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Evaluation of modified Pennisetum 
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ABSTRACT

The properties of modified starch derived from Pennisetum glaucum (PT) seed as a suspending 
agent in metronidazole benzoate suspension was evaluated. Matured PT seeds were steeped 
for 72h, wet milled and the slurry washed with water through a muslin cloth to obtain native 
PT starch (NPS) which was dried at 60°C. NPS slurry was heated (70°C), cooled (40°C), and 
submerged in 3.5%w/v sodium hypochlorite for 10 min, washed with 95%v/v alcohol till 
neutral to litmus. The modified starch (MPS) was dried (50°C), classified (180μm). NPS and 
MPS were characterized using standard methods. Metronidazole benzoate (MTBZ) suspensions 
were formulated using 2.5%w/v, 5.0%w/v and 7.5%w/v of MPS as suspending agent. Similar 
concentrations of acacia and methylcellulose were used as standard. An MTBZ suspension 
without polymer served as control. The suspensions were evaluated for pH, sedimentation, flow 
rate, viscosity and re-dispersibility within 28 days. Results show that modification enhanced 
the densities, compressibility, hydration capacity and swelling index of MPS. The suspensions 
had stable pH and viscosities. Sedimentation volume increased with increase in concentration 
of polymer (MPS>Methylcellulose>acacia>control) while flow rate decreased with increased 
polymer concentrations. The MTBZ suspensions were re-dispersed on agitation. MPS formed 
more stable suspensions than acacia and methylcellulose at similar concentrations.
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INTRODUCTION

A pharmaceutical suspension is a two-phase system with 
uniform dispersion of finely divided solid drug particles 
in a continuous phase of solid, liquid, or gas in which 

the drug has minimum solubility.[1] The continuous or external 
phase is usually liquid or semisolid. Stabilizers or suspending 
agents are added to stabilize the suspension and reduce the 
rate of sedimentation of the suspended indiffusible particles 
as well as permitting the ease with which suspended particles 
are redispersed on agitation. Suspending agents also increase 
the viscosity of the suspending medium as well as provide a 
protective colloidal sheath around the particles which reduces 
inter particulate interaction thereby increasing the stability of 
the suspension.[2,3] Suspensions are often used for drugs that 
are poorly or completely insoluble in water especially when 
ingestion of tablets or capsules is not possible such as in geriatric 
and pediatric patients. Common routes of administration of 

suspensions include the oral, topical, and parenteral route 
where they are available as ready to use preparations or as 
dry powders/granules that would be re-constituted with an 
appropriate solvent before use.

Natural or green materials such as plant gums and 
mucilages (acacia [AC], tragacanth, xanthan, guar, 
Brachystegia eurycoma, Chrysophyllum albidium, Abelmuscus 
esculenta, Aloe babadensis, etc.) are often employed as 
suspending agents in the formulation of suspensions because 
of their safety level in terms of toxicity as well as their 
ability to increase the viscosity of the continuous phase of a 
suspension which would decrease the rate of sedimentation of 
the in-diffusible active pharmaceutical ingredient powder.[4,5] 
Besides plant gums and mucilages, semi synthetic agents such 
as sodium carboxymethylcellulose, microcrystalline cellulose, 
methylcellulose (MC), hydroxyl ethyl cellulose, or synthetic 
agents are also used as suspending agents. Natural gums have 
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several advantages over semi synthetic and synthetic gums as 
they are biodegradable, cheap, readily available, effective, and 
eco-friendly.[5]

Carbohydrates are a major component of food consumed 
by humans and likewise other animals which do not have 
the capacity to generate carbohydrates. Starch is the most 
important source of carbohydrates and accounts for more than 
50% of the carbohydrate intake by humans. It exists in large 
quantities in photosynthetic plant parts such as seeds and 
tubers where they are stored in the form of carbohydrates.[6,7] 
The quantity of starch contained varies depending on the 
botanical origin and type of plant. Cereal seeds such as wheat, 
corn and rice are rich in starch. Starch is a mixture of two 
polymers: amylose and amylopectin. Natural starches consist 
of about 10–30% amylase and 70–90% amylopectin. Amylose 
is a linear polysaccharide composed entirely of D-glucose units 
joined by the α-1,4-glycosidic linkages. Commercial starch is 
presented as a dry white powder.[8,9]

Pearl millet (Pennisetum glaucum) is the most widely 
grown type of millet. It has been grown in Africa and the South 
Asia since prehistoric times.[10] Millet is important because of 
its uniquely high content of nutrients, including impressive 
starch levels, vitamin B, calcium, iron, potassium, zinc, 
magnesium, and fats. It also has significant levels of protein 
and dietary fiber.[10]

Metronidazole benzoate (MTBZ) is the benzoate ester 
of metronidazole, a synthetic nitroimidazole derivative with 
antiprotozoal and antibacterial activities against amoebiasis, 
trichomoniasis, giardiasis, and many other parasitic 
diseases.[11,12] Metronidazole is available as yellow crystals 
that are slightly soluble in water, methylene chloride and 
alcohol.[13] It inhibits nucleic acid synthesis by disrupting the 
DNA of microbial cells. It is often used in the formulation of 
suspensions when metronidazole is indicated as a drug of 
choice for pediatric populations because it is more palatable 
than the metronidazole base.

