
American-Eurasian J. Agric. & Environ. Sci., 16 (7): 1284-1291, 2016
ISSN 1818-6769
© IDOSI Publications, 2016
DOI: 10.5829/idosi.aejaes.2016.16.7.12931

Corresponding Author: Fahimeh Sadat Mohammadi, Department of Bioscience and Biotechnology, 
Malek-ashtar University of Technology, Tehran, Iran.

1284

Investigation of Effective Parameters on Biomass and
Lipid Productivity of Chlorella vulgaris

Fahimeh Sadat Mohammadi, Daryush Arabian and Rassoul Khalilzadeh 1 2 1

Department of Bioscience and Biotechnology, Malek-ashtar University of Technology, Tehran, Iran1

University Institute of Applied Science, Malekashtar University of Technology, Isfahan, Iran2

Abstract: In recent years, microalgae lipid has attracted considerable attention for biodiesel production due to
its carbon-neutral status and Chlorella vulgaris is one of the most interesting candidates. In the present study,
initially, the effects of temperature and inorganic carbon source on C. vulgaris microalgae were investigated
in terms of biomass concentration, lipid content and productivity. Afterwards, one of the statistical experimental
designs, response surface methodology was applied to find the optimum amount of light intensity and
photoperiod that highly influence on microalgae growth and lipid content. Results showed that C. vulgaris
could grow in a wide range of temperature (25°C-35°C). The optimal temperature to produce maximum microalgae
biomass and lipid was 30°C and the biomass production of 394 mg/l and lipid productivity of 6.07 mg/l.d were
obtained after 7 days of batch cultivation. Using a higher concentration of sodium carbonate, tenfold of control
experiment, along with 0.03% carbon dioxide from the aeration could substantially enhance the microalgae
growth rate (0.66 d ), biomass production (500 mg/l) and lipid productivity (7.34 mg/l.d). According to the1

results of experimental design, illumination of 3500 lux and photoperiod of 12:12 hour were the optimum amounts
that led to a twofold increase in biomass and lipid productivity compared with unoptimized condition.

Key words: C. vulgaris  Lipid productivity  Light intensity and photoperiod  Response surface
methodology

INTRODUCTION for biodiesel production because of its high growth rate

The world is about to face an energy crisis because C16:1 and C18:1[6]. Nevertheless, one of the major
the global demand for energy keeps growing and the bottlenecks for commercial applications of microalgae is
fossil fuels on which the world still depends are finite and the low lipid productivity that leads to high production
far from environmentally friendly. Therefore, it is essential cost [7]. Several studies have indicated that different
to find sustainable alternative energy sources [1]. Among nutritional conditions (e.g., concentration of carbon,
renewable  energy  sources, microalgae biomass has nitrogen, phosphorous and iron source) and
attracted much attention in recent years. Biomass of environmental parameters (e.g., temperature, light quality
microalgae species, capable of producing useful chemicals and quantity) significantly  influence  on biomass and
such as fatty acids, starch, cellulose and so on, can be a lipid productivity of microalgae [8].
favorable feedstock for producing a variety of renewable Temperature fluctuations have been found to alter
fuels, such as biodiesel, bioethanol, biohydrogen and the growth and lipid content of microalgae. However,
biomethane [2]. Also microalgae species have faster variations of growth and lipid content differ from species
growth rates in comparison to terrestrial oil  crops to species.A twofold increase in the lipid content of
because of their higher photosynthesis efficiency [3]. In Nannochloropsis oculata from 7.90% to 14.92% was
addition, microalgae  cultivation  can  be accompanied  by observed as the temperature rose from 20°C to 25°C, while
the direct  biomitigation  of  CO  caused by industrial a temperature  shift  from 25°C to 30°C caused reduction2

activities or treatment of a variety of wastewater sources of lipid  content  of C.  vulgaris  from  14.71% to 5.90% [9].
[4, 5]. C. vulgaris is one of the most attractive microalgae On  the  other  hand, different concentrations of carbonate

and suitable profile of fatty acids such as C16:0, C18:0,
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and bicarbonate ionscan be used as an alternative to CO determine microalgae cell concentration, chlorophyll and2

gasto solve the problem of the low solubility of CO  in lipid content. All samplings were carried out in triplicate2

