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Abstract

Extraction (MAE) have been also investigated. The mechanisms of these two People
have recently concerned and taken care of health. Other than meal which they have to take in each
day, they take supplements which are composed of useful compounds such as antioxidants.
Antioxidants are found in many types of plants, algae and yeasts. It’s rarely possible to consume
large amount of plants in the same time to achieve the suitable dose, and therefore, the extraction
will be the crucial role in pulling the important substances from such plants and concentrate these
substances in ready-to-eat encapsulated formulations. The extraction method must be appropriate
to keep these compounds in the form with antioxidant activity. The conventional methods are
extraction by using a Soxhlet apparatus and by soaking in solvent. They are convenient to use,
however, they use large amount of solvent. Accompanying with solvent, the use of ultrasound in
Ultrasound-assisted Extraction (UAE) and microwave in Microwave-assisted extraction methods
depend on the properties of solvent in bubbling and performing as resistance in microwave field,
respectively. The new developed green technology with easy to remove solvent is using water
under subcritical condition (Subcritical Water Extraction, SWE) and carbon dioxide under

supercritical condition (Supercritical Carbon Dioxide Extraction, SC-CO,).

Keywords: Antioxidant, Soxhlet, Maceration, Ultrasound,-assisted extraction, Microwave-assisted extraction,

Suberitical water extraction (SWE), Supereritical carbon dioxide extraction (SC-CO,)

1. aSMUOYNADAY

Reactive oxygen species (ROS) udJumjumi‘ﬁ'liimﬁﬂmaz'jm'lwiaﬂmﬁﬂﬂﬁﬁ?mmﬁ
Wi oreendadu (Oxidation) M Tmanad19q Melumadilanie ROS HHIBAINTIND
a31szaoumesoonlad (Peroxides) 195U lalasiaulosoan lsa (Hydrogen peroxide) haz

a L g a Aaa = ' a
a15013yad a2 (Free radicals) Fuilu Tuanavsodosuniioaansoulaamedsgsouen wia

'
A o w A a

14 I'4 a a
ndie eyyadaszanlosonn laAeudesu (Superoxide anion) Hazoyyadas: laason-
a . A A a a dﬂg a o A 1 A L] (]
Fa (Hydroxyl radical) 1ieloyyaddszinavusziniamsiate Tuanaoua astileanuiugn e
1 Y a [ dy A I a dy v 1 ] o
danaldinamsonauveailoweiumeiluaungueimsina Isaiesiaen wu Isanalee
A Y o a o 4 < I Y a 1 =
iioa denszan anuanlatiage oalswes wivnu vzisdudu Undnieluirinmeve sl
9 ) ~ A o ° A <Y a ~
na'lndleanums TauAvineyyadass Taverdomsiiauvesatsvs oo lasidueyyadassn
Y da! 1 ] o 4 Ia A . .
a$ravulusnme iy oulsialuleseon ledaainng (Superoxide dismutase) AzaNad

a I 1 o {
(Catalase) nga1 lnToumosoondad (Glutathione peroxidase) (Hudu uansimrhnvesats

121



NsmsImnmaasaansia 10 23 ;i 2 @eunsngiau-funaw 2557

A <Y a y o 1A A o W o A ds! '
mmﬂu"lcmmumgu”aaﬁizuum UIWINBDLUASUUAITNA ﬂigﬂﬂﬂﬂﬂluﬂﬂ1qu1ﬂﬂju51\1ﬂ18

9

9y A <Y a Y Y [ 9 1 =1 @ Y a
ﬁiNﬁﬁ‘Vi5E’JLE’J"LJUl“ﬁllﬁWualgHﬁﬂﬁizhlﬂuﬂﬂﬁﬁ ﬂ\iuuiﬁﬂwfﬂﬂﬂ’)ii‘uﬁ15ﬁ1uﬂuyaﬂﬁi$ﬂ1ﬂ
iy

