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Abstract  
The effect of microbial polysaccharide xanthan in the amount of 0.1-0.4% on the rheological characteristics 
of the dough from sprouted wheat grain and quality indicators of bread was studied. It was found that when 
xanthan gum is added, the dough's spreading and adhesion strength decreases, and the dough's resilience-
elastic and plastic-viscous characteristics improve. Bread made from sprouted wheat grains with the addition 
of experimental dosages of xanthan has better structural-mechanical and physicochemical properties, 
as evidenced by higher indicators of crumb compressibility, specific volume, and moisture compared 
to the control sample. To obtain bread with the best quality indicators, it is recommended to use 0.3% xanthan.  
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Introduction 
One of the effective ways to improve human health is the regular consumption of whole grains as a rich source 
of physiological and functional ingredients [1–4]. In this regard, it is important to increase the variates of whole  
wheat bread, the technology of which is based on the maximum usage of the natural potential of grain. 
It is known that it has a higher content of dietary fibre, antioxidants, minerals, vitamins, and other vital 
nutrients in comparison with bread made from refined flour. Researchers found that regular whole grain bread 
consumption leads to reducing the risk of chronic diseases such as diabetes, obesity, cardiovascular diseases, 
and others [5–9]. In recent years, the demand for food products from sprouted grains, including sprouted wheat, 

is growing all over the world. It is proved that during grain germination the accumulation of B vitamins, vitamin 

C, β-carotene, tocopherols, and phenolic compounds are stimulated, and the content of antioxidants 

increases[10–13]. Hydrolytic enzymatic processes are also activated, which leads to the accumulation of amino  

acids, reducing sugars, and water-soluble dietary fibre [14], increasing the bioavailability of minerals, as well as
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improving the digestibility of grain biopolymers [15–17]. At the same time, as a result of proteolytic 
and amylolytic processes, the amount of gluten and its quality decreases, and starch is partially hydrolysed 
causing the deterioration of the baking properties of grain [18–20]. Bread made from sprouted grain often has 
a small volume, poorly loosened and dense crumb, which needs to be regulated with the use of baking 
improvers. To improve the structure of the dough, oxidizing agents are usually used, in particular, ascorbic acid. 
These substances act directly on gluten proteins, strengthening the gluten network through the formation 
of disulfide bonds [21,22]. To correct the structure of the dough it is advisable to add the enzyme preparation 
of glucose oxidase. Under the influence of this substance, glucose is oxidized with the formation of hydrogen 
peroxide, which is involved in the oxidation of thiol groups of the protein-proteinase complex [23]. 
The effectiveness of using glucose oxidase together with cytolytic enzymes to improve the structure 
of the dough and physical-chemical indicators of whole-grain bread has been established [24]. 
 
To improve the structural properties of wheat dough, emulsifiers that interact with structural components 
(proteins, carbohydrates, lipids) to form complex compounds are used. Anionic emulsifiers (esters of diacetyl 
tartaric acid with mono- and diacylglycerols) interact with wheat flour gluten proteins, strengthening it, and 
increasing the resilience and elasticity of bread dough. Adding emulsifiers [25] or a complex of emulsifiers with 
xylanase enzymes [26] positively affects dough rheology and textural properties of whole grain products. 
An effective way to form necessary viscoplastic and elastic characteristics is the use of hydrocolloids belonging 
to the class of thickeners (gelling agents). The introduction of cellulose and its derivatives, pectins, 
carrageenans, and microbial polysaccharides improves the rheological properties of dough and the quality 
indicators of bread [27]. To stabilize the structure of the dough, the microbial exopolysaccharide xanthan 
produced by bacteria Хаnthomопаs саmpеstris [28] is effectively used. An important functional characteristic 
of xanthan gum is the ability to increase the viscosity of aqueous solutions at low concentrations of the drug 
[29]. It is shown that the introduction of 0.1-0.5% xanthan gum helps to increase the water absorption and gas 
holding capacity of wheat dough, and increase the specific volume of bread [30,31]. According to [32], 
the addition of 0.1-0.7% xanthan gum increases gluten elasticity, which results in improving the dough 
and bread quality indicators. Many authors have proved the importance of the structure-forming role 
of xanthan in gluten-free dough [33–36]. According to the data presented in [34,35], xanthan has the greatest 
influence on the viscoelastic properties of gluten-free and protein-free dough in comparison with many other 
hydrocolloids. Xanthan gum changes the rheological properties of dough from whole wheat flour, increases 
bread volume, and reduces bread stiffness [37]. However, the impact of adding xanthan gum on the properties 
of dough and bread made from sprouted wheat grain has not been studied before. The objective of this 
research is to evaluate the influence of xanthan gum on the dough structure and quality indicators of bread 
made from sprouted wheat grain. The research was focused on studying the effect of xanthan gum on the 
resilience-elastic and plastic-viscous characteristics of the dough, the structural-mechanical (crumb 
compressibility), and physical-chemical (specific volume and moisture) properties of bread. 
 
