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Supercritical Fluid

Extraction (SPE)
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Copyright © 2018 NANOTEC
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Herba
Gree , Extraction' & Nan

Encapsulation

al
NANOTEC

U
() R, ne

3

3
Global Value of Herbal Products in 2016
“64 Consumer Health \Qég
,——lw”ﬂ&d 2016 g?:'\
USS$ 217.0 billion
1 g
Vitamins and Dietary 2 =
Over-the-Counte! Weight M t Sports Nutriti
US$ 98.5 bilion Uss‘;"gil’“b'fl’;." 055 15.9 bilion 055 11.9 bilion
3 ion
S 7

e e

(
1 5 Herbal/Traditional {

Herbal/Traditional ; ¢
i Remedies | fll VemimandDkay |y Herbal and Tradifional prodyels s
| %13 been USS 22 billion ) worth almost US$ 37 billion in 2016
! ’ I (17% of global consumer health -
S TRGNI——— ") '
Source : Euromonitor 2016
4
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Domestic & Export Market for Thai Herb & Herbal Products in 2016

Raw a1aum 28 1avlan , suuuvnaia 0.58%
Material
600 MN THB

Exfract a0un 38 uaslan , auuwseain 0.2%
300 MN THB
Forecast Global P 1s for vs HIT R ies and

Dietary Supplements by Retail Value 2016-2021

180,000

2% _ Finished Products
=& >100,000 MN THB

Y T ok
' -~ = ‘cosmetics, dietary 140,000
supplements, foods,
drugs, etc. 120,000
E 100.000
YA IOUINULULIN L6 NaanIsHeNaNUInsIna 1 2560-2564 E i
*UamNsaa1nuaIANU TN UATHAANUNAUUINS s
mwiluszmaunazanvilsameamuay 15% aa i ea000
40000
20000
Remedies and Dietary Supplements in 2021 Zore 2017 2018 2019 2020 202]

+ Standard: growth 11%

@ Standard Remedies and Dietary Supplements B H/T Remedies and Dwetary Supplements
+ Herbal/Traditional:5growth 20%

Extraction Technology for Herb & Herbal Products

The study on medicinal plants/Herb started with extraction , o e
procedures that play a critical role to the extraction - f I— ‘
outcomes (e.g. yield and phytochemicals content) & also to
the consequent assays performed. — L P

A el

Soxhlet extraction

Sonification Mz;ceration/ §m~

Coventional Percolation —

extraction methods . . ——
Traditional methods such as maceration & é

soxhlet extraction are commonly used at the

small research setting or at Small Manufacturing
Enterprise level. :

Soxhlet

Supercritical Fluid
extraction

Modem extraction Microwave
methods assisted extraction Pressurized Liquid

Microwave

Significance advances have been made in the processing of
medicinal plants such as the modern extraction methods;
microwave & supercritical fluid extraction , in which these
advances are aimed to increase yield at lo“wer cost.

Pressurized

Azwanida, Med Aromat Plants, 2015 Liquid Extraction,
http://dx.doi.org/10.4172/2167-0412.1000196

6
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Conventional (Solvent) Extraction Method
(Thailand Service Provider)

i Thai - China Flavours & ;
=Crr Fragrances Industry Co., Specialty Natural Product Co., Ltd. &

Herbal Extract

Extractlon

S.qr\rce

Natural

Products
g . -
* Large-Scale Industrial Solvent Extraction **QOperate Manufacturing Facilities m:h
Apparatuses (Hexane, Ethyl Alcohol, Ethyl Accepted GMP, 1S09001:2008, HALAL, HACCP
Acetate) that Can Produce Crude Extract Operating Standard. As consumers need to be
Products in the forms of Both Liquid and extracted will be used to develop a product
Viscous. based on.
* http://tcff-thailand.com/index.php ** http://www.snpthai.com/en/about/snp

 Technology Trend e ——————

Innovation by selection of varieties and use of renewable plant resources

Use of alternative sol\ (water and bi ble solvents)
8 L. Moity et al.
Reduced energy consumption

Generation of co-products instead of waste in biorefinning approach
lonic Liquios / EuTeCcTiC
MIXTURES

Reduced unit operations in safe, robust and controlled processes

c
2
REd

Q

©

—
-

x

(]

c

(]

7]

L
o

Production of non denatured biodegradable extracts free of contaminants

FLUORINATED SOLVENTS
Non flammable arc
ron wwie) Ex: CF

- Searching for Green Solvents
Liouio Pol

According to the definition of Green Chemistry, the term {Non volatie. m::f:
non faxic). Ex.: PEG, POMS

“Green Extraction” could be analogously defined as
WaTER

“the discovery and design of extraction processes which will

reduce energy consumption, allow use of alternative solvents Eﬁ:’ﬁf ::'..':,

Fig. 1.4 The seven classes of solvents generally claimed as “green” solvents [26]

and renewable natural products, and ensure a safe and high 2
(EHS Environment, Human, Safety)

quality extract/product” (Chemat et al., 2012).
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Low yield and selectivity
Long extraction time

Generation of impurities.

Cont of equipment
Degradation of susceptible
components

Lack of uniformity in the vessel
Localized heating and need 10
ool

Radical specios formation
Nowse pollution

High energy comsumption
Thermal degradation of some
components

Extraction

of very small

particles make solid-liquid
separation difficult

Nanuniform distribution of field
strongth
Restrictod to materials without

=
¢l
L
PEF Mild tomperature
Encrgy saving
Avoid purification steps
Low degradation of
{ (o
pa--N|
308
-
NPCE Energy efficient
Low cost
Stmplicity
Low degradation of
thermosensitive and axidizable
compounds

alr bubbles and low electrical

Tumperature Incroase
Scale-up applications not tested

Note: EAE : Enzyme Assisted Extraction UAE : Ultratrasound Assisted Extraction
HVED : High Voltage Electrical Discharge PEF : Pulsed Electric Field
NPCE : Negative Pressure Cavitation MAE : Microwave Assisted Extraction

Green Extraction

Solvent Less or Green Solvent
“Subcritical water extraction (SWE) & Supercritical fluid extraction (SFE)"

Supercritical
fluid

Critical point for water
Te=374°C
Pc=218 atm
pe=0.32 g/mL

0.99 100 374
Temperature (°C)

SWE, an extraction using water at temperature higher than
100°C under pressurized condition as solvent. Water displays
some unique physical properties namely its disproportionately
high boiling point for its mass, a high dielectric constant, and
high polarity. (King et al., 2007)

€O, Supgy

Q_

Exraction
cell /

Tﬁw Sample collection

Preheater col

Schematic diagram of SFE apparatus

SFE is the process of separating one component from another
using supercritical fluids as the extracting solvent. Extraction is
usually from a solid matrix, but can also be from liquids. SFE
can be used as a sample preparation step for analytical
purposes, or on a larger scale to either strip unwanted

material from a product. (Int. J. Chem. Sci.: 8(2), 2010, 7219-743)

10
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Green Extraction

Application of Subcritical Water Extraction technology opens a new way to the future of industrial waste
recycling business

@ fja
(i | Y AT
o/ e
o Nemed |
. M_l_,
Ny me:'l /J
i S
AT O P
weerf |
— ) = “"heatimgoven
Preheating
Moception of waste Protreatmant process
+ +
* Chiormuted of panic p— t
solvert woste - i Trestment capecity
® Arienat an ghert grase --. m 70 Udny Qan
‘. g me | | AR
| 14 Orum } a1 H Products
. i Subcrnca water st pocess * Moo
REMATEC Corp. Sakai SC Factory, Japan ,;;.-..,:, — @ e
REMATEC Corp. is known as the company which recycles wastes into Bl ,_l.—’ e : ::“':‘ DR
reclaiming fuel (RF), and sells it to cement plants and others. —_— o ek
REMATEC had an interest in “Study on waste recycling with subcritical Mazardoun materis Pz fars l . Orude ghvearts
water reaction field” carried out by professor Yoshida at Osaka WIS S e $ o
Prefecture University as a new business following RF business; under D-‘ @ l Audifisiion

his advice, REMATEC has worked for the development of a practical ey AT pracess
application, and succeeded in its commercialization as a part of Osaka storage tank Row materiats @ Sem— e —
eco-town project. Reactant tank Product tank _ Shioping

Source: http://www.jwnet.or.jp/en/iwe/5_0810.html

11

Green Extraction

Backprenmir
reguintor

The U.S. Department of Energy has award $80 million to a team with plans
to design, build and operate a 10-MW supercritical CO2 power plant at
Southwest Research Institute’s San Antonio, Texas campus.

Source: http:’/www.power—eng.com/ar‘ticles/2016/10/supercriticaI—coZ—power-pIant-granted—80m—from-doe.htm| 12

12
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Green Extraction

MAE is a relatively new extraction

technique that combines microwave e
and traditional solvent extraction.

Application of microwaves for Cobobation systcm
heating the solvents and plant Adueous phase

Microwave oven

tissues in extraction process, which
increases the kinetic of extraction,
is called microwave-assisted
extraction.

Microwave reactor

Boldo leaves

Source: Petigny et al., 2014

Microwave Assisted Extraction (MAE)

13

13

YW EN LU INauazaNU NG

AN NASIIUAY
Thailand Science Park, a.udvnusu

- <
*Supercritical Fluid COz Extraction
(Semi-Pilot) ; Capacity 20 L

*http://tdc-herbarium.dtam.moph.go.th/index.html

Green Extraction Method
(Thailand Service Provider)

ASUNWIUIANTUNNLHU INELazANSINNANINIRAN

AULWIUINTZLIUNATNAA I AN UNUAzEUUTNS
FAULUINNTIUDIUNT NANUNTANN
UAZIAHA3ATLYAT AWAVATUNKIINENAE
a.unvnatl A.85°U5

**http://www.iscisaraburee.sc.chula.ac.th/?pagise_id=127

14
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\ Extraction Technology + Nano-Encapsulation

j
sioTec)

amember of NSTDA

m + Biological
% Building Blodks

= %sTDA

o
* Extraction NENOTEC!
Technology k N ANO ‘ i

+ Functional - 2 S,
Ingredients St % Liposome

Active i P

Niosome il

Compounds . Cryde Extract i(".

