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THE FORMATION OF FUNCTIONAL 
AND TECHNOLOGICAL PROPERTIES OF 
THE DOUGH AND QUALITY INDICATORS 
OF OATMEAL COOKIES WITH THE USE 
OF «MAGNETOFOOD» FOOD ADDITIVE

Об’єктом дослідження є технологія вівсяного печива з використанням харчової добавки «Магнетофуд». 
Перспективними поліпшувачами харчових систем (зокрема, тістових кондитерських мас) є нанодобавки, 
котрим притаманний широкий спектр функціонально-технологічних властивостей, в силу специфічності 
їх фізико-хімічних характеристик внаслідок наномасштабного розміру і квантово-механічних ефектів.  
З метою вивчення впливу харчової добавки «Магнетофуд» на функціонально-технологічні властивості 
тіста та показники якості вівсяного печива добавку «Магнетофуд» вводили у рецептурну суміш у вигляді 
жирової суспензії на етапі «розтирання масла». Встановлено, що введення харчової добавки «Магнетофуд» 
у рецептуру вівсяного печива у кількості 0,1; 0,15; 0,2 % до маси рецептурної суміші у вигляді жирової 
суспензії (у порівнянні з контролем) сприяє:

– збільшенню вологості тіста на (1,2 ± 0,2) %, граничного напруження зсуву тіста на (20 ± 2) Па та 
пластичної в’язкості тіста на (2,2 ± 0,4) кПа⋅с;

– зменшенню густини тіста на (0,6 ± 0,1) г/см3;
– збільшенню вологості вівсяного печива на (2,25 ± 0,1) %, намочуваності печива на (10 ± 2) %, вихо-

ду печива на (2,0 ± 0,5) % та середнього значення бальної оцінки печива за органолептичним аналізом  
на (1,0 ± 0,1) бали;

– покращенню розжовуваності печива на (0,4 ± 0,2) бали;
– зменшунню густини печива на (0,10 ± 0,02) г/см3, крошливості печива на (0,9 ± 0,2) %, втрат при 

термообробці на (1,8 ± 0,2) % та лужності печива на (0,3 ± 0,1).
У порівнянні з аналогічними відомими покращувачами харчових систем нанооб’єкти, до яких відноситься 

нанопорошок «Магнетофуд», мають величезний потенціал і несуть в собі безліч важливих фундамен-
тальних відкриттів, нових функціонально-технологічних властивостей і перспективних технологічних 
застосувань. Взаємодія наночастинок «Магнетофуд» з біополімерами – це комплекс складних хімічних 
реакцій. Результатом є формування просторових наноструктур, які суттєво впливають на функціо-
нально-технологічні властивості сировинних компонентів і напівфабрикатів. У харчових системах такі 
добавки, зокрема «Магнетофуд», проявляють антиоксидантні, бактеріостатичні, сорбційні, емульгуючі, 
структуроутворюючі, волого- і жироутримуючі властивості. Завдяки цьому забезпечується можливість 
отримання високих значень досліджених показників.
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1. Introduction

The confectionery industry is an industry that requires  
a large amount of resources to expand the range of products 
taking into account the wishes of the consumer.

In recent years, there has been a tendency in the tech-
nology of flour confectionery products to develop and 
introduce into the production of confectionery products 
using various food additives – improvers.

Therefore, the introduction of the Magnetofood food 
additive (FeО⋅Fe2О3 or Fe3О4) into the recipe composi-
tion of flour confectionery products [1, 2]. Since it is 
able to form new functional and technological characteris- 

tics of flour confectionery products, in particular oatmeal 
cookies, by:

– nanoscale scales [3];
– unique physicochemical properties [4].
Magnetofood is a highly dispersed powder with a par-

ticle size (70...80) nm [5], therefore it has a large specific 
surface and chemical potential [6]. Due to Fe (II), Mag-
netofood exhibits reducing properties and can be used as 
an antioxidant additive that prevents the oxidation of fats 
and fat-containing products and thereby improves their 
quality and shelf life [7]. The interaction of Magneto-
food nanoparticles with biopolymers (proteins, proteids, 
carbohydrates, lipids) is a complex of complex chemical  
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reactions [8]. The result is the formation of spatial nano-
structures, which significantly affect the functional and 
technological properties of raw materials and semi-finished 
products and quality indicators of finished products [9].

