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ABSTRACT
Gardenia gummifera Linn. of the family Rubiaceae has been considered as an important plant in the traditional Ayurveda. The
Gardenia gummifera Linn. leaf was extracted serially by the solvents of increasing polarity (Petroleum ether, ethyl acetate and
ethanol). The present investigation was to examine the in vitro antioxidant potential of various extracts of leaf of Gardenia
gummifera Linn. The antioxidant activity was determined by 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, superoxide radical
scavenging assay, reducing power assay, cerium (IV) amaranth dye assay, Ferric Reducing Antioxidant Property (FRAP) assay and
total antioxidant capacity. In all the assays, the ethanolic extract of Gardenia gummifera Linn. is more effective in free radical
scavenging activity than that of other two extracts. So, the in vitro studies clearly showed that the ethanolic extract of Gardenia
gummifera Linn. has significant antioxidant activity. The quantitative estimation showed that ethanolic extract contains higher
phenolic content than the other extracts.
Keywords: Gardenia gummifera Linn., Rubiaceae, Antioxidant activities, Reducing power, Total phenolic content.

INTRODUCTION

N

ature is serving as man’s primary source for the
cure of his ailments. However, the potential of
higher plants as sources for new drugs is still
largely unexpected. It is widely accepted that antioxidants
are radical scavengers, which protect the human body
against free radicals that may cause pathological
conditions such as ischemia, anaemia, asthma, arthritis,
inflammation, neuro-degeneration, Parkinson’s diseases,
mongolism, ageing process and perhaps dementias.1
Plant-based antioxidants are now preferred to the
synthetic ones because of safety concerns.2 They are
potential sources of natural antioxidants. They absorb the
sun’s radiation and generate high levels of oxygen as
secondary metabolites of photosynthesis. On the other
hand, Oxygen is easily activated by Ultra Violet (UV)
radiation and heat from the sunlight to produce toxic
Reactive Oxygen Species (ROS).3
These ROS are highly reactive because they can interact
with a number of cellular molecules and metabolites
thereby leading to a number of destructive processes
causing cellular damage.4 Plants produce various
antioxidative enzymes and non-enzymes compounds to
counteract and detoxify these ROS in order to survive.
Hence, naturally occurring phytocompounds possessing
antioxidative and anti-inflammatory properties appear to
contribute to their chemopreventive or chemoprotective
activity which in turn, by the alternative medicine, has
been used to the benefit of human beings.5
Gardenia gummifera Linn. belongs to the family
Rubiaceae. It is commonly known as gummy gardenia. It
is found in dry forests of Karnataka, Tamil Nadu, Andhra
Pradesh and Kerala. Gardenia gummifera is claimed to

have a number of medicinal properties which include
anthelmintic, antispasmodic, carminative, diaphoretic,
expectorant, potentiation of pentobarbitone induced
sleep, Antiepileptic, peripheral and central Analgesic,
Cardiotonic, Antioxidant, and Antihyperlipidemic. It is also
claimed to be useful in dyspepsia, flatulence for cleaning
foul ulcers and wounds, and to keep off flies from wounds
in veterinary practice.6-8
The aim of this study was to evaluate in vitro antioxidant
potential of the leaf extracts of Gardenia gummifera Linn.
growing in Mandya region, Karnataka, India.
MATERIALS AND METHODS
Collection of Plant Material
The fresh plant material (leaves) were collected from
Melkote, Mandya district, Karnataka state, India in the
month of December 2012. The plant was identified with
9
the help of Flora of Presidency of Madras.
Processing of Plant Material
The leaves of Gardenia gummifera Linn. were cleaned
and shade dried. The dried material was powdered using
mechanical method and resulting powder was sieved with
sieve of 0.3mm aperture size and stored in the airtight
container.
Extraction of Plant Material10
The powdered plant leaf material was subjected to
successive solvent extraction taking from non-polar to
polar solvents like petroleum ether, ethyl acetate and
ethanol. 50gms of powdered plant material was
subjected to soxhlet extraction for 12-16 hrs with 300ml
of the various solvents each at a time. The extracts
obtained were later kept for evaporation to remove the
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excessive solvents. These extracts were stored in airtight
container and a cool dry place.

solutions were serially diluted with DMSO to obtain the
lower dilutions.

