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significance in Ayurvedic as well as other traditional medicinal systems in treating
affections. ultramodern inquiries have successfully supported the pharmacological
action of bael by discovering the presence of precious bioactive composites. Studies
have revealed the anti-oxidant,anti-microbial nature of bael which aids in inhibiting
gastrointestinal problems, different cardiac issues. Hepatoprotective, radioprotective,

anti-diabetic, crack mending conditioning are also unveiled by bael.

INTRODUCTION

In the realm of traditional medicine and herbal
remedies, the application of plant leaves for their
remedial properties has been a practice deeply
embedded in various societies worldwide. Among
these leaves, bael leaves (Aegle marmelos) hold a
significant place due to their expansive use in
Ayurveda, traditional Chinese medicine, and other
indigenous healing systems.

Bael, frequently referred to as the “wood apple”
tree, is native to the Indian subcontinent and parts
of Southeast Asia. Its leaves, along with other parts

of the plant, have been valued for centuries for
their wide-ranging medicinal benefits (1).

For more than 5,000 years, people have utilized
plant-based materials to cure diseases and restore
bodily systems. The medical records of the Greek,
Roman, Chinese, Indian, and Egyptian
civilizations provide substantiation of this. In
India, a wide variety of potentially medicinal
plants are used by all social groups as traditional
medicines in Siddha, Ayurvedic, and Unani
systems, as well as in modern medicinal
preparations. Only between 250,000 and 500,000
of India's roughly 4.5 million plant species have
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undergone phytochemical studies conducted to
determine  their  possible
pharmacological effects.

biological  or

Indian medicinal plants are believed to contain a
large number of pharmacologically
ingredients and compounds that are generally used
in home remedies against a variety of diseases.
Bael (Aegle marmelos), another Indian medicinal
plant, has produced a variety of bioactive
compounds and has been demonstrated to have
significant traditional benefits against a wide range
of ailments (2).

active

Fig .1 Aegle Marmelos Leaves (3)

PLANT PROFILE: -

The “Bael fruit or Bael (**Aegle
marmelos**), is a moderately sized, slender,
deciduous tree that grows wild across India’s
deciduous forests. It belongs to the Rutaceae
family. It is found on the Andaman Islands and in

tree,”

the western Himalayas, reaching elevations of
1200 meters. The tree is 90 to 120 cm in
circumference and 6.0 to 7.5 meters tall (2).

Lakht e Zehra et al. (2015) observed that the leaves
of the bael plant are consumed in the human diet
and retain a superior amino acid profile compared
to the seeds. They found that the major essential
amino acids were present at optimal levels
according to the ideal amino acid score, including
leucine, methionine, tyrosine, phenylalanine,
valine, and isoleucine. However, lysine and
threonine were identified as the only limiting
amino acids.
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Among non-essential amino acids, alanine was the
most abundant (constituting 14.29% of total amino
acids), followed by aspartic acid (9.52%), arginine
(9.52%), and glutamic acid (8.57%). Thus, the
amino acid profile of bael plant leaves largely
fulfills human dietary requirements (1).

Synonyms

Bilva, Triphala, Maredu, Baunau, Modjo bel,
Kuvalum, Shivapala, Bil, Bael (8)

Traditional Uses

In traditional medicine, the bael plant (Aegle
marmelos) is used to treat various ailments,
including fever, inflammation, digestive disorders,
and respiratory problems. The different parts of the
plant, such as the leaves, bark, roots, and fruits, are
used to prepare various formulations, including
decoctions, infusions, and pastes (4).

Phytochemical Ingredients

Phytochemical studies have revealed that the bael
plant contains a rich array of bioactive compounds,
including alkaloids, glycosides, flavonoids, and
phenolic acids. These compounds have been
reported to possess various pharmacological
activities, including anti-inflammatory,
antioxidant, antimicrobial, and antipyretic effects

.

