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ABSTRACT 

Anti-inflammatory and antioxidant activities are extensively used to screen chemopreventive foods. Four well-known 

vegetables bitter gourd, bottle gourd, drumstick leaves and ginger were assessed in this study. Total phenolics and 

flavonoid were estimated. The total antioxidant capacity was evaluated using FRAP; based on the scavenging ability of 

the cation radical DPPH RSA ABTS RSA and ORAC. Moreover, anti-inflammatory activity was determined based on the 

protein denaturation inhibition assay. The highest total phenolics and flavonoid content was observed in methanolic 

extract of drumstick leaves among four selected vegetables.  Antioxidant capacity by FRAP was found to be highest in 

ginger, whereas scavenging activity by DPPH RSA and ABTS RSA was found to be high in drumstick leaves. The anti-

inflammatory activity could be ranked based on the IC50 of the vegetables, as bitter gourd > ginger > bottle gourd > 

drumstick leaves. Additionally, a significant correlation existed between total phenolic content and antioxidant activity. 

This profound protective effect of vegetables may explain its extensive use in daily life and possible health benefits. 
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INTRODUCTION 

 According to the World Health 

Organization, 46% of the global disease 

burden and 59% of global mortality are due to 

chronic diseases [1]. Inflammation has 

recently emerged as an important aspect of the 

pathophysiology of major chronic diseases of 

industrialized societies. Elevated plasma levels 

of inflammatory markers are risk factors, 

including obesity [2,3], insulin resistance, type 

2 diabetes mellitus [4-6], metabolic syndrome 

[7] and many types of cardiovascular diseases 

[8,9].  

Extensive research during the past two 

decades has revealed the mechanism by which 

continued oxidative stress can lead to chronic 

inflammation [10]. Inflammation is one of the 

manifestations of oxidative stress and the 

pathways that generate the mediators of 

inflammation, such as adhesion molecules and 

interleukins, are all induced by oxidative 

stress. Inflammation and oxidative stress are 

postulated to impair beta-cell function and 

exacerbate insulin resistance in type 2 diabetes 

[11] and often coexist in atherosclerosis and 

cardiovascular disease [12].  

Anti-inflammatory agents, including 

nonsteroidal anti-inflammatory drugs 

(NSAID) are widely used in treating these 

disorders. However, many of them have dose-

dependent side effects and none of them are 

suitable for primary prevention, which 

significantly limit their use. The World Health 

Organization (WHO) has estimated that 80% 

of the earth’s inhabitants rely on traditional 

medicine for their primary health care needs 

and most of this therapy involves the use of 

plant extracts and their active components 

[13]. Epidemiological and experimental 

studies reveal a negative correlation between 

the consumption of diets rich in fruits and 

vegetables and the risks for chronic diseases 

[14-18]. These physiological functions of 

fruits and vegetables may be partly attributed 

by their abundance of phenolics including 

flavonoids and anthocyanins, and carotenoids 

[19-22].  Traditionally, deep colored fruits, 

vegetables or foods are recognized as more 

healthy to human body, especially in the 

oriental countries. There has been a growing 

interest in pigment components of fruits and 

vegetables, which may promote human health 

or lower the risk for disease [23]. Fruits and 

vegetables have had conferred the status of 

functional foods [24], they seem to be capable 

of delivering health benefits besides fulfilling 

physiological needs. Habitual consumption of 

fruits and vegetables confers significant 

benefits to human health [25].  In vitro studies 

as well as epidemiological data strongly 

suggest that foods containing phytochemicals 

with antioxidation and anti-inflammatory 

potential have strong protective effects against 

major disease risks including cancer and 

cardiovascular diseases [26-33]. In the present 
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study, the anti-inflammatory and anti-oxidant 

activity of different vegetables was evaluated 

by using a widely accepted model system.  

