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Abstract 

Natural dyes have gained interest in sustainable textile applications. However, the potential of Melastoma malabathricum as 

a silk dye source remains unexplored. Pigments extracted from M. malabathricum L. fruit using acidified methanol were used 

for silk yarn dyeing through the meta-mordanting process with stannous chloride (2%) as the mordant. A four-factor, face-

centred composite design from response surface methodology was applied to optimise the dyeing process. The effect of extract 

weight, temperature, pH, and dyeing duration on colour intensity was analysed. The optimum conditions (R² = 0.9517) were 

found using 1 g of dye extract, 30 °C, pH 3, and 120 min, yielding a colour intensity of 28.99. The ultraviolet-visible spectra 

indicated the highest peak absorbance of the dye bath at pH 3, aligned with the highest colour intensity. Higher temperatures 

and amount of dye extract increased the colour intensity, while lower temperatures and longer durations had the opposite 

effect. This study contributes to sustainable silk dyeing by utilising M. malabathricum fruit as a natural dye source and 

provides a foundation for its systematic optimisation. The findings also highlight its potential for large-scale applications, 

offering an eco-friendly alternative to synthetic dyes in the textile industry.  
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Introduction 

Most of the colours or dyes used in the textile industry 

are synthetic, with over 20% of these dyes ending up 

in the environment and water sources [1]. The textile 

industry widely uses synthetic dyes for their colour 

fastness and vibrancy. However, the toxicity and non-

biodegradability of synthetic dyes pose risks to 

people, animals, and the environment, leading to 

issues such as skin allergies, respiratory problems, 

hormone imbalances, and cancer [2]. Furthermore, the 

pollution of water bodies resulting from textile 

industry waste can disrupt the ecosystem and harm 

living organisms. As a result, natural dyes derived 

from plants, animals, or minerals are experiencing a 

resurgence, as they offer a safer alternative to their 

synthetic counterparts. Recent advancements in plant-

based dyeing techniques, including the use of natural 

additives and bio-mordants, have significantly 

improved dye uptake and fabric performance [3]. 

Additionally, new extraction protocols for 

anthocyanins have been developed to enhance 

pigment stability and dyeing efficiency [4]. Moreover, 

the application of natural dyes in a variety of 

applications not only promotes environmental 

sustainability but also provides a more ethically 

responsible approach to create different colour 

schemes [5].  

 

Natural dyeing techniques, such as eco-friendly 

solvent extraction and optimised mordanting, have 

been shown to improve dye uptake and colour fastness 

on various fabrics [6,7]. In another study, the 

integration of inorganic ultraviolet (UV) absorbers 

and reducing agents has been shown to inhibit 

photofading in anthocyanin-based dyes, enhancing 

their longevity on silk yarns [8]. Significant 
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advancements in sustainable dyeing techniques in 

recent years also highlight innovative methods, such 

as ultrasonic and microwave-assisted dyeing, which 

improve dye uptake and reduce environmental impact 

[6]. Although Melastoma malabathricum fruit extract 

has been reported for fabric dyeing [9], studies 

specifically investigating its application as a textile 

dye remain limited. Furthermore, there is currently no 

systematic study on its optimisation for textile 

applications.  

 

Melastoma malabathricum Linn. (also known as 

senduduk) is a shrub tree, with pink or mauve-

coloured flowers. It is typically found along roadsides 

in tropical and subtropical climates and is often 

regarded as a weed. This plant produces small, berry-

like fruits with numerous dark purple seeds coated 

with pink-purple pulp when ripe (Figure 1). The 

flowers and fruits of M. malabathricum plant contain 

anthocyanins (cyanidin dihexoside, cyanidin 

hexoside, and delphinidin hexoside), which provide 

natural colours for various applications, including 

food and cosmetics [10,11]. The flower extract of the 

plant has been used as a source of natural dyes for 

fabric dyeing [12], while its fruit extract has also been 

reported as a natural colouring agent in cosmetic 

products, such as lip cream, giving a purplish-red 

colour [13].  