+  Pure Compound # Nanoparticles "
Lab Scale
Pilot Scale

Industrial Scale The National Advanced
Nano=characterization Center (NANC)
« Hair Growth Irritation = \ N
+ Anthistamine *  Cytotoxicity
+  Whitening * Phototoxicity | !
+ Anti aging +  Genotoxicity
« Sliming +  Ecotoxicity

7N P

ISO @0t

NANOTEC Capability |

¢ Fresh Material
¢ Dried Material

e  Specific Material

Herbal/Plant Materials
Preparation

Extraction Technology (Existing)
Solvent Extraction

*  Maceration *  Supercritical *  Subcritical Water

* Infusion Fluid CO, Extraction

*  Percolation & Extraction *  Micro Wave
Decoction i

*Green Extraction
& i

e  Steam Distillation
¢ Soxhlet Extraction

Marker Chemical Elucidation
& Identification, Standardization, Chemical Modification)
Quality Control of Thai Herbal/Plant Materials
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KEY TRENDS GLOBAL BEAUTY 6t|miQ°'
AND PER?ONAL CARE

2. The growth of 3. The growth of 4. The growth of

online store channels branded stores in products with natural
Western Europe ingredients
| 3 Y =

1. Integration of
technology to help in
promotion

TESCO Waitrose

L

Insights: Consumers tend to be more inte
consumers expect the product to reduce c

important criteria in the purchasing decisi

17

IKEY TRENDS GLOBAL SKINCARE 6ﬂn|éiQ°'

1. Growth of the 2. Growing natural skin 3. The growth of many

cosmeceutical products care roducts useful products
= e

market ; O3

5. Growth of facial mask 6. Technology helps
products promote the sale of skin
= care products.

Fragrance, Hand Care + Ageing Hand Care Su

18
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1. Growth of the

cosmeceutical products
market

~p
NC,J‘IH__OTEC

KEY TRENDS SKINCARE IN THAILAND &

gilloby

3. The company gives
more value into the

2. The growth of products
with natural ingredients

™

5. Characteristics of 6. Using technology with

interesting skin care

i skin care products
products

J)

'Fast Absorbing’

-
<
-~

‘At-HBme Beauty Equipment

19

e —
| Beauty and Personal Care

Market Size

Faail Voue RSP, USD miliae, Cures 10!

Naoview

s
Latwty |
fai g il
Lznamen. .
rsenmuiana PSR .
Mo arescy -
T teege [}

R r—a i B R R A T

| hatond NI -
Market S22 Ji Per Capita Jjy Folecast sr(mhi. -
I 038 Lo nittion 6sws  0I8USD gz I8 CAGR % I
| . e

Sales of Beauty and Personal Care in Thatland .

Retait Vatue RSP - THB milllon - Current - 2003-2022 "
Global Figure [ 198, 138 J—
2008, WD mitizn wons e

Razional Comparison

224K, USD mitize

20
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Report Highlights

This market is expected to reach nearly $1.8 billion in 2019,
with a compound annual growth rate (CAGR) of 3.9%.

The global carotenoid market value was $1.5 billion in 2014.

-
NANOTEC)

a member of NSTDA

“Carotenoids Extraction”

. S Fruits
“Carotenoids Activities” et
, Embryonic development and reproduction Carotenold source xu*
p Yeast
carotenal ester 1 -
Lycopene
Physical
l Soxhlet extraction
Annatto Super critical and sub critical fluid extraction
o = assisted Extraction (UAE)
! Pressurized Liquid Extraction {PLE)
Astaxanthin (EAE)

21

jﬁ
NENOTEC

32
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https://www.researchgate.net/figure/7-The-structure-of-global-carotenoid-market-at-2010-BCC-research_fig2_266513648
https://www.researchgate.net/figure/7-The-structure-of-global-carotenoid-market-at-2010-BCC-research_fig2_266513648
https://www.researchgate.net/figure/7-The-structure-of-global-carotenoid-market-at-2010-BCC-research_fig2_266513648
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Report Highlights

 The global carotenoid market value
was $1.5 billion in 2014.

| This market is expected to reach

\, zmg‘(, N\AI'J}!S%%T! 9!;‘
RS ~Carotenoids Extracion”

nearly $1.8 billion in 2019,
with a compound annual growth rate

' (CAGR) of 3.9%.

4
-

Tabte 1%
ummml content in arf ofl s seed o from different extracts,

“Selvents Tlwpene (megl Betw-canten (mge)
At Seod Al Seed
Freshy 045 4001° SO 000040001 ND
Chlomform: 0494 005" 00240001 1184000° 00040001
methasol (201)
Petroleum etfier 0304004 042 40001 014LO0"  ND
Hexane 021 4001" 001£0001° DI2400Y  ND

Vs aew exprossd as mwan & SO of trighicme mesmurement, Nembers on the same
culumn with differing supeescriges are sgnificastly diffesest 4t p< 005 0 = ot
detected *Food Research International 50 (2013) 664-669

muu
Fungl
e
Micro algae
Yeast
1 It wase
Physical
Pretreatments Chemical treatments
Biological treatments
l Saxhlet extraction
Super critical and sub ¢ritical fluid extraction
isted (uag)
Cell disruption & P
l Pressurized Liguid Extraction (PLE)
{Kll
| soponification | | gy soied xractoneat)

23

Gac fruit

6NANOVATION

MOVE FORWARD TO BETTER FUTURE

*Food Research nte national 50 (2013) 664-669

24
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16 NANOVATION ERRCLGENN GET LI Ea LY.

= (Thailand Service Provider)

nAaYWIUNENLNUINauazauuling
ASUWIUINITUNWN LU INAUAZAISUNNENISLIAa N
ASENFIVABISOUE

Thailand Science Park, a.lwvusu

*http://tdc-herbarium.dtam.moph.go.th/index.html

25
Global Carotenoids Market: Market Share Analysis by Application
Synthetic Natural
Carotenoids Carotenoids
‘ _M I»—— Food & Beverages —‘ 4 4
R I
‘ sy W > Dietary Supplements ‘ ¥ | ‘
> Animal Feed ' F | #
‘ﬂlb Pharmaceuticals @ ‘ ’
Note: Bubble Size Indicates Market Share onii —
R Fact LS
26
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Global Carotenoids Market: Regional Pricing Analysis (US$ Per Kg)

A
450

400
350 ° * °
300
250 *
200
150

100

50

North
America

I 5eta-Carotene [ Lutein [l Lycopene [l A hin [l Canth hin [ Others
Source: Fact MR x-lad. MR
https://www .factmr.com/report/1196/carotenoids-market o

27

Global Carotenoids Market: Market Penetration by Region

—— | 1. MR

28
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REGIONAL 1NaIsuUs=:N2UNISISsU
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o ARK v o — _
S\l QxagupvlHadngadvadq

(Supercritical Fluid Extraction Skill for Innovative Food)

3.2 uni 2 : Msanadde
yovlHaINAdvYIO
Supercritical Fluid

Extraction (SFE)
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Animal Cell and Plant Cell

Anatomy of the Plant Cell

Secration being
from cell by exocytosls

37

Cell Structure

Primary Structure
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Gallic acid Gallicin —> Alcohol (all-£-lutein) OH
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o
+——> Alcohol + Ketone (all-E-astaxanthin)
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oy 050 0 -

isoflavones flavanones ﬂavanonols

o <cap
flavanols flavonols anthocyanidins chalcones o o f“ | R R );]
oM
125}

quercetin
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Uses and Applications of Extracts from Natural Sources
Q ‘. - 0 Main natural pigments and their colors.

Natural products

Pretrestment

o
o

3 Ce

Perfumary

& |
@

Uses and applications of extracts from natural sources.

Rostagno, and Prado 2013, Natural Product Extraction: Principles and Applications, Chapter 1, Uses and Applications of Extracts
from Natural r Rovyal Society of Chemistry, RSC Publishing, UK
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Uses and Applications of Extracts from Natural Sources

R

Carrots, palm, tomatoes

chlorophyll a, b, c1, c2, c3 and d.

i || % RAo—
= & b

- 3 . - BID O SIR S

ks £ M,éc betalamic acid betacyanins  beta- xanthins
%, Crocin o o
R1 o z R2
skl | SET™ T T,
Crocetin

Chemical structure of main carotenoids. ~ cureuminandits analogs.
Rostagno, and Prado 2013, Natural Product Extraction: Principles and Applications, Chapter 1, Uses and Applications of Extracts
from Natural Sources, Royal Society of Chemistry, RSC Publishing, UK
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Uses and Applications of Extracts from Natural Sources
Aldehyde Alcohol Phenol Phenol
Cinnamaldehyde Cinnamyl alcohol Chavicol Eugenol
— W2 N S NS
— OH ScH,
- 1 NN N e ©/\/\°" _/—O-ou
= OCH,
5 OH
NN /\/\/Wo Methoxy derivative » dioxy compound
4 Ancthole Estragole Safroke
9 o
T 2 _/_Q— :©\/\
/\/\/\/ﬁ\ /\/\/\OJ\/ / o s <o ~
6
CHO . . .
0% ofj/\/\/ phenylpropanoids compounds of essential oils.
8 ” CH30
L % OH
R — e —— =
\ Vanillin
o]
Some lipid-derived components of essential oils.
Rostagno, and Prado 2013, Natural Product Extraction: Principles and Applications, Chapter 1, Uses and Applications of Extracts
from Natural Sources, Royal Society of Chemistry, RSC Publishing, UK
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Ry=CH, a-tocopherol
CHyR,=H B-tocopherol
=R;=CH, ylocophero|

DD
n

R,
Ry
H;

R,=R2=H;R,=CH, &-tocopherol

Alesded
CaryoplyBens:
@Q Structures of tocopherol variants (alpha, beta, gamma, delta).
Modified from Lee et al., 2009.

