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 Abstract 
 Introduction. The purpose of the work is to determine the 

influence of electrochemically activated water (catholith and 
anolyte) on the rheological indicators of corn starch suspensions 
under different temperature regimes. 

Materials and methods. The functional and technological 
properties of corn starch were investigated in terms of water-
absorbing, moisture-retaining, fat-absorbing and fat-retaining 
ability. The influence of electrochemically activated water on these 
parameters were determined in comparison with tap water. 
Rheological characteristics of starch suspensions prepared on 
electrochemically activated water were determined at different 
temperatures on a Kinexus Pro+ rheometer. 

Results and discussion. Electrochemically activated water 
causes change in the functional and technological properties of corn 
starch: the water absorption and moisture retention ability of starch 
prepared on catholyte decreased by 26% and 10%, and when anolyte 
is added, it increased by 18% and 36%, compared to the sample on 
tap water. Starch is able to absorb more amount of water in an acidic 
medium (anolyte) than in an alkaline one (catholite). 
Electrochemically activated water also has a significant effect on the 
rheological parameters of starch suspensions: when the shear rate 
changed in the range of 0.1–100 s-1, the shear stress increased 
linearly. At the temperature of gelatinization shear stress was 0–10.6 
Pa, 0–13.6 Pa and 0–23.8 Pa for control sample, sample on anolyte 
and catholyte, respectively. At a temperature of 25 ºС, the change 
was greater – 0–19.5 Pa, 0–28.4 Pa, and 0–30.8 Pa, respectively. At 
zero shear rate, the initial shear viscosity of suspensions at 25 ºС and 
at 68 ºС on the catholyte and anolyte was higher than the control 
sample. When the shear stress changed at 25 ºС, the values of the 
shear viscosity increased, having the highest values at the final stage 
on the catholyte and anolyte – 1.7 and 13 Pas compared to the 
control sample – 0.6 Pas. At 68 ºС, the trend of change of the 
studied indicator is similar, but the initial values are higher than the 
corresponding values at 25 ºС, and the final values are lower. The 
angular velocity index increased linearly with a change in shear 
stress.  

Conclusion. The conducted research show that 
electrochemically activated water has a significant impact on the 
functional and technological properties and rheological 
characteristics of semi-finished products, in particular corn starch 
suspensions, which in turn will have an impact on some indicators 
and structure of food products with this raw material. 
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Introduction 
 
Studying the regularities of the physico-chemical and biochemical processes in the 

human body, first of all, attention is paid to water and food products as factors which cause 
the course of these processes. Water is a sensor of physical and chemical factors of influence 
in the environment and human body. These factors cause changes in physical and chemical 
properties of water and its biological activity (Ivanov et. al, 2021). The statistical conclusion 
of the WHO indicates that 70% of diseases in the world are associated with poor-quality 
drinking water (WHO, 2022). 

The biological activity of water caused by increased electronic or proton activity is 
related to the fact that water is a quantum-mechanical system consisting of free and associated 
water phases (Cejka et. al., 2017; Tamaki et. al., 2016). 

The association of charged dipole water molecules in clusters is carried out due to 
hydrogen bonds between different electric poles of neighboring water molecules. After the 
destruction of associates in the aqueous medium, when heated, H2O monomolecules appear 
in large quantities (Iino et. al., 2009). 

Saturated with molecular hydrogen water has a positive effect on the human body, but 
molecular hydrogen has a low solubility in water. Due to the high diffusivity of hydrogen, its 
concentration in water is unstable and changes rapidly, approaching zero under normal 
conditions. In this regard, hydrogen water involves either immediate use or special storage 
conditions (Kurokawa et. al., 2011). 

It was established that under the influence of non-reagent factors such as 
electromagnetic field, light radiation, heating, cooling or freezing with subsequent thawing, 
a change in the kinetics of chemical and biochemical reactions in water occurs. Such changes 
influence on its solubility, as well as biological activity. This takes place under the condition 
of constancy of the elemental chemical composition of the factors associated with the 
consumption of external energy (Mghaiouini et. al., 2020). 

