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ABSTRACT

Betcl leaf (Piper betel) is a tropical creeper and most important herb in Bangladesh,
The nutrient compositions such as protein, lipid, total sugar, reducing sugar, non-
reducing sugat, starch, chlorophyll, crude fibre, ash, motstute, phenol, vitamin-C,
vitamin-B,, vitamin-B,, B-carotenc and minerals such as iron, phosphorus and
calcium of four varieties of betel leaves were compared. The enzymes such as
amylase, invertase and cellulase activities in the betel leaves were also investigated

at different maturity stages. Activitics of protease, P-galactosidase, polyphenol
oxidase, catalase and peroxidase were also measured.

In general premature betel leaf contained about 86.87-87.99 gm% moisture, 2.96-
3.08 gm% ash, 1.848-1.93 pm% fibre, 0.492-0.672 gm% phenol, 143.24-186.16
mg% chlorophyll, 1.29-1.43 pm% total sugar, 1.226-1.359 gm% non-reducing
sugar and 4.98-6.28 gm% starch 2.87-3.34 gm% protein and 0.175-0.37 gm%e lipid
while mature betel leaf contained about 85.33-85.94 gm% moisture, 3.22-3.26
gm% ash, 2.095-2.11 gm% fibre, 0.547-0.704 gm% phenol, 255.65-320.76 mg%
chlorophyll, 3.74-4.92 gm% protein, 0.98-1.63 gm% lipid, 3.22-3.58 gm% total
sugat, 0.497-0.576 gm% reducing sugar, 2.587-2.900 pm% non-reducing sugar,
5.60-7.05 gm% starch, 297-341 mg% vitamin-C, 120-131 mg% B-carotence, 32.24-
36.02 mg% vitamin-B,, 0.63-0.78 mg% vitamin-B,, 216-231 mg% calcium, 9.15-
9.78 mg% iron and 145-157 mg% phosphorus. The amount of total sugar, non-
reducing sugar and strach contents were increased moderately from premature to
over mature stage. No dctectable amount of reducing sugar was found in
premature stage but its content was increased thereafter upto over mature stage.

The highest amount of invertase was found in Doga varicty (64.00-82.32 Units per
gm) and the lowest in Kal Bangla vaticty (26.67-40.32 Units pet gm) in all the
maturity stages whereas the activity of invertase was increased with the changes of
maturity. The activities of amylase was maximum in Kal Bangla variety (premature
60.23 Units, mature 7578 Units and over mature 70.51 Units per gm) and
minimum in Dudhswar vaticty (ptemature 32.49 Units, mature 58.70 Units and
over matute 53.35 Units per gm). Shail variety contained the highest cellulasc
activity while Kal Bangla varicty contained the lowest. The activitics of amylase
and cellulase increased upto mature stage and then decreased drastically in over
mature stage. The activities of protcase and B-galactosidase were lowest in
Dudhswar variety and highest in Doga variety but the protease activity increased
with the increasc in maturity while B-galactosidase activity decreased from
prematute to over maturc stage. ‘The activities of catalase, peroxidase and
-polyphenol oxidasce were found to be vatied between 49.50 to 57.08 Units, 28.24



‘to 37.45 Units and 20.9 to 22.4 Units per gm respectively in different varieties of
betel leaves at mature stage.

Two invertases (AIV T and ALV 11) as well as polyphenol oxidase were purified
from Doga variety betel leaves at mature stage by successive chromatographies on
DEAE-Cellulose followed by CM-Ccllulose and Sephadex G-75 column. The
molecular weights (Mr) were found to be 94 kIDa and 93.5 kDa for the enzyme
ATV 1,72 kDa and 71.5 kDa for ATV 1T and 48 kIDa and 45.5 kDa for polyphenol
oxidase (PPO) as measured by Gel filtration and SDS-Polyacrylamide gel
electrophoresis respectively. In the presence of 2-metcaptoethanol, ATV I showed
two identical subunits with Mr of about 46 kDa indicating that the enzyme is a
homodimer while the enzyme ATV I is heterodimer with Mr of 40.5 kDa and 31
kDa. On the other hand, the enzyme polyphenol oxidase is monomer in nature,
The purified invertascs, ATV T and ATV I were glycoprotein with necutral sugar
content of 14.6% and 19.4% respectively. ‘The Km values of AIV 1, ATV 11 and
PPO were also determined. "I'he enzymes ATV I, AIV 11 and PPO showed the
following characteristics such as optimum pH 4.5, 55 and 6.2; optimum
temperature 37°C, 3°C and 32"C respectively.

The activities of all three enzymes were gradually decreased with the increase in
concentration of various chemicals studied. Zn** and Ag* produced inhibitory
effects while Ca** and Mn*' produced no cffects on betel leaf invertases. “The
activities of both ATV T and AV 1T were increased moderately in the presence of
Mg“, K* and Cu®" salts. ‘I'he activities of PPO were increased in the presence of
metallic salts of Ca*" and Cu™ but its activity was decteased in the presence of
salts of Fe** and Mg®*. The activitics of ATV 1, ATV 1 and PPO were decreased
drastically in the presence of HgCl, and the activities were almost completely
inhibited by 5 mM HgCl, suggesting the -SH group containing amino acids are
present at or ncar the active sites. Remarkably, the betel leaves extract showed
antibacterial activities but contained no antifungal activitics. The betel leaf extracts
are toxic in natute as detected by brine shrimp lethality bioassay and the LD,

values for different varictics were found to be as follows: 7.02 pg/ml for
Dudhswar, 10.75 pg/ml for Shail, 17.25 pg/ml for Doga and 10.52 pg/ml for Kal

Bangla varieties.
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INTRODUCTION



Introduction

1.1 General:

Betel leaf (Bengali Name: Pan) a tropical creeper belonging to the pepper family of
plants named Piper betel. ‘The Aryans called it tambula and the Arabs tambul.
People chew it to sweeten the breath and colour (crimson) the lip, tongue and also
to have some narcotic pleasure. Normally pan is chewed with shell-lime paste and
areca nut or betel nut. Many cat pan mixing it with additional elements such as
coriander-seed, cinnamon, cardamoms and manifold flavoured dusts.

It is one of the most impottant herbs in Bangladesh and acclaimed widely as a
common and essential chewing food item to almost all classes of people in our
country. Usually the peoples of South Asia, Gulf states, Southeast Asia and Pacific
islands take pan' as a chewing item. Tn Bengal pan is traditionally chewed by all
classes of people not only as a habit but also as an item of rituals, etiquette and
manners. On a formal occasion offering pan meant signaling the time for
departute. In festivals and dinners, in pujas and punyas pan was an indispensable
item. During the aristocratic age, pan preparation and the style of garnishing it on
a plate (pandani) was indeed a recognised folk art. Quite a good number of people
in Bangladesh arc in the habit of chewing betel leaf and nut without knowing its
bad-effects. It is therefore of much importance to know about the effects of betel
leaf on human body, and the orodental system. Other ingredients, such as jarda,
khaer, tamak pata (tobacco leaf), cte are also mixed with betel leaf, nuts and lime to
make the betel leaf eating tasty. "L'he different ingredients of betel leaf have their
respective reactions, of these the most important one is the betel nut. Tn betel nuts,
there are aticolin, tannin, alkaliod, ctc. Aricolin is almost like the nicotine in
cigarette. It irritates the mucous membrane of mouth and intensifies the
respitation. The tanins in the hetel nut slightly shrinks the cells. Lime is used with
betel leaf, which breaks down the alkaloid in the betel nut by mctabolism. The acid
juice secreted from the stomach duc to chewing betel leaf makes the broken
alkaloid active. The etheric oil present in the betel leaf makes the tongue less
sensitive. On the whole, cating of betel leaf acts as somewhat stimulant. Those
who take betel leaf for the first time may suffer from vertigo. T, 8

.Regulat and excessive eating of betel leaf decreases the taste of the mouth. Certain
reactions are found on teeth and oral health due to cating of betel Icaf. L'artars are
formed at teeth roots of those who take betel leaf regularly, and suffer from gum
troubles. The gum decays and in many cases the bone which holds tooth root in
jaws gradually decays. As a result, the teeth become unstcady and there is an carly
loss of teeth. Besides, attrition occuts in the enamel as a result of excessive
chewing of betel leaf. Tn certain cascs, the dentin is found to be exposed duc to
attrition of enamel. This results tingling sensation in teeth and various sotts. of
troubles occur. There is evidence that the habit of taking betel leaf induce cancer
in the mouth. (http://banglapedia.scarch.com.bd/H'T/O_0026.htm)
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Herbs and plants have great importance and utilization in human civilization. All
animals, including human beings greatly rely and depend upon plant kingdom for
many of their good utilitics and nccessities of our life cycle, “I'hey supply food
materials for all kinds of animals and provide human race with materials fot
shelter, clothing and fuel. Both herbs and plants are unique in their ability to
synthesize carbohydrates, protcins, fats, vitamins and most cssential materials and
thus constitute important nutrients ol our daily living requirements, or our diet.
Starch and sugars provide most of the enetgy we need to move, work and keep
ourselves alive. Nutrients like, fats and oils are concentrated form of energy and
recognized as carrier of many vitamins. And of course from plants and hetbs, the
essential fatty acids, are needed for normal growth. Proteins from plants and herbs
play important roles in the dict and provide essential amino acids and nitrogen
required. In addition, antibodics, ¢nzymes and many hormones are produced in
the body from amino acids available in proteins in the dict. Vitamins, although
needed only in minute quantitics in the dict, are cssential as co-enzyme of many
enzymes catalyzing and regulating major and vital biochemical reactions within
cells. Besides, hetbs -also provide animals and us such substances as glycosides,
alkaloids, sterols, saponins, cssential oils, resins, tannins etc. Herbs also help us
maintain our ecological and cnvironmental balance. Herbs containing medicinal
ingredients are usually classificd as medicinal plants.

Betel leaf is also a medicinal herb. It is often offered to guests as betel morsel (pan-
supari) in the Indian sub-continent as a common courtesy. We get it available the
whole year, which is often uscd as antiflatulant.

1.2 Social and economic aspect:

The production and marketing of pan led to the tise of an occupational caste
called Barwi. Barui is a pre-Muslim institution and all Baruis were originally Hindus.
Most of them belonged to Nabasak caste. Their position was faitly high in the
caste hierarchy. Many Baruis became zamindars and tenure holders in the
nineteenth century. In the Muslim period they were the richest people among the
cultivating classes. It was possibly because demand for pan was quite universal at
that time. Most numerous among the pan producing Baruis, according to the
censuses of 1872 and 1881, lived in Burdwan, Midnapur, Jessore and Dhaka. Since
1947, great many baroujes (gardens of betel leaf) were abandoned or sold by the
original Baruis and their estates were bought off by the entreprencurial Muslims.
At present, pan production is predominantly in the hands of the Muslim farmers.
But the technique of production remained unchanged.

Pan production is capital intensive but it also yiclds high income. Due to its
pungency, pan barouj is not vulnerable to attacks from vermin and insects.
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Therefore, income from pan batrouj is very stable. ‘The economic significance of
pan in the past was such that Prince Azim-us-Shan, the subadar of Bengal (1697-
1703) made it one of the royal monopolies calling it saudia kbas. Robert clive, after
the acquisition of the diwani in 1765, also made pan and supati a monopoly of the
east India company in 1767.

At present; pan has a worldwide market. ‘I'wo factors are responsible for the
expansion. Fitst, the global dispersion of the pan chewing South Asians and
second, scientific recognition of the medicinal value of pan. But in competition
with India and other pan producing countrics, Bangladesh has a very small share
of the wotld pan market. Acreage of pan is dccreasing fast, because, from
economic point of view, other crops now prove to be mote profitable. |Sirajul
Islam] http://banglapedia.scarch.com.bd/H'1'/P_0052.1 F'I'M

1.3 Betel Leaves: Origin and Distribution

Pzpw betle is the botanical name of betel leaf which belongs to a family of
pipetaceae. The betel plant is a slender, aromatic creeper, rooting at the nodes. The
branches of the plant are swollen at the nodes. ‘the plant has alternate, heart-
shaped, smooth, shining and long stalked leaves, with pointed apex. Tt has five to
seven tibs arising from the basc; minute flowers and one-sceded spherical small
_betries. Pan differs in shape of leaves, bleaching quality, softness, pungency and
aroma. The stems are semiwoody, climbing by many short adventitious roots, very
stout, much thickened at nodes, young parts glabrous. Betel leaves are large (15-20
cm), broadly ovate, slightly cordate and often a little uncqual at base, shortly
acuminate, acute, entire but margin often tather undulate, usually 7-nerved,
glabrous, thick, bright green and shining on both sides. Lruits sparingly produced,
quitc immersed in the fleshy spike, which is about 5 em long and pendulous.

The use of betel leaf can be traced as far back as two thousand years. It is
desctibed in the most ancient historic book of Sri Lanka, Mabavasma, written in
Pali.

Betel is a native of central and castern Malaysia. It spreads at a very carly date
throughout tropical Asia and later to Madagascar and liast Africa. In India, it is
widely cultivated in Tamil Nadu, Madhya Pradesh, West Bengal, Orissa,
Maharashtra and Uttar Pradesh. It has long been naturalized in Bangladesh and
grows nearly throughout the country and is cultivated commercially in almost all
districts.
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1.4 Betel Leaf Oil

Synonyms: piper betel leaf oil; hetel leaf oil

Odor Description: Phenolic ‘I'ar Smoky Matce 1.caves

Appearence: Brown Liquid

Description: The essential oil is produced by steam distillation from the leaves of
Piper Betle, a vine of the pepper family. The plant grows widely over the entirc
atea between South Arabia and Southeast China. Betel Leaf Oil is yellow to brown
with a distinctly phenolic, almost tat-like or smoky.
http://www.thegoodscentscompany.com/data/es1068341.heml

1.5 Nutritive Value of Betel Leaf

The betel leaves arc usually used as a chewing herb in our country with supari,
jarda, chun and other masalla of different kinds., ‘I'he Teaf is usually bit sour in taste
but is a popular mouth freshner and has lots of nutrients. An analysis of the betel
leaf shows it to consist of moisture 85.4 per cent, protein 3.1 per cent, fat 0.8 per
cent, minerals 2.3 per cent, fibte 2.3 per cent and catbohydrates 6.1 per cent pet
100 grams. Its minerals and vitamins contents are calcium, phosphotus, iron, zinc,
sulphut, potassium, catotence, thiamine, tiboflavin, niacin and vitamin C. Tts
calorific value is 44.

Recent studics have shown that bete] leaves contain tannins, sugar and diastascs
and an essential oil. The essential oil is a light yellow liquid of aromatic odour and
sharp butning in taste. It contains a phenol called chavicol which has powerful
antiscptic propertics. The alkaloid arakene in it has properties resembling cocaine
in some respects.

A number of amino acids have been observed in betel leaves, including essential
one’s (Vidhyasckaran et a/, 1971). Citric acid is also a major acid in betel leaves,
whilst tartatic acid and palmitic acids are present in smaller amounts (l'eaotia et. al,
1961).

1.6 Medicinal Uses _

The usage of betel leaf is cited as far back as two thousand years. It was found a
place in the most ancient Srilankan historic book 'Mahawamsa' written in Pali.
Betel leaves usually used as masticatory. Tt is stimulant, digestive, carminative, anti
flatulent, anti inflammatory, invigorating, ant phlegmatic, pain reliever, Tt
climinates foul smell and is an antiseptic. According to Hakeem ashmi,
outstanding unani physician, hetel leaves have been used from ancient times as an
aromatic stimulant and anti fAatulent. It is used in several common house hold
remedices.
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Healing Power and Curative Properties

Betel Teaf has been used from ancient times as an aromatic stimulant and
antiflatulent. 1t is useful in arresting sccretion or bleeding and is an aphrodisiac.
Scanty ot Obstructed

Urination ‘
Betel leaf juice is credited with diurctic propertics. Its juice, mixed with dilute milk
and sweetened slightly, helps in casing urination.

Weakness of Nerves
Berel leaves are beneficial in the treatment of nervous pains, nervous exhaustion

and debility. The juice of a few betel leaves, with a teaspoon of honey, will serve as
a good tonic. A teaspoon of this can be raken rwice a day.

Headaches

The betel leaf has analgesic and cooling propertics. 1t can be applied with
bencficial results over the painful area to relieve intense headache. Grounded paste
of betel leaves should be applicd on temples to relieve headache. One or two
drops of betel juice can be put in the nostrils to climinate headache.

Respiratory Disorders

Betel leaves are useful in pulmonary affection in childhood and old age. 'The
leaves, soaked in mustard oil and warmed, may be applied to the chest to relieve
cough and difficulty in breathing,

Constipation

In the case of constipation in children, a suppository made of the stalk of betel leaf
dipped in castor oil can be introduced in the recrum. I'his instantly relieves
constipation.

Stomach disorders:

1. Taken betel motsel prepared with catechu, quick lime, betel nuts, cardamom
ctc. after meals cures digestive problems and climinates flatulence (caution:
do not add tobacco in this).

i. Fomenting the stomach (in case of children) with heated leaf of betel cures
stomach ailments.

tii. Boiling 3 betel leaves with lirtde black pepper in 250 ml water and strain it
and taking 2-tea spoon of this decoction twice a day can cure indigestion.
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Cold & cough:

. Hating betel leaves with clove relieves cold & cough,

i, Hating little bishop weed's seeds with betel leaf climinate frequent coughing.

i, Fleat some betel leaves, rub with oil (cither sesame oil or Castor oil) and
keep in layers on the chest. This gives instant relief in cough.

Sore throat _
Local application of the leaves is cffective in treating sore throat. ‘I'he crushed fruit
or berry should be mixed with honey and taken to relicve irritating cough.

Inflammation
'/\ppficd locally, betel Teaves are beneficial in the treatment of inflammation such as
arthritis and orchitis, that is inflammation of the testes,

Wounds

Betel leaves can e used to heal wounds. The juice of a few leaves should be
extracted and applied on the wound. ‘Then a betel leal should be wrapped over and
bandaged. The wound will heal up with a single application within 2 days.

Boils

‘The herb is also an cffective remedy for boils. A leaf is gently warmed till it gets
softened, and is then coated with a layer of castor oil. The oiled leaf is spread over
the inflamed part: “L'his leaf has to be teplaced, every few hours. After a few
applications, the boil will rupture draining all the purulent matter. “I'he application
can be made at night and removed in the morning,

Lumbago
A hot poultice of the leaves or their juice mixed with some bland oil such as
refined coconut oil can be applied to the loins with heneficial results in lumbago.

Problem of Breast Milk Sccretion
The application of leaves smeared with oil is said to promote secretion of milk
when applicd on the breasts during lactation.

Precautions: Cancer of the mouth and lips has been found to be morte frequent in
areas where the betel chewing habit is widely prevalent, Other ill-cffects of pan-
chewing like dyspepsia, pyorrhea, cancer of the tongue and checks have also been
obscrved amongst excessive chewers.
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Other Uses

Aphrodisiac: Pan-supari, especially the pan, is prescribed by Ayurvedic physicians
as an aphrodisiac. Partly owing to its deodorant, aphrodisiac, and invigorating
properties, pan-snpari came to form a part of the ritual with which a wife welcomed
her husband.

‘The betel leaves are chewed together with betel nut as a masticatory. In its simplest
form, sliced betel nut is wrapped in a betel leaf, smeared with lime and chewed.
Often though, a clove and other spices such as cinnamon and cardamom are
added. When chewed after meals, it sweetens the breath and acts as a gentle
stimulant.

According to Flashmi, to preserve the freshness of mint, coriander leaves and
greens etc, for a long time put some betel leaves along with them.
hilp://www.ind()indians.com/!ifcslylc/pzl:m.hl‘m

1.7 Cultivation of Betel Leaves

In olden times, pan (betel lcaf) was produced in all parts of Bengal, though some
districts like Dinajpur, Rangpur, Midnapur and Chittagong were particularly
famous for its production. ‘I'he cultivation of pan requires special soil and great
attention. Land sclected for pan production is generally high, of a stiffish soil, and
in the vicinity of a sttcam or tank. I'he pan garden is called baronj, which is usually
from twelve to twenty decimals in arca. New land dug up from ncighbouring ficld
has to be thrown up and raised the place for making the barouj ground. Oil cakes
and cow dungs are the traditional manure for a barouj. Nowadays, chemical
manure is also used along with traditional manure. ‘1'he creeper cuttings are planted
after proper dressing in the months of May and June. The plants are ncatly
arranged in parallel rows about two feer apatt, and the saplings are twined around
upright sticks of split bamboo and reeds. The barouj is enclosed by a wall of
bamboo and reeds, about five or six feet in height and thatched with the same
material so as to protect the plants from sun and stray cattle. ‘The plants are
regularly watered in the hot months. The leaves of the plant become ready for
plucking after onc year of planting and the production of the barouj lasts for
several years from the date of planting,

Toral cultivated arca under the crop in Bangladesh is about 14,175 ha and the total
annual production is about 72,500 tons. The average yield per acre is 2.27 tons.
There are usually three crops during the twelve months and they are locally called
by the name of the respective months in which they are harvested. Pan leaf is
usually plucked in Karzik, Phajenn and Ashad, "I'he Kartik pan is consideted by
consumers to be the best and Ashad pan the worst. When plucking, it is a rule to
leave at least sixteen leaves on the vine.
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Almost every district has a variety of pan to which consumers are well acquainted.
In the past, the most clegant and highly prized pan was &afiri or camphot-scented
pan grown in Sonargaon of Narayanganj district. Ir was exported to Calcutta and
Middle Tastern countries. At present, this variety is yiclding fast to other more
lucrative crops. The next best is the sanehi pan grown in Chittagong hill tracts
[Sirajul Islam|. hetp://banglapediascarch.com.bd/H'1'/P_0052.H'I'M

1.8 Betel leaf farming in coastal area

Land preparation is the first task for betel- leaf cultivation in coastal area. A good
Jand preparation is necessaty for proper and rapid growth of the crop; lot of time
and Tabour is required for land preparation for betel leaf cultivation. I'rom
Vebruary to Martch is considered best time for planting it in coastal arca.

[n the following table-1, the yicld of betel leaf received by the selected growers by
the time factor is presented.

Table 1. Yield of betel leaf received by the selected growers
Age of Plant | No. of Yield Total yicld Yicld

harvest kg /hatvest kg/ha. md/ha.
fidter 812 12 30 360 10.0

months

12-18 months 18 40 720 19.0
18 - 24 months 18 50 900 24.0
24 - 36 months 36 80 2880 77.0
36 -48 months 30 80 2880 77.0
48-54 months 18 50 900 24.0
54 - 60 months 18 30 540 245.0

Soutce: Betel-leaf farming in coastal arca. By Dr. Ali Muhammed Khushk and M.
Ibrahim Lashati; http://dawn.com/2002/05/13/cbr14.htm

1.9 Aim of Present Investigation

Bangladesh is a developing country. Tr has immense natural resources, its flora and
fauna are so plenty and rich that very few countries can vie with it in this regard. It
abounds with great numbers of plants of diverse varictics. Its plants resources have
great medicinal as well as nutritional value. [f its untapped tesoutces are properly
utilized, and if its plants arc scientifically processed and properly marketted, its
cconomy will be a viable one, and it may soon be aligned with the developed
countrics of the world. Tt may soon become poverty free, academically progressing
and politically leading country.
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Of the many species of its flora betel leal, which is commonly known as ‘Pan’, is a
most important onc. Tt is of plant origin and is produced abundantly in various
districts of Bangladesh. Everyday this leaf is being chewed by millions of people of
our country and abroad. In their daily life, the Bangalis usc it in welcoming guests
and newly martied couples, in cementing friendship, in establishing relations and in
mediating conflicts in rural Bengal. [t has also some religious aura among the
Hindus who usc it in adoring their gods and goddesses. lor ages and generations
together betel plants are being cultivated in Bengal and a big scgment of its
population depends economically on betel leaf production.

In our country, so far T know no such detailed study has been conducted to
determine the nutritional quality of betel leaf. T'his might be due to less interest of
rescarchers in this ficld as “Pan’ is a perishable commodity. Turther, the nutritional
quality of betel leaf is also deteriorated abruptly in many fimes as soon as the betel
plants are infected with discases. Viewing the very limited data on the nuttitional
quality, statistics of enzymatic activitics as well as economic importance of betel
leaves, in this study attempts are being made to determine the nutritional quality as
well as different enzymatic activities of four different varicties of betel leaves
namely ‘Shail’, ‘Doga’, ‘Dudhswar’ and “Kal Bangla’ available in out country
specially in Rajshahi region, at different maturity levels.

