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Abstract 

Bromelain, a proteolytic enzyme found in pineapple (Ananas comosus), has 

gained significant attention due to its therapeutic and industrial applications. This study 

aimed to develop an efficient extraction method for bromelain from pineapple stems 

and fruit cores, which are often discarded as waste. The extraction process involved 

homogenization, precipitation using ammonium sulfate, and dialysis for purification. 

The activity of the extracted enzyme was assessed using casein hydrolysis, and protein 

concentration was determined via the Bradford assay. The results indicated that the 

highest enzyme yield was obtained at 60% ammonium sulfate saturation, with optimal 

activity at pH 7.0 and 40°C. The purified bromelain exhibited significant stability under 

varying temperature and pH conditions, making it suitable for pharmaceutical and 

food-processing applications. This study provides a cost-effective and sustainable 

approach to bromelain extraction, utilizing pineapple by-products, thereby contributing 

to waste reduction and value addition in the agro-industrial sector. 

Introduction 

Pineapple (Ananas comosus) is a tropical fruit widely cultivated for its sweet 

taste and nutritional benefits. Beyond its edible portion, pineapple contains bromelain, 
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a mixture of proteolytic enzymes with significant applications in medicine, food 

processing, and biotechnology. Bromelain is primarily found in the stem and fruit core, 

which are often discarded during commercial processing, leading to substantial waste. 

The enzyme has been extensively studied for its anti-inflammatory, anticancer, 

and digestive properties, making it valuable in pharmaceuticals. Additionally, its 

ability to hydrolyze proteins is utilized in meat tenderization, brewing, and dairy 

industries. Despite its importance, large-scale extraction of bromelain remains 

underdeveloped, with most commercial production relying on crude methods. 

This research focused on optimizing bromelain extraction from pineapple waste 

using simple and scalable techniques. The study evaluated different saturation levels 

of ammonium sulfate for precipitation, followed by dialysis for purification. The 

enzymatic activity and stability under various conditions were also assessed to 

determine its potential for industrial use. 

Materials and Methods 

Sample Collection and Preparation 

Fresh pineapple stems and cores were obtained from a local market. The samples 

were washed thoroughly with distilled water to remove surface impurities and then cut 

into small pieces. The pieces were homogenized in a blender with a 1:2 (w/v) ratio of 

pineapple tissue to phosphate buffer (0.1 M, pH 7.0). The homogenate was filtered 

through cheesecloth, and the resulting crude extract was centrifuged at 10,000 rpm for 

15 minutes at 4°C. The supernatant was collected and used for further purification. 

Ammonium Sulfate Precipitation 

The crude extract was subjected to fractional precipitation using ammonium 

sulfate at different saturation levels (20%, 40%, 60%, and 80%). The solution was 

stirred continuously at 4°C to ensure complete dissolution of the salt. After each 

saturation step, the mixture was centrifuged at 10,000 rpm for 20 minutes, and the 

precipitate was collected. The precipitates were dissolved in a minimal volume of 

phosphate buffer and dialyzed against the same buffer for 24 hours to remove residual 

salts. 
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Enzyme Activity Assay 

Bromelain activity was determined using casein as a substrate. A reaction 

mixture containing 0.5 mL of enzyme extract and 0.5 mL of 1% casein solution in 

phosphate buffer (pH 7.0) was incubated at 37°C for 10 minutes. The reaction was 

terminated by adding 1 mL of 10% trichloroacetic acid (TCA). The mixture was 

centrifuged, and the absorbance of the supernatant was measured at 280 nm using a 

spectrophotometer. One unit of enzyme activity was defined as the amount of enzyme 

required to produce an increase in absorbance of 0.001 per minute under standard assay 

conditions. 

 

 

 

Protein Concentration Determination 

The protein concentration of the extracts was measured using the Bradford assay. 

Bovine serum albumin (BSA) was used as a standard. The absorbance was read at 595 

nm, and the protein content was calculated from the standard curve. 

Effect of pH and Temperature on Enzyme Activity 

The optimal pH for bromelain activity was determined by assaying the enzyme 

at different pH levels (3.0 to 9.0) using appropriate buffers. Similarly, the effect of 

temperature was studied by incubating the enzyme at temperatures ranging from 20°C 

to 70°C. The residual activity was measured under standard assay conditions. 

Results and Discussion 

Extraction and Purification of Bromelain 

The highest yield of bromelain was obtained at 60% ammonium sulfate 

saturation, with a specific activity of 12.5 U/mg. Lower saturation levels (20% and 

40%) resulted in incomplete precipitation, while 80% saturation led to co-precipitation 

of unwanted proteins. Dialysis effectively removed residual salts, improving enzyme 

purity. 
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Enzyme Activity and Stability 

Bromelain exhibited maximum activity at pH 7.0, with a sharp decline in activity 

at extreme pH levels (below 5.0 and above 8.0). The enzyme was most active at 40°C, 

with significant inactivation observed above 60°C. These findings align with previous 

 

Potential Applications 

The extracted bromelain demonstrated strong proteolytic activity, making it 

suitable for pharmaceutical formulations, particularly in anti-inflammatory and 

digestive supplements. Its stability under moderate conditions suggests potential use in 

food processing, such as meat tenderization and brewing. 

CONCLUSION 

This study successfully optimized the extraction of bromelain from pineapple 

waste using ammonium sulfate precipitation and dialysis. The enzyme exhibited high 

activity at neutral pH and moderate temperatures, confirming its suitability for various 

industrial applications. Utilizing pineapple by-products for bromelain extraction not 

only enhances economic value but also promotes sustainable waste management. 

Future research should focus on scaling up the extraction process and exploring novel 

applications in biotechnology. 
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