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physicochemical, rheological, thermal, morphological, and solid-state characterisation to assess its
properties. Result and Discussion: The extraction process yielded 10.58+0.42% (n=3) mucilage.

Keywords Powder flow analysis indicated acceptable handling characteristics, with an angle of repose

Butea monosperma, mucilage, of 29.17+1.34°, Carr’s index of 17.18+1.02%, and a Hausner ratio of 1.20£0.04. Aqueous dispersions

physicochemical
characterization, thermal
analysis, polysaccharides, pseudoplastic flow behaviour. Dynamic light scattering measurements showed a mean hydrodynamic

biodegradable materials.

(1.5% wi/v) displayed shear-dependent viscosity over the range of 10-150 rpm, consistent with

diameter of approximately 1085 nm, while the zeta potential value of —11.6 mV suggested moderate
electrostatic stability of the dispersion. FTIR spectra confirmed the polysaccharide nature of the
mucilage through characteristic hydroxyl, aliphatic, carbonyl, and glycosidic bands. X-ray diffraction
revealed a predominantly amorphous structure with limited semi-crystalline domains. Thermal analysis
showed minor mass loss below 190°C, followed by a principal degradation stage between 226 and 322
°C with an overall mass loss of ~61.9%, while DSC analysis identified multiple endothermic transitions,
including a major event at 275.99°C. Conclusion: Collectively, these findings establish reproducible
yield, non-Newtonian rheology, moderate thermal stability, and an amorphous solid-state profile
for Butea monosperma leaf mucilage. The observed properties suggest their potential relevance as a
plant-based biopolymer and merit further investigation through material fabrication, mechanical and

barrier testing, biodegradation assessment, and safety evaluation.

INTRODUCTION conventional plastics resist degradation and persist in natural
Plastic waste has evolved into one of the most challenging ecosystems for decades [1]. Their accumulation has been
environmental burdens of the modern era, largely because strongly associated with land and water pollution, and the
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consequences extend far beyond visible litter [2]. Concerns have
grown not only because of their environmental footprint but also
due to the possibility of chemical leaching, which may
compromise food and water quality. Together, these issues have
intensified the search for alternative materials that can perform
the protective functions of plastics without contributing to long-
term ecological harm [3]. Growing recognition of the ecological
burden of petroleum-based plastics has intensified interest in
biopolymers derived from renewable, natural sources. These
materials have gained traction because they degrade more
readily in the environment and typically exhibit a far smaller
ecological footprint [4]. Over the past decade, numerous plant-
and animal-based macromolecules- such as starches, cellulosic
fibres, gums, mucilage, gelatin, and alginates—have been
explored for their potential to generate functional packaging
materials [5]. Their growing adoption also reflects shifting
consumer expectations toward safer, minimally processed, and
environmentally responsible packaging options [6]. On the
industrial front, improvements in extraction and purification
methods, along with advances in blending and material-forming
technologies, have made it increasingly feasible to substitute
conventional plastics with biodegradable counterparts [7].
Compared with earlier characterisation studies on Butea
monosperma mucilage, including our previous report [6] that
primarily addressed extraction yield and basic physicochemical
properties, the present study extends the analysis to include
shear-dependent rheological behaviour, detailed
transitions (DSC onset, peak and endset), thermal degradation
profile (TGA), zeta potential-based dispersion stability, particle
size distribution, and solid-state structural features (XRD).

thermal

These additional parameters provide application-oriented
insights into processability and thermal stability, rather than
directly demonstrating material formation. Accordingly, the
objectives of this work are: (i) to extract and quantify the yield
of mucilage from Butea monosperma leaves under defined
conditions, (ii) to systematically characterise its physico-
chemical, micromeritic, rheological, thermal, morphological,
and solid-state properties, and (iii) to compare these properties
with literature-reported mucilages commonly explored for
biodegradable material applications. Measurements were
performed in triplicate (n = 3). Among the various plant sources
being explored for mucilage, such as Taro, Acacia, and many
more, Butea monosperma, a deciduous tree native to the Indian
subcontinent, stands out for its potential. Commonly referred to
as the flame of the forest, this tree is found extensively

throughout India, Bangladesh, and parts of Southeast Asia.
Unlike our earlier work on Butea monosperma leaf mucilage,
which focused primarily on basic physicochemical and FTIR
characterisation [6], the present study extends the analysis to
include rheological behaviour, zeta potential, particle-size
and detailed
thermal transitions (TGA/DSC), providing parameters directly
relevant to material processability [8].

