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CHAPTER |

INTRODUCTION

1.1 Rationale

Terminalia chebula Retz. is a native plant in India and Southeast Asia. In

Thailand, the plant is commonly known as Samor thai. There has been considerable

interest in this plant in the field of.k jedicine due to its numerous phytochemicals
contained in different parts of th important part of Samor thai is the
fruit, either fresh or dried. Wh : @n have the strongest antioxidant

o‘-'mtﬂ Indian medicinal plants
NN

capacity and the high

(Surveswarun et al., 20€ e/ ffuits o el contain several polyphenolic
compounds including #@allj i g}}} \ 1{; Q“ (EA), and corilagin (CG)
(Worasuttayangkurn, 2004). J -ompalnds a \‘n ted with a lower risk of various

chronic diseases. For exangplefgdllic aeid: ic he -\‘\ ote apoptosis, attenuated GO/G1
to the S phase, and COX i \ adlcner et al., 2006), caused growth
inhibition and apoptotic -145 prostate cancer cells (Veluri et al.,

2006), and induced apoptofic el death i GaReer cell lines including human stomach
e
cancer (KATO IIT) and humari-cGlof adénteateimoma (COLO 205) (Yoshioka et al.,

2000). The cumpuu sund_to shosw moder --*1 ‘ in vifro cytotoxicity against
aV-3, SK-MEL-2, XF-389, and
the cell viability, inhibited cell

cultured human tumu
HCT-15 (Lee et al.,

proliferation, nﬁ:ﬂj ‘ﬂlﬂf m ﬁ es (MCF-7, S115, HOS-
1, PC-3, and ﬂﬁw to be able to induce
p33/p21 expression, G1 arrest and aﬁ:ﬁs:s in bl&dder cancer cclh'ﬁ et al., 2005) and

mducedmaﬂ; alﬂﬂim ki 'ﬂ&rmaﬂf;] au . In addition, the

mrnpuund was found to have antimicrobial effects on bacterial human pathogen (C.

Ellaglc acid hc!pr:d to decrea

accolans) as well as on human pathogenic yeast (C. albicans) (Fogliani et al., 2005).
Corilagin is a phenolic compound found to be protective against GalN/LPS-induced liver
injury through suppression of oxidative stress and apoptosis (Kinoshita et al., 2007). The
compound could potently inhibit HIV-1 replication in Hel.a CD4" cells (Notka et al.,



2003), and exhibited strong antioxidative activity as active as epigallocatechin gallate
(EGCG), a strong antioxidant in green tea. (Tabata et al., 2008). In general, for the
medicinal compounds in herbal fruits such as 7. chebula to take the effect, a large amount
of the fruits must be consumed. For these reasons, extraction and concentration of these
phytochemicals are often necessary.

Phenolic compounds such as gallic acid, ellagic acid, and corilagin were reported
to be effectively extracted by organic solvents such as ethanol, ethyl acetate (Kaur et al.,
1998), ether (Malekzadeh et al., 2001), and 70% methanol (Saleem et al., 2002).
l noved from the extract, they would be

However, if these solvents were

harmful to the consumers’ healuh, At 1 prCols research showed that these phenolic

compounds could also be gily With hot water (70-80°C) (Naik et al.,
2004), the process took a lan® Lufle due fo e.L..- lubility of the compounds in water.

To increase the solubilitys®! e’ gompaund: mperature should be increased. In

3 “\ \ srature can be further increased
beyond its normal boilifg g J}ﬂ ® ﬂ \ 1 conditions water is called pressurized
hot water (PHW) or subgFitigé atr.' \ tract various organic compound

s ’ Ef}
Increasces. 4 J.rq

Water at subcritical® caj f"'f ons 1 ers to water in liquid state with
temperature between boiling nd Gitigal temperature (374°C), temperature at
critical point. Prac ---_-Tm-—-e"-mn--—-.---.-—.--—;Fj (SWE) provides a
number of advantap , techniques such as lowering

extraction time, IDWE the cost of the extracting : ! ent, and being environmental

friendly solven Hﬁ xtracted from plants by
subcritical wmﬂ g %cgm miﬁﬁnﬁn mm grape seeds (Garcia-
Marino et al., } and hydrolysable tannins fres Phyllanthus gururi (Markom et al.,

2007). lﬂm qmm&%% ang%ﬂx}aﬁ Enlght cause thermal
degradatioh of the compounds. Anekpankul et al. (2005) reported that at the operating

temperature above 200°C, the degradation of damnacanthal from roots of Morinda

citrifolia was pronounced.

In this study, we proposed to investigate the suitable conditions for subcritical

water extraction of gallic acid, ellagic acid, and corilagin from Samor thai fruits by



considering the effect of extraction temperature and water flow rates. Furthermore,
comparison was made for this extraction method and the soxhlet extraction with water
and ethanol as solvents. Moreover, the antioxidant activities of the subcritical water
extracts would be measured and compared to that of the extracts obtained by the

conventional water and solvent extraction techniques.

1.2 Objectives
1.2.1 To investigate suitable conditie subcritical water extraction of gallic acid,
ellagic acid, and corilagin fi¢ a.chebula fruits.
1.2.2 To compare 1 ubﬁer extraction with conventional

1.3.1 Evaluation of the Se‘tondi ns“for subcritical water extraction of gallic
acid, ellagic acid, ,r agin Bysdetermining two effects of temperatures
(120-220 °C), and flowate(2-4 mlfinin) at a fixed pressure of 4 MPa on the

amounts of the action rate.

1.3.2 Compariso :‘iij filital water extraction with that

of soxhlet extrBtion an Ction (100°C)
unzmahﬂﬂlﬁl? NYNTNYINT
1.4.1 ﬁ ,q] ﬁ ﬁ ﬁeﬁ ﬁﬂhﬁﬁdﬁyﬁamﬂ plant derived

142 vaide fundamental information useful for an industrial scale extraction

process.

1.4.3 Extracts can be developed further to use as standardized extracts or as

reference for herbal or natural products for pharmacological studies.



CHAPTER 11

BACKGROUND AND LITERATURE REVIEWS

Background
2.1 Terminalia chebula Retz.

Terminalia chebula Retz. (Figure 2.1) is also known as Myrobalan or black

nae (Karen-Chiang Mai), Maakstiae (KaretMa€ Hong Son)). It is a native plant in India
and Southeast Asia which be 1

deciduous forest and areas-afie

ae family and is widely grown in
ing-Lhailand. The plant is a medium to
620 meters. The fruits of Samor

i greenish-yellow with spindle-

large tropical perennial i
thai are simple fruit, ellipfoidd dfyfdruf
shaped seed. .

Samor thai is a paghls “meiiickic fo éatmient of several illnesses including
_ arts of Samor thai are used such as
bark, leaf, flower, and fruit, whiclk'écriain Macious phytochemicals that exhibit various
medicinal properties. The part r ‘““gi ¥'is the fruits, which are taken either as

fresh fruits or are progessed dnfo-producis § ice or dried fruits. Recent study has

reported that T. ;,;;" cxitavi bad e sitonpe E- tioxidant capacity and the
highest phenolic contcu . p @Is (Surveswarun et al., 2007).
Major bioactive constitdents contained in the fruit are such as gallic acid, ellagic acid,

et BTN EN T NEINT
RINNTUUNININY



Phenolic com ose structures comprise of at

least one benzene rin basic structure of phenolic
compounds is known as
group. Differences belwe
chemical groups at the >ne ring; orto, meta, and para.
Based on the number compound’s structures, phenolic
compounds can be divided™ onocyclic, dicyclic, and polycyclic

phenols or polyphenolics.

protection of chronic disgases and ¢ . maﬁ: mostly present as the main

constituents in fruits and vegetables including T. chebula. Fruits of T. chebula contain
three major : ‘i?' um eHagie aeid, and corilagin. Their
chemical stmmﬂo (:Ta[ ights S ﬂ:‘:tﬂgg; 2.2. These compounds
have to.exhibit seye Iq eutic ¢f especiall inst some chronic
dismﬂtﬁﬂ: aﬁsﬁjﬁ Mﬁﬁﬁﬁﬁﬁiﬂ (Lin et al., 1993;
Cunstanti:?nu et al., 1995; Festa et al., 2001; Kawada et al., 2001; Yilmaz and Toledo,
2004) and exhibited antioxidant activities (Rangkadilok et al., 2007).



