CHAPTER 11
BACKGROUND AND LITERATURE REVIEWS

2.1 Morinda citrifolia

Morinda citrifolia, known commercially as Noni (Figure 2.1), is grown widely
throughout the Pacific and is one of t a,uable sources of traditional medicines.
All parts of the plant such as leq\és,_‘\&;[f/‘ bark also have modern medicinal

applications. Leaves have beom tr(_ejt b qﬁl‘fection and inflammation. Roots

and bark are used for bacterial n eM pregnancy. Green fruits are
used for halitosis infectio ES

and t
al), en's\a’bla,mps, arthritis, and gastric and
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Figure 2.1 Morinda citrifolia plant



2.2 Anthraquinones

Anthraquinones is a group of compounds in the roots of Morinda citrifolia plants,
which is highly soluble in organic solvents such as ethanol and dichlromethane. For a
long time, the yellow extract of the roots had been used as dyestuff. Recently, the ability
of the anthraquinones to protect human body from various kinds of diseases is becoming
more recognized in scientific community. particularly as antioxidant. anti-bacterial, anti-

viral, and anti-cancer agents. The basic chemical structure of anthraquinones is shown in

0-anthraquinone
NI e J 1., 2004)
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(Gow-Chin Yen, 2000; Epstein, 2003) (Gow-Chin Yen, 2000)

Figure 2.3 Anthraquinones Derivatives

In this work, alizarin (1,2 yanthraquinone) is used as standard

compound. The properties of aliz
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2.3 Mechanism of Extracthp,-—q =

I.

Solvent extra gn for extraction of natural

. when plant materials and

solvent come into close ¢ontact, the uglmw tortuous passages of the

solid matrix to solubilize t.be desired components (solutes). The dissolved solute then

diffuses out of factors that control
extraction proceﬂunﬂ mam% my;tﬂe scﬁﬁf The mass transfer
of this process de ends on many factors suc of the solid
sample Q W Iﬁaln ﬁajﬂﬁiﬁ%ﬂﬁﬁmly upon the

polarities (%the solvent, and compounds of interest.

2.3.1 Solubility
The solubility of the desired constituents greatly influences the efficiency of

extraction the process. It is a measure of solute conceniration that is in equilibrium with
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the solvent at a given temperature. Generally, it can be said that similar substances are
soluble in each other and that the most appropriate extraction solvents or mixtures of
solvents should have nearly the same polarities as those of the solutes. A property of a
solvent that determines its polarity is the dielectric constant. Highly polar solvent like
water has high dielectric constant of 80 at 25 ° C. Water-like solvents generally have high
dielectric such as methanol and ethanol have diclectric constants of 33 and 24,
respectively. Non-polar hydrocarbons such as gasoline have low dielectric constants (e
=2 at 25°C). '

In general, the solute solub ‘\\\a‘o‘ U8 oudthe interaction between the molecules
of the solute and the solvent, Which is dictated=5¥"the molecular structures and the
activity coefficient of the solutie lo verw always the case. Similar

S

molecules such as Phenant mers exhibit very different solubility
in benzene (20.7 and 0.81

solubility does not only depend o

ple demonstrates that the

10 g ely, . 1 ‘-..;:

but also the ratio of fugacity of

pure solid and the standa

ollowing equation.

(2.1)

Triple point m::ramre Ty o/
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Figure 2.4 Path independence thermodynamic properties

AM =AM+ AM, |+ AM _, (where M means any state property)!!!
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The ratio of the two fugacities are relate to the change of Gibbs energy in going from the
state of solid (denoted as state a) to subcooled liquid (denoted as state d) following form

equation:

A(I RTI [ f\uﬁuml d=liqrd ] (2'2)

prre=solid

The change of Gibbs energy is related to the change of enthalpy and the change of

entropy by the following equation:

~TAS, (2.3)

on employ thermodynamic cycle as

thalpy.dnd @not dependent of the path, the

To calculate AH ,_,and AS,
shown in Figure 2.4. Becausg

AH ,_,4and AS,_,,can be
., (24)

ACy, dT (2.5)
where Ay, is the enthalpy i+ the difference between the
heat capacity of liquid and ‘ {1 capacty=e . and 7, is the triple point
temperature of the solute.

