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Extraction, characterization and evaluation of jute
(Corchorus olitorius) leaf polysaccharide as a
binding agent for matrix tablet formulation

Olivia Sen,a,b Devlina Pal,*a Tamal Jana,b Sanchita Das,*c Gouranga Nandid and
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The objective of the present investigation was to estimate the potential of jute (Corchorus olitorius) leaf

polysaccharide (JLP) as a tablet binder. This polysaccharide was extracted by a simple decoction method

using distilled water and precipitated with twice the volume of acetone. The extracted JLP was dried,

powdered and subjected to several characterizations, such as FTIR spectroscopy, DSC, XRD, scanning

electron microscopy, zeta potential analysis, particle size analysis, tests for the presence of phytochemical

constituents, elemental analysis, and stability study in an aqueous environment, along with characterizing

other physicochemical properties. Diclofenac sodium-incorporated granules were prepared using 2.5%,

5%, 7.5% and 10% w/w JLP concentrations, and the prepared granules were evaluated and compressed

into tablets. The formulated tablet batches were evaluated for disintegration, drug release and kinetics

study. The obtained results were compared with those of similar concentrations of starch and PVP K-30

batches used as tablet binders. Results of FTIR spectroscopy and DSC study established the compatibility

between JLP and diclofenac sodium (DS) in the formulation. SEM analysis indicated that drug release from

the tablet matrix was predominantly controlled by surface erosion and pore development, which facili-

tated dissolution. JLP formulations revealed a drug release of >75% at 45 min (77.75% ± 1.298% to

87.352% ± 1.35%). The Korsmeyer–Peppas release exponent (n) from 0.56 to 0.84 indicated that the

majority of batches exhibited anomalous (non-Fickian) transport, signifying that drug release was

influenced by both diffusion and polymer relaxation or erosion. Preliminary study findings established JLP

as a suitable pharmaceutical excipient. Even at 2.5% binder concentration, low friability (0.308% ±

0.057%), hardness (4.22 ± 0.105 kg m−2) and drug release pattern of the prepared tablets indicated the

potential of the extracted novel JLP as a sustainable and safe alternative to conventional tablet binders.

1. Introduction

As the most stable dosage form and the one most preferred by
patients, tablets have outnumbered other dosage forms in
terms of consumption worldwide.1 The lowest content varia-
bility, highest precision in dose and flexibility in designing
and manufacturing have also made tablets favourable to for-
mulation scientists. In tablet manufacturing, wet granulation
techniques are widely employed due to their suitability and
adaptability to a vast number of excipients.2,3 The incorpor-

ation of binding agents plays a very important role in the per-
formance of the developed tablets. The selection of the
binding agent in optimum concentration during wet granula-
tion is crucial as it can impart plasticity, increase the flow
characteristics and compressibility of the prepared granules,
and aid in increasing interparticulate cohesive force alongside
mechanical strength.4 Besides the incorporation of synthetic
and semisynthetic binders in pharmaceutical tablet manufac-
turing, naturally occurring binders are increasingly gaining the
attention of pharmaceutical researchers.5 Among natural poly-
mers, polysaccharides are preferred due to their excellent bio-
compatibility, biodegradation profile, easy availability and
binding potential at lower concentrations.6 This has enhanced
the quest to explore newer polysaccharides as binding agents
for tablet preparation.7

Many naturally occurring polysaccharides, including starch,
acacia, sodium alginate, and tragacanth, have been widely
employed as tablet binders for a long time. Recent investi-
gations have reported the incorporation of many novel polysac-
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charides as binding agents in tablet manufacturing. These
include taro stolon polysaccharide, fenugreek gum, and guar
gum. Polysaccharides from edible sources have become a
recent highlight in pharmaceutical research due to their
proven biocompatibility, edible nature and assured
biodegradation.8–11 In the quest for sustainable development
of alternative resources of pharmaceutical excipients, we
explored the potential of jute leaf polysaccharide (JLP) as a
binder for pharmaceutical tablet preparation. Jute (Corchorus
olitorius) is a commonly cultivated vegetable across the
world.12 It belongs to the family Malvaceae.13 Although it is
mainly cultivated as a fiber crop and has found extensive appli-
cation in the packaging and textile industry, jute leaves are
known to be a commonly consumed vegetable in many parts
of Africa and Asia. This annual herbaceous plant usually grows
in hot and humid climates with sufficient rainfall. The leaves
of the jute plant contain polysaccharides.14 The JLP has not
been reported as a pharmaceutical excipient in any type of
dosage form. In this investigation, we extracted jute leaf poly-
saccharides from jute leaves and explored their binding ability
in tablet preparation using diclofenac sodium (DS) as a model
drug.

DS is a commonly used non-steroidal anti-inflammatory
drug that is widely prescribed in the therapy of arthritis.15 This
analgesic and antipyretic drug requires multiple dosing (3 to 4
times a day) due to its short biological half-life of 2 h.16 It
shows good solubility in an alkaline medium.17 The present
investigation aimed to assess the potential of JLP as a binding
agent in the formation of matrix tablets using DS as a model
drug. Additionally, we characterized a novel JLP as a pharma-
ceutical excipient. The characterization techniques include
phytoconstituent screening, organoleptic properties, total poly-
saccharide content, 13C solid-state NMR spectroscopy analysis,
elemental analysis, FTIR spectroscopy, molar mass, zeta poten-
tial, particle size, pH, surface tension, viscosity, water solubi-
lity, swelling index, DSC, TGA, DTA, powder X-ray diffraction,
and scanning electron microscopy. The preformulation study
confirmed drug–excipient compatibility; therefore, DS-incor-
porated granules were prepared and evaluated before com-
pression into tablets. The prepared JLP-based tablets were eval-
uated and compared with other conventionally used binding
agents: starch and PVP K-30.

2. Materials and methods
2.1 Materials

JLP was extracted from fresh jute leaves collected from the
local market in the District of North 24 PGS, West Bengal,
India, from June to August 2024. DS was obtained commer-
cially from TCI, India. Acetone, ethanol, starch, and PVP K-30
were obtained from Merck, India. Acacia, lactose monohydrate,
magnesium stearate, and refined talc were bought from SD
Fine Chemicals, India. All chemicals and reagents employed
were of analytical grade. All experiments were conducted using
triple-distilled water.

2.2 Methods

2.2.1 Extraction and purification of JLP. Extraction and
purification of jute leaf polysaccharides were performed using
the method described by Oh et al., with a slight modifi-
cation.18 Jute leaf polysaccharides were extracted from freshly
collected jute leaves. The collected species of the jute plant
were authenticated by the Botanical Survey of India, Shibpur,
Howrah, India. The fresh jute leaves were first washed
thoroughly with tap water, then rinsed with distilled water and
cut into small pieces. A measured quantity of leaves was
placed in a glass beaker containing distilled water and boiled
in a water bath for 2 h at 70 °C with intermittent stirring.
Then, it was allowed to cool to room temperature, and the
mucilaginous liquid was filtered through a muslin cloth. The
supernatant was collected following centrifugation of the
liquid extract at 2500 rpm for 20 minutes. Ethyl alcohol was
added into the supernatant to attain a final concentration of
55% v/v for the precipitation of mucilage. Subsequently,
acetone was added twice to the precipitated mucilage to
remove chlorophyll via centrifugation and repeated shaking
(2500 rpm for 15 minutes). Subsequently, the precipitate muci-
lage was dried at 40 °C for 2 h and triturated to obtain a fine
powder. Then, it was passed through sieve #100, and the final
product was kept in a desiccator for further study.

