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The objective of this study was to identify botanical species of crude drugs named
Chan-thet, Chan-khao, Chan chamot, Chan-thana and Chan-hom currently available in Thai
traditional drugstores. The discrimination models of these crude drugs were also developed.
Fifteen samples of Chan-thet, eighteen samples of Chan-khao, seventeen samples of Chan-
chamot, ten samples of Chan-thana and eleven samples of Chan-hom were randomly
purchased. Three pure compounds isolated from laboratory, i.e. a-santalol, mansonone G
and geniposidic acid, were used as chemical markers. TLC chromatograms of the crude
drugs were compared with the authentic samples. Infrared (IR) spectra and gas
chromatography (GC) chromatograms of crude drug samples were compared with authentic
samples by using chemometric' methods,-i.e. similarity analysis (SA), hierarchical cluster
analysis (HCA) and principal / component * analysis . (PCA). Moreover gas
chromatography/mass spectroscopy (GC/MS)-was applied for the identification of chemical
constituents. Afterward the models for-botanical discrimination of these crude drugs were
developed on the basis of IR spectral data. Two prediction-methods, i.e. soft independent
modeling of class analogy (SIMCA) and partial least squares-discriminant analysis (PLS-DA),
were compared.

The results indicated that Chan-thet.samples were identified as three species, i.e.
Santalum album, S. spicatum and S. lanceolatum; as S. spicatum was mostly found. Most
Chan-khao samples were Tarenna hoaensis. One of them was S. spicatum, and the others
were an unidentified species.All. Chan-chamot samples were Mansonia gagei. Most Chan-
thana samples were T. hoaensis and-some were other. three unidentified species. Most
Chan-hom samples were S.. spicatum and some- were M. gagei. = Comparing among
chemometric methads, PCA (gave the better identification-results than HCA and SA. The best
discrimination method.of these-crude drugs using SIMCA was obtained from the PCA models
using IR data in-the range 0f1498-501 cm™. Its accuracy, sensitivity and-specificity were 80,
70 and 100%, respectively. For PLS-DA, the best-discrimination' method was obtained from
PLS models using second derivative IR in the range of 1801-501 cm™. | Its accuracy,
sensitivity and specificity were 87, 80 and 100%, respectively.
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CHAPTER |
INTRODUCTION

“Chan(s)” is name of many herbs or crude drugs of Thailand, e.g.
Chan-thet, Chan-khao, Chan-chamot, Chan-thana, Chan-hom, etc. These crude drugs
are popularly used in Thai traditional medicine. In advancement of the herb in health
system supported by the National Pharmaceutical System Development Commission,
the topic of herbal medicines was continuously introduced into the National List of
Essential Medicines (NLEM) to allow application of the herb from Thai ancient
wisdom. Many Thai traditional prescriptions in this List have “Chan(s)” as an

important ingredient. For-example, Ya-hom Thepjit (swmesinwias) has Chan-khao or

Chan-chamot. It is used for the symptoms concerning blood circular system. Ya-

Apaisalee (v1edwand) has Chan-thet.- It /is ~used for the symptoms concerning
gastrointestinal system. Ya-Chanthaleela (sn3unitaan) has Chan-khao or Chan-chamot.

It is used to treat fever [1].

The " problem of .using ‘herbs -named  Chan(s) is" uncertainty and
confusing in_their species identification... Their scientific or botanical names are
possibly both same and different. For example, Chan-thet in “Thai crude drug 1” and
“The explanation of Narayana’s medicines textbook™ is referred to a tree which has
red aril. It is known as nutmeg or Myristica-fragrans Houtt. (family Myristicaceae)
[2-4]. But Chan-thet mentioned in “Quality of Thai crude drug from research to
sustainable development” and “Handbook of Thai traditional pharmacy volume 2:
crude drug from herbal plants” is a semi-parasitic small tree which the color of freshly
bloom flower similar to rice straw then the color will change to magenta. Its wood
has unique fragrance. It is Santalum album Linn. (family Santalaceae), sandalwood
[5, 6], Mai-hom-gan-chan [7], Mai-hom-India, Indian sandalwood or white
sandalwood [8, 9]. S. album is also described as a botanical name of Chan-khao [10,
11]. The other herb that was identified as Chan khao is Diospyros decandra Lour.

(family Ebenaceae) of which fruit has strongly flavoring smell. It is known as “Luk-
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in”, Chan-luk-hom, Chan-in, Chan-o and In [3, 8]. Moreover some references
identified Chan-khao as the same species as Chan-thana which was identified as
Tarenna hoaensis Pit. (family Rubiaceae) [4]. Chan-thana is also known as Chan-
hom in Rayong province, Chan-bai-lek in Prachuap Khiri Khan and Chan-ta-nia in
Khmer-Eastern [2, 4, 8]. Furthermore, Chan-khao is the synonym of Chan-chamot,
Chan- phama and Chan-hom which was identified as Mansonia gagei J.R.Drumm. EXx
Prain (family Sterculiaceae). This plant is a shed leaves tree. It is 10-20 m height
with smooth white grey bark, dark brown heartwood, oblong margin ovate simple
leaf, white flower, spindle fruit with one-triangle wing and its died wood has like
musk-like smell [2-4, 8]. The other identified species of Chan-chamot by some
references is Aglaia silvestris (M.Roem) Merr. (family Meliaceae). It is a tree, 15-30
m height with white grey bark, dark-brown heartwood, pinnately compound leaves,
lanceolate shape, entire margin, small yellow flower and circular fruit [2, 4, 8].

The crude drug named ‘“Chan” originated from the plant genus
Santalum, is the other concerning issue.” More than 15 species of Santalum spp. are
found in Timor Indonesia, India, Nepal, Sri Lanka, Java, Bali,-Tonga, Fiji, Vanuatu,
France and Australia. ~All.of them have economical valuable essential oil [12-15].
However S. album ' (Indian sandalwood), <S. . spicatum (Western Australian
sandalwood) and S.-lanceolatum (Northern ~Australian sandalwood) are three
important commercial species that were imported and exported to Australia, China,
Taiwan, Sri Lanka, ‘Indonesia and South East Asia [16-19].. Therefore S. album
available in the market of Thailand.-may be substituted with the other Santalum
species.

Substitution of herbalmedicines may occur intentionally or
unintentionally. Cause of unintentional adulteration or substitution may be come
from the lack of proper evaluation methods of herbal medicines available in market.
The issues that can initiate the substitution of herbal medicines are such as faulty
collection, imperfect preparation, incorrect storage, some parts of plant material
substitution, and substitution with exhausted drugs [20]. In the past, medicinal plants
and crude drugs were identified by folk professional herbalists who can identify

skillfully with their experience regarding aspect of medicinal plants such as size,



color, surface characteristics, texture, fracture characteristics, odor and taste.
Currently, a number of folk professional herbalists have been decreased. Therefore
the knowledge of proficient identification has been going lost. However herbal
medicine authentication still has been concerned to ensure the accuracy of genuine
material. Thus scientific analysis becomes an important method which contributes to
correctly clarify herbal medicines, for example authentication and identification using
chromatographic evaluation [21]. An analysis of general modern synthetic medicines
may not be complex on account of knowing major active ingredients that can be
directly compared with chemical standards and the analysis. Results generally relate
to efficacy of the medicines. In contrast, herbal medicines analysis using only the
major chemical constituents may not appropriate because biological or
pharmacological activity and efficacy of herbal medicines are obtained from their
overall chemical constituents [22]. Therefore chemical fingerprint analysis which
will provide the overview of herbal medicine of chemical information is interesting.

Chemical fingerprint analysis is a technique which use for
identification and authentication of herbs [22-24]. Due to health concerning, the
World Health Organization (WHO)-decided quality and- efficacy. assessment of single
and formulae herbal medicines. -Fingerprint analysis is an interesting technique since
it is utilized to identify-herbal medicines [25,26].-.Chemical fingerprints are the data
that obtain from various analysis techniques such as thin-layer.chromatography, gas
chromatography, “high performance’ liquid chromatography,  ultraviolet/visible
spectroscopy and infrared spectroscopy.that are-well-known techniques for analyst.
Moreover the instrument can connect with many detectors such as mass spectroscopy
detector, diode array detector and refractive index detector. The analysis data are
difference depending on each technique and detector.

Owing to the complication of chemical fingerprint, chemometrics is
applied to demonstrate the chemical fingerprint analysis. Chemometrics is science of
extraction and integration chemical data by mathematics and/or statistics thus it
handles complex or multivariate data, such as chemical fingerprint [27-29]. The
pattern recognition part of chemometrics has been useful for herbal identification. It

is separated to unsupervised learning and supervised learning. The examples of



unsupervised learning technique are similarity analysis (SA), hierarchical cluster
analysis (HCA), principal component analysis (PCA), etc. As well, supervised
learning techniques are soft independent modeling of class analogy (SIMCA), k-
nearest neighbor (k-NN), linear discriminant analysis (LDA), partial least squares-
discriminant analysis (PLS-DA), etc [28, 30]. Many previous studies have applied
these chemometric methods to identify and authenticate herbs. Haidy et al. [31]
reported the authentication and quality assessment of Thymus species which applied
unsupervised learning techniques as hierarchical cluster analysis (HCA) and principal
component analysis (PCA) to identify and classify the_eight species of Thymus and
Thyme tea. Furthermore soft independent -modeling of class analogy (SIMCA),
supervised learning technique, was used to distinguish T..vulgaris from other Thymus
species. Wong et al. [32] used PLS-DA to differentiate two close species between
Pueraria lobata and P. thomsonii. = The PLS-DA was performed by unsupervised
learning technique and it was a technique for the quality control of P. lobata and other
herbal materials in the manufacture.

As mention: above, the crude drugs named Chan(s), i.e. Chan-thet,
Chan-khao, Chan-chamot, Chan-thana and -Chan-hom possibly have a problem
regarding substitution‘in the ‘market. The application of chemical fingerprint analysis
and chemometrics are-interesting to resolve-this problem. Therefore the aim of this
study was to identify the botanical origins of these crude drugs< by chemical
fingerprint coupled with chemometric methods. . The reliable models.to discriminate
and authenticate ‘these  crude drugs. were -also developed. ~ Since botanical
identification and authentication are the important issues of herbal quality control in
pharmacopoeias and recommended by WHO [21], this study will gain more ideas for

the quality control method of Thai medicinal plants.

Goals and objectives

1. To identify the botanical names of Chan-thet, Chan-khao, Chan-chamot,
Chan-thana and Chan-hom.

2. To establish the methods for the discrimination of Chan-thet, Chan-khao,

Chan-chamot, Chan-thana and Chan-hom.



CHAPTER II
LITERATURE REVIEW

1 Thai traditional use of Chan(s)

Chan-thet, Chan-khao and Chan-chamot have been recorded in Thai
medical textbooks, whereas the names of Chan-thana and Chan-hom were found in
some herbal textbooks. Their usage and character are explained as follows.

1.1 Chan-thet

Its heartwood has, aromatic and hot or mild tastes (sawenfounieveugyn)
[33]. It is used to relieve fever, biliary diseases (afi3u), jactation (nszdunszdiw) and

dizziness. Its fruit possesses aromatic smell and sour, astringent and hot tastes. It is

used for dyspepsia, colic, catarrhal symptom (uidua1), diarrhea, apthous ulcer, thirsty,
uteralgia, and blood tonic (xihyudea). Its flower has aromatic.smell and hot and spicy
tastes (smfinou). It .is used-for blood-tonic, carminative, pulmonohepatotonic (ihjesi
1en), cardiotonic and choleretic (ihguita) [6].  Its-aril (mace) has hot and spicy tastes
(smiia3en). It is used for blood tonic, element tonic (ih3e519) and carminative. Its seed
used for element tonic, disorder of four elements (uisqiinis), carminative, uterodynia
(vhhauagn) and blood tonic [33]. This crude drug has ever been identified as Santalum

album L. [34] or Myristica fragrans Houtt. [2, 4, 6, 34, 35].

1.2 Chan-khao
Its wood possesses bitter and sweet tastes. It is used for febrifugal,
apthous ulcer, thirsty, neurotonic, skin tonic and anthelmintic. Moreover it used for

liver, pulmonary and bile diseases (su dea ¥hadinis). Its heartwood possesses aromatic
and cool tastes (sanesifiu). It is used for febrifugal, dizziness (u#an) and choleretic (vings
1h#) [33]. This crude drug has ever been identified as Diospyros decandra Lour. [4,

34, 36, 37] or Tarenna hoaensis Pit. [2].



1.3 Chan-chamot

Its wood has mild taste (saweugywn). It is used to relieve fever, nausea
and vomiting and dizziness (ufaw3aden). Moreover it is utilized for cardiotonic,
refreshmentand analeptic (s1¥lanesnuanla yiids). Its heartwood has aromatic and
cool taste (savesndin). It is used for cardiotonic, debility and choleretic [33]. This crude

drug has ever been identified as Mansonia gagei J.R. Drumm. Ex Prain [4, 34] or

Aglaia silvestris (M. Roem.) Merr. [4].

1.4  Chan-thana
Chan-thana was not recorded in-Thai medical textbook. It has been
identified as the heartwood of T. hoaensis [8] which is-used for pulmonohepatotonic,
cardiotonic, febrifugal, apthous-ulcer; thirsty, and plentifully sweating. Moreover it is
used for stomatorrhagia gingivarum [8].

1.5  Chan-hom
Chan-hom-was not. recorded in-Thai medical textbook. It has been
identified as the stem. of M.-gagei [8] which is used as intestinal carminative and
cardiotonic. It also relieves calic, abdominal discomfort, stomachache and dyspepsia.
Its wood and heartwood are used for nausea, vomiting and dizziness. It is also used as
cardiotonic, analeptic and febrifugal. ~ Moreover it is used for disorder of four
elements. Its leaf.is utilized as skin tonic. Morover-it relieves apthous ulcer, thirsty

and abdominal discomfort [4].

2 Chan(s) in Thai traditional medicine formulae

Over thousands of Thai traditional medicinal formulae were applied
for various somatic systems. Each herbal ingredient in formulae possesses its
particular function. Chan-thet, Chan-khao, Chan-chamot, Chan-thana and Chan-hom
were used as ingredients in approximate hundred of Thai traditional formulae [33, 39-
40]. Fifteen examples which consist of one or more Chan(s) are listed in Table 1.



Table 1 Examples of some Thai traditional formulae containing Chan(s) as

ingredient(s).

Chan(s) in formula Name of formula Traditional use Reference
Chan-thet or Ya kaewhom Fever, apthous ulcer, thirsty, [1, 33]
Chan-chamot (erdvmen) measles and chickenpox (ufiusia
Wudgnoled)
Chan-khao or Ya Chanthaleela Pyrexia (uildd¥eu), seasonal [1, 33, 39, 40]
Chan-chamot or (ndumidan) fever, various fever and fever
Chan-thet cause of poisonous food
Chan-thet Ya Mahaniltangtong - Exanthematous fever (u#'l4nw), [1, 33]
(owrifiaunianes) measles, chickenpox, apthous
ulcer and thirsty
Chan-thana Ya Bintan Dysentery (ufanynidena)-and-hot and [39]
(CRIT cold fever (uilfazaiadounziimmn)
Chan-khao and Ya Kaekai Fever, delirium (3ouwfonds) and [39]
Chan-thana Narayanatonjak withdraw febrile
(o ldurseainondng)
Three types of Chan Ya Kaekai Exanthematous fever, fever.due to [39]
(fumioana) Chanharuethai abnormality of combination of
(A5 umnn i) three of-the following-origin;
(Semha; Pitta; Wata,-Kamdao,
Lohita) (1¥dufiwa), hot and cold
fever, and various fevers
Chan-thet, Chan-thana Ya-uthai Apthous ulcer and thirsty [40]
and Chan-chamot (a1giiv)
Chan-khao Ya Mahakan Exanthematous fever, [39]
(mmrnw) splenomegaly (ufynnszrmushudes),
abscess, abdominal pain and
hiccough
Chan-khao and Yahom Thiposot Dizziness [1, 33]
Chan-thet (omiouiinlean)
Chan-khao and Yahom Thepjit Dizziness, nausea, blurred vision, [1,33]

Chan-chamot

(evioumndag)

palpitation and cardiac stimulant




Table 1 Examples of some Thai traditional formulae containing Chan(s) as

ingredient(s) (continued).

Chan(s) in formula Name of formula Traditional use Reference
Chan-thet Ya-hom-navakot Dizziness in elder, nausea, [1, 33]
(erveuualng) dizziness, anorexia, flatulence and
Wata arising convalescent period
(uhanano’ld)
Chan-thet Ya Apaisalee Abdominal discomfort [1]
(o105va1a)
Chan-thet Yahom Inthajak Angina, nausea, vomiting and [1, 33]
(ovieasdunsng) flatulence
Chan-hom Ya Mahasan Treatment various poisons [40]
(oimans)
Chan-thet Ya-Munthatat Flatulence and hypoactivity of the [1, 33, 39]
(piumsig) four elements (i1 4 wdou)
Chan-khao Ya Thepmongkol Infectious diseases in early [39]

(pummiisna)

childhood (x3) and membranous

stomatitis (azeeimslu)




3 Santalum album L.

Figure 1 Santalum album L.

3.1  Introduction

S. album is a plant that commonly known as Indian sandalwood or
white sandalwood. It was originated from Timor Indonesia for thousand years [41]
and was taken to India by fragrance wood traders-[42]. ~Thus currently most of them
are mainly produced: inIndia [43]... Moreover they have been-extended throughout
Nepal, Sri Lanka, Timor, Java, Bali and Australia [15]." S. album has been utilized as
perfumes, cosmetics, scent,-fragrance and aromatherapy in-worldwide [43-48]. It is
one of the mostly important .economic and medical species [49, 50]. The quality of
essential oil from'S. album.or sandalwood oil is varied based onage, color and cutting
height of heartwood ‘[50]. Sandalwood has been applied in ancient practice for
thousand years ago. The smell of incenses which were formed by powdered
sandalwood could alter mood quality e.g. removing depression, anxiety, nervousness,
stress and insomnia [43, 51]. In ethnobotanical therapeutic usage in India, extracted
oil from root and wood has been used for aphrodisiac [51, 52], diuretic and urinary
antiseptic [51]. Moreover leaf and stem have been used for gastric irritability,
dysentery, gonorrheal, urethral disorder, bronchial disorder and skin disorder [53, 54].
Furthermore essential oil has been used for the treatment of lymphatic, nervous
system, respiratory system, genitourinary and integumentary disorders [43]. Wood

has been used for anti-septic, anti-pyretic, anti-scabietic, diuretic, expectorant,
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stimulant and treatments of bronchitis, dysuria, urinary infection and gonorrhoeal
recovery [50]. For industrial, the heartwood should be harvested from the mature tree

over 30 years for yielding fragrance oil [43, 55, 56].

3.2 Morphology

S. album is belonging to the family Santalaceae. It is a mid-sized
tropical evergreen and semi-parasitic tree. Its height is approximately 6-20 m. It has
terete trunk. Lower branches sometimes droop and branchlets slightly angular-striate.
Bark is grey-brown or reddish-dark grey to-almost black color. Leaves are simple and
opposite or decussate and exstipule. ~Petiole is yellowish with approximately 5-15
mm length. The blade is/ ovate, lanceolate-elliptical or oblong. Base is obtuse,
cuneate or acute. Margin is undulate; flat or slightly recurved. Apex is acuminate. It
is slightly discolorous. 'lt-is-pale green above and glaucous beneath. Venation is
distinctly reticulate. Flowers are inflorescence which is a terminal or axillary panicle
or raceme with 2-5 cm length.:, Floret is-small, gamopetalous ancient bowl-shape and
splitting into 4 lobes at the end. Fresh bloom is straw. then-changes to red-purple
color. Perianth is campanulate tube and about 2 mm length. It has 4 lobed as
triangular-ovate, initially yellowish turning brownish-red with a hair tuft behind the
stamens. Four stamens cast over hair tufts.— Disk.is_prominently 4-lobes and erect-
recurved. They have orange-brown then turn to blackish-red. Pistil is superior to half
inferior ovary. with ‘short. style-and small, slightly 3-lobed -stigma. Fruit is an
ellipsoidal consisting of 1-seeded drupe, approximately 1-cm length, with small apical
collar. The mature fruit is-round. ‘It'is blackish color and has 1 seed. Exocarp is blue
to blackish-red. Mesocarp is succulent or firm.” Endocarp is smooth. Seed has testa
and epigeal germination [2, 6, 44, 46, 55-57].



3.3  Pharmacological activity
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The pharmacological activities of S. album are listed in Table 2.

Table 2 Pharmacological activity of Santalum album.

Activity Part Reference
Analgesic Wood [58]
Aphrodisiac Heartwood [59]
Anthelmintic Plant material* [60]
Anti-bacteria Leaves and stem [53, 54]
Leaves oil [50]
Heartwood and leaves [61]
Anti-cancer Essential oil [62]
Anti-hyperlipidemic Powder* [63]
Anti-hyperglycemic Powder* [63]
Sandalwood oil [64]
Anti-inflammation Essential: oil [65]
Anti-oxidation Ripen fruits [66]
Anti-pyretic Essential oil [65]
Wood [58]
Anti-ulcer Stem [67]
Anti-virus Essential oil [64, 68]
Chemoprevention Essential il [69, 70]
Cytotoxicity Heartwood [46]
Ripen fruits [66]
Insecticide Essential oil [65]
Larvicide Essential-oil [71]

* Part was not specified.
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34 Chemical constituents

Chemical constituents of S.album are listed in Table 3.

Table 3 Chemical constituents of Santalum album.

Compound Part Reference

Sesquiterpenes

a-Acoradiene Essential oil [48]
B-Acoradiene Essential oil [48]
10-epi-B-Acoradiene Essential oil [48]
a-trans-Bergamotene Essential oil [48]
a-trans-Bergamotol Essential oil [48]
B-Bisabolene Essential oil [48]
(E)-u-Bisabolene Essential oil [48]
a-Bisabolol Essential oil [48]
Bulnesol Essential oil [48]
a-Cedrene Essential oil [48]
y-Curcumene Essential oil [48]
Ar-Curcumene Essential.oil [48]
(9E)-11,13-Dihydroxy-o-santalol Heartwood [46]
(10R,115)-10,11-Dihydroxy-a-santalol Heartwood [46]
a-Funebrene Essential oil [48]
Helifolen-12-al Essential oil [48]
B-Himachalol Essential oil [48]
(9S,10E)-9-Hydroxy-a-santalal Heartwood [46]
(10E)-12-Hydroxy-a-santalic acid Heartwood [46]
12-Isoitalicenol Essential oil [48]
(E)-Nuciferol Essential oil [48]
a-Santalene Essential oil [48]
B-Santalene Essential oil [48]
epi-B-Santalene Essential oil [48]
B-Santalol Essential oil [48]
epi- p-Santalol Essential oil [48]
(2)-a-Santalol Heartwood [46, 48]
a-Santalol acetate Essential oil [48]

Sesquisabinene Essential oil [48]
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Table 3 Chemical constituents of Santalum album (continued).

Compound Part Reference
Monoterpenes

7-epi-Sesquithujene Essential oil [48]
Lignans

Dihydrodehydrodiconiferyl alcohol Heartwood [44]

2,3-bis[(4-Hydroxy-3,5-dimethoxyphenyl)-methyl]-1,4- Heartwood [44]
butanediol

w-Hydroxypropioguaiacone Heartwood [44]

(-)-seco-Isolariciresinol Heartwood [44]

(7'S,8R,8'R)-Lyoniresinol Heartwood [44]

(7S,8S)-3-Methoxy-3',7-epoxy-8,4'-oxyneoligna-4,9,9'-triol Heartwood [44]
Neolignans

(7S,8R)-Dihydro-3'-hydroxy-8-hydroxy-methyl-7-(4-hydroxy- ' Heartwood [44]
3-methoxyphenyl)-1'-benzofuranpropanol

7S,8S-Nitidanin Heartwood [44]

7,8-erythro-4,9,9'-Trihydroxy-3,3’-dimethoxy-8.0.4'- Heartwood [44]
neolignans

7,8-threo-4,9,9'-Trihydroxy-3;3’-dimethoxy-8.0.4"-neolignans - Heartwood [44]

Aromatic ester
Diethylene glycol monobenzoate Heartwood [44]

Phenylpropanoids

C-Veratroylglycol Heartwood [44]

3-Hydroxy-1-(4-hydroxy-3,5-dimethoxyphenyl)-1-propanone ._Heartwood [44]
Phenolic acids

Isovanillic acid Heartwood [44]

Syringic acid Heartwood [44]

Vanillic acid Heartwood [44]

Vanillic acid 4-O-neohesperidoside Heartwood [44]
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4 Santalum spicatum (R. Br.) A. DC.
4.1 Introduction

S. spicatum is known as western Australian sandalwood. It is an
important commercial tree in Australia since 1845 A.D. which has been firstly
exported to China [57, 72-74]. It has been widely distributed throughout semi-arid
and arid area of Western Australia [75]. The quality of essential oil of S. spicatum is
similar to the quality of essential oil of Indian sandalwood [75]. Bark has been used
in ethnobotanical therapeutics to relieve cough [76].

4.2 Morphology

S. spicatum is belonging to the family Santalaceae. It is semi-root-
parasitic shrub. It is 4 m height with tough grey bark and stiff spreading branches.
Leaves are opposite with-3-5:mm petiole.- Blade is lanceolate to narrowly elliptical
with grey-green. Flowers are inflorescence with 3-5'-mm peduncle and 1 mm pedicel.
The receptacle is 1-1.5 mm length with-1.5-2 mm triangular-ovate of 4 tepals. It is
red-green with small tufts of hairs at base inside. Hairs are persistent in fruit. Disk is
short lobe. Style is 0.5 mm-length. It has 2 lobes of stigma.” A-globose drupe fruit is

1.5-2 cm diameter with green or brown.” Mesaocarp:is adheres to endocarp [57].

4.3 ~ Pharmacological activity

The pharmacological activities of S. spicatum are listed in Table 4.

Table 4 Pharmacological activity of Santalum spicatum.

Activity Part Reference
Anthelmintic Not specified [77]
Anti-diabetes Not specified [78]
Anti-oxidation Not specified [78]
Anti-virus Bark [79]

Insecticide Not specified [80]




15

4.4 Chemical constituents

Chemical constituents of S. spicatum are listed in Table 5.

Table 5 Chemical constituents of Santalum spicatum.

Compound Part Reference

Sesquiterpenes

(2)-u-Santalol Essential oil [12, 48]
epi-a-Bisabolol Essential oil [48]
(2)-p-Santalol Essential oil [12, 48]
epi-p-Santalol Essential oil [48]
(2)-a-trans-Bergamotol Essential oil [48]
(E,E)-Farnesol Essential oil [12, 48]
(2)-Nuciferol Essential oil [48]
(2)-Lanceol Essential oil [48]
Triglycerides
Triximenynoyl-glycerol (triximenynin) Seed'oil (fix oil) [72]
Oleoyl-diximenynoyl-glycerol (oleic acid) Seed. oil (fix oil) [72]
Dioleoylximenynoyl-glycerol (ximenynic acid) Seed oil (fix oil) [72]
5 Santalum lanceolatum R.Br
51 Introduction

St lanceolatum-is Northern Australian sandalwood. It has been widely
distributed in Victoria and_New-South Wales which are not arid-or semi-arid area
[81]. In Australia, bark, 'stem and Jleaves have been traditionally used for cold,

malaise, sore throat, venereal diseases and painful-urination [76].

52 Morphology
S. lanceolatum is belonging to the family Santalaceae. It is a shrub
with 3-7 m height. Leaves are ovate to narrow elliptic with 2-9 cm length and 5-25
mm width. Apex is acute to mucronate. Surface is concolorous or slightly
discolorous and often slightly glaucous. Petiole is 2-10 mm length. Flowers are
terminal or axillary panicles or racemes in upper axils. Its flowers rarely exceed the

leaves. Peduncle is 5-30 mm length. Pedicle is 1 mm length. The greenish triangular
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tepals are 3-5 mm length. The character of disc with knob likes lobes. Ovary is half-
inferior with 4 lobed of stigma. Fruit is drupe ovoid, 7-15 mm length with dark blue
or purple. It is often gall. It has circular subapical scar and smooth endocarp.
Flowering is throughout year but mainly in August to December [82].

5.3  Pharmacological activity

The pharmacological activities of S. lanceolatum are listed in Table 6

Table 6 Pharmacological activity of Santalum lanceolatum.

Activity Part Reference
Anti-bacteria Leaves [76]
Anti-diabetes Not specified [78]
Anti-oxidation Not specified [78]
Anti-virus Bark, stem and leaves [79]

54  Chemical constituents
Similar ‘to theother Santalum sp., santalol is jone of the major
compositions but its content is low. - Chemical constituents-of S. lanceolatum are
listed in Table 7.

Table 7 Chemical constituents of Santalum-lanceolatum:

Compound Part Reference
Curcumenol Heartwood [83]
Nuciferol Heartwood [83]

Santalol Heartwood [83]
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6 Mpyristica fragrans Houtt.

Figure 2 Myristica fragrans Houtt.

6.1 Introduction

M. fragrans is a traditional-plant of Maluku islands and nearby islands.
Its common name is nutmeg tree [6] of which Thai name is Chan-thet or Chan-ban
(Shan-Northern). It is shrub or tree that has been imported to Thailand for many years
ago [8]. It is an aromatic plant which used as spices.  Seed (nutmeg) and aril (mace)
are major parts that are used as spices-and traditional medicines [84]. The first fruit is
produced when the plantis 8-9 years old until it is 30 years old [2, 6]. It has been
used as aphrodisiac in Indian-traditional medicine [52]." In China; nutmeg has been
used as medicine for digestive disorder [84]. Moreover nutmeg has been used for the
treatments of digestive, ‘liver-and skin-disorder [84] and mace has been used as

aromatic stomachic and analgesic [85].

6.2 Marphology

M. fragrans-is belonging to the family Myristaceae. It is a shrub or
tree with 8-18 m height. Bark is-smooth with grey-black color. Leaves are leathery,
simple, alternate and ovate shape. Margin is oblong with 4-5 cm width, 10-15 cm
length. Apex is acuminate. Base is attenuate. Dorsal and ventral sides are entire and
shiny. Flower is yellow. It does not have petal. Fruit is round or flat-round shape. It
is creamy-yellow or red color, fleshy and consisting 2-valved capsule. Ripe fruit has
2 pieces when fissures. Thick seed is brown and called nutmeg. Aril is red and called
mace [2, 4, 6, 35, 84].



6.3  Pharmacological activity

The pharmacological activities of M. fragrans are listed in Table 8.

Table 8 Pharmacological activity of Myristica fragrans.
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Activity Part Reference
Analgesic Seed [86]
Anti-bacteria Essential oil [87]
Aril [88]
Anti-inflammation Aril [85]
Seed [86]
Anti-biofilm of bacteria cause of dental Seed [89]
dysfunction activity
Anti-convulsant Seed oil [90]
Anti-fungus Aril [88]
Seed [91]
Anti-microbial Fruits [92]
Anti-oxidation Aril [88]
Fresh fruit oil [93]
Seed 0il [94]
Anti-platelet Seed [95]
Anti-rotavirus Seed [96]
Anti-thrombotic Seed [86]
Anti-tyrosine phosphatase 1B (PTP1B) Dried seed [97]
Anxiogenic Seed [98]
Cytotoxicity Fresh fruit oil [93]
Anti-microbial cause of gastrointestinal Seed [99]

disorders susceptibility

6.4 Chemical constituents

Chemical constituents of M. fragrans are mainly reported from

essential oil of seed and aril. The details are listed in Table 9.



Table 9 Chemical constituents of Myristica fragrans.
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Compound Part Reference
Monoterpenes
Camphene Seed oil (essential oil) [100]
d-Citronellol Fresh fruit [93]
2,6-Dimethyl 2,6-octadiene Fresh fruit [93]
B-Fenchyl alcohol Fresh fruit [93]
Geranyl acetate Fresh fruit [93]
Isobornyl acetate Fresh fruit [93]
Isosilvestrene Seed oil (essential oil) [100]
Limonene Dried seed kernel oil, fresh fruit-and seed [90, 91, 93]
Linalool Dried seed kernel oil, fresh fruit and seed oil [90, 93, 100]
(essential oil)
cis-para-Menth-2-en-1-ol Seed oil (essential oil) [100]
Myrcene Fresh fruit and seed oil (essential oil) [93, 100]
trans-B-Ocimene Fresh fruit [93]
a-Phellandrene Seed oil (essential oil) [100]
B-Phellandrene Aril oil'and seed-oil (essential oil) [88, 100]
a-Pinene Dried seed kernel oil, aril oil,-fresh fruit-and [88, 90, 91, 93,
seed oil.(essential oil) 100]
Piperitenone oxide Seed-oil (essential oil) [100]
Sabinene Aril oil'and seed oil (essential oil) [88, 91, 100]
cis-Sabinene hydrate Seed oil (essential-oil) [100]
cis-Sabinene hydrate acetate Seed oil (essential oil) [100]
trans-Sabinene hydrate Seed-oil (essential-oil) [100]
trans-Sabinene hydrate acetate Seed oil-(essential oil) [100]
Saychellene Fresh fruit [93]
a-Terpinene Dried seed kernel oil and-aril oil [88, 90, 93, 100]
y-Terpinene Dried seed kernel oil, aril oil, fresh fruit and  [88, 90, 93, 100]
seed oil
Terpinen-4-ol Dried seed kernel oil, aril oil and seed [88, 90, 91, 93,
100]
a-Terpineol Dried seed kernel oil and seed oil (essential [90, 100]

oil)




Table 9 Chemical constituents of Myristica fragrans (continued).
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Dehydrodiisoeugenol
Fatty acids
Linoleic acid

Palmitic acid

Avril

Avril
Avril

Compound Part Reference
Terpinolene Aril oil, fresh fruit and seed oil (essential oil) [88, 93, 100]
a-Terpinyl acetate Seed oil (essential oil) [100]
a-Thujene Avril oil and seed oil (essential oil) [88, 100]

Sesquiterpenes
trans-o-Bergamotene Fresh fruit and seed [93, 100]
B-Bisabolene Fresh fruit [93]
d-Cadinene naphthalene Fresh fruit [93]
trans-B-Caryophyllene Fresh fruit [93]
a-Copaene Seed oil (essential qil) [100]
f3-Damascenone Seed oil (essential oil) [100]
trans-p-Farnesene Fresh fruit [93]
D-Germacrene Fresh fruit [93]
Guaiol Fresh fruit [93]
a-Humelene Fresh fruit [93]
trans-Methyl isoeugenol Dried seed-kernel oil and fresh fruit [90, 93]
a-Muurolene Fresh fruit [93]

Phenylpropanoids
D-Cymene Seed oil (essential oil) [100]
p-Cymene Dried seed kernel oil [90]
Eugenol Dried seed kernel oil and fresh fruit [90, 93]
Isocroweacin Aril [88]
trans-1soeugenol Aril [88]
Methoxyeugenol Avril'acetone extract [88]
Methyl eugenol Dried seed kernel oil, fresh fruit and seed [90, 93, 100]
Myristicin Seed and aril,dried seed kernel oil, fresh fruit [84, 90, 91, 93,

and-seed 100]

Safrole Seed, aril and fresh fruit [84, 88, 93, 100]

Neolignans

(88]

(88]
(88]
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Table 9 Chemical constituents of Myristica fragrans (continued).

Compound Part Reference
Hydrocarbons
Elcosane Fresh fruit [93]
Heptacosane Fresh fruit [93]
Hexacosane Fresh fruit [93]
Octacosane Fresh fruit [93]
Octadecane Fresh fruit [93]
7 Diospyros decandra Lour.

Figure 3 Diospyros decandra Lour.

7.1  Introduction
D. decandra is called as Siamese In-chan (Thai common name) [36].
In 35 years ago, its synonym is Diospyros packmanni Clarke [34], but nowadays, it is

known as Diospyros decandra Lour.

7.2 Morphology
D. decandra is belonging to the family Ebenaceae. It is a mid-size tree
with 10-20 m height, straight stem and brown-black bark. Leaves are simple,
alternate, oblong or ovate shape. Margin is ovate with 2.5-3 cm width and 7-10 cm
length. Apex is acute. Base is obtuse or acute. Surface is pubescent. Flower is
dioecious. Staminate flowers are inflorescence. Floret is cream color. It has 5 petals



22

and 5 sepals with brown-red hair. Pistillate flower is solitary. It is creamy-white
color. It has round ovary with hair. The character of pistillate flower similar to
staminate flower but the size is bigger. Fruit is fleshy berry. It is round or flat shape
and green color. Mature fruit is yellow, fragrant and edible. It has 3-4 round-ovate
brown seeds [4, 34, 36-38].

7.3  Pharmacological activity
The pharmacological activities of D. decandra are listed in Table 10.

Table 10 Pharmacological activity of Diospyros decandra.

Activity Part Reference
Anti-fungus Bark [101]
Anti-HIV-1 integrase Wood [102]
Anti-malaria Bark [101]
Anti-mycobacteria Bark [101]
Anti-oxidation Green and ripe fruit [103]
Cytotoxicity Bark [101]

7.4 Chemical constituents

Chemical constituents-of D. decandra are-listed in'Table 11.



Table 11 Chemical constituents of Diospyros decandra.

Compound Part Reference

Phenolic acids

Caffeic acid Green and ripe fruit [103]
Chorogenic acid Green and ripe fruit [103]
p-Coumaric acid Green and ripe fruit [103]
Ferulic acid Green and ripe fruit [103]
Gallic acid Green and ripe fruit [103]
p-Hydroxy benzoic acid Green and ripe fruit [103]
Protocatechuic acid Green and ripe fruit [103]
Sinapinic acid Green and ripe fruit [103]
Syringic acid Green-and ripe-fruit [103]
Vanillic acid Green and. ripe fruit [103]
Flavonoids Green and ripe fruit [103]
Apigenin Green and ripe fruit [103]
Kaempferol Green and ripe fruit [103]
Luteolin Green and ripe fruit [103]
Myricetin Green and ripe fruit [103]
Quercetin Green and ripe fruit [103]
Rutin Green‘and ripe fruit [103]
Sugars
D-(-)-Fructose Raw fruit [103]
D-(+)-Galactose Raw-fruit [103]
D-(+)-Glucose Raw-fruit [103]
D-(-)-Sorbitol Raw. fruit [103]
D-(+)-Sucrose Raw fruit [103]
Triterpenes
Betulinic acid Bark [101]
Diospyric acid A Bark [101]
Diospyric acid B Bark [101]
Diospyric acid C Bark [101]
Diospyric acid D Bark [101]
Diospyric acid E Bark [101]
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8 Tarenna hoaensis Pit.

- S
Figure 4 Tarenna hoaensis Pit.

8.1  Introduction

T. hoaensis is, found.in-sparse or dry evergreen or deciduous forests in
many regions of Thailand. It is found in northeastern such as Nong Khai, Nakhon
Ratchasima provinces,.in.southwestern such-as-Prachuap Khiri Khan province, in east
such as Sa Kaeo, PrachinBuri;»Chon Buri, Rayong, Chanthaburi and Trat provinces
[104], and in south.such -as Surat-Thani province [2, 104, 105]. Moreover it
distributes in Cambodia and-Vietnam [105]. - However-it is a rare plant species [106,
107].

8.2 Morphology.

T. hoaensis is-belonging to the family Rubiaceae. It is a shrub or small
tree, 5-10 m height and oval frutescent crown. Bark is light grey, entire or small
fissure nook along stem length. Wood is white or pale yellow. Leaves are simple,
obtuse shape or oblong margin, thick lamina, glabrous and shiny surface and flat
petiole with stipule. Flowers are inflorescence. Floret is sympetalous. It is white
with 4 sepals and 4 petals. Fresh fruit is ellipse with sepals and ripe fruit is black-

purple [2, 4].
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8.3  Pharmacological activity

The pharmacological activities of T. hoaensis are listed in Table 12.

Table 12 Pharmacological activity of Tarenna hoaensis.

Activity Part Reference
Anti-oxidation Heartwood [108]
Iron-chelating Heartwood [108]

8.4  Chemical constituents
Only one publication has beenreported for the chemical constituents of

T. hoaensis as listed in Table 13.

Table 13 Chemical constituents of Tarenna hoaensis.

Compound Part Reference
Flavonoids Heartwood [108]
Phenolics Heartwood [108]

9 Mansonia gagei J.R.Drumm. ex Prain

Figure 5 Mansonia gagei J.R.Drumm. ex Prain.
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9.1 Introduction
Heartwood of M. gagei is used for cardiac-stimulant, anti-depressant
[66], anti-emetic and refreshment [34, 109-111].

9.2 Morphology
M. gagei is belonging to the family Sterculiaceae. It is a deciduous
tree in evergreen forest. Leavesf are simple and alternate. Inflorescences are white.
Fruit is spindle shape with triangle samara. Mature heartwood is pale-brown with
black in wood and strong fragrant [4, 34, 112].

9.3  Pharmacological activity
The pharmacological activities of M. gagei are listed in Table 14.

Table 14 Pharmacological activity of Mansonia gagei.

Activity Part Reference
Acetylcholinesterase (AChE) and butyrylcholinesterase Heartwood [113]
(BchE) inhibition
Acute toxicity Not specified [114]
Anti-estrogen Heartwood [43]
Anti-fungus Heartwood [112]
Anti-histamine Not specified [114]
Anti-oxidation Heartwood [112]
Atropine-like Not specified [114]
Cytotoxicity Heartwood [110]
Heart contraction stimulation Not specified [114]
Larvicide Heartwood [112]

9.4  Chemical constituents of M. gagei
Main chemical constituents of the heartwood of M. gagei are
sesquiterpenes and coumarins, e.g. mansonones and mansorins, respectively. The

chemical constituents are listed in Table 15.



Table 15 Chemical constituents of Mansonia gagei.
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Compound Part Reference
Coumarins
Mansorin A Heartwood [109, 110, 112, 115]
Mansorin B Heartwood [109, 110, 112]
Mansorin C Heartwood [109, 110, 112, 115]
Mansorin | Heartwood [109]
Mansorin Il Heartwood [109]
Mansorin 111 Heartwood [109]
Sesquiterpenes
Mansonone C Heartwood [109, 110, 112, 115]
Mansonone E Heartwood [112, 115]
Mansonone F Heartwood [109]
Mansonone G Heartwood [109, 110, 112, 115]
Mansonone H Heartwood [109, 110, 112, 115]
Mansonone N Heartwood [109, 111, 112]
Mansonone O Heartwood [109, 111, 112]
Mansonone P Heartwood [111, 112]
Mansonone Q Heartwood [111]
Mansonone R Heartwood [115]
Mansonone S Heartwood [109, 115]
Mansonone | Heartwood [109]
Dehydrooxoperezinone Heartwood [112]
Phenolics
Acetovanillone Heartwood [109]
Mansoxetane Heartwood [115]
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10 Aglaia silvestris (M. Roem.) Merr.

Figure 6 Aglaia silvestris (M. Roem.) Merr.

10.1 Introduction

In Thailand, A; silvestris-is found in-northern such as Chiang Mai,
Chiang Rai and Tak provinces, in-eastern such as Chaiyaphum province, in south-
western such as Kanchanaburi-and. Phetchaburi-provinces, in-south-eastern such as
Chanthaburi and' Trat provinces, and in peninsular. region such as Chumphon and
Ranong provinces [116]. - Apart from-Thailand,. it distributes-in Laos, Cambodia,
Vietnam, Malaysia, Indonesia, Philippines and New Guinea [116]. Wood has been
used as fragrance. ‘Aril is-edible [116].

10.2 Morphology
A. silvestris is belonging-to-the family Meliaceae. It is found in
evergreen forest. It is usually found nearby stream and sandstone or limestone
bedrock [116]. Leaves are odd-pinnately compound and alternate. Lower surface is
dark brown to golden brown scales. Margin is usually pale [116]. Fruit is round and

green-yellow and fragrant [4].

10.3 Pharmacological activity
The pharmacological activities of A. silvestris are listed in Table 16.



Table 16 Pharmacological activity of Aglaia silvestris.
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Activity Part Reference
Anti-cancer Fruit and twig [117]
Cytotoxicity Fruit and twig [117]

10.4 Chemical constituents

Chemical constituents of A. silvestris are listed in Table 17.

Table 17 Chemical constituents of Aglaia silvestris.