One of the most effective methods of water activation is electrochemical activation. The 
essence of the process is the electrophysical and electrochemical action on the aqueous 
solution of ions and molecules in the space charge zone in the immediate vicinity of the 
surface of the electrodes under conditions of non-equilibrium transfer of charges through the 
"electrode-electrolyte" interface by electrons (Ignatov et. al., 2015). At the same time, water 
is saturated with oxygen, changes own energy state, accelerates the removal of metabolic 
waste and promotes the most complete assimilation of nutrients by the human body from the 
substrate prepared with its use (Ignatov et. al., 2019). 

Products of the starch-molasses industry are used in many branches of the food industry. 
The most common is the use of corn starch as an emulsifier and thickener (Silva et al., 2021). 

Native corn starch has low thermal stability, high tendency to retrograde and low 
resistance to shear force. To solve this problem, it needs to be modified to improve its 
application in food industry. Hydrothermal modification is one of the physical modifications 
by heating the starch above the gelatinization temperature with a limited water content (Marta 
et al., 2022). 

The task of studying the possibilities of drinking water acquiring signs of nutritional 
(biological) value by optimizing the content of macro- and microelements with biogenic 
properties in water and the influence of this water on the structure and characteristics of semi-
finished and ready products is relevant. These tasks can be solved by developing new and 
improving existing methods of activating water used in the food industry and ways of using 
it in the manufacturing of food products. 
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Therefore, the aim of research is to determine the influence of electrochemically 
activated water (catholith and anolyte) on the rheological indicators of corn starch 
suspensions under different temperature regimes. 

 
 
Materials and methods  
 
Materials 
 
Electrochemically activated water obtained by the electrochemical method was used for 

the research. To obtain electrochemically activated water, tap water was used (supplier – JSC 
"Kyivvodokanal"), which was characterized by redox potential (RP) = +224, pH=6. For 
activation, tap water is passed through the diaphragm electrolyzer. Two experimental 
samples of activated water were obtained with different set parameters of PR: catholyte (RP 
= -542±20, pH = 10) and anolyte (RP = +767±15, pH = 3). 

Corn starch suspensions were prepared in the ratio of corn starch:water – 1:10 using 
catholyte and anolyte at a temperature of t = 23±2 ºС (the temperature at which starch 
modification begins), the suspensions were kept for 2 hours to ensure starch hydration. The 
control was a suspension sample prepared with tap water. 

 
Methods 
 
Water-absorbing ability of starch 
 
Test samples weighing 0.5 g were placed in a beaker and dispersed in 50 ml of water. 

Samples were placed in pre-weighed centrifuge tubes and left for 30 minutes at room 
temperature. After that, the suspension was centrifuged for 30 min at 3500 rpm. The upper 
layer with water was removed and dried in a thermostat (drying cabinet) for 25 minutes at a 
temperature of 50 ºС to remove the remaining excess moisture. Then it was re-weighed. 

Water-absorbing ability (WAA) was expressed in ml of absorbed moisture in 1 g of dry 
sample or %, which was determined by the formula: 

WAA = (W2 – W1)2 
where W1 is the mass of the test tube with a dry weight of the test sample;  

W2 is mass of the sample with tube after centrifugation (Silva et al., 2016). 
 
Moisture-retaining ability of starch 
Test samples weighing 0.5 g were placed in a heat-resistant beaker and dispersed in 50 

ml of water.Samples were left for 30 minutes at room temperature. Next, the mixture was 
subjected to heat treatment in a water bath for 30 minutes (with constant stirring) to a 
temperature of 95±2 ºС in the center. Then they were cooled to a temperature of 10±2 ºС, 
placed in pre-weighed centrifuge tubes and centrifuged for 30 min at 3500 rpm. The upper 
layer with water was removed and dried in a thermostat (drying cabinet) for 25 minutes at a 
temperature of 50 ºС to remove the remaining excess moisture. Then it was re-weighed. 

