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ABSTRACT 

The search for safe, cost-effective, and 

biocompatible excipients has fueled interest in 

natural polymers as alternatives to synthetic 

formulation additives. Crude banana powder, 

derived from Musa species, is a rich source of 

polysaccharides, starch, and dietary fibers, 

which confer desirable pharmaceutical 

properties. This study investigates the potential 

of crude banana powder as a formulation 

additive and evaluates its mucoadhesive 

properties in comparison with Carbopol 934P, a 

widely used synthetic polymer. Standard 

physicochemical and mucoadhesion tests were 

conducted to assess swelling behavior, 

bioadhesive strength, and compatibility. Results 

demonstrated that banana powder exhibited 

appreciable mucoadhesive properties due to its 

polysaccharide-rich structure and hydration 

capacity, though Carbopol 934P showed higher 

adhesion under standardized conditions. The 

study highlights that banana powder offers 

distinct advantages, including biocompatibility, 

biodegradability, low toxicity, and accessibility, 

making it a promising natural excipient for 

mucoadhesive drug delivery systems. 

1. INTRODUCTION 

In modern pharmaceutical formulation, 

excipients play a critical role in determining the 

stability, bioavailability, and efficacy of drug 

delivery systems. Traditionally, synthetic 

polymers such as Carbopol 934P have been 

widely employed as mucoadhesive agents due to 

their high bioadhesive strength and predictable 

performance. However, concerns regarding 

biocompatibility, potential toxicity, 

environmental impact, and cost have driven 

interest toward natural, plant-derived 

alternatives. 

 

Crude banana powder, obtained from Musa 

species, is a rich source of polysaccharides, 

starch, and dietary fibers, which contribute to its 

physicochemical and functional properties. 

These natural polymers exhibit hydration, 

swelling, and adhesive capabilities that make 

them suitable candidates for mucoadhesive drug 

delivery systems, such as buccal, nasal, and 

ocular formulations. The mucoadhesive property 

is particularly valuable as it enhances drug 

residence time at the site of absorption, 

improves bioavailability, and allows for 

controlled or sustained drug release. 

 

Several studies have explored plant-derived 

polymers for pharmaceutical applications, but 

few have systematically compared their 

performance with established synthetic 

excipients. Evaluating crude banana powder 

against Carbopol 934P provides insight into its 

potential as a sustainable, biocompatible, and 

patient-friendly alternative. By investigating its 

physicochemical characteristics, swelling 

behavior, and mucoadhesive strength, this study 

aims to assess whether banana powder can serve 

as a viable excipient for future mucoadhesive 

drug formulations. 

2. MATERIALS AND METHODS 

2.1 Materials 

Diclofenac potassium was a gift sample from 

Deurali Janta Pvt. Ltd, Kathmandu. Ripe banana 

fruit, goat intestine mucosa were purchased from 

local market Banepa. Carbapol 934P, PVP were 
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obtained from lab of Department of Pharmacy 

Kathmandu University. 

2.2 Formulation of Mucoadhesive Tablets 

The drug, polymers and excipients were mixed 

homogeneously over a butter paper for 15 min in 

ascending order of mixing process. The mixture 

(300 mg) was then compressed using an 10 mm, 

round punch in a single-stroke using 10-station 

rotary machine for formulation F1 to F4. For 

formulations F5 to F8 aqueous wet granulation 

was performed and compressed. For 

formulations F9 to F15 non aqueous wet 

granulation was performed and compressed 

(13,14,15,16,). The results are shown in Table I. 

2.3 Evaluation 0f Mucoadhesive Tablets 

2.3.1 Weight Variation 

Twenty tablets from each formulation (F1 to 

F15) were weighed using an electronic balance 

and the average weight was calculated 

2.3.2 Friability 

Friability is the measure of tablet strength. 

Roche type friabilator was used for testing the 

friability using the following procedure. Twenty 

tablets were weighed accurately and placed in 

the tumbling apparatus that revolves at 25 rpm 

dropping the tablets through a distance of six 

inches with each revolution. After 4 min, the 

tablets were weighed and the percentage loss 

was determined. 

 
2.3.3 Thickness 

The thickness of six randomly selected tablets 

from each formulation was determined in mm 

using a vernier calliper. The average values were 

calculated. 

2.3.4 Hardness 

Tablets require a certain amount of strength or 

hardness and resistance to friability, to withstand 

mechanical shocks of handling in manufacture, 

packaging and shipping. The hardness of the 

tablets was determined using Monsanto hardness 

tester. It is expressed in Kg/cm2 . Five tablets 

were randomly picked from each formulation 

and the mean and standard deviation values were 

calculated and the results are shown in Table II. 

