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Abstract 

Microalgae biomass has been reported in the literature as one of the most 
promising sources for obtaining different products of industrial interest such 
as lipids, fatty acids, carotenoids, proteins and fibers. The lipid fraction of 
microalgae comprises neutral lipids, free fatty acids and polar lipids. It is of 
great importance to estimate the composition of the lipid fraction to define 
the potential for use, either as a raw material for the production of biofuels or 
for use for nutraceuticals and/or food purposes. The microalgae Scenedesmus 
sp. cultivated in a photobioreactor, the sky open raceway type, was evaluated 
for lipid content, identification and quantification of lipid components ob-
tained from different extracts. In the quantification of the lipid content, ex-
traction methods were proposed without chemical treatment (use of solvents 
only) such as chloroform:methanol (2:1 v/v)—Bligh & Dyer, Ethanol, Ethyl 
acetate:Hexane (1:1 v/v) and others with chemical treatment such as 
J-Schmid-Bondzynski-Ratzlaff (acid) and saponification (basic). For the iden-
tification of the main lipid components present in the extracts, the Thin layer 
chromatography (TLC) technique was used. This made it possible, using a 
simple and inexpensive method, to identify the compounds extracted by dif-
ferent extraction methods, that is, it was possible to verify the selectivity of 
the different extraction methods. In addition, it has been shown that using 
these methods, widely described in the literature as methods of extracting li-
pids in practice, extracts a wide diversity of compounds. The levels of lipids 
obtained via solvent extraction were up to 50% higher than those obtained 
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with chemical treatment. In lipid extracts, obtained via solvent extraction, the 
presence of polar compounds, glycerides, carotenoids, pigments and sterols 
was identified, with up to 53% being composed of an unsaponifiable fraction, 
thus, presenting low selectivity for extracting fatty components. The acidic 
and basic treatments applied to the biomass of Scenedesmus sp. showed 
greater selectivity for obtaining fat components of 71.47% and 94.99%, re-
spectively. The results showed that depending on the solvent/method used to 
quantify the lipids, the selectivity for obtaining the grease fraction, funda-
mental for conversion into biofuels, varies and the total lipid content may be 
overestimated. 
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1. Introduction 

To develop large-scale microalgae cultivation, it is necessary to isolate and cha-
racterize the species, improving the genetic tools in search of specific characte-
ristics. For example, in the cultivation of microalgae, some factors can influence 
the production of lipids such as: pH, concentration of nutrients, light intensity 
and temperature [1] [2] [3] [4]. These environmental conditions can be con-
trolled and the species selected according to the desired fatty acid(s) [5].  

The term “biomass” means any organic matter that is available on a recurring 
or renewable basis including, plants, agricultural waste, aquatic plants, wood and 
wood waste, animal waste, municipal waste and other waste used for industrial 
energy production, fuels, chemicals and materials [6] [7] [8].  

An emerging alternative is the use of aquatic biomass; it is estimated that the 
global primary production of biomass is 50% aquatic and 50% terrestrial. To this 
day, government policies have focused almost exclusively on the use of terrestrial 
biomass, paying little attention to aquatic crops, taking as examples macro and 
microalgae [9]. Marine microalgae are prokaryotic or eukaryotic photosynthetic 
microorganisms that can grow quickly due to their ability to convert CO2 and 
transform into proteins, carbohydrates and lipids [1] [10] [11]. 

Currently, countries with emerging economies like China and India are 
working on the development of technologies for the production and commercia-
lization of microalgae biodiesel, aware that the current sources have not supplied 
the energy required for planned economic growth [12] [13]. The cultivation of 
microalgae for the production of biomass is widely accepted as a probable eco-
compatible option for the generation of biofuels. 

The term “lipid” is broad, as it includes a highly diverse group of molecules 
with similar solubility in organic solvents. As will be discussed in this article, 
only some of these lipids are suitable for the production of biofuels, while others 
are potentially valuable in terms of nutrition [14] [15]. In the microalgae differ-
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ent lipid classes are found, their composition and fat profile can vary greatly be-
tween different species and also according to the culture conditions. Therefore, 
knowledge of the lipid composition of microalgae is crucial for the selection of 
an appropriate extraction solvent and for the definition of the technological 
route to be applied in the production of biofuels [16] [17]. Specifically for this 
purpose, a distinction should be made between saponifiable and unsaponifiable 
lipids [18]. Saponifiable molecules are those that include at least one grease 
chain in their structure, which can be converted into soap from the saponifica-
tion process and later into fatty acid [19]. 

