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Effects of nitrogen concentration on growth, biomass, and biochemical
composition of Desmodesmus communis (E. Hegewald) E. Hegewald

F€usun Akg€ul

Faculty of Science and Arts, Department of Molecular Biology and Genetics, Mehmet Akif Ersoy University, Burdur, Turkey

ABSTRACT
Nitrogen, being one of the building blocks of biomacromolecules, is an important nutrient for
microalgae growth. Nitrogen availability alters the growth and biochemical composition of micro-
algae. We investigated the effects of different nitrogen concentrations on specific growth rate
(SGR), biomass productivity (BP), total protein and lipid content and amino acid and fatty acid
composition of Desmodesmus communis. Nitrogen deficiency increased algal growth and changed
the lipid amount and composition. The maximum growth and BP were detected in 75%
N�medium. The highest total protein and lipid amount were detected in 50% N� and 75%
N�media, respectively. Amino acid and fatty acid compositions of samples varied widely depend-
ing on the nutrient concentrations. The amount of unsaturated fatty acid (USFAs) was higher than
saturated fatty acid (SFAs) and Linolenic acid percentage is higher than the limit of European
standards in all media. The data reported here provide important contributions how nitrogen scar-
city and abundance affect the growth and biochemical content of microalgae and this information
can further be utilized in culture optimization in studies aimed at microalgae production
for biofuels.
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Introduction

Microalgae are photosynthetic microorganisms capable of
producing the most valuable biomolecules such as pigments
and fatty acids. These bioactive molecules are used in many
areas such as cosmetics, agriculture, pharmaceutical indus-
try, food and feed, and wastewater treatment. Due to its eco-
nomic value, microalgae culture and isolation of the various
bioactive molecules have gained great importance.[1–4] In
recent years, algal biotechnological studies have emphasized
on the cultivation of microalgae in modified culture media
and the variation of these bioactive molecules and
their contents.

Desmodesmus/Scenedesmus spp. are freshwater green
microalgae, commonly studied due to their resistance to
stress conditions and high growth rate.[5,6] These microalgae
are attractive research subjects due to the large number of
metabolites that they produce.[7,8] Many studies with
Desmodesmus communis have found that different culture
media alters the biochemical composition.[9,10] Additionally,
biomass productivity and biochemical composition change
by different culture conditions,[11,12] especially, nutrient con-
centrations.[13–17] The carbohydrate and lipid variety
increase by changing the cultivation conditions.[9,18–23]

Nutrient limitation is the most effective strategy for produc-
tion and accumulation of biomolecules.[21,24]

Nitrogen is an important component of several biomole-
cules such as proteins, nucleic acids, and chlorophyll.
Nitrogen deficiency slows down the cell growth and devel-
opment, disrupts the biochemical structure of the cell. The
amounts of nitrogen in the culture media where microalgae
are grown strongly affect the specific growth rate and the
biochemical composition of microalgae. Many studies show
that nitrogen deficiency slows down the growth of microal-
gae, increases the number of lipids and carbohydrates and
accelerates protein synthesis. Nitrogen affects the lipid
metabolism and composition of fatty acids and amino
acids.[24] When the nitrogen is limited, the proportion of
saturated fatty acids (SFAs) and monounsaturated fatty acids
(MUFAs) increase and the proportion of polyunsaturated
fatty acids (PUFAs) decreases with respect to total lipids.[25]

Material and methods

Microalgae and cultivation conditions

The microalgae D. communis (Accession number:
KF470792) was obtained from the Algal Biotechnology
Laboratory, Mehmet Akif Ersoy University (Burdur,
Turkey). Figure 1 shows the scanning electron micrographs
of D. communis. The cells were maintained in BG11
medium at 23 �C, under 12 hr light/12 hr dark photoperiod.
The cells were centrifuged, washed with deionized water and
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inoculated to cultures (10% v/v); the cultures were incubated
in 2000mL Erlenmeyer flasks. All cultures were initiated
with an Optical Density (OD) of about 0.09 and 3.6� 105

cells/mL, at 680 nm. The cultures were grown at the follow-
ing conditions: 28 �C, 16 hr light/8 hr dark photoperiod, illu-
mination 70mmol/m2/s and initial pH 7.5. The culture was
semi-continuously aerated with air at a rate of 1 L/min.

