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ABSTRACT

source of hydrocarbon biofuel.

Effects of the incubation temperature, light intensity and NaCl salinity on growth in addition to lipid content and composition of two isolates of Botryococcus braunii,
(JN580448.1 and JN580451.1) were investigated. The light to dark period was 16h: 8h. Cultures were incubated for 7 weeks and harvested with GF/C filters for dry
weight determination. Lipids were extracted by n-hexane and analyzed by GC/MS. Compared to control cultures, the temperature of 300C induced significant
(P <0.05) increase in biomass by 14.89% and 29.89% and lipids by 16.15% and 20.29% for isolates EG-Bb01 and EG-Bb04, respectively. The light intensity 48.6
p mol photons m-2s induced very high significant (P < 0.001) increase in biomass (88.71% and 100.7%) and lipids (118.63% and 94.61%) of EG-Bb01 and EG-
Bb04, respectively. Similarly, 17 mM NaCl salinity induced high significant (P < 0.01) increase in biomass (23.82% and 17.71%) and lipids (32.92% and 24.51%) of
EG-Bb01 and EG-Bb04, respectively. Considerable numbers of short C6-C15 chain compounds were detected in biomass of cultures grown under light intensity
of 48.6 p mol photons m-2s" and in cultures supplemented with 17mM NaCl. These results may indicate that the Egyptian isolates of Botryococcus are potential
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Introduction

Production of microalgae biomass for biofuel must be economically
feasible and cost competitive with liquid fuels. Consequently, the
success of biofuel production from microalgae depends on high
biomass productivity and considerable lipid yield [1,2,3]. It has
been widely reported that certain growth controlling factors may
involve distinct stimulatory effects on biomass and lipid production
of microalgae. These growth controlling factors include, but not
limited to; nitrogen concentration, silicon deficiency, phosphate
limitation, Fe** concentrations, salinity, photoperiod and light
intensity and the incubation temperature [2, 5-18].

Botryococcus braunii Kiitzing is a green colonial microalga
belongs to the class Trebouxiophyceae, widespread in fresh and
brackish waters of all continents [19,20]. This alga is characterized
by the ability to produce high level of hydrocarbons in the range of
15-76% dry weight [21,22]. The absence of clear morphological
differences between the Botryococcus braunii strains producing
different types of hydrocarbons led to their categorization into

three chemical races namely, A, B and L depending on the type
of hydrocarbon synthesized [23]. Race A produces (C23-C33,
CnH2n-2) straight-chain odd carbon-number n-alkadienes
[24]. Race B produces unsaturated triterpenoid hydrocarbons
(CnH2n-10, n=30-37), referred to as botryococcenes, and small
amounts of methyl branched squalenes [22,24,25]. The L race of
B. braunii produces a single hydrocarbon tetraterpene (C
known as lycopadiene [24].

40 78)

Accordingly, B. braunii would be useful for hydrocarbon biofuels
production. For commercial production of hydrocarbon biofuel,
locally adapted algae strains and optimized cultivation conditions
are required. Based on literature survey, it became evident that
certain parameters including medium composition, in addition to
certain physical and chemical factors affect, to a varying extent,
both the biomass and hydrocarbon production of B. braunii.
Accordingly, some specific potential growth controlling factors
e.g. NaCl salinity, light intensity and temperature on biomass and
lipid of Botryococcus braunii were selected and their effects on
biomass and hydrocarbon production of two Egyptian isolates
EG-Bb01 (JN580448.1) and EG-Bb04 (JN580451.1) were
investigated.
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Materials and methods

Isolates of B Braunii

Botryococcus braunii isolates EG-Bb01 and EG-Bb04 were
isolated from Nile River at the Delta region, Egypt by using
streaking agar plate method [26]. The isolated microalga
was identified as Botryococcus braunii Kiitzing according to
morphological properties and molecular properties by analysis of
5.8S ribosomal RNA gene (isolate EG-Bb01 (JN580448.1) and
isolate EG-Bb04 (JN580451.1)) [27-29].

