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ith the increasing demand for sustainable textile processing, plant-based 

colorants have emerged as promising alternatives to conventional 

synthetic dyes due to their renewable nature, biodegradability, and lower 

environmental impact. This study demonstrates auxiliary-free dyeing of 100 % 

polyester fabric using Syzygium samarangense leaf extract as a bio-based dye, 

achieving satisfactory coloration and fastness properties. The present study 

explores the dyeing potential of Syzygium samarangense leaf extract,a tannin-rich 

natural resource for the coloration of 100 % polyester fabric. The dyeing process 

was conducted using the exhaust method at 80, 90, and 100 °C for 60 minutes. The 

colorimetric evaluation revealed K/S values of 1.2, 1.3, and 1.1, indicating that dye 

uptake was most favorable at 90 °C. FTIR analysis confirmed that the Syzygium 

samarangense leaf extract adhered to the polyester surface through possible 

hydrogen bonding, enabling effective coloration even in the absence of auxiliaries. 

The dyed fabrics exhibited acceptable fastness properties to wash, light, pers-

piration, and rubbing. The findings suggest that Syzygium samarangense leaf 

extract offers a promising, sustainable route for auxiliary-free dyeing of polyester 

fabrics, aligning with the global drive toward greener textile processing. Prog 

Color Colorants Coat. 20 (2027), 83-93© Institute for Color Science and 

Technology. 
 

 

 

 

1. Introduction 

In recent years, increasing concerns about the 

environmental impact of textile dyeing have led to a 

growing interest in finding natural alternatives to 

synthetic dyes. While synthetic dyes have historically 

been the standard coloring agents in the textile industry, 

concerns over their adverse effects on human health, 

including allergies, carcinogenic effects, and mutagenic 

properties, have sparked significantly. The disposal of 

synthetic dyes causes severe environmental damage, 

with approximately 200,000 tons of these dyes being 

released into wastewater every year, thereby disrupting 

aquatic ecosystems and endangering biodiversity [1, 2]. 

Recent studies highlight that textile dyeing and 

finishing processes are among the most resource-

intensive stages, consuming large amounts of water, 

energy, and chemicals, thereby contributing signi-

ficantly to environmental pollution [3]. 

The textile dyeing industry is highly water-intensive, 

consuming 30-150 L of water per kg of fabric, 

depending on the process and fiber type, with some 

reports showing even higher ranges up to 250 L/kg in 

conventional dyeing [4]. On an industrial scale, a 

medium textile plant can consume approximately 1.6 

million liters of water per day, which is used in dyeing 

and washing [5]. Around 80-90 % of input water is 

discharged as wastewater, making textile dyeing one of 

the largest contributors to industrial effluent generation 

[6]. In response, natural dyes derived from renewable 

biomass have gained increasing attention due to their 

W 
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biodegradability, low toxicity, and reduced environ-

mental impact compared to synthetic dyes [7]. However, 

despite their ecological advantages, natural dyes face 

several limitations, including poor fibre affinity, low 

color yield, and inadequate fastness properties, which 

restrict their large-scale industrial application [8]. These 

environmental impacts have sparked the search for more 

eco-friendly alternatives, those derived from renewable 

biomass and agro-waste, which offer lower toxicity and 

better biodegradability [3, 7]. 

Among these alternatives, tree leaves have gained 

attention as valuable natural colorants due to their high 

content of tannins and flavonoids. These compounds 

form strong bonds with textile fibers, making tree leaf 

extracts an excellent substitute for synthetic dyes [9]. 

Despite the promising potential of plant-based dyes, 

many studies still depend on chemical treatments, such 

as synthetic mordants, to improve dye uptake and 

fastness properties. While these chemicals can enhance 

dyeing results, they also pose significant environmental 

concerns, as the toxic effluents produced are difficult  

to treat and can persist in the environment [10]. To 

overcome these limitations, recent advancements have 

focused on eco-friendly surface modification techniques 

such as plasma treatment, enzymatic processing, and 

ultrasonic methods, which enhance dye uptake without 

the use of harmful chemicals [8]. Ongoing research is 

exploring auxiliary-free and mordant-free dyeing 

approaches to improve sustainability while maintaining 

acceptable color performance. In response to these 

challenges, auxiliary-free dyeing methods have gained 

attention as a promising solution. Such methods aim to 

minimize environmental impact while delivering 

acceptable color performance, making them better 

aligned with current global sustainability goals [9].  