Nitrogen limitation

The microalgae were studied for growth and biochemical
composition in different concentrations of nitrate. The
BG11 medium’s nitrogen concentration is 1.5 g/L, NaNO3

(Table 1) and it was the (1) control group Medium. Other
media were (2) Medium (50% Nþ); (3) Medium (50% N�);
(4) Medium (75% Nþ); (5) Medium (75% N�) [Nþ: more
N concentration than the control group; N�: less N concen-
tration than the control group].

Cell growth analysis

Microalgae growth was observed in one-day interval by cal-
culating the OD at 680 nm with UV/visible spectrophotom-
eter (Shimadzu UV-1650, Kyoto, Japan). The cell counting
(cell/mL) was also performed through a hemocytometer at
the time when OD was measured. Dried cell weight (DCW)
was detected by filtering 10mL of microalgae culture
through glass fiber filter (Whatman GF/C, 1.2 mm, UK) and
drying the biomass on the filter at 105 �C for 2 hr.[27] At the
stationary phase of culture for harvesting the microalgal

biomass, the cultures were centrifuged and dried to
detect DCW.

The following growth parameters of each replicate were
estimated by using cell count during log phase of growth
and DCW values.

Specific growth rate (l): l ¼ ln (Nt/N0)/Tt�T0 where Nt

is the number of cells at the end of log phase, N0 is the
number of cells at the start of log phase, Tt is the final day
of log phase and T0 is starting day of log phase.

Doubling time: Tt¼ 0.6931/l.
Biomass productivity (BP): as the dry biomass produced

per day (g/L/day).
Volumetric biomass productivity PBiomass was calculated

by the following equation:

PBiomassðg=L=dayÞ ¼ ðX2 � X1Þ ðt2 � t1Þ (1)

Where X1 and X2 were the DCW concentrations (g/L) on
days t1 (starting point of cultivation) and t2 (endpoint of
cultivation), respectively.

Determination of biochemical composition

For crude protein calculation, the Dumas method (Gerhardt
Dumatherm Elemental Analyser) was used for measuring
the total nitrogen content of microalgae and it was cali-
brated using acetanilide as a reference standard.[28] For esti-
mating the protein amount of the samples, the following
equation was used: “protein amount¼ nitrogen content �
4.44”.[29] The results were expressed as percent of dry
weight. For detecting the amino acid profiles in dried D.
communis samples, using HPLC method (Shimadzu
Prominence HPLC, Kyoto, Japan) according to K€ose
et al. [30]

Atleast 100mg dried biomass was used for lipid extrac-
tion according to Bligh and Dyer’s method.[31] The fatty
acids were identified using gas chromatography (AGILENT
5975C, AGILENT 7890A GC, Agilent, Santa Clara, CA)
equipped with column DB WAX (50� 0.20mm, 0.20 mm).
The operating conditions of the device were determined
according to Seçilmiş and Bardakçı.[32]

Statistical analysis

Three biological replicates were established for each culture
condition. Values were reported as the mean ± standard

Figure 1. Scanning electron micrographs of D. communis; general view (a), scale bar: 10 mm; width and length of a cell (b) and colony (c), scale bar: 5 mm.

Table 1. Composition of BG 11 medium.[26]

Compound Amount (mg/L H2O)

Na2CO3 20
Na2 EDTA 1
NaNO3 1500
K2HPO4 40
MgSO4.7H2O 75
CaCl.2H2O 36
Citric acid 6
Ferric ammonium citrate 6
Trace metal mixa 1mL/L
aH3BO3, 2.86 g/L; MnCl2�4H2O, 1.81 g/L; ZnSO4�7H2O,
0.222 g/L; Na2MoO4�2H2O, 0.39 g/L; CuSO4�5H2O,
0.079 g/L; Co(NO3)2�6H2O, 0.049 g/L.
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deviation of three replicates. Data were analyzed by one-way
analysis of variance (ANOVA) using Microsoft Office Excel
2007 (Microsoft, Redmond, WA).