Moisture retaining ability (MRA) was expressed in ml of retained moisture in 1 g of dry 
sample or %, which was determined by the formula: 

MRA = (W2 – W1)2 
where W1 is the mass of the test tube with a dry weight of the test sample;  

W2 is the mass of the sample with tube after centrifugation (Silva et al., 2016). 
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Fat-absorbing ability of starch  
 
Test samples weighing 0.5 g were placed in a beaker and dispersed in 15 ml of refined 

sunflower oil for 60 seconds. Then they were placed in weighed centrifuge tubes and kept at 
room temperature for 10 minutes, after which they were centrifuged for 30 minutes at 3500 
rpm. The upper layer of the separated oil was removed, and the test tubes were left at an angle 
of 45º for 10 min to drain the remaining oil and weighed. 

Fat-absorbing ability (FAA) was expressed in ml of absorbed oil in 1 g of dry sample 
or %, which was determined by the formula: 

FAA = (W2 – W1)2 
where W1 is the mass of the test tube with a dry weight of the test sample; 

W2 is mass of the sample with tube after centrifugation (Silva et al., 2016). 
 
Fat- retaining ability of starch  
 
Test samples weighing 0.5 g were placed in a heat-resistant beaker and dispersed in 15 

ml of refined sunflower oil for 60 seconds. Then the mixture was kept at room temperature 
for 10 minutes. Then it was subjected to heat treatment in a water bath for 30 minutes (with 
constant stirring) to a temperature of 95±2 ºС in the center, followed by cooling to a 
temperature of 10±2 ºС. After that, it was centrifuged for 30 minutes at 3500 rpm. The upper 
layer of the separated oil was removed, and the test tubes were left at an angle of 45º for 10 
min to drain the remaining oil. Afret that tubes with sample were weighed. 

Fat-retaining ability (FRA) was expressed in ml of retained oil in 1 g of dry sample or 
%, which was determined by the formula: 

FRA = (W2 – W1) 2 
where W1 is the mass of the test tube with a dry weight of the test sample; 

W2 is mass of the sample with tube after centrifugation (Silva et al., 2016). 
 
Rheological characteristics of starch suspensions 
 
For conducting rheological research, suspensions were analyzed at temperatures of 25 

and 68 ºС. Changes in the structure and rheological characteristics of corn starch were 
investigated after its modification using tap water and activated water. This study not only 
shows the ability of starch to swell and gelatinize, but also the change in the rheological 
characteristics of starch suspensions, which will make it possible to expand the use of 
activated water for the process of starch modification. Heat treatment was applied at 68 ºС, 
since this value is the average value of the temperature range of gelatinization of corn starch. 
In the temperature range of 25 – 68 ºС, starch gradually changed from one state to another 
(Malumba et al., 2010). 

Determination of rheological characteristics was carried out on a Kinexus Pro+ 
rheometer. Using the Starch Paddle Plastic 2 Blade geometry, which is a coaxial cylinder 
with a paddle stirrer (PC34 SL0007 SS) mounted on a vertical shaft. The prepared suspension 
was placed in a cylinder at a height of 70 mm, the stirrer was lowered and brought to a 
temperature of 25 ºС. Viscosity and flow curves were determined by changing the shear rate 
with its gradual increase (0.1–100 s-1) and shear stress (0–200 Pa), with 10 measurement 
points per decade. Each step was maintained until a steady state was reached in the minimum 
time. Similarly, the experiment was conducted after heating the suspension to 68 ºС (Alvarez 
et al., 2015). 
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Statistical analysis 
 
All experiments were carried out in triplicate. The results are given as mean±standard 

deviation (SD). Differences were considered to be significant at validity of α=0.95. Statistical 
analysis was performed using XLstat (2020 version) software.  

 
 
Results and discussion 
 
Before using raw materials in food technologies, it is necessary to know their 

characteristics, because they can affect the structure and properties of products containing 
them. The rheological characteristics of starch suspensions are largely influenced by the 
functional features of the raw materials. Studies of water-absorbing (WAA), moisture-
retaining (MRA), fat-absorbing (FAA) and fat-retaining (FRA) ability showed (Table 1) that 
corn starch has high water-absorbing ability - it is able to retain water 6.18 times more than 
its own weight, in particular due to small particle sizes (from 20 to 400 μm). This indicates 
that when using it in the recipes of food products, it is necessary to increase the amount of 
water. However, the moisture- retaining ability is low – it can hold water 0.58 times more 
than its own weight, which indicates that this component will not contribute to the product's 
long-term preservation of a wet state. The ability of starch to absorb and retain fat is 1.5 and 
1.3 times more compared to its own weight, respectively. 

