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Abstract

Developing nations like Nigeria are blessed with abundant natural resources like Acacia seyal gum which can serve as possible alternatives to
imported raw materials for medicine production. This study aims at evaluating and comparing the potentials of purified Acacia seyal gum and
cross-linked Acacia seyal gum as a matrix former. A 500 g of crude Acacia seyal gum was purified by dissolving in 1.5 L of distilled water,
filtered, precipitated using acetone, dried, size reduced and labeled as “EG”. A 100 g of EG was cross-linked by dissolving in 2 L of distilled
water, shaken for 24 h then 1 L of 1 M calcium chloride solution was added, shaken for 6 h, allowed to stand for 6 h, precipitated using acetone,
dried, size reduced and labeled as “CG”. The DSC thermogram and FT-IR spectrum of CG revealed new peak and new bands respectively. CG
was light brown, gritty, bland and odourless. CG with low moisture content, reduced solubility in water, lower viscosity, higher swelling ratio and
rate, low hydration capacity and higher pH was able to sorp water and swell. The lower coarse particles, bulk density, tapped density, true
density, flow rate, and angle of repose, compressibility index and Hausner’s ratio demonstrated good flowability of CG. The results obtained
suggest that CG will perform better when employed as matrix former in modified release tablet formulation of water-soluble drugs.

Keywo rds: Acacia seyal gum; EG (Purified Acacia seyal); CG (Cross-linked Acacia seyal gum); Cross-linking

1. INTRODUCTION

Acacia gum is a dried, hard, nodular exudate of about
10 — 50 mm in diameter obtained under stress
conditions from the stems and branches of Acacia
senegal (L.) Willdenow or Acacia seyal (fam.
Leguminosae) [1, 2]. Sudan has traditionally been the
main acacia gum producer (mainly Acacia senegal)
while Chad and Nigeria produce mainly Acacia seyal
[3]. Nigerian gum Arabic is sorted out into grade 1
(Acacia senegal), grade 2 (Acacia seyal) and grade 3
(Combretum and Albizia) [4, 5]. In 1998, Acacia

seyal was certified by the Codex Alimentarious
Commission of Food and Agriculture Organization
(FAO), to have the same status with Acacia senegal
in food and Pharmaceutical applications thus, the
need for Nigeria to tap into this and upgrade her
status in the world acacia gum market. Being a
natural polymer, Acacia seyal gum can be used as a
pharmaceutical excipient in tablet formulation. An
excipient is a natural or synthetic substance
formulated alongside the active ingredient of a
medication, included for the purpose of bulking-up
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formulations that contain potent active ingredients or
to confer a therapeutic enhancement on the active
ingredient in the final dosage form, such as
facilitating drug absorption, solubility or delivery [6].

Drug modification involves altering the release
profile, site of absorption or the rate of absorption of
the drug in plasma in order to either reduce the
frequency of drug administration, improve patient
compliance and/or to reduce the side effects of the
drug [7]. One of the numerous methods of modifying
natural polymers to obtain suitable materials for drug
delivery systems is cross-linking, which involves re-
enforcing bonds with chemical bridges between
molecules or polymer chains. A cross-link is a bond
that links one polymer chain to another, which could
be covalent or ionic. In the ionic gelation technique
of cross-linking, the cross-linking agent induces an
interaction between the ionic or functional moiety
and the polymer chain, leading to the formation of a
more strongly bonded molecular chain network [8,
9]. Cross-linking affects the physical characteristics
of polymers to include particle properties, hydration
and water sorption capacities as a few of such
properties which may lead to the cross-linked gum
becoming more resistant to high temperatures, high
shear and an improved viscosity [9]. Considering the
advantages of the improvement of some of these
physicochemical properties, the cross-linked gum
thus formed may be applied in the food and
Pharmaceutical industries for its gelling ability and
can also serve as a suitable matrix for the formulation
of sustained-release tablet formulations. This study
aims at preparing Acacia seyal gum cross-links using
calcium chloride as the cross-linking agent and
evaluating some organoleptic and physicochemical
properties of the cross-links formed in comparison to
the purified natural Acacia seyal gum, for wider
application in the Pharmaceutical industry.

