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Natural polysaccharides have various applications, and their use is on the rise due to properties including

biodegradability, biocompatibility, cytocompatibility and the absence of negative immune responses.

Natural polysaccharides have also been reported to be efficient biopolymers that can be used in oral

dosage forms. To this end, this study investigated the potential of using the Nigerian baobab polysacchar-

ide as a renewable pharmaceutical excipient and its impact on the release of theophylline as a model

drug. The results indicate that the extraction process yielded an amorphous polysaccharide from the

baobab oblong fruit. The thermogravimetric analysis showed weight loss to occur in three phases typical

of polysaccharide decomposition. Differential scanning calorimetry (DSC) revealed that the polysacchar-

ide was stable until around 175 °C, after which thermal degradation takes place. Tablet formulations con-

taining different concentrations of baobab were evaluated for mechanical properties, flowability, and dis-

solution characteristics. An increase in baobab content improved the mechanical strength of the tablets.

The increase in the baobab concentration simultaneously brings about a decrease in the porosity of the

compacts from 11% to 9%, demonstrating its suitability for use in tablet formulations. In vitro dissolution

studies in acidic media (pH 1.2) showed that formulations with higher baobab content (30%–57.5%)

demonstrated sustained release characteristics, with no burst release observed. At pH 6.8, however, an

increase in the polysaccharide content seemed to promote a “burst release”. These distinctive behaviours

at different pH values suggest significant potential for exploiting and understanding the functional pro-

perties of the polysaccharide to aid formulators in manipulating drug release. These pH-dependent beha-

viours mean that a formulator can tune release by adjusting the baobab : MCC ratio. Higher baobab

content (30–57.5%) enables sustained, burst-free release at pH 1.2, while at pH 6.8, increasing baobab (to

B4) enhances the 10 min burst, and the baobab-only formulation (B5) achieves the fastest overall release

through rapid erosion.

1. Introduction

Excipients are essential in drug formulations, acting as
vehicles that provide the necessary weight, consistency, and
volume for the accurate delivery of active components.
Excipients frequently perform additional functions that affect
active component storage, drug release, and bioavailability.1,2

Many synthetic excipients have been incorporated into

pharmaceutical formulations, but there is growing interest in
the use of natural and sustainable products.3–5

Polysaccharides are natural polymers that are derived
directly from plant sources6 and are often included in pharma-
ceutical applications due to their hydrophilic nature, ability to
swell upon contact with water and thickening properties,7–9

making them excellent candidate materials for use as
excipients.

A class of polysaccharides that have recently attracted
research attention comprises those extracted from the
Malvaceae family including baobab (Adansonia digitata).10

Baobab trees are found in the northern part of Nigeria where
the fruits and leaves are used as food. The leaf, for instance, is
ground into a powder and can be prepared as a soup which is
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referred to as “Kuka”. Due to the various traditional uses of
the baobab tree in medicine and nutrition, it is commonly
referred to as the “chemist tree”.11,12 Polysaccharides extracted
from the baobab tree generally contain high molecular weight
random coiled chains with particularly high intrinsic viscosity
depending on the extraction process.13 Depending on the
technology or solvent employed for the extraction process,
different polysaccharides with distinct physicochemical com-
positions, macromolecular and structural characteristics, and
functional and biological characteristics can be achieved.12,14

Polysaccharides extracted from the baobab fruit pulp have
been shown to contain linear xylogalacturonans8,13 with small
amounts of co-extracted glucans15 depending on the pH used
for extraction.8 Polysaccharides extracted from baobab, as with
polysaccharides extracted from other novel sources, are
referred to as pectin-like polysaccharides as they usually
consist of lower amounts of galacturonic content (<65%) and
larger amounts of neutral sugars (glucose, arabinose, rham-
nose and galactose) and therefore cannot be classified as
pectin for pharmaceutical or food applications.16 Pectin is a
complex polysaccharide present in the wall of plant cells.
Pectin has been investigated as an excipient in a variety of
dosage forms, including film coatings for colon-specific drug
delivery systems with ethyl cellulose, microparticulate delivery
systems for ophthalmic preparations, and matrix-type transder-
mal patches. Although it has great potential as a hydrophilic
polymeric material for controlled release matrix drug delivery
systems, its water solubility adds to the drug’s premature and
rapid release from these matrices.1,17 Pectin can form gels in a
variety of ways depending on its structure. Gelation can be
induced by acidification, cross-linking with calcium ions, or
the alginate reaction.2 Research shows that it has a molecular
composition (phenolic compounds, galacturonic acid, acetyl
groups, proteins and neutral sugars) that makes it suitable for
use in pharmaceutical applications.10,13,18,19

