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 The oxidative compounds at a certain level positively affect the body's immune 
functions; however, inappropriate lifestyles and dietary habits can trigger an imbalance in the 
body's antioxidant defense mechanisms and the production of free radicles, can cause molecular 
damages which can be observed through different biomarkers. These free radicles can cause 
undesirable health, leading to different degenerative diseases and pathogenesis. Antioxidants 
are highly effective in reducing the frequent occurrence of such chronic diseases. FAV (fruits 
and vegetables) and food plants have been well known for its antioxidant contain. This study 
interprets to determine the total phenolic content which ranges from 8.6 µg (Tomato of Cuttack) 
to 27.8 µg (Amla of Jajpur) of gallic acid equivalents per 100 gm of extract. Flavonoid content 
ranges from 3.6-34.2 µg of quercetin equivalents per 100 gm of the extract, with Karela of Jajpur 
having the maximal (34.2 µg) content, with banana (3.6 µg) being the least of Cuttack. Antioxidant 
content ranges from 5.1-10.8 µg/ml. Banana of Jajpur has maximal IC50 value through DPPH 
based scavenging assay method, with Amla of Angul, Cuttack and Dhenkanal as the lowest 
capacity. The significant output of the research will convey the habitant of these localities and 
the selection as well as the inclusion of the finest fruits and vegetables in their day to day regular 
diet. The researchers may utilize the data for geographical based epidemiological studies where 
the intake of reported foods can be used to measure their antioxidant values, which may further 
be utilized to verify the impact of antioxidants and their synergistic effect on the cell. Animal 
based experimental studies or human based clinical trials may interpret the role of dietary 
phytochemical based antioxidants in preventing different chronic and degenerative diseases.
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 The metabolic activity of cells in 
biological systems results in the production 
of highly reactive compounds known as free 
radicles.1,2 These oxidative compounds, at a 
certain level, positively affect the body’s immune 
functions; however, inappropriate lifestyles and 
dietary habits can trigger an imbalance in the 
body’s antioxidant defense mechanisms and 
the production of free radicles, which causes 
molecular damages observed through different 
biomarkers.3-6 These free radicles can make the 
event to cause undesirable health which leads to 
the pathogenesis of different degenerative diseases 
like atherosclerosis, neurodegenerative diseases, 
carcino genesis, including Alzheimer as well as 
Parkinson’s diseases, aging etc. 7,8,9 Therefore 
adhering, the habit of healthy consumption is 
now a growing social concern, which can be 
overcome with high intake of bioactive antioxidant 
compounds.10-13

 Consumption of fruits and vegetables is 
included as worldwide dietary recommendation, 
for disease prevention strategy because along 
with fiber content and their micro as well as 
macronutrient. Fruits and vegetables also contain 
compounds in the form of photochemical that 
stand out for their antioxidant properties.14,15,16 
It has also been reported that health-improving 
benefits are found in various FAV (fruits and 
vegetables) and food plants have been well known 
to contain antioxidants, such as apples, bananas, 
carrots, cabbage, citrus fruits (lemon, lime, orange, 
grapes), dates, dark leafy greens, vegetables 
yellow and green (peppers) pomegranates and 
strawberries.17-23 In order to reduce the frequent 
occurrence of such chronic diseases, antioxidants 
are highly effective as they exert both synergistic 
and additive effects.24,25,26 Vegetables and fruits play 
a vital protective role against chronic diseases such 
as hypertension, diabetes, cancer, strokes, ocular, 
cerebrovascular, neurological diseases and blood-
related diseases.27-31 FAV are potent to combat for 
primary health conditions as they contain natural 
compounds that have presented compelling 
evidence with several epidemiological studies.17,20

 World’s 11% of stroke and 31% of 
ischemic heart disease were estimated to be 
responsible for low intake of FAV. The regular 
intake of FAV (400–500 g/day) as recommended 
by the joint report of FAO/WHO, may be the 

prevention of chronic diseases like cardiovascular 
diseases, stroke, high blood pressure, and other 
micronutrient related deficiencies.20,24 A significant 
risk factor is observed with intake of inadequate 
FAV and may cause several nutritionally based 
NCDs (non-communicable diseases).3,8,29-32 So the 
role and requirement of the antioxidants are not 
only to work as a nutritional supplement, but the 
health professionals should recommend the level 
of intake and their impact on health.33,34,35

 The objective of the current study is to 
interpret and determine the total phenolic and 
flavonoid content along with antioxidant models 
of various vegetable fruit extracts that are done 
by amassing samples from various locations in 
eastern part of India. The significant output of the 
research will convey the habitant of this locality 
and the selection for inclusion of the finest fruits 
and vegetables in their day to day regular diet.

