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The economic globalization and rapid energy depletion require alternative forms of energy which is more reliable, sustainable and
renewable without causing adverse effects to the life forms. Microalgae are currently considered to be one of the most promising
alternative sources for biodiesel and the application of phytohormones has also been considered a promising way to increase the
production of lipid from microalgae recently. The present study is aimed to cultivate the algal species, Chlorella as a feedstock and the
effect of various concentrations of phytohormones such as 6-Benzylaminopurine (BAP), Gamborg’s b-5 vitamins, Indole-3-butyric acid
(IBA), 2, 4-Dichlorophenoxyacetic acid (2,4-D) was used for the production of lipid. The extracted lipid oils were then converted into
methyl ester via the transesterification process. Indole-3-butyric acid (IBA) relatively supported the maximum growth of 7.185 g/ ml
and the lipid yield was 3.5g/ml. The GC-MS characterization showed many peaks corresponding to the fatty acid methyl esters. Among
those Ethylbenzene, o-Xylene, Benzene,1,2,4-trimethyl and Decane peaks of hydrocarbons were found important in the biofuel
production. The current study demonstrates that the phytohormone IBA accelerate the microalgae growth and also induce the production
of lipid oils for biodiesel production.
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INTRODUCTION
The biofuel production from renewable sources can decrease fossil fuel
dependency and support to maintain the healthy environment and economic
stability. Biofuels are non-lethal, biodegradable and have less Green House
Gaseous releases (Bhuyar P, et al., 2018) when charred in combustion engines
than obligatory fossil fuels (Beer, 2009). Biodiesel is most characteristically a
mixture of fatty acid alkyl monoesters produced through the chemical conversion
of triglycerides from vegetable oils and fats that have alike structures to Petro
diesel (Cheng and Timilsina, 2011). Microalgae are currently considered to be
one of the most promising alternative sources for biodiesel (Sheehan et al.,
1998). Microalgae, a potential renewable source with many promising
characteristics to produce biodiesel. They have tremendous attention due to rapid
growth with limited growth requirements and high oil content (Maadane et al.,
2017). Microalgae also involved in reduction of inorganic pollutants from
wastewater (Bhuyar et al., 2019). These microalgae responsible for
environmental protection and reduction of the global warming (Lababpour,
2018).
However, cultivating microalgae for biodiesel production at large scale is still a
challenging part as there is an increase in demand for freshwater for various
purposes (Lekshmi et al., 2015). There are many advantages of using
microalgae for the feedstock like the ease of cultivation, low requirements of the
growth media (Chisti, 2007; Meng et al., 2009). Microalgal oil can be converted
into bio-oil, bioethanol, biohydrogen and biomethane via thermochemical and
biochemical processes. Microalgal biodiesel appears to be of high potential for
biodiesel production because of genetically increasing of the lipid content of the
microalgae (Huang et al., 2010).
Microalgae oil can include carbohydrates, amino acids, proteins, nucleic acid etc.
the secondary metabolites are of high value as polymeric carbohydrates, poly
unsaturated fatty acids (PUFA), lutein etc. there is an interest in a high scale
harvesting of microalgae for bio mitigation of CO2 (Gallagher, 2011) and the
sustainable making of biofuels (Yangmin and Mulan, 2011) but purification of

