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Bioactive compounds were extracted from fruit peel of custard
apple

(Annona

squamosa)

through
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assisted

extraction (UAE). The influence of various green solvents
(water, ethanol and ethanol+ water 50% v: v) and temperature
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composition are studied in detail. Moreover, chemical
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functional groups in the extracts were identified by Fourier
transform infrared spectroscopy (FT- IR). Ethanol + water as a
solvent at 50 ◦C was chosen as the best UAE condition for the
recovery of cellulose, α- pyranose and acetal from Annona
squamosa fruit peel. Hydroalcoholic mixture (50 % v: v) shows

www.ijppr.humanjournals.com

the best antioxidant activity. The obtained results show that
UAE is a simple, cost effective, rapid and environmentally
friendly technique to recover the polysaccharides such as
cellulose from Annona squamosa fruit peel.
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INTRODUCTION
Annona squamosa (custard apple) is a small evergreen tree belongs to Annonaceae family,
which native to West Indies and South America, and widely cultivated in India, China and
tropics areas around the world. Custard apple (CA) fruit globular or heart shaped with many
round protuberances with greenish yellow color, ripened aggregate fruit is pendulous on a
thickened stalk. This fruit is sweetly aromatic and white-tinged yellow flesh with many dark
brown to black seeds dispersed through it [1-4]. CA is an ever-increasing recognition not
only by the general public but also, and most remarkably, by the scientific community, due to
their health promoting benefits.
CA plant species contain various pharmacological active compounds including glycosides,
alkaloids, saponins, flavonoids, tannins, carbohydrates, proteins, phenolic compounds,
phytosterols and amino acids [3-5]. CA chemical compositions have exhibited wide range of
biological activities including antioxidant and anti-inflammatory activity, cardiotonic activity,
antimicrobial and insecticidal activity, anti-cancerous activity, antineoplastic activity,
cytotoxic activity, genotoxicity and antitumour activity [4-6]. Hence, there is a critical need
to develop an efficient and economic method to obtain the bioactive compounds from CA
plant.
Extraction is the important step in isolation and purification of biologically active compounds
from secondary metabolites, which they are of greater value in cosmetic, nutraceutical and
pharmaceutical industries. The use of harmless extraction methods is essential to comply with
and sustainable chemical production without negative impact of human health and
environment. In recent years, different innovative environmentally friendly techniques have
been used for the extraction of bioactive compounds including supercritical fluids extraction
[7-9], pressurized liquid extraction [7], microwave assisted extraction [10] and ultrasound
assisted extraction (UAE) [11,12]. Among them, UAE has been recognized as efficient
extraction technique with strong advantages of high extraction yield, inexpensive, simple
operating procedure and low energy input [13-15].
From the literature review, it is found that many studies have reported UAE of bioactive
compounds from various plant materials [16-19]. To the best of our knowledge, the
extraction of bioactive compounds from CA fruit peel using UAE has not been investigated
so for. Nevertheless, biosynthesis of titanium dioxide and silver nanoparticles using CA fruit
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peel has been reported [20,21]. The main objective of this study was to obtain extracts
containing bioactive compounds from CA fruit peel using UAE. The influence of solvent
type (H2O, C2H5OH and H2O: C2H5OH) and temperature was evaluated, and chemical
composition and yield of the extract were determined too.
MATERIALS AND METHODS
Materials
Custard apple fruit was purchased in the local market in the region of Dharmapuri,
Tamilnadu (India). Fruit peel were separated from fruit and washed thoroughly using double
distilled Milli-Q grade water and then dried to constant weight at ambient temperature.
Before the extraction, the peel was ground in a Samsung grinder with a sieve of
approximately 5 mm. Ethanol analytical gradient were purchased from Changshu Hongsheng
fine chemical Co. Ltd, China.
Ultrasound assisted extraction (UAE)
Ultrasound assisted extraction of CA fruit peel was performed in ultrasonic bath (Model
Elma S 100 H, Germany). The extraction process was performed on the following operating
condition: three types of green solvent such as water, ethanol and water: ethanol; temperature
(room temp and 50◦C) and an extraction time of 1 h. The experimental conditions are shown
in Table 1. After the extraction, the extract was centrifuged using Thermo scientific
centrifuge (model ST 40 R, USA). Prior to the analysis, the fruit peel extracts stored in
Falcon tubes at 4 ◦C.
Table 1. UAE of bioactive compounds from Annona squamosa fruit peel.
run

solvent

Temperature (◦C)

Yield (%)

1

H2O

50

30.41

2

C2H5OH

50

13.30

3

H2O: C2H5OH

50

30.26

4

H2O

rt

29.44

5

C2H5OH

rt

10.82

6

H2O: C2H5OH

rt

28.00

Sample-solvent (5gm in 100 mL) Time (60 min) Ultrasonic frequency (37 kHz) rt – room temperature
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Extraction yield (%)
The extraction yield (X0) obtained by UAE of different solvent and different temperature
were calculated by the ratio between the extract mass (Mextract) in dry basis and the mass of
sample fed into the extraction cell (MSample), as stated in Eq 1. To determine Mextract 10.0 mL
of the extract were dried using Rotavapor after that total weight of the extract could be
calculated.
X0

