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Abstract
Malaysia is one of the world’s largest palm oil producers and exporters, which generates several million tons of palm oil mill
effluent (POME). POME is discharged into the water sources and considered as a major environmental pollutants in Malaysia.
Alternatively, POME also contains some nutrients and several minerals, thereby POME could prove as a suitable medium for
microbial-based applications, such as wastewater treatment and biofuel production. Different techniques have been employed to
effectively utilize the POME at point of generation. One of the alternatives is the cultivation of microalgae in the enriched
medium of POME. The present study used POME as growth medium for cultivation ofChlorella sp. and determines the effect of
light intensity (ranging from 900 to 12,000 lux) and different CO2 concentrations (ranging from 5% (v/v) to 20% (v/v)) by both
experimentally and design expert methods. The results revealed that biomass yield was considerably increased by increasing the
CO2 concentration and further improved in the photoautotrophic conditions. The optimum value of 10.9% (v/v) CO2 concen-
tration and 9963.8 lux of light intensity was found to capture maximum CO2 and biomass production. The result obtained from
optimization of the microalgal growth under various CO2 concentration, light intensity, their interaction effects, and the squared
CO2 concentration suitable for microalgal lipid production under suitable light and CO2 supply. This study suggests that the
nutrient sources present in POME could be potentially used to capture the carbon or CO2 and reduce the economic impact of
carbon emissions. In addition, enhanced biomass yield will increase the yield for biodiesel production by Chlorella sp.
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1 Introduction

The global energy demand is increasing day-by-day and with
the increasing population around the world, the total energy
demand has been also predicted to increase significantly [1,
2]. On the other hand, the burning of fossil fuels is increasing

the emission of greenhouse gases, consequently, leading to air
pollution in the surrounding environment. Therefore, it is im-
portant to find ecofriendly and renewable energy sources to
meet the increasing energy demand and decrease the environ-
mental pollution. In this regard, biomass could be an advan-
tageous feedstock to produce renewable biofuels. Microalgae
are considered as promising feedstock for the production of
different second- and third-generation biofuels; due to the in-
crease in world population and energy consumption, it has
been reported that various species of microalgae were more
efficient in utilizing sunlight and higher growth rate than ter-
restrial plants [3]. Furthermore, careful downstream process
planning for commercial biodiesel production from
microalgae is also mandatory for establishing a microalgae-
based renewable fuel industry. Wastewater for microalgae cul-
tivation and biofuel production has been considered as eco-
nomical cultivation [4, 5]. Mixotrophic cultivation system has
been tested onmicroalgae speciesChlorella and Botryococcus
revealed assimilation of organic carbons, nutrients, and CO2
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simultaneously, performing both respiration and photosynthe-
sis at the same time [6–9].

The best method for microalgae to act as a carbon sink is to
capture CO2 from the atmosphere for its growth; however, this
method is limited by low CO2 concentration in the air which
makes it economic infeasible. On the other hand, microalgae
showed better adaptability to the high concentration of CO2

up to 20% from flue gases emission [10, 11]. Moreover, only a
small number of microalgae strains can tolerate a high level of
SOx and NOx present in fuel gases from palm oil mill and that
could be used to culture microalgae with POME as nutrients
source for CO2 fixation, whereas, it can be easily found in
tropical countries like Malaysia [12]. The selection of optimal
microalgae species depends on specific strategies based on the
capability of microalgae to assimilate N and P in effluent or
wastewater and sequestrate CO2 [13].

