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Synthetic dyes have widely been usedin food products. However, the safety issues
regarding the use of synthetic dyes arise. Buni (Antidesma bunius) which contains
anthocyanins can be an alternative of synthetic dyes. Anthocyanins are red, blue, or violet
natural colorants from many types of plants. The aim of the study was to determine the
best extraction process and to evaluate the stability of anthocyanins extracted from the
Buni fruits. Different combinations of the solvents namely aquadest, ethanol, hydrocloride
acid, and citric acid were used to extract the anthocyanins. The most appropriate
combination of solvent was determined by the analysis of total anthocyanins content and
color intensity using UV-Visible spectrophotometer. The stability of anthocyanins was
evaluated using different pH values and temperature. Ethanol at 70% and citric acid at 3%
was the most appropriate combination for the extraction with the highest total
concentration of anthocyanin (0.58%) and color intensity (0.324). The stability of the
anthocyanins from Buni was affected by the value of pH, which the most stable condition
was set at pH values of 4-5.
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1.

Introduction
People cannot be separated from the use of food
additives in their everyday lives, including the food
colorants. The appearance of the food, especially its
color is important factor that could affect the taste.
Hence, the food colorants become so important in the
process of food making. Synthetic colorants have been
widely used in the food industry. According to Jenie et al.
(1994), the use of synthetic colorants for the food or
beverages can cause toxic and carcinogenic. Due to
those negative effects of the use of synthetic dyes, it
becomes important to replace synthetic colorants with
natural colorants derived from plants.
Buni fruits (Antidesma bunius L.) (Figure 1) are wild
plants belonging tothe Euphorbiaceae family. In
Indonesia,the use of buni fruits as several medicinal
plant extracts has been practiced long before the
recorded history (Eun-Mi and Jae-Kwan, 2005). Buni
* Corresponding author email: galih.nur.a@mail.ugm.ac.id

Fig. 1. Buni fruits (Antidesma bunius L.)

fruits are rich in nutritional components such as
carbohydrates, sugars, organic acids, proteins, minerals,
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vitamins, anthocyanins, flavonoids and phenolic acids
(Butkhup and Samappito, 2008). Anthocyanins which
belong to the widespread class of phenolic compounds,
i.e flavonoids are natural pigments which cause red,
orange, purple and blue flowers and abundant in fruits
(Hidayat & Elfi, 2006). Anthocyanins have found
considerable potential in the food industry as safe and
effective food colorants (Strack and Wray, 1994).
Anthocyanins have many health benefits including the
enhancement of sight acuteness (Lamer-Zarawska &
Oszmiañski,1994), anticarcinogenic activity (Katsube et
al., 2003), antioxidant capacity (Gabrielska et al., 1999;
Kähkönenet al., 2003; Kong et al., 2003; Lamer-Zarawska
&Oszmiañski, 1994), antiulcer activity (Cristoni &
Magistretti, 1987), and the maintenance of
normalvascular permeability (vitamin P) (LamerZarawska & Oszmiañski,1994). Haripyaree et al. (2010)
have reported that methanolic extract of Buni fruits
which are grown in Manipur, India, showed higher
antioxidant activity than the other fruits, with an
average IC50 value of 100.08 μg/ml. Hence, the use of
Buni fruits (Antidesma bunius L) as natural food
colorants will be very beneficial because the fruits do not
only possess a beautiful appearance but also have
benefits on health.
However, the use of anthocyanins as colorants has
been limited because of their lack of stability. This study
determined the best extraction process and evaluated
the stability of the anthocyanins extracted from Buni
fruits so it can be used as alternative food colorants that
is safer than the synthetic dyes.
2.
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2.3. Qualitative ddetermination of anthocyanins
Qualitative analysis of anthocyanins were
performed using thin layer chromatography (TLC).
Analysis was carried out using silica gel F 254 with the
solvents of ethyl acetate-glacial acetic acid-formic acidwater (100:11:11:26 v/v/v/v) to determine the existence of
anthocyanin in extract.
2.4. Determination of total anthocyanins content
The total anthocyanins content was determined
according to pH differential method by Wrolstad and
Giusti (2001). Each sample was dissolved in potassium
chloride-hydrochloride acid buffer solution pH 1.0 and
sodium acetate trihydrate (CH3COONa.3H2O) buffer
solution pH 4.5. The absorbance was determined at 510
nm in a UV-Visible spectrophotometer. The dilution
factor for each sample was firstly determined by
dissolving the sample in KCl buffer pH 1.0 until its
absorbance at 510 nm obtained less than 1.2 versus the
KCl buffer pH 1.0 as blank. Sample was then dissolved in
KCl buffer pH 1.0 (allowed to stand for another 15 min.)
and CH3COONa.3H2O buffer pH 4.5 (allowed to stand for
another 5 min.) based on the dilution factor. The
absorbance for each sample was then read versus the
buffer solution pH 1.0 and buffer solution pH 4.5 as the
blank at λ = 510 nm (for the cyanidin 3-glucoside) and λ=
700 nm (for correction factor). The final absorbance (A)
was calculated using the following formula:

