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Abstract
It is suggested to perfect technology of production of emulsive foodstuffs, as most consumed by all groups of population 

of Ukraine, by introduction to compounding of secondary wastes of exit-juice production and vine making as dry concentrates. 
Such method of enriching of foodstuffs will allow to bring down the deficit of necessary micro- and macronutrients, biologically 
active substances, and also to bring down indexes on the number of peroxide in the process of storage of low-caloric sauces due to 
being of natural antioxidants in powdered plant and vegetable material. Experiments were conducted for determination of micro- 
and macroelement composition and content of sum of polyphenolic substances samples of powdered plant and vegetable material. 
Samples with the optimal above-mentioned indexes were revealed and samples for the next stage of researches were chosen.

The data plan experiment on the effect of temperature and time storage of powdered vegetable raw materials in the amount 
polyphenols (% wt) in samples of powdered vegetable raw materials used in the suggested corrections storage term low-calorie 
sauces based on secondary products of juice and wine manufacturing in recipes and calculations in compounding on productions.
It was substantiated the choice of grape skin powder as bioactive addition in the emulsive foodstuffs for health improvment pur-
poses, as a sample that has optimal indexes for micro- and macronutrients composition and maintenance of natural antioxidants 
of polyphenolic nature. 

Keywords: biologically active substances, products for health improvement purposes, powders produced from vegetable 
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1. Introduction
Research in nutritiology that conducted by scientists [1–3] in recent years has shown that 

the daily foodstuffs consumed by people can be not only delicious and quick to prepare, but also 
useful and able to enrich the diet or ration with biologically active substances (BAS) – flavonoids, 
micro- and macronutrients, dietary fibers and so on. The data concerning the usage of various 
fat-containing products, dried vegetable concentrates as food additives to [4, 5] obtained by the 
method of cryogenic grinding, vacuum and freeze drying. This method allows preserve the basic 
amount of biologically active substances in almost native state. Foodstuffs that are enriched in 
this way in vitamins, dietary fibers and other useful biologically active substances allow com-
pensate the lack in the aforementioned nutrients and reduce the risk of XXI century disease 
rising – diabetes, obesity, vegetative-vascular lesions and others. [6]. The introduction of the 
formulation of fruit or vegetable powders not only enriches the product with biologically active 
ingredients, but also gives the new technological features for product, without use of artificial 
ingredients or using them in a minimal amount [7–10]. The most prevalent fruit and vegetable 
powdered concentrates, which are used as a source biologically active substances: carotenoids 
(pumpkin, carrots) polyfructose (elamin, inulin), spices are those not only enrich foodstuffs with 
micro- and macronutrients, dietary fibers and other active substances, but also to give the prod-
uct a pleasant taste, color and flavor.

Among antioxidants of vegetable raw materials it should pay attention to grape poly-
phenols, whose properties are much studied in [11, 12]. Such antioxidants in plant rawstuffs as 
resveratrol and quercetin are worthy. The biochemical properties of resveratrol (3,4,5 trihydroxy- 
trans-stilbene) – bioflavonoids and natural phytoalexin were investigated and substantiated in 
clinical settings. [13–18]. Their anti-inflammatory, disagreggative, antioxidant activity have 
been proved, which proves the feasibility of its practical application in the food industry as 
a dried vegetable concentrates of fruits and berries, where the aforementioned bioflavonoid is 
present [19, 20]. High antioxidant ability of resveratrol is due to the fact that by nature it is phy-
toalexin – a substance produced by plants in the conditions of their infection by bacteria and 
fungal organisms, i. e this is a defensive reaction to the negative actions that can cause the death 
of a living organism. This property of resveratrol can be used in food industry as an inhibitor of 
lipid peroxidation, i. e. shelf life prolongation of food products such as products made in oil and 
fat industry, without the use of artificial antioxidants.

We must pay attention to the shortage of micro- and macronutrients in human nutrition 
such as sodium, potassium, calcium, iron, copper and so on. Lack of necessary micro- and mac-
ronutrients is primarily concerned with the fact that refined food and foodstuffs that have been 
subjected to a long process of technological processing, consist virtually of fat, protein and «fast» 
carbohydrates [21]. This leads to a number of diseases among the population of Ukraine, such as 
obesity, diabetes, diseases of the gastrointestinal tract. Highly efficient and fast way to solve the 
shortage of micro- and macronutrients is the development of mass-consumption food products 
such as mayonnaise enriched with deficit substances [22].