Microalgae has the ability to consume nutrients for growth
and absorb toxins and fix CO2 as it undergoes photosynthesis
process where CO2 will be consumed for growth and O2 will
be released as the respiration product [14]. Chlorella sp. is a
flexible microalgae species that has a great adaption ability in
most of wastewater conditions. Most ofChlorella sp. has been
reported to have a good performance in nutrient removal from
wastewater. In addition, Chlorella sp. is one of the microalgae
species that is able to tolerate high concentration of CO2.
Moreover, high content of lipid in Chlorella sp. has been
obtained by one of the studies was achieved with the cultiva-
tion condition of 2%CO2 and 0.26-vvm aeration rate [15, 16].
Microalgae cultivation in POME offers an alternative to con-
ventional forms of tertiary wastewater treatments and sponta-
neously utilizes organic compounds in POME to generate
microalgae biomass for lipid production [17]. Until date, there
are only limited literatures have been reported on the effects of
supplements addition to wastewater cultivation medium for
microalgae biomass and lipid production, especially utilizing
POME [18].

Therefore, in the present study, the microalga Chlorella sp.
was cultivated in POME under different concentration of CO2

and light intensity. To further enhance the biomass growth and
lipid production of Chlorella sp., varying concentrations of
CO2 and light intensities were studied to identify its effects
for biomass and subsequently lipid production. The CO2 fix-
ation mediation in POME using statistical analysis was eval-
uated and discussed (Fig. 1).

2 Materials and methods

2.1 Preparation of inoculum

Chlorella sp. was isolated from the surface of POME by using
plankton net made of bolting silk cloth (mesh size 30 μm).
The Chlorella sp. was cultivated in 1-L Erlenmeyer’s flask

with Bold’s basal medium (BBM) aerated with air and con-
tinuously illuminated. The BBM medium was prepared as
follows (per liter): KH2PO4, 0.175 g; K2HPO4, 0.075 g;
MgSO4·7H2O, 0.075 g; CaCl2·2H2O, 0.025 g; NaNO3, 0.75
g; EDTA ferric sodium salt, 0.3·10–3; H3BO3, 0.061 mg;
MnCl2·4H2O, 0.007 mg; ZnSO4·7H2O, 0.287 mg; CuSO4·
7H2O, 0.0025 g; NaHCO3 [19, 20]. The pH was adjusted to
6.7 with the NaOH solution. All the material and medium
used were autoclaved (PH PM088) at 121 °C for 20 min be-
fore use.

2.2 Preparation of medium

POME medium [21] was collected at the last polishing pond
from Dominion Square Palm Oil Mill Sdn. Bhd. Gambang,
Pahang, Malaysia. Suspended solid in POME was removed
by centrifugation (Refrigerated Centrifuge 5810R). After cen-
trifugation, POME was sterilized at 121 °C at 15 lbs pressure
for 20 min.

2.3 Microalgae culture and condition

Chlorella sp. was cultivated in 2-L Erlenmeyer’s flask
contained 1800 mL of sterilized POME as medium and put
in a box completed with fluorescent lamps as a light source.
POME incorporates 95–96% of water, 0.6–0.7% of oil, and 2–
4% suspended solids [22]. All experiments were carried out at
30 °C and continuously illuminated at light intensities ranging
from 900 to 12,000 lux measured by LI-250 Light meter with
a LI-190 quantum sensor (LI-COR Biosciences, USA).
Agitation of during cultivation of microalgae was provided
by bubbling CO2-enriched air through the tube. Different
values of CO2 concentration were used in the experiment.
CO2 and air flow rate were monitored using flow meters
(FR4500, Key Instruments, USA) while the CO2 supply and
air were regulated by on/off solenoid valves, switched auto-
matically through the computer control system. The initial
algal concentration was the same for all cultivation condition
[23].

2.4 Determination of cell dry weight

The biomass in the Erlenmeyer flask has been collected every
24 h for 7-day period. Biomass productivity determined by
using cell dry weight of biomass. Biomass sample was har-
vested by centrifugation (Refrigerated Centrifuge 5810R) at
10000 rpm for 15 min. Then, rinsed twice with distilled water.
The dry weights of samples were measured by drying in an
oven at 70 °C for 24 h and weighed using analytical balance
[24].
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2.5 Optimization and experimental design

The experimental optimization design was performed using
central composite design. The experimental design was car-
ried out using 22 full-factorial experiments design by using
the Design Expert software version 7.1.6. For statistical anal-
ysis, the independent variables were coded according to the
equation as follows:

where x_i is the coded value of the independent variable;
X_i, the real value of independent variable; X_o, real value of
an independent variable at center point; and 〖ΔX〗_i, the
step change value. Table 1 provides a list of independent var-
iables and coded factor level.

