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ABSTRACT

This study examines the characterization of color and application of natural dyes from Hagonoy
(Chromolaena odorata) leaves on cotton and wool fabrics. A descriptive-experimental research design
was used, employing the maceration method for dye extraction. The fabrics underwent unmordanted,
premordanted, metamordanted, and postmordanted processes using potassium aluminum sulfate
and ferrous sulfate as mordants. The dyed fabrics were tested for stability under washing, sunlight,
and perspiration (acidic and basic) conditions. A colorimeter measured the Lab values, and color
differences (AE) were analyzed for comparison. Cotton fabrics (AE = 1.75) showed better dye uptake
and stability than wool (AE = 10.84). Among mordants, ferrous sulfate (AE = 13.78) produced darker
but less stable colors, whereas potassium aluminum sulfate (AE = 2.57) yielded brighter and more
stable results, especially at lower ratios. Metamordanting on cotton emerged as the most effective
process for enhancing dye performance. The study underscores the potential of Chromolaena odorata
leaves as a sustainable and eco-friendly dye source for the textile industry, offering an alternative
to synthetic dyes that aligns with global environmental objectives.
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INTRODUCTION

Natural dyes are colorants derived from
plants and are known for their use in coloring natural
fibers'. Nowadays, there is increasing awareness
among people towards the use of eco-friendly
natural dyes owing to high biodegradability and
environmental compatibility. They are non-toxic,
non-allergic to skin, non-carcinogenic, abundant,

and renewable?. However, synthetic dye dominates
the fabric market; 10,000 synthetic dyes are made
annually for fabric coloration®. The synthetic dyes
are difficult to break down and may damage
surrounding surface water and may result in
significant environmental wastewater pollution*.

The global fabric industry is a major
contributor to environmental wastewater pollution,
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primarily due to the extensive use of synthetic
chemicals in textile production. Synthetic dyes,
when discharged into surface waters, leach
into groundwater systems and cause severe
contamination®. In contrast, natural dyes are
environmentally benign, maintaining ecological
balance without generating harmful effluents®.
Studies have shown that wastewater from natural
dyes exhibits a BOD of only 40-85 mg/L, below the
permissible limit of 100 mg/L, and significantly lower
TSS and TDS levels compared to synthetic dyes’.

Synthetic dyes are also linked to allergic
and toxic effects, prompting stricter environmental
regulations worldwide and increasing the adoption
of natural dyes®. In regions such as South Africa,
industrial runoff containing synthetic chemicals
has led to ecosystem contamination and fish
toxicity. Similarly, the rapid growth of the fabric
industry in Manila, Philippines®, has intensified
wastewater pollution, with about 33% of industrial
effluents'® containing synthetic dye residues, causing
discoloration in water bodies'".

Chromolaena odorata (Hagonoy), an invasive
species from the Asteraceae family, is prevalent in
the Philippines and known for its adverse effects on
agriculture and livestock2. Despite its invasive nature'?,
its potential as a source of natural dye offers economic
and environmental benefits™. However, research on
C. odorata remains limited, particularly regarding its
leaves, as previous studies focused mainly on its stems
and flowers. This study aims to explore the dyeing
potential of C. odorata leaves to promote sustainable
and eco-friendly textile dyeing practices.

MATERIALS AND METHODS

The methods used in this study are
described in recent studies'1516.17:1819.202122 yyjth
minor modifications. The evaluation of dyed fabrics
follows the standards set by the International
Organization for Standardization (ISO).

Plant collection and identification

The Chromolaena odorata leaves were
collected at Brgy. Kaligutan, Laak, Davao de Oro,
Philippines.They were cutfrom the plant stem, including
both newly grown and mature leaves. A qualified
botanist authenticated the collected plant material.

Plant extraction
The collected Chromolaena odorata leaves
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were dried and grounded into small pieces using a
blender. The plant extraction procedure employed
the maceration method'®. The maceration process
involved the optimization of a mass of Chromolaena
odorata leaves with a volume of distilled water in a
ratio of 1:10 and 1:15 in a 1L Erlenmeyer flask at
room temperature™.

Mordanting process

The different fabrics (cotton and wool)
underwent premordanting, metamordanting, and
postmordanting processes individually, using ferrous
sulfate and potassium aluminum sulfate as mordants.
These processes were carried out to evaluate the
effect of different mordanting methods on each fabric
type's. Additionally, a fabric sample that was not
subjected to any mordanting process was directly
dyed without prior treatment.

