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ABSTRACT 

 
The objective of this research was to determine the effect of four culture media on the fatty acids profile of the 
microalgae Ankistrodesmus sp., Chlorella sp., and Scenedesmus sp. isolated from the Peruvian Amazon. The 
microalgae species were growth by triplicate in Beijerinck's medium (BM), Blue Green medium (BG-11), Bold 
Basal medium (BBM), and CHU-10 medium. Growth was monitored by spectrophotometric analysis at 680 nm. 
Biomass productivity, biochemical analyzes, and fatty acids profiling were performed using standard methods. 
The highest growth was obtained with BM, BBM, and CHU-10 medium for the three microalgae species and the 
biomass productivity was highest (> 0.23 mg.L-1.d-1) in CHU-10 medium. The highest total lipid content was 
reported with Ankistrodesmus sp. (13.77 - 21.58%). Carbohydrate content varied between 8.46 and 50.17%, 
with the highest percentage when the microalgae were cultured in BG-11 (27.26 – 37.80%) and CHU-10 media 
(30.72 – 50.17%). Also, the highest protein content was found in the three microalgae species cultured in BM 
medium (24.89 - 30.44%). The fatty acids profiles showed differences at the intra-species and inter-species 
levels. In conclusion, the three microalgae showed differences in their growth profile, biomass productivity, 
biochemical composition (carbohydrates, total lipids, and proteins contents), and fatty acids profiles. Likewise, 
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these growth and biochemical parameters are markedly affected by the media composition. Additionally, the 
fatty acids profiles of the three microalgae reveals that are a good feedstocks for biodiesel production. 
 

Keywords: Ankistrodesmus; biochemical composition; biodiesel; Chlorella; fatty acids profiling; Scenedesmus. 
 

1. INTRODUCTION 
 
Oleaginous microalgae have a great potential for 
biofuel production [1,2], due to a higher biomass 
productivity and triacylglycerol accumulation in 
comparison to crop plants [3,4]. For example, some 
microalgae species can accumulate high amounts of 
triacylglycerides between 20 and 80% of their dry 
weight [5,6]. Extra advantages of microalgae are: can 
be cultured on non-arable soils and thus do not 
compete with human food production [7], also, these 
microorganisms have multiple uses such as in 
bioremediation [8,9], provides chemical resources for 
the pharmaceutical, cosmetic, and food industries 
[10–12]. 
 

Other additional key aspects of microalgae cells are 
their metabolic plasticity. This feature is expressed by 
changes in their biochemical compositions depending 
on the culture conditions. For example, modifications 
in the physical-chemical parameters of the culture, 
causes changes in nutrients content such as 
triacylglycerols, proteins, and carbohydrates [13–16]. 
Additionally, the fatty acids profile depends on the 
microalgae species and is significantly modified by 
multiple stressors and culture conditions [17–22]. The 
possibility to manipulate the fatty acids profile is a 
great advantage offered by these microorganisms. 
Because, the biodiesel quality and nutritive value (i.e., 
the polyunsaturated fatty acids content) are dependent 
on the fatty acids profile [2,2,23], which can provide 
each oleaginous microalgae species.  
 
To date, exists a gap on the fatty acids profile of 
native oleaginous microalgae from the Peruvian 
Amazon. Therefore, to know their uses as a potential 
source of biodiesel feedstocks, the objective of this 
research was to determine the effect of four culture 
media on the fatty acids profile of the microalgae 
Ankistrodesmus sp., Chlorella sp., and Scenedesmus 
sp. isolated from the Peruvian Amazon. 
 

2. MATERIALS AND METHODS  
 

2.1 Microalgae Cultivation and Harvest  
 
The oleaginous microalgae Ankistrodesmus sp., 
Chlorella sp., and Scenedesmus sp. evaluated in this 
investigation were obtained from the Microalgal 
Culture Collection of the Universidad Científica del 
Perú. These microalgae species were selected for their 
ability to in vitro growth under laboratory conditions. 
For the initial cultivation, microalgal cells cultures 
with an optical density at 680 nm (OD680) = 0.25 were 

inoculated into 150 mL CHU-10 medium [24] in a 
250 mL Erlenmeyer flask, incubated at 26 ± 2°C with 
continuous aeration under a 12:12 h light-dark cycles 
for two weeks using 100 µE m-2 s-1 intensity of cool-
white fluorescent light. These cultures were gradually 
transferred to larger capacity flasks, supplemented 
with culture medium to obtain 5 liter cultures with an 
OD680 = 0.8 (~ 4 weeks). Subsequently, the cultures 
were centrifuged in a Universal 320 R (Hettich, 
Tuttlingen, Germany) at 1920 ×g for 10 min to 
harvest the microalgae cells. Pelleted cells were rinsed 
with 50 mL deionized water and centrifuged again. 
 