crude biodiesel using membrane technologies is mandatory for biodiesel
production (Atadashi, 2015). Depending on species, microalgae produce many
kinds of lipids, hydrocarbons, and other complex oils (A. Banerjee et al., 2002;
P. Metzger and C. Largeau, 2005). The major lipid components in all algal
species were triglycerides, monogalactosyl, digalactosyl and sulphoquinovosyl
diglycerides, phosphatidyl glycerol, phosphatidyl choline (lecithin), and
phosphatidyl ethanolamine; while palmitoleic, palmitic, eicosapentaenoic and
eicosate-traenoic acids were the major fatty acid constituents (Oraei M et al.,
2019). Part of the fixed C from the atmosphere is stored in various lipid forms,
including triacyl glycerides (TAGs), free fatty acids, sterols and wax esters up to
60% of dry cell material in some strains (Q. Hu, et al.,2008) Triglycerides, a
major neutral lipid can be used to produce the biodiesel from algae.
The objective of this research is the analysis of the growth of microalgae in the
different concentration of phytohormones such as 6-Benzylaminopurine, 2,4Dichlorophenoxyacetic acid, Indole-3-butyric acid and Gamborg’s B-5 vitamins.
To analyze the lipid content of treated microalgae by transesterification process.
This microbial oil is finally converted to biodiesel which can supposedly be used
as a new generation transportation fuel, once the production process is
established for large scale.
MATERIAL AND METHODS
Sample collection and Isolation of microalgae
The microalgal samples were collected from the Kuantan coast, Malaysia which
were rich in oil laden microalgae. The sample was first grown in BG11 media
plate. After few days the colony was again selected from the streak and were
cultured in culture flask of 2 liter containing 500 ml of BG 11 media. The light
and dark hours of 12:12 was maintained and the light intensity of 5000 lux was
used. The temperature was kept 25°C.
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Strain identification
Identification of species generally require a blend of morphological and gene
characterizations (Estep and MacIntyre, 1989). Depending on species,
microalgae produce various kinds of lipids, hydrocarbons and other complex oils
(Spolaore et al., 2006). The strain was identified by firstly using fluorescent
microscope and then confirming by Scanning Electron Microscope.

9.9ml/min was used. The inert gas helium was used as carrier gas. The injection
volume of 1µl was used for the analyses. The MS analysis mode was used in
relative EMV mode with a resulting EM voltage of 1282. The fatty acid methyl
esters were recognized by gas chromatography united with mass spectrometry
(Zhao et al., 2011; Abdulla and Ravindra, 2013). The NIST mass spectral
library was used for recognizing of components in the samples.
RESULTS AND DISCUSSION

Stock preparation and Mass cultivation of microalgae
Isolation and identification of microalgae
The culture from the 2-liter flask was sub cultured for the mass cultivation. BG11
media was prepared and divided in 2 Liters numerous flasks. The inoculum from
the prior culture was added to all the flasks. The flasks were maintained under
different concentrations of 4 different phytohormone namely: 6Benzylaminopurine (BAP), Gamborg’s b-5 vitamins, Indole-3-butyric acid
(IBA), 2, 4-Dichlorophenoxyacetic acid (2,4-D). The stock solution of different
concentration was added (1 ml) to each flask containing the inoculated BG11
media contains NaNO3: 1g/L; K2HPO4: 0.25g/L; MgSO4: 0.513 g/L; FeCl3:
0.0058 g/L; CaCl2: 0.058 g/L; Agar: 15g/L. The pH of the media was adjusted for
7 and the light intensity was kept 5000 lux following a photoperiod of 12:12
light: darkness. The temperature was kept at 25°C which leads to optimum
growth of microalgae. The flasks were kept in shaker with a 150rpm every
alternate day to stop the sedimentation of the microalgae. A separate flask was
kept with only the inoculated BG11 media which serves as the control.

In this experiment, the microalgal samples collected from the Kuantan coast,
Malaysia were phototrophically grown in the media BG11 and its growth rate
was measured. The species identification was done in a systematic way by using
fluorescent and scanning electron microscopic analysis. Figure-1 was referred to
the microalgal library and tallying the morphological structures and shapes the
strain was found to be Chlorella sp. as it was observed as a single-celled green
alga belonging to the class of Chlorophyceae.