Starch in its native form has poor suspending properties 
but has found more application in pharmaceutical drug delivery 
as either a binder, disintegrant, diluent or glidant in granules, 
tablet and capsule manufacture. In this study, modified P. 
glaucum starch (MPS) is used as a suspending agent in the 
formulation of MTBZ suspension. MTBZ was chosen for this 
study because of its poor aqueous solubility.

MATERIALS AND METHODS

Materials

The following reagents were used as procured: Matured 
P. glaucum (millet) seeds (purchased from Rumuokwuta 
market, Port Harcourt), 3.5% w/v Sodium hypochlorite 
solution (Hypo®, Multipro Enterprises Limited, Nigeria), 
Ethanol (JHD Guangdong Guanggua Sci. Tech Co., Limited, 
China), n-hexane (Sigma, USA).

Methods

Dry matured P. glaucum (millet) seeds were purchased from 
Rumuokwuta market, Rumuokwuta, Port Harcourt, Rivers 
State. Identification and authentication was done by Dr. A. T. 

Oladele of the Department of Forestry and Wildlife management, 
University of Port Harcourt. The sample was deposited in the 
herbarium and assigned voucher number FHUPH-101.

The seeds were sorted of leaves, husk, stones, and steeped 
in distilled water for 72 h at ambient conditions. The millet seeds 
were washed, wet milled and the starch was separated from the 
fiber by washing with water through a muslin cloth. The filtrate 
was allowed to settle, the supernatant was decanted and the 
wet starch squeezed through a muslin cloth. Drying was done at 
60°C in an oven (Memmet, England), the starch was pulverized, 
passed through a 180 μm stainless steel sieve (Retsch, Germany) 
and labeled as natural Pennisetum starch (NPS).

A 200 g quantity of NPS was dispersed in 50 ml of 
distilled water at room temperature to obtain a slurry. 250 ml 
of hot water (80°C) was added to the cold starch slurry in a 
1 L beaker and heated over a hot water bath to 70°C. The 
beaker was removed from the hot water bath and stirred till 
the temperature of the mucilage reduced to 40°C. A 500 ml 
volume of sodium hypochlorite (3.5% w/v) was added to the 
mucilage and stirred at room temperature (30 ± 2°C). Alcohol 
(95% v/v) was added to precipitate the starch. It was washed 
with more alcohol until it was neutral to litmus. The alcohol 
was squeezed out through a muslin cloth and the starch dried 
at 50°C in the oven (Memmet, England). It was screened 
through a 180 μm sieve (Retsch, Germany) and was labeled 
as MPS.

Physicochemical Properties

Organoleptic properties

The organoleptic properties such as the color, smell, taste and 
texture of NPS and MPS were investigated.

Identification of starch

A 0.2 g quantity of both NPS and MPS were placed 
separately in a white porcelain mortar and a few drops of 
iodine were placed on each sample until sufficiently damp. 
Observations were made with the naked eye for change in 
color.[7]

pH and viscosity

A 100 ml volume of a 2% w/v dispersion of both NPS and 
MPS was prepared and the pH determined using a pH meter 
(Hannah, USA). The viscosity of NPS and MPS dispersion was 
determined using a viscometer (Brookfield, UK).

Ash contents and other extractives

The total ash, acid insoluble ash, water soluble ash, ethanol, 
and water extractive content each of NPS and MPS were 
determined using the methods stated in the United States 
Pharmacopoiea[14] and the World Health Organization quality 
control methods for herbal materials (1998).[15]

Total ash
A quantity of 4.0 g each of NPS and MPS was weighed into 
separate tarred nickel crucibles and heated gradually up 
to 675 ± 25°C in a Haraeus model D-2800 muffle furnace 
(Bremen, Germany) until they were free from carbon, The 
crucibles were allowed to cool in a dessicator and reweighed. 
The percentage of the total ash for each was calculated.
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Acid insoluble ash
A quantity of 0.19 g of total ash was boiled for about 5 min 
with 25 ml of 2 M hydrochloric acid. The insoluble material 
was collected in a sintered glass crucible (funnel) and the 
residue was washed with hot water and ignited. The percent 
acid insoluble ash was calculated.