2.2 Experimental Design  
 
The harvested biomass of each microalgal species was 
inoculated (to obtain an initial OD680 = 0.1) and 
growth by triplicate in Beijerinck's medium (BM), 
Blue Green medium (BG-11), Bold Basal medium 
(BBM), and CHU-10 medium, containing different 
chemical composition (Table 1). The experiments 
were carried out in 500 mL Erlenmeyer flasks 
containing 400 mL of culture medium. The cultures 
were kept at 26 ± 2°C using 100 µE. m2.s-1 intensity 
of cool-white fluorescent light with 12 h dark:12 h 
ligth cycle, and continuous aeration for 7 days.  
 

2.3 Growth Profile and Biomass Productivity  
 

For growth profile analysis, 2 µL aliquots of the 
microalgal cultures were evaluated each 24 hours 
(between 9 and 10 hours) by spectrophotometric 
analysis at 680 nm using a Nanodrop 2000 UV-Vis 
Spectrophotometer (Thermo Fisher Scientific, DE, 
USA).  
 

After the evaluation period, microalgae cells were 
harvested by centrifugation under the conditions 
previously described. The cell pellets were rinsed with 
100 mL deionized water, centrifuged again, transfer to 
Petri dishes, dried in an oven Ecocell 55 (MMM 
Group, München, Germany) at 70°C to a constant 
weight, and the dry weight was determined 
gravimetrically in an analytical balance Kern ABJ 
220-4NM (Kern & Sohn GmbH, Balingen, Germany). 
Biomass was calculated taking into account the 
difference in weight of dry biomass contained in the 
Petri dish Petri dish using the following equation [25]:  
 

PB = Bf–Bi  
 

Where: PB = microalgae biomass production; Bf = 
weight of empty plate; Bi = weight of plate with dried 
microalgal biomass. 
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Table 1. Chemical composition in one liter of the four microalgal culture media 
 

Chemical component BM BG-11 BBM CHU-10 
NaHCO3 - - - 12.6 g 
NaCO3 - 20.0 mg - - 
NaNO3 - 1.5 g 1.50 g 40.0 g 
NH4NO3 0.15 g - - - 
KH2PO4 0.97 g - 1.05 mg - 
K2HPO4 1.18 g 40.0 mg 0.45 mg 8.7 g 
MgSO4.7H2O 20.0 mg 75.0 mg 0.45 mg 36.9 g 
CaCl2.2H2O 10.0 mg 36.0 mg 1.20 g 36.7 g 
NaCl - - 0.15 mg - 
Na2O3Si.9H2O - - - 28.4 g 
HCl (1 mol/L) - - - 50.0 µL 
EDTA.2Na 5.00 mg 1.04 g 0.05 g 0.05 g 
KOH - - 0.31 g - 
Citric acid - 6.0 mg - - 
(NH4)5[Fe(C6H4O7)2] - 6.0 mg - 3.35g 
H3BO3 1.00 mg 2.86 g 11.42 mg 618 mg 
MnCl2.4H2O 0.15 mg 1.81 g 1.44 mg 12.6 mg 
ZnSO4.7H2O 2.20 mg 0.22 g 8.80 mg 44.0 mg 
Na2MoO4.2H2O - 0.39 g - 12.6 mg 
CuSO4.5H2O 0.15 mg 79.0 mg 1.57 mg 19.6 mg 
Co(NO3)2.6H2O - 49.4 mg 0.49 mg - 
H2SO4 - - 1.00 mg - 
FeSO4.7H2O - - 4.98 mg - 
MoO3 - - 0.71 mg - 
(NH4)6Mo7O24.4H2O 0.10 mg - - - 
CoCl2.6H2O - - - 20 mg 
pH 6.8 7.4 6.6 7.5 
Total volume 1L 1L 1L 1L 

 
These analyses were carried out in triplicate and the 
data were expressed as mean ± standard deviation 
(±SD). 
 