Growth analysis
The growth of the microalgal cultures in the different phytohormone
concentrations were measured using the spectrophotometric readings which is
directly proportional to the chlorophyll present thus, gives the cell density. The
triplicate readings were taken at 660nm. The readings were taken every day for a
span of 16 days (Illman et al., 2000). The ANOVA (one way) analysis with
Turkey test was done in the software ORIGIN Pro version 8.6 for statistical
analysis.
Microalgal harvesting
The flasks with higher algae biomass was cultivated for lipid extraction and
subsequent biodiesel production. The culture was taken and centrifuged at 6500
rpm for 15-20 minutes. The clear supernatant containing the media was rejected.
The pellet was collected. The pellet was kept for freeze drying at -80°C to obtain
a dried mass of algae. This dry mass of algae was weighed, and further lipid
extraction was performed by Bligh and Dyer lipid extraction method was
followed.

Figure 1 (a) Spread Plate of algal sample on BG11 agar media. (b) Fluorescent
microscope image of Chlorella sp. (at 100X)
To further confirm the strain, the culture was analyzed in FE-SEM. The sample
slide was prepared, and the double-sided conductive carbon tape was fitted on the
rear side of the slide. This slide was mounted, and the analysis was done in JSM
7800F. This was to support the findings from fluorescent microscope. The
sample atoms interact with the electron from the electron source and thus gives
information about the sample’s topography and composition. The FE-SEM gives
topographical and elemental information at high magnifications and virtually
unlimited depth of field thus confirming the species to be Chlorella sp.

Transesterification
Transesterification produces methyl esters of fatty acids (biodiesel), and glycerol.
This reaction is a step wise reaction where the triglycerides are converted initially
to diglyceride then to monoglyceride and finally to glycerol. A large excess of
methanol is used so that the entire triglyceride is converted into methyl ester and
the reaction moves forward to the methyl-ester formation (Shah and Sharma,
2003). Yield of methyl esters exceeds 98% on a weight criterion (Balat, 2008).
This reaction is catalyzed by methoxide (1% by weight KOH mixed to methanol)
which serves to decrease the reaction time (Alamu et al., 2007). The reaction is
carried out at 70-75°C at atmospheric pressure. The lower phase contains the
glycerol and the upper phase contains the methyl esters (biodiesel). The upper
phase was collected. This was used for further characterization. The percentage
harvest of biodiesel was calculated using the Equation.
Harvest of biodiesel (%) = (grams of biodiesel obtained/ grams of oil utilized)
*100
= (3.5/6) *100
=58.3%
Gas Chromatography with Mass Spectrum (GC-MS)
The content of algae biodiesel (fatty acid methyl esters) produced was
determined by GC MS using the Agilent 5973 inert gas chromatograph/ mass
spectrometer for identifying the fatty acid compositions (Wahidin and Shaleh,
2013). Gas chromatogram is used to differentiate the sample into individual
component using temperature controlled capillary column. Mass spectrometer
provides the molecular weight and structural formula of the compounds by
measuring and comparing the unique mass spectrum (m/z) of the fragment with
NIST standard library (Marín-Suárez et al., 2010). The GC and GC-MS method
provides the separation, identification and estimation of the polyunsaturated fatty
acid methyl esters (PUFA) using an exceedingly polar capillary column (100%
cyanopropyl silicon) which permits the separation of fatty acid methyl esters
having very adjacent boiling points, cis/ trans isomers and olefinic positional
isomers. The run time was 31 minutes with an initial temperature of 250°C and a
pressure of 12.47 psi. Split inlet flow with a split ratio of 10:1 and a split flow of

