CHAPTER 1V

RESULTS AND DISCUSSION

4.1 Ultrasound assisted extraction
Effect of ultrasonication and its duration on extraction
Figure 4.1 shows the effect of ulrasonication and its durations (15, 30, 45, 60,

and 90 minutes) on the release of he experiments were carried out at

25 °C and at the power setti = he control experiments were

performed using macerati t u@ason’zﬂ—_’me at the same temperature.
Compared with macerati i as found to enhance the
extraction yield due to the intensification of mass
transfer and thus closcd’ the plant tissues. The
| microjets, causing tissue
disruption and a good pe ¢ ; ent i 1e tissue matrix ( Fairbank,
2001; Mason, 1992 Posty. #998: LormeradéRant 96 ). As illustrated in the
sclia tion of ultrasonic treatment

as the contact time between fiquid-an | solid. plant rials is increased. During the

g
first 15 minutes, the rate of anthraguinones exXtraction was high, after which it
== e ==

decreased considerabm O:¢ reason for thisﬂm ﬁe difference between
ent and its solubility.

the initial anthraquinees concentration i
h at antﬂaquinones located in the

Another reason for theBitiaIly g
outer region of particle was more readily/ accegy)le than that in an inner part in which

the plant ﬁssueﬂaru.ﬂ M cW?J%ﬁ)Wﬁ}tﬁ]oﬂﬁan is attributed to

external mass teansfer, which in this case s convective since fluid motion was
Y 1 TR o) TR e
inner p he pariicies in ifftise ‘through h?l) of' the' réet materials,

a
9

resulting in much slower cxtraction rate.
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The effect of ultrasoni >ratu 7  the clease of anthraquinones is shown
in Figure 4.2. The comp. " " zure Was made for extraction in ethanol at
a power setting of 3 at 25 ° f . Agal product was rapidly released
‘ &decreased. The percent recovery was
found to increase with increaS| due to the increased solubility of
anthraquinones in ethanol atHighér tempefatu ./t higher temperature, the
liquid viscosity and ‘;%:‘ creased mass transfer.
Furthcrmore, as a result of de < Ccavilation  within the fluid as a

result of ultrasonic treat ent occurs more easlly as the cohesive force, and thus the
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Sist tracti as investigated for
extraction of carnosic acid from ros
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tensile strength
of Albu et al.,



33

70
60
g 50
2 40
Q
>
S 30
8 ——25C
20
——45C
10
f
ol , j" 4 ——60 C
0 15 30 45 90':/ 75 90 105
Time (min)” " ¢ )
J =

Figure 4.2 liffect of extractioi femp
15.7 W.

Effect of type of solvent/
The effect of the #yp

and acetonitrile. The ultrasound

ture for ultrasonic cXtraction in ethanol at a power

—

sisgqqfexpeﬁlfyﬁnts were conducted at 25 °C and at the

power about 15.7 W for 45 minutés and the E@_Ttﬂi;iﬂwefe compared with maceration at

—

T
]

the same temperature as shown ir]_HFig,Q_r}: AdJg
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Figure 4.3 Effect of type of solvents on maceration and ultrasound extraction at ambient

temperature
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As seen in the figure, for the case of maceration, acetone gave the highest percent
recovery, followed by methanol, ethanol and acetonitrile, respectively. The different
extraction efficiencies of these solvents may be attributed to their differing polarities and
viscosities. Some properties of the solvents used in this study is listed in Table 4.1. Note
that the polarity indices of acetone, methanol and ethanol are similar. Acetone has the
lowest viscosity and thus the solvent could most easily diffuse into the root matrix thus
resulting in the highest extraction efﬁc r the 45 minutes. Surprisingly however,
acetonitrile on the other hand has thentxlje sity compared to the other three

solvents, but gave the lowe%cﬂon efﬁ |s could be due to its higher

har}he OIWS

polarity that results in lower solubility
When ultrasound w. /acetone. vmldsMhest anthraquinones in the

nd ethanol. "The results in Flgure 4.3 reveals

c

however the degree of glffﬁrs cpe

here, there was almost no in the e

for extraction in acetone ethan:

increase in the efficiency of e a’g‘tjqi?;vvas

solvent properties on the occurrerice and th ity of cavitation. As summarized in

sonic cavitation includes

e f 8 S,
Chapter 2, solvent properties uﬁpa’é‘tlﬁg the % ﬁtr
b

vapor pressure, VISCOTI IC. ‘“',:._é.';':_‘,.:.‘, 5 pemes medium vapor
pressure is most conducive to ultrasound activity sonieation in low vapor pressure