 

MATERIALS AND METHODS 

 

Vegetables and Sample Extraction: Plant 

parts of the four vegetables namely bitter 

gourd (Momordica charantia), bottle gourd 

(Lagenaria siceraria), ginger (Zingiber 

officinale) and drumstick leaves (Moringa 

oleifera) were purchased from the local market 

of Anand. About 2.0 g of plant material was 

extracted in 50 ml of acidified methanol at 

room temperature. The whole extracts were 

filtered, and used for further assays.  

 

Determination of total phenolic and 

flavonoid content: Total phenolic content of 

extract was determined using Folin-Ciocalteu 

method [34]. Gallic acid was taken as standard 

and results were expressed as mg of GA 

equivalent per 100 g of sample. Flavonoid 

content was estimated using aluminium 

chloride colorimetric method using rutin as a 

standard [35] and the absorbance was read at 

510 nm. Results were expressed as mg of rutin 

equivalent per 100 g of sample. 

 

Ferric reducing antioxidant power assay 

(FRAP): The measure of FRAP of the 

methanolic extract was carried out by the 

method given by Benzie and Strain [36].  

Results were expressed as mg Trolox 

Equivalent Antioxidant Capacity per 100 g of 

sample.   

 

Scavenging effect on DPPH Radicals: The 

scavenging effects of methanolic extract from 

vegetables on DPPH were measured according 

to the method of Brand-Williams [37].  The 

extract was added to the methanolic solution 

of 2,2-Diphenyl-1-picryl-hydrazyl (DPPH) 

and absorbance was recorded at 517 nm. 

Results were expressed in terms of mg of 

Trolox Equivalent Antioxidant Capacity per 

100 g of sample. 

 

Scavenging effect on ABTS Radicals: The 

scavenging effects of methanolic extracts on 

ABTS were estimated using the modified 

method of Re et al [38]. Percentage inhibition 

was calculated and the results were expressed 

in terms of TEAC per 100 g of sample.  

 

Oxygen radical absorbance capacity 

(ORAC): The ORAC assay is based upon the 

inhibition of the peroxyl-radical-induced 

oxidation initiated by thermal decomposition 

of azo compounds. Modified method of Ou et 

al [39] was used for the estimation. The final 

values were calculated using the area under the 

curve and results were expressed as trolox 

equivalents in micromole per gm. 

 

In vitro anti-inflammatory effects on protein 

denaturation inhibition assay: Protein 

denaturation inhibition assay was done by the 

reported protocol with minor modifications 

[40]. The methanolic extracts with different 

concentration were treated with bovine 

albumin; turbidity was measured 

spectophotometrically at 660 nm. Diclofenac 

sodium was taken as standard and percent 

inhibition of protein denaturation was 

calculated. 

 

Statistical Analysis: Each experiment was 

performed in duplicate and expressed as 

mean±SD. Statistical analyses were performed 

using SPSS 20. Analyses of variance were 

performed using ANOVA. Significant 

difference (p<0.05) between the means were 

determined using Duncan’s test. Pearson’s 

correlation was calculated to study the 

relationship. Results were also subjected to 

multivariate data analysis by means of 

principal component analysis using SPSS 20.    

RESULTS AND DISCUSSION 

Fruits and vegetables are rich sources 

of antioxidants such as vitamin C, tocopherol, 

phenolics and β-carotene which contribute to 

their antioxidant or free radical or scavenging 

effects. Amongst these, phenolics serve as 

powerful antioxidants by virtue of the 

hydrogen-donating properties of their phenolic 

hydroxyl groups, as well as by donating 

electrons to stop free radical chain reactions 

emerging from oxidative stress [41]. 

Phenolic compounds are important 

contributors to functional quality and have an 

important role to play in counteracting reactive 

oxygen species (ROS) and thereby minimizing 

molecular damage [42]. Total phenolic content 

was found to vary significantly (p<0.05) 
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among vegetables and ranged from 52.41 to 

372.82 mg GAE/100g depicting almost seven-

fold variations (Figure 1). The hierarchy was 

bottle gourd<bitter gourd<ginger<drumstick 

leaves. The role of phenolics as natural 

antioxidants has attracted considerable interest 

due to their pharmacological functions. 