Nutrient Medium and Growth Conditions

The isolates were cultured in modified Chu 13 medium [30]
composed of (gl') 0.2 g KNO,, 0.04 g K HPO,, 0.1 gMgSO,*7H,0,
0.08 g CaCl,*6H.,0, 0.01g ferric citrate, 0.1 g citric acid, 0.5 mg
H,Bo,, 0.5 mg MnCl,.4H,0, 0.02 mg CuSO,.5H,0, 0.02 mg
Co(NO,),.6H,0, and 0.02 mg Na,MoO,.2H,O. The pH is adjusted
at 7.5 before sterilization. The growth experiments were carried
out in 250 ml Erlenmeyer flasks, containing 80 ml modified Chu
13 medium [30]. The control culture flasks were inoculated with
20ml of two weeks old B. braunii culture containing approximately
0.05 gl'! dry biomass (dried at 60°C) and incubated for 7 weeks
at 25+ 1°C under 16.2 £ 2.7 umol photons m-2 s-1 light intensity
with 16:8 hrs light: dark cycle [31].

The investigated parameters

The investigated parameters include incubation temperature, light
intensity and NaCl salinity. On studying the effect of a single
variable, all other parameters were kept constant at their control
levels [31]. For statistical analysis all growth experiments were
carried out on triplicates.

Effect of incubation temperature (°C)

Four different incubation temperatures (20°C, 25°C (control),
30°C and 35°C) were selected to study the effect of temperature
on biomass and lipid yields. At the end of the 7 weeks incubation
period, dry weight biomass (gl ') and lipid (gg') were determined.

Effect of light intensity

Different incubation light intensities including 8.1 + 2.7, 16.2 +
2.7 (control), 24.3 +£2.7,32.4 + 2.7, 40.5 + 2.7, 48.6 + 2.7 and
56.7 = 2.7 u mol photons m~ s were selected to evaluate the
effect of light intensity on biomass and lipid production of B.
braunii isolates. Cool white fluorescent tubes were used as light
source to avoid any drastic temperature changes. At the end of
the 7 weeks incubation period, dry weight biomass (gl ') and lipid
(gg") were determined.

Effect of Salinity

The salt NaCl is not a constituent of the standard Chu 13 medium.
The idea to investigate the effect of NaCl salinity based on reports
indicating the stimulatory effects of certain levels of salinity on
lipid accumulation and production of certain microalgae including
B. braunii [12, 13]. To study the effect of salinity on B. braunii
growth and lipid production, chemically pure sodium chloride
(NaCl) was added to the modified Chu 13 medium to obtain
salinity levels of 17 mM (0.994 gl'!), 34 mM (1.987 gl!), and 51
mM (2.981 gl!). Culture flasks were incubated for 7 weeks under
25 °C, 16.2 + 2.7 pmol photons m? s with 16 h light: 8 h dark
photoperiod. At the end of incubation period, the culture flasks
were harvested for determinations of dry weight biomass (gl™') and
lipid content (gg™). It is relevant to mention that the NaCl salinity
of the control modified Chu 13 medium is 0.0 g 1'%,

Biomass determination
Algal cultures were filtered through dry clean pre-weighed
Whatman No 1 filter papers. The cells were washed twice with
distilled water and dried at 60°C to a constant weight. The dry
weight of algal biomass was determined gravimetrically and
expressed as g 1" [32,33].

Lipid extraction

The lipid content of algal biomass dried at 60 °C was determined
according to soxhlet solvent extraction method using n-hexane
as extraction solvent. The lipid content was expressed as % gg!
of algal biomass [33,34].

