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INTRODUCTION 

In Ukraine, about 300 thousand tons of various fruit and vegetable 

products are spoiled annually, so it is quite important to develop and 

implement waste-free technologies for the integrated processing of berries, 

vegetables and fruits1. 

Fruit and vegetable processing products such as powders, purees, and 

dietary fiber concentrates can be used in the food industry as dyes, flavors, 

and natural preservatives, as well as used to replace the composition of food 

products to improve their nutritional properties. Unfortunately, fruits and 

vegetables have a short shelf life when fresh2. Drying is the most rational 

way of preserving, as microbiological processes slow down in dried 

products, and the composition of nutrients and biologically valuable 

substances remains close to natural. During drying, moisture is removed 

from the raw materials, the concentration of substances in the cell sap 

increases, and the osmotic pressure increases, which prevents the 

development of microorganisms. Dried fruits, vegetables and berries 

contain a large amount of carbohydrates, vitamins, pectin and minerals, and 

organic acids3. 

Food powders make up a significant share of the total volume of 

processed food in the world. This is due to several reasons, such as low 

weight, ease of storage, transportation and a variety of applications4. 

 
1  Горобець О. М., Бородай А. Б. Використання нетрадиційнoї рослинної 

сирoвини у технoлoгії бoрoшняних вирoбів як складова підприємницької діяль- 

ності закладів ресторанного господарства : колективна монографія / О. В. Калаш- 

ник, Х. З. Махмудова, І. О. Яснолоб. Полтава, 2019. 
2  Bas-Bellver C, Barrera C, Betoret N, Seguí L. Turning Agri-Food Cooperative 

Vegetable Residues into Functional Powdered Ingredients for the Food 

Industry. Sustainability. 2020. Vol. 12, № 4. P. 1284. DOI: 10.3390/su12041284. 
3  Myroshnyk Yu., Dotsenko, V. Experience of the use of powder from non-

traditional plant raw material in pastry texnology. Modern Engineering and Innovative 

Technologies. 2019. Vol. 2, № 8. P. 65–71. DOI: 10.30890/2567-5273.2019-08-02-

030. 
4  Chen X. D., Patel K. C. Manufacturing better quality food powders from spray 

drying and subsequent treatments. Drying Technology. 2008. Vol. 26, № 11. P. 1313–

1318. DOI: 10.1080/07373930802330904. 



 

472 

Traditional methods of processing plant material usually involve 

processing modes that lead to a partial loss of its biological value. That is 

why scientists are actively searching for rational ways to process raw 

materials comprehensively to produce natural food ingredients with 

additional functional properties. 

 

1.  Background and problem statement 

The development of new generation products from environmentally 

safe and biologically valuable plant materials is an urgent area of food 

industry development. 

This includes wild-growing raw materials. It is known that the fruits of 

wild plants contain a balanced complex of vitamins, minerals, proteins, 

lipids and have high nutritional, flavour and therapeutic and preventive 

properties. 

Blueberries are considered a source of biologically active compounds, 

but their industrial use is limited due to their low stability. The technology 

for producing blueberry powder by freeze-drying has already been 

developed5, 6
. 

The technology for powders rich in antioxidants and pigments from two 

wild berries – Chilean grape berry (Aristotelia chilensis) and Mediterranean 

blackberry (Rubus ulmifolius) – has been developed7. 

The use of acacia (Ardisia compressa Kunt) powder in fruit snacks was 

investigated. Acachula gives food products taste, colour and helps to 

increase their antioxidant properties8. 

The use of elderberry powders for the preparation of the hot drink 

“Elderberry” (FITNE, Germany) is proposed. This drink is positioned in the 

 
5  Estupiñan‐Amaya M., Fuenmayor, C. A., López‐Córdoba, A. Evaluation of 

mixtures of maltodextrin and gum Arabic for the encapsulation of Andean blueberry 

(Vaccinium meridionale) juice by freeze–drying. International Journal of Food Science 

and Technology. 2022. Vol. 57, № 11. P. 7379–7390. DOI:10.1111/ijfs.16093. 
6  F. Carlos, López-Córdoba A. New Freeze-Dried Andean Blueberry Juice 

Powders for Potential Application as Functional Food Ingredients: Effect of 

Maltodextrin on Bioactive and Morphological Features. Molecules. 2020. Vol. 25. 

P. 5635. DOI: 10.3390/molecules25235635. 
7  Gomez Mattson, M., Sozzi, A., Corfield, R., Gagneten, M., Franceschinis, L., 

Schebor, C., Salvatori, D. Colorant and antioxidant properties of freeze-dried extracts 

from wild berries: use of ultrasound-assisted extraction method and drivers of liking of 

colored yogurts. Journal of Food Science and Technology. 2022. Vol. 59. P. 944–955. 

DOI: 10.1007/s13197-021-05096-3. 
8  Vázquez-Sánchez, A. Y., Corfield, R., Sosa, N., Salvatori, D., Schebor, C. 

Physicochemical, functional, and sensory characterization of apple leathers enriched 

with acáchul (Ardisia compressa Kunth) powder. Lwt. 2021. Vol. 146. P. 111472. DOI: 

10.1016/j.lwt.2021.111472. 
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pharmaceutical market as a multivitamin for vitamin C deficiency, for the 

prevention and maintenance of viral and infectious diseases, overwork, and 

increased physical activity. Frozen elderberry powder is also available 

(Freeze Dried Elderberry Powder, Wilderness Poets, iHerb). It contains 

antioxidants, polyphenols, and is used to support a healthy immune system 

in its form. 