On the basis of the above-mentioned data an actual and perspective on this time task is an 
improvement of technologies of production of foodstuffs on the basis of dry vegetable concentrates 
with high maintenance of polyphenols and able to cover the deficit of necessary micro- and macro-
nutrients. The ground of choice of raw material and research of its properties for the further use in 
compounding of emulsive foodstuffs presents by part of research work in this direction.

2. Materials and methods of dry plant material concentrates

2. 1. Materials of research
As materials of research the following powder plant material has been applied, namely 

blackcurrant, orange peel, apple red, Black Pearl and Muscat White grape skins (Ukraine).
Obtaining of fine powdered plant and vegetable material, size: 0,5...100 mm, has been ac-

complished by drying according UVET-technology (activation method for drying (dehydration) of 
product while its simultaneous grinding into a powder) on the universal drying-crushing equip-
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ment UVET-005. Drying was carried out in full compliance with the requirements of hygienic and 
sanitary safety at 40–45 °C and relative humidity of the finished samples of 5 %.

2. 2. Methods and equipment used in the experiment
Method of determination of micro- and macronutrient composition and content of powdered 

plant raw material.
Research of micro- and macronutrient composition content of powdered plant raw material has 

been carried out by spectrometric method using X-ray fluorescence spectrometer «Elvax» (Ukraine).
Method of determination of micro- and macronutrient composition content using X-ray 

fluorescence spectrometer is based on collecting and analyzing the spectrum that has been ob-
tained after initiation of characteristical x-ray radiation, which occurs during the transition of at-
oms from the excited in the ground state. Atoms of different elements emit photons with strictly 
defined energies, and by measuring of them tone we can determine qualitative element compo-
sition. In order to measure the number the quantity or content of element the radiation intensity 
with a certain energy is registered. This method allows to obtain accurate results for quantitative 
composition of micro- and macronutrients, that is widely used in food, cosmetic, pharmaceutical 
and other industries.

In order to determine the quantitative content in the samples the method of fundamental 
parameters has been applied – the method of so-called «non-standard» analysis. These is a base 
for program of spectrometer that allows to calculate the concentration of any set of elements in 
the sample. During the experiment the intensity of X-rays irradiation has been measured, the val-
ue of which has been proportional to the mass concentration (%) of micro- and macronutrients, 
which was being deternined.

Qualitative determination of polyphenolic compounds in vegetable raw materials powders 
has been carried out as follows. Qualitative reaction for determining and showing the presence of 
polyphenolic compounds is based on the interaction of polyphenols filtrate with 5 % solution of 
aluminum chloride – and as a result chelate complexes are formed by hydrogen bonds that occur 
between the carbonyl and hydroxyl groups and aluminum ion; there is a yellow-green color as 
a positive reaction to polyphenols [23]. Depending on the content of polyphenolic substances in 
investigated samples a colouring of filtrate is observed with varying intensity – from slightly 
yellow to yellow-green.

Studies on content amounts of polyphenol compounds (flavonoids) in powdered plant and 
vegetable material have been carried out in accordance with the State Pharmacopoeia of the 
USSR by measuring of optical density in powders extract solutions using the spectrophotometer 
at a wavelength of 430 nm in a cell with a layer thickness of 10 mm [23].

The determination of the polyphenolic substances (flavonoids) has been carried out ac-
cording to the following procedure. Analytical sample material has been crushed to the size of 
particles are able to pass through a sieve with holes of 1 mm. About 1 g (exact weight) of material 
has been placed in a flask with a capacity of 150 cm3, after that 30 cm3 of 90 % alcohol solution 
containing 1 % of concentrated hydrochloric acid has been added. Then the flask was attached to 
the flask reflux and heated in a boiling water bath for 30 minutes. After that the flask was cooled 
to room temperature and the content was filtered through a paper filter into a volumetric flask 
of 100 cm3. Extraction was repeated once more according to the above method, then 1 time – by 
90 % alcohol for 30 minutes. Extracts were filtered through the same filter in the same volumetric 
flask,after that they were washed with 90 % alcohol filter and adjusted the volume of filtrate 90 % 
alcohol to the mark (solution A).

