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Figure 1. The electrohydrodynamic (EHD) system used in the experiments.
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Figure. 7 Response surface for weight loss according to the air gap and air velocity
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Figurc 10 . EHD, oven (convective), and ambient drying pattern of radish
slices.
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Table 1. The Hunter Color Parameters of Drying Apple Slices

Hunter Dirying Dirying time (h) = SE
values method
o 3 7

L EHD' 67.9 +x 1.0 66.4 = 0.8 69.2 = 0.9
EHD2 679 = 1.0 642 = 1.9 6658 = 1.4
Owven (S5°C) 67.9 = 1.0 549 = 1.3 53832
Ammbicnt air 679 = 1.0 603 = 1.1 61.7 = 0.7

a EHD! 3.4 = 0.9 4.5 = 0.4 50=0.3
EHD2 3.4 = 0.4 4.9 = 0.6 70 =10
Oven (55°C) 3.4 = 0.4 55=1.2 12.8 = 2.0
Ammbient air 3.4 = 0.4 5.3 =08 5.3 =04

b EHD! 16.8 = O.7 15.4 = 0.8 17.6 = 0.7
EHD?Z 16.8 = 0.7 14.4 = 0.8 18.4 = 0.7
Owven (55°C) 16.8 = O.7 17.5 = 0.9 17.8= 1.1
Ambient air 16.8 = O.F 153 = .6 155 =1.1

IThick coppcr needle; 2thin sewing noedlc

3 S s 23T 53 a5l e (53 315e 5 T sl A

Table 2 - HPLC profile for organic acids and sugar for EHD and oven (convective)-dried spinach samples

Retention time (min) Peak area (relative)
Organic compounds EHD dried Oven (convective) dried EHD dried Oven (convective) dried
Organic acids®
Citric 13.664 13.624 5472 1479
L:malic 15.798 15.802 12,322 19,607
Succinic 18.676 18.638 3438 11,449
Fumaric 21.128 21.024 29.672 79,662
Propionic 25.275 25.244 17.671 29913
Sugars”
Fructose 6.924 6.806 1,791,548 1,506,103

“ Shimadzu LC-10AS chromatograph equipped with a Shodex SC-1255 column, size, 4. 6 mm = 500 mm; mobile phase, 0.1% H:PO,,
flow rate, 0.3 ml/min; column temperature, 55°C; detector, Shimadzu SPD-6A at 210 nm; recorder, Shimadzu Chromatopack C-R4A.

7 Shimadzu SCL-10 chromatograph equipped with a Shim-pack CLC-NH:(M) column; size, 6.0mm = 150 mm; mobile phase, 70%
CH,LCN: flow rate, 0.3 ml/min; column temperature, 40°C, detector, Shimadzu SPD-6A at 192 nm; recorder, Shimadzu Chromatopack
C-R&*
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Table 3 - Effect of hizgh-voltage electric field treatment on the rough rice fissuring

Temperature, °C Voltage, k) Discharge gap, mm Fissured kermels
Treated, % Control, &
Heavy Light Heary Light

15 30 45 0 8 0 8
40 10 45 2 11 2 10
40 hill 45 k| 12 k 11
40 30 45 b 16 4 12
40 30 33 3 A 4 1
40 0 55 2 18 2 13
50 30 45 18 38 15 L

Oboy 5 ausa (ol Jgame CatSi 55l Gpae i 5L EHD 2y 65, 015 0 856 b wsp b
4wl Gl DL 4wl e Dliis ar ST sl sdalis [ b B ple 4 el 005 S
Qi a3l 5 3 Ol Olge 5 s b OF 03 olie e 5 olae 5 (68 13 Cands i O g Sl oyt
Sy B L sl cbize b S S5 Ol L OAS Sa 50,8 Sppe pdizes by UL s
S35 G pae 1S sl 5 ete (5550 Sl eslinal 3)ls Comal Cars 3 4zl Al e SRl 3 0 S 5
Sl Gy 5l Sl oo 55 s 0l gladgl sl SO S s By plde @t...o 05 AL e
L Foame L5 o Vo Sl ol b 5 sl 0 268 b &S ol Salingpden s 53V sy (6550 cpl als
Lled bl Jaos b (85l 5V 6550 0 Lol jen 2 kS