Chemical structures O'f sor.ne terpen0|ds Rostagno, and Prado 2013, Natural Product Extraction: Principles and Applications, Chapter 1, Uses and
COmpOUndS of essential oils. Applications of Extracts from Natural Sources, Royal Society of Chemistry, RSC Publishing, UK
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Uses and Applications of Extracts from Natural Sources

(b)
H
COOH

Chemical structure of (a) ginsenoside and (b) pfaffic acid.

Rostagno, and Prado 2013, Natural Product Extraction: Principles and Applications, Chapter 1, Uses and Applications of Extracts
from Natural Sources, Royal Society of Chemistry, RSC Publishing, UK
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Uses and Applications of Extracts from Natural Sources

i i | B S R

=) Catachin

(=Hiphentechin () Cpmgabacatechin
‘i‘ Syringic acld
(- Ephatoniin getote Cianamic acd p-Coumaricacld Caffelcacld Ferrulicacld
11 Galacatenhin gatate

Qég g;gjf . Chemical structure of main phenolic compounds.

Koemnplersh ) 0 ghicwsabe
[ TR —

5 .:J::CI d’wcr EZW’OC Rostagno, and Prado 2013, Natural Product Extraction: Principles and

Applications, Chapter 1, Uses and Applications of Extracts from
[P S— Agvgmn 1.0 gheide oo ooy Natural Sources, Royal Society of Chemistry, RSC Publishing, UK
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Uses and Applications of Extracts from Natural Sources

Woo HO o
Ry Ry
Ry ©O OH

Glucosides Aglycones
Malonyl Daidzin COCH,COOH Daidzein
Malonyl Glycitin MGly H OCH,  COCH,COOH Glycitein Gle H  OCH,
Malonyl Genistin MGi OH H COCH,COOH Genistein Ge OH H
Acetyl Daidzin ADI H H COCH,
Acetyl Glycitin AGly H O, COCH, Factors that may be involved in the
Acetyl Genistin AGe  OH H cocH, reduction of cardiovascular disease
Daidzin oi H H risk by consumption of soybeans
Glycitin ey H | [lods H isoflavones.
Genistin Gi OH H H

Rostagno, and Prado 2013, Natural Product Extraction: Principles and Applications, Chapter 1, Uses and Applications of Extracts
from Natural Sources, Royal Society of Chemistry, RSC Publishing, UK
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[-carotene

acerola

camu-camu

pumpkin

Lycopene tomato

cherry tomatoes

watermelon

Thai papaya

Journal of Chemistry 2016, http://dx.doi.org/10.1155/2016/3164312
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Lutein and Zeaxanthin

broccoli =~

~ pumpkin Spondias lutea

camu-camu

Brussels sprouts

Journal of Chemistry 2016, /3164312

spinach

parsley

Tropaeolum majus

acerola
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Green extraction of natural products. Origins, current status, and future challenges
/ Trends in Analytical Chemistry 118 (2019) 248-263

4

Ca

ez

&

Fig. 6. Processing procedures to obtain
enriched oil with carotenoids by (a)
conventional solvent extraction and (b)
(@) ultrasound assisted extraction.
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E FORWARD TO BETTER FUTURE

W16 NANOVATION

*Food Research nte national 50 (2013) 664-669

51

Phytomicrography of basil leaves in the essential oil extract

Shllrmelonisa s

Proc. Natl. Acad. Sci., India, Sect. B Biol. Sci. (July—Sept 2020) 90(3).577—583

Intect cell and essential oil Essential oil glands after Essential oil glands after
glands conventional maceration ultrasound-assisted extract

Rostagno, and Prado 2013, Natural Product Extraction: Principles and Applications, Chapter 1, Uses and Applications of Extracts
from Natural Sources, Royal Society of Chemistry, RSC Publishing, UK

52

uwumqucuu‘|Fmua'lu‘|snmomntutaﬁuaoqna'msmna_qa‘mnssu

- -
TsumsasivmavAuLa:AINY:LHYANAMTUATMALEDADUTINIMSWULNUSANSSUUDVUS:INA B ra ' n po we r Sk ' l l u
Us:5hlouus:uieu 2563




PnaIsus=NauMISISeu

HangasAnu:MsasousanssusIKISLWagUMWAIHINATANMSANOAS
AogudvlHadNnadveda
(Supercritical Fluid Extraction Skill for Innovative Food)

49

Light micrographs of Epimedium leaf samples

Untreated Leaf Leaf sample after microwave irradiation

H.-F. Zhang et al. / Trends in Food Science & Technology 22 (2011) 672-688
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Fig. 3. Milestones of the study of alternative green solvents for
the extraction of bioactives from natural sources using Hansen
Solubility Parameters approach.

Selective
extraction
. Experimental of bioacti\f/e
compounds from
Stage natural sources
Green extraction Most suitable -
methods bio-solvent
@ Predictive stage  Target molecule recovery selected

Bio functionality
HSP estimation

Bio-based solvent i
Target molecules O P K\, ‘
» | } |
: . o /%

A.P. Sanchez-Camargo et al. / Trends in Analytical Chemistry 118 (2019) 227-237
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Green extraction of natural products. Origins, current status, and future challenges

@

PESERYA s

Quality

CERTIFIE

AGRICULTURE
BIOLOGIQUE

® ®
°°5n!‘l'l°0' (.°s-'"°°0 Legislat'on
@ @ -BIO:) (NAT;
e cosnS Are cosnt

ALL NATURA

Y

COSMETIQUE COSMETIQUE

BIOLOGIQUE ECOLOGIQUE
Fig. 7. Examples of labels with naturalness values. Fig. 8. Characteristics defining an “eco-extract”.
ADIUSWUYIUINYDNUNTSANQ Trends in Analytical Chemistry 118 (2019) 248-263
57
Hansen Solubility Parameters for Selection of Green Extraction Solvents 711
|
Figure 1 Green chemistry overview. Reprinted from Herrero and Ibafiez (2018) with permission of Elsevier B.V.
A.P. Sanchez-Camargo et al. / Trends in Analytical Chemistry 118 (2019) 227-237
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Green extraction of natural products. Origins, current status, and future challenges

ENERGY
(PRINCIPLE 3)
SOLVENT

(PRINCIPLE 2) ‘ ,

RAW MATERIAL
(PRINCIPLE 1)

EXTRACT
(PRINCIPLE 6)

—

WASTE AND BY-PRODUCTS

. o RINCIPLE 4 . . .
Fig. 1. Essential inputs and outputs of extracéron procegs related to the six principles of green extraction.

ADIUSWUTIUINYDNUNISANA Trends in Analytical Chemistry 118 (2019) 248-263
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Green extraction of natural products. Origins, current status, and future challenges

Fig. 4. Simplified scheme of by-products generated during wine and orange fruit processing.

ADIUSWUYIUINYDNUNTSANQ Trends in Analytical Chemistry 118 (2019) 248-263
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Green extraction of natural products. Origins, current status, and future challenges
Trends in Analytical Chemistry 118 (2019) 248-263

Cradle to grave
T
i ‘ Raw material ‘
|
} Gate to gate
B R T O e R R R
|
i : Non-energy resources _Transport Transport Waste |
I} | (solvents, packaging, water...) (incineration, recycling...) :
H - +| Production/Packaging | !
| : Energy resources - | Emissionsinto the air, soil | |
| (electricity, heat...) and water (COV...) :
TR i e e e e -
i
: : .
{ Distribution ]
A. : :
E ] Utilization J
!
| End-of-life |

61

Green extraction of natural products. Origins, current status, and future challenges

| Extraction time

Number of unit operations
| Energy consumption
Environmental impacts
Economical costs

Quantity of solvent

Waste

Extraction yield
Extract purity
Extract quality

Fig. 5. Principle of intensification of extraction process.

ADIUSWUYIUINYDNUNTSANQ Trends in Analytical Chemistry 118 (2019) 248-263
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Eco-
solvents

(glycerol,
limonene)

Green extraction of natural products. Origins, current status, and future challenges

Fig. 2. From petroleum to alternative and green solvents.

ADIUSWUYIUINYDNUNTSANQ

Trends in Analytical Chemistry 118 (2019) 248-263
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European
Commission

European Commission Internal Market, Industry,
Entrepreneurship and SMEs Sectors

Identified INGREDIENTS
or substances e.g.

Cosmetics Cosing
Ingredient : TAGETES ERECTA FLOWER EXTRACT =
INCI Name TAGETES ERECTA FLOWER EXTRACT
Descrintion. Tagetes Erecta Flower extract is the extract obtained from the flowers of the Aztec Marigold, Tagetes erecta
L., Asteraceae
CAS # 90131-434
EC# 290-353-9
Cosmetics Regulation
provisions (]
Functions « PERFUMING
* SKIN CONDITIONING
SCCS opinions 3
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Green extraction of natural products. Origins, current status, and future challenges

LIQUID

PRESSURE

triple point

Chemical Engineering & Processing: Process Intensification 141 (2019) 107532

TEMPERATURE
Fig. 1. Phase diagram of CO,.