Premordanting

Before the dyeing process, the fabric
was first immersed in 200 mL of distilled
water. A mordant was then added at a ratio of
1 table spoon plus 1 teaspoon per 100 g of fabric.
The mixture was heated at 80°C for 30 minutes. The
temperature of the mordant solution was monitored
using a thermometer throughout the heating process.
Once completed, the fabric was left to dry in the
open air for several minutes before moving on to
the dyeing process.

Metamordanting

During the dyeing process, a mordant was
added at a ratio of 1 table spoon plus 1 teaspoon
per 100 g of fabric into a 250 mL beaker containing
200 mL of filtered dye solution.

Postmordanting

After the dyeing process, the fabric was
immersed in 200 mL of distilled water. A mordant
was added at a ratio of 1 tablespoon plus 1 teaspoon
per 100 g of fabric.

The mixtures in mordanting and
postmordanting were heated at 80°C for 30 minutes.
The temperature of the mixture was carefully
monitored using a thermometer during the heating
process. After the process was completed, the dyed
fabric was allowed to dry in open air for up to 24 h
before proceeding to the colorfastness test.

Dyeing Process
The plant extract, around 200 mL, was
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transferred into a 250 mL beaker. Different beakers
were utilized for varying ratios of plant extract and
mordants (ferrous sulfate and potassium aluminum
sulfate) applied to each type of fabric material. The
fabrics undergoing different mordanting processes
were treated with different ratios of plant extract.
Each fabric measured 40+2 mm by 100+2 mm'.
The cotton and wool fabrics, each treated with
varying concentrations of plant extract, were heated
simultaneously on a hotplate for 60 min at 80°C.
The dye solution was maintained at pH 7. The
temperature of the dye solution during heating was
monitored using a thermometer. Once the dyeing
process was complete, the dyed fabrics were allowed
to dry in the open air for 24 hours. The resulting color
of the fabrics was evaluated using a colorimeter.

Colorfastness Test
Washing Test

The sample was assessed for colorfastness
to washing according to ISO 105 C06 A1S: 2010.
The dyed fabrics was washed using a solution
composed of 4 g per liter of European Colorfastness
Establishment (ECE) reference phosphate detergent
(B) and 1 g per liter of sodium perborate'. The
fabric was immersed in a 1 L beaker and stirred
continuously at a speed ranging from 40 to 60
rotation per minute (RPM) on a hotplate set at 60°C
for the main washing phase lasting 15 minutes.
Subsequently, the fabric underwent a rinsing phase
at 40°C for 15 min on the same hotplate. The dyed
fabric was allowed to dry in the open air after the
washing process®. The dyed fabric was monitored
for color changes. The resulting color of the fabric
was evaluated using the colorimeter.

Sunlight Test

The sample was assessed for colorfastness
to sunlight according to ISO 105-B01: 2014. The
dyed samples were exposed to sunlight for 6 h a
day for 5 consecutive days'®. The fabric samples
were suspended on a line outdoors. Throughout the
exposure, the average temperature of the sunlight
ranged between 40°C and 45°C, with a variation of
+5.0°C'". The samples were monitored each day for
color changes. The resulting color of the fabric was
evaluated using a colorimeter.

Perspiration Test in Acidic and Basic solutions

The sample was assessed for colorfastness
to perspiration according to ISO 105-E04:2013.The
acidic sweat was prepared using the following formula:
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0.5 g of L-Histidine hydrochloride monohydrate,
5.0 g of Sodium chloride, 2.2 g of Sodium dihydrogen
phosphate dihydrate, and distilled water (1,000
mL). The pH was adjusted to 5.5 using 0.1 M
Sodium hydroxide. The alkaline sweat was prepared
using the following formula: 0.5 g of L-Histidine
hydrochloride monohydrate, 5.0 g of Sodium
chloride, 2.5 g of Di-sodium hydrogen phosphate
dihydrate, and distilled water (1,000 mL). The pH was
adjusted to 8.0 using 0.1 g of Sodium hydroxide. The
test specimen was completely wetted in the acidic
solution at pH 5.5 +0.2 and alkaline solution at pH
8+0.2 in a solution ratio of 50:1, and the sample
was kept at room temperature for 30 minutes. To
remove any excess perspiration fluid from the fabric,
it was placed between two perforated acrylic plates
(30x30x5 cm) and subjected to 5 kg of pressure for
30 minutes??. The fabric was then heated in an oven
for 4 h at 37+2°C14. The resulting color of the fabric
was evaluated using a colorimeter.

