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UTILIZATION OF NATURAL DYES FROM MARIGOLD AND ROSE FOR COLOUR IMPROVEMENT IN DRY FLOWER TECHNOLOGY

ABSTRACT 
Natural dyes from floral waste offer a sustainable alternative to synthetic colourants in dry flower technology. This study aimed to explore the utilization of natural dyes from marigold and rose for enhancing colour quality in dry flower technology, by assessing the impact of dip dyeing, spraying after drying, and absorption dyeing on colour absorption, strength, and fastness characteristics. Dyes were extracted through microwave-assisted aqueous extraction (marigold) and solvent extraction (rose), and treatments were arranged in a Completely Randomized Design with three replications. Colour absorption, colour strength, light fastness, rubbing fastness, and wash fastness were assessed using a hedonic scoring scale and analysed via the Kruskal Wallis test. Dip dyeing method consistently resulted in the highest colour uptake and fastness due to superior pigment penetration into petal tissues. Spraying after drying produced moderate colouration but poor rubbing and wash fastness owing to superficial dye deposition, while absorption dyeing showed minimal effectiveness due to limited vascular dye transport. Overall, dip dyeing emerged as the most efficient method for achieving uniform and stable colouration in dried marigold and rose flowers using natural dyes derived from floral waste.
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1.INTRODUCTION
Large amounts of floral waste from temples, markets, and social events are commonly dumped in landfills or water bodies, contributing to environmental pollution; however, this waste is now recognized as a valuable bioresource rich in pigments, organic matter, and nutrients, with potential for conversion into value-added products such as natural dyes, compost, biofertilizers, incense sticks, handmade paper, biogas, and bioethanol (Kalyani and Rafeekher, 2025). 
In a world increasingly driven by sustainability and a desire to reconnect with nature, the ancient art of deriving natural dyes from flowers has experienced a remarkable resurgence. This captivating practice, rooted in centuries of human history, offers a window into the vibrant, diverse, and environmentally conscious realm of textile and artistic coloration. The extensive use of synthetic dyes today results in significant waste and environmental hazards, reinforcing the need for sustainable alternatives. Enhancing or modifying flower colour using natural dyes therefore offers an eco-friendly approach that aligns with consumer preferences for sustainable dry flower products, while also supporting local communities engaged in natural dye production. 
Flowers serve as an abundant source of natural pigments, offering a wide spectrum of colours through compounds such as anthocyanins, carotenoids, and flavonoids. Yellow dyes are widely obtained from several species, including marigold (Tagetes spp.) and pot marigold, both rich in carotenoids producing yellow to orange shades (Vastrad et al., 2017; Okoduwa et al., 2015). Nerium (Yellow) (Selvam et al., 2015), Nyctanthes arbor-tristis (Adeel et al., 2022), and Golden trumpet (Okoduwa et al., 2015) yield strong yellow pigments. Flowers producing orange to orange-red dyes include Flame of Forest (Butea monosperma) (Daberao et al., 2016) and Gulmohar (Delonix regia) (Vankar and Shanker, 2009), while marigold additionally provides orange shades depending on variety and extraction. Pink-coloured dyes are obtained from Nerium (Pink) (Thamaraiselvi and Deepthi, 2018) and Bougainvillea (Rasool et al., 2023). Red pigments are available from rose (Ekrami et al., 2011) and Hibiscus (Hayat and Jacob, 2016), making them valuable sources for natural red dyes. For dark blue dyes, Butterfly Pea (Clitoria ternatea) provides a rich blue anthocyanin-based pigment (Ludin et al., 2018). Together, these floral species represent promising natural alternatives to synthetic dyes, offering a wide colour spectrum for eco-friendly dyeing applications.
Extraction and purification are the most important steps in the processing of natural dyes. The extraction methods are mainly divided into conventional and non-conventional methods. Conventional methods include Solvent extraction, aqueous extraction, alkaline and acid extraction, which is extensively utilised for the extraction and separation of natural materials. The dangers of chemical solvents, the presence of solvent residues in target compounds, and the low extraction yield have sparked interest in creating environmentally friendly (green) extraction technologies that can reduce or eliminate the usage of organic solvents (Tiwari, 2015). The non-conventional or modern methods of extraction includes ultrasound assisted extraction, microwave assisted extraction, enzyme assisted extraction, supercritical fluid extraction and pressurized liquid extraction (Mia et al., 2021). 
