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Abstract

The search for accessible plant sources of minerals and vitamins involved in bone formation
is relevant to the development of functional bread aimed at preventing osteoporosis. The aim of the
study was to assess the quality indicators and osteoprotective potential of field horsetail (Equisetum
arvense) and stinging nettle (Urtica dioica) powders as additives in bread production. The aerial
part of horsetail and nettle leaves were dried, crushed and freeze-dried; the organoleptic,
physicochemical, structural-mechanical and sanitary-hygienic indicators of the powders were
determined, the content of nutrients significant for bone tissue was analysed, and the expected
technological, functional and physiological effects of using the powders in breadmaking were
systematised on the basis of published data. The moisture content of the powders was 5.0 + 0.5 %
for horsetail and 6.5 + 0.5 % for nettle, the ash content was 5.1 + 0.3 % and 4.2 + 0.3 %, and the
water absorption capacity was 20.0 + 1.4 % and 22.2 + 1.3 %, respectively; in terms of sanitary-
hygienic indicators, the raw materials complied with the requirements of Technical Regulation TR
CU 021/2011. Nettle is a source of calcium (481 mg/100 g), magnesium (57 mg/100 g) and
vitamins C and K, while horsetail is a source of silicon (70 mg/100 g). Nettle powder had more

Bubmorpaduueckoe omucanue: Ilokrpos K.A. OlleHKa OCTEONpPOTEKTHBHOIO MOTEHI|Maza XBOLIA I107€BOTO W KparMBbl
JIBYZIOMHOH KaK IOTeHIMa/IbHbIX 106aBOK B IPOM3BOACTBe X/1eba (yHKIMOHANbHOr0 Ha3HaueHust // Universum: TeXHUUeCKHe HayKH :
3/1eKTPOH. HayuH. KypH. 2026. 10(151). URL: https://7universum.com/ru/tech/archive/item/23564

For citation: Shokirov K.A. Evaluation of the osteoprotective potential of field horsetail and stinging nettle as potential additives
in the production of functional bread // Universum: Technical Sciences : electronic scientific journal. 2026. No. 10(151). Available at:
https://7universum.com/ru/tech/archive/item/23564

717


https://7universum.com/ru/tech/archive/item/23564
https://7universum.com/ru/tech/archive/item/23564

Ne 10 (151) UNIVERSUM: oKms6pb, 2026 2.

TEXHUYECKUE HAYKU

attractive organoleptic properties and better flowability. The combination of silicon, calcium,
vitamin K and antioxidant compounds justifies the combined use of the studied plants. The results
can be used in developing formulations of bakery products for osteoporosis prevention.