water and keep the DIC (dissolved inorganic carbon) for accuracy of the data.
concentration level high in the culture medium and thus
achieving more biomass productivity [10]. Besides that, Determination of Microalgae Biomass Concentration:
light energy is required to fix one carbon atom and The growth of microalgae was monitored daily by optical
subsequent biosynthesis. Light supply has a fundamental density measurements at a wavelength of 600 nm (OD )
role in microalgae growth and light requirements depend using a UV-vis spectrophotometer (Model U-2001,
greatly on species, culture depth and culture density. Hitachi, Tokyo, Japan). By correlating the optical density
Illumination factors, including fluctuations in intensity with the dry weight of biomass, a regression equation was
and length of photoperiod highly influence microalgae obtained as follows (Eq. 1):
growth and its biocomposition [11].

This study intends to examine the effects of Biomass concentration (g dry cell/l) = 0.4216 × OD , (R
temperature and carbonate concentration on cell = 0.9815) (1)
concentration, cell growth rate, chlorophyll content, lipid
content and productivity of C. vulgaris. The dry weight of microalgae was determined by

Furthermore, the amount of light intensity and collecting samples from culture medium. The samples were
photoperiod were optimized by employing a statistical then centrifuged at 1500 g for 10 minutes by Eppendorf
experimental design in order to reach more biomass and Centrifuge 5810R (EppendorfCo., Ltd., Hamburg,
lipid productivity. Germany), then washed with double distilled water and

MATERIALS AND METHODS

Microalgae  Strain  and Growth Conditions: The calculate the specific growth rate (µ, d ), dry cell weight
freshwater microalgae strain investigated in this study was plotted against time on a logarithmic scale and the
was C. vulgaris which was obtained from National Inland slope was calculated. The biomass productivity (P, mg l
Water Aquaculture Institute, Bandar Anzali. The d ) was calculated as follows (Eq. 2):
microalgae was preserved and cultured in Z8 medium,
containing the following components (g/l): 0.25 P = (X  - X )/(t -t ) (2)
MgSO .7H O, 0.467 NaNO , 0.059 Ca(NO ) .4H O, 0.0314 2 3 3 2 2

NH Cl, 0.02 Na CO , 10 ml of EDTANa -Fe solutionand 1 where X  and X  are biomass concentrations on days t4 2 3 2

ml of the Gaffron micronutrients solution. The Gaffron and t , respectively[13].
micronutrients solution contained (g/l): 3.1 H BO , 2.233 3

MnSO .4H O, 0.22 ZnSO .7H O, 0.088 (NH ) Mo O .4H O, Determination of Chlorophyll a Content: For extraction4 2 4 2 4 6 7 24 2

0.146 Co(NO ) .6H O, 0.054 VOSO .6H O, 0.474 Al (SO ) ofchlorophyll, 90% methanol was added to the samples3 2 2 4 2 2 4 3

K SO .2H O, 0.198 NiSO (NH ) SO .6H O, 0.154 collected by centrifugation. Then the samples were placed2 4 2 4 4 2 4 2

Cd(NO ) .4H O,0.037 Cr(NO ) .7H O, 0.033 Na WO .2H O, in Benmary for 50 min at 50°C. In the next step, samples3 2 2 3 3 2 2 4 2

0.119 KBr, 0.083 KI. The EDTANa -Fe solution contained were centrifuged at 12000 g for 5 min and the absorbance2

0.28 g/l FeCl  and 0.37 g/l EDTANa  [12]. The microalgae of the supernatant was measured with regards to the3 2

strain was pre-cultured at 30°C under a light intensity of blank at 650 and 665 nm, respectively. The subsequent
40 µmol m  s /2000 lux (illuminated by 40 W white equation was used for calculation of chlorophyll a content2 1

fluorescent lamps) on a light: dark cycle of 12:12 hour, an (Eq. 3)[14]:
agitation rate of 130 rpm. An aeration rate of 0.5 vvm with
0.03% CO  was continuously provided for all treatments Chlorophyll a (mg/l) = 16.5×A  - 8.3×A (3)2

of microalgae. All cultivations were performed in 500 ml
Erlenmeyer flasks containing 200ml of Z8 medium and 10% Determination of Lipid Content and Productivity: For
inoculation. Before inoculation, the pH of the medium was disruption of the microalgae cells obtained from the
adjusted to 7. All the cultures were incubated for 7 days. culture broth by centrifugation, 10% (w/v) NaCl solution
Every 24 h, liquid sample was collected in order to was  used  for  48 hours  [6].  Then, according to Bligh and

600nm
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2

dried at 70°C until constant weight.