2.3.5 Assay 

Standard Preparation 

Weigh accurately 75mg of Diclofenac potassium 

in 100 ml of volumetric flask and dissolve in 

sufficient 0.1M sodium hydroxide produce 

100ml, Pipette 1ml of the resulting solution in 

50ml volumetric flask and make up the volume 

with buffer solution of pH 6.8 (17,18,19).  

Sample Preparation  

Weigh accurately crushed and mixed pellets 

blend equivalent to 75 mg of Diclofenac in 100 

ml volumetric flask, and dissolve in sufficient 

0.1 M sodium hydroxide, solution to produce 

100ml and stir for 1 hour. Pipette 1 ml of the 

resulting solution in 50 ml of volumetric flask 

and add sufficient buffer of pH 6.8 to produce 

50 ml. Measure the absorbance of standard and 

sample solutions at 275 nm using pH 6.8 buffer 

as blank and calculate the result by comparison. 

2.3.6 Mucoadhesion  

Goat mucosa was used as a model mucosal 

surface for Bioadhesion testing. Immediately 

after slaughter, remove the mucosa from the 

goat and transport to laboratory in tyrode 

solution and keep it at 40º C. The composition 

of tyrode solution (g/L) is sodium chloride 8, 

potassium chloride 0.2, calcium chloride 

dihydrate 0.134, sodium bicarbonate 1.0, sodium 

dihydrogen phosphate 0.05 and glucose 1.0 (20) 

2.3.7 Fabrication of Assembly 

The goat intestinal mucosa was cut into 

strips/pieces and washed with tyrode solution. 

At time of testing a section of goat intestinal 

mucosa was secured keeping the mucosal side 

out, on the upper glass vial using thread. The 

vial with the goat intestinal mucosa was stored 

at 37°C for 2 hours. Then one vial with section 

of goat intestinal mucosa and another vial were 

fixed on height adjustable pan. To a lower vial a 

tablet was placed with the help of bilayered 

adhesive tape, adhesive side facing downward. 

The height of the lower vial was adjusted so that 
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a tablet could adhere to the goat intestinal 

mucosa on the upper vial. A constant force was 

applied on the upper vial for 2 min, after which 

it was removed and the upper vial was then 

connected to the balance. Then the weight on 

right side pan was slowly added in an increment 

of 0.5 g, till the two vials just separated from 

each other. The total weight required to detach 

two vials was taken as a measure of 

Mucoadhesive strength. From this 

Mucoadhesive strength, the force of adhesive 

was calculated. (Figure 1) (20,21,22). 

 
2.3.8 Disintegration 

For study of disintegration time, six tablets of 

each formulation were taken. Disintegration 

medium taken was water medium with volume 

of 900 ml at 370 C (18). 

2.3.9 In-Vitro Dissolution 

The In-vitro dissolution study was conducted as 

per the United States Pharmacopoeia (USP).The 

rotating basket method is use to study the drug 

release from the tablets. The dissolution medium 

consists of 900 ml of phosphate buffer (pH 6.8). 

The release is performing at 37°C ± 0.5°C, at a 

rotation of speed of 50 rpm. 10 ml samples are 

withdrawn at predetermined time intervals 

(1hour to 8 hours) and the volume is replace 

with fresh medium. The samples are filter and 

analyzed for Diclofenac potassium after 

appropriate dilution by UV spectrophotometer at 

276 nm. The % drug release is calculated in 

comparison with a standard solution having a 

known concentration of Diclofenac potassium 

reference standard in the same medium.  

The calculation is done by using formula: 

 
Au and As are absorbance obtained from the 

solution under test and standard solution 

respectively. Cs is the concentration of standard 

solution in mg/ml. Cc is the tablet label claim. 

900 is total volume of dissolution medium. 100 

is conversion factor to percentage. DF is dilution 

factor (17,18). 

3. RESULT AND DISSCUSSION 

3.1 Weight Variation 

The weight variation test was conducted for each 

batch of all formulations F1 to F15 as per I.P 

and the results are shown in Table II. The weight 

variation test for all the formulations complies 

with the IP limit (± 7.5%). 

3.2 Friability 

The friability test for all the formulations were 

done as per the standard procedure I.P. The 

results of the friability test were tabulated in 

Table II. The data indicates that the friability 

was less than 1% in all formulations ensuring 

that the tablets were mechanically stable. 

3.3 Thickness 

The thickness of the tablets was found to be 

almost uniform in all formulations F1 to F15. 

The thickness was found to be in the range of 

2.8 to 3.2 mm. None of the formulations (F1 to 

F15) showed a deviation. Hence, it is concluded 

that all the formulations complied the thickness 

test and the results are shown in Table II. 