distribution, XRD-based solid-state features,

Accordingly, the present study aims
characterisation by addressing the following specific objectives:
(i) to extract and quantify the yield of mucilage from mature
Butea monosperma leaves under defined conditions, (ii) to
comprehensively
micromeritic, rheological, thermal, morphological, and solid-
state properties relevant to polymer processing, and (iii) to
contextualise these properties through comparison with other
commonly reported plant mucilages used in biodegradable
material research. The study does not involve preparation or
testing of actual materials; therefore, all application-related
interpretations are presented as inferred potential based on
material properties and existing literature. With global demand
for eco-friendly packaging solutions on the rise and growing
concerns about plastic waste, the exploration of plant-based
alternatives such as Butea monosperma mucilage presents a
viable and sustainable path forward. Harnessing such naturally
abundant resources may offer an economic means of developing
biodegradable plastics that can decompose safely, helping to
mitigate the environmental burden of conventional plastics. To
our knowledge, this is the first report consolidating rheological,
electrokinetic, thermal, and solid-state parameters of Butea
monosperma leaf mucilage in a single study.

to extend prior

characterise its physicochemical,

MATERIALS AND METHODS
Materials

Leaves of Butea monosperma were collected from the campus
of GLA University, Mathura, U.P., India, and authenticated by
Prof. M. Badruzzaman Siddiqui, Department of Botany, Aligarh
Muslim University.

Isolation of Mucilage

Fresh young leaves of Butea monosperma were gathered from
trees during the summer season. The leaves were thoroughly
washed and dried under controlled conditions. Dried leaves were
ground to a very fine powder in a mechanical grinder. Powder
was soaked (homogenised) in water for 2-3 hours. After soaking,
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the slurry was held at 70 °C for 15-20 minutes to release
mucilage from the leaves into the water, then left undisturbed for
about an hour. Subsequently, the mixture was filtered through
eight folds of muslin cloth to separate the marc and the solution,
after which acetone in a 1:3 ratio (v/v) to the filtrate volume was
added to precipitate the mucilage for about an hour [9]. The
mucilage was filtered, oven-dried at a temperature not exceeding
50°C, collected, milled, and passed through an 80-mesh sieve.
The finely powdered mucilage was kept in a desiccator for
applications as shown in Figure 1 [10].
purification of the extracted mucilage was performed prior to
physicochemical and instrumental characterisation.

No further chemical

- =
N f e ey
Dried leaves Dnrl‘ta\mng mucilage Mucilage Powder L)
Dried leaves powder Drying
l Solvent Treatment Method
Precipitated Mucilage
Addition of hot distilled water T
e  —
v . Precipitation of mucilage by

adding alcohol

=~ Continous stirring Filtration of blend

Figure 1: General method of mucilage extraction

CHARACTERISATION OF EXTRACTED MUCILAGE
TECHNIQUES

To understand the properties of the extracted mucilage, the
following characterisation techniques were employed:
Preliminary Confirmatory Tests Mucilage: The
occurrence of mucilage was confirmed through qualitative
phytochemical screening employing Molisch’s test as well as the
ruthenium red staining method [11].

for

Determination of Percentage Yield: The percentage yield, an
extraction efficiency, was quantified using the following
equation [12]:

. weight of dried mucilage
% Yield = - - — X 100
Weight of starting plant material

Organoleptic Characterisation: The mucilage was subjected
to tests for the organoleptic properties, i.e., colour, odour, taste,
shape, texture & tactile sensation, using sensory organs as
outlined in the correct procedure from the literature [13].

Solubility Assessment: Solubility behaviour of the extracted
mucilage was assessed in a variety of solvents, including

distilled water, methanol, ethanol, acetone, petroleum ether, and
carbon tetrachloride [14].

Determination of Loss on Drying (LOD): Loss on drying was
performed to quantify moisture and other volatile constituents in
the mucilage. The mucilage powder was accurately weighed and
placed in a previously dried and tared porcelain crucible. The
sample was placed in the hot air oven maintained at 105+ 2 °C
until a constant weight was obtained. The percentage loss was
then calculated from the variance between the initial and final

weights [15]. [Corrected equations]
w1-w?2
— X
w1
Where, W1 = Initial weight of the sample before drying (in
grams), W2 = Final weight of the sample after drying (in

grams), 105 = 2 °C.

