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Abstract: 

Introduction: Aegle marmelos is a medicinal plant known for its antioxidant, antimicrobial, and anti-

inflammatory properties. However, its therapeutic efficacy is limited due to poor solubility and low 

bioavailability. Effervescent formulations may improve dissolution, absorption, and patient compliance. 

Objective: To formulate and evaluate an effervescent powder of Aegle marmelos for enhancing 

bioavailability and therapeutic efficacy. Materials and Method: The Aegle marmelos extract was 

formulated into an effervescent powder using citric acid, tartaric acid, and sodium bicarbonate by dry 

granulation method. The formulation was evaluated for flow properties, pH, effervescence time, drug 

content, dissolution, and stability. Result and Discussion: The formulated effervescent powder showed 

good flow properties, rapid effervescence, acceptable pH, and uniform drug content. Improved dissolution 

and faster release of phytoconstituents were observed compared to conventional formulations, indicating 

enhanced bioavailability and therapeutic potential. The formulation also remained stable under storage 

conditions. Conclusion: The study successfully developed an effervescent powder formulation of Aegle 

marmelos with improved dissolution and potential therapeutic efficacy. The formulation may serve as an 

effective and patient-friendly herbal dosage form. 
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Introduction 

Herbal medicines have been widely used since ancient times for the prevention and treatment of various 

diseases. The growing demand for natural remedies and plant-based therapeutics has encouraged 

researchers to develop advanced herbal formulations with improved efficacy, safety, and patient 

compliance. Herbal drug delivery systems are gaining importance in modern pharmaceutical research 

because they provide a suitable approach for enhancing the therapeutic performance of medicinal plants 

while minimizing side effects. Among various medicinal plants, Aegle marmelos has attracted 

considerable attention due to its extensive pharmacological activities and therapeutic significance [1]. 

Aegle marmelos, commonly known as Bael, belongs to the family Rutaceae and is native to India and 

Southeast Asian countries. The plant has been extensively used in Ayurveda, Siddha, and traditional 

medicine for the management of gastrointestinal disorders, diabetes, inflammation, microbial infections, 

and cardiovascular disease. Various parts of the plant such as leaves, fruits, roots, bark, and seeds possess 

medicinal properties due to the presence of bioactive phytoconstituents including alkaloids, flavonoids, 

coumarins, tannins, pectin, and phenolic compounds. The fruit pulp of Aegle marmelos is particularly 

recognized for its antidiarrheal, antioxidant, hepatoprotective, antimicrobial, and antidiabetic activities 

[2]. 
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Fig. 1. Fruits of Aegle Marmelos 

 

Although Aegle marmelos possesses significant therapeutic potential, conventional herbal dosage forms 

often exhibit limitations such as poor water solubility, low absorption, delayed onset of action, instability 

of phytoconstituents, and poor patient acceptability. These factors may reduce the bioavailability and 

overall therapeutic efficacy of herbal medicines. Bioavailability is an important pharmaceutical parameter 

that determines the extent and rate at which the active constituents become available at the site of action. 

Therefore, there is a need to develop novel drug delivery systems capable of improving the dissolution, 

absorption, and therapeutic effectiveness of herbal formulations [3]. 

Effervescent drug delivery systems have emerged as an innovative pharmaceutical technology for 

improving the solubility and bioavailability of active compounds. Effervescent powders are generally 

composed of organic acids such as citric acid and tartaric acid combined with sodium bicarbonate. Upon 

contact with water, these ingredients react to release carbon dioxide, producing a rapidly dissolving 

solution with improved palatability and faster drug release [4]. Effervescent formulations offer several 

advantages including rapid onset of action, enhanced gastrointestinal absorption, improved taste masking, 

convenience of administration, and increased patient compliance, particularly among pediatric and 

geriatric patients [5]. 

The incorporation of Aegle marmelos extract into an effervescent powder dosage form represents a novel 

approach for enhancing its pharmaceutical and therapeutic performance. The effervescent system can 

increase the dispersion and dissolution rate of phytoconstituents, thereby improving their absorption in the 

gastrointestinal tract. Furthermore, the carbon dioxide generated during effervescence may promote 

gastric emptying and improve the permeability of active compounds, resulting in enhanced bioavailability. 

The pleasant taste and ease of preparation of effervescent powders further contribute to better patient 

adherence and acceptability. 

