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DEVELOPMENT AND INVESTIGATION OF
ANTIMICROBIAL TEXTILE MATERIALS BASED ON
PLANT EXTRACTS AND BIOPOLYMERS

Abstract. This study investigates the properties of textile materials modified with
natural antimicrobial formulations. To impart biocidal characteristics, two types of
compositions were utilized. In particular, Composition 1, containing wormwood extract,
chitosan, and glycerol, and Composition 2, containing bay leaf extract, hyaluronic acid, and
dexpanthenol, were employed for the research. Besides, the GOST 9.060-75 standard was
used to evaluate the materials’ resistance to microflora, whereasthe GOST 9.048-89
standardwas applied to determine their biocidal activity. It was established that while
materials treated with the compositions retain their structural integrity, untreated samples
experience molding and degradation. The highest biocidal resistance was observed in the
material with the wormwood extract and chitosan-based formulation, which demonstrated
complete inhibition of Staphylococcus bacteria growth. Scanning Electron Microscopy
(SEM) morphological studies revealed a uniform distribution of biocidal particles on the fiber
surfaces. FTIR spectroscopy data indicated changes in the chemical composition of the
fibers, expressed in the appearance of bands corresponding to the functional groups of the
components used. Furthermore, toxicological testing confirmed the safety of materials
treated with natural biocidal components for human skin. The findings provide evidence for
the possibility of producing antimicrobial materials that are suitable for medical, sanitary,
and hygienic use on the basis of plant extracts and biopolymers.

Keywords: antibacterial materials, biocidal treatment, textiles, natural biocides,
wormwood extract, chitosan, hyaluronic acid, dexpanthenol, microbiological testing, FTIR
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Introduction. One of the major areas of advancement in modern textile
manufacturing is the development of antibacterial qualities within textile materials.
Particular attentionis paid to environmental safety, biocompatibility, and the stability
of functional coatings, which is associated with increasing demands on medical,
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hygienic, and household products. Analysis of the available literature shows that
three main approaches have gained significant momentum in recent years: the
creation of composite materials based on cellulose and synthetic fibers; the
modification of fiber surfaces with metal nanoparticles and biopolymers; and the use
of natural plant extracts and dyes with intrinsic biological activity.

Research by Russian scientists demonstrates a fundamental approach to the
formation of bioactive materials based on cellulose and synthetic fibers. Studies [1]
examine the selection of active substances, their fixation methods, and their impact
on fiber structure, which allows for the regulation of the physical, mechanical, and
biological parameters of textile materials. The potential to create composite
materials with antimicrobial qualities by blending natural and synthetic components
to offer resistance to biodegradation and a wide range of antibacterial activity was
confirmed in another publication by the same scientists [2].The production of next-
generation textile materials that combine the advantages of synthetic and cellulose
fibers is made possible by these well-established patterns.

Metal nanoparticles’ broad range of antibacterial action, resilience to pH
changes, and capacity for long-lasting effects are their main advantages. As a result,
researchers [3] proposed compositions that improve cotton textiles’ bioprotective
gualities, and [4] showed how well copper nanoparticles mightbe incorporated into
cellulose fiber structures to produce a strong bactericidal effect.

Along with chemical modification, physical methods are actively evolving.
Plasma activation of fibers, presented in [5], improves the adhesion of antibacterial
substances and increases the penetrating power of natural dyes without degrading
the strength characteristics of cotton. Thus, surface modification technologies can
significantly expand the functional properties of textiles.

One of the most dynamic trends in recent years is the use of plant extracts
containing flavonoids, phenolic compounds, tannins, and phytoncides. Research [6]
demonstrates the pronounced antimicrobial activity of extracts of the medicinal
plants Andromeda polyfolia and Alchemilla subcrenata.