Similarly. the entrop ange from.a ctermined from the following
equation V‘— - ;-r‘

Q (2.6)
which can be written as 1 Iows

Y ININTNYNT o

where A4;,S is ent@y of usion which i |s related to /J,r,,;ll by the followmg equation:

AR ﬂ\‘lﬂ‘imﬁﬂ%ﬁﬁ’mﬂﬂﬂ i

substitutmg Equations (2.7). (2.5) and (2.3) into Equation (2.2), and assuming that ACp

is constant over the temperature range 7, —> 7', we obtain the following equation.

.\u cooled =liqui A s H 7‘ ‘ T
n S ettt = —’—l)—A(.‘,.[~——I +AC, In (2.9)
.fpur('».\u/nl RT; T 7
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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.
A, S T T
X =L L—I +AC,,(—’—1)—AC,. ln[—’ ~Iny (2.10)
R \T T T

As an approximation, the term of ACp can be neglected and it is permissible to

substitute melting temperature for triple point temperature Then, Equation (2.10)

becomes:
. ﬁ,/ﬂ--/ny .11)
To represent the values at equi m Or s2 @persoript, SAT, is used and the
equation becomes: 7 ,
This equation shows ¢ “Solute “solubility ends on temperature and

as . represented by the activity
§ equal to 1. For nonideal
solution, activities coefficient is : , any solubility estimation methods such
as Robbins chart. UNIFAC mg el _;..,. olubility parameter. and Margules equation
can be used to estimate of the vahie of cocfTicient, and thus solubility. The
knowledge of solute s lubility in €xtraction so it warious conditions is useful for

the design of the proc ‘;'ﬁ,_,f— "

2.4.1 Conventio

2.4.1.1 Maceratné SOlvenﬁﬁrﬁl {] ﬂ ‘j w EI ’] ﬂ i

Maceratlonq'linvolves soaking plant samples IHrganlc solvenhj)r an extended

s QTR IR TR ARV 6] e o

extraction qm

2.4 Methods of Extrmtion

2.4.1.2 Soxhlet extraction
Soxhlet extraction involves removal of extracting compounds from plant materials
by dissolution into a refluxing liquid solvent that is brought into contact with the plant

materials. The apparatus used is shown in Figure 2.5. Tvpically. plant material is placed
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in a thimble case which, in turn, is placed in a cavity that is gradually filled with the
extracting liquid, .resulted by condensation of vapors of the solvent from a distillation
flask. A portion of liquid with dissolved solutes is pulled out of the cavity back into the
distillation by means of a siphon. Thus, as the process continues, the concentration of the
solute in the bulk liquid in the distillation flask continues to increase. This extraction is
carried out until virtually all the extractable compounds are exhausted. This method has
several advantages, the most important one is that the sample is continuous and

repeatedly brought into contact with fres ﬁrﬁons of the solvent. Furthermore, the

temperature of the system is close 1 of the solvent. which increases the

i , _ raction at ambient temperature.
On the other hand, the m@ ‘ ,‘%‘35 including long extraction
time, which reduces samW ' \% heat is constantly supplied

during this long extraction labile compounds may occur.

Compared withrgormal flui ids un ressuie and high temperature

4

s transfer 11 extraction process.

have special character ffusion coefficient. These

characteristics enhance essurized fluid, especially

supercritical carbon dioxfdeswand subcriticdl” water have been focused as an

environmentally ﬂnu %}aﬁ] rw %} %‘Euw ﬂncﬂ 5 temperature (304. 1

K) supercrltlcal clrbon dioxide has betan mostly used for extraction Rrocess of natural

products aﬁ. qf](%ﬂllﬁl ﬂ]}uﬂ Enjbeyond the
critical pomt is highly corrosive is not suitable for the purpose of extraction.

