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Introduction: Nowadays, according to the importance of drying and reducing moisture in the cooking process
in the food industry, different methods have been presented for different agricultural products. In this research,
the ohmic heating method was used to reduce the moisture content of white button mushroom (Agaricus
bisporus). The heating process is used as one of the basic processes in the processing of food products, due to its
importance in destroying the microorganisms that cause the product to become moldy. One of the thermal
methods that is used today is the ohmic method, which is a fast method and it occurs when an alternating
electric current passes through the product.

Material and Methods: The purpose of this research is to investigate some physical and chemical
characteristics of the button mushroom at the end of the ohmic process. In this research, three voltages of 60, 75,
and 90 V were used, and according to the 8 cm distance between the electrodes, 7.5, 9.37, and 11.25 V/cm were
obtained. Moreover, three types of steel, brass and aluminum electrodes and three concentrations of 5, 10 and
15% ohmic solution were selected for the experiment. In order to calorimetrically measure button mushrooms,
the images were scanned in color using Image J software in the Lab space, and the extracted values were
expressed as percentages. Further, in order to measure chemical properties, 0.5 g of dried samples were
separated and methanolic extract was prepared and properties including antioxidant activity, total phenol
content, flavonoid content, vitamin C, pH and Brix were measured.

Results and discussion: The results showed that with the increase of the voltage gradient, the value of the
browning index and the total color changes increased significantly. The highest and lowest values of the
browning index were 244.39 (voltage gradient 11.25 V/cm-aluminum electrode) and 86.39 (voltage gradient 7.5
V/cm-steel electrode). The highest and lowest total color changes were 27.98 (aluminum electrode) and 16.01
(steel electrode) and the increase in browning index and total color changes were observed in steel, brass and
aluminum electrodes, respectively. In the chemical properties section, similar information was obtained in the
parameters of antioxidant activity, total phenol content, flavonoid content, vitamin C and soluble solids; So,
with the increase of the voltage gradient, the value of these parameters increased significantly. In the voltage
gradient of 11.25 V/cm, the highest values have been observed.

Conclusion: It was found that applying the thermal process at higher voltages causes damage to the colorimetric
properties, reducing the brightness of the product and increasing the amount of browning of the product and the
higher voltage gradient had a positive effect on the chemical properties.
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1. Ohmic heating method
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Figure 1. Schematic of the ohmic system
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Table 1. Specifications of the ohmic system

Type of ohmic cell

The external diameter of the ohmic cell

The diameter of the holes on the ohmic cell

The distance between the two electrodes

PTF cylindrical tube

Seas! Joko £

The type of electrodes  steel - aluminum — Brass
[EXPPANI Y

Ohmic cell length 150 mm
Seoal Jolo Jsbo

Internal diameter of ohmic cell 50 mm
Jobo (g, b

60 mm
Jobo o715 b

4 mm
Jobo slooi JLas

The diameter of the electrodes 49.9 mm
oy xSl lad

The thickness of the electrodes 2mm
[EXPYA I E

50 mm

2mm

The diameter of the electrode connecting rod

357250 Jlas alyo ko
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Table 2. Analysis of variance of the effect of voltage gradient factors and electrode type on the amount of L*, a*, b*, browning index and
the amount of total color difference on mushroom samples

L* a* b*
Mean Square  Fvalue Mean Square Fvalue Mean Square F value
Voltage gradient 139.21**  652.11 10.12** 25.94 2.52ns 71.03
36y obsls
Electrode type 23.21**  112.09 18.22** 46.68 8.4** 25191
095Ul 95
solution concentration 7.21%* 26.36 0.29ns 0.74 2.31ns 69.05
Jobee clale
Voltage gradient x Electrode type 4.81* 5.34 0.51ns 1.15 2.91ns 83.21
39S gg5 % 5By LolS
Voltage gradient x solution concentration 1.51ns 1.32 0.62ns 1.23 1.58ns 46.58
oo il x5l LS
solution concentration x Electrode type 2.21ns 2.29 0.31ns 0.79 0.15ns 4.30
35750 g X Jolome il
Total different color Brown index
Voltage gradient 15.63**  329.44 32.85**  12168.24
Wy pbel S
Electrode type 3.32ns  296.29 29.29**  10850.25
S9ySdl gy
solution concentration 0.91ns 89.81 3.39ns 231.33
Joloms il
Voltage gradient x Electrode type 0.81ns 23.21 4.46*  1726.73
39S gg5 % 5Ly LslS
Voltage gradient x solution concentration 0.24ns 14.35 3.20ns 1315.12
Jolome il x5y ool S
solution concentration x Electrode type 0.38ns 4.47 2.91ns 1012.31

