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MRS. AYE THIDA : EVALUATION OF ALPHA-GLUCOSIDASE
INHIBITORY ACTIVITY AND QUALITY DETERMINATION OF MADHUCA
LONGIFOLIA (J. KOENIG EX L.) MACBR. AND MORUS ALBA L. PLANT
MATERIALS THESIS ADVISOR : MALAI SATIRAPHAN

The alpha-glucosidase inhibitory activity and the quality determination of
Madhuca longifolia (J.Koenig ex L.) Macbr. and Morus alba L. plant materials were
evaluated. Boiling water extract of leaves from both plants exhibited potent inhibitory
effect on alpha-glucosidase with the ICso values of 15.23+1.32 and 195.73+34.84
pg/mL for M. longifolia (L1) and M. alba cultivar Buriram 60 from Nakorn
Ratchasima, respectively, compared with acarbose at 763.92+22.27 ug/mL. All
samples were determined for loss on drying, heavy metal contamination, total
phenolic content, microbial contamination, and the fingerprints of Fourier Transform
Infrared (FT-IR) spectra, Gas Chromatography-Mass Spectroscopy (GC-MS)
chromatograms and Liquid Chromatography-Diode Array Detector (LC-DAD)
chromatograms. All tested samples complied with Thai Herbal Pharmacopoeia (THP)
2019, The Association of Southeast Asian Nations (ASEAN), The World Health
Organization (WHO), The International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use (ICH), The United States
Pharmacopeia (USP) 40 and Thai Pharmacopoeia (TP) 2005 guidelines, in loss on
drying, heavy metal and microbial contamination. However, leaf samples of M.
longifolia and M. alba cultivar Buriram 60 from Buriram province were contaminated
with non-pathogenic Clostridium species. GC-MS chromatograms of M. longifolia
leaf extract showed high amount of phytol, linolenyl alcohol, neophytadiene and
palmitic acid, while that of M. alba showed high amount of phytol and fatty acids
such as palmitic acid, oleic acid and stearic acid. The High-Performance Liquid
Chromatographic (HPLC) method was developed to quantify gallic acid and quercetin
in M. longifolia, and chlorogenic acid, caffeic acid, rutin and quercetin in M. alba leaf
extracts. The FT-IR and chromatographic fingerprints could be used for the
identification and authentication of M. longifolia leaf and flower, and M alba
leaf. The developed HPLC method will be useful for the quantification of active
constituents and quality assessment of M. longifolia and M. alba leaf in the future.
Moreover, leaf of M. longifolia and M. alba will be potential sources for
hypoglycemic compounds.
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CHAPTER 1

INTRODUCTION

Among several diseases, diabetes mellitus is a life-threatening disease. In
2014, World Health Organization (WHQO) announced that more than 422 million
people worldwide lived with diabetes, compared to 108 million in 1980 and in 2016
diabetes was the 7" leading cause of death. The global prevalence of diabetes has
nearly doubled since 1980, rising from 4.7% to 8.5% in adult population and risen
faster in low- and middle-income countries. Diabetes caused 1.5 million deaths in
2012, and higher-than-optimal blood glucose caused an additional 2.2 million deaths,
by increasing the risks of cardiovascular and other diseases. Forty-three percent of
these 3.7 million deaths occurred before the age of 70 years (1, 2).

Natural products from natural resources have been used for the treatment or
cure of ailments since long time ago. Medicinal plants are main sources of
biologically active compounds (3). For the treatment of diabetes, several plants have
been used based on their traditional knowledge and scientific reports, and WHO also
legitimated the use of ‘medicinal plants (4). Polyphenols, flavonoids, tannins,
chalcones, and carotenoids are mostly together responsible for biological activity of
natural products (5-7). Plants with phenolic phytochemicals have high antioxidant
activity and are helpful for inhibiting and fighting human chronic diseases linked to
oxidative stress (8, 9). Some plants comprised high amounts of a-amylase and o-
glucosidase inhibitors which exhibited activities against hyperglycemia and related
complications of hypertension (10-12).

Nowadays agents possessing o-glucosidase inhibitory activity have been
claimed for the control of hyperglycemia (13). Among several plants, Madhuca
longifolia (J.Koenig ex L.) Macbr.(14-16) as well as Morus alba L. were potential
sources of compounds for blood sugar lowering activity (17-21).

Madhuca longifolia (J.Koenig ex L.) Macbr. or meze (a common name in
Myanmar) belongs to the Sapotaceae family. In Myanmar, it is common to soak dried
flower in boiling water for drinking as tea. Although, some parts of this plant

elsewhere such as bark and seed have been reported for antidiabetic activity, there



were no study on the biological activity, especially a-glucosidase inhibitory activity
of leaf and flower of Myanmar meze (22-24).

Morus alba L. or mulberry is included in the Moraceae Family. Several parts
of mulberry tree possess various biological activities such as root, bark and leaf
possess anti-hyperglycemic activity (25-27). However, M. alba leaf from different
sources may show diverse anti-hyperglycemic activity, resulting from different
amounts of active chemical constituents. The study of a-glucosidase inhibitory
activity of M. alba leaf will benefit its consumption as herbal tea in Thailand.

Currently, herbal medicines are extensively used to treat and prevent many
diseases. Consequently, standardization and quality assessment of herbal medicines
are very important. Standardization requires the evaluation of both quality and purity
of crude drug by means of physical, chemical, biological, morphological,
macroscopical and microscopical observation. Physical parameters include moisture
content, ash value, extractive value, viscosity, density, bitterness value, solubility,
swelling index, foaming index, specific gravity; macroscopic parameters involve
color, odor, taste, texture and fracture; microscopic parameters include scanning
electron microscope (SEM) studies, powder studies; biological parameters include
microbial contamination, pharmacological evaluation, toxicological studies; and
chemical parameters include chromatographic techniques, heavy metal content,
pesticide residue and mycotoxins (28). In Thai Herbal Pharmacopoeia, determination
of moisture content (as loss on drying) is one of the criteria for the quality evaluation
of mulberry leaf (29).

Toxic heavy metals in herbal materials are one of potentially hazardous
contaminants and their amounts depend on sources and cultivar (30, 31). Therefore,
WHO prescribed limits for toxic metals in herbal medicines and products (32).

Chemical fingerprinting is an important tool in the quality control of herbal
medicines. Chromatographic fingerprint of an herbal medicine consists of
pharmacologically active or chemically characteristic components. Fingerprint pattern
is very useful for the identification and the authentication of herbal medicines (33).
Although there were some reports on the chemical fingerprints of M. longifolia and
M. alba leaves (34-40), the fingerprints from ATR-FT-IR and GC-MS analyses of

leaves and flowers of Myanmar meze as well as leaves of Thai mulberry will be



performed. These fingerprints may be useful as references for the commercial
products.

This study focuses on the quality determination of the extracts of M. longifolia
leaf and flower from Myanmar, and M. alba leaf from both Thailand and Myanmar.
The evaluation of a-glucosidase inhibitory activity will be determined as biological
parameter, the moisture content as physical parameter, the preliminary phytochemical
screening, the amount of heavy metals, total phenolic content and active constituents,
and the chemical fingerprints from FT-IR, GC-MS and LC-MS as chemical
parameters. The alpha-glucosidase inhibitory activity and the quality determination of

M. alba tea products marketed in Thailand will also be evaluated.

OBJECTIVES

1. To evaluate the a-glucosidase inhibitory activity on leaf and flower extracts
of Madhuca longifolia (J.Koenig ex L.) Macbr. as well as leaf extracts and extract of
commercial tea products of Morus alba L.

2. To determine the quality of Madhuca longifolia (J.Koenig ex L.) Macbr.
leaf and flower materials and leaf and commercial tea products of Morus alba L. as
well as to establish-a standardization method for the quality control of Madhuca

longifolia (J.Koenig ex L.) Macbr. plant materials



CHAPTER 2

LITERATURE REVIEW

2.1 Diabetes

Diabetes mellitus is a complex, chronic, progressive and life-threatening
disease in worldwide population. It was one of the four priority noncommunicable
diseases (NCDs) targeted by world leaders. WHO announced that diabetes mellitus
may become the 7 biggest killer in the world by 2030. In 1985, 30 million people
suffered from diabetes, and in 2010 that increased to 285 million. For WHO South-
East Asia Region, the number of adults with diabetes has increased from 17 million in
1980 to 96 million in 2014. Almost 9% of the adult population of the WHO South-
East Asia Region had diabetes and was the second highest prevalence after the
Eastern Mediterranean Region. In 2012, nearly 1 millionadults in the South-East Asia
Region died of the consequences of high blood glucose due to diabetes (e.g., diabetic
coma), as well as deaths from diabetes-attributable renal failure, tuberculosis and
cardiovascular disease. In South-East Asia Region about 1 in 10 premature deaths
were from the consequences of high blood glucose, while that number was 1 in 20 for
the European Region. The International Diabetes Federation estimated that number of
affected patients in 2019 would stand at 463 million, and in 2045, around 700 million
people will suffer from diabetes. Self-management education and support for diabetes
are important to prevent acute complications and reduce the risk of long-term
complications (2, 13, 41-43). In Myanmar, the prevalence of diabetes mellitus is
increasing. In Yangon, the capital of Myanmar, overall prevalence of adult-onset
diabetes in 2003-2004 was 11.8% (urban prevalence is 13.9% and rural prevalence
was 7.3%) (44). The national prevalence of diabetes was 10.5% for the adult aged
between 24 and 65 years, and estimated number of people with diabetes was at least
2.5 million in 2013-2014 (45). Major NCD risk factors in Myanmar are smoking,
smokeless tobacco use, exposure to second-hand smoke, current alcohol drinking
(esp. in younger males), low consumption of fruit and vegetables, overweight and
obesity (esp. in the women), hypertension, diabetes and abnormal lipid levels (46).

Type 1 diabetes (insulin-dependent, juvenile or childhood-onset diabetes) is

considered by deficient insulin production in the body. People with type 1 diabetes



require daily administration of insulin to regulate the amount of glucose in their
blood. If they do not have access to insulin, they cannot survive. The cause of type 1
diabetes is not known and not preventable. Symptoms comprise constant hunger,
weight loss, excessive urination and thirst, fatigue and vision changes (2).

Type 2 diabetes (non-insulin-dependent or adult-onset diabetes) is due to the
body’s ineffective use of insulin. The vast majority of people around the world are
reported with type 2 diabetes. Symptoms may be similar to those of type 1 diabetes
and the disease may go undiagnosed for several years, until complications have
already arisen. Type 2 diabetes occurred only in adults but it has begun to occur in
children. Overweight and obesity are the strongest risk factors for type 2 diabetes.
Populations in South-East Asia develop diabetes at a lower level of body mass index
(BMI) than populations of European origin (2).

Impaired glucose tolerance (IGT) and impaired fasting glycaemia (IFG) are
intermediate conditions in the transition between normal blood glucose levels and
diabetes (especially type 2). People with those are at increased risk of heart attacks
and strokes. Gestational diabetes (GDM) is a temporary condition that occurs in
pregnancy and carries long-term risk of type 2 diabetes (42). For complication of
diabetes, it can damage heart, blood vessels, eyes, kidneys and nerves, conducting to
disability and premature death. A significant greater chance of incurring catastrophic
medical expenditure was occurred in people with diabetes than individuals without
diabetes and more noticeable in lower-income countries (2).

Currently, diabetes is usually controlled using synthetic oral hypoglycemic
agents, proper diet and regular physical exercise. Although the oral hypoglycemic
agents are excellent in controlling blood sugar level, they cannot take care of all
complications associated with diabetes. On the other hand, herbal remedies with
multiple phytoconstituents not only control the blood sugar but also ameliorate the
diabetic complications. In the treatment of diabetes, WHO also allows the use of
medicinal plants and encourages the documentation of ethnomedical data of medicinal
plants based on their traditional knowledge (3-6) . Therefore, study of medicinal
plants that possess antidiabetic activity will be useful for the control and treatment of

diabetes.



In type 2 diabetes mellitus, an effective control of hyperglycemia includes the
retarding, regulation and/or inhibition of carbohydrate hydrolyzing enzymes. From
which, alpha-glucosidase is located in the brush border of the enterocytes of the
jejunum and is the most important enzyme in carbohydrates digestion. It can
selectively hydrolyze terminal (1—4)-linked alpha-glucose residues (starch or
disaccharides) to release a single alpha-glucose molecule which is absorbed in the
upper jejunum, resulting in hyperglycemia. Inhibitors of alpha-glucosidase can retard
the decomposition and absorption of dietary carbohydrates by restricting the
breakdown of linear or branched oligosaccharide units like a-limit dextrin, maltose
and malt triose to produce glucose, thereby preventing glucose absorption into blood
stream and suppressing the post-prandial hyperglycemia. Most alpha-glucosidase
inhibitors can attach to the carbohydrate binding site of alpha-glucosidase due to their
similarity with disaccharides or oligosaccharides in molecular structure and the
complexes have a stronger affinity than the carbohydrate—glucosidase complexes.
Some flavonoid-based compounds inhibit alpha-glucosidase by non-competitive,
uncompetitive or mixed types (47, 48).

Inhibition of “enzymes- involved in the digestion of carbohydrates can
significantly decrease the postprandial increase of glucose level in the blood after a
mixed carbohydrate diet, which has been shown to be essential in preventing the
progress of impaired glucose tolerance towards type-2 diabetes. Currently
commercialized anti-glucosidase drugs are -acarbose, miglitol and voglibose.
However, these drugs associated with mild, short-lived and dose-dependent
gastrointestinal side effects including diarrhea, abdominal pain and flatulence.
Therefore, research is continuing to find novel inhibitors with improved efficacy and
minimal side effects.

Natural products of plant origin have been a valuable source of therapeutic
agents through lesser toxicity and side effects. Compounds from plants as potential
candidates for alpha-glucosidase inhibitors are secondary metabolites such as
alkaloids, phenolic acids, flavonoids, terpenoids, anthocyanins, and their glycosides
(47, 49). Polyphenols, especially flavonoids, phenolic acids and tannins, have

important property for inhibiting alpha-glucosidase. A flavonoid with two catechol



groups in A- and B-rings, together with a 3-OH group at C-ring (as quercetin in Table
3), gave the most active alpha-glucosidase inhibition than acarbose (48, 50).
Normally, the potency of alpha-glucosidase inhibitory activity was determined
through a colorimetric method. PNPG (4-Nitrophenyl-B-D- glucopyranoside), a
chromogenic B-D-glucosidase substrate, produced a yellow solution upon cleavage
from the reaction with alpha-glucosidase. The yellow product of p-nitrophenol has
been detected by visible light at 405 nm. To determine the activity, % inhibition was
calculated from the reaction of PNPG, enzyme, and enzyme inhibitor compare to that
of PNPG and enzyme. Then, ICso was calculated from the calibration curve of %
inhibition VS five concentration of sample. Acarbose was used a positive control of

alpha-glucosidase inhibitor (51, 52).

2.2 Madhuca longifolia

The Sapotaceae is a family of flowering plants with 60 genera and about 1,343
species. It contains trees or shrubs with distribution worldwide, and the highest
species diversity is discovered in the tropical and subtropical regions of Asia and
South America. Several species produce edible fruits, with or without economic uses.
Species noted for their edible fruits include Manilkara (Sapodilla, sapota),
Chrysophyllum cainito, Pouteria, and Planchonia careya (53).

Madhuca longifolia (J.Koenig ex L.) Macbr. belongs to the Sapotaceae family.
This plant is distributed in northern, central and southern part of India, Nepal, Sri
Lanka and Myanmar. Its common names in Myanmar are meze or myintzu-thaka-
natpan. In Myanmar it mostly distributes in central region such as Mandalay and
Magway division and also distributes in lower region, i.e., Yangon division (22-24).

M. longifolia is a medium to large deciduous tree growing widely under dry
tropical and sub-tropical climatic conditions and provides plenteous amount of shade
(23). It is a drought-resistant, needs a huge amount of water and cannot grow well
under shade. It can grow up in shallow, boulders, clay, and calcareous soil but grows
best in sandy soil (54). It is found up to an altitude of 1200 m with rainfall from 550-
1500 mm and a mean annual maximum temperature of 28-50°C (55). It can grow up
to a height of 17-18m (56). Taxonomy of this plant includes, Family: Sapotaceae;
Genus: Madhuca; Species: M. longifolia; Binomial name: Madhuca longifolia
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(J.Konig) J.F.Macbr.; Common name: Myintzu-thaka- natpan, meze (Myanmar),
honey tree, butter tree (English), mahua (India), miilluppai (SriLanka); Synonym(s):
Madhuca latifolia Mach., Bassia latifolia Roxb., Madhuca indica J.F. Gmel. In
Sanskrit the word Madhuca means honey. Leaves are leathery and are present in the
form of bunches at the endings of branches, shortly acuminate, elliptic, shortly
acuminate band base cuneate (56, 57). They are pointed tips and have a thick texture,
a hairy surface on the beneath, and strong nerves (55, 58). Flowers are frequent, white
in color, fascicled and are present at the branch endings, drooping on pedicels. They
have a sweet flavour and are fleshy in texture (55-57). Fruits are green and fleshy
which contain 3-4 brown-colored ellipsoidal seeds with shiny coat. The tree possesses
oil-bearing seeds and flowers. Flowering of the plant occurs from March to April and
collection of seeds can be performed in-May, June and July (54) . Flowers contain
50.6% of reducing sugars, 3.43% of cane sugar, 6.37% protein, 8% Calcium, and 2%
Phosphorous. Seed oil has Refractive index ‘of about 1.452-1.462, Saponification
value of 187-197, lodine value 55-70, Unsaponifiable matter (%) 1-35, Palmitic Acid
C 16:0 (%) 24.56, Stearic Acid C 18:0 (%) 22.77, Oleic Acid C 18:0 (%)37.08,
Linolic Acid C 18:2 (%) 14.3.-Many therapeutic formulations of M. longifolia Linn
were suggested by the Ayurvedic Pharmacopoeia of India. Liquid dosage form was
used for curing of bleeding, emaciation, tiredness, diseases of skin, constipation, piles,
burning sensation, burning micturition, gynecological disorders (heavy and irregular
periods metrorrhagia, menorrhagia), amoebiasis, bacterial dysentery, amoebic
dysentery, bloody diarrhea. Powder form was used for curing of diabetes, urinary
disorders, enhanced milk production and provided strength to lactating mothers (23,
24, 54). M. longifolia contains various secondary metabolites and possesses many
biological activities. Bioactive compounds, activities and uses of M. longifolia were
shown in Table 1. Some parts such as bark and seed have been tested for antidiabetic
activity, while leaf and flower of Myanmar meze have not been reported (22-24).

However, it was common to soak dried flowers for drinking in Myanmar.
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2.3 Morus alba

The Moraceae is a family of flowering plants with 40 genera and about 1217
species. Morus alba L. belongs to the Moraceae family. The tree is distributed
worldwide and cultivated in tropical, subtropical and temperate regions of Asia and
Africa such as Japan, China, Korea, Thailand, India, Indonesia, Vietnam, Africa and
Brazil. It is also distributed in South and North America, Himalayas, Europe and
Myanmar (26, 71, 72). Morus alba (white mulberry) and Morus nigra (blackberry)
are the most common species, which Morus alba L. (white mulberry) is the dominant
species (27, 72).