LOD (%) = 100

Swelling Index (%6): it can be determined by the formula:

0 x 100
Vo

Where VO is the initial volume, Vt is the volume after swelling.

Swelling Index (%) =

Micromeritics Evaluation: Bulk density, tapped density,
Carr’s index, Hausner’s ratio, and angle of repose were
determined using std. methods (n = 3).

Bulk Density (BD): The weight of the sample was measured
and poured into a graduated cylinder. The volume was logged
without tapping.

Bulk Density = %,

Where M = Mass of the sample, V = Volume of the sample

Tapped Density (TD): The cylinder containing the powder was
tapped mechanically until a constant volume was obtained.
vt
Tapped Density = w

Where, M= Mass of the powder, Vt= Tapped volume

Carr’s Index (Compressibility Index): Calculated utilising the
formula:
TD — BD

TD
Hausner’s Ratio: Calculated as the ratio of tapped to bulk
density.

Carr’'s Index =

H 's Rati D
sner’s Ratio = —
ausner i BD
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Angle of Repose (0): This is obtained with the powder allowed
to flow through a funnel onto a flat surface, measuring the angle
encompassed by the conical mass of powder in accordance with
the formula given below:

h
tan(0) = o

Where h is the height and r is the radius of the powder
cone base [16].

Determination of Total Ash Content: The total ash content
was determined to quantify the inorganic residue remaining after
combustion, which may indicate the presence of extraneous
matter. A known weight (2-3 g) of the mucilage powder was
incinerated in a pre-weighed crucible using a muffle furnace set
at 550+25 °C until a light grey ash was gained. The crucible
was chilled in a desiccator and weighed. The percentage of total
ash was estimated based on the original weight of the sample
[17].

pH Measurement: The pH of a 1% (w/v) aqueous solution of
mucilage was determined using a calibrated digital pH meter
under std. laboratory conditions [18].

Swelling Index: Specifically, 1 g of dried mucilage powder was
positioned in a 100 mL stoppered graduated cylinder. After
recording the initial volume, 1 mL of ethanol was added,
followed by enough distilled water to bring the total volume to
100 mL. The mixture was shaken every 10 minutes during the
first hour and allowed to stand undisturbed for 3 hours. This
agitation-rest cycle was repeated every 3 hours, and the final
volume was recorded after 24 hours. The procedure was carried
out in triplicate, and the average value was reported [19].

0

Vo x 100

Where VO is the initial volume (ml), and Vt is the volume after
24 h (ml). Measurements were performed in triplicate.

Swelling Index (%) =

Viscosity: The rheological behaviour of the extracted mucilage
was assessed using a Brookfield rotational viscometer (DV1M).
The mucilage solution was prepared at a concentration of 1.5%
wi/v by dispersing the dried mucilage powder in distilled water
under constant stirring. The dispersion was allowed to hydrate
completely overnight at ambient temperature and then filtered to
remove insoluble residues. The final solution was equilibrated to
25+0.5 °C before measurement. Viscosity measurements were
carried out at varying rotational speeds (shear rates) ranging

from 10 to 150 revolutions per minute (rpm) using Spindle No.
2, selected based on preliminary torque values to ensure readings
remained within the optimal torque range (10%-90%). This
spindle is commonly employed for medium-viscosity
polysaccharide dispersions, providing accurate and stable
readings across the tested rpm range [18].

Fourier Transform Infrared (FTIR) Spectroscopy: Using an
FT-IR spectrometer (IRAffinity, Shimadzu, Japan), the
mucilage's Fourier transform infrared spectroscopy (FTIR)
spectra were analysed. After the mucilage was ground,
combined with KBr, and placed in the sample holder, spectra
ranging from 4000 to 400 cm-1 were acquired [20].

Scanning Electron Microscopy (SEM): A dried sample
(mucilage) was sited using double-sided adhesive tape on a
specifically made aluminium stub to conduct scanning electron
microscopy. After a thin layer of gold was sputter-coated onto
the stub, the stub was observed at 10 kV using a JSM 6100
scanning microscope (JEOL, Japan) [21].