Ej;her cavitation threshold:
however the bubbles i ﬁ ith relativ hances plant tissue
disruption durmgiﬂ eﬁ % ﬂﬂsﬁﬂlﬁjﬁo er hand is not very
effective - more bl%bles are created, butsthey collapse with less intensity due to a smaller

mtern.ll/ﬂw ﬁ'ﬂzﬁ@ﬂr‘ﬁ m w%e’]u@dws@.fﬂ @u&]; cavitation

occurs morg easily in liquid with low viscosity as the ultrasonic intensity applied could

liquid produces few cav@!ﬁtional bubbles as a result of

more easily exceeds the molecular forces of the fluids. Furthermore, liquid with lower
viscosity has lower density and higher diffusivity, and can more easily able to diffuse
into the pores of the plant materials (Li et al. 2004). Surface tensions of liquid also

influence cavitational effects. In liquid with small surface tension, the energy required in
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order to produce cavitation bubbles, thus cavitation occurs more readily. These values at

ambient temperature for the solvents tested in this study are summarized in Table 4.1.

Table 4.1 Type of solvents properties (at 25 °C)

Type of solvents | Polarity index | Surface tension Vapor pressure ) .
Viscosity ( cP)

(mN/cm) (mmHg)
acetone 5.1 229.52 0.32
methanol 5.1 127.05 0.6

ethanol 59.02 1.2

acetonitrile 88.47 0.38

water 0.89

tensions, but differing gh acetone and methanol
have low viscosity that sc as high vapor pressure thus
resulting acetone and meth ive cavitational collapses - more
bubbles may be created, but t cotlap nsity. Of all the solvents tested,
the increase in the extraction eﬁfﬁ%iég_of rile was found the greatest possibly

; ; e TR : ; ; .
because of its relatively low viseosity and surface te hich help increase the

s also evident for the case

relatively low vapor préssure. The
lﬁof cavitational collapses is

of ethanol. Although ethanol has high viscosity, the intensi

violent due to itSF!TN vapor‘pﬁsur

TN IngIng

Summarizﬂl in Table 4.2 is the percent increﬁ in anthraquinones recovery as a

o WA AT SRR BRI @B e

the extraction efficiency to the greatest extent in acetronitrile then followed by ethanol.
However, acetonitrile is highly toxic solvent; we therefore select ethanol as extraction

solvent for the further study.

T olO/16727L
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Table 4.2 Percent increase in anthraquinones recovery by ultrasound assisted extraction

Type of solvent 'Recovery (%) __liecovery (%) Percent increase in
using maceration | using ultrasound recovery
Acetone 51.94 £0.043 52.78 £3.95 0.84
Methanol 46.68 £0.711 47.71 £1.23 1.03
Ethanol 34.81 £0.621 42.17+0.107 7.36
Acetonitrile 27.87+2.36 892 +1.93 21.05
% j

Effect of ultrasonic power §

The effect of ultrasoni : r 45 minute extraction at 25 °C

and the power of ultrasonic.w rgy check 3000, Germany).