Unsaponifiable lipids are all remnants that do not contain an acyl chain and 
therefore cannot be converted into soap. Some examples of unsaponifiable lipids 
are wax esters, pigments (chlorophylls, carotenes, etc.), sterols and hydrocarbons 
[3] [20]. The term “total lipids” is used primarily for analytical purposes, in ad-
dition to acylglycerols, the crude lipids obtained from microalgae often contain 
free fatty acids, hydrocarbons, ketones, sterols, carotenoids and chlorophylls 
[16]. For this reason, the crude lipid extract obtained from microalgae is often 
subjected to more than one fractionation step before being transesterified [21] 
[22]. The detection, identification and precise quantification of lipid compounds 
are prerequisites for verifying the potential of each species of microalgae in the 
production of target compounds. For this purpose, the Thin Layer Chromato-
graphy (TLC) technique is used [23] [24] [25]. Method simple and inexpensive 
allows identifying the compounds extracted by different extraction methods, to 
verify the selectivity of the different extraction methods. In addition, the use of 
these methods, widely described in the literature as methods of extracting lipids 
in practice extracts a wide diversity of compounds. The main contribution of 
this study is to define what types of compounds can be extracted by each method 
to be used depending on the application. 

The objectives of the present work were to provide data on the variation of the 
lipid content in relation to the solvent/method used to extract the lipids, as well 
as the composition of the lipid classes and composition of unsaponifiables (in-
cluding sterols and hydrocarbons) of the microalgae Scenedesmus sp. aiming at 
a more selective extraction of fatty compounds [16] [26].  

2. Materials and Methods 

The biomass of Scenedesmus sp., provided by UFRN (Federal University of Rio 
Grande do Norte), was grown for 5 days in an open Raceway photoborractor 
with a volume of 5.000 L (Figure 1), using 30% PP medium. Growth monitoring 
was performed by optical density, as described by Lee [27], making absorbance 
readings at wavelengths of 680 nm and 750 nm every day. At harvest, the culti-
vation was transferred to a settling tank and 2.5 ppm of cationic polyacrylamide 
flocculant was added until biomass reached approximate concentration of 10 
g∙L−1. Subsequently, the concentrated material was centrifuged at a speed of 5000 
rpm to obtain a microalgae concentrate of 45 g∙L−1. 

https://doi.org/10.4236/epe.2020.126017


C. V. Viegas et al. 
 

 

DOI: 10.4236/epe.2020.126017 276 Energy and Power Engineering 

 

 
Figure 1. Cultivation of Scenedesmus sp. in raceways at UFRN. 

 
The biomass of Scendesmus sp. centrifuged (10 minutes, 5000 rpm) was oven 

dried at 70˚C ± 1˚C, ground in a knife mill to reduce the particle size and sub-
jected to different procedures for quantifying lipids. In the extraction of the lipid 
fraction, methods were used that differed in terms of the use of solvents and the 
chemical treatment with the use of solvents applied to biomass. For the extrac-
tion of lipids the solvents were evaluated: Chloroform: methanol 2:1 v/v (Bligh 
and Dyer), Ethanol and Ethyl acetate: hexane (1:1 v/v). In addition, an acid 
treatment was applied to the biomass by the J:Schmid-Bondzynski-Ratzlaff me-
thod and basic by the “in situ” saponification method to obtain the fatty com-
ponents. 

2.1. Lipid Extraction—Solvent Evaluation 

2.1.1. Solvent 1—Bligh & Dyer—Chloroform:Methanol (2:1 v/v) [28] 
Extractions were performed in a 50 mL flask, starting from 5 g of dry biomass 
with 15 mL of the mixture chloroform: methanol (2:1 v/v), following the me-
thodology described in the literature [2] [29] [30] [31]. A solvent: charge ratio of 
3:1 (mL of solvent: g of biomass), extraction time of 2 hours at a temperature of 
60˚C and 200 rpm stirring on a magnetic stirrer were used. For the separation of 
residual biomass from the liquid phase (lipid fraction + solvent), a filter paper 
filtering process was carried out. Then the biomass was washed with 30 mL of 
the solvent mixture selected for the extraction step and filtered again. The sol-
vents were removed from the liquid phase by vacuum evaporation and the lipid 
fraction (not volatile under operating conditions) was dried to constant weight 
in an oven at 60˚C. The experiments were carried out in triplicates and the ex-
traction yield was determined in percentage, in relation to the dry biomass mass.  

