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ABTRACT. 

In the present study, the chemical and functional composition of Euglena cantabrica was 

investigated. The extraction of the bioactive compounds was done by using Pressurized Liquid 

Extraction (PLE) with different temperatures and extraction solvents. After this, different 

functional and chemical analyses were done with the aim to see the bioactivity of the extracts 

and also to characterize chlorophylls, carotenoids and carbohydrates. The obtained results gave 

the best way to do the extraction depending on the desired bioactivity.  However, a deeper 

analysis of the data should be performed with the purpose of getting a better characterization of 

pigments and carbohydrates. Summing up, E. cantabrica seems to be a good candidate to be 

used in the industry. 

 

1. INTRODUCTION. 

1. 1. MIRACLES project 

The present work has been done in the framework of a European project, the MIRACLES 

project (Multi-product Integrated bioRefinery of Algae: from Carbon dioxide and Light Energy 

to high-value Specialties) funded by the European Union’s seventh framework program for 

research, technological development and demonstration (grant agreement no. 613588). The 

project has a strong industrial participation and its intention is developing integrated biorefinery 

technologies for the production of high value products from microalgae in order to use them in 

food, aquaculture and non-food products. To achieve these objectives, there is a consortium of 

partners formed by twenty-six members from six EU countries, the associated country Norway, 

and International Cooperation Partner Country (ICPC) Chile, and including 11 prominent 

research organizations. 

Microalgae had shown its potential to produce food and non-food products (Spolaore et al., 

2006; Francisco et al., 2010). Although their huge potential, the profit that is being obtained 

from microalgae is not really high due to the existent deficiencies, mainly, in the cultivation 

methods, but also, in the biorefinery processes. To overcome this situation, there exist many 

studies in the field trying to optimize these limitations separately (Mussgnug et al., 2010; 

Naumann et al., 2013), but the MIRACLES project goes one step further and wants to combine 

them (Herrero et al.2014).  

The project aims to develop an integrated multiple-product biorefinery for valuable specialties 

from microalgae. In this regards, the development and integration of environmentally-friendly 

cell disruption, extraction and fractionation processes is being performed. Furthermore, new 
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technologies for optimizing and monitoring valuable products during cultivation are being 

developed. 

 

1.2. Euglena cantabrica microalga 

Macroalgae have been used in China since 1000 b.C. Despite of this, microalgae have not been 

used in a massive way until the middle of the 20
th
 century, although there are records of 

microalgae ethnical uses in the Mayan culture and certain African tribes. The culture of 

microalgae scientifically started in the last decade of the 19
th
 century, according to Provasoli et 

al., (Provasoli et al., 1957), and the way to cultivate them was investigated and simplified until 

the beginning of the 20
th
 century (Allen & Nelson, 1910). In the middle of this century, the first 

studies of big scale production of microalgae started (Spoehr & Millner, 1949). Was in those 

days when the investigation of the proprieties and benefits of microalgae stated (Lipinsky et al., 

1970). Then, the bioactive products from microalgae were studied to introduce them into human 

diet. Furthermore to the benefits for human diet that algae possess, there are much more 

applications for the microalgae products. Microalgae products are used in medicine and 

nutrition (Doughman et al., 2007; Soheili & Khosravi-Darani, 2011), in pharmacy as drugs 

(Borowitzka, 1995; Mimouni et al., 2012), in cosmetics (Arad & Yaron, 1992), in animal 

feeding (Muller-Feuga, 2000), in nanotechnology and in biotechnology for waste water 

treatments (Hoffmann, 1998; Kang, 2006), biofuel or biodiesel production (Mata et al, 2010; 

Guldhe, 2017) and others (Pulz & Gross, 2004). 

Summing up, microalgae have a huge potential because they are a vast unexploited reservoir of 

new compounds that are waiting to be discovered. In the present work, the selected microalga to 

be studied has been Euglena cantabrica. 