Methods of research 
 
Materials  
Wheat grain (Kharkiv-30 variety, harvest of 2019) was obtained in V. Ya. Yuriev Institute of Plant Breeding. 
(Kharkiv, Ukraine). Xanthan gum was purchase from CP Kelco ApS", Denmark and pressed baker's yeast 
obtained from Lviv Yeast TM, Ukraine and table salt from Artemsil TM, Ukraine were used in the research. 
 
Methods of making dough and bread from sprouted wheat grain 

• Germination of wheat grain 
The washed wheat grain was soaked in water (hydraulic ratio 1:1.5) at a temperature of 20±2°C for 18 hours, 
then germinated (t= 20±2°C, W= 90±5%) for 24 hours until sprouts appeared (1-2 mm). 

• Preparation of model samples for evaluating the rheological properties of dough 
Sprouted wheat grain (W=44.0%) was washed with water to remove the contamination products and ground 
on a laboratory grinder using a matrix with a hole diameter of 2-3 mm. To evaluate the rheological properties 
of the dough, a model sample was prepared without yeast using xanthan gum in the amount of 0.1, 0.2, 0.3, 
and 0.4% by the weight of grain (Table 1, samples 1, 2, 3, and 4). A control sample of the dough was prepared 
without the use of xanthan gum (Table 1, control 1). The amount of water for kneading the dough was 
calculated based on its moisture (W=47%) and the humidity of the ingredients. 
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Table 1. The formulations of dough. 

 

Ingredients, g Dough samples 
 

Control 1 Control 2 1 2 3 4 5 6 7 8 

Ground 
sprouted 
wheat grain 
(W=44%)* 

156.0 156.0 156.0 156.0 156.0 156.0 156.0 156.0 156.0 156.0 

Baker's 
pressed yeast 

- 3.0 - - - - 3.0 3.0 3.0 3.0 

Salt 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

Xanthan gum - - 0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4 

Water  to W=47% 

* 156.0 g of sprouted ground grain is obtained from 100 g of dry wheat grain  
 

• Preparation of model samples for evaluating the quality of bread 
For the manufacture of experimental samples of bread, the dough (W=47%) was made according to the recipes 
in Table 1 (Samples 5, 6, 7, and 8). A control sample of bread was prepared in the same way but without 
xanthan gum (Tab. 1, control 2). The dough was fermented for 90 min. After that, it was divided, shaped, 
and left to proof at 38±1°C for 35±5 min. The bread was baked at 200±10°C for 30±5 min. All baked bread 
samples were cooled to room temperature 20±2°C on a cooling rack for 3 hours. Three experimental baking 
tests were carried out for each bread sample. 
 
Methods of evaluating the rheological properties of dough  
The rheological characteristics of sprouted wheat grain dough were determined by the spread of the dough ball 
and the strength of adhesion. The elasticity, resilience, and viscosity of the dough, determined on Tolstoy's 
elastoplastometer, were evaluated as well. The spreading of the dough was determined by observing 
the change in the diameter of a ball of dough (100±0.5 g) during resting [38]. The kneaded dough was formed 
into balls weighing 100 g. Balls were placed on a glass plate, covered with a windproof cap and placed 
in a thermostat at a temperature of 30±1°C. The diameter of the dough balls was fixed two times: after forming 
(initial) and 90 minutes after resting in the thermostat. The adhesion of the dough was determined on an 
adhesion meter according to the calibration plot of the dependence of the tear-off force of the dough Ftear-off on 
the stretchability L (cm) [39]. The tear-off forces were calculated per unit area of the contact using the formula:  
 

(1) 
 

F tear-off=mg/Sc, [F tear-off ]=N/m2=Pа 
 

 

where, Sc is the contact area, 16 cm2. 
 
