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CHAPTER I

INTRODUCTION

1.1 Rationale

Morinda ci ginated in tropical Asia or
Polynesia and ' in [folk remedie ore than 2000 years.
All parts of this Li€h include fruits, flowers, leaves, bark, stem, and roots have

been shown to co cafer slogieal activities () etal., 2002). Noni fruits and
intain overail health and to
by Polynesians to produce
yellow or red dygt But me mportar hé roots eontain medicinally active

ial, anti-viral, and anti-cancer

components, nar been shown to process
various therapeutic
activities (Chan-Blancg et 2 2506 Of antraquinones in the roots of noni,
damnacanthal is the most 1z -'--:_; 1 due to its cancer inhibiting ability
(Hiramatsu et al., 1993). T bu: are interested in investigating an

effective mean sifc dd cilrifolia.

Conv v n *‘J organic solvent in a
stirred vessel or by soxhlet ext : schiniques simple but they require
long extraction time and large amount of solvent. Alternatively, microwave-assisted
solve cti ‘ﬁ ) % r gapi ion.of plant material
(WMHMH)(. _ ﬂme wtﬁnﬁoﬂtﬁsisted extraction

(MAE)'un effectively reduce so?rent volume and extraction time for extraction of

AN N BTN Ty

2005), tobacco leaves (Zhou et al.,, 2006), peppers (Barbero et al., 2006). As
microwaves are transmitted as waves, it can penetrate biomaterials and interact with
polar molecules such as water in the biomaterials to create heat. Consequently,

microwaves can heat a whole material to penetration depth simultaneously and



homogeneously (Wang et al., 2006). The enhanced extraction efficiency is due to

rapid heating of polar liquids in the microwave field.

In our previous studies, we have investigated various alternative methods for
extraction of antioxidative anthraquinones from roots of Morinda citrifolia and

compared the results with e ‘obtained, by conventional solvent extraction

techniques. The methods investigal ' ' itical water extraction (Shotipruk
et al, 2004; Pongnaras : ( pund assisted extraction (UAE)
(Hemwimon et al,. 2006-a);and M ' emMOOG b). Although our result

shows that, in be used to extract total

anthraquinones echnique is however the

high temperature | \&\ \ queous extract needs to be

further concen )l \ w h the water extract was
analyzed for the amnacanthaly showed t‘ ie temperature higher than
170 °C, degradatio mj vas obser —\l "\L the high amount of total

anthraquinones igh 2 _' _ _' activ (Anekpankul et al,. 2007). Alternatively,
UAE was shown to gec I o'n compared with conventional solvent
extraction, however, thg'antioxidant actrvi e extract decreased possibly due to
the radical reaction within thesystei. On th jthcr hand, MAE at 60 °C could reduce
the time of extraction and e 20! o 2 olvent used without lowering the
. ibiitisie ( _ vever, the method of

. u' ometry, which only

antioxidant acitiv

quantitative analy
allowed quick

correlate well

inones, which may not

t
\ the amount of the more important tar@t

such as nacan ereforcE in this stH we p! gqse to determine the effect of

o o 3 AT g e s o

cathal will be carried out using rcverscd—phase high performance liquid

QW AETIRI ok i a2k T

Qand particle size of the sample will be determined on the extraction efficiency.
Furthermore, the results of MAE will be compared with those obtained by

conventional extraction such as heating extraction, ultrasonic extraction, soxhlet

anti-cancer compound

extraction, and pressurized hot water extraction (PHWE).



1.2 Objectives

1.2.1 To investigate the appropriate conditions for microwave assisted

solvent extraction of damnacathal from Morinda critifolia roots.

1.2.2 To compare the' s of MAE with other methods of extraction

rasound extraction, soxhlet

1.3 Working

ture (60-120 °C), time of

lver acetonitrile, methanol,

1.3.1

n of Solvent (ethanol:water of
ple or L/S (50-150 ml/g)

ywave assisted extraction.

AE with other methods of
ultrasound extraction, soxhlet

1.32

extraction, and P
(3 .4'_
104 Expe i-"""""”'— -
y Y )

Provide I new ani or extraction of damnacanthal

anticancer compou d from the available plant Morinda ci oha

ﬂ‘lJEl'IIVIEWI‘ﬁWEI']ﬂ‘i
Qﬁﬂﬁﬁﬂ‘imﬂﬁﬂﬂmﬁﬂ



CHAPTER 11

BACKGROUND AND LITERATURE REVIEWS

BACKGROUNI / -
=

2.1 Morinda V

al JCIU

repical vlan

which is sometime o differentna HR\G \%‘ Mulberry, Noni, Ach,
Mengkudu, Nh i gf bitsh, oy Ch Q\E\:“ ', in Thai, Ton Yor or Yor. Itisa
small tree, typicall Wil iptical leaves (5-17 cm length,

AL
10-40 cm width). All jparts of theds .1!-- |

\)
\?}\H or medicinal and nutritional
)\

the family Rubiaceae

purposes such as frllits, §eeds, -.'»-.i"# eay owers, and roots. The ripe fruits are

taken to treat asthmaf@nd gdiabetcs, an Juce blood pressure and promote
menstruation. The seeds ha -;.:;:':.-I

L jon, and the leaves are used to treat
external inflammations

ong astringent properties and
can treat malagids the flower essences relieve eve inflammation, and the roots are used

to produce a "’ 8! ‘ the most important
constituents responsible for : iC prope :L of M. citrifolia is

anthraquinones, whiih is found mostly in the fruits, leaves, bark. and in the highest

~HUYINEVINEINg
RININIUNRINYIAL



2.2 Anthraquinone

Anthraquinong§ arg' the maif constifuent in the root of Morinda citrifolia,
which is consisted, | \
2.2. Some examples 0!
norindin, and etc, and
Figure 2.3.

oups as shown in Figure
S are canthal, alizarin, morindone,
ructures \" compounds are shown in

LT

Y]

ﬂuﬂqwﬂw$Wﬂ1ﬂi

Figure 2.2 Bas:c structures of anthraqmnones

Q‘mﬁNﬂiﬂJ UAIINYIAY



.y.

3-hydroxy-2-hydrexymett Miorindone

ﬁ
1

2-methyl-3,5,6-trihydroxyanthraquinone  1,3-dihydroxy-6-methyl anthraquinone

A

Figure 2.3 Derivatives of anthraquinones (Chan-Blanco et al., 2006)



In this study, damnacanthal (3-hydroxy-1-methoxyanthraquinone-2-
carboxaldehyde) is a target compound for extraction due to its important medicinal
values as anticancer agent. It has been found that damnacanthal is able to inhibit the
proliferation of cancerous cells with malignancies (Hiramats et al., 1993). Physical

and chemical properties of damnacanthal are summarized in Table 2.2.

Table: 2.1 Properties of d: is-biochemicals.com).

cyanthraquinone-2-
ehyde

| Solubility Il{l ‘ 0 Q\k 25 mg/ml)

ﬂl..l.l Fi

Name

2.3 Mechanism of extrac

Two mechanisms@ssqciaied f"' ly action of natural products involve

mass transfer and solute sol biliEy cons n.as discussed below.

2SN

L

o

2.3.1 Factors af

Y o d

Size of'the | c-action takes place only at

the surface of -!!J particle. When the total surface area of the solute particles is
increased, the soluic dissolves more rapidb Breaking a solute into smaller pieces

~HUHINEN IR e

solvent?contact with the solute, thereby mcrcasmﬂhe rate of solutlon

LA AT AN IR

pomt where no solute can be dissolved, dissolving takes place more slowly.

Temperature -- For liquids and solid solutes, increasing the temperature not
only increases the amount of solute that will dissolve but also increases the rate at

which the solute will dissolve.



2.3.2 Factors affecting solute solubility

Molecular size -- The larger the molecule or the higher its molecular weight
the less soluble the substance will be. Larger molecules are more difficult to surround

with solvent molecules in order to solvate the substance. In the case of organic

will increase the solubility since more
/1 and make it easier to solvate the
c sol gt molecules will affect the

solubility. General . olécules will"disselye in polar solvents and non-

compounds the amount of carbo

branching will reduce the si
molecules with solvent.
Polarity -- Th
polar solute molecu en 5. The polar solute molecules
have a positive and - molecule. If the solvent molecule is also
sgative ends of solute
s dipole-dipole interaction.
Non-Polar moléecule - /e a Lypelofiint “force much weaker but
present called Lo spersion forcéswhere tl t1 nuclei of the atoms of the
solute molecule will aftrag hérie :-"-"*#'-';. : “atoms of a solvent molecule.
This gives the non-polar §6lveni achance | vate he solute molecules.
Temperature . ‘QE, ( n the temperature of the solution
increases the solubility of a solid 50! ute. A

. - Ll i "'.-. "u'.' u
in warmer solutions as gthe temperature of the

id solutes, however, are less soluble

LY
1 pressure have practically

solution rises; ==
V.