Compound Part Reference
Triterpenes
Aglasilvinic acid Dried leaves, stem and root bark [118]
Cabraleone Dried root-bark [119]
Eichlerianic acid Dried root bark [119]
Episilvestrol Fruit and-twig [117]
17,24-Epoxy-25-hydroxybaccharan-3-one . - Fruit and twig [117]
17,24-Epoxy-25-hydroxy-3- Fruit-and twig [117]
oxobaccharan-21-oic/Acid
Foveolin A Dried root bark [119]
Foveolin B Dried root-bark [119]
Isoeichlerianic acid Dried root bark [119]
Isosilvaglin A Dried leaves, stem-and root bark [118]
Methylfoveolate B Dried leaves, stem and.root bark [118]
Methyl isoeichlerianate Dried root bark [119]
Methylisofoveolate B Dried leaves, stem and-root bark [118]
Ocotillone Dried-root bark [119]
Pregnacetal Dried leaves, stem and root bark [118]
Shoreic acid Dried root bark [119]
Silvaglenamin Dried root bark [120]
Silvaglins A Dried leaves, stem and root bark [118]
Silvestrol Fruit and twig [117]
Bisamides Leaves [121]
Lignans Leaves [121]
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11 Chemical approach for identification and authentication of herbal
medicines

One herbal medicine consists of many chemical constituents that are
important for various biological activities. In traditional remedies, the efficacies of
treatment are obtained from the combination of many chemical compounds in herbs.
Different plant species provide different activities as well as different plant parts
provide different properties. Then the misuse of plant species may cause of adverse
effect of treatment. To ensure the herbal medicine utilization, herbal quality control is
important.

The World Health Organization (WHO) suggests assessment herbal
medicines for safety and effectiveness thus crude plant materials should be defined
genus, species and authority to ensure correct plant [26]. The manners for herbal
medicine identification are chromatographic and spectroscopic methods [122]. In this
study, some techniques of chromatography and spectroscopy were concerned. The
examples of chromatographic methods are thin layer chromatography (TLC) and gas
chromatography (GC). TLC is an easy, flexible and inexpensive technique. GC is
suitable for volatile and heat stable compounds. For more application, the GC and
mass spectroscopic (MS) detector are connected to obtain the information of chemical
constituents in samples, for.example the analysis-of chemical-content in nutmeg oil
[123]. The example of spectroscopic method is infrared spectroscopy (IR). It
provides the overall information of chemical functional groups of compounds that are
composed in samples. The chromatogram and spectrogram which display the
character of herbal medicine are called fingerprint. Fingerprint analysis is the method
that is suggested by WHO and U.S. pharmacopoeia convention to identify herbal
medicines [26, 124].

11.1  Thin layer chromatography (TLC)
TLC is one of the chromatographic techniques that used to separate the
mixtures [125]. The process of separation derives from two different phases. They
are stationary phase (adsorbent layer) and mobile phase (solvent mixture). The

compounds of sample are applied on stationary phase and eluted by mobile phase.
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They move along the distance of examination, based on the principle of “like dissolve
like”. Thereafter the TLC fingerprint is determined by Rs value and band color of
compounds. TLC is applied to determine the compound content [126], detect the
biological activity [127], monitor the progress of reaction and determine the purity of
compounds [125], the adulteration and the plant identification [128, 129]. The active
or chemical or general markers of many plants are used for identification and

authentication of the species [130].

11.2  Gas chromatography/Mass spectroscopy (GC/MS)

GC is the chromatographic method that employs principle of
separation similar to TLC in term of two phases of separation, but mobile phase of
GC is gas. Thus the volatile substance is suitable for GC analysis. The GC
fingerprint provides the aspect of analysts that can be used for their identification by
comparing with related peaks or retention times of the references. Moreover
hyphenated technique such as MS that is the detector connected with GC can enhance
effectiveness of the analysis. The mass fragmentation pattern of compound is
compared with those of compounds in database. Thus GC/MS is very useful for
compound identification [131]. This technique can be applied for identification and
authentication of herbal medicines. For example it was applied to authenticate and
quality control of sandalwood oil from various sandalwood species [45].

11.3 Infrared spectroscopy (IR)

IR is one of the spectroscopic techniques. Its principle is molecular
vibration influencing by dipole moment difference. Infrared absorption effects on
dipole moment transformation of molecule. The frequency ranges of mid-infrared are
4000-400 cm™ and wavelength are 2.5-1.5 pm. The vibration of molecular infrared
absorption is divided into stretching and bending vibrations. The character of
molecular stretching vibration is similar to elongation and contraction of coiled
spring. It is divided into symmetric and asymmetric stretchings. The molecular
bending vibration can be divided into four types, i.e. scissoring, rocking, twisting and

wagging. Commonly, the wavenumber of infrared spectra are divided into two major



32

regions, i.e. functional group region (4000-1500 cm™) and fingerprint region (1500-

400 cm™), which can differentiate the aspect of molecule of individual compounds

[132]. The important regions of IR spectrum are illustrated in Table 18.

Table 18 Interpretation of some important regions of infrared spectrum [133].

Wavenumber (cm™)

Functional group Characteristics of the peak

3,600-3,300

3,000-2,500
3,200-3,000

2,850 and 2,750

2,260-2,210

2,260-2,100

1,850-1,750

1,750-1,700

1,700-1,640

1,680-1,620
1,600-1,400
1,465-1,450
1,450-1,375

1,300-1,000
1,500-400

Functional group region (4,000-1,500 cm™)

Alcohol O-H Broad and strong

Amine or amide N-H . Not broad and strong as OH

Alkyne C-H May be confirmed by weak stretching of C=C near
2,150 cm™

Acid O-H Very broad signal centered near 3,000 cm™

Aromatic (sp®) =C-H ~ Weak absorption

Alkene (sp?) =C-H One or couple stronger than aromatic =C-H
absorption

Aldehyde C-H Two medium-intensity peaks on the right-hand
shoulder of the alkyl C-H

Nitrile C=EN Sharp of medium intensity peak

Alkyne C=C Vary intensity of peaks from medium to nothing

Anhydride C=0 Two absorption peaks, one near 1,830-1,800 and
another near 1,755-1,740

Aldehyde C=0 -

Ketone C=0 -

Ester C=0 -

Acid C=0 -

Amide C=0 Slightly lower response than normal C=0

Conjugated C=0 Lower the absorption about 20-50 cm™

Alkene C=C Not intense as C=0

Aromatic C=C Multiple sharp and medium peaks

Alkene C-H -

Alkane C-H -

Fingerprint region (1,500-400 cm™)
C-O Strong
Various functional Unique pattern of absorptions, including single bond

groups stretches and a wide variety of bending vibrations
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IR has been used for herbal quality assessment and herbal quality
control [134]. This technique has been applied for various herbal analyses such as
identification of functional group for structure elucidation, identification of different
plant species, identification of different plant part uses, identification morphological
features. Moreover it has been applied for differentiation between genuine and
adulterant, differentiation of different geographical regions, differentiation between

wild and cultivated herbs and differentiation of different storage duration.

12 Preprocessing technique of chemical fingerprint

Before comparison complex data obtaining from chemical analysis
such as fingerprint deriving from spectroscopic or chromatographic methods,
preprocessing technique is important. It can enhance the appearance and improve the
features of spectrum or chromatogram. For fingerprint analysis, the preprocessing
data is better than the raw data. It is suitable for analysis in the next step. The

preprocessing techniques used in this study are described below.

12.1  Smoothing
This transformation is relevant for variables. It can remove some noise
of spectra or chromatogram to improve the data content. Savitzky-Golay algorithm is
mostly applied for smoothing. It performs a best fit polynomial to successive data
points. It determines the best fit center point for the polynomial fit as constrained by

the data point segment [135-137]. This smoothing method is shown in Figure 7.

Savitsky-Golay Smoothing
1 V4 N,
8 _,/'
R B after smoothing
4 '3
/
2 /
o s original spectrum|

800 850 960 950 1000 1050
Absorbance/Nanometers

Figure 7 Savitsky-Golay smoothing [135].
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12.2  Normalization
The purpose of this transformation is to scale the individual fingerprint
obtaining from various samples to the same scale in order to compare or analyze the
relationship of each other.
Unit vector normalization is one of transformation techniques. It
normalizes sample-wise data X; to unit vectors by using equation (1). It can be used

for pattern normalization. [137].

X;

newX; =

— Z @
_\‘Il E.;'.x;.-}.

Maximum normalization is an alternative to classical normalization
which divides each row by its maximum absolute value. The maximum value
becomes +1 when all values are positive. The minimum value becomes -1 when all

values are negative [137].

12.3  Derivative

Derivative is used to remove baseline effects in-spectra for the purpose
of creating robust calibration-models. - This-method also resolves the overlapping
peaks and amplifies variations [136, 137]. First derivative is a simply method which
very useful to removing baseline offset. This is because it-measures the slope of the
spectral curve at every point and the maximum data point will be changed to zero
point. Second derivative is a measure of the change in the slope of curve and ignoring
the offset. Therefore this method is useful for removing both offset and slope from a
spectrum. The maximum data point will be changed to minimum data point [132,
137]. The Savitzky-Golay method is well known for smoothing and second
derivative in spectroscopy such as NIR and MIR [138, 139]. The Savitzky-Golay
method uses a convolution function, and thus the number of data points (segment) in
the function must be specified. If the segment is too small, the result may be no better
than using the simple difference method. If it is too large, the derivative will smooth

out too much of the important information [137].
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12.4  Alignment

Most chromatograms that obtained from various chromatographic
analyses may appear the effect of retention time shift among samples. These are the
problematic issues for chemometric analysis because the proper chromatographic data
for comparison of the same compound in individual sample have to match to each
others. For solving the retention time shift, the peak alignment method shall be
untangled [140-142]. The example of alignment method is PAFFT correlation
method (Peak alignment by Fast Fourier Transform). It works by dividing a spectrum
into segments before the evaluation of best shift using Fast Fourier Transform which

is an algorithm for transformation the function of time domain to frequency domain.

13 Chemometric methods for quality control of herbal medicines
13.1 Introduction of chemometrics

Since complex and various data from fingerprint analysis are difficult
to integrate, the useful tool to contribute large and complex information is
chemometrics. The definition of chemometrics mentioned in “Chemometrics: a text
book™ is the chemical discipline that uses mathematical, statistical, and other methods
employing formal logic (a) to design or select optimal measurement procedures and
experiments, and (b) to provide maximum relevant chemical information by analyzing
chemical data [27]. In term of herbal medicines, fingerprint analysis is an analysis of
entire compounds, which has effectiveness more than particular one chemical marker
because activities of herbal medicines deriving from many chemical compounds of

themselves [24].

13.2  Unsupervised pattern recognition
Unsupervised learning is one of the techniques of the pattern
recognition which is not provided the prior knowledge to the method. The goal of
unsupervised data analysis is to evaluate whether clustering exists in a data set
without using class membership information in the calculation [29]. The famous

three techniques of unsupervised exploratory analysis are similarity analysis (SA),
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hierarchical cluster analysis (HCA) and principal component analysis (PCA) [29,
143].

13.2.1  Similarity analysis (SA)

The relationship between two variables is widely explained
by correlation coefficient [27, 144]. In term of herbal fingerprint analysis, the data of
variables can be obtained from various analysis methods, for instance, infrared
spectroscopy, raman spectroscopy, nuclear magnetic resonance spectroscopy, thin
layer chromatography, high performance liquid chromatography or gas
chromatography, may also mass spectroscopy as detector [143]. Pearson correlation
is mostly used to evaluate the fingerprint. To compare (dis)similarity of two
fingerprints, the correlation coefficient (r) will be considered. The range of “r”” will
represent from -1 to 1, if “r” represents “0” that means dissimilarity of two variables
or two fingerprints. Absolute relationship of two variables will appear when “r”” equal

1, association in positive approach, or -1, association in negative approach. The
equation of correlation coefficient is showed in Equation (2):

Y Gy = F)a — %)
r(xy,x5) =— 2

i‘:xii — X )* i{x:: =¥z )2
Jist i=1

where x1; and x; are the values measured at the i"" time point, and X 1; and

X 2; are the means of two set of measurment.
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13.2.2  Hierarchical cluster analysis (HCA)

Hierarchical cluster analysis (HCA) is used to group
samples in row space by calculating the linkage and the distance between sample and
other samples. Many linkage methods for example single linkage, complete linkage,
average linkage, median (or centroid) linkage and Ward’s method; and distance
measurement, for example Euclidean distance, squared Euclidean distance,
standardized Euclidean distance, Mahalonobis distance, Pearson correlation distance
and Spearman’s rank correlation distance can be used to this cluster analysis [143].
Only one clustering method and one calculated distance method that play a role on
this study will be described.

Single linkage method is the measurement based on the
distance of nearest neighbor to cluster the samples into the same group. The example

of single linkage method is shown as grouping between A and B, D and E in Figure 8.

e

B

ot

PY D
C

Figure 8 The example of single linkage clustering method [29].

Squared Euclidean distance (SEd) is used for measurement

similarity between clusters. It can be calculated by Equation (3) [143].

SEd = ) (e, — y,)* (=123, .1
= 3)

where x and y are values of two sets of measurement.



38

13.2.3  Principal component analysis (PCA) [29, 123]

PCA is one of the unsupervised pattern recognition
techniques. This technique applied for reducing the number of numerous variables,
for example wavenumber of IR analysis or retention time of GC/MS analysis. The
new variable which is calculated from initial variables with linear combination is
called “principle component (PC)”.

First principle component will combine the aspect of every
initial variable (i.e. wavenumber or retention time) as much as possible. The next PC
is independent from the first and other next components. The values that account on
PC are eigenvalues. The directions of these new variables are called eigenvector.
Latent PC is perpendicular with previous PC. The example is illustrated on Figure 9.
PC1 is the first new variable which possesses the feature of each sample as much as
possible. PC2 is perpendicular with PC1 and describes residue feature of the samples.
All variables are described by PCs. For example, in term of the two new vatiables
(two dimensions), if the feature of original variables is described by PC1 equal 98%,
then the residues of feature of original variables are described by PC2 equal 2%.

The purpose of PCA is the distance explanation between a
sample and others of the data set in less axes or dimensions. The maximum number
of PCs is equal to variable or factor influencing on possible analysis. For example,
ten variables of data set provide only ten PCs. Score and loading of PCA are
important terms for the description of the information. Score is used for the
explanation of sample features that correlate to latent variables (PCs). Loading is
used for explanation of the original variables influencing on performing latent
variables. Initial PCs such as PC1 and PC2 possess the feature of original variables
more than the next PCs whereas the latter PCs possess more noise. The latter PCs

may disturb PCA so it should be ignored.
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Figure 9 Establishment of new variable to principle component (PC) [29].
The equation of PCA is illustrated in Equation 4:
X=T.P+E ()]
where X is matrix of data set, T is score, P is loading and E is noise of data set.

As well, Figure 10 explains matrix X. It is calculated from sum of

multiply between score T and loading P. Score T is columns-of ti, tz,..., ti, Of each
component.

Figure 10 Relationship between data set, score, loading and noise for PCA.

13.3  Supervised pattern recognition

Supervised learning is the technique that applies to classify the new
object or unknown sample on the basis of unsupervised learning. New object will be

39
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classified to the proper class that is trained by using unsupervised pattern recognition
such as PCA and PLS. This technique can contribute to know the characters of
unknown object that fits to unsupervised technique. The steps of supervise pattern
recognition are demonstrated as follows [145, 146].

1) Selection of training set: This consists of known objects of
classification for which variables are measured.

2) Selection of variables: This step uses to accept or reject the
variables influencing on classification. The variables without discriminating power
are eliminated.

3) Performing of the model: A model is derived from training set
that consists known objects and certain variables. The model may be called the
calibration model.

4) Validation of the model: The calibration model is validated by
independent test set or validation set for evaluation the reliability of the model.

Two supervised pattern recognitions that widely use for sample
discrimination are SIMCA [147-151] and PLS-DA [32, 152-154].

13.3.1  Soft independent modeling of class analogy (SIMCA) [145,
146, 155-157]

SIMCA is a class-modeling method for which based on
principle component (PCs) to explain the aspect of the model. On the basis of PCA,
the matrix X (nxm) which is sum of product of score (T), with n objects, and loading
(P), with m variables, can be contributed to establish the prediction model of SIMCA.
The description of matrix X can be described on Equation (5) where r is the optimum
numbers of PCs that are evaluated by cross-validation method and E is the matrix of

residues.

X= t1p1 + t2p2 + ...+ trpr + E(nxm) (5)
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The PCA working for the training class of SIMCA is
illustrated in Figure 11. Step 1 of one-dimension represents the distribution of objects
(white dot) on PC1 (Figure 11a) axis. Then the model is performed like cylindrical
shape (Figure 11c) and objects that distribute in the inner of this space will be class
membership of this model describing using only PC1. When two-dimensions are
considered, Figure 11b represents distribution of objects on both PC1 and PC2 axis as
step 1. Then the boundary of the model performing from two-dimensions is shown in
Figure 11d. Objects that distribute in the inner space of the model are classed into

this model.

PC1

b)

PCI

X

d)

Figure 11 Illustration SIMCA steps using PCA: a) step 1 of one-dimension (1 PC) b)
step 1 of two-dimension (2 PCs) c) step 2 of one-dimension (1 PC) and d) step 2 of
two-dimensions (2 PCs) [145].



42

The boundaries of model class are constructed on the basis
of the distribution of the Euclidean distances between the training objects and the
PCA model. This distribution relates with residue standard deviation (so) that are
shown in Equation (6). A confidence limit of model is defined by the critical value of
Euclidean distance showing in Equation (7). The residue standard deviation of
unknown objects (sp) are calculated by residues of unknown objects (eu) which
related to the mean Euclidean distance between unknown object and PCA model, as

shown in Equation (8).

it 1Tl 2
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=\(ﬂ—’:‘—1}{m—’r‘} (6)

=

Serit= \;FC?’:EE;;];

()

i =
E:Zi‘?‘ilj

v (=) (8)

Sp

where n is the number of object or sample, m is the number of variable, r is the

selected PCs and e; is residue of ith object for jth (latent) variable

The unknown object will belong to the established model
class when sy is not larger than scrie. scric 1S derived from F-test that calculates critical
distance (Fcric) under significant confidence interval. If s, is larger than scri, the

unknown object is not membership of the model.
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13.3.2  Partial least squares discrimination analysis (PLS-DA) [158-
161]

PLS-DA is a classification method which explains
relationship between measured value from analysis and character (cluster) of samples,
based on modeling from partial least square (PLS). PLS is unsupervised analysis
which is used to explain the relationship between matrix X (NxK) (the predictor), and
matrix Y (Nx]) (the predicted or response). Where N is the number of samples, K is
the number of measured variables (e.g. wavenumbers) and ] is the number of
predicted variables or categories (e.g.the determined class number) that relate to X.
These are complex data; thus, in order to reduce the size of the data, latent variables

(LV) or factors are employed:

X =TP+E 9)

Y=UQHF (10)

where T, P and E are score matrices, loading terms and error terms of X, respectively;
U, Q and F are score matrices, loading terms and error terms of Y, respectively.

In order to consider the relationship between X and Y,
weight vector or loading weight (W) is important. It is applied to construct a linear

combination from T score of original variables (Equation (11)).

T =XW (11)

where T score is the score of latent variable.

For good prediction, Y uses same latent variable as X, thus U in Equation (10)

were assumed as T:

Y=TQ+F (12)
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The combination of Equation (11) and (12) can be rewritten:

Y=XWQ+F (13)

PLS-DA is a discrimination method. In the first step,
calibration model is established from Equations (9) and (10). Y is the reference
classes. It is coded as number “1” and “0” which refer to the interested group and
other groups, respectively. For example, if there are three class groups, the reference
number for establishment the model of the first group will be 1, 0 and 0. For the
second group, the reference numbers are 0, 1 and 0. And they are 0, 0 and 1 for the
last group. Thereafter the calibration model is validated by full cross validation. The
predicted values are compared with the reference values. In the second step, the test
samples are predicted with the calibration model. However the predicted values (Y)
of test samples are not exact “1” or “0”. Thus the criteria are calculated to determine
the range of prediction. The test sample that is underlying within the criteria is
considered as the member of the class.

13.4  Application of chemometrics on herbal identification
There were many publications about the application of chemometric
methods on the identification of herbal medicines. Some of them were concluded in
Table 19.



Table 19 Application of chemometrics on herbal identification.
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Application Chemical analysis Chemometrics Reference

Authentication of Cassia seed HPLC PCA [162]

Authentication and quality assessment uv HCA, PCA and [31]
of Thyme SIMCA

Authentication of the plant material of HPLC HCA, PCA and [163]
three species of the genus Bauhinia SIMCA

Characterization of furocoumarins HPLC/DAD/ESI-MS"  SA [164]
in the roots of Angelica dahurica

Classification of Schizonepeta GC/MS HCA and PCA [165]
tenuifolia Briq from different origin

Differentiation of geographical origin GCIMS PCA [123]
and maturity of the nutmeg.

Discrimination between HPLC/DAD PCA, SIMCA [166]
Valeriana officinalis and other and PLS-DA
valerian species

Identification of Hawk-tea from HPLC SA [167]
different harvest time

Identification of Rhizoma gastrodiae FT-IR PCA and PLS- [168]
(Tianma) from different producing DA
areas

Identification of forty-eight herbal NIR PCA and [169]
Medicines SIMCA

Identification of green tea HPLC SA [144]

Identification of Portulacaoleracea L. GC/MS and FT-IR HCAand SA [170]

from different sources

SA = similarity analysis, HCA = hierarchical cluster analysis, PCA = principal component analysis,

SIMCA = soft independent modeling of-class analogy, PLS-DA = partial least squares discrimination

analysis.



CHAPTER 11
MATERIALS AND METHODS

1 Plant materials and authentic samples

Fifteen samples of Chan-thet (T1-T15), eighteen samples of Chan-
khao (K1-K18), seventeen samples of Chan-chamot (M1-M17), ten samples of Chan-
thana (TN1-TN10), and eleven samples of Chan-hom (H1-H11) were purchased from
Thai traditional drugstores in various regions of Thailand during 2012 to 2013. The
authentic samples of Santalum album L.-(SA) and Mansonia gagei J.R.Drumm. ex
Prain (MG) were collected from Prachuap-Khiri-Khan Silvicultural Research Station,
Royal Forest Department.-The authentic samples of Myristica fragrans Houtt. (MF),
Diospyros decandra Lour: (DD), Tarenna hoaensis Pit. (TH), and Aglaia silvestris
(M. Roem.) Merr. (AS) were collected from Chanthaburi Medicinal Plant Garden of
Department of Medical Sciences of Ministry of Public Health. The authentic samples
of S. spicatum (SS) and S. lanceolatum (SL) were the gifts obtained from Professor
Dhanushka S. Hettiarachchi, a pharmacognosist of Wescrop group, Australia. All
crude drug and authentic samples were chopped and ground by hammer mill
(RetshGmbH SK1; Haan, Germany) to fine powder, and kept in the cold room at 4°C.
The voucher specimens T1-T15, K1-K18, M1-M17, TN1-TN10, H1-H11, SA, MG,
MF, DD, TH, AS, SS and SL were kept in the herbarium of Department of
Pharmacognocy, Faculty of Pharmacy, Silpakorn University, Thailand.

Authentic sandalwood oils were purchased from Eden Botanicals
(USA). They were sandalwood oil obtained from S. album (sandalwood organic,
steam distilled essential oil, originated from Sri Lanka), S. album (sandalwood-rare,
steam distilled essential oil, originated from India), S. spicatum (sandalwood
Australian-premium, steam distilled essential oil, originated from Australia/Wild), S.
austrocaledonicum (sandalwood New Caledonia, steam distilled essential oil, New
Caledonia), S. austrocaledonicum (sandalwood abs. New Caledonia, solvent extracted
absolute, originated from New Caledonia/Wild) and S. paniculatum (sandalwood

Royal Hawiian, steam distilled essential oil, originated from Hawaii).
46
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2 Chemical markers
2.1 Isolation of chemical markers
2.1.1 Isolation of a-santalol

The fine powder of the heartwood of S. album (100 g) was
extracted by percolation with n-hexane. The extracted solution was evaporated under
reduced pressure at 40 °C (Rotavapor; BUCHI, Switzerland) to yield 1.89 g of the dry
extract. Then it was separated by a column chromatography using silica gel G (size
0.040-0.063 mm) (1.09385.1000, Merck, Germany) as stationary phase with gradient
elution of n-hexane and the mixtures of n-hexane and ethyl acetate from 20:1 to
20:10, ethytl acetate and methanol, respectively. ' The eluted fractions no. 8-12 were
combined and subjected to ‘a column chromatography eluted with n-hexane and the
mixture between n-hexane and ethyl acetate from 20:1 to 20:5, ethyl acetate, and
methanol, respectively. The eluted fraction no. 13 was further purified by a silica gel
column chromatography ‘using the mixture of n-hexane and ethyl acetate (1:4) as
mobile phase to give the pure a-santalol (12.5 mg). The overall separation process is

shown in Scheme 1.
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Fine powder of S. album (100 g)
+ n-hexane, percoration 2 weeks
then evaporated under reduced pressure at 40 °C

Crude extract (1.89 g)
silica gel G
n-hexane,hexane:EtOAc(20:1->20:10),EtOAc,MeOH

Voo

fr.1-2 fr. 3-7 fr. 8-12 fr.13-16 fr.17-19 fr. 20 fr. 21-22 fr. 23 fr. 24

silica gel G60
n-hexane, hexane:EtOAc (20:1->20:5), EtOAc, MeOH

RNy XY

fr. 1-2 fr.3-4 fr.5-6 fr. 7-8 fr. 9-12 fr. 13 fr. 14 fr. 15

silica gel G
n-hexane:EtOAc (1:4)

fr.1-8 fr.9-10  fr.11-13 fr. 14 fr. 15 fr.16-17 ~ fr.18-19  fr.20-21 fr. 22-25

!

a-santalol
(12.5 mg)

Scheme 1 Isolation of a-santalol from the heartwood of S. album.
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2.1.2 lIsolation of mansonone G

The fine powder of the heartwood of a Chan-chamot sample
(M17) (370 g) was extracted by maceration with methanol for three days. The
extracted solution was filtrated through cotton wool and evaporated under reduced
pressure at 40°C. The methanol extract (5.2 g) was eluted through silica gel G (size
0.040-0.063 mm) (1.09385.1000; Merck, Germany) column chromatography using
gradient mobile phase of the mixture of n-hexane and dichloromethane (10:1 to 2:1),
the mixture of n-hexane and ethyl acetate (2:1 to 1:1) and the mixture of ethyl acetate
and methanol (1:10), respectively. Two portions from the combination of fractions
no. 34-35 (A) and 36-40 (B) were further isolated.

Portion  (A) was eluted through silica gel G column
chromatography using the mixture of n-hexane and ethyl acetate (60:30). Fraction no.
2 was the pure mansonone G. (1.7 mg).— Fractions no. 3-11 were combined and
subjected to a column chromatography- eluted 'with the mixture of n-hexane,
dichloromethane, and acetone (80:10:20). Mansonone G (1.6 mg) was crystallized
from fraction no. 4. Fractions no. 12-20 were combined and. subjected to a column
chromatography eluted with-the mixture of n-hexane, dichloromethane and acetone
(80:10:20). The pure mansonone. G (1.9 mg) was crystallized from fraction no. 8.

Portion (B) from the first column was-subjected to a silica gel
column chromatography eluted with the mixture of n-hexane, ethyl acetate and
methanol (120:40:0.1, 120:40:10 and 120:40:20, respectively). ‘Mansonone G (1.3
mg) was crystallized from fractions-no. 5 and-6. Thereafter the-mother liquor was
evaporated to dryness and-subjected to another silica column chromatography eluted
with the mixture of n-hexane, dichloromethane and acetone (40:50:10). Mansonone
G (3.3 mg) was crystallized from fractions no. 10-11.

Total mansonone G obtained from these isolations was 9 mg.

The separation process of mansonone G is shown in Scheme 2.
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Fine powder of Chan-chamot M17 (370 g)

+ methanol 1 L, maceration for 3 days

then filtrate and evaporate under reduced pressure
at 40°C

v

Crude extract (5 g)

silica gel G

hexane:dicholomethane (10:1->5:1->2:1),
hexane:EtOAc (2:1->1:1), EtOAc:MeOH (1:10)

\4

T T T

fr.1-4 fr.5 fr.6-10  fr.11-12 fr.13-20 fr.21.30 fr.31-33 fr.34-35 fr.36-40 fr.4l

silica gel G60 &)
hexane:EtOAc
(60:30)
fr.l fr.2 fr3-11  r.12-20  fr.21-27 fr.28-33
silica gel G60
mansonone G | - liexane:dichloromethane:acetone
A 4
fr.4 fr.8
mansonone G manso*one S silica gel 60
(1.6'mg) (1-9mg) gradient;

hexane:EtOAc;MeOH
(120:40:0.1>120:40:10>120:40:20)
v

y y

fr.1-4 fr.5-6 fr.7 fr.8

silica gel G60
hexane:dichloromethane:acetone
v (40:50:10)

X\

fr.10-11

mansonone G
(2:3 mg)

manso*one G
(3.3 mg)

Scheme 2 Isolation of mansonone G from Chan-chamot sample (M17).
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2.1.3 Isolation of geniposidic acid

The fine powder of the Chan-khao heartwood (100 g) was
extracted by percolation with methanol. The methanol extract (6.3610 g) was
subjected to a gel filtration column chromatography (Sephadex™ LH-20, GE
healthcare, Sweden) eluted with methanol. The fractions no. 6-11 (4.2660 g) were
combined, dried and dissolved with dichloromethane by the aid of ultrasonication.
The solution was separated by a gel filtration column chromatography eluted with the
mixture of ethyl acetate and methanol (1:1).. Then the fractions no.5-9 were combined
and further separated by a silica’ gel column eluted with the mixture of
dichloromethane and methanol (4:1). /The fractions no. 23-27 were combined, dried
and washed with dichloromethane. ' The dried residue (216 mg) was dissolved with
acetone. The solution was dried and -t was the pure geniposidic acid (50.5 mg). The

overall separation process-is shown in Scheme 3.
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(0.4330 g) (1.2940 g)
silica gel
ldichloromethane:MeOH (4:1)
v v
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Scheme 3 Isolation of geniposidic acid from the heartwood of Chan-khao sample.
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2.2 Structure elucidation of chemical markers

To interpret the structure of the isolated compounds, various
spectroscopic techniques were applied. The infrared spectra were obtained on a
Nicolet 4700 FT-IR, Thermo electron corporation, USA. The 'H and **C of nuclear
magnetic resonance spectra were obtained on a Bruker 300 Ultrashield, Karlsruhe,
Germany. The El-mass spectrum of a-santalol was determined by using Gas
chromatography/Mass spectroscopy (6890N GC/5973MS, Agilent Technologies,
Germany) operating at 70 eV. The (#+)-ESI-mass spectra of mansonone G and
geniposidic acid were determined by using Liquid Chromatography/Mass

spectroscopy (1100 series LC/MSD Trap; Agilent Technologies, US).

3 Identification of Chan-thet, Chan-khao, Chan-chamot, Chan-thana and
Chan-hom
3.1  Thin layer chromatography (TLC) fingerprint
3.1.1 Sample preparation

The fine powder of crude drug samples of Chan-thet, Chan-
khao, Chan-chamot, Chan-thana and Chan-hom (500 mg) were extracted with 2 ml of
methanol by sonication (Transonic; EIma®, Germany) for 30 min. The supernatant
solutions were used as test solutions.

The fine powder of authentic samples of S. album, S. spicatum,
S. lanceolatum, M. fragrans, D. decandra, T. hoaensis, M. gagei and A. silvestris (500
mg) were extracted-with 3 ml of methanol by sonication for 30 min. The supernatant
solutions were used as authentic solutions.

a-Santalol, mansonone G and geniposidic acid were dissolved

in methanol to the concentration of 1 mg/ml and used as standard solutions.
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3.1.2 Chromatographic conditions

Stationary phase: TLC aluminium sheet silica gel 60 GFs4
(1.05554.0001; Merck, Germany)
Mobile phase: 1) n-Hexane:ethyl acetate: methanol

(60:30:0.2 v/iviv), saturated for 1.5 hr,
used for all crude drug samples

2) n-Hexane:ethyl acetate:methanol:glacial
acetic acid (60:10:0.2:0.01 v/viviv),
saturated for 1.5 hr, used for Chan-thet and
Chan-hom samples

3) Dichloromethane:methanol:formic acid
(60:10:1 v/viv), saturated for 1.5 hr,
used for Chan-khao and Chan-thana samples

Applied volume: 10 pl for test and authentic solutions
5 pl for standard solutions

Distance: 8cm
Temperature: 25-30 °C

Drying: Air dry
Detection: a) under day light

b) under ultraviolet light (254 and 366 nm)

c) under day light after spraying with
anisaldehyde-sulfuric acid TS, heat at 105 °C
(TLC plate heater; CAMAG, Switzerland)

until the color appear.

3.1.3 Data analysis
TLC chromatograms of samples, authentic samples and
chemical markers were compared with each others. The chromatogram patterns were

described by R¢value and color of appearing bands. The R; value is the ratio of the
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distance of the solute band moved on the adsorbent and the distance of the solvent

moved on the adsorbent (solvent front) as Equation (14):

_a
n
Il
Sl

(14)

where a is the distance of solute band that moves on adsorbent, b is the distance of

developing solvent that moves on adsorbent to the ending line.

3.2 Infrared spectroscopy (IR) fingerprint
3.2.1 Samples preparation
The fine powder of all crude drug samples and authentic
samples were separately extracted with six solvents, i.e. n-hexane, dichloromethane,
ethyl acetate, acetone, methanol and water, in the ratio of 1:20 w/v, by sonication for
30 min. Thereafter the extracted solutions were filtrated through cotton wool and
evaporated to dryness under reduced pressure at 40-50 °C.

3.2.2 Examination procedure
The n-hexane, dichloromethane, ethyl acetate, acetone and
methanol extracts were smeared as thin film on the potassium bromide (KBr) disc size
32x3 mm, drilled (Spectra-Tech Inc, USA), whereas the water extracts and the fine
powder samples were blended with KBr powder (Fisher Scientific UK Ltd., UK) then
they were pressed to thin plate. The Omnic 7.2a software (Thermo Electron
Corporation, USA) was used for analysis. IR spectra were determined in the range of

4000-400 cm™, in the absorbance mode, with 16 scans and 4 cm™ of resolution.

3.2.3 Data preprocessing
The IR spectra were preprocessed with 11 smoothing points
then they were saved by the Omnic 7.2a software as ACII files. Their data in the
range of 1801-501 cm™ were arranged by Microsoft Office Excel 2007 software
(Microsoft, WA, USA) to data metric of 675 x 79, where 675 are the number of
variables (wavenumbers) and 79 are the number of samples (Chan-thet = 15, Chan-
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khao = 18, Chan-chamot = 17, Chan-thana = 10, Chan-hom = 11 and authentic
samples = 8). Thereafter the data was imported to the Unscrambler® X version 10.1
software (Camo Process AS, Norway). The data was transposed to 79 x 675 metric
and preprocessed by unit vector normalization. Afterward the second derivative
spectra were obtained by the Savitzky-Golay function with second derivative order,

second polynomial order and fifteen smoothing points.

3.2.4 Data analysis

Three chemometric techniques, i.e. similarity analysis (SA),
hierarchical cluster analysis' (HCA) and principal component analysis (PCA) were
used to analyse the data.

Similarity analysis (SA) was carried out by using Microsoft
Excel 2007 software. The Pearson’s correlation coefficient values (r) were used to
describe the similarity among Chan(s) samples and authentic samples. The criterion
of identification was r > 0.90 that meant very high correlation [171].

Hierarchical cluster analysis (HCA) was carried out by using
the Unscrambler® X software. The clustering method was single-linkage clustering
and the distance measurement from point to point of samples using square Euclidean
distance.

Principal component analysis (PCA) was carried out by using
the Unscrambler® X software. The algorithm was NIPALS. The optimum numbers

of components were evaluated by using full cross validation method.

3.3  Gas chromatography (GC) fingerprint
3.3.1 Sample preparation
3.3.1.1 Essential oil preparation
The fine powder of three Chan-thet samples, the
authentic S. album, S. spicatum and S. lanceolatum were distilled by steam distillation
method that was applied from WHO and Thai Herbal Pharmacopoeia [122, 172]. The
fine powder of a sample was contained into the round bottom flask then distilled

water was added in approximate a half of the round bottom flask. The distilled
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apparatus was set as Figure 12. Xylene (0.1 ml) was added to attach the essential oil
of a sample. The mixture of a sample and liquid in the round bottom flask were
heated. After boiling for 5 hr, they were stopped heating and cooled down at room
temperature. Before GC/MS analysis, all essential oil were diluted by n-hexane at the
concentration of 0.02 to 0.6 %v/v.

The authentic sandalwood oils of various Santalum
species, i.e. S. album, S. spicatum, S. austrocaledonicum and S. paniculatum were

diluted with n-hexane to the concentration of 0.1 %v/v.

150

150

0

240
Y
T
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B
100-110

Figure 12 The illustration of the apparatus for essential oil distillation [122].

3.3.1.2 n-Hexane extracts preparation
The fine powders (200 mg) of all crude drug samples
were extracted in n-hexane (2 ml) by sonication for 60 min. The supernatants were

used for further analysis.
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3.3.1.3  Chemical standard preparation
a-Santalol was dissolved with n-hexane to the
concentrate of 0.1% v/v. It was a chemical marker of Santalum sp. Comparing with
Kovats index (KI) value, the mixture of alkane standard was prepared for reference
standard. The mixture of alkane standard was an alkane Cg-C,o (Fluka, Switzerland)

and an alkane C,;-Cy (Fluka, Switzerland) standard that were mixed in the ratio 1:1.

3.3.2 Chromatographic condition
GC system: 6890N Network GC system
7683 series injector
7683 series autosampler,
Agilent Technologies
Chemstation data analysis software
Detector: 5973 Network Mass Selective
Detector, Agilent Technologies
Column: DB-5MS Ul length 30 m, diameter
narrowbore 0.250 mm, film 0.25 um,
Agilent J&W, USA

Carrier gas: Helium, flow rate 1.0 ml/min
Injection mode: Splitless
Volume of injection: 1 pl for hexane extract samples and

0.5 ul for essential oil samples

Oven temperature program: Initial, 50 °C

20 °C /min, 120 °C, 1 min

8 °C /min, 160 °C, 2 min

2 °C /min, 170 °C, 3 min

5 °C /min, 200 °C, 2 min

3 °C /min, 250 °C, 3 min

20 °C /min, 280 °C, 20 min
lon source: Electron Impact, 70 eV

Interface temperature: 280 °C
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3.3.3 Data analysis
The chromatograms of n-hexane extracts and essential oils of
crude drug and authentic samples were investigated. The retention time in the range

of 15-23 min was chosen for the examination.

3.3.3.1  Data preprocessing

The chromatogram was preprocessed by using
SpecAlign software version 2.4.1 (University of Oxford, UK). Firstly, a suitable
chromatogram was chosen and imported-to the software. Then it was averaged to
generate an average chromatogram. Noise of the chromatogram was reduced by
assignment the wavelet denoising at threshold 0.8, and the baseline was subtracted
with window size 4. Other chromatograms were imported and aligned for peak shift
by Peak alignment by Fast-Fourier Transform (PAFET) correlation method. Finally
their noise was reduced by the same processing as mention above.

All aligned chromatograms (54 samples) were saved
as ACII file then arranged the data by using Microsoft Excel 2007 to 1179 x 54 data
metric, where 1179 are the number of the variables (retention times). The data were
imported to the Unscrambler® X software and transposed to 54 x 1179 data metric.
Then they were preprocessed by Savitzky-Golay smoothing at zero derivative order,
zero polynomial and eleven smoothing points. Finally they were normalized by

maximum normalization.

3.3.3.2  Data analysis
Three chemometric techniques, i.e. similarity
analysis (SA), hierarchical cluster analysis (HCA) and principal component analysis

(PCA) were used to analyse the data (see section 3.2.4).

3.3.3.3 Identification of chemical constituents in essential

oils
Each peak of GC/MS chromatograms was identified
by comparing its mass fragmentation pattern to those in the Wiley database (version
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7™ edition) and NIST database (version 2002). This identification was accepted when
its matching was more than 90% of quality. Moreover the comparison of Kl value
was considered simultaneously. The KI value of each compound was obtained from
the Equation (15). The Kl value of the unknown compound was compared with the
K1 values of reference compounds published in the book of identification of essential
oil components by gas chromatography/quadrupole mass spectroscopy [173] and/or

the other reports. The Kl value is calculated as follows:

tr — I
KI = 100 X [n—l— (N—n)x( L “)]
tryr Ty (15)

where n is the number of alkane carbons that has retention time close to the unknown
peak in the early position, N is the number of alkane carbons that has retention time
close to the unknown peak in the late position, trunknown IS retention time of the
unknown peak, try is retention time of alkane carbon that has retention time close to
the unknown peak in the early position, try is retention time of alkane carbon that has

retention time close to unknown peak in the late position.

4 Development of authentication models

Two chemometic techniques were used to develop the models for the
prediction of botanical species of Chan(s) crude drug samples. They were soft
independent modeling of class analogy (SIMCA) and partial least squares-

discriminant analysis (PLS-DA). The models were developed based on IR data.

4.1  Sample preparation
To establish the models, the suitable extracts and preprocessing
method were chosen by using PCA. Initially, the six solvents, i.e. n-hexane,

dichloromethane, ethyl acetate, acetone, methanol and water, and the fine powder
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were investigated. All IR spectra were preprocessed by baseline correction and
smoothing at 11 point by Omnic software and were saved as ASCII file. Thereafter
they were imported to the Unscrambler® X software. IR spectra in the range of 1801-
501 cm™ were further preprocessed by unit vector normalized and second derivative
using Savitzky-Golay methods as described in section 3.2.3. The 79x675
(samplesxvariables) matrix data of all crude drug and authentic samples was analyzed
by PCA. The algorithm of analysis was NIPALS. The validation method was full
cross validation. The extracts that could clearly classify the samples were chosen to
establish the models.

After choosing the suitable solvent extract, the outlier was excluded
from the examination by using hotelling T with 1% of confidence. Thereafter the
rest samples were separated into two groups by simple random sampling. The first
group was the training set that was 60% of the sample group.—This set was used to
establish the calibration model.  The second group was the test set that was 40% of
the sample group. This set was used for external validation of the calibration models.

To establish the calibration models, the wavenumber in the range of
1801-501 cm™ was preprocessed with two methods, i.e. normalization (unit vector)
and second derivative (Savitzky-Golay) as described in section 3.2.3. And each
spectrum was divided into three wavenumber ranges, i.e. 1801-501, 1801-1500 and
1498-501 cm™. The numbers of variables in these ranges were 675, 157 and 518,
respectively. Then six models for each botanical species were established.

The other fifteen blind-samples were used to test the models for
application in common situation.” . These-samples ‘were-selected and identified by
Assoc. Prof. Dr. Uthai Sotanaphun.

4.2 Soft independent modeling of class analogy (SIMCA)
SIMCA is one of the sample prediction techniques for discrimination.
The prediction model was based on PCA model (calibration model). The optimal PC
number of PCA models was suggested by the software (Unscrambler® X). After

development of the models, they were evaluated by test set and blind samples.
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The efficiency of SIMCA methods was evaluated by sensitivity,
specificity and accuracy [174]. Sensitivity referred to the effectiveness of model to
define the samples that correctly accorded with the model (Equation (16)).
Specificity referred to the effectiveness of model to reject the samples that not
accorded with the model (Equation (17)). Accuracy referred to overall correction of
the model (Equation (18)).

A tivit P

ENSIVIY T TP + PN (16)
Specificit TN

pecificity =R T FP (17)
, TP +TN

Y (B + B (18)

where TP is the true positive result or the true samples matching with'the model; FN
is the false negative result or the true samples-not. matching with.the model; TN is the
true negative result or the false samples not matching with the model; FP is the false

positive result or the false samples matching with the model

The graphical predictions of samples were described by Cooman’s
plots which displayed the samples relating to establishment model of the two classes
(models). The sample that located on left above or right below quadrants was clearly

classified to each class (model). The sample that located on left below quadrant was
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referred to the error of prediction models. The sample that located on right above

quadrant was not a member of both models.

4.3 Partial least squares-discriminant analysis (PLS-DA)

To predict the sample using regression model, the PLS-DA was
applied. PLS-DA is the prediction based on partial least square (PLS) regression
model. As same as PCA, the PLS calibration was calculated by using NIPALS
algorithm. The predictors (X) were used to predict the response (Y). X was the matrix
of [samples x wavenumbers]. Y was the matrix of [samples x the reference number or
the response or the predicted values]. They were determined as constant numbers 1
and 0, which were referred to the interesting class and other class, respectively. The
optimum number of factors was evaluated by full cross validation method and
suggested by the software (Unscrambler® X).

The performance of PLS model is evaluated by linearity and root mean
squared error of cross validation (RMSECV) [157, 160, 175, 176].

EN— (}T?'ef N ycal)z
RMSEO L AP
J N-—F-1 (19)
EN— (}T?'ef — Ypred cv')z
RMSEECY = |—=1 L
J N (20)

where yrer is the known value or reference value, yca and ypreacv are the calculated
value, N is the number of sample and F is the number of factors of the calibration

model.
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The efficiency of PLS-DA methods were validated with test set and
explained by RMSEP.