DPPH Assay11

Procedure

The DPPH free radical is reduced to a corresponding
hydrazine when it reacts with hydrogen donors. The
DPPH radical is purple in colour and upon reaction with
hydrogen donor changes to yellow colour. It is a
discoloration assay, which is evaluated by the addition of
the antioxidant to a DPPH solution in ethanol or methanol
and the decrease in absorbance was measured at 490nm.

To the reaction mixture containing 1 ml of alkaline DMSO
(1 ml, 1% distilled water, 5 mM NaOH) and 0.3 ml of the
extracts in DMSO at various concentrations (1000, 500,
250, 125, 62.5 g/ml.), 0.1 ml of NBT (1 mg/ml) was
added to give a final volume of 1.4 ml. The absorbance
was measured at 560 nm.

Reagents

–

% radical scavenging activity =

× 100

13

Cerium (IV) Amaranth Dye Assay

2, 2-Diphenly 1-picryl hydrazyl solution (DPPH, 100 M):
22 mg of DPPH was accurately weighed and dissolved in
100 ml of methanol. From this stock solution, 18 ml was
taken and diluted to 100 ml using methanol to obtain 100
M DPPH solution.
Preparation of test solutions
21 mg each of the extracts were dissolved in distilled
DMSO separately to obtain solutions of 21 mg/ml
concentrations. Each of these solutions were serially
diluted separately to obtain lower concentrations.
Preparation of standard solution

Concentrated sulfuric acid (0.2 ml) was used for the
dissolution of 0.016 g of Ce (SO4)2.4H2O which was then
diluted to 25 ml; the solution was made homogenous
with a magnetic stirrer at room temperature until total
dissolution.
This solution was transferred to a 50 ml standard flask,
and diluted to the mark with distilled water. The Ce (IV)
stock solution was standardized with arsenic (III) oxide by
using N-phenyl anthranilic acid indicator.
Procedure

10 mg of rutin was weighed and dissolved in 0.95 ml of
Dimethyl sulfoxide (DMSO) to get 10.5 mg/ml
concentration. This solution was serially diluted with
DMSO to get lower concentrations.
Procedure
The assay was carried out in a 96 well microtitre plate. To
200 l of DPPH solution, 10 l of each of the test sample
or the standard solution was added separately in wells of
the microtitre plate. The final concentration of the test
and standard solutions used were 1000, 500, 250, 125,
62.5, 31.25, 15.62 g/ml. The plates were incubated at
o
37 C for 30 min and the absorbance of each solution was
measured at 490 nm, using a microplate reader. The
experiment was repeated thrice. Percent of radical
scavenging activity was calculated using the following
formula:
% radical scavenging activity =

Standardization of Ce (IV) solution

–

× 100

Scavenging of Superoxide Radical by Alkaline DMSO
Method12
In alkaline DMSO method, superoxide radical is generated
by the addition of sodium hydroxide to air saturated
DMSO. The generated superoxide remains stable in
solution, which reduces nitro blue tetrazolium (NBT) in to
formazan dye at room temperature and that can be
measured at 560 nm. Superoxide scavenger capable of
reacting inhibits the formation of a red dye formazan.
Preparation of test and standard solutions
14 mg of each of the extracts were weighed accurately
and separately dissolved in 3 ml of DMSO. These

In a final volume of 10 ml, 0.1185 mM Ce (IV) solution,
varying concentrations of standard antioxidant solution
and 49.6 µM amaranth dye solutions were added.
After shaking well, the absorbance of the reaction
mixture was measured at 530 nm against a control
without antioxidant. Similarly, 100 µl of different extracts
of plant material were subjected to antioxidant assay.
The absorbance was recorded at a wavelength of 530 nm.
The antioxidant activity was expressed as µM equivalent
of gallic acid from standard curve.
FRAP (1,10-phenonthroline) Method14
NH4Fe (SO4)2.12H2O (0.160 g) was added to 2 ml of 1 M
HCl. A suitable mass of 1,10-phenonthroline was
dissolved in water to get a final concentration of 1.0 × 102
M. These two solutions were mixed and diluted to 100
ml with distilled water. This reagent was kept in the dark
to protect it from sunlight and was shown to be stable for
several weeks.
The stock solution of the tested antioxidants were
prepared in 98% ethyl alcohol. To 1 mL of different
antioxidant solutions, 1 ml of 1,10-phenonthroline
reagent solution and 5 ml of EtOH (96%) were added,
diluted to the mark with water in a 25ml standard flask,
incubated in a water bath at 50°C for 30 min, cooled to
room temperature, and the absorbance measured at 510
nm against the control.
FRAP activity quantified by calibration curve (obtained
from known concentrations of Gallic acid standard) and
the concentrations were expressed as µM equivalent of
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Gallic Acid and all the determinations were performed in
triplicates.
Evaluation of Total Antioxidant capacity15
The total antioxidant capacity was determined by
phosphomolybdenum method and is based on the
reduction of Mo (VI) to Mo (V) by the antioxidant
compounds and the formation of a green Mo (V) complex
which has the maximal absorption at 695 nm.
Preparation of test and standard solutions
Weighed accurately 55 mg of each extracts and the
standard, ascorbic acid and dissolved in 5 ml of DMSO.
The lower dilutions were made serially with DMSO.
Procedure
An aliquot of 0.1 ml of the sample solution containing a
reducing species in DMSO was combined in an eppendorf
tube with 1 ml of reagent solution (0.6 M Sulphuric acid,
28 mM sodium phosphate, and 4 mM ammonium
molybdate).