2.4 Carbohydrates, Total Lipids, and Proteins 
 
Carbohydrate content of the microalgal biomass was 
determined with the phenol-sulfuric acid method [26]. 
For this purpose, 5 mg of dry microalgae biomass was 
added to 5 mL of water. After this, a 1 mL aliquot of 
sample was added to 3 mL of sulfuric acid and 1 mL 
of 5% aqueous solution of phenol, and the mixture 
was stirred and incubated for 5 min at 90°C. The 
yellow-marron complex was analyzed by 
spectrophotometric analysis at 488 nm against a 
calibration curve based on a known concentration of 
glucose.  
 

Total lipid was extracted using a modified protocol of 
Bligh and Dyer [27]. For each sample, ~ 50 mg of 
microalgal powder was mixed with 3 mL of 
chloroform/methanol (2:1, v/v) and homogenized in 
an ultrasonic Branson 2510 (Branson, CT, USA) for 5 
min. The mixture was then centrifuged at 20000 ×g 
for 5 min, and the supernatant was transferred into a 
pre-weighed vial. Cellular debris was mixed with 

another 2 mL of chloroform/methanol (2:1, v/v) by 
vortex, and then centrifuged as described above. After 
that, the pooled organic phases were filtered through 
syringe filters of 0.45 µm, evaporated with nitrogen 
gas, and dried at 80°C in a vacuum oven Vacucell 55 
– Comfort (MMM, München, Germany) to a constant 
weight. The lipid content and productivity of each 
sample was measured gravimetrically using a semi-
micro analytical balance (Sartorius, MSU225S-000-
DU, USA) and calculated as follows [28]:  
 

Total lipid (% dry weight) = WL/WA × 100. 
 
where WL (g) is the weight of the total lipids extracted 
and WA (g) is the weight of the dry microalgae 
biomass.  
 

PLipid (mg L-1 d-1) = WA (g) x CLipid (%)/V(L) x T(d)  
 
where PLipid is the lipid productivity, CLipid is the lipid 
content, V is the working volume, and T is the 
cultivation time.  
 
Protein content was determined according the 
Hartree-Lowry method [29]. To 5 mg of dry 
microalgal biomass was added 5 mL of 0.5 M NaOH 
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and incubated for 10 min at 80°C, and then 
centrifuged for 5 min at 14000 ×g. Protein content in 
1 mL of the supernatant was determined by adding 0.5 
mL of 0.5 M sodium carbonate, 0.5 mL of 0.5 M 
sodium potassium tartrate, 0.5 M of cupper sulfate, 
and 2 mL of Folin-Ciocalteau reagent. The blue 
complex was analyzed in a Varian Cary 50 Bio UV-
Visible Spectrophotometer (Agilent Technologies, 
CA, USA) set at 650 nm against a calibration curve 
based on a known concentration of BSA as a standard. 
All analyses were carried out in triplicate, and the data 
are expressed as mean ± SD. 
 