Gas chromatography and mass spectroscopy (GC/MS) analysis
of lipid extracts

The lipid composition of n-hexane extracts of the parameters which
give the highest biomass and lipid content were analysed by GC/
MS. Qualitative and quantitative lipid composition was determined
using Aglient 6890 gas chromatograph equipped with an Aglient
mass spectrometric detector, with a direct capillary interface and
fused silica capillary column HP-5MS (30m x 0.32mm X 0.25 um
film thicknesses). Lipid samples were injected under the following
conditions; Helium was used as carrier gas at approximately 1.0
ml min”', pulsed split-less mode. The solvent delay was 3 min.
and the injection size was 1.0 pl. The mass spectrometric detector
was operated in electron impact ionization mode with an ionizing
energy of 70 e.v. scanning from m/z 50 to 500. The ion source
temperature was 230 °C. The electron multiplier voltage (EM
voltage) was maintained 1250 v above auto tune. The instrument
was manually tuned using perfluorotributyl amine (PFTBA). The
GC temperature program was started at 60°C (2 min) then elevated
to 280° Cat rate of 8°C min’!. The detector and injector temperature
were set at 300 °C and 280°C, respectively. Lipids were identified
by comparing their mass spectra with the standards of NIST/EPA/
NIH mass spectral library (NIST11; http://www.gcimage.com/
nist11.html), matching with literature spectral data, molecular
weight and polarity sequences. GC/MS analysis was carried out
at The Central Agricultural Pesticide Laboratory (CAPL), Dokki,
Giza, Egypt (http://www.capl.sci.eg/CAPL.html).

Statistical analysis

Average values of the biomass concentration and lipid content of
three replications and their standard deviations were calculated.
Significant differences were determined using analysis of variance
(STATGRAPHICS, ver. 4.2) with 95% confidence (probability
limit of p <0.05, p<0.01 and p <0.001).

Results and discussions
Effect of the incubation temperature (°C)
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Figure 1: Effect of temperature on biomass yield and lipid content
of isolates EG-Bb01 and EG-Bb04 of Botryococcus braunii
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Figure 2: Effect of light intensity on biomass and lipid content of
isolates EG-Bb01 and EG-Bb04 of Botryococcus braunii
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Figure 3: Effect of NaCl salinity on biomass yield of isolates
EG-Bb01 and EG-Bb04 of Botryococcus braunii

Variations in the incubation temperature resulted in either obvious
decrease or increase in biomass yield and lipid content of the
two test isolates (Table 1). The incubation temperature of control
cultures was 2542 °C. The decrease of incubation temperature
to 20°C decreased significantly the growth development and
lipid content of B. braunii cultutres. However, The incubation
temperature of 30+2 °C induced very high significant (P <0.001)
increase in biomass yield and lipid content the isolates EG-Bb01
(0.733 gl! biomass and 0.374 gg! lipid) and EG-Bb04 (0.704
gl! biomass and 0.246 gg™' lipid) (Figure 1). Compared to the
control condition (25+2 °C), the incubation temperature of 30+2
oC increased the biomass yield by 14.89% and 29.89% and lipid
content by 16.15% and 20.29% of isolates EG-Bb01 and EG-Bb04,
respectively (Table 1). Further increase of incubation temperature
up to 35 °C exhibited very high significant decrease in biomass
and lipid production. These results are in agreement with those
of Casadevall et al., Fernandes et al. [35,36,37] and Lupi et al.
who agreed that B. braunii grow well at ambient temperatures
ranged between 25°C and 32°C with 30 °C as an optimal growth
temperature [16].

Effect of light intensity

Light is the most important factor controlling the growth of algae.
Low light intensity causes a reduction in dry weight while high
intensity can cause biochemical damage to the photosynthetic
machinery [38]. The ambient light intensity of the control cultures
was 16.2 = 2.7 pmol photons m? s”. In this study, increasing
light intensity gave very promising results evidenced by very
high significant (P <0.001) increase in both biomass production
and lipid contents of the test isolates of B. braunii (Table 2). In
contrary, reducing the incubation light intensity by 50% (8.1 +2.7
umol photons m s”) resulted in very high significant (P <0.001)
decrease in biomass and lipid content (Table 2). The light intensity
0f48.6 +2.7 umol photons m? s induced very highly significant
(P <0.001) increase in biomass yield and lipid content of the
isolates EG-BbO01 (1.2 gl biomass and 0.704 gg”’ lipid) and EG-
Bb04 (1.09 gl biomass and 0.397 gg lipid) (Figure 2). Compared
to control, this light intensity increased the biomass yield between
88.71% and 100.7% and the lipid content between 118.63% and
94.61% of isolates EG-Bb01 and EG-Bb04, respectively (Table
2). Therefore, the light intensity of 48.6 + 2.7 pmol photons m™