Water soluble ash
A quantity of 0.19 g total ash was boiled for about 5 min with 
25 ml of deionized water. The insoluble sample was collected 
in a sintered glass funnel and ignited at 500°C for 20 min in 
the furnace. The weight of the residue was subtracted from the 
weight of the ash, and the difference was taken to be the water 
soluble ash. The percent of water soluble ash was calculated.

Ethanol extractive yield
A quantity of 2 g of dried NPS was soaked in 100 ml of 90% v/v 
ethanol in a closed flask for 24 h, with frequent shaking for 
6 h. The mixture was allowed to stand for 18 h. This was 
filtered rapidly and 20 ml of the filtrate was evaporated to 
dryness in a 25 ml beaker over a water bath. The residue was 
dried at 105°C to constant weight. The percentage of ethanol 
extractive yield was calculated. The same process was carried 
out using MPS.

Hydration capacity

The hydration (water retention) capacity each of NPS and 
MPS was determined by the method of Ring.[16] A 1 g quantity 
of the starch was placed in a 15 ml plastic centrifuge tube and 
10 ml of water was added. The tube was shaken vigorously, 
ensuring that the sample is well mixed and was allowed to 
stand for 10 min. This was then centrifuged for 10 min at 
3000 revolutions per minute (rpm). The supernatant was 
decanted and the weight of the powder after water uptake 
and centrifugation was determined. This was carried out in 
triplicate and mean values were determined. The hydration 
capacity was determined using equation 1:

Hydration Capacity = y/x (1)

Where y is the weight of moist powder after centrifugation 
and x is the weight of the dry powder.

Swelling index

The dry powder each of NPS and MPS was poured into a 
100 ml measuring cylinder and tapped until a tapped volume 
of 5 ml was obtained. Distilled water (85 ml) was poured into 
the cylinder and the powder dispersed in it. Sufficient water 
was used to make up to the 100 ml mark of the measuring 
cylinder. The dispersion was allowed to swell without agitation 
for 24 h. The volume occupied by the swollen wet powder 
was recorded.[17,18] This was done in triplicate and an average 
obtained.

% swelling index = VF/VI × 100 (2)

Where VF is the final volume and VI is the initial volume.

Moisture absorption/hysteresis

The moisture sorption studies was carried out by storing 0.5 g 
of NPS and MPS in respective air-tight desiccators containing 
saturated aqueous solutions of potassium sulfate, potassium 
chloride, sodium chloride, and magnesium nitrate at 30 ± 2°C 
to maintain relative humidity environments of 96, 84,75, and 

52%, respectively.[19] Observations were made for 5 days. The 
increase in weight of the sample was calculated as percentage 
moisture gain using equation 3:

% Moisture gain = (moisture gain)/(original weight) × 
100 (3)

Moisture content (loss on drying)

An empty clean and dry watch glass was weighed (M1) on an 
Acculab Sartorius Balance, Germany, and the weight recorded. 
1 g of the sample (M) was transferred into the watch glass 
and the new weight (M2) obtained. The watch glass and its 
content were placed in the oven at 105°C for 1 h, 1.5 h, and 
2 h. The watch glass and its content (starch) were weighed 
intermittently over the period of heating in the oven until a 
constant (final) weight (M3) was obtained. The procedure 
was carried out in triplicate on NPS and MPS, respectively. 
Moisture content was calculated from the data obtained using 
equation 4:

Moisture content = (M3–M2)/M × 100 (4)

Where M3 is the final weight of watch glass and sample after 
drying, M2 is the weight of watch glass and sample before 
drying and M is the weight of sample.

Scanning electron microscopy (SEM)

The SEM of NPS and MPS were done to determine the 
morphology or shape of the samples using a scanning electron 
microscope (Phenom Prox, Phenom-World, Netherlands).

Fourier transform infrared spectroscopy (FTIR)

The NPS, MPS, MTBZ and a combination of MTBZ and MPS in 
a ratio 1:1 proportion/mix were evaluated for preformulation 
compatibility using an FTIR equipment (FTIR- 8001, Shimadzu, 
Japan) by the potassium bromide pellet method.