One promising source of natural dye is Syzygium 

samarangense, a tropical plant known for its high 

content of polyphenols, including tannins. The tannins in 

its leaves can form possible hydrogen bonds with 

cellulose fiber, enhancing the fixation of the dye onto 

cotton fabric [11]. Previous research by Molino et al. 

[12] explored the use of Syzygium samarangense fruit 

peel as potential biowaste dyes. Although their study 

found that the wash-fastness of the dyed cotton fabrics 

was poor without the use of mordant. Kamal et al. [13] 

explored Syzygium samarangense leaf extract that  

eco-friendly, mordant-free dyeing of cotton and silk 

fabrics is feasible, where the presence of polyphenolic 

compounds contributes to acceptable coloration and 

fastness properties under sustainable conditions. Hossen 

et al. [14] utilized mango leaf extract for silk fabric 

dyeing revealed that natural mordants can effectively 

enhance color strength and fastness properties compared 

to metallic mordants, highlighting the role of plant-based 

tannin-rich extracts in improving dye fiber interactions 

in sustainable textile applications. 

Polyester presents significant challenges for dyeing 

due to its hydrophobic nature, high crystallinity, and 

lack of reactive functional groups, which limit dye fiber 

interactions [15]. Recent research emphasizes that dye 

uptake in polyester primarily occurs through diffusion 

into amorphous regions at elevated temperatures, rather 

than through chemical bonding. This process is 

governed by weak intermolecular interactions such as 

van der Waals forces, with minimal contribution from 

hydrogen bonding due to the limited polarity of 

polyester chains [15]. Supporting studies on natural 

dyeing of polyester also confirm that dye molecules are 

physically entrapped within the fiber matrix, which 

directly affects dye fixation and fastness properties [16]. 

However, the potential of Syzygium samarangense as a 

natural textile dye, especially the application of its leaf 

extract on synthetic fibers such as polyester, remains 

largely underexplored. Despite these advancements, 

effective auxiliary-free dyeing of polyester with plant-

derived dyes remains insufficiently explored. 

This study aims to fill that gap by investigating the 

potential of Syzygium samarangense leaf extract for 

dyeing 100 % polyester fabric without the use of any 

auxiliaries, marking a significant step towards eco-

friendly textile dyeing. The research focuses on 

evaluating the dyeing performance, including color 

strength, color difference, and fastness properties,and 

aims to contribute to the development of more 

sustainable and functional methods of textile coloration. 

 

2. Experimental 

2.1. Materials 

For this study, commercially available scoured and 

bleached 100 % polyester single jersey knitted fabric 

with an areal density of 150 g/m² was sourced from 

Gildan Active Wear Ltd., Dhaka, Bangladesh. The 

Syzygium samarangense leaf extract used as a natural 

dye in this study was collected from Gazipur, Dhaka, 

Bangladesh. Distilled water was used both as the 

solvent for extracting the dye from the leaves and as 

the dyeing medium. For the soaping process, the 
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soaping agent INDOCLEAN MFD, sourced from Hue 

and Chem Global Ltd., Bangladesh, was used to 

ensure proper cleaning and enhance the color fixation 

on the fabric. 

 

2.2. Dye extraction  

The leaves were first collected from the plant, rinsed 

thoroughly with distilled water, and then sun-dried for 

8 hours. After the initial drying, the leaves were 

placed in a laboratory dryer at 80 °C for 10 minutes to 

remove any remaining moisture. Once dried, the 

leaves were ground into a fine powder using a blender 

to facilitate the extraction process [17]. To prepare the 

dye extract, 100 g of the powdered leaves was boiled 

in distilled water at 90 °C for 1 hour, with a powder-

to-water ratio of 1:10. After boiling, the extract was 

filtered through filter paper and was ready to be used 

for dyeing the fabric [18]. 

