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ABSTRACT 
A possible source of biological material for the production of biodiesel is represented by microalgae, in particu-
lar by their lipid content. The aim of the present work was to optimize culture medium composition for improv-
ing growth and lipid content of green microalgae Chlorella sorokiniana, Scenedesmus acuminatus and blue green 
Cyanobacterium aponicum. Lipids were quantitatively determined by spectrofluorometric method using Nile red 
flurometric stain. Initially, the effect of two different medium types, Bold’s and optimized culture medium 
(OCM), four types of carbon source (glucose and sodium acetate, molasses, glycerol, control) and four nitrogen 
concentrations (100%, −75%, −50%, −25%) on the enhancement of biomass and lipid content and lipid produc-
tivity were studied; indeed, optimized culture medium significantly improved growth, CDW for three microalgae, 
beside increasing lipid content and lipid productivity for S. acuminatus and C. aponicum by 7.5 and 5 folds re-
spectively at 25th day compared to Bold’s medium. Moreover, 25% nitrogen deficient medium significantly in-
creased lipid content and lipid productivity for both C. sorokiniana and C. aponicum at 2nd week of re-propa- 
gation to 10.6 and 2.6 folds over control (100% nitrogen). While S. acuminatus recorded the significant lipid 
content & productivity at 2nd week under recommended nitrogen dose in medium (100% N) by 4.4 folds over 
25% deficient medium. Meanwhile 0.3% glycerol medium enhanced CDW, lipid content of S. acuminatus to 1.68 
gL−1. While C. sorokiniana and C. aponicum recorded significant CDW under 0.3% acetate medium 1.37 and 
0.76 gL−1. C. aponicum exhibited no growth under glycerol medium. The highest lipid content and lipid produc-
tivity were obtained under glycerol medium for C. sorokiniana and S. acuminatus (64.3 and 52.8 mg·g−1 and 5.4, 
4.4 mg·g−1·d−1). 
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1. Introduction 
Microalgae display high areal productivity, and some of 
them are able to accumulate significant amounts of lipids. 
They are therefore seen as promising candidates for the 
industrial production of biodiesel [1]. To expand this 
novel feedstock, research and development is needed in 
several domains, from the selection of suitable strains to 
the optimization of the different steps required for mass 

scale operation (biomass production, harvesting, lipid 
extraction) [1]. The first step in developing an algal 
process is to choose the suited algal species [2]. Fast 
growth promotes high biomass productivity which con-
sequently increases yield per harvest volume in a certain 
period (productivity) and decreases cost. The green algae 
are very good candidates for biodiesel production due to 
their characteristics such as relatively fast-growth, ease 
of isolation, and the ability to adapt to diverse natural 
habitats [3]. Quality, quantity and productivity of lipid *Corresponding author. 
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are obviously of primary relevance. They depend not 
only on the strains, but also on culture conditions; for 
example, it is well known that nitrate starvation can trig-
ger lipid accumulation, especially triacylglycerols (TAGs) 
suitable for biodiesel production [3-5]. Furthermore, mi-
croalgae specialized cultivation can stimulate changes in 
metabolism, thereby providing a simple method of en- 
riching biomass with a target metabolite [6]. Where some 
algal species can utilize organic carbon sources such as 
glucose to produce organic molecules [7]. Mixotrophic 
growth is one potential mode for mass culture of micro-
algae and cyanobacteria particularly suitable for the pro-
duction of high value bioactive compounds and fine 
chemicals [8]. [9] reported that about 15% - 19% higher 
growth was obtained in the mixotrophic culture. Fur-
thermore, [8] recorded that, glucose improved the spe-
cific growth rate under mixotrophic conditions (0.38 d−1) 
was being 1.6-fold of that photoautotrophic. The idea for 
using biodiesel-derived crude glycerol as a carbon source 
for cultivation of oil producing microalgae was to pro-
vide biodiesel producers with a method of disposal for 
their waste glycerol and costly cheap carbon source 
(Figure 1). Similarly utilization of molasses hydrolysate 
where its utilizing alone may support rapid growth and 
high oil yield of Chlorella protothecoides [10]. 

