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ABSTRACT

Objective: Estimation of total phenol, flavonoid, and antioxidant activity of various plant parts (leaves, stem, root, flower, and fruit) of Ailanthus 
excelsa Roxb. methanolic extracts.

Methods: Different plant parts were extracted with methanol, then the total phenol content was calculated using Folin-Ciocalteu reagent, total 
flavonoid content was estimated using aluminum chloride colorimetric method and the antioxidant activity was measured by 1,1-diphenyl-2-
picrylhydrazyl radical assay.

Results: The highest total phenolic content 48.38 mg gallic acid equivalent [GAE]/gdw was observed in flower and lowest phenolic content in root 
(28.56 mg GAE/gdw). The highest total flavonoid content (21.5 mg quercetin equivalent [QE]/gdw) was found in leaf and lowest in root (1.11 mg 
QE/gdw). The highest radical scavenging activity was found in flower extracts with the inhibitory concentration value of 36.85 µg/ml and the lowest 
scavenging activity was observed in root extract that was found to be 1493.46 µg/ml.

Conclusion: According to the results of present investigation the plant showed significant antioxidant activity that can be used for medical purpose 
for the treatment of various diseases.
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INTRODUCTION

An oxidative stress is the result of free radicals, which form stable 
electron pairing with biological macromolecules such as proteins, 
lipids and DNA in healthy human cells and cause protein and DNA 
damage along with lipid peroxidation. It is answerable for many of 
today’s diseases that results from an imbalance between formation and 
neutralization of pro-oxidants [1].

In defense against this oxidative stress, body have their own 
system including various enzymes, proteins, and vitamins, which 
are known as antioxidants. The level of antioxidants declines in 
body with the increasing age which requires external source of 
antioxidants to defend [2]. Currently, there has been an increased 
interest globally to identify antioxidant components that are 
pharmacologically effective and have low or no side effects for use in 
preventive medicine and food industry [3]. Plants are good sources 
of natural antioxidants such as vitamins, polyphenolic compounds 
and other secondary metabolites for the human diet, containing 
several different antioxidant compounds which provide defense 
against detrimental free radicals and have been sturdily associated 
with reduced risk of chronic diseases, in addition to other health 
benefits [4]. These natural phytoproducts show the antioxidant 
activity due to their redox properties, which allow them to act as 
reducing agents, hydrogen donators, singlet oxygen quenchers, and 
metal chelators [5,6].

According to the research studies, the antioxidant activity of plants 
might be due to their phenolic compounds [7]. Similarly, various 
flavonoids isolated from medicinal plants have been reported with 
antioxidative, anti-inflammatory, estrogenic, antimicrobial, antiallergic, 
cardiovascular, and cytotoxic antitumor activities [8].

Ailanthus excelsa Roxb (family: Simaroubaceae) is a tree of rapid 
growth and is called tree of heaven, leaves appear in March-April, 
30-90 cm long, pinnate, the flowers, small in size, yellow in color and 
arranged in panicles and the fruits are formed soon after flowering. 
The fruits ripen in May-June, just before the onset of monsoon. 
A. excelsa was investigated previously to prove antibacterial [9], 
antifungal [10], antifertility [11], and anticancer [12]. A. excelsa is 
used in treatment of skin eruption and for the cure of wounds, the 
bark is bitter, astringent, anthelmintic, febrifuge, appetizer, bitter 
tonic, taste bud stimulant, it is useful in diarrhea, amebic dysentery, 
chronic giardiasis, dyspepsia, abdominal spasm anorectal disease, 
hemorrhoids, fistula, fissures, ulcerative colitis as mentioned in 
traditional medicine [13]. From chemical point of view, the plant is 
a rich source of alkaloids [14,15], proteins [16], quassinoids [17,18], 
and flavonoids were isolated from leaves [19]. Therefore, this study 
was carried out to investigate the comparison of antioxidant activity 
of different plant part of A. excelsa Roxb. There are no data previously 
about the comparison of various plant parts of the plant. Therefore, 
the plant is quite medicinal having potent antioxidant activity and 
can be used in pharmaceutical industry for the preparation of new 
drugs.