Euglena cantabrica is a green unicellular microalga from the botanical point of view. But it can 

also be considerate a protist, considering the zoological point of view (Marin et al., 2003; 

Pradhan et al., 2014). It belongs to the phylum Euglenozoa and it is found in temperate climates 

in freshwater bodies (Brodie & Lewis, 2007). E. cantabrica contains one flagella located in 

apical position within the reservoir. It has a huge number of spherical mucocysts, which are 

found aggregated in the anterior and posterior part of the cell forming rows spirally organized in 

parallel to the periplast. Contains a single axial stellate chloroplast located anterior to the 

nucleus, which is the largest structure in the cell, with acentrally located pyrenoid. The 

extraplastidic eye spot, which is common to Euglena, is located near to the flagella. The eye 

spot, also called stigma, is a photoreceptive pigment. (Shin & Triemer, 2004; Kosmala et al., 

2009; Kim et al., 2015). The cell shape is widely fusiform. E. cantabrica is autotrophic and 
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heterotrophic, because in the absence of light there is absorbance across the membrane (Kim et 

al., 2010). A picture of E. cantabrica can be observed in Figure 1. 

 

Figure 1. Microscopic view of E. cantabrica. N (nucleus), CP (Chloroplast), ES (eye spot), PC 

(paramylon center), M (mucocysts). Image from Shin & Triemer, 2004. 

The information about this alga is limited and is mostly just a brief morphological description, 

or just changes of Euglena’s classification. Regarding to its composition, paramylon (β-1,3-

glucan) is the principal reserve carbohydrate and it is located in a structure called paramylon 

center in the middle of the cell (Kim et al., 2015). There has been published a pioneer paper by 

Jerez-Martel et al. in 2017, which shows the first results of phenols an antioxidant activity of 

this alga. 

The objective of this study to characterize chemical and functionally this unknown alga, which 

gives a first view of E. cantabrica’s potential as a source of bioactive products obtained using 

green technologies. 

 

2. MATERIALS AND METHODS. 

2.1. Strain, culture conditions and breaking of the cell wall. 

Euglena cantabrica was obtained from BAE (Banco Español de Algas) in Gran Canaria. The 

algae were cultivated at natural conditions with a light intensity media of 134.3 W/m
2
 and at a 

temperature media of 24 ºC. The cultures were cultivated with a dark:light cycle media of 

12.5:11.5. Then, the culture was sent to the project’s partner DLO (Stichting Dienst 

Landbouwkundig Onderzoek), from Wageningen University. There, the cell wall of the alga 

was broken at 1500 bar. After this, the frozen paste was sent to CIAL-CSIC, where it was 

lyophilized before extraction. 

 

 

 

25 
µm 

M 
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2.2. Experimental design. 

A factorial design type 3
2
 (2 factors at 3 conditions or levels) with 3 additional replicates in the 

central point was used, in order to study the influence of extraction temperature (40ºC, 110ºC, 

180ºC) and solvent composition (0% ethanol (water), 50%, 100%) in the response variables. 

This means that 12 experiments were done: 9 of the factorial design and 3 replicates of the 

central point (110ºC, 50% ethanol) in order to establish the error.  

 

2.3. Pressurized liquid extraction (PLE). 

The extractions were done in an ASE200 (Accelerated Solvents Extractor, Dionex, USA) with 

the conditions established in the experimental design. The experiments were done in a random 

order to avoid the error due to incontrollable parameters. To avoid contaminations, after each 

extraction, a cleaning protocol was done. All the extractions were done using 1 g of disrupted 

microalgae mixed with 2 g of sea sand. Extraction time was 20 min for all extractions, because 

it was demonstrated that the extraction time above 15 minutes does not have statistical influence 

in the yield or the antioxidant capacity (Herrero et al. 2006). Pressure was constant (100 bar) in 

order to keep solvents in liquid phase under all temperatures tested. 

Solvent was removed to calculate the extraction yield: ethanol was evaporated under a nitrogen 

stream and water was freeze-dried.  

 

2.4. Functional characterization. 

2.4.1. Total phenols content (TPC): Folin-Ciocalteau test. 

The total content of phenols was measured as GAE (Gallic Acid Equivalents)/ g extract, 

according to the protocol developed by Kosar et al. (2005). Phenols present in algae extracts are 

able to reduce Mo(VI) to Mo(V) present in the Folin-Ciocalteu reagent. The intensity of the 

blue color generated (absorbance at 760 nm) was related to the concentration of phenols in the 

extract. 