2. MATERIALS AND METHODS

Sample Collection/ Identification

The crude acacia gum exudates (grade 2) was
collected from Gombe State, Nigeria and taken to
the Herbarium section of the Department of
Biological Sciences, Ahmadu Bello University, Zaria
for identification and given a voucher number.

Extraction and Purification

The method used by Abdulsamad et al. (2012) was
adapted. Five hundred grams (500 g) of the Acacia
seyal gum exudates was weighed and dissolved by
stirring in 1.5 L of distilled water contained ina 3 L

beaker. The mucilage formed was then filtered using
suction through a fine muslin cloth to remove any
extraneous matter. One (1) liter of acetone was
gradually added into the beaker containing the
mucilage while stirring and as the gum started
precipitating, further additions of the acetone led to
the gum becoming more solid. The mixture was
decanted and 500 ml acetone was added gradually
onto the slimy gum while squeezing out the
remaining water entrapped using hands protected
with hand gloves until the gum started to crumble and
eventually got finely dispersed in the acetone,
signifying the near exhaustive separation of the gum
from the water. The gum was then separated from the
acetone by filtration, spread on non-stick baking trays
and dried in an oven (Galenkamp, Germany) at 40 °
C for 5 h [10]. The gum was then removed from the
oven and dried at room temperature overnight. This
was then blended in a laboratory blender for 30 s and
weighed. The powder so obtained was then
transferred to a screw-capped glass container,
labelled as ‘EG’ and stored for future use.

The extraction yield (%) was calculated using the
relationship:

% Yield = (%) X 100 - - - - - - - - 1)

Where W, is the weight of the Acacia seyal gum
exudates used for the purification, W is the weight of
the dried Acacia seyal gum purified.

Cross-linking of the Purified Acacia seyal gum
(EG) Using Calcium Chloride

The ionic gelation method used to cross-link Acacia
senegal by Mbah et al. (2012) was adapted for this
process. One hundred grams (100 g) of the purified
Acacia seyal gum (EG) powder was dispersed
properly in two (2) liters of distilled water in a
beaker. This was then divided equally into four
separate 500 ml conical flasks and shaken for 24 h
using a mechanical flask shaker (Gallenkamp,
England). After shaking, the contents of the four
flasks were then transferred into a plastic container
and one (1) liter of freshly prepared 1M calcium
chloride solution was added gently with intermittent
stirring. This solution was divided into six different
500 ml conical flasks and then shaken for 6 h then
transferred into a clean plastic container and allowed
to stand for another 6 h. The hydrated gum particles
were precipitated by washing serially with cold
acetone to remove any residual water and filtered
using a clean muslin cloth. The harvested gum was
dried on a non-stick tray in an oven at 40 ° C for 5 h
and then air dried at room temperature overnight.
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This was then blended in a laboratory blender for 30
s and weighed. The powder was then transferred into
a screw-capped container, labelled as ‘CG’ and
stored for future use.

The cross-linked gum vyield with reference to the
initial starting material was calculated using equation
(2) below and recorded accordingly.

% Yield = (2) X 100- - - - - - - - - )

Where W; is the weight of the crude Acacia seyal
gum used for the purification process (500 g) and W,
is the weight of the cross-linked Acacia seyal gum
powder (CG) obtained.

Differential Scanning Calorimetry (DSC)

Heat flux differential scanning calorimeter
(NETZSCH-Geratebau, Germany) was used to obtain
valuable information on the cross-link formation
between the gum and the calcium chloride. Samples
(10 mg) of the purified Acacia seyal gum (EG) and
the cross-linked Acacia seyal gum (CG) were
respectively encapsulated in aluminium disposable
pans. DSC scans were ran to measure the energy
changes associated with heating the samples upto 300
° C at a scan rate of 10 ° C/min for a total of 25 min,
using nitrogen as purge gas. Differences in the
thermograms of the two polymers was then noted.
Appearance or disappearance of peak(s) suggests the
formation of new bonds/structures [11].