‘The main focus of this thesis is in the f()lluwing areas.

1. Analyze the nutrient contents such as moistute, ash, protein, lipid,
carbohydrates, phenolic compounds, chlorophyll, vitamins and minerals.
ii. Fstimation of the contents of some hydrolytic and oxidative enzymes

such as  amylase, invertase,  catalase,  peroxidase,  protease,
polyphenoloxidase, cellulase and B-galactosidase.

iit.  Purification and characterization of invertase, a sucrose splitting enzyme.

v, liffects of physical and chemical agents on the enzymatic activities of
invertase.

V. Purification and characterization of polyphenoloxidase. C

vi.  Liffects of physical and chemical agents on the activities of polyphenol
oxidasc,

vil.  Determination of antibacterial, antifungal and cytotoxic activitics of the
betel leaf extract,
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Figure-1: Photographic representation of betel leaves (up) and the experimental
plot of betel leaf (down).
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Introduction

Betel leaf is one of the most popular and widely cultivated herbs in Bangladesh. It
supplies teady sources of carbohydrates, protein, lipid as well as other nutrients.
Betel leaf is also a good source of vitamins and minerals. ‘There ate many varictics
of betel leaves in our country but their nutritive values are not known clearly. The
concentration of these nutrients also varies with the changes of maturity of the
betel leaves. ‘I'he primary aim is to ascertain the changes of biochemical
constituents in different varictics of betel leaves at different stages.

M.2.1 DETERMINATION OF MOISTURE CONTENT OF BETEL
LEAVES

Moisture was determined by the conventional procedute.

Materials:
a) Porcelain crucible,
b) Iilectrical balance.
c) Oven.

d) Desiccator.

Procedure:

“One to two gm of betel leaves were weighed in a poreclain crucible (which was
previously cleaned and heated to 100°C, cooled and weighed). ‘The crucible with
the sample was heated in an clectrical oven for about six hours at 100°C. Tt was
then cooled in a desiccator and weighed again.

Calculation:
Percent of moisture content (gm per 100 gm of hetel leaves)
Amount of moisture obtained
= x 100
Weight of betel leaf

M.2.2 DETERMINATION OF ASH CONTENT OF BETEL LEAVES
Ash content was determined following the method of A.O.A.C. (1980).

Materials:

a) Porcclain crucible.
b) Filectrical balance
¢) Desiccator

d) Mufflc furnace
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Procedure:

Four to six gm of healthy betel leaf were weighed in a porcelain crucible (which
was previously cleaned and heated to about 100'C, cooled and weighed). The
ctucible with its content was placed in a muffle furnace for 4 hours at about 600°C.
‘These were then cooled in a desiccator and weighed. ‘T'o ensure completion of
ashing, the crucible was again heated at the same tempetature in the muffle furnace
for half an hour, cooled and weighed again. "I'his was repeated till two consecutive
weights were the same. |

Calculation:
Percent of ash content (gm per 100 g of betel leaves)
Amount of ash obtained
= X IOO
Weight of betel leaf

M.2.3 EXTRACTION AND ESTIMATION OF CHLOROPHYLL IN
BETEL LEAVES '

Chlorophylls are the green pigments universally present in all photosynthetic
tissues. Chlorophyll-a and Chlorophyll-b occur in higher plants. Age, disease and
varictics of betel leaves affect not only the total Chlotophyll content but also alters
the ratio between the Chlorophyll-a and Chlorophyll-b. A measurement ot green
pigments may indirectly denote the age of betel leaf. Chlorophyll estimates may
also be required to relate other biochemical changes in the plant  tissue.
Chlorophyll content of different varictics at different stages of betel leaf tissues
was estimated following the method described by Mahadevan and Shidhar (1982).

Materials:

a) Mortar and pestle

b) Buchner funncl

¢) Whatmann no. 42 filter paper

d) Volumetric flasks (50 ml and 100 ml)
¢) Pipette (5 mland 10 ml)

f) Colorimeter

Reagent:
Acctone, 80%

Procedure:

One gm of betel leaf was cut into small picces and homogenized well with excess
acctone in a mortar with pestle and then filrered the extract through a buchner
funncl using Whatman no. 42 filter paper. ‘Then sufficient quantity of 80% acctone
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was added and repeated the extraction. The content from the extraction was
transferred to buchner funnel and washed with 80% accetone until colorless. "T'he
filtrates were pooled and made upto the volume of 100ml in a volumetric flask
with 80% acctonce. The absorbance of the extract was measured at 645 nm and 663
nm for determination of chlorophyll-a and chlorophyll-l respectively.

‘The chlorophyll contents were calculated on fresh weight basis employing the
following formula as described (Mahadevan and Sridhar, 1982), using the specific
absorbtion cocfficients for chlorophyll-a and chlorophyll-b at 663 nm and 645 nm
in 80% percent acetone respectively,

Calculation:
20.2A 45 + 8.02A
Total chlorophyll (mg / gm) = X v
L x 1000 x w
2.7 63— 2.609A 5
Chlorophyll-a (mg / gm) = X v

L x 1000 x w

: 2290\, —4.68A
Chlorophyll-b (mg / gm) = X v
L x 1000 x w

Where, A = Optical density in cach casc

L. = length of light path in the cell (usually 1 ¢m)
v = Volume of the extract in ml, and

w = I'resh weight of the sample in gm.

M.2.4 DETERMINATION OF LIPID CONTENT OF BETEL LEAVES
Lipid contents of betel leaves were determined by the method of Bligh and dyer
(1959). |

Reagents:

A mixture of chlotoform and cthanol (2: 1 v/v)

Procedure:

About one gm of betel leaf was first grounded in a mortar with about 10 ml of
distilled water. ‘The grounded flesh was transferred to a separating funnel and 30
ml of chloroform-cthanol mixtute was added. ‘I'he mixture was mixed well and
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then kept overnight at room temperatuge in the dark. At the end of this petiod 20
ml of chloroform and 20 ml of water were further added and mixed well.
Generally three layers were scen. A clear layer of chloroform containing all the
lipids, a colored aqucous layer of ethanol with all warer soluble matetials, and a
thick pasty inner phase were scen.

‘The chloroform layer was carcfully collected in pre-weighed beaker (50 ml) and
then placed ona steam bath for evaporation. After evaporation of the chloroform,
the weight of the beaker was determined again. Uhe difference in \vught glch the
amount of lipid.

“Calculation:
Percent of lipid content (gm per 100 gm betel leaves)
Amount of lipid obtained
= x 100
Weight of betel leaf

M.2.5 DETERMINATION OF TOTAL SUGAR CONTENT OF BETEL
LEAVES

Total sugar content of betel leaves was determined colorimetrically by the
anthrone method (Jayaraman, 1981)

Reagents:

a) Anthrone reagent: ‘The reagent was prepared by dissolving 2 gm of anthrone in
one litre of concentrated sulphuric acid (11L,SO,).

b) Standard glucose solution: A standard solution of glucose was prepared by
dissolving 10 ml of glucose in 100 ml of distilled water.

Preparation of sugar extract from betel leaf
Sugar extract from betel leaves was prepared by the following method, (Loomis
and Shull, 1937).

Four to six gm of betel leaves were cut into small picces and grinded in mottar and
immediately plunged into boiling cthyl alcohol and allowed to boil for 5 to 10
minutes (5 to 10 ml of alcohol was used for every gm of betel leaf). ‘The extract
was cooled and crushed thoroughly in a mortar with a pestle. ‘Then the extract was
filiered through two layers of muslin cloth and re-extracted the ground tissue for
three minutes in hot 40% alcohol using, 2 to 3 ml of alcohol for every gm of
tissue. This sccond. extraction ensured complete removal of alcohol soluble
substances. "T'he extract was cooled and passed through muslin cloth. Both the
extracts were filtered through Whatman no. 41 fileer paper.
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I'he volume of the extract was evaporated to about 1/4™ the volume over a steam
bath and cooled. This reduced volume of extract was then transferred to a 100 ml
volumetric flask and made upto the mark with distilled water. Then 1 ml of the
diluted solution was taken into another 100 ml volumetric flask and made upto the
mark with distilled watet.

Procedure:

Aliquot of 1 ml of extracted solution was pipetted into test tubes and 4 ml of the
anthrone recagent was added to cach of this solution and mixed well. Glass marbles
were placed on top of each tube to prevent loss of water by evaporation. The
tubes were placed in a boiling water bath for 10 minutes, then temoved and
cooled. A reagent blank was prepared by taking 1 ml of water and 4 ml of
anthrone reagent in a test tube and treated similarly, ‘The absotbance of the blue
green solution was measured at 620 nm in a spectrophotometer. A standard curve
of glucose was prepared by taking 0.0, 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0 ml of standard
glucose solution in different rest tubes containing 0.0, 10, 20pg, 40 pg, 60pg,
80ug and 100ug of glucose respectively and made the volume upto 1.0 ml with
distilled water. Then 4 ml of anthrone reagent was added to each of the test tube
and mixed well. All these solution were treated similatly as described above. The
absorbance was measured at 620nm using the blank containing 1 ml of water and
4 ml of anthrone reagent.

Calculation: ,
‘The amount of total sugar present in the extracts was calculated from the standagd
curve of glucose (IFig-2). Finally, the percentage of total sugar present in the betel
leaf was determined using the formula given below:
Percentage of total sugar (gm per 100 gm of betel leaf)
Amount of sugar obtained
= x 100
Weight of betel leaf
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Fig-2: Standard curve of glucose fot estimation of total sugar and starch,

M.2.6 DETERMINATION OF REDUCING SUGAR CONTENT OF
BETEL LEAVES

Reducing sugar content of four varicties of betel leaves were determined by
dinitrosalicylic acid method (Miller, 1972).

Reagents:
a) Dinitrosalicylic acid (DNS) reagent: Simultancously 1 gm of DNS, 200 mg of
crystalline phenol and 50 mg of sodium sulphite were placed in a beaker and mixed
with 100 ml of 1% NaOH solution by stitring. If it is stored then sodium sulphite
is added just before use.

h) 40% Rochelle salts.

Preparation of sugar extract from betel leaf
Sugar extract from betel leaf was prepared following the procedure as described
hefore,
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Procedure
Aliquot of 3ml of the extract was pipetted into test tubes and 3ml of DNS reagent

was added to cach of the solution and mixed well. "T'he test tubes were heated for 5
minutes in a boiling water hath. After the color has developed, 1 ml of 40%
Rochelle salt was added to cach of the rubes, when the contents of the tubes were
still warm. "T'he test tubes were then cooled under a running tap water. A reagent
blank was prepared by taking 3ml of water and 3ml of DNS reagent in a tube and
treated similarly. The absorbance of the solution was measured at 575 nm in a
colorimetet.
"The amount of reducing sugar was calculated from the standatd curve of glucose,
(IVig-3).
Calculation:
T'he percentage of reducing sugar (gm per 100 gm of betel leaf)

Amount of reducing sugar obtained

= X 100
Weight of betel leaf

1.2

o
fo

&=
o))

Absorbance at 575 nm

o
=

0.2

0 1 ' . i
0 200 400 600 800 1000 1200
Conc. of glucose in microgram

Fig-3: Standard curve of glucose for estimation of reducing sugar.
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M.2.7 DETERMINATION OF NON-REDUCING SUGAR (SUCROSE)
CONTENT OF BETEL LEAVES

Sucrose content was calculated from the following formula (Ranganna, 1979):

% Sucrose or non reducing sugar = (Yo Total sugar - % Reducing sugar) x 0.95

M.2.8 STARCH ESTIMATION OF BETEL LEAF
‘T'he starch content of the betel leaves was determined by the anthrone method
(Morse, 1947 and Loomis & Shull, 1937)

Reagents:
a) Anthrone reagent (0.2% in concentrated H,50),).
b) Standard glucose solution (10mg/ 100mI)

Procedure:

About five gm of betel leaf were homogenized well with 10ml of distilled water.
The content was filtered through double layer of muslin cloth. ‘T'o the fltrate,
twice the volume of ethanol was added to precipitate the polysaccharide, mainly
the starch. After kept it overnight in cold, the precipitate was collected by
centrifugation at 3000 rpm for about 15 minutes. ‘T'he precipitate was dried over a
steam bath, then 40ml of TN hydrochloric acid was added to the dried precipitate
and heated to about 70°C. 1t was then transferred to a volumetric flask and diluted
to 100ml with 1M FC1. Diluted solution (Iml) was taken in another 100 ml
volumettic flask and made upto 100 ml with 1M FHCI.

Aliquots of Tinl of the betel leaf extract from each cultivar were pipetted into test
tubes in duplicate and treated in the same manner as described for free sugar
cstimation, previously.

A standard curve of glucose was prepared and the amount of starch in the betel
leaf was calculated from the curve (ig-2)

Calculation:
Percentage of starch content (gm per 100 gm of betel leaf)
Amount of starch obtained
= x 100
Weight of betel leaf
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M.2.9 CRUDE FIBRE ESTIMATION OF BETEL LEAF
Crude fibre was determined by the following method (AOAC, 1980).

Reagents:

a) H.80, (0.26N)
b) NaOH (1.25%)
c) [lthanol

d) Tither.

Procedute:

Three gm of fat free betel leaf were taken into 500ml beaker and 200ml of boiling
0.26N H,80), was added. The mixture was then boiled for 30 minutes, keeping the
volume constant by the addition of water at frequent intervals (a glass rod inscrted
in the beaker to help smooth boiling). At the end of this period, the mixture was
filtered through a muslin cloth and the tesidue was washed with hot water till free
from acid.

The extract was then transferred into the same beaker and 200ml of boiling 1.25%
NaOH was added. After boiling for 30 minutes (keeping the volume constant as
before) the mixture was filtered through muslin cloth. The extract was washed
with hot water until free from alkali, followed by washing with some ethanol and
cther. It was then transferred to a crucible dried overnight at 80°C-100°C and
weighed.

The crucible was then heated in a muffle furnace at 600°C for three hours, cooled
and weighed again. ‘T'he difference in the weight represented the weight of crude
fibre. The percentage of crude fibre (on dry basis) was calculated from the formula
given below.

Calculation:
Crude fibre content (gm per 100 gm of betel leaf)
Amount of dried extract
= x 100
Weight of betel leaf

M.2.10 ESTIMATION OF PHENOLS FROM BETEL LEAVES

listimation of phenols with l'olin-Ciocalteu rcagent is based on the reaction
between phenols and an oxidizing agent phosphomolybdate, which results in the
formation of a blue complex. So, total phenol content of the betel leaves was
determined colotimettically by Lolin-Ciocalteu method (Bray and Thotpe, 1954),
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Reagents:

a) Folin-Ciocalteu reagent
b) Sodium carbonate, 20%
¢) Catechol (0.1mg/ml)

Extraction of phenol from betel leaves:
lixtraction of phenols from betel leaves was done following the method as
described by Loomis and Shull, (1937).

Lour to six gm of betel leaves were cut into small pieces and immediately plunged
into boiling cthyl alcohol and allowed to boil for 5-10 minutes (5 to 10ml of
alcohol was used per every gm of betel leaf). ‘I'he extract was cooled and crushed
thoroughly in a mortar with a pestle. T'hen the extract was filtered through two
layers of muslin cloth and re-extracted the tissue for three minutes in hot 80%
alcohol, using 2 to 3ml of alcohol for every gm of betel leaf tissue. This second
extraction cnsured complete removal of alcohol soluble substances. “I'he extract
was cooled and passed through muslin cloth. Both the extracts were filtered
through Whatman no. 41 filier paper. ‘I'his alcohol extract was used for the
estimation of total phenols.

Method:

Aliquot of Tml of the extract was pipetied into test tubes and 1ml of Folin-
Ciocalteu reagent followed by 2 ml of sodium carbonate (Na,CO,) solution were
added to each tube and mixed well. "I'he test tubes were placed in a boiling water
bath for exactly 2 minutes, then removed and cooled. ‘The blue solution was then
transferred to a 25ml volumetric flask and made upto the mark with distilled water.
Then the solution was filtered. A reagent blank was prepared by taking 1ml of
water and Tml of Folin-Ciocalteu reagent in a test tube and treated similatly. ‘T'he
absorbance of the blue solution was measured at 650nm in a colorimeter. The

amount of total phenols was calculated from the standard curve of catechol (Fig-
4. -

Calculation:
Percentage of total phenol (mg per 100 gm of betel leaves)
mg of total phenol obrained
= x 100
Weight of betel leaf
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Fig-4: Standard curve of catechol for estimation of total phenol.

M.2.11 DETERMINATION OF PROTEIN CONTENT OF BETEL
LEAF
Protein contents of betel leaves wete determined by the method of Folin-Lowry

(Lowry et al. 1951)).

Reagents:

a) Alkaline sodium catbonate solution (20 gm/litre Na,CO, in 0.1M NaOH
solution).

b) I'reshly prepated copper sulphate and sodium potassium tartrate solution (5
gm/litre CuSO,.5H,0 in 10 gm/litre Na-K tartratc). '

c) Alkaline solution: Mixture of solution a and b in the propottion of 50:1
respectively. .

d) Tolin-Cicolteau’s reagent (Diluted with equal volume of H,0, just before use).
¢) Standard protein (Bovine serum albumin 0.1 mg/ml in dist. H,0) soludon.
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Method

I'rom standard protein solution, 0.0, 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0 ml were taken in
different test tubes and made upto the volume 1 ml by distilled water. ‘['hen 5 ml
of the alkaline solution (solution-¢) was added to the protein solution in different
test tubes and mixed thoroughly. It was allowed to stand at toom temperature for
10 minutes. Then 0.5 ml of diluted Tolin-Cicolteaw’s reagent was added rapidly
with immediate mixing and left for 30 minutes. The dark blue color formed was
measured at 650 nm against the appropriate blank. By applying the same
procedure described above, the absorbance of protein solution was measuted and
the concentration of protein was dctermined from the standard curve (I'ig-5).

Percentage of protein content of betel leaf (pm per 100 gm of betel leaves)
Amount of protein obtained

= x 100
Weight of betel leaf

1.2

=
o0

=
o))

o
~

Absorbance at 650 nm

0.2

0 0.2 0.4 0.6 0.8 1 1.2
Conc. of protein in mg.

Fig-5: Standard curve of BSA for the determination of protein concentration.
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M.2.12 DETERMINATION OF CALCIUM CONTENT OF BETEL
LEAF

Calcium content was determined by titrimetric method (Begnard, 1965).

Reagents:

a) ‘Hydrochlotic acid (concentrated).

b) Ammonium oxalate (6%).

c) Methyl red indicator

d) Dilute sulphuric acid (2N).

¢) Strong ammonia.

f) Potassium permanganate (Jam brand, West Germany) solution (N/100).

Preparation of stock solution:
The ash obtained as described catlier was moistened with a small amount of
distilled water (0.5-1.0ml) and then Smil-concentrated HC1 was added to it.

‘T'he mixture was evaporated to dryness on boiling water bath. 5ml of concentrated
HCT were added again and the solution was evaporated to dryness. The residuc
was dissolved in about 4ml of HC1 and a few ml of water, and the solution was
warmed on a boiling water bath. I'he warmed solution was then filtered using
Whatman no. 40 filter paper. After cooling, the volume was made upto 100ml with
distilled water and suitable aliquots were used for the estimation of calcium.

Procedure:

25ml of the stock solution was taken in a conical flask and 125ml of double
distilled water were added to it. A few drops of methyl indicator were added and
the mixture was neutralized with ammonia, till the pink colour changed to yellow.
The solution was heated to boiling and 10ml of ammonium oxalate was then
added. The mixture was allowed to boil for a few minutes and then glacial acetic
acid was added to it till the colour became distinctly pink. ‘I'he mixture was kept in
datk at room temperature for an hour. When the precipitate was scttled down, the
supernatant was tested with a drop of ammonium oxalate solution to ensure the
‘completion of precipitation. ‘I'he precipitate was then filtered through Whatman
no. 40 filter paper and washed with warm water till the precipitate became free of
oxalate (tested with CaCl,). ‘I'he precipitate was transferred to a beaker by piercing
a hole in the filter paper and about 5 to 10ml dil, H,SO, (2N) was poured over it.
The soluton was then heated to about 70°C and titrated with N/100 KMnQ,
solution.
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Caiculation:
1ml N/100 KMnQO, solution = 0.2004 mg of calcium

Amount of calcium content (mg per 100gm of betel leaf)
mg of calcium obtained

= x 100
Weight of betel leaf

M.2.13 DETERMINATION OF PHOSPHORUS CONTENT OF BETEL
LEAF

Phosphorus content of betel leaves was determined by method of Vogel (1961),

Preparation of molybdate solution
12.50gm of sodium molybadte was dissolved in 10N H,SQ, and diluted to 500ml
with 10N H,SO,.

Preparation of Hydrazine Sulphate solution
0.75gm of hydrazine sulphate was dissolved in dcionized water and diluted to
500ml. -

Preparation of standard phoshate solution

lixactly 0.219gm of potassium dihydrogen phosphate was dissolved in deionized
water and diluted to one litre.

Then, Tml solution = 0.05mg phosphous.

Preparation of stock solution:

Same as described previously in case of calcium. Suitable aliquots of stock solution
were used for the estimation of phosphotus, potassium, iron, boron, sulphur,
mangancsc and chloride.

Procedure:

One ml betel leaf extract, 2ml of hydrazine sulphate and 5ml of molybdate reagent
were taken in a 50ml volumetric flask and made upto the mark with deionized
water. The mixture was mixed well. The flask was kept immersed in a boiling water
bath for ten minutes, then it was removed and cooled rapidly. ‘T'he absorbance for
cach of the solutions was measured atr 830nm against reagent blank.
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Construction of calibration curve

A calibration curve (Fig-6) was constructed in the usual process by using six
standard phosphorus solution containing 1, 2, 3, 4, 5, and 6 ppm of phosphorus.
‘The mg percentage of phosphorus present in cach different betel leaf extract was
calculated by using the standard curve of phosphorus.

Calculation:
Amount of phosphotus present (mg per 100gm of betel leaf)
mg of phosphorus obtained

= X 100
Weight of betel leaf

Absorbance at 830 nm

0 . l - :
0 2 4 6 8 10

Phosphorus conc. (ppm)

Fig-6: Standard curve for estimation of phosphorus.
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M.2.14 DETERMINATION OF IRON CONTENT OF BETEL LEAF
Iron (I'e) content of betel Teaf was determined  spectrophotometrically by
thiocyanate method (Vogel, 1961).

Reagents:

a) 4N HC1

b) Potassium thiocyanate solution (20%) ‘

c) lie (I} standard solution: lxactly 0.864gm of ammonium iron (111) sulphate
was dissolved in distilled water and 10 ml of conc. FICI was added to it and finally

made upto onc liter. Then, 1ml solution contains = 0.1mg of Fe (I11).

Preparation of stock solution

‘The amount of ash obtained from two gm of betel leaf was taken in a porcelain
crucible and 15 ml of conc. TICI was added to it. The resulting solution was
evaporated, necarly to dryness to expel excess of acid, diluted slightly with water
and made upto 100 ml with distilled water to give the stock solution.

Procedure:

10ml of each of different betel leaf aliquots were taken sepatately in 50ml
volumetric flask; 2 ml of 4N 11C1 and 5ml of 20% potassium thiocyanate solution
were added in each flask. Then the flask was made upto the mark with de-ionized
water. ‘The absorbance for cach of the solution of the flask was measured at
480nm against a reagent blank. Tron content of this solution was determined by
constructing a staridard curve.

Construction of standard cutve:

A standard curve of iron (I'ig-7) was prepared by taking 5ml, 10ml, 15ml, 20mi,
25mland 30ml of the standard (0.1mg/ml) ammonium iton (1) sulphate solution.
1o the flask, 2ml of 4N hydrochloric acid and 5ml of 20% potassium thiocyanate
solution were added and diluted upto the mark and shaken slowly fot uniform
mixing. The absotbance for cach of the solution was measured at 480nm against a
teagent blank.

