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NEW TYPES OF PLANT RAW MATERIALS IN THE
PRODUCTION OF FUNCTIONAL FOODS

Abstract. Functional foods are healthy foods that help maintain and preserve human
health when consumed daily. The expansion of the range of functional products will
contribute to the health improvement of the population, thereby prolonging the duration and
activity of life. The range of functional products increasingly includes products that include
non-traditional herbal raw materials. One of these types is products based on mulberry
fruits. Mulberry fruits contain valuable food ingredients that determine not only their
nutritional, but also their pharmacological value. The high content of vitamins, minerals
and coloring substances makes it possible to use mulberry fruits as a variety of desserts and
medicinal products. The developed new fruit desserts based on mulberry fruits will help
expand the range of functional products from non-traditional types of plant raw materials.

Keywords: functional products, vegetable raw materials, mulberry fruits, nutritional
value, fruit dessert.
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Introduction. The expansion of the range of functional food products based
on plant raw materials requires in-depth knowledge of the chemical composition of
the components included in the product. The presence of high levels of vitamins,
mineral compounds, dietary fiber, and other biologically active substances in plant
components that provide direct benefits to the human body is a fundamental factor
determining the inclusion of a particular ingredient in a product formulation.

For this reason, new types of raw materials that were previously little used or
undeservedly forgotten are increasingly being incorporated into traditional recipes.
One such raw material is mulberry fruit.

Mulberry, or the mulberry tree (Latin: Morus), belongs to the Mulberry
family (Moraceae). This genus includes about 20 species of woody plants that are
most widely distributed in subtropical and warm temperate climates of North
America, Africa, and Asia. In the eastern part of the range, the wild species Morus
macroura is most widespread, whereas in the western part, white mulberry (Morus
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alba) predominates. In Russia, only Morus bombycis has been found growing wild.
References to mulberry fruits date back to ancient times. Three species of
mulberry, black, red, and white, are cultivated in different countries. Black and
white mulberries are the most common, while red mulberry is much rarer. In
Russia, mulberry grows in Crimea, the North Caucasus, and the European part of
the country [1,2].

Mulberry fruits vary not only in color but also in shape, size, and taste. Fruit
color ranges from white to pinkish-white or yellow. Red mulberry fruits range from
bright red to dark red or purple, while black mulberry fruits are dark purple or
nearly black. Mulberry fruits are very delicate and aromatic; they are consumed
fresh and widely used for processing. Mulberries are used to produce jam, juice,
jelly, marmalade, various fillings for the confectionery industry, and wine. They
are also dried, used to prepare mulberry honey, sherbet, and fruit leather, and
employed in alcohol production. The variety of mulberry-based products is
extensive [1].

Mulberry has long been used in traditional medicine. Not only the fruits but
also the leaves, bark, and young shoots have been utilized. Mulberry fruits have
been used in the treatment of hypertension, anemia, digestive disorders, diabetes
mellitus, cardiovascular diseases, and other conditions.

The beneficial properties of mulberry have also been confirmed by scientific
studies, which have demonstrated the hypolipidemic, antioxidant, antitumor,
neuroprotective, immunomodulatory, and anti-atherosclerotic effects of the fruits
[3-6].

Scientists have experimentally proven that extracts of black mulberry fruits
affect cholinergic and muscarinic receptors, thereby enhancing the antidiarrheal
effect. Nutrients present in mulberry fruits influence monoamine oxidase by
inhibiting its activity, thus exerting a positive effect in the treatment of Parkinson’s
disease and hypertension.

Mulberry fruits contain a wide range of biologically active substances,
including organic acids, minerals, essential oils, vitamins, pectic substances, and
anthocyanins (as part of the coloring compounds).

Anthocyanins are natural pigments belonging to the class of flavonoid
compounds. Chemically, they are polyphenolic compounds and occur in nature as
mono- and diglycosides. Anthocyanins are powerful antioxidants that prevent the
destruction of cell membranes, slow down cellular aging, bind free radicals, and
inhibit tumor development [7-11].