In a volumetric 25 cm3 flask 2 cm3 of solution A were introduced, then 1 cm3 of 1 % solu-
tion of aluminum chloride in 95 % alcohol solution was added and solution volume was adjusted 
by 95 % alcohol to the mark. After 20 minutes the solution was measured in order to determine 
optical density on a spectrophotometer at a wavelength of 430 nm in the cell with a layer thick-
ness of 10 mm. Solution consisting of 2 cm3 of solution A has been used as comparison solution, 
preliminarly led to a special mark in the volumetric 25 cm3 flask using a 95 % alcohol.
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Total content amount of polyphenolic substances (flavonoids) in terms of quercetin and ab-
solutely dry raw materials in percentage (X, %) has been calculated using the formula:

                                         ( )
× × × ×

=
× × × −

D 25 100 100 100
Х  ,

764,6 m 2 100 W

			 
(1)

where D – optical density of the test solution; 764.6 – specific absorption rate for quercetin complex 
of aluminum chloride at 430 nm; m – mass of raw materials in grams; W – loss in weight diring the 
drying of raw materials expressed as a percentage.

Experiments from research of dependence of expiration of powdered plant and vegetable 
material are conducted in accordance with the plan of experiment «composition – property». As 
factors a temperature and storage time of samples of the investigated raw material are accepted, as 
functions of review is the amount of polyphenols in the samples.

Research has been conducted in repeating three times. Research results have been processed 
using the methods of mathematical statistics: determation of relative error with confidence proba-
bility P=95 %.

3. The results of the accomplished research and studies of powdered vegetable concen-
trates samples

Results of the study of micro- and macronutrient composition of powdered plant and vege-
table material are shown in Table 1.

During the determination of micro- and macronutrient composition of powders the relative 
error does not exceed 0.4 % at a confidence probability P=95 %.

The data in Table 1 show a variety of micro- and macronutrient composition of powdered 
plant and vegetable material. Potassium and calcium content, necessary for normal function of 
cardial-vascular system and blood circulation [24], is respectively 42–96 % and 7–57 % depending 
on the sample of investigated materials. Magnesium and chrome, minerals that are responsible 
primarily and first of all for carbohydrate metabolism and strengthen bone tissue [25], have been 
found in their maximum amount in powedered Muscat White grape skins sample.

Table 1
Мicro- and macronutrient composition of powdered plant and vegetable material

Micro- and  
macronutrients 

Micro- and macronutrient content in powdered plant and vegetable material, %

Blackcurrant Shred  
of orange peel Red apple Dark Pearl  

grape skins
Muskat White  

grape skins
Ca 7,289 57,737 13,993 27,244 17,481
Cr 0,0430 0,048 0,210 0,131 9,311
Cu 0,002 0,001 − 0,003 −
Fe 0,037 0,340 0,354 0,056 4,874
K 92,543 42,168 85,427 72,535 65,237
Na − − − 0,602 0,743
P 0,002 0,003 − 0,003 −

Mg 0,005 0,001 0,010 0,011 0,910
S 0,001 0,001 − 0,002 −

Zn 0,006 0,001 0,006 0,181 0,160

So important for metabolism as a trace element, zinc is defined in large quantities in Black 
Pearl grape skins, but there are iron and calcium in rather a small amounts as the substances that 
prevent the absorption of trace elements, and these can now identify the investigated powder as the 
source of deficit micro- and macronutrients in formulations of emulsion products made for health 
improvement purposes.
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A study of BAS in powdered plant and vegetable material, namely regarding the content of 
polyphenolic substances (flavonoids), has been carried out. Data obtained during the research are 
shown in Fig. 1.

Fig. 1. Polyphenolic substances (flavonoids) content in samples of powdered plant and  
vegetable material

During the determination of polyphenolic substances (flavonoids) content in samples of 
powdered plant and vegetable material the relative error has not exceeded 0.4 % at a confidence 
probability P=95 %.

As shown in Fig. 1, during determining of polyphenolic substances (flavonoids amount 
in terms of quercetin it has been found that the smallest content of polyphenols (2 %) has been 
observed in samples obtained from blackcurrant, orange peel and red apples. And in samples of 
powdered grape skins the polyphenolic BAS content has been much higher (up to 10 %) than in the 
other investigated samples, so they can be used as a dietary or biologically active supplement − a 
source of polyphenols and also act as antioxidants, extending the storage time of emulsion products 
for health improvement purposes.

Influence of temperature and storage time of samples is investigated on content of polyphe-
nols in powdered plant and vegetable material.

