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Bael, Aegle marmelos (Linn.) Correa ex Roxb., belonging to family rutaceae is a medium
sized tree of Indian origin found upto an altitude of 1200 meter. Various parts of this
versatile tree species such as leaves, roots, seed, bark and fruit etc contain a large number
of coumarins, alkaloids, sterols and essential oils hence, possess anti-microfilarial,
antifungal, analgesic, anti-inflammatory, antipyretic, hypoglycaemic, antidyslipidemic,
immunomodulatory, antiproliferative, wound healing, anti-fertility, and insecticidal
abilities. The fruits are also used to prepare a large number of by products such as candy,
panjiri, toffee, jam etc with help of various post harvest technologies which also helps to
reduce the post harvest losses and hence increases the shelf life which further helps in
value addition and in generation a good income for a needy farmer.

Introduction

Bael (Aegle marmelos Corr.) is an indigenous
fruit of India belongs to family Rutaceae and
it is commonly known as Bengal quince (John
and Stevenson, 1979), Bilva, Indian quince,
Golden apple, Holy fruit, Bel, Belwa, Sriphal,
Stone apple and Maredo in India. Aegle
marmelos (L.) tree is held sacred by hindus
and offered in prayers of deities Lord Shiva
and Parvati and thus the tree is also known by
the name Shivaduma (The Tree of Shiva). It
has tolerance to arid conditions (Chundawat,
1990) as well as high rainfall. Exploration
undertaken in eastern Uttar Pradesh and
adjoining urea of Bihar indicated wide range
of variability in thorniness on stem, fruit
shape, scull thickness and pulp characteristics.
Promising lines in respect to high yield and
quality fruits were identified (Rai et al.,
1991).

The Bael tree has its origin from Eastern
ghats and central India. It’s indigenous to
Indian subcontinent and mainly found in
tropical and sub-tropical regions. The tree is
also found as a wild tree, in lower ranges of
Himalyas up to an elevation of 500 meters.
Bael is also found growing along foothills of
Himalayas, Uttranchal, Jharkhand, Madhya
Pradesh and the Deccan Plateau and along the
east coast (Sharma et al., 2007). Bael fruit is a
sub-tropical, deciduous tree and fruit is
globuse with grey or yellowish hard woody
shell. Inside this, there is soft yellow or
orange colored mucilaginous pulp with
numerous seeds. It has numerous seeds,
which are densely covered with fibrous hairs
and are embedded in a thick, gluey, aromatic
pulp (Kaushik et al., 2002). Bael fruit is truly
popular for its ability to combat constipation.

1870


http://dx.doi.org/10.20546/ijcmas.2017.603.213

Int.J.Curr.Microbiol.App.Sci (2017) 6(3): 1870-1887

Its medicinal properties have been described
in the ancient medical treatise in Sanskrit in
CharakaSamhita (Aiyer, 1956). All the plant
parts like leaves, roots, barks, seeds and fruits
of Bael are important ingredients of several
traditional formulations against various
diseases and many bioactive compounds have
also been isolated of it (Badam et al., 2002,
Gupta and Tondon 2004). Bael (Aegle
marmelos) is an important medicinal plant of
India. Biochemical compounds of bael leaves,
fruits and seeds have been used in several
diseases like diabetes, cardiovascular and
anti-inflammatory (Maity et al 2009). The
most important ingredients present in plants
are alkaloids, terpenoids, steriods, phenols
glycosides and tannins (Venkatesan et al
2009).

Origin

Bael is native to India (Zeven and De Wet
1982) and found throughout Southeast Asia.
In India this fruit is grown in Indo-Gangetic
plains and Sub-Himalayan tracts up to a
height of 500 m, in North-East India and dry
and deciduous forest of central and southern
India.

Distribution

Aegle marmelos is a subtropical plant and
grows up to an altitude of 1,200 m altitude
from sea level. It grows well in the dry forests
on hilly and plain areas. Aegle marmelos is a
widely distributed plant and found in India,
Ceylon, China, Nepal, Sri Lanka, Myanmar,
Pakistan, Bangladesh, Nepal, Vietnam, Laos,
Cambodia, Thailand, Indonesia, Malaysia,
Tibet, Sri Lanka, Java, Philippines and Fiji.

In India it found in Sub-Himalayan tracts
from Jhelum eastwards to West Bengal, in
central and south India. It found almost in all
the states of India (Dhankar et al., 2011).

Botanic description

Aegle marmelos is a slow-growing, medium
sized tree, up to 12-15 m tall with short trunk,
thick, soft, flaking bark, and spreading,
sometimes spiny branches, the lower ones
drooping. Young suckers bear many stiff,
straight spines. A clear, gummy sap,
resembling gum Arabic, exudes from
wounded branches and hangs down in long
strands, becoming gradually solid. It is sweet
at first taste and then irritating to the throat.
Bael has enormous traditional uses against
various diseases and many bioactive
compounds have been isolated from this plant
also (Maity et al., 2009).

The deciduous, alternate leaves, borne singly
or in 2's or 3's, are composed of 3 to 5 oval,
pointed, shallowly toothed leaflets, 4-10 cm
long, 2-5 cm wide, the terminal one with a
long petiole. New foliage is glossy and
pinkish-maroon. Mature leaves emit a
disagreeable odor when bruised. Fragrant
flowers, in clusters of 4 to 7 along the young
branchlets, have 4 recurved, fleshy petals,
green outside, yellowish inside, and 50 or
more greenish-yellow stamens (Orwa et al.,
2009).