The highest content of anthocyanins is found in black mulberry fruits.
Mulberry fruits are rich in potassium, which is especially important for individuals
suffering from cardiovascular diseases. The chemical composition of the fruits also
includes vitamins C, E, K, A, and B-group vitamins. Among macronutrients,
phosphorus, calcium, and sodium are the most significant, while among trace
elements, iron, manganese, zinc, and selenium are present [12-16].

The nutritional value and chemical composition of mulberry fruits (per 100
g) are shown in Figure 1.

In addition to the substances presented above, mulberry fruits contain a
valuable vitamin and mineral complex that helps the body maintain normal
metabolic processes and combat vascular and cardiovascular diseases: vitamin A (1
ug), vitamin B: (29 ug), vitamin Bo (6 ug), vitamin K (7.8 ug), vitamin C (36.4
mg), iron (1.85 mg), zinc (0.12 mg), copper (60 pug), and selenium (0.6 pg). The
energy value of the fruits is only 43 kcal.
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Fig. 1. Content of major nutrients in mulberry fruits, g/100 g

Mulberry is quite widespread in Russia; however, its cultivation is mainly of
a private nature, and industrial plantations are absent. Currently, breeding and
research are being carried out to develop and introduce new, highly promising
mulberry cultivars with high yields into industrial production. This will make it
possible not only to expand the range of products with high nutritional value, but
also to enable the production of pharmaceutical preparations and natural food
colorants from mulberry fruits.

Materials and methods. The objects of the study were fruits of three
mulberry cultivars — Smuglyanka, Black Prince, and Black Pearl, grown in the
Krasnodar Territory (Russia).

Mulberry cultivar “Smuglyanka”. A black-fruited mulberry cultivar bred in
the Belgorod Region. The berries are up to 3.5 cm in length, dark purple in color,
early ripening, sweet with a slightly perceptible acidity. The cultivar is high-
yielding, producing up to 110 kg of berries per tree.

Mulberry cultivar “Black Prince”. A black-fruited mulberry cultivar. The
berries are very large, up to 4-5 cm in length, sweet, dark purple to almost black in
color, with a rich, honey-like flavor. The ripening period is medium. Winter
hardiness reaches —30°C, and drought resistance is high. Yield is high, up to 100
kg of berries per tree.

Mulberry cultivar “Black Pearl”. A mid-early cultivar intended for southern
regions. The fruits are large, up to 4 cm in length and weighing up to 6-9 g. The
fruit color is dark purple; the taste is sweet with a barely noticeable acidity, and the
fruits are highly aromatic. Yield is stable, at 90-110 kg of berries per tree.

The aim of the study was to develop a functional food dessert based on black
mulberry fruits. During the study, the physicochemical parameters of fresh
mulberry fruits were determined, including dry matter content, acidity, sugar
content, vitamin C, pectic substances, tannins, and coloring substances. After
developing the formulation and optimizing the technology of the new products,
their organoleptic and physicochemical properties were evaluated.

All studies were conducted at the Kuban State Agrarian University: at the
Department of Technology of Storage and Processing of Crop Products and at the
Research Institute of Biotechnology and Certification of Food Products. Pilot
batches of the developed products were produced at the Educational, Scientific,
and Production Complex “Technologist” (Kuban SAU).

Research results and discussion. The chemical composition of fresh raw
materials largely determines the quality characteristics of the finished product,
including its organoleptic properties and chemical composition. To predict the
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possible chemical composition of the finished product, the chemical composition
of plant raw materials — black mulberry fruits, was studied.

The main quality indicators of the studied fruits were determined, including
the content of titratable (total) acids, dry matter, total sugars, pectic substances,
tannins, and coloring substances. The research results are presented in Table 1.

Table 1
Physicochemical parameters of the studied mulberry cultivars
Pectic substances (PS), %| Tannins and

Mulberry |[Dry matter,| Acidity, Sugar coloring
cultivar % % content, % Soluble Protg- Total substances,
PS pectin PS mg%

056+ | 0.84+|140+
Smuglyanka [15.6 +0.02{0.95 + 0.01{11.2 £ 0.01 002 | 002 | oo1 180.6 + 0.02

. 0.52+|091+|143+
Black Prince|14.8 + 0.01{0.86 +0.02|10.8 + 0.01 0.02 0.02 0.02 182.3 +£0.02

0.55+ 099+ | 154+
Black Pearl |15.3 + 0.01{0.82 +0.02|10.6 + 0.01 0.03 0.01 001 181.7 £ 0.03

Note: Soluble PS — soluble pectic substances; PP — protopectin.

