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accession number-KJ725233). C. emersonii was cultivated in BG-11 medium at different
temperatures, so as to optimize its temperature for biomass production. The mass obtained

was then dried and three different solvents: water, methanol and hexane were used to extract

the antioxidants. The antioxidant activity and the total phenolic content were quantified by
FRAP and Folin- Ciocalteau methods respectively. Results: Highest activity of
15.348+0.0908 and 17.975+0.436 mg ascorbic acid g™*; 9.963+0.3667 and 18.23+0.525 mg
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g™. Conclusion: The correlation coefficients for antioxidant potential and phenolic content of
aqueous fractions was found to be R? = 0.9999 indicating significant contribution of the

phenolic compounds to the antioxidant activity for Chlorella emersonii KJ725233.
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INTRODUCTION

Cells are continuously exposed to stress due to intrinsic as well as extrinsic factors. The
effects of this stress, especially induced by reactive oxygen species (ROS) range from chronic
diseases to cancer and ageing. To combat these, there is a wide interest in finding newer and
safer antioxidants. Plant materials have been used as potential sources and replacement for
chemical antioxidants, however, with levels of active principles fluctuating with seasons,
coupled with presence of herbicides, heavy metals and pesticides in plant extracts, a need for
an alternative reliable source of antioxidants is highlighted ™1,

Photoautotrophic microorganisms like microalgae represent one of such untapped resource of

antioxidants 2.

The absence of the photo oxidative damage in microalgae is indicative of the presence of
protective mechanisms to combat the ROS and free radicals B However, not all groups of
microalgae can serve as potential sources due to the limitations in cultivations, variability in
growth rate and induction of target products ™. Chlorella strains are now regarded as
competent candidates due to their highest chlorophyll content amongst all the microalgae !,
fast growth rate and distribution all over the regions including the polar areas % In addition
to the ease of cultivation and a reservoir of bioactive metabolites like flavonoids, phenolics,
carotenoids, terpenoids, glycosides and polysaccharides it is needless to say that this species
finds its applications in health food, pharmaceuticals and cosmetic industries %%

Chlorella is reported to have anticarcinogenic and skin lightening effect 2" It is also reported
to possess an ability to lower cholesterol, preventive against arteriosclerosis and antitumor

[13].

activity ‘Chlorella Growth Factor’ a water soluble extract containing amino acids,

vitamins, proteins, peptides, sugars and nucleic acids, is given as a product to increase the
growth of lactic acid bacteria that are established probiotic agents ™4

Different species of this genus with varied temperature tolerance exist in freshwater, sea as
well as soil 5% One such being Chlorella emersonii also known as Graesiella emersonii, is
an inhabitant of fresh water bodies " The species is known for its high lipid content of upto
63% followed by Chlorella minutissima with 57%, Chlorella vulgaris 14-40/56 %, Chlorella
protothecoides55% and Chlorella sorokianiana i.e 22% ™). Due to the high lipid content, the
alga appears to be a potential source of good quality biodiesel (high heating value and

viscosity) 8.
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Microalgal components also find wide applications in cosmetics as thickening agents, water
binding agents and antioxidants. The microalgae have been represented as sun protectors in
hair and skin care products possibily due to the presence of UV absorbing compounds like
sporopollenin, scytonemin and mycosporine-like-amino acids. Microalgal pigments have also
been used as natural colorants in food and cosmetics *°!. The carotenoid antioxidants like
astaxanthin and p-carotene from Haematococcus and Dunaliella respectively have been used
in food and feed industries %),

The present work reports the growth characteristics of a novel isolate of Chlorella emersonii
and taps its antioxidant potential by shake flasks and sonication techniques. We have also
checked the solubility of the active components in aqueous as well as non-aqueous solvents
like hexane, methanol and acetone. The antioxidant extracted in the solvents were determined
using standard methods like Ferric reducing antioxidant potential and total phenol content
expressed as tannic acid equivalent **?2. The work finds significance since it is one of the
first reports on identification, isolation and quantification of antioxidant compounds from
Chlorella emersonii (Accession No.KJ725233).

MATERIALS AND METHODS
Materials and methods: All the reagents and solvents were purchased from Sdfine,
HIMEDIA Co (India). unless otherwise mentioned. All chemicals used were of analytical

grade.