Significant test results were at the level of p� 0.05.

Results and discussion

Effects of nitrogen limitation on cell number, dry cell
weight (DCW), biomass productivity, and specific
growth rate

The growth of the microalgae is affected by the alterations
of the nutrient concentrations of the culture medium and
conditions. Determination of the optimum growth condi-
tions is very important for commercial algal biomass

production. Nitrogen is an important element for microalgae
growth since it is present in many biomolecules, such as
proteins and nucleic acids. Nitrogen limitation causes to
increase in lipid and protein amounts.[33,34]

The effects of the nitrogen concentrations on the growth
of microalgae were recorded by cell count (cell number/L),
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Figure 2. Cell number dynamics of D. communis in five different culture media. Error bars represent the standard deviation between the three replicates of each
culture condition (n¼ 3).
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Figure 3. Optical density (OD) dynamics of D. communis growth in five culture media. Error bars represent the standard deviation between the three replicates of
each culture condition (n¼ 3).

Table 2. Linear relationship (R2 values) between optical density (OD) and cell
number (CN); OD and Dry cell weight (DCW).

Media OD-CN OD-DCW

BG 11 0.947 0.878
50% Nþ 0.948 0.940
50% N� 0.955 0.906
75% Nþ 0.879 0.901
75% N� 0.949 0.924
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OD and DCW every other day. CN and DCW data were
supported by OD measurements. Strong correlation values
were found between OD-CN and OD-DCW.

The effects of nitrate restriction on cell number
(Figure 2), and on OD at 680 nm (Figure 3), of D. communis
are shown. The maximum cell number (709.6� 104 cell/mL)
and OD (1.57 at A680) were observed in 75% N�medium
on 30th day of culture and the lowest cell number
(269.6� 104 cell/mL) and lowest OD value (0.84 at A680)
were recorded in 75% Nþmedium on 32nd day of culture.
Fakhry and El Maghraby reported similar results to ours.[35]

Figure 4 shows the nitrogen effects on DCW; maximum
DCW (1.855 g/L) was recorded in 75% N�medium on the
30th day and minimum DCW value (1.32 g/L) in BG11
medium on the same day. And the lowest DCW value
(0.38 g/L) in the exponential phase was recorded in 50%
N�medium on the 20th day. Biomass productivity (BP)
values were correlated to DCW data; maximum BP (0.047)
was recorded in 75% N�medium and minimum BP (0.036)

was in 50% N�medium (Table 3). These results are con-
sistent with previous reports.[36,37]

The maximum specific growth rate (0.315) value was
recorded in 75% Nþ and then 75% N�media (0.293); the
minimum specific growth rate (0.251) was estimated for the
BG 11 medium. The highest doubling time (2.765) was
recorded in BG 11 medium and the lowest one (2.197) is in
75% Nþmedium (Table 3). The low doubling time indi-
cates a high specific growth rate[38] and our results are com-
patible with this.

The highest cell number, OD, DCW, and biomass prod-
uctivity values were recorded in 75% N�medium, and
otherwise, the lowest cell number and OD values were
recorded in 75% Nþmedium; the lowest DCW and biomass
productivity were recorded in 50% N�medium. All results
show that nitrogen deficiency increases microalgal growth.
Total lipid results (Figure 5) supported our cell growth
results; maximum lipid was recorded in 75% N�medium,
which means that the maximum cell number causes produc-
tion of maximum lipid-containing cell membranes. But we
have some conflict in our results that cannot be explained
only by the amount of nitrogen. A living organism may
react differently to the same changes. Other physical condi-
tions such as temperature, light regimes, pH, etc. should be
studied to obtain more accurate and indisputable results for
microalgal growth.[36,39–45]

Effects of nitrogen limitation on biochemical
composition of Desmodesmus communis

Figure 5 shows the effects of nitrogen limitation on lipid
and crude protein amounts of D. communis. The maximum
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Figure 4. Dried cell weight (DCW) values of D. communis in five culture media. Error bars represent the standard deviation between the three replicates of each cul-
ture condition (n¼ 3).

