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ABSTRACT 

 
Regarding the harmful effects of chemical additives such as benzoile peroxide, a decolorizer in flour industries, scientists are 

searching for safer alternatives. The effect of ultrasonic waves on the intensification of oxidation processes through aeration has 

been proven and these waves can be a good alternative to chemical decolorizers. In this research, the effect of ultrasonic waves 

was investigated on the specific volume, solidity, texture, porosity, sensory properties, and L* index of a sample containing 20% 

triticale flour and 0.6% gum. The findings clearly showed that ultrasonic waves result in better oxidation and better aeration. 

Therefore, the parameters such as specific volume, porosity, and sensory properties improved, the cake texture softened, and the 

color of the bark and the cake core brightened (p<0.05).     
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1. INTRODUCTION 

 

Cake is a bakery product with a high status among consumers thanks to its popularity among different classes and covering 

a wide range of age groups. In the opinion of consumers, it is a delicious product with special organoleptic properties [3].  

Ultrasonic is known as an emerging technology in food industries. This technology has many advantages including flavor 

reduction, increasing homogeneity, energy saving, more production, enhanced quality, decreased physiochemical hazards, and 

being environmentally friendly. Application of ultrasonic waves is highly effective as a catalyzer and as a facilitator in the 

oxidation of different products especially in foodstuffs. One of the chemical effects of low-frequency ultrasonic waves is the 

acceleration of oxidation reactions [4]. 

Sheikholeslami et al (2009) investigated the effect of ultrasonic waves on rheological features of dough and on the quality 

of the bread obtained from age-stricken wheat. Their results demonstrated that ultrasonic waves, with an intensity of 70% and a 

duration of 5 minutes, have the best effect on the preservation of rheological features of the dough. The employment of sound 

improved the absorption of the flour water, dough stability, texture, and dough texture resistance. The color of the bread made 

from age-stricken wheat flour treated by ultrasonic waves whitened and the physical properties and texture of the bread 

improved. The specific volume of the bread made by this flour increased significantly compared to the control bread.  

Tan et al (2011) used ultrasonic waves in the mixing operation of sponge cake at the intervals of 3, 6, and 9 minutes with 

intensities of 1.1, 2.5, and 5 KW. They observed that these waves, within 6 minutes, improve the texture properties, porosity, 

sustainability, solidity of the sponge cake, and the rheological properties of the dough. They believe that the frequency of 

ultrasound and time dedicated to stir the cake dough have significant impacts on the properties of dough and the cake. They 

further state that the duration of sounding is more effective than the sound frequency in generating these changes.   

 

2. MARTIALS AND METHODS 

 

2.1. Materials 
Wheat flour (Star) was supplied from the flour factory of Mashhad, Khorasan with an extraction degree of 27%. The 

genotype triticale flour ET-86-12 (at 0, 10, 20, and 30% levels) was provided from the research center of agriculture and natural 

resources in Razavi Khorasan. To this end, the flour required for conducting the experiments was supplied once and kept away 

from light and heat. Similarly, other consumer products (based on the flour content) involved in cake production were bought 

from the confectionery raw materials supply store. These products included Ladan sugar powder (50%), the Golden Ladan liquid 

oil (30%), Mahsa baking powder (2%), vanilla (0.2%) and eggs (36%). The fresh egg was provided one day before the daily 

production of cakes and kept in refrigerator. The required tragacanth gum was also purchased from the market under the name of 

white or cotton tragacanth.  

Tragacanth preparation: First, tragacanth scales were powdered by an electrical mill. The tragacanth powder and other 

powder ingredients in the cake formula were then passed through a sieve with a mesh of 40 to separate coarse materials and 

impurities.  

Triticale flour was brought by agricultural and natural resource center of Razavi Khorasan. Invert syrup that was needed as 

much as 12% in the cake formulation was also used according to the instructions available in the Iranian national standard, 

number 8025 issued in 2005.  
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2.2. Methods 
2.2.1. The oil cake preparation method  

In order to prepare the cake dough, the ingredients were weighed by a digital balance (AND EK-200i, Japan) according to 

the desired formulation. Next, based on the creaming method, oil, sugar powder, and egg were mixed with an electric mixer 

(Moulinex, 272, 150 W, France) at 128 rpm within 3 minutes so that a cream containing air bubbles form. The invert syrup was 

then added to this cream, while stirring was further continued for 3 minutes. In the next stage, the baking powder, vanilla, 

tragacanth gum (at 0, 0.4, 0.6, and 0.8% levels), and triticale flour (at 0, 10, 20, and 30%) were added and the resulting mixture 

was gradually added on to the cream. Thereafter, 40 g of the prepared dough was poured into specific cake papers, which were 

placed in molds using a cloth funnel (Lebensmittelecht, Germany).  

Baking was done in a hot-air revolving experimental oven (Zuccihelli Forni, Italy) at 170 FC for 20 minutes. After cooling 

down, each of the samples were packed and kept in polyethylene bags at ambient temperature (25 FC) in order to evaluate the 

qualitative and quantitative properties.   