The mg percent of iron present in cach different betel leaf extracts was calculated
by using the standard curve,

Calculation: :
Amount of iron present (ing per 100gm of betel leaf)
mg of iron obtained
= x 100
Weight of betel leaf
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Absorbance at 480 nm
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Iron conc. (ppm)

Fig-7: Standard curve for estimation of iron.

M.2.15 DETERMINATION OF B-CAROTENE CONTENT OF BETEL
LEAF

P-carotene content of betel leaves were determined according to the procedure
reported in - the Methods of Viamin Assay (Anon, 1960) and Methods of
Biochemical analysis (Click, 1957)

Reagents:

a) Ammonium sulphate

b) Acetone

¢) Petroleum cther (40-60°C)

d) n-Hexane

¢) Activated alumina (BRI chemicals 1td.)

f) Standard solution of B-carotene: A Standard solution of B-carorene (BDH
chemicals 1.td.) was prepared by dissolving 50mg of B-carotene in 100ml of
petroleum ether.
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Column preparation:
A column was prepared by using alumina as a packing matetial. 10% acetone in
petroleum ether was used as an cluant buffer.

Procedure:

live gm of fresh betel leaf and about four pm of ammonium sulphate wete taken
in a mortar, and rubbed to an cven paste with pestle. The extraction was carried
out with acetone and small amount of hexane. lixtraction was continued until the
acctone extract became colorless. Potassium hydroxide solution (10ml, 5.6%) was
added to the extract and it was kept in a dark place for half an hout. The mixture
was then transferred to a separating funnel, then 20ml of petroleum cther, a few

"ml of hexane and 10ml of water were added to the scparating funnel and shaked

gently. The ether layer was collected and the process was repeated until the
petroleum  ether layer became  colorless. 'The petroleum  ether  extract was
concentrated by gentle heating. ‘The concentrated extract (1-2ml) was applied on to
the top of the alumina column and clured with 10% acetone in petroleum cthet,
The absorbance of the eluant was taken at 440nm in a2 Coleman Junior 11
spectrophotometet.

Construction of standard curve of B-carotene:

A standard curve (Fig-8) was prepared by taking 0.0, 0.1, 0.2, 0.4, 0.6, 0.8 and
L.Oml standard solution of f-carotene and the volume was made upto Sml with
petroleum cther and mixed well. “I'he absorbance of the solutions was taken at

440nm in a Coleman Junior Il spectrophotometer and a standard curve of B-
carotene was prepared by plotting the data.

The amount of B-carotene content in cach cultivator of betel leaf was calculated by
using the standard curve.

Calculation:
mg percent of B-carotene (mg per 100gm of betel leaf)
mg of B-carotene obtained
= x 100
Weight of betel leaf
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. Fig-8: Standard cutve for estimation of B-carotenc,

M.2.16 DETERMINATION OF VITAMIN-B, CONTENT OF BETEL
LEAF
. Vitamin-B, content of betel leaf was determined following the method of Anon

(1965).

Reagents:

E
b)

‘)
d)
¢)

Potassium ferticyanide (2%)

Oxidizing reagents : 10ml of 2% potassium ferricyanide was mixed with 3.5N
NaOH solution (90ml). ‘I'he solution might be used within 4 hours,

Quinine sulphate

0.2N HC1

Alcohol

Standard thiamine hydrochloride preparation:

About 25mg of thiamine hydrochloride was transferred in 100ml volumetric flask
and it was dissolved in 30ml of dilute alcohol solution and made upto the mark.
The pH was adjusted to 4.0 with dilute HC1 and stored in a light resistant

containet,
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Procedure:
Five to six gm of fresh betel leaves were cut into small picces and homogenized
with 0.2N HC1. ‘T'he mixture was heated on a steam bath and then cooled.

Sml of standard thiamine-11C1 solution was mixed rapidly with 3ml oxidizing
reagent and 20ml of isobutyl alcohol was added within 30 seconds, then mixed the
mixture vigorously for 90 scconds by shaking the tubes manually. A blank was
prepared only by substituting the oxidizing reagent with an cqual volume of 3.5N
sodium hydroxide and proceed in the same manner. 2ml of dehydrate alcohol was
added, switl for few seconds, allowed the phase to be separated and decanted or
drawn off and transferred into cuvettes, then measured the fluorescence. Betel leaf
extracts (5ml) were pipetted in different test tubes and treated in the same manner
as described above,

Calculation:

The amount (in milligram) of thiamine in each 5ml of the betel leaf extract was
calculated from the formula (A-b) / (S-d), in which A and S were the average
fluorometer reading of the portions of betel leaf extract and standard preparation
with oxidizing reagent, respectively, and b and d were the readings for the blanks
of betel leaves extract and standard preparation, respectively.

mg pereentage of vitamin-B, (mg per 100gm of fresh leafl)
mg of vitamin-B, obtained
= x 100
Weight of betel leaf

M.2.17 DETERMINATION OF VITAMIN-B, CONTENT OF BETEL
LEAF

Vitamin B, content of betel leaves was determined by the method of Anon (1965).

Reagents:

a) 0.02N acctic acid

b) 0.1N H,SO,

c) 0.IN NaOH

d) 0. IN FIC1

¢) 4% Potassium permanganate
f) Hydrogen peroxide
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Procedure:

Standard Preparation: 50mg of riboflavin was mixed with 300ml of 0.02N acetic
acid and the mixture was heated on a steam bath, with frequent agitation until the
riboflavin was dissolved. "Then cooled and made upto 500ml with 0.02N acetic
acid. This solution was diluted appropriately with 0.02N acetic acid to made final
riboflavin concentration of 10 pg/ml.

Extraction of riboflavin from betel leaves:

I'resh betel leaves (5-6 gm) were cut into small pieces and homogenized well with
0.IN H,SO, (about 50ml). T'he mixture was heated in an autoclave at 121-123°C
for 30 minutes, then cooled it and filtered through double layer of muslin cloth.
‘The filtrate was made upto 100ml with distilled water and 25ml of this solution
was taken in a beaker and 25ml of water was added 10 it. ‘I'he mixture was agitated
vigorously and adjusted the pll to 6.0 - 6.5 with 0.1N NaO[FL. Immediately, 0.1N
HC1 was added until no precipitation occurs. “I'he extract was again filtered and
pH of the extract was adjusted to 6.6 - 6.8 with 0.1N NaOH.

10ml of betel leaf extract was taken in the test tube and 1.0 ml of warer, 1.0ml of
glacial acetic acid were added to it. The mixture was then mixed with 0.05ml of
potassium permanganate solution and allowed to stand for two minutes, then
0.5ml of hydrogen peroxide solution was added , where upon the permanganate
colot was destroyed within 10 scconds. ‘The tube was shaken vigorously until
excess oxygen expelled. Then Tml of standard solution was pipetted in a test tube
and treated in the same manner as that described for the leaf extract. In a suitable
fluorometer, the fluorescence of the solution was measured. ‘Then to cach tubes,
20mg of sodium hydrosulphite was added, mixed well and measured  the
fluorescence, within 5 seconds.

Calculation:

The quantity in mg in each ml of the betel leaf extract was calculated by the
formula, 0.0001 (T-1,) (I-1,)

Where,

1, = Average reading for betel leaf extract

Iy = Average reading for standard preparation

Iy = Average reading for mixed with sodium hydrosulphite

mg pereentage of vitamin-B, content of betel leaf (mg per 100gm of betel leaf)

mg of vitamin-I3, obtained
= x 100
Weight of betel leaf
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M.2.18 DETERMINATION OF VITAMIN-C CONTENT OF BETEL
LEAF :
Vitamin-C content of betel leat was determined by the Bessey’s titrimetric method

(1933).

Regents: :

a) E)yc solution: 200mg of 2,6 - dichlorophenol indophenol and 210mg of sodium
bicarbonate were dissolved in distilled water and made upto 1000 ml. The
solution was filtered.

b) 3% metaphosphoric acid reagent: 3 gm of metaphosphoric acid was dissolved
in 80ml of acetic acid and made up to 100ml with distilled water.

¢) Standard Vitamin-C solution (0.Img/ml): 10mg of pure vitamin-C was
dissolved in 3% metaphosphoric acid and made upto  100ml with 3%
metaphosphoric acid.

Method:
Standard vitamin-C solution was taken in a conical flask and titrated it with the dye
solution.

Four to six gm of betel leaves were cut into small picces and homogenized well
with 3% metaphosphoric acid (approximately 20ml) and filtered it through double
layer of muslin cloth. The filirate was centrifuged at 3,000 r.p.m. for 10 minutes
and the clear supernatant was ftitrated with 2,6 dichlorophenol indophenol
solution. The amount of vitamin-C present in the extract was determined by
compating with the titration result of standard vitamin-C solution.

Calculation:
Percentage of vitamin-C content (img per 100 gm of betel leaf)
mg of vitamin-C obtained
= x 100
Weight of betel Teaf
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RESULTS AND DISCUSSIONS

R.2.1 Moisture content of betel leaf:

Moisture plays an important part in the growth activitics of plants, herbs etc.
Water is indispensable to the absorption and transportation of food to carry on
photosynthesis, metabolism of materials and the regulation of temperature.

Moisture 1s also cssential for most of the physiological reactions in plant tissucs

and in its absence, life does not exist (Rangaswami, 1976).

Moisture contents of four different varictics of betel leaves in three different
maturity stages are given in ‘l'able-2.

It is found that moisture content is decreased with the changes in the maturity of
betel Teaf. Among the maturity stages, premature betel leaf contains the highest
amount of moisture and over mature betel leaf containg the lowest. 1Ihe moisture
content is varied between 86.87% to 87.99% in premature stage, 85.33% to
85.94% in mature stage and 82.41% to 83.22% in over mature stage. In mature
stage, Doga variety contains the highest amount of moisture (85.94%) while Shail
variety contains the lowest amount of moisture (85.33%).

Table-2: Moisture and ash contents of betel leaf.

Varictics Stages Moisture (gm%) Ash (gm%)
Shail Pan Premature Stage 87.95 + 0.01 2.98 £ 0.02
Mature Stage 85.33 £ 0.03 3.22 £ 0.04

Over Matute Stage 82.41 + 0.01 3.27£0.03

Doga Pan Premature Stage 86.87 £0.02 3.08 £ 0.01
Mature Stage 85.94 £ 0.02 3.24 +0.02

Over Mature Stage 83.22 £ 0.03 3.29 + 0.01

Dudhswar Pan Premature Stage §7.99 1 0.0] 297 £ 0.01
Maturc Stage 85.40 + 0.04 3.25 % 0.03

Over Mature Stage 82.45 + 0.01 3.31 £0.02

Kal Bangla Pan | Premature Stage 87.70 £ 0.02 2.96 £ 0.02
Mature Stage 85.44 £ 0.03 3.26 + 0.04

Over Mature Stage 82.62 £ 0.01 328 £0.01
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R.2.2 Ash content of betel lcaves:

Most of the inorganic constituents or minerals are present in ash. Ash contents of
four varicties of betel leaves in three different maturity stages are represented in
the Table-2.

The result clearly indicated that the order of ash content is just opposite to the
mofstute content of betel leaf. Ash content increased proportionally to the
maturity of betel leaf. Among the stages, premature betel leaf containg the lowest
amount of ash and over mature betel leaf containg the highest amount in all
varieties. Among the fous varictics, the ash content is vatied between 2.96% to
3.08% in premature stage, 3.22% to 3.26% in maturc stage and 3.27% to 3.31% in
over maturc stage. In matute stage, Kal Bangla varicty contains the highest amount
of ash (3.26%) and Shail varicty contains the lowest amount of ash (3.22%).

R.2.3 Crude fibre content of leaves

Cellulose, lignin and pentosan are the components of crude fibre of betel leaves
(Anon, 1975). In betel leaves, cellulose is present in cell wall, stimulate the
swallowing factor (Ravindra, 1987). Crude fibre has pronounced effect on the
digestion and absorption process of nutrients,

Crude fibre contents of four varictics of betel leaves are given in the "I'able-3. The
present data indicated that betel leaves contained about 2% crude fibre. Crude
fibre content is lowest in prematute stage and the content increased with
increasing matutity of betel leaves. In mature stage, crude fibre content ranges
from 2.095% to 2.11% and Doga varicty contained the highest amount of fibre.

R.2.4 Phenol content of betel leaves _
Varictics differ in their response with regard to phenolic changes. Phenolic
compounds cnjoy a distribution in the plant kingdom and they arc particularly
prominent in plants where they are important in determining color and favor
(Buren, 1970).

Phenol contents of four varicties of betel leaves in different maturity stages ate
given in Table-3. Maximum phenol contents were found in mature stage in all the
vaticties whereas prematute stage contained the lowest phenol content. In this
study, Dudhswar varicty contained the highest amount of phenol (0.704%) and
Kal Bamgla variety contained the lowest amount (0.547%) in mature stage.
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Table-3: Crude Fibre and phenol contents of betel leaf.

Varieties Stages Fibre (gm%) Phenol (gm %)
Shail Pan Premature Stage 1.86 £ 0.07 0.522 £ 0.05
Mature Stage 2.10+0.10 0.576 £ 0.03
Over Malure Stage 2.12 £ 009 0.526 £ 0.01
Doga Pan Premature Stage 1.93 £ 0.05 0.536 £0.05
: Mature Stage 2.11+0.08 0.587 £0.02
Over Maturc Stage 2.13+£0.05 0.549 £ 0.02
Dudhswar Pan Premature Stage 1.85£0.09 0.672 £ 0.04
Mature Stage 2.105+0.11 0.704 £ 0,03
Over Mature Slage 2.125+£0.08 0.683 +0.01
Kal Bangla Premature Stage 1.848 + 0.06 0.492 +£ 0.04
Pan Mature Stage 2.095 £ 0.09 0.547 + 0.04
Over Mature Stage 2.115+0.08 0.521 +£0.02

R.2.5 Chlorophyll contents of betel leaves

Chlorophyll is the green pigment universally present in all photosynthetic tissucs.
This pigment is essential for the utilization of light energy to prepate mostly
carbohydrate. "The maturity is a factor that causes differentiation in chlorophyll
contents of leaves. Chlorophyll estimation may also be requited to relate other
biochemical changes in the plant tissue (Mahadevan and Sridhar, 1982).
Chlorophyll contents of four varictics of betel leaves at different maturity stages
arc given below (Table-4). Tn all the varictics, chlorophyll contents were maximum
in mature stage suggesting that carbohydrate production in this stage is greater

. than other stages. Chlorophyll content at over mature stage was less than that of

mature stage but the content at over mature stage was very nearer to the mature
stage whereas premature stage contained very lower amount of chlorophyll than
that of mature stage. It was found that chlorophyll-a content was found to be
higher in betel leaves as compared to that of chlorophyll- b. Tt was concluded from
the data that Doga variety contained highest amount of total chlorophyll (320.76
mg%) as well as chlorophyll-a (195.50 mg%) and chlorophyll-b (125.26 mg%).
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Table-4: Chlorophyll content of betel leaf:

Varieties Stages Total Chﬁ;ophyll-a Chlorophyll-b
Chlorophyll (mg%) (mg%)
(mg%)
Shail Pan | Premature Stage 153.40 £ 0.03 101.55+0.03 51.85+£0.02
Mature Stage 273.25:£0.02 186.20 + 0.05 87.05£0.01
Over Mature 262.35 + 0.04 180.93 + 0.04 81.42 +0.02
Doga Pan | Premature Stage 186.16 + 0.02 117.44 £ 0.04 68.72 £+ 0.04
Mature Stage 320.76 + 0.03 195.50£0.02 | 125.26+£0.02
Over Mature 301.84 £ 0.01 190.35+£0.02 | 111.49+0.03
Dudhswar | Premature Stage | 146.47 +0.01 92.65 +£0.02 53.82 +£0.03
Pan Mature Stage 255.65 £ 0.02 [74.45 + 0.03 81.20 £ 0.02
Over Mature | 239.94 4 0.01 165.27 £ 0.01 74.67 £0.01
Kal Premature Stage 143.24 + (.02 88.86 + 0.03 54.38 +0.02
Bangla Mature Stage 295.46 + 0.03 178.82 £ 0.01 116.64 +£0.01
Pan Over Mature 273.19+£0.01 174.96 £0.02 98.23 £ 0.02

R.2.6 Protein content of betel leaves:

Protein plays an important role in all the biological processes. Protein content of
plants and herbs, although occurring in low concentrations, are of primary
impottance not only as component of nuclear and cytoplasmic structures, but also
including, as they must be the full complement of enzymes involved in metabolism
duting growth, devclopment, maturation and the post harvest of the plant
(Hansen, 1970).

Protein content of betel leaf showed to increase gradually with the increased in
maturity. Premature stage contained the lowest amount where as over mature stage
contained the highest amount of protein. Tn all the stages, Doga vatiety contained
the maximum amount of protcin among the four varieties. The protein content of
Doga varicty was 3.34% in premature stage, 4.92 % in mature stage and 5.01% in
over mature stage.

R.2.7 Lipid content of betel leaves:

Lipid setves as efficient source of energy and insulating material. Dictary fat helps
in the absorption of fat-soluble vitamins. Lipo-proteins arc important cellular
constituents. Phospholipids also proved to be effective for growth improvement
(Ito, 1972). Lipids are essential components of ccll membrane and source of
metabolic enetgy for cell maintenance (Patton ef al, 1941). Lipid contents of the
four varicties of betel leaves are given in the Table-5.

The present data indicates that over mature leaves contained maximum lipid while
premature leaves contained minimum amount of lipid. Among the varictics
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examined, Kal Bangla varicty contained the highest and Dudhswar variety
contained the lowest amount of lipid. Tn over mature stage, Kal Bangla varicty
contained 1.67% lipid and Dudhswar vaticty contained 1.03% lipid.

Anonymous (1975) reported that crude fat increased in accordance with age of
leaves, owing to the increase of the chlorophyll,

‘Table-5: Protein and Lipid Content of Betel Leaf.

Varieties Stages Amount in gm%
Protein Lipid
Shail Pan Premature 3.29 £ 0.16 0.31 £ 0.08
Marture Stage | 4.27 +0.18 1.525 £ 0.12
Over Matute | 4.58 + 0.17 1.55 £ 0.10
Doga Pan Prematurte 3.34 £ 0.14 0.24 £ 0.07
Mature Stage | 4.92 + 0.16 1.43 £ 0.10
Over Mature | 5.01 +0.15 1.446 £ 0.11
Dudhswar Premature 2.87£0.15 | 0.175 £ 0.09
Pan Mature Stage | 3.86 + 0.14 | 0.98 + 0.11
Over Mature | 3.91 +0.15 1.03 £ 0.10
Kal Bangla Premature 317+ 0.13 0.37 £ 0.06
Pan Mature Stage | 3.74 £ 0.15 1.63 + 0.09
Over Mature | 4.81 £ 0.16 1.67 £ 0.08

R.2.8 Total sugar content of betel leaves

"The total sugar percentage reflects the physiological activity of the plant, whereas
its total weight per leaf represents the accumulated results of the metabolic activity
(Hassancin ez al, 1962). Protcin or other clements of betel leaves are also
synthesized from carbohydrate (Anon, 1975). -

Total sugar contents of four varictics of betel leaves are given in the ‘l'able-6.
Among the four varietics, Doga varicty contained highest amount of total sugar
and Dudhswar vatiety contained the lowest amount in all the stages of the leaves.
[t was also found that premature leaf contained minimum amount of total sugar
and sugar content increased with the maturity. In premature stage, Doga variety
contained 1.43% of total sugar whereas it contained 3.58% and 3.61% of total
sugat tespectively in mature and over mature stage. In over mature stage, total
sugar contents wete ranged from 3.25% and 3.61%.

The present results demonstrated that total sugar contents of the different vatictics
of betel leaves increased significantly upto mature stage.
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R.2.9 Reducing sugar content of betel leaves

Reducing sugar present in all vatictics of betel leaves at all maturity stages are
shown in Table-6. No dctectable amount of reducing sugar was found in
premature stage in all the cultivars of betel leaf but increased thereafier upto over
mature stage. In mature stage, reducing sugar content was highest in Kal Bangla
variety (0.576 gm%) and lowest in Dudhswar varicty (0.497 gm%) while in over
mature stage, maximum reducing sugar was found in Kal bangla variety (0.583
gm%) followed by Shail variety (0.555 gm%), Doga varicty (0.534 gm%) and
Dudhswar variety (0.523 gm%).

Table-6: Total Sugar, Reducing Sugar, Non-Reducing Sugar and Starch
contents of Betel Leaf ‘

Varictics Stages Amount in gm%
Total Reducing Non-Reducing Starch
Sugar Sugar Sugar/Sucrose
Shail Pan Premature 1.31 £ 0.01 00 £+ 0.02 1.245 + 0.02 6.17 £ 0.03
Mature Stage | 3.27 £ 0.03 | 0.545 £ 0.05 2.589 * 0.05 6.92 1 0.04
Over Mature | 333 +0.02 | 0.555 + 0.04 2.636 + 0.03 6.74 £ 0.02
Doga Pan Premature 1.43 +£0.02 00 + 0.01 1.359 + 0.01 4.98 + 0.02
Mature Stage | 3.58 £ 0.05 | 0.527 + 0.03 2900 + 0.04 5.60 + 0.03
Over Mature | 3.61 + 0.01 0.534 + 0.01 2,922 + 0.03 536 + 0.01
Dudhswar Premature 1.29 + 0.02 00 £ 0.03 [.226 + 0.02 5.69 + 0.01
Pan Mature Stage | 3.22 +0.04 | 0.497 + 0.04 2.587 + 0.01 6.48 + 0.04
Over Mature | 3.25+0.03 | 0.523 + 0.02 2.591 £ 0.02 6.21 £ 0.02
Kal Bangla Premature 1.38 + (.02 00 + 0.02 1311 £ 0.03 6.28 + 0.03
Pan Mature Stage | 3.46 +0.05 [ 0.576 + (.03 2.740 £ 0.04 7.05 £ 0.05
Over Mature | 3.50 + 0.04 | 0.583 + 0.01 2771 £ 0.01 6.83 * 0.01

R.2.10 Non-reducing sugar (Sucrosc) content of betel leaves

Sucrose is an eatly product of photosynthetic reaction and is the most abundant
transport form of sugar and is the major free sugar in many fruits. Sucrose serves
as an impottant reserve carbohydrate in plants, especially in such storage otgans as
tuber, fruit and secd. During germination, sucrose is readily degradable soutce of
cnergy.

Non-reducing sugar (Sucrose) contents of different varieties of betel leaves are
presented in the Table-6. Tt was found that Doga varicty contained the highest
amount of sucrose (2.922 gm%) while Dudhswar varicty contained the lowest
amount (2.591 gm%). Non-reducing sugar content in betel leaves varied between
1.226-1.359 gm% in premature stage, 2.587-2.9 gm% in mature stage and 2.591-
2922 ¢gm% in over mature stage. I'rom the experimental results, it was observed
that non-reducing sugar content of the different varicties of betel leaves increased
significantly upto mature stage.
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R.2.11 Starch content of betel leaves

Starch, the principal storage carbohydrate of chlorophyll containing plants, is made
up of amylose and amylopectin. Starch contents of four varicties of betel leaves at
different maturity stages arc given in the "I'able-6.

Starch contents of different varictics of betel leaves were found to be vartied
between 4.98-6.28 gm% in premature stage, 5.60-7.05 gm% in mature stage and
5.36-6.83 gm% in over maturc stage. 1Dopa varicty contained the highest and Kal
Bangla varicty contained the lowest amount of starch in all the stages.

R.2.12 Vitamin-C (ascorbic acid) content of betel leaves

Ascorbic acid plays an important role in the metabolism of plants. Tt occurs as ] .-
ascotbic acid and in its oxidized form, dehydroascorbic acid in neatly all the plants.
Ascorbic acid reduced quinones to phenols and this reaction has received much
attention in defense mechanism.

Ascorbic acid contents of four varictics of betel leaves at mature stage are given in
the Table-7. Of the four varieties examined, the Kal Bangla variety contained the
maximum amount of vitamin-C (341 mg%) whercas Shail, Doga and Dudhswar
vatieties contained 327 mg%, 308 mg% and 297 mg% of ascorbic acid
respectively.

R.2.13 B-Carotene content of betel leaves

B-carotenes are precursors of vitamin-A. Animal cannot synthesize it but can
convert it to vitamin-A. In plants, it is very necessary for growth and development
of soft tissue through its effect upon protein synthesis. Vitamin-A also plays a role
in the maintenance of normal epithelial structure.