The Ukrainian market has virtually no food products made from wild 

berry raw materials. 

Among the products processed from wild berries, supplements in the 

form of pastes and purees occupy a special place. They are a source of 

natural dietary supplements, colouring agents, and structuring agents used 

in the production of fortified foods9. Berries are considered superfruits due 

to their high content of vitamins, minerals, phytochemicals and dietary 

fibre10. 

Under the leadership of R. Pavliuk, a technology for producing 

cryopowders from wild berries (black elderberry, viburnum, sea buckthorn) 

was developed11. The essence of the cryogenic technology is instantaneous 

deep freezing of raw materials in liquid nitrogen (the temperature of the 

medium is minus 160°C) in a continuous cycle. Such technologies increase 

the biological value of the products obtained, as they destroy enzymes that 

prevent the absorption of vitamins and thiamine-like substances. The frozen 

raw materials are dried in special vacuum-controlled facilities and finely 

ground to a pulverised state using special machines. This technology is 

currently being used to develop cryo-supplements from calendula, nettle, 

currant, apple, chokeberry, citrus, tropical fruit, etc. 

A method for preparing a powdered product based on rowan and rose 

hips has been developed. The method involves drying in a microwave field 

 
9  Новгородська Н. В. Технологія кисломолочного напою на основі 

фітосировини. Аграрна наука та харчові технології : зб. наук. пр. (Вінниця, 

18 травня 2019 р.). Вінниця : ВНАУ, 2019. С. 91–102. 
10  Nemzer, B. V., Kalita, D., Yashin, A. Y., Yashin, Y. I. Bioactive compounds, 

antioxidant activities, and health beneficial effects of selected commercial berry fruits: 

A review. Journal of Food Research. 2020. Vol. № 9 (5). Р. 78–101. DOI: 

10.5539/jfr.v9n5p78. 
11  Павлюк Р. Ю. Активація рослинних біологічно-активних речовин 

фізичними методами. Нове в технології переробки плодів : монографія /  

Павлюк Р. Ю., Дібрівська Н. В., Павлюк В. А., Яницький В. В., Крячко Т. В. 

Харків, 2010. С. 10–41. 
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with vacuum at a temperature of 400C for 4–6 hours to a residual moisture 

content of 14–16 %, the dried product is ground into powder12. 

The subject of our research was the berries of viburnum (Viburnum 

opulus), mountain ash (Sorbus), sea buckthorn (Hippophae) and black 

elderberry (Sambucus nigra). 

Viburnum opulus is a valuable ornamental, medicinal and food plant 

known as a natural source of various compounds with antioxidant 

properties, such as ascorbic acid (vitamin C), α-tocopherol (vitamin E), 

carotenoids, chlorophylls and phenolic compounds. 

In Ukraine, despite their tart-bitter-sour taste, red fruits are used in 

traditional cuisine as an additional ingredient in marmalades, jams, 

liqueurs, Kalynnyk pies, and herbal teas13. Viburnum berries are highly 

acidic due to their high content of organic acids – citric, tartaric, malic, 

quinic, and other acids14. Viburnum fruits also contain sugars such as 

fructose, glucose and sucrose15. Viburnum berries contain 27 minerals (Al, 

Mg, Na, Ba, Ca, Ni, Cd, P, Cr, Pb, S, Cu, Se, Fe, K, Sr, Li, Z, V, Ag, Bi, 

Co, Mn, B, Ga, In, Ti). Most of all – potassium, magnesium, phosphorus16. 

Viburnum berries have a characteristic smell and specific bitterness, 

which, unfortunately, consumers do not like. However, the amount of 

bitterness is significantly reduced during heat treatment. The volatile 

components found in the fruit belong to the following classes of organic 

compounds: alcohols, terpenoids, phenols, ketones, aldehydes, esters, 

branched-chain fatty acids and acids17. 

 
12  Спосіб приготування порошкоподібного продукту на основі горобини і 

шипшини: пат. 32185 Україна:. МПК A23L 1/01 (2006.01) ; заявл.12.12.2007 ; 

опубл. 12.05.2008, бюл. № 9. 4 с. 
13  Kajszczak D., Zaklos-Szyda M., Podsedek A. Viburnum opulus L. − A Review 

of Phytochemistry and Biological Effects. Nutrients. 2020. Vol. 12, № 11. P. 3398. DOI 

10.3390/nu12113398. 
14  Akbulut M.; Calsir S.; Marakoglu T.; Coklar H. Chemical and technological 

properties of European cranberrybush (Viburnum opulus L.) fruits. Asian J. 

Chem. 2008. Vol. 20, №  3. Р. 1875–1885. 
15  Ersoy, N., Ercisli, S., Gundogdu, M. Evaluation of European Cranberrybush 

(Viburnum opulus L.) genotypes for agro-morphological, biochemical and bioactive 

characteristics in Turkey. Folia Hort. 2017. Vol. 29, № 2. Р. 181–188. DOI: 

10.1515/fhort-2017-0017. 
16  Kalyoncu I., Ersoy N., Elidemir A., Karalı M. Some Physico-Chemical 

Characteristics and Mineral Contents of Gilaburu (Viburnum opulus L.) Fruits in 

Turkey. Engineering and Technology International Journal of Agricultural and 

Biosystems Engineering. 2013. Vol. 7, № 6. Р. 424–426. DOI: 10.5281/ 

zenodo.1079484. 
17  Kraujalytė V., Leitner E., Venskutonis P. Chemical and sensory characterisation 

of aroma of Viburnum opulus fruits by solid phase microextraction-gas 
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The antimicrobial effects of viburnum fruits on 15 cultures of 

microorganisms have been established18. 

