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Abstract
Today in Ukraine the share of low-quality bakery products is near 20–25 %, because they often don’t correspond to quality 

standards and sanitary norms, because of being produced of flour with low bakery properties. That is why new raw material sources, 
functional ingredients and so on are searched for in bread technologies. For using new raw material and food supplement types, it 
is necessary to know their functional-technological properties (FTP) that allows to prognosticate the behavior of powder-like raw 
materials and food supplements in food masses at technological processing and storage of ready products. 

The water-retaining capacity (WRC) is one of main functional-technological parameters of carbohydrate-containing raw 
materials, because it favors the outcome, structural-mechanical properties and quality characteristics of ready products. 
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The authors introduced “Magnetofood” polyfunctional food supplement for increasing WRC of rye-wheat dough. For 
grounding the mechanism of forming supramolecular groups in carbohydrate food systems: Magnetofood-polysacharide-water, there 
was studied the influence of “Magnetofood” food supplement on processes of hydration, swelling and water-retention by rye-wheat 
starch and rye-wheat flour. 

It was established, that introduction of “Magnetofood” food supplement in rye-wheat starch and flour in amounts: 0,10; 0,15; 
0,20 % to the mass of starch or flour increases swelling and water-retaining capacity (WRC) of starch and flour: swelling in 1,3–1,5 
and 1,5–2,25 times, respectively; WRC in 1,10–1,15 and 1,1–1,3 times, respectively. 

The rational dose of “Magnetofood” food supplement – 0,15 % to the mass of dry raw material was experimentally set. 
There was studied the influence of “Magnetofood” food supplement on rheological properties of water suspensions of rye-

wheat starch and flour at different temperatures and different speeds of shift. 
It was established, that adding “Magnetofood” in amount 0,15 % favors increasing the effective viscosity of suspen-

sions of experimental samples of starch and flour at temperatures: (23±2) ºС and (40±2) ºС comparing with control samples 
in average by 29,0 % – for starch and by 22,0 % – for flour at 23 °С and by 16,0 % – for starch and by 10,0 % – for flour  
at 40 °С. 

There was studied the dynamics of changing viscosity of colloid solutions of starch and flour, enriched with “Magnetofood” 
in amount 0,15 % to the mass of dry raw material in the keeping process at different temperatures and shift speed 9 s-1. 

There was established the increase of viscosity of suspensions of rye-wheat starch and flour in the process of infusion (espe-
cially at adding “Magnetofood”) that is connected with continuing hydration and swelling process. 

It was demonstrated, that the temperature increase of the colloid system from (23±20) °С to (40±2) °С favors the increase of 
its viscosity – both at the initial moment and in infusion process during 30 min in average by 20,0–25,0 % at the expanse of the afore-
said processes. Moreover, adding “Magnetofood” accelerates and intensifies the processes of swelling and hydration of experimental 
samples of rye-wheat starch and flour comparing with control ones. 

The received experimental data may be used at elaborating the technology of rye-wheat bread, enriched with “Magnetofood” 
food supplement; and also at elaborating innovative technologies of carbohydrate food systems. 

The results of this study may be used at elaborating recipes and technologies of carbohydrate-containing food products for 
increasing their viscosity, water-retaining and stabilizing capacities. 

Keywords: “Magnetofood” food supplement, rye-wheat starch and flour, swelling capacity, water-retaining capacity, effec-
tive viscosity.
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1. Introduction
Today in Ukraine the share of low-quality bakery products is near 20–25 %, because they 

often don’t correspond to quality standards and sanitary norms, because of being produced of flour 
with low bakery properties [1, 2]. As a result, bakery enterprises must use improvers for increasing 
the quality of flour and correcting its shortcomings. 

At modern food enterprises there are used diverse food and bio-supplements, improving 
the quality of raw materials and ready products, especially water-absorbing capacity (WAC) and 
water-retaining one (WRC). The increase of WAC and WRC favors the improvement of the quality 
and output of ready products; decrease of their prime cost [3].

For increasing WAC of flour and WRC of dough semi-products, bakery industry uses min-
eral compounds (ammonium salts of orthophosphate acid, sodium, potassium orthophosphates) [4].