Pressure_:: Fo
no effect on sol ~LIJ ity.

SHUTITYNINYINS

The solubility is a key word in the efficiency of extraction process. It is a

my of solut centration that is in_equili Vi e_solv given
% GrRE LI T ras VAT Tiae

Hsolvents should have nearly the same polarities as those of the solutes. The polarity of
a solvent is specified by the dielectric constant. If it is desired to dissolve a polar

compound, a relatively polar solvent that has a low dielectric constant should be used.



In general, the solute solubility depends on the interaction between the
molecules of the solute and the solvent, which is dictated by the molecular structures
and the activity coefficient of the solution. However, this is not always the case.
Similar molecules such as phenanthrene and anthracene isomers exhibit very different

solubility in benzene (20.7 and 0.81 mol%, respectively). This example demonstrates

equation.

(2.1)
Where X is the sol
y is the
S pure solid A
S subcooled liquid idfStagidlz clfugat Kei D at of subcooled liquid.

Triple paint t

...... ——— ..' | i0 -d
; .

0 g y -»rI properties

i —l AM, ,, +AM, , + AM_,, (where M ‘—"‘l, any state property)!!!

AMa—b
The ratio of th (F itie te to f Gibbs en in going from
ol b ] b e e g
fiaki

QRIANNTBINPAINAY

The change of Gibbs energy is related to the change of enthalpy(4H) and entropy(A4S)
by the following equation:
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AGa—m' = AH a—d TAS a—d (2'3)

To calculate AH ,,s and AS .4 it is more convenient to employ
thermodynamic cycle as shown in Figure 2.4. Because the enthalpy and entropy are
not dependent of the path, the 4H ,_,sand AS ,_,;can be calculated froma — b,b — ¢

andc — d.

For the enthalpy cha be determined from the following

equation.

(2.4)

(2.5)

, the difference between
the heat capaci i the heat @aj fisolid, and 7, is thc triple point

Similarly, th vy~ change- fi a' o d can be determined from the
following equation -
(2.6)
which can b
.a fl-'. 2.7

14
i u-'

where 45, is entro%y of fusion which is relatcd to 4;,H by the following equation:

ﬂumwmwmm =

m*mmmﬂm AN THIWF2 TN

uatlon

fmwu-tmu Ame[T ) [__ ] '{7: J
In[ fp.,,.,_,,m ] =T -AaC T 1[+4C, T 2.9)
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This equation gives an expression for the ratio of the fugacities, which can be
substituted (2.8) in equation (2.9) to give the expression for the solubility as follows.

4,8 T, T,
I ot [?—l] AC,.[}—-I)-AC,,M{—T;-)-M}' (2.10)

’ /Zmperature Then, Equation (2.10)

As an approximation, the te Cp can be neglected and it is permissible to

substitute melting temperal

becomes:
(2.11)
To represent the values™at squilibriun uperscript, SAT, is used and
the equation become
(2.12)
This equationfshoWw y depends on temperature and

intermolecular fg esented by the activity
equal to 1. For non-ideal

solution, activities coeffi€ient i8 fiot ‘equa . Many solubility estimation methods

coefficient. For an idea

such as Robbins cha solubility parameter, and Margules

equation can be used to est -‘i:;%‘: vity coefficient, and thus solubility.
The knowledge solubil

beneficial fi "a > design of the process. -
neficial forltheg 'y

arious conditions is

2.4 Microwavmextraction 'm

@ﬂmmmwm —

spectrum for microwave is betweén 300 MHz and=300 GHz, (Fig.2.5)gbut the most

TRASSRTRANIC IR

of microwaves include satellite communications, and industrial heating and

therapeutic diathermy treatment.
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10 10® 107 105 105 104 103 102 100 1 Wavelength (m)
1 1 1 | 1 1 1 1 1 1

Ix10° Ix 10¢ 3x10°  Frequency (MHz)
1 1 1

b& reflective, transparent and

The properties of microv

TE——
absorpﬁve, 4 [ -'-u.tlr'_ Dt el hrough Whick "‘LL". ave travels. The different
characteristics are depig
said to be able to absog

Figure 2.6. In polar liquids, the liquid molecules are

mig .{f, § f\mr or solids such as glass,
paper, and plasticsifire tg; ".’/- »_. R&\; aaterials such as metals
are reflective to micswz . “inthe m rﬁ'\\"“" absorb microwave, that
heating occurs. “Such jthe ip ) wave leads to household microwave

heating and in extrs

Conductog

No Heating .'

.-T- _L
2

AUy T
RTINS ANaE

as a result of an interaction of the
with a compound of interest within the microwave field a material via two specific
mechanisms: dipole interactions and ionic conduction. Both mechanisms require
effective coupling between components of the target material and the rapidly
oscillating electrical field of the microwaves. The dipole interactions occur with polar
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molecules as the polar ends of molecules try to align themselves and oscillate in step
with the rapidly oscillating electrical field of microwave as shown in Figure 2.7.
Collisions and friction between the moving molecules result in heating. The ionic
conduction on the other hand occurs when a microwave field is applied to solution

containing ions, which move as a result of changing electric field of microwave.

Consequently, ions collide, and thus 1 i s generated. As the concentration of ions in
the solution increases, more ¢ li *"\:""4 DAC } the solution to heat faster.

i /
..—-‘.."':-l" |

slectric

.7 ent of a,dipole in an ele cfromagnetic.
- |
i A AN
The heating action Jof microw; “ been employed in extraction of

environmental samplegtand nyt s fron -\a\ aterials. Because microwave
can penetrate biomateria with polz u- les such as water or polar
components of target biomg o S e it éan heat the whole material to

penetration depth simultaneousty-—Celi di: on is therefore stimulated by internal

. i = L L2 ’
superheating, which fac tates desorplion of € als from the matrix. As a result,
MAE has been“shown to increas e the vield and reduce the prgcess time compared
-
with other co #" ‘

24.2 The Inﬂﬂnce of Parameters on MAE. m

¢ o Qv
T lrin PR e s
micro s % na t and t ix, ‘moi content and the
stability of compounds are imporfant. In MAE, rapid heating is respensible for its

X A A 1

permittivity, £’, which describes the ability of the material to be polarized. It is a

measure of the ability of a material to store microwave energy. The second is the
dielectric loss factor,&”, which describes dielectric response of materials in an applied

microwave field. It is a measure of the efficiency in which the absorbed microwave
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energy can be converted into heat inside a material when an electric field is applied.
From these two parameters, a dissipation factor, &, is defined as the ratio of the

dielectric loss constant and the dielectric constant, or expressed mathematically by:

£ 2.13)

In general, solvents suitable for M

T

factor and dielectric_constants are hi e dielectric constants and

lected such that the dissipation

dissipation factors g

Table 2.2 Dielectric
(Zlotorynski et

some common solvents.

Dissipation factor/

Solvent tan 5x 107
Acetone 5555
Methanol 6400
Water 1570
Ethanol 2500
Hexane .10
Ethyl Acetates = 202 5316

_!
AULINENTNEINS
ARIAINTUNNINGAY
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Literature reviews

In recent years, various studies have employed MAE for extraction of organic

and inorganic from environmental materials and plant materials. Environmental

endocrine disrupting che: et al,. 2004), nonylphenols and
phthalate esters in sediment T M) organotin compounds in
fortified flour samples (Waag" ¢ , ., 2006} svand CBZs in fly ash from

i\\“‘

municipal solid was ierato s (S 2 1 )6). In"extraction of plant materials,
the microwave assi Cigd : \l \-"""-u 0! ”'\«.,‘ icient than conventional
solvent extractio 1"\ "-. 3 ., 2004; Fuizele et al.,

2005) as it is abl ly p ie. The main parameters
affecting the efficig & g x\"’ l\‘ e of extraction, type and
composition of solvent; revieW 6 P %\* -‘ of MAE on extraction of

i *r.-'
environmental and plant samples I *w " '\' 3 and 2.4.

ﬂ'lJEl'IIVIEWI‘ﬁWEI']ﬂ‘i
’Qﬁﬂﬁﬂﬂ‘imﬂiﬂﬂﬂﬂqﬁﬂ
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(/,

it from environmental material.