Total anthocyanins concentration was then calculated
using the formula:

Materials and Methods

2.1. Materials
Fresh Buni fruits with red color were obtained from
the district of Kulon progo, Yogyakarta. The fruits were
peeled and mashed. All reagents and solvents used were
of analytical grade. The experiment was carried out in
triplicate.
2.2. Extraction of anthocyanins
A modified method from the methodology of Lees
and Francis (1972) was used. Aquadest and ethanol 70%
in water were used as solvents, acidified with
1%hydrochloric acid (HCl), or with 3% citric acid to obtain
four kinds of solvent. Fifty grams (50 g) of mashed fruits
were transferred to the Beaker glass and added to 500
ml of each solvent, separately. Samples were extracted
at room temperature for overnight. Extracts were
filtered under vacuum filter and concentrated to dryness
using a vacuum rotary evaporator. The dried samples
were stored in sealed dark bottles at refrigerator
temperature (10 ± 2 ° C) until being used for analysis.
Extracts obtained were weighed and compared with
initial weight of fresh Buni fruit (Tensiska et al., 2006).
Yield (% w/w) =

x 100%

where TAC is total anthocyanins content (mg. 100 g-1 of
sample); is molar absorption coefficient of cyanidin 3glucoside (226,900 L (mol.cm)-1); L is width of cuvette (1
cm); MW is molecular weight of cyanidin 3-glucoside
(449.2 g. mol-1); DF is dilution factor; V represents final
volume or sample volume after dilution (L); and Wt is
weight of original extract (g).
2.5. Determination of color intensity
A method from FAO (1984) was used to determine
the color intensity of anthocyanins from Buni fruits.
Citric acid-dibasic sodium phosphate buffer solution pH
value of 3 was used for dissolving the samples. Firstly,
the maximum wavelength was measured by diluting 20
mg sample in 25 ml volumetric flask using citric acid dibasic sodium phosphate buffer solution pH 3.
Furthermore, the absorbance was measured such a way
that the absorbance value is in the range of 0.2 to 0.7.
Citric acid - dibasic sodium phosphate pH 3 buffer
solution was used as a blank. Absorbance (A) of the
other samples were prepared with the same method and
measured at the same maximum wavelength, as
determined before.
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Stability test of anthocyanins
The stability of the anthocyanins extracted from
Buni fruits was evaluated using different pH values. A 2.0
ml aliquot of each sample was dissolved in 100 ml of
citric acid buffer solution with 3 different values of pH
(pH 4.0; 5.0; and 7.0). The absorbance of each sample
was subsequently measured at wavelength of 510-550
nm .

anthocyanins in Buni fruits extracted using aqueous
methanol containing 1,2 M HCl was 141,94 mg/100 g
(0,14% w/w). The slight difference between both results
can be explained by the use of different cultivar, crop
time, maturation stage, as well as the other factors such
as solvent and extraction method.
0,7
0,6

3.1. Extraction of anthocyanins
The anthocyanins were extracted with various
combinations of aquadest and ethanol 70% in water,
acidified with 1% hydrochloric acid (HCl) and 3% citric acid.
Aquadestand ethanol were used because of the good
solubility of anthocyaninsin polar solvents, according to
principle of “like dissolve like”. The acids were added to
enhance its stability. The greatest yield of anthocyanins
extraction from buni fruits was obtained from ethanol
70% acidified with citric acid solvent (Table 1). Extraction
with solvent contained HCl resulted lower yield value
than that using citric acid combination. This can be
explained that the use of HCl may cause pigment
degradation during concentration, especially the
occurrence of acid hydrolysis of labile acyl and sugar
residues (Strack and Wray, 1989). This degradation was
reduced with the use of weaker organic acids such as
citric acid.
Table1. The yield percentage (%) of anthocyanin extracted from Buni
fruits (Antidesma bunius L.) with various combinations of solvents

Solvent
Distilled water + HCl 1%
Distilled water + citric acid 3%
Ethanol 70% + citric acid 3%
Ethanol 70% + HCl 1%

Extract
(g)
0.21
6.66
8.36
0.57

Yield
(% w/w)
1.85
3.3
41.8
2.85

The qualitative test using thin-layer chromatography
(TLC) was carried out in order to ensure the existence of
anthocyanin in extracts. TLC results showed that Buni
fruits extract contained anthocyanins. This was proven
by the appearance of red spots on the TLC plate under
visible light. This result was in agreement with that
reported by Wagner and Bladt (1978), stating that
anthocyanin shows red to blue-violet under visible light.
3.2. Determination of total anthocyanins contents and
color intensity
The total anthocyanins content in Buni fruits
extract
could
be
determined
using
visible
spectrophotometry. Figure 2 showed that total
anthocyanin contents varied from 0,08 % to 0,23 % w/w
of sample using distilled water as extracting solvent, and
from 0,51 % to 0,58% w/w of sample using ethanol 70%.
These results are close to those reported by Butkhup
and Samappito (2011), reporting that the level of

TAC (% w/w)

Result and Discussion
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Fig. 2. Total Anthocyanins Content (TAC) and color intensity of
anthocyanin extracts: (1) ethanol 70%-citric acid extract (2) aquadestcitric acid extract (3) ethanol 70%-HCl extract, and (4) aquadest-HCl
extract. The optimum solvent for anthocyanin extraction from Buni
fruit based on TAC and color intensity was ethanol 70% acidified with
citric acid 3%.