Bulk density

A 20 g quantity each of NPS and MPS was gently transferred 
into a clean and dry 50 ml measuring cylinder placed on a 
smooth flat surface. The volume occupied by the powder 
was noted. The determination was done in triplicate. Their 
respective densities were calculated using equation 5:

Bulk density = Weight of powder/Bulk volume (5)

Tapped density

A 20 g quantity of both starches was transferred into a clean 
and dry 50 ml measuring cylinder. The powder was tapped on 
a flat surface from a height of 3–5 cm until no further change 
in volume was observed. The determination was carried out 
in triplicate and their respective densities calculated using 
equation 6:

Tapped Density = Weight of Powder/Tapped Volume (6)

Particle density

The particle densities each of NPS and MPS was determined 
by solvent displacement method using a 25 ml volume 
pycnometer and n-hexane as a non-solvent. The empty clean 
and dry pycnometer (Mettler, Germany) was weighed (W), and 
thereafter filled with n-hexane the excess wiped off, and the 
filled pycnometer was weighed (W1), The weight of n-hexane 
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(W2) was calculated as the difference between W1 and W. 
0.5 g of either NPS or MPS was weighed (W3) and carefully 
transferred into the filled pycnometer and the excess fluid on the 
body of pycnometer wiped off. The pycnometer and its content 
was weighed (W4). The procedure was carried out in triplicate 
and the particle density, Pt calculated using equation 7:

Pt = (W2 × W3)/V (W3 - W4 + W2 + W) (7)

Flow rate

The funnel method was used for the determination of flow rate 
of the starch powder. A funnel was clamped to a retort stand at a 
distance of 4 cm from the orifice to the flat platform. The orifice of 
the funnel was stoppered, and then 20 g of NPS was transferred 
into the funnel. A stop watch was simultaneously started as the 
stoppered orifice was opened. The time taken for the powder to 
freely flow through the orifice was noted. The same procedure 
was carried out using MPS. Triplicate determinations were done. 
The flow rate was calculated from equation 8:

Flow rate = Mass of powder/time of powder flow (8)

Angle of repose

The angle of repose of NPS and MPS was determined using the 
static method with some modification. A 13.5 cm long plastic 
pipe open at both ends with internal diameter of 4 cm was 
placed on a paper on a flat surface, and 50 g of the powder was 
poured from the upper end. The pipe was lifted up to discharge 
the powder to form a heap, and the edge of the powder heap 
was gently marked without distortion to estimate the powder 
heap diameter. The procedure was repeated thrice and the 
angle of repose calculated using equation 9:

θ = Tan-1 (2h/d) (9)

Where h is the height of powder heap and d is the 
diameter of heap.

Hausner’s ratio (HR) and Carr’s compressibility index (CI)

The HR of NPS and MPS was calculated from the data obtained 
from the determination of bulk density and tapped density, 
respectively, using equation 10:

HR = Tapped density/bulk density (10)

While the CI, was calculated using equation 11:

Tapped Density Bulk Density
Carr Index 100

Tapped Density
−

= ×  (11)

Porosity

The porosity (P) of NPS and MPS powder bed was determined 
from the expression:

P = (1–[bulk density/particle density] × 100) (12)

Formulation of MTBZ Suspension

The MTBZ suspensions were formulated using the ingredients and 
amounts described as follows: Formulations I, II, and III consists 
of suspensions prepared with 2.0 g (4.0% w/v) MTBZ, 0.05 g 
(0.1% w/v) benzoic acid, 1.25 g (2.5% w/v) MPS, AC and MC, 
respectively. Formulations IV, V and VI consist of 2.0 g (4.0% w/v) 
MTBZ, 0.05 g (0.1% w/v) benzoic acid, 2.5 g (5.0% w/v) of MPS, 
AC and MC, respectively. Formulations VII, VIII, and IX consists 

of 2.0 g (4.0% w/v) MTBZ, 0.05 g (0.1% w/v) benzoic acid, 
3.75 g (7.5% w/v) of MPS, AC and MC, respectively. Formulation 
X did not contain any suspending agent and served as control. 
The polymer was triturated with MTBZ and benzoic acid with 
distilled water in a mortar to obtain a pourable paste, which was 
transferred to a 50 mL measuring cylinder. The mortar was rinsed 
with distilled water into the measuring cylinder up to the 50 ml 
mark (100%). All the formulations were made in triplicates, 
plugged with cotton wool and stored.

Evaluation of MTBZ suspension

Determination of pH
The pH of the various MTBZ suspensions were determined 
using a pH meter (Corning, model 10, England) on days 1 to 
7, 14, 21 and 28.

Flow rate
The time required for 10 ml of each batch of MTBZ suspension 
to flow through a 10 ml glass pipette was determined, and the 
apparent viscosity (nα in mls-1) was calculated using equation 13.[20]

Flow rate (nα) = volume of pipette (ml)/Flow time (s)
 (13)

Freeze-thaw test
Each batch of the preparations was then subjected to a freeze-
thaw test. The samples were frozen for 24 h, allowed to thaw at 
room temperature (30 ± 1°C) for 24 h, stored at 40°C for 24 h and 
allowed to equilibrate at room temperature for 24 h. The samples 
were analyzed for significant particle size growth using a microscope 
(Model XSZ-107 BN, Zenithlabo, USA) fitted with a camera and 
phoenix micro image analysis software (PHMIAS 2006 Ver. 2.0).

