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Abstract:  

The growing demand for sustainable and eco-friendly solutions in the textile and graphic industries 

highlights the urgent need to replace conventional synthetic dyes with natural alternatives. This review 

aims to provide an overview of recent advances in the use of agro-industrial waste as a valuable source 

of bio-based pigments and binders for printing applications. The main objective is to demonstrate how 

natural colorants such as anthocyanins or carbon-based pigments like biochar and activated carbon 

can serve as options for achieving both aesthetic and functional properties in textiles. Furthermore, the 

review discusses the role of eco-friendly binders in formulating stable printing pastes. Special attention 

is given to functional outcomes such as antimicrobial activity, antioxidant capacity, and dielectric 

properties. By summarizing current progress and challenges, the paper emphasizes the potential of 

natural pigments and agro-industrial by-products to drive innovation in textile printing. The review also 

identifies existing limitations, including colour stability and scalability of production, and highlights 

future perspectives for integrating natural pigments into advanced functional materials. In this way, the 

study contributes to building a foundation for sustainable, innovative, and environmentally responsible 

printing technologies. 
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1. INTRODUCTION  

Modern graphic and textile industries face increasing sustainability and environmental pressures, largely 
due to the extensive use of synthetic dyes and pigments. Although highly durable, their complex 
chemistry limits degradation, and their by-products may be toxic, allergenic, or carcinogenic, posing 
risks to human health and ecosystems [1]. Consequently, research is increasingly directed toward natural 
dyes and pigments, particularly plant- and mineral-based colourants incorporated into printing pastes. 
Extracts from agro-industrial waste (e.g., grape pomace and blackberry) are especially attractive because 
they combine colouring ability with antioxidant and antimicrobial potential, enabling value-added 
functional textiles while supporting waste valorisation [2]. 

2. NATURAL INKS 

Natural inks and dyes are organic or mineral colourants applied to various substrates, including textiles. 
While synthetic dyes dominate industry because of their colour range and permanence, natural dyes are 
gaining renewed interest due to biodegradability, low toxicity, and bioactive potential, reflecting their 
long-standing use before the advent of synthetic colourants [3]. Plant dyes constitute the most numerous 
groups and include pigments such as anthocyanins, flavonoids, tannins, curcumin, and chlorophyll, 
which are extracted from flowers, leaves, roots, fruits, or bark [4]. This group of dyes often possesses 
additional functionalities (antimicrobial and antioxidative properties), making them suitable for 
obtaining functional textiles [5]. Animal dyes, although less frequently used in contemporary research, 
had historical significance. The most well-known example is carmine, a red colour obtained from the 
cochineal insect, which was used to dye luxury fabrics [6]. Also, in ancient times, Tyrian purple from 
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sea snails of the genus Murex was used, which was a symbol of status and power [7]. Mineral dyes 
include pigments such as ochre, hematite, and ultramarine, which are distinguished by exceptional 
stability and resistance to light and washing. Their application in the textile industry is limited, but in 
combination with natural binders, they can contribute to specific functionalities, as UV resistance [4]. 
Contemporary research is focused on plant dyes due to their availability, low cost, and possibility of 
extraction from agro-industrial waste [5]. In this way, the ecological footprint of waste is simultaneously 
reduced and a new source of dyes for textile applications is obtained. The most common printing with 
natural dyes involves obtaining colour by grinding part of the plant into a powder sample and adding 
various thickening agents (alginates) which are subsequently treated as conventional screen dyes. 
Various researchers have investigated the intensity of colour (K/S) from alkanet [8][9][10], rhubarb 
[8][9], turmeric [9][11], marigold [11], madder [12], walnut bark [12][13], tamarisk, acacia [14], 
pomegranate bark [13][14], walnut shells, orange tree leaves, chamomile [13], henna [10][14][15], 
Japanese knotweed rhizome [16][17], sour dock [18][19], grape [5], or white pine [20][21]. Özgüney et 
al. investigated the applicability of Indian madder in printing, examining the effects of dye concentration 
and urea, type of fixing, temperature and duration of fixing, type of mordant and method of adding 
mordants [22]. El-Hennawi and colleagues (2012) used laccase enzymes instead of harmful mordants 
for fixing natural dyes [23]. Klančnik demonstrated the applicability of Japanese knotweed rhizome 
extract for screen printing on paper and textiles using synthetic thickeners [17]. In another investigation, 
Klančnik reported that methanolic extracts of Impatiens glandulifera flowers exhibit pronounced pH-
dependent colour changes but also cause reduced paste viscosity at higher concentrations, limiting 
printability and leading to brownish colour shifts after drying due to non-anthocyanin phenolics [19].  
Visual and spectrophotometric measurements of prints on various materials showed variations in colour 
depending on dye concentration and the basic colour of the substrate. Prints on virgin fibre paper (white) 
had a purple-blue tint, whilst on recycled paper (brown) they had a greenish-yellow tint. Alkaline 
printing paste gave greenish prints, whilst in the case of acidic printing paste, the prints were lighter and 
less chromatic [19]. Thakker, Sun and Bucknall used aqueous extracts of plant indigo Indigofera 