Fourier Transform Infra Red (FT-IR) studies

FT-IR spectra of purified Acacia seyal gum powder
(EG) and cross-linked Acacia seyal gum powder
(CG) were obtained using JASCO IR
spectrophotometer (model 4200, Jasco Inc. Japan).
The powdered samples were mixed with potassium
bromide (KBr), compressed into pellets and analysed
between 400 and 4000 cm™. The spectra of EG and
that of CG were then compared to reveal the presence
or absence of IR absorption bands representative of
the respective functional groups of interest.
Appearance, disappearance or broadening of
absorption band(s) on the spectra of CG in
comparison with that of EG was used to assess the
crosslinking of the purified Acacia seyal gum powder
(EG) [12, 13].

Organoleptic Characterization

The polymers (EG and CG) were observed for their
colour, texture, taste and odour using the sense
organs.

Physicochemical Characterization
Moisture Loss on Drying (MLD)

The method described by Abdulsamad et al. (2012)
was adopted [10]. Two (2) g of the polymer was
weighed (W,) and dispersed into three tarred and
conditioned evaporating dishes. The dishes were
conditioned by heating at 105 ° C for 30 min
followed by cooling in a desiccator for 30 min. The
samples were heated at 105 ° C for 2 h, cooled in a
desiccator for 30 min and weighed. The samples were
heated again for another 2 h and cooled for 30 min in
a desiccator then weighed (W,). The MLD was then
determined.

_ (W1-W2)100

% MLD = A0 o 3)

Where W, and W, are weights of the samples before
and after drying, respectively.

Determination of Solubility of the Polymers

Two hundred (200) mg each of EG and CG were
weighed and respectively dispersed in 10 ml each of
some solvents contained in test tubes. Non-polar
solvents (diethyl ether and toluene), polar aprotic
solvents (ethyl acetate and dimethylsulfoxide
(DMSO) and polar protic solvents (isopropanol and
water) were used as solvents. At ambient
temperature, the tubes were shaken using flask shaker
for 10 min, allowed to stand for 10 min and visually
observed for the ability to go into solution [14].
Aqueous solubility of EG and CG was determined
quantitatively in distilled water (30 ° C). A 1 g
quantity of the gum was added to 10 ml of distilled
water and left overnight. The clear supernatants (5
ml) were taken and placed in small pre-weighed
evaporating dishes and heated to dryness over a
digital thermostatic water bath. The weights of the
dried residue with reference to the volume of the
solutions were determined and recorded [15].

Viscosity Determination

The viscosity of a 2 % aqueous dispersion of the
polymer was determined using an Ostwald
viscometer, clamped vertically in a beaker of water at
room temperature and allowed to equilibrate. The
time taken for the solution to flow through the
marked points of the Ostwald viscometer was then
recorded. The average time in seconds (s) was
determined. The test was first conducted using water
as the fluid and the time of flow determined. Using
the equation below, the kinematic viscosity was then
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calculated.

where ng = dynamic viscosity of the gum; 7,,=
dynamic viscosity of water at 30 °© C = 798 m?; 9=
time (s) for the gum dispersion to flow through the
Ostwald viscometer; t,,= time (s) for water to flow
through the Ostwald viscometer.

Swelling Ratio/ Rate Determination

A 1 g sample of the polymer was weighed and
transferred into a clean 10 ml measuring cylinder.
The volume occupied by the polymer was then
recorded. Distilled water was added up to the 10 ml
mark and the cylinder allowed to stand for 24 h and
the new volume occupied by the swollen polymer
recorded. The swelling property of the polymer
observed within 24 h was expressed both as the
swelling ratio and swelling rate. The swelling ratio
(Qq ) for the polymer was calculated from the
equation below [16]. The swelling rate was
calculated as the volume increase: V- Vs per h.

Q=" e )

Where V4and Vs =volume of dry polymer and volume
of swollen polymer, respectively.

