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ABSTRACT
Objective: The main objective of this study was to analyze the phytochemical constituents, total phenol, total flavonoid, alkaloid content, in vitro
antioxidant activity and high-performance liquid chromatography (HPLC) analysis of anonaine compound from the fruit peel extract of Annona
reticulata L.

Methods: Preliminary phytochemical analysis for alkaloids, cardiac glycosides, flavonoids, glycosides, phenols, saponins, steroids, tannins, and
terpenoids was studied. Quantitative phytochemical analysis for total phenolics, total flavonoids and alkaloids was determined according to standard
protocols. In vitro antioxidant potential was evaluated by assessing 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity by following
standard procedure. HPLC analysis was carried out to identify a major metabolite, namely, anonaine compound from fruit peel extract of A. reticulata L.

Results: Phytochemical screening of various extracts such as aqueous, ethanol, chloroform, acetone, and petroleum ether of fruit peel extracts revealed
the presence of tannins, saponins, phenols, flavonoids, cardiac glycosides, coumarins, terpenoids, alkaloids, and steroids. Total phenol, flavonoid and
alkaloid contents were quantitatively estimated which recorded maximum in Ooty accession (17.75±0.13 mg gallic acid equivalents/g, 13.97±0.21 mg
quercetin equivalents/g, and alkaloid content of 6.92±0.14 mg/g), respectively. Among three accessions with five different solvents used, maximum
antioxidant activity was found in aqueous peel extract (90.76±1.3%) from Ooty accession followed by others. The results of HPLC analysis in the fruit
peel extract of A. reticulata proved the presence of the active principle, namely anonaine compound.

Conclusion: Therefore, this study suggests the possibility of using fruit peel extracts of A. reticulata as a potent source of natural antioxidant and thus
could prevent many free radical mediated diseases. The validated HPLC method can be used for routine quality control analysis.
Keywords: Annona reticulata, Phytochemical screening, Phenols, flavonoids, Antioxidant activity, High-performance liquid chromatography.
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INTRODUCTION
Medicinal plants are still major part of traditional medicinal system
in the developing countries and many infectious diseases are
known to be treated with herbal remedies throughout the history of
mankind. Even today, plant materials continue to play a major role
in primary health care as therapeutic remedies in many developing
countries [1]. Recent studies have reported that natural antioxidants
obtained from medicinal plants protect from toxic and harmful effects
of free radicals and have a wide range of pharmacological effects,
including antimicrobial, antimutagenic, anti-allergic, antioxidant free
radical scavenging activity and anti-carcinogenic effects [2]. There is
an increasing trend in correlating phytochemical constituents of plants
with its pharmacological activities [3].

Phytochemicals such as alkaloids, tannins and flavonoids are examples
of secondary metabolites produced by plants, from which the plants
are thought to get their healing properties [4]. Phenolic compounds
have been associated with antioxidant activity due to their free radical
scavenging activities [5]. Potentially active components from fruits,
herbs, roots and leaves have been studied extensively to avoid oxidative
cellular events [6]. Antioxidants are a group of substances that are useful
for fighting cancer and other processes that potentially lead to diseases
such as atherosclerosis, Alzheimer, Parkinson, diabetes and heart
disease [7]. Oxidants damage macromolecules such as proteins, lipids,
enzymes, DNA and to combat these radicals, living organisms produce
enzymes or rely on non-enzymatic molecules such as cysteine, ascorbic
acid, flavonoids, and Vitamin K for production [8]. Natural antioxidants
present in plant origin protect against these radicals and are therefore
important tools in obtaining and preserving good health [9].

The flavonoids have aroused considerable interest recently because
of their potential beneficial effects on human health [10]. Quercetin is
a type of flavonol and the best property of quercetin is that it acts as
an antioxidant [11]. The presence of antioxidants such as phenolics,
flavonoids, tannins, and proanthocyanidins in plants may provide
protection against a number of diseases; for example, ingestion of
natural antioxidants has been inversely associated with morbidity
and mortality from degenerative disorders [12]. Medicinal plants
are, therefore, being investigated for their antioxidant properties,
and the demand for natural antioxidants and food preservatives is
increasing [13]. High-performance liquid chromatography (HPLC) is
highly sensitive method for detection, identification and quantification
of any chemical in particular samples using ultraviolet and visible (UVvisible) absorbance [14]. On comparing with the retention time of the
standards, phenolic compounds can be identified [15].