Sedimentation height
The MTBZ suspensions were stored in 50 ml graduated 
glass measuring cylinders that were kept on a flat surface 
undisturbed. The sedimentation behavior of the suspension 
was monitored on days 1 to 7, 14, 21 and 28. Both the initial 
(Vo) and final (Vt) sedimentation volumes this period was 
recorded. The respective percentage sedimentation volume 
(F) was calculated using equation 14.[21,22]

F = (Vt/Vo) × 100 (14)

Viscosity measurement
The viscosity of a 50 ml volume of each batch of MTBZ 
suspension was determined with a Brookfields viscometer 
(Dv2, Brookfield Engineering Laboratories, Massachusetts, 
USA) using Lv-02 (number 62) spindle at a speed of 12 
rotations per minute (rpm) speed, and at a temperature of 
29.5 ± 0.5°C. Determinations were carried out in triplicates.

Redispersibility tests
On the 28th day of storage, the MTBZ suspensions were shaken 
by covering the mouth of the measuring cylinder, turning it 
through an angle of 180° in an inverted position clockwise and 
returning the cylinder back to its former position again. This 
process was noted as a cycle.[23] The number of cycles for the 
sediments to completely re-disperse to produce a homogenously 
mixed suspension was noted for each formulation.[24]

Statistical Analysis

All statistical analysis of data was carried out using the one-
way analysis of variance with IBM Statistical Package for the 
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Social Sciences statistics 21 software. Differences in value of 
data were considered significant where P < 0.05.

RESULTS AND DISCUSSION

Physicochemical Properties

The yield of the native starch, NPS extracted from matured 
dry millet seed is 87% while the yield of the modified starch, 
MPS is 60 % of NPS. Both starches had an off white color, 
bland taste and granular texture although MPS was more 
granular. Both starches had an odor that is characteristic of 
starch.

Identification

Both NPS and MPS showed a blue black color on the addition of 
iodine, and this test is a typical identification test for starch.[25]

Ash Contents and Other Extractives

The ash profile results are shown in Table 1. The ash content 
of a material shows how well the material is free of inorganic 
substances.[26] The higher values of total ash and acid insoluble 
ash obtained with MPS shows a level of impurity which could 
have resulted from the chemical substances used during the 
modification steps.

pH and Viscosity

The pH of NPS and MPS were 5.40 ± 0.01 and 6.88 ± 0.01 
respectively [Table 2]. The almost neutral pH of MPS makes 
it a good excipient for the formulation of both basic and 
acidic drugs. The viscosity of the cold aqueous dispersion of 
NPS and MPS had viscosity values of 3.07 ± 0.06 and 4.23 ± 
0.06 cP respectively [Table 3]. This suggests that modification 
enhanced the viscosity of MPS which makes it more suitable as 
a suspending agent than the native starch.

Hydration Capacity

The hydration (water retention) capacity of both NPS and MPS are 
shown in Table 4. MPS had a greater hydration capacity compared 
to NPS (P < 0.05). Modification enhanced the hydration capacity 
of MPS by more than twice that of NPS. Hydration capacity is 
an index that could help in the determination of the behavior 
of a material when in contact with an aqueous solvent. The 
hydration capacity indicates the amount of water a material is 
able to absorb on hydration.[27] Thus MPS is expected to have 
better suspending properties in suspension formulations as well 
as better disintegrant properties in tablet formulations.

Swelling Index

Results of the swelling index of the starches are shown in Table 2. 
The swelling index of MPS was significantly higher (391.67 ± 
7.64%) than that of NPS (123.33 ± 2.89%) (P < 0.05). The 
swelling index of a material shows the ability of a material to 
take up water as well as retain such water after absorption. 
Thus modification enhanced the swelling index of MPS.