The plant

Aegle marmelos is a slow-growing, medium
sized tree, 25 to 30 feet tall. The stem is short,
thick, soft, flaking bark, and spreading,
sometimes spiny branches, the lower ones
drooping. Young suckers bear many stiff,
straight spines. There are sharp, axial one inch
long spikes on this tree. The leaflets are oval
or lancet shaped, 4-10 cm long, 2-5 cm wide.
Leaves composed of 3 to 5 leaflets in it. The
lateral leaflets are without petiole and the
terminal one has a long one. The petiole is 1
to 2.5 inch long. Mature leaves emit a
peculiar fragrance when bruised. Flowers
occurs in clusters of 4 to 7 along the young
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branchlets, have 4 recurved, fleshy petals. The
flowers are greenish white in color with a
peculiar fragrant. Flowering occurs during the
month of May and June. Fruit is spherical or
oval in shape with a diameter of 2 to 4 inch.
Shell is thin, hard and woody in nature. It is
greenish when unripe and upon ripening it
turns into yellowish colour. The pulp of the
fruit has 8 to 15 segments. The pulp is yellow,
soft, pasty, sweet, resinous and fragrant.
Fruition occurs in the month of May and June.
The seeds are embedded in the pulp. The
seeds are small (nearly 1 cm in length), hard,
flattened-oblong, bearing woolly hairs and
each enclosed in a sac of adhesive (Lambole
et al., 2010).

Cultural practices of bael

Climate and soil

Though bael is a fruit crop of subtropical
origin, it has got a wider adaptability and can
perform equally well in tropical, arid and
semi-arid regions. Aegle marmelos is said to
do best on rich, well-drained soil, but it has
grown well and fruited on the oolitic
limestone of southern Florida. It also grows
well in swampy, alkaline or stony soils having
pH range from 5 to 8. This tree requires
pronounced dry season to give fruit. In India
it has the reputation of thriving where other
fruit trees cannot survive (Hiremarh et al.,
1993).

Planting

Rainy season is the best time for planting.
However, planting can also be done in spring
season if irrigation facilities are available. Dig
the planting pits of Im x 1m x1m size at least
one month prior to onset of monsoon. Keep
the planting pits open for 20-25 days

thereafter; fill each pit with a mixture of top
soil and 10-15 kg of FYM. This may be
followed by irrigation to settle down the soil
in pits. If depression takes place due to
irrigation, add pit filling mixture to the pit.
Plant the bael sapling at the center of pit and
provide support to the plant. Make a basin
around it and irrigate gently. Do mulching
with dry leaves to conserve moisture.

Irrigation

Young plants need to be watered regularly in
summer and one month interval in winter for
their  rapid  vegetative growth  and
establishment. In bearing trees irrigation is
not required in dry summer, as it sheds leaves
and resists hot dry summers. Irrigation can be
applied at the time of new leaf emergence.

Harvesting and yield

Budded and grafted plants start fruiting after
4-5 years of planting whereas, seedlings after
8-10 years of planting. Bael Fruit takes
around 8-10 months to mature and 10-12
months for ripening after fruit set. Bael is
climacteric fruit that can be ripened, off the
tree, if harvested at proper maturity stage.
Maturity can be judged by the change in skull
colour from dark green to yellowish green.
Mature fruit should be harvested individually
with 5 cm fruit stalk. A full grown (10-12
years old) budded or grafted bael tree
produces on an average 150-200 fruits under
good management practices. The fruits can be
stored at room temperature for two weeks. At
10°C, it can be kept up to three months. The
average vyield is 300-400 fruits per tree
(Parmer 1982) . The quality of fruits is greatly
associated with the weight and size of the
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seed-sacs. The larger and heavier the seed
sacs, the greater is the amount of mucilage
and poorer the quality.

Training and pruning

Bael trees may be trained in modified central
leader. Pruning is done twice in a year, once
in May and other in August. Pruning is
limited to the removal of dead and diseased
twigs/branches in May while in August
healthy leaves are pruned for sale.

Propagation of bael
Vegetative propagation

The fruit plants propagated by vegetatively
are true to type, and as a result, it is possible
get uniformity in growth, yield and quality of
fruits. Vegetative propagated fruit trees come
in to bearing earlier as compared to seedling,
while bael is commonly propagated from
seeds and root suckers. Organized orcharding
of bael are not available due to lack of
recognized cultivars and well accepted
vegetative propagation techniques. Singh
(1954) and Moti et al. (1976) obtained
preliminary success through patch budding
during May and June in north India. However,
detailed information with respect to duration
and techniques of its propagation are lacking.
Hence, the present investigation was
undertaken to standardize the ideal duration
and technique of budding for maximizing the
success.

Bael (Aegle marmelos L.), considered to be a
packhouse of nutrients and medicine, is one
of the most neglected and underutilized fruit
crops. In spite of possessing a good amount of
nutritional and medicinal properties for
mankind, little attention has been paid to its
cultivation, research and development. Due to
its Indian origin, a wide genetic base is
available throughout the country, and this

needs to be conserved and explored. As Bael
is a cross-pollinated crop propagated by seed,
a wide variability in exists its population.
Vegetative propagation ensures multiplication
of selected, elite clones for commercial
cultivation and conservation in situ / ex situ.
A number of workers have suggested that
budding was the best method, although the
time of propagation varied from place to place
(Kumar et al., 1995; Tripathi and Kumar,
2004). At present, softwood method of
wedge-grafting is very popular in many fruit
crops like jamun (Madalageri et al., 1991),
sapota (Pampanna and Sulikeri, 2000) and
custard apple (Ghosh et al., 2004).

