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Abstract: Fruits of Fagara budrunga was extracted with solvents of different polarities. Antioxidant
activity of n-hexane, ethyl acetate and methanol extracts were determined in vitro by DPPH free radical
scavenging assay, f-carotene bleaching assay and reducing power assays. BHT was used as the
standard. The radical scavenging activity and reducing power of the extracts significantly decreased in
the order methanol extract > ethyl acetate extract > n-hexane extract. A strong inhibition of lipid
peroxidation in B-carotene bleaching assay was exhibited by n-hexane extract followed by ethyl acetate
extract and methanol extract. The methanol extract was found to possess highest phenolic content (75
mg GAE/g dry weight) among the extracts. It is seen that the yield and activities of extract was affected
by the solvent used for extraction. Phytochemical investigation of the extracts indicated the presence of
alkaloids, flavonoids, tannins, steroids and terpenoids. The present study provides phytochemical
screening results and evaluation of antioxidant activities of F. budrunga extracts.
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Introduction

Free radicals (FR) are often generated as byproducts of various biological reactions. They
are involved in many disorders like neurodegenerative diseases, cancer and various
inflammatory diseases'. Low level of antioxidants and increased production of free radicals
cause the oxidative stress® which is responsible for a number of human diseases.
Antioxidants are useful for scavenging these reactive oxygen species, eventually controlling
the diseases caused by oxidative stress. Several herbs and spices including rosemary, sage,
thyme, nutmeg, whit pepper, chili pepper, turmeric, ginger and Chinese medicinal plant
extracts have been reported to exhibit antioxidant activity” Literature survey indicates that,
there has been a great interest in screening various plant extracts and essential oil for natural
antioxidants in recent past4'6. Use of natural antioxidants from wine, tea, vegetables and
spices are known to be exploited commercially as nutritional supplements’. Exploration of
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natural antioxidant compounds of plant extracts helps to develop new molecules as
antioxidant. Novel and safe sources of food antioxidants need to be explored®. Spices and
vegetables possess antioxidant activity that can be applied for preservation of lipids and
reduce lipid peroxidation in biological systems’. The synthetic antioxidants like BHT and
BHA are associated with several side effects on human health'®"". Therefore investigation
on identifying naturally effective antioxidants is field of active interest'>". Spices are
dietary constituents consumed routinely to enhance the flavour of human food".

The spice, Fagara budrunga (Zanthozylunm rhesta, Zanthozylunm budrunga, Family-
Rutaceae) is an Indian medicinal plant commonly known as Mullilam. The fruit is solitary, 6
to 8 mm in diameter finely tubercles and red when ripe. The seeds taste like black pepper and
are used as condiments. The whole fruit has stimulant, astringent, aromatic and digestive
properties and it is prescribed in urinary diseases". The stem bark and the leaves of the plant
have been evaluated for their antibacterial, antifungal and cytotoxic activity'®. The terpenes
from the bark of plant have cytotoxic activity'’. The alkaloids and ligans from this plant have
antimicrobial activity'®. The total fruit extract of the plant has honeybee attractant activity
towards A. cerana. The fruit extract is also found to possess CNS depressant activity™.
Several chemical constituents including flavanones, alkaloids and esters are reported from F.
budrunga plant®"*®. Antinociceptive and antidirrhoeal activity of the plant is reported™. The
essential oil of this plant is mainly called as mullilum oil. It is known to posses larvicidal®”,
antibacterial® and anti-inflammatory’' activities. However literature search indicates that the
antioxidant properties of the solvent extracts of F. budrunga fruit, is hitherto unknown.

In view of the therapeutic properties attributed to this plant and of potential of spices to

yield antioxidant formulations, the phytochemical studies and in vitro antioxidant screening
of n-hexane, ethyl acetate and methanolic extract of F. budrunga fruits were carried out.

Experimental
Plant material

F. budrunga fruits were collected from market in March 2014. The plant material was duly
authenticated by Botanical Survey of India (BSI), Pune. The material has been deposited at
herbarium of BSI (Voucher No. SVS-2/783).