Moisture Absorption/Hysteresis

The moisture absorption results are shown in Table 2. In 
general, there was an increase in the amount of water adsorbed 

Table 1: Ash profile of NPS and MPS

S/N Parameters (%) NPS MPS

1 Total Ash (%) 1.3 3.6

2 Acid insoluble (%) 0.5 2.1

3 Water soluble ash (%) 0.7 0.2

4 Ethanol extractive yield (%) 23.4 4.2

NPS: Natural Pennisetum starch, MPS: Modified Pennisetum glaucum starch

Table 2: Physicochemical properties of NPS and MPS powders

S/N Parameter NPS MPS

1 pH 5.40±0.01 6.88±0.01

2 Viscosity (cP) 3.07±0.06 4.23±0.06

3 Hydration capacity (%) 186.03±1.51 497.46±0.82

4 Swelling index (%) 123.33±2.89 391.67±7.64

5 Bulk density (g/ml) 0.31±0.01 0.48±0.00

6 Tapped density (g/ml) 0.53±0.01 0.72±0.08

7 Particle density (g/ml) 2.15±0.00 1.69±0.08

8 Hausner’s ratio 1.71±0.48 1.50±0.23

9 Angle of Repose ( °) 33.46±0.88 29.21±0.46

10 Porosity (%) 85.49±0.24 71.28±0.20

11 Carr’s index (%) 41.50±1.69 33.33±0.66

12 Moisture content (%) 14.73±0.69 11.12±0.69

13 Moisture absorption (96% RH) (%) 28.74±1.29 38.79±0.74

14 Moisture absorption (84% RH) (%) 11.58±0.75 20.78±1.87

15 Moisture absorption (75% RH) (%) 10.67±0.49 16.57±0.91

16 Moisture absorption (52% RH) (%) 10.17±0.88 16.51±1.32

Key: RH represents relative humidity, NPS: Natural Pennisetum starch, MPS: Modified Pennisetum glaucum starch
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by both starches as the relative humidity conditions increased. 
Modified millet starch adsorbed more moisture than the 
natural starch which implies that modification improved its 
moisture adsorption ability. This is important not only in the 
choice of excipient to be used in a formulation but also helps 
in the choice of packaging materials and conditions of storage.

Bulk, Tapped and Particle Densities

Table 2 contains results of the density determinations of the 
starches. The bulk and tapped densities of MPS was higher 
than NPS. These suggest a greater compressibility and inter 
particulate arrangement within the powder bed of MPS. 
A lesser particle density for MPS would translate to a more 
organized lattice structure for MPS. Thus modification 
improved the bulk and tapped density properties of the starch.

Flow Properties

The flow properties of the starch grains are shown in Table 2. 
Generally, starch grains are known to have a poor flow.[6,28] 

Modification improved the flow properties of MPS (P < 0.05). 
This is shown by the Hausner’s quotient, Carr’s index, and 
angle of repose values of NPS and MPS.

Table 3: Particle size of suspensions before and after freeze thaw

S/no. Materials/Batch Mean particle size of suspension Particle size after freeze thaw test P‑values

1 MPS 2.88±2.26 2.88±2.26 >0.05

2 MTBZ 6.95±1.44 6.95±1.44 >0.05

3 I 4.72±1.33 4.92±1.73 >0.05

4 II 6.86±1.92 5.28±1.03 >0.05

5 III 7.52±1.56 6.34±1.79 <0.05

6 IV 6.53±1.79 4.81±1.73 <0.05

7 V 7.21±1.64 6.64±1.80 <0.05

8 VI 7.18±1.07 4.31±1.32 <0.05

9 VII 5.38±1.64 4.31±1.53 <0.05

10 VIII 5.03±2.19 4.07±1.15 <0.05

11 IX 4.88±1.63 4.88±1.63 >0.05

12 X 4.15±1.86 6.38±1.90 <0.05

MPS: Modified Pennisetum glaucum starch, MTBZ: Metronidazole benzoate

Table 4: pH of metronidazole suspensions containing MPS, acacia and methyl cellulose

Day/
Batch

I II III IV V VI VII VIII IX X

0 4.31±0.06 4.31±0.06 5.75±0.02 3.98±0.00 4.15±0.07 4.21±0.07 3.33±0.02 3.25±0.02 3.28±0.02 3.36±0.07

1 4.29±0.04 4.29±0.04 5.87±0.07 4.00±0.07 4.12±0.07 4.18±0.04 3.45±0.02 3.42±0.02 3.36±0.03 3.27±0.07

2 4.36±0.07 4.35±0.07 5.91±0.07 4.01±0.07 4.16±0.05 4.17±0.01 3.48±0.04 3.50±0.02 3.43±0.03 3.26±0.06

3 4.32±0.03 4.32±0.07 6.01±0.07 4.02±0.07 4.15±0.06 4.22±0.07 3.56±0.01 3.49±0.02 3.48±0.02 3.44±0.07

4 4.32±0.07 4.32±0.07 6.03±0.07 4.04±0.02 4.18±0.06 4.23±0.07 3.57±0.03 3.55±0.22 3.52±0.03 3.69±0.07

5 4.33±0.28 4.33±0.28 6.12±0.07 4.08±0.04 4.18±0.07 4.26±0.07 3.57±0.01 3.51±0.02 3.54±0.02 3.47±0.07