2. Material and Methods 
2.1. Algae Strains 
The cyanobacterial strain Cyanobacterium aponicum and 
green microalgal species Chlorella sorokiniana and Sce-
nedesmus acuminatus were obtained by prof. Gerd Klöck 
(Culture Collection of Algae at Hochschule Bremen 
University, Germany) was cultivated axenically as batch 
cultures in 500 ml Erlenmeyer flasks with 1% Wuxal 
medium +0.05% MgSO4·7H2O. 

2.2. Culture System 
The effect of different media namely Bold’s Basal Me-  
 

 
Figure 1. Mixotrophic cultivation in Sixfors photobioreac-
tor of tested microalgal species. 

dium—BBM [11]. and optimized culture medium (OCM) 
as described by [12]; KNO3 (1 g/L), KH2PO4 (0.075 g/L), 
K2HPO4 (0.1 g/L), MgSO4·7H2O (0.5 g/L),  
Ca(NO3)2·4H2O (0.0625 g/L), FeSO4·7H2O (0.01 g/L), 
H3BO3 (0.00286 g/L), MnCl2·4H2O (0.00181 g/L), ZnCl2 
(0.000105 g/L), Na2MoO4·2H2O (0.000039 g/L),  
CuSO4·5H2O (0.000079 g/L) and CoCl2 (0.000030 g/L). 
Were performed in 250 mL Erlenmeyer flasks containing 
100 mL medium. The sterile flasks were inoculated with 
10 mL of a standard inoculum and cultures were illumi-
nated by tubular fluorescent lamps (PHILIPS Master 
TL-D 85 W/840). The light intensity at the surface of the 
culturing vessels was 100 µ mol photons m−2·s−1 with a 
photoperiod of 16:8 h light: dark at 25˚C ± 2˚C, agitated 
at 120 rpm in orbital incubator shaker. 

2.3. Nitrogen Deficiency 
For the nitrogen deficiency trial, the microalgal strains 
were inoculated in 500 mL Erlenmeyer flasks containing 
200 OCM medium and incubated with 120 rpm agitation 
at 25˚C ± 2˚C under 100 µ mol photons m−2·s−1 light 
intensity with 16:8 h light and dark cycles for 7 days. 
The culture was then centrifuged at 4000 rpm g for 15 
min using SORVALL RC PLUS roter SLA-3000). Cell 
pellets were re-suspended in OCM medium (a nitro-
gen-rich condition 100%) and OCM medium with dif-
ferent nitrogen-deficient concentrations −75%, −50%, 
−25%). The culture was incubated for 21 days. The dry 
biomass and lipid content were measured for three repe-
titive weeks. All the experiments were carried out in at 
least triplicates. 

2.4. Mixotrophic Cultivation 
Was carried out by two phase growth in closed system. 
In the first phase of culture of C.sorokiniana, S.acumi- 
natus and C. aponicum were grown photoautotrophically 
in a 2 L vessel containing 1300 ml OCM medium, in-
oculated by 130 ml of an axenic culture, in exponential 
growth phase, The culture was kept at 25˚C ± 2˚C under 
120 rpm agitation, 100 µ mol photons m−2·s−1 light in-
tensity with 16:8 h light and dark cycles for 10 days. 250 
ml of culture suspension was collected from the culture 
vessels and centrifuged at 5000 rpm for 15 min under 
sterilized condition micro algal pellets were placed into 
500 ml culture flasks units of Sixfors photobioreactor 
INFORSAG-CH4103 Bottmingen Switzerland filled with 
OCM medium and enriched with different carbon sources 
types source [control (0 gL−1), glucose 0.3% (w/v), So-
dium Acetate 0.3% (w/v), molasses hydroyzate 0.3% 
(v/v) and glycerol 0.3% (v/v)]. All were illuminated by 
tubular fluorescent lamps (PHILIPS Master TL-D 85 
W/840). The light intensity at the surface of the culturing 
vessels was 100 µ mol photons m−2·s−1 with a photope-
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riod of 16:8 h light: dark. Stirring speed, internal temper-
ature, pH and dissolved oxygen were kept constant in all 
photobioreactor units and it could be adjusted automati-
cally (150 rpm, 25˚C ± 1˚C, 7 and 90% - 100% dissolved 
oxygen). 

