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A B S T R A C T

The urgency for food security and diversification has necessitated extensive exploration of all potential food 
options. Seaweeds, now considered potential functional foods are widely consumed across Asia and parts of 
Europe. In Africa, reports on consumption trends and food-related applications are scarce. About only 1% of the 
annually harvested ~120,000 (fresh weight) tonnes of commercially useful eucheumatoids are utilized locally in 
the continent’s top-producing country, Tanzania. Ultimately, the intensification of current efforts shall promote 
up-scaling of the seaweed industry. In this review, we have discussed the nutritional profile and nutraceutical 
potential of commercially viable species, paying attention to consumer safety measures. Also, prospective food- 
related application of seaweeds based on current international and local African consumption trends is reviewed. 
The review further addresses factors that hinder consumer acceptance in Africa and the up-scaling of the seaweed 
industry at large. This review aims to provide some theoretical reference for future developments and application 
of seaweed as food in Africa.

1. Introduction

Seaweeds are marine-sourced plant-like organisms that are widely 
distributed in oceans and aquaculture farms across the globe (Msuya 
et al., 2022; Rogel-Castillo, Latorre-Castañeda, Muñoz-Muñoz, & 
Agurto-Muñoz, 2023). By far, over 50,000 species of seaweeds have 
been identified across 132 countries (Froehlich, Afflerbach, Frazier, & 
Halpern, 2019; Guiry & Guiry, 2024). The seaweed sector is one of the 
fastest-growing industries, and about 49 countries are actively involved 
in seaweed farming. Seaweeds in general are highly diversified but are 
mainly classified as Rhodophyta, Chlorophyta, and Ochrophyta based 
on their dominant pigmentation (Pereira, Amado, Critchley, Van de 
Velde, & Ribeiro-Claro, 2009). Their variable chemical composition 
makes them applicable across several sectors (Shannon & Abu- 
Ghannam, 2019; Xie et al., 2023). In the food sector, for instance, 
~145 species are either used in whole or processed for inclusion in food 
products (Froehlich et al., 2019; Shannon & Abu-Ghannam, 2019). A 
higher percentage of this market is centered in Asia, where seaweed has 
been recognized as a traditional meal for several centuries (Cai, 2021; 

Pangestuti & Kim, 2015; Zhang et al., 2022). In Europe, the consumption 
of seaweed as food began in the fifteenth century and has thenceforth 
been widely accepted in many parts of the region (Fleurence, 2016). 
Across Africa, the earliest consumption of seaweeds is documented 
around the 18th century when coastal residents depended on them for 
iodine supplementation (Amosu, Robertson-Andersson, Maneveldt, 
Anderson, & Bolton, 2013; Pérez-Lloréns, Critchley, Cornish, & Mour
itsen, 2023). Despite the high biodiversity along the African shorelines, 
very few reports on seaweed consumption in present times are docu
mented from this region (FAO, 2021; January, Naidoo, Kirby- 
McCullough, & Bauer, 2019; Msuya et al., 2022; Oucif et al., 2020). 
Currently, approximately 2200 species are identified along the shores of 
Africa (Msuya et al., 2022). This population comprises over 1400 red 
seaweeds, ~400 brown seaweeds and ~ 400 green seaweeds (Guiry & 
Guiry, 2024; Msuya et al., 2022). Although some African countries like 
the United Republic of Tanzania are actively involved in seaweed 
farming, limiting factors that are mostly socio-techno-based challenge 
the up-scaling of the seaweed sector and have consequently delayed 
their inclusion into mainstream or traditional African diets (Ktari, Chebil 
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Ajjabi, De Clerck, Gómez Pinchetti, & Rebours, 2022; Msuya et al., 2022; 
Oucif et al., 2020).

Nonetheless, the current global demand for food security and 
diversification necessitates the consideration of all economically viable 
and safe food alternatives (Sultana et al., 2023). In attaining this goal, 
the realization of the significant role of edible seaweeds particularly 
across regions of Africa is key. Based on this, the current review details 
the potential economically viable seaweeds across Africa and further 
outlines prospects for their inclusion into local food products. By 
addressing major constraints that limit the cultivation and consumption 
of seaweed as food in Africa, this review study would augment the 
prospects of the seaweed sector in contributing towards regional and 
global food security. Moreover, information provided herein, would be 
beneficial to understanding local consumer needs and possibly provide 
basic guidelines for reinitiating seaweed as food across Africa.