International publications describe innovative methods for fixing plant
extracts to textile fibers, ensuring long-term contact of the material with the skin and
reducing the risk of irritation [7]. The use of Rumex steudelii extract for the finishing
of cotton fabrics has shown a stable antibacterial effect and an environmentally
friendly process [8].

Particular attentionis paid to materials obtained through natural dyeing, in
which the dyes themselves possess antimicrobial properties. The effectiveness of
pitahaya extract in wool dyeing is confirmed by data on its persistent antimicrobial
effect and high color uniformity [9]. In addition to offering vibrant color, natural
dyes for cotton and silk have antibacterial properties, especially when paired with
biopolymers like shellac or chitosan [10-12,16].

Biopolymer systems stand out as promising platforms for the fixation of
natural agents. Chitosan, due to its positively charged structure, ensures excellent
adhesion to cellulose fibers and enhances the biological activity of applied extracts,
as confirmed by scientific studies [17], demonstrating the sustained preservation of
antibacterial properties in chitosan coatings.

A number of analytical works have systematized current approaches to the
creation of antimicrobial textile materials. Researchers argue that while natural
agents are preferable in terms of biocompatibility, environmental friendliness, and
safety for human skin, they are frequently less effective than synthetic ones in terms
of duration of action [13,14].
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The potential of natural dyes as substitutes for conventional chemical
treatments has been explored in recent publications, particularly with regard to
medical textiles [15,18,19]. The simultaneous achievement of bioprotection,
environmentally responsible dyeing, and enhanced material functionality is made
possible by the use of natural pigments and extracts.

Principally for cotton and silk fabrics, combined techniques like the utilization
of plant extracts in a chitosan system show great prospect [20].

Current research findings indicate that the textile industry will remain focused
on developing and utilizing biocompatible, eco-friendly, and natural ways to provide
a functional product. In this way, the following new opportunities exist:

— the use of natural dyes andplant extracts as non-harmful antimicrobial
agents;

— the application of biopolymers (chitosan, shellac) to enhance adhesion and
biological activity of coatings;

— physicochemical modification of fiber surfaces, including plasma
treatment;

— the development of biocidal compositions for cellulose and other fibers
that provide adjustable functionality.

These methods serve as the scientific and technological basis for the
development of next-generation materials with high bioprotective efficacy, safety,
and environmental friendliness.

Materials and methods. The main research object in this study was sterile
cotton gauze, known as a bandage.

To impart biocidal properties to the textile material, the following
antimicrobial formulations were applied:

Composition 1: wormwood extract — 0.5%, chitosan — 1%, glycerin — 5%,
water — up to 100%.

Processing method: The wormwood extract was mixed with a solution of
chitosan and glycerin. The required amount of water was added to achieve the final
solution volume. The textile material (gauze) was immersed in the resulting solution
for impregnation and then dried at 80°C for 15 minutes.

Composition 2: bay leaf extract — 1%, hyaluronic acid — 1%, dexpanthenol —
3%, water — up to 100%.

Processing method: The bay leaf extract was mixed with a solution of
hyaluronic acid and dexpanthenol. The required amount of water was added to
achieve the final solution volume. The textile material (bandage) was immersed in
the resulting solution for impregnation and then dried at 80 °C for 15 minutes.

Component properties:

Wormwood (Artemisia spp.) exhibits bactericidal, anti-inflammatory, and
healing properties; however, at high concentrations, it contains the toxic compound
thujone.

Chitosan is a natural polysaccharide polymer that is a derivative of chitin, such
as that found in crustacean shells. It has properties that allow it to regenerate andbe
antifungal and bactericidal.

Glycerol acts as a humectant that keeps moisture on the surface of wounds,
which is responsiblefor improving the body’s ability to heal. Also, glycerol has
biocidal properties and does not irritate the skin.