Micropropagation

Micropropagation by enhanced axillary shoot
proliferation from mature single node (Raghu
et al., 2007) had reported an efficient and
rapid in vitro clonal propagation of the
endangered medicinal tree Aegle marmelos
(L.) Corr. (Rutaceae) by enhanced auxiliary
shoot proliferation from mature single node
was designed. The explants showed marked
seasonal variation in their response under in
vitro conditions. Explants collected in
October (72.8%) and November (78.6%)
showed maximum response. Multiple shoots
were formed on Murashige and Skoog (MS)
medium supplemented with 0.5 mg L-1 6-
Benzyladenine (BA). An average of 6.2
shoots/explants could be obtained after 45
days of culture. The number of shoots was
increased at the third subculture with an
average of 16.3 shoots per explants. The
effect of subsequent subcultures (upto 20
cycles) on shoot formation was also studied.
Sub culturing was carried out every 45 days
on fresh shoot multiplication medium.
Continuous culture in the same medium
resulted in distorted and vitrified shoots.
Transfer of cultures to half strength MS
medium devoid of ammonium ions and
cytokinin (BA) for a single cycle before going
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to the shoot multiplication medium with
different auxins (Indole 3- butyric acid-IBA,
Indole 3-acetic acid-IAA and a-naphthalene
acetic acid-NAA) at varying concentration
and combinations. But in vitro raised shoots
could be rooted ex vitro by pulse treatment
with naphthoxy acetic acid (NOA) and IBA
and then in chlorogenic acid followed by
planting in moist sand. This treatment resulted
in 83.9% survival of plantlets. The method
standardized could be used for large scale
planting material production and conservation
of this important endangered medicinal tree
(Gupta et al., 2008).

Micropropagation of Bael via the nodal
explants

Gupta et al. (2008) had reported a protocol for
micro propagation of Bael (Aegle marmelos
(L.) Corr.). Bael (family Rutaceae) is an
indigenous medicinally important fruit of
India. The nodal explants of 30 year old tree
were used to initiate cultures. Two cytokinins,
viz., 6-benzylaminopurine (BAP) and kinetin
(Kn) were used in varied concentration (0.1-2
mg/l) for shoot multiplication. BAP (2 mg/l)
was found better than KN, where a 3- fold
increase in the number of shoots was recorded
in 4 weeks. A synergistic influence of
cytokinin and auxin was also observed in the
present study. A combination of 0.5 mg/l
BAP and 0.1 mg/l IAA induced the formation
of maximum number (4.5) of shoots (2.5 cm).
For rooting of in vitro shoots, different
auxins, namely, NAA, 1AA and IBA (0.1-2
mg/l) were tested. IAA (0.01 mg/l) was found
better than NAA and IBA. It was concluded
that elite cultivars of Bael can be micro
propagated, without undergoing callus phase,
using the BAP (0.5 mg/l) plus 1AA (0.1 mg/l)
for shoot multiplication and 1AA (0.1 mg/l)
for rooting, to produce true-to-type in vitro
plants. The in vitro raised plantlets were
acclimatized with 30% success.

In-vitro culture

Ajit kumar and Seeni (1998) had reported
Rapid clonal multiplication of Aegle
marmelos (L.) Corr. (Rutaceae), a medicinal
tree, was achieved by enhanced axillary bud
proliferation in young single-node segments
of a 25-year-old tree cultured in Murashige
and Skoog (MS) nutrient medium. Bud break
was dependent on cytokinin supply, but the
synergistic combination of 2.5 mg I* 6-
benzylaminopurine (BAP) and 1.0 mg I*
indole-3-acetic acid (IAA) induced the
formation of 12.1 shoots of up to 5.2 cm
length in 48% of the explants after 7 weeks of
culture. Explants of in-vitro-grown shoots —
node, whole leaf, shoot tip and internodes
were subcultured in the presence of 0.05-2.5
mg -1 BAP to produce 11.3, 18.4, 5.3 and
3.2 shoots and shoot buds at a 100%, 70%,
95% and 40% rate respectively, in 7 weeks.
Different shoot nodes and leaves were equally
regenerative and adventitious organogenesis
in the latter was confined to cut petiolar ends.

Nodal explants responded most favorably at
low BAP (0.05-0.1 mg I") and produced
uniform (3.8-5.3 c¢cm) shoots facilitating their
simultaneous harvest for rooting. Repeated
sub culturing through five cycles of nodes and
leaves of shoot cultures enabled continuous
production of healthy callus-free shoots
without any sign of decline. Shoot cuttings
(3.0-5.2 cm) were best rooted in half-strength
MS medium with 0.5 mg I* IAA (70%) or
10.0 mg I indole-3-butyric acid (90%).
Eighty-eight percent of the rooted plants were
established in polybags after hardening.
Micropropagation techniques have been
gainfully employed in mass multiplication of
various fruit species (Mishra et al., 2005).
Clonal micropropagation of Aegle marmelos
from mature nodal explant has been
developed by Varghese et al. (1993) and
Ajithkumar and Seeni (1998).
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In vitro plant regeneration via organogenic
callus culture

Prematilake et al. (2006) had reported a tissue
to plant regeneration system for Aegle
marmelos (L.) Corr. using cotyledon tissues.
This system was applicable to immature leaf
and root tissues at lower efficiency. This
procedure  involved organogenic  calli
formation on a MS-based medium fortified
with  Zeatin or 6-furfurylamine  (KN)
(2.0mg/l) and NAA (0.5mg/l) under dark
conditions. These calli later developed shoots
when transferred to hormone-free medium
and under illumination. Separated shoots
continued to grow in liquid medium, free of
hormones and produced roots at 30%
efficiency in the presence of NAA (1.0mg/l).
Rooted plants survived well  under
acclimatization. This protocol is suitable to
produce number of plants from cotyledon,
hypocotyls and immature leaves of Aegle
marmelos.

