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Abstract 

Brown seaweeds represent a valuable source of bioactive compounds, particularly phenolic constituents and photosynthetic 

pigments, which have attracted considerable attention in food science and nutraceutical development. These compounds 

exhibit antioxidant, anti-inflammatory, antimicrobial, and functional properties that support their incorporation into 

modern food systems. Despite their promising biological activities, limitations related to bioavailability, stability, 

extraction efficiency, and delivery mechanisms continue to restrict their full industrial utilization. This review examines the 

functional potential of brown seaweed phenolics and pigments, focusing on their biochemical characteristics, mechanisms 

of action, bioavailability challenges, and applications within food industries. A critical synthesis of available commercial 

products, patented technologies, extraction approaches, and delivery systems is presented. The review further discusses 

emerging formulation strategies designed to improve absorption and stability, including emulsion-based systems and 

encapsulation technologies. Findings indicate that brown seaweed-derived compounds possess significant potential as 

natural food ingredients, functional additives, and health-promoting agents. However, optimization of extraction, 

formulation, and delivery methodologies remains essential for maximizing their industrial and nutritional value. 
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1. Introduction 

Marine resources have become increasingly important in 

the development of sustainable food ingredients and 

functional products. Among these resources, brown 

seaweeds constitute a rich source of biologically active 

compounds, including phenolic substances, 

phlorotannins, carotenoids, and polysaccharides. These 

compounds have attracted considerable interest because 

of their potential contribution to human health and food 

innovation. 

The growing demand for natural antioxidants and clean-

label ingredients has intensified research on marine-

derived bioactive compounds. Brown seaweeds contain 

unique phenolic compounds that differ significantly from 

terrestrial plant phenolics. These compounds contribute 

to oxidative protection and possess antimicrobial, anti-

inflammatory, and enzyme-inhibitory properties. 
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Simultaneously, pigments such as fucoxanthin serve 

essential physiological functions while exhibiting 

diverse biological activities relevant to human health. 

Commercial interest in brown seaweed extracts has 

increased substantially, as demonstrated by the growing 

availability of fucoidan and fucoxanthin-based 

supplements in international markets (Amazon, 2021). 

Commercial formulations frequently emphasize immune 

support, antioxidant activity, and metabolic health 

benefits, highlighting the practical relevance of these 

compounds in contemporary nutraceutical and food 

sectors (Amazon, 2021). 

Despite substantial progress, important challenges 

remain regarding the bioavailability and stability of 

brown seaweed bioactives. Many compounds exhibit 

poor absorption, limited gastrointestinal stability, and 

susceptibility to degradation during processing and 

storage. Consequently, improving bioavailability has 

become a major research priority. 

The objectives of this review are to analyze the 

functional properties of brown seaweed pigments and 

phenolics, evaluate factors influencing their 

bioavailability, assess emerging delivery systems, and 

examine their current and future applications in food 

industries. 

2. Literature Review 

Existing literature demonstrates significant interest in the 

commercial and scientific exploitation of brown seaweed 

bioactives. Commercial products containing fucoxanthin 

and brown seaweed extracts have become widely 

available through multiple retail platforms, reflecting 

increasing consumer demand for marine-derived health 

supplements (Amazon, 2021; eVitamins, 2021; iHerb, 

2014). 

Several commercial formulations specifically target 

weight management and metabolic health through 

fucoxanthin supplementation. Products marketed by 

Garden of Life, Best Naturals, and other manufacturers 

emphasize antioxidant and metabolic benefits associated 

with brown seaweed-derived compounds (Amazon, 

2021). These commercial developments indicate a 

transition from laboratory research toward consumer-

oriented applications. 

Research and patent literature further demonstrate 

growing innovation in extraction and utilization 

technologies. Evans et al. (2020) described antiviral 

compositions incorporating marine bioactive 

components, highlighting broader biomedical potential 

beyond nutritional applications. Similarly, Martins Da 

Silva et al. (2021) developed methods for obtaining 

phlorotannin-enriched extracts with anti-enzymatic 

activity, emphasizing the importance of extraction 

efficiency and bioactive preservation. 

A critical contribution to bioactive delivery was provided 

by McClements et al. (2007), who proposed emulsion-

based delivery systems for lipophilic bioactive 

compounds. Their framework remains particularly 

relevant for fucoxanthin because carotenoid pigments 

generally exhibit poor water solubility and limited 

gastrointestinal absorption. Emulsion technologies 

provide opportunities to enhance dispersion, protection, 

and bioaccessibility of lipophilic seaweed compounds. 

Comparative analysis of the available literature reveals 

several research gaps. Commercial studies emphasize 

product efficacy and marketability, whereas scientific 

investigations focus on extraction and delivery 

challenges. Limited integration exists between 

commercial development and mechanistic understanding 

of bioavailability. Furthermore, few studies 

comprehensively address the interaction between 

seaweed phenolics, pigments, food matrices, and human 

digestive processes. 