Dried flowers serve as valuable alternatives to fresh flowers and foliage for home décor, artistic work, and various industrial applications. Dehydrated floral products have strong demand in both domestic and international markets, particularly in the USA, Japan, and Europe, where handcrafted and innovative dried flower items are sold at premium prices. Dry flowers and dry flower products contribute to more than two-thirds of all floricultural exports from our country (Kumar et al., 2024). 
Dyeing of ornamental materials is both an art and a science, with methods such as dip dyeing, spraying after drying, and absorption dyeing commonly employed to intensify colour in dried flowers (Dana and Lerner, 2020). 
Considering the growing relevance of natural pigments and the need for sustainable alternatives to synthetic colourants, this study was undertaken to assess the effectiveness of marigold and rose dyes in improving the colour of dried flowers through different dyeing methods.
2. MATERIALS AND METHODS
Dyes extracted from marigold and rose were made into solutions of appropriate concentrations and each dye were utilized in drying of corresponding flowers for colour enhancement. Temple wastes of flowers collected from local temples were sorted, dried and made into flower powders. For preparing marigold dye, micro wave assisted aqueous extraction was used. The dried powdered marigold sample was mixed with distilled water and the tube containing the suspension was irradiated in the microwave device at 300 W for 120 s. For preparing rose dye, solvent extraction was employed. The powdered samples of dried rose petals were stirred in solvent 50% ethanol at a temperature of 45°C for 45 min. The ratio of the plant sample and solvent was 1:20 (w/v) (Netravati et al., 2022). The crude extracts were subjected to sedimentation, then filtered, concentrated and used for this dyeing process.
In dip dyeing, the blooms of marigold and rose were dipped in corresponding dye solutions of 10 % concentration for a period of 30-60 seconds, rinsed off and then dried. Flowers were sprayed with colours after drying in spraying after dyeing method. Flower stems were dipped in dye solutions of 1.5 % concentration for a period of 24 hours in absorption dyeing method. The experiment was carried out following a completely randomized design (CRD) comprising eight treatments with three replications. Dip dyeing (J1), spraying after drying (J2), absorption dyeing (J3) and control (without dyeing) were the different dyeing methods carried out in marigold and rose dry flower technology. 
[bookmark: _Hlk214980060]Colour absorption, strength of colour, light fastness, rubbing fastness and wash fastness were the observations made based on on 9-point hedonic scale suggested by Peryam (1957) modified and adapted into a score card (Kumari et al., 2017). For sensory evaluation based on visual appearance of dried flowers, a panel of five judges were selected. The colour absorption of dried flowers was evaluated using a scoring scale with five categories: Excellent (5), Very Good (4), Good (3), Poor (2), and Very Poor (1). The colour strength of dried flowers was evaluated using a scoring scale with the categories - High (5), Medium (3), Low (1). The light fastness of dried flowers was evaluated using a scoring scale with the categories - Not faded (5), Moderately faded (3), Faded (1). The rubbing fastness of dried flowers was evaluated using a scoring scale with the categories - Low Impression (5), Medium Impression (3), High Impression (1). The wash fastness of dried flowers was evaluated using a scoring scale with the categories - Low Impression (5), Medium Impression (3), High Impression (1). The statistical analysis of the sensory scores was performed using the Kruskal-Wallis test in RAISINS (Hisham et al., 2025), an advanced online platform integrating R and AI for agricultural data analysis.
3. RESULTS AND DISCUSSION
3.1. Colour Absorption
