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It is a relevant task to improve the qualitative indicators 
for products with the modified composition by devising the 
formulations of fatty mixtures made exclusively from milk fat 
(in the form of butter or cream) and oils without the use of 
substitutes for milk fat. Oils are the source not only of poly-
unsaturated fatty acids, but also natural antioxidants, they do 
not contain trans-isomers [2]. It is also possible to enrich such 
products with plant-derived ingredients with multifunctional 
properties in the functionally substantiated quantities. Typi-

1. Introduction

Dairy products with the modified fat composition are 
indispensable in the rations of nutrition of people in many 
countries. Extending the product range makes it possible to 
increase the degree and integrity in the application of fats of 
different origin as raw materials and to provide consumers 
with products with the balanced fatty acid and vitamin con-
tent and reduced cholesterol [1].
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Представлено дослідження властивостей хар-
чових волокон різного ступеня оброблення в молоч-
них сумішах з модифікованим жировим складом 
для запобігання витікання молочного жиру.

Встановлено технологічні характеристики 
пшеничних харчових волокон Вітацель, борош-
на пшеничного екструдованого та шроту з плодів 
шипшини, а саме здатність до волого– та жиро-
поглинання і та набухання. Найвище значення 
жиропоглинальної здатності було визначено для 
харчових волокон Віцеталь на рівні (59,0±0,5 %). 
Визначено оптимальні параметри набухання рос-
линних інгредієнтів: температура – (40±2) °С, 
тривалість – 30…40 хв. 

Методом ІЧ-спектроскопії ідентифіковано та 
порівняно форми зв'язку вологи в сумішах харчо-
вих волокон з водою та маслянкою. Встановлено, 
що спектри пропускання Іч-променів для дослід-
них зразків мають однотипний характер. Це 
свідчить про утворення Н-зв’язаних поліасоціа-
тів води з гідрофільними функціональними гру-
пами дисперсної системи, за рахунок яких від-
бувається гідратація та набухання вуглеводів 
харчових волокон.

За показниками термостійкості та витікан-
ня рідкого жиру встановлено раціональну кіль-
кість харчових волокон в сумішах з максимально 
можливою (до 25 %) заміною вершкового масла 
на олію з плодів шипшини. Для зразків, що міс-
тять Вітацель у кількості 0,3 % та шрот з шип-
шини – 2,0 %, ступінь витікання жиру зафіксова-
на на рівні 19,1 %. Достатньо низький цей показник 
є результатом взаємодії харчових волокон різного 
ступеня оброблення з водною та жировою фазами 
молочних сумішей. Заміна частини молочного жиру 
оліями у виробництві продуктів модифікованого 
жирового складу призводить до зміни консистен-
ції та зниження стійкості в процесі маслоутво-
рення і диспергуванням вологи в готовому продук-
ті. Додавання харчових волокон, як технологічних 
інгредієнтів, забезпечує необхідну консистенцію 
сумішей з модифікованим жировим складом

Ключові слова: суміші, харчові волокна, олія 
та шрот з шипшини, волого– та жироутриму-
вальна здатності 
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cally, the effectiveness of such components is correlated with 
the amount and the application technique. Therefore, special 
attention must be paid to the issue of the preparation of plant-
based ingredients to their uniform distribution throughout 
a raw material. To this end, it is necessary to assess the 
structural condition of all components, to choose a stage in 
the technological process, modes and amount of application. 
To consider a commercial form of the drug (in the form of 
a solution, emulsion, dry powder, granules), the content of 
substances (an immobilized drug on a carrier, a composition, 
concentrate) and technological properties (fat- and water-re-
taining capabilities, swelling in various environments), etc.

Replacing a part of milk fat with oils in the manufacture 
of products with the modified fat composition changes the 
consistency of a resulting product. The differences in the 
nature of fats are associated with a change in the process of 
joint crystallization when exposed to a thermomechanical in-
fluence, which manifests itself in the structural indicators [3].  
As regards the MFC products with a lower fat content, there 
is an additional issue related to stability in the process of 
butter-formation and the dispersion of moisture, as well as a 
possible reduction of plasticity, the outflow of liquid fat from a 
monolith, or the occurrence of excessive hardness [4, 5].