The results are shown in the product recovery was
:ause as large amplitude of

ultrasound wave travel llapse more violently.
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Effect of ethanol-water compositions

The effects of cthanol compositions on the anthraquinones recovery obtained

after 45 minutes of maccration and ultrasound assisted extraction at ambient temperature
are shown in figure 4.5.
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Figure 4.5 Effect of ethan ttons extraction efficiency of maceration and

ultrasound extraction

—
This result demenstrates .Ihe-im royement of cxtraction efficiency with the

addition of some amoung of r was posmble for both maceration and ultrasound

o g
oﬁuét rccov |hcrcascd with i mcreasmg percentage of

swelling of the plant, which helps -rm:rease thc:surface area for solute-solvent contact.
Furthermore, the presqnlce of watef fowers th‘ef ih‘iture wsciﬁty thus mass transfer is
improved. At hlgher

Yy 91 however, the product
recovery was the lowest-as high content of water mcreaseS'the mixture polarity to the
degree that it no longer is"favorable for extraction of anthraqumones.

When ultrasound (poWer .15.7, Wy at 2573G), was appliedsextraction efficiency
could be improvedidueltoltiie effeét bflultrasoni@ cdvitatidn at meéntfoned previousiy. The
same trend was resulted as with maceratlon in whichuthe extraction efﬁmency increased
with the amounit of water added until up to 50 %. In the presence of water the intensity
of ultrasoriic cavitation in the solvent mixture is also increased as the surface tension
increases and the viscosity and the vapor pressure decrease. In addition to the
cavitational effects, ultrasound has been shown to facilitate the hydration processes of
dried materials which cause the plant materials to swell more readily. This rehydration is
important to help regain the capacity of diffusion and osmosis that had been lost as a

result of tissue desciccation that occurs during the drying process. Despite, the high



38

vapor pressure, surface tension, and low viscosity, the mixture of 20% ethanol has the

polarity too high than it can be effective to dissolve the anthraquinones.

4.2 Microwave assisted extraction
In the second part of this study. microwave assisted anthraquinones extraction
was investigated. For all experiments, 60% of power output (60% of 1200 W) was used.

The ramping times for all extraction runs were 2 minutes and the sample to solvent ratios

were fixed at 0.01 g/ml. The effects of vati r/z/tors are investigated.
7Z.
TE——

The release profile o aquinones for various d

Effect of extraction times
ations (5, 10, 15, 20, and 30

minutes total time, includi 7 and holding tiime) of microwave extraction is

shown in Figure 4.6 for ion at 60 ° C. Similar to ultrasound assisted
extraction, the yield of an 6 obtained rowave assisted extraction
increased with increasi he v,,\\.,\ aquinones release was the
highest in the first 5 mi chithe r"~ :ereased considerably. When
compared with ultrasonic e e same emperallire of 60 °C, the initial release

rate for microwave extraction Mer The Pekeent recoveries of the product for both

methods however approach the safme value afie

than that of maceration. The teason for. this ¢ ion is-that the heating rate in

bout 18 minutes, and are much higher

microwave equipmentismore raj
% S

]
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In a closed microw ; -\ nperature of the solvent
can be increased above the Boilj temperature. As a result, the solubility of
anthraquinones in the solventat gleya " ' i e \ e greatly enhanced. The

effect of extraction tempera h can be clearly seen that

increasing the temperature from 60't6 120 © antly increase the extraction

efficiency due to the increased solii y_;%,{wg_j

il 2 increase in solvent diffusivity.

MoreOVCl'., al high te 1 perature, the visCosity of ethan Ol decr: ;*. thUS the efﬁciency Of
) ‘
extraction increases. . s
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ncy of microwave

extraction was determined a . The percent anth n ones recovery after 15
minutes of microwave extr liffErent S0lvents Vere compared. The results in
Figure 4.8 demonstrate that metha 10k ga € the'l t extraction efficiency, followed by

acetone, acetonitrile, and ethanol_._'_ e, the solvents behave differently

in microwave assisted ¢ A ithout microwave, the

extractability of differenf'solvents »” i and viscosity as
previously describe. Undﬁ the influe ave, the @)avior of solvents is

highly dependent not only qa the solvent dielect&} constant, but also its dissipation

factor. The form t‘; &J) g‘% ﬁm qﬂ‘%ﬂergy, and the latter
dlSSlpa es the a

is the ability in w sorbed energy mto heat. Thus, the higher the

AL -V )
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of methanol is the highest of a so&éﬁﬁ"testeﬁ' ' study. This attributes to the highest
extraction efficiency resulted. Althoqgﬁﬁcexaws higher dielectric constant than

methanol, the dISSIpatlQn'Ifactor of the solvent is low; the rate cating of this solvent is

therefore low. Next to s Xtraction efficiency under
. it has cdﬂparable dielectric

constant but more than twicg higher dissipation fagtor, thus acetone is expected to be

