
Bligh & Dyer” and Folch methods for solid-liquid-liquid extraction of lipids from 
microorganisms. Comprehension of solvatation mechanisms and towards 

substitution with alternative solvents.

Cassandra Breil a, Maryline Vian a, Thomas Zemb b, Werner Kunz c, Farid Chemat a

a- Université d’Avignon et des Pays du Vaucluse, INRA, UMR 408, F-84000 Avignon, France  
b- Institut de chimie séparative de Marcoule, 30207, Bagnols Sur Ceze
c- Université de Regenburg, 96053 Regenburg, Allemagne

1

Graphical abstract :



EXTRACTION

OPTIMIZATION

SEPARATION

Add
MeOH/CHCl3

Salts
CHCl3

MONOPHASIC BIPHASIC

ANALYSE OF 
COMPOUNDS IN PHASES

OIL

Evaporation

YIELDS BY GRAVIMETRY

Lipidic phase

Debris

Aqueous phase

BLIGH AND DYER FROM 1959 TO 2016

Bligh and Dyer et al., 1959
Folch et al., 1957

2

Folch : (2:1 v:v) CHCl3:MeOH

Bligh and Dyer (1:2 v:v)
CHCl3:MeOH

Salt : KCl or NaCl
(0,5 to 0,9%)

Agitation 

Cells brain

Microalgae

Yeasts

Cells brain

Plants/ Vegetable

GC



Chee Loong and al.
Lisboâ Medina and al.
Meullemistre and al.

Axelsson and al.

Cescut and al.
Lee and al.

Wang and al.

Meullemiestre and al.

Cot and al.

20162015201420121959 20102006

MACERATION

Ryckebosh and al.
Axelsson and al.

Berndmeyer and al. 
Meullemiestre and al.

ULTRASOUND

MICROWAVE

BEADS

Ryckebosh and al.

BEADS

PRESSURE

Cescut and al.

SOXHLET

Bligh and Dyer

2009

Lee and al.

MICROWAVE

Meullemiestre and al.

MACERATION

BLIGH AND DYER FROM 1959 TO 2016
MODIFIED EXTRACTIONS

3



Wales and al.

201620151959 20071998

Bligh and Dyer

2010

BLIGH AND DYER FROM 1959 TO 2016
ALTERNATIVE SOLVENTS

1978 1992

Lee and al.
Ryckebosch and al.

DCM/ETOH/MEOH

1994

Hara and al.
Gunnlaugsdottir and al.

Lee and al.
Molina and al.

HEXANE/IPA

Molina and al.
Fajardo and al.

HEXANE/ETHANOL

2004

Lin and al.

ETAC/ETOH

CPME/ETOH

Caprioli and al.

HEXANE/IPA/ACETONE

Ryckebosch and al.

ACETONE-DIETHYETHER

2008

Vitali and al.
Ryckebosch and al.

MTBE

Petrochemical solvents

Alternative solvents

4



BIBLIOGRAPHY PREVIOULY STUDY

MODELISATION (COSMO-RS)

TO FOUND THE BEST SOLVENTS FOR 
THE SUBSTITUTION OF CHLOROFORM 

AND METHANOL
5

MODELIZATION PART
UTILISATION OF COSMO-RS



MOLECULES MODEL FOR MODELISATION BY COSMO-RS

6

Phosphatidylethanolamine
PE

Free Fatty Acids
FFA

Diglycerides
DAG 

Triglycerides
TAG 

Phosphatidylcholine
PC

Lanosterol Ergosterol

NEUTRAL LIPIDS

POLAR LIPIDS

OTHER LIPIDS

O = Oleic
L = Linoleic
G = Glycerol

O = Oléic
L = Linoleic



7

Arginine

1,3 bd glucan 1,4 bd glucan Chitin

Histidine

Glucose 

POLYSACCHARIDES

AMINED ACIDS

SUGARS

MOLECULES MODEL FOR MODELISATION BY COSMO-RS



COSMO-RS : CHOICE OF SOLVENTS

Ethanol is as effective as methanol

Ethyl acetate

 Research of solvent which don’t solubilize polysaccharides, amino acids and glucose

8

SUBSTITUTION OF POLAR SOLVENT

SUBSTITUTION OF APOLAR SOLVENT



9

 To determine the role of each solvents for the extraction of:
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 Influence of yields in classical system and alternative system in various conditions :
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LIPIDS ANALYSIS OF BLIGH AND DYER
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GREEN BLIGH AND DYER

WITH WATER WITHOUT WATER BIPHASIC

 Yields         when the % of ethyl acetate

 % of ethyl acetate in point H is sufficient to extract lipids

 Biphasic systems are not efficient 

Ethyl acetate-ethanol-water system 

LIPIDS ANALYSIS OF BLIGH AND DYER
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ANALYTICAL PROCEDURE
High Performance Thin Layer Chromatography

RELATIVE PROFIL OF LIPID CLASSES BY HPTLC
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PROTEINS

SUGARS

ANALYTICAL PROCEDURE
PROTEINS AND SUGARS 
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 Few proteins are present in the organic phases

 The quantity of proteins increased from points 4 to 7

 The quantity of proteins extracted is the same for points
8 to 11.

 Biphasic systems are not efficient.

 Chloroform doesn’t extract proteins.
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GREEN BLIGH AND DYER  Few proteins are present in the organic phases

 The quantity of proteins increased from points D to G

 The quantity of proteins extracted is the same for
points H to K

 Biphasic systems are not efficient

 Ethyl acetate doesn’t extract proteins

DETERMINATION OF PROTEINS BY BRADFORD METHOD
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COMPARISON BETWEEN EXPERIMENTAL WITH COSMO-RS

COSMO RS

Extraction

GREEN 
BLIGH AND DYER 

Quantum mechanical calculation 
of surface shielding charge 

densities

VS

35

MODELIZATION PART
EXPERIMENTAL VS COSMO-RS
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AND DYER

COSMO-RS VS EXPERIMENTAL

Theory is similar with the experiment 36

COSMO-RS Results

Experimental
part

Wet biomass
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COSMO-RS Results
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COSMO-RS VS EXPERIMENTAL

Theory is similar with the experiment 38

COSMO-RS Results

Experimental
part

Wet biomass

Dry biomass

Extraction in 
biphasic part
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CONCLUSION

 GREEN bligh and dyer is efficient to extract lipids in organic phase but also proteins
and sugars in aqueous phase

 The % of ethyl acetate to point E is sufficient to extract all lipids

 Theory given with COSMO-RS matches with experiment

EXPERIMENT

THEORITICAL APPROACH