Compliance with high quality indicators for products is 
achieved by using a variety of stabilizers, emulsifiers, etc. [6, 7], 
which leads to additional costs of production. Such ingredients 
perform a certain technological function but they do not enrich 
a product. 

In this regard, it is relevant not only to extend a product 
range but to improve the technology of products with the 
modified fat composition with fillers. This can be achieved 
by introducing components of plant origin with multifunc-
tional properties – extrudates and dietary fiber [8].

It is expedient to study formulation components – the 
products from rosehip processing – in the form of oil and 
meal. The integrated use of such ingredients could probably 
maximally provide ready products with specific consumer 
and qualitative properties. 

There is a practice of using dietary fiber (DF) that has 
the moisture-retaining capability to increase viscosity in 
dairy products [9]. It is relevant, for the stabilization of con-
sistency of milk mixtures with the modified fat composition 
(MFC), to select, and study in detail, DF with a high fat-re-
taining capability.

In order to substantiate the technologies of MFC dairy 
mixtures with food fibers, it is necessary to solve several 
tasks. It is required to select plant-based ingredients special-
ly treated to ensure and/or execute technological functions 
(including fat-retention). Priority task is to define the max-
imally possible content of oils in the MFC products, which 
would not degrade the consistency of a resulting product and 
would not lead to the outflow of liquid fat.

2. Literature review and problem statement

Papers [1, 10] provide information about the structure 
and approaches to developing technologies for products with 
the modified fat composition (mainly spreads). The formu-
lations may include butter, milk fat substitutes, buttermilk, 
skimmed milk restored in water, etc. Their production 
utilizes a variety of oils, fats and their compositions, which 
are selected considering their quality indicators, cost and 
affordability [11]. 

An important criterion of the MFC dairy products qual-
ity is the capability to retain over a long time the fine-crys-
talline structure and a homogeneous plastic consistency 
in a wide temperature range. To obtain such properties, a 
product must possess a fat base, which contains a wide range 
of triglycerides. That can be achieved by optimizing the ratio 
of fats ‒ milk and plant-based [7].

There is a problem related to the economical and afford-
able raw materials for the components of dairy products, 
associated with the lack of scientifically-grounded recom-
mendations on their use. There is a need foir their partial or 
complete replacement with domestic raw materials of plant 
origin with varying degrees of treatment. 

One option to improve the chemical composition and 
consistency of MFC products is the introduction of techno-
logical ingredients. Such an approach was used in work [12] 
to promote an increase in food value by applying vegetable 
fats, proteins, carbohydrates, which are easily absorbed, 
dietary fiber, vitamins, minerals, etc. Most experts on nutri-
tion think that the diet of an adult must contain not less than 
30…40 g of DF [13].

There is technology to make spread for children, whose 
formulations, in addition to butter, includes corn and sun-
flower oils in the amount of 10 % [14]. There are data on that 
enhancing the content of oils leads to the emergence of a 
shortcoming – the outflow of fat from a monolith [15]. 

Adding oil is carried out to adjust the quality indicators for 
a fatty mixture as the base for products with the modified fat 
composition (such as reducing the content of trans-isomers). 

It is advisable in the dairy industry to use the oil and DF 
derived from perennial plants that have enough resources 
and opportunities for integrated application [16].

Thus, rosehip oil contains saturated fatty acids, vitamins 
C and A and tocopherols, carotenoids, micro elements – man-
ganese, copper, strontium, molybdenum, as well as macro ele-
ments – iron, magnesium, potassium, calcium, phosphorus [17].  
Such a composition provides the possibility of using oils in 
spreads on the type for children. Substantial coloring, pink, 
which when combined with the creamy butter changes the 
composition’s color, is an advantage for use in compositions. 
For the prevention of defects, additional research needs to 
address determining the maximum amount of oil (over 10 %) 
when introducing technological ingredients with an elevated 
fat-retaining capability – specially treated DF.