This study first aimed at extracting baobab polysaccharide
from the oblong fruit and characterising its solid-state pro-
perties. An investigation into the mechanical properties of the
Nigerian baobab polysaccharide relevant to its use as an excipi-
ent was conducted. The study then sought to investigate the
polysaccharide as a potential matrix former to control the
release of a model drug (theophylline) in a bid to encourage
the use of abundant renewable sources of raw materials suit-
able for use in the pharmaceutical industry in the developing
world.

2. Materials and methods
2.1. Materials

The oblong-shaped baobab (Adansonia digitata) fruit was dried
at 45 °C and ground to a fine powder before being subjected to
extraction. For the extraction process, all buffer salts, sodium
azide, disodium phosphate heptahydrate, monosodium phos-
phate monohydrate, ethanol and dialysis membranes (mole-
cular weight cut-off 12 000 Da) were purchased from Sigma

Aldrich (Gillingham, UK) and were of analytical grade.
Microcrystalline cellulose (MCC) (Avicel PH101) was purchased
from FMC (Pentre, UK), magnesium stearate was purchased
from Merck (Darmstadt, Germany) and theophylline, the
model drug used, was purchased from TCI Chemicals (Oxford,
UK). pH 6.8 buffer solutions used for dissolution analysis con-
sisting of sodium hydroxide and potassium phosphate mono-
basic were purchased from Fisher Scientific (Loughborough,
UK) and Honeywell Fluka (Loughborough, UK), respectively.
The pH 1.2 medium was prepared using hydrochloric acid pur-
chased from Fisher Scientific (UK) and potassium chloride was
purchased from Honeywell Fluka (Loughborough, UK).

2.2. Extraction of the baobab polysaccharide

718.6 g of the dried Nigerian baobab fruit sample was used in
the extraction process. The polysaccharide was extracted on a
bench scale according to the experimental design that was
reported in ref. 20 and 21 with minor modifications. The first
step was aqueous extraction (pH 6.0) at 80 °C for 1 h at a mass
ratio of 1 : 25. Subsequently, the extracted material was cooled
and neutralised (pH 7) with sodium hydroxide at 25 °C, fol-
lowed by centrifugation, rotary evaporation at 80 °C, ethanol
precipitation and overnight storage. The precipitate was centri-
fuged, oven-dried at 60 °C for 1 h and finally extensively dia-
lysed against distilled water (molecular weight cut-off: 12 000
Da) and oven dried at 60 °C for 48 h. This whole process is
depicted in Fig. 1.

The obtained polysaccharide from the extraction process
was milled with a Retsch ball mill (Retsch MM400). A fre-
quency of 30 Hz for 2 min was used to reduce the particle size
of the produced extract and the final powder was passed
through a 250 µm sieve, which was sealed and stored till
required.

2.3. Solid-state characterisation of the baobab polysaccharide

2.3.1. Differential scanning calorimetry (DSC). The method
reported in ref. 22 was adopted without modification. The
Mettler Toledo DSC1 instrument was used for DSC experimen-
tation under a nitrogen atmosphere with approximately 2.5 mg
of the Nigerian baobab polysaccharide powder weighed into a
standard aluminium crucible and crimped. The heating rate
was 10 °C min−1 from 25 °C to 600 °C.

2.3.2. Thermogravimetric analysis (TGA). TGA was carried
out using the Mettler Toledo DSC1 instrument. The baobab
polymer (∼20 mg) was directly weighed into 70 µl alumina
pans under a nitrogen atmosphere at a flow rate of 50 cm3

min−1. The heating rate was 10 °C min−1 from 25 °C to 600 °C.
2.3.3. X-ray powder diffraction (XRPD). In brief, the powder

