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Abstract 
Anthocyanins are a group of natural dyes (pigments) that give many colors to plants’ leaves, flowers, and fruits.

Anthocyanins are generally acidic and more stable under acidic conditions. One of the plants that contain anthocyanin is the
lakum (Cayratia trifolia L.) fruit ripe with a blackish-purple color. This study aimed to determine the best type of acid used
to extract anthocyanins from the lakum fruit peel. The extraction process was carried out by maceration method using 96%
ethanol solvent acidified with three types of acids, HCl 1%, citric acid 3%, and acetic acid 3%, with an average level of
anthocyanin obtained of 283.88, 220.70, and 226.55 mg/L, respectively. This study indicates that the best acid used to
extract anthocyanin from the lakum fruit peel with the highest total anthocyanin results is by adding HCl 1%. 
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Introduction 
Anthocyanins are compounds from the 

flavonoid group and are a group of natural dyes that 
are abundant in nature that give pink, dark red, 
purple, and blue colors to the leaves, flowers, and 
fruits of plants (Saati, 2016). Anthocyanins are 
found in vacuoles in plant cells in several different 
tissues such as leaves, petals, fruits, tubers, or stems 
(Silva et al., 2017). The basic structure of 
anthocyanins is derived from the flavylium cation, 
as shown in Figure 1.  
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Figure 1. The basic structure of anthocyanins 

 
One of the plants that contain anthocyanins is 

the lakum fruit (Cayratia trifolia L.). This can be 
seen from the characteristics of the lakum fruit, 
which has green fruit when it is still unripe and dark 
purple-black when it is fully ripe. The purple color 
on the ripe lakum fruit indicates the presence of 
pigment from the anthocyanin group. This pigment 
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causes lakum fruit to be used as a natural dye 
(Panarigas & Idiawati, 2015). Apriyani et al. (2016) 
have researched methanol extract of lakum fruit as 
an alternative to synthetic indicators, especially 
phenolphthalein (pp) indicators in the strong base-
strong acid titration process. Some plants that 
contain lots of anthocyanins have been used as 
natural dyes in foodstuffs, such as grapes and 
strawberries. Natural dyes have long been used as a 
food coloring and are still safer than synthetic ones. 
In recent years, the use of natural dyes has become 
increasingly popular because it can reduce the use of 
synthetic dyes that are harmful to health and are not 
environmentally friendly (Ali et al., 2016).  

Synthetic dyes have more advantages than 
natural dyes, which are more stable, more uniform, 
have a more substantial coloring power, and are 
usually cheaper (Yulianti, 2017). Natural dyes from 
vegetable and animal sources generally have lower 
color stability than synthetic dyes. In addition to 
being useful as natural dyes, anthocyanins also act as 
antioxidants that can fight free radicals that enter 
the body (Priska et al., 2018). 

Anthocyanins are easily damaged when 
processing fruits and vegetables that contain these 
pigments. Several conditions that can affect the rate 
of anthocyanin breakdown are temperature, light, 
pH, and oxygen (Mahdavi et al., 2016). 

Isolation of anthocyanin pigments is done by 
extracting the material using a solvent that matches 
the polarity of the substance to be extracted. The 
function of the solvent for anthocyanin extract is a 
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factor that determines the quality of extraction and 
has excellent dissolving power. The extraction of 
anthocyanins needs to pay attention to several 
factors. The choice of extraction method depends 
on the nature of the material and the compound to 
be isolated (Ningsi, 2018). 

Anthocyanin pigments are polar compounds 
and can be extracted with polar solvents. Some polar 
solvents include ethanol, water, and ethyl acetate. 
The selection of water as a solvent in anthocyanin 
extraction showed poor results for extracting 
anthocyanins. This is because water is not a solvent 
often used for extraction, and spoilage is easy 
because water is an accessible medium for bacteria 
to grow. According to Afandy et al. (2017), 
anthocyanins can be extracted with various types of 
solvents, but the most effective is using methanol 
acidified with HCl. However, due to the toxic 
nature of methanol, usually, in the food system, 
water or ethanol acidified with HCl is used. 

It is recommended that anthocyanin pigment 
extraction be carried out in an acidic environment 
because the acid serves to optimize the extraction of 
anthocyanins further so that the anthocyanin 
pigments do not change color quickly and can 
denature plant cell membranes, then dissolve the 
anthocyanin pigments so that they can leave the 
cells, and prevent oxidation. Generally, extracting 
anthocyanins uses solvents and acids because 
anthocyanin pigments are more stable when 
extracted using water or acidified alcohol as solvents. 
Extraction of anthocyanins in an acid state further 
increased the yield's effectiveness and the obtained 
anthocyanin value. Anthocyanins are generally 
acidic and more stable under acidic conditions 
(Achyadi, 2019). 