Table 3. Growth kinetics and biomass, biomass productivity, D. communis in five culture media.

Media Specific growth rate (l) Doubling time (Tt) Biomass productivity (g/L/day)

BG 11 0.251 ± 0.001 2.765 ± 0.013 0.041 ± 0.0008
50% Nþ 0.273 ± 0.001 2.536 ± 0.009 0.040 ± 0.001
50% N� 0.262 ± 0.001 2.641 ± 0.01 0.036 ± 0.001
75% Nþ 0.315 ± 0.0007 2.197 ± 0.005 0.042 ± 0.006
75% N� 0.293 ± 0.001 2.369 ± 0.009 0.047 ± 0.001

Data were expressed as mean ± SD, n¼ 3.
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Figure 5. Total protein and lipid contents of D. communis biomass harvested
from five different media. A difference was considered significant at the level
of p< 0.05.
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crude protein amount (34.77%DCW) was measured in 50%
N�medium, the second-highest value (30.91%DCW) was
measured in BG 11 medium and the lowest value
(25.36%DCW) in the 50% Nþmedium. Our results show
that N deficiency cause a reduction protein amount and
some studies are parallel to our results.[46–49]

The maximum total amino acid value (57.483mg/g
DCW) was recorded for 50% Nþmedium and the lowest
one (17.94mg/g DCW) was for 75% Nþ (Table 4). The
medium that has minimum protein amount has maximum
amino acid content. Arginine is the most abundant amino
acid in BG 11 medium, 50% Nþ, 75% Nþ and 75%
N�media; Phenylalanine is the most abundant in 50%
Nþ and other amino acid’s profile and amounts of the
media vary (Table 4). The physical conditions of culture or
sources of the microalgal culture cause differentiation in the
amino acid profiles.[50,51] On the other hand; not only nitro-
gen concentration but the type of nitrogen affects the
amount and composition of amino acids.[52,53]

The highest lipid amount (5.024%DCW) was recorded in
the 75% N�medium and the lowest value (0.522%DCW) in
the 50% Nþmedium (Figure 5). Nitrogen limitation in algal
culture enhances synthesis and storage of lipids.[54–56]

75% N�media has the maximum total FAME amounts
than the 50% N�, 50% Nþ, 75% Nþ, and BG 11 media,
respectively (Table 5). This result supports that N limitation
increases FAME concentration.

When the biomass obtained from 5 different media is
examined in terms of fatty acid content, the following fatty
acids were higher than the control BG11 media: Palmitic
acid, oleic acid, linoleic acid, linolenic acid (Table 5).

USFAs and SFAs constitute the majority of the lipid con-
tent of microalgae grown in nitrogen-limited media.[57,58] In
all the biomasses obtained from microalgae grown in five
different media, the USFAs content is considerably higher
than the SFAs content. The highest SFAs content (23.82%)
was obtained in the 75% N�medium and the lowest one
(21.052%) in the BG 11 medium. The highest amount of
MUFAs (20.396%) was obtained in the 50% Nþmedium
and the lowest one (18.659%) in BG11 medium. On the
other hand; the highest amount of PUFAs (49.237%) was
obtained in the 50% N�medium and the lowest one
(47.478%) in 75%N�medium (Table 5).

High levels of SFAs in D. communis grown in N limita-
tion medium could increase oxidative stability and cetane
number of the biodiesel produced. Also, a high USFA

Table 4. Amino acids compositions and amounts (mg/g DCW) of D. communis biomass harvested from five different media.