2. Overview and diversity of seaweed in Africa

2.1. Economically viable seaweed species in Africa

The seaweed population of Africa is highly diversified, owing to the 
different climate zones across the continent (Msuya et al., 2022; Roth
man et al., 2017). The climate condition in this part predominantly 
ranges from the very warm tropical regions near the equator to the semi- 
arid and cooler areas of the south (January et al., 2019; Msuya et al., 
2022). These differences allow the thriving of commercially useful 
species like Eucheuma spp., Kappaphycus spp., Gracilaria spp., Gelidium 
spp., Ulva spp., Sargassum spp. and kelps (Bolton, Cyrus, Brand, Joubert, 
& Macey, 2016; Darko et al., 2024; Msuya et al., 2022; Segbefia, Barnes, 
Akpalu, & Mensah, 2018; Yaich et al., 2011). Generally, the kelps are 
rather abundant along the cool waters of South Africa and Namibia 
whiles the pelagic Sargassum spp., are common along the warm waters of 
West Africa (Ackah-Baidoo, 2013; Darko, Premarathna, et al., 2024; 
January et al., 2019; Ofori & Rouleau, 2020; Rothman, Anderson, 
Kandjengo, & Bolton, 2020). Agar-bearing Gelidium spp. and Gracilaria 
spp. are also widely available in Northern Africa whereas the 
carrageenan-bearing Eucheuma sp. and Kappaphycus spp. are abundantly 
cultivated in Eastern Africa (Bolton, Oyieke, & Gwada, 2007; Moussa, 
Hassoun, Salhi, Zbakh, & Riadi, 2018; Msuya et al., 2022). Currently, 
thirteen African countries as presented in Table 1, are engaged in either 
commercial or small-scale seaweed production (Msuya et al., 2022). 
From this list, Tanzania, South Africa, Morocco, and Madagascar are 
enlisted as top producers on the continent (FAO, 2021). Their total 
aquaculture share was indicated to be ~144,909 t in 2019 (FAO, 2021). 
On the global front, however, only Tanzania is included in the list of top 
ten producers (FAO, 2021; FAO & WHO, 2022; Junning & Giulia, 2021). 
In promoting the sector across Africa, some countries in past years 
reinvested and reinitiated measures to purposely support local work
force and economic benefits from overseas exportation (Msuya, 2020; 
Msuya et al., 2022; Wakibia, Ochiewo, & Bolton, 2011). Over the years, 
phycologists and aquaculture experts have conducted field works, 
designed protocols and systems to evaluate the viability of different 
species of seaweed to support the already existing wild population 
(Bolton et al., 2016; Msuya et al., 2022; Rothman et al., 2017; Rothman 
et al., 2020). In present times, majority of the commercially useful 
species are rather exported overseas for further processing (Msuya & 
Hurtado, 2017).

2.2. Current status of seaweed applications across Africa

2.2.1. Application trend across Eastern Africa
In Eastern Africa, about 107,000–176,000 t (fresh weight) of three 

eucheumatoid species are harvested per year in Tanzania only. Of these 
huge volumes, only ~1% are internally processed into value-added 
products for local consumption (Msuya et al., 2022). The major 
limiting factor for incorporating into mainstream diet is mostly low 

consumer acceptance. In addressing this, local organizations in Zanzibar 
implemented initiatives to promote effective cultivation practices and 
systems to allow the gradual inclusion of seaweeds and constituents into 
some local products (Msuya et al., 2022, 2014). At present, hydrocol
loids are isolated from Eucheuma and Kappaphycus spp. using very sim
ple techniques for use in local desserts and sweets (Msuya, 2010). The 
long-term aim of this initiative was to extend the use of seaweed poly
saccharides into locally made jam, juices, snacks, sweets, and noodles 
(Msuya et al., 2014). However, a larger proportion of the harvested 
biomass is exported to France, Denmark, Spain or USA for further pro
cessing by bigger sister companies like Copenhagen Pectin A/S (CP 

Table 1 
Seaweed diversity in thirteen African countries and examples of economically 
viable species.

Regions Countries Identified 
species

Economic viable 
species

References

Eastern 
Africa

Tanzania 428 Eucheuma spp. 
Kappaphycus spp.

Msuya et al., 
2022

Madagascar 442 Gelidium 
madagascariense, 
E. denticulatum K. 
striatus

Mollion, 2020; 
Vieira et al., 
2021

Kenya 400 Eucheuma spp., 
Gracilaria spp., 
Gelidium spp. 
Sargassum spp.

Bolton et al., 
2007; 
Mwalugha, 
Wakibia, Kenji, 
& Mwasaru, 
2015

Mozambique 205 Eucheuma spp., 
Kappaphycus spp.

Mattio et al., 
2016

Mauritius 435 Gracilaria spp., 
Sargassum spp., 
Ulva spp.,

Bekah et al., 
2023; Bolton, 
Bhagooli, & 
Mattio, 2012

Southern 
Africa

South Africa 850 Ecklonia maxima, 
Laminaria pallida, 
Gracilaria spp., 
Gelidium pristoides, 
Pyropia spp.

Amosu et al., 
2013; Rothman 
et al., 2020

Namibia 205 Laminaria pallida, 
Ulva spp.

Rahman, 
Nyambe, & 
Küpper, 2020; 
Rothman et al., 
2020

Western 
Africa

Ghana 200 Sargassum spp., 
Hypnea 
musciformis, 
Eucheuma spp., 
Kappaphycus spp., 
Ulva spp.

Akrong et al., 
2021; Segbefia 
et al., 2018

Nigeria 79 Sargassum spp., 
Ulva spp.

Oyesiku & 
Egunyomi, 
2014; Solarin, 
Bolaji, 
Fakayode, & 
Akinnigbagbe, 
2014

Senegal 400 Hypnea 
musciformis, 
Meristotheca 
senegalensis

Msuya et al., 
2022

Northern 
Africa

Algeria 494 Ulva spp. Caulerpa 
spp.