 

Anthocyanins are water-soluble flavonoid pigments 

found in the fruits, leaves, and flowers of various 

plants, such as purple sweet potatoes [14], mangosteen 

skin [15], and hibiscus flowers [16]. Natural dyes are 

sensitive to several factors, such as pH, temperature, 

and light, which complicate the achievement of 

consistent and optimal dyeing outcomes. Depending 

on the pH of the surrounding environment, 

anthocyanins contribute to a wide range of colours, 

including red, purple, and blue. Anthocyanins are 

highly soluble in water at low pH, producing red 

pigment, predominantly due to flavylium cations, 

while high pH values lead to blue colour shades 

[17,18]. Traditional methods often fail to capture the 

relationships among various elements influencing the 

dyeing process. Therefore, response surface 

methodology (RSM), which allows for the 

simultaneous interaction of multiple process variables 

to determine their relationships, can be utilised to 

optimise the dyeing process [19]. In this study, central 

composite design (CCD) of RSM was utilised to 

evaluate the effect of four operating variables: the 

amount of M. malabathricum fruit extract, duration, 

temperature, and pH, on the colour intensity of the 

dyed silk yarn. By identifying the key parameters that 

influence dye uptake and colour intensity, this study 

may provide a foundation for the potential large-scale 

application of this natural dye in sustainable textile 

manufacturing. 

  

Materials and Methods 

Stannous chloride (SnCl₂), aluminium potassium 

sulphate dodecahydrate (alum), methanol, acetic acid 

(96%), and sodium hydroxide were purchased from 

Merck and used without any purification. The 120/2 

100% silk yarn was purchased from TCB Batik & 

Songket Sdn. Bhd., Malaysia. M. malabathricum L. 

fruits were collected from the surrounding areas of the 

International Islamic University Malaysia, Kuantan, 

Malaysia, and identified by a botanist. The voucher 

specimens (IIUM486) were deposited in the 

Herbarium, Kulliyyah of Science, International 

Islamic University Malaysia. The fruits were peeled, 

dried in an oven at 40 °C for 12–24 h, and stored in a 

zipper bag until further use. All experiments were 

conducted under controlled laboratory conditions to 

enhance reproducibility as much as possible. 

However, due to the natural variability of plant-based 

extracts, slight variations in dye composition and 

performance may still occur. 

 

 

 
 

Figure 1. Ripe fruits of M. malabathricum Linn
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Extraction 

The dye pigment from the fruits was extracted using 

two solvents: distilled water and methanol. The 

extraction of dye pigment using distilled water was 

carried out by heating the preweighed fruits in 50 mL 

of distilled water at 60 °C for 2 h. The mixture was 

then filtered, and the filtrate was used as the dye bath 

solution. A preweighed (0.50 g) crushed M. 

malabathricum fruit was extracted in 50 mL of 

acidified MeOH (methanol with 0.05% acetic acid) 

for 2 h at 60 °C while stirring, with the beaker covered 

with aluminium foil. The resulting mixture was 

filtered, and the solvent was evaporated. The crude 

extract obtained (26.5%–55.7%) was collected and 

kept in a dark, dry, and cool place.  

 

Scouring  

The silk yarn (1 g) was soaked completely in distilled 

water for 1 h. Subsequently, the yarn was washed with 

a soapnut solution for 30 min at 50–60 °C, 

maintaining a material-to-liquor ratio of 1:40. The 

scoured sample was then thoroughly washed with 

distilled water and kept wet until use. 

 

Mordanting and dyeing 

The dye bath was prepared by diluting the dye extract 

(1.0, 1.5, and 2.0 g) in 40 mL of distilled water along 

with the mordant. The silk yarn was treated with 2% 

SnCl₂ through a meta-mordanting process, in which 

the scoured silk yarn was simultaneously immersed in 

the dye bath solution and the mordant. The material-

to-liquor ratio was maintained at 1:40 in all methods. 

The yarn was kept in the dye bath for specific 

durations (30, 75, and 120 min) at the determined 

temperatures (30, 60, and 80 °C). The pH was 

maintained at the required value (3, 6, and 9) by 

adding a buffer solution (acetic acid or sodium 

hydroxide). The dyed yarn was then washed with 

distilled water and dried at room temperature. 

 

Ultraviolet-visible spectroscopic analysis 

The UV-vis absorption spectra of dye solutions were 

measured using the Shimadzu UV-1900i 

spectrophotometer. Dye bath solutions (containing 

0.50 g of crude extracts diluted in 40 mL of distilled 

water) at different pH (3, 6, and 9) and distilled water 

(as reference) were prepared. For each dye bath 

solution, 1 mL was measured and diluted in 9 mL of 

distilled water before being transferred into cuvettes. 

