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Effect of сoncentration of coconut oil with demineralised whey powder 
on the properties of bean pastes

Abstract. There is a lack of protein products in the human diet, so balancing the nutritional composition of products 
remains an urgent task. The purpose of the study is to develop and determine the structural and mechanical characteristics 
of finishing processed products made from bean paste, demineralised whey powder, and coconut oil for confectionery. 
The main areas of technological use of confectionery pastes are developed: for applying to the surface of products as a 
layer; for creating flowers and shaped model products, as a decorative element for flour confectionery products. The study 
used food-grade white beans of the Mavka variety, demineralised whey powder made from whey with a 90% degree of 
demineralisation in accordance with TS U 15.5-00413890-089:2014. Rheological properties (resilience, elasticity, plasticity) 
were determined by a plane-parallel elastoplastometer of Tolstoy modification. The surface characteristics of pastes 
were studied using a dynamometer connected to a MiG-1.3 measuring device. The adhesive strength was determined by 
separating the steel plate from the bean paste. Empirical regression equations are obtained by correlation and regression 
analysis using the MATHCAD-14 software suite. The chemical composition of bean pastes with demineralised whey 
powder, their organoleptic quality indicators and structural and mechanical properties were determined to optimise the 
recipe composition to improve the functional and technological properties of confectionery pastes. The positive effect of 
the mutual use of beans and demineralised whey powder on the structural and mechanical properties of new finishing 
processed products was established. The improvement of the moulding capacity indicators at the concentration of 10-30% 
demineralised whey powder and 8% coconut oil in the composition has been proven. The reduction of stickiness in the 
compositions of bean pastes for modelling shaped products, coating confectionery, and making flowers as decorative 
confectionery products at a concentration of coconut oil up to 10% was established. Accordingly, the total scores of the 
developed descriptors were: 2.92 for decorative confectionery, 2.98 for coating confectionery, and 2.95 for modelling shaped 
products. A change in the colour intensity of bean paste compositions in the case of an increase in the concentration of 
demineralised whey powder is established, which allows expanding the technological methods of manufacturing shaped 
products. The developed technology and recipe composition allow obtaining high-quality, high-biological value, and low-calorie 
finishing processed products for confectionery
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Introduction
Nowadays, there is a lack of protein products in the hu-
man diet. Since protein is a building material for cells, and 
performs a protective and transport function, supplying 
oxygen to the tissues of the human body, its lack leads to 
destructive changes in internal organs, bones, and weak-
ens the immune system. Therefore, an urgent task for re-
searchers and manufacturers is to develop and create prod-
ucts with a balanced nutritional composition. In particular, 
this applies to confectionery products, because they have 
a high caloric content and glycaemic index. Especially due 
to the content of sugar and fat in the recipe, which are of 
great technological importance in the formation of com-
plex structures. Therefore, measures to develop a rational 
composition of confectionery products should be aimed at 
reducing caloric and improving nutritional value [1; 2]. 

The technological capabilities of the modern con-
fectionery industry allow developing new products with a 
variety of taste properties, aromas, consistency, and shape. 
This approach is aimed at attracting the attention of con-
sumers, that is, increasing demand. The creation of bean 
pastes with a concentration of 12-32% of demineralised 
whey powder (DWP) and 6% of coconut oil allows ex-
panding the range of their technological properties. Such 
properties improve the organoleptic parameters of bean 
pastes and adjust the nutritional value [2]. Promising in 
this aspect is the influence of bean pastes on the confec-
tionery coating products and modelling of shaped products 
of the confectionery industry, which were not previously 
described. 

Expanding the raw material base of confectionery 
production is becoming a promising area for the develop-
ment of the latest technologies. The use of raw materials 
rich in protein substances contributes to the expansion of 
the range of processed products and products with appro-
priate organoleptic and physicochemical parameters. The 
choice of components and their combination with each 
other should consider compatibility and exclude deteriora-
tion of consumer properties of products.

To a large extent, the health of a modern person de-
pends on the nature, level, and structure of nutrition. In 
Ukraine today, there is an excessive consumption of flour 
confectionery products with low biological value, contain-
ing a large amount of sucrose [1]. The researchers [3] note 
that the high content of sugars in the daily diet of a person 
leads to a decrease in the sensitivity of the body’s cells to 
it, the level of glucose in the blood increases, that is, con-
ditions are created for the development of diabetes, meta-
bolic processes are disrupted, and excess weight appears. In 
addition, high-calorie meals with a significant content of 
easily digestible sugars and fats can cause high cholesterol 
and weaken the immune system. Fat saturation also affects 
the incidence of diabetes and obesity in the population. 
Recipes of many confectionery products contain animal 
or trans fats. Saturated fats can cause heart and vascular 
diseases [1; 3]. Therefore, it is relevant to develop the latest 
health-improving food products with high quality indicators.

