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Abstract: Azolla is a free floating aquatic fern having agronomic importance worldwide. The present study was carried
out to investigate antioxidant potential of two Azolla species namely A. pinnata and A. rubra. Antioxidant activity was
evaluated by DPPH free radical scavenging assay and Ferric reducing assay. Total phenolic and flavonoid content was
estimated by Folin-Ciocalteau reagent and Aluminium chloride colorimetric estimation method respectively. Extract of
A. pinnata displayed marked radical scavenging and reducing potential when compared to A. rubra. The content of total
phenolics and flavonoids were higher in A. pinnata. The higher antioxidant efficacy of A. pinnata could be ascribed to
the presence of high phenolic and flavonoid content. These Azolla species can be used against oxidative stress.
Keywords: Azolla, Antioxidant, Total phenolics, Flavonoids.

INTRODUCTION

Reactive oxygen species (ROS) are formed in cells of
all living organisms during normal metabolism and
exposure to various environmental stress conditions
such as UV radiations, microbes, allergens, pollutants
etc. ROS are defined as intermediate oxygen carrying
molecules with or without unpaired electron and
include free radicals such as superoxide anions,
hydroxyl radicals, peroxylradicals and non-radical
forms such as hydrogen peroxide, hypochlorous acid
and singlet oxygen. These ROS are beneficial and play
vital physiological roles in the body at required
concentrations, however, these ROS are detrimental in
excess [1-3]. Free radicals and other ROS are
effectively eliminated by an enzymatic system
including Superoxide dismutase, Catalase, Peroxidase,
Glutathione peroxidase and non-enzymatic factors such
as vitamin C, vitamin E, thiols etc. Synthetic
antioxidants have been used to decelerate or retard the
oxidation process. However, they are volatile,
decompose at high temperature and their use is
restricted due to doubtful safety and potential health
hazards. Hence, there is need for search of effective
antioxidants from natural sources [4-7].

Azolla (Salviniaceae) is a small pteridophyte (aquatic
fern) having agronomic importance in developing as
well as developed countries. It is native to the tropics,
subtropics, and warm temperate regions of Africa, Asia,
and the America. It is one of the fastest growing aquatic
macrophytes producing maximum biomass in relatively
shorter period of time and is a classic example for

symbiotic relationship between an eukaryotic partner
Azolla and a prokaryotic partner Anabena. Anabena is
an endosymbiont in the leaf cavities of Azolla and is
associated with all stages of fern’s development. Azolla
provides carbon sources to Anabena and in turn obtain
its nitrogen requirements. Azolla is used as biofertilizer
of crops and is often employed in paddy fields because
of its ability to fix dinitrogen at high rates and low cost.
In addition, Azolla is used as animal feed, human food
and medicine, water purifier, green manure, hydrogen
fuel, biogas producer, weed and insect controller, and
reduces ammonia volatilization after chemical nitrogen
application. It improves the water quality by removing
excess quantity of nitrates and phosphorus [8-11].
Experimentally, Azolla species have been shown to
exhibit antioxidant [12, 13], bioremediation [14], plant
growth promontory [15], hepatoprotective [16], and
antimicrobial activity [17]. In the present study, we
have determined antioxidant activity of two Azolla
species namely A. pinnata and A. rubra.

MATERIALS AND METHODS
Collection of plant materials

A. pinnata and A. rubra were collected from
Department of Agricultural Microbiology, UAS,
GKVK, Bangalore. The whole plant materials were
shade dried, powdered and used for extraction.

Extraction

For extraction, a known quantity (10g) of powdered
A. pinnata and A. rubra was added to 100ml of
methanol (HiMedia, Mumbai). The mixtures were left

719


http://www.saspublishers.com/
mailto:p.kekuda@gmail.com

Noor Nawaz AS et al., Sch. Acad. J. Biosci., 2014; 2(10):719-723

at room temperature for two days with occasional
stirring. The solvent extracts were filtered using
Whatman No. 1 filter paper, concentrated by
evaporating the solvent and dried in the desiccators
[18].