Powder X-ray Diffraction (XRD): An X-ray diffractometer
(X'Pert-PRO, Panalytical, UK) fitted with a copper tube and Cu
K-alpha-1 radiation was used to determine the solid-state
property of the isolated mucilage. The required sample quantity
was examined, and scanning was carried out at 2=10 ° and 50 °
(specific length) with a scan step (time) of 29.84 s, while
maintaining constant operating conditions of 45 kV of voltage,
40 mA of current, and 25 °C of temperature. On a glass slide
measuring 3.5 cm by 2.5 cm and 0.2 cm thick, a uniform sample
layer was placed on one side of a 2 g fine powder sample [22].

Thermogravimetric Analysis (TGA): Thermal properties of
mucilage were determined using Thermogravimetric Analysis
(Themys System thermal analyser, USA). After being weighed,
a 20.6 mg mucilage sample was put on an uncovered 70 pL
Alumina pan. The nitrogen flow rate was 60 mL/min. The
sample was heated at 10 K/min from 30 to 1000°C [23].

Differential Scanning Calorimetry: Thermal analysis of the
mucilage was performed using a Differential Scanning
Calorimeter (Setline DSC, USA). A precisely weighed sample
(6.182 mg) was sealed in an aluminium pan (40 pL) equipped
with a pinhole lid. The analysis was conducted under a nitrogen
atmosphere, maintaining a constant flow rate of 40 mL/min. The
heating protocol involved an initial ramp from 25°C to 300°C at
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a rate of -10 K/min, followed by a cooling cycle from 300°C to
25°C at the same rate. The DSC was carried out at SAIF, Punjab
University in Chandigarh, India [24].

Zeta Potential: The zeta potential ({) of the extracted mucilage
was determined using a Litesizer 500 Zetasizer (UK). For the
analysis, a known quantity of the mucilage sample was
accurately weighed and subsequently dispersed in 1.0 M sodium
chloride solution at a concentration of 1.0 mg/mL. The mixture
was then further diluted with deionised water & transferred into
a DTS1070 disposable zeta cell cuvette. Measurements were
carried out at 25°C, with a recorded count rate of 111.5 kilo
counts per second (kcps) [25]. Measurements were performed
in triplicate (n = 3).

Particle size analysis: A Zetasizer Litesizer 500, UK, was used
to measure the particle size of the mucilage sample. The sample
holder was filled with roughly 3.0 mL of sample dispersion. A
1.0 mg/mL dispersed sample was made in deionised water and
placed in a cuvette to measure particle size. The count rate was
225.4 (keps) at 25°C. Dynamic Light Scattering, or DLS, is used
to measure particle size. Particle size distribution is assessed
using the velocity distribution of suspended particles in a
dispersion medium. While an electric field is applied, the motion
of particles is also studied. The research was carried out at SAIF,
Punjab University in Chandigarh, India [26]. Measurements
were conducted in triplicate (n = 3). Elemental composition was
determined using CHNS analysis. Unless otherwise stated, all
quantitative measurements were performed in triplicate (n = 3).

RESULTS AND DISCUSSION
Yield, Morphological, and Physicochemical Properties of

Extracted Mucilage

The mucilage extraction yielded a substantial amount of material
(10.58 + 0.42%), demonstrating that Butea monosperma leaves
are an excellent source of mucilage [17]. The mucilage had a
smooth, transparent-to-pale-green appearance, and its gel-like
consistency suggests it is rich in polysaccharides. Upon drying,

Table 2: Micromeritic Properties of Isolated Mucilage

the mucilage formed a flexible, soft powder. These properties
with reported for
polysaccharides investigated as biodegradable and other eco-
friendly materials, as discussed in Table 1 and reported in the
literature [28-31].

Table 1: Organoleptic Properties of Isolated Mucilage

are consistent those plant-derived

Property Description
Colour Greenish-brown powder
Odour Characteristic

Appearance Lustrous

Identification
Mounted in 96% ethanol

Mounted in ruthenium red Particles stained red

Mounted in iodine solution Blue-stained particles
The physicochemical properties of the extracted mucilage were

evaluated for suitability in biodegradable material production.

Clear angular masses.

Micromeritics

The micromeritic characteristics of the extracted mucilage
powder are crucial for understanding its suitability for use in the
formulations. The results obtained for the flow, packing, and
compaction properties of the mucilage powder are presented
in Table 3. Based on the measured physicochemical and thermal
characteristics, the mucilage shows potential relevance as a
biopolymeric material. Any application-oriented implications
remain inferred and require further experimental validation.