Diverse biologically active substances of vegetable, fruit and herbal supplements [5, 6] 
and also bio-compounds of different chemical compositions: soya, chick-pea [7, 8]; enzymes, mi-
cro-water plants and so on [9–11] are widely used in bakery technologies for increasing WRC of 
dough semi-products.

The analysis of information sources [1–11] demonstrates the absence of polyfunctional food 
supplements of complex action, especially nanopowder ones that increase hydration and water-re-
taining capacity of both raw materials and semi-products and also ready products of them. 

The revealed properties of “Magnetofood” food supplement allow to recommend it for in-
troduction in food systems, especially in rye-wheat dough semi-products [12–17]. The aim of in-
troducing “Magnetofood” is to increase WRC of rye-wheat dough. It allows to improve the output, 
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organoleptic, physical-chemical and structural-mechanical characteristics of dough systems and 
bakery products of them. 

2. Materials and Methods
2. 1. Studied materials and equipment, used in the experiment 
The study of the influence of “Magnetofood” polyfunctional food supplement for water-ab-

sorbing (WAC) and water-retaining capacity (WRC) and also viscosity of rye-wheat starch and 
flour was realized on the model systems: 

– sample 1 control – dry rye-wheat starch that is the mixture of rye starch of the first grade 
[TC 10.62.11-668-37676459-2017. Packed starch. Scentific-production center “Agrofoodind”] and 
wheat starch of the higher grade [FS USSR 1490-90 Wheat starch. Technical conditions]. The ratio 
between rye starch and wheat one is 60:40; 

– sample 2 – dry rye-wheat starch with “Magnetofood” polyfunctional food supplement in 
amount 0,10 % to the starch mass as powder;

– sample 3 dry rye-wheat starch with “Magnetofood” polyfunctional food supplement [TC 
U 10.8-202.3017824-001:2018 – Food supplement based on iron acids “Magnetofood”] in amount 
0,15 % to the starch mass as powder;

– sample 4 – dry rye-wheat starch with “Magnetofood” polyfunctional food supplement in 
amount 0,20 % to the starch mass as powder; 

– sample 5 control – rye-wheat flour according to SSU-F 4583:2006. The ratio between 
peeled rye and wheat flour of the first grade is 60:40 according to the basic recipe of rye-wheat 
bread “Darnitsky” [18];

– sample 6 – rye-wheat flour with “Magnetofood” polyfunctional food supplement in 
amount 0,10 % to the flour mass as powder [14];

– sample 7 – rye-wheat flour with “Magnetofood” polyfunctional food supplement in 
amount 0,15 % to the flour mass as power [14];

– sample 8 – rye-wheat flour with “Magnetofood” polyfunctional food supplement in 
amount 0,20 % to the flour mass as powder [14].

Fig. 1 presents the experimental samples of rye-wheat starch, the Fig. 2 – experimental 
samples of rye-wheat flour. 

 
 
 
 
 
 
 
 
 а                                                            b 

 
 
 
 
 
 
 

c                                                           d
Fig. 1. Experimental samples of rye-wheat starch:  

а – sample 1; b – sample 2; c – sample 3; d – sample 4
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Fig. 2. Experimental samples of rye-wheat flour:  
а – sample 5; b – sample 6; c – sample 7; d – sample 8

The mass of starch and flour was calculated by the electric analytic scales of ANG series 
(Ukraine), swelling and water-retaining capacities (WRC) – by the mixer of PЕ-8100 model (made 
by Ekros, group of companies) and centrifuge СМ-6М with rotor 6М (made by «ELMI» Latvia). 
Viscosity was calculated on the rotary viscosimeter “Reotest -2»: working body – system of cylin-
ders S-S1 (Russia).

Fig. 3 presents the devices, used for studying physical-chemical and rheological properties 
of rye-wheat starch and rye-wheat flour. 

а                          b                          c                          d

Fig. 3. Devices, used for studying parameters of dough and bread:  
а – electronic analytic scales ANG; b – laboratory mixer PЕ-8100;  

c – centrifuge СМ-6М with rotor 6М; d – rotary viscosimeter “Reotest-2»

2. 2. Methods of determining physical-chemical and rheological parameters 
The work studied the following functional-technological properties: water-retaining capaci-

ty (WRC), swelling capacity, viscosity of suspensions with water. The standard research methods, 
considered below [19–22] and SSU-F 4583:2006 were used at the experiment.

