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Abstract. Mango leaf extract has proven to contain flavonoids that serve as antioxidants. In this
study, a comparison between traditional maceration and sonication on flavonoid extraction from
mango leaf was investigated. The various ratios of ethanol and acetone were utilized as solvents
(1:5, 1:10, and 1:15). The sonication process, which uses an ultrasonic cleaning bath set at 40 °C,
takes 30 minutes as contrasted to the maceration procedure of 36 hours treatment at room
temperature. The flavonoid test using aluminum () chloride (AICIs) colorimetric technique shows
that acetone provides greater solvent power than ethanol. According to this study, the optimal
ratios for the maceration and sonication procedures are 1:10 and 1:15, respectively. The maceration
process resulted in the optimum extract of 0.186 mgQE/g dry leaves. Meanwhile, using a 1:15
acetone solvent ratio and the sonication method, the highest concentration of flavonoid
components was discovered, reaching 0.143 mgQE/g dry material with 54 times shorter time.
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INTRODUCTION

Free radicals harm the human body,
causing damage to DNA, RNA, proteins,
carbohydrates, lipids, and blood vessels,
which can lead to degenerative disorders
(Pisoschi et al, 2021). Thus, antioxidant
chemicals are needed and must be balanced
in the human body to neutralize free radicals
due to their stable nature, which may donate
electrons, thereby lowering the capacity of

free radicals to harm cells (Pisoschi et al.,
2021).

Mangiferin, phenolics, flavonoids, and
benzophenones, which come from various
plant and fruit kinds, are reported to have
antioxidant and free radical scavenging
properties. Antioxidant sources can be
derived from leaves, flowers, roots, bark,
seeds, fruit peels, and wood (Dorta et al,
2012, Zhang et al., 2011).

Currently, the processing of bioactive,
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primarily phenolic compounds, partially
flavonoids, is gaining ground in the
pharmaceutical and cosmetic  sectors.
Flavonoids inhibit several enzymes while
stimulating those with antioxidant activity,
including cyclo-oxygenase, lipooxygenase,
NADPH-oxidase,  xanthine-oxidase, and
phospholipase (Al-Khayri et al, 2022). In
addition to affecting capillary permeability
and acting as exogenous antioxidants,
flavonoids have antiviral, anti-inflammatory,
and anticancer properties. They may also
bind to and deactivate (such as catalase and
superoxide dismutase). Flavonoids thus
aggressively inhibit the generation and
propagation of free radicals (Calado et al.,
2015, Tohidi et al., 2017).

Antioxidants can be employed as non-
consumption substances in addition to being
present in food. Essential oils are now valued
secondary metabolites in the pharmaceutical
industry due to their ability to reduce
oxidative damage caused by highly reactive
chemicals like reactive oxygen species (ROS).
These substances are essential in preventing
the chronic disease from occurring by
measures taken externally to the body
(Gharibi et al., 2015).

Flavonoids have been found in mango
fruit trees in previous studies. In 2012,
Dortam et al. isolated flavonoids with an
estimated flavonoid yield of 17-50% from
mango peel and seed. Overall, every
component of the mango fruit has the
potential to contain flavonoids. Therefore,
this study aimed to determine the number of
flavonoids in mango leaves (Dorta et al.,
2012).

Flavonoids were extracted using various
techniques, including sonication, reflux,
maceration, and soxhletation (Zhang et al.,
2018). The kind of solvent used is another
factor that impacts the extraction process

(Sasadara and Wirawan, 2021). The type of
solvent employed depends on the amount of
plant material extracted and its flavonoid
concentration. In previous research, Minh
Phuoc Nguyen, in early 2020, completed his
work on extracting flavonoids and phenolics
compounds, which stated his success in the
influence of material retention of antioxidant
stability using ethanol solvent (Nguyen,
2020). Based on these reasons, the authors
are also interested in comparing the ethanol
solvent used with the acetone solvent for
higher results. This research aims to compare
the results of mango leaf extraction using two
distinct methods: maceration and sonication.
In addition, different ratios of samples and
solvents were used to analyze their effect on
flavonoid levels in mango leaves.

EXPERIMENTAL METHOD

The details of the materials in the
research series can be seen as follows:
ethanol solvent (CoHsOH) gradient grade
(CAS: 64175) Sigma Aldrich, acetone 99.5%
(CGsHeO) (CAS: 179124) Sigma Aldrich,
quercetin  (CisH1007), (295% HPLC, solid)
Sigma Aldrich (CAS: 117395), magnesium
pure 99% (CAS: 7439954) Sigma Aldrich,
aluminum chloride AICls reagent plus 99%
(CAS: 7446700) Sigma Aldrich, and
hydrochloric acid 37% (CAS: 7647010) Sigma
Aldrich.

The sample preparation starts with
mango leaves as the main ingredient was
washed until clean and dried before the
experiment. Furthermore, the size of the
mango leaves was reduced and put in an
oven at 100 °C for 24 hours to reduce the
water content. So that the mango leaves were
dry and ready to be ground and the size was
equalized to 40 mesh with a sieve. The whole
experimental technique is depicted in Fig. 1.
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Fig. 1: Experimental method flow chart

Extraction Process

Sonication and maceration were the two
procedures used in the extraction process.
Variations in the solvent and the ratio of
components and solvents were used to carry
out the extraction procedure. Ethanol and
acetone were utilized as solvents, with
changes in the ratios of components and
solvents shown in Table 1.

