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Rungrudee Pornsakulloeschai 2007: Study on Zingiber cassumunar Roxb. Essential
Oil Extraction Using Microwave Method. Master of Engineering (Agricultural
Engineering), Major Field: Agricultural Engineering, Department of Agricultural

Engineering. Thesis Advisor: Assistant Professor Siwalak Pathaveerat, Ph.D. 140

pages.

This research is to study the comparative of the three various kinds of extraction
process of essential oil in Zingiber cassumunar Roxb. Higher than atmospheric pressure
distillation with Portable Steam Distillation Unit (PSDU), lower than atmospheric pressure
distillation with Rotary Evaporator (RE) and at atmospheric pressure distillation, which has
three test methods 1) Hydro Distillation (HD) 2) Microwave Extraction (ME) 3) Ultrasonic-
assisted Microwave Extraction (UME). All three methods, distillation time tests are 10, 20, 30,
40, 50 and 60 minutes and by UME, the samples have been distilled by ultrasonic for 10, 20 and
30 minutes before making microwave extraction. The expecting results from this study are yield

and quality of essential oil in Zingiber cassumunar Roxb.

From this study, The extraction of essential oil from PSDU method is 0.5060 %w/w,
the quality is dark yellow color and burnt fragrance, yield from RE is rather small but the
quality is clear-yellow color and plant fragrance. At 40 minutes from ME has the highest yield,
1.0374 %w/w. The yield from HD is 0.92 %w/w at 60 minutes. Using UME has no mean in
effecting to the received amount but significant in active chemical by using Gas
Chromatography (GC) : higher sabinene, Y-terpinene, ¢ -terpinene and DMPBD than PSDU

and ME
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3. auilszneumaniivaainiuiaNs v
o a I3 Y o dy [
Suwunaurtavednanlsznen ldacil (Faun, 2547)
g' % § o 4 I~/ 4 [
3.1 Wunenszmentassman lalasmsvewiluesnilseneuvian (hydro-carbon

Y
volatile oils) +¥U alutiy (limonine) lihsiunsgnu (cardamon oil), Twiiu (pinene) Tu

9 Y
o w . . o W . S
UINUEU (turpentine oil) waz iy lua (Zingiber cassumunar Roxb. oil) wudu

H.C
CH3 3
HBC o CH:z
() (V)

MmN 2 (n) gas Iaseadumaniivesd Tuiiu ) Tniiu

N : Tau (2547)

3.2 fhifuneuszmeiimsimnueanesediiiuesfilsznoundn (alcohol volatile
oils) 19U 9311004 (geraniol) "Luﬁywﬁuﬂaﬂqwmu (rose oil), 14UN8A (menthol) Turi s
25211 (peppermint oil) Wudu
CH, CH,
CH,OH

OH

H3C CH3 ch CH3
@) (V)

d' 9 =\ = a
MUN 3 (D) qmﬂmmﬁmNmummmm@aa (V) tumuoa

N : Tau (2547)
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3.3 1hiurensemeniansmIndan lanilueanilseneunan (aldehyde volatile
v
] a o o . . a 4
oils) 19U F InFtuaaa (citronellal) Juiniuas 1advow (citronella oil) FUU AR 1ad

Y
o 4 . . S
(cinnamaldehyde) luihsivueuive (cinnamon oil) udu

CH,
CH=CH-—CHO
Ny
CHO
HSC/LCH3
(n) (V)

4 a a s
MmN 4 (n) gas IaseadeamaniivessInsiaata (1) Sunnag laa

N : Tau (2547)

oy o Aa o = [ J Y . .
3.5 Wunenszenla1swIna Inwiuesalsenoudn (ketone volatile oils)

[ o g} o . 3|
19U A5 19U (carvone) Turiiuiieuany (caraway oil) 1 udu

CH,

0
7

N\

a v ~ 2
NNN 5 q@]ﬁIﬂﬁ\‘lﬁﬁ'l\‘lﬂ'l\‘]miﬁl]@ﬂﬂﬁj?u

i
=

NU1: TAU (2547)

S o ! o < % o o
3.6 HureussineniastmInueauesnlseneuvian (phenol volatile oils)

10

1 oy o . r;y o 4 J
15U gAuoa (cugenol) Tuihwiunumng (clove oil), Inwea (thymol) Turiniulnieosa (thyme

oil) 1iludu
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CHZ—CH: CH2 CH3
HSC OH
OH
H,C CH,
(n) ()

Ml 6 () gas Iaseaiemauniivesgivea (v) Tnuea

=

NU1: TAU (2547)

2} o A o = a a J 33 J Y .
3.7 dureussieniasmaniueanamesuesnilseneurian (phenolic ether
] oy Y 4 31 o ) g . .
volatile oils) (%1 8% Ina (anethole) Tuinfusumitanaunsetiniu1ilenn (anise oil) tay

Y
o w . 1<
Tinfuieudalasn (fennel oil) 1 udu

CH=CH—CH,

OCH

d' 9 = =
MNN 7 gas Inseasamanivedas i Ina

N Sau (2547)

S o A ° 7 ¢ y ) o
3.8 u?ﬂ\luﬁﬂﬂﬁglﬂﬂ‘ﬂﬂﬁ"ﬁ’ﬂﬁleﬂﬂ@ﬂ”l%ﬂlﬂuﬂﬁﬂﬂigﬂ@ﬁﬁﬁﬂ (oxide volatile oils)
v Y
1 a o w a (o . o o < .
1Y gmaﬂma (eucalyptol) Gluumugmaﬂm (eucalyptus oil) sazluihsiuaiiavg (cajuput

oil) 1ludu
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CH

H,C~ “CH

d' 9 =) a
HMNN 8 q@]ﬁIﬂﬁ\‘]ﬁﬁ'l\‘]‘ﬂ'l\‘llﬂiﬁl]@ﬂQﬂ?ﬁﬂﬂﬂa

v
=

NU1: TAU (2547)

oy o Aa o ] J @ . .
3.9 HniureussimenlastIneamesuesnlsznoundn (ester volatile oils)

v
1 =) a o U o . . d
U UNABIA ki (methyl salicylate) luiiuszi (wintergreen oil) $udu

COOCH,
OH

d' 9 =\ a a
MNN 9 qmimaainmammammacma"lcmaﬁ

N : Tau (2547)
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Iwa (Phai) NyeneInenmans Ao Zingiber cassumunar Roxb. 130 Zingiber
<3| A J = ' J v A T oaA
cassumunar Roxburgh. 1wy lu29f ZINGIBERACEAE magﬁlmwmmnum U1 YYD

v v E4
Wosdu Ae Yiae 1Jase (Mamiie) 1ulW (Mana1g) Hudzas (Jer-uidosdon)