55750 g3 % oo il

TN v o (5,08 gime oaimslis

—20,0 B mhaw )8 (5 ls Sxe cims L -5 o Jxe pae odimslis ns

ns indicates non-significance - * indicates significance at the 5% level - ** indicates significance at the 1% level
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Fig 2. mutual effect of voltage gradient value and electrode type on L* value of mushroom samples
Non-significance in a fixed voltage gradient is indicated by similar capital letters and non-significance in a fixed electrode type is indicated

by similar lower-case letters.
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Fig (3) Effect of voltage gradient value and electrode type on a* value of mushroom samples
Similar letters indicate no significant difference.
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Fig 4. Effect of electrode type on b* value
Similar letters indicate no significant difference.
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Fig 5. mutual effect of voltage gradient value and electrode type on browning index
Non-significance in a fixed voltage gradient is indicated by similar capital letters and non-significance in a fixed electrode type is indicated

by similar lower-case letters
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Fig 6. The effect of voltage gradient value (a) and electrode type (b) on changes in total color
Similar letters indicate no significant difference.
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Table 3. the results of variance analysis of the effect of voltage gradient factors, electrode type and solution concentration on the quality

characteristics of mushrooms during the ohmic process

Antioxidant Phenol Flavanoid
Mean Square Fvalue Mean Square Fvalue Mean Square F value
Voltage gradient
Alde Lol S 1168.02  327.15** 0.581 171.34** 0.033 174.09**
38 ool s
Electrode type 583.39  163.40** 0.606  178.8** 0.012 6.67*
solution concentration - .
Jsloro cdile 37452 104.90 0.004 1.23 0.0092 47.44
Voltage gradient x Electrode type - . "
35,50 g5 % 3y ol 5 23.0 6.45 0.0062  18.45 0.0012 6.50
Voltage gradient x solution concentration
Jslo e x5y ol 5 2.56 0.72 ns 0.0008 1.88 ns 0.0000007  0.000001 ns
solution concentration x Electrode type
35S0 g5 % gloo il 1.806 0.51ns 0.0006 2.60ns  0.00000008 0.0000002 ns
Vitamin C pH Brix
Voltage gradient o - -
sLg obol,S 866.32 60.25 213 19444 5.24 108.61
Electrode type 26111 18.16% 1149 89.67%* 192 39.85%*
solution concentration 15413 10.72%* 0.19 33* 073 15.24%%
Voltage gradient x Electrode type . . .
55,50 g5 X 512y ol 7 44.16 3.07 018 318 0.14 3.05
Voltage gradient x solution concentration
Jolwe cale x5y Lol S 32.22 2.24 ns 0.08 1.19ns 0.098 2.03 ns
solution concentration x Electrode type
. 2.65 0.18 ns 0.06 0.98 ns 0.021 0.44ns

25250 35 % Jslowe ol

1Y e 5o (g5l cre oamolis i —as 10 O maw [0 (55lo cre oao ) Lis # - (g lo cxe pas cdimslis NS
ns indicates non-significance - * indicates significance at the 5% level - ** indicates significance at the 1% level
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Fig 7. mutual effect of voltage gradient value and electrode type on antioxidant content
Non-significance in a fixed voltage gradient is indicated by similar capital letters and non-significance in a fixed electrode type is indicated

by similar lower-case letters.

Slhles Gals (ial8l Jdo 4 Wiy g rals ol asS Loy
Coalos 8l 4 e oS wBl e ool 0 5>
2t Lot T3] Sl 5 &2l s 5 oo S5 L
5 558 Aol ol ploads ciliine sl 25Ty 43555 |
& e Sl (S o 2Ty 025 ol 5 eS|
eoordye @besben Al 0 Gilogme ralS
@ b alie Giod onl lead ol mls [V¥]ogs
2 YV b s oSen 5 5,5k Lot a5 canl Sl
oudplsl (mol anld (b o sedol Jsame s,
Olme a5 Cunl oadonnlin b Gaiow opl ol

