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ABSTRACT
Background: Antioxidants have important role on human health as well as in food industry.
Natural antioxidants are preferred to synthetic antioxidants. Objective: In this study attempt
was made to explore the leaf biomass, generally wasted and burnt, as sources of important
antioxidant compounds. Methods: Extracts of leaves from five plants e.g. Artocarpus
heterophyllus, Haldina cordifolia, Magnolia champaca, Mimusops elengi and Syzygium cumini
were analyzed for their antioxidant properties by four different systems of assays. Identification and quantification of important components were performed using GC-MS. Results:
All the extracts scavenged DPPH radical, superoxide radical, and chelated metal. S. cumini
showed strongest antioxidant activities in all systems of assays. Many important phenols and
other metabolites were identified. Correlation between activity and metabolite profile helped
to identify important antioxidant compounds in the extracts. Important phenolic antioxidants
identified were catechin, epicatechin, protocatechuic acid (from S. cumini), gallic acid, myricetin
(from S. cumini, M. elengi), arbutin, 4-hydroxycinnamic acid (from M. elengi). Conclusion:
Thus, the leaf biomass may be used as an alternative source of these important phytochemicals
having antioxidant activity.
Key words: Antioxidants, GC-MS, Leaf waste, Phytochemicals.
Key message: Extracts of biomass waste (leaves) from five plants e.g. Artocarpus heterophyllus,
Haldina cordifolia, Magnolia champaca, Mimusops elengi and Syzygium cumini showed
antioxidant activities against free radicals and chelated metals. The extracts were found to be
sources of important phenolic phytochemicals e.g. catechin, epicatechin, protocatechuic acid
(from S. cumini), gallic acid, myricetin (from S. cumini, M. elengi), arbutin, 4-hydroxycinnamic
acid (from M. elengi) having antioxidant activities.

INTRODUCTION
Oxygen that is responsible for aerobic respiration in
living organisms may adversely affect body causing
homeostatic disturbances through malfunctioning
immune cells under certain circumstances. Oxygen
may generate a series of reactive oxygen species (ROS)
or oxygen free radicals that includes free radicals viz,
superoxide radical (O2.-), hydroxyl radical (OH.) and
non-free radicals like H2O2, singlet oxygen (1O2).1
ROS subsequently leads to damage of DNA, lipids,
carbohydrates and proteins in cells leading to the
development of different degenerative diseases.2
Antioxidants are capable of stabilizing or deactivating
free radicals before they attack cells. They can interfere
with the oxidation process by reacting with free
radicals, chelating free catalytic metal ions.3 There
are both enzymatic and non-enzymatic (Vitamin E,
β-carotene, glutathione, vitamin C, albumin etc. and
minerals like Se, Cu, Zn etc.) antioxidant defence
within cells.4 Interest in the possible health benefits
of flavonoids and polyphenolic compounds has

increased in recent years owing to their potent antioxidant and free radical scavenging activities.5
Plants having large foliar canopies like trees produce
enormous leaf biomass with negligible uses like fodder
and for soil amelioration, serve no commercial use
and are generally burnt. This huge raw mass is only
the cheapest and cost-effective route from photons
to fuels 6 and pharmaceuticals. But the biomass is
getting lost without proper evaluation. So, the underutilised renewable stream may be a promising
alternative source of bioactive chemicals and pharmaceuticals in sustainable economy approach.
This concern leads us conducting the present study
where we had chosen some indigenous tree species
of India with folklore claims as well as religious
significance to the tribal groups. The objectives were
to study the antioxidant properties of leaf extracts of
such plants and identify the active components.
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MATERIALS AND METHODS
Chemicals and reagents
Ferrozine, ferrous chloride, DL-methionine, nitro-blue-tetrazolium
(NBT) were purchased from Sisco Research Laboratory Ltd., India;
2, 2 diphenyl-1-picrylhydrazyl (DPPH), N-methyl-N-(trimethylsilyl)
trifluoroacetamide (MSTFA), methoxyamine hydrochloride, adonitol
and FAME (Fatty Acid Methyl Esters) from Sigma-Aldrich (USA); Folinciocalteu, ammonium heptamolybdate from Merck Specialities (India)
Pvt. Ltd.; ethylenediamine tetra acetic acid (EDTA) from SD Fine-Chem
Ltd; riboflavin from HiMedia Lab. Ltd. (India). All other reagents and
solvents were of analytical grade.

Plant materials and extract preparation
Raw leaves of Artocarpus heterophyllus Lam. [Moraceae], Haldina cordifolia
(Roxb.) Ridsdale [Rubiaceae], Magnolia champaca (L.) Baill. ex Pierre
[Magnoliaceae], Mimusops elengi L. (Sapotaceae) and Syzygium cumini
(L.) Skeels [Myrtaceae] were collected from Kolkata, India between the
month of April 2011 and February 2012 (Voucher no. SB/332/37-38,
SB/332/40-41 and SB/332/43 available in the Dept. of Botany, University
of Calcutta) and identified botanically. Properly washed and sun dried
powdered leaves (15 g) were extracted (in Soxhlet) with (200 - 300) ml
methanol under reflux for continuous 5 h.14 The extract was filtered and
concentrated under reduced pressure in a rotary evaporator to obtain
crude semi-solid mass. It was then stored at -20oC till used for experiments.