The tree is a small deciduous tree with a height of about 30 m and a width of
about 1.8 m a width (27). Leaves are simple, alternate, variable in size and shape,
usually ovate to broadly ovate, 5 to 20 cm long, 2.5 to 14 cm wide, apex acute,
acuminate or obtuse, base truncate, round or codate, margin serrate, serrate-crenate or
irregularly lobed, basal nerve 3, blade abaxially glabrous or sparingly pubescent along
major veins or tufted in axils of principle lateral veins and midrib, adaxially glabrous
or sparsely pubescent; petiole up to 5.5 cm long; stipule ovate to lanceolate, 5 to 9
mm, caducous. Inflorescence - catkin, axillary, sordid white or greenish white,
monoecious or dioecious; male catkin lax, 1 to 4 cm long; female catkin ovoid, 0.5 to
2 cm long; peduncle as long as the catkin. Male flower sessile; sepals 4, imbricate,
glabrous, marginally hairy; ovary 1-celled, glabrous, style, 0.5 to 1 mm long, 2-
partite, stigma papillose. Fruit multiple, syncarpous, ovoid, ellipsoid or cylindric, 1 to
2.5 cm long, 0.5 to 1 cm wide, fleshy, becoming reddish, purplish, blackish or whitish
when mature (29).

Taxonomy of this plant includes, Family: Moraceae; Genus: Morus L;
Species: Morus alba L.; Binomial name: Morus alba L.; Common name: Po-Sa
(Myanmar) (73), mulberry or mon (Thailand). Synonyms; Moral Blanco Leaf,
Russian Mulberry Leaf, Silkworm Mulberry Leaf, White Mulberry Leaf, White-
fruited Mulberry Leaf (29). For silkworms and animals, M. alba leaf is used as fodder.
In Asian countries, especially in Japan, Korea and Thailand mulberry leaf is used as
an infusion. In Thailand, mulberry tea is a commercial product available in the

market.
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Mulberry fruits are used as vegetables in different parts of the world and in
European countries, it is grown for fruit production (27). M. alba leaf contains a high
amount of important minerals such as calcium (Ca), potassium (K), magnesium (Mg),
zinc (Zn) and also contains iron (Fe), sodium (Na) and organic acids. M. alba fruits
contain higher amount of protein than other mulberry species (71).

Different parts of mulberry possess various bioactive compounds and various
biological activities including anti-hyperglycemic activity. Root, bark and leaves of
mulberry possess anti-hyperglycemic activity (27, 74, 75). Bioactive compounds,

activities and uses of M. alba were shown in Table 2.
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2.4 gallic acid, chlorogenic acid, caffeic acid, rutin and quercetin

Gallic acid and quercetin with its derivatives were bioactive compounds
discovered in M. longifolia plant (34, 199). Gallic acid (3,4,5-trinydroxybenzoic acid)
(Table 3) is one of non-flavonoid polyphenolic compounds mostly distributed in
herbs, fruits and vegetables. It possesses many biological effects such as antioxidant,
anti-inflammatory, antibacterial, antiviral, cardioprotective, anti-diabetic effects and
anti-metastasis (3, 200). Gallic acid extracted from plants and its derivative methyl
gallate and propyl gallate showed strong alpha-glucosidase inhibitory activity (201).

Chlorogenic acid ((1S,3R,4R,5R)-3-[(E)-3-(3,4-dihydroxyphenyl) prop-2-
enoyl] oxy-1,4,5-trihydroxycyclohexane-1-carboxylic acid) (Table 3) is a polyphenol
and ester of caffeic and quinic acid and known as 5-O-caffeoylquinic acid. It was
found in coffee, black tea, apples, carrots, grapes, kiwi fruit, pears, plums, potatoes. It
possesses  antioxidant, anticarcinogenic, = anti-inflammatory, neuroprotective,
antihyperlipidemic, hypoglycemic effect and benefits on type 2 diabetes, obesity,
Alzheimer’s disease and stroke. Moreover, a chlorogenic acid-rich fraction of Smilax
aristolochiifolia root extract inhibited alpha-glucosidase activity in a noncompetitive
mode. (202-204).

Caffeic acid ((E)-3-(3,4-dihydroxyphenyl) prop-2-enoic acid) (Table 3) is a
polyphenol, found in coffee beans, olives, blueberries, apples, potatoes, carrots,
propolis and cider. It acts as a carcinogenic inhibitor and possesses antioxidant and
antibacterial activity in. vitro, and can prevent atherosclerosis, and other
cardiovascular diseases. Caffeic acid can inhibit alpha-glucosidase enzyme and is a
safe and potent agent against diabetes in mice (205-207). Caffeic acid reveals a
significant potential as an antidiabetic agent in mice by suppressing a progression of
type 2 diabetic states suggested by an attenuation of hepatic glucose output and
enhancement of adipocyte glucose uptake, insulin secretion, and antioxidant capacity
(208).

Rutin (2-(3,4-dihydroxyphenyl)-5,7-dihydroxy-3-[(2S,3R,4S,5S,6R)-3,4,5-
trihydroxy-6-[[(2R,3R,4R,5R,6S)-3,4,5-trihydroxy-6-methyloxan-2-yl] ~ oxymethyl]
oxan-2-yl] oxychromen-4-one) (Table 3) is a glycoside of quercetin and it belongs to

flavanol. It is found in black tea, mango, onion, broccoli, apples, cherries and berries.
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It possesses anti-diabetic potentials. Some studies proposed that rutin exerted its
hypoglycemic effect through multiple actions including increasing the proliferation of
pancreatic B-cells, enhancing insulin sensitivity and stimulating insulin secretion. It
has shown to strongly inhibit a-glucosidase. In previous study gallic acid, quercetin
and rutin showed better inhibition in alpha-glucosidase inhibitory activity than
standard acarbose (201).

Quercetin (3,5,7-trinydroxy-2-(3,4-dihydroxyphenyl)-4H-chromen-4-one)
(Table 3), a key individual from the flavonoid family, is found in tomato, onion,
apple, berries, many nuts, seeds, barks, flowers, tea, lettuce, brassica vegetables and
leaves. Greater part of quercetin exists as glycosides with sugar moiety (3). Quercetin
possesses numerous biological functions on human health such as anti-diabetes,
anticancer, anti-inflammatory, — cardiovascular - protection, cataract prevention,
antiulcer, anti-allergic. antiviral, analgesic, anti-obesity, antidepressant as well as
preventing asthma and hypertension.- Moreover, it is useful for prevention and
nutritional controlling of diabetic complication(209, 210). Quercetin was shown to

strongly inhibit alpha-glucosidase (201).



Table 3 Structure of gallic acid, chlorogenic acid, caffeic acid, quercetin and rutin
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Compound Structure
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Compound Structure
Quercetin o4
OH
HO 0
C 3
OH
OH 0




CHAPTER 3
STUDY OF MADHUCA LONGIFOLIA (J. KOENIG EX L.) MACBR.

3.1 Materials and Methods
3.1.1 Chemicals

32

Name Source

Acarbose Sigma Aldrich
Acetic acid Merck, Germany
Alpha-glucosidase enzyme Sigma Aldrich
Ammonia Merck, Germany
Caffeic acid Sigma Aldrich
Chloroform Merck, Germany

Chlorogenic acid

Columbia CAN Agar

Copper sulphate

Ethanol, absolute

Ethanol (70%)

Ferric chloride

Folin Ciocalteu’s reagent

Gallic acid

lodine

Mac Conkey Agar

Mac Conkey Broth

Mannitol Salt Agar

Methanol

Monobasic potassium phosphate
Multi-element Calibration Standard 2A,
(Agilent)

Nitric acid (65%)

Paraffin

p-nitro phenyl-a-D-glucopyranoside
(PNPG)

Sisco Research Laborites, India
BBL ™, USA

Sigma Aldrich

Merck, Germany

Merck, Germany

Sigma Aldrich

Sisco Research Laborites, India
Sisco Research Laborites, India
Sigma Aldrich

Difco ™, USA

Difco ™, USA

BBL ™, USA

HPLC grade, Merck, Germany
Sigma Aldrich

Agilent, USA

Merck, Germany
PC Drug company, Thailand
Sigma Aldrich
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Name Source

Potassium dihydrogen phosphate Sigma Aldrich
Potassium hydroxide (pellets) Sigma Aldrich
Quercetin Sigma Aldrich
Rappaport Vassiliadis Broth Difco ™, USA
Reinforced Clostridial Medium Difco ™, USA
Rutin ACROQOS, organics
Sodium carbonate Sigma Aldrich
Sodium hydroxide (pellets) Sigma Aldrich

Soybean-Casein Digest Medium

Sulphuric acid (concentrated)

Bacto ™ USA

Merck, Germany

Xylose-Lysine-Deoxycholate (XLD) Difco ™, USA
Agar Medium
Xylose-Lysine-Deoxycholate (XLD) Difco ™, USA
Agar
Whatman filter paper

3.1.2 Instruments
Name Source

Analytical balance

Autoclave, HIRAYAMA,
HICLAVE, HVA 85

Centrifuge, Microfuge 16 centrifuge,
Backman coulter

Column (HP-5MS, 0.25 mm x 30m x
0.25um) (Agilent)

Fourier Transformed Infrared
spectrophotometer (FT-IR 4700)
(iD7 ATR) (Nicolet iS5)

Sartorius, Germany

Hirayama, Japan

Backman coulter, USA

Agilent, USA

Thermo Scientific Nicolet, USA
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Name Source

Gas Chromatography-Mass Agilent, USA
Spectroscopy (GC-MS) (Agilent 6890N)

5973 mass selective detector

High Performance Liquid Agilent, USA

Chromatography (HPLC) (Agilent 1260)
Hot air oven, Heraeus

Incubator, Heraeus

Inductively Coupled plasma Mass
Spectroscopy (ICP-MS) (Agilent
7500ce)

Liquid Chromatography Mass
Spectroscopy LC-MS (Agilent 1100
series, G2445D)

Microplate reader (TECAN Infinite F
50)

Microwave digestion Instrument, Multi-
wave 3000, ETHOS One MILESTONE
PH meter, Mettler toledo

Rotary evaporator

BUCHI Heating Bath B 100

BUCHI Rotavapor R-100

Sonicator, ElIma, Model 890/H
Ultrasonic bath

Ultraviolent Visible spectrophotometer
(UV-Vis) (Agilent, Cary 60)

Vortex mixer

Heraeus, France
Heraeus, France
Agilent, USA

Agilent, USA

Switzerland

Austria

Mettler Toledo, Germany

BUCHI, Switzerland

Elma, Germany
CREST ultrasonics, USA
Agilent, USA

Vision Scientific, Korea

3.1.3 Plant Material

M. longifolia leaves were collected from Mandalay region and flowers were

from Mandalay and Bagan region in Myanmar (Middle of Myanmar) in May 2016
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and identified by an authorized botanist at the Department of Botany, University of
Mandalay, Myanmar. All of samples were dried at 50°C in oven and ground into
powder. Voucher specimen were stored at the Department of Pharmaceutical
Chemistry, Silpakorn University, Thailand. L1, L2 were leaf sample from Amarapura
township and L3 was leaf sample from Chanayetharzan township in Mandalay
Division. F M1 and F M2 were flower samples from Amarapura township and F B
was flower sample from Bagan township in Mandalay Division.
3.1.4 Extraction (Maceration with water, boiling water and absolute
ethanol)
Each of 2 g of M. longifolia leaf and flower powders was macerated with 20
mL of different solvents that were water, boiling water and absolute ethanol, in 3
conical flasks for 1 hour and shaken frequently every 10 minutes. In extracting with
boiling water, boiling water was added to the sample containing flask and the flask
was put into the water bath at 30-40°C to keep the temperature of the extract. After 3
times maceration, the filtrate of water and boiling water extracts were freeze-dried,
while ethanolic extract was dried under vacuum by a rotary evaporator. The % yield
of extracts were calculated as % yield = (g of dried extract/ g of dried powder) x 100.
3.1.5 Evaluation of alpha-glucosidase inhibitory activity of leaf and flower
extracts
3.1.5.1 Preparation of 50 mM phosphate buffer
Monobasic potassium-phosphate (KH2PO4) 3.4 g and 0.448 g of sodium
hydroxide (NaOH) were dissolved in ultra-pure water and made up to 500 mL. Adjust
to pH 6.8 with 0.2 M NaOH.
3.1.5.2 Preparation of alpha-glucosidase 0.1 U/ mL solution
Twenty uL of 50-unit alpha-glucosidase enzyme solution was diluted with
phosphate buffer to 10 mL.
3.1.5.3 Preparation of 1 mM p-nitrophenyl-a -D-glucopyranoside
(PNPG) solution
Dissolve 0.301 g of p-nitrophenyl-a-D-glucopyranoside (PNPG) in ultra-pure

water and make up to 100 mL.
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3.1.5.4 Preparation of 0.1 M sodium carbonate (Na2COs) solution
Dissolve 1.06 g of sodium carbonate in ultra-pure water and make up to 100
mL.
3.1.5.5 Preparation of stock solution of acarbose
Ten mg/mL of acarbose stock solution was made up with phosphate buffer.
3.1.5.6 Preparation of stock solution of plant extract
Ten mg/mL of stock solution of plant extract were prepared with phosphate
buffer.
3.1.5.7 Alpha-glucosidase inhibition assay
The extracts of M. longifolia leaf and flower were tested for alpha-glucosidase
inhibitory activity using acarbose as a standard and PNPG as a substrate. Fifty pL of
phosphate buffer (50mM, pH= 6.8), 20uL of varying concentrations (5-2000 pg/mL)
of plant extract and 20 pL of alpha glucosidase (0.1U/mL) were added into 96 well
plate and pre- incubated at 37°C for 15 minutes. After that 20uL of PNPG (ImM) was
added to the mixture as a substrate and incubated again at 37°C for 30 minutes. Then,
50 pL of sodium carbonate solution (0.1M) was added to stop the reaction and yellow
color produced was measured at 405 nm with a microplate reader (TECAN Infinite F
50). Blank and each experiment were performed in triplicates and acarbose at various
concentrations (750-2500 pg/mL) was used as a standard. The percent inhibition of
alpha glucosidase activity was calculated using the following equation and 1Csg values
were calculated (19).
Inhibition % = [1 - (Aa -Ab)/ (Ac - Ad)] x 100
Aa is the absorbance at 405 nm with test sample and enzyme
Ab is the absorbance at 405 nm with test samples but without enzyme
Ac is the absorbance at 405 nm with enzyme but without test sample

Ad is the absorbance at 405 nm without test samples and enzyme

3.1.6. Preliminary phytochemical screening
The extracts were diluted with distilled water and screened for the presence of
the secondary metabolites such as alkaloids, flavonoids, terpenoids, steroids, phenol
and tannins, cardiac glycosides, saponins, carbohydrates, proteins and anthraquinones

by using the methods prescribed in reference (35, 211-213).
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3.1.6.1 Preparation of diluted extract
About 20 mg of extract was mixed with 20 mL of distilled water.
3.1.6.2 Test for Alkaloids
To 6 mL of extract, 6 mL of 1% hydrochloric acid was added and heated
gently. The solution was divided into three portions to be treated with three reagents:
Dragendorff’s, Mayer’s and Wagner’s reagents. Turbidity of the resulting precipitates
in each test indicated the presence of alkaloids (35, 211, 212).
3.1.6.3 Test for Flavonoids
To 2 mL of extract, 2 mL of 10% NaOH was added, formation of pale-yellow
precipitate which turned colorless on the addition of 2 mL of 1% hydrochloric acid
representing a positive result (213).
3.1.6.4 Test for Terpenoids
Two mL of extract was mixed with 2 mL of chloroform, and 1 mL of
concentrated H.SO4 was added carefully by the side of test tube. Clear upper layer
and lower layer with a reddish-brown interphase represented the presence of
terpenoids (213).
3.1.6.5 Test for Steroids
Two mL of extract was mixed with 2 mL of chloroform. Then 2 mL of each of
acetic acid and concentrated H2SO4 were poured into the mixture. Formation of a
greenish coloration represented a positive result (35).
3.1.6.6 Test for Phenol and Tannins
Two mL of extract was mixed with 1-2 drops of 2% solution of ferric chloride.
A black or blue- green coloration represented a positive result with phenolic
compounds (35).
3.1.6.7 Test for Cardiac Glycosides
Keller-kilani test
Two mL of glacial acetic acid and 1-2 drops of 2% solution of ferric chloride
were added to the 2 mL of extract. The mixture was poured carefully to another test
tube containing 2 mL of concentrated H.SO4. Formation of a brown ring at the

interphase represented the presence of cardiac glycosides(35).
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3.1.6.8 Test for Saponins
Three mL of distilled water was mixed with 2 mL of the extract in a test tube
and shaken vigorously. The formation of stable foam represented a positive result
(35).
3.1.6.9 Test for Carbohydrates
lodine test
A few drops of iodine solution were added to 2 mL of the extract. A purple or
dark blue color formation represented the presence of the carbohydrate (35).
3.1.6.10 Test for Proteins
Biuret’s Test
Five drops of 2 % copper sulphate solution were added to 2 mL of the extract.
One mL of ethanol solution and excess of potassium hydroxide pellets were added.
Formation of a pink color represented a positive result (211, 212).
3.1.6.11 Test for Anthraquinones
Two mL of extract was boiled for 3 minutes. Two mL of chloroform and 5
drops of 10% ammonia were added. A rose-pink coloration represented the presence

of anthraquinone (211).

3.1.7 Quality determination of M. longifolia
3.1.7.1 Determination of loss on drying
One gram of sample powder was dried at 105°C in an oven until constant
weight obtained. The procedure was described in Thai Herbal Pharmacopoeia (29).
Percent loss on drying was calculated as followed:
% Loss on Drying = (weight before dry- weight after dry)/weight before dry
x100
3.1.7.2 Determination of heavy metal content by ICP-MS
The dried samples of about 0.3 g were microwave digested with 65% nitric
acid using Multi-wave 3000, ETHOS One. After digestion, clear liquid samples were
injected into an ICP-MS for simultaneous determination of 5 elements (Arsenic, As,
Cadmium, Cd, Lead, Pb, Nickel, Ni, and Barium, Ba) using inductively coupled
plasma mass spectrometer (ICP-MS), Agilent 7500ce.
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3.1.7.2.1. Microwave digestion
All glassware, plastic beakers and bottles, digestion vessels and sample tubes
were soaked in 10% nitric acid overnight, rinsed with distilled water and dried before
use. Herbal tea containing sugar was used as the reference material.
Zero-point three g of dried samples or reference was put into a vessel and 5
mL of concentrated ultrapure nitric acid (65%) was added, but for vessel-containing
reference, 10 mL of acid was used. For a blank, 2 mL of ultrapure water and 5 mL of
concentrated ultrapure nitric acid (65%) were used and microwave digested for 30
min. The digestion procedure was as follow: (1) 1400 W at 180 °C for 15 min, (2)
1400 W at 180 °C for 15 min (3) 0 W for 30 min for cooling. After cooling, the
digested solutions were transferred quantitatively into the volumetric flasks (25 mL)
and made up to volume with ultrapure water.  The solutions were filtered with
Whatman filter paper to plastic bottles and kept in a refrigerator. All samples were
prepared in triplicate.
3.1.7.2.2 Preparation of 5% nitric acid solution
Concentrated nitric acid (65%, 6.7 mL) was diluted to 100 mL with ultrapure
water.
3.1.7.2.3 Preparation of standard working solutions
One hundred pL of solution of Multi-element Calibration Standard 2A
(Agilent) was taken and diluted to 10 mL with 5% nitric acid solution. From which
0.1, 25,5, 7.5, 10, 50, 200 and 500 ng/mL of standard solutions were also prepared.
3.1.7.2.4 ICP-MS injection
After digestion, clear liquid samples were injected into an ICP-MS for
simultaneous determination of 5 elements. Conditions for ICP-MS injection were

shown in Table 4.
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Table 4 Working conditions for ICP-MS detection

ICP-MS parameter Value

RF power 1500 W

RF matching 1.72V

S/C temperature 2°C

Sample Depth 9 mm
Carrier gas flow rate 0.85 L/min (99.995 %) Argon
Make up gas flow rate 0.3 L/min
Nebulizer Pump flow rate 0.10 rps

3.1.7.3 Determination of total phenolic content

Total phenolic contents of both flower and leaf extract of M. longifolia were
assayed by using Folin-Ciocalteu method slightly modified from (214). Gallic acid
was used as a standard. The calibration curve was plotted using gallic acid. In brief,
10 mg of gallic acid was dissolved in 10 mL of distilled water. Dilution was made to
obtain the concentration range of 1.25 - 120 pg/mL. Two hundred and fifty pL
(Img/mL) of solution was mixed with 125 pL of 50% Folin-Ciocalteu reagent in 1.5
mL micro centrifuge tube. After 5 minutes, 625 pL of 20% sodium carbonate was
added and mixed by using a vortex mixer, then, incubated for 2 hours in a dark place
at room temperature. A control was prepared without including gallic acid. When
oxidation of phenolic compounds happened, phosphomolybdic and phosphotungstic
acid in the Folin- Ciocalteu reagent were reduced to blue color molybdenum and
tungsten oxides (214). The absorbance was measured in micro cuvette at 750 nm for
leaf and 700 nm for flower using UV-Visible spectrophotometer (Agilent, Cary 60).
Total phenolic content was calculated and expressed as mg GAE/g extract.