 

2.3. Dyeing procedure 

The dyeing solutions were prepared as outlined in 

Table 1. Polyester samples weighing 5 g each were 

dyed in a laboratory dyeing machine, manufactured by 

Xiamen Rapid Precision Machinery Co., Ltd., Taiwan, 

at three different temperatures: 80, 90, and 100 °C for 

60 minutes using the prepared solutions [19]. Figure 1 

illustrates the process curve for dyeing polyester 

fabrics with leaf extract. After dyeing, the bath was 

allowed to cool, and the liquor was drained. 

For the soaping process, a bath was prepared with  

2 % soaping agent, and the temperature was gradually 

raised to 70 °C. The temperature was maintained for 15 

minutes before the bath was cooled and drained [20]. 

Finally, the dyed fabrics were dried at 80 °C for 5 

minutes using laboratory mini dryer, also manufactured 

by Xiamen Rapid Precision Machinery Co., Ltd., 

Taiwan [21]. 

 

Table 1: Sample codes for the different conditions 
used for dyeing polyester fabrics using Syzygium 

samarangense leaf extract. 

Sample code Fabric type Temperature 

S0 Undyed N/A 

S1 Dyed 80 °C 

S2 Dyed 90 °C 

S3 Dyed 100 °C 

 

 

 

 
Figure 1: Dyeing process flow for polyester fabrics using Syzygium samarangense leaf extract. 
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2.4. Characterization 

2.4.1. Fourier-transform infrared (FTIR) 

spectroscopy analysis 

Fourier-transform infrared (FTIR) spectroscopy (JASCO 

4700, Japan) was used to examine the chemical 

properties of both dyed and undyed polyester fabrics. 

The analysis was performed in transmission mode, 

covering a spectral range from 4000 to 500 cm-1 [17, 

22]. 

 

2.4.2. Assessment of color properties and 

characteristics 

The color strength and color difference of the dyed 

fabrics were evaluated using a Datacolor 650 spectro-

photometer. Shade depth, expressed as the K/S value, 

was calculated according to the Kubelka-Munk equation 

1, where K represents the absorption coefficient, S the 

scattering coefficient, and R the reflectance of the dyed 

fabric [23, 24].  
 

𝐾

𝑆
  =  

(1 − R)2

2𝑅
 (1) 

 

To assess the color difference, CIE LCh color 

coordinates were employed. The lightness of the 

fabric, ranging from black to white, is represented by 

the L* value on a scale from 0 to 100. In addition, the 

a* value indicates the redness–greenness axis, while 

the b* value corresponds to the yellowness–blueness 

axis. Furthermore, the color's brightness or dullness is 

quantified by the C* value, while the hue angle is 

represented by h*. The color difference of the dyed 

samples compared with the undyed sample was 

determined using the CIE LCh* color coordinates, as 

described in equation 2 [17]. 
 

(ΔE) ²= (ΔL) ²+(ΔC) ²+(Δh) ²  (2) 
 

2.4.3. Color retention characteristics 

Wash fastness testing is very important for evaluating 

how well natural dyes on polyester fabrics resist fading 

during washing. This test ensures that the color remains 

intact through repeated washing, which is important for 

consumer satisfaction and the commercial success of 

naturally dyed polyester products. The wash fastness 

test was carried out according to the ISO 105-C06 

method [9, 25]. The perspiration fastness test measures 

the resistance of dyed textiles to color changes or 

staining caused by sweat. This test was performed on 

all samples in accordance with the ISO 105-E04:2013 

standard [26], assessing both acidic and alkaline sweat 

effects on the fabric. The rubbing fastness test 

determines the amount of color transfer from the 

surface of dyed fabrics to a standard test cloth when 

rubbed under both dry and wet conditions. This was 

conducted using the ISO 105-X12:2016 standard, with 

a crock meter [25]. 