The addition of acid to the extraction of 
anthocyanins is very influential; it can be seen from 
the research conducted by Adam (2015) regarding 
the analysis of total anthocyanins from red spinach 
leaves based on the effect of adding the type of acid, 
where the results obtained were the entire 
anthocyanin content of the extract with ethanol 
solvent added with 1 M HCl, acid 3% citrate, 25% 
CH3COOH and no acid, respectively, 132.76, 
121.56, 107.21, and 76.98 mg/L. 

Based on the description above, this paper aims 
to present the determination of acid type most 
effectively used to extract anthocyanins from the 
skin of lakum fruit, seen from the anthocyanin levels 
obtained from each addition of acid. It is hoped that 
this research can provide information regarding the 
best type of acid added to the anthocyanin 
extraction of the lakum fruit peel. 

Methods 
The tools used in this research are beaker, 

measuring flask, dropper, stir bar, spatula, 
Erlenmeyer, blender, knife, dark bottle, analytical 
balance, centrifuge, Buchner funnel, vacuum rotary 
evaporator, and UV-Vis spectrophotometer. 

The material used is the skin of the lakum fruit 
obtained from the Palu city area, 96% ethanol, 1% 

HCl, 3% acetic acid, 3% citric acid, pH 1 buffer 
solution, and pH 4.5 buffer. 

Sample preparation 
Samples of ripe fresh lakum fruit were washed 

in running water to remove dirt on the fruit’s skin, 
then separated the flesh and skin of the fruit. After 
that, the skin of the lakum fruit, separated from the 
fruit’s flesh, is blended until smooth to reduce the 
size of the skin of the lakum fruit, thus facilitating 
the extraction process. 

Preparation of buffer solution pH 1.0 and 4.5 
The concentration of anthocyanin compounds 

in this method is pH 1.0 and 4.5. The reason for 
choosing this pH is because at pH 1.0, anthocyanins 
form colored oxonium compounds (flavilium 
cations) at pH 4.5; they form colorless 
carbinol/hemiketals. 

Buffer solution pH 1.0 
A total of 0.465gram KCl was dissolved with 

distilled water in a 250 ml volumetric tube to the 
limit. Then add HCl until the pH reaches 1.0 ± 0.1. 

Buffer solution pH 4.5  
A total of 8.2 grams of sodium acetate was 

dissolved with distilled water in a 250 ml volumetric 
tube to the limit. Add the HCl solution until the 
pH is 4.5 ± 0.1. 

Sample extraction 
Extraction of lakum fruit peel in this study 

was carried out using the maceration extraction 
method. According to the anthocyanin solubility 
properties, maceration attracts anthocyanin 
compounds using a solvent. The use of the 
maceration method considers the solubility 
properties of the material (sample) to be extracted 
and is very advantageous in isolating compounds 
from natural materials; besides, this method is 
straightforward. Other procedures such as soxhlet 
are not carried out in this extraction process because 
of anthocyanins’ nature, easily degraded by heat 
because flavonoid compounds are easily oxidized at 
high temperatures. 

Extraction begins by weighing the skin of the 
lakum fruit blended and put into three closed 
containers of 100 grams each; extraction is carried 
out by maceration with the proportion of 
ingredients and solvents being 1:4 at room 
temperature for 24 hours. 

The type of solvent used is 96% ethanol, each 
of which is acidified with 1% HCl, sitrat 3%; 
extraction begins by weighing the skin of the lakum 
fruit that has been blended and put into three closed 
containers of 100 grams each, extraction is carried 
out by maceration with the proportion of 
ingredients and solvents being 1:4 at room 
temperature for 24 hours. The solvent used is 96% 
ethanol, acidified with 1% HCl. 

Determination of total anthocyanin level  
Determination of total anthocyanins was 

carried out using the differential pH method (Vega 
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et al., 2017), namely by measuring the absorbance 
of the lakum fruit extract at pH 1 and pH 4.5 
measured at wavelengths of 510 nm and 700 nm. In 
this study, the instrument used to measure the 
transmittance or absorbance of the sample is a UV-
Vis spectrophotometer. UV and visible (UV-Vis) 
spectroscopy analysis is the single most helpful way 
to analyze the structure of flavonoids. This is 
because the characteristics of the same spectrum 
provide data about the same type of compound. The 
advantage of this spectroscopy method is that very 
few samples are required for analysis. 

