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ABSTRACT

The plant Annona squamosa is also known as custard apple which possesses potent bioactive principles in all its parts. Acetogenins, a class of
natural compounds, isolated from members of Annonaceae have potent antineoplastic, parasiticidal, pesticidal, antioxidant, free radical scavenging,
antimicrobial activity, etc. Methanolic extract of Annona squamosa seed was prepared through the maceration method and undergoes through GC-
MS analysis, both qualitative and quantitative phytochemical analysis, and antioxidant assay. GC-MS analysis revealed a total of 19 bioactive
compounds in the methanolic extract and n-Hexadecanoic acid showed more probability percentage whereas cis-13-Octadecenoic acid, methyl ester,
and trans-13-Octadecenoic acid, methyl ester having the least probability percentage. Quantitative analysis of methanolic extract showed phenol
content is more than other phytochemicals whereas saponin content is lower than others. The methanolic extract also revealed very good antioxidant
capacity which may be used as a remedy against oxidative stress-related diseases.
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Unhealthy dietary habits and lifestyle patterns  scientific methods (Extraction, GC-MS analysis, both
(smoking and alcohol consumption), exposure to physical ~ qualitative and quantitative test, Free radical scavenging
(ultraviolet [UV] light, ionizing radiations) or chemical  assay, Total antioxidant capacity assay) by bring a person
agents (drugs, pollutants, pesticides) along with deficiencies ~ from sickness to healthy. (Saad et al., 2006). The in-silico
in the physiological antioxidant defences may result in  study between Annona squamosa seed methanolic extract
pathological stress to the cells and tissues, which canhave ~ and the genes responsible for mammary tumor also
multiple effects. The practice of traditional medicine using  revealed about the anticancerous property of this extracts
medicinal plants is as old as the origin of man (Trease and  (Beheraetal.,2023).

Evans, 2002). Substances found in medicinal plants are MATERIALS AND METHODS

known as active principles. These compounds have been
extracted and used in different forms such as infusions,
syrups, decoctions, infused oils, essential oils, and creams. Around 4 kg of Custard apple seeds were collected
Plant-derived natural products such as flavonoids, terpenes, ~ manually from fruits and washed with distilled water. Then
alkaloids, anthraquinones, saponins, tannins, steroids, seeds were dried under shade conditions for 1 month without
lactones and volatile oils received considerable attentionin ~ any contamination. Dried seeds were electrically ground
recent years due to their diverse pharmacological properties,  and powders were collected in an air-tight container. Then
including cytotoxic and chemo-preventive effects. powders were taken in a sterilized beaker, absolute methanol

The plant Annona squamosais alsoknown as custard ~ Was added, and allowed for magnetic homogenization by
apple which possesses potent bioactive principles in all its  stirring at 60-65° C for 15 minutes under 100 rpm. The
parts. Acetogenins are a class of natural compounds,  supernatant was filtered using Whatmann #1 filter paper and
isolated from members of Annonaceae having potent condensation of'the filtrate was done in a rotary evaporator
antineoplastic, parasiticidal, pesticidal, antioxidant, free ~ (Heidolph, India) under reduced pressure and vacuum at
radical scavenging, antimicrobial activity, etc. (Alali ez al., ~ 40°Cand 30 rpm. Then the condensed filtrates were undergone
1999; Ma et al., 2017). Unfortunately, seeds are not to be  forlyophilization and extract powder was prepared.
caten directly because of hardness though they have  GC.MS Estimation
medicinal derivatives they can be processed in such a way to
use for the cytotoxicity effect on cancerous cells by using

Extraction Procedure

The analyses were performed using a GC-MS system
(7890A-5975C, Agilent Technologies Inc., Santa Rosa,
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CA, USA) equipped with a DBS capillary column (30 m x
0.25 mm, 0.25 mm, Agilent Technologies Inc., Santa Rosa,
CA, USA). The injection volume of each sample was 1 pL.
Helium (99.999%) was used as the carrier gas at a flow rate
of 1 mL/min. The temperature of the injection port was
250° C, in splitless mode and the column temperature
program was as follows: 50° C for 2 min, followed by an
increase to 180° C at a rate of 5° C/min, an increase to 270° C
atarate of 20° C/min, and maintenance at 270° C for 5 min.
The MS conditions included an EI ion source temperature
0f 230° C, an ionization energy of 70 eV, and a mass scan
range 0of 40-500 amu. The run time was 25 minutes and the
post run was 1 min. The separated constituents were
tentatively identified by comparing their mass spectra with
those in the NISTO8 MS library (National Institute of
Standards and Technology, Gaithersburg, MD, USA). The
analysis was performed at Pharmacovigilance Laboratory
for Animal Feed and Food Safety, Tamil Nadu Veterinary
and Animal Sciences University, Madhavaram Milk
Colony, Chennai 600 051.