s is considered optimal for the growth and lipid production of
the Egyptian isolates of B. braunii. In this context, Yeesang and
Cheirsilp reported that the lipid contents in B. braunii strains
KB, SK, TRG and PSU increased with increasing light intensity
from 33 p mol photons m? s to 49 u mol photons m? s/, but
decreased when the light intensity was increased up to 82.5 pmol
photons m-2 s-z [39]. Ruangsomboon reported that the highest
biomass of B [40]. braunii Strain KMITL 2 was obtained when
incubated at 87.5 u mol photons m? s/, while, the highest lipid
yield obtained at 538 p mol photons m= s™. Surprisingly, Metzger
and Largeau reported that hydrocarbon synthesis is favored by
relatively very high light intensity between 365 p mol photons
m?s? (40 Wm™2) and 824 p mol photons m=2 s (90 Wm™2) [22].
In general, Cepak and Lukavsk'y reported that B [41]. braunii
could survive a wide range of light intensity from 135 p mol
photons m? s (15 Wm™) to 1620 p mol photons m? s (180
Wm2). Niyogi and Solovchenko et al [42]. reported that the high
lipid content of algae at high light intensity can be attributed to
the production of excessive photo-assimilates that can be stored
in the form of lipid as a mean to convert excess light to chemical
energy with avoidance of photo-oxidative damage [43]. The light
intensity of 48.6 & 2.7 p mol photons m? s does not only affect
biomass and lipid content of the Egyptian isolates of B. braunii,
but also affect the hydrocarbon profile. Considerable numbers
of C6-C15 short chain compounds -mostly hydrocarbons- were
only detected in lipid contents of B. braunii cultures under this
light intensity (Table 4).

Effect of salinity

The Botryococcus braunii test isolates EG-Bb01 and EG-Bb04
were able to grow in all tested concentrations of sodium chloride
ranged between 17 mM (0.994 gl) and 51 mM (2.981 gl ). The
concentrations 17 mM and 34 mM salinity induced the highest
biomass yields of the isolates EG-Bb04 (0.638 gl') and EG-Bb01
(0.85 gl), respectively (Figure 3). In a statistical term, cultures
of both test isolates grown at 17 mM NaCl salinity maintained
very high significant (P <0.001) increase in lipid content (Table
3). However, further increases in NaCl salinity resulted in very
high significant (P < 0.001) decrease in lipid content of both
isolates (Table 3). In this context, Rao et al. reported that NaCl
salinity in the range between 17mM and 34 mM is most favourable
for relatively higher biomass and hydrocarbon production of B
[13]. braunii LB 572, race A. Also, Ben-Amotz et al. reported
that the lipid content of B [44]. braunii grown in 0.5 M NaCl
salt concentration was higher than that without salt. However,
Rafael and Bertha reported that Botryococcus braunii can even
survive at 3M NaCl [35]. This salinity level does not only affect
biomass and lipid content of the Egyptian isolates of B. braunii,
but also affect the hydrocarbon profile. Considerable numbers of
C6-C15 short chain compounds-mostly hydrocarbons- were only
detected in lipid contents of B. braunii cultures grown in Chu 13
medium supplemented with 17 mM NaCl (Table 5). These short
chain compounds contributed heavily, by 59.61% and 35.3%
(w/w) to the n-hexane extracts of isolates EG-Bb01 and EG-Bb04,
respectively. Authors of this article did not find any published
data about the effect of NaCl salinity on lipid composition of B.
braunii, to compare with.

GC/MS analysis of n-hexane extracts of control cultures

A total of 21 C16-C31 and 19 C16-C31 were identified from
n-hexane extract of the two isolates EG-Bb01 and EG-Bb04
cultures on control condition, respectively (Table 4). Fourteen
C16-C26 compounds in addition to the compound C28
octacosadiene (C28H54) were quantitatively minor constituents
maintaining < 1.0 wt. % (w/w) of n-hexane extract of the isolate
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EG-BbO01. Three monoenes including octacosene (C28H56), heptacosene (C27H54), and nonacosene (C29H58) exhibited minor.