[ A

(Farnsworth and Bunyapraphatsara, 1992) H¥eo4n f)¥ A® Thai Ginger, Bengal Ginger,

Av A s

Cassumunar Ginger, Cassumunar (8911743383 neneansazina Tu Taguvlseme Ine,

o 1 [ ' ) 4 A 1
2546) nazdanuniion 2 wug laun lwad Txedeedune Tnaua ez @aail) sgig



13

] e 4
wag) Hassnamadie watn ua luden 1o seinmenn uagdnwiianiisho Twath lignd

Founsenn Iwathu (341, 2540)

[ d
2. AaNHUSNINNEAHAITNT

~ 1

IS A g Ao 9 19 YA Y £ A 1A A = =
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' 9
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9
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Y
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Yarsuriay Tauluurddumududidu aendugounsnnmhlaaulasase Induilszaud

q
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Punsreniisunisiagge Inmsszneihng liseihwwme mszezildsnnmii dgnldns

A 9 A1 o [ 4 Yy 9 o w

Maaudaazisus ls voeiug laslsmd (dninnuamsnssumsmsmssaguyagy

3 A < ' A ~ £ o =)
HagAuUe, 2537) ﬂ"li!,ﬂ‘U!,ﬂEJ’J"lWﬁﬂ%!ﬂﬂﬁluﬂfﬁﬁlﬂﬂuuﬂﬁﬂm — VU m%mmﬁmuﬁu"lwa
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v A

Y] [ dy 1 =Y g 1 A a ] 1 o I ¥ g’
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A A ° <3 A aa: A = o ad = a v A
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1 Y Y
nanuriamaive lsnane aziiongdaua 10-12 wouau 1 tazlu THP2000 (Thai Herbal

q

o o w U

) .
Pharmacopeia 2000) 14 1A 1naaua md lwadesdiony 3 1 iluszeznafivingaylu
Y 1
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4 @ 4
MW 11 dnBaLNIngnemansvedlna

{ @
- guadeyaiwayulng w.alal)
J = Y
3. asnlszneumaniivesiiniuriensziianInlna

9 A a g’ % 9 = J A g

Tuwmd Iwafidsuaniniureuszivedesas 0.5-0.9 Teerlseneumaaiiluas
o 2 < 7 o 2 s .
$manlalasasveniluesnsznounan Ae a1sdszianTuTumes1uesd (monoterpenoid)

Aa A 4 Qd [V
az iluadImueea (phenylbutanoid) UgnTane1Msontay ussinomsiauiu uazil
I A Y = = A AA . & A Ko &’f a dy

Nl U B URNIENONAIY Az NaTFHA0INFD I curcumin FINGNFTIVTINTTYVDUYD

Y s o o o qy v A
HUedIAA (BIAMIATBNTIN, 2549) SIUNINVES compound D a5 lindunile

Y] Y o A =S
WaoAaNAa1eA1 1d snEeIMsianeu (g2, u.1).1))
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a d s o o
fﬂ‘l/‘lﬁ 12 ﬂ"li’!tﬂi"l%‘l’ii’)ﬂﬂﬂi%ﬂi’)llVINLﬂidJGU’ENouuW’mJi%LﬁEJi]1ﬂl1‘W’§I§?])’JfJ Gas
Chromatography
A 1 o a o 4 a v Av A 4 ~ 1
nu : Nwmﬁmmzwammmmiwm ﬁ'iﬂlluﬁﬁ]ﬂ’)ﬂﬂWﬁWﬁ'ﬂﬁlmmﬂﬂIuIﬁfJLL‘Vi\‘]‘]JS&‘VIﬁulVIEJ

(2550)

Y J g’ %
ﬂ"lﬁ"lﬂ‘ﬁ 1 fNﬂ‘]J'i$ﬂfJTJ“I/]NLﬂfJSUfNouHWfJiJ'imWfJ%WﬂUlWﬁ

Peak no. compound % of composition
1 Ol-pinene 1.26
2 Ol-thujene 1.05
3 camphene 0.05
4 [3-pinene 2.64
5 sabinene 50.2
6 Ol-phellandrene 0.21
7 myrcene 1.37
8 Ol-terpinene 3.35
9 limonene 0.60
10 B-phellamdrene 0.63
11 1,8- cineole 0.60
12 Y-terpinene 5.78

13 B-tmns- ocimene 0.34
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- :
MINN 1 (79)

Peak no. Compound % of composition
14 p-cymene 1.66
15 terpinolene 1.25
16 cis-sabinene hydrate 1.32
18 trans-sabinene hydrte 1.36
19 trans-menth 2-en-1 —ol 0.68
20 terpinene-4-ol 21.62
21 cis-menth-2-en-1-ol 0.51
23 terpinyl acetate 0.13
24 Ol-terpineol 0.71
28 CH,, 0.39
36 (E)-1-(3,4-dimethoxyphenyl) but-1-ene 0.22
38 (E)-1-(3,4-dimethoxyphenyl) but-1-ene 0.72

~ 1 [ a o J a v Ay A 4 = ]
N Fhandmaznan I uNsITUIA ﬁﬂWUH’J%EJ’JV]fJWﬁWﬁG]iL!ﬂ&‘VIﬂIuIﬁﬂllﬁ\iﬂﬁzl‘ﬂﬁhl‘ﬂﬂ

(2550)
Iltem Structure Biological Activity
1 FH Anti-inflammatory,
@ Anti-microbial
TCH
T

Terpinen-4d-ol (1)

2 Anti-microbial

CH; CHy

Sabinens (17)

$ 9 4 1
M 13 gasIassainavesesnsznenlungu Monoterpene

nn Wanauppathamkul (2003)
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lltemn Structure Blologlcal Activity
1 Anti-inflammatory

HJCOIDM\

HiCO

(B)-1-(3' 4'-Dimethoxyphenybutadiens
= DMPED (3)

2 HiCO = Anti-inflarnmatory,
U\/\ Analgesic
HyzO

(B)-1-(3' A'-Dimethoxyphenylbut-1-ene (9)

3 Uterine relaxant,

HiCO CH
i Anti-inflammatory,
Smooth muscle
HiCO
relaxant,
(B)-4-(3' 4-Dimethoxyphenybut-3-en-1-ol  Anti-histamine
(@)
4 Anti-inflammatory

HJWDV\/OM

HyC 7

(E)-4-(3' A-Dimethoxyphenylbut-3-enyl
acetate (4)