Fig. 3. Assessment of available innovative processes for green extraction.

Trends in Analytical Chemistry 118 (2019) 248-263
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iii LIQuUID

e

: a

2 critical point

E T=31.1%C

a p.=73.8 bar

triple point
TEMPERATURE
Fig. 1. Phase diagram of CO,.
Chemical Engineering & Processing: Process Intensification 141 (2019) 107532
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Table 1

Physicochemical properties of some SCFs [4].
Supercritical fluid Name T2 (°C) p.” (bar) u“(Debye)
Ar Argon —122.5 48.6 0

[ co, Carbon dioxide 31.1 73.8 0 |

H,0 Water 374.0 220.6 1.85
SFg Sulphur hexafluoride 45.5 37.6 0
Xe Xenon 16.6 58.3 0
CHF3 fluoroform 25.9 48.2 1.65
CH,F, difluoromethane 78.1 57.8 1.97
C>HgO dimethyl ether 126.9 54.0 1.30
C3Hg propane 96.7 42.5 0.084

P critical pressure.

@ critical temperature.

¢ electric dipole moment.

Chemical Engineering & Processing: Process Intensification 141 (2019) 107532
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Table 1 Some physical properties involved in the HSP estimation of CO,, ethyl lactate, ethanol, and water

Green solvent C0; Ethyl lactate Ethanol Water
Critical temperature — Tc (°C)* 31.06 314.85 24310 373.98
Critical pressure — Pc (MPa)* 7.38 3.86 6.38 2212
Molar volume - V (cm® mol~")° 38.0 115.0 58.5 18.0
3p (MPa”)° 15.3 16.0 15.8 15.5
dp (MPa*)" 6.9 76 8.8 16.0
3 (MPa”)" 41 12.5 19.4 423
#aws (1998).
®Hansen (2002).

AP. Sanchez-Camargo et al. / Trends in Analytical Chemistry 118 (2019) 227-237
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Tobutamide

Ketoprofen
Flurbiprofen

Naproxen

4 6 8

Mole fraction of APIs

dissolved in SC-CO, at 26 MPa and 60 °C

Fig. 1 Mole fraction of active pharmaceutical ingredients (APIs)

10 12

(x 109

J Incl Phenom Macrocycl Chem (2007) 57:289-295
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* CO; is inexpensive, not combustible,
germicidal, free of bacteria, selective a

* Pure extracts are produced with few

* The solvating power can be changed
use of modifiers)

* Selective extraction and fractionated
possible

like some conventional solvents

Why Supercritical Fluid Extractia

* Heat sensitive materials are gently treatec{"
* Products and residues are solvent-free
* Fragrances and aromas remain unchangec

* An excellent flavour profile can be achieve

* CO; is recycled within the plant, is physi i v
harmless and does not cause environmen

https://www.natex.at/co2-technology/supercritical-co2-extraction

-

not expl
nd motk

proce
(cona

. b
separation

—

72

uwumuWcuu1n31ua'lU'lsnmotnnlulaﬁuaoqna'msmnqthnssu

TASuMsasIvMAvAULA:INY:LHIBLNIACIUNTAMAWDBUTINSMSWILNUSONSSUUDOUS:NA
Us:510vuus:uneu 2563

Brain Power Skill Up




HangasAnu:MsasousanssusIKISLWagUMWAIHINATANMSANOAS

(Supercritical Fluid Extraction Skill for Innovative Food)

PnaIsus=NauMISISeu

ddgudvlHadNnadvedq

Solubility of
Substances in CO2

In general the more volatile a compound
the higher its solubility in CO;
(supercritical and fluid) and the easier the
supercritical fluid extraction process.
Therefore the below mentioned list serves
as first indication. The properties of CO;
and the solubilities of the compounds can
be modified by injection of co-solvents
and varying temperature and pressure.

59
Easy soluble Soluble Unsoluble
Esters, Edible oils *Sugars
Alcohols from
Oilseeds
Aldehydes, *Waxes «Fruit acids
Ketones
*Volatile Oils *Polyphenols *Starch
*Aromas ‘Proteins
*Mono- and *Mineral
Sesquiterpenes salt
*Glycosides

https://www.natex.at/co2-technology/supercritical-co2-extraction

73

Food mdustry
e Decaffeination of coffee
& tea

* Extractiomof hops, herbs
& spices

* Recovery of flavours,
antioxidants

* Extraction of special oils
* Deoiling of press cakes
* Cleaning rice

74
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Applicatio’ns of Superecrit
* Pharmaceutical industry
* Extraction of herbal medicines
_ *Refining of pharmaceuticals
* Cosmetic industry
* Active ingredients for
cosmeceutical applications
* Fragrances

L L ]
https://www.natex.at/co2-technology/supercritical-co2-extra -c\
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»Q perbntlcal CO,\

(a)PLGA m|cropar i MD 1/4 1.1 mam)

< ‘:ﬂﬂpﬂ ~ *pq
=N e ""P:m..a“ﬁ' =
- MA

* Other applications 2000200 0 820
. e % -

* Cleaning of cork o2

* Impregnation of wood

* Chemical reactions

* Particle formation

*Cleaning

e Sterilization

TR, AN 5
2 v A __
b Affagoparticles (VMD 1/4 180 nm) obtdned.from
a sjo ogenized at 15 K psi (three pa
https://wwWw.natex.at/co2-technglogy/super@itical-co2-extraction R 1 s, ij FY
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6 7 8 9 10 11 12 13 14 15 16
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The system features: Spe-ed SFE-2 Supercritical System
*temperatures to 240°C*

*pressure up to 10,000 psi (690 BAR)

*pump: up to 400mL/min flow rate**

*independent control of flow rates to each vessel

*vessels from 5mL to 1 liter
*fully-adjustable, non-clogging, variable restrictors

*parallel processing capabilities of between 1 to 4 vessels
depending upon the model

*collection into SPE cartridges or standard glassware
*in-line trapping capabilities

*modifier addition capability

*multiple flow path capability

*extract directly from liquid samples

79

paAUsENaULALNalNNISYINIIUYBLATBIENARILYRY L aLIEIn

Back Pressure

—

Co-salvent
Vessel

Spe-ed SFE-2 Supercritical System

2
Release

Co-solvent
Pump

co,
L Pump
~——— Sample
Collection
Extraction
Vessel
co, Fig. 1 — A schematic design of the supercritical fluid

Cylinder  oytraction (SFE) unit.
Food and bioproducts processing 88 (20 1 0 ) 319-326

80

uwumqucuu‘n:mua'lu1snn1otnntutaﬁuaoqna'msmna_qmnnssu

- -
TASuMsasIvMAvAULA:INY:LHIBLNIACIUNTAMAWDBUTINSMSWILNUSONSSUUDOUS:NA B ra ' n Po we r Sk ' l l u
Us:510vuus:uneu 2563




PnaIsus=NauMISISeu

HangasAnu:MsasousanssusIKISLWagUMWAIHINATANMSANOAS
AogudvlHadNnadveda
(Supercritical Fluid Extraction Skill for Innovative Food)

63

paAUsENaULALNalNNISYINIIUYBLATBIENARILYRY eI IR

Back Pressure

—
i ‘ =L
‘-". Extraction
» Vessel

CO,
Cyli:der Fig. 1 — A schematic design of the supercritical fluid
extraction (SFE) unit.
Food and bioproducts processing 88 (20 10 ) 319-326
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Back Pressure
Regultor [ | oe '
' co, - v !
Release al =
@ ——
Wet Gas
Meter
co,
L Pump
e Sample
Collection

Extraction
Vessel

CO.  Fig. 1- A schematic design of the
Cylinder g percritical fluid extraction (SFE) unit.

Food and bioproducts processing 8 8 (20 10 ) 319-326
82
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Back Pressure

Co-solvent

Sample
Collection

Extraction
Vessel
= z =
Cylinder

Fig. 1 — A schematic design of the
supercritical fluid extraction (SFE) unit.

Food and bioproducts processing 8 8 (20 1 0 ) 319-326
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Concept & Scope of Research
Parameters applied in supercritical carbon dioxide extraction.
Parameters Unit Range/Value Increment
Pressure MPa 20 - 30 5.00
Temperature C 40 - 80 20.00 Pressure
Flowrate mL/min 3-5 - oller
Extraction Time min 180 -
Mass of Sample g 5.00 -
Particle Size pm 300 -
|
Co-solvent
i ok Extraction Separat
vessel Collectic
vessel
| |
Co-solvent pump &
E ; Drain val
Collecte
E ; Q Pum Heater Atk
Condenser
Fig. 5. Schematic of experimental setup for supercritical carbon-dioxide extraction.
84
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Supercritical Fluid Extraction (SPE)
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- Wong Lee eng'et al., 2020.0ptimization of process variables using

©asouAnu nsanalalrwosoaoiniuaa
ns:pyunavalsnisuoulaoonlsasveda

response surface methodology for tocopherol extraction from Roselle seed
oil by supercritical carbon dioxide Industrial Crops & Products 143 (2020)
111886
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Fig. 1. a) Supercritical Carbon Dioxide (SC-CO;

Optimization of process variables using response surface methodology
for tocopherol extraction from Roselle seed oil by supercritical carbon dioxide

process flow of supercritical carbon dioxide extraction.

) extraction system b) A schematic diagram of

Industrial Crops & Products 143 (2020) 111886
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5s variables us

rom Roselle seed oil by supercritical carbon dioxide

ing response surface methodology

Parameters Unit Range/Value Increment
Pressure MPa 20-30 5.00

Ta b l e Temperature °C 40-380 20.00

1. Pa ramEterS Flowrate mL/min  3-5 =

applied in S :

ey Extraction Time min 180 =

supercritical

Carbon Mass of Sample g 5.00 =

dioxi d e Particle Size um 300 =

extraction.