Cross pollination

The significance of pollination increasing
fruit set varies greatly in different cultivars
depends upon the amount of functional
pollen, facilities of pollens, the relation of
pollen to setting the seed and its ability of
some  varieties to  produce  fruits
parthinocarpically either with or without
pollination (Randhwa and Chadha 1982).
Crossing between Pant ‘Shiwani x Pant
Sujhata’ gave the highest fruit set (67.36%),
final fruit retention (27.04%). Fruit set and
fruit retention under selfing were low
compared to croos pollination in different
bael cultivars (Mahendra Pal and Mishra
2005).

Highest fruit set in open pollination condition
is might be due to the fact that Bael is a self
pollinated crop. It is also observed that
temperature and humidity were high during

the fruit set period (June) which might
resulted in drying of pistils and lower pollen
retention when crosses were made between
the varieties. Open pollination resulted in
more fruit set than cross pollination was also
reported in peach and almond (Dhaliwal,
1977 and Aulakh and Uppal, 1991). The
highest value of fruit drop was registered with
Pant Sujata under open pollination while the
treatment Pant Shivani x Pant Sujata followed
by Pant Bael 10 x Pant Shivani found to be
effective in reducing fruit drop to a large
extent and provided least fruit drop during
both the years of experiment. Our studies on
cross pollination also confirm that final fruit
retention under open pollination was
extremely low i.e, Pant Sujata, Pant Shivani
and Pant Bael 10. The fruit retention from
different crosses were found to be
significantly higher over cross pollination
irrespective of source of pollen. The crossing
between Pant Shivani x Pant Sujata was found
to be most effective in increasing fruit
retention followed by Pant Bael 10 x Pant
Shivani. Similarly, the higher fruit retention
and reduced fruit drop under cross pollination
were also observed in Bael (Mahendra Pal
and Misra 2005) and lime (Kitat et al., 1973).

Effect of plant growth regulators

Developing fruits need auxin in higher
quantity and fruit drop occurs when auxin
level goes down, by exogenous application,
the deficiency of auxin is met and thus check
fruit  drop. However, the different
concentration of growth substances i.e., GA3,
2, 4-D, Noxa and 2,4,5-T did not reduce the
fruit drop in Aegle marmelos (Pramanik and
Bose, 1974). Foliar spray of GA3 at 60 ppm
recorded the lowest fruit drop (75%) and
highest fruit set (16.6%) and yield (164
kg/plant) in ber cv. Umran whereas treatments
of fungicides like Bavistin and Blitox-50 had
very little or no effect on fruit drop (Singh et
al., 2001).
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The maximum fruit set was recorded in NAA
30 ppm followed by GA3 100 ppm and NAA
20 ppm. Similar results on the effect of NAA
and GA3 on fruit set was reported in Ber
(Singh et al., 2001 and plum (Saini and
Sharma, 2010). It is clear from the data that
effect of plant growth regulators on fruit drop
and fruit retention percentage was superior
from control during both the years of
experiment.  Minimum fruit drop and
maximum fruit retention were observed in
NAA 20 ppm followed by 2, 4-D 20 ppm.
Similar results have been reported in Ber (Bal
and Randhawa, 2007).

A significant reduction in percentage of fruit
peel content was observed by different sprays
of plant growth regulators during both the
years of experiment. Minimum fruit peel
content was observed in NAA 20 ppm and
maximum in control. Fruits treated with plant
growth regulators have thinner peel due to
cell expansion (Rani and Brahmachari, 2001).
Fruit pulp content significantly varied by the
application of plant growth regulators in both
the years of experiment. The mean of two
years showed the maximum fruit pulp content
in NAA 20 ppm and minimum fruit pulp
content in ethrel 50 ppm. Similar effect of
NAA was reported in Ber (Singh et al., 2001)
and Nagpur mandarin (Ansari et al., 2008).
The increase in pulp weight might be due to
accumulation of more water and food
substances in the aril along with increase in
size of cells and intercellular spaces due to
sprays of plant growth regulators. GA3 has
been found very effective in inducing
parthenocarpy or reducing the size and weight
of seeds (Srivastava and Singh, 1969).

Effect of mineral nutrients on control of
fruit drop

Boron promoted absorption and metabolism
of sugars and helped synthesis of pectic
substances for the cell wall of actively

elongated pollen tubes indicating that boric
acid played an important role in wall structure
of the tube membrane (Munzner, 1960).
Boron is also known to improve stigma
receptivity thus resulting in better pollination
and fruit set. Among the different sprays of
mineral nutrients, borax 1.0% was found
effective and resulted in minimum fruit drop
and maximum fruit retention. While, the
maximum fruit drop and minimum fruit
retention were observed in control. Similar
results have been reported in Bael (Saini et
al., 2004). Reduction in fruit drop by sprays
of mineral nutrients may be due to a better
availability of nutrient and growth regulators
particularly the auxins which play an
important role in fruit growth and
development. Improvement in fruit retention
percentage due to spray of micronutrients
might be attributed to reduction in fruit drop.
Boron spraying increased cell division and
cell enlargement as well as the biosynthesis of
carbohydrates and proteins which causes
increase in pulp weight.  Significant
differences were observed for fruit fibre,
mucilage and non-edible portion of fruit by
application of mineral nutrient during both the
years of experiment. Spray of borax 1.0%
resulted in minimum fruit fibre, mucilage and
non edible portion of fruit.

