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Abstract 
Flavonoids are pigments in the gadung mango bark that produce a yellow color. The research on copigmentation 

of flavonoids from gadung mango bark (Mangifera sp) as coloring agents was carried out by the maceration method 
using 96% ethanol. The extract obtained was concentrated using a vacuum rotary evaporator at 40 oC. The study 
aimed to determine levels of flavonoids and stability of color gadung mango bark on the inner and outer of the result 
copigmentation as a coloring agent. Measurement of total flavonoid levels at a wavelength of 520 nm and 700 nm 
using UV-Vis spectrophotometry. The results of this study indicate that the total flavonoids levels in the inner and 
outer gadung mango bark samples were 0.162 mg/g and 0.359 mg/g, respectively. The color stability of flavonoids 
of the gadung mango bark inside and outside as the results of copigmentation was stable at the temperature 35 oC 
and the results obtained in the color stability test of the hero cloth through washing soap water was with a 0 day in 
5 hours. 
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Introduction 
Colorants have long been used in foodstuffs 

and beverages to improve the appearance of food 
products. There are two types of dyes, namely 
natural dyes and synthetic dyes. Natural dyes are 
dyes obtained from plants and animals. These 
natural dyes have been used for a long time and are 
safer than synthetic ones. Still, with the 
development of science and technology, natural 
dyes are decreasing in the food industry, which is 
being replaced by synthetic dyes. That is because 
synthetic dyes are cheaper and provide more stable 
colors than natural dyes (Hutapea et al., 2014). Still, 
apart from having a positive impact, synthetic dyes 
also have the disadvantage that they contain heavy 
metals that cannot be degraded/ cannot be 
damaged, making them one of the factors that cause 
environmental pollution. For that, a degradable dye 
is needed to meet the dye needs of the textile 
industry. Degradable dyes are natural dyes generally 
found in plants, for example, duwet fruit, grapes, 
turmeric, mango, and animals (Nugraheni, 2014). 

Natural dyes have beautiful and distinctive 
colors that are difficult to imitate with synthetic 
dyes, so they are widely preferred; most natural dyes 
taken from plants are easily degraded. The plant 
parts used for natural dyes are the bark, twigs, stems, 
leaves roots, seeds, flowers, and sap. Some natural 
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dyes found around us include chlorophyll, 
carotenoids, tannins, flavonoids, and anthocyanins 
(Nugraheni, 2014). Flavonoid, one of the primary 
pigment groups in plants. One of the flavonoid 
groups found in plants is mango gadung. 

Natural dyes can be obtained from various 
sources and have multiple chemical structures. 
Rymbai et al. (2011) stated the three most 
important natural dyes groups: tetrapyrroles, 
tetraterpenoids, and flavonoids. Meanwhile, 
according to Malik et al. (2012), the essential 
natural pigment groups are; carotenoids, flavonoids, 
tetrapyrroles, and some xanthophylls as astaxanthin. 

One of the natural dyes is a flavonoid, one of 
the primary pigment groups in plants. One of the 
flavonoid groups found in plants is mango gadung. 
According to Ministry of Health (2007), that 
mango bark contains alkaloids, flavonoids, and 
tannins. (Gonzalez et al., 2007) suggested that 
mango peel extract showed antioxidant and anti-
inflammatory activity. 