3.1.7.4 Determination of Microbial contamination

Microbial limit tests for Escherichia coli, Staphylococcus aureus, Salmonella
species and Clostridia species in M. longifolia leaf and flower powder were done
according to USP 40 (215)(USP 40) and Thai Pharmacopoeia 2005 (216). Limit of
microbial contamination in sample were prescribed in Table 5.

3.1.7.4.1 Test for Escherichia coli

One gram of substance to be examined was added to 100 mL of Fluid
Soybean- Casein Digest Medium, mixed and incubated at 35°-37 °C for 18-48 hours.
The container was shaken, then 1 mL was transferred to 100 mL of MacConkey Broth

and incubated at 43°-45 °C for 18-24 hours. Subculture was done on plates of
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MacConkey Agar Medium and incubated at 35°- 37°C for 18-72 hours. When
examined, none of colonies confirmed that the sample met the requirements of the test
for absence of Escherichia coli.

3.1.7.4.2 Test for Staphylococcus aureus

One gram of substance to be examined was added to 100 mL of Fluid
Soybean- Casein Digest Medium, mixed and incubated at 35° - 37 °C for 18-48 hours.
Subculture was done on plates of Mannitol-Salt Agar Medium and incubated at 35° -
37°C for 18-72 hours. When examined, none of colonies confirmed that the sample
met the requirements of the test for absence of Staphylococcus aureus.

3.1.7.4.3 Test for Salmonella species

Ten grams of substance to be examined was added to 100 mL of Fluid
Soybean- Casein Digest Medium, mixed and incubated at 35°- 37 °C for 18-24 hours.
One mL of the enrichment culture was transferred to 10 mL of Rappaport Vassiliadis
Broth, mixed and incubated at 35° - 37 °C for 18 - 24 hours. Subculture was done on
plates of Xylose-Lysine-Deoxycholate Agar Medium and incubated at 35° - 37°C for
18-72 hours. When examined, none of colonies confirmed that the sample met the
requirements of the test for absence of the genus Salmonella.

3.1.7.4.4 Test for Clostridia species

Ten grams of substance to be examined was added into 2 suitable containers,
each containing 100 mL of Reinforced Medium for Clostridia. To distinguish
between sporing and non-sporing organisms, one container was immediately sealed
with a layer of sterile liquid paraffin or (mineral oil). Other container was heated at
80°C for 10 minutes, cooled rapidly and then similarly sealed. Both containers were
incubated at 35°- 37 °C and examined every 24-hour period up to 2 - 3 days.

After incubation, subcultures were made from each container on plates of
Columbia agar to which gentamicin had been added and incubated under anaerobic
conditions at 35- 37 °C for 48 hours. When examined, none of colonies confirmed
that the sample met the requirements of the test for absence of pathogenic Clostridia.
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Table 5 Limit of microbial contamination in sample

Microbial Limit

E. coli No colony of E. coli in 1 g sample

S. aureus No colony of S. aureus in 1 g sample

Salmonella species No colony of Salmonella species in 10 g
sample

Clostridia species No colony of spore and non-spore

Clostridia species in 10 g each test.

3.1.7.5 Infrared Spectroscopy (IR) profiling
3.1.7.5.1 ATR-FT- IR Analysis
FT-IR analysis of M. longifolia leaf and flower powder was done by Nicolet
IS5 FT-IR Infra-Red spectrometer with the iD7 ATR accessory. The spectra were
recorded across the entire mid-infrared region (500-4000 cm-1). The sample powder
was pressed with a conical tip onto the diamond crystal and a pressure was applied.
The tip and the diamond crystal were thoroughly washed with ethanol before each
measurement to avoid cross contamination (217).
3.1.7.6 Gas Chromatography-Mass Spectroscopy (GC-MS) profiling
3.1.7.6.1 Preparation of Extract for GC-MS Analysis
Absolute ethanolic extracts of M. longifolia leaf and flower from 3.1.4 was
dissolved in methanol to get 1 mg/mL solution. The solution was then filtered with
0.45 pm pore diameter syringe filter and added into small vials for GC-MS analysis.
3.1.7.6.2 GC-MS condition
The chemical constituents were analysed using Agilent GC-MS, model 6890
N equipped with 5973 mass selective detector. Chromatographic condition was
modified from the reference (218). Two pL sample was injected into an HP-5MS
column (0.25 mm i.d. x 30 m x film thickness 0.25 pum). The initial temperature was
set at 60 °C, whereas the injector temperature was set at 250 °C, and throughout the
process temperature was set to increase at a speed of 3°C/min. Helium was used as a
carrier gas at a constant flow rate of 1 ml/min. The total run time was 63 minutes and

mass scan range were 50-500 amu.
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3.1.7.6.3 Identification of Chemical constituents
Identification of compounds was done based on comparison of mass spectra
with spectra in the National Institute of Standard and Technologies (NIST 05.LIB)
and wiley7n libraries. Percentage peak area (% peak area) higher than 0.04% was
also determined for each constituent.
3.1.7.7 High Performance Liquid Chromatography (HPLC) profiling
3.1.7.7.1 Instrumentation and chromatographic condition
All analyses were operated on an Agilent 1260 HPLC system (Agilent, USA)
equipped with a photodiode array detector. The analytical method prescribed in
reference was modified (83). The analytical column used was C18 column (Synergi
4u Polar-RP 80 °A, 150 x 2 mm, Phenomenex®). The ratio of mobile phase, flow
rate, column temperature and wavelength were explored. The mobile phase contained
the mixture of solvent A (0.1% formic acid in water) and solvent B (methanol).
Solvents used were filtered through a 0.22 um filter and degassed. The sample
injection volume was 2 pL.
3.1.7.7.2 Preparation of standard solutions
Standard gallic acid and quercetin were weighed and dissolved in 80% ethanol
to obtain a stock solution of 1 mg/mL. Working solutions were serially diluted from
stock solution to 6 concentration of standard solutions with the range of 3.125 to 100
pg/mL for gallic acid and 0.78 to 50 pg/mL for quercetin.
3.1.7.7.3 Method validation
The developed HPLC method for the quantification of gallic acid and
quercetin in aqueous extract of M. longifolia was validated for specificity, system
suitability, linearity, sensitivity, precision and accuracy, according to ICH and AOAC
guidelines (219, 220).
3.1.7.7.3.1 Specificity and system suitability
Specificity was assessed using standard and DAD detector. Peak
identification was carried out based on retention time and UV spectrum of those of
standards. To evaluate system suitability of the method, resolution together with
repeatability of retention time and peak area of six replicate injections of 50 pg/mL
standard gallic acid and 6.25 pg/mL of quercetin standard solutions were used. The

%RSD values were calculated in each case.
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3.1.7.7.3.2 Linearity and range
Linearity was established across 6 different concentrations (3.125 to 100
pg/mL) of gallic acid and 7 different concentrations (0.78 to 50 pg/mL) of quercetin.
The regression equation and correlation coefficient were reported.
3.1.7.7.3.3 Sensitivity
The limit of detection (LOD) and the limit of quantification (LOQ) were
determined from the calibration curves of gallic acid and quercetin. The LOD was
calculated according to the expression 3.3*SD/S. While SD is the standard deviation
of the response and S is the slope of the calibration curve. The LOQ was calculated
using the expression 10*SD/S (219).
3.1.7.7.3.4 Accuracy and precision
The accuracy was assessed by means of recovery assays using standard
addition method to the diluted sample solution. Prior to fortification, the diluted
sample solutions were determined for background levels of gallic acid and quercetin.
Standards were spiked at three different levels, 40, 50 and 60 pg/mL for gallic and 5,
6.25 and 7.5 pg/mL for quercetin. ~Each solution was injected in triplicate within 2
sequential days. Unspiked diluted samples were analysed to calculate actual recovery.
Accuracy was revealed as the recovery percentage across the range of the assay. Intra-
and inter-day precisions were shown as the percentage of relative standard deviation
(%RSD) within 1 day and 2 sequential days, respectively.
3.1.7.7.4 Content of gallic acid and quercetin in the aqueous
extract of M. longifolia
Dried aqueous extract (10 mg) was dissolved in 80% ethanol to get the final
concentration of 10 mg/mL as sample solution. The developed HPLC method in the
present study was used to quantify the amounts of gallic acid and quercetin in the
aqueous extracts of M. longifolia leaf. The amount was expressed as mg/100 g dried

extract.

3.1.7.8 LC-MS profiling
The extract used in HPLC analysis was also analysed by LC-MS in which a
group of high response peak around the retention time of 24-28 min from LC-DAD
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was identified using an Agilent 1100 series LC coupled to mass spectrometer
(Agilent, G2445D).

3.1.8 Statistical analysis
All values of experimental measurements will be expressed as mean = SD.
One-way analysis of variance (ANOVA) and two-factor with replication was used by
excel for the measurement of the statistical significance. The statistical significance

level p<0.05 was used.

3.1.9 Principal component analysis (PCA)

To detect clustering of samples, principal component analysis (PCA) was
used. Unsupervised pattern recognition- method was called principal component
analysis (PCA). To present different manner for interpretation and to reduce data,
PCA is very useful (221). Data obtained from GC-MS, ICP-MS and HPLC were
analyzed by PCA to differentiate about sources of leaves and flowers using WEKA
version 3.8.5 open-source software, windows version. 10.0 (available from:

https://www.cs.waikato.ac.nz/ml/weka/).



https://www.cs.waikato.ac.nz/ml/weka/
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3.2 Results and discussions
3.2.1 Extraction (% vyield of extracts)

The % vyield of water, boiling water and absolute ethanolic extracts of M.
longifolia leaf and flower were shown in Table 6 and Figure 1. The % vyield of all
extracts were in the range of 2.55 -55.24 %. Flower extracts possessed more % yield
value than leaf extracts. The boiling water extract of flowers from Amarapura area,
sample FM2, possessed the highest % yield.

The result from two-factor with replication of ANOVA at 95% confidence
interval, from 3 extraction solvents of M. longifolia leaves and flowers, showed that
% vyield of the sample from different sources presented significant differences
(Appendix). Considering boiling water extracts of leaves from different source, the
highest % yield was from Amarapura area (L.2) followed by Chanayetharzan area (L3)
and Amarapura area (L1), respectively.

Table 6 % Yield of different extracts of M. longifolia leaf and flower

Sample % yield
aqueous extract boiling water extract

absolute ethanolic

(mean + SD) (mean + SD) extract (mean = SD)
L1 8.45+0.34 10.13+ 0.60 2.55+0.08
L2 9.88+0.8 13.41+ 0.66 3.52+£0.63
L3 8.47 +0.18 13.21+ 0.5 4.05+0.19
FM1 47.48 £0.19 33.63+1.87 24.28 £2.82
FM2 46.13 £ 9.03 55.24 +2.61 35.08 £ 0.67
FB 49.15 +2.48 33.08 + 2.54 24.52 + 1.64

L1

W Water extract

boiling water extract

Yeyield of different extracts

I
L = I
I %
I =
x=
al. HR. ak.
L2 L3 FM1 FM2 FB

absolute ethanolic extract

Figure 1 % vyield of different extracts of M. longifolia leaf and flower
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3.2.2 Evaluation of alpha-glucosidase inhibitory activity of leaf and flower
extracts of M. longifolia

The alpha-glucosidase inhibitory activities of different extracts of leaf and
flower of M. longifolia were shown as ICsp value (ug/mL) in Table 7 and Figures 2-3.
From the mean of ICso, leaf extracts were much more potent in inhibiting alpha-
glucosidase than flower extracts. The ranges of 1Cso for leaf were 40.35-59.84, 15.23-
28.41 and 138.26-147.54 for aqueous, boiling water, and ethanol extracts,
respectively. Those for flower were 197.05-1561.80 for boiling water extract. Focus
on comparing leaf extracts to acarbose, ICso values of all of leaf extracts were lower
than the value of standard acarbose. As a result, all of leaf extracts possessed higher
activity than acarbose. Moreover, boiling water with higher temperature of extraction
resulted in more extracted bioactive compounds. The highest activity was found in
leaf sample from Amarapura area, L1, followed by L2 and L3 and this sequence
corresponded to the quercetin content. Quantification of quercetin showed 20.56,
9.86, and 7.31 mg/100g in L1, L2, and L3 respectively. It has been reported that
quercetin could inhibit alpha-glucosidase enzyme (Kim J H et al.,2011, ShiaG Jet al.,
2019). In the present study, boiling water extracts of M. longifolia leaf significantly
showed higher alpha-glucosidase inhibitory activity than previous study (Sangeetha,
R et al., 2018).

In extracts of flower samples, only boiling water extract possessed activity.
Water and ethanol extracts of flowers did not show activity. The boiling water extract
of flower from Amarapura area, sample FM2, possessed lower activity than acarbose.
Other samples possessed higher activity than acarbose. Boiling water extract of
flowers from Bagan, FB possessed the highest activity followed by FM1 and FM2. In
this study, leaf extracts possessed higher activity than flower extracts.

The result from ANOVA: single factor in EXCEL showed that among leaf
extract, different solvents could significantly extract different amounts of the
bioactive compounds (Appendix). The mean values of ICso showed that the strength
was in the order of boiling water extract > aqueous extract > ethanolic extract. In
boiling water extract, leaves and flowers from different sources also gave significantly
different potency of biological effects at 95% confident interval (L1>L2>L3 and
FB>FM1>FM2).



49




50

Table 7 ICsovalue of different extracts of M. longifolia leaf and flower

Sample Aqueous Boiling water Ethanol
(mean £ SD) (ug/mL)  (mean £ SD) (ug/ mL) (mean = SD) (ug/mL)

L1 40.35+2.57 15.23+1.32 143.54+6.84
L2 59.84+1.36 24.07+1.79 138.26+£10.90
L3 44.89+1.83 28.41+1.65 147.54+3.80
FM1 197.06+2.92 -

FM2 1561.80+378.74 -

FB 156.18+22.71 -
Acarbose 763.92+22.27

(-) = not show activity

900

800
1

700
—_—

é 600

“Bu 500
=

= 400

E 300

200

= I =
100
0 [ - M - e
L1 L2 L3 Acarbose
W water ™ boiling water ethanol Acarbose

Figure 2 ICsp value of different extracts of M. longifolia leaf
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Figure 3 ICso value of boiling water extract of M. longifolia flower
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3.2.3 Preliminary phytochemical screening

Phytochemical screening of agueous, boiling water and absolute ethanolic
extracts of M. longifolia leaves and flowers from Mandalay and Bagan townships
indicated the presence of secondary metabolites such as flavonoids, terpenoids,
saponins, phenols and tannins, anthraquinone, carbohydrates, proteins and cardiac
glycosides. The results were shown in Table 8. Alkaloids were not detected in all
extracts. Anthraquinones did not showed in absolute ethanolic extract of flowers.
Carbohydrates were not present in absolute ethanolic extracts of leaves and flowers.
Proteins was not detected in water, boiling water and absolute ethanolic extracts of
leaves.

In other study (222), M. longifolia leaf extracts showed the presence of
alkaloids, carbohydrates, phenolics, ~flavonoids, proteins, amino acids, tannins,
phytosterols and saponins. In another study (223), methanolic and aqueous extracts of
leaf also possessed alkaloids, carbohydrates, proteins, saponins, tannins and

triterpenoids.
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3.2.4 Quality determination of M. longifolia
3.2.4.1 Determination of loss on drying (LOD)
The % loss on drying of M. longifolia leaf and flower powder were shown in
Table 9 and Figure 4. The values of % loss on drying of leaves were lower than the
flowers. The values of all samples were not more than 10 % after drying at 105°C to
constant weight.

Table 9 % Loss on drying of M. longifolia leaf and flower powder

Sample %LOD
L1 8.43
L2 7.24
L3 6.89

FM1 9.01

FM2 9.94

FB 8.61
%LOD

12

10

8
6
4
2
0
L2 L3 FM 1 FM2 FB

L1

Figure 4 % Loss on drying of M. longifolia leaves and flowers powder

3.2.4.2 Determination of heavy metal content by ICP-MS
3.2.4.2.1 Standard curves
Heavy metals contents in M. longifolia leaf and flower powder were
determined by ICP-MS. Calibration curve equations, linear range and LOD, LOQ of
As, Cd, Pb, Ni and Ba were described in Table 10 and Figures 5-9, respectively.
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Table 10 Calibration equations, LOD and LOQ for 5 elements

Elements Calibration Ranges(ng/mL) R? LOD LOQ
equations (ng/mL)  (ng/mL)
As Y=763.1x+1770 0-500 0.9995 0.015 0.050
Cd Y=5823.7x-13867 0-500 0.9994 0.004 0.013
Pb Y=39788x-366213 0-500 0.998 0.034 0.113
Ni Y=2515.3x+3202.5 0-500 0.9997 0.023 0.077
Ba Y=9421.2x-62976 0-500 0.9985 0.042 0.140
calibration curve of As
400000 1 y =763.1x - 1770
g 350000 - R2 = (.9995
§ 300000 -
g 250000 -
= 200000 -
S 150000 -
< 100000 -
>y 50000 -
(} T T 1
-50000 200 400 600
conc. (ng/mL.)
Figure 5 Calibration curve of As
calibration curve of Cd
3500000 -
= 3000000 - y = 5823.7x + 13867
g R? = 0.9994
S 2500000 -
S 2000000 -
% 1500000 -
1000000 -
jm
500000 -
() I I 1 T I 1
0 100 200 300 400 500 600
conc. (ng/mL)

Figure 6 Calibration curve of Cd
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calibration curve of Pb
_ 25000000 - y =39788x + 366213
= RZ=1(.998
§ 20000000
741
5 15000000
=
§ 10000000
2
2 5000000
O I I I I I 1
0 100 200 300 400 500 600
conc.(ng/mL)
Figure 7 Calibration curve of Pb
calibration curve of Ni
1400000 - y =2515.3% - 3202.5
1200000 - R? = (.9997
=
§ 1000000
% 800000
2
E 600000
g 400000
5 200000
0 I ) I I I 1
100 200 300 400 500 600
200000
conc. (ng/mL)

Figure 8 Calibration curve of Ni
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calibration curve of Ba
S000000 y = 9421.2x + 62976
4500000 - R2 = (0.9985
@ 4000000 -
o 3500000
L]
; 3000000
; 2500000 A
§ 2000000 A
é 1500000 -
1000000 -
500000 -
() T T T T T 1
0 100 200 300 400 500 600
conc.(ng/mL)

Figure 9 Calibration curve of Ba

3.2.4.2.2 Heavy metal contamination in M. longifolia leaves and
flowers
Heavy metal content was expressed as mg/kg (mean £ SD). Arsenic, cadmium
and lead are classified as class 1 human toxicants by The International Council for
Harmonization of Technical Requirements for Pharmaceuticals for Human Use (ICH).
Nickel was considered as class 2A route-dependent human toxicant with high
probability occurrence, while barium was class 3, low toxicity element by oral route.
The concentration of heavy metals in M. longifolia leaves and flowers from
Myanmar were described in Table 11 and Figures 10-11. As, Cd, Pb, Ni and Ba
contents in leaf samples were in the range of 0.0346-0.2519, 0.0309-0.0661, 0.4011-
0.1819, 0.8390 -1.1435 and 22.3815-62.3907 mg/kg, respectively. Sample L1 from
Amarapura area, showed the highest content of Cd and Ni but the lowest of As, Pb
and Ba content. L3, another sample from Chanayetharzan area, showed the highest
contamination of As, Pb and Ba. L2, sample from Amarapura area, showed the lowest
content of Cd and Ni.
As, Cd, Pb, Ni and Ba content in flower samples were in the range of 0.0167-
0.1812, 0.0083-0.0266 and 0.3831-1.3096, 0.8259 -1.2582 and 1.3079-8.8105 mg/kg,

respectively. F.B, sample from Bagan, showed the highest content of As and Ba but
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the lowest content of Cd and Pb. F.M1, sample from Mandalay, showed the highest
content of Cd but the lowest content of As and Ni. F.M2, another sample from
Mandalay, sample showed the highest content of Pb and Ni but the lowest content of
Ba.

