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ABSTRACT

Objective: The objective of this study is to evaluate the effect of the ethanolic peel extracts of Punica granatum and Citrus sinensis on total phenolics, 
total antioxidants, and radical scavenging activities using different in vitro models.

Methods: Pomegranate and orange fruits at the maturity stage were manually peeled, washed, and air dried before extraction. Dried peels were 
grinded, weighed, and extracted with 95% ethanol and were used for in vitro analysis. Different concentrations of extracts for each peel were 
prepared. Total phenolics content, total antioxidant capacity, and free radical scavenging activities of each peel extract were estimated in the form 
of Folin–Ciocalteu reagent assay, phosphomolybdenum assay, hydroxyl free radical scavenging assay, and superoxide free radical scavenging assay, 
respectively.

Results: The ethanolic peel extracts of P. granatum and C. sinensis showed significant increased total phenolic contents and total antioxidant activity. 
Furthermore, radical scavenging activity (hydroxyl and superoxide) was found to be significant in both ethanolic peel extracts.

Conclusion: It can be concluded from the study that the ethanolic peel extracts of P. granatum and C. sinensis has potential antioxidant and antiradical 
activity.
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INTRODUCTION

Several epidemiological and pharmacological studies evidenced 
that plants contain biologically active components (e.g., free radical 
scavengers) that contributes health benefits and protects against 
degenerative diseases. In fact, oxygen radicals and lipid peroxides 
have been known for their supposed role in the etiology of many 
in vivo pathological reactions such as aging and cancer. In this regard, 
epidemiological studies have shown that consumption of fruits and 
vegetables is inversely associated with morbidity and mortality of 
cardio and cerebrovascular diseases and certain types of cancers [1,2].

Many fruits contain different types of antioxidants, such as ascorbic acid, 
flavonoids, and tannins, which are supposed to play a very important 
role in the prevention of diseases. In biochemistry and medicine, 
antioxidants are enzymes or other organic substances, such as Vitamin 
E or β-carotene that are capable of counteracting the damaging effects 
of oxidation in animal tissues and food. It was stated that besides their 
endogenous defenses, the consumption of dietary antioxidants, such 
as phenolic compounds, play a key role in protecting against reactive 
oxygen species [3].

Plant phytochemicals (e.g., phenolics) have been associated with health 
benefits as a result of consumption of the higher levels of fruits and 
vegetables. In industrial practices, synthetic antioxidants have been 
used as food additives for more than 50 years to prevent peroxidation 
of fats and oils. Butylated hydroxy toluene, butylated hydroxyl anisole, 
and tert-butylhydroquinone are effective and common antioxidants 
preventing oxidation and off flavor development in fats and oils. 
However, those chemicals are now doubted for their safety and recent 
literature has expressed safety concerns and health risks associated with 
their use in food products. Therefore, the attention is now increasingly 
paid to the development and utilization of more effective, natural, and 

non-toxic biologically active materials including antioxidants from 
natural sources such as plants [4,5].

The pomegranate plant (Punica granatum, and Punicaceae family) is a 
shrub and its fruit is a rich source of bioactive phytochemicals such as 
tannins and other phenolics. It is a native plant to the Mediterranean 
region and has been used extensively in folk medicine of some countries 
in Asia and other parts of the world. Interestingly, it was stated that 
pomegranate peels have been used since antiquity in the Middle East 
as colorant for textiles because of their high tannin and phenolic 
contents [6]. Pomegranate fruit products have been used for centuries 
since ancient civilizations for medicinal purposes [7,8].

Recently, the interest in the antioxidant properties of phenolic 
constituents from pomegranate fruits has emerged. Therefore, the 
purpose of the present study was to evaluate the antioxidant activity of 
peel extracts using different in vitro methods.

