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Abstract 
Phenolic compounds have been extracted from Iraqi local wheat bran by using ohmic heating at temperature of 

80 
o
C by using different values of the electric field intensity are 14, 20, 44 Vcm

-1 
and has been compared with 

the traditional method. The results showed that the required times to reach 80 
o
C were 6, 10, 20 and 30 min. at 

using electric field intensity of 14, 20, 44 Vcm
-1 

respectively. The electric field intensity had a significant effect 
on the electric resistance, electric conductivity, heating rate and power. Phenolic compounds quantity has been 

evaluated in extracts by using Folin-Ciocateau method, where the treatment extract (20 Vcm
-1

) was superior in 
content of phenolic compounds and anti-oxidative activity over the rest of treatments. The dialysis technology 

was used to fractionate the treatment extract (20 Vcm
-1

). It has been shown that compounds with low molecular 
weight compounds (less than 1000) are responsible for the anti-oxidation activity degree is greater than the high 

molecular weight (more than 1000). The treatment extract (20 Vcm
-1

) has proven its capability to hinder the self- 
oxidation of olive oil at the concentration of (0.25%) for a 25 day storage period. 
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1. Introduction 

The mechanism of ohmic heating, which is also known by Joule heating as well as resistive heating, is taken 

from Ohm’s Law on the basis of the voltage, resistance and the current. It is considered as one of the modern 

technologies, where the food is converted into an electric resistance. The alternative current passes through the 

food, and the electrical energy is transformed into heat energy. The heat is distributed inside the food uniformly 

and rapidly. The heat direction shall be from inside to outside, on the contrary of using hot surfaces in the 

traditional methods in which heating direction is form outside to inside and slower ((Shirsat et al., (2004); 

Leizerson and Shimoni, (2005); Icier and Ilicali, (2005)). 

The majority of foods contain ions such as salts and acids, therefore the electric current may pass 

through the food generating a heat therein (FDA, 2000). The ohmic heating efficiency depends on the nature of 

food conductivity (Zoltai and Swearingen, 1996). The ohmic heating technology is employed in  the food 

industry as pasteurization and essential oils distillation (Al-Hilphy et al., 2012; Al-Hilphy, 2014). The fat self- 

oxidation is defined as the automatic oxidation occurring to fatty compounds when they are in contact with 

molecular Oxygen that end by the occurrence of undesirable flavor called (rancidity). The fatty acids with short 

chain, alcohols, aldehydes and ketones, the final products of self-oxidation are responsible for appearance of the 

undesirable odor and flavor in oxidized fat (Frankel, 1991). Currently, many industrial antioxidants are used in 

the commercial range such as Butylated Hydroxy Toluene (BHT) and Butylated Hydroxy Anisole (BHA). In the 

recent years, several doubts were raised about the safety of these antioxidants in terms of health, as they 

indicated that the use of antibiotics has resulted in carcinogenic or toxic substances (Ponchogu and Kaewsuwen, 

2004), so the researchers turned to find antioxidants from natural sources including plants. The cereal products 

including wheat product contain many phenolic compounds such as phenolic acids, flavonoids and anthocyanids 

that are considered as effective and natural antioxidants (Okai et. al., 2004). The present study aims  introducing 

a new technology to extract antioxidants from local wheat bran by ohmic heating through subjugating a system 

that depends in its work on both the heat and electric field. 

 

2. Materials and Methods 

2.1. Extraction System 

A system was manufactured to extract antioxidants from wheat bran consisting of an extraction glass cylinder 

with a capacity of 500 ml, 7 cm diameter and 9 cm height that contains a slot at the top mounted with plastic 

cover. The cylinder contains also two electrodes made of stainless steel, with a distance of 5 cm between them 

and with a height and width of each electrode of 7 and 1 cm respectively. The two electrodes are fixed from the 

top on the plastic cover. The heating process occurs inside this cylinder as a result of the passage of electric 

current in the electrodes and the bran is converted to an electrical resistance through which the electric current 

passes and heats. The two electrodes are connected to the electrical circuit constituted of electric wires, voltmeter 

into variac, ammeter to measure the current and a source of voltage, in addition to an aeration slot in the plastic 

cover. 
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Figure 1. Layout of extractor of antioxidant using Ohmic heating. 
 

2.2. Bran temperature 

Bran temperature was measured by thermometer, made of England. 