2.4.2. Antioxidant capacity: ABTS and DPPH tests 

The ABTS (2,2’-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt) test was 

performed according to the procedure developed by Re et al. (1999). First, ABTS
•+

 radicals 

were generated by reaction of ABTS with potassium persulfate. Then, the inhibition of the 

radical by the different algae extracts was measured (absorbance at 734 nm) after 45 min of 

incubation. Results were expressed as TEAC values (mmol trolox equivalents (TE)/ g sample), 

since trolox was used as reference standard.  
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The scavenging of DPPH (1,1-Diphenyl-2-picrylhydrazyl) radical is based on the procedure 

developed by Brand-Williams et al. (1995). Briefly, the inhibition of a solution of the radical by 

the different algae extracts was measured (absorbance at 516 nm) after 4 hours of incubation. 

Results are expressed as effective concentration of extract able to decrease the concentration of 

DPPH to the half (EC50). 

 

2.5. Chemical characterization. 

2.5.1. Carotenoids and chlorophylls 

The analysis of pigments was done using a procedure based on high performance liquid 

chromatography coupled to diode array detector and mass spectrometry (HPLC-DAD-MS). The 

procedure followed was a modification of the method developed by Castro-Puyana et al. (2013) 

and Gilbert-López et al. (2015). 

2.5.2. Total lipids. 

The total content of lipids was measured by weighing the dried extract obtained with 

methanol:chloroform, following the protocol of Aselsson & Gentili (2014).  

2.5.3. Carbohydrates 

The first step in the characterization of carbohydrates was the determination of the molecular 

weight of the carbohydrates present in the extracts. To this aim, size exclusion chromatography 

- evaporative light scattering detector (HPLC-ELSD) was used. The procedure followed was 

described in (Muñoz-Almagro et al., 2017). Briefly, the different samples were dissolved in 

water, and injected in the HPLC. The second step was the determination of the monosaccharide 

composition of the extracts by gas chromatography using a flame-ionization detector (GC-FID), 

according to (Muñoz-Almagro et al., 2016). 

 

3. RESULTS. 

3.1. Pressurized liquid extraction (PLE). 

To optimize the extraction conditions an experimental design in which the interaction of two 

factors was studied, was selected.  

In Figure 2 the yield values are shown, expressed as percentage of dry extract in relation to the 

initial quantity of algae up to the temperature and ethanol used for the extraction. 
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Figure 2. Yield graph. Extraction yields obtained with PLE in relation with the two studied factors. 

 

3.2. Functional characterization. 

3.2.1. Total phenols: Folin-Ciocalteau test. 

In Figure 3, the average value of total phenols obtained for each of the conditions of the 

experimental design are shown, expressed as mg GAE/g extract. The results show that the 

phenols content is higher at higher temperature and with intermediate percentage of ethanol. 

 
Figure 3. Total phenols. Phenols content of the extractions obtained with PLE in relation with the two studied 

factors. The values are the average of 3 replicates. The error bars represent the standard deviation. 

3.2.2. Antioxidant capacity. 

The TEAC values of all PLE extracts are shown in Figure 4, expressed as mmol TE/g extract at 

all extraction conditions tested. The results show that the antioxidant capacity is higher when a 

higher temperature is used. 
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Figure 4. A) Antioxidant capacity of TEAC-ABTS test. B) Antioxidant capacity of DPPH test. Antioxidant 

capacity of the extractions obtained with PLE in relation with the two studied factors. The values are the average of 3 

replicates. The error bars represent the standard deviation. 

Figure 4 also shows the DPPH values, expressed as EC50 (µg/mL) up to the temperature and 

ethanol used for the extraction. The EC50 is the quantity of sample necessary for reducing the 

DPPH absorbance to the 50%. So, the higher is the necessary amount, the lower the antioxidant 

capacity is. The results show that antioxidant capacity is higher with a higher temperature and 

with intermediate percentage of ethanol. 