Table 2.3 Review of previous work of microwave-assisted - fFact n toorg

Conclusions

Author Material Contaminants Conditi

1. Llompart ~ Soils Phenol, Time The optimization temperature for MAE was 130 °C

etal., 1997 o-cresol, - 140 ml volume of solvent (200 p1 pyridine, 800 pul
P o N ydride and 9 ml of hexane).
p-cresol Solvent S ‘e § o ture - Comparison with ultrasonic extraction procedures
pyndme 0-2( p,l MJ” ¢ ndicated that microwave-assisted methods gave high
anhydride 200-10007 ‘r 4.—: I ‘coverics and shorter extraction times.
hexane 9 ml.
2. Lopez- solid wool wax F @f_ ; ‘r‘ mum MAE condition was extraction of 1.25
Mesas et wool %:::m' B 2-15min g o jj sample with 90% power in 10 ml of
al,. 2003 Solvent ‘ Toluene, hexane:acetone (1:1) for 8 min.

ﬂﬂ"mﬂﬂﬁw 81nN3

amaﬁnm UNIINYIA

91
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Author Material Contaminants Couditians Conclusions

3.Liuetal,, Sediments Endocrine
2004 disrupting
chemicals.

. The most efficient microwave extraction of the
target compounds was achieved using methanol

\ .0f 110°C and 15 min of holding time.
Temperaturg

Solve |
Acetone Bthy
Dichlorometh

4. Cortazar Sediments Nonylphenols Tim
et al,. 2005 and phthalate

esters

Fhe optimum extraction was carried out at an

"' — and——mtermediate pressure (159 kPa) with pure
emy LY
wdi E

Soiv .,I' '

Acetor =, n-hexane or the solvent

mlxture" UV—FLD

ﬂUEJ’JVIEJW‘VlﬁWEJ’lﬂ‘E
QW']NﬂiﬁUﬂJWVJmﬂﬂEJ

thanol for 15 min.

DAD-

Ll
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Conclusions

Author Material
5. Ganeshjeevan  Solid Chlorophenols
et al,. 2005
6. Wang et al., Flour Oranganotin ™

2006 compounds ;'-4;: X _DOWer

OTs) ™=
E Tém perar

vent hexane—a ig acid

ﬂuEJ’JVIEJW?WEﬂﬂ‘i

- Aqueous extractants were as efficient
as organic solvents for the MAE of
chlorophenols, with the added advantage
of being more eco-friendly. They are
suitable for vegetable and biological
samples which swell in the aqueous

extractant.

- The suitable MAE conditions for
extraction of organotin compounds was
in acetic acid— hexane (20/80, v/v) at 100

°C for 3 min.

QW’]&Nﬂ‘iﬂJ TAINEIA Y

81



19

Conclusions

Author Material Contaminants Amxlys:s
7. Barriada- Vegetables  Organochlorine ¢ v i€q uey y - ‘ S 06 FCD
Pereira et al., pesticides ' r £ ‘
2006
8. Sunetal., Solid waste PCBs and CBzs —" >4 ] GC-MS
2006 incinerators '

A

7

toluene/acetone, toluene/water,

ﬂﬂﬂﬁ%ﬁ%@ﬂﬂﬂﬂﬁ

- The optimum microwave extraction
condition was extraction of 1.25 g of
sample with 90% power in 10 ml of

hexane:acetone (1:1) for 8 min .

- The optimum condition was extraction
in 30 ml of toluene/ acetone(1:1) or a
15-ml of toluene, with an irradiation
time of 15 min.

-MAE was found to have high extraction
efficiency compared with that of
soxhlet. Time and organic solvent

consumption were reduced.

amaﬁnm UNIINYIA

61
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Compounds o Conditians .' Analysis

Conclusions

Author Material
l.Panetal, Licorice  Glycyrrhizic ghoy& gower 450 MHz 0 %, HPLC
2000 root acid (GA) Time 0.5¢ '
on 158 pol
15'S power a
85 - 9§
Solvent & yater, Ethang
water, Ammoni
2.Panetal., Salvia Tanshinones ‘V,\ —
2002 iltiorrhiza i l‘! . s [ﬂ
bunge > . \ g power |

on, 2 s heated, 10 s power off for cooling)

AUESYEN NN

- Microwave was suitable for fast
extraction. Appropriate MAE
conditions are: times of 4-5 min,
ethanol concentrations of 50-60%
(v/v), ammonia concentrations of 1—
2% (v/v), and liquid/solid ratios of
10:1(ml/g).

- MAE resulted time and high

extraction efficiency.

AN IUNAINAE
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Conclusions

Author Material  Compounds Analysis
3.Guoetal,, Radix Puerarin
2001 puerariae
4. Panetal,, Salvia Tanshinones  Time
2001 miltiorrhiz (pre-setting:2
2sof POWEL=0:
a bunge of
roo: - :m

,_v
Sc

i ]

sthanol, acetone, n-butanol , ethylacetate

and téfrahydrofuran

ﬂ‘iJEJ’J‘VlEWlﬁWEﬂﬂ‘i

- The main factors that affect MAE
of effective  constituents are
microwave processing time,
temperature and pressure in the

sample vessel and solvent.

- Compared with the conventional
methods, the MAE procedure
employed provides high extraction
efficiency within a short time, and is
less labor intensive.

- An appropriate MAE condition was
ethanol concentrations of 95% (v/v),

2 min, and liquid/solid ratio of 10:1
(ml/g).

amaﬂmm UNIINA Y

1T
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Author Material  Compounds
S5.Haoetal,, Artemisia  Artemisinin
2002 annua L
6.Shuetal., Ginseng  Ginsenosides “Faequeney 9450 MH:
LY 5 "
2003 root A

No. 1208a

solvent oi

e
Solv‘tﬂ.

F”i‘L!EJ’J‘VIEJVIﬁWEﬂﬂ‘?

Conclusions

Water, Ethangl/

- The optimal MAE condition was 12
min duration of microwave radiation,
the diameter of raw materials less
than 0.125 mm, the solvent to
material ratio more than 11.3.
-Compared with conventional
extraction method, MAE used
shorter time.

- Microwave assisted extraction
(fifteen minute with 70 % and 30 %
ethanol- water solutions, 150 W) was
more effective than conventional
solvent extraction with 70% ethanol-

water solutions.

QW’]&Nﬂ‘iﬂJ UNIINYIA

(o



Author Material Compounds

7.Lietal,. 2004 E.ulmodies Geniposidic
chlorogenic

acid

8. Fulzeleetal,.  Nothapodytes Camptotheci
2005 foetida (CPT) and ;,_

Me-CPT. -
i irradiation

emperature 80 °C L/

23

Conclusions

- The optimum extraction condition for
geniposidic acid was 50% microwave
power for 40s with 80% aqueous
methanol (20ml/g) and that for
chlorogenic acid was 50% microwave
power for 30 s with 20% aqueous
methanol (20ml/g).

- MAE was found to have higher
extraction efficiency than the other
extraction techniques, and thus MAE
is an alternative extraction technique

for speedy extraction of anti-cancer

AU 2o E#Wi“w B) )1 G uscrm oo crTarh o

amaﬁnm UNIINYIAE

£C
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Conclusions

Author Material Compounds
9. Zhou et al., Tobacco Solanesol
2006 leaves
10. Martino et Melilotus »
al., 2006 officinalis  coumaric andd.

melilotic m

acids.

Temperature 50, 110 °C

AugThairifieans

- The optimal condition was extraction
with hexane:ethanol (1:3 v/v) with
0.05 mol/l NaOH. Compared to heat
reflux extraction, MAE reduced
extraction time and gave higher

percentage of Solanesol extracted.

- The optimum condition was MAE
are 50% v/v aqueous ethanol, two
heating cycles of 5 min, and at 50 °C.
- MAE was a simple and rapid method
suitable for extraction of coumarin and
its related compounds from plant

material.

¥
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Author

Conclusions

11. Barbero et
al., 2006

12. Hemwimon

et al,. 2006

/ _A-' "’ yl d—‘rwv%’_
E g.uﬂ

Morinda  Anthraquinones Frequency," ‘rj" 450 M

Spectro-

citrifolia & power " | 200 W photometer
S e i TALAG
of roots ' e ft

Ivent Acete

E anol Acetonitrile, ethanol:water

ﬂuﬂﬁﬁﬁ%sWHwnﬁ

- The optimum condition was 125 °C,
25ml of solvent, 0.5 g of freshly
triturated peppers. 5 min extraction
time, employing 100% ethanol as

solvent.

-The appropriate condition for
maximum anthraquinones with MAE
was extraction with 80% ethanol, at
the extraction temperature of 60 ° C,
and extraction times of 30 min.

