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Abstract. Carbohydrate-amylase complex of barley, rice, buckwheat and millet flours was studied. The 

cereal and pseudocereal flour is stated to be thermostable. Its gelatinization and liquefaction takes a long 

period. Addition of medium rye flour as an available and cheap source of amylolytic enzymes accelerates 

and increases the liquefaction of the gelatinized mass. The features of the starch component of the cereal 

and pseudocereal flour were found to require an increase of the pregelatinized flour preparation time. Mono- 

and disaccharides of the pregelatinized cereal and pseudocereal flour are mainly represented by glucose. 

Рregelatinized cereal and pseudocereal flours (except rice flour) contain excessive amount of amino 

nitrogen in comparison with traditional for-bread-baking pregelatinized rye flour. Pregelatinized cereal and 

pseudocereal flours can be used in native or dry form. The shelf life of dry pregelatinized cereal and 

pseudocereal flour is 3 months. 

1 Introduction 

Сereals and pseudocereal flour is increasingly used for the 

production of a variety of food products [1], including 

bakery products [2]. However, the absence of gluten in 

this raw material (or its low baking value) [3], reduced 

amylolytic enzymes activity and starch response to their 

action, low water-swellability, as well as a significant 

number of disulfide bonds in protein substances [4] 

impose some restrictions on its use in baking. Studies 

conducted by Russian scientists have shown that, along 

with the above reasons, the strengthening of protein 

structures of baking flour when mixed with cereal and 

pseudocereal flour has a negative effect. At the same time, 

the change of the protein structures properties, and, 

consequently, the change of the finished product quality is 

manifested the stronger, the further raw protein sources 
are from those of typical cereals based on the morphology 

and biological characteristics and the longer the contact of 

protein substances in raw materials of different origin in 

the process of its joint processing is [5]. The protein 

structures properties of baking flour change in dough 

through the interaction with dissimilar protein substances 

of cereal and pseudocereal flour of various types. At the 

same time gluten becomes tougher [6] and less extensible. 

The abovementioned makes it necessary to develop 

technological methods of cereal and pseudocereal flour 

use allowing neutralizing its negative impact on the 
finished bakery product quality. 

Pregelatinized flour making was selected as the most 

expedient method. The technological method of making 

pregelatinized flour while using part of the flour required 

by the recipe is traditional for bread baking. While making 

pregelatinized flour its components change significantly: 

gelatinization and partial saccharification of starch, 

swelling and partial denaturation of protein, mono-and 

disaccharides, amino acids accumulation, melanoidin 

formation. Pregelatinized flour is a new raw product with 

changed physico-chemical and organoleptical properties 

compared to the initial raw material. 

Pregelatinized flour is an obligatory component of 

malt rye-wheat bakery products [8].  

There are various methods for making pregelatinized 

flour that differ in adding sequence and the ratio of raw 

components (flour, water, spices) [9], in heat treating 

methods (hot air or steam blowing, extrusion), in 

duration of saccharification and fermentation [10], in 

adding of various components that change chemical 

composition and properties of pregelatinized flour. 

2 Materials and methods 

The following raw materials were used: rye flour, barley 

flour, rice flour, buckwheat flour, millet flour, rye malt. 

To determine carbohydrate-amylase complex of flour, 

“Amylotest” apparatus was used in modes “Falling 

Number” and “Amylogram” in accordance with the 

apparatus certificate. 

Pregelatinized flour was made by carefully mixing 

cereal and pseudocereal flour with rye malt and water having 

a temperature of 95–97 °C, then cooling the pregelatinized 

flour to a temperature of 60–63 °C, adding rye flour, and 

holding for saccharification for 100–120 minutes. Recipes 

of pregelatinized flour are provided in table 1. 
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Table 1. Recipes and norms for consumption of raw materials for making pregelatinized flour. 

Raw Material 

Name 

 

Moisture, 

% 

Raw material mass for making pregelatinized flour on 100 kg of flour and cereal and 

pseudocereal raw materials, kg 

Barley  Rice  Millet  Buckwheat  

in kind in dry 

matter 

in kind in dry 

matter 

in kind in dry 

matter 

in kind in dry 

matter 

Barley Flour 14.5 90.0 77.4 – – - - - - 

Rice Flour 9.0 – – 90.0 81.9 - - - - 

Millet Flour 14.5 – – – – 90.0 77.4 - - 

Buckwheat Flour 9.0 – – – – - - 90.0 81.9 

Rye Malt 14.5 5.0 4.3 5.0 4.3 5.0 4.3 5.0 4.3 

Medium Rye Flour 14.5 5.0 4.3 5.0 4.3 5.0 4.3 5.0 4.3 

Water  400 423 400 423 

 