Industrial Crops & Products 143 (2020) 111886
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5s variables using response surface methodology
rom Roselle seed oil by supercritical carbon dioxide

Coded Levels
Independent Variables

Table

2. Inde pen ofS Temperature (°C) 40 60 80
nt variables
for factorial Pressure (MPa) 200 25 30

design.

Industrial Crops & Products 143 (2020) 111886

Optimization of process variables using response surface methodology
for tocopherol extraction from Roselle seed oil by supercritical carbon dioxide
0.9
g 18 0.8
16
2 0.7
e B E 06
) - —a=212pm
= 12 "
£ s 03 “*-300pum
2 10 2 04
9 8 ~a=20MPa - ~a=425um
s 2 —~-25MPa & % "_::‘l’:"“‘
m
z —0=30MPa 92 ’
g 4 0.1
= 2 180min 0
0 0 50 100 150 200 250
0 50 100 150 200 250 300 (b) Extraction Time, min
Extraction Time, min
(a)
Fig. 2. a) The effect of extraction time on extraction yield at pressure 20, 25, 30Mpa at the temperature of 40 °C, 5 ml/min
flow rate of carbon dioxide b) The effect of particle size on extraction yield at temperature 40 °C, pressure of 30Mpa and
5 ml/min flow rate of carbon dioxide. .
Industrial Crops & Products 143 (2020) 111886
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Optimization of process variables using response surface methodology
for tocopherol extraction from Roselle seed oil by supercritical carbon dioxide

18
15.85%
16 18
o2 16
14
é 14
g 10.38% z 12
a 10 9.45% 3
10
o = 3mVmin
: 8 E 8 e 4
mUmin
T 6
g ) 4.08% T 6 e Sml/min
4
0% I E
2 2
, 1 ;
0.71 0.6 0.425 03 02 0 50 100 150 200 250 300
Extraction Time (min)
( a) Particle size (mm) (b) (

Fig. 3. a) The percentage of yield varied using different particle size of Roselle seed b) The effect of SC-CO, flow
rate on extraction yield at temperature of 80 °C and pressure 30 MPa.

Industrial Crops & Products 143 (2020) 111886
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40 °C with 5 ml/min flow rate

Optimization of process variables using response surface methodology
for tocopherol extraction from Roselle seed oil by supercritical carbon dioxide

60 °C with 5 ml/min flow 80 °C with 5 ml/min flow rate

C-NuUALOuUBSD

——0MPa

—— M

Percestage of Overall O3
Yield (%)

8 16

I 5

,‘E.lo EE:‘Z’
8 S

E; 6 ] :
4 4
: I:
' 8 0 Exlncthlrzoﬂm (mln)lso €0 K

(a) (b)

flow rate under different pressures.

Fig. 4. a) The percentage of oil yield as a function of extraction time at 40 °C with 5 ml/min flow rate under
different pressures b) The percentage of oil yield as a function of extraction time at 60 °C with 5 ml/min flow rate
under different pressures c) The percentage of oil yield as a function of extraction time at 80 °C with 5 ml/min

100 150
Extraction Time (min)

g

o 50 100 150 200
Extraction Time (min)

-~
g
~

Industrial Crops & Products 143 (2020) 111886
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Optimization of process variables using response surface methodology
for tocopherol extraction from Roselle seed oil by supercritical carbon dioxide

20 MPa 25 MPa " 30 MPa
12 = I8 =
5 S o

: " B fon

Bt SN o

3 é a1} Sz 10

53 6 R g2 8

&2 2= 1 Lol

:)- 4 8 6 c

- s Bl

H g ! g 4

g 2 § 2 & 2

Ig 0 0 0
0 50 100 150 200 0 50 100 150 200
0 50 100 150 200 Extraction . )

(a) Bt it k) (b) Time (min) (c) Extraction Time (min)
—0=40°C
= 60°C

Fig. 5. —a=80°C

a) The percentage of oil yield as a function of extraction time at 20 MPa with 5 ml/min flow rate under different temperatures
b) The percentage of oil yield as a function of extraction time at 25 MPa with 5 ml/min flow rate under different temperatures
¢) The percentage of oil yield as a function of extraction time at 30 MPa with 5 ml/min flow rate under different temperatures.

Industrial Crops & Products 143 (2020) 111886
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5s variables using response surface methodology
rom Roselle seed oil by supercritical carbon dioxide
Temperature (°C)  Pressure (MPa) afg;/cn?g) Density gg‘;bi“tu (9/kg
40 20 839.9 0.65
Table 3. The 25 879.6 0.97
experimental 30 910 0.99
solubility data 60 20 723.8 0.80
of Roselle seed 25 786.8 1.07
oil in SC-CO,. 30 830 0.92
80 20 594.1 0.58
25 ©686.6 0.69
30 746 0.59
Industrial Crops & Products 143 (2020) 111886
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bs variables using response surface methodology
rom Roselle seed oil by supercritical carbon dioxide

Gamma
o~y The peakarea tocopherol
Pressure (MPa) Temperature (°C) (MAU) content
(mg/100g)
40 66.19 5.6
Table 4. The Roselle 20 60 60.29 2.7
seed oil yield and 80 61.76 16
gamma tocopherol
content in oil 40 >1.93 a4
extracted under 25 60 47.02 1.7
different conditions. 30 5095 2.1
40 46.52 4.7
30 60 48.98 2.5
80 49.97 2.3

Industrial Crops & Products 143 (2020) 111886

ss variables using response surface methodology
from Roselle seed oil by supercritical carbon dioxide

Extraction method SC-CO:2Extraction  Soxhlet Extraction

Solvent used for extraction Carbon dioxide Light petroleum ether

Weight of seed used for

extraction %8 158
Ta ble Extraction time 180 min (3 h) 480 min (8 h)
5. Com _pa e Of Particle size of seed used for
extraction extraction e U] UL
performance _
Solvent flow rate 5 mL/min -
between SC- - -
CO d SOX|et Temperature 40°C 60°C
il Pressure 30 MPa 0.1
method.
Extraction Yield 16.17% 23.8%
Gamma tocopherol content 4.74 mg/100 g oil 1.32 mg/100 g oil

Industrial Crops & Products 143 (2020) 111886
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Optimization of process variables using response surface methodology
for tocopherol extraction from Roselle seed oil by supercritical carbon dioxide

Fig. 7. a) Response surface of the oil yield expressed as the function of pressure and temperature b) Response
surface of the gamma tocopherol concentration expressed as the function of pressure and temperature.
Industrial Crops & Products 143 (2020) 111886
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Conclusion
The Roselle seed used for extraction contained approximately 8.03% moisture.
The 300 pm particle size was found to have the highest yield.
The optimum extraction time is 180 min for complete oil extraction, and 5mL/min of SC-CO:flow rate was
determined to give the highest extraction oil yield.
The extraction of Roselle seed oil using SC-CO2 was carried out, and it was shown that
the highest extraction oil yield obtained was at 30 MPa and 40 °C while
the lowest was at 30 MPa and 80 °C.
The obtained oil yields were in the range 6.22-16.17%.
The overall extraction oil yield using SC-CO2 increased as the pressure increased at lower temperature.
The gamma tocopherol content obtained were in the range of 1.6-5.6 mg per 100 g of oil.
The gamma tocopherol concentration is much higher in oil extracted using SC-CO:2 extraction (4.7%) compared to the
“ Roselle seed oil extracted using Soxhlet method (1.32%).
" This result has proven the selective nature of SC-COzextraction and that it is a good choice for extraction of a high
nutritive value plant. The experimental data of SC-CO:2 extraction obtained were fitted to a secondorder polynomial
- rocosrer. Model.
The coefficient of determination values for Roselle seed oil yield and gamma tocopherol concentration were 0.9723
and 0.9754, respectively.
" In addition the F-value calculated using data was higher than the tabulated F-value which shows the experimental
data were well fitted against the model.

il . S N Gl Y Industrial Crops & Products 143 (2020) 111886
98

1 Tocopher
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Scale-up & Overview of industrial extraction

RS
——— |-
. a T ~
4 e s > 3 .

99

Concept & Scope of Research NQNDTEij

Parameters applied in supercritical carbon dioxide extraction.

Parameters Unit Range/Value Increment
Pressure MPa 20 - 30 5.00 Precsure
Temperature C 40 - 80 20.00 Controller
Flowrate mlL/min 3-5 - ]
Extraction Time min 180 -
Mass of Sample g 5.00 -
Particle Size pm 300 -
I | | |
Co-solvent
I tank Extraction Separation/
vessel Collec|tlon
vessel
| | | |

Co-solvent pump

A\ 4
Drain valve -
CO: =W ) ¢
Quercetagetin jj} \I e
N

Pum Heater g:::'eaitted ST U S SR

Condenser

Fig. 5. Schematic of experimental setup for supercritical carbon-dioxide extraction. L

100

uwumqucuu‘|rmua'lu1snn1otnntutaﬁuaoqna'msmnqqmnnssu

- -
TASuMsasIvMAvAULA:INY:LHIBLNIACIUNTAMAWDBUTINSMSWILNUSONSSUUDOUS:NA B ra ' n Po we r Sk ' l l u
Us:510vuus:uneu 2563




AaIsUs:NdUMSISsU
HangasAnu:MsasousanssusIKISLWagUMWAIHINATANMSANOAS

ddgudvlHadNnadvedq
(Supercritical Fluid Extraction Skill for Innovative Food)

73

Application of Supercritical CO2 Fluid Extraction Plant

Rackpraamirn
reguintor

Rockprossirn
rnguinton

GO, Co-
supply W reservol

The U.S. Department of Energy has award $80 million to a team with plans
to design, build and operate a 10-MW supercritical CO2 power plant at
Southwest Research Institute’s San Antonio, Texas campus.

