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ABSTRACT 

 
Oxidative stress, being the main cause of most of the human diseases, has always been the highlight of research 

worldwide. This stress can be overcome by administration of natural polyphenols. The Acacia catechu Willd. has 

many refrences available in Ayurveda as important disease curative plant. Its leaves are investigated for 

ameliorating oxidative stress in present work. Leaves of A. catechu were extracted with 80% methanol to get 

methanol extract (AME). It was assessed for antioxidant activity using DPPH, ABTS, CUPRAC, ferric ion reducing, 

superoxide scavenging and peroxyl radical scavenging assays. DNA protective activity was also investigated using 

plasmid nicking assay. Further, antiproliferative activity was determined using MTT assay in various human cancer 

cell lines. The quantification of polyphenols was done by UHPLC analysis. Results confirmed that polyphenols of A. 

catechu were successful in normalizing oxidative stress. AME was found to be most effective in scavenging ABTS 

radicals while least effective in scavenging ferric ions. UHPLC analysis showed abundance of ellagic acid, rutin 

and quercetin in AME. Further, AME showed maximum antiproliferative activity against Hep G2 cancer cells. It is 

concluded that the polyphenols from A. catechu effectively remediates oxidative stress and hence can be used in 
curing numerous dreadful diseases. 
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INTRODUCTION 
 

Chemotherapeutic drugs have got a wide acceptance over the globe in being the 
remedial measure for most of the dreadful diseases, yet the side effects associated 

with them have vindicated the heed of people in traditional medicinal systems [
1, 2, 3, 

4
]. Medicinal plants contain a wide range of substantive bioactive components like 

polyphenols, tannins, alkaloids, terpenes, anthocyanidins and vitamins which exert 

astounding health benefits by acting as reducing agents and detoxifying free radicals 

[
5, 6, 7

]. It is now well established that making medicinal plants a regular part of 

everyday diet subverts the harmful effects of free radicals and immensely decreases 
the chances of getting diseases like cardiovascular, neurodegenerative, cancer, 

arteriosclerosis and parkinson [
8, 9

].   

Acacia catechu Willd. (Family: Mimosaceae) also known as khadira, khair, karingali 
and kattha is an important medicinal plant found in relatively drier regions of India 

like Punjab, Rajasthan, Uttar Pradesh, Bihar, Madhya Pradesh, Orissa and Andhra 

Pradesh [
10,11

]. There are umpteen references available in Ayurveda projecting it as a 
valuable tree having numerous medicinal properties. Its antipyretic, antidiarrhoel, 

hepatoprotective and hypoglycemic properties have been reported [
12

]. Many 

polyphenols like catechin, rutin, isorhamnetin and epicatechin have been isolated 

which could be the reason for its varied medicinal value [
11, 13

]. 
In the present study, we evaluated leaf methanolic extract of Acacia catechu Willd. 

(AME) for its antioxidant, antiproliferative and DNA protective activities. Earlier, 

the aqueous extract of A. catechu has been studied and reported to be an excellent 
source of polyphenolic compounds [

14
]. 

 

MATERIALS AND METHODS 
 

Chemicals 

All the chemicals used were of analytical grade. 

 

Preparation of extract 

The leaves of Acacia catechu Willd. were harvested in the month of June from tree 
growing in the Guru Nanak Dev University campus, Amritsar. Taxonomic 

identification was made by Herbarium of Department of Botanical and 

Environmental Sciences, GNDU, Amritsar and representative voucher specimen was 

also submitted with accession number: 7240 in the herbarium. The leaves of plant 
were thoroughly washed with tap water, dried at room temperature and ground to 

fine powder. The powdered leaves were extracted with 80% methanol (thrice) by 

employing maceration method. The supernatant was filtered using Whatman No. 1 
sheet, pooled and concentrated using vacuum rotary evaporator (Buchi Rotavapor R-

210). The concentrated solutions were then lyophilized to get the dry form of 

methanol extract of A. catechu (AME). 