DPPH radical scavenging activity
DPPH radical scavenging activities of different extracts were measured
following the method of Braca et al.7 Different concentrations of methanol
extract (0.1 ml) of leaf were added to methanolic solution (0.004%) of
DPPH (3 ml). After 30 min, absorbance was read at 517 nm. The activity as
percent inhibition was measured as [ACONTROL– ASAMPLE / ACONTROL] ×100.

Determination of superoxide radical (O-.2) scavenging
activity
The method used by Banerjee et al.8 was followed for superoxide radical
scavenging activity. The reaction mixture consisted of 50 mM phosphate
buffer (pH 7.8), 13 mM methionine, 2 mM riboflavin, 100 mM EDTA,
75 mM NBT and 1 ml sample. The mixture could stand for 10 min under
illumination from a fluorescent lamp. The entire reaction assembly was
enclosed in a box lined with aluminium foil. Identical tube with reaction
mixture was kept in the dark as blank. Absorbance was read at 560 nm.
The percentage inhibition activity was measured as, [ACONTROL– ASAMPLE
/ ACONTROL] ×100

Determination of chelating activity on Fe2+
The ability of the extracts to chelate iron (II) ions by reducing the red
colour of ferrous ion-ferrozine complex was evaluated modifying the
method of Wang et al.9 Ferrous chloride (2 mM, 0.4 ml) and methanolic
solution of leaf extract (0.2 ml) were mixed in eppendorf tube. The reaction was started by adding 5 mM ferrrozine (0.4 ml, 5 mM). The mixture
could stand for 10 min at 37oC. Then 0.075 ml distilled water was added.
The absorbance was read at 562 nm spectrophotometrically. The ferrous
ion chelating ability was calculated as follows: % Inhibition = [ACONTROL–
ASAMPLE / ACONTROL] ×100

Determination of total antioxidant capacity
The total antioxidant activity was evaluated by the modified method of
Preito et al.10 An aliquot of 0.3 ml of solution of sample was combined
with 3 ml of reagent (0.6 M sulphuric acid, 28 mM phosphate buffer and
4 mM ammonium molybdate). The tubes were capped and incubated
Free Radicals and Antioxidants, Vol 8, Issue 2, Jul-Dec, 2018

in a water bath at 95oC for 90 min. After the mixture was cooled, the
absorption of the solution was measured at 695 nm against blank using
UV- Spectrophotometer. Total antioxidant capacity was measured from
the regression equation prepared from the concentration versus optical
density of ascorbic acid and expressed as Ascorbic Acid (µg) Equivalent
(AAE) per mg of extract (µg AAE mg-1 extract).

Determination of total phenol content
The amount of total phenol content in extracts was determined by FolinCiocalteu reagent in alkaline medium following the method of Sadasivam
and Manickam.11 Sample solution (3 ml) was introduced into test tube
containing 0.5 ml Folin-Ciocalteu reagent. After 3 min, 2 ml of Na2CO3
(20%) was added and mixed thoroughly. The tubes were placed in boiling
water bath for 1 min. After cooling the developed blue colour was
recorded at 650 nm against a reagent blank. Total phenol content was
expressed as standard Gallic Acid (µg) Equivalent (GAE) per mg extract
(µg GAE mg-1 extract). Total phenol content was calculated using the
regression equation prepared from a range of increasing concentrations
of gallic acid and their respective optical densities.

Determination of total flavonoid content
Total flavonoid content was determined following the procedure of Kim
et al.12 An aliquot of 0.1 ml of crude extract (dissolved in methanol), 0.4
ml water, 0.03 ml NaNO2 (5%) were mixed and after 5 mins 0.03 ml AlCl3
(10%) was added and left for 1 min of incubation at room temperature.
Next, 0.2 ml NaOH (1M), 0.24 ml distilled water was added. All samples
were measured in triplicate and compared against a blank at 510 nm.
Total flavonoid content was calculated using the equation obtained from
the graph of catechin concentrations versus its respective optical densities.
Total flavonoid content was expressed as Catechin (µg) Equivalents (CE)
per mg of extract (µg CE mg-1 extract).