Rmcommpramorn

Source: http:;/www4power-eng.com/ar‘ticles/2016/10/supercriticaI—coZ—power-pIant-granted—SOm—from-doe.htmI
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Green Extraction Method
(Thailand Service Provider) 2

S\

2\
- 2
7/

-
=1
AW ENUNU TNz INUINSG AULWIUINTZLIUNATNAA I AN UNUAzEUUTNS
ASUNWIUIANTUNNLHU INELazANSINNANINIRAN

AULUIANTTUDIUTT HAOAUNAUNN
AN NASIIUAY HAZIAEASATUINAT AINaIATAILKIINLNAL
Thailand Science Park, a.udvnusu

a.unvnatl A.85°U5

*Supercritical Fluid COz Extraction
(Semi-Pilot) ; Capacity 20 L
*http://tdc-herbarium.dtam.moph.go.th/index.html

**http://www.iscisaraburee.sc.chula.ac.th/?paigre_id=127
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Tukuwnau 27

Supercritical carbon dioxide extraction of bioactive
flavonoid from Strobilanthes crispus (Pecah Kaca)

Food and bioproducts processing88 (2010 ) 319-326

Supercritical carbon dioxide extraction of bioactive flavonoid from Strobilanthes crispus
(Pecah Kaca)
5
23 4
oC
s s AL
s 3
d @ X : =
R é 1t £ s
g . 3.
; “0x & ; 2
3 i 3
E = av E 15
: s 1% her - >
108 bt
%5 s
=
L
e e - - ™ e m 2 40 min 0 min O min
Presaure Bar » » ol g . L Dynamic time (min)
Fig. 3 -'The .effect of pressure on Fig. 4—The eflf;_;:l;';:r;lperature on Fig. 5 -.The 'eflf:ct of dynamic time (min) on the
extraction yield (%) at constant extraction yield (%) at constant pressure extraction yield.
temperature ('C). (bar).
Food and bioproducts processing 88 (201 0) 319-326
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Supercritical carbon dioxide extraction of bioactive flavonoid from Strobilanthes crispus
(Pecah Kaca)

0.3000- Table 3 - Regression equations and correlation
%: _ coefficient for the eight flavonoid compounds of S.
0.2500— sl = § crispus.
1 8lE 8 &
2000 ;| 8 Z § Compound Regression equation r-seq (R?)
X =1 ©
- '§ |< = l (+)-Catechin y=92411x+12043 R?=0.980
N— _E s [ (-)-Epicatechin y=74400x + 11614 R?=0.981
< ] 3 g = . Rutin y=83102x + 10989 R?=0.971
010004 5 £ c l ’ ’ I Myricetin y=60710x +40411 R?=0.991
e ‘“ = , } Luteolin y =89534x + 13740 R?=0.984
& ’ | Apigenin y=99158x + 39264 R?=0.975
°'°5°°*]' | ‘ l! . ’ i Naringenin y=59479x + 44661 R?=0.991
; | “1 1A |l , ‘“; Kampferol y=72453x + 64850 R?=0.998
L
= T 7 T U e I I AL y: Peak area, x: content of each compound (ppm), r-seq: correlation
000 10.00 20.00 30.00 coefficient.

Minutes
Fig. 6 — HPLC flavonoid compounds chromatogram with retention time, catechin (t= 11.38), epicatechin (t.= 13.47), rutin (t’=
20.60), myricetin (t.= 23.84), luteolin (t.= 29.98), apigenin (t.= 30.88), naringenin (t.= 33.73) and kampferol (t.= 34.47).

Food and bioproducts processing 88 (201 0) 319-326
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Supercritical carbon dioxide extraction of bioactive flavonoid from Strobilanthes crispus

(Pecah Kaca)
Fig. 9 — HPLC chromatogram of SC-CO

Fig. 8 — HPLC chromatogram SC-CO’ . i .
: tracti t o .
extraction at optimization 200 bar, 50 -C and 60 minocona maximum 200 bar, 60.C and 80 min

Fig. 7 — HPLC chromatogram of SC-CO’ extraction at
00800 Minimum 100 bar, 40 -C and 40 min.

g © 000 - 00000 g

Lutecin

. i W L1
ol | | ij gg EEI ‘ ‘ii ; g | g

| f

00000 iatit /UL

™

Pecah Kaca (S. crispus) Extraction Flavongid Contents of flavonoid (mg/g)

extraction mode yield (%) content? (%) Catechin Epicatechin Rutin Myricetin TNEaokin Apigert Nari 7 Kampferol
(mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g)

Minimum? 2.37 324 9.52 - 13.55 - - - - -

Optimum® 5.17 398 483 455 8.47 410 12.52 375 363 1945

Maximum® 438 353 464 564 1414 301 12.32 - 244 419

Flavonoid content (%) = [the amount of total flavonoids (mg)/the amount of crude extracts (mg)) x 100.
2 Minimum level of each studied parameter (100 bar, 40°C and 40 min).
& Optimum level of each studied parameter (200 bar, 50°C and 60 min).
€ Maximum level of each studied parameter (200 bar, 60°C and 80 min).
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> MHydrocarbon (all-£-lycopene)

T
i
Z&
EE

H

o A heric liquid with i

= o Soxhlet extraction
OWO Super critical and sub critical fluid extraction
z wo Ultrasound-assisted Extraction (UAE)

—> lﬁ:“mm’ chE:‘Isrul m“m = Microwave-assisted Extraction (MAE)
Y ‘(;f ° ! Pressurized Liquid Extraction (PLE)
o Y ow Pulsed Electric Field (PEF) Assisted Extraction
Apo-carotenoid (all-£-bixin) I l isted (EAE)
—
WW l AR
0, °/
o | Separation I
o il , !

111

SFE conditions
Carotenoid Pressure Flow rate Pretreatment/modifier
class Source (MPa) Temperature (°C)  (mL/min) (%) Yield (%)
Caroteniods? Lycopene |- 25 80 500 0.64
- 447 86 25 38.0
= 4.6 62 35 Ethanol (14) 332
- 40 100 1.5 31.25
i Tagetes erecta L. | 35 55 Tokg/h Ultra sound o )
Lutein Tagetes erecta L | 46.8MPa | 65.9°C 10kg/h Co-solvent 1263.62mg/100
(1.5% of low chain
glyceride)
Tagetes erecta L | 35.5 58.7 199 L/h co-solvent 1039.7 mg
(7.0% soybean oil) lutein /100 g
Tagetes erecta L | 40MPa 60 - Co-solvent 87.2:+4.4% total
(10% palm oil) xanthophylls
Canth hin | Hi 40 70 3mL/min co-solvent 40%
. Pluvialis (10% soybean or
& Astaxanthin olive ofl)
Do 22-55 80 2-4mL/min | co-solvent 80.2%
(7.5% Ethanol)
Astaxanthin | Capsicum 19-32 313-333 B co-solvent 5.27 pmol/mol
annum L. (4.10mmol/mol
triolein)
20 100 25mL/min | co-solvents T-2pg/100g
Fucoxanthin methanol,
acetonitrile,
ethyl-acetate
Apo-carotenoid 20-50 40-55 = - 0.26mg/g CO,
Flawoniods®<4 Quercetin | HypericiHerba | 33.2 50 = Co-solvent 92% Quercetin
- 15% v/v Methanol 76% Rutin
& Rutin
40-60 60%-90%, ethanol:water
flavonol content annot(Ly| 10-20 2 Umin e 41.96 mgig
Total flavonoids | o™ T334 |46 20Uh 85% aqueous ethanol | 15.17 £ 0.69 mglg
“Green Sustainable Process for Chemical and Environmental Engineering and Science https://doi.org/10.1016/8978-0-12-817388-6.00017-9
®Joumal Of Liquid Chromatography & Related Technologies 26(15):2517-2533, 2003, “Molecules 2016, 21, 810, “Food and bioproducts processing 90(2012):579-587
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us

20050266132A1
a9 United States

a2 Patent Application Publication (o Pub. No.: US 2005/0266132 A1

Temelli et al. (43) Pub. Date: Dec. 1, 2005
(54) SUPERCRITICAL CARBON DIOXIDE Related U.S. Application Data
EXTRACTION OF CAROTENOIDS FROM
NATURAL MATERIALS USING A (60) Provisional application No. 60/575,380, filed on Jun.
CONTINUOUS CO-SOLVENT 1, 2004.
Publication Classification
(76) Inventors: Feral Temelli, Edmonton (CA); Mei %
Sun, Edmonton (CA) (51) Int. CL. A23L 1727
(52) US.CL 426/478
Correspondence Address: (57) ABSTRACT
GARDNER GROFF, P.C. . . X
2018 POWERS FERRY ROAD A method for separating carotenoids from carotenoid-con-
SUITE 800 taining material comprising sizing a carotenoid-containing