Go  co OH
OCH, Q_
€0 OH

oH

Figure 2.2 i -: " | molect cights of corilagin,
| al., 2007)

2.3 Sub and supercriti€al (¢ A A voduct extraction

Sub and supercritig ly expanding into a wide range of

applications. Supercritical flfiid ’T"' id at the temperatures and pressures
above the critical values. These flds can pger be classified as a liquid or a gas

(Figure 2.3). The mogt-6fien used supercritical fluid s €O 4 particularly for analytical and

process-scale extract ol v ’ ritical temperature, thus the
operating temperature isAlesirably low. Furthermore, the { yrocess leaves no toxic residues
in the final products. Puﬁﬁpcrcnl:cal can be used to extract a wide variety of

solutes of low- ﬂﬂv&ﬂ ﬁny cases, the polarity of

pure CO; is tm w to quanl:tatwci]* extract polagsolute withougthe need to add polar

mwwwm WHARHE 5 ¢



The region for industrial use of
supercritical fluids

——————————

For slightly polar il svater isan alt ive environment-friendly solvent.
It has additional advantagés
“natural” state, wates®is doifafgood sblyent for ynost organics. When the water

e at low cost, however, in its

temperature rises neverl ract a wide variety of organic

solutes from many differe aled temperature (typically between

its boiling point tempera al temperature (374°C) and at a

pressure high enough to mai ﬂw
“superheated water”, O * : j’ in the temperature of water

s4s¢ in ionization constant (Kw).

state) is called “suberitical water” or

results in a decrease Wil

The significance of thf:gmngc'

as follows.

m:...,@umwﬂmwmm
- ﬁ,iﬁm SR A AR e

For mstance, pure water at ambient condition has a dielectric constant of 79, as is shown

o properties @- subcritical water is described

in the Figure 2.4 Increasing the temperature to 250°C at a pressure of 5 MPa (necessary
to maintain the liquid state) results in a significant reduction of this value to about 27. At



this condition, water has the polarity similar to that of ethanol at 25°C and 0.1 MPa
(Clifford et al., 2002; Smith, 2002).

100
3
80 - 3749°C
E ) ‘
| Supercritical water
25°C /
40
o
n k -
0 400 500
Figure 2.4 Dielecific of wler ve mperature. (King, 2004)
AN
lonization Const
Naturally, the J ionizes or dissociates into
hydrogen [H'] and hydg‘ide due to glectric field fluctuations caused

by nearby dipole libration{Ggissler et al., 20§ L). The reaction equation can be written as:

ANEINYINGNT
ARADIATHNHBIT BN B wor i

results in the formation of hydronium ion [HyO']. The above equation is better written as:

2H,0 <~ H;0'+ OH



The product of ionic concentrations (hydronium and hydroxide ion) is defined as
ion product constant, Ky (also called ionization constant, dissociation constant). The
relation is expressed as:

Kuw = [H;0"][OH]]

Although the extent of ionization is tiny ([H'})/[H:0] = 2.8 x 107 at 37°C), the
ionization and changes in the tiny concentrations of hydrogen ions have absolute
importance in several chemical procegses

Since a change in tempés it e in chemical equilibrium, therefore
Kw is also temperature depéfident: that js it mth increasing temperature up to
about 250°C and then deeré#Scs Mustrates the relationship of the Ky

with vater tmpers R
W\
1E-11 4

1E-

1)

1E-13

1E-14

Ionization Constant (Kw)

ig-15 & "'

AULIEWSWINNT =
AT e T

rawn by
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2.4 Antioxidant activity measurement by ABTS method

Various methods have been used to assay the antioxidant activity of natural
products. These methods give varying results depending on the specificity of the free
radical being used as the reactant. The common methods used for measuring the radical-
scavenging activity of antioxidants against free radicals are 2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic  acid) radical cation (ABTS™), 2.2-Diphenyl-1-
picrylhydrazyl (DPPH), the superoxide anion radical (O;) such as the xanthine/xanthin

oxidase (AC/XO) assay, and oxy 1, absorbance capacity (ORAC). Of these
methods, the most rapid and in ndeis the use of the ABTS radical cation
This method is widely usé@™te-iest thg abiffiv=of Compounds to act as free radical

gidant activity of natural products.

scavengers or hydrogen 4 # ‘R\\‘"‘a

ABTS™ can be generatg \\\\\

peroxide radicals as she sctromiin the ABTS free radical gives
a strong absorption maxj / 4‘&\ ‘ and its color is blue/green.
When the odd electron offARTS ™ ?: “ _\ hydrogen from a free radical
scavenging antioxidant “to #or, _._-: \ 3. the resulting decolorization is

InO;, potassium persulfate or

stoichiometric with respect'io us measuring the decolorization

simply with spectrophotometer qulant H sxidant activity of the compound.

_1;.% s

oo

POD/H,0,

3* ﬂumﬁ’ EWeng s

*“*W'mn'i GWWANENRET

Figure 2.6 The formation of ABTS™ with hydrogen peroxide

Source: “fiwww ak ! u.de/2005/ woche7/wochenschauT himl
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Literature reviews

It is commonly known that plants including fruits, vegetables, and herbal plants
contain various phytochemicals, several of which exhibiting various pharmacological
properties. These secondary metabolites are generally found in a small amount, and for
the compounds to take the effect, large amount of fruits, vegetables and herbal plants
must be consumed. For these reasons, extraction and concentration of these
phytochemicals are often necessary. One of the most of widely grown and popular used
medically herbal plant in Thailand i
antioxidant capacity and the Iu chi \ 1‘ ent over 133 Indian medicinal plants

grminalia chebula, which has the strongest

(Surveswarun et al., 2007).. ﬂ____‘ 'y take processed products such as juice
or dried fruit because the [fuii-either fresh.gr diied contains many polyphenolic
compounds including gallig 4, and Porilagin (Worasuttayangkurn, 2001).
These compounds also ¢ \

Recent study has confi ' \\

could be used as thefapg ent (4
suppressed the events asSociated with che genesis due to the presence of
phenolics (Prasad et al., 2006 ‘?} zadeh et al (2001) compared the

antibacterial activity of vario#ls i 1*& ed With in three solvents (ether, ethanol

nhibitory (Saleem et al:, 2002).
extract from T. chebula fruit
tion which they blocked or

and water) and concluded that aguepus extragtsef the plant were more active than other

extracts by determinir Jhacteria, H. pylori. Moreover,

the bioactive compongits il e extracted with distilled water
at about 70-80°C andmne extract was evaluatcd for @: antioxidant activities and a
probable radioprotector (Majk et al., 2004). Fhe analysis showed that the aqueous extract

S T C T TR ——

acid and ellagic 88id. The reviews ofthe studies on T. chebula frull are summarized in

“""‘”Q RIANNTUUAIINYTA

SuBcritical water extraction is a current technology used for the extraction of
environmental pollutants such as organic (Hawthorne et al., 1994; Yang et al., 1995) and
inorganic metals (Priego-Lopez et al., 2002). Reviews of subcritical water extraction of
environmental samples are summarized in Table 2.2. Recently, this technique becomes

frequently used for the isolation of natural product for the production of fragrances,
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flavors, and pharmaceuticals because it is nontoxic and leaves no harmful residues.
Successful cases have been reported for essential oils from majoram (Jiménez-Carmona
et al., 2002), savory and peppermint (Kubatova et al., 2001), and oregano (Ayala, et al.,
2001). In addition to essential oils, other bioactive compounds have been extracted by
this technique. They are hypericin and pseudohypericin from St. John's wort (Mannila et
al., 2002), iridoid glycosides from Veronica lonifolia (Suomi et al., 2000), kava lactones
from kava root (Kubdtovi et al., 2001), anthraquinones from roots of Morinda citrifolia
(Shotipruk et al., 2004). In addition, subcritical water has been applied for extraction of
phenolic compounds such as categhir ateghin and gallic acid from grape seeds
(Garcia-Marino et al., 2006)sand hydr nins (gallic acid, ellagic acid and
corilagin) from Phyllantin - Ma ."__‘ 7). Reviews of subcritical water