Table 1. Variations in the ratio of the
number of sample and solvent ratios

Variation The ratio of sample (g):
Number solvent (mL)

1 1:5

2 1:10

3 1:15

Sonication Extraction

Extraction was performed using a
stainless-steel SUS  304/316  ultrasonic
cleaning bath Ovan, 40kHz and 28kHz,
thermostated  ultrasound  bath, and
temperature controlled by the
microprocessor, as the scheme shown in
Figure 2. A ten-gram sample was placed in a
beaker, then ethanol and acetone were
added in equal amounts. The extraction
procedure lasted 30 minutes at a stable

temperature of 40 °C. The sample was

filtered, the pulp was separated, and the
extract was kept in a dark area.

Ethanol/ 40°C, 30 minutes
10 g sample

N

Acetone

44

Dark storage

Fig. 2: Steps of sonication extraction
diagram

Maceration Extraction

Ten grams of the sample were placed in a
glass beaker, and ethanol and acetone were
added to the ratio. The glass beaker was
carefully sealed, covered in aluminum foil,
and kept in the refrigerator for 36 hours at
ambient temperature (Safdar et al,, 2017). At
the end of fermentation, maceration occurs in
the presence of a high ethanol concentration,
enhancing flavonoid solubility (Morata et al,,
2019). After completing the filtration, the
sample was stirred every 8 hours. Filtrates
that had been reconstituted had been
adequately diluted with the solvent to the
necessary concentrations (Jovanovi¢ et al.,
2017). Maintain the filtrate in a dim region.

Characterization and Flavonoid Test
Flavonoid characterization was carried
out using a UV-VIS spectrophotometer
(Masturi et al.,, 2019). The standard curve was
made using the standard solution's
absorbance data, and the flavonoid content
was obtained from linear regression of the
quercetin standard curve (Masturi et al,
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2020). Quercetin is categorized as a flavonol
group with a different phenolic group (OH)
and glycan sugar (Martin and Ramos, 2021).

A qualitative test of flavonoids was
carried out on 2 ml of extract and 1 ml of 96%
ethanol in one tube. Add 0.1 grams of
magnesium and ten drops of HCI. The color
observed changed from red to purple, and
the extract contained flavonoid compounds
(Shen et al, 2018). Also, using AICl3
(Aluminum Chloride), the color will change to
become yellow (Shraim et al., 2021).

The quantitative test could be
determined through the quercetin curve
standard). The value of y is the absorbance,
and x is the concentration of the quercetin
solution. The concentration of flavonoids in
the extract can be determined by measuring
the absorbance of the extract and compared
with a standard solution of quercetin (Phuyal
et al, 2020). The absorbance value of the
extract solution obtained was substituted for
the value to obtain the x value or flavonoid
concentration in the extract (ppm) (Cornard
and Merlin, 2002, Kalita et al, 2013). The
flavonoid concentration was then converted
into mg QE (quercetin equivalent) per g
extract using Eq. (1).

(1

Percent Flavonoid (%) = CXTVXf

By multiplying the concentration (C) of
the yield extract by the volume of solvent
employed (V) and the dilution factor (f), which
is divided by the mass of the dry sample
under test, one may calculate the flavonoid
content (%) (Maungchanburee et al., 2020).

RESULTS AND DISCUSSION

Extraction Flavonoid

Extraction was carried out by the two
methods mentioned above. The ratio of
ingredients and solvents is the main variety

used to determine the optimal amount of
flavonoid extract. Due to the difference in
concentration between the cell wall and the
interior of the cell, the solvent will enter the
cell wall during the maceration process and
dissolve the active ingredient (Chemat et al,
2017). The greater solvent concentration
within the cell will progressively be replaced
by a lower solvent concentration inside the
cell wall, a process known as diffusion until it
reaches a saturation point or a balanced
concentration (Tanaka et al, 2017). This
process was carried out without light for
36 hours and stirred every 8 hours to avoid
the degradation process of flavonoid
compounds (Chaves et al, 2020). The
degradation of flavonoid compounds is not
only sensitive to temperature but also
sensitive to sunlight. The mechanism of
degradation of flavonoid compounds of the
flavonol group can be seen in Figure 3.
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Fig. 3: Degradation of flavonoid compounds
(Quercetin) (Dall’Acqua et al., 2012)

Figure 3 shows the degradation reaction
of the quercetin compound in ethanol
solvent, which will be formed entirely to
obtain flavonol derivatives of the OH group
and glycan sugar as a hydrolysis process.
When it is stored in a dark place, on the other
hand, if it is contaminated with UV rays, the
quercetin derivatives will fail to be obtained.