A total of 14 runs with four replicates at the central point
were used as provided in Table 1 to optimize the range and
levels of the chosen variables. Each run was completed in 7
days. Final cell dry weight was taken as response of the ex-
periment. The quality of developed model was determined by
the value of correlation (R2) while analysis of variance
(ANOVA) was used to evaluate the statistical significance of
the model by using the Fisher statistical test (F test). The
experimental data obtained from CCD model experiments
can be represented in the form of the following equation:

y¼b0þ∑n
i¼1biX iþ∑n

i¼1biiX
2
i þ ∑

n

i¼1
∑n

j¼1bijX iX j

where y is the predicted response; n is the number of fac-
tors; X_ii and X_j are the independent variables; b_0 is the
interception coefficient; b_i is the linear coefficient; b_ij is the
interaction coefficient; and b_ii is the quadratic coefficient.

2.6 Validation of model

The mathematical model generated by the CCD was validated
by conducting various checkpoint studies. The experimentally
obtained data were compared with the predicted one [25–27].

2.7 Lipid contents analysis

Nile red method was followed for lipid content analysis.
0.1 mg of Nile red (9-diethylamino-5H-benzo [α]
phenoxazine-5-one) was dissolved in 1 mL of acetone. To
4.0 mL of algal culture, 0.04 mL of the Nile red solution
was added. Then, mixed well and incubated for 5 min in
darkness. Fluorescence measurements were made from the
top using 530-nm excitation and 570-nm emission wave-
lengths [28].

2.8 Lipid extraction from microalgae

The algae oil extraction procedure was adapted from the pro-
tocol described [29]. 0.2 g of algae powder was washed with 5
mL of deionized water. Methanol, chloroform, and deionized
water 2:2:1 (v/v) respectively were added to the washed algae
in the series and the tubes were vortexed after the addition of
chemical. Then, the samples were centrifuged for 10 min at
3000 rpm to separate the layers. The bottom layer containing
lyophilic material was drawn off. 12.5 mL of chloroform was

Table 1 Experimental range and levels of the independent process
variables according to the 22 full-factorials central composite design

Independent variable Symbol Range and levels (coded)

− 1 0 1

CO2 concentration (%) X1 5 12.5 20

Light intensity (lux) X2 900 6450 12,000

Fig. 1 The schematic
representing the optimization of
CO2 and light for mass cultivation
of microalgae for future biofuel
aspects
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added to the content left in the test tube and then vortexed. The
bottom layer containing the chloroform was again drawn off
until only the top layer which contained methanol and water
was left in the tubes. The vials with lipid residue were collect-
ed [30]. The total oil yield was calculated using the following
equation:

Lipid yield ¼ lipid extract weight

total biomass weight
� 100%

2.9 Biodiesel production using trans esterification
method

The microalgae oil was heated at 75 °C for 5 min to
evaporate water content. A mixture of methanol, sodium
hydroxide (NaOH), and n-hexane was added to the
microalgae oil and the reaction mixture was blended for
35 min at a temperature of 75 °C. After the reaction was
completed, the samples were cooled down to room tem-
perature; the crude ester layer (the upper phase) was sep-
arated from glycerol layer. The FAME layer was dried by

using anhydrous sodium sulfate. The upper phase contain-
ing FAMEs was collected and transferred to a GC vial
[31]. The solvent was removed by keeping in the fume
hood for overnight.