2.2.2 Characterization of JLP
2.2.2.1 Phytoconstituent screening. Various phytoconstitu-

ents present in the extracted JLP were identified by different
identification tests, such as Mayer’s test, Fehling’s test,
Salkowski’s test, Borntrager’s tests, ferric chloride test, and
Millon’s test for alkaloids, carbohydrates, phytosterols, glyco-
sides, tannins, amino acids, mucilage and starch. For carbo-
hydrates, their presence was checked through Fehling’s test by
mixing drops of Fehling’s A and B reagents and heating them
in a water bath. For mucilage, to check the presence of muci-
lage in the sample, the Ruthenium red test was performed by
observing stained dry JLP powder under a microscope. For the
alkaloids, Dragendorff’s test was performed to identify the
presence of the alkaloids. 0.2 g of JLP was heated with metha-
nol, filtered, acidified with HCl, and then treated with
Dragendorff’s reagent. In Mayer’s test, 2 mL of concentrated
HCl was added to 2 mL of 1% w/v JLP, followed by the addition
of Mayer’s reagent (2 drops). The Borntrager’s test was per-
formed for glycosides by adding 0.001 g of JLP powder to 2 mL
of benzene; the solution was filtered, and 2.5 mL of 10%
ammonia solution was added to the filtrate. In Legal’s test 1%
w/v JLP solution was treated with 2 mL pyridine and 2 mL
sodium nitroprusside, followed by NaOH to make it alkaline.
For starch, its presence was tested using an iodine test with
0.1 g of JLP and an iodine solution. For tannins, JLP was tested
for the presence of tannins by adding lead acetate and ferric
chloride to the JLP solutions. For proteins and amino acids,
they were tested using the Ninhydrin test by adding 5 drops of
2% ninhydrin solution in acetone, which was added to 2 mL
of 1% JLP and heated at 50 °C for 5 min. For steroids: the pres-
ence of steroids was checked through Libermann–Burchard’s
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test, involving the addition of 0.5 mL of acetic anhydride and 3
drops of concentrated sulfuric acid to 2.5 mL of 1% JLP
solution.19–21

2.2.2.2 Organoleptic properties. The colour, odour, and taste
of the JLP were observed manually.22

2.2.2.3 Total polysaccharide content. The total polysacchar-
ide content in the extracted JLP was evaluated via spectropho-
tometric analysis. Glucose was used as the standard, and a
standard curve was established using varying glucose concen-
trations (50 μg mL−1, 60 μg mL−1, 70 μg mL−1, 80 μg mL−1,
90 μg mL−1, and 100 μg mL−1). A 100 μg mL−1 aqueous solu-
tion of JLP was produced, from which 1 mL was extracted, to
which 1 mL of 5% w/v phenol was added, followed by the
addition of 5 mL of concentrated H2SO4. The resulting mixture
was put aside for 10 minutes and subsequently analysed spec-
trophotometrically at 488 nm using a UV-visible spectrophoto-
meter (UV-1900i, Shimadzu, Japan), relative to a blank sub-
jected to identical treatment without JLP. The test was carried
out in triplicate, and the mean value was obtained.23

2.2.2.4 13C solid-state NMR spectroscopy analysis. The solid-
state NMR spectrum (13C) of JLP was acquired using a Jeol
Solid State NMR Spectrometer (Jeol Resonance, 400 MHz, Jeol,
Japan) operating at 400 MHz with a 4 mm MAS probe.24

2.2.2.5 Elemental analysis. Carbon, hydrogen, sulphur, and
nitrogen percentages of the JLP were determined with an
elemental analyser (vario EL cube). A combustion temperature
of 1050 °C was maintained, and helium was employed as a
carrier.25

2.2.2.6 FTIR study. FTIR spectra of native JLP, DS and tablet
were obtained from FTIR (Bruker, alpha II, ECO-ATR, Bruker,
Germany) in order to analyse drug–excipient incompatibilities.
A KBr pellet with a very small amount of each sample was
scanned, ranging from 500 cm−1 to 4000 cm−1.18

2.2.2.7 Molar mass, zeta potential and particle size. The
molar mass, zeta potential, and particle size were determined
using the Dynamic Light Scattering method with Litesizer 500,
Anton Paar, Austria. In order to determine the molar mass of
JLP, three aqueous solutions with concentrations of 0.01%,
0.02%, and 0.05% w/v were prepared. In the study, water with
a refractive index of 1.3303 and dn/dc 1.0 mL g−1 was used as a
solvent. Toluene with a refractive index of 1.4925 and a
Rayleigh ratio of 0.0000115 cm−1 was used as a reference. The
temperature was set at 25 °C. To determine zeta potential,
water having a refractive index of 1.3303, viscosity of 0.0008903
Pa s, and relative permittivity of 78.37 was used as solvent, and
the adjusted voltage, filter optical density, and temperature
were 200.0 V, 2.0105, and 25.0 °C, respectively. For particle
size, a freshly prepared 1% w/v aqueous suspension of JLP
powder was used.26

2.2.2.8 Determination of aqueous solubility, pH, surface
tension and viscosity. The aqueous solubility of JLP (1% w/v)
was measured by preparing five distinct dispersions (1%, 2%,
3%, 4%, and 5% w/v) with magnetic stirring for 6 h continu-
ously at 25 °C and continuous visual monitoring. The pH of
the solution was assessed with a digital pH meter (pH 700,
Eutech Instrument, Singapore) at 28.4 °C. The surface tension

of a 1% w/v JLP solution was measured using a K9 optical ten-
siometer (Kruss GmbH, Hamburg, Germany). The viscosity of
a 1% w/v JLP solution was measured using a Brookfield visc-
ometer (LV, Ametek, USA) with spindle no. 64. The spindle was
configured to run at 60 rpm and 30.6 °C.27

2.2.2.9 Swelling index. The swelling index (SI) of JLP was
calculated following the method advised by the World Health
Organization (WHO).28 First, 25 mL of distilled water was
filled in a glass-stoppered measuring cylinder. Subsequently,
1 g of JLP powder (previously sieved through sieve no. 120) was
added to portions under continuous stirring to achieve
uniform dispersion. Once the whole amount of powder was
added, the mixture was mixed well at 10-minute intervals for
60 minutes. The volume occupied by the swollen mass at this
time was noted.29 This test was run in triplicate, and the swell-
ing index was obtained using the following formula:

Swelling index ð%Þ ¼ Vf � V0
V0

� 100;

where V0 and Vf were the initial volume of dry powder and the
final volume of hydrated swollen mass, respectively.

2.2.2.10 Determination of loss of drying. The moisture
content and loss on drying (LOD) of the dried JLP powder were
determined by employing the oven-drying technique. 1.00 g of
JLP powdered sample was placed in a pre-weighed, dry watch
glass (W1), and the initial weight of the watch glass with the
sample (W2) was recorded. Moisture content was determined
as a percentage of weight loss from the initial weight.30,31 The
sample was subjected to heating in a hot air oven at 105 ± 2 °C
for 1 h, subsequently cooled to ambient temperature in a
desiccator (25 ± 2 °C), and then reweighed (W3). The process
was continued until the difference between the two consecu-
tive weights was less than 5 mg, indicating that a constant
mass had been attained. The LOD was determined as the per-
centage of JLP powder weight loss after drying compared to
the initial powder weight:32

Loss on drying ð%Þ ¼ W2 �W3

W2 �W1
� 100:

2.2.2.11 Stability profile of JLP in an aqueous environment.
The stability of JLP in the solution phase was evaluated using
the UV–Visible spectroscopic method. 0.5% w/v JLP solution
was prepared using a magnetic stirrer. The samples were with-
drawn at different time intervals (at time 0 h, 12 h, 24 h, 48 h,
72 h, 120 h, 168 h) and analysed using a UV-visible spectro-
photometer in the range of 200–600 nm.33

2.2.2.12 DSC, TGA and DTA study. Differential Scanning
Calorimetry was determined for the extracted JLP using a
Differential Scanning Calorimeter (Mettler Toledo, USA) at a
heating rate of 10 °C min−1. The sample was placed on a plati-
num crucible and heated at a rate of 150 mL min−1 of nitrogen
between 30 °C and 400 °C. For this study, alpha alumina
powder served as a reference. To obtain DTA and TGA thermo-
grams, a thermogravimetric analyser (DTG-60, Shimadzu,
Japan) was used.34

RSC Pharmaceutics Paper

© 2026 The Author(s). Published by the Royal Society of Chemistry RSC Pharm.