-The antioxidant activity of the
extracts obtained with soxhlet
extraction and MAE was found to be
the hlghest, compared with maceration

Y4



Author Material Compounds

13.Chen  Ganoderma Total Frequen
etal,. atrum triterpenoid & powe

Tebe jtur

Solven

chlorofarm, ¢

acetone, an
chloride/me
(v/v 1:1).

V

y

‘a

ﬂuﬂ ﬂﬂﬂﬁﬂﬂﬂﬂﬁ
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Conclusions

- Compared with the other techniques
such as shaking extraction, heat reflux
extraction, ultrasonic extraction and
SFE, the MAE method employed
provides high extraction efficiency in
short time, and was less labor

intensive.

- MAE of triterpenoid saponins from
Ganoderma atrum could be concluded
with the best solvent of 95% ethanol,
the ratio of solvent to material of 25,
duration of microwave radiation of 5
min, and the extraction temperature of

90 °C.

9¢



at§0% of
Tempe

water pgfcen

‘ }ﬁl -!JJ

siets !tl -

Time First, te

the set extrz u.?‘ég;&?{é!?‘??‘ilg_'

Author Material Compounds
14. Mauricio Soybeans isoflavones = Power
et al., 2007.
Timgh
Soly,
15. Zigoneanu  Rice bran  Vitamin E
et al., 2007. components
(tocopherols m
and
tocotrienols)

ﬂu

traction temperature, using an energy
level cf 560:W maximum. &

120°C.

27

Conclusions

phase HPLC
7

2

- A fast (20 min) and quantitative
method was developed for the MAE of
isoflavones from soybeans.

- The optimized extraction condition
was 0.5 g of sample extracted by 25
mL of 50% EtOH at 50 C for 20 min.

- Isopropanol was the best solvent for
the extraction of c-tocopherol and c-
tocotrienol as compared with hexane
for both MAE and conventional
solvent extraction.

-No differences in oil yield, total

tamin E, and antioxidant activity of

HARENAN ) Fotmeramarenn

methods

LT
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Author Material

16. Mao et Rhodiola L.
al., 2007

Compounds Conclusions
Salidroside - The optimal MAE are soak time (60
and tyrosol min), extraction solvent volume (1 g

Solve RéiipEIeiking

sample, 5 mL), extract solvent
composition (50% methanol/water) ,
microwave power (400 W) and
extraction time (5 min).

- The proposed MAE-HPLC-DAD
is a simple, rapid and low-cost
method for quantitative analysis of
salidroside and tyrosol, and a
potential tool for quality assessment
of Rhodiola L. sample.

AUEINENINEING

AMIAN TN INAE

8¢
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Conclusions

Author Material Compounds
17.Chen  Herba Flavonoids
et al.,2008 Epimedii
18. Wang Panax Ginsenosides

et al.,2008 ginseng

root

.- The Dynamic microwave-assisted extraction

DMAE) was more effective compared with

 other extraction methods, RE, UE and SOX and

"\ the extraction yield obtained by DMAE is
"imilar to that obtained by PMAE.

- In the DMAE, the four flavonoids in Herba

Epimedii would not decompose easily when

increasing the extraction time.

- Ogmpared with soxhlet extraction, ultrasound-

' # ed extraction and heat reflux extraction,
0"- ‘ X

and 500 kPa, PMAE has excellent advantages; such as

Solv enk methanol, 70% (v /v) shorter time extraction, and a higher yield. The

on conditions of HPMAE were: 70%
ﬂ W‘ﬂ; ﬂ“ﬂ , Ij w EJ‘ v/ eﬁn |-water, extraction pressure of 400

kPa, and extractlon time of 10 min.

ammmm NINENA Y

6C



CHAPTER III

MATERIALS AND METHODS

'_I -
3.1.1 R /

Morin ‘ “ *ﬁ" a market in Thailand.
Standard damnaes o ir 1 ITOIM JETm any. Solvent used in
this study were acetgnirile (99.9%. l‘i‘ de), methanol (99.9%, HPLC

grade), ethanol (994074 amalytical. grade), acetone (99.5%, HPLC grade), and

were purchased ¢

3.1.2 Plant ma

Figure 3.1 (a) Dried roots (b) ground dry roots of Morinda citrifolia.
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3.2 Method

3.2.1 Microwave-assisted extraction

Microwave-assisted extraction was performed on a MARS 5 (1200 W,

- ith special TFM sleeves, a
—
power sensor ¢ _sensg mperé sensor, and a temperature

\\.» 0 ;. g of ground dried roots

with a | the vessels. The vessels were
placed s | experiments, 60% of
power outpu [ 2 V), was used and the ramping time for all

e carried out to determine the
\- \'l in), extraction temperature
ut (acetonitrile, methanol, ethanol, and
:water of 20%, 50%, and 80%),
0 ml/g) on MAE efficiency. The

acetone), composition

solvent to sample or "‘ ..-! ), 81 rg

ranges --f / adiation, the vessels were
-

od 19 for 5 min an filtered thorough a filter

i+ epmte it from the sample

paper (Whatm
action of damnacanthal in the
FaR /il o471 iapale s

residue.
ﬂlple (100%) was detenmned by extracting the roots repeatedly 3 times in

&
ol TR SN T e

ethanol was separated from the sample, into which 10 ml volumes of ethanol

fresh solvent was added, and was allowed a period of 2-3 h prior to then next
MAE. This method was found to recover the highest amount of damnacanthal,

and was therefore suitable for the determination of the total amount of the
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compound in the sample. Each fraction of the samples was preparation by
evaporated and analyzed for the amount of damancanthal by using Reversed
Phase-High Performance Liquid Chromatographic (RP-HPLC).

Time radiation (mif

Temperature(°C)
Type of solvent 2 v ethanol ethanol, acetone

Volume of llqllld to samplc (L/S) 50 80, 100 and 150 ml/g

uﬂ?ﬂﬂﬂiWHWﬂﬁ
AR )38 WMWM@@%

sample by repeated extraction in a 8.8 ml batch pressure vessel (SUS- 316
stainless steel, AKICO, Japan). The system is schematically shown in Figure
3.1 In this system, 0.08 grams of the roots sample was extracted with 8 ml of
99.9% (v/v) ethanol or 80% ethanol in water at 120°C for 30 min. After
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heating, the vessels were allowed to cool down for 5 min and the solution was

filtered thorough a filter paper (Whatman, no.1 125 dia.) in order to separate it
from the sample residue. The extracts was then determined for the amount of

damnacanthal by using RP-HPLC.
A
3.2.3 Soxhlet extraction
SO\ /
: N /
In classical-soxhlet extract “was placed into cellulose
extraction a thimbles{Whatman, ENGEAND) and was extracted with ethanol

| the solvent was clear or

\“R\ *‘

approximately 4 . centrafic inacanthal in the extract was
measure no R li R\ \

with the approxi

:’#l 1

324 ...d,,,,, m

2RF3100 1173 i 141w ap

réLngu]arcontamer(235‘¢mXI330m><&2cm),towhlch 38.5 kHz

3 WITASITIIEL. ﬁ"m’ZIM‘ET"Iﬁ‘?:EM

energy check 3000 (Voltcraft, Germany). The extraction of damnacanthal was
performed by adding the ground roots into an ethanol solvent at selected
solvent to sample ratio in a 28 ml glass tube. The tube was then partially
immersed into the ultrasonic bath, which contains 2.2 | of water. The bottom
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of the flask was approximately 5 cm above the bottom of the bath. The solvent
surface in the flask was kept at the level of the water in the ultrasonic bath.

Extraction was conducted for 15, 45, and 60 min at 60 °C.

-_vacuum to dryness, and re-
0 icetonitrile was added to the
dried sample. The glear solution and the residue was then
i i W L solunon Both acetonitrile
and D i \\\ nbrane filter (0.45um,
b aalysis. The RP-HPLC
nacanth ried out with HPLC of a

todiode array detector

condition fog'the
pump (Pfostar 240, an,
(Prostar 333§'Vagia SI‘\).{&r -

using a phenomgéne 1ina 18 0 ¢ Size, 5 pum particle size, 250mm x

ied out at room temperature

-
4.60 mm LD. cg e meb ¢ consisted of a mixture 0.05%

phosphoric acig aqug __ 1. acetonitrile (B). The gradient
The flow rate of the mobile phase

.u x
sed. The UV detection
,-

?('I. SoWwad L0V B Lau P _‘ '#

temperature

elutions cmploycd are-s own in Tal

was | ml/min

1 a plot of peak areas

Versus co :!! >ntrations for a scrics of standard solution m appropriate solvents.

