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The present study was undertaken to quantify total phenolics and flavonoids and investigate in vitro 
free radical scavenging activities of leaf extracts of two varieties of Psidium guajava L. viz., Lalit and 
Allahabad safeda. Leaf extracts of Lalit and Allahabad safeda were prepared by Soxhlet extraction 
and ethanol extracts were used for in vitro assays. Total phenolic and flavonoid contents, 2,2-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid), 2,2-diphenyl-1-picrylhydrazyl, nitric oxide and super 
oxide free radical scavenging activities were determined at 100, 200, 300, 400, 500, 600 and 700 µg/
ml concentrations of Lalit and Allahabad safeda leaf extracts. Results indicated the presence of 
higher phenolic and flavonoid contents in the leaf extract of Lalit compared to that of Allahabad 
safeda. The leaf extracts of Lalit and Allahabad safeda showed dose-dependent increase in 2,2-azino 
-bis(3-ethylbenzothiazoline-6-sulfonic acid), 2,2-diphenyl-1-picrylhydrazyl and nitric oxide radical 
scavenging activities and a decrease in super oxide radical scavenging activities. However, Lalit showed 
higher free radical scavenging activity compared to that of Allahabad safeda. Further, the IC50 values 
of Psidium guajava for DPPH, 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), nitric oxide and 
super oxide free radicals were 229.56, 503.07, 430.40, 07 and 377.96 µg/ml, respectively. In addition, the 
IC50 values of Allahabad safeda for 2,2-diphenyl-1-picrylhydrazyl, 2,2-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid), nitric oxide and super oxide free radicals were, 270.24, 543.63, 469.99 and  
515.50 µg/ml, respectively. This study clearly demonstrated antioxidant activity in both the extracts of 
Lalit and Allahabad safeda. The better antioxidant activity of Lalit extract could be due to the presence of 
higher phenolic content compared to Allahabad safeda.
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Free radicals are reactive molecules involved in many 
physiological processes and have been associated 
with diabetes, cancer, arthritis and liver injury[1]. 
Cellular antioxidant enzyme system has the capacity 
to scavenge free radicals in the body[2,3]. Antioxidants 
are compounds that can delay the oxidation of other 
molecules by inhibiting the initiation or propagation 
of oxidation chain reactions caused by free radicals 
and thereby reduce oxidative damage to the body[4]. 
Antioxidants are classified into enzymatic and non-
enzymatic antioxidants based on their activity. The 
enzymatic antioxidants convert oxidized metabolic 
products in to hydrogen peroxide and then to water using 
cofactors such as, iron, zinc, copper and manganese. 
However, non-enzymatic antioxidants intercept and 

terminate free radical chain reactions. Vitamin E, 
A and C, flavonoids, carotenoids, glutathione, plant 
polyphenols, uric acid, theaflavin, allyl sulfides, 
curcumin, melatonin, bilirubin and polyamines are 
some examples of natural non-enzymatic antioxidants. 
The examples of enzymatic antioxidants are superoxide 
dismutase (SOD), catalase (CAT) and glutathione 
peroxidase (GPx). The antioxidants are either water-
soluble or lipid-soluble and predominantly found in 
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on antioxidant properties of P. guajava, there are no 
studies involving comparative analysis of free radical 
scavenging activity of the two varieties of P. guajava 
L., Lalit (LA) and Allahabad safeda (AS) in vitro. 

Hence, present study was taken up to investigate the 
free radical scavenging activity of these two varieties of  
P. guajava L. in order to understand which variety 
is more effective. In addition to its nutritional value, 
the present study would provide an insight to identify 
antioxidant molecules from the leaf extracts P. guajava 
L. to study the beneficial effects in treatment of different 
disorders.

MATERIALS AND METHODS

Different chemicals, 2,2-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS), 
2,2-diphenyl-1-picrylhydrazyl (DPPH), 3-(2-pyridyl)-
5,6-diphenyl-1,2,4-triazine-4’,4’’disulfonic acid, 
potassium ferricyanide, catechin, ascorbic acid, tannic 
acid, Folin-Ciocalteau phenol reagent and sodium 
carbonate were purchased from Sigma Chemical Co. 
(St. Louis, MO, USA). All the chemicals used in were 
of analytical grade.

