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ABSTRACT 

Generally vegetables represent a class of under exploited plants that are stipulated to be rich source of natural antioxidant. Seven edible widely used 

leafy vegetables of Odisha have been analyzed for their DPPH radical scavenging activity, namely Amaranthus tricolor, Amaranthus viridis, Brassica 

oleracea, Brassica campestris, Basella alba, Cucurbita maxima, Cicer arietinum using methanol, ethanol, petroleum ether as solvent. Their total 

phenolic content was measured by Folin- ciocalteu reagent. The plant extracts were found to have different levels of antioxidant properties in the 

system tested. Correlation analysis established a positive Correlation between the phenolic contents and the in vitro free radical scavenging activity 

of the plant extracts. In all the species methanolic and ethanolic extract gave maximum yield of crude extract, phenol content as well as antioxidant 

activity. Highest antioxidant activity was demonstrated in Brassica campestris followed by Amaranthus tricolor and Cucurbita maxima. Accordingly 

minimum IC50 values were obtained in the concentration of maximum antioxidant activity. These values are comparable with ascorbic acid as 

standard. The conclusions drawn from the study suggest that the rich phytochemical contents especially phenolics of the leafy vegetables and good 

antioxidant activity may be responsible for its wide and popular use in any balanced diet. 
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INTRODUCTION  

Providing modern healthcare to rural people in India is still a far-

reaching goal due to economic constraints [1]. Hence, people mainly 

depend on the locally available plant materials to cure various health 

disorders [2,3]. Plants possess components, which render beneficial 

properties [4]. Hence, currently attention is being drawn towards 

exploring plant sources for substances that provide nutritional and 

pharmaceutical advantages to humans. Green leafy vegetables (GLVs) 

are a good source of minerals and vitamins. The ethno-botanical 

reports offer information on medicinal properties of GLVs like anti-

diabetic [5], anti-histaminic [6], anti-carcinogenic [7], hypolipidemic 

[8] and anti-bacterial activity [9]. In most studies, crude extracts of 

GLVs were used to demonstrate their health beneficial potency.  

Generation of oxygen radicals, such as superoxide radical (O2
-.), 

hydroxyl radial (.OH) and non free radical species such as H2 O2 and 

singlet Oxygen (1O2) is associated with cellular and metabolic injury 

and accelerating aging cancer cardiovascular diseases, 

neurodegenerative diseases and inflammation [10,11,12]. Previous 

epidemiological studies have consistently shown that consumption 

of fruits and vegetables has been associated with reduced risk of 

chronic diseases, such as cardiovascular diseases and cancers 

[13,14,15] and neurodegenerative diseases including Parkinson’s 

and Alzheimer’s diseses [16] as well as inflammation and problems 

caused by cell and cutaneous aging [17]. Fruits and vegetables 

contain different antioxidant compounds such as Vitamin C, vitamin 

E, and carotenoids, whose activities have been established in recent 

years. Flavonoids, tannins and other phenolic constituents present 

in food of plant origin are also potential antioxidants [18,19]. 

Therefore the objectives of this present study were (1) To determine 

the antioxidant, phenolic content of commonly consumed leafy 

vegetables in Odisha in Methanol, ethanol and petroleum ether 

extracts with in vitro antioxidant assay such as DPPH radical 

scavenging assay. (2) To determine the level of correlation between 

the phenolic contents and antioxidant activity. 

MATERIALS AND METHODS 

Plant Materials 

Leafy vegetables were collected from Bhubaneswar and its 
periphery of Odisha. The plant specimens were further 
authenticated at the Regional plant Resource Center located at 
Bhubaneswar. The leaves were washed, shade dried and then milled 
into coarse powder by wind meter and pestle. Seven leafy vegetables 
which were tested for their antioxidant activity were 1.Cicer 
arietinum L., 2.Brassica oleracea, 3.Brassica campestris L., 
4.Amaranthus tricolor L, 5.Amranthus viridis L., 6.Basella alba L., 
7.Cucurbita maxima L. Botanical information, Plant parts used and 
their medicinal importance were mentioned in Table-1. 