GC-MS analysis
GC-MS analysis was carried out following the modified method of Kind
et al.13 as reported previously,14 with Agilent Technology 7890A GC
System equipped with 5975C Inert MS on electron impact ionization
(EI) mode operated at 70eV. The column used was Agilent J and W
(USA) HP-5 (10 m × 0.25 mm × 0.25 µm). The injection temperature was
250 oC and performed at 10:1 split ratio. The GC oven was kept at 60oC
for 1 min to 325oC using a linear rise of 10 oC / min having 10 min hold
before cooling down resulting in a total 37.5 min run time. Helium was
used as the carrier gas at a constant flow rate of 0.723 ml min-1 (carrier
linear velocity 31.141 cm sec-1). The MS scan parameters include 230oC
ion source temperature, mass spectral range of 30-500 mz-1 and transfer
line temperature was set to 290oC.
Materials were prepared as reported earlier.14 Crude extract added with
20 µl internal standard (adonitol, 0.2mg ml-1distilled water) was distributed
to 4 eppendorf tubes each containing 50 µl of solution. After evaporation to dryness, each sample was derivatized after methoxymation using
methoxamine hydrochloride at 30oC for 90 min followed by trimethylsilyl
derivatization for 30 min at 37oC using MSTFA. Prior to injection to GC
machine 2µl of FAME (Fatty Acid Methyl Ester) [a mixture of internal
Retention Index (RI) markers was prepared using fatty acid methyl esters
of C8, C10, C12, C14, C16, C18, C20, C22, C24 and C26 linear chain
length] was added. The sample was injected into GC-MS immediately
after derivatization.
The peaks were identified using Automated Mass spectral Deconvolution
and Identification System (AMDIS). Interpretation of the metabolites
was carried out by comparing the fragmentation patterns of the mass
spectra, retention times (Rt) and retention indices (RI) with entries of
mass spectra, Rt and RI in Agilent Fiehn Library [Agilent Fiehn
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GC/MS Metabolomics RTL Library (2008) (Agilent Technologies Inc.,
Wilmington, USA)]. Many of the metabolites were also further identified
comparing the above-mentioned parameters with those of authentic
samples. For all the metabolites, relative response ratio was calculated
after normalizing the peak area of the compound by extract dry weight
and peak area of internal standard.

Quantification of identified metabolites
Some of the identified metabolites, mainly phenolics available in the
laboratory were quantitated. Standard sample of each metabolite was
used for preparing calibration curve. Preparation for GC was same as
mentioned earlier. Calibration curves were prepared plotting concentration
(ng) against peak area.

Statistical analysis
Results of triplicate experiments were analysed using Microsoft Excel
2007 and presented as mean ± SD. Correlations and regressions were
carried using Excel programme. Statistical significance using post-hoc
analyses were also performed.

RESULTS
Antioxidant activities
Yield of methanolic extracts of the leaves are listed in Table 1. Methanolic
extracts of the five different plants A. heterophyllus, H. cordifolia,
M. champaca, M. elengi and S. cumini were studied to analyze their
antioxidant potential in four different systems of assays e.g. DPPH radical
scavenging assay, superoxide radical scavenging assay, metal chelation
assay, total antioxidant capacity.
Table 1: Extraction yield, total phenol content and total flavonoid
content in different leaf extracts.
Leaf extract

Yield (%)*

Total Phenol
Content
(µg GAE g-1 extract)

Total Flavonoid
Content
(µg CE g-1 extract)

A. heterophyllus

14.47

0.34 ± 0.21

0.11 ± 0.02

H. cordifolia

33.8

1.26 ± 0.62

0.2 ± 0.07

M. champaca

19.04

0.51 ± 0.13

0.09 ± 0.02

M. elengi

25.21

0.53 ± 0.09

0.07 ± 0.02

S. cumini

12.17

1.06 ± 0.35

0.08 ± 0.02

*On moisture free basis after sun drying; GAE= Gallic acid Equivalent,
CE = Catechin Equivalent

DPPH radical scavenging assay
All the five extracts scavenged DPPH radical in a dose dependent manner
(r = > 0.9) (Figure 1). Among them S. cumini showed highest activity
(IC50 = 20.18 ± 0.41 µg ml-1) and M. champaca showed lowest activity
(IC50 = 105.54 ± 1.34 µg ml-1) against DPPH free radical. The DPPH radical
scavenging activities of the other materials were in the order H. Cordifolia >
M. elengi > A. heterophyllus. Heat map for activity comparison and
graphical representation of the activities based on IC50 values against
DPPH radicals are shown in Figure 2 and Figure 3 respectively. Post-hoc
tests were performed to understand the significant differences in activities
in different extracts (Table 2).

Superoxide radical scavenging assay
The leaf extracts considered for the study scavenged superoxide radical
in dose dependent manner (r = > 0.9) (Figure 1). The superoxide radical
scavenging activities of different extracts were compared based on their
IC50 values (Figures 2 and 3). S. cumini leaf extract was found to be the
most powerful as it showed lowest IC50 value (13.27 ± 0.14 µg ml-1).
Other leaf extracts showed activities in the order H. Cordifolia >
M. elengi > A. heteroplyllus > M. champaca. Post-hoc tests are presented
in Table 2.