Plant material and preparation of leaf extract: 

Fresh leaves of the two varieties of P. guajava L., AS 
and LA were collected from the Regional Horticultural 
Research and Extension Centre, UAS campus GKVK, 
Bengaluru (longitude of 77°56′ E and latitude of 13° 9′ 
N and 942.37,  Acc. No: RRCBI-18272).

Fresh leaves of AS and LA were washed with distilled 
water and shade-dried at room temperature (27±2º) for 
40-45 d. Leaves were powdered using a mechanical 
blender and subjected to Soxhlet extraction. The 
extraction procedure was repeated successively with 
solvents of increasing polarity, petroleum ether, 
benzene, chloroform and ethanol. After extraction, the 
extract was concentrated in a flash evaporator, solvent 
was recovered and the extract was dried in a desiccator. 
Among the four different solvent extracts, the ethanol 
extract was found to be more effective and hence the 
same was used in the present study. 

Quantification of phytochemical constituents:

The total phenol content in the leaf extract was 
determined using modified Folin–Ciocalteu method[21]. 
An aliquot (0.5 ml) of leaf extract (1:5 dilution) 
was mixed with 0.1 ml of Folin-Ciocalteau reagent  

cytosol, cytoplasmic matrix and cell membranes. The 
antioxidant components are composed of lipid-soluble 
and water-soluble substances. Plant-based antioxidants 
are mostly hydrophilic such as phenolics, flavonoids, 
SOD, CAT, GPx, uric, lipoic, benzoic and ascorbic 
acids. On the other hand, hydrophobic antioxidants 
are linked to carotenoids, tocopherols, vitamin K, 
ubiquinone and phospholipids.

Drugs with antioxidant properties have been used since 
few decades for the treatment of various disorders[5]. 
However, these synthetic drugs have been suspected to 
cause negative side effects. Hence, there is a growing 
trend in the modern day studies to substitute synthetic 
drugs with herbal extracts containing antioxidants.

Plants have been used as medicinal remedies for 
centuries throughout the world. The secondary 
metabolites produced in the plants have antioxidant 
properties, which are important to protect cells from 
damage caused by free radicals and exert protection 
against cellular oxidation reaction[6,7]. Several studies 
reported antioxidant properties of different plant 
extracts and their phytochemicals[8,9]. 

The present study focused on important Indian herb 
Psidium guajava L. commonly known as Guava for its 
antioxidant property. It belongs to the family Myrtaceae. 
P. guajava is considered to be highly nutritious due to 
the presence of high level of dietary fiber, vitamin A 
and C, folic acid, potassium, copper and manganese. 
The leaves of P. guajava contain more terpenoids 
and possess different pharmacological properties 
such as anticancer, antimicrobial[10,11], antioxidant[12], 
anticough[13], antidiabetic[14] and antimutagenic[15,16]. In 
addition, the leaf extract is known to have tranquilizing 
effect on intestinal smooth muscle and inhibit chemical 
processes during diarrhoea and aid in the reabsorption 
of water in intestine[17].

Natural antioxidants can protect the body from free 
radicals and retard the progress of many chronic 
diseases. Many previous reports indicated the usage of 
large number of herbal extracts against various diseases, 
in which reactive oxygen species and free radicals play 
a vital role[18]. Different natural substances, flavonoids, 
tannins, coumarins and procyanidins have been shown 
to scavenge free radicals and therefore considered as 
promising therapeutic agents[19]. Therefore, there is a 
keen interest on exogenous antioxidants from natural 
sources due to their easy availability, lesser side effects 
and effectiveness[20]. Though there are few studies 
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(0.5 N) and incubated at room temperature for  
15 min. The mixture was further incubated for 30 min at 
room temperature after adding 2.5 ml saturated sodium 
carbonate. The absorbance was measured at 760 nm 
and the total phenol content was expressed in terms 
of gallic acid equivalent (GAE mg/g). C = (c×vm)/m, 
where, C=total phenol content in terms of mg of gallic 
acid equivalents/g extract, c=concentration of gallic 
acid established from the calibration curve (mg/ml), 
v =volume of extract in ml, m = weight of extract in 
gram.