The research results presented in Table 1 characterize mulberry fruits as raw
materials with high nutritional potential, combining a high content of pectic
substances (up to 1.54%), sugars (up to 11.2%), organic acids (up to 0.95%), and
coloring substances (up to 182.3 mg%).

At the next stage of the study, the content of vitamins and mineral
substances in the mulberry cultivars was determined. The obtained data are
presented in Table 2.

Table 2
Vitamin and mineral content in the studied mulberry cultivars (mg per 100 g)
Mulberry a — »
: ro | & =
cultivar C |lag || 2 = £ £ 2
S £S5 | EE| €8 2 = > 3
g E . g s EYS =3 o 2] e
£ SZ | S| 8= 8 3 £ =
> |57 || 52| & = >

Smuglyanka | 11.6+ 0.052+|0.031+| 36.3+ | 23.8+ |350.6 +| 50.7
0.01 0.02 0.01 0.02 0.01 0.02 0.01
Black Prince | 10.1+ | 0.76 + | 0.045+|0.028 +| 36.1+ | 24.6+ |352.2+| 51.3+
0.01 0.01 0.02 0.02 0.03 0.01 0.02 0.01
Black Pearl 134+ | 091+ {0.048+|0.029+| 342+ | 24.1+ |348.4+| 52.0+
0.01 0.02 0.01 0.02 0.02 0.01 0.03 0.01

o .

Pagieel

N
H-

It was established that mulberry fruits contain the highest amount of vitamin
C (10.1-13.4 mg%) and significantly lower amounts of vitamin PP (0.76-
0.91 mg%) and B-group vitamins. Among the minerals, potassium is the most
abundant (up to 352.2 mg), followed by magnesium (up to 52.0 mg), while
phosphorus and calcium are present in slightly lower amounts.

These data allowed the development of a fruit dessert based on mulberry
fruits, with the addition of oranges and lemons to balance the flavor and increase
vitamin C content. Spices such as cloves, cinnamon, and ginger extract were also
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included, along with additional pectin to achieve a jelly-like consistency. Sorbitol
was used as a sugar substitute.
The formulations of the developed desserts are presented in Table 3.

Table 3
Formulations of the developed functional fruit desserts
(kg per 1 t of finished product)
Raw material “Lemon Mulberry” “Orange Mulberry”
Mulberry 680.0 570.0
Lemon 269.68 -
Orange - 384.67
Ginger (extract) 0.08 0.08
Sorbitol 45 40
Pectin 5.0 5.0
Cloves 0.08 0.05
Cinnamon 0.16 0.2

The developed desserts are characterized by the following organoleptic
properties:

1. Appearance: Homogeneous, non-layering jelly-like mass with evenly
distributed particles of mulberry, lemon, or orange, without any foreign impurities.

2. Color: Dark purple.

3. Aroma: Well-defined aroma of lemon (or orange) and ginger, with a
subtle pleasant spice note.

4. Taste: Sweet with a slight acidity and a mild pungent aftertaste.

After selecting the best samples based on organoleptic evaluation, the
physicochemical properties of the developed samples were studied.

Figure 2 presents the profilograms of the obtained fruit desserts.

appearance

consistency

Lemon mulberry Orange mulberry

Fig. 2. Profilograms of the organoleptic properties of the fruit desserts

The data shown in Figure 2 indicate a high evaluation of the organoleptic
properties of the newly developed functional desserts based on mulberry fruits.
Both samples, “Lemon Mulberry” and “Orange Mulberry,” have an appealing
appearance, firm consistency, sweet-and-sour taste, and a pronounced aroma of
citrus fruits and spices.

The chemical composition of the finished product characterizes its
nutritional and biological value. Based on the content of the substances present in
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the products, conclusions can be drawn regarding their benefits or potential harm to
the human body. The results of the physicochemical analysis of the developed fruit
desserts are presented in Table 4.