The glucose and maltose amount in the 

pregelatinized flour was estimated by special method 

[11]. The method is based on the sequential 

determination of glucose, glucose and maltose, the total 

amount of carbohydrates (dextrins, maltose, glucose), 

then the difference between the values is the amount of 

glucose and maltose. The sucrose amount was estimated 

by method based on potassium ferricyanide reduction 
into yellow prussiate of potash in alkaline solution with 

subsequent conversion to sucrose, taking into account 

the content of previously determined glucose and 

maltose. The moisture content of the pregelatinized flour 

was determined by drying. Acidity was determined by 

titration of the aqueous extract with alkali solution in the 

presence of an indicator, amino nitrogen was determined 

by formaldehyde method; the content of bisulfite-

binding compounds were determined by the method 

based on the interaction of carbonyl compounds 

contained in the pregelatinized flour with sodium 

bisulfite [12].  

3 Results and discussion 

Carbohydrate-amylase complex is one of the main 

indicators of the technological properties of flour, in 

addition, the state of the carbohydrate-amylase complex 

determines the intensity of saccharification of 

pregelatinized flour and the content of flavorings in it. 

Carbohydrate-amylase complex of barley is 

characterized by a high content of soluble carbohydrates 

(2–3 %) and starch (75–80 %), as well as by low 

amylolytic enzymes activity [14]. Rice contains a 

significant amount of starch [15], compared with other 

cereals and pseudocereals. Starch of barley, buckwheat, 

millet flour is a thermoresistant carbohydrate, which is 

due to the presence of amylopectin with a branched 

structure in its composition, the reduction of which takes 

more time. The composition of the carbohydrate 

complex of rice, barley and millet flour includes 

pentosans, barley flour includes β-glucans, capable of 

forming high-viscosity solutions and having functional 

properties. All these features of the carbohydrate 

complex of cereal and pseudocereal flour will influence on 

the process of pregelatinized flour making. 

The index "Falling Number" is an indicator of 

viscosity and characterizes the liquefaction degree of the 

gelatinized water-flour suspension under the influence of 

temperature and/or enzymes included in its composition. 

The results of the research are shown in figure 1. 

Fig. 1. The results of cereals flour falling number research  

The falling number of barley, buckwheat and millet 
flour is determined to be 4.8, 10.5 and 2.2 times higher 

than that of rye flour and the falling number of rice flour 

is 1.5 times less as that of rye flour. This confirms the 

literature data on the thermal resistance of these starch 

types of barley, buckwheat and millet flour. When 

warming up in the suspension form rice flour gives 

liquid gelatinized mass recorded as the minimum value 

of the indicator "Falling Number" on the “Amylotest” 

apparatus.  

The adding of rye flour into the cereal and 

pseudocereal flour suspension contributed to a decrease in 

the falling number of barley flour by 14 secs., the falling 

number of rice and buckwheat flour was not affected, 

and the falling number of millet flour increased by 98 

secs. This shows that the amylolytic enzymes of rye 

flour are more complementary to the starch of barley 

flour, are less active compared to the enzymes of millet 

flour, and do not affect the starch of buckwheat and rice 

flour. 

More in-depth study of carbohydrate-amylase 

complex of cereal and pseudocereal flour was carried out 

in the “Amylogram” mode. Amylograph curves of barley 

and rice flour are shown in figure 2, and those of millet 

and buckwheat flour are shown in figure 3. 

The initial temperature of barley and rice flour 

gelatinization is stated to be by 17.5 and 33.5 °C higher, 

and that of buckwheat and millet flour by 6 and 17 °C 
higher, respectively, compared with that of the reference 

sample (rye flour). 
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Fig. 2. Amylograph curves of barley and rice flour 

Fig. 3. Amylograph curves of buckwheat and millet flour 

At the same time, the temperature of maximum 

viscosity of barley and buckwheat flour is by 1.1 and 1.4 

times higher, and that of millet and rice flour is by 1.1 

and 1.4 times lower, respectively, compared with that of 

the reference sample (rye flour). 