Finally, light fastness testing is essential to assess 

the durability of the color on polyester fabrics dyed 

with natural dyes, as these dyes generally show less 

resistance to fading under sunlight or artificial light 

compared to synthetic dyes. The light fastness was 

evaluated according to the ISO 105-B02:2013 standard 

[27]. 

 

3. Results and Discussions 

3.1. FTIR analysis  

The FTIR spectra of polyester fabric before and after 

dyeing with Syzygium samarangense leaf extract show 

several noticeable changes in Figure 2, indicating 

successful dye adsorption onto the fiber surface 

without the use of auxiliaries. Untreated polyester 

displayed absorption bands characteristic of aromatic 

C–H stretching at 3081 cm-1, ester carbonyl (C=O) 

stretching vibration in the range of 1715-1730 cm-1, and 

asymmetric C–O–C stretching of the ester group at 

1238 cm-1. These modifications suggest possible 

hydrogen bonding between the tannin of the leaf 

extract and the ester groups of polyester, similar to 

interactions reported for other polyphenol-based 

natural dyes [7, 28].  

 

 
Figure 2: FTIR spectra of undyed and Syzygium 

samarangense leaf extract dyed polyester. 
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After dyeing, a broad band appeared at 3097 cm-1, 

which is due to O-H stretching vibrations of hydroxyl-

rich phytochemicals such as tannins and flavonoids 

present in the leaf extract [29]. The widening of this 

band is a sign of the establishment of intermolecular 

hydrogen bonding between the –OH groups of 

polyphenols and the carbonyl (C=O) groups of 

polyester. Moreover, the shift of the ester C–O 

stretching vibration from 1238 cm-1 to 1246 cm-1 

indicates changes in the local chemical environment, 

probably due to dipole–dipole interactions between 

dye molecules and the polymer backbone. Also, the 

reduction and slight shifts of aromatic and carbonyl-

related peaks (2337, 1693 cm-1) in the dyed fabric 

further support the formation of surface-level interac-

tions, which is expected for hydrophobic polyester dyed 

under aqueous, auxiliary-free conditions [30, 31]. The 

appearance of absorption around 690 cm-1 in the dyed 

sample also suggests enhanced aromatic stacking from 

phytochemicals present in Syzygium samarangense, 

consistent with previous findings on plant-derived 

anthocyanins and flavonoids binding to PET surfaces 

[32]. These spectral changes collectively confirm that 

the dye molecules adhered to the polyester surface 

through secondary interactions, enabling visible shade 

development despite the absence of carriers or 

dispersing agents. Figure 3 illustrates the proposed 

mechanism by which tannin-rich compounds present in 

Syzygium samarangense leaf extract interact with the 

polyester surface, primarily via hydrogen bonding and 

aromatic stacking, enabling effective dye attachment. 

 

3.2. Color strength analysis 

The color strength (K/S values) of polyester fabrics 

dyed with Syzygium samarangense (jamrul) leaf 

extract, as shown in Figure 4 where K/S values for the 

samples were 1.2 for S1, 1.3 for S2, and 1.1 for S3, 

indicating that the dye uptake from the jamrul leaf 

extract on 100 % polyester was highest at 90 °C, 

indicating the best between fiber swelling and dye 

penetration during the exhaust dyeing process. This 

optimal uptake supports the idea that higher dyeing 

temperatures improve the absorption of natural 

colorants into synthetic thermoplastic fibers [33, 34]. 

