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INTRODUCTION

Nature has been a source of  medicinal agents for thousands 
of  years and an impressive number of  modern drugs have 
been isolated from natural sources, many based on their 
use in traditional medicine. Over 50% of  all modern clinical 
drugs are of  natural product origin and natural products play 
important roles in drug development in the pharmaceutical 
industry.[1] The isolation and identification of  the active 
principles and elucidation of  the mechanism of  action of  
a drug is of  paramount importance. Hence, works in both 
mixture of  traditional medicine and single active compounds 
are very important.[2]

Oxidative stress results from an imbalance between the 
generation of  reactive oxygen species and endogenous 
antioxidant systems.[3] ROS (Reactive oxygen species) are 
major sources of  primary catalysts that initiate oxidation in 
vivo and in vitro and create oxidative stress which results in 
numerous diseases and disorders[4] such as cancer, 
cardiovascular disease, neural disorders, Alzheimer’s disease, 
mild cognitive impairment, Parkinsons disease, alcohol induced 
liver disease, ulcerative colitis, ageing, atherosclerosis[5-14]. 
Numerous studies have been carried out on the leaves of  
plants because they are rich sources of  antioxidants, such as 
vitamin A, vitamin C, Vitamin E, carotenoids, phenols and 
flavonoids.[15] Flavonoids and phenolic compounds widely 
distributed in plants have been reported to exert multiple 
biological effects, including antioxidant, free radical scavenging 
abilities, anti-inflammatory, anti-carcinogenic etc.[16]

Psidium guajava (Common name: Guava) belongs to family 
of  Mystraecea and is widely cultivated in India. Extracts from 
guava leaves are beneficial as therapeutic against cancer, 
bacterial infections, inflammation and pain. Essential oils 
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2. Estimation of  total flavonoids (TF)

The total flavonoid content was determined by Aluminum 
chloride method.[21] The reaction mixture (3.0 ml) 
that comprised of  1.0 ml of  extract (1:10 dilution), 0.5 ml 
of  aluminum chloride (1.2%) and 0.5 ml of  potassium 
acetate (120 mM) was incubated at room temperature for 
30 min and absorbance was measured at 415 nm. The total 
flavonoid content was expressed in terms of  quercitin 
equivalent (mg/g). [22]

3. Estimation of  sugars

Estimation of  sugars in the extract was done by DNSA 
method.[22] 1 ml of  the extract (1:20 dilution) was added to 
1 ml DNSA, mixed and heated for 5 min. 2 ml of  distilled 
water was added to the mixture and absorbance was 
measured at 525 nm. Total sugars were expressed in terms 
of  maltose equivalent (mg/g).

4. Estimation of  tannins[20]

The tannin content was determined by Folin-Ciocalteu 
reagent method. 1:10 diluted extract was added to Folin-
Ciocalteu reagent (0.5N), mixed and incubated at room 
temperature for 15 min. 2.5 ml saturated sodium carbonate 
was added, incubated for 30 min at room temperature and 
absorbance measured at 760 nm. Tannins were expressed 
in terms of  tannic acid equivalent (mg/g).

5. Estimation of  chlorophyll and carotene[23]

1 g of  leaf  sample was weighed and was ground in pestle-
mortar with 5 ml distilled water to a paste. The contents 
were transferred to a centrifuge tube and the total volume 
was made upto 10 ml with distilled water. 0.5 ml from the 
tube was transferred to a tube containing 4.5 ml of  80% 
acetone. The contents were centrifuged at 4000 rpm for 
15 min. The absorbance of  the supernatant was measured 
at the following wavelengths-645,663,490,638 nm and the 
content of  chlorophyll was calculated.

Evaluation of  antioxidant activity

1. α, α-diphenyl- β-picryl-hydrazyl (DPPH) radical 
scavenging assay

The free radical scavenging activity was measured by using 
2, 2-diphenyl-1-picryl-hydrazyl or 1, 1- diphenyl-2-picryl-
hydrazyl by the method of  McCune and Johns.[24] The 
reaction mixture consisted of  1.0 ml of  DPPH in methanol 
(0.3 mM) and 1.0 ml of  the extract. After incubation for 
10 min in dark, the absorbance was measured at 517 nm. 

from guava leave display in vitro anti-cancer activity.[17] Guava 
is rich in tannins, phenols, triterpenes, flavonoids, essential 
oils, saponins, carotenoids, lectins, vitamins, fiber and fatty 
acids. The leaves of  guava are rich in flavonoids and phenols. 
The flavonoids have demonstrated antibacterial activity. 
Guava leaves are also used in folk medicine as a remedy 
for diarrhea. Quercetin is thought to contribute to the anti-
diarrhea effect of  guava; it is able to relax the intestinal 
smooth muscle and inhibit bowel contractions. In addition, 
other flavonoids and triterpenes present in guava leaves 
show antispasmodic activity.[18]

The objective of  the present study was to determine the 
phytochemical constituents and in vitro antioxidant activity 
of  methanolic and aqueous extracts from leaves of  guava 
through a number of  testing methods. This study proposes 
to investigate the practical utility of  consumption of  guava 
leaves as an antidiabetic and antioxidant nutraceutical.