Table 1: Effect of different incubation temperatures on biomass yield and lipid content of the test isolates EG-Bb01 and EG-
Bb04 of Botryococcus braunii. Variations between the treated and control values were statistically evaluated by means of a
simple t-test
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Table 2: Effect of different light intensities on biomass yield and lipid content of the test isolates EG-Bb01 and EG-Bb04 of
Botryococcus braunii. Variations between the treated and control values were statistically evaluated by means of a simple t-test
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Table 3: Effect of different NaCl salinity on biomass yield, lipid content and EPS production of the test isolates EG-Bb01 and
EG-Bb04 of Botryococcus braunii. Variations between the treated and control values were statistically evaluated by means

of a simple t-test

(1) Compared to the corresponding values of the control cultures of the same isolate.
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(2) Differences between mean values of treated and control cultures, of the same isolate, are considered significant at P < 0.05 (*),
highly significant at P < 0.01(**) and very highly significant at P < 0.001(***).
(3) NS = Non-significant.
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Table 4: GC/MS analysis of n-hexane extract of isolate EG-Bb01 of Botryococcus braunii cultured on modified Chu 13 medium
and incubated at 48.6 & 2.7 p mol photons m? s/

Identification Formula Area %
(IUPAC nomenclature) EG-Bbo1 EG-Bb04
Control Treated Control Treated
2-Hexanone CH,0O - 16.59 - 16.40
3-Methylcyclopentanol CH,O - 3.378 - 3.100
4-Methyl-2-hexanone CH,O = 5.912 = 3.358
2,2-Dimethylpentanal CH,O - - 1.143
3-Hexen-2,5-diol CH,,0, = 4,264 = 2.616
5-methyl-2-hexanone CH,O = 2.719 = 1.813
Octane CH, - 2.142 - 1.658
2-Nonanone CH, O - 0.793 - 0.618
2-Methyloctane C,H,0 - 0.917 - 1.133
2,7-Dimethyloctane C,H, = 0.587 = 0.515
Decane C,H,, - 2.760 - 2.390
Hendecane C,H, - 0.948 - 1.030
2-methyldecane C,H, - 2.657 - 3.893
Dodecane C,H, - 0.639 - 0.515
Tetradecane CH, - 5.068 - 3.512
Pentadecane C.H, - 3.111 - 2.462
Hexadecene CH, 0.586 - 4.964 -
Hexadecane C,H,, 0.594 1.174 5.554 2.585
Heptadecane C.H, - 0.999 - 1.030
Octadecene C,H,, 0.745 0.948 11.90 0.587
Octadecane C.H, 0.364 - 5.948 -
6,10,14-trimethylpentadecan-2-one(1) C,H,0O 0.216 26.53 13.86 40.38
Nonadecane C,H, - 1.452 3.047 1.257
Icosene C,.H, 0.741 - 11.45 -
Icosane C,H,, 0.256 0.361 4.571 0.515
[(2E,7R,11R)-3,7,11,15-tetramethyl- C,H,0 0.956 - 1.966 -
2-hexadecen-ol](2)
Docosa-3,6,9-triene C,H,, - - 10.37 -
Docosene C,H,, 0.654 - 4.571 0.773
Docosane C,H, 0.221 0.206 4.424 -
Docosanol C,H,0 - 1.277 - 0.886
Tetracosene C,H,, 0.478 5.500 5.456 -
Tetracosane C,H, - 0.567 - -
Pentacosadiene C,.H, 0.902 2.627 - -
Hexacosene C,H,, 0.596 - 2.31 -
Hexacosane C,H,, - - - -
Heptacosadiene CH,, 11.04 1.040 - 0.278
Heptacosene C,H,, 1.505 - 0.934 -
Octacosadiene C,H,, 0.737 - 1.229 -
Octacosene C,H,, 1.117 - 2217 -
Nonacosadiene C,H,, 54.06 - 1.475 -
Nonacosene C,H,, 2.812 0.299 - 0.268
Nonacosatriene C,H,, 1.076 - - -
Hentriacontadiene C, H, 18.059 0.144 0.541 -