Flavonoids from the bark of the mango gadung 
can be used as a source of dye. The bark of the 
gadung mango has a yellow color. This 
characteristic of the skin color of the mango gadung 
stem indicates the presence of flavonoid dyes, but 
these pigments are easily damaged (Nugraheni, 
2014). 
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Flavonoid pigments can be damaged easily at 
high temperatures, and extraction time can affect 
the rate of flavonoid breakdown (Yuliantari et al., 
2017). Therefore the stability of flavonoids needs to 
be considered. The strength of flavonoids is 
influenced by temperature, pH, and length of stay. 
Flavonoids are more stable under acidic conditions 
and are very reactive to metals to form stable 
complexes (Nugraheni, 2014); therefore, various 
technologies to improve the stability of natural dyes 
in food have been carried out. Copigments are 
compounds used in copigmentation. Copigment is 
a colorless compound that is usually found naturally 
in plant cells. Most studies state that the most 
commonly used copigments are flavonoids, 
including flavones, flavanones, and flavanols; 
besides, phenolic acids and amino acids can also be 
used as copigments (Santi, 2010). Natural dyes have 
weaknesses, including unstable colors, poor color 
uniformity, low pigment concentrations, limited 
color spectrum (Paryanto et al., 2012). 

One of the efforts that can be done to increase 
the stability of flavonoids is copigmentation. 
Copigmentation is an interaction between the 
structure of flavonoids with other molecules such as 
metals (Al3+, Fe3+, Sn2+, Cu2+) and other organic 
molecules such as flavonoid compounds (flavones, 
flavonones, flavonols), and so on. The presence of 
copigmentation between flavonoids and further 
organic metal molecules increases flavonoids' color 
stability, produces a lighter color and is protected 
from oxidation (Boulton, 2001). It can happen 
because of the interaction between the anthocyanin 
structure and other molecules called copigment 
compounds, namely flavonoids (flavones and 
flavonols) and other polyphenols (phenolic acids), 
alkaloids (caffeine), amino acids, organic acids, 
nucleotides, polysaccharides, metals (Al3+). 

Methods 
The tools used in this study were a dropper, a 

set of glassware, an Erlenmeyer, a stirring rod, a 
funnel, a porcelain dish, a digital balance, a cuvette, 
a test tube rack, a spray bottle, a water bath, a rotary-
evaporator, a test tube clamp, and a 
spectrophotometer. UV-Vis. 

The materials used in this study were mango 
gadung bark obtained from Malala village, Dondo 
sub-district, Toli-Toli district, 96% ethanol, FeCl3 
solution with various concentrations of 5% and 
10%, buffer solution pH 1 and 4.5, tissue, 
aluminum foil, Whatman paper no.1. 

Sample preparation 
The plant samples used in this study were the 

inner and outer bark of the mango gadung taken 
from Malala village, Dondo sub-district, Toli-Toli 
district. The samples that have been obtained are 
separated from the outer and inner bark of the 
mango gadung, then cut into small pieces using a 
machete. At the same time, the inner skin is sanded 

using a sanding machine, then blended to facilitate 
the extraction process. 

The mango gadung bark powder on the 
outside and inside was weighed as much as 150 
grams, put into a 1000 mL Erlenmeyer, then added 
600 mL of 96% ethanol solvent in a ratio of 1:4 
until the solvent submerged the entire sample. 
Covered with aluminum foil, then left for 24 hours 
and occasionally stirred. The obtained maceration 
was filtered with Whatman paper no. 1 through a 
Buchner funnel, and each filtrate was taken. 
Furthermore, it is concentrated using a rotary 
vacuum-evaporator at a temperature of 40 oC 
(Pasaribu, 2011). 

Measurement of total flavonoid level 
Measurement of total flavonoids from the 

outer and inner bark of the mango gadung stem was 
carried out using the extracted filtrate. In 2 test 
tubes, 1.5 mL of each extract was added. The first 
test tube was added with 3 mL of pH 1 buffer 
solution, and the second test tube was added with 3 
mL of pH 4.5 buffer. Both parts were measured for 
absorption at wavelengths of 520 and 700 nm using 
UV-Vis spectrophotometry, then calculated the 
absorption and flavonoid content of the sample 
(Nugrahawati, 2010). 

Mordanting 
Mordanting was carried out in this study by 

cutting 12 pieces of 4 x 4 cm cloth. Then soak the 
fabric in 2 grams of sunlight bar soap in 200 mL of 
water for 1 hour. After that, make a solution 
containing 10 grams of alum (Al2(SO4)3) and 4 
grams of soda ash (Na2CO3) in 200 mL of water. 
Then boil the cloth in the solution for 1 hour. The 
fabric is removed and rinsed with clean water. The 
fabric is dried and ready to be dyed (Bahri et al., 
2017). 