Table 4
Physicochemical properties of the developed fruit desserts
S S N )
= 8 8 0B =12 g
Dessert name < = S5 £ 5 Q 258%
E S N e S 3o g s ES & E
Q =22 @ c Qo
e < 8 > c o S © 35
a] 8 2 - )

Lemon 68,6 £0,5 [1,25+0,03| 33,7+0,2 |32,25+0,3|3,16 £ 0,05|152,4 + 0,5
Mulberry
Orange 69,1+05 (1,08+0,04| 341+0,2 |30,54+0,3| 3,2+0,05 {154,1+0,4
Mulberry

The obtained data characterize the developed fruit desserts as having high
nutritional value, with a high content of vitamin C, pectic substances, and coloring
substances (anthocyanins).

Conclusion. Thus, in the process of developing functional products based on
unconventional plant raw materials, namely, black mulberry fruits, new fruit
desserts were created. These desserts contain a high content of vitamin C (31.4
mg% on average, with a recommended daily intake of 90 mg/day), pectic
substances (3.18% on average, with a recommended daily intake of 2-4 g/day), and
coloring substances (153.25 mg% on average, with a recommended daily intake of
10-15 mg/day).

Since the content of a functional ingredient in a product should be at least
15% of the daily physiological requirement, the developed desserts can be
classified as functional products when calculated per serving.

References

1. Babadzhanova Z.Kh., Karomatov I.D., Zhumaev B.Z., Alymova D.K. Shelkovitsa,
tut: primenenie v drevney, sovremennoy nharodnoi i nauchnoi meditsine (obzor
literatury) [Mulberry: use in ancient, modern folk and scientific medicine (literature
review)] // Young Scientist. — 2015. — No. 7. — P. 256-266. [in Russian].

2. Karomatov, 1.D., Ikromova, F. Shelkovitsa kak lechebnoe sredstvo drevney i
sovremennoy meditsiny [Mulberry as a medicinal remedy in ancient and modern
medicine] // Biology and Integrative Medicine (electronic scientific journal). — 2018.
—No. 2(19). [in Russian].

3. Nuraliev, Yu. Lekarstvennye rasteniya [Medicinal Plants]. — Dushanbe: Maorif,
1988. — 155 p. [in Russian].
4, Abd EIl-Mawla A.M. Induction of biologically active flavonoids in cell cultures of

Morus nigra and testing their hypoglycemic efficacy // Scientia Pharmaceutica. —
2011. - Vol. 79, No. 4. — P. 951-961.

5. Aghababaee S.K. Effects of blackberry (Morus nigra L.) consumption on serum
concentration of lipoproteins, apo A-l, apo B, hs-CRP and blood pressure in
dyslipidemic patients // Journal of Research in Medical Sciences. — 2015. — Vol. 20,
No. 7. — P. 684-691.

6. Ahmed S. Voltammetric determination of antioxidant character in Berberis lycium,
Zanthoxylum armatum and Morus nigra Linn plants // Pakistan Journal of
Pharmaceutical Sciences. — 2012. — Vol. 25, No. 3. — P. 501-507.

7. Sobol 1.V., Krasnoselova E.A., Donchenko L.V. Vozmozhnost’ ispol’zovaniya
naturalnykh rastitelnykh ekstraktov v produktakh zdorovogo pitaniya [Possibility of

43



1.V. Sobol, L.V. Donchenko,

E.A. Krasnoselova, E.S. Savchenko P.38-45

Food Technologies

using natural plant extracts in health-promoting food products] // Proceedings of the
Kabardino-Balkarian State Agrarian University. — 2024. — No. 4(46). — P. 146-153.
[in Russian].

8. Vakhrusheva Yu.A., Selina I.I., Oganesyan E.T. Sravnitelnaya antioksidantnaya
aktivnost’ yagod shelkovitsy chernoy (Morus nigra L.), shelkovitsy beloy (Morus
alba L.) i shelkovitsy krasnoy (Morus rubra L.) [Comparative antioxidant activity of
black, white and red mulberry fruits] // Pharmacy & Pharmacology. — 2015. — Vol.
3. —No. 2(9). — P. 5-9. [in Russian].