2.5. Preparation of Molasses Hydrolysate 
Molasses of sugar cane was obtained from healthy shop 
food; it was hydrolyzed by the method described by [10]. 
Molasses was diluted with distilled water at a ratio of 
1:1.5 (v/v). The diluted molasses was boiled for 20 min 
to remove precipitations by centrifugation at 6000 rpm 
for 2 min. The supernatant was saved for enzymatic hy-
drolysis by MAXINVERT200000MG β-invertase. The 
mixtures of molasses and invertase at a ratio of 2500:1 
(w/w) were incubated at 60˚C for 24 h to generate mo-
lasses hydrolysate with more reducing sugar. 

3. Analytical Procedure 
3.1. Cell Counting 
The microalgae cell number per ml of C. aponicum, C. 
sorokiniana and S. acuminatus were recorded daily and 
determined using Neubauer haemocytometer. 

3.2. Biomass Assay 
Were precisely determined with the dry cell weight me-
thod by filtering definite volume of the cultural broth in 
Whatman Gf6 glass fiber filter 47 mm under vacuum 
pump N820.3ft.40.18, washing twice with double dis-
tilled water and then drying the cell pellet at 105˚C till 
constant weigh. 

3.3. Lipid Assay 
Total neutral lipid content was quantitatively determined 
by a standard addition method, as described by [13]. 
Then fluorometric staining using Nile red, avoiding the 
association of traditional neutral lipids quantification 
methods to the fluorometric determination. After the op-
timization of instrument parameters and staining condi-
tions, a linear correlation between the fluorescence inten-
sity of each sample stained with the Nile red and its neu-
tral lipids content was deduced with the standard addition 
method. The spectrofluorometric determinations were 
performed using a spectrofluorophotometer F-2500 (Hi-
tachi). The fluorescence of the samples was always 
measured before and after Nile red addition, in order to 
subtract the intrinsic fluorescence value of the sample. 
Moreover, fluorescence intensity of Nile red-stained me-
dium alone was subtracted. Samples of stained with Nile 
red and spiked with lipid standard. As lipid standard, a 
10 mg/ml isopropanol solution of Triolein (1,2,3-Tri 
(cis-9-octadecenoyl)glycerol) (Sigma-Aldrich) was used. 

Stock solution of Nile red (9-diethylamino-5H-benzo[[a] 
phenoxa-] phenoxazine-5-one) was prepared dissolving 
0.5 mg of Nile red per ml in acetone. 

4. Results 
According to data in Figure 2 it is obvious that OCM 
medium is significantly enhanced growth represented as 
cell number of three tested microalgal species for 22 days 
of incubation.  

Further studying of the effect of two media type 
Bold’s medium and OCM (present in Table 1), revealed 
that OCM media significantly enhanced CDW of three 
tested microalgal species in comparison with Bold’s me-
dium. The highest CDW was obtained on the 20th day of 
incubation for C. aponicum and C. sorokiniana, increas-
ing 2.2 and 1.8 folds respectively, over Bold’s medium 
while the highest CDW for S. acuminatus was obtained 
on the 25th day by 1.5 folds increase compared to Bold’s 
medium at same day. 

Similarly, OCM medium significantly enhanced lipid 
content for both S. acuminatus and C. aponicumon the 
25th day of incubation by 7.6 and 5 folds respectively 
compared to Bold’s medium at same day. But the highest 
lipid content for C. sorokiniana was achieved under 
Bold’s medium on the 25th day by 1.8 fold increase. 
Meanwhile, S. acuminatus under OCM medium on the 
25th day recorded a highly significant lipid content com-
pared to other tested microalgae. With respect to lipid 
productivity generally, the highest values of lipid prod-
uctivities was achieved at exponential phases for three 
tested microalgae; C. sorokiniana recorded the highest 
lipid productivity 13.8 mg·g−1·d−1 followed by S. acumi-
natus 9.1 mg·g−1·d−1 under Bold’s medium then they 
began to decline to its lowest values on the 25th day. 