Among M. longifolia leaf and flower samples, As, Cd and Ba content in leaves
were higher than in flowers, but Pb and Ni content in flowers were higher than in
leaves.

The content of As, Cd and Pb in all samples was within the maximum limit
prescribed in WHO and ASEAN guidelines for herbal medicines (32, 224). The
content of Ni and Ba in all samples was also lower than the guideline limit of ICH
(219). All samples in this research from different sources and different parts contained
variable amount of heavy metals. These differences may be due to variability of
exposure to environmental pollution, genetics, geographical region and composition
of soil. However, heavy metal content was within acceptable and safe limit prescribed
in ASEAN guidelines, WHO recommendation and ICH guideline.

From ANOVA, two-factor with replication table, most of metal levels in M.
longifolia leaves and flowers were affected by cultivation source at 95% confidence

interval (Appendix).
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Figure 10 Heavy metal (As, Cd and Pb) content in M. longifolia leaves and flower
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Figure 11 Heavy metal (Ni and Ba) content in M. longifolia leaves and flower
powder

3.2.4.3 Determination of total phenolic content
Total phenolic content (TPC) of leaf and flower extracts of M. longifolia were
expressed as mg GAE /g extract and shown in Table 12 and Figure 12 A and B. In
leaf extracts, TPCs contents were in the range of 41.67-104.95, 86.89-179.43, 81.37-
30.45 mg GAE /g extract for aqueous, boiling water and ethanolic extracts,
respectively. Among leaf samples, boiling water extract of sample from

Chanayetharzan area, L3 possessed the highest phenolic content.
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In flower samples, TPCs were in the range of 6.15-7.89, 8.46-9.86, 5.53-9.79
mg GAE /g extract, respectively. In all flower samples, boiling water extracts of
sample from Amarapura area, FM2 showed the highest phenolic content.

When comparing with flower extracts, leaf extracts possessed higher TPCs. In
all leaf and flower samples, boiling water extracts of leaf sample from
Chanayetharzan area, L3, possessed the highest total phenolic content.

The result from ANOVA two-factor replication, TPCs content were affected
by different solvents and sources and statistically significantly different at 95%
confidence interval (Appendix). TPC contents in leaves were much higher than in
flowers. Boiling extract of leaves present higher content than aqueous and ethanolic
extracts.

Table 12 Total phenolic content (mg GAE /g) in different extracts of M. longifolia
leaf and flower

Sample Aqueous Boiling water Ethanol
(mean + SD) (mean + SD) (mean + SD)

Leaf

L1 41.67+2.30 86.89+ 4.37 81.37+8.47

L2 80.97+5.22 156.91+0.99 87.13+23.94

L3 104.95+8.18 179.43+11.9 90.45+41.74

Flower

FM1 6.15+0.13 8.46+0.60 5.53+0.83

FM2 7.8910.31 9.86+0.54 5.99+0.81

FB 6.84+0.22 9.22+0.04 9.79+1.25°
Total phenolic content u Total phenolic content B

250 10

200

T
I
150 6
] I
100 - 1 \ 4 I
0 U
A1 M2 8

mwater Wboiling water W ethanol Bwater Bboiling water Wethanol

mg GAE/g
—
mg GAE/g

Figure 12 Total phenolic content in different extracts of M. longifolia. (A) leaf; (B)
flower
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3.2.4.4 Determination of microbial contamination

Microbial contamination of M. longifolia leaf and flower powder were
determined according to USP 40 and Thai Pharmacopoeia 2005 and the results were
shown in Table 13. Leaf was free from the contamination of E. coli, S. aureus and
Salmonella species. However, they were contaminated with non-pathogenic
Clostridium species, other than C. tetani, C. botulinum and C. perfringers, which are
pathogenic. Flower powder was free from the contamination of all tested microbial.
Result of all samples were within the limit prescribed in USP 40 and Thai
Pharmacopoeia 2005, except for Clostridium spp. in leave samples. However, these
contaminated species were not pathogenic species.

Table 13 Microbial contamination in M. longifolia leaf and flower powder

Sample E. coli S. aureus Salmonella Clostridium
spp.

Leaf

L1 - - - +

L2 - - - +

L3 - - - +
Flower

FM1 . - - -

FM2 - - - -

FB \ - - -

(+) = present, (-) = absent
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3.24.5  Fourier Transformed-Infrared Spectroscopy (IR) profiling

In three samples of M. longifolia leaves, common peaks were found at wave
number 1031.1, 1204.0, 1316.6, 1441.5, 1537.9, 1608.3, 2848.8, 2916.6 and 3277.0
(Table 14 and Figure 13). Most bands from sample L1 and L3 were in common. Peak
at wave number 3277 was missing from L2 sample but other peaks were similar with
L1and L3.

In three samples of M. longifolia flowers, common peaks were found at wave
number 776.2, 817.2, 865.6, 919.8, 1027.9, 1254.6, 1409.9, 1636.2, 2929.6 and
3278.2 cm™ (Table 15 and Figure 14). ATR-FT-IR spectra of three flowers from
Mandalay and Bagan were similar.

Overall, similar IR spectra were obtained and the same bands were present.
Thus, FTIR spectra could be used to-identify the characteristics of leaf and flower

samples.
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3.2.4.6 Gas Chromatography- Mass Spectroscopy (GC-MS) profiling
3.2.4.6.1 GC-MS fingerprint of M. longifolia leaf extracts

The GC-MS chromatograms of the ethanolic extract of M. longifolia from
three different sources from Mandalay Division, but different area, L1 from
Amarapura area, L2 from different place in Amarapura area, L3 from Chanayetharzan
area were analysed.

A total of 32 compounds containing terpenes, saturated fatty acid, unsaturated
fatty acid and benzofuran were found. Table 16 showed compounds with % peak area
that was > 0.04% in the chromatogram of L1, L2 and L3 leaf extract. Four major
compounds in the chromatogram of leaf extracts were linolenyl alcohol, phytol,
palmitic acid and neophytadiene (the retention time at 50.41, 49.47, 21.65 and 40.74
min, respectively. The percentage of peak area of each compound was different in
each extract. The major compounds from Llextracts were found in the order from
high to low; linolenyl alcohol, palmitic acid, phytol and neophytadiene. In L2 and L3
extracts, phytol was found as the most common compounds, following by linolenyl
alcohol, neophytadiene and palmitic acid. The chromatograms of each extract were
very similar. However, L1 extracts may contain all compounds in lower
concentration. The GC-MS fingerprints of ethanolic extracts of M. longifolia leaf

were shown in Figure 15.
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Figure 15 GC-MS fingerprint of ethanolic extracts of M. longifolia leaf

3.2.4.6.2 GC-MS fingerprint of M. longifolia flower extracts
GC-MS chromatograms of the ethanolic extract of M. longifolia flower from
two different sources from Mandalay- (FM1 and FM2) and Bagan, FB were analysed.
Table 17 showed the compounds found-in each extract. All 3 extracts were similar
and they were also rich in linolenyl alcohol, palmitic acid and stearic acid. The GC-
MS fingerprints of the ethanolic extracts of M. longifolia flowers were shown in
figurel6.
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Figure 16 GC-MS fingerprint of ethanolic extracts of M. longifolia flower

3.2.4.7 High Performance Liquid Chromatography (HPLC) profiling
3.2.4.7.1 Method development

The optimal condition for simultaneous determination of gallic acid and
quercetin was developed. Methanol, a mobile phase (B), gave good separation and
reduced the risk of toxic organic solvent. Adding formic acid in the mobile phase (A,
0.1% formic acid in water) could improve the resolution and eliminate peak tailing
(225). This method used only 0.3 mL/min flow rate that could decrease the amount of
solvent used. Gradient elution was set from 0% (B) to 100% (B) in 50 min and
maintained at 100%(B) for 5 min. Then, the mobile phase was brought back to 0%
(B) and held for 10 min for column equilibration. The column temperature was kept at
30°C and the detection wavelength was designed at 270 nm for gallic acid and 360 nm
for quercetin based on UV spectrum of each compound. The retention time of gallic
acid and quercetin were 4 min and 30.6 min, respectively. Chromatogram of the
standards and sample extract were shown in Figure 17(A) and (B).
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Figure 17 Chromatograms of standard solution and sample extract. (A) standard
gallic acid and sample extract at 270 nm; (B) standard quercetin and sample extract at
360 nm

3.2.4.7.2 Method Validation
Table 18 System suitability of gallic acid and quercetin

Compound Average Resolution Repeatability Repeatability Conclusion

retention  (Rs) of Retention  of peak area

time Time (%RSD)

(min) (%RSD)
Accepted R>1.5 RSD%<1.0 RSD%<6 Satisfaction
criteria
Gallicacid  4.005 3.06 0.04 0.20 Satisfaction

Quercetin 30.667 40.39 0.04 0.69 Satisfaction

70
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3.2.4.7.3 Specificity and System suitability
Specificity was assessed by retention time of the examined compounds on the
chromatogram and UV spectrum of the related peaks. UV spectrum of peaks at
retention time of 4.0 and 30.7 min from the sample chromatogram corresponded to
UV spectrum of gallic acid and quercetin from the standard chromatogram,
respectively. The purity of peak values higher than 950 indicated that no interference
of other chemicals. This exhibited high specificity of the system for the determination
of both compounds. Results from system suitability testing were shown in Table 18.
All results were within acceptable range prescribed in (220, 226, 227).
3.2.4.7.4 Linearity and range
The developed method demonstrated linearity within the concentration range
of 3.125 to 100 pg/mL for gallic acid and 0.78 to 50 pg/mL for quercetin and the
goodness of fit (r?) was found to be 1 for gallic acid and 0.9999 for quercetin and
were shown in Table 19. These results indicated a linear relationship between the
concentration of analyte and area under the peak.
3.2.4.7.5 Sensitivity
The LOD value was 0.24 and 0.21 (ug/mL) and LOQ value was 0.73 and 0.63
(ng/mL) for gallic acid and quercetin, respectively and were shown in Table 19.

Table 19 Calibration equations, LOD and LOQ of gallic acid and quercetin

Analyte Calibration r? Linear LOD LOQ
equations range (ng/mL)  (pg/mL)
(Mg/mL)
Gallic acid  y=20.019x-3.232 1 3.125-100 0.24 0.73
Quercetin  y=22.141x-6.108 _ 0.9999 0.78-50 0.21 0.63

3.2.4.7.6 Accuracy and Precision
The overall recovery percentages of 103.86 to 104.98% for gallic acid and
100.10 to 102.97% for quercetin were within the acceptance range of 80-110% (220).
Intra and inter-day precision results were shown in Table 20. The value of relative
standard deviation of intra and inter-day precision were in the range of 0.18 to 1.55
and lower than 2%. According to the result, the developed method was found to be

good precise and accurate.
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Table 20 Accuracy and intra-day and inter-day precision

Analyte Amount Average amount %Recovery Intra-day Inter-day
added recovery (ug/mL)  (Mean + SD) precision precision
(ng/mL) (Mean£SD) (%RSD) (%RSD)
40 41.84+0.16 104.59+0.41 0.39 0.37
Gallic acid 50 51.93+0.27 103.86+0.55 0.53 0.67
60 62.99+0.12 104.98+0.19 0.18 0.48
5 5.00+0.07 100.10+1.31 1.32 1.76
Quercetin 6.25 6.43+0.03 102.97+0.41 0.40 1.28
7.5 7.71+0.11 102.80+1.59 1.55 1.18

3.2.4.8 Content of gallic acid and quercetin in the aqueous extract

The amounts of active compounds in the extracts were expressed as mg/100g
of extract weight and shown in Table 21 and Figure 18. The range of concentration of
active compounds in boiling water extracts were 207.95 to 405.79 mg/100 g for gallic
acid and 7.31 to 20.56 mg/100 g for quercetin. Although in M. longifolia, quercetin
was not found in high amount, a group of high response peak around the retention
time of 24-28 min showed the pattern of UV spectrum similar to that of quercetin.
The results showed that different sources gave different quality of leaf extracts. The
amounts of both compounds from 3 different areas showed significant difference at
95% confidence interval among one another in ANOVA two-factor replication result
(Appendix). Leaf from the Amarapura area, L1, possessed the highest quantity of both
bioactive compounds.

Table 21 Content of gallic acid and quercetin in the aqueous extracts of M. longifolia
leaf

Agueous extract (mg/100 g)

Sample (mean £ SD)
: Gallic acid Quercetin
L1 405.79+3.50 20.56+0.41
L2 207.95+1.67 9.86+ 0.06

L3 375.78+1.68 7.31+0.07
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Figure 18 Content of active compounds in aqueous extracts of M. longifolia leaf.
(A) Gallic acid; (B) Quercetin

3.2.4.9 LC-MS profiling

Table 22 showed the identified compounds in aqueous extract of M. longifolia
leaf by LC-MS. High peak at retention time 25.5 min showed m/z values at 271, 316,
463 amu which expected to be dihydroisorhamnetin-3-o0-L-rhamnoside. Peak at
retention time 26.5 min showed m/z value at 179, 301, 463 amu and could be further
identified as quercetin hexoside. Peak at retention time 28.4 min showed m/z value at
447 amu and expected to be quercetin rhamnoside. Quercetin was eluted at 31.3 min
and showed the 179, 301lamu. The m/z values in the present study complied with
other studies (228-231). Previous researches reported flavonoids (quercetin) in M.
longifolia leaf extracts (26, 54, 57, 232). Alpha-glucosidase inhibitory activities might
be due to quercetin and quercetin related compounds in the extract found in LC-MS
study (209, 233).
Table 22 m/z of compounds with similar UV spectrum

No  Retention m/z (amu) Expected compound
time(min)
1 25.5 463, 316,271  dihydroisorhamnetin-3-0-L-rhamnoside
2 26.5 463, 301,179  Quercetin hexoside
3 28.4 447,301, 255  Quercetin rhamnoside
4 31.3 301, 179 Quercetin
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3.2.5 Principal Component Analysis (PCA)
3.2.5.1 PCA study on M. longifolia leaf
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Figure 19 Score plot of M. longifolia leaf from different sources

Generally, PCA interpretation was displayed as a two-dimensional graph
where the principal axis represented the directions of the first two main principal
components (First principal component, PC1 vs Second principal component, PC2):
1) scores plot and 2) loadings plot. PCL1 in the scores plot of Figure 19 presented
differentiation among 3 groups. Dominant compounds in leaf sample from Amarapura
area (L2) and leaf sample from Chanayetharzan area (L3) were strongly positively
correlated with PC1 and dominant compounds in leaf from Amarapura area (L1) were
negatively correlated with PC1. This score plot could differentiate leaf sample from 3
different sources.

Loading bar plot in Figure 20 illustrated that 15 compounds and 2 of heavy
metal content were dominant in leaf from Amarapura area (L1) with loading (PC1<-
0.05, PC2<0.00). In loading plot, 3 compounds were dominant in GC-MS result at
retention time 44.98 (r18, palmitic acid), 50.41(r22, linolenyl alcohol) 51.14 (r23,
stearic acid), 12 compounds including quercetin (t26) and other 11 unknown
compounds (t2, t8, t9, t11, t13, t14, t28, t30, t31, t32, t34) were dominant in HPLC
result and content of heavy metal Nickel (Ni) and Cadmium (Cd) were dominant. In

leaf sample from Amarapura area (L2), 12 compounds were dominant with loading
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(PC1>0.00, PC2>0.08). In loading plot, 8 compounds were dominant in GC-MS
result at retention time 28.75 (r5, unknown), 31.89 (r7, Diethyl phthalate), 43.04(r15,
unknown), 44.7(r17, Dibutyl phthalate), 49.47 (r19, phytol), 50.04 (r20, Methyl
stearate), 59.76(r25, unknown), 61.22(r29, unknown) and 4 compounds (t12, t16, t19,
t24) were dominant in HPLC result. In leaf sample from Chanayetharzan area (L3),
12 compounds and 2 heavy metals were dominant with loading (PC1>0.07, PC2<-
0.02). In loading plot, 8 compounds were dominant in GC-MS result at retention time
24.46 (r3, unknown), 26.4 (r4, unknown), 37.68(r 8, unknown), 38.55(r10, (-)-
Loliolide), 40.94(r12, unknown), 60.23(r26, unknown), 61.75(r30, unknown),
62.86(r31, unknown), 4 compounds (t22, t23, t25, t27) were dominant in HPLC result
and content of heavy metal Arsenic (As), Lead (Pb) and Barium (Ba) were dominant.

The result was consistent with the score plot.
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Figure 20 Loading plot of M. longifolia leaf from different sources
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3.2.5.2 PCA study on M. longifolia flower
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Figure 21 Score plot of M. longifolia flower from different sources

PC1 in the scores plot of Figure 21 presented differentiation among 3 groups.
Dominant compounds in flower sample from Amarapura area (FM1) and flower
sample from Bagan (FB) were strongly positively correlated with PC1 and dominant
compounds in flower sample from Amarapura area (FM2) were strongly negatively
correlated with PC1. This score plot could differentiate flower sample from different

source.
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Figure 22 Loading plot of M. longifolia flower from different sources

Loading bar plot in Figure 22 illustrate that 3. compounds were dominant in
flower sample from Amarapura area (FM1) with loading (PC1>0.02, PC2<0.20). In
loading plot, 3 compounds were dominant in GC-MS result at retention time 14.11
(r11, unknown), 27.21(r20, unknown) and 33.32 (r36, unknown). In flower sample
from Amarapura area (FM2), 17 compounds and 2 heavy metals were dominant with
loading (PC1<-0.17, PC2<0.1). In loading plot, 17 compounds were dominant in GC-
MS result at retention time 5.92 (rl, unknown), 7.86 (r2, decane), 17.41 (r 14,
unknown), 24.33 (r15, unknown), 26.43 (r16, unknown), 26.5 (r17, unknown), 26.89
(r18, unknown), 27.79 (r25, unknown), 28.14 (r29, unknown), 30.09 (r30, unknown),
30.60 (r31, unknown), 31.46 (r32, unknown), 31.90 (r33, unknown), 32.02 (r34,
unknown), 33.18 (r35, unknown), 33.87 (r39, unknown), 38.22 (r43, unknown) and
content of heavy metal Lead (Pb) and Nickel (Ni) were dominant. In flower sample
from Bagan area (FB), 1 compound and 2 heavy metals were dominant with loading
(PC1>0.02, PC2>-0.2). In loading plot, 1 compound were dominant in GC-MS result
at retention time 11.58 (r8, undecane) and heavy metal Arsenic (As) and Barium (Ba)

were dominant. The result was consistent with the score plot.