98 9 8 %

20-30 28-45 % 72-55 %

30-55 45-10% 55-90 %




CHAPTER 1V

RESULTS AND DISCUSSION

anthraquinone compound s of Morinda citrifolia. The
graphy (RP-HPLC) was employed
s obtained with MAE at

various conditions {@fdctesmij appropri aditions for MAE, and to compare

reverse-phase high
for the quantitatiy

the results with othegfme lextraell ich ng extraction, ultrasound
extraction, soxhlg 10fl, 8§ wekt-a . resul! ained in the previous study
(Anekpankul et al., 2007 29 le . ¢ percent recovery was defined as

follows:

extraction
>
thal in sample

Percentre recov, 100

4.1 Microwave ass

In this section, the rest acanthal are presented, whose
experiments was®rried out in a closed vessel at a 60% poWer output (60% of 1200
W). Th ing ti as 2 minutes, whi followed by a specified period of
ML IGE LT b petere

the rooflsample, irradiation time and temperature, types of solvents, solvent

TR ANg 4
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4.1.1. Effect of materials size

Materials size and distribution usually have a significant influence on the

performance of MAE. In the study, the experiment was carried out to determine the

durations of 5, 10, 15,
holding time. The re
percent damnaca

2, including ramping time and
sizes of the materials, the
ime increased. However,
the percent recover; nfly higher for the small particle size
material. In small sizg
overall surface

sample and the sgi¥e

as reduced as the larger
act between the root
ed in the subsequent

experiments.

100

Ball mill (0.02 mm) 60 °C !

90 l
rind (0.25 mm) 60 °C

80
70
60
50 | &4
40
30

ﬁi_
Qﬁﬂaﬂﬂ‘imﬂlmgﬂﬁl']ﬁﬁ"

F!gure 4.1 Effect of materials size on percent recovery of damnacanthal from MAE at
extraction temperature: 60 °C, L/S: 100 and solvent: 99.9% ethanol.

Recovery (%)

........
------------




37

4.1.2. Effect of irradiation time and temperature.

The effects of MAE time from 3 to 30 minutes and temperature from 60 to
120°C on percent recovery of damnacanthal were investigated and the results are

shown in Figure 4.2. The extraction we ed with the small materials size (0.02

mm) using 99.9% ethanol. The M A under pressure in a closed vessel
- :\"» Y i
of solvent c

sed above the solvent boiling
temperature. The resulis-show-that at er mWratures of 60 and 80°C,

in which the temperatu

the percent recove dam / al lincr: \:\\ e irradiation time increased
from 5 to 30 mi / - \ {‘":: hal at 80 °C was lower than
that obtained at 608C, peSsibly ¢ e - \\ of the compound at high

N,

N

temperature. At hig the percent recoveries

increased as the i which the recoveries of

58.44 and 77.87 weg€ ob tiraction at | and 120 °C, respectively. The
maximum recovery was obtained svith MAE at 120 °C, and only 5 min irridation
time. The recovery of MAE at 120.°C-afé 8 mi ' dation time can be similar to 5

min. Thus, the recoveryWwag pbtamed with at 120 °C, and only 3 min irridation

time was required.

i k
The higher s at higher te uldbeattributed to
the }ff':._, ytubtiity of the com by the §i1¢ ease in the molecular

motion of the com Iy @ high temperature, the

solvent density lla viscosity decrease and opening cell qat ix, result in increased

mass transfer of the,fomnt into the matrix WIant However, as can be seen from the

S e T
9 W%Nﬂiﬁu URINYIRY
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100
90 i
80 j {
i )
70 1 ! . 4
S 60 _ i
e ; ] e N A W -
AN = , TR 1
2 40 O W ——— --.._-““ 4
B and S M. o A . 4
ol i — o ac] ]
i Wh | —e—80°C |
201 - 100°C
10 {77 \ == 1000
0¥ '
25 30
Figure 4.2 Effect of e { ficiency damnacanthal of
MAE at material si (10 \1 99.9% ethanol/0.1 g of
sample).
4.1.3. Effect of
In 5"_ " Ibake d on the capacity of
the extraction ﬂ'em 0 mitling thel microwave energy. In

addition, the solvent should be able to dissolve the target analytes, or in other words,

:d:m:mmwmw e

The root material of 0.02 mm average diameter was extracted with

azm AN A

rccnt recovery of damnacanthal obtained by various extraction solvents (acetone,
methanol, ethanol, and acetonitrile).
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Recovery (%)
L] B Ln
=) = (=]

(o]
o
L

)

Figure 4.3 Effec
Material size: 0.02
and L/S: 100.

of damnacanthal.

action time: 3 min

In general, the éﬁ__?;{u#m : Lve microwave field to absorb and

transmit the micro w0, parameters defining

. ,}T';-IT ic constant (g’) and
dielectric loss (g hose o dielecific constant) defines the

dissipation facto

the dielectric propert

I microwave extraction

e T

study, atetone and methanol have the highest values of dielectric and dielectric loss

e PRI alakiL ik 1R

ss-.lpanon factor compared with acetone and methanol, therefore the microwave

d). The solvent that heats up rapidly un

heating rate should be lower than that of the other two solvents. The extraction result
however showed that ethanol gave the lowest extraction efficiency while acetonitrile
gave rather high efficiency despite the very low value of dissipitation factor. The high
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efficiency of MAE with acetonitrile could be a result of its polarity (dielectric
constant) that is slightly higher than ethanol, which could be more suitable for the

solubilization a slightly polar compound such as damnacanthal.

Table 4.2 Dielectric constant and dissipation factor of solvents (Zlotorzynski et al,.

1995).
Type of  Polarity " Jie i Dissipation
solvents i factor &
Acetone 0.5555
Methanol 0.6400
Ethanol 0.2286
Acetonitrile 0.062
Water 0.15
Although acetone, metha trile resulted in more effective MAEs
than ethanol, ethanol'i idely accepted lies with goo! manufacturing
practice and 1oy E this study, ethanol was
therefore chosei. z 5 € . “ér': tion could however be

improved by ad :'!! ting the polarity by addition of water r! thus, in the subsequent

experiment, the cﬁec of ethanol compoi}pn in ethanol water mixture on the

A NN T

result shown in figure 4.3 (43.10%), obtained Hhe same extractlwcondluons

YRR RANIANELIREL:

matenals were used and they were prepared by using different of ball mill apparatus.
The first set of sample was prepared with model (Planetary Ball Mill PM100, Retsch
GmbH&CO.Kg.) ball mill and was used for the study on the effect of particle size and
temperature. However, some technical difficulties was later encountered with the ball
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mill, during which time, plant root samples were lost. As a result, the new set of
samples needed to be prepared with different ball mill (FHM 100, Herzog) and was
used for the study to determine the effect of solvent type and ethanol water

composition on the percent recovery of damnacanthal. Although different samples

4.1.4. The effe

The effect of eth ecovery of damnacanthal is
shown in fig 80% and 100% were
used. The microwsz root material of 0.02 mm

diameter at the extragtion as equal to 100 and MAE
ated that the addition of
water into ethanol improv ' :': - d th ghest percent recovery of
damnacanthal were obtaified by wsing 809 2 ol water followed by using 50%
and 20% ethanol solutions. The addition of

i Q6. SWe
and could possibly enh DS

was carried out for'3

elped increase the polarity of water
erial, thus increased the contact

surface area betwes
-.,'-—_ -

] i
Table 4.3 Po v e m " tions (Lide et al,.
1992).

Ty Yyrjalen) © | P comsan
10 . . i 94.3

R aenIniiInyidy

20% 8.24 65.27
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The most suitable ethanol water mixture was the 80% ethanol solution which
gave the dielectric constant close to that of methanol and acetonitrile, which were
previously found to be suitable solvents for extraction of damnacanthal. This gave

average recovery of 95%.

100

90 |
80
70 |
60 |
50
40

Recovery (%)

30

20 |

10 |

0

Figure 4.4 Effect of ethang} co o} &«
damnacan

. . e — e
time: 3 min, and} A

g

ion efficiency of MAE of
ef 120°C, extraction

Al M3

4.1.5. The e(ﬂt of liquid to sample ratio

Y W T e

solvent/wount Ejlant sample) on the percent recovery of damnacanthal, a series of
extraction using the sample mass‘of 0.1 g and diffésent solvent volurfies (5-15 ml
a4 P 0 bk oy
Samount of damnacanthal is shown in figure 4.5, which showed that the percent
recovery of damnacanthal increased with the increase in volume of solvent and reach
the highest value when the liquid to solid ratio was 100, that is the solvent volume
must be large enough to ensure that the sample is immersed and can be extracted

effectively. However, when larger solvent volume was used (i.e. For the L/S ratio of
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150), the percent recovery of damnacanthal no longer increased. Thus, the value of

100 was considered the optimal ratio of liquid to solid for the MAE process.