Mehiaoui, 
Nemchi, 
Bouzaza, Farah, 
& Bachir- 
Bouiadjra, 2022

Morocco 306 Gelidium corneum, 
Gracilaria 
multipartita

Moussa et al., 
2018

Tunisia 64 Gracilaria spp., 
Ulva lactuca

Benhissoune, 
Boudouresque, 
& Verlaque, 
2002; Msuya 
et al., 2022
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Kelco) (FAO, 2020; Msuya, 2010; Msuya et al., 2022).
In Kenya, the consumption trend is largely focused within the aqua 

and agriculture sectors. In parts of the country, protein-rich formula
tions are popularly extracted to supplement tilapia fingerlings and as 
bio-fertilizers for terrestrial plants (Arori, Muthumbi, Mutia, & Nyonje, 
2019; Opiyo et al., 2018). To fully assess the nutritional profiles of 
Kenyan sourced species, higher research institutes have commenced 
research studies to evaluate the chemical constituents of selected species 
(Muraguri, Wakibia, & Kinyuru, 2016; Mwalugha et al., 2015). These 
research institutions including Kenya Marine and Fisheries Research 
Institute (KMFRI) are additionally, actively involved in promoting the 
involvement of locals while highlighting the potential benefits of sea
weeds (Mwirigi & Theuri, 2012; Opiyo et al., 2018). However, no recent 
reports are currently presented on the progress of these initiatives.

For Madagascar also, there currently are no reports on the con
sumption of seaweeds by locals (Mollion, 2020). The carrageenan- 
bearing species like Kappaphycus alvarezii and Kappaphycus striatus 
were only introduced from Tanzania in the twentieth century (Msuya 
et al., 2022). The cultivation of these commercially useful species is 
spearheaded by two companies, namely Aromesalgues and Naturalg in 
the Northeast part of the country and Ocean Farmers in the Southwest 
region (Mollion, 2020). Although about 600 to 1300 t (dry weight) are 
harvested from local cultivation, they are mostly exported in raw un
processed forms, to countries outside Africa (Mollion, 2020; Msuya 
et al., 2022). A recent report by Mollion (2020) indicated this scenario to 
be partly a result of the early stage of the Madagascan seaweed industry 
thus the need for experts and stakeholders to promote research and 
marketing of the valuable bioactive compounds of seaweeds across the 
region.

2.2.2. Application trend across Southern Africa
In the Southern part of Africa, most of the documented trends on 

seaweed application are reported from South Africa and Namibia 
(Amosu et al., 2013;Msuya et al., 2022; Rothman et al., 2020). By this, it 
is evident the seaweed sector is well-recognized in these regions and the 
offshore cultivation has particularly increased over the years in Namibia 
(Msuya et al., 2022). In most parts of South Africa, utilized seaweeds are 
typically sourced from natural stocks (Rothman et al., 2020). In typical 
coastal communities in the Eastern and Western Cape provinces, Pyropia 
spp. are simply cleaned and dried with no further extensive processing 
for consumption as snacks (Amosu et al., 2013; Rothman et al., 2020). 
This flavorful Nori (Pyropia) sheets are also widely used as sushi wrap
pings in local restaurants and key supply chain shops. In addition to 
these, seaweeds are processed into powdered forms, flakes or shredded 
for patronage under labeled names such as ‘Seaweed Rib Rub’ and 
‘Roasted seaweed Dukkah’. Aside, these direct seaweed consumption 
trends, a thriving small-scale collection of Gelidium species is also re
ported along the South and the Eastern coasts of South Africa (Rothman 
et al., 2020). The collected biomass of Gelidium pristoides and Gracilaria 
spp. are sorted, air-dried in open fields and exported for agar extraction 
(Msuya et al., 2022; Rothman et al., 2020). The endemic South African 
kelp, Ecklonia maxima, is also used by local tribesmen in remedying 
iodine deficiency (Bordoloi & Goosen, 2020; Pérez-Lloréns et al., 2023; 
Rothman et al., 2020). In the aquaculture sector also, fresh species of 
Ulva and Laminaria pallida are used as feeds for abalones and their 
constituent compounds are further isolated for use in supplementing 
feeds for dusky kob fishes and catfishes (Bolton et al., 2016; Naidoo, 
Maneveldt, Ruck, & Bolton, 2006; Rothman et al., 2020). Feed formu
lations that contain fresh kelps are similarly used in abalone farming, 
which usually requires large volumes of seawater (Rothman et al., 
2020). Also in South Africa, patented brands like Afrikelp ® and Kelpak 
® are made exclusively from kelp-based extracts for use as biostimulants 
in the agricultural sector (Rothman et al., 2020). Although not all of the 
beach-cast kelps and Ulva species are processed into value-added 
products, the current status of local applications is substantially higher 
in this part of Africa.

2.2.3. Application trend across Western Africa
The West coast of Africa, generally has a relatively small seaweed 

population as compared to the other shorelines of Africa (Akrong et al., 
2021; Amosu et al., 2013). The coastlines of Ghana, although considered 
one of the most endowed in this region, has very little documented ev
idence of seaweed consumption by local people (Agyarko, 2017; Akrong 
et al., 2021; Amosu et al., 2013). Based on oral histories, particularly of 
local coastal residents, seaweeds in this part are used in traditional 
medicines for treating goiter and skin diseases. The effectiveness of these 
home remedies is attributed to the different bioactive compounds and 
minerals in seaweeds (Pérez-Lloréns et al., 2023). In recent times, 
several species like Sargassum spp., Padina spp., Ulva spp., and Hypnea 
spp. along the Ghanaian coasts have been studied at a laboratory scale to 
characterize their mineral, biochemical, and physicochemical compo
sition (Addico & deGraft-Johnson, 2016; Darko, Premarathna, et al., 
2024; Rhein-Knudsen, Ale, Ajalloueian, & Meyer, 2017). In the Western 
region of Ghana, Eucheumia and Kappahycus species are cultivated on 
small scales, specifically for hydrocolloid isolation overseas (Agyarko, 
2017). Public institutions in collaboration with international partners 
have however, established initiatives for cost-effective practices and 
systems to facilitate the isolation of high-value polysaccharides targeted 
for the food and nutraceutical industries (Darko, Premarathna, et al., 
2024; Rhein-Knudsen, Ale, Ajalloueian, Yu, & Meyer, 2017).