Table 1 
Functional and technological properties of corn starch 

 
Indicator Value, % 

Water-absorbing ability 618±5 
Moisture-retaining ability 58±1 

Fat-absorbing ability 152±3 
Fat-retaining ability 136±3 

 
It is important not only to analyze the functional and technological properties of starch, 

but also the influence of electrochemically activated water on the studied parameters (Table 
2). 

 
Table 2 

Functional and technological properties of corn starch when using electrochemically activated 
water 

 
Indicator Value, % 

Water-absorbing ability (catholite) 592±5 
Moisture-retaining ability (catholite) 48±1 

Water-absorbing ability (anolyte) 636±5 
Moisture-retaining ability (anolyte) 94±1 
 
When adding catholyte to dry starch water-absorbing ability and moisture-retaining 

ability of starch decreased by 26% and 10%, and when anolyte is added it increased by 18% 
and 36%. This is due to various properties of water, in particular, pH. Starch is more able to 
absorb water in an acidic medium (anolyte) than in an alkaline one (catholite). In addition, 
the salts present in the catholyte prevent its absorption by starch granules (Han et. al., 2009). 
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Due to the peculiarities of the chemical structure and the ability to swell and gelatinize 
when heated in the presence of water, starch plays a decisive role in the formation of the 
structure and consumer properties of many products. Studies of the dependence of the change 
in shear stress (σ) on the shear rate (γ) of corn starch suspensions (Figure 1) showed a linear 
increase in the indicator. 

 

 
 

Figure 1. The dependence of the change in shear stress on the shear rate 
 
 
As the shear rate increased in the entire range, the trajectory of change in shear stress 

of samples was similar. The samples had a lower shear stress at the gelatinization 
temperature: control sample, suspension on the anolyte and catholyte – 0–11 Pa, 0–14 Pa, 
and 0–24 Pa, respectively. At a temperature of 25 ºС the change was greater – 0–19 Pa, 0–28 
Pa and 0–31 Pa, respectively. Analysis of the dependence of shear viscosity (ƞ) on shear rate 
(γ) (Figure 2) showed that at zero shear rate, the initial shear viscosity of suspensions at 25 
ºС and at 68 ºС on catholyte and anolyte was higher than for the control sample. At 25 ºС it 
was 8.6 Pa, 5.9 Pa and 1.6 Pa, respectively. At 68 ºС it was 3.8 Pa, 2.9 Pa and 0.8 Pa, 
respectively. This is explained by the fact that the increase in viscosity at zero shear rate 
partially corresponds to a higher degree of flocculation, since the formation of non-permanent 
loose aggregates from starch particles is more active when activated water is used (Fall et. 
al., 2017). 

As the shear rate increases and the hydrodynamic forces become large enough to deform 
and break the flocs, a rapid decrease in viscosity occurs (McClements, 2005).  
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Figure 2. The dependence of the change in shear viscosity on the shear rate 
 
 
When the shear rate increased to 50 s-1, the shear viscosity of the samples gradually 

decreased: for the control sample it was slower, and for the samples of suspensions on 
activated water it was more rapid. 

However, when the shear rate was more than 50 s-1, all samples acquired almost the 
same shear viscosity. The nature of the change was hyperbolic and typical for all samples. 
However, the degree of change of the investigated parameter was not the same: for the sample 
on the catholyte at 25 ºС the indicator decreased by 8.3 Pas, at 68 ºС – by 3.7 Pas; for sample 
on anolyte – by 5.6 and 2.8 Pas; for sample on tap water – by 1.4 and 0.7 Pas. 

Studies of the dependence of the change in angular velocity (θ′) on the shear stress (σ) 
for corn starch suspensions (Figure 3) showed an almost linear increase of the indicator.  

