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i Industrial Scale Natural
e Products Extraction
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Alternative | Solvents
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Extraction Process
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Phase Continue
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Extraction mechanism

Of primary and secondary metabolites
Essential oils,colors, antioxydants, principes actifs...

% Cas de la cardamome & Cas du thym

Canaux sécréteurs T bermes secréteurs

glandulaires

] bulk fluid

I external fluid

pore . porous solid
(cellular adsorption
structure) b_cquilibrium

< (dissolution)

J. Chem. Eng. Japan, 26 (4), 401-407 (1993).



Extraction parameters

e
Solvent

nature

nature, origin _
J ‘ ration solvent/plant

size
A

degree of processing A eI
water content ‘
'batch / continuous
choice of process‘ 'material
temperature‘ ' size
time‘ 4 agitation
pressure
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Equipment



Extraction Techniques



Solvent extraction

Obtention d’ extraits végétaux ou de macérats



Distillation de pétales de roses a Grasse

Distillation dans un atelier indien



Why GREEN EXTRACTION

ECO - EXTRACTION

ECOLOGIC ECONOMIC




Extraction of Natural Products :
Industry Problems

ion +i
Extraction time : hours or days
Energy cost ;
_ E Co-EXTRACTION
Extraction by batch DU VEGETAL

Procédés innovants

Pr‘OblemS Of degl"CldClﬂon et solvants alternatifs
Use of « bio » solvants - Green chemistry

Reduction of waste: solid and liquid

DUNOD

Need of new products

Ask from Industry : Rapid, Cold extraction, without solvent,
without water to eliminate wastes, continuous process, and
compeftitif in price and quality.



Green Extraction of Natural Products

Concept and Principles

Inr. J Mol Sci. 2012, 13, 8615-8627: do1:10.33803yms13078615

International Journal of
M olecular Sciences
ISSN 1422-0067
www.mdpi.com/journal'ijms
Review

Green Extraction of Natural Products: Concept and Principles

Farid Chemat *, Marvline Abert Vian ! and Giancarlo Cravotto ?

"Green Extraction is based on the
discovery and design of extraction
processes which will reduce energy
consumption, allows use of
alternative solvents and renewable
natural products, and ensure a safe
and high quality extract/product”.







D Prevent Pollution
for Accidents

ohn C. Green Chemistry
ord University Press: New

ENIE DES

PROCEDES
DURABLES
4 la concrétisation

u concept 4 la con
industrielle

Inherent Rather Than Circumstantial
Prevention Instead of Treatment
Design for economize Separation processes
Maximize Efficiency

Output-Pulled Versus Input-Pushed
Conserve Complexity

Durability Rather Than Immortality
Meet Need, Minimize Excess

. Minimize Material Diversity

10. Integrate Material and Energy Flows
11. Design for Commercial "Afterlife”

12. Renewable Rather Than Depleting

© RN O O AT =

* Anastas, P.T., and Zimmerman, J.B., "Design
through the Twelve Principles of Green
Engineering“.







- Principle 1: Innovation by the selection of varieties and
the use of renewable plant resources.

Ecore d’if
(Taxus brevifolia)

10-désacétylbaccatine Il Docétaxel ou Taxotere®

Aiguilles d’if
(Taxus baccata)




Varietal selection

Artemisinin,
Artemisia Annua L.
Malaria

0.01% 9 >1%



INNOVATION

Plant milking
technology




Principle 2 : Reduce energy consumption by using
innovative technologies and favour energy recovery

e
=

ciple 2

Enerc

Optimisation of
existing technologies

Alambics under 5 bars pressure
5000 Litres (Tournaire SA)
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Energy Recove

‘.

ENERGIE=
2500 KI/Kg

ENERGIE~
EAU/HE
nergie fournie
ar des
combustibles
ies

Eco-VAPORATEUR - CRIEPPAM

: (Centre Régionalisé Interprofessionnel d’Expérimentation en
::WMW%WW Plantes a Parfum, Aromatiques et Médicinales)
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Innovation

Microwave Hydrodiffusion and Gravity

Under reduced pressure
Pulsed electric field



Principe 3 : Use alternative solvents and principally those

rinciple 3- from agricultural resources.

Solvent

Safety & legislation
Organic

Explosion risk Food

Flammability

"IDEAL"
SOLVENT

nvironmenta
restrictions

Effectiveness

VOC emissions Solvent power

Ozone layer Selectivity

Cost

Greenhouse effect






Reduce unit operations through technical
processes

Principle 4 :

Efficient
&
Effective

control

ally

Secure
&
Hazard free



Solvent
reCyc“ng

EVAPORATION » EXTRACT

Step 4

SOLVENT
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Principe 5 : Production of by-products instead of waste to
include the bio- or agro-refining industry.