However, subcritical water, which refers to water at the temperature between the boiling
point temperature and critical temperature, have been shown to have high potential for
extraction of slightly polar compounds from plant materials. The review of this method

and the study on its application for extraction of natural compounds inclduing



anthraquionones can be found elsewhere (Pongnaravane, 2003 and Pitipannapong,
2003).

2.4.2.2 Ultrasonic extraction

Ultrasound is a high frequency wave at more than 20.000 Hz, the frequency
higher than what human can hear. It is produced by the vibration caused by a rapidly
alternating electrical poteintial of a synthetic piezolelectric crystal. The crystal expands

or contracts when an electrizal potentia! i ied. As the ultrasound crystal vibrates, it

sends an ultrasound wave that ¢ ompression (positive pressure) and

rarefraction (expansion or n

/

J .
L iis

|

ey ‘ i
i L) '
/ i)

Figure2.5-Chat;

| ’?ﬁ;‘,;

| A

Compresann I REE O

4
i A o )
Ultraso 1ad has®een app dary metabolites from various
plant tissues such as leaves of tea, mint. sage. chamomile. ginseng. arnica. and gentian
(Vinatoru et al., 1997: Mésamet al., 1994; Salisova ei al., 1997: Hromadkova et al.,

1999: Li et al., 9% ﬂega iMs&Lm @W‘Eﬂ m% ultrasound assisted

methods can enhance the efficiency of‘producl releag generally by sagtening the time
of extrﬂWﬂsﬂ.Qﬂ tﬁﬁ ﬁe§?[?1 thj:’qdﬂc%]efﬁciency of
this lechnq]uc is attributed to the phenomenon called acoustic cavitation which causes
mass transfer and tissue disruption within the system. Cavitation phenomenon occurs in
liquid media subjected to acoustic disturbances when the acoustic pressure during the
rarefaction phase of the cycle reduces the total pressure to a specific threshold value.
This causes the growing. collapsing, microstreaming of bubbles of existing gases in the

medium. This threshold value of the acoustic pressure amplitude is a function of a
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number of physical parameters that describe the state of the medium. These include
temperature, pressure, frequency, kind and amount of dissolved gases, and previous
history of the medium. In general, the threshold for cavitaiton increases with increasing
frequency, sample, pressure, and sample viscosity, and decreases with increasing gas

content and temperature.

Acoustic cavitation

pressure on the liquid, pulli - ; another. If the ultrasound is
sufficiently intense, the expansior reate cavitic or microbubbles in the liquid.
This will occur when th X ‘-- al tensile strength of the liquid,
which varies according , \’ \ ‘

d. Once formed. small gas bubbles
irradiated with ultrasoun A nd waves and grow during the
."\‘ ycles. Cavity growth and
recompression depend on the sty an i thesfie juency of the sound and the properties

of the liquid.

At equilibrium. the pressure j&
ey
inside the bubble are related by the

Y]

Ry

¢ a

- .
Here, Py is partﬁﬂﬂ(l € t(%pﬂcwﬁawg %ﬂ ﬂissure due to gas
& / ‘ :

content in the bulbible. Py; is hydrostatic pressure or base pressure and Py is acoustic

) WL M TO bl (1013

bubble growth. the value on the right hand side is higher than that on the left hand side.

while the opposite is true for compression phase.

There are two types of cavitation: transient cavitation and stable cavitation. In

transient cavitation, filled gas and vapor bubbles undergo irregular oscillation, growing
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several times their initial size, and implodes violently while producing intense local
heating or “hot spots™ having temperature about 5000 °C and pressure about 1000 atm
(Suslick, 1999; Thompson, 2000) (Figure 2.6).

