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• Marine algaeare photosynthetic organismswith
relatively simple structure

• Twenty-five to thirty thousand species, with a great
diversity

• Can exist from unicellular microscopic organisms
(microalgae) to multicellular of great size

(macroalgae)

• Algae live in complex habitats submitted to extreme 
conditions (salinity, nutrients, radiation, etc.)

• Algaemust adapt rapidly to thenew environmental
conditions to survive, producing a great var iety of
secondary (biologically active) metabolites, with
structures that cannot be found in other organisms

WHY ARE ALGAE INTERESTING?-FACTS



WHY ARE ALGAE INTERESTING?-FACTS
• Algae can be a very interesting natural source of new compounds with
biological activity that could be used in foods, cosmetics, pharmaceuticals, etc.

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

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

• In theworld, around 7 billion Tonsof algae (net weigth) are processed. 

MAIN CHALLENGES:MAIN CHALLENGES:

-- assessassess compositioncomposition ofof differentdifferent algaealgae ((speciesspecies, , 
locationlocation, , seasonseason) ) andand qualityquality ofof bioactivesbioactives

-- optimizeoptimize conditionsconditions forfor extractingextracting bioactivebioactive
componentscomponents ((highhigh yieldyield andand activityactivity))

-- assessassess toxicitytoxicity



Ascophyllumnodosum Laminaria digitata

Laminaria hyperborea

Palmaria palmata

Chondrus crispus

Himanthalia elongata

Fucus serratus

Lithothamnion corallioides

Ulva lactuca
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Some examples of algae together with their bioactive compounds and possible 
effect on human health

Reduce total and LDL cholesterolSterolsUlva spp.

Regulate the bioactivity of growth factors 
and cytokines

Sulphated polysaccharides

Reduce total and LDL cholesterolSterols

Valuable curative propertiesTerpenesCystoseira spp.

Apoptotic activitiesSulphated polysaccharides 
(porphyrans)

Reduce total and LDL cholesterolSoluble fiber

Reduce total and LDL cholesterolSterols

Reduce risk of certain heart diseasesPUFAs (n-3) Fatty acidsChondrus crispus

Reduce total and LDL cholesterolSoluble fiber

Reduce total and LDL cholesterolSterols

Antioxidant activity� -Tocoferol

Reduce risk of certain heart diseasesPUFAsHimanthalia elongate

Possible health effect Bioactive compoundsAlgae



GREEN GREEN 

Environmentally fr iendly
processes (ECOLOGICAL)

Environmentally fr iendly
processes (ECOLOGICAL)

Without organic solventsWithout organic solvents

CHALLENGES IN THE DEVELOPMENT OF AN 
EXTRACTION PROCESS

CHALLENGES IN THE DEVELOPMENT OF AN 
EXTRACTION PROCESS

FAST FAST 
SELECTIVESELECTIVE

COST-EFFECTIVECOST-EFFECTIVE

EFFICIENT EFFICIENT 

HIGH YIELDS HIGH YIELDS 



SFE
PLE
SWE 

CHALLENGE
EXTRACTION BIOACTIVE COMPOUNDS FROM 

ALGAE THROUGH GREEN PROCESSES

COMPRESSED FLUIDS
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Alternative to conventional extraction with organic solvents

Supercr itical Fluid ExtractionSupercr itical Fluid Extraction

To isolatenatural compounds: SC-CO2

Z. Djarmati, RM. Jankov, E. Schwir tlich, B. Djulinac, A. Djordjevic (1991)
High antioxidant activity of extracts obtained from sage by supercritical CO2
extraction. 
JAOCS 68, 731-734



Pressure Density

Temperature Vapor  Pressure

Temperature Density (¿?)

CHANGE IN DENSITY            SELECTIVITY

Supercr itical Fluids
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Thedifussivity of thesupercr itical fluids

Transport Propertiesof SF

(physico-chemical properties)

Gas      Liquid SF

Viscosity (Nsm-2 x 10-5)        1           100         10

Difussivity (m-2s x 10-9)     10000        1       100

MASS TRANSFER: GAS> FS > LIQUID



Good transpor t 
proper ties

High solvating power

Supercr itical Fluids



Character istics of supercr itical fluid extraction

Tunable selectivity (P, d)
High mass transfer
On-line fractionation
Spontaneous removal of solvents
The raw material is not destroyed during processing

… others that depend on the SF employed

How is SFE done?