2.5 Esterification and Fatty Acids Profiling  
 
Fatty acid methyl esters (FAME) were prepared by 
acid transesterification according to Ichihara and 
Fukubayashi [30]. The crude lipid extract (1 mg) was 
dissolved in 0.2 mL of toluene, 1.5 mL of methanol, 
and 0.3 mL of 0.8% HCl (prepared in methanol: water 
85:15 v/v), transferred into capped test tube, mixed 
for 5 min and then incubated at 45°C for 12 h for 
derivatization reaction. Then 2 mL of n-hexane and 2 
mL of distilled water was added to the tube. After 
vortexing, the hexane phases containing FAMEs were 
transferred into a 1.5 mL tube and dried under a 
stream of nitrogen. Finally, the FAMEs were 
redissolved in 10 µL acetonitrile, and analyzed by 
using a gas chromatograph Varian CP-3800 GC 
(Agilent Technologies, CA, USA) equipped with 
automated sampler and injector, flame ionization 
detector and using a 30 m x 0.32 mm x 0.25 µm 
Stabilwax® capillary column (Restek, PA, USA). The 
GC conditions were as follows: injector temperature: 
250°C; column temperature gradient was: 120°C for 1 
min, followed by an increase to 160°C at the rate of 
30°C/min, 160°C for 1 min, followed by an increase 
to 240°C at the rate of 4°C/min, and 240°C for 7 min. 
Detector temperature: 260°C. Gas pressures for He, 
H2, and synthetic air were maintained at 40, 80, and 
60 psi, respectively. The carrier gas (He) flow was 
maintained at 1 mL/min. The fatty acids were 
analyzed by comparing their retention time of the 
corresponding peaks with a known standard mixture 
of FAMEs (Nu-Check Prep, MN, USA), and methyl 
tricosanoate (Sigma-Aldrich, MO, USA) was added to 
each sample as internal standard. All chromatograms 
of the microalgal samples were analyzed by using the 
Galaxie™ Chromatography Data System version 
1.9.3.2 (Agilent Technologies, CA, USA). All peaks 
spanning a peak area of more than 50 units were 
integrated. All analyses were carried out in triplicate, 
and the data are expressed as mean ± SD. 
 

2.6 Statistical Analysis  
 
Statistical analyses were performed using the IBM 
SPSS Statistics 21.0 software. The growth rate, 

biomass, lipid, protein, carbohydrate, and ash contents 
data each microalgal species growth in the four 
culture medium were analyzed using a one-way 
analysis of variance (ANOVA) and HSD Tukey test. 
Differences were considered significant at P < 0.05. 
All data presented here are given as mean ± SD. 
 
3. RESULTS AND DISCUSSION 
 
3.1 Effects of Different Culture Media on 

Growth and Biomass Productivity 
 
Obtaining biodiesel from vegetable oils is currently 
problematic due to high land and water requirements 
and the labor involved with planting, growing, and 
harvesting [31]. However, microalgae have short 
cultivation periods, thus representing an alternative 
source of renewable oils and can be developed in 
wastewater with the double benefit of bioremediation, 
higher photosynthetic efficiency, greater effectiveness 
in the assimilation of nutrients, and sustained 
throughout the year, due to the short doubling times of 
microalgae [32]. Microalgae can grow optimally 
under suitable and sufficient nutrient conditions. The 
enriched culture media was used to growth various 
types of microalgal species isolated from freshwater 
[33]. To study the effects of different media 
compositions, the oleaginous microalgae 
Ankistrodesmus sp., Chlorella sp., and Scenedesmus 
sp. were cultivated in BM, BG-11, BBM, and CHU-
10 media in batch culture. The highest growth was 
obtained with BM, BBM, and CHU-10 medium for 
the three species (Fig. 1), whereas the growth was 
lowest in Ankistrodesmus sp., cultivated in BG-11 
media. Also, in this culture medium the others 
microalgae species showed a low growth. In contrast 
to our results, Bayona and Garcés [34] report that 
Botryococcus braunii a better growth in BG-11 
medium. Similarly, George et al. [35] report that the 
freshwater microalgae Ankistrodesmus falcatus 
growth better in BG-11 medium than in BBM 
medium.  
 
In our study, the biomass productivity of the three 
microalgae species was highest (> 0.23 mg.L-1.d-1) in 
CHU-10 medium (Table 2). This can be attributed to 
the fact that this medium has a high concentration of 
bicarbonate (12.6 g/L, see Table 1), which is a source 
that supplies the carbon atoms for the biosynthesis of 
the carbon skeletons of all the microalgae organic 
compounds, such as carbohydrates, lipids, and 
proteins. These anabolic processes begin with the 
fixation of CO2 from bicarbonate by the Calvin cycle, 
and these organic compounds are synthesized from 
glyceraldehyde-3-phosphate produced in this 
metabolic pathway [36–38]. In addition, the Table 2, 
shown that Chorella sp. showed the highest biomass 
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productivity (>2.0 mg.L-1.d-1) in the four culture 
media, but, the highest values were obtained with 
BBM and CHU-10 media. Contrary to Chlorella sp., 
the microalgae Ankistrodesmus sp. shown the lowest 
values in biomass productivity with a range between 

0.07 ± 0.02 and 0.23 ± 0.07 mg.L-1.d-1. The genetic 
peculiarities and therefore the metabolic capabilities 
in the differential use of the media chemical 
components, could partially explain the differences in 
the growth profiles and biomass productivities.   