The study of the results of mixing cereal and 

pseudocereal flour with medium rye flour as a source of 

enzymes showed that the initial temperature of barley, 

rice, millet and buckwheat flour gelatinization remains 

by 14.5, 32, 4 and 16 оС higher, respectively, compared 

with medium rye flour. However, compared with the 

initial values (without rye flour), the adding of rye flour 

helps to reduce the initial temperature of gelatinization in 

the studied types of cereal and pseudocereal flour by  

1–3.5°C, the temperature of maximum viscosity is  

1.1–1.3 times as lower compared with that of the 

reference sample (rye flour). 

The carbohydrate-amylase complex of cereal and 

pseudocereal flour is stated to be more thermostable. 

Gelatinization and liquefaction require a longer period of 

time. The adding of medium rye flour as an available 

and cheap source of amylolytic enzymes accelerates this 

process to some extent and increases the liquefaction of 

the gelatinized mass. Studies have shown that the 

features of the starch component of the cereal and 

pseudocereal flour require an increase of the 

pregelatinized flour preparation time.  

Amylolytic reduction of the flour starch fraction 

during the pregelatinized flour making contributes to the 

accumulation of water-soluble sugars. The reference 

sample was the pregelatinized rye flour with the addition 

of rye malt, prepared in accordance with [8]. The 

duration of saccharification consisted of 120 minutes. 

The moisture content in the reference sample of 

pregelatinized flour made 75 %, and that in the 

experimental samples made 78–80 %. The end of the 

saccharification process was considered to achieve the 

content of reducing sugars in the experimental samples 

of pregelatinized flour close to that in the reference 

sample. The results of research are presented in table 2. 

Table 2. The influence of the pregelatinized flour 

saccharification duration on the accumulation of reducing 

sugars 
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30 6.6±0.5 7.0±0.5 5.4±0.5 6.3±0.5 7.1±0.5 

60 7.5±0.5 7.3±0.5 8.2±0.5 7.0±0.5 8.1±0.5 

90 8.4±0.5 7.9±0.5 9.3±0.5 7,2±0.5 8.9±0.5 

120 8.7±0.5 8.0±0.5 9.7±0.5 7.9±0.5 8.7±0.5 

150 – 8.2±0.5 – 8.1±0.5 – 

180 – 8.8±0.5 – 8.5±0.5 – 

It was found that after 30 minutes of saccharification, 

the lowest content of reducing sugars was observed in 

rice pregelatinized flour, the maximum one was in barley 

and millet pregelatinized flour, which is due to the high 

content of soluble carbohydrates in these types of flour 

compared with rye flour. The accumulation of reducing 

sugars occurred in the barley and buckwheat 

pregelatinized flour slowlier, which is associated with 

the greatest thermostability of these raw materials and 

their resistance to starch hydrolysis due to the presence 

of a larger number of branched amylopectin fractions in 

them. This is well illustrated by amylograph curves of 

these flour types that were presented earlier. 

Pregelatinized flour is used in breadmaking to give a 

sweet taste to bakery products and to cultivate 

fermentation medium, that is why there is the need to 

determine the carbohydrate composition of the 

pregelatinized flour and the amount of amino nitrogen in 

it. The results of research are presented in figures 4 and 5. 

All types of pregelatinized flour were determined to 

contain mainly glucose. Millet and buckwheat 

pregelatinized flour show a higher content of sucrose, 

rice and buckwheat pregelatinized flour show a higher 

content of maltose.  

The amount of amino nitrogen in the buckwheat, 

millet and barley pregelatinized flour is by 5.2–16.6 % 

higher, and that in the rice pregelatinized flour is 2.2 times 

less than that in the reference sample. The low content of 

amino nitrogen in the rice pregelatinized flour is due to the 

lower amount of protein and low activity of proteolytic 

enzymes in it compared to other samples. The higher 

content of amino nitrogen in buckwheat, millet and barley 

pregelatinized flours is due to the high amount of protein 

in them compared with rye flour, and possibly due to the 

higher activity of proteolytic enzymes in the raw material 

for these types of pregelatinized flour.  
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Fig. 4. The carbohydrate content of the pregelatinized cereals 

flour. 

 
Fig. 5. The amino nitrogen content in the pregelatinized cereals 

flour. 

Organoleptic characteristics of rice, barley, millet, 

buckwheat pregelatinized flour are presented in table 3. 

Rice and barley pregelatinized flours are defined to 

have no features of taste and flavor. Buckwheat and millet 

pregelatinized flours are characterized by a pleasant 

flavour of the flour used, which will allow to change 

organoleptic indicators of ready malt bakery products. 

Pregelatinized cereal and pseudocereal flour can be 

used in the native form. Its application allows to obtain 

rye-wheat bakery products with physical and chemical 

quality indicators which are not lower than those when 

using pregelatinized rye flour. 