@

Snguaimdiuaunniienys Inaasdaueyyadsasz il

q q

9 T w
Mouenaeuny Tuiagiiu
a [ ' a a =\ I A
nanfusio T ulsznasmueyyadaseinannaeuaziluideinmsvesnain
Y a A a a 4 . . A Yo o A 9 1
IR IUBYYADATLHIDAITHOUADONTUAUN (Antioxidants) 35139nAuA 1dun
a = S a IS) aS a a = . =S . Al A
AMUUY INUUD INUULD gNU (Lutein) HATWHNHIANAIN (Phytochemical) 1¥U Tnailuea
(Polyphenols) ToTwwarTau (Isoflavone) wiua Tsnu (B-carotene) aaolsfad (Chlorophyll)
=1 o < U zg @ A ]
unl3AUped (Carotenoids) 1iudu dwsanudisarillaainiiy dn vagmalid Alogau
a U ~ 4 ' a 1 d' [
s55umanseoany ldluameuazdead 1wy asueaausy [1-2] uamsnzsulszniy
A A o 1 dy = I 9 =< 9 o [ A R 1 ::y o Y
wnsermrailulSnamnnauilulil1dendsdesimsanansefsasmarioonuyin 13
Yy v ' Ao X ' A g
rindunazeglugUuuunsuilszmuldae wu uailya nieuia
ad 13 Y a v A as 9 ' @ 3’/ a Y
dwmsanadsmueyyasasz ludaginuina1eds laun msanauuuauanaens
o v o 4 J 1 . @
Mlddrmazans lvarudrenseaseniiian (Soxhlet) N31% (Maceration) NMIanAA28n15 14
ARIFBIAIND I3 WA TuNTANA (Ultrasound-assisted extraction, UAE) M3 anaa18n1s 19
A ' v o i . | v Y ]
aauluTasnswalelumsana (Microwave-assisted extraction, MAE) D15@NAAIYUING
IN0A (Subcritical water extraction, SWE) itag m3anaaleaisven'lasenladnaldaniny
a A g‘/ @ B
NOAYIAYI (Supercritical carbon dioxide extraction, SC-CO,) TaeNnanuasnI UM anaa 181

a v 9

a 4 4 a a a v o
Angd tazmsadaalensven lasen ladanieldaninz IngAeiataiinis 1¥ahazane

- DD

a A Jd

[ v ¥ o= oA v an X Yo o a A d
BUNTY (Organic solvent) AIUHINDDINITANA 2 THudsmnnmislgahazaredunsdilu

2 g { A o
ma TuTadaze1A%30 Green technology uilutisuanluilagiiv

ad % Y a
2.35M3anaaIImvailasase

2.1 Msanameyasentian

E4
=]

< Ao @ a 3 ax @
Taom Iaudsonudmunmsanaasmueyyadasye lssuauiuismsanauuy
Y a ) A A s o | 4 & A A9 o
audnTaslFyansoiioveniaaudaiaizli 1 vanmsie asiaesmsanalzazaloeoni
@ o o Aa N A & ' @ [l v 4 o &
1NTaA0AT 1Az a1BB UM ENNAULAZAILLLUIUARUNIDENABILBY NTLUIUMITANALIDL
I#annumnnnn 3 $luansesunn ludasndesmsazaeesnuudiraeia lasdana ld

A o v 1aa A v
ﬂWﬂﬁWiagaqﬂ‘ﬂﬁﬂﬂmlﬂuuwlﬂllﬁmﬂﬂﬁ"ﬁﬂﬂﬂﬂﬂ"ﬁ

122



NsmsImnmaasaansia 10 23 ;i 2 @eunsngiau-funaw 2557

> YAAIULUY

My o
nyzhenussyiag

— ausryd@nhazan

51 1. yaaiaweniiian [3]

2.2 M3anaawISMSUY
v Y Aax 13 ngllad'ywo a A A [
msananleIsmMsuiuisauaunlgalviazarsdunsslsnawinlumsanaas

a 1o P~ 13 @ o a A o A o
Mueyyadase lasmsugiagidosmsanaasludiiazaredunionus sy lumaugziiidila

a
'
A o ax o ] =

A Al d g e @ o a dand o 3 axd 19 ¥ o
llﬂ‘]fﬂLW@ﬂﬁNﬂl‘!fﬂi53!,1’785']@\3(5]'31/”@13@‘]18?]1‘!1/] i Tﬁui]ﬂﬁ_]u?‘ﬁﬂﬂ?ﬂﬂq@]LLﬁi%naWH"lu NN