Haricot beans are one of the most common legu-
minous crops, the use of which is based on the balance of 
its amino acid composition, good digestibility of proteins 
by the human body, high taste and nutritional qualities of 
the crop and products from it, and the effectiveness of 

pricing policy. Due to these properties, they are equated 
with such legumes as chickpeas, soybeans, peas, lentils, 
and beans [1]. Beans are traditionally grown on the terri-
tory of Ukraine. Due to their high biological value, they are 
widely used in the food industry, medicine, and cosmetics. 
Food products from this plant meet the human need for 
vegetable protein. It is consumed to prevent high choles-
terol, heart and vascular diseases, and disorders of fat and 
protein metabolism [2; 3].

Beans have substances that promote the elimination 
of radionuclides from the human body [1; 2] and contain 
up to 32% protein. Beans also contain 41.1 to 54.7% car-
bohydrates, 2.2-6.6% fibre, 0.43-3.75% fat, and vitamins E, 
B1, B2, B6, C. They contain a number of minerals – calcium, 
phosphorus, iron (up to 8%), potassium, sodium, iodine, 
magnesium, citric acid, and dietary fibre. According to the 
literature data [4-6], beans are a food product that contains 
almost all the substances for normal human nutrition. The 
existing toxic substances phenazine and glycoside are de-
stroyed by heat treatment. Therefore, beans are among the 
dietary products.

Recent studies [7] have proven the possibility of using 
sweet bean paste made from boiled beans and sugar, for 
glueing cakes, pastries, and cookies. This paste is used as a 
layer for desserts, confectionery sticks, flour products, and 
for the manufacture of plastic mass in the design of confec-
tionery products with curly decor [7; 8]. Such a processed 
product has a high biological and nutritional value, but has 
low organoleptic characteristics due to the specific taste 
and aroma of beans.

In [8-10], researchers suggest using a combination 
of DWP and beans of the Mavka variety in the recipe of 
confectionery paste. Due to the high content of biologically 
active substances, this combination provides a high nutri-
tional value for finishing processed products.

In their papers, A. Dyakonova [11], M. Riabchenko 
and K. Ulianchenko [12] prove the expediency of studying 
the quality and safety of legumes, improving their consumer 
properties with the prospect of further application. 

As evidenced by the experience of Ukrainian and 
foreign researchers, the use of beans in the production of 
processed confectionery products was insufficiently inves-
tigated. This includes an insufficient investigation of the use 
of the common Mavka variety of beans in the composition 
of confectionery pastes. 

Based on the above, the purpose of the study is to 
develop and determine the structural and chemical charac-
teristics of finishing bean confectionery pastes made from 
DWP and coconut oil.

To achieve this goal, it is necessary to consider and 
solve the following scientific and practical tasks: 

– improve functional and technological properties of 
bean pastes in the composition of Mavka beans, DWP, and 
coconut oil.

– substantiate the prerequisite for the use of bean 
pastes for confectionery processed products of increased 
nutritional value and improved consumer properties; 

– establish the feasibility of using DWP and coconut oil 
for the production of bean pastes; 

– investigate the chemical composition of confectionery 
bean pastes with DWP.
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Materials and Methods
The study began in 2019 at the Kyiv National University 
of Trade and Economics and continued in 2021 with the 
participation of the Ternopil Ivan Puluj National Technical 
University.

Materials under study – demineralised whey powder, 

made from subsurface cheese whey with a 90% degree of 
demineralisation in accordance with TS U 15.5-00413890-
089:2014 [13]; model compositions of bean pastes made 
from white beans of the Mavka variety with a dosage of 
DWP of 10-30% and coconut oil – 1-12% per 100 g (Table 1).