tinctoria, red quebracho Schinopsis lorentzii and plant flower forest flame Butea monosperma, which 
give blue, red and yellow colours, respectively. Black plant colour was obtained by mixing these primary 
colours. These colours were used in a cartridge ink-jet printer and properties of absorption and colour 
durability were investigated [24]. Savvidis et al. also used ink-jet printing dyes on a water basis prepared 
with natural pigments from henna Bixa orellana, acacia Acacia Catechu, pomegranate bark Punica 
granatum and yellow dock Rumex crispus. The physical and rheological properties of the prepared 
dyes—pH, conductivity, surface tension and viscosity—were measured over a period of 90 days to 
assess the stability of the dyes [15].  

Red Shades 

Anthocyanins are flavonoid pigments whose colour and stability depend on molecular structure and 
environmental factors such as pH and light [25]. In addition to colouration, anthocyanin-rich extracts 
exhibit antioxidative and antimicrobial properties [5] and are therefore widely explored as pH-
responsive indicators in intelligent systems for food freshness monitoring [26]. Some examples relate 
to the production of agar/potato starch filled with anthocyanin [27]; cellulose nanofibril film for 
packaging based on anthocyanin from purple sweet potato and oregano essential oil [28]; purple sweet 
potato starch and pH indicator films based on peel connected with anthocyanin [29]; Echium amoenum 
anthocyanins incorporated into bacterial cellulose film [30]; gelatine films with anthocyanin [31]; and 
nanocomplexes of ovalbumin-propylene glycol alginate filled with anthocyanin [32]. However, 
stabilisation and delivery of these molecules is challenging because they are unstable under certain 
environmental conditions, leading to low bioavailability [33]. Ameri et al. developed a food-safe film 
for pH-indicator sensors on fish packaging using anthocyanin. Thanks to simple printing procedure, the 
solution is easily applicable to food packaging [34]. Betalain and betanin extracted from the peel of red 
pitaya and combined with anthocyanin extracted from the peel of Kyoho grape have been developed as 
dyes for piezoelectric inkjet printing and then printed as colorimetric indicators [35]. Sun and colleagues 
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developed a printing dye based on natural pigment from purple cabbage and successfully applied it in 
fish packaging for monitoring freshness [36]. Liu and colleagues combined anthocyanins from black 
goji berries with xanthan gum, they used screen printing for applying these applications [37]. 
Alshammari et al. screen printed a thermochromic dye from red cabbage anthocyanins on paper, the 
experiment showed reddish-purple tones in the acidic domain and pH-dependent colour changes [38]. 
A common combination of anthocyanins is with chitosan [39] or sodium alginate [5]. 

Blue Shades 

Blue hues from nature are rare because only a few classes of natural pigments stably give blue colour 
and this is usually under specific environmental conditions. The main sources of blue hues are indigo 
compounds – indigotin from Indigofera/Isatis tinctoria – which in oxidised form give stable blue and 
are a classic choice for textiles [40]. These plants have been used for centuries in art for obtaining blue 
pigment. Phycobilins such as phycocyanin from Spirulina, a blue-green alga that grows in both salt and 
fresh water, give an intensely blue pigment but is extremely sensitive to light and heat [41]. Genipin-
derived pigments such as gardenia blue arise from the reaction of genipin with amines/proteins [42]. 
There are anthocyanin systems also in which blue is achieved by changing the pH value to a neutral or 
alkaline medium. For strong blue hues, stable formulas combined from gardenia blue pigment and 
gelatine gels have been shown, which are suitable for food colours [43], and there are also blue edible 
ink-jet dyes from this pigment [44]. For textiles, the latest review and experimental work examine 
natural indigo Indigofera tinctoria and proposes direct pigment printing with bio-based binders, thereby 
preserving blue hues [45]. 

Yellow Shades 

Yellow hues in nature most often come from curcuminoids from turmeric, carotenoids – β-carotene, 
lutein – flavonols such as quercetin or crocin. These pigments differ in solubility and stability: 
carotenoids and curcumin are hydrophobic and sensitive to light/oxygen, whilst crocins are water-
soluble, but also sensitive to light [46]. Eco-friendly pastes with acrylic or polysaccharide binders such 
as PVA, alginate, chitosan, combined with dye from turmeric, are successfully combined in screen-
printing dyes and give pure yellow. The quality of the print and viscosity parameters have been described 
in detail by Khankaew and Panichayupakaranant [47]. Similarly, Sharma and colleagues developed an 
acrylic, functional water-based dye with curcumin for packaging, with antimicrobial effect and rapid 
drying time/adhesion to substrate [48]. For ink-jet dyes, Wang and colleagues used crocin (Gardenia 

jasminoides) and successfully printed on wool using ink-jet printing. The dye showed high stability, 
they added tannin after printing, which significantly improved colour durability, and the prints had 
antibacterial effect against S. aureus and E. coli. They obtained pure yellow hues [49]. Additionally, 
natural extracts rich in flavonoids/carotenoids such as Japanese knotweed rhizome gave sufficiently 
durable yellow hues for screen printing [16] as well as for inkjet printing [17]. 

