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Abstract 
At present, Brazil imports approximately 11 billion liters/year of diesel. With the interruption of 
the works in the new Petrobras refineries, the projection is that by 2025 this volume will increase 
to 24.2 billion liters of diesel/year. In this sense, the biodiesel factory Grand Valle Bio Energy Ltda., 
located in the state of Rio de Janeiro, in conjunction with the FAPERJ makes some investments in 
technology development for the cultivation and use of microalgae as an alternative raw material 
in the production of biodiesel. Based on arguments previously said, this work presents the results 
of the microalgae cultivation Monoraphidium sp. in photobioreactors the pilot plant of the com-
pany. The installation with an area of 120 m2 is included with 2 open photobioreactors of type 
falling film (20 m × 1 m), with a cascade of 18mm and capacity of 4000 L. The lineage cultivated is 
selected from previous ecophysiological studies that are identified as promising for biodiesel 
production by having a high potential for the production of lipids. This lineage is maintained at 
collection of the stock of cultures Laboratory of Green Technologies of the School of Chemistry/ 
UFRJ. The cultivation was performed in means ASM-1 (Gorham et al., 1964), initial pH 8.0, with 
aeration and circulation average of 8 hours a day during 19 days. The culture was started with an 
inoculum of 1 × 107 cel/ml. The lipid production was determined in two phases of growth: on day 
4 (exponential phase) and 15 day (stationary phase). For the determination and quantification of 
lipid content, two different methods were assessed for a sample of biomass, submitted to the same 
processes the separation and drying. The results showed the methodology of Bligh & Dyer with 
modifications as the most efficient in extracting lipids. The total lipid content of the biomass Mo-
noraphidium sp. was 30.58%. The growth rate varied between 0.74 ± 0.01 and 0.68 ± 0.02. 
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1. Introduction 
At present, Brazil imports approximately 11 billion liters/year of diesel. With the interruption of the works in the 
new Petrobras refineries, the projection is that by 2025 this volume will increase to 24.2 billion liters of di-
esel/year. This new scenario of large diesel demand imported will allow the utilization of higher levels of bio-
diesel. 

To meet the market that is expanding, the industry already studies expand the range of raw materials and 
technologies used. Microalgae besides being considered, at the discretion of numerous researchers as an impor-
tant source of nutritional supplements and functional foods [1] [2], they are now presented as a raw material 
practically unexplored for the production of biofuels (biodiesel, ethanol and hydrogen) with ample opportunities 
for to be inserted under the model biorefinery [3]-[5]. 

Microalgae have an oil production potential 7 to 30 times higher than the typical oilseeds such as sunflower, 
castor bean, palm and soybeans; possibility of continuous production, with no period of planting and the off 
season; and carbon sequestration rate much higher than of the terrestrial plants. In this sense, the biodiesel plant 
Grand Valle Bio Energy Ltda., located in the state of Rio de Janeiro, of conjunction with the FAPERJ makes 
some investments in developing technology for the cultivation and use of microalgae as an alternative raw ma-
terial in the production of biodiesel. 

Additionally besides the obtaining biomass, two methodologies for the determination and quantification of li-
pid content were evaluated. The results showed the methodology Bligh & Dyer with modifications as more effi-
cient in the extraction of lipids when compared with the methodology Bligh & Dyer with ultrasound. The growth 
curve showed that the culture grew exponentially from the beginning of cultivation until the 5th day of cultiva-
tion, and then entered in a deceleration phase, reaching between days 10 and 14 the phase stationary of growth. 

2. Materials and Methods 
2.1. Materials 
We used the lineage of chloroficea gender: Monoraphidium sp. selected from studies ecophysiological previous 
as promising for biodiesel production for being potentially producing lipids. This lineage is maintained in the 
collection of cultures from Laboratory Technologies Greens (Greentec) of the School of Chemistry/UFRJ. 
Were ceded, 200 L of this culture for use as inoculum in the cultivators of the Unit Pilot Grand Valle Bio Ener-
gy Ltda. 