3 HyZO :©/“v\/ O-Pal -
HiCo
(E)-4-(3' 4-Dimethoxyphenyl)but-3-enyl
palmitate (18)

& <

oH
Hamﬁ/\\\/\

HyC | "/1

(E)-3-Hydroxy-1-(3' 4'-dimethoxypheny b ut-

1-ene (19

MNN 13 (719)



litermn Structure Blological Activity

(E)-2-Methoxy-4-(3' 4'-dimethoxyphenyDbut-
J-en-1-al (21)

Q HaC

;

HaCo
1-{3" 4'-Dimethoxyphenylbutane (22)

Hio O

%\

HO

(E3-d-(4'-Hydroxy-3-methoxyphenyhout-2-
en-1-ol (23)

1T heo Ohc 2

i

HO

(E)-4-(4'-Hydroxy-3-methoxyphenybut-3-
enyl acetate (24)

H.CO

/
/
/

H.CO = OCH;

A-(2'.4' 5-Timethoxyphenybut-1 3-dienes
(25)

HC0 NN

i

HiCo QCH;

(E)-1-(2' A" 5-Timethoxyphenyliout-1-ene
(26)

4 J 1
M 14 gasTaseadeuesesalsznoulungu Arylbutanoid

nn Wanauppathamkul (2003)



ltem Structure Biclogical Aclivity

cis-1,2-bis((E)-3' 4"-
Dimethoxystyryllcyclobutane (27)

M 15 gaslnssadisvesesalsznoulungy Cyclobutyl Derivative

nun Wanauppathamkul (2003)

ltem Structure Biological Activity
1 Anfi-inflammctory,
T Anii-oxidative,
HyOD QCH:
M Anfi-fyrosinase,
i = Anfi-microbial
& Anfi-oxidative,
Anfi-inflammatory
3 Anfi-oxidative,

Anfi-inflammatory

Cassurmunin B {12)

3 J J
Ml 16 gasIaseadavesesalszneulungyu Curcuminoid Derivative

e Wanauppathamkul (2003)
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ltem Structure Biclogical Activity
4 Anfi-oxidative,
Anfi-inflormmatory
Cassumunin C (1.3)
] Anfi-oxidative
& Anfi-oxidative
7 Anti-oxidative

QCH;

Cassumunarin C (16)

MNN 16 (919)

20



ltem Structure Biclogical Activity

CCHz

2-Methoxy-8-({3' 4'dimethoxyphenyl)-1.4-
naphthoguinone (28)

et
/ CCH:

CHy

2-Methoxy-8-2" 4' 5'-frimethoxyphenyl}-1 4-
naphthoquinone (29)

4 J 1
MW 17 gasTaseadsuesesatlsznonlungy Naphthoquinone

nn Wanauppathamkul (2003)

Iltem Structure Biclogical Activity

trare-3-(2' 4' 5 -Trimethoxypheny)-4-
[(E}-3" A"-dimethoxystyryl) cyclohex1-ene (30)

H J J
M 18 gasTaseadnuesesdtlsznoulungu Cyclohexane Derivative

nun Wanauppathamkul (2003)
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2NN 18 (919)

ltem Structure Biclogical Activity
O
2 H [ -
/\JWOCI—E
M%W Dits
H
o™ T Sock;

cis-3-(2' 4.5 -Tim ethoxyphenyl}-4-((E)-3" 4"-
dimethoxystyryl) cyclohex-1-ene (31)

3
trans-3-(3' 4'-Dimethoxyphenyl)-4-(E)-
3" A"-dimethoxystyryllcyclohex-1-ene (32)
A HaCO OCH;
OCHz
trans-3-(3' 4'-Dimethoxypheny-4-(E)-
2" A" 5"drimethoxystyryllcyclohex-1-ene (33)
Ha0
5 Anti-inflammatory
Q OCH;
Hg,CO OCHs

cls-3-(2'.4' B-Timethoxyphenyl)-4-((E)-
2" 4" 5 -frimethoxystyrylicyclohex-1-ene (7)

22
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ltem Structure Biological Activity

OCHz

e .
& H \/\/H\i Anti-inflammatary
P R OCH
- OOCHB
H
=

OCH;

cls-3-(3' 4-Dimethoxyphenyl-4-((E)-
3" 4 -dimethoxystyrylicyclohex-1-ene (5)

Hyio OCH
7 i : W ’ Anti-inflammatory

WOCH!

S o OCHy
H _
= OCH:

cls-3-(3"4-Dimethoxypheny-4-((E)-

2" A" 5" trimethoxystyryl)cyclohex-1-ene (6)

MNN 18 (91D)
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A = thila (cover)

B= 1{181?{ A9 (menstruum)

C= Qﬂufg]}i] (glass beads)

D = N3NNI (filter paper)

E= @70819N% (botanical cut or powder)

F = azunsvalnauauiad (wire mesh # 60 stainless steel)
G= a’meJumerﬂf?m%”uﬂ?ummﬁamiulwa

(hoffman clamp to adjust flow)

H = vaoaui1dsgadied1a (glass tube with cotton plug)

4 )
I= ?¥ULVTIY (flask or suitable vessel), J = o3 laamosiaend) (glass conical percolator)
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: ME)
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5. HaMIANEIEMINAUINNUTBNIZHEIN INaAIBMINAUAIEIT (Hydro Distillation:

HD)
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(Portable Steam Distillation Unit: PSDU )
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v Y
9 a
M319WuINd n1 Joyanmsilsnannuduveslna
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4

E4

4 [
v A

S minneusy mvinvatey  divunnanad % wb
1 10.60 7.31 3.29 68.96
2 10.41 7.35 3.06 70.61
3 10.71 7.98 2.73 74.51
4 10.96 8.37 2.59 76.37
5 10.94 7.81 3.13 71.39
6 10.46 7.22 3.24 69.02
7 10.59 7.72 2.87 72.90
8 10.81 8.07 2.74 74.65
9 11.17 8.39 2.78 75.11
10 10.51 7.55 2.96 71.84
11 11.01 7.70 3.31 69.94
12 10.35 7.25 3.10 70.05
13 10.25 7.34 291 71.61
14 11.73 7.94 3.79 67.69
15 10.79 7.28 3.51 67.47
16 10.26 7.11 3.15 69.30
17 11.41 8.24 3.17 72.22
18 10.89 8.54 2.35 78.42
19 10.08 7.60 2.48 75.40
20 11.70 8.38 3.32 71.62
21 11.84 8.43 341 71.20
22 10.56 7.34 3.22 69.51
23 10.92 7.46 3.46 68.32
24 10.64 7.29 3.35 68.52
25 11.55 7.98 3.57 69.09
26 12.26 8.50 3.76 69.33
27 13.07 9.27 3.80 70.93



a \
AT NNUHINN N1 (§19)