Stability test of the outer and inner mango gadung 
bark skin color against temperature 

A total of 1.5 mL of the outer and inner 
flavonoid extracts of the mango gadung bark were 
put into a test tube and added with 3 mL of FeCl3 
with varying concentrations of 5% and 10%. Then 
tested its stability against temperature. 

Color stability test against temperature: The 
above vials were placed in a water bath at a 
temperature of 35, 45, and 55 oC, then the 
absorbance was measured at a wavelength of 520 
and 700 nm of extract copigmented with FeCl3 
every 60 minutes for a temperature of 35 oC, 45 
minutes for 45 oC, and 30 minutes for 55 oC. All 
measurements were carried out in duplicate 
(Lestario & Andini, 2016). 

Color stability test on the outer and inner bark of the 
mango gadung stem against the fabric 

A total of 2.5 mL, then added a solution of 
FeCl3 fixation with varying concentrations of 5% 
and 10%, each as much as 5 mL into a copigmented 
test tube and 2.5 mL of flavonoid extract of the 
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outer, inner gadung mango bark extract in an 
uncopigmented test tube. Silent with variations for 
0 days and seven days, the cloth is removed and 
washed. The concentration of dye remaining in the 
filtrate was determined by absorbance at a 
wavelength of 520 nm and 700 nm of copigmented 
and uncopigmented extracts; the absorption was 
measured using UV-Vis spectrophotometry 
(Handika, 2002). 

Testing the color stability of fabric dyes can be 
done by washing the dyed material, namely by 
washing the material with Rinso detergent soap. 
The value of the color stability test with variations 
in values of 2 (poor), 3 (good enough), 4 (good), 5 
(excellent) (Handika, 2002). 
Results and Discussion 

Extraction process 
Extraction is a way to separate a mixture of 

several substances into components; it is essential to 
choose a suitable solvent in the extraction process. 
The extraction method used in this research is 
maceration. The selection of this extraction method 
is a method that is simple, easy, and without going 
through a heating process, so that the possibility of 
damage to chemical compound components can be 
minimized, while the purpose of the extraction 
process is to extract the chemical elements contained 
in the sample. 

The dissolution process was carried out by 
immersing several samples in a solvent. The samples 
used in the copigmentation research of the inner 
and outer bark of the mango gadung stem were used 
as a coloring agent. The more solvents used in the 
extraction process, the more compounds extracted 
(Harborne, 1987). The solvent will penetrate the 
cell wall and enter the cell cavity containing the 

active substance. The active substance will dissolve 
due to the difference in concentration between the 
active substance solution and outside the cell. Then 
the concentrated solution is pushed out. This event 
is repeated until there is a balance between the 
concentration of the solution outer and inner cell. 
The solvent used in this study was 96% ethanol to 
dissolve flavonoid compounds in the sample. The 
choice of solvent is because flavonoid compounds 
are generally in the form of polar glycosides, so they 
must be dissolved in a polar solvent during the 
maceration process. The purpose of aluminum foil 
is so that the ethanol solution in the container does 
not evaporate, considering the volatile nature of the 
ethanol. Principle extraction of the mass transfer 
solute components in a solvent is transferred at the 
interface layer and diffuses into the solvent 
(Harborne, 1987). The results obtained 
concentrated extracts of mango gadung stem as 
much as 30 mL inside and 40 mL outside. 
Evaporation aims to concentrate the solution by 
evaporating the solvent from the extract. The 
solvent evaporation process occurs quickly because 
of the round bottom flask's rotation. The solvent 
can evaporate below the solvent's boiling point due 
to decreased pressure (Agoes, 2007). 