However, beyond a certain temperature (90 °C), the 

uptake begins to decrease, likely due to dye desorption, 

degradation, or reduced interaction between the dye and 

the fiber, as seen by the drop in uptake at 100 °C. While 

there is limited research on the use of jamrul extract for 

dyeing polyester, previous studies have shown that 

Syzygium samarangense (jamrul) is rich in tannins and 

flavonoids, which are known to contribute to strong 

dye-fiber interactions when applied to natural fibers 

[35]. These compounds are known to enhance dye fiber 

interactions by forming possible hydrogen bonds and 

complexes. For example, research on jamrul has shown 

that it contains a high level of phenolic compounds, 

which contribute to its dyeing potential [36], suggesting 

that jamrul extract holds strong potential for natural 

dyeing applications. While there is limited research on 

using jamrul extract for dyeing cotton or wool, our 

findings offer new evidence of its effectiveness on 

polyester. The K/S value of 1.3 highlights the challenges 

of dyeing hydrophobic polyester fibers with natural 

extracts without using mordants. Similar studies on 

other natural dyes for polyester report comparable dye 

uptake limits, unless auxiliaries are applied [37]. The 

data indicate that jamrul leaf extract can produce 

consistent and noticeable dyeing results on polyester at 

90 °C, without the need for synthetic mordants. 

 

 
Figure 3: Possible bonding mechanics between the tannin of Syzygium samarangense leaf extract and polyester fabric. 
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Figure 4: Color strength (K/S values) of polyester 

fabric dyed with Syzygium samarangense (jamrul) leaf 
extract. 

 

3.3. Assessment of color differences using CMC 

The CMC results for polyester dyed with Syzygium 

samarangense leaf extract,as shown in Table 2 a clear 

trend of increasing color difference (ΔE*) with higher 

fixation temperatures: S1 = 20.95, S2 = 23.30, and S3 = 

24.26. This suggests that higher temperatures enhance 

dye uptake and color intensity, though it also leads to 

greater deviation from the original shade. The ΔL* 

values indicate that all samples become darker after 

dyeing, with the most pronounced darkening observed 

at S1 (80 °C), suggesting a stronger interaction between 

dye and fabric at this temperature.The increasing values 

of Δa* (red-green shift) and Δb* (yellow-blue shift) 

with temperature show that the fabric becomes more 

reddish and yellowish as the temperature rises, resulting 

in a warmer, more saturated tone. The increase in ΔC* 

(chroma) indicates higher color intensity, while Δh* 

(hue angle) shows a slight shift towards warmer hues.In 

conclusion, higher temperatures (90 and 100 °C) 

produce richer, more vibrant shades, making S3 (100 

°C) ideal for applications requiring deep, saturated 

colors. However, the darker shade at S1 suggests that a 

balance between lightness and saturation should be 

considered depending on the desired color profile. 

These findings align with previous studies on natural 

dyeing of polyester, where ΔE* values typically range 

from 22 to 25 under similar conditions [16, 38, 39]. 

Figure 5 shows the shade card of undyed and dyed 

polyester fabric samples treated with jamrul leaves at 

different temperatures. 

 

 

Figure 5: Shade card of undyed and dyed polyester fabric samples at different temperatures with jamrul leaves, where 

(a) to (d) sections represent the sample codes from S0 to S3, respectively. 
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Table 2: Color measurement committee (CMC) report of polyester fabric dyed with Syzygium samarangense leaves 

extract. 

Sample code ΔE* ΔL* Δa* Δb* ΔC* Δh* 

S1 20.95 -25.43 5.61 12.94 13.82 -2.85 

S2 23.30 -21.80 6.96 14.79 16.02 -3.24 

S3 24.26 -21.94 7.10 15.54 16.77 -3.26 

 

Table 3: Evaluation results of wash fastness for the dyed polyester fabrics. 

Sample 

code 

Grading for color 

change 

Grading for color staining 

Acetate Cotton Nylon Polyester Acrylic Wool 

S1 4 4-5 4-5 4 4-5 4 4 

S2 4-5 4-5 4-5 4-5 4-5 4 4-5 

S3 4-5 4-5 4-5 4-5 4-5 4 4-5 

 

3.4. Assessment of color fastness 

3.4.1. Wash fastness evaluation 

The wash-fastness results presented in Table 3 

demonstrate consistently high performance for all dyed 

samples (S1, S2, and S3). Each sample achieved color-

change ratings of 4-5 and staining ratings ranging from 

4 to 4-5 across all multifiber components, including 

acetate, cotton, nylon, polyester, acrylic, and wool. 