Phase diagram
Pressure

Temperature

Critical
Point

(CO2 equal to
31.3ºC and
72.9 atm)

Changes in P, T when extraction
finishes

Liquid

Gas

Solid

Supercritical
Fluid



SUPERCRITICAL FLUID EXTRACTION AND FRACTIONATION

V1

V2

V3

TP

P T

CO2 PUMP

CO2

MODIFIER

EXTRACTION
CELL

FRACTION  1

FRACTION  2

SEPARATOR 1

SEPARATOR  2 

P T

EXTRACTION



Extraction cell: 280 ml

Maximum T: 100 ëC

Maximum P: 350 bar

2 fractionation cells

CO2 and modifier pumps

SUPERCRITICAL FLUID EXTRACTION AND FRACTIONATION

PILOT PLANT



Natural products extraction using SC CO2 - Advantages

Favorablecritical values (Tc 31.1 ëC; Pc 72.0 bar; dc 0.47 gcm-3)
GRAS (to overcome legal restrictions applied to organic solvents and to 

allowed residues in products for human use)
Ecological (CO2 from the atmosphere, is not generated in the process)
It is possible to obtain natural products with very low levels (or 

even without) residues using SC-CO2 at low temperatures
Non explosive
Cheap 
CO2 + ethanol (GRAS) can be employed to extract more polar 

compounds  

Gas
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Sólido

P

Punto crítico

T

Fluido Supercrítico

CO2 31

73,8
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T

Fluido Supercrítico

CO2 31
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Extraction using SC-CO2 -Drawbacks

Low affinity for  medium and high polar ity compounds

The main problem is that most bioactive compounds are polar

Alternatives

• Use a different SC fluid:  
• CO2 + modifier:
• Other compressed fluids: PLE, ASE
• Subcritical fluid extraction (SWE)

Contamination, residues …
Ethanol is GRAS



“GREEN” COMPRESSED FLUIDS

WATER (SWE)
OTHER PL

SC- CO2 + 
POLAR MODIFIER 

(ETHANOL)
SC- CO2

+ POLAR -POLAR



� Solvents maintained in liquid state and used at T > boiling point 
(high pressures 10-15 Mpa)

� Faster extraction processes 

� Low volumesused of organic solvents

� Raw material placed in an oxygen and light-free environment

� Selectivity will depend on the solvent used (wide range polar ities)

GREEN TECHNOLOGIES-PLE

Oven

VentNitrogen

Pump

Extract

Waste

Extraction 
Cell

Solvent

Oven

VentNitrogen

Pump

Extract

Waste

Extraction 
Cell

Solvent
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Pressur ized Liquid Extraction (PLE, ASE)

PLE is a new extraction techniques using conventional solvents
combining high P and T to achieve fast and efficient extractions of
solid samples.  

Temperatures: 30 - 200 ëC 
Pressures: 100 - 140 atm
Solvents: organic, water, etc. 
Samples: solid

How the techniqueworks

Interesting effectsproduced when working at high temperatures: 
• thesolubility of compounds in thepressurized liquids improves
• thedesorption kineticsof compounds from matrix increases
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Diagram of a system for PLE extraction

Pump
valve

Pump

Oven

Extraction
cell

Purge
valve

Static valve

Solvent

Nitrogen
Collection

vial

• Thesolid sample is placed in a vessel that is sealed

• Thevessel is filled with solvent and heated at T higher than theboiling point of the

solvent, what easily raises theP in theextraction cell

• During extraction, part of the liquid is freeded and collected

• When extraction finishes, the extract is rinsed from the extraction cell, purged with

nitrogen and collected
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Pressur ized Liquid Extraction (PLE)

� PLE is faster than conventional liquid extraction processes: min vsh

� PLE uses lessamount of solventsmL vsL

� High yieldsand recoveries independently of thematrix

� Can extract polar and non polar compoundsdepending on the
solvent selected

� Easy to scaleup

Advantages
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Pressur ized Liquid Extraction (PLE)

� High extraction yieldsbut lower selectivity than SFE

� PLE uses high T than SFE but theatmosphere is free of O2

� No industrial equipments for PLE although thescaling up isnot
difficult and theP requirementsare lower than in SFE

Drawbacks



Subcritical water uses temperaturesbelow thecritical point (374ëC and 218 
bar) and over theboiling point and pressureshigh enough to guarantee the
liquid state

TT

Dielectr ic constant (� )
Viscosity

Sur faceTension

SUBCRITICAL WATER EXTRACTION (SWE)

· Water polarity and high dielectric constant (� ) at room T are due to thehigh number of

hydrogen bonds

· When increasing T, the number of hydrogen bonds decreases and also thedielectric

constant (� ) .