In Asia oranges originated thousands of years ago, in the region 
from Southern China to Indonesia from which they were spread to 
the India. It is one of the commercial fruit crops grown in the entire 
world. 3.23 million tons of citrus fruit was produced in the Egypt 
which contained 2.14 million tons of the orange in 2008 [9]. Peels 
are generally wasted while the citrus fruits are mainly used in juice 
processing industries. Very large amounts of byproduct are formed 
as wastes during the production of citrus juices [10]. The pollution of 
environment can also be reduced by this. The oranges peels are rich in 
nutrients, which can used as drugs or as food supplements too [11].

The antioxidant property present in the plant materials is due to 
many active photochemical which include the vitamins, flavonoids, 
terpenoids, carotenoids, coumarins, lignin, saponin, and plant sterols. 
The Citrus fruits and their juices are an important source of the bioactive 
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methanol, the compound is an important to human nutrition which 
including the antioxidants such as ascorbic acid, phenolic compounds, 
flavonoids, and pectins. Flavanones, flavones, and flavonols are three 
types of flavonoids that occur in Citrus fruit [12].

There is lack of information regarding the effects of peel extract on lipid 
oxidation, antioxidant, and antiradical activity. Therefore, the purpose 
of the present study was to evaluate the effect of ethanolic peel extracts 
of P. granatum and Citrus sinensis on total phenolics, total antioxidants, 
and radical scavenging activities using different in vitro models.

METHODS

All chemicals were of analytical grade, obtained from Loba Chemie, Pvt. 
Ltd. India. 

Plant authentication
Pomegranate and orange fruits were procured from local market 
of Karad (Western Maharashtra) India. They were identified and 
authenticated from the Department of Botany, Yashwantrao Chavan 
College of Science, Karad. The scientific name, common name, and 
sources used for the present study are depicted in Table 1.

Preparation of extracts
Pomegranate and orange fruits at the maturity stage were manually 
peeled, washed, and air dried before extraction. The dried peels of these 
fruits were finely powdered using electric mixer grinder, placed in air 
tight containers and used for further in vitro experiments. Dried powder 
was weighed and extracted with 95% ethanol. It was kept in maceration 
for 15 days at 4°C to maximize the extraction. After 15 days, each peel 
extract was filtered through Whatman filter paper and transferred to a 
suitable container and kept for analysis.

Antioxidant assay
Different concentrations of extracts for each peel were prepared. 
Total phenolics content, total antioxidant capacity, and free radical 
scavenging activities of each peel extract were estimated in the form 
of Folin–Ciocalteu reagent (FCR) assay, phosphomolybdenum assay 
(PMA), hydroxyl free radical scavenging assay, and superoxide free 
radical scavenging assay, respectively.

FCR assay
FCR assay was performed by the method of Andressa et al. Ethanolic 
extract of each peel in different concentrations ranging from 100 µl to 
500 µl was added to each test tube. Distilled water was added to make 
up volume of 1 ml. 500 µl of FCR solution was added to each tube. 500 
µl of 100 mg/ml sodium carbonate was added after 5 min. These tubes 
were kept at room temperature for 2 h. Gallic acid was used as standard. 
Absorbance was measured at 765 nm. All assays were conducted in 
triplicate and mean was calculated [13].

PMA
Total antioxidant capacity was estimated by PMA by the method of 
Prieto et al. [14].

Preparation of molybdate reagent solution
One milliliter each of 0.6 M sulfuric acid, 28 mM sodium phosphate, and 
4 mM ammonium molybdate were added in 20 ml of distilled water and 
volume was made to 50 ml by adding distilled water.

Different concentrations of the ethanolic extracts of peels ranging 
from 100 µl to 500 µl were added to each test tube containing 3 ml 

of distilled water and 3 ml of molybdate reagent solution. The tubes 
were kept incubated at 95°C for 90 min. After incubation, all tubes were 
kept at room temperature for 30 min and the absorbance of the reaction 
mixture was measured at 695 nm. Mean values from three independent 
samples were calculated for each extract. Ascorbic acid was used as 
standard [14].

Hydroxyl radical (OH-) scavenging activity
The scavenging ability of peel extract on hydroxyl radicals was 
determined by the method of Smirnoff and Cumbes [15].