Qualitative test

The methanolic extract and Custard apple seed
extract were screened for their phytochemical constituents
according to the standard methods as discussed by Mini
(2012) and Salau et al. (2013).

Test for alkaloids

To 2 ml of plant extract, 2 ml of concentrated
hydrochloric acid was added. Then few drops of Mayer’s
reagent were added. The appearance of green color or
white precipitate indicates the presence of alkaloids.

Test for tannins

To 1 ml of freshly prepared 10% potassium hydroxide,
1 ml of the extract was added. The appearance of a dirty
white precipitate indicates the presence of tannins.

Test for phenols

To 2 drops of 5% ferric chloride, 1 ml of the extract was
added. The appearance of a greenish precipitate indicates
the presence of phenols.

Test for glycosides

To 10ml of 50% sulphuric acid, 1 ml of the extract was
added, heated in boiling water for 15 min, and 10 ml of
Fehling’s solution was added and boiled again. The
appearance of a brick-red precipitate indicates the presence
of glycosides.

Test for saponins

To 2 ml extract, 2 ml of distilled water was added and
shaken in a graduated cylinder for 15 min lengthwise. The
formation of a 1 cm layer of foam indicates the presence of
saponins.
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Test for flavonoids

To 1 ml of 10% sodium hydroxide, 3 ml of the extract
was added. The formation of yellow color indicates the
presence of flavonoids.

Test for steroids

To 5 drops of concentrated sulphuric acid, 1 ml ofthe
extract was added. The appearance of red coloration indicates
the presence of steroids.

Test for terpenoids

To 0.5 ml of extract, 2 ml of chloroform was added.
The concentrated sulphuric acid was added carefully. The
formation of red-brown color at the interface indicates the
presence of terpenoids.

Test for quinones

To 1 ml of extract, 1 ml of concentrated sulphuric acid
was added. The formation of red color indicates the presence
of quinones.

Test for anthocyanin and betacyanin

To 2 ml of extract, 1 ml of 2N sodium hydroxide was
added and heated for 5 min at 100° C. The formation of
bluish-green color indicates the presence of anthocyanin
and the formation of yellow color indicates the presence of
betacyanin.

Test for proteins

To 2 ml of extract, a few drops of 0.2% ninhydrin was
added and heated for 5 min. The appearance of blue color
indicates the presence of proteins.

Quantitative Phytochemical Analysis

Quantitative tests were carried out for the
quantification of active phytochemicals respectively.

Estimation of total phenolic content

The number of total phenolics in the extracts was
determined by Folin- Ciocalteau method using gallic acid
as a standard (Dhananjay and Maurya, 2010).

Concentrations of 0.5, 1.0, 5.0, 10.0, 20, 30, and 50
png/ml of gallic acid standard were prepared in methanol,
and the concentration of 1 mg/mL of A. squamosa seed
extract was also prepared in methanol. 0.5 mL of standard
and extract were taken in a test tube. To this, 2.5 mL of 10
folds dilute Folin-Ciocalteau reagent and 2.0 mL of 7.5%
sodium carbonate were added, mixed thoroughly, and kept
at room temperature for 30 minutes. The absorbance was
measured at 760 nm in a UV-visible spectrophotometer.
The concentration of total phenolics was calculated using
the gallic acid standard curve and the total phenolics were
expressed as mg of Gallic acid equivalent (GAE) / gram of
extract.
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Fig. 1. GC-MS Analysis of methanolic extract of Custard apple
(Annona squamosa) seed

Estimation of total flavonoids

The total flavonoid content of the extracts was
determined by an aluminium chloride colorimetric assay
(Kamtekarezal.,2014).

Standard

Catechin was used as a standard. Stock standard of
catechin (1000 pg/ml) was prepared by dissolving 10 mg
catechin in 10 ml of absolute alcohol. Working concentrations
of 20, 40, 80, 100, 200 and 400 pg/ml were prepared in
distilled water.

0.5 ml of extract and different concentrations of the
standard were taken in a test tube. To this, 2.0 ml of distilled
water and 0.15 ml of 5% sodium nitrite were added and
incubated at room temperature for 5 minutes. To each tube,
0.15 ml of 10% aluminium chloride was added and after 6
minutes, 1 ml of 1 M sodium hydroxide was added. Finally,
the volume was made up to 5 ml using distilled water. The
contents were mixed well and incubated at room
temperature for 15 minutes. The development of orange
yellowish color was measured using a UV-Visible
spectrophotometer at 510 nm. The concentration of total
flavonoid content was calculated using the catechin standard
curve and expressed as mg of catechin/100 grams of extract.