(1) Hexahydrofarnesyl acetone 2) Transphytol
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Table 5: GC/MS analyses of n-hexane extract of the test isolates of Botryococcus braunii cultured on modified Chu 13 medium

supplemented with 17mM NaCl

Identification Formula Area %
EG-Bb01 EG-Bb04

Control Treated Control Treated
2-Hexanone CH,.O - 14.43 - 12.04
3-Methylcyclopentanol CH,.O - 3.718 - 2.76
4-Methyl-2-hexanone CH,O - 5.521 - 3.049
2,2-Dimethylpentanal CH,O - 1.720 - 0.979
3-Hexen-2,5-diol CH,0, - 4.923 - 1.772
5-methyl-2-hexanone CH,O - 2.843 - 1.782
Octane CH,, - 2.760 - -
2-Nonanone CH O - 0.731 - 1.195
2-Methyloctane CH,, - 2.173 - 1.082
2,7-Dimethyloctane C H,, - 0.999 - -
Decane C,H, - 4.285 - 2.06
Hendecane C H, - 2.276 - 0.577
2-methyldecane C H, - 3.214 - 3.214
Dodecane C,H, - 1.123 - -
Tetradecane C H,, - 6.221 - 2.76
Pentadecane Cdsh; - 2.668 - 2.019
Hexadecene C H,, 0.586 - 4.964 -
Hexadecane C H,, 0.594 1.009 5.554 2.462
Octadecene CH,, 0.745 1.236 11.90 0.422
Octadecane C H,, 0.364 - 5.948 -
6,10,14-trimethylpentadecan-2-one(1) CH, 0 0.216 22.16 13.86 49.87
Nonadecane Cdsly - 1.391 3.047 1.318
Icosene C,H,, 0.741 - 11.45 -
Icosane C,H,, 0.256 0.402 4.571 -
[(2E,7R,11R)-3,7,11,15-tetramethyl- C,H,,0 0.956 - 1.966 0.979
2-hexadecen’-01](2)
Docosa-3,6,9-triene Clsly - - 10.37 -
Docosene C,H, 0.654 0.247 4.571 1.277
Docosane C,H,, 0.221 - 4.424 -
Docosanol C,H,0 - 1.627 - 1.082
Tetracosene C,H, 0.478 3.770 5.456 1.854
Pentacosadiene C,H, 0.902 2.194 - -
Hexacosene C,H,, 0.596 - 2.31 -
Hexacosane C,H,, - - - 0.052
Heptacosadiene C,H,, 11.04 1.267 - -
Heptacosene C,H,, 1.505 - 0.934 -
Octacosadiene C,H,, 0.737 - 1.229 -
Octacosene CH,, 1.117 - 2.217 -
Nonacosadiene (CML:I 54.06 - 1.475 -
Nonacosene C,Hy, 2.812 0.834 - 0.546
Nonacosatriene C,H,, 1.076 - - -
Hentriacontadiene C,H 18.059 - 0.541 -

(1)Hexahydrofarnesyl acetone (2) Transphytol
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contribution to the lipid content of EG-Bb01 with wt. % of 1.12,
1.51, and 2.81, respectively (Table 4). The triene compound
nonacosatriene (C29H54) was only identified among the
n-hexane extract of the isolate EG-Bb01. Three dienes namely
heptacosadiene (C27H52), hentriacontadiene (C31H60), and
nonacosadiene (C29H56) contributed heavily to the lipid content
of the isolate EG-Bb01 with 11.04%, 18.06%, and 54.06% wt.
%, respectively (Table 4).

The n-hexane extract of the isolate EG-Bb04 includes 9 monoenes,
4 alkanes, 1 ketone, 1 diterpenoid, 3 diene and 1 triene (Table 13).
Based on wt. %, the compound octadecene C18H36 (11.9%),
hexahydrofarnesylacetone, CI8H380 (13.86%), icosene, C20H40
(11.45%) and docosatrine (C22H40) (10.37%) were the major
constituents. Compared to other isolates, the monoenes (C19H38)
and the triene docosatrine (C22H40) were only identified in lipid
fraction of the isolate EG-Bb04. The odd numbered hydrocarbons,
heptacosene (C27H54) (wt. % 0.93), nonacosadiene (C29H56)
(wt. % 1.47) and hentriacontadiene (C31H60) (wt. % 0.54)
exhibited minor contribution to the hydrocarbon content of EG-
Bb04 (Table 13).