Rowan (Sorbus aucuparia) has been traditionally used in the European 

diet in various processed products, such as jams, jellies and drinks, which 

have high nutritional and health potential19, 20. Scientific research has 

proven anti-inflammatory21, antioxidant22, anti-diabetic effects due23 to the 

unique composition of biologically active compounds – a significant 

amount of ascorbic acid, phenolic compounds, carotenoids, as well as 

organic acids and sugars. Ascorbic acid, carotenoids, flavonoids, 

anthocyanins and especially phenolic acids contribute significantly to 

antioxidant activity24. 

Rowan fruits also contain tannins (0.5 %) and pectin (0.5 %), sorbitol 

and sorbose, amino acids, essential oils, potassium, calcium, magnesium, 

and sodium salts. The presence of vitamin P puts mountain ash in one of 

the first places among other fruit plants. Rowan fruits are also rich in 

vitamin C (up to 160 mg%) and β-carotene (up to 5.6 mg%)25. 

 

chromatography–olfactometry. Food Chemistry. 2012. Vol. 132, № 2. Р. 717–723. 

DOI: 10.1016/j.foodchem.2011.11.007. 
18  Cesonienė Laima et al. Antimicrobial activity of Viburnum opulus fruit juices 

and extracts. Journal für Verbraucherschutz und Lebensmittelsicherheit. 2014. Vol. 9. 

Р. 129–132. DOI: 10.1007/s00003-014-0864-1. 
19  Poyrazoglu E. S. Changes in ascorbic acid and sugar content of rowanberries 

during ripening. J. Food Qual. 2004. Vol. 27. Р. 366–370. DOI: 10.1111/j.1745-

4557.2004.00658.x. 
20  Gil-Izquierdo A., Mellenthin A. Identification and quantitation of flavonols in 

rowanberry (Sorbus aucuparia L.) juice. Eur. Food Res. Technol. 2001. Vol. 213. 

Р. 12–17. DOI: 10.1007/s002170100328. 
21  Yu, T., Lee, Y. J., Jang, H.-J., Kim, A. R., Hong, S., Kim, T. W., Kim, M.-Y., 

Lee, J., Lee, Y. G., Cho, J. Y. Anti-inflammatory activity of Sorbus commixta water 

extract and its molecular inhibitory mechanism. J. Ethnopharmacol. 2011. Vol. 134. 

Р. 493–500. DOI: 10.1016/j.jep.2010.12.032. 
22  Olszewska, M. A.; Michel, P. Antioxidant activity of inflorescences, leaves and 

fruits of three Sorbus species in relation to their polyphenolic composition. Nat. Prod. 

Res. 2007. Vol. 23. Р. 1507–1521. DOI: 10.1080/14786410802636177. 
23  Grussu, D.; Stewart, D.; McDougall, G. J. Berry Polyphenols Inhibit α-Amylase 

in vitro: Identifying Active Components in Rowanberry and Raspberry. J. Agric. Food 

Chem. 2011. Vol. 59. Р. 2324–2331. DOI: 10.1021/jf1045359. 
24  Raudonis, R.; Raudonė, L.; Gaivelytė, K.; Viškelis, P.; Janulis, V. Phenolic and 

antioxidant profiles of rowan (Sorbus L.) fruits. Nat. Prod. Res. 2014. Vol. 28, № 16. 

Р. 1231–1240. DOI: 10.1080/14786419.2014.895727. 
25  Viljakainen, S.  ; Visti, A.; Laakso, S. Concentrations of Organic Acids and 

Soluble Sugars in Juices from Nordic Berries. Acta Agric. Scand. Sect. B Soil Plant 

Sci. 2002. Vol.52. Р. 101–109.  
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Rowan fruit preparations reduce the amount of fat in the liver and 

cholesterol in the blood, and rowan fruit powder increases the resistance of 

blood vessels. In scientific medicine, the fruits of mountain ash are used as 

a multivitamin, diuretic and haemostatic agent26. 

Sea buckthorn (Hippophae rhamnoides L.) is a natural source of 

vitamins and a number of other bioactive compounds, such as carotenoids 

and flavonoids, which are claimed to lower cholesterol, blood pressure and 

blood sugar levels27. 

Sea buckthorn berries are the richest in essential nutrients, such as 

polyunsaturated fatty acids, provitamins A, C, PP28, B1, B2, K, amino acids, 

phytosterols and flavonoids, pigments and lipoproteins. 

Mineral elements are represented (mg/100 g): potassium – 180–220, 

calcium – 9–16, magnesium – 7–12, phosphorus – 12–17, iron – 6–14, as 

well as zinc, manganese, aluminium, titanium, silicon29. 

Sea buckthorn oil is usually produced from sea buckthorn, which 

contains glycerides of oleic, linoleic, stearic and palmitic acids, vitamin E 

(160 mg/100 g), carotene and other carotenoids (314 to 2139 mg/100 g)30. 

Sea buckthorn fruits contain a large amount of organic acids, mainly malic 

and quinic acids31, and other carotenoids (314 to 2139 mg/100 g)32. Sea 

 
26  Бірта Г. О., Бургу Ю. Г., Хмельницька Є. В. Дикоростуча сировина : навч. 