The total flavonoid content in the leaf extracts was 
determined using the method as reported[22]. The 0.5 ml 
of 2 % aluminium chloride ethanol solution was mixed 
with 0.5 ml of sample and incubated at room temperature 
for 1 h. The absorbance was measured at 420 nm and 
the total flavonoid content was calculated from standard 
quercetin curve and results were expressed in terms of 
quercetin equivalents (QE mg/g). C = (c×v)/m, where, 
C = total flavonoid content in terms of mg of QE/g 
extract, c is the concentration of quercetin established 
from the calibration curve (mg/ml), v is the volume of 
extract in ml, m is the weight of extract in g.

Antioxidant scavenging activity:

The ABTS activity of the leaf extracts was determined 
by following the standard protocol[23]. Ascorbic acid 
and gallic acid were used as the standards. The working 
solution was prepared by mixing equal amount of 7 mM 
ABTS solution and 2.4 mM potassium persulphate and 
was incubated in dark for 12 h at room temperature. After 
the incubation, 1 ml of working solution was mixed with 
1 ml of the plant extract with different concentration 
ranging from 100-600 µg/ml and the reaction mixture 
was vortexed. The absorbance was measured at 734 nm 
at  6 min intervals. Percent inhibition capacity of ABTS 
of the leaf extract was calculated using the formula; % 
ABTS scavenging activity = (A control-A sample)/A 
control)×100, where, A control is the absorbance of 
ABTS + ethanol, A sample is the absorbance of ABTS 
+ leaf extract or standard.

The 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) 
scavenging activity was measured as per the 
procedure[24]. One millilitre of different aliquots of 
leaf extract (100-600 µg/ml) was mixed with 3 ml 
of DPPH and the mixture was incubated at 37º for  
30 min. The absorbance was measured at 517 nm and 
a decrease in DPPH absorbance indicated an increase 
in radical scavenging activity. Ascorbic acid was used 

as the standard and the % inhibition of DPPH radical 
scavenging activity was calculated using the formula, 
% DPPH scavenging activity=(Abs control−Abs test)/
Abs control)×100, where, Abs control is the absorbance 
of the control, Abs test is the absorbance of the leaf 
extract or standard.

Nitric oxide scavenging activity was measured 
using Griess reaction method[25]. One millilitre of  
10 mM sodium nitroprusside was mixed with 1 ml of 
test or standard solution of different concentrations 
in phosphate buffer (pH 7.4) and the mixture was 
incubated at 25º for 150 min. After the incubation  
1 ml of aliquot was mixed with 1 ml of Griess reagent 
(1 % sulphanilamide, 2 % o-phosphoric acid and  
0.1 % naphthyl ethylene diamine dihydrochloride) and 
absorbance was read at 546 nm and compared with the 
standard butylated hydroxyl toluene. The percentage 
inhibition activity was calculated using the formula; 
% inhibition = (Ao-A1)/Ao)×100, where, Ao is the 
absorbance of the blank, A1 is the absorbance of the leaf 
extract or standard.

DPPH radical scavenging activity (%) = × 100

Where Abs (control) : Absorbance of DPPH radical 
+methanol

Abs (sample): Absorbance of DPPH radical+extract

Statistical analysis:

The data on t were considered to calculate the mean±SE 
of each parameter and mean values of different groups 
were compared using one way ANOVA followed by 
Duncan’s multiple range test and judged significant if 
p<0.05. 