Assay for metal chelation property
The result demonstrated that formation of ferrozine-Fe2+ complex is
inhibited in the presence of leaf extracts in dose dependent manner
(Figure 1). The highest activity (Figures 1 and 2) was noticed in S. cumini
extract having lowest IC50 value (3.07 ± 0.01 mg ml-1) and H. cordifolia
showing lowest activity with highest IC50 value (5.02 ± 0.02 mg ml-1).
Activities of the other extracts were as follows: M. champaca (IC50 value
= 3.25 ± 0.03 mg ml-1); A. heterophyllus (IC50 value = 3.91 ± 0.03 mg ml-1)
(Figures 2 and 3). M. elengi showed no activity within the range of
(0-7) mg ml-1 concentration. Post-hoc test analysis (Table 2) shows the
difference in activities.

Total antioxidant capacity
The total antioxidant capacity expressed as ascorbic acid equivalent
(µg AAE per mg of extract) was determined. S. cumini was found to have
highest total antioxidant capacity i.e. 1 mg extract had antioxidant capacity
equivalent to 0.95 ± 0.16 μg ascorbic acid. The comparison of activities of
the five extracts is presented in Figures 2,3.

Table 2: Post-hoc analysis to show differences in activity.
Activities

p.values

Post-hoc tests

DPPH radical scavenging
activity

1.1526E-15

Artocarpus heterophyllus – Haldina cordifolia; Magnolia champaca - Haldina cordifolia; Mimusop selengi –
Haldina cordifolia; Syzygium cumini –Haldina cordifolia; Magnolia champaca – Artocarpus heterophyllus;
Mimusops elengi –Artocarpus heterophyllus; Syzygium cumini – Artocarpus heterophyllus; Mimusops elengi Magnolia champaca; Syzygium cumini - Magnolia champaca; Syzygium cumini – Mimusops elengi

Superoxide radical
scavenging activity

6.9098E-12

Artocarpus heterophyllus – Haldina cordifolia; Magnolia champaca –Haldina cordifolia; Mimusops elengi –
Haldina cordifolia; Syzygium cumini – Haldina cordifolia; Magnolia champaca – Artocarpus heterophyllus;
Syzygium cumini – Artocarpus heterophyllus; Mimusops elengi – Magnolia champaca; Syzygium cumini Magnolia champaca; Syzygium cumini – Mimusop selengi

Metal chelation activity

6.8784E-20

Artocarpus heterophyllus – Haldina cordifolia; Magnolia champaca – Haldina cordifolia; Mimusops elengi
– Haldina cordifolia; Syzygium cumini - Haldinacordifolia; Magnolia champaca-Artocarpusheterophyllus;
Mimusops elengi – Artocarpus heterophyllus; Syzygium cumini – Artocarpus heterophyllus; Mimusops elengi Magnolia champaca; Syzygium cumini - Magnolia champaca; Syzygium cumini – Mimusops elengi

Total antioxidant capacity

2.6872E-6

Syzygium cumini – Haldina cordifolia; Syzygium cumini –Artocarpus heterophyllus; Syzygium cumini Magnolia champaca; Syzygium cumini –Mimusops elengi
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Total phenol and total flavonoid contents
Total phenol content was found to be highest in H. cordifolia followed by
S. cumini (1.26 ± 0.62 and 1.06 ± 0.35 μg GAE mg-1 extract respectively).
The rest are in decreasing order of content M. elengi > M. champaca >
A. heterophyllus. Total flavonoid content was highest in H. Cordifolia
followed by A. Heterophyllus (0.2 ± 0.07 and 0.11 ± 0.02μg CE mg-1
extract respectively). The rest are in decreasing order of M. champaca >
s. cumini > M. elengi (Table 1).

Phytochemical composition
Antioxidant activity of an extract is due to presence of antioxidant
metabolites in it. To know the chemical composition of the extracts each
sample was analysed by GC-MS based metabolomics approach. Relative
Response Ration per g weight of extract of each metabolite is presented
in Table 3 for semi-quantitative comparison. GC-MS analysis revealed
the presence of a total 17 different metabolites in H. cordifolia, 23 metabolites in A.heterophyllus, 26 metabolites in M. champaca, 36 in M. elengi
and 34 in S. cumini. The result showed that all samples contained sugar
and derivatives, amino acids (except H. Cordifolia), fatty acids, phenols
and flavonoids, organic and inorganic acids. Different sugar and derivatives
detected were allo-inositol, cellobiose, galactinol, glycerol, glycerol1-phosphate, lactitol, lactose, D-mannitol, D-sorbitol, sucrose, D-threitol,
D-(+) trehalose and xylitol. Seven different amino acids were identified.
Fatty acids (8 different types) were sparingly dispersed within these
species. Prevalence of phenols and flavonoids were noticed in the
extracts. The extracts contained 7 organic acids and 1 inorganic acid.

Some of the metabolites were also quantified using GC-MS from standard
curves of authentic samples (Figure 4).