The plant Annona reticulata L. one of the traditionally important plants used
for the treatment of various ailments belongs to the family Annonaceae. It
is commonly known as Ramphal, Bullock’s heart, and Custard apple and it
is native to India [16]. It grows naturally in tropical and subtropical region.
In the rural area, plant parts such as leaves, bark, seed, and root are used
as folk medicine to combat against different disease conditions. Various
extracts of different plant parts have shown anti-hyperglycemic, cytotoxic
and recombinant caspase inhibitory activity, antinociceptive, analgesic
and central nervous system depressant, analgesic and anti-inflammatory,
tumor inhibitor and anti-proliferative [17]. The present research work has
been designed to determine the phytochemical screening, total phenols,
flavonoid content, antioxidative properties and HPLC analysis of anonaine
compound from the fruit peel extract of Annona reticulata L.
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METHODS
Collection of A. reticulata
The A. reticulata fruits (Fig. 1) used in the present investigation were
collected from three different places in Tamil Nadu namely Ooty,
Kodaikanal and Kolli Hills. The collected plant material was identified
and authenticated by Dr. T. Sekar, Associate professor, PG and Research
Department of Botany, Pachaiyappa’s College, Chennai, Tamil Nadu,
India. The fruit peels were washed with distilled water and subjected
to shade dry at room temperature in the Department of Biotechnology,
University of Madras, Guindy Campus, Chennai-600 025.

Preparation of the fruit peel extract
The polar (aqueous, ethanol, and acetone) and non-polar (petroleum
ether and chloroform) fruit peel extracts were analyzed for
phytochemical constituents (phenol, alkaloids, flavonoids, etc.) using
standard qualitative methods [18]. 1 g of dried fruit peel material
was ground in a mortar and pestle with 15 mL of respective solvent,
extracted for 5 min at 55°C and centrifuged at 9000 rpm for 5 min. This
procedure was repeated 2 times and the supernatants were collected
and concentrated. The concentrated extracts were stored in an airtight
container in the refrigerator below 10°C.
Qualitative phytochemical analysis from fruit peel extracts of
A. reticulata
The prepared solvent extracts were subjected to preliminary
phytochemical analysis for the presence of active secondary
metabolites. Each extract was tested separately with specific chemical
reagents according to standard procedures [19]. Visible color change or
precipitate formation was taken into consideration for the presence (+)
or absence (–) of particular active constituents.

Qualitative analysis of the Antioxidant activity of fruit peel extracts
of A. reticulata
The antioxidant activity of the fruit peel extracts of A. reticulata was
screened according to the method as described by George et al. [20].
50 µL of different solvents such as polar (aqueous, ethanol, and
acetone) and non-polar (petroleum ether and chloroform) fruit peel
extracts of A. reticulata were taken in the microtiter plate. 100 µL of
0.1% methanolic DPPH was added with the samples and incubated
for 30 min in the dark condition. Then, the samples were observed
for discoloration from purple to yellow and pale pink which were
considered as strong and weak positive, respectively. The antioxidant
positive samples were subjected for further quantitative analysis.

Fig. 1: Mother plant of Annona reticulata (Ooty accession).
(a) A. reticulata mother plant, (b) A. reticulata fruit, (c) A.
reticulata fruit peel (shade drying)
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Quantitative analysis of the antioxidant activity of fruit peel
extracts of A. reticulata
The antioxidant potential of the each respective solvent extracts
was quantified on the basis of their scavenging activity of the
stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical. Briefly, 100 µL
of various solvent fruit peel extracts was mixed with 2.7 mL of methanol
and then, 200 µL of 0.1% methanolic DPPH was added. The mixture was
vigorously shaken and allowed to stand at room temperature for 30 min
in the dark. The absorbance of the mixture was measured at 517 nm
using a double-beam UV-visible (Chemito, India) spectrophotometer
[21]. The free radical scavenging activity of the sample was compared
with the known synthetic standard of 0.16% butylated hydroxytoluene
(BHT). Free radical scavenging activity was calculated by the following
formula:
% DPPH radical scavenging = [(Absorbance of control - Absorbance of
test sample)/(Absorbance of control)] ×100

Quantification of total phenolic contents in fruit peel extract of
A. reticulata
The amount of total phenolic content in the aqueous fruit peel extracts
of A. reticulata was determined using Folin–Ciocalteu reagent [22]. To
0.5 ml of peel extract of A. reticulata, distilled water and Folin’s Ciocalteu
reagent was added. The contents were mixed and incubated for 5
minutes. After incubation, 10 ml of (10 % W/V) sodium carbonate was
added and the contents were mixed and allowed to stand for 30 min.
Absorbance at 725 nm was measured in a UV-visible spectrophotometer.
The amount of total phenolics was calculated as gallic acid equivalent
(GAE) in mg per g of dry weight.