Fruit cultivars of Aegle marmelos

There are no standardized names for Aegle
marmelos cultivar. They are given names on
the basis of locality where these are found.
Fruits of different cultivars were of different
shapes and sizes, such as spherical, oblong,
cylindrical, pear-shaped and flat. Fruit weight
also varied in different cultivars. The
percentages of peel, seeds and contents of
other fibres also varied. There are reports
available on the cultivars of Bael mainly from
Uttar Pradesh and Bihar states of India
(Teaotia et al., 1963 and Jauhari 1971).
Around twelve cultivars, viz., ‘Basti No.1’,
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‘Gonda No.1’, ‘2’ and ‘3’°, ‘Kagzi Etawah’,
‘Sewan Large’, ‘Deoria Large’, ‘Chakaiya’,
‘Lamba’, and ‘Baghel’ has been reported.
‘Kagzi Etawah’, ‘Sewan Large’, ‘Deoria
Large’ and ‘Mirzapuri’, have been found to
be superior and better than the other varieties
in case of taste and qualities. Four cultivars
viz., 'Narendra Bael-4' 'Narendra Bael-5',
‘Narendra  Bael-7°, ‘Narendra  Bael-9'
‘Narendra Bael-16" and ‘Narendra Bael-17’
have been identified and studied by
Srivastava and Singh  (2004). They
experimented to evaluate these commercially
important cultivars and found that the
heaviest fruit weight was recorded in
'‘Narendra Bael-7’, whereas minimum fruit
weight, fruit length and fruit breadth recorded
was of ‘Narendra Bael-4'. Fibre content and
seed/fruit were recorded minimum in
‘Narendra Bael-9' and maximum in 'Narendra
Bael-5'. Maximum total soluble solid,
ascorbic acid and total sugar content recorded
in 'Narendra Bael-5". Though, minimum total
soluble solids, ascorbic acid and total sugars
were recorded in 'Narendra Bael-7° (Hayes,
1957). A number of cultivars have been
selected recently which are the best among
the others with regards to yield and fruit
quality. Narendra Bael-5 and 9 are popular
among the farmers of Uttar Pradesh. These
are;

‘NB 5’-Fruit size is medium, round in shape
having smooth surface at maturity, low
mucilage, moderately fibrous and have soft
flesh with excellent taste.

‘NB 6’°-Fruit size is medium, round with
smooth surface, and have thin rind, few seeds,
soft flesh, low mucilage and mild acidic.

‘NB 16’- Elliptical round, pulp yellow, Av.
weight 1.3 kg, TSS 31%, medium seed and
low fibre content.

‘NB 17°- Fruits oblong, big sized, fruit quality
excellent, seed content less.

‘Pant Shivani’-Mid season cultivar with
ovoid oblong shape, size 2 kg, colour lemon
yellow on ripening, fiber and mucilage
content medium, rind medium thick, pulp
light yellow with very good taste and pleasant
flavor (Gupta 1999).

‘Pant Bael-10’-This variety was found
highest yield (Jaiswal 1997).

‘Pant Aparna’-late cultivar with small fruit
size (0.6 - 0.8 kg), globose shape, and seed,
mucilage, fibre and acidity are low. Its Flesh
is yellow, sweet, tasty and having good
flavor.

‘Pant Urvashi’- ‘Pant Urvashi’ were found to
be best on yield and yield characteristics
(Gupta 1999).

Macronutrient content of leaves among four
varieties of Bael viz. Pant Aparna, Pant
Shivani, Pant Sujata and Pant Urvashi does
not differ significantly except the calcium
content of leaves which shows significant
difference among four varieties during both
the year of experiment. Maximum calcium
content of leaves was observed in Pant
Aparna and minimum calcium content of
leaves was found in Pant Urvashi. The
average nitrogen, phosphorus, potassium,
calcium and magnesium content of leaves are
0.88-0.98%, 0.29-0.35%, 1.02-1.19%, 1.29-
1.82% and 0.34-0.42%, respectively. The
mean levels of the macronutrient in leaves
were found optimum in all the varieties in
comparison to the critical limit of
macronutrient in Bael as calculated on dry
weight basis (Srivastava, 2008).

Tree management

The tree has no exacting cultural
requirements, doing well with minimum of
fertilizer and irrigation. The spacing in
orchards is 6-9 m between trees. Seedlings
begin to bear in 6-7 years vegetative
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propagated trees in 5 years. Full production is
reached in 15 years. Normally the fruit is
harvested when yellowish-green and kept for
8 days while it loses its green tint. Then the
stem readily separates from the fruit. A tree
may yield as many as 800 fruits in a season
(Lambole et al., 2010).

