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Abstract— This study is conducted to explore and utilize fresh mangosteen peel as an upcoming raw material for the production of 
natural dyes. The extract of fresh mangosteen peel is tested on cotton fabric by using alum as a mordanting agent who processed by 
pre-mordant dyeing procedure and fixation using 3 (three) different types of fixer. To obtain optimum interaction of fabric, mordant, 
dye and fixer, washing procedure has been performed using Turkish Red Oil (TRO) before the mordanting stage with varying 
washing time and repeated dyeing procedure with varying frequency of dyeing. As a result, the application of pre-mordanting dyeing 
method and fixation using iron (II) sulfate (FeSO4.7H2O), alum (KAI (SO4)2.12H2O) and lime (CaO), produced very good color from 
mangosteen peel dyes extract. Cotton fabric that has been through the pre-mordanting dyeing procedure using dyes extract of 
mangosteen peel consecutively bring green, light brown, and dark brown color each on the fixation result using iron (II) sulfate, alum, 
and lime. Preliminary evaluation and instrumentation allow us to determine whether the application of washing time varies, the 
repeated frequency of immersion and the use of different fixers compound using dyes extract with similar concentration and dyeing 
procedure affect the color intensity of the fabric sample. 
 
Keywords— natural dyes; Garcinia mangostana Linn; pre-mordanting; fixer 
 
 

I. INTRODUCTION 

As more people realize the effect of synthetic dyes on the 
environment, the extraction process of dye compounds from 
natural sources, mainly plants, has become an important 
alternative to be used by textile industry [1]-[2]. Natural 
dyes are known to be biodegradable, non-toxic and generally, 
have a higher compatibility with environment compared to 
synthetic dyes [2]-[3]. Therefore, the utilization many 
varieties of a plant as raw material for natural dye, which 
focuses on the regeneration of waste and eco-friendly 
materials has begun to be recognized and applied in many 
textile products [2]-[4]. Colors that are achieved are mostly 
in pastel shades and commonly considered as soothing and 
pleasing to the eyes [2]-[5]. 

Mangosteen, also famous bamboo and phoenix fruits.   
Lycian originating in India and Malaysia [6], mainly in 
Thailand, Vietnam, the Philippines and other Southeast 
Asian countries, in China’s Yunnan, Guangxi, Guangdong, 
Fujian and other places also have planted, such as Indonesia  
[7]-[8]. The suitable climate with annual rainfall that 

exceeds the evaporation rate and temperature has created 
suitable soil formations for these plants to grow. 

Mangosteen peel is an ingredient of plant origin that was 
developed for the production of natural dyes in Malaysia [6] 
and Indonesia [9] because this material contains a lot of 
anthocyanin compounds [10]-[11] which produces a red 
color, and tannin [12] which produces a brown color. 
However, there is no optimization and standardization 
preparation and application procedures of mangosteen dyes 
extract for cotton dyeing. Reference [2] only show the 
standardization on preparation and application of 
mangosteen peel dyes extract on silk fabrics which are 
known to have better color reception than any other type of 
fabric. Basitah’s research results in reference [2] show the 
potential benefits of mangosteen peel as a producer of brown, 
red, and purple color on silk fabric, through the process of 
pre-mordanting, simultaneous and post-mordanting dyeing 
method. In addition, the same reference also showed higher 
fastness of colors produced by the mangosteen peel extract 
to light and washing. Therefore, based on potential benefits 
of mangosteen peel dyes extract and dominance of cotton 
fabric as a base material in textile production all over the 
world, it is important to do a research about optimization and 
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standardization of preparation and application procedures of 
mangosteen peel dyes extract in textile products made of 
cotton. 

The purpose of this research was to explore and exploit 
the fresh mangosteen peels which considered as waste as an 
upcoming raw material for the production of natural dyes. 
Improved quality and color intensity generated from the 
application of mangosteen peel dyes extract conducted 
through the optimization of washing time, dyeing frequency 
and utilization of iron (II) sulfate, alum and lime as a color 
locking compound. The success of the mangosteen peel 
waste utilizing as natural dyes material for textile products, 
especially those made from cotton, will bring two positive 
impacts at once, namely reduced the quantity of organic 
waste resulting from consumption of mangosteen and 
simultaneously reduced the quantity of synthetic dyes waste 
as a by-product of the textile production. 