Estimation of total phenolic content of A. pinnata
and A. rubra

The total phenolic contents of methanol extract of
both Azolla species was estimated by Folin-Ciocalteau
reagent (FCR) method. Here, a dilute concentration of
extract (0.5 ml) was mixed with 0.5 ml of FC reagent
(1:1) and 4 ml of sodium carbonate (1M) and left for 15
minutes. The optical density was measured
colorimetrically at 765nm. A standard curve was plotted
using different concentrations of reference standard
(Gallic acid, 0-1000 pg/ml) and the total phenolic
content of extracts was expressed as pg Gallic acid
equivalents (GAE) from the graph [7].

Estimation of total flavonoid content of A. pinnata
and A. rubra

The content of total flavonoids was estimated by
Aluminium chloride colorimetric method. Here, a dilute
concentration of extract (0.5ml) was mixed with 0.5ml
of methanol, 4ml of water, 0.3ml of NaNO, (5%) and
incubated for 5 minutes at room temperature. Following
incubation, 0.3ml of AICIl; (10%) was added and again
incubated at room temperature for 6 minutes. 2ml of
NaOH (1M) and 2.4ml of distilled water were added
and the absorbance was measured against blank
(without  extract) at 510nm using UV-Vis
spectrophotometer. A calibration curve was constructed
using different concentrations of reference standard
(Catechin, 0-120 pg/ml) and the total flavonoid content
of extracts was expressed as pg Catechin equivalents
(CE) from the graph [19].

Antioxidant activity of A. pinnata and A. rubra
DPPH (1, 1-diphenyl-2-picrylhydrazyl) free radical
scavenging assay

DPPH radical scavenging assay was employed to
determine radical scavenging potential of methanol
extract of two Azolla species. In this assay, 1 ml of
different concentrations of extract (5-100pg/ml of
methanol) was mixed with 3 ml of DPPH solution
(0.004% in methanol) in separate tubes. The tubes were
incubated in dark at room temperature for 30 minutes.
The optical density was measured at 517 nm using UV-
Vis spectrophotometer. The absorbance of the DPPH
control was also noted. Ascorbic acid was used as
reference standard. The radical scavenging activity of

extracts and ascorbic acid was calculated using the
formula:

Scavenging activity (%) = [(Ao — Ae) / Ao] x 100,
where Ao is absorbance of DPPH control and Ae is
absorbance of DPPH and extract/standard combination
[20].

Ferric reducing assay

In this assay, various concentrations of methanol
extract of both Azolla species (5-100pg/ml) in 1 ml of
methanol were mixed in separate tubes with 2.5 ml of
phosphate buffer (200 mM, pH 6.6) and 2.5 ml of
Potassium ferricyanide (1%). The tubes were incubated
for 20 minutes at 50°C in water bath, cooled rapidly and
mixed with 2.5 ml of Trichloroacetic acid (10%) and
0.5 ml of Ferric chloride (0.1%). The amount of iron
(IN)-ferricyanide complex formed was determined by
measuring the formation of Perl’s Prussian blue at 700
nm after 10 minutes. The increase in absorbance of the
reaction mixtures indicates increased reducing power.
Ascorbic acid was used as reference standard [7].

RESULTS

The content of total phenolics and flavonoids in the
extracts is shown in Table 1. It has been found that the
phenolic as well as flavonoid content were higher in the
extract of A. pinnata when compared with A. rubra.

Table 1: Total phenolic and flavonoid content of A.
pinnata and A. rubra

Total phenolic Total flavonoid
Extract content content
(ug GAE/mg (ug CE/mg
extract) extract)
A 95.25 41.13
pinnata
A. rubra 92.16 39.66

The efficacy of extract of A. pinnata and A. rubra to
scavenge free radicals was assessed by DPPH free
radical scavenging assay and the result is shown in
Figure 1. The extracts have shown marked radical
scavenging activity and the activity was dose
dependent. Among Azolla species, A. pinnata displayed
stronger scavenging potential (ICsy value 7.32 pg/ml)
than that of A. rubra (ICs, value 14.47 pg/ml).
Scavenging potential of ascorbic acid was higher (ICsg
value 1.39 pg/ml) than that of extracts of Azolla
species.
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Figure 1: DPPH free radical activity of extract of A. pinnata and A. rubra