 

Phytochemical Analysis 

Total Phenol and Flavonoid Content 

Total phenolic content of methanol extract was measured colorimetrically by 
employing method given by Ainsworth and Gillespie [

15
]. The amount of total 

phenol was calculated as mg/g Gallic Acid equivalents from calibration curve of 

standard solution of gallic acid. Total flavonoid content was measured using method 
of Kim et al [

16
] and rutin was used as standard. The flavonoid content was expressed 

as mg/g rutin equivalents. 
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UHPLC analysis 

For UHPLC analysis sample was dissolved in methanol (HPLC grade) and filtered 

through 0.22 µm syringe filter (PALL Life Sciences). Sample was analyzed on 
Shimadzu UHPLC Nexera system (Shimadzu, MA, USA), provided with a 

photodiode array (PDA) detector. An Enable C18 column (150 mm x 4.6 mm, i.d. 5 

µm) was used. The column temperature was maintained at 25 °C. Samples were 
separated using a gradient mobile phase consisting of 0.1% acetic acid aqueous as 

solution A and Methanol as solution B. The gradient elution is: 0-1 min, 30 % B; 1-

10 min, 65 % B; 10-14 min, 80 % B; 14-16 min, 80 % A, 16-17 min: 40 % B, 17-20 

min: 35 % B and 20-21 min: 30 % B. The flow rate was set as 1 ml/min and the 
injection volume was 5 μl. Quantification of peaks was also done using software 

provided with Shimadzu UHPLC Nexera system. 

 

In Vitro Antioxidant assays 

Molybdate ion reduction assay 

The ability of AME to reduce molybdate ion was determined by the method of Prieto 

et al. [
17

]. This method is based on the principle of reduction of Mo (VI) to Mo (V) 
which led to the appearance of green coloured phosphate/Mo (V) complex at acidic 

pH. 0.3 ml of MEL (100µg/ml) was mixed with 3 ml of reagent solution (0.6 M 

sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). 
Reaction mixture was given incubation of 90 minutes at 95ºC. The mixture was 

allowed to cool at room temperature and absorbance was measured at 695 nm. 

Ascorbic acid was used as standard compound for developing regression equation. 
Reduction potential of extract/fraction was expressed as mg ascorbic acid 

equivalents (AAE)/ gram dry weight of AME. 

 

ABTS radical cation decolorization assay  
ABTS radical decolorization assay was carried out according to the method of Re et 

al., [
18

]. This method exploits the hydrogen donating capacity of both lipophilic as 

well as hydrophilic compounds. Here oxidation of ABTS (7 mM), brought about by 
potassium persulphate (2.45 mM), generates a blue/green coloured cationic ABTS

.+
 

radical after 12-16 hours of coincubation. The final absorbance of radical, thus 

generated in solution form, was fixed at 0.700 ± 0.02 by dilution with ethanol. 
Hydrogen donating potential of extract was determined by addition of 0.1 ml of 

extract in 1.9 ml of ABTS
.+
 radical solution and measuring the absorbance at 734 nm 

wavelength spectrophotometrically (Systronics 2202 UV-Vis spectrophotometer). 

Blanks containing only ABTS
.+
 solution were kept for each concentration of extract 

for checking any radical decay. Gallic acid was used as standard. All determinations 

were carried out in triplicates. Percentage radical scavenging activity was calculated 

using formula (1-As/Ac) × 100; As = Absorbance of reaction mixture and Ac = 
Absorbance of ABTS

.+ 
radical solution. 

 

DPPH radical scavenging assay 

DPPH radical scavenging activity was carried out by the method of Blois [
19

] with 
slight modifications. In this assay, 0.2 ml of AME was mixed with 3 ml of 0.1 mM 

DPPH (2, 2’-Diphenyl-1-picrylhydrazyl) solution. After 30 minutes, absorbance was 

taken at 517 nm using Systronics 2202 UV-VIS spectrophotometer. The control was 
prepared without any test compound. Gallic acid was used as phenolic standard. All 

tests were performed in triplicates. Radical scavenging activity (%) = (Ac - As/ Ac) × 

100; where Ac is the absorbance of control and As is the absorbance of reaction 
mixture. 
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Cupric ion reducing power (CUPRAC) assay 

The cupric ion (Cu
2+)

 reducing power was determined by the method proposed by 

Apak et al. [
20

] with minor modifications. To a mixture of 0.25 ml of 10 mM copper 
(II) chloride, 0.25 ml of 7.5 mM neocuproine solution and 0.25 ml of 1.0 M 

ammonium acetate buffer solution was added 0.25 ml of different concentrations 

(20-200 μg/ml) of AME. The final volume was made up to 2 mL with distilled 

water. The reaction mixture was kept at room temperature for 30 min and 
absorbance was measured at 450 nm (Systronics 2202 UV-VIS spectrophotometer). 