Measurement of Color Difference using Colorimeter

The dyed sample that has undergone a
colorfastness test is measured for its color difference
(AE) in comparison with the original sample. The
color difference (AE) of the dyed sample is calculated
using the following equation:

Where L1, al1*, b1* are the L*a*b* values
of the reference color (first or initial sample). On the
other hand, L2#, a2*, b2* are the L*a*b* values of
the test color (second or final sample). L*, a*, and b*
are the three components of the CIE 1976 (L*, a*,
b*) color space, which is a color model developed by
the International Commission on lllumination (CIE)
to describe color in a perceptually uniform way. The
L* represents the lightness of the color, ranging
from 0 to 100, where 0 is black and 100 is white.
The a* represents the position of the color along the
red-green axis. Positive values of a* indicate red
hues. Negative values of a* indicate green hues.
The b* represents the position of the color along the
blue-yellow axis. Positive values of b* indicate yellow
hues. Negative values of b* indicate blue hues. From
the obtained E values, the classification of color
change and the criteria is evaluated®. Mean was
used to calculate an estimate of the central tendency
of the data set. It represents the average L*a*b*
values of the analyzed samples to estimate the color.
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RESULTS

In order to gather a comprehensive data
on applying natural dyes from Chromolaena odorata
to cotton and wool fabric, the schematic diagram
as shown in Fig. 1 summarizes the processes
involved. This includes an analysis of the dyeing
and mordanting method, color fastness test, and the
overall effectiveness and stability of Chromolaena
odorata as a natural dye source for fabrics. The
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process started with the collection of Chromolaena
odorata leaves, drying of leaves, extraction then
filtration. The sample preparation shown below are
actual documentation of the study conducted. After
the natural dye was prepared, mordanting process
(premordanting, metamordanting, postmordanting)
on cotton and wool fabrics followed then color
measurement on cotton and wool fabrics. The stability
of natural dyes on fabrics were tested by conducting
washing test, sunlight test and perspiration test.

Fig. 1. Schematic Diagram of extraction and dyeing processes to test the color change
in cotton and wool fabrics

Color of Natural Dyes

Tables 1 and 2 present the color
characteristics of natural dyes applied to cotton
and wool fabrics at dye ratios of 1:10 and 1:15.
The 1:10 ratio produced darker and more intense
brown shades, as indicated by lower L* values,
while the 1:15 ratio yielded lighter, less saturated
beige tones with higher L* values. Positive a*

and b* values across samples reflected red
and yellow hues typical of brown shades. Wool
fabrics, dyed without mordant, exhibited lighter
brown to beige tones with slightly higher L*
values than cotton, consistent with the natural
lightness of unmordanted fibers. Overall, a higher
dye concentration enhanced color depth and
saturation, particularly in cotton samples.

Table 1: Color of Natural Dyes on Cotton and Wool Fabrics

Mordanting process Mordant Ratio Cotton Wool
Unmordanted NA 1:10 Resene Half Rickshaw Teknos GBI 066
1:15 Pantone/PMS 4745 CP Coastal Beige 90YR 51/109
Premordanting Ferrous 1:10 Tambour Sand Island Toyo Ink CF10818
Sulfate 1:15 Chrysler Sand Chargold Opulence Dark Truffle
Potassium  1:10 Pantone/PMS 16-1320 DE 6117-Colorado Trail
Aluminum  1:15 TPG/Nougat
Sulfate Rosy Tan/631 Deerfield 00YY 46/139
Metamordanting Ferrous 1:10 Behr DP-355 Cocoa DEC 755-Dutch Cocoa
Sulfate 1:15 E8.10.50 Sikkens Tomorrow's Taupe
Potassium  1:10 Caparol 78 12 62/Amber 55 Pantone/PMS P 32-10 C
Aluminum 1:15 New Look Marvel My Piazza M133
Sulfate Melt/C17-07
Postmordanting Ferrous 1:10 Nerolac Concrete-2893 German Cam. Beige WWII (821)
Sulfate 1:15 Pantone/PMS 15-1309 Pantone/PMS 17-1112 TPG