In Nigeria, the inclusion of seaweed as human diet is similarly un
documented in literature. Recent literature on seaweeds from this re
gion, reported the biochemical composition of beach-cast seaweeds and 
their nutritional profiles (Ibraheem, Komolafe, Bawa, & Oluwole, 2017). 
Although frameworks for isolating polysaccharides like alginate have 
been established, cognate efforts are required for the establishment of 
this sector (Ibraheem et al., 2017). However, the use of seaweeds in the 
agriculture sector across Nigeria is rather well reported (Ibraheem et al., 
2017; Oyesiku & Egunyomi, 2014). Both fresh and dried forms of species 
of Ulva and the pelagic Sargassum, are used in supplementing animal 
feed, and also to enrich bio-fertilizer formulations (Ibraheem et al., 
2017; Oyesiku & Egunyomi, 2014). From recent reports in literature, 
potentially applicable seaweeds for food-related products across Nigeria 
are listed to be Gelidium sp., Gracilaria sp., Ulva sp., Sargassum sp. and 
Asparagopsis sp. (Fakoya et al., 2011). Nonetheless, effective processing 
systems and techniques are recommended for maximized utilization of 
these potentially useful species.

2.2.4. Application trend across Northern Africa
Across Northern Africa, the application of seaweeds is largely 

centered around the extraction of polysaccharides from Gracilaria and 
Gelidium species, which are either collected locally or imported from 
other African countries (Amosu et al., 2013; Msuya et al., 2022). In 
Morocco, commercial scale isolation of agar from Gelidium species is by 
foreign enterprises established in the Northwestern part of the country 
(Amosu et al., 2013;Kassila et al., 2019; Msuya et al., 2022). Products 
are, however, commercialized for both local and foreign markets 
(Kassila et al., 2019). Alginate from invasive species like Sargassum 
muticumis is also extracted on a commercial scale (Kassila et al., 2019; 
Msuya et al., 2022). However, large volumes of both wild and cultivated 
biomasses of Gracilaria spp., Gelidium spp. as well as Laminaria spp. are 
still exported overseas (Kassila et al., 2019; Msuya et al., 2022).

In Tunisia, the seaweed processing industry is solely based on 
carrageenan production. Species like K. alvarezii and E. denticulatum are 
usually imported by established companies for processing (Msuya et al., 
2022). Along the Algerian coasts and the Mediterranean basin, different 
species of green seaweeds, like Caulerpa spp. have remained prevalent in 
the past two decades (Mehiaoui et al., 2022; Oucif et al., 2020). How
ever, there has been no report on their local application for feeding or 
nutraceutical purposes (Oucif et al., 2020). Interested stakeholders 
across Northern Africa, have recently commenced extensive biochem
ical studies and assessments for potential developments to maximize the 
usage of Asparagopsis taxiformis, Padina pavonica, Ulva lactuca and 
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Cystoseira spp. which grow abundantly along the Mediterranean Sea 
(Ktari et al., 2022; Oucif et al., 2020; Yaich et al., 2011; Yaich et al., 
2013). Overall, the local consumption of seaweed as human food is 
similarly low in this part of the continent.

Although the food-based application of seaweed is rather lagging 
across the African regions, developments to market and promote a 
conscious consumer-driven market are similarly not in the best of state. 
The realization of a strong seaweed-based food market in this regard 
would require a multidisciplinary approach and by so, the production of 
innovative food products for various local food markets on the African 
continent.

3. Nutritional composition and benefits of consuming seaweeds

3.1. Chemical composition of seaweeds

Many edible seaweeds, are regarded to be naturally nutritious and 
have since been consumed by local communities worldwide (Padam & 
Chye, 2020; Shannon & Abu-Ghannam, 2019; Sultana et al., 2023). They 
contain relative amounts of carbohydrates, dietary fiber, proteins, 
minerals, and essential lipids (Dawczynski, Schubert, & Jahreis, 2007; 
Xie et al., 2023). Their nutritional profiles vary depending on species, 
spatio-temporal factors, season or time of harvest, and post-harvest 
conditions (Cofrades, Serdaroğlu, & Jiménez-Colmenero, 2013). These 
factors as they influence heterogeneity of the structural compositions of 
seaweeds also imply varying ratios of their respective chemical con
stituents, thus showing the need for extensive evaluation of their 
chemical contents (Cofrades et al., 2013).