Correlation analysis
Antioxidant activities of all these plant extracts were correlated to their
total phenol and total flavonoid contents (Figure 5). Lower IC50 value
indicates high activity. So IC50 value is inversely proportional to the
active constituents. Good inverse correlations were achieved for total
phenol content and IC50 values for DPPH radical scavenging activity and
superoxide scavenging activity. Good correlation also existed between
total antioxidant capacity and total phenol content. However, correlation
between metal chelation activity and total phenol content was poor.
Lower correlations for total flavonoid content to DPPH radical scavenging
activity and superoxide scavenging activity were obtained. Poor correlation
was found for total flavonoid content and metal chelating activity.
Antioxidant activities were also correlated to all the metabolites identified
(Table 4). There were significant correlations between some of the identified
metabolites and activities. The compounds mainly responsible for DPPH
radical scavenging activity were found to be mannitol, trehalose,
glycerol-1-phosphate, galactinol, alanine, L-glutamic acid, L-pyroglutamic
acid, phytol, tartaric acid, protocatechuic acid, gallic acid, epicatechin,
catechin. Compounds with good correlation to superoxide radical scavenging activity were mannitol, phytol, tartaric acid, L-glutamic acid,
protocatechuic acid, epicatechin, catechin. Total antioxidant capacity
had shown good correlation with total phenol content, as well as with
the compounds alanine, L-glutamic acid, L-pyroglutamic acid, mannitol,
glycerol-1-phosphate, galactinol, protocatechuic acid, catechin, epicatechin,
tartaric acid, myristic acid.

Figure 1: Dose dependent graph; A. DPPH radical scavenging activity B. Superoxide radical scavenging activity C.
Metal chelation property.
Free Radicals and Antioxidants, Vol 8, Issue 2, Jul-Dec, 2018
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Table 3: List of metabolites identified from different leaf extracts.

Organic acid

Phenolics

Groups

Others

Fatty acid

Amino acid

Sugar and derivatives

Inorganic acid

Metabolites identified
Arbutin*
Benzoic acid*^
Caffeic acid*^
Catechin*
Chlorogenic acid*^
(-)-Epicatechin*^
Gallic acid*^
4-Hydroxybenzoic acid*^
4-Hydroxycinnamic acid*^
Isoquercitrin*
Myricetin*^
Neohesperidin*
Protocatechuic acid*^
Quinic acid*^
Shikimic acid*
Vanillic acid*^
Glyceric acid*
Glycolic acid*
L-(+) Lactic acid*
D-Malic acid*^
Malonic acid*^
Succinic acid*^
Tartaric acid*
Phosphoric acid*
Allo-inositol*
Cellobiose*
Galactinol*
Glycerol*
Glycerol-1-phosphate*
Lactitol*
Lactose*^
D-Mannitol*^
D-Sorbitol*^
Sucrose*^
D-Threitol*
D-(+) Trehalose*^
Xylitol*
L-Alanine*^
L-Glutamic acid*^
L-glutamic acid (dehydrated)*^
DL-Isoleucine*^
L-Pyroglutamic acid*
L-Tyrosine*^
L-Valine*^
4-Guanidinobutyric acid*
6-Hydroxyhexanoic acid*
Lauric acid*^
Linoleic acid*
Myristic acid*
Oleic acid*
Palmitic acid*^
Stearic acid*^
Adenosine*
Phenylethylamine*
Phytol*
Porphine*
Squalene*

A. heterophyllus
83.43±19.41
2341.23±251.88
19.87±4.88
28.00±1.02
23.7±3.16
105.10±20.92
37.45±1.39
8.01±2.13
25.867±1.456
39.48±1.93
6.76±1.35
2046.04±117.24
88.75±14.18
41.23±1.38
17.69±1.83
1634.47±104.76
10.33±0.29
2.74±0.34
20.36±1.69
245.09±31.06
920.97±94.48
359.05±60.22
47.66±7.35
-

Relative Response Ratio g-1 crude extract (Mean ± SD)
H. cordifolia
M. champaca
M. elengi
11.39±0.36
10.71±3.98
2.91±0.61
55.69±5.03
3.52±0.84
1950.01±99.16
28.67±0.06
26.31±0.68
3±0.31
2184.65±260.65
6±1.09
1.23±1.43
2.45±1.71
31.95±9.57
80.13±10.27
17.76±2.91
1304.38±27.59
2920.44±217.16
4655.89±2301.77
2567.35±99.79
2896.09±510.95
4.02±0.34
30.02±2.2
53.67±16.81
9.96±0.45
8.98±0.83
4.53±0.80
17.81±3.07
33.06±3.77
80.32±2.56
45.12±7.10
107.25±5.64
5.94±3.64
12.59±5.14
32.37±1.93
4.87±0.07
6648.2±949.13
110.67±5
7.73±9.18
291.24±28.58
298.99±12.55
1217.25±72.60
35.75±7.76
20.07±1.4
133.41±4.15
24.24±0.27
150.16±4.96
3696.64±326.2
4060.50±1180.94
1680.7±102.14
8.99±0.72
13.58±1.13
24.27±3.072
10.34±2.39
5.63±0.87
21.48±3.06
7.28±0.43
2.09±0.57
29±2.71
2.32±1.30
3.57±2.5
60.02±2.69
47.47±2.46
880.22±11.71
2.37±0.59
26.86±2.78
9.7±4.45
5.84±1.17
106.07±9.47
72.96±2.78
175.09±11.42
61.93±6.68
58.37±8.87
91.52±3.19
13.51±2.10
8.34±5.56
7.31±0.72
4.35±2.92
23.26±3.32
-