was scanned in Bragg–Brentano geometry, from 5° to 100° in
0.02° steps at 1.5° min−1 using a D2 Phaser diffractometer
(Bruker AXS GmbH, Karlsruhe, Germany). A sealed microfocus
generator operated at 30 kV in 10 mA scan mode, producing
CuKα (X = 0.1542 nm) radiation, and equipped with a
Lynxeye silicon strip multi-angle detector was used, as
reported in ref. 22.
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2.3.4. Keyence imaging/measurement. Acquisition of grain
images was performed using focus-stacking digital microscopy
(Keyence VHX-7000). Images were captured at ×300 magnifi-
cation using HDR (High Dynamic Range) and full-ring lighting
with an exposure time of 10 ms. The focus plane was adjusted
manually to ensure that the z (vertical) axis envelope encom-
passes all points of focus within the sample. Using vertical
imaging steps of 100 µm, 13 separate images were acquired of
the sample, which were then combined into one image stack,
where all the surface depths were in focus. Width measure-
ments were then acquired using inbuilt measurement soft-
ware, specifically employing the manual two-point measure-
ment function.

2.4. Preparation of tablets and mechanical strength

A Tubular™ mixer (Willy A. Bachofen, Switzerland) was used
to mix the Nigerian baobab polysaccharide powder, microcrys-
talline cellulose, theophylline and magnesium stearate as per
the ratios in Table 1. Each batch was prepared using 5 g of
powder mixture, which included all excipients and the active
pharmaceutical ingredient. All the components shown in
Table 1 without the magnesium stearate were mixed for 8 min
to ensure uniformity, after which magnesium stearate was
then added and then the final blend was mixed for a further
2 min.

2.4.1. True density, bulk density, tapped density and Carr’s
index. The true densities of the pure Nigerian baobab polysac-
charide powder and the powder blends (Table 1) were measured
using a gas pycnometer – Micrometrics Accupyc II 1340
(Micrometrics, USA). Approximately 1 gram of powder was used
for each true density measurement using a helium pycnometer.
The true density of the sample was acquired in triplicate. The
bulk density of the Nigerian baobab polysaccharide was deter-
mined by carefully pouring a pre-weighed portion of the powder
into a measuring cylinder and recording the volume (bulk
volume). The measuring cylinder was then tapped until there
was no change in volume (tapped volume). The measurements of
the tapped and bulk volumes and pre-determined powder weight
were used to calculate the bulk and tapped densities. Tablet
porosity was also calculated using the true and bulk densities
measured (as in eqn (1)) to determine its effect on the varying
baobab polysaccharide concentrations on the tablet matrices:

Porosity% ¼ 1� True density
Bulk density

� �
� 100 ð1Þ

2.4.2. Tablet compaction of baobab polysaccharide and
formulations. Using a Testometric machine (M500-50 CT) and a
10 mm flat die, 200 mg of the pure baobab polysaccharide was
compacted at five different forces (5 kN, 7.5 kN, 10 kN, 12.5 kN,
and 15 kN) producing flat-faced circular tablets. The formu-
lations, as tabulated in Table 1, were compacted at 10 kN to

Fig. 1 Extraction protocol of the baobab polysaccharide from the baobab oblong-shaped fruit.

Table 1 Batch formula for preparation of powder blends of the baobab polysaccharide

Formulation code Baobab polysaccharide (%) Theophylline (%) MCC (%) Magnesium stearate (%)

B1 10 41.5 47.5 1
B2 20 41.5 37.5 1
B3 30 41.5 27.5 1
B4 50 41.5 7.5 1
B5 57.5 41.5 0.0 1
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produce 300 ± 1 mg tablets. The tablet thickness and diameter
were measured immediately after compression and after a recov-
ery time of 24 h using a digital caliper (Mitutoyo Kawasaki,
Japan). Three tablets from each of the produced compacts were
fractured to determine their mechanical strength using a hard-
ness tester (Pharma Test hardness device, Germany). 20 tablets
were made from each formulation batch.

2.5. Tablet swelling

The swelling behaviour of the baobab polysaccharide tablets
was investigated using a digital camera (Leica ICC50HD) linked
to Keyence image analysis software. A tablet compact was
placed vertically in a plastic Petri dish, and 70 mL of deionized
water was added at ambient temperature. The Petri dish was
placed on a plane with a light source (tungsten lamp), and the
camera, equipped with a macro lens, was placed above. The
data were obtained at 20 min intervals for up to 120 min. The
swelling index study was performed in triplicate.