Figure 2 (a) FE-SEM image of Chlorella sp. At 2500X magnification. (b) FESEM image of Chlorella sp. at 5000X magnification.
Growth analysis
The isolated Chlorella sp was cultivated with different concentrations of plant
hormones. The cell density was quantitatively measured the optical density of
each sample at 660nm by using UV-Vis spectrophotometer (GENESYS 10S).
The amount of chlorophyll signifies the total algal content in the cultures. Figure3 showed the spectrophotometric readings of samples measured every 12 hr for a
span of 16 days by placing the different culture samples under different
concentration of phytohormone in a cuvette and taking a triplicate reading
following the method of Illman et al., (2000).
The concentration range of phytohormones such as BAP (6-Benzylaminopurine),
Gamborg’s
B-5
vitamins,
IBA
(Indole-3-butyric
acid),
2,4-D
(Dichlorophenoxyacetic acid) and used in this study were between 0.2 -1 mg/ml,
0.5 to 2 mg/ml, 0.5 to 2.0 mg/ml & 0.5 to 1.5 mg/ml respectively.
BAP (6-Benzylaminopurine): There was no significant effect on growth at
0.2mg/ml concentration of BAP (6-Benzylaminopurine) until 9th day of
incubation. We observed an exponential increase in growth rate at 0.6mg/ml of
concentration, whereas the growth rate was very low at 1mg/ml concentration.
The increase in the cell density is progressive till the 14th day where there is a
sudden decrease in the optical density on 16th day of incubation. But its growth
is again increased on the successive day which proves that the decrease in the
growth could be a technical error in sampling of the culture (Demirbas, 2009).
Gamborg’s B-5 vitamins: The flask with 0.5mg/ml of Gamborg’s B-5 vitamins
had sturdy rise in the growth especially on 5th day. The growth decreases starting
from 9th day and thus the microalgae have reached decline phase. At the
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concentration of 1mg/ml phytohormone showed fairly considerable growth and
the decline phase have been reached by the 10th day which shows the inability of
the microalgae to survive in this concentration of phytohormone. The flask with
1.5mg/ml of phytohormone showed the exponential phase till the 9th day after
which there was a stationary phase till 11th day and the growth was declined
phase from 12th day. The flask with 2mg/ml of phytohormone shows very little
rise during the initial days. It reaches the stationary phase at a very low optical
density and the decline phase sets in from day 11.
IBA (Indole-3-butyric acid): At 0.5mg/ml concentration of IBA (Indole-3butyric acid), there was an exponential growth in the cell density till 13th day
after which the cell growth was deteriorated. At 1mg/ml concentration, the cell
growth showed stable growth and there was no decline in its growth. The growth
was exponential at 1.5mg/ml concentration of phytohormone, and it reached the
highest cell density among all other concentrations of other phytohormones used
in this study. At 2mg/ml of the phytohormone concentration, there was a slow

increase in optical density which might be because of higher concentration which
adversely affect the cell growth. The Chlorella sp. containing IBA with 1,5
mg/ml was considered for the further biomass and lipid production.
2,4-D (Dichlorophenoxyacetic acid): The flasks with 2, 4-D with 0.5mg/ml
concentration showed an increasing growth until 11th day and the density of cells
were reduced from 12th day onwards. At 1 mg/ml, there was a rise in the optical
density which is not strident, the deterioration phase starts from 14th day. The
1.5mg/ml concentration shows substantial growth and reached stationary phase
from the 11th day and also showed a slight upsurge on 13th and 14th day and
again reaches a stationary phase from 15th day.
Microalgae grown with IBA phytohormones showed exponential growth and it
reaches the highest cell density among all other concentrations of the different
phytohormones used in this study and it was further processed for the harvesting.

Figure 3 Statistical analysis (a) Graph of ANOVA for BAP. (b) Graph of ANOVA for Gamborg’s vit b-5 (c) Graph of ANOVA for
IBA. (d) Graph of ANOVA for 2,4-D
under liquid nitrogen to evaporate the solvent leaving behind the lipid following
the method of Demirbas, (2009); Jonker and Faaij, (2013).
Microalgal harvesting
Microalgae with IBA showed higher growth rate than other phytohormones used.
Harvesting of the mass cultivated microalgae with the effect of IBA (1.5mg/ml or
0.75mg/liter) was done. The stock solution of 1.5mg/ml was added into about
five different 2-liter flasks for harvesting 90.75mg/liter. The culture was divided
into centrifuge tubes and centrifuged at 6500 rpm for 15-20 minutes to separate
algal pellets from culture media. The collected pellets were kept for freeze drying
at -80°C to obtain dried algal biomass. The freeze-dried algal biomass was
directly sublimate from solid phase to gas phase. After this process, algal pellet
was weighed, and we obtained approximately 7.185 g/L. The collected algal
pellet was used for lipid extraction.

