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Chinnarasu et al.: Extraction of Natural Antioxidants from Leaves of Annona squamosa

Ultrasonic assisted extraction using green solvents such as ethanol, water and hydro-ethanol (50/50) have been 
used to evaluate the separation of bioactive compounds from Annona squamosa (Custard apple) leaves. The 
investigation of Fourier-transform infrared spectroscopy is being used to characterize bioactive substances. 
The hydro-ethanolic extract is rich in carboxylic acids, phytosterols and sugars such as arabinose, xylose 
and galactose, according to the bioactive substances screening results. When compared to other solvents 
such as water and ethanol, the binary mixture of hydro-ethanolic extract of leaves yielded a higher amount 
of extraction. Furthermore, the antioxidant activity of the extract was evaluated by DPPH (2, 2-Diphenyl -1- 
picrylhydrazyl) radical assay. The hydro-ethanolic (50/50) extract of leaves exceeded other solvent extracts 
in terms of antioxidant activity. 
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Custard apple (CA) tree (Annona squamosa Linn.) 
is a small tree or shrub of the Annonaceae family, 
is widely cultivated in many areas of the world 
including India, America, Brazil and West Indies 
mainly for edible fruits[1-3]. Leaves of the CA tree 
are rich in secondary metabolites such as glycoside, 
alkaloids, sponins, flavonoids, tannis, carbohydrates, 
proteins, phenolic compounds, phytosterols, amino 
acids, alkyl ketones and sesquiterpenes[1-6]. Bioactive 
compounds from CA leaves have been associated 
with a range of diverse functional roles including 
antioxidant activity, antidiabetics, hepatoprotective, 
cyotoxic activity, genetoxicity and anti-tumor 
activity[6-9].

Extraction is one of the most used processes 
to recover bioactive compounds from plant 
species. Green extraction is an inevitable trend in 
phytochemicals research, concept of green extraction 
has been proposed by many researchers[10-15]. Green 
extractions mean utilization of greener solvents, low 
degradation of chemical compounds, minimizing the 
energy and waste and eliminate the environmental 
pollution[11-15]. Ultrasonic Assisted Extraction (UAE) 
offers several advantages over the conventional 

extraction methods, such as higher products yields 
and selectivity of bioactive compounds, in addition 
to less time and energy spent on extraction, easier 
operation and cost effective when compared to other 
modern extraction techniques[14-18]. 

Fourier Transform Infrared (FT-IR) spectroscopy is 
an analytical technique that provides information 
about the molecular vibration modes of the molecule 
structure and dynamics of complex biomolecules[19-22]. 
In addition, FT-IR spectroscopy is emerging as a 
powerful alternative approach due to its high value 
of sensitivity, no need reagent to do analysis, a high 
reproducibility, reliable low operation cost and 
requires a small quantity of the samples[22,23].

To the best of our knowledge, UAE of CA leaves 
using green solvents (water, ethanol and ethanol/
water (50/50)) haven’t been investigated so for. The 
aim of the present research work, UAE technique 
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is used for the extraction of chemical constituents 
from leaves of CA. Various green solvents (water, 
ethanol and water-ethanol) are optimized for better 
extraction of phytochemicals from leaves of CA. 
FT-IR is used to analysis of chemical compounds 
of extract of CA leaves and then the antioxidant 
activity assay with performed with 2, 2-Diphenyl-
1-picrylhydrazyl (DPPH) using Ultra Violet-Visible 
(UV-Vis) spectroscopy.

MATERIALS AND METHODS

Collection of plant leaves:

Leaves of CA collected in polyethylene bags from 
village Molayanoor (N 11.9278°; E 78.3359°) 
Dharmapuri, Tamil Nadu, India. Fig. 1 shows the 
image of CA tree. The leaves identified according 
to the details given in the reported literature[5]. 
The collected leaves were washed thoroughly with 
running tap water and kept at an open place for drying 
at room temperature. Then, the leaves were made 
into the fine powder using Samsung 550 W grinder. 
The powder samples were put into an airtight brown 
glass bottle before extraction into green solvents.

Solvents and reagents:

Ethanol (HPLC grade) and DPPH reagent were 
purchased from Sigma-Aldrich (Bengaluru, India). 
Double distilled Milli-Q grade water was used in the 
experiments.

UAE:

Phytochemicals separated from leaves of CA using 
UAE carried out according to given literature with 
slight modification[10]. 5 gm moisture-free plant 
leaves powder was extracted at room temperature 
and 50° using 50 ml of different green solvents 
such as water, ethanol and hydro-ethanol (50:50 v) 
for 30 min of extraction time. The obtained extract 
was centrifuged using Thermo scientific centrifuge 

(ST 40R, USA) at 10 min. Then the supernatant was 
separated and stored at brown glass bottle at 4°.