By- product

eDefinition of waste: \
| P “Generally, waste is any material that an industrial producer wants to get rid
; .‘.,,"1»'1:* b of or eliminate (waste disposal centre, incineration, landfill, etc.)”,
N ,‘%. ¢ sDefinition of by-product:
AN NI <A by-product is a residual product that appears during the manufacture
A " or distribution of a finished product. It is unintentional and unpredictable,

} and 1s accidental. It can be used directly or be an ingredient in another
i ?v‘ ‘Iproduction process to manufacture another finished product”,
sreatedt sDefinition of co-product:

{0 [URI“A co-product is a material, intentional and inevitable, created during a single
. manufacturlng process and at the same time as the main product.
; ?’” ' The main final product and the co-product must always meet specifications
W‘ ﬁ‘ L4\ [ for their characteristics, and each may be used directly for a particular

4248 application.” Co-products also have economic value: a specific market
for it, a pricing, etc.
Examples of food industry co-products: oil cakes (rape, sunflower, flax),
spent cereal grain (wheat, barley), beet pulp, potato fibre and proteins, etc.




Bio-raffinery
Concept

Extracted
PRODUCT

EXTRACTION

!

'~ ENERGY

PHARMACEUTICAL
INDUSTRY
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SEPARATION

CO-PRODUCTS
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PROCESSING
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5.

Bio-raffinery
Concept

‘ Oil seeds

7~ ™ ,
EXTRACTION | .|  oil Chemicaland | Oleochemical
enzyme processes products
3 3
( trans-esterification |
' Ol cake J ‘ ~ Food
ingredients
‘ Biodiesel

feed

‘ Animal




Principle 6 : Aim for a non-denatured and bio-degradable
extract without contaminants with “green” values.

> 6.

Product

Allergenic

Furocoumarins
substances

Toxic Pesticides
Heavy metals
pollutants Radioactive elements

Microbiological | 5. ./ia
contaminants Mycotoxins

GMO
Other Solvent residues




-mandations

Life Cycle Analysis

AGRICULTURAL
CROPS

END OF LIFE \_

‘ APPLICATION

*x X %

o

* *

Y=
Eculabe

www.ecolabel.eu




Alternative solvents

Solvent Free

Water (normal, subcritical, emulsions)
CO,, HFC, other gaz

Vegetable oils

Byproducts as terpenes (limonene..)
Byproducts (glycérol...)

lonic liquids

Innovative techniques

Turbo-extraction

Ultrasound assisted extraction (UAE)
Accelerated solvent extraction (ASE)
Microwave assisted extraction (MAE)
Pulse electric field (PEF)
Instantaneous decompression (DIC)
Extrusion, induction...



Microwave Assisted Extraction
Solvent free et energy less

Microwave-
assisted Extraction
for Bioactive
Compounds

Theory and Practice

@ Springer
17



‘Echelle microscopique ‘

Rpepeppag. \\ //

25 [ 2%

++4++ ++ SN

Absence de champ Application d'un champ

] . , . . Appllca‘rlon d'un champ
électrique électrique continu

électrique haute fréquence

Energie Eneraie
élecfr'?que ‘ " cinéﬁ%ue > Chaleur

Rotation dipolaire

18



Propriétés diélectriques ‘

Constante diélectrique ou permittivité '

Elle caractérise la avec laquelle une molécule se laisse polariser
par un champ électrique, c'est a dire sa polarisabilité.

Perte diélectrique ¢'’

Elle mesure la de la radiation électromagnétique
en chaleur. En général, la valeur de ¢'' passe par un maximum lorsque
la permittivité ¢' tend a diminuer

Facteur de dissipation (tangente de pertes électrique) tg 6
La capacité d'un matériau a |'énergie électromagnétique en
chaleur a une température et une fréquence données est souvent
représentée par |'angle de perte:

tgd=¢""/¢’

¢' : permittivité du milieu (F.m"1)

¢'' : perte diélectrique (F.m™!)

19



‘ Four a micro-ondes industriels




Microwave : Selective heating

Solvent

Constante diélectique
F/m

Dissipation factor
tan & (x10%)

Olive oil or solvent

(hexane) z 1
Water 80 j10/0)
Tc = 99°C T = 25°C

Olive oil




Aromatisation of olive oil

Tc = 99°C T = 25°C

[t
<

Huile d’ olive

Huile d’ olive + ail Huile d’ olive + Basilic
25 euros /L 25 euros/L

Olive oil: 2 - 3 euros / litre
Aromatised oilive oil: 20 - 30 euros /litre







Microwave : no need of transfer medium

Microwave heating

heat transfer

mass transfer

Conventional heating

heat transfer

1. Solubilisation-Desorption
2. Internal diffusion
3. External diffusion

mass transfer

Hydro-distillation : 1 kg of roses + 10 litres of water

Microwave Dry Distillation : 1 kg of roses



Dry Dist : Microwave dry Distillation
Patents EP et USP 2004 by Chemat et al.