Although the res | - 1S udlies, shggest the possibility of using hot
water and/or subecritic xtr :se phenolic compounds, the

ons on the amount of extracted

quantitative study on the
compounds from T. chebu 15 sl ited. In this study, we will focus on
extraction of corilagin, gallic a -. : . sid from 7. chebula fruits. The suitable
condition would be deter 'L h efficiency. Nevertheless, the
S&shat yield the high amount of

ould™alSo still l-ahiulugica]ly active. Since it is

effective extraction cosditi
the three compounds, @ the exira
known that high temperattigg,may cause degradation of antioxidant activities of natural

compounds (R0 D WORIIAT I BIRRNSin i sudy the exrc

should be assayed“for any possible degradation undg different cxﬂa&tiun temperature.
ﬁaﬁ' Qfﬁ wmﬁ% &}q%ﬂ@ ﬂiﬁldam activities of
fruits andqvegetables and other food products. Some of these assays are scavenging
activity of 2,2"-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) radical cation (ABTS™)
(Re et al., 1998), 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical (Brand-Williams et
al.,1995; Gil et al., 2002), superoxide radical formation by xanthine/xanthin oxidase
(AC/XOD) (Prakash, 2001), and the oxygen radical absorption capacity (ORAC) (Cao et
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al., 1993; Ou et al.,2001; Prior et al., 2003). Of these free radical scavenging assays, the
simplest and widely used method is the ABTS assay owing to its rapidly reaction with the
extracts and the commercial peroxidase used that does not need previous purifications.
Therefore, in this study, the effect of subcritical water temperature on the possible
degradation of the antioxidant activity of the extract will be determined using ABTS
assay. The materials and methods used in this study are described in chapter 3.

AULINENINYINS
ARIAATAUUNINGIAY
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Table 2.1: Reviews on the studies of T chebula fruit.

Author Parts used Solvent Objective

dried fruit pulp Deionized To evaluate the toxicity of powder and water extract of

I. Worrasutta-
water T.chebula in mice.
yangkurn, 2001
2. Saleem et al,, dried fruits Methanol Gallic#Cid # "~ Temgetature : To study the effects of the extract on the inhibition of
2002 (70%) and Ellag agidis Pics L 0. cancer cell growth.
3. Naik et al., 2004  dried fruits Distilled V To study on the aqueous extract of T.chebula as a potent
Water and | i 'Ilagic acid Sl .1 MPa antioxidant and a probable radioprotector.

T:me 2hr

ﬂUEJ’JVIEJVIﬁWEJ’]ﬂ‘i

QW’]Nﬂ‘iﬂJﬁJMﬂﬂmﬂﬂ

¥l
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Author

Contaminant

Su:mpfuize‘. “Cauidition. — Objective

1. Miller et al.,
1998

2. Hawthome et al.,
2000

3. Krieger et al.,
2000

Polycyclic aromatic
hydrocarbons (PAHs)

Polveyclic aromatic
hydrocarbons (PAHs)

Cloransulam-methyl

NIA To determine the PAH and pesticide by SWE in compost.
<6 mm To compare soxhlet extraction, PLE, SFE, and SWE for
extraction of PAH from ore.
)
MN/A ¢ oFlow rate Qgdsto 3.5 ml/ min To study the effect of SWE of triazolopyrimidine
ﬂ u EJ Wﬂ i,w,ﬁq ﬂ ‘Sulfunanilide herbicides from soil.
q Pressure 6.5, 13.5, 50 MPa

AIIANTR MM INYIAE

Sl
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Objective

Author Contaminant Sample size
4. Mcgowinetal,  PAHs & pesticide <2 mm

2001

5. Dadkhah et al., PAHs <4 mm

2002

6. Richter et al., Pesticides <2 mm

2003

QW’]Nﬂ‘iﬂJ UHAINEIQY

To determine the PAH and pesticide by SWE in compost.

To examine the effects of small-scale batch extraction of
goils polluted with PAHs by using SWE.

2 mI.F min

Fluw rate

To evaluate efficiency of water at subcritical region to
tract from soils a group of typical pesticides used in

ﬂuﬂmwwzﬂn

riculture.

91
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Author Contaminant Sample size dition : Objective

7. Hashimoto et al., Dioxins <0.1 mm
2004

350°C  optimize their efficiency.

To understand of behavior of dioxins during SWE and

Table 2.3: Reviews on investigation of subcritical water extragiiom.of

i ' va . s
Author Plants Parts used__Froduct =~ Condition Application
1. Basile et al., Rosmarinus officinalis Leaves ¢ E'"mc Camph phene, Flow rate 1,2, 4 ml/ min Fragrance and
1998 ﬂ u Ej ﬁam Wg’q ﬂ ‘Fmpcratum 125-175°C flavor
ineole, [so etate ressure

200 min

L1



Author

18

2. Pawlowski et al.,

1998

3. Clifford et al.,
1999

4. liménez-
Carmona et al.,
1999

Plants Parts used  Pro Condition Application
Agriculture commodities  Fruit pulp Flowrate  2-20 ml/ min Food
e.g. banana, lemon, etc. Temperature 50, 75°C
Pressure 5 MPa
Time 20 min
Syzvgium aromaticum Bud Flow rate 2 ml/ min Essential oil
Temperature 150°C
Pressure NfA
Time 100 min
Thymus mastichina Leaves ‘S dt Flowrate 2 ml/ min Essential oil

EI GE al o1, et

Temperature 150°C
Pressure N/A

FHJEJ’J ‘VIEJVI?W gang o

QW’WNﬂ‘iﬂJﬂJMW VIEREE



Author

Plants Parts used

5. Miller et al.,
2000

6. Fernandez-Perez
et al., 2000

7. Gamiz-Gracia et
al., 2000

N/A N/A
Laurel Leaves
Foeniculum vulgare Fennel

il co
W
¢Lr Linaly! prupannatc

ﬂUEJ’JVIEJVIﬁW gng-

19

Condition

Application

Flow rate 0.1 ml/ min
Temperature 25 to 200°C
Pressure 7 MPa

Flow rate 2 ml/ min
Temperature 150°C
Pressure 5 MPa

Time 30 min

Flow rate 0.5-3.0 ml/ min

Temperature 150°C
Pressure 5 MPa

Fragrance and
flavor

Essential oil

Essential oil

QW’]Nﬂ‘iﬂJﬁJﬁﬂﬂmﬂ&l

61



Author Plants Parts used  Produ ‘ Condition Application

8. Kubdtovaetal,  Satureja hortensis and NIA Flow rate 1 ml/ min Fragrance and
2001 Menthe piperita Temperature 100, 150,175°C flavor
Pressure 6.5 MPa
Time 30 min
9. Kubdtovdetal.,,  Piper methysticum root Flow rate 1 ml/ min Fragrance
2001 Temperature 175°C
Pressure 6 MPa
Time 20 min
10. Ayala et al., Lippia graveolens Leaves i ; Flow rate  1-4 ml/ min Essential oil
- -
2001 | oa il  Temperature 100-175°C

Pressure 1.0-5.1 MPa

AutIngnineng -

AN IU AR TN A E

0t
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Author Plants Parts used  Produet |/ /4 . Condition Application

11. Ollanketo et al., Salvia officinalis N/A Flow rate 1 ml/ min Essential oil
2002 Temperature 70, 100, 150°C

Pressure 100 kg/em’

Time 60 min
12. Eng ShiOng et  Coptidis, Glycyrrhizae Root Flow rate I mlf min Essential oil
al., 2003 and Sewtellariae radix Temperature 95-140 °C

Pressure 1-2 MPa

Time 40 min
13. Ozel et al,, Thymbra spicata Leaves ;’ ."d Flowrate 2 ml/ min Essential oil
20 ') Carye ol J|  Temperature 100,125, 150, 175°C

Pressure 2, 6,9 MPa

AutInenineng- -

AN IUAA TN AL

1T
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Author Plants Parts used  Prodiet Condition Application
14. Shotipruk et al., Morinda citrifolia Root Flow rate 2,46 ml/ min Medicin
2004 Temperature 110, 170,220°C