To increase the shelf life of the pregelatinized flours 

they were dried in a convection dryer at a temperature of 

80–85 °C. Pregelatinized flour was placed on the dryer 

trays with layer thickness of 15–20 mm. During the 

drying process, the changes in moisture content, titrated 

acidity and bisulfite-binding compounds of 

pregelatinized cereal and pseudocereal flour were studied. 

The research results are presented in table 4. 

Dried pregelatinized cereal and pseudocereal flour was 

found to reach a moisture content of less than 15 % after 

12 hours of drying in a convection dryer. Titrated acidity 

of pregelatinized flours increases by 2–5 degrees during 

drying. The content of bisulfite-binding compounds 

increases 1.5–2 times during 4–5 hours of drying, and 

then begins to decline, reaching almost the original 

value. The increase in the content of bisulfite-binding 

compounds for 4–5 hours of drying is due to the 

Maillard reaction between reducing sugars and amino 

acids of the pregelatinized flour, since there are 

favorable conditions for this reaction. The decrease in 

the content of bisulfite-binding compounds after the 

specified drying time is due to the volatilization of part 

of the carbonyl compounds as a result of temperature 

increase of the dried product layer.  

After drying, the obtained plates were ground in an 

experimental mill. Sifting of crushed dry pregelatinized 

flours was carried out through a sieve of polyamide 

fabric № 27 PA-120. As a sifting result, powdered dry 

pregelatinized cereals flours with particle sizes 

corresponding to baking flour were obtained. 

To determine the shelf life of dry pregelatinized 

cereal and pseudocereal flours, they were left for storage 

in closed plastic bags at a temperature of 20±2 °C and a 

relative humidity of 70–75 %. The samples of dry 

pregelatinized cereal and pseudocereal flours were 

determined to meet the requirements of Annex 1, 

Annex 2, p. 1.3 and 1.5 of TR CU 021/2011 "Food 

safety" and may have the shelf life of 3 months. 

The production method of malt bakery products with 

pregelatinized millet flour received a patent of the Russian 

Federation № 2409954, the production method of malt 

bread with pregelatinized buckwheat flour received a 

patent of the Russian Federation № 2430527, the 

production method of bread with pregelatinized rice flour 

received a patent of the Russian Federation № 2429622, 

the mixture for pregelatinized barley flour production 

received a patent of the Russian Federation № 2509465. 

Table 3. Organoleptic characteristics of rice, barley, millet, buckwheat pregelatinized flour. 

Indicator name 
pregelatinized flour characteristic 

rice barley buckwheat millet 

Appearance creamy consistency, free of foreign matter 

Colour dark-brown 

Flavour  malty, without 

off-odors 

malty, without off-

odors 

malty, with pronounced flavor 

of buckwheat flour, without off-

odors 

malty, with pronounced 

flavor of millet flour, without 

off-odors 

Taste  Bread taste, 

sweet, without 

foreign tastes 

Bread taste, sweet, 

without foreign 

tastes 

Bread taste, sweet, with 

pronounced taste of buckwheat 

flour, without foreign tastes 

Bread taste, sweet, with 

pronounced taste of millet 

flour, without foreign tastes 
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Table 4. The research results of changes in moisture content, titrated acidity and bisulfite-binding compounds depending on the 

duration of pregelatinized cereal and pseudocereal flour drying. 

