 0.028+ 0.990x #1y = 0.003
+ 0.998x .

-5 F L5 -1.5
2.0 | ¥=—0.031+).980x 2.0 | v=0.028+0.590x 2.0 F ¥=0.005+8.998x
25 f 2.5 > —2.5 -
b | P o=
2 30 f = 3.0 | = -0 b
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1.5 F 3.5 | .5 |
-4, 0 -4.0 | -4.0 |
_4.5 1 1 1 1 1 ] _“i.b L L 1 1 ] _43 1 L L L L ]
4.5 4.0 3.5 3.0 -2.6 2.0 -1.6 -4,5 -4,0 -3,5 -2,0 -2,5 -2,0 -1.§ -4.5 -4.0 -3.5 -2.0 -2.5 -2.0 -1.5
Wi i FeilfE
a.H { Isheger $iA! b. Weitnl} 554 b.Log-Logistic ##

B4 A LA AT R ORI AN B8 (L A

Fig. 4 Correlation between the observed data and the predicted data for inactivation effects obtained

with Hilsheger model, Weibull model and Log-Logistic model

# 3 Hulsheger 8, Weibull A LogLogistic #EE
EMBSHER
Table 3 Comparison of the of evaluation indices of

Htllsheger model. Weibull model and Log-Logistic model

i 75 Af Bf S8 RMSE R?
Hulsheger fi7! 1.143  1.000 0.767 0.118  0.988
Weibull Hi7%! 1.143  0.998 0.802 0.081 0.988
LogLogistic 7 1,087  0.993  0.277 0.048  0.996

* 34| T Hulsheger B2, Weibull BRI Log—
Logistic Bt R ({ LR PEAT Z 8 A \Bf \SSRMSE Al
R?, GHIE X 5 NS E L mT LT 3 ANBAR R4 bk
fit. ZHAS MBS FmBERIERE" ", Af (N, Bf
{0 1, BER PG B R ; SS 3R 7s BE 2R 1) KK
JEU S I, AR TRORE fff R L S R A OE R
R FI RMSE R R B8 8 [t ] 5 > R K,
RMSE i/, BRI B . 3 3 R, LogHogistic
BRI Af \SS A RMSE 415141, 087.0. 277H10. 048,
#/h T Hulsheger H8YF1 W eibull 455145 3 (1) 2 £ {6
Logogistic 5 8 S i 1AL 7Y {8 AH OC R # R® A&
0. 996, % KT Hulsheger BB A Weibull £ 8L P 5E
RELR(0.988) . Log-ogistic B ¥ % K1 Bf 45T
0. 993, ANl Hulsheger B8R Weibull B (¥ Bf i
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Inactivation effect of pulsed electric field on Lactobacillu plantarum

in apple juice and comparative analyses of three models
Zhong Kui, Wu Jihong, Liao Xiaojun™, Hu Xiaosong
(College of Food Science and N utritional Engineering, China A griculture University, Beijing 100083, China)

Abstract: The inactivation effect of pulsed electric field( PEF) on Lactobacillu plantarum inoculated into apple

juice and model analysis were investigated. The inactivation level on Lactobacillu plantarum increased with the

increment of the electric field strength and the treatment time. About 4. 135 log maximum reduction of

Lactobacillu plantarum was achieved at 34 kV/cm for 1050 ps. The survival rate curves were fitted by the

Hiilsheger, Weibull and Log-ogistic models, and the fitting effects of the three models were evaluated by using a

series of indices including Accuracy Factor (Af), Bias Factor (Bf ), the Sum of the Squares of the differences of

the natural logarithm of the observed and predicted data (SS), the correlation coefficient (R?) and the Root Mean

Square Error (RMSE) between the observed data and the predicted data. The comparison of these indices

indicates that Log-ogistic model can provide best fitness for the inactivation by PEF.

Key words: pulsed electric field; apple juice: Lactobacillu plantarum; model analysis