o Y @

yan X A A o o A o ' v o o =
Gl“]ﬂ‘ﬁubluﬂTiLﬂﬂﬂ%uﬂ@]?V]Wa?}aTﬂﬂlﬁﬂﬂgﬂn UAZOAITIHIUAINMALAINUITANADINTEAN

a

v
= A

% YV v d' =) % %
2.3 ﬂTiﬁﬂﬂiniﬂ'JﬂﬂTﬂ‘liﬂﬂulﬁﬂﬂﬂ’ﬂﬂﬂgﬂi'JNﬂ'JElnluﬂ"liﬁﬂﬂ
o v Y A o a ' Y v & asdqy A o~
fﬂﬁﬁﬂﬂﬁ1iﬂ'¢]ﬂﬂ1§Gl%ﬂﬂULﬁEJ\‘lﬂ'ﬂllfquﬁ'HJﬂ'JEJGluﬂ'lﬁﬁ'ﬂﬂLﬂu?ﬁﬂisﬁﬂﬁulﬁﬂﬂ

dl A o A . ' v o o o TP o o EY
mmaqwsaﬂamﬂmuﬂ (Ultrasonic) SIUNUAIMIaZAeBUNI oI e luMTanAaITAIU

'
a v a A

A A a q’ld o < ' = 2
DUNADATZIININYAY wyealordatlanyauzuunansinszuenivuiannueazing
F

44 L e o ey, — 4 v A q A
anwdnuanany i insesliensnanzlassaaudsinnungeesninludmdaluniife
?JI v o a A J [ 1 o Y a () x a @ %
MKSeAaza1eduns g nszuIuMIaInanIzIn Iinasamasiunansadtazveeea)
I v W A (93 o = A 1 o o o

Huining weneamaveearrzasasnegnieluiageanuazareludiazas naz luvae
= ) a o ) ' a ) - o q v A A
ANINBUANDONIINANNUAULALANNF O UBH 1NN I LT NV T UFIILNNa I 10180V

]
a =

a v ad A o qu P ) o o o v
ARNUIA ﬂ'JfJQiLlWﬂllﬂfﬁ"‘l]u‘l/niﬁﬁ"liﬁ"I‘Lli’)‘l!ll“ﬁf‘)'ﬁi3'VI9’]i‘)aniﬁﬂﬂﬁ$ﬁ1ﬂiu@3ﬂ1ﬁ3ﬁ1ﬂqﬂ

a a a

”-'228

e

v Y ad [

dtg dy a a a a A 1R [ Y ' d' d'
AVU NITANANIY ﬁm3mJ3zfﬁnﬁmwwsa"lmunuﬂmwmaﬂszms"lmm AUDUBDINAU

n

A AqY Yqu A v 2 o wa s " w @ o Y
idganla ﬂ11%ﬂ31l|ﬂﬁﬁﬁ]zi“ﬂnﬁ1ﬁu1uﬂ'ﬁﬁﬂﬂ FUUANUANA NN UUDIAINIALAY Ulﬂl!,ﬂ I

£

123



NsmsImnmaasaansia 10 23 ;i 2 @eunsngiau-funaw 2557

v v o Aa [ o Y= ' @ o Ao [ o ad
ﬂuhl’f) 13]’J‘VI1ﬁ$ﬁ181/lllﬂ’ﬂllﬂuuli‘)fq\ifﬂlﬂiﬂﬁﬂﬂhlﬂﬂﬂ?1ﬁ3ﬂ1ﬁ$ﬁ1‘c’]ﬂllﬂ’)1llﬂu|lﬂﬁ"l RRINGIE

a

= Y v

2t v A yya 4 a 3 4 {q ¥ 3 -1
ldgamsanamna laailolgurgiige nazanuduvesnamdoan 1 Tagna 1175 ez ldana

' < a a and A a a ° Y
1snguae ladnAenil (Secondary Metabolites) Yo A UmouLlszaninwildana

'
A a o Y

= @ 1 @ addy ' a 4 §
a3 1dS i dedatngavnanadedsi 1dun Tuan Tun nSeaund (Sage) uag ey

q

T v '
=t

I o [ awv @

Fudu dredrnateluefanl9Istuanadn1snan 1 [4-13]