2.10 Gas-chromatography analysis

A high-speed gas chromatographic method has been devel-
oped to determine the FAME distribution of biodiesel, in-
cluding the analysis of fatty acid methyl esters (FAME) in
the reaction products and final biodiesel; the determination
of mono-, di-, and tri-glycerides; the contents and distribu-
tion of free fatty acids; and the determination of trace
methanol in biodiesel. For the quantification of total lipids,
the methodology proposed by Folch et al. [32] was used

Fig. 2 Effect of different light intensities (900 lux, 6450 lux, 12,000 lux)
on cell dry weight under 5% CO2 concentration

Fig. 3 Cell dry weight of Chlorella sp. cultivated under different CO2

concentration (5%, 12.5%, 20%) with 6450-lux light intensity

Table 2 Central composite design experiments

Runs X1 X2

1 5.0 12000

2 12.5 6450

3 12.5 6450

4 5.0 900

5 20.0 900

6 20.0 12000

7 12.5 6450

8 12.5 6450

9 12.5 6450

10 12.5 6450

11 12.5 12000

12 20.0 6450

13 5.0 6450

14 12.5 900

Table 3 Central composite design experiment and experimental results

Runs X1 X2 Cell dry weight (g) (R1)

1 5.0 12,000 0.0574

2 12.5 6450 0.0693

3 12.5 6450 0.0758

4 5.0 900 0.0582

5 20.0 900 0.0245

6 20.0 12,000 0.0441

7 12.5 6450 0.0715

8 12.5 6450 0.0732

9 12.5 6450 0.0743

10 12.5 6450 0.0726

11 12.5 12,000 0.0793

12 20.0 6450 0.0372

13 5.0 6450 0.0653

14 12.5 900 0.0581
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with a preliminary stage of breaking up the cell wall using
an ultrasonication. The lipid fraction was esterified to ob-
tain methyl esters of fatty acids, finally distillated by
soxhlet device according to the adapted methodology of
Prartono et al. [33]. The crude extract was analysed by
gas-chromatography mass spectrometer (GC-MS),
equipped with an HP Innowax capillary column (30 m ×
0.25 mm). Analysis times are typically on the order of 4–5
min depending upon the composition. Nitrogen was used
as the carrier gas at a constant flow rate of 20 mL/min. The
column oven temperature was programmed from 50 to 130
°C (at the rate of 20 °C/min) and held at 130 °C for 5 min,
then raised to 260 °C at 2.5 °C/min and maintained at this
temperature for 10 min [31].

3 Results and discussion

3.1 Effect of light intensity on CO2 sequestration

Light intensity is an important factor for the maximal conver-
sion of incident light energy to algal biomass [34]. Three light
intensities of 900, 6450, and 12,000 lux were used in this
study and the results are shown in Fig. 2. It can be observed
from the results that light intensity had significant effect on the
growth ofChlorella sp. and its growth increased with increase
in incubation time, producing the maximum cell dry weight at
the 7th day of incubation time. On the other hand, it was
noticed that the highest light intensity of 12,000 lux showed
maximum growth of Chlorella sp. compared with other light
intensities of 6450 and 900 lux. For instance, the total cell dry
weight of Chlorella sp. obtained at 12,000 lux light intensity
after 7 days was 0.0653 g, while the light intensities of 6450
and 900 lux produced the dry cell weight of 0.0582 g and
0.0574 g, respectively. It is well known that the growth of
microalgae is directly proportional to the CO2 fixation rate
[35, 36]. Therefore, it could be suggested that the higher light
intensity of 12,000 lux was more favorable for CO2 fixation
and consequently for growth of Chlorella sp. The results of
the study are consistent with previous studies that also

achieved higher growth of microalgae under higher light
intensities.

