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Abstract 

Co-processing is a technique that ensures sub-particulate interaction of individual excipients leading to overall 

functionality of the resulting excipient. The aim of this study is to co-process Cyperus esculentus starch with mannitol 

by fusion and evaluate its effect on tablet disintegration and in vitro dissolution. Co-processed excipients were 

prepared from Cyperus esculentus starch and mannitol by fusion in ratios of 1:1, 1:2 and 2:1 (CM1, CM2, and CM3 

respectively) and evaluated for flow and swelling properties. The excipients were incorporated into Aspirin tablet 

formulations at 5 %w/w by direct compression (FM1, FM2, FM3 respectively). Similar tablets were prepared using 

sodium starch glycolate (FSG) and the formulations were assessed for hardness, friability, wetting time, disintegration 

time and in vitro dissolution profile. All the prepared excipients possessed excellent flow with Carr’s index between 

17.31 and 20.78 and Hausner ratio between 1.21 and 1.26. CM3 had the highest swelling profile (1.491) while CM2 

had the lowest (1.321). Formulation FM1 had the highest tensile strength (14.12 N/cm2) but slower wetting time (34.33 

sec) compared to FM3 with tensile strength of 11.32 N/cm2 and wetting time of 9.00 sec. Disintegration time of CM3 

(4.26 min) was comparable to that of FSG (4.01 min); their dissolution profile was also found to be similar. Co-

processing Cyperus esculentus starch and mannitol by fusion (2:1) influenced tablet disintegration and in vitro 

dissolution and has potential to be used in manufacture of fast dissolving tablet formulations. 
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INTRODUCTION 

Excipients play a major role in the 

activity of an active ingredient viz-a-viz its 

delivery, safety and the overall cost of a 

product. Although a wide range of excipients 

exist currently, there is need for research 

scientists and formulators to develop 

excipients with specific characteristics to meet 

the requirements of the new drug moieties with 

varying physicochemical and stability 

properties [1].  
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A valuable means of improving excipient 

functionality is by co-processing. This concept 

is based on sub-particle interaction of two or 

more already existing excipients through 

appropriate techniques to obtain materials with 

improved properties over the individual 

excipients [2]. Co-processed excipients are 

popular for direct compression which gives 

added economic value to their use in product 

formulation. This process ensures that 

individual excipients interact at sub-particle 
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level leading to improved overall functionality 

of the new excipient. Specific benefits of co-

processed excipients include improved flow, 

better dilution potential, reduced sensitivity to 

lubricant effects, improved compressibility as 

well as masking of undesirable properties of 

individual excipients [3,4]. Co-processed 

excipients involve a combination of a plastic 

and brittle material to produce a 

complimentary effect in terms of flowability 

and compressibility [5]. An example of such 

plastic material is starch; it is one of the most 

versatile excipients used in tablet formulations; 

it is used as binder, diluent, disintegrant, 

glidant [6] and due to its availability in locally 

available plant sources, its various forms 

(modified or not) are being exploited to be 

used as substitute for the known and 

commercially available pharmaceutical 

starches. Starch from various sources has been 

co-processed with a variety of other excipients 

to produce multifunctional excipients with 

diverse applications [7-15). Mannitol is a 

brittle material [16] used as an excipient for 

lozenges, orodispersible and chewable tablet 

formulations because they provide good mouth 

feel, sweetness and are also used as filler in 

direct-compression tablet formulations 

[17,18]. Its non-hygroscopic nature has also 

been exploited as an advantage in the stability 

of tablet formulations. 

In this study, starch from an 

unconventional source (Cyperus esculentus 

roots) also known as tiger nut, is used. Tiger 

nut starch has been exploited for use as binder, 

filler, disintegrant, suspending agent and 

coating agent [19-21]. Like all other native 

starches, tiger nut starch in its native form 

possesses poor flow and is poorly 

compressible but mannitol on the other hand 

possesses good compatibility.  Consequently, 

combination of both materials (starch and 

mannitol) would result in a product with 

improved flowability, compatibility and 

dissolution.  