2.4 msanadgmslvaanlilasnvsudwlumsana
lusdauazagiunseslulasnvlfinnlurimse e I4lumsaueue g Iao

=y o A 4 o v { a A da % 1

NiagUszasdiie lianufouieriltemisgn laingoraunidndutlonuluemns uazyio

X o Y A 4 A a oF &
lumsaaanuduluemisdsenninuazwalif nionsocluTasnindseaugiummeiie

. a o, L : .
g0y a@ﬁﬁszuuﬂmﬂuqmﬂgmmzﬂam@mﬂuamﬁ HENIINNITDUBUBINITUASNITYDY
1

v o

£ '
Faquan luagiiudsi 1y lumsanamsdueyyasaszaniishsnnua lugduuuvesisns

v A yas

<3 (Y [l Aov A ¥ [
ANANIIAGI (Accelerated Solvent Extraction, ASE) #1981311398n 197354 lumsanaesay
DYYADATLUAAIAINITIN 2 [14-31]

1 ) [ '
wanmsvedsil Ao msldaaululasnnsuiluaduumimdn Wihiawnudiiazae

a A J [ 9 a A o a o (] 1 < EY v b v
't‘)‘lﬁ/]iﬂiuﬂ?ﬁﬁﬂﬂﬁ1iﬂ]uﬂ1§uﬁﬁ@ﬁi$ 1] aﬁqﬂu31ﬂﬁaag1uﬁmmmman"lﬂﬂmmuuma
wa g & v a A9 A Ao qua gy 2 &
ﬁll‘llﬁﬂ'ﬂilll]uﬁl]'J"‘Uf’)\iilllﬁf}ﬁﬂ1ﬂiu'§l@]Qﬂﬂlﬂ\iﬂﬁ”ll!ﬂWiL‘ﬂﬁﬂuﬂﬂqiﬁtﬂﬂﬂ'JWﬂJﬁ@umu“ﬁQlJWﬂ

¥ v

ﬂ'@lﬁalﬁ@ﬂlﬂQiﬂqllﬁgﬁwad@ﬂ13aga13‘1]E]Qﬁ']jﬁg]}@\iﬂ'ﬁuagﬁj’lﬂﬁﬂﬂlaﬂlaﬁﬁjﬁqaga’]ﬂ'ﬁ
' o o Y A ~ ' & A ' . ] Y ' o A
LmﬂiﬂNﬂu‘ﬂﬂwquwﬂiim/nmﬂ@]Nﬂu‘lﬂma’agiuﬁmmmmaﬂ"lwm LBU NITRAFUNAY

uuman Wi msagiou msaernuaauuiman i Judu Jedeninadeszansaimly

@ a

@ Y a o w A wva J A
N1TaNA hlmm 1397 gUN U ﬂ”lﬁﬂ‘llﬁ]\iﬂauhllliﬂil’lw AUANVAINAY o9adsznoumiu

Q

¥ v
AU ANNALNIVEIIARAD FuliAvesdiIazae LazauAas deImsana

0o X A a

2.5 mmﬁ’m’iwmmanqﬂ

9
Aan @

v anAq Yo ' A ! a a v a A A o
ﬂi]ﬂﬂu’)ﬁuql“])'ﬂullWiWaTEJLuﬁNi]1ﬂ3J°]Ji$ﬁ‘1/'l‘ﬁﬂ'l‘W1‘L!ﬂﬁﬁﬂﬂﬂLll’t']Wl?J’Uﬂ‘]J’J‘ﬁﬂ?ﬁﬁﬂ

o

4 < ' v o a Y g 1= <,
Uszandue vazihuna Tuladazenn lilddvhazanedunsd 35uiluds nunl¥dviazae

9}3’

{ o 9 3
Muveanain1eldn 1Al (Pressurized liquid extraction, PLE) Taguinag ldiuilud
a2
T
I3

@

IMm

W
azae iaznumsanad1sni Tuanalua wu T5Au nazasidosmsanaiiivngs

Ko Lo A ' Yo o 9 o A '
u'f]ﬂﬂ']ﬂl!Tﬁﬂ’]iuENﬁ’]ll'liﬂLWllﬂmﬂ’]glﬁﬂﬂﬁ’]iiui’]"’lﬂ?ilagﬂjlwaﬂﬂ [32-33] 'E']El'Nllﬁﬂgnll