Determination of Specific Growth Rate: In order to
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Table 1: Experimental range and levels of light intensity and photoperiod according to the central composite design
Range and levels
-----------------------------------------------------------------------------------------------------------------------------------------

Variable Symbol -1.41 -1 0 +1 +1.41
Light intensity (lux) A 1378 2000 3500 5000 5621
Photoperiod (hr/hr) B 6.34/17.66 8/16 12/12 16/8 17.66/6.34

Dyer  method,  a  mixture  of  chloroform  and  methanol (1:1 v/v) was added to cells for lipid extraction. The lower layer
containing the extracted lipid and chloroform solvent was separated. The solvent was removed by evaporation and lipid
content was measured gravimetrically [15]. The lipid productivity (P ) was determined based on the calculationlipid

indicated in (Eq. 4) [16]:

(4)

Effect of Temperature on C. Vulgaris Growth: To study the effects of different temperatures on C. vulgaris growth,
three different temperatures of 25, 30 and 35°C were provided.

Effect of Carbonate Concentration on C. Vulgaris Growth: In this part of the study, the effect of different concentrations
of sodium carbonate of 0.0002, 0.002, 0.02 and 0.2 g/l on growth and lipid content of C. vulgaris were examined.

Experimental Design Examining the Effect of Light Intensity and Photoperiod: The influence of light intensity and
photoperiod on biomass productivity, lipid content and productivity of C. vulgaris was assessed through RSM
(response surface methodology) coupled with CCD (central composite design). By applying this statistical design,
polynomial regression between independent variables and dependent variables was obtained. In brief, CCD was
performed with 2 chosen independent variables at 5 levels, as depicted in Table 1. The ranges of variables were selected
based on the classical approaches obtained from literatures. 2 Factors, 5 levels CCD requires 13 sets of experiments which
include 4 factorial points, 4 axial points and 5 replicates at the center point. A mathematical model, quadratic polynomial
equation was obtained to describe the behavior of the system. The general form of the corresponding equation is
described as follows (Eq. 5):

(5)

where y is the response variable, b  is the constant cultivation temperatures of 25°C, 30°C and 35°C on0

coefficient; b  is the linear coefficient; b  is the quadratic growth of C. vulgaris were examined. According to thei ii

coefficient and b is the second order interaction results obtained (Table 2) and the growth curves ofij

coefficient x and x  are the coded variables that were microalgae as depicted in Fig.1, the optimal temperature ofi j

obtained according to the equation below (Eq. 6): growth is 30°C. In comparison to 30°C, microalgae

(6) and 35°C, respectively. Chlorophyll a is a photosynthetic

where in this equation, x  represents the coded value of of microalgae biomass. In this study, maximum chlorophylli

the variable, X  is the real value of the variable, X  is the a concentration was obtained at 30°C.i 0

real value of the variable at the center point and X  is the In our study, reducing the growth temperature fromi

step change of the variable. 30°C to 20°C led to more accumulation of lipid content

RESULTS AND DISCUSSION experiment, it was demonstrated that a decrease in

Effect of Temperature on Biomass Production, accumulation in C. vulgaris CCAP211, 2.5 times higher [7].
Chlorophyll  Content,  Lipid Content and Productivity of It can be due to accumulation of reactive oxygen species
C. vulgaris: In this study, the effects of different “ROS” under the environmental stress of low temperature.

exhibited 35.2% and 12.4% decrease in growth rate at 25°C

pigment found in microalgae and is a sensitive indicator

from 7.1% to 12.2% in microalgae cells. In another

temperature from 30°C to 25°C would induce the lipid
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Fig. 1: Growth curves of C. vulgaris under different cultivation temperatures

Fig. 2: Growth curves of C. vulgaris under different carbonate concentrations

High level of “ROS” causes cell components damaging, obtained at 0.2 g/l carbonate concentration. In the medium
low growth rate and more accumulation of lipid content supplemented with 0.2 g/l of Na CO the maximum
[7]. As shown in Table 2, although 25°C caused the biomass  concentration  of  0.5 g/l  was observed
highest lipid content, but lower growth rate and thus low compared to the control experiment. Anjos et al. [18]
biomass production led to low lipid productivity. The described in their study that the two enzymes with a
highest lipid productivity was obtained under growth pivotal role in carbon metabolism are carbonic anhydrase
temperature of 30°C. and Rubisco. Higher carbonate concentration causes the

