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Abstract 

The moisture-retaining power (WRP) of dough is one of main functional 

technological parameters, because it influences the output, structural-mechanical 

properties and quality characteristics of bread and bakery products. For increasing 

WRP of rye-wheat dough, the polyfunctional food supplement “Magnetofood” is 

offered. For determining, what component of rye-wheat dough plays the leading role 

in absorbing and retaining water – there was studied the influence of the 

polyfunctional food supplement “Magnetofood” on water-absorbing and water 

retaining power of rye-wheat gluten and rye-wheat flour. It was established, that 

adding the food supplement “Magnetofood” in amount 0,15 % for the mass of rye-

wheat gluten and rye-wheat flour increases their water-retaining power by  2,0 % and 

by 2,5 % respectively. There were studied water binding forms in gluten and flour at 

implementing the food supplement “Magnetofood” by the indicator method and one 

of differential-thermal analysis (DTA). There were established the quantity ratios of 

free and bound moisture in gluten and flour with food supplement “Magnetofood”. It 

was established, that model systems, based on rye-wheat gluten and rye-wheat flour, 

enriched with “Magnetofood” supplement, demonstrate the increase of the amount of 

free and bound moisture in 1,3 and in 0,35 times in experimental samples of model 

systems based on gluten, respectively; in 1,2 and 0,29 times in experimental samples 

of model systems, based on flour, respectively.  

DTA method established the increase of the total content of adsorptively and 

osmotically bound moisture in experimental samples of model systems based on rye-

wheat gluten and rye-wheat flour at adding the food supplement “Magnetofood”:  

– adsorptively bound moisture grows: from 15, 3% to 19,7% (samples of model 

systems based on rye-wheat gluten) and from 18,3% to 25,4% (for samples of model 

systems based on rye-wheat flour); 

 – osmotically bond water grows: from 10, 3% to 14, 4% (for samples of model 

systems based on rye-wheat gluten) and for 14,5% to 17,0% (for samples of model 

systems based on rye-wheat flour). 

It was revealed, that the increase of the moisture-retaining power of rye-wheat 

gluten and rye-wheat flour, enriched with the food supplement “Magnetofood” is 

explained by the “cluster-loop-chain” model of hydration of gluten proteins at 

“Magnetofood” nanoparticles. The obtained experimental data may be used at 
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elaborating the technology of rye-wheat bread, enriched with the polyfunctional food 

supplement “Magnetofood”; and also at elaborating innovative technologies of food 

systems with proteins as gliadin, glutenin and so on.  

The results of this study have the theoretical and practical interest for the world 

scientific society, because they may be used for decelerating hardening processes, 

prolongation of storage terms, increase of output and improvement of quality 

parameters of bread and bakery products.  

Keywords: polyfunctional food supplement “Magnetofood’, rye-wheat gluten 

and flour, form of moisture bound, moisture-retaining power, indicator method, 

method of differential-thermal analysis, “cluster-loop-chain” model of proteins 

hydration.  

 

1. Introduction 

Food technologies use diverse food and bio-supplements, increasing the 

moisture-retaining power (MRP) of both raw materials and semi-products and also 

ready products. MRP increase favors the increase of the quality and output of ready 

products; decrease of their cost price [1–4]. 

Modern food technologies actively use biologically active substances of 

vegetable, fruit and herbal supplements [5–10] and also biocompounds of different 

chemical composition: soya, nut, enzymes, micro-water plants for increasing MRP 

[11–14]. 

For increasing the moisture-retaining power of flour and dough, mineral 

compounds (ammonium salts of orthophosphate acid, sodium and potassium 

orthophosphates) are used in bakery [1, 2]. 

Information sources [1–14] demonstrate the absence of data about 

polyfunctional food supplements of the complex action, and especially, nano-powder 

ones that increase the moisture-retaining power of both raw materials and semi-

products and also ready products, made of them.  

The revealed properties of the polyfunctional food supplement “Magnetofood” 

allow to recommend it for implementing in food systems, especially in rye-wheat 

gluten and flour. The aim of adding “Magnetofood” is to increase the moisture-

retaining power of rye-wheat gluten and rye-wheat flour. “Magnetofood” is a nano-

powder with the large specific and active surface [15–18]. 

 

2. Materials and Methods 

2.1. Studied materials and equipment, used in the experiment  

The object of the research is the technology of rye-wheat bread.  

The study of the influence of polyfunctional food supplement “Magnetofood” 

on the moisture-absorbing and moisture-retaining power (MRP) of rye-wheat gluten 

and flour was realized on the model systems:  

– Control sample 1 – dry rye-wheat gluten, received from rye-wheat flour, 

according to SSU-B 4583:2006. The ratio of rye peeled flour and wheat flour of the 

first sort is 60:40 according to the base recipe of rye-wheat bread “Darnitsky” [19]. 