Table 1. Composition of the recipe for model compositions of bean pastes with DWP, per 100 g

Raw material name Control
Sample with coconut oil content, %

4 6 8 10 12

CC (confectionery coating) paste

Bean paste processed product 81.0 78.3 76.0 76.5 74.0 74.0

DWP 21.0 18.1 18.0 16.4 16.0 15.0

H2O (water) 11.0 9.5 11.0 10.1 11.0 11.0

Coconut oil – 4.2 7.0 8.11 9.0 11.0

DC (decorative confectionery) paste

Bean paste processed product 89.0 87.6 87.0 87.0 85.0 84.0

DWP 9.0 8.1 7.0 6.0 5.0 4.0

H2O (water) 6.0 4.5 4.5 4.5 4.5 4.5

Coconut oil – 3.9 6.0 7.9 10.0 12.0

MSP (modelling of shaped products) paste

Bean paste processed product 70.0 68.0 67.0 66.0 65.0 64.0

DWP 30.0 28.0 27.0 26.0 25.0 24.0

H2O (water) 15.0 14.9 14.9 14.9 14.9 14.9

Coconut oil – 4.0 6.0 8.0 10.0 12.0

Evaluation of the possibility of using paste from 
white food beans of the Mavka variety with the additives 
of DWP and coconut oil in the developed recipe formulas is 
aimed at establishing the rheological, chemical and struc-
tural characteristics of their behaviour in a multicomponent 
system.

The main structural and mechanical properties of 
pastes with a given range of coconut oil concentrations 
were determined by the deformation characteristics. The 
rheological properties of the control and proposed sam-
ples were studied on a plane-parallel elastoplastometer of 
Tolstoy modification [14]. It determines the shear strain re-
lated to the thickness of the sample under constant stress. 
When studying the characteristics of model systems, fixed 
loads were selected for all variants (65 g), providing a tem-
perature of +6°C and a sample height of 7 mm.

To determine the visco-elastic and visco-plastic 
properties, the method developed in [14] was used. According 
to the obtained data, the dependence of the stress action 
time relative to the strain is graphically displayed. The 
plastic viscosity of structured systems without destruction, 
while maintaining constant stresses, was calculated using 
the equation:

ή·0= τ / tgα,	 (1)

where ή·0 – plastic viscosity, PA·s; tgα – the angle of in-
clination of the linear section of the curve relative to the 
abscissa axis. 

Determination of the aftereffect of elastic viscosity:

ήel = τ / tgβ,� (2)

where ήel – elastic viscosity aftereffect, PA·s; tgβ – the angle 
of inclination of the beginning of the linear section of the 
curve relative to the abscissa axis. 

The surface characteristics of the control and proto-
type samples were studied with a dynamometer, which was 
connected to a MiG-1.3 measuring device. It allowed char-
acterising the level of adhesion of the samples under study 
during their surface contact. The adhesive strength was es-
tablished using the method of normal separation of the steel 
plate from the bean paste. The obtained data was statistically 
processed using the standard Microsoft Office software suite.

Model compositions of finishing processed prod-
ucts were studied according to the developed organoleptic 
scales. They are based on indicators of appearance, con-
sistency, taste, smell, and moulding ability. Display of the 
appearance characteristics of colour descriptors provided 
a range of colours for semi-finished products. The coeffi-
cients of weighting by consistency indicator for СС (con-
fectionery coating) are 0.1:0.1:0.7:0.1; MSP (modelling of 
shaped products) – 0.3:0.2:0.2:0.3; DC (decorative confec-
tionery) – 0.2:0.2:0.3:0.3. Areas of technological use: CC – 
0.4:0.2; DC – 0.3:0.3; MSP – 0.2:0.4. The search for the op-
timal value of the mass fraction of DWP and coconut oil in 
bean pastes was determined by a multi-factor experiment.
Figure 1 shows the order of the research.
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Figure 1. Scheme of the research procedure
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The obtained results of the experimental array were 
statistically processed using correlation and regression 
analysis using MATHCAD-14 software suite. The obtained 
empirical regression equations allow qualitatively and 
quantitatively assessing the characteristics of the selection 
of matrix components [15; 16].

Defined variable factors: x1 – coconut oil con-
tent, %; x2 – DWP content, %. According to the design of 
the experiment, a full factorial experiment of type 21, with 
two factors, was implemented. Levels and intervals of fac-
tor variation (Table 2). The area for determining factors is 
found (Table 3).