3.1.1. Major constituents- carbohydrates, proteins and lipids
Seaweeds based on the type and species predominantly contain 

carbohydrates, which comprise ~15–80% polysaccharides (Cassidy, 
McSorley, & Allsopp, 2018; Rupérez & Saura-Calixto, 2001; Shannon & 
Abu-Ghannam, 2019). Their carbohydrate composition is typically 
different from terrestrial plants (Padam & Chye, 2020). Differences in 
their carbohydrate composition is mainly dependent on type of seaweed. 
Carrageenans and agar are ubiquitous to red seaweeds, alginates and 

fucoidan are contained in brown seaweeds and the ulvans in green 
seaweeds (Fleurence, 2016; Gupta & Abu-Ghannam, 2011; Nordgård & 
Draget, 2021; Tuvikene, 2021). Alginate, carrageenans, and agar are 
“generally regarded as safe substances (GRAS) for human consumption 
(Garcia-Perez et al., 2023; Pereira et al., 2009). The cellular structures of 
seaweeds also contain essential amino acids, vitamins, lipids, and aro
matic compounds that are usually absent in terrestrial plants (Padam & 
Chye, 2020; Pangestuti & Kim, 2015; Peñalver et al., 2020). The dietary 
fiber content in seaweeds, also notably compares to well-known fiber- 
rich foods (Nishinari & Fang, 2017; Peñalver et al., 2020; Xie et al., 
2023). Generally, dietary fibers (DF), are grouped into soluble and 
insoluble fractions based on their properties and ability to form viscous 
gels in the presence of water (Cassidy et al., 2018; Peñalver et al., 2020). 
DF plays a crucial role in gut microbiome activities (Grundy et al., 2016; 
Peñalver et al., 2020). The total dietary fibers in selected seaweed spe
cies as shown in Table 2, are comparatively higher than some fresh 
vegetables and grains (Dawczynski et al., 2007; MacArtain, Gill, Brooks, 
Campbell, & Rowland, 2007; Peñalver et al., 2020). In green seaweeds, 
Ulva spp., have up to 40% (dw) soluble dietary fiber content with much 
higher portion in red seaweeds like Pyropia spp. Conversely in brown 
seaweeds, kelps such as Laminaria spp. contain higher ratio of insoluble 
fibers (27–40%) than soluble DF (Holdt & Kraan, 2011; Rupérez & 
Saura-Calixto, 2001). Inasmuch as there currently exist no defined 
analytical systems for quantifying the physiological effect of fibers, it is 
generally accepted to form a part of a healthy diet (Grundy et al., 2016; 
Peñalver et al., 2020). The soluble portions are associated with intestinal 
microbiota activities and their potential in decreasing blood sugar and 
cholesterol are well reported (Garcia-Perez et al., 2023; Grundy et al., 
2016). Insoluble fibers, on the other hand, are known to function as 
laxatives owing to their non-fermentable nature (Peñalver et al., 2020). 
The amount of soluble fiber in seaweeds however to an extent, in
fluences the bioavailability of contained proteins (MacArtain et al., 
2007). Their protein composition as indicated in Table 2, generally 
varies up to ~50% dry weight. In red seaweeds, for instance, higher 
levels are contained in Pyropia spp. (24.6–50% dw) but lower amounts 
in species of the genus Gracilaria (Echave et al., 2022). The essential 
amino acids in some edible seaweeds are mostly also comparable to 

Table 2 
Nutritional profiles of some commercially exploited seaweed species (per dry weight, %dw) and common whole foods (wet weight).

Seaweed species African 
countries

Moisture 
content (%)

Dietary 
fiber (%)

Proteins 
(%)

Fatty 
acids (%)

References

Gracilaria spp. Kenya 
Mauritius 
Morocco 
South Africa 
Tunisia

85.2–96.3 5.5–61.6 5–23 0.4–2.3 Cherry, O’Hara, Magee, McSorley, & Allsopp, 2019; Marinho-Soriano, Fonseca, 
Carneiro, & Moreira, 2006; Pangestuti & Kim, 2015; Premarathna et al., 2022; 
Véliz et al., 2023

Pyropia spp. South Africa 77.5–91 3.8–48.6 24.6–50 0.4–2.1 Cherry et al., 2019; Echave et al., 2022; MacArtain et al., 2007; Marsham, Scott, 
& Tobin, 2007; Sánchez-Machado et al., 2004; Pangestuti & Kim, 2015

Laminaria spp. Namibia 
South Africa

86.1–94 6.2–60.5 3–21 0.8–1.0 Cherry et al., 2019; Fleurence, 2016; MacArtain et al., 2007; Marsham et al., 
2007; Sánchez-Machado et al., 2004

Sargassum spp. Ghana 
Nigeria

61–96.2 7.7–58.9 4–30.3 0.4–4.5 Darko et al., 2024; Darko, Premarathna, et al., 2024; Echave et al., 2022; 
Marinho-Soriano et al., 2006; Premarathna et al., 2022

Ulva spp. Algeria 
Ghana 
Namibia 
Nigeria 
South Africa 
Tunisia

79.9–96.6 3.8–81.6 8.8–32 1.4–6.7 Echave et al., 2022; Holdt & Kraan, 2011; Kumar, Ganesan, Suresh, & Bhaskar, 
2008; Marsham et al., 2007; Premarathna et al., 2022; Yaich et al., 2013, Yaich 
et al., 2011; Véliz et al., 2023

Some common vegetables and grains (Based on wet weight, %ww)
Spinach 1.5 2.3–2.8 0.2–0.6 Murcia, Jiménez-Monreal, Gonzalez, & Martínez-Tomé, 2020; Norziah & Ching, 

2000
Cabbages 0.9–2.9 0.2–1.6 0.2 MacArtain et al., 2007; Norziah & Ching, 2000
Carrots 2.6 1.0 0.1 MacArtain et al., 2007; Norziah & Ching, 2000
Rice 1.6–3.2 4.0 0.2–2.9 MacArtain et al., 2007; Muttagi & Ravindra, 2020
Soyabeans 5.5 33.8 18.9 Norziah & Ching, 2000
Reference 

Intakes (RI) 
(g)

24 50 70 Food and Drinks Federation, 2014
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standardized dietary protein requirements (Echave et al., 2022; Pan
gestuti & Kim, 2015). The amino acid score for red seaweeds is generally 
higher and almost similar to some animal-based proteins (Pangestuti & 
Kim, 2015). The essential amino acids in Ulva spp., (~40% of total 
amino acids) are also on par with protein in soybean (Pangestuti & Kim, 
2015; Yaich et al., 2011).