Pressure 7 MPa
15. Garcia-Marino  Viris vinifera Seed Flow rate 1 ml/ min Medicin

etal.,, 2006

16. Markom et ai.,
2007

Phyllanthus niruri Linn,  N/A

Temperature 50, 100, 150°C
Pressure 6-7 MPa
Time 30 min

Flow rate 1.5 and 3 ml/ min Medicin
Temperature 60 and 100°C
Pressure 10-15 MPa

AUANENINAINS

me 60 min

ARIANTAUNIINGAE

(44



CHAPTER II1

MATERIALS AND METHODS

3.1 Plant Materials and Chemicals

The dried fruits of 7. chebula were obtained from Chulabhorn Research Institute

and then crushed into fine powder using pestle and mortar or blender. The reference

in-Ciocalteau reagent were purchased from
Sigma-Aldrich Chemicals (Missou N Standard corilagin was purified and
identified using TLC, - , mp!mmmeter and NMR by the
Laboratory of Pharmacole u- te, Bangkok. Methanol, HPLC

grade, and formic acid- f‘// f \t\\\\\"‘ adt, FR Germany). Water used
in the experiments wa / vn \\

3.2 Methods '"""‘ \

o ,
s
3.2.1 Subcritical waterF ex o

Jaadis < 4
Subcritical water extraction—asas per

fied using an apparatus shown in Figure
Fe BT

3.1. The extraction system s gPU 980, JASCO, Japan) used

for delivering water : E ----------- EEass w:
(D63450, HARAEUS, lr o : clﬁn vessel (10 ml, Thar Design,
USA) was mounted, a p?@sum gauge, and a back pressure regulator valve (AKICO,

Japan). All cnﬁﬁm lﬁ"’ﬂﬂﬁﬁﬁﬁlﬂﬂlanes (1/16 inch inside

diameter).

AT DTN e oo

oxygen. The degassed water was then delivered, at a constant flow rate with the first

3215, CE, Japan), an oven

HPLC pump, to a 3-m preheating section installed in the oven to heat it to the required
temperature, which then passed through the extraction vessel, preloaded with 1 g of
ground 7. chebula fruits. The pressure of the system was adjusted to the desired condition

(4 MPa) by using the back-pressure regulator valve at the outlet coil to ensure that water
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was in liquid state at the temperatures tested. Before heating the extraction system, all
connections were checked for possible leakage. The oven was turned on and the
temperature was set at the desired operating condition. When the temperature reached the
set point, the extraction started. The second pump was then turned on to deliver degassed
water at constant flow rate of 1 ml/min to wash off any residual product in the outlet line
behind the extractor. The extract was cooled in a coil immersed in a water bath to prevent
possible product degradation, and was then collected in fractions in collecting flasks.
After that, the extract was concentrated by evaporating off water under vacuum and then
analyzed by HPLC with UV detection length of 270 nm.

Several extraction experi | uut to determine the effect of

Flow rate

o Jp—
b L

’E.

After each extrﬂion
fruits residue were detepmined by solveny jextraction with distilled water at room

o, B A 3 P s o 10

Erll:nme}rcr ﬂask%ontmnmg 30 ml v:%f distilled watcr It was thcn allowed to release the

distilled water d:)m ﬂm %61 Waﬁj Elth s

polyp en@c compounds remained in the
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gl i T |
Restrictor

Distilled Water ~ HPLC Pump
é-l_ S 3 . U
Cooling bath

HPLC Pump

Distilled Water
Extractor Product

Figure 3.1 Diagram of experin: ziip subcritical water extraction.

;
?ﬁ
5

lac d into a thimble of a soxhlet

ror 100% ethanol. Extraction was

1
&
¢
%
:

sed for the concentrations of

'g} 2] I |

o

2
3
]
g
=i
3
5

S

*‘-

DS

3.2.3 Water extraction

:
A
e
=111
anilih
-

One gram of rQur chebula frui edewith 150 ml of water at room
temperature and hot ".* - f"ﬁl ssel. The extraction at room
temperature was cammﬁut 0 d wilh hot water were carried out for

2 h. The extracts were annbrzad by using HPLC

ﬂ‘lJEl’J“ﬂWlﬁWEl']ﬂ‘i

324 HPLC analysis of T. ch€bula extracts.

1k Hhid N0 2 U NEAREL s i«

thenmcslaucall_v controlled column oven, a binary pump, and a diode-array detector
(Hewlett Packard, USA). A 150 x 3.9 mm i.d., 5 gm reversed phase column, Symmetry®
C18 was used for the analysis of the active compounds in 7. chebula samples (Waters
Corporation, Milford, Massachusetts). The sample injection volume was 10 uL and the
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compounds were eluted with a gradient system of 0.1% formic acid (solvent A):
methanol (solvent B) at a flow rate of | ml/min at the constant column temperature of
25°C, with the UV detection at 270 nm. The gradient system started with 4% solvent B at
0 min and was changed to 80% solvent B in 27 min, with the total run time of 30 min.
Retention times of gallic acid, corilagin, and ellagic acid were 5.08, 16.97, and 24.69
min, respectively, and the chromatogram of the T. chebula extract is shown in Figure 3.2.

Gallic acid

Ellagic acid

3.400

==21.254
= 15399

3.2.5 Determintionof totat; 7]

The dﬂminatiﬂ of otal pheno onten@sing Folin-Ciocalteau method
modified from that describedyin previous study (Rodriguez-Meizoso et al., 2006). 0.1 ml

of the mnmuwgt%rw Subdfhici Yhofr | Exlrfclich and other conventional

methods were di$¥olved in distilled water 2.8 ml agd each mixluralwas added with 2 ml
o QAR GRS EUH P TPl ot
reagent wis added to the mixtures and left at room temperature for 30 min, after which
the absorbance was measured at 750 nm using distilled water as a reference. The content

of total phenolic was calculated on the basis of calibration curve of gallic acid.

mir
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3.2.6 Antioxidant activity measurement

Antioxidant activity of the extracts from subcritical water extraction and other
conventional methods was tested using ABTS method modified from that of Re et al.,
1999. For the purposes of comparing the antioxidant activity of various extracts, the
concentration of sample producing 50% reduction of the radial absorbance (/Cy) was
used as an index. To find this value, the concentrated extract was diluted in series with
distilled water and each diluted extract was added into ABTS™ solution (agueous

solution of 7 mM ABTS and 2.45 mM pé@ssium persulfate having absorbance of 0.70
0.02 at 734 nm) with the voluine o of A {sample solution:ABTS solution). The
solutions were mixed using @wverlex and { §'were incubated in the dark at room
temperature for 10 ming.a e absorbaneedwas measured at 734 nm using
distilled water as a refe

The value of percent i igh (Pl v s caftulated using the following equation:
(3.1)

A, and A, are absorban orbance of the ABTS reference,

respectively. These wvalues st sample concentration and linear

regression of the data we d to determine ti e yvalue of IC,, .
e )
I

i

ﬂ'lJEl’J‘VIEWlﬁWEI']ﬂ‘i
ammﬂimummmaa



CHAPTER IV

RESULTS AND DISCUSSION

This chapter presents the experimental results dealing with extraction of phenolic

compounds (gallic acid, ellagic acid, and corilagin) using subcritical water. Firstly, the

effects of temperatures and water flow rates on the amounts of these compounds were

investigated to determine the mést Suitablé extraction condition. In addition, the
] pared to that of other conventional
and soxhlet ethanol extraction.

performance of subcritical
extraction methods suc
nds in T. chebula extracts were also
' s obtained by subcritical water

Moreover, the contents o
determined. Finally, th
extraction were comp ted by conventional extraction

methods.

