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SOLVENTS FOR SUSTAINABLE CHEMICAL PROCESSES

Green Chem, 2014, 16, 1034
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• Thousands of species, some unkown or
unexplored, with a great diversity

• Algae live in complex habitats submitted to
extreme conditions (salinity, nutrients, radiation,
etc.), they must adapt rapidly to the new
environmental conditions to survive, producing a
great variety of secondary (biologically active)
metabolites, with structures that cannot be found in
other organisms

• Possibility of collecting (harvesting) different
species throughout the year and depending on the
geographic position.

• Important natural reactors: can be used at large
scale to produce active compounds.

• Economic Importance

• Biorefinery concept

ALGAE- WHY?
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P. tricornutum culture

High pressure treatment (1200 bar) 
to break the cell wall

Freeze‐drying

Pressurized Liquid Extraction (PLE)Microwave Solvent‐Assisted Extraction (MAE)
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P. tricornutum Experimental Design

Factorial 32
4 replicates in central point

Factor  Range
%EtOH 0‐100  %
Temp 50‐170        C
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Experimental Design MAE 33
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Optimum values proposed:
Extraction time: 20 min
Temperature: 170 ºC
%EtOH: 0%

Yield: 46.5207 %(w/w)
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Experimental Design PLE 32

Optimum values proposed:
Extraction time: 20 min
Temperature: 170 ºC
%EtOH: 40%

Yield: 61.8975 %(w/w)

MAE



TPC
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Optimum values proposed:
Extraction time: 2 min
Temperature: 30 ºC
%EtOH: 100%

TPC: 44.037 mg GA/ g extract

Experimental Design MAE 33

Experimental Design PLE 32

Optimum values proposed:
Extraction time: 20 min
Temperature: 50 ºC
%EtOH: 100%

TPC: 39.5521 mg GA/ g extract
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Estimated Response Surface
Extraction time=11.0
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P. tricornutum

Multiple response optimization

Optimum values proposed:

Extraction time: 5.8 min
Temperature: 170 ºC
%EtOH: 100%

Yield: 28.5715 %(w/w)
TPC: 35.1811 mg GA/ g extract
TEAC:   0.579866 mmol Trolox/g extract
Carotenoids:   24.3037 mg/ g extract

Experimental Design

MAE
Desirability: 0.622654

Optimum values proposed:

Extraction time (fixed): 20 min
Temperature: 170 ºC
%EtOH: 97.7%

Yield: 34.357 %(w/w)
TPC: 31.6772 mg GA/ g extract
TEAC:   0.522114 mmol Trolox/g extract
Carotenoids:   30.9267 mg/ g extract

PLE
Desirability: 0.699035
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50 70 90 110 130 150 170
TEMPERATURA

0
20 40

60
80

100

% ETANOL

0

0.2

0.4

0.6

0.8

1
D

es
ira

bi
lit

y

Estimated Response Surface
Extraction time=11.0

0 30 60 90 120 150 180
Temperature

0
20 40

60
80

100

%EtOH

0

0.2

0.4

0.6

0.8

1

D
es

ira
bi

lit
y

P. tricornutum

Multiple response optimization

Experimental Design

Optimum values proposed:

Extraction time (fixed): 20 min
Temperature: 50 ºC
%EtOH: 100%

Yield not considered
TPC: 39.5521 mg GA/ g extract
TEAC:   0.591292 mmol Trolox/g extract
Carotenoids:   30.8172 mg/ g extract
Chlorophylls:   42.4847 mg/ g extract

Optimum values proposed:

Extraction time: 2 min
Temperature: 30 ºC
%EtOH: 100%

Yield not considered
TPC: 44.037 mg GA/ g extract
TEAC:   0.5705 mmol Trolox/g extract
Carotenoids:   41.4523 mg/ g extract
Chlorophylls:   54.5781 mg/ g extract

PLE
Desirability: 0.829349

MAE
Desirability: 0.940919
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HPLC‐DAD CAROTENOIDS AND CHLOROPHYLLS PROFILE
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MAE vs. PLE

Fucoxanthin: 31.60 ± 3.91 mg/g extract
MAE

30 °C, 100% EtOH, 2 min

PLE
50 °C, 100% EtOH, 20 min

Fucoxanthin: 32.29 ± 4.13 mg/g extract

Refs: M. Castro‐Puyana et al., Anal. Bioanal. Chem. (2013), 405, 4607;   B. Gilbert‐López et al., Green Chemistry (2015), 17, 4599‐4609

Carotenoids:
Peaks 9‐12, 14, 21‐24, 
26‐29

Chlorophylls:
Peaks 2‐8, 13, 15‐20, 25

Carotenoids:
Peaks 11‐13, 19‐20, 22, 26

Chlorophylls:
Peaks 2, 3, 5‐10, 14‐18, 21, 
23‐25, 27



Extraction time: 6 min
Temperature: 170 C
%EtOH: 100%

Yield: 22.20 %
TPC: 30.50  mg GAE/g extract
TEAC: 0.68  mmol Trolox/g extract
Carotenoids:  24.79 mg/g extract
Chlorophylls:       52.94 mg/g extract
Fucoxanthin:   13.38 ± 0.54 mg/g extract

Extraction time (fixed): 20 min
Temperature: 170 C
%EtOH: 97%

Yield: 38.78 %
TPC: 30.98
TEAC: 0.54
Carotenoids:     16.99
Chlorophylls:    37.84
Fucoxanthin: 14.99 ± 0.56 mg/g extract

Extraction time: 2 min
Temperature: 30 C
%EtOH: 100%

Yield: 14.51 %
TPC: 44.19
TEAC: 0.71
Carotenoids:  41.42
Chlorophylls:     58.61
Fucoxanthin: 31.60 ± 3.91 mg/g extract

Extraction time (fixed): 20 min
Temperature: 50 C
%EtOH: 100%

Yield: 23.95 %
TPC: 38.15
TEAC: 0.59
Carotenoids:     33.96
Chlorophylls:     54.36 
Fucoxanthin: 32.29 ± 4.13 mg/g extract

P. tricornutum ‐ MAE vs. PLE

MAE PLE



CONCLUDING REMARKS

 Similar results are obtained using eitherMAE or PLE.

 Ethanol is the best solvent to obtain extracts with antioxidant activity and rich in 

fucoxanthin.

 High temperature to increase extraction yield lead to 1/2 concentration of 

fucoxanthin compared to the extraction at low temperature.

P. tricornutum ‐ MAE vs. PLE



STEP TO THE FUTURE 

GREEN PROCESSING PLATFORM

JerryW. King, Keerthi Srinivas, J. of Supercritical 
Fluids 47 (2009) 598–610
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Isochrysis galbana microalga

• Isochrysis galbana is a marine flagellated microalga
belonging to the phylum Haptophyta.

• Is of substantial interest in aquaculture, principally to feed mollusk larvae, as
well as fish and crustaceans in the early stages of growth.
• Its cells are easily assimilated by larval animals because of their small size (4‐
7 μm) and absence of a tough cell wall.
• Isochrysis galbana is a marine microalga well recognized as a natural rich
source of EPA and DHA.
• Other bioactive compounds: carotenoids (fucoxanthin) and chlorophylls.



 Solvents maintained in liquid state 
(high temperatures and pressures)

 Faster extraction processes 
 Low volumes used of solvents

 CO2 Extraction
 No oxidative damage
 Solvent‐free product collected
 Products not in contact with toxic 

solvents







STEP TO THE FUTURE – BIOREFINERY CONCEPT 
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