Chemicals

Butylated hydroxy toluene (BHT) and Tween-20 were purchased from Loba Chemicals,
Linoleic acid was purchased from SRL and f-Carotene from HIMEDIA, Folin-Ciocalteu
reagent was purchased from Qualigens. All these are Indian companies. 2, 2-Diphenyl-1-
picrylhydrazyl (DPPH), Trichloroacetic acid (TCA) was purchased from Fluka, USA. All
the solvents used were of analytical grade.

Extraction of n-hexane, ethyl acetate and methanolic extracts

The air dried and powered fruits (500 g) of F. budrunga were successively extracted with
n-hexane (3x1 L), ethyl acetate (3x1 L) and methanol (3x1 L) for 24 h. at room temperature.
The solvents were evaporated under reduced pressure to obtain the extractives. Each
extractive was investigated independently for antioxidant properties.

Phytochemical screening of the plant extracts

Each of n-hexane, ethyl acetate and methanol extractives (1 g) of F. budrunga fruit was
dissolved in own mother solvents (100 mL) to obtain stocks of concentration 1% (w/v). The
extracts thus obtained were subjected to phytochemical screening using standard procedures®.
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Test for alkaloids

Hydrochloric acid (2 mL) was added to the standard solutions of the extractives (5 mL) and
modified Dragandroffs reagent™ (1 mL) was slowly poured in the mixture. Formation of
orange or red precipitate indicates the presence of alkaloids.

Test for flavonoids
Dilute ammonia solution (5 mL) was added to a portion of the plant extracts (2 mL)

followed by addition of concentrated sulfuric acid. A yellow coloration observed in the
extract indicates the presence of flavonoids. The yellow colour disappears on standing.

Test for tannins

The plant extract (5 mL) was added to the ferric chloride solution (0.1%). Appearance of
blue black or brownish green coloration indicates the presence of tannins.

Test for steroids

Acetic anhydride (2 mL) was added to plant extract (5 mL) with sulfuric acid (2 mL). The
colour changed from violet to blue or green in samples indicates the presence of steroids.

Test for terpenoids

The plant extract (5 mL) was mixed in chloroform (2 mL) and concentrated sulphuric acid
(3 mL) was carefully added to form layer. A reddish brown coloration of the interface was
formed indicates the presence of terpenoids.

Test for saponins

The plant extract was diluted with distilled water (20 mL) and it was agitated in a graduated
cylinder for 15 min. The formation of 1 cm layer of foam showed the presence of saponins.

Antioxidant activity
DPPH radical scavenging assay by ICsy method

The assay was carried out by reported procedure®. A solution (0.025 mm) of DPPH in
methanol was prepared. The solutions of BHT and test sample of various concentrations
were prepared in methanol (0.2 mg-3.5 mg/mL). DPPH solution without test samples was
used as control. The blank was prepared without DPPH. To the test solution (1 mL), DPPH
(1 mL) was added. The solution was allowed to stand at room temperature for 30 min. The
decrease in color of the solution was measured spectrophotometrically at 517 nm. The
percentage of inhibition was calculated as follows. The experiment was run in triplicates.
The % inhibition was calculated as follows;

% Inhibition = [A. — (Ar-Ay) / A X 100
Where A, is the absorbance of control, A, is the absorbance of blank and A, is the
absorbance of test Antioxidant activity of the extracts were expressed as ICs, values. The

IC5, value is defined as that concentration of sample which inhibits 50 % of DPPH radicals.
All the experiments were performed in triplicates.

Reducing power assay

The assay was carried out by reported procedure®. The solutions of extractives (1
mg/mL each in methanol) were mixed with phosphate buffer (0.2 M, PH 6.6, 1 mL) and
potassium ferricyanide (0.1%, 1 mL). The mixture was incubated at 50 °C for 30 mins.
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Aqueous trichloroacetic acid (10%, 1 mL) was added to the mixture and then centrifuged at
3000 rpm for 10 min. To the supernatant solution ferric chloride (1%, 2.5 mL) was added
and absorbance was measured at 700 nm. BHT was used as a standard. All the experiments
were performed in triplicates.