RMSEP = Jxﬁl@ref ~ Yprea)’
M (21)

where yrer is the determined value or reference value, ypreq IS the calculated value of

prediction, and M is the number of predicted samples.

To setup accepted criteria for ‘the prediction, cutoff range was
important. The samples that give a predicted response in-the cutoff range were
classified as the member of the group.  The cutoff range was-the range that covered
the reference number (number 1) with cutoff value. Tt was “1 + cutoff value”. The
cutoff value was the average of sum of the absolute of minimum (m), maximum (M)
error (difference between predicted response and reference number) and RMSECV
[178] (Equation (24)).

(bl + M+ IRMSECV])
3 (24)

Cutof f value =

As same as SIMCA, the efficiency of PLS-DA methods was evaluated

by sensitivity, specificity and accuracy.



CHAPTER IV
RESULTS AND DISCUSSIONS

1 Plant materials

All crude drug samples used in this experiment were purchased from
Thai traditional drugstores located at various locations of Thailand during 2012 to
2013. The details of crude drug samples and authentic samples are shown in Tables
20 and 21.

Table 20 Sources and characters of crude drug samples.

Voucher Name
specimen (Thai name) Source Character
T1 Bangkok Tiny pieces of wood, characteristic fragrance
T2 Bangkok Tiny pieces-of wood, characteristic fragrance
T3 Nonthaburi Tiny pieces of wood;characteristic fragrance
T4 Uttaradit Tiny of wood attached with some bark,
characteristic fragrance
T5 Nakhon Pathom  Pieces of wood attached with some bark,
characteristic fragrance
T6 Nonthaburi Tiny. pieces of wood, characteristic fragrance
T7 Chan-thet Nonthaburi Pieces of wood, characteristic fragrance
T8 (Fumsivne) Nonthaburi Tiny pieces of wood, characteristic fragrance
T9 Nonthaburi Small pieces of wood, characteristic fragrance
T10 Saraburi Tiny pieces of wood, characteristic fragrance
T11 Uttaradit Tiny pieces of wood, characteristic fragrance
T12 Bangkok Tiny pieces of wood, characteristic fragrance
T13 Phichit Tiny pieces of wood, characteristic fragrance
T14 Roi Et Fine powder, characteristic fragrance
T15 Songkhla Pieces of wood attached with some bark,

characteristic fragrance
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Table 20 Sources and characters of crude drug samples (continued).
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Voucher Name
specimen (Thai name) Source Character

K1 Bangkok Pieces of wood attached with some bark
K2 Saraburi Pieces of wood attached with some bark
K3 Roi Et Pieces of wood attached with some bark
K4 Nakhon Pathom  Pieces of wood attached with some bark
K5 Nonthaburi Pieces of wood attached with some bark
K6 Nonthaburi Pieces of wood attached with some bark
K7 Nonthaburi Pieces of wood attached with some bark
K8 Nonthaburi Pieces of wood attached with some bark
K9 Chan-khao Chiang Mai Pieces of wood attached with some bark
K10 (Fumdum) Phitsanulok Pieces of wood attached with some bark
K11 Suphan-Buri Pieces of wood attached with some bark
K12 Phichit Pieces of wood attached with some bark
K13 Nakhon Pathom_ ' Pieces of wood attached with some bark
K14 Bangkok Pieces.of wood attached with some bark
K15 Bangkok Pieces of wood attached with some bark
K16 Songkhla Pieces of wood attached with some bark
K17 Nonthaburi Pieces of wood attached with some bark
K18 Chiang Mai Fine powder, characteristic fragrance
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Table 20 Sources and characters of crude drug samples (continued).

Voucher Name
specimen (Thai name) Source Character
M1 Nonthaburi Dark brown pieces of wood attached with some
bark, characteristic fragrance
M2 Bangkok Dark brown pieces of wood attached with some
bark, characteristic fragrance
M3 Nonthaburi Dark brown pieces of wood attached with some
bark, characteristic fragrance
M4 Nonthaburi Dark brown pieces of wood attached with some
bark, characteristic fragrance
M5 Chiang Mai Fine powder, characteristic fragrance
M6 Nonthaburi Dark brown-pieces of wood attached with some
bark, characteristic fragrance
M7 Phitsanulok Dark brown-pieces of wood attached with some
bark, charatceristic fragrance
M8 Uttaradit Dark brown pieces of wood attached with some
bark, characteristic fragrance
M9 Roi Et Dark brown pieces of wood attached with some
Chan-chamot
bark, characteristic fragrance
M10 T2 Nonthaburi Dark-brown-pieces of wood attached with some
bark, characteristic fragrance
M11 Songkhla Dark brown pieces of wood attached with some
bark, characteristic fragrance
M12 Saraburi Dark-brown pieces of wood attached with some
bark; characteristic fragrance
M13 Uttaradit Dark brown pieces of wood attached with some
bark, characteristic fragrance
M14 Phichit Dark brown pieces of wood attached with some
bark, characteristic fragrance
M15 Bangkok Dark brown pieces of wood attached with some
bark, characteristic fragrance
M16 Bangkok Dark brown pieces of wood attached with some
bark, characteristic fragrance
M17 Nakhon Pathom  Dark brown pieces of wood attached with some

bark, characteristic fragrance
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Table 20 Sources and characters of crude drug samples (continued).

Voucher

Name

specimen (Thai name) Source Character
TN1 Chiang Mai Fine powder
TN2 Nakhon Pathom  Pieces of wood attached with some bark
TN3 Nonthaburi Pieces of wood attached with some bark
TN4 Chiang Mai Fine powder
TN5 Chan-thana Nonthaburi Pieces of wood attached with some bark
TNG6 (Fumwn) Bangkok Pieces of wood attached with some bark
TN7 Bangkok Pieces of wood attached with some bark
TN8 Nonthaburi Pieces of wood attached with some bark
TN9 Bangkok Pieces of wood attached with some bark
TN10 Nonthaburi Pieces of wood attached with some bark
H1 Nakhon Pathom 1/ Pieces of wood attached with some bark,
characteristic-fragrance
H2 Bangkok Tiny pieces of wood, characteristic fragrance
H3 Chiang Mai Tiny pieces of wood, characteristic fragrance
H4 Chiang Mai Tiny pieces of wood, characteristic fragrance
H5 Phitsanulok Tiny pieces of wood, characteristic fragrance
H6 Chan-hom Bangkok Tiny pieces-of wood, characteristic fragrance
H7 (Fumivoy) Nonthaburi Tiny-pieces.of wood, characteristic fragrance
H8 Bangkok Tiny pieces of wood, characteristic fragrance
H9 Nonthaburi Tiny pieces of wood, specific fragrance
H10 Nonthaburi Dark brown pieces of woad attached with some
bark;-characteristic fragrance
H11 Roi Et Dark-brown pieces of wood attached with some

bark, characteristic fragrance
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Voucher Botanical name Source Chracter
specimen
SS Santalum spicatum Australia Pieces of heartwood, charateristic
fragrance
SL Santalum lanceolatum Australia Pieces of heartwood, charateristic
fragrance
SA Santalum album Prachuap Khiri Khan  Heartwood, charateristic fragrance
MG Mansonia gagei Prachuap Khiri Khan  Heartwood, charateristic fragrance
AS Aglaia silvestris Chanthaburi Wood
TH Tarenna hoaensis Chanthaburi Wood
DD Diospyros decandra Chanthaburi Wood
MF Myristica fragrans Chanthaburi Wood

The characters of crude drug samples and authentic samples are
presented in Tables 20-21 and Figures 59-64. Most of Chan-thet samples (Figure 59)

were tiny pieces of wood with characteristic fragrance. Chan-khao samples (Figure

60) were white pale wood, except that sample K18 was powder.

All Chan-khao

samples had no smell. The appearances of all Chan-chamot were dark brown wood

except for sample M5 which was powder (Figure 61). Most of Chan-thana samples

were white pale wood similar to Chan-khao, except that samples TN1 and TN4 were

powder (Figure 62). Most of Chan-hom samples (Figure 63) were tiny pieces wood

with characteristic fragrance similar to Chan-thet and some Chan-hom samples were

dark brown wood similar to Chan-chamot.
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2 Structure elucidation of chemical markers

The chemical standards used in this study were isolated in laboratory.
They were a-santalol, mansonone G and geniposidic acid. Identification of their
structures was described as follows.

2.1 a-Santalol

Figure 13 Structure of a-santalol.

a-Santalol (Figure 13) was colorless oil.isolated from S. aloum. Based
on EI-MS experiment, its molecular weight was 220 (Figure 65), corresponding with
the molecular formula C;s5H240. Its-hydroxyl and olefinic functional groups were
indicated by the IR bands at-3320.cm™ and 1455 ¢cm™, respectively (Figure 66). For
more detail, NMR experiments. were examined.- The functional group CH3-C=CH- at
positions 2 to 4 was proved based on the NMR- data (Figures 67 and 68) which
showed two olefinic carbon signals at d¢ 133.7 (C-2) and 129.5 (C4) ppm, one
downfield proton signal at 6y'5.31-ppm (t, J = 7.4, H-4) and downfield methyl signals
at oy 1.79 ppm (Hs-3) and oc 21.2 ppm (C-3)." The signals of the other two methyl
groups at positions 8 and 15 were at 6-0.83(s); d¢ 10.7 and oy 0.99 (s), 6¢c 17.5 ppm,
respectively. The methylene hydroxyl at position 1 was indicated by the downfiled
methylene signals at oy 4.14 (S) and d¢c 61.6 ppm. Moreover the overlapping two
upfield signals at 5y 0.83 ppm (s) were the characteristic methine protons at positions
10 and 14 of the rigid cyclopropane ring.
All of these spectral data confirmed the identification of this
compound as a-santalol. Its *H and **C NMR data were compared with those

previously reported [58]. It is shown in Table 22. o-Santalol is the major
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including S. album [12, 45, 178-180].

Table 22 NMR assignment of a-santalol™.

Position a-Santalol

Reference data [58]

S S¢ 34 8¢
1 4.14 (s) 61.6 4.14 () 61.6
2 - 133.7 - 133.7
3 1.79 () 21.3 1.79 (s) 21.3
4 5.31 (t, 7.4) 129.5 5.31 (t, 7.5) 129.5
5 1.98 (m) 22.9 1.97 (m) 23.0
6 1.19 (m) 35.0 1.14 (m) 35.0
1.25 (m) 1.23 (m)
7 - 27.4 ! 27.4
8 0.83 () 10.7 0.83'(s) 10.7
9 - 45.9 P 45.9
10 0.83 () 1952 0.83.(d, 3.0) 19.5°
11 1.05 (dd, 7.5, 9.6) 31.0° 1.05(t,10.5) 31.1°
1.60-1.70 (m) 1.57.(t, 10:5)
12 1.56 (m) 38.2 1.50 (m) 38.2
13 1.05 (dd, 7.5, 9.6) 31.5 1.05 (t, 10.5) 31.5°
1.60-1.70 (m) 1.57 (t,10.5)
14 0.83 (s) 19.5% 0.83 (d, 3:0) 19.6°
15 0.99 (5) 175 0.99 (5) 175

* Chemical shift are reported as ppm (8) from TMS in CDCl3, signal multiplicity and

coupling constant (Hz) are in parentheses.
% The assignments may be interchanged.
® The assignments may be interchanged.
¢ The assignments may be interchanged.

9 The assignments may be interchanged.
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2.2 Mansonone G

HO

Figure 14 Structure of mansonone G.

Mansonone G (Figure 14) was yellow-orange amorphous powder
isolated from one sample of Chan-chamot.~ 'Its ESI-MS (Figure 69) showed the
[M+H]" ion peak at m/z 245, indicating the molecular formula-as CisH1603. The IR
bands (Figure 70) at 3309, 1655, 1644 and 1584 ¢m™ indicated a hydroxyl, two
conjugated carbonyl and a conjugated double bond, respectively; whereas the
aromatic ring was suggested based on the IR bands at-1550-and 1458 cm™.

The *C<NMR- spectrum- (Figure  71) showed fifteen carbon
signals. The *H-NMR spectrum. (Figure 75) exhibited four methyl groups. Two
symmetry doublet methyl signals at &y 1.42 ppm (J.= 7.2 Hz) were assigned as CHs-
11 and CH3-12 which geminal substituted on C-10-(6¢ 26.4 ppm).. Then H-10
coupled with both CH3-11 and-CHs-12 and presented as a septet signal (84 3.58 ppm J
= 7.2 Hz). The other two methyl groups were the singlet signals-at 6 2.57 ppm (S,
CH3-9) and 6 2.06 ppm. (S, CH3-13).- Their . downfield signals were the anisotropic
effect of aromatic ring and olefinic functional group, respectively. The present of
olefinic group was confirmed by two downfield carbon signals at ¢ 138.4 (C-5) and
d¢ 135.5 (C-6) ppm, and a downfield proton signal at oy 7.71 ppm (s, H-5). The
present of aromatic ring was indicated by the downfield carbon signals at 6¢c 146.3 (C-
1), 8¢ 120.3 (C-2), 8¢ 132.5 (C-4), 3¢ 135.2 (C-4a) and d¢ 125.1 ppm (C-8a) and an
aromatic proton signal at oy 6.52 ppm (s, H-2). The aromatic carbon at 6¢ 160.2 ppm
(C-3) was on the downfield region due to inductive effect by electronegative of an
oxygen atom. Finally, two carbonyl carbon signals at 6c 182.5 and 180.4 ppm were

assigned as C-7 and C-8, respectively.
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All of these spectral data confirmed the identification of this compound
as mansonone G. Its 'H and **C NMR data were compared with those previously
reported [181] and shown in Table 23. Mansonone G has been found in heartwood of
Mansonia gagei [112] and aerial parts of Thespesia populnea [182].

Table 23 NMR assignment of mansonone G*.

Position  Mansonone G Reference data [181]
S ¢ OH dc

1 - 146.3 - 146.6
2 6.52 () 120.3 6.56 (S) 119.9
3 - 160.2 - 162.2
4 - 1325 - 133.2
4a 135.2 134.5
5 7.71 (s) 138.4 7.72(5) 139.1
6 - 1355 - 135.3
7 - 182.5 F 182.8
8 - 180.4 - 180.0
8a 1251 122.7
9-CHs 257 () 231 2.58.(5) 23.3
10 3.58 (sept, 7.2) 264 3.58 (sept, 7.2) 26.8
11-CH;  1.42(d,7.2) 21.2 1.43 (d, 7.2) 21.2
12-CH;  1.42 (d,7.2) 21.2 1.43 (d;7.2) 21.2
13-CH;  2.06 (5) 16.1 2.07 (s) 15.9

* Chemical shift are reported as ppm (6) from TMS in CDCl3, signal multiplicity and

coupling constant (Hz) are in parentheses.
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2.3  Geniposidic acid

Figure 15 Structure of geniposidic acid.

Geniposidic acid (Figure 15) was isolated from one sample of Chan-
khao. It was pale yellow semi-solid. Its ESI-MS spectrum (Figure 73) showed the
molecular ion peak at m/z 374 [M]" corresponding with the molecular formula of
Ci16H22010. Its hydroxyl, carboxyl and two olefinic functional groups were indicated
by the IR bands at 3378, 1686 and 1631 cm™, respectively (Figure 74).

The *C-NMR " (Figure 75) indicated Sixteen carbon atoms.
Based on DEPT-135° and DEPT-90° experiments, they were ten methine, three
methylene and three quaternary carbons. In *H-NMR spectrum (Figure 76), two
methine proton signals were showed at downfield region at 8y 7.41 ppm (s, H-3) and
oy 5.70 ppm (brs, H-7) -because  they. were on the olefinic functional groups.
Moreover the unusual more downfield of H-3 signal was the additional deshielding
effect of the close oxygen atom at position 2. The present of two olefinic groups were
indicated by the carbon signals at ¢ 153.4 (C-3), 113.0 (C-4) and 128.6 (C-7), 145.0
(C-8) ppm. A methylene hydroxyl functional group was indicated based on the
downfield methylene signals at o4 4.09 ppm (d, J = 14.4 Hz) and 4.22 ppm (d, J =
14.4 Hz) of H,-10. The downfield carbon signal at 6c 171.2 ppm also indicated
another carboxyl functional group. Substituted positions of these two functional
groups were proved by HMBC experiment (Figure 77), which showed long-range
correlations from H-10 to C-7 and C-8, and from H-3 to C-11. The *H NMR signals
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in the range of 3-4 ppm and an anomeric signal at 6y 4.62 ppm suggested a glucose
moiety in the structure. The HMBC correlation between H-1 (64 5.06 ppm) and C-1'
(6¢c 100.5 pm) (Figure 77) indicated that glucose attached to the aglycone at position
1. Stereochemistry of positions 1, 5 and 9 of the aglycone was proved by NOESY
spectrum (Figure 78). The NOE correlation between H-5 and H-9 concluded the
configuration of H-5 and H-9 to be in the same direction. But H-1 did not correlate
with H-5 and H-9, therefore it was in the opposite direction.

All of these spectral data confirmed the identification of this
compound as geniposidic acid. Its *H/and-**C. NMR data were compared with those
previously reported [183] and shown in Table 24." Its HMBC correlations were shown
in Figure 16 and Table 25. ' This compound has been reported in many plant species
of family Rubiaceae, such as-Diodia teres, Galium tortumense, Genipa Americana,

Canthium gilfillanii and Tarenna madagascariensis [183-187].
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Table 24 NMR assignment of geniposidic acid*.

Position  Geniposidic acid Reference data [182]
OH dc OH dc
1 5.06 (d, 7.5) 98.4 5.00 (d,7.2) 97.9
2
3 7.41 (5) 153.4 7.25 (9) 154.5
4 113.0 116.4
5 3.08 (m) 36:84 3.13 (m) 37.3
6 2.01(dd; 16.3, 7.9) 39,9 2.00 (dd; 16.0, 1.9) 39.9
2.74 (dd; 16.3,7.9) 2.75(dd; 16.0, 8.4)
7 5.70 (brs) 128.6 5.68 (s) 128.4
8 145.0 144.9
9 2.62 (t, 7.5) A7.2 2.58 (m) 47.2
10 4.09 (d, 14.4) 61.6 4,08 (d, 14.4) 61.6
4.22 (d, 14.4) 4.21(d,14.4)
11 171.2 174.5
1/ 4.62 (d,7.8) 100.5 463 (d, 8.0) 100.2
2' 3.14(d, 8.1) 75.0 3.19-3.22 (m) 74.9
3 3.28 (d, 9.0) 78.0 3.19-3.22 (m) 78.3
4 3.17-3.20 (m) 71.7 3.19-3.22/(m) 715
5’ 3.17-3.20.(m) 785 3.30 (m) 77.8
6' 3.54 (dd; 7.6, 4.2) 62.8 3.74.(m, 2H) 62.6
3.74 (d, 7.6)

* Chemical shift are reported as ppm (6) from TMS in CD30D, signal multiplicity and

coupling constant (Hz) are in parentheses.



Figure 16 HMBC correlations of geniposidic acid.

Table 25 HMBC correlation of geniposidic acid.
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Position Carbon

1 G-5\G-E.C-§, £=3

3 C-5,C-1,C-4,C-11

5 C-6,C-9,C-1,C4

6 C-7,C-8

7 C-5, C-6, C-9, C-10,C-8
9 C-5,C-6, C-1,C-7,C-8

10 C-9,C-7,C-8
Glucose

1 C-1,Cc3

2! C-1',C-3

3 c-4', C-2'

4 C-3

5’ C-3'

6’ C-4', C-5
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3 Identification of Chan-thet, Chan-khao, Chan-chamot, Chan-thana and
Chan-hom

To identify the plant species of Chan(s), fifteen Chan-thet samples,
eighteen Chan-khao samples, seventeen Chan-chamot samples, ten Chan-thana
samples and eleven Chan-hom samples were used in this study. The authentic
samples were S. spicatum, S. album, S. lanceolatum, M. fragrans, T. hoaensis, D.
decandra, M. gagei and A. silvestris. The authentic volatile oils of various Santalum
species were also used. a-Santalol, mansonone G and geniposidic acid, as described
for their isolation and identification in-previous section were used as chemical
markers. Authentication was based on their TLC. IR and GC fingerprints coupled
with chemometric analysis also applied for authentication. The details are described

as follows.

3.1  TLC fingerprint
Two steps of TLC method were developed. Initially, all samples were
preliminary screening by using the mixture of n-hexane, ethyl-acetate and methanol
(60:30:0.2) as developing solvent. Thereafter the results were confirmed by the other
suitable solvent systems. ' The screening TLC chromatograms of Chan-thet, Chan-
khao, Chan-chamot, Chan-thana and Chan-hom are shown in-Figures 17, 19, 21, 22
and 24, respectively.  And the confirmation results are shown in Figures18, 20, 23, 25

for Chan-thet, Chan-khao, Chan-chamot, Chan-thana.and Chan-hom, respectively.

3.1.1 Chan-thet

The screening TLC chromatograms of Chan-thet are shown in
Figure 17. The chromatograms detected under UV (Figures 17(a) and 17(b)) were not
clearly observed because most of the chemical constituents of Chan-thet might have
not chromophore. The suitable detection was the observation under visible light after
spray with anisaldehyde-sulfuric TS (Figure 17(c)). a-Santalol was the major
compound of Santalum sp. [45], thus it was used as the chemical marker. Compared
among authentic Santalum samples, a-santalol band of S. album was more intense

than that found in S. spicatum and S. lanceolatum, respectively. It was corresponded
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with previous studies which reported that a-santalol content in S. album was more
than S. spicatum and S. lanceolatum [12, 83]. The obvious detection of a-santalol and
a violet band at Rf 0.19 suggested that samples T4, T6 and T7 were S. aloum. The
violet bands at Ry 0.90 and 0.70, the pale violet band at R¢ 0.80 (a-santalol) and a
purple band at R¢ 0.79 suggested that samples T1-T3 and T8-T15 were S. spicatum.
TLC chromatogram of S. lanceolatum was very similar to S. spicatum. The
differences were the less intensity of the a-santalol band and the bands at R¢0.70 and
0.90, whereas the band at R¢ 0.79, the purple bands at R 0.20 and 0.40 were more
intense. This suggested that sample T5 was S. lanceolatum.

The screening TLC results clearly indicated that all Chan-thet
samples were Santalum species, not M. fragrans. However the identification among
Santalum species was not clear cut because most of -their different characteristic
components were closely-located on the upper part of the chromatograms. Then the
other less polar solvent system was used to confirm the results. The solvent system of
the mixture of n-hexane, ethyl acetate, methanol and acetic acid (60:10:0.2:0.01) was
developed (Figures 18). Based on the detection with anisaldehyde-sulfuric acid TS
(Figure 18(c)), the intense band of a-santalol at Ry 045 (a-satalol) was clearly
detected in samples T4, T6.and T7. -Then these samples were confirmed as S. album.
The violet bands at Ry 0.30-and 0.60, apale-purple band at R¢0.40 and a pale violet
band at R 0.45 (a-satalol) confirmed samples T1-T3 and T8-T15 as S. spicatum.
However sample T14 might be adulterated with other herbal samples. - The ambiguity
was suggested based on the florescence band at-Rf 0.55 (Figure 18(b)). Sample T15
might be harvested from too young or too old tree since its compound contents were
less than the others [12]. A purple band at R¢0.40 and a very less intense pale violet

band at R; 0.45 (a-satalol) of sample T5 clearly indicated that it was S. lanceolatum.
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Figure 17 TLC chromatogram of Chan-thet methanol extracts using n-hexane : ethyl
acetate : methanol (60:30:0.2) as mobile phase: (a) detection under UV 254 nm, (b)
detection under UV 366 nm and (c) detection under visible light after spraying with
anisaldehyde-sulfuric acid TS; 1-15 = samples T1-T15, A = S. spicatum, B = S.
album, C = S. lanceolatum, D = a-santalol and E = M. fragrans.
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Figure 18 TLC chromatogram of Chan-thet-methanol extracts using n-hexane : ethyl
acetate : methanol : acetic acid (60:10:0.2:0.01) as mobile phase: (a) detection under
UV 254 nm, (b) detection under UV 366 nm and (c) detection under visible light after
spraying with anisaldehyde-sulfuric acid TS and heat at 105 °C for 5 min; 1-15 = T1-
T15, A = S. spicatum, B = S. album, C = S. lanceolatum, D = a-santalol and E = M.

fragrans.
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3.1.2 Chan-khao

The screening TLC chromatograms of Chan-khao samples are
shown in Figures 19. It was indicated that the chromatogram of sample K18 was
different from the others. The detection under UV 254 nm (Figure 19(a)) and with
anisaldehyde-sulfuric acid TS (Figure 19(a)) suggested that sample K18 was S.
spicatum. However it might be adulterated with other herbal samples because the
fluorescent bands under UV 366 nm (Figure 19(b)) were much intense than S.
spicatum. This might because different quality of herb from planting sources,
harvesting period or storage conditions.— Chromatograms of the rest Chan-khao
samples gave similar pattern, but they were not clearly identified to be the same with
authentic samples. Because of the high polarity -of most of their chemical
compositions, another more polar solvent system was developed.

The-mixture of dichloromethane, methanol and formic acid
(60:10:1) was developed as second mobile-phase. ‘Based on the result of this system
(Figures 20), chromatograms of all Chan-khao samples.were totally different from D.
decandra. They could be divided into three groups. 'The first group was sample K18
which was clearly differed from the other and identified-by previous solvent system as
S. spicatum. The second group consisted of samples K1-K6, K10-K13, K16 and K17.
They gave the same TLC patterns as T.-hoaensis... The detection under UV 254 nm
(Figure 20(a)) showed three quenching bands at R¢ 0.35,°0.59 and 0.62; whereas the
detection under UV 366 nm (Figure 20(b)) showed. the fluorescent bands at Ry 0.20,
0.40, 0.59, 0.62 and 0.91. The detection under visible light after spraying with
anisaldehyde-sulfuric TS (Figure 20(c)) showed a pale yellow band at Rf 0.32, a black
band at R¢ 0.35 and two violet bands at Ry 0.59 and 0.62. The band at R¢ 0.35 was
identified as geniposidic acid by comparing with the chemical marker. It was also
detected in T. hoaensis. Then samples in group 2 were identified as T. hoaensis. The
third group consisted of samples K7-K9, K14 and K15. They did not contain
geniposidic acid and their chromatograms were different from all authentic samples.

Therefore samples in this group could not be identified.
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Figure 19 TLC chromatogram-of Chan-khao methanol extracts using n-hexane : ethyl
acetate : methanol (60:30:0.2) as mobile phase: (a) detection under UV 254 nm, (b)
detection under UV .366.nmand (c) detection under.visible light after spraying with
anisaldehyde-sulfuric-acid TSand heat at 105 °C for 5 min; 1-18 = K1-K18, A =T.

hoaensis, B = D. decandra,.C = geniposidic acid and D= S. spicatum.
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Figure 20 TLC | chromatogram of Chan-khao . methanol = extracts using
dichloromethane : methanol-. formic acid (60:10:1) as mobile phase: (a) detection
under UV 254 nm, (b) detection under UV 366 nm and (c) detection under visible
light after spraying with-anisaldehyde-sulfuric-acid TS and heat at 105°C for 5 min;
1-18 = K1-K18, A = T. hoaensis, B = D. Decandra, C = geniposidic acid and D = S.

spicatum.
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3.1.3 Chan-chamot

TLC chromatograms of Chan-chamot and authentic samples
are shown in Figures 21. All Chan-chamot samples differed from A. silvestris, S.
album, D. decandra and T. hoaensis. All Chan-chamot samples and M. gagei found
mansonone G that was an ortho-naphthoquinones compound. It was a yellow
compound and could absorbed UV light [188]. Then it was observed as the bright
yellow band under visible light (Figure 21(a)), the quenching band under UV 254 nm
(Figure 21(b)) and the yellow-orange band under visible light after spraying with
anisaldehyde-sulfuric TS at R¢ 0.27 (Figure-21(d)).

The bands of other compounds that appeared in both Chan-
chamot samples and M. gagei were a pale yellow band at Rs 0.60 under visible light
(Figure 21(a)), a fluorescent -band under UV 366 nm.at Rs 0.65 in Figure 21(C).
Moreover five purple bands at R 0.10, 0.23,0.55, 0.38 and 0.47 were found under
visible light after spraying with anisaldehyde-sulfric acid TS (Figure 21(d)). Overall
TLC patterns between all Chan-chamot samples and M. gagei were the same. These
indicated that all Chan-chamot samples (M1-M17) were identified as M. gagei.
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Figure 21 TLC chromatogram-of Chan-chamot methanol extract using n-hexane :
ethyl acetate : methanol (60:30:0.2) as mobile phase : (a) detection under visible light,
(b) detection under UV 254 nm, (c) detection under UV 366 nm and (d) detection
under visible light after spraying with anisaldehyde-sulfuric acid TS and heat at 105
°C for 5 min; 1-17 = M1-M17, A = M. gagei, B = Mansonone G, C = A. silvestris, D
=S. album, E = D. decandra and F = T. hoaensis.
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3.1.4 Chan-thana

The screening TLC results of Chan-thana samples are shown in
Figure 22. It was indicated that samples TN1, TN7 and TN8 differed from the others.
Similar to Chan-khao samples, chemical compositions of Chan-thana were high polar.
Therefore another more polar solvent was developed. It was the mixture of
dichloromethane, methanol and formic acid (60:10:1). Chan-thana samples could be
divided into two groups (Figures 23). The first group consisted of samples TN2-TNG6,
TN9 and TN10. Their chromatograms were similar to T. hoaensis. They showed the
quenching bands under UV 254 nm at'R¢ 0.35, 0.59 and 0.62 (Figure 23(a)); and the
fluorescent bands under UV 366 at R¢0.20, 0.40, 0.59, 0.62 and 0.91. After spraying
with anisaldehyde-sulfuric acid TS (Figure 23(c)), a-pale yellow band at R; 0.32, a
black band at R; 0.35, two purple bands at Rs 0.59 and 0.62 were detected.
Geniposidic acid was the-black band at Rf 0.35. It was also found in T. hoaensis.
Therefore samples TN2-TN6, TN9 and TN1O were ‘identified as T. hoaensis. The
second group consisted of samples TN1, TN7 and TN8. -Their chromatograms were
different to each other and did not similar to any authentic samples in this study, thus

they could not be identified.
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Figure 22 TLC Chromatogram of Chan-thana methanol extract using n-hexane : ethyl
acetate : methanol (60:30:0.2) as mobile phase: (a) detection under UV 254 nm, (b)
detection under UV 366 nm and (c) detection under visible light after spraying with
anisaldehyde sulfuric acid TS and heat at 105 °C for 5 min; 1-10 = TN1-TN10, A=T.

hoaensis, B = D. decandra and C = geniposidic acid.
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Figure 23 TLC. Chromatogram —of —Chan-thana  methanol extract using
dichloromethane : methanol.: formic acid (60:10:1) as-mobile phase: (a) detection
under UV 254 nm, (b) detection under UV 366 nm and (c) detection under visible
light after spraying with anisaldehyde sulfuric acid TS and heat at 105 °C for 5 min;
1-10 = TN1-TN10, A = T. hoaensis, B = D. decandra and C = geniposidic acid.
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3.1.5 Chan-hom

The screening TLC results of Chan-hom samples are illustrated
in Figure 24. Under visible light, samples H10 and H11 gave a bright yellow band at
Rs 0.49, which also detected in M. gagei. This compound was mansonone G as
described in previous section. Their chromatograms detected under UV and with
anisaldehyde-sulfuric acid TS were also similar and confirmed them to be identified
as M. gagei.

For samples H2-H9, as same as Chan-thet, the clear detection
was shown with anisaldehyde-sulfuric'acid TS (Figure 24(d)). They had two violet
bands at R 0.90 and 0.70, a pale violet band at R 0.80 (a-santalol) and a purple band
at Rf 0.79, as same as S. spicatum. To confirm the results, the other TLC system was
developed using the mixture-of n-hexane, ethyl acetate, methanol and acetic acid
(60:10:0.2:0.01) as mobile-phase (Figure 25). -Above mentioned bands were more
clearly separated and shown as two violet bands at'R¢0.30 and 0.60, a purple band at
Rt 0.40 and a pale violet band at R 0.45 (a-satalol).. Then samples H2-H9 were
confirmed to be S. spicatum.

The rest sample H1 could not be identified by the preliminary
TLC result (Figure 24) because. its-chromatogram was not clear.. The other TLC
system developed with-the less polar solvent system (Figure-25) gave a better result.
The violet band detected with anisaldehyde-sulfuric acid TS (Figure 25(c)) at R¢ 0.45
(o-santalol) suggested that.it was.Santalum species. It had-not.two violet bands at R¢
0.30 and 0.60 which indicated that it-was not S.-spicatum.  However its chromatogram
was confusing between S..album and S. lanceolatum.  Nevertheless it looked more
similar to S. lanceolatum because of the less intense band of a-santalol and the more

intense purple band at R¢0.40.
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Figure 24 TLC Chromatogram of Chan-hom methanol extract using n-hexane : ethyl

acetate : methanol (60:30:0.2) as mobile phase: (a) detection under visible light, (b)
detection under UV 254 nm, (c) detection under UV 366 nm and (d) detection under

visible light after spraying with anisaldehyde-sulfuric acid TS and heat at 105 °C for 5
min; 1-11 = H1-H11, A = S. spicatum, B = S. lanceolatum, C = S. album, D = a-

santalol and E = M. gagei.
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Figure 25 TLC Chromatogram of Chan-hom methanol extracts using n-hexane : ethyl

acetate : methanol : acetic acid (60:10:0.2:0.01) as mobile phase: (a) detection under
UV 254 nm, (b) detection under UV 366 nm and (c) detection under visible light after
spraying with anisaldehyde-sulfuric acid TS and heat at 105 °C for 5 min; 1-11 = H1-
H11, A = S. spicatum, B = S. lanceolatum, C = S. album, D = a-santalol and E = M.

gagei.
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3.2 IR fingerprint

IR fingerprint analysis was the other method used to identify Chan-
thet, Chan-khao, Chan-chamot, Chan-thana and Chan-hom samples. IR spectra of all
samples were obtained from sample extracted with various solvent, i.e. n-hexane,
dichloromethane, ethyl acetate, acetone, methanol and water, and directly from the
fine powders. Thereafter the spectra were preprocessed by normalization and second
derivative methods. The normalized and the second derivative IR spectra of all
samples are shown in Figures 79-85 and 86-92, respectively; whereas those of the
authentic samples are shown in Figures 93-99 and 100-105, respectively. Only the IR
region of 1801-501 cm™ was selected for fingerprint analysis because the data from
4000-1801 cm™ was OH and CH stretching which did not specify for discrimination
and be easily disturbed by moisture during collection of the spectra.

Since IR spectra were very complex and difficult to interpret, they
were analysed with the aid of chemometrics. = Similarity analysis (SA), hierarchical
cluster analysis (HCA) and principal component. analysis (PCA) were the
chemometric methods that were applied in this study.

3.2.1 Chan-thet

Correlation coefficients between IR spectra of all Chan-thet and
authentic samples are shown in Tables 42-48. The results indicated that IR spectra of
the water extract and the fine powders could.not be used for the identification because
correlation coefficients between Chan-thet samples and all authentic samples were not
different. The IR spectra.of the other extracts clearly indicated that all Chan-thet
samples were not M. fragrans, M. gagei and A. silvestris. However differentiation
between Santalum sp. and the other authentic samples was not clear. For example,
the normalized IR spectra of the dichloromethane extract of many Chan-thet samples
gave high correlation to both Santalum sp. and T. hoaensis (Table 43), whereas those
of the ethyl acetate, acetone and methanol extracts gave high correlation to both
Santalum sp. and D. decandra (Tables 44-46). After second derivative preprocessing,
even correlation coefficients of the IR spectra of these extracts of Chan-thet samples

and Santalum sp. slightly decreased (r = 0.58-0.96), it is clearly different from the
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other authentic samples. Therefore second derivative was the necessary
preprocessing method. In conclusion all Chan-thet samples were Santalum sp.
However correlation coefficient between Chan-thet samples and S. album, S. spicatum
and S. lanceolatum were similar. Then it was impossible to identify their exact
species by SA.

The IR spectra were further analysed by HCA. The HCA
dendrograms of the water extract clustered all authentic samples together, then it was
useless. The overall results of the other solvent extracts confirmed the result of SA
that all Chan-thet samples were clustered-into the same group as the three Santalum
authentic samples. After preprocessing with:second derivative method, most of the
clustering was better. And the clearest ones were the HCA obtained from the n-
hexane extract (group V in Figure 26), methanol extract (group VI, VII and VIII in
Figure 27), and the fine-powder (group VI in Figure 28). ° Moreover in the
dendrograms of the methanol extract, samples T4 and T7 and S. album were
separately clustered together (group ‘VH in Figure 27)..Then theses two samples
could be identified as S. album.. -Identification between-S. spicatum and S.
lanceolatum of the other samples was not possible because all' HCA dendrograms
were clustered into the same group.-Therefore other Chan-thet samples could be only

identified as either S.'spicatum or S. lanceolatum by HCA
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Figure 26 HCA dendrogram the-second derivative IR spectra of the n-hexane extracts
of Chan-thet samples (T1-T15), S. aloum (SA), S. spicatum (SS), S. lanceolatum (SL),
M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A.
silvestris (AS).

Single linkage chistering using Squared Euelidean distanca
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Figure 27 HCA dendrogram the second derivative IR spectra of the methanol extracts
of Chan-thet samples (T1-T15), S. album (SA), S. spicatum (SS), S. lanceolatum (SL),
M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A.
silvestris (AS).
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Single linkage clustaring using Squared Euclidaan distanca
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Figure 28 HCA dendrogram the second derivative IR spectra of the fine powders of
Chan-thet samples (T1-T15), S. album (SA), S. spicatum (SS), S. lanceolatum (SL),
M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A.
silvestris (AS).

PCA was the third method applied to.IR spectra. The PC1 and
PC2 score plots of the normalized IR spectra were slightly better than those of the
second derivative IR spectra. “Chan-thet samples and more than-one authentic sample
were clustered together in the score plots of the dichloromethane, ethyl acetate and
water extracts and the fine powders, then they were useless-for the identification. A
clear result was PCA of the n-hexane extract that all Chan-thet samples were clustered
with only the three Santalum authentic samples (Figure 29(a)). Therefore all samples
were identified as Santalum sp. Their species identification could be further
suggested by the score plots of the polar solvent extracts, i.e. acetone (Figure 29(b))
and methanol (Figure 29(c)) extracts, which divided the samples into two groups. As
same as HCA, samples T4 and T7 were clustered with S. album, whereas the other
samples were clustered with S. spicatum and S. lanceolatum. Identification between
the later two species was impossible because they were clustered together in the score

plots of all solvent extracts. These PCA results and also those of HCA suggested that
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functional groups of non-polar constituents in three Santalum species were not much

different.

other two species.
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Figure 29 PC1 and PC2 score plots of the second derivative IR spectra of the (a) n-

hexane, (b) acetone and (c) methanol extracts of Chan-thet samples (T1-T15), S.
album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans (MF), T. hoaensis
(TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS).
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In conclusion, SA could only assume that most of Chan-thet
samples were Santalum species. HCA and PCA gave more information that most of
them were identified as either S. spicatum or S. lanceolatum, and two samples (T4 and
T7) were S. album. The n-hexane extract was the most suitable solvent for the

identification of Santalum sp.

3.2.2 Chan-khao

Correlation coefficient between the IR spectra of all Chan-khao
and authentic samples are shown in Tables-49-55. The fine powder could not be used
for the identification because correlation coefficient between Chan-khao samples and
all authentic samples were not much different (Table 55). The correlation coefficient
between Chan-khao samples and authentic samples showed that the second derivative
IR spectra of all samples were more significantly different. The clearlest results were
those obtained from the dichloromethane extract that 76% of Chan-thet samples were
clearly identified as T. hoaensis (Table 50).

HCA of the IR spectra of various extracts-and the fine powders
of Chan-khao samples were further studied.” Clustering of the second derivative
spectra was slightly better. - But HCA ‘of the water extract clustered most of the
authentic samples together.- Those of the ethyl acetate extract-could not differentiate
between T. hoaensis.and M. gagei. “The functional groups of polar and semi-polar
compounds found-in these .two authentic samples might be-not.much different. Then
these solvents were useless for the-identification.” The- overall results of the other
solvents showed that most.of Chan-khao samples were clustered into the same group
as T. hoaensis (group VIII in Figure 30, group VII in Figures 31 and 32 and group
VIl in Figure 33, respctively), confirming the results of SA. However sample K18
trended to be far from the other samples. In the dendrogram of the n-hexane extract,
it was separately clustered with S. spicatum and S. lanceolatum (group VI in Figure
30). In agree with the TLC results, sample K18 was identified as S. spicatum. In the
dendrogram of the fine powders, samples K7-K9, K14 and K15 were separated from
the others (group VII in Figure 34), confirming the TLC result that identified them as
unidentified species.
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Singla linkage clustering using Squared Euclidaan distance
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Figure 30 HCA dendrogram the second derivative IR spectra of the n-hexane extracts
of Chan-khao samples (K1-K18), S. album (SA), S. spicatum (SS), S. lanceolatum
(SL), M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A.
silvestris (AS).

Singla linkage clustering using Sguared Euclidean distanca
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Figure 31 HCA dendrogram the second derivative IR spectra of the dichloromethane
extracts of Chan-khao samples (K1-K18), S. album (SA), S. spicatum (SS), S.
lanceolatum (SL), M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei
(MG) and A. silvestris (AS).
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Figure 32 HCA dendrogram the second derivative IR spectra of the acetone extracts
of Chan-khao samples (K1-K18), S. album (SA), S. spicatum (SS), S. lanceolatum
(SL), M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A.

silvestris (AS).

Single linkage clustering using Squared Euclidean distanca
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Figure 33 HCA dendrogram the second derivative IR spectra of the methanol extracts
of Chan-khao samples (K1-K18), S. album (SA), S. spicatum (SS), S. lanceolatum
(SL), M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A.

silvestris (AS).
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Singla linkage clustering using Squared Euclidean distanca
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Figure 34 HCA dendrogram the second derivative IR spectra of the fine powders of
Chan-khao samples (K1-K18), S. album (SA), S. spicatum (SS), S. lanceolatum (SL),
M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A.
silvestris (AS).

In the PCA study, the PC1 and PC2 score plots of the second
derivative IR spectra gave the slightly better results than the normalized IR spectra.
However the normalized. IR spectra and second derivative IR spectra of all solvent
extracts and the fine powders could not identify Chan-khao samples because most of
Chan-khao samples and.. more than oneauthentic sample-were grouped together.
Nevertheless, the second derivative IR spectra-of the n-hexane extracts could cluster
sample K18 into the same group as S. lanceolatum and S. spicatum (Figure 35).
Therefore sample K18 were identified as either S. lanceolatum or S. spicatum. This
result corresponded with the previous sections which suggested that the n-hexane
extract was useful for the identification of Santalum samples. In overall, less than
60% variables were explained by PC1 and PC2 score plots of all solvent extracts. IR
spectra of Chan-khao samples might have much variation and might similar to the
spectra of many authentic samples. Thus only two PCs were not sufficient. First

three PCs were considered for the explanation, and the best results were obtained
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from the PCA of the acetone extracts. The three dimension score plots of PC1, PC2
and PC3 of the second derivative IR spectra of the acetone extract, accounting for
68% explanation, are shown in Figure 36. Chan-khao samples were clearly clustered
with T. hoaensis and sample K18 was separated from the others. This result
corresponded with above results because sample K18 was not the same species as the
others.

In conclusion, SA suggested that most of Chan-khao sample
were T. hoaensis. HCA and PCA confirmed the results and gain more information
that one sample (K18) was S. spicatum. Moreover HCA gave other information that

five samples (K7-K9, K14 and K15) were unidentified species.
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Figure 35 PC1 and PC2 score plots of the second derivative IR 'spectra of the n-
hexane of Chan-khao samples (K1-K18), S.-album_(SA), S.-spicatum (SS), S.
lanceolatum (SL), M. fragrans (MF), T. hoaensis (TH), D.-decandra (DD), M. gagei
(MG) and A. silvestris (AS).
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PC-3 (14%

Figure 36 PC1, PC2 and PC3 three dimension score plots of the second derivative IR
spectra of the acetone extract of Chan khao (K1-K18), S. album (SA), S. spicatum
(SS), S. lanceolatum (SL), M. fragrans (MF), T. hoaensis (TH), D. decandra (DD),
M. gagei (MG) and A. silvestris (AS).