The elasticity, resilience, and viscosity of the dough were determined on a plane-parallel Tolstoy 
elastoplastometer [39]. The measurement method is based on determining the shear deformation related 
to the thickness of the sample (Figure 1).  
 
 

89

10

6 7 5 11

12

2 3 1 4 13

 
 

Figure 1. Plane-parallel Tolstoy's elastoplastometer: 1 – table; 2 – table supports; 3 – adjusting screw; 4 – metal stand;  
5 – metal plate; 6 – Plexiglas plate; 7 – test sample; 8 – silk thread; 9 – block; 10 – weight; 11 – observation needle; 

 12 – microscope; 13 - tripod 
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The dough sample was placed on a metal plate (6) and covered with a plate (7) to which a weight of a fixed 
mass was attached. The fixed weight value for all dough systems was 50 g, the dough temperature was 20±1°C, 
and the height of the dough pieces was 8 mm. The first absolute strain value was obtained using a microscope 
instantly as soon as the load begins to act on the top plate. After that, the value of absolute strain 
was recorded at intervals of 1 min for 10 min. Follow-up observations were made at intervals of 5 min. After 
the load was removed, the instantaneous deformation was recorded, and then the instrument readings were 
taken at the same frequency as during the load. The study was terminated if no change in absolute strain 
was detected within 30 min. Shear stress (τ, Pа) was determined by the formula: 
 

(2)
  

F

gm 
=  

 

 

 
where m is the weight, kg; g – free fall acceleration (9,81 m/s2); F – plate area, m2. 

 
The modulus of instantaneous resilience was determined by the formula: 
 

(3) 
 

 

0
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here τ is the tangential shear stress, Pа; γ0 – relative conditionally instantaneous deformation. 
 
The modulus of elasticity is calculated by the formula: 
 

(4) 
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elG

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where τ is the tangential shear stress, Pа; γве – relative highly elastic deformation. 
 
Plastic viscosity was determined by the formula: 
 

(5) 
 

,*

0





tg
=  

 
 

 

where 
*

0 – plastic viscosity, Pа·s; tg α – tangent of the slope of the final linear section of the curve to the 

abscissa axis. 
      
Methods of evaluating bread quality  
Structural-mechanical properties (degree of penetration) of the sprouted wheat grain bread were measured 
on the «Labor» penetrometer by determining the resistance of the breadcrumb to the penetrating indenter 
(angle 600) [39]. To do this, a 4 cm thick sample was cut from the breadcrumbs. Before the analysis, 
the immersion system was raised to the upper position. The sample was placed on a flat surface of a smooth 
stand placed on the lifting table of the penetrometer, which was lifted until the immersion body touches 
the surface of a slice of bread. After pressing the start button for 5 s, the immersion body penetrated the 
breadcrumb, after which the immersion system was slowed down. The ultimate shear stress of the intact 

structure 0 (Ра), was calculated by Rebinder's formula:  
 

(6) 
 

 

,
20

h

gm
k


=  

 

 

where m is the mass of the indenter and the device rod acting on the experimental product (minus friction 

and resistance of the indenter spring), kg; g – free fall acceleration m/s2; h– cone immersion depth, m; k– 

indenter constant. The specific volume and moisture content of bread samples was evaluated by the  standard 
methods [38]. 
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Statistical analysis  
Experimental data were processed with the use of MS Office Excel spreadsheets. Each test or measurement 
was performed three times. The statistical significance of the obtained results was determined at p <0.05. 

 
Results and discussion 
The results of determining the influence of xanthan gum on the spread of the ball of dough from sprouted 
wheat grain are presented in Figure 2. 
 

 
 

Figure 2. Influence of xanthan gum on the spreading of a ball of dough from sprouted wheat grain:  
1 – initial diameter; 2 – diameter after the fermentation process 

 

The obtained results show that with equal initial diameters of dough balls (50 mm) the spread rate of samples 
with xanthan decreased by 6.0-14.3%, which indicates the strengthening of the dough structure. This is due 
to the ability of xanthan gum to bind water significantly, contributing to a better structuring of the dough 
and less dilution, as was previously shown in the works [30,31]. 
 
Sprouted wheat dough is characterized by high stickiness, so it was important to study the influence of xanthan 
gum on its adhesive properties. The results of measuring the strength of the adhesion of the dough are shown 
in Figure 3. 
 