TPG/Moonlight
Clean Sweep 2007-10B
115 Dulux Malt Chocolate

Potassium 1:10
Aluminum
Sulfate

—_

/Weathered Teak
Caparol 09/17
8777-Beach Party

*N/A-Not Applicable
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Table 2: Colorimeter Values
Mordanting process Mordant Ratio Cotton Wool
L* a* b* L* a* b*

Unomordanted N/A 1:10 69.37 4.80 13.25 69.63 6.39 12.98
1:15 76.13 5.44 10.69 74.85 5.46 12.23

Premordanting Ferrous Sulfate 1:10 44.69 4.95 11.35 49.75 2.37 7.97
1:15 45.26 4.91 12.30 56.28 4.15 7.65

Potassium Aluminum Sulfate 1:10 67.23 7.80 13.89 63.47 8.17 20.97

1:15 72.31 7.40 14.94 71.50 5.59 14.41

Metamordanting Ferrous Sulfate 1:10 42.15 4.36 11.27 42.79 3.51 11.23
1:15 55.65 3.52 11.47 60.34 3.16 9.14

Potassium Aluminum Sulfate 1:10 79.56 4.67 12.91 64.07 8.92 23.23

1:15 82.49 2.94 13.65 74.74 5.40 14.38

Postmordanting Ferrous Sulfate 1:10 64.81 4.61 9.54 58.85 2.80 10.88
1:15 72.35 4.91 11.44 61.13 2.39 9.55

Potassium Aluminum Sulfate 1:10 74.24 3.91 9.84 76.97 6.40 13.22

1:15 79.47 3.1 7.57 72.60 4.25 11.67

*N/A-Not Applicable
Washing Test

For washing test as shown in Table 3, the
resulting color for unmordanted cotton and wool
samples exhibits notable color changes based on
the dye ratio. For the 1:10 ratio, the E value is
10.24 (distinct change) and 22.23 (different color)
respectively, while the 1:15 ratio sample shows a
smaller E of 3.21, indicating a “medium” change

and 15.49 (different color). This trend suggests
that a higher dye concentration (1:10) results in
more noticeable color fading or alteration during
washing, while a lower concentration (1:15) offers
slight improvement. This result aligns with the
findings of a study that reported poor washing
fastness in unmordanted fabrics dyed with
Smith leaves®.

Table 3: Stability of Characterized Colors Postexposure to Washing

Mordanting Mordant Fabric Ratio E Rate of Original Color
Process change color
Unmordanted N/A Cotton 1:10 10.24 Distinct Armadillo N230-3
1:15 3.21 Medium CIL Fretwork
Wool 1:10 22.23 Different color 82P1 Chokwang Paint
1:15 15.49 Different color Tattered Sail D18-2
Premordanting  Ferrous Cotton 1:10 23.46 Different color S 3010-Y6OR
Sulfate 1:15 31.97 Different color Sirocco Beige
Wool 1:10 16.48 Different color Sto 32233
1:15 17.32 Different color Cream Cafe RAH-23
Potassium Aluminum Cotton 1:10 8.69 Distinct Dulux 84YR 49/139
Sulfate 1:15 8.47 Distinct Light Mcintosh/NP N 1860 P
Wool 1:10 13.30 Different color Taupe Suede
1:15 6.84 Distinct Woven Cashmere T563/R86C
Metamordanting  Ferrous Cotton 1:10 13.78 Different color Brillux 15.03.21
Sulfate 1:15 4.68 Medium 1043-Brun Namur-Dorval-CH2
Wool 1:10 15.22 Different color Lilac Mist
1:15 10.26 Distinct Natchez/IS 0133
Potassium Cotton 1:10 2.57 Light 0242 Beige Coquille-JonOne-CH1
Aluminum 1:15 8.19 Distinct Castle Beige N230-1
Sulfate  Wool 1:10 17.03 Different color CKA274
1:15 5.31 Medium Steamboat Race 6907-1
Postmordanting  Ferrous Cotton 1:10 11.11 Distinct Cappuccino/2096-50
Sulfate 1:15 9.28 Distinct Taupe Mid
Wool 1:10 6.67 Distinct Pantone/PMS 408
1:15 7.76 Distinct Postmodern Mauve PPU5-15
Potassium Aluminum Cotton 1:10 2.59 Light Brillux 15.09.09
115 1.75 Very light Stucco White BXC-50
Wool 1:10 7.40 Distinct JPMA E 15-70D
1:15 10.84 Distinct Reticence-6064
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Sunlight test

For sunlight test, Table 4 showed that
unmordanted cotton and wool samples reveal
moderate color changes. The 1:10 ratio has an E of
4.35, labeled a “medium” change, while the 1:15 ratio
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shows a minor change with an E of 1.54, categorized
as “very light” This result indicates that lower dye
concentrations may provide better lightfastness in
unmordanted cotton, possibly because lighter shades
fade less visibly than darker ones under sunlight.