B-Carotene contents of four varicties of betel leaves in mature stage are given in

the “l'able-7. Among the four varitics, B-carotene content was highest in Doga
vaticty (131 mg%) and lowest in Dudhswar varicty (120 mg%).

Table-7: Vitamins Content of Betel Leaf at Mature Stage

Vatrieties Amount in mg% of

Vitamin-C | B-Carotene | Vitamin-B; | Vitamin-B,
Shail Pan 327 +0.04 128 £ 0.01 34.40 £ 0.04 0.71 £ 0.01
Doga Pan 308 £+ 0.06 131 £0.03 | 36.02+£0.02 | 0.78 +0.02

Dudhswar Pan | 297 £+ 0.07 120 £0.02 | 3224 +0.03 | 0.63 +0.04

Kal Bangla Pan | 341 £ 0.05 122 £ 0.04 3516+ 0.02 | 074 +0.03
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R.2.14 Vitamin-B, content of betel leaves

Thiamine exixts in tissucs mostly in the form of thiamine pyrophosphate (TPP)
known as co-carboxylase. ‘I'PP scrves as co-enzyme in the metabolism of
carbohydrate, fat and protein. Beside the metabolic role, thiamine has a specific
role in neurophysiology, dependent of its co-enzyme function. Tn plants and herbs,
it is very essential. ‘Thiamine is also essential for growth, normal appctite, digestion
and healthy nerves.

Vitamin-BB, contents of four varictics of betel leaves are given in the Table-7. As
found in the present study betel leaves are good sources of vitamin-B,. Of the four
varictics cxamined, Doga varicty contained highest amount of vitamin-B, (36.02
mg%) and Dudhswar varicty contained the lowest amount (32.24 mg%).

R.2.15 Vitamin-B, content of betel leaves

Riboflavin combines in the tissue phosphoric acid to become part of the structure
of two flavin co-enzymes, FMN and FAD, acts on the activity of the enzymes. Tt is
essential for normal growth and tissue maintenance.

Vitamin-B, contents of four varicties of betel leaves in mature stage arc given in
the Table-7. Tt can be suggested from the present finding that betel leaves are not
good sources of Vitamin-B,, and its content was found to be varied between 0.63

mg% to 0.78 mg%.

R.2.16 Calcium content of betel leaves

In betel leaves, calcium is a constituent of cell walls, being needed in large amount
for ccll division of the growing part of the plant. In deficiency of calcium, plant
toot tend to be short and stubby, as a result leading to the death of their tissues
(Rangaswami, 1976). Calcium is also required for many essential cnzyme activities
in lcaves.

Calcium contents of four varictics of betel leaves are given in the ‘1'able-8. IFrom
the experiments it can be assumed that betel leaves are quite a good source of
calcium. Dudhswar vaticty contained the maximum amount of calcium (231 mg%)
followed by Kal Bangla varicty (227 mg%), Doga varicty (225%) and Shail varicty
(216 mg%).

R.2.17 Phosphorus content of betel leaves

Phosphorus is one of the major nutrients for betel leaf growth. It is the structural
constituent of nucleotide (A'I'P), which is an encrpy carrier for all the metabolic
activitics. It is also essential for constituent of cell nucleus, cell division and
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development of meristematic tissues in the growing regions of leaves (AF.
Chandtnath et al, 1991).

Phosphorus contents of four varicties of betel leaves are given in the ‘1able-8. The
phosphotus content vaties between 145 to 157 mp%. OF the four varieties, Kal
Bangla varicty contained the highest (157 mg%) and Dudhswar variety contained
the lowest (145 mg%) amount of phosphorus.

R.2.18 Iron contents of betel leaves

Iron plays important role in maintaining cell permeability, in cell division and in
metabolic activities of the Jeaves. All the four varicties contained almost the same
amount of iron. As given in the Table-8, the amount of iron in different varietics
of betel leaves were found o be varied between 9.15 mg% to 9.78 mg%.
According to the results, betel leaves may be considered as good source of iron.

Table-8: Minerals Content of Betel Leaf at Mature Stage

Varieties Amount in mg% of
Calcium Iron Phosphorus
Shail Pan 216 £ 0.01 9.78 £ 1.05 150 £ 0.02
Doga Pan 225 % 0.04 9.26 £ 1.08 153 £ 0.02
Dudhswar Pan 231 +£0.03 9.64 + 1.06 145 £ 0.03
Kal Bangla Pan | 227 £ 0.02 915+ 1.03 157 £ 0.04
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INTRODUCTION

Betcl leaf is one of the most important and widely cultivated herb in Bangladesh. Tt
plays a vital role in providing a substantial quantity of vitamin C and other
nutrients. ‘There are many varicties of betel leaves in our countty but their nutritive
values are not known cleatly. It was found that the nuttitional quality of betel leaf
extract is greatly affected with the changes of maturity. linzymes present in the
betel leaf may play some role on the nutrient changes in betel leaf at different
maturity stages. Proteolytic and  hydrolytic cnzymes may play important
physiological and biological roles during maturation and senescence of fruits
(Hasinaga et al, 1983; Desai and Despande, 1978; Mahadevan, 1970), and also
found that proteolytic enzymes play important role in disease development. P.K.
Kharanath (1996) found that hydrolytic and ptoteolytic enzymes have great
physiological roles during maturation and senescence of betel leaves. Dilley (1970)
suggested that the dramatic physical and chemical changes attending ripening
occur as a result of catabolic and anabolic processes.

In this study, the activities of invertase, ccllulase, amylase, catalasc, peroxidasc,
polyphenoloxidase, protease and B - galactosidase were measured and correlated
with the content of nutrients such as total sugat, reducing sugat, non-reducing
sugar (sucrose), and starch in different maturity stages of four varicties of betel
lcaves.

MATERIALS AND METHODS

M.3.1 Preparation of crude enzyme extract:

At first 8-10 gm of betel leaves were cut into small picces and grinded in a mortar
with pestle, and then homogenized well with cold buffer of respective pls (for
amylase, invertase and cellulase: 0.1M sodium acetate-acetic acid buffer, pHo6, pHS5
and pH5.2 respectively; for protease: 0.1M phosphate buffer, pH 7.0; for
polyphenoloxidase and peroxidase: 0.1M phosphate buffer, pH 6.0; for catalasc:
0.IM phosphate buffer, pll 6.4; and for B-galactosidase: 0.1M sodium-citrate
buffer of pH 4.1). The homogenate was filtered through a double layer of muslin
cloth and futther clarified by centrifugation at 6000 tpm. for 15 minutes at 4°C.
The supernatant was then collected and used as crude enzyme extract.
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M.3.1.1 Measurement of amylase activity:

Amylase activity was assayed following the method as described in Physiological
Plant Pathology (Mahadevan and Sridhar, 1982). Onc-percent of starch solution
was used as substrate (1gm in 100ml of 0.1M acetic acid-sodium acetate buffer, pH
6). The amylase activity was measured by cstimating the amount of maltose
released by it. The amount of maltose released was calculated from the standard
curve (Iig-9), prepared with maltose. One unit of amylase activity was dcfined as
the amount sequired for liberating 1pg of maltose from starch per minute at 37°C.

Reagents:

a) 0.1M acetic acid-sodium acctate buffer, pH 6

b) 1% starch solution in 0.1M acctic acid-sodium acetate buffer, pH 6
¢) 1% NaOF solution

d) Crystalline phenol

¢) Sodium sulphite

f) Dinitrosalicyclic acid (DNS)

g) 40% sodium potassium tartrate

Preparation of DINS reagent:

Simultancously, Igm of DNS powder, 200mg of crystalline phenol and 50mg of
sodium sulphite were placed in a beaker and mixed with 100ml of 1% NaOI 1
solution by stirting. Sodium sulphire was always added just prior to use.

Procedure:

Three sets of expetiments (Blank, control and sample) were performed for the
measurement of amylasc activity. 5 ml of crude enzyme extract was taken in a 100
ml flask, 10 ml of 0.1M acctic acid-sodium acetate buffer, pH 6 and 5 ml of 1%
soluble starch solution were added to it. The mixture was incubated at 37°C for 15
minutes. Aliquot of 3 ml of the extract was pipetted into a test tube and 3 ml of
DNS reagent was added to it. ‘I'he mixture was heated for 5 minutes in boiling
water bath. After the color had developed, 1 ml of 40% sodium potassium tartrate
solution was added to the warm tubes. A control tube was also prepared by adding
heat-denatured enzyme. The absotbance of solution was measuted at 520 nm and
the amount of maltose was calculated from standard curve of maltose (I'ig. 9).
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Fig. 9: Standard curve of maltose for the determination of amylase activity.

M.3.1.2 Measurement of invertase activity:

Invertase activity was assayed following the method of Physiological Plant
Pathology (Mahadevan and Stidhat, 1982). 2.5% suctose solution was used as a
substrate. The invertase activity was measuted by estimating the amount of glucose
teleased. One unit of invertasce activity was defined as the amount required for

Iibcmting 1 pg of glucose and fructose from the breakdown of sucrose per minute
at 37°C.
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Reagents: .

a) 0.IM acetic acid-sodium acctate buffer, pll 5
b) 2.5% sucrose solution in water

c) 1% NaOH solution

d) Crystalline phenol

¢) Sodium sulphite

f) Dinitrosalicylic acid (DNS)

g) 40% sodium potassium tartrate

Preparation of DNS reagent: Same as described before,

Method:

Three sets of experiments (Blank, control and sample) were performed for the
measurcment of invertase activity. 5 ml of crude enzyme extract was taken in a 100
ml flask, 10 ml of 0.1M acetic acid-sodium acetate buffer, pI1 5 and 5 ml of 2.5%
sucrosc solution wete added to it. The mixture was incubated at 37°C for 15
minutes. Aliquot of 3 ml of the extract was pipetted into a test tube and 3 ml of
DNS reagent was added to it. T'he mixture was heated for 5 minutes in a boiling
water bath. After the color had developed, 1 ml of 40% sodium potassium tartrate
solution was added to the warm tubes. A control tube was also prepared in which
the enzyme was denatured by heating before the addition of substrateThe
absorbance of solution was measured at 575 nm and the amount of glucose was
calculated from the standard curve of glucose (I'ig. 10)

Absorbance at 575 nm

0 200 400 600 800 1000 1200
Conc. of glucose in microgram

Fig-10: Standard curve of glucose for the determination of invertase and
cellulase activity.
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M.3.1.3 Measurement of cellulasc activity:

The cellulase activity was measured following the method as described in
Physiological Plant Pathology (Mahadevan and Sridhar, 1982). Carboxymethyl
cellulose (CMC) was used as substrate. Cellulose activity was mcasured Dby
estimating the reducing sugar released from the substrate using DNS method
(Miller, 1972). One unit of cellulase activity was defined as the amount of enzyme
required for liberating Lug of reducing sugar from CMC per minute at 37°C.

Reagents:

a) Acetic acid — sodium acetate buffer, pH 5.2

b) 0.5% Carboxymethyl cellulose (CMC) solution: 0.5 gm of CMC was dissolved in
100ml of acetic acid-sodium acetate buffer, pH 5.2 at 50-60"C. Tt was taken in a
“blender and homogenized it for 3 to 5 minutes at low speed. ‘T'he content was
stitred with a glass rod and again homogenized at high speed for 3 to 5 minutes.
Then it was filtered through a filter paper Whatman No 1. The clear supernatant
was used as substrate.

Procedute:

4ml of 0.5% CMC solution, 1ml of buffer and 2ml of the crude cnzyme solution
were taken in a test tube. ‘T'he contenr of the tube was mixed uniformly and
incubated at 37°C for 30 minutes in a boiling watet bath. Aliquot of 2ml from each
tube was withdrawn at prefixed time intervals (3minutes) and the amount of
reducing sugar released was derermined by the DNS method (Miller, 1972). A
blank was prepared by taking 2ml of buffer in place of crude enzyme extract.

M.3.1.4 Measurement of §-galactosidase enzyme activity:

B-galactosidase activity was assayed following the modified method as described by
Lazan ef al,, (1993), using Mcthyl-B-D-galactopyranoside as substrate. Amount of
reducing sugar released was estimated by dinitrosalicyclic acid method (Miller,
1972). The P-galactosidase activity was measuted by estimating the amount of
reducing sugar (galactose) released from B-D-galactopyranoside (Iig-11). One unit
of B-galactosidase activity was defined as the amount of enzyme that calalyzed the
liberation of 1pg of galactose per minute at 37°C and the amount of galactose
released was calculated from the standard curve prepared with galactose.

Reagents:

a) 0.1M Sodium-cittate buffer, pl1 4.1

b) 13 mM Methyl B-D-galactopyranoside solution in sodium citrate buffer, pH 4.1
c) 0.2M Sodium carbonate .

d) 40% Rochelle salt (sodium potassium tartrate)

¢) Dinitrosalicyclic acid (DNS).
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Preparation of DNS reagent: Same as described before,

Procedure:

Three sets of experiments (Blank, control and sample) were performed for the
measurement of B-galactosidase activity. ‘L'he following different solutions were
taken in different test tubes,

Table: Measurement of B-galactosidase activity

Substances Blank (ml) | Control (ml) | Sample (ml)
0.1M sodium citrate buffer, pl 4.1 0.5 0.5 0.5
13mM Methyl B-D-galactopyranoside | 0.5 0.5 0.5

‘The contents in the test tubes were mixed uniformly and the tubes were incubated
in a water bath at 37°C for 10 minutes. ‘I'hen 0.5 ml of crude enzyme cxtract was
added to the sample-and control test tubes, while 0.5ml of distilled water was
added to the blank test tube. Tmmediatcly, after the addition of crude enzyme
extract, 1.5ml of 0.2M sodium catbonate solution was added to the control tube.

"The rest of the tubes wete incubated at 37°C for 15 minutes and the reaction was
then stopped by adding 1.5ml of 0.2M sodium carbonate. “I'hen, 3ml of DNS
reagent were mixed to all the test tubes. The tubes were heated in a boiling water
bath for 5-7 minutes and 1ml of 40% Rechelle salt was added, while the tubes were
still warm. The tubes were cooled under running tap water at room temperature.
I'inally, absorbance of all the tubes was measured ar 575nm. ‘The amount of
galactose was calculated from the standatd curve of galactose.
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Fig-11: Standard curve of galactose for the determination of B-galactosidasc
activity.

M.3.1.5 Measurement of protease activity:

The protease activity was measured following the method of Kunitz (1947). The
milk protcin, cascin was uscd as substrate. ‘The activity is determined by detecting
the release of amino acid (tyrosine). ‘The amount of tyrosine released was
calculated from the standard curve (lig-12) constructed with tyrosine. One unit of
protease activity was defined as the amount required for liberating 1 ug of tyrosine
pet minute at 45°C.

Reagents: . _
a) 1.2% cascin solution: 1.2 gm of cascin was dissolved in 0.1M phosphate buffer,

plH 7.0. Since cascin is sparingly soluble in watcet, it was dissolved in a minimal
quanitity of 0.1M NaO! and the volume was raised to 100 ml with the buffer.

b) 0.4M Trichloro acetic acid (I'CA).



Enzymatic Activity

Procedure:
2.5ml of 1.2% casein solution was taken in diffe
(b) for blank-1no, and (c) for ex
extract was added to-tl
buffer was ad

rent test tubes (a) for control-1 no
periment-2 nos. ‘Then 0.5ml of crude enzyme
1e control and experimental test tubes, whereas 0.5ml of
ded to the blank rest rube. Immediately, after the addition of the
crude enzyme extract, 2.5ml of TCA was addced to the control test tube to stop the
reaction. "T'he rest of the tubes were incubated at 45°C for an hout and the teaction
was :a:l'c)ppc.d by the addition of 2.5ml of ‘TCA into the test tube, After cooling, the
reaction mixture was centrifuged ar 5000 tpm for 7 minutes. "I'he supetnatant was
collected and absorbance was taken at 275nm against the reagent blank.

0.7

Absorbance at 275 nm

0 100 200 300 400
Cone. of tyrosine in microgram

Fig-12: Standard curve of tyrosine for the determination of protease activity.
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M.3.1.6 Measurement of polyphenol oxidase activity:

The polyphenoloxidase activity was measured following the method as described
in Physiological Plant Pathology (Mahadcevan and Sridhar, 1982). In this method,
catechol was used as substrate. One unit of cnzyme activity was defined as a
change in absorbancy of 0.001, per minute per ml of enzyme extract.

Reagents:
a) 0. 1M phosphate buffer, pl1 6.0
b) 0.01M catechol in 0.1M phosphate buffer, pH 6.0

Procedure:

Aliquot of 2ml of the crude enzyme extract and 3ml of 0.1M phosphate buffer, pH
6.0, were pipetted into the cuvertte or different test tubes. “I'he contents were mixed
by inverting, placed in a spectrophotometer, set at 495am and the absorbancy was
adjusted to zero. The test tubes were temoved and 1ml of 0.01M catechol was
added scparately and quickly mixed by inversion. ‘T'he tubes were placed in the
spectrophotometer and the changes in absotbancy at 495 nm was measured for 3
minutes. A blank was prepared by taking 2ml boiled cnzyme, 3ml of 0.1M
phosphate buffer, pH6.0 and 1ml of 0.01M catechol, and treated similatly.

M.3.1.7 Measurement of catalase activity:

The catalase activity was measured following the method as described in
Physiological Plant Pathology (Mahadevan and Sridhar, 1982). In this method,
hydrogen peroxide (H,0,) was used as substrate. ‘The enzyme activity was
measured by estimating the residual hydrogen peroxide in the reaction mixtute.
One unit of catalase is defined as that amount of enzyme, which breakdown 1p
mole of hydrogen peroxide per minute under the assay condition.

Reagents:
a) 0.1M phosphate buffer, pI1 6.4
b) 1% H,0,

Procedure: _ _
Aliquot of 2.5 ml of 0.1M phosphate buffer, pH 6.4 was pipetted into test tube.

Then 0.1ml of 1% H,0, and 0.2ml of the crude enzyme extract were added. The
reaction was followed by recording changes in absorbancy at 230nm for 1.25
minutes at 15 scconds interval. The enzyme extract and buffer were used to adjust
the absorbancy to zeto. A control was prepared by taking 2.5ml of 0.1M
phosphate buffer, pH 6.4; 0.2 ml of boiled enzyme extract and 0.1ml of 1% H,0,

and treated similarly.



Enzymartic Activity

M.3.1.8 Measurement of peroxidase activity:

‘The peroxidase activity was measured following the method as desctibed in
Physiological Plant Pathology (Mahadevan and Sridhar, 1982). In this method,
pyrogallol was used as substrate. In the presence of hydrogen peroxide, the
amount of purpurogallin formed during the reaction can be followed in a
spectrophotometer. One unit of peroxidase is defined as the amount of
purpurogallin formed, per minute, under the assay condition.

Reagents:

- 2) 0.05M pyrogallol dissolved in 0.1M phosphate buffer, pH 6.0
b) 1% H,0,

Procedure:

Aliquot of 3ml of 0.05M pyrogallol solution prepared in 0.1M phosphate buffer,
pH 6.0 and 0.1ml of the crude enzyme extract were pipetted in a test tube. The
contents were mixed well, placed in a spectrophotometer, set at 420nm and the
absotbancy was adjusted to zero. The test tube was removed and 1ml of 1% H,O,
was  mixed quickly Dby inversion. ‘The  test tube  was placed in the
spectrophotometer, and the absorbancy changes were measured at 20 seconds
interval for 3 minutes.
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RESULTS AND DISCUSSIONS

R.3.1.1 Amylase activities and its relation to sugar compositions in betel
leaves at different maturity stages

Amylase having physiological, commercial and historical significance also called
diastase. It is found in both plants and animals. Payen and Persoz (1833) wete the
first to become aware of enzymatic starch hydrolysis, they found that malt extract
converted starch to sugar. Starch is the principal storage carbohydrate in plant
cells, which is made up of amylose and amylopectin. Amylase is a hydrolytic
enzyme, which hydrolyzes starch 1o produce monomeric catbohydrate. Starch
breaks down during the germination of cereals sceds result from the action of
hydrolytic enzymes and it is generally accepted  that phosphorylases are not
involved in this process, while -amylasc play a major role during the degradation
of native statch granules (Beck eral, 1989; Peteta et a/,1992: Walker ez al 1963).
The concerted action of a-amylase, B-amylasc, a debranching enzyme and o-
glycosidase are cssential for the complere hydrolysis of starch (Sunct. et.al, 1991,
Guglielminetti eza/, 1995). ‘I'he activitics of amylase and its telation to the sugar
compositions in four different varictics of betel leaf extracts at different maturity
stages are cited in Table-9.

Among the four varictics, the activitics of amylase in all the stages were found to
be highest in Kal Bangla varicty and lowest in Dudhswar varicty. Activitics were
varied between 32.49-60.23 Units/gm in premature stage, between 58.70-75.78
Units/gm in mature stage and 53.35-70.51 Units/gm in over premature stage.
Amylase activitics in all varictics were found to be increased significantly upto
mature stage and decreased abruptly from mature to over mature stage. Similar
trends wete reported by Desai and Despande (1978), Mao and Kinsella (1981) and
Garica e/ a/ (1988) in banana.

Total soluble sugar and sucrose content in all the varietics were increased from
premature to over mature stage (lable-9). Amylasc activitics, total soluble sugar
and sucrose content were found to be increased upto mature stage. But the
amount of amylase decreased abruptly from mature to over mature stagc \\.fhilc
total soluble sugar and sucrose content increased further. These observations
indicated that the increased amount of total sugar and sucrose upto mature stage
were directly proportional to amylase activitics anc? from mature to over maturc
stage the amount of amylasc were inverscly proportlonal to -tc)ml soluble sugar and
sucrose content. Recent evidences associating amylasc wuh‘sugnr content and
sucrose transport implies that amylase control is a p.otc!mnl means of sugar
regulation (Alexander, 1967, Alexander, 1968). Many scientists (Alexander, 1964;
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Alexander, 1965) obscrved thyt amylase level was frequently found in inverse
propottion to sucrose forming activity, Reducing sugar was absent in all varictics
of betel Ieaf extracts in premature srage but it was increased thereafter upto over
mature stage, which were consistent with the increased amount of total sugar and
sucrosc from premature to over mature stage.

R.3.1.2 Invertase activities and its relation to sugar compositions in betel
Jeaves at different maturity stages

Invertase (B-fructofuraniside; 15C 3.2.1.26) was first isolated from yeast more than
a century ago (Berthelot, 1860). The enzyme occurs widely in plant, microbial and
animals sources (Nakawa ez,.4/ (1971); Krishan et. a/ (1985); Hirayama ez, al (1989)).
[nvertase plays an important role in the hydrolysis of sucrose to glucose and
fructose in higher plants, especially in the storage organs. Sucrose is an catly
product of photosynthetic reaction and is the most abundant transpottable free
carbohydrate in the plant kingdom. Sucrose serves as an important rescrve
carbohydrate in plants, especially in such storage organs as tuber, root and sced.
During germination, suctose is a readily degradation soutce of energy (Bracho et
at., 1990). "The activitics of invertase and sugar compositions in different varictics
of betel leaves at different maturity stages are shown in I'able-9.

Among the varietics, invertase activitics were vatied Dbetween 26.67-64.00
Units/gm in premature stage, between 35.56-72.12 Units/gin in mature stage and
40.32-82.32 Units/gm in over premature stage. ‘Ihe activities of invertase in all the
stages were found to be highest in Doga variety and lowest in Kal Bangla variety.
The activities of invettase were lowest in all varicties at ptematute stage then
increased rematkably upto over mature stage which were in good agreement with
the increasing amount of total soluble sugar and sucrose from premature to over
mature stage. Reducing sugar was absent in all varictics of betel leaf extracts at
prematute stage but it was increased thereafter upto over mature stage.