 

 

Fig. 1. Growth profiles of the three oleaginous microalgae (Ankistrodesmus 
sp., Chlorella sp., and Scenedesmus sp.) from the Peruvian Amazon in four 

culture media (BM, BG-11, BBM, and CHU-10) 
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Table 2. Biomass productivities (mg.L-1.d-1) of three native oleaginous microalgae grown in the four 
culture media 

 
Oleaginous 
microalgae 

Culture medium 
BM BG-11 BBM CHU-10 

Ankistrodesmus sp. 0.08 ± 0.02a 0.23 ± 0.03b 0.07 ± 0.02a 0.23 ± 0.07b 
Chlorella sp. 2.04 ± 0.57a 2.14 ± 0.48a 2.21 ± 0.70a 2.57 ± 0.78a 
Scenedesmus sp. 0.23 ± 0.023a 0.44 ± 0.036b 0.49 ± 0.044b 1.24 ± 0.17c 

Means ± SD, n = 3, Different letters in the superindice indicate statistically significant differences (P < 0.05) 
 
3.2  Effects of Different Media Composition on 

Carbohydrates, Total Lipids, and Proteins 
 
The biochemical constituents of microalgae can be 
altered by changing the composition and 
concentration of nutrients in the culture medium [39]. 
Also, the culture conditions such as light intensity, 
temperature, and photoperiod can modified the 
biochemical constituents of several microalgae 
species [40]. Therefore, it is important to optimize the 
cultivation conditions and medium composition to 
achieve the best productivity of carbohydrates, lipids, 
and proteins [35]. In the present study, the highest 
total lipid content, which is a raw material for the 
production of biodiesel, was reported with 
Ankistrodesmus sp. (between 13.77 and 21.58%). In 
contrast, Chlorella sp. and Scenedesmus sp. showed 
values between 5.70 and 15.24% (Fig. 2). A similar 
study by George et al. [35] reported in 
Ankistrodesmus falcatus, grown in BBM medium, a 
total lipid content of 29.20%. Whereas, Mandotra et 
al. [41] have reported that Scenedesmus abundance 
exhibits the highest lipid content when is grown in a 
modified CHU-13 medium, whereas this value is low 
with BG-11 and BBM media (~5.70%).  
 
In addition to lipid production, microalgae cells are an 
interesting alternative for the industry, due to their 
high content in carbohydrates and proteins [42]. Fig. 2 
also shows the carbohydrate and protein content of the 
three microalgae species culture under different media 
composition. The carbohydrate content varied 
between 8.46 and 50.17%, with the highest percentage 
when the microalgae were cultured in BG-11 (27.26 – 
37.80%) and CHU-10 media (30.72 – 50.17%). This 
increased capability for the biosynthesis and 
accumulation of carbohydrates, is due to the fact that 
both culture media have an additional source of CO2, 
which are carbonate (NaCO3) and bicarbonate 
(NaHCO3), respectively (Table 1). At species level, 
the carbohydrates content was highest in Chlorella sp. 
cultured in CHU-10 medium, which showed 
significant statistical differences with respect to BM, 
BBM, and BG-11, media (F = 2146.0, df = 3, P < 
0.001). Ankistrodesmus sp. and Scenedesmus sp. 
showed a similar pattern. A study conducted by Ho et 
al. [43], found that C. vulgaris FSP-E accumulates 

carbohydrates between 37.8 and 51.0% of its dry 
weight. Likewise, Piligaev et al. [44] reported that S. 
abundans A1175 has a carbohydrate content of 
43.3%. Others investigations reported values of 
8.08% in C. vulgaris [45] and 7.77% in 
Ankistrodesmus falcatus [35] cultured under different 
conditions. Consequently, the three microalgae 
species of our study can be used as a rich source of 
carbohydrates, which can be converted into valuable 
products as bioethanol [46]. 
 