The reducing effect of extracts of A. pinnata and A.
rubra was determined by ferric reducing assay in which
the reduction of Fe** to Fe®* was investigated in the
presence of different concentrations of extracts. The
absorbance at 700nm was found to increase with the

increase in concentration of extracts which indicated the
reducing nature of extracts. The reducing potential of A.
pinnata was higher than that of A. rubra. Both extracts
displayed higher reducing potential than that of ascorbic
acid at higher concentrations (Figure 2).
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Figure 2: Ferric reducing activity of extract of A. pinnata and A. rubra

DISCUSSION

DPPH is a stable, organic, nitrogen centred free
radical which possess an absorption maximum band
around 515-528nm (517nm) in alcoholic solution. On
accepting an electron or hydrogen atom, it becomes a
stable diamagnetic molecule. The effect of antioxidants
on scavenging DPPH radical is due to their hydrogen
donating ability. The DPPH free radical scavenging
assay is one of the widely used in vitro assays for
evaluation of free radical scavenging efficacy of various

types of samples including plant extracts [20-24]. The
antioxidants reduce the purple colored DPPH radical to
a yellow colored compound diphenylpicrylhydrazine,
and the extent of reaction will depend on the hydrogen
donating ability of the antioxidants [25]. In this study,
we measured the absorption of DPPH solution in the
presence of various concentrations of extract of A.
pinnata and A. rubra at 517nm. It was observed that the
radical scavenging activities of both the extracts
increased on increasing the concentration of extracts.
The scavenging effect on DPPH free radicals was
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higher in A. pinnata than A. rubra. Although the
scavenging effect of both extracts were lesser than that
of reference standard, it is evident that the extracts
showed hydrogen donating ability and therefore the
extracts could serve as free radical scavengers, acting
possibly as primary antioxidants [21]. It has been
experimentally shown that Azolla species exhibit
scavenging of free radicals. The anthocyanins of A.
imbricata exhibited dose dependent scavenging of
DPPH free radicals with an ECg, value of 19.08 pg/ml
[12]. The rutin and quercetin isolated from A.
microphylla were shown to exhibit dose dependent
scavenging activity [13].

The reduction of Fe*}(CN)s to Fe**(CN)g was measured
in order to evaluate the reducing potential of extract of
A. pinnata and A. rubra. The reducing potential of
compounds can be determined by measuring the
absorbance resulting from the formation of Perl’s
Prussian blue complex on addition of excess of ferric
ions (Fe™). An increase in absorbance at 700nm on
increase in extract concentrations indicates reducing
capacity of a compound. The reducing properties of
compounds (antioxidants) are associated with the
presence of reductones. Ferric reducing assay is
employed by several researchers in order to evaluate
antioxidant activity of a variety of compounds [4, 7, 21,
23, 24, 26, 27]. In this assay, the presence of reductants
(antioxidants) in the samples would result in the
reduction of Fe*® to Fe*? by donating an electron [21].
The reducing capacity of a compound may serve as a
significant indicator of its potential antioxidant activity
[28]. In this study, the reducing powers of extracts
increased with the increase of their concentrations.
Extract of A. pinnata displayed higher reducing power
than extract of A. rubra. It is evident from the study that
the extracts possess reductive potential and could serve
as electron donors, terminating the radical chain
reactions [21].

Polyphenolic compounds including flavonoids of
plant kingdom have been reported to possess multiple
biological effects, including antioxidant activity.
Antioxidant efficacies of these phenolic compounds are
due to radical scavenging effect, inhibition of lipid
peroxidation and chelation of metal ions [26, 29, 30]. A
positive correlation between the content of phenolics
and flavonoids and the antioxidant potential of extracts
was observed in this study. Hence, the higher
antioxidant activity of extract A. pinnata could be due
to the presence of high phenolic and flavonoid contents.
Such positive correlations have been observed in earlier
studies [31-33].

CONCLUSION

A marked antioxidant activity of A.pinnata and
A.rubra was observed in this study. Extract of
A.pinnata showed marked antioxidant activity when
compared to extract of A.rubra. These Azolla species

could be used as potential candidates for the
development of agents active against oxidative stress.

