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Effect of voltage gradient on electrical conductivity of tomato paste under ohmic heating
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2, Electroconductive heating

3, Electrical resistance heating

4. Direct electrical resistance heating,
5. Electroheating

6, Electrical Conductivity

Yy.



o) Glino) Foojlods ¥ ade (2l Slgo (sl 9 (591 5

2 ool Gl S anld (b g8 i glibl doon) e msd il 5 S ol (sl 4t Koo G o
Colan oo Gy (Lol Sy o il b as sg o 51 Sl ol .cd,5 1,8 adlllas 5,40 VWWOPC 5 YO oo odgume
@huetal., 2010) wb oo ial¥l as gk S Sl
o3 )18 il o | i slaaised (hale)S anlih g (S pSIl calie puolie b, S e 5l gge JSS 5 (W58
polie 4 s (FHZ) (ol slamilS 3 50 slol oio 5 (oo (slagge 3l oolitul b o sdalive (S0 2SIl Colaa
Cullenetal., 2012) el yiin « g0 sz 3l oolawl jo ool ssaliv
SLEETY
OV ISRV PSR e SR ISIRCH [ RS 35 RN [ ORI SJE PP PSP ISYI B
IKA Eurostar made in Germany) Sl oyjen S 5l o Ken bglore 4 jolaie 45 s 0l ploxl Jioloywo 9 (iule 5
0,90 pb 4 S 19iSs Jolore SO U ol 00 e (9,8 465 L Oeerpm 50 L 9wl oolaiul (power control-visc 6000
Sl5P Sl 00l gl 09 &y Al e 45wl 03l y5ee VMM o b (Blo 5loys cals (3l oz jslaie 4y gl ey
al adlal Sig e, ) ol 4 (0 S o)
(ool i lo S e =¥
ST s 5 O MM Wiyl 5l Jlab o 3l JUgs wlsinl o JS5 4 5 058 iz 1 gonl (inlo,S Jobo iy
9 O MM L3 b algwl JS& 4 (3 S55 Jeioad iz Sl s 0l 5o 423, )15 4 99 S0l ol a3 )57 L5 0 ) - .MM

D9 (oo oddlive (V) UKo j0 o3 S5 ol 09 581 51 6l digas ol aid )3 a5 0 ¥ MM Coales 4

Getod cpl 5o oad oolatul glaog wSUl diges Y JSCs
,955 <L) Dual inpur RTD 804U Jow yjegeys 9 JisSsey 5l sedl iole,S Jokw J1o j0 Lo (6,5 ojlasl slp .
S5k 0,90 sty @ (Glnl 925 (B Sl jo il 5Wg ) SdgVY e 5y haws jshate 4 (izres ol oolatiul (Wb
<35 LGF-6000 Jow Jlozws 59315 S5 5l a8 oolaiw! (o) pl e pol o8 1o cl) (S ,lg) 5ks 555¥eS ) olliws
00 03,5 4y ol iule )5 e Soleds ol ooliiul (Liole S dug p ploxil (50 ()59 DlsS CuS gl p )5 0/ )
Gl 00l oaly ylad (V) S o

v



1) Gl F oojlods ¥ ol (I3 Olgo (a3 5591

it
g S

iy \ o
)

Jykeo Jske

o8] Ghale S s Sl ¥ S
P VRUIN| FUFIRY I
wl, o) g e JES oles (Shg onl 45 col 01aé oole S Sl Culun b s Sud 4 Seenl il S 2o
Oliee ey xS cdale (1 sole g9 5y e 4 55 i sole (S Sl Culae ans oo 8 Wl Cow gl o
(lima et al., 1999) s s Sy (SO Sl lase Sl 9 £45 ¢ B pan uilS )8
b g calises slales ;o S0 Sl Culad conts & yoie «Seodl iale )5 Jsb 45 ool > 5 5ts oo cud (slabasd jolie

«de Alwis and Fryer, 1990) sgei duloes (V) Jgo,8 S8 a1y o1 Jlade olg5 so 45 09 o (asein olul b ol Jolu

L

Vgt
AXR

g =

oy ol dsly oole Sai e g clale @ glidolge yo (SO Sl Colan a5 Ws,S edlel (Yo F) JldT g o]
el dsloe B (V) abal) 5ol o 1) (S0 Sl coloa