Effect of Carbonate Concentration on Biomass oxygenating activity of Rubisco will be decreased. It is
Production, Chlorophyll Content, Lipid Content and noteworthy that these variations caused slightly effect on
Productivity of C. Vulgaris: A 10- to 100-folddecrease lipid content.
and 10-fold increase in sodium carbonate concentration
compared to the control showed that various
concentrations  of  dissolved  inorganic   carbon  (DIC)
can influence growth of the studied microalgae strain.
Based on the results are shown in Table 3 and Fig. 2,
increasing the concentration of sodium carbonate in
growth medium significantly stimulated the growth rate
with the maximum specific growth rate of 0.669 d 1

2 3,

improvement of carboxylating activity and also the

Investigation of the effect of inorganic carbon source
on microalgae growth has been the target of many
researches [10, 17]. In an experiment by Yeh et al. [17]
increasing bicarbonate concentration from 100 mg/l to
1200 mg/l (NaHCO ) in C. vulgaris ESP-31culture led to3

more biomass production but further increase of
bicarbonate concentration caused the marked increase in
pH and thus slightly decrease in microalgae growth.
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Table 2: Specific growth rate, biomass concentration, chlorophyll concentration, lipid content and productivity of C. vulgaris grown in different cultivation
conditions

Cultivation Specific
temperature (°C) growth rate (d ) Biomass concentration (mg/l) Chlorophyll a concentration (mg/l) Lipid content (%) Lipid productivity (mg/l. d)1

25 0.3715 288 1.65 12.2 5.019
30 0.5738 394 2.5 10.8 6.078
35 0.5026 338 2 7.1 3.428

Table 3: Specific growth rate, biomass concentration, chlorophyll a concentration, lipid content and productivity of C. vulgaris grown in medium with
different carbonate concentrations

Carbonate Specific
concentration (g/l) growth rate (d ) Biomass concentration (mg/l) Chlorophyll a concentration (mg/l) Lipid content (%) Lipid productivity (mg/l. d)1

0.0002 0.3388 221 1.4 10.5 3.315
0.002 0.4302 300 1.6 10.2 4.371
0.02 (control) 0.5738 394 2.5 10.8 6.078
0.2 0.6697 499 2.8 10.3 7.342

Table 4: P-value of parameters in 3 models
Parameter Biomass Production (mg/l) Lipid content (%) Lipid Productivity (mg/l.d)
Model < 0.0001 < 0.0001 < 0.0001
A=light intensity 0.0010 < 0.0001 0.0002
B=photoperiod 0.2412 0.1335 0.2309
AB 0.0165 0.0087 0.0423
A < 0.0001 < 0.0001 < 0.00012

B < 0.0001 0.0036 < 0.00012

Table 5: RSM design in actual level of variables and the responses for optimization of light intensity and photoperiod for autotropic growth of C. vulgaris
Variables Responses
--------------------------------------------------------------------------------------------- ------------------------------------------------------------

Run type Light intensity (lux) Photoperiod (hr/hr) Biomass Production (mg/l. d) Lipid Content (%) Lipid Productivity (mg/l. d)
1 Fact 5000 16/8 190 5.9 1.868
2 Axial 3500 6.34/17.66 390 11.8 7.67
3 Axial 5621 12/12 150 4 1
4 Axial 1378 12/12 300 10.4 5.2
5 Fact 5000 8/16 270 7.5 3.375
6 Axial 3500 17.65/6.35 500 11 9.166
7 Center 3500 12/12 660 12 13.2
8 Center 3500 12/12 630 12.3 12.915
9 Fact 2000 8/16 350 10.3 6.008
10 Center 3500 12/12 670 12.2 13.623
11 Fact 2000 16/8 430 11.3 8.098
12 Center 3500 12/12 670 12.5 13.958
13 Center 3500 12/12 640 12.5 13.333

Effect of Light Intensity and Photoperiod on Biomass Biomass Production (mg/1)=0.65-0.062A+0.014B-0.05AB-
Production, Lipid content and Productivity of C. vulgaris: 0.22A -0.11B
Final biomass concentration, lipid content and
productivity of C. vulgaris cultivated under different light
intensities and photoperiods are shown in Table 5. It can
be noted that C. vulgaris had the ability to grow under all
the investigated levels. The application of regression
analysis of the experimental data using Design Expert
software, yielded the following quadratic regression
equations for biomass production (Eq. 7), lipid content
(Eq. 8) and lipid productivity (Eq. 9).

