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ABSTRACT: Diatoms are the finest alternative to the natural feed stock of fuel and energy rich
molecules. They are abundant in ecosystem and contains lipid as their primary reserved food
material hence turns out to be a promising source of industrial fatty acids and bioactive compounds.
Present study investigates potential applications of native diatom Nitzschia sp. isolated from
Karnatak University Campus, Dharwad, further employed for the synthesis of lipids and high value
fatty acids. This newly isolated diatom Nitzschia sp. cultivated by photoautotrophic cultivation
method using f/2 growth media supplemented with NaNOg, trace metals and vitamin solution.
Nitrogen concentration in the media gradually lowered to enhance lipid synthesis though batch
culture. Nitrogen deficient culture showed increase in lipid productivity by Nitzschia sp. and total
lipid yield obtained is 05.751mg/L. The GC-MS analysis indicates n-hexane lipid fraction of test
diatom mainly composed of decosahexaenoic acid C22:6 and myristic acid C14:0 as major fatty
acids also presence of palmitic acid C16:0, steric acid C18:0, and oleic acid C18:1. These fatty acids
have economic importance and applied health benefits being used as bioactive therapeutic natural
compounds.

KEYWORDS: Nitzschia sp., Photoautotrophic cultivation, GC-MS, Decosahexaenoic acid.

Corresponding Author: Dr. Shivasharana C.T.* Ph.D.
Department of Biotechnology and Microbiology, Karnatak University, Dharwad, Karnatak, India.
Email Address: shivaskud@gmail.com

1. INTRODUCTION
Since depletion of natural resources, uprising energy crisis, and food scarcity remain major global
concern and demands to develop sustainable renewable feedstock for the production of energy and

food [1]. In a present scenario microalgal research has gain much interest in microalgae based
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biorefinaries in the co-production of biofuels and value added substances [2]. Some photosynthetic

diatoms are promising microalgal biorefinaries for biosynthesis of energy rich molecules, biofuel as
well as unique co-products rarely found in other algae such as biomaterials and biopolymers or
monomers for neutraceutical and biomedical applications [3]. Despite of numerous benefits critical
point of concern is large scale production of these important molecules from microalgae becomes
challenging task facing various problems. Typically wide range of species sourced from a number
of culture collections are difficult to adopt in outdoor environments compared to the species grown
under controlled conditions unlike native strains. This may be attributes to strains acclimating to
optimal conditions in the laboratory and their inability to thrive under variable outdoor conditions
[4]. In contrast, native bio-prospected strains are often well adapted to the local environmental
conditions in addition selection of native microalgal strains from local environments reduces bio-
security risks as posed by introduction of new strains [5]. In developing countries bioprospecting of
algal biorefinaries does not fulfill the economic feasibility of overwhelming capital investment and
sustainable development of unit operations [6]. However the large scale production of microalgal
biofuels faces several difficulties which make the current growth and development of the
biorefinaries industry still economically unviable. Improving the economy of microalgae
biorefinaries is possible by exploration and selection of native strains for scale up and development
of process parameters. Present work aimed to promote sustainability of biorefinary process by
evaluating native diatom species for production of unsaturated fatty acids having applications as
bioactive compounds in various therapeutic treatments. Numerous studies have demonstrated that
the quantity and quality of lipid can be improved by varying growth parameters such as nutrients,
the pH, temperature, CO, concentrations and photosynthetically active radiation [7]. In the case of
nutrients, nitrogen limitation is well associated with increase in lipid content in numerous species,
followed by other nutrients such as iron and phosphate [8].

2. MATERIALS AND METHODS

a. Microalgae culture selection and identification

Algal samples are collected from five different ponds of KU campus Dharwad, Karnataka. Isolation
of unialgal strain performed by using serial dilution technique and frequent sub culturing for each
isolate [9]. Morphological observation carried out for primary identification, green microalgae
Chlorella sorokoniana, Nanochloropsis, Scenedesmus and diatoms Navicula, Amphora and
Nitzschia are observed and identified based on morphology. Out of these isolates Nitzschia sp.
selected for the further experiments for lipid production via photoautotrophic cultivation. Pure non

axenic clonal culture of the Nitzschia sp. is maitained on /2 growth media [10] at 25°C temperature,
followed by 16:18light and dark cycle.
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b. Photoautotrophic cultivation process

Inoculum preparation

For inoculum preparation three Erlenmeyer flask of 2L capacity containing 1500mL of growth
medium seeded with 10% previously grown culture of diatom. In next step 30% of this growth
media used to develop the inoculum of cell density 10 to107 cells mI™! for biomass production [11].
¢. Biomass production under photoautotrophic conditions