Table 4: Stability of Characterized Colors in Post-exposure to Sunlight

Mordanting Mordant  Fabric  Ratio E Rate of Original Color
Process change color
Unmordanted N/A Cotton 1:10 4.35 Medium Deerfield 00YY 46/139
1:15 1.54 Very light Woodsmoke/T123-3
Wool 1:10 3.49 Medium Stonehenge/CL 2624M
1:15  4.01 Medium Coloro 024-75-07
Premordanting Ferrous  Cotton 1:10 13.35 Different color S481/Staurolite
Sulfate 1:15 11.06 Distinct Wild Wilderness/PPG1019-5
Wool 1:10 9.12 Distinct Pantone/PMS 408 CP
1:15 3.78 Medium Brillux 18.06.18
Potassium Cotton 1:10 2.45 Light 42-7 Fossil Cliff
Aluminum 1:15 1.59 Very light Pantone/PMS P 43-1 U
Sulfate Wool 1:10 8.15 Distinct Cinnamon Cocoa/WNCC-06
1:15 4.05 Medium Mink Haze MQ2-32
Metamordanting Ferrous  Cotton 1:10 14.68 Different color Roanoke Taupe HDC-CL-22G
Sulfate 1:15  9.29 Distinct Wild West/8768
Wool 1:10 12.26 Different color Pantone/PMS 7531 U
1:15 6.24 Distinct Palisade-7635
Potassium Cotton 1:10 0.54 Very light NP D7.1
Aluminum 1:15 7.82 Distinct Candle Glow EBC-35
Sulfate Wool 1:10 4.71 Medium 0961-Brun Valais-Dorval-CH2
1:15 5.31 Medium Elusive Dawn MQ2-36
Postmordanting Ferrous  Cotton 1:10 257 Light Castle Rock 10YY 41/083
Sulfate 1:15 0.57 Very light Renwick Beige-2805
Wool 1:10 3.90 Medium Elusive Dawn MQ2-36
1:15 6.03 Distinct 66 8 62/Amber 20
Potassium Cotton 1:10 4.97 Medium X465/Brexia
Aluminum 1.15 5.81 Medium Munsell 5YR 8/1
Sulfate Wool 1:10 5.33 Medium JPMA E 15-70D
1:15 3.64 Medium Sikkens E3.07.69

The unmordanted wool samples undergo
moderate color changes, with E values of 3.49
for the 1:10 dye ratio and 4.01 for the 1:15 dye
ratio, both categorized as “medium” changes.
These results suggest that unmordanted wool is
moderately resistant to fading in sunlight, with
similar degrees of color change across both dye
concentrations. The higher E value in the 1:15
sample indicates that lighter dye applications may
still be somewhat susceptible to light-induced
fading.

Potassium aluminum sulfate postmordanted
cotton showed even better results, with the 1:10
ratio sample displaying a “medium” change (AE =

4.97) and the 1:15 ratio slightly higher at AE = 5.81,
also "medium." Though not entirely fade-resistant,
potassium aluminum sulfate provided relatively
better lightfastness than other mordants.

Acidic perspiration

Table 5 presents the acidic perspiration
test varied color stability based on mordant type and
dye ratio. Unmordanted samples exhibit moderate
shifts, with E values of 5.92 (1:10) and 2.63
(1:15), labeled as “medium” and “light” changes,
respectively. This result indicates that acidic sweat
can cause minor fading or alteration in unmordanted
cotton, with lower dye concentrations showing
slightly better resilience.
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Table 5: Stability of Characterized Colors in Simulated Acidic Perspiration