Meanwhile, sonication extraction is
carried out by utilizing ultrasonic waves
emitted by an ultrasonic cleaning bath to
produce a cavitation process around the
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extracted sample which results in particle
movement resulting in a heating process and
the release of flavonoid compounds from the
sample (Singla and Sit, 2021). The movement
of particles due to ultrasonic waves breaks
down cell walls, accelerating the mass
transfer process to maximize the diffusion of
the desired compound from the sample

(Syahir et al., 2020).

Characterization Flavonoid Test

The levels of flavonoids contained in the
extract were determined by adding AICl3
Colorimetric (Shraim et al., 2021). A color
change reaction could identify the formation
of complex compounds to vyellow. In
principle, a complex compound will be
formed between AICl; with a ketone group on
the C-4 atom and a hydroxy group on the C-3
or C-5 atom, neighboring the flavone and
flavonoid groups (Syahir et al., 2020). The
presence of a complex compound causes a
shift in wavelength to the visible region. In
addition, potassium acetate is also added to
maintain the wavelength in the visible region
(Hamidu et al., 2018).
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Fig. 4: Linear regression equation graph of
flavonoid extraction

From the curve, the linear regression
equation y=-0.09243+003318x is obtained
(Figure 4). The concentration number may be
by the
existence of the absorbance number using

calculated from this equation
the previously indicated quantitative test. The
data are shown in Table 2 as % flavonoids and
extract concentration in milligram Quercetin
Extract per gram of dry sample (mgQE/qg).

Table 2. The result percent number of flavonoids

Maceration Sonication
Batch Ratio Ethanol Acetone Ethanol Acetone
(%) mgQE/g (%) mgQE/g (%) mgQE/g (%) mgQE/g
1:05 0.372 0.037 0.223 0.022 0.275 0.028 0.423 0.042
| 1:10 0.278 0.028 0.664 0.066 0.278 0.028 0.692 0.069
1:15 0.225 0.023 0.440 0.044 0.388 0.039 0.715 0.072
1:05 0.744 0.074 1.328 0.133 0.549 0.055 0.846 0.085
I 1:10 0.451 0.045 1.861 0.186 0.556 0.056 1.385 0.139
1:15 0.446 0.045 0.880 0.088 0.776 0.078 1.431 0.143
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The results of the flavonoid test showed
that the extract was positive for flavonoids,
which was marked by a change in color to red
(Chen et al, 2021). Flavonoids are polar
compounds with more than one hydroxyl
group, so flavonoids are soluble in polar
solvents such as ethanol and acetone
(Hapsari et al., 2022). Polar solvents function
to free flavonoids from their salt form
(Figure 5). Concentrated hydrochloric acid
protonates flavonoids to form flavonoid salts
(Chaves et al, 2020). The addition of
magnesium makes the color of the solution
red or orange (Cruz et al, 2022). The color
change is due to the formation of flavylium
salts due to the benzopyran core in the
flavonoid  structure being reduced by
magnesium and concentrated hydrochloric
acid (Cruz et al,, 2022).

The extraction using two methods shows
that acetone solvent can produce higher total
flavonoid content than ethanol with the same

concentration. The naked eye can also

observe that the extract with acetone solvent
has a more concentrated color than ethanol.
Acetone and ethanol have different levels of
polarity, which are described by different
dielectric constant values (Sasadara and
Wirawan, 2021). The dielectric constant is the
repulsive force between two electrically
charged particles in a molecule. The dielectric
constants of acetone and ethanol are 21 and
24, respectively (Sasadara and Wirawan,
2021).
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Fig. 5: Reaction of flavonoids with
magnesium and hydrochloric acid, flavonoid
qualitative test
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Figure 6 shows the ratio of ingredients
and solvents to total flavonoid levels in the
mango leaf extract with maceration and
sonication methods. Acetone solvent was
able to produce higher total flavonoid
content. The maximum flavonoid
concentration was produced utilizing the
maceration process at a solvent material ratio
of 1:10, resulting in 0.451% or 0.0451 mgQE/
dry leaves for ethanol solvent and 1.861 % or
0.1861 mgQE/g dry leaves for acetone
solvent. Meanwhile, in the sonication process,
the highest concentration was obtained at a
ratio of 1:15 for both solvents, with levels
reaching 0.776% or 0.0776 mgQE/g dry
leaves for acetone and 1431% or
0.1431 mgQE/g dry leaves for ethanol.

The total flavonoid content generated
between the material ratio in the sonication
extraction with acetone solvent was detected:
solvents 1:5 and 1:10 have a significant
difference. This is probably because the
solvent has almost reached the saturation
point or the maximum limit of the solvent's
ability to extract the active substance in the
sample. In addition, another cause is that the
amount of substance present in the sample
has been exhausted or has been completely
extracted.

CONCLUSIONS

Based on the research, it can be stated
that the sonication extraction method is the
best. It may generate a similar total flavonoid
content as the maceration approach while
taking 54 times less time. In addition, the
polarity value of the solvent close to the
flavonoid compound will produce a higher
total flavonoid content, but after reaching the
saturation point, the extract of the flavonoid
compound produced tends to be constant.
Using the sonication process and acetone as

the solvent, the researchers achieved
optimum flavonoid levels of 0.1431mgQE/g
(1.431%) dry leaf with a 1:15 ratio of material
and solvent.
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