S. cumini
12.38±3.86
8.26±1.83
1213.47±75.85
18.771±5.047
11.00±4.31
533.75±203.78
132.53±11.59
16.22±0.74
2.91±0.58
45.46±8.66
44.55±6.91
13.26±1.13
20.74±6.81
19.36±1.84
4.78±0.92
46.36±19.65
330.02±16.96
11.92±6.13
250.36±15.8
119.38±4.25
5.57±0.33
28.6±10.08
15.14±6.7
21.66±7.3
8.66±7.16
0.91±0.378
24.17±3.23
1.92±0.64
74.59±17.47
5.78±2
87.74±18.45
65.27±13.06
4.07±0.75
-

*Rt and RI matched to Fiehn Library; ^Rt matched to authentic samples; - not detected
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DISCUSSION
There is a growing demand and increasing interest on natural products
with no adverse effect on human beings and environment.15 Antioxidants
can prevent diseases through their radical scavenging potential.16 Plant
based antioxidants are preferred over synthetic antioxidants.17 In vitro
assays for measuring radical scavenging and other antioxidant properties
are followed frequently. DPPH radical scavenging activity is one of
the commonly practised methods of assay. Antioxidant potential of an
extract or a metabolite depends on the ability to donate electrons or
hydrogen atoms to neutralise free DPPH radicals.18 The colour of the
reaction mixture changes from purple to yellow. As a result, the absorbance at wavelength 517 nm decreases. Superoxide radical, although a
weak oxidant, is considered a major biological source of reactive oxygen
species.19 This free radical generates most dangerous hydroxyl radical and
singlet oxygen. Iron is implicated in many oxidative stress related pathways
and conditions and is the primary generator of hydroxyl radicals and
hydro peroxide decomposition reaction via Fenton chemistry that

damages DNA and other bio molecules.20 In the present study, the DPPH
radical scavenging activities, superoxide radical scavenging activities
and the metal chelating properties of the extracts were studied. In addition,
the total antioxidant activity equivalent to vitamin C was also measured.
All the extracts showed radical scavenging activities, although, the activities
as determined by the IC50 values were different. The antioxidant properties
of plants or plant extracts are due to presence of important ROS
scavenging metabolites. So, identification of such metabolites is important.
Breakthrough in methods of phytochemical analysis 21 has made it
possible to identify many metabolites in a shortest possible time. GC-MS
based analysis using Fiehn library has enabled us to identify many
phytochemicals belonging to sugars, polyols, organic acids, amino acids,
fatty acids, terpenoids, simple phenols and polyphenols including
flavonoids from the extracts of the five leaf samples. Correlation analysis
of identified metabolites and activity profile helped to detect the presence
of important chemicals contributing towards antioxidant activities of
the studied plant extracts. They were not only limited to phenols but

Figure 2: Heat map showing comparative account of activities in leaf extracts.

Figure 3: Comparison of IC50 values of the plant extracts for antioxidant activities A. DPPH radical scavenging
activity B. superoxide radical scavenging activity C. Metal chelating activity D. Total antioxidant capacity in different systems of assay.
Free Radicals and Antioxidants, Vol 8, Issue 2, Jul-Dec, 2018
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Table 4: List of metabolites correlated with activities.
Correlation coefficient ( r )*
Metabolite
group

Phenols

Sugars

Amino acids

Fatty acids
Others

Compounds correlated with
activities

DPPH radical
sacvenging
activity (IC50)

Superoxide
radical
scavenging
activity (IC50)

Metal chelation
property (IC50)

Total
antioxidant
capacity

Catechin

-0.597

-0.482

-0.538

0.869

Epicatechin

-0.610

-0.492

-0.549

0.909

Gallic acid

-0.518

-

-0.562

-

Myricetin

-

-

-0.542

-

Protocatechuic acid

-0.582

-0.471

-0.523

0.874

Glycerol-1-phosphate

-0.559

-

-

0.857

Galactinol

-0.577

-

-0.519

0.837

Mannitol

-0.909

-0.776

-

0.801

Trehalose

-0.504

-

-

-

Alanine

-0.647

-

-0.514

0.714

DL-isoleusine

-

-

-0.520

-

L-glutamic acid

-0.595

-0.479

-0.533

0.930

L-pyroglutamic acid

-0.619

-

-0.557

0.953
-

L-valine

-

-

-0.533

4-Guanidinobutyric acid

-

-

-0.537

-

Myristic acid

-

-

-

0.733

Phytol

-0.655

-0.632

-

-

Tartaric acid

-0.596

-0.480

-0.534

0.944

*p < 0.05

Figure 4: Quantification of some phenolic metabolites detected through GC-MS .