Determination of total flavonoid level 
Flavonoids in the outer and inner bark of the 

mango gadung stem using the differential pH 
method. This differential pH method is used to test 
the presence of total flavonoids in a sample, so the 
flavonoid content obtained through this method is 
assumed to be the entire flavonoid content in the 
sample. It was done because the basic structure of 
flavonoid group compounds, namely C6-C3-C6, is 
the basic structure of anthocyanins. 

 
Table 1. Measurement of the total content of the inner and outer bark of the mango gadung stem 

determines the entire content. 

No Sample 
Flavonoids in the sample 

(mg/L) (mg/g) 

1 Inner skin of gadung mango 6.746 0.162 

2 The outer skin of the gadung mango 14.962 0.359 
 
 

Differential pH method was used to determine 
the total flavonoid content in the outer and inner 
bark of the mango gadung. The added buffer acts as 
a reagent. 520 nm is the maximum for cyanidin-3-
glucoside, and the measurement of the sample at = 
700 nm aims to correct or check the turbidity 
present in the analyzed solution. (Lee et al., 2005). 
Flavonoid levels were determined in an acidic 
environment because acid could denature plant cell 
membranes and dissolve anthocyanin pigments to 
leave the cells and prevent flavonoid oxidation. 
Anthocyanins are a class of flavonoid compounds 
that function as natural antioxidants; in acidic 

conditions, anthocyanins are more stable than in 
alkaline or neutral conditions. Anthocyanins 
themselves are influenced by several factors, 
including pH, sugar content, salt content, 
temperature, and heating time (Aminah et al., 
2016). 

The extraction results are extraction time, pH, 
and temperature. The pH of the extraction solution 
affects the stability of the pigment color. According 
to Tensika et al. (2007), it is recommended that 
flavonoid group compounds be extracted in an 
acidic environment because the acid functions to 
denature plant cell membranes, then dissolve the 
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anthocyanin pigments they can leave the cells and 
can prevent flavonoid oxidation. Flavonoids are the 
largest class of natural phenolic compounds. They 
are polar compounds because they have several 
hydroxyl groups, so they are readily soluble in polar 
solvents such as ethanol and methanol (Arum et al., 
2012). 

The results are obtained by calculating the 
flavonoid concentration in the sample solution 
(mg/L), which is then converted to dry weight 
concentration in the sample (mg/100g). The levels 
of flavonoids in the inner and outer bark samples of 
the gadung mango were 0.0162 mg/g and 0.359 
mg/g, respectively. The results obtained that the 
highest levels of flavonoids were found in the outer 
bark of the gadung mango. It shows the lack of 
flavonoid compounds in the inner bark of the 
mango gadung compared to the outer skin. 
Flavonoids are polyphenolic compounds that 
function as antibacterial compounds by forming 
complex compounds against extracellular proteins 
that interfere with the integrity of bacterial cell 
membranes. 

Mordanting 
The hero cloth to be dyed must be mordanted 

first. This mordanting process is intended to 
increase the attractiveness of natural dyes to hero 
fabrics and helps produce evenness and good color 
sharpness. Mordanting is the initial treatment of the 
material to be dyed so that the fat, oil, starch, and 
dirt left in the dyeing process can be removed; in 
this process, the fabric is put into a solution of alum 
and soda ash which will be heated until it boils 
(Moerdoko, 1975). 

According to Scheilin (2009), in dyeing 
natural dyes in general, mordanting is required on 
the material to be dyed. The mordanting process is 
carried out by immersing the material into metal 
salts as aluminum, iron, tin, and chrome. These 
mordant substances function to form a chemical 
bridge between natural dyes and fabric fibers so that 
the affinity of the dyestuffs increases to the fabric 
fibers. 