Sarah ef al (2001) reported that invertase activitics were much lower in green
tomato than in red. In L. escnlentunr specics, a marked increase in invertase activity
was found'during fruit development while a concomitant increase in sucrose
concentration was obsetved (Iwatsubo ef. a/,1976; Miron etal, 1991). High sucrose
levels could become of potential importance in improving tomato yield and
flavour in cultivated tomato varicty (Yelle etal, 1991).
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R.3.1.3 Cellulase activities and jts relation to sugar compositions in betel
leaves at different maturity stages

Cellulolytic enzymes, a group of hydrolytic enzymes including cellulase, capable of
hydrolyzing cellulose to glucose. "There are at least three major types of cellulolytic
cnzymes produced by fungi; endoglucanases, cellobiohydrolases and cellobiases
(Klyosov, 1990). These are produced by a latge number of microorganisms like
fungi and bacteria (Finari, 1983; Wood, 1960). Many plant pathogens are also
1(11(?\v:1 to produce either adaptively or non-adaptively proteolytic, cellulolytic and
various polysaccharides (Wood, 1960). They are used to perform vatious functions
including removing cell walls or crude fiber to release valuable components
(flavouts, enzymes, polysacchatides and other proteins) from plant cells to
improve nutritional value of animal feeds or to prepare plant protoplasts for
genetic research (Mandels, 1985). “I'he cellulase activities and sugar compositions
of four different varieties of betel leaf extracts at different matutity stages are
presented in the ‘l'able-9,

Among the varietics, the activity of cellulase was highest in Shail variety (8.52 Units
in premature stage, 17.15 Units in mature stage and 9.23 Units in over mature
stage per gm of leaf) and lowest in Kal Bangla varicty (4.4 Units in premature
stage, 9.35 Units in mature stage and 5.03 Units in over mature stage per gm of
leaf) in all maturity stages. Cellulase activities were found to be increased
rematkably upto mature stage and decreased abruptly from mature to over mature
stage. Duting quantitative estimation of cellulase enzyme in Botryodiplodia theobromae
in culture, the activity of enzyme was found to be increased upto mature stage as
reported by Chakrabarti and Nandi (1976). Nchemiah and Despande (1976) found
that ccllulose production and decomposition of cotton fabric was increased by

Alternania brasicae.

‘The present finding cleatly demonstrated that the activities of cellulase and the
amount of total sugar and suctose were found to be increased upto mature stage.
After that the amount of cellulase reduced drastically but total sugar content and

sucrose content increased.
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Table—?z_l\Cl'lYll'lcs of amylase, invertase and cellulase and their relations to sugar
compositions in betel leaves at differeng maturity stages.

o Activity of [Tnzymes Compositions (gm%o)
Varictics Stages (Units/gm)
Amylase | Invertase | Cellulase Total Reducing | Sucrose | Starch
_ sugar sugat
Shail Pan | Premature | 5520 | 4054 8.52+ | 1.31 £ 00 1.245 | 617

002 | +0.02 0.020 0.01 £0.02 | £0.02 | £0.03

Mature 72.13 50.22 1715+ | 3.27 £ 0.545 2.589 6.92
+0.02 | +012 0.013 0.03 +0.05 | £0.05 | +0.04

Over 68.54 62.25 9.23+ 3.33 + 0.555 2.636 6.74
Mature +0.02 + 0.02 0.021 0.02 + 0.04 +0.03 | £0.02

Doga Pan | Premature | 35,56+ 64.00 8.32:+ 143 + 00 1.359 4,98
(.004 + (.05 0.051 0.02 + (.01 +0.01 | £0.02

Mature 09.33+ | 7212 16.631 | 3.58 + 0.527 2.900 3.60
0.024 + (.08 0.022 0.05 +0.03 | £0.04 | £0.03

Over 54.87+ 82.32 9.10% 3.61 % 0.534 2,922 5.36
Mature 0.021 +0.07 0.031 0.01 +0.01 +0.03 [ £0.01

Dudhswar | Premature | 32.49+ 39.44 4.88+ 1.29 + 00 1.226 5.69
Pan 0.032 +0.03 0.024 0.02 +0.03 +0.02 | +£0.01

Mature 58.70+ 47.56 1005t | 3.22 + 0.497 2.587 6.48
0.025 +0.07 0.015 0.04 004 | £0.01 | £004

Over B354 56.42 S.01E 325 it 0.523 2.591 6.21
Mature 0.015 1 0.03 0.019 (.03 £0.02 | £0.02 | +0.02

Kal Premature | 60.23+ 20.67 4.40+ 1.38 £ 00 1.311 6.28
Bﬂng]n . 0.011 +0.02 0.032 0.02 + (.02 +0.03 | £0.03
Pan Mature | 75.78: 35.56 9.35+ 346 £ 0.576 2,740 7.05

0.015 +0.02 0.024 0.05 £0.03 | £0.04 | +0.05

Over | 70.51% 4().32 503+ [ 350+ 0.583 2771 6.83
Mature | 0.031 + 0.01 0.027 0.04 +0.01 | £0.01 |-£0.01

R.3.1.4 B-galactosidase activities in betel leaves at different maturity stages
B-galactosidase (IYC 3.2.1.23) is widely distributed in plants, animals and

microorganisms. P-galactosidase, a carbohydrate splitting enzyme, plays a
significant role in plant tissues specially after maturation of fruits. Wallenfels and
Weil (1972) have teviewed the extensive literature on the enzymology of B-
galactosidasc. 'I'he activities of B-galactosidase in the extracts of different varieties

of betel leaf at different maturity stages are shown in Table-10.

Of the different varicties, Doga varicty conrained the highest and Dudhswar
vatiety contained the lowest B-galactosidase activity. B-galactosidase activities wete

ranged from 29.99 to 40.25 Units in premarure stage, from 16.27 to 22.33 Units in

) : 21 Units in over mature stage per gm of fresh
mature stage and from 6.66 to 9.21 Unit age per g
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aves. X . ; . . .
betel leaves. All the varictics contained highest f-galactosidase activitics at

premature stage, but lowest B-galactosidase activitics at over matute stage (Table-
10). It was clear from the results that the activitics of B-galactosidase decreased
rapidly with the advancement of maturity,
R.3.1.5 P.rotease activities in betel leaves at different maturity stages
I’rgteasc Is 2 hydrolytic enzyme, which, acts on proteinaceous substances releasing
amino ac.:lds and amides scrve as nitrogen and carbon soutces to the pathogen, as
many microorganisms utilize amino acids as carbon and nitrogen sources. The
actlv1t'lcs of protease in the extracts of diffetent varictics of betel leaf at different
maturity stages are illustrated in the "I'able -10.

Of the above mentioned varictics, the activity of protease was highest in Doga
variety (2.25 Unirs in premature stage, 4.43 Units in matuee stage and 7.50 Units in
over mature stage per g of leaf) and lowest in Dudhswar varicty (1.87 Uuits in
prematute stage, 3.90 Units in mature stage and 6.01 Units in over mature stage
per gm of leaf) in all maturity stages (l'able-10). The activities of protease were
lowest in all varieties at premature stage and then increased sharply upto over
mature stage.

[Mashinaga, et a/ (1983) teported that protease activity (KI'P-1) increased in
Kiwifruit flesh duting ripening. Increased protease activity was also obsetved in
passion fruit juice during maturation (1978). High protease activity during ripening
stagc may be attributed to protein catabolism, which is related to leaf senescene

(Dilley, 1970).

Table-10: Activides of 3-Galactosidasc and Proteasc in betel leaves.

Activity of linzymes (Units/gm)

Varicties Stages B-galactosidase Protase
Shail Pan Premature 32311 0.05 1.90£ 0.041
Mature 19.63% 0.043 4.01% 0.021
Ovet Mature 7.33% 0.045 0.05% 0.044
Doga Pan Premature 40.25% 0.033 2.251 0.045
Mature 22331 0.045 4,431 0.023
Over Maturce 921+ 0.035 7.50% 0.033
Dudhswar Prematurc 29.99% 0.022 1.87% 0.042
Pan Matute 16.27% 0.032 3.90% 0021
Over Maturc 6.66% 0.041 6.01% 0.031
Kal Bangla Prematusc 35.331 0.012 2.10x 0.011
Pan . Matute 20.15% 0.022 4.331 0.023
Qver Mature 8.271 0.016 7.05% 0.014
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g-?-l-gcﬁzlﬂv{?’ of POlypllenoloxidase in betel h_zaves ' ‘

olyp oxidase 1s also known as phenoloxidase, tyrosinase, dopaoxidase,
CfltC.ChOl oxidase and potato oxidase. It s a bifunctional, copper-containing oxidase
having catecholase and cresolase activity. "I'he enzyme catalyzes the oxidation of
monophenols and orthodiphenols, Monophenols, patticulatly tyrosine and p-

c1cs.0] and orthophenols such as adrenaline, pyrogallol and substituted catechols
arc imporfant substrates of the enzyme,

‘The activities of polyphenolosidase in the extracts of different vaticties of betel
1caf at mature stage are illustrated in Table-11. Among the four vatictes, the
activity of polyphenoloxidase was highest in Doga varicty (22.4 Units/gm) and
lowest in Dudhswat varicty (20.9 Units/gm)

R.3.1.7 Activity of catalase in betel lcaves
Catalase catalyzes the breakdown of hydrogen peroxide to water and molecular
oxygen.

H,0, = H,0 + '/,0,

The activities of catalase enzyme in all four vatictics of betel leaves are given in the
“ Table-11. The results indicated that the betel leaves are significantly very rich
sources of catalase. All the varicties contained almost same amount of catalase
activities and the catalase activitics ranged between 49.50 Units/gm (in Dudhswar
variety) and 57.08 Units/gm (in Shail vatiety).

R.3.1.8 Activity of peroxidase in betel leaves
Peroxidases are widely distributed in the plant kingdom. Peroxidase catalyzes the
oxidation of various “ITydrogen donors”, like p-cresol, benzidine, ascorbic acid,
nitrate and cytochromes in the presence of hydrogen peroxide (F,O,). The
reaction may be represented as.

1,0, = 2AH +2H,0
The activities of peroxidase enzyme in four varictics of betel leaves are given in the
Table-11. The peroxidase acivity was highest in Shail varicty (37.45 Units/gm) and
lowest in Doga vaticty (28.24 Units/gm).
Table-11: Activities of polyphenol oxidase, catalase and peroxidase enzymes

Varieties Activitics in Units/gm
(at maturc stage) l’()lyphcnol oxidasc Catalase Peroxidase
Shail Pan 215+ 1.04 57.08 £ 1.84 | 37.45%1.01
Doga Pan 22.4 + 1.07 51.02+ 1.68 | 28.24 £1.02
Dudhswar Pan 209+ L.13 4950+ 1.74 | 29.61 +1.04
Kal Bangla Pan 21.3 £ 1.006 5632+ 1.62 | 3248 £1.03
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INTRODUCTION

Suctose 1s the most abundant transprotable free carbohydrate in the plant kingdom.
Tt is formed by plants but not by higher animals. Sucrose is a major intermediate
product of photosynthesis. In many plants, it is the principal form in which sugar is
transpotted from the leaves to the portions of plants via theit vascular systems.
Suctose serves as an important preserve carbohydrate in plants, especially in such
storage organs as tuber, root, fruit and seed. During germination, sucrose is a readily
degradable source of energy. In storage organs, invertase (B-D-fructofuranoside
fructohydrolase, EC 3.2.1.26) hydrolyzes sucrose to yield glucose and fructose.

[nvertase is one of the enzyme isolated from yeast more than a centuty ago
(Berthelot, 1860). ‘I'he enzyme occurs widely in many plants, microorganisms and
animal sources (Nakagawa e/, o/, L971; Krishnan ez af, 1985; IHirayama et. a, 1989).
Grape invertasc isolated from certain white grapes had been shown to be present in
both soluble and bound forms (Amnold, 1965). Soluble invertase purified from
Semillon (Nakanishi et a/, 1990) was stable under acidic conditions. Sugatcane
invertase was found in 2 number of isoforms, namely: neutral invertase, vascular acid
invertase, cell wall bound acid invertase and apoplastic soluble acid invertase (Moore,

1995).

Polyphenoloxidase is also known as phenoloxidase, tyrosinase, dopaoxidase,
catechol oxidase and potato oxidase. It is a bifunctional, copper-containing oxidase
having catccholase and cresolase activity. The enzyme catalyzes the oxidation of
monophenols and otthodiphenols. Monophenols, particulatly tyrosine and p-
ctesol and orthophenols such as adrenaline, pyrogallol and substituted catechols
are important substrates of the cnzyme. The present study describes the
putification and charactetization of invetrase and polyphenol oxidase from "Doga"
varicty of betel leaf at mature stage.

M.4.1 COLLECTION OF BETEL LEAVES

Betel leaves were collected from the area, Mohonpur in Rajshahi district. A fter
collection, the Jeaves were cleaned and used for putification procedures.

M.4.2 METHODS

M.4.2.1 Choice of extraction media .
Proteins from betel leaves were extracted under identical conditions using five

different extracting solvents. After extraction, the total concentration of the protcin
was determined by measuring the absorbance at 280 nm. "The suitable cxtracting
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e

solvent was sclected from their ratio of absorbance at 280 nm and 260 nm as

repotted by Clark and Switzer (1 97,

Table 12. Preparation of crude enzyme extract from betel leaves in different

extracting solvents.

Extracting Media Amount of | O.D. at | O.D. at | Ratio of O.D.
leaf (gm) | 280 nm | 260 nm | 280 & 260 nm

20 mM aceteic  acid- 0.5gm 1.525 1.525 1

sodium acetate buffer,

pH 5.0

Distilled water 0.5gm 1.53 1.55 0.987

Phosphate buffer, pI 7.6 0.5¢gm 1.53 1.54 0.993

L'ris-HCl buffer, pH 8.4 0.5gm 1.52 1.545 0.983

M NaCl pH 5.4 0.5gm 1.54 1.542 0.998

20 mM aceteic acid-sodium acctate buffer, pH 5.0 was used as extracting solvent fot
extraction of crude enzyme from betel leaves as the highest ratio of absotbance (at
280 nm & 260 nm) was found in this medium,

M.4.2.2 PREPARATION OF CRUDE ENZYME EXTRACT

The betel leaves (250 gm) ‘were weighed, cut into small picces and grinded in a
mortar and pestle with 20 mM acetic acid-sodium acetate buffer, pH 5.0 and finally
crushed into paste using homogenizer. The temperatute was maintained at 4°C by
putting ice in the outer chamber of homogenizer. The suspension was then filtered
through double layers of muslin cloth in the cold chamber. T'he filtrate was collected
and further clarified by centrifugation at 10000 r.p.m. for 15 minutes at 4°C. ‘I'he
clear supernatant was concentrated about 1/8th of the original volume by using
commercial sucrose at 4°C. "I'hen it was dialysed against 20 mM acetic acid-sodium
acctate buffer, pH 5.0 for 24 hours at 4°C. It was again centrifuged at 7000 r.p.m. for
10 minutes to remove insoluble materials and the clear supernatant was used as crude

enzyme extract.

M.4.3 PURIFICATION OF ENZYMES

M.4.3.1 DEAE-Cellulose Column Chromatography

A. Procedure o _
i) Activation of DEAE-cellulose Powder: The DIAL-ccllulose powder was

suspended in 0.5M NaOH in a beaker and left it to swell for few hours. During

swelling it was stirred gently at short intervals to prevent formation of lumps. "I'hen

it was transferred to a filtering funnel and washed with distilled water for several
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times until its pH reached near to ncutrality. ‘The gel suspension was then
transferred to another beaker containing 0.5M HCI and left for few hours. It was
again washed with distilled water to neutralize its pH.

ii) Packing of the column: 'I'his is very critical step in all types of column
chromatographic experitment. If the column is not packed properly, accurate results
never be expected. Because a poorly packed column gives tise to uneven flow rates.
The activated DEAT-cellulose suspension was taken in a filtering flask and
deacrated by vacuum pump. A column of desired length was packed with the
activated column material. Precaution was taken to avoid trapping of air bubbles
during packing,

iii) Equilibration of the column: A fter packing, the column was cquilibrated with
20 mM acetic acid-sodium acetate bu ffer, pIH 5.0.

iv) Application of sample: Before loading of the sample, the outlet tube of the
column was opened and the cluant buffer from the top of the column bed was
allowed to diffuse into the cellulose. T'he crude extract was then loaded on the top
of bed. After diffusion of the sample, about 1 ml of eluant buffer was poured on the
top of the bed and was allowed to diffuse. ‘Then an additional amount of buffer was
added, so that the space about 3-4 cm above the bed was filled with eluant. The
buffer was then allowed to flow continuously through the column at a flow rate of
about 24 ml pet hour and 3 ml fractions of the cluant were collected by automatic
fraction collector. Absorbance of cach fraction was measured at 280 nm.

M.4.3.2 CM-Cellulose Column Chromatography

A. Materials: i) CM-Cellulosc powder (20 gm)
i)y 0.2M HCl
111) 0.2M NaOH solution

B. Procedure:

i) Activation of CM-Cellulose powder: The CM-Cellulose powder was suspended
in 0.5M HCI in a beaker and left it to swell for few hours. Duting swelling it was
stitred gently at short intervals to prevent fo.rm_ati(m of lumps. Then it was
transferred to a filtering funnel and washed with distilled water for several times until
its pI1 reached near to neutrality. The gel suspension was then transferred to another
beaker containing 0.5M NaOFH solution and left for few hours. It was again washed

with distlled water to neutralize its pl 1.
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ii) chkmg of the column; ‘I activated CM-Cellulose suspension was taken in a
filtering flask and deacrated by vacuum pump. A column of desired length was

packed with thc: activated column material. Precaution was taken to avoid trapping of
air bubbles during packing

i) Equilib.ration of the column: Afrer packing, the column was equilibrated with
20 mM acetic acid-sodium acctate buffer, pH 5.0.

iv) Application of sample: ‘I'hc active fractions obtained by DEAE-Cellulose
chromatography was dialyzcd against distilled H,O for 12 houts and against 20 mM
acetic acid-sodium acetate buffer, pH 5.0 for 12 houts at 4°C. The dialyzed sample
was loaded onto CM Cellulose column at 4°C. "T'he proteins were eluted from the
column with the same buffer containing NaCl by stepwise elution.

M.4.3.3 Gel Filtration on Sephadex G-75

i) Activation of gel powder: Sephadex G-75 powder was suspended in 10% acetic
acid containing 1M sodium chloride (1 mole of NaCl was dissolved in one liter of
10% acetic acid) in a beaker and left it to swell for overnight. It was stirred by glass
rod after short intetvals to prevent formation of lumps. Then it was transferred to a
filtering funnel and washed with distilled water for several times until its pH reached
near to neutrality. '

ii) Packing of the column: 'I'he gel suspension was taken in a filtering flask and
deacrated by vacuum pump; otherwise it would affect the flow rate of the column
after packing. The gel suspension was adjusted so that it was faitly thick slurry, but
not thick enough to retain bubbles. The column was mounted on a stable laboratory
stands and its narrow end was fitted with an outlet tube. It was ensured that there
was no air bubble in the dead space of the bed support. This was casily achicved by
filling apptoximately 1/4 th of the column, including the outlet tube with. distilled
water. When dead space was propetly filled, the outlet tube was closed with pinch
cotk and the gel suspension from a gel reservoir was added gently‘ to the colg@n. In
order to avoid trapping of any bubble, this was petformed by pouting the gel In inner
wall of the column. In this way, a column of desited length was packed uniformly

with the gel suspension.
iii) Equilibration of the column: Aftet completion of the column packing it was

equilibrated with the eluant buffer (20 mM acetic acid-sodium acctate buffer, pH
5.0). T'he buffer was continued to tun through the column until the pH of the cluate

became same as the pH of the cluant buffer.
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iv) Application of Sample: ‘T'he active fractions obtained by CM-Cellulose
chr(?matf)gmpl?y was dialyzed against distilled H,O for 12 hours and against 20 mM
acetic acid-sodium acetate buffer, pH 5.0 for 12~hours at 4°C. "The dialyzed sample
was loaded onto Sephadex G-75 column at 4°C. "I'he proteins were cluted from the

column with the same buffer containing NaCl by lincar and stepwise clution.
Absorbance of cach fraction was measured at 280 nm.

M.4.4 TEST OF PURITY: Sodium dodecyl sulfate polyacrylamide slab gel
electrophoriesis (SDS-PAG E) Method

Principle: Polyacrylamide gel clecrrophoresis method s commonly used for
checking the purity of proteins and their molecular weight determination. Sodium
dodecyl sulfate (SDS) is an anionic detergent which binds to most proteins in
amounts roughly proportional to molecular weight of the protein, about one
molecule of SDS for cvery two molecules of amino acid residucs. The bound SDS
contributes large net negative charge, rendering the intrinsic chatge of the protein
insignificant. In addition, native conformation of the protein is altered when SIDS
is bound and most protein assumes similar shape and thus similar ratio change to
mass. Slab gel clectrophoresis in prescace of SDS therefore scparates proteins
almost exclusively on the basis of mass, with smalle polypeptides migrating more
rapidly. Protein-SDS complexes will therefore all move towards the anode during
clectrophoresis and their movements are inversely proportional to their molecular
weights, If standard proteins of known molecular weights are also run, the
molecular weights of the sample proteins can be determined by compating them
with proteins of known molecular weights, “I'he ptotcin pattern of the sclected
fractions was determined by 10% SDS-PAGT, according to the method of
Lacmmli (1970) as modified by Smith (1955).

M.4.5 CHARACTERIZATION OF THE ENZYMES

M.4.5.1 Molecular Weight Determination
M.4.5.1.1 By gel filtration method

The molecular weight of the putified proteins were estimated from the data of gel
filtration on Sephadex G-150 (0.75x100 cm) with trypsin inhibitor (20,000), cgg

albumin (45,000), bovine scrum albumin (67,000) and B-galactosidase (116000 as
teference proteins following the procedures as described by Andrews (1962).
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M.4.5.1.2 By Sodium dodecyl sulfate polyacrylamide gel electroforesis (SDS
PAGE) method:

I'he moleculm: weights of the putificd proteins were determined by this method
that was dCSFtll)cd before for purity test of sample. {M.4.4 Sodium dodecyl sulfate
po]yﬂcrylnmldc gel electroforesis (SDS-PAC 119 method}

M.4.5.2 Determination of Km values of invertases and polyphenol oxidase

M.4.5.2.1 Determination of Km values of invertases from betel leaf

‘The initial valuce is equal to the amount of product formed per minute. The inital
velocity (V) was determined by measuring the amount of one of the products
(glucose or fructose) at various time intervals (Robyt ez, al, 1990).

Reagents:

1) Acetic acid-sodium acetate buffer, pIT 5.0,

i) 0.005M, 0.01M, 0.02M, 0.04M and 0.08M of sucrose solution in acetic acid-
sodium acetate buffer, pH 5.0.

iif) 1% NaOH solution

iv) Dinitrosalicylic acid (DNS).

v) 40% sodium potassium tartrate solution.

Method:

One ml of 0.005M, 0.01M, 0.02M, 0.04M and 0.08M of sucrose solution were taken
in different test tubes: a) for control-1 no. b) for blank-1 no. and c) for expetiment-2
nos. 'Then 2 ml of acetic acid-sodium acetate buffer, pH 5.0 was added to cach tube
and mixed uniformly. One ml of enzyme was added to the control tubes and
experimental tubes. Immediately after the addition of enzyme 0.5 ml of 1% NaOH

was added to the control tubes.

All the tubes were incubated at 37°C for vatious times (10 min., 20 min., 30 min., 40
min. and 50 min.). The tubes were removed from the water bath at appropriate time
intervals and the reaction was stopped by the addition of 0.5 ml of 1% NaOL
solution. 4.5 ml of DNS reagents was mixed to all the tubes. ‘I'he tubes were heated
in a boiling water bath for 5 minutes and 1.33 ml of 4Q% sodl}Jm potassium tartrate
solution was added to each warm tube. After cooling in running tap water at room

tempetature, the absorbance was measured at 575 nm.
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M..4.5.2..2 Determination of Km values of polyphenol oxidase from betel leaf
Mlchac?hs constant (Km) was determined by Lineweaver-Burk’s double reciprocal
plot. “T'he initial valuc is cqual to the amount of product formed per minute. ‘I'he

initial velocity (V o was determined quantitatively by measuring the amount of one of
the products at various time intervals,

Reagents:
i) 0.1 M phosphate buffer, pl16.0.

if) 0.005M, 0.01M, 0.02M, 0.04M and 0.08M catechol dissolved in 0.1 M phosphate
buffer, pHG.0.