Preparation of Smirnoff reagent
About 0.041 g of ferrous sulfate and 0.32 g of sodium salicylate were 
mixed in 100 ml distilled water. About 4 µl of hydrogen peroxide was 
added to it, vortexed for uniform mixing and labeled as Smirnoff reagent. 
Ethanolic extract of each peel in different concentrations ranging from 
100 µl to 500 µl was added to each test tube containing 4 ml of distilled 
water and 1 ml of Smirnoff reagent. All tubes were incubated at 37°C 
for about 60 min. The absorbance of reaction mixture was read at 562 
nm. Ascorbic acid was used as standard. The percentage scavenging 
ability on hydroxyl radical of each peel extract was calculated using 
following formula: Scavenged OH- (%) = [(Ac-Ae)/Ac × 100] Where, 
Ac= absorbance of control and Ae= absorbance of extract [15].

Superoxide anion radical scavenging assay
Superoxide anion radical scavenging activity of each peel extract was 
determined by Nishikimi et al. [16]. Ethanolic extract of each peel in 
different concentrations ranging from 100 µl to 500 µl was added to 
each test tube containing 3 ml of Tris-HCl buffer, 0.5 ml of nitroblue 
tetrazolium (NBT) chloride, 0.5 ml of reduced Nicotinamide Adenine 
Dinucleotide (NADH) and 0.5 ml of Tris-HCl buffer. The reaction was 
started by adding 0.5 ml phenazine methosulfate (PMS) solution to 
the mixture, incubated at 25°C for 5 min and then the absorbance was 
measured at 560 nm against a blank sample. Ascorbic acid used as 
standard. The percentage inhibition of samples was calculated as

Scavenged superoxide (%) = [(Ac-Ae)/Ac × 100] Where, 
Ac= absorbance of control and

Ae= absorbance of extract [16].

Statistical analysis
A total five sets of samples from each variable were analyzed for 
antioxidant parameters. Each sample was further conducted in 
triplicate and all values were the mean of three measurements and 
expressed as mean ± standard deviation. The results were analyzed 
using one-way ordinary analysis of variance (Ordinary ANOVA).

RESULTS

The ethanolic extracts of pomegranate and orange peels were analyzed 
by ultraviolet-spectrophotometric method for the quantitative 
determination of antioxidant capacity and radical scavenging activity.

FCR assay
The total phenolics content assay was performed by FCR assay. It 
indicated that total phenolics content was directly proportional to 
concentration of all extracts. However, standard gallic acid showed 
highest significance (p<0.0001) for total phenolics content compared to 
peel extracts of P. granatum and C. sinensis. The results of total phenolics 
content of peel extracts of P. granatum, C. sinensis and standard gallic 
acid are represented in Table 2.

Absorbance of all peel extracts reflects directly the total phenolics 
content. The order of total phenolics content by FCR assay from different 
extracts was found as follows: Gallic acid > C. sinensis > P. granatum.

PMA
Total antioxidant activity (TAC) was used to measure in PMA and found 
extremely significant (p<0.0001) in all extracts as well as ascorbic 

Table 1: The plants used for the study

Scientific name Family Common name Part used
P. granatum Punicaceae Anar Fruit peel
C. sinensis Rutaceae Mosambi Fruit peel
P. granatum: Punica granatum, C. sinensis: Citrus sinensis

https://www.google.com/search?q=Rutaceae&stick=H4sIAAAAAAAAAONgVuLQz9U3yC4oMHrE6Mgt8PLHPWEpi0lrTl5jNOLiCs7IL3fNK8ksqRRS4WKDsqS4eKTgmjQYpLi44DyeRawcQaUlicmpiakAdUnxuVsAAAA
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acid. Increase in total antioxidant capacity was directly proportional 
to concentration of all extracts and ascorbic acid. Further, TAC in 
standard ascorbic acid was found to be highly significant (p<0.0001) 
when compared to P. granatum and C. sinensis in all concentrations. 
The order of TAC measured by PMA was found as follows: Ascorbic 
acid > C. sinensis > P. granatum. The results of PMA of all variables are 
represented in Table 3.

