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Abstract: Azolla or the “green gold” is an aquatic nitrogen-fixing pteridophyte with a wide distribution
in temperate and tropical freshwater ecosystems and paddy fields. Azolla is an ideal candidate for food,
feed, and fodder applications. It can be utilized as a natural plant-based antimicrobial and also as a water
purifier in a laboratory or industrial wastewater treatment. Its feasibility as a source for the development
of health supplements was tested by analyzing the antioxidant and antimicrobial properties of the fern.
The DPPH antioxidant activity of the various extracts shows the good presence of antioxidants. A fair
antibacterial activity was shown against the disease, causing bacteria Staphylococcus sp. and Bacillus
sp. Antioxidant and antimicrobial property of Azolla heightens the possibility of its use as food. The
phytoremediation property of Azolla grown in a metal-containing sample was assessed using atomic
absorption spectroscopy, and positive results indicated its prospective use in industrial or laboratory
wastewater treatment. This can reduce the pollution of water bodies, like, rivers, where such water is
discarded.
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1. Introduction

Azolla is an aquatic fern or small leafed floating plant, seen in quiet and slow-moving
water bodies and is present in countries like Africa, Asia, and some parts of Australia. It
produces maximum biomass in a relatively shorter period of time [1] and is of great
applications in both developing as well as developed countries [2-4]. It is commonly called
mosquito fern, duckweed fern, or water velvet. It has a symbiotic relationship with the nitrogen-
fixing cyanobacterium Anabaena Azollae, which resides in special cavities of the dorsal leaf
lobe. The endosymbiont provides sufficient nitrogen for both itself and its hosts [5]. The fern,
in turn, provides a protected environment for the alga and also supplies it with a fixed carbon
source. Azolla-Anabaena complex has great potential as a biofertilizer, because it can
assimilate atmospheric nitrogen efficiently, thus increasing the productivity of rice [6] in paddy
fields. Azolla has immense potential as an animal or poultry feed. It provides the cattle or
buffalo herders with cheaper feed. It does not need extra land for cultivation as it grows well
in the paddy fields, is easy to cultivate, and provides the farmer with an extra income. The
dietary Azolla supplementation shows to have a positive effect on growth performance of fish
and reduce the cost of feeding on fish meal and fish oil diet [7]. Also, it can be utilized as a
feed for animals/birds [8], food for humans, water purifier, green fertilizer or vermicompost
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[9], biogas [10], biolarvicide [11], and to improve soil microbial diversity [12]. Azolla is found
especially successful in phytoremediation of water by acquiring nitrates and phosphorous [13].

In the present study, we have attempted to analyze the antimicrobial and antioxidant
properties of the fern along with its capability to absorb heavy metals. The study aims to
explore the vast opportunities present in the area of research and development of Azolla and to
bring its applications possible in households.

2. Materials and Methods

2.1. Azolla cultivation.

The Azolla pinnata fern samples were collected from the Botany Department of St.
Mary’s College, after identification and authentication by the faculty. Azolla was grown
outdoor in plastic vessels at the Department of Microbiology, St. Mary’s College, Thrissur, and
maintained till further treatment.

2.2. Analysis of antimicrobial activity.
2.2.1. Preparation of extract.

The Azolla was retrieved from the cultivation tanks and washed thoroughly with
distilled water to remove all the impurities and debris. The plant was then dried in sunlight, by
keeping it in the shade for two days. The dried Azolla was then slightly powdered using a mixer
grinder. 20g of this powder was used for extraction using the soxhlet.

The antimicrobial analysis was carried out using the extracts obtained after successive
extraction using the solvents ethanol and benzene.

2.2.2 Antimicrobial assay.

The antimicrobial assay was performed against the microorganisms by means of a well
diffusion assay. To perform the antimicrobial activity of the leaf extract, Staphylococcus,
Bacillus, and Pseudomonas cultures maintained at the Department of Microbiology, St. Mary’s
College, Thrissur was employed. The bacterial cultures were grown and maintained in nutrient
broth and nutrient slant at 37°C.