= FUHERTNE RS
AMIANTAUUNIINYAY

hanol, acetone showec

the influence of microwave. Compared w
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Table 4.3 Dielectric constant and dissipation factor of solvents

Type of solvents Dielectric constant (F/m) | Dissipation factor
acetone 20.7 0.5555
methanol 32.7 0.6400
ethanol 243 0.2286
acetonitrile 375 0.062
water : ‘\\“/0 0.15
Although methanol was@c}‘ ;w t extraction efficiency, it is
highly toxic and is not practﬂd-fen-use in febd ameutical processing.
Eventhough acetone show! ghe tefﬁcxe‘_ ILis often more practical to start
with the same solvent asi \ma)\l

ethanol. In the next secti

ﬁition\eﬁ‘i}on, which in this case is
¢ mposition of ethanolic solution in

water would be investigat i '_ o wa%.e e&raction.
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Figure 4.9 Effect of ethanol compositions on efficiency of microwave extraction at 60 °C
at 15 minutes.

Figure 4.9 shows the effect of solvent compositions on efficiency of microwave
extraction at 60° C. The results demonstrate that the use of microwave clearly enhanced

the product yield in all compositions of solvents used. This is due to the increase in
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extraction temperature. For microwave assisted extraction, 80% ethanol in water gave
the highest percent recovery after] 5 minutes of extraction. Using both 80% and 50%
ethanolic solution, 90% anthraquinones could be extracted within only 15 minutes. This
is possibly due to the relative polarity of anthraquionones compound. Furthermore, some
amount of water increases mixture dielectric constants, which helps absorb microwave
energy, thus increasing the extraction efficiciency. The values for polarity indices and

dielectric constant of ethanol mixtures at various compositions are shown in Table 4.4.

The polarity indices of the mixtures inc 1 increasing water composition. The real
polarity index of a mixture is ve but it may be determined
approximately by the followm&uat

' 4.1
where P and f are the polagi ¢ e fi ectively; and subscripts
mix, ws, and ss represent pure solvent (Perdersen
et al., 1996, http://www.vydaé.c N;;Q‘c,ie.s (204-229).pdf). In case
of the dielectric constant ted from the following
equation:

4.2)
where, €, is the dlelCCtl‘lC constant’éﬁfrﬁéeld Ve, me of i solvent, V is
the total volume of mixed solves solvent (Hao et al.
2002). S

In addition to thejason descrlbed above, the presence of water enhances

swelling of plant EI ﬁﬂw plant tissues and
the solvent, thus lﬁm ﬁ%lﬁml 1 &l ﬂﬁlﬂlﬁzzow). However,
if the amount of wz&'clar was too high, the diclectric constant of the mixture. increases but
the d|55|p@)wq aﬂasﬂtﬁsmlﬁd%qu‘}%lgasa Iﬁ\
microwave €nergy but would not be able to dissipate the heat as effectively as solvent
with lower percentage of water. It is, nevertheless. interesting to note here that, unlike
maceration or ultrasonic extraction, microwave extraction with 20% ethanolic solution
gave higher recovery than pure ethanol. A possible reason is that water could more easily

penetrate into the plant material and reside within the cavity of plant matrix. When this

water absorbs microwave and dissipate heat right next to the plant tissue, the heating
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effect occurring within the plant matrix caused the product to more readily release.

Furthermore, this heating effect within the plant tissue may enhance the structural

changes of the plant matrix, thus further increasing the product mass transfer.