0= — Y Jge s

S/my S xS eslos - )

V) &y o 5lg 1 (V)

A) ol > bz Bl ()

M) foo > 239 58Ul (e alslé : (L)

M?) &y k0 con 3235 2l g ahaiie Colos - (A)

Ol 39 by Jalnals g Jolome el Slga Sl a5 Jlo 5 oo T3 (b 230 & Les Lo S0 S0 loa
Icier and llicali, 2004,2005; ) cuul oo ools yLis ¥ 5 ¥ slodga,d jo Laly, cpl 5l oo diges a5 &5,l38 o

(Castro et al., 2003

Yvy



1) Gl F oojlods ¥ ol (I3 Olgo (a3 5591

o =BT +C, Y Jsesd
o = E,(Con%)": +B,T +C, ¥ ey

aes o olis |, A Jole dlge cdale Con% 5 wuislh oo <ol culpd Co 9Ba g N2 B2 3 C1 g Br ¥olas (] o
Jwisly g0 a0 b g Jas Ly, ‘u;:;)“Lcﬂ Sy90 Joams £ 4 ds mbe DY gams (S6 Sl Colan 4 ples Sy

Castro et ) wiSw olow! ¢ cim i Gl Jow ;0 (632U Sguge « S xS Culan galolas a4y 5Ly Lol,S 0,5 5 g 0sS o

.@l., 2003

bl ;0 ygo Jolgs —F
Sl 4y a5 b Sy S s 55 5 ke 18 bl b gl o g 2501 5, 5 S 250 alan (55 ol
Aalgs Sglite (508 (S Sl Culan (rizren 5 Cuaglio ol Sl5T (glagyss b Al dy 2SI JLil Jsle o1 (sl 2801
Slilae ,0 0o plil slaiolej] Gub 0 )ls (Ko ] iz adaiie zhaws o Jsb 4 bl sloo ;0 b, SO 0 Caaglie 04
©) Jgorp Syge 4 o] slo Sy plo b bley Caglin galasly cadly (lass blo, Jgb plas jo glaie gl 1 S 2SI

R RA VA L

lawgs alayl) ol el Bl o519 Cuoglin wgSae oS J.)T‘é.a Sy by g 5y e Lailgy 51 olaé slge (SO Sl Culas
0,8 S (F) alaly jo by Dol g 5y 5 (SO S Colas o adaly ol SII(Y -2 A) QI)K@BMJ

dlzvv2i (5) Jse,d
dt <,
oy LS Cp g J&s PSSl colan : 0 5l (Lol 5V (il 5 7,3 dT/dt

2,y ol Jow sl 1y (V) adaly lgs oo Led 5 (S xSl Colom abasl ) 040 as 4y azg3 b oS auzils oylo bl ien
RO JC RS VLA U FUV RV

oc=0,+mTl (V) Jge

Al oo oo T g ol sae M adsl S oSUl culon 200

YvyYy



1) Gl F oojlods ¥ ol (I3 Olgo (a3 5591

LS 5 ] Jlio olgie sl w0 3 Gl (S SUl Colan (raess jshite 4 (6,500 (Sgaw )Ty SVolae ol ogdle
Dged oo ole ) 5 HLol,S g Lo 4y SO ST colan Sl aS” aisls &Ll 1 (A) doleo (Y4 - 0)

oc=D(VV)"+BT +C (A oo 2
(FV-) 5 O2-Y) Ly, 51 (S Sl colan o po dawbre gl Gadzd cpl jo anil o ol slael D,n,B,C.lpoas
by o g calizes Gla Lol 5 0 sod dcwle yual g (639,9 lajty Ve CM Jolu 18 09,5801 98 yar alold .o soliiul
53 ol cpl Gols 1B Lol aslns 0)9) (S 5 e 4 S 2 DS bl 2 5 Fge mhaw g 00l 13 a0
23,5 g0 Ao (loj 4y S (K BazsS 059 (S5 i Colaa YL ala

