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Figure 1- Schematic representation of the experimental design and the steps of astaxanthin
extraction from banana shrimp (Metapenaeus affinis) by-products using a combined enzymatic-
ultrasound method.
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Table 1- Comparison of astaxanthin extraction yield (ug/g) under different treatments, including solvent
extraction, enzymatic hydrolysis, and enzymatic-ultrasound extraction from Metapenaeus affinis shrimp by-
product.
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Figure 2- DPPH free radical scavenging activity of astaxanthin extracts obtained from Metapenaeus
affinis shrimp by-product at different concentrations. Treatments included (1) solvent extraction,
(2) enzymatic control, (3) enzymatic extraction with 0.5% enzyme, (4) enzymatic extraction with

1% enzyme, (5) enzymatic extraction with 1.5% enzyme, and (6-9) enzyme-ultrasound treatments
with 1.5% enzyme for 5, 15, 25, and 35 minutes, respectively. Different uppercase letters indicate

significant differences among treatments at a given concentration, whereas different lowercase
letters indicate significant differences among concentrations within the same treatment (p <.05).
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Table 2- ICso values of DPPH free radical scavenging activity in extracts obtained from different
astaxanthin extraction treatments from Metapenaeus affinis shrimp by-product. Treatments
included (1) solvent extraction, (2) enzymatic control, (3) enzymatic extraction with 0.5% enzyme,
(4) enzymatic extraction with 1% enzyme, (5) enzymatic extraction with 1.5% enzyme, and (6-9)
enzyme-ultrasound treatments with 1.5% enzyme for 5, 15, 25, and 35 minutes, respectively.
Different letters within each row indicate significant differences among groups at p < 0.05. Data are
presented as mean * standard deviation of three replicates.
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Figure 3- ABTS free radical scavenging activity of astaxanthin extracts obtained from Metapenaeus affinis
shrimp by-product at different concentrations. Treatments included (1) solvent extraction, (2) enzymatic
control, (3) enzymatic extraction with 0.5% enzyme, (4) enzymatic extraction with 1% enzyme, (5) enzymatic
extraction with 1.5% enzyme, and (6-9) enzyme-ultrasound treatments with 1.5% enzyme for 5, 15, 25, and
35 minutes, respectively. Different uppercase letters indicate significant differences among treatments at a
given concentration, whereas different lowercase letters indicate significant differences among
concentrations within the same treatment (p <.05).
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Figure 4- Ferric reducing antioxidant power (FRAP) of astaxanthin extracts obtained from
Metapenaeus affinis shrimp by-product at different concentrations. Treatments included (1) solvent
extraction, (2) enzymatic control, (3) enzymatic extraction with 0.5% enzyme, (4) enzymatic extraction with
1% enzyme, (5) enzymatic extraction with 1.5% enzyme, and (6-9) enzyme-ultrasound treatments with
1.5% enzyme for 5, 15, 25, and 35 minutes, respectively. Different uppercase letters indicate significant
differences among treatments at a given concentration, whereas different lowercase letters indicate
significant differences among concentrations within the same treatment (p <.05).
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Figure 5- FTIR spectra of astaxanthin extracts obtained from Metapenaeus affinis shrimp by-product
under different extraction treatments (enzymatic control, 1.5% enzymatic extraction, enzyme-ultrasound
treatment for 15 minutes, and solvent extraction).
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ABSTRACT ARTICLE TYPE
Shrimp processing by-product is considered a valuable source of bioactive compounds, Original Research
particularly carotenoids such as astaxanthin. The aim of this study was to investigate the

effects of enzymatic hydrolysis and ultrasound treatment on astaxanthin extraction and ARTICLE HISTORY
antioxidant activity of extracts obtained from Jinga shrimp (Metapenaeus affinis) by- Received: 31 May 2026
product. Astaxanthin extraction was performed using different methods including Revised: 26 June 2026
solvent extraction, enzymatic hydrolysis at different enzyme concentrations (0.5, 1, and Accepted: 03 August
1.5%), and a combination of enzymatic hydrolysis and ultrasound treatment at 100 W. 2026 ‘

The antioxidant activity of the extracts was evaluated using DPPH and ABTS radical Z‘:::;hze(?z 60nlme: 20

scavenging assays as well as ferric reducing antioxidant power (FRAP) assay. Fourier-
transform infrared spectroscopy (FTIR) was also employed to identify the functional
groups present in the extracts. The results showed that solvent extraction provided the
highest astaxanthin yield (64.82 + 0.06 ug/mL), whereas enzymatic and enzymatic-
ultrasound treatments exhibited higher antioxidant activity. In the DPPH assay, the 1.5%
enzymatic treatment combined with 15 min ultrasound showed the lowest ICs, value
(5.89 * 0.01 pg/mL), indicating significantly greater radical scavenging activity.
Similarly, in both ABTS and FRAP assays, enzymatic-ultrasound treatments
demonstrated superior performance compared with the other treatments. FTIR analysis
also confirmed the presence of functional groups associated with carotenoid structures.
Overall, the combination of enzymatic hydrolysis and ultrasound treatment can be
considered an effective approach for enhancing astaxanthin release and improving the
antioxidant capacity of extracts derived from shrimp by-product.
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