Estimation of alkaloids

5 grams of powdered Annona squamosa seed was
taken into 20ml of n-butanol and stirred vigorously. The
content was transferred into a reagent bottle and kept
overnight at room temperature. The slurry was centrifuged
at 6000 rpm for 10 minutes and the supernatant made up to
50 ml with n-butanol. The obtained sample was used for
the estimation of total alkaloids by the titrimetric method.

10 ml of supernatant solution was taken in a 100 ml
separating funnel and 0.1 N HCI of 10 ml was added and
the funnel was shaken thoroughly for 2-3 minutes. This
results in the solubility of alkaloids. The lower layer contains
alkaloids neutralized with 0.1 NHCI and the top layer
consists of n-butanol. 10 ml HCI portion was collected in a
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Fig.2. DPPH Assay of methanolic extract of Custard apple (Annona
squamosa) seed

beaker and 2-3 drops of methyl red was added as an
indicator, which turns the solution into a slightly reddish
color. The content in the beaker is titrated against 0.1 N
NaOH, till the color changes to pale yellow color. The
neutralization point was determined. The same procedure
was repeated in triplicate (Bikash et al., 2015).

The total amount of alkaloids was calculated by: 1
ml0.1 NHCI=0.0162 galkaloid

Estimation of terpenoids

Annona squamosa seed extract of 100 mg (Wi) was
taken and soaked in 9 ml of ethanol for 24 hours. The
extract after filtration was extracted in 10 ml of petroleum
ether in a separating funnel. The ether extract was separated
into pre-weighed glass vials and waited for complete drying
(Wf). Ether was evaporated and the yield (%) of total
terpenoid contents was measured by using the formula (Wi
-Wf/Wix 100) (Malik et al.,2017).

Quantitative determination of saponins

5 grams of Annona squamosa seed extract was taken
in a 250 ml conical flask and 100 ml of 20% ethanol was
added and kept in the water bath at 55° C for 4 hours with
continuous stirring. The residue mixture was re-extracted
with 20% ethanol for 4 hours at 55° C with continuous
stirring. The combined extract was evaporated to 40 ml
over a water bath at 90° C. 20 ml diethyl ether was added to
the concentrate in a 250 ml separator funnel and vigorously
agitated from which the aqueous layer was recovered while
the ether layer was discarded. This purification process
was repeated twice. 60 ml of n- butanol was added and
extracted twice with 10 ml of 5% sodium chloride. After
discarding the sodium chloride layer remaining solution
was heated in a water bath for 30 minutes. The solution was
then transferred into a crucible and was dried in an oven to
a constant weight (Chukwuma et al., 2016). The saponin
content was calculated in percentage:

Weight of Saponin

0 S
/o Saponin Weight of sample



Quantitative determination of anti-oxidants
1. DPPH (2, 2-diphenyl-1-picryl hydrazyl) Assay

The free radical scavenging activity of the methanolic
extract of Annona squamosa seed was measured using
DPPH (2, 2-diphenyl-1-picryl hydrazyl) as per the method
of Zahin et al. (2009). One mL of various concentrations of
the extract was added to one mL of 0.1 mM solution DPPH
in methanol. The solutions were mixed and incubated in
the dark for 30 minutes at room temperature. After 30 min,
absorbance was measured at 517 nm using a UV-visible
spectrophotometer. The free radical scavenging activity
was calculated using the formula

Control absorbance - Test absorbance

Control absorbance x100

% scavenging activity =

The effective concentration required for a 50%
reduction of the DPPH radical (IC,)) was calculated by
regression analysis.

2.  Total antioxidant capacity assay

The total antioxidant capacity assay of the methanolic
extract of Annona squamosa was determined by a standard
method (Wan et al., 2011). Different concentrations of
Annona squamosa seed extracts (20 pg/ml, 40 pg/ml, 60
pg/ml, 80 pg/ml) were added to 1.0 ml of the reagent
solution (0.6 M sulphuric acid, 28 mmol sodium phosphate,
and 4 mmol ammonium molybdate. The reaction mixture
was incubated at 95° C for 90 min. After cooling, the
absorbance was measured at 695 nm against a blank using
a UV-visible spectrophotometer (UV 1650 Pc, Schimadzu).
Ascorbic acid was used as a standard. Experiments were
performed in triplicates.