Photoautotrophic cultivation continued with Nitzschia sp. Grown in /2 nutrient media. Growth
media supplemented with vitamin complex .Continuous nitrogen depletion strategy used where
concentration of NaNO3z was depleted from 0.0651g/L (650 uM) NaNO3 to 0.176 g/L (1uM)
this concentration depletion found to enhance lipid production [12]. Photoautotrophic cultivation
continued with transferring the inoculum to the 25L PVC pet jar provided continuous aeration with
filtered ambient air at 40Lmin"! using line regulator valve, maintained constant temperature 25°C,
light intensity of 350-400pmolm 2s2using 15wt LED lamp [13] the 14:16 light and dark photo cycle.
Each replicate flask was sampled every 48hrs for next 22 days. All the experiments are carried out
in triplicates.

d. Analytical methods

Determination of ash free dry weight (AFDW) of biomass

The dry biomass obtained photoautrophic cultivation method was placed in the furnace at 500°C
followed by cooling in desiccator. The weight difference of cell placing before and after in furnace

is considered to be AFDW of biomass [14].

Determination of lipid

Total lipid extraction was carried out by homogenizing one gram of the biomass with 20 ml of
chloroform: methanol 2:1(v/v) mixture. Cell debris then removed by filtration using Wattman
No.Ifilter paper. Homogenate and collected cell debris washed and the phase separation brought by
solvent addition as methanol: chloroform: water (10:10:8 v/v/v) followed by addition of 0.73% Nacl
solution after vortexing the mixture was centrifuged at low speed (2000rpm) to separate the two
phases further organic phases collected and kept overnight for solvent evaporation [15].

Fatty acid analysis

Fatty acids were analyzed by gas-liquid chromatography after fatty acid extraction from lipid by
transesterification method. Fatty acid extraction begin with addition of the solvent mixture
methanol:hydrochloric acid:chloroform (10:1:1: v/v/v) to 1000mg of lyophilized test diatom sample.
Cells suspended by gentle vortexing and immediately heated at the temperature 90°C for 60 min.
Sample then cooled to room temperature followed by addition of water 1ml per tube. Fatty acid
methyl ester extracted by addition of solvent hexane:chloroform (4:1v/v 3x2ml) to the

transesterification tube. Sample is then diluted with chloroform as internal injection standard and
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injected into the chromatogram [16].

3. RESULTS AND DISCUSSION

Biomass and lipid productivity under phototrophic cultivation

The growth of Nitzschia sp. was measured with respect to cell yield under the influence of nutrient,
temperature and light intensity [17]. The total dry weight of biomass obtained through phototrophic
cultivation is 6.9545g/L. The growth media supplemented with trace metals and vitamin complex
found to support the growth of newly isolated diatom. The nitrogen deficient media showed increase
in the lipid production by Nitzschia sp. after lipid extraction total yield of lipid obtained is
305.751mg/L.

Fig 1: Light microscopic view of Nitzschia sp. isolated from Karnataka University Campus, Dharwad

Fatty acid analysis by GCMS

Fatty acids analysis by gas-liquid chromatography showed that n-hexane extract of the Nitzschia sp.
contains C22:6 decosahexanoic, (wt. %+41.11) , C14:0(29.24%) myristic acid as major fatty acids
along with C16:0 palmitic acid, Steric acid C18:0 and oleic acid C18:1 contribute considerably to
fatty acid composition with wt% of 9.0% and 8.26% respectively.
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Fig 2: GC-MS chromatogram for fatty acid analysis of n-hexane fraction of lipid extracted from
Nitzschia sp. Isolated from Karnataka university campus, Dharwad.
The diatoms are rich source of important metabolites and their extensive use in food and
neutraceuticals is mainly influenced by intra cellular composition of the lipids [18]. In present work
the results of morphological study shows isolate microalgae from Karnatak University Campus,
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Dharwad is a pennate diatom belongs to class Bacillariophyceae and genus Nitzschia. The molecular