Increased consumption of phenolic 

compounds has been associated with the 

reduced risk of cardiovascular diseases and 

certain cancers [43-45]. Budrat [46] found 

4.99 mg GAE/ gm of total phenolics content in 

bitter gourd by soxhlet extraction method. Le 

et al [47] found that aquous extract of 

drumstick leaves contains higher total 

phenolics content (105.04 mg gallic acid 

equivalents (GAE)/g), total flavonoids content 

(31.28 mg quercetin equivalents (QE)/g) and 

showed better antioxidant activity (85.77%). 

 

 
Values are mean ± SD; n=4. Total phenolics content in 

mg gallic acid equivalent per 100 g; Flavonoid content in 

mg rutin equivalent per 100 g. 
 

Figure 1: Total phenolics and Flavonoid 

content of the methanolic extract of 

vegetables. 
 

 

The content of flavonoids also varied 

significantly (p<0.05) and ranged between  

 

10.02 to 48.56 mg RT/ 100g (Figure 1). The 

content in increasing order was: bottle 

gourd<ginger<bitter gourd< drumstick leaves. 

Flavonoids have been reported to have 

beneficial health effects including anti-

inflammatory, inhibition of platelet 

aggregation and inhibition of mast cell 

histamine release [47].  

Table 1 shows the antioxidant capacity 

of the vegetables. Results showed that bottle 

gourd had the lowest antioxidant capacity 

measured by four different methods compared 

to other vegetables. Ginger had the highest 

ferric reducing antioxidant capacity compared 

to other vegetables. Drumstick leaves showed 

the highest scavenging activity on DPPH and 

ABTS among the studied vegetables. The 

hierarchy for ORAC was: bottle 

gourd<ginger<bitter gourd<drumstick leaves. 

Data obtained by Sreelatha [48] suggested that 

the extracts of drumstick leaves both mature 

and tender have potent antioxidant activity 

against free radicals. Water, aqueous 

methanol, and aqueous ethanol extracts of 

freeze-dried leaves of Moringa oleifera were 

examined for radical scavenging capacities 

and antioxidant activities by Siddhuraju [49]. 

They concluded that both methanol (80%) and 

ethanol (70%) were found to be the best 

solvents for the extraction of antioxidant 

compounds from drumstick leaves. 

A correlation was observed between 

total phenolic content and flavonoid (r = 

0.855), FRAP (r = 0.764), DPPH RSA (r = 

0.997), ABTS RSA (r = 0.991) and ORAC (r = 

0.593) in the selected vegetables. The results 

revealed that flavonoid content in the selected 

vegetables significantly (p<0.05) correlated 

with DPPH RSA (r = 0.879), ABTS RSA (r = 

0.828) and ORAC (r = 0.807) (Table 2).  

 

Table 1: Total Antioxidant Capacity by FRAP, DPPH RSA, ABTS RSA and ORAC of selected 

vegetables 

 

FRAP DPPH RSA ABTS RSA ORAC 

(mg TE/100gm) (micromole/gm) 

Bitter Gourd 173.66±10.47b 454.17±37.80b 249.26±26.09b 54.45±7.23c 

Bottle Gourd 65.89±10.76a 173.33±7.22a 39.20±3.22a 28.54±5.86a 

Drumstick Leaves 764.31±33.39c 1236.00±25.99d 896.19±79.31d 55.76±1.84c 

Ginger 1216.12±41.47d 838.68±32.37c 624.92±15.55c 40.49±0.25b 

F-Value 1508.36* 1068.48* 323.90* 29.39* 

Values are mean ± SD; n=4. Different alphabets within column are significantly different (p≤0.05) from each other. ORAC, 

oxygen radical absorbance capacity; FRAP, ferric reducing antioxidant power assay; DPPH RSA, DPPH radical scavenging 

activity; ABTS RSA, ABTS radical scavenging activity; TE, trolox equivalent. 
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Table 2: Correlation between total phenolics, flavonoid and total antioxidant capacity of 

methanolic extracts of selected vegetables 

 TP Flavonoid FRAP DPPH RSA ABTS RSA 

Flavonoid 0.855** 
    

FRAP 0.764** 0.336 
   

DPPH RSA 0.997** 0.869** 0.743** 
  

ABTS RSA 0.991** 0.828** 0.787** 0.986** 
 

ORAC 0.593* 0.807** 0.166 0.604* 0.558* 
**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed). TP, total 

phenolics; FRAP, ferric reducing antioxidant power assay; DPPH RSA, DPPH radical scavenging activity; ABTS RSA, 

ABTS radical scavenging activity. 