Hydration capacity (HC)

The method used by Olorunsola et al. (2016) [17]
was modified and used for the determination of the
hydration capacity. The samples EG and CG (1 g
each) were dispersed seperately in 10 ml distilled
water in a preweighed centrifuge tube. This was then
mixed by stirring for 2 min, stoppered and
centrifuged for 5 min. The supernatant was decanted,
leaving the sediments. The tubes were then placed in
a forced-draft air oven (Galenkamp, Germany) at an
angle of 15 — 20 ©°, allowed to dry at 50 ° C for 25
min, cooled in a desiccator for 25 min and then
weighed to obtain the weight of the sediment, W,
[14]. The hydration capacity (H.C) was calculated
thus.
W,

HC= 2-------- (6)

w1

Where W, = initial weight of dry polymer and; W,=
weight of the sediment.

pH Determination

Dispersions (1 % "/,) of the samples were prepared
and their pH measured using a microprocessor pH

meter (Hanna Instruments, pH 213, Romania) after
standardization with standard buffer solutions (pH
4.0, 7.0 and 9.2 respectively). The procedure was
performed three times per sample and the mean
calculated [9].

Moisture Sorption Profile

The sample (1 g) was spread evenly over the surface
of a 0.70 mm tarred aluminium dish. Samples were
placed in a desiccator containing deionised water in
its reservoir to mimic a relative humidity of 100 %, at
room temperature. Over a period of 5 days, at regular
intervals of 24 h, the weight gained by the exposed
sample was recorded and the amount of moisture
absorbed was calculated from the weight difference

[9].

Moisture Uptake = % x100% ------ @)
d

Where M= amount of moisture absorbed and; My=
weight of the dry powder

Particle Size Distribution

Sieves of different sizes were washed, allowed to dry
and arranged such that 500 um was on top, followed
by 250 pm, 150 pm, 90 pum, 75 pum and finally 45
pm. The powder sample (50 g) was then weighed and
placed on the uppermost sieve (500 um) and the
cover placed over it. The stack of sieves were then
placed on the laboratory sieve shaker (Endocotts
Limited, London, UK) and set into vibration for 10
min. The powder particles retained on each sieve
were collected separately and then weighed.

Bulk density

The sample (50 g) was weighed and transferred into a
100 ml plastic measuring cylinder. The volume
occupied was recorded and the bulk density
calculated. The procedure was carried out three times
and the mean calculated.

Weight
Volume

Bulk density (g/cm?) =

------ ®)

Tapped Density

The sample (50 g) was weighed and transferred into a
100ml plastic measuring cylinder using a glass
funnel. The cylinder was then dropped continuosly
from a 2 cm height onto the work bench until
constant volume was attained (200 taps). The volume
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attained was noted and the tapped density calculated.
The procedure was carried out three times and the
mean calculated.

Tapped density (g/cm?) = —dht_ ___(9)

- final volume

True Density (Dy)

The fluid displacement method was used for
determination of the true density of the samples
according to Mbah et al. (2012) [9]. A density bottle
was washed, dried thoroughly in an oven and
weighed. The density bottle was filled with xylene as
the displacement fluid and weighed. A 1 g quantity of
the sample was weighed and transfered into the
xylene-containing bottle and then weighed. The true
density, Dy was calculated thus:

= W «sC - -_
D = =y X SG (10)
Where W=weight of the sample; a=weight of density
bottle + xylene; b=weight of density bottle + xylene
+ sample; SG=specific gravity of xylene (0.863)

Particle Flow Properties

The static angle of repose was measured according to
the fixed funnel and free standing cone method [18].
A 50 g quantity of sample was carefully poured into a
stoppered glass funnel, clamped 10 cm above a flat
surface using a retort stand. The stopper was then
removed and the time taken for the powdered sample
to flow through, forming a cone, was recorded. The
mean diameter and the height of the powder cone
formed were measured. The internal angle of repose
was calculated using equation 11, while the flow rate

was calculated as grams per second. This was
repeated thrice and the mean calculated.

Angle of repose = tanA = % ------ (11)

Where h = height of the powder cone; D = diameter
of base of the powder cone.

The compressibility indices and Hausner’s ratios of
samples EG and CG were determined with the data
obtained from the bulk and tapped densities, using
equations 12 and 13.