D]l 00 STy ol gad T Jgid ol 5

Jed Gl V.YV
M) US55 35550 g5 5 35 GluolS 31 pls (A) JSs
aS sl 00l Caw (399 O)lg0 4y g3 L a5 cadools lis
$laeSs )0 ladiges 3 gyt S5 Jod lyme Jlaie
5 Sl g Dold ] s a5 00,5 cdalie cuddisy
ol g el ails vezg alie (lo iz b 0g iSUI
o= UYY Viem o VVYO Viem 5kds Lol 3 o oglas
50 Lol el 00gr (50 09 SUl £45 g0 b Jsl 09 2SI
oais oanlive (g o gme glay VIO Viem 5Ly Lol S
slasldy jo oS oloul |y (g)lo cre glay axiiless o o]
1A eslitulsyge (ol anld e okt loy 45 S
ol plerdsn (ol lptme Sl (Sen S (o



VEY Sl oF o)l Ve 090 did Caio )0 waz slos sl aalilad

ya¥

= Brass

08
073
Ab

Ab
065 Ab

06
033
03

‘Total phenol
(mg gallic acid/100 g Fw)

043
04

» aluminum

steel

Aab

Ba
Bab

T
937 11.25

Voltage gradient (V/cm)

U Jsi8 slyime 529350 g5 5 35 oluslS s i1 (A)
odbools lis ilice Sz g8 By, b ol 09 xSl £45 S5 (0 (g0 cire pas 9 I alie Bgym b ol 5y Lol S 0 ()l g pae

ol

Fig 8. mutual effect of voltage gradient value and electrode type on total phenol content
Non-significance in a fixed voltage gradient is indicated by similar capital letters and non-significance in a fixed electrode type is indicated
by similar lower-case letters.

ol 5o el el &S sbiles el sadosslice
Sl auld ol s sy o omsSxe alaly Bekos
oley) FeS slasldy (58,5 Slai jo b amuis)s o)1y 52y
o o (Al plyiea (Gl wnl Jlel o i
axy g Jobe i cewl 5 (SHL (DS olxl
s il adgidl el 4 bgye SloS 5 sl
O B35S e 595+ J9iSads )l (e e (S e
B8 (nl @S Gul Jodo 1ol ould (slaeSs )6 )0 () 5
Slpos als 50 Oldllas 51 Sy j0 el oalila
slaised o il wnlp Jlesl jiey ooy Sl Jsb
0l Cuwgy JWip g ol (S redS aiile el

IPV-Y¥] sl o o155

® Brass

0.18
017

Flavanoid
(mMQ/100gFW)

aSgigM glgice V.V Y
03,51 9555 lgizma glp Bl Sl @l (1) U5 50
45 08 (§pSamt lies (1) JSb 4 az g b el 0us
Slezee g YL o SYL 5y oLal,S Sl eslil
o yal a5 Sl ouls laaSs slaz,B o aSggdls
Wy b aSedl lyie 6yeS e o Ceul oud
g 9 Gl syse Cnl izmes 258 alllS (al
09,5 SUl Jo g Cawl 009y yidion laog mSU Ay 4y S il
odelCusst; wigil (glyime ke oy Jetul gy
VIO Viem Lol 5 50 (1) JSS 4 ax g5 b cpizmon .ol
Lol ol 0045 laog 2SI (s (s kel lass) (o lo sme glas
VYO Viem ¢ AFY Viem slasbol,S sl Syse ol

OOL&M‘Q)QA ‘_gLQ:os).‘l.i” O Lg)‘ob_;su A_JBLD.) 9 S| 039

u aluminum steel

Aa Aa
Ba

016 Ca
0.15 Ba
014 Ba
013
0124 Ap
011
009
0.08 : : )

75 937

1125

Voltage gradient (V/cm)

Qg 09 iSUl g5 g 5y (Lol,S ke Jlate 51 () S
oabools lis ilive S8 g, b culi 09 oSl £65 S5 0 (5o sire pae 9 T alie By b ol 5y Lol T S o (55l g pae

e

Fig 9. mutual effect of voltage gradient value and electrode type on flavonoid
Non-significance in a fixed voltage gradient is indicated by similar capital letters and non-significance in a fixed electrode type is indicated
by similar lower-case letters.
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Fig 10. The mutual effect of the amount of voltage gradient and the type of electrode on the amount of vitamin C
Non-significance in a fixed voltage gradient is indicated by similar capital letters and non-significance in a fixed electrode type is indicated

by similar lower-case letters.
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Fig 11. mutual effect of voltage gradient value and electrode type on pH value

Non-significance in a fixed voltage gradient is indicated by similar capital letters and non-significance in a fixed electrode type is indicated
by similar lower-case letters.
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Fig 12. mutual effect of voltage gradient value and electrode type on dissolved solids
Non-significance in a fixed voltage gradient is indicated by similar capital letters and non-significance in a fixed electrode type is indicated
by similar lower-case letters.
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