6 4.38±0.28 4.38±0.28 6.17±0.02 4.02±0.02 4.17±0.04 4.22±0.02 3.57±0.01 3.53±0.06 3.55±0.01 3.49±0.21

7 4.28±0.04 4.28±0.04 6.15±0.07 4.01±0.02 4.16±0.04 4.23±0.03 3.51±0.11 3.54±0.02 3.57±0.05 3.38±0.06

14 4.27±0.02 4.29±0.01 4.30±0.03 4.01±0.01 4.15±0.01 4.21±0.01 3.51±0.01 3.53±0.02 3.54±0.03 3.39±0.01

21 5.06±0.07 5.06±0.08 5.23±0.02 4.01±0.01 4.15±0.02 4.20±0.01 3.48±0.02 3.54±0.04 3.53±0.03 3.42±0.05

28 4.31±0.06 4.31±0.06 5.75±0.02 3.98±0.00 4.15±0.07 4.21±0.07 3.33±0.02 3.25±0.02 3.28±0.02 3.36±0.07

MPS: Modified Pennisetum glaucum starch

Figure 1: Scanning electron microscopy of Natural Pennisetum 
Starch 1500× (magnification)
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SEM

The scanning electron micrographs of NPS and MPS are 
shown in Figures 1 and 2 respectively. Their morphologies 
show clustered rectangular to polygonally shaped granular 
materials with a hilum in the middle of each grain. The SEM 
of the various samples was visually different from each other, 
which shows that the modifications done had effect on the 
surface morphology of the starches.

FTIR

The FTIR spectra of NPS, MPS, MTBZ, and a combination of 
MPS and MTBZ in the ratio 1:1 are shown in Figures 3-6. More 
peaks were observed in MPS at the wavelength range of 2500-
3000 cm-1 than in NPS while no major shift in the spectral 

Figure 2: Scanning electron microscopy of modified Pennisetum 
starch 1500× (magnification)

Figure 3: Fourier transform infrared spectroscopy of natural Pennisetum starch

Figure 4: Fourier transform infrared spectroscopy of modified Pennisetum starch 
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observed in the particle sizes of MPS, MTBZ, MTBZ suspension 
formulations I, II and IX (suspensions containing MPS at 2.5%, 
5.0% and MC respectively at 7.5% w/v) which signifies stability 
of the suspension. Formulations III (contains MPS at 7.5% w/v), 
IV, V and VI (contains AC at 2.5, 5.0 and 7.5% w/v), VII, VIII 
(contains MC at 2.5 and 5.0% w/v) and X (control) showed 
significant differences (P < 0.05) in their particle sizes after 
freeze thaw which suggests particle size growth (coalescence) 
that would result in the instability of the suspensions. Thus, the 
suspensions containing MPS showed more resilience in terms of 
stability over stress conditions that they were exposed to.

Flow Rate and Viscosity of Metronidazole 
Suspensions

The flow rates of the MTBZ suspensions are shown in Table 5. 
It was observed that increase in the concentration of the 

Figure 5: Fourier transform infrared spectroscopy of metronidazole benzoate

Figure 6: Fourier transform infrared spectroscopy of metronidazole benzoate+modified Pennisetum starch

peaks were observed between equal mixtures of MPS and 
MTBZ implying compatibility between the two compounds.

pH of Metronidazole Suspension

The pH of the different MTBZ suspensions is shown in Table 4. 
It was observed that increase in concentration of the polymer 
did not alter the pH of the suspension on storage within the 
28 day storage period of the study (P > 0.05). This could be 
attributed to the absence of microbial degradation as well as 
chemical stability of the active pharmaceutical ingredient with 
the excipients used in the formulation.

Freeze Thaw

The mean particle sizes of the suspensions before and after freeze 
thaw is shown in Table 3. No significant difference (P > 0.05) was 
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Figure 7: Sedimentation volume of metronidazole benzoate 
suspensions

polymer led to a decrease in the flow rate and an increase 
in the viscosity of the suspension. At 7.5% w/v polymer 
concentrations, MPS had the highest viscosity of 12.5 cP and 
lowest flow rate of 1.52 ml/s, while AC and MC at similar 
concentrations had viscosities of 10.0 cP and 5.0 cP, and flow 
rates of 1.56 ml/s and 1.75 ml/s, respectively. In general, the 
relationship between increase in polymer strength, decrease 
in flowability and increase in viscosity of suspensions has been 
reported as a characteristic that is common in suspensions 
formulated with hydrophilic polymers as suspending 
agents.[29-31]