 

Table 1: Botanical information and medicinal uses of leafy vegetables used in the study 

Botanical Name  Family Common Name Local Name Parts used Medicinal Uses  

Amaranthus viridis L. Amarantheceae Green Amaranth Khada Saga Leaf Used to cure Piles & Stomach eches  

Amaranthus tricolor l. Amarantheceae Red Amaranth Khada Saga Leaf Enhance eye sight 

Antioxidant 

Cucurbita maxima l. Cucurbitaceae Pumpkin Kakharu Leaf Anti helminthic 

Brassica oleraceae L. Brassicaceae Broccoli Phula Kobi Leaf Anti cancer 

Brassica campestris l. Brassicaceae Mustard Sorisa Leaf Anti cancer 

Anti hemorrhage 

Cicer arietinum l.   Fabaceae Chick pea Buta Leaf & small stem Anti inflammatory 

 Basella alba l. Bassellaceae Indian spinach Poi Leaf Anti mutagenic 
 

 

 

Preparation of the plant extract 

The powdered plant material was weighed and extracted with 
solvents like Methanol, Ethanol and Hexane using soxhlet apparatus 

for 48 hours. The solvent was then removed under reduced pressure 
by using rotary evaporator, which obtained a greenish-black 
coloured sticky plant material. The remaining residue was stored in 
dessicators for further use.  
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Chemicals Required 

Chemicals such as DPPH(1, 1, Diphenyl-2-Picrylhydrazyl), Methanol, 

Folin - Ciocalteu reagent, sodium carbonate, Catechol were used. All 

reagents were of analytical grade. 

DPPH radical Scavenging assay 

The antioxidant activity of the extracts was measured on the 

basis of the scavenging activity of the stable 1, 1- diphenyl 2-

picrylhyorazyl (DPPH) free radical according to the method 

described by Brand-Williams [20] with slight modification. The 

following concentrations of extracts were prepared 50µg/ml, 

100 µg/ml, 200 µg/ml and 250 µg/ml. All the solutions were 

prepared with methanol 1 ml of each prepared concentration 

was mixed with 1 ml of 100 µm DPPH solution in methanol. 

Experiment was done in triplicate. The test tubes were 

incubated for 30 min. at room temperature in dark and the 

absorbance was measured at 517nm. Lower the absorbance of 

the reaction mixture indicates higher free radical scavenging 

activity. Ascorbic acid was used as a standard and the same 

concentration were prepared as to test solutions. The difference 

in absorbance between the test and the control (DPPH in 

methanol) was calculated and expressed as percentage 

scavenging of DPPH radical. The capability to scavenge the DPPH 

radical was calculated by using the following equation. 

Scavenging effect (%) = Ac-As/Ac×100 

Where, Ac is the absorbance of the control 

As is the absorbance of the sample 

Determination of total phenol content 

Phenol was determined by folin-Ciocalteau reagent in alkaline 

medium and was expressed in terms of catechol used as standard 

[21] in mg/g dry sample. 

Statistical Analysis 

Experimental results were expressed as mean±standard deviation. 

All measurements were replicated three times. The datas were 
correlated using Karl Pearson’s correlation coefficient at P<0.05. The 

pc software SPSS 20.0 was used for the calculations. 

RESULTS AND DISCUSSION 

DPPH radical scavenging activity is one of the most widely used 
methods for screening the antioxidant activity of plant extracts. The 

extents of DPPH radical scavenging at different concentrations (50-
250 µg/ml) of the extracts were measured with ascorbic acid as 

standard. The radical scavenging effects were found to increase with 
increasing concentration and quite close to the standard(96.43% at 

250µg/ml)(fig:1) indicating their strong antioxidant activity. The 

results obtained were clearly indicate the potential of the plant 
extracts in scavenging free radicals as high percentage inhibition in the 

range of 80%-99% (Table-2, 3&4) were observed at 250 mg/ml for 
the methanolic extracts of the seven plant species. Maximum activity 

have been observed in Brassica campestris (99.54%) followed by 
Amaranthus tricolor (94.21%), Cucurbita maxima (93.45%), Brassica 

oleracea (90.59%), Amaranthus viridis (88.95), Basella alba(84.5), Cicer 
arientinum (80.57%), with IC50 values of 26.93 µg/ml, 27.63 µg/ml, 

31.7 µg/ml and 32.46 µg/ml, 35.09 µg/ml, 37.03 µg/ml, 38.63 µg/ml 
(Table-5, Fig:1) and 27.4µg/ml for ascorbic acid(reference standard). 