Bay leaf (Laurus nobilis)has engaging properties that make it suitable for use
as a dressing, including its ability to have antimicrobial, anti-inflammatory, and
antioxidant properties.However, its biocidal action should be strengthened with safe
chemical agents, much like any component produced from plants.
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Hyaluronic acidis asubstance that is used to hydrate or restore skin.It
advancesthe migration of cells, encourages the formation of new blood vessels
(angiogenesis), and maintains the optimal level of moisture for the wounded tissue.

Dexpanthenol (provitamin B5) is a moisturizing and soothing component that
accelerates epithelialization and promotes faster tissue repair.

During this study, several complex research methods were used: the biocidal
activity of the treated materials was determined according to GOST 9.060-75 and
GOST 9.048-89 standards. Morphological and structural analyses were performed
using a field-emission scanning electron microscope (JSM-6490LA, Japan) and a
Fourier-transform infrared (FTIR) spectrometer (Spectrum-65 model).

Research results and discussion. The application of antibacterial textile
materials containing natural components represents a promising area of medical
science. Such materials not only effectively combat pathogenic microflora but also
promote safe and rapid recovery of skin tissues.

In order toevaluate the antimicrobial resistance of the textile materials treated
with the two different formulations, the samples were exposed to soil microflora in
accordance with the GOST 9.060-75 standard.

The untreated material samples exposed to microflora began to mold and
decompose. In contrast, the materials treated with the proposed compositions did not
experience significant structural degradation (Fig. 1). The study showed that the
material treated with the composition based on wormwood extract and chitosan
exhibited the greatest biocidal resistance.

c d

a, b — untreated material; c — material treated with Composition 1; d — material
treated with Composition 2.

Fig. 1. Materials exposed to microbial flora

To further quantify the biocidal efficacy of the treated materials, a
microbiological study was conducted according to the GOST 9.048-89 standard. The
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textile material treated with Composition 1 demonstrated pronounced inhibitory
activity against bacteria of the Staphylococcus genus: there was no microbial growth
around the sample (Fig. 2).

1 — untreated sample; 2 — sample treated with the wormwood extract—
chitosan—glycerin formulation; 3 — sample treated with the bay leaf extract—
hyaluronic acid—dexpanthenol formulation.

Fig. 2. Resistance of the textile material to Staphylococcus bacteria

Staphylococcus is an opportunistic pathogen commonly found on the skin;
when the immune system is weakened or the bacteria enter a wound, it can cause
infection and interfere with normal tissue healing.

In addition, morphological changes in the treated fibers were examined using
scanning electron microscopy (SEM). The structure of the cotton fibers is shown in
Figure 3. A uniform distribution of biocidal particles on the fiber surfaces was
observed.

Sample treated with Composition 1
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Sample treated with Composition 2

Fig. 3. Scanning electron microscopy images of the cotton material

Changes in the chemical composition of the cotton fiber surface after
treatment with the natural-component-based antimicrobial formulations were also
investigated using Fourier-transform infrared (FTIR) spectroscopy (FTIR

spectrometer, model “Spectrum—65).
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Fig. 4. IR spectra of the textile material before (a) and after treatment (b, c) with
antimicrobial compositions

Treatment of cotton fabric with a chitosan-glycerol-wormwood extract
composition leads to noticeable changes in the IR spectrum (Fig. 4b), confirming the
fixation of bioactive components on the fabric surface. The appearance or
intensification of bands in the region of 1650 cm™ and 1560 cm™ indicates the
presence of amino groups and/or amide bonds (attributable to chitosan). An increase
in intensity in the regions around 3300 cm™ and 1040-1100 cm™ suggests the
presence of additional O—-H and C-O groups (glycerol and possibly components of
wormwood extract).

In the IR spectrum (Fig. 4c), a more pronounced and broadened O—H band is
observed at ~3300 cm™', which may indicate an increased content of hydroxyl groups
associated with hyaluronic acid and dexpanthenol. New peaks or enhanced intensity
in the region of ~1700 cm™ are also detected, characteristic of C=0 carbonyl groups
present in hyaluronic acid and dexpanthenol. The intensification of the band near
~1600 cm™ may indicate the presence of amide bonds (N—-H bending vibrations),
typical of dexpanthenol and biopolymers. Changes in band intensities in the 1000—
1200 cm™ region suggest interactions with cellulose functional groups, possibly due
to hydrogen or chemical bonding with components of the formulation.