Rosehip (Rosa canina L.) is also a source of DF, whose 
fruits are widely used for the production of medicines and 
special foods. 

Meal from Rosa canina L. is obtained when extracting oil 
from the fruits of rosehip by pressing or in other ways [18]. 

The content of flavonoids (recalculated for rutin) in rosehip 
meal is 380 mg/100 g. Flavonoids are represented by aglycone 
flavonols in the form of quercetin (1.3...11.5 mg/100 g) and kae-
mpferol (0.3...6.5 mg/100 g). In addition, by flavonol glycosi- 
des – rutin (3…4.9 mg/100 g) and hyperoside (1…3 mg/100 g), 
catechins in the amount of (58…78 mg/100 g) [19]. The mineral 
composition of rosehip meal demonstrated a high content of 
potassium and negligible – of sodium and magnesium.

The functional and technological properties of the 
above-specified DF include fat- and moisture-retaining 
capability, solubility of various degree, the earlier specified 
compatibility with raw milk at the level of an organoleptic 
assessment, the appropriate rheological characteristics [20]. 
It is the fat-retaining capability of some DF that underwent 
special treatment that may be considered, when combined 
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with a modified fat mixture, as a barrier to the emergence of 
the defect – the outflow of liquid fat. 

Vitacel is a natural plant-based product produced from 
the vegetative part of wheat, which has high fat- and mois-
ture-retaining properties. Such dietary fiber is widely used 
in the meat industry in order to stabilize systems [21].

Considering the above, one can predict that it would 
be promising to apply Vitacel WF400 for the production of 
dairy products with the modified fat composition, specifical-
ly, spreads, to bind oil and for enrichment. 

Additional research is needed into the stage of prepara-
tion and introduction to a dairy base (including that with 
an elevated content of fat) of DF, depending on their tech-
nological capabilities (a fat-retaining agent and/or enricher).

It is important to take into consideration the sorption 
properties of plant polysaccharide complexes when studying 
the mechanism of their interaction with moisture (buttermilk 
and water), which is a formulation component of products. The 
sorption of moisture by DF should be considered as the absorp-
tion of a polar sorbate, water, by a polymeric adsorbent, with a 
change in the structure and properties of the polymer. In this 
connection, it is advisable to establish the effect of temperature 
on the moisture sorption process by dietary fibers (meal from 
the fruit of Rosa canina L., extruded wheat flour (EWF), and 
Vitacel). The swelling process depends on the type of a raw 
material, the degree of dispersion, the type and concentration 
of a solvent, temperature, and other parameters [9, 22]. There is 
a need for additional study into the state of moisture and fat in 
mixtures with MFC when adding DF.

The relationship between moisture and the present com-
ponents of mixtures defines stability of products during stor-
age, which is one of the most important indicators of quality. 
Total moisture content indicates the amount of moisture, but 
does not characterize its relationship to the chemical, bio-
chemical, and microbiological changes in a product. When 
ensuring stability at storage, an important role belongs to 
the ratio of free to bound moisture. Positive effect can be 
probably achieved by adding DF that possess moisture and 
fat-retaining capability. Such a statement requires addition-
al research on specific MFC mixtures.

The main processes in the transformation of a milk-
fat dispersion is the crystallization of glycerides, which 
proceeds first in fat globules and then in the molten fat by 
reversing the phases and structuring the product. These are 
the interrelated processes, which over short intervals ensure 
certain rheological characteristics of spreads. It is known 
that the mechanical properties of solid bodies are predeter-
mined by their crystalline structure and adhesion due to the 
action of van der Waals forces. In this case, there forms a 
coagulating structure through the thin layers of a dispersed 
environment, which defines their low strength, ductility, and 
a specific property – thixotropy, that is the ability to self-re-
cuperate. The thinner the layer of a liquid medium (a possible 
positive effect of DF with a moisture-retaining capability), 
the greater the molecular interaction forces and the stronger 
the structure. Therefore, when developing formulations for 
products with the modified fat composition, it is necessary 
to take into consideration the ratio between the solid and 
liquid phases, the dispersion of crystalline fat, the nature of 
relationship between the dispersed particles. Respective de-
pendences are an indicator for the formation of stable plastic 
properties [10, 15, 23].