Cooler

Essential oil

Aqueous phase \
Cohobation system - |

Plant material

Reactor

1-5 litres

25
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Microwave Hydrodiffusion and Gravity
Extraction des aromes, huiles essentielles, antioxydants, colorants...

F. Chemat et coll., European Patent 07100935.1, 2008

30
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An innovative grape juice enriched in polyphenols
by microwave-assisted extraction

Fresh grape

Hydraulic press

Grape by-product
pebyp Natural grape juice

f

Enriched grape juice




Valorisation of of food by products (lettuce)
using microwave energy

Camera %g Output [ ] &—System Control

screen

Microwave
Optic fiber oven
Infra red sensor >0 Reactor
Camera —P
Plant material

<+—— Cooling system

<+— Extracted juice

[

Eﬁ




D AVIGNON

Ultrasound Assisted Extraction
Cold extraction and enhanced mass transfer

34



& Applications of US in Food Industry

Mechanical Effects

Chemical and Biochemical Effects

Crystallisation of fats and sugars
Degassing

Destruction of foams

Extraction of flavourings

Ultrasonic cutting

Accelerated oxidation and aging
Alteration of enzyme activity
bactericidal action

Modification of growth of living cells

Sterilisation of equipment

35



US in Food Processing

&5 Ultrasound Food Cutting
FISH

BENEFIT OF US CUTTING

* The quality of the cut face is visually
excellent

* The product is virtually undisturbed

e Ultrasonic cutting can be easily
automated

* US cutting speeds are similar to
conventional cutting speeds

* Crumb and debris (product loss) are
reduced

* Blade is self-cleaning
* Multi-layered products cut easily




& US cavitation : High Power Ultrasound
ACOUSTIC CAVITATION

I 2 % % &

cormpression compression compression Co mpress!on

.
\AANARA [

(VERVERV. \/ v

rarefaction rarefaction rarefaction rarefaction rarefaction

=——jp  bubble grows in —ly reaches ey  undergoes
successive cycles unstable size violent collapse




&, Heterogeneous S-L : cavitation

ACOUSTIC CAVITATION

In the presence of a suspended powder

LARGE PARTICLES SMALL PARTICLES

surface cavitation due to defects o
leading to fragmentation collision can lead to

SURFACE EROSION or FUSION




US extraction of active compounds directly in edible oil

Solvent extraction of dried

; Evaporation of solvent
carrots using Hexane

| — Mixing beta carotene powder with edible oil

| /-

. oil : 2 - 3 euros / litre
Huile

Gurotte
= Organic Carrot oil
200 - 300 euros /litre

@

/‘"‘/(Uiﬁl

= 50ml© 1.7 fl.oz:




(@)

Organic
Solvent

Sunflower oil

Carrots

Shredding

Grinding

Solvent Extraction

Filtration

Evaporation

Mixing

Enriched oil with
extracted carotenoids

(b)

Sunflower oil

Solvent recycling

Carrots

Shredding

Ultrasound assisted
Extraction

Filtration

Enriched oil with
extracted carotenoids

Carrot juice
(Food beverage)

Carrot oil cake
(Animal feed)

Ultrasound reactors
3 to 500 litres




& US accelerated maceration/extraction in industry

Ut somc Somncdhensaty 19 (2N2) 778
Comants lsts avallable at SaVerse SclenceDirec
Ultrasonics Sonochemistry

journal hamepage: www. alsevier.comylocate/ultsanch

Direct enrichment of olive oil in oleuropein by ultrasound-assisted maceration
at laboratory and pilot plant scale

Sabiha Achat**, Valérie Tomao*, Khodir Madani®, Mohamed Chibane®, Mohamed Elmaataoui®,
Olivier Dangles®, Farid Chemat**
‘Uniwnté & Avipan o de Mays de Vaxchos, INEA UMK 408, F-34000 Avinon, Fraxe

'u\mlflhwumdhlm de Wmachow, INEA, UMK 404, A354000 Avigen, Mroaxe
*Fauly of Natumw axd Life Scimoars, S Lobomatory, A Mima Uiwess gy, Scnn 06000, Alperia
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International Workshop on
“Alternative Solvents for Extraction, Purification and Formulation"

University of Avignon, Thursday 4 June 2015

http://blogs.univ-avignon.fr/international-workshop-on-alternative-solvent/




