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Optimization of High Voltage Electric Field Thawing of French Plums Based
on Fuzzy Mathematical Sensory Evaluation Combined with Response

Surface Methodology
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Abstract: The optimization of high voltage electric field thawing of French plums frozen and stored at -40 ‘C using fuzzy mathematical
evaluation and response surface methodology was studied. The weighted analysis of texture, appearance, shape, odor, and taste was performed. A
fuzzy mathematical sensory evaluation method was then established and combined with response surface methodology to optimize the thawing
process. The effects of the thawing time, thawing temperature, and electric field intensity on the sensory index of the French plums were investigated.
Optimal thawing conditions were as follows: electric field intensity, 47 kV; thawing time, 93 min; and thawing temperature, 19 “C. Under these
conditions, the sensory score of the product was 77.80, whereas the juice loss rate was 0.44%, and the color difference of the fruit flesh was 34.36.
These values were lower than the predicted values. The French plums thawed using a high voltage electric field had uniform color, smooth shape, rich
fruit flavor, and sweet and sour taste. French plums thawed using a high voltage electric field were superior quality than plums that underwent
traditional air thawing.

Key words: French plums; high voltage electric field thawing; fuzzy mathematical evaluation; response surface optimization

E[BEEW

SR, YRR, Syt A TR AC A I PG S T2 A i [ FE R P P T2 0] DA i RH,2023,39(8):188-198

SHAO Lei, XU Mingqiang, MA Yan, et al. Optimization of high voltage electric field thawing of french plums based on fuzzy mathematical
sensory evaluation combined with response surface methodology [J]. Modern Food Science and Technology, 2023, 39(8): 188-198

ks BEA: 2022-08-17

HEWE: MBEEREARESMAITRITE (2020B02017-2)

EZREN: BE (1997-) , %, MLHMzE, MxAE: REEFRSRE, E-mail: 2814195481@qq.com

wIREE: R (1987, B, L, BIMIRER, MxAE: RESERMIEELREFIA, E-mail: xmq2046@hotmail.com

188



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.8

TG SR P 2=t 5 7 S AR
M, TR, B, G PR AR
Bh2E 5 BARIZE A REAED, P B A U E AR,
BB AR,

F A FE A AP BT 7 L BON S, %
VR kAL K R B s FH AT 7105, AEKRAT
B S UK R LB T R TR R 45 9 B B 8] SR A7 1 H
(¥, BUAECURF VR 2 K RRIEE DS, SRR
FEIE LI R K 7y, IE A BT
YR BB G, RN A SR AT AT B
URAI K RN R TCAR D, R8I AR K™
B A, X U T B RE TR RS )
EKER R, ABOKERER, B LAOZ S M VR
VR AR A RO, ke, R AR e T
L SN 25 GRNE: TN 2 R NN S
HH—ERT TSN .

e L FL 3 0 PR R R — S R TR R RO T
AT, phy Y ERL DR B R R R K A T
ENAEA TGN, GORIA BB T Al S AR 5T
MTISRAFRE R, PRI . 2 HI VR I A AU B At
ZUINTE, MR AR R AR, A
AL PO T T v FL 1 R AR S A T
AL, KI5 AR REE | Ko & BV 2 AR
[HERSLCHER

AU VUV B R, v R F
URBORBEATIARR, RSP R RIR AIEA 1, SR
e R P A i S T — A A e s FE AR
EEPUTUETZ, B I R R L T
et E AR S,

1 MRERE

L1 #Pk5 e

VR PHPGREER, T 2021 45 9 H R E WA X
I,

AT T3 ol 2 P — B 22 VG T Mg T xS
%, HOPBERAE 8 25%. PN 3.5em, F
I N 5 em. “FIEH 30.33 g “TFIKGEEN
82.69%.

DW-60W321EU1 KA, T SRR
VKIEEBR AT YP20002 HL R, REkmi& KT
IX#EABR AT ; Color Rrader CR-10 t224%, H A 8
KERGAAT]; EMFI-T1 HEGRE S A RS, Sty
Ry (%) BNAHARAR .