3.2.3 Chan-chamot

Correlation coefficients between the IR spectra of all Chan-
chamot and authentic.samples.are shown.in Tables 56-62. IR spectra of the n-hexane
and water extracts, and the fine-powders could-not be used for the identification
because all correlation coefficients were not-clear (Tables 56, 61 and 62). The
normalized IR spectra of the other solvents suggested that all Chan-chamot samples
were possibly identified as M. gagei. After second derivative preprocessing,
correlations between Chan-chamot samples and the other authentic samples were
more clearly different. For example, the correlation coefficients of second derivative
IR spectra between Chan-chamot samples and M. gagei of the acetone extract were
0.80-0.99 and the correlation coefficients between Chan-chamot samples and other
authentic sample were 0.12-0.77 (Table 59). These suggested that second derivative
preprocessing was important for identification. In conclusion, all Chan-chamot

samples were identified as M. gagei by SA.
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HCA were further studies and the results obtained from the
second derivative IR spectra were slightly better than the normalized spectra. The
overall results trended to cluster most of Chan-chamot samples with M. gagei. The
clearest results were the HCA of the slightly polar to high polar solvents, i.e. ethyl
acetate, acetone and methanol that clustered all Chan-chamot samples into the group
of M. gagei (group VI in Figure 37, group VII in Figures 38 and 39, respectively).

Then all Chan-chamot samples could be identified as M. gagei.

Single linkage clustaring using Squared Euclidean distance
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Figure 37 HCA ‘dendrogram the. second derivative IR spectra of the ethyl acetate
extracts of Chan-chamot samples (M1-M17),-S. album (SA), S. spicatum (SS), S.
lanceolatum (SL), M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei
(MG) and A. silvestris (AS).
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Singla linkage clustaring using Sguared Euclidaan distancea
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Figure 38 HCA dendrogram the second derivative IR spectra of the acetone extracts
of Chan-chamot samples (M1-M17), S. album (SA), S. spicatum (SS), S. lanceolatum
(SL), M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A.
silvestris (AS).
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Figure 39 HCA dendrogram the second derivative IR spectra of the methanol extracts
of Chan-chamot samples (M1-M17), S. album (SA), S. spicatum (SS), S. lanceolatum
(SL), M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A.
silvestris (AS).



106

For PCA study, the PC1 and PC2 score plots of the n-hexane,
methanol and water extracts, and the fine powders clustered Chan-chamot samples
with more than one authentic sample so these extracts could not be applied for the
identification of Chan-chamot samples. The extracts prepared from slightly polar
solvents, i.e. ethyl acetate and acetone extracts, gave better classification. The best
result was the score plots between PC1 and PC2 of the ethyl acetate extract which
showed that all Chan-chamot samples were M. gagei (Figure 40). However the
acetone extract could not separate between M. gagei and T. hoaensis because of the
variation of IR spectra of Chan-chamot samples. This indicated that only two PCs
were not sufficient to explain the variables. Thus PC3 were used together with PC1
and PC2 to classify the samples. The three dimension score plots of PC1, PC2 and
PC3 of the acetone extracts are shown in Figure 41.. All. Chan-chamot samples were
clustered into the same group as M. gagei. - Then all-Chan-chamot samples were
identified as M. gagei.

In conclusion, ‘all SA; HCA and PCA clearly identified all
Chan-chamot samples as M. gagei and the suitable extracts for the identification were

those prepared from the slightly polar solvents:
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Figure 40 PC1 and PC2 score plots of the normalized and second derivative IR
spectra of the ethyl acetate of Chan-chamot samples (M1-M17), S. album (SA), S.
spicatum (SS), S. lanceolatum (SL), M. fragrans (MF), T. hoaensis (TH), D. decandra
(DD), M. gagei (MG) and A. silvestris (AS).
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Figure 41 PC1, PC2 and PC3 three dimension score plots of the second derivative IR
spectra of the acetone extracts of Chan-chamot (M1-M17), S. aloum (SA), S. spicatum
(SS), S. lanceolatum (SL), M. fragrans (MF), T. hoaensis (TH), D. decandra (DD),
M. gagei (MG) and A. silvestris (AS).

3.2:4- Chan-thana

Correlation-coefficients between all Chan-thana and authentic
samples are shown in Tables-63-69. The normalized. IR spectra of all extracts and the
fine powders could . not.be. used for. the identification' because all correlation
coefficients were not much. different. - However-the second derivative IR spectra of
most of Chan-thana samples. gave slightly -higher correlation” coefficients to T.
hoaensis than the other authentic'samples. Thus most of Chan-thana samples were
possibly identified as T. hoaensis.

HCA was further studied. Its overall results suggested that the
second derivative preprocessing could cluster samples and authentic samples slightly
better than the normalization preprocessing. However the dendrograms of the water
extract and the fine powders could not cluster Chan-thana samples with any authentic
samples. Moreover the ethyl acetate extract was useless because Chan-thana samples,
T. hoaensis, M. gagei and M. fragrans were clustered into the same group. The HCA

of the dichloromethane and acetone extracts clustered most of Chan-thana samples
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with T. hoaensis (group IX in Figures 42 and 43, respectively), and samples TN1 and
TN8 were separated from the others. This result corresponded with TLC that most of
Chan-thana samples were T. hoaensis and samples TN1 and TN8 were unidentified

species.

Single linkage clustaring using Squared Euclidean distance
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Figure 42 HCA dendrogram-the second derivative IR spectra of the dichloromethane
extracts of Chan-thana samples (TN1-TN10), S. album (SA), S. spicatum (SS), S.
lanceolatum (SL), M. fragrans (MF), T.-hoaensis(TH), D. decandra (DD), M. gagei
(MG) and A. silvestris (AS).
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Single linkage clustaring using Squared Euelidean distance
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Figure 43 HCA dendrogram: the second derivative IR spectra-of the acetone extracts
of Chan-thana samples (TN1-TN10), S. album (SA), S. spicatum (SS), S. lanceolatum
(SL), M. fragrans (MF), T. hoaensis (TH), D. decandra-(DD), M. gagei (MG) and A.
silvestris (AS).

PCA was studies and-the PCl-and PC2 score plots indicated
that both normalized and-second derivative IR-of all solvent extracts and the fine
powders could not identify. Chan-thana because-most of Chan-thana samples were
clustered with more than one authentic-sample. - Their spectra might have much
variation and similar to many authentic samples. However some samples, i.e. TN1
and TN8 trended to separate from other Chan-thana samples. The species
identification of these samples might be different from others. This result
corresponded with the results of HCA that samples TN1 and TN8 were unidentified.
PCA of the other Chan-thana samples needed more than two PCs for the explanation.
The score plots of the first three PC of the acetone extract gave the best results (Figure
44). Its total variance explanation for normalized IR and second derivative IR spectra
were 76% and 61%, respectively. Most of Chan-thana samples and T. hoaensis were

grouped into the same group. Samples TN1, TN7 and TN8 were separated from the
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others and were not clustered with any authentic samples. These results corresponded

with TLC. Therefore most of Chan-thana samples were T. hoaensis and samples
TN1, TN7 and TN8 were unidentified.

(@) (b)

Figure 44 PC1, PC2 and PC3 three dimension score plots of (a) normalized IR
spectra and (b) second derivative IR spectra of the acetone extract of Chan-thana
(TN1-TN210), S. album (SA),-S. spicatum (SS), S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D..decandra (DD), M. gagei (MG) and A. silvestris (AS).

In_conclusion, SA gave only some-idea that most of Chan-thana
samples might be T. hoaensis.-HCA and PCA confirmed this suggestion. HCA gave
more information that two samples. (TN1 and TN8) were unidentified species,
whereas PCA clearly indicated-that not only these two samples but also TN7 were

unidentified species.

3.25 Chan-hom
Correlation coefficients between all Chan-hom and authentic
samples are shown in Tables 70-76. The IR spectra of the water extract and the fine
powders could not be used for the identification because all of their correlation
coefficients were not much different. All other extracts suggested that samples H10
and H11 were M. gagei based on their high correlation coefficient (r > 0.90). The
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second derivative IR spectra of the ethyl acetate, acetone and methanol extracts
showed that samples H2-H9 were either S. spicatum (r = 0.64-0.95) or S. lanceolatum
(r = 0.66-0.92). Sample H1 were unidentified species because its correlations to all
authentic samples were not certain.

The HCA dendrograms of Chan-hom showed that the
clustering of the second derivative spectra was slightly better than the normalized
spectra. The clear results were obtained from the ethyl acetate, acetone, methanol
extracts which cluster samples H2-H9 with S. spicatum and S. lanceolatum (group
VIl in Figures 45, 46 and 47, respectively), samples H10, H11 with M. gagei (group
VIl in Figures 45 and 46 and group W in Figure 47, respectively). Only sample H1
was separated from the others and was not clustered with any authentic samples, thus
it was unidentified sample. These HCA results corresponded with that of SA.

Single linkage clustaring using Squared Euclidean distance
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Figure 45 HCA dendrogram the second derivative IR spectra of the ethyl acetate
extracts of Chan-hom samples (H1-H11), S. album (SA), S. spicatum (SS), S.
lanceolatum (SL), M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei
(MG) and A. silvestris (AS).
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Singla linkage clustaring using Sguared Euclidaan distance
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Figure 46 HCA dendrogram the second derivative IR spectra of the acetone extracts
of Chan-hom samples (H1-H11), S. album (SA), S. spicatum (SS), S. lanceolatum
(SL), M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A.
silvestris (AS).

Singla linkage clustaring using Sguared Euclidaan distance
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Figure 47 HCA dendrogram the second derivative IR spectra of the methanol extracts
of Chan-hom samples (H1-H11), S. album (SA), S. spicatum (SS), S. lanceolatum
(SL), M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A.
silvestris (AS).
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The results of SA and HCA were confirmed by PCA. The
overall results of all solvent extracts, except the water extract and the fine powders,
classified Chan-hom samples into three groups. The clearest result was that of
methanol extract (Figure 48). The first group consisted of sample H10 and H11 and
they were clustered with M. gagei. This result corresponded with all previous results
which identified these samples as M. gagei. The second group was sample H1. It
was separated from all authentic samples. Therefore its identification was impossible.
The rest samples and the three authentic Santalum were clustered together as the third
group. As mentioned in previous sections, Santalum species were difficult to
differentiate therefore they could only be identified as either S. album, S. spicatum or

S. lanceolatum.
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Figure 48 PC1 and: PC2 score plots of the normalized and_second derivative IR
spectra of the methanol extracts of Chan-hom samples (H1-H11),'S. album (SA), S.
spicatum (SS), S. lanceolatum (SL), M. fragrans (MF), T. hoaensis (TH), D. decandra
(DD), M. gagei (MG) and A. silvestris (AS).

In conclusion, all SA, HCA and PCA indicated that two
samples (H10 and H11) were M. gagei and one sample (H1) was unidentified species.
The rest sample were Santalum species which could be further identified as either S.

spicatum or S. lanceolatum by SA and HCA.
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3.3  Gas chromatography (GC) fingerprint

GC fingerprints of the n-hexane extracts of crude drug and authentic
samples (Figures 148-153) showed that only All Chan-khao samples except sample
K18, all Chan-chamot samples, all Chan-thana samples and two samples of Chan-
hom (H10 and H11) gave no interesting chromatograms. Among authentic samples,
only three species of Santalum gave distinct chromatograms (Figure 148). Thus only
samples and authentic samples of Santalum sp. were further intensively investigated.
Moreover samples T1, T4 and T9 were selected for essential oil distillation. Essential
oils of samples T1, T4 and T9 were selected to confirm the identification of n-hexane
extracts. The analysis was carried out only on the retention time in the range of 15-23

min which gave the interesting characteristic.

3.3.1 Chemometric analysis

GC chromatograms obtained from the n-hexane extracts were
analysed by using three chemometric methods, i.e. SA;HCA and PCA. The results of
SA were shown in Table 26. (' The small similarity index calculated among GC
chromatograms of three authentic species of Santalum-(r-=-0.05-0.38) indicated that
their GC chromatograms were dissimilar and.could be used for the identification.
Similarity analysis of the GC chromatograms-of Chan-thet (T1-T15), Chan-hom (H1-
H9) and K18 (Table 26). indicated that these samples could be divided into three
groups. The first-.group (samples T4, T6, T7 and T14) gave the highest correlation
coefficient with S.album (r = 0.88+0.13). This-suggested that samples in this group
were S. album. The second group (samples T5 and H1) was most similar to S.
lanceolatum because of the highest correlation coefficient (r = 0.89+0.01). However
the third group (samples T1-T3, T8-T13, T15, H2-H4, H6-H9 and K18) could not be
identified because their correlations with all three Santalum species were low (r =
0.48-0.54). All of these results suggested that only S. album and S. lanceolatum could
be identified by SA.

The result of HCA is shown in Figure 49. All crude drug and
authentic samples were clustered into two groups. Only samples T5 and H1 were

clustered into the same group as S. lanceolatum (group | in Figure 49). This
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confirmed the result of SA that these two samples were identified as S. lanceolatum.
But all other crude drug samples were clustered into only one group (group Il the
Figure 49) which was the same group as the authentic S. alboum and S. spicatum. This
suggested that HCA was not the suitable method for the classification between these

two plant species.

Table 26 The similarity index of samples and authentic samples.

Group 1° Group 2° Group 3° SA° S SLY
Group 1° 0.84+0.13
Group 2° 0.17+0.03 0.95
Group 3° 0.65+0.13 0.36+0.03 0.92+0.05
SA® 0.88+0.14 0.15+0.00 0.54+0.16 1.00
ss' 0.35+0.14 0.30+0.01 0.54+0.08 0.16 1.00
SL? 0.17+0.06 0.89+0.01 0.48+0.09 0.05 0.38 1.00

%Group 1 =T4, T6, T7 and T14

"Group 2 = T5 and H1

‘Group 3 = T1-T3, T8-T13,T15, H2-H4, H6-H9 and K18
*SA = S. album

'SS = S. spicatum

9SL = S. lanceolatum
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Figure 49 HCA dendrogram of GC chromatograms of the n-hexane extracts of Chan
thet (T1-T15), Chan-khao (K18), Chan-hom (H2-H9),.S. album (SA), S. spicatum
(SS) and S. lanceolatum (SL) in the range of 15 to 23 min.

Identification of all. samples _could be clearly suggested by
PCA. The PC1, PC2and PC3 score plots (total explained variance 84%) are shown in
Figure 50. All.samples were classified into-three groups (Figure 50). The variables
that correlated to the classification-of-each-group. were explained by loading plot
(Figure 51).
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Figure 50 Score plots of (a) PC1 and PC2, and (b) PC1 and PC3 of the GC
chromatograms of the n-hexane extracts of Chan-thet (T1-T15), Chan-hom (H1-H9),

Chan-khao (K18), S. spicatum (SS),.S. album-(SA)-and S. lanceolatum (SL).

From-score plots, the first group (samples T4, T6, T7 and T14)
were clustered with S. album. This group was located on positive side of PC2 (Figure
50), thus the important explained variables were the peaks no.1 and no.4 (Figure
51(b)). The second group (samples T5 and H1) were clustered with S. lanceolatum.
This group located on the negative side of PC1 thus this classification was explained
by the peak no.6 (Figure 51(a)). The rest samples were grouped together but did not
cluster with any authentic samples. This was group Il in Figure 50. Group Il
located on the positive side of PC1 which was explained by the peaks no.1, 2, 3, 4 and

no.5 (Figure 51(a)). Moreover it located on both positive and negative sides of PC2.
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It suggested that intentsity of peaks no. 1, 2, 3 and 5 was varied. Even this group

could not be classified with any Santalum sp., it might be classified with S. spicatum

because it closely located with S. spicatum in the score plot of Figure 50(a).
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Figure 51 Loading plots of (a) PC1, (b) PC2 and (c) PC3 of the GC chromatograms
of the n-hexane extracts of Chan-thet (T1-T15), Chan-hom (H1-H9), Chan-khao

(K18), S. spicatum (SS),

S. album (SA) and S. lanceolatum (SL).
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The mean chromatograms (Figure 52) gave more obvious
illustration of those three groups. The identification of chemical compositions in the
n-hexane extract (section 3.3.2) gave information that peaks no. 1, 2, 3, 4, 5 and 6
were a-santalol, Z- a-trans-bergamotol, trans-farnesol, B-santalol, trans-nuciferol and
cis-lanceol, respectively. Group | possessed peaks no. 1, 2, 4 and 5 that were similar
to S. album. Group Il possessed prominent peaks no. 5 and 6 that were similar to S.
lanceolatum. It was clear that group I was S. album and group Il was S. lanceolatum.
Group 11 possessed peaks no. 1, 2, 3 and 5 that were similar to S. spicatum. However
peak no. 4 in S. spicatum was less intensity whereas it was clearly observed in group
I1l. Therefore other methods should be further applied to clear the identification of

this group.
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Figure 52 Mean GC chromatograms of the n-hexane extracts of samples group 1 (T4,
T6, T7 and T14), group 2 (T5 and H1), and group 3 (T1-T3, T8-T13 and H2-H9); and
GC chromatograms of the n-hexane extracts of S. aloum (SA), S. spicatum (SS) and S.

lanceolatum (SL).
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3.3.2 Identification of chemical compositions

To gain more information on the identification of all samples in
previous sections, their chemical constituents were intensively investigated by
GC/MS analysis and the calculation of Kovat index (KI) compared with data from
NIST Standard Reference Database 69: NIST Chemistry WebBook (online database)
and Adams’s book [173]. The chemical compositions in the n-hexane extracts of the
crude drug samples and the authentic Santalum samples are shown in Table 27. The
interesting peaks of the chromatograms are illustrated in Figure 53. The labeled
numbers on the chromatograms refer to compounds that are summarized in Table 27.
The chemical constituents that were found-in-all crude drug samples and three
Santalum species were a-santalol (peak-no. 9), trans-nuciferol (peak no. 16) and cis-
lanceol (peak no. 17). a-Santalol was the common compound-of Santalum sp. It was
a main constituent in S.-album because it was: the highest proportion (54.62%),
corresponding with previous publication [12].--In this study, a-santalol was a major
compound (the highest proportion). of samples T3-T4, T6-T7, T14, K18 and H7.
However, only samples T4,-T6 and T7 possessed the high content of this compound
(42.25-45.93%). The characteristic chemical constituent of S. album was not only the
highest content of a-santalol, but also the presence of Z-a-trans-bergamotol (peak no.
11). Retention time of this. compound and a-bisabolol (peak no.10) was very close.
Z-a-trans-bergamotol was found in_only S. album-but a-bisabolol was found in only
S. spicatum and S. lanceolatum... Therefore samples T4, T6 and T7 were identified as
S. album because they had Z-a-trans-bergamotol and the highest content of a-santalol.
S. lanceolatum had less content of-a-santalol but high content of cis-lanceol (peak no.
17). This difference could differentiate S. lanceolatum from other species. The GC
chromatogram showed that samples T5 and H1 had the highest content of cis-lanceol.
Therefore they were identified as S. lanceolatum. The rest samples had four major
compounds which were a-santalol (peak no. 9), a-bisabolol (peak no 10), trans-
farnesol (peak no. 13) and trans-nuciferol (peak no. 16). These compounds were also
found in S. spicatum. Moreover the content of these compounds in the rest samples
were similar to S. spicatum except the content of trans-farnesol. This point should

further study. From three species of Santalum, only S. spicatum had high content of
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both a-bisabolol and trans-nuciferol. These results indicated that the rest samples

might be S. spicatum.
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Figure 53 GC fingerprints of the n-hexane extracts of Chan-thet (T1-T15), Chan-hom
(H1-H9), Chan-khao (K18), S. album (SA), S. spicatum (SS) and S. lanceolatum (SL).



Table 27 Composition of the n-hexane extracts of Chan-thet (T1-T15), Chan-hom (H1-H9), Chan-khao (K18) and

authentic samples.

No. RT* RRT* KI*  Compound Composition (%)
T1 T2 T3 T4 T5 T6 T7 T8 T9

1 10.6 0.63 1427  a-Santalene - - - 3.30 - - 1.24 - -

2 10.83 0.64 1434  a-Bergamotene > - 4 1.05 - - - - -

3 11.13 0.66 1455  epi-p-Santalene - - - 1.66 - - 0.76 - -

4 11.35 0.67 1466  B-Santalene - - - 0.00 - 0.97 1.05 - -

5 11.75 0.70 1486  a-Curcumene 1.92 £ - 0.94 - 1.23 0.62 2.50 2.10
6 12.18 0.72 1506  o-Selinene - - - 0.45 - - 0.89 - -

7 13.54 0.80 1562  Nerolidol - - - 0.57 - - 0.61 - -

8 13.76 0.81 1571  Denderalasin 3.70 1 - 0.70 - - - 2.34 1.82

9 16.89 1.00 1679  o-Santalol 20.15 17.28 30.21 45.86 7.59 42.25 45.93 17.34 26.98
10 17.30 1.02 1690  o-Bisabolol 29.09 27.71 18.82 - 11.52 - - 26.67 21.29
11 17.32 1.03 1691  Z-o-trans-Bergamotol - - - 9.69 - 12.06 9.12 - -
12 1781 105 1705 E-cis-epi-p-Santalol A - - 3.00 - 3.54 - - -
13 18.12 1.07 1741  trans-Farnesol 10.74 8.73 - 4.84 3.03 4.90 3.12 9.08 2.15
14 18.22 1.07 1717  B-Santalol N = 7.54 18.32 - 15.66 6.96 - 7.17
15 18.23 1.07 1717  B-trans-Santalol 1.72 5.79 10.15 - 3.27 - 16.12 9.22 -
16 18.48 1.09 1724 trans-Nuciferol 21.31 35.59 29.97 8.62 23.10 17.66 12.80 27.42 34.87
17 19.83 1.17 1759  cis-Lanceol 5.38 4.90 3.31 0.98 51.50 1.73 0.78 5.34 3.62

¢cl



Table 27 Composition of the n-hexane extracts of Chan-thet (T1-T15), Chan-hom (H1-H9), Chan-khao (K18) and

authentic samples (continued).

No. RT* RRT* KI*  Compound Composition (%)
T10 T11 T12 T13 T14 T15 K18 H1 H2
1 10.6 0.63 1427  o-Santalene 1.06 - - - - - - -
2 10.83 0.64 1434  a-Bergamotene - - - - - - - -
3 11.13 0.66 1455  epi-B-Santalene - - - - - - - -
4 11.35 0.67 1466  PB-Santalene 1.04 - - - - - - -
5 11.75 0.70 1486  a-Curcumene 2.69 3.20 2.25 3.40 - - - 1.92
6 12.18 0.72 1506  a-Selinene - - - - - - - -
7 13.54 0.80 1562  Nerolidol 1.33 2.44 - - - - - -
8 13.76 0.81 1571  Denderalasin 2.17 2.68 3.03 3.46 - - - 3.70
9 16.89 1.00 1679  a-Santalol 23.82 14,51 14.37 17.59 35.37 10.31 19.85 7.59 20.15
10 17.30 1.02 1690  a-Bisabolol 18.71 19.42 26.45 29.34 13.28 23.70 18.02 11.52 29.09

11 17.32 1.03 1691  Z-o-trans-Bergamotol - - - - - - - -
12 17.81 1.05 1705  E-cis-epi-p-Santalol - - - - - - - -
13 18.12 1.07 1741  trans-Farnesol 1.50 7.05 9.97 8.18 3.95 19.94 4.94 3.03 10.74

14 18.22 1.07 1717  pB-Santalol 6.58 5.51 - - 11.27 - 5.21 - 7.72
15 18.23 1.07 1717  B-trans-Santalol 9.53 - 5.86 8.72 - - 3.27 -

16 18.48 1.09 1724  trans-Nuciferol 28.61 41.15 33.13 23.10 16.16 46.05 12.69 23.10 21.31
17 19.83 1.17 1759  cis-Lanceol 2.95 4.04 4.94 6.22 19.98 - 4.13 51.50 5.38

ecl



Table 27 Composition of the n-hexane extracts of Chan-thet (T1-T15), Chan-hom (H1-H9), Chan-khao (K18) and

authentic samples (continued).

No. RT* RRT* KI*  Compound Composition (%)
H3 H4 H5 H6 H7 H8 H9 SS SA SL

1 10.6 0.63 1427  o-Santalene - 0:62 0.60 - - - - - 0.98 -

2 10.83 0.64 1434  a-Bergamotene - - - - - - - - - -

3 11.13 0.66 1455  epi-B-Santalene - - - - - - - - 1.01 -

4 11.35 0.67 1466  B-Santalene - 0.77 - - - - - - 1.73 -

5 11.75 0.70 1486  a-Curcumene 1.94 - 2.04 2.25 - - 2.10 - - -

6 12.18 0.72 1506  a-Selinene - - - - - - - - - -

7 13.54 0.80 1562  Nerolidol - 1.23 1.14 - - - - - - -
8 13.76 0.81 1571  Denderalasin 2.47 2.66 2.72 3.03 - - 1.82 - - -

9 16.89 1.00 1679  o-Santalol 2488 23.00 @ 17.99 © 1437 3021 1728 26.98 10.95 54.62 3.55
10 17.30 1.02 1690 a-Bisabolol 21.08 . 2220 2339 @ 2645 1882 2771 2129 3053 - 9.49
11 17.32 1.03 1691  Z-o-trans-Bergamotol - - - - - - - - 8.99 -
12 17.81 1.05 1705  E-cis-epi-p-Santalol - 2,01 1.58 = - - - - 3.11 -
13 18.12 1.07 1741  trans-Farnesol 7.23 7.31 8.44 9.97 7.54 8.73 2.15 22.44 - 7.38
14 18.22 1.07 1717  pB-Santalol 11.06  10.65 8.18 5.86 10.15 5.79 7.17 5.60 23.77 -
15 18.23 1.07 1717  B-trans-Santalol - - - - - - - - - -
16 18.48 1.09 1724 trans-Nuciferol 2744 2524  29.66. 3313 2997 3559 3487 20.87 1.87 36.89
17 19.83 1.17 1759  cis-Lanceol 3.90 4.31 4.27 4.94 331 4.90 3.62 9.61 3.92 42.69

* RT = retention time, RRT (related retention time) = RT/RT .- RT, = retention time of interested compound and RT . = retention time of compound that has

maximum content in sample and KI = Kovat index value.

1474}
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The essential oil analysis was used to confirm the results of the
n-hexane extracts. Three crude drug samples were selected for the analysis. T4 was
the representative sample of those identified as S. album, whereas samples T1 and T9
were used to clear the doubtful identification of S. spicatum. The analyses were the
comparison of their chemical constituents with the essential oils distillated from three
authentic Santalum species (S. album, S. spicatum and S. lanceolatum) and authentic
essential oils of various Santalum species, i.e. S. album, S. spicatum S.
austrocaledonicum and S. paniculatum. ~The composition of essential oils and GC
chromatograms of their essential oil are shown in_ Table 28 and Figure 54,
respectively. a-Santalol (peak no. 35) and -santalol (peak no. 45) were major
compounds of S. album, S. austrocaledonicum and-S. paniculatum, corresponding
with previous publication [45].. Among all authentic samples, S. album, S.
austrocaledonicum and S.-paniculatum possessed high content of a-santalol more than
50%. Most of the compounds that were found in these three species were very
similar. However some compounds could be used to.discriminate them. It was a-
curcumene (peak no. 49) that found only in S. austrocaledonicum. In addition, cis-a-
santalol (peak no. 39) could be found.in S. album and S. austrocaledonicum but could
not be found in S. paniculatum.- Sample T4 had high content of a-santalol (41.32%)
and its chemical compositions were similar-to S.-album.  Therefore its identification
as S. album was confirmed. The chemical constituents of'S. spicatum were obviously
differed from S. album, S..austrocaledonicum and S.-paniculatum. ‘First, the content
of a-santalol (peak.no. 35) of S.spicatum was lower.- Second, a-bisabolol (peak
no.37) was found only in'S. spicatum and S. lanceolatum. - The difference between S.
spicatum and S. lanceolatum were the highest content of cis-lanceol in S.
lanceolatum. Moreover S. lanceolatum possessed the high content of nuciferol,
whereas the content of a-santalol was very low. This result was similar to previous
published data [83]. The samples T1 and T9 had chemical compositions similar to
those of S. spicatum. Therefore samples T1 and T9 were clearly identified as S.
spicatum. However the content of trans-farnesol in essential oil of authentic S.
spicatum was higher than samples T1 and T9 because of the difference of planting

location which had the different environment. Furthermore an older S. spicatum had
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the less content of trans-farnesol [12], thus samples T1 and T9 might be derived from
the older trees. Moreover the less rainfall season gave the high content of trans-
farnesol in S. spicatum [12] thus the authentic S. spicatum might be derived from the

summer season, whereas samples T1 and T9 might be derived from other season.
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Figure 54 GC fingerprints of (a) authentic S. album (SA auth. oil), (b) distilled S.
album (SA dist. oil), (c) authentic S. spicatum (SS auth. oil), (d) distilled S. spicatum
(SS dist. oil), (e) distilled S. lanceolatum (SL dist. oil), (f) authentic S.
austrocaledonicum (SAU auth. oil), (g) authentic S. paniculatum (SP auth. oil), (h)
distilled sample T1 (T1 dist. oil), (i) distilled sample T4 (T4 dist. oil) and (j) distilled
sample T9 (T9 dist. oil).
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Figure 54 GC fingerprints of (a) authentic S. album (SA auth. oil), (b) distilled S.
album (SA dist. oil), (c) authentic S. spicatum (SS auth. oil), (d) distilled S. spicatum

(SS dist. oil), (¢) distilled S.

lanceolatum (SL dist. oil), (f) authentic S.

austrocaledonicum (SAU auth. oil), (g) authentic S. paniculatum (SP auth. oil), (h)
distilled sample T1 (T1 dist. oil), (i) distilled sample T4 (T4 dist. oil) and (j) distilled
sample T9 (T9 dist. oil) (continued).
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sample T9 (T9 dist. oil) (continued).
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Figure 54 GC fingerprints of (a) authentic S. album (SA auth. oil), (b) distilled S.
album (SA dist. oil), (c) authentic S. spicatum (SS auth. oil), (d) distilled S. spicatum
(SS dist. oil), (e) distilled S. lanceolatum (SL dist. oil), (f) authentic S.
austrocaledonicum (SAU auth. oil), (g) authentic S. paniculatum (SP auth. oil), (h)
distilled sample T1 (T1 dist. oil), (i) distilled sample T4 (T4 dist. oil) and (j) distilled
sample T9 (T9 dist. oil) (continued).



Table 28 Composition of the essential oils of Chan-thet samples (T1, T4 and T9) and various authentic Santalum.

No. RT RRT Kil Compound Composition (%)
SA * SL SS * * * * * *
dist * SA dist*  dist* SS SAU SP T1 T4 T9
1 5.27 0.31 1097  o-Tolualdehyde 0.25 - 10.04 2,79 - - - 0.82 0.19 0.55
2 5.90 0.34 1145  Benzyl alcohol 0.05 - 0.58 tr - - - - - -
3 6.62 0.39 1196  Acetophenone - - - - - - - - 0.09 0.45
4 7.52 0.44 1254  Propanal, 2-methyl-3-phenyl- - - - - - - - - tr tr
5 7.79 0.46 1270  p-Toluic acid - - 0.21 - - - - - - -
6 10.47 0.61 1420  o-Cedrene - - y - tr - - - tr 0.05
7 10.60 0.62 1427  o-Santalene 0.55 0.88 - - 2.08 0.74 0.82 - 1.15 0.17
8 10.68 0.62 1429  o-Cedrene - - - - 0.31 - - - tr -
9 10.84 0.63 1440  o-Bergamotene 0.13 0.16 - - 0.64 0.12 - - 0.37 0.19
10 11.13 0.65 1455 epi-B-Santalene 0.56 0.97 - - 1.18 0.61 0.94 - 0.72 0.15
11 11.36 0.66 1466  B-Santalene 0.86 1.52 - 0.09 1.85 0.60 1.21 - 1.08 0.29
12 11.75 0.69 1486  o-Curcumene 0.31 0.31 - - 1.15 0.24 0.33 0.94 0.71 0.82
13 12.04 0.70 1495  B-Selinene - - - - 0.34 - - - tr -
14 12.18 0.71 1506  a-Selinene - - - - - - - - 0.25 -
15 12.19 0.71 1506  y-Selinene - - - - 0.89 - - - - -
16 12.31 0.72 1511  B-Bisabolene 0.11 - - - - 0.27 - - - 0.06
17 12.33 0.72 1512  o-Cedrene tr tr - - 0:77 - 0.22 - tr -
18 12.71 0.74 1528  B-Sesquiphellandrene = - - tr tr - - - - -
19 13.06 0.76 1543  cis-a-Bisabolene - - - - tr - - - - -
20 13.53 0.79 1562  Nerolidol - tr - 1.16 2.27 - - 2.02 1.12 2.09
21 13.76 0.80 1571  Denderalasin - - - 1.35 1.87 - - 2.45 0.44 131
22 14.30 0.84 1591  y-Cadinene - - - - - - - - 0.17 0.72
23 14.60 0.85 1602  Guaiol - - - tr 0.28 - - tr - 0.17
24 15.64 0.91 1638  y-Eudesmole - - - - tr - - tr - 0.26
25 15.77 0.92 1642  a-Cedrene tr tr 0.32 0.48 0.51 tr - - tr -
26 16.27 0.95 1658  a-Longipinene - : - tr - - - - - -
27 16.37 0.96 1622  B-Eudesmol - - - - - - - 1.99 - -
28 16.41 0.96 1663  Diamantane - 0.56 - - - tr tr - - -
130
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Table 28 Composition of the essential oils of Chan-thet samples (T1, T4 and T9) and various authentic Santalum (continued).

No. RT RRT Kil Compound Composition (%)
SA * SL SS * * * * * *
dist* SA dist*  dist* SS SAU SP Tl T4 T9
29 16.43 0.96 1663  Longifolene . - - - 0.64 - - - - -
30 16.46 0.96 1664  Guaia-3,9-diene - - - - - - - 1.79 - -
31 16.48 0.96 1665  (+-)-5-epi-Neointermedeol - - - - - - - - 0.86 -
32 16.53 0.97 1667  y-Gurjunene - - - tr 0.64 - - - - -
33 16.66 0.97 1671  Santalol 0.95 - - - - 0.23 tr - 0.50 -
34 16.69 0.98 1672  Bulnesol - - - tr 0.53 - - 1.19 - 0.60
35 17.11 1.00 1686  a-Santalol 4848 55,55 -~ 1.59 9.22° 3119 & 5339 5232 1410 4132 1857
36 17.15 1.00 1686  cis-a-Santalol - - - - 2.38 - 7.08 1.36 - -
37 17.34 1.01 1692  a-Bisabalol - - 482 2493 7.94 - - 19.15 - 13.84
38 17.34 1.01 1692  Z-a-trans-Bergamotol 8.43 7.30 - - - 8.76 5.91 - 9.20 -
39 17.69 1.03 1702  cis-a-Santalol 0.50 1.18 - - - 0.71 - - 1.34 -
40 17.70 1.03 1703  Cedren-13-ol, 8- - - 0.88 0.94 - - - - - 0.76
41 17.81 1.04 1705  E-cis-epi-p-Santalol 3.65 3.70 - 0.81 2.79 3.40 4.82 1.34 3.26 1.80
42 17.95 1.05 1709  a-Santalol 1.07 0.98 - - - - - - - -
43 18.01 1.05 1711 cis-o-Santalol - - - - 041 tr 1.17 - 1.20 -
44 18.29 1.07 1720  trans-Farnesol tr - 590 ~ 2595 8.09 - - 1472 9.88  10.92
45 18.36 1.07 1721  B-Santalol 21.33 .22.09 - - 9.01 - 21.07 16.22 418 1275 4.65
46 18.49 1.08 1726  Nuciferol 5.21 1.50..33.94 . 2042 1524 3.01 6.49 26.94 10.61 36.91
47 18.90 111 1735  Farnesal - - - - - - - 1.79 0.60 0.90
48 19.09 1.12 1741  B-Santalol 1.52 1.78 - - 0.42 0.29 0.94 - 0.86 -
49 19.65 1.15 1755  o-Curcumene - - 7.04 5.04 4.18 0.65 - - - -
50 19.85 1.16 1762  cis-Lanceol 6.02 153 34.69  6.83 2.40 5.88 1.53 5.23 1.34 3.79

*SA dist = S. album oil prepared by steam distillation in the laboratory, SA = authentic sandalwood-oil of S..album originated from India, SL dist = S. lanceolatum

oil prepared by steam distillation in the laboratory, SS dist = S. spicatum oil ‘prepared. by steam distillation in the laboratory, SS = authentic sandalwood oil of S.

spicatum originated from Australia, SAU = authentic sandalwood oil of S. austrocaledonicum originated from New Caledonia, SP = authentic sandalwood oil of S.

paniculatum originated from Hawaii, T1 = sample T1 oil, T4 = sample T4 oil and sample T9 oil.
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3.4 Conclusion of the identification

The overall results of the identification of Chan-thet, Chan-khao,
Chan-chamot, Chan-thana and Chan-hom samples using TLC, IR and GC analysis are
shown in Table 29. TLC and GC indicated that all Chan-thet samples were Santalum
species. Sample T5 was S. lanceolatum. Samples T4, T6 and T7 were S. album. The
others were S. spicatum. But based on IR, only two samples (T4 and T7) were
identified as S. album. IR could not differentiate the correct species between S.
spicatum and S. lanceolatum, and the identification of samples T1-T3, T5-T6 and T8-
T15 was different from TLC and GC.

Chan-khao samples were classified into three groups based on TLC.
The first group (K1-K6, K10-K13 K16-K17, TN2-TN6, TN9 and TN10) was
identified as T. hoaensis. The-second group (K18) was identified as S. spicatum. The
last group (K7-K9 and K14-K15) was unidentified. However this last group was
identified as T. hoaensis by IR.

All Chan-chamot samples were identified as M. gagei by TLC and IR.
Chan-thana samples were also undoubtedly identified by these two techniques. They
could be divided into two-groups. - The first group (TN2-TN6-and TN9-TN10) was
identified as T. hoaensis. The second group (TNZ1, TN7 and TN8) was unidentified.

Chan-hom samples were divided into three groups based on TLC. The
first group (H1) was. identified as-S. lanceolatum. The second group (H2-H9) was
identified as S. spicatum, whereas the last group (H10-H11) was M. gagei. The
identification of the first two groups was confirmed by GC. However IR could not
identify the first group. “And in the same as the results of Chan-thet, IR could not
identify the second group as either S. spicatumor S. lanceolatum.

Among three identification methods, TLC gave reliable results but
only the TLC patterns of three Santalum species were difficult to discriminate.
Therefore identification of some samples, such as sample H1, was slightly subjective.
Advantage of GC was the clearest results comparing with the other two methods. But
only the samples containing volatile compounds, e.g. Santalum sp. could be analyzed.
IR was simple and used less chemical, but chemometric methods were needed for data
analysis. Moreover its results were quite less accurate than the chromatographic

techniques, then its results would be concerned latter after the after other methods.



Table 29 Identification results of Chan(s) using TLC, IR and GC.

TLC IR GC

Chan-thet

T1 S. spicatum S. spicatum or S. lanceolatum S. spicatum

T2 S. spicatum S. spicatum or S. lanceolatum S. spicatum

T3 S. spicatum S. spicatum or S. lanceolatum S. spicatum

T4 S. album S. album S. album

T5 S. lanceolatum S. spicatum or S. lanceolatum S. lanceolatum

T6 S. album S. spicatum or S. lanceolatum S. album

T7 S. album S. album S. album

T8 S. spicatum S. spicatum or S. lanceolatum S. spicatum

T9 S. spicatum S. spicatum or S. lanceolatum S. spicatum

T10 S. spicatum S. spicatum or S. lanceolatum S. spicatum

T11 S. spicatum S. spicatum or S. lanceolatum S. spicatum

T12 S. spicatum S. spicatum or S. lanceolatum S. spicatum

T13 S. spicatum S. spicatum or S. lanceolatum S. spicatum

T14 S. spicatum S. spicatum or S. lanceolatum S. spicatum

T15 S. spicatum S. spicatum or S. lanceolatum S. spicatum
Chan-khao

K1 T. hoaensis T. hoaensis -

K2 T. hoaensis T. hoaensis -

K3 T. hoaensis T. hoaensis -

K4 T. hoaensis T. hoaensis -

K5 T. hoaensis T. hoaensis -

K6 T. hoaensis T. hoaensis -

K7 Unknown 1 T. hoaensis -

K8 Unknown 1 T. hoaensis -

K9 Unknown 1 T. hoaensis -

K10 T. hoaensis T. hoaensis -

K11 T. hoaensis T. hoaensis -

K12 T. hoaensis T. hoaensis -

K13 T. hoaensis T. hoaensis -

K14 Unknown 1 T. hoaensis -

K15 Unknown 1 T. hoaensis -

K16 T. hoaensis T. hoaensis -

K17 T. hoaensis T. hoaensis -

K18 S. spicatum S. spicatum S. spicatum




Table 29 Identification results of Chan(s) using TLC, IR and GC (continued).
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TLC IR GC
Chan-chamot
M1 M. gagei M. gagei -
M2 M. gagei M. gagei -
M3 M. gagei M. gagei -
M4 M. gagei M. gagei -
M5 M. gagei M. gagei -
M6 M. gagei M. gagei -
M7 M. gagei M. gagei -
M8 M. gagei M. gagei -
M9 M. gagei M. gagei -
M10 M. gagei M. gagei -
M11 M. gagei M. gagei -
M12 M. gagei M. gagei -
M13 M. gagei M. gagei -
M14 M. gagei M. gagei -
M15 M. gagei M. gagei -
M16 M. gagei M. gagei -
M17 M. gagei M. gagei -
Chan-thana
TN1 Unknown 2 Unidentified -
TN2 T. hoaensis T. hoaensis -
TN3 T. hoaensis T. hoaensis -
TN4 T. hoaensis T. hoaensis -
TN5 T. hoaensis T. hoaensis -
TNG6 T. hoaensis T. hoaensis -
TN7 Unknown 1 Unidentified -
TN8 Unknown 3 Unidentified -
TN9 T. hoaensis T. hoaensis -
TN10 T. hoaensis T. hoaensis -
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Table 29 Identification results of Chan(s) using TLC, IR and GC (continued).

TLC IR GC
Chan-hom

H1 S. lanceolatum Unidentified S. lanceolatum
H2 S. spicatum S. spicatum or S. lanceolatum S. spicatum
H3 S. spicatum S. spicatum or S. lanceolatum S. spicatum
H4 S. spicatum S. spicatum or S. lanceolatum S. spicatum
H5 S. spicatum S. spicatum or S. lanceolatum S. spicatum
H6 S. spicatum S. spicatum or S. lanceolatum S. spicatum
H7 S. spicatum S. spicatum or S. lanceolatum S. spicatum
H8 S. spicatum S. spicatum or S. lanceolatum S. spicatum
H9 S. spicatum S. spicatum or S. lanceolatum S. spicatum
H10 M. gagei M. gagei -

H11 M. gagei M. gagei -

In conclusion, five botanical species could be identified for

Chan-thet, Chan-khao, Chan-chamot, Chan-thana and Chan-hom samples currently

available in Thai traditional drugstores.

They were S. album, S. spicatum, S.

lanceolatum, M. gagei and T. hoaensis. The conclusion is shown in Table 30
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Table 30 Conclusion of species identification of Chan(s) in Thai traditional

drugstores.
Chan(s) Identification Number (%)

Chan-thet S. album 3(20)
S. spicatum 11 (73)
S. lanceolatum 1(7)

Chan-khao T. hoaensis 12 (67)
S. spicatum 1(5)

Unknown-1 5 (28)

Chan-chamot M. gagei 17 (100)
Chan-thana T. hoaensis 7 (70)
Unknown-1 1(10)

Unknown-2 1(10)

Unknown-3 1(10)

Chan-hom S. spicatum 8 (73)
M. gagei 2 (18)
S. lanceolatum 1(9

Besides the identification of botanical species based on their
chemical constituents, DNA fingerprint is widely used [190, 191]. This technique is
used to produce a unique pattern for identification by simultaneous analysis of
multiple loci in genome [190]. Even though this technique possesses the useful for
identification, it requires the DNA of good quality, e.g. DNA integrity and the
absence of PCR inhibitors. Moreover its process relies on a specific expertise. Thus
the chemical fingerprint analysis as in this study which is less complex process than

DNA fingerprint is more convenient for botanical identification.
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4 Development of authentication models

The results of the previous section indicated that many plants species
were substituted and used as Chan-thet, Chan-khao, Chan-chamot, Chan-thana and
Chan-hom. Therefore reliable method for routine work is necessary to authenticate
the samples in real application. IR coupled with chemometric methods was selected
as the analysis method because it was simple, fast and used less chemical. The IR
range of 1801-501 cm™ was divided into two ranges. The first range was 1801-1500
cm’™ that was the information of functional groups of aldehyde, ketone, ester and acid,
and olefinic functional groups of alkene and aromatic. _The second range was 1498-
501 cm™ that was the characteristic region. \ The authentication models were
established to identify the samples as either Santalum, T. hoaensis or M. gagei.
SIMCA and PLS-DA were the applied chemometric methods. These techniques were
supervised methods which were the continuous analysis methods after the
unsupervised methods, i.e. PCA and PLS, respectively. The establishment process

and the application of the models are described as follows.