Table 2. Level and interval of variation of the factor of complex rheological indicator of the consistency  
of bean pastes with DWP

Factors Code 
designations

Variable 
intervals

Factor level

Main (0) Upper (+1) Lower(-1)

Coconut oil content, % x1 4 10 20 0

DWP content, % x2 5 20 40 0

Table 3. Complex rheological indicator of the consistency of bean pastes with DWP

Samples

Value

Moulding ability Strength Stretchability Complex indicator

Y1 Y2 Y3 Y

DC 0.41 0.21 0.39 Y DC = 0.39Y1 + 0.22Y2 + 0.39Y3

CC 0.14 0.16 0.69 Y CC = 0.16Y1 + 0.16Y2 + 0.7Y3

MSP 0.59 0.26 0.15 Y MSP = 0.59Y1 + 0.24Y2 + 0.14Y3

Note: YCC – complex rheological indicator of bean paste for CC, points; YMSP – complex rheological indicator of bean paste for MSP, points; 
YDC – complex rheological indicator of bean paste for DC, points

Using multivariate regression analysis, the response 
surface is constructed. The defined values of the response 

functions for the specified rheological parameters are shown 
in Figures 2, 3.
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Figure 2. Response surface of the factor space of the complex rheological indicator: A – bean paste for CC;  
2 – bean paste for DC

Figure 3. Response surface of the factor complex rheological space indicator for bean paste MSP

The dependences of the complex rheological indi-
cator on the content of coconut oil and DWP are described 

using the following mathematical models (1-3):

YCC = 3.3×10-5x1
2 x2

2 + 0.00136 x1x2
2 + 0.00121 x1

2 x2  - 0.0106 x1
2 – 0.0188 x2

2 + 0.4423 x1 + 0.6792 x2  - 0.9208	 (1)

YDC = 2.92×10-5x1
2 x2

2 – 0.000515 x1x2
2 – 0.000692 x1

2 x2  + 0.0131 x1 x2  - 0.00091x2
2 +0.00841 x1 – 0.072 x2  + 4.856	 (2)

YMSP = 3.64×10-5x1
2 x2

2 – 0.002 x1x2
2 – 0.00065 x1

2 x2  + 0.0373 x1 x2  - 0.0287 x2
2 +0.00597 x1 – 0.546 x2  + 4.917	 (3)

The obtained data allowed determining the optimal 
ratio of components of the developed bean pastes (Table 4). It 
is established that all factors are statistically significant. The 

greatest statistical value in assessing mutual influence is their 
use. Based on the data, the optimal ratio of components of the 
developed bean pastes was determined (Table 4).
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Table 4. Optimisation parameters for recipe components of bean pastes

Sample 
indicators

Coconut oil, % DWP, %

Minimum value Maximum value Optimal value Minimum value Maximum value Optimal data

CC 9.7 10.2 9.0 19.5 22.6 21.0

DC 9.8 10.13 9.0 10.0 10.8 10.0

MSP 9.7 10.12 9.0 28.9 30.9 31.0
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Optimal values are selected by rounding the optimised 
values within compromise areas to facilitate the dosing of rec-
ipe components of bean pastes in a production environment.

Results and Discussion
The results of studies [15; 16] on the organoleptic, and 
structural and mechanical characteristics of bean pastes 
allowed determining the zone of rational concentrations of 
DWP and coconut oil in the developed formulations by a 
planned experiment.

Clearly, an increase in the concentration of DWP in 
bean pastes increases the adhesive and cohesive strength, 
which makes it difficult to work with them. A possible 
solution to this problem is to use coconut oil, which con-
tains saturated fatty acids – lauric and myristic and a small 
amount of volatile acids: caprylic and capronic. Therefore, 
in the production of products made from bean pastes, the 
selection of the optimal composition of ingredients ac-
cording to the recipe is an urgent issue.

Some studies [10; 17] were aimed at finding the 
optimal ratio of structure-forming components of bean 
taste and aroma. On their basis, harmonious taste and 
aroma compositions are created. Therefore, the effective-
ness of using DWP in the technology of bean paste should 
be aimed at eliminating the taste and aroma properties of 
beans with the creation of their harmonious compositions. 

The properties of demineralised whey powder (DWP) 
and its high moisture-binding and moisture-retaining ability 
in the technology of bean pastes are described in sufficient 
detail in [18], which allowed taking the data into account 
in this study. The assistance of DWP in the creation of a 

stronger structure was also established, which is condi-
tioned by the emergence and development of the spatial 
framework. Therefore, in the continuous phase of the dis-
persion medium, stronger hydrogen bonds appear and the 
frame acquires static shear strength, which gives certain 
structural and mechanical properties to bean pastes. 

It is proved [19] that a different ratio of DWP can 
be used to regulate these qualitative indicators. It was 
found [20; 21] that the DWP concentration of 11-31% af-
fects changes in the structural characteristics of bean 
pastes, improving technological and functional properties. 
At the same time, this dosage of DWP provides the best 
rheological characteristics of pastes and, accordingly, gives 
them optimal moulding ability. 