The angular velocity when analyzing samples of suspensions prepared on activated 
water at a temperature of 25 ºС was lower over the entire range of shear rate change than at 
a temperature of 68 ºС. The same trend was observed for the control samples, but the values 
for them were quantitatively higher. 

The values for samples at a temperature of 25 ºС changed to a lesser extent: on catholyte 
– 0–0.2 rad/s, on anolyte – 0–0.3 rad/s, on tap water – 0–0.7 rad/s. At a temperature of 68 ºС, 
the increase of the studied indicator was more rapid, but the dependence was clearly 
observed: on catholyte, anolyte and tap water – 0–0.6 rad/s, 0–0.8 rad/s and 0–1.3 rad/s in 
accordance. 
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Figure 3. Dependence of the change in angular velocity on the shear stress 
 
 
The flow curves of starch suspensions are shown in Figure 4. The analysis of the curves 

allows to make a conclusion about the strength of structural bonds in starch systems. 
The initial shear viscosity (ƞ) of suspensions at 25 ºС on the catholyte and anolyte at 

zero shear stress (σ) was lower than of the control sample, which is explained by the fact that 
the initial viscosity is the result of hydration of amorphous starch. Hydrophilic groups cannot 
migrate to the interfacial area in the continuous phase (Taherian et al., 2008). 

However, as the shear stress increased, its values change along the trajectory of the 
parabola, having the highest values at the final stage (1.7 and 1.3 Pas compared to the control 
sample – 0.6 Pas). This is facilitated by molecular rearrangements that accelerated the 
mobility between starch molecules when interacting with activated water and led to greater 
flexibility of the starch chain, which increased their ability to bind water molecules (Donmez 
et al., 2021). 

At a temperature 68 ºС the trend of change of the studied indicator is similar, but the 
initial values are higher than the corresponding values at 25 ºС: 0.5 Pas and 0.4 Pas for 
control sample, 0.8 Pas and 0.2 Pas for sample on catholyte, 0.6 Pas and 0.2 Pas for sample 
on anolyte. On the contrary, the final values were lower: 0.3 Pas and 0.5 Pas for control 
sample, 0.6 Pas and 1.7 Pas for sample on catholyte, 0.5 Pas and 1.3 Pas for sample on 
anolyte. This is explained by the fact that high temperature and external force contributed to 
the entry of water molecules into starch granules (Shi et al., 2021). 
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Figure 4. Dependence of shear viscosity on shear stress 
 
 
Thus, on the basis of the conducted research, it was established that the electrochemical 

activation of water modifies its chemical composition and properties, contributes to changing 
the functional and technological properties of raw materials with its content, in particular 
corn starch. Electrochemical activation of water also has a significant effect on the 
rheological parameters of starch suspensions. This, in turn, will be reflected in the structural 
and mechanical properties of food products with the content of this semi-finished product in 
its composition and will form the structure of the product. 
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ability – it can hold water 6.18 times more than its own weight. The moisture-retaining 
ability is low – it can hold water 0.58 times more than its own weight. The ability to 
absorb and retain fat with starch is 1.5 and 1.3 times more than its own weight, 
respectively. 

2. When adding catholyte water-absorbing ability and moisture-retaining ability of starch 
decreased by 26% and 10%, and when anolyte is added, it increased by 18% and 36%. 
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Starch is able to absorb more water in an acidic medium (anolyte) than in an alkaline 
one (catholite). 

3. When the shear rate changes, the shear stress of starch suspensions also changes, 
namely, in the shear rate range of 0.1–100 s-1, the shear stress increased linearly. At the 
temperature of gelatinization shear stress was 0–10.6 Pa, 0–13.6 Pa and 0–23.8 Pa for 
control sample, sample on the anolyte and catholyte, respectively. At a temperature of 
25 ºС, the change was greater – 0–19.5 Pa, 0–28.4 Pa, and 0–30.8 Pa, respectively. 

4. At zero shear rate, the initial shear viscosity of suspensions at 25 ºС and at 68 ºС on the 
catholyte and anolyte was higher than of the control sample. When the shear rate 
increased above 50 s-1, all samples acquired almost the same shear viscosity. The degree 
of change of the studied parameter was not the same: for the sample on the catholyte at 
25 ºС – by 8.3 Pas, at 68 ºС – by 3.7 Pas; on anolyte – by 5.6 and 2.8 Pas; on tap 
water – by 1.4 and 0.7 Pas. 