OCM medium was selected for further study in which 
four nitrogen descending levels at three repetitive weeks 
of second phase propagation and study their affect on 
CDW, lipid content and lipid productivity. All three 
tested microalgae recorded high CDW at 4th week of 
propagation under 100% nitrogen. S. acuminatus was the 
highest one 0.55 gL−1. While 25% nitrogen deficient me-
dium significantly decreased CDW for all. On the other 
hand it significantly increased lipid content and lipid 
productivity for both C. sorokiniana and C. aponicumat 
2nd week of re-propagation to 10.6 and 2.6 folds over 
control (100% nitrogen). In contrast S.acuminatus rec-
orded the significant lipid content & productivity at 2nd 
week under recommended nitrogen dose in medium 
(100% N) by 4.4 folds over 25% deficient medium. It 
seems from data in Table 2 that lipid accumulation in 
algae cells vary according to species type, nitrogen level 
and incubation period. 

Figure 3 shows effect of different types of carbon 
sources on CDW, lipid content and lipid productivity  
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(a) 

 
(b) 

 
(c) 

Figure 2. Effect of two different media type (Basal Bold’s 
medium and optimized culture medium on growth of (a) 
Cyanobacterium aponicum; (b) Chlorella sorokiniana; (c) 
Scenedesmus acuminatus. Errors bars denote standard 
deviations among replicates. 

 
(a) 

 
(b) 

 
(c) 

Figure 3. Effect of different carbon sources on Biomass 
content (g·CDW·L−1), Lipid content (mg·g−1 CDW) and 
lipid productivities (mg·g−1·d−1) of (a) Cyanbacterium apo-
nicum, (b) Chlorella sorokiniana and (c) Scenedes musacu-
minatus.   

0

20

40

60

80

100

0 1 2 3 4 5 6 7 8 9101112131415161718192021222324

Ce
ll 

nu
m

be
r 

(1
0E

6 /m
l )

Time (days)

Bold's medium
OCM medium

0
10
20
30
40
50
60
70
80
90

100

0 1 2 3 4 5 6 7 8 9101112131415161718192021222324

Ce
ll 

nu
m

be
r (

E1
06 /m

l )

Time( days)

Bold's medium
OCM medium

0

20

40

60

80

100

0 1 2 3 4 5 6 7 8 9101112131415161718192021222324

Ce
ll 

nu
m

be
r 

(1
0E

5 /m
l)

Time (days)

Bold's medium
OCM medium

OPEN ACCESS                                                                                         AiM 



S. M. HAMED, G. KLÖCK 171 

 
Table 1. Biomass content (g·CDW·L−1), Lipid content (mg·g−1 CDW) and lipid productivities (mg·g−1·d−1) of Cyanobacterium 
aponicum, Chlorella sorokiniana and Scenedesmus acuminatus under two different media types. 

Time Cyanobacterium aponicum Chlorella sorokiniana Scenedesmus acuminatus 
Biomass Content CDW gL−1 

 Bold OCM Bold OCM Bold OCM 
0 0.04 ± 0.01 0.04 ± 0.01 0.06 ± 0.01 0.06 ± 0.01 0.05 ± 0.01 0.05 ± 0.01 
5 0.17 ± 0.03 0.21 ± 0.03 0.13 ± 0.02 0.27 ± 0.04 0.12 ± 0.02 0.23 ± 0.03 

10 0.50 ± 0.20 0.53 ± 0.02 0.41 ± 0.04 0.68 ± 0.02 0.34 ± 0.03 0.53 ± 0.02 
15 0.59 ± 0.01 0.75 ± 0.05 0.75 ± 0.04 1.16 ± 0.04 0.63 ± 0.02 0.76 ± 0.04 
20 0.49 ± 0.01 1.1 ± 0.04 0.65 ± 0.05 1.16 ± 0.04 1.10 ± 0.01 1.38 ± 0.03 
25 0.45 ± 0.05 0.95 ± 0.05 0.73 ± 0.02 0.92 ± 0.02 1.00 ± 0.2 1.46 ± 0.04 

L.S.D 0.07 0.03 0.03 0.03 0.07 0.02 
Lipid content mg·g−1 DCW 

0 10.7 ± 1.15 10.7 ± 1.15 15.0 ± 5.00 15 ± 5.00 30 ± 10 30 ± 10 
5 17.8 ± 0.20 19.4 ± 0.55 69.2 ± 7.69 42.6 ± 4.79 45.6 ± 4.19 23.9 ± 2.17 