The wavelength range was set to 400–700 nm, and the 

baseline was adjusted to zero absorbance. The 

absorbance of the dye solutions was recorded and the 

spectrum was obtained for analysis.  

 

Colour intensity measurement 

The colour intensity of the dyed samples was analysed 

using a CHN Spec CS-10 colourimeter to measure the 

L*, a*, and b* values (CIELAB) under standard 

illumination conditions of D65 and 10 observers. The 

colourimeter was calibrated by measuring the black 

and white colour. Subsequently, the CIELAB colour 

space was selected prior to measuring the dyed yarn 

samples. L* is a measure of lightness or darkness of 

the fabric, ranging from 100 (white) to 0 (black). a* 

measures the redness (positive (+) values) or 

greenness (negative (-) values), whereas b* measures 

the yellowness (positive (+) values) or blueness 

(negative (-) values) [20]. Measurements were 

conducted in triplicate, and the colour intensity (Cab) 

for each dyed yarn was calculated using the following 

equation: 

 

𝐶𝑎𝑏 =  √𝑎2 + 𝑏2       

 

Response surface methodology 

The statistical software package Design-Expert 13 

(v13.0.5, Stat Ease Inc., Minneapolis, MN, USA) was 

used for the design and analysis of experimental 

parameters. Central composite design was used to 

investigate the effect of pH, temperature, time, and 

amount of sample extraction on the colour intensity 

(Cab) of the dyed silk yarn. A four-factor, face-centred 

composite design resulting in 28 runs was employed 

to optimise the dyeing parameters. The response of 

colour intensity for all runs was measured, and the 

main effects and interactions among the factors were 

determined. The adequacy of the model was assessed 

in terms of the values of coefficient of determination 

(R²) and adjusted R². Analysis of variance (ANOVA) 

and graphical optimisations were performed to 

determine the optimal conditions of the process 

variables. 

 

Results and Discussion 

Extraction and mordant selection for the dyeing 

process 

Extraction of anthocyanins usually requires an 

acidified solvent because the flavylium ion, a key 

component of anthocyanins, is stable in an acidic 

condition [21]. The extraction process was carried out 

at 60 °C to ensure the solubilisation of the pigment 

while preventing the thermal degradation of 

anthocyanins, which are known to be heat-sensitive. 

Previous studies indicate that anthocyanins degrade at 

temperatures exceeding 70 °C, while extraction within 

the 50–70 °C range preserves pigment stability [22]. 

Similar findings have been reported for anthocyanin 

extractions from Hibiscus sabdariffa and Garcinia 

mangostana fruit hulls, where temperatures around 60 

°C yielded optimal pigment recovery while preventing 

degradation [15,23]. A recent study has also 

optimised natural anthocyanin extraction protocols to 

improve their dyeing potential, resulting in higher 

washing fastness and longer-lasting colour [4]. Apart 

from the solvents, optimisation of solvent-to-solid 
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ratio, extraction time, and temperature is also needed 

to achieve the highest product yield. Generally, highly 

polar solvents (e.g., water) are effective solvents to 

extract polar anthocyanins as the hydroxyl groups of 

anthocyanins can form hydrogen bonds with the water 

molecules. However, water extraction may introduce 

additional compounds, such as polyphenols, sugars, 

carbohydrates, and also other pigments (e.g., 

chlorophylls and carotenoids). Several studies have 

reported that the extraction of anthocyanins from parts 

of plants using alcohol acidified with citric acid 

produced a good yield and better colour than using 

hydrochloric acid [10,23−24]. In addition, citric acid 

is less corrosive than hydrochloric acid. A less polar 

solvent, such as methanol, can be applied to minimise 

the co-extraction of interfering compounds [25]. 

