


EFFECT OF TEMPERATURE ON THE DYEING OF SILK FABRIC WITH Talaromyces purpurogenus FUNGAL PIGMENT



ABSTRACT
This study evaluated the effect of dyeing temperature on the dyeing performance of silk fabric using a fungal pigment obtained from Talaromyces purpurogenus. The silk fabric was pre-treated to remove impurities before dyeing. In the present study, the coloured liquor extract from the fungal source Talaromyces purpurogenus F. was used for dyeing. It was obtained from the Department of Biological Sciences, College of Basic Sciences and Humanities, G.B.P.U.A. & T., Pantnagar. T. purpurogenus F. was subcultured on Czapek yeast extract agar plates. After 7 days of cultivation at 30 ºC, agar discs were cut from the plate. One disc was added to a flask containing 50 ml of sterile medium at pH 5, with 0.3% nitrogen and 3% sucrose. After inoculation, the flask was placed on a rotary shaker at 150 rpm and 30 ºC for 3 days. Shake-flask production was performed in a 500 ml Erlenmeyer flask containing 150 ml of cultivation medium. The cultivation parameters were a temperature of 30 ºC, pH 5, and 200 rpm for 7 days. Dyeing was carried out at pH 5, with a material-to-liquor ratio of 1:30, for 60 minutes at five temperatures: 50 °C, 60 °C, 70 °C, 80 °C, and 90 °C. The dyed samples were rinsed, shade-dried, and assessed for percentage absorption, washing fastness, and rubbing fastness. Percentage absorption was determined by measuring the optical density of the dye liquor before and after dyeing.
The results showed that dye absorption increased as the dyeing temperature rose from 50 °C to 80 °C. The percentage absorption values were 41 ± 0.5% at 50 °C, 51 ± 0.5% at 60 °C, 52 ± 0.5% at 70 °C, and 67 ± 0.5% at 80 °C. At 90 °C, absorption declined to 53 ± 0.5%. Silk dyed at 80 °C showed the highest percentage absorption and exhibited very good to excellent washing and rubbing fastness. The findings indicated that dyeing temperature influenced the interaction between the silk fabric and Talaromyces purpurogenus fungal pigment under the tested conditions. Based on absorption and fastness performance, 80 °C was identified as the most suitable dyeing temperature among the levels tested.
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INTRODUCTION:
Colour is one of the most beautiful characteristics of nature and helps make objects appealing and fascinating. Colours in materials are imparted by dyes or pigments. A dye can be characterised as a substance that has an affinity for the substrate to which it is applied.
Until the mid-nineteenth century, most dyes used for textile colouration were derived exclusively from natural sources, including plants, animals, and minerals. Among these, indigo, Tyrian purple, alizarin, cochineal, and logwood are particularly noteworthy because of their widespread use, historical significance, and remarkable colouring properties. The use and development of natural dyes progressed substantially following the emergence of weaving technology, which is generally believed to have originated around 5000 BC. Since then, natural dyes have played a fundamental role in the production and decoration of textiles across numerous civilisations.
The evolution of industrialisation increased the use of chemicals for the colouration and finishing of textile materials. The textile industry has created numerous environmental problems because it is one of the most chemical-intensive industries worldwide. The industry uses more than 8,000 chemicals in various processes, and its toxic effluents are released into water bodies with or without treatment (Nimkar, 2018).
Synthetic dyes originate from petrochemical sources and involve hazardous chemical processes. Their continuous use has resulted in environmental degradation to such an extent that complete recovery may not be possible. The extensive use of a diverse range of chemicals in the finishing and processing of textile fibres has made the textile industry one of the most polluting industries.
The utilisation of plant and animal sources for colouring textile materials is not a sustainable option. It requires the use of plants and the killing of animals, which have substantially affected biodiversity. To address these problems, microorganisms have gained attention as alternative sources for textile colouration. Microorganisms are an underused natural resource that may offer a sustainable solution for maintaining biodiversity in ecosystems. Compared with plant and animal sources, microorganisms offer advantages such as ease of cultivation and extraction, genetic diversity, and compatibility with sophisticated technologies, which make their use more feasible.
Research on natural dyes has also shown that the practical use of alternative colourants requires the evaluation of dye–fibre affinity, dyeing conditions, and fastness behaviour rather than only pigment availability (Shahid et al., 2013; Morales-Oyervides et al., 2017; Venil et al., 2020).
Recent reviews and experimental studies have indicated that fungal pigments are promising colourants for textile dyeing because they can be produced through microbial cultivation and may reduce dependence on plant- and animal-derived dye sources (Morales-Oyervides et al., 2017; Venil et al., 2020).
Recent assessments of natural-dye applications on silk and broader textile systems have reinforced the importance of evaluating substrate-specific dye uptake and fastness under controlled processing conditions (Abdel-Zaher et al., 2018; Repon et al., 2024).
Studies of fungal pigments have likewise shown that textile colouration outcomes vary with pigment source, fabric type, and dyeing conditions, while sustainable dyeing practices must also consider the environmental burden associated with conventional dye effluents (Mani et al., 2024; Che-Alee et al., 2026; Kumar, 2025).
Talaromyces purpurogenus has been reported as a pigment-producing fungus with potential textile applications, and earlier studies have evaluated its pigments on proteinaceous substrates such as wool and silk (Verma et al., 2019; Verma et al., 2023).
Yellow, red, and blue pigments have been reported to be produced by various microorganisms, including Penicillium herquei, Penicillium atrovenetum, Monascus purpureus, Phaffia rhodozyma, and Bacillus spp. Furthermore, several species of Talaromyces, formerly classified within the genus Penicillium, such as Talaromyces aculeatus, T. funiculosus, and T. pinophilus, have been identified as producers of Monascus-like polyketide azaphilone pigments (Mapari et al., 2010). These findings highlight the considerable potential of microbial pigments as sustainable colourants for textile applications.