Isolation of Chlorella emersonii (KJ725233): A freshwater pond on the campus of the
University of Mumbai, India served as a source of an algal consortia including Chlorella
emersonii (KJ725233). 1 litre of this water sample was collected in a sterile glass jar and
centrifuged at 10000 rpm for 5 minutes. 20 ml of this supernatant was then transferred to 250
ml of Chu’s medium No.10 ( Ca(NO3) 40 mgL™, MgSQ,.7H,0 25 mgL™, K;HPO, 5 mgL™,
Na,CO3 20 mgL™?, Na,05Si 25 mgL™ and FeCl; 8 mgL™) and incubated at 28 +/- 2 C for 15
days. The growth obtained was subcultured in the same media after every 7 days to enrich
Chlorella species. The flasks were kept under sunlight with a 12 hour photoperiod and 12
hours of aeration. The green coccoid microalga Chlorella obtained by enrichment was taken
up for identification by morphological as well as molecular methodsusingl8s rDNA

sequencing.
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DNA isolation for confirmation of Chlorella species: Algal genomic DNA was isolated
using geneO-spin Microbial DNA isolation kit (geneOmbio technologies, Pune; India). The

18S rDNA was amplified using following 18S typing primers (S Rattana et al., 2012).

forward sequence 5 — CTGCGAATGGCTCATTAAATC -3’

reverse sequence 5° — AAGGCCAGGGACGTAATCAA —-3°.

Amplification was carried out using a GeneAmp PCR System (Applied Biosystems, USA)
with the following PCR conditions : 95 °C, 10 minute (initial denaturation) ; 94 °C, 1 minute
(denaturation); 60°C, 1 minute (annealing); 72 °C, 1 minute (elongation); steps from
denaturation to elongation were repeated for 30 cycles; 72 °C, 10 minutes (final elongation) ;
and 4 °C hold.

The products were purified using a geneO-spin PCR product Purification kit (geneOmbio
technologies, Pune; India), visualized using Gel Doc XR documentation system (Bio-Rad)
and sequenced using an ABI PRISM Big Dye Terminator V3.1 kit (Applied Biosystems,
USA).End sequences were trimmed and only high quality sequence of length greater than
1000 bp was generated using sequence assembly tool available in Chromas Pro software
version 1.34. The sequences were analyzed using Sequencing Analysis 5.2 software. BLAST

analysis was performed at BlastN site at NCBI server.

Mass cultivation of Chlorella emersonii (KJ725233): In order to obtain sufficient algal
biomass, the microalga was grown in 10 litres of the BG-11 medium (Stock solution A -
NaNO; 1.5 gm L*, K,HPO, 40 mg L™, MgSO,4. 7H,0 75 mg L, CaCl,.2H,036 mg L™,
CeHsO7 6 mg L™, CgHsFeNO; 6 mg L™, Na,EDTA 1 mg L™, Na,CO3 20 mg L™; for a litre of
the media to the stock solution A add 1ml of Trace Metal Solution comprising of H3BO3
2.86 g L™, MnCl,. 4H,0 1.81 g L™, ZnS0O,7H,0 0.22 g L™, Na,MoO,. 2H,0 0.39 g L,
CuS04.5H,0 0.079 g L, Co(NOs),.6H,0 0.05 g L™ was added) at 38° C 24251,

The microalgae was grown at three different temperatures (28, 33 and 38°C) to assess the
optimal temperature for biomass production. After 48 hours of incubation at the respective
temperatures with a 12 hour photoperiod and12 hours aeration, two ml of the sample was
drawn from the tank and the growth monitored by cell count using lugol’s iodine 281 jn
addition to assessing the cell density at 684 nm. Both the Chu’s media No.10 and BG-11

were prepared in dechlorinated water.
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Preparation of Chlorella extracts: After determining the growth optima of the culture, the
microalga was centrifuged at 5000 rpm for 20 minutes to harvest the biomass. The biomass of
microalga obtained was then kept at 50° C till a dry powder was obtained. This was
subsequently suspended in solvents such as water, hexane and methanol at a concentration of
0.1 gm/ml. For extraction of bioactives, cell suspensions were sonicated (Digital ultrasonic
cleaner LMUC series- LABMAN, India) for 15 and 40minutes in ice. 10% of the cell
suspensions in the respective solventswere also put on shaker (NEOLABS, India) at 200rpm
from 20minutes *"! as well as 48hours 22?%, These extracts were then centrifuged at 5000

rpm for 10 minutes at 4°C and the supernatants used for further studies.