also included sugars, polyols, fatty acids, terpenoids, amino acids.
Literature survey indicated that many of such metabolites are antioxidants.
Mannitol protected retinal pigment of epithelium cells against the H2O2
induced oxidative stress by increasing the level of catalase.22 Trehalose
scavenged reactive oxygen species.23 Bioavailability of polyphenols can
be enhanced by the presence of tartaric acid.24 Myristic acid is known to
prevent oxidation.25 Phytol, a diterpene product of chlorophyll metabolism in plants, is also a potent antioxidant. Phytol plays effective role in
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the removal of hydroxyl ions, reduced nitrite production, and prevented
lipid peroxidation by inhibiting formation of thiobarbituric acid reactive
species.26 Phenols and flavonoids are very effective scavenger of free
radicals and chelator of metal ions. This group of phytochemicals is one
of the most extensively studied well-known groups of compounds having
antioxidant activities 27 Gallic acid scavenged DPPH radicals.27 Gallic
acid, and the flavonoids catechin and epicatechin showed peroxyl radical
scavenging activities, catechin having highest activity.28 Antioxidant
Free Radicals and Antioxidants, Vol 8, Issue 2, Jul-Dec, 2018
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Figure 5: Correlation between antioxidant activity A. DPPH radical B. Superoxide radical C. Metal chelation D. Total antioxidant capacity and total phenol content; Correlation between antioxidant activity E. DPPH radical F. Superoxide radical
G. Metal chelation H. Total antioxidant capacity and total flavonoid content.

activity of the flavonoid myricetin is due to its reactive oxygen species
scavenging property and iron chelation property. 29 Highest chelating
activity in S. cumini with maximum number of flavonoids supports this
view. S. cumini also contained all the phenols correlated with different
activities. So, the leaf extract of this plant showed high activities in all
the systems of assays. Further research is required to identify important
antioxidant metabolites from this plant using other methods of analysis.
The studied leaves are mostly wasted as leafy residues from plants except
S. cumini which is reported as antidiabetic.30 M. elengi is also known to
have anti-hyperglycaemic and anti-cholinergic activities.14 So these plant
parts may be used as renewable sources of antioxidants.

CONCLUSION
Due to immense importance of antioxidants, different plant sources are
screened by in-vitro biological assays for antioxidant activity. Results
depict that among the 5 experimental plants extracts S. cumini showed
highest antioxidant potential. Most of the metabolites found correlated
with activities have been reported as pronounced antioxidants. Therefore, leaf extracts may be considered as sources of potential phytochemicals having antioxidant activities.
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acid.

REFERENCES
1. De la Fuente M, Victor M. Antioxidants as modulators of immune function.
Immunol Cell Biol. 2000;78(1):49-54.
2. Vladimir-Knezevic S, Blazekovic B, Kindl M, Vladic J, Lower-Nedza AD,
Brantner AH. Acetylcholinesterase inhibitory, antioxidant and phytochemical
properties of selected medicinal plants of the Lamiaceae family. Molecules.
2000;19(1):767-82.
3. Pieme CA, Ngoupayo J, Nkoulou CHK, Moukette BM, Nono BLN, Moor VJA,
et al. Syzygium guineense extracts show antioxidant activities and beneficial
activities on oxidative stress induced by ferric chloride in liver homogenate.
Antioxidants. 2014;3(3):618-35.
4. Sindhi V, Gupta V, Shrma K, Bhatnagar S, Kumari R, Dhaka N. Potential applications of antioxidants-A review. J Pharm Res. 2013;7(9):828-35.
5. Scalbert A, Johnson J, Saltmarsh M. Polyphenols: Antioxidants and beyond. Am
J Cli Nutr. 2005;81(suppl):215S-7S.
6. McCusker JK. Fuel from photons. Science. 2001;293:1599-601.
7. Braca A, Tommas ND, Bari LD, Pizza C, Politi M, Morelli I. Antioxidant principles
from Bauhinia tarapotensis. J Nat Prod. 2001;64(7):892-5.
8. Banerjee A, Dasgupta N, De B. In-vitro study of antioxidant activity of Syzygium
cumini fruit. Food Chem. 2005;90(4):727-33.
9. Wang L, Yen JH, Liang HL, Wu MJ. Antioxidant effect of methanol extract
from Lotus plumule and blossom (Nelumbo nucifera Gertn). J Food Drug Anal.
2003;2(1):60-6.
10. Preito P, Pineda M, Aguilar M. Spectrophotometric quantitation of antioxidant
capacity through the formation of a phosphomolybdenum complex: specific
application to the determination of vitamin E. Anal Biochem. 1999;269(2):337-41.
11. Sadasivam S, Manickam A. Biochemical methods for agricultural sciences.
Wiley Eastern Limited, India. 1992.
12. Kim DO, Jeong SW, Lee CY. Antioxidant capacity of phenolic phytochemicals
from various cultivars of plums. Food Chem. 2003;81(3):321-6.
13. Kind T, Wohlgemuth G, Lee DY, Lu Y, Palazoglu M, Shahbaz, S, et al. FiehnLibmass spectral and retention index libraries for metabolomics based on quadrupole and time-of-flight gas chromatography/mass spectrometry. Anal Chem.
2009;81(24):10038-48.
14. Begum S, Acharya J, Banerjee A, De B. Chemical composition and in vitro study
for analysis of potential neuroprotective and antidiabetic activity in Mimusops