For subcritical water/€xteetion: the 10 extract various compounds depends
largely on extraction temperatuces eriplo: : present work, the effect of subcritical
water extraction te statures in the range o 120:330% oy the amounts of gallic acid,
ellagic acid, and coril® E8dre of 4 MPa and a fixed flow

[I‘

rate of 4 ml/min. As s #ion of the phenolic compounds

::“;::;‘;“;':mﬂ’fﬁm‘m?ﬂ oV M
.mmmmwmm e

solubility uf the compounds in water could be increased due to the decrease in water

in the results o Fig. 4, extrz

polarity at higher temperature. At 180°C, the amounts of gallic acid and ellagic acid were
the highest, 15.473 and 5.588 mg/g dry weight, respectively. At 220°C, the amounts of
both extracted compounds decreased due to the thermal degradation of the products. The
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degradation of these compounds was also confirmed by the HPLC analysis, which
showed that no gallic acid or ellagic acid remained in the sample residues. For subcritical
water extraction of corilagin, the result in Fig. 4.1¢ showed that the compound was more
easily decomposed than other compounds as the temperature increased. The highest
quantity of corilagin (6.108 mg/g dry weight) was obtained at 120°C, and the amount of
the compound extracted decreased at the higher extraction temperatures. At 220°C, the
compound decomposed completely. At such high temperature, water ionization constant
(Ky) increased. Consequently, water ionizes to hydronium ion (H;0") and hydroxide ions

(OH'), which play an important rale'i / Els reaction. Thus, at this temperature,

molecular size, could be readily

hydrolyzed into its smallersphenok it
mechanism of the hydm is sohi

2005). The decomposition gCollisg ssibly explained the increase in gallic acid and

s gallic acid and ellagic acid. The
.STiown in Fig. 4.2 (Fogliani et al.,

ellagic acid contents at

-
o

lggg, .1\\\

-
-
i

4 -

FAITEINENINYINT
{RIaINIURMIINE A Y

Amount of gallic acid (mglg DW)
s -]
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(a} gallic acid, (b) ellagic acid, and (c) corilagin at a fixed flow rate of

4 ml/min and pressure 4 MPa for 150 min.
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corilagin.

4.2 Effect of water flow : ater extraction

The effects of water flo
extraction at the te pepat e at 4 MPa for 600 ml of water.

.3, and 4 ml/min were determined for
.'— :

The results for the anloynts of galfic Cérilagin extracted versus time

are shown in Fig.4.3a, yb, and - :g.ah and 4.3b demonstrated that

the amounts of the desireq.cgnpuunds incrci?jd with an increase in volumetric flow rate

up to 4 ml/min ﬂ % %%de Wﬁﬂﬂ@e extraction rate at such

early time was ififluenced by extemal mass lransfer On the ulhcr hand, the amount of

AR

not the total amounts of the compounds extracted in the process. The reason for the
different amounts of gallic acid and ellagic acid obtained in this study was possibly due
to the fact that at the low flow rate, the residence time of the extraction was higher. This

exposure of the compounds to such high temperature conditions could cause the product
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decomposition. At this point, the extraction process was no longer limited by external
mass transfer, but instead was limited by the decomposition that took place. Since the
extraction of phenolic compounds from 7. chebula by subcritical water in this study
involved large degree of compound degradation, the extraction behavior was therefore
more complex than the system of extraction without degradation, in which only solubility
and mass transfer play major roles. For corilagin however, the highest amount extracted
at the flow rate of 3 ml/min in stead of 4 ml/min. Although at 4 ml/min, the residence
time was the smallest, the higher degree of corilagin decomposition could possibly

18 -
167 180°C; 2 mimin
% 180°C; 3 mlimin
2 i 180°C: 4 ml/min
E 12
3 10
m
£ 8-
8 —
5 6-
5 o
£ 2
0 :

0 . ‘6& 100 158’ 200 250 300 350

QRIAINTUNTIN Y
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ha L

Amount of corilagin (mglg DW)

25(‘.t 350

J;mmmwwm

e ARG A3 AEIAB Bt i

a.nd (c) corilagin versus time for SWE at 180°C and pressure 4 MPa

for 600 ml of water used.

i3
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4.3 Comparison of subcritical water extraction and conventional extraction methods

In the present study, the comparison was made between the subcritical water
extraction and the conventional extraction methods such as hot water extraction at 100°C,
soxhlet water, and soxhlet ethanol extraction. All results shown in Table 4.1 were
obtained from extractions with the fixed volume (150 ml) of solvent. For subcritical
water extraction, the data presented in the table was taken from the experiment operated
at 4 ml/min at 120°C where the degradation of corilagin started to be observed, and at

results, subcritical water extrachion vas | ss time consuming as only 37.5 min
was required to extract the three-compow ounts specified in the Table 4.1.

For other extraction

total phenolic contents were

obtained during the fi

amounts of the compouuds (s

Table 4.1 Comparison of §

fixed volume Of

traction times would decrease the

erent extraction methods.

d component contents based on

Extraction Component content (mg/g DW)
Method EA | CG |Overall
SRR wiger 2315 | 5.855 | 15.568
extraction
5376 | 1335 | 21.428
Hot water B o
- 1.482 | 7.435 | 15958
oo 9 IQ NN NE RS
Soxhlet water j
5366 | 14.000
trac
o wwa@ﬁﬁmuﬁnﬂﬁﬁﬁ’%

9 100°C 7.592 | 2.138 | 6225 | 15.955
Soxhictcthanol | ¢ 500 120 4916 | 3.005 | 2.000 | 9.922
extraction

78.3°C 240 3320 | 2352 | 3.001 | 8.682
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Table 4.1 shows that, in case of extraction time comparison, 240-minute water
extraction in a soxhlet apparatus gave slightly higher amount of the phenolic compounds
of interest than the 120-minute one. For ethanol extraction in a soxhlet apparatus, slightly
higher amount of compound was obtained with 120 minute extraction. Therefore, it could
be concluded that the extraction time of 120 minute would be suitable for soxhlet
extractions. The comparison of the extraction results obtained with ethanol and water
after 120 min indicated that water was more preferable for extraction of the three

phenolics of interest. The amounts of the compounds extracted with soxhlet water

extraction were however slightl @ndithat obtained with water extraction in a

stirred vessel for the same e 420 5in. The higher extraction efficiency in

the boiling water extracti at ui@rhulence caused by boiling water

in such system, compared™withe€0slifet Water extraction. According to various methods
R

shown in Table 4.1, subCriLie# action ate of 4 ml/min, 180°C, could
extract higher amounts*{ g, alid cllagic acic other conventional extraction
methods while requiringffhe J€adl &traction time. Althisikondition, the polarity of water
:\components. For corilagin, the
ievertheless at 120°C, the amount of
corilagin extracted was only § gh i ',é_ .\ ater extraction at 100°C. Compared
with different extraction methods: , can :‘:_.': cluded that subcritical water extraction

could effectively be used to unds-from T. chebula fruits.

[

T X J

4.4 Determination of tmll phenolic contents

In this s Hﬂm mTﬁﬁphmmic was performed
on the basis ufﬂ lic” aci major component in T.
N T ol TigF- X W
subcriti a:: i 11: ﬁ;‘l 80°C and 220°C

and 4 MPa for the first 10 min of extraction, during which the total phenolic contents

could mostly be extracted. These results were compared with conventional extraction
methods such as hot water extraction at 100°C and soxhlet water, and ethanol extractions,

for the same extraction time of 2 hours. The results in Fig. 4.4 showed that the increase in
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subcritical water temperature reduced the total amounts of total phenolic compounds
extracted. These results were similar to those obtained in the previous work with oregano
leaves (Rodriguez-Meizoso et al., 2006) where total antioxidant cnrﬁpnunds extracted by
subcritical water at several temperatures decreased at higher temperatures. Furthermore,
the total phenolic contents of the subcritical water extracts were lower than those in the
extracts obtained by hot water extraction at 100°C either in a stirred vessel or by using
soxhlet water extraction (Fig.4.4). Despite these results for the total phenolic contents, the
amounts of gallic acid and ellagic acid analyzed by HPLC (Fig.4.1a and 4.1b) suggested
that the greater the temperature the hig of both compounds were extracted. In
addition, it should be noted from Tabl

amounts of gallic acid ar

beritical water could extract higher
nventional extraction methods, in
contrary to the amounts ol lotalp . Lhis indicated that the selectivity of

acid was greater with subcritical

Il

0 I
2h Etl'}H

10min 1Eh1'lin 10min  10min
=

PRI I AATING T

Figure 4.4 Total phenolic contents in extracts obtained by SWE at flow rate of 4 ml/min,

subcritical water extraction.d
water extraction.

g 8
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328

E’D
ﬁ. )

Total phenolic contents (mg GA/g DW)
288

hot water extraction at 100°C, and soxhlet water, and ethanol extraction.
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4.5 Antioxidant activity

The previous discussion indicated that considerable amounts of phenolic contents
in 7' chebula fruit could be extracted at high temperature conditions as the water polarity
is reduced to values similar to those of the extracts. Nevertheless, extraction under high
temperature with pressurized conditions could cause product degradation, and therefore
the quality of the extracts should be examined. In the present study, the extracts of T.
chebula fruits produced by various extraction methods were analyzed for the antioxidant

activities by using the ABTS procedune & ibe in chapter 3. Antioxidant activity was

represented by 1Csg index n‘-“\\ the ¢ ion of the sample solution producing
a 50 % reduction in the radieabalisorbance, égher ICsq. the lower antioxidant

activity. First, for each o , n v .- it I- skiracts were collected at different

time, and each of the co ig \ \:\"‘ he antioxidant activity.
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extracts by subcritical water extraction at flow rate of 4 ml/min and 4 MPa.