]
awv A

@ J 9 9 A J o o a J 9 Z T SJQddy
ICUVUANNATNINVDNDY 1D ﬂTQﬂﬂiﬂ! HAaZMIAUUUNITADUINGN 0819 eN 19750 1

MIANATITUAAIAINITINN 3 [34-42]

=

an X o A H a a
W’ﬁﬂﬂﬁﬂ%ﬂum’ﬂ\iﬂﬁﬁﬂﬂﬁlﬁﬂ’ﬁﬁ o fﬂiﬂ1!,1414!ﬂ1iﬂ181€l}ﬁﬂ13$u1ﬂ\nﬂf}ﬁ (Tc=

9
a @

374°C 1Az P.=221 bar) Hinadoiagavinslumaniivaznamenin Tumaaliguvgiigeas 1

a u Y

Marewuselalasnu vaz/msonuse lalasTidnsznina Inddlueany Tusausi i ld

124



NsmsImnmaasaansia 10 23 ;i 2 @eunsngiau-funaw 2557

asdsznen Tndilueauas Tsdufuonoonniniu uaﬂmﬂﬁﬂwslﬁ’am’;zﬁdﬂdrﬂmaqmm
dzuandldlelaswudesunz lanson ladseeusmaumninldidalgisen lalas lada
faedes Tuanavinalugjvesiagauliivinaidnas dedusumsdesaarsdniuiiu
dmilsznevvesniiuradisrzgnieslasdosusenain Iafluaisdsyneuilszinniluea

4
a =

o A 9 o o s o q ¥ {
Gll.lVlNﬂ1fJﬂ11NﬂTiﬂHu1!ﬂTijﬂﬂslﬂQmWﬂll’L;f\iu%%ﬂ?ﬂ?ﬂﬂuﬁl%ﬂﬂﬂ]ﬂﬂﬁ%ﬂﬂﬂ’?ﬂiﬁﬁgfﬂfﬂu

U

k4 1 v
ioeirigaoenuIgaiiazats nszUIUMINAABITAIAIFLN 2

® Pressure gauge

Yistille - :
Distilled HPLC Pump Restrictor
water %
=

@_O AR PAVE B Oven\ Conliﬁg halh

Distilled HPI.C Pump
waler Extractor

Product
a v Y YR a A
310 2. nszpuMIanAf et INAINga [43]

v Y d 4 4 a a A
2.6 i'ﬂiﬁﬂﬂﬂ?ﬂ?ﬂi“ﬂ@Hulﬂﬁ)i’)ﬂ"lmﬂﬂ1ﬂnlﬂﬁﬂ1'33'¢lﬂ€|ﬂﬂ?lﬂﬂﬂ

a

th!yd ax @ = = Y @ a A Y A A
WuluismsanadssanvianlsataaaFemsomsaiueyyasassn@euanIn
vy 9 a3 A~ H G, 5 A ~ aa i oy 9
1ddrennusou vaziluasnianuiaid 1399193803511 MIanaaleved Ivanield
a a A { I ) I
8012230 ALIABY (Supercritical fluid extraction, SFE) ¥a4 lnanlaiudiiiazars Tasunnilu
o S v o 2 o s q Y 1
msvoulaoonloafludiazats Fediuaannzvesnisvou laeon lodliogluanioz
A ~ a a 14 o
vo1 lnaginsanseanzimilegaingavesmsven lasenlua (T = 31.1°C waz P, =738

a @

v wa © s s v A 3
bar) ﬂ’)‘(’]’ﬁﬂlUﬁl‘Ui’Nﬂ1°ﬁﬂ1iﬂi’)uulﬂi’)i‘)ﬂulqﬂ?’]‘I/IQﬂ‘]_l“]Ji’)ﬂ‘l‘ﬂL“]Ju‘lli’NLWﬁ’JLWlJ@uu1LLﬁ$ﬂ1ill‘Hﬁ

A 0 q ¥ 3 A o a Ay o v Y < ax g 9
mileusimeni liansaunsmin Il lwile Jagaundesmsiiimsanald Taena U3 114