ISSN 0976 – 044X

The resulting solution was then cooled rapidly, spiked
with 2.5 mL of 10% trichloroacetic acid, and centrifuged
at 3000 rpm for 10 min. The supernatant (5 mL) was then
mixed with 5 mL of distilled water and 1 mL of 0.1% ferric
chloride. The absorbance at 700 nm was then detected
after reaction for 10 min. The higher the absorbance
represents the stronger the reducing power.
Determination of Total Phenolic Content17
Total phenolic in methanol extracts was determined by
17
the method of Singleton . 20 µl of extract (5 mg/ ml) was
mixed with 0.75 ml of 20% sodium carbonate solution
and 0.25 ml of Folin-Ciocalteau reagent.
The reaction mixture was allowed to stand in light for 3
min and incubated for 2 h in dark. The absorbance was
measured
at
765
nm
using
UV-Visible
Spectrophotometer.
Total phenolics were quantified by calibration curve
obtained from measuring the absorbance of known
concentrations of Gallic acid standard (0-100µg/ ml).

The tubes were capped and incubated in water bath at 95
°C for 90 min. The samples were cooled to room
temperature, and the absorbance of each solution was
measured at 695 nm. The total antioxidant capacity was
expressed as mcg equivalent of ascorbic acid.

The concentrations were expressed as µg of Gallic acid
equivalents per ml and all the determinations were
performed in triplicates.

Reducing Power Assay16

The antioxidant potential of various leaf extracts of
Gardenia gummifera Linn. were summarized in the Table
1. All the data were reported as mean ± standard
deviation of 3 replicates.

The principle of this assay is higher the absorbance
represents the stronger the reducing power.
Preparation of test and standard solutions
Weighed accurately 2 mg of each extracts and the
standard, ascorbic acid and dissolved in 2 ml of DMSO.
Then take 0.5 ml of above solution then make up to 2.5
ml with phosphate buffer (0.2 M, pH 6.6). The lower
dilutions were made serially with DMSO.
Procedure
The above sample were spiked with 2.5 mL of phosphate
buffer (0.2 M, pH 6.6) and 2.5 mL of 1% potassium
ferricyanide. The mixture was then kept in a 50°C waterbath for 20 min.

RESULTS AND DISCUSSION

Among the three extracts, ethanolic extract have
presented a remarkable radical scavenging activity.
Recently we reported that the phytochemical analysis of
Gardenia gummifera Linn. revealed the presence of
phytochemicals such as phenols, tannins, terpenoids in all
the extracts.
Some extracts showed the presence of resins, flavonoids,
glycosides and steroids. Alkaloids, carbohydrates,
saponins, protein and amino acid were absent in all the
plant extracts.18 These bioactive compounds are
responsible for antioxidant activity.