MATERIALS AND METHODS

Plant material and preparation of  extracts

Fresh, young leaves of  guava were collected from Navi 
Mumbai, authenticated, washed and allowed to dry at room 
temperature. The dried leaves were then ground to fine 
powder. 30 g of  the dry powder was weighed and was used 
for extract preparation.

Extracts for the plant leaves were prepared using both 
methanol and distilled water. 30 g of  the dry powder was 
ground to a paste in pestle and mortar using 150 ml of  the 
respective solvents and was filtered twice through Whatman 
filter paper. The resulting filtrate was collected in a beaker 
and was subjected to evaporation in a Rotary Evaporator for 
10 min at 100 °C (for aqueous extraction) and 60 °C (for 
methanolic extraction). The extract was suitably diluted for 
use. The yield of  extract from methanol was 5.6 gm and from 
aqueous was 3.75 gm for 30 grams of  dry guava leaves powder.

Estimation of  Phytochemical constituents

1. Estimation of  total phenol content (TPC)

The total phenol content was determined by Folin- Ciocalteu 
reagent method.[19] 0.5 ml of  extract (1:5 dilution) and 0.1 
ml of  Folin-Ciocalteu reagent (0.5N) were mixed and 
incubated at room temperature for 15 min. 2.5 ml saturated 
sodium carbonate was added, incubated for 30 min at room 
temperature and absorbance was measured at 760 nm. The 
total phenol content was expressed in terms of  gallic acid 
equivalent (mg/g).[20]
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of  hydrogen peroxide (40 mM) is prepared in phosphate 
buffer (50 mM, pH 7.4) and 2 ml of  the solution is added 
to 1 ml extract (1:20 dilution). The absorbance at 230 nm 
is determined after 10 mins. H2O2 radical scavenging activity 
was expressed in terms of  ascorbic acid equivalent (mg/g).

7. Total antioxidant activity

The antioxidant activity was determined by the conjugated 
diene method.[29] The method allows dynamic quantification 
of  conjugated diene as a result of  initiation of  PUFA 
(Polyunsaturated Fatty acid) oxidation by measuring UV 
absorbance at 234 nm. The principle of  this assay is that 
during linoleic acid oxidation, the double bonds are converted 
into conjugated double bonds which are characterized by 
strong UV absorption at 234 nm. 0.1 ml extract was mixed 
with 2.0 ml of  linoleic acid emulsion (10 mM) in sodium 
phosphate buffer (pH 6.6) and kept in dark at 37 °C to 
accelerate oxidation. After incubation for 15 h, 0.1 ml from 
each tube was mixed with 7.0 ml methanol in deionized 
water (80%) and the absorbance of  the mixture was 
measured at 234 nm. Total antioxidant activity was expressed 
in terms of  ascorbic acid equivalent (mg/g).

RESULTS AND DISCUSSION

There are many reports of  herbal extracts being used in 
ayurvedic literature which are directly or indirectly used 
for the preparation of  many modern drugs. Gauva plants 
have been used in African and Mexican medicine for 
treatment of  diabetes, diarrhea and bacterial infection. 
Table 1 and 2 represent the phytochemical constituents 
present in guava leaves. It was observed that methanolic 
extraction had a higher content of  the phytochemicals 
than the aqueous extract. Guava is rich in phytochemicals 
like tannins, phenols, triterpenes, flavonoids, saponins, 
lectins etc. The leaves of  guava are rich in flavonoids and 
phenols which contribute to its antioxidant potential.[30] 
The sugar content of  the leaves was also high since guava 
is a fruit bearing plant.