METHODS

Collection of plant material
Plant parts (leaves, stem, root flower, and fruit) of A. excelsa Roxb. were 
collected from the University of Rajasthan campus, Jaipur. The material 
was brought to the laboratory, washed with tap water and air dried at 
room temperature. After drying, the samples were powdered using 
grinder mill and stored in desiccators. Herbarium samples were deposited 
and verified in the Department of Botany, University of Rajasthan, Jaipur, 
Rajasthan, India, and got the voucher specimen no. 211591.
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Preparation of plant extracts
About 10 g powder of different plant parts of A. excelsa Roxb. was 
placed in Soxhlet extractor separately. It was extracted with methanol 
for approximately 48 hrs and filtered through Whatman paper no 1 
filter paper. After filtration, the solvent collected from the extractor 
was evaporated. The concentrated residue obtained which contains the 
plant extract and stored for further use.

Determination of total phenolic content
The content of total phenol in methanolic extracts of A. excelsa Roxb. 
plant parts (leaves, stem, root flower, and fruit) was determined 
spectrophotometrically using Folin-Ciocalteu reagent [20] with 
modifications. Calibration curve was prepared by mixing methanolic 
solution of gallic acid (1 ml; 50, 100, 150, 200, 250 µg/ml) with 5 ml 
Folin-Ciocalteu reagent (diluted tenfold) and sodium carbonate 
solution in distilled water (4 ml, 0.7 M). The absorption was measured 
at 765 nm using a ultraviolet-visible (UV-VIS) spectrophotometer. 1 ml 
of plant extracts was mixed instead of 1 ml gallic acid with the same 
reagents as described above in three different test tubes and after 1 hr 
the absorption was measured to determination of the total phenolic 
contents. The absorbance was measured against a reagent blank, which 
was composed of the same reagents except test extract. Total content of 
phenolic in the plant extracts was expressed as gallic acid equivalents 
(mg of GAE/g sample) and were calculated for each sample.

Determination of total flavonoids content
The total flavonoid in the crude extracts was evaluated using the 
aluminum chloride colorimetric method [21]. To 1 ml of plant extract 
or standard of different concentrations 3 ml methanol, 0.2 ml of 10% 
aluminum chloride, 0.2 ml potassium acetate (1 M), and 5.6 ml of distilled 
water were added. Then the solution was incubated for 30 minutes at 
room temperature. The absorbance was measured at 415 nm using UV 
spectrophotometer against a blank. Standard curve was prepared using 
quercetin by dissolving it in methanol followed by serial dilution to 
25, 50, 100, 200 µg/ml. Total content of flavonoid in the plant extracts 
was expressed as quercetin equivalents (mg of QE/g sample) and were 
calculated for each sample.

Determination of 2,2-diphenyl-1-picrylhydrazyl (DPPH) free 
radical scavenging activity
The free radical scavenging activities of the plant extracts were 
measured using the modified method of Blois [22]. 1 ml each of the 
different concentrations of extracts or standard (vitamin C) in a test 
tube was added 1 ml of 0.3 mM DPPH in methanol. The mixture was 
vortexed and then incubated in a dark chamber for 30 minutes after 
which the absorbance was measured at 517 nM against a DPPH control 
containing only 1 ml of methanol in place of the extract. Percentage 
scavenging activity was calculated using the expression [23].

% scavenging activity

Absorbance of control 

 Absorbance o
=
− ff sample

Absorbance of control
1× 00

Statistical analysis
All parameters such as antioxidant activity, total phenolic content, and 
flavonoid content were performed in triplicate for each independent 
sample to be analyzed. All data were expressed as mean±standard 
deviation. Linear regression analysis was applied to calculate inhibitory 
concentration (IC50) value.

RESULTS AND DISCUSSION

Total phenolic and flavonoid content
The antioxidant activity of phenolics is mainly due to their redox 
properties, which allow them to act as reducing agents, hydrogen 
donors and singlet oxygen quenchers [24]. Phenolic compounds from 
plants belong to a class of bioactive compounds that have received much 
attention during recent years, mainly owing to their positive effects on 
diet-health interaction in human nutrition [25] and antioxidants have 

capacity to mobilize protective effects against oxidative stress due to 
their high antioxidant activity [26].