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

2 
Ja

nu
ar

y 
20

26
. D

ow
nl

oa
de

d 
on

 2
/2

5/
20

26
 1

:0
9:

56
 P

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5pm00267b


2.2.2.13 Powder XRD study. Powder X-ray diffraction pat-
terns (PXRD) of native JLP, drug and tablet were obtained at
25 °C using an XRD diffractometer (Smart Lab 9 kW, Rigaku,
Japan) with nickel filtered CuK alpha 1 radiation (1.54060 Å) at
a 40 kV voltage and 30 mA current. The range of the scattering
angle (2θ) was 0–90°with a minimum step size of 0.001°.35

2.2.2.14 Scanning electron microscopy (SEM). The surface
topography of the extracted JLP was observed using an SEM
(Mettler Toledo, USA) study. The surface topography of the
compressed tablet and the dried tablet collected in the middle
of the release study was also studied. The samples were kept
on both sides of adhesive tape, which was kept under vacuum
and subjected to gold coating to increase conductivity. A
working distance of 7 mm was maintained with an applied
voltage of 2.0 kV.36

2.2.3 Preformulation studies. Various preformulation tests
were conducted to examine the compatibility of pure DS and
other excipients using FTIR, TGA, DTA, and DSC, as previously
described. The crystallinity of the pure DS and tablet matrices
was assessed by PXRD analysis.

2.2.4 Preparation and evaluation of DS matrix tablets
2.2.4.1 Preparation of DS tablets using the wet granulation

technique. Matrix tablets containing DS were developed using
the wet granulation method. As shown in Table 1, native JLP,
starch, and PVP K-30 were used individually for various formu-
lation batches. The drug was accurately weighed and mixed
homogeneously with the polymer. The drug–polymer mixture
was mixed thoroughly with half the amount of talc and mag-
nesium stearate. A certain amount of lactose was added as a
tablet diluent. Distilled water was used with the drug–excipient
mixture to prepare a moist mass. The wet mass was passed
through sieve no. 12. The prepared granules were placed in a
hot-air oven (Indian Instruments Manufacturing Co.) at 50 °C
for drying. The remaining magnesium stearate and talc were
added to the dried granules and screened through sieve no. 18
to achieve a uniform granule size. The tablets were prepared
using a rotary tablet compression machine (Kambert
Machinery, India) with a 6 mm die.8

2.2.4.2 Derived and micromeritic properties of granules. The
granule size distribution was investigated through sieve ana-
lysis by employing a standard sieve set. The bulk volume of

particles can be determined using a graduated measuring
cylinder. A specified quantity of granules was placed into a
100 mL graduated cylinder, and the volume they occupied was
recorded as bulk volume. The bulk density of the granules was
obtained using the bulk volume and the precise weight of the
granules evaluated in the study.37 The bulk density was calcu-
lated using the following equation:

Bulk density granules ¼ mass of granules taken
bulk volumeof granules

:

The tapped density of the granules was obtained by measur-
ing the tapped volume (Vt) once a constant volume was
achieved using a tapped density device (Model TD-1025,
LabIndia, India). Granules were weighed, transferred into a
graduated cylinder and tapped within the device. The ultimate
settling volume was recorded after tapping continued until no
more volume change was seen.37 The tapped density was calcu-
lated using the following equation:

Tapped density of granules ¼ mass of granules taken
tapped volumeof granules

:

The Carr’s compressibility index was calculated using the
following formula:

Carr′ s index ¼ tappeddensity � bulk density
tappeddensity

� 100%:

Hausner’s ratio was determined using the following
equation:

Hausner′ s ratio ¼ tappeddensity of granules
bulk density of granules

:

The prepared granules were assessed for their flow charac-
teristics by determining the angle of repose. The angle of
repose was obtained using the fixed funnel method. This
approach required securing a funnel with its tip positioned at a
specified height (h) above graph paper placed on a level horizon-
tal base. The granules were precisely poured into the funnel
until the peak of the conical heap barely contacted the tip of the
funnel. The radius of the base of the conical pile was measured.
The radius (r) of the heap was measured by recording the dia-
meter of the circular base and taking half of this value.27,38 The

Table 1 Composition of various DS incorporated tablet batches with varying concentrations of JLP, starch, and PVP K-30

Batch no. Drug (diclofenac sodium) JLP Starch PVP K-30 Lactose Talc Mg stearate

B1 50 mg 2.5% — — 135 mg 5 mg 5 mg
B2 50 mg 5% — — 130 mg 5 mg 5 mg
B3 50 mg 7.5% — — 125 mg 5 mg 5 mg
B4 50 mg 10% — — 120 mg 5 mg 5 mg
B5 50 mg — 2.5% — 135 mg 5 mg 5 mg
B6 50 mg — 5% — 130 mg 5 mg 5 mg
B7 50 mg — 7.5% — 125 mg 5 mg 5 mg
B8 50 mg — 10% — 120 mg 5 mg 5 mg
B9 50 mg — — 2.5% 135 mg 5 mg 5 mg
B10 50 mg — — 5% 130 mg 5 mg 5 mg
B11 50 mg — — 7.5% 125 mg 5 mg 5 mg
B12 50 mg — — 10% 120 mg 5 mg 5 mg
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flow properties of the granules were evaluated by determining
the angle of repose using the following formula:

Angle of repose ðθÞ ¼ height of the heap
radius of the heap

:

2.2.4.3 Evaluation of DS matrix tablets
2.2.4.3.1Content uniformity. Ten tablets were randomly
selected and weighed separately from each prepared batch of
DS matrix tablets.39 The tablets were subsequently ground into
fine powder, and a precisely measured equivalent amount of
50 mg of DS was placed into a 100 mL volumetric flask.
Distilled water was introduced, and the flask was placed on a
mechanical shaker for 15 minutes. After passing the content
via Whatman filter paper, the first 15 mL was allowed to be
thrown away. After precisely measuring 10 millilitres of filtrate
solution, 100 millilitres of solution were prepared by diluting
it with distilled water. From the resulting solution, 10 mL was
taken and diluted to 100 mL using distilled water. The drug
content of the resultant solution was determined using a UV–
Vis spectrophotometer (UV-1900i, Shimadzu) at 275 nm.
2.2.4.3.2Weight variation

Randomly, 20 tablets from each batch of DS matrix tablets
were individually weighed using an electronic balance
(Mettler, Toledo). The percentage relative standard deviation
was determined from the obtained results.40

2.2.4.3.3Tablet hardness
A tablet hardness test was performed on five randomly

chosen tablets using the Monsanto tablet hardness tester. The
mean hardness was also recorded.41