For an experiment select samples with maximal content of рolyphenolic substances of Black 
Pearl grape skin powder and Muscat White grape skin powder. Data obtained during the research of 
Black Pearl grape skin powder are shown in Fig. 2.

Fig. 2. Diagram of dependence content of polyphenols of Black Pearl grape skin powder from a 
temperature and storage time
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Equalization of regression looks like for the calculation of function of review:

У(X1, X2)=8,6848+0,0005×X1–0,0093×X2+0,05262×X1×X1–0,0005×X1×X2+0,0002×X2×X2,

where Х1 – storage temperature, °С; Х2 – storage time, day. 
As shown in Fig. 2, the surface area of maximum response corresponds to the polyphenols 

content storage temperature 0...7 °C and the value of the storage time of 55...70 days (polyphenols 
content is 8.8...8.6 % wt.).

Data obtained during the research of Muscat White grape skin powder are shown in Fig. 3.

Fig. 3. Diagram of dependence content of polyphenols of Muscat White grape skin powder from a 
temperature and storage time

Equalization of regression looks like for the calculation of function of review:

У(X1, X2)=6,5522–0,249×X1+0,0606×X2+0,0077×X1×X1–0,0007×X1×X2+0,0044×X2×X2,

where Х1 – storage temperature, °С; Х2 – storage time, day. 
As shown in Fig. 3, response surface area of maximum polyphenols content correspond-

ing to storage temperature of 0...4 °C and does not depend of the storage time (polyphenols 
content is 6.5 ... 5.7 % wt.). 

Thus, quantitative dependences (as regressive models) of content of polyphenols are set in 
grape skin powder of different sorts from the cross-coupling of storage temperature and storage 
time. Mathematical dependence should be used in calculating and correcting storage time of pow-
dered skin grape varieties of data on enterprises that apply these raw materials in production.

4. Discussion of results of research of the dried vegetable concentrates properties as a source 
of biologically active substances in emulsion products for health improvement purposes

According to obtained data (Table 1) it can be argued that the powder plant and vegetable ma-
terial have a wide range of micro- and macronutrients content, that are deficit substances, and it can 
be preserved and saved in terms of compliance with all requirements of production data samples for 
these technologies. For optimal ratio of micro- and macronutrients (bioavailability and assimilation 
by the body) [24, 25] as the biologically active ingredients in the formulations of emulsion products 
for health improvement purposes it is advisable to choose powdered grape skin for the usage.

Results of the research aimed to determine the content of polyphenolic substances (flavo-
noids) (Fig. 1) shown that the maximum content of natural antioxidants identified in Black Pearl 
grape skin powder and Muscat White grape skin powder. It also testifies in behalf on select raw 
material as constituent of products for health improvement purposes.

Obtained mathematical dependences of the polyphenols content in Black Pearl grape 
skin powder and Muscat White grape skin powder, depending on temperature and storage time 
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(Fig. 2, 3) should be used in the calculation of the recipes on enterprises, also timing correction 
storage health improvement purposes on the basis of secondary products of juice manufacturing 
and wine making.

The research is enable to reconsider the already known ways to use wastes of juice and wine 
production (mostly for production of alcohol and tartaric acid). It is necessary to introduce new 
technologies to use wastes of plant and vegetable raw material, valuable in biological meaning, in 
food industry.

5. Conclusions
Micro- and macronutrients composition of vegetable powders obtained by activation drying 

has been investigated and samples have been analyzed with regard to the content of necessary nu-
trients. It has been found that samples of vegetable raw materials have content of calcium to 57 % 
and potassium to 96 %. Тhe maximal amount of magnesium, chrome and zinc is educed in grape 
skin powders.

Тhe content of polyphenolic antioxidants in samples of powdered vegetable and plant mate-
rial has been defined and the obtained data has been analyzed in order to determinate the samples 
with maximum yields of the total amount of polyphenols. The maximal indexes (to 10 %) of content 
of sum of polyphenolic substances are educed in the samples of grape skin powders. It has been 
received mathematical dependencies of polyphenols content depending on the temperature and 
storage time for samples with the highest content of polyphenols – Black Pearl grape skin powder 
and Muscat White grape skin powder. It has been substantiated the use of powdered grape skin as 
a source of biologically active products for health improvement purposes to provide health care 
properties, increasing the biological value and prolong its storage by the presence of antioxidant 
polyphenolic nature. Food, additionally enriched with natural antioxidants, micro- and macronu-
trients and minerals have a positive impact on human health.
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