Tapped density—Bulk densit;
L Yo 2 x 100 - - (12)
Tapped density

Compressibility (%) =

Tapped density o (13)

Hausner's Ratio = -
Bulk density

3. RESULTS AND DISCUSSIONS

Sample Collection and Identification

The crude Acacia seyal gum exudates (fig.1) was
collected from Gombe State, Nigeria. It was
identified as Acacia seyal, Family Leguminosae and
given the voucher number 900248 at the Department
of Biological Sciences, Ahmadu Bello University
Zaria, Nigeria.

Extraction (Purification) and crosslinking Yield

The percentage extraction yield of the purified
Acacia seyal gum (EG) was calculated to be 60 %.
The picture of the extracted and purified acacia gum
flakes is shown in fig. 2.

Fig. 1: Crude Acacia seyal Gum Exudates Before Purification.
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Fig. 2: Purified Acacia seyal gum flakes before size reduction.

Natural biopolymers from plant sources contain
many impurities (e.g., fat, protein, fiber, natural
pigment and endogenous enzymes), therefore, an
efficient purification process is recommended to
minimize these impurities and consequently improve
the functional properties of the biopolymer [19]. The
extraction yield of 60 % obtained on purification of
the crude Acacia seyal gum can be justified as the
presence of impurities in the crude exudates could
add to the weight of the sample. The extraction and
purification process is expected to have lowered or
removed these impurities considerably so that the
weight of the gum recovered was reduced. A yield of
48 % with reference to the crude exudates, obtained
after cross-linking EG with calcium chloride is most
likely associated with the quality of the extraction
process. There is however possibility that both yields
could have been affected by loss of materials due to
the difficulty in totally recovering the gum from the
sieve cloth and/or due to spillage but, these were
considerably taken care of by adhering to
precautions. The purification yield value was higher
than the purification yield reported for fenugreek
gum (22 %) [20], locust bean gum (26.66 % to 33.16
%) [21] and within the range reported for guar gum
(22 % to 78 %) [22] and for durian seed gum (30.9 %
to 72.4 %) depending on the purification method
[19]. The crosslink yield (48 %), was lower than the
value reported for crosskinked high amylose starch
(95 %) [23]. Generally, the more processing
procedures or steps, the more the chances that the
yield is expected to reduce. The quality of the
acetone used as precipitating agent, the time of
exposure to the precipitating agent and the method
used may also have affected the yields obtained [22,
19, 10].

Thermal Analysis Using Differential Scanning
Calorimetry (DSC)

The result from DSC studies, figures 3 and 4,
revealed that the cross-linked gum (CG) had a higher
extrapolated peak of 118.10 ° C, while the
extrapolated peak of EG was 49.96 ° C. The events
shown between 24 and 100 ° C may be attributed to
evaporation of solvent [24]. The minimum heat flow
of EG is —6.12 mW at 88.13 ° C, while the maximum
had 18.65 mW at 300.41 ° C. CG on the other hand
had a higher minimum heat flow of — 3.48 mW at
197.67 ° C and a maximum of 10.09 mW at 300.59 °
C. The two samples showed similarities in
degradation temperature because of their insignificant
difference, 300.41 ° C and 300.59 ° C for EG and CG
respectively, that fall within the maximum
degradation temperature range of 270 — 320 ° C
determined for polysaccharides by Silva (2006) [24].
This shows that, and as the name connotes, cross-
linking did not tamper with the structural framework
of the CG but simply linked strands of the polymer.
The appearance of a new peak at about 240 — 250 ° C
at about 20 min into the scanning process on the
thermogram of CG, which was initially absent on the
thermogram of EG is an important event to note as
the appearance or disappearance of peak(s) suggests
the formation of new bonds or structures [11]. The
modification of the gum may have led to these
changes in the heat thermogram of CG, suggesting
that it may be as a result of a stronger bond between
molecules of the polymer chain. Abdulsamad et al.
(2014) observed that cross-linking of cashew gum
with epichlorohydrin led to the slight increase in the
degradation temperature and opined that this may be
as a result of the presence of “impurities”
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Fig. 3: DSC Thermogram of the Purified Acacia seyal Gum (EG)
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Fig. 4: DSC Thermogram of the Cross-linked Acacia seyal Gum (CG).

which are most likely the cross-linking agent. The
appearance and disappearance of a peak may also be
used to denote modification in structure of
compounds, as a result of addition or removal of
some groups. This also goes to show that CG has a
higher degree of stability in the presence of heat than
EG.