The result of the present investigation shows that Amaranthus tricolor 
and Brassica campestris are rich in phenols and antioxidant activity in 

comparison to Cucurbita maxima, Amaranthus viridis, Basella alba, 
Cicer arietinum, and accordingly lowest IC50 value was found in 

Brassica campestris and highest was found in Cicer arietinum which 
has least antioxidant activity. While comparing the two species of 

Amaranthus tricolor (red amaranth) which has red stem and 

Amaranthus viridis which has green stem, it was found that the red 
stem has more phenolic content and high antioxidant capacity than the 

green stem.It may be due to the presence of red anthocyanin pigment 
in Amaranthus tricolor.  

 

Table 2: DPPH scavenging activities of leafy vegetables in Methanolic extracts (values represent means±.S.D, n=3) 

Conc.of extracts (µg/ml) AG AT BO BC CM BA CA 

50 71.23±.19 90.47± 19 77±.19 92.83±.277 78.85±.19 67.5±.11 64.7±.11 

100 77.01±.11 91.80±.195 79.42±.19 94.66±.19 82.34±.11 71.23±.19 67.73±.11 

150 82.21±.29 92.88±.11 83.16±.11 97.45±.11 85.33±.19 75.23±.19 72.57±.19 

200 86.09±.19 93.45±.11 87.16±.11 98.34±.11 90.09±.19 78.66±.19 77.2±.11 

250 88.95±.19 94.21±.11 90.59±.11 99.54±.11 93.45±.11 84.5±.478 80.57±.19 

 

Table 3: DPPH scavenging activities of leafy vegetables in Ethanolic extracts(values represent means±SD, n=3) 

Conc. of Extracts (µg/ml) AG AT BO BC CM BA CA 

50 66.47±.19 73.26±.11 71.54±.11 88.38 ±.19 75.42 ±.19  63.73±.11 58.85±.19 

100 73.39±.11 77.01±.11 75.73±.11 91.99±.195 78.34 ±.219 67.42±.19 62.66±.19 

150 78.53±.11 82.21 ±.29 79.93±.1154 93.77 ±.11 81.33± 19 71.48 ±.11 67.42 ±.19 

200 82.47±.19 86.09 ±.19 83.42±.19 95.93 ±.1154 85.20 ±.11 74.09 ±.19 71.54±.11 

250 85.83 ±.11 91.61 ±.19 86.66 ±.19 97.52 ±.19 88.96 ±.205 75.23 ±.19 78.97 ±.11 

 

Table 4: DPPH scavenging activities of leafy vegetables in Petroleum Ether extract(values represent means±SD, n=3) 

Conc. of Extracts (µg/ml) AG AT BO BC CM BA CA 

50 63.48±.11 64.95±.19 65.2±.11 86.38±.19 64.41±.241 60.12±.11 50.28±.19 

100 67.23±.19 71.1± 29 69.26±.11 90.34±.11 68.76±.19 62.34±.11 54.47±.19 

150 69.9±.19 74.85±.19 72.63±.219 91.99±.195 73.33±.19 65.07±.11 58.78±.11 

200 74.09±.19 78.66±.19 76.76±.19 93.77±.11 77.33±.19 67.99±.195 62.91±.11 

250 78.66±.19 83.61±.19 80.69±.11 95.93±.1154 82.85±.19 72.19±.19 67.67±.11 

Comparisons between the concentrations are Significant at 1percent level of significance. 