Consequently, the formation of the structure of 
bean pastes is caused by oppositely directed processes: de-
struction of the enzymatic cell structure and aggregation 
of protein particles in the spatial framework due to dehy-
dration of the system. In addition, strong covalent bonds 
appear, and this is an improvement in the structural and 
mechanical properties of the paste.

The chemical composition was studied and the 
protein quality of bean pastes with DWP was evaluated 
(Tables 5, 6). The protein content is 9.8-10.3%, sucrose is 
reduced by 1.2 times, which indicates an increase in the 
quality of protein in the developed pastes. The fat content 
is 10%. The results of studies of carbohydrate composition 
reflected a decrease in sucrose, starch, and food fibres by 
1.25-1.45 times compared to the control. There was also 
an increase in the amount of lactose by 11-16% of the total 
carbohydrate composition.

Table 5. Chemical composition of bean pastes with DWP

Indicators Control CC Difference, 
units DC Difference, 

units MSP Difference, 
units

Protein, % 10.1 ± 0.4 10.2 ± 0.2 0.1 9.8 ± 0.5 -0.3 10.3 ± 0.2 0.2

Fats, % 1.0 ± 0.5 10.9 ± 0.3 9.9 10.9 ± 0.4 9.9 10.9 ± 0.4 9.9

Carbohydrates,% 75.3 ± 0.4 68.6 ± 0.4 -6.7 68.5 ± 0.5 -6.8 68.9 ± 0.2 -6.4

incl. Sucrose, % 51.6 ± 0.1 39.2 ± 0.4 -12.4 44.4 ± 0.5 -7.2 34.1 ± 0.2 -17.5

        Lactose, % – 11.4 ± 0.1 11.4 3.8 ± 0.2 3.8 19.2 ± 0.4 19.2

Starch, % 21.7 ± 0.1 16.5 ± 0.1 -5.2 18.7 ± 0.3 -3.0 14.3 ± 0.3 -7.4

Dietary fibre,% 1.9 ± 0.4 1.5 ± 0.1 -0.4 1.7 ± 0.4 -0.2 1.3 ± 0.1 -0.6

Macronutrients, mg

Potassium (K) 550.0 ± 0.1 608.5 ± 0.3 58.5 536.5 ± 0.1 13.5 1395 ± 0.1 845.5

Calcium (Ca) 75.0 ± 0.2 283.5 ± 0.3 208.5 140.0 ± 0.2 65.0 524.5 ± 0.5 449.5

Magnesium (Mg) 51.5 ± 0.1 76.6 ± 0.1 25.1 56.8 ± 0.4 5.3 163.4 ± 0.1 111.9

Phosphorus (P) 271.5 ± 0.1 396.8 ± 0.1 125.3 296.9 ± 0.4 -25.4 849.6 ± 0.1 578.1

Microelements, mcg

Iron (Fe) 2,970.0 ± 0.1 2,656.2 ± 0.1 -313.8 2,687.2 ± 0.2 -282 2,625.0 ± 0.1 -345.0

Iodine (I) 6.1 ± 0.1 14.8 ± 0.5 11.4 8.6 ± 0.1 2.5 20.9 ± 0.2 14.9

Manganese (Mn) 670.0 ± 0.2 510.7 ± 0.1 -159.3 576.7 ± 0.3 -93.3 444.7 ± 0.1 -225.3

Copper (Cu) 290.0 ± 0.1 220.4 ± 0.5 -69.6 249.4 ± 0.3 -40.6 191.4 ± 0.5 -98.6

Molybdenum (Mo) 19.7 ± 0.2 14.9 ± 0.4 -4.7 16.9 ± 0.1 -2.8 13.0 ± 0.5 -6.7

Fluorine (F) 22.0 ± 0.3 16.7 ± 0.1 -5.3 18.9 ± 0.4 -3.1 14.5 ± 0.5 -7.5

Zinc (Zn) 1,605.0 ± 0.5 1,534.8 ± 0.1 -70.2 1,485.3 ± 0.1 -119 1,584.3 ± 0.1 -20.7



Animal Science and Food Technology. 2022. Vol. 13, No. 3

49Stadnyk et al.