The Technical Regulation of the Customs Union TR CU 017/2011 “On the
Safety of Light Industry Products” and the regulatory document I.1.1.11-12-35-2004
were followed in conducting toxicological tests. The materials treated with plant-
based biocidal agents do not irritate human skin, as the test results illustrated.

Conclusion This study examined a sterile cotton gauze modified with
antimicrobial formulations based on natural components. It was shown that the
proposed biocidal compositions, including Composition 1 with wormwood extract,
chitosan, and glycerol and Composition 2 with bay leaf extract, hyaluronic acid, and
dexpanthenol, provide the textile material with pronounced protective properties.

Testing for resistance to soil microflora (GOST 9.060-75) demonstrated that
untreated control samples were susceptible to molding and degradation, while the
treated materials retained their structural integrity. The highest biocidal resistance
was exhibited by the material modified with the wormwood extract and chitosan
formulation.

Microbiological tests (GOST 9.048-89) confirmed the pronounced
antibacterial activity of the modified textile material, particularly the complete
inhibition of Staphylococcus spp. growth around samples treated with
Composition 1.

Morphological analysis of the fibers using scanning electron microscopy
revealed a uniform distribution of biocidal particles on the surface of the cotton
fibers.

According to IR spectroscopic analysis, changes in the chemical composition
of the cotton fiber surface after treatment were established. For Composition 1, the
appearance of bands at 1650 cm™ and 1560 cm™ indicates the presence of amino
groups and amide bonds characteristic of chitosan, while increased intensity in the
regions around =~3300 cm™ and 1040-1100 cm™ confirms the presence of additional
O-H and C-O groups associated with glycerol and components of wormwood
extract. For Composition 2, the enhancement of the ~3300 cm™ band indicates an
increased content of hydroxyl groups related to hyaluronic acid and dexpanthenol,;
the appearance or intensification of bands in the ~1700 cm™ region corresponds to
carbonyl (C=0) groups of these components; and the strengthening of the band near
~1600 cm™ confirms the presence of amide bonds. Changes in band intensity within
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the 10001200 cm™! region are consistent with an increased content of C—O and C—
O-C groups characteristic of carbohydrate and polyol structures.

Toxicological testing conducted in accordance with the requirements of
Technical Regulation of the Customs Union TR CU 017/2011 confirmed the safety
of the developed formulations: the treated materials do not cause skin irritation in
humans.

Thus, it has been established that the use of natural biocidal components
effectively enhances the biostability of cotton textile materials while maintaining
toxicological safety. The developed formulations can be recommended for the
production of medical and sanitary-hygienic materials with prolonged antimicrobial
properties.
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A. Bypkut6aii?, C.LL. Tawnynatos?, U.B. TheyauHosa?l, K. XK. Kanabibek?!

LAamamel mexHonozuanelK yHusepcumemi, Aamamel, Kazakcma
2TawKeHm MOKbIMA #3He HeHin eHepKacin uHcmumymesi, TawkeHm, 636eKcmaH

BUONONUMEPJIEP }XOHE TABUFU ©CIMAIK TEKTI SKCTPAKT HETISIHAET]
AHTUMMUKPOBTbIK TEKCTU/Ib MATEPUANIAAPDBIH XXACAY KOHE 3EPTTEY