2.  The object of research and its 
technological audit

The object of research is the technology of oatmeal 
cookies using the Magnetofood food additive. To improve 
the technology and obtain high-quality products with 
a long shelf life of freshness, various technological methods 
are used, including the introduction of food improvers. 
Promising improvers of food systems (in particular, flour 
confectionery masses) are nano-additives, which have a wide 
range of functional and technological properties, due to 
the specificity of their physicochemical characteristics due 
to nanoscale size and quantum-mechanical effects.

This makes it necessary to conduct comprehensive re-
search: functional-technological, physico-chemical, struc-
tural and mechanical properties of the dough and quality 
and safety indicators of finished products.

3. The aim and objectives of research

The aim of research is the formation of functional and 
technological properties of the dough and quality indica-
tors of finished products in the technology of oatmeal 
cookies using the Magnetofood food additive.

To achieve this aim it is necessary to solve the fol-
lowing tasks:

1. To study the effect of the Magnetofood food additive 
on the functional-technological, physicochemical, structural 
and mechanical characteristics of oat-wheat dough and on 
the organoleptic quality indicators of finished products.

2. To establish a rational amount of Magnetofood dieta ry 
additive and develop an oatmeal cookie formulation with 
Magnetofood.

4.  Research of existing solutions  
of the problem

To improve the functional and technological properties 
of dough confectionery masses and quality indicators of 
finished products in the production of flour confectionery 
products, the following are widely used:

– a variety of nutritional additives and improvers [10]:
– vitamin and mineral premixes [11];
– vitamins – antioxidants, dietary fiber, micronutrient 
additives of protective action [12].
A narrow focus is an important disadvantage of these 

ingredients.
Recently, specialists in the confectionery industry have 

been using various bioadditives from plant materials (gin-
seng, Jerusalem artichoke, sea buckthorn, etc.). Thanks 
to their use, the consumer characteristics of the finished 
products become better and the water- and fat-soluble 
ability of the dough confectionery masses increases [13]. 
The disadvantages of these additives are low functiona-
lity in terms of texture and physico-chemical properties 
of finished products.

Various polysaccharide additives derived from natu-
ral ingredients: citrus fiber; plant-derived hydrocolloids, 
cellulose ethers [14], have also gained popularity in the 

production of flour confectionery products. Thanks to such 
additives, it became possible to create low-calorie foods 
that retain the structural-mechanical and organoleptic 
characteristics of traditional analogues. However, they do 
not secure sufficient cookie porosity.

Hydrocolloids:
– banana and apple powders;
– sea buckthorn meal;
– guar and xanthan gums [15];
– polydextrose – a polysaccharide consisting of glu-
cose polymers with low molecular weight [10] is used 
to stabilize and provide the desired viscosity or con-
sistency.
They also contribute to improving the water hold-

ing capacity of dough semi-finished products and quality 
indicators of finished products. But their influence on 
the technological properties of the dough confectionery 
masses and finished products is insufficient.

To improve the rheological properties and increase the 
water-holding capacity of the dough confectionery mass, 
natural powdery components obtained from dairy and egg 
products are used [11]. Their disadvantage is the lack of 
multifunctionality.

Recently, various food additives obtained from recycled 
products have found application in the production of flour 
confectionery:

– leather, hooves, feathers [12];
– offal [13];
– seeds, bran [16];
– milk whey [17] and others.
However, these dietary additive are characterized by 

a narrow focus and do not exhibit a complex effect.
In order to improve the water holding capacity of the  

dough confectionery masses and finished products, bioad-
ditives of various origin are used based on:

– wheat [18];
– soybeans, chickpeas [19];
– enzymes, microalgae, etc.
However, the yield and structural-mechanical indica-

tors (porosity and shape stability) of finished products 
do not improve.

In recent years, organic compounds of plants, in par-
ticular phenols, have been used to increase the water hold-
ing capacity of dough confectionery masses [20]. Their 
disadvantages are insufficient stability of quality indicators 
due to the instability of organic compounds.

Thus, an analysis of literary sources shows a lack of 
data on the use of nanopowder ingredients in the tech-
nology of flour confectionery products. To create new 
functional and technological properties of flour confectio-
nery products with improved consumer characteristics and 
indicators of carelessness, the Magnetofood food additive 
can be proposed. In food systems, Magnetofood exhibits 
a water-retaining, fat-soluble, fat-emulsifying and stabi-
lizing effect [7, 9].