[ Aad b ll < aw o Y=t s A Y o Aad
anam T o619 lsnamauiselutlagiuldtinslsegndive Ideunsoanaaisniian
3 a v o a A oA U @ ~ '
gavuldTagidudasiiazaredunsaniaaninninlunisanadensei5en31 Co-solvent
o ' ' Y 4 s a a 2
Avd1uru lemuea nszudIumsananienisueulasenlednieldan1igIngAeands naas

Wludededsgiii 3

125



NsmsImnmaasaansia 10 23 ;i 2 @eunsngiau-funaw 2557

A

& Md’l Y v 1 d' Y a A [ dld =1 v Aas
Mg lsnuunsnateiiesnnInlscansnmlunisananaomeunuisnms

A

£
analszinnaun uazawsadnams lavatelszinndnnadidmisonendiazatgeonain
A v oA o J o o _Aas o l;l )~
asnanaiui lupiuesdnsensu ldskimsiitmsana il 1duaz 1ainsverevua
@ ' ' < @ 1A 1 o 1o A '
Y0937 UURINA1 8619 lsNAwszUURINaNIveRed fie AgUnsaitazmR UM AB U
a ¥ o a v o Y A o e A o ao dg gas A
annidutiumsnelannuaugdedinnuszdaluseninauiums dred1eanIsenlsisi
o o ~ Haa o ~ ' Y o
lumsanaasuansnans1ei 4 [1, 44-51] wennniastez I lumsanaasiiguaindids
= ' a Y 3 Ao ¢ R ' .1
auwnsndounazgsmsuierialy iumshilganlse Teiunnan1don 15u 15 hesperidin

Ta ﬁJu hesperitin [52-53]

= AR AT m e ByckPressune Wiglve

P
‘ |
i )
Flowmeter
|
Fam | |
Filter
AW I
B4 | Astaxarthin I
E +Glassbead I
I ’ Filter I
Il |
I I
- Preheater I
CO2 Cylinder |
| I Extract
| EXTRACTOR |

_—— e e e — o — Waterbath

3 o s ', | 5 A
31 3. msanadiemsveu laeonlvaneldannzingaeinss [54]

126



LTI

~ Aw AA o o ~ P3 v Y A o = ' ) o
Myen 1. adsennenumsanaastilse Teriannurawing Tagldnaudsninudgeruaglunmsana (UAE)

Authors Materials Compounds Frequency (kHz) & Power (W)* Solvent type Temperature (°C) Time
SaliSova et Salvia officinalis Pharmaceutical active 37-42, 130 65% methanol 20, 30, 50 1,3,5,12,24h
al., 1997 [4] compounds
Rostagno et al., Soybeans Isoflavones 24, 200 Methanol, ethanol, 10, 60 10, 20 min
2003 [5] acetonitrile, 50% ethanol
Schinor et al., Chresta scapigera Triterpenoids 60, 125 Dichloromethane, 30 30 min
2004 [6] methanol
Jianyong et al., Ginseng root Saponins 38.5, 810 Pure ethanol, water, 38-39 1-2h
2001 [7] n-butanol, 10% methanol
Vazquez et al., Heterophyllaea Anthraquinones 40, 80 Benzene, ethyl acetate 50 15, 30, 45, 60
2014 [8] pustulata (Rubiaceae) min
Panetal, 2011 pomegranate peel Tannic acid 20, NA Water with water:peel 2542 2, 10, 20, 30,
and 2012 [9, 10] ratio 50:1 60, 90 min
Tabaraki and Rice bran Polyphenols/antioxidants 35, 140 65-67% Ethanol 51-54 40-45 min
Nateghi, 2011
[11]

Roseiro et al., Ceratonia siliqua L. Polyphenols 35, 320 Water and 70% acetone 30 30 min
2013 [12]
d’Alessandro Black chokeberry Polyphenols 30.8, 100 Acetone, alcoholic 20-80 4h

etal, 2012 [13]

MUNBI1E NA = not available %30 11 lanan 13 lwenans
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M9 2. IseRneTumsanaastilse Teminnumraiige Tasldaaululasndsiudrelumsadia (MAE)

Frequency (MHz) & Solvent/solid Temperature Time Pressure
Authors Materials Compounds . Solvent types
Power (W) (ml/g) (°C) (min) (kPa)