= Mextract / Msample × 100

(1)

Fourier transform infrared (FT-IR) spectroscopy analysis
The infrared spectrum of the UAE of custard apple fruit peel in liquid state was recorded on
an Agilent Technologies (Cary 660 FTIR, USA) spectrometer. Prior to the analysis, the ATR
crystal was cleaned with ethanol and wiped dry before the sample was placed. The spectra
were recorded at room temperature over the wave number in the range of 4000 to 400 cm-1
with a resolution of 4 cm-1.
Antioxidant activity assay with DPPH
The antioxidant activity of the custard apple fruit peel extracts was determined by the DPPH
(2, 2-Diphenyl-1-picrylhydrazyl) radical assay. The DPPH assay is based on the methods
described by Brand-Williams [22] and Scherer and Godoy [23]. Ethanolic solutions of CA
fruit peel extracts at different concentration were added to 3.9 mL of a 6 × 10-5 mol/L DPPH
solution. The absorbance of DPPH was monitored spectrophotometrically at 515 nm at 0 min
and 2 min until the reaction reached the steady state. All the tests were performed in
duplicate. The concentration of DPPH in the reaction medium was calculated from a
calibration curve determined by the equation (2)
Abs = 12.709 CDPPH + 0.002

(2)

The percentage of DPPH left behind was calculated by the equation (3)
% DPPH remaining = CDPPHt / CDPPH0 × 100

(3)

The effective concentration providing 50% inhibition (EC50) was calculated graphically using
a non-linear fitting by plotting the sample concentration vs. % DPPH remaining at the steady
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state concentration. The AAI (antioxidant activity index), was calculated the DPPH final
concentration and the EC50 of the tested compounds in the reaction as following equation (4)
AAI = Final concentration of DPPH (µg/mL) / EC50 (µg/mL)

(4)

The final DPPH concentration was calculated with respect to the concentration of DPPH in
the reaction medium. The antioxidant activity is considered to be very strong when AAI ≥
2.0, strong when AAI is between 1.0 and 2.0, moderate when AAI is between 0.5 and 1.0 and
poor when AAI ≤ 0.5 [24].
RESULTS AND DISCUSSION
In the present study, the influence of different green solvents (water, ethanol and ethanol:
water) and temperature (room temp & 50 ◦C) on the global yield (X0) of the UAE of CA fruit
peel have been investigated. The extraction yields of CA fruit peel were shown in Table 1.

Figure 1. Extraction yield of Annona squamosa fruit peel.
From the Fig.1, it can be observed that maximum global yield was obtained with water,
water/ethanol as a solvent (30.41% and 30.26% at 50 ◦C, respectively) which can be
attributed to the favorable properties such as high polarity and surface tension. There is no
significant difference between water and water/ethanol solvent system. Nevertheless, the use
of a binary mixture of an organic solvent (ethanol) and water, which improve the quality of
the extract, due to organic solvent enhances the solubility of the analyte and water increases
the analyte desorption. [7, 25, 26].
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FT-IR spectrums of UAE of CA fruit peel using water, ethanol and water/ethanol were shown
in Fig.2. Fourier transform infrared spectroscopy is one of the most powerful qualitative
techniques to identify the molecular structures and functional groups [27, 28]. It can be
observed in Fig 3a-c, there is no significant difference of the FT-IR spectrum bands
absorption of all the extract with increasing temperature. At higher temperature, lower
recoveries due to degradation of the active ingredient [29]. Nevertheless, in our case the trend
was opposite. The main characteristic vibrations of the UAE of CA fruit peel at 50◦C are
shown in Table 2. The broad, medium bands observed in the FT-IR spectra of water extract
of CA fruit peel at 3314 cm-1 was related to the stretching vibration of the O-H bond in
cellulose. The small absorption band at 2005 and 2147 cm-1 in the spectrum could be
associated with acetals group. The stretching vibrations of C=C in alkene group located at
1638 cm-1and also the stretching vibrations of C=N bond in 4-substituted pyrimidines are
located at 448 cm-1.
Table 2. FT-IR spectral analysis of UAE of Annona squmosa fruit peel at 50◦C.
Extract

wave number (cm-1)
intensity
comment
3313.87
medium, broad O H stretching

fragment
cellulose
R

2147.08

weak, sharp

-

OR
C
OR
H

acetals

R

2004.66

weak, sharp

-

OR
C
OR
H

acetals
Water

Ethanol

1638.11

medium, sharp

C C stretching

R
R
HC C
H
R

N

448.31

strong, sharp

C N stretching

3314.15

weak, broad

O H stretching

2971.70

weak, sharp

CH3- stretching

2884.65

weak, sharp

C H stretching

1381.66

weak, sharp

C-H deformation

CHOH

1328.76

weak, sharp

C-H deformation

NH CH

1085.17

medium, sharp

C-N stretching

CH NH2

1044.73

medium, sharp

C-O stretching

H2C OH

880.29
631.06

weak, sharp
weak, broad

C-H deformation
C-H waging

N

cellulose
O
H3C C

CHO

α pyranose
R
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aromatic
NH2 bond