5. Methods of research

In the work, the effect of the Magnetofood food ad-
ditive on the functional and technological properties of 
the dough and the quality indicators of finished products 
are investigated. Subjects of research are prototypes of 
oatmeal cookies based on traditional recipe No. 198 [21] 
and are given in Table 1.
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Table 1
Formulations of traditional oatmeal cookies (control)  

and Cossack oatmeal cookies with different mass fraction  
of Magnetofood food additive (FA) (experiment)

Raw material

Raw material costs per 100 kg of finished 
products, kg

Prototypes

No. 1 – 
control

No. 2 with 
0.1 % of 
Magneto-
food FA

No. 3 with 
0.15 % of 
Magneto-
food FA

No. 2 with 
0.2 % of 
Magneto-
food FA

Premium wheat flour 38.1 38.1 38.1 38.1

Oatmeal 16.1 16.1 16.1 16.1

Granulated sugar 30.7 30.7 30.7 30.7

Butter 14.2 14.2 14.2 14.2

Drinking soda 0.6 0.6 0.6 0.6

Salt 0.3 0.3 0.3 0.3

Fat suspension 
Magnetofood DA

– 0.2 0.3 0.4

Note: Magnetofood food additive was introduced in the form of a fat 
suspension (the ratio of the components of the suspension is Magnetofood: 
butter = 50 wt. %: 50 wt. %) At the stage of «grinding oil» in an amount 
of 0.2; 0.3; 0.4 kg per 100 kg of the recipe

In the process of performing the experimental work, 
standard and generally accepted research methods were used:

– rheological properties of the dough were determined 
on a Brabender farinography (Germany) according to 
DSTU 4111.1-2002 (ISO 5530-1:1997.MOD) and on 
a rotational viscometer Volarovich RV-8 (Russia) in 
accordance with the procedure given in [22, 23];
– humidity of the dough semi-finished products and 
finished cookies was determined by the accelerated 
gravimetric method according to DSTU 4910:2008 [23];
– study of the adhesion strength of the dough is based 
on the method of uniform separation [23];
– determination of the strength properties of the dough 
was carried out on the AR-4/1 penetrometers (Rus-
sia) by the method of immersion of the cone with an 
opening angle of the cone of 30° and 60° according 
to the standard method [23];
– determination of cookie hardness was carried out 
by the stamping method [23, 24];
– alkalinity was determined by titration with an indi-
cator according to DSTU 5024:2008;
– urination, crumbling and chewing was determined 
according to DSTU 5023:2008 and [23, 24];
– mass of baked products was determined in accor-
dance with DSTU EN 45501:2007, and the packs were 
determined in accordance with [23, 25].

6. Research results

Table 2 shows the effect of the Magnetofood food ad-
ditive on the structural-mechanical and physicochemical 
properties of prototypes of dough masses.

The data in Table 2 shows that the introduction of 
Magnetofood additives in the prescription composition in 
an amount of (0.10–0.20) % by weight of the prescrip-
tion composition contributes (compared to the control):

– increase the dough moisture by (1.2 ± 0.2) %, the 
ultimate shear stress of the dough by (20 ± 2) Pa and 
the plastic viscosity of the dough by (2.2 ± 0.4) kPa⋅s;

– a decrease in the dough density by (0.6 ± 0.1) g/cm3 
and the adhesive strength of the dough by (16...24) % 
of the steel surface.

Table 2

Physicochemical and structural-mechanical properties  
of dough masses with various mass fractions of the Magnetofood food 

additive (n = 5, p ≤ 0.05)

Indicator

Prototypes of dough masses

Sample 
1

Sample 
2

Sample 
3

Sample 
4

Moisture content, % 24.5 ± 0.2 25.5 ± 0.2 25.9 ± 0.2 25.7 ± 0.2

Density, g/cm3 1.25 ± 0.1 1.21 ± 0.1 1.18 ± 0.1 1.20 ± 0.1

Plasticity  
(ultimate shear stress), Pa

510 ± 2 530 ± 2 534 ± 2 532 ± 2

Adhesive strength (steel), kPa 2.5 ± 0.1 2.1 ± 0.1 1.9 ± 0.1 2.0 ± 0.1

Plastic viscosity, kPa⋅s  
(at g = 0.02 s–1)

7.4 ± 0.4 9.2 ± 0.4 9.8 ± 0.4 9.6 ± 0.4

This dynamics of the change of indicators is explained 
by the «clusterophilicity», the structure-forming and sta-
bilizing ability of Magnetofood nanoparticles.