Black Shades 

Black pigments are crucial for contrast in textile and graphic printing; however, the extensive use of 
carbon black raises health and environmental concerns. Biochar produced by biomass pyrolysis and 
activated carbon represent promising alternatives, providing dark coloration while supporting waste 
valorisation. Activated carbon is widely used due to its high surface area, porosity, and surface 
functional groups that enable adsorption and purification functions [50][51]. Pigment obtained from 
pyrolysis of certified wood waste is used in aqueous dispersion for printing on various materials. The 
particles are smaller than 400 nm and irregular shaped, with black shade in print [52], while bamboo-
derived activated carbon showed shades from light grey to dark grey and black, with excellent durability 
against washing, light and friction [53]. Coal and activated carbon from biomass have been extensively 
investigated for use in the textile industry. Particles of bamboo charcoal were added to spinning solutions 
during the production of polymer fibres [54][55], and the biomass wood coal was applied into fabrics 
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by coating or printing techniques [39]. In one study, polyester non-woven fabric was treated with 
bamboo charcoal and acrylic resin to provide protection from infrared radiation and negative ions, as 
well as deodorisation [56]. In another study, activated carbon powder from coconut and palm kernel 
shells was applied by coating and pigment printing to cotton and polyester fabrics to provide deodorising 
properties against onion odour [57]. Çay and colleagues investigated the potential of using biochar from 
textile waste for improving the properties of textile materials. The addition of biochar improved moisture 
transport lowered drying time and increased water vapour permeability [58]. 

3. BINDERS AND MODIFIERS  

Binders control the stability and rheology of printing pastes and enable uniform colour distribution, 
adhesion, and film formation on textile substrates. Sodium alginate is the most widely investigated bio-
based binder due to its compatibility with aqueous extracts, adjustable viscosity, and limited interaction 
with colourants, while starch- and cellulose-based thickeners remain attractive biodegradable options 
but often require optimisation to improve mechanical durability. Polyvinyl alcohol (PVA) is a water-
soluble, film-forming polymer with favourable barrier and abrasion resistance, frequently used as a 
mechanical reinforcement and printability enhancer in coating and printing systems [59]. Carrageenans, 
extracted from red marine algae, provide strong gel-forming and thickening behaviour and are 
increasingly explored in active and intelligent materials [60][61]. 
 
Current research increasingly favours multifunctional formulations based on binder–modifier 
combinations rather than single-component systems. Alginate- and carrageenan-based blends – often 
combined with CMC and anthocyanins – have been applied as pH- and TVB-N-sensitive indicators for 
fish and meat freshness monitoring [62][63][64]. In printed films and coatings, alginate/PVA and 
carrageenan/CMC mixtures offer tunable rheology and improved uniformity, while humectants such as 
glycerol support levelling during application [65][66]. Beyond packaging, alginate-based hydrogels 
filled with carbon nanomaterials (graphene/graphite) have enabled conductive inks for 3D printing and 
screen printing, supporting sensor and functional printing applications [67][68]. 

4. FUNCTIONAL PROPERTIES OF NATURAL INKS 

One of the key advantages of natural dyes and pigments is not only improved environmental 
acceptability but also the potential to impart functional properties to printed textiles, enabling 
multifunctional and smart materials. The final performance of printed textiles depends on the substrate, 
colourant chemistry, printing method, and post-treatment, which jointly determine visual quality, 
durability (washing/light), and surface feel [69]. Compared with conventional finishing, printing allows 
a more economical and localised deposition of bioactive ingredients with controlled layer thickness and 
dosage, often reducing water and chemical consumption while enabling decoration and function within 
the same layer. 
Bio-based binders combined with natural extracts can produce decorative prints with antimicrobial 
activity [5][70]. Chitosan is among the most frequently investigated antimicrobial additives and can be 
printed alone or combined with plant polyphenols to create functional patterns with attractive 
appearance [71][72]. In packaging-related systems, encapsulated essential oils applied by printing 
provide controlled-release effects (e.g., anti-odour/repellent layers) [73][74] , while pH-sensitive natural 
dyes (notably anthocyanins) are widely used in indicators responding to pH/TVB-N/VOC changes, from 
small “indicator spots” to full labels for fish and meat freshness monitoring [34][75][76]. Natural UV-
absorbing compounds (e.g., flavonoids) can increase fabric UPF through printed layers, and mild 
crosslinking strategies can improve fixation and reduce leaching [69][77]. Green flame-retardant 
approaches based on phytic-acid-type systems have also been reported as simple coatings that can reduce 
flammability and, in some cases, moisture uptake [78][79]. Finally, biochar/graphite-based particles 
derived from agro-waste can be formulated into functional pastes for antistatic coatings, EMI shielding, 
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or adsorption layers; for wearable and sensor applications, additional optimisation of elasticity and 
wearability remains necessary [80][81]. 
Research conducted to date in the field of natural dyes and pigments shows that it is possible to formulate 
sustainable printing systems that imitate CMYK process colours. In this context, anthocyanins from 
agro-industrial waste represent the main source for magenta hues, whilst biochar, activated carbon and 
graphite give stable black and grey tones. The yellow component is in the literature often associated 
with readily available natural sources such as curcumin from turmeric or flavonoids from certain plant 
species, whilst cyan/blue is significantly harder to obtain from natural spectrum due to the limited 
distribution of plants which give stable blue pigments. For this reason, the largest number of 
investigations focus on the development of magenta and black components as the most promising for 
industrial application. This approach confirms that natural sources of colour, in combination with 
environmentally acceptable binders, can represent the foundation for the development of a process 
printing system with the potential to replace synthetic dyes in specialised applications of the textile and 
graphic industry. 