DPPH scavenging activity was expressed in terms ascorbic 
acid equivalent (mg/g).[20]

2. Nitric oxide (NO) radical scavenging assay

3.0 ml of  sodium nitroprusside in phosphate buffer (10 mM) 
was added to the extract and incubated at 25 °C for 60 min. 
5.0 ml of  Griess reagent (1% sulphanilamide, 0.1% 
naphthyethylene diamine dihydrochloride in 2% H3PO3) 
was added and absorbance of  the chromophore formed 
was measured at 540 nm. NO radical scavenging activity 
was expressed in terms of  ascorbic acid equivalent (mg/g). [20,25]

3. Ferric reducing antioxidant power (FRAP) assay

A suitable aliquot of  diluted extract was added to 3.8 ml 
of  FRAP reagent (10 parts of  300 mM sodium acetate 
buffer at pH 3.6, 1 part of  10.0 mM TPTZ solution and 
1 part of  20.0 mM FeCl3. 6H2O solution) and the reaction 
mixture was incubated at 37 °C for 30 min. The increase 
in absorbance at 593 nm was measured. The antioxidant 
capacity based on the ability to reduce ferric ions of  sample 
was expressed in terms of  ascorbic acid equivalent (mg/g). [20]

4. Estimation of  reducing power (RP)

The reducing power was determined by the method of  
Athukorala.[26] 1.0 ml extract was mixed with equal amounts of  
phosphate buffer (200 mM, pH 6.6) and potassium ferricyanide 
(30 mM) and incubated at 50 °C for 20 min. 2.5 ml of  
trichloroacetic acid (600 mM) was added to the reaction mixture, 
centrifuged for 10 min at 3000 rpm. The upper layer of  solution 
was added to equal amount of  distilled water and 0.5 ml of  
FeCl3 (6 mM) and absorbance was measured at 700 nm. RP 
was expressed in terms of  standard equivalent (mg/g). [20]

5. Superoxide anion (SO) radical scavenging assay

The superoxide anion scavenging activity was measured as 
described by Robak and Gryglewski.[27] The superoxide 
anion radicals are generated in 3.0 ml of  Tris-HCl buffer, 
containing 0.5 ml of  NBT (0.3 mM), 0.5 ml NADH solution 
(0.936 mM), 1.0 ml diluted extract and 0.5 ml Tris-HCl 
buffer (16 mM, pH 8). The reaction was started by adding 
0.5 ml PMS solution to the mixture, incubated at 25°C for 
5 min and then the absorbance was measured at 560 nm. 
SO anion scavenging activity was expressed in terms of  
standard equivalent (mg/g).[20]

6. Hydrogen peroxide (H2O2) radical scavenging assay

The ability of  plant extracts to scavenge hydrogen peroxide 
is determined according to the method of  Ruch.[28] A solution 

Table 1: Phytochemical constituents 
in Psidium guajava leaf extracts

Tests

Standard 
Equivalent 

in Methanolic 
Extract (mg/g)

Standard 
Equivanent 
in Aqueous 

Extract (mg/g)
Total Phenol Content 8.00 ± 0.1 7.38 ± 0.09
Total Flavanoids 5.03 ± 0.149 4.525 ± 0.050
Sugar Content 24.00 ± 0.86 21.33 ± 0.76
Tannin Content 3.81 ± 0.029 3.46 ± .06
(The results obtained were expressed as Mean ± S.D. of triplicates).
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to catechin, ferulic acid and total phenols which are present 
in guava.[32,35]

Reducing power is associated with antioxidant activity and 
may serve as a significant reflection of  the antioxidant 
activity. The methanolic extract exhibited a higher reducing 
power than the aqueous extract. The reducing power is 
mainly correlated to the presence of  reductones like ascorbic 
acid and guava is reported to be rich in ascorbic acid.[36]

Superoxide anion is a weak oxidant; still it gives rise to 
generation of  powerful and dangerous hydroxyl radicals 
as well as singlet oxygen, both of  which contribute to 
oxidative stress.[20] The SO scavenging activity was found 
to be very high in both the extracts. SO scavenging activity 
is associated to total flavanoids which is higher in the 
methanolic extract.[37,20]

Hydrogen peroxide occurs naturally at low concentration 
levels in the air, water, human body, plants, microorganisms, 
food and beverages. The H2O2 scavenging activity in guava 
leaves was estimated to be higher in the methanolic extract. 
This can be correlated to the presence of  total phenols in 
the extract.[38]

The oxidation of  linoleic acid generates peroxyl free radicals 
due to the abstraction of  hydrogen atoms from diallylic 
methylene groups of  linoleic acid. The free radicals will 
further oxidize the highly unsaturated beta carotene. 
Consequently, the orange coloured chromophore of  beta 
carotene is degraded.[20] The antioxidant activity in 1 gram 
guava leaves was estimated to be 60.06 ± 0.76 mg ascorbic 
acid equivalent in methanolic extract and 57.5 ± 0.86 mg 
ascorbic acid equivalent in aqueous extract. This shows a 
significant difference between both extracts indicating high 
antioxidant activity of  guava leaves (Table III). Total 
antioxidant activity is associated to total phenol content. [39]