посіб. Полтава : ПУЕТ, 2020. 449 с. 
27  Li, T. S. Product development of sea buckthorn. Trends in new crops and new 

uses. 2002. Р. 393–398. 
28  Madawala, S. R., Brunius, C., Adholeya, A., Tripathi, S. B., Hanhineva, K., 

Hajazimi, E., Landberg, R. Impact of location on composition of selected phyto- 

chemicals in wild sea buckthorn (Hippophae rhamnoides). Journal of Food Compo- 

sition and Analysis. 2018. Vol. № 72. Р. 115–121. DOI: 10.1016/j.jfca.2018.06.011. 
29  Филима Є. Біохімічна характеристика обліпихи,її використання в 

консервуванні : Збірник тез  V Всеукраїнської студентської наук.-техн. конф. 

Тернопіль, 2012. С. 263–263. 
30  Krejcarová, J., Straková, E., Suchý, P., Herzig, I., Karásková, K. Sea buckthorn 

(Hippophae rhamnoides L.) as a potential source of nutraceutics and its therapeutic 

possibilities-a review. Acta Veterinaria Brno. 2015. Vol. 84, № 3. Р. 257–268. DOI: 

10.2754/avb201584030257. 
31  Bal, L. M., Meda, V., Naik, S. N., Satya, S. Sea buckthorn berries: A potential 

source of valuable nutrients for nutraceuticals and cosmoceuticals. Food research 

international. 2011. Vol. 44, № 7. P. 1718–1727. DOI: 10.1016/j.foodres.2011.03.002. 
32  Krejcarová, J., Straková, E., Suchý, P., Herzig, I., Karásková, K. Sea buckthorn 

(Hippophae rhamnoides L.) as a potential source of nutraceutics and its therapeutic 

possibilities-a review. Acta Veterinaria Brno. 2015. Vol. 84, № 3. P. 257–268. DOI: 

10.2754/avb201584030257. 
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buckthorn fruits contain a large amount of organic acids, mainly malic and 

quinic acids33. 

Sea buckthorn berries are used as a multivitamin product for hypo- and 

avitaminosis of vitamins A and C. They are consumed fresh, and are used 

to make jam, juice and jelly. 

Berries of black elderberry (Sambucus nigra L.) are a source of 

important and valuable compounds. The value of these berries lies in the 

presence of a large amount of low molecular weight phenolic compounds 

and polyphenols (5960 mg/%), most of them anthocyanins. The fruits 

contain 18.2 % dry matter, including 5.2…7.4 % sugars, 1 % pectin, and 

1.3 % acids. It should be noted that the sugars of elderberry fruits growing 

in Ukraine are represented only by glucose34. 

Elderberry is rich in carbohydrates (18 %) (mainly simple sugars)35, 

fibre (7 %), proteins (3 %) and lipids (0.35 %)36. Lipids contain about 80 % 

polyunsaturated fatty acids and 10 % saturated fatty acids, the content of 

essential fatty acids is very high37. Linoleic and linelenic acids are the main 

essential fatty acids in elderberries, accounting for 38–39 % of the total fatty 

acids38. 

 
33  Bal, L. M., Meda, V., Naik, S. N., & Satya, S. Sea buckthorn berries: A potential 

source of valuable nutrients for nutraceuticals and cosmoceuticals. Food research 

international. 2011. Vol. 44, № 7. Р. 1718–1727. DOI: 10.1016/j.foodres.2011.03.002. 
34  Павлюк, Р. Ю., Дібрівська, Н. В., Погарська, В. В., Яницький, В. В., 

Афанасьєва, В. А., Крячко, Т. В. Активація рослинних біологічно активних 

речoвин та біополімерів фізичними методами. Прогресивні техніка та технології 

харчових виробництв ресторанного господарства і торгівлі. 2009. Вип. 1.  

С. 60–68. 
35  Ağalar, H. G. Elderberry (Sambucus nigra L.). In Nonvitamin and Nonmineral 

Nutritional Supplements; Nabavi, S. M., Silva, A. S., Eds.; Academic Press. 2019. 

P. 211–215. DOI: 10.1016/B978-0-12-812491-8.00030-8. 
36  Neves, C. M. B., Pinto, A., Gonçalves, F., Wessel, D. F. Changes in Elderberry 

(Sambucus nigra L.) Juice Concentrate Polyphenols during Storage. Appl. Sci. 2021. 

Vol.11, № 15. P. 6941. DOI: 10.3390/app11156941. 
37  Barros, L., Cabrita, L., Boas, M. V., Carvalho, A. M., Ferreira, I. C. F. R. 

Chemical, biochemical and electrochemical assays to evaluate phytochemicals and 

antioxidant activity of wild plants. Food Chem. 2011. Vol. 127, № 4. P. 1600–1608. 

DOI: 10.1016/j.foodchem.2011.02.024. 
38  Domínguez, R., Zhang, L., Rocchetti, G., Lucini, L., Pateiro, M., Munekata, 

P. E. S., Lorenzo, J. M. Elderberry (Sambucus nigra L.) as potential source of 

antioxidants. Characterization, optimization of extraction parameters and bioactive 

properties. Food Chem. 2020. Vol. 330. P. 127266. DOI: 10.1016/ 

j.foodchem.2020.127266. 
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Elderberries contain a significant amount of minerals and vitamins C, 

α-tocopherol, β-carotene, E39, B2, B3, B5, B6, B9
40

 and antioxidants. There 

are results that elderberry seed powder is a source of α-tocopherol, which 

has the highest biological activity of vitamin E, as well as γ-tocopherol, 

which shows better antioxidant potential41. 