Indicators Control CC Difference, 
units DC Difference, 

units MSP Difference, 
units

Vitamins

Tocopherol (E), mg 1.92 ± 0.1 1.45 ± 0.2 -0.47 1.65 ± 0.1 -0.27 1.27 ± 0.4 -0.65

Ascorbic acid (C), mg – 0.75 ± 0.2 0.75 0.25 ± 0.1 0.25 1.25 ± 0.1 1.25

Pyridoxine (B6), mg 0.45 ± 0.2 0.44 ± 0.1 -0.01 0.41 ± 0.1 -0.04 0.45 ± 0.5 –

Cobalamin (B12), mcg – 0.36 ± 0.1 0.36 0.12 ± 0.3 0.12 1.56 ± 0.5 1.56

Biotin (B7), mcg – 5.55 ± 0.3 5.55 1.85 ± 0.1 1.85 9.25 ± 0.1 9.25

Niacin (B3,PP), mg 1.05 ± 0.1 0.91 ± 0.4 -0.14 0.94 ± 0.3 -0.11 0.85 ± 0.1 -0.2

Pantothenic acid (B5), mg 0.6 ± 0.4 1.29 ± 0.5 0.69 0.79 ± 0.2 0.19 1.79 ± 0.4 1.19

Riboflavin (B2), mg 0.09 ± 0.4 0.25 ± 0.1 0.19 0.13 ± 0.2 0.04 0.37 ± 0.3 0.28

Thiamine (B1), mg 0.25 ± 0.1 0.22 ± 0.5 -0.03 0.22 ± 0.1 -0.03 0.21 ± 0.1 -0.04

Folacin (B9), mcg 45.0 ± 0.3 35.9 ± 0.3 -9.1 38.3 ± 0.4 -6.7 32.6 ± 0.2 -12.4

Choline (B4), mg – 15.0 ± 0.1 15.0 5.0 ± 0.5 5.0 25.0 ± 0.2 25.0

Energy value, kcal 331 376 45 372 41 361 30

Glycaemic index 53 49 -4 50 -3 47 -6

Note: (dry matter content per 100 g), p ≤ 0.05

Table 6. Protein quality assessment of bean pastes with DWP

Essential amino acid
Control CC DC MSP

С ΔAASD С ΔAASD С ΔAASD С ΔAASD

Lysine 205 145 189 132 149 98 161 107

Threonine 118 58 120 63 125 74 132 78

Valine 140 80 132 75 130 79 126 72

Methionine+Cystine *60 0 *57 0 *51 0 *54 0

Leucine 180 120 164 107 150 99 135 81

Isoleucine 155 95 142 85 135 84 122 68

Tyrosine + Phenylalanine 118 58 108 51 102 51 93 39

Tryptophan 130 70 110 53 120 69 110 56

ΣΔAASD – 626 – 566 – 554 – 501

AASDF – 78 – 70 – 69 – 62

Improvement of the vitamin and mineral compo-
sition of the developed bean pastes was established. The 
content of macronutrients increases significantly, in par-
ticular, K by 59-846 mg, Ca by 209-450 mg, and P by 126-
579 mg. The vitamin composition was supplemented with 
vitamin C (0.75 – 1.25 mg), B12 (0.36 – 1.56 mcg), B7 (5.55-
9.25 mcg), B4 (15-25 mg), vitamin B5 increased by 0.69- 
1.19 mcg, B2 by 0.19-0.28 mg (Table 5).

The developed bean pastes belong to products with 
an average GI (glycaemic index), which is 47-50 units, but the 
energy value increases by 15-20% compared to the control.

As a result of the research, an increase in the colour 
intensity of model compositions of bean pastes was found 
with an increase in the concentration of DWP, which ap-
proaches a light cream colour and, accordingly, contributes 
to the disappearance of transparency of the consistency 
inherent in traditional bean pastes. This allows expanding 
the areas of their technological use. Thus, the resulting 
paste becomes suitable for covering confectionery products 
and modelling of various shapes. 

The presence of DWP in the amount of 11-31% 
in bean pastes increases the saturation of milk taste and 
smell, and also helps to “mask” the bean taste and aroma. 
DWP at a concentration of 10-30% creates a harmonious, 
balanced taste and aroma composition.

The introduction of DWP in the formulation of bean 
pastes improves their consistency. Increased density and 
strength indicators while reducing softness optimise the 
product moulding. However, an increase in the concentration 
of DWP leads to an increase in stickiness indicators by 10%, 
which is the main disadvantage. 

The results of organoleptic analysis of the developed 
descriptors indicate that CC pastes have the best indica-
tors. Thus, at an DWP concentration of 20%, the total score 
is 4.64. For DC paste, the highest overall score is set at a 
DWP concentration of 30%, but the recommended DWP 
concentration is 10%. This is substantiated by the optimal 
score when evaluating appearance indicators, since only 
bean pastes have a unique transparency, which is optimally 
preserved only at a DWP concentration of 10%. This typical 
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transparency allows making flowers from bean paste as a 
decorative element for finishing confectionery products as 
realistic as possible. For MSP paste, the best values are ob-
served at a DWP concentration of 30%.