When cavitation collapse occurs in a liquid close to a solid surface, the dynamics
of cavity collapse change dramatically. In pure liquid, the bubble retains its spherical
shape during collapse, but close to the solid boundary, bubble collapse becomes
nonspherical and produces high-speed jets of liquid (Figure 2.7). These liquid jets

driving into the surface have been obse at the speed close to 400 km/h and the

tion of the surface. In ultrasonic
d thus better contact between
ating due to transient cavitaiton

causes supersaturation of stizht!v so unds. hesice increases its solubility in the

Stable cavitation, ongtheothe ‘ scurs wheh.the bubble does not collapse
' I begin to pulsate in time
with the frequency of thefac able cavitation bubbles induce

around them a microstreami: s transfer in the fluid.

Buibles collapse
11 SOME 363100

ama\ammmwgma

Figure 2.6 Cavitation and implosion

( reference www.variclean.nl )




s - \\
/.‘//"\v/—\ ‘\_\
P 4 //\\. I/-\‘.\ \\\ N
/ / = R

Figure 2.7 Formation of pse near an extended
surface

Factors effecting acousti

end on the characteristics of

ulstrasound and the prope I'thro ch the sound is irradiated.

Acoustic pressure (or intensi

At high intensities, a small-¢a\ "; /gl pidly during rarefaction cycles and
£ LAY /0Vg g Y

collapsed violently duris

Z X

Acoustic frequency m — m

At high frequency brtﬂes grow and recgpress rapidly. the bubble does not

i e G BYLBIAG HR G

threshold increaseq In other words, transient cavitation does not occur easily. High
. 1 - v/
T RTETAATI N8 Y
q

Surface tension

Surface tension is related to the cohesive force of the liquid molecules or a
tendency in which the liquid reduces its exposed space. Liquid with high surface tension

has higher intermolecular interactions and thus in this liquid, ultrasonic cavitation is
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more difficult to occurs. On the other hand, the degree of cavitation is more violent in

this liquid.

Hydrostatic pressure
At high hydrostatic pressure. the bubble growth occurs less readily but once the
cavity occurs, the collapse can be violent.

l’# lar interaction between the liquid
nd degree of cavitation is also

Liquid viscosity

When the liquid viscosity.
molecules is also high. Cavig

low.

Liquid temperature ‘

When the temp id inere . ; cular interaction between
the liquid molecules d 5 in for ultrasonic cavitation.
»lty of the liquid, thus the

occurrence and the degree of favitaignare | it high liquid temperature.

In liquid with high vaper picssure n_more easily grow and thus the
cavitation occurs easil Hrng the collapse is low. On
3 L)
the other hand, liquid vu 3 'ﬁ»; on bubbles that implode

with relatively greater " mity but results i fewer bubbles and a higher cavitation

- HUU?WHW§WHWﬂ§

Existing gases

RRIsiam R
within the bu ¢ growth the other hand. the ex15tence of these

gases will cushion the collapse making it less violent.

Types of ultrasonic equipment
There are two types of ultrasound source generally used in biological and

biochemical experiments: ultrasonic bath and ultrasonic probe (Figure 2.8). Ultrasonic
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bath is designed for cleaning purposes commonly operated at frequencies between 20
kHz and 50 kHz. Frequencies above 50 kHz are more commonly used for high precision
cleaning. Ultrasonic probe was first commercialized for biological cell disruption and
lab-scale emulsification. The latter system consists of an acoustic horn conducting the
sound energy from transducer to reaction medium. In our study. ultrasonic bath will be
investigated for its effects on extraction of anthraquinones from root tissues of Morinda

citrifolia.

2.4.2.3 Microwave extract'upn

Microwaﬂﬂﬂzﬂeﬂrﬂ%%:Wlﬁqhﬂ %’: a frequency range

from 300 to 3 he most commonly used frequency for commercial

i i iHz. € e caccneof er than its
common@kﬁﬂﬁg\iﬁfﬁmﬁ %mﬁﬁgﬁﬁ) ’ sﬂ}; utsl;d f(:r

radar and teqlecommunications transmission.