The Agar Well Diffusion Method of Antimicrobial Susceptibility test was used to
evaluate the presence of antibacterial activities of the two solvent extracts of the Azolla pinnata.
24-hour old nutrient broth culture of the bacteria was used. Sterile Mueller Hinton Agar (Hi-
media) plates were prepared and appropriately labeled for each bacteria. A lawn culture of the
microorganisms was prepared using sterile swabs on the respective plates. Wells were cut out
from the inoculated nutrient plate using a 0.1 ml sterile tip. Three wells were cut into each
plate. One was used for DMSO (Dimethyl sulfoxide) as control and other two for the two
different concentrations (20 pl and 30 pl) of the same plant extract. Then all the plates were
kept for incubation at 37°C for 12-18 hours and observed for the formation of inhibition zones.

The nutrient agar plates were swabbed with a suspension of bacterial cultures.
Following a short incubation, wells were cut on each agar plate. One of the wells was loaded
with DMSO, other with ethanolic extract and ethanol was kept as control. Similarly, DMSO,
acetone extract, and acetone were loaded in respective plates for acetone extract. The agar
plates were incubated at 37°C for 24 hours and checked for the development of inhibition zones.
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2.3. Antioxidant assay.
2.3.1. Sample preparation.

Azolla samples were prepared at the concentration of 10mg/mL for Antioxidant assay
by the DPPH method.

2.3.2. DPPH Reagent preparation.

The stock solution was prepared by dissolving 0.0025 g of DPPH in 10 ml methanol
and covered with aluminum foil. The working standard was prepared by using 6 ml of the stock
solution and making it up to 60 ml with methanol.

2.3.3. Evaluation of free radical scavenging activity by DPPH method.

The determination of radical scavenging activity of Azolla extract assayed using the
DPPH assay following the modified method of Mensor et al. [14]. 10 ul and 20 ul of Azolla
samples were taken in a series of test tubes and made up to 50 ul with methanol. Methanol was
used as control. 2 ml of DPPH working standard was added to all test tubes, including control.
The tubes were allowed to stand in the dark, at room temperature, for 20 min. The reaction was
carried out in duplicates. The decrease in absorbance was measured at 515 nm on a
spectrophotometer. The scavenging activity of the samples corresponds with the intensity of
quenching DPPH. Lower the absorbance of the reaction mixture, higher the free radical
scavenging activity. The capability of scavenging the DPPH radical was calculated by using
the following formula:

DPPH scavenging effect (% inhibition) = (A0 -Al)/ A0 x100

where AOQ is the absorbance of the control reaction, and Al is the absorbance of the test.

2.4. Phytoremediation property of Azolla.

Healthy mature A. pinnata plants obtained from the cultivation tanks were rinsed with
tap water in order to remove adhering mud particles and epiphytes and used to test for the
phytoremediation property.

2.4.1. Preparations of stock solutions and treatment/experiment series.

Treatment solutions of Zinc, Cadmium, and Lead were prepared by diluting the
respective stock solutions of 6 ppm concentration. Salts of each of the heavy metals with 6 ppm
concentrations were mixed together in 1000 ml distilled water, separated the mixture solution
into two equal portions of each having a final volume of 500 ml. An additional beaker with 500
ml freshwater without adding metals was also set up for comparing the growth rate and
characteristics of Azolla in comparison with the metal contained habitat. Healthy and matured
A. pinnata plants were selected, rinsed with distilled water, and blotted on filter papers to
remove adherent water, and 2g of the water fern were laid on the surface of one of the beaker
added with metals and the other with fresh water. The third beaker with metals was kept as a
control for the experiment. All of them were run for a 9 day period.
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2.4.2. Sample analysis.

On the 9"" day of the experiment, Water samples were filtered with Whatman No.1 filter
papers and analyzed by Atomic Absorption Spectrometer for Zn, Cd, and Pb. The analysis was
performed at Central Instruments Laboratory, College of Veterinary and Animal Sciences,
Mannuthy, Thrissur.

The relative growth of the plants exposed to the treatment solutions was evaluated by
visual examination of the growth pattern of Azolla on water containing metals and water
without metals. The removal percentage of metal ions by A. pinnata was determined by using
the initial metal concentrations of the treatment and the final concentrations at the end of the
experiment.