Among the main polyphenols in elderberries, the antioxidant properties 

of this fruit are mainly determined by anthocyanins, as well as flavonols 

and phenolic acids42. 

Elderberries and their products are potential colourants and antioxidants 

that can be used in the food industry. However, despite its excellent 

colouring properties due to its high anthocyanin content and high 

antioxidant capacity (polyphenols, vitamins, etc.), this product is 

underutilised43. 

Thus, mountain ash, elderberry, sea buckthorn and viburnum are 

characterised by a high content of biologically active substances, especially 

phenolic compounds. Berries are characterised by therapeutic and 

prophylactic properties, so they can be the basis for the creation of 

functional powders. 

 

 
39  Cais-Sokolińska, D., Walkowiak-Tomczak, D. Consumer-perception, 

nutritional, and functional studies of a yogurt with restructured elderberry juice.  

J. Dairy Sci. 2021.Vol. 104. P. 1318–1335. DOI: 10.3168/jds.2020-18770. 
40  Ağalar, H. G. Elderberry (Sambucus nigra L.). In Nonvitamin and nonmineral 

nutritional supplements. Academic Press. 2019. Р. 211–215. DOI: 10.1016/B978-0-12-

812491-8.00030-8. 
41  Młynarczyk, K., Walkowiak-Tomczak, D., Łysiak, G. P. Bioactive properties 

of Sambucus nigra L. As a functional ingredient for food and pharmaceutical industry. 

J. Funct. Food. 2018. Vol. 40. P. 377–390. DOI: 10.1016/j.jff.2017.11.025. 
42  Przybylska-Balcerek, A., Szablewski, T., Szwajkowska-Michałek, L, Świerk, 

D., Cegielska-Radziejewska, R., Krejpcio, Z., Suchowilska, E., Tomczyk, Ł., Stuper-

Szablewska, K. Sambucus Nigra Extracts–Natural Antioxidants and Antimicrobial 

Compounds. Molecules. 2021. Vol. 26, № 10. P. 2910. DOI: 

10.3390/molecules26102910. 
43  Domínguez, R., Zhang, L., Rocchetti, G., Lucini, L., Pateiro, M., Munekata, 

P. E. S., Lorenzo, J. M. Elderberry (Sambucus nigra L.) as potential source of 

antioxidants. Characterization, optimization of extraction parameters and bioactive 

properties. Food Chem. 2020. Vol. 330, Р. 127266. DOI: 

10.1016/j.foodchem.2020.127266. 
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2.  Analysis of existing methods of solving the problem  

and formulation of the task for optimal solution 

It is known that processed products, such as jams, jellies, purees and 

juices, have a significantly reduced content of minerals, vitamins, phenolic 

and anthocyanin compounds compared to fresh berries44. 

We have developed a new technology that involves processing wild 

berry derivatives into functional powders45. 

Plant powders from berry derivatives are produced from high-quality 

fruit and berry raw materials that are not damaged by diseases and pests. 

Wild berries were harvested in August – October – November 2022 in 

Sumy region, Ukraine. The fruits of wild plants are thoroughly washed, 

disinfected and sorted. The washed fruits are pre-frozen at (−18±2) °C and 

defrosted at (4±2) °C immediately before processing to improve their taste. 

The dehydrator is first fed with granulated sugar and drinking water in a 

ratio of 7:10. The mixture is thoroughly mixed and heated until the sugar 

crystals are completely dissolved. The mass fraction of sucrose in the sugar 

solution should be at least 70.0 %. The resulting sugar solution is 

pasteurised at a temperature of (65±1) °C for 10 minutes, after which the 

berries are added to it. The fruits are kept in a sugar solution with a mass 

fraction of sucrose of 70.0 % at a temperature of (50±1) °С for 1 hour. 

A special feature of the developed technology for the production of 

powders from wild fruits is the use of osmotic dehydration. The dehydration 

process is based on increasing the osmotic pressure in cells by increasing 

the concentration of solids. This ensures the partial transfer of water from 

the fruit cells to the sugar solution and, as a result, the inactivation of 

enzymes. The partially dehydrated fruit is separated from the osmotic 

solution and sent for drying in an infrared dryer at a temperature of 

(50±1) °С for 1 hour. Drying at a temperature not exceeding (50±1) °С is 

based on the fact that a significant amount of moisture is removed from the 

product and unfavourable conditions for the development of 

microorganisms are created, while the biological value of the fruit is 

preserved. The dried material is ground to a powdered structure using a 

laboratory disc mill LZM-1 and sieved using a set of brass sieves No. 045, 

No. 035 and No. 016. The smaller fraction can be used as natural colouring 

 
44  Guiné, R. D. P. F., Correia, P. M. D. R., Ferrão, A. C., Gonçalves, F., Lerat, C., 

El-Idrissi, T., Rodrigo, E. Evaluation of phenolic and antioxidant properties of 

strawberry as a function of extraction conditions. Brazilian Journal of Food 

Technology. 2020. Vol.23. 
45  M. Samilyk, E. Demidova, N. Bolgova. Waste-free technology of processing 

wild plant raw materials. Journal of Chemistry and Technologies. 2022. Vol. 30, № 3. 