The amount of lipids in seaweeds is generally lower and varies be
tween ~0.1 to 15% of dry weight (Padam & Chye, 2020; Sánchez- 
Machado, López-Cervantes, Lopez-Hernandez, & Paseiro-Losada, 2004). 
However, several species contain substantial amounts of fatty acids 
(FAs) including mono-unsaturated FAs (MUFAs), saturated FAs (SFAs), 
and polyunsaturated FAs (PUFAs) (Garcia-Perez et al., 2023). Long- 
chain PUFAs (LC-PUFAs), which are precursors of eicosanoids, associ
ated with the synthesis of beneficial PUFAs are also contained in certain 
species (Padam & Chye, 2020). From Table 2, it is implied that FAs in 
seaweeds are comparable to the listed common vegetables, but mostly 
less than that of soybeans. The PUFAs in seaweeds are typically, omega- 
3 (n-3) and omega-6 (n-6) lipids, thus making them potential sources of 
beneficial fatty acids in human diet (Dawczynski et al., 2007; Rocha 
et al., 2021). For a balanced ratio of these PUFAs, it is recommended to 
consumed n-3:n-6 in a between 1:3 to 1:5 (Rocha et al., 2021). As far this 
recommended ratio is concerned, compositional seaweed studies have 
revealed ratio n-6:n-3 of common species to be usually low, thus eluci
dating the healthy fatty acid profiles of these species (Garcia-Perez et al., 
2023). In cases of unbalanced n-3:n-6 ratio per recommendations, it 
causes a significant decrease in the concentration of vitamin E which 
consequently favors lipid peroxidation (MacArtain et al., 2007; Rocha 
et al., 2021; Xie et al., 2023). The overall FAs profiles are however, 
distinct for different species or strains (Dawczynski et al., 2007). In 
addition to these, factors such as water temperature, light exposure and 
intensity, levels of minerals in seawater, nitrogen compounds, and 
stages of life, influence the synthesis and profiles of seaweed FAs (Rocha 
et al., 2021).

3.1.2. Other constituents: minerals, vitamins and carotenoids
Seaweeds, as presented in Table 3 are enriched in vitamins, minerals, 

and polyphenolic compounds (Holdt & Kraan, 2011;Rizzo et al., 2016; 
Škrovánková, 2011). The respective amounts of these bioactive com
pounds are similarly highly variable and differ based on seaweed type, 
season of harvest, and the level of sunlight exposure, which possibly 
favors species from the tropical regions of Africa (MacArtain et al., 2007; 
Peñalver et al., 2020).

In classifying vitamins, they are grouped as water-soluble (B- 

complex and C) and fat-soluble vitamins (A, D, E and K) depending on 
their solubility (Xie et al., 2023). The water-soluble B-complex vitamins 
(B1, B2, B12) in seaweeds are in higher amounts than the fat-soluble 
provitamin A (Bekah et al., 2023; Škrovánková, 2011). Vitamin A in 
seaweed is commonly found in the β-carotene precursor form (Aryee, 
Agyei, & Akanbi, 2018; Norziah & Ching, 2000; Škrovánková, 2011). 
Typical species like Pyropia spp., are commonly referred to as repository 
of vitamins, as they are rich in B12 which are rather scarce in fruits and 
vegetables (MacArtain et al., 2007; Padam & Chye, 2020; Škrovánková, 
2011). Based on the recalculated recommended dietary allowances 
(RDA) by Škrovánková (2011), consuming about 1.5 g of Pyropia spp. 
provides the daily recommended allowance of vitamin B12. Species with 
such B12 composition are possible supplement alternatives particularly 
for strict vegan and vegetarian meal plans where vitamin B12 deficiency 
cases are prevalent (Rizzo et al., 2016; Škrovánková, 2011). In brown 
seaweeds however, vitamin C is comparatively higher than B-complex 
vitamins (Škrovánková, 2011). In kelps as an example, Laminaria spp., 
contain ~0.3 and 0.9 mg/ 100 g (dw) of vitamin B1, and B2 respectively, 
and up to ~91 mg/100 g (dw) for vitamin C (Škrovánková, 2011).