ACKNOWLEDGEMENT

The authors express thanks to Head, Department of
Microbiology, Principal, SRNMN College of Applied
Sciences, Shivamogga for providing all the facilities to
conduct work. Authors also express thanks to NES,
Shivamogga for the moral support.

REFERENCES

1. Nordberg J, Arner ESJ; Reactive oxygen
species, Antioxidants, and the mammalian
Thioredoxin system. Free Radical Biology and
Medicine, 2001; 31(11): 1287-1312.

2. Conforti F, Sosa S, Marrelli M, Menichini F,
Statti GA, Uzunov D et al.; In vivo anti-
inflammatory and in vitro antioxidant activities
of Mediterranean dietary plants. Journal of
Ethnopharmacology, 2008; 116: 144-151.

3. Bouayed J, Bohn T; Exogenous antioxidants-
Double edged swords in cellular redox state.
Oxidative Medicine and Cellular Longevity,
2010; 3(4): 228-237.

4. Kim S, Jeong S, Park W, Nam KC, Ahn DU,
Lee S; effect of heating conditions of grape
seeds on the antioxidant activity of grape seed
extracts. Food Chemistry, 2006; 97: 472-479.

5. Stoilova I, Krastanov A, Stoyanova A, Denev
P, Gargova S; Antioxidant activity of a ginger
extract (Zingiber officinale). Food Chemistry,
2007; 102: 764-770.

6. Sheih IC, Wu T, Fang TJ; Antioxidant
properties of a new antioxidative peptide from
algae protein waste hydrolysate in different
oxidation systems. Bioresource Technology,
2009; 100: 3419-3425.

7. Junaid S, Rakesh KN, Dileep N, Poornima G,
Kekuda PTR, Mukunda S; Total phenolic
content and antioxidant activity of seed extract
of Lagerstroemia speciosa L. Chemical
Science Transactions, 2013; 2(1): 75-80.

8. Ray TB, Mayne BC, Toia RE, Peters GA;
Azolla-Anabaena relationship. VIII.
Photosynthetic  characterization  of  the
association and individual partners. Plant
Physiology, 1979; 64: 791-795.

9. Pabby A, Prasanna R, Singh PK; Azolla-
Anabena  symbiosis-  From  traditional
agriculture to Biotechnology. Indian Journal of
Biotechnology, 2003; 2: 26-37.

10. Chris A, Luxmisha G, Masih J, Abraham G;
Growth,  photosynthetic  pigments  and
antioxidant responses of Azolla filiculoides to
monocrotophos toxicity. Journal of Chemical
and Pharmaceutical Research, 2011; 3(3): 381-
388.

11. Sadeghi R, Zarkami R, Sabetrafter K, Van
Damme P; A review of some ecological
factors affecting the growth of Azolla spp.

722



Noor Nawaz AS et al., Sch. Acad. J. Biosci., 2014; 2(10):719-723

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

Caspian Journal of Environmental Sciences,
2013; 11(1): 65-76.

Dai L, Dong X, Ma H; Antioxidative and
chelating properties of anthocyanins in Azolla
imbricata induced by cadmium. Polish Journal
of Environmental Studies, 2012; 21(4): 837-
844.

Selvaraj K, Chowdhury R, Bhattacharjee C;
Isolation and structural elucidation of
flavonoids  from aquatic fern  Azolla
microphylla and evaluation of free radical
scavenging activity. International Journal of
Pharmacy and Pharmaceutical Sciences, 2013;
5(3): 743-749.

Zazouli MA, Mahdavi Y, Bazrafshan E,
Balarak D; Phytodegradation potential of
bisphenolA from aqueous solution by Azolla
filiculoides. Journal of Environmental Health
Science and Engineering, 2014; 12: 66.

Bindhu KB; Effect of Azolla extract on growth
performance of Pisum sativum. International
Research Journal of Biological Sciences, 2013;
2(10): 88-90.

Kumar A, Kumari J, Kumar H, Nath A, Singh
JK, Ali M; Hepatoprotective and antioxidant
effect of Azolla filiculoides on Profenofos
induced hepatotoxicity in swiss albino mice.
Caribbean Journal of Science and Technology,
2014; 2: 372-377.