At preparing control sample 1, dry rye-wheat gluten was added with water in amount 

0,16 % of the mass of dry gluten. Then the mixture was accurately blended during 5–



7 min;  

–  sample 2 – dry wheat-rye gluten with the polyfunctional food supplement 

“Magnetofood” in amount 0,15 % of the gluten mass as powder [17]. Experimental 

sample 2 was prepared analogously to control sample 1, but the food supplement 

“Magnetofood” was implemented in the aforesaid amount;  

–  Control sample 3 – raw rye-wheat gluten, received from rye-wheat flour, 

according to SSU-B 4583:2006. The ratio of rye peeled flour and wheat flour of the 

first sort is 60:40 according to the base recipe of rye-wheat bread “Darnitsky” [19]; 

 sample 4 – raw rye-wheat gluten with the polyfunctional food supplement 

“Magnetofood in amount 0,15 % of the mass of raw gluten as powder [17]. 

Experimental sample 4 was prepared analogously to control sample 3, but the food 

supplement “Magnetofood” was implemented in the aforesaid amount and accurately 

blended during 5–7 min;  

– control sample 5 – rye-wheat flour according to SSU-B 4583:2006. The ratio 

of rye peeled flour and wheat flour of the first sort is 60:40 according to the base 

recipe of rye-wheat bread “Darnitsky” [19]. At preparing control sample 5, dry rye-

wheat flour was added with water in amount 0,67 % to the mass of dry flour. Then 

the mixture was accurately blended during 8–10 min; 

–sample 6 – wheat-rye flour with the polyfunctional food supplement 

“Magnetofood” in amount 0,15 % of the gluten mass as powder [17]. Experimental 

sample 6 was prepared analogously to control sample 5, but the food supplement 

“Magnetofood” was implemented in the aforesaid amount. 

Fig. 1 presents the experimental samples of rye-wheat gluten, fig. 2 – the 

experimental samples of rye-wheat flour.  
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Fig. 1. The experimental samples of rye-wheat gluten: а – sample 1; b – sample 

2; c – sample 3; d – sample 4.  
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Fig. 2. The experimental samples of rye-wheat flour: а – sample 5; b – sample 

6. 

 

The mass of gluten and flour was determined on the electric analytic scales of 

ANG series (Ukraine), humidity of gluten and flour was determined by the 

gravimetric method using the thermal chamber UF55 Memmert (Germany) and 

apparatus ВНІІХП-ВЧ (Ukraine). The concentration of the saccharose solution – on 

the laboratory refractometer IRF-454B2М (Russia). DTA was realized on the 

derivatograph Q1500D («Paulik – Erdey» – Hungry. Microscopy on the monocular 

microscope Micromed  1var 1 – 20 (Russia). 

Fig. 3 presents devices, used for studying physical-chemical characteristics of 

the experimental samples of rye-wheat gluten and rye-wheat flour.  
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Fig. 3. The devices, used for studying parameters of dough and bread: а – hand 

device for titration; b – electronic analytic scales ANG; c – thermal chamber UF55 

Memmert; d – monocular microscope Micromed 1 var 1 – 20; e – laboratory 

refractometer ІRF-B; f – derivatograph Q1500D (Paulik – Erdey); g – device 

ВНІІХП-ВЧ  

2.2. Methods of determining organoleptic, physical-chemical and 

technological parameters  

The standard research methods, considered below [20–25] and SSU-B 

4583:2006 were used at the study. 

The determination of humidity was made according to the standard accelerated 



method according to SSU-P 4583:2006. Its essence is in drying the batch of the 

experimental sample of rye-wheat gluten or flour at a certain temperature and 

determination of humidity [21–23].  

Determination of humidity of gluten and flour. Humidity of Wт was 

determined just after blending (and also after keeping the experimental samples in the 

thermal chamber at 20 
о
С during 6 hours, 12 hours, 18 hours, 24 hours, 36 hours, 72 

hours) by the express method of drying at temperature 160°С on ВНІІХП-ВЧ   by 

following methodology [20–23]: two batches of the experimental sample of gluten or 

flour in 5 g are weighed on the analytic scales with exactness up to 0,001g. These 

batches are dried on ВНІІХП-ВЧ  during 5 minutes, cool in the dessicator during 1–2 

minutes. After that they are weighted on the analytic scales again with exactness 

0,001g. Wт is calculated by the difference in gluten or flour mass before and after 

their drying (by the dry residue) by formula (1): 

 

Wт = (М1 – М2)/М1 · 100%, (1) 

 

where Wт – humidity of gluten or flour, %; 

М1 – mass of batch of gluten or flour before drying, g;  