Aminoacids/media BG 11 50% Nþ 50% N� 75% Nþ 75% N�
Arginine 40.8 ± 0.2 42.14 ± 0.02 0.559 ± 0.1 3.911 ± 0.2 27.87 ± 2
Serine 0.644 ± 0.002 0.5 ± 0.2 1.883 ± 0.2 2.149 ± 0.1 1.64 ± 0.2
Glycine 0.54 ± 0.02 0.539 ± 0.002 0.181 ± 0.02 1.391 ± 0.2 1.8 ± 0.2
Alanine 0.926 ± 0.002 0.881 ± 0.001 1.83 ± 0.2 1.996 ± 0.2 1.849 ± 0.2
Proline 0.121 ± 0.001 0.325 ± 0.002 1.976 ± 0.4 0.226 ± 0.02 7.175 ± 0.1
Valine 2.371 ± 0.002 0.328 ± 0.002 0.653 ± 0.2 0.2 ± 0.1 0.599 ± 0.2
Methionine 0.489 ± 0.002 0.609 ± 0.003 0.457 ± 0.04 0.229 ± 0.02 0.963 ± 0.2
Isoleucine 0.658 ± 0.002 0.4 ± 0.1 0.313 ± 0.01 0.163 ± 0.02 1.911 ± 0.15
Leucine 0.777 ± 0.002 1.107 ± 0.002 6.927 ± 0.4 0.399 ± 0.2 2.452 ± 0.2
Phenylalanine 0.244 ± 0.002 0.162 ± 0.002 25.29 ± 3 0.254 ± 0.01 0.704 ± 0.002
Tyrosine 0.243 ± 0.002 0.171 ± 0.002 8.774 ± 0.21 0.107 ± 0.002 0.149 ± 0.02
Aspertic acid 0.748 ± 0.002 1.597 ± 0.002 0.182 ± 0.02 0.554 ± 0.2 0.213 ± 0.1
Glutamic acid 0.436 ± 0.002 0.463 ± 0.002 0.121 ± 0.02 1.274 ± 0.02 0.123 ± 0.02
Histidine 0.25 ± 0.002 1.792 ± 0.002 0.284 ± 0.02 1.981 ± 0.2 0.13 ± 0.02
Lysine 0.337 ± 0.002 5.779 ± 0.002 0.181 ± 0.02 3.106 ± 0.1 0.268 ± 0.02
Total 49.584 ± 0.23 56.793 ± 0.06 49.611 ± 4.82 17.94 ± 1.39 47.846 ± 3.19

Data were expressed as mean ± SD, n¼ 3.

Table 5. Fatty acids compositions and percentage (% of total fatty acids) of D. communis biomass harvested from five different media.

Name of fatty acid BG 11 50% Nþ 50% N� 75% Nþ 75% N�
Saturated fatty acids (SFA)
C14:0 (myristic acid) 2.054 ± 0.2 2.349 ± 0.2 2.254 ± 0.2 2.184 ± 0.1 2.324 ± 0.2
C16:0 (palmitic acid) 18 ± 2 18.223 ± 0.2 19.015 ± 1 19.139 ± 1 20.366 ± 0.2
C18:0 (stearic acid) 0.99 ± 0.128 1.142 ± 0.1 1.095 ± 0.1 1.062 ± 0.1 1.13 ± 0.1
Total SFAs 21.052 ± 2.08 21.714 ± 0.5 22.364 ± 1.1 22.385 ± 1.2 23.82 ± 0.3

Monounsaturated fatty acids (MUFA)
C16:1 (palmitoleic acid) 2.006 ± 1 2.294 ± 0.2 2.201 ± 0.2 2.133 ± 0.1 2.27 ± 0.1
C18:1 (oleic acid) 11.645 ± 0.2 13.316 ± 0.3 13.838 ± 0.2 12.381 ± 0.2 13.17 ± 60.1
C18:1 t10, t11e 12 5.008 ± 0.002 4.786 ± 0.2 3.822 ± 0.2 4.45 ± 0.2 4.736 ± 0.2
Total MUFAs 18.659 ± 0.798 20.396 ± 0.7 19.861 ± 0.6 18.964 ± 0.5 20.182 ± 0.4

Polyunsaturated fatty acids (PUFA)
C18:2 (linoleic acid, c9 c12) 11.772 ± 0.2 11.589 ± 0.45 12.605 ± 0.2 12.218 ± 0.2 11.467 ± 0.2
C18:3 (linolenic acid, c9, c12, c15) 36.917 ± 0.21 37.262 ± 0.2 36.632 ± 0.19 35.909 ± 0.2 36.011 ± 0.99
Total PUFAs 48.689 ± 0.41 48.851 ± 0.65 49.237 ± 0.0006 48.127 ± 0.4 47.478 ± 1.19