AHAaTna. byn }KymbicTa TabUFN aHTUMUKPOOTBLIK KypamMeH moguduKaLmanaHFaH
TTEKCTU/Ib MaTepuanblHbIH, KacueTTepi 3eptrenai. MaTepuanfa 6uoumaTik Kacuet bepy
YWiH Keneci Komno3nuuanap KoAaaHblabl: 1-Kypam — »KyCaH CbIfbIHABICHI, XUTO3aH XKaHe
TMULEPUH; 2-KypaM — NaBp KanblpafblHblH, CbIFbIHAbICHI, TMANYPOH KbIWKbIAbl XaHe
peKkcnaHteHon. MaTtepuangapaplH, MUKpodnopa acepiHe Tesimainiri TOCT 9.060-75
CTaHAapTbiHa calikec 6afanaHgbl, an buoumaTik 6encenainik FOCT 9.048-89 cTaHAapThI
6OMbIHIWA aHbIKTangpl. 3epTrey HITUXKenepi ©eHAeNMereH yAarinepaiH,  Kerepin,
KYpblNbIMAbIK,  Oy3blyFa  YWbIPAWTbIHbIH,  an  KOMMO3UUMANAPMEH  eHAesireH
MaTepuangapablH 3 KypblIbIMbIH CaKTaWTbIHbIH KepceTTi. EH, »Kofapbl 6uoumaTik
TO3iIMAiNIK XKYCaH CbIfbIHAbICbI MEH XMTO3aH HerisiHaeri KypaMmeH eHaenreH matepmanga
aHbIKTangbl, 6yn xkafganga Staphylococcus TekTec OGakTepusanapablH, ecyi TosblKTal
TexenreHi 6anKkanapl. CKaHepsieylwi 3M1eKTPOHAbIK MUKPOCKOMUA d4icimeH XyprisinreH
mopdoniornanblK 3epTreynep 6OuoumAaTik benwekTepaiH, Tanwblk OeTiHae 6GipKenki
TapanfaHblH KepceTTi. UK-cnekTpockonua pepektepi H6oMbIHWA TaAWbIKTbIH, XUMUANDIK,
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KYPaMblHbIH, ©3repyi aHbIKTanbiN, KOAAAHbIIFAH Kypam KOMMOHEHTTEPiHE ToH
bOYHKUMOHANAbIK  TONTapfa CoMKeC *KonakTapAblH, nanpa 6onfaHol  GalKkangbl.
TOKCUKONOTUANBIK ~ CblHAKTAap  TabufM  BUMOLMATIK  KOMMOHEHTTEPMEH  ©HAENreH
maTepuangapablH agam Tepici yWiH Kayincis ekeHiH pactagbl. ANbIHFAH HITUXeNnep ecimaik
CbIfblHAbINAPbI MeH 6uononumepnep HerisiHAe MegULMHANbIK KIHE CaHWUTAPAbIK-
TMrMeHanblk MakcaTTa KoN4aHyFa apHaAfaH aHTUMMUKPODBTLIK MaTepuangapabl a3ipaeyaix,
nepcneKkTMBasbl EKEHIH KepceTeai.

TipeK ce3aep: aHTMOAKTEPUANDLIK MaTepuangap, bnounaTik enaey, ToKbiMa, Tabusm
6uoumaTep, KycaH CbIfbIHAbICbI, XWTO3aH, T[MANYPOH KbIWKbIbl, AEKCNAHTEHON,
MWKPOBUONOrMANbIK  CblHAKTap, WK-CNeKTpoCcKonua, 3NeKTPOHAbIK  MUKPOCKOMMUA,
MUKpodnopara Te3imainik.