FIé 2. Aegle Marelos flower and leaves

Chemical Composition :-
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Major constituents from the fresh leaves of Aegle
marmelos have shown activity against a few
Gram-positive bacteria (Asha and Krishan). New
alkaloids from the leaves of Aegle marmelos were
reported, viz., halfordino, ethylcinnamamide and
marmeline. Lately, a series of phenylethyl
cinnamides, which included new compounds
named anhydromarmeline, acgelinosides A and B,
were isolated from Aegle marmelos leaves, which

are a-glucosidase inhibitors.

a-Phellandrene, which is a terpenoid, was found to
be the common constituent of the essential oil from
leaves, shoots, and fruits. a-Phellandrene and p-
cymene were reported from leaf oil. Limonene
(82.4%) was reported as the main constituent from
bael leaves, which is a characteristic marker for
identification of Aegle marmelos oil samples.
There is approximately 9% tannin in the pulp of
wild fruits in comparison to the cultivated type.
Tannin is also present in leaves as skimmianine,
also known as 4,7,8-trimethoxyfuro-quinoline.

The phenylpropanoids included
hydroxycoumarins, phenylpropenes, and lignans.
Aegeline, originally claimed to be a new
compound, was found to be identical to
halfordinol, the principal constituent of Halfordia
scleroxyla (Neeraj and Johar, 2017). Rutin
flavone, flavone glycosides, and flavon-3-ols are
the major flavonoids of A. marmelos leaves (5).

ORIGIN

Aegle marmelos (L.) Correa (Bael), an important
member of the plant family Rutaceae, native to the
Eastern Ghats and Central India, is extensively
employed in traditional medicine due to its
excellent remedial characteristics. Although being
a tropical tree, it can grow well in tropical climates
at an altitude of 1200 m. Bael is widely distributed
throughout the Indian peninsula and grows in most
of the Southeast Asian countries.
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Morphology of Aegle Marmelos : -

The bael fruits of Aegle marmelos exhibit a
diverse range of shapes, including round, globose,
pyriform, or oblong, and measure 5-25 cm in
diameter. The number of seeds ranges from 10 to
50, having a flat-oblong shape and approximately
1 cm in length (4) (Figure 1). Although having a
high moisture content of nearly 61%, bael fruits
possess high nutritional value as they contain
minerals  (phosphorus,
magnesium, iron, copper, zinc, chromium), fat,
fiber (hemicellulose, cellulose, lignin, pectin),
protein, carbohydrates, vitamins (B1, B2, B3, C),
amino acids

potassium, calcium,

(threonine, valine, methionine,
isoleucine, leucine, lysine), and fatty acids (6).

Taxonomical Classification:

e Kingdom — Plantae

e Sub-kingdom — Tracheobionta
e Super division — Spermatophyta
e Division — Magnoliophyta

e Class — Magnoliopsida

e Subclass — Rosidae

e Order — Sapindales

e Family — Rutaceae

e Genus — Aegle

e Species — Marmelos (7)

Pharmacological Activity :-
Religious and Spiritual Uses

The leaves of Aegle marmelos are extensively
used in Hindu worship, especially in offerings to
Shiva. The three-lobed (trifoliate)
symbolize the divine trident (Trishul) of Lord
Shiva. They are offered in puja and other rituals
for purification and divine blessings.

leaves

Medicinal Uses (Ayurvedic and Traditional
Medicine)
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Digestive Health

Juice or decoction of bael leaves helps relieve
indigestion, constipation, and stomach ulcers.

Diabetes Management

The leaf extract is believed to help lower blood
sugar levels.

Liver Tonic
Helps detoxify and strengthen liver function.
Anti-inflammatory and Analgesic

Used in traditional remedies for general pain and
inflammation.

Fever and Infections

Decoction acts as a natural remedy for mild fever
and infections.

Skin Care

Paste of bael leaves applied externally helps treat
skin infections, acne, and wounds due to its
antimicrobial properties.

Respiratory Health

Bael leaf juice mixed with honey is traditionally
used to relieve cold, cough, and asthma symptoms.

Heart Health

Regular use (under medical supervision) may help
in maintaining healthy cholesterol levels and
improving cardiac function.

Hair and Scalp Care

Leaf paste is occasionally used to reduce dandruff
and promote healthy scalp circulation.
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Antioxidant and Detoxifying Use

The leaves are rich in antioxidants that help
remove toxins and boost immunity.

Insecticidal and Antimicrobial Use

Extracts are used in natural pest control and as
antimicrobial agents in herbal formulations (8).

Extraction Method : -
Cold Maceration :-
Procedure:
1. Preparation of plant material
o Collect fresh bael leaves.

o Wash thoroughly with distilled water to
remove dust and impurities.

o Shade-dry the leaves at room temperature
until crisp (avoid direct sunlight to prevent
degradation of phytochemicals).

o Grind the dried leaves into a coarse powder
using a mortar and pestle or grinder.