It is evident that the isolate EG-Bb01 produces C25-C31 odd
numbered hydrocarbons (wt. % 89.45) including two monoenes
(C27 heptacosene and C29 nonacosene) four dienes (C25
pentacosadiene, C27 heptacosadiene, C29 nonacosadiene, and
C31 hentriacontadiene) and a single triene (C29 nonacosatriene)
while the isolate EG-Bb04 produces C25-C31 odd numbered
hydrocarbons (wt. % 2.95) including only one monoenes
(C27 heptacosene), two dienes (C29 nonacosadiene, and C31
hentriacontadiene) and a single triene (C29 nonacosatriene) (Table
4). This finding strongly indicates that the Egyptian isolates belong
to the chemical race A of B. braunii [21, 25,30, 45].

GC/MS analysis of n-hexane extract of the test isolates of
Botryococcus braunii cultured on modified Chu 13 medium
under 3.6 £ 0.2 klux light intensity

Detailed qualitative and quantitative compositions of the n-hexane
extract of isolate EG-Bb01and isolate EG-Bb04 are shown in Table
4. Atotal of 29 C6-C31 and 27 C6-C29 different compounds were
identified in n-hexane extract of isolates EG-Bb01 and EG-Bb04,
respectively (Table 4). The short C6-C15 chain compounds were
only detected in lipid fraction of the treated cultures. These short
chain compounds contributed by 52.48% and 46.15% to the total
lipid fraction of the isolates EG-Bb01and EG-Bb04, respectively
(Table 4). The wt. % of the C18 ketone, hexahydrofarnesylacetone,
contributed significantly to wt.% of lipid fraction of isolates EG-
Bb01 (26.53%) and EG-Bb04 (40.38%) (Table 4).

Compared to control cultures, a relatively low wt. % of the odd
numbered hydrocarbons were produced by the test isolates cultures
under 48.6 2.7 umol photons m™ s light intensity (Table4). The
odd numbered hydrocarbons produced by the isolate EG-Bb01
(4.11 wt. %) were represented by C25 Pentacosadiene (2.627%),
C27 Heptacosadiene (1.04%), C29 Nonacosene (0.299%) and
C31 Hentriacontadiene (0.14%) (Table 4). The odd numbered
hydrocarbons produced by the isolate EG-Bb04 (0.546 wt.
%) were C27 Heptacosadiene (0.278%) and C29 Nonacosene
(0.268%) (Table 4). Lacking any previous published information
and data about the effect of light intensity on lipid composition
of B. braunii, makes it difficult to explain the production of short
chain hydrocarbons by B. braunii at high light intensity.

GC/MS analysis of n-hexane extract of the test isolates of
Botryococcus braunii cultured on modified Chu 13 medium
supplemented with 17mM NaCl

Detailed qualitative and quantitative composition of the n-hexane
extract of isolates EG-Bb0Oland EG-Bb04 cultured on control
medium supplemented with 17mM NaCl are shown in Table 5. A
total of different 27 C6-C29 and 23 C6-C29 different compounds
were identified in n-hexane extract of the isolates EG-Bb01 and
EG-Bb04, respectively. Considerable numbers of short C6-
C15 chain compounds -mostly hydrocarbon- were detected in
biomass of cultures grown in Chul3 supplemented with 17mM
NaCl (Tables 5). These short chain compounds contributed by
59.61% and 35.29% (w/w %) to the lipid content of isolates EG-
Bb01 and EG-Bb04, respectively. The wt. % of the C18 ketone,
hexahydrofarnesylacetone, contributed heavily to lipid fractions
of both isolates EG-Bb01 (22.16%) and EG-Bb04 (49.87%). The
transphytol (C20H400) was detected on lipid fraction of isolate
EG-Bb04 in relatively low wt % (0.979%) (Table 5).

A relatively low wt. % contribution of the odd numbered
hydrocarbons was reported in n-hexane extract of the two test
isolates cultured on medium supplemented with 17mM NaCl
compared to control cultures (Table 5). The odd numbered
hydrocarbons produced by the isolate EG-Bb01 (4.29 wt. %)
were represented by C25 pentacosadiene (2.194 wt. %), C27
heptacosadiene (1.267 wt. %) and C29 Nonacosene (0.834 wt. %).
For isolate EG-Bb04, a single odd numbered hydrocarbon, C29
Nonacosene (0.546 wt. %) was only detected (Table 5).
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