In recent years, microorganisms have been extensively investigated as eco-friendly sources of textile colourants. For example, Monascus purpureus and Pseudomonas fluorescens have been successfully employed for the colouration of cotton fabrics (Basant, 2012; Bhargava, 2012). In addition, pigments derived from Pseudomonas fluorescens have been utilised for dyeing cotton, silk, and wool fabrics (Mishra et al., 2017). In view of these developments, the present study was undertaken to investigate the effect of dyeing temperature on the colouration of silk fabric using fungal pigment produced by Talaromyces purpurogenus. The study aimed to provide further insights into the optimisation of microbial pigment-based dyeing processes for sustainable textile applications.

However, dyeing performance depends on process variables such as pH, time, and temperature; therefore, an assessment of temperature is necessary before a practical dyeing condition for silk can be recommended (Kamel et al., 2007; Verma et al., 2023).
Limitations:
0. The dye liquor was used instead of dye powder to reduce the energy consumption and cost associated with dyeing silk fabric.
Objectives:
1. To study the effect of dyeing temperature on the colour properties of dyed silk fabric.
1. To assess the percentage absorption and fastness properties of dyed silk fabric.
REVIEW OF LITERATURE
Microorganisms are valuable sources of natural colourants. They are easy to grow, cultivate, and extract, and they have substantial genetic diversity. Advances in technologies and techniques have made the use of microbes as sources of natural colourants more feasible (Rana et al., 2021). Microbes have a strong capacity for the biotransformation and biocatalysis of substrates, converting them into novel bioactive compounds (Pimentel et al., 2011).
Incubation temperature is one of the main factors that depends directly on the type of microorganism. For example, Monascus spp. require 25–28 ºC for pigment production, whereas Pseudomonas spp. require 35–36 ºC (Rana et al., 2021).
In the study, fungal strains of Acrostalagmus sp., Cunninghamella sp., Alternaria sp., Aspergillus niger, Penicillium oxalicum, Bisporomyces sp., Alternaria alternata, Penicillium italicum, Penicillium regulosum, Penicillium chrysogenum, and Phymatotrichum sp. were isolated. All isolates produced brown and reddish-brown colours. The dyes showed reasonable fastness to washing, perspiration, and ultraviolet light (Atalla et al., 2011).
MATERIAL AND METHODS

Textile substrate 
The silk fabrics were used as textile substrates for the application of fungal pigment. Plain-weave silk fabrics in an off-white colour were purchased for ₹800 per metre from Gandhi Aashram in Haldwani and Pantnagar, Uttarakhand.