II. MATERIAL AND METHOD 

A. Material 
The selection of mangosteen which is used as the main 

color producing material in this research is based on three 
important criteria: 1) quality (physical characteristics); 2) the 
quantity of the harvest with similar quality and harvest time 
related, and 3) the shelf life of fruit. The good quality fruit, 
in large quantities, must be considered to ensure that only 
the consistent amounts of fresh fruits are used for each 
experiment. Meanwhile, the shelf life of mangosteens 
become one of the important criteria to ensure that no 
significant changes in the content of anthocyanin and tannins 
pigments in a short period of time [2]. 

 
B. Extract Preparation 

The peels are washed and then cut into small pieces using 
Philips HR7627 food processor with speed level on scale 2. 
The puree of mangosteen peel obtained from destruction 
process using a chopper is gathered in one place. The 
process continued by adding 1 liter of distilled water into 
100 grams puree. The extraction of the mangosteen peel 
conducted through a heating process using NESCO Lab MS-
H280 Pro hot plate at a temperature of 100 ° C to obtain the 
extract solution with a half volume of the initial volume. To 
obtain optimal dyeing results, the extract solution is filtered 
to get the aqueous solutions (see Fig. 1). The aqueous 
solution of the dyes extracts directly used in the dyeing 
process of cotton fabric samples. 
 

 
Fig. 1  A filtration process to obtain the extracts 

C. Washing Procedure 
Fabric samples to be dyed must through a washing 

process prior. The washing process is intended to remove 
contaminants that interact with the fabric fiber in order to 
increase the attractiveness of the mordant compounds 
towards fabric fibers. The fabric sample washing process 
conducted under the following procedures. The cotton fabric 
which is used as a sample for dyeing conditioned with a 
weight of 2.57 grams. Furthermore, samples of textile 
material to be dyed, immersed in a solution of 2 grams/liter 
TRO (Turkey Red Oil). The immersing process is carried out 
for 2 hours. Afterward, the material is rinsed with distilled 
water and wind dried. The same procedure was also applied 
for 4 hours and 6 hours washing time [13]-[14]. 

 
D. Mordanting Procedure 

After the washing process using TRO, cotton fabric 
samples must through the mordanting stages using alum and 
soda ash (Na2CO3). A mordanting solution prepared by 
dissolving 8 grams of alum and 2 grams of soda ash in every 
1 liter of water used. To ensure the homogeneous solution is 
formed, the solution is stirred using magnetic stirrer until 
completely dissolved. The solution is heated using a hot 
plate to boiling, then loaded with 2.57-gram sample of 
fabrics while kept heated up for 1 hour. After that, the 
heating is stopped and the fabric sample left to immerse in 
the solution overnight. Having immersed overnight in the 
solution, the fabric sample is removed and rinsed (do not 
squeeze out), then dried and ironed. After the entire process 
is undertaken, samples of fabrics have been ready to dye 
using natural dyes [13]-[14]. 

 
E. Dyeing Procedure 

After the sample of cotton fabrics are processed with the 
pre-mordanting method using alum to provide intermediate 
compounds for the interaction between fabrics fiber with 
dyes compound contained in the mangosteen peel extract, a 
sample of the fabric is ready to be processed using 
mangosteen peel dyes extract. Table 1 specifies the 
conditions for its preparation. 
 

TABLE I 
THE FORMULATION FOR DYEING COTTON (SAMPLES) 

 

Preparation Condition 
Material to liquor 1/35 (gram/mL) 
Temperature Room temperature 
Weight of the fabric’s sample 0.85 gram 
Dyeing time 30 minutes 

 
 

F. Fixation Procedure 

On the dyeing process with natural dyes is needed a 
process of fixation, i.e. the color locking process which is 
done after dyeing process to obtain a good fade resistance. 
There are three types of commonly used fixer solution, 
which is iron (II) sulfate, alum, and lime. The making of 
fixer solution is done through stages where each as much as 
50 grams of fixer solid compounds dissolved in 1 liter of 
water. The solution was left to precipitate out, and then take 
the transparent solution. Further, samples of cotton fabric are 
inserted into the fixer solution: (a) iron (II) sulfate, (b) alum 
and/or (c) lime. Fabric samples then processed in the fixer 
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solution for 10 minutes. To determine differences in color 
produced by each fixer solution conducted the fixation 
process with 0.85-gram sample of each fabric in 30 mL of 
iron (II) sulfate, alum and lime solution. The whole fabric 
samples subsequently rinsed and dried. In general, almost 
any types of natural dyes capable to dyeing silk well, but not 
with cotton materials. 