All readings were taken in triplicates. Ascorbic acid was used as standard compound. 

Percentage reduction was calculated using formula [1 - (1 - As/Ac) ×100] where As 
= absorbance of standard at maximum concentration tested. Ac = absorbance of test 

sample. 

 

Ferric ion reducing power assay 
The reducing potential of extract was determined using the method of Oyaizu [

21
]. 

Different concentrations (20-200 µg/ml) of AME were dissolved in methanol and 

taken in test tubes in triplicates. To the test tubes, 2.5 ml of phosphate buffer (pH 
6.6, 0.2M) and 2.5 ml of 1% potassium ferricyanide solution was added. These 

contents were incubated at 50˚C for 20 minutes. After incubation, 2.5 ml of 10% 

Trichloroacetic acid was added and kept for centrifugation at 3000 rpm for 10 
minutes. After centrifugation, 2.5 ml of supernatant was taken and to it added 2.5 ml 

of double distilled water and 0.5ml of 0.1% ferric chloride. The absorbance was 

measured at 700 nm using Systronics 2202 UV-VIS spectrophotometer. The 

percentage reduction of the test sample, as compared to standard gallic acid, was 
calculated using the formula:  Percentage (%) of reduction power = [1 - (1 - As/Ac) 

×100] where As = absorbance of standard at maximum concentration tested. Ac = 

absorbance of test sample. 
 

Superoxide anion scavenging assay 

The superoxide anion scavenging potential was assessed by the method of Nishikimi 
et al. [

22
] with slight modifications. To 1 ml of sample, taken in triplicates, was 

added 60 µM NBT, 156 µM NADH and 468 µM phenazine methosulphate (PMS). 

The reaction mixture was incubated at room temperature for 15 min and absorbance 

of blue coloured product was measured at 560 nm. The percentage inhibition was 
calculated as (1-AS/AC) × 100 and the results were compared with gallic acid used as 

standard. 

 
Lipid peroxidation assay 

The amount of lipid peroxidation was determined by the method of Ohkawa et al. 

[
23

]. Reaction was initiated by adding 0.5 ml of different concentration (20-200 

µg/ml) of AME to same amount of egg yolk diluted by 0.15 M KCl followed by 
addition of reaction mixture (Tris HCl, Ferrous Ammonium Sulphate, Ascorbic 

acid). Later was incubated at 37ºC for 30 minutes. After incubation 2 ml of TBA 

reagent was added and mixture was heated to 80ºC for an hour. The reaction was 
stopped immediately by cooling at 0-10ºC. Centrifugation was done to get a clear 

solution and the absorption was read at 532 nm. The percentage inhibition of lipid 

peroxidation was calculated as (1-AC/AS) × 100; AC = Absorbance of control and AS 
= Absorbance of sample. 

 

DNA nicking assay 

This assay is based on the principle that hydroxyl radicals generated as a result of 
Fenton’s chemistry cause DNA damage. The addition of sample protects DNA from 

damage by scavenging hydroxyl radicals as seen on gel by employing agarose gel 
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electrophoresis. DNA protection assay was performed using supercoiled pBR322 

plasmid DNA with slight modifications [
24

]. Plasmid DNA (0.3 µl) was incubated 

with 30 mM H2O2, 50 µM ascorbic acid and 80 µM FeCl3 containing AME 
concentrations (200 to 1000 µg/ml) and finally the volume of the mixture was raised 

up to 20 µl. The mixture was then incubated for 30 min at 37°C followed by addition 

of loading dye and electrophoresis was carried out in TAE buffer (40 mM Tris base, 
16 mM acetic acid, 1 mM EDTA, pH 8.0). DNA was then visualized by ethidium 

bromide staining. Rutin (200 µg/ml) was used as positive control. Further, the 

densitometric studies were carried out on DNA bands using Quantity one® software 

version 4.5.2 of BIO-RAD. 
 

