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Abstract 
Biodiesel is a renewable, completely burning, non-toxic and eco-friendly fuel commonly derived from microalgal lipid. The 
present study aimed to isolate mutated strains of Dictyosphaerium ehrenbergianum (M-DE) and evaluated its enhanced lipid 
production and biodiesel efficiency. The mutagen ethyl methane-sulfonate (EMS) was used to induce mutation. The M-DE 
was mass cultivated in a bioreactor, and its fatty acid profile was analyzed using gas chromatography-mass spectroscopy (GC-
MS). The total cytosolic lipid content was increased compared to the unmutated strain of D. ehrenbergianum (U-DE). In GC-
MS analysis, a total of fifteen different fatty acids were identified from the lipid of M-DE, among which palmitic acid was 
recorded as a major fatty acid. The kinematic viscosity, flashpoint, density at 15°C, ash contents, and an acid number of M-DE 
were comparable with the recommended values of Indian and US petroleum, petroleum products, and lubricants sectional 
committee. The obtained results confirm that M-DE could be used as an efficient alternative source for the production of 
biodiesel on large scale. 
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Introduction 
In the last few decades, the overconsumption of fossil fuels 
leads to increased global warming, air pollution, acid 
precipitation, ozone depletion, and emission of radioactive 
substances [1, 2]. The emissions of toxic elements viz., carbon 
dioxide (CO2), nitrogen dioxide (NO2), sulfur dioxide (SO2), 
and carbon monoxide (CO) during the combustion of fossil 
fuel cause serious health complications including chronic 
asthma, chronic bronchitis with low lung functioning, and 
cardiovascular diseases [3]. The rapid increase of these 
gaseous pollutants followed by depleted supplies of fossil 
fuels leads to an increased commercial interest in the 
production of alternative eco-friendly fuel [4]. Biodiesel is 
one of the renewable, completely burning, non-toxic and 
eco-friendly fuels commonly produced from microalgae [5].  
Biodiesel production from microalgae has gained extensive 
interest in recent years due to its rapid and vigorous growth 
rate, high efficiency for lipid production, and a broad range 
of habitats with high adaptability to heat, cold, drought, 
salinity, osmotic pressure, and UV radiation [6]. Microalgae 
are autotrophic, fast reproducing, unicellular, prokaryotic, or 
eukaryotic microorganisms, and they have the potential to 
produce 5,000–15,000 gallons of biodiesel per acre per year 
without affecting the environment [7]. Microalgae are rich in 
unsaturated and saturated fatty acids such as palmitic, 
stearic, and linoleic acid which are essential for the 
production of high-quality biodiesel [7, 14]. The biodiesel 
property of U-DH has been previously reported in our study 
[14]. In the present investigation, an attempt has been made to 
evaluate the enhanced lipid production and biodiesel 
properties of M-DH and the obtained results are presented in 
this paper.  
 
Materials and methods 
Isolation of M-DH  
The U-DH isolated from the freshwater sample was 
collected for mutation study. The complete methodology for 