The process of making compositions of bean pastes 
with demineralised whey powder with the addition of 
coconut oil is essentially mixing the components. In the 

process, the formulation mixture undergoes physicochemical 
transformations and interacts with each other to form var-
ious bonds. The mixed mass of the paste belongs to a vis-
co-plastic structured system [20]. Accordingly, the effect of 
bean pastes with a concentration of DWP and coconut oil in 
the amount of 4-12% on the adhesive strength indicators 
was established. The data is summarised in Table 7.

Table 7. Adhesive strength (wα) of bean paste compositions with DWP and coconut oil

Designation
Samples with coconut oil concentration, %

0 4 6 8 10 12

(ωα), H/m², DWP 21% 65.1 42.1 35.3 27.9 24.2 23.5

Difference, % – -22.2 -29.1 -36.4 -43.2 -41.1

(ωα), H/m², DWP 11% 56.3 37.0 31.5 26.2 22.0 22.4

Difference, % – -18.6 -24.2 -29.5 -33.6 -33.9

(ωα), H/m², DWP 31% 7.2 55.5 48.0 39.9 26.2 25.1

Difference, % – -18.3 -30.8 -25.8 -47.6 -48.7

Note: (n = 5, p ≤ 0.05)

Table 7 shows that the adhesive strength of bean 
pastes decreases from 65.1 to 23.5 H/m² at a DWP concentra-
tion of 20%, from 56.3 to 22.4 H/m² at a DWP concentration 
of 11%, and from 73.8 to 25.2 H/m² at a DWP concentration 
of 31%. The presence of coconut oil reduces the adhesive 
strength of bean paste with DWP by three times compared 
to the control sample. The concentration of 11% of coconut 

oil in the composition of bean pastes with DWP brings the 
adhesive strength closer to the characteristics of prepared 
pastes using conventional technologies. The components 
of the paste have different effects on the deformation char-
acteristics of model compositions. The effect of coconut oil 
concentration on the deformation characteristics of model 
compositions of bean pastes with DWP is shown in Table 8.

Table 8. Deformation characteristics of model compositions of bean pastes with DWP and coconut oil 

Name of the indicator Designation
0

Samples with coconut oil concentration, %

4 6 8 10 12

Reverse deformation, 10-3 γrev

CC 340.0 325.7 302.9 301.0 287.1 281.4

DC 358.6 348.6 337.1 328.6 305.2 291.1

MSP 334.3 328.1 312.9 305.0 289.1 276.4

Irreversible deformation, 10-3 γirr

CC
DC MSP 13.0 13.0 13.0 13.0 13.0 13.0

Total deformation, 10-3 γtotal

CC 352.9 338.6 325.7 319.9 311.0 294.3

DC 371.4 361.4 350.0 341.4 320.0 300.1

MSP 347.1 337.1 315.7 312.9 304.2 277.3

Note: (n = 5, p ≤ 0.05)

Data from the table indicate a gradual decrease in 
the total deformation by 25-30% relative to the control. 
The irreversible deformation is stable for all prototypes, 
regardless of the concentration of DWP and is 12.9 c.u. A 
decrease was established in the DC deformation index – 
from 358.6 to 291.1 c.u.; CC – from 340.0 to 281.4 c.u.; MSP – 
from 334.3 to 276.4 c.u. This trend of change indicates a 
significant effect of coconut oil on the consistency of bean 
pastes with DWP. 

Based on comparisons of bean paste with marzipan, 
the strength character is established. Therefore, coconut 
oil, which has certain crystallisation properties, is a prom-
ising component. In general, the experiments described 
above indicate the feasibility of using coconut oil in bean 

paste technology. The results of the analysis confirm a de-
crease in the stickiness of model bean pastes CC, MSP, DC 
with an increase in the concentration of coconut oil. It also 
creates conditions for increasing strength and density with 
a decrease in stretchability indicators.

The results of organoleptic studies showed the best 
consistency of the compositions of bean pastes with DWP 
was observed with the 11% concentration of coconut oil. 
The total score of the developed descriptors was 2.97 for 
CC, 2.93 for DC, and 2.94 for MSP. Therefore, the impact 
that is carried out on improving the overall assessment of 
bean pastes is conditioned primarily by the properties of 
coconut oil. Evaluating the organoleptic quality indicators 
of the studied bean pastes, the appearance should be noted, 



Animal Science and Food Technology. 2022. Vol. 13, No. 3

51Stadnyk et al.

namely, a unique transparent colour with a light yellow hue, 
which allows them to be used in the production of decorative 
elements for finishing confectionery.