 
Figure 3. Influence of xanthan gum on the adhesion strength of sprouted wheat grain dough.  

 
It was determined that the addition of xanthan reduces the adhesion strength of the dough by 10.1-21.4%. 
On the one hand, this is due to its high-water absorption and water retention capacity. On the other hand, 
anionic polysaccharide xanthan gum forms compounds with flour hydrocolloids, which also helps to reduce 
the adhesive strength of the dough. According to the results presented in [[40], xanthan gum and gluten form 
compact complexes using electrostatic interactions. The interaction of xanthan gum with flour proteins is also 
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evidenced by data on the strengthening of gluten when adding microbial polysaccharides in an amount of 0.1-
0.7% to the flour weight [32]. In addition, xanthan gum can form intermolecular bonds with starch [41,42]. 
The positive effect of xanthan on the structure of the sprouted wheat grain dough was confirmed 
by determining its resilience-elastic and plastic-viscous properties on Tolstoy's elastoplastometer (Table 2).  

 
Table 2. Resilience-elastic and plastic-viscous properties of the dough  

 

Indicator Control sample Samples of bread with the addition of xanthan gum, 
% by weight of grain 
 

0.1 0.2 0.3 0.4 

Modulus of instantaneous 
resilience, Gr×10-2, Pа 5.001±0.012a 5.4±0.01a 5.9±0.01a 6.4±0.02a 6.8±0.02a 

Modulus of elasticity,  
Gel ×10-2, Pа  6.90±0.02a 8.0±0.02a 9.1±0.03b 10.3±0.03b 9.3±0.03b 

Plastic viscosity,  

0 ×10-3, Pа·s 9.10±0.02a 11.0±0.04b 12.2±0.02a 13.4±0.04b 14.0±0.04b 
1Means ± 2 standard deviation. Means in a row without a common superscript letter differ statistically (p < 0,05) 

 
According to the obtained data, the addition of 0.1-0.4% xanthan gum contributes to the growth of the dough 
modulus of instantaneous elasticity by 8.0-36.0%. It should be noted that the modulus of elasticity of the 
dough with the addition of 0.1-0.3% xanthan gum increases by 15.9-49.3%. Increasing the amount of xanthan 
gum in the dough to 0.4% reduces the improving effect, but the elastic properties of this sample remain higher 
than in the control. The plastic viscosity of sprouted wheat grain dough with the addition of xanthan gum also 
increases through the experiments. These data are consistent with the results of studying the rheological 
properties of other types of dough in the presence of xanthan gum. For example, the data obtained using 
the Chopin alveograph indicate an increase in the elasticity of wheat flour dough with the addition of xanthan 
gum in the amount of 0.1-0.3% and a decrease in it with a biopolymer dosage of more than 0.4% [30]. Other 
authors [36] using the methods of farinography and rheometry proved the increase in elasticity and viscoelastic 
properties of gluten-free dough based on rice flour with the addition of xanthan. It was established that the 
elasticity and viscosity of protein-free dough improve with an increase in the amount of xanthan in it from 0.3 
to 0.5% to the mass of corn starch [35]. This tendency of xanthan influence on the rheological properties 
of sprouted wheat grain dough were also observed during the analysis of structural-mechanical (Figure 4) and 
physical-chemical (Table 3) properties of bread.  
 
Presented experimental data show (Figure 4) that the introduction of 0.1-0.3% xanthan gum contributes 
to an increase in the degree of breadcrumbs penetration by 11.3-28.3%, which is caused by improving 
the elastic characteristics of the dough (Table 2). The degree of penetration of the bread sample with 
the addition of 0.4% xanthan decreases slightly but remains higher than the control. 
 

 
Figure 4. Influence of xanthan gum on the degree of penetration of breadcrumbs. 
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Table 3 shows the results of determining some physical-chemical indicators of the quality of control 
and experimental samples of bread from sprouted grain. It was established that the specific volume of bread 
increases in the presence of xanthan. The presented data show that the largest specific volume was in bread 
with the addition of 0.1-0.3% xanthan gum.  
 

Table 3. Physical-chemical quality indicators of grain bread with xanthan. 
 