isolation and identification of U-DH was published in our 
previous paper [14]. The identified U-DH was cultured in 500 
mL BBM broth, providing 2% CO2 and 2000 lx light 
intensity. The mid-exponential phase culture was subjected 
to mutation studies [15]. Briefly, five ml culture (6×106 
cells/ml) was harvested by centrifugation at 10,000 rpm for 
10 min (Avanti J-E centrifuge, Beckman Coulter Life 
Sciences, Indianapolis, USA), and the collected cell pellets 
were treated with 500 μl of 0.1 M sodium phosphate buffer 
(pH 7.0) and different concentrations of ethyl methane-
sulfonate (EMS) (0.75, 1.25, 1.5 and 2.0 % w/v) (Sigma-
Aldrich, USA) for 1 h with gentle agitation under dark 
condition. Then, EMS was inactivated by adding 500 μl of 
10% (w/v) sodium thiosulfate and subjected to 
centrifugation. The collected cell pellet was washed twice 
with 0.1 M sodium phosphate buffer, then re-suspended in 1 
ml of fresh BBM broth and incubated for 48 h. at 30ºC. 
After 48 h. incubation, again repeated the same process up 
to three times. The known amount of EMS treated cell 
suspension was spread uniformly on a BBM agar plate and 
kept for incubation up to 14 days at 30±2 °C. The colonies 
that appeared on BBM agar plates were isolated, sub-
cultured in BBM broth up to 48h, centrifuged, and the cell 
pellet was collected. 
The collected EMS treated cell pellet was washed separately 
by adding 1000 µl of sheath fluid and centrifuged at 2000 
rpm for 10 min, then again re-suspended with 500 µl of 
sheath fluid and 50 µl of Nile red stain, and identified 
mutated cells by analyzing intrinsic structural parameters 
using a flow cytometer (BD Biosciences, San Jose, CA) [16]. 
The cells of M-DH were harvested and subjected for large-
scale cultivation using a laboratory-scale bioreactor (5 L 
capacity). The cultural condition employed for cultivation is 
as follows: 4 L medium (BBM broth: sterile pond water 
1:10 v/v), 2% CO2, and 2000 lx light intensity was provided 
by four 1500 LMPF CFL fluorescent bulbs at 16:8 light/dark 
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conditions. Fourteen days old culture was used for the 
estimation of biomass and lipids.  
 
Estimation of biomass and lipid of M-DH 
The biomass was estimated using the procedure of Bagchi et 
al. [17]. Briefly, One hundred mL of culture broth was 
harvested by centrifugation at 10,000 rpm, dried at 105 °C 
overnight, and weighed for the determination of dry 
weights. The biomass yield was calculated and expressed as 
g/L. For lipid estimation, five hundred ml of M-DH cultures 
broth was harvested by centrifugation at 10,000 rpm, and 
the collected pellets were dried using a vacuum evaporator 
(Lyoquest-85, Telstar Technologies, S.L. Terrassa, Spain) 
and subjected to lipid estimation using the gravimetric 
method [14, 18]. The lipid yield (w/w) was expressed in 
percentage (g/100 g biomass)  
 
Chemical profile and biodiesel properties analysis of 
fatty acid methyl ester (FAME) of M-DH 
The FAME extracted from M-DH was subjected to GC-MS 
analysis for chemical profile analysis [14]. The fatty acids 
were identified by comparing the chromatogram peaks with 
the NIST Mass Spectral Library. Further, the FAME of M-
DH was subjected to biodiesel property analysis following 
the procedure described by the American Society for 
Testing and Materials (ASTM) [19]. The kinematic viscosity 
was determined as per the procedure of IS:1448 (Part-25) 
and ASTM D 445. The flash Point was analyzed as per the 
test procedure of IS:1448(Part-66) and ASTM D 93. The 
total acid number was determined as per the test procedure 
of IS:1448(Part-2) and ASTM D 664. The ash content was 
analyzed using the procedure of ASTMD482. The density of 
the FAMEs was determined following the procedure of 
IS:1448(Part-16) and ASTM Method D1475. The obtained 
data were compared with Indian standard testing methods 
for petroleum, petroleum products, and lubricants sectional 
committee values (IS: 1448 (Part-25), IS: 1448 (Part-66), 
IS: 1448 (Part-2), IS: 1448 (Part-16) and US standard 
methods of testing for petroleum, petroleum products, and 
lubricants sectional committee values (ASTMD482). 
 
Results and discussion 
The U-DH isolated from the freshwater sample was 
identified using 18S rDNA nucleotide sequence analysis, 
and its sequence was submitted to NCBI gene bank (India) 