100

90 -
80 |
70
60

50 1

Recovery (%)

40

30

20

150

Figure 4.5 Effect of liquid..to isolid “rat AE efficiency of damnacanthal.
Material size: 0.8 : traCtion time: 3 min, and

solvent: 80% T ..r‘

'FI I!.
il ¥
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4.2 Comparison of MAE with classical methods

44

The efficiency of extraction using microwave was compared with that of other

classical methods. Table 4.3 summarizes the results.

Table 4.3 Comparison of vario \ ‘l / / thods.
r”

“q’m

Extracti ; . :
:m':;l od‘;n : emﬁra 1ttt pfype of solvent Recovery (%)
Heating
exacion j%ﬁ% e
Heating r f water
extraction _ / /&h\ \ FRr 008
Ultrasound \
i // L\\ ano! 33.54+1.15
Ultrasound ‘*:“\ water 81.77 + 3.06
extraction (80:20) - -
Ultrasound :
el | thanol 35.05+1.61
Ultrasound Ethanol:water
cxtractiop 88.48 +1.41
e 4340+ 042
Ultrasound
g 3 94.64 +0.25
y fa o 72.59 226
Be Tnpninermny -
Smllet i ; Ethanol. wat;r
ittt 4 hr Boiling point -ﬁ (80 20) ‘97.22 +1.36
i extraction R L80
Microwave : o Ethanol:water
Men 3 min 120 °C (80:20) 95.09 £ 0.67
Suberitical 60 min 170 °C Water 95.13+2.30
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For all solvent extraction methods with ethanol, 80% ethanol in water was
found to give higher recovery than pure ethanol. When various extraction methods
were compared using 80% ethanol in water at the extraction temperature 120°C, MAE

could most efficiently extract the compound, that is, only 3 min was required to

however UAE took co sty - t'mm 3 min). Moreover, when

adtion at 170"°@ufor 60 min, MAE with 80%
e .

comparable.iecovery but requried much

shorter time. In additi ages of MAE a small amount of solvent

and the shorter i igh temperature, thu nimizing the compound

degradation. From is study, MAE is consi od a pontential alternative
because of its proces§ si iy and lower cost compared with subcritical water
extraction and oth '

X

U
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

1. Microwa StedBxtra yrovidesa promising alternative for
extractiox € anti-cancer damnacanthal from roots of Morinda
citrifolia \
2. Thesmall si 1plci(0.02 mm) was more e tracted than the larger

size say |

3. The amot i'damnacanthial in the extract i
. e A\ N
Increas 0 and -a °C,.the de

- D
Ly

reased as the temperature
psition of damnacanthal

J r
4. The decomp .;".‘?‘:..;...1- thal was observed at higher MAE

| el ioh , B ELE R
temperature of 10Q-and 120°C. first 5 minute irriadation time.

occurred.

5. The maximum j _‘Z:*;:: ith 5 min irradiation time MAE at

1 - - L
6. The 3¢ i‘:'@' was 0.02 mm size

sampl€, extracti nd exffaction time of 3 minutes,
10 80% ethanol to 0.1 g of sample. .
7 Microw:‘aﬁtraction gave the Righest yields while m%iring the shortest
S.

A
AR TUNNINGAY



47

5.2 Recommendations

1. Investigation of factors affecting extraction efficiency various particle sizes

from ball mill apparatus.

2. The study of effects sho mental design and statiatic in analysis.

3. Development of ki om process of the compound,
damnacanthal by S6lid-phase extractionoréhiromatography from the extract

solution should

x4

A
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APPENDIX A
EXPERIMENTAL DATA

canthal

Concentra nthal
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Figure A-1.2 Standard calibration curve of damnacanthal (average).



A-2 Property of Morinda citrifolia roots

A-2.1 Particle size analysis

Table: A.2.1 Particle size results dd citrifolia roots.

55

Volume (%)

TU BAVBIRENT =

Flgure A-2.1 Particle size distfibution of powder,of Morinda citrifoliairoo
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Table: A.2.2 Particle size results of Morinda citrifolia roots.

No. Diameter of roots (mm.) Std.

0.2440

0.0056

Volume (%)

| s00 1000

A

Figure A-2. 2 :[tlcle size distribution of powdcr of Morinda citrifolia roots.

ﬂ‘lJEl’JVIEWI‘ﬁWEI']ﬂ’i
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APPENDIX B

EXPERIMENTAL DATA

Table B-1.1: Re »fiDamnacanthal was operating condition at extraction

N

- of ethanol as solvent to

Std.

2.4126

2.7338
0.3979

17.27 16.15 1.5767

F u ov (Lilwd zmr - s
ammnmummmaa

15.04
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Table B-1.2: Recovery (%) of Damnacanthal was operating condition at extraction
temperature at 60 °C and power 60% of 1200 W and 10 ml of ethanol as solvent to
0.1g of root dries using particle sizes 0.02 mm.

Time
(it Std.
5 6.2853
10 2.2959
15 2.9057
20 1.6407
30 6.7725
Effect of irradiation fi
Table B-1.3: Recoveryi(%) af Pamnacant operating condition at extraction

temperature at 80 °C and poweF60% of 1200 W and 10 ml of ethanol as solvent to

IAY _:

7 >ac-{) (1)
s1zes 0.U2 n

0.1g of root drigs using

o -
= -

(min) :I No.l NO.2 Avera b
5 : § 249.99 51.06.s 50.52 0.7582
Al 2| 3 2 B8 Y B 7| e
Vs 52.92 sa95 | 5294 14393
AR RINZU AN TN E 1R
q 0 5831 9.12 58.72 0.5747
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Table B-1.4: Recovery (%) of Damnacanthal was operating condition at extraction
temperature at 100 °C and power 60% of 1200 W and 10 ml of ethanol as solvent to

0.1g of root dries using particle sizes 0.02 mm.

(13;':3 Std.
3 2.4110
5 2.2484
10 2.2125
15 6.1829
20 =48527 \ |\ "\o1s 3.7197
30 3846 J\i\ ‘ 42144

¥ \ N
vas operating condition at extraction

“
Table B-1.5: Recovery Ofw e

temperature at 120 °C and poy wer 6 :ofa 2 1d 10 ml of ethanol as solvent to

——

0.1g of root dries using pam sizes 0.02,m

Std.
7524 | 7610 75.67 0.6046
ol Tﬂ ﬂﬁ’w ﬂﬂl g
08 ﬂl 3230
1|
65.16 5932 | 6224 41252
QW’] Qﬂ@ [ 3434 7| 5o 7] Tk 2
9 55.56 5921 57.38 2.5808
20 59.16 52.36 55.76 48114
30 55.95 39.67 47.81 11.5129
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Effect of type of solvent

Table B-1.6: Recovery (%) of Damnacanthal was operating condition at extraction

temperature at 120 °C for 3 min and power 60% of 1200 W and particle sizes 0.02

mm using 10 ml of various solvent to firoot dries.
Std.
3.7401
1.5302
1.0656
0.7885
Effect of ethanol-watef cony % M,
P o
Table B-1.7: Recovery(% -‘1._‘5_!3‘55-- at erating condition at extraction
temperature at 120 °C for 3 min power 60% 8£1200 W and particle sizes 0.02 mm

using 10 ml of warious of rogé-dries.
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Effect of liquid to samples ratio

Table B-1.8: Recovery (%) of Damnacanthal was operating condition at extraction
temperature at 120 °C for 3 min power 60% of 1200 W and particle sizes 0.02 mm

using various volume of 80%ethanel in water to 0.1g of root dries.

Liquid/Solid : . o
(mlg) g | o i

7 7 .\ | 11825

: 3.6460
/ 0.6720
) 24 9.5397
B-2 Experimental data of damnac it extra with heating
extraction.
Table B-2.1: ing gondition at extraction
temperature ;';— C-for 3-minust _‘__'FJ 0 0.08 g of root
dries.