5. CONCLUSIONS 

This review indicates that eco-friendly printing based on natural pigments from agro-industrial waste is 
a promising route toward more sustainable textile production, offering both reduced environmental 
impact and opportunities for value-added functional textiles. Key conclusions are: 

 Natural pigments from agro-industrial waste (e.g., anthocyanins, biochar, activated carbon) 
show strong potential to substitute conventional synthetic colourants in textile printing. 

 Bio-based and eco-acceptable binders (sodium alginate, carrageenan) and supportive film-
formers such as PVA enable stable, printable formulations across different printing techniques. 

 Beyond coloration, natural-pigment prints can provide functional effects (antimicrobial, 
antioxidant, UV-protective), increasing product value. 

 Remaining challenges include colour stability and scalability, requiring optimisation of 
extraction, formulation, fixation, and application parameters. 

 Future work should prioritise standardised protocols for extraction and characterisation, 
together with long-term performance evaluation under real-use conditions. 
 

Overall, the transition to sustainable textile printing is increasingly driven by environmental 
requirements and market demand. Addressing stability and scale-up limitations will be decisive for 
broader industrial adoption. 

6. REFERENCES 

 
[1] Lellis, B. et al.: Effects of textile dyes on health and the environment and bioremediation potential 

of living organisms, Biotechnology Research and Innovation, Vol. 3 (2019) No. 2, pp. 275–290, 
ISSN 2452-0721, doi:10.1016/j.biori.2019.09.001 

[2] Ardila-Leal, L. D. et al.: A Brief History of Colour, the Environmental Impact of Synthetic Dyes 
and Removal by Using Laccases, Molecules, Vol. 26 (2021) No. 13, 3813, ISSN 1420-3049, 
doi:10.3390/molecules26133813 

[3] Cardon, D.; Higgitt, C.: Natural Dyes: Sources, Tradition, Technology and Science, Archetype 
Publications, ISBN 9781904982005; 190498200X, London, (2007). 

[4] Negi, A.: Natural Dyes and Pigments: Sustainable Applications and Future Scope, Sustainable 

Chemistry, Vol. 6 (2025) No. 3, 23, EISSN 2673-4079, doi:10.3390/suschem6030023 
[5] Ružičić, B. et al.: Grape pomace extract as a colorant for textile printing applications, Chemical 

Industry and Chemical Engineering Quarterly, Vol. 32 (2025) No. 1, pp. 75–85, 
doi:10.2298/ciceq250113012r 



Scientific, Technical and Art Releases – 2026 
 

206 
 

[6] Alegbe, J. O. & Uthman, I.: History, properties, classification and extraction of natural dyes and 
pigments: a comprehensive review, Heliyon, Vol. 10 (2024) No. 13, e33646, ISSN 2405-8440, 
doi:10.1016/j.heliyon.2024.e33646 

[7] Cooksey, C. J.: Tyrian Purple: 6,6′-Dibromoindigo and Related Compounds, Molecules, Vol. 6 
(2001) No. 9, pp. 736–769, ISSN 1420-3049, https://doi.org/10.3390/60900736 

[8] Rekaby, M. et al.: Eco-friendly printing of natural fabrics using natural dyes from alkanet and 
rhubarb, Journal of the Textile Institute, Vol. 100 (2009) No. 6, pp. 486–495, 
doi:10.1080/00405000801962177 

[9] Salem, A. A. et al.: Transfer Printing of Polyester Fabrics with Natural Dyes, Research Journal 

of Textile and Apparel, Vol. 17 (2013) No. 3, pp. 61–67, doi:10.1108/rjta-17-03-2013-b007 
[10] Chattopadhyay, S. N. et al.: Printing of jute fabric with natural dyes extracted from manjistha, 

annatto and ratanjot, Indian Journal of Fibre & Textile Research, Vol. 43 (2018), pp. 352–356. 
[11] Teli, M. D. et al.: Exploratory Investigation of Chitosan as Mordant for Eco-Friendly 

Antibacterial Printing of Cotton with Natural Dyes, Journal of Textiles, Vol. 2013 (2013), pp. 1–
6, doi:10.1155/2013/320510 