2.1.2. Solvent 2—Ethanol  
In order to exhaust all the grease fraction present in the microalgae biomass, the 
Sohxlet extraction technique was used, performed through successive washes of 
the biomasses from the continuous cycle of evaporation and condensation of the 
organic solvent. This cycle was repeated until the total removal of crude lipids 
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[2]. To do this, 10 grams of the dry biomass of microalgae, stored in a cellulose 
cartridge, inserted inside the Soxhlet apparatus, and 200 mL of ethanol were 
added in the balloon located at the bottom of the equipment, which was subse-
quently heated to approximately 80˚C for 2 hours. The flask containing the sol-
vent and the solubilized content was taken to a rotary evaporator in order to re-
cover all the solvent, and then to an oven at 60˚C until constant weight. The ex-
periments were carried out in triplicates and the extraction yields were deter-
mined as a percentage, in relation to the dry biomass mass free of ash.  

2.1.3. Solvent 3—Ethyl Acetate:Hexane (1:1 v/v) 
The extractions were carried out in a 50 mL flask, starting from 5 g of dry bio-
mass with 15 mL of the mixture Ethyl acetate: hexane (1:1 v/v). A solvent: charge 
ratio of 3:1 (mL of solvent: g of biomass), extraction time of 2 hours at a temper-
ature of 60˚C and 200 rpm stirring on a magnetic stirrer were used. For the se-
paration of residual biomass from the liquid phase (lipid fraction + solvent), a 
filter paper filtering process was carried out. Then the biomass was washed with 
30 mL of the solvent mixture selected for the extraction step and filtered again. 
The solvents were removed from the liquid phase by vacuum evaporation and 
the lipid fraction (not volatile under operating conditions) was dried to constant 
weight in an oven at 60˚C. The experiments were carried out in triplicates and 
the extraction yield was determined in percentage, in relation to the dry biomass 
mass.  

2.2. Lipid Extraction—Chemical Treatment of Biomass 

2.2.1. Acid Treatment—J:Schmid-Bondzynski-Ratzlaff [32] 
The extraction was performed starting from 5 g dry biomass—in a 50 mL - 10 
mL HCl 8 M falcon tube; Hydrolysis: 10 minutes water bath at 60˚C; 1st Extrac-
tion: 10 mL absolute ethanol; 25 mL ethyl ether; 25 mL petroleum ether; Separa-
tion of the phases in a funnel. 2nd and 3rd Extraction: 10 mL absolute ethanol; 25 
mL ethyl ether; 25 mL petroleum ether; Washing of the “solvent” phase with dis-
tilled water until pH of the water = 7 (to remove HCl residues); Evaporation of 
the solvent; Kiln drying at 60˚C. 

2.2.2. Basic Treatment—Saponification “In Situ” 
Saponification “in situ” was carried out by mixing 5 g of dry biomass with 50 mL 
of hydroalcoholic solution (20% KOH in 95% alcohol m/v) in an oil bath under 
200 rpm magnetic stirring, for 1 hour at 60˚C. After the reaction was completed, 
the sample was vacuum filtered to remove residual biomass. The saponification 
product, still hot, was transferred to a separating funnel and, after reaching room 
temperature, 50 mL of the hexane:water solution (70:30) was added and the 
funnel was vigorously stirred. The fraction saponifiable (lower phase), from sa-
ponification, a stoichiometric molar amount of H3PO4 was added, thus obtaining 
fatty acids. The reverse reaction (soap-fatty acid) was carried out under magnetic 
stirring at 200 rpm at 70˚C. After the reaction time of 1 hour, the sample was 
transferred to a separating funnel, separating the fatty acids with the addition of 
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2 × 50 mL of hexane. The hexane fraction, containing the fatty acids, was washed 
with 2 × 15 mL of water to remove the remaining salt. The solvents were re-
moved from the liquid phase by vacuum evaporation and the lipid fraction (not 
volatile under operating conditions) was dried to constant weight in an oven at 
60˚C. The experiments were carried out in triplicates and the extraction yields 
were determined in percentage, in relation to the dry mass. 

2.3. Identification of Lipid Components—Thin Layer  
Chromatography (TLC) 

In the identification of the lipid classes of interest, present in the extracts of the 
microalgae Scenedesmus sp., was used the modified method of Thin layer chro-
matography (TLC). In this analysis, 0.001 g of the extracted lipid fraction was 
dissolved in 600 µl of chloroform. The equivalent of 0.03 µl of the solution was 
applied to a 60 TLC (Merck) silica gel plate with the aid of an automatic pipette. 
In addition to the sample to be analyzed, equal amounts of the triolein, diolein, 
monoolein, fatty acid, ergosterol and cholesteryl oleate were applied to the plates 
for comparison and quantification.  