From a theoretical perspective, current literature supports 

a bioavailability-centered framework in which biological 

effectiveness depends not only on compound 

concentration but also on absorption, metabolism, and 

delivery efficiency. This perspective provides the 

conceptual foundation for evaluating future food 

applications. 

3. Methodology 

3.1 Conceptual Review Framework 

This article adopts a research-review methodology based 

exclusively on the provided references. The analysis 

integrates commercial evidence, patented technologies, 

and scientific literature to construct a comprehensive 

understanding of brown seaweed pigments and 

phenolics. 

The review framework consists of four interconnected 

dimensions: 

Bioactive composition. 

Functional properties. 
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Bioavailability determinants. 

Food industry applications. 

These dimensions collectively determine the practical 

value of brown seaweed-derived compounds. 

3.2 Functional Characteristics of Brown Seaweed 

Phenolics 

Phenolic compounds found in brown seaweeds are 

dominated by phlorotannins, a unique class of polymers 

derived from phloroglucinol units. Unlike terrestrial 

phenolics, phlorotannins possess distinctive structural 

characteristics that influence their biological activity. 

Their primary functional mechanism involves free 

radical scavenging and metal ion chelation. Through 

these mechanisms, phlorotannins reduce oxidative stress 

and contribute to food preservation by inhibiting lipid 

oxidation. Such properties make them attractive 

alternatives to synthetic antioxidants used in food 

formulations. 

Phlorotannins also demonstrate antimicrobial activity 

against foodborne microorganisms. This functionality 

supports their application as natural preservatives 

capable of extending shelf life while satisfying consumer 

demand for natural ingredients. 

The patent reported by Martins Da Silva et al. (2021) 

highlights the significance of extraction methodologies 

in preserving anti-enzymatic activity. Efficient 

extraction processes directly influence the concentration, 

purity, and functionality of phenolic compounds, thereby 

affecting industrial applicability. 

3.3 Functional Characteristics of Brown Seaweed 

Pigments 

The primary pigment of interest in brown seaweeds is 

fucoxanthin, a carotenoid responsible for the 

characteristic brown coloration of many marine algae. 

Fucoxanthin exhibits potent antioxidant properties and 

has been associated with metabolic regulation and 

cellular protection. 

Commercial availability of fucoxanthin supplements 

demonstrates increasing recognition of its functional 

significance (Amazon, 2021; eVitamins, 2021; iHerb, 

2014). Products containing fucoxanthin are frequently 

marketed for weight management and wellness support, 

indicating substantial commercial confidence in its 

biological activity. 

The functional importance of fucoxanthin extends 

beyond nutritional supplementation. Within food 

systems, it can contribute natural coloration, antioxidant 

protection, and enhanced functional value. These 

characteristics align with current industry trends favoring 

multifunctional ingredients. 

3.4 Bioavailability Challenges 

Although brown seaweed bioactives possess significant 

biological potential, their effectiveness depends largely 

on bioavailability. 

Several barriers affect bioavailability: 

First, phenolic compounds may undergo structural 

modification during digestion, reducing absorption 

efficiency. 

Second, carotenoid pigments such as fucoxanthin exhibit 

poor water solubility, limiting gastrointestinal uptake. 

Third, food processing conditions including heat, oxygen 

exposure, and storage duration may degrade sensitive 

compounds. 

Fourth, interactions with food matrix components can 

either enhance or inhibit absorption. 

These challenges explain why high concentrations of 

bioactive compounds do not necessarily translate into 

proportional physiological benefits. 

Commercial brown seaweed products frequently 

promote health advantages based on compound content; 

however, actual biological outcomes depend on effective 

delivery and absorption (Amazon, 2021). Therefore, 

improving bioavailability remains essential for 

maximizing functional performance. 

3.5 Delivery Systems and Enhancement Strategies 

McClements et al. (2007) proposed emulsion-based 

delivery systems as effective mechanisms for improving 

bioavailability of lipophilic bioactives. 

In such systems, bioactive compounds are dispersed 

within lipid droplets that facilitate transport through 

aqueous environments. This approach provides multiple 

advantages: 

Improved solubility. 

Enhanced stability. 

Protection from degradation. 
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Increased intestinal absorption. 

Nanoemulsions and microemulsions represent 

particularly promising platforms for fucoxanthin 

delivery. These systems increase surface area and 

improve interaction with digestive enzymes. 

Encapsulation technologies offer additional 

opportunities. Encapsulation protects sensitive 

compounds from environmental stressors and enables 

controlled release during digestion. 

Collectively, these delivery approaches provide practical 

solutions for overcoming bioavailability limitations 

associated with brown seaweed pigments and phenolics. 

3.6 Applications in Food Industries 

Brown seaweed bioactives can be integrated into diverse 

food products. 

Functional beverages represent one important 

application area. Phenolic-rich extracts can contribute 

antioxidant functionality while supporting product 

differentiation. 

Bakery products provide another opportunity. 