 

There are relatively few studies published on the dye 

extraction from the M. malabathricum plant. An 

earlier study by Wan Ahmad et al. [12] described the 

methanolic extraction of nano-sized powder form of 

M. malabathricum flower for silk fabric dyeing using 

several mordants. Their results indicated that different 

solvents used for extraction and the type of mordant 

used for dyeing produced different colour shades on 

the fabric. The same group extended their 

investigation using the natural dye extracted from 

Melastoma malabathricum L. fruit on polyester fabric 

[26]. Among the anthocyanidins, delphinidin is the 

most soluble in methanol (58.61 ± 0.01–168.64 ± 

0.02), followed by water (53.53 ± 0.06–163.71 ± 

0.02). M. malabathricum fruit, which turns dark 

purple when ripe, has been reported to contain 

primarily cyanidin and delphinidin [10]. In our study, 

the dye pigment from M. malabathricum fruit was 

preliminarily extracted using distilled water and 

methanol with 0.05% acetic acid (acidified MeOH). 

The silk yarn dyed with the dye bath prepared using 

the acidified MeOH extract exhibited a darker shade 

compared to the yarn dyed using the distilled water 

dye bath (Figure 2). Husain et al. [27] conducted 

high-performance liquid chromatography analysis to 

quantify anthocyanin solubility in different solvents 

and revealed that methanol enhanced delphinidin 

extraction while minimising interference from non-

pigment compounds. This finding aligns with our 

observation that acidified methanol produced a more 

intense dye shade than water extraction. Therefore, for 

this study, the extraction was performed using 

methanol with 0.05% acetic acid as the solvent, at 60 

°C for 120 min. 

 

 

a) 

 

b) 

 

Figure 2. The silk yarns dyed using different solvent extraction methods: a) acidified methanol and b) distilled 

water

The use of mordants is essential in fabric dyeing, as 

they can enhance colour stability, depth of dyeing, and 

the fastness properties of the fabrics. In the current 

study, the dyeing process was initially conducted 

using SnCl₂ as a mordant, employing different 

mordanting methods (pre-, meta-, and para-

mordanting). The results showed that the meta-

mordanting method produced the highest colour 

intensity value (28.57), followed by pre-mordanting 

(23.28). This observation is similar to Vankar & 

Shukla [24], who also determined that the pre-

mordanting method using SnCl₂ resulted in the highest 

colour intensity in the silk yarn dyeing using 

anthocyanins extracted from Hibiscus rosa-sinensis 

flowers compared to alum. Hence, the SnCl₂ (2%) 

meta-mordanting method was chosen in the current 

study. The challenge encountered in the meta-

mordanting process was to ensure uniform dye uptake. 

Furthermore, the choice of pH was critical in 

preventing excessive hydrolysis of the mordant, which 



 

 

 

Malays. J. Anal. Sci. Volume 29 Number 2 (2025): 1411 

5 

 

could affect its coordination with dye molecules. 

Studies on other anthocyanin-rich plant dyes, such 

as Diospyros kaki (persimmon) and Clitoria ternatea 

(butterfly pea), have shown that metal mordants 

improve colour fixation by forming coordination 

bonds with fabric protein [21,28]. The stannous ions 

(Sn²⁺) form the mordant solution complex with the silk 

fibre by interacting with the functional groups present 

in the silk protein, such as amino groups (-NH₂) and 

carboxyl groups (-COOH). These interactions create 

coordination bonds between stannous ions and silk 

fibres as a preparation for receiving the dye. 

Response surface methodology analysis 

Optimisation of the dyeing process was conducted 

using RSM with the following input variables: amount 

of dye extract (1.0, 1.5, and 2.0 g), pH (3, 6, and 9), 

dye bath temperature (30, 60, and 80 °C), and duration 

of silk yarn dyeing (30, 75, and 120 min). The output 

for the analysis is the Cab of the dyed silk yarn. A four-

factor, face-centred composite design with 28 runs 

was employed to optimise the dyeing parameters. The 

colour intensity for all runs was measured and 

tabulated in Table 1, while the colour intensity for the 

experimental runs generated is presented in Table 2. 