2.2.4.3.4Percentage friability
Percentage friability was performed using a Roche tablet

friability testing device (EF-2L, Friability Tester, Electrolab,
India). Ten tablets were randomly selected from each formu-
lation batch and collectively weighed to obtain the initial
weight (W0). These tablets were then placed in the chamber of
a friability test apparatus, which was allowed to rotate at 25
revolutions per minute (rpm) for a total of 100 rotations.42

After completion, the tablets were collected, cleaned to elimin-
ate any loose particles, and reweighed to ascertain the final
weight (Wf ). The following formula can be used to determine
percentage friability:

Percentage friability ¼ W0 �Wf

W0
� 100:

2.2.4.3.5Disintegration time
Six tablets were randomly chosen from each prepared batch

and studied for disintegration using a tablet disintegration
apparatus (Lab India, model-DT 1000). Using phosphate buffer
(pH 7.5) as a disintegration medium, the temperature was kept
at 37 °C ± 0.5 °C. The tablets were placed in the basket, and
the time necessary for total disintegration was ascertained.
The average disintegration time in minutes was determined
for each formulation batch.42

2.2.4.3.6In vitro dissolution study
The prepared DS matrix tablets were assessed for in vitro

dissolution using simulated intestinal fluid (phosphate buffer,

pH 7.5). The study was conducted using a USP Class II dis-
solution test apparatus. The stirrer speed was kept at 50 rpm.
The bath temperature was maintained at 37 ± 0.5 °C through-
out the experiment. At predetermined intervals, 5 mL of dis-
solution solution was removed and replaced with the equi-
valent volume of freshly prepared buffer solution. The with-
drawn sample was immediately filtered, and the amount of
drug released was analysed spectrophotometrically (UV-1900i,
Shimadzu) at λmax of 275 nm. The cumulative percentage
release (CPR) of the drugs was determined using the obtained
values. After conducting the trial three times, the mean CPR
value was determined.43

2.2.4.3.7Drug release kinetics
The average CPR values were aligned with many kinetic

models, as detailed below. Zero-order kinetics: Qt = Q0 + K0·t,
where Qt is the dissolved amount of drug after time t, Q0 is the
initial amount of drug in solution, and K0 is the zero-order
constant. First order kinetics: logQt ¼ logQ0 þ K1 � t

2:303 ; K1 is
the first order constant. Higuchi kinetics: Q ¼ kH � t 1

2f g; where
Q is the dissolved amount of drug after time t and KH is the
Higuchi constant. Hixon–Crowell kinetics: Q

1
3f g

f0g � Q
1
3f g

ftg ¼
KfHCg � t; where Q0 is the dissolved amount of drug after time
t, Qt is the initial amount of drug in solution and K is the zero-
order constant. Korsmeyer–Peppas kinetics: Q = Ktn, where Q is
the fraction of dissolved drug after time t, and K and n are the
rate constant and diffusional exponent, respectively.
Korsmeyer–Peppas kinetics was also employed to predict the
drug release mechanism, including diffusion-controlled
release (Fickian mechanism), anomalous transport (non-
Fickian mechanism), and relaxation-controlled drug release
(case-II transport) mechanism.49 The n value of ≤0.43 indicates
the Fickian release mechanism, a value in the range of
0.43–0.85 predicts non-Fickian release, and an n value of ≥0.85
indicates case-II transport.43

2.2.4.3.8Stability study
The JLP (batch B1) tablets were stored in a stability

chamber for three months at 40 °C ± 0.5 °C and 75% ± 5%
relative humidity in an airtight, clean glass container. After
three months, the aged tablets were examined for variations in
appearance and assessed for drug content, hardness, in vitro
dissolution, and FTIR.44

2.2.5 Statistical analysis. MedCalc software (11.6.1.0.
version) was used to perform a basic statistical analysis of the
information obtained.

3. Results and discussion
3.1 Characterizations of JLP

3.1.1 Phytoconstituent screening. The presence of carbo-
hydrates and mucilage in extracted JLP was investigated by
phytochemical screening (Table 2). Dragendroff’s and Mayer’s
reagents used to study the alkaloid content demonstrated the
absence of alkaloids in JLP. Comprehensive testing involving
Borntrager’s, Keller–Kiliani, Legal’s, iodine, lead acetate, ferric
chloride, Ninhydrin, and Libermann–Burchard’s tests indi-
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cated the absence of glycosides, starch, tannins, proteins,
amino acids, or steroidal substances.45

3.1.2 Total polysaccharide content. The JLP sample com-
prised 74.17% ± 0.031% w/w total polysaccharides, as deter-
mined by UV-visible spectroscopy at 484 nm. A similar type of
glucose calibration curve (50–100 μg mL−1) with high linearity
(r2 = 0.995) was observed by Guo et al. and extracted from the
seeds of Sophora alopecuroides L. (78.4% w/w).46

3.1.3 13C solid-state NMR spectroscopy analysis. The solid-
state 13C NMR spectra of jute leaf polysaccharide (JLP) (S1) dis-
played multiple distinctive resonances that confirmed its poly-
saccharide backbone and functional group substituents, as

shown in Fig. 1. A significant resonance at 99.658 ppm was
attributed to the anomeric carbon (C1) of the sugar residues,
while the pronounced signal at 72.911 ppm was associated
with the ring carbons (C2, C3, and C5) of the pyranose units.
The resonance at 53.939 ppm was ascribed to C–N modified
carbons or methoxy carbons linked to acetylated or amine-con-
taining polysaccharides. Signals detected at 37.019, 33.003,
and 30.695 ppm corresponded to aliphatic methylene carbons
(–CH2–), while those at 21.894 and 18.39 ppm signified methyl
carbons (–CH3), presumably originating from acetyl substitu-
ents. A characteristic downward resonance at 175.372 ppm
indicated carbonyl carbons (CvO) either from uronic acid resi-
dues or ester/amide linkages, hence affirming the polysacchar-
ide composition of JLP with potential acetyl and uronic
replacements.23

3.1.4 Elemental analysis. The elemental analysis of
extracted JLP revealed the presence of carbon, hydrogen, nitro-
gen, and sulphur, with contents of 33.68%, 5.677%, 1.98%,
and 0.161%, respectively. This result was found to be similar
to the elemental contents of JLP reported by Wang et al. and
Tang et al.47,48

3.1.5 FTIR analysis. The FTIR spectra of the pure DS, JLP,
and tablet formulations are illustrated in Fig. 2. The JLP spec-
trum exhibits extensive absorption characteristics of polysac-
charides, featuring a large O–H stretching band at
3239.36 cm−1, C–H stretching vibrations throughout the
2920–2850 cm−1 range, and pronounced C–O/C–O–C bands in

Table 2 Phytochemical evaluations of the extracted JLP

Sl.
no. Performed tests Name of tests Inference

1 Carbohydrate test Fehling’s test Positive
2 Mucilage test Ruthenium red test Positive
3 Starch test Iodine test Negative
4 Alkaloid test Dragendroff’s test & Mayer’s

test
Negative

5 Glycoside test Legal test and Borntrager test Negative
6 Test for tannins Ferric chloride and lead

acetate test
Negative

7 Steroids and sterols Libermann–Burchard’s test Negative
8 Proteins and amino

acids test
Ninhydrin test Negative

Fig. 1 NMR spectrum of JLP.
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the 1200–1000 cm−1 region. Pure DS exhibits characteristic drug
absorptions, including a large N–H/O–H related band about
3370 cm−1, aromatic C–H stretches approximately at 3000 cm−1,
and pronounced bands associated with the carboxylate/carboxyl
functionality (CvO/C–O stretching) at around 1574 cm−1.
The FTIR spectrum of the tablet formulation contained the
primary DS peaks—the N–H/O–H band (∼3370 cm−1), the car-
boxylate CvO/C–O band (∼1574–1575 cm−1), the aromatic C–C
in-ring band (∼1452 cm−1), and the C–N stretching near
1305 cm−1—without significant shifts or loss of these distinctive
signals. The persistence of the drug’s characteristic absorptions
in the formulation spectrum signifies the presence of DS in the
tablet and implies the absence of major chemical interactions
(e.g., bond formation or degradation) between DS and the JLP
excipient under the preparation conditions employed. The
tablet spectrum shows both sets of analytical groups (JLP and
diclofenac) without significant changes or drug spectrum dis-
appearance, indicating physicochemical stability in the
formulation.18

