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ABSTRACT: Plant mucilages are increasingly explored in pharmaceutical research
as sustainable alternatives to synthetic excipients. Tinospora cordifolia (Guduchi), a
well-known medicinal plant in Indian traditional medicinal system, as it possesses
diverse therapeutic properties including immunomodulatory, antioxidant, and anti-
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inflammatory effects. The stem and leaves of Tinospora cordifolia have been widely
studied, but the fruit pulp mucilage remains relatively underutilized despite its
promising pharmaceutical potential. Mucilage, a polysaccharide-rich material,
exhibits swelling, viscosity, and gel-forming characteristics that make it suitable for
applications such as binding, disintegration, stabilization, and controlled drug
release. Extraction of mucilage from Tinospora cordifolia fruit pulp provides a cost-
effective and biocompatible excipient source, aligning with the growing demand for
natural and eco-friendly materials in drug formulation. Preliminary evaluation of
physicochemical properties, yield, and functional performance is essential to
establish its suitability for pharmaceutical use. Furthermore, cytotoxicity and
biocompatibility studies are critical to ensure safety before clinical application.
Overall, the exploration of Tinospora cordifolia fruit pulp mucilage offers
significant potential in advancing natural polymer-based drug delivery systems,
bridging traditional medicinal knowledge with modern pharmaceutical innovation.
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INTRODUCTION: Mucilage derived from plant
sources has gained increasing importance in
pharmaceutical research due to its biocompatibility,
biodegradability, and functional versatility.
Mucilage extracted from medicinal plants has
attracted attention as a promising excipient for drug
delivery and formulation development. It is a
natural, plant-derived polysaccharide that forms a
viscous, gel-like substance when mixed with water
! It is obtained from various plant sources such as
seeds, leaves, roots, and stems, and is widely used
in pharmaceuticals, food industry, and biomedical
fields due to its biocompatibility, biodegradability,
and nontoxic nature.
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Because of these properties, mucilage has gained
considerable importance as a natural polymer in the
development of modern drug delivery systems % 2.
Tinospora cordifolia, commonly known as
Guduchi or Giloy, is an Indian traditional medicinal
plant widely recognized in Ayurveda for its
immunomodulatory, anti-inflammatory, and
antioxidant properties. The stem and leaves have
been extensively studied, but the fruit pulp
mucilage remains relatively unexplored for
pharmaceutical applications *.

Fruit pulp mucilage is a polysaccharide-rich
material that consists of complex carbohydrates
containing sugars such as arabinose, Xxylose,
galactose, rhamnose, and uronic acids, exhibiting
desirable physicochemical properties such as
swelling index, viscosity enhancement, and gel
formation >”. These characteristics make it suitable
for use as a binder, disintegrant, stabilizer, and
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controlled or sustained-release agent in drug
formulations.

MATERIALS AND METHODS:

Extraction Procedure: Fruits of the Tinospora
cordifolia plant were collected from a neem tree
located in the health centre of the Indian Institute of
Technology (11T), Kanpur, Uttar Pradesh (India), in
April-June. Authentication of plant material was
carried out by Dr. K.M. Prabhukumar, Senior
Scientist and Herbarium Curator, Plant Diversity,
Systematics and Herbarium Division of CSIR-
National Botanical Research Institute, Lucknow
(PDSH/LWG/Authentication/Ang./2024-25/06)
dated 08 April 2024. The fruits were thoroughly
washed and shade-dried for  subsequent
experimental use.

Mucilage Extraction Procedure: The mucilage
from the pulp of Tinospora cordifolia fruit was
extracted using the method described by Chen et al.
(2022), with slight modifications ®. In brief, the
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fruit pulp (100 g) was soaked in 1 M NaOH
solution at a ratio of 1:30 (w/v) for 6 hours at 50°C
under continuous stirring. The resultant was filtered
through a muslin cloth. The filtrate was neutralized
to pH 6.84 with the help of distilled water, and the
clear supernatant was concentrated using a rotary
evaporator and subsequently precipitated with three
volumes of acetone, and centrifuged. The
precipitate was collected and lyophilized at -70°C
for 36 h to obtain the crude mucilage product **2.
The percentage yield of mucilage was calculated
using the following formula:

Yield (%) = Weight of dried mucilage / Weight of plant
material used x 100

The formula sufficiently conveys the information;
therefore, the accompanying explanatory sentence
(% Yield = W1/ W2 x100; Where W1 is weight of
extracted polymer and W2 is weight of initial plant
material) may Kkindly be removed to avoid
redundancy.