The present study is therefore focused on the formulation and evaluation of an effervescent powder of 

Aegle marmelos with the objective of enhancing bioavailability and therapeutic efficacy [6]. The study 

includes the development of the formulation, evaluation of physicochemical parameters, effervescent 

properties, stability studies, and assessment of its pharmaceutical performance. This research may provide 

a scientific basis for the development of improved herbal drug delivery systems and contribute to the 

advancement of modern herbal therapeutics [7].  
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Fig. 2. Aegle marmelos extract 

 

Table 1. Therapeutic Activities of Aegle marmelos 

Sr. No. Therapeutic Activity Description 

I. Antidiabetic activity Helps reduce blood glucose levels and improves 

insulin function. 

II. Antioxidant activity Neutralizes free radicals and reduces oxidative 

stress. 

III. Antimicrobial activity Effective against various bacteria and fungi. 

 

IV. Anti-inflammatory activity Reduces inflammation and swelling. 

 

V. Antidiarrheal activity Traditionally used in the treatment of diarrhea and 

dysentery. 

VI. Hepatoprotective Activity Protects the liver against oxidative stress, prevents 

lipid peroxidation in hepatocytes, and helps reduce 

elevated liver enzymes like ALT and AST. 

VII. Gastroprotective Activity Helps in ulcer management, reduces gastric acid 

secretion, protects the stomach mucosa, and 

improves overall digestive health. 

VIII. Cardioprotective Activity Supports heart health, reduces myocardial oxidative 

stress, improves lipid profiles, and prevents cardiac 

tissue damage. 
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Fig.3. Effervescent Powder 

 

Advantages of Aegle marmelos Effervescent Powder [9].  

1. Improved bioavailability and absorption.  

2. Rapid onset of therapeutic action. 

3. Enhanced solubility of herbal constituents. 

4. Pleasant taste and improved palatability.  

5. Better patient compliance. 

6. Easy administration for pediatric and geriatric patients.  

7. Accurate dosing and uniform dispersion.  

8. Reduced gastric irritation compared to conventional powders.  

9. Convenient and portable dosage form.  

10. Increased stability of active phytoconstituents. 

 

Disadvantages of Aegle marmelos Effervescent Powder[9].  

1. Moisture sensitivity requiring special packaging. 

2. Higher production cost compared to conventional powders. 

3. Possibility of premature effervescent reaction during storage.  

4. Requires careful handling and storage conditions.  

5. Shorter shelf-life if exposed to humidity.  

6. Some patients may dislike carbonated preparations.  

7. Formulation complexity due to acid-base balance. 

 

Materials  

Materials for Extraction of Aegle marmelos  

• Fresh ripe Aegle marmelos fruits 

 • Distilled water  

• Muslin cloth  

• Whatman No. 1 filter paper  

Materials for Effervescent Powder Formulation  

Active Ingredient : Freeze-dried Aegle marmelos powder  

Effervescent Agents : Citric acid (anhydrous), Ascorbic acid, Sodium bicarbonate  

Sweetener : Jaggery powder (finely sieved and dried)  

Excipients : Polyethylene glycol (PEG 4000 or PEG 6000), Colloidal silicon dioxide (Aerosil 200) 
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Equipment for Formulation  

• Analytical balance  

• Stainless steel trays 

 • Hot air oven or tray dryer 

 • Desiccator 

 • #40 mesh sieve  

• Mortar and pestle or powder blender  

• Airtight sachets or laminated pouches 

 

Methodology 

Extraction and Preparation of Freeze Dried Aegle marmelos Powder  

1. Selection and Cleaning of Fruits  

• Select fully ripe and healthy Aegle marmelos fruits. 

• Wash thoroughly under running water to remove dirt and debris.  

• Wipe dry with a clean cloth. 

2. Pulp Separation  

• Break the fruit shell using a clean stainless steel hammer or knife.  

•  Scoop out the pulp.  

•  Remove seeds and fibrous materials manually.  

3.  Preparation of Pulp Slurry  

• Weigh the pulp.  

• Add distilled water in a 1:1 ratio (w/v).  

• Homogenize using a mixer grinder until a smooth slurry is obtained.  

4. Filtration  

• Pass the slurry through muslin cloth.  

• Filter further using Whatman No. 1 filter paper to obtain a clear extract. 

5. Optional Pasteurization  

Heat the filtrate at 70–80°C for 5–10 minutes to reduce microbial load. Cool to room temperature.  

6.  Freezing  

Transfer the extract to freeze-dryer trays and freeze at -20°C or lower for 12–24 hours. 

7. Freeze Drying (Lyophilization)  

Dry the frozen extract in a lyophilizer under vacuum until a dry porous mass is obtained. Typical freeze-

drying conditions: 

 • Shelf temperature: -40°C to +25°C (programmed cycle) 

 • Chamber pressure: < 0.1 mbar  

• Drying time: 24–48 hours  

8. Pulverization and Storage  

• Pulverize the dried mass to a fine powder. 

•  Pass through a #40 mesh sieve. 