The data on the effect of different dyeing methods on colour absorption in marigold flowers and rose flowers are presented in Table 1 and Table 2 respectively. The Kruskal Wallis test revealed a high significant difference (p ≤ 0.01) among the dyeing methods in both flowers. For marigold flower, the highest colour absorption score (4.20) was recorded in dip dyeing (J₁), which was on parity with spraying after drying (J₂) with a score of 3.10, while absorption dyeing (J₃) and control (J₄) recorded much lower scores (1.30 each). For rose flower, the highest colour absorption score (4.30) was recorded in dip dyeing (J₁), which was on parity with spraying after drying (J₂) with a score of 3.20, while absorption dyeing (J₃) and control (J₄) recorded much lower scores (1.40 and 1.30, respectively).
The superior colour absorption observed in dip dyeing is due to the direct immersion of fresh petals in concentrated dye, which ensures continuous contact between pigment molecules and hydrated tissues, thereby enhancing penetration. Findings by Yadav et al. (2018) and Karmakar et al. (2020) shows that the full-dip method using 40% glycerine outperformed absorption-based treatments, which are comparable with our results. 
Spraying after drying resulted in moderate colour intensity, as pigment attachment relied mainly on surface deposition rather than internal diffusion. Although spraying can form a uniform coating, its efficiency is restricted by factors such as droplet spread, spray direction, and the reduced permeability of dried petals. Absorption dyeing recorded minimal colour uptake, likely due to the larger molecular size and reduced mobility of natural pigments, which limits their movement through xylem tissues. Jyothi et al. (2022) reported comparable results in gypsophila, where spraying achieved optimal dye uptake while stem absorption showed the lowest effectiveness.
3.2. Strength of Colour
The data on the effect of different dyeing methods on strength of colour in marigold flowers and rose flowers are presented in Table 1 and Table 2 respectively. The Kruskal Wallis test revealed a high significant difference (p ≤ 0.01) among the dyeing methods in both flowers. In the case of marigold flowers, the maximum score (4.50) was obtained in dip dyeing (J₁), which was on parity with spraying after drying (J₂) with a moderate score of 3.30, whereas absorption dyeing (J₃) and control (J₄) recorded the lowest values (1.10 each).
In the case of rose flowers, the highest colour strength score (4.40) was observed in dip dyeing (J₁), which was on parity with spraying after drying (J₂) with a score of 3.20, while absorption dyeing (J₃) and control (J₄) recorded the lowest scores (1.20 each).
The superior colour strength obtained through dip dyeing is due to the direct immersion of fresh petals in concentrated dye, which enables pigments to diffuse more efficiently into hydrated tissues. While, spraying after drying produced only moderate colour strength, as most of the pigment accumulated on the petal surface. Even though the coverage appears uniform, the limited permeability of dried petals restricts the intensity of colour achievable through spraying. Absorption dyeing via stem uptake showed the lowest colour strength. This may be due to the larger molecular size, polarity, and limited solubility of natural dye molecules which are poorly translocated through vascular tissues. This is in accordance with results of Jyothi et al. (2022) in gypsophila.
3.3. Light Fastness
The data on the effect of different dyeing methods on light fastness in marigold flowers and rose flowers are presented in Table 1 and Table 2 respectively. The light fastness of both marigold and rose varied significantly among different dyeing methods, as shown by the highly significant Kruskal Wallis test (p ≤ 0.01). For marigold flowers, the highest light fastness score (3.40) was observed in dip dyeing (J₁) which was on parity with spraying after drying (J₂) with a moderate score of 2.40, while absorption dyeing (J₃) and control (J₄) showed the lowest score (1.20 each).
For rose flowers, the highest score (2.80) was recorded for dip dyeing (J₁), indicating superior resistance to colour fading under light exposure, followed by spraying after drying (J₂) with a score of 2.30. Lower values were recorded for absorption dyeing (J₃) and control (J₄) (1.10 and 2.10, respectively).
Dip dyeing showed the highest light fastness in both marigold and rose, suggesting that immersion enables deeper pigment penetration into fresh petal tissues, reducing their vulnerability to photo-oxidation. Spraying after drying exhibited moderate light fastness because the dye remained largely as a surface layer, making it more prone to fading under light exposure. Absorption dyeing and the 