[12] Bahtiyari, M. I. et al.: Printing of Wool and Cotton Fabrics with Natural Dyes, Asian Journal of 

Chemistry, Vol. 25 (2013) No. 6, pp. 3220–3224, doi:10.14233/ajchem.2013.13601 
[13] Bahtiyari, M. İ. et al.: Use of different natural dye sources for printing of cotton fabrics, Textile 

and Apparel, Vol. 27 (2017) No. 3, pp. 259–265. 
[14] Savvidis, G. et al.: Ink-jet printing of cotton with natural dyes, Coloration Technology, Vol. 130 

(2014), pp. 200–204, doi:10.1111/cote.12087 
[15] Savvidis, G. et al.: Digital and conventional printing and dyeing with the natural dye annatto: 

optimisation and standardisation processes to meet future demands, Coloration Technology, Vol. 
129 (2013), pp. 55–63, doi:10.1111/cote.12004 

[16] Klančnik, M.: Screen Printing with Natural Dye Extract from Japanese Knotweed Rhizome, 
Fibers and Polymers, Vol. 22 (2021), pp. 2498–2506, doi:10.1007/s12221-021-0955-4 

[17] Klančnik, M.: Printing with Natural Dye Extract from Japanese Knotweed Leaves, Fibers and 

Polymers, Vol. 25 (2024) No. 12, pp. 4771–4785, doi:10.1007/s12221-024-00760-9 
[18] Klančnik, M. & Koradin, E.: Extraction of anthocyanin dye from staghorn sumac fruit in various 

solvents and use for pigment printing, Coatings, Vol. 14 (2024) No. 8, pp. 1025, 
doi:10.3390/coatings14081025 

[19] Klančnik, M.: Printing with natural dye extracted from Impatiens glandulifera Royle, Coatings, 
Vol. 11 (2021) No. 4, pp. 445, doi:10.3390/coatings11040445 

[20] Ružičić, B. et al.: Enhancement of macro-uniformity of copper(I) oxide printed linen fabrics by 
addition of Pinus sylvestris L. plant extract, Proceedings of 11th International Symposium on 
Graphic Engineering and Design, pp. 755–759, University of Novi Sad – Faculty of Technical 
Sciences, (2022), doi:10.24867/grid-2022-p83 

[21] Ružičić, B. et al.: Influence of UV irradiation on color strength, antimicrobial and dielectric 
properties of printed linen fabrics modified with ZnO and Pinus sylvestris L. extract, In Book of 
Abstracts, RAD Conference, RAD Centre, (2022), doi:10.21175/rad.spr.abstr.book.2022.3.1 

[22] Özgüney, A. T. et al.: Ecological Printing of Madder Over Various Natural Fibres, Tekstil ve 

Konfeksiyon, Vol. 25 (2015) No. 2, pp. 166–171. 
[23] El-Hennawi, H. M. et al.: A novel bio-technique using laccase enzyme in textile printing to fix 

natural dyes, Indian Journal of Fibre & Textile Research, Vol. 37 (2012) No. 3, pp. 245–249. 
[24] Thakker, A. M. et al.: Inkjet printing of plasma surface–modified wool and cotton fabrics with 

plant-based inks, Environmental Science and Pollution Research, Vol. 29 (2022), pp. 68357–
68375, doi:10.1007/s11356-022-20659-3 

[25] Castañeda-Ovando, A. et al.: Chemical studies of anthocyanins: A review, Food Chemistry, Vol. 
113 (2009) No. 4, pp. 859–871, ISSN 0308-8146, doi:10.1016/j.foodchem.2008.09.001 



Scientific, Technical and Art Releases – 2026 
 

207 
 

[26] Chalitangkoon, J. & Monvisade, P.: Synthesis of chitosan-based polymeric dyes as colorimetric 
pH-sensing materials: Potential for food and biomedical applications, Carbohydrate Polymers, 
Vol. 260 (2021), pp. 117836, doi:10.1016/j.carbpol.2021.117836 

[27] Choi, I. et al.: Intelligent pH indicator film composed of agar/potato starch and anthocyanin 
extracts from purple sweet potato, Food Chemistry, Vol. 218 (2017), pp. 122–128, 
doi:10.1016/j.foodchem.2016.09.050 

[28] Chen, S. et al.: Development of pH indicator and antimicrobial cellulose nanofibre packaging film 
based on purple sweet potato anthocyanin and oregano essential oil, International Journal of 

Biological Macromolecules, Vol. 149 (2020), pp. 271–280, doi:10.1016/j.ijbiomac.2020.01.231 
[29] Sohany, M. et al.: Characterization of Anthocyanin Associated Purple Sweet Potato Starch and 

Peel-Based pH Indicator Films, Foods, Vol. 10 (2021) No. 9, pp. 2005, 
doi:10.3390/foods10092005 

[30] Mohammadalinejhad, S. et al.: Immobilization of Echium amoenum anthocyanins into bacterial 
cellulose film: A novel colorimetric pH indicator for freshness/spoilage monitoring of shrimp, 
Food Control, Vol. 113 (2020), pp. 107169, doi:10.1016/j.foodcont.2020.107169 