9. Khasanshina A.R., Abizov E.A. Antimikrobnye i protivovirusnye svoystva
nekotorykh predstaviteley semeystva tutovykh (Moraceae Link) [Antimicrobial and
antiviral properties of some species of the Moraceae family] // Medical Aid. — 2003.
— No. 3. — P. 39-42. [in Russian].

10.  Abbas G.M. A new antioxidant stilbene and other constituents from the stem bark of
Morus nigra L. // Natural Product Research. — 2014. — Vol. 28, No. 13. — P. 952-959.

11.  Ahmad A. Antiulcer and antioxidant activities of a new steroid from Morus alba //
Life Sciences. — 2013. — Vol. 92, No. 3. — P. 202-210.

12. Mubalieva Sh.M., Aknazarov O.A., Shokhumorova O. Biokhimicheskiy sostav
soplodiy shelkovitsy v usloviyakh zapadnogo Pamira [Biochemical composition of
mulberry infructescences in the conditions of Western Pamir] // Proceedings of the
Academy of Sciences of the Republic of Tajikistan. Biological and Medical
Sciences. — 2009. — No. 3(168). — P. 54-57. [in Russian].

13.  Peteng de Vogrenan de Kyunyak D.T. et al. Gustoy ekstrakt plodov (vinograda,
shelkovitsy i vostochnoi khurmy) kak istochnik zhiznenno vazhnykh
mikroelementov i vitaminov [Thick fruit extract (grapes, mulberry, Oriental
persimmon) as a source of essential trace elements and vitamins] // Healthcare of
Tajikistan. — 2012. — No. 1. — P. 54-57. [in Russian].

14.  Tsibizova A.A. et al. Kolichestvennoe soderzhanie askorbinovoi kisloty v plodakh
shelkovitsy chernoy [Quantitative content of ascorbic acid in black mulberry fruits]
/I New Issues in Modern Science. — Astrakhan, 2017. — P. 83-85. [in Russian].

15.  Sobol L.V., Rodionova L.Ya. Razrabotka produktov gerontologicheskogo pitaniya
povyshennoi pishchevoi tsennosti [Development of gerontological nutrition products
with increased nutritional value] // Polzunov Bulletin. — 2021. — No. 2. — P. 168-174.
[in Russian].

16. Baziyan Kh.A. Yagody tuty kak lechebnoe sredstvo [Mulberry berries as a
medicinal remedy] // Problems of Nutrition. — 1989. — No. 5. — P. 81-82. [in
Russian].

Received: 22 September 2025
Accepted: 04 December 2025

W.B. Cobonb?, N1.B. oHueHKo?, E.A. KpacHocenosa?, E.C. CaBueHKo?!

IN.T. TpybunuH ameiHdarel Ky6aHe memaekemmik a2papssiK yHusepcumemi,
KpacHodap, Peceli

OYHKUMOHANAbI TAFAM ©HIMAEPIH ©HAIPYAETI
OCIMAIK LUMKISATbIHbIH, }KAHA TYPJIEPI

AHpaTtna. OyHKUMOHANAbI TaFaM BHIMAEPI — KYHAENIKTI TyTbIHY 6apbiCbiHAA afam
OEHCAyNblfblH  CaKTayfa oHe HblfaliTyfa KeMmeKTeceTiH naiganbl asblK-TYAiKTep.
®PyHKUMOHaNAbl eHIMAEepP aCCOPTUMEHTIH KEeHEMNTY XaNblKTblH, a/nbl CayblKTaHYbIHA,
COHbIH, HATUXKeciHAe emip cypy Y3aKTblfbl MeH 6enceHAiniriH apTTbipyfa biKknan erveai.
OyHKUMOHANAbl eHIMAepAiH KypamblHAA A3CTYpAi emec ociMAiK LWuKi3aTbl  Kui
KO/IZ4aHbIAbIN Kenegdi. OcbiHAalM WWKi3aTTbiH Bipi — TYT XKemicTepiHe HerizgenreH eHimaep.
TyT KemicTepiHiH, KypamblHAA OnapAblH, TafaMAplK KaHa emec, (GapMaKoNOoruANbIK,
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KYHObIbIFbIH 4@  aHbIKTAWTbIH  MaHbI3abl  HGuonorusnbik benceHai 3atrap  6ap.
BuTaMmunHgepais, MuHepangbl 3N1eMEHTTEPAiH, KaHe Tabufn 6GoAFbIWTaApAbIH, XKOFapbl
60nybl TYT XKemicTepiH apTyp/i AecepTTep MeH eMAiK Tafamaap AalblHAayAa KONJaHyFa
MYMKIHAIK 6epegi. TyT KemicTepiHe HerisgenreH »aHa Xemic gecepTrepi 4acTypai emec
OCIMAJK LWMKi3aTblHAH anblHaTbiH GYHKUMOHANAbI BHIMAEP ACCOPTUMEHTIH KeHeWTyre
cenTiriH Turisea,.