Test the color stability of the outer and inner skin 
color of the mango gadung stem against temperature 

 
Table 2. The results of the analysis of the color stability  

of the outer bark of the mango gadung stem against temperature 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3. The results of the analysis of the color stability test  
of the inner bark of the mango gadung stem against temperature 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Based on the results obtained in the stability 
test of the outer and inner bark color of the mango 

gadung stem on the effect of temperature, it can be 
seen in Figures 1-4. 

 
 
 
 
 

[FeCl3] (%) 
Temperatur 

( oC) 
Time 

( minutes ) 

Absorbance 
Discoloration 

520 700 

5 

35  60  1.108 0.682 

It remains black 
and forms a 

black precipitate 

45  45 0.874 0.617 

55  30 0.695 0.589 

10 

35  60 1.149 1.035 

45  45  1.020 0.833 

55  30 0.827 0.558 

[FeCl3] (%) 
Temperatur 

( oC) 
Time 

( minutes ) 

Absorbance (nm) 
Discoloration 

52 700

5 

35 60 2.333 1.671 

It remains black 
and forms a 

black precipitate 

45 45 1.211 0.762 

55 30 0.879 0.710 

10 

35  60 2.130 1.306 

45 45 1.620 1.061 

55 30  1.454 0.855 
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Figure 1. Graph of the relationship of the effect of temperature on the color stability 
of the outer bark of the mango gadung at a concentration of 5%. 
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Figure 2. Graph of the relationship of the effect of temperature on the color 
stability of the outer bark of the mango gadung at a concentration of 10%. 
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Figure 3. Graph of the effect of temperature on the stability of the color of the 
inner bark of the mango gadung at a concentration of 5%. 
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The image obtained shows that the outer and 
inner extract of the bark of the mango gadung has a 
dye on the effect of temperature, tested by heating 
the flavonoid extract, which has been mixed with 
FeCl3 with variations in concentration, 
temperature, and heating time. The purpose of 
using temperatures with different variations is to see 
the color stability of flavonoid compounds from the 
outer and inner bark of the mango gadung. The 
results obtained in the color stability test against the 
effect of heating are shown in Figures 1-4. It offers 
that the higher the heating temperature, the lower 
the absorbance or color stability, during the 
relationship between absorbance and concentration, 
the higher the concentration, the absorbance. 
produced is higher. Sharifi & Hassani (2012), stated 
that one of the factors causing the decrease in 
absorbance value was enzymes. Enzymes cause 
decolorization of the dye so that the resulting color 
will fade. 

According to Saraswati et al. (2014), at high 
temperatures, there was a decrease in the stability or 
discoloration of flavonoid compounds from the 
outer and inner bark of the mango gadung stem. It 
can be seen that a higher heating temperature can 
lower the color intensity. Therefore, the dye 
intensity is more stable at 35 oC and has a higher 
absorbance value than 55 oC. In addition, lower 
absorbance value affects stability dye on the outside 
and inside of the mango gadung skin. These 
conditions show that flavonoid compounds are not 
resistant to high temperatures above 50 oC, so they 
undergo structural changes (Ibrahim et al., 2015). 
According to Garcia-Palazon et al. (2004), low 
storage temperatures could inactivate enzymes to 
maintain stability and slow down the degradation of 
anthocyanins. 

Test the color stability of the outer and inner bark of 
the gadung mango stem against the fabric 

 
 

Table 4. Data from the color stability test on the outer  
the bark of the mango gadung stem using Hero cloth 

[FeCl3] (%) Day 
Absorbance (nm) 

Test Value 
520  700  

Not Copigmented 
0 2.295 1.283 3 

7 1.569 1.133 2 

5 
0 2.780 2.231 4 
7 1.860 1.070 3-4 

10  
0 1.730 1.242 4
7 1.471 0.984 3-4

 
Description: 2 = not good (cloudy yellow), 3 = good enough (brown yellow), 

4 = good (light brown), 5 = very good (dark brown) (Handika, 2002). 
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Figure 4. Graph of the relationship of the effect of temperature on the color 
stability of the outer bark of the mango gadung at a concentration of 10%. 
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Table 5. Data from the color stability test on the inner bark 
of the mango gadung using Hero cloth 