4.1  Sample preparation

From the identification of Chan(s) in previous sections, all Chan(s)
samples could be classified into four groups (Table 31). The first group consisted of
all Chan-thet samples, some Chan-hom samples, and one Chan-khao sample that were
identified as Santalum. Since three Santalum species (S. album, S. spicatum and S.
lanceolatum) were commercially substituted in traditional drugstores and their
discrimination using IR was quite difficult, then they were grouped into the same
group. The second group consisted of most of Chan-khao and Chan-thana samples
that were identified as T. hoaensis. The third group consisted of all Chan-chamot
samples that were identified as M. gagei. The last group consisted of other samples

that were unidentified.
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Table 31 The group of different species of Chan(s).

Name Sample in each groups*

Santalum group T1-T15, H2-H9, K18, SS, SA and SL
MG group M1-M17, H10, H11 and MG

TH group K1-K17, TN2- TN6, TN9, TN10 and TH
Unidentified group H1, TN1, TN7 and TN8

* T1-T15 = Chan-thet samples, K1-K18 = Chan-khao samples, M1-M17 = Chan-
chamot samples, TN1-TN10 = Chan-thana samples, H1-H11 = Chan-hom samples,
SS = S. spicatum, SA = S. album, SL = S. lanceolatum, MG = M. gagei and TH = T.

hoaensis.

The suitable sample preparation was investigated. It must be able to
discriminate the samples into their correct groups. PCA was used to choose the
suitable solvent extract. IR spectra of all crude drugs and authentic samples were
analyzed by PCA method. The result indicated that the acetone extract gave the
clearest discrimination among all sample group (Figure 55). Therefore the acetone
extract was selected for further examination.

The loading plot of PC1 and PC2 of the acetone extract (Figure 56)
suggested that the wavenumbers at 1737 and 1708.cm™ affected to the classification
of T. hoaensis samples. The wavenumber which-had the-most effect on classification
of M. gagei samples was 1598 cm™. \For classification of Santalum; the wavenumber
1006 cm™ had the most effect. Therefore. the-authentication models of each Chan(s)
should cover these wavenumbers. - The models were performed from the data of three
IR ranges, i.e. 1801-501, 1801-1500 and 1498-501 cm™.
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Figure 55 PC1 and PC2 score plots of the (a) normalized and (b) second derivative IR
spectra of the acetone extract of Chan-thet samples (T1-T15), Chan-khao samples
(K1-K18), Chan-chamot samples (M1-M17), Chan-thana samples (TN1-TN10),
Chan-hom samples (H1-H11), S. album (SA), S.'spicatum (SS), S. lanceolatum (SL),
M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A.
silvestris (AS).
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Figure 56 PC1 and PC2 loading plots of the normalized IR spectra of the acetone
extracts of Chan-thet, Chan-khao, Chan-chamot, Chan-thana, and Chan-hom samples,
S. album, S. spicatum, S. lanceolatum, M. fragrans, T. hoaensis, D. decandra, M.

gagei and A. silvestris.
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To gain the harmonious group of each sample, outlier exclusion was
important. The hotelling T? with 1% of confidence was used to consider for the
outlier. Each sample group in Table 31 was analyzed by PCA. The hotelling T? limit
of each group using both normalized IR and second derivative IR spectra are shown in
Figure 57. The sample which was outside the circle of hotelling T? limit was
considered as outlier and was not used to perform the models.

Outlier was not found in Santalum and TH groups. Normalized IR
spectra of sample M10 was considered as outlier of MG group. Thus M10 was
excluded from the normalized IR spectra data set of MG group. Afterward, the
harmonious samples (sample size ='79) were randomly selected as training set (60%)
and test set (40%). As previous recommendation in references [32, 153, 175, 177,
192, 193], sample size was 54-480, 60-83% of them should be used as training set.
Thus the 60% for training set-in.this study was sufficient to examine. The training set
and test set of the normalized IR and second derivative IR spectra are shown in Tables
32 and 33, respectively.

The models were also tested with the other fifteen-blind samples. They
were three S. spicatum, four T. hoaensis, three M. gagei-and five other unidentified
samples (Table 34). Their IR spectra 'were collected at different time period from
those of the training set and the test set.. Then applying of the establish models on

these samples was considered as the used of models in common situation.
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Figure 57 PC1 and PC2 score plot with hotelling T? limit at 1% of confidence of
normalized IR spectra and second derivative IR spectra of acetone extract of (a)

Santalum group, (b) MG group and (c) TH group.
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Table 32 Training set and test set of the normalized IR spectra of Santalum group,

MG group and TH group.

No. Santalum group MG group TH group
Training set  Test set Training set  Test set Training set  Test set

1 SS T2 MG M6 TH K5
2 SA T3 M1 M7 K1 K7
3 SL T9 M2 M8 K2 K9
4 T1 T10 M4 M9 K3 K11
5 T4 T12 M3 M14 K4 K12
6 T5 T13 M5 M15 K6 TN2
7 T6 T14 M11 H10 K8 TN3
8 T7 H7 M12 K10 TN5
9 T8 T11 M13 K13 TN6
10 T15 H4 M16 K14 K17
11 H2 M17 K15

12 H3 H11 K16

13 H5 TN4

14 H6 TNO9

15 H8 TN10

16 H9

17 K18

Total 27 19 25

* T = Chan-thet samples, K. = Chan-khao samples, M = Chan-chamot samples, TN =
Chan-thana samples, H = Chan-hom samples, SS = S. spicatum, SA = S. album, SL =
S. lanceolatum, MG = M. gagei and TH = T. hoaensis.
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Table 33 Training set and test set of the second derivative IR spectra of Santalum

group, MG group and TH group.

No. Santalum group MG group TH group
Training set  Test set Training set  Test set Training set  Test set

1 SS T2 MG M3 TH K1
2 SA T6 M1 M5 K2 K3
3 SL T7 M2 M13 K4 K7
4 T1 T12 M7 M17 K5 K9
5 T3 T13 M8 H10 K8 K11
6 T5 H4 M9 H11l K10 K13
7 T8 H7 M10 M11 K12 K15
8 T9 H8 M12 M4 K14 TN2
9 T10 K18 M14 K17 TN5
10 T11 H9 M15 TN3 K16
11 T14 M16 TN4

12 T15 M6 TN6

13 H2 K6

14 H3 TNO9

15 HS TN10

16 H6

17 T4

total 27 20 25

* T = Chan-thet samples, K.= Chan-khao samples, M = Chan-chamot samples, TN1 =
Chan-thana samples, H1 = Chan-hom samples, SS = S. spicatum, SA = S. album, SL

= S. lanceolatum, MG = M. gagei and TH = T. hoaensis.
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Table 34 Identification of blind samples.

Blind sample Identification
UN1 S. spicatum
UN2 Unidentified
UN3 M. gagei
UN4 Unidentified
UN5 T. hoaensis
UNG6 Unidentified
UN7 M. gagei
UN8 S. spicatum
UN9 T. hoaensis
UN10 T. hoaensis
UN11 Unidentified
UN12 M. gagei
UN13 S. spicatum
UN14 T. hoaensis
UN15 Unidentified

4.2 Soft independent modeling of class.analogy (SIMCA)

The training set was applied to establish the calibration models by
using PCA. Eighteen PCA models were established based on two preprocessing
methods and three IR ranges for three sample-groups (Santalum, M. gagei and T.
hoaensis) as shown in Table 35. 'The optimum principal components (PC) were
automatically selected by the software.” The explained variance percentages of all
models were more than 80%. SIMCA classifications for the correct sample groups
were performed on the basis of these PCA models. Eighteen PCA models were
categorized to six SIMCA methods.

The models were challenged by the test set and the blind samples. The
authentic samples of M. fragrans, D. decandra and A. silvestris were also included to
test the models. The results of SIMCA classifications are shown in Table 36. It
indicated that almost all of the samples were correctly matching with their correct

groups.
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Table 35 PCA models for the authentication of Santalum, TH and MG groups.

PCA Group  Preprocessing Range of Number Explained variance SIMCA
model type technique wavenumber  of PC (%) method
Calibration Cross
validation
1 Santalum  Normalization 1801-501 12 99.71 91.23
2 MG Normalization 1801-501 10 99.75 81.95 1
3 TH Normalization 1801-501 9 99.24 89.52
4 Santalum  Normalization 1801-1500 7 98.85 94.08
5 MG Normalization 1801-1500 7 99.57 95.34 2
6 TH Normalization 1801-1500 5 98.99 95.91
7 Santalum  Normalization 1498-501 11 99.66 92.92
8 MG Normalization 1498-501 7 98.30 81.89 3
9 TH Normalization 1498-501 9 99.35 89.85
10 Santalum Normalizdation 1801-501 12 99.83 88.80
+ 2"
derivative
11 MG Normalization 1801-501 10 99.84 81.40 4
+ an
derivative
12 TH Normalizdation 1801-501 12 99.88 85.01
+ 2"
derivative
13 Santalum Normalizdation 1801-1500 10 99.83 95.64
+ 2"
derivative
14 MG Normalizdation 1801-1500 7 99.09 89.97 5
+: 2N
derivative
15 TH Normalizdation 1801-1500 10 99.80 93.13
+ 2"
derivative
16 Santalum Normalizdation 1498-501 8 98.79 86.86
+ 2N
derivative
17 MG Normalizdation 1498-501 10 99.87 81.36 6
+ 2"
derivative
18 TH Normalizdation 1498-501 12 99.89 85.05
+ 2"

derivative




Table 36 Classification of test samples and blind samples using SIMCA.
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SIMCA 1 SIMCA 2 SIMCA 3
Group Group Group
Test set Group Santalum | MG | TH | Santalum | MG | TH | Santalum | MG | TH

T2 Santalum / / /

T3 Santalum / / /

T9 Santalum / / /

T10 Santalum / / /
T11 Santalum / /

T12 Santalum / / /
T13 Santalum / / /

H4 Santalum / / /

H7 Santalum / / /
T14 Santalum / / /

M6 MG / /

M7 MG / / /

M8 MG / /

M9 MG / / /

M14 MG / / /
M15 MG / / /
H10 MG / / /

K5 TH / / /
K11 TH / / /
K12 TH / / /
K17 TH / / /
TN2 TH / / /
TN3 TH / / /
TN5 TH / / /
TNG6 TH / / /

K7 TH / / /

K9 TH / /

MF M. fragrans
AS A. silvestris
DD D. decandra
UN1 Santalum /

UN2 Unidentified

UN3 MG / / /

UN4 Unidentified /

UN5 TH / /
UNG6 Unidentified

UN7 MG

UN8 Santalum

UN9 TH / /
UN10 TH / / /
UN11 Unidentified

UN12 MG / / /

UN13 Santalum / /

UN14 TH /

UN15 Unidentified /
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Table 36 Classification of test samples and blind samples using SIMCA (continued).

SIMCA 4 SIMCA 5 SIMCA 6
Group Group Group
Test set Group Santalum | MG | TH | Santalum | MG | TH | Santalum | MG | TH
T2 Santalum / /
T12 Santalum / / /
T13 Santalum / / /
H4 Santalum / / /
H7 Santalum / / /
H8 Santalum / /
H9 Santalum / / /
K18 Santalum / / /
T6 Santalum / / /
T7 Santalum /
M3 MG / / /
M4 MG / /
M5 MG / /
M1l MG / / /
M13 MG / /
M17 MG / / /
H10 MG / /
H11 MG / / /
K1 TH / / /
K3 TH / / /
K11 TH / / /
K13 TH / /
K16 TH / / /
TN2 TH / / /
TN5 TH / / /
K7 TH / / /
K9 TH /
K15 TH / / /
MF M. fragrans
AS A. silvestris
DD D. decandra
UN1 Santalum / / / /
UN2 Unidentified / / /
UN3 MG / / /
UN4 Unidentified / /
UN5 TH /
UNG6 Unidentified / / / /
UN7 MG / / /
UN8 Santalum
UN9 TH / /
UN10 TH / / /
UN11 Unidentified /
UN12 MG / / /
UN13 Santalum / /
UN14 TH
UN15 Unidentified / /
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Efficiency of each SIMCA was evaluated and the results were
presented as accuracy, sensitivity and specificity (Table 37). Evaluation using the test
set showed that all SIMCA methods gave more than 80% accuracy, more than 80%
sensitivity and 100% specificity. The model using normalized IR data in the range of
1801-501 cm™ (SIMCA 1) gave the best accuracy (100%), better than the models
using separated ranges of functional groups (1801-1500 cm™, SIMCA 2) and
fingerprint (1498-501 cm™, SIMCA 3). However the model using second derivative
IR data gave no significantly different efficiency between the IR range of 1801-501
cm™ (SIMCA 4) and the models using separated ranges (SIMCA 5 and SIMCA 6).
Therefore importance of the IR data ranges of the functional groups and fingerprint

could not be concluded.

Table 37 Percentage of accuracy, sensitivity and specificity. of test set and blind

samples classification using SIMCA.

Method Test set Blind samples
Accuracy. Sensitivity Specificity ~Accuracy  Sensitivity Specificity
(%) (%) (%) (%) (%) (%)
SIMCA 1 100 100 100 60 40 100
SIMCA 2 93 93 100 60 60 60
SIMCA 3 97 96 100 80 70 100
SIMCA 4 84 82 100 53 60 40
SIMCA 5 90 89 100 33 50 0
SIMCA 6 94 93 100 47 60 20

Comparing with the test set, evaluation of all SIMCA methods with
blind samples gave lower efficiency (Table 36). It might be because of the variation
of IR spectra collected from different time period. Moreover more noise in the
spectra might be enlarged by the second derivative and caused the significant lower
efficiency of SIMCA 4-6. SIMCA 3 had the highest efficiency. It used the PCA
models of normalized IR spectra in the range of 1498-501 cm™. This result suggested

that the fingerprint region was the most significant for the authentication.
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SIMCA 3 gave 80% accuracy for the prediction of the blind samples,
thus it was interesting to study in more detail. Cooman’s plot was the graphical plot
of sample distances between two models. Figure 58 are shown the classification of
the blind samples distances between the models of Santalum and MG groups,
Santalum and TH groups, and MG and TH groups. The classification between
Santalum and MG groups gave 60% accuracy. Two-thirds of the blind M. gagei
samples (UN3 and 7) and Santalum samples (UN1 and 13) were correctly predicted.
One blind M. gagei sample (UN12) and one blind Santalum sample (UN8) were
located at the left-below and right-upper quadrants of Figure 58(a), respectively.
Therefore the models misclassified UN12 as either Santalum or MG groups, and UN8
as neither Santalum nor MG groups.” Among the blind unidentified samples, only
UN11 was correctly predicted. Three blind unidentified samples;i.e. UN2, 6 and 15,
were classified as Santalum and the other one (UN4) was classified as MG group. In
the left-upper quadrant, five samples were predicted into Santalum group but only two
samples (UN1 and 13) were correct. ‘Thus the error of this classification (40%) was
influenced by the prediction of Santalum and unidentified groups.

In Figure 58(b), the classification between Santalum and TH groups
gave 67% accuracy.. All blind. T.-hoaensis samples (UN5, 9, 10 and 14) were
correctly predicted. In-contrast, six blind samples.were predicted as Santalum group
but in really, only two samples (UN1 and 13) were correct. ~Therefore the major
misclassification was the prediction of the other blind-samples (UN 2, 6, 12 and 15) as
Santalum group.

For discrimination between MG and TH. groups (Figure 58(c)), all
blind M. gagei samples (UN3, 7 and 12) and blind T. hoaensis samples (UN5, 9, 10
and 14) were correctly predicted. Only one unidentified sample (UN4) was
misclassified. Therefore the classification of the blind samples using graphical plot of
sample distance between M. gagei and T. hoaensis was 93% correct.

In overall, some blind unidentified samples, i.e. UN2, 4, 6 and 15 were
classified into Santalum or M. gagei groups. It suggested that their IR spectra might
be not much different from Santalum and M. gagei. Moreover the main error was

influenced by the Santalum model. Since it was constructed from three species of
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Santalum, then it had high variation. More samples should be used to construct a

more reliable model in future.
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Figure 58 Authentication of the blind samples (green mark) using SIMCA 3; (a)
sample distance between Santalum group (blue mark) and MG group (red mark), (b)
sample distance between Santalum group (blue mark) and TH group (red mark), and
(c) sample distance between MG group and (blue mark) and TH group (red mark).
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4.3  Partial least squares-discriminant analysis (PLS-DA)

The other method for the authentication of Chan(s) was PLS-DA. This
method was originated by construction the models based on PLS (unsupervised
method). As same as SIMCA, the training set (Tables 32 and 33) was used to
construct the calibration models. Then prediction efficiency of these models was
evaluated by the test set and the blind samples (Tables 32-34). This method was used
to predict the samples by discrimination the samples into one class or another. The
predictors were compared with the reference to classify them. The reference numbers
were determined as 0 and 1 which were referred to the members of two classes. In
this study, three groups, i.e. Santalum group, MG group and TH group were
investigated. The interesting group was assigned as number 1, then another group as
number 0.

Six PLS classification: models are shown-in Table 38 and shown as the
plots between the regression coefficient and wavenumber in Figure 154-159. The
optimum number of the factors of ‘PLS models 1-6 _were 4, 6, 5, 3, 4 and 3,
respectively. They were automatically selected by the software.- The explained were
84-95%. The linearities of all models were presented as R?-and. they were 0.77-0.95.
It suggested that the correct prediction results were obtained by using these models.
All models possessed-low RMSECV (0.1-0.2). It-meant that-these models possessed
good prediction ability.
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Table 38 Linearity (R%), root mean square error of cross validation (RMSECV) and

optimum factors of PLS model 1-6.

PLS Group Preprocessing Range of Number R? RMSECV  Explained
model type* technique wavenumber  of factor variance
(%0)
Santalum Normalization 1801-501 4 0.9412 0.1208 94.68
1 MG Normalization 1801-501 4 0.9500 0.1019 94.68
TH Normalization 1801-501 4 0.9499 0.1086 94.68
Santalum Normalization 1801-1500 6 0.8691 0.1802 85.62
2 MG Normalization 1801-1500 6 0.9371 0.1143 85.62
TH Normalization 1801-1500 6 0.7710 0.2321 85.62
Santalum Normalization 1498-501 5 0.9392 0.1228 94.45
3 MG Normalization 1498-501 5 0.9535 0.0983 94.45
TH Normalization 1498-501 5 0.9421 0.1167 94.45
Santalum Normalization 1801-501 3 0.8969 0.1600 91.62
+ 2™ derivative
4 MG Normalization 1801-501 3 0.9198 0.1290 91.62
+ 2™ derivative
TH Normalization 1801-501 3 0.9334 0.1252 91.62
+ 2" derjvative
Santalum Normalization 1801-1500 4 0.8239 0.2091 84.00
+ 2™ derivative
5 MG Normalization 1801-1500 4 0.9107 0.1362 84.00
+ 2™ derivative
TH Normalization 1801-1500 4 0.7947 0.2198 84.00
+ 2" derjvative
Santalum Normalization 1498-501 3 0.8875 0.1671 90.91
+ 2" derivative
6 MG Normalization 1498-501 3 0.9038 0.1414 90.91
+ 2" derjvative
TH Normalization 1498-501 3 0.9365 0.1222 90.91

+2" derivative

*MG = M. gagei and TH =T. hoaensis

Before evaluate the efficiency of the constructed PLS-DA models with
tested samples, the prediction range should be determined by the application of cutoff
value. The cutoff value was calculated from the leave-one out cross validation of
each model and calculated for the RMSECV, the minimum difference and maximum
difference of predicted values from the reference values. Then sum of their absolute
values were average. The cutoff range was the differences from the number 1
(reference value). The prediction value within the cutoff range was considered as the
member of that model [166]. The cutoff values and cutoff ranges of each model are
shown in Table 39.

All PLS-DA models were tested with the test set and the blind
samples. The results of test set (Figure 160-165) showed the correct trend of the

prediction because the prediction of each sample showed the correct members of each
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group. For example, PLS-DA method 4 (Figure 163(a)) showed that the response of
samples T2, T6, T7, T12, T13, H4, H7, H8, H9 and K18 (members of Santalum
group, see Table 33) were close to “1”, whereas the response of the other samples
were close to “0”. It meant that these samples might be identified as Santalum group
and the other samples were not the members of this group. However the absolutely
correct prediction was determined by comparing the prediction values with the cutoff
range of each model. The overall classification results of both test set and blind
samples were concluded in Table 40

Table 39 Cutoff values and cutoff ranges of PL.S-DA methods 1-6 of Santalum
group, MG group and TH group.

PLS model Reference group Cutoff values Cutoff range
Santalum group 0.2341 0.7659-1.2341

1 MG group 0.1698 0.8302-1.1698
TH group 0.1547 0.8453-1.1547

Santalum group 0.2773 0.7227-1.2773

2 MG group 0.2023 0.7977-1.2023
TH group 0.3154 0.6846-1.3154

Santalum group 0.2086 0.7914-1.2086

3 MG group 0.1546 0.8454-1.1546
TH-group 0.1652 0.8348-1.1652

Santalum'group 0.3227 0.6773-1.3227

4 MG group 0.1713 0.8287-1.1713
TH group 02118 0.7882-1.2118

Santalum group 0.33774 0.6623-1.3377

5 MG group 0.1592 0.8408-1.1592
TH group 0.3576 0.6424-1.3576

Santalum group 0.3592 0.6408-1.3592

6 MG group 0.2158 0.7842-1.2158

TH group 0.1851 0.8149-1.1851




Table 40 Classification of test samples and blind samples using PLS-DA.
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PLS-DA 1 PLS-DA 2 PLS-DA 3
Group Group Group
Test set Group Santalum | MG | TH | Santalum | MG | TH | Santalum | MG | TH

T2 Santalum / / /

T3 Santalum / / /

T9 Santalum / / /

T10 Santalum / / /

T11 Santalum / / /

T12 Santalum / / /

T13 Santalum / / /

H4 Santalum / / /

H7 Santalum / / /

T14 Santalum /

M6 MG / / /

M7 MG / /

M8 MG /

M9 MG / / /

M14 MG / / /

M15 MG / /

H10 MG / / /

K5 TH /

K11 TH / / /
K12 TH / / /
K17 TH / / /
TN2 TH / / /
TN3 TH / / /
TN5 TH /
TNG6 TH /

K7 TH /

K9 TH / / /

MF M. fragrans

AS A. silvestris

DD D. decandra / /
UN1 Santalum / / /

UN2 Unidentified / / /

UN3 MG / /

UN4 Unidentified

UN5 TH /
UNG6 Unidentified / /

UN7 MG / /

UN8 Santalum / /

UN9 TH / / /
UN10 TH / / /
UN11 Unidentified
UN12 MG / /
UN13 Santalum / / /
UN14 TH
UN15 Unidentified




Table 40 Classification of test samples and blind samples using PLS-DA

(continued).
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PLS-DA 4 PLS-DA 5 PLS-DA 6
Group Group Group
Test set Group Santalum | MG | TH | Santalum | MG | TH | Santalum | MG | TH

T2 Santalum / / /

T12 Santalum / / /

T13 Santalum / / /

H4 Santalum / / /

H7 Santalum / / /

H8 Santalum / / /

H9 Santalum / / /

K18 Santalum / /

T6 Santalum / / /

T7 Santalum / / /

M3 MG / /

M4 MG / / /

M5 MG / / /

M11 MG /

M13 MG / /

M17 MG / / /

H10 MG / / /

H11l MG / / /
K1 TH / / /
K3 TH ! / /

K11 TH / / /

K13 TH / / /
K16 TH / / /

TN2 TH / / /

TN5 TH /
K7 TH /
K9 TH / / /
K15 TH
MF M. fragrans
AS A. silvestris / /

DD D. decandra / /

UN1 Santalum / /

UN2 Unidentified /

UN3 MG / / /

UN4 Unidentified /

UN5 TH / / /

UNG6 Unidentified /

UN7 MG

UNS8 Santalum / /

UN9 TH / / /

UN10 TH /

UN11 Unidentified /

UN12 MG / / /
UN13 Santalum /

UN14 TH / /

UN15 Unidentified
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Prediction efficiency of the models was evaluated by accuracy,
sensitivity and specificity (Table 41). The overall results using the test set showed
that efficiency of all models did not much differ from each other. But the evaluation
with the blind samples indicated that model PLS-DA 4 had the best efficiency in all
accuracy, sensitivity and sensitivity. Therefore both function and fingerprint IR
regions (1801-501 cm™) were important for PLS-DA prediction. The second
derivative preprocessing might improve the quality of IR spectra, thus the efficiency
of prediction was higher than the normalization preprocessing.

Table 41 Percentage of accuracy, sensitivity and specificity of test set and blind

samples classification using PLS-DA.

Test set Blind samples

Accuracy @ Sensitivity Specificity Accuracy Sensitivity Specificity

(%) (%) (%) (%) (%) (%)
PLS-DA 1 80 78 100 73 80 60
PLS-DA 2 90 93 67 53 50 60
PLS-DA 3 77 78 67 73 70 80
PLS-DA 4 87 89 67 87 80 100
PLS-DA5 77 82 33 33 60 40
PLS-DA 6 81 82 67 53 60 40

Focusing on.PLS-DA 4, it gave the best-prediction for MG group
because its RMSEP (0.0823) was the lowest. The RMSEP of Santalum and TH group
were 0.1345 and 0.1227, respectively. The evaluation results using the test set and the
blind samples were not much different. In contrast with the SIMCA, they were
greatly different. Therefore PLS-DA was more precise and was a better prediction
method than SIMCA in common situation.

PLS-DA provided better the overall results than SIMCA, which
corresponded with published reports [154, 194-196]. The best SIMCA method was
obtained from the normalized IR spectra in the range of 1498-501 cm™. It suggested

that SIMCA might not require second derivative preprocessing for a good prediction.
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PCA that was used as the model of SIMCA focused on accounting of spectral
information and variation of the member within the class [154,196]. This might be
the reason that SIMCA method did not need the second derivative preprocessing and
the fingerprint region was significant. The best PLS-DA method was obtained from
the second derivative IR spectra in the range of 1801-501 cm™. It suggested that the
second derivative preprocessing might be important technique for a good prediction
using PLS-DA. The IR spectra of each member of the classes had the variation. The
second derivative technique could reduce the noise, offset and slope of the spectra.
Therefore this technique could remove variation of IR spectra and highlight the true
spectral difference [196]. This confirmed that the second derivative preprocessing
was important for PLS-DA.

PLS-DA might be a suitable method- for IR data because the
performance of PLS-DA depended on.characteristic of samples [194]. Moreover the
wavenumbers related to the classification group were firstly abstracted and
constructed as a regression equation. Thereafter. importance of each wavenumber was
considered and assigned for regression coefficient. ' The high-regression coefficient
value will be assigned for the important variable. In general, noise was excluded in
the first step or assigned as a-non-important variable ‘in the second step. Then
variation of non-important - wavenumbers.during IR collection-of the test set and the
blind samples in different time period and noise were not much affect the efficiency
of the PLS-DA method. . In this study, classification using PLS-DA gave better

reproducibility than. SIMCA because-the character of IR data was consecutive.



CHAPTER YV
CONCLUSIONS

Five crude drugs whose names possess the word “Chan” as prefix, i.e.
Chan-thet, Chan-khao, Chan-chamot, Chan-thana and Chan-hom, are popularly used
in Thai traditional medicine. They are-heartwood and their characters are quite
similar. Moreover their vernacular names are very complex. Therefore confusion and
substitution of these crude drugs might be easily happen.. The objective of this study
was to identify the botanical species of these crude drug samples currently available
in Thai traditional drugstores.- Moreover the authentication models for future routine
work were also established.

Several samples were collected from various regions of Thailand.
According to the marker approach; identification of each crude drug was
accomplished by TLC and GC. Three pure compounds isolated in laboratory, i.e. a-
santalol, mansonone G and-geniposidic acid, were used as the chemical markers.
Based on the pattern approach, their chromatographic patterns and also IR spectra
were compared with those-of the authentic samples. - Chemometric methods, i.e.
similarity analysis (SA), hierarchical cluster analysis (HCA) and principal component
analysis (PCA), were applied-for data analysis.-Chemical constituents of some crude
drugs were also confirmed and-compared with authentic samples by using GC/MS
technique.

The identification-results concluded that all crude drugs could be
classified into three groups:

1. Chan-thet and Chan-hom: Most of Chan-thet and Chan-hom samples
were S. spicatum. Some Chan-thet samples were S. album and S. lanceolatum. S.
album is the highest quality sandalwood among Santalum species. Nowadays most of
sandalwood used in Thailand is imported from Australia. Then it was undoubt that
crude drugs found in Thai traditional drugstore were S. spicatum. Besides S.

spicatum, some samples of Chan-hom were M. gagei.
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2. Chan-khao and Chan-thana: Most of Chan-khao and Chan-thana
samples were Tarenna hoaensis. One sample of Chan-khao was S. spicatum.
However rather high numbers of Chan-khao and Chan-thana samples were
unidentified and they were more than one unidentified species. This finding indicated
that quality of these two crude drugs should be much concerned.

3. Chan-chamot: All Chan-chamot samples were M. gagei.

Considering on the identification technique, each technique has its own
advantage and disadvantage. TLC is a‘basic experiment method but it needs expertise
to succeed and long processing time. In'this study, TLC gave satisfy results, but only
the identification of Santalum species was obscure. It was because the chemical
constituents among Santalum species were not much different. The main difference
was their contents. IR is rapid, low applied solvent volume and inexpensive. Based
on IR coupled with chemometric methods (SA, HCA and PCA), the second derivative
could improve the analysis results.

SA was quite not a good method for the identification of this study,
since IR spectrum-was the data of functional groups founded-in the samples. One
sample consisted of ‘many compounds that might have same functional groups and
also found in other samples or authentic samples.  Therefore IR bands of similar
compounds in each sample might appear and effect to analysis using Pearson’s
correlation coefficient.. Maoreover. noise could easily cause the dissimilarity and it was
enlarged by the secondary derivation-preprocessing. Generally, SA often applied for
chromatographic data [143, 189].

Solvent selection for the preparation of the extracts was important for
data analysis using HCA and PCA. The extracts prepared from semi-polar solvents
might be not good for the identification because they could not differentiate among
various authentic samples. The slightly high polar solvents gave the good results for
the identification of T. hoaensis and M. gagei, whereas the non-polar solvent was
suitable for the identification of Santalum sp. The water extracts gave no specific
results for the identification of any samples because their major constituents might be

saccharides commonly found in all samples.
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PCA gave clearer identification than HCA because it could abstract
only the important data and presented as the first two or three PCs. Comparing
between three chemometric methods based on IR data, PCA was the clearest
identification, and HCA was clearer than SA.

GC gave two kinds of data. The first data was chemical constituents
that obtained from mass spectrophotometer (MS) detector. The second data was
fingerprint that could be further analyzed by chemometric methods. However the
drawback of GC/MS was specific application on only the volatile samples. Therefore
in this study, only the Santalum samples-could be analysed by this technique. GC
fingerprint coupled with PCA was the technique that could obviously discriminate
among the different species of Santalum, whereas SA and HCA were still ambiguous.

Models for discrimination.among M. gagei, T: hoaensis and Santalum
samples in routine work based on the IR data were established. Two techniques used
in this study were soft independent modeling of class analogy (SIMCA) and partial
least squares-discriminant analysis (PLS-DA).. The.satisfy prediction model for
SIMCA was the model obtained from the normalized IR spectra-in the range of 1498-
501 cm™. It possessed 97% accuracy for the validation prediction and 80% accuracy
for the prediction' in common. situation. = The  clearest/ discrimination was the
prediction between M. gagei and T. hoaensis. The satisfy prediction model of PLS-
DA was the model obtained. from. the second derivative IR spectra in the range of
1801-501 cm™. "Accuracy-of both prediction of validation-and prediction in common
situation were 87%.. This indicated that PLS-DA-was more precise than SIMCA.

This studyfound that there were three species of Santalum available in
Thai traditional drugstores. However the sample size of each species was limit. Then
all three Santalum were combined and only one model was established. The models

of each species of Santalum were interesting to develop in the future.
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Figure 59 Characters of fifteen Chan-thet crude drug samples (T1-T15).



182

Figure 60 Characters of eighteen Chan-khao crude drug samples (K1-K18).



183

Figure 61 Characters of seventeen Chan-chamot crude drug samples (M1-M17).
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Figure 62 Characters of ten Chan-thana crude drug samples (TN1-TN10).
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Figure 63 Characters of eleven Chan-hom crude drug samples (H1-H11).
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Figure 64 Characters of authentic samples: S. spicatum, S. album, S. lanceolatum, M.

fragrans, T. hoaensis, D. decandra, M. gagei and A. silvestris.
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Figure 65 EI-MS mass spectrum of a-santalol.
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Figure 73 (+)-ESI-MS mass spectrum of geniposidic acid.
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Figure 79 IR spectra of the n-hexane extracts of Chan-thet, Chan-khao, Chan-chamot,

Chan-thana and Chan-hom samples after normalization preprocessing.
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Figure 80 IR spectra of the dichloromethane ‘extracts of Chan-thet, Chan-khao,

Chan-chamot, Chan-thana and Chan-hom.samples after normalization preprocessing.
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Figure 81 IR spectra of the ethyl acetate extracts of Chan-thet, Chan-khao,

Chan-chamot, Chan-thana and Chan-hom samples after normalization preprocessing.
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Figure 82 IR spectra of the acetone extracts of Chan-thet, Chan-khao, Chan-chamot,

Chan-thana and Chan-hom samples after normalization preprocessing.
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Figure 83 IR spectra of the methanol extracts of Chan-thet, Chan-khao, Chan-chamot,

Chan-thana and Chan-hom samples after normalization preprocessing.
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Figure 84 IR spectra of the water extracts of Chan-thet, Chan-khao, Chan-chamot,

Chan-thana and Chan-hom after samples normalization preprocessing.
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Figure 85 IR spectra of the fine powders of Chan-thet, Chan-khao, Chan-chamot,

Chan-thana and Chan-hom samples after normalization preprocessing.
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Figure 86 IR spectra of the n-hexane extracts of Chan-thet, Chan-khao, Chan-chamot,

Chan-thana and  Chan-hom_ samples -after normalization and second derivative

preprocessing.
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Figure 87 IR spectra of the dichloromethane extracts of Chan-thet, Chan-khao,

Chan-chamot, Chan-thana and Chan-hom samples after normalization and second

derivative preprocessing.
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Figure 88 IR spectra of the ethyl acetate extracts of Chan-thet, Chan-khao, Chan-chamot,

Chan-thana and Chan-hom samples’ after normalization and second derivative

preprocessing.
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Figure 89 IR spectra of the acetone extracts of Chan-thet, Chan-khao, Chan-chamot,
Chan-thana and Chan-hom samples -after-normalization-and second derivative

preprocessing.
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Figure 90 IR spectra of the methanol extracts of Chan-thet, Chan-khao, Chan-chamot,
Chan-thana and Chan-hom samples after normalization and second derivative

preprocessing.
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Figure 91 IR spectra of the water extracts of Chan-thet, Chan-khao, Chan-chamot,
Chan-thana and Chan-hom "samples -after - normalization and second derivative

preprocessing.
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Figure 92 IR spectra of-the-fine powders of Chan-thet, Chan-khao, Chan-chamot,
Chan-thana and Chan-hom .samples after normalization and second derivative

preprocessing.
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Figure 93 IR spectra of the n-hexane extracts of S. album, S. spicatum,
S. lanceolatum, M. fragrans, T. hoaensis, D. decandra, M. gagei and A. silvestris after

normalization preprocessing.
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Figure 94 IR spectra of the dichloromethane extracts of S.-album, S. spicatum,
S. lanceolatum, M. fragrans, T. hoaensis, D. decandra, M. gagei and A. silvestris after

normalization preprocessing.

..................

Figure 95 IR spectra of the ethyl acetate extracts of S. album, S. spicatum,
S. lanceolatum, M. fragrans, T. hoaensis, D. decandra, M. gagei and A. silvestris after

normalization preprocessing.
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Figure 96 IR spectra of the acetone extracts of S. album, S. spicatum, S. lanceolatum,
M. fragrans, T. hoaensis, D. decandra, M. gagei and A. silvestris after normalization

preprocessing.
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Figure 97 IR spectra of the methanol extracts of S. album, S. spicatum,
S. lanceolatum, M. fragrans, T--hoaensis, D. decandra, M. gagei and A. silvestris after

normalization preprocessing.
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Figure 98 IR spectra of the water extracts of S. album, S. spicatum, S. lanceolatum,
M. fragrans, T. hoaensis, D. decandra, M. gagei and A. silvestris after normalization

preprocessing.
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Figure 99 IR spectra of the fine powders of S. album, S. spicatum, S. lanceolatum, M.

fragrans, T. hoaensis, D. decandra, M. gagei and A. silvestris after normalization

preprocessing.
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Figure 100 IR spectra-of the n-hexane-extracts of 'S. -album, S. spicatum, S.

lanceolatum, M. fragrans, T.-hoaensis, D. decandra, M. gagei and A. silvestris after

normalization and second derivative preprocessing.
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Figure 101 IR spectra of the dichloromethane extracts of S. album, S. spicatum, S.

lanceolatum, M. fragrans, T. hoaensis, D. decandra, M. gagei and A. silvestris after

normalization and second derivative preprocessing.
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Figure 102 IR spectra of the ethyl acetate extracts of S. album, S. spicatum,
S. lanceolatum, M. fragrans, T. hoaensis, D. decandra, M. gagei and A. silvestris after

normalization and second derivative preprocessing.
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Figure 103 IR/ spectra of the acetone extracts-of S. album, S. spicatum,
S. lanceolatum, M. fragrans, T. hoaensis, D. decandra, M. gagei and A. silvestris after

normalization-and second derivative preprocessing.
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Figure 104 IR spectra of the methanol extracts of S. album, S. spicatum,
S. lanceolatum, M. fragrans, T. hoaensis, D. decandra, M. gagei and A. silvestris after

normalization and second derivative preprocessing.
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Figure 105 IR spectra of the water extracts of S. album, S. spicatum, S. lanceolatum,

M. fragrans, T. hoaensis, D. decandra, M. gagei and A. silvestris after normalization
and second derivative preprocessing.
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Figure 106 IR spectra of the fine-powders of S. album, S. spicatum, S. lanceolatum,
M. fragrans, T. hoaensis, D. decandra, M. gagei and A.silvestris after normalization

and second derivative preprocessing.






Table 42 Similarity index between the IR spectra of the n-hexane extracts of

Chan-thet and authentic samples.
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Preprocessing method

H Normalization Normalization and second derivative

SA SS SL MF | MG | AS | TH DD § SA SS SL MF | MG | AS TH DD
Tl 0.81 | 091 | 090 | 0.61 | 049 | 0.70 | 0.70 | 0.66 § 0.64 | 0.80 | 0.78 | 0.26 | 0.36 | 0.31 | 0.51 | 0.50
T2 0.83 | 093 | 093 | 0.65 | 055 | 0.75 | 0.74 | 0.71 § 0.65 | 0.87 | 0.86 | 0.31 | 0.41 | 0.38 | 0.55 | 0.53
T3 0.75 ] 085 | 0.85 | 0.57 | 0.48 | 0.64 | 0.65 | 0.59 § 0.51 | 0.65 | 0.63 | 0.19 | 0.26 | 0.22 | 0.41 | 0.39
T4 0.95 | 0.96 | 0.93 | 0.63 | 053 | 0.72 | 0.72 | 0.67 § 0.94 | 0.83 | 0.72 | 0.18 | 0.28 | 0.24 | 0.33 | 0.38
T5 0.76 | 0.85 | 0.86 | 0.60 | 0.49 | 0.67 | 0.68 | 0.63 § 0.48 | 0.61 | 0.68 | 0.29 | 0.37 | 0.33 | 0.52 | 0.48
T6 0.94 | 097 | 099 | 0.77 | 0.71 | 0.87 | 0.86 | 0.82 § 0.87 | 0.92 | 0.87 | 0.27 | 0.41 | 0.36 | 0.51 | 0.57
T7 0.85 ] 091 | 0.88 | 0.53 | 0.42 | 0.61 | 0.62 | 0.56 § 0.79 | 0.79 | 0.71 | 0.14 | 0.24 | 0.20 | 0.34 | 0.34
T8 0.86 | 0.94 | 093 | 063 | 050 | 0.71 | 0.71 | 0.67 § 0.73 | 0.91 | 0.87 | 0.24 | 0.34 | 0.32 | 0.48 | 0.51
T9 0.90 | 0.96 | 0.97 | 0.73 | 0.64 | 0.81 | 0.81 |/0.77 § 0.76 | 0.91 | 0.88 | 0.26 | 0.38 | 0.33 | 0.51 | 0.54
T10 | 091|096 | 098 | 0.78 | 0.70 | 0.87 | 0.85/| 0.82 § 0.75 | 0.92 | 091 | 0.34 | 0.44 | 0.40 | 0.56 | 0.56
T11 | 091 | 097 | 098 | 0.76 | 0.67 | 0.85 | 0.84 |/0.81 § 0.71 | 0.93 | 0.93 | 0.35 | 0.46 | 0.43 | 0.60 | 0.61
T12 | 094 | 099 | 099 | 0.77 | 0.68 |.0.86 | 0.85] 0.82°§ 0.76 | 0.97 1093 | 0.27 | 0.39 | 0.38 | 0.50 | 0.55
T13 [ 092 | 097 | 099 | 0.80 | 0.72 | 0.89 |/ 0.88-| 0.85 §0.77 | 0.95 ] 0.95 | 0.36 | 0.48 | 0.45 | 0.60 | 0.64
T14 | 093 | 0.93 | 097 | 0.85 | 0.81 |/0.93/| 0.92{ 0.89-§ 0.82 | 0.90 | 0.90 | 0.39 | 0.53 | 0.46 | 0.64 | 0.68
T15 | 088 | 094 | 097 | 0.79 | 0.72-| 0.86 | 0.88 | 0.84 § 0.59 | 0.78 | 0.84 | 049 | 0.62 | 0.54 | 0.78 | 0.73

H = n-Hexane extract, SA = S. album, SS = S. spicatum, ‘SL =-S. lanceolatum, MF = M. fragrans, AS = A. silvestris,
TH =T. hoaensis, DD = D. decandra and T1-T15 = Chan-thet samples.

Table 43 Similarity index between the IR spectra of the dichloromethane extracts of

Chan-thet and authentic samples.

Preprocessing method

D Normalization Normalization and second derivative

SA SS SL MF MG -AS | . TH | DD} SA SS SL MEF |~MG | AS | TH | DD
T1 0.88 | 0.95 | 0.96 | 0.61 [ -0.74 | 0.78 |.0.88 | 0.78 § 0.76 |'0.93+ 090 0.28 | 042 | 0.54 | 0.69 | 0.62
T2 0.87 | 0.94 | 0.95|/0.63 | 0.76+( 0.79 |-0.89 | 0.81 §0.68 [-0.89 | 0.85 | 0.22 | 0.51 | 0.55 | 0.68 | 0.56
T3 0.88 | 0.93 | 0.94 | 0.62 | 0.77 | 0.83.] 090 | 0.82 § 0.73 | 0.88"| 0.84 |-0.22°| 051 | 0.59 | 0.69 | 0.55
T4 091 | 093 | 0.93 |0.47 | 051 | 0.61 | 069 | 0.62 § 0.93 | 0.88 | 0.81 |-0:16 | 0.16 | 0.31 | 0.41 | 0.44
T5 0.93 | 0.94 | 0.96 [-0.63 [0.77+.0.85 | 0.90.]| 0.83 § 0.:78.| 0.90.| 0.96. | 0.15 | 0.33 | 0.50 | 0.63 | 0.68
T6 0.90 | 0.921.0.92 | 0.60 | 0.79 | 0.88 | 0.91 | 0.82°§ 0.80-| 0.88 | 0.83 | 0.22 [047 057 | 0.67 | 0.55
T7 0.93 | 098 | 0.98 | 0.56 | 0.64 | 0.67 | 0.78 | 0.67 §-0.91 | 0.94.(-0.89 | 0.12| 0.21 | 0.34 | 0.48 | 0.48
T8 090 | 0.95 | 0.96 | 0.64 | 0.77 | 0.81 ] 0.89 | 0.81 § 0.76-/°0.95 | 0.90 | 0.20 | 0.41 | 0.49 | 0.63 | 0.56
T9 0.87 | 093 | 0.94 | 063 0.78°(°0.83( 090 | 0.82 § 063 | 0.78 | 0.75-| 0.22. | 0.60 [ 0.62 | 0.72 | 0.48
T10 | 0.85 | 0.88 [ 090 | 0.62 | 0.79 | 0.86-| 0.91- 0.86§.0.53 | 0.67 | 064 | 0.22 | 0.63 | 0.62 | 0.69 | 0.41
T11 | 0.86 | 0.90 | 092 | 0.65| 0.80 | 0.85 | 0.91 | 0.85 § 055 | 0.72 | 0.71"| 0.21 | 0.64 | 0.60 | 0.72 | 0.49
T12 | 0.87 | 0.92 | 0.93 | 0.63] 0.78 |.0.83 | 0.90 | 0.84 § 0.63 |{0.83+ 0.81 | 0.21| 0.56 | 0.59 | 0.69 | 0.50
T13 | 0.84 | 0.88 | 0.90 | 0.63 | 079 | 0.87 | 0.91 | 0.86 § 0.50 | 0.65 | 0.63 | 0.24 | 0.65 | 0.65 | 0.70 | 0.40
T14 | 0.80 | 0.87 | 0.87 | 0.68 | 0.91 | 0.86 | 0.93 | 0:81 § 054 | 0.65 | 0.61 | 0.27 | 0.80 | 0.64 | 0.81 | 0.48
T15 | 0.86 | 0.93 | 094 | 0.73 | 0.85 | 0.80 | 0.95 | 0.83 § 0.67 | 0.82 | 0.80 | 0.22 | 0.64 | 0.55 | 0.84 | 0.69

D = Dichloromethane extract, SA = S. album, SS = S. spicatum, SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,
TH =T. hoaensis, DD = D. decandra and T1-T15 = Chan-thet samples.