78

3.3 Conclusion

Boiling water extracts of M. longifolia leaf from Mandalay (L1, L2, L3)
possesed higher alpha-glucosidase inhibitory activity than flower extracts. This might
be due to the presence of high total phenolic content i.e., phenolic compounds in the
form of flavonoids, phenols, terpenoids, tannins, quercetin and various forms of
quercetin related compounds in the extracts. Water and ethanolic extracts of leaf also
possessed higher activity when compared to acarbose. Consequently, M. longifolia
leaf and flower would be potential sources of compounds for the control of Diabetes
mellitus.

In the Quality determination of M. longifolia, % loss on drying of leaf and
flower powder were not more than 10%. Moreover, heavy metals such as As, Cd, Pb,
Ni and Ba contents in all samples were within acceptable and safe limit prescribed in
ASEAN guidelines, WHO recommendation and ICH guideline Q3D. Furthermore,
leaf and flower powder were free. from the contamination of pathogenic
microorganism such as E. coli, Salmonella spp., S. aureus, Clostridium spp., including
C. tetani, C. botulinum and C. perfringers. Therefore, M. longifolia leaf and flower
powder can be used safely as herbal materials or as raw materials for herbal
medicines.

ATR-FT-IR spectroscopy enabled short analysis time, simple, not
complicated  sample preparation and non-destructive method. Moreover, this
technique could be valuable for spectral acquirement of M. longifolia leaves and
flowers. This ATR-FT-IR fingerprint pattern could be useful for the identification and
authentication of M. longifolia leaf and flower powders. Therefore, ATR-FT-IR
technique can be beneficial in the quality control of herbal materials.

GC-MS analysis of ethanolic extracts of M. longifolia leaf showed a total of
32 compounds containing terpenes, saturated fatty acid, unsaturated fatty acids and
benzofuran. Four compounds, including neophytadiene, palmitic acid, phytol and
linolenyl alcohol were found in common in samples from three different sources from
Mandalay area (L1 from Amarapura area, L2 from different place in Amarapura area,
L3 from Chanayetharzan area). Ethanolic extracts of flower exhibited a total of 18
compounds comprising furan and saturated fatty acids. Three compounds such as

palmitic acid, 9,12,15-octadecatrien-1-ol, (Z, Z, Z) and stearic acid were found in
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common in three samples from Mandalay and Bagan area (FM1 from Amarapura
area, FM2 from different place in Amarapura area, FB from Bagan area). GC-MS
fingerprint can be used for the identification and authentication of M. longifolia leaves
and flowers from different sources.

The obtained HPLC method for the simultaneously determination of gallic
acid and quercetin in aqueous leaf extract of M. longifolia was simple, precise,
accurate, reproducible, and highly sensitive. In this study, DAD detector was suitable
for the determination of compounds with different UV maxima. The chromatogram
could be used as a chemical fingerprint of this aqueous extract. This newly developed
HPLC method will be helpful for the quantification of active constituents and quality
assessment of M. longifolia leaf in the future. LC-MS study demonstrated quercetin
and various forms of quercetin related compounds in the extract.

Heavy metal contamination might be due to variability of exposure to
environmental pollution, geographical region and composition of soil. The attention
should be paid during both collection and equipment used in analysis. Moreover, the
GC-MS fingerprints combining with chemometric analysis were preferred approaches
for the authentication and characterization of M. longifolia leaves and flowers from
various sources. Additionally, with further studies of the chemical constituents from
other chromatographic and spectroscopic - analyses, a complete metabolomic
fingerprint for M. longifolia leaves and flowers from Myanmar will be established.
PCA study on ICP-MS, GC-MS and HPLC data could differentiate different sources

of leaves and flowers from Mandalay and Bagan townships.
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CHAPTER IV
STUDY OF MORUS ALBA L.

4.1 Materials and Methods
4.1.1 Chemicals

Name Source

Acarbose Sigma Aldrich
Acetic acid Merck, Germany
Alpha-glucosidase enzyme Sigma Aldrich
Ammonia Merck, Germany
Caffeic acid Sigma Aldrich
Chloroform Merck, Germany

Chlorogenic acid

Columbia CAN Agar

Copper sulphate

Ethanol, absolute

Ethanol (70%)

Ferric chloride

Folin Ciocalteu’s reagent

Gallic acid

lodine

Mac Conkey Agar

Mac Conkey Broth

Mannitol Salt Agar

Methanol

Monobasic potassium phosphate
Multi-element Calibration Standard 2A,
(Agilent)

Nitric acid (65%)

Paraffin

Sisco Research Laborites, India
BBL ™, USA

Sigma Aldrich

Merck, Germany

Merck, Germany

Sigma Aldrich

Sisco Research Laborites, India
Sisco Research Laborites, India
Sigma Aldrich

Difco ™, USA

Difco ™, USA

BBL ™, USA

HPLC grade, Merck, Germany
Sigma Aldrich

Agilent, USA

Merck, Germany

PC Drug company, Thailand
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Name Source

p-nitro phenyl-a-D-glucopyranoside Sigma Aldrich
(PNPG)

Potassium dihydrogen phosphate Sigma Aldrich
Potassium hydroxide (pellets) Sigma Aldrich
Quercetin Sigma Aldrich
Rappaport Vassiliadis Broth Difco ™, USA
Reinforced Clostridial Medium Difco ™, USA
Rutin ACROQOS, organics
Sodium carbonate Sigma Aldrich
Sodium hydroxide (pellets) Sigma Aldrich

Soybean-Casein Digest Medium
Sulphuric acid (concentrated)
Xylose-Lysine-Deoxycholate (XLD)
Agar Medium
Xylose-Lysine-Deoxycholate (XLD)
Agar

Bacto ™, USA
Merck, Germany
Difco ™, USA

Difco ™, USA




4.1.2 Instruments

Name Source

Analytical balance Sartorius, Germany
Autoclave, HIRAYAMA, HIRAYAMA, Japan
HICLAVE, HVA 85

Centrifuge, Microfuge 16 centrifuge, Backman coulter, USA

Backman coulter

Column (HP-5MS, 0.25 mm x 30m x Agilent, USA

0.25um) (Agilent)

Fourier Transformed Infrared Therma Scientific Nicolet, USA
spectrophotometer (FT-IR 4700)

(iD7 ATR) (Nicolet iS5)

Gas Chromatography-Mass Agilent, USA

Spectroscopy (GC-MS) (Agilent 6890N)

5973 mass selective detector

High Performance Liquid Agilent, USA
Chromatography (HPLC) (Agilent 1260)

Hot air oven, Heraeus Heraeus, France
Incubator, Heraeus Heraeus, France
Inductively Coupled plasma Mass Agilent, USA
Spectroscopy (ICP-MS) (Agilent

7500ce)

Liquid Chromatography Mass Agilent, USA

Spectroscopy (LC-MS) (Agilent

1100series, G2445D)

Microplate reader (TECAN Infinite F Switzerland

50)

Microwave digestion Instrument, Multi-  Austria

wave 3000, ETHOS One MILESTONE

PH meter, Mettler toledo Mettler Toledo, Germany
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Name Source

Rotary evaporator BUCHI, Switzerland
BUCHI Heating Bath B 100

BUCHI Rotavapor R-100

Sonnicator, EIma, Model 890/H Elma, Germany
Ultrasonic bath CREST ultrasonics, USA
Ultraviolent Visible spectrophotometer ~ Agilent, USA

(UV-Vis) (Agilent)

Vortex mixer Vision Scientific, Korea

4.1.3 Plant Material
4.1.3.1 Plant samples
There were 2 groups of Morus alba L. (mulberry) leaves in this study; sample
leaves and reference leaves. There were 5 sample leaves, collecting from Taunggyi
region in Myanmar (M) (Eastern of Myanmar) and from Bangkok (T1), Nonthaburi
(T2) Nakhon Pathom (T3) province in Thailand. The upper top leaf from Bangkok
(UL-T1) were also specifically collected. The second group were reference leaves
which consisted of 2 cultivars; Buriram 60 (BR) and Khun Pai (KP). Both cultivars
were collected from Queen Sirikit Department of Sericulture in Nakhon Ratchasima
(NR), Kanjanaburi (KB) and Buriram (BR) province in Thailand. All of samples were
dried at 50°C in oven and ground into powder.
4.1.3.2 Tea products
Fourteen mulberry tea products were purchased from various markets in
Thailand.

4.1.4 Extraction (Maceration with water, boiling water and absolute
ethanol)
Both reference leaves and sample leaves of M. alba were extracted with water,
boiling water and absolute ethanol according to methods used for M. longifolia leaves
and flowers. M. alba tea powder was extracted with boiling water. Water and boiling

water extracts were freeze dried for further studies.
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4.1.5 Evaluation of alpha-glucosidase inhibitory activity
All extracts from 4.1.4 were tested for alpha-glucosidase inhibitory activity

according to methods used for M. longifolia leaf and flower extracts.

4.1.6 Preliminary phytochemical screening
Boiling water, water and absolute ethanolic extracts of M. alba leaf from
4.1.3.1 were tested for preliminary phytochemical screening according to methods

used for M. longifolia leaf and flower extract.

4.1.7 Quality determination of M. alba L.
4.1.7.1 Determination of loss on drying
M. alba leaves and tea powder from 4.1.3.1 and 4.1.3.2, respectively, were
determined for loss on drying according to methods used for M. longifolia leaf and
flower powder.
4.1.7.2  Determination of heavy metal content by ICP-MS
M. alba leaves and tea powder from 4.1.3.1 and 4.1.3.2 respectively, were
determined for heavy metal content according to methods used for M. longifolia leaf
and flower powder.
4.1.7.3 Determination of total phenolic contents
Boiling water, water-and absolute ethanolic extracts of M. alba leaf from 4.1.3
and boiling water extract of M. alba tea from 4.1.4 were determined for total phenolic
contents according to methods used for M. longifolia leaf and flower extracts.
4.1.7.4 Determination of microbial contamination
M. alba leaves and tea powder were determined microbial contamination
according to methods used for M. longifolia leaf and flower powder. Note. The
amount of some tea products was not enough for the test, so 6 tea products were
tested.
4.1.7.5 Fourier Transformed-Infrared spectroscopy (FT-IR) analysis
M. alba leaves and tea powder from 4.1.3.1 and 4.1.3.2, respectively, were
examined for FT-IR analysis according to methods used for M. longifolia leaf and

flower powder.
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4.1.7.6 Gas Chromatography- Mass Spectroscopy (GC-MS) profiling
Absolute ethanolic extract of M. alba leaf and tea were carried out in GC-MS
profiling according to methods used for M. longifolia leaf and flower extracts.
4.1.7.7 High Performance Liquid Chromatography (HPLC) profiling
M. alba leaves and tea powder from 4.1.3.1 and 4.1.3.2, respectively, were
extracted and determined for the content of chlorogenic acid, caffeic acid, rutin, and
quercetin.
4.1.7.7.1 Preparation of the Extract
Each of 0.5 g of sample was sonicated with 8 mL of boiling water for 1 hour.
Then, the extract was made up to 10 mL volume with boiling water, centrifuged at
4000 rpm about 30 min, and filtered under vacuum.
4.1.7.7.2 Instrumentation and chromatographic condition
All analyses were operated on an Agilent 1260 HPLC system (Agilent, USA)
equipped with a photodiode array detector. The analytical method prescribed in
reference (83) was modified. The analytical column used was Agilent (Poroshell 120)
extended with C18 (150 mm x 4.6 mm x 2.7um). The ratio of mobile phase, flow rate
and column temperature were explored. The mobile phase contained the mixture of
solvent A (0.1% formic acid in water) and solvent B (methanol). Solvents used were
filtered through a 0.22 um filter and degassed. The sample injection volume was 2
pL. Chlorogenic acid and caffeic acid were detected at the wavelength of 320 nm
while rutin and quercetin were detected at the wavelength of 360 nm.
4.1.7.7.3 Preparation of standard solutions
Standard chlorogenic acid, caffeic acid, rutin and quercetin were weighed and
dissolved in 80% ethanol to obtain a stock solution of 1 mg/mL. Working solutions
were serially diluted from stock solution to 5 concentrations of standard solutions in
the range of 100-525 pug/mL for chlorogenic acid, 1.2-15 pg/mL for caffeic acid, 15-
100 pg/mL for rutin and 5-20 pg/mL for quercetin.
4.1.7.7.4 Method validation
The developed HPLC method for the quantification of chlorogenic acid,
caffeic acid, rutin and quercetin in aqueous extract of M. alba was validated for
specificity, system suitability, linearity, sensitivity, precision and accuracy, according
to ICH and AOAC guidelines (219, 220).
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4.1.7.7.4.1 Specificity and system suitability
Specificity was assessed using standard compounds and DAD detector. Peak
identification was carried out based on retention time and UV spectrum of those of
standards. To evaluate system suitability of the method, repeatability of retention time
and peak area of five replicate injections of 262.5 pg/mL of chlorogenic acid, 5
ug/mL of caffeic acid, 25 pg/mL of rutin and 10 pg/mL of quercetin standard
solutions were used. The %RSD values were calculated in each case.
4.1.7.7.4.2 Linearity and range
Linearity was established across 5 different concentrations: 100-525 pg/mL
for chlorogenic acid, 1.2 -15 pg/mL for caffeic acid, 15-100 pg/mL for rutin and 5-20
pg/mL for quercetin. The regression equations and correlation coefficients were
reported.
4.1.7.7.4.3 Sensitivity
The limit of detection (LOD) and the limit of quantification (LOQ) were
determined from the calibration curves of chlorogenic acid, caffeic acid, rutin and
quercetin. The LOD was calculated according to the expression 3.3*SD/S. While SD
is the standard deviation of the response and S-is the slope of the calibration curve.
The LOQ was calculated using the expression 10*SD/S (219).
4.1.7.7.4.4 Accuracy and precision
The accuracy was assessed by means of recovery assays using standard
addition method to the diluted sample solution. Prior to fortification, the diluted
sample solutions were determined for background levels of chlorogenic acid, caffeic
acid, rutin and quercetin. Standards were spiked at three different levels, 160, 200 and
240 pg/mL for chlorogenic acid, 3, 3.75 and 4.5 pg/mL for caffeic acid, 32, 40 and
52.80 pg/mL for rutin and 8, 10 and 12 pg/mL for quercetin. Each solution was
injected in triplicate within 2 sequential days. Unspiked diluted samples were
analyzed to calculate actual recovery. Accuracy was revealed as the recovery
percentage across the range of the assay. Intra- and inter-day precisions were shown
as the percentage of relative standard deviation (%RSD) within 1 day and 2 sequential

days, respectively.
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4.1.7.7.5 Content of chlorogenic acid, caffeic acid, rutin and
quercetin in the aqueous extracts
About 1 ml of the extract was taken and filter with 0.22 pum syringe filter
before HPLC injection. The developed HPLC method in the present study was used to
quantify the amounts of chlorogenic acid, caffeic acid, rutin and quercetin in the
aqueous extracts of M. alba leaf. The amount was expressed as mg/100 g dried

extract.

4.1.7.8 LC-MS Analysis

The extract used in HPLC analysis was also analyzed by LC-MS in which
high peak area around 20 to 40 min from LC-DAD was identify using an Agilent
1100 series LC coupled to mass spectrometer (Agilent, G2445D).

4.1.8 Statistical Analysis

All values of experimental measurements will be expressed as mean + SD.
One-way analysis of variance (ANOVA) and two-factor with replication was used by
excel for the measurement of the statistical significance. The statistical significance

level p<0.05 was used.

4.1.9 Principal component analysis (PCA)

To detect clustering of samples, principal component analysis (PCA) was
used. To present different manner for interpretation and to reduce data, PCA is very
useful (221). Data obtained from GC-MS, ICP-MS and HPLC were analyzed by
PCA to differentiate about the cultivar and sources of reference leaves using WEKA
version 3.8.5 open-source software, Windows version 10.0 (available from:

https://www.cs.waikato.ac.nz/ml/weka/). Pearson correlation (with Minitab Trial

version) was used to evaluate linear relation between each pair of metal contents.


https://www.cs.waikato.ac.nz/ml/weka/
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4.2 Result and Discussion
4.2.1 Extraction (% yield of different extracts)

The % yield of aqueous, boiling water and absolute ethanolic M. alba L. leaf
and tea extracts were shown in Table 23 and Figures 23-25. Among reference leaves,
% vyield value of different extracts were in the range of 13.14-24.56 for aqueous
extracts, 15.10-23.79 for boiling water extracts, and 2.98-5.14 for ethanol extracts.
Agqueous extract of BR-BR showed the highest % yield. Among sample leaves, %
yield values were in the range of 14.72-19.16 for aqueous extracts, 19.36-25.60 for
boiling water extracts, and 4.07-8.77 for ethanol extracts. Boiling water extract of
sample M from Myanmar, showed the highest % vyield (25.60). In boiling water
extract of tea products, % yield values were in the range of 9.02 - 23.46. Extract of
Tea 1 possessed the highest % yield (23.46) while that of Tea 13 was the lowest.

Boiling water extracts gave the highest % vyield in reference leaves and
sample leaves except BR-BR and KP-NR, while ethanolic extracts gave the lowest %
yield value. Aqueous and boiling water extracts of reference leaves from Buriram
(BR-BR and KP-BR) gave higher % yield than other provinces. The result from two-
factor with replication of ANOVA at 95% confidence interval (Appendix), from 3
extraction solvents of reference leaves, % yield of the sample from different provinces
presented significant difference, regardless of the cultivars. Considering boiling water
extracts of reference leaves from different source, the highest % yield was from
Buriram following by Nakorn Ratchasima and Kanjanaburi province, respectively.
This implied that leaves from different source have different matrix that could be

extracted when maceration in hot water.
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Table 23 % vyield of M. alba leaf and tea products extracts

Sample Agqueous extract Boiling water Absolute ethanolic

(mean + SD) extract extract (mean *
(mean + SD) SD)

Reference leaf

BR-KB 13.14+1.14 15.10+1.05 4.31+0.05

BR-NR 19.89+2.25 19.83£1.01 5.14+0.27

BR-BR 24.5616.61 21.67£2.38 3.61+0.07

KP-KB 13.33£2.09 17.40+0.45 3.88+0.20

KP-NR 17.07£1.45 16.92+2.13 4.21+0.10

KP-BR 18.98+0.66 23.79+1.58 2.9840.11

Sample leaf

M 15.52+0.26 25.60+1.43 8.77+0.48

Tl 17.15+0.52 21.96+1.39 6.90+0.16

T2 14.72+0.36 21.18+0.90 6.55+0.05

T3 17.89+0.69 21.15+0.63 7.40+0.08

UL-T1 19.16+0.52 19.36+1.04 4.07+0.06

Tea products

Teal 23.4620.91

Tea 2 15.80+0.48

Tea 3 22.32+0.49

Tea 4 16.16+0.22

Tea 5 18.38+1.02

Tea 6 21.84+0.67

Tea7 13.16+0.45

Tea 8 16.79+1.77

Tea 9 12.2940.89

TealO 14.62+0.34

Tea 11 22.03+1.91

Tea 12 18.88+1.25

Tea 13 9.02+1.23

Tea 14 12.16+0.06
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Figure 23 % yield of different reference leaf extracts of M. alba
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Figure 25 % vyield of boiling water extract of M. alba tea products

4.2.2 Evaluation of alpha-glucosidase inhibitory activity of M. alba leaf and

tea product extracts
The alpha-glucosidase inhibitory activities of M. alba leaf and tea product
extracts were expressed as ICsp value and were shown in Table 24 and Figures 26-28.
Among reference leaves, the range of 1Csg values were 269.86 pg/mL -no activity for
aqueous extracts, 195.75-928.31 pg/mL for boiling water extracts, and 132.85 pg/mL
-no activity for ethanolic extracts compared to standard acarbose at 763.92 pg/mL.
Boiling water and ethanolic extracts of BR-BR, aqueous extract of BR-KB and
boiling water extract of KP-NR possessed higher 1Cso value when compared to 1Cso
value of standard acarbose. Therefore, these extracts possessed lower alpha-
glucosidase inhibitory activity than acarbose while all other extracts of leaves
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possessed lower ICso value and higher activity than acarbose. BR-NR extracts in
every solvent showed higher activity than other samples with the same extraction
solvent. The highest activity was found in ethanolic extract of BR-NR while the
lowest activity was in ethanolic extract of BR-BR.