A oolaiwl () doles 3l plabs Sad cdale dnlre jolaio a4y SYoleo (ol 4o

W .
%NaCl =VT/7&°'X100 () Jgo

L

b oo Jolome (339 WL g Jglome 50 plab Sod (59 :Wikacl

& 35 A g Sy

oS o las

99 5 el 0ol 0ols lis oo Ol i uioren g a8 lo) ClbdS e 0 T gV LIS Jo (SO Sl colan Ol s
adgl Jolre )3 (oSl culan ol (o0 (K2 4298 0,9 50 (Sl Solan (5, 5y GLolS Sl esias (lis Jloges

Diangsagita, ) o s Slg3pe Gubizes ;505 b odel cawds gl b uls ol ool oo ialidl oo iol38l b o o j5as 018

«etal., 2022; Icier and llicali, 2009,2005; Yixuanchen et al., 2022; Castro et al., 2004
o2 g aib o S laie als o 4 wilg o mp (alS cpl ol oo 2elS (SO Sl Colan co o anl)d dslsl b
ol logai 90 12 10 a8 e (S S L ol slogyg 4l ST S > ojll aS oole clale jiol3dl Lo 4 Al oo
S b T s 5y oliol,S (liEl b oSl s il o (2015 1 IVIEM & 0 5155 (ol S sl b (S S

il o Rl (S Sl Culan g oad Fogazes ol slodsy 8, 1wl oo il 6 e

YV¥



o) liao) B oojlod ¥ ale (oI5 Slgo (Suul g (5590 59

2
A
1-8 / \
1.6 /
3 14
‘_3 @12 st-50-2
=
34 & —=—5t-70-2
-}
ﬁa Z 08 s 5t-90-2
£
< 06 —8—s5t-110-2
2
0.4
0.2
0
SHNmMTMmON®OgONNTERYNRY
(min) Lo
1Y plab Sad dopo 0 (Ko xSl Colan 5y Lol S B S
1.4 ~
1.2 A
1 .
3 i
,—3‘ 0.8 et 5t-50-2
—?_L 0.6 il 5t-70-2
% e 5t-90-2
= 04 -
E = 51-110-2
T 02
oOo+—r—""T"T"T"TT—T—T—T—TTT
O NN O ATV NNEHNCTNM O ON N
IRTTTEHYEIREE 88875585774

°c)loo

Gl s V) e g8 Ve e o¥gd 0y Sl ST LY cdg iUl 0 Los e (S Sl Cglam s 5y oS 1 F S

(Pl Sos 2oy 1Y 5 calizes

)l eSS S Colas s 2 3B (Lol Sk oo (Al e (S pSIlCalan Les Gl BIL 5 Loy 3570
IRV 3
@ O3 d93g do,d plab Sad duo o Giali8l 0gd e 0l o] I3 5o alab Sed auoys o13e eole J3Is o Ol L5 L

Aboe sl S sl colan 1 osls ol 1) e >

YVo



1) Gl F oojlods ¥ ol (I3 Olgo (a3 5591

oo 9 W, (g Soslal cenl iole )8 s SIS @ 1) ogue i (SO S Colan (Y0 A) o, Kes 5 Sl Lo slouln
(Sanjay sarang et al., 2008) wly oo (il38l (S uSU Colan ogue i 2 gl oo iol33I L aS aizils

Okl LRl b ash aindls ol 5 w08 ob)l pekiee 1) 55 GLolS 5 (S STl Coloa (e alal) L Sen 5 (c20g)0
o ol (oS colae olaé sole sles 2al381 L aS wis S lo sl imed il oo Ll (S STl colan 5Ly
(Darvishi et al., 2012) s,

Ol L (s wb oo a8l 5Ly sl bol S dan gl (SO Sl colan Lo al58 L aS Wi )8 b 5 o), Se2 gy
«(cier etal., 2005) cus jlo cxe malS plaiz e Wb o oS (S SU colas 5Ly Lol S

slabes jo (SO Sl colan wilgs oo (Vo) dolrs 0,055 Hla5 jo s Opga 1) Leo 4y cons (6 oSl Colon ol s S
A e |y Cilisie