113
US 20140035180A1
a9 United States
a2 Patent Application Publication (o) Pub. No.: US 2014/0035180 A1
Bhartia et al. (43) Pub. Date: Feb. 6, 2014
(54) SINGLE STAGE LUTEIN ESTER Publication Classification
EXTRACTION FROM TAGETES
SPECIES-MARIGOLD FLOWER MEAL (51) Int.CL
CO7C 67/48 (2006.01)
(52) US.CL
(75) Inventors: Uma Shankar Bhartia. New Delhi (IN); CPC CO7C 67/48 (2013.01)
Gopu Bala Show Reddy, Noida (IN) USPC ... 264/15; 554/8: 514/548; 426/425
(57) ABSTRACT
. - A single stage straight forward process for extraction and
(73)  Assignee: India Glycols Limited, Udham Singh isolation of lutein ester from the dried petals of marigold
Nagar (IN) flowers Tagetes species using the carbondioxide as the super-
critical fluid was developed. The p intained for the
(21) Appl. No.: 13979972 extraction was up to 625 bar and at temperature up to 750
. Centigrade. Lutein ester of high strength and purity up to 70%
(22) PCTFiled:  Jan. 12,2012 was achieved for the first time in single stage from the dried
petals of marigold fowers-Tagetes species while enrichment
(86) PCTNo.: PCT/IN2012/000033 of the lutein ester content up to 98% was achieved by crys-
§371 (e)(1). tallization of the lutein ester obtained from supercritical car-
(2),(4) Date: ~ Sep. 27,2013 bon dioxide extract (SCFE). The high strength and purified
lutein ester isolated by supercritical fluid-single stage extrac-
(30) Foreign Application Priority Data tion process are free from saturated fat, oil, waxy impurities
114

uwu\nuWcumm"numu1snm\)lnnIuIaﬁuaoqnamsmna_qamnssu

- -
TASuMsasIvMAvAULA:INY:LHIBLNIACIUNTAMAWDBUTINSMSWILNUSONSSUUDOUS:NA Bra 'n Po wer Sk 'll u
Us:510vuus:uneu 2563




PnaIsus=NauMISISeu

HaNgasAnu:MsasousanssusIKIsLioguUMWAIBINAGAMSaNaans
AogudvlHadNnadveda
(Supercritical Fluid Extraction Skill for Innovative Food)

81

-------------------------- LT

1
AOUND Hower bl - United States

H o Patent Application Publication o re No. US 20000035180 A1

N Whartis o ot o Pel Dete Feb. 6, 2004
gy SRR '

<T> Co= D Cwa D i R —
H A 8 1
FXTRACTON A wp 10 CORACTOR B up to EXTRACTON C 49 to s
625 bar, 15°C 3% b, 75°C 625 bav, 79°C : I o Sttt S e

Il Pt s X -
'
'
'
'
'
4
L

Extracticn Yiekd
(Ow dry
Marigold flower Lutein ovter
Meul basia)  coutent
1) High prossise separstor A0 ToM Assy 42T
21 Metuun presmus sepiestor AOKON  Awsy 211N
3 Low pressire scparstor L Assay 1%

115
.
a2 United States Patent (10) Patent No.: US 9,012,698 B2
Prasitchoke et al. (45) Date of Patent: Apr. 21, 2015
(54) METHOD OF EXTRACTING (56) References Cited
LUTEIN/XANTHOPHYLLS FROM NATURAL
MATERIALS AND HIGHLY PURIFIED U.S. PATENT DOCUMENTS
LUTEIN/XANTHOPHYLLS OBTAINED FROM P —
— o DO 466, riedric]
TRENEHOD TR0 5120558 A 6/1992 Nguyen et al.
(75) Inventors: Phatthanon Prasitchoke, Bangkok g’;ggﬁgi 2 g{% m;f A
(TH): Chaya Chandavasu, Bangkok 6,262,284 Bl 7/2001 Khachik
(TH): Artiwan Shotipruk, Bangkok 6,350,800 Bl 22002 Kiyetal.
(TH); Panatpong Boonnoun, Bangkok 6,689.400 B2 22004 Majeed
(TH) 6737552 Bl 52004 Crombie
7214379 B2 52007 Sadanoetal.
(73) Assignees: PTT Global Chemical Public ISSHETEL AU Omelis Craviotoet al:
Company Limited, Bangkok (TH); 20040267033 Al 122004 Rao etal.
8’;;')"""“3"““ University, Bangkok FOREIGN PATENT DOCUMENTS
(*) Notice:  Subject to any disclaimer, the term of this % zoozmi'll %883 B
patent is extended or adiusted under 35 wO 2005068409 7/2005
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Aromatic mediterranean herbs/spices

Rosemary (Rosmarinus officinalis)

Extraction method Main BACs
Carnosol, carnosic acid, rosmadial,
rosmanol, genkwanin, homoplantaginin,
scutellarein, cirsimaritin and rosmarinic
acid (determined 59 compounds)

at 150 bar using 6.6% ethanol (as
modifier) and 400 bar with neat CO2. In
both cases, the extraction temperature
was 40 °C.

Method analysis
HPLC-DAD-ESI-TOF-MS (negative and positive mode)

Food Research International 113 (2018) 245-262
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Shanghai Better Industry Co.,Ltd

1L

SAENG =

Supercritical Fluid Extraction
HSFE 100
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Extraction llechinelegy,
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Extraction
" Solvent

Extraction
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Expression extraction

Cold pressing

1.The fruit
descends down
the conveyor.

~ \ 4. The emulsion is
et o5 i treated in a centrifuge
i @° where essential oil
Pl |
A e

2. The fruit's 3. The whole fruit being lighter is
oil sacs is spray washed. separated from
are pierced. water.

- Expression is most commonly used to obtain oils from
citrus fruits

The oil yield is not high.

Most of the raw materials are not suitable.

- No solvent residue in the extract

Impurity product

- Safe for thermal sensitive compound

https://www.newdirectionsaromatics.com/blog/articles/how-essential-oils-are-made.htmi
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Steam Distillation and Water Extraction

VAPORISED WATER coLD
AND ESSENTIAL OILS WATER
g ——
/ 5
/ ( 8 8 HOT
\ WATER
PLANT
MATERIAL CONDENSER
S |V
IR SEPARATOR
FXAY =
\n0z
¥/ mO ESSENTIAL
‘ OIL
1 \ e > T -
WATER AND
ESSENTIAL
t oILS
STEAM FLORAL

WATERS

SUPPLY

|«— thermometer

warm water
outlet
cold water

condenses
vapor in tube

distilled oil —» ¢

distilled "
drinking water

Popular method for obtaining essential oils from
medicinal and aromatic herbs

Good for water-soluble plant compounds such as
Juniper berry, Aimond seed and Cedar wood

UWUVIUWCUUIADIUAIISANVINATUTadUDVUAAINSAIARAEIHASSY
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- Only suitable for the extraction of high temperature
stable compound

- Take long times for extract and separate water from
product

https://www.newdirectionsaromatics.com/blog/articles/how-essential-oils-are-made.html
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JSetter L)ALk ARG
Shanghai Better Industry Co.,Ltd

Solvent Extraction

Pressurized Solvent Extractor

VACUUM
DISTILLATION:

/ﬁ removes alcohol
f

CONDENSER

CONCRETE +

PLANT ALCOHOL -

MATERIAL

S OSSN | : . -
—— S8 | 50,05 —y
soLveNT | O3 &R0 8 ABSOLUTE I — LabTech

N e? HEAT Liquid-liquid Extractor g

- Simple, easy method and Inexpensive - Uses large amounts of solvent
- Specific solvent for selective compound - Thermal decomposition of heat sensitive
- High performance extraction compound

- Residue solvent after processed

https://www.newdirectionsaromatics.com/blog/articles/how-essential-oils-are-made.html
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Adsorption Extraction

Solid Phase Extraction

Load Sample Step

N , - Specific solvent for selective compound
(Black) o . Elute 1_// )

- High Purity compound

-4 - Low solvent used per batch

Statonary | NOTE: Different - Many consumable used
P:ha'sfes-T } g strength solvents . . .
fides. 599 , can be used to - Yield per batch is not high
B separate the dyes.
‘ - Residue solvent after processed

One cartridge can separate all three dyes
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Supercritical CO, Extraction

c02 PRV
TANK (Pressure
(LIQUID) Reducing
Valves)

" PLANT
MATERIAL i
AND 4.
LIQUID CO2 CO2 brought
B back to natural
t pressure
1
> J
t EXTRACTOR !
i -~ - <=
6.
C02 brought back to

gaseous state
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SEPARATOR

COLLECTION
VESSEL

Fast Extraction and high yield per batch
No solvent residue in the extract
Continuous process after extracted

Low temp. extraction which safe for
thermal sensitive compound

CO, Tunable

https://www.newdirectionsaromatics.com/blog/articles/how-essential-oils-are-made.html
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Shanghai Better Industry Co.,Ltd

Whatis a
Supercritical Fluid
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Shanghai Better Industry Co.,Ltd

Supercritical Fluid (SCF)

Not a gas...
Not a liquid...
But with the advantages of both!

 Density to dissolve
e Permeability
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Shanghai Better Industry Co.,Ltd

Phase Diagram Co,

Pressure / bar
Solid o
Liquid
P. 73 ——
Gas Supercritical Point
Triple Point
|

|
Temperature / °C ~ 31° T,
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Critical Conditions of Various Solvents

Critical Temperature | Critical Pressure
(°C) (BAR)

31.1 73.8

28.9 39.2

96.7 42.5

280.3 40.7

2352 47.6

243.4 72

318.6 41.1

374.2 220.5
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Carbon Dioxide

CO, is the gas most commonly used as
a supercritical fluid.

CO,is:
 Safe, environmentally friendly
* Inexpensive, readily available
* No residue
* Mild Conditions
* Tunable
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Phase Diagram

Pressure / bar
Solid

P73 |

greritical Point
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SAENG 55

Carbon Dioxide
a Tunable Solvent

Increasing the.pressure
increases'the density

and makes the
supercritical CO,
simulate greater polarity.

