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Abstract 

Worldwide there are number of plants whose economic potential is either 
underestimated or underexploited, though they can play an important role in 
food security, nutrition and environmental services, cultural heritage and 
income generation for the poor people. But now days their importance has been 
reduced. These plants lack potential market value owing to their less preference 
over the cultivated foods. The rapid changing socio-economic and 
environmental scenario greatly affects the agricultural productivity and leads 
towards increasing incidence of poor health and malnutrition. The present study 
was designed to evaluate the free radical scavenging capacity and 
antioxidant potential of the leaf extracts of two underutilized plants like 
Amaranthus viridis and Chenopodium album. For this purpose, aqueous extracts 
of the of the test plants were used for the determination of antioxidant potential 
through DPPH (1,1-diphenyl-2-picryl hydrazyl) radical scavenging, hydroxyl 
radical scavenging  and ferric ion reducing antioxidant power (FRAP) assay. 
High amounts of phenolic and flavonoid contents were estimated in both 
extracts. The study results depicted that both the aqueous extract of the test 
plant exhibited great scavenging activity towards the above mentioned free 
radicals. Being a accessible source of natural antioxidants, the present study 
suggests that both the underutilized plants could be used for daily healthcare 
purposes. 
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INTRODUCTION 

Human population is growing rapidly, especially in the developing countries. 
Malnutrition is a major public health problem in the developing countries. Both the 
micro and macronutrients play an important role in human life to carry out a vast range 
of physiological functions. But due to the shortage of food and increasing population in 
the developing countries, there are many people who are suffering from nutrient 
deficiency. Humans are dependent on a limited number of plant species for meeting 
their basic requirements of food, clothing, fodder, fuel, medicine and other essential 
purposes (Schmidt et al., 2010). This over dependence on a few species for food leads to 
homogenization, which is detrimental to ecosystem stability. As a result, many plant 
species have received lesser human attention and thus remain underutilized. Many of 
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the indigenous fruits and vegetables are still not in use due to the lack of awareness of 
their potential, lower market demand and erratic bearing. Historically, wild fruits have 
been playing a significant role in human diet, especially in the form of carbohydrates, 
proteins, vitamins, minerals, dietary fiber and possess enormous medicinal potential. 
Several other reports are available that indicate that underutilized plants play an 
important role in food security and exhibit good medicinal properties (Craig and Beck, 
1999; Sundriyal and Sundriyal, 2003; Burlingame et al., 2009; Badola and Aitken, 2010). 
These plants could be further utilized as a source of macro- or micronutrients. In the 
recent decades, there has been an increased interest in some wild underutilized leaves 
of the several plants that may be used as vegetables. These wild leafy vegetables play an 
important role in human diet due to rich nutritional values and higher content of fibers. 
Many authors have reported that several underutilized vegetables are a rich source of 
antioxidants but they are neglected and underestimated (Rana et al., 2010; Ahmed et 
al., 2012).  In human history, the antioxidant properties of cultivated plants are well 
investigated whereas, there is a little information about such properties of wild plant 
species. Several wild or underutilized plant species used by tribal or rural people for 
their edible and medicinal purposes but are not familiar to the urban people. So, the aim 
of the present study to the assessed the nutritional values and antioxidant potential of 
the leaves of two underutilized herbs Amaranthus viridis and Chenopodium album.  
 
MATERIAL AND METHODS 
Collection of plant material 
Leaves of the A. viridis and C. album were collected from the botanical garden of Panjab 
University Chandigarh during the months of September to January. After collection, 
their surface was cleaned thoroughly muslin cloth and dried at room temperature. The 
material was then powdered and put into the sealed plastic/ glass bottles till further 
used.  
Preparations of aqueous extracts 
Aqueous extract from the powders of both the test fruits were prepared by dissolving 1 
gm of powder in 100 ml of distilled water separately for each fruit. The mixture was left 
over 12 hours at room temperature followed by filtration, firstly in triple layers of 
cheese cloth of muslin followed by centrifugation at 3000 rpm. The supernatant was 
stored in refrigerator at 4   C for determination of various antioxidant and free 
radical scavenging activities. 
Free radical scavenging activity of water extracts 
For estimation of antioxidant and free radical scavenging activity of 
underutilized leafy vegetables, five different concentrations were prepared 
(0.625, 1.25, 2.5, 5 and 10 mg/ml).  
DPPH (2, 2-diphenyl-1-picryl hydrazyl) radical scavenging assay    
 