study of the isolate with respect to 18S rRNA sequencing may aid species identification in detail
[19]. Previous investigations on Nitzschia reports that ,several species have shown effective
production of omega fatty acids under optimized growth conditions [20]. Several investigations on
microalgae report that different strains of each species desire different culture conditions and
influences enhanced production of LC-PUFA than other strains [21]. Results of nitrogen deficient
photoautotrophic cultivation indicates that decrease in concentration of NaNO3 from 650uM to 1uM
increased biomass and lipid production by Nitzschia sp. total lipid yield is 05.751mg/L and dry
biomass is 6.974g/L these obtained values are significant compared to earlier reports [22]. Results
of the GC-MS analysis indicate that n-hexane extract of Nitzschia sp. contain omega fatty acid
decosahexanoic acid and myristic acid as major fatty acids along with palmitic acid, steric acid and
oleic acid [23] and the fatty acid composition found typical for the test diatom. The isolated species
produces sufficient amount of DHA by photoautotrophic cultivation, DHA is having numerous
health benefits as dietary supplement, biological activity like cardio protective and neuroprotective
activity [24]. Fatty acid profile also resulted in confirming presence of myristic acid and other LC-
PUFA which are convertible into biodiesel via transesterification [25]. Hence experimental results
clearly indicates newly isolated diatom produces increased amount of biomass and is a rich source
of polyunsaturated fatty acids, optimization of growth media by altered nutrient composition and
light intensity and photoperiod for photoautotrophic cultivation helps in acclimatization study of the
native strain in the outdoor environment [26]. Test diatom is suitable candidate in bioprospecting of
microalgae in production of industrially important fatty acids, and serves best alternative feedstock
[27].

4. CONCLUSION

This study represents the first attempt in bioprospecting for lipid containing fresh water diatom from
Dharwad region. The strain isolated Nitzschia sp. shown significant biomass and lipid content when
grown in optimized nutrient media (f/2). Nitrogen deficient strategy would work best for increase
in lipid production with this strain. Among fatty acid DHA was present in highest concentration
hence turn out to be promising rich source of DHA. The Isolated strain is effective alternative feed
stock as renewable resources for algal based biorefinary industries.

ACKNOWLEDGEMENT

Authors are thankful to the University Grant Commission for providing fellowship grant under the
scheme of Rajiv Gandhi National fellowship for 2015-16 and authors also sincerely acknowledge
Dr. S. Elumalai, Professor and Head, Department of Biotechnology University of Madras, Guindy
Campus, Chennai, for his kind support in the experimental design and analyzing the cultures of

isolated microalgae.

© 2019 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2019 Jan — Feb RJLBPCS 5(1) Page No.72


http://www.rjlbpcs.com/

Shinge & Shivasharana RJILBPCS 2019 www.rjlbpcs.com Life Science Informatics Publications
CONFLICT OF INTEREST

Authors have no conflict of interest.
REFERENCES

1.

10.

11.

12.

Yang H, Zhou Y, Liu J. Land and water requirements of biofuel and implications for food supply
and the environment in China. Energy Policy. 2009 May 1; 37(5):1876-85.
Zhu L. Biorefinery as a promising approach to promote microalgae industry: An innovative
framework. Renewable and sustainable energy reviews. 2015 Jan 1; 41:1376-84.
Yen HW, Hu IC, Chen CY, Ho SH, Lee DJ, Chang JS. Microalgae-based biorefinery—from
biofuels to natural products. Bioresource technology. 2013 May 1; 135:166-74.
Pragya N, Pandey KK, Sahoo PK. A review on harvesting, oil extraction and biofuels production
technologies from microalgae. Renewable and Sustainable Energy Reviews. 2013 Aug
1;24:159-71.
Choudhary P, Prajapati SK, Malik A. Screening native microalgal consortia for biomass
production and nutrient removal from rural wastewaters for bioenergy applications. Ecological
Engineering. 2016 Jun 1;91:221-30.
Calado R, Leal MC, Gaspar H, Santos S, Marques A, Nunes ML, Vieira H. How to Succeed in
Marketing Marine Natural Products for Nutraceutical, Pharmaceutical and Cosmeceutical
Markets. In Grand Challenges in Marine Biotechnology 2018 (pp. 317-403). Springer, Cham.
Moreno-Garcia L, Adjallé K, Barnabé S, Raghavan GS. Microalgae biomass production for a
biorefinery system: recent advances and the way towards sustainability. Renewable and
Sustainable Energy Reviews. 2017 Sep 1;76:493-506.
Challagulla V, Fabbro L, Nayar S. Biomass, lipid productivity and fatty acid composition of
fresh water microalga Rhopalosolen saccatus cultivated under phosphorous limited conditions.
Algal research. 2015 Mar 1;8:69-75.
Singh P, Gupta SK, Guldhe A, Rawat I, Bux F. Microalgae Isolation and Basic Culturing
Techniques. In Handbook of marine microalgae 2015 (pp. 43-54).
Huerlimann R, De Nys R, Heimann K. Growth, lipid content, productivity, and fatty acid
composition of tropical microalgae for scale-up production. Biotechnology and bioengineering.
2010 Oct 1;107(2):245-57.
Huesemann MH, Hausmann TS, Bartha R, Aksoy M, Weissman JC, Benemann JR. Biomass
productivities in wild type and pigment mutant of Cyclotella sp.(Diatom). Applied biochemistry
and biotechnology. 2009 Jun 1;157(3):507-26.
Wang T, Tian X, Liu T, Wang Z, Guan W, Guo M, Chu J, Zhuang Y. A two-stage fed-batch
heterotrophic culture of Chlorella protothecoides that combined nitrogen depletion with
hyperosmotic stress strategy enhanced lipid yield and productivity. Process Biochemistry. 2017
Sep 1;60:74-83.