S-Carotene linoleic acid assay

The assay was carried out by reported procedure®. To the chloroform solution (1 mL),
B-carotene (3.34 mg), linoleic acid (40 mg) and Tween-20 (400 mg) were added. The
chloroform was then removed at 40 °C under vacuum using a rotary evaporator. The
resulting mixture was diluted with distilled water (10 mL). The volume of resulting
emulsion was further made up to 100 mL with hydrogen peroxide (0.01 M). The test
solutions of each sample (0.5 mg/mL and 1 mg/mL) and the standard solutions of BHA
and BHT (1 mg/mL) in methanol were prepared. Aliquots (2 mL) of the [S-carotene -
linoleic acid emulsion were transferred into test tubes containing test solutions (0.1 mL)
and standards (0.1 mL) in methanol A solution containing methanol (0.1 mL) and
[S-carotene linoleic acid emulsion (2 mL) was used as a control. The blank was prepared in
the same manner as that of test solution without B-carotene- linoleic acid emulsion. The
test tubes were placed in water bath maintained at 40 °C. Absorbance of all the samples at
470 nm were recorded at zero time and after every 15 mins till the colour of f-carotene
disappeared (90 mins.) in the control. The % inhibition was determined by the following
equation:

% Inhibition = [(AA(9O)_ AC(9O)) / (AC(()) - AC(9O))] x 100

Where, Aap) is the absorbance of antioxidants at 90 mins, Acp) is the absorbance of
control at 90 mins, A is the absorbance of control at 0 min. All the experiments were
performed in triplicates.

Total phenolic content

The total phenolic content was determined by the reported method®* using Folin-Ciocalteau
reagent. A solution of the sample in methanol (1 mg/mL) was prepared. To this solution
(1 mL), Folin-Ciocalteau reagent (1/10 dilution, 1 mL) was added. After 5 min., sodium
carbonate (10 mL, 7%) was added to the mixture. This solution was diluted to 25 mL using
distilled water. The absorbance was measured at 750 nm after incubation for 90 min at room
temperature. Total phenolic content of the samples are expressed as Gallic acid equivalent
(GAE) / mg dry weight of the sample. All the experiments were performed in triplicates.

Results and Discussion

Yields

The dried and powdered fruits of F. budrunga yielded from n-hexane (34.5 g, 6.9%), ethyl
acetate (86 g, 17.12%) and methanol (100 g, 20%) as dark colored sticky matter.

Phytochemical screening of extracts

The results obtained in the present investigation are summarized in Table 1. Phytochemical
screening reveals the presence alkaloids and flavonides in methanol extract. Ethyl acetate
extracts contains all classes of phytochemicals except saponins. The secondary metabolites
belonging to tannins, terpenoids and steroids are found to be present in n-hexane extracts.
Saponins were absent in all the three extracts.
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Table 1. Phytochemical screening of n-Hexane, ethyl acetate and methanol extracts of F.
budrunga Fruit

S.No  Phytochemical = Hexane extract Ethyl acetate Methanol
extract extract
1 Alkaloids - + +
2 Flavonoids - + +
3 Tannins + + -
4 Steroids + + +
5 Terpenoids + + .
6 Saponins - - -

+ indicate Present, - indicate Absent
Antioxidant activity

In the presents study three antioxidant methods were carried used to evaluate the free radical
scavenging and hydrogen donating capacity of each of the F. budrunga fruit extracts.

DPPH assay

This assay is based on electron-donating capacity of antioxidants to quench the free DPPH
radicals. The decrease in the colour of DPPH solution due to presence of antioxidants is
measured by spectrophotometer at 517 nm. Free radical scavenging capacity of the extracts
measured by DPPH is shown in Table 2. The free radical scavenging capacity of methanol
extract (IC5;=150 pg/mL) was superior to that of ethyl acetate extract (550 ug/mL) and
hexane extract (3000 pg/mL). Polar extracts are therefore found to show strong radical
scavenging capacity than non-polar extract or less polar extracts.