The following formula determines the 
absorbance value of the sample: 

 
A = {(A510-A700) pH 1 – (A510-A700) pH 4,5} 

 

The anthocyanin content of the sample is 
calculated by the formula: Total anthocyanin  

 

(mg/L) = ஺ ௫ ெௐ ௫ ஽ி ௫ ଵ଴଴଴   ௫ ௕  

 
where A is absorbance; MW is the molecular weight 
of cyanidine-3-glucoside (449.2 g/mol); DF is the 
dilution factor; is the Absorption of cyanidin-3-
glucoside (26,900 L/mol cm); b is the width of the 
cuvette (Hosseini et al., 2016). 

Results and Discussion 
Based on the calculation results and 

measurement of absorbance with three repetitions, 
data on anthocyanin levels in the skin of the lakum 
fruit can be seen in Tables 1-3. 

 
Table 1. Total anthocyanins of lakum fruit extract with the addition of HCl 

Repetition 

Absorbance 
Total Anthocyanin (mg/L) 

pH 1 pH 4.5 

λ 510 nm λ 700 nm λ 510 nm λ 700 nm  

1 1075 0.033 0.372 0.015 285.97 
2 1078 0.033 0.369 0.004 283.88 
3 1079 0.038 0.369 0.038 281.79 

Average 283.88 
 

Table 2. Total anthocyanins of lakum fruit peel extract with the addition of citric acid 

repetition 

Absorbance 
Total Anthocyanin (mg/L) 

pH 1 pH 4.5 

λ 510 nm λ 700 nm λ 510 nm λ 700 nm  

1 0.762 0.027 0.23 0.029 222.93 
2 0.766 0.019 0.232 0.028 226.69 
3 0.764 0.03 0.235 0.015 212.68 

Average 220.70 
 

Table3. Total anthocyanins of lakum fruit peel extract with the addition of acetic acid 
 

repetition 

Absorbansi 
Total Anthocyamin (mg/L) 

pH 1 pH 4.5 

λ 510 nm λ 700 nm λ 510 nm λ 700 nm  

1 0.785 0.024 0.234 0.015 226.27 
2 0.785 0.027 0.24 0.013 221.68 
3 0.788 0.015 0.236 0.018 231.69 

Average 226.55 
 

Anthocyanin levels 
Anthocyanins are phenolic compounds and 

provide natural color in fruits, flowers, leaves, and 
vegetables. And is divided into three main parts, 
namely anthocyanidins, aglycones, and glucosides. 

In addition, anthocyanin compounds belong to the 
flavonoid group, which function as 
antioxidants(Anggraeni et al., 2018). Anthocyanins 
are soluble in polar solvents such as methanol, 
acetone, or chloroform water, acidified with 
hydrochloric acid or formic acid. 
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Anthocyanin pigments are generally acidic and 
more stable under acidic conditions. The more 
acidic conditions. Significantly closer to pH 1. will 
cause more anthocyanin pigments to be in the form 
of colored flavilium or oxonium cations. The 
absorbance measurement will show an increasing 
number of anthocyanins. 

Anthocyanin levels with the addition of HCl 
After being analyzed and calculated, the 

average anthocyanin content of lakum fruit peel 
with 96% ethanol solvent added with 1% 
hydrochloric acid (HCl) is 283.88 mg/L. The 
results obtained can be seen in Table 1. These 
results show the highest anthocyanin levels 
obtained. Compared with 3% acetic acid and 3% 
citric acid. This is in line with research conducted 
by Adam (2015) regarding the analysis of total 
anthocyanins from spinach leaves red based on the 
effect of the addition of acid. The highest 
anthocyanin content was found in samples with 
ethanol solvent added with 1% HCl with 
anthocyanin levels obtained that was 132.76 mg/L. 
And research conducted by Anggraeni et al. (2018)  
regarding determining total anthocyanin levels of 
brown rice where 1% HCl in the extraction resulted 
in the highest anthocyanin levels. But in this study, 
the solvent used was methanol, and the results 
obtained were refined rice samples dissolved with 
1% methanol HCl, which had the highest 
anthocyanin content. 

Anthocyanin extraction can be carried out with 
several solvents such as water, ethanol, methanol. 
But the most effective is by using methanol acidified 
with HCl. However. Due to the toxic nature of 
methanol usually in the food system. Water or 
ethanol acidified with HCl is used. Still, according 
to Anggraeni et al. (2018), the selection of water as 
a solvent in the extraction of anthocyanins in brown 
rice shows that the extraction results are not suitable 
for extracting anthocyanins in brown rice. This is 
because water is not a solvent that is often used for 
extraction, and it is easy for spoilage to occur. 
Because water is a medium that is easy for bacteria 
to grow. 