Fourier Transform Infra-Red (FT-IR) Studies

A Fourier transform infra-red (FT-IR) spectrum
involves an observation of the vibrational patterns of
molecules as this is considered to be a unique
physical property and is characteristic of the
molecule [13]. Generally as shown in figures 5 and 6,
there was retention of some bands in the polymer
backbone as shown by hydrogen bonding, which has
a significant influence on the peak shape and
intensity, causing the broadening of the peak as it
ranges between 3500 - 2400 cm™ [12]. There was
retention of the bands at positions 2928.30, which

indicates C—H (Methylene) stretching and at position
1609.30, which indicates —C=C — stretch. On the
spectra of CG, the appearance of bands at positions
1845 and 1793 cm™ which are within the group
frequency suggestive of carbonyl compounds and
878 cm', which is within the group frequency
assigned for C=0 stretch for oxy compounds may be
indicative of a change caused by the cross-linking
process. Finally, the 668.53 cm™ band of CG
replaced the 599.58 cm ™ absorption band of EG. This
may be an indication of a replacement reaction due to
the crosslinking agent as generally, peak values < 667
cm * indicate the presence of iodide or bromide ions,
while values between 800 — 600 cm* are indicative
of chloride ions [13]. These may serve as a pointer
that the cross-linking has taken place as appearance,
disappearance or broadening of absorption band(s) on
the spectra of CG in comparison with that of EG was
used to assess the crosslinking of the purified gum.
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Fig. 5: FT-IR spectra of the Purified Acacia seyal Gum (EG).
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Fig. 6: FT-IR spectra of the Cross-linked Acacia seyal Gum (CG)

Organoleptic and

Characterizations

Physicochemical

From the results shown in Table 1, sample EG had an
off-white colouration but on cross-linking, CG
showed a darker colouration which was brownish
although, both were gritty in texture. This change in
colour intensity is most likely as a result of the
addition of new substances introduced by the cross-
linking process or as a result of the drying process,
which may have denatured some of the surface
polymers. The slightly acidic taste of EG and CG
implies that the polymers may be used in tableting
without the need for sweetening agent. Both gums
being odourless implies that there is no need to add
flavourants to the tablet formulation and this justify
their use in tableting, as patients prefer medicines that
are either odourless or of a nice fruity aroma.

The moisture loss on drying (%) gives a quantitative
view of the amount of volatile matter of any kind that
is driven off under any specified condition [25]. The
moisture loss on drying was found to be 12.00+1 %

and 7.00+£0.5 % for EG and CG respectively. This
shows that EG has a fairly higher moisture content
than CG and this result is similar to the report by
Mbah et al. (2012), who reported a moisture content
of 14.00£1.32 % for the natural acacia (Acacia
senegal) polymer and 5.00+0.90 % for its cross-
linked derivative. In an evaluation of cashew gum
cross-linked with citric acid by Abdulsamad et al.
(2015), a loss on drying (%) of 8.47 for the crude
gum and 7.21 for the cross-linked gum was reported.
The result reported in this study therefore showed a
similar pattern of moisture loss on drying (MLD %),
with the cross-linked gum having a lower moisture
content compared to the purified gum. According to
Kibbe (2009), official recommendations specify that
MLD of acacia should be < 15 % and the values
obtained in this study falls within this recommended
limit [26]. As such, CG might be less prone to
microbial contaminations because of its lower
moisture content. The ability of the two polymers to
go into solution in various solvents selected based on
polarity showed that they were both insoluble in all
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other solvents (diethyl ether, DMF sulfoxide, toluene,
ethyl acetate, isopropanol and ethanol) except in
water (30 ° C) as shown in Table 1, which was able
to dissolve EG and form a soluble solution (0.1056
g/ml) while CG formed a very cloudy dispersion
described as sparingly soluble (0.0736 g/ml). This
agreed with results obtained based on visual
observation by Abdulsamad et al. (2014), when
cashew gum was cross-linked with epichlorohydrin
[14]. The reduced solubility of CG in water when
compared to EG could be as a result of the presence
of certain ions such as calcium, which when present
in large amount causes aqueous insolubilities of gums
[27]. It can thus be said that cross-linking reduces
solubility or even renders a soluble material insoluble
[28]. This also buttresses the fact that the polymers
are hydrophilic in nature, though the cross-linking
process reduced the degree of hydrophilicity.