The method of DPPH radical scavenging activity was determined as per Bozin et al. 
(2006) with slight modifications. Briefly, 200 µl of aqueous extract were taken to which 
3 ml of DPPH (0.1 mM in methanolic solution) was added. The solutions were 
incubated for 30 min in the dark at 25 ᴼC. The absorbance of the solutions 
including blank (without sample) was read at 517 nm on Shimadzu UV–1800 
double beam spectrophotometer. A decrease in absorbance of DPPH solution 
indicates increased DPPH radical scavenging activity. Rosmarinus officinalis was used as 
the positive control. It was calculated in percent by using the following formula: 
% DPPH radical scavenging activity = [(A control – A sample) / A control] × 100  
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Where A means absorbance / optical density 
Hydroxyl radical scavenging assay 
The hydroxyl radical scavenging activity of the test plants was determined as per the 
method of Yu et al. (2004) with slight modifications. The assay mixture comprised of 
0.02 ml of ferrous chloride (0.02 M), 0.5 ml of 1, 10-Phenanthroline (0.04 M), 1 ml of 
phosphate buffer (0.2 M, pH 7.2) and 1 ml of sample .The reaction was initiated by the 
addition of 0.05 ml of hydrogen peroxide (7 mM). After 5 minute of incubating at room 
temperature, absorbance was read at 560 nm using UV–1800 double beam 
spectrophotometer. The blank solution consisted of ferrous chloride, 1, 
10‒phenanthroline and phosphate buffer, whereas control contained 
everything except the sample. Rosmarinus officinalis was used as the positive control. 
The percent scavenging of hydroxyl radical was calculated using the following formula: 
% of .OH radical scavenging activity = [(A sample       A control) / (A blank       A control)] ×100 
Where A means absorbance / optical density 
Hydrogen peroxide (H2O2) scavenging assay 
It was estimated as per the method of Ruch et al. (1989). A solution of 40 mM 
H2O2 was prepared in 0.1 M phosphate buffer (pH 7.4). Further, 0.6 ml of H 2O2 

was added to each sample. The absorbance of the solution was read at 230 nm 
after 10 min against a blank containing phosphate buffer without H 2O2. 
Rosmarinus officinalis was used as the positive control. The percent scavenging of 
H2O2 was calculated by using the formula: 
% scavenging of H2O2 radical = [(A control – A sample) / A control] × 100 
Where A means absorbance / optical density 
Antioxidant potential 
Ferric reducing antioxidant power (FRAP) assay 
 For determination of FRAP, the method of Oyaizu (1986) was followed with slight 
modifications. Samples (different concentrations of water extract; 0.2 ml) were 
mixed with 0.6 ml of phosphate buffer (0.2 M, pH 6.6) and 0.6ml of potassium 
ferricyanide (1% w/v). The mixture was incubated at 50ᴼ C for 30 minutes followed by 
addition of 0.6 ml trichloroacetic acid (10%, w/v), and then centrifuged at 3000 rpm for 
10 minute. After centrifugation, 0.6 ml of supernatant was mixed with 0.6 ml of water 
and 0.125 ml of 0.1% (w/v) freshly prepared ferric chloride (FeCl3). The mixture was 
kept for 10 min and the absorbance was read at 700 nm using Shimadzu UV–1800 
double beam spectrophotometer against a blank containing ferric chloride and 
distilled water. Increased absorbance of the reaction mixture indicates 
increased reducing activity. Rosmarinus officinalis was used as the positive control. 
The activity was estimated in terms of percent inhibition by using the following formula 
% inhibition = [(A sample – A control) / A sample] × 100 
Where A means absorbance / optical density 
Phytochemical analysis 
Total phenolic content (TPC) 
 TPC was determined by the method of Swain and Hills (1959) using Folin- Ciocalteu 
reagent (FCR). The extract equivalent to 0.125 ml was mixed into 0.875 ml of 
distilled water and 0.5 ml of FCR was added and the contents were shaken 
thoroughly. After 3 minute, 1 ml of 7.5% sodium carbonate (Na2CO3) was added 
and the mixtures were allowed to stand for 30 min to 1 h. The intensity of the 
blue color so developed was read at 760 nm using Shimadzu UV -1800 double 
beam spectrophotometer against a standard of gallic acid (50 µg ml-1). The 
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concentration of the phenolic compounds was expressed as mg gallic acid 
equivalents per gram (mg GAE g -1) of the plant tissue.  
Total flavonoid content (TFC) 
The TFC was determined as per the method given by Meda et al. (2005). Approximately 
1 ml of 2% of Aluminum trichloride (AlCl3 dissolved in methanol) was added into 1ml of 
water extracts. After 10 minute the absorbance was read at 415 nm on Shimadzu UV-
1800 double beam spectrophotometer. Quercetin was used as a standard. The amount 
of flavonoid was expressed as mg of quercetin equivalents per gram (mg QE g-1) plant 
tissue. 
Statistical analysis 
The final values are presented as mean±SE (Standard error).  The significance values 
was checked and analyzed by one-way ANOVA followed by the comparison of mean 
values using post-hoc Tukey’s test at P ≤ 0.05. Minimum five replicated were 
maintained. The IC50 values were calculated from a linear regression analysis.  
 