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay 

MTT assay was performed using the method of Mossman et al. [
25

]. IMR32 cell 
were grown in RPMI (with 2 mM glutamine supplemented with 10% FBS) while 

A549, Hep-G2, HeLa and MCF-7 were grown in tissue culture flask in complete 

growth medium DMEM (Dulbeco’s modified growth medium with 2 mM glutamine 

supplemented with 10% FBS) at 37 °C in an atmosphere of 5% CO2 and 95% 
relative humidity. The cells were harvested from the culture flask at subconfluent 

stage by treating with trypsin. Cells viability was checked by trypan blue exclusion 

dye before starting assay. Cells were placed in 96-well culture plates (5 × 10
3
cells 

per well) and grown overnight at 37°C in a 5% CO2 incubator. 0.1 ml of AME 

concentration i.e., 10, 30 and 100 µg/ml were added to individual well. Control wells 

were also prepared by addition of culture medium alone. The plates were incubated 
at 37° C in a 5% CO2 incubator for 24 hour. Upon completion of the incubation, 

MTT dye solution was added to each well. After 4 hours of incubation, cells were 

solubilised with isopropanol to get soluble formazan crystals. These plates were then 

read on ELISA plate reader at 570 nm. All the treatments were given in triplicates. 

 

Statistical Analysis 

All the measurements were taken in triplicates and presented as mean. The results of 
various in vitro antioxidant models were correlated by applying Pearson correlation 

coefficient (table 1 and 2) using SPSS software (version 11.5, SPSS Inc., Chicago, 

IL, USA).  
 

Table1. Total Phenol Content (TPC), Total Flavonoid Content (TFC) and Molybdate ion reduction ability of AME. 

Total Phenol Content 

(mg GAE/g dry weight) 

Total Flavonoid Content 

(mg RE/g dry weight) 

Molybdate Ion Reduction Ability 

(mg AAE/g dry weight) 

776 420 470 

 

Table 2. Percentage of polyphenolic compounds in AME as detected by UHPLC. 

Phenolic compounds Concentration (%) 

Ellagic acid 0.706 

Rutin 0.682 

Quercetin 0.356 

Gallic acid 0.205 

Catechin 0.159 

Chlorogenic acid 0.149 

Umbelliferone 0.131 

Kaempferol 0.056 

Epicatechin 0.012 

Coumaric acid 0.008 

Caffeic acid 0.001 
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RESULTS 
 

Phytochemical analysis 

Total phenol and flavonoid content in AME was found to be 776 mg/g gallic acid 

equivalents and 420 mg/g rutin equivalents respectively (table 1). UHPLC analysis 
showed plethora of polyphenolic compounds (table 2). Major compounds present in 

AME were ellagic acid, rutin and quercetin. Other polyphenols detected in minor 

amounts were gallic acid, catechin, chlorogenic acid, umbelliferone, kaempferol, 

epicatechin, coumaric acid and caffeic acid (figure 1). 
 

 
Figure 1. Ultra High Pressure Liquid Chromatograph of AME. 

 

AME reduced molybdate ion 

The reduction ability of molybdate ions by AME was expressed in terms of Ascorbic 

acid equivalents. AME was found to contain 470 mg /g Ascorbic Acid equivalents 
(table 1). 

 

AME showed potent hydrogen donating ability 
Hydrogen donating potential of AME was investigated against ABTS and DPPH 

radicals. As depicted in figure 2, AME showed potent hydrogen donating capability 

with ABTS radical cation scavenging potential of 90.18 ± 0.950 percent at maximum 

tested concentration of 200 µg/ml. The IC50 value of AME was found to be 101.74 
µg/ml (table 3). Gallic acid (GA) was used as standard compound which showed 

IC50 value of 6.53 µg/ml. A comparative analysis of DPPH radical scavenging 

activity of AME with standard GA is compiled in figure 3. A maximum 72.04 ± 
1.057 percent DPPH scavenging potential was observed at concentration of 200 

µg/ml while GA showed 96.62 ± 0.316 percent inhibition at 200 µg/ml. The IC50 

value of AME and GA was observed to be 140.41 µg/ml and 24.04 µg/ml 

respectively (table 3). 
 

Table 3. The IC50 value (µg/ml), regression equation and R2 value in various in vitro antioxidant assays. 

Antioxidant Assay IC50 (µg/ml) Regression equation R
2 

GA  AME 

ABTS 6.53 101.74 Y = 0.487x – 0.450 0.977 

DPPH 24.04 140.41 Y = 0.356x + 0.012 0.995 

CUPRAC 88.14 184.30 Y = 0.305x – 6.214 0.986 

Ferric reducing power 51.36 232.13 Y = 0.228x – 2.926 0.990 

Superoxide scavenging 24.45 175.90 Y = 0.283x + 0.218 0.991 
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Peroxyl radical scavenging 43.21 152.76 Y = 0.297x + 4.628 0.992 

 

 
Figure 2. ABTS radical cation scavenging activity of AME and standard gallic acid. 