P. 394–403. DOI: 10.15421/jchemtech.v30i3.256924. 
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and flavouring agents. The coarser fraction can be used as an additive to 

increase the dietary fibre content of food products. 

Store herbal powders from berry derivatives at a temperature of 0–10°C 

and a relative humidity of 60–65 %. The shelf life of plant powders from 

berry processing derivatives is 12 months. 

The proposed technology is completely waste-free and has a number of 

advantages: 

–  Efficient use of resources, with osmotic dehydration reducing the 

drying time by almost 2 hours, and thus reducing energy consumption; 

–  preliminary freezing of berries allows processing throughout the year, 

as usually the processing of raw materials is seasonal (summer and 

autumn); 

–  the environmental impact is significantly reduced, as there is no need 

for waste processing and disposal; 

–  the introduction of this technology will increase the number of 

employed people in rural areas, as wild berries mainly grow there and it is 

advisable to process them at the place of collection. 

 

 

Fig. 1. Powders from berry processing derivatives:  
1 – Sorbus aucuparia, 2 – Hippophae rhamnoides, 3 – Viburnum opulus, 

4 – Sambucus nigra 

 

The presented samples of functional powders with a powder dispersion 

of up to 0.5 mm show that the appearance and consistency of the powdered 

mixture is homogeneous, without impurities; the colour and taste are typical 

of this dried raw material (Fig. 1). 

Plant powders can be used as additives to create functional foods 

(Fig. 2). In addition to vitamins and minerals, the powders obtained contain 

a small amount of sugar, which makes it possible to use them as natural 

sweeteners. This technological solution will not only expand the range of 

functional food additives, but also solve the problem of reducing waste 

through the integrated use of raw materials. 
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Fig. 2. Effect of plant powders on food products 

 

The organoleptic characteristics of plant powders from fruit processing 

derivatives (viburnum, elderberry, sea buckthorn, mountain ash) 

correspond to those presented in Table 1. 

 

Table 1 

Organoleptic characteristics of plant powders 

Name of 

indicators 

Іndicator value 

Hippophae 

rhamnoides L. 

Viburnum 

opulus 

Sambucus 

nigra 

Sorbus 

aucuparia 

Appearance 

and consistency 

Homogeneous, fine powder, without lumps. Foreign 

impurities and impurities of vegetable origin are prohibited. 

Consistency is dry. 

Colour Homogeneous throughout, typical of the raw materials used, 

after heat treatment. Slight darkening of the finished product 

is allowed. 

Taste and smell The taste is sweet-sour or sour-sweet. 

Taste and smell are well defined, typical of the raw materials 

used, after heat treatment. 

No off-flavours and odours allowed off-flavours and odours 

allowed 

 

The impact of plant powders on products

Sour-milk products:

extension of shelf life;

increase of dietary 
fibre content;

improvement of 
organoleptic 
properties;

structure formation;

sweetening

Flour products: 
extension of shelf life;

increase of dietary 
fibre content;

improvement of 
organoleptic properties

Pasta: 

enrichment with amino 
acids, vitamins, dietary 

fibres
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An important indicator of the quality of plant powders is the mass 

fraction of moisture, as it affects their shelf life46. The mass fraction of total 

sugar in powders made from wild berry derivatives affects their nutritional 

value and the nutritional value of products made from them. Sucrose is a 

kind of preservative and gives the powders the properties of sweeteners. 

The results of the study of the physicochemical parameters of powders 

from fruit processing derivatives (viburnum, elderberry, sea buckthorn, 

mountain ash) are presented in Table 2. 

 

Table 2 

Physicochemical quality indicators of plant powders 

Name of 

indicators 

Іndicator value 

Hippophae 

rhamnoides L. 

Viburnum 

opulus 

Sambucus 

nigra 

Sorbus 

aucuparia 

Mass fraction 

of 

moisture, %, 

not more than 

8 8 8 8 

Dispersibility, 

mm 
<0,5 <0,5 <0,5 <0,5 

Active acidity, 

pH unit 
4,1–4,5 4,2–4,5 4,6–4,8 4,6–4,8 

Titrated acidity 

(in terms of 

citric acid), %. 

0,5–0,6 0,4–0,5 0,3–0,4 0,2–0,3 

Titratable 

acidity 

(in terms of 

malic acid), %. 

0,5 0,5 0,5 0,5 

Soluble solids, 

%, not less than 
77,0 77,0 79,0 79,0 

Mass fraction 

of reducing 

sugars, %, not 

more than 

29,0 37,0 50,0 38,0 

Vitamin C 

content, 

mg/100 g 

3–4 8–9 3–4 1–2 

 

 
46  Ying, D., Sanguansri, L., Cheng, L.,Augustin, M. A. Nutrient-Dense Shelf-

Stable Vegetable Powders and Extruded Snacks Made from Carrots and Broccoli. 

Foods. 2021. Vol. 10. P. 2298. DOI: 10.3390/foods10102298. 
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Amino acids are an essential building block of plant and animal proteins 

with a characteristic protective effect. Free amino acids largely determine 

the organoleptic characteristics of food products. Fig. 3 shows a comparison 

of the amino acid profile of powders made from derivatives of the 

processing of wild berries Hippophae rhamnoides L., Viburnum opulus, 

Sambucus nigra and Sorbus aucuparia. Berry powders contain the vast 

majority of essential amino acids (Fig. 3), including almost all essential 

ones, except tryptophan. This indicates that the powders are biologically 

complete. 