 

However, FRAP content in the selected 

vegetables did not significantly correlate with 

flavonoid (r = 0.336) and ORAC (r =0.166) 

respectively. FRAP, ORAC and ABTS do not 

measure the same antioxidant phenomenon 

[50]. For example, FRAP is sensitive to single 

electron transfers while ORAC, to hydrogen 

atom transfer. The ABTS radical is thought to 

be sensitive to both single electron and 

hydrogen atom transfer. In effect, these three 

methods operate on different reaction 

mechanisms, accounting for the observation 

that they are not correlated with each other. 

 The percent inhibition and IC50 value 

of protein denaturation for vegetables were 

analyzed graphically and presented in figure 2 

and table 3. The ability to inhibit protein 

denaturation by vegetables was displayed in 

the order of bitter gourd>ginger>bottle 

gourd>drumstick leaves. The lowest IC 50 

value was observed for bitter gourd suggested 

the highest anti-inflammatory activity. Studies 

on different models revealed the same results 

as found in this study [51-53]. Juice of bottle 

gourd showed anti-inflamamtory activity 

against acute inflammatory models of paw 

edema [54,55]. Sulaiman [56] had evaluated 

Moringa oleifera aqueous extract for anti-

inflammatory activity and they concluded that 

the aqueous extract of drumstick leaves 

exhibited significant anti-inflammatory 

activity in a dose dependent manner.  

Principal component analysis is a 

variable reduction procedure and to develop a 

smaller number of artificial variables that will 

account for most of the variance in the 

observed variables. PCA was performed on the 

significant factor loading values, higher than 

or equal to 0.7 were used to identify the most 

important variables and attributes in each 

dimension, or principal components (PCs). 

First two PCs explained approximately 

95.82% of total data variability, called PC1 

(51.84%) and PC2 (43.98%) (Figure 3). In 

general, antioxidant capacity measured by 

FRAP, DPPH RSA and ABTS RSA located in 

the right hand of the component plot between 

attribute vectors indicate higher predictable 

capacity.  

 
Figure 2: Anti-inflammatory activity of 

vegetables by protein denaturation inhibition 

assay 

 

 

Table 3: Anti-inflammatory activity (% 

inhibition and IC50 value) of selected vegetables 

Extracts 
Concentration 

(µg) 

% 

inhibition 

IC50 

(µg/ml) 

Bitter Gourd 400 66.6 280.72 

Bottle Gourd 400 35.1 507.31 
Drumstick 

Leaves 
400 19.8 726.00 

Ginger 400 63.5 340.38 

Diclofenac 

sodium 
50 54.91 50.06 

Values are mean ± SD; n=4. 
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Figure 3: Principal component analysis (PCA) 

scatterplot obtained from the total phenolics, 

flavonoid and total antioxidant capacity by 

FRAP DPPH RSA, ABTS RSA and ORAC 

CONCLUSION 

In conclusion, this study found wide 

diversity in the phenolic, flavonoid content 

and antioxidant capacities in the selected 

vegetables. The methanolic extracts of 

vegetables exhibited anti-inflammatory 

activity which may possibly be due to the 

presence of phenolic compounds. The findings 

of the present study suggested that the extracts 

from several vegetables were found to possess 

strong antioxidant activity and scavenging 

effects on free radicals, that would have great 

importance as therapeutic agents in preventing 

or slowing the process of reactive oxygen 

species and associated oxidative stress related 

degenerative diseases. Hence it is 

recommended that the consumption of 

vegetables should be increased in the diet of 

human beings. 
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