Pan et al., Licorice root Glycyrrhizic acid 2450 MHz, 700 W Water, ethanol, 50-60% 10:1 85-90 0.5-10 -
2000 [14] (GA) ethanol, ammonia
Guo et al, 2001 Radix puerariae Puerarin 2450 MHz, 700 W Ethanol-water with % of 0, 30, 5, 10, 20, 30, 40, 85, 90, 100, 2,5,8, 50-100
[15] 50, 70, 95 50 115,130, 135 12, 30
Pan et al., Salvia miltiorrhiza Tanshinones - n-Butylacetate, ethanol 10:1 80 05-5 -
2002 [16] bunge of root (95%), methanol, acetone,

n-butanol, ethylacetate,

tetrahydrofuran
Hao et al., 2002 Artemisia annua L. Artemisinin NA, 650 W Ethanol, Trichloromethane, >11.3 - 2,4,6,8,10,12, 14, -
[17] Cyclohexane, n-hexane, 18

Petroleum ether
Pan et al., Salvia miltiorrhiza bunge Tanshinones 2450 MHz, 700 W a o 80 0.5-5 -
2002 [18]
Shu et al., 2003 Ginseng root Ginsenosides 2450 MHz, 30 and Water-ethanol § Ambient 1,2,5,10,15) -

[19]

150 W
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M9 2. (@) aTENneITuMIanaasil g Tesinnunasaeg Tagldaaululasnnsudrelumsana (MAE)

Frequency (MHz) & Solvent/solid Temperature Time Pressure
Authors Materials Compounds . Solvent types
Power (W) (ml/g) (°C) (min) (kPa)

Lietal, 2004 Eucommia ulmodies Geniposidic 2450 MHz, 700 W Methanol-Water 20 - 0.10, 0.30, 50
[20] Chlorogenic acid (80%)

Methanol-water - -

(20%)
Fulzele et al., Nothapodytes foetida Camptothecin NA, NA Methanol, ethanol - 80 3
2005 [21] (CPT)
Zhou et al., Tobacco leaves Solanesol 2450 MHz, 700 W Hexane, ethanol, € 60 5,10, 20, 40, 60
2006 [22] hexane:ethanol

(3:1, 1:1, 1:3)
Martino et al., Melilotus officinalis Coumarin, NA, 100 W Ethanol-water = 50, 110 5,10
2006 [23] o-coumaric and

melilotic acids

Barbero et al., Peppers Capsaicinoids NA, 500 W Methanol, ethanol, acetone, 35 50-200 5-30
2006 [24] ethyl acetate and Water
Hemwimon et Morinda citrifolia of Anthraquinones 2450 MHz, 1200 W Acetone, methanol, 100 60, 80,100, 120 5,10, 15, 20
al., 2006 [25] roots ethanol, acetonitrile,

ethanol:water

(20:80, 50:50, 80:20)
Chen et al., Ganoderma atrum Total triterpenoid 2450 MHz, 800 W 95% Ethanol, 25 60, 70, 78, 100, 20

2007 [26]
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M9 2. (@) aTENneITuMIanaasil g Tesinnunasaeg Tagldaaululasnnsudrelumsana (MAE)

Frequency (MHz) & Solvent/solid Temperature Time Pressure
Authors Materials Compounds . Solvent types
Power (W) (ml/g) (°C) (min) (kPa)
saponins chloroform, ethyl 120 -
acetate, n-butanol,
acetone, and
methylene
chloride/methanol
mixture (v/v,1:1)
Mauricio et al., Soy beans Isoflavones NA, 500W Ethanol or 50 50, 75, 100, 10, 15, 20, 25, 30 -
2007 [27] Methanol, (vary 125, 150
water 30-70%)
Mao et al., Rhodiola L. Salidroside and 2450 MHz, 200, 400 Methanol:water 5 - 1-8 -
2007 [28] tyrosol and 700 W (10, 20, 30, 40, 50, 60, 80,
90%)
Chen et al., Herba Epimedii Flavonoids NA, 100 W Ethanol and methanol o 80 10 -
2008 [29]
Wang et al., Panax ginseng root Ginsenosides High pressure Methanol, 70% A 2,5,10, 15, 10 100, 200,
2008 [30] microwave assisted ethanol-water, water 30 300, 400,
extraction (HPMAE) 500
Terigar et al., Rice bran/ 250-3,000 MHz/NA Methanol, ethanol, 1:0.5, 1:1 23-50 - -