3.1.6 Molar mass, zeta potential, and particle size. The
molar mass, zeta potential, average particle size, and polydis-
persity index are displayed in Table 3. The molar mass of
extracted JLP was found to be 2.12 (±0.05) × 105 Da, which is
relatively higher than the molar mass of TSP derived from the
taro (Colocasia esculenta) stolon polysaccharide.49 The mean
zeta potential was found to be −4.6 (±0.4) mV. The negative
zeta potential may have resulted from the presence of –COOH
groups. The average particle size was found to be 438.6 nm.

3.1.7 Determination of pH, surface tension, viscosity, and
water solubility. The pH, surface tension, and viscosity of the
1% w/v aqueous solution of JLP were found to be 6.88 ± 0.03,
76.73 ± 0.06 dyne cm−1, and 900.04 ± 0.01 cP, respectively (as
shown in Table 3). A pH of 6.88 ± 0.03 signifies that the JLP
solution is nearly neutral, which suggests that it may be biocom-
patible and appropriate for topical and oral use. Because of this
neutral pH, there is less chance that pH-sensitive active sub-

stances will become irritated or degrade. The surface tension of
76.73 ± 0.06 dyne cm−1, although slightly less than that of pure
water (∼72.8 dyne cm−1), indicates a moderate wetting ability,
perhaps enhancing spreading over drug particles during wet
granulation and promoting uniform binder dispersion. The
high viscosity of 900.04 ± 0.01 cP indicates effective thickening
and binding capabilities.26 In the solubility study, JLP was
observed to be dissolved and yielded a clear and transparent
aqueous dispersion up to 2% w/v concentration.

3.1.8 Swelling index. The swelling index of the JLP samples
was assessed using distilled water as a medium, as described
by the WHO for evaluating the swelling index of crude drugs,
demonstrating the superior swelling characteristics of the JLP.
After 4 h, the swelling index was observed to be 1113.40% ±
4.77% with regard to the volume occupied by 1 g of dry
powder. A considerable increase in the swelling index was
observed over time. The increased swelling index further indi-
cates the efficiency of JLP as a disintegrating agent for matrix
tablets.50

3.1.9 Determination of loss on drying. The percentage
moisture content of the JLP powder expressed as a percentage
loss on drying (LOD) was found to be 9.86% ± 0.15% w/w, indi-
cating the mass lost during heating at 105 °C. The loss of
moisture is predominantly caused by free and bound water
inside the polysaccharide structure.32

3.1.10 Stability profile of JLP in an aqueous environment.
UV–visible spectral analysis showed a significant decrease in
absorbance over time, signifying the continuous degradation
of JLP. All the JLP samples at different time intervals are ana-
lyzed between the wavelengths 200 and 600 nm, as depicted in
Fig. 3. The spectral representation exhibited considerable
change from 24 h to 48 h data and from 48 h to 72 h data.
This indicates the occurrence of probable bacterial growth
during this time. The visual appearance and smell of the
product were also noticed during this time. The absorbance
against the wavelength (nm) measured at various time inter-
vals is represented by each curve. Since JLP is obtained from a
natural source, the change may be attributable to microbial
proliferation or biochemical degradation.33

Fig. 2 FTIR spectra of native JLP, pure DS, and DS-loaded tablet (B1
batch).

Table 3 Physicochemical characteristics of JLP

Physicochemical characteristics Values

Color Greyish brown
Odor Odourless
Taste Bland
Polysaccharide content 74.17 ± 0.031
Elements present N [1.98%], C [33.68%],

H [5,677%], S [0.161%]
Molar mass 2.12 (±0.05) × 105 Da
Zeta potential −4.6 (±0.4) mV
Viscosity (1% w/v) 900.04 ± 0.01 Cp
pH (1% w/v) 6.88 ± 0.021
Aqueous solubility Soluble up to 2% w/v
Surface tension (1% w/v) 76.73 ± 0.06 dyne cm−1

Particle size 438.6 nm
Swelling index 1113.4% ± 4.77% ml g−1

Loss on drying 9.86% ± 0.15% w/w
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3.1.11 DSC, TGA, and DTA. The DSC thermograms of the
JLP, pure DS, and prepared diclofenac tablets are displayed in
Fig. 4. The thermogram exhibited two distinct endothermic
peaks. The JLP thermogram showed that an endothermic peak
was observed at 77.65 °C, which may correspond to the evapor-
ation of moisture (free or bound water) or other volatile com-
ponents present in the sample. A second sharp endothermic
peak was observed at 312.83 °C, which can be attributed to the
melting of the crystalline drug (DS) or thermal degradation of
the polymer matrix. The absence of any additional endother-
mic or exothermic peaks suggests no major polymorphic tran-
sition or chemical incompatibility under the studied con-
ditions. The thermogram for DS displayed an endothermic
peak of around 75.74 °C, which indicates the loss of water (de-
hydration) from the hydrated DS salt. A similar endothermic

peak in the thermogram of pure DS was also reported by
Manna et al.8 The second, more prominent, sharp endother-
mic peak was observed at approximately 287.08 °C, and a sub-
sequent exothermic peak was observed at 294.73 °C. The sharp
endothermic peak signifies the melting point of the anhydrous
DS, while the subsequent exothermic peak is likely due to the
decomposition of the drug. The Differential Scanning
Calorimetry (DSC) thermogram for the JLP tablet exhibits
three significant thermal peaks. A broad endothermic peak at
approximately 64.40 °C suggests the loss of moisture or the
melting of a low-temperature excipient. The subsequent
endothermic peaks at 256.14 °C and 279.34 °C likely corres-
pond to the melting of the active pharmaceutical ingredient
and another component or a polymorphic transition, respect-
ively, followed by potential decomposition.