AHHOTanus

[TorcK JOCTYNHBIX PacTUTENbHbIX HCTOUHMKOB MHWHEpa/bHBIX BeleCTB M BUTAMHHOB,
yuacTBYIOIIUX B (OPMHUDOBAaHMM KOCTHOM TKaHW, aKTyajieH /s pa3paboTku  xseba
(GYHKLMOHANBHOTO Ha3HaueHWs, HamnpaBAeHHOT0 Ha TNPOQUIAKTHKY ocTeornopo3a. lLlenb
WCC/IeIOBaHNUsI — OLIeHUTh TOKa3aTelyd KayecTBa M OCTEONPOTEKTHBHBIN IMOTeHIMasl IOPOLIKOB
xBoirja mosieBoro (Equisetum arvense) u Kpamusbl aByaomHou (Urtica dioica) kak #o0aBOK B
npou3Bo/CcTBe xyieba. Haz3eMHYI0 4acTh XBOIja M JIUCTbSI KPANMBbI BBICYILIUBAJIH, W3MeIBIaIN U
TroZiBepraiy CcyO/lIMMalMOHHOM CYILKe; B TIO/TyUeHHBIX TIOPOLIKAaX OTpeZessiyId OpPraHoJienTHIecKue,
(bU3MKO-XMMUUeCKHUe, CTPYKTYPHO-MeXaHHYeCKMe U CaHWTapHO-TUrMeHWYyecKue IoKa3aresy,
aHa/IM3MpOBa/IM  COJlep>KaHre HYTPUEHTOB, 3HAauuMMbIX [l KOCTHOM TKaHW, a OXKUjaemble
TeXHOJIOTUUecKue, (DyHKI[MOHA/MbHbIe U (u3nonornyeckrie 3¢ GdeKTbl NMpUMeHeHUsl TOPOIIKOB B
xJie00TeueHNH CUCTEMAaTH3VMPOBAI Ha OCHOBE JIUTEPATYPHBIX [AHHBIX. BIa)KHOCTH MOPOIIKOB
cocrasuia 5,0 £ 0,5 % pna xsowa 1 6,5 + 0,5 % g kKpanusbl, 3016HOCTL — 5,1 + 0,3 1 4,2 +
0,3 %, BomomormoTUTeMbHAsE criocobHocts — 20,0 + 1,4 u 22,2 + 1,3 % COOTBETCTBEHHO; I10
CAHWTApHO-TUTMEHWYeCKUM T10Ka3aTesisiM ChIpbé COOTBETCTBOBAJIO TPeOOBAHHUSIM TEXHUUYECKOTO
pernamenta TamokeHHoro coro3za TP TC 021/2011. Kpanusa sB/isseTCsi MUCTOUHUKOM KasbLIUs
(481 mr/100 r), marnus (57 mr/100 r), ButamuHoB C u K, a xBowy — kpemnus (70 mr/100 r).
[Nopoiiok KpanwBbl OT/IMUaicsi Oosiee TIpUB/IEKaTe/IbHBIMU OPraHOJIENTUUeCKUMHU CBOMCTBAMU U
Ayyiieil cbimydecTtbro. CoueTaHWe KpeMHMs, Kajblivsg, BUTaMMHa K ¥ aHTHOKCH/AHTHBIX
coelvHeHHIT 0DOCHOBBIBAaeT COBMECTHOE TpPHMEeHeHHe HCC/eJOBaHHbIX pacTeHWH. [losmyueHHbIe
pe3ysibTaThl MOTYT OBITH MCIO/B30BaHbI NP pa3paboTke perentyp Xxae000y/I0uHBIX W3enui Ajis
Npo¢U/IaKTUKH 0CTeO0Iopo3a.

Keywords: functional foods, osteoporosis, bakery products, field horsetail, stinging nettle,
silicon, calcium.

KnroueBbie ciioBa: (yHKIMOHAIBHBIE TPOAYKTHI, OCTEOINOPO3, X1e000yIouHble WU3mesnus,
XBOLL| [10/IeBOY, KpanuBa JBY/IOMHasi, KpeMHUM, Ka/IbLIUH.

Introduction

Medicinal plants are considered a promising source of biologically active substances with a
broad spectrum of physiological effects, including osteoprotective properties. Field horsetail
(Equisetum arvense) and stinging nettle (Urtica dioica) are of particular scientific interest,
traditionally used in folk and traditional medicine for mineral metabolism disorders and diseases of
the musculoskeletal system.

In modern conditions, a priority area of food science is the creation of functional products
capable of exerting targeted physiological effects on the body. One technologically and
economically feasible approach is the enrichment of bakery products with plant-based ingredients
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containing minerals and vitamins involved in the formation and maintenance of bone tissue [2; 4; 5;
9]. Of particular interest is their combined use, which provides a synergistic effect due to the
combination of silicon, calcium, vitamins, and antioxidant compounds.

The purpose of the research is to study the properties of field horsetail and stinging nettle
powders and assess their potential as functional ingredients in the development of targeted bakery
products. To achieve this purpose, the following tasks were set: to evaluate the organoleptic,
physicochemical and structural-mechanical properties of the powders; to analyse their content of
nutrients significant for bone tissue; and to systematise the expected technological, functional and
physiological effects of their use in bread production.

Materials and Methods
The objects of the research were:
« field horsetail (aerial part, June-July);
+ stinging nettle (leaves, May—June).

The raw materials were dried to a moisture content of 10.0-12.0 %, then crushed and freeze-
dried. Freeze-drying was carried out according to standard protocols in order to preserve the
maximum amount of biologically active substances and achieve high flowability of the raw
materials. The resulting powders were sieved through a 0.2 mm sieve.