Viscosity

The viscosity of Butea monosperma mucilage dispersion (1.5%
w/v) decreased progressively with increasing rotational speed
between 10 and 150 rpm, demonstrating non-Newtonian,
pseudoplastic behaviour. The apparent decrease in viscosity with
increasing shear rate is attributed to alignment and partial
disentanglement of polysaccharide chains under applied stress,
reducing intermolecular resistance to flow. Measurements were
conducted at 25+0.5 °C using a Brookfield rotational viscometer
under the conditions described in the Methods section. Although
model fitting was not performed, the monotonic decrease in
viscosity with shear rate is characteristic of pseudoplastic
polysaccharide dispersions. The viscosity is shown in Figure 2.

Parameter Result (Mean + SD) Key Indications
Angle of repose (0) 29.17+1.34 indicating acceptable to good flow characteristics
Tapped density (g/cms3) 0.64 + 0.04 indicating acceptable to good flow characteristics
Bulk density (g/cm3) 0.53 +0.06 indicating acceptable to good flow characteristics
Compressibility index (%) 17.18 + 1.02 indicating acceptable to good flow characteristics
Hausner’s ratio 1.20+0.04 indicating acceptable to good flow characteristics
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Figure 2: Flow properties of isolated mucilage

FTIR Spectroscopic Analysis

The FTIR spectrum of the mucilage, as shown in Figure 3,
exhibited a broad band around 3319 cm”-1, conforming to the
O-H stretching vibrations of hydroxyl groups. This suggests that
the mucilage has hydrophilic properties, contributing to its
ability to retain moisture, a desirable trait for biodegradable
materials [8]. Additional peaks observed at 1746 cm”-1 and
1228 cm”-1 were attributed to C=0 and C-O-C stretching

The FTIR spectrum of the extracted mucilage, as shown in
Figure 3, reveals significant absorption bands that indicate the
occurrence of numerous functional groups associated with
polysaccharides, confirming its polysaccharide nature and
structural features commonly reported in biodegradable material
research, as shown in Table 3 and reported in various literature.
These functional groups confirm the structural integrity of the
mucilage as a naturally derived biopolymer, capable of
intermolecular hydrogen bonding, a structural feature frequently
discussed in polysaccharide-based systems reported in the
literature [34].

100 -
v 3017.02683 /oy
5 - |
i’ h J | " 1746.37809
‘,_ oY r |
90 - £ .
3 W Wl 1228.26967
= \ S/ | |I ﬁlll ||
3‘:’ 5 k Iy Tl'r 14 f
g " T A
o=u A S
£ 801 3319.87776 | N
= | F
£ 1
S 754 il \
- i \
= , _
\ L]
70 - ‘
*i
Lt
65 \'
60 T —— . —— .
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (Cm™")

vibrations, respectively, confirming the presence of
polysaccharides in the mucilage [33]. Figure 3: FTIR spectrum of isolated mucilage.
Table 3: FTIR of Isolated Mucilage
S.No | Wavenumber Reference Assigned Observation
(cm™) Wavenumber for
1 3319 3600-3200 O-H stretch Confirms the hydrophilic nature
2 3017 3000-2850 C—H stretch Contributes to flexibility
3 1746 1750-1680 C=0 stretch | commonly associated with polysaccharide networks reported in film-
forming systems, as reported in the literature.
4 1228 1300-1000 C-0-C Indicates glycosidic bonds

Comparison with Other Mucilages

To contextualise the spectral characteristics, the obtained FTIR
profile is compared with mucilages from other plant sources
commonly employed in biodegradable material production, as
shown Table 4, such Okra  (Abelmoschus
esculentus), Plantago (Plantago ovata), and Basil seed (Ocimum

in as

basilicum) mucilages [35-37]. The functional attributes are
likely to contribute positively to the functional attributes
reported for polysaccharide-based systems in the literature,
warranting further investigation into their performance in
composite or crosslinked formulations, as supported by the
literature [38].