The absorbance of ascorbic acid standard and all the peel extracts 
reflects directly the reducing power which is nothing but the total 
antioxidant capacity.

Hydroxyl radical scavenging activity (HRSA)
It was found extremely significance (p<0.0001) in all variable extracts 
with respect to their concentrations. In hydroxyl radical scavenging 
activity, ascorbic acid showed extremely significance (p<0.0001) 
compared with P. granatum and C. sinensis. The results of the hydroxyl 
radical scavenging activity of all variable extracts are represented in 
Table 4.

The order of hydroxyl radical scavenging activity (% inhibition) from 
different variables was found as follows: Ascorbic acid> C. sinensis 
> P. granatum.

Superoxide radical scavenging activity (SRSA)
Although superoxide anion is a weak oxidant, it gives rise to 
formation of toxic hydroxyl radicals as well as singlet oxygen, both 

of which involve in the oxidative stress. In the PMS/NADH-NBT 
system, the superoxide anion derived from dissolved oxygen from 
PMS/NADH coupling reaction reduces NBT. The decrease in the 
absorbance indicates the consumption of superoxide anion in the 
reaction mixture [16].

Extremely significant difference (p<0.0001) was found among all 
variables. In SRSA, ascorbic acid revealed extremely significance 
(p<0.0001) compared to P. granatum and C. sinensis. The results of SRSA 
of different variable extracts are represented in Table 5.

SRSA (% inhibition) was found in following order: Ascorbic acid > 
C. sinensis > P. granatum.

DISCUSSION

In the past few years, an increased attention has been focused on the 
industrial wastes, especially those containing residual phenols from 
the used plant raw material. The previous investigations reported 
that the phenolic concentration presents in pomegranate peel extract 
varied from 5% to 46% [2,3]. The variability in total phenolics among 
studies could be partially attributed to differences in solvents used 
for extracting peels, geographic sources of samples and pomegranate 
varieties. Polyphenols are one of the most occurring phytochemicals 
in plants. In addition to their contribution to color and sensory 
characteristics of fruits, phenolics also play a very important role in 
providing protection against in vivo and in vitro oxidation.

Table 3: Total antioxidant capacity of P. granatum, C. sinensis extracts, and standard ascorbic acid by PMA

Concentration of extract (µL) P. granatum C. sinensis Ascorbic acid F-value p-value

n Mean±SD n Mean±SD n Mean±SD
100 5 0.008±0.0007 5 0.042±0.0007 5 0.146±0.0015 12366 p<0.0001
200 5 0.019±0.0015 5 0.091±0.0004 5 0.336±0.0012 65423 p<0.0001
300 5 0.072±0.0005 5 0.168±0.0008 5 0.532±0.0026 72463 p<0.0001
400 5 0.517±0.0006 5 0.680±0.0011 5 0.866±0.0022 274398 p<0.0001
500 5 0.851±0.0010 5 0.949±0.0009 5 0.984±0.0007 494032 p<0.0001
F-value 32142 45183 59038
p-value p<0.0001 p<0.0001 p<0.0001
Values were expressed as mean±SD. P. granatum: Punica granatum, C. sinensis: Citrus sinensis, PMA: Phosphomolybdenum assay

Table 2: The total phenolics content of peel extracts of P. granatum, C. sinensis, and standard gallic acid

Concentration of extract (µL) P. granatum C. sinensis Gallic Acid F-value p-value

n Mean±SD n Mean±SD Mean±SD
100 5 0.081±0.0008 5 0.094±0.0005 0.165±0.01 5632.7 p<0.0001
200 5 0.092±0.0009 5 0.135±0.0008 0.321±0.01 3125.3 p<0.0001
300 5 0.115±0.0015 5 0.221±0.0010 0.438±0.04 2345.2 p<0.0001
400 5 0.229±0.0012 5 0.332±0.0007 0.615±0.03 4023.8 p<0.0001
500 5 0.355±0.0045 5 0.479±0.0005 0.798±0.03 8634.5 p<0.0001
F-value 2854.3 7639.1 121123
p-value p<0.0001 p<0.0001 p<0.0001
Values were expressed as mean±SD. P. granatum: Punica granatum, C. sinensis: Citrus sinensis