&9

o ddndewey  shmiinudey  shwinfiana % wb
GRS y 3 3
(N5Y) (N3Y) (N3N)
28 11.92 8.68 3.24 72.82
29 10.78 7.71 3.07 71.52
30 10.26 7.42 2.84 72.32
31 10.98 8.60 2.38 78.32
32 11.33 8.52 2.81 75.20
33 10.88 8.86 2.02 81.43
34 12.16 9.03 3.13 74.26
35 11.31 8.26 3.05 73.03
36 11.46 8.74 2.72 76.27
!ﬂéﬂ 11.04 7.98 3.06 72.25
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v v Y
MIWUINT V1 WamInauifurenIzMeIn lnaaie3s ME

J
Usuanitureuszive

nandu (i) ———
HIMUN (NTY) % w/w
1 23181 0.7727
2 1.8879 0.6293
10 3 2.1123 0.7041
mae 2.1061 0.7020
SD 0.2152 0.0717
1 2.5524 0.8508
2 2.5657 0.8552
20 3 2.6394 0.8798
mae 2.5858 0.8619
SD 0.0469 0.0156
1 2.9461 0.9820
2 2.6948 0.8983
30 3 2.6794 0.8931
mae 27734 0.9245
SD 0.1497 0.0499
1 2.9532 0.9844
2 3.1346 1.0449
40 3 3.2492 1.0831
mae 3.1123 1.0374
SD 0.1492 0.0498
1 3.3729 1.1243
2 2.9223 0.9741
50 3 3.1846 1.0615
mae 3.1599 10533

SD 0.2263 0.0754
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a '
MINNUINN V1 (7D)

J
Usuanitureuszive

nandu (i) ———
UINUN (NTN) % W/w
1 2.9687 0.9896
2 3.4283 1.1428
60 3 2.9097 0.9699
Lﬂgﬂ 3.1022 1.0341

SD 0.2840 0.0946
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v 3 E4
minwmnﬁ nl wamiﬂﬁuﬁﬁuwamzmmeﬂ"lwaﬁamfﬁ UME
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a1 (11N)

v
Usunaniniuveuszive

EJ

nau sand ladia ntin (ATy) % wiw
1 2.2868 0.7623
2 2.3365 0.7788
10 3 2.0129 0.6710
Lﬂéﬂ 2.2120 0.7373
SD 0.1742 0.0580
1 2.4901 0.8300
2 2.6383 0.8794
10 20 3 1.8417 0.6139
méa 2.3233 0.7744
SD 0.4236 0.1412
1 2.2991 0.7664
2 2.1259 0.7086
30 3 2.0308 0.6769
mao 2.1519 0.7173
SD 0.1360 0.0453
1 2.4500 0.8167
2 2.4596 0.8199
10 3 2.9434 0.9811
mae 2.6176 0.8725
SD 0.2821 0.0940
20
1 2.6201 0.8734
2 2.4699 0.8233
20 3 2.4412 0.8137
mao 2.5104 0.8368
SD 0.0960 0.0320
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a1 (11N)

v
Usinaniniuveuszive

v
o

nau dand Toiin WU (NFN) % w/w
1 2.7605 0.9202

2 2.9575 0.9858

20 30 3 2.8348 0.9449
méﬂ 2.8509 0.9503

SD 0.0994 0.0331

1 1.9967 0.6656

2 2.3815 0.7938

10 3 2.4936 0.8312

mé&l 2.2906 0.7635

SD 0.2606 0.0868

1 2.5767 0.8589

2 2.5777 0.8592

30 20 3 2.6598 0.8866
mae 2.6047 0.8682

SD 0.0476 0.0159

1 2.1973 0.7324

2 2.4787 0.8262

30 3 2.5556 0.8519

mae 2.4105 0.8035

SD 0.1886 0.0629

1 2.5805 0.8602

2 2.6057 0.8686

40 10 3 3.6708 1.2236
mé&l 2.9523 0.9841

SD 0.6223 0.2074
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a1 (11N)

v
Usinaniniuveuszive

Fd
1WIMNn (A5N)

A dandleiin % W/W
I 2.8746 0.9582
2 3.5177 11726
20 3 2.7389 0.9130
mae 3.0437 1.0146
SD 0.4160 0.1386
40
1 2.5394 0.8465
2 33414 1.1138
30 3 2.7867 0.9289
mae 2.8891 0.9630
SD 0.4107 0.1368
I 3.1164 10388
2 3.0569 1.0190
10 3 3.0183 1.0061
mae 3.0638 1.0213
SD 0.0494 0.0164
1 3.0998 10333
2 2.7826 0.9275
50 20 3 2.9543 0.9848
mae 2.9455 0.9818
SD 0.1587 0.0529
I 2.3207 0.7736
2 32326 1.0775
30 3 3.7030 12343
mae 3.0854 1.0284
SD 0.7028 0.2342
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v
o

suaniniuveuszive
né sand latia vmiin (n5w) % wiw
1 2.9302 0.9767
2 3.0776 1.0259
10 3 2.2638 0.7546
méﬂ 2.7572 0.9190
SD 0.4336 0.1445
1 2.6070 0.8690
2 2.7276 0.9092
60 20 3 3.4770 1.1590
méﬂ 2.9372 0.9790
SD 0.4713 0.1571
1 2.6818 0.8939
2 3.1915 1.0638
30 3 2.9899 0.9966
mae 2.9544 0.9847
SD 0.2566 0.0855
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Y ) g‘ % Y A
ﬂ1§1ﬁwu]ﬂﬁ 41 Naﬂ1§ﬂauu’luuwauingﬂﬁnﬂhlwaﬂjﬂ’J% HD
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DAY (W)

9
Usunaniniuveuszive

EJ

ntin (ATY) % wiw
1 1.36 0.45
2 1.45 0.48
10 3 1.50 0.50
mae 1.44 0.48
SD 0.07 0.02
1 1.72 0.57
2 1.86 0.62
20 3 1.99 0.66
Lﬂéﬁl 1.86 0.62
SD 0.14 0.04
1 2.22 0.74
2 2.04 0.68
30 3 2.31 0.77
mae 2.19 0.73
SD 0.14 0.04
1 2.58 0.86
2 2.22 0.74
40 3 2.54 0.89
mae 2.45 0.82
SD 0.20 0.06
1 2.76 0.92
2 2.40 0.80
50 3 2.67 0.89
Lﬂéﬁl 2.61 0.87
SD 0.19 0.06
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DAY (W)