Mordanting Mordant Fabric Ratio E Rate of Original Color
process change color
Unmordanted N/A Cotton 1:10 5.92 Medium Beach party/KM4196-1
1:15  2.63 Light First light/KM977-M
Wool 1:10 12.33 Different color Simplify beige - 6085
1:15  6.89 Distinct Museum/CL 2681W
Premordanting Ferrous Cotton 1:10 12.49  Different color Pheasant
Sulfate 1:15 15.87  Different color Aseer mountains YL-0422
Wool 1:10 16.21  Different color Frosted cocoa HDC-NT-18G
1:15 13.74  Different color Fashion district V132-4
Potassium Cotton 1:10 4.87 Medium Sikkens E0.11.67
Aluminum 1:15 5.28 Medium Pantone/PMS 7590C
Sulfate Wool 1:10 13.30 Different color 7376-41 Dutch cocoa
1:15 10.88 Distinct Desert mirage X-28
Metamordanting Ferrous Cotton 1:10 10.19 Distinct Java'n cream/8767
Sulfate 1:15 8.94 Distinct Natural taupe 1/90YR 34/084
Wool 1:10 18.69 Different color La pajarita taupe/EP-14
1:15 10.52 Distinct Velvet truffle 4
Potassium Cotton 1:10 2.85 Light Walnut cream/8778
Aluminum 1:15  4.61 Medium City retreat
Sulfate Wool 1:10 18.52  Different color Resolution/T121-4
1:15  7.09 Distinct High country
Postmordanting Ferrous Cotton 1:10 4.56 Medium Stanton hall 70YR 41/072
Sulfate 1:15  3.75 Medium 8770-Beige Range
Wool 1:10 13.43 Different color Taupe view / 8769
1:15  8.74 Distinct Suvinil paturi
Potassium Cotton 1:10 4.74 Medium Sand storm 2004-10B
Aluminum 1.15 8.97 Distinct Fairy wings/5028
Sulfate Wool 1:10 7.09 Distinct Beach Party/KM4196-1
1:15 9.86 Distinct Sand Storm 2004-10B

The unmordanted wool samples display
substantial color shifts, with a E of 12.33 for the
1:10 dye ratio, categorized as a “different color,
and 6.89 for the 1:15 dye ratio, classified as a
“distinct” change. These values indicate that acidic
perspiration can cause significant color alteration
in unmordanted wool, particularly at higher dye
concentrations. The “different color” classification
for the 1:10 sample reflects how acidic conditions
interact with the dye without mordant, leading to
visible color shifts. The results suggest that acidic
perspiration is a notable challenge for unmordanted
wool, as it causes visible fading.

The potassium aluminum sulfate
postmordanted cotton samples perform similarly, with
AE values of 4.74 (1:10 ratio) and 8.97 (1:15 ratio).
The 1:10 sample is rated as a “medium” change,
while the 1:15 is categorized as “distinct’” change
indicating that potassium sulfate postmordanting
offers only limited colorfastness in acidic perspiration

environments, though it performs slightly better than
ferrous sulfate in some cases.

For the potassium aluminum sulfate
postmordanted wool, the 1:10 ratio has an AE of 7.09,
categorized as “distinct,” while the 1:15 ratio shows
an AE of 9.86, also “distinct” These results indicate
that the potassium aluminum sulfate postmordanting
provides limited protection under acidic perspiration
conditions, though it performs slightly better than
ferrous sulfate. Acidic perspiration is a challenging
factor for maintaining wool’s color stability.

Basic Perspiration

In Table 6, the unmordanted samples
show moderate color shifts. The 1:10 dye ratio
has an AE of 5.48, rated as “medium,” while the
1:15 ratio has an AE of 4.11, also categorized as
“medium.” This suggests that basic perspiration
can cause moderate fading in cotton dyed without
mordants, with color stability slightly improving at
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lower dye concentrations. The findings align with
one study that observed significant changes in
color strength (K/S values) and color appearance
for cotton fabrics subjected to perspiration
tests®. Their results, which showed increased
redness (+a), yellowness (+b), and lightness (L*),
indicate that perspiration leads to visible color
alterations in unmordanted fabrics. This supports
the moderate fading observed in this study under
basic perspiration conditions.