Indicator Control sample Samples of bread with the addition of xanthan 
gum, % by weight of grain 
  
0.1 0.2 0.3 0.4 

Specific volume, cm3/ 
100g 

1901±2.02a 210±4.0b 230±4.0b 250±6.0b 237±5.0b 

Moisture, % 45.0±0.5a 45.5±0.5a 45.7±0.9b 46.0±1.0b 46.2±1.0b 
1Means ± 2 standard deviation. Means in a row without a common superscript letter differ statistically (p < 0,05) 

 
The moisture-absorbing and moisture-retaining abilities of xanthan have a positive effect on the moisture 
content of bread. A similar effect of xanthan on the specific volume and moisture content of bread was 
previously established by other authors during the study of its influence on the quality of whole wheat bread 
[37], bread made from frozen dough [40], Barbari bread [43], protein-free and gluten-free products [35,36]. 
 
Impact  
The implementation of the obtained results will allow improving the technology of sprouted grain bread 
and obtaining a healthy product with high consumer properties. This will contribute to the solution 
of the important social task of improving health of the population. An increase in the dietary intake of whole 
grain bread as a rich source of many essential nutrients will reduce the risk of the spread of nutritional 
diseases. During germination, the nutritional profile of grain improves due to the transition of biopolymers into 
an easily accessible form, as well as an increase in the content and bioavailability of biologically active 
substances in the grain. However, baking properties of wheat grain deteriorate during germination that 
negatively affects the appearance of bread and its structure. The study described in this article proposes a way 
to overcome technological difficulties in forming the structure of bread from sprouted grains based on the use 
of xanthan polysaccharide, which has the ability to bind water and interact with protein and starch. Our 
research data  show the effectiveness of xanthan for improving the structure of the dough and quality of bread 
made from germinated wheat grain. As the results of the research showed, the use of xanthan reduces 
stickiness of the dough from germinated wheat grain and improves its structure. That will optimize the 
technological process, increase production efficiency and competitiveness of the finished product. The use of 
whole grain wheat for the production of bread, bypassing its processing into flour, allows a more rational use 
of valuable grain raw materials, as well as reducing negative impact on the environment. 
 
Conclusions 
It was determined that the addition of 0.1-0.4% xanthan gum improves rheological properties of the dough 
from sprouted wheat grain, namely reducing adhesion, and enhancing the resilience-elastic and plastic-viscous 
properties. Sprouted wheat grain bread with the addition of xanthan in these dosages has an improved 
structure, higher moisture, and specific volume. It was also found that the usage of 0.3% xanthan is advisable 
to obtain bread with the best quality indicators. Future research will focus on determining the effect of xanthan 
on changing structural-mechanical and physical-chemical quality indicators of sprouted grain bread during 
storage.  
 
Conflict of interest  
There are no conflicts to declare.  
 
Acknowledgements  
This research has not been supported by any external funding. 
 
References 
[1] D. Aune, N. Keum, E. Giovannucci, L.T. Fadnes, P. Boffetta, D.C. Greenwood, S. Tonstad, L.J. Vatten, E. 

Riboli, T. Norat, Whole grain consumption and risk of cardiovascular disease, cancer, and all cause and 

https://doi.org/10.32933/ActaInnovations.45.6


 

Acta Innovations • 2022• no. 45: 62-71 • 69 

 

https://doi.org/10.32933/ActaInnovations.45.6 • ISSN 2300-5599 • © 2022 RIC Pro-Akademia – CC BY 

 

cause specific mortality: Systematic review and dose-response meta-analysis of prospective studies, 
BMJ. 353 (2016) i2716. https://doi.org/10.1136/bmj.i2716. 

[2] S.H. Hosseini, J.M. Jones, H. Vatanparast, Association between grain intake, nutrient intake, and diet 
quality of canadians: Evidence from the canadian community health survey–nutrition 2015, Nutrients. 
11 (2019) 1937. https://doi.org/10.3390/nu11081937. 

[3] A. Helnæs, C. Kyrø, I. Andersen, S. Lacoppidan, K. Overvad, J. Christensen, A. Tjønneland, A. Olsen, 
Intake of whole grains is associated with lower risk of myocardial infarction: The Danish Diet, Cancer 
and Health Cohort, Am. J. Clin. Nutr. 103 (2016) 999–1007. https://doi.org/10.3945/ajcn.115.124271. 