9
Usunaniniuveuszive

2

ntin (ATY) % wiw
1 2.99 1.00
2 2.45 0.82
60 3 2.85 0.95
Lﬂgﬁl 2.76 0.92
SD 0.28 0.09
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Chrom-Card Report

Operator ID : UBON Company Name : C.E. Instruments
Method Name : External Standard Meth Method File : ESSOIL3.MTH
Analysed ? O=20=46 12:39 Printed : 10-30-06 11:23
Sample # : Not in sequence Channel : Channel A
Analysis Type : UnkNown Calc. Method : Area %

Chromatogram : C:\WCC\GFCHAO079.DAT

Peak Number # Area % Ret.Time Area BC
1 0.4047 8.04 63449
2 1.0780 8.28 169030
3 42.6893 9.71 6693388
4 1 ,53383 10.07 240404
5 2.1645 11.01 339375
6 1.1126 11.29 174442
b/ 0.8878 11.44 139205
8 0.2176 11..57 34119
9 5.2012 12.55 815510
10 0.5888 12.94 92326
i 0.8938 13.59 140138
12 0.6179 14.13 96889
13 0.4370 14.95 68524
14 0.3299 15.69 51722
15 26.9956 17.31 4232722
16 0.2641 757 41416
17 0.1151 21.36 18051
18 0.3351 23.10 52546
19 0.1145 2791 17953
20 0.0838 28.36 13143
21 1.7415 28.90 273058
22 0.5992 81..07 93956
23 10.2785 32.50 1611134
24 0.1908 36.14 29915
255 1.1282 37.61 176891

Totals 100.0000 15679300

4 :’ LY { v 9 a
MWAUINA A5 Chrom-Card Report Vo1l niurionseivenn Inananasie3s UME
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Operator ID
Method Name
Analysed

OEETERT)

Sample #
Analysis Type :
Chromatogram :

Peak Number #

Totals

Chrom-Card Report

UBON Company Name
External Standard Meth Method File
10-27-:6 13:34 Printed

Not in sequence Channel
UnkNown Calc. Method

C:\WCC\HFCHAO080.DAT

RS

RS
RS
RS
RS
RS
RS
RS
RS
RS
RS

Area % Ret.Time Area
0.9422 8.39 24203
41.2082 9.69 1058511
1.2414 10.16 32042
1.6821 11.09 43208
1.3660 11.38 35087
0.9177 11.5% 23572
4.7056 12,61 120873
0.5485 13.02 14089
0.7966 13.69 20462
0.5923 14.21 15214
0.4819 15.04 12380
33.3360 17.20 856300
1.8580 28.97 47727
0.4188 31.18 10759
9.1523 32.39 235094
0.7464 37.68 19173
100.0000 2568690

e e

C.E. Instruments
ESSOIL3.MTH
10-30-06 11:25

Channel A
Area %

f 2} o 1 v Y a
MWHUINA A7 Chrom-Card Report ¥991i137u Inananad1e33 ME
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Chrom-Card Report

Operator ID : UBON Company Name

Method Name : External Standard Meth Method File

Analysed i Bg=27=:6 11:45 Printed

Sample # : Not in sequence Channel

Analysis Type : UnkNown Cale. Method

Chromatogram : C:\WCC\IFCHAO078.DAT

Peak Number # Area % Ret.Time Area BC

1 0.9627 8.32 27697 RS
2 36.3623 9.62 1046184 TL
3 1.4950 9.73 43013 CR
4 1.1789 10.10 33917 RS
5 1.8984 11.03 54619 RS
6 1.0125 1337 29131 FU
7] 0.8287 11.46 23842 FU
8 4.4876 12..52 129113 RS
9 0.4888 12.94 14062 RS
10 7 0613 13.65 203161 RS
13 0.4790 14:.13 13782 RS
12 1.1582 15.62 33322 - RS
13 23.5295 17.07 676971 RS
14 6.8705 24 .50 197671 RS
15 1.1989 28.86 34493 FU
16 0.5407 31.,05 15556 FU
17 9.2787 32.28 266958 RS
18 0.5943 33.45 17099 RS
19 0.5743 37.57 16523 RS

Totals 100.0000 2877111

ESSOIL3.MTH
10-30-06 11:21

Channel A
Area %

f 2} o 1 v Y a
MNWHUINA 9 Chrom-Card Report V811371 Inaianade33s PSDU
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STUDY ON Zingiber cassumunar Roxb. ESSENTIAL OIL EXTRACTION
USING MICROWAVE METHOD

Rungrudee Pornsakulloeschai', Siwalak Pathaveerat®

Abstract

This article is to study the comparative extraction processes of essential oil
in Zingiber cassumunar Roxb. There are hydro distillation or water distillation,
Rotary Evaporation Distillation and Microwave Extraction. The hydro distillation
using the Portable Steam Distillation Unit (PSDU) which operation was setup with
high pressure and temperature, 3 bar and 250°C The BiNcH RotaVapor R-220 as
Rotary Evaporator (RE) distilled under vacuum pressure, 0.09 bar and low
temperature, 90°C. The Microwave Extraction (ME) is a developed extracting the
essential oil. It is combination of microwave heating and hydro distillation,
performed at atmospheric pressure for 10, 20, 30, 40, 50 and 60 min tested. The
extraction of essential oil from Zingiber cassumunar Roxb. with Microwave
Extraction which the processing condition at 40 min, 300 g came to an end of
extract and gave the average yield 1.0374 %w/w, clear-yellow color and plant
aroma.

Keywords: Zingiber cassumunar Roxb., Essential oil, Microwave Extraction
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STUDY ON Zingiber cassumunar Roxb. ESSENTIAL OIL EXTRACTION USING MICROWAVE METHOD

Rungrudee Pornsakulloeschai®, Siwalak Pathaveerat*

Abstract

This article is to study the comparative extraction processes of essential oil in Zingiber cassumunar
Roxb. There are hydro distillation or water distillation, Rotary Evaporation Distillation and Microwave Extraction.
The hydro distillation using the Portable Steam Distillation Unit (PSDU) which operation was setup with high
pressure and temperature, 3 bar and 250°C The BUNCHI RotaVapor R-220 as Rotary Evaporator (RE) distilled
under vacuum pressure, 0.09 bar and low temperature, 90°C. The Microwave Extraction (ME) is a developed
extracting the essential oil. It is combination of microwave heating and hydro distillation, performed at atmospheric
pressure for 10, 20, 30, 40, 50 and 60 min tested. The extraction of essential oil from Zingiber cassumunar Roxb.
with Microwave Extraction which the processing condition at 40 min, 300 g came to an end of extract and gave

the average yield 1.0374 %w/w, clear-yellow color and plant aroma.