RESULTS AND DISCUSSION 

Total phenolic and flavonoid content:

The total phenolic and flavonoid content of leaf 
extract of LA was significantly higher than that of AS. 
The phenolic content of LA and AS was found to be 
41.33±0.92 mg/g and 37.60±0.26 mg/g, respectively. 
Similarly, the flavonoid content of leaf extracts of 
LA and AS was found to be 52.33±2.11 and 38.96 
±3.55 mg/g, respectively.

ABTS scavenging activity

The Percent inhibition of ABTS radical generation 
by leaf extracts of LA and AS increased in a dose-
dependent manner with IC50 values of 503.07 and 
543.63 μg/ml, respectively. However, the ABTS radical 
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scavenging activities of the two standards, gallic acid 
and ascorbic acid were higher than that of LA and AS 
with IC50 value of 416.2 and 410.66 μg/ml, respectively 
(Figure 1). The extract of LA showed significantly 
higher ABTS scavenging activity at 500 and 600 μg/ml  
concentrations compared to that of AS.

The leaf extracts of LA and AS showed increasing DPPH 
free radical scavenging activity in a concentration-
dependent manner with IC50 values of 229.56 and 
270.24 μg/ml, respectively. In comparison, the radical 
scavenging activities of the standards, gallic acid and 
ascorbic acid were higher than that of leaf extracts with 

 Figure 1: All values are mean ± SE. Vertical bars graph showing ABTS radical scavenging activities of LA, AS, GA and AA groups. 
The higher radical scavenging activity in GA and AA groups compared with LA and AS. 
Groups with same superscript letters do not significantly differ among themselves whereas those with different superscript letters 
significantly differ. LA-Lalit, AS-Allahabad safeda, GA-Gallic acid, AA-Ascorbic acid.

Figure 2: All values are mean ± SE. Vertical bars graph showing DPPH radical scavenging activities of LA, AS, GA and AA groups. 
The higher radical scavenging activity in GA and AA groups compared with LA and AS. Groups with same superscript letters do not 
significantly differ among themselves whereas those with different superscript letters significantly differ. LA-Lalit, AS-Allahabad 
safeda, GA-Gallic acid, AA-Ascorbic acid.
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IC50 values of 204.33 and 224.69 μg/ml, respectively 
(Figure 2). The extract of LA showed significant 

increase in DPPH free radical scavenging activity at 
200, 300 and 500 μg/ml concentrations compared to 
that of AS.

 

Figure 3: All values are mean ± SE. Vertical bars graph showing nitric oxide radical scavenging activities of LA, AS and GA 
groups. Note the higher radical scavenging activity in GA compared with LA and AS. Groups with same superscript letters do not 
significantly differ among themselves whereas those with different superscript letters significantly differs. LA-Lalit, AS-Allahabad 
safeda, GA-Gallic acid.

 
Figure 4: All values are mean ± SE. Vertical bars graph showing super oxide radical scavenging activities of LA, AS and AA groups. 
The higher radical scavenging activity in AA compared with LA and AS. Groups with same superscript letters do not significantly 
differ among themselves whereas those with different superscript letters significantly differ. LA-Lalit, AS-Allahabad safeda, AA-
Ascorbic acid.
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Nitric oxide radical scavenging activity

The percent inhibition of nitric oxide radical generation 
by leaf extracts of LA and AS increased in a dose-
dependent manner with IC50 values of 430.40 and 
469.99 μg/ml, respectively. However, the radical 
scavenging activity of the standard, gallic acid was 
higher than the extracts with IC50 values of 402.44 μg/
ml (73.26 % inhibition) (Figure 3). The extract of LA 
produced greater % inhibition at 400, 500, 600 and 700 
μg/ml concentrations compared to that of AS.

The percentage inhibition of superoxide radical 
generation by LA and AS was decreased in 
concentration-dependent manner with IC50 values of 
377.96 and 515.5 μg/ml, respectively. However, the 
radical scavenging activity of the standard, ascorbic 
acid was higher than the extracts with a IC50 value of 
612.80 μg/ml (50.1 % inhibition) (Figure 4).