Material and Methods

 Vegetable and fruit samples of Amla 
(Phyllanthus emblica), Apple (Malus domestica), 
Banana (Musa acuminate), Capsicum (Capsicum 
annum), Carrot (Daucus carota), Grapes (Vitis 
vinifera), Green chilli (Cap sicum frutescens), 
Karela (Momordica charantia), Pomegranate 
(Punica grana tum), Orange (Citrus Sin ensis), 
Lemon (Citrus limon) and Tomato (Solanum 
lycoper sicum) were randomly collected from local 
market of Angul, Cuttack, Dhenkanal and Jajpur 
during November 2022 were clean dried and kept 
in a different sterile bowl marked with the location 
on it. Further, the samples were refrigerated for 
storage purposes until they were used for analysis.
Processing of extract
 Using distilled water the vegetables and 
fruits were washed and cleaned. Then at room 
temperature, the samples were blended and dried. 
The dried and blended samples were mixed with 
methanol (1:1) with the help of a magnetic stirrer 
at room temperature for 30 minutes with low rpm. 
The mixture obtained was filtered with the dry, 
sterilized, clean cotton cloth and refiltered with 
Whatman filter paper. The final concentration was 
prepared at 0.5 gm/ml by dilution with the solvent 
of each extract.36

tFC (total Flavonoid Content) determination 
 From the stock concentration, each sample 
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was prepared for a working concentration of 50 
µg/ml separately according to sample location. 
In each working concentration, 2% ammonium 
chloride was added to 1ml of working solution. By 
sonication, each solution was appropriately mixed 
and at 434 nm the absorbance was recorded using 
a UV-Visible spectrophotometer. 
 A 20-50 µg/ml concentration of quercetin 
was processed to get a standard curve for flavonoid 
content estimation. The total flavonoids were 
expressed with the quercetin equivalents (μg/ml) 
per 100 gram of extract.37

tPC (total Phenolic Content) determination
 Each sample was prepared for a working 
concentration of 50 µg/ml from the stock 
concentration, and Folin Ciocalteu reagent was 
added to it of 1.0ml. Then, a sodium carbonate 
solution of 20% w/v was added to 2.0 ml. At 
641 nm, absorbance was recorded by using a 
UV-Visible spectrophotometer. In the 50-250 µg/
ml range, the concentration of gallic acid was 
processed to get a standard curve for the estimation 
of TPC. Gallic Acid equivalents (µg) per 100 grams 
of extract were used to express.37

determination of Free radicle scavenging 
activity by dPPh assay Method
 DPPH radicle scavenging activity method 
of in-vitro antioxidant study was carried out by 
preparing 50 µg/ml concentration of a working 
solution from a stock solution of 1mg/ml. 1ml 
of working concentration of different samples, 
a solution of 2,2-diphenyl-1-picryl-hydrazine-
hydrate solu tion (DPPH) 500µl with 0.004% w/v 
solution was mixed and was sequence with 4ml 
methanol. 
 At 516 nm, the sample’s absorbance was 
recorded using a UV-Visible spectrophotometer. 
The percentage of DPPH radicle scavenging (IC50) 
for the samples was recorded using a calibration 
curve of quercetin using the following formula: 
 % DPPH radicle scavenging activity = 
(Abs control –Abs sample)/ Abs control × 100, 
where Abs control and Abs samples are the absorb-
ance readings of the solvent (control) and sample 
respec tively.38,2

Method Validation
 Validation of all the antioxidant methods 
was done through precision, linearity, wave length 

selection and percent of recovery by the method 
of standard spectrophotometric.39-41

statistical analysis 
 This study has been repeated in triplicate 
and the report was presented in the mean ± standard 
deviation format. ANOVA was done using SPSS 
(version 25), where the p value was less than 0.005 
and was reasonably significant.

results

 The quantitative estimations of TPC 
and TFC of the methanolic extracts of various 
fruits and vegetables are briefed in Figures 1, 2 
and 3 respectively. The current study identified 
a reasonable amount of phenolic and flavonoid 
compounds in the tested samples of vegetables and 
fruits.
tFC estimation
 The TFC values of vegetables and fruits 
ranged from about 3.6-34.2 µg of quercetin 
equivalents per 100 gm of the extract, with Karela 
of Jajpur having the maximal content, with banana 
(3.6 µg) being the least of Cuttack (Figure 1). 
Comparing flavonoid content in the fruits and 
vegetables concerning four different locations, in 
Amla, it was observed that Dhenkanal (32 µg) has 
the highest and lowest in Jajpur (28 µg), the apple 
was Jajpur (32 µg) has the highest and lowest in 
Angul (28 µg), in banana was Jajpur (7 µg) has 
highest and lowest in Angul (3.6 µg), in capsicum 
highest is Jajpur (33.6 µg) and lowest is Cuttack 
(30.6 µg), in Carrot highest, is Jajpur (34.6 µg) 
and lowest is Cuttack (30.1 µg), in grapes highest 
is Dhenkanal (23.4 µg) and lowest is Angul 
(20.33µg), in green chilly highest, is Jajpur (25.3 
µg) and lowest is Cuttack (21.12 µg), in Karela 
highest is Jajpur (34.2 µg) and lowest is Cuttack 
(33.14 µg), in lemon highest, is Jajpur (23.6 µg) 
and lowest is Cuttack (19.4 µg), in orange highest, 
is Jajpur (15.4 µg) and lowest is Angul (10.42 
µg), in pomagranat highest, is Jajpur (25.2µg) and 
lowest is Angul (20.12 µg), in tomato highest, is 
Jajpur (18 µg) and lowest is Cuttack (13.26 µg). 
On average when it is observed that Jajpur has the 
highest flavonoid content, whereas the lowest was 
observed in Cuttack, Dhenkanal, and Angul, being 
in the intermediate position. (Figure 1)
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Fig. 1. Estimation of Total Flavonoid Content