The result in Fig. 4.5 shows that 1Cs, value was generally the highest for the first

fractions collected after 10 min of extraction. The amounts of the phenolic compounds of
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interest were also obtained at high quantity in this fraction. Although the extract obtained
with subcritical water at temperature 220°C contained the lowest total phenolic
compounds, its antioxidant activity was similar to that of the extract obtained at
temperature 120°C-180°C, under which higher products were obtained. It is possible that
the temperatures of the subcritical water extraction did not seem to have great effect on
the antioxidant activity of the early extracts and at higher temperature the extract
composition differs from that at lower temperature and may contain higher percentages of

more active phenolic compounds or nonphenolic compounds which show high

antioxidant activity such as flavoneids. gxtraction proceeded, some antioxidative
compounds might be degraded, thns the 4t lecreased. The low 1Cs; value for
extracts obtained in the fi Mﬂ extraction was lower than the
values obtained with hot watgaa® 0070 and ethanolextraction for 2 hours (Fig.4.6).
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0.0 4

flowd4, 100°C, Smd'llet soxhlet

"% Sy ns”
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4 ml/min at 120°C, 150°C, 180°C and 220°C and 4 MPa for first 10 min, and by

conventional methods (hot water extraction at 100°C and soxhlet water and ethanol

extraction for 2 h).
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Figure 4.6 shows the 1Cs; values of the extracts obtained after the first 10 min at
various subcritical water conditions at flow rate of 4 ml/min at 120°C, 150°C, 180°C.and
220°C and 4 MPa were 1.73, 2.10, 1.77, 1.77 pg/ml, respectively. It should be noted that
all the ICsp values for extracts obtained with subcritical water were lower than those of
the extracts obtained with hot 2 h water extraction at 100°C and soxhlet water and
ethanol extraction which were 2.80, 2.70, and 2.367 pg/ml, respectively. This result
indicated that the antioxidant activity of the subcritical water extracts was higher than
that of the extracts obtained with conventional extraction methods. Moreover, the ICsg of
T. chebula juice product from Chag P aipubet hospital was also measured to be
2.53 pg/ml (see Appendix Aj wh han those obtained with subcritical
water extraction. These resuitsdemonstrated wberitical water extraction could more

effectively extract considerable™amiviunts of phenolic compounds with I:ugh selectivity,
and their overall antioxidz
obtained with the convéniliog

ﬂ‘lJEl’J‘VIEWIﬁWEI'm‘i
ammnim AN Y



CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

1. The amounts of gallic acid and ellagic acid increased as temperatures

ellagic aci
3. Ata fixed €mpeflufoull 80°C, gallic \.;\:r ellagic acid increased with
an inc ' ml/min. For corilagin, the

highest a _ ml/min.
4. The suitableg€outlition S i \ ler extraction of polyphenolic

compounds frof £ chehila Hutstwas 1ound to be at the temperature of

5. With the best condit® 5t £iiCal water extraction (180°C, 4 ml/min),
the higheman s of gal gic acid could be extracted in a
shorter ---n‘p.'; tion fime ¢ lzﬁ nal methods.

6. Hot water ﬁ.mc

corilagin. ¢a

7. Frﬁﬁﬁmﬂw,{%ﬁﬁ}ﬂ?mﬁﬁcal water did not

haveqa signifi ec} on the antioxidant activity of early extracted

WIAND IUMAANE VAL ot o

phenolic components from 7. chebula fruits, resulting in the extracts with

; uslaaitablc method for extraction

9

higher amounts of the compounds, higher selectivity, and higher
antioxidant activities, compared to the extracts obtained by other
conventional methods. The advantages and disadvantages of subcritical

water extraction are summarized in Table 5.1.
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Table 5.1 The advantages and disadvantages of subcritical water extraction.

Advantage Disadvantage
1. High amounts of the commercial 1 .High cost of equipments
compounds extracted
2. High selectivity of compounds - 2. Product degradation caused by high
extracted temperature.
3. High antioxidant activities of the

extracts

5.2 Recommendations

1. For further stu faetors thataficcted the extraction efficiency such as
particle size and solvent {0 5at atio should be considered to improve

the efficié
2. The possibil "Suater extraction temperature
should h@:nns: cred by eoupling watg extraction with a benign

solubilizing guefactant agent. One example of potential surfactant is

Pl B4 YL HTINRI Y i, sy

rrBAtly as a presewal}ve in phmmaceutmal pmducts The amounts of

Q -fﬁ inPAuhidsfan w ﬂ ﬂlﬂcmts obtained
q by the “extraction wit propylene glycol solution at various conditions

should be determined to access the feasibility of such system.

3. Although the extract obtained with subcritical water at temperature 220°C
contained the lowest total phenolic compounds, its antioxidant activity was
similar to that of the extract obtained at temperature 120°C-180°C, under
which higher products were obtained. It is possible that at higher

temperature the extract composition differs from that at lower temperature
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and may contain higher percentages of more active phenolic compounds or
nonphenolic compounds that show high antioxidant activity. More
extraction experiments and analysis of the extract composition with HPLC
are recommended to confirm this interesting situation.

AULINENINYINS
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APPENDIX A
EXPERIMENTAL DATA

A-1 Standard calibration curve for HPLC analysis of gallic acid and

ellagic acid

Table A-1.1 Standard calibratiop

“ - al.lu: acid.

"\
“-.

573.05

1502.34
3040.70
6127.14

Concentration of gathic : Peak Area
gim’ (UM detector at 270 nm
_ % R ’
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g |
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3000 - ¢ o .Y,
o Yool N1INELIQ L.,
1000 - R?=0.9993
n L L L} L
0 0.05 01 0.15 0.2
Gallic acid concentration { mg/ml)

0.25

Figure A-1.1 Standard calibration curve of gallic acid.




Table A-1.2 Standard calibration curve data of ellagic acid.
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7000 4
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0 uu

-y

SR

Concentration of ellagic acid Peak Area
(mg/ml) (UV detector at 270 nm)
0.0128 800.71
0.0256 1651.85
0.0512 3425.55
0.1024 6840.90

Y
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R%=0.9999
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A-2 Standard calibration curve of gallic acid

Table A-2.1 Standard calibration curve data.

Concentration of Absorbance at 750 nm.

Gallic acid (mg/ml) No.l No.2 No.3 | Average
1.00000 0.978 0.892 0.934 0.935
0.50000 \' 0.410 0.472 0.443
0.25000 N\ gk 0.169 | 0217 | 0.200
0.12500 N 00872 0076 | 0.080
0.0625€C 0.059 0.058
0.0312 0.035 0.033
0.0156 0.027 0.025
0.0078 0.017 0.015
0.00391 0.016 0.013
0.00195 0.012 0.008

0.003 0.004
LY

5 LY;
= i
é ‘a v
 AUEANYNIWEANT

¢ o o/
RN IUIMINY AR

§ o e =0.9964

0.0 . ' . . .