RESULTS AND DISSCUSSION 
In the present study, various antioxidant assays, were applied to evaluate the 
antioxidant potential of both the underutilized test plants. The antioxidant activity was 
measured in terms of percent scavenging activity (%) and further their IC50 values were 
also calculated.  
A significant increase in DPPH radical scavenging activity was observed with increasing 
concentration (625 – 10,000 µg ml-1) of leaf extracts of selected underutilized plants. 
Among the test plants, the maximum scavenging activity was found in the 
extract of A. viridis (89%) and it was the minimum in C. album extract (~76%) 
at highest concentration of 1%. The IC50 value of the leaf extracts was also 
calculated and compared with Rosmarinus officinalis used as positive control. 
The results showed that IC50 values ranged from 3 mg ml-1 to 5.8 mg ml-1. The 
IC50 value of R. officinalis was 3.53 mg ml-1. The IC50 value of A. viridis was 
observed to be the least among the test plants whereas IC50 of C. album was the 
highest (Table 1). Parallel to this, it has been earlier reported also; that various 
wild and underutilized plants possess similar type of radical scavenging 
activity (Sakat et al., 2010; Wang et al., 2012).  
Further, the radical scavenging activity of both the test plants was also 
evaluated in terms of ˙OH radical. In the present study, it was observed that both the 
aqueous extracts of selected underutilized plants possessed good scavenging potential 
towards .OH radical. The scavenging activity of leaves of both the test plants 
increased with increasing concentration of the extracts in a dose -dependent 
manner (Table 2). At 1% concentration, the activity was estimated to be ~ 88% 
in the leaf extract of C. album and was the highest among both the test plants. 
The IC50 value of C. album extract was calculated to be 4.51 mg ml -1, which was 
lesser than the leaf extract of A. viridis. However, it was more than the R. 
officinalis, which served as the positive control (Table 2). The present 
observations that underutilized plants possess .OH radical scavenging activity are 
supported by several other studies which have reported the .OH radical scavenging 
activity of Averrhoa carambola (Chanda et al., 2010) and Aegle marmelos (Rajan et al., 
2011).  
Furthermore, the present study reported that both the test plants exhibited good 
scavenging potential to scavenge H2O2 radical in a dose-dependent manner.  However, 
the activity was found to be more in the leaf extract of A. viridis as compared to the 
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extracts of C. album at highest concentration of 1% (Table 3). In A. viridis, the H2O2 

radical scavenging activity ranged from ~11% to ~87% at the concentration range of 
0.0625 to 1%. The values of IC50 also varied among the leaf extracts. It was 3.38 mg ml-1 
in A. viridis and 4.62 mg ml-1 in C. album. In comparison, the IC50 value of the R. officinalis 
was 2.76 mg ml-1. It is thus clear that underutilized plants possess good potential for the 
scavenging of H2O2. Other studies have also reported that that underutilized plants 
possess good scavenging potential for H2O2 radical (Pal et al., 2013; Banerjee and De 
2014). 
Ferric ion reducing antioxidant power or Ferric reducing ability of plasma (FRAP) is 
another assay of determining antioxidant potential of plants. Based on the FRAP assay, 
both the test plants used in the present study exhibited a variable response. The 
activity was measured to be highest in the leaf extract of C. album (~ 82%) 
followed by A. viridis (~79%), at higher concentration of 1%. The IC50 value of 
the leaf extracts ranged from 3.52 mg ml -1 to 4.51 mg ml-1 whereas that of R. 
officinalis was 0.64 mg ml-1 (Table 4). Several studies also support the fact that 
underutilized plants possess an ability to reduce ferric ions to ferrous ions based on 
FRAP assay (Nagarani et al., 2014; Okala et al., 2014).  
Total Phenolic and flavonoid content (TPC, TFC) 
TPC was found to be the maximum (23.71 mg GAE g-1) in the leaf extract of A. viridis 
followed by C. album (14.09 mg GAE g-1), and R. officinalis (~15 mg GAE g-1). In case of 
TFC, it was the maximum in the leaf extracts of R. officinalis      65 mg    g-1)  followed 
by A. viridis (~50 mg QE g-1) and  C. album      36 mg    g-1). The higher antioxidant and 
radical scavenging properties of test underutilized plants can be attributed to presence 
of phenolics and flavonoids in their edible parts. The antioxidant or radical scavenging 
properties of the plants are directly correlated to the presence of phenolics or 
flavonoids. Velioglu et al. (1998) based on their study on 28 plant products, showed that 
there is a direct relation between antioxidant activity and the amount of phenolics. 
 