[4] J.M. Jones, J. Engleson, Whole grains: Benefits and challenges, Annu. Rev. Food Sci. Technol. 1 (2010) 
19–40. https://doi.org/10.1146/annurev.food.112408.132746. 

[5] C. De La Fuente-Arrillaga, M.A. Martinez-Gonzalez, I. Zazpe, Z. Vazquez-Ruiz, S. Benito-Corchon, M. Bes-
Rastrollo, Glycemic load, glycemic index, bread and incidence of overweight/obesity 
in a Mediterranean cohort: The SUN project, BMC Public Health. 14 (2014) 1091. 
https://doi.org/10.1186/1471-2458-14-1091. 

[6] L. Serra-Majem, I. Bautista-Castaño, Relationship between bread and obesity, Br. J. Nutr. 113 (2015) 
S29–S35. https://doi.org/10.1017/S0007114514003249. 

[7] G. Qi, S. Zeng, T. Takashima, K. Nozoe, M. Shobayashi, K. Kakugawa, K. Murakami, H. Jikihara, L. Zhou, 
F  Shimamoto, Inhibitory effect of various breads on DMH-induced aberrant crypt foci and colorectal 
tumours in rats, Biomed Res. Int. 2015 (2015) 1–8. https://doi.org/10.1155/2015/829096. 

[8] J. Montonen, H. Boeing, A. Fritsche, E. Schleicher, H.G. Joost, M.B. Schulze, A. Steffen, T. Pischon, 
Consumption of red meat and whole-grain bread in relation to biomarkers of obesity, inflammation, 
glucose metabolism and oxidative stress, Eur. J. Nutr. 52 (2013) 337–345. 
https://doi.org/10.1007/s00394-012-0340-6. 

[9] A. Mofidi, Z.M. Ferraro, K.A. Stewart, H.M.F. Tulk, L.E. Robinson, A.M. Duncan, T.E. Graham, The acute 
impact of ingestion of sourdough and whole-grain breads on blood glucose, insulin, and incretins 
in overweight and obese men, J. Nutr. Metab. 2012 (2012) 1–9. https://doi.org/10.1155/2012/184710. 

[10] S. Žilić, Z. Basić, V. Hadži-Tašković Šukalović, V. Maksimović, M. Janković, M. Filipović, Can the sprouting 
process applied to wheat improve the contents of vitamins and phenolic compounds and antioxidant 
capacity of the flour?, Int. J. Food Sci. Technol. 49 (2014) 1040–1047. 
https://doi.org/10.1111/ijfs.12397. 

[11] F. Yang, T.K. Basu, B. Ooraikul, Studies on germination conditions and antioxidant contents of wheat 
grain, Int. J. Food Sci. Nutr. 52 (2001) 319–330. https://doi.org/10.1080/09637480120057567. 

[12] P. Koehler, G. Hartmann, H. Wieser, M. Rychlik, Changes of folates, dietary fiber, and proteins in wheat 
as affected by germination, J. Agric. Food Chem. 55 (2007) 4678–4683. 
https://doi.org/10.1021/jf0633037. 

[13] P. Van Hung, D.W. Hatcher, W. Barker, Phenolic acid composition of sprouted wheats by ultra-
performance liquid chromatography (UPLC) and their antioxidant activities, Food Chem. 126 (2011) 
1896–1901. https://doi.org/10.1016/j.foodchem.2010.12.015. 

[14] P. van Hung, T. Maeda, S. Yamamoto, N. Morita, Effects of germination on nutritional composition 
of waxy wheat, J. Sci. Food Agric. 92 (2012) 667–672. https://doi.org/10.1002/jsfa.4628. 

[15] M.A. Azeke, S.J. Egielewa, M.U. Eigbogbo, I.G. Ihimire, Effect of germination on the phytase activity, 
phytate and total phosphorus contents of rice (Oryza sativa), maize (Zea mays), millet (Panicum 
miliaceum), sorghum (Sorghum bicolor) and wheat (Triticum aestivum), J. Food Sci. Technol. 48 (2011) 
724–729. https://doi.org/10.1007/s13197-010-0186-y. 

[16] N.N. Alekhina, E.I. Ponomareva, I.M. Zharkova, A. V. Grebenshchikov, Assessment of the bioavailability 
of minerals and antioxidant activity of the grain bread in the in vivo experiment, Russ. Open Med. J. 7 
(2018) e0409. https://doi.org/10.15275/rusomj.2018.0409. 