Others 5.528 ± 0.2 6.326 ± 0.2 6.066 ± 0.2 5.879 ± 0.2 6.257 ± 0.15
Total FAME Amounts 93.928 ± 2.27 97.287 ± 2.05 97.528 ± 1.5 95.355 ± 2.3 97.737 ± 2.04

Data were expressed as mean ± SD, n¼ 3.
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percentage is an advantage for the cold flow properties of
biodiesel.[59]

Palmitic acid is the most abundant of SFAs. The highest
amount (20.366%) was found in the 75% N�medium.

Linolenic acid (omega 3-x 3) is the most abundant of
USFAs. The highest amount (37.262%) was found in 50%
Nþmedium. The second most USFA type is oleic acid
(Omega 9-x 9; 13.838%) in 50% N�medium and the third
most USFA is linoleic acid (Omega 6-x 6; 12.605%) in
50% N�medium.

European standards (EN14214) have stated the limits of
linolenic acid (C18:3) as 12% in biodiesel. The high linolenic
acid reduces biodiesel stability due to oxidation[59] The
results of this study show that D. communis is an appropri-
ate microalgae species for biodiesel production because of its
high linolenic acid content (37.262% in 50% Nþmedium).

When all these results were evaluated, nitrogen limitation
increases the amount of SFAs but does not show the same
effect on the amount of USFAs. This difference can be
related to the oxidative damage of USFAs.[60] Additionally,
USFAs are defenseless to changes culture conditions such as
nutrient content, CO2, light, and temperature.[61]

However, there is no statistically significant difference
between the highest (71.23% in 50%Nþ) and lowest (68.92%
in 75% Nþ) amounts of USFAs. But it is useful to specify
that more USFAs were detected in the biomass obtained
from nitrogen-limiting media than those obtained from BG
11 medium, we can conclude that the limitation of nitrogen
increases the amount of USFAs.

Conclusions

When all the data of the present study were evaluated; fresh-
water microalgae D. communis (Accession number:
KF470792) is able to reproduce more rapid in nitrogen limi-
tation media. The highest biomass productivity (0.0465 g/L/
day) and specific growth rate (l¼ 0.29277) were detected in
75% N�medium. Besides; nitrogen limitation causes an
increase in the amount of crude protein and lipid. FAME
analysis of microalgae for biodiesel production is crucial, the
desired level of linolenic acid percentage shows that D. com-
munis can be utilized for biodiesel production. From this
perspective, this study is very important in understanding
how nitrogen scarcity and abundance affect microalgae
growth and microalgae biochemical content. In addition, the
observations from this study can be utilized to optimize the
culture conditions for biofuel production from microalgae.

Funding

This research was supported by Mehmet Akif Ersoy University project
number 0454-MP-17.

References

[1] Singh, U. B.; Ahluwalia, A. S. Microalgae: A Promising Tool for
Carbon Sequestration. Mitig. Adapt. Strateg. Glob. Change 2013,
18, 73–95.

[2] Yaakob, Z.; Ali, E.; Zainal, A.; Mohamad, M.; Takriff, M. S. An
Overview: Biomolecules from Microalgae for Animal Feed and
Aquaculture. J. Biol. Res-Thessalon. 2014, 21, 6.

[3] Randrianarison, G.; Ashraf, M. A. Microalgae: A Potential Plant
for Energy Production. Geology, Ecology, and Landscapes 2017,
1, 104–120.

[4] Kothari, R.; Pandey, A.; Ahmad, S.; Kumar, A.; Pathak, V. V.;
Tyagi, V. V. Microalgal Cultivation for Value-Added Products:
A Critical Enviro-Economical Assessment. 3 Biotech 2017, 7,
243.

[5] Torri, C.; Garcia Alba, L.; Samor�ı, C.; Fabbri, D.; Brilman, W.
Hydrothermal Treatment (HTT) of Microalgae: Detailed
Molecular Characterization of HTT Oil in View of HTT
Mechanism Elucidation. Energy Fuels 2012, 26, 658–671.