Swelling capacity (in cm3/g) was calculated by infusing 1 % water suspension during a day. 
The swelling capacity was assessed as the maximal amount of water that an object can absorb and 
retain before reaching the dynamic balance, related to the batch mass [19, 20]. 
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Course of analysis: The batch of a product with mass 1 g was transferred in a glass with 
capacity 100 cm3 that was preliminarily filled with 80 cm3 of distilled water. After accurate mix-
ing, suspension was transferred in a measuring cylinder. Its content was added with distillate up to  
100 cm3. Suspension was accurately mixed one more time and left at 20–23оС for 24 hours, then 
the boundary of separation of two phases was set. At certain swelling there is observed the even 
distribution of a product along the whole volume. At incomplete swelling two phases are created in 
the cylinder: upper liquid, transparent, almost doesn’t contain a product, and the low one, opaque, 
with a swelled product. Two parallel calculations were realized. At incomplete swelling, the swell-
ing capacity of a product in cm3/g was calculated by the ratio between the product volume after 
infusing to the batch mass. The final result of the analysis was considered as the mean arithmetical 
value of the results of two previous calculations. 

Water-retaining capacity – WRC (in %) was calculated by Shoh method as an amount of 
water, absorbed and retained by the raw material component at infusing and centrifuging of water 
suspension [21–22]. 

Course of analysis: the product batch of 0,8 g was added with 40 ml of distilled water, kept 
in the water exceed at permanent mixing during 30 min at temperatures (23±2) and (40±2) ºС then 
transferred in a centrifuge test-tube and centrifuged during 5 min at 4500 turns/min. The liquid 
phase was poured in a measuring test-tube. The amount of bound water – W (in g) was calculated 
by weighing the test-tube together with residue by subtraction of the empty test-tube mass and 
sample batch mass. WRC (in %) was calculated by the ratio of bound water W to the starch mass. 

Viscosity (in Pa·s) is calculated on the rotary viscosimeter “Reotest-2”. For that, there were 
prepared 13 % water suspensions of rye-wheat starch and flour. The choice of concentration was 
conditioned by getting solutions with viscosity, optimal for studying on this device. Samples’ vis-
cosity was measured during 30 min after each 10 min at temperatures (23±2) ºС and (40±2) ºС. 
Keeping samples of colloid solutions and water suspensions in time to the moment of measuring 
viscosity is farther denoted as infusion [19, 20].

3. Results
Fig. 4, 5 present the influence of “Magnetofood” food supplement on the swelling capacity 

and water-retaining capacity (WRC) of rye-wheat starch and rye-wheat flour in experimental sam-
ples respectively. 

Fig. 4. Influence of “Magnetofood” food supplement on the swelling capacity of experimental 
samples of rye-wheat starch and flour 

The analysis of the experimental data (Fig. 4, 5) demonstrates that introduction of “Mag-
netofood” polyfunctional food supplement in rye-wheat starch and flour favors the increase of 
the swelling capacity and WRC of starch and flour. Comparing with the control samples (without 
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“Magnetofood”), the swelling capacity of the experimental samples with “Magetofood” increases: 
in 1,3–1,5 times and 1,5–2,25 times for model systems, based on starch and flour respectively. Com-
paring with the control samples (without “Magnetofood”), WRC of the experimental samples with 
“Magnetofood” increases: in 1,10–1,15 times and 1,1–1,3 times for model systems, based on starch 
and flour respectively. It is connected with the fact that polarized nanoparticles (NP) of “Magne-
tofood” food supplement modify macromolecules of polysaccharides, change and stabilize their 
construction, favoring intensification of solubility and swelling, even in cold water. “Magnetofood” 
food supplement is able to create hydrophilic solvate associates with carbohydrate complexes of 
starch and flour that favors increasing of the swelling capacity and WRC of starch and flour. 

Fig. 5. Influence of “Magnetofood” food supplement on the water-retaining capacity of 
experimental samples of rye-wheat starch and flour

Fig. 6, 7 present the results of studying the influence of “Magnetofood” food supplement 
in the optimal amount (0,15 % to the starch or flour mass) on the viscosity of water suspensions 
of the experimental samples of rye-wheat starch and rye-wheat flour at temperatures (23±2) and  
(40±2) ºС respectively.