• Store in airtight, light-resistant containers with desiccant. 

 

Formula Composition 

Table 2. Master Formula (50 g Batch) 

Sr. 

No. 

Composition Quantity 

(g) 

Function 

i. Freez-dried Aegle marmelos 

powder 

12.0 Active ingredient 

ii. Citric acid 5.0 Acid source of effervescence 
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iii. Ascorbic acid 5.0 Acid source and antioxidant 

iv. Sodium bicarbonate 7.0 Alkaline source for effervescence 

v. Jaggery powder 20.0 Sweetner and diluent 

vi. PEG 1.0 Binder and lubricant 

vii. Colloidal silicon dioxide (Aerosil) 0.5 Glidant and anti-caking 

 Total 50.5 g  

Note: The total batch weight is 50.5 g due to rounding. 

 

Table 3. Composition Per Sachet (10 g Dose) 

Sr. 

No. 

Composition Quantity 

(g) 

i. Freez-dried Aegle marmelos powder 2.4 

ii. Citric acid 1.0 

iii. Ascorbic acid 1.0 

iv. Sodium bicarbonate 1.4 

v. Jaggery powder 4.0 

vi. PEG 0.2 

vii. Colloidal silicon dioxide (Aerosil) 0.1 

 Total 10.1 g 

If the batch is divided into five sachets, each sachet will contain approximately 10.1 g. 

 

Methodology for Effervescent Powder Preparation 

1. Drying of Materials  

a. Spread the following ingredients separately in stainless steel trays:  

 o Freeze-dried Aegle marmelos powder  

 o Citric acid  

 o Ascorbic acid 

 o Sodium bicarbonate  

 o Jaggery powder 

b. Dry at 40–45°C for 1–2 hours.  

c. Cool in a desiccator. 

2. Sieving  

Pass all dried ingredients through a #40 mesh sieve. 

3. Preparation of Acid-Sweetener Blend 

Mix the following ingredients:  

• Freeze-dried Aegle marmelos powder (12 g)  

• Citric acid (5 g) 

 • Ascorbic acid (5 g)  

• Jaggery powder (20 g)  

Blend for 10 minutes until homogeneous. 

4. Addition of Sodium Bicarbonate  

Add sodium bicarbonate (7 g) gradually and blend gently for 5 minutes. 

5. Addition of Excipients  

Add: 

 • PEG (1 g)  

• Colloidal silicon dioxide (0.5 g)  

Blend for 3–5 minutes until a free-flowing powder is obtained. 

6. Packaging 

 Immediately fill into:  
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• Aluminum-laminated sachets, or  

• Moisture-resistant containers with desiccant.  

Each sachet should contain approximately 10 g of powder. 

7. Instructions for Use  

Dissolve one sachet (approximately 10 g) in 150–200 mL of water. Allow effervescence to complete and 

consume immediately. 

8. Evaluation Parameters  

 

Table 4. Evaluation parameters 

Sr. 

No. 

Parameters Expected Results 

i. Appearance Brown, free-flowing powder 

ii. Flowability Good 

iii. Moisture content Low 

iv. Effervescence time 1-3 minutes 

v. pH of solution 4-6 

vi. Taste Sweet, mildly acidic 

vii. Caking None 

9. Storage Conditions 

 Store in a cool, dry place below 25°C and protect from moisture. 

 

Result 

Organoleptic Evaluation  

The prepared effervescent powder of Aegle marmelos was evaluated for color, odor, taste, and appearance. 

The formulation showed acceptable organoleptic properties with a pleasant odor and sweet acidic taste. 

The powder appeared free flowing without any lump formation. 

Sr. No. Observation Parameter 

1.  Color Light brown 

2.  Odor Characteristic pleasant odor 

3.  Taste Sweet and slightly acidic 

4.  Appearance Free flowing powder 

 

Evaluation of Effervescence  

The prepared formulation was dispersed in water to determine effervescence and dispersion 

characteristics. Immediate release of carbon dioxide was observed, producing a clear solution. 

Sr. No. Parameter Result 

1.  Effervescence onset time 10-15 seconds 

2.  Complete dispersion time 1-2 minutes 

3.  Nature of solution Clear and uniform 

 

Angle of Repose 

The angle of repose was determined to evaluate the flow properties of the powder blend 

Sr. No.  Parameter Value 

1.  Angle of repose 240-280 

2.  Flow property Good 

 

Bulk Density and Tapped Density  

The bulk density and tapped density of the prepared formulation were determined using standard 

procedures. 
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Sr. No. Parameter Result 

1.  Bulk density 0.48 g/cm³ 

2.   Tapped density 0.58 g/cm³ 

 

Carr’s Index and Hausner Ratio  

The compressibility and flowability of the powder blend were assessed using Carr’s Index and Hausner 

Ratio. 