10 17.0 ± 3.00 30.1 ± 1.89 50.0 ± 8.54 38.8 ± 6.61 26.3 ± 5.89 10.5 ± 1.08 
15 11.3 ± 1.01 27.3 ± 4.16 62.7 ± 4.00 40.7 ± 2.60 21.5 ± 2.46 10.2 ± 3.43 
20 22.6 ± 2.06 42.5 ± 8.74 70.0 ± 2.31 39.5 ± 1.37 30.8 ± 7.79 37.0 ± 8.99 
25 9.7 ± 3.38 48.6 ± 6.48 41.1 ± 2.74 32.4 ± 2.20 14.3 ± 5.51 108.6 ± 7.55 

L.S.D 1.74 3.95 4.54 3.42 5.27 5.33 
Lipid productivity mg·g−1·d−1 

5 3.55 ± 0.04 3.87 ± 0.11 13.83 ± 1.54 8.51 ± 0.96 9.11 ± 0.84 4.79 ± 0.43 
10 1.70 ± 0.30 3.01 ± 0.19 5.00 ± 0.85 3.88 ± 0.66 2.63 ± 0.59 1.05 ± 0.11 
15 0.76 ± 0.07 1.82 ± 0.28 4.18 ± 0.27 2.71 ± 0.17 1.43 ± 0.16 0.68 ± 0.23 
20 1.13 ± 0.10 2.12 ± 0.44 3.50 ± 0.12 1.974 ± 0.07 1.54 ± 0.39 1.85 ± 0.45 
25 0.39 ± 0.14 1.95 ± 0.26 1.64 ± 0.11 1.29 ± 0.09 0.57 ± 0.22 4.34 ± 0.30 

L.S.D 0.13 0.23 0.65 0.43 0.41 0.27 

Each value is the mean of three readings ± standard deviation at P ≤ 0.05 using one way analysis of variance (ANOVA) L.S.D is least significant difference. 
 
Table 2. Biomass content (g·CDW·L−1), Lipid content (mg·g−1 CDW) and lipid productivities (mg·L−1·d−1) of Cyanobacterium 
aponicum, Chlorella sorokiniana and Scenedesmus acuminatus under four levels of nitrogen deficiency of OCM medium. 

Cyanobacterium aponicum 

Nitrogen 
level 

Biomass Content CDW gL−1 Lipid content mg·g−1 DCW Lipid productivity mg·g−1·d−1 
2nd week 3rd week 4th week 2nd week 3rd week 4th week 2nd week 3rd week 4th week 

100% 0.22 ± 0.02 0.32 ± 0.01 0.45 ± 0.02 6.81 ± 0.20 18.25 ± 0.07 15.52 ± 0.50 0.97 ± 0.03 1.34 ± 0.25 0.74 ± 0.26 
75% 0.25 ± 0.03 0.47 ± 0.03 0.44 ± 0.06 2.00 ± 0.05 8.50 ± 1.00 11.45 ± 0.51 0.28 ± 0.02 0.61 ± 0.11 0.55 ± 0.05 
50% 0.19 ± 0.01 0.40 ± 0.02 0.42 ± 0.01 2.64 ± 0.04 7.50 ± 0.50 11.93 ± 0.06 0.37 ± 0.03 0.54 ± 0.07 0.56 ± 0.04 
25% 0.18 ± 0.02 0.37 ± 0.02 0.41 ± 0.01 19.41 ± 0.06 19.25 ± 1.01 9.66 ± 0.35 2.76 ± 0.45 1.35 ± 0.05 0.46 ± 0.01 

L.S.D 0.02 0.02 0.03 0.36 0.68 0.32 0.18 0.12 0.11 
Chlorella sorokiniana 

100% 0.37 ± 0.03 0.42 ± 0.02 0.47 ± 0.01 4.01 ± 1.00 18.78 ± 0.90 12.79 ± 2.20 0.57 ± 0.03 1.35 ± 0.25 0.60 ± 0.15 
75% 0.35 ± 0.05 0.39 ± 0.01 0.47 ± 0.03 11.44 ± 0.55 8.50 ± 1.00 19.15 ± 0.85 1.64 ± 0.45 0.61 ± 0.11 0.92 ± 0.08 
50% 0.26 ± 0.04 0.4 ± 0.02 0.45 ± 0.02 26.97 ± 3.00 7.50 ± 0.50 6.67 ± 0.33 3.83 ± 0.28 0.54 ± 0.07 0.32 ± 0.11 
25% 0.26 ± 0.10 0.42 ± 0.07 0.44 ± 0.02 42.34 ± 2.65 18.94 ± 1.05 22.74 ± 2.25 6.01 ± 0.50 1.35 ± 0.05 1.10 ± 0.19 