Table 1: DPPH radical scavenging assay, Superoxide scavenging assay, Cerium (IV) amaranth dye assay, FRAP assay, Total
antioxidant capacity and Total phenol content of different extracts of Gardenia gummifera Linn.
Sample

DPPH
radical
scavenging assay
(IC50 µg/ml)

Superoxide
scavenging assay
(IC50 µg/ml)

Cerium
(IV)
amaranth dye assay
(µM equivalent of
gallic acid)

FRAP assay (µM
equivalent
of
gallic acid)

Total antioxidant
capacity
(µg
equivalent
of
ascorbic acid)

Total
phenol
content
(µg
equivalent
of
gallic acid)

Petroleum
ether

291.58 ± 5.85

831.33 ± 3.21

4.045 ± 0.032

3.901 ± 0.035

48.122 ± 0.722

19.813 ± 0.104

Ethyl
acetate

53.14 ± 0.70

493.22 ± 1.31

6.093 ± 0.037

7.152 ± 0.192

74.957 ± 0.551

32.385 ± 0.09

Ethanol

48.33 ± 0.58

276.6 ± 6.42

9.683 ± 0.034

11.679 ± 0.254

91.804 ± 0.478

39.735 ± 0.052

Rutin

31.61 ± 0.98

-

-

-

-

-

Ascorbic
acid

-

17.44 ± 0.39

-

-

-

-
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DPPH Radical Scavenging Assay
DPPH radical scavenging is considered to be good in vitro
model widely used to assess antioxidant efficacy of single
compound as well as for different plant extracts within a
19
very short period of time.
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compounds were polar since ethanol extract was more
polar compared to ethyl acetate and petroleum ether.

In radical form, DPPH disappears on reduction by an
antioxidant compound or a radical species to become a
stable diamagnetic molecule resulting in the colour
change from purple to yellow, due to the formation of
diphenyl picryl hydrazine. It could be taken as an
indication of the hydrogen donating ability of the
extracts.20
In the present study, the petroleum ether, ethyl acetate
and ethanol extracts of Gardenia gummifera Linn. were
evaluated for their free radical scavenging activity with
rutin as standard compound is shown in Figure 1.
This activity was increased by increasing the
concentration of the extracts. This result indicated that
the ethanolic extract showed significant antioxidant
activity with the IC50 value of 48.33±0.58 µg/ml followed
by its ethyl acetate extract with 53.14±0.70 µg/ml and
petroleum ether extract with 291.58±5.85 µg/ml.

Figure 2: Superoxide scavenging assay of Gardenia
gummifera Linn.
Cerium (IV)-Amaranth Dye Assay
Cerium (IV) amaranth dye assay of Gardenia gummifera
Linn. extracts was calculated using the standard curve of
gallic acid (y = 0.0430x - 0.1172; R2 = 0.9969) (Figure 3).
Among the three extracts, the ethanolic extract of
Gardenia gummifera Linn. was found to possess the
highest antioxidant activity.
A study of theoretical redox chemistry of Ce (IV) shows
that Ce (IV) sulfate solutions are remarkably stable over
prolonged periods. Formal potential measurements show
that the redox potential of the Ce (IV)–Ce (III) system is
greatly dependent upon the nature and concentration of
mineral acid present, and takes the smallest value in
sulfuric acid due to the complexation effect of
on Ce
(IV).22

Figure 1: DPPH radical scavenging assay of Gardenia
gummifera Linn.

Also the presence of complexing inorganic anions like
sulfate may reduce the complexing ability of Ce (IV) with
organic substrates, and may therefore retard the
oxidation of organic compounds by Ce (IV), since Ce (IV)–
organic substrate complexation is a prerequisite of fast
inner-sphere electron transfer.23

Superoxide Scavenging Assay
Superoxide anions are formed in the normal physiological
reactions taking place mainly in the mitochondria.
Oxidation of the glucose contributes the major
percentage of total superoxide anions formed.
These superoxide anion radicals are converted to
hydrogen peroxide which in turn results in the production
of highly reactive hydroxyl radicals.21
The results of superoxide anion radical scavenging activity
is shown in Figure-2, the ethanol fraction had significantly
higher superoxide scavenging activity with IC50
276.6±6.42 µg/ml followed by its ethyl acetate with
493.22±1.31 µg/ml and petroleum ether extract with
831.33±3.21 µg/ml. This indicated that the active

Figure 3: The calibration curve of standard Gallic acid of
various concentrations using the Ce(IV)-amaranth dye
method.
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FRAP Assay
The FRAP assay is a simple, convenient and reproducible
method that was initially developed to measure the
plasma antioxidant capacity, but is now widely employed
in the antioxidant studies of other biological samples,
such as food, plant extracts, juices and beverages, etc.24
FRAP assay of Gardenia gummifera Linn. extracts was
calculated using the standard curve of gallic acid (y =
0.0329x - 0.0307; R2 = 0.9613) (Figure-4).
The results (Table 1) showed that FRAP values were
higher in ethanol extracted sample compared to other
extraction. This showed that ethanol extraction was more
efficient in extracting antioxidants in plant material
compared to other extraction.