2.6. In vitro dissolution testing

The in vitro theophylline release was carried out using an auto-
mated USP Type II (paddle method) dissolution apparatus,
Pharma Test DT 70 (PharmaTest, Germany). Dissolution vessels
were filled with 900 mL of dissolution media (acid solution (pH
1.2) or buffer solution (pH 6.8)) equilibrated to a temperature of
37 ± 0.5 °C with a paddle speed of 50 rpm. Dissolution was
studied from 10 min to 240 min, with the theophylline content
in the samples primed automatically at a set time point by a
pump into an attached UV spectrophotometer, where the theo-
phylline content was measured with the UV spectrophotometer
at 286 nm. All experiments were conducted in triplicate.

2.6.1. Dissolution parameters. Eqn (2) was used to calculate
the mean dissolution time (MDT), which is the amount of time
needed for a drug to dissolve under the current dissolving con-
ditions and is appropriate for dosage forms with various drug
release mechanisms.7,23,24 The area under the curve up to a
specific time t, which is stated as a percentage area of a rectangle
by 100% dissolution in the same period t, is what is referred to
as the dissolution efficiency (DE). DE was calculated using eqn
(3) (ref. 7 and 24), where j is the sample number, n is the number
of dissolution samples, tj is the time at the midpoint between tj
and tj−1, ΔMj is the additional amount of drug dissolved between
tj and tj−1, and y represents the drug percentage dissolved at time
t.

MDT ¼

Pn
j¼1

tjΔMj

Pn
j¼1

ΔMj

ð2Þ

DE ¼
Ð t
0 y� dt
y100 � t

� 100 ð3Þ

2.6.2. Similarity factor. The similarity between the drug
release profiles was determined using the similarity factor f2
according to eqn (4):

f2 ¼ 50� log 1þ 1
n

Xn
t¼1

ðRt � TtÞ2
" #�0:5

�100

( )
ð4Þ

This is a mathematical treatment of the dissolution data,
where n = number of pull points for tested samples; Rt = refer-
ence assay at time point t; and Tt = test assay at time point t.

The similarity factor was calculated using the drug release
profile obtained from the formulation containing 57.5% baobab
polysaccharide content (B5) as the reference standard. An f2 value
ranging from 50 to 100 suggests a similarity in the test and the
reference drug release profiles.7 The closer the f2 value is to 100,
the more similar or identical the release profiles are. Additionally,
dissimilarity occurs with a decrease in the f2 value.

25

2.6.3. Kinetics of drug release. Drug release kinetics in
solid oral dosage forms can be characterized using different
models, each describing different mechanisms and rates of
release. In this study, zero-order, first-order, Higuchi, and
Korsmeyer–Peppas models were considered to investigate the
release profiles of the tablets.

The zero-order model represents a constant rate of drug
release, independent of the drug concentration,26,27 as shown
in the following equation:

Q ¼ Q0 þ k0t ð5Þ
where Q is the cumulative amount of drug released over time t,
Q0 is the initial amount of drug (often zero), and k0 is the zero-
order release constant.

In contrast, in the first-order kinetics, the drug release is
directly proportional to the remaining drug concentration,28

expressed as

InðQtÞ ¼ InðQ0Þ þ k1 ð6Þ
where Q is the amount of drug released over time t, Q0 is the
initial drug quantity and k0 represents the first-order rate
constant.

The Higuchi model describes drug release in systems where
the concentration of the drug exceeds its solubility, leading to
release rates that follow the square root of time.29 This
relationship is represented by

Mt ¼ kH
p
t ð7Þ

with Mt representing the cumulative amount of drug released
at time t and kH is the Higuchi release constant.

The Korsmeyer–Peppas (power–law model) is used for cases
where drug release mechanisms may involve diffusion, swell-
ing, or matrix dissolution. In this model:

Mt

M1
¼ ktn ð8Þ

where Mt/M∞ is the fraction of drug released at time t, k is a
constant related to the drug release that considers the matrix
geometry, and n is the diffusional exponent of drug release.
For cylinders, which were the shape of the tablet matrices
made in this study, n values of up to 0.45 suggest Fickian
diffusion, and values above 0.89 suggest Case-II transport. A
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value between these two suggests anomalous transport as
reported in numerous studies.30