0= 0.04T +0.120 R%=./ay (V) Jge

o) Jlisl mhaw jo ol sads ools Hlas ) Jgao j0 a5 SO STl Colaw ool (595 5Bs Lol S 1 Sl anslas
Colad 59y g oo LU g el Hlo goe Les Ol pess (g9, 0 5Lds (L1 ,S il aS ] Sylol e adl g o gme
Syl gyl gme Sl SO S colae Ol s 65, 5 Lol,S Lo pen 4 el Sl pre 58 (G aSl

SersIcale oot 3y 0LalS ST eSSle anslie Jour ) Jgoo

Slg F Sl o 5uSko solyl as o e

ofes OYD oo Yo S O

A RS B9y

2585 QLS Sl o Jls (pe wamd (L (0) S8 5o (S xSl Culae Slpi (655 2 55 GlslS S aSSlee alie

25lse B 515 GLolS (sl et a5 1) Wy Lol a Glete cd e el T s

Yv#



Yf+ ul.».m.o) f ooyl ¥ ..\.L'?c‘sﬂ.:\.é Slgo ‘52.9.3“3‘5)3])3

0.05

a
0.045 b c
‘ 0.04
1 o003
3§ 003
3 0.025
g 0.02 d
%, 0015
S 001
§ 0.005 l
@ 0
5 7 9 11

(v/em) 3Ly Lol S
S S Sl a3y LSS 1 e aslie S
oty s 5 ol 5 o 5o olgiooe e SxBS b Las okt il 3 Sijd SV 55,250 3 S alan
TR? g (\Y) g (V) &Volee ol po 8 e oleee Iy oSl colan e o9 o, b aS 3,9] oy pgd Az 0

il ool &l Hles alies sosgase 5l (V) Jgo o

o=co+mT RISt
0=00 +mT+ nT? VY Jge,

il oo diges Lo T o (S/M.C?) Los i (S/M.OC) Los 52516 M (S/M) ay) S i8Il Cylan G0 o] 4o a5

Glizee slasldy (Lol)S jo ko — (S Sl colan Jow sl $olel gy i WV-F oo

Voltage Linear (co +mT) Non linear (N"T?+mT+c0 )

(V/cm) m 60 R? n M (o) R?

0 -+ ¥% <IYAYS  -/a44 YxVe' o et ARAY AN

\ o[- FVY AR AT RRIAL LAY OV S e L YAAY < JA0AF

q -[-¥q SI¥O-A +/A90A Y\ Y IERES SEEERY A5 A SEEERYLYN L

1 SRRV SFOYY  +/39A LSRR DS SR (RN SRV LN o §
Ololinlioy 9 (575 am

Yyy



1) Gl F oojlods ¥ ol (I3 Olgo (a3 5591

Sl colas
5lds bol,S il b ash jekay o ls wgSae alayly 5Ly Lol S L (S53 495 0,9 (So Sl Colan a5 0 5 onnlie
VAYSIM G < /YF 03b oo oot Liole 5 piacs 48 (55,8 4255 0,59 S|y ol oogame .ol (oo Lol (S0 58Ul coloa

Db oo il oo Lol b (55,8 465 0,90 (S0 i8I Colad yaioren el Gy

Ololguion
O g alie Sed glpalale wsile Koo 38 S0 Jelge 09l oo dlotian (oS Colan SESS v jelite 4
Jyame s, » 5Wy (Lol,S 5l 600l b (rimen 115 1,8 adlllas 8,90 (S5, Colo (g9, p il slensls

el sy 65380 LS b a3 S )18 sy 090

&Lw

Assiry, A. M., Sastry, S. K. & Samaranayake, C. 2006. Influence of temperature, electrical conductivity, power
and pH on ascorbic acid degradation kinetics during heating using stainless steel electrodes. Bioelectrochemist 68: 7-
13.

Castro, |, Teixeira, J. A, Salengke, S., Sastry, S. K. & Vicente, A. A. 2003. The influence of field strength, sugar
and solid content on electrical conductivity of strawberry products. Journal of Food Process Engineering 26(1).
Cristina, S. C., Moura, D. R. & Vitali, A. D. A. 1999. A study of water activity and electrical conductivity in fruit
juices: influence of temperature and concentration. Brazil Journal Food Technology 2: 31-38.