Chemical constituent

Extensive investigations have been carried out
on different parts of Aegle marmelos and as a
consequence, varied classes of compound
viz., alkaloids, coumarins, terpenoids, fatty
acids have been isolated from its different
parts. Aegle marmelos leaves contained Y-
sitosterol, aegelin, lupeol, rutin, marmesinin,
[-sitosterol, flavones, glycoside, oisopentenyl
halfordiol, marmeline and phenylethyl
cinnamamides. The detailed investigations on
isolated compound classes are as under :-

Alkaloids

The alkaloids comprise the largest single class
of secondary plant substances. New alkaloids
from the leaves of Aegle marmelos were
reported viz., halfordino, ethylcinnamamide
and marmeline. Recently, series of
phenylethyl cinnamides, which included new
compounds  named  anhydromarmeline,
aegelinosides A and B were isolated from
Aegle marmelos leaves as a-glucosidase
inhibitors (Yadav et al., 2009).

Terpenoids

The essential oils of Aegle marmelos (L.)
correa leaves were studied very much
extensively in India by various workers since
1950. a-Phellandrene was found to be the
common constituent of the essential oil from
leaves, twigs and fruits. a-Phellandrene (56%)
and p-cymene (17%) were reported from leaf
oil. Limonene (82.4%) was reported as the
main constituent from Aegle marmelos leaves
and it was shown that Ilimonene is
characteristics marker for identification of
Aegle marmelos oil samples (Yadav et al.,
2009).

Carotenoids

Carotenoids are responsible for imparting pale
colour to fruit. Marmelosin, skimmianine and
umbellliferone are the therapeutically active
principles of bael plant. Minor constituents
like ascorbic acid, sitosterol, crude fibres,
tannins, o-amyrin, carotenoids and crude
proteins are also present (Hiremarh, et al.,
1996).

Tannins

There is as much as 9% tannin in the pulp of
wild fruits, less in cultivated type. Tannin is
also present in leaves as skimmianine. It is
also named as 4, 7, 8-trimethoxyfuro-
quinoline (Daniel, 2006).

Table.1 Nutritional value of Bael Fruit (% or per 100 g) (Source: Purohit et al., 2004, Shankar,
1969 and Paricha, 2004)

Components Value (%) Components Value (%)
Water (moisture) 64.2 Potassium 0.6
Protein 1.8 Iron 0.3
Fat 0.2 Vitamin A (IU) 186
Mineral 1.5 Vitamin B1 0.01
Fiber 2.2 Nicotinic acid 0.9
Carbohydrate 30.6 Riboflavin 1.2
Calcium 0.09 Vitamin C 0.01
Phosphorus 0.05 Calorific value 129
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Pharmacological properties
Anti-microfilarial activity

Methanolic extract of roots of vitex negundo
L. and extracts of leaves of vitex negundo L.
Ricinus communis L. and Aegle marmelos
corr. were explored for possible antifilarial
effect against Brugia malayi microfilariae. It
was observed that among the herbal extract,
root extract of vitex negundo L and leaves
extract of Aegle marmelos Corr. At 100 ng/ml
concentration showed complete loss of
motility of microfilariae after 48 hrs of
incubation. Thin layer chromatography of the
extracts revealed the presence of alkaloids,
saponins and flavonoids in the roots of vitex
negundo L and coumarin in the leaves of
Aegle marmelos Corr. (Sahare et al., 2008).

Antifungal activity

The  compound  exhibited  significant
antifungal activity against pathogenic strains
of Aspergillus species and Candida albicans
in disc diffusion assay (MIC value of 6.25
pg/disc), microbroth dilution and percent
spore germination inhibition assays (MIC
value of 31.25-62.5 pg/ml) (Mishra et al.,
2010). The antifungal activity of essential oil
isolated from the leaves of bael (Aegle
marmelos (L.) Correa ex Roxb; Rutaceae) has
been evaluate using spore germination assay.
The oil exhibited variable efficacy against
different fungal isolates and 100% inhibition
of spore germination of all the fungi tested
was observed at 500 ppm. However, the most
resistant fungus, Fusarium udum was
inhibited 80% at 400 ppm. Kinetic studies
showed concentration as well as time
dependant complex inhibition of spore
germination by essential oil (Rana et al.,,
1997). Patil R. H (2009) reported the
antifungal activity of ethanolic extract of the
Aegle marmelos leaves including
antidiarrhoeal, and antimicrobial, activities.
Rana B. K. (1997) evaluated anti fungal

activity of essential oils isolated from the
leaves of Bael using spore germination assay.
The oil exhibited variable efficacy against
different fungal isolates and 100% inhibition
of spore germination of all the fungi tested
was observed at 500ppm.They proposed that
essential oil Hom bael leaves may interfere

with the Ca -dipicolonic acid metabolism
pathway and possibly inhibit the spore
formation (Rana et al., 1997). Pitre S and
Srivastava S.K., ( 1987), demonstrate the
antifungal activity of ethanolic root extract
against  Aspergillus  fumiganus and
Trichphyton mentagrophytes.

Analgesic

The methanol extract of leaves of Aegle
marmelos at a dose level of 200 and 300
mg/kg showed significant analgesic activity
on acetic acid-induced writhing and tail flick
test in mice (Shankarananth et al., 2007).

