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Background and Objectives: Green macroalgae of the genus Ulva,
particularly the species Ulva rigida, are rich sources of the sulfated
polysaccharide ulvan. Due to its unique bioactive and functional properties,
ulvan has acquired a prominent position in the food and pharmaceutical
industries. However, isolating this compound from the complex matrix of
the algal cell wall poses significant challenges regarding yield optimization
and maintaining the structural integrity of the polysaccharide. This study
aimed to compare the extraction yield of ulvan using four different
methods (hot water, hot acid, microwave-assisted and enzymatic
extraction) to determine the most efficient approach, as well as to evaluate
the physicochemical and biological properties of the final product.

Materials and Methods: In this study, U. rigida biomass was collected
from the coast of Chabahar during the maximum low tide. Following
taxonomic identification and multiple washing steps, the biomass was
pre-treated with ethanol. The extraction processes were performed
using standard, well-defined protocols for hot water, hot acid,
microwave-assisted and enzymatic methods. The extraction yield of ulvan
was calculated after purification via the Sevag method and subsequent
dialysis using a 3 kDa molecular weight cut-off (MWCO) membrane.
Finally, parameters including proximate chemical composition
(carbohydrates, proteins, sulfates and ash), techno-functional properties
(water and oil holding capacities, emulsifying and foaming properties) and
biological activities such as DPPH radical scavenging activity, total
antioxidant capacity and antibacterial activity against Escherichia coli and
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Staphylococcus aureus (evaluated via standard disc diffusion and
minimum inhibitory concentration assays) were measured. Data analysis
was performed using SPSS version 26 software.

Results: The findings indicated that the enzymatic method was
significantly the most efficient extraction approach, achieving a yield of
28.40%, whereas the hot water method produced the lowest yield at
16.67%. The ulvan obtained via the enzymatic method contained 61.73%
carbohydrates, 17.90% sulfates and only 1.94% proteins. The water and oil
holding capacities of the extracted ulvan were recorded at 3.14 g/g and
2.67 g/g, respectively, which were lower than those of commercial alginate
(used as a reference standard). Emulsifying and foaming properties
improved with increasing concentration up to 4%. Furthermore, the
maximum DPPH radical scavenging activity (77.75%) was observed at a
concentration of 8 mg/mL. Additionally, the antibacterial activity against
E. coli was higher than of against S. aureus.

Conclusion: Overall, enzymatic extraction stands out as the superior
method for producing high-quality ulvan due to its specific degradation of
the cell wall and its ability to preserve functional sulfate and uronic acid
groups. The retention of these sulfate-containing functional groups is likely
a key contributing factor to the antioxidant and antibacterial properties
exhibited by the ulvan. Given its remarkable antioxidant and antimicrobial
activities, ulvan extracted from U. rigida holds high potential for use as a
natural alternative to synthetic hydrocolloids and antioxidants in novel
industrial formulations.
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Table 1. Comparison of the extraction rate of Ulvan from the seaweed U. rigida by different methods in percentage.
Data are reported as mean + standard deviation.
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Table 2. Approximate analysis of chemical compounds in the seaweed U. rigida and Ulvan extracted from
it by enzymatic method in percentage. Data are reported as mean * standard deviation.
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Figure 1. Graphs of water holding capacity (A) and oil holding capacity (B) of Ulvan and commercial Alginate
as control. Data are reported as mean * standard deviation.
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Figure 2. Graphs of emulsifying activity (A) and emulsion stability (B) of Ulvan in rapeseed vegetable oil.
Data are reported as mean + standard deviation.
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Figure 3. Graphs of Ulvan foam formation (A) and foam stability (B). Data are reported as mean + standard deviation.
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Figure 4. Graphs related to the measurement of antioxidant activity of Ulvan. Comparison of DPPH radical
scavenging activity of Ulvan (A) and L-ascorbic acid as control (B). Total antioxidant activity of Ulvan (C).
Data are reported as mean + standard deviation.
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Figure 5. Graphs related to antibacterial activity of Ulvan by disc diffusion method against S. aureus (A) and
E. coli (B) bacteria along with the minimum inhibitory concentration assay in S. aureus and E. coli bacteria (C).
Data are reported as mean + standard deviation.
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