  Heating rate has been calculated from the following equation, (Halleux et. al., 2005): 
 

𝐻𝑟 =
𝑇

𝑡
 

(1) 

Where: Hr, T, t are heating rate (oC min.-1), temperature (oC) and time (min.) respectively. 

 

 

 

2.3. Electrical conductivity 

Electrical conductivity has been calculated from the following equation, (Wing and Sastery1993): 

σ =
𝐼 𝐿

𝑉 𝐴
 

(2) 

Where: σ, I, V, A, L are electrical conductivity (Sm
-1

), current (A), voltage (V), area (m
2
) and distance between 

electrodes (m) respectively. 

 

2.4. Consumed Power 

Consumed Power was calculated according to the following equation: 
 

𝑃 = 𝑉 𝐼 (3) 

Where: P is a consumed power (watt) 

 

 

2.5. Wheat Bran 
A sample of wheat bran was obtained from the General Company for Cereal Manufacturing/ Basra Mill that was 

conserved at a temperature of – 18 °C. This bran represent 30% of the quantity of used wheat to obtain flour. In 

each experience, 30 gm of bran with 10% humidity were used after adding 400 ml of distilled water. 

 

2.6. Extraction of Phenolic Compounds 

Melo et. al.,(2005) method has been used to determination of phenolic compounds. 200 g of sample was mixed 

with 1.5 ml. of folin revealing. The mixture was left for 5 min. in order to equilibrium, then mixed with 1.5 ml. 

of sodium carbonate solution Na2CO3 (its concentration of 6%). The mixture was incubed for 90 min. at room 

temperature. The absorbency of mixture has been read by using spectrophotometer at wave length of 725 nm 

(the maximum absorbency of phenolic compounds was at 725 nm). Stander curve has been prepared by using 

colic acid with range of concentration between 100-500 mg kg-1. 
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2.7. Measuring the antioxidant activity 

The method of ferric thiocyanate mentioned by (Bersuder et. al., 2008) was followed to measure the anti- 

oxidation activity of linoleic acid and extracts prepared by ohmic heating as follows: mixing 1 ml of models with 

4 ml of ethanol (95% concentration) and 4.1 ml of linoleic acid, (2.5% concentration) and 8 ml of phosphate 

buffer (bound) solution (50 mmol concentration, 7.0 pH). The mixture was incubated at a 45 °C temperature for 

24 hours, then 0.1 ml of this mixture was added to 9.7 ml of ethanol (75% concentration) and 0.1 ml of 

ammonium thiocyanate (30% concentration). And then 0.1 ml of ferrous chloride (20 mmol concentration, 

prepared in hydrochloric acid 3.5% concentration) was added to the reaction mixture to  form a  red color 

complex with peroxides resulting from oxidation. The control sample model was prepared in the same manner as 

above except for mixing 1 ml of distilled water instead of the sample. The models absorptivity and the treatment 

control sample were measured at a wavelength of 500 nanometers. The antioxidant activity of linoleic acid was 

calculated according to the following equation: 

Antioxidant activity =100-[(sample of absorpitivity read)/(sample control absorpitivity read)×100] (4) 

Fractionation by dialysis technology: the described in Al-Jassabi and Abdulah (2013) was used for   the 

Fractionation of ohmic heating extract (20 Vcm
-1

) by dialysis technology as the following: dialysis bags were 
used with the following specifications: 

Dry cylinder diameter 20 mm, M.W. 1000 Da, dry thickness 25 mm. They were filled with 100 ml of 
the extract, and the bags were placed in beakers containing 250 ml of distilled water. The dialysis process has 

been conducted at a degree of 4 
o
C at different period times (12, 24, 36 h) then the parts treated by dialysis are 

dried by using freeze dryer then the antioxidant activity has been determined. The phenolic compounds are 
extracted by using mixtures such as water, acetone, chloroform and methanol. But the use of these mixtures for 
hours or days for the purpose to obtain a small quantity of these compounds. 

 

2.8. Statistical analysis 

SPSS program has been used to analysis data by using one way ANOVA except experiment of storage periods 

and concentration was analyzed by using two way ANOVA. 