Ethanol 70% gave the greater total anthocyanin
contents than distilled water. Ethanol is good solvent for
polyphenol extraction (Shil et al., 2005). In preparing
anthocyanin containing phenolic group, an acidified
organic solvent is used. Metivier et al. (1980) compared
the efficiency of extraction with three different solvents
(methanol, ethanol, and water) and found that ethanol
was more effective than water when used for
anthocyanin extraction from grape pomace.
Anthocyanins in the form of the flavylium cation
show strong absorbance in the visible region between
the wavelengths of 465 and 530 nm. The color intensity
was determined in the maximum wavelength of 515 nm.
The results of color intensity showed that the color
intensity of Buni fruits extract were 0,243 to 0,415. The
highest intensity was found in anthocyanin extracted
with ethanol 70 % acidified with HCl.
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Solvent acidified with citric acid showed the higher
total anthocyanin contents than solvent acidified with
HCl. This difference could be explained by the
occurrence of pigment degradation due to the use of
solvent containing HCl. HCl could cause the hydrolysis of
labile acyl groups, co-pigment, or metal complexes that
are part of the native form of the anthocyanin
contributing for its stability. The use of citric acid, as
weaker organic acids, may minimize the degradation of
pigments. Besides, citric acid also less corrosive than HCl.
The extraction of anthocyanin using ethanol acidified
with citric acid (0,01 %) instead of HCl was also reported
by Main et al. (1978).
It could be concluded that the most optimum
solvent in extraction of anthocyanins from Buni fruits
was ethanol 70% acidified with citric acid 3%. Total
anthocyanins content obtained of 0.58% w / w with the
color intensity of 0.324. In fact, the highest of color
intensity was showed from anthocyanin extracted by
solvent ethanol 70% and HCl. However, the main goal in
the extraction process was the highest total anthocyanin
content. Accordingly, ethanol 70% acidified with citric
acid 3% might be the optimum solvent compared with
the others.

Color intensity

3.3. Stability of Anthocyanin
Based on stability studies, anthocyanins from Buni
fruit were stable under acidic media at low pH values (pH
4 and 5) (Figure 3).
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Fig. 4. Four equilibrium forms of anthocyanin

Color intensity of anthocyanin extracts decreased
when dissolved in buffer pH 4 and 5 except ethanol-HCl
extract. At pH 4-6, the red flavylium cation hydrated to
yield the colourless carbinol, which could be due to
decreasing of color intensity. However, color intensity at
pH 4 and 5 had no significantly difference with control
solution. Whereas at pH 7, color intensity of anthocyanin
extracts decreased significantly than intensity of control
solution. On the other hand, these anthocyanins are
stable at acidic pH (5) and unstable at pH 7. Laleh et al.
(2006) have reported that the increasing of pH or
temperature is able to decrease the stability of
anthocyanin in four Berberis species.
Anthocyanin extracts from Buni fruits have been
applied for making jelly. The colorless jelly turned red
after being added with anthocyanin extracts. It showed
that anthocyanin extract from Buni fruits was a potential
natural dyes.

pH 5
pH 7

1

2

3

4

Solvent combination
Fig. 3. Stability of anthocyanins toward pH and temperature: (1)
ethanol 70%-citric acid extract, (2) aquadest-citric acid extract, (3)
ethanol 70%-HCl extract, and (4) aquadest-HCl extract. Anthocyanin
was stable at pH 4 and 5 (acidic pH).

Anthocyanins are easily susceptible to pH changes
due to the ionic nature of anthocyanin. Anthocyanins
exist as four equilibrium forms (figure 4), namely the
quinonoidal base, the flavylium cation, the carbinol
(pseudobase) and the chalcone. Under low pH, the
anthocyanin exists primarily in the the form of flavylium
cation in red. As the pH is raised (>5), a rapid loss of
proton occured to form quinoidal base that tend to
become blue or violet. In addition, the increasing of pH
causes the hydration of the flavylium cation to form a
carbinol (pseudobase) or chalcone which are colorless
(Cavalcanti et al, 2011).

4.

Conclusions

Among the four extraction solvents, ethanol 70%
acidified with citric acid 3% was the most optimal
solventin the extraction ofanthocyanins from Buni fruits.
Anthocyanins showed the greatest stability in acidic pH
(4 and 5).
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