Alkali

Tinospora cordifolia
fruits

extraction

o P Lyophilization

Precipitation with
acctone

FIG. 1: MUCILAGE EXTRACTION PROCESS OF TINOSPORA CORDIFOLIA FRUIT PULP

Organoleptic Evaluation: The isolated fruit
mucilage was subjected to organoleptic evaluation
based on its morphological and sensory
characteristics, including colour, odour, taste,
gracture, and texture, as per the standard method

Phytochemical Evaluation: Preliminary
identification tests, such as the Ruthenium red test,
alcohol test, Molisch’s test, and iodine test, were
performed to confirm the mucilage’s nature and
assess its purity. In addition, phytochemical
screening was carried out to determine the presence
of various bioactive compounds. Alkaloids were
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identified using Mayer’s and Dragendorff’s tests,
tannins by Braymer’s test, proteins and amino acids
by Ninhydrin and Biuret tests, phytosterols by the
Libermann—Burchard test, flavonoids by the lead
acetate test, reducing sugars by Benedict’s and
Fehling’s tests, glycosides by the Keller—Killiani
test, phenolic compounds by the ferric chloride test,
and lignins by the Labat test. All evaluations were
conducted following established protocols.

Physicochemical Characterization:

Determination of pH: The pH of the mucilage was
determined using a digital pH meter (PH-300F).
1% (w/v) suspension of the isolated mucilage was
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prepared in distilled water and filtered through a
0.45um filter, and the pH values were determined
11

Determination of Moisture Content (Loss on
Drying): The moisture content of the mucilage was
determined by calculating the percentage weight
loss on drying. A known quantity (1 gm) of
mucilage powder was weighed accurately and dried
in a hot air oven at 105 °C for 3hr. The sample was
cooled, reweighed and continued to dry for 30 min
intervals until a constant weight was obtained. All
measurements were performed in triplicate. The
percentage moisture loss on drying was calculated
from the following formula ***%;

% Loss on drying = (Initial weight - final weight) / (Initial
weight) x 100

Solubility Study: The solubility of the extracted
mucilage (10mg) was evaluated in various solvents
(10ml) of different polarity, including distilled
water, hot water, ethanol, methanol, acetone,
chloroform, and ether 3.

Determination of Swelling Index: The swelling
index of the isolated mucilage was determined
using a graduated cylinder method. One gram of
mucilage powder was transferred into a 50 mL
graduated measuring cylinder containing 25 mL of
distilled water. The mixture was shaken thoroughly
for 10 minutes at regular intervals for 1 hour to
ensure proper hydration. The sample was then
allowed to stand for 3 hours at room temperature.
The final volume occupied by the swollen mucilage
was recorded, and the swelling index was
calculated from the following formula % *3;

Swelling index = (Final weight of swollen sample-Initial
weight of sample) / (Initial weight of sample) x 100

Determination of Bulk Density: Bulk density was
determined to evaluate the packing behaviour of
the mucilage powder. A known weight of mucilage
powder was carefully introduced into a graduated
measuring cylinder without compacting, and the
volume occupied was recorded. Bulk density was
calculated as the ratio of mass to bulk volume and
expressed in g/lcm3 ¥,

Bulk density (p) = (Powder weight (W) / (Bulk volume (Vb)

Determination of Tapped Density: Tapped
density was measured using the standard tapping
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method. A known quantity of mucilage powder was
placed in a graduated cylinder and subjected to
mechanical tapping until a constant volume was
obtained. The tapped density was calculated as the
mass of the powder divided by the final tapped
volume ¥,

Tapped density (pt) = (Weight of powder (W) / (Tapped
volume of powder (Vt)

Determination of Hausner’s Ratio: Hausner’s
Ratio is the ratio of bulk density and tapped density
values. The flowability of the mucilage powder was
calculated using a formula ***:

Hausner's ratio = (Tapped density) / (Bulk density)

Values close to 1 indicate good flow properties,
while higher values indicate poor flowability.