Important physical and chemical indicators for fats 
of different origin, which are used in the manufacture of 

products with MFC, is the melting point, the hardness and 
content of a solid phase [24]. 

An actual problem is the lack of a comprehensive approach 
to solving the tasks defined in the framework of this review. 
Therefore, it is appropriate to study the functional and tech-
nological properties of various DF in the form of meal from the 
fruits of Rosa canina L., EWF, and specially treated with DF 
Vitacel. The base is mixtures with the modified fat composi-
tion with a maximally possible replacement of milk fat with oil 
without compromising the required consistency.

3. The aim and objectives of the study

The aim of this work is to study the properties of dietary 
fibers of different origin (wheat, rosehip) and degree of treat-
ment in dairy mixtures with the modified fat composition in 
order to prevent the occurrence of defects in the consistency 
of a product.

To accomplish the aim, the following tasks have been set:
– to explore the technological properties of dietary fibers 

for use as components of products; 
– to establish the forms of moisture bonds in mixtures 

with dietary fibers; 
– to determine the maximally possible replacement of 

butter with oil in mixtures with dietary fibers.

4. Materials and methods to study dietary fiber in dairy 
mixtures with the modified fat composition

It is implied that a variety of mixtures with the modified 
fat composition should be added with butter, a mass fraction 
of fat of 73 %, oil, and meal from the fruits of Rosa canina L., 
the dietary fiber Vitacel, extruded wheat flour, and buttermilk. 

The oil Rosa canina L. was produced according to 
TU U 15.8-32062796-001:2007 [25]. 

Meal from the fruits of Rosa canina L. is used in rations 
at diets as an additional source of DF and carotenoids, vita-
mins, pectin, organic acids, flavonoids [17].

Vitacel WF400 (made by J. Rettenmaier Sohne GmbH, 
Germany) is the dietary fibers, with up to 90 % of particles 
the average size of <300 μm, obtained by a physical-me-
chanical technique from the vegetative part of wheat, with a 
neutral taste and smell. The composition of DF is dominated 
by cellulose, 72.0 %. The total content of cellulose and hemi-
cellulose in fibers is 98.0±0.5 %. Vitacel WF400 has a water 
activity of 0.44 and a capillary structure, so moisture and oil 
are bound both from the surface of the fibers and inside the 
capillaries; it is strongly retained. The fixed moisture-retain-
ing capability is at the level of 11 g per 1 g of product, and the 
absorption of fat – 12 g, respectively [26].

Extruded wheat flour is produced in Ukraine according 
to TU U 00883403.002-99 using an extrusion technology. 
Combining the thermo-, hydro- and mechanical treatment of 
flour wheat makes it possible to obtain a product with the pre-
defined and stable properties. EWF demonstrates the follow-
ing characteristics: pH, 6.4; mass fraction, %: protein – 11.9, 
fat – 2.3, carbohydrates – 68.2, cellulose – 1.2 [21]. 

The process of flour wheat extrusion is accompanied 
by the destruction of secondary bonds in the molecules of 
protein, which leads to an increase in the amount of peptides 
and free amino acids in the resulting product. Complex 
proteins and carbohydrates break down into simple, cellu-
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lose – into secondary sugar, starch – into simple sugars. The 
distinctive features of EWF are the high content of protein 
and the low content of fat, the enhanced emulsifying, mois-
ture- and fat-retaining properties [27, 28].

All the above described DF were used in model samples 
and mixtures for products with MFC. 