Table 1.     DPPH radical scavenging activity of the leaf extracts of selected 
underutilized plants. 

Concentration (%) C. album A. viridis R. officinalis 
0.0625 10.54±0.48a 13.64±0.39a 18.64±0.91a 
0.125 23.50±0.74b 26.04±0.88b 36.04±0.59b 
0.25 31.64±1.22c 62.54±0.50c 59.14±0.90c 
0.5 47.31±1.14d 88.80±0.13d 86.89±0.63d 
1 

IC50 value 
75.34±0.46e 
5.77 mg ml-1 

88.80±0.13e 
3.10 mg ml-1 

86.89±0.63e 
           3.53 mg ml-1 

Values presented as mean±standard error. Different alphabets within a column 
represent significant difference at P≤0.05 applying Tukey’s test. 
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Table 2.  Hydroxyl radical scavenging activity of the leaf extracts of selected 
underutilized plants. 
Concentration (%) C. album A. viridis    R. officinalis 
0.0625 14.17±0.71a 9.28±0.39a 23.39±0.86a 
0.125 22.42±0.94b 16.09±0.88b 32.58±1.93b 
0.25 36.04±1.53c 39.31±0.68c 38.78±0.65c 
0.5 66.01±1.48d 54.70±0.13d 62.32±1.31d 
1  
IC50 value 

87.53±1.73e 
4.51 mg ml-1 

69.84±0.39e 
5.81 mg ml-1 

96.90±0.68e 
3.77 mg ml-1 

Values presented as mean±standard error. Different alphabets within a column 
represent significant difference at P≤0.05 applying Tukey’s test. 

 
 

Table 3. H2O2 radical scavenging activity of the leaf extracts of selected 
underutilized    plants.   
Concentration (%) C. album A. viridis  R. officinalis 
0.0625 16.29±0.88a 11.01±0.16a 35.57±0.93a 
0.125 37.01±0.38b 34.29±0.19b 48.13±0.33b 
0.25 49.72±0.92c 59.97±0.17c 76.47±0.23c 
0.5 55.93±0.15d 78.02±0.81d 86.38±0.54d 
1  
IC50 value 

72.19±0.39e 
4.62mg ml-1 

87.13±0.49e 
3.38 mg ml-1 

 

92.24±0.23e 
2.76 mg ml-1 

Values presented as mean±standard error. Different alphabets within a column 
represent significant difference at P≤0.05 applying Tukey’s test  
 
Table 4. FRAP activity of the leaf extracts of some selected underutilized plants.  

Concentration (%) C. album A. viridis R. officinalis 
0.0625 11.09±0.28a 24.41±0.16a 32.34±1.05a 
0.125 25.01±0.19b 31.09±0.39b 64.56±0.66b 
0.25 41.02±0.62c 52.07±0.54c 82.71±0.22c 
0.5 65.03±0.85d 71.92±0.62d 89.36±0.24d 
1 
 

IC50 values 

82.30±0.24e 
 

4.51mg ml-1 

79.03±0.74e 
 

3.52 mg ml-1 
 

90.78±0.24e 
 

0.64 mg ml-1 

Values presented as mean±standard error. Different alphabets within a column 
represent significant difference at P≤0.05 applying Tukey’s test. 
 
Table 5. Amount of total Phenolic (mgGAE/gm) and Flavonoid (mgQ/gm) in the 
leaf  extracts of A. viridis and C. album. 
Plant name             Phenolic content       Flavonoid content 

A. viridis 23.71±0.61 49.12±0.91 
C. album 17.09±0.72 36.20±0.61 

R. officinalis 
(Positive control) 

14.09±0.78 64.32±0.71 
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CONCLUSIONS 
It is thus clear from the above results that both the underutilized plants possessed 
better antioxidant and radical scavenging properties. The current study clearly 
indicates that both the test plants were rich in phenolics and flavonoid as these are well 
known antioxidants. If commercialized, these can serve as the best sources of nutrients 
and antioxidants for the people.  
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