Keywords: Zingiber cassumunar Roxb., Essential oil, Microwave Extraction

Introduction

Essential oils may be presented in many different types of plant materials (wood, bark, leaves, stems,
flowers, stigmas, rhizome, reproductive parts etc.) at concentrations ranging from thousandths of a percents to
one or several percent. Oil is often contained in specialised secretory structures which include secretory cells,
ducts, cavities, glandular trichomes etc. The yields of essential oils from seeds can often be high - in the several
tens of percentage - but for the majority of other materials, the main range is approximately from 0.1% to 1%.
(Burfield, T., 2000)

In Thailand, Zingiber cassumunar Roxb. or Plai is a herbal plant that is cultivated in throughout the
country. In 2001, there were the cultivated area 320,000 m’ and fresh productions were 94,578 kg (The
Government of Pharmaceutical Organization, 2006). The marketing has sold in fresh product, dry product, fixed oil
and essential oil. There is 0.5-0.9% of essential oil in its rhizome. Our ancestor used its rhizome as medicine that
directly rubbed onto the afflicted area. In volatile oil has been utilized as folk remedy and also employed to cure
several diseases such as inflammatory disorder, sprain and asthma. Its primarily important pharmacological
activity is anti- inflammatory.

Nowadays, several researchers have attempted to extract active compounds from Zingiber cassumunar
Roxb. to employ in various fields, such as pharmaceutical, cosmetics, perfumes, spa essential oil and etc. So the
new extraction process is interested in this seminar that will reduce extraction time, safe energy and material and
will not destroy the isolation compounds of essential oil.

Botanical Characteristics

Zingiber cassumunar Roxb. is @ medicinal plant in Zingiberaceae family originally grown in South East

Asia. In Thailand, its vernacular names called in the northern part are Plai, Puu Loi, Puu Loei, whilst in central part

is Waan Fal. The plant is a perennial herb, consisting of underground rhizome which is bright yellow-green inside

* Graduate student
“ Instructor

Department of Agricultural Engineering, Faculty of Engineering at Kamphaengsaen, Kasetsart University, Kamphaengsaen Campus, Nakornpathom. 73410
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with characteristic fragrance, and leafy stem rising up to 80-150 cm. Leaves are simple; oblong-lanceolate; having
apex acute; base narrow and clasping the stem by their long steath; membranaceous texture. Inflorescence is on
a separate shoot without normal leaves; consisting of spike cylindric rising up from the rhizome. The active
chemicals are sabinene 25.70-40.31%, Y-terpinene 2.00-12.66%, Ol-terpinene 6.25-16.50%, terpinen-4-ol 25.40-
41.50%, and (E)-1-(3,4-dimethoxyphenyl)butadiene 0.50-5.88% (Thailand Institute of Scientific and Technological
Research, 2003)

(@) (b) (c)
Fig.1 (a) stems and leaves, (b) shape of rhizomes, (c) bright yellow-green inside

Methods of Extracting Essential Oil

The vast majority of essential oils are produced by distillation. There are different processes used, however. In all
of them, water is heated to produce steam, which carries the most volatile chemical of the aromatic material with it. The
steam is then chilled (in a condenser) and the resulting distillate is collected. The Essential Oil will normally float
on top of the Hydrosol (the distilled water component) and may be separated off. (Anonymous, 1997)

- Steam Distillation : True Steam distillation uses an outside source of steam which pipes the steam into the
distillation unit, sometimes at high pressure. The steam passes through the aromatic material, and exits into the condenser.

- Hydro-distillation or Water distillation : The botanicals are fully submerged in water, the steam of which
contains the aromatic plant molecules. This is the most ancient method of distillation and the most versatile. It's
the method most often used in primitive countries. The risk, of course, is that the still can run dry, or be
overheated, burning the aromatics and resulting in a burnt smell. Hydro-distillation seems to work best for
powders (ie, spice powders, ground wood, etc.) and very tough materials like roots, wood, or nuts.

- Water and steam distillation : A water and steam distillation arrangement can be compared to a kitchen
steamer basket, with the botanicals supported in a "basket" over boiling water, thus exposing the plant material
only to the rising steam vapors. This is the best method for distilling leafy materials, but doesn't work well for
woods, roots, seeds, etc.

- Solvent Extraction : Very delicate aromatics, Jasmine, Linden Blossom,etc. can not survive the process
of distillation. To capture their magical aromas, a process of solvent extraction is used. An extracting unit is loaded
with perforated trays of blossoms. The blossoms are washed repeatedly with a solvent (usually hexane.) The
solvent dissolves all extractable matter from the plant which includes non-aromatic waxes, pigments and highly
volatile aromatic molecules. The solution containing both solvent and dissolvable plant material is filtered and the
filterate subjected to low pressure distillation to recover the solvent for further use.

- Carbon Dioxide Extraction : When CO, (carbon dioxide) is subjected to high pressure, the gas turns into
liquid. This liquid CO, can be used as a very inert, safe, "liquid solvent." which will extract the aromatic molecules
in a process similar to that used to extract solvent. The advantage, of course, is that no solvent residue remains,
since at normal pressure and temperature, the CO, simply reverts to a gas and evaporates. CO, extraction has
given us essences of some aromatics that do not yield essential oils, Rose Hip Seed, and Calendula, for examples. If the
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same essential oil is available both as a steam distilled EO and a CO, extracted essence, the CO, seems to have
a richer, more intense scent, since more of the aromatic chemicals are released through this process.

- Cold Pressing: The cold pressed citrus oils are commercial produced just this way, by machines which
score the rind and capture the resulting oil. Although many citrus oils are also produced by steam distillation, they
seem to lack the vibrancy of the cold pressed oils.

- Florasols/Phytols : This extraction method uses a new type of begin gaseous solvents. In the late 1980s
Dr. Peter Wilde first recognized the unique properties of these solvents for the extraction of aromatic oils and
biologically active components from plant materials, for use in the food, pharmaceutical, aromatherapy and
perfume industries. "Florasol" (R134a), is the solvent upon which the process is based Extraction occurs at or
below ambient temperatures, hence there is no thermal degradation of the products. The extraction process
utilizes the selectivity of the solvent and produces a free flowing clear oil free of waxes.