Fig. 6. Influence of “Magnetofood” food supplement on the effective viscosity of 13 % water 
suspensions of the experimental samples of rye-wheat starch at different shift speeds and 

temperatures (23±2) ºС and (40±2) ºС

The data of fig. 6 and 7 testify that the adding “Magnetofood” food supplement favors the 
increase of viscosity of suspensions of rye-wheat starch and flour at both temperatures comparing 
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with the control samples in average by 29,0 % – for starch and by 22,0 % – for flour at 23 оС and by 
16,0 % – for starch and by 10,0 % – for flour at 40 оС . It is conditioned by ramification of polymer 
links, appearance of cavitates, clathrates and lateral links that move main links of biopolymers 
apart. As a result, hydration, swelling and WRC increase (Fig. 4, 5). Under the influence of the 
applied shift tension these aggregates gradually collapse, at that in samples with “Magnetofood” –  
slower. It explains the high pseudoplasticity of water suspensions of the experimental samples of 
starch and flour. As a result, their viscosity decreases (Fig. 6, 7).

Fig. 7. Influence of “Magnetofood” food supplement on the effective viscosity of 13 % water 
suspensions of the experimental samples of rye-wheat flour at different shift speeds and 

temperatures (23±2) ºС and (40±2) ºС

The dynamics of changing viscosity of colloid solutions of starch and flour in the infusion 
process at different temperatures and shift speed 9 s-1 is presented on Fig. 8, 9 respectively. 

Fig. 8. Influence of “Magnetofood” food supplement on the effective viscosity of 13 % water 
suspensions of the experimental samples of rye-wheat starch at shift speed 9 s-1 and temperatures 

(23±2) ºС and (40±2) ºС and 30 min of infusion

The increase of viscosity of starch and flour solutions in the process of infusion is connected with 
continuing the processes of swelling and hydration. The increase of the temperature in the system from 
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(23±20) ºС to (40±2) °С favors the increase of viscosity of these solutions both in the initial moment of 
time and at infusion during 30 min at the expanse of acceleration of the aforesaid processes. 

Fig. 9. Influence of “Magnetofood” food supplement on the effective viscosity of 13 % water 
suspensions of the experimental samples of rye-wheat flour at shift speed 9 s-1 and temperatures 

(23 ± 2) ºС and (40 ± 2) ºС and 30 min of infusion

Moreover adding “Magetofood” accelerates and intensifies the processes of hydration 
and swelling of the experimental samples of rye-wheat starch and flour comparing with the 
control samples. 

The results of the studies prove the important functional-technological property of “Magne-
tofood” food supplement – water-retaining capacity. The received experimental data may be used 
in the technology of rye-wheat bread, enriched with “Magnetofood” food supplement for stabiliz-
ing properties of semi- and ready products at production and storage, for getting products with high 
consumption characteristics. 

4. Conclusions
The methods of studying starch, flour and models systems, based on them, presented in 

this work, may be used at studying the influence of different supplements-improvers on function-
al-technological characteristics, especially water-retaining capacity, of carbohydrate-containing 
food systems (for example, dough ones). 

Using the considered methods in future, scientists can study the influence of different food 
ingredients on swelling, water-retaining capacities of food systems, based on starch and flour and 
also ready products more detail; to study rheological properties, processes of dissolution, swelling, 
stabilization of the structure more detail. 

The shortcoming of this work is the fact that the effect of the offered methods is considered 
only on one type of model systems – rye-wheat, and the influence of only one food supplement 
on this model system was analyzed - “Magnetofood” polyfunctional food supplement. It is also 
unknown, how this supplement influences technological parameters of dough of another recipe 
composition (of other flour sorts). 

The positive side is that the research methods, presented in this work, may be used at study-
ing functional-technological characteristics, especially swelling, viscosity, water-retaining capaci-
ty, of not only rye-wheat dough masses and ready products, but also rye, wheat and so on. Moreover, 
the research results may be used in the technology of rye-wheat bread with adding “Magnetofood” 
food supplement.
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