Antioxidant capacity assays: The antioxidant potential of chlorella emersonii
(KJ725233)was determined by Ferric reducing antioxidant potential (FRAP) as well as Total
phenolic content (TPC).

Ferric reducing antioxidant potential: Reducing power was determined by following the
method as described by Anantharaman P et al.,2013 2! modified to suit analysis using 96-well
microtitre plate. The absorbance was read at 700 nm in Tecan 200. For this, to 125
microlitres of 1% potassium ferricyanide, 50 microlitres of the extract was addedand
incubated at 50° C for 20 minutes. After incubation, 125 microlitres of 10% Trichloroacetic
acid was added to the reaction.100 microlitres of this reaction mixture was transferred to
fresh wells with 100 microlitres of distilled water and 20 microlitres of 0.1% ferric chloride.

Ferric reducing antioxidant potential was expressed as ascorbic acid equivalents.

Determination of total phenol content: The total phenol content was determined by
modifying the method as described by Wu et al., 2005 B using Folin- Ciocalteau reagent and
0.1mg/ml tannic acid as a standard. Absorbance was measured at 760 nm in Tecan 200. For
this, to 50 microlitres of the extract, 25 microlitres of the 50% Folin-Ciocalteau reagent was
added and allowed to stand for 5 minutes at room temperature after which 125 ul of 2%
sodium carbonate was added. The reaction was incubated in the dark at room temperature for
40 minutes. Distilled water was used as a blank. The total phenol content was expressed as

tannic acid equivalents.

Statistical analysis : All experiments for estimation of antioxidant potential were performed

in triplicates and the data are reported as mean +/- standard deviation.
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RESULTS

Enrichment and identification of chlorella

The lake water was found to be rich in algal species belonging to the genus chlorella,
spirulina (arthrospira), scenedesmus, oedogonium, volvoxetc as identified by their
morphology (Fig 1a, 1b). However with the use of Chu’s medium No.10, 12 hour aeration, 12
hour photoperiod, and incubation temperature of 28 +/- 3° C the chlorella population outgrew
the rest of the algae (Fig 1c). The pure culture of chlorella obtained was then maintained in

BG-11 media and characterized for confirmation of its identification upto species level.

2 - ¢ v @ v a

Figure 1 c. Chlorella emersonii KJ725233- Pure culture(400x)
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When grown at temperatures from 28, 33 to 38°C, the isolate was found to have a growth
optima at 38°C producing the highest biomass as compared to the other incubation

temperatures (Table 1).

Table 1 Biomass yield of Chlorella emersonii KJ725233 after incubation for 10 days at

the different temperatures.

Temperature (°C) Dried Biomass g/litre
28 0.35
33 0.25
38 1.09

Staining with lugol’s iodine for morphological identification revealed characteristic features
of Chlorella species as reported in literature ¥ (Fig.1c).The amplification (Fig.2) and
sequencing of the 18s rDNA confirmed the identity of the alga as Chlorella emersonii

KJ725233.

Ladder | | Algal amplicon |

M 1990

1500 bp

1000 bp 18S PCR product

750 bp -
S00 bp

250 bp —

Figure 2. PCR amplicon on 2% (w/v) agarose gel with DNA standard ladder and 18s

rDNA gene amplicon.

Table 2 Sequence of the 18s PCR product — Chlorella emersonii KJ725233
ATTCTAGAGCTAATACGTGCGTAAATCCCGACTTTTGGAAGGGACGTATATATTA
GATAAAAGGCCGACCGGGCTTTGCCCGACCCGCGGTGAATCATGATATCTTCACG
AAGCGCATGGCCTTGCGCCGGCGCTGTTCCATTCAAATTTCTGCCCTATCAACTTT
CGATGGTAGGATAGAGGCCTACCATGGTGGTAACGGGTGACGGAGGATTAGGGT
TCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCA
GGCGCGCAAAATTACCCAATCCTGATACGGGGAGGTAGTGACAATAAATAACAA
TACCGGGCATTTAATGTCTGGTAATTGGAATGAGTACAATCTAAATCCCTTAACG
AGGATCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCA
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ATAGCGTATATTTAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGGATTTCGGGTGG
GTTCTAGCGGTCCGCCTATGGTGAGTACTGCTATGGCCTTCCTTTCTGTCGGGGAC
GGGCTTCTGGGCTTAATTGTCCGGGACTCGGAGTCGACGTGGTTACTTTGAGTAA
ATTAGAGTGTTCAAAGCAGGCTTACGCCCTGAATACTTTAGCATGGAATAACACG
ATAGGACTCTGGGCCTATCTTGTTGGTCTGTAGGACTGGAGTAATGATTTAAGAG
GGACAGTCGGGGGCATTCGTATTTCATTGTCAGAGGTGAAATTCTTGGATTTATG
AAAGACGAACTACTGCGAAAGCATTTGCCAAGGATGTTTTTCATTAATCAAGAAC
GAAAGTTGGGGGCTCGAAGACGATTAGATACCGTCGTAGTTTCAACCATAAACG
ATGCCGACTAGGGATTGGCGAATGTTTTTTTAATGACTTCGCCAGCACCTTATGA
GAAATCAAAGTTTTTGGGTTCCGGGGGGAGTATGGTCGCAAGGCTGAAACTTAA
AGGAATTGACGGAAGGGCACCACCAGGCGTGGAGCCTGCGGCTTAATTTGACTC
AA