The kinematic viscosity shown in Table 1, as
obtained using an Ostwald viscometer showed that
CG has lower viscosity (1,569 m.Pas) compared to
EG (2,397 m.Pas). It can be said that because of the
insolubility of CG, it did not have the capacity to
form a smooth gel and as such this may have led to
the lower viscosity observed when compared to EG
which was able to fully go into solution, forming a
gel that is able to cause the increase in the bulk
viscosity. According to Alderborn (2007), bulk
viscosity is not a good test for the functionality of
true gels as a type of hydrophilic matrix system and
does not generally correlate well with diffusion thus,
justifying the application of CG in sustained release
tableting [29]. Swelling, described as the increase in
weight, volume or length has an important place in
defining the performance of a polymeric material
with regards to solute diffusion in drug delivery.
Hydrophilic cross-linked polymers owing to their
swelling capacity have found use as swellable
matrices, superdisintegrants and swelling devices in
drug delivery [14]. The purified gum even though it
absorbed some amount of water as shown by the
moisture sorption profile in figure 7 and the
hydration capacity as shown in Table 1, did not swell
as much as the cross-linked gum, but rather most of it
went into solution because of its high solubility, and
this result is similar to the report by Abdulsamad et
al. (2012). Cross-linking EG caused the material to
take up more liquid without going into solution, as
the structural integrity of the gum was retained, thus
imparting a notable swelling property on the polymer
(CG) [10]. This may be because the macroporous
structures of the cross-linked polymer make transfer
of water molecules easier between the polymer
matrix and the external aqueous phase [25]. CG can
thus be employed as a disintegrant in tablet

formulation studies.

Hydration capacity indicates the degree to which a
material is capable of absorbing its own equivalent
weight of water or how the gum retains water or how
rapid water penetrates the gum [30, 15]. The
hydration capacity of EG, being higher than that of
CG as shown in Table 1, goes to show that CG may
have become more hydrophobic due to less inter-
particulate spaces arising from the bridging of the
ionic moiety and the polymer chain, resulting to its
insolubility and thus its inability to absorb large
quantity of water. A similar pattern was reported by
Moin et al. (2014), who investigated the potential of
cashew gum and its cross-linked derivative in
formulating sustained release delivery system using
theophylline as a model drug [31]. They reported a
strong degree of water uptake (hydration) by the
cashew gum formulations (184.6 %), while in
contrast; the cross-linked cashew gum formulations
displayed a much-lowered increase (66.5 %).
Determination of the water holding capacity of a
hydrogel made from carbohydrate polymers for use
in foods and pharmaceuticals is required to provide
information on the storage and handling precautions
to be adopted to avoid spoilage of the product [25].
The moisture sorption profile of a material tells of its
sensitivity to moisture and its stability under humid
conditions. In both polymers, the moisture sorption
rose sharply on the first day but reduced as the days
went by, indicating the beginning of saturation. As
such, CG is expected to have the capacity to do better
in humid conditions as its matrix will be retained
while EG when used as a matrix may deteriorate at a
faster rate and to a greater extent too. This may result
in EG being affected more by microbial contaminants
compared to CG and as such; CG can be applied
comfortably in tableting to minimize the storage
challenge that may arise in relatively humid
environments.