Table 4: Comparison of FTIR Parameters from Different Mucilage Sources

Functional Group Butea Monosperma

Okra

Plantago ovata Basil Seed

O-H stretch (~3300 cm™) Strong, broad

Strong, broad

Strong, broad Strong, broad

C-H stretch (~3000 cm™) | Present (3017 cm™)

Present (~2920 cm™)

Often absent or weak Weak or absent

C=O0 stretch (~1746 cm™) Sharp, distinct Broad or weak Present but less intense Present
- Prominent Present Present Present
C-0-C/glycosidic bond (~1228 em™) (=1020-1150 cm™) | (~1050-1150 cm™) | (~1040-1160 cm™)
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Scanning electron microscopy
SEM
morphology and the dimensions of dried mucilage agglomerates
(average feature size ~46 um). In contrast, dynamic light
scattering measures the hydrodynamic diameter of dispersed

images provide qualitative information on surface

3 188Mm WD12

@1e8 13KY

entities in aqueous suspension (~1085 nm). These techniques
probe different physical states of the material (dry vs hydrated),
and the apparent size discrepancy reflects aggregation and
hydration effects rather than measurement inconsistencies.

18pm WD1Z

Figure 4: SEM micrographs of mucilage at scales (a) 250 pm and (b) 750 pm.

| Average Particle Size - 46,0936 pm |

=
3
30 40 S0 ol
Particle Size (pam)
Figure 5: Average particle size as per SEM images.

Measurements were conducted in triplicate (n = 3).

Powder X-ray Diffraction Analysis

The X-ray diffractogram of the mucilage powder shows a large
peak with a maximum area at 26=27.80, as shown in Figure 6.
The average grain length is calculated as d-spacing = 3.20 A, and
the XRD pattern shows a broad diffraction peak, indicating an
amorphous structure. This lack of crystallinity is commonly
associated with flexibility in polysaccharide-based systems

its

reported in the literature [40]. The diffractogram reveals a
predominantly broad, diffuse scattering profile with a prominent
peak at around28° (260),
both amorphous and semi-crystalline regions. The wide halo
spanning 10°-25° (20) is typical of amorphous polysaccharides,
indicating a lack of long-range molecular ordering, a desirable
trait for biodegradable materials due to their enhanced flexibility
and solubility [41]. The sharp diffraction peak at approximately
28° likely indicates localised crystallinity, possibly arising from
residual inorganic salts or partial alignment of polysaccharide
chains during mucilage drying. The smaller peaks across the
diffractogram suggest semi-crystalline domains, attributed to
densely packed polymer segments or interactions between the
mucilage components and other entrapped molecules [42]. The
coexistence of amorphous and semi-crystalline domains is
frequently discussed in the literature as influencing the balance
between structural integrity and flexibility in polysaccharide
systems [43-47].

suggesting the presence of

M1X

2000 —

1000 —

T 1 1

10 20 30

T T
40 50

Position [*28] (Copper (Cu))

Figure 6: PXRD pattern of mucilage
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Thermogravimetry Analysis and Stability

The thermal stability of the mucilage was evaluated using TGA,
which revealed minimal weight loss (approx. 13%) up to 190°C,
as shown in Figure 7, indicating the presence of water. The
subsequent weight loss occurs at around 290°C. The thermal
behaviour and stability statistics for gum are based on primary
and derivative thermograms. The commencement of weight loss
may be due to oxidation or polymer breakdown, indicating
stability of the isolated mucilage.
Thermogravimetric analysis (TGA) was employed to investigate
and compare the thermal degradation behaviour of isolated
mucilage. The TGA curve of the present study shows a clear
thermal degradation profile, with the major decomposition
occurring between 226.02°C & 322.01°C & a maximum
degradation rate at280.03°C. The material exhibited a
total mass loss of 61.91% during the primary degradation phase,
suggesting substantial breakdown of the mucilage matrix.
The residual mass (~38%) indicates the presence of stable
carbonaceous or inorganic remnants after pyrolysis [48]. All
thermal analyses were performed on isolated mucilage powder,
not films.

moderate thermal

Differential scanning calorimetry

Thermal properties of biopolymers are critical for determining
their applicability in packaging and other heat-sensitive
environments. In this study, Differential Scanning Calorimetry
(DSC) was employed to assess the thermal behaviour of the
isolated mucilage. The DSC thermogram revealed three distinct
endothermic events, indicative of a multiphase structural

TG (mag)
-

composition. As shown in Figure 8, the first thermal transition
occurred at a peak temp. of 203.67°C, with an onset
at128.83°Cand an at 230.15°C, representing a
probable glass transition or melting of low-molecular-weight
polysaccharide fractions. This transition suggests a moderate-to-
strong polymeric network, capable of resisting early thermal
deformation.

endset

The second major endothermic peak at275.99°C (onset
at 231.40°C, endset at 331.24°C) is attributed to the melting or
decomposition of semi-crystalline regions, signifying the
principal thermal degradation phase. The third peak, occurring
at 404.98°C, likely corresponds to the final decomposition or
carbonisation of high-molecular-weight compounds such as
cellulose or lignified residues. The respective enthalpy changes
for these events were 35.54 J/g, 27.98 J/g, and 6.04 J/g [49].