ISSN 0976 – 044X

Gardenia gummifera Linn. was found to possess the
highest total antioxidant capacity (Table 1).
The results indicate a concentration dependent total
antioxidant capacity. It means that the ethanolic extract
of Gardenia gummifera Linn. will have to contain as much
quantity of antioxidants compounds as equivalents of
ascorbic acid to effectively reduce the oxidant in the
reaction matrix.
Antioxidant capacity of ascorbic acid has been used as a
reference standard from which plant extracts with
potential antioxidant activity are compared.25
Reducing Power Assay
The reducing properties of antioxidants are generally
associated with the presence of reductones, such as
ascorbic acid and other secondary metabolites. Such
reductones exert antioxidant action by breaking the free
radical chain by donating hydrogen atoms. Reductones
have also been reported to react with certain precursors
of peroxide, thus preventing peroxide formation.26
Reducing power of different extracts of Gardenia
gummifera Linn. was compared with ascorbic acid (Figure
6). Among the extracts the ethanolic extract exhibited the
most reducing power. This result indicates that the
extracts may consist of polyphenolic compounds that
usually show great reducing power. This has been
justified by ethanolic extract being the most reducing
agent with highest phenolic content (Table 1).

Figure 4: The calibration curve of Gallic acid solution of
various concentrations using the FRAP method.
Total Antioxidant Capacity

Figure 6: Reducing power assay of Gardenia gummifera
Linn.
Determination of Total Phenolics
Figure 5: The calibration curve of ascorbic acid solution of
various concentrations using the total antioxidant
capacity method.
Total antioxidant capacity of all the 3 extracts of Gardenia
gummifera
Linn.
was
evaluated
by
the
phosphomolybdenum method and was expressed as
ascorbic acid equivalents (AAE) per gram of plant extract.
Total antioxidant capacity of Gardenia gummifera Linn.
extracts were calculated using the standard curve of
ascorbic acid (y = 0.1108x - 0.09761; R2 = 0.9942) (Figure
5). Among the three extracts, the ethanolic extract of

Phenols are important constituent because of their
27
scavenging ability due to their hydroxyl groups. In
addition, it was reported that phenolic compounds were
associated with antioxidant activity and play an important
role in stabilizing lipid peroxidation.28
Total phenolic content of the different extracts of
Gardenia gummifera Linn. was determined by using the
Folin-Ciocalteu reagent and were expressed as gallic acid
equivalents per micro gram of plant extract. The total
phenolic contents of the test fractions were calculated
using the standard curve of gallic acid (y = 0.111x-0.112;
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R = 0.994) (Figure 7). Ethanolic extract of Gardenia
gummifera Linn. was found to contain the highest
amount of phenols.
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Figure 7: The calibration curve of Gallic acid solution of
various concentrations using the total phenolic content
method.
CONCLUSION
In this study, the leaf extracts of Gardenia gummifera
Linn. found to posses antioxidant activity. In all the
assays, among the three extracts, ethanolic extracts
showed significant activity compared to ethyl acetate and
petroleum ether.
However, further investigations are to be carried out to
isolate and characterize the specific bioactive principles.
Acknowledgement: The authors thank Mr. Sampath
Kumara K. K, Lecturer, Govt. PU College, Davangere for
helping in identifying and collection of plants. The author
(1) is greatly thankful to University of Mysore, Mysore for
sanctioning UGC NON-NET fellowship.
REFERENCES
1.

Tripathy S, Pradhan D, Anjana M, Antiinflammatory and
Antiarthritic potential of Ammania baccifera Linn.,
International Journal of Pharma and Biosciences, 1(3),
2010, 1-7.

2.

Akinmoladun AC, Ibukun EO, Afor E, Akinrinlola BL, Onibon
TR, Akinboboye AO, Chemical constituents and antioxidant
activity of Alstonia boonei, African Journal of
Biotechnology, 6, 2007, 1197-1201.

3.

Sharma YK, Davis KR, The effects of ozone on antioxidant
responses in plants, Free Radical Biology Medical, 23, 1997,
480-488.

4.

5.

6.