The TGA thermogram of JLP shows a weight loss of 9.77%
between 25 °C and 105 °C, which is likely due to the loss of
moisture. A further weight loss of 25.43% occurs between
105 °C and 400 °C, and a third weight loss of 28.51% is
observed between 400 °C and 600 °C. These two later stages of
weight loss are associated with the thermal degradation of the
JLP. The DTA thermogram of JLP exhibits endothermic peaks
at 77.29 °C and 278.44 °C, along with an exothermic peak at
494.39 °C. These peaks correspond to the dehydration and
degradation processes observed in the TGA analysis. The TGA
thermogram for DS shows an initial weight loss of 0.81% from
25 °C to 110 °C, which is attributed to moisture loss. A second,
more significant weight loss of 30.68% is observed between
290 °C and 400 °C, followed by another weight loss of 19.33%
between 400 °C and 500 °C. These weight losses are due to the
degradation of the DS molecule. The DTA thermogram for DS
shows two endothermic peaks: a small one at 122.95 °C and a
sharp one at 292.05 °C. The sharp peak at 292.05 °C corres-
ponds to the melting point of the DS. The TGA thermogram of
the JLP tablet shows a weight loss of 2.19% from 25 °C to
120 °C, which corresponds to the loss of moisture. A second
major weight loss of 29.58% is observed between 280 °C and
400 °C. This is followed by a third weight loss of 19.12%
between 400 °C and 600 °C. These two stages of weight loss
are attributed to the degradation of the tablet’s components,
including DS and the JLP plant material. The DTA thermogram
of the JLP tablet displays endothermic peaks at 82.26 °C and
290.49 °C, and an exothermic peak at 485.49 °C. The peak at
290.49 °C indicates the melting point of DS, while the other
peaks are associated with the degradation of the other tablet
excipients and the JLP.8

3.1.12 Powder X-ray diffraction. A PXRD study was per-
formed for JLP, pure DS, and DS-containing tablet (B1 batch)
formulations. The obtained diffractograms are depicted in
Fig. 5. The JLP diffractogram showed a broad halo-like pattern
with low-intensity peaks, particularly in the range of ∼10°–30°
(2θ), and an absence of sharp high-intensity peaks. The X-ray
diffraction pattern of DS exhibits numerous sharp and intense
peaks, particularly in the 2θ range of approximately 10°–30°,
with the highest intensity exceeding 500 counts. The presence
of these well-defined diffraction peaks confirms the highly

Fig. 3 Stability assessment of JLP in aqueous environment.

Fig. 4 DSC thermograms of native JLP, pure DS, and tablet formulation
(B1 batch).
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crystalline nature of DS. The diffractogram displays a broad
halo-like peak and a lack of sharp, intense diffraction peaks.
This suggests that the jute leaf polysaccharide (JLP) formu-
lation is primarily amorphous rather than crystalline. The
intensity peaks in the low 2θ range (about 10°–20°) and pro-
gressively diminishes at higher angles (20°–80°). This pattern
indicates amorphous polysaccharides.35

3.1.13 Scanning electron microscopy. The SEM image of
the dried powdered JLP is depicted in Fig. 6. Fig. 6A reveals
that the native JLP particles exhibit irregular morphology with
a rough and crumpled surface. Surface roughness indicates a
high surface area, which may improve interactions with sol-
vents or active compounds. The higher magnification (Fig. 6B)
shows fine granularity and possibly micro-flaws or layered
structures. The SEM images of developed JLP-based tablets
(Fig. 6C) depicted the dry, smooth and compact surface of a
compressed tablet before dissolution. The micrograph showed
minimal pores or cracks on the surface. The dried mid-dis-
solution tablet surface image (Fig. 6D) displayed an erodible
and swollen surface with highly porous and roughness present
on it. The comparison of the SEM results demonstrates that
drug release from the tablet matrix is facilitated by surface
erosion and pore development relies on dissolution. The trans-
formation from a dense structure to a porous, degraded
surface shows the efficacy of the disintegration and dissolution
processes.25

3.2 Evaluation of the granules

The various derived and micromeritic properties of the devel-
oped granules are presented in Table 4. The granules exhibited
a relatively uniform mean size, ranging from 1058.52 ±
11.04 μm to 1056.14 ± 17.82 μm, which is equivalent to the
granule size of DS using jute leaf polysaccharides as binders.
This was similar to the size of the granules of DS formulated
using Cassia fistula seed galactomannan as a binder.26 The
bulk density of the developed granule batches ranged from
0.5357 g cm−3 to 0.5769 g cm−3, which was very similar to the
diclofenac incorporated granules prepared using Cassia fistula
seed galactomannan.26 The developed granules had measured
tapped densities ranging from 0.6117 ± 0.0044 g cm−3 to
0.6534 ± 0.0047 g cm−3, which were similar to paracetamol
granules made with the mucilage from Mimosa pudica seeds as
a binder.51 Good flow behaviour was shown by the Carr’s
index, which ranged from 11.70 ± 0.0476 to 12.42 ± 0.0891 for
all of the batches. Additionally, the Hausner’s ratio varied
between 1.133 ± 0.0006 and 1.142 ± 0.0012, indicating that the
granules had good flow properties. Hausner’s ratio and Carr’s
index values were similar to those of paracetamol granules
developed with cashew tree gum and mimosa mucilage as a
binder.51 In accordance with earlier reports on paracetamol
granules prepared with mimosa mucilage, the angle of repose
values ranged from 23.558 ± 0.4028° to 28.641 ± 0.348°.51 It

Fig. 5 Powder X-ray diffractograms of JLP, pure DS and tablet formulation (B1 batch).
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was discovered that the angle of repose increased as the
polymer concentration increased. The results revealed that the
developed granules had good flowability.

3.3 Evaluation of the prepared tablets

3.3.1 General evaluation parameters of tablets. Various
evaluation parameters for prepared tablet batches are depicted
in Table 5. The content uniformity of the developed tablet for-

mulations was found to be between 99.43 ± 0.373 and
98.377% ± 0.286%. The almost similar drug contents of the
formulations demonstrated the uniformity of the manufac-
tured tablet batches. 20 tablets were selected at random from
each batch to conduct a weight variation test. For each formu-
lation, the average tablet weight was found to be within the
Pharmacopoeial limits. The range of the average hardness was
4.22 ± 0.105 to 4.66 ± 0.085. A gradual rise in the concentration

Fig. 6 SEM images of (A) dried JLP powder particles at 500× magnification; (B) JLP powder particles at higher magnification (1500×); (C) com-
pressed tablet surface before dissolution; and (D) porous surface during tablet dissolution.

Table 4 Different derived micromeritic properties of various prepared granule batches

Batch
no.

Size of granules
(mean ± S.D.)
(n = 3)

Bulk volume (cm3)
(mean ± S.D.) (n = 3)

Bulk density
(g cm−3)
(mean ± S.D.)
(n = 3)

Tapped density
(g cm−3)
(mean ± S.D.)
(n = 3)

Carr’s index
(mean ± S.D.)
(n = 3)

Hausner’s ratio
(mean ± S.D.)
(n = 3)

Angle of repose
(°) (mean ± S.D.)
(n = 3)