Among sample leaves, the range of 1Cso values were 218.29-921.08 pg/mL for
aqueous extracts, 243.46-439.81 pug/mL for boiling water extracts, and 152.73-771.68
pg/mL for ethanolic extracts. Only ethanolic extracts of T1 and aqueous extract of
UL-T1 possessed higher 1Cso value and lower activity than acarbose while other
extracts of sample leaves show higher activity than acarbose. The highest activity was
found in ethanolic extract of M. alba. In previous study, ICso value of 60% alcohol
extract was 0.4113pg/mL, and 100% alcohol extract was 0.6315 pg/mL, which
possessed higher activity than the present study (234). In another study, 65%
ethanolic extract of mulberry leaf showed the 1Cso of 309.82 pg/mL (235).

In tea products, ICsq values were in the range of 148.77-3219.07 pg/mL. All
tea products, except tea 7 and 14, possessed lower ICso value and higher activity than
acarbose. The highest activity was found in tea 12. There has been no other study of
alpha-glucosidase inhibitory activity on mulberry teas. Manufactures should consider
alpha-glucosidase inhibitory activity of raw materials to make a good benefit to the
customers.

From ANOVA, two-factor with replication table, both cultivars and source of
reference leaves affected the alpha-glucosidase inhibitory activity at 95% confidence

interval as in Table 35 (Appendix).



Table 24 ICso values of reference leaf, sample leaf and tea product extracts of

M. alba
ICso (pg/mL)
Sample Aqgueous extract Boiling water Absolute ethanolic
(mean = SD) extract extract
(mean + SD) (mean + SD)
Reference leaf
BR-KB 921.08+312.51 363.15+32.13 249.24+36.86
BR-NR 269.86+11.87 195.73+34.84 132.85+38.85
BR-BR 362.24+35.58 928.31+84.5 776.94+120.53
KP-KB 483.36+24.05 386.24+22.9 -
KP-NR - 886.42+38.34 171.52+19.07
KP-BR 290.06+24.44 369.08+20.99 385.10+7.92
Sample leaf
M 500.77+91.89 439.81+42.72 152.73+£31.23
T1 218.29+25.48 322.65+32.70 771.68+93.82
T2 582.57£95.72 243.46x13.33 659.47+£71.18
T3 251.48+7.67 269.37+23.82 174.84+4.22
UL-T1 921.08+312.51 299.19+£14.25 374.41+27.23
Tea products
Teal 344.27+9.83
Tea 2 239.90+20.93
Tea 3 397.01+33.66
Tead 537.42+98.91
Tea 5 702.31+94.31
Tea 6 452.31+90.70
Tea7 1256.97+273.42
Tea 8 169.03+24.89
Tea9 689.81+88.66
Tea 10 704.00+£317.45
Teall 915.48+93.97
Tea 12 148.77+28.10
Tea 13 543.91+154.13
Tea 14 3219.07462.65
Acarbose 763.92+22.27

(-) = not show activity
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4.2.3 Preliminary phytochemical screening
The extracts of reference leaves and sample leaves were screened for
phytochemistry. Phytochemical screening of boiling water, aqueous and absolute
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ethanolic extracts of M. alba reference leaves indicated the presence of some
secondary metabolites such as flavonoids, terpenoids, steroids, saponin, phenols and
tannins and cardiac glycosides. However, proteins were only present in boiling water
extract of KP-KB and aqueous extract of BR-BR and KP-NR. The results were shown
in Table 25. Alkaloids, anthraquinones and carbohydrates were not detected in all
extracts.

Phytochemical screening of boiling water, aqueous and absolute ethanolic leaf
extracts in sample leaf group also indicated the presence of flavonoids, terpenoids,
steroids, saponins, phenols and tannins but not cardiac glycosides. The results were
shown in Table 26. Alkaloids, anthragquinones, carbohydrates and proteins also were
not detected in all extracts. Therefore, the present study complied with previous
studies (235, 236).
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4.2.4 Quality determination of Morus alba L.
4.2.4.1 Determination of loss on drying
The % loss on drying of M. alba leaves and teas were shown in Table 27 and
Figure 29. The LOD percentage of reference leaves, sample leaves and tea products
were in the range of 8.93-9.94 %, 7.51-8.98 % and 7.21-10.11 %, respectively. Limit
of % LOD value for mulberry or mon in Thai Herbal Pharmacopoeia is not more than
11% w/w after drying at 105°C to constant weight. Therefore % LOD of all M. alba
leaves and teas were within the limit prescribed in Thai Herbal Pharmacopoeia 2019.

Table 27 Percent LOD of leaf powder of M. alba and tea products

Sample % LOD
Reference leaves

BR-KB 8.93
BR-NR 9.51
BR-BR 9.36
KP-KB 9.66
KP-NR 9.94
KP-BR 9.91
Sample leaves

M 8.98
T1 751
T2 7.62
T3 7.63
UL-T1 8.46
Tea products

Tea'l 10.11
Tea2 8.80
Tea 3 9.03
Tea 4 9.74
Teab 9.20
Tea 6 9.84
Tea7 8.52
Tea 8 7.84
Tea9 8.53
Tea 10 7.21
Tea 11 7.27
Tea 12 9.43
Tea 13 9.21

Tea 14 9.18
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Figure 29 Percent LOD of reference leaves, sample leaves and tea products of
M. alba

4.2.4.2 Determination of heavy metal contents by ICP-MS
4.2.4.2.1 Standard curves

The result was the same as the result in chapter 3.
4.2.4.2.2 Heavy metal content in M. alba leaves and tea samples

Arsenic, As, could distribute into the environment via geological (geogenic)
e.g., geothermal/volcanic activities, anthropogenic (human activities) sources e.g.,
agricultural using pesticides, fungicides and fertilizers, industrial of paints/ chemicals,
electroplating others like sewage and mining and biological source (biogenic) e.g.,
plants, animals and microorganism (237). Cadmium, Cd, could reach the food chain
by various geogenic and anthropogenic activities (238). Contaminated sources of lead,
Pb, were from mining, manufacturing, recycling activities, paints, lead pipe, stained
glass, lead crystal glassware, and petroleum engine (239). Nickel, Ni, may be
contaminated from environment (liquid and solid fuel, industrial waste), air and soil
(240). Barium, Ba, may be contaminated from environment (mining) and food (Brazil
nuts, seaweed, fish).

The concentration of heavy metals in reference leaves were shown in Table 28
and Figures 8-9. The content of As, Cd and Pb were in the range of 0.0253-0.0863,
0.0043-0.0089 and 0.1184-0.2463 mg/kg, respectively. The content of Ni and Ba were
in the range of 0.3783-0.7724 and 10.5743-49.3895 mg/kg. BR-NR showed the
highest content of As, Cd and Pb and the highest content of Ni was found in BR-KB.
However, KP-NR showed the highest content of Ba. KP-KB possessed the lowest
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content of As, Cd and Pb and the lowest content of Ni was found in KP-NR. The
lowest content of Ba was found in BR-KB.

The concentration of heavy metals in sample leaves from different sources
were described in Table 28 and Figures 8 -9. The content of As, Cd and Pb were in
the range of 0.0552-0.1678, 0.0095-0.0136 and 0.3307-0.4694 mg/kg, respectively.
The content of Ni and Ba were in the range of 1.0319-2.1349 and 11.4302-47.1561
mg/kg, respectively.

The concentration of heavy metals in 14 M. alba L. tea products were shown
in Table 28 and Figures 30-31. The content of As, Cd and Pb were in the range of
0.0166-0.3996, 0.0044-0.0183 and 0.0103-1.0069 mg/kg respectively. The content of
Ni and Ba were in the range of 0.5656-3.0988 and 10.98682-133.4450 mg/Kkg.

Reference leaves possessed lower content of heavy metals than sample leaves
except for Ba while tea products possessed the highest content among all sample
investigated. Lower As and Pb contents of reference leaves represented the closed
control of pesticide and fertilizer utilization in the agricultural environment as well as
the control of distance from roadside. High levels of Cd, Ni and Ba demonstrated that
contamination from high technology equipment in industrial production should be
aware.

The content of As, Cd and Pb in all samples was within the maximum limit
prescribed in WHO and ASEAN guidelines for herbal medicines. The content of Ni
and Ba in all samples was also lower than the guideline limit of ICH. All samples in
this research from different sources and different parts contained variable amount of
heavy metals. These differences may be due to variability of exposure to
environmental pollution, genetics, geographical region composition of soil. However,
heavy metal content was within acceptable and safe limit prescribed in ASEAN
guidelines, WHO recommendation and ICH guideline. However, the attention should
be paid during both cultivation process and tea infusion production.

From ANOVA, two-factor with replication table, most of metal levels in
mulberry leaves were affected by both cultivar and cultivation source except Pb and
Cd, at 95% confidence interval (Appendix). Cd content were affected only by
cultivation area whereas no difference in Pb content was made by cultivar and source.

Mulberry leaves cultivar Buriram 60 seemed to have higher metal levels than cultivar
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Khun Pai, especially that from NR that contained the highest amount of As and Cd
while the reference leaves BR-KB contained the highest level of Ni. Only reference
leaves cultivar Khun Pai, KP-NR, contained the highest in Ba content. Leaves, KP-
KB, contained the least content of As and Cd and KP-NR contained the least content
in Ni.
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Figure 30 Heavy metal (As, Cd, Pb) content in powder of reference leaves, sample
leaves and tea products of M. alba
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Figure 31 Heavy metal (Ni, Ba) contentin in powder of reference leaves, sample
leaves and tea products of M. alba

4.2.4.3 Determination of total phenolic content
Total phenolic content (TPC) of leaf and tea extracts of M. alba was expressed
as mg GAE/ g extract and shown in Table 29 and Figures 32-34. TPCs of references
leaves were in the range of 12.95-34.03, 14.16-37.99 and 7.26-27.22 mg GAE/g
extract for aqueous, boiling water and ethanol extract, respectively. Boiling water
extract of KP-NR possessed the highest TPC.
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Among extracts of sample leaves, TPCs were in the range of 19.87-31.95,
28.36-47.36, 10.55-28.67 mg GAE/g extract for aqueous, boiling water and ethanolic
extract, respectively. Boiling water extract of top leaf UL-T1 possessed the highest
TPC. In three types of extracts of all samples, boiling water extracts possessed much
higher content than aqueous extracts and ethanol extracts.

TPCs of reference and sample leaves from the present study were found higher
than those in previous studies (99, 241, 242).

In boiling water extracts of M. alba tea products, TPCs were in the range of
16.83-49.54 mg GAE/g extract. Tea 3 possessed the highest TPC among all test
samples. TPCs of all tea products in this study were higher than previous study (243).

Considering reference leaves, the result from ANOVA showed that different
extraction solvents gave significant difference in TPCs (Appendix). From mean
values, extraction with ethanol gave the lowest TPC among 3 solvents. TPC of
aqueous extracts gave the mean values closed to those from boiling water extracts.
Cultivars and province sources of leaves caused significant difference at 95%
confidence interval within all solvent extractions. Considering mean values, cultivar
BR gave lower TPC than cultivar KP in all solvents and leaves from KB gave the

lowest TPC in all solvents.



Table 29 Total phenolic content in extracts of reference leaf, sample leaf and tea

product of M. alba

Sample Aqueous Boiling water Ethanol
(mean + SD) (mean + SD) (mean + SD)

Reference leaves

BR-KB 12.95+0.54 14.16x0.76 9.28+1.67

BR-NR 25.39+2.86 29.73+0.66 18.64+5.40

BR-BR 22.73+0.51 21.51+0.50 7.26+1.85

KP-KB 22.29+0.88 20.44+1.37 8.40+0.74

KP-NR 34.03+3.77 37.99+1.84 27.2245.45

KP-BR 33.12+2.78 37.24+£1.15 15.84+1.09

Sample leaves

M 30.85£1.40 42.77+1.88 28.671£0.43

Tl 25.95+3.24 31.74+0.72 10.55+3.39

T2 19.87+5.60 28.36£0.70 12.96+2.57

T3 28.19+5.09 31.68+0.98 13.88+1.51

UL-T1 31.95£3.36 47.36%2.01 24.6315.01

Tea products

Teal 45.95 £ 0.62

Tea 2 44.22 £ 0.61

Tea 3 49.54 £ 0.65

Tea 4 39.72+0.14

Tea b 36.43 +0.92

Tea 6 29.95 + 0.33

Tea7 31.16£1.04

Tea 8 35.59+0.88

Tea 9 32,55+ 2.47

Tea 10 33.86 +1.70

Tea ll 42.30 £ 2.89

Tea 12 30.19+0.86

Tea 13 25.15+ 2.28

Tea 14 16.83+0.27
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Figure 33 Total phenolic content in different sample leaf extracts of M. alba
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Figure 34 Total phenolic content in boiling water extracts of M. alba tea products

4.2.4.4 Determination of microbial contamination
Results for microbial contamination in powder of reference leaves, sample

leaves and tea products were shown in Table 30. All reference leaves, except BR-BR
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were free from the contamination of E. coli, S. aureus, Salmonella species and
Clostridium species. The reference leaves BR-BR showed the contamination of
Clostridium species. However, this contaminated species was not pathogenic.
Pathogenic Clostridium spp. were C. tetani, C. botulinum and C. perfringers.

Table 30 Microbial contamination in reference leaves, sample leaves and tea
products of M. alba

Sample E. coli S. aureus Salmonella Clostridium.
Spp

Reference

leaves

BR-BR - - - +
BR-KB - - - -
BR-NR - - - -
KP-BR - - - -
KP-KB - - - -
KP-NR - - - -

Sample leaves

M - g - -
T1 - 4 - -
T2 - - - +
T3 - - - -
UL-T1 - - - -

Tea products

Teal - - - +
Tea7 - - - -
Tea 8 - - - -
Tea 10 - > - +
Tea 12 - - - -
Tea 14 - - - -

(+) = present, (-) = absent

In samples leaves and tea products, T2, Tea 1 and Tea 10 showed the
contamination of nonpathogenic Clostridium species.

Limit of microbial contamination prescribed in Thai Pharmacopoeia 2005 and
USP 40 is described as follow. For E. coli and S. aureus there is none of the colonies
in 1g of test sample. There should be no colonies of Salmonella in 10 g of test sample
as well as for spore and non-spore pathogenic Clostridium spp., there should be no

colonies in 10 g of each test.
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4.2.4.5 Fourier Transformed-Infrared Spectroscopy (IR) profiling

In reference leaves of M. alba, common peaks were found at wave number
1046.77, 1416.64, 1598.09, 1741.81, 2851, 2919.85, 3270.2 in Table 9 and Figure 35.
Assignment of most bands were done and shown in Table 31. It was found that peaks
of sample from different sources were similar.

In M. alba sample leaves from Myanmar and Thailand, common peaks were
found at wave number 1046.77, 1416.64, 1598.09, 1741.81, 2851, 2919.85,
3270.2 cm™ in Table 31 and Figure 36. Assignment of most bands were done and
shown in Table 52. It was found that peaks of sample from different sources were
similar. The present study complied with the previous study (244). Overall, in all
samples, similar spectral shapes were obtained, and the same bands were present in all

spectra with slight differences in-mutual intensities.
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4.2.4.6 Gas Chromatography- Mass Spectroscopy (GC-MS) profiling
4.2.4.6.1 GC-MS fingerprint of M. alba reference and sample
leaf extracts

GC-MS chromatograms of the ethanolic extracts of M. alba leaf and teas were
analyzed. A total of 83 compounds containing terpenes, saturated fatty acids,
unsaturated fatty acids and benzofurans were found from reference leaf. Table 32 with
% area cut off at 0.04 showed that the ethanolic extracts of cultivar Buriram 60 from
KB, NR and BR contained 19, 16, and 26 compounds, respectively. Phytol was the
most abundant compound in BR-KB and BR-BR, following by palmitic acid and oleic
acid. While oleic acid was the most common substances in BR-NR, following by
phytol, and palmitic acid. The compounds with more than 0.04% peak area of the
ethanolic extracts of M. alba cultivar Khun Pai were shown in Table 33. There were
23, 18, 21 compounds found in the leaves from KB, NR and BR, respectively. Phytol,
oleic acid and palmitic acid were the most abundant compounds in the leaves from
NR and BR but in different order while the leaves from KB were rich in phytol,
methyl linolenate and stearic acid. It was remarkable that for both cultivars, % peak
area of phytol was much less and % peak area of palmitic acid, oleic acid and linoleic
acid were much higher in leaves from NR than in leaves from KB and BR. The GC-
MS chemical fingerprints of ethanolic leaf extracts from 2 cultivar of M. alba were
shown in Figure 37.
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Figure 37 GC-MS fingerprints of ethanolic extracts of reference leaves of M. alba

A total of 73 compounds containing terpenes, saturated fatty acids, unsaturated
fatty acids and benzofurans were found in sample leaves of M. alba. The extracts of
M, T1, T2, T3 and ULT1 were found 23, 25, 24, 23, and 26 compounds with %area
>0.04%, respectively as shown in Table 34. Twenty compounds such as oleic acid (or
(2)-octadec-9-enoic acid) (% peak area of 13.43-30.95%), phytol or 3, 7, 11, 15-
tetramethylhexadec-2-en-1-o0l) (10.32- 25.28%), linoleic acid or (9Z,12Z)-octadeca-
9,12-dienoic acid (1.25-22.25%), palmitic acid (or hexadecenoic acid) (6.97-15.45%),
stearic acid or octadecanoic acid (2.73-9.76%) and methyl linolenate (or methyl
(92,127,15Z)-octadeca-9,12,15-trienoate) (1.03-4.16%), with respect to % peak area
were found in common in samples from both Myanmar and Thailand. In leaf extracts
of M. alba from both countries, % peak area of linoleic acid and stearic acid were
much higher in leaves from Myanmar and % peak area of oleic acid and phytol were
much higher in leaves from Thailand. The GC-MS chemical fingerprints of ethanolic
leaf extracts of M. alba from Myanmar and Thailand were shown in Figure 38. The
fingerprint patterns of sample leaves were similar to those of reference leaves. Our

study complied with the previous studies (36, 40).
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Figure 38 GC-MS fingerprint of ethanolic extracts of sample leaves of M. alba

4.2.4.6.2 GC-MS profiles of M. alba tea product extracts

The GC-MS chromatograms of the ethanolic leaf extracts of 14 M. alba
commercial tea products were analyzed. All tea products were labelled M. alba leaves
without other herbal plants except for tea 10. Tea products contained total of 18
compounds in which 6 compounds were common including phytol (5.13-38.94 %),
oleic acid (1.90-24.23 %), methyl linolenate (0.44-12.54%), methyl palmitate (0.29-
8.18 %), palmitic acid (1.60-11.25 %), stearic acid (0.49-6.58 %), which also were
found in both cultivars of M. alba leaves and shown in Table 35. However, stearic
acid was not found in tea 10 and 11. Tea 7 possessed the highest % peak area of
methyl palmitate and stearic acid. Tea 3 possessed the highest % peak area of oleic
acid and palmitic acid. The highest % peak area of phytol and methyl linolenate were
found in Tea 13 and Tea 9 respectively. The GC-MS chemical fingerprints of the

ethanolic extracts of tea products were shown in Figure 39.
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Figure 39 GC-MS fingerprint of ethanolic extracts of M. alba tea product, (A) T1-