Therefore, the aim of this study is to co-

process starch from Cyperus esculentus roots 

with mannitol in different ratios (1:1, 1:2 and 

2:1). The effect of the produced excipients 

incorporated at 5 %w/w on disintegration time 

and in vitro release of aspirin tablet 

formulations was evaluated.  

 

EXPERIMENTAL METHODS 

Materials. Aerosil (Evonik Industries, Japan), 

Mannitol (Sigma Aldrich, USA), 

Microcrystalline cellulose (BDH chemicals 

Ltd), Cyperus esculentus starch extracted in 

the National Institute for Pharmaceutical 

Research and Technology, NIPRD, Abuja, 

Nigeria 

Extraction of starch. Cyperus esculentus 

starch was extracted using the described 

method [22] with some modifications. Fresh 

tiger nut roots (1 kg) were washed in water and 

soaked in 1 %w/w sodium metabisulphite 

solution (5 L) at room temperature for 24 h. 

Then the roots were removed from the 

solution, wet-milled into a slurry using a 

domestic milling machine. The slurry was 

strained through a calico cloth, the sediments 

were discarded while the filtrate was allowed 

to stand for 12 h. Afterwards, the supernatant 

was discarded and the sediment starch was re-

suspended in water and centrifuged at 1500 

rpm for 30 min in the centrifuge (Heraeus 

Sepatech Labofuge Ae, GmbH Germany). The 

supernatant was discarded and settled starch 

was placed on a tray, air-dried for 12 h and then 

dried in the oven at 40°C for 2 h. The dried starch 

was pulverized in a mortar and then packaged 

for further analysis. 

Co-processing of Cyperus esculentus starch 

and mannitol. The fusion method according to 

Alebiowu and Adeoye [10] was used with 

some modification. Appropriate quantities of 

Cyperus esculentus starch was suspended in 

water according to the compositions in Table 1 

to obtain 40 %w/w starch dispersion. This was 

stirred over a water bath at 50oC for 5 min to 
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form a paste. Mannitol was incorporated into 

the paste by stirring over the water bath until 

homogenous, the paste was transferred unto a 

stainless tray and dried in the oven at 40oC for 

2 h. The dried mass was size-reduced in a 

mortar, passed through a sieve mesh size of 

250 µm, packaged in a suitable container and 

kept in the desiccator until further use. 

Evaluation of co-processed excipients 

Flow rate. The time taken for the co-processed 

excipient (5 g) to flow through a funnel was 

noted. The glass funnel was fixed such that its 

tip was fixed at a height of 10 cm from a flat 

surface was noted. The flow rate (g/sec) was 

calculated as the ratio of the powder weight to 

the time taken for the powder to flow through 

the funnel.  

Angle of repose. The funnel method was used 

[23]; five (5 g) of the co-processed excipient 

was poured into a funnel whose orifice had 

been plugged. The height and diameter of the 

powder heap formed after opening the orifice 

were determined and the angle of repose (A) 

was calculated from the equation; 

𝐴 = 𝑡𝑎𝑛−1 ℎ𝑒𝑖𝑔ℎ𝑡𝑜𝑓 ℎ𝑒𝑎𝑝
𝑟𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 ℎ𝑒𝑎𝑝 … 𝐸𝑞𝑛 1⁄  

Bulk and tapped densities. The volume 

occupied by the co-processed excipient (5 g) in 

a measuring cylinder (100 mL) was recorded 

as the bulk volume. The measuring cylinder 

was tapped in the Stampfvolumeter (STAV 

2003JEF, Germany) and the volume after 

tapping was recorded as the tapped volume. 

Bulk and tapped densities were calculated as 

shown below; 
𝐵𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (𝑔/𝑚𝐿)

=
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑜𝑤𝑑𝑒𝑟

𝑏𝑢𝑙𝑘 𝑣𝑜𝑙𝑢𝑚𝑒   … 𝐸𝑞𝑛 2⁄  

𝑇𝑎𝑝𝑝𝑒𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (𝑔/𝑚𝐿)

=
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑜𝑤𝑑𝑒𝑟

𝑡𝑎𝑝𝑝𝑒𝑑 𝑣𝑜𝑙𝑢𝑚𝑒   … 𝐸𝑞𝑛 3⁄  

Hausner ratio (HR) and Compressibility Index 

(CI). These were calculated from data obtained 

from the bulk and tapped densities; 