AR ITUNNINGAY
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Table B-2.2: Recovery (%) of Damnacanthal was operating condition at extraction

temperature at 120 °C for 3 min using 8 ml of 80%ethanol in water as solvent to 0.08

g of root dries.
Tupe '7_ A IERE . 9 Std.
30 0.6372
B-3 Experimen amaacanthal extract with soxhlet
extraction.
Table B-3.1: _ ating condition at extraction
temperature at boiling nn using 200 1 ethanol as solvent to 0.1g of
root dries.
Time
Std.
(hr)
2.2631

Table B-3.2: Rmvcry (%) of Damnacanthal was operatinﬂondition at extraction
temperature at boilifig paint for 3 min using 200 ml of 80%ethanol in water as solvent

@HHINYNINYINT




B-4 Experimental data of damnacanthal extract with ultrasound-

assisted extraction.

63

Table B-4.1: Recovery (%) of Damnacanthal was operating condition at extraction

temperature at 60 °C for 3 min using 10

W

;rn‘l':‘;:; std.
15 11532
45 1.6099
60 0.4168

of athanol as solvent to 0.1 g of root dries.

Table B-4.2: Recovery (%) of Damnacan ing condition at extraction

temperature at 60 °
g of root dries.

Ting “Recovety of ds =

lf"-‘-‘:_ Y- ¢ - ——

A TP S N S ST T e A ST v
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B-5 HPLC chromatogram of damnacanthal extract from M.
citrifolia.

, i . . B 2. B

L

A E— .

Figure B-5.1 HPLU €hr
in standard

time, fg = 22.796 min)

W%ﬂrﬂﬂaﬁoﬂd W?’&ﬂﬂv’}»ﬁ B

nom roots extracts obtained from MAE, dissolved into 5 ml of acetonitrie.
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5.0

i
;

25—

[

_

1
Minutes
Figure B-5.3 HPLC cafmatd g of ddmnacanthal (reténtion time, 7 = 22.635 min)
in noni roots extsdets ok / om MAE, d ssolyed i 0'ml of DMSO.
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Abstract

This study demonstrated promising results for microwave-assisted extraction (MAE) of
antioxidant anthaquinones from roots of a medicinally important plant, Morinda citrifolia. The effects
of temperature, ethanol compositions, and types of solvents on the percent recovery of the extract were
determined. The extraction recovery and the antioxidant activity of the extract were compared with
those of the extracts obtained from the conventional methods including ultrasound-assisted extraction
(UAE). The percent recovery of anthraquinones was found to increase with increasing MAE time and
temperature, and was highly dependent ont e of solvents used. Among the four solvents tested
(acetone, ethanol, methanol, and aceto { ariol gave the highest recovery. Furthermore, it was
found that the anthraquinones reco ted by the amount of water present in the
extraction solvent. This was due Iling of plant tissue matrix by water. To
achieve the same recovery 2 givextraction, and UAE required much
longer time. In addition cxiract was found to be only slightly
lower than that of soxhl pbtained by maceration and UAE.

Introduction tly, the effects of MAE time

Morinda citrifol pes of solvents, and solvent
which grows prevalen ; . 4& e determined on the percent
recently gained a ifiterest by extraction ¢ raquinones. The extraction

scientists and medical p i o Ef] y obtained with MAE was then
pharmaceutical value ‘ - mpared 1 that from conventional
et al. (2002) has of & 0ds  “such™ 2 maceration, soxhlet
Noni research, whi zes the extraction, as well as UAE. Lastly, the
therapeutic effects of v unds ifl this tioxidant actiyities of the extracts obtained
plant [1). Traditionally, the i plan var ethods were compared.

were used by Polynesians

red dye, but more im Methods

known to contain i active: reparation of plant materials and
components, such as anth ch, = ~comventional solvent extraction. Fresh roots of
due to its antioxidant activities, pb&sess various “Morinda citrifolia were harvested, washed,

therapeutic properties [2]. These in: ti- ~and ground in liquid nitrogen to an average
bacterial, anti-viral, and ann-caggn-qpu'ﬁids-ai- L size ¢ o di
well as analgesi¢, effects. “This™ makes the ] { dried at 45 ° C and kept in

compounds  pats ially useful in sevenl,

medical applicatie ircasiiig fventional solvent extraction
of studies is focuSing on fixd; this study: maceration
methods for producti tion. In maceration, 0.1g of

anthraquinones from
literature also inve

was extracted in 10 ml of
a 125 ml flask at 25 °C and

forinda citrife
organic solven

ves producuon of the

compound in root culture of Morinda curgfoha 60 °C. The maceration time of 3 days was
[6-8]. Neverthel J=xextraction @ /found to be sufficient to recover all
anthraq of 1y ffro i ﬂq t roots. For the
more g m j Mco p:ﬂ MAE and UAE,
perform “solve xtraction of tion experiment were
techmquem whlch include supercmlcal carried out for 0-60 min. The extract was then
carbondioxide extraction, subcritical water filtergdywith a filter paper (Whatman, no.l,
raetio )i inones
i aEn iR
te It solventextrac ng tus2g
Ceonventional methods. Among these, MAE is of root sample was placed into a thimble with
the simplest and the most economical technique 200 ml of solvent (ethanol) contained in a 250
for extraction of many plant derived ml round-bottom flask. Extraction was carried
compounds [9]. out for up to 4 hours.
In the present study, MAE of Morinda
citrifolia roots was carried out, in which the UAE
biological activity of the extract as well as the For the UAE experiments, an

amount of anthraquinones in the extract was ultrasonic bath was used as an ultrasound



source. The bath, 275DAE (Crest Ultrasonics,
USA), was basically a rectangular container
(23.5 cm x 13.3 cm x 10.2 cm), to which two
38.5 kHz transducers were annealed at the
bottom, and the bath power rating was 270 W.
Extraction was carried out at the power setting
of 3 which was measured to be 15.7 W with a
wattmeter energy check 3000 (Volteraft,
Germany). The extraction of anthraquinones
was performed by adding 0.1 g of ground dried

bath. The solvent surface
at the lcvel of the wate

ultrasonic exposure

MAE
MAE expe

accelerated reaction sy
(Mathews, NC, USA
ml closed PEEK vessels ¢
TFM sleeves, a power
sensor, and a temperature
extraction of anthraquinones
adding 0.1 g of ground dri
solvent in three of the vessels. The \?usﬂ::ﬂréra
placed symmetrically in the mi
For all experim
of 1200 W) was u
all extraction rul
were carried out
irradiation time )
solvent (ethanol:water| of 2
type of solvents (acgtone, ethanol ‘methanol,
and acelonltrlle), and temperature (60-120 C)
efﬁclenc After microwave

andﬂlerampingﬁmefor

To dctermlnc the percent recovery, the

f the amount of anlhraqulonones extracted by

ch extraction procedure (UAE, MAE, or
Soxhlet), and that remained after each
extraction was found to be comparable and was
taken to be the total anthraquinones in the root
samples (100%). The percent recovery was
determined from the fraction of anthraquinones
in the root samples that was extracted.

W,ﬂdﬂ;f f
60% of powerdutput (60% -

g8 o Ininiiss  HEYnsrirmes) ll[._ll-llIllllllliiil-lﬂl

mﬁm%wmﬁ d
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Measurement of anthraquinones
concentration

The analysis method for determining
the amount of anthraquinones was modified
from that described by Zenk et al [7]. The
concentrations of these solutions were
analyzed spectrophotometrically (Genesys 20,
USA) by measuring the absorbance at 435

with Alizarin or 1, 2

5 // droxyanthraquinone as a standard. This

tandard approach for determination of
é\qunoncs in the solution.

am‘ actrw!y measurement
ldanl activities of
- xtracts obtamed using UAE,

acts to scavenge the free radical
A-diphenyl-2-picrylhydrazyl) in

aring the antioxidant activity
5, concentration of sample

) was used as an index. To
‘the extract was diluted in
thanol and 2 ml of each diluted
ided to 2 ml of 110 yM DDPH

Model ZX3, VELP, Italy) and the
\ as then incubated for 2 hours in
ness at room temperature, after which the
ance was measured at the wavelength
ing ethanol as a reference.
be found from a plot of percent
n (PD=verSus the concentration of
gf values of PI can be
using the following equation:
PT (%) = [1-(A,/A,)] % 100
(n
in which A, and A, are absorbance of test
{_sample and absorbance of the DPPH reference,

Y3 A0S

Comparison of extraction methods

igure | shows extraotlon

anthraquinones  obtained  using MAE
increased  with  increasing times of
extraction.When compared with maceration
conducted at 25 °C, MAE gave considerably
higher percent recovery due to the heating
effect. More importantly, when compared
with maceration at 60 °C, MAE still resulted
in higher percent recovery after the same 60



69

minute extraction time. Although the solvent motion, and causing the solubility to increase.
temperature employed in both cases was the The increasing temperature may also cause
same, microwave heating occurred at much opening cell matrix, and as a result,
faster rate. Because heating is known to affect anthraquinones availability for extraction
the morphological changes in the plant sample increases. Moreover, at high temperature,
matrix and thus enhances product mass transfer, solvent viscosity decreases and the diffusivity
faster heating in MAE should therefore be increases, thus the efficiency of extraction
responsible for increased mass transfer, and increases [10, 12].

thus anthraquinones release rate observed. Thus
in MAE, the effects of higher heating and mass.
transfer rates synergistically increase the r h
anthraquinones extraction. When
compared with UAE (at 60 °C) in-
transfer was enhanced by cavitati
MAE yet resulted in higher initial-rate of

P

extraction. The perce ecoveri of th

product for both methad pLoa ‘ / Era

the same value after about }8 V#J & B "1 2 S
maceration, on the otk ang¥ ) o, Wl b ontiian
expect to obtain thé Same g€co ' : M
longer time period dug thegim; nsfer Time (min)

limitation in this sys| ompared : !