3. Results and Discussion

3.1. Analysis of antimicrobial activity.

The antimicrobial activity was negligible in the case of both the extracts. Among the
two solvents used in the study, benzene extract was found more inhibitory than ethanol. The
Bacillus and Staphylococcus were inhibited to a minimum by benzene than ethanol. The results
are shown in Figure 1.

Figure 1. Antimicrobial activity of Azolla.
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The inhibitory effect increased with that of the concentration of the extract as is seen in
Table 1.

Table 1. Antimicrobial activity of Azolla.

Solvent Name_ of Zone of inhibition in mm
organism Control 20l 30pl
Bacillus - 4 8

Benzene | Pseudomonas - 1 3
Staphylococcus - 7 9

Ethanol Bacillus - - 1
Pseudomonas - 1 2

3.2. Antioxidant assay.

The antioxidant activity of the A. pinnata benzene and ethanol extracts were tested
using 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) method and was compared with standard
ascorbic acid.

Volume | Ascorbic Benzene Ethanol Control Inhibition % of Inhibition % | Inhibition %
acid Ascorbic acid of benzene of ethanol
10 ul 0.079 0.125 0.110 0.301 74 58.47 63
20 ul 0.076 0.118 0.105 0.301 75 60.81 65

Table 2. Antioxidant activity of Azolla extracts.

As seen in Table 2, in comparison with the standard, Azolla extracts appear to be an
effective scavenger of free radicals and have the potential to be used as a natural antioxidant.
Higher antioxidant efficacy could be due to the higher content of total phenolics and flavonoids
potentially present in the plant extract. Antioxidant activity is very important in counteracting
the deleterious role of free radicals in biological food systems.

The DPPH alcohol solution is a deep purple color with an absorption peak at 517 nm,
which disappears in the presence of radical scavengers in the reactive system. The scavenging
capacity can be expressed as its antioxidant capability. There is the involvement of free radicals
and other oxidants in the cause of oxidative stress that leads to various diseases and disorders.
This led to an increasing interest in natural products as having antioxidant properties. Plants
have been considered as being richer in antioxidants. In this study, the antioxidant activity of
Azolla pinnata ethanol extract was showing more potential than benzene extract.

3.3. Phytoremediation property of Azolla.

The 9-day old samples analyzed by AAS at Central Instruments Laboratory, College
of Veterinary and Animal Sciences, Mannuthy, Thrissur showed positive results. The initial
and final readings of metal concentration, as shown in Table 3, indicate the phytoremediation
by Azolla.

Table 3. Phytoremediation by Azolla.

SI No Metals Initial Final
1 Lead (Pb) 0.59 .23
2 Cadmium (Cd) 2.33 1.89
3 Zinc 17.77 15.48
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Azolla can be considered as an excellent candidate for the removal, disposal, and
recovery of heavy metals. The ability to hyper accumulates heavy metals [15-17] makes them
interesting research candidates, especially for the treatment of industrial effluents, heavy metal
polluted water reservoirs, and sewage wastewater. The use of aquatic macrophytes, such as
Azolla with hyperaccumulating ability, is an environmentally friendly option to restore polluted
aquatic resources [18]. The prospective use in laboratory wastewater treatment is a projected
aim of our studies too.

4. Conclusions

Plants are the basic source of medicines for the modern life sciences. The cheap cost,
low incidences of adverse reactions when compared to modern pharmaceuticals are
encouraging public and health care institutes to turn to plant medicines. Azolla pinnata was
cultivated in tanks, and antibacterial activities were studied. A fair antibacterial activity was
shown against the disease, causing bacteria Staphylococcus sp. and Bacillus sp. DPPH
antioxidant activity of the various extracts shows the good presence of antioxidants, which can
serve as a good source for the development of health supplements for animal health. It can be
concluded that the fern has good nutritional and antibacterial activity. The heavy metal
absorption was found to be promising enough to warrant an extended study and applications in
the field. Azolla is an ideal candidate for elaborate research in food, feed, and fodder
applications, as well as household cultivation and use.
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