3.2 Effect of CO2 concentration on growth of Chlorella
sp.

Carbon dioxide is the main carbon source required by
microalgae for photosynthetic process. Therefore, the concen-
tration of CO2 plays a significant role in microalgae growth. In
the present study, the effect of three different CO2 concentra-
tions on growth of Chlorella sp. was examined and the results
are shown in Fig. 3. The results showed that CO2 concentra-
tion of 12.5% was suitable for enhanced growth of Chlorella
sp. Noticeably, the cell dry weight obtained at 12.5% concen-
tration was 0.0793 g, which was 27.61% higher than 5% and
55.61% higher than 20% CO2 concentration. Previous studies
revealed that high CO2 concentration results in low pH of the
culture medium, which could decrease the photosynthesis ac-
tivity and consequently inhibit the microalgal growth [37, 38]
(Table 2).

A slight increase on the growth rate from 0.23 to 0.34 g per
day was observed when CO2 concentration increased from 5
to 12.5% (Fig. 3). High cell metabolism during cell growth
activity could increase the pH of the medium. The cellular
metabolism which is carried out inside the microalgae cell
produces an alkaline condition, based on the intercellular me-
tabolism reaction.

H2Oþ HCO3➔C6H12O6 þ O2 þ OH−

CO2 from bubbling gas enter the medium in the form of
bicarbonate substances [39]. This bicarbonate substance
[HCO3] is absorbed by the cells of Chlorella sp.
Subsequently, the cell metabolism process will produce organ-
ic substances such as glucose and OH− ion as written in the
equation above. The amount of calculated carbonate ion re-
flects the amount of carbonate ion attained in medium during
cell culture cultivation. The dissolved carbonate ions are

Table 4 Analysis of variance (ANOVA) results obtained from for the
CCD design experiment of lipid production

Variable Cell dry weight (R1)

Standard deviation (SD) 3.316 × 10−3

Mean 0.061

Coefficient of variation (CV %) 5.39

R2 0.9757

R2 adjusted 0.9584

R2 prediction 0.7624

Adeq. precision 22.932

Table 5 Analysis of variances (ANOVA) and lack-of-fit test for re-
sponse surface quadratic model

Source p value (Prob > F)

Model < 0.0001

X1 < 0.0001

X2 0.0017

X1X2 0.0179

X1
2 < 0.0001

X2
2 0.0639

Lack-of-fit 0.1540
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consumed by microalgae to maintain cellular metabolism or
CO2 pools in cell vacuole, inside microalgae cell structure
[40].

3.3 Optimization of lipid production

In order to maximize the lipid production, Chlorella sp.
was cultivated under different light intensities and car-
bon dioxide concentrations. Process optimization using
statistical analysis of central composite design (CCD)
with the aids of ANOVA Design Expert Version 11
software was performed. A total of 14 experiments were
necessary to estimate the coefficient of each model
using linear regression analysis. The cell dry weight
(R1) has been calculated from the independent input
variables X1 (CO2 concentration) and X2 (light intensi-
ty) based on CCD experiments are presented in Table 3.

The quadratic model was selected by the software for
both the responses. Multiple regression analysis was
used to correlate the responses of cell dry weight with

the two variables studied using a second-order polyno-
mial. Apparently, the quadratic regression models for
cell dry weight (R1) can be represented by the follow-
ing equations:

R1 ¼ 0:073−0:013 X1 þ 6:667� 10−3 X2 þ 5:1

� 10−3 X1X2−0:02 X1
2−4:413� 10−3 X2

2 ð1Þ

Here in Eq. (1), X1 and X2 represent CO2 concentration and
light intensity, respectively. The coefficients with one factor of
light intensity or CO2 concentration represent the effect of that
particular factor on the CO2 sequestration into cell dry weight.
The coefficients with two factors and others with second-order
terms show the interaction between the two factors and qua-
dratic effect respectively. The sign of the effect marks the
performance of the response. In this way, when a factor has
a positive effect, the response is higher at the high level and
when a factor has a negative effect, the response is lower at
high level. The results show that the increase in light intensity
led to an increase in CO2 sequestration in term of cell dry
weight as it had a positive coefficient. The same is observed
with the X1X2 interaction. The negative sign of the factor X1

and squared variables X1
2 and X2

2 revealed a reduction in cell
dry weight productivity when their values were increased in
the system. According to the equation, the largest value of the
estimated regression coefficient for cell dry weight was X2.
Thus, it is worth to note that the light intensity was the prime
factor which had the greatest effect on the cell dry weight.