𝐻𝑅 =
𝑡𝑎𝑝𝑝𝑒𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦

𝑏𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦           … 𝐸𝑞𝑛 4⁄  

𝐶𝐼

=
𝑡𝑎𝑝𝑝𝑒𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 − 𝑏𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦

𝑡𝑎𝑝𝑝𝑒𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦⁄ 𝑋100 

… . . . . 𝐸𝑞𝑛 5 

Moisture content. This was determined using 

the moisture analyzer (Ohaus MB 45, USA) 

fitted with an infrared heating unit. Five (5 g) 

of the co-processed excipient was placed into 

the analyzer set at drying temperature of 105oC 

for 15 min and percentage of moisture was 

obtained automatically. 

Swelling power. A dispersion of the co-

processed excipient in water (1 %w/v) was 

made in a beaker, this was heated for 30 min in 

a water bath thermostated at 37oC while 

stirring intermittently. The dispersion was 

centrifuged at 1500 rpm for 30 min in the 

centrifuge (Heraeus Sepatech Labofuge Ae, 

GmbH Germany), the supernatant was 

decanted and the weight of the wet mass was 

determined. Swelling power (SP) was 

computed using the equation below; 
 𝑆𝑃 (%) =

 
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤𝑒𝑡 𝑚𝑎𝑠𝑠

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑦 𝑝𝑜𝑤𝑑𝑒𝑟⁄  𝑋 100 

… … 𝐸𝑞𝑛 6 

This method was also used to determine 

swelling power of the co-processed excipient 

at 40, 50, 60, 70 80 and 90°C.  

Preparation of aspirin tablets using the co-

processed excipients. The direct compression 

method was used in producing a batch of 30 

tablets. Appropriate quantities of the co-

processed excipients at concentration of 5 % 
w/w were mixed with aspirin powder according 

to the composition in Table 2. Aspirin powder 

was weighed into the mortar then the diluent; 

microcrystalline cellulose (MCC) and glidant; 

aerosil were added into the content of the 

mortar in geometric measures and triturated 

together so as to ensure a homogenous powder 

mix. Another batch containing a reference 

superdisintegrant; sodium starch glycolate 

(SSG) at the same concentration was also 

prepared. The powdered mix was compacted 

into tablets of 250 mg target weight at 10 Nm-

2 in the Manesty tableting machine (Shanghai, 
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China) using the 10 mm punch and die set. The 

tablets produced were then kept for 24 h before 

evaluation to allow for elastic recovery. 

Evaluation of aspirin tablets prepared with 

co-processed excipients.  

Uniformity of weight. Ten (10) tablets were 

randomly selected and weighed on an 

analytical balance (Mettler Toledo, 

ME303E/02, USA) and the average weight 

was determined. 

Tablet diameter and thickness. Diameter and 

thickness of ten (10) randomly selected tablets 

was determined using the micrometer screw 

gauge (Mitutoyo IDC-1012EB, Japan) and the 

average was computed.  

Tablet hardness. Hardness (kgF) of five (5) 

randomly selected tablets was determined 

using the hardness tester (Erweka 65770 

hardness tester, GmbH, Germany) and the 

mean was calculated.  

Tensile strength. Tablet diameter (d), thickness 

(t) and hardness (F) were used to compute the 

tensile strength (TS) according to the formula 

below [24]; 

𝑇𝑒𝑛𝑠𝑖𝑙𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ (
𝑁

𝑐𝑚2
) 2𝐹

𝜋𝑑𝑡⁄       … … 𝐸𝑞𝑛 7 

Friability test. Five (5) tablets were 

collectively weighed (W1), placed into the 

friabilator (Erweka 66939 Friabilator, GmbH, 

Germany) and set to rotate at 25 rpm for 4 min. 

Afterwards, the tablets were de-dusted, re-

weighed (W2) and friability (%) was 

calculated as; 

𝐹 (%) =  𝑊1 − 𝑊2
𝑊1⁄  𝑋 100     . . . 𝐸𝑞𝑛 8 

Determination of wetting time. The method of 

Bi et al [25] was adopted with some 

modification. A tablet was placed into a petri 

dish containing 10 mL of water containing a 

green water-soluble dye at room temperature. 