Table 2. Determination of Ics, Values of Extracts by DPPH Radical Scavenging Assay

S. No. Extracts IC 54, ug/mL
1 BHT (Standard) 20
2 Hexane extract 3000
3 Ethyl acetate extract 550
4 Methanol extract 150

Reducing power assay

This assay is based on the principle that the substances which have reduction potential react
with potassium ferricyanide (Fe’*) to form potassium ferrocyanide (Fe’*), which then react
with ferric chloride to form ferric ferrous complex that has an absorption maximum at
700 nm. Higher the absorbance, higher is the reducing capacity of the extract. The results of
the experiments conducted to determine the reducing power of the extract is graphically
shown in Figure 1. The methanolic extract shows highest absorbance at 700 nm compared to
other samples thereby indicating strongest reducing capacity among the test samples. The
absorbance indicative of reducing power decreases in the order, methanolic extract (83.50%)
> ethyl acetate extract (73.92%) > n-hexane extract (58.47%). It is noteworthy that activity
observed is the same as that observed in DPPH assay.

S-Carotene linoleic acid assay

The [-carotene bleaching assay is based on the spectrophotometric quantification of the
decrease in the yellow colour of S-carotene due to its reaction with the radicals that are
generated by linoleic oxidation in an emulsion. The plot of inhibition of lipid peroxidation
by the n-hexane, ethyl acetate and methanol extract of F. budrunga fruits compared with the
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standard, BHT, is shown in Figure 2. In the f-carotene bleaching assay, the control shows
decrease in the absorbance with time due to the formation of peroxides, in absence of
antioxidants. The standard and test solution of extracts exhibited slight decrease in absorbance
of peroxides. Per cent inhibition of peroxides at two different
concentrations is shown in Table 3. A moderate activity is shown by n-hexane and ethyl
acetate extracts whereas the activity of methanolic extract is found to still lower at 1 mg/mL.

indicating inhibition

Absorbance, nm

Figure 1. Reducing Power assay of extracts of Fagara budrunga

08 -

[
07’
06 4
054

04 4

Absorbance, nm

034

024

014

ol

3.5 4
3
2.5 4

1
O.S-J
04

1l

Hexane Ethyl Methanol
extract acetate extract
Extract
Time, min

—e+—Control
—o0—BHT

—&—Hexane Ext. 1
mg/ml

g Hexane Ext. 2
mg/ml

—m—Ethyl acetate
Ext. 0.5 mg/ml

—s—Ethyl acetate
Ext.1mgml

—+—Methanol Ext.
0.5 mg/mll

—»—Methanol Ext.
Tmgml;

0

Figure 2. Lipid peroxidation assay of extracts of Fagara budrunga
Table 3. Determination of antioxidant activity of the extracts from F. budrunga Fruit by

1% 30 45 50 75 90

Solvent extracts

- carotene linoleic acid assay

S. No. Extracts % Inhibition
1 BHT, 0.1 mg/mL 80.34
2 Hexane extract, 1 mg/mL 66.24
3 Hexane extract, 2 mg/mL 77.17
4 Ethyl acetate extract, 0.5 mg/mL 56.57
5 Ethyl acetate extract, 1 mg/mL 65.29
6 Methanol extract, 0.5 mg/mL 53.74
7 Methanol extracts, 1 mg/mL 54.35
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Total phenolic content

This assay measures the reducing capacity of the substance. The methanolic extract indicated
highest total phenolic content (75 mg GAE/g dry weight) among the test samples followed by
ethyl acetate extract (40 mg GAE/g dry weight) and n-hexane extract (27 mg GAE/g dry
weight). The methanolic extract possesses strong reducing capacity as compared to ethyl
acetate and n-hexane extract. This is also supported by DPPH and reducing power assays.

Several studies have reported the relationship between antioxidant capacity and
polyphenolic compounds®®’. The polyphenols are extracted from plants by polar solvents. The
extracts obtained by using polar solvents are therefore expected to exhibit better antioxidant
activity than those obtained using less polar solvents or non polar solvents. This is also
supported by the report from the literature®. Presence of phenolics in food is particularly
important for their oxidative stability and antimicrobial protection”'. A phenolic compound,
Xanthoxylin, reported in the polar extract of F. budrunga®' could be one of the compounds
responsible for better antioxidant activity of methanolic extract as compared to other extracts.

Conclusion

The present study gives the fundamental information on the antioxidant activities of Fagara
budrunga fruit extracts. The crude extracts obtained from all the solvents showed satisfactory
inhibition of peroxide and free radical scavenging activity. Among all the extracts, the methanol
extract exhibited the highest free radical scavenging activity. On the basis of the results it is
suggested that F. budrunga fruit could be used as source of natural antioxidant drugs.
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