B1 1058.52 ± 1.04 18.67 ± 0.15 0.5357 ± 0.0044 0.6117 ± 0.0044 12.42 ± 0.0891 1.142 ± 0.0012 23.558 ± 0.4028
B2 1059.75 ± 6.62 18.83 ± 0.15 0.5310 ± 0.0043 0.6078 ± 0.0054 12.63 ± 0.135 1.145 ± 0.0018 25.296 ± 0.3812
B3 1057.5 ± 5.57 18.83 ± 0.208 0.5310 ± 0.0059 0.6075 ± 0.0067 12.59 ± 0.0296 1.144 ± 0.0004 27.49 ± 0.4106
B4 1064.78 ± 10.03 18.73 ± 0.208 0.5339 ± 0.006 0.6104 ± 0.0068 12.53 ± 0.0295 1.143 ± 0.0004 27.528 ± 0.3932
B5 1067.82 ± 3.7 17.3 ± 0.12 0.578 ± 0.0033 0.6545 ± 0.0026 11.69 ± 0.1712 1.132 ± 0.0022 26.46 ± 0.4623
B6 1064.96 ± 4.24 17.23 ± 0.06 0.5803 ± 0.0019 0.6568 ± 0.0025 11.65 ± 0.1034 1.132 ± 0.0013 26.531 ± 0.4034
B7 1059.77 ± 2.06 17.27 ± 0.12 0.5792 ± 0.0039 0.6552 ± 0.0038 11.60 ± 0.0685 1.131 ± 0.0009 28.576 ± 0.3928
B8 1050.5 ± 4.33 17.3 ± 0.1 0.578 ± 0.0033 0.6548 ± 0.0045 11.72 ± 0.13 1.133 ± 0.0017 26.565 ± 0.4884
B9 1058.62 ± 6.7 17.33 ± 0.06 0.5769 ± 0.0019 0.6534 ± 0.0025 11.70 ± 0.1039 1.133 ± 0.0013 25.637 ± 0.4355
B10 1058.12 ± 4.54 17.27 ± 0.12 0.5792 ± 0.0039 0.6552 ± 0.0039 11.60 ± 0.0685 1.131 ± 0.0009 26.54 ± 0.4034
B11 1051.08 ± 6.53 17.27 ± 0.06 0.5792 ± 0.0019 0.6559 ± 0.0017 11.70 ± 0.1981 1.133 ± 0.0025 27.5 ± 0.3827
B12 1056.14 ± 17.82 17.33 ± 0.12 0.5769 ± 0.0038 0.6534 ± 0.0047 11.70 ± 0.0476 1.133 ± 0.0006 28.641 ± 0.348
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of polymers was shown to increase hardness. According to
Pharmacopoeial standards, the friability of prepared tablets
was assessed and reported to be between 0.308 and 0.238%,
which was below the permitted limit of friability (<1%). The
obtained % friability shows outstanding physical stability for
all developed formulations. The concentration of the binder
significantly influenced the mechanical strength of the formu-
lated tablets, as depicted in Fig. 7. Despite the increase in
binder concentration, tablet hardness correspondingly
increased, signifying enhanced inter particulate bonding. The
increasing hardness values among batches (B1–B12) are

associated with enhanced development of more effective com-
paction of the JLP, drug and other excipients, as depicted in
Fig. 7(A). However, friability demonstrated a decreasing effect
as the binder concentration increased, as shown in Fig. 7(B).
The decrease in friability indicates the enhanced mechanical
integrity of the tablets. Among the two variables, friability is
the most important for binder selection, as it immediately
indicates the tablet’s capacity to endure handling and trans-
portation. The optimum binder concentration was selected
based on its capacity to achieve satisfactory hardness while
maintaining friability below the Pharmacopoeial standards.

Using a pH 7.5 phosphate buffer, the disintegration time of
the formulated tablet batches was assessed. In formulation B1
through B4, the disintegration time increased gradually from
8.28 ± 0.361 (2.5% JLP) to 13.68 ± 0.44 min (10% JLP).
Similarly, starch-based formulations (B5–B8) showed disinte-
gration times from 5.31 ± 0.19 to 9.18 ± 0.512 minutes. The
disintegration time of the PVP K-30-incorporated formulations
(B9–B12) ranged from 5.57 ± 0.217 to 8.44 ± 0.384 minutes.
According to Indian Pharmacopoeia, the disintegration time
results lie within 15 minutes. A progressive increase in
polymer concentration was found to increase the disinte-
gration time in each formulation batch of tablets.52

3.3.2 In vitro dissolution study and release kinetics. The
cumulative release of DS (as a percentage of drug release) for
various formulation batches versus time is shown in Fig. 8. The
curves (B1, B2, B3, and B4) represent the cumulative % release
of DS from JLP-based matrix tablets. B1 (2.5% JLP) exhibited
an initial burst release of the drug and a cumulative release of
87.35% after 45 minutes. Increasing the JLP concentration in
B2 (5% JLP), B3 (7.5% JLP), and B4 (10% JLP) resulted in a
gradual decrease in cumulative drug release, with values of
83.07%, 80.40%, and 77.75%, respectively, after 45 minutes.
These release data suggest that a higher JLP content enhances
the gel strength and viscosity of the matrix, slowing water
penetration and drug diffusion. The values of T50% and T90%
showed a gradual rise with increasing JLP concentrations. This
could be explained by the potential that increased JLP concen-
trations may retard the dissolution process by delaying the dis-
integration of primary drug particles. Similar results were also

Table 5 Post-compression characteristics of tablets from various batches

Batch no.
Content uniformity ±
S.D. (%) (n = 10)

Tablet hardness ± S.D.
(kg m−2 ) (n = 5)

Percentage friability ±
S.D. (n = 10)

Disintegration time ± S.D.
(min) (n = 6)

B1 99.43 ± 0.373 4.22 ± 0.105 0.308 ± 0.057 8.28 ± 0.360
B2 99.63 ± 0.525 4.36 ± 0.117 0.265 ± 0.043 9.33 ± 0.534
B3 98.64 ± 0.532 4.46 ± 0.115 0.246 ± 0.046 11.62 ± 0.469
B4 98.62 ± 0.465 4.78 ± 0.078 0.241 ± 0.043 13.67 ± 0.44
B5 98.54 ± 0.346 4.09 ± 0.083 0.213 ± 0.015 5.31 ± 0.19
B6 98.47 ± 0.352 4.25 ± 0.156 0.230 ± 0.036 6.61 ± 0.373
B7 98.49 ± 0.425 4.38 ± 0.1 0.225 ± 0.038 7.51 ± 0.417
B8 98.4 ± 0.425 4.51 ± 0.141 0.279 ± 0.041 9.18 ± 0.512
B9 99.55 ± 0.142 4.07 ± 0.084 0.352 ± 0.045 7.31 ± 0.217
B10 99.36 ± 0.479 4.27 ± 0.085 0.263 ± 0.052 7.47 ± 0.421
B11 98.47 ± 0.355 4.52 ± 0.095 0.339 ± 0.046 7.61 ± 0.335
B12 98.377 ± 0.286 4.66 ± 0.085 0.238 ± 0.050 8.53 ± 0.246

Fig. 7 Mechanical strength of tablets prepared using JLP as a binding
agent: (A) binder concentration vs. tablet hardness and (B) binder con-
centration vs. friability.
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observed for PVP K-30 and starch-based tablets. Similarly,
Manna et al. observed a comparable dissolution pattern in DS
tablets made with Colocasia esculenta.8 The tablets composed
of PVP K-30 showed relatively lower T50%, which may be due to
their high disintegrating ability. Drug release was relatively
slower in the starch-based formulations (B5, B6, B7, and B8)
with 2.5%, 5%, 7.5%, and 10% starch, respectively, than in the
comparable JLP formulations. After 45 min, the cumulative
release of DS varied from 82.71% for 2.5% starch to 73.50%
for 10% starch. Conversely, the PVP K-30-based formulations
(B9, B10, B11, and B12) containing 2.5%, 5%, 7.5%, and 10%
PVP K-30 demonstrated a comparatively greater burst release
of DS from the tablet matrix. This faster release could be
attributed to the pronounced disintegrating effect of PVP K-30,
which facilitates rapid matrix disintegration and drug
diffusion. The cumulative drug release after 45 minutes for the
PVP K-30 batches ranged from 88.47% to 77.60% depending
on the polymer concentration.53 For all the prepared formu-
lations except B3, the highest R2 values were obtained for the
Higuchi model (0.9797–0.9999). This indicates that a
diffusion-controlled process is followed as the primary mecha-
nism of drug release from the prepared matrix tablets. B3 fol-
lowed the Hixon Crowell model, representing drug release con-
trolled by changes in the surface area and particle size of the
dosage form during dissolution. The Korsmeyer–Peppas n
values, ranging from around 0.56 to 0.84, indicate that most
batches exhibit anomalous (non-Fickian) transport, signifying
that drug release is influenced by both diffusion and polymer

relaxation or erosion. Based on the regression coefficient (R2)
values obtained and displayed in Table 6, the drug release
mechanism was predicted.54