5. When the shear stress changed at 25 ºС, the shear viscosity values increased, having the 
highest values at the final stage on the catholyte and anolyte – 1.7 and 13 Pas compared 
to the control sample – 0.6 Pas. At 68 ºС, the trend of change of the studied indicator 
was similar, but the initial values were higher than the corresponding values at 25 ºС, 
and the final values were lower. 

6. The angular velocity indicator increased linearly with a change in shear stress. For 
samples at a temperature of 25 ºС, changes were in the range of 0–0.2 rad/s on catholyte, 
0–0.3 rad/s on anolyte, 0–0.7 rad/s on tap water. At a temperature of 68 ºС: on catholyte, 
anolyte and tap water – 0–0.6 rad/s, 0–0.8 rad/s and 0–1.3 rad/s, respectively. 

7. It was established that the electrochemical activation of water modifies its chemical 
composition and properties, contributes to changing the functional and technological 
properties of raw materials with its content, in particular corn starch. Electrochemical 
activation of water also has a significant effect on the rheological parameters of starch 
suspensions. This, in turn, will be reflected in the structural and mechanical properties 
of food products with the content of this semi-finished product in its composition and 
will form the structure of the product. 

 
 
References 
 

Alvarez M.D., Fuentes R., Canet W. (2015), Effects of Pressure, Temperature, Treatment 
Time, and Storage on Rheological, Textural, and Structural Properties of Heat-Induced 
Chickpea Gels, Foods, 4(2), pp. 80–114, DOI: 10.3390/foods4020080.  

Iino M., Fujimura Y. (2009), Surface tension of heavy water under high magnetic fields, 
Applied Physics Letters, 94(26), 261902, DOI: 10.1063/1.3167767 

Bordun I., Ptashnyk V., Chernovol N. (2010), Doslidzhennia zminy spektriv propuskannia 
elektrokhimichno aktyvovanoi vody u protsesi relaksatsii, Visnyk Lvivskoho 
universytetu. Seriia fizychna, (45), pp. 100–106. 

Brites C. M., Santos, C. A. L., Bagulho A. S., Beirão-da-Costa M. L. (2008), Effect of wheat 
puroindoline alleles on functional properties of starch, European Food Research 
Technology, 226, pp. 1205–1212 

Cejka C., Cossl J., Nermankova B., Holan V., Cejhova J. (2017), Molecular Hydrogen 
Effectively Heals Alkali-Injured Cornea via Supression of Oxidative Stress, Oxydative 
Medicine fnd Cellular Longevity, 8906027, DOI: 10.1155/2017/8906027. 



─── Food Technology ─── 
 

   ───Ukrainian Journal of Food Science.  2022.  Volume 10. Issue 2 ───      159 

Chung H.-J., Liu Q., Hoover R. (2009), Impact of annealing and heat-moisture treatment on 
rapidly digestible, slowly digestible and resistant starch levels in native and gelatinized 
corn, pea and lentil starches, Carbohydrate Polymers, 75(3), pp. 436–447, DOI: 
10.1016/j.carbpol.2008.08.006 

Donmez D., Pinho L., Patel B., Desam P., Campanella O. (2021), Characterization of starch–
water interactions and their effects on two key functional properties: starch 
gelatinization and retrogradation, Current Opinion in Food Science, 39, DOI: 
10.1016/j.cofs.2020.12.018 

Fall A., Lemaître A., Ovarlez G. (2017), Discontinuous Shear Thickening in Cornstarch 
Suspensions, Powders & Grains, 140, 09001, DOI: 10.1051/epjconf/201714009001 

Han Z., Zeng X., Zhang B., Yu S. (2009), Effects of pulsed electric fields (PEF) treatment 
on the properties of corn starch, Journal of Food Engineering, 93(3), pp. 318–323, DOI: 
10.1016/j.jfoodeng.2009.01.040 

Ignatov I., Gluhchev G., Karadzhov S., Miloshev G., Ivanov N., Mosin O. (2015), 
Preparation of electrochemically activated water solutions (Catholyte/Anolyte) and 
studying their physical-chemical properties, Journal of Medicine, Physiology and 
Biophysics, 11, pp. 1-21. 