2010 [31]

Soy bean flour

hexane, isopropanol and 1:2 by weight

M101%9) NA = not available 50 11/'ldnan 13lwenans
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M9 3. uReinanumsanaasilse Tewinnurasaiee Taslddhazarenmeldan1iziineginga (SWE)

Pressure Sample loading Extraction
Authors Materials Compounds Temperature (°C)
(bar) (2) chamber (ml)

Pourali et al., 2009 Rice bran Oil 100-360, 120-240 Up to 250 3 32
(34]
Ko et al., 2014 [35] Onion skins, Saururun chinensis, Non-polar flavonoids, 110-210 100 1 22

seabuckthorn leaves, parsleys, quercetin, isortamnetin,

carrots, lemons peels, orange peels, kaempferol

grapefruit peels
Meillis et al., 2013 Brown seaweed Bioactive compounds 200-280 130-600 250 500
(36]
Cheigh et al., 2012 Citrus unshiu Flovanones; hesperidin, 10-100 110-200 10 34
[37] narirutin
Budrat and Bitter lemon (Momordica charantia) Phenolic compounds 100 130-200 1 10
Shotipruk 2009
(38]
Fernandez-Ponce Mangifera Indica leaves Phenolic compounds 100 40 15 100

etal., 2012 [39]
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M9 3. (Av) NUITENINeINUMsanagsidse Tesinnumainieg Tagldahazareneldagn1iziinginga (SWE)

Pressure Sample loading Extraction
Authors Material Compound Temperature (°C)
(bar) () chamber (ml)

Aliakbarian et al., Grape pomace Phenolic compounds 100-140 80-150 2 100
2012 [40]

Narita and Inouye Coffee silverskin Antioxidants 25-270 10-53 1 NA
2012 [41]

Gong et al., 2013 Sea buckthorn Polyphenols 55 300 2 NA

[42] (Hippophae rhamnoides L.)

MUNBI1E NA = not available 130 1ilanan1lwoenais
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CO, (liquid)
Pressure Sampling Extraction
Authors Material Compound Solvent Type Temperature (°C) flow rate
(bar) loading (g) chamber (ml)
(ml/min)
Palma et al., Grape seed Polyphenolics SC-CO, with methanol 35-55 NA 0.03 1 1
1999 [44] as co-solvent
Tonthubthimthong et al.,  Neem seeds Nimbin SC-CO, 35-60 100-260 2 0.24-1.24 10
2001 [45]
Huang-Chung et al., Ginseng root hair Ginseng root SC-CO, with ethanol 35-60 104-312 80 5 300
2001 [46] hair oil and as co-solvent
ginsenosides
Mendes ez al., 1995 [47] Algae Chlorella vulgaris ~ Carotenoids and ~ SC-CO, 40-55 200-350 5 400 NA
other lipids
Matsuyama et al., 1998 Yeast Phaffia rhodozyma  Astaxanthin SC-CO, 40 197 0.3 N/A 50
[48]
Careri et al., 2001 [49] Spirulina pacifica algae Carotenoids SC-CO, with ethanol 40-80 150-350 0.5 2 7
as co-solvent
Imsanguan et al., Rice bran Y-oryzanol SC-CO, 45-65 380 and 480 0.5 0.45 -

2008 [50]
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M 4. (@e) NuITeRmeITuMIaTAmITiUse Tominnurasing Tasldiniazasmsveulasen ledianzingdeiads (SC-co,)

Pressure Sampling Solvent flow Extraction
Authors Materials Compounds Solvent Types Temperature (°C)
(bar) loading (g) rate (ml/min) chamber (ml)

Machmudah et al., Haematococcus pluvialis ~ astaxanthin SC-CO2 with ethanol 40-80 200-550 7 2-4 50
2006 [1] as co-solvent
Ruen-ngam et al., Chlorella vulgaris Lutein SC-CO, with ethanol 40-80 200-400 10 3 50
2012 [51] Chlorophyll a, as co-solvent

Chlorophyll b,

[B-carotene

¥U0119 NA = not available 50 11/'ldna1 13lwenans
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