0.0 0.2 0.4 0.6 0.8 10 12
Absocrbance

Figure A-2.1 Standard calibration curve of gallic acid (average).
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A-3 Experimental data for HPLC analysis of gallic acid, ellagic
acid, and corilagin

Table A-3.1 Component contents of subcritical water extraction at a fixed pressure of

4 MPa.
Flow rate | Temperature | Time Component contents (mg/g DW)
ml/min min
( : o) ] ga EA CG | Overall
2 300 7.08 3.31 1.79 | 1218
3 180 v \Wz’ 373 | 486 | 1665
‘ 2.45 6.11 16.65
2 | 330 232 | 17.29
5.59 171 | 2277
0.94 000 | 1245
Table A-3.2 Component cgfilenss: xtraction methods.
poment contents (mg/g DW)
Method ¥
P EA CG | Overall
Hot water 9 JI 0.47 2.84 8.40
extraction
70, 120 o 487 | 11.07
AUEANHBINE IS | e | o
Soxhlet water ¢ 120 637 | 227 ] 537 [ 1400
extraction 1 ) e
SRR TEU RN AR gpas | 15
Soxhlet gthanol 120 4.92 3.01 2.00 9.92
extraction 78.3
240 3.33 2.35 3.00 8.68




35

A-4 Experimental data of total phenolic contents

Table A-4.1 Total phenolic contents of hot water extraction (100°C) at various times.

Total phenolic contents
(°C) (min)
No.l No.2 Average
60 175.37 172.11 173.74 2.31
120 186.48 188.93 3.46

180 {N75 7439 175.05 0.92

240 132.59 1.85
141.90 346
100
152.27 1.73
145.16 1.39
149.66 2.89
144.43 1.96

144.76 1.50

0 100 200 300 400 500 600 700
Time (min)

Figure A-4.1 Total phenolic contents at various times of
hot water extraction (100°C).
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Table A-4.2 Total phenolic contents of subcritical water extraction at temperature =
120 °C, flow = 4 ml/min, pressure = 4 MPa.

. Total phenolic contents
Time | Volume (mg GA/g DW) Std.
(min) (ml)
No.l No.2 No.3 Average
0 0 0 0 0 0 0
10 40 135.28 121.77 123.62 126.89 7.32
30 98, 34 28.67 28.66 1.32
60 20 894 | 022
90 3.59 0.17
150 5.73 0.26
SUM 173.81

Table A-4.3 Total pht or extraction at temperature =

150 °C, fie

BT I nlic contents
Time ‘Vul_e g =iz . (img GAJ _
25 | Average
0 0 0
10 111%32 108.45 118.01 11.42
30 ’J wsﬂmw ﬂq;ﬂ 'jm.srs 1.14
60 6.65 6.44 6.59 0.12

?&anwmmﬂm’fﬂ -

sSuU 156.17 138.23 134.42 142.94
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Table A-4.4 Total phenolic contents of subcritical water extraction at temperature =

180 °C, flow = 4 ml/min, pressure = 4 MPa.

i Total phenolic contents
bl [ (mg GA/g DW) std.
No.1 No.2 No3 | Average
0 0 0 0 0 0 0
10 40 85.73 93.57 91.61 90.30 4.08
30 13.58 0.67
60 6.22 0.10
90 3.56 0.48
150 4.10 0.38
SUM 117.76
o)
Table A-4.5 Total phcnalic opts ‘ ;_ bei ater extraction at temperature =
220 °C, fIbw £ 4 mifinin.
abtnis - A
;;';':; e BT Std.
@ Average
0 0 ¢la 0 0 0 0
10 ’J 45.76 1.25
15. 59 16 20 14.28 15.36 0.98
" ﬁwﬂmunﬁ | o
. .0 0.11
150 5.78 5.40 5.68 5.62 0.20
SUM 80.01 77.21 75.58 77.60




Table A-4.6 Total phenolic contents of subcritical water extraction at flow = 3

ml/min, temperature = 180 °C, pressure = 4 MPa.

= Vo Total phenolic contents
e [ (mg GA/g DW) s
No.1 No.2 No.3 Average

0 0 0 0 0 0 0
10 30 8543 75.24 718.67 79.78 5.18
20 06 ) 8.51 8.64 0.37
30 s7.\1/4 467 | 007
60 6.62 0.17
90 6.56 0.14
120 2.90 0.06
150 2.20 0.06
200 2.16 0.22

SUM 113.53
Table A-4.7 Total phenolii€ con Tl - dhritical water extraction at flow =2
ml/min, temperd at rcssure = 4 MPa.
:::::; Vol Std.
V) Ni ! Average

0 0 ‘i de 0 0
10 iﬂ uﬂ 3 W.I ond\ ']sﬂ P oo | 307
2071 ¢ 18.59 18.14 1.37
AR 0 38 R D R 89 | o
120 9.91 8.86 8.16 8.98 0.88
90 180 491 5.50 5.45 5.29 0.33
120 240 2.94 3.60 3.83 346 0.46
180 360 3.58 4.15 4.27 4.00 0.37
240 480 5.39 5.26 5.95 553 0.37
300 600 2.63 3.74 3.39 3.25 0.57

SUM 113.27 107.54 104.78 108.53




Table A-4.8 Total phenolic contents of conventional methods.
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Total phenolic contents
Mimoa | Sempexatace ] Time (mg GA/g DW) Std.
(°C) (min)
No.1 No.2 No.3 | Average
Hot water 30 1440 | 8230 | 7642 | 7358 | 7743 | 445
extraction
70 120 | 8735 | 7926 | 7515 | 8059 | 621
100 5 15897 | 153.05 | 157.73 | 421
Soxhlet water 17692 | 168.96 | 17340 | 4.06
extraction 100
150.09 | 151.63 | 1.68
Soxhlet ethanol 8298 | 8445 | 238
extraction 78.3
7466 | 7609 | 620
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A-5 Experimental data of antioxidant activity

Table A-5.1 1Cs; of subcritical water extraction at temperature = 120 °C, flow = 4

ml/min, pressure = 4 MPa.

Time Volume IC50 (pg/ml)
Std.
(min) (ml)
No.1 No.3 Average
0 "/ 0 0
10 byit t 3 1.73 0.06
30 ‘ 1. ; 1.87 0.15
60 2.53 0.25
90 2.30 0.26
150 2.23 0.21

Table A-5.2 1Cspofs

ml/min, pregs

mperature = 150 °C, flow = 4

Time | VoOy std.
{mlll} il
0.1 Average |
0 0 ¢la 0 0 0

?’Wﬂ’)ﬂmflﬁ o
A Qiﬂ‘iﬁmﬁ‘ﬂ ey o

150 600 3.20 2.70 3.00 2.97 0.25




Table A-5.3
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ICsp of subcritical water extraction at temperature = 180 °C, flow =4

ml/min, pressure = 4 MPa.

Time | Volume ICS0 (pg/ml) Std.
(min) (ml)
No.1 No.2 No.3 | Average

0 0 0 0 0 0 0

10 40 1.60 1.80 1.90 1.77 0.15

30 2.75 0.26

60 2.70 0.26

90 3.00 0.20

150 3.40 0.31

Table A-5.4 1Csp 081 erature = 220 °C, flow = 4

ml/min

e e e e —————————— —e

Sml‘

0.21

0.20
0.06
0.06
0.25




ml/min, pressure = 4 MPa.