Nayak N, Padhy RN, Singh PK; Evaluation
of antibacterial and antioxidant efficacy of
the fern Azolla caroliniana symbiotic with
the  cyanobacterium Anabaena  azollae.
Proceedings of the National Academy of
Sciences, India Section B: Biological Sciences,
2014. DOI 10.1007/s40011-014-0370-3.
Vinayaka KS, Swarnalatha SP, Preethi HR,
Surabhi KS, Kekuda TRP, Sudharshan SJ;
Studies on In vitro antioxidant, antibacterial
and insecticidal activity of methanolic extract
of Abrus pulchellus Wall (Fabaceae). African
Journal of Basic and Applied Sciences, 1(5-6);
2009: 110-116.

Zhishen J, Mengcheng T, Janming W; The
determination of flavonoids contents in
mulberry and their scavenging effects on
superoxide radicals. Food Chemistry, 1999;
64: 555-559.

Elmastas M, Gulcin I, Isildak O, Kufrevioglu
Ol, Ibaoglu K, Aboul-Enein HY; Radical
scavenging activity and antioxidant capacity of
Bay leaf extracts. Journal of Iranian Chemical
Society, 2006; 3(3): 258-266.

Chung Y, Chien C, Teng K, Chou S;
Antioxidative and mutagenic properties of
Zanthoxylum ailanthoides Sieb & zucc. Food
Chemistry, 2006; 97: 418-425.

Kaviarasan S, Naik GH, Gangabhagirathi R,
Anuradha CV, Priyadarshini KI; In vitro
studies on antiradical and antioxidant activities

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

of fenugreek (Trigonella foenum graecum)
seeds. Food Chemistry, 2007; 103; 31-37.
Rekha C, Poornima G, Manasa M, Abhipsa V,
Devi PJ, Kumar VHT et al.; Ascorbic Acid,
total phenol content and antioxidant activity of
fresh juices of four ripe and unripe Citrus
fruits. Chemical Science Transactions, 2012;
1(2): 303-310.

Poornima G, Kekuda TRP, Vinayaka KS;
Antioxidant efficacy of Olea dioica Roxb
(Oleaceae) leaves. Biomedicine, 2012; 32(4):
506-510.

Bondent V, Brand-Williams W, Bereset C;
Kinetic and mechanism of antioxidant activity
using the DPPH free radical methods.
Lebensmittel Wissenschaft Technologie, 1997;
30: 609-615.

Yuan YV, Bone DE, Carrington MF;
Antioxidant activity of dulse (Palmaria
palmata) extract evaluated in vitro. Food
Chemistry, 2005; 91: 485-494.

Gulcin I, Topal F, Sarikaya SBO, Bursal E,
Bilsel G, Goren AC; Polyphenol contents and
antioxidant properties of Medlar (Mespilus
germanica L.). Records of Natural Products,
2011; 5(3): 158-175.

Hsu B, Coupar IM, Ng K; Antioxidant activity
of hot water extract from the fruit of the Doum
palm, Hyphaene thebaica. Food Chemistry,
2006; 98: 317-328.

Wojdylo A, Oszmianski J, Czemerys R;
Antioxidant activity and phenolic compounds
in 32 selected herbs. Food Chemistry, 2007;
105: 940-949.

Li H, Wang X, Li Y, Li P, Wang H;
Polyphenolic compounds and antioxidant
properties of selected China wines. Food
Chemistry, 2009; 112: 454-460.

Tilak JC, Adhikari S, Devasagayam TPA;
Antioxidant properties of Plumbago zeylanica,
and Indian medicinal plant and its active
ingredient, plumbagin. Redox Report, 2004;
9(4): 220-227.

Coruh N, Celep AGS, Ozgokce F, Iscan M;
Antioxidant capacities of Gundelia tournefortii
L. extracts and inhibition on glutathione-S-
transferase activity. Food Chemistry, 2007
100: 1249-1253.

Kekuda PTR, Manasa M, Poornima G,
Abhipsa V, Rekha C, Upashe SP, Raghavendra
HL; Antibacterial, cytotoxic and antioxidant
potential of Vitex negundo var. negundo and
Vitex negundo var. purpurascens- A
comparative study. Science, Technology and
Arts Research Journal, 2(3); 2013: 59-68.

723



