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Fig. 1 Oscillograph trace of pulse
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Fig.2 High intensity pulsed electric field treatment device
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Tab.1 Single-factor experiments
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4 30 12 50
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Tab.2 Factors and levels of optimization experiments

o~ Lk
HIGHEE x,/ (kVeem ™) BkobBx,  BORHEE x5/ (mLeg™")
-1 20 6 35
0 25 8 40
1 30 10 45

1.3.4 Z S RMIE S5 ITE
LA SR 0 R T vk AT . M

Y=%><100%
xR m RIY) 2 0 1) R
M——F 5 o &
2 HR545H
2.1 BRERERE
2.1.1 HimE

L3 5 B X Z RS R 0 an & 3 TR . |
3 A, LR R 25 kV/em B, 2RISR
HL 3758 B 7E 15,20 .25 kV/em ZR{LI , 224815 5635 i
P, X H T R R I R R S M IR A S, | B
FRASE S FE B R R B VR LRt T i
P9 A FL 37 50 114 2 8 A T TS AR 1 40 e A
GV, B B AN M N W I R 3 A R TE 25,
30.35 kV/em R fb i, 22 15 32 32 7 B AR, 3X ] g 2
HT Tk R A R R T 2 0 R 0 M O R A i 2
KRR T RRAR Z A5 3R, Nk, vE L

BE25 kV/em ¥4 FAE .
4.8

| / \\1
i

T s T30 s
37KV cm ™)
Bl 3 H 3 B X 22 A R ) R

Fig.3 Effect of electric-field strength on mussel
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polysaccharides extraction rate assisted by PEF
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Fig.4 Effect of pulses number on mussel polysaccharides

extraction rate assisted by PEF
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Fig.5 Effect of water-powder ratio on mussel

polysaccharides extraction rate assisted by PEF
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Tab.3 Experimental design and results for mussel

polysaccharides extraction assisted by PEF

KIS X, X, X ZHER R/ %
1 -1 -1 0 4.36
2 1 -1 0 4.02
3 -1 1 0 4.59
4 1 1 0 4.15
5 -1 0 -1 4.45
6 1 0 -1 4.25
7 -1 0 1 4.47
8 1 0 1 4.32
9 0 -1 -1 4.37
10 0 1 -1 4.58
11 0 -1 1 4.56
12 0 1 1 4.64
13 0 0 0 4.91
14 0 0 0 4.93
15 0 0 0 5.03
16 0 0 0 5.01
17 0 0 0 4.99
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Tab.4 Variance analysis of experimental results
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Fig.6 Response surface of interaction of various factors

i3 Design-Expert B4 X% 1] 19 7 % 19 5K % , 78
T2 50 11 PR 22 7K T 0 R Py 0 174 v bk e i 4 e B 4
Hom i 2 0 B T2 & H Y iR E
24.16 kV/cm, ik #p % 8. 31, i K b 40. 52 mL/g, £
WA U Y 2 AR R ] IR 5 4. 994 32% AT
T — 2 6 IE i3 — 435 AL 10 ME B I L AR 0 S PR 6 461
TEHL 5 58 B2 O 25 kV/em, ik o B0 R 8, WKL A
40 mL/ gy 2544 T AT T 3 WRBG UE IR B0, FF AR R I8 v
TG ZHEE R R 4.99% , 5 TN AR # #r , Hifd/h 22
PR AT ZE WA A J2 4 A R 2 Ao A v T A7 A6 1Y) 1E R 1%
2%, P Ay 7 il T 3 A 3 1 45 SR LA T S
2.3 BEESESEKDEZEEITESEN

it b i 36

P R BT A RN T R TR 0 2
YSOAH [R] T e by 2 g, 26 BRI R R IE S B0 15 1,
AU B A IO i 2 W IR A A R O OB He
30 mL/g BRI ] 30 min B D)3 175 W 42 Bk
JE 30°C, B VAT i 2 B A S b e hy 4. 46% o 5 R Ik
i EEL 37 FURR 7P D S A T2 S B0k B B TR e 2 X
il ge 25 Nk 5 By . f 3R 5 AT, & He ik o i
i By 4 JOIT i 22 A A 58 i T A I B 4 BB
HAF BB B B4R & T 11, 9% , Lk 3 &
T2 A5 E 2 S I AL PR ] 30 min 3
JERK WL 3 4.5 s B AL FREFA] . DR, v bk oo
5 B 4 BT e 22 0 A B () e B B SR A A

RS 3MEWAEMIT

Tab.5 Comparison of three experimental methods
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calorimeter. The result showed that three gum all could significantly enhance the tensile resistance of the
dough (both fresh and frozen dough), and X caused most obvious increase by 76% and 58% , which
made the maximum tensile resistance of fresh and frozen dough. For yeast fermenting power, dough with
X or A both showed a higher yeast power of gas, which improved the gas production of fresh and frozen
dough by 119% and 208% , 83% and 113% , respectively, while SC had no effect. For freezable water,
the three kinds of gum reduced freezable water content in frozen dough,which played a role in protection
of yeast during freezing, and the effect from large to small was A, X and SC. To realize the influence of
hydrocolloids on bread quality, the bread made of fresh and frozen dough added X, SC or A with the
indicators of bread specific volume and textural properties of crumb were evaluated by texture analyzer.
The results showed that A improved either fresh or frozen dough bread quality, which increased the
specific volume of bread made with fresh and frozen dough by 9% and 16% , respectively. X and SC had
no positive effects on overall bread quality, but X had a positive effect on improving the resilience of
frozen dough bread crumb.

Key words: Frozen dough Hydrocolloids Dough fermentation Bread quality
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Process Optimization for Extraction of Mussel Polysaccharides
Assisted by High Intensity Pulsed Electric Fields

Zhou Yajun He Qin  Wu Dufeng Yin Yongguang Dong Zhouyong
(College of Biological and Agricultural Engineering, Jilin University, Changchun 130022, China)

Abstract; The high intensity pulsed electric fields (PEF) technique was applied for assisted extraction of
mussel polysaccharides to improve the efficiency of mussel polysaccharides extraction. The single factor
test and Box-Behnken design results showed that electrical field strength and pulse number were the
significant affecting factors on the extraction efficiency of mussel polysaccharides. With mathematical
regression model analysis of extraction efficiency and the impact factor, the optimal combination of
parameters was found that electrical field strength was 25 kV/cm, pulse number was 8, water-powder
ratio was 40 mL/g. Under the optimized condition, the extraction rate of 2 g mussel was up to 4.99%
( polysaccharides-wet weight sample ratio). Compared with ultrasonic technique, high intensity pulse
electric fields is less time-consuming with higher extraction efficiency. The study can provide a reference
for further studies of extraction of mussel polysaccharides.

Key words: Mussel Polysaccharides High intensity pulsed electric fields Extraction Processing

optimization