3. Results and discussion
3.1. Extraction and solid-state properties of the baobab
polysaccharide

The extraction of polysaccharides from baobab fruit involved
several steps, as shown in Fig. 1. The process resulted in 144 g
(20% yield) of polysaccharide extract from the dried sample.
Our bench-scale yield for Nigerian oblong baobab (20%) is
lower than literature values for similar protocols (∼29–30%
from oblong/oval fruits), but techno-economic analysis indi-
cates viability when ethanol is recycled and utilities are opti-
mised. Published models report minimum selling prices of
∼£23–£35 per 100 g in the UK at ∼30% yield and ∼£27 per
100 g in Nigeria, with steam cost being the dominant sensi-
tivity.31 Using focus stacking digital microscopy, the maximum
grain width of the extracted, milled and sieved polysaccharide
was found to be 115 µm (Fig. 2a). The XRPD data for the
extracted baobab polysaccharide suggest that it is completely
amorphous in nature (Fig. 2b) with broad halos,32,33 which
have also been observed in Grewia polysaccharides.30

Thermal stability is an essential characteristic that deter-
mines the processing conditions and potential uses of polysac-
charides. TGA and DSC analyses were carried out over a range
of temperatures between 25 °C and 600 °C as shown in Fig. 3a
and b. During the TGA analysis, weight loss occurred in three
phases, which is a typical behaviour for polysaccharide
decomposition.34 The first weight loss of approximately 13.1%
is seen to occur due to water loss.30,34 When the temperature
was increased to 175 °C, the TGA showed a major mass change
of approximately 49%, which may be due to the deterioration
of the polysaccharide structure at 250 °C.35,36 The final stage
of degradation occurred between 300 °C and 500 °C with
approximately 11% weight loss. The last two phases coincided

with the broad endothermic enthalpy change in DSC, as seen
in Fig. 3b. The char yield of the sample was 37%. The thermal
analysis studies on the sample indicate that, after accounting
for the initial water loss, the material is stable until around
175 °C, after which thermal degradation takes place.

3.2. Physical properties of the baobab polysaccharide and
formulation blends and tablets

The true density of the pure baobab (milled baobab polysac-
charide from a <250 µm sieve) was calculated to be 1.63 g
cm−3 with the bulk and tap densities recorded as 0.73 ± 0.01
and 0.97 ± 0.01 g cm−3, respectively, giving the baobab polysac-
charide a Carr’s consolidation index of 29%, which is indica-
tive of poor flow properties.

The compaction profiles of the polysaccharide (milled
baobab polysaccharide from a <250 µm sieve) from 5 kN to 15
kN are depicted in Fig. 4. This shows the tablet porosity and
mechanical strength of the compacted baobab polysaccharide
properties. Fig. 4 shows that an increase in the compression
and compaction of the polysaccharide led to an increase in the
mechanical strength of the compacts, which was accompanied
by a simultaneous decrease in the porosity of the compacts.
This increase in mechanical strength with an increase in com-
pression has been observed and reported for other polysac-
charides.22 This showed that the extracted polysaccharide is a
compressible polysaccharide and therefore has the potential
for use in tabletted formulations.

Formulations B1–B5 (Table 1) had true densities similar to
that of the pure baobab polysaccharide (1.55–1.59 g cm−3).
This slight decrease upon blending with other formulation
components has also been observed and reported.30 It is
important to note that all formulation blends were compacted
at 10 kN only. It was observed that there was a general increase
in the tablet’s mechanical strength with an increase in the
MCC content in the formulation (68–148 kN) (Fig. 5). MCC has
been reported to be used widely for direct compression to
reduce tablet density and has good mechanical strength.37,38

Fig. 2 Measurement of the grain width of the baobab polysaccharide with two-point measurement. (a) Original image of the grain sample ×300.
Scale bar is 100 µm. (b) XRPD pattern of the extracted and milled baobab polysaccharide from a <250 µm sieve.
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Fig. 3 (a) TGA and (b) DSC thermograms of the milled baobab polysaccharide from a <250 µm sieve.

Fig. 4 Properties of compacted baobab polysaccharide (milled baobab polysaccharide from a <250 µm sieve) under 5 kN–15 kN: (a) compact hard-
ness, (b) solid fraction, (c) tabletability, (d) compactibility, (e) compression stress relationship with tablet porosity and relative tensile strength and (f )
tablet porosity relationship with tensile strength. All experiments were conducted in triplicate.
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The porosities of the formulated blends ranged from 9–11%
demonstrating a real impact of the formulation changes on
the porosity of the compacts. This suggests that porosity may
not necessarily be a contributing factor to potential dis-
solution performance.