Poonsukcharoen, T.(200) extracted Zingiber cassumunar Roxb. by superheated water and pressurized
liquid extraction using methanol and ethanol as solvent. Several factors affecting extraction efficiencies were
varied to achieve the highest yield of analytes. The experimental results, two parameters of superheated water
extraction (SWE) and pressurized liquid extraction (PLE) showing same optimum conditions flow rate and static
time of 1 mL/min and 5 min, respectively. While extraction temperature and dynamic time presented specific
values for each method. For PLE, an optimum temperature was 100°C with a dynamic elution time of 5 min. For
SWE, the temperature was optimized at 140°C with a dynamic time of 20 min. Components of Zingiber
cassumunmar Roxb. were remove from aqueous extract using 5mL of hexane. Separation and identification of all
components were carried out using GC/FID and GC/MS Conventional extraction methods compared with both
techniques were water distillation, solvent sonication and Sohxlet extraction. Consideration in term of component,
the highest of terpinene-4-ol was achieved with SWE (51.56%), while its lowest yield was obtained from both
methanol (10.48%) and ethanol PLE (12.34%). Among all techniques, PLE showed most preferential, as it
produced highest amount of DMPBD and terpinene-4-ol, noticing from a comparison between each peak area
ratio obtained from each extraction method. Besides, PLE is also the best method for extracting monoterpene
compounds, achieving highest efficiency. Two novel developing methods, SWE and PLE, gave several
advantages, i.e. short extraction time and sample preparation, reduce solvent waste, as well as low extraction
cost. In addition, the use of high pressure can increase the contact between extracting solvent and sample matrix,
thus promoting the solvent property.

Kimbaris et al.(2004) had compared of traditional simultaneous distillation extraction (SDE), microwave
assisted hydrodistillation extraction (MWHD) and ultrasound-assisted extraction (USE), for the extraction of
essential oils from fresh garlic (Allium sativum) cloves. Each method is evaluated in terms of qualitative and
quantitative composition of the isolated essential oil. The highly reactive sulfur molecules of the garlic volatile
fraction show variable response to the different isolation methods. The application of ultrasound for the extraction
of the essential oil is considered to cause a lesser damage of thermal-sensitive molecules, thus, providing a better
approach of the compounds primarily responsible for the characteristic fragrance and taste of freshly chopped
garlic. All heat-involving isolation procedures have been shown to differentiate the volatile-fraction profile as
analyzed by GC-MS. Especially when grouping the compounds into cyclic and acyclic, the percentage
concentrations drop from 77.4% to 8.7% for the acyclic while that of the cyclic compounds increase from 4.7% to
70.8%. The observed fact may be attributed to the effect of the heat applied, which changes from harsh thermal
treatment (SDE) to short time thermal (MWHD) and room-temperature isolation (USE). The use of USE proves to be
crucial in order to provide reliable insight into garlic’s chemistry.

Lucchesi et al.(2004) had studied in solvent-free microwave extraction (SFME) that was a combination of
microwave heating and dry distillation, performed at atmospheric pressure without added any solvent or water.
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Isolation and concentration of volatile compounds are performed by a single stage. SFME has been compared
with a conventional technique, hydro-distillation (HD), for the extraction of essential oil from three aromatic herbs:
basil (Ocimum basilicum L.), garden mint (Mentha crispa L.), and thyme (Thymus vulgaris L.). The essential oils
extracted by SFME for 30 min were quantitatively (yield) and qualitatively (aromatic profile) similar to those
obtained by conventional hydro-distillation for 4.5 h. The SFME method yields an essential oil with higher amounts
of more valuable oxygenated compounds, and allows substantial savings of costs, in terms of time, energy and
plant material. SFME is a green technology and appears as a good alternative for the extraction of essential oils
from aromatic plants.

The aim of this work is to present the Microwave Extraction (ME) for the extraction of essential oil from
Zingiber cassumunar Roxb. and compare the results with those obtained by other techniques.

Materials and Methods
Zingiber cassumunar Roxb./Plai

The rhizomes of Zingiber cassumunar Roxb. were purchased from farmers in Kampaengsaen (Thailand),
they were 10-12 months.The initial moisture of each sample was 72%wb. Solvent was used for examination of
Zingiber cassumunar Roxb. samples being water. The experimental methods were compared the extraction by
Portable Steam Distillation Unit (Jivajinda, 2000), Rotary Evaporator and Microwave extraction.
Portable Steam Distillation Unit

The Portable Steam Distillation Unit (PSDU) consists of five parts, retort, retort cover, vapor conduct tube,
condenser and receiver and separator as shown in Fig. 2. Retort's volume is 10 I. Ten kilograms of Zingiber
cassumunar Roxb. were cleaned and sliced 2 mm/piece and put them on screen in retort. The extraction solvent,
water was filled into the retort 3 |. Next, the operation was setup to have high pressure and temperature 3 bar and
250°C, then closed a retort cover tightly. For the condensation of vapor, the condenser was cooled with water (at
room temperature). The distillation was continued until no more essential oil was obtained. For the determination of
the procedure yield in oil by used the dropper for take the volatile oil and calculated for %w/w.

Rotary Evaporator Distillation

The BUNCHI RotaVapor R-220, Rotary Evaporator (RE) distilled un der vacuum pressure and low
temperature that consists of vacuum pump, distillation flask, condenser, receiving flask as shown in Fig. 3. The 1.5
kg. samples were blended by blender then filled them with water in a distillation flask and assembled to the
machine. The rotation distillation flask dipped into the water bath. Next, the operation was setup to have vacuum
0.09 bar, temperature in water bath was 90°C. The RE distilled until no more essential oil was obtained. For the
condensation of vapor, the condenser was cooled with low temperature water (20°C). The Zingiber cassumunar
Roxb. oil was collected then calculated for percentage of yield.

Vapor conduct tube

Condenser

Retort cover
Receiver and Separator

Retort

Fig. 2 Portable Steam Distillation Unit
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Fig.3 BUNCHI RotaVapor R-220 (a) Rotary Evaporator 1) water bath. 2) distillation flask.