L.S.D 0.05 0.03 0.02 1.69 0.73 1.34 0.29 0.12 0.12 
Scenedes musacuminatus 

100% 0.29 ± 0.01 0.46 ± 0.02 0.55 ± 0.05 27.53 ± 3.00 13.01 ± 1.50 10.90 ± 3.60 3.95 ± 0.05 0.94 ± 0.04 0.52 ± 0.08 
75% 0.24 ± 0.06 0.44 ± 0.02 0.47 ± 0.03 20.88 ± 1.40 5.69 ± 0.90 8.69 ± 0.30 2.93 ± 0.50 0.40 ± 0.10 0.41 ± 0.11 
50% 0.22 ± 0.03 0.45 ± 0.03 0.47 ± 0.04 20.45 ± 1.95 8.89 ± 0.30 8.50 ± 0.60 2.92 ± 0.18 0.63 ± 0.03 0.41 ± 0.02 
25% 0.16 ± 0.03 0.27 ± 0.04 0.29 ± 0.01 6.25 ± 1.05 7.69 ± 0.30 10.45 ± 2.50 0.89 ± 0.05 0.55 ± 0.15 0.49 ± 0.01 

L.S.D 0.03 0.02 0.03 1.63 0.73 1.81 0.22 0.08 0.05 

Each value is the mean of three readings ± standard deviation at P ≤ 0.05 using one way analysis of variance (ANOVA) L.S.D is least significant difference. 
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during 12 days of incubation. Generally mixotrophic 
cultivation enhanced both CDW and lipid content for 
three microalgae but response of each one towards car-
bon source type markedly varied. S. acuminatus recorded 
highly significant CDW under 0.3% (v/v) glycerol me-
dium 1.68 g·L−1 by increasing 3.4 folds over control 
while C. sorokiniana and C. aponicum recorded signifi-
cant CDW under acetate medium 1.37 and 0.7 g·L−1 by 
increasing 2.9 and 5.8 folds respectively over control. C. 
aponicum exhibited no growth under 0.3% (v/v) glycerol 
medium. 

Evaluation of lipid content revealed that C. sorokinia-
na recorded the highest lipid content under glycerol me-
dium 64.3 mg·g−1 followed by S.acuminatus 52.8 mg·g−1 
by increasing 5.2 and 2.8 folds respectively over control. 
In contrast C. aponicum reached its high lipid content 
under molasses medium 38.13 mg·g−1. The lowest lipid 
content was obtained by acetate medium for C. soroki-
niana and C. aponicum with significant decrease of 1.2 
and 1.8 folds under control medium.  

With respect to lipid productivity C. sorokiniana rec-
orded the highest value 5.4 mg·g−1·d−1 followed by 
S.acuminatus 4.4 mg·g−1·d−1 while C. aponicum showed 
3.18 mg·g−1·d−1 under molasses medium. 

5. Discussion 
For biodiesel production, biomass productivity and lipid 
content play an important role from the economic point 
of view. The obtained results showed that OCM medium 
significantly improved growth of the three tested micro-
algae compared to Bold’s medium this finding is in ac-
cordance with [14], who reported that a proper medium 
design has shown to have a large impact on the growth 
capacity of Chlorella vulgaris cultures. On the other 
hand OCM medium enhanced lipid content for both S. 
acuminatus and C. aponicumat 25th day of incubation by 
7.6 and 5 folds respectively this finding is in accordance 
[15], who mentioned that Lipid composition and produc-
tivity of microalgae depend on growth conditions such as 
medium composition, irradiance and temperature. With 
respect to the effect of nitrogen starvation on growth, 
lipid content and lipid productivity of C. aponicum, C. 
sorokiniana and S. acuminatus, the obtained results in 
(Table 2) showed that 25% nitrogen deficient medium 
significantly reduces the growth of three microalgae and 
markedlyincrease in lipid content of C. sorokiniana and 
C. aponicum. The reduction in growth by nitrogen defi-
ciency may be explained by the observations of [16,17] 
who found that the decrease in pigment contents and 
photosynthesis are a typical response in nitrogen-limited 
algae. [18] made a comparative study between chloro-
phyll content of groups of green algae and cyanobacteria 
with different nitrogen concentrations; they showed that 
chlorophyll contents decreased with decreasing nitrogen 