(accessory number SAMN07187741) [14]. In flowcytometric 
analysis, the EMS treated U-DH shows a twofold shifting of 
pick from left to right confirms the mutation of the cells 
(Figure 1). The number of viable cells in the control set was 
1557 CFU, whereas in EMS treated sets were 867, 369, 125, 
and 0.0 CFU at 0.75, 1.25, 1.5, and 2.0 % treatments, 
respectively. No viable cells were observed in the samples 
treated with 2.0 % EMS. The 1.5% EMS treatment M-DH 
cells showed the presence of a significant amount of lipid in 
their cytosol were selected for mass cultivation. In 
microscopic evaluation, approximately 90-100 % of M-DH 
cells showed the presence of orange-yellow colored lipid 
granules, whereas around 40-65% of U-DH cells showed the 
presence of lipid granules. Similarly, increased lipid content 
was observed in M-DH (48.6±3.6%), compared to the U-
DH (36.8±2.8%). The biomass productivity was slightly 
increased in U-DH (2.4 ± 0.3 g L-1) compared to M-DH (2.3 
± 0.4 g L−1). The fatty acid profiles of FAME of M-DH 
were evaluated using GC-MS. A total of 15 fatty acids were 
identified, among which palmitic acid (22.63%) and 
Linolenic acid (13.43) were detected as major fatty acids 
(Table 1). The FAME of M-DH was subjected to biodiesel 
property analysis, and the obtained values are presented in 
Table 2. The obtained results revealed that the FAME of M-
DH showed kinematic viscosity 3.58 cSt at 40°C., the 
flashpoint was 103°C, density at 15°C was 0.86 kg/m³, and 
ash content was 0.016% with no acid number.  
The rapid increase of CO2 concentration in the atmosphere 
combined with depleted supplies of fossil fuels has led to an 
increased commercial interest to produce alternative eco-
friendly renewable fuel from natural resources. Biodiesel 
production from natural sources such as plants and 
microalgae has gained extensive interest in recent years [20]. 
Microalgae are more desirable for biofuel production than 
terrestrial plants because they have higher photosynthetic 
and oil productive potency than green plants [21, 26]. In the 
present investigation, we are the first time to report the 
enhanced lipid production of ethyl methanesulfonate 
induced mutated strain of D. ehrenbergianum (M-DH). The 
biodiesel property values obtained from the M-DH were 
comparable with the specified standard values prescribed by 
the Indian and US petroleum, petroleum products, and 
lubricants sectional committee. Hence, M-DH could be 
utilized as an alternative agent for biofuel production.  

 
Table 1: Fatty acid profiles of the FAME of M-DH 

 

Compound Retention time % Abundance 
Hexanal 4.274 0.54 

Dodecyl acrylate (2-Propenoic acid) 15.341 3.42 
2,5-Cyclohexadiene-1,4-dione,2,6-bis(1,1-dimethylethyl) 17.87 0.18 

Phytol 17.38 1.32 
7,10-Hexadecadienoic acid, methyl ester 17.42 1.41 

Methyl palmitoleate 17.68 2.67 
Palmitic acid 17.86 22.63 

Propionic acid 18.56 8.21 
Stearidonic acid 19.13 12.8 
Linolenic acid 19.28 13.43 

9-Octadecenoic acid (Z) methyl ester 26.2096 2.106 
Methyl stearate 26.516 3.931 

Hexanedioic acid, bis(2-ethylhexyl) ester 29.382 3.575 
Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester 30.402 6.788 

Bis(2-ethylhexyl) phthalate 30.847 3.349 
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Table 2: Biodiesel properties of FAME of M-DH 
 

Property Biodiesel property IS:1448 Test method IS:1448 Limits EN 14214(EU) D-6751 (US) 
Kinematic Viscosity @40 ◦C(cSt) 3.58 IS:1448(Part-25) 3.5-4.0 3.5-5.0 1.9-6.0 

Flash Point(◦C) 103 IS:1448(Part-66) Min.100 >101 >130 
Total acid number (TAN) (mg KOH/g) Nil IS:1448(Part-2) Max. 0.5 <0.5 <0.8 

Density @ Room 
temperature (Kg/m3) 0.86 IS:1448(Part-16) 0.84-0.90 0.86-0.90 _ 

 
Ash content (%) 0.016 ASTMD482 0.01-0.02 <0.02 <0.02 

 

 
 

Fig: 1 Two-dimensional dot plots and flow cytograms of a) U-DH and b) M-DH 
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