Cullen, P. J., Brijesh K., Tiwari, Vasilis P. & Valdramidis, Z. 2012. Novel Thermal and Non-Thermal
Technologies for Fluid Foods. Academic Press is an imprint of Elsevier. 978-0-12-381470-8

Darvishi, H., Hosainpour, A., Nargesi, F., Khoshtaghza, M. H. and Torang, H., 2012, Ohmic processing:
temperature dependent electrical conductivities of lemon juice. Modern Applied Science, 5(1): 210-216.

De Alwis, A. A. P., & Fryer, P. J. 1990. A finite-element analysis of heat generation and transfer during ohmic
heating of food. Chemical Engineering Science. 45(6): 1547-1559.

Sagita, D., Setiaboma, W., Kristanti, D., Kurniawan, R., Dadang, D., Hidayat, D., Darmajana, A., Sudaryanto,
A. & Nugroho, P. 2022. Experimental investigation of heating pattern, energy requirement and electrical
conductivity in a batch ohmic heating system for coffee fermentation. Innovative Food Science & Emerging
Technologies (76)102946.

Icier, F. & llicali, C. 2005a. Temperature dependent electrical conductivities of fruit purees during ohmic heating.
Food Research (10) 1135-1142.

Icer, F. & llicali, C. 2005b. Temperature dependent electrical conductivities of fruit purees during ohmic heating.
Food Research International 38: 1135-1142.

Icier, F. 2009. Influence of ohmic heating on rheological and electrical properties of reconstituted whey solutions.
Food Bioprod 87: 308-316.

YYA



1) Gl F oojlods ¥ ol (I3 Olgo (a3 5591

Aurina, K. & Sari, A. 2021. Ohmic Heating: A Review and Application in Food Industry. Biological Sciences
Research (19): 107-113

Lima, M., Heskett, Brian, F. & Sastry, S. K. 2001. Diffusion of beet dye during electrical and conventional
heating at steady-state temperature. Journal of food process engineering 24: 331-340.

Sarang, S. & Sudhir K. 2008. Electrical conductivity of fruits and meats during ohmic heating. Food Research
International 40: 1660-1668.

Wang, L. J., Li, D, Tatsumi, E., Liu, Z. S., Chen, X. D. & Li, L. T. 2007. Application of two stage ohmic heating
to tofu processing. Chemistry Engineering Process 46: 486-490.

Chen, Y., Llave, Y., Jiao, Y., Okazaki, E., Sakai, N. & Fukuok, M. 2022. Ohmic tempering using a high
frequency ohmic heating and model food of minced tuna based on Alaska pollock surimi-Evaluation of electrical
conductivities. Innovative Food Science & Emerging Technologies 76: 102940.

Zell, M., Lyng, J. G., Morgon, D. J. & Cornin, D. A. 2010. Minimizing heat losses during batch ohmic heating
of solid food. Food and Bioproducts Processing 38: 1135-1142.

Zhu, S. M., Zareifard, M. R., Hen, C. R., Marcotte, M. & Grabowski, S. 2010. Electrical conductivity of
particle-fluid mixtures in ohmic heating: Measurement and simulation. Food Research International 43: 1666-1672.

yva



1) Gl F oojlods ¥ ol (I3 Olgo (a3 5591

Effect of voltage gradient on electrical conductivity of tomato paste under ohmic heating
Mehdi Turkian Beldaji*
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ABSTRACT

Ohmic heating is a new method in the processing of agricultural products, which produces heat inside the product
by passing an alternating current through the food and causes it to heat up. The electrical conductivity of the food
product is one of the influencing factors in the efficiency of this system. In this article, the effect of voltage gradient
on the electrical conductivity of tomato paste in processing by ohmic heating method is investigated. For this
purpose, four voltage gradients of 5, 7, 9 and V/cm11 were considered. The electrode used in this research is
stainless steel and the concentration of sodium salt is 2% by weight. The results showed that the effect of voltage
gradient on the slope of electrical conductivity is significant at the 1% probability level and the electrical
conductivity increases with the increase of temperature and the passage of time, although the electrical

conductivity decreased with the increase of the voltage gradient.

Keywords: tomato paste, voltage gradient, ohmic heating, electrical conductivity
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