[31] Rawdkuen, S. et al.: Application of anthocyanin as a color indicator in gelatin films, Food 

Bioscience, Vol. 36 (2020), pp. 100603, doi:10.1016/j.fbio.2020.100603 
[32] Zhang, X. et al.: Intelligent colorimetric film incorporated with anthocyanins-loaded ovalbumin-

propylene glycol alginate nanocomplexes as a stable pH indicator of monitoring pork freshness, 
Food Chemistry, Vol. 368 (2022), pp. 130825, doi:10.1016/j.foodchem.2021.130825 

[33] Viscusi, G. et al.: Encapsulation of Grape (Vitis vinifera L.) Pomace Polyphenols in Soybean 
Extract-Based Hydrogel Beads as Carriers of Polyphenols and pH-Monitoring Devices, Gels, Vol. 
8 (2022) No. 11, pp. 734, doi:10.3390/gels8110734 

[34] Ameri, M. et al.: Characterization of a Food-Safe Colorimetric Indicator Based on Black Rice 
Anthocyanin/PET Films for Visual Analysis of Fish Spoilage, Packaging Technology and 

Science, Vol. 37 (2024) No. 8, pp. 769–780, doi:10.1002/pts.2824 
[35] Gong, T. & Luo, X.: Inkjet-printed colorimetric indicators from the peels of red pitaya and Kyoho 

grape for the detection of food spoilage gases, Current Research in Food Science, Vol. 10 (2025), 
pp. 101064, doi:10.1016/j.crfs.2025.101064 

[36] Sun, Y. et al.: Non-destructive and Rapid Method for Monitoring Fish Freshness of Grass Carp 
Based on Printable Colorimetric Paper Sensor in Modified Atmosphere Packaging, Food 

Analytical Methods, Vol. 15 (2022) No. 3, pp. 792–802, doi:10.1007/s12161-021-02158-2 
[37] Liu, K. et al.: Xanthan gum ink based on Lycium ruthenicum anthocyanin as an indicator of color 

change for monitoring freshness of cold fresh meat, International Journal of Biological 

Macromolecules, Vol. 276 (2024), pp. 133788, doi:10.1016/j.ijbiomac.2024.133788 
[38] Alshammari, K. F. et al.: Development of Thermochromic Ink Using the Anthocyanidin-Based 

Red-Cabbage Extract for Anticounterfeiting Applications, ACS Omega, Vol. 7 (2022) No. 51, pp. 
48215–48223, doi:10.1021/acsomega.2c06314 

[39] Wang, H. et al.: Improvement of properties of smart ink via chitin nanofiber and application as 
freshness indicator, Progress in Organic Coatings, Vol. 149 (2020), pp. 105921, 
doi:10.1016/j.porgcoat.2020.105921 

[40] Comlekcioglu, N. et al.: Extraction of Indigo from Some Isatis species and Dyeing 
Standardization Using Low-technology Methods, Brazilian Archives of Biology and Technology, 
Vol. 58 (2015) No. 1, pp. 96–102, doi:10.1590/S1516-8913201502658 

[41] Buchweitz, M.: Natural Solutions for Blue Colors in Food, In Handbook on Natural Pigments in 

Food and Beverages, Elsevier, (2016), pp. 355–384, doi:10.1016/B978-0-08-100371-8.00017-8 
[42] Tsutsumiuchi, K. et al.: Molecular Structure of Gardenia Blue Pigments by Reaction of Genipin 

with Benzylamine and Amino Acids, Journal of Agricultural and Food Chemistry, Vol. 69 (2021) 
No. 13, pp. 3904–3911, doi:10.1021/acs.jafc.0c07948 



Scientific, Technical and Art Releases – 2026 
 

208 
 

[43] Wang, H. et al.: High temperature induced stable gelatin-gardenia blue system with hyperchromic 
effect and its food application in 2D writing/printing and 3D printing, Food Chemistry, Vol. 401 
(2023), pp. 134119, doi:10.1016/j.foodchem.2022.134119 

[44] Guo, T. et al.: Preparation and properties of blue edible inkjet ink based on chitosan oligochitosan, 
Chemical Engineering Transactions, Vol. 51 (2016), pp. 1207–1212, doi:10.3303/CET1651202 

[45] Behary, N. & Volle, N.: Durable Textile Dyeing/Printing Using Natural Indigo Dyes and Leaves, 
and Mayan-Inspired Blue Indigo Pigments, Colorants, Vol. 4 (2025) No. 1, pp. 2, 
doi:10.3390/colorants4010002 

[46] Kumar, S. N. et al.: Carotenoids based smart packaging: A comprehensive review, Measurement: 

Food, Vol. 15 (2024), pp. 100190, doi:10.1016/j.meafoo.2024.100190 
[47] Khankaew, S. & Panichayupakaranant, P.: Development of multifunctional curcuminoid dye-

based inks and applications, Progress in Organic Coatings, Vol. 182 (2023), pp. 107707, 
doi:10.1016/j.porgcoat.2023.107707 