@L:.a
MY Vet o S eh okl sl ol Kils N glS ey, 51508
N uf«l.a )..Lg ua)‘u‘j} 2 g;if.j‘“‘g\ L)\J\.:.A j:IU AYAT L;/'«" d"“"‘ ‘C" abb';_iwﬁ S "LSJLf <9 "C (S s
Ao 06 Slidos 5 pske Aoty oDl 33T o1 0l Slpm o Jilen ne s SVUe oS
Ahmedou, S.O., Rouaud, O. and Havet, M. 2009. Assessment of the electrohydrodynamic
drying. Food Bioprocess Technol., 2, 240-247.
Bajgai, T.R. and Hashinaga, F. 2001. Drying of spinach with a high electric field. Drying
Technology 19(9): 2331-2341.
Bajgai, T.R. Raghhavan, V., Hashinaga, F. and Ngadi, M. 2006. Electrohydrodynamic drying
a concise overview. Drying Technology 24(7): 905-910.
Baker, C.G.J. 2005. Energy efficient dryer operation—An update on developments. Drying
Technology 23(9-11): 2071-2087.

Cao, W. Nishiyama, Y., Koide, S. and Lu, Z.H. 2004. Drying enhancement of rough rice by
an electric field. Biosystems Engineering 87(4): 445-451.



Basiry, M. and Esehaghbeygi, A. 2010. Electrohydrodynamic (EHD) drying of rapeseed
(Brassica napus L.). J Electrostatic 68(4):360-363.

Hashinaga, F., Bajgai, T.R., Isobe, S. and Barthakur, N.N. 1999. Electrohydrodynamic (EHD)
drying of apple slices. Drying Technology 17(3): 479-495.

Isobe, S. Barthakur, N. Yoshino, T. Okushima, L. and Sase, S. 1999. Electrohydrodynamic
drying characteristics of Agar gel. Food Sci. Technol. Res., 5(2): 132-136.

Jemai A B., Vorobiev E. 2002. Effect of moderate electric field Pluses on the diffusion
coefficient of soluble substances from apple slices. International Journal of Food Science and
Technology 37, 73-86.

Murr, L.E. 1966. Plant physiology in simulated geo-electric and geo-magnetic fields.
Advancing Frontions of Plant Science 15, 97-120.

Wheaton, F.W., Lovely, W.G. and Bockhop, C.W. 1971. Effects of static and 60-hertz electric
fields on germination rate of corn and soybeans. Transactions of the ASAE 14, 339-342.

Xue, G.R., Uchino, T. and Mastsuo, M. 1994. Drying promotion of radish using corona
discharge. Nougyou Kishou Gakkai Si., 56(5): 35-42.

Yi,W., Joan, F. Gerad, K. and Casimir, C.A. 2005. Phenolic compounds from blueberries can
inhibit colon cancer cell proliferation and induce apoptosis. Journal of Agricultural and Chemistry
53 (18): 7320-7329.

Electrohydrodynamic (EHD) Drying of Sugarbeet Leaf

Abstract

The electric field increases heat transfer. This is caused its application for decrease of
biological material moisture content. This method by less cost and energy consumption can
improve color, shrinkage degree, flavor and nutrients of food than those of heat transfer, freeze
and osmotic drying. The thermodynamic considerations regarding the lowering of temperature
under EHD drying include rapid rates of evaporation of the DC high voltage power that produced
current between multiple pointed electrodes installed above a plate electrode upon which the food
material was placed. The number and the size of needles, electrode gaps, electric field strength
and the air velocity can increase drying rate and quality of foods. Simple design and low cost
energy are caused EHD can tabernacle with common methods of food drying. The present study
revealed that rate drying increased with enhance voltage and then after four hours decreased.
Maximum current and power consumption in presence high voltage were 70 mA and about 14 W,
respectively.