Determination of Carr’s Index: Carr’s index is
used to determine the compressibility of the
mucilage powder. Values indicate reduced
interparticle interactions, which in turn reflect
improved flow properties of the mucilage powder
and are calculated from the following formula ****":

Carr's Index (%) = (Tapped density - Bulk density) / (Tapped
density) x 100

Determination of Angle of Repose: The angle of
repose was measured using the fixed funnel and
free-standing cone method. The mucilage powder
was allowed to flow through a funnel fixed at a
certain height onto a flat surface to form a cone.
The height and radius of the cone were measured,
and the angle of repose was calculated using the
formula ** 1"

Angle of repose, tan 6 = height of cone (h) / radius of cone (r)

FTIR (Fourier Transform Infrared
Spectroscopy): FTIR of isolated mucilage was
conducted wusing a Perkin Elmer Spectrum
instrument (Spectrum 2) in the spectral range of
4000- 400 cm ™.

A measured amount of sample was finely ground
with a mortar and pestle and mixed with potassium
bromide (KBr) to form a pellet for the
identification of functional groups related to
polysaccharide structures. Peaks were analysed
using Origin 2022b software *#%,
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SEM (Scanning Electron Microscopy): SEM of
isolated mucilage was performed by mounting the
dried mucilage sample onto a specially designed
aluminium stub using double-sided adhesive tape.
The mounted sample was then coated with a thin
layer of gold using a sputter coater to enhance
conductivity and magnified at 1000X. SEM
imaging was carried out using a Carl Zeiss EVO 50
W-SEM instrument *%°,

RESULTS AND DISCUSSION:

Isolation of Mucilage: The mucilage isolated from
the fruit pulp of Tinospora cordifolia was evaluated
for organoleptic, morphological, and
physicochemical properties. The percentage yield
of mucilage was found to be 7.96+1.2% %,
obtained by soaking the fruits in 1M NaOH (1:30

E-ISSN: 0975-8232; P-ISSN: 2320-5148

w/v) for 6 hr at 50 °C, followed by extraction,
filtration, and drying of the mucilage.

Phytochemical Screening: Organoleptic
evaluation of the isolated fruit mucilage revealed
characteristic features consistent with
polysaccharide-rich material showing brown colour
with rough texture and mucilaginous touch, as
shown in Table 1. Our findings are in accordance
with Chen et al °, and Vignesh et al. *, who
reported mucilage as greenish brown to creamy
coloured mucilage powder. Preliminary
identification tests confirmed the presence of
mucilage and carbohydrates, as indicated by
positive results in the Ruthenium red test and
Molisch’s test, ! as shown in Table 2.

TABLE 1: ORGANOLEPTIC EVALUATION OF ISOLATED MUCILAGE

S. no. Parameter Observation / Value
1 Colour Light brownish
2 Odour Odourless
3 Taste Characteristic
4 Texture Irregular and rough

TABLE 2: PRELIMINARY SCREENING OF ISOLATED MUCILAGE

S. no. Phytoconstituent Test / Reagent Observation Result
1 Mucilage Ruthenium red test Pink/red colouration +
2 Carbohydrates Molisch’s test Violet ring at the junction +
3 Starch lodine test No blue colour -
4 Alkaloids Mayer’s test No cream precipitate -
5 Alkaloids Dragendorff’s test No orange precipitate -
6 Tannins Braymer’s test No greenish colour -
7 Proteins Biuret test No violet colour -
8 Amino acids Ninhydrin test No purple colour -
9 Phytosterols Libermann—Burchard test No green colour -
10 Flavonoids Lead acetate test No yellow precipitate -
11 Reducing sugars Benedict’s test No brick red precipitate -
12 Reducing sugars Fehling’s test No red precipitate -
13 Glycosides Keller—Killiani test No brown ring -
14 Phenolic compounds Ferric chloride test No blue/green color -
15 Lignin Labat test No red colouration -

Physicochemical Analysis: The physicochemical
characterization of the isolated mucilage material
highlights its versetile pharmaceutical potential, as
its pH value 6.84 + 0.042, was close to neutrality,
suggesting compatibility with a wide range of
active pharmaceutical ingredients (APIs) and
minimizing the risk of irritation  upon
administration. The moisture content (7.23 +
1.02%) was relatively low, indicating reduced
susceptibility to microbial contamination and
improved shelf stability. The swelling index (14.74
+ 0.23) shows its significant hydration capacity and
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desirable candidate as a disintegrant, bioadhesive
drug delivery system, or hydrophilic matrix for
controlled release.