3.3. Tablet swelling

The swelling capacity of tablets compacted with the pure
baobab polysaccharide powder was evaluated in deionized
water. The process was set for the compacts to be evaluated for
up to 120 min; however, the swelling of the compacts lasted
for 45 min only. The compacts at this time point were observed
to have lost their structure and began to gradually dissolve in
the Petri dish (Fig. 6). A similar behaviour for Grewia polysac-
charides has been reported in deionised media. The authors
however reported different behaviours for the Grewia mollis
polysaccharide at pH 12 and pH 6.8.22 Such observed behav-
iour can impact drug release. It has been reported in the litera-
ture that the composition of ions in a medium can impact
drug release.7,22,25,30

3.4. Theophylline release from baobab polysaccharide tablets

Drug release in acidic media is shown in Fig. 7a. Fig. 7a illus-
trates how the acid solution used as the release medium influ-
ences theophylline release from the tablet matrices with five
differing baobab concentrations. The solubility of theophylline
is largely unchanged over the pH range studied.
Theophylline’s solubility at pH 1.2 has been reported to be
13.1 ± 0.1 mg ml−1 and 10.5 ± 0.1 mg ml−1 at pH 6.8.39 There
was a gradual release of theophylline from all the tablet
matrices (B2–B5) except for those containing 10% baobab (B1),
which showed a relatively faster release of theophylline. It is
important to note that all tablets contain the same amounts of

theophylline content (41.5%) and magnesium stearate (1%).
After about 10 min in acidic media, the profiles of B2–B5
showed that 12.6% of theophylline was released from the
tablets containing 20% baobab with 37.5% MCC (B2), 11.8%
of theophylline was released from tablets containing 30%
baobab with 27.5% MCC, 9.43% of theophylline was released
from tablets containing 50% baobab and 9.9% from tablets
containing 57.5% baobab with no MCC, indicating no burst
release. This shows a gradual decrease in the initial release of
the model drug with an increase in baobab content.

The drug release after 240 min for formulations B2–B5 are
relatively similar (Fig. 7a). This is also confirmed in Table 2,
where the dissolution parameters of DE (52–54%), MDT
(78–92 min) and MDR (0.37–0.40% min−1) are similar. Using
drug release from B5 (baobab-only matrices) as the reference
standard, f2 values indicated similarity (71–77%). It was not
possible to determine MDT and MDR for the B1 dissolution
profile due to its quick release. Its profile was dissimilar to the
reference standard (B5) used ( f2 = 18%). The faster release also
made it impossible to determine its kinetics of drug release.
When baobab was used alone with no further excipients, the
matrices had an n value of 0.68, which suggests that anoma-
lous transport occurred. This was also the case for formu-
lations B2–B4. It was however interesting to note that there

Fig. 5 Formulated tablet properties of hardness and porosity using the
baobab polysaccharide. Note: formulations B1–B5 have constituents as
identified in Table 1. All experiments were conducted in triplicate.

Fig. 6 Photograph of pure baobab polysaccharide tablets swelling in
deionized water over a 45 min time period. All experiments were con-
ducted in triplicate.
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was an increase in the contribution of erosion with an increase
in baobab content associated with a decrease in the MCC
content. The incorporation of MCC therefore seems to be
really advantageous for improving the tablet hardness of the
manufactured matrices as well, indicating to a formulator that
there may well be a concentration where it might be
inadequate or not be beneficial as in the case of formulation
B1.

In contrast to drug release in acidic media, in buffer, the
tablets containing 10% baobab with 47.5% MCC (B1) released
approximately 36.3% of theophylline in the first 10 min,
43.8% of theophylline was released from the 20% baobab with
37.5% MCC (B2), and 46.6% of theophylline was released from
the 30% baobab with 27.5% MCC (B3). The tablets containing
50% baobab powder with 7.5% MCC (B4) released approxi-

mately 53.2% of theophylline. This showed that an increase in
the baobab content contributed to the burst release observed
in the phosphate buffer media. Of interest, however, was the
behaviour of the baobab-only matrices (B5), i.e., the tablets
containing 57.5% baobab with no MCC content. These
matrices released approximately 44% of theophylline after
10 min but released their total drug content relatively faster
than all the matrices with MCC content. This suggests that
MCC may have a beneficial effect in reducing burst release in
phosphate buffer media. The faster release of theophylline
(after 240 min, the tablet matrices were completely dissolved
for all five formulations) meant that it was not possible to cal-
culate dissolution parameters and kinetics for drug release in
the buffer. The viscosity of baobab fruit polysaccharide has
been studied in both acidic and basic media using a Kinexus

Fig. 7 Effect of theophylline release from baobab polysaccharide matrices in acidic media (a) and basic media (b). All experiments were conducted
in triplicate. Note: formulation codes B1–B5 are explained in Table 1.