Table 4: The hydroxyl radical scavenging activity of all variable extracts (% inhibition±SD)

Concentration of extract (µL) P. granatum C. sinensis Ascorbic acid F-value p-value

n Mean±SD n Mean±SD Mean±SD
100 5 73.33±0.027 5 74.21±0.081 79.43±0.079 10862 p<0.0001
200 5 79.05±0.063 5 76.48±0.030 81.14±0.110 28459 p<0.0001
300 5 80.69±0.122 5 82.40±0.033 84.67±0.091 21336 p<0.0001
400 5 82.46±0.167 5 84.06±0.042 86.38±0.148 19479 p<0.0001
500 5 83.18±0.206 5 85.36±0.241 88.47±0.130 6968.2 p<0.0001
F-value 957.2 1732.2 789.1
p-value p<0.0001 p<0.0001 p<0.0001
Values were expressed as mean±SD. P. granatum: Punica granatum, C. sinensis: Citrus sinensis
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Madrigal-Carballo et al. [7] mentioned that tannins were the major 
phenolics in pomegranate peels, which were more readily dissolved 
in 50% methanol. A mixture of methanol, ethanol, acetone, and water 
was found to be a better extract of active phenolics from pomegranate 
peels [2]. The results of our study are in agreement with Madrigal-
Carballo et al. as we found significant increase in total phenolic contents 
with increase in the concentration of extracts (Table 2).

Orange peel is one of the important dietary sources of the antioxidant 
phenolics. The results of present study indicated that the ethanolic 
extract of orange peel had high amounts of total phenolic contents 
(Table 2) and this in agreement with Manthey and Grohmann [10].

Plant polyphenolics, a diverse group of phenolic compounds possess 
an ideal structural chemistry for free radical scavenging activity. 
Antioxidant properties of polyphenols arise from their high reactivity 
as hydrogen or electron donors from the ability of polyphenol derived 
radical to stabilize and delocalize the unpaired electron (chain braking 
function) and from their potential to chelate metal ions (termination of 
Fenton reaction) [17].

Parashar et al. investigated the antioxidant and radical scavenging 
capacity of different extracts of orange peel and they found that the 
ethanolic extract showed the highest values for total phenolic content, 
antioxidant activities, and radical scavenging activities [18].

It has been determined that the antioxidant effect of plant products is 
mainly due to radical scavenging activity of phenolic compounds such 
as flavonoids, polyphenols, tannins, and phenolic terpenes [19].

The antioxidant properties of flavonoids are due to several different 
mechanisms, such as scavenging of superoxide, hydroxyl and free 
radicals, and chelation of metal ions such as iron, copper and inhibition 
of enzymes responsible for free radical generation [6].

Many researchers have found that in vitro studies on various plants and 
their parts showed antioxidant properties either by chelating metal 
ions, chain braking function, scavenging free radicals, or by inhibiting 
enzymes of free radical generation [20].

In our study, we found significant increased total antioxidant capacity 
(Table 3), increased hydroxyl radical scavenging activity (Table 4), and 
increased SRSA (Table  5) which clearly indicated that the observed 
effects might be due to the presence of phenolic compounds which also 
indicated strong correlation between total phenolics and TAC found in 
P. granatum and C. sinensis.

CONCLUSION

The results from the present study concluded that the ethanolic peel 
extracts of P. granatum and C. sinensis have potent antioxidant and 
antiradical activity and it has also been found that the peels of these 
fruits possess a greater ability to serve as a source of effective, safer, and 
better antioxidant and anti-radical agent than synthetic antioxidant. 
Further research is needed to understand the detailed mechanisms 
through which these effects are exerted and to study the biological 

effects of antioxidant rich byproducts of fruits on oxidative stress-
related disorders.
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