[17] A. Singh, S. Sharma, Bioactive components and functional properties of biologically activated cereal 
grains: A bibliographic review, Crit. Rev. Food Sci. Nutr. 57 (2017) 3051–3071. 
https://doi.org/10.1080/10408398.2015.1085828. 

[18] K. Nelson, L. Stojanovska, T. Vasiljevic, M. Mathai, Germinated grains: A superior whole grain functional 
food?, Can. J. Physiol. Pharmacol. 91 (2013) 429–441. https://doi.org/10.1139/cjpp-2012-0351. 

[19] N. Naumenko, I. Potoroko, I. Kalinina, R. Fatkullin, E. Ivanisova, The Influence of the Use of Whole Grain 
Flour from Sprouted Wheat Grain on the Rheological and Microstructural Properties of Dough and 
Bread, Int. J. Food Sci. 2021 (2021) 1–9. https://doi.org/10.1155/2021/7548759. 

[20] Y. Ichinose, K. Takata, T. Kuwabara, N. Iriki, T. Abiko, H. Yamauchi, Effects of Increase in α-Amylase and 
Endo-Protease Activities during Germination on the Breadmaking Quality of Wheat, Food Sci. Technol. 
Res. 7 (2001) 214–219. https://doi.org/10.3136/fstr.7.214.

https://doi.org/10.32933/ActaInnovations.45.6


 

Acta Innovations • 2022• no. 45: 62-71 • 70 

 

https://doi.org/10.32933/ActaInnovations.45.6 • ISSN 2300-5599 • © 2022 RIC Pro-Akademia – CC BY 

 

[21] M. Hrušková, D. Novotná, Effect of ascorbic acid on the rheological properties of wheat fermented 
dough, Czech J. Food Sci. 21 (2018) 137–144. https://doi.org/10.17221/3490-cjfs. 

[22] M.B. C eacute sar, B.B. Natalia, M.L.N.G. Jane, M.S. Sydnei, Influence of enzymes and ascorbic acid 
on dough rheology and wheat bread quality, African J. Biotechnol. 15 (2016) 55–61. 
https://doi.org/10.5897/ajb2015.14931. 

[23] A. Bonet, C.M. Rosell, I. Pérez-Munuera, I. Hernando, Rebuilding gluten network of damaged wheat by 
means of glucose oxidase treatment, J. Sci. Food Agric. 87 (2007) 1301–1307. 
https://doi.org/10.1002/jsfa.2846. 

[24] S. Oliinyk, O. Samokhvalova, A. Zaparenko, E. Shidakova-Kamenyuka, M. Chekanov, Research into 
the impact of enzyme preparations on the processes of grain dough fermentation and bread quality, 
Eastern-European J. Enterp. Technol. 3 (2016) 46–53. https://doi.org/10.15587/1729-4061.2016.70984. 

[25] H. Akdogan, M. Tilley, O.K. Chung, Effect of emulsifiers on textural properties of whole wheat tortillas 
during storage, Cereal Chem. 83 (2006) 632–635. https://doi.org/10.1094/CC-83-0632. 

[26] Z. Sheikholeslami, M. Mahfouzi, M. Karimi, M. Ghiafehdavoodi, Modification of dough characteristics 
and baking quality based on whole wheat flour by enzymes and emulsifiers supplementation, LWT. 139 
(2021) 110794. https://doi.org/10.1016/j.lwt.2020.110794. 

[27] C. Ferrero, Hydrocolloids in wheat breadmaking: A concise review, Food Hydrocoll. 68 (2017) 15–22. 
https://doi.org/10.1016/j.foodhyd.2016.11.044. 

[28] J.K. Rocks, Xanthan Gum, Food Technol. 25 (1991) 476–483. 
[29] F. García-Ochoa, V.E. Santos, J.A. Casas, E. Gómez, Xanthan gum: Production, recovery, and properties, 

Biotechnol. Adv. 18 (2000) 549–579. https://doi.org/10.1016/S0734-9750(00)00050-1. 
[30] J.P.S. Sidhu, A.S. Bawa, Dough characteristics and baking studies of wheat flour fortified with xanthan 

gum, Int. J. Food Prop. 5 (2002) 1–11. https://doi.org/10.1081/JFP-120015588. 
[31] N.E. Linlaud, M.C. Puppo, C. Ferrero, Effect of hydrocolloids on water absorption of wheat flour and 

farinograph and textural characteristics of dough, Cereal Chem. 86 (2009) 376–382. 
https://doi.org/10.1094/CCHEM-86-4-0376. 