109

Bratati et al.: Antioxidants from leafy biomass waste
elengi L. Int J Pharmacog Phytochem Res. 2015;7(4):701-6.
15. Ferrer DB, Ventskutonis PR, Yalou T, Zebib B, Ferrer JMB, Merah O. Identification
and in vitro activity of bioactive compounds extracted from Tussilago farfara L.
plant grown in Lithuania and France. Free radicals Antioxidants. 2018;8(1):40-7.
16. Kenganoral M, Bhaskaran M, Santhepete MN, Hukkeri I. Antioxidant potential
of toxic plant Calotropis procera R. Br. Free Radic Antioxidants. 2017;7(2):178-83.
17. Kamalanathan D, Srinivasan R, Pratheeba T, Yuvarajan R, Natarajan D. Antioxidant activities of leaf extracts of Euphorbia fusiformis Buch-Ham.ex D. Don
(Euphorbiaceae). Free Radic Antioxidants. 2015;5(2):83-9.
18. Naik GH, Priyadarshini KI, Satav JG, Banavalikar MM, Sohoni PP, Biyani MK,
et al. Comparative antioxidant activity of individual herbal components used in
Ayurbedic medicine. Phytochemistry. 2003;63(1):97-104.
19. Meyer AS, Isaksen A. Application of enzymes as food antioxidants. Trends Food
Sci Technol. 1995;6(9):300-4.
20. Perron NR, Brumaghim JL. A review of the antioxidant mechanisms of polyphenol
compounds related to iron binding. Cell Biochem Biophys. 2009;53(2):75-100.
21. Doshi GM, Une HD. High performance thin layer chromatography and highperformance liquid chromatography determination of quercetin from Polyalthia
longifolia leaves. Free Rad Antioxidants. 2015;5(2):60-4.
22. Liu JH, Chen MM, Huang JW, Wann H, Ho LK, Pan WH, et al. Therapeutic
effects and mechanisms of action of mannitol during H2O2-induced oxidative
stress in human retinal pigment epithelium cells. J Ocul Pharmacol Ther.

GRAPHICAL ABSTRACT

2010;26(3):249-57.
23. Luo Y, Li W, Wang W. Trehalose: protector of antioxidant enzymes or reactive
oxygen species scavenger under heat stress? Environ Exp Bot. 2008;63(1-3):
378-84.
24. Yamashita S, Sakane T, Harada M, Sugiura N, Koda H, Kiso Y, et al. Absorption
and metabolism of antioxidative polyphenolic compounds in red wine. Ann NY
Acad Sci. 2002;957(1):325-8.
25. Henry GE, Momin RA, Nair MG, Dewitt DL. Antioxidant and cyclooxygenase
activities of fatty acids found in food. J Agric Food Chem. 2002;50(8):2231-4.
26. Santos CC de MP, Salvadori MS, Mota VG, Costa LM, De Almeida AAC,De
Oliveira GAL, et al. Antinociceptive and antioxidant activities of phytol in vivo
and in vitro models. Neurosci. 2013;Article ID 949452.
27. Craft BD, Kerrihard AL, Pegg RB. Phenol-based antioxidants and in vitro
methods used for their assessment. Compr Rev Food Sci Food Saf.
2012;11(2):148-73.
28. Yilmaz Y, Toledo RT. Major flavonoids in grape seeds and skins: antioxidant capacity
of catechin, epicatechin and gallic acid. J Agric Food Chem. 2004;52(2):255-60.
29. Chobot V, Hadacek F. Exploration of pro-oxidant and antioxidant activities of the
flavonoid myricetin. Redox Rep. 2011;16(6):242-7.
30. Manaharan T, Palanisamy UD, Ming CH. Tropical plant extracts as potential antihyperglycemic agents. Molecules. 2012;17(5):5915-23.

SUMMARY
• Extracts of leaves from five plants e.g. Artocarpus heterophyllus, Haldina cordifolia, Magnolia champaca, Mimusops elengi and Syzygium cumini showed
antioxidant properties by four different systems of assays. All the extracts
scavenged DPPH radical, superoxide radical, and chelated metal in dose dependent manner. S. cumini showed strongest antioxidant activities in all systems of assays. A large number of important phenols and other metabolites
were identified by GC-MS analysis. Important phenolic antioxidant compounds
identified were catechin, epicatechin, protocatechuic acid (from S. cumini), gallic acid, myricetin (from S. cumini, M. elengi), arbutin, 4-hydroxycinnamic acid
(from M. elengi). Thus the above mentioned leaf biomass may be used as an
alternative source of these important antioxidant phytochemicals.
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