% Inhibition =A0-A1/A0 x 100

Where A0 was the absorbance of the control (blank,
without extract) and A1 was the absorbance in the presence
of'the extract.

RESULTS AND DISCUSSION

Nowadays different plant extracts have revealed the
presence of various phytochemicals which may be used in
different disease conditions (Maphosa and Masika, 2010).
Methanolic extracts of 4. squamosa (Custard apple) seed
were obtained through the maceration method and then
Lyophilized powder was made. The qualitative
phytochemical analysis of a methanolic extract of A.
squamosa (Custard apple) seed showed the presence of
various bioactive compounds like tannins, saponins,
flavonoids, alkaloids, quinones, terpenoids, phenol,
Coumarins (Table No. 1). Presence of different bioactive
secondary metabolites may be responsible for the medicinal
value of plant extract. Our findings are almost in accordance
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with the findings of Sachan ez al. (2015).
Gas chromatography and mass spectrometry (GC-MS)

The GC-MS results showed the presence of different
peaks for A. squamosa (Custard apple) seed extract (Fig 1.)
and total 19 bioactive compounds were found. All the
compounds along with their retention time and probability
percentage of A. squamosa (Custard apple) seed extract
represented in Table no. 2. In Custard apple seed extract, n-
Hexadecanoic acid showed more probability percentage
whereas cis-13-Octadecenoic acid, methyl ester and trans-
13-Octadecenoicacid, methyl ester having less probability
percentage. The analysis of GC-MS revealed the presence
of several compounds like different cyclopeptides and
acetogenins which are also reported by others (Zahid et al.,
2018).

Quantitative Phytochemical Analysis

Quantitative estimation of five phytochemicals,
namely phenols, flavonoids, alkaloids, terpenoids, and
saponin was carried out in methanolic extract of A.
squamosa seed extracts and the results were given in Table
No. 3. Phenol content is more as compared to other
phytochemicals whereas saponin content is least as
compared to others. There is a lot of research has been
carried out since 1925 mainly for the isolation and
characterization of total alkaloid contents in A. squamosa
species (Berkov et al., 2006). The presence of terpenoids in
the extract exhibits antiviral and antibacterial properties
(Chandraiah, 2022).

Invitro Antioxidant activity

There is a continuous generation of reactive nitrogen
species and reactive oxygen species due to the result of
continual interaction with the environment, normal
biochemical reactions, and consumption of xenobiotics.
(Nimse et al., 2015). Different disease conditions are
mainly due to these free-radical species (Kim and Byzova,
2014). Various use of antioxidants can manage different
pathological conditions. As synthetic antioxidants are
mainly associated with various toxic and mutagenic
effects (Kadhum et al., 2011), so more importance has
been given to natural antioxidants derived from different
plants (Yao et al.,2004).

1.  DPPH (2,2-diphenyl-1-picryl hydrazyl) Assay

There are a lot of in-vitro antioxidant assessing techniques
in general practice. Also, antioxidant test models are not
same always, so one method cannot be compared with
other methods (Badarinath et al., 2010). Mainly, in-vitro,
antioxidant experiments by means of free radical
scavengers are relatively direct to carry out (Alam ef al.,
2013). In this study, DPPH scavenging activity and total



antioxidant capacity assay were done for the methanolic
extract A. squamosa seed. DPPH Scavenging activity of
methanolic extract of 4. squamosa (Custard apple) seed is
presented in Table no. 4 and Fig 2. The effective
concentration required for a 50% reduction of the DPPH
radical (IC,)) was calculated and the IC50 value of A.
squamosa (Custard apple) seed extract was 0.558 mg/mL.

2.  Total Antioxidant capacity assay

The total antioxidant capacity of the methanolic extract
of A. squamosa seed as measured by the phosphom-
olybdate method was 117.81+13.91 (nmol ascorbic
acid/g). The result is also in accordance with other reports
(Badarinath et al.,2010; Alam et al.,2013).

CONCLUSION

This study observed the presence of different
phytochemicals like tannins, saponins, flavonoids, alkaloids,
quinones, terpenoids, phenol and coumarins. GC-MS
analysis revealed a total of 19 bioactive compounds in the
methanolic extract and n-Hexadecanoic acid showed more
probability percentage whereas cis-13-Octadecenoic acid,
methyl ester, and trans-13-Octadecenoicacid, methyl ester
having least probability percentage. Quantitative analysis
of methanolic extract showed phenol content is more than
other phytochemicals whereas saponin content is lower
than others. The methanolic extract also revealed very
good antioxidant capacity which may be used as a remedy
against oxidative stress-related diseases.
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