2 2

(7)

Lipid Content (%) = 12.3-2.16A-0.22B-0.65AB-2.69A -2

0.59B2

(8)

Lipid Productivity (mg/l.d) = 0.013-1.85 × 10 A + 3.37 ×3

10 B-9017×10 AB-5.38 × 10 A -2.72 × 10 B4 4 3 2 3 2

(9)
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Fig. 3: The response surface plot showing the effects of light intensity and photoperiod on biomass production (a), lipid
content (b) and lipid productivity (c) by C. vulgaris
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where A and B are the coded terms for the two In this study, lipid productivity was applied to
independent variables denoted as light intensity and
photoperiod, respectively. The p-value from the analysis
of variance (ANOVA) shows the significance of each
variable. Variables with p-value less than 0.05 are
significant.

The p-value of each variable for models is presented
in Table 4. These amounts imply that the models are
significant.The predicted R (0.89 for Eq. 7 and 0.93 for Eq.2

8 and 0.91 for Eq. 9) agreed well with the adjusted model
R  (0.97 for Eq. 7 and 0.98 for Eq. 8 and 0.97 for Eq. 9),2

suggesting a close correlation between the observed
values and the predicted values.

Results obtained from the graphs by central
composite design showed that light intensity and
photoperiod have considerable effects on microalgae
biomass concentration and lipid productivity. In fact there
is a correlation between light energy captured and carbon
fixation which eventually causes variations in biomass
production. According to Fig.3.a when the light intensity
is increased from 2000 lux to 3500 lux, C. vulgaris exhibits
maximum biomass production of 670 mg/l and when the
light intensity is further increased up to 5000 lux, a
reduction in biomass production is observed. The light
saturation phase is around 3500 lux. At light intensity of
2000 lux, photo limitation and at light intensity of 5000 lux,
photo inhibition caused lower biomass productivity.
Below the light saturation phase, low light level is a
growth limiting factor. Excessive light intensity damages
photosynthetic machinery, primarily photosystem II (PSII)
and causes photo inhibition that can limit microalgae
growth [13]. Another result obtained from the Fig. 3 is that
under excessive light intensities, long light periods
generally result in biomass loss while under low light
intensities, long light periods result in more biomass
production. Further increase in light intensity up to 5621
lux led to significant decline of microalgal growth and later
the cells dead. This result was easily visible because of
color change of the cells from green to yellow.

As depicted in Fig. 3.b. variations in light intensity
cause significant alterations in lipid content of microalgae.
In range of 2000 lux up to 4000 lux, lipid content varies
between 10% up to 12% but further increasing of light
intensity to 5000 lux and higher causes reduction of lipid
content to 4%. The reason might be due to the fact that
the chloroplasts are mainly composed of lipids and high
light intensity causes a reduction in the demand of
chloroplastidial activity which ultimately results in the
decrease in lipid content [19].

evaluate the efficiency of lipid production from
microalgae. This critical variable considers the binary
effects of lipid content and biomass productivity. As
demonstrated in Fig.  3.c. the maximum lipid productivity
of 13.95 mg/l.d will be obtained under illumination of 3500
lux and light/dark cycle of 12:12 hr. This amount is
approximately twofold of obtained productivity under
unoptimized conditions.

CONCLUSION

The examination of temperature and carbonate
concentration variations in C. vulgaris cultivation
indicated  that  biomass  and lipid productivity are
strongly influenced by these variables. Through the range
of 25-35°C, at 30°C, microalgae reached to maximum lipid
productivity of 6.07 mg/l.d. Also tenfold increase in
carbonate concentration caused maximum lipid
productivity of 7.34 mg/l.d.

Light  is  another  key  factor  influencing  biomass
and lipid productivity and in indoor conditions, it is
necessary  to  apply  an  optimum  light  exposure regime.
In  this  study,  by  employing  RSM coupled with CCD,
the optimum amounts of light intensity and photoperiod
were 3500 lux and 12:12 hr, respectively. Under this
condition, lipid productivity reached to 13.958 mg/l.d that
is twofold of lipid productivity under non-optimized
conditions.
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