[6] Samor�ı, C.; Barreiro, D. L.; Vet, R.; Pezzolesi, L.; Brilman,
D. W.; Galletti, P.; Tagliavini, E. Effective Lipid Extraction from
Algae Cultures Using Switchable Solvents. Green Chem. 2013,
15, 353–356.

[7] Blokker, P.; Schouten, S.; van den Ende, H.; de Leeuw, J. W.;
Hatcher, P. G.; Damst�e, J. S. S. Chemical Structure of
Algaenans from the Fresh Water Algae Tetraedron Minimum,
Scenedesmus communis and Pediastrum boryanum. Org.
Geochem. 1998, 29, 453–1468.

[8] Obeid, W.; Salmon, E.; Lewan, M. D.; Hatcher, P. G. Hydrous
Pyrolysis of Scenedesmus Algae and Algaenan-like Residue. Org.
Geochem. 2015, 85, 89–101.

[9] Samori, G.; Samori, C.; Guerrini, F.; Pistocchi, R. Growth and
Nitrogen Removal Capacity of Desmodesmus communis and of
a Natural Microalgae Consortium in a Batch Culture System in
View of Urban Wastewater Treatment: Part I. Water Res. 2013,
47, 791–801.

[10] Samori, G.; Samori, C.; Pistocchi, R. Nutrient Removal
Efficiency and Physiological Responses of Desmodesmus com-
munis at Different HRTs and Nutrient Stress Condition Using
Different Sources of Urban Wastewater Effluents. Appl.
Biochem. Biotechnol. 2014, 173, 74–89.

[11] Sukkrom, K.; Bunnag, B.; Powtongsook, S.; Siangdung, W.;
Pavasant, P. Biomass and Lipid Enhancement in
Ankistrodesmus sp. cultured with Reused and Minimal
Nutrients Media. Prep. Biochem. Biotechnol. 2016, 46, 467–473.

[12] Ritcharoen, W.; Powtongsook, S.; Kangvansaichol, K.; Pavasant,
P. Effect of Daytime CO2 Supplement on Productivity and
Biochemical Composition of Scenedesmus armatus under
Outdoor Cultivation. Prep. Biochem. Biotechnol. 2016, 46,
267–273.

[13] Lin, Q.; Lin, J. Effects of Nitrogen Source and Concentration
on Biomass and Oil Production of a Scenedesmus rubescens like
Microalga. Bioresour. Technol. 2011, 102, 1615–1621.

[14] Arumugam, M.; Agarwal, A.; Arya, M. C.; Ahmed, Z. Influence
of Nitrogen Sources on Biomass Productivity of Microalgae
Scenedesmus bijugatus. Biores. Technol. 2013, 131, 246–249.

[15] Cabello, J.; Toledo-Cervantes, A.; S�anchez, L.; Revah, S.;
Morales, M. Effect of the Temperature, pH and Irradiance on
the Photosynthetic Activity by Scenedesmus obtusiusculus under
Nitrogen Replete and Deplete Conditions. Biores. Technol.
2015, 181, 128–135.

[16] Zhang, Y.; He, M.; Zou, S.; Fei, C.; Yan, Y.; Zheng, S.; Rajper,
A. A.; Wang, C. Breeding of High Biomass and Lipid
Producing Desmodesmus sp. by Ethylmethane Sulfonate-
Induced Mutation. Biores. Technol. 2016, 207, 268–275.

[17] Hern�andez-Garc�ıa, A.; Vel�asquez-Orta, S. B.; Novelo, E.; Y�a~nez-
Noguez, I.; Monje-Ram�ırez, I.; Orta Ledesma, M. T.
Wastewater-Leachate Treatment by Microalgae: Biomass,
Carbohydrate and Lipid Production. Ecotoxicol. Env. Safe. 2019,
174, 435–444.