The unmordanted wool samples show
significant color changes in basic perspiration.
The 1:10 dye ratio sample has a AE of 12.49,
rated as a “different color” change, while the
1:15 dye ratio has an AE of 6.87, classified as
a “distinct” change. These results indicate that
basic perspiration conditions lead to substantial
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fading or color alteration in unmordanted wool,
with higher dye concentrations experiencing even
more drastic changes. The potassium aluminum
sulfate postmordanted cotton samples show a
“distinct” change for both dye ratios, with AE values
of 6.84 (1:10) and 9.52 (1:15). This implies that
potassium aluminum sulfate postmordanting may
not offer strong protection in basic perspiration, as
significant fading still occurs in both concentrations.
The potassium aluminum sulfate postmordanted
wool also exhibits significant changes in basic
conditions, with AE values of 9.67 (1:10, “distinct”)
and 6.58 (1:15, “distinct”). These results suggest
that potassium aluminum sulfate, while slightly
more stable than ferrous sulfate, still does not offer
sufficient color protection in basic perspiration. Wool
dyes appear particularly susceptible to fading or
alteration in alkaline environments.

Table 6: Stability of Characterized Colors in Simulated Basic Perspiration

Mordanting Mordant  Fabric Ratio E Rate of Original Color
process change color
Unmordanted N/A Cotton 1:10 5.48 Medium Tollens T2110-4
1:15  4.11 Medium Swayed
Wool 1:10 12.49 Different color Pearl lavender O85-016-058
1:15 6.87 Distinct 4957 Tikkurila
Premordanting Ferrous  Cotton 1:10 8.61 Distinct Poised taupe-6039
Sulfate 1:15 12.19 Different color Utopia/8752
Wool 1:10 12.60 Different color Dulux 73YR 32/063
1:15 12.41 Different color Rose stone/10YR 40/054
Potassium Cotton 1:10 4.66 Medium Rosy tan/631
Aluminum 1:15 3.73 Medium Spice queen/2154
Sulfate Wool 1:10 10.68 Distinct Transcend/PPG1079-4
1:15 4.93 Medium Rock canyon X-575
Metamordanting Ferrous  Cotton 1:10 10.94 Distinct Coconut shell PPU5-05
Sulfate 1:15 6.30 Distinct 1014 Brun shetland-JonOne-CH1
Wool 1:10 17.44 Different color 1003 Brun durangon-JonOne-CH1
1:15  6.96 Distinct Pantone/PMS = 2474 C
Potassium Cotton 1:10 3.27 Medium Orange terra/S 2010-Y60R
Aluminum 1:15 5.19 Medium Twin spires 6883-1
Sulfate Wool 1:10 9.53 Distinct French pastry MQ2-40
1:15 6.16 Distinct Trotting/CL 2673W
Postmordanting Ferrous  Cotton 1:10 7.56 Distinct DEC 759-Hickory
Sulfate 1:15 0.44 Very light Ashbury/KM4197-2
Wool 1:10 7.07 Distinct Creekbed/1006/Mt.
Rushmore Rock/AC-39
1:15  6.00 Medium TOA 8761
Potassium Cotton 1:10 6.84 Distinct Rose dust/1010/0Old stone/CC-424
Aluminum 1.15 9.52 Distinct 060 80 05/Light chamois beige
Sulfate Wool 1:10 9.67 Distinct Grey mauve/PPG18-03
1:15 6.58 Distinct Perfect greige

Figure 2 shows the visual summary of the
colorfastness test in cotton and wool fabrics. Results

show the stability of natural dye from Chromolaena
odoratain fabrics based on the color change (AE) values.
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Fig. 2. Average Color Change (AE) of Cotton
and Wool under Different Colorfastness Tests

These findings not only confirm the potential
of natural dyes as viable alternatives to synthetic
ones but also underscore their environmental
and economic relevance. Utilizing plant-based
dyes derived from invasive or locally abundant
species offers a sustainable pathway for waste
valorization, turning ecological challenges into
valuable resources. Moreover, adopting such
eco-friendly dyeing practices could benefit local
textile and cottage industries, promoting greener
production processes, reducing chemical pollution,
and enhancing the market appeal of naturally dyed
fabrics. Overall, the study highlights the promise of
natural dyes as both a sustainable innovation and
an opportunity for circular economy integration in
the textile sector.