Table 44 Similarity index between the IR spectra of the ethyl acetate extracts of

Chan-thet and authentic samples.
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Preprocessing method

E Normalization Normalization and second derivative

SA SS SL MF | MG | AS | TH DD § SA SS SL MF | MG | AS TH DD
Tl 0.86 | 0.90 | 0.89 | 0.59 | 0.84 | 0.93 | 0.56 | 0.93 § 0.62 | 0.78 | 0.78 | 0.42 | 0.64 | 0.69 | 0.37 | 0.51
T2 0.85 | 0.95 | 0.94 | 0.69 | 0.83 | 0.87 | 0.66 | 0.90 § 0.63 | 0.88 | 0.86 | 0.31 | 0.53 | 0.54 | 0.27 | 0.52
T3 0.85 ] 095 | 094 | 0.67 | 0.82 | 0.89 | 0.64 | 0.91 § 068 | 0.87 | 0.84 | 0.31 | 0.48 | 0.55 | 0.26 | 0.50
T4 0.93 | 0.96 | 094 | 0.65 | 0.70 | 0.73 | 0.62 | 0.74 § 0.87 | 0.85 | 0.78 | 0.16 | 0.19 | 0.25 | 0.12 | 0.40
T5 0.92 1 095 | 094 | 0.80 | 0.83 | 0.85 | 0.78 | 0.86 § 0.77 | 0.81 | 0.84 | 0.56 | 0.58 | 0.57 | 0.56 | 0.58
T6 0.86 | 0.93 | 092 | 0.64 | 0.81 | 091 | 0.61 | 0.91 § 0.69 | 0.80 | 0.79 | 0.34 | 0.50 | 0.59 | 0.28 | 0.50
T7 091 ] 086 | 0.87 | 0.86 | 0.77 | 0.67 | 0.86 | 0.68 § 0.87 | 0.74 | 0.69 | 0.63 | 0.50 | 0.38 | 0.67 | 0.36
T8 0.88 |1 0.96 | 0.95 | 0.74 | 0.87 | 0.88 | 0.71 | 0.89 § 0.72 | 0.85 | 0.83 | 0.56 | 0.69 | 0.58 | 0.56 | 0.52
T9 0.88 | 0.95 | 0.95 | 0.74 | 0.84 | 0.87 | 0.72 |/0.90 § 0.76 | 0.89 | 0.86 | 0.47 | 0.57 | 0.57 | 0.45 | 0.50
T10 | 085|093 | 093 | 068 | 0.83 | 0.89 | 0.66/| 0.92 § 0.69 | 0.86 | 0.86 | 0.39 | 0.57 | 0.58 | 0.36 | 0.56
T11 | 085 | 092 | 092 | 0.69 | 0.87 | 0.91 | 0.67 |/0.93 § 0.62 | 0.74 | 0.76 | 0.59 | 0.77 | 0.67 | 0.59 | 0.55
T12 | 088 | 098 | 097 | 0.71 | 0.86 |.0.83 | 0.69] 0.88°§ 0.69 | 0.93 091 | 0.30 | 0.50 | 0.49 | 0.26 | 0.54
T13 [ 0.85 | 093 | 092 | 0.66 | 0.86 | 0.91 |/ 0.63| 093 §0.65 | 0.81 | 0.82 | 0.48 | 0.70 | 0.62 | 0.46 | 0.58
T14 | 082 | 091 | 092 | 0.81 | 0.93 |/0.85/| 0.79-{ 0.89-§ 0.66 | 0.68 | 0.69 | 0.71 | 0.87 | 0.67 | 0.72 | 0.52
T15 | 089 | 095 | 095 | 0.85 | 0.89-| 0.83 | 0.82 | 0.85 § 0.72 | 0.79 | 0.78 | 0.65 | 0.76 | 0.61 | 0.67 | 0.61

E = Ethyl acetate extract, SA = S. album, SS = S:spicatum, SL-= S: lanceolatum, MF = M. fragrans, AS = A. silvestris,
TH =T. hoaensis, DD = D. decandra and T1-T15 = Chan-thet samples.

Table 45 Similarity index between the IR spectra of the acetone extracts of Chan-thet

and authentic samples.

Preprocessing method

A Normalization Normalization and second derivative

SA SS SL ME | MG |“AS |- TH |[DD J SA SS SL MF. |"MG | AS | TH | DD
T1 090 | 096 | 0.95 |- 0.72 [ 0.77-| 0.82 |-0.87 | 0.90 § 0.73 | 0.89 |.0.85(0.32 | 050 | 0.60 | 0.52 | 0.52
T2 0.89 | 0.95 | 0.95 | 0.75 | 0.83 |.0.86 |0.88 | 0.92 § 0.67 [ 0.84 | 0.81 | 0.33 | 0.55 | 0.58 | 0.56 | 0.50
T3 0.88 | 0.93 | 0.93 | 0.76 | 0.86 | 0.89 |-0.87 | 091 § 060 | 0.70 | 0.71 [ 0.38 | 0.70 | 0.64 | 0.66 | 0.50
T4 0.98 | 098 | 0.95 | 0.61 | 0.66-( 0.74 |.0.75 | 0.79 § 0.93 | 0.88 [ 0.80 |°0.21 | 0.13 | 0.36 | 0.26 | 0.39
T5 0.94 | 098 | 0.98 | 0.74 | 0.80 |-0.86 | 0.84| 0.88-§ 0.77- 0.91| 0.94|.0.28 | 0.36 | 0.58 | 0.44 | 0.60
T6 092 | 096 | 095 | 0.70 | 0.77.[ 0.84 | '0.85 | 0.91 § 0.82| 090 |'0.84 | 0.31 | 0.36 | 0.52 | 0.45 | 051
T7 0.96 | 0.98 | 0.96 | .0.67 | 0.69 | 0.72.| 0.79/| 0.79 § 091 {091 0.84 | 0.22 | 0.20 | 0.40 | 0.34 | 0.40
T8 091|097 | 0.96 | 0.76 | 0.83 | 0.86 | 0.87 | 0.90 § 0.70 | 0.87 | 0.85 | 0.35 | 0.54 | 0.60 | 0.56 | 0.54
T9 0.89 | 094 | 0.94 | 0.75 | 0.84 | 0.89 |-0.87 | 092 § 068 | 0.81 | 0.79°] 0.35 | 0.60 | 0.64 | 0.58 | 0.48
T10 | 0.88 | 0.93 | 093 | 0.74 | 0.85 | 0.90|-0.85| 0.92 § 062 | 0.73 | 0.74 |-0.37 | 0.67 | 0.69 | 0.60 | 0.48
T11 | 0.88 | 0.93 | 093 | 0.72 | 0.82.| 0:88 | 0.84 | 0.91 § 0.59 | 0:73 | 0.74 | 0.35 | 0.66 | 0.64 | 0.61 | 0.51
T12 | 091 | 0.97 | 0.97 |.0.75/] 0.83 {°0.83 | 0.88 | 0.91 § 0.72°| 0.90 | 0.88 | 0.33 | 0.50 | 0.62 | 0.52 | 0.51
T13 | 0.86 | 0.91 | 092 | 0.74.| 0.85 /] 0.91 | 0.87 |.0.93 § 058 | 0.70 | 0.71 |°0.38 | 0.72 | 0.72 | 0.64 | 0.48
T14 0.83 | 0.90 | 091 | 0.80 | 0.91 | 0.90 | 0.89 | 091 § 0.62 | 0.70 | 0.70 | 0.40 | 0.77 | 0.68 | 0.70 | 0.55
T15 | 0.91 | 091 | 097 | 0.79 | 0.84 | 0.87.|.0.86 | 0.88 § 0.70.|-0.83 | 0.82 | 0.36 | 0.57 | 0.64 | 0.59 | 0.62

A = Acetone extract, SA = S. album, SS = S. spicatum, SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,
TH =T. hoaensis, DD = D. decandra and T1-T15 = Chan-thet samples.




Table 46 Similarity index between the IR spectra of the methanol extracts of

Chan-thet and authentic samples.
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Preprocessing method

M Normalization Normalization and second derivative

SA SS SL MF | MG | AS | TH DD § SA SS SL MF | MG | AS TH DD
Tl 0.89 | 095 | 095 | 0.72 | 063 | 0.79 | 048 | 092 § 0.79 | 0.92 | 0.88 | 0.30 | 0.36 | 0.62 | 0.46 | 0.58
T2 0.88 | 0.94 | 094 | 0.75 | 0.66 | 0.82 | 0.51 | 0.95 § 0.73 | 0.88 | 0.87 | 0.31 | 0.43 | 0.64 | 0.50 | 0.61
T3 091 | 094 | 094 | 0.73 | 0.69 | 0.83 | 0.51 | 0.93 § 0.76 | 0.88 | 0.87 | 0.32 | 0.44 | 0.66 | 0.53 | 0.60
T4 0.97 | 098 | 094 | 058 | 047 | 0.64 | 0.34 | 0.78 § 0.94 | 0.90 | 0.84 | 0.19 | 0.03 | 0.41 | 0.29 | 0.36
T5 0.95 | 091 | 087 | 057 | 0.54 | 0.69 | 0.35 | 0.82 § 0.79 | 0.84 | 0.88 | 0.25 | 0.17 | 0.52 | 0.32 | 0.48
T6 0.92 | 095 | 094 | 0.72 | 0.65 | 0.80 | 0.47 | 0.92 § 0.84 | 0.90 | 0.88 | 0.30 | 0.36 | 0.62 | 0.50 | 0.60
T7 0.96 | 098 | 094 | 057 | 0.44 | 0.62 | 0.33 | 0.76 § 0.93 | 0.93 | 0.88 | 0.17 | 0.05 | 0.43 | 0.31 | 0.37
T8 094 | 097 | 095 | 0.69 | 0.61 | 0.78 | 0.46 | 0.90 § 0.81 | 0.96 | 0.92 | 0.24 | 0.19 | 0.55 | 0.37 | 0.48
T9 0.91 | 094 | 094 | 0.73 | 0.67 | 0.81 | 0.49 |/0.93 § 0.80 | 0.93 | 0.90 | 0.29 | 0.33 | 0.62 | 0.47 | 0.54
T10 | 0.91 | 0.93 | 0.92 | 0.71 | 0.66 | 0.80 | 0.45'| 0.93 § 0.76 | 0.89 | 0.88 | 0.30 | 0.42 | 0.66 | 0.47 | 0.59
T11 | 0.88 | 0.88 | 0.88 | 0.73 | 0.74 | 0.83 | 0.47 | /093 § 053 | 0.64 | 0.67 | 0.31 | 0.65 | 0.67 | 0.49 | 0.61
T12 | 0.93 | 0.97 | 0.96 | 0.72 | 0.62 |.0.77 | 0.43-] 0.90§ 0.78 | 0.95-[-0.92 | 0.27 | 0.31 | 0.60 | 0.44 | 0.53
T13 | 0.88 | 0.92 | 091 | 0.72 | 0.64 [ 0.79 | 045 094 §0.72 | 0.85 [ 0.84 | 0.31 | 0.47 | 0.67 | 0.50 | 0.65
T14 | 0.80 | 0.80 | 0.83 | 0.77 | 0.84 [/0.90/| 0.59| 0.92.§ 0.52 | 0.56 | 0.59 | 0.34 | 0.75 | 0.69 | 0.53 | 0.68
T15 | 0.85 | 0.92 | 994 | 0.85 | 0.78-| 0.87 | 0.53 | 0.91 § 0.65 | 0.76 | 0.77 | 0.32 | 0.56 | 0.64 | 0.64 | 0.72

M = Methanol extract, SA = S. album, SS = S. spicatum, ‘SL =-S. lanceolatum, MF = M. fragrans, AS = A. silvestris,
TH =T. hoaensis, DD = D. decandra and T1-T15 = Chan-thet samples.

Table 47 Similarity index between the IR spectra of the water extracts of Chan-thet

and authentic samples.

Preprocessing method

W Normalization Normalization and secondderivative

SA SS SL | MF | MG~|-AS | TH | DD } SA SS SL | MF MG AS | TH | DD
T1 | 059 | 0.94 | 0.90|.0.92 | 043 |{.0.94 | 0.94 | 0.92 § 0.28 | 0.62 | 0.32{ 0.30.| .-0.02 | 0.60 | 0.60 | 0.61
T2 | 0.69 | 097 | 095 | 0.84 | 0.53 [*0.92 | 091 0.89 § 0.23 0.74 | 0.26 | 0.20 | -0.11 | 0.54 | 0.54 | 0.49
T3 [ 070 | 0.95 | 0.94 | 0.75 {052 | 0.88 | 0.87 | 0.79 § 0.16.| 0.76 | 0.39 | 0.29/| -0.05 | 0.68 | 0.68 | 0.52
T4 0.73 |1 099 | 097 | 0.85 | 0.51 |-0.92 | 0.92 | 0.93 § 0.20 | 0.86 | 0.39 | 0.27 -0.14 | 0.54 | 0.54 | 0.60
T5 | 0.72 ]| 0.96 | 0.96 | 0.82| 0.56 |0.93 | 0.92 {-0.85 §0.11 }.0.60 [ 0.38|-0.39° | 0.10 | 0.64 | 0.64 | 0.54
T6 | 0.73 | 0.97 | 0.96 | 0.78 | 0.55-{.0.90 | 0.89 | 0.83 § 0.19-{-0.82 | 0.39 | 0.28 | ~-0.07 | 0.62 | 0.62 | 0.54
T7 0.71 | 098 | 0.95 | 0.86 | 0.56°| 0.92 | 0.92 [ 094 § 0.18 | 0.89 | 0.43 | 0.32| -0.09 0.56 | 0.56 | 0.55
T8 | 0.73 | 0.99 | 0.97 | 0.85 | 0.53 | 0.92 | 0.92 | 0.92 § 0.22 | 0.84 | 0.38 | 0.33 | -0.06 | 0.55 | 0.55 | 0.60
T9 | 0.65 | 0.97 | 094 | 0.83 [.0.47 | 0.93 |°0.92| 0.86 § 0.17 | 0.75 | 0.29 | 0.20 | -0.13 /| 0.53 | 0.53 | 0.45
T10 | 0.78 | 0.99 | 0.97 | 0.81 | 0.58.| 0.90 |°0.90 | 091 § 024 | 0.82 | 036 | 0.28 | -0.11 | 0.58 | 0.58 | 0.61
T11 | 0.78 | 0.97 | 0.95.| 0.81 | 0.61 | 0.88.| 0.88 | 0.92 § 0.25 | 0.82 | 0.33 | 0.30 | -0.09 | 0.54 | 0.54 | 0.58
T12 | 0.73 |1 099 | 0.97 | 0.85 | 0.55 |0.92 | 0.92 | 0.92 § 0.22 | 0.85| 0.40 | 0.36°| -0.06 0.55 | 0.55 | 0.59
T13 | 0.76 | 0.95 | 0.93 | 0.77+| 0.62 | 0.86 | 0.85+ 0.85 § 0.27 | 0.81| 0.36 | 031 | -0.04 | 0.60 | 0.60 | 0.61
T14 | 0.78 | 0.98 | 0.97 | 0.83 | 0.59.| 0.91 |.0.90 | 0.90 § 0.13 | 0.71 | 040 | 0.57 0.10 0.72 | 0.72 | 0.73
T15 | 0.67 | 097 | 0.95 | 0.91 | 0.50 | 0.95.0.95 | 0.93 § 0.13 | 057 | 0.33 | 0.47 | 0.14 | 0.72 | 0.72 | 0.70

W = Water extract, SA = S. album, SS = S. spicatum, SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,
TH =T. hoaensis, DD = D. decandra and T1-T15 = Chan-thet samples.
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Table 48 Similarity index between the IR spectra of the fine powders of Chan-thet

and authentic samples.

Preprocessing method

P Normalization Normalization and second derivative

SA SS SL | MF | MG | AS | TH | DD § SA | SS SL | MF | MG | AS | TH | DD

T1 099 1099 | 099 | 0.99 | 0.99 | 1.00 | 0.99 | 1.00 § 0.98 | 0.99 | 0.98 | 0.94 | 0.98 | 0.97 | 0.97 | 0.96

T2 0.99 1 099 | 099 | 0.99 | 0.98 | 0.99 | 0.98 | 099 § 0.96 | 0.97 | 0.6 | 092 | 0.94 | 0.94 | 0.95 | 0.93

T3 0.99 1 099 | 099 [ 099 | 099 | 0.99 | 0.99 | 0.99 § 097 | 0.99 | 0.98 | 0.93 | 0.96 | 0.95 | 0.97 | 0.95

T4 1099|099 | 099 | 099 | 0.99 | 0.99 | 0.98 | 0.99 § 0.98 | 0.99 | 0.98 | 0.93 | 0.96 | 0.96 | 0.96 | 0.95

T5 1.00 | 0.99 | 0.99 | 1.00 | 0.99 | 0.99 | 0.99 | 0.99 § 0.99 | 0.99 | 0.97 | 0.95 | 0.98 | 0.08 | 0.98 | 0.96

T6 [ 099 ] 1.00 | 099 | 099 | 0.98 | 0.98 | 0.98 | 0.98 § 0.98 | 0.99 | 097 | 0.94 | 0.97 | 0.97 | 0.97 | 0.95

T7 0.99 | 1.00 | 0.99 | 099 | 099 | 0.99 | 0.99 | 0.99 § 0.98 | 0.99 | 0.98 | 0.94 | 0.97 | 0.97 | 0.97 | 0.96

T8 0.99 | 1.00 | 1.00 | 0.99 | 0.99 | 0.99 | 0.99 | 0.99 § 099 | 0.99 | 0.98 | 0.94 | 0.98 | 0.98 | 0.98 | 0.96

T9 0.96 | 0.97 | 098 | 0.98 | 0.98 | 0.98 | 0.98 |7/0.99 § 0.97 | 0.99 | 0.98 | 0.93 | 0.96 | 0.95 | 0.96 | 0.95

T10 | 0.99 | 1.00 | 0.99 | 0.99 | 0.99 | 0.99 | 0.99°| 099 § 098 | 0.99 | 0.98 | 0.94 | 0.97 | 0.97 | 0.98 | 0.96

T11 | 0.99 | 0.99 | 1.00 | 0.99 | 0.99 | 0.99 | 0.99 | 0.99 § 098 | 1.00 | 0.98 | 0.94 | 0.97 | 0.97 | 0.97 | 0.97

T12 | 0.99 | 1.00 | 1.00 | 0.99 | 0.99],0.99 | 0.99-/ 0.99 § 0.99 | 0.99-/-0.98 | 0.94 | 0.98 | 0.97 | 0.98 | 0.96

T13 | 0.99 | 1.00 | 1.00 | 0.99 | 0.98 |'0.99 |/ 0.99-| 0.99 § 098 | 0.99 | 0.98 | 0.94 | 0.97 | 0.97 | 0.98 | 0.96

T14 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

T15 ] 1.00 | 0.99 | 0.99 | 1.00 | 0.99-| 0.99 | 0.99 | 0.99 § 0.99 | 0.98 | 0.96 | 0.96 | 0.98 | 0.98 | 0.98 | 0.96

P = Fine powder, SA = S. album, SS = S. spicatum,-SL-= S. lanceolatum, MF = M. fragrans, AS = A. silvestris,
TH =T. hoaensis, DD = D. decandra, T1-T15 = Chan-thet samples and nd = not determined.

Table 49 Similarity index between the IR spectra of the n-hexane extracts of
Chan-khao and authentic.samples.

Preprocessing methods

H Normalization Normalization and second derivative

SA SS SL MF | MG | AS | TH DD § SA SS SL ME | MG | AS TH DD

K1 0.59 | 0.69 | 0.71 | 0.51 | 0.45.| 0.55 |-0.58 | 0.50 § 0.21-| 0.32 | 0.39 | 042 | -0.43 | 0.37 | 0.56 | 0.39

K2 0.82 | 0.79 | 0.86.| 095 | 0.90|-0.94 |-0.99 | 0.95 § 0.49 | 0.58 |.0.71 | 0.83 | 0.87 | 0.79 | 0.98 | 0.82

K3 1085 081|087 | 095085 093|099 09494047 057|069 085 086|078 | 098|081

K4 0.80 | 0.78 | 0.85 | 0.95 | 0.89-| 0.96 |'0.98 | 0:93 4 0.42 | 0.52 |'0.64 | 0.91 | 091 | 0.83 | 0.98 | 0.72

K5 051 )| 064 | 0.63 | 0.39 | 0.30 | 045 | 0.46/| 041 §0.17 | 027 | 031 | 0.26 | 0.27 | 0.23 | 0.40 | 0.29

K6 0.80 | 0.78 | 0.85 | 0.97 | 0.88 | 0.96 | 0.98 | 0.93 § 0.41 | 0.48 | 0.61 | 0.92 | 0.90 | 0.83 | 0.97 | 0.71

K7 1080 | 077 0.84 |:0.93 |.0.90 | 0.94 | 098 | 094 § 045 | 0.56 | 0.69 | 0.80 [ 0.86. 0.79 | 0.98 | 0.84

K8 083082088094 | 088 095|099 | 0954047 | 059 (071 (083|089 | 080|099 | 082

K9 0.86 | 0.85 | 0.90 | 0.93 | 0.89 | 0.94.] 0.99 | 0.94 § 0.52 |-0.63 | 0.74 | 0.80 |0.86 | 0.77 | 0.97 | 0.83

K10 | 0.82 | 0.82 | 0.88 | 0.937] 0.91 | 093 | 0.98 | 091 § 0.44] 055 | 0.67 | 0.83 | 0.87 | 0.77 | 0.98 | 0.75

K11 | 0.81 | 0.78 | 0.86 | 0.95.| 0.87 | 0.94 | 0.97 |0.95 § 0.46 [ 0.55 | 0.68.| 0.86 | 0.88 | 0.81 | 0.98 | 0.78

K12 | 0.84 | 0.84 | 0.90 | 0.93 | 0.88.| 0.94 | 0.98 | 094 § 0.52"| 0.63 |-0.74 | 0.79 | 0.87 | 0.76 | 0.98 | 0.81

K13 | 0.85 | 0.84 | 0.86 | 0.85 | 0.87 | 0.85.0.93 | 0.82 § 0.55-| 0.62 | 0.69 | 0.74 | 0.85 | 0.68 | 0.92 | 0.75

K14 | 0.83 | 0.83 | 0.89 | 0.93 | 0.86 | 0.95 | 0.99 | 0.94 § 0.46 | 0.57 | 0.69 | 0.84 | 0.89 | 0.80 | 0.99 | 0.81

K15 | 085 | 0.85 | 0.90 | 0.93 | 0.85 | 0.95 | 0.99 | 0.94 § 0.46 | 0.57 | 0.69 | 0.86 | 0.90 | 0.80 | 0.99 | 0.77

K16 | 0.73 | 0.80 | 0.84 | 0.71 | 0.63 | 0.74 | 0.79 | 0.71 § 0.32 | 0.43 | 0.53 | 0.58 | 0.61 | 0.53 | 0.77 | 0.59

K17 | 0.82 | 0.80 | 0.87 | 0.95 | 0.88 | 0.94 | 0.99 | 0.95 § 0.47 | 0.56 | 0.68 | 0.81 | 0.85 | 0.74 | 0.98 | 0.84

K18 | 0.85 | 0.84 | 0.89 | 0.83 | 0.90 | 0.88 | 0.89 | 0.83 § 0.73 | 0.89 | 0.92 | 0.52 | 0.63 | 0.57 | 0.75 | 0.74

H = n-Hexane extract, SA = S. album, SS = S. spicatum, SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,
TH =T. hoaensis, DD = D. decandra and K1-K18 = Chan-khao samples.
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Table 50 Similarity index between the IR spectra of the dichloromethane extracts of

Chan-khao and authentic samples.

Preprocessing methods

D Normalization Normalization and second derivative

SA SS SL MF | MG | AS | TH DD § SA SS SL MF | MG | AS TH DD
K1 0.76 | 0.78 | 0.80 | 0.75 | 0.91 | 0.88 | 0.98 | 0.90 § 0.48 | 0.51 | 0.53 | 0.28 | 0.81 | 0.67 | 0.96 | 0.67
K2 0.74 | 0.77 | 0.79 | 0.73 | 0.89 | 0.87 | 0.98 | 0.92 § 0.51 | 0.53 | 0.57 | 0.29 | 0.79 | 0.70 | 0.97 | 0.72
K3 0.75 ] 0.77 | 0.80 | 0.71 | 0.86 | 0.88 | 0.96 | 0.94 § 0.51 | 0.54 | 0.59 | 0.30 | 0.76 | 0.72 | 0.94 | 0.76
K4 0.79 | 0.80 | 0.82 | 0.72 | 0.87 | 0.90 | 0.98 | 0.91 § 0.49 | 048 | 0.51 | 0.30 | 0.80 | 0.78 | 0.99 | 0.65
K5 0.78 | 0.76 | 0.77 | 0.67 | 0.89 | 0.93 | 0.94 | 0.85 § 054 | 0.51 | 0.54 | 0.28 | 0.74 | 0.78 | 0.95 | 0.71
K6 079 | 0.77 | 0.79 | 0.70 | 0.86 | 0.93 | 0.97 | 0.92 § 050 | 047 | 0.50 | 0.31 | 0.78 | 0.80 | 0.97 | 0.69
K7 0.77 | 081 | 0.81 | 0.76 | 0.92 | 0.88 | 0.99 | 0.88 § 0.47 | 0.52 | 0.53 | 0.27 | 0.82 | 0.72 | 0.98 | 0.67
K8 073 | 077 | 078 | 0.78 | 0.92 | 0.84 | 0.97 | 0.87 § 0.45 | 0.51 | 0.51 | 0.27 | 0.82 | 0.67 | 0.95 | 0.63
K9 0.73 | 0.79 | 0.80 | 0.74 | 0.88 | 0.83 | 0.96 |/0.92 § 0.52 | 0.58 | 0.62 | 0.27 | 0.76 | 0.63 | 0.93 | 0.77
K10 | 0.79 | 0.79 | 0.81 | 0.71 | 0.86 | 0.91 | 098] 0.91 § 0.53 | 0.54 | 0.57 | 0.27 | 0.76 | 0.76 | 0.98 | 0.71
K11 [ 0.72 | 0.69 | 0.73 | 0.68 | 0.79 | 0.85 | 0.92 [/0.96 § 049 | 0.49 | 0.57 | 0.28 | 0.66 | 0.66 | 0.87 | 0.81
K12 | 0.70 | 0.74 | 0.76 | 0.74 | 0.89 |{.0.82 | 0.96-] 0.91 § 049 | 0.55-|-0.58 | 0.25 | 0.76 | 0.59 | 0.92 | 0.73
K13 | 0.73 | 0.76 | 0.78 | 0.72 | 0.88 | 0.83 ['0.950.93 § 0.55 | 0.58 | 0.63 | 0.24 | 0.70 | 0.58 | 0.89 | 0.81
K14 | 082 | 0.84 | 0.85 | 0.73 | 0.87 |10.90 | 0.98-{ 0.90-§ 0.55 | 0.58 | 0.58 | 0.32 | 0.76 | 0.80 | 0.96 | 0.71
K15 | 0.77 | 0.82 | 0.83 | 0.75 | 0.91-| 0.88 | 0.98 | 0.87 § 0.45 | 0.48 | 049 | 0.31 | 0.80 | 0.74 | 0.95 | 0.61
K16 | 0.67 | 0.77 | 0.76 | 0.78 | 0.94| 0.76-| 0.94-| 0.80§ 0.37 | 0.46 | 0.45 | 0.23 | 0.77 | 0.49 | 0.86 | 0.52
K17 | 0.73 | 0.68 | 0.72 | 0.68 | 0.78 | 0.83 | 0.89+| 0.97 4 0.51 | 0.51 0.60 | 0.21.| 0.55 | 0.55 | 0.80 | 0.92
K18 | 0.81 | 0.85 | 0.85 | 0.66 | 0.91~| 0.90 { 0.94 | 0.82 ] 0.52 | 0.65 | 0.63 | 0.23 | 0.80 | 0.66 | 0.82 | 0.52

D = Dichloromethane extract, SA = S:-album,-SS = S. spicatum, SL = S. lanceolatum, MF=-M. fragrans, AS = A. silvestris,
TH =T. hoaensis, DD = D. decandra and K1-K18 = Chan-khao samples.

Table 51 Similarity index between the IR spectra of the-ethyl acetate extracts of

Chan-khao and authentic. samples.

Preprocessing methods

E Normalization Normalization and second derivative

SA SS SL MF MG AS TH DD SA SS SL MFE MG AS TH DD
K1 0.80 | 0.87 | 0.88 | 0.92 | 0.92-( 0.78 |.090 | 0.81 § 0.52 | 0.43 | 0.48 |°0.81 | 0.89 | 0.67 | 0.87 | 0.53
K2 0.78 | 0.88 | 0.88 | 0.74 | 0.93 |-0.87 | 0.71+| 0.94 § 0.48-| 0.49-| 0.56|.0.59 | 0.83 | 0.72 | 0.60 | 0.67
K3 0.77 | 0.85 | 085 | 0.72 | 0.89.[ 091 |'0.68 | 0.95 ) 0.50| 0.49 |'0.56 | 0.65 [ 0.83 | 0.79 | 0.61 | 0.66
K4 0.77 | 0.88 | 0.88 | .0.70 | 0.87 | 0.88.| 0.68/| 0.92 § 0.41L | 0.50|"0.56 | 0.33 | 0.65 | 0.68 | 0.32 | 0.66
K5 0.79 | 0.89 | 0.89 | 0.67 | 091 | 0.89 | 0.64 | 0.93 044 | 051 | 056 | 0.36 | 0.67 | 0.69 | 0.36 | 0.68
K6 0.76 | 0.88 | 0.87 | 0.67 | 0.89 | 0.90 |-0.64 | 093 § 0.41 | 046 | 0.52°| 044 | 0.71 { 0.70 | 0.39 | 0.61
K7 0.75 ] 0.84 | 0.82 | 0.58 | 0.85 | 0.92|-0.53"| 0.93 § 041 | 0.46 | 050 [ 045 | 073 | 0.75 | 0.40 | 0.58
K8 0.74 |1 087 | 0.85 | 0.59 | 0.87.| 0.89 | 0.53 | 0.91 § 0.47 | 060 | 0.63 | 0.34 | 0.68 | 0.67 | 0.29 | 0.67
K9 0.74 | 0.81 | 0.81 |.0.65/| 0.89 {.0.89 | 0.61 | 0.95 § 0.50| 0.512 | 0.58 | 0.59 | 0.83 | 0.72 | 0.58 | 0.67
K10 | 0.74 | 0.87 | 0.87 | 0.76.| 092 | 0.79 | 0.75 |.0.87 § 0.38 | 0.41 | 0.46 | 0.46 | 0.74 | 0.61 | 0.52 | 0.55
K11 | 0.74 | 0.84 | 0.84 | 0.64 | 0.88 | 0.88 [ 0.61 |0.96 § 0.43 | 0.53 | 062 | 0.37 | 0.65 | 0.66 | 0.33 | 0.73
K12 | 0.73 | 0.85 | 0.85 | 0.66 | 0.91 | 0.87 .| 0.63 | 0.94 § 0.44 | 051 | 058 | 0.43 | 0.74 | 0.67 | 0.43 | 0.67
K13 [ 0.79 | 0.82 | 0.84 | 0.86 | 0.91 | 0.80 | 0.86 | 0.86 | 0.56 | 0.47 | 0.53 | 0.80 | 0.87 | 0.65 | 0.84 | 0.60
K14 | 0.78 | 0.87 | 0.85 | 0.66 | 0.87 | 0.93 | 0.62 | 0.93 § 043 | 0.41 | 0.46 | 0.56 | 0.75 | 0.78 | 0.51 | 0.54
K15 | 0.81 | 0.89 | 0.89 | 0.77 | 0.94 | 0.90 | 0.74 | 0.92 § 0.49 | 0.46 | 0.52 | 0.68 | 0.85 | 0.76 | 0.68 | 0.59
K16 | 0.71 | 0.86 | 0.86 | 0.67 | 093 | 0.82 | 0.65 | 0.89 § 0.34 | 0.45 | 0.49 | 0.34 | 0.68 | 0.55 | 0.37 | 0.55
K17 | 075 | 0.77 | 0.79 | 095 | 0.82 | 0.69 | 0.95 | 0.74 § 0.52 | 0.37 | 0.42 | 0.89 | 0.83 | 0.58 | 0.94 | 0.47
K18 | 0.78 | 0.89 | 0.89 | 0.65 | 0.93 | 0.89 | 0.62 | 0.93 § 0.54 | 0.66 | 0.68 | 0.53 | 0.85 | 0.63 | 0.55 | 0.57

E = Ethyl acetate extract, SA = S. album, SS = S. spicatum, SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,
TH =T. hoaensis, DD = D. decandra and K1-K18 = Chan-khao samples.




216

Table 52 Similarity index between the IR spectra of the acetone extracts of
Chan-khao and authentic samples.
Preprocessing methods
A Normalization Normalization and second derivative
SA | SS SL | MF | MG | AS | TH | DD SA | SS | SL [ MF [ MG | AS | TH | DD
K1 0.78 | 0.86 | 0.88 | 0.85 | 0.87 | 0.85 | 0.98 | 0.92 § 045 | 046 | 0.53 | 048 | 0.73 | 0.70 | 0.93 | 0.61
K2 0.77 | 085 | 0.88 | 0.84 | 0.87 | 0.86 | 0.97 | 0.93 § 0.47 | 047 | 0.55 | 045 | 0.72 | 0.71 | 0.91 | 0.64
K3 1076|082 086|080 | 087|091 | 0880944048 | 052 | 061|042 |0.73|0.77 | 0.75 | 0.69
K4 0.83 | 0.88 | 0.89 | 0.77 | 0.85 | 0.93 | 0.88 | 0.94 § 0.49 | 049 | 0.56 | 0.43 | 0.73 | 0.82 | 0.75 | 0.61
K6 (1077|085 | 087|085 091|089 | 097 |091§034]|032]039]| 052081070095 051
K6 081 | 087|089 ] 081|087 |091]093|094)4048 | 048 | 055|048 | 0.73|0.80 ) 0.84 | 0.62
K7 1080|087 | 090 085|090 090|089 090f047 | 051|054 ]|038]0.79|0.72]|0.72 | 0.60
K8 1079|087 | 090|087 |092]088| 090 | 090§044 | 048 | 053 | 0.39 | 0.81 | 0.68 | 0.78 | 0.62
K9 0.77 | 0.84 | 0.88 | 0.78 | 0.85 | 0.89 | 0.84 |'0.94 § 051 | 0.57 | 0.65 | 0.36 | 0.69 | 0.72 | 0.66 | 0.73
K10 | 0.75 | 0.84 | 0.87 | 0.85 | 0.87 | 0.82 | 0.99/| 0.90 § 0.42 | 043 | 050 | 0.47 | 0.69 | 0.64 | 0.96 | 0.58
K11 | 0.78 | 0.84 | 0.87 | 0.82 | 0.89 | 0.92 | 0.92 | 0.91 § 043 | 042 | 049 | 045 | 0.78 | 0.79 | 0.86 | 0.58
K12 | 0.77 | 0.84 | 0.88 | 0.86 | 0.91 [.0.90 | 0.94] 091§ 043 | 0.44-|°051 | 047 | 0.77 | 0.75 ] 0.90 | 0.59
K13 | 0.75 | 0.83 | 0.87 | 0.85 | 0.89 [ 0.86 | 0.96-| 0.92 § 0.48 | 0.50 | 0.58 | 0.44 | 0.70 | 0.67 | 0.90 | 0.68
K14 | 0.80 | 0.88 | 0.90 | 0.83 | 0.89 [0.92/| 0.90-| 0.93-§ 0.44 | 047 | 051 | 042 | 0.76 | 0.77 | 0.66 | 0.54
K15 | 0.80 | 0.88 | 0.90 | 0.85 | 0.89-| 0.90 | 0.94 | 0.93 § 046 | 0.49 | 0.54 | 045 | 0.76 | 0.78 | 0.75 | 0.57
K16 | 0.70 | 0.80 | 0.83 | 0.85 | 0.86| 0.78-{ 0.99-| 0.88 § 0.29-| 0.29 | 0.36 | 0.50 | 0.72 | 0.54 | 0.99 | 0.47
K17 | 0.74 | 0.83 | 0.87 | 0.82 | 0.84 | 0.82 | 0.97+| 0.94 § 0.44 | 046 054 | 048 | 0.67 | 0.63 | 0.94 | 0.68
K18 | 0.84 | 0.91 | 0.92 | 0.80 | 0.90-| 0.92 | 0.89°| 0.91 § 0:66 | 0.79 | 0.77 | 0.38 | 0.67 | 0.68 | 0.64 | 0.58
A = Acetone extract, SA = S. album,-SS =-S. spicatum, SL = S. lanceolatum, MF =M. fragrans, AS = A. silvestris,

TH =T. hoaensis, DD = D. decandra and K1-K18 = Chan-khao samples.

Table 53 Similarity index between the IR spectra of the-methanol extracts of

Chan-khao and authentic. samples.

Preprocessing methods

M Normalization Normalization and second derivative

SA SS SL MF | MG AS TH DD SA SS SL MFE MG AS TH DD
K1 0.71 | 0.80 | 0.87. | 0.84 | 0.76(.0.91 |-0.73| 0.93 § 0.42 | 0.45 | 055 [~0.43 | 0.61 | 0.62 | 0.92 | 0.74
K2 | 0.74] 0.80 | 0.86 | 0:80 | 0.75 [-0.90 | 0.70{.0.95 § 0.46| 0.45 | 0.54 | 041 | 0.63 | 0.67 | 0.88 | 0.77
K3 | 078 | 0821086 | 0.79 | 0.72.| 0.86 | 0.56 | 0.97 § 0.52|.0.51| 0.56 | 0.31 | 0.64 | 0.68 | 0.64 | 0.86
K4 | 0.70 | 0.80.| 0.88 | 0.85 | 0.76 | 0.90 | 0.75 | 0.90 § 0.39]-0.43 | 054 /| 0.42 | 0.60 | 0.62 | 0.94 | 0.70
K5 | 079 | 083|087 | 081|077 |091|0.63|0.96f053]| 049 | 056 | 040 | 0.61 | 073 | 072 | 0.77
K6 | 072 ] 081 | 088 | 0.84 [.0.75 ] 0.90 |-0.70 | 0.93 § 0.38 | 0.40 | 0.51| 0.45 | 0.61 | 0.64 | 0.90 | 0.69
K7 074|085 [0.89 | 080 | 0.62 | 0.83 {-0.57| 0.94 § 046 | 048 | 051 |-0.29 | 0.66 | 0.59 | 0.63 | 0.80
K8 | 0.78 | 0.86 | 0.90 | 0.78 | 0.64 | 0.84 | 0.55 | 0.97 § 0.50 | 051 | 0.54 | 0.30 |-0.62 | 0.62 | 0.58 | 0.82
K9 | 0.66 | 0.77 | 0.86 | 0.76 | 0.66 | 0.86 | 0.74 | 0.92 § 0.45-| 0.47 | 053 | 0.30 | 0.59 | 0.56 | 0.68 | 0.83
K10 | 0.73 | 0.82 | 0.88 | 0.80.| 0.70 | 0.89 | 0.70-| 0.95 § 046 | 0.47 | 0.57 | 043 | 0.59 | 0.68 | 0.88 | 0.75
K11 | 0.73 | 0.80 | 0.87 | 0.82 | 0.74 | 0.90 | 0.71 | 0.94 § 041 | 0.44 | 054 | 0.42 | 0.60 | 0.65 | 0.90 | 0.72
K12 | 075 | 081 | 0.87 | 0.84 | 0.79 | 091 0.65 | 0.95 § 0.46 [-045 | 055 | 041 | 0.68 | 0.69 | 0.83 | 0.78
K13 | 0.77 | 0.81 | 0.86 | 0.82 | 0.78 | 0.89 | 0.64 | 0.95 § 0.53 | 0.51 | 0.57 | 0.35 | 0.61 | 0.63 | 0.76 | 0.82
K14 | 071 | 081 | 0.86 | 0.76 | 0.57 | 0.80 | 0.60 | 0.92 § 0.38 | 0.39 | 043 | 0.27 | 0.52 | 0.53 | 0.48 | 0.68
K15 | 0.71 | 0.83 | 0.90 | 0.82 | 0.68 | 0.87 | 0.67 | 0.93 § 0.43 | 048 | 0.55 | 0.35 | 0.61 | 0.63 | 0.73 | 0.81
K16 | 0.72 | 0.80 | 0.87 | 0.86 | 0.77 | 0.90 | 0.68 | 0.93 § 041 | 0.45 | 055 | 0.44 | 0.64 | 0.65 | 0.90 | 0.73
K17 | 0.74 | 0.81 | 0.87 | 0.80 | 0.71 | 0.87 | 0.65 | 0.96 § 0.44 | 0.42 | 052 | 044 | 0.62 | 0.65 | 0.87 | 0.79
K18 | 0.79 | 0.83 | 0.86 | 0.82 | 0.83 | 0.91 | 0.60 | 0.93 § 0.54 | 0.63 | 0.66 | 0.37 | 0.74 | 0.71 | 0.63 | 0.72

M = Methanol extract, SA = S. album, SS = S. spicatum, SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,
TH =T. hoaensis, DD = D. decandra and K1-K18 = Chan-khao samples.




Table 54
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Similarity index between the IR spectra of the water extracts of Chan-khao

and authentic samples.