© 2019 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2019 Jan — Feb RILBPCS 5(1) Page No.73


http://www.rjlbpcs.com/

Shinge & Shivasharana RJILBPCS 2019 www.rjlbpcs.com Life Science Informatics Publications

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Seo SH, Ha JS, Yoo C, Srivastava A, Ahn CY, Cho DH, La HJ, Han MS, Oh HM. Light intensity
as major factor to maximize biomass and lipid productivity of Ettlia sp. in CO2-controlled
photoautotrophic chemostat. Bioresource technology. 2017 Nov 1;244:621-8.

Steinman AD, Lamberti GA, Leavitt PR, Uzarski DG. Biomass and pigments of benthic algae.
InMethods in Stream Ecology, Volume 1 (Third Edition) 2017 (pp. 223-241).

Abomohra AE, Wagner M, El-Sheekh M, Hanelt D. Lipid and total fatty acid productivity in
photoautotrophic fresh water microalgae: screening studies towards biodiesel production.
Journal of applied phycology. 2013 Aug 1;25(4):931-6.

Karpagam R, Raj KJ, Ashokkumar B, Varalakshmi P. Characterization and fatty acid profiling
in two fresh water microalgae for biodiesel production: lipid enhancement methods and media
optimization using response surface methodology. Bioresource technology. 2015 Jul 1;188:177-
84.

Wen ZY, Chen F. Heterotrophic production of eicosapentaenoic acid by microalgae.
Biotechnology advances. 2003 Jul 1;21(4):273-94.

Kumari P, Kumar M, Reddy CR, Jha B. Algal lipids, fatty acids and sterols. In Functional
ingredients from algae for foods and neutraceuticals 2013; 87-134.

An SM, Choi DH, Lee JH, Lee H, Noh JH. Identification of benthic diatoms isolated from the
eastern tidal flats of the Yellow Sea: Comparison between morphological and molecular
approaches. PloS one. 2017 Jun 16;12(6):e0179422.

Martin LA, Popovich CA, Martinez AM, Bilbao PG, Damiani MC, Leonardi PI. Hybrid two-
stage culture of Halamphora coffeaeformis for biodiesel production: Growth phases, nutritional
stages and biorefinery approach. Renewable Energy. 2018 Apr 1;118:984-92.

Kishore G, Kadam AD, Daverey A, Arunachalam K. Isolation and evaluation of cultivation
conditions of Euglena sp. from Western Himalaya for biofuel production. Biofuels. 2018 Mar
4;9(2):221-8.

Rodolfi L, Chini Zittelli G, Bassi N, Padovani G, Biondi N, Bonini G, Tredici MR. Microalgae
for oil: Strain selection, induction of lipid synthesis and outdoor mass cultivation in a low-cost
photobioreactor. Biotechnology and bioengineering. 2009 Jan 1;102(1):100-12.

Singh N, Choudhary BK. Fresh Water Algae: A Best Option for Renewable Energy Generation.
In Renewable Energy and its Innovative Technologies 2019 (pp. 89-97). Springer,Singapore.
Joseph MM, Renjith KR, John G, Nair SM, Chandramohanakumar N. Biodiesel prospective of
five diatom strains using growth parameters and fatty acid profiles. Biofuels. 2017 Jan 2;8(1):81-9.
Odjadjare EC, Mutanda T, Olaniran AO. Potential biotechnological application of microalgae: a
critical review. Critical reviews in biotechnology. 2017 Jan 2;37(1):37-52.

© 2019 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2019 Jan — Feb RJLBPCS 5(1) Page No.74


http://www.rjlbpcs.com/