 
G. Colour Measurement and Characterization  

To investigate the characteristics of dye compounds 
contained in the aqueous extract of the mangosteen peel dyes 
solution has done an analysis of the wavelength region 
where an aqueous extract of mangosteen peel dyes absorbs 
electromagnetic waves with optimum, using Pharmaspec 
UV-1700 UV-Visible Spectrophotometer. The maximum 
wavelength region (λmaks) produced can provide 
information of dyes compounds there are dominant in 
aqueous dye extracts resulting from mangosteen peel. 
Meanwhile, an analysis of the color intensity from fabric 
samples is done in order to know the changes that occur as a 
result of the application of the washing process with time-
varying, dyeing frequency as well as the use of three 
different types of fixer compounds. The color intensity 
analysis is done by using Shimadzu Diffuse Reflectant 
Ultraviolet (DRUV) Spectrophotometer UV-2401-PC 
instrument. In general, the higher color intensity will 
produce lower reflectance percentage in the DRUV result. 
 

III.  RESULTS AND DISCUSSION 

A. The Effect of Washing Time and Fixer Compound Type 
to Color Intensity Produced 

Mangosteen peels contain a number of pigment that 
comes from two metabolites, namely mangostin and β-
mangostin. If all of the content contained in the mangosteen 
fruit is extracted, will be obtained natural dye in the form of 
anthocyanins which generally produces red, purple, and blue 
colors. Mangosteen peels also contain flavan-3,4-diols, 
which classified as tannin compounds and can be used as 
natural dyes on fabric. Fig. 2 shows the molecular structure 
of anthocyanin compounds, whereas the molecular structure 
of tannin shown in Fig. 3. Meanwhile, Fig. 4 and Fig. 5 
shows the interactions that occur between the fabric fiber, 
mordant compounds, anthocyanins and tannins dye 
compounds with three types of fixer used. 

The dyeing process on cotton fabric samples with pre-
mordanting dyeing method using dyes extracts of 
mangosteen peels material that ends with fixation using iron 
(II) sulfate, alum, and lime, each produces a dark green, light 
brown and dark brown. 
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Fig. 2  A molecular structure of anthocyanin 
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Fig. 3  A molecular structure of tannin 

 
The dyeing result using mangosteen peels material 

showed that each color intensity generated from the fixation 
process using iron (II) sulfate, alum and lime will be 
progressively increased in line with the increasing of the 
washing time applied. This condition indicates that the dye 
compounds generated by mangosteen peels has a functional 
group with a positive charge similar to the functional groups 
of fabric fiber, so the existence of the mordant compounds 
will play a role in increasing the interaction that occurs 
between the fabric fiber and dye compounds. This fact also 
supported by the results of mangosteen peel dye compounds 
analysis, which has been done at this stage, showed that the 
mangosteen peel contains 0.22% yellow colored mangostin 
metabolites. Inside mangostin metabolites contain a wide 
variety of pigments of which the largest is anthocyanin and 
tannin. In accordance with the information of the molecular 
structure of anthocyanins and tannins, as it appears in Fig. 2 
and Fig. 3, note that the reactive functional groups in 
anthocyanins were positively charged, while tannins 
compound dominated by negatively charged hydroxide 
functional groups. Table 2 shows the fabric samples 
reflectance percentage data that have been through the 
dyeing process with variations in the washing time and the 
type of fixer compound used. 
 
 

 

880



N

N

N

N

N

N

N

N

Al3+

Soda Ash

+

H H

O

+

O

O

OO

O
O

O

O

O

OH

OH

O

HO OH

OH

O

OHHO O

OH

OH

OH

HO

HO O

O

OH

OHHO

O

HO

HO

O
O

OHHO

O

O
O

O OH

OH

O

HO OH

HO

OH

H

CH2OH

H

OHH

OH H
OH

H

H

OH

OH

CH2OH

H

O

O

+

 

N

N

N

N

N

N

N

N

Al3+

Soda Ash

+

H H

O

+

O

O

OO

O
O

O

O
O

OH

OH

O

HO OH

OH

O

OHHO O

OH

O

OH

HO

HO O

O

OH

OHHO

O

HO

HO

O
O

OHHO

O

O
O

O OH

OH

O

HO OH

HO

OH

H

CH2OH

H

OHH

OH H
OH

H

H

OH

OH

CH2OH

H

O

O

+

Fe2+

S

O

O
-O O-

+

 