The following factors exert a significant effect on the in-
dicators for mixtures with a maximum replacement of butter 
with oil in the amount of 25 %: C1 – the amount of DF Vice-
tal, %, C2 – the amount of rosehip meal, %. The upper level 
of factor C1 max=0.6; the lower level of factor C1 min=0.1, 
and for C2, respectively, max=3.5; min=1. 

The plan of and results from FFE 22 for mixtures of MFC 
with a maximal replacement of butter with the oil Rosa cani-
na L. in the amount of 25 % are given in Table 1.

The accuracy of results obtained is ensured by the three-
time repeated experiments and their subsequent mathemat-
ical treatment using the software Microsoft Excel 2007 and 
STATISTIKA (StatSoft, USA). 

The course of the experiment, as well as definitions and 
calculations, are described in more detail in [29].

5. Results of studying the properties of 
dietary fiber in dairy mixtures with the 

modified fat composition 

5. 1. Determining the technological 
properties of dietary fiber for use as com-
ponents of products

The results from determining the 
fat-retaining capability of meal from the 
fruits of Rosa canina L., EWF, and Vita-
cel in the melted butter and oil, as well as 
the moisture-retaining capability of the 
above-specified DF in water and butter-
milk, are shown in Fig. 1.

According to values from Fig. 1, the high-
est FRC was demonstrated by Vitacel: in the 
melted butter the indicator was 59.0±0.5 %; 
in the oil Rosa canina L., 55.0±1.0 %. At 
the same time, these DF demonstrated high 
WRC: in water – 99±1.0 %, in buttermilk –  
95±1.0 %. A given effect for Vitacel, accord-
ing to the manufacturer’s data, is a result 

of special mechanical treatment of wheat dietary fiber – the 
disclosure and dissolution of the fiber’s structure. A low capa-
bility to retain fat and moisture was recorded for the meal Rosa 
canina L. at the level of 21.0±0.5 % (in butter) and 19.0±0.7 % 
(in oil) and, respectively, 49.0±0.4 % (in buttermilk) and 
56.0±0.5 % (in water). For the extruded wheat flour, the pa-
rameters are in the middle of the specified ranges.

Enrichment with such dietary fibers as meal from the 
fruits of Rosa canina L. is appropriate; the technological 
effect (fat- and moisture-retention) must be strengthened by 
adding EWF or Vitacel. 

The swelling kinetics of DF in buttermilk are shown 
in Fig. 2.

According to the research results (Fig. 2), the most 
intense swelling takes place over the first 5 minutes. In 
this case, the coefficient of swelling in buttermilk is 4.7 for 
Vitacel; for extruded wheat flour, 3.65l and 2.25 for meal 
from the fruits of Rosa canina L., respectively. One should 
pay attention to that the rational duration of swelling of 
plant-based ingredients is from 15 to 20 minutes, which is 
highlighted by the relevant region. 

The results from study-
ing the degree of swelling 
of DF in buttermilk due 
to temperature are shown 
in Fig. 3.

When studying the in-
fluence of temperature on 
the conformational changes 
of dietary fiber with a dif-
ferent degree of treatment 
(Fig. 3), it was found that 
the highest indicators of the 
degree of swelling were ob-
served at a temperature of 
40 °С. In this case, a given 
indicator is 8.5±0.2 for Vi-
tacel, for EWF – 6.7±0.1, 
and 4.9±0.1 for rosehip 
meal, respectively.

Table	1

The	plan	of	and	results	from	FFE	22	for	mixtures	of	MFC	with	a	maximal	replacement	of	butter	
with	the	oil	Rosa canina L.	in	the	amount	of	25	%

Number of 
examined 
samples,  

j (N)

Factor value (composition of 
examined samples)

Value for process output, Yij  
(optimization parameter)

Mean value

С1 С2
amount of 
DF Vice-

tal, %

amount 
of rosehip 

meal, %

degree of liquid fat 
outflow (Y1), %

coefficient of ther-
mal stability (Y2)

Y1 Y 2  Repeatability, і (m)