 

 

Fig. 3. Amino acid profile of powders from the derivatives of wild 

berries Hippophae rhamnoides L., Viburnum opulus, Sambucus nigra 

and Sorbus aucuparia 
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The powder from the derivatives of sea buckthorn processing 

Hippophae rhamnoides L. contains 17 amino acids in the amount of  

7.48 g/100 g, of which 2.17 g/100 g are essential amino acids, such as 

leucine (0.52 g/100 g), isoleucine (0.28 g/100 g), lysine (0.42 g/100 g), and 

valine (0.33 g/100 g), threonine (0.3 g/100 g), phenylalanine (0.32 g/100 g). 

The following amino acids found in sea buckthorn derivatives are 

especially useful for children and the elderly: arginine (0.84 g/100 g), 

histidine (0.24 g/100 g). Arginine is involved in liver cleansing and 

regulation of muscle growth. Histidine affects the production of white and 

red blood cells, as well as muscle growth, and is the basis for the production 

of histamine, which is necessary for regulating sleep and wakefulness 

cycles, sexual function and the production of the myelin sheath of nerve 

cells. 

Viburnum opulus powder contains 18 amino acids in the amount  

of 4.63 g/100 g, of which 1.63 g/100 g of essential amino acids were found 

(isoleucine – 0.17; leucine – 0.37; lysine – 0.24; methionine – 0.07; 

phenylalanine – 0.23; threonine – 0.19; valine – 0.23). It is worth noting 

that the concentration of some amino acids in viburnum powder was 

significantly lower than in elderberry and sea buckthorn powders, 

respectively: aspartic acid (by 0.9 and 0.86 g/100 g), serine (by 0.23 and  

0.2 g/100 g). The same concentration of cystine was found in viburnum and 

sea buckthorn powders (0.02 g/100 g). In addition, the essential amino acid 

methionine (0.07 g/100g) was found in viburnum powder. It has a good 

effect on the kidneys, reduces the toxicity of many toxic substances and 

helps to restore liver function. 

The total amount of amino acids in Sambucus nigra elderberry powder 

is 6.65 g/100 g, of which 2.16 g/100 g are essential (isoleucine – 0.26; 

leucine – 0.50; lysine – 0.37; methionine – 0.01; phenylalanine – 0.26; 

threonine – 0.28; valine – 0.21). The highest levels of glutamic acid  

(1.23 g/100g) and aspartic acid (0.92 g/100g) were found in elderberry 

powders. Aspartic acid stimulates protein synthesis, reduces ammonia 

levels in the blood, and normalises liver function. The smallest amount of 

methionine is 0.01 g/100 g. 

In the powder of mountain ash Sorbus aucuparia, 7 essential amino 

acids were found, g/100g: valine (0.29), leucine (0.47), isoleucine (0.26), 

lysine (0.23), methionine (0.03), threonine (0.28), phenylalanine (0.28). 

The highest concentration of all amino acids was glutamic acid  

(1.57 g/100 g). As a result of enzymatic conversion, glutamic acid is 

converted into γ-aminobutyric acid, which is the most important mediator 

of inhibition in brain neurons, under the action of the enzyme glutamate 

decarboxylase. In addition, glutamic acid enhances taste sensations, 
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creating a “feeling of satisfaction”. The bitter taste is especially enhanced. 

Glutamic acid derivatives have a stabilising effect on food during storage. 

It is used as an additive E620 in canned food, food concentrates, and 

culinary products to enhance their flavour and in fats to extend shelf life. 

The analysis of the mass content of trace elements in the studied 

samples was carried out using a SEM and EDS detector based on an  

SEO-SEM Inspect S50-B microscope: an AZtecOne microscope with a 

dispersive spectrometer with an X-MaxN20 detector is presented in  

Table 3. 

 

Table 3 

Analysis of the mass content of trace elements in powders  

from wild berry processing derivatives 

Name of the 

trace element 

Іndicator value 

Hippophae 

rhamnoides L. 

Viburnum 

opulus 

Sambucus 

nigra 

Sorbus 

aucuparia 

Potassium 0,30 5,74 0,61 0,86 

Calcium 0,7 0,4  0,11 

Phosphorus 0,4 0,14 0,45 0,05 

Aluminium 0,05 0,02 - 0,86 

Magnesium   0,75  

Sulphur 0,07  0,06  

 

Potassium, calcium, sulphur, carbon, aluminium, phosphorus, chlorine 

were detected in powders from sea buckthorn berries Hippophae 

rhamnoides L., with the highest levels of Ca-0.7 % and P-0.4 %. 

Potassium, calcium and phosphorus were detected in powders from 

viburnum fruit derivatives. The highest amount of K was found in the 

samples – 5.74 %. The content of Ca was 0.4 %, and P – 0.14 %. 

Black elderberry powder Sambucus nigra contains magnesium, sulphur, 

phosphorus and potassium, with the highest amount of K – 0.61 %. 

Rowan powders contain the following minerals, mg per 100 g: 

potassium – 860, calcium – 110, phosphorus – 50 and aluminium – 40. 

Vitamin C stimulates the launch of immune processes and also has 

antioxidant properties, so its content in powders made from the derivatives 

of wild berries Hippophae rhamnoides L., Viburnum opulus, Sambucus 

nigra and Sorbus aucuparia was studied (Table 4). 