Allen RD, Webb RP, Schake SA, Use of transgenic plants to
study antioxidant defenses, Free Radical Biology Medical,
23, 1997, 473-479.
Chiang YM, Chuang DY, Wang SY, Kuo YH, Tsai PW, Shyur
LF, Metabolite profiling and chemopreventive bioactivity of
plant extracts from Bidens pilosa, Journal of
Ethnopharmacology, 95, 2004, 409-419.
Chopra RN, Nayar SL, Chopra LC, Glossary of Indian

12. Kunchandy E, Rao MNA, Oxygen radical scavenging activity
of curcumin. International journal of Pharmacology, 58,
1990, 237-240.
13. Jeffery GH, Bassett J, Mendham J, Denney RC, Vogel’s
th
Textbook of Quantitative Chemical Analysis, 5 Edition,
1988, 381.
14. Nagaraja P, Aradhana N, Suma A, Chamaraja NA,
Shivakumar A, Ramya KV, Amaranth dye in the evaluation
of bleaching of cerium (IV) by antioxidants: Application in
food and medicinal plants, Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy, 95, 2012, 505510.
15. Prieto P, Pineda M, Aguilar M, Spectrophotometric
quantitation of antioxidant capacity through the formation
of a phosphomolybdenum complex: Specific application to
the determination of vitamin E, Analytical Biochemistry,
269, 1999, 337-341.
16. Oyaizu M, Studies on product of browning reaction
prepared from glucose amine, Japanese Journal of
Nutrition, 44, 1986, 307-315.
17. Singleton VL, Orthofer R, Lamuela-Raventos RM, Analysis of
total phenols and other oxidation substrates and
antioxidants by means of Folin Ciocalteu reagent. Methods
of Enzymology, 299, 1999, 152-177.
18. Vindhya K, Sampath KKK, Neelambika HS, Leelavathi S,
Preliminary Phytochemical Screening of Gardenia latifolia
Ait. and Gardenia gummifera Linn., Research Journal of
Pharmaceutical, Biological and Chemical Sciences, 5(2),
2014, 527-532.
19. Katalinic V, Milos M, Kusilic T, Jukic M, Screening of 70
medicinal plant extracts for antioxidant capacity and total
phenols, Food Chemistry, 94, 2006, 550-557.
20. Shon MY, Kim TH, Sung NJ, Antioxidants and free radical
scavenging activity of Phellinus baumii (Phellinus of
Hymenochaetaceae) extracts, Food Chemistry, 82, 2003,
593-597.
21. Jiang ZY, Woolard AC, Wolff SP, Hydrogen peroxide
production during experimental protein glycation,
Federation of European Biochemical Societies letters, 268,
1990, 69-71.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net
© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

260

© Copyright pro

Int. J. Pharm. Sci. Rev. Res., 32(1), May – June 2015; Article No. 42, Pages: 255-261
22. Czappa DJ, Doctor’s Dissertation, The Institute of Paper
Chemistry, Appleton, Wisconsin, 1974.
23. Cho LY, Madurro JM, Romero JR, Journal of Catal, 186,
1999, 31–35.

ISSN 0976 – 044X

26. Maidment C, Dyson A, Haysom I, A study into the
antimicrobial effects of cloves (Syzgium aromaticum) and
cinnamon (Cinnamomum zeylanicum) using disc-diffusion
assay. Nutritional Food Science, 36(4), 2006, 225-230.

24. Pulido R, Bravo L, Saura-Calixto F, Antioxidant activity of
dietary polyphenols as determined by a modified ferric
reducing/antioxidant power assay. Journal of Agricultural
and Food Chemistry, 48, 2000, 3396-3402.

27. Hatano T, Edamatsu R, Mori A, Fujita Y, Yasuhara E, Effect
of interaction of tannins with co-existing substances. VI.
Effects of tannins and related polyphenols on superoxide
anion radical and on DPPH radical, Journal of Chemistry
Pharmacy Bullets, 37, 1989, 2016-2021.

25. Aderogba MA, Okoh EK, Idowu TO, Evaluation of the
Antioxidant Activity of the Secondary Metabolites from
Piliostigma reticulatum (D.C.) Hochst., Journal of Biological
Science, 5(2), 2005, 239-242.

28. Yen GC, Duh PD, Tsai CL, Relationship between antioxidant
activity and maturity of peanut hulls, Journal of Agricultural
Food Chemistry, 41, 1993, 67–70.

Source of Support: Nil, Conflict of Interest: None.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net
© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

261

© Copyright pro