Determination of total flavonoid content in fruit peel extract of A.
reticulata
The amount of total flavonoid content in the aqueous fruit peel
extracts was determined by aluminum chloride colorimetric method
[23]. 0.5 mL of fruit peel extract of A. reticulata at a concentration
of 1 mg/mL was taken and the volume was made up to 3 mL. Then,
0.1 mL of aluminum chloride (10%), 0.1 mL of potassium acetate and
2.8 mL of distilled water were added sequentially. The test solution was
vigorously shaken. Absorbance was recorded at 415 nm after 30 min of
incubation. A standard calibration plot was generated at 415 nm using
known concentrations of quercetin. The concentrations of flavonoid
in the test samples were calculated from the calibration plot and
expressed as mg quercetin equivalent (QE)/g of sample.
Quantification of alkaloids in fruit peel extract of A. reticulata
Quantitative estimation of alkaloids was carried out following the
method of Edeoga et al. and Okwu and Josiah [24,25]. 2.5 g of the fruit
peel powder was extracted using 100 mL of 20% acetic acid in ethanol.
The solution was allowed to stand at room temperature for almost
4 h. The filtrate was concentrated to 25 mL. Concentrated ammonium
hydroxide was added stepwise until precipitation appeared. The
whole solution was kept as such so that precipitate settled completely.
Collected precipitate was washed with dilute ammonium hydroxide
and finally filtered. Filtrate was discarded, pellet obtained was dried,
and total alkaloid content recorded.
HPLC analysis of anonaine compound
The fine powder of the fruit peel biomass was extracted with 75% of
ethanol and then, the extract was evaporated. The residue of extract
was mixed with n-butanol and water (2:1), and both the upper layer
of n-butanol and lower layer of water were separated and evaporated
under vacuum. The residues were washed with petroleum ether to
remove fatty components and then extracted with methanol. The
concentrated extract in methanol was separated and analyzed using
HPLC as per standard method [26]. The extracts were filtered through
Sartorius regenerated cellulose membrane syringe filter (0.2 µ) and
20 µL of the filtrate was injected into the HPLC. Chromatography was
performed using Shimadzu HPLC (Model SPD-10A UV-visible Detector)
and Supelcosil LC-18 column (25 cm × 4.6 mm, 5 m) with mobile phase
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consisting of acetonitrile, water and acetic acid (50:50:0.1). Flow rate
was maintained at 1.0 mL/min with a back pressure of 250 psi, and
the compounds were read at 270 nm using a UV detector. The total run
time was 20 min, but preferably it was extended up to 40 min [27]. The
results were compared with standard.
RESULTS AND DISCUSSION

The present study revealed that the polar (aqueous, ethanol, and
acetone) and non-polar (petroleum ether and chloroform) solvent
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extracts were obtained from the fruit peel of A. reticulata collected
from different places namely Ooty, Kodaikanal, and Kolli Hills. The
results of phytochemicals analysis are presented in Tables 1-3. The
phytochemical screening of five different solvent extracts recorded
maximum presence of phytochemical detection of chemical constituents
and showed that the aqueous extract of fruit peel of A. reticulata (Ooty
accession) was rich in phenols, tannins, saponins, flavonoids, alkaloids,
terpenoids, steroids, and cardiac glycosides followed by fruit collected
from Kodaikanal and Kolli Hills. The results also recorded maximum
phytochemical constituents in aqueous extract of all three fruit peel

Table 1: Phytochemical screening from fruit peel extracts of A. reticulata (Ooty accession)

Phytochemicals tested
Tannins
Saponins
Quinones
Terpenoids
Steroids
Flavonoids
Phenol
Alkaloids
Glycosides
Cardiac glycosides
Coumarins
Anthocyanin
Betacyanin