 

Table 1. The 28 runs computed based on RSM with colour intensity as the response variable 

 

Run Mass 

(g) 

pH Dye Duration 

(min) 

Temperature 

(°C) 

Colour Intensity 

(Cab) 

1 1 3 120 80 26.46 

2 1 3 30 80 23.09 

3 1 9 120 30 6.23 

4 1.5 3 75 55 19.5 

5 2 9 120 80 14.47 

6 2 3 120 30 25.04 

7 1 9 30 80 10.99 

8 1.5 6 75 30 15.59 

9 1 3 120 30 28.99 

10 1.5 6 75 55 18.46 

11 1.5 6 120 55 18.27 

12 1.5 6 30 55 18.1 

13 1 9 30 30 5.77 

14 2 3 30 80 23.82 

15 2 6 75 55 17.7 

16 2 3 120 80 25.62 

17 1.5 6 75 55 17.06 

18 1.5 9 75 55 5.66 

19 1.5 6 75 55 18.15 

20 2 9 30 30 8.44 

21 2 3 30 30 24.20 

22 1.5 6 75 80 18.14 

23 2 9 30 80 13.65 

24 2 9 120 30 15.93 

25 1 6 75 55 12.85 

26 1.5 6 75 55 16.93 

27 1 9 120 80 13.05 

28 1 3 30 30 23.76 
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Table 2. The CIELAB values, colour intensity, and dyed silk yarn for the 28 runs  

 

Run 
CIELAB Colour 

Intensity 
Dyed Silk Yarn 

L* a* b* 

1 32.61 20.89 -16.23 26.46 
 

      

2 41.33 20.47 -10.67 23.09 
 

      

3 62.01 6.06 -1.08 6.23 
 

      

4 47.48 18.82 -5.08 19.50 
 

      

5 56.81 10.43 10.03 14.47  
      

6 43.52 21.08 -13.51 25.04 
 

      

7 64.45 8.06 7.46 10.99 

       

8 52.33 12.94 -8.69 15.59 

       

9 38.18 22.27 -18.55 28.99 

       

10 42.42 16.51 -8.23 18.46 

       

11 44.02 14.72 -10.82 18.27 

       

12 52.65 17.94 -2.37 18.10 

       

13 61.40 5.57 -1.51 5.77 
 

      

14 34.17 21.82 -9.55 23.82  
      

15 43.97 17.44 -2.70 17.70 
 

      

16 37.51 22.06 -13.03 25.62  
      

17 43.52 15.45 -7.21 17.06  
      

18 59.77 5.22 2.18 5.66  
      

19 42.71 16.53 -7.31 18.15  
      

20 64.31 6.50 5.33 8.44  
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Run 
CIELAB Colour 

Intensity 
Dyed Silk Yarn 

L* a* b* 

21 40.19 20.32 -13.13 24.20 
 

      

22 39.62 14.81 -10.48 18.14  
      

23 59.23 10.34 8.92 13.65  
      

24 64.06 5.63 14.9 15.93 
 

      

25 57.13 11.94 -4.58 12.85  
      

26 42.89 15.80 -6.05 16.93 
 

      

27 56.71 10.06 8.32 13.05 
 

      

28 44.55 19.91 -12.96 23.76  
      

 

Table 3. Analysis of variance for the response surface quadratic model 

 

Source Sum of 

Squares 

df Mean 

Square 

F-value P-value  

Model 1,044.80 14 74.63 18.30 <0.0001 significant 

       

A-Mass sample 

extraction 

17.37 1 17.37 4.26 0.0596  

B-pH 886.06 1 886.06 217.26 <0.0001  

C-Time 27.48 1 27.48 6.74 0.0222  

D-Temperature 13.07 1 13.07 3.21 0.0967  

AB 25.18 1 25.18 6.17 0.0274  

AC 0.0018 1 0.0018 0.0004 0.9835  

AD 1.49 1 1.49 0.3664 0.5554  

BC 0.0105 1 0.0105 0.0026 0.9603  

BD 22.07 1 22.07 5.41 0.0368  

CD 2.23 1 2.23 0.5462 0.4730  

A² 0.0006 1 0.0006 0.0002 0.9902  

B² 18.95 1 18.95 4.65 0.0504  

C² 21.61 1 21.61 5.30 0.0385  

D² 6.39 1 6.39 1.57 0.2326  

Residual 53.02 13 4.08    

Lack of Fit 51.25 10 5.12 8.67 0.0509 not significant 

Pure Error 1.77 3 0.5909    

Cor Total 1,097.82 27     

Model Statistic       

Std Dev. 0.074 R-Squared  0.9982  

Mean 5.82 Adj R-Squared  0.9965  

C.V % 1.28 Pred R-Squared  0.9897  

PRESS 0.47 Adeq Precision  99.158  
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Analysis of variance was used to investigate the 