Recovery percentage of extraction:

UAE of CA leaves extract yield (%) were calculated 
by the ratio between weight of the extract (Mextract) in 
without solvent and the weight of the sample (Msample) 
calculated by the equation 1.

X0=Mextract/Msample×100             (1)

FT-IR analysis:

Functional groups of the plant extract were identified 
by FT-IR with Attenuated Total Reflectance (ATR) 
analysis (Make: Agilent; model: Cary 660 Series). The 
spectra were recorded in the ATR crystal mode with 
angle of incidence were 45°. 0.5 µl CA leaves extract 
was loaded on the diamond crystal of the ATR device 
of the FT-IR spectrometer. Prior to the analysis, the 
ATR crystal was cleaned with water, wiped and dried 
out. A background was recorded with a clean crystal 
before the start of the measurements and before every 
new sample. FT-IR spectra of CA leaves extract were 
recorded between 4000 and 500 cm-1 at a resolution 
of 2 cm-1. The FT-IR measurements were carried out 
at room temperature (20°). All the spectra were in 
absorbance units and no ATR alteration was applied. 

Antioxidant activity of plant extracts using DPPH:

The antioxidant activity of the extract of CA leaves 
was evaluated using DPPH radical assay using 
our previous study with slight modification[11-13]. 
CA leaf extracts have been added to 3.9 ml of a 
6×10-5 mol/l DPPH in ethanol solution at different 
concentrations. DPPH absorbance was read using a 
UV-Vis spectrophotometer at 515 nm at 0 min and 
every 2 min until the reaction attained steady state. 
A calibration curve determined by linear regression 
with Equation 1 has been used to calculate CDPPH 
(DPPH concentration) in the reaction conditions.

Absorbance=12 709.CDPPH+0.002  (1)

DPPH percentage remaining was calculated using 
Equation 2.

Percentage DPPH remaining=CDPPHt/CDPPHo×100   (2)

Efficient concentration providing 50 % inhibition 
(EC50) was calculated graphically using a non-linear 
fitting curve by plotting the sample concentration 
vs. the percentage DPPH remaining on steady state. 
Antioxidant activity was expressed as Antioxidant 
Activity Index (AAI) was calculated considering 

Fig. 1: Custard apple tree
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the final concentration of DPPH and the EC50 of the 
tested compound in the reaction as follows Equation 
(3);
AAI=Final concentration of DPPH (µg/ml)/EC50 
(µg/ml)          (3)
DPPH final concentration was calculated respect to 
the concentration of DPPH in the reaction medium. 
The antioxidant activity is showed very strong when 
AAI≥2.0, strong antioxidant activity when AAI 
is between 1.0 and 2.0, and moderate antioxidant 
activity when AAI is between 0.5 and 1.0 and poor 
when AAI≤0.5[24]. The DPPH assays were calculated 
in triplicate.

RESULTS AND DISCUSSION
In this study UAE of CA leaves using different green 
solvents such as water, ethanol and ethanol:water 
(50:50) was compared.  UAE is an efficient 
technique that is widely used in separation of 
bioactive compounds from plant species, because 
of inexpensive, high extraction yield and simple 
operating procedure[10,16]. The selection of green 
solvents is a significant aspect that affects the 
separation of bioactive compounds from plant 
species without negative impact of human health 
and environment. The solvents are chosen based 
on “Generally Recognized As Safe (GRAS)”. The 
extraction yields of the CA leaf extracts are shown 
in Table 1. The highest extraction yield (21.72 %) 
was obtained with hydro-ethanol mixture (1:1) when 
compared to water and ethanol extract. The use 
of binary mixture of an ethanol and water, which 
improve the extraction efficiency, due to organic 
solvents enhances the solubility of the chemical 
substances and water increases the desorption of 
chemical substances[11]. Temperature is one of the 
significant factors in UAE of plant materials. As can 
be shown in Table 1, the highest extraction yield 
was obtained with three different solvents (hydro-
ethanol, water and ethanol) at 50° when compared 
to room temperature. Higher temperature leads to 
an increase of the extraction yield due to increase 
material porosity, higher salvation and mass transfer 
when extraction temperature increased[25,26]. 
FT-IR is a dominant, versatile and non-destructive 
analytical technique used for characterization 
of chemical compounds and can give primary 
information on the molecular structure of organic 
substance in plant extract[19,27]. FT-IR spectroscopy 
is normally used for the tentative identification of 
functional groups. The functional characteristics in 