Preprocessing methods

W Normalization Normalization and second derivative

SA SS SL MF | MG | AS TH DD SA SS SL MF | MG | AS TH DD
K1 | 064 | 0.96 | 0.96 | 0.85 | 0.45 | 0.97 | 0.96 | 0.90 0.06 | 0.50 | 0.56 | 0.35 | 0.07 | 0.76 | 0.76 | 0.58
K2 | 049 | 0.90 | 0.90 | 0.89 | 0.29 | 0.96 | 0.96 | 0.90 0.07 | 0.45 | 0.80 | 0.27 | 0.11 | 0.55 | 0.55 | 0.47
K3 | 077 | 097 | 0.97 | 0.85 | 0.58 | 0.93 | 0.92 | 0.91 0.08 | 0.60 | 0.37 | 0.62 | 0.10 | 0.80 | 0.80 | 0.65
K4 | 058 | 0.95 | 0.94 | 0.89 | 0.39 | 0.98 | 0.98 | 0.92 0.05 | 051 | 058 | 0.32 | 0.14 | 0.79 | 0.79 | 0.55
K5 | 068 | 0.97 | 0.97 | 0.86 | 0.50 | 0.97 | 0.96 | 0.89 0.08 | 0.47 | 0.35 | 0.38 | 0.15 | 0.93 | 0.93 | 0.61
K6 | 0.65 | 0.96 | 0.95 | 0.87 | 0.45 | 0.98 | 0.97 | 0.92 0.01 | 041 | 0.26 | 0.34 | 0.07 | 0.93 | 0.93 | 0.59
K7 | 077 | 098 | 0.97 | 0.83 | 0.60 | 0.91 | 0.91 | 0.91 0.04 | 057 | 0.30 | 0.64 | 0.07 | 0.66 | 0.66 | 0.62
K8 | 081 ] 0.97 | 097 | 0.79 | 0.63 | 0.88 | 0.88 | 0.90 0.10 | 0.57 | 0.37 | 0.67 | 0.06 | 0.64 | 0.64 | 0.67
K9 | 077 | 098 | 0.97 | 0.85 | 0.58 | 0.92 | 0.91 | 0.92 0.07 | 0.61 | 0.36 | 0.63 | 0.06 | 0.67 | 0.67 | 0.61
K10 | 0.60 | 0.96 | 0.95 | 0.87 | 0.40 | 0.98 | 0.98 | 0.91 0.05 | 0.52 | 052 | 0.37 | 0.13 | 0.86 | 0.86 | 0.59
K11 | 052 | 091 | 091 | 0.88 | 0.32 | 0.96 | 0.96 | 0.91 0.03 | 043 | 0.71 | 0.30 | 0.05 | 0.59 | 0.59 | 0.51
K12 | 052 | 0.92 | 091 | 0.87 | 0.31 | 0.98 | 0.98 [ 0.86 §} -0.02 | 0.45-|°0.26 | 0.31 | 0.07 | 0.96 | 0.96 | 0.54
K13 | 0.54 | 093 | 0.92 | 0.87 | 0.33 | 0.98 | 0.98 | 0.87 0.02 | 049 | 036 | 0.27 | 0.11 | 0.94 | 0.94 | 0.55
K14 | 0.79 | 0.96 | 0.96 | 0.82 | 0.63 | 0.89 | 0.89 | 0.91 0.05 | 0.53 1 0.32 | 0.65 | 0.07 | 0.65 | 0.65 | 0.54
K15 | 0.78 | 0.97 | 0.97 | 0.81 | 0.61 |-0.91 | 0.90 | 0.88 0.04 | 053 | 0.34 | 0.63 | 0.08 | 0.67 | 0.67 | 0.55
K16 | 0.62 | 0.95 | 0.95 | 0.85 | 0.42 | 0.97 |-0.96 |.0:86 0.02+4 0.45 | 0.30 | 0.33 | 0.10 | 0.95 | 0.95 | 0.56
K17 | 0.66 | 0.96 | 0.96 | 0.89 | 0.47 | 0.97 | 0.97 -0.91 0.07 | 0.51 0.35 | 0.35-( 0.14 | 0.92 | 0.92 | 0.61
K18 | 0.75 | 0.99 | 0.98 | 0.82 | 0.574.0.91 | 0.91 | 0.92 0.15'] 057 {.0.70 | 0.44 | 0.18 | 0.43 | 0.43 | 0.56

W = Water extract, SA = S. album, SS.= S. spicatum,”SL = S.-lanceolatum, MF = M. fragrans, AS = A. silvestris, TH = T.
hoaensis, DD = D. decandra and K1-K18= Chan-khao samples.

Table 55 Similarity index between the IR spectra of the-fine powders of Chan-khao

and authentic samples.

Preprocessing methods

P Normalization Normalization and second derivative

SA SS SL MF MG AS TH DD SA SS SL MFE MG AS TH DD
K1 099 | 1.00 | 1.00 | 0.99 | 0.98|.0.99 |-0.99 | 0.99 § 0.98 | 0.98 | 0.97 |"0.95 | 0.97 | 0.97 | 0.99 | 0.95
K2 0.98 | 0.99 | 0.99 [ 0.98 | 0.98 |-0.98 | 1.00+| 0.99-§ 0.98| 0.97 | 0.96| 0.94 | 0.97 | 0.96 | 0.99 | 0.94
K3 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
K4 0.99 | 0.99 | 0.99 | 0.99 | 0.98 | 0.98. | 0.99 | 0.98 § 0.98 | 0.97 1 0.95 | 0.94 | 0.97 | 0.97 | 1.00 | 0.94
K5 0.99 1 099 | 0.99 | 1.00 | 0.99 | 1.00 | 0.99 | 0.99 099 | 098 [ 0.96 | 0.95 | 0.98 | 0.98 | 0.99 | 0.95
K6 099 | 1.00 | 1.00 |.0.99 | 0.98 1 0.99 {-0.99 | 0.99 §0.98 | 0.98 | 0.97] 0.95 | 0.97 { 0.97 | 0.99 | 0.95
K7 0.99 1 099 [ 099 {099 | 099 | 0.991-0.99 ] 0.99 096 | 0.98 {0.97 |-0.94 | 097 | 0.96 | 0.97 | 0.97
K8 0.98 | 0.96 | 0.97 | 098 | 0.99.| 0.99 | 0.97 | 0.98 § 0.96 | 097 | 0.96 | 0.93 | 0.97 | 0.96 | 0.96 | 0.98
K9 0.96 | 0.96 | 0.97 [.0.98/] 0.99 {.0.98 | 0.97 | 0.99 § 0.94 ] 0.97 | 0.96 | 0.91 | 0.95 | 0.96 | 0.94 | 0.99
K10 | 0.99 | 0.99 | 0.99 | 0.99 | 098 | 0.98 | 0.99 |.0.98 § 0.98 | 0.97 | 0.96 {0.95 | 0.97 | 0.97 | 0.99 | 0.94
K11 | 0.99 | 0.99 | 1.00 | 0.99 | 0:99 | 0.99 | 1.00 | 0.99 § 0.98 | 0.98 | 096 | 0.95 | 0.97 | 0.97 | 0.99 | 0.95
K12 | 0.99 | 0.99 | 0.99 | 099 | 098 | 0.99. | 1.00 | 0.99 § 0.98 {097 | 0.95 | 0.95 | 0.97 | 0.97 | 1.00 | 0.94
K13 [ 0.98 | 0.99 | 099 | 0.98 | 0.97 | 0.98 | 0.99 | 0.97 § 0.97 | 0.97 | 0.96 | 0.93 | 0.96 | 0.95 | 1.00 | 0.93
K14 | 0.99 | 0.98 | 098 | 0.99 | 1.00 | 1.00 | 0.98 | 0.99 § 0.97 | 0.98 | 0.97 | 0.93 | 0.97 | 0.97 | 0.96 | 0.98
K15 [ 0.99 | 0.99 | 0.99 | 099 | 099 | 0.99 | 0.99 | 0.99 § 0.97 | 0.98 | 0.97 | 0.95 | 0.97 | 0.97 | 0.97 | 0.98
K16 | 0.99 | 0.99 | 099 | 0.99 | 0.98 | 0.99 | 1.00 | 0.99 § 0.98 | 0.97 | 0.96 | 0.94 | 0.97 | 0.97 | 0.99 | 0.94
K17 | 0.99 | 0.99 | 0.99 | 0.99 | 098 | 0.99 | 1.00 | 0.98 § 0.98 | 0.97 | 0.96 | 0.94 | 0.97 | 0.97 | 1.00 | 0.94
K18 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

P = Fine powder extract, SA = S. album, SS = S. spicatum, SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,

TH =T. hoaensis, DD = D. decandra, K1-K18 = Chan-khao samples and nd = not determined.




Table 56 Similarity index between the IR spectra of the n-hexane extracts of

Chan-chamot and authentic samples.
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Preprocessing methods
H Normalization Normalization and second derivative

SA SS SL MF | MG | AS | TH DD SA SS SL MF | MG AS TH DD
M1 | 028 | 043 | 041 | 0.13 | 0.04 | 0.18 | 0.19 | 0.13 0.02 | 0.10 | 0.11 | 0.05 | 0.04 0.01 | 0.14 | 0.06
M2 | 058 | 0.70 | 0.70 | 0.46 | 0.40 | 0.51 | 0.54 | 0.45 0.22 | 0.34 | 0.38 | 0.29 | 0.33 0.25 | 0.45 | 0.32
M3 | 057 | 066 | 0.68 | 0.52 | 0.51 | 0.56 | 0.57 | 0.50 024 | 035 | 0.35 | 0.12 | 0.13 0.12 | 0.28 | 0.26
M4 | 071 071|076 | 0.79 | 0.97 | 0.80 | 0.86 | 0.74 0.43 | 053 | 0.63 | 0.76 | 0.92 0.74 | 091 | 0.70
M5 | 0.81] 082|087 | 090 | 091 | 091 | 0.93 | 0.84 0.43 | 054 | 058 | 0.65 | 0.72 0.58 | 0.73 | 0.53
M6 | 0.85 | 0.88 | 0.92 | 0.88 | 0.87 | 0.92 | 0.95 | 0.89 0.50 | 0.59 | 0.68 | 0.73 | 0.89 0.72 | 091 | 0.68
M7 [ 078 | 0.79 | 0.85 | 0.85 | 0.94 | 0.90 | 0.91 | 0.82 0.39 | 0.52 | 0.60 | 0.67 | 0.78 0.65 | 0.81 | 0.63
M8 | 058 | 053 | 0.61 | 0.78 | 0.78 | 0.76 | 0.72 | 0.65 0.09 | 0.18 | 0.16 | 0.31 | 0.21 0.20 | 0.20 | 0.06
M9 | 0.71 | 068 | 0.75 | 0.83 | 0.95 | 0.83 | 0.85 | 0.75 0.34 | 0.44 | 0.48 | 0.52 | 0.60 0.47 | 0.60 | 0.45
M10 | 0.80 | 0.77 | 0.84 | 0.93 | 0.90 | 0.94 | 0.98 | 0.94 0.45 | 0.56 | 0.69 | 0.80 | 0.86 0.79 | 0.98 | 0.84
M11 | 0.72 | 0.72 | 0.78 | 0.82 | 0.93 | 0.85 | 0.85 0.75 0.25 | 0.34 | 0.37 | 043 | 0.48 0.36 | 0.49 | 0.36
M12 | 0.27 | 0.42 | 040 | 0.11 | 0.02 { 0.7 | 0.17 | 0.11 -0.01 | 0.08 {-0.09 | 0.00 | 0.00 -0.03 | 0.10 | 0.03
M13 | 0.70 | 0.68 | 0.75 | 0.84 | 0.84 | 0.85 | 0.82/-0.75 0.15 | 0.24 | 0.23 | 0.34 | 0.30 0.24 | 0.30 | 0.16
M14 | 0.72 | 0.74 | 0.79 | 0.76 | 0.94 | 0.79 | 0.84 | 0.72 041 | 053 | 0.62 | 0.67 | 0.81 0.64 | 0.85 | 0.65
M15 | 0.32 | 0.46 | 0.44 | 0.15 | 0.05/|-0.21 | 0.22| 0.16 0.02 | 0.10 | 0.11 | 0.04 | 0.03 0.00 | 0.14 | 0.07
M16 | 0.41 | 053 | 0.52 | 0.27 | 0.17 | 0.30 |-0:32 |-0.25 0.091.018 | 018 | 0.12 | 0.11 0.07 | 0.22 | 0.12
M17 | 0.33 | 0.48 | 0.46 | 0.18 | 0.10 | 0.24 | 0.25 |-0.19 0.04 |,0.13 | 0.15 |.0.07-| 0.08 0.03 | 0.18 | 0.10

H = n-Hexane extract, SA = S. album, SS = S. spicatum, SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,

TH =T. hoaensis, DD = D. decandra and M1-M17 = Chan-chamot samples.

Table 57 Similarity index between the IR spectra of the dichloromethane extracts of

Chan-chamot and-authentic.samples.

Preprocessing methods
D Normalization Normalization and.second derivative

SA SS SL MF | MG AS TH DD SA SS SL MF | MG AS TH DD
M1 | 074 | 0.87 | 0.84 | 0.70 | 0:.94 | 0.77 | 0.91 | 0.71-§ 0.49| 0.55 | 0.55 |~0.21 | 0.82 | 0.65 | 0.91 | 0.58
M2 | 062 | 0.75 | 0.73.| 0.70 | 0.96-| 0.67 |'0.83 | 0.65-§ 029 | 0.43 |'040 | 0.12 | 0.63 | 0.37 | 0.60 | 0.39
M3 | 063 | 0.73 | 0.71 | .0.68 | 0.96 | 0.74.| 0.84 | 0.66 § 0.28 | 0.38 | 0.37 | 0.11 | 0.67 | 0.37 | 0.57 | 0.26
M4 | 059 | 070 | 069 | 0.73 | 0.99 | 0.74 | 0.85 | 0.68 § 0.09 | 0.11 [ 0.09 | 0.27 | 0.94 | 055 | 0.66 | 0.21
M5 | 059 | 0.70 | 0.69 | 0.71 |.0.99 | 0.74 | 0.86 | 0.69 § 0.13 | 0.16 | 0.14 | 0.25 | 0.94| 0.59 | 0.69 | 0.27
M6 | 056 | 0.74 | 0.71 | 0.72 | 0.95. | 0.61 | 0.81 | 0.62 § 0.31 | 0.42 {040 { 0.19 | 0.75 | 0.38 | 0.65 | 0.38
M7 | 061 | 072 | 074 | 0.71 | 0.99 | 0.74.| 0.86 | 0.69 § 0.12 (-0.19 | 0.16 | 0.22 |10.93 | 0.50 | 0.66 | 0.23
M8 | 067 | 0.73 | 0.73 |0.69| 0.96 | 0.83 | 0.89 | 0.75 § 0.13| 0.18 | 0.15 | 0.13 | 0.75 | 0.44 | 0.56 | 0.14
M9 | 060 | 0.70 | 0.69 | 0.70. 0.99 | 0.75 | 0.84 |0.68 § 0.10 [ 0.15 [ 0.14 | 0.22 | 0.92 | 0.52 | 0.65 | 0.21
M10 | 0.67 | 0.78 | 0.77 | 0.71 | 0.98 | 0.80 | 0.90 | 0.73 § 0.20'| 0.28 |-0.25 | 0.22 | 0.93 | 0.59 | 0.75 | 0.29
M11 | 057 | 0.67 | 0.66 | 0.70 | 0.98 | 0.74-|.0.83 | 0.66 } 0.050.08 | 0.06 | 0.22 | 0.89 | 0.52 | 0.59 | 0.11
M12 | 0.63 | 0.71 | 0.70 | 0.69 | 098 | 0.79 | 0.87 | 0.71 § 0.14 | 0.21 | 0.19 | 0.17 | 0.89 | 0.49 | 0.66 | 0.24
M13 | 0.58 | 0.68 | 0.66 | 0.70 | 0.96 | 0.75 | 0.85 | 0.67 § 0.10 | 0.18 | 0.13 | 0.23 | 0.85 | 0.49 | 0.61 | 0.14
M14 | 058 | 0.69 | 0.67 | 0.72 | 0.99 | 0.73 | 0.84 | 0.66 §J 0.08 | 0.12 | 0.10 | 0.26 | 0.94 | 0.57 | 0.66 | 0.19
M15 | 0.71 | 0.82 | 0.81 | 0.72 | 0.95 | 0.80 | 0.91 | 0.74 § 0.26 | 0.33 | 0.30 | 0.17 | 0.78 | 0.50 | 0.68 | 0.26
M16 | 0.63 | 0.75 | 0.73 | 0.71 | 096 | 0.72 | 0.86 | 0.67 § 0.27 | 0.38 | 0.34 | 0.16 | 0.70 | 0.38 | 0.61 | 0.29
M17 | 0.70 | 0.80 | 0.79 | 0.72 | 097 | 0.81 | 0.92 | 0.75 § 0.22 | 0.29 | 0.27 | 0.19 | 0.88 | 0.57 | 0.75 | 0.29

D = Dichloromethane extract, SA = S. album, SS = S. spicatum, SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,

TH =T. hoaensis, DD = D. decandra and M1-M17 = Chan-chamot samples.




Table 58 Similarity index between the IR spectra of the ethyl acetate extracts of

Chan-chamot and authentic samples.
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Preprocessing methods

E Normalization Normalization and second derivative

SA SS SL MF | MG | AS | TH DD § SA SS SL MF | MG | AS TH DD
M1 | 072 | 083 | 0.84 | 0.84 | 098 | 0.73 | 0.82 | 0.77 § 0.39 | 0.29 | 0.32 | 0.80 | 0.94 | 0.61 | 0.84 | 0.34
M2 | 064 | 0.72 | 0.73 | 0.67 | 0.96 | 0.70 | 0.65 | 0.75 § 0.40 | 0.39 | 0.41 | 0.71 | 0.92 | 0.56 | 0.75 | 0.43
M3 | 063 | 0.77 | 0.78 | 0.69 | 0.97 | 0.69 | 0.68 | 0.76 § 0.36 | 0.36 | 0.37 | 0.62 | 0.85 | 0.49 | 0.68 | 0.34
M4 | 058 | 0.77 | 0.76 | 055 | 0.95 | 0.75 | 0.51 | 0.81 § 0.29 | 0.36 | 0.37 | 0.45 | 0.87 | 0.60 | 0.44 | 0.37
M5 | 056 | 0.75 | 0.74 | 053 | 0.94 | 0.73 | 0.50 | 0.78 § 0.19 | 0.24 | 0.27 | 0.41 | 0.83 | 0.60 | 0.39 | 0.34
M6 | 051 | 057 | 058 | 048 | 0.86 | 0.62 | 0.47 | 0.67 § 0.33 | 0.31 | 0.35 | 0.61 | 0.90 | 0.56 | 0.65 | 0.39
M7 | 055|073 | 072 | 046 | 0.92 | 0.76 | 042 | 0.81 § 0.16 | 0.24 | 0.28 | 0.32 | 0.78 | 0.55 | 0.30 | 0.35
M8 | 070 | 0.82 | 0.81 | 0.68 | 0.97 | 0.84 | 0.65 | 0.87 § 0.32 | 0.28 | 0.30 | 0.65 | 0.89 | 0.56 | 0.69 | 0.34
M9 | 052 | 0.70 | 0.69 | 044 | 090 | 0.74 | 0.39 [/0.78 § 0.11 | 0.15 | 0.20 | 0.34 | 0.75 | 0.60 | 0.31 | 0.28
M10 | 0.64 | 0.81 | 0.80 | 0.59 | 0.96 | 0.79 | 0.56| 0.83 § 0.22 | 0.29 | 0.32 | 0.44 | 0.85 | 0.63 | 0.42 | 0.35
M11 | 051 | 0.70 | 0.69 | 043 | 090 | 0.71 | 0.39 | /0.75 § 0.13 | 0.17 | 0.20 | 0.34 | 0.77 | 0.57 | 0.32 | 0.28
M12 | 054 | 0.72 | 0.71 | 0.46 | 0.91 |.0.74 | 0.42-] 0.79§ 0.17 | 0.27-1-0.29 | 0.32 | 0.79 | 0.54 | 0.29 | 0.33
M13 | 0.60 | 0.76 | 0.76 | 0.55 | 0.95 | 0.75 ['0.51- 0.80 § 0.21 | 0.31 | 0.32 | 0.44 | 0.84 | 0.50 | 0.43 | 0.30
M14 | 059 | 0.76 | 0.75 | 0.54 | 0.94 |0.78 | 0.49.| 0.83-§ 0.26 | 0.35 | 0.34 | 0.45 | 0.86 | 0.56 | 0.43 | 0.30
M15 | 0.73 | 0.80 | 0.81 | 0.85 | 0.96-| 0.73 | 0.84 | 0.76 § 0.39 | 0.25 | 0.27 | 0.84 | 0.87 | 0.51 | 0.90 | 0.28
M16 | 0.65 | 0.81 | 0.80 | 0.65 | 0.98| 0.78-| 0.62-| 0.82§ 0.25+ 0.27 | 0.30 | 0.59 | 0.91 | 0.59 | 0.60 | 0.33
M17 | 0.74 | 0.85 | 0.85 | 0.77 |0.98 | 0.79 | 0.74+| 0.82. 4 0.39 | 0.33| 0.36 | 0.77-| 0.93 | 0.56 | 0.82 | 0.38

E = Ethyl acetate extract, SA = S. album;SS = S. spicatum, SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,

TH =T. hoaensis, DD = D. decandra and M1-M17 = Chan-chamot samples.

Table 59 Similarity index between the IR spectra of the acetone extracts of

Chan-chamot and-authentic.samples.

Preprocessing methods

A Normalization Normalization and.second derivative

SA SS SL MF MG AS TH DD SA SS SL MF MG AS TH DD
M1 | 067 | 0.77 | 0.80 | 0.87 | 0.98 | 0.85 | 0.85 | 0.80-§ 0.18| 0.20 | 0.23 |{-0.33 | 0.91 | 0.50 | 0.68 | 0.30
M2 | 056 | 069 | 0.73. | 0.89 | 0.97-[ 0.76 |'0.85 | 0.71-§ 035 | 0.38 | 041 | 0.39 | 0.90 | 0.54 | 0.76 | 0.45
M3 | 059 | 070 | 0.73 | .0.87 | 0.99 | 0.82.| 0.84 | 0.73 § 0.18 | 0.17 | 0.23 | 0.39 | 0.95 | 0.57 | 0.74 | 0.32
M4 | 058 | 069 | 0.72 | 0.88 | 0.99 | 0.82 | 0.83 | 0.71 § 0.25 | 0.23 | 0.28 | 0.43 | 0.97 | 0.62 | 0.75 | 0.40
M5 | 060 | 0.71 | 0.74 | 0.87 |.0.99 | 0.83 | 0.81 | 0.73 § 0.21 | 0.23 | 0.27 | 0.43 | 0.96| 0.55 | 0.73 | 0.35
M6 | 052 | 0.65 | 0.70 |/ 0.88 | 0.95. | 0.71 | 0.82 | 0.67 § 0.40 | 0.47 {048 | 0.37 | 0.80 | 0.46 | 0.68 | 0.44
M7 | 062 | 0.72 | 0.76 | 0.88 | 0.99 | 0.83.| 0.83 | 0.75 § 0.19. (-0.19 | 0.24 | 0.42 |0.96 | 0.55 | 0.74 | 0.33
M8 | 068 | 0.77 | 0.80 [0.86| 0.98 | 0.86 | 0.83 | 0.79 § 0.26 | 0.31 | 0.32 | 0.32 | 0.82 | 0.42 | 0.67 | 0.39
M9 | 061 | 0.72 | 0.75 | 0.88.[ 0.99 | 0.84 | 0.84 |-0.74 § 0.15 [ 0.13 [ 0.19 {041 | 0.97 | 0.60 | 0.70 | 0.28
M10 | 0.69 | 0.81 | 0.82 | 0.84 | 0.86.| 0.68 | 0.88 | 0.74 § 0.33'| 0.37 |-0.39 | 0.38 | 0.86 | 0.46 | 0.71 | 0.41
M11 | 059 | 0.69 | 0.72 | 0.87 | 0.99 | 0.81+(.0.83 | 0.71 § 0.14{0.12 | 0.18 | 0.41 | 0.96 | 0.58 | 0.71 | 0.27
M12 | 055 | 0.67 | 0.71 | 0.88 | 0.98 | 0.79 | 0.83 | 0.70 § 0.33 | 0.36 | 0.38 | 0.39 | 0.92 | 0.55 | 0.73 | 0.43
M13 | 0.61 | 0.72 | 0.75 | 0.87 | 0.99 | 0.81 | 0.86 | 0.74 § 0.19 | 0.20 | 0.23 | 0.38 | 0.95 | 0.53 | 0.70 | 0.28
M14 | 061 | 0.72 | 0.75 | 0.88 | 1.00 | 0.82 | 0.84 | 0.73 § 0.17 | 0.17 | 0.22 | 0.43 | 0.99 | 0.59 | 0.73 | 0.31
M15 | 0.68 | 0.77 | 0.80 | 0.86 | 0.99 | 0.87 | 0.86 | 0.79 § 0.21 | 0.22 | 0.26 | 0.38 | 0.95 | 0.58 | 0.73 | 0.33
M16 | 0.62 | 0.73 | 0.76 | 0.87 | 0.99 | 0.84 | 0.86 | 0.76 § 0.20 | 0.20 | 0.24 | 0.40 | 0.96 | 0.57 | 0.71 | 0.31
M17 | 0.68 | 0.78 | 0.81 | 0.89 | 0.99 | 0.84 | 0.89 | 0.81 § 0.24 | 0.25 | 0.30 | 0.38 | 0.96 | 0.59 | 0.77 | 0.41

A = Acetone extract, SA = S. album, SS = S. spicatum, SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,

TH =T. hoaensis, DD = D. decandra and M1-M17 = Chan-chamot samples.
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Table 60 Similarity index between the IR spectra of the methanol extracts of

Chan-chamot and authentic samples.

Preprocessing methods

M Normalization Normalization and second derivative

SA SS SL MF | MG | AS | TH DD § SA SS SL MF | MG | AS TH DD
M1 | 062 | 067 | 0.73 | 0.84 | 096 | 094 | 0.71 | 0.82 § 0.29 | 0.31 | 0.36 | 0.34 | 0.87 | 0.58 | 0.56 | 0.64
M2 | 067 | 0.71 | 0.74 | 0.83 | 093 | 0.89 | 0.57 | 0.85 § 0.26 | 0.29 | 0.34 | 0.32 | 0.86 | 0.56 | 0.53 | 0.61
M3 | 064 | 068 | 0.72 | 0.83 | 0.95 | 0.89 | 0.58 | 0.80 § 0.21 | 0.25 | 0.30 | 0.28 | 0.83 | 0.51 | 0.47 | 0.52
M4 | 037 | 0.38 | 0.46 | 0.65 | 0.94 | 0.83 | 0.79 | 0.55 § 0.11 | 0.08 | 0.16 | 0.35 | 0.94 | 0.47 | 0.53 | 0.50
M5 | 030 | 032|043 | 058 | 0.88 | 0.81 | 0.87 | 0.49 § 0.23 | 0.23 | 0.30 | 0.33 | 0.83 | 0.49 | 0.60 | 0.50
M6 | 063 | 068 | 0.73 | 0.84 | 095 | 0.90 | 0.59 | 0.81 § 0.19 | 0.22 | 0.28 | 0.34 | 0.89 | 0.54 | 0.50 | 0.54
M7 | 064 | 069 | 0.73 | 0.85 | 0.93 | 0.90 | 0.58 | 0.83 § 0.22 | 0.23 | 0.29 | 0.35 | 0.89 | 0.57 | 0.51 | 0.58
M8 | 053 | 053 | 058 | 071 | 0.96 | 0.88 | 0.69 | 0.72 § 0.22 | 0.21 | 0.28 | 0.33 | 0.85 | 0.55 | 0.55 | 0.61
M9 | 059 | 065 | 0.70 | 0.84 | 0.96 | 0.89 | 0.61 [0.78 § 0.17 | 0.17 | 0.23 | 0.33 | 0.88 | 0.54 | 0.45 | 0.50
M10 | 066 | 0.71 | 0.74 | 0.82 | 0.92 | 0.89 | 0.57| 0.84 § 0.21 | 0.24 | 0.28 | 0.30 | 0.86 | 0.55 | 0.46 | 0.54
M11 | 0.65 | 0.69 | 0.73 | 0.84 | 0.93 | 0.88 | 0.56 [0.81 § 0.18 | 0.18 | 0.23 | 0.33 | 0.88 | 0.54 | 0.43 | 0.49
M12 | 0.64 | 0.68 | 0.72 | 0.82 | 0.94 |.0.89 | 0.58-] 0.83 § 0.23 | 0.26-|-0.31 | 0.34 | 0.86 | 0.57 | 0.50 | 0.60
M13 | 0.65 | 0.72 | 0.76 | 0.86 | 0.92 | 0.89 [ 0.61-| 0.83 §0.23 | 0.30 | 0.32 | 0.30 | 0.81 | 0.49 | 0.45 | 0.50
M14 | 0.37 | 0.40 | 0.49 | 0.65 | 0.94 |0.84 | 0.81- 0.54-§ 0.08 | 0.07 | 0.14 | 0.33 | 0.90 | 0.44 | 0.53 | 0.46
M15 | 0.72 | 0.77 | 0.81 | 0.84 | 0.89-| 0.93 | 0.64 | 0.90 § 0.33 | 0.38 | 0.40 | 0.30 | 0.77 | 0.57 | 0.51 | 0.64
M16 | 0.66 | 0.71 | 0.75 | 0.84 | 0.93+| 0.90-| 0.60-| 0.84 § 0.25+ 0.31 | 0.34 | 0.32 | 0.81 | 0.53 | 0.51 | 0.58
M17 | 0.74 | 0.80 | 0.84 | 0.85 | 0.89 | 0.93 | 0.63+| 0.91 4 0.39 | 0.44 0.46 | 0.30-| 0.73 | 0.61 | 0.55 | 0.71

M = Methanol extract, SA = S. album, SS = S. spicatum, SL = S. lanceolatum; MF =M. fragrans, AS = A. silvestris,

TH =T. hoaensis, DD = D. decandra and M1-M17 = Chan-chamot samples.

Table 61

Similarity index between the IR spectra of the water extracts of

Chan-chamot and-authentic.samples.

Preprocessing methods

W Normalization Normalization and second derivative

SA SS SL MF MG AS TH DD SA SS SL MF MG AS TH DD
M1 | 0.75 | 0.92 | 0.93 | 0.77 |.0.62. | 0.88 | 0.87 | 0.81-§0.16 | 0.56- | 0.30+(-0.:23 | 0.08 | 0.59 | 0.59 | 0.50
M2 | 0.83 | 0.86 | 0.88 | 0.62 | 0.73+.0.77 | 0.76 | 0.74 §0.19 | 054 | 0.30 | 0.19.| 0.09 | 0.60 | 0.60 | 0.50
M3 0.90 | 0.79 | 0.82 | 0.47 | 0.85 | 0.62 | 0.61 | 0.62 § 0.21 0.19 0.27 | 0.27 | 0.46 | 0.48 | 0.48 | 0.30
M4 | 0.88 | 062 | 0.67 | 0.30 | 0.96 | 0.45 | 0.44 | 0.48 § 0.16 | -0.01 | 017 |0.16| 091 | 0.25 | 0.25 | 0.13
M5 | 0.89 | 0.85 | 0.88| 0.,59 | 0.80 | 0.72 | 0.72/| 0.71. § 0.20 | 0.45 | 0.29 | 0.31 | 0.24| 050 | 0.50 | 0.48
M6 | 0.91 | 0.82 | 0.86 [(0.49 | 0.79+| 0.66 | 0.65 | 0.64 § 0.25 | 0.34 |0.29 | 027 | 042 | 054 | 0.54 | 0.40
M7 | 0.90 | 0.85 | 0.88.| 0.54 | 0.77 | 0.74-|.0.70 | 0.67 § 0.26 | 045 | 032 | 0.22 | 0.35 | 0.59 | 0.59 | 0.47
M8 | 0.86 | 0.87 | 0.90 | 0.58 | 0.71 |'0.75 | 0.74 | 0.69 § 0.16| 055 | 0.32 | 0.21 | 0.20 | 0.68 | 0.68 | 0.51
M9 | 0.90 | 0.86 | 0.89 | 0.54|.0.74 | 0.71'] 0.70"| 0.68 § 0.26 | 056 | 0.40-| 0.28 | 0.18 | 0.56 | 0.56 | 0.52
M10 | 0.76 | 0.93 | 0.92 | 0.80 | 0.63.| 0.87 |-0.87 | 0.85 § 0.28 | 050 |0.37 | 0.29 | 0.20 | 0.64 | 0.64 | 0.53
M11 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
M12 | 0.84 | 091 | 0.92 | 063 | 069 | 0.79 | 0.78 | 0.74 § 0.17 | 0.61 | 0.39 | 0.28 | 0.15 | 0.69 | 0.69 | 0.58
M13 | 0.84 | 050 | 0.56 | 0.21 | 0.99 | 0.32 | 0.31 | 0.38 § 0.19 | -0.05 | 0.13 | 0.10 | 0.98 | 0.12 | 0.12 | 0.06
M14 | 093 | 0.77 | 0.81 | 042 | 0.85 | 0.59 | 0.58 | 0.59 § 0.23 | 0.21 | 0.23 | 0.23 | 0.51 | 0.45 | 0.45 | 0.35
M15 | 0.65 | 0.92 | 0.89 | 0.89 | 0.52 | 0.90 | 0.90 | 0.90 § 034 | 050 | 0.34 | 0.37 | 0.14 | 0.57 | 0.57 | 0.62
M16 | 091 | 0.78 | 0.83 | 045 | 0.87 | 0.62 | 0.61 | 0.60 § 0.18 | 0.11 | 0.23 | 0.21 | 0.83 | 0.34 | 0.34 | 0.22
M17 | 0.80 | 0.92 | 0.93 | 0.72 | 0.67 | 0.84 | 0.83 | 0.79 § 0.21 | 055 | 0.35 | 0.26 | 0.21 | 0.66 | 0.66 | 0.55

W = Water extract, SA = S. album, SS = S. spicatum, SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,

TH =T. hoaensis, DD = D. decandra, M1-M17 = Chan-chamot samples and nd = not determined.




Table 62 Similarity index between the IR spectra of the fine powders of

Chan-chamot and authentic samples
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Preprocessing methods

P Normalization Normalization and second derivative

SA SS SL MF | MG | AS | TH DD § SA SS SL MF | MG | AS TH DD
M1 | 096 | 097 | 098 | 0.98 | 0.99 | 0.98 | 0.97 | 0.99 § 0.97 | 0.98 | 0.97 | 0.93 | 0.98 | 0.97 | 0.96 | 0.97
M2 | 091|091 ] 092|093 |09 | 095|092 | 095§097 | 097 | 096 | 0.92 | 0.97 | 0.96 | 0.95 | 0.95
M3 | 095 | 096 | 0.97 | 0.96 | 0.98 | 0.97 | 0.96 | 0.98 § 0.95 | 0.97 | 0.96 | 0.90 | 0.95 | 0.95 | 0.94 | 0.97
M4 | 098 | 098 | 0.99 | 0.98 | 0.99 | 0.99 | 0.98 | 0.99 § 0.97 | 0.98 | 0.96 | 0.93 | 0.98 | 0.97 | 0.97 | 0.96
M5 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
M6 | 096 | 097 | 0.98 | 0.98 | 0.99 | 0.98 | 0.98 | 0.99 § 0.96 | 0.98 | 0.97 | 0.93 | 0.97 | 0.96 | 0.96 | 0.96
M7 | 088 | 090 | 0.92 | 0.91 | 0.94 | 0.93 | 0.92 | 0.94 § 094 | 0.97 | 0.96 | 0.91 | 0.95 | 0.94 | 0.95 | 0.95
M8 | 097 | 098 | 0.99 | 0.98 | 0.98 | 0.98 | 0.98 | 0.98 § 0.97 | 0.98 | 0.97 | 0.92 | 0.97 | 0.96 | 0.97 | 0.95
M9 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
M10 | 0.89 | 0.88 | 0.90 | 0.91 | 0.94 | 0.93 | 0.90| 0.93 § 0.95 | 0.96 | 0.94 | 0.90 | 0.95 | 0.94 | 0.94 | 0.93
M11 | 0.94 | 0.95 | 0.96 | 0.96 | 0.97 | 0.97 | 0.96 [/0.97 § 0.96 | 0.97 | 0.96 | 0.92 | 0.96 | 0.95 | 0.96 | 0.94
M12 | 0.94 | 0.95 | 0.96 | 0.96 | 0.97 |[.0.96 | 0.96-] 0.97 4 0.95 | 0.97-]°0.96 | 0.91 | 0.95 | 0.94 | 0.95 | 0.94
M13 | 0.92 | 0.93 | 0.95 | 0.94 | 0.96 | 0.95 [ 0.94-1 0.96 § 0.95 | 097 | 095 | 0.91 | 0.95 | 0.95 | 0.95 | 0.94
M14 | 0.97 | 0.98 | 0.99 | 0.98 | 0.99 |10.99/| 0.98- 0.99-§ 0.98 | 0.98 | 0.97 | 0.93 | 0.98 | 0.97 | 0.97 | 0.96
M15 | 0.91 | 0.92 | 0.94 | 093 | 0.95-| 0.95 [ 0.94 | 0.96 § 0.94 | 0.97 | 0.96 | 0.90 | 0.96 | 0.95 | 0.95 | 0.97
M16 | 0.94 | 0.92 | 0.92 | 0.95 | 0.97 | 0.96-| 0.93-| 0.95§ 0.98 0.98 | 0.95 | 0.93 | 0.98 | 0.97 | 0.96 | 0.95
M17 | 0.97 | 0.98 | 0.99 | 0.98 | 0.99 | 0.98 | 0.98+| 0.99.4 0.96 | 0.98| 0.96 | 0.93-| 0.97 | 0.96 | 0.97 | 0.96

P = Fine powder, SA = S. album,

SS = S. spicatum, SL = S. lanceolatum;

MF = M. fragrans, AS = A. silvestris,

TH =T. hoaensis, DD = D. decandra,-M1-M17 = Chan-chamot samples.and nd = not determined.

Table 63

Similarity index between the IR spectra of the n-hexane extracts of

Chan-thana and authentic samples.

Preprocessing methods

H Normalization Normalization and-second derivative

SA SS SL MF | MG AS TH DD SA SS SL MF MG AS TH DD
TN1 0.74 | 0.69 | 0.78 | 0.88.| 0.88 | 091 | 0.90|.0.894 0.37| 0.46 | 0.56|-0:66 | 0.77 | 0.68 | 0.80 | 0.64
TN2 0.80 | 0.79 |'0.86 | 0.96 | 0.87-| 0.95 | 0.97 | 0.94 § 0.42 | 049 | 063 | 0.85| 0.85 | 0.78 | 0.96 | 0.79
TN3 0.83 | 081 | 0.87 [.095 | 091 | 094 (099 | 093 § 0.50 | 059 | 0.70 | 0.85 | 0.90 | 0.79 | 0.99 | 0.77
TN4 0.80 | 0.77 | 0.84 | 0.93 | 0.94 | 0.93 | 0.95 | 0.90 § 0.46 | 0.55 | 0.67 |-0.84/] 0.87 | 0.81 | 0.96 | 0.80
TN5 0.80 | 0.77.| 0.85 |10.95|.0.88 | 0.95 | 0.97 [ 095§ 0.44 | 052 | 0.67 | 0.83 | 0.87| 0.78 | 0.98 | 0.82
TN6 0.77 | 0.72 | 081/ 096 | 090 | 093 | 096 | 093 § 041 | 0.50 [ 0.64 (.0.89 | 0.87 | 0.81 | 0.97 | 0.77
TN7 0.74 | 069 | 0.77 | 0.87 | 0.96 | 0.87.| 091 | 0.86 § 0.45 (-0.56 | 0.68 | 0.81 | 0.87 | 0.79 | 0.97 | 0.82
TN8 0.84 | 0.83 | 0.90 [.0.93 | 0.88°| 0.96 | 0.97 | 0.96 § 0.47 | 053 | 0.68 | 0.71 | 0.82 | 0.74 | 0.94 | 0.88
TN9 059 | 069 | 0.71 | 051 | 0.45 | 055 | 058 [-0.50f4 0.21 | 0.32 | 0.39| 0.42 | 0.43 | 0.37 | 0.56 | 0.39
TN10 051 | 064 | 063 | 0.39 | 0.30 | 045+ 0.46 (041 § 0.17 | 0.27 {031 | 0.26 | 0.27 | 0.23 | 0.40 | 0.29

H = n-Hexane extract, SA = S. album, SS = S:-spicatum, SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,

TH =T. hoaensis, DD = D. decandra and TN1-TN10 = Chan-thana samples.
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Table 64 Similarity index between the IR spectra of the dichloromethane extracts of

Chan-thana and authentic samples.

Preprocessing methods

D Normalization Normalization and second derivative

SA SS SL MF | MG | AS TH DD § SA SS SL MF | MG | AS TH DD
TN1 0.66 | 0.60 | 0.62 | 056 | 0.75 | 0.87 | 0.82 | 0.85 § 0.30 | 0.35 | 0.38 | 0.13 | 0.53 | 0.54 | 0.58 | 0.57
TN2 0.75 | 070 | 0.73 | 0.69 | 0.81 | 0.90 | 0.92 | 093 J 044 | 041 | 0.48 | 0.31 | 0.76 | 0.76 | 0.92 | 0.72
TN3 0.77 | 0.75 | 0.78 | 0.70 | 0.84 | 0.88 | 0.95 | 0.95 § 0.53 | 0.53 | 0.59 | 0.28 | 0.72 | 0.71 | 0.93 | 0.77
TN4 0.74 | 0.73 | 0.76 | 0.72 | 0.85 | 0.87 | 0.93 | 0.95 J 0.50 | 0.51 | 0.58 | 0.28 | 0.68 | 0.68 | 0.89 | 0.85
TN5 0.76 | 0.72 | 0.76 | 0.66 | 0.77 | 0.86 | 0.90 | 0.98 § 0.51 | 0.47 | 0.57 | 0.20 | 0.59 | 0.63 | 0.82 | 0.86
TN6 0.72 | 068 | 0.72 | 0.67 | 0.79 | 0.86 | 0.92 | 0.97 § 0.47 | 0.46 | 0.55 | 0.24 | 0.65 | 0.66 | 0.87 | 0.83
TN7 0.77 | 081 | 0.83 | 0.71 | 0.85 | 0.85 | 0.92 | 091 § 045 | 049 | 0.55 | 0.28 | 0.67 | 0.68 | 0.86 | 0.80
TN8 0.59 | 0.65 | 0.65 | 0.68 | 0.94 | 0.78 | 0.83 | 0.73 § 0.09 | 0.02 | 0.07 | 0.14 | 0.46 | 0.41 | 0.38 | 0.13
TN9 0.76 | 0.78 | 0.80 | 0.75 | 0.91 | 0.88 | 0.98 [ 090 §J 0.48 | 0.51 | 0.53 | 0.28 | 0.81 | 0.67 | 0.96 | 0.67
TN10 | 0.78 | 0.76 | 0.77 | 0.67 | 0.89 | 0.93 | 094 | 0.85 § 0.54 | 0.51 | 0.54 | 0.28 | 0.74 | 0.78 | 0.95 | 0.71

D = Dichloromethane extract, SA = S. album, SS = S. spicatum, SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,

TH =T. hoaensis, DD = D. decandra and TN1-TN10 = Chan-thana samples.

Table 65 Similarity index between-the IR spectra of the ethyl acetate extracts of

Chan-thana and authentic samples.

Preprocessing methods

E Normalization Normalization and second derivative

SA SS SL MF MG AS TH DD SA SS SL MF MG AS TH DD
TN1 069 | 073 | 0.73 | 049 | 0.78 | 0.90 | 044 | 092§ 032 | 047 | 051 | 0.27 | 048 | 0.52 | 0.18 | 0.58
TN2 0.77 | 0.86 | 0.86 | 0.70 | 0.90 | 0.88 | 0.67 |0.95 § 0.48 | 0.53 |°0.61 | 0.51 | 0.75 | 0.70 | 0.49 | 0.72
TN3 0.78 | 0.86 | 0.87 | 0.85 | 0.91 | 0.82 | 0.84 [ 0.89 § 0.52 | 045 | 052 0.75 | 0.86 | 0.70 | 0.78 | 0.61
TN4 0.74 | 0.86 | 0.87 [.0.67 [0:93| 0.86 [ 0.64 | 094 § 0.40 | 049 [ 057 | 0.40 | 0.73 | 0.63 | 0.41 | 0.68
TN5 0.80 | 0.87 | 0.87 | 0.76 | 0.89-|°0.89 |.0.74 {094 § 053 | 0.49.| 0.57 | 068 |.0.83 | 0.77 | 0.66 | 0.68
TN6 0.75 | 0.79 | 0.80 | 0.95 | 0:83.| 0.71 -0.96 | 0.75 § 050 | 0.33.0.37 |'090 | 0.82 | 0.64 | 0.95 | 0.44
TN7 0.73 | 0.77 | 0.78 | 0.58 | 0.85 0.91 |~0.54 | 095 f 0.44 | 045 | 053 | 055 | 0.71 | 0.74 | 0.49 | 0.59
TN8 057 | 0.69 | 0.70 | .0.45|'0.86 | 0.80 [-0.41 | 0.84 § 0.14 | 0.11 | 0.19 [ 0.30 [ 0.44 | 053 | 0.25 | 0.23
TN9 0.80 | 0.87 | 0.88 |-0.92 | 0.92-| 0.78| 090 | 0.81 § 0.52 | 043 | 0.48 |"0.81 | 0.89 | 0.67 | 0.87 | 0.53
TN10 | 0.74 | 0.87 | 0.87 |-0.76.| 0.92|-0.79 | 0.75-| 0.87-§ 0.38.| 0.41 | 0.46.-| 046 | 0.74 | 0.61 | 0.52 | 0.55

E = Ethyl acetate extract, SA = S. album,.SS = S. spicatum,-SL = S.-lanceolatum, MF = M. fragrans, AS = A. silvestris,

TH =T. hoaensis, DD = D. decandra and TN1-TN10 = Chan-thana samples.

Table 66 Similarity index between-the IR spectra of the acetone extracts of

Chan-thana and authentic samples.