Antioxidant assays: Two standard methods (FRAP and TPC) were used to assay the
antioxidant potential of the isolate. The FRAP assay showed a higher antioxidant activity in
the aqueous extract in comparison to methanol and hexane. The antioxidant activity as well
as the phenol content was calculated and reported in terms of mg of the standard compound

per gram of dried algal biomass.

Antioxidant extraction with sonication and shake flask methods: For shake flask methods
wherein the biomass was shaken with the respective solvents for 20 minutes and 48 hours
resulted in almost comparable yield (+/- 0.25-1.0) of the actives in case of methanol as well
as water, however the yield dropped when hexane was used as a solvent (Fig 3).

8 - 7 7 48 hours [d 20 minutes

Tor TAE g1)

. .

FRAP Phenols ‘ FRAP Phenols ‘ FRAP Phenols ‘

Antioxidant potential and phenolic
content (Mg ascorbic acid equivalent g

Agugous ‘ Wethanolic Hexane ‘

Solvent extracts of Chlorella emersonii

Figure 3. Antioxidant potential and phenolic content of different extracts of Chlorella
emersonii KJ725233 after Fi48 hours and [120 minutes of shaking. Bars indicate mean
+ SD (n=3).
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Table 3 Correlation of the FRAP and phenols of different extracts of Chlorella
emersonii after 48 hours and 20 minutes of shaking. FRAP and phenols expressed as mg

ascorbic acid and tannic acid equivalent respectively g dried algal biomass.

48 hours 20 minutes
FRAP Phenols Correlzation FRAP Phenols Correlzation
R R
Aqueous | 17.975+0.436 | 3.062 +0.115 0.9852 6.086+0.160 | 2.401+0.168 0.9935
Methanol | 18.23 + 0.525 | 2.203+0.321 0.9039 4.956+1.229 | 1.214+0.159 0.9107
Hexane 2.2+0.661 1.18+0.126 0.9827 0.380+0.10 | 0.374+0.076 0.7377

Extraction of antioxidants by was also carried out for 20 and 40 minutes sonication. Higher
antioxidant activity as well as total phenol content was observed for all the solvents
sonicated, with the cells for 40 minutes as compared to 20 minutes sonication. Hexane
however proved to be a poor solvent, except for phenols, irrespective of the time of

sonication.

16
" 20 minutes 40 minutes
sonication

o W

Phenols ‘ FRAP

{mg ascorbic acid equivalent g' and GAE g}
f=a]

FRAP Phencls ‘ FRAP Phenols ‘

Antioxdiant activity and total phenolic content

Hawane ‘

Aquaous Methanolic ‘

Solvent extracts of Chlorella emersonii KJ725233

Figure 4. Antioxidant capacity and phenolic content of different solvent extracts of
Chlorella emersonii KJ725233 after II]ZO minutes and E340 minutes of sonicating the
cells. Bars indicate mean + SD (n=3).

Table 4 Correlation of the FRAP and phenols of different extracts of Chlorella
emersonii after 40 minutes and 20 minutes of sonication. FRAP and phenols expressed
as mg ascorbic acid and tannic acid equivalent respectively g* dried algal biomass.