The time taken for the green color to appear on 

the upper surface of the tablet was noted as the 

wetting time. Three (3) determinations of 

wetting time was made per batch then an 

average was computed.   

Disintegration test. Six (6) tablets from each 

batch were placed in each of the six (6) 

compartments of the Disintegration tester 

(Erweka ZT4-4, Germany) containing distilled 

water maintained at 37 ± 0.5ºC as medium. The 

time taken for all the tablet particles to pass 

through the compartment’s mesh was noted 

and the average was determined as the 

disintegration time.  

In vitro dissolution studies. Calibration curve 

of aspirin was made using concentrations of (1 

µg – 500 µg), the corresponding absorbance 

was obtained from the UV-Visible 

Spectrophotometer (Agilent Cary 60, USA) at 

275 nm.  One (1) tablet from each batch was 

placed in the dissolution basket and lowered 

into the dissolution vessel containing 0.1 N 

HCl (500 mL) maintained at 37 ± 0.5oC. The 

apparatus (Dissolution tester, RC-6, India) was 

set to rotate at 50 rpm; aliquots of five (5) mL 

were withdrawn at intervals of 5, 10, 15, 20 

min, filtered and thereafter replaced with equal 

volume of the medium. Absorbance of the 

withdrawn samples were determined at 275 nm 

using the UV-Visible spectrophotometer 

(Agilent Cary 60, USA) and the content of 

aspirin was determined using calibration 

curve. 

Kinetics and mechanism of drug release. 

The kinetics of drug release was determined by 

fitting the data obtained from in vitro 

dissolution studies into the Zero order, First 

order, Higuchi Hixson-Crowell kinetic model 

while the mechanism of release was 

determined by the Korsmeyer-Peppas model 

[26]. The highest coefficient correlation was 

used to ascertain the best fit for modelling drug 

release.  

 

RESULTS AND DISCUSSION 

Flow properties of co-processed excipients. 

The flow properties of the co-processed 

excipients are presented in Table 3. It generally 

shows that the flow rate of CM2 (4.10 g/sec) 

was better than those of CM3 (0.26 g/sec) and 

CM1 (0.14 g/sec). Angle of repose is a 
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parameter that reflects the ability of a material 

to flow, values < 30 o implies excellent flow, 

31 and 35 o portray good flow while 36 and 40 

and those > 40 o signify fair and poor flow 

respectively [27]. The results show that all the 

prepared excipients possess excellent flow 

with values between 14 and 30 o. 

Correspondingly, all the excipients were found 

to have good propensity to decrease under 

pressure with Carr’s index between 17 and 21 

%. The excipients were also found to be non-

cohesive as determined by the Hausner ratio 

values between 1.21 and 1.26 [28]. Moisture 

content plays an important role in product 

formulation viz-a-viz its stability, the presence 

of moisture in any formulation could lead to 

crystallization, loss of powder flow, loss of 

mechanical properties of the product in 

addition to promoting microbial growth during 

storage [29]. It is therefore important to ensure 

that the amount of moisture in any formulation 

is within specified limits. Table 3 shows CM1 

and CM3 have inherent moisture content 

within the specifications of 15 % for starch-

based excipients [30] while CM2 had a higher 

value implying that more stringent storage 

conditions would be required for CM2.    

  
 

Table 1: Composition for the preparation of co-processed excipients 

Batch  Ratio Starch (g) Mannitol (g) 

CM1 1:1 15 15 

CM2 1:2 10 20 

CM3 2:1 20 10 

CM1 = co-processed excipient containing Cyperus esculentus starch and mannitol in the ratio 1:1, CM2 = co-

processed excipient containing Cyperus esculentus starch and mannitol in the ratio 1:2; CM3 = co-processed 

excipient containing Cyperus esculentus starch and mannitol in the ratio 2:1 

 

Table 2: Formula showing composition of ingredients for preparing Aspirin tablets (per tablet) 