Ignatov I., Gluhchev G. (2019), Effects of electrochemically activated water catholyte and 
anolyte on human health, Journal of Nursing Research and Practice, 3, pp. 12-13. 

Ivanov V., Shevchenko O., Marynin A., Stabnikov V., Gubenia O., Stabnikova O., 
Shevchenko A., Gavva O., Saliuk A. (2021), Trends and expected benefits of the 
breaking edge food technologies in 2021–2030, Ukrainian Food Journal, 10(1), pp. 7-
36, DOI: 10.24263/2304-974X-2021-10-1-3. 

Kurokawa R., Seo T., Sato B., Hirano S. I., Sato F. (2015), Convenient methods for ingestion 
of molecular hydrogen: drinking, injection, and inhalation, Medical Gas Research, 5(1), 
pp. 1–8, DOI: 10.1186/s13618-015-0034-2 

Malumba P., Janas S., Roiseux O., Sinnaeve G., Masimango T., Sindic M., Deroanne C., 
Béra F. (2010), Comparative study of the effect of drying temperatures and heat-
moisture treatment on the physicochemical and functional properties of corn starch, 
Carbohydrate polymers, 79(3), pp. 633-641, DOI: 10.1016/j.carbpol.2009.09.013 

Marta H., Cahyana Y., Bintang S., Soeherman G., Djali M. (2022), Physicochemical and 
pasting properties of corn starch as affected by hydrothermal modification by various 
methods, International Journal of Food Properties, 25(1), pp. 792-812, DOI: 
10.1080/10942912.2022.2064490 

McClements D.J. (2005), Food Emulsions, Principles, Practice, and Techniques, 2nd ed., 
CRC Press, LLC, Florida. 

Mghaiouini R., Elmlouky A., El Moznine R., Monkade M., El Bouari A. (2020), The 
influence of the electromagnetic field on the electric properties of water, Mediterranean 
Journal of Chemistry, 10(5), pp. 507–515. 

Shi M., Wang F., Ji X., Yan Y., Liu Y. (2021), Effects of plasma‐activated water and heat 
moisture treatment on the properties of wheat flour and dough, International Journal of 
Food Science & Technology, 57(4), рр. 1988-1994 https://doi.org/10.1111/ijfs.15317 

Silva B.V., Barreira J.C.M, Oliveira M.B.PP. (2016), Natural phytochemicals and probiotics 
as bioactive ingredients for functional foods: Extraction, biochemistry and protected-
delivery technologies, Trends in Food Science & Technology, 50(5), pp. 144–158, DOI: 
10.1016/j.tifs.2015.12.007 

Silva M.L., Agama-Acevedo E., Yee-Madeira H., Bello-Perez L. A., Alvarez-Ramirez J. 
(2021), Effect of gelatinization degree on emulsification capacity of corn starch 



─── Food Technology ─── 
 

160      ───Ukrainian Journal of Food Science.  2022.  Volume 10. Issue 2 ───  

esterified with octenyl succinic acid, Food Chemistry, 375(2), DOI: 
10.1016/j.foodchem.2021.131657 

Tamaki N., Cristina-Campus R., Fukui M., Ido H. (2016), Hydrogen Rich Water Intake 
Accelarates Oral via Palatal Wound Healing Activation of the Nr2/Antioxidant Defence 
Pathwayse in a rat Model, Oxidative Medicine and Cellular Longevity, 5679040, DOI: 
155\2016.5679040. 

Taherian A. R., Fustier P., Ramaswamy S. H. (2008), Steady and Dynamic Shear Rheological 
Properties, and Stability of Non-Flocculated and Flocculated Beverage Cloud 
Emulsions, International Journal of Food Properties, 11(1), pp. 24–43, DOI: 
10.1080/10942910601171978 

WHO (2022), Drinking-water, Available at: https://www.who.int/news-room/fact-
sheets/detail/drinking-water 

 