interaction among the variables and to assess the 

significance of the analysis (Table 3). A p-value of 

less than 0.05 indicates the significance of each 

variable. From the results, variables A (amount of 

extract), B (pH), and C (time) were found to be 

significant. The p-value of B was very small (p < 

0.0001), suggesting that pH highly influenced the 

changes in colour intensity. Variable A was slightly 

higher than 0.05, while D showed the most 

insignificant value at 0.0967 (p > 0.05). The results 

indicate that the dye bath temperature does not 

significantly affect the colour intensity of the dyed silk 

yarn. For the cross-product coefficients, AB and BD 

are significant with p-values of 0.0222 and 0.0368, 

respectively, while the quadratic coefficients of B² and 

C² are significant with p-values of 0.0504 and 0.0385, 

respectively. Thus, A, B, C, AB, BD, B², and C² are 

the most important factors that can affect the Cab 

values of the dyed silk yarn. The predicted R² of 

0.9897 and the adjusted R² of 0.9965 are in reasonable 

agreement with each other. The predicted versus 

actual graph plots were clustered tightly around the 

line of best fit (Figure 3), thereby verifying the 

goodness of model fitting. The model F-value of 

18.30 implies that the model is significant, with only 

a 0.01% chance that it occurs due to noise. Thus, it can 

be deduced that the model obtained has very good 

predictability and can be used to navigate the design 

space.  

 

Effect of dyeing parameters on colour intensity 

The influence of four process variables on the colour 

intensity of the dyed silk fabric can be visualised in 

the three-dimensional response surface plots (Figures 

4(a)−4(d)). The surface plots (Figures 4(a)−4(c)) 

illustrate the interactive effect of pH on the colour 

intensity of the dyed silk yarn. The response factor 

shows a rapid decrease as the pH of the dye solution 

increases, with the highest colour intensity at pH 3. 

The optimal range of colour intensity is likely between 

pH 3 and 6.  

 

 

 
Figure 3. The predicted versus actual data for colour intensity 
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a) 

 

b) 

 

c) 

 

d) 

 

 

Figure 4. Three-dimensional response surface plots illustrating the interactive effect of key dyeing parameters on 

the Cab of silk yarn dyed with M. malabathricum fruit extract: (a) the relationship between pH and dye extract 

mass, b) the relationship between temperature and pH, c) the relationship between dyeing duration and pH, and 

d) the relationship between temperature and dye extract mass

The dye bath was prepared by diluting the resulting 

extract with distilled water. The observed decrease in 

colour intensity as the pH of the dye bath increases is 

attributed to the shift in anthocyanin forms (Figure 

5(a)). The UV-vis absorption spectra for the dye baths 

at pH 3, 6, and 9 showed the max peak at about 550 

nm (Figure 5(b)), which is within a typical absorption 

range for anthocyanidins, including delphinidin in the 

visible spectrum [29]. The highest peak absorbance at 

pH 3, followed by pH 6 and pH 9, indicates that the 

dye pigment is the highest at pH 3. The decline in 

colour intensity at pH 9 may suggest the degradation 

of anthocyanins at higher pH. 

 

Co-pigmentation of the anthocyanin-metal complex 

may also contribute to the formation of the rich colour. 

Colour amplification due to complexation is 

maximum at a low pH domain (pH 2–4) [24]. 

Delphinidin, a purple-coloured pigment, is known to 

be stable under acidic conditions [17]. As delphinidin 

is the main constituent of the colour pigment in M. 

malabathricum fruit, it likely contributes to the 

observed purple colouration at pH 3. The combined 

effect of temperature and pH on colour intensity is 

shown in Figure 4(b), with the maximum colour 

intensity at the highest temperature and pH 3. This is 

consistent with findings from previous studies, 

indicating that the flavylium cation form of 

anthocyanins predominates under acidic conditions, 

producing more intense red-purple shades [17]. In 

contrast, higher pH levels shift the equilibrium 

towards the quinoidal base and chalcone forms, 

leading to colour fading and reduced stability [29]. 