Table 4.4 Ethanol compositions properties

Ethanol compositions Polarity index Dielectric constant
100% 243
80% S 32.126
50% = T / 46.76
20% 8. 65.27
4.3 Comparison of ultr ical methods

The efficiency of

icrowave was compared with

that of other classical met | I‘i
e
ahiiad
Table 4.5 Comparison at (g@é: regover: ction times for each
method. ,.i*?-‘.llf?‘ﬁ
Extraction methods | Time I_ np u e of solvent Recovery (%)
Maceration : | 63.33 +2.734
Soxhlet Extraction | ” ~L 97.74 + 0311
Ultrasound 60 min 60 °C Ethanol 66.43 +0.48
extraction ﬂ ﬂ f] VI E] V w EI ’] ﬂ ‘j
Microwave 4] 30 min | 60 °C Ethanol 65.88 +0.599
extracti %_F H ~ g I
Ultrasoi;; l I i j G}J(_; N thanol:water 95.72 +0.532
extraction (50:50)
Ultrasound 60 min 60 °C Ethanol:water 95.07 + 1.49
extraction (80:20)
Microwave 15 min 60 °C Ethanol:water 9591 £ 0.716
extraction

(80:20)




45

As seen in Table 4.5, at the extraction temperature of 60 °C ultrasound and
microwave with pure ethanol for 60 and 30 min respectively, gave comparable recovery
(approximately 65%). This is also comparable to that resulted from maceration in pure
ethanol at room temperature for 3 days. Clearly, by reducing the time required for
extraction, ultrasound and microwave assisted extractions are promising methods that
offer improved extraction efficiency. Soxhlet extraction for 4 hours in ethanol was able
to give higher yields than ultrasound and microwave assisted extraction at 60 °C as the
ﬁc to the boiling point of ethanol, and

h condensed solvent for

extraction was carried out at the temper.

the plant tissues were continuous
sisted extractions on the other
% ethanol as solvent in
ultrasound and microwave i uldlin ¢ the t recovery up to
approximately 96%, which i > Usi soxh ction in pure ethanol, but
with shorter extraction time i T the : iperature and solvent volume used,
ultrasound and microwa G ) ; 0 al covery, with
microwave extraction requi ‘halil ' i - of that of ultrasound

assisted extraction.

4.4 Antioxidant activity

= ""

/A
Antioxidant actjgny of the extracts ogtamm ﬁ hods are tested and

v s. The DPPH radicals at
ab ranc&j} reduced after 2 hour

incubation in darkness with tye anthraquinones swple For the purpose of comparing the

tioxidant activi 50%
antioxidant ac wnﬂ Sorbancjlaﬂ %wmﬁ%mg

reduction of the r. ‘if s0) was used as an index.

™AW dy

compared using 1,2-dipl

517 nm give a strong abs@tlon na
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Figure 4.10 Antioxidant actj quinon S in variolis methods at the maximum

percent recovery.

The results show e aing ¢ 1 isted extraction had
higher antioxidant activities (' "A'I d extraction and maceration,
but have comparable activity to a}'f?:%'[ d- ) traction. Lower activity of the
maceration extract was resulted fronﬁtﬁérdé tion that resulted in long exposure

20w

. < "l-',pf-'l"f'!r‘_-.‘- ' "’- " " .

to unfavorable condmotssuch as"lfght’ and ox Althou asonic assisted
L i -

1e. known that ultrasonic

uce free radical : n the liquid medium, thus
oxidation and degradatio:l‘af the anthraquinones could have occurred under this
condition. When mixtur tﬂéﬁnﬁ v, q'f ion medium, the
antioxidant activiﬁ:ﬁﬂ. is zjbﬂﬁewﬂ:jlﬂ ﬁ other water
soluble compoundsivlvere extracted along@with anthraquinones. Further study is needed to

cemn@RATE AR ANINEIRE

extraction did not requ



	Chapter IV Results and Discussion
	4.1 Ultrasound Assisted Extraction
	4.2 Microwave Assisted Extraction
	4.3 Comparison of Ultrasound and Microwave with Classical Methods
	4.4 Antioxidant Activity


