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Abstract 

Ulva species are valuable green seaweeds rich in bioactive compounds, particularly the sulfated polysaccharide 

ulvan, which represents 9–36% of the dry biomass and serves as a major structural and functional component [1–

5]. Research has shown that ulvan contains sulfated rhamnose, uronic acids, and xylose, and that its biological 

activity depends on molecular weight, sulfate content, and extraction conditions [1–6]. Studies consistently report 

antioxidant, anticancer, immunomodulatory, and prebiotic-like effects of Ulva extracts and ulvan, supporting their 

relevance to metabolic regulation and immune health in humans and animals [1–5,7–20]. In addition, ulvan has 

demonstrated promising value in aquaculture, where it improves immune responses, antioxidant defense, and 

growth performance [14–18]. Overall, Ulva represents a natural marine resource with strong potential for 

functional food, nutraceutical, and feed applications [1–20]. 
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Introduction 

(Ulva is an abundant edible green seaweed and a promising source of bioactive compounds for food, 

nutraceutical, and veterinary applications [1–5]. Its main sulfated polysaccharide, ulvan, forms a major fraction of 

the dry biomass and contains sulfated rhamnose, uronic acids (glucuronic/iduronic), and xylose, which underpin its 

distinctive biological functions [1–3]. Recent studies report that Ulva extracts and ulvan can support health through 

antioxidant, anticancer, immunomodulatory, and gut-related (prebiotic-like) effects, including microbial modulation 

and fermentation to beneficial metabolites in the colon [5,7–20]. Future research should standardize extraction and 

characterization, clarify structure–activity relationships, and expand well-designed translational studies in humans 

and animals to enable safe, consistent applications [1–6,14–20]. 

 

 

 

 



  
 

Materials and Methods 

In this review, the Materials and Methods were based on a structured literature-search approach using the 

keywords seaweed, Ulva, ulvan, anticancer, antioxidant, immunomodulation, cytotoxicity, and pharmacokinetics 

across Google Scholar, PubMed, Web of Science, ScienceDirect, and Scopus for studies published between 1997 

and 2023, yielding a final set of 119 articles searched without language restrictions; only peer-reviewed papers, 

review articles, and reports focusing on pure or enriched ulvan preparations were retained for the main analysis 

[1,2]. Because ulvan bioactivity is affected by key structural and processing factors, molecular weight, sulfate 

content, and extraction method were treated as core variables when interpreting outcomes and comparing evidence 

across studies [2,3]. Antioxidant activity was reported using standard in-vitro assays including DPPH, FRAP, 

ORAC, superoxide and hydroxyl radical scavenging, lipid peroxidation inhibition, AAPH-induced oxidation/TBARS, 

and β-carotene–linoleic acid bleaching assays [4–6], while anticancer and cytotoxic effects were most commonly 

evaluated using MTT and cell-viability assays, with apoptotic endpoints such as increased caspase-8 and caspase-9 

also noted in selected models [7–9]. Immunomodulatory evidence was derived from macrophage-based assays (e.g., 

nitric oxide and pro-inflammatory cytokine responses) and from aquaculture-relevant in vivo models including Nile 

tilapia, Labeo rohita, Senegalese sole, and zebrafish [10–14]. Finally, gut-related effects were discussed based on 

reports that ulvan is not digested in the small intestine, is partly fermented by colonic bacteria into short-chain fatty 

acids (SCFAs), and can modulate the intestinal microbiota [15]. 

 

Discussion and conclusion 

In this study, the discussion of results shows that Ulva and its major sulfated polysaccharide ulvan are 

biologically active marine compounds with notable antioxidant, anticancer, immunomodulatory, and prebiotic-

related potential, and the novelty of the reviewed evidence lies in the clearer link between structure–activity 

relationships and function, especially the roles of molecular weight, sulfate content, and extraction method in 

determining bioactivity [1,2]. The antioxidant findings were supported by standard in vitro assays such as DPPH, 

FRAP, ORAC, TBARS, and β-carotene bleaching, while anticancer activity was evaluated through cell viability and 

MTT-based tests and, in some studies, apoptosis-related markers such as p53, Bcl-2, and caspase-8/9, showing that 

ulvan can suppress proliferation while preserving normal cells in several models [3–7]. Compared with 

authoritative studies in the background, the newer literature provides stronger evidence that ulvan is not only a 

general antioxidant but also a structurally tunable bioactive polysaccharide with promising chemopreventive and 

immune-regulating effects, including activity in macrophage systems and aquaculture species such as Nile tilapia, 

Senegalese sole, Labeo rohita, and zebrafish [8–12]. In addition, ulvan’s non-digestibility in the small intestine, 

partial fermentation into short-chain fatty acids, and positive influence on gut microbiota suggest practical value as 

a functional food ingredient and prebiotic candidate [13–15]. Overall, these findings are important because they 

support the development of natural antioxidants, nutraceuticals, cancer-related supportive agents, and aquaculture 

feed additives, while also indicating that future work should focus on standardized extraction, purification, in vivo 

validation, and safety testing to improve real-world application and production potential [1,2,6,12,15]. 
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