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Figure 1- SDS-PAGE profiles of hydrolyzed protein from shrimp waste using different concentrations of
Alcalase enzyme (Column 1: 0.5 mL enzyme, Column 2: 1 mL enzyme, Column 3: 1.5 mL enzyme, and
Column 4: 2 mL enzyme) at 50°C for 3 hours.
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Figure 2- SDS-PAGE profiles of hydrolyzed protein from shrimp waste by Alcalase at different temperatures
(Column 1: 30°C, Column 2: 40°C, Column 3: 50°C, Column 4: 55°C, and Column 5: 60°C) with an enzyme
concentration of 2 mL and a reaction time of 3 hours.
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Figure 3- SDS-PAGE profiles of hydrolyzed protein from shrimp waste by Alcalase at different times
(Column 1: 0 hours, Column 2: 1 hour, Column 3: 3 hours, and Column 4: 5 hours) with an enzyme

concentration of 2 mL and a temperature of 55°C.
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Figure 4- SDS-PAGE profiles of hydrolyzed protein from shrimp waste by the enzyme from Bacillus salsus
under ammonium sulfate precipitation conditions at different times (Column 1: 1 hour after hydrolysis,
Column 2: 3 hours after hydrolysis, and Column 3: 5 hours after hydrolysis) at a temperature of 55°C and an

enzyme concentration of 2 mL.
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Table 1- Degree of hydrolysis and total soluble protein content during hydrolysis by the enzyme extracted
from Bacillus salsus.
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The values in the table represent the mean + standard deviation.

Non-identical lowercase letters in the table indicate significant differences between treatments (p < 0.05).
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Table 2- Degree of hydrolysis and total soluble protein content during hydrolysis by alcalase enzyme.
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The values in the table represent the mean * standard deviation.

Non-identical lowercase letters in the table indicate significant differences between treatments (p < 0.05).
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Figure 5- Emulsion activity index (EAI) of hydrolyzed protein shrimp waste produced using alcalase and the

enzyme derived from Bacillus salsus.
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Non-identical uppercase letters indicate significant differences (p < 0.05) between treatments at different

concentrations; non-identical lowercase letters denote significant differences between treatments within each

concentration.
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Figure 6- Emulsion stability index (ESI) of hydrolyzed protein shrimp waste produced using alcalase and the

enzyme derived from Bacillus salsus.
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Non-identical uppercase letters indicate significant differences (p < 0.05) between treatments at different

concentrations, non-identical lowercase letters denote significant differences between treatments within each

concentration.
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Figure 7- Foaming capacity of hydrolyzed protein from shrimp waste produced using alcalase and the

enzyme derived from Bacillus salsus.
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Non-identical uppercase letters indicate significant differences (p < 0.05) between treatments at different

concentrations, non-identical lowercase letters denote significant differences between treatments within each

concentration.
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Figure 8- Foaming stability of hydrolyzed protein from shrimp waste produced using alcalase and the

enzyme derived from Bacillus salsus
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Abstract

Backgrounds and Obgectives: Hydrolyzed proteins obtained from fishery by-products have numerous
physiological functions due to their bioactive peptides and can improve human health and prevent chronic
diseases due to their antioxidant and antimicrobial properties.

Materials and Methods: In this study, the wastes of green tiger shrimp (Penaeus semisulcatus) were
prepared, freeze-dried, and hydrolyzed using Alcalase and a protease extracted from Bacillus salusus
under different conditions of temperature, pH, and time. The functional properties of the hydrolyzed
proteins, including the degree of hydrolysis, emulsifying activity and stability, as well as foaming
capacity, were evaluated.

Results: The results obtained indicated that alcalase was less able to hydrolyze protein than the enzyme
obtained from Bacillus salsus. The results showed that the degree of hydrolysis increased with the passage
of hydrolysis time, and the highest degree of protein hydrolysis (43.80%) was obtained from the sample
hydrolyzed with the bacterial enzyme at 3 hours and the highest value (39.67%) by the alcalase enzyme at
5 hours. It was also found that the samples hydrolyzed with the bacterial enzyme had more foam
formation over time than the samples hydrolyzed by alcalase. The highest foaming rate was observed in
samples hydrolyzed with Bacillus enzyme and 2% protein concentration. The stability of the foam
produced decreased over time in both treatments and the trend of stability decrease was slower in the
treatment hydrolyzed with alcalase. It was also found that the samples obtained with both enzymes at a
concentration of 0.5% showed the highest emulsion stability.

Conclusion: A recent study shows that the enzyme extracted from Bacillus salsus can be used as a new,
economical and efficient replacement for the alcalase enzyme.
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