Highest protein content was found in the three 
microalgae species cultured in BM medium (between 
24.89 and 30.44%). These values showed differences 
statistically significant in comparison with the other 
tested media (BG-11, BBM, and CHU-10) with 
Ankistrodesmus sp. (F = 896.1, df = 3, P < 0.001), 
Chlorella sp. (F = 1408.9, df = 3, P < 0.001), and 
Scenedesmus sp. (F = 5441.7, df = 3, P < 0.001). 
Other investigations, also, report similar protein 
content in various microalgae species. For example, 
26.0% and 47.8% in C. Vulgaris and between 15.7 
and 33.1% in species of the genus Scenedesmus [42]. 
These results can be attributed to differences in the 
composition of the nitrogen sources of each culture 
medium. For instance, in BM medium ammonium 
nitrate (NH4NO3) is a sole nitrogen source for the 
biosynthesis of aminoacids and proteins. 
Paradoxically, the nitrogen concentration in this 
medium (NH4NO3 = 0.15 g/L) is lower with respect to 
the other tested culture media (NaNO3 between 1.5 a 
12.6 g/L). Consequently, ammonium nitrate is a better 
source of nitrogen for the biosynthesis of nitrogenous 
compounds in microalgae cells, such as proteins and 
nucleic acids. These results are corroborated by many 
reports, which indicated that microalgae cells can use 
a wide variety of nitrogen sources, such as ammonia, 
nitrate, nitrite, and urea [40,47]. 
 

3.3 Fatty Acids Profiling 
 
The characteristics of biodiesel are determined by the 
quality of the lipids produced by the microalgae cells. 
Therefore, it is necessary to ensure that lipids have 
long chain fatty acids with a low degree of 
unsaturation (preferably palmitoleic and myristic 
acids) that can reduce toxic emissions and improve 
the properties of biofuels (i.e., cetane number, 
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oxidative stability) without compromising its flow 
characteristics, viscosity, and lubricity [48]. The fatty 
acids profiles obtained of the three microalgae species 
growth in the four culture media are given in Table 3. 
This table shows that, the fatty acid profile differs 
both at the intraspecific level, due to the effect of the 
culture medium, and at the microalgae species level. 
These variations may be due to a differential 
expression of a particular repertoire of the desaturases 

and elongases, which are the enzymes that determine 
the type and abundance of fatty acids in eukaryotes 
[49]. In our data, palmitic (C16:0), oleic (C18:1n-9), 
linoleic (C18:2n-6), and α-linolenic acids (C18:3n-3) 
were the most abundant fatty acids and showed 
greater variations within and between the species 
studied. Similar results were obtained by other 
researchers with marine and freshwater microalgae 

species growth in different culture conditions [50–53]. 

 
 

Fig. 2. Biomolecule content (carbohydrates, total lipids, and proteins) of the three 
oleaginous microalgae (Ankistrodesmus sp., Chlorella sp., and Scenedesmus sp.) 

obtained in four culture media (BM, BG-11, BBM, and CHU-10) 
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Table 3. Effect of different culture media on fatty acid profiling in three native oleaginous microalgae from the Peruvian Amazon 
 

Fatty acids Ankistrodesmus sp. Chlorella sp. Scenedesmus sp. 
BM BG-11 BBM CHU-10 BM BG-11 BBM CHU-10 BM BG-11 BBM CHU-10 