The installation with an area of 120 m2, with 2 photobioreactors open sky of type film descendant of 20 m × 1 m, 
with waterfall of 18 mm and 4000 L capacity. The cultivation was performed in medium ASM-1 [6], pH 8.0, 
with airing and recirculation average of 8 hours for 19 days. The culture was initiated with an inoculum of 1 × 
107 cel/mL. 

The microalgal biomass was concentrated by centrifugation (Figure 1). The moisture content of the resulting 
biomass was 87.6%, determined by gravimetric analysis temperature of 110˚C for 60min. 

2.2. Cell Growth 
Cell growth was accompanied through the counting the number of cells and dry weight on alternate days. The 
lipid production was determined in two phases of growth: on day 4 (exponential phase) and 15 days (stationary 
phase). The growth rate (μ) was determined according to the formula described in [7] shown in Equation (1): 

( ) ( )2 1 2 1ln lnN N t tµ = − −                               (1) 

where: 
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Figure 1. Wet biomass the microalgae Monoraphidium sp. 

 
µ = rate of growth. 
N1 and N2 = number of cells/mL at time t1 (day zero) and t2 (8 day). 
It was also determined the maximum performance of the cultures (R) which is the maximum number of cells 

obtained at the end of cultivation subtracted from number of cells in the initial inoculum. 

2.3. Chemical Characterization of the Biomass 
2.3.1. Analysis of Dry Weight 
To determine the dry weight of the biomass was followed the following protocol developed by technicians the 
management bioproducts from CENPES/PETROBRAS: was calcined a membrane at 575˚C for 1h to remove 
humidity content; placed himself in desiccator and annotated its initial mass (mi); were filtered 10 ml (Vf) of the 
microalgae culture in the membrane; then placed in a stove at 65˚C for 1 h; cooled in desiccator and it was reg-
istered its final mass (mf) for determination of dry weight and, consequently, the content of dry biomass and 
moisture content, according to Equations (2)-(4). 

For cashing the values from ash the final dry weight, the membranes with dry biomass were calcined at 575˚C 
for 1 hour, cooled and weighed. The dry weight determination was performed in triplicate. 
where: 

( ) 1000
X

mf mi FD
Vf

− × ×
=                                  (2) 

XDM
10

=                                              (3) 

CM 100 DM= −                                        (4) 
X = concentration of biomass or dry weight in g/L; 
mi = mass of calcined membrane without the filtered microalgae (initial mass); 
mf = membrane mass with dry microalgae (final weight); 
Vf = volume of culture of microalgae filtered; 
FD = dilution factor; 
DM = dry matter content; 
CM = moisture content. 

2.3.2. Moisture Content Analysis 
In the moisture content analysis of the biomass after centrifugation, it was used the protocol most generally em-
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ployed for this type of analysis, described following: placed himself the watch-glass in an furnace at 110˚C for 1 
hour to remove moisture; cooled in a desiccator; registered the mass of the watch-glass; was weighed about 0.5 
g of lyophilized sample or 2 mL of the wet sample (m2); and placed in an furnace at 65˚C until constant weight 
(24 hours). After this time interval, it was placed the watch-glass with dry sample in a desiccator, cooled and 
registered the final mass (m1). The moisture content and solids were determined by the Equations (5) and (6). 
The determination of moisture content of the biomass was performed in triplicate. 
where: 

1

2

CM 100 1
m
m

 
= − 

 
                                          (5) 

1

2

CS 100
m
m

=                                               (6) 

CM = moisture content (%); 
CS = solids content (%); 
m1 = sample mass after drying (g); 
m2 = initial weight of sample (g). 

2.3.3. Determination of Protein Content 
The protein determination in this study was performed according to the Kjeldahl method [8], which is based on 
the determination of the total organic nitrogen, which protein will be converted by means of a conversion factor. 
The conversion factor used was 6.25, used for food in general [9]. 

2.3.4. Determination of Carbohydrates 
For perform analysis were utilized 2 mg of cell, dry weight, of the microalgae in triplicate. The mass of the 
sample used for analysis was estimated from the dry mass of cells obtained according 2.3.1. After weighing 
were added 4mL of water MilliQ on the sample, and this subjected to homogenization for 30 minutes. 