To ensure efficient separation and obtain acute bands of nonpolar lipids, the 
separation was performed as described below. First, the solvent mixture com-
posed of petroleum ether/diethyl ether/acetic acid (70:30:2 v/v) was used to sep-
arate the lipids, until reaching 2/3 the height of the silica plate (7 cm). After 
drying the plate, the separation continues in the same direction using the solvent 
mixture composed of petroleum ether/diethyl ether (100:2 v/v) until it reaches 
the top of the plate (9 cm) [25].  

The chromatographic plate after elution was revealed with iodine vapor and 
the stain retention (Rf) factor of the standards and sample components was de-
termined.  

To achieve an irreversible staining of nonpolar lipids and sterols in the TLC 
plate, it was kept in a solution of 0.63 g of MnCl24H2O, 60 mL of water, 60 mL of 
methanol and 4 mL of sulfuric acid for 10 seconds, followed by heating to 105˚C. 
The intensity of the color depends on the heating time, which must be a mini-
mum of 30 min. With the aid of the Image Master Total Lab version 1.11 pro-
gram, was used to identify and quantify the lipid classes present in the extracts. 

3. Results and Discussion 

3.1. Lipid Content of the Biomass of Scenedesmus sp.  

The average values obtained in the extraction of lipids, following the different 
solvents/methods, are presented in Figure 2 and were expressed as a percentage 
in relation to the dry biomass mass free of ash.  

The lipids showed statistically significant differences (p < 0.05). The lipid 
contents reached via extraction without chemical treatment (only with the use of 
solvents) were higher when compared to those obtained with the results via 
chemical treatment. This behavior can be partially explained due to the presence  
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Figure 2. Lipid content of microalgae Scenedesmus sp. *The values calculated based on 
triplicates of experiments. Different letters differ statistically from each other. 
 
of neutral lipids inside the cell, which bind strongly to proteins located in the cell 
membrane, via hydrogen bonds, forming a complex with polar lipids. Van der 
Waals interactions between the nonpolar solvent and lipids are not able to break 
this membrane, based on lipid-protein associations. Polar solvents, such as me-
thanol or ethanol, break these associations, forming hydrogen bonds with the 
polar lipids in the complex. In addition, the use of polar solvents such as ace-
tone, ethanol, methanol increases the affinity for pigments, sugars, and polar li-
pids, leading to an increase in these compounds in the extract [33]. Therefore, 
the addition of a polar solvent facilitates the extraction of neutral lipids asso-
ciated with the membrane. However, the use of more polar solvents leads to 
overestimated total lipid yields, when compared to methods using less polar sol-
vents, as in the case of the ethyl acetate:hexane mixture (1:1 v/v). The content of 
lipids obtained by the acid treatment of biomass (3.21% ± 0.32%) was statistical-
ly equal to that obtained in the basic treatment (3.44% ± 0.28%). When biomass 
was applied with an acid or basic treatment, there was a reduction of 49.84% and 
53.41%, respectively, in the amount of lipids extracted when compared to that 
obtained via solvent, chloroform:methanol, 2:1 v/v—Bligh & Dyer [28]. 

3.2. Identification of Lipid Components—Thin Layer  
Chromatography 

For the identification of the lipid classes present in the extracts, obtained by the 
different methods evaluated in this work, the thin layer chromatography tech-
nique was used. The main objective of this identification was to select more se-
lective extraction procedures for the fatty compounds of interest for the produc-
tion of biofuels [34]. As it was possible to verify in Figure 3, the extracts pre-
sented fatty acids, triglycerides, diglycerides, sterols and carotenoids identified 
according to with Rf (Retention Factor)—order of elution of each compound. 
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Figure 3. Main lipid classes present in extracts. 

 
Performing a detailed analysis of the main fatty components present in lipid 

extracts it is possible to verify that, even when methods without chemical con-
version are used, the triglyceride content was low and did not exceed 2.1% as in 
the case of Bligh & Dyer. The Scenedesmus sp. evaluated in our work showed a 
reduced amount of triglycerides when compared to conventional oilseeds used 
for biodiesel production. Conventional oilseeds such as palm, soy and sunflower 
have amounts greater than 90% of triglycerides in the oil [34]. 