According to Faridah (2016), the difference in 
the total anthocyanin produced for each addition of 
a type of acid is related to the difference in the 
dissociation constant of each acid. HCl has a higher 
dissociation constant than acetic acid and citric acid. 
The dissociation constant for HCl is 107. The acetic 
acid has a dissociation constant of 1.75 × 10-5 and 
citric acid 7.21 × 10-4. The greater the dissociation 
constant. The stronger the acid, the greater the 
number of hydrogen ions released into the solution. 
An increasingly acidic situation will cause more 
anthocyanin pigments to be in the form of colored 
flavilium cations. This is due to the denaturation of 
plant cell membranes, which then dissolve 
anthocyanin pigments and leave the cells to increase 
the absorbance measurement. 

Anthocyanin levels with the addition of citric acid 
After being analyzed and calculated, the 

average anthocyanin content of lakum fruit peel 
with 96% ethanol solvent added with 3% citric acid 
is 220.70 mg/L. The results obtained can be seen in 
Table 2. These results indicate the lowest 
anthocyanin levels obtained. This is also in line with 
Tazar et al. (2018) research where anthocyanin 
extraction using distilled water as a solvent added 
with 1% citric acid is the best treatment in 
extracting anthocyanins from senduduk fruit with 
an anthocyanin concentration of 13.22 mg/L. 

In contrast to the research conducted by 
Kristiana et al. (2012), who said that 3% citric acid 
and 1% HCl affected the value of the total 
anthocyanin content of the anthocyanin pigment 
extract of the senggani fruit. Where the results of the 
study showed that extraction with 80% ethanol 
solvent with 3% citric acid added was able to 
produce a total anthocyanin content value greater 
than 1% HCl. This is because acidification with 
weak acids avoids hydrolysis of anthocyanins 
compared to strong acids such as HCl. Citric acid is 
a weak organic acid that has a dissociation strength 
of 7.21 × 10-4 nitric acid  

This solution will form an equilibrium where 
the hydrogen ions are not entirely dissociated. So 
the acidity is higher stable. In addition, the more 
acidic solution will also cause hydrolysis of the 
glycosidic bonds of anthocyanins, resulting in less 
stable anthocyanins so that the anthocyanin 
compounds are damaged. This situation makes the 
anthocyanin extract more extracted in solvents 
acidified with citric acid. 

Anthocyanin levels with the addition of acetic acid 
After being analyzed and calculated, the 

average anthocyanin content of lakum fruit peel 
with 96% ethanol solvent added with 3% acetic acid 
is 226.55 mg/L. The results obtained can be seen in 
Table 3. These results indicate the second-highest 
anthocyanin content obtained after 1% HCl 
compared to 3% citric acid. This is in line with 
Alvionita et al. (2016) research regarding the 
extraction and identification of anthocyanins from 
plantain buds. Where plantain buds with ethanol 
extract acidified with acetic acid obtained the 
highest levels of anthocyanins than those acidified 
with citric acid, which was 30.22 mg/L. 

According to Alvionita et al. (2016), when 
compared in terms of acid, the anthocyanin content 
of extracts with acetic acid is higher than that of 
citric acid. The pKa of acetic acid (4.76) is smaller 
than the pKa of citric acid (6.39). So that acetic acid 
is much stronger in acidity, which causes the 
anthocyanin extract produced to be better in 
extracting. Basto’s (2011) research on extracting 
anthocyanin pigments from mangosteen peel using 
95% ethanol and acetic acid. the total anthocyanins 
were tiny. namely 0.8mg/100gram. compared to the 
addition of citric acid with a total anthocyanin of 
0.10 mg/100gram. This may be due to the ethanol 
and acetic acid solvents not having the same level of 
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polarity as the anthocyanin pigments in the sample. 
However, in this study, the use of 96% ethanol 
acidified with 3% acetic acid produced a higher total 
anthocyanin than the addition of 3% citric acid. 
The ethanol solvent acidified with acetic acid had 
the same relative polarity as the skin anthocyanin 
pigment. lakum fruit. 

Conclusions 
The more effective acid used in the extraction 

of anthocyanins in the skin of the lakum fruit is 
extraction using 96% ethanol solvent added with 
1% HCl because it gives the highest total 
anthocyanin yield 283.88 mg/L. It compared to the 
addition of 3% citric acid and citric acid. 3% acetate 
with anthocyanin levels obtained respectively 
220.70 mg/L and 226.55 mg/L. 
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