Ingredients/Batch  FM1 FM2 FM3 FSG 

Aspirin (mg) 75 75 75 75 

CM1 (mg) 12.5 - - - 

CM2 (mg) - 12.5 - - 

CM3 (mg) - - 12.5 - 

SSG (mg) - - - 12.5 

MCC (mg) qs qs Qs Qs 

Aerosil (mg) 7.5 7.5 7.5 7.5 

Total (mg) 250 250 250 250 
CM1 = co-processed excipient containing Cyperus esculentus starch and mannitol at 1:1 respectively; CM2 = co-processed 

excipient containing Cyperus esculentus starch and mannitol at 1:2 respectively; CM3 = co-processed excipient containing 

Cyperus esculentus starch and mannitol at 2:1 respectively; SSG = sodium starch glycolate; FM1 = Tablets containing 5 % w/w 

of CM1; FM2 = Tablets containing 5 %w/w of CM2; FM3 = Tablets containing 5 % w/w of CM3; FSS = Tablets containing 5 % 

w/w of SSG 

 

Table 3: Some flow properties of the co-processed excipients 

Parameters/Batch CM1 CM2 CM3 

Flow rate (g/sec) 0.14 ± 0.00 4.10 ± 1.44 0.26 ± 0.06 

Angle of repose (o) 29.03 ± 0.06 14.36 ± 0.05 30.04 ± 0.51 

Carr’s Index (%) 17.31 ± 0.90 20.78 ± 2.06 19.07 ± 1.51 

Hausner ratio 1.21 ± 0.18 1.26 ± 0.00 1.24 ± 0.00 

Moisture content (%) 10.63 16.40 9.56 
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Figure 1: Swelling capacity of the co-processed excipients 

 

Table 4: Some physical properties of Aspirin tablets formulated using the prepared co-processed excipients 

Parameter/Batch FM1 FM2 FM3 FSG 

Weight (mg) 240.7  0.00 236.8  0.01 237.3  0.00 260.9  0.06 

Thickness (mm) 3.18  0.03 3.17  0.03 3.19  0.03 3.21  0.15 

Diameter (mm) 10.04  0.04 10.07  0.06 10.06  0.05 10.06  0.04 

Hardness (kgF) 7.08  0.41 6.60  0.58 5.64  0.30 6.92  1.19 

Tensile strength (N/cm2) 14.12 13.17 11.32 14.03 

Friability (%) 0.26 0.42 0.34 0.25 

Wetting time (sec) 34.33  0.05 24.33  0.15 9.00  0.05 25.00   0.22 

Disintegration time (min) 6.49  1.69 5.51  2.12 4.26  3.19 4.01  2.59 

Dissolution efficiency t50 % (min)      5.12 4.34 3.64 3.16 

Dissolution efficiency t90 % (min)       29.84 18.60 14.24 9.78 

 

 
Figure 2: Dissolution profile of aspirin tablets prepared with the different co-processed excipient and sodium starch 

glycolate 

 

Table 5: Kinetics and mechanism of aspirin tablet formulations prepared with co-processed excipeints 

 Zero order First order Higuchi Korsmeyer-Peppas 

Formulations r2 r2 r2 r2 n 

FM1 0.8610 0.2047 0.9918 0.5214 0.5586 

FM2 0.8500 0.0108 0.9891 0.1914 0.3416 

FM3 0.7715 0.0329 0.9587 0.8630 0.5554 

FSG 0.6627 0.0180 0.8971 0.8411 0.5424 
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Swelling capacity of co-processed excipients. 

Swelling capacity measures the ability of 

granules to absorb water and increase in size in 

the presence of heat. This parameter is also 

used to evaluate the behaviour of materials 

over a range of temperature as is applicable 

under industrial conditions. Figure 1 shows the 

swelling profile of the prepared excipients 

were similar although swelling was found to be 

slightly more appreciable in CM3 containing 

higher amount of starch. There was a general 

increase in swelling as temperature increased 

although no further increase was observed 

beyond 80 o C after which there was no further 

increase in granule size. Swelling peak at 80o 

C indicates that at this temperature, maximum 

interconnection between the polymer and 

water has been attained after which breakdown 

of the connection/link occurs [31]. This 

suggests that these excipients can be 

successfully employed in formulations at these 

temperatures (30-80 o C).  