Tipek ce3pep: OYHKUMOHANAbl 6HIMAep, OCIMAIK LWUKi3aTbl, TYyT KemicTepi,
TaFamaplK KYHAbIIbIFbI, }KeMic aecepri.

W.B. Cobonb?, /1.B. floHueHko?, E.A. KpacHocenosa?, E.C. CaByeHko?!

1pre0y BO KybaHckuli 2ocydapcmeeHHbill azpapHbiii yHusepcumem um. U.T. TpybunuHa,
KpacHooap, Poccus

HOBbIE BUAbl PACTUTE/IbHOIO CbIPbAl B MIPOU3BOACTBE
®YHKLUMOHAJIbHbIX NPOAYKTOB NUTAHUA

Abstract. ®yHKUMOHaNbHblEe NPOAYKTbI NUTAHWMA OTHOCATCA K 340POBbIM
NPOAYKTaM, KOTopble MOMOraloT NOAAEPXKMBaATb M COXPaHATb 340POBbE YesI0BeKa, Mpu
eKeaHeBHOM UX NoTpebieHnn. PaclumpeHne accopTMMeHTa GYHKLMOHAIbHbIX NPOAYKTOB
6yaer cnocobCcTBOBaTb  O340POBNAEHMIO  HacesleHWAa, Tem CamMbiM  MpoaJsiesas
NPOAONKNUTENBHOCTb U aKTUBHOCTb KU3HU. B accopTmeHTe QYHKUMOHANbHbIX MPOAYKTOB
BCE uyalle BCTPEYAOTCA MPOAYKTbl, B COCTaB KOTOPbIX BXOAMT HETPAAULMOHHOE
pacTuTenbHoe cbipbe. OAHUM M3 TaKUX BUAOB ABAAIOTCA NPOAYKTbI HA OCHOBE MJIOA0B
WesKoBULbl. B cocTaBe nNNOJOB LUENKOBMUbI COAEPKATCA LEHHble MNULLEBbIe
WHrPeaMeHTbl, 06YCNOBAMBAIOWME HE TO/IbKO MX MULLEBYIO, HO U HAapPMAKOAOrMUYECKYHO
LLeHHOCTb. BbiCOKOe copepiKaHve BWTaMMHOB, MMHEPAJbHbIX BELECTB M KPacALMX
BELLEeCTB, MO3BOMIAET WCNONb30BaTb MNJIOAbI LUENKOBMUbI B KayecTBe Pa3sHOOBPasHbIX
[AecepToB 1 neYebHbIX NPOAYKTOB. PaspaboTaHHble HOBble GpPYKTOBble AecepTbl Ha OCHOBE
naoaos LeIKOBULLbI 6yoyT  cnocobcTBOBAaTb  paCWIMPEHUI0  aCCOPTMMEHTa
dYHKLUMOHANbHbIX NPOAYKTOB U3 HETPAAMULMOHHbIX BUAOB PacTUTE/NIbHOTO CbipbA.

Keywords:  ¢yHKLUMOHaNbHble  MNPOAYKTbl,  PACTUTENbHOE  Cbipbe,  NAOAbI
LeIKOBULLbI, MULLEBas LLEHHOCTb, GPYKTOBbIN AecepT.
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