2. Weighing

o Weigh an appropriate amount of powdered
bael leaves (e.g., 50 g).

3. Addition of solvent

o Transfer the powdered leaves into a clean
conical flask.

o Add solvent in a ratio of 1:10 (w/v) (e.g.,50 g
leaf powder + 500 mL ethanol).

o Ensure the material is fully submerged.

4. Maceration
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Seal the flask to prevent solvent evaporation.

Keep the mixture at room temperature (25—
30°C) for 72 hours (3 days).

Shake or stir the mixture occasionally (2-3
times a day) to enhance extraction.

Filtration

After 72 hours, filter the mixture through
muslin cloth or filter paper.

Collect the filtrate (the extract) in a clean
container.

Re-maceration (optional)

Repeat maceration with fresh solvent for
complete extraction.

Combine all filtrates.
Concentration

Evaporate the solvent wusing a rotary
evaporator (below 40°C) or by air drying in a
shaded area until a semi-solid extract is
obtained.

Storage

Store the concentrated extract in an airtight
amber bottle at 4°C until further use.

Q

ACERATION PLANT
EXTRACTION
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Fig 3. Maceration extraction

EVALUATION PARAMETERS

Physical Parameters

pH

Take 1 g of embrocation and blend with 10 ml
of distilled water.

Use a pH meter to measure the pH of the
solution.

Viscosity

Use a viscometer (e.g., Brookfield
viscometer) to measure the viscosity of the
embrocation.

Record the viscosity in centipoise (cP) or

millipascal-seconds (mPa-s).

Specific Gravity

Weigh a specific volume (e.g., 10 ml) of
embrocation using a pycnometer or a density
meter.

Record the specific gravity (ratio of
embrocation density to water density).

Chemical Parameters

Assay of Bael Leaves Extract

Extract the bael leaves (Aegle marmelos)
using a suitable solvent (e.g., ethanol or
methanol).

Measure the extract’s concentration using a
spectrophotometer or HPLC.

Express the result as a percentage of the
extract in the embrocation.

Moisture Content

Weigh a sample of embrocation (e.g., 1 g) and
place it in a drying oven at 105 °C.
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* Measure the weight loss after 2—3 hours.
» Calculate the moisture content as a percentage
of the original weight.

Total Ash

*  Weigh a sample of embrocation (e.g., 1 g) and
place it in a crucible.

» Ignite the sample in a muffle furnace at 600
°C until it turns into ash.

* Measure the weight of the ash.

» Calculate the total ash as a percentage of the
original weight.

Acid Value

*  Weigh a sample of embrocation (e.g., 1 g) and
dissolve it in a solvent (e.g., ethanol).

» Titrate the solution with a strong base (e.g.,
NaOH) using phenolphthalein as an indicator.

» Calculate the acid value as the number of
milligrams of KOH needed to neutralize 1 g
of embrocation.

Saponification Value

*  Weigh a sample of embrocation (e.g., 1 g) and
dissolve it in a solvent (e.g., ethanol).

+ Titrate the solution with a strong base (e.g.,
NaOH) using phenolphthalein as an indicator.

* Calculate the saponification value as the
number of milligrams of KOH needed to
saponify 1 g of embrocation.

TLC Analysis

Thin layer chromatography (TLC) of herbal plant
extracts was performed according to standard
methods (16). Hydroalcoholic extract (100 mg) of
all herbal plants was dissolved in methanol (1 ml)
and centrifuged at 3000 rpm for 5 minutes. The
supernatant was collected and used for HPTLC
analysis.

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

The test sample (4 pl) and standard were loaded as
a6-8 mm band on a 10 x 10 silica gel GF254 plate
using a Hamilton syringe and CAMAG
LINOMAT 5 instrument. After saturation with
solvent vapor for 30 minutes, the TLC plate loaded
with test sample and reference was placed in a
TLC twin-trough developing and
developed up to 80 mm.

chamber

The developed plates were dried in a hot air oven
to remove the solvents. The plates were kept in a
photo-documentation chamber, and the images
were captured under white light and UV 366 nm.
The number of spots was noted and Rf values were
calculated (9).