UAE. The result here dpresente _ igure. ct of extraction temperature of

advantage of MAE in shorte

extraction. The quality of the ¢
in terms of antioxidant 4
discussed.

ent [ype
ffect of the type of solvents on
il iency of MAE was determined
C. The percent anthraquinones
£ ‘ fter 15 minutes of MAE was
E“ - pared. The results in Figure 3, plotted
- L 7 L her  with those from maceration
a . - N%w J €xpeériments (45 minutes of extraction times),
/ f f & at fhcthanol gave the highest
_ sxtraction-efficiecyfor MAE, followed by
5 & K o & o a4 tfile, Jand ethanol. As seen in
e solvents behave differently in
' : d in Gonventional extraction. In
maceration wi L t microwave irradiation, the
Figure 1 Effect of extraction times of extractability of different solvents depeuds
maceration, UAE, mq’w on extraction alnly on the solubility of the compound in
efficien fer kinetics of the
SRuHaY10Y BN
interac influence  of
temperal is profitable for extraction due to microwave, heating rate plays an important
the inc solubility. In a closed mlclatvave role in extraction efficiency. the success
Vi in this study, the te re of the of MAEVis also determined two other
AT VRS
int temper A t, ! of the solvent.’ rst i nstant,
Tl uinones could greatly be enhanced. The or relative permittivity, €’. This parameter
ffect of extraction temperature which clearly describes polarizabilty of the molecule to an
demonstrates that increasing the temperature of electric field. It is a measure of the ability of a
the solvent from 60 to 120 °C significantly material to store electromagnetic radiation.
increases the extraction efficiency. This is The second parameter is the dielectric loss
because higher temperature causes factor, € ’, which measures the efficiency in
intermolecular interactions within the solvent to which the absorbed microwave energy can be

decrease, giving rise to higher molecular converted into heat inside a material when an



electric field is applied. From these two
properties, defined another solvent dielectric
property, called dissipation factor,d,which is

expressed mathematically by
g LU
) -
& ' @

the ability of the solvent to absort
energy and dissipate that ener;
heat. Thus, it is generally
solvent that heats up rapl

the solvents tested .ii
Table 1 [13].

Water 789

* Determined at 29}}
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From the above finding, although
methanol was shown to give the highest
extraction efficiency, it is highly toxic and is
not practical for use in food and
pharmaceutical processing. And although
acetone and acetonitrile gave higher
extraction MAE efficiency than ethanol,
ethanol is often more preferred in practice due
to its several advantages, such as being
derived from natural sources and having lower
For these reasons, ethanol was chosen
sequent investigation to determine the
different solvent to  water

anol-water compositions
effect of ethanol-water
on percent recovery of
umones |s demonstrated in Figure 4
{ ~From these results, it can

of microwave clearly

bat 2450 MHz "+ =

constant and the !1

which means that it-¢
microwave energy and transform it into heat
better than the other so!‘ erefore, as was

ict recovery across all
pivents used. This was due
In extraction temperature
cy advantages of MAE. MAE in
water was found to give the
hlghest percent recovery after 15 minutes of
O /extraction, followed by 50% ethanolic
more than 90%
cted within only

mmmmm Pl A L

hand, despite its higher dielectric

oonstant than methanol the dlss:pataon fagfor of

the addition of some ammmt of water
enhan€es, the cmct:on efficiency. One

Iso show that MAE of anthmqumones in
aoelone resulted in rather high extraction
efficiency. Compared with ethanol, the solvent
has comparable dielectric constant but has more
than twice higher dissipation factor, thus
acetone is expected to be more effective MAE
solvent than ethanol.

water whlch mcreased the oomact surface
area between the plant matrix and the solvent
[14-15].
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were continuously extracted with the fresh
condensed solvent for extended time period.
UAE and MAE on the other hand were
conducted in a batch system. Nevertheless,
ethanol-water mixture enhances the percent
recovery to up to approximately 96%, which
was comparable to using soxhlet extraction in
pure ethanol. At the same temperature, UAE
and MAE gave comparable recovery

various methods are tested and
using 1,2-diphenyl-2-
(DPPH) radicals. The
the DPPH absorbancc at 517 nm

\;‘ ation of sample producing
tior the radical absorbance
: ?"‘-‘g‘ S areshowan:gureS
The 1Csq for the extract obtained with
ightly higher than that of the
with Soxhlet extraction,

n of the antioxidant activity
could be resulted from the
radiation. Nevertheless, the extract
ined with MAE had higher antioxidant

from a 3 day maceraion id puge ethariol at
room temperature. & &Efﬂj
Table 2 Comparison o g recovﬂghéf
extraction time for different exfractio
=TT
methods Time Temperature (TR AIAS
AT
1. Maceration | 60 min =l <k

2. Maceration 60 min.
3. Maceration 3

4. Soxhlet ah
5. UAE 60 min | 60°C 62.23
6. MAE 30 min '6_3 8- 65.88 + 0.60
" MAE 'ﬁ )
1-6 [ex on I-E j I ] ﬁ |
7 [e ion in EtoH:water(80:20)]

lng the time required for extraction. When
consider Soxhlet extraction for 4 hours in
ethanol however, the results show that the
method was able to give higher yields than
UAE and MAE at 60 °C. The reason for this
was due to the fact that Soxhlet extraction was
carried out at the temperature closed to the
boiling point of ethanol, and the plant tissues

WS 1T

than those of UAE and maceration.

-activity_of the maceration extract

m extended extraction

posure to unfavorable

ight and oxygen. Although

rec ong extraction time, it is

) y kn that ultrasonication could

induce free radicals formation within the

liquid medium, thus causing oxidation and
.l‘;degmdatlon of the anthraquinones.

ERAl

o]

a

5NTe " 2 -
Maceration 3d UAESBOC MAEMBOC Soxbetdh

Figure 5 Antioxidant activities of extracts
obtained by various extraction methods.
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Conclusions [6] L. Basetti, J. Tramper, Increased
MAE gives the highest yields while anthraquinone production by Morinda
requiring the shortest extraction times when citrifolia in a two-phase system with
compare with the other methods. The main Pluronic F-68, Enzyme Microb. Technol.
mechanism for enhanced recovery of 17 (1994) 353-358.
anthraquinones with MAE was the dipole [7] M.H. Zenk, H. El-Shagi, U. Schulte,
rotation of the polar solvent in the microwave Anthraquinone  production by cell
field, which was highly influenced by the suspension  cultures of  Morinda

solvent dielectric constant and dissipation
factor. The appropriate condition for maximu

101.
anthraquinones recovery with M,"! : . Bassetti, M. Hagendoorn, J. Tramper,
extraction with 80% ethanol, at Jx* 4 factant induced non-lethal release of
tempemture of 60°C and ext nu on times of 3¢ umones from suspension cultures

citrifolia, Planta Med. Suppl. (1975) 79—

inda citrifolia, J. Biotechnol. 39
—155.

found to be the highest, ca , B. Chen, S. Xiao, S. Yao,
obtained with maceratioi ‘ and comparison of
results demonstrate the potentialsfor new MAE _ dificrent  extraction techniques for
to extract the antioxi g g 5a ine and chelerythrine in fruits
anthraquinones, fro i cleaya cordata (Willd) R. Br. Sep.
citrifolia. hnol. 42 (2005) 283-290.

Jiu, G. Jia, Y.Y. Shu,
extraction of
¢ acid from licorice root,
. Eng.J. 5 (2000) 173-177.
keto, A. Peltoketo, K. Hartonen,
n, M.L. Riekkola, Extraction
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