М2 – mass of batch of gluten or flour before drying, g;  

Determination of moisture-retaining power of gluten and flour by the 

method, based on a certain amount of water [21, 22]. Gluten or flour is put in a dish 

up to the top, smoothed, and a hollow is made in the middle of it by a spoon or 

spatula. Then the certain amount of usual water (10 or 20 cm
3
) is measured by a 

pipette and blended with gluten or flour by the spatula, then the dough system is 

pressed by the hands. Blending is finished, when the dough system acquires the 

required consistence. After that it is weighed, and water amount, bound by 1100 g of 

gluten or flour is calculated. The moisture-retaining power (Х) is calculated by 

formula (2): 

 

Х = 100 · а / (в – а), (2) 

 

Where Х – moisture-retaining power (MRP) of gluten or flour, %; 

а – amount of usual water, cm
3
; 

в – mass of gluten or flour, g. 

 At studying MRP of dry gluten and flour, the experimental samples of the first 

blending and Х determination, % were kept in the thermal chamber at 20 
о
С during 6 

hours 12 hours, 18 hours, 24 hours, 36 hours, 72 hours. Then their mass was 

determined on the analytic scales with exactness up to 0,01g. The moisture-retaining 

power (Х) was calculated by formula (3): 

 Х = 100· а / в, (3) 

 

Where Х – moisture-retaining power (MRP) of gluten or flour, %; 

а – mass of the dough system of gluten of flour with water after storage, g.  

в – initial mass of gluten or flour, g. 

Determination of hydration power (HP) or gluten hydration [21 –23] at 



storage was realized on the studied samples of raw gluten, kept in the thermal 

chamber at 20 
о
С during 6 hours 12 hours,  18 hours, 24 hours, 36 hours, 72 hours. 

Then their mass was determined on the analytic scales with exactness up to 0,01g. 

For determining the amount of raw gluten, it was dried and weighed. Drying was 

realized in the drying camber during 1 hour at temperature 60–70 °С, then 2 hours 

more at temperature 120 °С up to the constant mass. Hydration power (HP) was 

calculated by formula (4): 

 

 HP = 100·(m2 – m1) / m1, (4) 

 

Where HP –hydration power of raw gluten, %; 

m2 – mass of raw gluten, g; 

m1 – mass of dry gluten, g. 

The mass share of bound and free moisture was determined by the indicator 

method [26] and one of differential-thermal analysis (DTA) [27].  

According to M.I. Knyagenichev’s method [26] the batch of the studied sample 

of gluten or flour in amount 4 g was kept during 5 min with 20 cm
3
 of 10% solution 

of saccharose. The calculation of bound moisture is conducted by formula (5): 

 

 Х = В·( b2 – b1) / P·b2, (5) 

  

where Х – amount of bound moisture, g for 1 g of dry substance (DS);  

b1 and b2 – initial and output concentrations of saccharose solution, %; 

В – mass of 20 cm
3
 10% saccharose solution, g; 

Р – batch of dry substance (DS), g.  

According to A.I. Ermakov’s methodology [26] the batch of the experimental 

sample of gluten or flour in amount 5 g is placed in a flask with 15 cm
3
 of 60% 

saccharose solution. After 5 min keeping, it is filtered and its concentration is 

measured on the refractometer ІRF-454B2М. The results of determination are used 

for calculating free water by formula (6): 

 

 Y = (С0 – С1)·m·100 / C1·g·W, (6) 

 

where Y – content of free water, % of the total content; 

С0 – initial concentration of saccharose solution, %; 

C1 –Final concentration of saccharose solution, %; 

m – mass of output saccharose solution, g; 

g – batch of the experimental sample of gluten or flour, g.  

W – total content of water in 1 g of the experimental sample of gluten or flour, g.  

For DTA, there was used the derivatograph Q1500D (Paulik – Erdey). The 

studies were conducted in quartz melting pots with batch mass 1 g. Al2О3, fried to 

1773 К was used as an etalon. Samples were heated to 473 К with heating speed 3 К / 

min. [27]. 

Microscopy of the experimental samples was realized on the monocular 

microscope Micromed 1 var 1 – 20 [27]. Preparations for microscopy were prepared 



in the following way. The sample in amount 1– 2 mg was placed on the subject glass, 

covered with the coating glass, accurately rubbed along the circle by a rubber. The 

sample was analyzed by the microscope (magnification 100). 

 

3. Results 

Research methods, considered in section 2 will have the practical use at 

studying functional-technological characteristics, especially, the moisture-absorbing 

and moisture-retaining power of gluten and flour.   

Fig. 4 and 5 present the influence of the food supplement “Magnetofood” on the 

moisture-retaining power (MRP) of dry rye-wheat gluten and flour in the 

experimental samples.  