The triglyceride content present in Scenedesmus sp. evaluated in our work 
was also inferior to those reported for the microalgae Parietochloris incisa, 
which presented 42.9% and for Pavlova lutheri with 40.3% [35]. For Scenedes-
mus sp. reported by Keyun [36] the content of triglycerides did not exceed 4.1% 
in the lipid extract. Even with a lower than expected concentration of triglyce-
rides, it was possible to confirm that the use of a solvent/method without chem-
ical conversion in obtaining lipid extracts allows verifying the accumulation of 
triglycerides (in their original form) in the microalgae biomass. Still with a low 
content of triglycerides in the lipid extract, obtained with ethyl acetate:hexane 
(1:1 v/v), the presence of up to 44.35% of free fatty acids was identified. This re-
sult confirms that some factors influenced the low concentration of triglycerides 
in the samples. The presence of phospholipids present in the structural lipids of 
microalgae may have contributed to the increase in fatty acids, as they function 
as pro-hydrolyzing agents. The amount of water present in the biomass after 
collection (85% humidity) and the time of 24 hours, associated with a tempera-
ture of 100˚C performed in the drying of the biomass, probably contributed to 
the hydrolysis of the triglycerides, increasing the amount of free fatty acids. In 
addition, during the cultivation of Scenedesmus sp. biomass, chlorophyll can 
undergo the photooxidation process generating O−2 radicals in the cell that can 
promote the degradation of lipids [37]. The microalgae Phaeodactylum tricor-
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nutum also showed high levels of free fatty acids, which probably resulted from 
lipid degradation during the storage and processing time of the biomass [38]. 
According to Ryckebosch [38], when storing microalgae biomass in nature, with 
high amount of water and without any type of enzymatic inactivation, lipolysis 
occurs naturally. 

As can be seen by thin layer chromatography plates, the methods and solvents 
used in extracting the lipids from Scenedesmus sp. they did not include only fat-
ty components. Pigments and sterols were observed (Figure 3). In the lipid ex-
tracts obtained via Bligh & Dyer, Ethanol and Ethyl acetate:hexane (1:1 v/v) the 
presence of green pigments was observed, mainly chlorophylls a and b. The 
use of polar solvents such as acetone, ethanol, methanol increases the affinity 
of these molecules with the solvent, causing an increase of these compounds in 
the extract [33]. In extracts that underwent chemical treatment, such as 
J-Schmid-Bondzynski-Ratzlaff and saponification, the presence of chlorophylls 
was reduced (Figure 3). During acid hydrolysis by the addition of HCl, the 
presence of available H+ in the reaction medium reacts with the chlorophyll 
present in the biomass. This phenomenon is known as pheophytinization, where 
the magnesium in the center of the chlorophyll molecule reacts with H+ and is 
replaced by hydrogen, changing the color of the extract from green to brown. 
Another common type of chlorophyll reaction is in the presence of OH− in the 
medium, where the phytol chain is removed, leading to the formation of chlo-
rophyll or pheoforbid [39], making this pigment sparingly soluble in organic 
solvents and highly soluble in water. 

The presence of polar components reached up to 18.41%, as in the case of li-
pid extract obtained via Bligh & Dyer. The decrease in the amount of polar lipids 
in the extracts of J-Schmid-Bondzynski-Ratzlaff and saponification can be ex-
plained due to the presence of OH− and H+, respectively, in these procedures. 
Chemical treatment contributed to the hydrolysis and esterification of complex 
lipids such as phospholipids and glycolipids in fatty acids and fatty esters, re-
spectively [40] [41]. 

In the extract produced via saponification, 38.48% of ethyl esters (biodiesel) 
were observed (Figure 3). The presence of these compounds was also identified 
in the extract obtained via J-Schmid-Bondzynski-Ratzlaff, but in a smaller 
amount (22.53%). It is known that the presence of water in the reaction medium, 
can inhibit the esterification reaction. The ethyl esters formed come from the 
transesterification/esterification reaction of triglycerides and fatty acids through 
the presence of ethanol and catalyst (acid or basic). The direct saponification of 
biomass can be an interesting process for the production of biodiesel since it 
eliminates the lipid extraction step; however a greater amount of chemical inputs 
may be necessary. 