Zeta Potential Analysis

Zeta potential measurements provide an indication of the surface
charge and colloidal stability of mucilage in aqueous
dispersions. The mucilage exhibited a zeta potential of —11.6 mV
as shown in Figure 9, suggesting a moderately stable dispersion
due to electrostatic repulsion between negatively charged
particles. This is primarily attributed to the presence of acidic
polysaccharides such as pectin or uronic acids. The negative
charge enhances the mucilage’s dispersibility & supports
dispersion stability, which may be
formulation studies [49]. Measurements were performed in
triplicate (n = 3).

relevant for future

A
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Foamaining Mams mgr § 753 (Curent Tone)
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Figure 7: TGA thermogram of mucilage.
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Particle Size Analysis

Particle size distribution was evaluated by means of dynamic
light scattering (DLS). The mucilage particles in aqueous
dispersion had an average hydrodynamic diameter of 1085 nm,
as shown in Figure 10, with a polydispersity index (PDI) of 12%,
indicating moderate uniformity in size distribution. This
nanoscale particle size suggests potential relevance to
dispersion-based applications reported in the literature, subject
to further validation given its high surface area and material
processability [50]. Measurements were conducted in triplicate
(n=3).
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Figure 10: Particle size distribution of mucilage.

Elemental Composition (CHNS-O Analysis)

Elemental analysis of the mucilage was performed to determine
its basic chemical makeup, as discussed in Table 5 and Figures
11a and b. The high oxygen and carbon content aligns with the
presence of carbohydrate-rich polymers, while the small
amounts of nitrogen and sulphur suggest trace proteins or other
minor constituents. This composition reinforces the plant-
derived polysaccharide nature of the mucilage and its suitability
for bio-based polymer applications.
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Figure 11: Elemental composition (CHNS-O) of mucilage.
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Table 5: Elemental Composition of Isolated Mucilage

Element Percentage Composition
Carbon (C) 26.122%
Hydrogen (H) 5.659%
Nitrogen (N) 2.496%
Sulfur (S) 0.808%
Oxygen (O) 35.960%
CONCLUSION

This study establishes that mucilage extracted from the leaves of
Butea monosperma exhibits physicochemical, thermal, and
morphological properties relevant to biodegradable material
research. The material demonstrated good processability-related
characteristics, pseudoplastic flow behaviour, and thermal
stability up to approximately 200 °C. While the study confirms
its potential as a renewable biopolymer, further investigations
focusing on mechanical performance, biodegradation Kinetics,
and large-scale processing are required. In the current context of
increasing plastic pollution and demand for sustainable
materials, Butea monosperma mucilage may represent a
promising plant-derived polysaccharide for further investigation
in eco-friendly material research. Mucilages are plant-derived
polymers that are affected by environmental and seasonal
factors, which can impact their yield, quality, and production.
The extraction and isolation of mucilage are complex processes.
Mucilage vyield, in addition to consistency, is affected by
physical impairment to the plant element used for extraction,
offering a significant challenge to prices and mass production
capacity. Moisture content might contribute to microbial
contamination during processing if not adequately stored.
Isolating polysaccharides from protein-rich matrices needs
efficient and selective pretreatment and extraction procedures.
Understanding the structure-function link requires considering
the mucilage's structure, chemical fingerprint, and biological
function. Structure modification requires a combination of
powerful analytical and sophisticated techniques.

The food and drug regulatory authorities must approve
Butea Monosperma mucilage before being used commercially.
Regulatory authorities require extensive stability and toxicity
research before approving mucilage and related products. This
study demonstrates that Butea monosperma leaf mucilage
exhibits reproducible yield, polysaccharide-rich composition,
pseudoplastic rheology, moderate thermal stability, and
predominantly  amorphous structure.  These
experimentally demonstrated properties indicate potential

solid-state

relevance for biodegradable material development. However,
fabrication of materials, evaluation of mechanical and barrier
properties, biodegradation, toxicity, and scalability studies are
required before application or commercial claims can be
substantiated.
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