N

N

N

N

N

N

N

N

Al3+

Soda Ash

+

H H

O

+

O

O

OO

O

O

O

O

O

OH

OH

O

HO OH

OH

O

OHHO O

OH

O

OH

HO

HO O
O

OH

OHHO

O

HO

HO

O
O

OHHO

O

O
O

O OH

OH

O

HO OH

HO

OH

H

CH2OH

H

OHH

OH H
OH

H

H

OH

OH

CH2OH

H

O

O

+

+

N
N

N

N
N

N

N

N
Al3+

 

N

N

N

N

N

N

N

N

Al3+

Soda Ash

+

H H

O

+

O

O

OO

O

O

O

O

O

OH

OH

O

HO OH

OH

O

OHHO O

OH

O

OH

HO

HO O
O

OH

OHHO

O

HO

HO

O
O

OHHO

O

O
O

O OH

OH

O

HO OH

HO

OH

H

CH2OH

H

OHH

OH H
OH

H

H

OH

OH

CH2OH

H

O

O

+

+ Ca O-

 
 
 
 

Fig. 4  Interaction between fabric fiber, mordant, tannin pigment dan iron (II) sulfate (a), alum (b), and lime (c) (hypothetic) 
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Fig. 5  Interaction between fabric fiber, mordant, anthocyanin pigment dan iron (II) sulfate, alum and lime (hypothetic) 
 

Not only on the cotton samples through the mordanting 
process, on a control fabric sample that does not through the 
mordanting process also shows the emergence of similar 
color although the color intensity is not as high as the one 

the color intensity of the fabric samples that through the 
mordanting process. This is caused by the presence of 
contaminant compounds which has similar functional groups 
with a mordant compound and provide intermediary 

(a) 

(b) 

(c) 
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interaction between fabric fiber with a dyes compound. 
However, the dyeing results that occurs through these 
interactions won’t last long or have high fade resistance, 
especially when the fabric samples through a washing 
process that allows contaminants solubility in the wash water. 

In Fig. 4 appears that mordant compound, in this case, is 
an alum, has acted as an intermediary compound or a bridge 
for interaction between the fabric fibers and tannin dyes 
compound. The aluminum atom that has a charge of 3+ have 
been interacting as a whole, each with fiber fabric, dyes 
compounds contained in mangosteen peel extract and soda 
ash. To increase the color fastness has done color locking 
using three kinds of fixer compounds. The interaction in Fig. 
5 shows that the positive charge of the iron (II) sulfate fixer 
compound will interact with the negative charge from 
functional groups contained in the dye compound in 
mangosteen peel extract. Interactions that also common at 
this dyeing stage, which ended with the fixation process 
using alum and lime fixer compound, in which the positive 
charge from the aluminium as central atom in the alum 
compounds and the positive charge of the Ca atom on lime 
compounds will interact with the negative charge from 
hydroxyl functional groups contained in the dye compound. 

Inconsistent with this interaction, in Fig. 5 shows that the 
existence of mordant compound which has a positive charge 
on its central atom has to block the interaction that may 
occur between the positively charged anthocyanin pigments 
with the fabric fiber. No detection of red color emergence in 
cotton fabric samples that have been through the dyeing 
process using mangosteen peel extract showed the 
dominance of tannin dye compound on the interaction 
established between the fabric fiber, mordant, dyes, and fixer 
compound. This is due to higher negative charge atmosphere 
that exists in the tannin compound, making it more reactive 
to a mordant compound which in this case acts as 
intermediary compound between fabrics fiber and dyes, 
compared to anthocyanin dye compound.  

 
TABLE II 

REFLECTANCE PERCENTAGE DATA OF FABRIC SAMPLES FROM DYEING 

PROCESS WITH DIFFERENT TIME WASHING AND FIXER TYPE 
 

No 
Washing 
Time 
(hour) 

Fixer Type Reflectance    
(%) 

1 0 Iron (II) sulfate 18.92 
2 2 Iron (II) sulfate 16.44 
3 4 Iron (II) sulfate 12.45 
4 6 Iron (II) sulfate 9.85 
5 0 Alum 52.88 
6 2 Alum 40.92 
7 4 Alum 40.77 
8 6 Alum 38.44 
9 0 Lime 24.41 
10 2 Lime 21.10 
11 4 Lime 19.61 
12 6 Lime 15.11 

 
The reflectance percentage data of fabric samples dyeing 

process using anthocyanin and tannin dyes compound 
generated from the extraction process of mangosteen peel 
with water solvent, as shown in Table 2, shows that : (1) The 
fabric samples that fixed with iron (II) sulphate fixer 

compound has produced dark green color with a higher color 
intensity; (2) The fabric samples that fixed with alum has 
produced a light brown color with higher color intensity, and 
(3) The fabric samples that fixed with lime has produced a 
dark brown color with increased color intensity in line with 
the increasing washing time applied. 
 