1 2 3 1 2 3

1 – – 0.10 1.00 21.82 21.76 21.75 0.77 0.80 0.75 21.78 0.77

2 + – 0.60 1.00 15.94 16.15 16.08 0.85 0.82 0.83 16.06 0.83

3 – + 0.10 3.50 18.10 18.21 18.13 0.81 0.79 0.80 18.15 0.80

4 + + 0.60 3.50 15.00 15.05 15.10 0.90 0.85 0.88 15.05 0.88

5 + 0 0.60 2.25 15.40 15.25 15.30 0.87 0.83 0.84 15.32 0.85

6 – 0 0.10 2.25 18.70 18.50 18.60 0.79 0.77 0.78 18.60 0.78

7 0 + 0.35 3.50 16.60 16.55 16.59 0.85 0.83 0.84 16.58 0.84

8 0 – 0.35 1.00 19.40 19.35 19.20 0.80 0.82 0.82 19.32 0.81
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fruits	of	Rosa canina L.,	EWF,	and	Vitacel,	in	different	environments
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5. 2. Defining the form that binds moisture in mix-
tures with dietary fiber

The transmission spectra of infrared rays for the exam-
ined samples were acquired from the FTIR-spectrophotom-
eter “Nexus”; they are shown in Fig. 4.

The infrared spectra of the examined samples of EWF 
mixtures with buttermilk and water (Fig. 4) are similar in 
character. We compared the spectra of air-dry sample of 
extruded wheat flour (1) with the corresponding spectra 
of water-plant (2) and plant-dairy (3) mixtures. It was 
determined that in the region of OH-valent fluctuations 
in the spectra from sample (3) (EWF and buttermilk) one 
observed, accordingly, the two bands of 3,402 cm-1 and 
3,301 cm-1 (a region of the organically bound water). These 
bands correlate with the two types of H-bound water. The 
interaction between a disperse phase and the dispersed en-
vironment changes the properties of both components of the 
dispersed system.

5. 3. Determining maximally possible replacement of 
butter with oil in mixtures with food fibers

Fig. 5 shows the values for hardness of dairy mixtures 
with MFC when adding different dietary fibers and oil.
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canina L.	(1),	extruded	wheat	flour	(2),	and	Vitacel	(3),	at	a	

temperature	of	20±2	°C	in	buttermilk

Fig.	3.	Dependence	of	the	degree	of	DF	swelling	in	buttermilk	
on	temperature
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Control is the mixtures without dietary fiber, but with 
varying amounts of oil, from 10 to 25 %. According to the 
results (Fig. 5), the greatest hardness was observed in con-
trol sample with a minimal replacement – 10 %. Despite the 
almost same content of solid triglycerides in control, the 
presence in the fatty phase of different dietary fibers (espe-
cially Vitacel, as the most effective for fat-retention) has a 
positive effect on the texture of milk mixtures with MFC.

At the next stage, we identified indicators for the degree of 
outflow of Rosa canina L. in the amount of 25 %. The content 
of DF ranged depending on the type. Vitacel was added to the 
mixture in the amount from 0.1 % to 0.6 %; rosehip meal – from 
1.0 % to 3.5 %. To determine the optimal amount of Vicetal 
(taking into consideration the maximal indicator for fat-reten-
tion) in a combination with rosehip meal (a minimum value for 
FRC), we applied a full factorial experiment (FFE).

By using the mathematically-statistical treatment of 
experimental data (chapter 4.4), we derived the adequate 
regression equations for dairy mixtures with MFC and DF. 

The dependence of the degree of outflow of liquid fat 
(Y1) and the coefficient of thermal stability (Y2) for dairy 
mixtures of MFC with DF in the amounts of Vicetal (C1) 
and rosehip meal (C2) is shown in Fig. 6, a, b.

According to data, the maximum degree of outflow of liquid 
fat at the level of 22.6 % was observed for the smallest mass 
share of DF (Vitacel). Increasing the amount of fat-forming 
ingredients leads to the reverse effect. In this case, the indicator 
has a minimum value at the level of 15.8 % (for meal). 