[48] Sharma, H. et al.: Development of acrylic based antimicrobial water-based ink using curcumin 
for active packaging applications, Polymer Engineering & Science, Vol. 64 (2023) No. 1, pp. 
350–362, doi:10.1002/pen.26552 

[49] Wang, M. et al.: Green fabrication of inkjet printed antibacterial wool fabric with natural gardenia 
yellow dye, Industrial Crops and Products, Vol. 206 (2023), pp. 117700, 
doi:10.1016/j.indcrop.2023.117700 

[50] Benedetti, V. et al.: Characterization of char from biomass gasification and its similarities with 
activated carbon in adsorption applications, Applied Energy, Vol. 227 (2018), pp. 92–99, 
doi:10.1016/j.apenergy.2017.08.076 

[51] Bhatnagar, A. & Sillanpaa, M.: Utilization of agro-industrial and municipal waste materials as 
potential adsorbents for water treatment—A review, Chemical Engineering Journal, Vol. 157 
(2010) No. 2–3, pp. 277–296, doi:10.1016/j.cej.2010.01.007 

[52] Calovi, M. & Rossi, S.: From wood waste to wood protection: New application of black bio 
renewable water-based dispersions as pigment for bio-based wood paint, Progress in Organic 

Coatings, Vol. 180 (2023), pp. 107577, doi:10.1016/j.porgcoat.2023.107577 
[53] Vuthiganond, N. et al.: Improving the Deodorizing Ability of Cotton Fabric by Printing with 

Bamboo Charcoal, Journal of Natural Fibers, Vol. 20 (2023) No. 1, 
doi:10.1080/15440478.2023.2181267 

[54] Lin, C.-A. et al.: Study on the Far Infrared Ray Emission Property and Adsorption Performance 
of Bamboo Charcoal/Polyvinyl Alcohol Fiber, Polymer-Plastics Technology and Engineering, 
Vol. 46 (2007) No. 11, pp. 1073–1078, doi:10.1080/03602550701522518 

[55] Ho, M. et al.: Improvement on the properties of polylactic acid (PLA) using bamboo charcoal 
particles, Composites Part B: Engineering, Vol. 81 (2015), pp. 14–25, 
doi:10.1016/j.compositesb.2015.05.048 

[56] Yen, M. S. et al.: Medical effects of polyethylene terephthalate (PET) non-woven fabrics treated 
with bamboo activated charcoal, African Journal of Biotechnology, Vol. 11 (2012) No. 50, pp. 
11116–11125, doi:10.5897/AJB11.1372 

[57] Eza, T. S. M. et al.: The activated carbon as anti-odour coated and pigment printed fabric, 
Proceedings of 2012 IEEE Business Engineering and Industrial Applications Colloquium 
(BEIAC), pp. 210–215, IEEE, (2012), doi:10.1109/BEIAC.2012.6226054 

[58] Çay, A. et al.: Application of textile waste derived biochars onto cotton fabric for improved 
performance and functional properties, Journal of Cleaner Production, Vol. 251 (2020), pp. 
119664, doi:10.1016/j.jclepro.2019.119664 

[59] Rahman, L. & Goswami, J.: Poly(Vinyl Alcohol) as Sustainable and Eco-Friendly Packaging: A 
Review, Journal of Packaging Technology and Research, Vol. 7 (2023), pp. 1–10, 
doi:10.1007/s41783-022-00146-3 

[60] Necas, J. & Bartosikova, L.: Carrageenan: a review, Veterinární Medicína, Vol. 58 (2013) No. 4, 
pp. 187–205, doi:10.17221/6758-vetmed 



Scientific, Technical and Art Releases – 2026 
 

209 
 

[61] Visakh, P. M.: Bio and Medical Applications of Carrageenan-Based Bionanocomposites, In 
Recent Progress in Nanobiotechnology, (2024), pp. 199–218. 

[62] Sabu Mathew, S. et al.: Carrageenan-based sustainable biomaterials for intelligent food 
packaging: A review, Carbohydrate Polymers, Vol. 342 (2024), pp. 122267, 
doi:10.1016/j.carbpol.2024.122267 

[63] Wang, C. et al.: Preparation, characterization, and application of pH-responsive biodegradable 
intelligent indicator film based on rose anthocyanins, LWT, Vol. 200 (2024), pp. 116156, 
doi:10.1016/j.lwt.2024.116156 

[64] Ren, M. et al.: Preparation and Characterization of Antioxidative and pH-Sensitive Films Based 
on κ-Carrageenan/Carboxymethyl Cellulose Blended with Purple Cabbage Anthocyanin for 
Monitoring Hairtail Freshness, Foods, Vol. 14 (2025) No. 4, pp. 694, doi:10.3390/foods14040694 

[65] Bukit, B. F. et al.: Review of alginate-based composites for 3D printing material, Polymers from 