 
3. Results and Discussion 
3.1. Bran temperature 

The figure (2) illustrates the changing in bran temperature with the increase of extraction time at different values 
of the electric field intensity (14, 20, 44 Vcm-1). The temperature has increased significantly (P ≤ 0.05) with the 

increase of the extraction time. In order that the bran temperature reaches 80 °C, at electric field intensities of 14, 

20, 44 Vcm-1, 20, 10, 6 min were needed respectively. This is due to the increase of the current passing through 
the bran with the increase of the voltage or electric field intensity, also the current consumption is increased 

when the heating time is increased for each value of the electric field intensities. Icier and Ilicali, 2005; Kong et. 

al., 2008; Hosain et al., 2011; Mohsin, 2012; Al-Hilphy, 2014 have shown that the temperature is increased with 
the increase of voltage and the extraction time is decreased with the increase of the applied voltage. 

 
3.2. Electrical conductivity 

Figure (3) illustrates electrical conductivity for local wheat bran during the extraction time at different values of 

electric field intensity. Electrical conductivity has increased significantly (P ≤ 0.05) with the increase of 
extraction time for all of the electric field intensity values. When the extraction time was 2, 10, 20 minutes, 
electrical conductivity reaches 1.03, 2.27, 3.92 Sm-1 respectively at an electric field intensity of 14 Vcm-1. This 
is due to the increase in the temperature and current passing through the bran with the increase of the time. Also, 

Icier et. al. (2008) have indicated that the relation between the electric current and conductivity is linear. The 

results have shown that the electrical conductivity has decreased significantly (P ≤ 0.05) with the increase of the 

electric field intensity. This is due to that the electric field intensity is inversely proportional to the electrical 

conductivity, according to the following equations (Icier et. al., 2008): 

 

σ =
𝐼 𝐿

𝑉 𝐴
 

(2) 

 

E =
𝑉

𝐿
 

(5) 

σ =
𝐼 

𝐸 𝐴
 

(6) 
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Figure 2. Bran temperature using different electric fields 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Bran electric conductivity using different electric fields 

 
3.3. Electric resistance 

It is noted from the figure (4) that the electric resistance of the local wheat bran has decreased significantly (P ≤ 
0.05) with the increase of the extraction time for all of the electric field intensity values. This is due to the 
increase of the wheat bran electrical conductivity with the increase of the extraction time, which is accompanied 

by an increase in the electric current passage in bran. In addition to that the electrical conductivity is a function 
for the food ingredients and that the ions and humidity increase the electrical conductivity, while lipids and fats 
decrease it (Bengston et. al., 2006). 
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Figure 4. Bran electric resistance at different electric fields 

 

3.4. Power requirements 

The figure (5) shows the power requirements when using ohmic heating for different values of at electric field 

intensities of 14, 20, 44 Vcm
-1

. The results have shown that the power was increased significantly (P ≤ 0.05) 

with the increase of the electric field intensity. The highest power consumed was 171.6 W at the electric field 

intensity of 44 Vcm
-1

, and this is due to that the electric field intensity is directly proportional to the power as a 

result of the increase in the current passing in the bran. 

But the method of traditional heating has required a significantly higher power (P ≤ 0.05) to the ohmic 

heating where amounted to 1320 W. This is due to that the traditional heating is indirect and the heat is 

transferred to the bran by conduction. This leaded to that it needs much more time than the ohmic heating, also it 

requires a higher electric current than the ohmic heating. 

Both the electric conduction and heating time have a direct effect in the increase of power requirements, 

and as indicated in the following equation: 

(Qiu et. al., 1998) 

 

(7) 

Where E is the electric field intensity, t is the extraction time, is the electrical conductivity, n is a constant 

and P is the power. 

Alhilphy and AbdelSattar (2014) has shown that the power has increased with the increase  of the 

electric field intensity during milk pasteurization. 
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Figure 5. Consumed power at different electric fields 

 

3.5. Heating rate 

The figure (6) illustrates heating rate of local wheat bran at different electric field intensities (14, 20, 44 Vcm-1) 

to reach a temperature of 80 °C. There are significant differences (P ≤ 0.05) appeared in the bran heating rate at 

different values of electric field intensity. So when electric field intensities of 14, 20, 44 Vcm-1 are used in 

heating the bran, the heating rates were 4, 8, 13.33 °Cmin-1. The increase of the electric field intensity means an 

increase in the applied voltage, it also leads to an increase in the power and an increase in bran temperature 

occurs. Halleux et. al. (2005) have indicated that the heating rate was increased with the increase of the applied 

voltage and they have a direct relation between them. The results have shown that the highest heating rate was 

13.33 °C/min-1 when using ohmic heating with an electric field intensity of 44 Vcm
-1