[FeCl3] (%) Day 
Absorbance (nm) 

Test Value 
520 700 

Not Copigmented 
0 1.945 1.470 3 

7 0.756 0.625 2 

5 
0 1.272 1.034 4 
7 0.995 0.553 3-4 

10  
0 1.704 1.285 4 
7 1.031 0.773 3-4 

 
Description: 2 = not good (cloudy yellow), 3 = good enough (brown yellow), 

4 = good (light brown), 5 = very good (dark brown) (Handika, 2002) 
 

The process of adding FeCl3 fixation solution 
aims to lock or bind the dye that enters the fabric 
fiber so that the resulting color does not fade or fade 
quickly. According to Kwartiningsih et al. (2009), 
with the addition of metal, there is a strengthening 
or addition of the penetration power of flavonoids 
to enter the fabric fiber and hold ionic bonds with 
the fabric fiber. The cloth from soaking the extract 
with FeCl3 fixator changes color from the initial 

color of the white material to black because the 
flavonoid compounds from the mango gadung bark 
extract react when mixed with FeCl3 to form 
complex compounds so that they can change the 
color, which is flavonoid compounds as ligands with 
Fe as atoms center to form tough compounds. The 
reaction between flavonoids and FeCl3 can be seen 
in Figure 5. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Flavonoids have a hydroxy group as a polar 
group which in water medium can ionize and make 
flavonoids slightly reactive. The purpose of using a 
concentration variation of 5% and 10% is to 
provide color variations that occur in the fabric. The 
results obtained on the stand with variations 0 days 
7 days from the outer and inner bark extract of the 
mango gadung stem, namely those with a 0-day 
stand, the results obtained on fabric fibers are lighter 
than those with 7 days. The longer the standing 
process, the more faded the results obtained on the 
fabric fibers, decreasing the absorbance value. The 
purpose of the settling process with variations of 0 
days and 7 days is to see the color changes that occur 
in the fabric fibers. The relationship between days 
and concentration is that the longer the days of 
residence, the more faded the results obtained. The 

higher the concentration used, the lighter the color 
of the fiber obtained. 

Testing the stability of the color fastness of the 
hero fabric through washing with extracts of the 
inner and outer bark of the mango gadung stem 
showed good results. Washing aims to test the color 
stability of the material, this proves that the content 
contained in the inner and outer bark of the mango 
gadung stem can be used as a dye with the result of 
a 0-day stand that is copigmented with FeCl3. This 
is caused by flavonoids that bind well to the fabric 
fiber, with the addition of a FeCl3 color generating 
agent resulting in increased color fastness stability, 
due to the inclusion and locking of the dye on the 
fabric fiber and forming a bond with the fabric fiber 
and the non-copigmented fabric cannot be used as 
dye dyes on fabrics, either for 0 days or 7 days 
because there is no color binding agent that enters 

Figure 5. The reaction between flavonoids and 
FeCl3 metal (Arifin, 1986). 
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the fabric fibers. According to (Arifah et al., 2016), 
the longer the sample storage, will decrease the 
stability of the natural dye, namely by marking a 
decrease in absorption (absorbance). It also is due to 
several factors such as pH, temperature, light, and 
oxygen. So more stable in the stability of the dye lies 
in storage at 1 day compared to 7 days which affects 
the stability of the dye. 
Conclusions 

Based on the results obtained in this study, it 
can be concluded that: The flavonoid levels in the 
inner and outer bark samples of the mango gadung 
were 0.162 mg/g and 0.359 mg/g, respectively. The 
color stability of the inner and outer skin flavonoids 
of the copigmented mango gadung as a coloring 
agent against the temperature in the dyestuff 
stability is located at a temperature of 35oC and the 
results obtained in the color stability test of hero 
cloth through washing with soapy water, namely by 
standing for 0 days for 5 hours  
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