Conclusions
Thus, the results of the conducted studies confirmed the 
prospects of using DWP in the technologies of bean pastes 
in a concentration of 11-31% and coconut oil in an amount 
of 10%. The established dosage allows obtaining the de-
sired structural and mechanical properties of finishing pro-
cessed products in accordance with the area of their tech-
nological use. The developed technology of semi-finished 
products provides high-quality and low-calorie finishing 
processed products for confectionery.

It has been experimentally confirmed that the devel-
oped technologies of semi-finished products with 11-31% 
DWP in bean pastes significantly improve the mineral and 
vitamin composition. The balanced chemical composition of 

bean confectionery pastes based on DWP and coconut oil con-
tributes to the expansion of the range of low-calorie finishing 
processed products. The nutritional and biological value of 
the developed bean pastes is experimentally confirmed. 

The solution of the research tasks provided the fol-
lowing scientific results:

1. Stabilisation of the rheological characteristics of the 
bean paste is achieved due to the properties of DWP and 
coconut oil.

2. Technological basis of the conducted research is an 
important area for expanding the range of confectionery 
products. In addition, the proposed recipe composition of 
processed products improves their organoleptic quality in-
dicators and helps to ensure dietary nutrition conditions.

The prospect of further research is aimed at expand-
ing the investigation of the rheological properties of bean 
pastes in relation to the use of non-conventional plant raw 
materials to improve their chemical composition.
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Вплив концентрації кокосової олії із МССД на властивості бобових паст
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Анотація. В раціоні харчування людини спостерігається нестача білкових продуктів, тому актуальним завданням 
сьогодення залишається збалансування нутрієнтного складу продуктів. Метою досліджень є розроблення та визначення 
структурно-механічних характеристик оздоблювального напівфабрикату із пасти бобової, молочної сироватки 
сухої демінералізованої та кокосової олії для кондитерських виробів. Розроблено основні напрями технологічного 
використання кондитерських паст: для нанесення на поверхню виробів в якості шару; для розроблення квітів та фігурних 
модельних виробів, як декоративного елементу для борошняних кондитерських виробів. Використано квасолю білу 
продовольчого сорту «Мавка», молочну сироватку суху демінералізовану, виготовлену із підсирної сироватки з 90 % 
ступенем демінералізації відповідно ТУ У 15.5-00413890-089:2014. Реологічні властивості (пружність, еластичність, 
пластичність) визначали плоскопаралельним еластопластометром Толстого. Поверхневі характеристики паст вивчали 
динамометром, підключеним до вимірювального приладу MIG-1.3. Адгезійну міцність визначали відривом від бобової 
пасти пластинки сталевої. Одержано емпіричні рівняння регресії методом кореляційного та регресійного аналізу з 
використанням програми МаthCAD-14. Визначено хімічний склад бобових паст з молочною сироваткою сухою 
демінералізованою, їх органолептичні показники якості та структурно-механічні властивості з метою оптимізації 
рецептурного складу для покращення функціонально-технологічних властивостей кондитерських паст. Встановлено 
позитивний ефект взаємного використання квасолі, молочної сухої сироватки демінералізованої на структурно-
механічні властивості нових оздоблювальних напівфабрикатів. Доведено покращення показників формувальної 
здатності за концентрації 10…30 % молочної сироватки сухої демінералізованої та 8 % кокосової олії в рецептурному 
складі. Встановлено зменшення липкості у композиціях бобових паст для моделювання фігурних виробів, покриття 
кондитерських виробів та виготовлення квітів, як декоративних кондитерських виробів, при концентрації 
олії кокосової до 10  %. Відповідно, загальні бали розроблених дескрипторів становили: 2,92 для декоративних 
кондитерських виробів, 2,98 для покриття кондитерських виробів та 2,95 для моделювання фігурних виробів. 
Встановлено зміну інтенсивності забарвлення композицій паст бобових у разі збільшення концентрації молочної 
сироватки сухої демінералізованої, що дозволяє розширити технологічні прийоми виготовлення фігурних виробів. 
Розроблена технологія та рецептурний склад дають змогу отримати якісні, з високою біологічною цінністю та 
низькокалорійні оздоблювальні напівфабрикати для кондитерських виробів.

Ключові слова: білок, квасоля, адгезійна міцність, реологічні властивості, оптимізація, рецептурний склад, 
композиція паст