Qualitative Phytochemical Analysis

All herbal plant extracts were subjected to
qualitative different
phytoconstituents using standard tests. Each
extract was dissolved in different solvents like
water, methanol, and chloroform and used as test
solution according to standard methods to detect
major phytochemicals like alkaloids, flavonoids,

screening of

saponins, sterols, sugars, phenols, etc., present in
the extract.

Detection of Alkaloids

Methanolic extract was acidified with 1-5% HCIl
or 10% acetic acid. This test solution was used for
detection of alkaloids using various reagents.

Dragendorff’s Test

1-2 ml of test solution was mixed with
Dragendorff’s reagent. Formation of bright orange
precipitate confirmed presence of alkaloid in the
sample.

Hager’s Test
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1-2 ml of test solution was mixed with Hager’s
reagent. Formation of yellow precipitate
confirmed presence of alkaloid in the sample.

Mayer’s Test

1-2 ml of test solution was mixed with Mayer’s
reagent. Formation of white or buff precipitate
confirmed presence of alkaloid in the sample.

Wagner’s Test

1-2 ml of test solution was mixed with Wagner’s
reagent. Formation of brown precipitate confirmed
presence of alkaloid in the sample.

Detection of Flavonoids

chloroform/methanol/n-
hexane/ethyl acetate solvent was used as test
solution.

Extract dissolved in

Shinoda Test

1 ml of test solution was mixed with magnesium
powder and a few drops of concentrated HCI.
Development of orange, pink, red, or purple color
confirmed presence of flavonoid. Using zinc
instead of magnesium, development of deep-red to
magenta color or weak pink to magenta color
indicated presence of flavonoid.

Sulfuric Acid Test

1-2 ml of test solution was mixed with a few drops
of concentrated H.SOa4. Flavones and flavonols
produced deep yellow color. Chalcones and
aurones produced red or red-bluish color.
Flavanones gave orange to red color.

Detection of Sterols

Extract dissolved in non-polar solvent like
chloroform/n-hexane/petroleum  ether/methanol
was used as test solution.
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Salkowski Test

2 ml of concentrated H.SO4 was added to 1-2 ml
of test solution along the side of the test tube,
forming two layers. Development of red color
indicated presence of sterol.

Detection of Phenols

Ferric Chloride Test

Test solution was mixed with 1 ml of 5% (w/v)
FeCls in 90% methanol. Blue, blue-black, or blue-
green color indicated presence of polyphenols.

Detection of Saponins

A pinch of each extract was dissolved in water and
shaken well. Formation of froth indicated presence
of saponin in the test sample. Froth stable for 15
minutes or more was considered positive.

Detection of Sugars

Extract dissolved in polar solvent like
methanol/water/ethyl acetate/n-butanol was used
as test solution.

Molisch Test

1 ml of test solution was mixed with 1 ml of 10%
methanolic a-naphthol solution, followed by
addition of 4-5 drops of concentrated H.SOa along
the side of the test tube. Formation of violet ring
indicated presence of glycoside or sugar.

RESULT AND DISCUSSION :-

The bael leaves of Aegle marmelos were extracted
by the cold maceration method using ethanol as the
solvent. After 72 hours of soaking, a dark green
extract was obtained. The percentage yield of the
extract was approximately 10% w/w of the dried
leaf powder. Preliminary phytochemical screening
of the ethanolic extract revealed the presence of
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alkaloids, flavonoids, tannins, saponins, and
phenolic compounds. These findings indicate that
bael leaves are rich in bioactive constituents of

therapeutic importance.

The results demonstrate that bael leaves contain
several significant phytochemicals known for their
antioxidant, antimicrobial, and anti-inflammatory
These pharmacological properties
support the traditional medicinal use of bael in
various herbal preparations. The cold maceration
technique proved to be effective, as it helps
preserve thermolabile (heat-sensitive) compounds
that may degrade during hot extraction procedures.

activities.

Ethanol was found to be a suitable solvent because
of its ability to extract both polar and moderately
non-polar constituents efficiently.

Overall, the study confirms that bael leaves are a
valuable source of natural medicinal compounds
and possess potential for further pharmacological
investigation and herbal formulation development.

CONCLUSION

The present study demonstrates that bael leaves of
Aegle marmelos contain a broad spectrum of
pharmacologically active phytoconstituents. Cold
maceration using ethanol provides an optimal
balance  between  extraction yield and
phytochemical diversity, making it an appropriate
method for future pharmacological evaluation and
formulation research.
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