In order to show the fitness of the model, the coefficient of
determination (R2) was used. However, the adjusted determi-
nation coefficient (R2 adj.) and the prediction determination

Fig. 4 Response surface of cell
dry weight as a function of CO2

concentration and light intensity

Table 6 Nile red fluorescence (fsu)

Day 900 umol m−2 s−1 6450 umol m−2 s−1 12,000 umol m−2 s−1

1 535.03 1005.97 992.73

2 918.37 1186.27 1165.37

3 1140.47 1583.17 1558.75

4 1198.54 1948.07 1878.26

5 1589.30 2155.08 1944.06

6 1874.76 2589.27 2195.35

7 2071.00 2781.17 2090.38
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coefficient (R2 pred.) are better criteria to be considered than
the absolute regression coefficient [26]. Since the R always
decreases when a regression variable is eliminated from mod-
el, in statistical modeling, the R adj. which takes the number of
regression variables into account is usually selected. R2 indi-
cates the ratio between the sum of the squares (SSR) with total
sum of the square (SST) and it describes up to what extent
perfectly the model estimated experimental data points. In our
study, the R2 adjusted was found to be 0.9584 which corre-
sponding to cell dry weight which was apparently indicated
that 95.8% of the total variation in the cell dry weight can be
explained by the fitted model (Table 4).

Table 5 depicts the results of analysis of variance
(ANOVA) for CO2 sequestration. The model’s p value was
less than 0.05 reflects that the model terms were significant at
the 95% confidence level; the null hypothesis is rejected at the
α-level of significance and infers that the variation accounted
for the model is significantly greater than the unexplained
variation. In this case, the null hypothesis is rejected at <
0.0001 level of significance for cell dry weight. This p value
(< 0.0001) indicated that the model terms were significant.
Furthermore, according to Table 4, X1, X2, and X1X2 interac-
tion term and squared variables X1

2 except X2
2 were a signif-

icant model. The lack-of-fit F value of 0.154 implied that the
lack-of-fit was not significant.

After analysis of data, the response surface of the full qua-
dratic model between the response and the variables were
depicted and demonstrated the effects of CO2 concentration
and light intensity on cell dry weight. The optimized ranges
for each factor that leads to the best response (the highest cell
dry weight) were extracted from these surfaces. The cell dry
weight was linearly increased when the process variables were
increased up to certain limit, further increase in CO2 concen-
tration and light intensity resulted in decrease in cell dry
weight. Thus, the optimum point is located within the range
of study for the selected algae Chlorella sp. This experiment
has provided the optimum requirement of essential factors

such as light intensity and CO2 for the growth of algae for
lipid production (Fig. 4).

Based on the model predicted above, the optimized param-
eters predicted by the software were 10.91% CO2 concentra-
tion and light intensity of 9963.85 lux. This combination of
parameters setting was predicted to give 0.076 g cell dry
weight. This optimum experimental condition was run to val-
idate the model by comparing the experimental result and
predicted value of the software. The average cell dry weight
obtained from the validation runs was 0.075 g and the percent-
age error of only 5%. Thus, the model was successfully vali-
dated as the experimental value is very close to predicted
value

3.4 Lipid contents analysis

Nile red (NR) staining was used to analyse [41] the lipid
contents of Chlorella sp. has shown the highest NR fluores-
cence reading at the highest light intensity of 6450 umol m−2

s−1 which 2781.17 fsu and lowest value of 2071.00 fsu at 900
umol m−2 s−1 (Table 6).