Redispersibility of Metronidazole 
Suspension

The redispersibility behavior of the MTBZ suspensions is 
shown in Table 5. All the suspensions were re-dispersed on 
shaking. The suspensions containing MPS were more easily 
re-dispersed than those containing AC and MC. Suspensions 
containing AC were the most difficult to re-disperse. The 
number of shakes for the control which had no suspending 
agent was greater than that of the suspensions containing the 
polymers. This can be attributed to a closely packed bed (cake) 
devoid of inter particulate pores on settling which did not 
allow an easy inflow of the vehicle into the bed upon agitation 
in order to aid dispersibility. The order of performance was 
MPS > AC > MC. A good suspension usually possesses a 
low redispersibility number and is easily redispersed so as to 
ensure uniformity of administered doses of medicaments upon 
shaking or agitation.[22]

Sedimentation Height/Volume

The sedimentation heights/volumes of the MTBZ suspensions 
during a 28 day storage period are shown in Figure 7. A sharp 
decline of the sedimentation volume was observed for all the 
suspensions on the first day after formulation and storage. 
Thereafter, the volume of the sediments either gradually 
decreased or was almost stable for the rest of the period 
especially from day 7 (P > 0.05). Since sedimentation volumes 
toward 100% depicts stability,[32] the suspensions containing 
MPS at all concentrations had higher volumes of sediments 
than the suspensions formulated with other polymers (P < 

Ta
b

le
 5

: 
Vi

sc
os

it
y,

 fl
ow

 r
at

e 
an

d 
re

di
sp

er
si

bi
lit

y 
of

 m
et

ro
ni

da
zo

le
 s

us
pe

ns
io

ns
 c

on
ta

in
in

g 
M

PS
, a

ca
ci

a 
an

d 
m

et
hy

lc
el

lu
lo

se

B
a
tc

h
/P

a
ra

m
et

er
 

I
II

II
I

IV
V

V
I

V
II

V
II

I
IX

X

Vi
sc

os
it

y 
 (

cP
)

4.
00

±
0.

03
5.

00
±

0.
10

12
.5

0±
0.

13
5.

00
±

0.
25

7.
50

±
0.

02
10

.0
0±

0.
14

3.
00

±
0.

11
4.

00
±

0.
05

12
.5

0±
0.

13
2.

00
±

0.
01

Fl
ow

-r
at

e 
(m

l/
s)

1.
77

±
0.

10
 

1.
68

±
0.

04
1.

52
±

0.
05

1.
83

±
0.

10
 

1.
69

±
0.

10
1.

56
±

0.
08

 
1.

90
±

0.
05

1.
83

±
0.

12
1.

52
±

0.
05

1.
89

±
0.

01

R
ed

is
pe

rs
ib

ili
ty

2.
00

±
0.

02
2.

00
±

0.
00

3.
00

±
0.

01
12

.0
0±

1.
01

13
.0

0±
0.

73
18

.0
0±

0.
47

7.
00

±
0.

51
9.

00
±

0.
25

3.
00

±
0.

01
13

.0
0±

0.
01

M
PS

: M
od

if
ie

d 
Pe

nn
is

et
um

 g
la

uc
um

 s
ta

rc
h



Nwachukwu, et al.: Modified Pennisetum glaucum starch as suspending agent

http://www.tjps.pharm.chula.ac.th507  TJPS 2021, 45 (6): 498-507

0.05), and therefore, could be regarded as the most stable 
suspensions (7.5% w/v >5.0% w/v >2.5% w/v). In general, 
the order of stability of the suspensions based on the polymers 
that were used as suspending agents are MPS > MC > AC. 
Suspending agents could reduce sedimentation volume as 
well as the rate of sedimentation because they increase the 
viscosity of the suspensions and serve as a protective coating 
to the suspended solids. Thus, a reduction in the rate of 
sedimentation and collision between the insoluble components 
of the suspension is achieved. The higher the concentration of 
the polymer that was used, the more stable is the suspension 
produced. However, differences in the individual polymer 
characteristics such as its viscosity when hydrated, and its 
ability to maintain its physical and chemical composition over 
a given period of time play a major role to its functionality 
as a suspending agent when it is used in formulation of 
suspensions.

CONCLUSION

The modification of native starch (NPS) obtained from P. glaucum 
resulted in a starch (MPS) that had improved physicochemical 
properties such as pH, viscosity, hydration capacity and swelling 
index. The SEM showed that the morphology of NPS differed 
from the morphology of MPS while FTIR showed compatibility 
between MTBZ and MPS. The MTBZ suspensions formulated 
with MPS compared favorably with those formulated with AC 
and MC which were used as comparing/standard suspending 
agents in terms of parameters such as pH, flow rate, viscosity, 
sedimentation volume and redispersibility. MTBZ suspensions 
formulated with MPS were more stable and redispersible than 
the suspensions containing AC and MC.
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