These ratings indicate that the dye showed strong 

resistance to washing, with minimal color loss and 

negligible staining on adjacent fibers. Among the three 

samples, S2 exhibited slightly superior performance, 

with uniform 4–5 staining grades across most fibers, 

suggesting that the dyeing condition associated with S2 

enabled more effective dye fixation. This behavior is 

consistent with natural dye, where an optimized dyeing 

temperature enhances dye fiber interactions, promotes 

diffusion into the fiber matrix, and reduces dye 

desorption during washing [31]. The high wash-fastness 

across S1–S3 suggests that the extracted dye formed 

stable interactions, likely through possible hydrogen 

bonding and multipoint interactions facilitated by 

phenolic and tannin-based compounds naturally present 

in dye sources [13]. Such compounds are well-known 

for their ability to anchor effectively onto cellulose, 

resulting in improved stability during washing. The 

excellent wash fastness observed in this study is 

comparable to previous findings on natural dyes derived 

from Syzygium samarangense leaf extract [13]. Thus, 

our results mark a meaningful step forward in 

demonstrating that jamrul leaf extract can yield 

commercially acceptable wash fastness on textile fibre, 

especially under optimized conditions. 

 

3.4.2. Perspiration fastness evaluation 

The perspiration fastness results (both acidic and 

alkaline) in Table 4 show consistently high ratings of 

4-5 for color change and staining across all tested fibre 

types for S1, S2, and S3. This strong performance 

indicates that the jamrul leaf extract secures effective 

fixation on the fibres, resisting color transfer even under 

sweat conditions. The fact that each sample achieved 4- 

5 grade suggests that the extract’s bonding to the fibre 

is durable. The optimum dyeing temperature of 90 °C 

(S2), which earlier yielded the highest K/S value, also 

shows excellent fastness under perspiration, confirming 

that this condition offers the best balance of dye uptake 

and durability. The excellent perspiration fastness 

results (rating 4-5) observed for all samples (S1, S2, 

and S3) are consistent with previously reported findings 

for Syzygium samarangenseleaf extract–based dyeing 

systems, where dyed fabrics exhibited very good to 

excellent fastness (4-5) under both acidic and alkaline 

perspiration conditions [13]. This indicates that the 

phenolic-rich dye molecules form stable interactions 

with the fiber, minimizing color change and staining. A 

similar level of perspiration fastness (4-5) has also been 

reported in polyester dyeing systems using disperse-

type dyes, where strong dye–fiber affinity and diffusion 

into the amorphous regions of polyester result in 

minimal dye transfer under sweat conditions [40]. In 

the present study, the optimum dyeing temperature of 
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Table 4: Test results for the color fastness of dyed polyester samples against perspiration in both acidic and alkaline 

conditions. 

Sample 

code 

Color fastness to perspiration (acidic) Color fastness to perspiration (alkaline) 

Color 

change 

Grading for color staining 

Color 

change 

Grading for color staining 

A
ce

ta
te

 

C
o

tt
o

n
 

N
y

lo
n

 

P
o

ly
es

te
r 

A
cr

y
li

c 

W
o

o
l 

A
ce

ta
te

 

C
o

tt
o

n
 

N
y

lo
n

 

P
o

ly
es

te
r 

A
cr

y
li

c 

W
o

o
l 

S1 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 

S2 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 

S3 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 

 

90 °C (S2), which produced the highest K/S value, also 

demonstrated superior perspiration fastness, confirming 

that enhanced dye uptake at this temperature leads to 

stronger dye entrapment and improved resistance to 

color transfer. This agreement with previous studies 

highlights that both high dye affinity and proper dyeing 

conditions are important factors governing perspiration 

fastness performance. 