Fig. 2. Estimation of Total Phenol Content

tPC estimation 
 While estimating the samples, TPC values 
varied from 8.6 µg (Tomato of Cuttack) to 27.8 
µg (Amla of Jajpur) of gallic acid equivalents per 
100 gm of extract (Figure 2). Comparing phenolic 
content in the fruits and vegetables concerning four 
different locations, in Amla, it was observed that 
Jajpur (27.8 µg) has the highest and lowest in Angul 
(25.2 µg), in the apple Jajpur (19.22 µg) has the 
highest and lowest in Angul (16.3 µg), in banana 
was Jajpur (19.12 µg) has highest and lowest in 
Cuttack (13.6 µg), in capsicum highest is Jajpur 
(19 µg) and lowest is Cuttack (17.6 µg), in Carrot 
highest, is Jajpur (17.33 µg) and lowest is Cuttack 

(14.32µg), in grapes highest is Jajpur (17.24µg) 
and lowest is Angul (14.8µg), in green chilly 
highest is Jajpur (19.34µg) and lowest is Cuttack 
(17.22 µg), in Karela highest, is Jajpur (18.4µg). 
The lowest is Cuttack (13.3 µg) in lemon highest 
is Jajpur (14 µg) and the lowest is Cuttack (12.2 
µg), in orange highest is Jajpur (13.12µg) and the 
lowest is Angul (11.2 µg). In pomegranates highest, 
is Jajpur (22.6µg) and lowest is Cuttack (20.5 µg), 
in tomato highest, is Angul (11.3µg) and the lowest 
is Cuttack (8.6 µg). On average, Jajpur has the 
highest Phenol content, whereas the lowest was 
observed in Cuttack, Dhenkanal and Angul, being 
in the intermediate position.(Figure 2)
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In vitro antioxidant activity
 In DPPH assay, good antioxidant activity 
was found in the samples (Figure 3). In our 
study, the DPPH radicle scavenging assay ranges 
from 5.1-10.8 µg/ml. Banana of Jajpur location 
exerted the maximal IC50 value through DPPH 
based scavenging assay method, with Amla of 
Angul, Cuttack and Dhenkanal having the lowest 
capacity of DPPH radicle scav enging activity 
(Figure 3). Comparing the DPPH assay in the fruits 
and vegetables with reference to four different 
location, in Amla it was observed Jajpur (5.2 µg/
ml) has highest and lowest in Angul, Dhenkanal 
and Cuttack (5.1 µg/ml), in apple was Dhenkanal 
(19.22 µg/ml) has highest and lowest in Cuttack(6 
µg/ml), in banana Jajpur (10.8 µg/ml) has highest 
and lowest in Angul and Cuttack (10.4 µg/ml), in 
capsicum highest is Jajpur (6.4 µg/ml) and lowest is 
Angul and Dhenkanal (6 µg/ml), in Carrot highest 
is Jajpur (6.7 µg/ml) and lowest is Cuttack (6.2 µg/
ml), in grapes highest is Cuttack (6.7 µg/ml) and 
lowest is Angul (6 µg/ml), in green chilly highest 
is Angul (6.5 µg/ml) and lowest is Cuttack (6.43 
µg/ml), in Karela highest is Jajpur and Dhenkanal 
(6.8µg) and lowest is Cuttack (6.5 µg), in lemon 
highest is Jajpur (7.7µg) and lowest is Cuttack 
(7 µg/ml), in orange highest is Cuttack (6.2 µg/
ml) and lowest is Jajpur and Angul (6 µg/ml), 
in pomagranat highest is Dhenkanal (5.9 µg/ml) 
and lowest is Angul (5.6 µg/ml, in tomato highest 
is Jajpur and Angul (8.8 µg/ml) and lowest is 