 
Figure 3. DPPH radical scavenging activity of AME and standard gallic acid. 

 

AME acted as reducing agent 

In vitro generated Cu
2+

 chelate and ferricyanide were used to assess the reduction 

ability of AME. At highest tested concentration of 200 µg/ml AME showed 
maximum percentage Cu

2+
 reduction potential of 57.87 ± 1.256 in CUPRAC assay 

(figure 4). GA and AME showed IC50 value of 88.14 µg/ml and 184.30 µg/ml (table 

3) respectively. Figure 5 depicts the ferric ion reduction potential of AME and gallic 

acid. AME showed maximum reduction potential of 44.31 ± 2.802 percent at 200 
µg/ml concentration. The IC50 value of AME and GA was found to be 232.13 µg/ml 

and 51.36 µg/ml respectively (table 3).  

3.4. AME scavenged superoxide and peroxyl radicals 
Superoxide scavenging potential of AME and GA is compiled in figure 6. AME and 

GA have shown superoxide anion scavenging potential of 56.04 ± 0.647 percent and 

99.38 ± 0.257 percent at concentration of 200 µg/ml respectively. AME showed IC50 
value of 175.90 µg/ml. As shown in figure 7, AME exerted potent peroxyl radical 

scavenging ability with 65.61 ± 1.249 percent scavenging potential while standard 

GA showed 90.99 ± 0.730 percent scavenging potential at 200 µg/ml concentration. 

AME showed IC50 value of 152.76 µg/ml (table 3).  
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Figure 4. Cupric ion (Cu2+) reducing activity of AME and standard gallic acid. 

 
Figure 5. Ferric ion reducing potential of AME of A. catechu leaves and standard gallic acid. 

 

 
Figure 6. Superoxide radical scavenging potential of AME and standard gallic acid. 
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Figure 7. Peroxyl radical scavenging activity of AME and standard gallic acid. 

 

AME protected plasmid DNA  

The DNA protective potential of AME was evaluated using pBR322 supercoiled 

plasmid DNA (figure 8). Densitometric analyses revealed a dose dependent DNA 
protective activity of AME against hydroxyl radicals generated by fenton’s reaction. 

A dose dependent response was observed with maximum quantity of 77.09 % of 

Form (I) DNA at 1000 µg/ml concentration while 57.86 % at 200 mg/ml 

concentration. Positive control rutin showed 80.32 % of Form (I) DNA, 19.68 % of 
Form (II) DNA. Lane with fenton’s reagent showed very less amount of 07.83 % of 

Form (I) DNA, 75.03 % of Form (II) DNA and 17.14 % of Form (III) DNA. Thus, 

from densitometric analysis it was observed that AME at all the concentrations 
protected the supercoiled DNA by scavenging hydroxyl radicals. 

 
Figure 8. DNA protective potential of AME in plasmid nicking assay. 

 

 

AME induced cell death in cancer cells 
Figure 9 compiles the differential antiproliferative activity of AME towards various 

cancer cell lines. It was observed that AME induced death in all the cancer cells but 

maximum antiproliferative activity was observed in Hep-G2 cancer cells. AME 
showed antiproliferative activity of 58%, 64%, 68%, 58% and 62% in A-549, MCF-

7, Hep-G2, HeLa and IMR32 respectively at dose of 200µg/ml. Camptothecin 
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(10µM) was used as standard compound and it showed maximum antiproliferative 

activity of 83% against Hep-G2 cell line. 

 

 
Figure 9. Antiproliferative activity of AME concentration (ug/ml) against different cancer cell lines. 

 

DISCUSSION 

 
Present study was undertaken to investigate the antioxidant, DNA protective and 

antiproliferative potential of leaf methanol extract of A. catechu Willd. The rationale 
for choosing crude extract of the plant was to study the synergistic effect of various 

polyphenols present in AME. The polar constituents of the leaves were extracted 

using 80% methanol to facilitate the extraction of polyphenolic components of the 
plant. The high polyphenolic and flavonoid content of the plant extract points 

towards its importance in naturopathy [
26, 27

]. Some important secondary metabolites 

with highly recognized biological properties were identified using UHPLC. Among 
these, ellagic acid, rutin and quercetin were found to be major polyphenolic 

compounds. The antioxidant and anticancer properties of these compounds have 

been well established [
28, 29, 30, 31, 32

]. The high level of protective activities imparted 

by these compounds serves as an evidence for the importance of AME extract in 
ameliorating the oxidative stress. 