. While the lowest 

heating rate was 2.5 °Cmin-1 when traditional pasteurization has been used. This is because in the case of ohmic 

heating, heating shall be directly and the bran is converted to an electric resistance that heat and consume the 

current. Also, the heating direction shall be from inside to outside and the heat loss is too little. While in the 

traditional heating, the temperature moves to the bran and water by conduction and this needs a longer time, 

where heating moves from outside to inside also a heat loss occurs resulting in heating retard. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                       Figure 6. Heating rate of bran at different electric fields 

 

3.6 Phenolic Compounds and the antioxidant activity: 

It is shown from the table (1) that the treatment by electric field 20 Vcm-1 is superior to the rest of other 

treatments, as the phenolic compounds concentration was (3150 mg/kg) and the antioxidant activity 

concentration  was  (82.3%). Then followed  by the  electric  field  treatment  (44  Vcm-1),  where  the  phenolic 
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compounds concentration of the extract was (2975 mg/kg) and the antioxidant activity concentration was 

(64.1%). The table shows that the increase in the phenolic compounds was accompanied by an increase in the 

antioxidant activity, which indicates that these compounds are primarily responsible for the antioxidant activity, 

and this is consistent with Okai et. al., (2008). 

 

Table 1. Phenolic compounds and Activity of antioxidant (mg/kg) of wheat bran treated with ohmic heating. 

Electric field (Vcm
-1

) Phenolic compounds concentration Activity of antioxidant 

14 2975
b
 68.7

b
 

20 3150
a
 82.3

a
 

44 2910
b
 64.1

c
 

Control 2730
c
 55.7

d
 

 

3.7. Fractionation by Dialysis: 

The table (2) shows the fractionation by dialysis effect on the wheat bran extract by the ohmic method (20 Vcm- 

1), which shows a higher antioxidant activity. Since it was shown that the antioxidant activity in the dialyzed 

part is higher than in the detained part. This indicates that the phenolic compounds with low molecular weight 

are primarily responsible for the antioxidant activity, which their molecular weights amount to less than 1000 

Dalton. As its antioxidant activity have increased with the advancement of dialysis period, and this is consistent 

with Bersuder et. al.,(2004). . 

 

Table 2. Effect of fractionation on the compounds of antioxidant by the dialysis 

Dialysis time Activity of antioxidant (%) 

Retainer part Penetrated part 

12 41.7
a
 70.1

d
 

24 31.3
b
 77.2

c
 

36 27.2
c
 80.5

c
 

48 23.3
d
 85.6

b
 

60 19.2
e
 88.5

a
 

 

3.8. Effect of Bran Extract on the Oil Oxidation Retardation: 

The table (3) shows the different concentrations effect of wheat bran extract by the ohmic method (20 Vcm-1) on 

the olive oil oxidation retardation for different storage periods. Since it is clear that the extract concentration 

(0.25%) gave a better result of anti-evolution in the peroxide number value, if the peroxide number at this 

concentration was (7.7 mg/kg). 

 

Table 3. Effect of concentration on the peroxide value (mg/kg) at different storage periods 

Concentration (%) 
Storage period (day) 

0 5 10 15 20 25 

0.05 3.0 4.4 5.2 7.1 9.9 13.2 

0.10 3.0 4.1 4.8 5.8 6.2 11.7 

0.15 3.0 4.1 4.5 4.9 5.5 10.6 

0.20 3.0 3.8 4.0 5.1 5.2 9.1 

0.25 3.0 3.8 4.0 5.5 6.2 7.7 

Control 3.0 4.6 7.2 11.4 15.1 18.0 

BHT (0.05) 3.0 3.2 3.5 3.6 3.9 4.2 

RLSD0.05 (for Storage period × Concentration) =0.105 
 

4. Conclusion 
In conclusion, ohmic heating is used as an assisted of antioxidant extraction. On the other hand, the electric field 

intensity has a significant effect in the electric resistance, electric conductivity, heating rate, power and the time 

required for heating wheat bran. The possibility of benefiting from the waste of mills factories for the production 

of natural antioxidants as an alternative to artificial antioxidant which have a negative health effects and have 

high costs. The possibility of the use of antioxidants extracted from wheat bran by using ohmic heating at 

electric field intensity of 20 Vcm-1 to disrupt the self-oxidative in oils which have a high content of unsaturated 

fatty acids with a high degree. Electric conductivity, power and heating rate were increased with increasing 

electric field intensity, while the electric resistance has been reduced. 
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