Swelling is also a mechanism by which 

materials especially those containing starch, 

cause tablet disintegration and high swelling 

indices suggest that the materials would cause 

faster tablet disintegration [32]. This suggests 

the ability of the co-processed excipient; CM3 

to effect faster tablet disintegration than CM2 

or CM1.  

Physical and mechanical properties of 

formulated tablets. The phyiscal properties of 

the formulated tablets are pressented in Table 

4. The average weight of all tablets was found 

to be between 236 and 261 mg which is within 

specified limits for tablets weighing 250 mg 

[30]. The determination of uniformity of tablet 

weight is important because it ascertains that 

the ingredients are evenly distributed in each 

tablet thereby preventing problems such as 

inconsistencies in bioavailability of the active 

ingredient.  

Tablet thickness and diameter are 

important considerations when packaging 

because tablets with varied measurements 

would affect the quantities specified for the 

final packaging vessel. The results presented in 

Table 4 show uniform tablet thickness (3.17 - 

3.21 mm) and diameter (10.04 - 10.07 mm). 

This can be attributed to the fact that the same 

punch and die set was used to compress the 

powder mix into tablets. Tablet thickness and 

diameter were also found to be within specified 

requirements of ± 5 % of the average thickness 

and diameter [33].  

Hardness is one of the parameters used 

to represent the mechanical strength of a tablet; 

it portrays the ability of the tablet to withstand 

the processes involved in its manufacturing, 

transportation, storage and use [34]. Uncoated 

tablets intended for immediate release have 

been reported to require hardness between 4 

and 8 kgF [35] although this can vary 

depending on the materials used in the 

formulation and intent of the formulation. 

Results in Table 4 show tablet hardness to be 

within this limit in the order FM1 (7.08 kgF)> 

FSG (6.92 kgF)> FM2 (6.60 kgF) >FM3 (5.64 

kgF). Tablets prepared with the equal 

concentration of starch and mannitol (FM1) 

were found to be the strongest signifying that 

increasing the concentration of starch or 

mannitol in the co-processed excipient (FM2 

and FM3 respectively) contributed to 

decreasing tablet strength. This was evidenced 

in the result of tensile strength as FM1 was 

observed to have the highest tensile strength 

(14.12 N/cm2) while FM3 had the least (13.12 

N/cm2). Although reports have demonstrated 

that high concentrations of starch disintegrants 

could have the ability to weaken tablet strength 

[36]. The results however show that there was 

no significant difference (𝑝 > 0.05) in tensile 

strength of all the tablets.  Friability on the 

other hand measures the strength of the tablet 

via resistance to fracture and abrasion [37]. All 

the tablets had values between 0.25 and 0.42 % 

which is < 1 % specified as an acceptable limit 

[38].  

The ability of a tablet to get wet is a 

precursor to its hydration and consequent 
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break-up. Wetting time is the time taken for a 

tablet to take up fluid from its surrounding and 

the results show that they fell between 9.00 and 

34.33 sec (Table 4). Formulation FM3 

containing the co-processed excipient with 

more of starch than mannitol (2:1) had the 

shortest wetting time (9.00 sec) which was 

significantly different at p < 0.05 from that of 

FM1 containing equal ratio of starch and 

mannitol (34.33 sec) and those of FM2 and 

FSG although these later two were found to 

have similar wetting time (24.33 and 25.00 

respectively). A requirement of period of 30 

sec has been postulated for fast disintegrating 

excipients [39] and based on this, formulation 

FM1 containing equal amount of starch and 

mannitol does not meet this requirement. 

Faster wetting as observed in FM3 could be 

attributed to higher concentration of starch 

which enhanced porosity of the tablets and 

created a pathway for the liquid to be drawn 

into the tablet and unto the surface; it can also 

be linked to its swelling ability as shown in 

Figure 1. This process of wicking and capillary 

action is a known mechanism for some 

superdisintegrants [40].  