B. The Effect of Dyeing Frequency and Fixer Type 

Variables Combination on Color Intensity Produced 
Visual data of cotton fabric samples that have been 

through the dyeing process using dye extracts from 
mangosteen peel material with variations in the dyeing 
frequency and fixer compound type shows: (a) has detected 
an increase in the dark green color intensity that appears 
after fixation process using iron (II) sulfate fixer compound 
along with the higher frequency of dyeing process applied. 
This is because the optimal interaction between fabrics fiber,  
mordant, and also anthocyanins and tannins dyes compound 
along with the high frequency of dyeing applied; (b) has 
detected the appearance of yellow color on control fabric 
samples which fixated using alum fixer and the appearance 
of light brown color on fabric samples that has been through 
a washing process for 6 hours. The emergence of yellow 
color (different colors) in control fabric samples is possible 
because in control fabric samples interactions that occur is 
not between fabric fiber, mordant, anthocyanin, and tannin 
dye compounds and alum fixer compounds but between the 
fabric fiber, contaminant, anthocyanin, and tannin dye 
compounds and alum fixer compounds. The different types 
of interactions will lead to different electronic transitions and 
will automatically bring up a different color in accordance 
with chromophore contained in the final product; (c) has 
been detected the emergence of a brown color with higher 
color intensity (darker color) on the fabric sample fixated 
using lime fixer along with the high dyeing frequency 
applied. Similar to the results of fixation using compounds 
of iron (II) sulfate and alum, darker brown color has been 
detected along with the high frequency of dyeing, also due to 
an optimum interaction that can occur between the fabric 
fiber, mordant, and dye compound along with the high 
frequency of the dyeing applied. 
 

TABLE III 
REFLECTANCE PERCENTAGE DATA OF FABRIC SAMPLES FROM DYEING 

PROCESS WITH DIFFERENT DYEING FREQUENCY AND FIXER TYPE 
 

No 
Dyeing 
Frequency 
(times) 

Fixer Type Reflectance    
(%) 

1 1 Iron (II) sulfate 9.85 
2 5 Iron (II) sulfate 9.57 
3 10 Iron (II) sulfate 8.60 
4 1 Alum 38.44 
5 5 Alum 36.26 
6 10 Alum 16.17 
7 1 Lime 15.11 
8 5 Lime 14.82 
9 10 Lime 7.23 

 
In addition, the emergence of a different color in dyeing 

results using the mangosteen peel extract with different type 
of fixer is due to the creation of a different molecular 
structure in the final product of the interaction that occurs 
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between the fabric fiber, mordant, dye, and iron (II) sulfate; 
fabric fiber, mordant, dye, and alum; and between fabric 
fiber, mordant, dye, and lime fixer compounds. The 
differences in the molecular structure will have an impact on 
different orbital types, electronic transitions and light 
absorption, which will automatically affect the different 
colors absorbed and forwarded by the molecule compounds 
in question. 

IV.  CONCLUSIONS 

An attempt to rediscover the natural dyes of the local 
Indonesian natural resources, mainly derived from plants, 
has been done. The consistent characteristics of extracted 
material and standardized operating conditions are an 
extremely important variable to eliminate the disparity of 
shades that are produced, especially in the dyeing process 
using natural dyes such as those resulting from mangosteen 
peel material. Therefore it is necessary to optimization a 
number of variables associated with the natural dyes 
preparation process and its application in the cotton fabric 
dyeing process. Experiment results indicate the emergence 
of three kinds of different colors as a result of the fixation 
process using compounds of iron (II) sulfate, alum, and lime, 
with an increasing in line with increasing washing time and 
dyeing frequency conducted. The dyeing process that 
involves the fixation process using iron (II) sulfate, alum and 
lime have led to the emergence of the dark green, light 
brown and dark brown colors on cotton fabric samples. 
Meanwhile, the optimization the washing time and dyeing 
frequency shows the decreasing reflectance percentage, 
which is in the range: 52.88% - 9.85%  in line to the  
increasing color intensity of cotton fabric samples with 
washing time for 1 - 3 minutes; and 38.44% - 7.23% of 
cotton fabric samples that have been through dyeing process 
that repeated 5 and 10 times.  

The whole process will pave the way for the invention of 
a new type of natural dye that can be produced through a 
number of stages in an experiment that systematic and well-
structured. 
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