RSC Pharmaceutics Paper

© 2026 The Author(s). Published by the Royal Society of Chemistry RSC Pharm., 2026, 3, 126–135 | 133

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

9 
O

ct
ob

er
 2

02
5.

 D
ow

nl
oa

de
d 

on
 6

/1
2/

20
26

 1
0:

51
:2

9 
PM

. 
 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/d5pm00138b


rheometer (Malvern Instruments, UK) fitted with a 20 mm
plate-plate geometry and a 1 mm gap.21 The authors reported
that an increase in temperature by applying the time–tempera-
ture superposition principle results in a monotonic reduction
of both viscoelastic functions (G′, G″). The authors also found
that although the shape of the curves produced remained
unchanged (meaning no measurable structural changes), the
construction of the master curves of viscoelasticity revealed
significant differences in the relaxation behaviour of samples
at different pH values. The samples in acidic media were
found to be typical of entangled viscoelastic chains, indicating
a strong frequency dependency.21 This behaviour is thus attrib-
uted to the observed performance of the polysaccharides in
different media. It is therefore anticipated that the baobab
polysaccharide in combination with the MCC therefore forms
a swelling gel matrix which hinders drug diffusion, slows
down the drug release, and thus eliminates significant burst
release. This behaviour has been observed in the literature for
hydrophilic matrices as acidic media enhance hydrogen
bonding and gel formation.40,41 This suggests that the baobab
polysaccharide might not be suitable for targeting drug release
in the lower small intestine or colon. These dissolution beha-
viours also explain why porosity is not a likely dominant
release-controlling factor.

4. Conclusion

The extraction process for the baobab polysaccharide was
efficient and therefore feasible for large-scale production. The
extracted polysaccharide however had poor flow properties, as
indicated by its true density and Carr’s index. When incorporated
into tablet formulations as a potential matrix former, it is com-
pressible and forms tablets or compacts with adequate mechani-
cal strength. In acidic media, tablets with higher baobab content
(formulations B2–B5) demonstrated a slower, more controlled
release of theophylline. The absence of burst release in formu-
lations with higher baobab content (B4 and B5) further supports

its potential for use in controlled release systems. In basic
media, tablets with higher baobab content (B4 and B5) depicted
a faster release of theophylline, with the drug releasing relatively
quickly. This suggests that while the baobab polysaccharide can
be effective for controlled release in acidic environments, it
might not be suitable for targeting drug release in the lower
small intestine or colon. These findings support the feasibility of
a baobab-derived, renewable polysaccharide as an excipient
aligned with our initial motivation to use green materials in
pharmaceutical applications. Bench-scale extraction delivered
approximately 20% yield, and the material formed mechanically
robust, compressible tablets and provided sustained release in
acidic medium with faster release in basic medium. This demon-
strates the suitability of the formulations across conditions rele-
vant to oral delivery. Moreover, these regionally sourced biopoly-
mers could help diversify excipient supply chains where access to
conventional materials is limited. Future work should address
process standardisation, batch-to-batch variability, and safety/
regulatory evaluation to translate this potential into practice.
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Table 2 Dissolution parameters for baobab matrices released in acidic media

Formulation
code

Powder
formulation

MDT
(min)

DE
(%)

MDR (%
min−1)

Similarity
factor ( f2)

Zero
order
(RSQ)

First
order
(RSQ)

Higuchi
(RSQ)

Peppas
(RSQ)

Diffusion
exponent (n)

B1 10% BBP +
47.5% MCC +
drug

— 15.88 — 17.94 — — — — —

B2 20% BPP +
37.5% MCC +
drug

84.53 54.28 0.38 73.18 0.970 0.993 0.996 0.997 0.625

B3 30% BPP +
27.5% MCC +
drug

77.78 53.41 0.37 71.26 0.972 0.995 0.998 0.997 0.653

B4 50% BPP + 7.5%
MCC + drug

89.05 51.76 0.40 77.26 0.985 0.998 0.997 0.997 0.710

B5 57.5% BPP +
drug

91.62 51.79 0.37 — 0.981 0.998 0.997 0.997 0.676

All experiments were conducted in triplicate.
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