Like all the other kinds of waves, microwave alternates between positive and
negative cycles above and below a horizontal baseline. As the positive half cycle of the
microwave travel through a polar liquid medium, the negative portion of the liquid

molecules are attracted and attempt to aiizn themselves with this positive field of energy.
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Then, when the microwave energy alternates to the negative half cycle, the opposite
occurs. The negative part of the molecules is repelled and the positive part would be
attracted. In polar liquids. the liquid molecules are said to be able to absorb microwave.
Other non-polar liquids or solids such as glass, paper, and plastics are transparent to
microwave. Heating effect of microwave occurs when the molecules of the polar liquids
could not align themselves quite quickly enough to the electric field of microwave. This
is due to the high frequency of electrical field (2,450 Hz), the molecules do not have

enough time to line up with the field dusingithe positive wave cycle before the electric

LA (13N R 1R Tik

Like in ary typical solvent extraction. the deminating factors_that govern the
extracti(QeWic{I})ﬂﬁuﬂﬁvﬂ%s&d%ﬁc@nﬂtﬂﬂhﬁo&}ﬂity of the
compoundibeing extracted in the solvent. the mass transfer Kinetics of the product and
the strength of the solute/matrix interactions. In microwave assisted extraction. the
dissolution is enhanced by increasing the solvent temperature when under the influence
of the electromagnetic field. Thus. the success of microwave assisted extraction can be
said to be determined by two parameters defining the dielectric properties of the solvent.

The first is the dielectric constant or relative permittivity, £. which describes the
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polarizability of the molecule to an electric field. It is a measure of the ability of a
material to store electromagnetic radiation. The second is the dielectric loss factor,&",
which measures the efficiency in which the absorbed microwave energy can be
converted into heat inside a material when an electric field is applied. Thus. in choosing
an appropriate solvent for microwave assisted extraction, one must consider the
solubility, dielectric constant, and the dissipation factor, &, which is the ratio of the

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

(2.13)

where ¢ is a dielectric lectric constant or relative
permittivity (F/m).

To achieve the may st choose a solvent that has a
high dielectric consta igsipation fa Dielectric constants and dissipation

factors of some common

Dissipation factor/

Solvent tan Sx 107
Acetone F 7 T ¥l 5555
Methanol 6400
Water 78.3 12 1570

‘<, o/
e ‘LIEI’?‘TI UNINHINT”
Hexane 4 “~1.88 .0001¢ .10 ‘
Ethyl Acetate 6.02 ¢ 3.2 & 5346
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Literature review

Ultrasonic extraction is employed for the extraction organic and inorganic
material such as bioactive principles in organic compounds such as (Vinatoru et al.,
1997 Salisova et al., 1997) and Ca, Mn, Mg and Zn (Korn et al., 2001) from plants
material. Review of previous work on the environmental applications of ultrasound-
assisted extraction is summarized in Table 2.3. Many investigators compare ultrasound-
assisted extraction with classical extraction methods (Hromadkova et al., 2003; Pappas
et al., 2002;: Salisova et al., 1997; Schi y/ al.. 2003; Kovacikova et al., 1999;

Vinatoru et al., 1997; Albu et al. ¢ effect of ultrasound intensity on

t ultrasonic assisted extraction
i - f ’ ‘—_' . 3

was more efficient than conv cXtrac d that as the intensity and
\ d.(Liet al.. 2004; Korn et al.,

2001; Palma et al., 2002: 997: \ \ ., 2003)
Apart from ultrasou e asslsted extraction has also
been employed for the
seed. food and feeds (Sal

olid matrices such as soil,

ore efficient than Soxhlet

extraction for polar comp > A \ lous work on environmental

ummarized in Table 2.4. In these
works, the microwave assisted “found to be more efficient than
2003; Liu et al., 2004,

—_——— .
ettt eatlcotictenttaCLIC t”ne com are to th
e pared at

conventional solvent extractio

Carrillo et al.. 2003) a5 ¥

°l a

required in the conventions ble-to vield a higher amount of

the extracted compound Y 'spucially when the power of mictowave was increased. (Li et

VLT P4 TR
wwmnmiwﬁwmﬁ’a
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