1.2 #Hami#

PRI R/NEIST, TotU A £ A2 22 VP A R
bt — 348 24 NMRIGHATEAL, THN-40 ‘CUKAEIE
TR URAEHE

PRI, AN-40 COKFEHCH VEAERE S, F2H
HEHR 20 ANAUR G RE S 2 TS R IR L, 72 T 7R
FRIFEIZ BRI | AR EE AT AR IR T S5 AT AR
PURSZrh L BEIL ) 4 "CONMRIRZS K1, ARG AR5t
FEaEATIERIE , BOTEME .

13 ROURQ IRk = T T MR A R b S R 3K SR e

AHF TR 7 N} i R I AR R B A 2 1)
3 ANFEE, R, ARRET IR SR A
&, B RS PR R R R AR IR E VNS
SRR ZE, XA P PEHE = R IR T2
1Tt

FRIE AT AT I0 T3 45 SR, 7 2 (g R i
() 25 R I SR S IR FE R R ) 4 °C, AR TS
i 75 H 90 min A SR BE ELEI 4 °C, PR EURR
N T FRPRUEARREAS, JEKARIRI [A] 22 210 min.
1.3.1 9395 E ATk 2 B EMRE AL L H#m

Iy E 7N 10 204 30+ 40, 50 kV,
[ 5 RZR T DA 120 min, VRGN 20 °C, #RiHH
3500 XoF i s LI AR S v = VR AR R VP 4 I R
W, (ERSHIBCFEAL TG, SRR E VP

(S

132 fRART I ik 2 0 B A T2 69%h

43 )5 B R TE] A 90+ 1201 150+ 180+ 210 min,
Il 2 FEIZ BN 40 KV, FRIRIREEN 20 °C, RITARR
R RO 5 . L3 70 fAR J v 2 P P M SR - T
TEBIEC AR M G, 1S RIBMIBC =R T 155
133 fRAREA R 2B GG R LT A7

Iyl BARRIREE N 5. 104 154 20, 25 °C,
SE PR N 40 KV, FRARTEA 120 min, RT3 #%
TSN v s LI AR IV P M S D0 T R
TEBIEC AR M G, 1SRRI T 155
1.4 v 7 H AR I T

WA AR IR ISR, P BOIECE VA 45 A e
AT I TEE (A FRERITE] (B). fRRIRE
(C) 3MNHEZFAIRARZR BBV AR A
ZEEE R IR AL, AR T2, R 1 NH
PIHRRER R FK PR

189



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.8

1 BN ERIEERSKT
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Table 2 Sensory evaluation criteria of French prune after thawing by high voltage electric field (score)
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Table 5 Statistical analysis of sensory evaluation index of high voltage electric field thawed French prune

# Jid (20% ) &% (10%) Ak (20%) #‘mAK (25%) m & (25%)
S5V, OV, Vi Vo Vs ViV, V3 Vi Vs Vi Vo V3 Vg VsV V, V3 Vg Vs VY, VsV, Vs
11 2 2 4 1 2 5 2 1 0 4 1 3 2 0 0 1 4 4 1 0 3 4 3 0
2.0 0 6 3 1 11 3 4 1 0 3 4 2 1 0 0 4 5 1 0 2 3 4 1
3.0 4 3 2 1 4 2 2 1 1 31 3 3 0 01 5 3 1 0 3 3 4 0
4 1 1 5 2 1 53 1 0 1 0 3 3 3 1 0 0 4 3 3 0 2 2 4 2
5.4 3 2 1 0 3.4 2 1 0 4 2 3 1 0 1 2 5 2 0 1 4 3 2 0
6 0 0 4 4 2 2 2 2 3 1 0 3 3 3 1 11 3 3 2 0 1 3 4 2
70 2 3 4 1 0 4 4 1 1 4 1 1 3 1 1 3 1 3 2 0 0 3 3 4
8§ 0 2 2 4 2 0 0 2 4 4 2 1 2 3 2 2 0 3 2 3 0 2 2 3 3
9 0 0 2 2 6 0 0 3 2 5 01 2 2 5 0 0 2 3 5 0 0 3 4 3
0 o0 1 3 5 1 12 3 3 1 4 0 2 3 1 1 2 0 4 3 00 3 25
o o 2 7 1 0 0 3 5 2 0 2 3 4 1 0 4 3 2 1 00 2 5 3
2 0 1 3 5 1 12 3 3 1 4 0 2 3 1 0 3 0 4 3 00 3 2 5
130 2 2 4 2 0 0 2 4 4 2 2 2 3 1 2 0 3 2 3 00 3 2 5
14 4 3 2 1 0 3.4 2 1 0 4 2 3 1 0 1 2 5 20 1 3 4 20
152 6 2 0 0 1 6 2 1 0 1 3 4 2 0 02 7 1 0 0 7 2 1 0
6 4 3 2 1 0 3.4 2 1 0 4 2 3 1 0 1 2 5 2 0 1 3 3 3 0
17 2 4 4 0 0 4 4 2 0 0 4 2 1 0 1 4 3 2 0 2 5 2 1 0
23 RIBEIFRLE 1, IEFEHRIZRE (A fRZRINTE] (B) AR (O
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Table 6 Design and results of response surface experiment