concentrations. They also concluded that, with decreas-
ing nitrogen levels, the chlorophyll contents of the cells 
dropped indicating a rapid reduction or even breakdown 
of the whole chloroplast apparatus and consequently de-
creasing of growth. The increase in lipid content ob-
served in the present study as a result of nitrogen defi-
ciency is in agreement with [18-20]. They reported that 
microalgae produce a considerable amount of lipid when 
exposed to environmental stress such as nitrogen limita-
tion. The possible reason could be that under nitrogen 
deficiency the rest of available nitrogen is utilized for 
synthesis of enzymes and essential cell structures. Any 
carbon dioxide subsequently fixed is therefore converted 
into carbohydrate or lipid rather than protein [21]. As 
indicated from present results in (Figure 3), the addition 
of a carbon source caused marked increase in CDW, lipid 
content and lipid productivity for all tested species com-
pared to the control. One interesting result, S. acuminatus, 
recorded the highest CDW under glycerol 0.3% (v/v) 
medium, while the same concentration inhibited the 
growth of C. aponicum. Moreover, a glycerol medium 
significantly enhanced lipid content and lipid productivi-
ty of C. sorokiniana and S. acuminatus to 5.2 and 2.8 
folds respectively over control this finding is in accor-
dance with [22], who reported that addition of 0.05 and 
0.1 M of glycerol to Scenedesmus obliquus medium in-
creased the biomass productivity by 6% and 5%, respec-
tively during 12 days of incubation. [23] reported that the 
addition of glycerol in the culture medium of the red alga 
Gratelupia doryphora caused substantial increase of the 
total lipid and glycolipid content, while the amount of 
polar lipids remained constant. In contrast, addition of 
0.3% glycerol (v/v) to C. aponicum medium inhibited 
growth this is due to the high osmotic pressure of that 
carbon source to this microorganism. This finding agreed 
also with [22], who found that culture treated with 0.2 M 
of glycerol showed inhibition of growth by 17% below 
the control. Although acetate medium significantly en-
hanced CDW for both C. sorokiniana and C. aponicum, 
their lipid content markedly decreased compared to con-
trol, this finding is in accordance with [24] who reported 
that biomass productivity and lipid content are inversely 
related. High lipid content microalgae cells generally 
show much slower growth, while those containing low 
lipid levels can have high growth rates [25,26]. In con-
trast molasses medium significantly enhanced lipid con-
tent and lipid productivity of C. aponicum to 2.8 folds 
over control after 12 days of incubation this results is 
agreed with [10], who reported that waste molasses hy-
drolysate alone may support rapid growth and high oil 
yield of Chlorella protothecoides. This is due to it con-
taining both organic carbons and other nutrients. Mo-
lasses nutrients include vitamins, trace elements and 
many other kinds of ingredients; they consist mainly of 
48% sugars [10,27]. 
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6. Conclusion 
A comparative study between three different microalgae 
chlorophyta (C.sorokiniana, S. acuminatus) and cyano-
bacterial species C. aponicum towards achieving high 
biomass, maximum lipid content and lipid productivity 
for biodiesel production. C. sorokiniana fulfils the major 
requirement for lipid production under OCM medium 
enriched with glycerol 0.3% (v/v). Lipid content of this 
strain could be further increased by decreasing nitrogen 
to −25%. The results have proved that the modification 
of the culture can tailor to the specific demands of highly 
productive microalgae to attain a consistently good yield 
of lipid. With further understanding on the cultivation of 
C. sorokiniana in photobioreactors, much greater prod-
uctivity of algal lipid would be obtained. Moreover, the 
use of hydrolyzed molasses, a by-product of sugar refi-
nery, as a cheap carbon source in mixotrophic cultures of 
C. aponicum strain stimulated both biomass and lipid 
content. 
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