An optimum for the function is observed for samples 
(with a maximally possible replacement of milk fat with oil 
from Rosa canina L. in the amount of 25 %) that contain 
Vitacel, 0.3 %, and rosehip meal, 2.0 %. The degree of the 
outflow of fat is 19.10 %. A rather low indicator is the result 
of interaction between DF of varying degrees of treatment 
and the water and fatty phases of dairy blends MFC.

6. Discussion of results of studying the properties of food 
fibers in mixtures with the modified fat composition

We have established the technological properties (ca-
pability of moisture- and fat-retention, swelling) and the 
mechanisms of action of dietary fiber in the MFC mixtures. 
This information makes it possible to use Vicetal, EWF, and 
rosehip meal, to stabilize the structure and to ensure the 
appropriate consistency of products.

The highest indicators for the degree of swell-
ing in buttermilk are observed in samples con-
taining Vitacel, slightly lower values were demon-
strated by rosehip meal and extruded wheat flour. 
The capability of the latter to bind moisture at 
different temperatures depends on the behavior 
of protein and starch. Protein substances absorb 
more moisture, while at the same time starch has 
a high temperature coefficient of swelling. In-
creasing the duration of exposure to moisture to 
30 minutes reduces the swelling rate. As a result 
of the increase in the volume of dietary fiber at 
swelling, the spatial grid is probably experienc-
ing the stress, which leads to the termination of 
swelling.

At low and moderate temperatures of 20...40 °C, 
the swelling of EWF occurs mainly due to the hy-
dration of proteins. Increasing the temperature 
above 40 °C leads to the strengthening of this 
process as a result of the hydration of starch. In-
creasing the temperature leads to the processes of 
denaturation and promotion of polypeptide chains 
of the protein. As a result of the deployment of 
the polypeptide chains of protein, there form the 
cavities that receive the additional amount of 
osmotic water, which enhances the endothermic 
reactions of hydration and, along with it, the pro-
tein denaturation processes. It is obvious that the 
changes predetermined by these processes will be 
reflected in the formation of the physical-chemical 
and consumer indicators for dairy mixtures with 
MFC containing EWF. Increasing the tempera-
ture leads to the acceleration of swelling, while 
the degree of swelling is reduced. In this regard, 
it is not advisable to increase the temperature of 
swelling. The mechanism of swelling for Vicetal 
and meal is much simpler and is related, for a first 
case, to the special treatment technique, in order 
to enlarge the surface of dietary fiber, and, for 
a second case, to the mechanical destruction of 
plant tissue.

Fig.	6.	Response	surfaces	and	mathematical	models	of	MFC	mixtures	
with	different	DF	(N=8)	for:	a	–	degree	of	outflow	of	liquid	fat;		

b	–	thermal	stability

a

b
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We have obtained data on the form of bonds that arise 
in the interaction between plant-based ingredients and 
the moisture of the milk base, specifically buttermilk. The 
results of research from IR spectroscopy indicate the forma-
tion of H-bound poly-associates of water with the hydrophil-
ic functional groups of the dispersed system, owing to which 
there occur the hydration and swelling of carbohydrates 
in EWF. One can probably predict a similar mechanism of 
action for all dietary fibers. Based on the infrared spectral 
analysis, the band of 3,301 cm-1 belongs to the water that 
is naturally associated with the functional groups of the 
dispersed system, the band of 3,402 cm-1 – to the surface 
adsorbed water. This indicates the formation of H-bound 
poly-associates of water with the hydrophilic functional 
groups of the dispersed system, owing to which there occur 
the hydration and swelling of carbohydrates in EWF.