Table 1. Effect of different dyeing methods on marigold flowers using marigold dye
	Treatment
	Colour absorption
	Strength of colour
	Light fastness
	Rubbing fastness
	Wash fastness

	Dip dyeing (J1)
	4.20 
	4.50 
	3.40 
	3.20 
	3.30

	Spraying after drying(J2)
	3.10
	3.30 
	2.40 
	1.50 
	1.40 

	Absorption dyeing(J3)
	1.30 
	1.10 
	1.20 
	4.00 
	4.80 

	Control (without dyeing) (J4)
	1.30
	1.10
	1.20 
	4.00 
	5.00

	χ² (chi sq.)
	33.47**
	35.70**
	31.73**
	35.24**
	36.17**

	p value
	0.00
	0.00
	0.00
	0.00
	0.00


** indicates significance at 1% level

[bookmark: _GoBack]Fig. 1.  Graph showing Effect of different dyeing methods on marigold flowers using marigold dye



Table 2. Effect of different dyeing methods on rose flowers using rose dye
	Treatment
	Colour absorption
	Strength of colour
	Light fastness
	Rubbing fastness
	Wash fastness

	Dip dyeing (J1)
	4.30
	4.40
	2.80
	3.20
	3.30

	Spraying after drying(J2)
	3.20
	3.20 
	2.30
	1.50
	1.40

	Absorption dyeing(J3)
	1.40
	1.20
	1.10
	4.00
	4.80

	Control (without dyeing) (J4)
	1.30
	1.20
	2.10
	4.00
	5.00

	χ² (chi sq.)
	34.01**
	34.95**
	20.80**
	35.24**
	36.17**

	p value
	0.00
	0.00
	0.00
	0.00
	0.00


** indicates significance at 1% level

Fig. 2. Graph showing Effect of different dyeing methods on rose flowers using rose dye


control showed the lowest values due to minimal pigment uptake. These results are supported by Baig et al. (2021), who reported strong light stability for marigold-based natural dyes.
3.4. Rubbing Fastness 
The data on the effect of different dyeing methods on rubbing fastness in marigold flowers and rose flowers are presented in Table 1 and Table 2 respectively. Significant differences were observed in rubbing fastness among the dyeing methods (p ≤ 0.01) for both marigold and rose. The absorption dyeing (J₃) and control (J₄) treatments showed the highest values (4.00) and the lowest score (1.50) was observed in spraying after drying (J₂), in the case of marigold flowers. While dip dyeing method (J₁) recorded the highest score (3.20). The lowest value (1.50) was observed in spraying after drying (J₂), in the case of rose flowers.
Absorption dyeing and the control exhibited the highest rubbing fastness, as the very small amount of surface pigment resulted in minimal colour transfer during friction. This demonstrates that rubbing resistance is mainly influenced by the quantity of dye present on the petal surface. Spraying after drying had the poorest rubbing fastness because its superficial colour layer was easily removed by abrasion. Dip dyeing showed moderate rubbing fastness, as deeper pigment penetration reduced but did not eliminate the loss of surface-bound dye.
3.5. Wash Fastness
The data on the effect of different dyeing methods on wash fastness in marigold flowers and rose flowers are presented in Table 1 and Table 2 respectively. The wash fastness of both dyed marigold and rose flowers differed significantly among methods (p ≤ 0.01). For marigold flowers, the absorption dyeing (J₃) and control (J₄) treatments recorded comparatively higher numerical values (4.80 and 5.00, respectively) and the lowest score (1.40) was observed in spraying after drying (J₂).
For rose flowers, the dip dyeing method (J₁) again recorded the highest score (3.30), followed by spraying after drying (J₂) with 1.40, whereas absorption dyeing (J₃) and control (J₄) recorded higher numerical values (4.80 and 5.00, respectively).
Wash fastness varied significantly across the dyeing methods and showed a pattern comparable to rubbing fastness. Absorption dyeing and the control recorded the highest wash fastness because only minimal surface pigment was available to be removed during washing. Dip dyeing in rose displayed relatively good wash resistance owing to deeper pigment diffusion and stronger binding within fresh tissues. Conversely, spraying after drying resulted in the lowest wash fastness, as its surface-applied colour layer detached readily when exposed to moisture. Overall, wash fastness depends on the degree of dye penetration and stabilization within plant tissues; dyes that diffuse more deeply tend to form stable internal aggregates that better withstand washing (Jawaharlal et al., 2013). The poor wash fastness of marigold-based natural dyes due to weak dye fixation was already reported by Baig et al. (2021).

4. CONCLUSION
The study demonstrated that dyeing method plays a critical role in determining colour uptake and fastness properties of marigold and rose flowers treated with natural dyes for drying. Dip dyeing consistently produced the highest colour absorption, colour strength, and light fastness. Spraying after drying achieved moderate colour enhancement but exhibited poor rubbing and wash fastness as the dye remained only in the surface of petals. Absorption dyeing through stem uptake was the least effective for colour development, reflecting the limited mobility and solubility of natural pigments within vascular tissues. To conclude with, dip dyeing emerged as the most effective method for achieving superior and stable colouration in dry flower technology of flowers using natural dyes.
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