Table 3 shows the effect of the Magnetofood dietary 
additive on the quality indicators of prototypes of oat-
meal cookies.

Table 3

Quality indicators of oatmeal cookies with various mass fractions  
of the Magnetofood dietary additive (n = 5, p ≤ 0.05)

Indicator
Prototypes of oatmeal cookies

Sample 1 Sample 2 Sample 3 Sample 4

Moisture content, % 5.6 ± 0.1 7.6 ± 0.1 8.0 ± 0.1 7.9 ± 0.1

Alkalinity, % 2.0 ± 0.1 1.8 ± 0.1 1.6 ± 0.1 1.6 ± 0.1

Density, g/cm3 0.56 ± 0.02 0.48 ± 0.02 0.44 ± 0.02 0.45 ± 0.02

Wet, % 138 ± 2 146 ± 2 150 ± 2 149 ± 2

Crumbling, % 1.6 ± 0.2 0.8 ± 0.2 0.6 ± 0.2 0.5 ± 0.2

Fluidity, points 4.5 ± 0.2 4.8 ± 0.2 5.0 ± 0.2 4.9 ± 0.2

Yield, % 89.4 ± 0.5 91.0 ± 0.5 91.7 ± 0.5 91.5 ± 0.5

Losses during heat  
treatment, %

10.6 ± 0.2 9.0 ± 0.2 8.5 ± 0.2 8.6 ± 0.2

Data analysis of Table 3 shows that the introduction of the 
Magnetofood food additive in the amount of (0.10–0.20) % 
by weight of the recipe mixture increases the yield and 
improves the quality indicators of finished products com-
pared to the control:

– humidity increases by (2.25 ± 0.1) %; wet – by (10 ± 2) %; 
fluidity – by (0.4 ± 0.2) points; yield – by (2.0 ± 0.5) %;
– density decreases by (0.10 ± 0.02) g/cm3; crumbling – by 
(0.9 ± 0.2) losses during heat treatment – by (1.8 ± 0.2) %; 
alkalinity – by (0.3 ± 0.1).
An increase in the humidity of cookie samples using  

the Magnetofood food additive is associated with the struc-
ture-forming and stabilizing effect of Magnetofood nanopar-
ticles. This helps to reduce the concentration movement of 
moisture from the layers of the central part of the dough 
pieces to layers with a lower concentration of moisture, 
that is, until crust, during baking. This trend will positively 
affect the change in the quality characteristics of cookies  
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during storage. The decrease in the alkalinity of cookies 
is due to the amphoteric properties of the components 
of Magnetofood (Fe2+, Fe3+), which interact with compo-
nents of the dough system, in particular NH3, NaHCO3. 
In addition, the ability of Magnetofood nanoparticles to 
structure formation, fat and water retention, fat and water 
retention, as well as moisture redistribution in the dough 
system improves texture and fluidity increases porosity, 
wetness and yield of finished products.

Fig. 1 shows micrographs of samples of oatmeal cookies.

                   a                                        b

Fig. 1. The microstructure of oatmeal cookies:  
a – sample 1 (control); b – sample 3 with 0.15 % of Magnetofood

From microphotographs it can be seen that sample 3 has 
a uniform fine-meshed structure, without voids (Fig. 1, b). 
And in the control sample (sample 1), let’s observe time 
of large sizes (even voids), which are unevenly distributed 
over the volume of cookies (Fig. 1, a).

Fig. 2 shows the diagrams of the rational recipe com-
position of oatmeal cookies «Cossack» with the addition 
of the Magnetofood food additive.
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Fig 2. Diagram of the recipe composition of «Cossack» oatmeal  
cookies with a rational amount of the Magnetofood food additive –  

0.15 % by weight of the recipe mixture

Table 4 shows the results of organoleptic analysis of 
prototypes of oatmeal cookies with different amounts of 
the Magnetofood food additive.

