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Fig 1. Schematic of the Ohmic process
1.Data logger, 2. Regulator, 3. Ohmic cell, 4. Rice grains, 5. Balance, 6.Thermometer
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Fig 2. Schematic of the microwave dryer used in the research
1. Digital Balance, 2. Microwave Dryer, 3. RS3232 Cable, 4. Data Case, 5. Data Display
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Table 1. Independent variables of test levels
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8. Back propagation error

9. (RMSE) Root mean squared error
10. Mean Square Error (MSE)

11. Mean Absolute Error (MAE)
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1. Feed-Forward

2. NeuroSolution

3. Activation function

4. Levenberg—Marquardt (LM)
5. Validating data

6. Testing data

7. Epoch
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Table 2. Neural Network Relationships
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Fig 3. diagram of the artificial neural network

u‘;.u..su ‘5‘).3 u‘ys‘o sJ3..\> Le 4.>9J lJ 9 Gl 0000l ti'd.k.e sa‘u Y
che 2 ) gy 5 eadeslind Jue a5 05 Ol 03y eyl aial ) (b i sl (g ol )Y
9 M‘ )LJ9 )5»5'.5 99 9 Csl 0 )L)‘ﬁ.l.!.o P<0.0001 S“uﬁﬂ cs‘“é

ot ol 035l gime (2O, T B lejioe e @sfins alys s oy a5l Jols s

P<0.0020 ghaws ;5 o8 od) £33 9 Smal SUly i J1 0 a5 (1) Jpum o Sewnl anlp b 0g Sl



Ql)lS.o.co 9 o alﬂ o

Oy O T ilise a5 )] 40,8 Sis &g, oy

505 jbn polie g a5 5,5 olo oles oo R? adjusted
cslin § (658 Sl Al o Jde Wit S 4,
ol iy R7 adjusted lade cyiies «ewl 009

Lol ogllae g oozl

Lack of Fit I aSepl @y azg b Bk 5ol o sme

oz olaws mals 51 Jow ogcawlin caimslis

5 R? polie g Jodo @y azgi b yuiomen Coul o pineyus

St a8 (b ()59 Slyeds Sz eadioloitl Joo sl (milyls 5IUT (F) Jour
Table 3. analysis of variance for the model selected for weight changes during the Ohmic process

a> 4o

P lado Fylado St ot C:;:iucien{:)f Source
IR R DF estimation
Significant < 0.0001 14.16 11.18 6 24.91 Model
01680 213 1.68 1 0.3948 Seeal WA
Ohmic voltage
01204  2.76 2.18 1 0.4192 Seaalan ] olosB-
Ohmic process time
<0.0001  64.71 51.10 1 2.02 &y AL
Rice verities
0.6529 0.2119 0.1673 0.1377 AB
0.0020 14.74 11.64 1.21 AC
0.4475 0.6135 0.4845 0.2236 BC
0.7896 13 Residual
0.9332 11 Lack of Fit
0.0000 2 Pure Error
19 Cor Total
0.8673 R?
0.8060 Adjusted R?2
0.6411 Predicted R2
14.3849 Adeq Precision

2 5 0 Dl «Seel wnld gloy 5 5y alid
2l s b ol ol Jeds 5 il go Gal8l ] Jobo
Oz, el 00 braiga 8L 5l iy Hlyoas b
@ G g 0ol oyl 59 G2alS o dadiges 5l Cugb,
28 jsboles Cul sgpine (g by Sliss sl ()59
V oslesldy jo sl oals ools lis contour(¥) IS
Sliee OpyieS A0 B O Min anTs gley s 0+ b IYO
3l gl a8l ulidl L8 4 Cans lade 55 VPV B VOO

ools olis (F) Jsaz 5o & s walpd & dxgs b
Ol 5 Sl 3y et calpe G ) el ead
ol ool aS sl ails ol 3 ley 1) 30 o s s l,8
Bl g0 ladiges (g a5 05 azrg iz Glgise
Olosmse 5)0nlil 5 o, Ghszr slabai 4 O b S
2ol ©dx Gl ) » G )-*-’l‘ LRI JERR R
o tlsaSs 65 (6l Saanl 5y 4],z bl loigas
039 Sl Sliee 65y 2 |y 68 3l 5 oad o
L aS cowl oo ools las (F) S o .l aiils diges



\\‘ﬁiuL...uL f O)Le...:; Y ooy90 gb.'u.l;\.é R LSLQLS)jLé aolilad

adei 5Ly Lmali8l aST > cams rals 1) janSes g

oleS Jdsar g 3)ls (o 50 1) adigad (59,0 fiien &)l >
lotiges b 5 35 po e o3l e Jlid S o anl
.[\?]O}:)‘SA N

The weight change after
ohmic process

B: Ohmic processing
time (min)

5 a2

A:Ohmic voltage (V)

3D Surface

5-f
NA

Ol aiT® ploj g 5y Ll Bl b wm 4170V 5l
1 Olen 1y dlas el sl 4l 58l 55 39 e
3 (VoVF) a2 g 90 s 0,5 cdalin js,8 adhio
Ol Bl AT Wosy 4zl opl 4 sl gy 5l eolazl o

5 oRIP padSas i E5 e Wl oo 55 (e

The weight change after ohmic process

5
E
]
£
=
g
%
&
=
E
=
o
&
s s 145 155 168 m
A:Ohmic voltage (V)
Contour

Sennl any 19 (2 39 Sy Ol p ] e 5 Soal 55 3T (F) S
Fig 4. Effect of ohmic processing time and ohmic voltage on weight changes in the ohmic process
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Fig 5. Effect of ohmic voltage and rice varieties on weight changes in the ohmic process
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Fig 8. Effect of ohmic voltage and ohmic process time on weight changes in microwave dryer
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Table 7. R values predicted by response surface methodology and artificial neural networks
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Abstract

In this research, investigation drying of four rice cultivars (Fajr, Taromi , Dom-siah and Neda) were
done by microwave dryer and using ohmic pre-treatment. Three voltages of 125, 150, 175 volts were
selected for the pre- treatment ohmic in three times 5, 10 and 15 min and the weight changing were
measured and recorded. Finally, the samples placed in the microwave by power 600 watt and every
two minutes until dry weight changes were measured. The results of the experiment were analyzed
using response surface methodology and artificial neural network. Investigation on rice varieties in
the ohmic process showed that Fajr variety had the highest water extraction and weight loss compared
to other varieties (Taromi , Dom-siah and Neda) and during the pre-treatment process of ohmic and
also during drying by the microwave, those had more moisture extracted. And after that, Tarom and
Dom-Siah had the highest amount of moisture removal, Also the lowest moisture removal during the
Ohmic heating and drying process were in Neda cultivar. In addition to weight loss in drying with a
microwave dryer, Increasing voltage and ohmic time had higher moisture content than low voltage
and low ohmic time and rice cultivar Fajr had more weight loss than other cultivars. Also, the
predicted values of the response surface method (RSM) models and artificial neural network showed
that the accuracy of the artificial neural network was 0.30 more than the predicted RSM numbers.

Keywords: Ohmic Heating, Microwave dryer, Rice, Response Surface Method, Artificial Neural
Network.
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