the extracts of Annona squamosa leaves with water, 
ethanol and hydro-ethanolic mixture (50:50) (v/v) 
are presented in fig. 2. This exposed the presence of 
a variety of characteristic functional groups through 
the absorption bands of the bioactive compounds in 
leaves of CA.  The infrared spectra observed in the 
Annona squamosa leaf extract fall within the range 
between 4000 and 500 cm-1. In the spectra obtained 
for water extract of CA leaves, the broad and 
medium peak at 3291.97 cm-1 suggested the presence 
of O-H stretching vibration of carboxylic acids. The 
medium, sharp peak at 1636.61 cm-1 is assigned to 
the O-H bond related to water molecule[28].
As can be seen in the fig. 2, FT-IR spectrum of the 
ethanol extract of CA leaves the observed weak, broad 
peak at 3308.54 cm-1 might be due to the presence 
of O-H stretching vibration belonged to carboxylic 
acids[28]. The weak, sharp band at 2971.49 and 
2886.37 cm-1 belongs to C-H asymmetric vibration 
of methoxy group and C-H stretching vibration of 
methylene group, respectively[29]. The weak, sharp 
band at 1382.03 cm-1 indicates the C-H deformation 
vibration of secondary alcohols (phytosterols).  The 
medium, sharp peak found at 1045.16 cm-1 assigned 
to the aromatic C-H in-plane deformation vibrations 
of sugars such as arabinose, xylose and galactose. 
The observed weak, sharp peak at 879.82 cm-1 can be 
attributed to the presence of C-H bending vibration 
of substituted aromatic compounds. Weak, broad 
band at 631.79 cm-1 can be attributed to the presence 
of out-of-plane deformation vibration of alcohol[30,31]. 
Ethanol extract and hydro-ethanolic mixture (50:50) 
(v/v) extract of FT-IR spectrum were similar in peak 
shape but in absorption intensity is different (fig. 2). 
However, hydro-ethanol mixture (50:50) (v/v) extract 
shows one different characteristic absorption band 
(sharp, weak) for water molecule of O-H stretching 
at 1646.74 cm-1, these result is shown in fig. 2[28].

CA leaf extracts were analyzed for their radical 
scavenging activity by DPPH radical assay. 
Antioxidant activity of the extract of CA leaves is 
shown in Table 1 and fig. 3. The antioxidant activity 
of ethanol-water extract has been significantly greater 
than the water and ethanol extracts.

This behavior has been discussed by many authors[11,32] 
and it can be explained by the use of a binary mixture, 
specifically a combination of an organic solvent and 
water, which improves extraction efficiency because 
of organic solvent increasing analytic solubility 
whereas water increases analyte desorption.
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Fig. 3: Antioxidant activities of the UAE of leaves of custard apple in water, ethanol and ethanol- water (1:1 v/v) solvents at 50° 
and room temperature 
Note: (  ): 50° and (  ): Room temperature

Solvent Temperature Yield % Antioxidant activity (µg 
DPPH/µg Extract)

H2O 50 16.42 0.74

C2H5OH 50 11.47 1.06

H2O-C2H5OH (1:1) 50 21.72 1.47

H2O room temperature 15.23 0.72

C2H5OH room temperature 10.52 0.98

H2O-C2H5OH (1:1) room temperature 20.16 1.35

TABLE 1: EXTRACTION YIELD AND ANTIOXIDANT ACTIVITY FROM Annona squamosa LEAVES USING 
ULTRA SOUND ASSISTED EXTRACTION METHODS

Fig. 2: FT-IR spectra of UAE of leaves of custard apple in water, ethanol and ethanol-water (1:1 v/v) solvents at 50°
Note: (  ): EtOH+Water; (  ): Water and (  ): Ethanol
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In the present study, ultrasound assisted extraction 
procedure has been developed that affords 
antioxidant rich extract from CA leaves using green 
solvents such as water, ethanol and hydro-alcoholic 
mixture. The water:ethanol (50:50) solvent extract 
of CA leaves exhibited the high antioxidant activity 
inhibiting the branching chain reaction of reactive 
free radicals. Hence, it is complementary that the 
ethanol:water extracts of leaves of CA with a higher 
amount of carboxylic acids, phytosterols and sugars 
including arabinose, xylose and galactose.  The 
method reduces the extraction time and cost without 
negative impact of environment. It's also worth 
noting that the resulting antioxidant rich extract have 
desirable properties and could be ingested by people.
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