A. Bypkutb6aii?, C.LU. Tawnynatos?, U.B. TheynuHosa?l, K. XK. Kanabibek?!

LAnamamuHckuli TexHonozuyeckull YHusepcumem, Aamamel, Kazakcmax
2TawkeHmcKull uHcMmumym mexkcmusnbHoU U 1e2Kol NPoMbIWAeHHOCMU,
TawkeHm, Y36ekucmaH

PA3PABOTKA U UCCNEAOBAHUE AHTUMMUKPOBHbIX TEKCTU/IbHbIX MATEPUAJI0B HA
OCHOBE PACTUTE/IbHbIX 9KCTPAKTOB U BUONOJINMMEPOB

AHHOTauma. B pabote uccnegoBaHbl CBOWMCTBA TEKCTUILHOMO  MaTepuana,
MOANPULMPOBAHHOTO MPUPOLHBIMM  AHTUMUKPOOHBIMKW cocTaBamu. [aa npuaaHus
BMOUMAHDBIX XapaKTEPUCTUK MCMNO/b30BaHbl KOMMNO3ULMIN: cOCTaB 1 — 3KCTPAKT NOJbIHM,
XWUTO3aH W TNWNLEPUH; COCTaB 2 — 3KCTPAKT /JIaBPOBOro /IMCTa, rManypoHOBaA KWUC/0Ta U
AeKkcnaHteHon. OueHKa YCTOMYMBOCTM MaTepuanoB K BO3AEWUCTBUIO  MUKPOdIOpbI
nposoanaace B cootsetctBumn ¢ NOCT 9.060-75, a GuounaHas akTMBHOCTb onpeaensnach
no TFOCT 9.048-89. YcTaHOB/MEHO, 4TO HeobpaboTaHHble o06pasubl NoaBepratoTCs
NJAECHEBEHUID U PaspyLUEeHUto, Torga Kak obpaboTaHHble KOMNO3UUMAMM MaTepuasbl
COXPaHAIT CTPYKTYpy. Hambonblan buoumaHana yCTOMUMBOCTb BbIAB/JEHA Y MaTepuana,
06paboTaHHOro COCTAaBOM Ha OCHOBE 3KCTPAKTa MOJIbIHM U XMTO3aHa, NPU 3TOM OTMEYEHO
nosiHoe noaasneHune pocTa bakTepuii poga Staphylococcus. Uccneposanua mopdonorum
METOLOM  CKaHMPYIOWEN 3/1eKTPOHHOM  MWKPOCKONWUM  MOKAa3a/M  paBHOMEpPHoe
pacnpegeneHme OGMOUMAHBIX YacTUL, HA MOBEPXHOCTM BOJMOKOH. Mo aAaHHbIM  UK-
CNEeKTPOCKOMWUKN YCTAaHOBNEHO U3MEHEHME XMMMYECKOTO COCTaBa BOIOKHA, Bblparkatoweecs
B MOABAEHWW NOJIOC, COOTBETCTBYHOLMX QGYHKUMOHANAbHBIM TFpynnaM KOMMOHEHTOB
MCMOJIb3yeMbIX COCTAaBOB. TOKCMKONOTMYECKME WCMbITaHUA noaTeepauanm 6e30MmacHoCcTb
maTepuanos, 06paboTaHHbIX MPUPOLHBLIMK BUOLUAHBIMW KOMMOHEHTAMM, ANA KOXKMU
yenoseKa. [lonyyeHHble pe3ynbTaTbl MOKA3bIBAOT MNEPCMNeKTUBHOCTb  Pa3paboTku
AHTUMMKPOBHbLIX MAaTEPMANOB HA OCHOBE PACTUTE/IbHbIX SKCTPAKTOB U BMONOAMMEPOB ANA
MeAMUUNHCKOTO N CAaHUTAaPHO-TUTMEHMYECKOro Ha3HauYeHuA.

KnioueBble cnoBa: aHTMOaKTepuanbHble MaTepuanbl, HuoumaHas o6paboTka,
TEKCTUNb, MPUPOAHbIE BMOLMAbBI, SKCTPAKT MOJbIHW, XMTO3aH, MMaJypoHOBasA KUC/OTA,
OEKCMaHTeHOoN, MUKpobuonormyeckme wucnbiTaHma, WK-cnekTpockonua, 31eKTpoHHanA
MUWKPOCKOMUA, YCTOMYMBOCTb K MUKpodiope.
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