Table 1 shows the contents of total phenolics and flavonoids. Total 
phenolic contents were measured by Folin-Ciocalteu reagent in terms 
of GAE. The results revealed that total phenolic contents vary among 
different plant parts. The flower methanolic extracts showed highest 
phenolic content (48.38 mg GAE/gdw) and decreases in the order fruit 
(36.12 mg GAE/gdw), leaves (36.04 mg GAE/gdw), stem (32.28 mg 
GAE/gdw), and root (28.56 mg GAE/gdw).

Total flavonoid contents were measured by aluminum chloride method 
in terms of QE. Maximum flavonoid content was observed in leaves 
(21.5 mg QE/gdw) and decreases in the order stem (11.7 mg QE/gdw), 
flower (7.44 mg QE/gdw), fruit (5.24 mg QE/gdw), and root (1.11 mg 
QE/gdw).

DPPH radical scavenging activity
The DPPH scavenging assay is broadly used to assess the free radical 
scavenging of plant extracts due to its simple, rapid, sensitive, and 
reproducible procedure [27].

Table 2 shows the IC50 values of methanolic extracts of various 
samples of A. excelsa Roxb., that is, the measure of free radical 
scavenging activity by DPPH. From the results, it was observed that 
the flower extract exhibited the highest scavenging activity having 
lowest IC50 value that was found to be 36.85 µg/ml and lowest 
scavenging activity in the root extracts having highest IC50 value that 
was found to be 1493.46 µg/ml. This activity might be due to the 
presence of phenolic compounds. The IC50 value of standard ascorbic 
acid was 17.30 µg/ml.

The radical scavenging activity of the extract was observed from the 
decrease in absorbance of the DPPH with the extract with increase 
in concentration at 517 nm. This revealed in the rapid discoloration 
of the purple DPPH to light yellow, suggesting that the radical 
scavenging activity of methanol extract of A. excelsa Roxb. was due 
to its proton donating ability. Linear regression curve between 
concentration and % inhibition of different plant parts were 
depicted in Figs. 1-5.

CONCLUSION

In conclusion, this study indicates that the extracts obtained from the 
various plant parts of A. excelsa Roxb. have significant free radical 
scavenging activity on stable DPPH and high reactive hydroxyl radical. 
The data depicts that the plant, A. excelsa Roxb. is a potential source of 
natural antioxidants.

Table 1: Total phenol and flavonoid content in A. excelsa Roxb.

Plant 
part

Total phenolic content  
(mg GAE/gdw)

Total flavonoidal content  
(mg QE/gdw)

Leaves 36.04±0.089 21.5±0.037
Stem 32.28±0.004 11.7±0.013
Root 28.56±0.006 1.11±0.008
Flower 48.38±0.016 7.44±0.008
Fruit 36.12±0.176 5.24±0.025
A. excelsa: Ailanthus excelsa

Table 2: IC50 values of different plant parts of A. excelsa Roxb

Plant part IC50 values (µg/ml)
Leaves 466.28±16.33
Stem 1313.92±14.22
Root 1493.46±20.03
Flower 36.85±4.23
Fruit 221.83±17.87
A. excelsa: Ailanthus excelsa, IC50: Inhibitory concentration
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In this study, antioxidant activity of methanolic extracts significantly differed 
among the various plant parts. Flower showed the highest antioxidant 
activity and root showed the lowest activity. The antioxidant activity of A. 
excelsa Roxb. as according to the previously proved research may be due 
to the presence of significant amount of phenolic compounds because 
phenolic compounds are the major contributors of antioxidant activity. As 
according to the previously proved research due to the presence of phenols 
and flavonoids and their correlation with total phenolic content and total 
flavonoid content, these studies suggest that phenols and flavonoids can 
be used to develop the novel phenolic synthetic antioxidants that can be 
applied to retard the effects of free radicals and oxidants [28-30]. Hence, 
further research is necessary to conduct on identification of bioactive 
compounds which are responsible for the antioxidant activity and can be 
applied for medical purpose in therapeutics.
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