The observed trend is also in agreement with studies 

on blueberry and camu-camu [30-31], where 

anthocyanin-rich extracts demonstrated higher colour 

retention in acidic environments. These studies 

demonstrate the importance of maintaining an acidic 

dye bath to achieve optimal colour intensity in M. 

malabathricum-dyed silk.
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a) 

 

b) 

 

Figure 5. a) The equilibrium of anthocyanins under acidic and basic conditions and b) UV-vis spectra of dye bath 

at pH 3, 6, and 9

Figure 6 illustrates the colour representation of the 

28-silk yarn dyeing runs for easier visualisation. The 

best result for the silk yarn dyeing process was 

achieved by using 1 g of the M. malabathricum fruit 

extract for 120 min at 30 °C and pH 3. Several factors 

may contribute to the observed results. Increasing the 

amount of fruit extract generally increases the colour 

intensity, although a longer dyeing duration (120 min) 

at 30 °C significantly decreases the colour intensity 

(Table 1). At higher concentrations or amounts of dye 

extract, longer dyeing durations may cause the dye 

bath to reach a dynamic equilibrium faster, thus 

limiting further dye uptake. This trend is consistent 

with previous reports on anthocyanin-based dyes, 

where excessive dye concentrations can lead to dye 

aggregation and reduced fabric uptake efficiency due 

to saturation effects [16]. In addition, studies 

on Punica granatum (pomegranate) dyeing indicate 

that prolonged immersion times can result in dye 

desorption and uneven colouration due to equilibrium 

shifts in dye-fibre interactions [32]. These findings 

suggest that optimising extract concentration and 

dyeing duration is essential to achieving a balance 

between high colour intensity and uniform dye uptake. 

The phenomenon potentially leads the dye to desorb 

back into the solution, reducing the overall colour 

intensity. Higher temperature (80 °C vs. 30 °C) runs 

were found to reduce the colour intensity (runs 2 vs. 

28 and 14 vs. 21). At higher temperatures, the energy 

of the dye-fibre bonds increases, leading to a higher 

rate of desorption. Furthermore, the equilibrium may 

be shifted, favouring the dye to remain in the solution 

rather than binding to the fibres. In addition, 

anthocyanins may also undergo thermal degradation 

at elevated temperatures, resulting in a reduction in 

their effectiveness of binding with the fibres. The 

study also indicates that while prolonged dyeing times 

can enhance colour uptake, extended exposure may 

lead to dye desorption and wastage of dye materials, 

which is a key factor to consider when scaling up 

natural dyeing processes. By balancing the optimum 

extract concentration, pH, and duration, textile 

manufacturers can optimise their resource 

utilisation to maintain the consistency of fabric 

colouration. 
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Figure 6. Summary of the colour shades of the dyed silk yarn

Conclusion 

This study explores the potential of anthocyanins 

extracted from M. malabathricum fruit as a natural 

dye for silk yarn. The dye pigment was extracted using 

methanol with 0.05% acetic acid at 60 °C for 120 min 

and was used in the dyeing process of silk yarn 

through the meta-mordanting method with SnCl₂ (2%) 

as the mordant. The optimal dyeing conditions that 

yielded the highest colour intensity (28.99) were 

identified as using 1 g of fruit extract at pH 3 and 30 

°C for 120 min. The acidic environment played a 

crucial role in stabilising the anthocyanin pigments. 

Generally, the colour intensity increased with an 

increased amount of extract. However, the amount of 

dye extract must be balanced with the weight of silk 

yarn to avoid saturation and aggregation of dye. The 

duration of dyeing depends on the temperature of the 

dye bath during the dyeing process, while the 

temperature of the dyeing process should be 

controlled to avoid the degradation of anthocyanins. 

As no prior research has investigated the use of M. 

malabathricum L. fruits in silk dyeing, this study 

introduces a sustainable approach while establishing 

its potential as a natural textile dye. These findings 

hold promise for eco-friendly textile applications, 

particularly as a biodegradable alternative to synthetic 

dyes. The low-temperature (30 °C) dyeing 

process enhances energy efficiency and cost-

effectiveness, making it viable for industrial adoption. 

However, the variability of natural dye 

composition remains a challenge as it may affect 

batch-to-batch reproducibility, 

requiring standardisation strategies for industrial 

scalability. Furthermore, the light fastness and wash 

fastness of the dyed fabric require further 

investigation to ensure long-term durability. Future 

research should explore alternative bio-

mordants, improved fixation methods, 

and applications to different fabric types to expand the 

commercial feasibility of this natural dyeing process. 
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