Fruit peel extracts of A. reticulata
Aqueous

Ethanol

Chloroform

Petroleum ether

Acetone

++
+
++
++
+
++
++
+
+
++
++
‑
+

+
++
++
+
+
++
++
+
‑
+
+
‑
+

‑
+
+
‑
+
‑
+
‑
‑
+
‑
‑
‑

‑
+
+
‑
‑
‑
+
‑
‑
+
‑
‑
‑

+
‑
++
‑
+
+
+
‑
‑
+
+
‑
+

++: Strong positive, +: Positive, ‑: Negative. A. reticulata: Annona reticulata

Table 2: Phytochemical screening from fruit peel extracts of A. reticulata (Kodaikanal accession)
Phytochemicals tested
Tannins
Saponins
Quinones
Terpenoids
Steroids
Flavonoids
Phenol
Alkaloids
Glycosides
Cardiac glycosides
Coumarins
Anthocyanin
Betacyanin

Fruit peel extracts of A. reticulata
Aqueous

Ethanol

Chloroform

Petroleum ether

Acetone

++
+
+
++
+
++
++
+
‑
+
+
‑
+

+
+
+
+
+
++
++
+
‑
+
+
‑
+

‑
+
+
‑
+
‑
+
‑
‑
+
‑
‑
‑

‑
+
+
‑
‑
‑
+
‑
‑
+
‑
‑
‑

+
‑
+
‑
+
‑
+
‑
‑
+
+
‑
+

++: Strong positive, +: Positive, ‑: Negative. A. reticulata: Annona reticulata

Table 3: Phytochemical screening from fruit peel extracts of A. reticulata (Kolli Hills accession)
Phytochemicals tested
Tannins
Saponins
Quinones
Terpenoids
Steroids
Flavonoids
Phenol
Alkaloids
Glycosides
Cardiac glycosides
Coumarins
Anthocyanin
Betacyanin

Fruit peel extracts of A. reticulata
Aqueous

Ethanol

Chloroform

Petroleum ether

Acetone

+
+
+
++
++
++
++
+
‑
+
+
‑
+

+
+
+
+
+
+
+
+
‑
+
+
‑
+

‑
+
+
‑
+
‑
+
‑
‑
+
‑
‑
‑

‑
+
+
‑
‑
‑
+
‑
‑
+
‑
‑
‑

+
‑
+
‑
+
+
+
‑
‑
‑
+
‑
+

++: Strong positive, +: Positive, ‑: Negative. A. reticulata: Annona reticulata
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extracts than other solvents such as ethanol, acetone, chloroform and
petroleum ether extract. Thus, the preliminary screening tests would
be useful in the detection of the bioactive principles, leading to drug
discovery and development. These secondary metabolites are reported
to have many biological and therapeutic properties [28]. Further, these
tests facilitate their quantitative estimation and qualitative separation
of pharmacologically active chemical compounds.

A. reticulata fruit peel extracts were subjected for the evaluation of
antioxidant activity. Table 4 shows the qualitative antioxidant analysis
in the fruit peel extracts of A. reticulata collected from three different
places of Tamil Nadu. DPPH radical scavenging activity was observed in
all the extracts and the results revealed a strong positive response for
aqueous fruit peel extract (Ooty), followed by others.
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cancer. Antioxidants due to their scavenging activity are useful for the
management of those diseases [32].

The plant phenolics constitute one of the major groups of compounds
acting as primary antioxidants or free radical terminators, so it was
reasonable to determine their total amount in the fruit peel extracts.
In our study, total phenol content of A. reticulata (Ooty) fruit peel
extracts was estimated using Folin–Ciocalteu colorimetric method

This is a widely used method to evaluate antioxidant activities in a
relatively short time compared with other methods. Antioxidants
react with DPPH which is a stable free radical and convert it to DPPH
hydrazine. The degree of decolorization indicates the scavenging
potentials of the antioxidant compounds. The percentage of DPPH
radical scavenging activity of aqueous fruit peel extracts of A. reticulata
from various accessions is shown in Fig. 2-4.
The results revealed that, among three accessions and five different
solvent extracts of A. reticulata, the aqueous peel extract collected
from Ooty accession had maximum DPPH radical scavenging activity
(90.76±1.3%) followed by Kodaikanal (83.47±2.25%) and Kolli Hills
accession (81.26±1.2%), when compared with that of synthetic
antioxidant BHT as a positive control (98.36±0.90%).