14:0 0.0±0.0 1.0±0.1 0.8±0.1 1.0±0.1 0.0±0.0 0.7±0.1 0.0±0.0 0.7±0.1 0.0±0.0 0.0±0.0 0.5±0.0 0.0±0.0 
16:0 21.9±0.9 58.8±1.4 57.2±1.7 35.5±1.2 15.9±3.9 49.7±0.6 20.6±1.5 39.8±1.5 18.1±1.5 49.7±4.2 79.8±2.5 56.5±1.1 
18:0 1.2±0.1 4.4±0.1 4.2±0.1 1.9±0.1 0.0±0.0 1.7±0.2 0.0±0.0 1.8±0.2 1.1±0.2 5.1±0.4 6.8±0.8 5.0±0.5 
16:1n7 0.7±0.1 0.6±0.1 0.0±0.0 1.4±0.1 1.6±0.4 0.8±0.0 1.1±0.2 0.7±0.1 0.7±0.1 1.2±0.1 0.6±0.1 2.0±0.1 
18:1n7 1.9±0.2 0.6±0.1 0.0±0.0 2.7±0.2 1.8±0.4 1.5±0.1 2.1±0.2 1.9±0.1 1.8±0.1 1.8±0.1 0.8±0.1 2.2±0.1 
18:1n9 22.3±1.5 57.3±8.7 17.6±2.6 70.3±3.3 12.0±3.2 29.2±0.2 14.4±0.3 47.7±0.1 12.9±1.3 77.6±5.3 20.6±1.6 75.0±1.8 
18:2n6 7.3±0.2 4.3±0.7 1.4±0.3 14.2±1.2 19.4±4.8 8.0±0.1 30.9±0.9 37.3±0.5 17.8±0.4 8.9±0.5 5.4±0.3 35.0±1.2 
18:3n6 0.9±0.1 0.0±0.0 0.0±0.0 1.0±0.1 1.5±0.4 0.0±0.0 1.6±0.1 1.3±0.1 1.8±0.1 1.0±0.1 0.0±0.0 2.2±0.2 
18:3n3 41.9±0.6 4.9±1.1 1.4±0.3 28.3±1.5 34.3±7.5 1.5±0.1 19.4±0.7 16.6±0.5 36.0±1.9 5.0±0.2 4.9±0.2 21.0±0.5 
18:4n3 8.5±0.1 1.1±0.2 0.0±0.0 12.0±0.6 5.2±1.1 0.0±0.0 3.2±0.1 3.2±0.1 4.5±0.1 0.0±0.0 0.7±0.1 4.9±0.1 
Unidentified 29.4±0.2 2.9±0.1 0.8±0.2 21.8±0.3 30.7±1.8 7.2±0.2 30.5±0.2 21.7±0.1 30.7±1.8 2.5±0.1 3.4±0.3 10.9±0.1 
SFA 23.0 64.2 62.3 38.4 15.9 52.1 20.6 42.2 19.2 54.7 87.2 61.5 
UFA 47.5 32.8 36.9 39.7 53.4 40.6 48.8 36.1 50.2 42.7 9.4 27.7 
MUFA 25.0 58.5 17.6 74.3 15.4 31.5 17.7 50.3 15.5 80.6 22.0 79.2 
PUFA 58.5 10.3 2.9 55.5 60.4 9.5 55.0 58.3 60.0 14.9 11.1 63.0 

SFA – saturated fatty acids; UFA – unsaturated fatty acids; MUFA – monounsaturated fatty acids; PUFA – polyunsaturated fatty acids 
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Anand and Arumugam [54], also showed that the fatty 
acids profile of some microalgae species is 
characterized for their high content of saturated and 
monounsaturated fatty acids (54%). In addition, 
Talebi et al. [55] observed that oleic acid, omega-3 
fatty acids, and palmitic acid were the more abundant 
fatty acids in several strains of C. vulgaris, Amphora 
sp., Dunaliella sp., and D. salina. Studies by Knothe 
[56] shown that oleic, palmitoleic, and palmitic acids 
are common fatty acids of microalgae lipids. A 
similar study by Mahmoud et al. [57] found that C. 
vulgaris stores about 45% of saturated fatty acids and 
54% of unsaturated fatty acids. The freshwater green 
microalgae Scenedesmus sp., also have high amounts 
of unsaturated fatty acids (52.8%) [58]. Finally, a 
study by Cobos et al. [25] observed high oleic acid 
content (32.65%) in S. quadricauda in nitrogen rich 
conditions but was reduced to 9.88% under nitrogen 
depleted conditions. Based on the proposal of Talebi 
et al. [55] the fatty acids profile of the three 
microalgae species from the Peruvian Amazon are a 
good feedstock for the production of biodiesel. 
 
4. CONCLUSION 
 
The microalgae species Ankitrodesmus sp, Chlorella 
sp., and Scenedesmus sp. natives from the Peruvian 
Amazon, shown differences in their growth profile, 
biomass productivity, biochemical composition 
(carbohydrates, total lipids, and proteins contents), 
and fatty acid profile. Likewise, these growth and 
biochemical parameters are markedly affected by the 
media composition. Additionally, the fatty acids 
profiles of the three microalgae species shown that are 
a good feedstocks for biodiesel production. 
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