A large number of studies have confirmed the important role of dietary 

fibre in human nutrition, health promotion and prevention of lifestyle-
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related non-communicable diseases47. It has been shown that dietary fibre 

has a moisture-retaining ability, prevents bread from staling, and extends 

the shelf life of the product48. 

 

Table 4 

Vitamin C content in samples of powders from wild berry  

processing derivatives  

Name 

Іndicator value, mg/100 g 

Hippophae 

rhamnoides L. 

Viburnum 

opulus 

Sambucus 

nigra 

Sorbus 

aucuparia 

Vitamin C 3,81 8,29 3,05 1,72 

 

Vegetable powders from berry processing derivatives are intended for 

use in bakery and confectionery production as acid- and sugar-containing 

raw materials rich in pectin, vitamins and minerals. 

A formulation of pasta (noodles) with the addition of powders from the 

processing of wild berries Sambucus nigra, Viburnum opulus, Hippophae 

rhamnoides L. has been developed49. 

There are already studies on the use of sea buckthorn derivatives in the 

production of buns50, elderberry – in the production of yoghurts51, rowan – 

in the production of bread52. 

 

 

 
47  Lachowicz, S., Świeca, M., Pejcz, E. Improvement of health-promoting 

functionality of rye bread by fortification with free and microencapsulated powders 

from Amelanchier alnifolia nutt. Antioxidants. 2020. Vol. 9, № 7. P. 614. DOI: 

10.3390/antiox9070614. 
48  Sharoba, A. M., Farrag, M. A., Abd El-Salam, A. M. Utilization of some fruits 

and vegetables waste as a source of dietary. Journal of Food and Dairy Sciences. 2013. 

Vol. , № 9. Р. 433–453. 
49  Samilyk, M., Demidova, E., Bolgova, N., Kapitonenko, A., Cherniavska, T. 

Influence of adding wild berry powders on the quality of pasta products. EUREKA: Life 

Sciences. 2022. Vol. 2. P. 28–35. DOI: 10.21303/2504-5695.2022.002410. 
50  Самілик, М. М., Демидова, Є. В. Використання похідних продуктів пере- 

робки обліпихи у виробництві здобних булочок. Таврійський науковий вісник. 

Серія: Технічні науки. 2022. Vol. 4. P. 94–101. DOI: 10.32851/tnv-tech.2022.4.12. 
51  Самілик, М., Демидова, Є. Використання нетрадиційної сировини у 

технології виробництва йогурту. Ресторанний і готельний консалтинг. Інновації. 

2022. Vol. 5, № 2. P. 281–291. DOI: 10.31866/2616-7468.5.2.2022.270113. 
52  Samilyk, M., Demidova, E., Bolgova, N., Savenko, O., Cherniavska, T. 

Development of bread technology with high biological value and increased shelf life. 

Eastern-European Journal of Enterprise Technologies. 2022. Vol. 2, № 11 (116). 

P. 52–57. DOI: 10.15587/1729-4061.2022.25560. 
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CONCLUSIONS 

The natural resource base of Ukraine includes about a thousand 

different species and varieties of fruit and berry plants, such as sea 

buckthorn, viburnum, black and red currants, blueberries, raspberries, 

mountain ash, rose hips, etc. The most promising method of their 

technological processing is the manufacture of powders. 

Powders made from non-traditional plant materials have great potential 

for use in the production of various food groups, which makes it possible to 

significantly improve their nutritional and biological value, organoleptic 

characteristics, extend the shelf life of finished products, increase the 

efficiency of the technological process and reduce production costs. 

The technological scheme for the integrated processing of wild berries 

developed by us is waste-free and versatile. Our proposed heat treatment 

modes allow us to maximise the biological value of all berry products. 

The optimal mode of drying wild berry derivatives in infrared dryers 

has been established, namely: drying temperature 50°C, duration 2.5 hours. 

The production of powdered supplements by this method makes it 

possible not only to preserve the biologically active components of the raw 

materials to the fullest extent possible, but also to increase the amount of 

vitamins and phenolic compounds with P-vitamin activity. The mass 

fraction of moisture in the powders obtained using our technology and 

drying regime does not exceed the level at which mould development is 

observed (≤8 %). The mass fraction of sugar is, taking into account the 

approximate amount of powders added in the manufacture of food products, 

will not significantly increase the amount of sugar in the finished product. 

The analysis of the amino acid composition and physicochemical 

composition of the derivatives of wild berries processing showed that they 

are extremely promising raw materials for the production of food functional 

additives 

 

SUMMARY 

The paper proposes a waste-free technology for processing wild raw 

materials Hippophae rhamnoides, Viburnum opulus, Sambucus nigra and 

Sorbus aucuparia into powders. The moisture removal regime, which 

involves preliminary dehydration for 1 hour by osmotic dehydration and 

subsequent drying in infrared dryers, reduces the process time. In this case, 

the dried materials have a final moisture content that allows grinding the 

dried material into powders ≤0.45 mm. 

In addition to reducing the drying time, osmotic dehydration ensures 

that the flavour and aroma properties of wild berry derivatives and their 
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natural colour are preserved. This makes it possible to use the powders as 

natural food additives in various food industries. 

The proposed heat treatment regime reduces the energy consumption of 

the process and reduces the drying time to 2–2.5 hours. 

The analysis of the amino acid composition of powders made from wild 

berry processing derivatives has shown that they have high biological value 

and can be used to create functional food products. 
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