DISCUSSION

The present investigation clearly demonstrated that 
the antioxidant potential of leaf extracts of LA and 
AS through inhibition of generation of free radicals 
in vitro. The reactive oxygen species (ROS) such as 
superoxide and hydroxyl radicals, hydrogen peroxide 
and singlet oxygen are often generated as products of 
biological reactions and damage the cells when present 
in excess[27]. Cellular antioxidant system scavenges the 
ROS and protects the system from their deleterious 
effects. The balance between oxidant and antioxidant 
system is maintained by both enzymatic and non-
enzymatic mechanisms. 

Herbal extracts and constituents isolated from herbs are 
rich source of antioxidants. Several plants, Cocculus 
hirsutus, Withania somnifera, Zingiber officinale, 
Azardirachta indica, Benincasa hispida, Sonchus asper, 
Momordica charantia were used as antioxidants[28,29]. It 
is evident from the present study that leaf extract of LA 
and AS were good source of antioxidants. LA showed 
higher phenolic and flavonoid content compared to that 
of AS. Polyphenols and flavonoids are significant free 
radical scavengers[30]. 

Further, the study demonstrates the antioxidant property 
of the leaf extracts of LA and AS, it is due to the 
combined effects of different antioxidant mechanisms. 
Both the extracts showed significant ABTS and DPPH 
scavenging activity in a dose-dependent manner. The 
DPPH method is a stable free radical system and a 
sensitive way to determine the in vitro antioxidant 

activity of plant extracts[31]. The antioxidants efficacy 
is associated with their scavenging ability of stable free 
radicals. The leaf extract of LA showed higher free 
radical scavenging activity compared to that of AS. The 
DPPH assay suggests that the extracts of P. guajava are 
capable of donating hydrogen to a free radical in order 
to remove odd electron, which is responsible for the 
radical’s reactivity. 

Reduction of molecular oxygen into water generates 
super oxide anion radicals. It is an oxygen-centered 
radical with selective reactivity and produced by 
a number of auto-oxidation reactions. In addition, 
super oxides are also formed by activated phagocytes. 
Superoxide dismutase is antioxidant enzyme in the 
living cells which scavenges super oxide anion. In 
the present study, leaf extract of LA showed higher 
superoxide radical scavenging activity in a dose-
dependent manner compared to AS. The inhibition 
of generation of superoxide radicals is the probable 
mechanism of its scavenging activity. 

Nitric oxide is another free radical, which acts as a 
pleiotropic inhibitor of physiological processes and 
reacts with superoxide anion radical to form a cytotoxic 
oxidant molecule, peroxynitrite (ONOO-). In the present 
investigation, LA effectively scavenged the nitric oxide 
radicals compared to AS and exhibited concentration-
dependent scavenging activity. The study clearly 
revealed that the leaf extract of LA was more effective 
than AS since ABTS, DPPH, nitric oxide and superoxide 
radical scavenging activities of LA were significantly 
greater than AS. This was further confirmed with the 
presence of more phenolic and flavonoid contents in 
the leaf extract of LA than AS. Phenolic compounds 
directly contribute to antioxidant action of the natural 
substances. It is reported that phenolic compounds have 
inhibitory effects on mutagenesis and carcinogenesis 
in humans[32] and polyphenols are potential protecting 
agents against lethal effects of oxidative stress. In the 
present investigation, the leaf extract of LA had the 
highest phenolic content concomitant with high free 
radical scavenging action. Hence, high antioxidant 
potential of LA extract might be due to the presence of 
more phenolic content.

Thus, present study clearly demonstrated that ethanol 
leaf extract of LA and AS is a source of potent antioxidant 
compounds, though LA was found to be more effective 
than AS. The extracts exerted actions by inhibiting 
generation of free radicals or scavenging those as shown 
by the in vitro assays. However, the active components 
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responsible for these activities are unclear. Therefore, 
the present study provided an impetus to isolate and 
identify those antioxidant molecules of the leaf of LA 
and AS to study further potential benefits of these in 
treating different disorders.
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