Renewable Resources, Vol. 15 (2024) No. 2, pp. 256–277, doi:10.1177/20412479241227137 
[66] Lepak-Kuc, S. et al.: Sustainable, cytocompatible and flexible electronics on potato starch-based 

films, Scientific Reports, Vol. 14 (2024), Art. 18838, ISSN 2045-2322, doi:10.1038/s41598-024-
69478-1 

[67] Flachs, D. et al.: Characterization of electrically conductive, printable ink based on alginate 
hydrogel and graphene nanoplatelets, Biomedical Engineering Advances, Vol. 4 (2022), Art. 
100045, doi:10.1016/j.bea.2022.100045 

[68] Dey, A. et al.: The Development of an Affordable Graphite-Based Conductive Ink for Printed 
Electronics, Engineering Proceedings, Vol. 87 (2025) No. 1, pp. 17, 
doi:10.3390/engproc2025087017 

[69] Grujić, D. et al.: Antimicrobial insoles and footwear for the prevention of Diabetes mellitus, 
Tekstilna Industrija, Vol. 72 (2024) No. 2, pp. 10–20, doi:10.5937/tekstind2402010g 

[70] Grujić, D. et al.: Antimicrobial properties of insoles printed with modified bentonite and extract 
of Picea omorika, Proceedings of 7th International Scientific Conference Contemporary Trends 
and Innovations in Textile Industry – CT&ITI 2024, pp. 250–263, Union of Engineers and 
Technicians of Serbia, Belgrade, (2024), doi:10.5937/ct_iti24029g 

[71] Plohl, O. et al.: Screen-printing of chitosan and cationised cellulose nanofibril coatings for 
integration into functional face masks with potential antiviral activity, International Journal of 

Biological Macromolecules, Vol. 236 (2023), pp. 123951, doi:10.1016/j.ijbiomac.2023.123951 
[72] Hong, K. H.: Functionalization of cotton textiles via screen printing of Aronia melanocarpa berry 

extract–chitosan mixtures, Journal of Natural Fibers, Vol. 21 (2024) No. 1, 
doi:10.1080/15440478.2024.2424930 

[73] Ma, J. et al.: Preparation of aromatic β-cyclodextrin nano/microcapsules and corresponding 
aromatic textiles: A review, Carbohydrate Polymers, Vol. 308 (2023), pp. 120661, 
doi:10.1016/j.carbpol.2023.120661 

[74] Okoli, B. et al.: Fabric pre-treated with Vitex negundo L essential oil as a preventive tool against 
mosquito bite, SN Applied Sciences, Vol. 5 (2023) No. 9, doi:10.1007/s42452-023-05425-5 

[75] Qin, Y. et al.: A pH-sensitive film based on chitosan/gelatin and anthocyanin from Zingiber 

striolatum Diels for monitoring fish freshness, Food Chemistry: X, Vol. 23 (2024), pp. 101639, 
doi:10.1016/j.fochx.2024.101639 

[76] Latiff, N. F. et al.: Halochromic smart film: A gelatin-based pH-sensitive film embedded with 
anthocyanin from roselle (Hibiscus sabdariffa) extracts for potential food spoilage indicator 
application, Journal of Food Science, Vol. 90 (2025) No. 3, doi:10.1111/1750-3841.70134 

[77] Bhairappanavar, D. S. & Vastrad, J. V.: UPF of Cotton Fabrics Printed with Arecanut Slurry, 
International Journal of Current Microbiology and Applied Sciences, Vol. 8 (2019) No. 02, pp. 
2258–2264, doi:10.20546/ijcmas.2019.802.262 

[78] Song, W.-M. et al.: High-Efficient Flame-Retardant Finishing of Cotton Fabrics Based on Phytic 
Acid, International Journal of Molecular Sciences, Vol. 24 (2023) No. 2, pp. 1093, 
doi:10.3390/ijms24021093 



Scientific, Technical and Art Releases – 2026 
 

210 
 

[79] Islam, T. et al.: Nature-Derived Flame Retardant for Cotton Fabrics with Green Coconut Shells, 
ACS Chemical Health & Safety, Vol. 32 (2024) No. 1, pp. 57–65, doi:10.1021/acs.chas.4c00050 

[80] Li, X. et al.: Preparation, Modification, and Application of Biochar in the Printing Field: A 
Review, Materials, Vol. 16 (2023) No. 14, pp. 5081, doi:10.3390/ma16145081 

[81] Nikolopoulos, C. D. et al.: Characterization of the Electromagnetic Shielding Effectiveness of 
Biochar-Based Materials, IEEE Access, Vol. 11 (2023), pp. 6413–6420, 
doi:10.1109/ACCESS.2023.3237327 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding author: 

Branka RUŽIČIĆ 

Graphic Engineering, Faculty of Technology, University of Banja Luka 
Vojvode Stepe Stepanovića 73 
78000, Banja Luka, BOSNIA AND HERZEGOVINA 
Phone: +38751434360  
E-mail: branka.ruzicic@tf.unibl.org