Intracellular carbohydrates and extracellular were quantified according to the methodology of [10], which is 
based in fact from what complex sugars, and their derivatives, including methyl esters with groups reducers free 
or potentially free when treated with phenol and concentrated sulfuric acid gives yellow-orange coloration, with 
a sensitive reaction and coloring stable. 

The method is simple, rapid, sensitive and with reproducible results [11], it is not a selective analysis, and it 
involves any type of carbohydrate. To quantify the carbohydrates, for spectrophotometer, was constructed a 
curve Standard glucose. 

2.3.5. Lipid Content 
They were evaluated for extracting total lipid two different methodologies for a sample of biomass microalgae 
Monoraphidium sp., submitted to the same processes the separation and drying. 

The biomass used for extraction generated from microalgal cultivation it should be centrifuged at 8000 rpm 
for 10min, washed twice with distilled water in order to be used. In the case of wet biomass, the lipids should be 
extracted after centrifugation, not being suitable storing the biomass, and determined the moisture present in the 
sample. 

1) Method Bligh & Dyer (1959)-with ultrasound 
Approximately 500 mg of sample (m1), weighed in analytical balance, were macerates in crucible porcelain 

with 30 mL of chloroform. After macerating were added 10 mL of methanol to the mixture, which was trans-
ferred to falcon tube a 50mL with screw cap and maintained in an ultrasound bath (40 kHz) for 30 min. Then 
was added around 12 mL of aqueous 1% NaCl to the tube, the contents were transferred to an extraction funnel 
and subjected to vigorous agitation to phase separation. 

The phase lipid green (lower) it was filtered to remove particulates and the solution collected in flask con-
taining the lipids he was transferred to desiccator for cooling, after was weighed for determination of mass (m2). 
The lipid content (CL) determined in triplicate it is calculated from the Equation (7). The mass obtained divided 
by sample quantity used it results in content lipid extracted from the cells (g∙g−1 dry biomass) [12] [13]. 
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2

1

CL 100
m
m

=                                            (7) 

2) Lipid content 
The lipid extraction is done in two steps, at the first the sample is digested with hydrochloric acid to break 

through the wall cellular and at the second the lipids are extracted with the mixture of solvents [14]. 
In the first step based in the digestion of the sample with hydrochloric acid, was weighed 400 mg of the sam-

ple directly in flask of extraction of Mojonnier (m2). Were added 5 mL of 8 M hydrochloric acid solution and 
agitated to promote the dispersion of the material. Then the sample was heated in a water bath at 80˚C for 1 hour 
to complete digestion of the cells. Posteriorly leave the flask to rest for 10 minutes at 25˚C and centrifuged at 
2000 rpm for 15 minutes to separate the biomass and the acid residue. After digestion remove the residual acid 
and continue with the flask which contains the biomass to step the extraction of lipids. 

In the second step were added to the flask Mojonnier the mixture of solvents, methanol, chloroform and water 
in the proportions (4:4:3.6), stirred for 10 minutes and centrifuged at 2000 rpm for 15 minutes. After centrifuga-
tion were obtained 3 phases containing off the lower phase where the lipids are dissolved and chloroform (which 
we must recover) the middle phase containing biomass extracted and the upper phase composed of water and 
methanol. 

Pour the ethereal phase (inferior) to the beaker previously weighed (m1) and repackage it in thermostatic bath 
at 65˚C until complete evaporation of the solvent. In the phases remaining in the flask Mojonnier (biomass, me-
thanol, water) do re-extraction of lipids which are still in biomass by adding 4 ml of 10% solution v/v methanol 
in chloroform, shake and centrifuge at 2000 rpm for 15 minutes. This step is essential for migration of lipids 
withheld in the residue of microalgae for the solvent. Repeat the procedure for re-extraction one more time and 
remove off the lower phase where are lipids and join with the first extract (ethereal phase). Finally leave the 
beaker in a water bath at 65˚C, for the solvent evaporation. After removal of the solvents by evaporation, put the 
beaker in oven at 102˚C ± 2˚C for 1 hour. Cool down in desiccator and weigh. Repeat drying and weighing until 
constant mass (m3). The content of lipids (CL) as determined in triplicate is calculated by the Equation (8). 