Procedure:

Aliquot of 2ml of the crude chzyme extract and 3ml of 0.1M phosphate buffer, pH
6.0, were pipetted into the cuverre of different rest tubes. “1'he contents were mixed
by invetting, placed in a spectrophotometer, sct at 4950m and the absorbancy was
adjusted to zero. The test tubes were removed and 1ml catechol of different
concentrations was added separately and quickly mixed by inversion. The tubes
were placed in the specttophotometer and the changes in absorbancy at 495 nm
was measured for 3 minutes. A blank was prepared by taking 2ml boiled enzyme,
3ml of 0.1M phosphate buffer and 1ml of 0.01M catechol, and treated similarly.

M.4.5.3 Test for glycoprotein and Estimation of Sugar

Phenol in the presence of sulfuric acid can be used for quantitative colotimetric
microdetermination of sugars and their methyl derivatives, oligosaccharide and
polysaccharides as desctibed by Dubois e7 a/ (1956). This method was also employed
for detecting the presence of sugar in proteins and enzymcs.

A. Materials

i) 5% phenol (in water)

i1) Concentrated sulfuric acid
i) Protein solution

B. Procedure _ .
‘The protein solution (0.1 ml from protein solution of 0 .075 - 0.097mg / ml) was

taken in a test tube and made upto 2 ml by distilled water. ‘Then 1 ml of 5% phenol
was added to it and finally 5 ml of conc. 1,50, was ad'dcd rapidly. T'o obtain good
mixing the stream of acid being directed against the liquid surfacc'mther than against
the side of the test tube. The tube was allowed to st;.md for 10 minutes. Then it was
shaken and kept in the datk at 25 to 30°C for 20 minutes. Tt was taken out and the

absorbance of the solution was measured at 490 nm.
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C. Preparation of standard curve

A standard glucose solution (0.1 mg/ml) was prepared. ‘Then 0.0, 0.1, 0.2, 0.3, 0.4,
0.6, & 0.8 ml of this solution containing 0.0, 0.01, 0.02, 0.03, 0.04, 0.06, & 0.08 mg of
glucose, respectively, were taken in differene test tubes and made upto 2 ml with
distilled warer, "The solution was treated similarly as described above, A standard
graph of glucose was constructed by plotting the concentration of gh'lcnsé against
their absorbance. T'rom the graph, the concentration of sugar in protein was
" calculated.

M.4.5.4 Determination of Protein concentration by the Folin-Lowty Method
(Lowry ef al. 1951)

Procedure: Same as described before in chapter two.,
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RESULTS AND DISCUSSIONS

R.4.1 PURIFICATION OF BETEL LEAF INVERTASE

R.4.1.1 DEAE-Celluloge chronmtography of crude enzyme extract

'I'he crude enzyme extract after dialysis against 20mM acctic acid-sodium acetate
buffer, p!—-lS.O was applied on the DEAL-Cellulose column previously equilibrated
with acetic acid — sodium acetate buffer of the same pH and concentration at 4°C.
:l'hc cr%ulc enzyme cxtract was first cluted with the buffer only and then with the
ncreasing concentration of NaCl "I'he clution profiles are shown in Fig-13. The
proteins of crude cnzyme cextract were cluted from the column in five fractions.
‘The major fraction, -1 was cluted from the column by the buffer only, while the
other fout fractions namely 12, 113, 1-4 and -5 were cluted from the column by
the buffer cnnltnining 0.1M, 0.2M, 0.25M and 0.3M NaCl respectively. Tt was found
that the fractions I'-1 and 1'-4 contained invertase activity. The arcas as indicated
by solid bars were pooled separately and purified further by ion-exchange
chromatography on CM-Cellulose.

14
F-1 0.2M Na(l
19 "—-0——OD
X .- - @ Activity
§ 4 0.25M NaC(Cl
z 0.1M NaCl]
[26]
o~
0.8
w
Q 0.3M NacCl
< 06
o
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2 04 £-5
<
0.2
0 1] 1
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FRACTION (3 ML/TUBE)

Fig-13: lon-exchange chromatography of crude cnzyme extract on DEAR-
cellulose. Crude enzyme extract (170 mg) was applicd to the column (2.0x24 cm)
prewashed with 20 mM acetic acid-sodium acetate buffer, pH5.0 at 4°C and eluted

by a stepwise increases of NaCl in the same buffer.
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R.4.1.2 CM-Ce!lulose Chromatogmphy of F-1 fraction
The enzyme active fraction -1, obtained from DEAIL-Cellulose chromatography,
WRSO"PPIICd to CM-Cellulose column pteviously equilibrated with the same buffer
at 4C. As shown in lig-14, the components of the fraction 1'-1 were separated
from the column in four fractions, OF these fractions, 1'-1a was cluted from the
column by the buffer only while the other fractions, 1.c. I*-1D, I-1¢ and I'-1d werc
eluted from the column by the buffer containing 0.15M, 0.25M and 0.35M NaCl
respectively. It was found that the fractions I-1a contained only the invertase
activity. The homogencity of this fraction was checked by SDS-polyacrylamide gel

.c-:lecftro.phorcsls.. As shown in the lig-14, I-1a fraction gave mote than one band
indicating that it contained impure enzyme.

f—o—O. D. !
{---®--- Activity |

0.15M NacCl

F-1b 0.25M NaCl

0.35M NaCl

F-lc

F-1d

Absorbance at 280 nm

|

l . ,

0 20 40 60 80 100 120
Fraction (3 mi/tube)

Fig-14: Ton-exchange chromatography of 1'-1 fraction on (SI\'I-ccllulosc.. [raction,
[-1 (21 mg) obtained from DIiAT-cellulose cln'on?nrog.raphy was applied to the
column (1.25x16 cm) prewashed with 20 mM acetic fIC'ld—S()dlum acctate buffer,
pH5.0 at 4°C and eluted by a stepwise increases of NaCl in the same buffer.
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R.4.1.3 Gel filtration chromato

. ) graphy of F-1a fraction

The active frqctlon F-1a from CM-cellulose column chromatography was
Cf,)gccmﬂ.lmd with C_Omrnc_rcinl sucrose and applied to Sephadex (G-75 column at
4°C previously equilibrated witly the same buffer. As shown in the I'ig-4C, the

contents of I'-1a fraction were separated into three fractions, 1-1a’, F-1a" and -

e K ot . . . .
1a"" by gel filtration and it was found that only the fraction I*-1a" contained
mvertase activity. The area as indicated by solid bar of '-1a”" was pooled separatcly
and its homogeneity was determined 1y SDS-polyacrylamide gel electrophotesis.

‘The §DS-1)01yﬂ(_:::ylﬂ1nide gel clectrophoresis of Sephadex G-75 fraction might be
contained pure invertase enzyme as it gave a single band (L'ig-15).

05 .
, F-l1a" f—o——Sen'es1
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[---0---88[1852
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Fig-15: Gel filtration of I'-1a fraction on Sephadex (3-7.5. lraction, I-1a (4.01 mg)
obtained from CM-cellulose chromatography was applied to the column (3.0x100
cm) pre-cquilibrated with 20 mM acetic acid-sodium acctate buffer, pH5.0 at 4°C

and developed with the same buffer.
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R.4.1.4 CM-Cellulose Chromato

The enzyme active fraction 1-4, olained from DEAL-Cellulose chromatography,
was dmly"/.cd nga\mstﬂZOmM acetic acid-sodium acetae buffer, pl15.0 for 24 houts
and()apphcd to (,M.-(,cl]ulosc column previously cquilibrated with the same buffer
at 4°C. As shown in Fig-16, the components. of the fraction I'-4 were separated
from the column in three fractions. OFf these fractions, 1'-4a was eluted from the
column by the buffer only while the other fractions, i.c. 1--4b and F-4c were eluted
from the column by the buffer containing (.15M and 0.30M NaCl tespectively. It
was f()unq that the fraction 144 contained only the invertase activity. The
homogeneity of this fraction was checked by SDS-polyactylamide gel

elect.rophorc?sls. As shown in the lig=16, T'-4a fraction gave single band indicating
that it contained pure invertase cnzyme,

graphy of F-4 fraction

06 F-4a

©
o

©
~
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Fig-16: Ton-exchange chromatography of I'-4 fraction on CM-cellulose. Fraction,

F-4 (4.6 mg) obtained from DIiAT-cellulose chromatography was applied to the
column (1.25x16 c¢m) prewashed with 20 mM acctic acid-sodium acetate buffer,

; stepwise increase of NaCl in the same buffer.
PH5.0 at 4°C and cluted by a stepwise increase of Na(
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cation of betel leaf invertases

gel filtration

Total [ "Total Specific Yicld | Purification
protein activity activity (%0) (fold;
| (mg) | (Unirs) (Unit/mg) :
THomogenate 660 1419 215 100 1
Crude extract 170 907.8 [5.34 63.97 |2.48
DEATL-Cellulose | 17-1 21 506.64 | 24.13 35.70 | 11.22
Chromatography
1i-4 4.6 12796 |27.82 9.02 | 1294
CM-Cellulose I'-1a | 4.01 268.39 |66.93 1891 [31.13
Chromatography
['-4a [.26 82.96 | (65.84 5.85 |30.62
Sephadex  G-75 [ I-1a” | 1.24 92.65 | 74.42 6.53 | 34.61

The Table-12 summarizes the data pertaining to the purificatioin of betel leaf
invertases. As presented in the table, the specific activities of invertases were
increased at cach purification steps. Although the yield of enzyme activity was
decreased during the putification steps, but the purification fold of the invertases
were increased to about 65 fold. The decrease in yield might be due to
denaturation of enzymes during the lengthy purification procedutes or some other

reasons.
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fg:FPURIFICATRION OF POLYPHENOL OXIDASE FROM BETEL

1?,4,2.1 DEAE-Cellulose cp, Fomatography of crude enzyme extract
‘The crude enzyme extract after (5

. . alysis against 0.1M phosphate buffer, pH6.0 was
applicd on the DEAE-Cellulose column previously equilibrated with phosphate
buffer of the same pH and concentragion at 4°C. "T'he crude cnzyme extract was
first cluted with the buffey only and then with the increasing concentration of
NaCl. "The elution profiles apc shown in Lig-17, "I'he proteins of crude enzyme
extract were cluted from the colump in five fractions. e major fraction, I-1 was
cluted from the column by the buffer only, while the other four fractions namely
I-2, I'-3, T'-4 and F-5 were cluted from the column by the buffer containing 0.1M,
0.2M, 0.25M and 0.3M respectively. It was found that the fractions F-1 contained
polyphenoloxidase activity. ‘The arca as indicated by solid bar was pooled
separately and the putity was checked by SDS-polyacrylamide gel clectrophotesis.
As shown in the I'ig-19, -1 fraction gave more than one band on gel indicating
that it contained some other proteins and it was further putified by ion—cxchangc
chromatography on CM-Cellulose.

R.4.2.2 CM-Cellulose Chromatography of F-1 fraction

The enzyme active fraction I-1, obtained from DEAR-Cellulose chromatogtaphy,
was dialyzed against 0.1M phosphate buffer, pHG.0 for 24 hours and applied to
CM-Cellulose column previously equilibrated with the same buffer at 4°C. As
shown in I7ig-18, the components of the fraction I'-1 were separated from the
column in four fractons. OF these fractions, I'-1a was cluted from the column by
the buffer only while the other fractions, i.c. F-1b, I*-1¢ and [*-1d were cluted from
the column by the buffer containing 0.15M, 0.25M and 0.35M Na(]l respectively,
It was found that the fractions 1-1b contained only the polyphenoloxidase activity.
The homogeneity of this fraction was checked by SDS-polyacrylamide gel
electrophoresis. As shown in the Lig-19, I-1b fraction gave single band indicating

that it contained pute protein.
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Fig-17: Ton-exchange chromatography of ctude enzyme extract on DEAI-
cellulose. Crude enzyme extract (116 mg) was 'lpphcd to the column (2.0x24 cm)
ptewashed with 0. 1M phosphate buffer, pl6.0 at 4°C and cluted by a stepwise

increases of NaCl in the same buffer.
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Fig-18: Jon-exchange chromatography of I'-1 fraction on CM-cellulose. Fraction,

I-1 (4.15 mg) obtained from DIiATi-cellulose chromatography was applied to the
column (1.25x16 cm) prewashed with 0.1M phosphate buffer, pHG.0 at 4°C and

eluted by a stepwise incteases of Na( 2l'in the same buffer.
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Table- 13: Summary of the Purification of betel leaf Polyphenol oxidase

— Fl'aCtiOﬂ m 'I'Otﬂl Spcciﬁc Yield PUfiﬁC?lti()n
protein activity activity (%o) (fold)
_(mg) | (Units) (Unit/mg)

Homogenate 450 540 1.20 100 1

Crude extract 116 295 2.54 54.63 2.12

DEAT-Cellulose | 11| 415 1374 33.11 [ 2544 27.59

Chromatograph

CM-Cellulose I'-1b 1.24 55.7 44.92 10.31 37.43

Chromatography ]

The ‘Table-13 summarizes the data

polyphenoloxidase. As presented in  the table, the specific

pertaining to the purificatioin of betel leaf
activity of

polyphenoloxidase was increased at cach putification step. Although the yield of

enzyme activity was decreased
fold of the polyphenoloxidase was increased to about 37 fold.

during the purification steps, but the purification
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Fig-20: SDS-Polyacrylamide gel electrophoretic pattetn of purified enzymes in the
ptesence of 2-mercaptoethanol.




Fig-21: Schematic representation
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p(,lyphf’:noloxidase.
Betel leaves
. Cut into small pieces
. Crushed into paste
. Swellwd in 0.1 M acetic acid — Sodium
acetate buffer, pH 5.0*
4. Centrifugation
| Supernatant |
1. Concentrated by commercial sucrose
2. Dialysis in 20 mM acetic acid — Sodium
acetate bulTer, pH 5.0* '
3. Centrifugation
Clear Supernatant
l DEAE - Cellulose Chromatography
\ v v v v
F-1 F-2 [F-3 -4 F-5
Invertase & Invertase
PPO activity Activity
CM - Cellulose Chromatography
CM - Cellulose
Chromatography
v v v v
F-la F-1b F-lc F-1d
Invertase PPO ¥
Activity Activity (Pure) I v
_ l Gel Filtration on Sephadex G-75 F.4a F-4b F-4b
v 2 v lnve.:rl‘.ase
Aclivily (pure)
F-1a F-la” E
Invertase
Aclivity (pure)

* For polyphenol oxidase puriﬁcalion: 0.1M phosph

ate buffer, pI16.0 was used.

of the purification steps of betel leaf invertase and
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R.4.3 CHARACTERIZATION OF INVERTASES OF BETEL LEAVES

R.4.3.1 Determination of mo]
R.4.3.1.1 By gel filtration

The {ﬂOlCCUlﬂf weight of purificd betel leaf invertases were determined by gel
filtration on a Scphadcx (-150 according to Andrews (1965). "I'typsin inhibitor
(MW-20kDa), .J-“.gg Albumin (MW-45kDa), Bovine Serum Albumin (MW-67kDa)
and ﬂ-galacto.sulase (MW-T16kDa) were used as molecular weight markers. The
m().lccular weight was calculated from the standagd cutve of references proteins
which was constructed by plotting the molecular weight of the proteins against
clution volumes and the molecular weight (M) was estimated to be 94 kDa for
acid iﬂ.VCl‘tase ATV 1/F-127" ) and 72 kDa for acid invertase 11 (AIV 11/F-4a).
Very similar Mr (98 kDa) determined by gel filtration was reported for invertase
from oryxa sativa (Maria Ines Isla e al, 1995). Datren. |. er al (1998) reported 60
kDa Mr invertase from sugarcanc and Rahman, M., ¢z 4/ (2001) repotted 68 kDa

Mr invertase from mango fruic while My 84 kDDa was estimated by Quitoga TIN ez,
al. (1995) from Pyenoporns sanguinens, -

ecular weight of invertases

- R.4.3.1.2 By SDS-polyacrylamide gel electrophoresis

The molecular weight of purified betel leaf invertases were determined by SDS-
polyacrylamide gel electrophoresis according to the method of Tacmmli (1970).
The molecular weight markers were the same as used in gel filtration. The standard
curve of these proteins was constructed by plotting the molecular weight of the
proteins against thicir mobility on the gel (Lig-23). "T'he molecular weight (Mz) was
estimated to be 93.5 kDa for acid invertase (ATV 1) and 71.5 kDa for acid
invertase 11 (ATV 1), Tn the presence of 2-marcaptocthanol, SDS-polyacrylamide
gel clectrophoresis pattern of acid invertase 1 (AV 1) showed single band on the
gel with an Mt of 46 kDa indicating that the enzyme was a dimer consisting of two
identical subunits. On the other hand, acid invertase 11 (ALV 11) gave two distinct
bands on the gel in the presence of 2-mcrcaptoethfqn<?l dL.lring SDS-polyacrylamide
gel clectrophoresis with Mr 40.5 kDa and 31 kDa indicating that the enzyme was a

hetero dimet,
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Fig-22: Standard curve for the determination of molecular weight of betel leaf

invertases and polyphenol oxidasc by gel filtration method.



83

Purifios: ,
urification and (,hcu'ac{erizalion

140
-
=100
0
2l
5 80
)
=
' —§ 60
" Q
‘25 PPO
40 Ege Albumin
Trypsin
20 Inhibitor
0 u ! :
0 1 2 3 4

Relative Mobility (cm)

Fig-23: Standard cutve for the determination of molecular weight of betel leaf

invertases and p()lyphcnol oxidase by SDS-PAGLL method.
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R.4.3.2 Km value of the purifieq invertases
The Km value of the purified i

-~ s wvertases were determined by the Lineweaver-Burk
double reciprocal plot (Fig.-24 anq lig.-25). The Km values of AIV 1 and AIV II
agni‘nSt SUCLOSC as substrate were found o be 3.86 mM and 4.81 mM at pH 5.0 in
acetic acid-sodium acetate buffer. Hashizame ez, a/ (2003) reported the Km values
for sucrose of AIV T and ATV 11 from Japanese pear froit using sucrose as
‘substrate were 3.33 and 4.58 mNM, 17cspcctiv.c]y. Konno et. al, (1993) reported 4.35
mM Km value foF tomato invertase. Isla o o/ (1995) observed Km value of 6.6
mM for otyza sativa invertase using suctose as substrate. Km values of invertase
wete repotted o be 3mM for fose potato and 5.3 mM for kenncbee potato

invertase (Pressy, R., 1967). Lcc e, 4/ (1996) reported higher Km value (20 mM at
pH 7.5) for carrot invertase.

1NVo

]

; o . 0 : .
-300 -200  -100 0 100 200 300
' 1/[S]

Fig-24: ILinwcaver-Burk double teciprocal plot for the determination of Km value
-24: ]inwcavet-

of the purified betel leaf ATV 1.
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Fig- 25: Linweaver-Burk double reciprocal plot for the determination of IKm value

of the purified betel leaf ATV I1.

R.4.3.3 Test for glycoprotein and estimation of the percentage of sugar in
betel leaf invertases

The purified betel leaf invertases were glycoprotein in nature as they gave yellow-
orange color with the phenol-sulfuric acid (Crueger, W. and Crueger, A., 1990).
The percentage of sugar present in the glycoprotein was calculated from the
standard curve of glucose (1ig-26) and it was found that the AIV 1 and AIV 11
contained 14.6 % and 19.4% of ncutral sugar. Peter e/ @/(1994) and Nakagawa ez,
al(1971) also showed purified tomato invertase as a glycoprotcin.'Likc tomato
invertase, many plant invertases have been 1'cpc)r_tcd as glycoproteins (Rah.man,
M.H. et @/, 2001; Anderson, R.S. et al, 1978; Krishan, H.B. £ a/.,‘ 1988; Singh,
M.B. et. al, 1984). Grape berrics invcrmsc. has ‘bccn‘rcportcd to contain about 25%
catbohydrate (Arnold, W.N., 1965) while Geracimo e/ al. (10990) sll-ll)owed.thc
putificd potato imvertasc as a glycoprotein - with 1](3).93/;0 cat oh).ldmtc:
Catbohydrate content in grape juif:c invertase was fcl)f_.md to be / ;1(1)1;:205;15111.1 qsl
glucose per mg protein (Nakanishi e/ n/.,‘ 1990). R.”‘ ngu.cz,:]. e/..n.( 5) noncu.
that invertase from Pichia anomala contaimed carbohydrate moicty accounts for

approx. 30% of the total mass of the molecule.
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Fig- 27: UV Abs orption Spectra of invertases and polyphenol oxidase enzyme.

R.4.3.5 Protein concentration-Absorbance relationship of betel leaf

invertases
The absorbance of 1.0 for ATV [ and ATV 11 at 280 nm wete found to be equal to

0.53 mg/ml and 0.42 mg/ml of protein by Lowry method.
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- Purification and Characterization
4 CHA
Eg:VES RACTERIZATION OF POLYPHENOLOXIDASE OF BETEL

R.4.4.1 Determination of molecular
R.4.4.1.1 By gel filtration

The molc.culm.' weight of purified betel leaf polyphenol oxidase was determined by
gel filtration Gl 3 Sephade{c G-150 According to Andrews (1965). ’1:1ypsin inhibitor
(MW-20kD2), g Albumin (MW-45kD2a), Beyyine Serum Albumin (MW-67kDa)
and ﬁ-galact()‘mdase (MW-1 16kDDa) were used g molecular weight markers. The
mo_leculﬂl’ weight was calculaed from the standard curve of reference ptrc-)reins
WI’IFh was constructed by plotting the molecular weight of the proteins ag;-tinst
clution volumes and the molecular weight (M) was estimated to be 48 kDa.
Neatly the same Mt (47 kDa) of polyphenol oxidase was teported from garland
chrysanthemum by gel filtrarion (Nkya, 1. ez al, 2003). Yang, C.P. ez al (2001)

reported 41 kIDa Mr for polyphenol oxidase from banana peel while they reported
41 kDa Mt for polyphenol oxidase from banana pulp.

R.4.4.1.2 By SDS-polyacrylamide gel electrophoresis method

The molecular weight of purified betel leaf polyphenol oxidase was determined by
SDS-polyacrylamide gel electrophoresis according to the method of Laemmli
(1970). The molecular weight markers were the same as used in gel filtration. ‘T'he
standatd curve of these proteins was constructed by plotting the molecular weight
of the proteins against their mobility on the gel (L'ig.-23). The molecular weight
(Mg) was estimated to be 45.5 kDa for polyphenol oxidase. In the presence of 2-
marcaptocthanol, SDS-polyacrylamide gel electrophoresis pattern showed single
band on the gel with the same Mr indicating that the enzyme was a monomer. This
study is 2 good agreement with Nkya, IS, et. al,, (2003); Yang, C.P. ez, al. (2000) and
Shi, C. et al, (2002) who showed monometic polyphenol oxidasc from garland
chrysanthemum, banana pulp and tobacco respectively.

R.4.4.2 Km value of the purified polyphenol oxidase .
The Km value of the purificd polyphenol oxidase was determined by the

Lineweaver-Burk double reciprocal plot (Uig.-28). The Km value of POIYPthHOI
oxidase enzyme against catechol as substrate was found to be .3.54 mM. Shi, C. et
al. (2002) reported the Km value of 1.2 mM for polyphenol oxidase using catechol
as substrate. Km value of polyphenol oxidase was teported to be 2.8 mM f§0n1
banana pulp (Yang, C.P. ¢t af., 2000) and 3.? mM from banana pcel ’()Yang, C.P. et
al., 2002) using dopamine as substratc. Wititsuwannakul, 1. ct. al. (2002) showed

Km values of 9.09 mM and 7.14 mM for two polyphenol oxidase from latex of

.y - . ng g N "’lf(:-
Hevea brasitiensis using catechol as substrz
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Fig- 28: Linweaver-Burk double reciprocal plot for the determination of Km value
of the purified betel leaf polyphenol oxidase.

R.4.4.3 Ultraviolet absorption spectrum of betel leaf polyphenol oxidase

‘The ultraviolet absotption spectrum of the putified enzyme was recorded in
aqueous solution with Shimadzu model UV-180 double beam spectropho.tometgr
at room temperature between 350-220 nm. The putified polyph?nol oxidase in
aqueous solution gave absorption maxima around 278 nm and minima around 240

nm (Fig—27).