Polar  

Room Temperature: 

� = 80

220º C: 

� = 30
Polar ity similar  
to someorganic

solvents

· Change in molecular interactions at
high T

· In the superheated region, water has 
the polarity of methanol:water
mixtures



Low polar ityHigh polar ityExtracted compounds

MetOH, ACNNoneSimilar  to organic solvents

LowHighPolar ity

2080Dielectr ic constant (� )

300 ºC25 ºC

SUBCRITICAL WATER AS ALTERNATIVE TO EXTRACT 
COMPOUNDS WITH MEDIUM-LOW POLARITY



Subcr itical water extraction (SWE)

� Can extract polar-medium-non polar compoundsdepending on the
temperature

� Very high selectivity

� High extraction yields

� No oxidation reactionsoccur

� Abundant solvent, cheap and readily available

� No residues in the raw material and theextract

� Raw material can be re-extracted or re-used

� Thegreenest solvent!!!!!

Advantages



Subcr itical water extraction (SWE)

� Theextraction mechanism isnot completely understood

� Somedegradation reactions can occur (mainly Maillard and
caramelization reactions if carbohydrates-proteinsare present)

� Need for development of industrial equipment

� Extractsobtained are dissolved in water although new processesare 
being developed to overcome thisproblem...........

Drawbacks



EXTRACT
Traditional extraction
PLE
SWE

DRYING
Evaporation

Freeze-drying

Time
Energy

Risk of degradation: 
temperature, oxigen, 

light

+

2 STEPS

CONTINUOUS PROCESS
SWE-Particle formation

Faster
No degradation of
active compounds

1 STEP

CAN-BD®

WEPO

A NEW PROCESS BASED ON SWE + PARTICLE FORMATION
ON-LINE IS BEING PATENTED
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A NEW PROCESS BASED ON SWE + PARTICLE FORMATION
ON-LINE IS BEING PATENTED

Drying of water extractsobtained by subcritical water extraction and
particle formation on-line (WEPO® process).  

Designed Prototype
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· MACROALGA: Cystoseira abies-marina
� Brown algae (Phaeophyta).

- Compounds with potential bioactivity:

->  Diterpenes and meroditerpenes.

-> Esterols.

-> Sulfated Polisaccharides.

-> Non toxic. 

Algaestudied along the last 6 years:

- Spirulina platensis
- Dunaliella salina
- Chaetoceros muelleri
- Chlorella vulgaris
- Haematococcus pluvialis
- Phromidium spp.
- Synechocystis spp.
- Himanthalia elongata
- Cystoseira abies-marina



· PLE extraction yields:
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· Antimicrobial activity:
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� MBC y MFC in mg/ml for extracts and in µg/ml for the referenceantibiotic
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· Antioxidant activity:
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Table. SFE extraction of Cystoseira abies-marinealgae.

0.90899.71070290Type C7

0.91910.71070260Type C6

0.76762.55.040290Type C5

0.84842.11040290Type C4

0.68683.71040290Type B3

0.18182.61040290Type A2

0.16161.23.540180Type A1

Yield        
(%)

Extracted 
material (mg)

% ethanol 
(v/v)

Temperature 
(°C)

Pressure 
(bar)

Sample
Exp.

� � � � � � � �� �� � � � � � � �� �� � � � � � � �� �� � � � � � � �� � � � �� �� � �� �� � �� �� � �� � ���� � � � �� �� � � �� �� � � �� �� � � �� �

· SFE yields and bioactivities:

TypeA: no pretreatment, Type B: grinding, Type C: cryogenic grinding

Table. TEAC values (mmol Trolox/g extracto) for SFE extracts from Cystoseira abies-marina.

1.219 ± 0.0171070290Type C7

1.374 ± 0.0561040290Type C4

Antioxidant
activity

% ethanol 
(v/v)

Extraction 
temperature 

(°C)

Extraction 
pressure 

(bar)

Sample
Exp.



Virucidal effect: Inhibition of the growing of HSV-1 virus using Cystoseira extracts
obtained under different extraction conditions
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· Antiviral activity:
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