As can be seen from the data in Table 4, the addi-
tion of the Magnetofood food additive in an amount of 
(0.10–0.20) % by weight of the recipe improves the quality 
indicators. And the average value of the score by organo-
leptic analysis increases by (1.0 ± 0.1) points compared 
with the control sample (Fig. 3).

Table 4

Organoleptic characteristics of prototypes of oatmeal cookies  
compared to control

Indicator
Prototypes of oatmeal cookies

Sample 1 Sample 2 Sample 3 Sample 4

Shape
Slight edge 
damage

Oval, with the inherent vagueness of 
this species, without dents, swelling 
and damage to the edge

Colour Straw Uniform, light brown Brown

Taste and smell
Insufficiently 
expressed

Pronounced, sweet taste, without extra-
neous taste and smell

Surface There are dents Rough with winding cracks

View of the 
fracture

Minor seals and 
voids

With a uniform porous structure, 
without voids, seals and traces of un-
dermixing

Fig. 3 shows the organoleptic profiles of prototypes of 
oatmeal cookies with the addition of a rational amount 
of the Magnetofood dietary additive – 0.15 % by weight 
of the recipe as compared to the control sample.

4.5

4.6

4.7

4.8

4.9

5
 Color

Taste, smell

 Color

Sectional viewConsistency

Аhape

Surface

«Cossack» oatmeal cookies
 Traditional technology oatmeal cookies

Fig. 3. The results of the organoleptic analysis of prototypes of oatmeal 
cookies «Cossack» with the addition of Magnetofood food additives 

compared with the control sample

The conducted studies have made it possible to scien-
tifically substantiate the Cossack oatmeal cookie recipe. 
The rational amount of the Magnetofood dietary additive 
is 0.15 % by weight of the prescription mixture.

7. SWOT analysis of research results

Strengths. It has been established that the most strengths 
of flour confectionery products using the Magnetofood 
food additive are:

– uniqueness of the offer;
– patent protection;
– improvement of consumer characteristics;
– lengthening the shelf life of freshness, resource con-
servation;
– cost reduction and optimization of the weight and 
volume of finished products due to coordination and 
electrostatic interactions, water and fat-soluble abilities 
of nanoparticles (which helps to reduce losses during 
heat treatment and increase yield).
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Weaknesses. The weaknesses of research include:
– low consumer awareness of new products and manu-
facturers’ risks when introducing new flour confectionery 
products, in particular the complexity of the calculation;
– increase in energy consumption for the production 
of food additives.
Opportunities. According to the strategic prospects of 

promoting a new flour confectionery products on the market, 
they are mainly due to the growth of the nanotechnology 
and nanoproducts market, as well as the demand for intro-
ducing the results of nano-research into the food sector.

Threats. The main threats to the sale of products using  
the Magnetofood food additive are the low level of financ-
ing of innovative projects and the unresolved nature of 
technology transfer issues.

8. Conclusions

1. It is found that the introduction of the Magneto-
food dietary additive in the oatmeal cookie recipe in an 
amount of 0.1; 0.15; 0.2 % by weight of the prescription 
mixture in the form of a fat suspension (compared with 
the control) contributes to:

1) in prototypes of dough masses:
– increase the dough moisture content by (1.2 ± 0.2) %, 
the ultimate shear stress of the dough by (20 ± 2) Pa and 
the plastic viscosity of the dough by (2.2 ± 0.4) kPa⋅s;
– decrease in dough density by (0.6 ± 0.1) g/cm3;
2) in the experimental samples of oatmeal cookies:
– increase in humidity by (2.25 ± 0.1) %, wet – by 
(10 ± 2) %, yield – by (2.0 ± 0.5) % and the average score  
by organoleptic analysis at (1.0 ± 0.1) point;
– improvement of fluidity – by (0.4 ± 0.2) points;
– decrease in density at (0.10 ± 0.02) g/cm3, crum-
bling – by (0.9 ± 0.2) %, losses during heat treatment – 
by (1.8 ± 0.2) % and alkalinity – by (0.3 ± 0.1).
2. The rational content of the Magnetofood food additive 

has been established – 0.15 % by weight of the prescription 
composition. The composition of Cossack oatmeal cookies 
with the Magnetofood food additive is compiled.

The obtained results give reason to recommend the 
Magnetofood food additive as a stabilizer, structure-forming 
agent and improver of flour confectionery products.
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