 

3.3. Chemical characterization. 

3.3.1. Analysis of pigments by HPLC-DAD-MS 

In order to determine the pigments present in the samples, an HPLC-MS analysis was done. In 

Figure 5 a chromatogram of the sample extracted at 110ºC and with 100% ethanol is shown.  

Figure 6. Chromatogram of HPLC. Obtained at 450 nm from extract done at 110 ºC and 100 % Ethanol. 

Carotenoids are represented with an orange number and chlorophylls with a green one. 
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3.3.2. Total lipids 

Figure 6 shows the lipids content of the extractions, expressed as percentage of dry weight in 

relation to the initial quantity of algae up to the temperature and ethanol used for the extraction. 

The results show that the lipids content is higher at higher temperature and with high amount of 

ethanol in the extraction solvent, as expected according to solvent polarity. However, in any 

case the amount of lipids isn’t relevant: the lipids% in all PLE extracts of E. cantabrica is below 

0.1%. 

 
Figure 6. Lipids content. Lipids content of the extractions obtained with PLE in relation with the two studied 

factors. 

3.3.3. Analysis of carbohydrates by HPLC-ELSD 

In order to determine the molecular weight of the carbohydrates present in the samples, a 

HPLC-ELSD analysis was done. The chromatographic profile obtained is shown in Figure 7. 

 
Figure 7. Chromatogram of central point. 8 peaks are observed. 
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4. DISCUSSION. 

4. 1. Pressurized liquid extraction (PLE). 

As it is shown in Figure 2, the best yields are obtained using a solvent composition of 50% of 

ethanol. This is maybe due to the polarity of the extracted compounds, which seems to be in 

between water and ethanol. In addition, the extraction temperature increases the yield, as result 

of the increase of the compound’s vapor pressure and a decrease in solvent viscosity due to 

temperature. All of these increase the transference ratio of sample matter to the solvent. 

The optimization of extraction conditions was done using the statistical software Statgraphics 

Centurion (version XVI). In Figure 8A, it is shown a Pareto’s diagram for temperature and 

ethanol percentage. It shows that the temperature gives the most significant influence on the 

extraction. This fact, confirm what is shown in Figure 2: the better yields are obtained with 

higher temperatures. In Figure 8B, the response surface shows that the best extraction 

conditions are obtained at a highest temperature (180ºC) and using 37.2 % of ethanol. 

 
Figure 8. (A) Pareto’s diagram for yield. Vertical line shows a confidence range of 95% and the color shows if the 

factors’ influence of the factors is positive or negative. (B) Estimated response surface for yield. 

 

4.2. Functional characterization. 

4.2.1. Total phenols: Folin-Ciocalteau test. 

As it is shown in Figure 3, the highest total phenols content are obtained when the highest 

extraction temperature is used. In addition, a content of 50% of ethanol increases the phenols 

content. This is maybe due to the polarity of the phenol compounds of E. cantabrica, which 

seems to be in between water and ethanol.  

In Figure 9A, it is shown a Pareto’s diagram for temperature and ethanol percentage. It shows 

that the temperature gives the most influence on the extraction. This fact, confirm what is shown 

in Figure 3: the highest phenols content is obtained with highest temperature. In Figure 9B, the 

response surface shows that the best extraction conditions to get the highest phenols content is 

obtained with the highest temperature (180ºC) using 48.1 % of ethanol. 
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Figure 9. (A) Pareto’s diagram for total phenols. Vertical line shows a confidence range of 95% and the color 

shows if the factors’ influence of the factors is positive or negative. (B) Estimated response surface total phenols. 

4.2.2. Antioxidant capacity. 

4.2.2.1. TEAC-ABTS test. 

As it is shown in Figure 4A, the highest antioxidant capacity is obtained when the highest 

extraction temperature is used. In addition, a content of 50% of ethanol increases the antioxidant 

capacity. This is maybe due to the polarity of the antioxidant compounds of E. cantabrica, 

which seems to be in between water and ethanol.  