431.71

weak, sharp

3331.00

medium, broad O H stretching

2978.56

-

weak, sharp

CH3- stretching

cellulose
O
H3C C

R

OR
C
OR
H

2218.26

weak, sharp

-

2089.48

weak, sharp

C-C stretching

1643.74

medium, sharp

C C stretching

1410.65

weak, broad

C-H deformation

acetals
C C

R
R
HC C
H
CHOH

HO

Ethanol:
water

873.39

weak, sharp

C-H deformation

medium, sharp

aromatic C-CN
in plane bending

O

HO
HO

H
OH OH

pyranose
422.77

Ar C

N

From Fig 2, FT-IR spectrum of ethanol extract of CA fruit peel that the broad, weak
absorption band around at 3314 cm-1 corresponding to O-H stretching vibrations of cellulose,
and the peak at 2972 and 2885 cm-1 associated with –CH3 stretching vibrations of ketone and
C-H stretching vibrations of aldehyde, respectively. The bands at 1381 and 1329 cm-1 belong
to C-H deformation of an alcohol and secondary amine groups, respectively.
Water
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Figure 2. FT-IR diagram of the UAE of Annona squamosa fruit peel using different
solvents (H2O, C2H5OH, and H2O:C2H5OH) at 50 ◦C.
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The medium, sharp absorption bands at 1085 and 1045 cm-1 which refers to C-N stretching
vibrations of amine group and C-O stretching vibrations of alcohol groups, respectively. The
bands at 880, 631, and 432 cm-1 associated with C-H deformation of α- pyranose, C-H
waging of alkene and primary aromatic amine group, respectively. These results are shown in
Table 2. As can be seen in the Fig. 2 in the ethanol/water extract of the FT-IR spectral
characteristic bands associated with vibrations of the bonds are located between 400 and
2500 cm-1. The stretching vibrations of the C-C bonds in alkyne group and C= C bonds in
alkene group, C-H deformation vibration in α- pyranose and secondary alcohol group and CCN in plane bending vibration in aromatic nitrile group were observed. The bands at 3331
and 2979 cm-1 associated with O-H stretching vibrations of cellulose and CH3 stretching
ketone groups were identified from Figure 2. The absorption bands of ethanol/water extract
of CA fruit peel were almost consistent with that of both the water and ethanol extract of CA
fruit peel.

Water

Figure 3a. FT-IR diagram of the UAE of Annona squamosa fruit peel using H2O as a
solvent at different temperature (50 ◦C and room temperature).

Citation: Chandrasekar Chinnarasu. Ijppr.Human, 2018; Vol. 12 (4): 267-278.

274

www.ijppr.humanjournals.com

Ethanol + water

Figure 3b. FT-IR diagram of the UAE of Annona squamosa fruit peel using H2O:
C2H5OH as a solvent at different temperature (50 ◦C and room temperature).
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Figure 3c. FT-IR diagram of the UAE of Annona squamosa fruit peel using C2H5OH as
a solvent at different temperature (50 ◦C and room temperature).
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Table 3. Antioxidant activity of custard apple fruit peel extracts.
S. NO

Sample

AAI (CDPPH/ EC50)

1

Water

1.36

2

Ethanol

0.92

3

Water: ethanol (50 % v:v)

1.84

Figure 4. Antioxidant activities of the custard apple fruit peel extract.
Ultrasound assisted extract of custard apple fruit peel extracts were evaluated for their radical
scavenging activity with the DPPH assay. The antioxidant activities of the custard apple fruit
peel extract are shown in Table 3. As can be seen in Figure 4, the extraction with the
water/ethanol shows higher antioxidant activity. This manner has been reported by several
authors [7,25,26].
CONCLUSION
According to the above results, it can be concluded that the extraction of bioactive
compounds such as cellulose and α- pyranose rich extract recovered from CA fruit peel
through ultrasound assisted extraction (UAE), a rapid, simple, cost effective and
environmentally clean technique. The solvent type has strong influence on the recovery of
bioactive compounds. Binary solvent (ethanol/water) mixture is more efficient to obtain the
qualitative and quantitative extracts. Considering the cellulose and α- pyranose content and
extraction yield, the best UAE condition was ethanol + water (50% v/v) as a solvent at 50 ◦C.
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UAE stands as a promising techniques for the extraction of bioactive compounds from
secondary metabolites at moderate temperature.
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