Quality assessment was conducted based on the following parameters: organoleptic;
physicochemical; structural and mechanical; chemical composition; and sanitary and hygienic
parameters, the latter in accordance with the requirements of TR CU 021/2011 [11].

The research methods complied with current regulatory documents.

Results and Discussion

Medicinal plants, due to their rich biochemical composition, represent a promising source of
biologically active substances with a broad spectrum of pharmacological activity, including
osteoprotective action. Horsetail and stinging nettle are widely known and readily available
medicinal plants, traditionally used in folk medicine to treat various ailments, including those
associated with mineral metabolism disorders [3; 8]. Including extracts or powders of medicinal
plants in bread recipes can be an effective way to enhance its therapeutic and prophylactic value.

Field horsetail (Equisetum arvense) is a perennial spore-bearing plant common in temperate
climates. Its medicinal properties are due to a complex of biologically active compounds (Figure 1,
a).

Stinging nettle (Urtica dioica) is a common herbaceous plant known for its numerous
medicinal properties, including its use in the treatment of arthrosis, arthritis, and gout in folk and
traditional medicine (Figure 1, b).
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Figure 1. Appearance of field horsetail (a) and stinging nettle (b)

An analysis of the quality indicators of the studied supplements (Table 1) revealed that both
powders had a characteristic color, odor, and taste with no signs of spoilage. However, horsetail
powder had a duller color and a neutral taste, while stinging nettle retained a green color and a
distinct herbaceous aroma. Based on organoleptic characteristics, stinging nettle appears more
“food-grade” and appealing to consumers.

Table 1. Quality indicators of horsetail and stinging nettle powders

Indicator

Powder quality values

horsetail

nettle

Organoleptic properties

Appearance Homogeneous fine powder, free of foreign impurities

Color Gray-green or greenish-brown Green (light to dark green)
Odor Faint, herbaceous, characteristic Herbaceous, fresh, characteristic
Taste Neutral, slightly astringent Herbaceous, slightly tart

Physicochemical properties

Moisture content, %, no more than 12.0 50+0.5 6.5+ 0.5
Total ash content, % 5.1+0.3 42 +0.3
Active acidity, pH 6.2+£0.3 6.8+£0.2
Solubility Average, poorly wetted Good
Structural and mechanical properties

Dispersity, mm 0.3+£0.2 0.3+£0.2
Bulk density, g/cm3 0.62 £0.1 0.47 £0.1
Water absorption capacity, % 200+ 14 222+1.3
Flowability Average Good
Caking Does not cake at normal humidity
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The moisture content of the samples does not exceed standard values (<12.0 %). Horsetail ash
content reaches 20.0 %, due to its high mineral content, primarily silicon. The finely dispersed
structure (0.1-0.5 mm) ensures high bioavailability and technological suitability of the powders.

An analysis of the biochemical composition and osteoprotective potential of the studied raw
materials revealed that horsetail is a rich source of silicon, while stinging nettle contains calcium,
magnesium, and vitamins C and K (Table 2).

Table 2. Pharmacologically active substances and compounds in medicinal herbs that are
significant for osteoporosis

Nutrients Value in 100 g / range
horsetail nettle

Silicon, mg 70 10
Calcium, mg 15 481
Iron, mg 0.5 2.7
Magnesium, mg 20 57
Phosphorus, mg 190 270
Vitamin C, mg 0 93
Vitamin K, mcg 0 481
Phytochemicals Flavonoids (quercetin, kaempferol), Phenolic acids (caffeic acid), chlorophyll,

terpenes (a-pinene, limonene), essential | bioflavonoids

oils

A description of the essential and distinguishing features (definitions) of these herbal
preparations is presented in Table 3.