The mineral composition of seaweeds, by virtue of their growing 
environments and absorption mechanisms, is usually about 10–100 
times higher than contained in terrestrial vegetables (Holdt & Kraan, 
2011). The mineral compositions of seaweeds (up to ~30% dry weight) 
are majorly sodium, calcium, magnesium, potassium and iodine (Darko 
et al., 2022; Holdt & Kraan, 2011; MacArtain et al., 2007; Xie et al., 
2023). However, the bioavailability of a mineral depends on the type of 
formed linkages as well as the digestibility of contained polysaccharide 
(Jiménez-Escrig, Gómez-Ordóñez, & Rupérez, 2011). These formed 
linkages usually occur within the cell matrix of seaweeds between the 
anionic sulfated polysaccharides and counterions that further influence 
ionic interaction and stability of their polymeric chains (Robal, Truus, 
Volobujeva, Mellikov, & Tuvikene, 2017). Moreover, since the saltiness 
and temperature conditions of the sea vary across the globe, it is ex
pected to profile different mineral compositions of seaweeds sourced 
from different marine bodies (Kumar et al., 2008; Lozano Muñoz & Díaz, 
2020). In some red seaweeds as shown in Table 3, seaweeds like Gra
cilaria spp. and Pyropia spp. accumulate comparatively lower amounts of 
minerals than brown seaweeds. In brown seaweeds such as Laminaria 
spp. and Sargassum spp., calcium concentration ranges up to ~1005 and 
1860 mg/100 g respectively whereas Pyropia and Gracilaria spp. usually 
contain about 440 and 650 mg/100 g respectively (Fleurence, 2016; 
Kumar et al., 2008; MacArtain et al., 2007; Xie et al., 2023). Based on the 
mineral profiles of seaweeds in general, nutritional studies have proven 

Table 3 
Summarized vitamins, minerals and trace elements in common seaweed species.

Vitamins Minerals (mg/100 g) References

A (mg/100 
g)

B-complex (μg/ 
100 g)

C (mg/ 
100 g)

Ca K Mg Fe

Gracilaria spp. 520–800 12.5 28.5 176–650 24.9–1380 58.5–73.1 15.2–95.6 Kumar et al., 2008; Norziah & Ching, 2000; 
Ratana-Arporn & Chirapart, 2006; Premarathna 
et al., 2022

Pyropia spp. 360–45,000 33.8–93.1 831 34.2–440 302.2 108.3 5.2 Kumar et al., 2008; MacArtain et al., 2007; Š 
krovánková, 2011; Xie et al., 2023

Laminaria spp. 440 31.1 91 364–1005 2013 403 45.6 Kumar et al., 2008; Xie et al., 2023
Sargassum spp. N/A 18.9 153.8 179.4–1860 129.8 86.4 6.7–128.5 Kumar et al., 2008; Ratana-Arporn & Chirapart, 

2006; Premarathna et al., 2022; Škrovánková, 
2011

Ulva spp. 56 13.6 41.0–200 140–840 245–1540 31–465 6.0–552 Kumar et al., 2008; MacArtain et al., 2007; 
Premarathna et al., 2022; Ratana-Arporn & 
Chirapart, 2006; 
Škrovánková, 2011; Véliz et al., 2023

Dietary 
reference 
intake

360–1650 a 0.5–2.2b* 
0.8–3.2b** 
1-5b***

15-100c 1000-1200d 3800- 
4700d

130-420d 8.0-18d Lozano Muñoz & Díaz, 2020; Škrovánková, 2011

aug/day of retinol equivalent (RE), b* Vitamin B1(mg/day), b** Vitamin B2 (mg/day), b*** Vitamin B12 (ug/day), c mg/day, d mg/g.
N/A- no available data.
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their contribution as whole foods for the prevention of iodine, calcium, 
and iron deficiencies, thus suggesting their potential for preventing 
some associated cardiovascular diseases (Lozano Muñoz & Díaz, 2020). 
Inasmuch as minerals are recommended for the human system, it is 
advised to avoid prolong and excessive intake of minerals like zinc, in 
order to avoid associated side effects (Lozano Muñoz & Díaz, 2020).

3.2. Application of seaweed in the food industry

3.2.1. Seaweed as nutritional vegetables
Seaweed as commonly referred to as sea vegetable in some countries, 

is usually consumed directly as a whole food or used for cooking as a 
food ingredient (Fleurence, 2016; Padam & Chye, 2020). They can be 
consumed as freshly salted, flavored, dried, fermented, boiled, defrosted 
or a combination of the above listed (FAO & WHO, 2022; Sultana et al., 
2023). In 2018, directly consumed seaweeds accounted for about 48% of 
the global seaweed usage whereas 32% was recorded for indirect food 
applications (FAO & WHO, 2022). A larger fraction of this percentage is 
concentrated in Asia where several species are considered traditional 
(Fleurence, 2016; Sultana et al., 2023; Zhang et al., 2022). In most other 
places as well, consuming seaweed directly usually implies using the 
dried forms of the blades or whole as snacks, food toppings, in salads or 
desserts, and for sushi wrappings, Fig. 1 (Fleurence, 2016; Rogel-Castillo 
et al., 2023; Sultana et al., 2023). In parts of Europe, dried seaweeds are 
ground into coarse flakes or fine powders into pork frankfurters, beef 
burgers, to garnish dishes, for seasoning, and to replace or supplement 
flour for cookies, biscuits, bread, pasta and noodles (Fleurence, 2016; 
Forster & Radulovich, 2015; Shannon & Abu-Ghannam, 2019). The 
fresh raw forms are also blended to mix with beverages and juices 
(Fleurence, 2016; Sultana et al., 2023). In typical domestic settings, 
seaweed is simply cleansed, dried, chopped, boiled, salted, cooked in soy 
sauce or blended prior to consumption (Fleurence, 2016). The most 
common species that are consumed directly or added to food products 
include Pyropia spp., Palmaria palmata, Gracilaria spp., Kappaphycus 
spp., Laminaria spp. and Undaria pinnatifida, Sargassum spp., and Ulva 
spp. (FAO, 2021; Fleurence, 2016; Forster & Radulovich, 2015; Kumar, 
Tarafdar, & Badgujar, 2021; Sultana et al., 2023). Interestingly, the 
increasing popularity of Asian cuisine over the years, has played an 