 

3.4.3. Evaluation of fastness to rubbing and light 

The rubbing fastness results in Table 5 show that the 

dyed samples exhibited moderate to good resistance to 

mechanical abrasion. Under dry rubbing, samples S2 

and S3 achieved ratings of 3-4, indicating better 

surface dye fixation, while S1 showed a slightly lower 

rating of 3. Wet rubbing performance followed a 

similar pattern: both S2 and S3 obtained a grade of 3, 

whereas S1 recorded a slightly weaker value of 2-3, 

reflecting the greater tendency of natural dyes to 

loosen under moisture-assisted friction. These results 

collectively suggest that the dyeing condition asso-

ciated with S2 promotes slightly stronger dye-fiber 

interactions, consistent with its earlier superior color 

strength and wash-fastness behavior. 

The light fastness of the dyed samples was com-

paratively moderate, with ratings of 3 for S1 and S3 and 

3-4 for S2, indicating fair resistance to fading. A similar 

trend has been reported in studies using Syzygium 

samarangense leaf extract, where dyed fabrics 

exhibited light fastness ratings in the range of 3-4, 

confirming the limited photostability of phenolic-rich 

natural dyes. This behavior is widely attributed to the 

susceptibility of flavonoids and tannins to UV-induced 

degradation, leading to gradual color fading under light 

exposure [13]. Comparable findings have also been 

observed in polyester dyeing systems, where natural 

dyes generally show lower light fastness compared to 

washing or perspiration fastness due to the 

photochemical instability of chromophoric groups [38]. 

In the present study, the slightly improved light fastness 

of S2 (3-4) at 90 °C corresponds with its higher K/S 

value, suggesting that enhanced dye uptake and better 

dye entrapment contribute to marginal improvements in 

photostability. These findings are consistent with earlier 

natural dye studies, which identify light fastness as the 

most critical limitation of plant-based colorants unless 

stabilization strategies are applied. Previous research 

demonstrates that the incorporation of bio-mordants, 

natural UV absorbers (e.g., flavonoid-rich extracts), or 

antioxidant finishes can significantly improve resistance 

to light-induced fading by reducing photo-oxidative 

degrada-tion and enhancing dye–fiber interactions. 

 

Table 5: Evaluation outcomes of color fastness to rubbing and light of dyed polyester fabrics. 

Sample 

code 

Grading for color fastness to 

rubbing Grading for color 

fastness to light 
Dry Wet 

S1 3 2-3 3 

S2 3-4 3 3 

S3 3-4 3 2-3 
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4. Conclusion 

In conclusion, this study demonstrates the potential of 

Syzygium samarangense leaf extract as an effective, eco-

friendly alternative to conventional synthetic dyes for 

the coloration of 100 % polyester fabric. The use of this 

tannin-rich natural resource offers a promising auxiliary-

free dyeing approach, aligning with the growing global 

focus on environmental sustainability. The dyeing 

process, conducted at temperatures of 80, 90, and  

100 °C, showed the best dye uptake at 90 °C, with 

satisfactory color strength (K/S values) and favorable 

interactions between the dye molecules and polyester 

fibers, as confirmed by FTIR analysis. Additionally, the 

dyed fabrics exhibited acceptable fastness to washing, 

water, light, perspiration, and rubbing. However, some 

limitations were observed, particularly in light and 

rubbing fastness, which did not achieve the same level 

of durability as other properties. To address these 

challenges, Future research should focus on improving 

dye fixation on hydrophobic polyester through eco-

friendly surface modification and bio-based carriers, 

along with the use of locally available bio-mordants 

derived from plant and agricultural resources to enhance 

dye–fiber interaction while reducing reliance on metallic 

salts. In addition, scalability studies are required to assess 

industrial feasibility in terms of energy consumption, cost 

efficiency, wastewater management, and process 

optimization. Further work should also evaluate long-

term durability under repeated washing, UV exposure, 

and abrasion conditions to ensure practical performance. 

Moreover, the exploration of agrowaste as sustainable 

dye sources, particularly in Bangladesh, offers strong 

potential for resource valorization and environmentally 

friendly textile coloration systems.This study supports 

the use of Syzygium samarangense leaf extract as a 

promising, multifunctional bio-based dye for sustainable 

textile processing, contributing to greener practices in the 

dyeing industry and minimizing its chemical footprint. 
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