Fig. 2: Quantitative analysis of the antioxidant activity of Annona
reticulata (Ooty). Results represent mean ± standard deviation of
three replicated experiments

In all accessions, aqueous fruit peel extracts recorded a higher
percentage of free radical scavenging activity followed by ethanol,
acetone, chloroform, and petroleum ether. The decrease in absorbance
of DPPH radical is caused by antioxidant through the reaction between
antioxidant molecule and radical results in the scavenging of the
radical by hydrogen donation [29]. Scavenging activity for free radicals
of DPPH has been widely used to evaluate the antioxidant activity of
natural products from plant and natural sources. Free radicals have
a broad range of effects in biological systems. It has been proved that
these mechanisms may be important in the pathogenesis of certain
diseases and aging. Many synthetic antioxidant components have
shown toxic and/or mutagenic effects which have shifted the attention
toward the naturally occurring antioxidants [30,31]. Free radicals are
involved in many disorders such as neurodegenerative diseases and
Table 4: Qualitative analysis of antioxidant activity of fruit peel
extract of Annona reticulata

Extractions

A. reticulata
(Ooty)

A. reticulata
(kodaikanal)

A. reticulata
(kolli Hills)

Control
BHT ‑ standard
Petroleum ether
Chloroform
Acetone
Ethanol
Aqueous

‑
++
Semi positive
Semi positive
+
+
++

‑
++
Semi positive
Semi positive
+
+
++

‑
++
Semi positive
Semi positive
+
+
++

A. reticulata: Annona reticulata

Fig. 3: Quantitative analysis of the antioxidant activity of Annona
reticulata (Kodaikanal). Results represent mean ± standard
deviation of three replicated experiments

Table 5: Quantification of phytochemicals from fruit peel extract
of A. reticulata (Ooty accession)
A. reticulata

TPC
Total flavonoid
(mg GAE/g) content (mg QE/g)

Total alkaloid
content (mg/g)

Fruit peel
extract

17.75±0.13

6.92±0.14

13.97±0.21

Results represent mean±SD of three replicated experiments.
A. reticulata: Annona reticulata, TPC: Total phenolic content

Fig. 4: Quantitative analysis of the antioxidant activity of Annona
reticulata (Kolli Hills). Results represent mean ± standard
deviation of three replicated experiments
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b

Fig. 5: High-performance liquid chromatography (HPLC) analysis of anonaine compound. (a) Anonaine standard (1 mg/1 mL), (b) HPLC of
anonaine compound from the fruit peel extract of Annona reticulata (Ooty accession)
and represented in terms of GAE. The results of the present study
showed that the phenol contents of the aqueous fruit peel extract
in terms of GAE were 17.75±0.13 mg GAE/g. Phenolic compounds
are effective hydrogen donors, making them good antioxidants [33].
Flavonoids are regarded as one of the most widespread groups
of natural constituents found in plants. Flavonoids are a class
of secondary plant metabolites with significant antioxidant and
chelating properties [34]. The results of the present study showed
that the flavonoid contents of the aqueous fruit peel extract in terms
of QE were found to be maximum (13.97±0.21 mg QE/g). Alkaloids,
widely existing in natural plants, are compounds containing basic
nitrogen atoms. Most of alkaloids are pharmacologically active
ingredients in many medicinal plants due to their significant
physiological activity [35]. Results in Table 5 showed that the yield
of alkaloids (6.92±0.14 mg/g) is obtained from aqueous fruit peel
extracts of A. reticulata. This result is similar to Omulokoli et al. [36]
and Monica et al. [37] where positive result obtained for phenols
and alkaloids in high level and referred noted differences between
plant parts in which alkaloids and flavonoids in peel and flower were
higher than seeds and leaves. The findings were also supported by
results [38] in which peel extract of Punica granatum was found
maximum in phenol, alkaloid, and terpenoid content.
The HPLC analysis of anonaine compound from A. reticulata fruit
peel extract along with the standard anonaine has been represented
in Fig. 5. Anonaine compound was eluted through HPLC analysis and
based on standard retention time (Rt) 12.32 min. The A. reticulata fruit
peel extract (Ooty accession) used for HPLC analysis recorded Rt of
12.39 min and standard anonaine compound recorded Rt of 12.32 min,
thus confirming the presence of anonaine compound in fruit peel
extract of A. reticulata.
CONCLUSION

The present study revealed that aqueous peel extract of A. reticulata
was rich in phytochemical constituents and high levels of total
phenolic, flavonoid and alkaloid compounds. The peel extract of
A. reticulata also possessed strong antioxidant potential and was
thus capable of inhibiting, quenching free radicals to terminate the
radical chain reaction. The HPLC analysis revealed the identification of
active compound, namely anonaine, present in the fruit peel extract of
A. reticulata. The results indicate that the plant material may become
an important source of natural drug compounds with health protective
potential and natural antioxidants of significant impact on the status of
human health and disease prevention.
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