Preparation of Textile material
The textile substrate was prepared to remove impurities before dyeing and thereby ensure uniform dye application to the silk. The silk fabric was treated with a non-ionic detergent at 5 g per litre (Godrej Ezee, consisting of water, anionic surfactants, cocamide DEA, and sodium chloride) at 50 ºC for 30 minutes in a beaker, using a material-to-liquor ratio of 1:50 on a hot plate.
Determination of fabric specifications
The specifications of the prepared fabrics were determined to establish their structural dimensions and are presented in Table 1.
Table 1: Specifications of fabrics used in the study 
	S. No.
	Specifications
	
	Silk

	1
	Fabric count per inch (warp/weft)
	
	91x104

	2
	Fabric thickness(mm)
	
	0.09

	3
	Fabric weight (gsm)
	
	40.5



Dye material
In this study, the coloured liquor extract from the fungal source Talaromyces purpurogenus F. was used for dyeing. It was obtained from the Department of Biological Sciences, College of Basic Sciences and Humanities, G.B.P.U.A. & T., Pantnagar. The coloured pigment was extracted from a T. purpurogenus strain isolated from waste food and wood materials.
Dyeing of silk:
Silk fabric samples were dyed at 50 ºC, 60 ºC, 70 ºC, 80 ºC, and 90 ºC. Experiments were conducted to assess the effect of temperature on the dyeing of silk fabric with Talaromyces purpurogenus fungal pigment. Dyeing was carried out at a material-to-liquor ratio of 1:30 and pH 5 for 60 minutes.
A. Analysis of  Colour properties
1. Percent Absorption
The percentage absorption was calculated by recording the absorbance of the dye solution at λ-max before and after dyeing. The O.D. of the dyed samples was measured using an SS5100A spectrophotometer. Percentage absorption was calculated using the following formula:

 (
x 
100
   
Absorption=
) (
% absorption=
) O.D of the dye liquor before dyeing - O.D of the dye liquor after dyeing 
 				O.D of the dye liquor before dyeing 
To record the absorbance, the dye solution was diluted tenfold in the same manner as for recording λ-max.
ii. Fastness properties
a. Washing fastness
The washing fastness test evaluates the colour fastness of dyed fabric to laundering, as textiles are expected to withstand frequent washing (Saville, 1999). Washing fastness test no. 2 was conducted according to the recommendations of IS 3361:1979 (Bureau of Indian Standards, 1979) using a laundrometer.
Table 2. Gray scale rating used for assigning fastness to dyed fabric

	Gray scale rating
	Colour change (CC)
	Colour staining (CS)
	Fastness  Level

	5
	Negligible or no change
	Negligible staining
	Excellent

	4
	Slight change
	Slight staining
	Very good

	3
	Noticeable change
	Noticeable staining
	Good

	2
	Considerable change
	Considerable staining
	Fair

	1
	Much change
	Heavy staining
	Poor



b. Rubbing fastness
This property is also known as crocking fastness. Fastness to rubbing or crocking refers to the resistance of textile materials to fading and staining under dry and wet conditions during use because of friction (Saville, 1999). Rubbing fastness was tested according to IS 766:1988 using a crockmeter.
RESULTS AND DISCUSSION

Experiments were conducted to assess the effect of temperature on the dyeing of silk fabric with Talaromyces purpurogenus fungal pigment. Dyeing was carried out at 50 ºC, 60 ºC, 70 ºC, 80 ºC, and 90 ºC. The results for percentage absorption and fastness ratings are presented in Tables 3 and 4, respectively. Silk fabric dyed with the fungal pigment was assessed for percentage absorption and fastness properties. The maximum percentage absorption of 67% was observed in silk fabric dyed at 80 ºC. The data also show that the percentage absorption of the silk fabric samples increased as the dyeing temperature rose from 50 ºC to 80 ºC and declined when the temperature was further increased beyond 80 ºC. The shade card is shown in PLATE 1.

The observed increase in absorption up to 80 ºC is consistent with previous optimisation work on fungal pigment dyeing of silk, in which dyeing temperature was identified as a key process variable influencing dye uptake and colour strength (Verma et al., 2023).
Comparable studies on Talaromyces pigments have shown their applicability for textile dyeing, while also emphasising that substrate type and process conditions influence the final colour yield and fastness behaviour (Morales-Oyervides et al., 2017; Verma et al., 2019; Hussain et al., 2025).
Accordingly, the current temperature-response data should be interpreted as a process-optimisation result for silk under the specified pH and dyeing time, rather than as a universal dyeing condition for all textile substrates (Kamel et al., 2007; Morales-Oyervides et al., 2017; Verma et al., 2023).
Table 3. Percent absorption obtained by silk fabric dyed at different dyeing temperature with Talaromyces purpurogenus fungal pigment.
	S.No.
	Temperature (ºC)
	% absorption