It is important when designing dairy mixtures with MFC 
to know the value for the indicator of milk fat hardness, which 
to a certain extent reflects the content of the solid phase and the 
liquid phased (oil) and predetermines the texture and consis-
tency of a resulting product. This indicator is positively affected 
by the presence of Vitacel in the composition. A given effect is 
due to the high fat-retaining capability of the above-specified 
dietary fiber derived from the vegetative part of wheat without 
the use of chemical reagents by applying a mechanical treat-
ment – through the disclosure and dissolution of the structure 
of fiber cells. Somewhat higher indexes of hardness, by 5...7 %, 
in comparison with the samples containing Vitacel, are demon-
strated by mixtures with the addition of EWF. In general, we 
recommend that one should introduce to the formulations of 
dairy mixtures with MFC up to 25 % of oil from Rosa canina L., 
with mandatory addition of DF of varying degrees of treatment 
in order to prevent the outflow of liquid fat.

By analyzing the derived mathematical models of the 
degree of outflow of liquid fat aimed at predicting the consis-
tency of mixtures with MFC and DF, we can conclude that 
the amount of dietary fiber with a high fat-absorbing capa-
bility (Vicetal) is the most significant factor. In this case, 
the degree of outflow of liquid fat is 19.10 %, which is the re-
sult of interaction between dietary fiber and the aqueous and 
fat phases of milk mixtures. Probably, additional coagulation 
links form in the system, which cause the formation of a 
secondary spatial grid, which, accordingly, makes it possible 
for the structure to retain the liquid fat. This increases the 
homogeneity and plasticity. The thermal stability of dairy 
mixtures with MFC is directly proportional to the ratio of 
DF and inversely proportional to the amount of the intro-
duced oil from Rosa canina L. An optimum of the coefficient 

of thermal stability is within 0.81…0.82, which corresponds 
to the amount, in the dairy mixtures with MFC, of the di-
etary fiber Vitacel – 0.3 %, and rosehip meal – 2.0 %. The 
obtained values are within the boundaries of permissible 
ones and correlate with data from earlier research.

It was experimentally proven and justified that the use in 
the mixtures with MFC of dietary fiber in the functionally 
significant quantities results in preventing the defects in 
consistency when combining butter and oil. In addition, we 
took into consideration the different degree of treatment of 
extruded wheat flour, wheat dietary fiber Vitacel, and rose-
hip meal from Rosa canina L.

A limitation for the practical implementation of the results 
of current research is the compatibility between the plant-
based ingredients and the milk base at the organoleptic level.

Prospects for the further research are related to the se-
lection of other plant components with similar properties in 
order to solve technological tasks.

7. Conclusions

1. The highest moisture-retaining capability in buttermilk 
is demonstrated by the wheat dietary fiber Vitacel, 95±1.0 %, 
and the lowest is registered for rosehip meal, at the level of 
49±0.4 %, in the same environment. Similar patterns were 
observed when determining the fat-retaining capability. Thus, 
the highest value for the specified indicator, (59.0±0.5 %), 
was demonstrated by the dietary fiber Vitacel in the melted 
butter with a mass fraction of fat of 73 %. In oil from the 
fruits of rosehip, the indicator for fat-retaining ability is at 
the level of 55.0±1.0 %. The highest coefficient of swelling in 
buttermilk was observed for Vitacel (4.7±0.1), medium – for 
extruded wheat flour (3.65±0.1). We have also established the 
rational parameters for swelling for all plant-based ingredi-
ents: temperature is 40±2 °C, duration is 30…40 min.

2. According to the analysis of infrared spectra, the bands 
of deformative fluctuations in the polymer adsorption of mois-
ture for the samples of extruded wheat flour with water or 
buttermilk are in the region of 1,700…1,400 cm-1. Their relative 
intensity is 3 times higher in comparison with original samples. 
This indicates that the addition of extruded wheat flour makes 
it possible to increase the amount of bound water in mixtures.

3. Based on the results from simulating the dependences of 
the degree of outflow of liquid fat and the coefficient of thermal 
stability, we have established the rational ratios of DF in the 
mixtures. It is implied that butter is replaced with 25 % of oil, 
and Vitacel is introduced at the level of 0.3 %, meal – 2.0 %.
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