The presence of essential phytochemicals in the AME extract formed the basis for 

investigating its antioxidant properties. The leaf extract showed high molybdate ion 
reduction ability thus indicating its ability to reduce Mo (VI)-phosphate to Mo (V)-

phosphate [
33

]. This preliminary study suggested the high antioxidant capacity of 

AME. Further studies were carried to detect the ability of AME to ameliorate 

specific free radicals. The extract was found to have a high hydrogen donating 
potential as observed in ABTS and DPPH assays. A positive correlation was found 

between ABTS and DPPH assays. The extract thus acts as an excellent hydrogen 

donor to stabilize the free radicals [
34

]. This ability was further tested by employing 
other in vitro reducing assays. The phytochemicals are known  to stabilize free 

radicals by acting as reducing agents. AME successfully reduced Fe
3+ 

to Fe
2+ 

and 
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Cu
2+

 to Cu
+
 in ferric and cupric ion reducing power assays. These assays suggest the 

possible conversion of highly reactive free radicals to lesser reactive reductones [
34

]. 

It has been well documented in literature that extracts behaving as good reducing 
agents are excellent antioxidants as they donate electrons to free radicals and 

terminate the radical propagation reaction [
35

]. 

The superoxide radical scavenging assay aims towards analyzing the superoxide 
scavenging ability of the extract. The superoxide radicals are comparatively less 

toxic but are highly reactive and leads to a series of chain reactions thus generating 

very toxic radicals via Haber Weiss reaction [
36

]. The peroxyl radicals indirectly 

generated by superoxide radicals are among the most harmful free radicals [
37

]. 
These radicals lead to a serious damage to cellular integrity by causing peroxidation 

of lipid membrane [
38

]. A positive correlation was observed in all the antioxidant 

assays (table 4). The hydroxyl radical scavenging ability of AME was further 
investigated using plasmid DNA protecting assay. This assay provides an insight 

towards the ability of our extract to protect the plasmid DNA from Fenton’s reagent 

generated hydroxyl radical stress. It was observed that the AME imparted a dose 

dependent protection against in vitro generated hydroxyl radicals as evident from the 
reduced amount of damaged supercoiled DNA (form II & III). The amount of form I 

or supercoiled DNA observed using densitometric analysis was found at par with 

positive control rutin. The high phenol content of the extract might be responsible 
for its DNA protecting activity [

39
]. 

The antiproliferative ability of AME was studied using MTT assay. This assay 

exploits the ability of extract to convert the yellow colored MTT dye into blue 
colored formazan crystals by the succinate dehydrogenase enzyme of living cells 

[
40

]. The active test samples check the in vitro proliferation of cancer cells and 

concomitantly induces death via apoptosis or necrosis. The dead cells are unable to 

convert yellow coloured MTT dye to blue formazan, while the living cells can 
catalyze this conversion. A high antiproliferative activity was seen following the 

treatment with AME. The decreasing order of antiproliferative activity in different 

cell lines was found as Hep-G2 > MCF-7 > IMR32 > HeLa = A549. A similar result 
was observed in studies conducted by Sreejamole and Radhakrishnan [41]. They 

found phenols, flavonoids and alkaloids as prime factors responsible for such 

antiproliferative activity. 
 

Table 4. Pearson’s correlation coefficient (r) between various antioxidant assays employed on AME. 

 Concentration DPPH ABTS CUPRAC Ferric ion 

reducing 

Superoxide 

scavenging 

Peroxyl radical 

scavenging 

Concentration 1       

DPPH 0.9975* 1      

ABTS 0.9885* 0.9834* 1     

CUPRAC 0.9934* 0.9877* 0.9751* 1    

Ferric ion 

reducing 

0.9951* 0.9895* 0.9801* 0.9948* 1   

Superoxide 

scavenging 

0.9957* 0.9956* 0.9889* 0.9821* 0.9884* 1  

Peroxyl radical 

scavenging 

0.9964* 0.9956* 0.9843* 0.9893* 0.9880* 0.9951* 1 

Asterisks (*) indicate significant positive correlation at P≤0.05. 
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CONCLUSIONS 
 

It is concluded that AME being rich source of ellagic acid, rutin and quercetin, hence 
can be an excellent food supplement.  
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