The antioxidative properties of  flavonoids are due to several 
different mechanisms, such as scavenging of  free radicals, 
chelation of  metal ions, like iron and copper, and inhibition 
of  enzymes responsible for free-radical generation. 
Depending on their structure, flavonoids are able to scavenge 
practically all known ROS.[20]

Antioxidative properties of  polyphenols arise from the 
ability of  the polyphenol derived radical to stabilize and 

The in vitro methods for evaluation of  antioxidant activity 
have been developed to measure the efficiency of  natural 
antioxidants either as pure compounds or as plant extracts. 
Table 3 shows the reducing power and radical scavenging 
activity of  guava leaves which are directly correlated to 
antioxidant activity.

DPPH is a stable free radical and is widely used to assess 
the radical scavenging activity of  antioxidant compounds. 
The DPPH scavenging activity in 1 gram of  guava leaves 
was found to be 42 mg ascorbic acid equivalent in methanolic 
extract and 39 mg ascorbic acid equivalent in aqueous extract 
indicating only a slight difference between both extracts 
of  guava leaves. (Table 3) DPPH scavenging activity of  the 
extracts can be correlated to the presence of  flavonoids. [31-33]

Antioxidants act by scavenging the NO radicals.[20] The NO 
scavenging activity in guava leaves was found to be higher 
in methanolic extracts than in aqueous extract (Table 3). 
Nitric oxide radical scavenging activity is correlated to the 
presence of  phenolic compounds.[34]

FRAP assay is based on the ability of  antioxidants to reduce 
Fe3+ to Fe2+ in the presence of  2,4,6-tri(2-pyridyl)-s-triazine 
(TPTZ), forming an intense blue Fe2+-TPTZ.[22] The FRAP 
in guava leaves was estimated to be 68.66 mg equivalent 
ascorbic acid per gram leaves and equivalent in methonolic 
extract and 43.50 mg/gram equivalent in aqueous extract. 
This shows a significant difference between both extracts 
of  guava leaves (Table 3). The FRAP activity is correlated 

Table 3: Antioxidant activity of Psidium guajava 
leaf extracts

Tests

Standard 
equivalent 

in methanolic 
extract (mg/g)

Standard 
equivalent 
in aqueous 

extract (mg/g)
DPPH Scavenging assay 42.33 ± 0.76 39.33 ± 0.29
NO radical scavenging 
assay

47.5 ± 1.00 32.00 ± 1.00

FRAP assay 68.66 ± 3.75 43.50 ± 0.26
Reducing power assay 9.24 ± 0.39 8.3 ± 0.30
SO radical scavenging 
assay

285.00 ± 0.83 270.83 ± 3.82

H2O2 radical scavenging 
assay

14.66 ± 0.35 13.7 ± 0.30

Linoleic acid assay 60.06 ± 0.76 57.5 ± 0.86
(The results obtained were expressed as Mean ± S.D. of triplicates).

Table 2: Total chlorophyll and carotene content in Psidium guajava leaves
Plant Total Chlorophyll (g/l) Chlorophyll a (g/l) Chlorophyll b (g/l) Carotene (g/l)

Psidium guajava 0.011 ± 0.0002 0.004 ± 0.001 0.006 ± 0.001 0.276 ± 0.038
(The results obtained were expressed as Mean ± S.D. of triplicates).
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Chlorophyll has been suggested as an effective antioxidant 
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that are produced as a result of  excitation of  the 
photosynthetic complexes by light. In terms of  its 
antioxidant properties carotenoids can protect the 
photosystems in one of  four ways – by reacting with 
lipid peroxidation products to terminate chain reactions 
or by scavenging singlet oxygen and dissipating the 
energy as heat or by reacting with triplet or excited 
chlorophyll molecules to prevent formation of  singlet 
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through the xanthophyll cycle. [3] The total chlorophyll 
content in guava leaves was found to be 0.011 g/l and 
the carotene content was 0.276 g/l.

In the current investigation, both extracts from guava 
leaves gave good results indicating that it possesses 
significant amount of  phytochemicals and in vitro 
antioxidant activity. The methanolic extracts showed higher 
content of  phytochemical constituents and higher in vitro 
antioxidant activity than aqueous extracts. Phenolic 
compounds and other phytochemicals appear to be 
responsible for the in vitro antioxidant activity of  the 
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observed. On the basis of  the results obtained, guava 
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effects. Our previous report have also revealed anti- 
diabetic potential of  guava.[41] Further studies are in 
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Phytochemical studies required to establish the types of  
compounds responsible for the bioactivity are also 
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