Incorporation of seaweed-derived antioxidants may 

improve oxidative stability and nutritional value. 

Dairy formulations can utilize encapsulated pigments 

and phenolics to enhance functionality without 

compromising sensory properties. 

Nutraceutical foods constitute a rapidly expanding 

sector. The growing market presence of fucoxanthin and 

fucoidan supplements demonstrates strong consumer 

interest in marine-derived functional ingredients 

(Amazon, 2021). 

Food preservation applications also deserve attention. 

Natural antioxidant and antimicrobial activities may 

reduce reliance on synthetic additives while extending 

shelf life. 

4. Results 

The analysis indicates that brown seaweed phenolics and 

pigments possess substantial functional value for food 

applications. Phlorotannins exhibit strong antioxidant 

and anti-enzymatic properties, while fucoxanthin 

contributes antioxidant, metabolic, and protective 

effects. These characteristics support their classification 

as high-value functional ingredients. 

Commercial evidence demonstrates increasing market 

acceptance. Multiple products containing fucoxanthin, 

fucoidan, and brown seaweed extracts are currently 

available, suggesting growing consumer demand for 

marine-derived nutraceuticals (Amazon, 2021; 

eVitamins, 2021; iHerb, 2014). 

A major finding concerns the central role of 

bioavailability. Functional efficacy is strongly 

influenced by absorption and stability rather than 

concentration alone. Poor solubility and degradation 

remain critical barriers that limit practical performance. 

The literature further reveals that delivery technologies 

significantly enhance bioactive utilization. Emulsion-

based systems improve dispersibility and absorption of 

lipophilic compounds, particularly fucoxanthin 

(McClements et al., 2007). Encapsulation and 

formulation strategies similarly contribute to stability 

and controlled release. 

Another important finding is the increasing integration of 

extraction innovation and product development. Patented 

methods targeting phlorotannin enrichment demonstrate 

ongoing efforts to improve functional performance and 

industrial feasibility (Martins Da Silva et al., 2021). 

Overall, results suggest that successful 

commercialization depends on simultaneous 

optimization of extraction, stabilization, and delivery 

processes. Food applications are likely to expand as 

technological solutions address current bioavailability 

limitations. 

5. Discussion 

The findings highlight an important shift in food science 

from simple nutrient enrichment toward bioavailability-

oriented functional design. Traditional approaches often 

focused on increasing concentrations of bioactive 

compounds. However, evidence suggests that biological 

effectiveness depends equally on delivery efficiency and 

physiological accessibility. 

The theoretical implications are significant. Brown 

seaweed phenolics and pigments should be viewed as 

components of integrated food systems rather than 

isolated ingredients. Their performance depends on 

interactions among molecular structure, processing 

conditions, food matrices, and digestive environments. 

Commercial products containing fucoidan and 

fucoxanthin illustrate both opportunities and challenges. 

While market growth demonstrates strong consumer 
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acceptance, actual health outcomes may vary depending 

on formulation quality and absorption efficiency 

(Amazon, 2021). This discrepancy underscores the 

importance of scientifically validated delivery strategies. 

From an industrial perspective, natural antioxidants 

derived from brown seaweeds align closely with clean-

label trends and sustainability objectives. Food 

manufacturers increasingly seek alternatives to synthetic 

preservatives, creating opportunities for marine 

bioactives. 

Nevertheless, limitations remain. Current literature 

provides limited long-term evidence regarding 

bioavailability under diverse dietary conditions. 

Commercial references primarily emphasize product 

availability rather than mechanistic validation. 

Furthermore, extraction costs and formulation 

complexity may constrain large-scale adoption. 

Patent developments related to phlorotannin extraction 

indicate ongoing technological progress, yet 

standardization remains necessary for consistent quality 

control. Similarly, advanced delivery systems offer 

considerable promise but require economic feasibility 

assessments before widespread industrial 

implementation. 

Consequently, future research should focus on 

integrating extraction optimization, formulation 

engineering, and human bioavailability studies. Such 

multidisciplinary approaches are essential for translating 

laboratory potential into practical food applications. 

6. Conclusion 

Brown seaweed pigments and phenolics represent 

valuable functional ingredients with significant potential 

in food and nutraceutical industries. Their antioxidant, 

antimicrobial, anti-enzymatic, and protective properties 

support diverse applications ranging from food 

preservation to functional product development. 

Despite these advantages, bioavailability remains a 

critical challenge. Factors including poor solubility, 

degradation, and limited absorption restrict biological 

effectiveness. Delivery technologies such as emulsions 

and encapsulation systems provide promising solutions 

for enhancing stability and uptake. 

The reviewed evidence indicates that future success will 

depend on combining efficient extraction methods, 

advanced delivery systems, and scientifically validated 

formulations. As consumer demand for natural and 

sustainable ingredients continues to grow, brown 

seaweed-derived bioactives are well positioned to 

become increasingly important components of next-

generation functional foods. 
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