In Figure 10A, it is shown a Pareto’s diagram for temperature and ethanol percentage. It shows 

that the temperature gives the most influence on the extraction. This fact, confirm what is shown 

in Figure 4: the highest antioxidant capacity is obtained with a high temperature. In Figure 10B, 

the response surface shows that the best extraction conditions to get the highest antioxidant 

capacity are obtained with the highest temperature (180ºC) using 30.4 % of ethanol. 

 
Figure 10. (A) Pareto’s diagram for antioxidant capacity (TEAC-ABTS). Vertical line shows a confidence range 

of 95% and the color shows if the factors’ influence of the factors is positive or negative. (B) Estimated response 

surface for antioxidant capacity (TEAC-ABTS). 
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As it is shown in Figure 4B, the highest antioxidant capacity is obtained when the highest 
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which seems to be in between water and ethanol.  

In the DPPH test the data should be analyzed in a different way. This is because the higher the 

necessary amount of sample to reduce the DPPH, the lower the antioxidant capacity is. In 
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Figure 11A, it is shown a Pareto’s diagram for temperature and ethanol percentage. It shows 

that the temperature gives the most influence on the extraction, which confirms what is shown 

in Figure 4B. In Figure 11B, the response surface shows that the extraction conditions to get the 

lowest antioxidant capacity are obtained with the lowest temperature (40ºC) and with water. 

This means that the best extraction conditions to get the highest antioxidant capacity are the 

opposite ones, 180 ºC and 100% ethanol. 

 
Figure 11. (A) Pareto’s diagram for antioxidant capacity (DPPH). Vertical line shows a confidence range of 95% 

and the color shows if the factors’ influence of the factors is positive or negative. (B) Estimated response surface 

for antioxidant capacity (DPPH). 

The differences observed between ABTS and DPPH tests are related to the different reaction 

mechanisms. Polar compounds usually show a better inhibition of ABTS radical, while less 

polar compounds usually give better antioxidant capacity in DPPH test. 

 

4. 3. Chemical characterization. 

4.3.1. HPLC-DAD-MS analysis of pigments 
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Figure 12. (A) UV-Vis spectrum of chromatographic peak # 19, showing a typical absorbance spectrum of 

carotenoids. (B) UV-Vis spectrum of chromatographic peak # 28, showing a typical absorbance spectrum of 

chlorophyll c.  

4.3.2. Total lipids.  

As it is shown in Figure 5, the highest lipids content is obtained when the highest extraction 

temperature is used. In Figure 13A, it is shown a Pareto’s diagram for temperature and ethanol 

percentage. It shows that the ethanol gives the highest influence on the extraction. This fact, 

confirm what is shown in Figure 5: the highest lipids content is obtained with a higher ethanol 

percentage. In Figure 13B, the response surface shows that the best extraction conditions to get 

the highest antioxidant capacity are obtained with a temperature of 163.6ºC and with 100% 

ethanol. 

  
Figure 13. (A) Pareto’s diagram for the lipids content. Vertical line shows a confidence range of 95% and the 

color shows if the factors’ influence of the factors is positive or negative. (B) Estimated response surface for the 

lipids content. 

4.3.3. Carbohydrates analysis 

The first step in the characterization of carbohydrates was the determination of the molecular 
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sections. After the integration of the peaks obtained (see Figure 7), the retention time and the 
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Figure 14. Variation of the 8 different peaks depending on the different extraction conditions. The values are 

the average of 2 replicates. The error bars represent the standard deviation. 

All extracts have been hydrolyzed and are being analyzed by GC-FID with the aim of obtain the 

monomers composing the carbohydrates polymers. Based in literature data, a high amount of 

glucose is expected, as the presence of -glucans is expected in E. cantabrica. 

 

5. CONCLUSION 

Green extraction techniques have demonstrated their potential to obtain bioactive extracts from 

Euglena cantabrica. The presence of antioxidant compounds such as chlorophylls and 

carotenoids have been confirmed by using HPLC-DAD-MS and bioactive carbohydrates were 

identified using HPLC-ELSD and GC-FID. This is the first time that these analytical techniques 

have been applied to the almost un-studied microalga Euglena cantabrica which opens the 

enormous potential of this microalga for food and pharmacological uses. 
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