R.4.4.4 Protein concentration-Absorbance relationship of betel leaf

olyphenol oxidase
’EI)‘hcyi)bqorbmce of 1.0 for p()lyphcn()l oxidasc at 280 nm was found to be cqual to

0.52 mg/ml of protein by Lowty method.
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Introduction

Ure of a protein ¢
t. The Organized
ed from the cffe
» urea or othe

Lenzyme ts governed by its primary
native structure (conformation) of a
ct of external environmental changes

such as tempcrature, acidjy )
a y r denaturing agents and a number of

other chemicals.

In stu'lctuml stud1es.,of Proteins it is often necessaty to establish conditions for
revc.r-_*lble denntumt@n_ The choice of dcnatumting cond‘itilon; depends or; the
stability of the brotein ot enzyme of interest. Among the techniques used for
revcr_mbl-e denaturation are l()\vcring of the pH (Ttano ef al, 1958), freezing and
thawing in cc')ncet.itratcd salt (Matket, C.1,. 1963), and adding dcnatzlrants such as
urea and acetic acid (Chilson e 4/ 1964 and 1965: Meighen and Schachman 1970).

In the present study, invertases and polyphnol oxidase have been subjected to
vatrious physical and chemica] treatments, and their effects on the activities have
been observed The study is expected to provide important informations regarding
some of the physico-chemical propetties such as pH stability, thermal stability, the
stability of the enzymes towards denatuting agents, the structural configuration of
the active sites of the enzymes, the nature of the inhibitors of the enzymes,
conception of positive and negative modifier of the enzymes ctc. The experimental
results also give indications in establishing conditions for chemical modification
which in turn, are expected (o be helpful in understanding — the relationship
between structure and function. i
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Effecty of pp,e;
[fects of Physico-cl, emical agents

‘Effe

cts of Physical 5 -
y nd Chemlcal agents on the activity of enzymes

M.5.1 Effects of pH ang determ ame: '
invertases and polypheno] Oxidasf;nmat;on of optimum pH of betel leaf

The invertases and polypheng| oxidase

measured at 37°C following the pr()ccci;rcﬂc
Physiological Plant Pathology (
(2.5%) for invertases and 0.01

tivities at various pHs (2-10) wete
accotding to method as described in
Mahadevan and Sridhag, 1982). Sucrose solution
M catechol solution for polyphenol oxidase were

uffer of different pI-
o ©Is and were used as substrates
for the determination of €NZyme activities ! ‘

M.5.2 Efﬁ?CtS of temperature and determination of optimum tempetature of
betel leaf invertases and polyphenol oxidase

The activities of invertases and polyphenol oxidase at different temperatures (0-
80°C) were measured according to method as described in Physiological Plant
Pathology (Mahadevan and Stidhat, 1982). To examine the temperature effect and
optimum temperatute of the ¢nzymes, the enzyme solutions were pre-incubated at
vatious tempetatures (10-80°C) for 30 minutes and cooled at 0'C. "T'he residual
activities of the treated enzymes were assayed under the standard assay conditions.

M.5.3 Effects of various chemicals and metallic salts on the activity of betel
leaf invertases and polyphenol oxidase '
linzyme activities were determined in the presence of vatious concentrations of
chemicals  following the procedure according to method as desctibed in
Physiological = Plant Pathology (Mahadevan and ~ Sridhar, 1982). ‘T'he
chemicals/metallic salts of different concentrations were added to enzyme solution
and incubated for 30 minutcs at room temperature. Then the enzymatic activitics
of the samples were assayed as described catlicr,

M.5.4 Effects of various proteins and lectins on the activity of betel leaf

invertases . .
Enzyme activities were determined in the presence of vatious concentrations of

different proteins and lectins following the procedure as described in Physiological
Plant Pathology (Mahadevan and Stidhat, 1982).
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Results and Discussions

r.5.1 Effects of PH on the geqivis: .
(l}xidase _ © Actvities of bete] leaf invertases and polyphenol

"The activities of betel leaf Invertageg

1 leaf polyphenol oxidn. . ABANST suctose as substrate and activities of
betel leat poly oxidase against catechol gg substrate were assayed using

dlfﬂ_:t:cnt_ 1{)‘{“‘;}5 of vatious plfs ranging from 2-10 (pH2 chloide buffer, pHs3-6
4getic a;;z:;gc ;_?m RISkl l.)Llﬁjcr, plls7-8 phosphate buffer and pHs 9-10 sodium
btate-nitsl e, A? shown in the figure-29, the activities of all the enzymes are
affected rematkably Wlth_thc changes of pH. Bogh the invertases ATV I and AIV 11
as \_vell as polyphcno'l oxidase are more active at the acidic pH than the neutral or
basic pH valucs. Again “_“ the enzymes are inactive at the extteme acidic pH values
and mote than 80% activitics were destroyed at or below pIT 2.0. ‘The optimum
pH for the enzymes, ATV I, ATV 11 and polyphenol oxidase were found at pH4.5,
pH5.5 and pHG6.2 respectively. Vety similar pattern of pH profiles were reported
for cherty invertase (Hari B. o/, a/, 1990), invertase of Orysa sativa (Isla et. al., 1995),
Grape berries (Ishikawa, ef af, 1989) and for tomato invertase (Peter, B. and
Stephanie, D., 1994). Nunez-Delicado 1. et 4/ (2003) teported optimum pHS.5 for
latent persimmon fruit polyphenol oxidase. Wititsuwannakul, D. ¢t a/ (2002)
teported optimum plH7.0, Yang, C.P. ¢/, ul (2001) reported optimum pl6.5, Shi.
C. et al (2002) reported optimum pll 6.0 and Nagai, ‘' et. al. (2001) reported
optimum pH5.0 for polyphenol oxidase activity.

100

f-o— AVI
[~@—AM I
80 \—A—PPO

60

Relative Activity %

40

20

pH

L - 'he ¢nNZyInes.
Figure-29: Iiffect of pH on the actviries of the enzy
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pc,1yphenol oxidase
The activities of putified iny,
affected profoundly by tempe
invertases and polyphenol o

rtases g ; .

A ;\“d polypheno) oxidase wete found to be

Xidqs;c. \ 8 hh(.)wn in the fipure-30, the activities of
Cre increased gradually with increase in

N activi P A 3
AIV 11 and 32°C for PPQO, l"urrhm\-lrl)',hz\vab (.’bl-*‘ClVCd at 37°C for AIV 1, 35°C for
s activitics were gradually decreased with

further rise of temperature and (hepe . : _

Finget, . al. (2000) reported th:]:[)tti\:f:ni (t‘cfz:[ilccliltmp lhft:l):gug:c?\’iw nSovc 50°C.
from Beta vulgatis roots. "I'hey also noted t e of 554 for acid invertase
enzyme occutred at 40°C and complete i11ac;iv1t]t;?)il l\l\;; t?&)jgtégjiti‘;ﬂ;é%ngf th"at
et. al. (1989) l:CPOL‘t'C.d the optimum temperature of 5\0”('\&)1- S .f auvtlm‘
rumen hoIotOrlch ciliate Iso/richa prostoma, “The PPO Cn,/‘ m 1‘1l1vutas;c R
activity at 3? Ca At 60°C, the PPO enzyme showed only ’i)é)()/: ,Izr]i(‘)’\itccmzuglmmﬁ
completely inactive at 80°C. Wititsuwannakul, D. ¢ 4/ (2002)‘ e )ogt(;d 0 reu(':ril:;s
tempetature for PPO at 35-45" C from latex of Hevea brasiliensis wh]ile Yan pC P. et
al. (2001) reported optimum temperature at 30°C from bmm;m hul 'm‘d gl,]i .(“' e/q
al. (2002) repotted optimum temperature at 40°C from rolmcc()_l p and Shi. C. e
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Figum-301 Effect of Temperature on the activitics of the enzymes
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R.5.3 Effects of varipyg chemic
jinvertases and polypheng) oxida

mical qgenys

als on the activities of betel leaf
se

R.5.3.1 Effects of varioug chemicalg on the activit :
The effects of vatious chemjegs (Viz. ‘I'rig 1(C‘lilc‘t1\‘71t1e‘s ofbetelilc’a‘fmvertases-
acid) on the activity of lepel leaf in-\,m‘m‘;“, UL\(?‘TC’ .l‘l'uc_l()sc, I','l?l;\ and Acetic
found that the activity of INVertase \V:lrﬁ‘“ri:ul\:'tlllﬁ C]”‘L:(.I “‘] the .lﬂblc_l.d" I s
concentration of all of these chemicals, ;\c&ti‘vitic‘: 2 F( (L'llu'lwd .W”h the mcrcnsc‘d
inhibited pootly by ‘I'is (3.69%-17.260 - acd nvertase T(ATV T) were
; : 1o e o1 126%), glucose (2.54% - 11.82%) and fructose
(5.68% - 20.55%) while Acid invertase 1 (ATV 1) activity was inhibited 1.36% -
14.63%' by I'ris, 1.28%, - 13.17% by elucose and 4%, - 1‘7()0% b fr'ucl'()qc
respectively. Alexander (1969) found thag acid invertase was 25"'/0 inhibi);cd by h:is‘
of 0.05M c.onccntmt‘ion. Product inhibition of invertase has‘ been dcmomtmtid ix;
many species (Van den er. al, 1995; T.ec er. al, 1996; Ross ez a/ 1996). i%ctcl leaf
invertases were also inhibited by their products glucose and fru,ctose. I'ructosce 1s
slightly stronger inhibitor than glucose and invertase activitics decreased with the
increase In concentration of glucose and fructose. rom this study, it is clear that
glucose and fructose are competitive inhibitors of invertase. Darren ef. al. (1998)
found that sugatcane neurral invertase was inhibited about 27% and 37% by its
products glucose and frucrose respectively. On the other hand, moderate to
significant inhibition effects of the invertases were found by ED'I'A and acetic
acid. “T'he activitics of acid invertases, ATV T and ATV 1 were inhibited sequentially
with increase in concentration of EDTA and acetic acid, and at 5mMI
concentration the activitics were found to be about 50% by EIDTA and about 45 —
49% by acctic acid.

R.5.3.2 Effects of various chemicals on the activities of betel leaf polyphenol

oxidase

The cffects of various chemicals (viz. T'ris, BD'T'A and Acetic acid) on the activitics
of betel leaf polyphenol oxidase were cited in the Lable-15. Tt was founq that the
activity of polyphenol oxidase was gradually decteased with the increased

concentration of all of these chemicals. Moderate to significant inhibition effects
ol re found by Tris, EDTA and acetic acid with the

activity of polyphenol oxidase was inhibited by ‘I'ris
(48.68% - 82.38%) and by acctic acid (45.35% -

of the polyphenol oxidase we
increase in concentration. I'he
(37.66% - 69.26%), by LDTA

63.49%) at different concentrations of these chemica
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Jlects of /)/U’.S'I(.'()-('/I(’HJI'('(l/ agents '

Table-14: Effcct of varioug chemie
petel leaf.

als - g s . s
on the activities of Invertases from

Cl:i:::]lieCZlfs C”“Z:}\l;;tion KC]utivc Activitics (%)
None T o —— IVI ATV 11
I'ris “*\%\\g 100 100

— 96.31 +0.74 98.64 + 0.68

— 2 | 9125+082 91.42 + 0.64

i \‘15“‘““ 8274076 | 8537+0.72
' | 97.46+054 98.72 + 0.56

| 3 | 92544062 | 9381+05]

—— “"\*?““ 88.18+0.64 | 86.83+0.49
U | 94324067 96.60 + 0.64
3 | 8786+061 90.32 + 0.61

T ]5 7945£058 | 8240069
2 85.00 + (.87 89.63 + 0.69

3 7270 +0.91 75.34 +0.78

5 48.56 £ 0.95 49.68 + 0.73

Acctic Acid 1 69.85 £ 0.32 73.54 + 0.41
3 57.32+0.44 61.23 +0.45

5 44.94 +0.51 49.15 + 0.49

Table-15: Effect of various chemicals on the activities of betel leaf
Polyphenoloxidase activity

 Name of Chemicals | Concentration (mM) | Relative Activities (%o)
None 0 100
Tris 1 62.34 £0.59
3 45.67 +0.55
3 30.74 £ 0.51
EIYTA 1 51.32 + 0.61
3 35.54 % 0.68
5 17.62 % 0.63
Acctic Acid ___’______1?_____ 54.65 + 0.36
3 46.74 + 0.41
= -« 8 | 36.51 + 0.46
I
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R.5.4 Effects of varioysg Mmetallic salts o ¢
jinvertases and polyphen] Oxidase

s of Phygi, i
)f Phy SCo-chemicql agents

R.5.4.1 Effects of varioyg
invertaSCS

The cffects of various metallic <ot i
I' flects ¢ Ous 1 tallic salts on the activities of betel leaf invertase were
given in Table-16. Plant invery ( {

ASCS were characteristically inhily: ’
and reagents that react with Sumwdry] o lel.l.S‘TICﬂ”) inhibited by heavy metals
¥ /., 1984: Moy groups (Krishnan o2 al., 1985; Arnold, 1965;
Singh et. al., » Morcll e/, 4/, 1984 peg / s . .
s dosirised A ) » TIessy el al., 1980). ‘T'he activity of invertascs

were decreased drastically with (he increased o

ctivities wete almost completely i nt ased concentration of HgCl, and the
ohibition were ceported fo ooy mhibited by 5 mM HyCl,, Similar types of
inhibitio vere ]] Hed lor sugareane neutral invertase (Datren et al, 1998) and
mango nvertase (Rahman, N H. ¢, al, 2001). Fad, e af (1990) reported that
.chc.rr.y-frmt Invertase was 1111111)}tcd by more than 80% with 2 UM HgCl,. Complete
inhibition of invertases by FlpCl, was consistent with the reports of Schwimmer, ef
al. (1961) ml(‘] .Prcsy (1967). [t can be concluded from these findings that —SH
groups containing amino acids are located at or near the active sites of betel leaf
invertases. ZnSO, reduced considerably the activity of betel leaf acid invertase by
9.86% - 39.75% and acid invertase I by 15.81% - 45.33% at different
concentrations. Darren ef al (1998) observed almost complete inhiobition with
ZnCl, in sugarcane neutral invertase. ‘The activities of AIV [ and AIV IT were
decreased by 11.02% - 23.68% and 7.69% - 14.36% respectively at different
.concentrations of AgNO,. Calcium and Manganese salts had almost no cffects on

: SR & :

betel leaf invertases. Hati, et a/ (1990) also found that Ca®* had no effect on
cherry fruit invertase at 10mM concentrations. On the other hand, invertase
activities were increased moderately by MgCl,, KCl and GuCl,. The activitics of
ATV T were increased by 10.35% - 34.36%, 7.68% - 34.25% and 18.46% - 37.36%
while that of ATV 1T were increased by 12.54% - 32.45%, 4.65% - 20.81% m}d
2437% - 39.43% at different concentrations of MgCl,, KCl -and- CuCl,

lne 4 ¥ . - . .
tallic salts on the activities of betel leaf

respectively.

R.5.4.2 Effects of various metallic salts on the activities of betel leaf

olyphenol oxidase .y
"Pi”heylz;ffects of various metallic salts on the activities of betel leaf polyphenol

) _ . ) lyphenol oxidases were characteristically
oxidase were given in Table-17. Plant polyphenol 0 f polyphenol oxidas
reagents. The activities of polyphenol oxidase was

inhibited by heavy metals and e §n
decreased grastic?;ly with the increased conccntfﬂn(g)nh i(i)].fc[ :ﬁf}t;‘:ithf;;lfft‘::i?:
was almost completely inhibited by 5mM Hg(,‘]z.- t-(i,it-q\ofbcl‘(‘l' I‘L‘H\El’“l)’l’ic‘"]’l
containing amino acids arc also i““}“_“! M rhc‘ fl.w,vl(;-(: L«.‘lcct‘cascd by increasing
oxidase. Polyphenol  oxidase activitics were  als
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concentrations of FeCl, ang Ma(]
smM 17eCly while that wag inhibig
hand, increasing concentrationg ¢
Polyphcnol oxidase activitieg
s5mM CaCl, and about 42.39%, by 5mM Cu(
similar type of metallic sy :

i cffects on the
oxidase.

2 The activities
ed about 54%
£ CaCl, anq ¢
and the activitics were incr

mical agenys

were decreased about 35% by
by SmM MgCl,. On the othet
uCl, significantly increased the
cased about 34.54% by
2 Shahanay, ¢/ 4/ (2001) repotted the
activity of sajna leaves polyphenol

Table-16: Effect of varigusg metallic salts on the activities of invertases

Cl;i:;lfczlfs COﬂE;HI\t;ation Relative Activities (%)
— " ) AIV ] AIV II

Nome \_*O\_ 100 100
HgCl, L1 | 3815£138 | 36472120
3 | 1934 +104 16.27 £1.21
2 | 4624105 3.21 +2.93
SO U T o0idea | ma9gais
3 78.32 + 2.86 73.45 +2.82
5 60.25 + 1.67 54.67 + 1.61
AgNO, 1 88.98 + 2.95 92.31 + 3.02
3 81.65+2.14 88.47 + 2.84
5 76.32 +1.87 85.64 + 2.57
CaCl, 1 100.12 + 3.64 100.0 + 3.50
3 99.34 + 3.32 98.35 % 3.16
5 98.87 + 3.29 98.42 + 3.14
MnCl, I 99.64+3.27 | 100.14 +3.33
3 100.78 £3.34 | 102.27 + 3.45
5 10220 £3.38 | 104.62 + 3.46
MgCl, 1 110.35 + 3.25 1 12.54 + 327
L 3 120.54 +4.36 | 121.38 +3.78
5 13436 £4.83 | 132.45+ 3.97
Kl 1 107.68 £3.35 | 104.65+ 3.28
3 123.47+3.76 | 11524 +3.64
5 13425+ 4.12 | 120.81+3.73
= '| 118.46+3.27 | 12437 +4.31
Cuch T3 | 124714348 | 13168+ 4.12
— 5 | 13736421 | 139.43+4.62

J/
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Table-17: Effect of varjoys Metallic salts op
Odlf 1 the

oxidase. activities of Polyphenol
E—m—m&lﬁ—‘gmmw__fgclative Activities (%)
HeCl T —— 100
o0 — ] 39.15 + 1.14
— 3 17.67 + 0.98
o ol \\;’__‘___ 4.85 + 1.25
] 82.34 + 3.27
S— 72.28 +2.98
TN \;:__\ 65.46 +1.18
2 I 78.37 £ 3.08
3 66.18 + 1.29
. 5 4525+ 1.06
CaCl, | 108.32 + 3.54
3 122.65 £ 3.97
5 134.54 + 4,25
CuCl, 1 112.48 + 2.63
3 135.73 £ 2.32
5 142.39 + 2.86

R.5.5 Effects of various proteins and lectins on the activities of betel leaf
invertases

‘The activitics of betel leaf invertases against sucrosc as substrate were assayed
using 1 x 107" M, 2x 107" M, 3 x 107 M, 4 x 107" M and 5 X 1 0" ™ conccntr_ﬂr‘ions
of different proteins and lectins. The point of optimal activation (POA: minimal
concentration of effector that produces the maximal enzyme acnvarlon)'of AI‘V I
and AIV TI were represented in ‘Table-18 using bovine serum alb‘umm ‘(BSA),
l’oiazﬂiogeforz nodosns lectin (PN1), concanavalin A, mulberry seed lectin (MSL), B-

Galactosidase, alkaline phosphatase and urcasc, [n case of acid invertase T (AIV 1),

the POA was 3 x 10~ * M for BSA, 2 x 107" M for PNL, 1 x 100 * M for
L MSL. 5 x 107 M for B-Galactosidase, 4 x 10~* M
107 i M for urcase that caused 20-25%, 55-62%,
| 45-57% activation of the enzyme

80-92%, 46-55%, 40-45%, 33-40% anc o e Tt ey
res " ly. I : . of ATV 11, the PO was 2 x 10 "M for BSA, 3 x 100*M for
bectively. In case ’ M for MSL, 5 x 107" M for B-

: 0"
J 10-* M for concanavalin A, 4 x| 2
](~NIL° : * 0 SM 1%).1. ,‘L]{)Iﬂg)lj, alkaline phosphatase and 5 x 107" M for urcase that
ralactosidase, 5 x vl Tor alke

. ’ —d .
concanavaline A, 3 x 107" M for
for alkaline phosphatase and 3 x
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cﬂl.ISCd 25"300/0, 45-560/0, 75_880/
activation of the enzyme ey " 35-45%, 30-42%, 35-44% and 42-50%

pectively, Tsly o al. (1995 imi
i - stac e al, teported similar type of
ftvg Invertase, ) l i

ns

activation effect on Oryza sa

Table-18: Protein and Lectin effect on invertage activity

. : ]
Protein/Lectin P()ﬁ:id invei;ase I Acid invertase 11
Pprx. POA Apprx
_ _(Molar) | Activation (%) | (Molar) Activatin (%)

Control . .

Bovine Serum Albumin | 3 x 10 - 20-25 2 ‘< 10 74 2530
B30

Potamogeton nodosus | 2 x 10 55-62 3x10°* 4556
Lectin (PNI.)
 Concanavaline A Ix 10" 80-92 1x10* 75-88
Mulberty  Sced Teectin | 3 x 10 46-55 4107 3545
(MSL)

B-Galactosidase 5x 10" 40-45 5x10 1 30-42
Alkaline Phosphatase 4x10" 33-40 5x10°* ] 3544
Utcase 3x10" 45-57 5x10°* 42-50

POA*= Point of Optimal Activation
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6.1 ANTIBACTERIAL SCREENING

6.1.1 Introduction:

Antimicrobial screening is used to petform the primary selection of the
compounds as icrapeuﬂc agent. The antibacterial screening is done by primaty
assay, a qualitative assay to determine whether the compounds are antibacterially

active ot not. In general, antimicrobial screening is undertaken in two phascs
which is desctibed as follows:

i) Primary assay:
It is a qualitative assay to detect the presence or absence of the activity. The

ptimaty assay can be performed in vitro by disc diffusion assay (Beur et. a, 1960)
method, which includes -

a. Plate Diffusion test and

b. Streak test. '

The streak test permits the determination of the antibacterial effect of a test
compound on several microorganisms simultancously and this test is suitable for
the determination of the specttum of the activity. But the plate diffusion test is
commonly used.

ii) Secondary assay:

It quantifies the relative potency such as minimum inhibitory concentration. ‘I'he
minimum concentiation of antimicrobial agent requited to inhibit the growth of
the organism 7 vivo is referred to as minimum inhibitory concentration (MIC). It is
done by serial dilution technique. '

Cutrent study includes only the disc diffusion technique.

6.1.2 Materials

6.1.2.1 Apparatus and reagents:

) Blank filter paper discs (sterilized)
i)  Standard kanamycin disc (IK-30)
i)  Petridishes

iv)  Inoculating loop

v) Test tubes

vi)  Sterile forceps

vil)  Micto-pipette

viii)  Bunsen burner
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ix)  Laminar ait flow uniy BIOCRAFT & SCIENTIFIC N
INDIA) C AENTIIC INDUSTRILES,

X) Methanol

xi)  Rectified spirit

xii)  Nutrient agar (DIFCO)

xiif)  Incubator (OSK, 9639r\,_}1\P1\N)

xiv)  Refrigerator (ARISTON, TI'T'A] 2Y)

xv)  Autoclave (ALP Co. 1 .d. K'T-301., TOKYO)

6.1.2.2 Test matetials used for the study
i) Betel Leaf extracts
if) Standard Kanamycin disc (K-30)

6.1.2.3 Test organisms used for-the study

Iive pathogenic bacteria were sclected for the test, three of them were gram
negative and others were gram positive. "The test organisms were collected from
the Depattment of Biochemistry and Depattment of Pharmacy, University of
Rajshahi, Bangladesh.