Table 3. Definitions of the active components of raw materials for osteoporosis prevention

Active component | Definitions of the active component
Field horsetail
Silicon Has anti-inflammatory properties. Plays an important role in bone metabolism, particip-

ating in collagen synthesis and bone mineralization, and accelerates bone recovery after
fractures [1, p. 99-110]

Phenols Low-molecular compounds that have antioxidant activity and help protect cells from
oxidative stress [10]

Stinging nettle

Chlorophyll A pigment that supports cellular health and has antioxidant properties, promoting detox-
ification
Calcium An essential mineral necessary for the formation and maintenance of strong bones. A

calcium deficiency can lead to osteoporosis

Vitamin K Promotes bone mineralization and improves absorption

Based on the presented data (Tables 2, 3), it was established that stinging nettle has a more
pronounced potential for replenishing the deficiency of key minerals and vitamins necessary for the
prevention of osteoporosis. Of greatest importance is the high content of calcium and vitamin K,
which play a fundamental role in the formation, mineralization, and maintenance of bone strength.
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Calcium is the main structural component of bones [10], while vitamin K is involved in the
regulation of bone metabolism and a reduction in the risk of fractures by activating the synthesis of
proteins that ensure mineralization [12].

Additionally, stinging nettle contains flavonoids, phenolic acids, sterols, and chlorophyll,
which possess antioxidant and anti-inflammatory activity and thus have a positive effect on bone
tissue [8; 10].

Field horsetail, in turn, is characterized by a high content of bioavailable silicon [6; 7] and can
be considered an effective source of this micronutrient, essential for the formation and
strengthening of bone matrix.

Combined use of these plants provides a comprehensive effect:

* silicon improves calcium absorption;
 calcium and vitamin K enhance bone mineralization;

» antioxidants reduce oxidative stress.

Thus, a synergistic effect is achieved, increasing the effectiveness of osteoporosis prevention.

Next, a structured review of the use of horsetail and nettle powders in bread production was
conducted, with an emphasis on osteoporosis prevention, in three areas: technological effect (impact
on the baking process and product properties), functional characteristics (enrichment with
nutrients), and physiological activity (Table 4).

The review showed that field horsetail improves bread porosity and volume, increases the
gas-retaining capacity of the dough and enriches the product with silicon; stinging nettle increases
nutritional value, improves color and aroma and stabilizes the dough structure; a mixture of the
plants provides a comprehensive improvement in the structure and quality of bread, increases the
functional value of the product and forms attractive organoleptic properties (Table 4).

Table 4. Expected technological effect of using horsetail and nettle powders in bread production
for osteoporosis prevention

Technological effect Functional characteristics Physiological activity of food in-
gredients

Field horsetail

Increases bread porosity and volume | Enriches the product with minerals Improves metabolism, supports joint
(silicon) and skin health
Improves texture Improves consistency Has a diuretic effect, cleanses the

body of toxins

Relevance for osteoporosis High

Stinging nettle

Increases nutritional value Enriches with vitamins and minerals Anti-inflammatory properties
(iron, calcium)

Improves color and aroma Promotes improved taste Normalizes blood sugar levels

Relevance for osteoporosis High

A mixture of field horsetail and stinging nettle

Increases bread porosity and volume | Enriches the product with minerals Improves metabolism and supports
(silicon, iron) and vitamins (C, K) joint and skin health
Improves dough texture and elasticity Improves consistency and taste Anti-inflammatory properties, nor-

malizes blood sugar level
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Technological effect Functional characteristics Physiological activity of food in-
gredients
Improves color and aroma Gives the product a natural greenish Diuretic properties, detoxifies the
tint and a pleasant herbal aroma body
Relevance for osteoporosis Maximum

Powders from the studied medicinal plants transform ordinary bread into a functional product
for the prevention of osteoporosis, combining technological improvements (better texture, taste)
with nutritional value. The mixture is most effective, providing a balance of silicon (for bone
formation) and calcium (for density), which is confirmed by studies on the role of nutrients and
plant compounds in osteoporosis prevention [1; 10; 12].

Conclusion

Field horsetail and stinging nettle powders have been found to possess high quality and meet
safety requirements. Nettle is a source of calcium and vitamins, while horsetail is a source of
silicon, which determines their osteoprotective potential. The combined use of these plants provides
a pronounced synergistic effect. Adding these powders to bread recipes improves its technological
and functional properties. Developing bakery products using these components is a promising
direction in the development of preventative products.
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