AG- Amaranthus viridis, AT- Amaranthus tricolor, BO-Brassica oleracea, BC-Brassica Campesteris, CM-Cururbita maxima, BA- Basella alba, CA- Cicer 

arietinum 

The antioxidant activities of seven leafy vegetables of Odisha were 

measured in DPPH radical scavenging assay at different 

concentrations ranging from 50 to 250 µg/ml in 3 different solvent 

like Ethanol, Methanol and petroleum ether(Table- 2, 3 &4). The 

percentage inhibition for each concentration and IC50 values of the 

extracts were calculated(Table-5)(Fig:1). An IC50 value is the 

concentration of the sample required to scavenge 50% of the free 

radicals present in the system. IC50 value is inversely related to the 

activity. The extracts were found to have different levels of 

antioxidant activity in different solvents. 
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Crude extracts were obtained using Methanol, Ethanol, and 

Petroleum ether as solvent. Despite variation in the extraction 

yields, the antioxidant contents found were very good indicating that 

extraction was efficient. The yields of extracts using Methanol, 

Ethanol and Petroleum ether were varied may be due to the polarity 

of solvents used in extraction process. 
 

 

Fig. 1: It Shows IC50 values of seven leafy vegetables in different extracts 
 

Table 5: Yield of crude extract, Phenol content and IC50 values of leafy vegetables in different solvents. 

Plants Name Solvent Used Yield of crude extract 

(gm/100gm) 

Phenol content 

(mg/gm) 

IC50 Values 

(µg/ml) 

Amaranthus gigantea 

 

Methanol 

Ethanol 

Petroleum ether 

13.18 

14.5 

3.5 

.1 

.02 

.42 

35.09 

37.61 

39.4 

Amaranthus tricolor Methanol 

Ethanol 

Petroleum ether 

1 

2 

0.6 

1.29 

1 

1.12 

27.63 

34.12 

38.49 

Cucurbita maxima Methanol 

Ethanol 

Petroleum ether 

5.87 

1.3 

1 

1.23 

.4 

0.7 

31.70 

33.14 

38.83 

Brassica oleracea Methanol 

Ethanol 

Petroleum ether 

9 

7.2 

1.3 

1.19 

0.43 

0.82 

32.46 

34.94 

38.34 

Brassica campestris Methanol 

Ethanol 

Petroleum ether 

2 

1.2 

1 

1.38 

0.2 

0.29 

26.93 

28.3 

31.78 

Cicer arietinum Methanol 

Ethanol 

Petroleum ether 

7 

8.9 

2 

0.38 

0.67 

0.7 

38.63 

42.48 

49.72 

Basella alba Methanol 

Ethanol 

Petroleum ether 

2 

6 

1 

0.43 

0.27 

0.34 

37.03 

39.22 

41.58 

 

 

Fig. 2: It Shows Correlation between antioxidant activity and total phenol content in leaves of seven leafy vegetables, r=0.77 
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In the quantitative analysis of antioxidative components the total 

phenolic contents in methanol, ethanol and petroleum ether extracts 

of seven leafy vegetables given in the table-4. Phenols are known to 

possess a wide range of therapeutic uses, such as antioxidant, 

antimutagenic, antitumour activities [22]. Recent studies have 

shown that many poly phenols contribute significantly to the 

antioxidant activity [23,24] and act as highly effective free radical 

scavengers due to their redox properties that allow them to get as 

reducing agents [25]. Several comprehensive works have been done 

on the effects of phenolic compounds and antioxidant activity (A 

positive correlation) of Amaranthus tricolor [26] Basella alba [27] 

Brassica oleracea [28]. This same trend was also obtained in our 

study. A significant correlation was observed between phenolic 

contents and the scavenging of DPPH radical (methanolic extracts) 

in all the leafy vegetables(r=0.77, p<0.05) (Fig:2). When comparing 

the data Brassica campestris had the highest phenolic content 

(1.38mg/g) followed by Amaranthus tricolor, Cucurbita maxima, 

Brassica oleracea, , Amaranthus viridis, Basella alba, Cicer arietinum. 

These results (table-5) indicated that the radical scavenging capacity 

of each extract might be related to their concentration of phenolic 

hydroxyl group. 

CONCLUSION 

From this study it is concluded that the antioxidant capacities, total 

phenolic content of the seven leafy vegetables commonly consumed 

in Odisha (India) are considered as good sources of antioxidants as 

observed in DPPH scavenging assay. However among all Brassica 

campestris has the highest antioxidant activity. The results of the 

three leafy vegetables Amaranthus tricolor, Brassica oleracea, 

cucurbita maxima are equally potent like Brassica proving its wide 

use as food with nutritional and medicinal value. 
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