The pH of EG (5.52+0.08) was found to be lower
than that of CG (6.25+0.11), implying that the cross-
linking process has reduced the acidity of EG, taking
it closer towards neutrality. Generally, acacia gum is
known to be naturally neutral to slightly acidic [32].
The result obtained is similar to that reported by
Mbah et al. (2012), who showed a pH of 4.730+0.78
and 7.730+0.50 for natural and cross-linked acacia
respectively, stating that the increase in pH may be
attributed to replacement of hydrogen ion-containing
moiety in the polymer chain network and this may
reduce the adhesive property [9]. This neutralization
of the gum by the cross-linker may also lead to the
formation of a stronger ionic bond due to better inter
chain hydrogen bond that reduces the electrostatic
repulsion within the gum network [33].
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The bulk, tapped and true densities of EG being
higher than those of CG imply that EG is denser
than CG. The lower densities of CG may have
resulted in its improved compressibility index and
Hausner’s ratio. The compressibility index and
Hausner’s ratio of a powder are pointers to the
powder’s ability to diminish in volume and its
degree of inter-particulate friction respectively [29].
It is reported that compressibility index below 16 %
is indicative of good powder flowability and values
above 35 % are indicative of cohesiveness while
Hausner’s ratio greater than 1.25 is indicative of
poor flow. For pharmaceutical powders, an angle of
repose ranging between 25 ° — 45 ° is said to be
satisfactory and signifies a good flow. These three
parameters are considered as an indirect
measurement of powder flowability. In this study,
the particle size distribution, figure 8, showed EG to
have more coarse particles than CG, with mean
particle diameters of 149.45 pum and 139.08 um

respectively. The angle of repose (33.29+1.00 °),
compressibility index (15.81+0.58 %) and
Hausner’s ratio (1.19+0.01) all suggest that CG has
fairly better flowability than EG and his result
followed a similar pattern as reported by Mbah et al.
(2012). The relatively smaller angle of repose of CG
compared to EG may be attributed to the fairly
better particle size distribution of CG. CG however
was found to interestingly have a lower flow rate
than EG even though it had better compressibility
index, Hausner’s ratio and angle of repose. This
however may be attributed to the presence of less
coarse particles in CG compared to EG which had
more coarse particles, as the smaller particles have
larger surface area which may inhibit flow due to
surface friction. On a general note however, both
powders showed properties that were within both
B.P and U.S.P recommendation of good flowability
[32, 34].

Table 1: Organoleptic and Physicochemical Characteristics of the Powdered Polymers

PROPERTY EG CG
Colour Off-white colour Light brown colour
Texture Gritty Gritty
Taste Slightly acidic Slightly acidic
Odour Odourless Odourless
Moisture Loss on Drying (%0) 12.00+1.00 7.00£0.50
Aqueous Solubility (g/ml) Soluble Sparingly soluble
0.1056 0.0736
Viscosity (mPa.s) 2,397 1,569
Swelling Ratio 0.37+0.04 0.63+0.25
Swelling Rate (ml/h) 0.015+0.001 0.03+0.01
Hydration Capacity 2.31+0.035 1.62+0.090
pH (25°C) 5.52+0.08 6.25+0.11
Key: £ Standard deviation
Table 2: The Flow Properties of the Powdered Polymers
S/No. PARAMETER EG CG
1 Bulk density (g/cm®) 0.72+0.01 0.63+0.01
2 Tapped density (00 taps) (9/cM°) 0.92+0.01 0.74+0.01
3 True density (g/cm®) 1.438 +0.00 1.199+0.00
4 Flow rate (g/s) 4.73+0.26 3.39+0.14
5 Angle of repose (°) 35.04+1.68 33.29+1.00
6 Compressibility index (%) 21.77+£0.35 15.81+0.58
7 Hausner’s ratio 1.28+0.01 1.19+0.01

Key: + Standard deviation
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Fig. 7: Moisture Sorption Profiles of EG & CG
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Fig. 8: Histogram Showing Percent Frequency of Particles Retained on each Sieve.

4. CONCLUSION

The extracted Acacia seyal gum was effectively
cross-linked with 1M CaCl, by the ionic gelation
method adapted. The results of the physiochemical
parameters studied showed improvements in the
hydration capacity, swelling ratio, swelling rate,
densities (bulk, tapped and true), and reduced
solubility in water of CG. These have helped to
improve the gel forming property of Acacia seyal
gum thereby, improving its release retarding

property.
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