[18] Pan, Y. Y.; Wang, S. T.; Chuang, L. T.; Chang, Y. W.; Chen,
C. N. N. Isolation of Thermo-Tolerant and High Lipid Content
Green Microalgae: Oil Accumulation is Predominantly
Controlled by Photosystem Efficiency during Stress Treatments
in Desmodesmus. Bioresour. Technol. 2011, 102, 10510–10517.

PREPARATIVE BIOCHEMISTRY & BIOTECHNOLOGY 103



[19] Ho, S. H.; Chen, C. Y.; Chang, J. S. Effect of Light Intensity
and Nitrogen Starvation on CO2 Fixation and Lipid/
Carbohydrate Production of an Indigenous Microalga
Scenedesmus obliquus CNW-N. Bioresour. Technol. 2012, 113,
244–252.

[20] Kaewkannetra, P.; Enmak, P.; Chiu, T. Y. The Effect of CO2

and Salinity on the Cultivation of Scenedesmus obliquus for
Biodiesel Production. Biotechnol. Bioproc. E. 2012, 17, 591–597.

[21] Pancha, I.; Chokshi, K.; George, B.; Ghosh, T.; Paliwal, C.;
Maurya, R.; Mishra, S. Nitrogen Stress Triggered Biochemical
and Morphological Changes in the Microalgae Scenedesmus sp.
CCNM 1077. Bioresour. Technol. 2014, 156, 146–154.

[22] Xia, L.; Rong, J.; Yang, H.; He, Q.; Zhang, D.; Hu, C. NaCl as
an Effective Inducer for Lipid Accumulation in Freshwater
Microalgae Desmodesmus abundans. Bioresour. Technol. 2014,
161, 402–409.

[23] Singh, P.; Kumari, S.; Guldhe, A.; Misra, R.; Rawat, I.; Bux, F.
Trends and Novel Strategies for Enhancing Lipid Accumulation
and Quality in Microalgae. Renew. Sustain. Energy Rev. 2016,
55, 1–16.

[24] Hu, Q.; Sommerfeld, M.; Jarvis, E.; Ghirardi, M.; Posewitz, M.;
Seibert, M.; Darzins, A. Microalgal Triacylglycerols as
Feedstocks for Biofuel Production: Perspectives and Advances.
Plant J. 2008, 54, 621–639.

[25] Griffith, M. J.; Van Hille, R. P.; Harrison, S. T. L. Lipid
Productivity, Settling Potential and Fatty Acid Profile of 11
Microalgal Species Grown under Nitrogen Replete and Limited
Conditions. J. Appl. Phycol. 2012, 24, 989–1001.

[26] Rippka, R.; Deruelles, J.; Waterbury, J. B.; Herdman, M.;
Stainer, R. Y. Generic Assignments, Strain Histories and
Properties of Pure Cultures of Cyanbacteria. J. Gen. Microbiol.
1979, 111, 1–61.

[27] Boussiba, S.; Fan, L.; Vonshak, A. En-Chancement and
Determination of Astaxan-Thin Accumulation in Green Alga
H. pluvialis. Meth. Enzymol. 1992, 213, 386–391.

[28] Shea, F.; Watts, C. E. Dumas Method for Organic Nitrogen.
Ind. Eng. Chem. Anal. Ed. 1939, 11, 333–334.

[29] Gonz�alez L�opez, C. V.; Cer�on Garc�ıa, M. C.; Aci�en Fern�andez,
F. G.; Bustos, C. S.; Chisti, Y.; Fern�andez Sevilla, J. M. Protein
Measurements of Microalgal and Cyanobacterial Biomass.
Biores. Technol. 2010, 101, 7587–7591.

[30] K€ose, S.; Kaklıkkaya, N.; Koral, S.; Tufan, B.; Buruk, K. C.;
Aydın, F. Commercial Test Kits and the Determination of
Histamine in Traditional (Ethnic) Fish Products-Evaluation
against an EU Accepted HPLC Method. Food Chem. 2011, 125,
1490–1497.

[31] Bligh, E. G.; Dyer, W. J. A Rapid Method of Total Lıpıd
Extractıon and Purıfıcatıon. Canadian J. Biochem. Physiol. 1959,
37, 911–917.
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