	1
	50 ºC
	41±0.5a

	2
	60 ºC
	51±0.5a

	3
	70 ºC
	52±0.5bc

	4
	80 ºC*
	67±0.5d

	5
	90 ºC
	53±0.5c


Data superscripted by different letters indicate significant difference according to Tukey post hoc test (p< 0.05) at 5% level of significance; * Selected temperature

Bhargava (2012) dyed silk samples with Pseudomonas fluorescens dye and observed an increase in percentage absorption as the dyeing temperature increased up to 80 ºC.
The higher percentage absorption at elevated dyeing temperatures could be explained by the increased kinetic energy of the dye molecules, greater fibre swelling, and disaggregation of the dye molecules, which might have increased their movement towards the fabric surface and subsequent penetration into the fibre (Shenai, 1997; Kamel et al., 2007).
At elevated temperatures, diffusion and fibre swelling can improve dye penetration; however, excessive temperatures may reduce apparent absorption because of possible pigment instability, changes in aggregation, or altered dye–fibre interactions (Kamel et al., 2007; Ugwu et al., 2022).
The decline at 90 ºC may therefore reflect a balance between enhanced diffusion and possible thermal effects on pigment–fibre interactions; this explanation is consistent with studies reporting the temperature-dependent stability and performance of Talaromyces pigments (Ugwu et al., 2022; Hussain et al., 2025).
The data further indicate significant differences among the percentage absorption values of silk fabric samples dyed at 70 ºC, 80 ºC, and 90 ºC. No significant difference was observed between the percentage absorption values of silk fabrics dyed at 50 ºC and 60 ºC.
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Table 4. Fastness properties of silk fabric samples dyed at different dyeing temperature with Talaromyces purpurogenus fungal pigment.
	S.No.
	Dyeing
temperature
(ºC)
	Washing fastness
	Rubbing fastness

	
	
	CC
	SS
	SC
	     Wet
	Dry

	
	
	
	
	
	    CC
	CS
	SS
	CS

	1
	 50 ºC
	5
	5
	5
	4-5
	4-5
	5
	5

	2
	 60 ºC
	5
	5
	5
	5
	4-5
	5
	5

	3
	 70 ºC
	5
	4-5
	5
	5
	5
	4-5
	5

	4
	  80ºC*
	5
	5
	5
	5
	5
	5
	5

	5
	 90 ºC
	5
	5
	5
	4-5
	5
	5
	5


CC: Colour Change, CS: Colour Staining; SS: Staining on silk; SC: Staining on cotton * Selected temperature

Table 4 indicates that better washing and rubbing fastness ratings were observed when silk fabric samples were dyed at higher temperatures. Lower washing fastness ratings were observed when dyeing was carried out at lower temperatures.
The very good to excellent washing and rubbing fastness observed at 80 ºC may reflect adequate pigment–fibre interaction under the selected acidic dye bath, but the present results should be interpreted as specific to the tested pH, time, and material-to-liquor ratio (Verma et al., 2023; Zarkogianni et al., 2011).
The fastness data are consistent with the broader natural-dye literature, in which final colour performance depends not only on pigment origin but also on dye–substrate interaction, bath conditions, and post-dyeing evaluation methods (Zarkogianni et al., 2011; Morales-Oyervides et al., 2017; Verma et al., 2019).
CONCLUSION
The study indicates that microorganisms may be advantageous sources of colourants because of their ease of cultivation and extraction and their genetic diversity, which make their use more feasible. The costs of the raw materials, labour, and processing involved in extracting the fungal pigment were lower, and the colour liquor obtained from fungal growth was explored as a novel, eco-friendly resource for textile colouration to establish its potential application in the textile sector.
The results show that silk fabric achieved high percentage absorption at elevated temperatures because the increased movement and speed of the polymer chain segments enabled the dye molecules to diffuse more readily into the fibre, resulting in high percentage absorption (Waly et al., 2016).
Silk fabric dyed with Talaromyces purpurogenus exhibited very good to excellent washing and rubbing fastness at higher temperatures. The results further suggest that silk can be successfully dyed with Talaromyces purpurogenus fungal pigment at 80 ºC under the tested conditions.
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SAMPLE SHEET - 2

Shade card of silk fabrics dyed with Talaromyces purpurogenus under different dyeing conditions using HTHP and open dye
bath
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* Selected dyeing method; HTHP: High Temperature High Pressure; ODB: Open Dye Bath