Table 19: List of the pathogenic bacteria

Test Organisms Type Srain Number
Shigella dysenteriae Gram ncgative AL-35587
Escherichia coli Gram negative FPFC- 1407
Klebsiella Spp. Gram negative | —-----

Staphylococcus [B-hemolyticns Gram positive CRI,
Staphylococcns anrens Gram positive ATCC- 259233

6.1.3 Disc diffusion method
6.1.3.1 Principle of Disc diffusion method:

In the diffusion assay, the sutface of a nutrient agar medium contained in a
petridish, was uniformly inoculated with the test bacterial culture. T'he test solution
of compounds were added to such a plate by pipetting them either into circular
holes cut into the agar or into previously applicd glass or metal cylinders or they
were absotbed on to filter paper discs, which were put on the sutface of the agar.
The test substances diffused into the agar with decreasing concentration towards
the periphery. In the case of positive reaction, an inhil).itm'y ZONC was ()bse‘rved
after incubation for several hours whete the concentration exceeds the MIC for



- 104
Bioactivity Studies

that partl.cu]at otganism. The diameter of zone of inhibition was proportional to
the logarithm of the conceniration of the antibiotic. ‘The diameter of zone of

inhibition 'ptoduccd under constant experimental conditions were dependent on
the following factors:

a. Thickness of the agar medium,

b. Diffusion rate of the test compound.
C. Inoculum size.

d. Incubation time.

c. Temperatute of cultivation.

f. Culture medium composition.

g Growth rate of the test organism.

6.1.3.2 Mechanism by which Disc diffusion technique acts:
A number of events occurred simultancously during this process:
i) Initially the dried disc absotbed water from the surrounding test medium
and the drug (test sample) became dissolved in it.
if) The drug (test sample) migrated through the adjacent test medium due to
concentration gradient.
iif) "This results in a gradual change of the drug (test sample) concentration in
the agar surrounding cach disc.
The plates seeded with test organism disc containing antibiotics were kept at low
tempetature (4'C) for 4 hours and then incubated at 37°C for 16 hours in an
incubator. A clear zone was observed whete the drug was present higher than the
minimum inhibitory concentration.

6.1.3.3 Preparation of Nutrient agar media

10 gm Bacto-trypton, 5gm Bacto yeast extract, 10 gm sodium chloride were dissolved in
800 ml distilled water and pll of the medium was adjusted to 7.5 by 5N sodium
hydroxide. Then 15gm agar was added and the volume was made 1000 ml with distilled

.water and sterilized by autoclaving at 151bs/sq. inch, 121°C for 20 minutes and stored at
4°C.

6.1.3.4 Preparation of fresh culture of the test pathogenic bacteria:

1. The nutrient agar medium was dispensed in number of clean test tubes to
ptepate slants (Smlin cach test tube).

i1. The test tubes wete then plugged with cotton and sterilized in an autoclave
at 15 lbs/sq. inch and 121°C for 15 minutcs.

iii.  Finally, different pure strains of the test organisms were streaked on these

slants with the help of sterile inoculating loops under the laminar airflow
i . . or~
unit and incubated upto 24 hours at 37°C.
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6.1.3.5 Preparation of test plates:

i A n(}n‘nl)cr of petridishes were washed and sterilized by dry heat (2 hours at
120°C).

if. Some tcst.tubcs were washed, [5ml nutrient apar medium was poured and
plugged with cotton.

iil. ['he test tubes were sterilized and allowed to cool to about 40°C .

iv. By means of a sterile moculating loop, the culture of the bacterial spores

were inoculated in the medium (o the test tube and was agitated to ensure
uniform dispersion of the organism into the medium,
v. 1"‘i-na]ly, the medium was pouted into the sterile petridish and agitated clock
wise, anti-clockwise, left to right and right to left for uniform dispersion.
‘Thus the plates were ready for sensitivity test,

6.1.3.6 Preparation of the discs containing sample:

Ior the preparation of discs containing samples the following ptocedures wete
utilized.
a. Sample discs

1) Filter paper discs were taken in a petridishes and sterilized in oven at 110°C
for 1 hout.
it) ‘The leaf extracts were concentrated upto dryness. The stock solution was

prepared by dissolving the extract in DMSO solution to make the
concentration of one pg/pl. By means of a micropipette 50pd and 100pd of
the leaf extracts were placed on the filter paper disc

i)  ‘These discs were then air dried.

b. Standard discs

Prepared kanamycin discs containing 30 g/ disc were used as standard discs.

6.1.3.7 Placement of disc, diffusion and incubation:

Procedure:

i. By means of stetile forceps the sample impregnated filter paper discs and
standard antibiotic disc were placed gently on the solidified agar plates
sceded with test organisms to ensure contact with the medium.

1. The plates wete then kept in a refrigerator for 12-16 houts at 4°C in ordet
to provide sufficient time to diffuse into the medium.

iii. They werc finally incubated at 37°C for 24 hours in an incubator.

Precaution:

The discs were placed in such that the discs were no closer than 15mm to the edge
of the place and for enough apatt to prevent over lapping the zones of inhibition.
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6.1.3.8 Measurement of the zone of inhibition:
After incubation, the antibacrerial activity of the rest sample was determined by

measuring the diameter of inhibitory clear zone produced in term of mm with a
transparent scale.

6.1.4 Results of antibacterial Screening

‘The antibacterial activities of the betel leaf extracts were determined at a

concentration of 50 ng/disc and 100 ng/disc against the tested organisms and the
results are shown in Table-20. Tt was found that the entire test sample exhibit
positive response against all the tested bactetia. ‘The standard kanamycin disc (30

ug/disc) showed 28 mm inhibition zone against Staphylococcns anrens where as 50
Hg/disc and 100 pg/disc of Doga pan showed 15 mm and 22 mm zone of
inhibition. Doga leaf extract of 50 pg/disc showed 14, 13, 16 and 12 mm zone of

inhibition and 100 pg/disc showed 24, 18, 22 and 19 mm against 5. B-hemolyticus, E.
Coli, §. Dysenteriae and Klebsiella § pp. respectively. Shail pan showed 14 and 21 mm,
13 and 23 mm, 12 and 17 mm, 15 and 21 mm, 13 and 16 mm zone of inhibition

against S. Aureus, S. [-bemolyticus, E. Coli, . Dysenteriae and Klebsiella Spp. bacteria

respectively for 50 pig/disc and 100 pg/disc. Dudhswar pan showed 14 and 20
mm, 13 and 22 mm, 14 and 19 mm, 15 and 21 mm, 11 and 18 mm zone of

inhibition against S. Aureus, S. B-hemolyticus, E. Coli, . Dysenteriae and Klebsiella Spp.

bacteria tespectively for 50 pg/disc and 100 pg/disc whereas 13 and 19 mm, 14
and 19 mm, 14 and 21 mm, 13 and 22 mm, 12 and 17 mm zone of inhibition were

obscrved against them for Kal Bangla leaf extract of 50 pg/disc and 100 pg/disc.
The standard Kanamycin (30 pg/disc) gave inhibition zone of 28 mm, 29 mm, 27
mm, 28 mm and 26 mm against S. Aurens, . [-hemolyticns, E. Coli, . Dysenteriae and
Klebsiella Spp. bacteria respectively.
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Table-20: Antibacterial Activity of betel leaves extracts:

Varicties

Zone of Inhibition (in mm)

S. Anrens | B-| L. Coli S. Dysenteriae | Klebsiella Spp.
hemolyticus
50 100 |50 100 |50 100 {50 100 |50 100
e/ | ne/ e/ (ne/ ne/ e/ [we/ |ne/ ne/ | e/
disc | disc | disc |disc |disc |disc | disc disc |[disc | disc
Shail Pan 14 21 13 23 12 17 15 21 13 16
Doga Pan 15 22 14 24 13 18 16 22 12 19
Dudhswar 14 20 13 22 14 19 15 21 11 18
Pan
K.Bangla 13 19 14 19 14 21 13 22 12 17
Pan
Kanamycin | 28 29 27 28 26
(30 pg/disc)
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6,.2 Determn‘lat.lon of minimum inhibitory concentration (MIC) of
different varieties of betel leaves

6.2.1 Introduction

The lowe§t concentration of antimicrobial agent requires to inhibit the growth of
the otganism z# witro is referred as the minimum inhibitoty concentration (MIC).
MIC may be defined as the lowest concentration of antimicrobial drug required to
inhibit the growth of organism. The data detived from the test can be corrected
with the knowledge of expected or measured antibiotic level ir s to predict the
efficacy of antibiotic as compared with standard antibiotics. The serial dilution
technique (Reinet, 1982) was followed using nuttient broth medium to determine
the MIC value of the chemotherapeutic agent.

There are two methods for determining the MIC. They are as follows-

i) Serial tube dilution technique or ‘L'urbidimetric assay

ii) Paper disc plate technique or agar diffusion assay

Here “Serial tube dilution technique” was followed using nutrient broth medium
to determine the MIC values against the Shigella dysenteriae, Kiebsiella Spp., Escherichia
coli, Staphylococcus B-hemolyticns and Staphylococens anrens.

0.2.2 Serial tube dilution technique:

‘T'he tubes of broth medium, containing graded doses of compounds are inoculated
with the test organisms. After suitable incubation, the growth of organisms will
‘occur in those inhibitory tubes whete the concentration of antibiotic is below the
inhibitory level and the culture will become turbid (cloudy). Therefore, growth of
mictoorganisms will not occur when the concentrations of antibiotic and
compounds arc above the inhibitory level and the tube will remain clea.

6.2.3 Preparation of inoculum

Fresh cultures of the test organisms wete grown at 37.5°C for overnight on
nutrient agar medium. Bacterial suspensions were then prepared in sterile nutrient
broth medium in such a manncr so that the suspension contains 107 cells/ml. This
suspension was used as inoculums.

6.2.4 Preparation of the sample solution
The leaf extracts were concentrated upto deyness. Then the stock solution was

prepared by dissolving 2.048 mg of dried extract in 2 ml of DMSO solution. Thus
solutions with a concentration of 1.024 mg/ml were obtained.



109

Bioactivity Studies

6.2.5 Procedure of serial tube dilution technique

ot r.h.c determination of MIC of Doga’ varicty leal extract against Shigella
dysenteriae. :

i) 12 Cleanced test tubes were taken., 9(ninc) of which were marked as 1-9 and
rest 3 (three) were assigned as C,, (M cdium), Cy (medium + betel leaf dried extract)
and C; (medium + inoculum),

i) According to the specification (2.3% w/v) nutrient broth medium was
prepated and T ml was taken in cach of the 12 test tubes.

iif) ~ All the test tubes were cotton plugged and sterilized in an autoclave at 121°C
and 1 atms. pressure for 15 minutes. :
iv)  Aftet cooling, 1 ml of the extract solution was added to the first test tube and
mixed well. Then 1 ml of this content was transferred to the second test tube,

v) The content of the second test tube was mixed well and again 1 ml of this
mixture was transferred to the third test tube. ‘Ihis process of scrial dilution was
continued upto the ninth test tube and 1 ml sample solution was discarded from
the ninth test tulye.

vi) 10pl of properly diluted inoculum of Shigellu dysenteriae was added to each of
the nine test tubes and mixed well.

vil) To the control test tube, | ml of the sample solution was added, mixed well
and 1 ml of this mixed content was discarded. ‘I'his was done to check the clarity
of the medium in presence of diluted solution of the extract.

viii) 10ul of the inoculum was added to the control test tube €, to obscrve the
growth of the organism in the medium used.

ix) The control test tube C, containing medium only was used to conficm the
sterility of the medium.

x)  All the test tubes were incubated at 37.5°C for 24 hours. Step iv-vii wete done
in the laminar flow unit to overcome contamination.

xi) ‘The same procedure was also applied to determine the MIC of all the other
test samples (Shail leaf extract, Dudhswarl leaf extract and Kal Bangla leaf extract,)
against Shigella dysenteriae, Escherichia coli, Staphylococcus B-hemolyticns and Staphylococcns
anreis).

6.2.6 Results of MIC tests

The MIC values of the Doga leaf extract at mature stage were found to be 64
tg/ml against three pathogenic bacteria c.g. Shigella dysenteriae, Staphylococens f-
hemolyticus and Staphylococens anrens and 128 pg/ml against the pathogen, Escherichia

coll.
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The MIC values of the Shail variety were 256 Wg/ml against Fscherichia coli, 128
pg/ml against two pathogenic bacteria c.g, Staphylococcns - anrens and - Shigella
dysenteriae, and 64 g/ ml against Staphylococens B-hemolyticus.

The MIC values of the Dudhswar varicty leaf extract were 128 pp/ml against all
four tested pathogenic bacteria while the MIC values of Kal Bangla pan were 128
g/ ml against Staphylococcus anrens and Staphylococens B-hemolyticns and 64 pg/ml
against the rest of two tested pathogens c.g. Shigella dysenteriae and Escherichia coli.

Table-21: MIC of the betel leaf extracts against five pathogenic bacteria.

~—~ Bacterial growth obsctved against
E/ Staphylococeirs Escherichia Shigella Staphylococcus
. | 2| E e colt, dysenteriae | f-hemolyticus
.|
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6.3 Antifungal Screening
6.3.1 Introduction

Antifungal screening is also used to perform the primary selection of the

compound as therapeutic agent. T'o determine antifungal activity, the following
two methods are generally used:

0) Agar well diffusion method and

if) Disc diffusion method

"The antifungal activity of the betel leaf extracts were performed by using the disc
diffusion assay (Beur e a/, 1966) method and the whole testing procedute was the
same as the antibacterial activity test. The only difference was that the period of
incubation was 48 hours at room temperature,

6.3.2 Materials

6.3.2.1 Test organisms used for the study

l'our identificd fungi collected from the Department of Botany, University of
Rajshahi were used for the test of antifungal activity. ‘I'he fungi are listed below.

1) Aspergillus flavus

1) Aspergillus niger

1z) Aspergillus fumigatus

tv) Candida albicans

6.3.2.2 Culture medium used for the study
Potato dextrose agar (PDA) medium was used to perform the antifungal activity
and for subculture of the test organisms.

6.3.3 Methods

6.3.3.1 Preparation of the medium

‘The constituents of the medium was accurately weighed and dispersed in a conical
flask with distilled water. Tt was heated in water bath to dissolve the ingredients
until a transparent solution was obtained. ‘The pH of the medium was adjusted to
5.6. 'The volume was adjusted by adding distilled water and sterilized in an
autoclave.

Table-22: Ingredients of Potato dextrose agar media (PDA).

Ingredient Amount
Potato 20.0 gm
Dextrose 2.0 gm
Agar 2.0 gm
Distilled water q. s. to 100 ml
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6.3.3.2 Prepatation of the test plates, preparation of the discs, preparation of
the test samples, placement of the discs, diffusion and incubation
Preparation of the test plates, discs, test samplcs, placement of the discs, diffusion
and incubation processes were almost same of the antibacterial screening, Here
only the incubation petiod was replaced by 48 hours at room temperature.

6.3.3.3 Measurement of the zone of inhibition
After incubation, the antifungal activity of the test sample was determined by

measuring the diameter of inhibitory clear zone produced in term of mm with a
transparent scale.

6.3.3.4 Results of antifungal test

An interesting result was exhibited by the betel leaf extracts. Although the leaf
extracts exhibit significant antibacterial activity but it showed no antifungal activity
against any test fungus. It is yet to detetmine the cause behind these phenomena.

6.4 Cytotoxicity Studics using brine shrimp (Artemia salina)

6.4.1 Introduction

Brine shrimp lethality bioassay (Persoone ez a/, 1980; Mayer,1982; Mclaughlin e# o/,
1988; Mclaughlin, 1990) 1s a recent development in the assay procedute of
bioactive compounds. Natural product extracts and pure compounds can be tested
for their bioactivity by this method. Tlere in vivo lethality, a simple zoological
organism (Artemia jalina) was used as a convenient monitor for the screening and
fractionation in the discovery of new bioactive natural products. Generally, the
median cffective dose (I2Ds,) values for cytotoxicitics ate onc tenth of median
lethal dose, 1.Dg, values in the brine shrimp test. The bioassay indicates
cytotoxicity as well as a wide range of pharmacological activitics (c.g. anticancer,
antiviral, insecticidal, pesticidal, AIDS ctc) of the compounds.

6.4.2 Materials

1) Artemia salina Leach (brine shrimp cggs)

2) Sea salt (NaCl)

3) Pipettes (5 ml & 1 ml)

4) Micro pipette (10-100 ul adjustable)

5) ‘T'wo drum vials

0) Magnifying glass -

7) Small tank with perforated dividing dam to grow shrimp, cover and lamp to

attract shrimp.
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6.4.3 Procedures

A) Prcp.arfltlon of sea water: 38 grams of NaCl was weighed, dissolved in one
liter of distilled water and then filtered off,

B) .I—Iatching of brine shrimp eggs: Sca watcr was taken in small tank and
shrimp eggs were added to one side of the divided tank which was covered. The
shrimps were allowed for two days to hatch and matured as nauplii (larvac), The
hatched shrimps were attracted to the lamp on the other side of the divided
through the perforations in the dam. These nauplii were taken for bioassay.

C) Preparation of sample solution: ‘I'he leaf extracts were concentrated upto
dryness. Then the stock solution was prepared by dissolving 2 mg of dried extract
in 2 ml of DMSO solution. "Thus solutions with a concentration of 1 mg/ml were
obtained. 2ml of cach solution wese dialyzed separately against distilled water for 3
hours at 4°C.

D) Application of test solution and nauplii in the vials: At room tempetatute
the test samples were dissolved in dimethyl sulphoxide (DMSO) and five grade
doses 1.5, 3.0, 6.0, 12.0 and 24.0 pg/ml, respectively were used for 5ml scawater
containing 100 brine shrimp nauplii in each group. Three vials were used for each
concentration and control was used containing 100 nauplii in 5 ml of sca water. A
magnifying glass was used for convenience of counting of the nauplii.

E) Counting of nauplii: After 24h incubation the vials were observed and the
number of survivors in each vial were counted using magnifying glass and noted.
I'rom these data, the percentage of mortality of the nauplii was calculated for each
concentration and the 1LDg, values were determined from the log dose response
curve (Goldstein & Kalkan, 1974). |

6.4.4 Results of Cytotoxicity Studies

‘The tesults of brine shrimp lethality bioassay are shown in ‘I'able-23. I'est samples
showed diffcrent mortality rate at diffetent concentrations. The mortality rate of
brine shrimp nauplii was found to be increased with the incresased concentration
of the sample and concentration of logarithm versus percent mortality (Goldstein,
1974) was plotted and a best firted line was drawn which showed an almost lincar
correlation as shown in the figure-31. Among the four varicties, the Dudhswar pan

showed the highest cytotoxicity. ‘I'he 1.1, values were found to be 7.02 ug/ml for
Dudhswar varicty, 10.75 pg/ml for Shail pan, 17.25 pg/ml for Doga pan and
10.52 pg/ml for Kal Bangla pan extract. This experiment showed that 1.1, values
of the four betel leaf extracts were around the toxic level. T'rom the present
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investigation, it can be concluded that the Dudhswar, Shail and Kal Bangla variety
may have important role in anticancer and antitumour activity as they showed
more cytotoxic activity and further investigations are needed to confirm their
bioactivity by applying on human cancer cell and bacteria to establish these as
anticancet and antitumour agents which may cxplore as potent chemotherapeutic
agent(s) in modern clinical trials. But it is not clear from this experiment which of
the compound(s) is responsible for the cytotoxic activity of betel lcaves,

Table-23: Brine shrimp lethality bioassay of betel leaf extracts at mature
stage using Artemia salina.

Varieties Stages LD, (1ig/ml)
Shail Pan Mature Stage 10.75
Doga Pan Mature Stage 17.25
Dudhswar Pan Mature Srage 7.02
Kal Bangla Pan Mature Stage 10.52
801 | ——Shail Pan
70 ~ M- Doga Pan E
—k— Dudhswar an |
60 —.fl(nl Bangla Pan | B
_E‘ 50 7
g /// E
= 40 2l
gy
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Figure-31: Determination of 1.Dg, from Log Dosc response cutve.
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CHEMICALS AND EQUIPMENTS:

CHEMICALS:
‘The important chemicals used in this study are mentioned below with  their
manufacturers:
Acctone

BDH Chemical 1.td., Poole ngland.
Acrylamide

Sigma Chemicals Co., U.S.A.
Albumin Bovine (BSA)

Sigma Chemicals Co., U.S.A.
Ammonium persulfate

Bio-Rad ILaboratories, Richmond, U.S.A.
Ammonium Sulfate

Merck, Germany.
Aniline

BIDH Chemical 1uad., Poole Fngland.
Arabinose

Sigma Chemicals Co., U.S.A.
Borate (Natrium tetraboratc)

* Sigma Chemicals Co., U.SA.

Bromophenol bluc
| Bio-Rad 1.aboratories, Richmond, U.S.A.
Butanol '

BDH Chemical Ltd., Poole Fingland.
B-Galactosidase

BDH Chemical Ltd., Poole Iingland.
Coomassie brilliant blue R-250

Bio-Rad ILaboratorics, Richmond, U.S.A.
Copper Sulfate

BDH Chemical Ltd., Poole Fingland.
DEAT-cellulose

Phatrmacia fine Chemical Co. Ltd, Sweden.
Di Sodium hydrogen otthophosphate dihydrate

BIDH Chemical Ltd., Poole ngland.
Galactose

Sigma Chemicals Co., U.S.A.
Glacial Acetic Acid

BDH Chemical Lid., Poole ingland.

Glucose
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Sigma Chemicals Co., US.A.
Glycerol

Bio-Rad | aboratories, Richmond, U S.A.
Glycine

Bio-Rad I.aboratorics, Richmond, U.S.A.
Hydrochloric Acid

BIDH Chemical 1, , Poole 14 ‘ngland.
[sopropanol

Merck, CCllTlﬂﬂy.
Lautyl Sulfate (SDS)

Sigma Chemicals Co. St ] outs, U.SA.
Lysozyme

Sigma Chemicals Co. St Louis, U.S.A.
o-Amylase

Sigma Chemicals Co., U.S.A,
Mannose

Sigma Chemicals Co., U.S.A.
B-marcaptoethanol

Sigma Chemicals Co., U.S.A.
N,N Methylene-bis-Acrylamide

~ Sigma Chemicals Co., U.S.A.

Orthophosphoric Acid

BDH C hcnucql Co Ltd,, lingland.
Phenol

Aldrich Chemical Company, Tnc. U.S.A.
Potassium Sodivm ‘Tartrate

BDH Chemical 1id., Poole Iingland.
Phthalic Acid

BDH Chemical Ltd., Poole Tingland.
Riboflavin

BDH Chemical Co Ltd., Germany.
Ribosc

Sigma Chemicals Co., U.S.A.
Sephadex G-75

Sigma Chemicals Co., U.S. 1\
Silica Gel G

Metck, India Ltd.
Sodium Dihydrogen orthophosphate

BDH Chemical 1.td., Poole ingland.
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Sodium Chloride

Merck, India Ltd.
Sodium Hydroxide

Merck, Germany,
Sodium Azide

Sigma Chemicals Co. St. Louis, U.S.A.
Sodium Carbonate

Hopkin & Williams, Iisscx, lingland.
Sulfutic Acid

. BDH Chemical Ltd., Poole Lngland.

TEMED (N, N, N, N-tetramcthylenc diamine)

Sigma Chemicals Co., U.S.A.
Ttichloro acetic acid (T'CA)

BDH Chemical Ltd., Poole [ingland.
Urease

Fluka Bio Chemika, Switzetland.
Standard Kanamycin disc (K-30)
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EQUIPMENTS:

The important equipments used throy

1)
2)
3)

10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)

21)
22)
23)
24)
25)
26)
27)
28)
29)
30)

ghout this study are listed below:
Centrifuge (re frigerated) Model-11 502
Llectric balance - Mettler 1118,
F,lectrophoresis powet supply.

I'raction Collector-SF-160 (Advantec, Japan).
Homogenizer - Model AM - 5

Incubator - Gallenkamp, lingland
Micropipette

pH - Meter

Shimadzu Double beam Specttophotometer
Stitrer / Hotplate MR - 2000.

Supet mixer, Labline instrument.
Slab gel clectrophoresis apparatus
Volac pipette controller - Model 958241, U.S.A.
Water Bath.

Cold Chamber.

Blank filter papet discs (sterilized)

Standard kanamycin disc (IK-30)

Petridishes

Inoculating loop

Test tubcs

Sterile forceps

Micro-pipette

Bunsen butner

Laminat air flow unit (BIOCRAL'T & SCIENTIUIC INDUSTRIES, INDIA)
Methanol

Rectified spitit.

Nutrient agar (IDTIFCO)

Incubator (OSK, 9639A, JAPAN)
Refrigerator (ARISTON, I''ALY)

Autoclave (ALP Co. Ltd. K'1-301., TOKYO)
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