Dhenkanal and Cuttack (8.9 µg/ml). Comparing the 
antioxidant property of all the fruits and vegetables 
consumed locally in eastern India, it was the same 
for all locations with a very minimal difference.

disCussion

 In the current research, TFC, TPC and free 
radicle scavenging assay was done with 12 fruits 
and vegetables commonly consumed in Eastern 
India. Vegetables and fruits have earned much 
attention for their potential benefits for human 
health as they are rich in phenols and flavonoids 
that provide free radicle scavenging activity. Thus, 
the phenolic content of vegetables and fruits was 
evaluated and reported.42

 Flavonoids are the plant-based phenols 
content in vegetables, fruits, and grains, which 
are classified into flavonols, flavanones, flavones, 
flavanols (catechins) and anthocyanins. The 
flavonoid content in this study was higher in 
Karela of Jajpur, which was more than that of 
Sahoo et al., 2021 of the Bhubaneswar location.43 
The violet, blue and red or orange colouration in 
the plant, flowers, fruits, vegetables and storage 
tissues of plants are due to anthocyanins, which 
are water-soluble natural pigments. Due to loss of 
oxygen, they reduce to yellow or colorless.44 Thus, 
the anthocyanins detected in pomegranate, orange, 
carrot, lemon, tomato and apple may be responsible 
for the high phenolic content next to Karela in the 

Fig. 3. Estimation of In vitro antioxidant activity
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current study. Also, many fruits and vegetables 
have been depicted to be enriched with flavonoids, 
polyphenols, and tannins such as catechins, 
kaempferol, quercetin, luteolin, syringic acid, 
coumaric and ferulic, which showed significant 
antioxidant activities.45,46 However, comparing 
the current result with those of the bibliography 
remains onerous as the extraction method used 
varies in each study.
 In most food plants, the phenolic content 
may get influenced due to several factors such 
as the place of cultivation (geographic region), 
altitude, environmental factors such as the 
harvest season, light quality, temperature range, 
irrigation, soil (type,pH,etc), drying method, 
industrial processing, quantification, extraction 
and storage.46,47,39 Many studies have reported that 
vegetables and fruits grown in arid zones have 
shown high antioxidant activity and polyphenol 
content. This is due to the abiotic stress adaptive 
property the vegetables and fruits enhance their 
phytochemicals.47,48

 The extracts of vegetables and fruits 
exhibit free radicle scavenging activity that can be 
evaluated through DPPH method of assay, as it is 
a regularly applied method due to its appropriate, 
effectiveness and rapidity.49 In this assay, the 
minimum IC50 value is determined as the higher 
potent antioxidant activity of the extract in terms of 
hydrogen atom or electron donating capacity. The 
outcome revealed that the extracts of vegetables 
and fruits exhibited a better scavenging effect in 
DPPH assay, which may be linked to their higher 
polyphenols content. Hence, fruits and vegetables 
can provide high antioxidant values as they are rich 
in polyphenols. The recent findings are identical to 
the literature earlier reported and stated, So foods 
are more dietary antioxidant rich and functionally 
potent due to the ingredients like flavonoid or 
phenolic content.40,43

 In the search for functional foods the 
consumers need to be aware of good health and 
protection against the onset of various illness, so 
that the potent antioxidant activity of the bioactive 
compounds present in the functional food can 
been highlighted. So these functional foods must 
be taken frequently to avoid diseases related to 
oxidative stress like cardiovascular diseases, 
neurodegeneration, cancer, aging, etc.50,51,52 

Although different foods can provide antioxidant 
properties, vegetables and fruits stand out for their 
richness.4,53,54 Consumers are highly demanding for 
the food with minimum synthetic additives content 
and processed with low chemicals to be available in 
the market. It is always preferable to consume foods 
that are rich with higher antioxidant properties that 
are essentially from the natural origins or extracted 
from nature-based resources. 

ConClusion

 This study reflects on the most commonly 
consumed vegetables and fruits in the parts 
of eastern India that contain polyphenols and 
flavonoids that are mainly affected due to the 
geographical region and by comparing the 
outcome, a positive correlation was observed 
between TPC and TFC, whereas in DPPH assay 
with IC50 value had a negative correlation. This 
study would benefit the nutritionists, consumers 
and farmers of the current locality for choosing 
appropriate vegetables and fruits to be grown 
and consumed for their diet purpose. Further, the 
researchers may utilize the data for geographically 
based epidemiological studies where the intake 
of reported food may be used to measure their 
antioxidant values, which also can be utilized to 
examine the antioxidant impact and the synergy in 
cells. Animal based experimental studies or human 
based clinical trials can be done to interpret the 
role of phytoconstituent based antioxidant dietary 
for preventing diabetes, cardiovascular-related 
diseases, cancer and oxidative stress related other 
chronic diseases in the near future.
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