DISCUSSION

This study investigated the characterization
of color and application of Chromolaena odorata
leaves as a natural dye for cotton and wool fabrics.
It evaluated the effects of various factors, including
dye solution ratios, types of mordants, mordanting
processes, and fabric types, on the color properties
and stability of the natural dye. The dyeing process
involved varying the mass of leaves and solvent
volumes to create dye solutions, resulting in different
color shades on cotton and wool fabrics. Cotton and
wool exhibited varying levels of dye absorption and
retention, leading to more vibrant and saturated
colors depending on the dye solution ratio. Mordanting
techniques-premordanting, metamordanting, and
postmordanting-significantly influenced color uptake,
resulting in diverse saturation levels and tonal
variations. Additionally, different types of mordants,
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such as ferrous sulfate and potassium aluminum
sulfate, affected the color outcomes and enhanced
the dye’s stability across various tests. The findings
of this study support the study of Li et al., which
observed that unmordanted fabrics exhibited lighter
and less saturated hues with significantly lower color
strength. The samples treated with ferrous sulfate
exhibit darker shades, as indicated by lower L values,
with colors predominantly leaning towards greenish-
brown hues due to moderate a and b values?.

Moreover, the stability of the dye under
different conditions was quantitatively assessed
using AE (color difference) measurements. The
dyed fabrics were subjected to washing, sunlight
exposure, and simulated perspiration in acidic and
basic conditions to evaluate colorfastness. Both
cotton and wool fabrics showed noticeable changes
in their initial colors, highlighting the versatility of
Chromolaena odorata as a natural dye. By analyzing
the effects of mordanting techniques, mordant types,
and dye solution ratios, the study identified key
factors influencing color stability and hue changes
under diverse conditions.

In addition, results also show that potassium
aluminum sulfate postmordanted cotton samples
exhibited much lower color changes, particularly
at the 1:15 ratio, which showed a AE of only 1.75,
categorized as a "very light" change, while the
1:10 ratio had a slightly higher AE of 2.59, labeled
as a "light" change. These results demonstrate
that potassium aluminum sulfate postmordanting
significantly improves wash fastness by enhancing
dye stability and minimizing color loss during
washing, particularly at lower dye concentrations.
These findings align with the results of the study
of Hanafy and El-Hennawi wherein alum-treated
viscose samples dyed with natural turmeric achieved
a color yield of 85%25. Alum-treated fabrics also
earned a wash fastness rating of 4 out of 5, signifying
good durability and retention of color during washing.
In contrast, on post-exposure to sunlight, the findings
of this study contradict the results of Kumbhar et al.,
which reported that unmordanted fabrics typically
exhibit poor lightfastness due to dye molecules
being highly susceptible to degradation under
light exposure?*. However, the AE values observed
in this study indicate relatively better stability in
unmordanted cotton under sunlight, particularly at
lower dye concentrations. These differences suggest
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that the conditions or dye characteristics used in the
present study may have contributed to improved
lightfastness despite the absence of mordant.

Similarly, the potassium aluminum sulfate
postmordanted wool shows similar results, with AE
values of 5.33 (1:10, “medium”) and 3.64 (1:15,
“medium”). While this mordant provides a slightly
lower degree of fading at lower dye ratios, both
mordants indicate that sunlight remains a moderate
change for wool. This results aligns to the study of
Kundal and Singh which reported that wool samples
exposed to light for over 15 h showed varying degrees
of fastness depending on the mordanting process®.

In acidic perspiration, the findings of this
study align with the results of Mongkholrattanasit
et al., that unmordanted cotton fabrics dyed with
natural indigo exhibited minimal fading®. The study
demonstrated color and staining ratings of 4 and 4-5,
respectively, under acidic perspiration conditions,
highlighting the moderate stability of unmordanted
cotton fabrics.

In contrast, for basic perspiration, results
of the study contradict the result of Li et al., which
reported that wool samples subjected to perspiration
testing displayed significantly better resistance to
color changes?. Their findings indicated minimal
overall color shifts, with only a slight but statistically
significant increase in yellowness (+b) and no notable
decrease in color strength (K/S values). The results of
previously cited study emphasize that wool generally
demonstrates better perspiration fastness compared
to cotton, retaining its color more effectively under
similar conditions, which is inconsistent with the
considerable fading observed in this study.
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CONCLUSION

Cotton exhibited superior dye absorption
and retention compared to wool. Increased leaf
concentration resulted in deeper, more saturated
colors, while higher solvent volumes produced
lighter shades. Among mordanting techniques,
metamordanting and postmordanting yielded
enhanced color stability, particularly with potassium
aluminum sulfate. These results underscore the
potential of Chromolaena odorata leaves as an
eco-friendly and sustainable natural dye for textile
applications.
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