Anti-inflammatory,
analgesic

antipyretic and

The serial extracts of the leaves of Aegle
marmelos Corr. were investigated for anti-
inflammatory property. The analgesic and
antipyretic properties were also evaluated.
The most of the extracts derived from the
plant Aegle marmelos caused a significant
inhibition of the carrageenan-induced paw
oedema and cotton-pellet granuloma in rats.
The extracts also produced marked analgesic
activity by reduction the early and late phases
of paw licking in mice. A significant
reduction in hyperpyrexia in rats was also
produced by the most of the extracts. This
study was established anti-inflammatory,
antinociceptive and antipyretic activities of
the leaves of Aegle marmelos (Arul et al.,
2005).
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Immunomodulatory activity

The aim of the present study was to
investigate the immunomodulatory action of
methanolic extract of Aegle marmelos fruit
(FEAM) in experimental model of immunity.
Methods: Cellular immunity was carried out
by neutrophil adhesion test and carbon
clearance assay, whereas, humoral immunity
was analyzed by mice lethality test and
indirect haemagglutination assay. FEAM dose
was selected by Stair case method (up and
down) and administered at 100 and 500
mg/kg orally. The Ocimum sanctum (OSE,
100 mg/kg, p.o) was used as standard. FEAM
at 100 and 500 mg/kg produced significant
increases in adhesion of neutrophils and an
increase in phagocytic index in carbon
clearance assay. Both high and low doses of
FEAM significantly prevented the mortality
induced by bovine Pasteurella multocida in
mice. Treatment of animals with FEAM and
OSE significantly increased the circulating
antibody in indirect haemagglunation test.
Among the different doses, low one was more
effective in cellular immunity models than the
high. However, all the doses exhibited similar
protection in humoral immunity procedures.
From the above findings, it is concluded that
FEAM possesses potential for augmenting
immune activity by cellular and humoral
mediated mechanisms more at low dose (100
mg/kg) than high dose (500 mg/kg) (Patel et
al., 2010).

Antiproliferative activity

In the present paper we show that extracts
from Aegle marmelos Correa are able to
inhibit the in vitro proliferation of human
tumor cell lines, including the leukemic

K562, T lymphoid Jurkat, Blymphoid Raji,
erythroleukemic HEL, melanoma Colo38, and
breast cancer MCF7 and MDAMB- 231 cell
lines. Molecules present within the studied
Aegle marmelos C. extracts were identified by
gas-chromatography/mass spectrometry
analysis; three derivatives (butyl p-tolyl
sulfide, 6- methyl-4-chromanone and
butylated hydroxyanisole) were found to
exhibit strong activity in inhibiting in vitro
cell growth of human K562 cells. The
antiproliferative activity of these compounds
was found to be comparable to that of known
antitumor  agents, including cisplatin,
chromomycin, cytosine arabinoside and 5-
fluorouracil. In addition, the antiproliferative
activity of butyl-p-tolyl sulfide, 6-methyl-4-
chromanone and 5-methoxypsolaren was
associated to activation of the differentiation
pattern of K562 cells (Lampronti, et al.,
2003).

Wound healing activity

Effect of topical and intraperitoneal
administration of methanolic extract of Aegle
marmelos ointment and injection was studied
respectively on two types of wound models in
rats, the excision and the incision wound
model. Both the injection and the ointment of
the methanolic extract of Aegle marmelos
produced a significant response in both of the
wound type tested.

In the excision model the extract treated
wounds were found to epithelialize faster and
the rate of wound contration was higher, as
compared to control wounds. The extract
facilitated the healing process as evidenced by
increase in the tensile strength in the incision
model. The results were also comparable to
those of a standard drug nitrofurazone
(Jaswant et al., 2001).
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Traditional uses

Bael species act as a climate purifier by
absorbing  poisonous gas from the
atmosphere. The products obtained from Bael
are highly nutritive as well as therapeutic. The
juice of the fruit givescomfort from
constipation and dyspepsia. The fruits are
used against viral and intestinal parasites. The
fruits are used to prepare squashes and cold
drinks. The unripe fruits can be used after
roasting. It can be used for the treatment of
tuberculosis and gynecological disorders.

Bael leaves are useful in jaundice and in the
treatment of wounds. The extract of leaves is
beneficial in the treatment of leucorrhoea,
conjunctivitis and deafness. Fruits give
feeling of freshness and energy. It is used as
carminative and astringent. It finds good
utility in thyroid related disorder. The other
uses reported in cardiac stimulant, swollen
joints, pregnancy trouble, typhoid and
comma. The dried powder used in the
treatment of irritable bowel syndrome
(Sharma, et al., 2007).

Bael fruit

The different parts of Bael are used for
various therapeutic purposes, such as for
treatment of asthma, anaemia, fractures,
healing of wounds, swollen joints, high blood
pressure, jaundice, diarrhoea healthy mind
and brain typhoid troubles during pregnancy
(Sharma et al., 2011).

The unripe dried fruit is astringent, digestive,
stomachic and used to cure diarrhea and
dysentery. Sweet drink prepared from the
pulp of fruits produce a soothing effect on the
patients who have just recovered from
bacillary dysentery. The ripe fruit is a good
and simple cure for dyspepsia (Parichha,
2004; Chowdhury et al., 2008).

Bael fruit products

Various process technology for production of
value added preserved products from bael
fruit. Fresh bael fruit can be stored for 15
days at 30°C when harvested at full maturity,
for 1 week at 30°C when harvested ripe, for 3
months at 9°C. Fruit pulp can be stored for 6
months, when stored in heat-sealed
containers. Fruit powder can be stored for a
year when packed in 400 gauge
polypropylene pouches and stored under dark,
cool place, while fruit jam, squash and
preserve can be stored for several months
(ITDG, 2000). The bael fruit pulp contains
many functional and bioactive compounds
such as carotenoids, phenolics, alkaloids,
coumarins, flavonoids, and terpenoids and has
innumerable  traditional medicinal  uses
(Karunanayake et al., 1984; Singh, 1986;
Nagaraju and Rao, 1990). Thus value added
products can be produced by using above
process technology to reduce post harvest
losses, increase shelf life, value addition and
increase the income.