Table A-5.5 1Csq of subcritical water extraction at temperature = 180 °C, flow =3

Time | Volume 1C50 (pg/ml) Std.
g (h No.1 No.2 No3 | Average
0 0 0 0 0 0 0
10 30 1.40 1.70 1.60 1.57 0.15
20 2.00 0.17
30 0.15
60 0.17
920 0.10
120 0.21
150 0.12
200 0.06

Time
(min)
0
10
20
i:; 180 2.10
120 240 2.10
180 360 2.10
240 480 1.20
300 600 2.00

Std.
0
0.06
0.12
0.10
0.15
2.30 220 0.10
2.50 2.33 0.21
2.50 2.33 0.21
1.30 1.30 0.10
2.40 2.27 0.23
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Table A-5.7

1Csg of conventional methods and Samor thai juice.
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1C50
Method Tcmﬁmre m‘; (ng/ml) Std.
No.1 No.2 No.3 Average
Hot water 30°C 1440 260 | 290 | 280 | 277 | 0.5
extraction
70°C 120 1.60 2.00 1.90 1.83 0.21
100°C 120 2.50 3.00 2.90 2.80 0.26
Soxhlet water 120 L 2.60 2.80 2.70 0.10
extraction 100°C iy
- 3.00 2.90 2.83 0.21
Soxhlet ethanol = 2.40 2.37 0.06
extraction 78.3°C
2.20 2.17 0.25
Juice 2.80 2.53 0.25
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Abstract
Fresh or dried fruit.e Retz. is commonly used as herbal

medicine as it con@s various o 2le ing .'~ ¢ gallic acid (GA), ellagic
acid (EA), and cofiagin

uch as antioxidant, antihyper hidemia and anticarcinogenic

fk'- compounds also exhibited
therapeutic properties
activities. Thi Wm lic compounds such as
gallic acid Bﬂfﬁﬂ chebul ﬂmj uca[ water extraction
(SWE). We considered the effect f extractionstemperature (120-220°C) and water
flow 5J= ST i Tl @ bt W 45 Yoo i ol of compounds
extracted and determine the suitable conditions for subcritical water extraction of
these compounds. The results showed that the amount of GA and EA extracted
increased when the extraction temperature increased and they were the highest at
180°C beyond which the products decreased due to thermal degradation. At a fixed
temperature of 180°C, the effect of water flow rate on the amount of desirable

compounds indicated that the increase in water flow rate gave higher amount of GA

and EA extracted. The suitable condition for subcritical water extraction of gallic acid
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and ellagic acid from T chebula fruits is at temperature of 180°C and water flow rate

of 4 ml/min.

Keyweords: Subcritical water extraction, Terminalia chebula, Samor thai,
Polyphenolic, Gallic acid, Ellagic acid

1. Introduction Previously, these phenolic
Terminalia chebula Retz. is a native antioxidative components in T. chebula

plant in India and Southeast ‘ ,’ re extracted by organic solvents
. /w | as ethanol, ethyl acetate [3], ether

Thailand, it is known as

This herbal plant can and 70% methanol [5], but organic
_ s would be harmful to the

phytochemicals that™ exhubils yarious| onsiie! r's health if it is not properly

medicinal properties om the extract. Although

several illnesses due

part used. The most ifipost: art-of “\phenelie gompounds can be extracted
the plants used is the it gt * ith het water (70-80°C) [6], the
or dried T. chebula w contans ¥ “process takes a long time due to the

many  polyphenolic " solubility of the compound in

including gallic acid (GA), ellag water. Alternatively, subcritical water
(EA), and corilagin (C tion {SWE) can be used, which is
chemical structu ,F——T_'—: with water at the

e between boiling (100°C)

weights are shown 7
compounds have se E}a‘lnlhcrapeutic o and critical (374°C) temperature, under
activities  espetiall j wzr ?Bsurc to maintain water
chronic diﬂﬂﬂuﬂ!?mﬂj] i cm ate. At this condition,
cardiov ﬂl e Hﬁ iﬁjﬂﬂ \\ﬁr larity. cmi, thus increases
activitﬁfﬁ' sﬁﬁ %, wr]h ﬂﬂlﬁ veral organic
! compounds in water.
“@ :% Therefore, this study investigated

AT R A G the suitable conditions for subcritical
Fig.1 Chemical structures and water extraction of polyphenolic
molecular weights of compounds such as gallic acid and

gallic acid and ellagic acid ellagic acid from 7. chebula fruits by



considering the effect of extraction

temperature and water flow rates.

2. Materials and Methods
2.1 Materials
Water used in the experiments
was distilled and deionized. The dried
fruits of 7. chebula were obtained from

blender.
2.2 Methods
The apparat
water extraction is sh®W
system consisted of t
(PU 980, JASCO, Japt

delivering water and Jfsqg

degassing instrument (ERG 2 --d =

Japan), an oven (D63450, HA ":.,._
p= s ".ﬁ",u:‘x .

Germany), in

vessel (10 ml, Thai ;ﬂ'—-—:::- e

mounted, a pressure galige,

pressure regulator va}w: {AKICU

A\ \\;‘..
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(120-220°C). When the temperature
reached the set point, the extraction
started. The degassed water (distilled
water without dissolved oxygen) was
then delivered at a constant flow rate
(2-5 ml/min) with the first HPLC
pump to a 3-m preheating section
installed in the oven to heat it to the

ang y quired temperature before passing
o g /g gh the extraction vessel. The

of the system was adjusted to
.-a..ar-' ed condition using the back-
gulator valve at the outlet
pressure has no effect on
polarity [7]. thus in this
¢ used the pressure of 4-6 MPa
e that water was in liquid state

> temperatures tested. The second

“pump was then turmed on to deliver

ed water at constant flow rate of

i fo wash off any residual
the outlet line behind the

extractor. The extract was cooled in a

::::“;;:Lﬂmxrm arm WL o
AR SRR T o

system, ail connections were checked
for possible leakage. The oven was
preloaded with 1 g of ground T
chebula fruits and the temperature was

set to the desired operating condition

was analyzed by HPLC with UV

detection at the wavelength of 270 nm.



Dimilled water

Owen \ Coaling bath

HPLC Punp

Distilled water

Extracior
Produd

Fig.2 Diagram of experimental setup

subcritical water extraction

After each extraction.the.¢ _,_\
of polyphenolic compotfi
in the fruit residue was g
solvent extraction with d
The fruit residue was taj
extractor and placed” inj
Erlenmeyer flask, co
distilled water. It was t|
release the products intojthe
overnight. The solution
replaced with 10 mi, of
water daily for 5 dafyss

J

3. Results and D:scuss“ﬂn

68

possible product, we operated this

extraction for 4 hr.

l s
| 4 —a—Te 10T
i e Teiae
{ E 2 —u— Ta220C
¥ 2
i ‘

0 3 & 93 120 150 180 290 240
tima (min)

3 Effect of subcritical water
action temperature on
o ount of gallic acid extracted

0 80 B0 120 150 180 210 240

8 TN S W A e

temperature

& extraction ﬁﬁmturc on

Subcn%wr] ﬁﬂ ﬁ m y ﬁ r] aﬂmqﬂ ’}a acid extracted

temperature in the range 120-220°C on
the amount of gallic acid and ellagic
acid at a fixed pressure of 6 MPa and a
fixed flow rate of 5 ml/min was

determined. To get the maximum

As shown in Fig.3 and Fig4, as
showed that
caused

expected the results
increasing temperature
increasing  product  solubility. In
addition, the increased solubility could

be also be caused by the decreasing



water polarity at higher temperature.
At 180°C, the amount of GA and EA
extracted was the highest. However, at
220°C, thermal degradation of the
product occurred and this result was
confirmed by HPLC analysis which
showed that no GA or EA remained in

the sample residue. Moreover, it can be

rate (2-4 ml/min)

extraction at 180°C

Fig.5 and Fig.6, respectively. ftes
seen from these figures tk

of the desired n;ww
with an increase in;uo 1

rate up to 4 ml/mi The reason is

pusmbly

extractor w. ']1,]1 gher
the d rﬁsn

amount nf the GA and EA extracted at
4ml/min at 4 MPa was actually higher
than that obtained with water at the
flow rate of 5 ml/min and at the the
pressure of 6 MPa as previously
reported. Possible reasons for this

should further be investigated.

/4 Effect of water flow rate on the

Wf gallic acid extracted versus
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L]
]
Fl !—.—m—:uﬁn
| = fiow 3 mifmn
{ 2 —d— fiow 4 midmin
o8
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of water for SWE at 180°C
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Fig.6 E@em of water flow rate on the
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The results in the present study
showed that the  higher the
temperature, the greater the amount of
phenolic compounds extracted,
especially at the temperature of 180°C

which gave the highest amount of the



extracts. However, the possible
degradation of gallic acid and ellagic
acid occurred at high extraction
temperature. In the same way,
increasing water flow rate increased
the products. These results could be
concluded that the suitable condition
for suberitical water extraction o
gallic acid and ellagic acid fi
chebula fruits is at teniper:
180°C and water flow rarveof

From these results,
suggested  that
extraction is an alt
extraction of polyp

from T. chebula fruits.
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