 

Fig. 4. influence of the food supplement “Magnetofood” on the moisture-

retaining power of the experimental samples of dry rye-wheat gluten at storage   

 

 

 



Fig. 5. influence of the food supplement “Magnetofood” on the moisture-

retaining power of the experimental samples of dry rye-wheat flour at storage   

 

It was experimentally established (fig. 4 and 5), that implementing the 

polyfunctional food supplement “Magnetofood” in dry rye-wheat gluten and flour 

favors the increase of MRP of gluten and flour comparing with control samples 

(without “Magnetofood: by 4, 85 % for the model system based on gluten and 10, 2 

% for the model system based on flour. It is connected with the fact that the food 

supplement “Magnetofood” is able to create hydrophilic associates with protein 

complexes of gluten.  

Fig. 6, 7 and table 1 present the results of differential-thermal and indicator 

methods of analyzing bound and free, sorption and physical-mechanical moisture in 

the experimental samples of dry rye-wheat gluten and flour.  

 

 
Fig. 6. Influence of the food supplement “Magnetofood” on the ratio of water of 

different binding forms of the experimental samples of dry rye-wheat gluten and flour 

at storage during 1 hour   

 



 
 

Fig. 7. Influence of the food supplement “Magnetofood” on the ratio of water of 

different binding forms of the experimental samples of dry rye-wheat gluten and flour 

at storage during 72 hours   

 

The experimental data of fig. 6 and 7 prove the fact that the polyfunctional 

food supplement “Magnetofood” favors the increase of water-absorbing and water 

retaining power of rye-wheat gluten and rye-wheat flour.  

 

Table 1 

The influence of the food supplement “Magnetofood” on the ratio of bound and free, 

osmotic and physical-mechanical water of the experimental samples of dry rye-wheat 

gluten and flour at storage by the indicator method (IM) and one of differential-

thermal analysis.  

Experime

ntal 

samples 

of gluten 

and flour  

Amount of free, osmotic and 

physical-mechanical moisture, % 
Amount of bound moisture, % 

Storage duration, hours  

1 72 1 72 

IM DTA IM DTA IM DTA IM DTA 

Sample 1 

Control  

78,7±0,

5 

77,0±

0,2 

72,7±0,

5 

71,0±0,

2 

21,3±0,

5 

23,0±0

,2 

27,3±0

,5 

29,0±0

,2 

Sample 2 69,0±0,

5 

68,0±

0,2 

72,7±0,

5 

71,2±0,

2 

31,0±0,

5 

32,0±0

,2 

27,3±0

,5 

28,8±0

,2 

Sample 5 

Control 

76,1±0,

5 

75,1±

0,2 

79,6±0,

5 

78,1±0,

2 

23,9±0,

5 

24,9±0

,2 

20,4±0

,5 

21,9±0

,2 

Sample 6 62,7±0,

5 

61,5±

0,2 

64,5±0,

5 

63,2±0,

2 

37,3±0,

5 

38,5±0

,2 

35,5±0

,5 

36,8±0

,2 

 

According to the data of table 1, 1/4 shares of the total amount of water in the 



experimental samples of dry rye-wheat gluten and flour are bound, and 3/4 shares are 

free, osmotic and physical-mechanical.  

The research results confirm the important functional-technical property of the 

food supplement “Magnetofood” – moisture-retaining power.  

The obtained experimental data may be used in the technology of rye-wheat 

bread, enriched with the food supplement “Magnetofood”.  

 

4. Conclusions 

1. The research methods of flour, gluten and model systems, based on them, 

presented in the work, may be used at studying the influence of diverse supplements, 

improvers, technological holds and so on functional-technological characteristics, 

especially moisture-retaining power of wheat-rye dough and bread of it.  

Using the considered methodologies, scientists can study the influence of 

diverse complex food supplements on humidity, water-absorbing and water-retaining 

power of model systems, based on gluten and flour and also ready products in future; 

to study the amount of bound and free moisture in diverse dough semi-products more 

detail.   

The shortcoming of this work is the fact that the effect of the offered methods 

was considered only on one type of model systems – rye-wheat and the influence of 

only one food supplement – polyfunctional food supplement “Magnetofood” on the 

given model system was studied. It is also unknown, how this supplement influences 

technological parameters of dough of another recipe composition (of different types 

and sorts of flour).   

The positive side is the fact that the research methods, offered in the work, may 

be used for studying functional-technological characteristics, especially moisture-

retaining ability of not only rye-wheat dough and ready products, but also rye, wheat 

and so on.  

At the same time, the research results may be used in the technology of rye-

wheat bread with adding the polyfunctional food supplement “Magnetofood”.  
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