40 minutes 20 minutes
FRAP Phenols Corrgzat'on FRAP Phenols Co”;'zat'on
Agueous | 15.348+0.0908 | 2.288+0.303 0.8971 4.103+0.812 | 2.160+0.0001 0.9999
Methanol | 9.963+0.3667 | 1.405+0.065 0.8319 3.538+0.518 | 1.123+0.012 0.9921
Hexane 2.144+0.143 1.364+0.157 0.3859 0.257+0.024 | 0.138%0.025 0.7222
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40 minutes sonication resulted in higher antioxidant activity with water followed by methanol
and then hexane. When sonicated for 40 minutes the antioxidant extraction was found to be
15.348 mg ascorbic acid equivalent g in case of water, followed by the methanolic extract
i.e 9.963 mg ascorbic acid equivalent g™. Minimal extraction was found in hexane with 2.144
mg ascorbic acid equivalent g™. The total phenol content in methanol as well as water ranged
from 1.4 -2.3 mg/g however in case of hexane of the total antioxidant activity, 1.364 mg/g

could be attributed to its phenolic content.

DISCUSSIONS

The study reported here is one such similar effort to isolate, enrich and tap the antioxidant
potential of one of the Chlorella strains found in the western region of India. The samples
collected from a freshwater lake on the campus of the University of Mumbai, Maharashtra
India were studied for algal diversity and subsequently enriched so as to obtain a strain of
Chlorella native to this habitat. Of the five different medias (data not represented) used to
enrich the microalgal population, Chu’s medium no.10 was found to selectively enrich
Chlorella species at 28 +/- 3 C. The species identification carried out by morphological as
well as molecular tools indicated the presence of a novel strain of Chlorella emersonii now
catalogued under the NCBI accession no.KJ725233.

The strain was found to grow at temperature ranging from 25-42° C, however the growth
optimization studies revealed maximum biomass at 38° C. In order to tap its total antioxidant
potential, FRAP (Ferric reducing Antioxidant potential) assay was carried out. FRAP value is
based on reduction of the ferric ion by the antioxidants, as they are capable of donating a
single electron or hydrogen atom for reduction. Higher FRAP values thus, relate to higher
antioxidant capacity 2. Also in order to determine the contribution of phenolic compounds
to the antioxidant potential total phenolic content was also determined. It is well known that
the induction and yield of the active components depends on several factors like growth
conditions and duration and irradiation intensity ¥ while the chemical extraction of these
components varies with the polarities of the solvents used, extraction time as well as the
chemical composition of the sample ¥ Our results for solvent optimization corroborate well
with Choochote W et al 2014 B¥ who reported higher antioxidant activity of Chlorella

species in hot water as compared to 70% ethanol.

To study the extracellular as well as freely soluble antioxidant components the Chlorella

biomass was subjected to shaking with the solvents for extraction. The antioxidant potential
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of the aqueous as well as methanolic fraction was found to outperform that of hexane fraction
indicating presence of polar compounds serving as potential antioxidants. Since cell
sonication methods are known to release intracellular as well as membrane bound active
components the isolates were subjected to a maximum sonication maximum time of 40
minutes. With an increase in sonication time from 20 to 40 minutes the antioxidant yield was
also found to increase three to four times in methanolic as well as aqueous fractions. The
solubility of the antioxidant compounds in hexane was evidently lower irrespective of the

time of sonication.

CONCLUSIONS

Chlorella is a marine as well as fresh water microalga which exhibits highest photosynthetic
activity, is enabled to grow at varied temperature range from 25 to 40°C. So far chlorella has
been identified as a good option for biodiesel production. This microalga is known to be an
oil producing genus found in various environment including soil, humid rock, fresh water and
oceans. Though most “true chlorella species” grow at temperatures 26-32°C, heat resistant
species C. sorokiniana is reported to exist with an upper limit of growth at 32-48°C while
Antarctica chlorella strains are known to grow at temperatures 5-30°C . Chlorella species
has a higher light energy utilization rate (10-20%) for photosynthesis as compared to
common plants ¥*". According to Belasco (1997) ¥ and Zelitch (1971) B% Chlorella genus
contains a number of actives with a good capacity for scavenging radicals as well as reducing
blood lipids. Thus it is not surprising that over the 20™ century numerous studies focused on

developing cultivation methods for the production of this microalga 1.

The study thus opens up a possible potential use of an easy growing comparatively sturdy
strain of Chlorella for induction, isolation and application of water soluble antioxidants as a
substitute to the chemical antioxidants used in food, cosmetics and pharma industry.

REFERENCES

1. Soha SM Mostafa. Microalgal Biotechnology : Prospects and Applications. NB Dhal, SC
Sahu (ed) Plant Science, Croatia; InTech, 2012: 275-305.