T6=Teal-6, (B) T7-T14= Tea 7-14

4.2.4.7 High Performance Liquid Chromatography (HPLC) profiling

4.2.4.7.1 Method development

The analytical method described in reference (83) was modified to get good

separation. The ratio of mobile phase, flow rate, column temperature and wavelength

were explored. Although methanol (B) was used as a mobile phase in place of

acetonitrile, the method could give better separation and reduce the more toxic

solvent. Adding formic acid in the mobile phase (A, 0.1% formic acid in water) could
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improve the resolution and eliminate peak tailing (225). Using flow rate just 0.3
mL/min also decreased the amount of solvent use. Gradient elution was set from 5%
(B) to 95% (B) in 45 min and maintained at 95%(B) for 5 min. Then, the mobile
phase was brought back to 5% (B) and held for 10 min for column equilibration. The
column temperature was maintained at 35°C and the detection wavelength was set at
320 nm for chlorogenic acid, caffeic acid and 360 nm for rutin and quercetin. Solvent
used were filtered through a 0.22um filter and degassed. The sample injection volume
was 2 pL.
4.2.4.7.2 Method validation

Table 36 System suitability of chlorogenic acid, caffeic acid, rutin and quercetin

Compound Average  Repeatability Repeatability Conclusion

retention  of Retention of peak area

time time %(RSD) — %(RSD)

(min)
Accepted %RSD<1.0 %RSD<6 Satisfaction
criteria
Chlorogenic 25.63 0.02 0.07 Satisfaction
acid
Caffeic acid 28.21 0.02 0.13 Satisfaction
Rutin 33.93 0.02 0.87 Satisfaction
Quercetin 39.11 0.02 1.25 Satisfaction

4.2.4.7.3 Specificity and System suitability
Specificity was assessed by retention time of the examined compounds on the
chromatogram and UV spectrum of the related compounds. UV spectrum of peaks at
retention time of 25.63, 28.21, 33.93 and 39.11min from the sample chromatogram
corresponded to UV spectrum of chlorogenic acid, caffeic acid, rutin and quercetin
from the standard chromatogram, respectively. Results from system suitability testing
were shown in Table 36. All results were within acceptable range prescribed in (220,
226, 227) expect for %RSD of repeatability of peak area of quercetin.
4.2.4.7.4 Linearity and Range
The developed method exhibited linearity within the concentration range of
100-525 pg/mL for chlorogenic acid, 1.2-15.0 pg/mL for caffeic acid, 15-100 pg/mL
for rutin and 5-20 for quercetin. R? was found to be 0.9975 for chlorogenic acid,

0.9997 for caffeic acid, 0.9975 for rutin and 0.9962 for quercetin and were shown in
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Table 37. These results indicated a linear relationship between the concentration of
analyte and area under the peak.
4.2.4.7.5 Sensitivity
The LOD value was 30.76, 0.26, 4.90, 1.45 ug/mL and LOQ value was 93.22,
0.77, 14.85 and 4.40 ug/mL for chlorogenic acid, caffeic acid, rutin and quercetin,
respectively and were shown in Table 37.

Table 37 Calibration equation, LOD and LOQ of chlorogenic acid, caffeic acid, rutin
and quercetin

Analyte Calibration equation r? Linear LOD LOQ
range (ug/mL)  (ug/mL)
Chlorogenic Y=16.784x-161 0.9975 100-525 30.76 93.22
acid
Caffeic acid Y=31.621x-2.3527 0.9997 1.2-15.0 0.26 0.77
Rutin Y=8.3548x-8.1538 0.9975 15-100 4.90 14.85
Quercetin Y=16.97x-12.904 0.9962 5-20 1.45 4.40

4.2.4.7.6 Accuracy and Precision

The overall recovery percentage of 91.50-108.97 for chlorogenic acid, 83.51-
98.92 for caffeic acid, 102.29-106.15 for rutin and 105.37-112.04 for quercetin were
within the acceptable range of 80-115 % (145) and shown in Table 38. Intra and inter-
day precision results were shown in Table 39. The value of relative standard deviation
of intra and inter-day precision were in the range of 0.1-1.87 and lower than 2 %
except for the value of quercetin. According to the results, the developed method was
found to be good precise and accurate.

Table 38 Accuracy

Analyte Amount added  Average amount % Recovery Criteria
(ng/mL) recovery (AOAC)

(Hg/mL)
Chlorogenic acid 160-240 174.35-223.94  93.31-108.97 % 85-110
Caffeic acid 3.0-45 2.97-4.43 83.51-98.92 % 80-115
Rutin 32.0-52.8 33.36-56.05 102.29-106.15 85-110

Quercetin 8-12 8.96-12.64 105.37-112.04 80-115
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Table 39 Intra-day and Inter-day precision

Analyte Conc. Intra-day Criteria Inter-day Criteria
(ug/mL) precision (AOAC) precision (AOAC)
(% RSD) (% RSD)
Chlorogenic  131.25-394  0.16-0.46 3 0.21-0.96 4
acid
Caffeic acid 2.5-7.5 0.10-0.30 6 0.24-0.79 8
Rutin 10.0-50 0.32-0.81 4-6 0.34-0.62 6
Quercetin 5-15 0.31-1.87 4-6 2.93-6.81 6-8

4.2.4.8 Content of chlorogenic acid, caffeic acid, rutin and quercetin
in the aqueous extracts

Chlorogenic acid, caffeic acid, rutin and quercetin were reported in the
previous studies as the major bioactive compounds in mulberry leaves. Chlorogenic
acid was derivatives of caffeic acid whereas rutin was quercetin glycoside. Rutin was
indicated in THP as a marker compound for identification. Chlorogenic acid and
caffeic acid rutin and quercetin were found to present antioxidant and anti-diabetes
activity (83, 145, 245). Quantification of these four compounds were interesting and
could certify quality of raw material.

The amount of active in the extracts were expressed as mg/100g of extract
weight. The concentration of active compounds in aqueous extracts of M. alba
reference leaves were 212.06-838.78 mg/100g for chlorogenic acid, 0-14.64 mg/100g
for caffeic acid, and 0-202.36 mg/100g for rutin, however quercetin was not found
and results were shown in Table 40 and Figure 40 (A) and (B) and Figure 41. KP-NR
leaves possessed the highest quantity of three bioactive compounds. The content of
active compound was statistically significantly different at 95% confidence interval

(Appendix).
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Table 40 Content of chlorogenic acid, caffeic acid, rutin and quercetin in aqueous
extracts of reference leaf, sample leaf and tea products of M. alba

Sample Aqueous Extract (mg/ 100g)
(mean + SD)

Chlorogenic acid  Caffeic acid Rutin Quercetin
Reference
leaves
BR-BR 212.06 £ 14.64 BLQ 31.32+ 0.51 BLQ
BR-KB BLQ BLQ BLQ BLQ
BR-NR 217.26 + 22.07 BLQ BLQ BLQ
KP-BR 617.16 £3755 11.71+2.46 138.84+31.18 BLQ
KP-KB BLQ BLQ BLQ BLQ
KP-NR 838.78£30.48 14.64+1.22 202.36 + 14.30 BLQ
Sample leaves
M 136.84 + 0.49 1.92+0.29 5.17 +0.49 BLQ
Tl 137.07 £ 0.34 1.90+ 0.25 4.42 +0.09 BLQ
T2 135.36 + 0.20 0.19+ 0.03 3.91 + 0.004 BLQ
T3 170.42 +6.10 1.89+ 0.04 6.95+0.19 BLQ
UL-T1 150.27 + 3.68 1.35+ 0.07 4.34+ 0.51 BLQ
Tea products
Teal 31.20+1.87 1470+ 27.78 5.99%0.24 BLQ
Tea?2 BLQ BLQ BLQ BLQ
Tea 3 211,57 £19.30 BLQ 38.74 + 0.50 BLQ
Tead 17754 £ 14.72 3.96 £0.39 94.95 + 14.65 BLQ
Teab BLQ BLQ BLQ BLQ
Tea 6 58.70 + 2.92 2.07 £0.27 10.87 + 2.09 BLQ
Tea7 BLQ 1540 £ 3.95 BLQ BLQ
Tea 8 BLQ 61.44 +7.45 49.98 + 2.81 BLQ
Tea 9 BLQ BLQ BLQ BLQ
Tea 10 BLQ 32.36 £2.61  46.22 +5.70 BLQ
Tea ll 189.48 £ 0.71 BLQ 50.89 + 6.37 BLQ
Tea 12 BLQ BLQ BLQ BLQ
Tea 13 57.96 + 1.87 152 £0.03 17.15 + 6.06 BLQ
Teal4 BLQ BLQ BLQ BLQ

BLQ = below limit of quantification
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The concentration range of active compounds in aqueous extracts of sample
leaves of M. alba were 135.36-170.42 mg/100g for chlorogenic acid, 0.19-1.92
mg/100g for caffeic acid and 3.91-6.95 mg/100g for rutin. Quercetin was not found in
all samples and this may be due to the solvent used and the results were shown in
Table 40 and Figure 42. T3 possessed the highest quantity of chlorogenic acid and
rutin. Sample M possessed the highest quantity of caffeic acid. The present study
detected more content of chlorogenic acid and rutin than previous studies (83, 145,
245). Our study showed that chlorogenic acid was the most abundant compound in the

leaves except leaves from Kanjanaburi (BR-KB, KP-KB).
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Figure 42 Content of active compound in aqueous extracts of sample leaves of
M. alba
The concentration of active compounds in aqueous extract of M. alba tea

products were 0-211.57 mg/100g for chlorogenic acid, 0-61.44 mg/100g for caffeic
acid, 0-94.95 mg/ 100g for rutin, and quercetin was not found. Results were shown in
Table 40 and Figure 43. Among 14 samples, Tea 3 possessed the highest quantity of
chlorogenic acid, Tea 8 possessed the highest quantity of caffeic acid and Tea 4
possessed the highest quantity of rutin. Tea 2, 9, 12 and 14 did not showed the four
active compounds. Results showed that different brands gave different quality of leaf
extracts. Comparing among references leaves and tea products, reference leaves
possessed the highest amount of chlorogenic acid and rutin while tea products

possessed the highest amount of caffeic acid.
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4.2.4.9 LC-MS profiling

Table 41 showed the identified compounds in aqueous extract of Morus alba
leaf by LC-MS. Peak at retention time 25.68 min with m/z value at 191, 353 amu
could be further identified as chlorogenic acid (5-caffeoylquinic acid). Peak at
retention time 28.03 min with m/z value at 179 amu could be further identified as
caffeic acid. Peak at retention time 33.97 min with m/z value at 609 could be further
identified as rutin. Peak at retention time 39.11 min with m/z value at 301 and could
be further identified as quercetin. Previous researches reported various derivatives of
phenolic compounds. (chlorogenic acid, caffeic _acid) and flavonoids (rutin) in
mulberry leaf extracts (39, 246-248).

The UV spectrum of the compounds at the retention time of 22.09 and 26.32
min from reference leaves were similar to that of chlorogenic acid whereas those of
30.99 and 34.18 min were similar to rutin. The injection of reference leaf extract to
LC-MS showed the m/z as in Table 63. It supported the fact that there was different

form of caffeic acid and quercetin in mulberry leaves.
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Table 41 m/z of compounds with similar UV spectrum

No  Retention m/z (amu) Expected compound
time(min)
1 22.09 353,191,135  neochlorogenic acid (3-caffeoylquinic
acid)
2 25.68 (chlorogenic 353, 191 chlorogenic acid (5-caffeoylquinic
acid) acid)
3 26.32 353,173 cryptochlorogenic acid (4-
caffeoylquinic acid)
4 28.03 (caffeic 179 caffeic acid
acid)
5 30.99 755 quercetin-rhamnose-hexose-rhamnose
6 33.97 (rutin) 609 rutin
7 34.18 609 quercetin rutinoside isomer
8 39.11 (quercetin) - 301 quercetin

4.2.5. Principle Component Analysis (PCA)

PCA was an unsupervised machine learning method that transformed a larger
number of original variables which "had correlations into a smaller number of
uncorrelated variables called factors or principal components. Generally, PCA
interpretation was displayed as a two-dimensional graph where the principal axis
represented the directions of the first two main principal components (First principal
component, PC1 vs Second principal component, PC2): 1) scores plot and 2) loadings
plot.

4.2.5.1 1ICP-MS

Table 42 showed eigenvalues (percentage of variance for each component),

correlations of each variable with component 1 (PC1) and 2 (PC2).

Table 42 PCA: eigenvalues (percentage of variance for each
component), correlations of each variable with component 1 (PC1) and 2

(PC2)
eigenvalue proportion cumulative
PC1 1.6998 0.3400 0.3400
PC2 1.3458 0.2692 0.6092
PC3 1.1362 0.2272 0.8364
PC4 0.5966 0.1193 0.9557

Score plot showed that the present of five heavy metals in all reference leaves
were in the same quadrant (negative to PC1 but positive to PC2) and different from
many tea products and sample leaves. Loading plot showed that reference leaves were
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in good control of environment and have less contamination of all five heavy metals.
The sample leaves showed major contamination of Pb that might be from no
environmental control such as proximity to roadside. Major contamination of Cd, Ni,
As and Ba were found in some tea products.
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Figure 44 Scores plots obtained from heavy metal (As, Cd, Pb, Ni and Ba) contents
of 3 sources of mulberry leaves
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Pearson’s correlations coefficient at the significance level of 0.05 among five
metals in references and tea products were shown in Table 43. Cadmium level
revealed a medium positive relationship with Ni level. Both metals were found
predominantly in products from tea products. A small relationship between As and
Ba contents were also found whereas there was a small negative relationship between
Ni and Pb levels.

Table 43 Correlation among As, Cd, Pb, Ni and Ba contents in references and all
samples

As Cd Pb Ni Cell content
Cd 0.030 Pearson
correlation
0.797 P-value
Pb -0.009 0.197
0.936 0.091
Ni 0.043 0.593 -0.257
0.714 0.000 0.026
Ba 0.388 0.078 0.026 0.104
0.001 0.508 0.824 0.374
4.2.5.2 GC-MS

The percentage peak area of 27 variables corresponding to all chemical
constituents from GC-MS chromatograms which was analyzed by PCA. PC1 in the
scores plot of Figure 46 presented differentiation among 2 groups. PC1 and PC2
collectively were able to explain the highest variance of 53% information and the first
seven uncorrelated principal components explained 88% of the total variation.

Figure 46 showed that all leaf samples from NR province strongly negatively
correlated with PC1, whereas samples from BR and KB provinces weakly positively
correlated with PC1. The loading bar plot in Figure 47 illustrated that 14 marker
peaks out of 27 peaks (with loadings <-0.15 or >0.15) at retention time 40.18 (c5,
myristaldehyde), 43.76 (c11, methyl palmitate), 44.99 (c12, palmitic acid), 45.97
(c15, ethyl palmitate), 48.99 (c16, methyl linoleate), 49.19 (c17, methyl linolenate),
49.52 (c18, phytol), 50.05 (c19, methyl stearate), 50.18 (c20, linoleic acid), 50.39
(c21, oleic acid), 51.20 (c22, stearic acid), 52.57 (c23, unknown), 55.59 (c24, trans-
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ferulic acid), and 60.74 (c26, monopalmitin) were able to discriminate among the
leaves from KB, NR, and BR provinces. With negative PC1-loadings, 5 marker peaks
at retention time 44.99 (c12), 45.97 (c15), 50.18 (c20), 50.39 (c21) and 51.20 (c22)
corresponded to samples from NR. On the other hand, with positive PC1-loadings, 9
marker peaks at retention time 40.18 (c5), 43.76 (c11), 48.99 (c16), 49.19 (c17), 49.52
(c18), 50.05 (c19), 52.57 (c23), 55.59 (c24) and 60.74 (c26) corresponded to samples
from KB and BR provinces.

From the chemometric analysis, for both cultivars, samples from NR province
could be characterized by 5 chemical constituents, i.e., palmitic acid, ethyl palmitate,
linoleic acid, oleic acid and stearic acid. However, the GC-MS fingerprints showed
that the % peak area of palmitic acid, oleic acid and linoleic acid were much higher in
leaves from NR than KB and BR provinces.
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Figure 46 Scores plots obtained from the PCA of M. alba leaves
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4253 HPLC
The result of PCA on HPLC result of six reference leaves were shown in
Figures 48-49. Figure 26 showed the score plot of different sources of six reference
leaves. In which leaf sample from Kanjanaburi (KB) province strongly positively
correlated with PC1, whereas samples from Buriram (BR) and Nakhon Ratchasima

(NR) provinces weakly positively to strongly negatively correlated with PC1.
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Figure 48 Score plot of different sources of reference mulberry leaves
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Table 44 showed that % area of compound c6 from HPLC-DAD (360 nm)
were due to chlorogenic acid group (derivative of caffeic acid) at retention time 22.09
and 26.32 min and rutin group (derivative of quercetin) at retention time 30.99 and
34.18-min. M. alba can show antioxidant and antidiabetic activities because various
forms of caffeic acid and quercetin. Therefore, in the present study, alpha-glucosidase
inhibitory activity of extract of M. alba may be due to various forms of caffeic acid
and quercetin in the extract.

Table 44 % area of compounds C6, chlorogenic acid group and rutin group
from HPLC-DAD (360 nm)

AVE % area
C6 Chlorogenic  Rutin
acid
BR-BR 22.36 35.26 12.74
BR-KB 43.24 0.65 -
BR- NR 23.73 33.42 10.71
KP-BR 5.57 50.89 25.06
KP-KB 41.77 6.99 10.39
KP-NR 6.69 42.36 28.88
Score Plot
14,000 P
- ' @®EBR
12,000 | \
v KP
10.000 | “
8000 |
6000 | !
4000 } :' :'
2000 } E R
0.000 *‘ \ . @
2,000 b N
-4,000 — £
6000 -4000 -2.000 0.000 2000 4.000 6000 8000

Figure 49 Score plot of different cultivar of reference mulberry leaves
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Figure 49 illustrated score plot of different cultivar of reference mulberry
leaves whereas it could differentiate the cultivar (BR) and (KP) of reference mulberry
leaves. Therefore, PCA study on HPLC results could differentiate between different
sources from (BR, KB, NR) and could not differentiate between different cultivar
Buriram (BR) and Khun Pai (KP).
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4.3 Conclusion

In this study, mulberry reference leaves, leaves from various source, and
mulberry tea infusion products were evaluated. Our study focused on biological
effects, anti-glucosidase activity, of tea infusion drinking and raw material quality
control, including the classification of the source of raw material.

Anti-glucosidase activity of mulberry leaves as well as commercial tea
infusion extracted with boiling water was compared to acarbose. The result showed
that all boiling water extracts in this study showed this activity. However, the activity
of 2 reference leaves, KP-NR and KP-BR, as well as 3 infusion tea products, Tea7,
Teall and Teal4, possessed lower activity than acarbose. The extracts of leaves BR-
NR, Tea8 and Teal2, were interesting for their high anti-glucosidase activity with
ICso less than 200 pg/mL. The extract of upper leaves of T1 (UL-T1) showed a little
better activity than extracts of normal leaves T1. The anti-glucosidase effect was
expected to come from various forms-of caffeic acid (chlorogenic acid group) and
quercetin (rutin group) in the extracts.