Sr. No.  Parameter Result 

1.  Carr’s Index 15–18% 

2.  Hausner Ratio 1.15–1.20 

 

pH Determination  

The pH of the reconstituted solution was determined using a digital pH meter. 

Sr. No. Parameter  Result 

1.  pH 5.5-6.5 

 

Moisture Content  

The moisture content of the formulation was determined to ensure stability of the effervescent powder. 

Sr. no.  Parameter Result 

1.  Moisture content Below 2% 

 

Stability Studies 

 The prepared effervescent powder was subjected to stability studies under room temperature conditions 

for three months. 

Sr. No. Observstion Result 

1.  Change in color No significant change 

2.  Change in odor No significant change 

3.  Effervescence Maintained 

4.  Caking Absent 

 

Discussion  

The present research work was carried out to formulate and evaluate an effervescent powder containing 

Aegle marmelos extract. The prepared formulation showed satisfactory pharmaceutical characteristics and 

acceptable stability. The organoleptic evaluation revealed that the formulation possessed good appearance, 

pleasant odor, and acceptable taste, which are important parameters for patient compliance. The powder 

remained free flowing without aggregation or caking. Effervescence studies demonstrated rapid liberation 

of carbon dioxide upon contact with water, resulting in quick dispersion of the powder. The combination 

of citric acid and sodium bicarbonate was found effective in producing satisfactory effervescence and 

improved palatability. The angle of repose values indicated good flow properties of the powder blend. 

Similarly, Carr’s Index and Hausner Ratio values confirmed good compressibility and flowability, 

suggesting suitability for handling, packaging, and storage. The pH of the reconstituted solution was 

within the acceptable range for oral administration and contributed to taste masking of the herbal extract. 

The low moisture content indicated proper drying and reduced the possibility of premature effervescent 

reaction during storage. Stability studies showed no significant changes in color, odor, or effervescent 

properties during the study period. Absence of caking further indicated good stability of the prepared 

formulation. Aegle marmelos is traditionally used for digestive disorders, diarrhea, and antimicrobial 

purposes. Incorporation of the herbal extract into an effervescent dosage form may enhance patient 

acceptability, improve dissolution, and provide rapid therapeutic action. Hence, the present study 
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concludes that the formulated effervescent powder of Aegle marmelos possesses satisfactory 

physicochemical properties and can serve as a promising herbal formulation for oral administration. 

 

Conclusion  

The present research work was undertaken with the objective of formulating and evaluating an 

effervescent powder containing Aegle marmelos extract. The study successfully demonstrated that an 

effective and stable herbal effervescent formulation can be prepared using suitable excipients and 

effervescent agents. The developed formulation showed satisfactory pharmaceutical characteristics and 

fulfilled the required evaluation parameters. The organoleptic properties such as color, odor, taste, and 

appearance were found to be acceptable and suitable for oral administration. The formulation possessed a 

pleasant taste and odor, which may improve patient compliance compared to conventional herbal 

preparations. The effervescent powder rapidly dissolved in water with immediate liberation of carbon 

dioxide, producing a clear and uniform solution. Rapid dispersion and enhanced palatability are important 

advantages of effervescent dosage forms. The micromeritic studies including angle of repose, bulk density, 

tapped density, Carr’s Index, and Hausner Ratio confirmed that the prepared powder blend exhibited good 

flowability and compressibility. These properties indicate that the formulation is suitable for handling, 

packaging, transportation, and storage without significant processing difficulties. The pH of the 

reconstituted solution was found to be within the acceptable range for oral use, indicating reduced chances 

of gastric irritation and improved patient acceptability. The moisture content of the formulation remained 

low, which is essential for maintaining stability of effervescent preparations and preventing premature 

reaction between acidic and alkaline components. The stability study showed no significant change in 

color, odor, appearance, or effervescent properties during the storage period. The formulation remained 

stable without caking or degradation, suggesting good shelf stability under normal storage conditions. 

Aegle marmelos is a well-known medicinal plant traditionally used for treatment of diarrhea, dysentery, 

indigestion, and other gastrointestinal disorders. Incorporation of this herbal extract into an effervescent 

dosage form may improve dissolution, absorption, and therapeutic effectiveness while enhancing patient 

convenience. Therefore, it can be concluded that the formulated effervescent powder of Aegle marmelos 

possesses satisfactory physicochemical characteristics, good stability, rapid effervescence, and promising 

pharmaceutical potential. The developed formulation can serve as an effective herbal dosage form and 

may be considered for further pharmacological and clinical investigations. 
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