The lipid extracts obtained via solvent (without chemical treatment), showed 
a large amount of unsaponifiable compounds such as: sterols, carotenoids and 
pigments, demonstrating that only the use of organic solvents was not selective 
to obtain fatty components. In this sense, a chemical refining of these extracts 
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(via saponification) would be necessary to increase the final concentration of 
fatty components. Still in the sample extracted with acid hydrolysis of biomass, 
as in the case of the J-Schmid-Bondzynski-Ratzlaff method, the presence of ste-
rols (12.98%) and carotenoids (9.37%) was observed. According to the literature 
[35] [38] [39], there is a high lipophilic affinity of sterols to the solvents petro-
leum ether, hexane and ethyl acetate. Sterols are important constituents of the 
cell membranes of eukaryotic organisms, being intertwined with phospholipid 
bilayers. The amount of sterols present in the biomass of Scenedesmus sp. it can 
be considered high, when compared with other raw materials such as corn, 
which presents 0.8% of total sterols in oil [38] [39]. A detailed analysis of the 
composition of the sterols present in the extracts was not carried out, as the 
work focused only on the components that can be converted into biofuels. As 
the unsaponifiable fraction cannot be converted into biodiesel, sterols and caro-
tenoids can be separated, purified and used as products with high added value. 

Figure 4 shows the percentages of fatty and non-fatty compounds present in 
each of the extracts. As fatty components, fatty esters, triglycerides, fatty acids 
and diglycerides were considered. The percentage of non-fatty compounds was 
determined by difference in relation to the total fatty compounds. 

The lipid extracts obtained from the extraction via solvents presented between 
38.58% and 46.86% of fatty material (saponifiable) while those obtained through 
chemical treatment presented between 71.47% and 94.99%. In Figure 5, it was 
possible to evaluate the different methods used to obtain the lipids in relation to 
the amount of saponifiable material (fatty) generated from 100 grams of dry 
biomass of Scenedesmus sp. 

The amount of fatty material did not exceed 3.43%, this result being lower 
when we consider conventional oilseeds, such as soybeans, the main raw materi-
al for the production of biodiesel in Brazil, which has an average of 18% oil. The  
 

 
Figure 4. Percentage of fatty and non-fatty components in lipid extracts. 
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Figure 5. Percentage of fatty material/100 grams of dry biomass Scenedesmus sp. *The 
values calculated based on triplicates of experiments. Different letters differ statistically 
from each other. 
 
method of Bligh & Dyer and Ethanol presented amounts of fatty material statis-
tically equal to those obtained by the basic treatment method (saponification in 
situ). However, using only solvents, an additional step must be taken for the 
concentration and purification of the fatty material for the production of biofu-
els. 

4. Conclusions 

From 100 grams of dry biomass of Scenedesmus sp. by the methods of Bligh & 
Dyer and Ethanol it was possible to obtain the same amount of saponifiable ma-
terial (fat) as that obtained by the basic treatment (saponification in situ) 3.27% 
± 0.28%. 

The lipids contents of Scenedesmus sp., obtained via solvent extraction/method 
without chemical conversion, were up to 53% by weight higher than those ob-
tained via chemical treatment of biomass. However, the extraction without 
chemical conversion, using only solvents, led to the co-extraction of other 
non-fatty (unsaponifiable) components that overestimated the results. Among 
the unsaponifiable components present in these extracts, carotenoids, pigments 
and sterols were identified. The increase in the polarity of the solvent used in the 
extraction led to an increase in the amount of pigments extracted. In lipid ex-
tracts obtained without chemical conversion, fatty acid (44.5%) was the main 
component. While triglycerides (<2.1%) were the minority component. The use 
of lipid extraction methodologies without chemical conversion, only with the 
use of solvents, allowed verifying the disposition of the lipid classes in full form. 
To obtain a fraction rich in fatty components, the extracts will require an addi-
tional chemical refining step to separate saponifiable and unsaponifiable. 

The chemical treatment methodologies applied to biomass, J:Schmid-Bond- 
zynski-Ratzlaff and saponification, showed the same amount of extracted lipids 
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3.21% ± 0.32% and 3.44% ± 0.28%, respectively. The presence of ethyl esters was 
detected in a concentration of up to 38.48% in the lipid extract obtained via sa-
ponification in situ of the biomass. The chemical treatment of biomass resulted 
in the conversion of the most complex lipids into free fatty acids. Among the 
methods evaluated in this study, the basic hydrolysis of biomass via saponifica-
tion, was proved to be the most selective to obtain a 94.99% grease fraction. 
Therefore, starting from a lipid fraction, with a more homogeneous composition 
in fatty components, the definition of the technological route to be applied in its 
conversion into biofuels will be facilitated. 
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