In preliminary phytochemical screening, the extract showed the present of
flavonoids, phenols, terpenoids, tannins, steroids-and saponin.

For the quality control purpose, all sample were determined for loss on
drying, heavy metal contamination, TPC, microbial contamination, and the
fingerprints of FTIR spectrum, GC-MS chromatograms, LC-DAD chromatograms.
All tested samples complied with the criteria of THP, ASEAN guidelines, WHO
guidelines, and ICH guidelines in loss on drying, heavy metal and microbial
contamination. FTIR spectrum of sample leaves and infusion tea products were
similar to reference leaves. GC-MS chromatograms showed high amount of phytol
and fatty acid such as palmitic acid, oleic acid and stearic acid. Different sources
caused variation in the amount of these compounds. However, the fingerprints were
similar in all samples. LC-MS chromatograms showed more variation in the amounts
of major compounds. Moreover, the major compounds were found in various
derivatives of caffeic acid and quercetin. These three types of fingerprints could be
used for identification of mulberry leaves.

PCA analysis was performed with 2 main principal components, PC1 and
PC2, through data of heavy metal contents and chromatogram of GC-MS and HPLC-
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DAD. Heavy metal contents of reference leaves showed similar of PC1 and PC2 that
presented a good control in the environment of cultivation and different from sample
leaves and tea products. This might be from the different in cultivation control and
manufacturing process. PCA of GC-MS and HPLC-DAD implied obvious difference

in the original province of reference leaves but cultivars could not be discriminated.
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CHAPTER V
OVERALL CONCLUSION

The extracts of M. longifolia leaf and flower from Myanmar, and M. alba leaf
from both Thailand and Myanmar were studied for their alpha-glucosidase inhibitory
activity, preliminary phytochemical screening, and quality determination. In addition,
alpha-glucosidase inhibitory activity and quality determination of M. alba tea
products marketed in Thailand were evaluated.

Boiling water extract of M. longifolia leaf (L1) exhibited the highest alpha-
glucosidase inhibitory activity with the ICso of 15.23+1.32 pg/mL, higher than that of
a standard acarbose (ICso = 763.92+22.27 pg/mL), and M. alba leaves (ICsp =
195.73+34.84 - 928.31+84.5 pg/mL) and tea products (169.03+24.89 - 3219.07+62.65
pg/mL). From the IC50, extract from M. longifolia leaf were 10 times more potent
than that of M. alba in the inhibition of alpha-glucosidase activity in vitro.

For the quality determination, the moisture content (%LOD) of all samples
from both plants were within the limit of Thai Herbal Pharmacopoeia (less than 11%).
The amounts of arsenic, cadmium and lead were within the limit of WHO and
ASEAN Guideline for Herbal Medicines, and the amount of nickel and barium were
within the limit of ICH Guidelines for Quality Control of Herbal Drugs (Q3D).
Flower samples of M. longifolia were free from microbial contamination according to
USP 40 and Thai Pharmacopoeia 2005 criteria, while leaf samples were contaminated
with non-pathogenic Clostridium species. Almost all leaf samples of M. alba were
free from microbial contamination, except cultivar Buriram 60 from Buriram province
and leaf from Nonthaburi province (T2) that non-pathogenic Clostridium species were
found. The ATR-FT-IR and GC-MS fingerprints were established for the
identification and authentication of M. longifolia leaf and flower, and M alba leaf.
The HPLC method was developed and validated for the determination of chlorogenic
acid, caffeic acid, rutin, and quercetin in both plant leaf extracts. This developed
method will be useful for the quantification of active constituents and quality

assessment of M. longifolia leaf in the future.
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From these results, leaf and flower of M. longifolia and M. alba will be
potential sources for hypoglycemic compounds, and regularly consumption of these
two plants as herbal tea may result in the reduction of blood sugar. Although the plant
materials in this study contained microbial organisms and heavy metals within the
ranges limited for herbal medicines, pesticide contamination and toxicity assessment
should be evaluated. Moreover, harvest time and plant sources should be considered
to assure the content of active constituents and the quality of the plant materials.

Standardization methods for M. longifolia raw material such as evaluation of
alpha-glucosidase inhibitory activity and microbial contamination as biological
parameter; determination of loss on drying as physical parameter; together with
determination of total phenolic content, determination of heavy metal contamination,
and chemical fingerprints from ATR-FT-IR, GC-MS and HPLC spectra as chemical
parameter were performed and could be established as the quality control method for
this plant.

The official monograph of M. longifolia raw material has never been presented
in any pharmacopoeia. With the results from this project, the quality standard of this
plant has been established with guidelines from Thai herbal pharmacopoeia. This

standard can ensure consistency in the quality of use of this plant in the future.
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Madhuca longifolia
Meze leaf

Synonyms Myintzu- thaka- natpan Leaf, honey tree Leaf, butter tree Leaf, mahua
Leaf, miilluppai Leaf

Meze leaf is a dried leaf of Madhuca longifolia (J. Koenig ex L.) Macbr.
Family (Sapotaceae).

Constituents Meze leaf contains flavonoid (e.g., quercetin), polyphenolic (e.g., gallic
acid), long chain fatty acid (e.g. palmitic acid), terpenoids (e.g. p-carotene), etc. (23).

Description of the plant Medium to large deciduous tree growing widely under dry
tropical and sub-tropical climatic conditions and provides plenteous amount of shade.
It is a drought-resistant, needs a huge amount of water and cannot grow well under
shade. It can grow up in shallow, boulders, clay, and calcareous soil but grows best in
sandy soil. It is found up to an altitude of 1200 m with rainfall from 550-1500 mm
and a mean annual maximum temperature of 28-50°C. It can grow up to a height of
17-18m. Leaves are leathery and are present in the form of bunches at the endings of
branches, shortly acuminate, elliptic, shortly acuminate band base cuneate. They are
pointed tips and have a thick texture, a hairy surface on the beneath, and strong
nerves. Flowers are frequent, white in color, fascicled and are present at the branch
endings, drooping on pedicels. They have a sweet flavour and are fleshy in texture.
Fruits are green and fleshy which contain 3-4 brown-colored ellipsoidal seeds with
shiny coat. The tree possesses oil-bearing seeds and flowers. Flowering of the plant
occurs from March to April and collection of seeds can be performed in May, June
and July.

Packaging and storage Meze leaf shall be kept in well-closed containers, protected
from light, and stored in a dry place (29).
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Identification ATR-FT-IR, (Fig. 50), wave number (cm™), 1031.1(C-O stretching),
1204.0 (C-O stretching), 1316.6 (C=C stretching), 1441.5 (C-H banding), 1537.9
(C=C stretching), 1608.3 (C=C stretching), 2848.8 (C-H stretching), 2916.6 (C-H
stretching), and 3277.0 (O-H stretching).

WTransmitance

Wavenumbers (cm™!)

Figure 50 FT-IR spectra of M. longifolia leaf
Microbial contamination No colony of E. coli in 1 g sample, no colony of S. aureus
in 1 g sample, no colony of Salmonella species in 10 g sample, no colony of spore
and non-spore Clostridia species. in 10 g sample (216).

Loss on Drying Not more than 10.0 percent w/w after drying at 105° to constant
weight (29).

Total Phenolic content 86.89-179.43 mg GAE /g extract for boiling water extract.

Heavy metal content Not more than 5 mg/kg of As (224), 0.3 mg of Cd (32, 224), 10
mg/kg of Pb (32), 20 mg/kg of Ni (219) and 140 mg/kg of Ba (219).

Meze flower

Synonyms Myintzu- thaka- natpan Flower, honey tree Flower, butter tree Flower,
mahua Flower, miilluppai Flower

Meze flower is a dried flower of Madhuca longifolia (J. Koenig ex L.) Macbr.
Family (Sapotaceae).

Constituents Vitamin (e.g., vitamin A, vitamin C), essential amino acid (thiamine,
niacin), etc. (24).
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Packaging and storage Meze flower shall be kept in well-closed containers,
protected from light, and stored in a dry place (29).

Identification ATR-FT-IR, (Fig. 51), wave number (cm™ 776.2 (C-H banding),
817.2 (C-H banding), 865.6 (C-H banding), 919.8 (C-H banding), 1027.9 (C-O
stretching), 1254.6 (C-O stretching), 1409.9 (C-H banding), 1636.2 (C=C stretching),
2929.6 (C-H stretching) and 3278.2 (O-H stretching).
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Figure 51 FT-IR spectra of M. longifolia flower
Microbial contamination No colony of E. coli in 1 g sample, no colony of S. aureus
in 1 g sample, no colony of Salmonella species in 10 g sample, no colony of spore
and non-spore Clostridia species in 10 g sample (216).

Loss on Drying Not more than 10.0 percent w/w after drying at 105° to constant
weight (29).

Total Phenolic content 8.46-9.86 mg GAE /g extract for boiling water extract.

Heavy metal content Not more than 5 mg/kg of As (224), 0.3 mg of Cd (32, 224), 10
mg/kg of Pb (32), 20 mg/kg of Ni(219) and 140 mg/kg of Ba (219).
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APPENDIX

Table 45 Anova: Two-Factor with Replication table of % yield of M. longifolia leaf
extracts with different sources and different solvents

Source of

Variation SS df MS F P-value F crit
Source 18.29169 2 9.145845 35.31492 5.88E-07 3.554557
Solvent 362.2749 2 181.1375 699.4275 8.62E-18 3.554557
Interaction 9.575737 4 2.393934 9.243716 0.000305 2.927744
Within 4.661633 18  0.25898

Total 394.804 26

Table 46 Anova: Two-Factor with Replication table of % yield of M. longifolia
flower extracts with different sources and different solvents

Source of

Variation SS df MS F P-value F crit
Source 234.3736 2 117.1868 9.107346 0.001851 3.554557
Solvent 2414514 2 1207.257 93.82374 3.02E-10 3.554557
Interaction 231.3666 4--57.84164 4.495249 0.010789 2.927744
Within 231.6111 18 12.86728

Total 3111.865 26

Table 47 Anova: Two-Factor with Replication table of 1Cso of M. longifolia leaf
extracts with different sources and different solvents

Source of

Variation SS df MS F P-value F crit
source 335.1396 2 167.5698 7.559588 0.004137489 3.554557
solvent 72519.46 2 36259.73 1635.788 4.39738E-21 3.554557
Interaction 689.9447 4 172.4862 7.78138 0.000797836 2.927744
Within 398.9975 18 22.16653

Total 73943.54 26
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Table 48 Anova: Single Factor table of 1Cso of boiling water extracts of M. longifolia
leaf with different sources

Source of

Variation SS df MS F P-value F crit
Between 270.749648 135.374 52.7284 0.00015 5.14325
Groups 2 2 8 1 6 3

2.56739
Within Groups 15.40439 6 8
286.154038

Total 2 8

Table 49 Anova: Single factor table of ICso of boiling water extracts of M. longifolia
flower with different sources

Source of

Variation SS df MS F P-value F crit
Between

Groups 3839977 2 1919989  40.00693 0.000339 5.143253
Within Groups  287948.4 6 47991.4

Total 4127926 8

Table 50 Anova: Two-Factor with Replication table of heavy metal content of
M. longifolia leaf with different sources and different metal

Source of

Variation SS df MS F P-value F crit
Source 516.9986 2 2584993  261.4851 1.04E-19 3.31583
Metal 14120.79 4 3530.198  3570.974 1.06E-39  2.689628
Interaction 1985.76 8 248.2199  251.0871 257E-25 2.266163
Within 29.65744 30 - 0.988581

Total 16653.21 44
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Table 51 Anova: Two-Factor with Replication table of heavy metal content of
M. longifolia flower with different sources and different metal

Source of

Variation SS df MS F P-value F crit
Sample 14.58898 2 7.294491  26.98248 1.97E-07 3.31583
Columns 123.1556 4 30.78891  113.8888 1.1E-17 2.689628
Interaction 77.33692 8 9.667115  35.75887 2.82E-13  2.266163
Within 8.110252 30 0.270342
Total 223.1918 44

Table 52 Anova: Two-Factor with Replication table of TPCs of M. longifolia leaf
extracts with different sources and different solvents

Source of

Variation SS df MS F P-value F crit
Source 14307.86 2 7153.929 24.32402 7.64E-06  3.554557
Solvent 22083.16 2 ~ 1104158 37.54239 3.78E-07  3.554557
Interaction 5918.676 4 - 1479.669 < 5.031011 0.006705 2.927744
Within 5293.974 18 294.1097
Total 47603.67 26

Table 53 Anova: Two-Factor with Replication table of TPCs of M. longifolia flower
with different sources and different solvents

Source of

Variation SS df MS F P-value Fcrit
Sample 16.70263 2 8.351317 . 19.92986 2.73E-05 3.554557
Columns 27.77886 2 13.88943 33.1462 9.23E-07 3.554557
Interaction 23.67286 4 5.918215  14.12343 2.2E-05 2.927744
Within 7.542637 18 0.419035

Total 75.69699 26
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Table 54 Anova: Two-Factor with Replication table of gallic acid and quercetin in
aqueous extract of M. longifolia leaf

Source of

Variation SS df MS F P-value F crit
Sample 24227.17 2 1211358 4033.338 4.11E-10 5.143253
Columns 301964.2 1 301964.2 100542 6.64E-14  5.987378
Interaction 21443.21 2 10721.61 3569.866 5.92E-10 5.143253
Within 18.02018 6 3.003364

Total 347652.6 11

Table 55 Anova: two-factor with replication table of % yield of boiling water
extracts of M. alba leaves

Source of

Variation SS df MS F P-value F crit
cultivar 1.15 1.00 1.15 0.46 0.51 4.75
province 130.71 = 2.00 65.36 26.35 4.07E-05  3.89
Interaction 26.26 2.00 13.13 5.29 2.25E-02  3.89
Within 29.77 12.00 2.48
Total 187.88 17

Table 56 Anova: two-factor with replication table of % yield of aqueous extracts of
M. alba leaves

Source of

Variation SS df MS F P-value F crit
cultivar 1191 1.00 11.91 4.64 0.05 4.75
province 154.73 2.00 77.36 30.16 2.09E-05 3.89
Interaction 7.68 2.00 3.84 1.50 0.26 3.89
Within 30.78 12.00 2.56

Total 205.0872 17
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Table 57 Anova: two-factor with replication table of % yield of ethanolic extracts of
M. alba leaves

Source of

Variation SS df MS F P-value  Fcrit
cultivar 2.03 1 2.03 82.89 9.78E-07 4.75
Province 5.62 2 2.81 114.46  1.53E-08 3.89
Interaction 0.22 2 0.11 4.50 0.03 3.89
Within 0.29 12 0.02
Total 8.164628 17

Table 58 Anova: two-factor with replication table of ICso of M. alba leaf extracts
with different cultivars and different sources

Source of

Variation SS df MS F P-value F crit
Cultivar 11940.9 1 -11940.9 6.053423 0.030018114 4.747225
Province 228678.3 2 114339.2 57.96406 6.81226E-07 3.885294
Interaction 1173548 2 586773.8 297.464 5.97398E-11 3.885294
Within 23671.05 12 1972.587
Total 1437838 17

Table 59 Anova: two-factor with replication table of As content in M. alba leaves
with different cultivars and different sources

Source of

Variation SS df MS F P-value F crit
cultivar 0.000812 1 0.000812 173.05 1.73E-08 4.75
province 0.006 2 0.003 639.27 6.46E-13 3.89
Interaction 0.001475 2 0.000738 157.18 2.47E-09 3.89
Within 5.63E-05 12  4.69E-06

Total 0.008344 17
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Table 60 Anova: two-factor with replication table of Cd content in M. alba leaves
with different cultivars and different sources

Source of

Variation SS df MS F P-value F crit
cultivar 2.76E-05 1 2.76E-05 15.00 0.0022 4.75
province 6.06E-06 2 3.03E-06 1.64 0.2339 3.89
Interaction 2.35E-05 2 1.18E-05 6.39 0.0129 3.89
Within 2.21E-05 12 1.84E-06
Total 7.93E-05 17

Table 61 Anova: two-factor with replication table of Pb content in M. alba leaves
with different cultivars and different sources

Source of

Variation SS df MS F P-value F crit
cultivar 0.003447 1 0.003447 2.39 0.1478 4.75
province 0.003162 2 0.001581 1.10 0.3650 3.89
Interaction 0.053877 2 0.026939 18.70 0.0002 3.89
Within 0.017283 12 0.00144
Total 0.077769 17

Table 62 Anova: two-factor with replication table of Ni content in M. alba leaves
with different cultivars and different sources

Source of

Variation SS df MS F P-value F crit
cultivar 0.117602 1 0.117602 14.15 0.0027 4.75
province 0.174758 2 0.087379 10.51 0.0023 3.89
Interaction 0.007653 2 0.003827 0.46 0.6417 3.89
Within 0.099734 12 0.008311

Total 0.399748 17
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Table 63 Anova: two-factor with replication table of Ba content in M. alba leaves
with different cultivars and different sources

Source of

Variation SS df MS F P-value F crit
variety 202.2256 1 202.2256 148.36 4.1E-08 4.75
province 4386.261 2 2193.131 160893 2.63E-15 3.89
Interaction 366.773 2 183.3865 13454 6.06E-09 3.89
Within 16.35717 12 1.363098
Total 4971.617 17

Table 64 Anova: Single Factor table of TPCs of M. alba reference leaves with
different extraction solvents

Groups Count Sum Average Variance

B 18 483.251 26.847278 83.777739
W 18 451.626 25.090333 57.572355
E 18 260.01981 14.445545 60.395383

Table 65 Anova: Single Factor table of TPCs of M. alba reference leaves with
different sources

Source of

Variation SS df MS F P-value F crit
Between
Groups 1621.208 2 810.60401 12.053862 5.16514E-05 3.178799292

Within Groups  3429.6731 . 51 67.248492

Total 5050.8811 53

Table 66 Anova: Two-Factor with Replication table of TPCs of boiling water extract
of M. alba reference leaves

Source of

Variation SS df MS F P-value F crit
Cultivar 458.10618 1 458.10618 445.72139 7.4085E-11 47472253
Province  879.39742 2 439.69871 427.81156 7E-12 3.8852938
Interaction 74.384529 2 37.192265 36.186781 8.2765E-06 3.8852938

Within 12.333431 12 1.0277859

Total 14242216 17
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Table 67 Anova: Two-Factor with Replication table of TPCs of aqueous extract of
M. alba reference leaves

Source of

Variation SS df MS F P-value F crit
Sample 402.54194 1 402.54194 76.563701 1.48501E-06 4.7472253
Columns 510.76823 2 255.38411 48.574201 1.76597E-06 3.8852938
Interaction 2.328571 2 1.1642855 0.2214478 0.804560586 3.8852938
Within 63.091298 12 5.2576082
Total 978.73004 17

Table 68 Anova: Two-Factor with Replication table of TPCs of ethanolic extract of
M. alba reference leaves

Source of

Variation SS df MS F P-value F crit
Cultivar 132.71569 1 132.71569 11.892836 0.00481742 4.7472253
Province 670.5018 2 335.2509 30.042295 2.1283E-05 3.8852938
Interaction 89.592452 2 44796226 4.0142514 0.04625903 3.8852938
Within 133.91157 12 11.159297
Total 1026.7215 17

Table 69 Anova: Two-Factor with Replication table of chlorogenic acid, caffeic acid
and rutin in aqueous extract of M. alba leaf

Source of

Variation SS df MS F P-value F crit
Sample 626520.6 5 125304.1 722.1783 4.45E-20 2.772853
Columns 654211.6 2 . 327105.8 1885.243 1.23E-21  3.554557
Interaction 617219.9 10 61721.99 355.7288 1.46E-18 2.411702
Within 3123.154 18 173.5086

Total 1901075 35
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