Gas
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Supercritical Fluid Extraction

Se-ed SFE 2 - : :
. Supercritical Fluid Extraction

Se-ed SFE 2
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Shanghai Better Industry Co.,Ltd

Supercritical Fluid Extraction
HSFE 100
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SAENG =55

Our Story

Our Story

2019

Shanghai Better Industry Co. LTD (HK) was founded G

2008

Shanghai Better Industry Co.,LTD (SHanghai) was founded

UWUVIUWEUIUIAIUAIUISANVINATUTagUDVUAAINSNARAATHASSY
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bR ik 52k A PR )
Shanghai Better Industry Co.,Ltd

SAENG 25
JRetter Jetter

.y

Supercritical CO2 Extractor Unit Supercritical CO2 Cinnamon Oil 48L Supercritical CO2 Oil Extraction Small CO2 Extraction Machine
Extraction Machine Machine/Equipment

Jeetter

Supercritical CO2 Neem Oil Extraction Supercritical CO2 50Lx6 Supercritical CO2 CBD Extraction
Machine Density,Cycle,Properties Machinery Equipment
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Our Story

Shanghai Better Industry Co.,LTD (SHanghai) was founded
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Suprcritical CO, + Co-Solvent Extraction GO, Storage 104
i_ CO, Storage Tank

Co-Solvent
tank

CO, Source

R

Co-Solve
Pum

Water Flow
I
e
S 1
on 2
Extraction
2
8
Collector 2

Colléctor 1
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CO, Pump,
Main pump

\CO2 Tank
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Co-solvent pump,
Entrainer pump
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Shanghai Better Industry Co.,Ltd [SaEnCE:

Extraction LII

Extractor
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NISLATENANRENNNAUAN A

(% 1 dl o [ = dy v 1 0
- pandaiiunanasasdmnuTulaandt 10 %o
ra lunng AInuie oven, Vacuum oven, Freeze dry

o 1 £ 1 alz ¥ = dl 1 Y . o vl
= AR WABNNIUNTT LA YU ’l‘wmmﬂm LWﬂ‘I]'JEIlMZQﬂﬂvLﬂﬂ

- 19 pack saadnsdaclgsin vsaatinatian ¥4 1ae Extractor
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Pack m2asd19as SOL Extractor
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11 Extractor \diasaq
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11 Extractor \diasaq

Seal u3iaau Extractor Seal usiaau Cover

A5ld grease ymusiaw seal

- iierTaenulaily leak uaz
Aat old Extractor aslil - laiRaanin Extractor aanainiasas
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11 Extractor winiasas

Lock u3iaau Cover
Iisausas

natluAtuannisila Cover
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SAENG =55

) >4.0 Mpa >4 0 Mpa
= :'7 |
.| [co:| |cos| |co:| |co: e | . b
v Storage tank Protection pressure - " Extraction 1 Extra & ',g v - Sepa VMI
REl = . < - - L
{ ‘ £
Fl gl [ . ;
ON | J ;
- 31N ) | ’; - <
Yol 7 — . = J§ ON | ’
- off o I| | = ;
oy R VENT1 OUTPUT1 | g
I (} = -
Extraction ON Extraction ‘ Sgpara ion 1
—- ¥ it £ 1 I ON
] al NAUNAY
a
ON
— INLETS1 INETS2 LL___ OUTPUT. /‘ ‘
© L \fF L | 1 A
= —] -
E A

LWUDIUWCUUTIAIUEIWISANIVLNATUTadUDYUAAINSNIARAAIHASSY
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Extraction anu
condition Awmunzan

A998 LAANIZNITANALIAIN laimasamgasliluiu 9 Aqs

a [~ s
UszLdUIaINSINUEITANA
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Shanghai Better Industry Co.,Ltd [SaEnCE:

Cleaning CIP/COP

14 Ethanol

U3n1ms 5 ang

Cleaning with detergent or ethanol
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ARENINISANAMILLNALA
Supercritical Fluid Extraction

Extractor auam 5L
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4.1 wuunaas’uUHav

wasulnnu: (Post-Test)

Go
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n8

- avn:wdou

1 NS EUNASDNBD UGN oottt

2. aniuds=nauns

- uuunaaauUHaowauInnu: (Post-Test)

A13upv 1. wunaasuavulWuuuudsUugsialdanaau 4 doidan 31udu 10 Jo 10 A:uuu

2. duldonAaauigndavigalWevdalded

1. msana (extraction) KVgAVUDIQ

[] As:usumsusn (separation) TagtdAausoutbuddrhazaig
L] as:usumsuen (separation) Tagtduaviraddnsiartotdudoiazaiy
[] As:usumsusn (separation) Tagtdlatbuddrhazais

[ widuatagn

2. 35mistacalUiuntdtunmisugnans (separation)

[ ] msnau
L] msana=nau
[ msafadiedomazais

L] gannda

uwumqucuumeua1u1snnwlnnIuIaﬁuaoqna1n5mna_cna1Hnssu
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3. UotadplUlnmiAnsanalasld Supercritical CO, uaAGIVIINAISAAQGIVIZIU

[] msanalaetd supercritical CO, GAunumswaadininisanasssu

[] msanalastd supercritical CO, GANua:adnua:zsial§in31333u

[ asafnaRtaondsd GUSueuunnn3d383u

[ arsafiantdon35d Gadiulananudadvudadauna:ausinauinn138su

4. JatafpWAOATUARIBNS:UUNISAAAIUU Supercritical CO,

[] arsddsy wu Amuwsu
L] dwuraus:ike
L] dwiu

L1 gannda

5. mMSudulapanlBaiuns:udUMSAnNaUUU Supercritical CO, agtuanu:la

L] vavudv uazuovikas
[ ] vouikad ua=uiia
U] ufia uauovudv

L] gannda

6. UotaApUnQudvNISanauuu Supercritical CO,

[ us:ansnwtumsanagv
] msuudauch
[ 10uibascaavusadou

L1 gAnnda

7. UolaADUDINAQUDVANIINS:UIUMSANQUUU Supercritical CO,

[ davrhmetdanio:aouduch
[ davrhmetdanio:Aaudugs

[ dooringtdanio:aruruima

[ dovrhAaturnibRov

1 v

wWUvIUWCULINAIWAIWISaNInAlulaguavuAaINSNIARAaHASSY
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8. UnlaAoUpINNaUDVNS:UDUMSANQUUU Supercritical CO,

[ davtdindovanaawa:
[ davaiuauarusnbuazaAuduIiaAvA
[ dunutumsanagon3imsanauuunau

L1 gannda

9. UatalutyMsLOSgUaIDEg VAU

[ éhagvdavtiuiniunisiikdunauana
[ éhagvdavriunis ua Kulka:zl3oanouana
[ chagvdavriunisiitkukviouana

[ ciovussadoeno agolios % udvfvExtractor

10. dataluUoIuwugiutunisanauuu Supercritical CO,

[ dasinisika
[] stgzpaymsania
[ Axwduuazaeusni

L1 gAnnda
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- @Hsu Jiseu
1.1 doyandiv
Bo-uwana
Boamuus:noums
1.2 Wsguiiguausua:nav:nlasSukavidnsouwunnay: AV Wugiuauiiau
( ) GWauunAnutkiAwulAuua:lbuds:Tosd Linnwday () WIdsumswouunnu:
13 A>WwWowalodaHangaswuInny:
() Wowalounhaa ( ) Wwowatoun () wowatownaw () Wowalouoy
- @HsSu Hwovioms HSD HoHUvU
2.1 msus:idugiSsu
AJIWHLNES:QUAIIUU
0 = Beginner WidAWs Wonnu:
1= Learner gANULNtatUNgufitdavdiu
2 = Practitioner dAudntatunqufiosholéun TAusauUhUaLENTpy ausnaauMnIUKED
uATuUngKATUGUBDUIA
3 = Experienced JAuntatunqufjua:ufudagtolGun  awsaus:gndidauSWouiTuUnur
dudouuiunaivla
4 = Embedded tiaAnu:aadd awisatdaulgvndiudiunisualuleyrIAgudauuinid uas
awisafmKuauWULWaUSUUS VI a:WaUUUS:AnEnwnisiviuiuavAnsidua:
thiugnisdagaatwaavijoriosy
5 = Broaden iaRnU:pENVRDVLNTUS:AURLBEIBITY LazauIsSaaIeN2aNNULRLARDUIA
asan (V) ugdvs:dua:uuu
e s:auA:lluu
Waawsnnu:
o 1 2 3| 4|5
1. AnY=MSLOSgUINAU tnATANSUSUUSYATUMWIONAUS:HI Y
NS:UdUNS
2. Anu:MstdlAdavanaagoibus:ansnw
3. NNU:NSILASI:K wazvamsUeyH (Solution Management)
4. NNUY=NMSUSKISYONS AUDEUAUNU LazS:ezLalAunu
5. ANU:NISUISVSALT La:mAUa:DIaIA3DYINS
ms3as1iRNanIsWaunnu:arensiwisars (Radar Chart)
NAY=MSLOSEU3aaaU tnAlAMSUSUUSOATUMWINAAUS:HI1VNS:UIUMS
i
i
\
Anu:NIsUISVSAYY La:fAUE:DIaLAEDVINS & ‘ _ Anu:MstdiAdavanaagobus:ansnw
NAWMSUSHISIOMS AUDAUAUNU ULasS:g:anAunu V4 | Anu:Ms3iAs1R wasSanisteur (Solution Management)

uwumqucuu1n:nua'lu1snmotnnIuIaﬁuaoqnmnsmnqqawnssu
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- laguuUNaadUWAIUINNY:

1. msana (extraction) KVgAVUDIQ

[ As:usumsusn (separation) TagtdAausoutuddrhazaig
[] ns:usumsuen (separation) lagiduovikardnstakdviduddrazais
[] as:usumsusn (separation) Tagtdlatbudorhazais

[ widuatagn

2. 35mistacalUliuntdtunmisugnans (separation)

[ ] msnau
L] msana=nau
[ msafadiedomazais
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