Indicator name Duration of pregelatinized flour drying, hour 

0 1 2 3 4 5 6 7 8 9 10 11 12 

Moisture content,% Barley  

78.0

±0.5 

65.3

±0.5 

52.0

±0.5 

44.1

±0.5 

42.1

±0.5 

40.2

±0.5 

36.7

±0.5 

36.0

±0.5 

32.0

±0.5 

28.4

±0,5 

22,1

±0.5 

16.3

±0.5 

13.5

±0.5 

Titrated acidity, deg c 7.9±

0.2 

8.2±

0.2 

8.4±

0.2 

8.3±

0.2 

8.2±

0.2 

8.5±

0.2 

9.0±

0.2 

9.0±

0.2 

9.0±

0.2 

9.1±

0.2 

9.2±

0.2 

9.0±

0.2 

9.1±

0.2 

bisulfite-binding 

compounds content, 

mg eq/ 100g dm 

2.7±

0.03 

3.2±

0.03 

3.6±

0.03 

3.8±

0.03 

3.8±

0.03 

3.9±

0.03 

3.6±

0.03 

3.4±

0.03 

3.3±

0.03 

3.0±

0.03 

2.7±

0.03 

2.7±

0.03 

2.6±

0.03 

Moisture content,% Rice  

80.0

±0.5 

64.2

±0.5 

56.2

±0.5 

44.0

±0.5 

38.2

±0.5 

34.6

±0.5 

34.2

±0.5 

22.2

±0.5 

20.2

±0.5 

16.6±

0.5 

14.2

±0.5 

13.1

±0.5 

12.2

±0.5 

Titrated acidity, deg c 7.7±

0.2 

8.2±

0.2 

8.0±

0.2 

8.2±

0.2 

8.5±

0.2 

8.7±

0.2 

8.7±

0.2 

8.5±

0.2 

9.2±

0.2 

9.3±0

.2 

9.3±

0.2 

9.4±

0.2 

9.3±

0.2 

bisulfite-binding 

compounds content, 

mg eq/ 100g dm 

2.2±

0.03 

2.7±

0.03 

3.1±

0.03 

3.9±

0.03 

3.9±

0.03 

3.8±

0.03 

3.7±

0.03 

3.7±

0.03 

3.5±

0.03 

3.3±0

.03 

3.3±

0.03 

3.2±

0.03 

2.9±

0.03 

Moisture content,% Millet  

80.0

±0.5 

66.2

±0.5 

56.2

±0.5 

54.4

±0.5 

54.4

±0.5 

48.4

±0.5 

46.2

±0.5 

40.2

±0.5 

32.2

±0.5 

27.9

±0.5 

20.6

±0.5 

17.1

±0.5 

14.5

±0.5 

Titrated acidity, deg c 8.2±

0.2 

8.6±

0.2 

9.6±

0.2 

10.3

±0.2 

10.7

±0.2 

12.3

±0.2 

13.7

±0.2 

14.2

±0.2 

14.8

±0.2 

14.5

±0.2 

14.5

±0.2 

14.5

±0.2 

14.4

±0.2 

bisulfite-binding 

compounds content, 

mg eq/ 100g dm 

2.1±

0.03 

2.7±

0.03 

3.6±

0.03 

4.2±

0.03 

4.8±

0.03 

4.9±

0.03 

5.4±

0.03 

5.0±

0.03 

5.0±

0.03 

4.7±

0.03 

3.9±

0.03 

3.7±

0.03 

3.7±

0.03 

 Buckwheat  

Moisture content,% 78.0

±0.5 

65.2

±0.5 

60±0

.5 

56±0

.5 

52±0

.5 

54±0

.5 

48±0

.5 

42±0

.5 

38±0

.5 

31.2

±0.5 

23.6

±0.5 

16.5

±0.5 

14.5

±0.5 

Titrated acidity, deg c 9.4±

0.2 

10.2

±0.2 

11.7

±0.2 

12.5

±0.2 

11.7

±0.2 

12.0

±0.2 

13.1

±0.2 

13.7

±0.2 

13.9

±0.2 

14.2

±0.2 

14.2

±0.2 

14.5

±0.2 

14.3

±0.2 

bisulfite-binding 

compounds content, 

mg eq/ 100g dm 

1.8±

0.03 

2.1±

0.03 

2.4±

0.03 

3.6±

0.03 

4.6±

0.03 

5.1±

0.03 

4.9±

0.03 

4.6±

0.03 

4.7±

0.03 

4.5±

0.03 

4.1±

0.03 

3.9±

0.03 

3.7±

0.03 

4 Conclusion 

Theoretical and experimental justification of the cereal 

and pseudocereal flour use for the pregelatinized flour 

production for bakery products allowed to establish the 

following. Amylographic data confirm that the starches 

of this raw material are more thermostable than rye flour, 

their gelatinization and liquefaction requires a longer 

period of time.  

Adding medium rye flour as an available and cheap 

source of amylolytic enzymes accelerates this process to 

some extent and increases the liquefaction of the 

gelatinized mass. This technological feature of cereal 

and pseudocereal flour requires an increase of the 

pregelatinized flour preparation time.  

The pregelatinized cereal and pseudocereal flour 

contain 7.5–9.7 % of reducing sugars, have an increased 

titrated acidity – 9.1–14.4 °C, which will have a positive 

influence on the fermentation medium when used in 

semi-finished bakery products making. 

The pregelatinized cereal and pseudocereal flours 

meet the hygienic safety requirements for 3 months. 

Prospects for their use in the food production are to 

improve the taste and flavor, the chemical composition 

and functional properties of final products.  
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