2. Anantharaman P, Hemlatha A, Girija K, Parthiban C, Saranya C. Antioxidant properites
and total phenolic content of a marine diatom, Navicula clavata and green microalgae,
Chlorella marina and Dunaliella salina. Advances Appl Sci Res, 2013; 4(5):151-157

3. Matsukawa R, Hotta M, Masuda Y, Chihara M, Karube I. Antioxidants from carbon
dioxide fixing Chlorella sorokiniana. J Appld Phycology, 2000; 12:263-267

WWW.Wjpr.net Vol 3, Issue 7, 2014. 736




Sawant et al. World Journal of Pharmaceutical Research

10.

11.

12.

13.

14.

15.

16.

17.

Li H-B, Chen K-W, Wong C-C, Fan K-W, Chen F, Jiang Y. Evaluation of antioxidant
capacity and total phenolic content of different fractions of selected microalgae. Food
Chem, 2007;102:771-776

Dhyana Bewicke, Potter BA, PHD .et al. Chlorella: the Emerald Food. Bekerley,
California; Ronin Publishing: 1984

Xu J, Hu H. Screening high oleaginous Chlorella strains from different climate zones.
Bioresour Technol, 2013; 144:637-643

Ahn JW, Hwangbo K, Lee SY, Choi HG, Park YI, Lui JR, Jeong WJ. A new Arctic
Chlorella species for biodiesel production. Bioresour. Technol. 2012; 125:340-343

Hoek C, Mann DG, Jahns HM (1995) Algae: An Introduction to Phycology. UK;
Cambridge University Press, Cambridge, 1995: 623

Hu H, Li H, Xu X. Alternative cold response modes in Chlorella (Chlorophyta,
Trebouxiophyceae) from Antarctica. Phycologia, 2008a; 47: 28-34

Sharma R, Singh GP, Sharma VK. Comparison of different media formulations on
growth, morphology and chlorophyll content of green alga, Chlorella vulgaris. Int J
Pharma BioSci, 2011; 2(2): B509-B516.

Fathi M, Asem A. Investigating the impact of NaCl salinity on growth, -carotene and
chlorophyll a in the content life of halophytes of algae Chlorella sp. AACL Bioflux,
2013; 6(3):241-245

Kim DG, Hur SB. Growth and fatty acid composition of three heterotrophic Chlorella
species. Algae, 2013; 28(1):101-109

Sharma VK, Singh GP, Sharma R. Effect of culture conditions on growth and
Biochemical profile of Chlorella vulgaris. J Plant Pathol Microb, 2012; 3(5).

Merchant RE, Andre CA. A review of recent clinical trials of the nutritional supplement
Chlorella pyrenoidosa in the treatment of Fibromyalgia, Hypertension and Ulcerative
colitis. Alternative therapies, 2001; 7(3):79-90

Farahani F, Ahmadi AR, Farmohammadi SA, Golhoo S. Isolation of New isolate of
Micro Algae Chlorella sp. Al 25 from Tiab Estuary of Iran. Pakistan J of Biol Sci, 2006;
9(3): 448-451.

Sankar M, Ramasubramanian V. Biomass production of commercial algae Chlorella
vulgaris on different culture media. E-J of Life Sci. 2012; 1(1):56-60

Gouveia L, Oliveira AC. Microalgae as raw material for biofuel production. J.Ind
Microbiol Biotechnol, 2009; 36:269-274.

WWW.Wjpr.net Vol 3, Issue 7, 2014. 737




Sawant et al. World Journal of Pharmaceutical Research

18.

19.

20.

21.

22.

23.

24,

25.
26.

27.

28.

29.

30.

Chu WL. Biotechnological applications of microalgae. Internatonal e J Sci Med Edu,
2012; 6(1):S24-S37

Priyadarshini I, Rath B. Commercial and industrial applications of micro algae — A
review. J algal biomass utln. 2012; 3(4):89-100

Goiris K, Muylaert K, Fraeye I, Foubert I, Brabanter JD, Cooman LD. Antioxidant
potential of microalgae in relation to the phenolic and carotenoid content. J Appld
Phycology. 2012; 24:1477-1486

Carlsen MH, Halvorsen BL, Holte K, Bohn SK, Dragland S, Sampson L, Willey C,
Senoo H, Umezono Y, Sanada C, Barikmo I, Berhe N, Willett WC, Phillips KM, Jacobs
Jr DR, Blomhoff R. The total antioxidant content of more than 3100 foods, beverages,
spices, herbs and supplements used worldwide. Nutrition J, 2010; 9(3).