3 1

2

CL 100
m m

m
−

=                                      (8) 

2.3.6. Lipid Profile of Microalgae Biomass 
To perform analysis of lipid profile the sample extracted in item 2.4.1.2 was submitted to reaction the methano-
lysis according to the methodology described next: Were used 300mg lipid sample. After the sample was sub-
jected to methanolysis using 2mL methanol with 5% HCl at 75˚C for 10 minutes in water bath, this step was 
performed in a closed bottle to prevent evaporation. Then, a phase containing the fatty acids esterified was se-
parated by adding 2 mL of distilled water and 2 mL of hexane. The top hexane phase was collected and trans-
ferred to a glass bottle, then placed in oven at 60˚C for solvent evaporation and concentration of the sample 
(methyl ester) [15]. 

After methanolysis be determined for the lipid profile and identification of methyl esters of fatty acids the ac-
cording with standard EN14103, was performed by comparison of retention times of the sample constituents 
with the respective standard fatty acid methyl esters from Sigma (C4:0-C24:0) and the quantification (% m/m) was 
performed relative to an internal standard, methyl nonadecanoate (C19:0), using a gas chromatograph, Shimadzu 
GC2014 coupled to a flame ionization detector (FID), injector of type split/splitless and a capillary column 
DB-23 (30 m × 0.25 mm × 0.25 μm) mark Agilent, to the following conditions: injector: 250˚C, flow 50:1; Ar-
rastre gas: Hydrogen; Pressure of the carrier stream: 1 mL/min; Detector: 280˚C, the auxiliary gas (make-up) 
was N2 (30 mL/min), H2 (30 mL/min) and synthetic air (30 mL/min). Programming of the oven temperature: 
60˚C for 2 minutes, 60˚C to 200˚C (gradient of 10˚C per minute); 200˚C to 240˚C (gradient of 5˚C per min) and 
isothermal for 15 minutes. Analyses were performed for 30 min. 

3. Results 
3.1. Growth Curve the Microalgae Monoraphidium sp. 
The growth curve (Figure 2) shows that culture grew an exponential way accelerated from the beginning to the 
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5 day of culture, then got into a slowdown phase, reaching between days 10 and 14 the stationary phase of 
growth. Although cell death have started from the 10 day of culture, the biomass continued to grow until the 19 
day of culture, that is, the remaining cells have become more dense, probably occurred the accumulation of 
some intracellular component in the physiology of the cells by the nutritional limitation, intensifying the synthe-
sis of lipids. The growth rate in cultivation were between 0.74 ± 0.01 and 0.68 ± 0.02 and the maximum yield 
obtained was 96.3 (Table 1). 

According to the literature the coexistence of different species in an environment occurs when the dispute of 
resources available does not include that which is limiting for their growth [16]. Thus, the species which has 
higher absorption capacity of the nutrient available will have better growth conditions [17] [18]. 

3.2. Chemical Characterization of the Biomass 
For obtaining the dry weight of the microalgae, was used a concentrated culture which was diluted 1:200 (FD = 
200) and 10 mL of this were filtered through a membrane according to the methodology described in item 2.3.1. 
The biomass concentration obtained was 124.0 ± 0.72 g/L, equivalent to a dry matter content of 12.4% ± 0.07%. 
In Figure 3 can be displaying images of microalgae Monoraphidium sp., before and after drying in procedure 
dry weight. To determine the moisture content, it weighed approximately 2mL of wet biomass, according to the 
item 2.3.2. and there was obtained a moisture content of 87.6% ± 0.07%. 

In the determination and quantification of the lipid content were evaluated the methodologies Bligh & Dyer 
with ultrasound and Bligh & Dyer with modifications in the biomass of microalgae Monoraphidium sp. 

The methodology of Bligh & Dyer with modifications, although require more time for analysis, it was more 
efficient in the extraction of lipids (30.58% ± 0.02%, n = 2) compared to Bligh & Dyer the methodology with 
ultrasound (15.24% ± 0.01%, n = 2), because the utilization of hydrochloric acid in the first extraction secured 
 

 
Figure 2. Growth curve of microalga Monoraphidium sp. The results represent 
the mean (n = 3) ± standard error.                                     