Bael products and uses

A large number of bael processed products
(Preserve, candy, panjiri, toffee, jam etc.) are
prepared and some scientist and researcher
are already worked on their processed
products (Rakesh et al., 2005).

Preserve and candy

Preserve and candy are prepared from mature
(tender green fruit), hole or large pieces of
fruits in which sugar is impregnated till it
becomes tender and transparent minimum
fruit portion and minimum total soluble solids
in preserves should be 55 and 70%,
respectively (Lal et al., 1960). Fruits in
general contain more than 75% water and get
spoiled quickly if not stored properly.
Removal of water from fruits is known to
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help in longer period of storage. The osmotic
dehydration techniques not only enables the
storage of fruits for a longer period but also
preserve the flavor, colour and texture of the
product to a great extent and prevents its
microbial spoilage (Bongirwar, 1997).

“A fruit of its pieces impregnated with sugar
or glucose syrup, sub piquantly drained free
of syrup and dried is known as candied fruit”.
The total sugar content of the impregnated
fruit is kept at about 75% to prevent
fermentation. In case of bael candy, the fruit
slices are drained subsequently free of syrup
and dried at 55-60°C for 8-10 hrs in oven.

Bael fruit squash

An ideal composition of bael fruit squash was
found to be 50 per cent extracted pulp, 50
Brix and 1 per cent acidity. The squash was
chemically preserved by addition of 300 ppm
SO, (Roy and Singh, 1979). Fruit beverages
commercially contain at least 25 per cent fruit
pulp or juice and 40-50 per cent TSS, besides
1 per cent acid (Srivastav and Kumar, 1993).
The squash from bael fruit pulp was prepared
by adjusting the TSS and by adding the
preservatives like sodium metabisulphite @
350 ppm SO, (Bhat and Kaul, 2006), and
sodium benzoate @ 1g/litre (Verma and
Gehlot, 2006). The squash was then filled in
sterilized bottles, crowned and pasteurized at
80 °C for 30 minute fallowed by cooling and
wax sealing to insure air tightness (Kenghe,
2008).

Bael RTS (Ready To Serve)

The ripe fruit were washed with tap water and
broken by striking against hard object. The
fruit pulp along with its seeds and fibres was

scooped with the help of stainless steel spoon.
Amount of water equal to the weight of pulp
was added. The mixture of pulp and water
was then heated up to 80°C for 1 minute and
cooled. Pulp free from seeds and fibres was
then obtained by passing through 20 mesh
stainless steel sieve. The extracted bael pulp
was improved by adjusting the TSS by
addition of sugar and acidity by the addition
of citric acid (Chand and Gehlot, 2006).

Toffee

Fruit toffees generally are more nutritious
than ordinary toffees, and bael fruit pulp will
provide even better toffees because of its
nutritional and medicinal properties. Bael
fruit toffees was successfully prepared by
mixing 40 parts of cane sugar, 4.5 parts of
glucose, 10 parts of skim milk powder and 6
parts of hydrogenated fat to 100 parts of
extracted pulp. The final moisture content of
the toffee was kept at 8.5 per cent (Roy and
Singh, 1979).

Slab

It is also known as leather or paper. Ripe
fruits are used in its preparation. Wash ripe
fruits and collect fruit pulp by breaking fruits
and removing its hard shell. At 200-300ml of
water for each one kg of fruit pulp, mix well
and heat it up to 800C. Collect fruit pulp free
of seeds and fibers by straining heated mass
through stainless steel sieve. Add sugar, citric
acid and potassium meta-bisulphite (KMS) to
this pulp so that treated pulp contains 35%
total soluble solids, 0.5% total acidity and
0.07% KMS. Boil treated pulp and spread on
aluminum trays smeared with butter. Dry at
55-600C for 15-16 hrs to a moisture content
of 14.5%. Cut slaves of dried pulp in
aluminum trays, wrap in butter paper and
pack in polyethylene bags (Flow-chart 8).
Addition of up to 10 per cent sugar to the
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extracted pulp was found to be ideal before
drying the pulp to a moisture content of 14.5
per cent (Roy and Singh, 1979).

Future prospects

Plant tissue culture played important role in
the conservation of medicinal plants in the
rapid multiplication and reintroduction to
nature of endangered species in the
assessment and monitoring of biodiversity, as
a source of new tools for conservation and in
the search for new gene product of therapeutic
use. Species of medicinal and aromatic plants
at risk need to be multiplied with minimum
loss of time and reintroduced for
establishment in their natural habits. In vitro
protocol for multiplication of endangered
species could be very useful for those texa
whose propogation through conventional
means was difficult. Researchers aim to
obtain increased production of secondary
metabolites, increased production, higher
nutritional value and greater plant resistance
to adverse weather, pathogenic agent and
pests.

In conclusion the management and production
of bael is mostly done by unorganized sector
and not much emphasis is given for its
commercial utilization. As its flavor is
acceptable by almost all the sections of
society as a refreshing summer drink which
shows that it has a lot of potential for value
addition and production of by products. The
review reveals that Aegle marmelos, contains
a large number of phytoconstituents hence it
can be used for the treatment of various
disorders in human being such as, diabetes,
liver toxicity, fungal infection, microbial
infection, inflammation, pyrexia etc. Being a
versatile species not much work has been
done on this tree species to identify its
usefulness hence, this review is small step to
show the importance of this versatile species.
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