Hajimahmoodi M, Faramarzi MA, Mohammadi N, Soltani N, Oveisi MR, Nafissi-
Varcheh N. Evaluation of antioxidant properties and total phenolic contents of some
strains of microalgae. J Appld Phycology, 2010; 22:43-50

Rattana S, Junyapoon S, Incharoensakdi A and Phunpruch S. Hydrogen production by the
green alga Scenedesmussp. KMITL-O1 under heterotrophic conditions. The 8th
International Symposium on Biocontrol and Biotechnology, Pattaya Thailand: 2012.
Shukla SP, Kashyap AK. An assessment of biopotential of three cyanobacterial isolates
from Antartic for carotenoid production. Indian J Biochem Biophy. 2003; 40: pp 362-365
http://shodhganga.inflibnet.ac.in/bitstream/10603/2353/8/08

Barsanti L, Gualtieri P. Algae: Anatomy, Biochemistry and Biotechnology. 1%edn., US;
CRC press: 2006.

Ghasemi Y, Moradian A, Mohagheghzadeh A, Shokravi S, Morowvat MH. Antifungal
and Antibacterial activity of the microalgae collected from the paddy fields of Iran:

Characterization of antibacterial activity of Chroococcus dispersus. J Biol Sci, 2007,
7(6): 904-910

Arun N, Gupta S, Singh DP. Antimicrobial and antioxidant property of commonly found
microalgae Spirulina platensis, Nostoc muscorum and Chlorella pyrenoidosa against
some pathogenic bacteria and fungi. Int J of Pharm Sci and Res. 2012; 3(12):4866-4875
Vishnu N, Sumati R. Isolation of freshwater microalgae Chlorella sp and its antimicrobial
activity on selected pathogens. Int J Adv Res B, 2014; 1(3):36-43.

Wu L-C, Ho J-A, Shieh M-C, Lu I-W. Antioxidant and antiproliferative activities of
Spirulina and Chlorella water extracts. J. Agri Food Chem, 2005; 53: 4207-4212.

WWW.Wjpr.net Vol 3, Issue 7, 2014. 738



http://shodhganga.inflibnet.ac.in/bitstream/10603/2353/8/08

Sawant et al. World Journal of Pharmaceutical Research

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Shihira, 1. & Krauss, R.W. Chlorella. Physiology and taxonomy of forty-one isolates.
Maryland: University of Maryland: 1965: 1-97.

Rabeta MS, Nur FR. Total phenolic content and ferric reducing antioxidant power of the
leaves and fruits of Garcinia atrovirdis and Cynometra cauliflora Int Food Res J. 2013;
20(4):1691-1696.

Babu B, Wu JT. Production of natural butylatedhydroxytoluene as an antioxidant by
freshwater phytoplankton. J Phycol, 2008; 44:1447-1454

Lopez A, Rico M, Rivero A, Tangil MS. The effects of solvents on the phenolic contents
and antioxidant activity of Stypocaulon scoparium algae extracts. Food Chem. 2011,
125:1104-1109.

Choochote W, Suklampoo L, Ochaikul D. Evaluation of antioxidant capacities of green
microalgae. J Appld Phycology. 2014; 26:43-48

Barghbani R, Rezaei K, Javanshir A. Investigating the Effects of Several Parameters on
the Growth of Chlorella vulgaris Using Taguchi’s Experimental Approach. Int J of
Biotech for Wellness Industries, 2012; 1:128-133.

Zhang F, Kabeya H, Kitagawa R, Hirotsu T. An exploratory research of PVC-Chlorella
composite material (PCCM) as effective utilization of Chlorella biologically fixing CO..
J Mater Sci. 2000; 35:2603-2609.

Belasco W. Algae burgers for a hungry world? The rise and fall of Chlorella cuisine.
Technology and culture, 38™edn. The John Hopkins University Press and the Society of
History of Technol, Maryland: 1997, pp. 608-634

Zelith 1. Photosynthesis, photorespiration and plant productivity. US: Academic press,
1971.

Olaizola M. Commercial development of microalgal biotechnology from the test-tube to
the market place. Biomol Eng. 2003; 20:459-466.

WWW.Wjpr.net Vol 3, Issue 7, 2014. 739