RS AWBREAV BFARE/MmMIn CRAEREE/TC Y, HRAEEY Y, RER5/S> YsRAEE/AE
1 1 0 -1 0.60 75.55 38.70
2 0 -1 -1 0.60 71.75 3991
3 -1 0 -1 0.59 75.25 41.00
4 0 1 -1 0.60 71.75 39.91
5 0 0 0 0.66 81.20 36.52
6 1 -1 0 0.60 78.85 32.05
7 -1 1 0 1.02 71.85 33.88
8 -1 -1 0 0.80 69.45 35.06
9 0 1 1 1.12 63.05 3343
10 0 -1 1 0.75 69.80 35.58
11 -1 0 1 1.13 68.75 37.43
12 1 0 1 1.02 69.55 37.97
13 1 1 0 1.09 70.05 37.27
14 0 0 0 0.58 80.95 37.51
15 0 0 0 0.59 80.05 3691
16 0 0 0 0.65 80.70 36.52
17 0 0 0 0.62 82.60 36.59
%7 ENHERISENE
Table 7 Table of variance analysis of regression model
AR TRRAE BB RUNEE
FH5F HF  FAE Pr>F FHrA HF  FIA Pr>F FHA HF  FAA Pr>F
AR 082 0.09 6040 <0.000 1** 51438 57.15 4043 <0.000 1** 7138 793 21.01 0.000 3**
A 0.01 0.01 4.80 0.064 6 9.46 9.46 6.69 0.036 1* 0.05 0.05 0.13 0.728 5
B 020 020 132.23 <0.000 1** 1845 1845 13.05 0.008 6** 3.73 373 987  0.016 4*
C 040 040 266.87 <0.000 1** 61.33 6133 4339 0.000 3** 11.38  11.38 30.14 0.000 9**
AB 002 002 11.70  0.011 1* 3136 3136 22.19  0.002 2** 7.30 730 1932 0.003 2*
AC 0.00 0.00 2.02 0.198 6 0.06 0.06 0.04 0.8394 0.85 0.85 225 0.1774
BC 0.01 001 633 0.040 0* 15.02 15.02 1062 0.0139* 1126 11.26 29.82  0.000 9*
A? 0.14  0.14 9463 <0.000 1** 2751 2751 19.46  0.003 1** 0.57 0.57 1.52 0.2576
B? 0.02 0.02 1522 0.005 9* 151.26 15126 107.01 <0.000 1** 3359 3359 88.96 <0.000 1**
c 0.00 000 251 0.1573 16546 16546 117.06 <0.000 1** 3.28 328 8.69 0.0215
KRE 0.01 0.00 9.89 1.41 2.64 0.38
PEVE 0.01 0.00 1.53 0.3367 6.35 2.12 2.39 0.2097 1.70 0.57 241 0.2070
ik £ 0.00  0.00 3.55 0.89 0.94 0.24
a1t 0.83 52427 74.03
A CRTERIE, B P<0.05; AT EFMEFE, B P<0.01,
24 2 2.56X°-5.99y*-6.277*

Y;=38.01+0.079x+0.68y-1.19z+1.35xy+0.46Xz-
X1 6 BT ARG8T, AR IR0 1.68yz-0.37x>-2.82y*+0.887%, JL M/ Wi B INLZE 7.

[ AR SRR A Y1=0.62-0.03%+0.16y+0.222+0.066Xy- B Y, B =R EAEER el 0, ARG RALR) F
0.027xz+0.049yz+0.18x*+0.074y*-0.032° B4 60.40, P<<0.000 1, HRAUAREE, JAUIT 034>
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