 

2.2.2. Method of applying ultrasonic waves on the optimal sample 

The prepared dough mixture was homogenized by ultrasonic waves and an ultrasound instrument made in Germany. In this 

system, ultrasounds were transmitted directly from the tip of exchanger to the ambient liquid. The Sonotrode tip (two-thirds) was 

placed down the emulsion and the device started at an amplitude of 70% and a constant rotation of Grade 1. During 

homogenization, the span of sound application was set at 4 minutes. Since the sound energy was applied to a small volume of 

liquid surrounding the exchanger tip, the sample had to be shaken slowly to ensure the effectiveness of homogenization. The 

emulsion temperature increased during the ultrasound process, thus a cold water bath was used to cool down the sample. The 

prepared emulsion was used in the formulation of a specific cupcake dough [9]. 

2.3. Statistical analysis 
To investigate the results and to conduct research analysis, SPSS Software was used in a fully random format based on 

factorial for analysis of variance and mean comparisons. The means were compared in 5 levels and the resulting curve was drawn 

by Excell 2007. Finally, the optimal treatment was chosen for the stage of exploring the effect of ultrasound. All of the 

experiments were repeated twice.  

3. RESULTS AND DISCUSSION 

 

According to the conclusion drawn from the experiments on the samples, the sample containing 20% triticale flour and 

0.6% tragacanth gum was selected as the optimal sample for ultrasound investigations, to which ultrasonic waves were applied. 

T-test was done on the optimal sample and on the employed ultrasound.  

 

3.1. The effect of ultrasonic waves on the specific volume 
According to Fig. 1, the specific volume of the cake increased by applying ultrasound. Applying ultrasonic waves improves 

the dough aeration which in turn increases the number of air bubbles in the dough and enlarges the volume [2]. 

Tan et al (2011),investigated the effect of ultrasound with various intensities of 1.1, 2.5, and 5 KW and durations of 3, 6, 

and 9 minutes on the mixture of sponge cake dough. The results showed that ultrasonic waves reduced the density and the flow 

behavior index, while increased the amount of stabilized air in the dough and viscosity of the cake dough, which in turn led to 

cake enlargement, decreased texture solidity, and the formation of a cake with high flexibility and adhesion abilities.  

 

 
 

Fig. 1. The comparison of the effect of ultrasonic waves on the specific volume of the optimal sample 

 

3.2. The effect of ultrasonic waves on solidity 
According to Fig. 2, by applying ultrasound, the cake texture solidity diminished. The reason of this reduction is the growth 

of porosity and the number of pores as a result of better dough aeration by the sound. Sheikholeslami (2012) ,also reported that 

sound utilization reduces the bread solidity[8]. 
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Fig. 2. The comparison of the effect of ultrasonic waves on the solidity of the optimal sample 

 

3.3. The effect of ultrasonic waves on the texture 
According to Fig. 3, the texture of the cake was enhanced by ultrasound application. The results of this research have been 

in concordance with those of Shahsavan et al (2012), in a study on the application of ultrasonic waves to molded bread, 

Shahsavan stated that as the sounding time lengthens the amount of bread texture increases [6]. 

Similarly, investigating the interactive effects of intensification and duration of sounding on the bread texture, 

Sheikholeslami (2009) suggested that elevating the intensification and duration of sounding resulted in improved bread volume 

and texture [7]. 

 
 

Fig. 3. The comparison of the effect of ultrasonic waves on the texture of the optimal sample 

 

3.4. The effect of ultrasonic waves on porosity 
According to Fig. 4, the cake porosity developed by applying ultrasonic waves. Among the advantages of ultrasonic 

aeration during the emulsion production is the formation of a texture with tiny, numerous, and uniform pores, i.e. a fully porous 

texture in the final product[1]. 
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Fig. 4. The comparison of the effect of ultrasonic waves on the porosity of the optimal sample 

 

3.5. The effect of ultrasonic waves on sensory properties 
According to Fig. 5, two properties of the bark color and chew ability of the cake significantly improved after the 

application of ultrasounds. The reason of color improvement could be the ability of ultrasound waves in creating an emulsion 

with a high-humidity retention, which forms a more light-reflective cake with smooth, uniform, and brighter bark[5]. 

Sheikholeslami et al (2010) also reported that intensification of the ultrasound did not have a significant effect on the aroma 

of bread and its taste [8]. In the research by Shahsavan et al (2012), the bark color also became more acceptable by increasing the 

duration of sounding. They concluded that the application of ultrasonic waves resulted in the oxidation of pigments in the flour in 

an aquatic medium [6]. 

 

 
Fig. 5.  The comparison of the effect of ultrasonic waves on the sensory properties of the optimal sample 

 

3.6. The effect of ultrasonic waves on the L* index 
Fig. 6 demonstrates that the effect of ultrasonic waves is significant on the L* index (p<0.05) and magnifies this index. It 

can be due to the homogenization and foam-generating effects of ultrasonic waves and there by the formation of larger pores, 

lower texture compression, and better center color. The results showed that the application of ultrasonic waves is more effective 

on the color of cake center and brightens it, while its effect on brightening the bark color was less substantial[5]. 
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Fig. 6. The comparison of the effect of ultrasonic waves on the L* index of the optimal sample 

 

4. CONCLUSION 

 

One of the results obtained from this study is the high efficiency of ultrasonic waves in oxidation and aeration. The findings 

clearly revealed that ultrasonic waves improve the aeration and thus ameliorate parameters such as specific gravity and porosity. 

It also softens the cake texture and brightens the color of cake bark and the center.  
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