Flow properties were evaluated through bulk
density (0.48 £ 0.01 g/cm?d), tapped density (0.60
0.01 g/cm?), Carr’s Index (20.82 £ 2.1%), Hausner
ratio (1.25 = 0.01) and angle of repose (32.65 +
0.23°). These values indicate fair flowability and
are considered acceptable for formulation
development *" 8,
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TABLE 3: PHYSICOCHEMICAL STUDY OF ISOLATED MUCILAGE

S. no. Parameter Observation / Value
1 pH 6.84 £ 0.042
2 Moisture content (%) 7.23+1.02
3 Swelling index 14.74 £ 0.23
4 Bulk density (g/cm3) 0.48 £ 0.01
5 Tapped density (g/cm3) 0.60 £ 0.01
6 Carr’s Index (%) 20.82+2.1
7 Hausner ratio 1.25+1.25
8 Angle of repose (°) 32.65 £ 0.23

Solubility Analysis: The isolated mucilage has
maximum solubility in warm water rather than in
organic solvents. This enhanced solubility may be
due to the presence of hydroxyl groups in the

polysaccharide structure, which facilitate hydrogen
bonding with water molecules %. In contrast, the
insolubility was observed in non-polar solvents as
mentioned in Table 3.

TABLE 3: SOLUBILITY ANALYSIS OF ISOLATED POLYMER

S. no. Solvent Observation Solubility
1 Cold water Turbid solution Slightly soluble
2 Warm water soluble Soluble
3 Ethanol No visible change Insoluble
4 Methanol No visible change Insoluble
5 Acetone No visible change Insoluble
6 Chloroform No visible change Insoluble
7 Ether No visible change Insoluble

FTIR (Fourier Transform Infrared anions (-COO") and carbonyl groups (C=0) in

Spectroscopy): The infrared spectrum displays
several distinct absorption bands that reveal the
functional groups present in the sample, as shown
in Table 4 and Fig. 2. An absorption peak at 3272
cm!' indicates O-H stretching vibrations,
suggesting the presence of a hydroxyl group of a
sugar residue. A sharp, strong peak near 1623 cm™!
corresponds to stretching vibrations of carboxylate

compounds such as aldehydes, ketones, esters, or
acids. Additional peaks around 2850-2950 cm™!
represent C-H stretching vibrations typical of
alkanes. The fingerprint region between 600-1500
cm™' shows multiple complex absorptions that
provide unique structural information about C-O,

5332(;1 and C-O-H bond vibrations of carbohydrates

TABLE 4: FTIR FREQUENCY AND FUNCTIONAL GROUP OF MUCILAGE

S. no. Wave number (cm™) Functional Group
1 3272 Alcohol O—H stretching
2 2926 Alkyl C—H stretching
3 1623 C=0 stretching
4 1545 N-H bending
5 1334 C—N stretching / O—H bending
6 1024 C-O stretching

Transmittance (%)
1
-

u T
4000 3500 2000

T
2500

Wavenumber{cm ')

T u
2000 1500

FIG. 2: FTIR OF ISOLATED MUCILAGE
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SEM Analysis: The SEM micrograph of the dried
sample exhibits a porous and heterogeneous surface
morphology. The structure is defined by an
interconnected network of folds, ridges, and voids,
forming a loose, sponge-like matrix. The presence
of irregular pores of varying sizes indicates high
surface area and porosity. These morphological
characteristics enhance water retention and

contribute to the swelling capacity of the isolated
mucilage, thereby improving its suitability for
formulation development

24,25

_ _
1BV WO 1 Smm S532 x1.000 1 O

FIG. 3: SEM OF ISOLATED MUCILAGE

CONCLUSION: The mucilage extracted from the
fruit pulp of Tinospora cordifolia was successfully
isolated and assessed for its organoleptic,
physicochemical, micromeritic, and structural
features. The mucilage appeared light brown,
odourless, and rough in texture, with a satisfactory
yield, demonstrating the effectiveness of the
extraction method. Its neutral pH, moderate
moisture content, and high swelling index, along
with the porous surface observed in SEM analysis,
suggest its potential as a hydrophilic natural
polymer for adaptable pharmaceutical uses.
Micromeritic testing showed acceptable bulk and
tapped densities with good flow properties, as
indicated by Carr's index, Hausner ratio, and angle
of repose, implying the powder is easy to handle
and process. Phytochemical screening confirmed
the of mucilage and carbohydrates, while other
compounds were absent, indicating the purity of the
isolated polymer. FTIR spectroscopy revealed
characteristic peaks for hydroxyl, carbonyl, and
ether groups, confirming its polysaccharide
structure and supporting its role as a natural
excipient. The results demonstrate that the
mucilage has suitable physicochemical and
structural properties and shows promise as a natural
material for drug delivery systems.
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