3.4 Hardness  

The adequate tablet hardness is necessary 

requisite for consumer acceptance and 

handling.The measured hardness of the tablets of 

each batch of all formulations i.e. F1 to F15 

were ranged between 27.0 to 57.8 Newton and 

the results are shown in Table II.  

3.5 Assay  

The assay of each batch of all the formulation 

(F1 to F15) was evaluated as per the standard 

protocol and the results are shown in the Table 

II. The results indicate that the percentage of 

drug content was found to be 95.33% to 

104.84%. Hence it is concluded that all the 

formulations are following acceptable limits as 

per Indian Pharmacopoeia i.e. ± 5%.  

3.6 Mucoadhesion  

The in vitro mucoadhesive strength study was 

performed and the results are shown in the Table 
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II. On the modified physical balance and 

measure the force (N) required detaching the 

tablet. The mucoadhesion characteristics were 

affected by the concentration of the 

mucoadhesive polymers. Increase in 

concentration of polymer increases 

mucoadhesive strength of formulation. 

F4>F3>F2>F8>F1>F7>F14>F13>F6>F12>F11

>F5>F10>F9>F15 is the adhesive force order.  

3.7 Disintegration  

The disintegration test was conducted for 

formulations F9 to F15. Disintegration was 

found in the range of 7 min 59 sec and 32 min 

25 sec.  

3.8 In-Vitro Dissolution  

The formulations F1, F2, F3 and F4 containing 

drug and Carbapol 934P in amount of 10%, 

20%, 40%, and 60% respectively. The in vitro 

cumulative drug release profile of formulations 

F1, F2, F3 and F4 showed 100.56%, 87.32%, 

44.28% and 24.82%, respectively. Among these 

four formulations, F2 was found to be highest 

percentage drug release. During the study it was 

observed that the tablets were initially swell and 

shows sustained release over the period of 8 

hours except F1 which shows maximum release 

in 6 hours. (Figure 2). 

Similarly the formulations F5, F6, F7 and F8 

drug, containing Crude banana powder in 

amount of 10%, 20%, 40%, and 60% 

respectively. The in vitro cumulative drug 

release profile of formulations F5, F6, F7 and F8 

showed 102.24%, 92.43.%, 77.19% and 99.42%, 

respectively. Among these four formulations, F8 

was found to be highest percentage drug release. 

During the study it was observed that the tablets 

were non-erodible and shows sustained release 

over the period of 8 h (Figure 3). Similarly the 

formulations F9, F10, F11, F12, F13, and F14 

drug, containing Crude banana powder in 

amount of 5%, 10%, 15%, 20%, 40%, and 60% 

respectively. These all formulations contain 15 

mg PVP. The in vitro cumulative drug release 

profile of formulations F9, F10, F11, F12, F13 

and F14 showed 95.69%, 98.69.%, 99.87%, 

99.51%, 87.16% and 75.04%, respectively in 15 

minutes, 30 minutes, 1 hour, 1 hour, 6 hours and 

8 hours respectively. Among these four 

formulations, F11 was found to be highest 

percentage drug release. The formulation F15 

contains 15 mg PVP only. The in vitro drug 

release is 95.99% in 15 minutes. (Figure 4). It 

was concluded that by increasing the 

concentration of Carbapol 934P in the 

formulation, the drug release rate from the 

tablets was found to be decreased. But by 

increasing the concentration of crude banana 

powder, the drug release rate was found to be 

decreased first then increased. This may be due 

to increased hydration (or) swelling 

characteristics of polymers with increased 

concentrations. 

Table I: Formulation of oral mucoadhesive 

tablet. 

 

 
Figure 1: Fabrication of assembly for 

mucoadhesion 
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Figure 2: Dissolution Profile of Carbapol 934P 

 
Figure 3: Dissolution Profile of Crude Banana 

Flour. 

 
Figure 4: Dissolution Profile of Crude Banana 

Flour with PVP.  

Table II: Physiochemical parameters of oral 

mucoadhesive tablets 

 
4. CONCLUSION 

Crude banana powder demonstrates significant 

potential as a natural polymeric excipient with 

mucoadhesive applications in pharmaceutical 

formulations. While its mucoadhesive strength is 

comparatively lower than that of Carbopol 934P, 

it provides valuable advantages such as safety, 

biocompatibility, and sustainable sourcing. 

These attributes position banana powder as a 

viable alternative for formulations where 

moderate adhesion is acceptable or desirable. 

The findings reinforce the growing importance 

of natural polymers in advancing eco-friendly 

and patient-friendly drug delivery systems. 

Future research should focus on structural 

modification of banana powder, standardization 

of extraction methods, and in vivo evaluation to 

enhance its functional performance and establish 

it as a reliable excipient in mucoadhesive drug 

delivery. 
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