Figure 5 Microalgal oil after liquid nitrogen drying of the chloroform phase.
After the completion of the reaction the phase differences are seen. The product
is left to settle in a phase separating funnel for about 4 hours which gives two
separate phases. The upper phase is the desired methyl ester containing phase.
The weight of the oil was found to be 3.5 gm. The lower phase has the glycerol.
Figure 4 (a) Dried algal biomass. (b) Pellet formation (6500 rpm for 15 minutes)
Lipid extraction
Solvents such as chloroform and methanol in a ratio of 1:2 were mixed with the
dried algal biomass and vortexed for 60 seconds. It was then centrifuged at 4000
rpm for 15 minutes. After centrifugation, the upper phase was discarded as it
contains the mixture of methanol and water. The lower phase contains the lipid
derived from the microalgae mixed in the chloroform phase (Figure-5). The
lower phase with lipid was collected carefully in a separate petri plate and dried

Gas Chromatography with Mass Spectrum (GC-MS)
Further GC-MS characterization was done. The chromatogram has showed 14
peaks (Figure 6). Benzene, 1-ethyl-4-methyl- Cyclohexasiloxane, Dodecamethyl
Pentasiloxane,
dodecamethyl
Benzeneacetic
acid,
alpha.,3,4tris[(trimethylsilyl)oxy]-,
trimethylsilyl
ester,
Cyclononasiloxane,
octadecamethyl-, Benzo[h]quinoline, 2,4-dimethyl- Pentafluorobenzoic acid,
organosilicon chemistry, and Octasiloxane, the initial peaks of hydrocarbons are
important in the biofuel production. The similar observation by microalgae
nannochloropsis was observed in Cheng and Timilsina, (2011).
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Figure 6 GC-MS chromatogram of the Fatty acid methyl ester obtained from the
transesterification reaction.
Ethylbenzene, o-Xylene (ortho-xylene) and decane (alkane hydrocarbon) also
observed from the chromatogram. These are the important constituent of gasoline
(petrol) and kerosene. The total percentage being 4.791, maximum percentage
28.49. RT is at 5.671. 1, 2, 4-Trimethylbenzene (aromatic hydrocarbon) is a
flammable liquid. It is found naturally in coal tar and petroleum (about 3%). for
the hydrocarbon-based products. It also helps in inhibiting the freezing of the
fuels in the fuel tank gum up in aviation fuels (Nie et al., 2006; Beer et al.,
2009). Among those Ethylbenzene, o-Xylene, Benzene,1,2,4-trimethyl and
Decane peaks of hydrocarbons were found important in the biofuel production.
Other considerations to make are the easier strain selection for the maximum
lipid yield.
CONCLUSION
In the conclusion, the microalgal strain Chlorella Sp. was isolated from Kuantan
coast, Malaysia was mass cultivated in the presence of different phytohormones
(6-Benzylaminopurine, 2,4-Dichlorophenoxyacetic acid, Indole-3-butyric acid
and Gamborg’s B-5 vitamins. Among these, Indole-3-butyric acid was a
promising phyto hormone for the production of biomass and lipd oil as well for
biodiesel production. The GC-MS analysis showed 14 peaks of different
compounds including Ethylbenzene, o-Xylene, Benzene,1,2,4-trimethyl and
Decane peaks of hydrocarbons were found to be an important compound for the
biofuel production. It clearly shows that, there would be an interest from an
application point of view if the study could expand the number of strains and
studying the genome of this Chlorella Sp. would give additional clues for the
effective production of lipid oils.
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