Disintegration is the first visible 

change that is observed once a formulation 

comes in contact with a medium and 

determines the ability of a formulation to 

break-up and become soluble. Disintegration is 

often times linked with dissolution because it 

is assumed that the time taken for a tablet to 

disintegrate would indicate the time taken for 

the active ingredient housed therein to be 

available for bioavailability [41]. All the 

tablets were found to disintegrate between 4.01 

and 6.49 min which is within the official 

specification for disintegration of immediate 

release uncoated tablets [30]. Disintegration 

time of FM3 (4.26 min) was found to be 

similar to that of the reference formulation 

(FSG; 4.01 min) but significantly different at p 

< 0.05 from that of FM2 (5.51 min) and FM2 

(6.49 min). Shorter disintegration time of FM3 

could be attributed to the composition of the 

excipient used in its formulation (starch to 

mannitol; 2:1) thereby causing rapid water 

uptake and breakdown of the particles holding 

the tablet together. This shows the effect of 

increased starch concentration in the prepared 

excipient and its influence in fast 

disintegration. Disintegrants are known to take 

up water and swell rapidly, creating a force 

within the tablet which overcomes the binding 

force between particles thereby causing the 

tablet to break up [42].  

In vitro dissolution. Dissolution efficiency 

(t50 %) as presented in Table 4 was found to 

be between 3.16 and 5.12 min with 

formulations FSG and FM3 showing the 

similar release rate (3.12 and 3.64 

respectively) while FM1 released the same 

amount of drug (50 %) in 5.12 min. The 

formulations were also found to release 90 % 

(t90) between 9.78 and 24.84 min with FM1 

showing release at the longest time while FSG 

showed the least time followed by FM3. The 

In vitro dissolution profile of aspirin tablets 

containing the different co-processed 

excipients are presented in Figure 2. Drug 

release at 5 min was found to be highest from 

FSG (79.21 %), while 68.73 % was released 

from FM3 at same time and the least amount 

(48.80 %) was released from FM1.  

Dissolution profile of FM3 was found 

to be comparable to that of tablets containing 

the sodium starch glycolate (FSG); this 

portrays the potential of FM3 as an excipient 

that can effect fast dissolution of tablet 

formulations. At the end of the dissolution 

study (20 min), formulation FM3 gave the 

highest release (100 %) followed by FSG 

(98.70 %), FM2 (96.79 %) and FM1 (85.75 

%); suggesting its applicability in effecting fast 

in vitro dissolution. Generally, the results show 

the propensity of the co-processed excipients 

containing higher concentration of Cyperus 

esculentus starch than mannitol to cause fast 

drug release which can be attributed to the 

already discussed swelling, wetting and 

disintegration time.  
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Release kinetics and mechanism of drug 

release. Release kinetics of the formulated 

tablets was determined by the Zero order, First 

order, Higuchi and Korsmeyer-Peppas models. 

Table 5 shows that Higuchi’s model is the best-

fit of all the models for the release of aspirin 

from the formulated tablets. This signifies that 

drug release was achieved by diffusion from 

the porous matrix system as a result of the 

contact of the tablets with the dissolution 

medium as postulated by Singhvi and Singh 

[43].  Mechanism of drug release as 

determined by Korsmeyer et al [44] 

recommends that when the exponent “n” 

values < 0.5 then drug release is diffusion-

controlled (Fickian) as is evident from 

formulation FM2 (n= 0.3416). On the other 

hand, values between 0.49 and 0.89 are 

postulated to indicate release controlled by 

swelling and diffusion (Non-fickian) as 

observed with formulations FM1, FM3 and 

FSG. Results from this study suggests that the 

drug release from tablets prepared with the co-

processed excipients was basically controlled 

by two and not just one process i.e. swelling 

and diffusion.  

Conclusion. Co-processed excipients prepared 

from Cyperus esculentus starch and mannitol 

by fusion were found to influence tablet 

disintegration and in vitro dissolution. 

Incorporation of the co-processed excipients 

containing higher amount of Cyperus 

esculentus starch (CM3) in aspirin tablet 

formulation (FM3) showed faster wetting than 

tablets containing the reference disintegrant 

(FSG) while also having comparable 

disintegration time and dissolution profile with 

same reference formulation. This study shows 

that co-processing Cyperus esculentus starch 

and mannitol (2:1) by the fusion method can be 

employed in the manufacture fast dissolving 

tablet formulations.  
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