[32] O. Samokhvalova, Y. Chemikova, S. Oliinyk, K. Kasabova, The effect of microbial polysaccharides 
on the properties of wheat flour, Eastern-European J. Enterp. Technol. 6 (2015) 11–15. 
https://doi.org/10.15587/1729-4061.2015.56177. 

[33] A. Culetu, D.E. Duta, M. Papageorgiou, T. Varzakas, The role of hydrocolloids in gluten-free bread and 
pasta; rheology, characteristics, staling and glycemic index, Foods. 10 (2021) 3121. 
https://doi.org/10.3390/foods10123121. 

[34] R. Crockett, P. Ie, Y. Vodovotz, How do xanthan and hydroxypropyl methylcellulose individually affect 
the physicochemical properties in a model gluten-free dough?, J. Food Sci. 76 (2011) E274–E282. 
https://doi.org/10.1111/j.1750-3841.2011.02088.x. 

[35] V. Mykhaylov, O. Samokhvalova, Z. Kucheruk, K. Kasabova, O. Simakova, I. Goriainova, A. Rogovaya, 
I. Choni, Influence of microbial polysaccharides on the formation of structure of protein-free 
and gluten-free flour-based products, Eastern-European J. Enterp. Technol. 6 (2019) 23–32. 
https://doi.org/10.15587/1729-4061.2019.184464. 

[36] A. Lazaridou, D. Duta, M. Papageorgiou, N. Belc, C.G. Biliaderis, Effects of hydrocolloids on dough 
rheology and bread quality parameters in gluten-free formulations, J. Food Eng. 79 (2007) 1033–1047. 
https://doi.org/10.1016/j.jfoodeng.2006.03.032. 

[37] L. Tebben, Y. Li, Effect of xanthan gum on dough properties and bread qualities made from whole 
wheat flour, Cereal Chem. 96 (2019) 263–272. https://doi.org/10.1002/cche.10118. 

[38] V.I. Drobot, Tekhnokhimichnyi kontrol syrovyny ta khlibobulochnykh i makaronnykh vyrobiv, Kondor-
Vydavnytstvo, Kyiv, Ukraine, 2015. 

[39] A.B. Goralchuk, P. Pivovarov, O. Grinchenko, M.I. Pogozhih, Reologichni metodi doslidzhennya sirovini 
i harchovih produktiv ta avtomatizatsiya rozrahunkiv reologichnih harakteristik: Navchalniy posibnik, 
Harkiv, 2006. 

[40] G. Wu, X. Liu, Z. Hu, K. Wang, L. Zhao, Impact of xanthan gum on gluten microstructure and bread 
quality during the freeze-thaw storage, LWT. 162 (2022) 113450. 
https://doi.org/10.1016/j.lwt.2022.113450. 

[41] M. Zheng, H. Su, Q. You, S. Zeng, B. Zheng, Y. Zhang, H. Zeng, An insight into the retrogradation 
behaviors and molecular structures of lotus seed starch-hydrocolloid blends, Food Chem. 295 (2019) 
548–555. https://doi.org/10.1016/j.foodchem.2019.05.166. 

[42] C. Ferrero, M.N. Martino, N.E. Zaritzky, Corn Starch‐Xanthan Gum Interaction and Its Effect 
on the Stability During Storage of Frozen Gelatinized Suspension, Starch ‐ Stärke. 46 (1994) 300–308. 
https://doi.org/10.1002/star.19940460805.

https://doi.org/10.32933/ActaInnovations.45.6


 

Acta Innovations • 2022• no. 45: 62-71 • 71 

 

https://doi.org/10.32933/ActaInnovations.45.6 • ISSN 2300-5599 • © 2022 RIC Pro-Akademia – CC BY 

 

 
[43] G. Maleki, J.M. Milani, Effect of guar gum, xanthan gum, CMC and HPMC on dough rhealogy and 

physical properties of barbari bread, Food Sci. Technol. Res. 19 (2013) 353–358. 
https://doi.org/10.3136/fstr.19.353. 

  

https://doi.org/10.32933/ActaInnovations.45.6