3.3.4 Stability study. The results obtained after the acceler-
ated stability study of the different parameters of tablets (batch
B1) are illustrated in Table 7. The evaluation parameters of the
tablet, including weight uniformity, drug content, hardness,
and cumulative percent release (CPR) at 45 minutes, were eval-
uated for a storage time of 90 days. The weight uniformity of
the tablets exhibited no variation during the evaluation period,
indicating uniformity in their physical integrity. The initial
drug content was 99.43%, which significantly decreased to
98.38% after 90 days, indicating minimal drug degradation
during storage. The hardness values remained consistently
unchanged (4.22–4.41 kg m−2 ), indicating that the mechanical
strength was not diminished during storage. The hardness
values remained remarkably unaffected (4.22–4.41 kg m−2 ),
indicating that mechanical strength did not decrease during
storage. The CPR at 45 minutes exhibited a gradual decrease
from 87.35% on day 0 to 85.32% on day 90, demonstrating a
variation of approximately 2.3% that is within the acceptable
Pharmacopeial standards. The modifications in the dis-
solution profile were insignificant and were not indicative of
considerable formulation instability. After three months of
stability testing, there were no apparent modifications in the
FTIR spectrum. This confirms the findings that the formu-
lation exhibits good stability under the investigated con-
ditions. The overall stability profile of batch B1 tablets

Fig. 8 Cumulative percentage of drug released at various time intervals from all tablet batches (B1 to B12).
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remained unaltered by the slight decrease in drug content and
dissolution efficiency, and no significant morphological or
physicochemical modifications were observed throughout the

90-day accelerated stability analysis. Similar results were
reported using taro stolon polysaccharide as a tablet binder.8

FT-IR analysis was used to evaluate the chemical stability and

Table 6 Kinetics of drug release, including T50%, T90%, and CPR at 45 minutes for the prepared tablet batches

Batch no.

Regression coefficients (R2 value)

T50% (h) T90% (h) CPR at 45 minZero order First order Higuchi Hixon Crowell

Korsmeyer–Peppas

R2 N

B1 0.995 0.9552 0.9994 0.9976 0.996 0.7813 0.36 0.78 87.352 ± 1.35
B2 0.9962 0.9568 0.9998 0.9984 0.996 0.8266 0.38 0.83 83.07 ± 1.65
B3 0.9951 0.9555 0.9995 0.9997 0.9961 0.8295 0.39 0.95 80.40 ± 1.104
B4 0.9966 0.9651 0.9999 0.9984 0.9986 0.844 0.42 0.93 77.75 ± 1.298
B5 0.9799 0.996 0.9895 0.9826 0.9925 0.5665 0.32 0.90 82.71 ± 1.09
B6 0.9811 0.9986 0.9832 0.9776 0.9875 0.5738 0.34 0.94 80.73 ± 1.21
B7 0.9793 0.9995 0.9797 0.9786 0.9837 0.5557 0.37 1.06 75.89 ± 1.52
B8 0.9812 0.9954 0.99 0.9896 0.9932 0.5799 0.40 1.05 73.50 ± 1.21
B9 0.9809 0.9914 0.9945 0.9823 0.9967 0.5812 0.29 0.79 88.47 ± 1.22
B10 0.9838 0.9907 0.9944 0.9853 0.9971 0.6106 0.56 0.91 85.58 ± 1.27
B11 0.9854 0.9883 0.9958 0.9902 0.9983 0.6306 0.59 0.94 82.21 ± 1.04
B12 0.9861 0.9946 0.9895 0.986 0.9941 0.6311 0.62 0.99 77.60 ± 1.21

Table 7 Various parameters evaluated during three months of accelerated stability study

Evaluation parameters

Batch B1 (JLP 2.5% w/w)

0 days 30 days 60 days 90 days

Weight uniformity (mg) (n = 20) 202.97 ± 1.955 201.94 ± 1.218 201.47 ± 1.203 202.86 ± 1.318
Drug content (%) (n = 10) 99.43 ± 0.373 98.92 ± 0.584 98.59 ± 0.618 98.38 ± 0.850
Hardness (kg m−2 ) (n = 5) 4.22 ± 0.105 4.37 ± 0.135 4.32 ± 0.193 4.41 ± 0.215
CPR45 min (n = 3) 87.352 ± 1.35 86.316 ± 1.76 86.021 ± 1.51 85.324 ± 1.98

Fig. 9 FTIR spectra after accelerated stability study of DS-incorporated tablet formulation (B1 batch).
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compatibility of diclofenac sodium with the JLP polymer and
excipients under accelerated and real-time storage conditions
(as shown in Fig. 9). In general, the peaks observed after 90
days of the accelerated stability study did not show any major
deviations from the formulation IR spectra. The peak for the
N–H or O–H band observed in pure diclofenac sodium was
flattened to some extent, which could be due to the absorption
of a trace amount of moisture within the tablet formulation at
higher relative humidity during storage. The peak for CvO/C–
O band (at 1574–1575 cm−1 in pure DS) was observed in the
formulation after 90 days at 1568.61 cm−1. The peak for the C–
C ring band (1452 cm−1 in pure DS) was observed in the for-
mulation after 90 days at 1442.96 cm−1. The peak for C–N
stretching (at 1305 cm−1 in pure DS) was observed in the for-
mulation after 90 days at 1307.72 cm−1. No additional peaks or
complete elimination of the diagnostic bands were observed.
The intensity IR peaks of the formulation are reduced after 90
days of storage conditions. This may have resulted from the
gradual degradation of the formulation subjected to tempera-
ture and relative humidity. A minimal absorption of moisture
might result in changes in peak intensity or the elimination of
specific bands due to the development of hydrogen bonds or
other polymorphism modifications.23

4. Conclusion

The present investigation reported the extraction and charac-
terization of a novel JLP as a binding agent for the preparation
of tablets. The extracted JLP was characterized for phytoconsti-
tuent screening, organoleptic properties, total polysaccharide
content, 13C solid-state NMR spectroscopy, elemental analysis,
FTIR spectroscopy, molar mass, zeta potential, particle size,
pH, surface tension, viscosity, and water solubility, swelling
index, stability study in aqueous environment, DSC, TGA, DTA,
powder X-ray diffraction, and scanning electron microscopy.
The FTIR analysis and zeta potential value revealed the
anionic behaviour of the polysaccharide. The molar mass and
average zeta potential of JLP were reported to be 2.12 (±0.05) ×
105 Da and −4.6 (±0.4) mV, respectively. The elemental analysis
study report indicated the presence of carbon, hydrogen,
sulphur and nitrogen. The XRD study indicated the amor-
phous nature of JLP. The FTIR and DSC study reports indicated
compatibility between JLP and DS within the formulation. The
prepared granules showed suitable behaviour and a compressi-
ble nature for tablet compression. The in vitro drug release
data indicated a decreased cumulative percentage of drug
release with an increasing JLP concentration. The release
kinetic data showed that the majority of the formulations fol-
lowed the Higuchi mechanism, demonstrating diffusion-con-
trolled drug release from a relatively insoluble polymer matrix.
The n value suggested a non-Fickian diffusion mechanism for
releasing the drug from the polymer matrix. Even 2.5% w/w
JLP concentration exhibited low percentage friability, required
hardness and desirable drug release for conventional dosage
forms of DS, reflecting the potential of JLP as a tablet binder.

The obtained results established jute leaf polysaccharide as a
safe and sustainable alternative to existing tablet binders.
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