3) condenser. 4) receiving flask (b) Vacuum pump

Microwave Extraction

The Microwave Extraction (ME) was designed and constructed. It has been performed in the household
microwave oven, SHARP R-233. The microwave oven has been modified in laboratory and the microwave energy
can be continuously transmitted to the reactor. Its maximum output power is 800 W with 2450 MHz of microwave
irradiation frequency. The dimensions of inner cavity are 322 mm x 212 mm x 330 mm. A reactor is 2000 ml short
necked flask. During the experiments, time and power were controlled with the control panels. Vapor temperature
was measured by thermometer inserted directly into apparatus. The Microwave Extraction apparatus is illustrated
in Fig. 4 and Fig. 5. The ME procedure performed at atmospheric pressure, 300 g of blended rhizome of Zingiber
cassumunar Roxb. with 700 ml water were put into reactor, which were heated using high power, 800 W at 100°C
for 10, 20, 30, 40, 50 and 60 min. The each experiment was performed three times. The distillate was
concentrated continuously by a cooler outside the microwave oven. There were essential oil and aqueous phase
in the concentrated distillate. The oil was collected then calculated for percentage of yield.
Gas chromatography

A J&W Scientific, USA was used for gas chromatography analysis fitted with a fused-silica-capillary
column with an apolar stationary phase DB-5 (30 m x 0.26 mm x 0.25 g m film thickness). The column

temperature progress from 50 to 220°C at 4°C min”". Injection was performed at 230°C in splitiess mode; 0.1 £ | of
sample was injected.

— Water inlet

Distillation flask—— Receiving flask

T

Microwave oven—

) = . " Fig .5 Microwave Extraction
Fig. 4 Composition of Microwave Extraction
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Results and discussions

Comparison of PSDU and RE

As is shown in Table 1 an extraction time of 6 h with PSDU provided yields comparable to those obtained
after the same time by means of RE. The ultimate yield of essential oil obtained from Zingiber cassumunar Roxb.
was 0.36%w/w by PSDU and a little by RE. Since unsuitable apparatus of RE, the little obtainable oil could not take
from receiving flask. After the procedure of PSDU and opening cell, the rhizome changed from yellow to be
browner and became very soft. The essential oil from first method has burnt smell and yellow color because of
high pressure and high temperature. As rhizome from another method was not changed its color. The essential oil
of RE has clear color and good aroma since the operation was under atmospheric pressure and low temperature.
Fig.6 (a) and (b) are the color of essential oil these procedures.

Table 1 The comparison of Portable Steam Distillation Unit and Rotary Evaporator Distillation

Method Operated time Pressure Temperature Yield color fragrance
(h) (bar) (°c) %o (wiw)
PSDU 6 3 250 0.36 yellow burnt
RE 6 0.09 90 - clear plant

(b)
Fig. 6 Layer of Zingiber cassumunar Roxb. oil (a) PSDU (b) RE (c) ME

Microwave Extraction

As is shown in Table 2 and Fig.8, an extraction heat used 800 W for 10, 20, 30, 40, 50 and 60 min. The
each experiment was performed three times. The extraction temperature is equal to boiling temperature of water
at atmospheric pressure (100°C). To reach this extraction temperature and thus obtain the distillation of first
essential oil droplet, it is necessary to heat for 5 min. Yield of each experiment is expressed in grams of essential
oil and %w/w (percentage of grams of oil per 300 grams of sample). The ME which the processing condition at 40
min came to an end of extract and gave the average yield 1.0374 %wi/w, clear-yellow color and plant aroma as
shown in Fig.6 (c).
Composition of essential oil

The comparison of chemical compositions, yield and detailed composition of each extract is reported in
Table 3. Sabinene, Y-terpinene, Ol-terpinene, terpinen-4-ol and (E)-1-(3,4-dimethoxyphenyl)butadiene were the
main active components in the essential oil extracted from Zingiber cassumunar Roxb. but the relative amounts
differed for the two extraction methods. Sabinene is the most abundant component present at 41.21% and
36.36%, respectively for ME and PSDU. Terpinene-4-ol is present at 33.34% and 23.53%, respectively for ME and
PSDU.
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No.

no.
10_1
10_2
10_3
20_1
20 2
20 3
30_1
302
30.3

Table 2 Weight and percentage of yield of Essential oil by Microwave Extraction

W(g) Yow/w no. W(g)
2.3181 0.7727 40_1 29532
1.8879 0.6293 40_2 3.1346
21123 0.7041 40_3 3.2492
2.5524 0.8508 50_1 3.3729
25657 0.8552 50_2 29273
2.6394 0.8798 50_3 3.1846
2.9461 0.9820 60_1 2.9687
2.6948 0.8983 60_2 3.4283
2.6794 0.8931 60_3 2.9097

Awrage yield

(Yowhw)
14 -
1.0 /-—‘:\’
. / 1.0374 s 6
/./ 09245
08 08619
0.7 e
- : : . i time
10 20 30 2 50 go (M)

Fig .7 Average yield for the ME from Zingiber cassumunar Roxb. oil

of Zingiber cassumunar Roxb.

Compounds

o -thujene
@ -pinene

sabinene

o -terpinene

1

2

3

4 B-myrcene
5

6 p-cymene

7

3 -phellandrene
tr., trace (less than 05%)
* ME, Microwave Extraction
® PSDU, Portable Steam Distillation Unit
° DMPBD, (E-1—(3,4-dimethoxyphenyl)butadiene

PSDU’
(%)
tr.
0.96
36.36
1.18
1.89
1.01
0.83

No.

10
1"
12
13

Compounds

¥ -terpinene
sabinene hydrate
terpinolene

terpinen-4-ol

B -esquiphelladrene

DMPBD®

ME®
(%)
471
0.55
0.80
33.34
1.86
9.15

Yow/w
0.9844
1.0449
1.0831
1.1243
0.9741
1.0615
0.9896
1.1428
0.9699

Table 3 Chemical compositions and yields of essential oils obtained by ME and PSDU extraction from the rhizome

PSDU’
(%)
4.49
0.50
7.06

2353
1.20
9.28
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Conclusions

The experiments for using the PSDU and RE were compared the percentage of yield, extraction time,
color and fragrance. The results for both methods achieved very low percentage yield and long extraction time.
For the essential oil from steam distillation method was yellow color and burnt smell on the other hand the other
methods were not. Since high pressure and temperature, caused burned materials and degraded the heat
sensitive compositions. The ME method is combination of microwave heating and hydro distillation. It provides
more valuable essential oil, yield, fragrance and color. The oil was obtained average 1.0374%w/w for 40 min. For
GC analysis, the main active components; Sabinene, Y-terpinene, and terpinen-4-ol by ME extraction has more
valuable than PSDU extraction and allows substantial saving of energy, time and a reduced environmental burden
(less CO, rejected in the atmosphere). All the advantages make ME a good alternative for the extraction of
essential oil from Zingiber cassumunar Roxb.
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