 
Table 1. Values of the growth curve of microalgae Monoraphidium sp. mean between triplicate followed the standard error.    

Parameters Cultivation 

N0 (×107 cells∙mL−1) 1.8 

Nmáx. (×107 cells∙mL−1) 176.6 (±2.5)* 

µ 0.82 (±0.01) 

R 96.3 (±2.3)* 

Interval of the exponential phase (days) 0 - 8 

N0 e Nmáx.: Number of initial cells and maximum, μ: growth rate, R: maximum rate of growth; *indicates significant difference (P < 0.05). 
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the rupture of the cell wall and subsequently at the second by using a solvent mixture (methanol and chloroform) 
favored the full extraction of lipids [14] [19]. The lipids produced by the microalgae are generally neutral lipids 
with a high degree of saturation, becoming an appropriate source of raw material for biodiesel production [20]. 
Table 2 shows the chemical components of the obtained biomass. Was evident the presence of significant quan-
tities of protein and carbohydrates. 

The typical composition the biomass Monoraphidium sp. is: lipid content of 19% - 35%, protein 28% - 45% 
and carbohydrates 17% - 25%, in relation to the dry weight of biomass [21]-[23]. The percentage of lipids re-
ported in the literature for microalgae this genre Monoraphidium sp., if corresponds to the value of total lipids 
obtained by the methodology of Bligh & Dyer modified (30.58%). 

The lipid profile and composition of the methyl esters (%) of microalgal biomass Monoraphidium sp., ob-
tained through analysis the esters by gas chromatography, is shown in Figure 4. According to these data, the 
specie presented the following distribution of saturated fatty acids (SAFA) and unsaturated (MUFA and PUFA): 
content SAFA > PUFA > MUFA. It is observed that the highest values refer to SAFAs, mainly the C16:0 (pal-
mitate). In relation to the PUFAs It was observed mainly represented by C18:3 (linolenate). As to the MUFAs 
was also identified in high amounts C18:1 (oleate). 

The results were compatible with those encountered in previous works, where palmitic acid was identified as 
the predominant in most species of microalgae grown in fresh water [24] [25]. What to do does not prevent the 
possible utilization of the microalgae as raw material for the production of biodiesel. The methyl esters produced 
from the extracted lipid fraction the wet biomass of Monoraphidium sp., meets the specification for content of 
methyl esters established by in standard EN 14214 and RANP n˚14. The content of methyl esters (%) was 
97.6%. 

4. Conclusions 
The production of biodiesel requires a significant amount of biomass, lipid content and fatty acids of interest of 
medium chain (C16 and C18), constituting the parameter more direct and precise to evaluate the potential of 
microalgae as raw material for biodiesel production, since neither all of the compounds soluble in organic sol-
vents used in the extraction can be converted into biodiesel. In this context, the results obtained in the cultivation 
of microalgae Monoraphidium sp., in the open photobioreactor, show the potential of this microalgae for the 
production of biodiesel. 
 

 
Figure 3. Biomass Monoraphidium sp. before (A) and after (B) 
drying in procedure dry weight.                          

 
Table 2. Biochemical composition of the biomass of microalgae Monoraphidium sp.                                        

% IN Relation to Dry Weight of Biomass 

Monoraphidium sp. 
Lipids Protein Carbohydrates 

30.58 ± 0.05 43.84 ± 0.01 25.58 ± 0.05 
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Figure 4. Lipid profile and composition of methyl esters (%) of biomass Mo-
noraphidium sp., identification: C12:0(0.09%), C14:0(8.62%), C16:0 (31.90%), 
C16:1 (6.42%), C18:0 (0.44%), C18:1 (16.68%), C18:2 (5.92%), C18:3 
(27.19%), C20:0 (2.12%), C20:1 (0.05%), C22:0 (0.02%), C22:1 (0.16%), 
C24:0 (0.38%).                                                    

 
The lipid profile and composition of methyl esters are considered ideal for the production of biodiesel, com-

plying with the for content methyl esters specification for biodiesel, established by standard EN 14214 e na 
RANP n˚ 14. 
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