Preprocessing methods

A Normalization Normalization and second derivative

SA SS SL MF MG AS TH DD SA SS SL MF MG AS TH DD
TN1 073|077 | 081|072 | 083|091 |072|085§4037 | 045 | 052 | 028 | 0.56 | 0.65 | 0.44 | 0.61
TN2 0.79 | 0.85 | 0.89 | 0.82 | 0.88 | 0.92 | 091 | 0.93 § 0.49 | 0.50 | 0.58 | 0.43 | 0.73 | 0.78 | 0.81 | 0.66
TN3 0.78 | 0.85 | 0.88 | 0.84 | 0.90 | 0.90 | 095 | 092 § 041 | 042 | 051 | 0.47 | 0.77 | 0.75 | 0.90 | 0.60
TN4 0.75 | 079 | 0.83 | 0.79 | 0.87 | 0.93 | 0.87 | 0.91 § 0.50 | 0.52 | 0.60 | 0.44 | 0.70 | 0.79 | 0.78 | 0.68
TN5 0.80 | 0.87 | 090 | 0.85 | 0.90 | 0.90 | 0.89 | 0.90 § 0.47 | 051 | 054 | 0.38 | 0.79 | 0.72 | 0.72 | 0.60
TN6 082 | 087 | 089 | 0.79 | 0.88 | 0.93 | 0.89 | 0.94 § 0.45 | 0.46 | 054 | 043 | 0.77 | 0.79 | 0.81 | 0.62
TN7 0.79 | 084 | 0.88 | 0.77 | 0.85 | 0.92 | 0.81 | 0.92 § 0.44 | 049 | 056 | 0.36 | 0.66 | 0.77 | 0.53 | 0.57
TN8 062 | 070 | 0.75 | 0.83 | 093 | 0.86 | 0.79 | 0.76 § 0.12 | 0.05 | 0.15 | 0.27 | 0.58 | 0.52 | 0.42 | 0.17
TN9 0.78 | 0.86 | 0.88 | 0.85 | 0.87 | 0.85 | 0.98 | 0.92 § 0.45 | 0.46 | 0.53 | 0.48 | 0.73 | 0.70 | 0.93 | 0.61
TN10 | 0.77 | 0.85 | 0.87 | 0.85 | 0.91 | 0.89 | 0.97 | 0.91 § 0.34 | 0.32 | 0.39 | 0.52 | 0.81 | 0.70 | 0.95 | 0.51

A = Acetone extract, SA = S. album, SS = S. spicatum, SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,

TH =T. hoaensis, DD = D. decandra and TN1-TN10 = Chan-thana samples.




Table 67 Similarity index between the IR spectra of the methanol extracts of

Chan-thana and authentic samples.
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Preprocessing methods

M Normalization Normalization and second derivative

SA SS SL MF | MG | AS TH DD § SA SS SL MF | MG | AS TH DD
TN1 0.74 | 073 | 0.75 | 0.76 | 0.82 | 0.85 | 0.52 | 0.88 § 0.23 | 0.25 | 0.30 | 0.25 | 0.73 | 0.55 | 0.40 | 0.62
TN2 0.58 | 069 | 0.80 | 0.73 | 0.69 | 0.86 | 0.88 | 0.81 § 0.34 | 0.34 | 0.47 | 0.37 | 0.44 | 0.51 | 0.95 | 0.58
TN3 0.72 | 0.80 | 0.87 | 0.83 | 0.78 | 0.92 | 0.74 | 0.93 § 0.42 | 042 | 0.53 | 0.40 | 0.63 | 0.65 | 0.90 | 0.72
TN4 0.71 | 0.78 | 0.86 | 0.79 | 0.73 | 0.91 | 0.77 | 093 §J 045 | 044 | 054 | 041 | 055 | 0.63 | 0.91 | 0.74
TN5 062 | 071|082 | 079|078 | 091 | 087 | 0.83 §0.34 | 0.36 | 049 | 0.40 | 0.53 | 0.56 | 0.95 | 0.62
TN6 0.78 | 0.83 | 0.89 | 0.81 | 0.78 | 0.92 | 0.69 | 0.96 § 043 | 043 | 053 | 042 | 0.64 | 0.69 | 0.84 | 0.76
TN7 0.72 1081|089 | 0.79 | 0.69 | 0.88 | 0.71 | 0.94 § 0.45 | 047 | 0.54 | 0.31 | 0.58 | 0.63 | 0.66 | 0.84
TN8 0.61 | 063 | 0.69 | 0.79 | 0.94 | 0.90 | 0.62 | 0.79 § 0.08 | 0.00 | 0.11 | 0.17 | 0.51 | 0.35 | 0.24 | 0.26
TN9 0.71 | 0.80 | 0.87 | 0.84 | 0.76 | 0.91 | 0.73 [ 093 § 042 | 045 | 055 | 043 | 0.61 | 0.62 | 0.92 | 0.74
TN10 | 0.79 | 0.83 | 0.87 | 0.81 | 0.77 | 091 | 0.63 | 0.96 § 0.53 | 0.49 | 0.56 | 0.40 | 0.61 | 0.73 | 0.72 | 0.77

M = Methanol extract, SA = S. album, SS = S. spicatum, SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,

TH =T. hoaensis, DD = D. decandra and TN1-TN10 = Chan-thana samples.

Table 68 Similarity index between-the IR spectra of the water extracts of Chan-thana

and authentic samples.

Preprocessing methods

W Normalization Normalization and second derivative

SA SS SL MF MG AS TH DD SA SS SL MF MG AS TH DD
TN1 0.80 | 094 | 094 | 0.70 | 0.65 | 0.84 | 0.83 | 0.80 4013 | 051 | 0.29 | 0.44 | 0.13 | 0.56 | 0.56 | 0.66
TN2 0.65 | 095 | 095 | 0.80 | 0.47 | 095 | 0.94 |0.83 § 0.00 | 0.45|°0.58 | 0.32 | 0.10 | 0.82 | 0.82 | 0.48
TN3 0.60 | 096 | 095 | 0.87 | 0.41 | 0.98 | 0.98 | 0.89 § 0.07 | 047 | 054 0.34 | 0.17 | 0.83 | 0.83 | 0.55
TN4 0.62 | 0.96 | 0.96 [.0.87 [0:43| 098 [0.98 | 091 § 0.05 | 048 [ 0.76 | 0.33 | 0.12 | 0.70 | 0.70 | 0.53
TN5 0.61 | 0.94 | 0.92 | 0.90 [ 0.45 |0.97 |.0.97 (095 ] 0.03 | 042 | 0.29 |/ 041 |.0.08 | 091 | 0.91 | 0.62
TN6 059 | 095 | 0.94 | 0.88 | 0:40.| 0.98 [-0.98 | 0.91 § 0.05 | 0.48 0.50 [ 0.36 | 0.08 | 0.80 | 0.80 | 0.59
TN7 0.71 | 094 | 091 | 0.89 |-0.56 0.89 |~0.89 | 0.96 § 0.02 [0.53 | 0.29 | 0.74 | 0.06 | 0.63 | 0.63 | 0.59
TN8 0.90 | 0.87 | 0.88 | 056 | 0.73 | 0.70-[-0.69 | 0.72 § 0.15 | 0.57 | 0.22 | 0.44 [ 0.05 | 0.55 | 0.55 | 0.59
TN9 0.64 | 0.96 | 0.96 | 0.85 | 0.45-| 0.97 |.0.96 | 0.90 § 0.06 | 0.50 | 0.56 |~0.35 | 0.07 | 0.76 | 0.76 | 0.58
TN10 0.68 | 0.97 | 0.97 |0.86.[ 050 | 0.97 | 0.96-| 0.89-§ 0.08.| 0.47 | 0.35-{.0.38 | 0.15 | 0.93 | 0.93 | 0.61

W = Water extract, SA = S. album, SS.=S. spicatum, SL = S. lanceolatum,
TH =T. hoaensis, DD = D. decandra and TN1-TN10 = Chan-thana samples.

MF = M. fragrans, AS = A. silvestris,

Table 69 Similarity index between-the IR spectra of the fine powders of Chan-thana

and authentic samples.

Preprocessing methods

P Normalization Normalization and second derivative

SA SS SL MF MG AS TH DD SA SS SL MF MG AS TH DD
TN1 099 | 099 | 099 | 099 | 098 | 0.99 | 0.97 | 098 § 0.94 | 0.95 | 094 | 0.94 | 0.94 | 0.96 | 0.91 | 0.97
TN2 099 | 1.00 | 1.00 | 099 | 098 | 099 | 099 | 099 § 0.97 | 0.98 | 0.97 | 0.94 | 0.97 | 0.97 | 0.98 | 0.97
TN3 098 | 099 | 099 | 099 | 0.98 | 098 | 1.00 | 0.98 § 0.98 | 0.97 | 0.95 | 0.94 | 0.97 | 0.96 | 0.99 | 0.94
TN4 098 | 1.00 | 099 | 098 | 097 | 098 | 099 | 098 § 097 | 098 | 097 | 095 | 0.97 | 0.97 | 0.98 | 0.95
TN5 097 | 099 | 099 | 098 | 0.97 | 098 | 0.99 | 0.98 § 0.96 | 0.97 | 0.96 | 0.93 | 0.96 | 0.95 | 0.99 | 0.94
TN6 098 | 099 | 099 | 098 | 097 | 098 | 0.99 | 0.98 § 0.97 | 0.97 | 0.96 | 0.95 | 0.96 | 0.97 | 0.99 | 0.95
TN7 099 | 099 | 099 | 099 | 099 | 1.00 | 099 | 1.00 § 0.96 | 0.98 | 0.97 | 0.94 | 0.97 | 0.97 | 0.96 | 0.98
TN8 092 | 094 | 096 | 095 | 0.96 | 0.96 | 0.95 | 0.97 § 0.93 | 0.96 | 0.95 | 0.88 | 0.93 | 0.93 | 0.93 | 0.96
TN9 099 | 1.00 | 1.00 | 099 | 098 | 099 | 099 | 0.99 § 098 | 0.98 | 0.97 | 0.95 | 0.97 | 0.97 | 0.99 | 0.95
TN10 | 0.99 | 0.99 | 0.99 | 1.00 | 0.99 | 1.00 | 0.99 | 0.99 § 0.99 | 0.98 | 0.96 | 0.95 | 0.98 | 0.98 | 0.99 | 0.95

P = Fine powder, SA = S. album, SS = S. spicatum, SL = S. lanceolatum,
TH =T. hoaensis, DD = D. decandra and TN1-TN10 = Chan-thana samples.

MF = M. fragrans, AS = A. silvestris,




Table 70 Similarity index between the IR spectra of the n-hexane extracts of

Chan-hom and authentic samples.
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Preprocessing methods

H Normalization Normalization and second derivative

SA SS SL MF | MG | AS | TH DD § SA SS SL MF | MG | AS TH DD
H1 0.83 | 0.78 | 0.85 | 0.94 | 091 | 094 | 0.97 | 092 § 0.49 | 061 | 0.74 | 0.85 | 0.88 | 0.84 | 0.97 | 0.80
H2 0.94 | 098 | 099 | 0.77 | 0.70 | 0.87 | 0.86 | 0.83 § 0.79 | 0.96 | 0.92 | 0.29 | 0.41 | 0.39 | 0.53 | 0.58
H3 093 | 098 | 099 | 0.78 | 0.72 | 0.87 | 0.86 | 0.82 § 0.82 | 0.96 | 0.93 | 032 | 0.44 | 0.41 | 0.54 | 0.58
H4 0.93 | 097 | 099 | 0.80 | 0.73 | 0.89 | 0.88 | 0.84 § 0.78 | 0.93 | 0.92 | 0.38 | 0.47 | 0.44 | 0.58 | 0.58
H5 091 | 097 | 099 | 079 | 0.72 | 0.89 | 0.87 | 0.83 § 0.74 | 0.93 | 0.93 | 0.39 | 0.48 | 0.45 | 0.59 | 0.59
H6 0.94 | 099 | 099 | 0.77 | 068 | 0.86 | 0.85 | 0.82 § 0.76 | 0.97 | 0.93 | 0.27 | 0.39 | 0.38 | 0.50 | 0.55
H7 0.75 | 085 ] 0.85 | 057 | 0.48 | 0.64 | 0.65 | 0.59 § 0.51 | 0.65 | 0.63 | 0.19 | 0.26 | 0.22 | 0.41 | 0.39
H8 0.83 | 093 | 093 | 0.65 | 055 | 0.75 | 0.74 | 0.71 § 0.65 | 0.87 | 0.86 | 0.31 | 0.41 | 0.38 | 0.55 | 0.53
H9 0.90 | 096 | 097 | 0.73 | 0.64 | 0.81 | 0.81 |/0.77 § 0.76 | 0.91 | 0.88 | 0.26 | 0.38 | 0.33 | 0.51 | 0.54
H10 | 0.71 | 0.71 | 0.76 | 0.79 | 0.97 | 0.80 | 0.86/| 0.74 § 043 | 053 | 0.63 | 0.76 | 0.92 | 0.74 | 0.91 | 0.70
H11 | 0.71 | 0.68 | 0.75 | 0.83 | 0.95 | 0.83 | 0.85 [/0.75 § 0.34 | 0.44 | 0.48 | 0.52 | 0.60 | 0.47 | 0.60 | 0.45

H = n-Hexane extract, SA = S. album, SS = S. spicatum, SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,
TH =T. hoaensis, DD = D. decandra and H1-H11 = Chan-hom samples.

Table 71 Similarity index between the IR spectra of the dichloromethane extracts of

Chan-hom and authentic samples.

Preprocessing methods

D Normalization Normalization and second derivative

SA SS SL MFE MG AS TH DD SA SS SL MF MG AS TH DD
H1 0.82 | 0.77 | 0.80 | 0.65 | 0.79.] 0.91 | 0.93 | 095§ 0.60 | 0.61 |-0.67 | 0.28 | 0.62 | 0.75 | 0.85 | 0.80
H2 0.88 | 0.93 | 0.94 | 0.65 | 0.82.| 0.86 | 0.93 |0.83 § 0.67 | 0.85| 081 023 | 059 | 0.62 | 0.72 | 0.52
H3 0.88 | 0.92 | 0.93 | 065 |[0.81 0.86 [ 092 | 0.84 § 0.62 | 0.76-| 0.73 | 0.24 | 0.62 | 0.63 | 0.72 | 0.47
H4 0.86 | 0.91 | 0.92 | 0.64 | 0.80|0.86 |~0.92 | 0.84 § 0.57 | 0.70 | 0.68 | 0.24 | 0.63 | 0.63 | 0.71 | 0.44
H5 0.86 | 0.89 | 0.91 | 0.63 [ 0.80-| 0.87 [-0.91 | 0.85 § 0.50 | 0.64 |.0.61 [ 0.22 | 065 | 0.64 | 0.69 | 0.37
H6 0.87 | 0.92 | 0.93 | 0.63 | 0.78 |.0.83 |0.90 | 0.84 § 0.63 [ 0.83 | 0.81 | 0.21 | 0.56 | 0.59 | 0.69 | 0.50
H7 0.88 | 0.93 | 0.94 | 0.62 | 077 | 0.83 |-090 | 0.82 § 0.73. | 0.88 | 0.84 | 0.22 | 051 | 059 | 0.69 | 055
H8 0.87 | 0.94 | 0.95 | 0.63 | 0.76-(.0.79 |.0.89 | 0.81 § 0.68 | 0.89 [ 0.85 |°0.22 | 0.51 | 0.55 | 0.68 | 0.56
H9 0.87 | 0.93 | 0.94 | 0.63 | 0.78 |-0.83 | 0.90| 0.82 § 0.63-| 0.78 | 0.75.|.0.22 | 0.60 | 0.62 | 0.72 | 0.48
H10 | 059 | 0.70 | 069 | 0.73 | 0.99.| 0.74 |/0.85 | 0.68 § 0:09| 0.11|°0.09 | 0.27 | 0.94 | 0.55 | 0.66 | 0.21
H11 | 0.60 | 0.70 | 0.69 |.0.70 | 0.99 | 0.75.| 0.84 /| 0.68 J 0.10 |- 0.15{ 0.14 | 0.22 | 0.92 | 0.52 | 0.65 | 0.21

D = Dichloromethane extract, SA.= S. album, SS ='S. spicatum, SL-='S. lanceolatum; MF = M. fragrans, AS = A. silvestris,
TH =T. hoaensis, DD = D. decandra and H1-H11 = Chan-hom samples.

Table 72 Similarity index between the IR spectra of the ethyl acetate extracts of

Chan-hom and authentic.samples.

Preprocessing methods

E Normalization Normalization and second derivative

SA SS SL MF MG AS TH DD SA SS SL MF MG AS TH DD
H1 0.73 | 078 | 0.76 | 0.48 | 0.73 | 0.92 | 041 | 0.92 § 0.48 | 0.55 | 0.63 | 0.42 | 0.63 | 0.77 | 0.32 | 0.69
H2 0.86 | 094 | 0.93 | 064 | 0.85 | 0.90 | 0.61 | 0.92 § 063 | 0.84 | 0.83 | 0.39 | 0.61 | 0.61 | 0.35 | 0.53
H3 0.88 | 095 | 0.95 | 0.67 | 0.85 | 0.89 | 0.64 | 0.92 § 0.68 | 0.86 | 0.85 | 0.37 | 0.57 | 0.59 | 0.32 | 0.55
H4 0.88 | 093 | 0.93 | 063 | 0.85 | 091 | 0.60 | 0.93 § 069 | 0.85 | 0.85 | 0.41 | 0.61 | 0.59 | 0.38 | 0.56
H5 0.83 | 091 | 0.90 | 0.62 | 0.83 | 0.92 | 0.59 | 0.93 § 0.48 | 0.64 | 0.66 | 0.39 | 0.60 | 0.66 | 0.34 | 0.41
H6 0.88 | 098 | 097 | 0.71 | 0.86 | 0.83 | 0.69 | 0.88 § 0.69 | 0.93 | 0.91 | 0.30 | 0.50 | 0.49 | 0.26 | 0.54
H7 0.85 | 095 | 0.94 | 067 | 0.82 | 0.89 | 0.64 | 091 § 068 | 0.87 | 0.84 | 0.31 | 0.48 | 0.55 | 0.26 | 0.50
H8 0.85 | 095 | 0.94 | 0.69 | 0.83 | 0.87 | 0.66 | 0.90 § 0.63 | 0.88 | 0.86 | 0.31 | 0.53 | 0.54 | 0.27 | 0.52
H9 0.88 | 095 | 0.95 | 0.74 | 0.84 | 0.87 | 0.72 | 0.90 § 0.76 | 0.89 | 0.86 | 0.47 | 0.57 | 0.57 | 0.45 | 0.50
H10 | 058 | 0.77 | 0.76 | 055 | 095 | 0.75 | 0.51 | 0.81 § 0.29 | 0.36 | 0.37 | 0.45 | 0.87 | 0.60 | 0.44 | 0.37
H11 | 052 | 0.70 | 0.69 | 0.44 | 090 | 0.74 | 0.39 | 0.78 § 0.11 | 0.15 | 0.20 | 0.34 | 0.75 | 0.60 | 0.31 | 0.28

E = Ethyl acetate extract, SA = S. album, SS = S. spicatum, SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,
TH =T. hoaensis, DD = D. decandra and H1-H11 = Chan-hom samples.




Table 73 Similarity index between the IR spectra of the acetone extracts of

Chan-hom and authentic samples.
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Preprocessing methods

A Normalization Normalization and second derivative

SA SS SL MF | MG | AS | TH DD § SA SS SL MF | MG | AS TH DD
H1 0.81 | 0.83 | 0.85 | 0.65 | 0.77 | 0.91 | 0.70 | 0.87 § 054 | 0.61 | 0.69 | 0.33 | 0.59 | 0.78 | 0.49 | 0.68
H2 092 | 097 | 097 | 0.73 | 0.81 | 0.86 | 0.86 | 0.91 § 0.75 | 0.93 | 0.88 | 0.31 | 0.43 | 0.58 | 0.46 | 0.49
H3 0.87 | 093 | 093 | 0.77 | 0.88 | 0.89 | 0.87 | 0.91 § 059 | 0.69 | 0.70 | 0.39 | 0.74 | 0.64 | 0.67 | 0.51
H4 0.90 | 095 | 0.95 | 0.73 | 0.83 | 0.89 | 0.87 | 0.92 § 0.70 | 0.83 | 0.81 | 0.35 | 0.58 | 0.66 | 0.56 | 0.49
H5 0.89 | 094 | 094 | 0.74 | 0.85 | 0.89 | 0.87 | 0.91 § 0.60 | 0.72 | 0.73 | 0.37 | 0.70 | 0.66 | 0.64 | 0.48
H6 091|097 1097 | 075|083 | 088|088 | 091072 |0.90 | 088 | 033|050 | 062 | 052 | 051
H7 0.88 | 093 | 093 | 0.76 | 0.86 | 0.89 | 0.87 | 0.91 § 0.60 | 0.71 | 0.71 | 0.38 | 0.70 | 0.64 | 0.66 | 0.50
H8 0.89 | 095 | 095 | 0.75 | 0.83 | 0.86 | 0.88 | 0.92 § 0.67 | 0.84 | 0.81 | 0.33 | 0.55 | 0.58 | 0.56 | 0.50
H9 0.89 | 094 | 094 | 0.75 | 0.84 | 0.89 | 0.87 |/0.92 § 0.68 | 0.81 | 0.79 | 0.35 | 0.60 | 0.64 | 0.58 | 0.48
H10 | 058 | 0.69 | 0.72 | 0.88 | 0.99 | 0.82 | 0.83/| 0.71 § 0.25 | 0.23 | 0.28 | 0.43 | 0.97 | 0.62 | 0.75 | 0.40
H11 | 061 | 0.72 | 0.75 | 0.88 | 0.99 | 0.84 | 0.84 |/0.74 § 0.15 | 0.13 | 0.19 | 0.41 | 0.97 | 0.60 | 0.70 | 0.28

A = Acetone extract,

Table 74 Similarity index between the IR spectra of the methanol extracts of

SA = S. album, SS = S. spicatum, SL =.S. lanceolatum, MF = M. fragrans, AS = A. silvestris,
TH =T. hoaensis, DD = D. decandra and H1-H11 = Chan-hom samples.

Chan-hom and authentic samples.

Preprocessing methods

M Normalization Normalization and second derivative

SA SS SL MF MG AS TH DD SA SS SL MF | MG AS TH DD
H1 080 | 0.72 | 0.72 | 0.62 | 0.72 [ 0.79. | 0.44-| 0.86'] 0.59 | 0.56.| 060 | 0.28 | 0.58 | 0.70 | 0.42 | 0.70
H2 0.90 | 093 | 0.92 | 0.75+/0.73 | 0.83 | 0.48 | 092 § 0.68 | 0.83 (-0.83.| 0.33 | 0.53 | 0.67 | 0.51 | 0.60
H3 091 ] 094 | 093 | 0.74 |.068 | 081 | 045 | 093 § 0.72| 0.84 | 0.83 | 0:31L | 0.52 | 0.67 | 0.49 | 0.59
H4 0.90 | 0.92 | 0.91 |(0.73+{-0.72 | 0.82 | 0.47 | 0.92.§0.68 | 0.79 |0.80| 0.32 |.0.55 | 0.68 | 0.49 | 0.59
H5 0.90 | 0.93 | 0.92°10.74] 0.71 | 0.83| 0.48 | 0.93 §0.69 | 0.83.[ 0.82| 031 | 0.53 | 0.68 | 0.50 | 0.60
H6 093 | 097 | 096072 | 0.62.| 0.77 | 0.43 | 0.90 §0.78}.0.95 | 0.92 0.27 | 0.31 | 0.60 | 0.44 | 0.53
H7 091 | 094 | 094 | 0.73 | 0.69| 0.83. | 0.51'| 0.93 § 0.76-| 0.88| 0.87].0.32°| 0.44 | 0.66 | 0.53 | 0.60
H8 0.88 | 0.94 | 0.94 |.0.75 | 066 | 0.82 | 051 | 0.95 §0.73 | 0.88 | 0.87 ( 0.31 | 043 | 0.64 | 0.50 | 0.61
H9 091 | 094 | 0.94 |.0.73 |.0.67-[ 0.81 | 049 | 0.93 § 0.80 | 0.93 | 0.90 | 0.29"| 0.33 | 0.62 | 0.47 | 0.54
H10 | 0.37 | 0.38 | .0.46 | 0.65 | 0.94{-0.83 | 0.79 | 0.55-§4 0.11 | 0.08 | 0.16 | 0.35 |-0.94 | 0.47 | 0.53 | 0.50
H11 | 059 | 0.65 | 0.70 | 0.84 | 0.96 | 0.89 | 0.61 | 0.78 §.0.17] 0.17 | 0.23 | 0.337] 0.88 | 0.54 | 0.45 | 0.50

M = Methanol extract, SA = S. album, SS-= S. spicatum,-SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,
TH =T. hoaensis, DD = D. decandra and H1-H11 = Chan-hom samples.

Table 75 Similarity index between the IR spectra of the water extracts of Chan-hom

and authentic samples.

Preprocessing methods

W Normalization Normalization and second derivative

SA SS SL MF MG AS TH DD SA SS SL MF MG AS TH DD
H1 | 0.82 | 0.94 | 0.94 | 0.80 | 0.66 | 0.85 | 0.85 | 0.90 § 0.24 | 0.48 | 0.37 | 050 | 0.18 | 0.60 | 0.60 | 0.74
H2 | 0.78 | 0.90 | 0.87 | 0.70 | 0.70 | 0.79 | 0.78 | 0.82 § 0.25 | 0.77 | 0.37 | 0.27 | -0.02 | 0.65 | 0.65 | 0.56
H3 | 0.77 | 0.98 | 0.97 | 0.83 | 0.57 | 0.90 | 0.90 | 0.91 § 0.25 | 0.81 | 041 | 0.36 | -0.04 | 0.56 | 0.56 | 0.64
H4 | 0.76 | 0.98 | 0.96 | 0.81 | 0.59 | 0.90 | 0.90 | 0.89 § 0.24 | 0.82 | 0.36 | 0.29 | -0.06 | 0.62 | 0.62 | 0.61
H5 | 0.73 | 098 | 0.96 | 0.85 | 0.54 | 0.92 | 0.91 | 0.91 § 0.24 | 083 | 0.37 | 0.34 | -0.06 | 0.53 | 0.53 | 0.59
H6 | 0.73 | 099 | 0.97 | 0.85 | 0.55 | 0.92 | 0.92 | 0.92 § 0.22 0.85 0.40 | 0.36 | -0.06 | 0.55 | 0.55 | 0.59
H7 | 0.70 | 0.95 | 094 | 0.75 | 0.52 | 0.88 | 0.87 | 0.79 § 0.16 | 0.76 | 0.39 | 0.29 | -0.05 | 0.68 | 0.68 | 0.52
H8 | 0.69 | 0.97 | 0.95 | 0.84 | 052 | 0.92 | 0.91 | 0.89 § 0.23 | 074 | 0.26 | 0.20 | -0.11 | 0.54 | 0.54 | 0.49
H9 0.65 | 097 | 094 | 0.83 | 0.47 | 0.93 | 0.92 | 0.86 }§ 0.17 0.75 0.29 | 0.20 | -0.13 | 053 | 0.53 | 0.45
H10 | 0.88 | 0.62 | 0.67 | 0.30 | 0.96 | 045 | 044 | 048 § 0.16 | -0.01 | 0.17 | 0.16 | 091 | 0.25 | 0.25 | 0.13
H11 | 0.90 | 0.86 | 0.89 | 0.54 | 0.74 | 0.71 | 0.70 | 0.68 § 0.26 | 056 | 0.40 | 0.28 | 0.18 | 0.56 | 0.56 | 0.52

W = Water extract, SA = S. album, SS = S. spicatum, SL = S. lanceolatum, MF = M. fragrans, AS = A. silvestris,
TH =T. hoaensis, DD = D. decandra and H1-H11 = Chan-hom samples.
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Table 76 Similarity index between the IR spectra of the fine powders of Chan-hom

and authentic samples.

Preprocessing methods

P Normalization Normalization and second derivative

SA SS SL MF MG AS TH DD SA SS SL MF MG AS TH DD
H1 096 | 098 | 0.99 | 097 | 097 | 0.97 | 099 | 0.98 § 094 | 096 | 096 | 092 | 0.94 | 093 | 0.98 | 0.93
H2 098 | 099 | 0.99 | 099 | 098 [ 0.99 | 0.99 | 0.99 § 098 | 0.99 | 098 | 0.94 | 0.97 | 0.96 | 0.98 | 0.95
H3 096 | 098 | 0.99 | 0.97 | 097 | 0.98 | 0.99 | 0.98 § 095 | 0.97 | 098 | 0.91 | 0.95 | 0.93 | 0.98 | 0.93
H4 094 | 096 | 0.98 | 0.96 | 0.96 | 0.96 | 098 | 098 § 0.94 | 097 | 097 | 091 | 094 | 093 | 0.96 | 0.93
H5 095|097 | 0.98 | 097 | 097 | 097 | 098 | 098 § 0.95 | 0.97 | 098 | 0.91 | 0.94 | 0.93 | 0.97 | 0.93
H6 099 | 1.00 | 1.00 | 0.99 | 099 | 0.99 | 099 | 0.99 § 099 | 099 | 098 | 0.94 | 0.98 | 0.97 | 0.98 | 0.96
H7 099 | 099 | 0.99 | 099 | 099 [ 0.99 | 099 | 0.99 § 0.97 | 099 | 098 | 0.93 | 0.96 | 0.95 | 0.97 | 0.95
H8 099 | 099 | 0.99 | 0.99 | 0.98 | 0.99 | 0.98 | 0.99 § 096 | 0.97 | 0.96 | 0.92 | 0.94 | 0.94 | 0.95 | 0.93
H9 0.96 | 097 | 0.98 | 0.98 | 098 | 0.98 | 0.98 |'0.99 § 097 | 099 | 098 | 0.93 | 0.96 | 0.95 | 0.96 | 0.95
H10 | 0.98 | 0.98 | 0.99 | 0.98 | 0.99 | 0.99 | 0.98| 0.99 § 0.97 | 0.98 | 0.96 | 0.93 | 0.98 | 0.97 | 0.97 | 0.96
H11 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

P = Fine powder, SA = S. album,

SS.= S. spicatum, SL =S. lanceolatum,

MF = M. fragrans, AS = A. silvestris,

TH =T. hoaensis, DD = D. decandra, H1-H11 = Chan-hom-samples and nd = not determined.
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Singla linkage clustaring using Sguared Euclidaan distance
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Figure 107 HCA dendrogram-the IR spectra of the n-hexane extracts of Chan-thet
samples (T1-T15), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)

after normalization preprocessing.

Single linkage clustering using Squared Euclidean distance
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Figure 108 HCA dendrogram the IR spectra of the methanol extracts of Chan-thet
samples (T1-T15), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)

after normalization preprocessing.
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Single linkage clustering using Sguared Euclidean distance
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Figure 109 HCA dendrogram the IR spectra of the dichloromethane extracts of
Chan-thet samples (T1-T15), S. album (SA), S. spicatum (SS), S. lanceolatum (SL),
M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and
A. silvestris (AS) after (a) normalization and (b) second derivative preprocessing.
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Figure 110 HCA dendrogram the IR spectra of the ethyl acetate extracts of Chan-thet
samples (T1-T15), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)

after (a) normalization and (b) second derivative preprocessing.
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Figure 111 HCA dendrogram the IR spectra of the acetone extracts of Chan-thet
samples (T1-T15), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)
after (a) normalization and (b) second derivative preprocessing.
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Figure 112 HCA dendrogram the IR spectra of the water extracts of Chan-thet
samples (T1-T15), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)
after (a) normalization and (b) second derivative preprocessing.
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Figure 113 HCA dendrogram the IR spectra of the fine powders of Chan-thet samples
(T1-T15), S. album (SA), S. spicatum (SS), S. lanceolatum(SL), M. fragrans (MF),
T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS) after

normalization preprocessing.

Single linkage clustering using Squared Euclidean distance

0 . 2 3 q & [ i [ 9 10

K hexane normalization

Figure 114 HCA dendrogram the IR spectra of the n-hexane extracts of Chan-khao
samples (K1-K18), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)

after normalization and preprocessing.
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Figure 115 HCA dendrogram the IR spectra of the dichloromethane extracts of
Chan-khao samples (K1-K18), S. album (SA), S. spicatum (SS), S. lanceolatum (SL),
M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and
A. silvestris (AS) after (a) normalization and (b) second derivative preprocessing.
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Figure 116 HCA dendrogram the IR spectra of the ethyl acetate extracts of Chan-
khao samples (K1-K18), S. album (SA), S. spicatum (SS), S. lanceolatum (SL),
M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and
A. silvestris (AS) after (a) normalization and (b) second derivative preprocessing.
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Figure 117 HCA dendrogram the IR spectra of the acetone extracts of Chan-khao
samples (K1-K18), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)

after (a) normalization and (b) second derivative preprocessing.
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Figure 118 HCA dendrogram the IR spectra of the methanol extracts of Chan-khao
samples (K1-K18), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)

after (a) normalization and (b) second derivative preprocessing.
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Figure 119 HCA dendrogram the IR spectra of the water extracts of Chan-khao
samples (K1-K18), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)

after (a) normalization and (b) second derivative preprocessing.



239

Singla linkage clustaring using Squared Euelidaan distanca

=
J

<=2 B P

255
ir

=
K15 J—‘
K1,

Kidr

] : 2 3 q & & B i ] o

K powder normalization

Figure 120 HCA dendrogram the IR spectra of the fine powders of Chan-khao
samples (K1-K18), S. album (SA), S. spicatum (SS), S.-lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)

after normalization preprocessing.
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Figure 121 HCA dendrogram the IR spectra of the n-hexane extracts of Chan-chamot
samples (M1-M17), S. album (SA), S. spicatum (SS), S. lanceolatum (SL),
M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and
A. silvestris (AS) after (a) normalization and (b) second derivative preprocessing.



241

(a)

Single linkage clustering using Sguared Euclidean distance

MF

DD
sL—
_

SA

S sk B BRC

274 }7
MB
M1
Mi6
M3
M13
Mg
Mi15
M1y
10
MG
M1z
M1
M5
Mi4

M3
M7

0 - 2 3 1 5 6 ; a 3 10
Re ative gistance

M dichloromethane normalization

(b)

Single linkage clustering using Sguared Euclidean distance

MF
oD
AS
SL
55
SA
TH
M1
Mi3
M
M2
Mie
M3
MG
Mi1
M14
M5

S <T2 I

M
Mi5
Miz
M1y
Mi0

M7

1 5 6 ; a 3 10
Re ative gistance

=
1
w

M dichloromethane 2nd derivative

Figure 122 HCA dendrogram the IR spectra of the dichloromethane extracts of
Chan-chamot samples (M1-M17), S. album (SA), S. spicatum (SS), S. lanceolatum
(SL), M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and
A. silvestris (AS) after (a) normalization and (b) second derivative preprocessing.
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Figure 123 HCA dendrogram the IR spectra of the ethyl acetate extracts of
Chan-chamot samples (M1-M17), S. album (SA), S. spicatum (SS), S. lanceolatum
(SL), M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and
A. silvestris (AS) after (a) normalization and (b) second derivative preprocessing.
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Figure 124 HCA dendrogram the IR spectra of the acetone extracts of Chan-chamot
samples (M1-M17), S. album (SA), S. spicatum (SS), S. lanceolatum (SL),
M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and
A. silvestris (AS) after (a) normalization and (b) second derivative preprocessing.
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Figure 125 HCA dendrogram the IR spectra of the methanol extracts of Chan-chamot
samples (M1-M17), S. album (SA), S. spicatum (SS), S. lanceolatum (SL),
M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and
A. silvestris (AS) after (a) normalization and (b) second derivative preprocessing.



245

(a)

Single linkage clustering using Sguared Euclidean distance

M1z
Mi7
M10
M1z
M2
M7
M
Mi14
M3
Mz
M1

A

1 5 6 ; a 3 10
Re ative gistance

=
1
w

M water normalization

(b)

Single linkage clustering using Sguared Euclidean distance

M3
SA

MeE———— |
MF
55
oo
M3
Mo

M1z

Mi7

M10

M1z
M2
M7
M

Mi14
M3
Mz
M1

A

1 5 6 ; a 3 10
Re ative gistance

=
1
w

M water 2nd derivative

Figure 126 HCA dendrogram the IR spectra of the water extracts of Chan-chamot
samples (M1-M17), S. album (SA), S. spicatum (SS), S. lanceolatum (SL),
M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and
A. silvestris (AS) after (a) normalization and (b) second derivative preprocessing.
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Figure 127 HCA dendrogram the IR spectra of the fine powders of Chan-chamot
samples (M1-M17), S. album (SA), S. spicatum (SS), S. lanceolatum (SL),
M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A.
silvestris (AS) after (a) normalization and (b) second derivative preprocessing.
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Figure 128 HCA dendrogram the IR spectra of the n-hexane extracts of Chan-thana
samples (TN1-TN10), S. album (SA), S. spicatum (SS), S. lanceolatum (SL),
M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A.
silvestris (AS) after (a) normalization and (b) second derivative preprocessing.
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Figure 129 HCA dendrogram the IR spectra of the dichloromethane extracts of
Chan-thana samples (TN1-TN10), S. album (SA), S. spicatum (SS), S. lanceolatum
(SL), M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A.

silvestris (AS) after (a) normalization and (b) second derivative preprocessing.
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Figure 130 HCA dendrogram the IR spectra of the ethyl acetate extracts of
Chan-thana samples (TN1-TN10), S. album (SA), S. spicatum (SS), S. lanceolatum
(SL), M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and
A. silvestris (AS) after (a) normalization and (b) second derivative preprocessing.
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Figure 131 HCA dendrogram the IR spectra of the acetone extracts of Chan-thana
samples (TN1-TN10), S. album (SA), S. spicatum (SS), S. lanceolatum (SL),
M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and
A. silvestris (AS) after (a) normalization and (b) second derivative preprocessing.
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Figure 132 HCA dendrogram the IR spectra of the methanol extracts of Chan-thana
samples (TN1-TN210), S. album (SA), S. spicatum (SS), S. lanceolatum (SL),
M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and

A. silvestris (AS) after (a) normalization and (b) second derivative preprocessing.
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Figure 133 HCA dendrogram the IR spectra of the water extracts of Chan-thana
samples (TN1-TN10), S. album (SA), S. spicatum (SS), S. lanceolatum (SL),
M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and
A. silvestris (AS) after (a) normalization and (b) second derivative preprocessing.
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Figure 134 HCA dendrogram the IR spectra of the fine powders of Chan-thana
samples (TN1-TN10), S. album (SA), S. spicatum (SS), S. lanceolatum (SL),
M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and
A. silvestris (AS) after (a) normalization and (b) second derivative preprocessing.
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Figure 135 HCA dendrogram the IR spectra of the n-hexane extracts of Chan-hom
samples (H1-H11), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)

after (a) normalization and (b) second derivative preprocessing.
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Figure 136 HCA dendrogram the IR spectra of the dichloromethane extracts of Chan-
hom samples (H1-H11), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M.
fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris
(AS) after (a) normalization and (b) second derivative preprocessing.
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Figure 137 HCA dendrogram the IR spectra of the ethyl acetate extracts of Chan-hom
samples (H1-H11), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)

after (a) normalization and (b) second derivative preprocessing.
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Figure 138 HCA dendrogram the IR spectra of the acetone extracts of Chan-hom
samples (H1-H11), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)

after (a) normalization and (b) second derivative preprocessing.
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Figure 139 HCA dendrogram the IR spectra of the methanol extracts of Chan-hom
samples (H1-H11), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)
after (a) normalization and (b) second derivative preprocessing.
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Figure 140 HCA dendrogram the IR spectra of the water extracts of Chan-hom
samples (H1-H11), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)
after (a) normalization and (b) second derivative preprocessing.
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Figure 141 HCA dendrogram the IR spectra of the fine powders of Chan-hom
samples (H1-H11), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)
after (a) normalization and (b) second derivative preprocessing.
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Figure 142 PC1 and PC2 score plots of the normalized and second derivative IR
spectra of the (a) dichloromethane, (b) ethyl acetate, and (c) water extracts, and (d)
the fine powders of Chan-thet samples (T1-T15), S. album (SA), S. spicatum (SS), S.
lanceolatum (SL), M. fragrans (MF), T. hoaensis (TH), D. decandra (DD), M. gagei
(MG) and A. silvestris (AS).
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Figure 142 PC1 and PC2 score plots of the normalized and second derivative IR

spectra of the (a) dichloromethane, (b) ethyl acetate, and (c) water extracts, and (d)
the fine powders of Chan-thet samples (T1-T15), S. album (SA), S. spicatum (SS),
S. lanceolatum (SL), M. fragrans (MF); T. hoaensis (TH),~D. decandra (DD),
M. gagei (MG) and A. silvestris (AS) (continued).
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Figure 143 PC1 and PC2 score plots of the normalized and second derivative IR
spectra of the (a) n-hexane, (b) dichloromethane, (c) ethyl acetate, (d) acetone, (e)
methanol and (f) water extracts; and (g) the fine powders of Chan-khao samples (K1-
K18), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans (MF),
T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS).
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Figure 143 PC1 and PC2 score plots of the normalized and second derivative IR
spectra of the (a) n-hexane, (b) dichloromethane, (c) ethyl acetate, (d) acetone, (e)
methanol and (f) water extracts; and (g) the fine powders of Chan-khao samples (K1-
K18), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans (MF), T.
hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS) (continued).
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(9) Fine powders
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Figure 143 PC1 and PC2 score plots of the normalized and second derivative IR
spectra of the (a) n-hexane, (b) dichloromethane;. (c) ethyl acetate, (d) acetone, (e)
methanol and (f) water extracts; and (g) the fine powders of Chan-khao samples (K1-
K18), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans (MF), T.
hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS) (continued).
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Figure 144 PC1 and PC2 score plots of the normalized and second derivative IR
spectra of the (a) n-hexane, (b) dichloromethane, (c) ethyl acetate, (d) acetone, (e)
methanol and (f) water extracts; and (g) the fine powders of Chan-chamot samples
(M1-M17), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans (MF),
T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS).
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Figure 144 PC1 and PC2 score plots of the normalized and second derivative IR
spectra of the (a) n-hexane, (b) dichloromethane, (c) ethyl acetate, (d) acetone, (e)
methanol and (f) water extracts; and (g) the fine powders of Chan-chamot samples
(M1-M17), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans (MF),
T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)

(continued).



269

(9) Fine powders
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Figure 144 PC1 and PC2 score plots of the normalized and second derivative IR
spectra of the (a) n-hexane, (b) dichloromethane, (c) ethyl acetate, (d) acetone, (e)
methanol and (f) water extracts; and (g) the fine powders of Chan-chamot samples
(M1-M17), S. album (SA), S.spicatum (SS), S.-lanceolatum (SL), M. fragrans (MF),
T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)

(continued).
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PC-2 (269

Figure 145 PC1, PC2 and PC3 three dimension score plots of (a) normalized IR
spectra and (b) second derivative IR spectra of the dichloromethane extracts of Chan-
chamot (M1-M17), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS).
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Figure 146 PC1 and PC2 score plots of the normalized and second derivative IR

spectra of the (a) n-hexane, (b) dichloromethane, (c) ethyl acetate, (d) acetone, (e)

methanol and (f) water extracts; and (g) the fine powders of Chan-thana samples
(TN1-TN10), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS).
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(d) Acetone extract
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Figure 146 PC1 and PC2 score plots of the normalized and second derivative IR
spectra of the (a) n-hexane, (b) dichloromethane, (c) ethyl acetate, (d) acetone, (e)
methanol and (f) water extracts; and (g) the fine powders of Chan-thana samples
(TN1-TN10), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)

(continued).
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Figure 146 PC1 and PC2 score plots of the normalized and second derivative IR
spectra of the (a) n-hexane, (b) dichloromethane; (c) ethyl acetate, (d) acetone, (e)
methanol and (f) water extracts; and (g)-the fine powders of Chan-thana samples
(TN1-TN210), S. album (SA), S. spicatum (SS), 'S. lanceolatum (SL), M. fragrans
(MF), T. hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS)

(continued).
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Figure 147 PC1 and PC2 score plots of the normalized and second derivative IR
spectra of the (a) n-hexane, (b) dichloromethane, (c) ethyl acetate, (d) acetone, (e)
methanol and (f) water extracts; and (g) the fine powders of Chan-hom samples (H1-
H11), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans (MF), T.
hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS).
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: Second derivative IR
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Figure 147 PC1 and PC2 score plots of the normalized and second derivative IR

spectra of the (a) n-hexane, (b) dichloromethane, (c) ethyl acetate, (d) acetone, (e)

methanol and (f) water extracts; and (g) the fine powders of Chan-hom samples (H1-
H11), S. album (SA), S. spicatum (SS), S. lanceolatum (SL), M. fragrans (MF), T.
hoaensis (TH), D. decandra (DD), M. gagei (MG) and A. silvestris (AS) (continued).
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Figure 147 PC1 and PC2 score plots of the normalized and second derivative IR
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Figure 149 GC fingerprints of the n-hexane extracts of Chan-thet samples (T1-15).
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Figure 153 GC fingerprints of the n-hexane extract of Chan-hom samples (H1-H11).
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