3.5 Lipid extraction from microalgae

Chlorella sp. was harvested at 8th day and freeze-dried
into dry algae powder. The algae oil extraction proce-
dure was adapted from the protocol described by Bligh
and Dyer in 1959 [42]. The two layers appeared after
the lipid extraction process. Mixture was centrifuged at
low speed (2000 rpm) in order to separate the two
phases [43]. Then, the upper phase was removed by
siphoning. Then, the interface was rinse one or two
times with methanol/water (1/1) without mixing the
whole preparation. After centrifugation and siphoning
of the upper phase, the lower chloroform phases that
containing lipid and chloroform was collected. The lipid
content extracted from Chlorella sp. was 13.858 g and

Table 7 Total percentages of
lipids yield from Chlorella sp. Microalgae

species
Dry weight of biomass used
(gram/liter)

Weight of lipids extracted
(gram/liter)

Percentages of lipid
yield (%)

Chlorella sp. 0.2001 13.8538 66

Table 8 Fatty acid compositions of Chlorella sp.

S. no Fatty acid composition Shortened formula Retention time (min) Chlorella sp.

1 Myristic acid C14:0 9.915

2 Palmitic acid C16:0 46.382

3 Octadecanoic acid C18:0 5.369

4 Linoleic acid C18:2 5.297

5 Eicosapentaenoic acid C20:5 6.628
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the total yield was 66 % represented in Table 7. It has
been revealed that was the maximum yield of lipid was
observed in the present study compared with the previ-
ously reported studies [44].

3.6 Gas-chromatography mass spectrometer analysis

The fatty acid profile of biodiesel was analysed by GC-MS
[37]. Table 8 shows the fatty acid compositions of Chlorella
sp. It was observed that unsaturated fatty acids forChlorella sp.

The FAs profile of microalgae was dominated by palmitic
acids, citric acids, palmitoleic acids, linoleic acids, and
linolenic acids [24, 45]. It also stated that palmitic acid was
a predominant FA in most microalgae culture. Skeletonema
costatum and Nitzschia sp. were identified as having high-
palmitic acids content which was 43.34 and 38.87 respective-
ly. In this study, Chlorella sp. had most of the FAs profile but
the percentage content of FAs was different due to different
strains used and culture conditions. Complementary to this,
Chlorella sp. had higher palmitic acids content than
Skeletonema costatum and Nitzschia sp. provided that the
palmitic acid content of Chlorella sp. was 46.382 mg. This
proposed thatChlorella sp. could be a new potential source for
biodiesel production [43].More importantly, the percentage of
FAs obtained from microalgae is depending on the period of
harvesting. According to Pratoomyot et al. [33], the percent-
ages of FAs were found higher at stationary phase than at log
phase. This is due to the limitation of nutrition at stationary
phase, the cell division began to decrease and store products. It
is suggested that the microalgae should be harvested where it
reached in the stationary phase.

4 Conclusions

The present study compared various growth conditions for the
production of microalgae biomass for the production of bio-
diesel. It has been confirmed that POME could be utilized as
growth medium for the biomass production of diverse
microalgae species. Also, the potential applicability of using
microalgae as a biological method to sequester carbon dioxide
has been studied extensively by the design expert optimization
method. The optimum value of 10.91% CO2 concentration
and 9963.85 lux of light intensity on growth of the algae for
lipid production maximized CO2 sequestration was obtained
through full-factorial design which was highly significant.
The extracted lipid contents were increased from the low light
intensity with high light intensity. In addition, extraction of
total lipid content from Chlorella sp. was maximum in the
present study than the previously reported studies. The fatty
acid components of microalgae obtained were considerably
suitable for the production of good-quality biodiesel.
Overall, the present study potentially utilized POME as

nutrient source for microalgal biomass production and biore-
mediation of POME simultaneously to reduce the pollution
load to the environment.
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