influential role on numerous food-based applications of seaweeds. On 
the Western markets, seaweed-based food products are already available 
and are classified as “novel foods” according to Regulation (EU) 2015/ 
2283 (Fleurence, 2016). Conversely, the rate of direct human con
sumption across Africa is comparatively low (Msuya et al., 2022; Oucif 
et al., 2020). From research studies on the inclusion of seaweed in food 
products, blanched and dried powders of Porphyra umbilicalis, 
U. pinnatifida and Himanthalia elongata mixed with beef burgers, patties, 
and poultry steaks enhance the aroma, texture, appearance and anti
microbial properties of such protein-based meals (Cox & Abu-Ghannam, 
2013; López-López et al., 2009; Padam & Chye, 2020). Moreover, the 
addition of some of these species further enhances the n-3:n-6 poly
unsaturated fatty acid profile of products, aside supplementing the 
levels of calcium, magnesium, and vitamins (López-López et al., 2009). 
For plant-based meals, powdered form of species like Eucheuma cotonii 
mixed with wheat flour for noodles reportedly increases the fiber, lipids, 
proteins and mineral composition (Kumoro, Johnny, & Alfilovita, 2016). 
Also, the addition of dried Ulva lactuca and 2.5% of Laminaria spp., in 
baked bread products, results in enhanced product texture and sensory 
appeal (Cofrades et al., 2013). Considering that most of such useful 
species are widely available across Africa, prospects for their inclusion 
into food products remains high. It is conceivable that, reinforcing direct 
human consumption of edible seaweeds across Africa shall similarly 
support the food supply chain and promote food diversification on the 
continent (Forster & Radulovich, 2015). In Sub-Saharan Africa, for 
instance, high profile seaweeds can be used in soups and sauces in 
combination with the widely consumed local grain and tuber based 
delicacies (Ekpa, Palacios-Rojas, Kruseman, Fogliano, & Linnemann, 
2019; Shannon & Abu-Ghannam, 2019). In a similar way, herbs and 
spices which are also well patronized in Africa, can be extended to 
include selected aromatic species. The gradual acceptance of such nat
ural flavors would moreover, contribute to eradicating health compli
cations associated with artificial food flavors and additives.

3.2.2. Seaweed as processed food products
Seaweeds aside their consumption in the raw unprocessed forms, are 

also subjected to both simple and complex processes to isolate their 
contained carbohydrates, proteins or pigments for use in food products 

Fig. 1. Some food-related applications of seaweeds and constituent bioactive compounds.
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(Cofrades et al., 2013; Fleurence, 2016; Padam & Chye, 2020; Xie et al., 
2023). Their applicability however, largely depends on their structural 
and chemical composition (Aryee et al., 2018; Padam & Chye, 2020). 
The polysaccharides contained in seaweeds although highly heteroge
neous, are normally either sulfated or non-sulfated (Fleurence, 2016; Xie 
et al., 2023). Their complex structures are made up of forming units 
called monomers which are connected via glycosidic linkages (You & 
Sarkar, 2021). Depending on the type of seaweed, the monomeric 
compositions can be simple sugars (galactose, fucose, rhamnose, xylose, 
glucose, mannose), sugar alcohols (mannitol) or sugar acids (uronic 
acids) (Darko, Premarathna, et al., 2024; January et al., 2019; Tuvikene, 
2021; Xie et al., 2023). Their chemical constituents including poly
saccharides and proteins are extracted using specific solvents and con
ditions to avoid compromising their structural integrity (Darko, 
Humayun, et al., 2024; Darko, Premarathna, et al., 2024; January et al., 
2019; Nishinari & Fang, 2017; Tuvikene, 2021). The desired sensory 
appeal, texture and nutritional value of the end product usually deter
mine the choice of seaweed polysaccharide (Venugopal, 2011; Wang 
et al., 2023). The most common seaweed hydrocolloids widely used in 
food products are the carrageenans and agar from red seaweeds, and 
alginate from brown seaweeds (Venugopal, 2011). Hydrocolloids, are 
generally considered polysaccharides that form gel or highly viscous 
fluids in water. For this, seaweed sourced hydrocolloids account for 
about 39% of the total hydrocolloids produced globally (Ellis, Norton, 
Mills, & Norton, 2017; Venugopal, 2011; Wang et al., 2023). These 
seaweed hydrocolloids are mostly added into food products to serve as 
thickeners, stabilizers or gelling agents, Fig. 1 (Tuvikene, 2021). Car
rageenans inherent gel-forming ability and are particularly used as ad
ditives in Europe under the code E407 (Tuvikene, 2021; Tuvikene et al., 
2009). The type of carrageenans obtained specifically from Kappaphycus 
spp. and Eucheuma spp. are commonly used as thickeners for barbecue 
sauces, pet food, jelly desserts, in chocolate and diary toffees, and 
clarification of wines (Fleurence, 2016; Tuvikene, 2021). Agar which is 
the main hydrocolloid obtained from Gracilaria and Gelidium species is 
known under the code name E406 in the food processing industry across 
Europe, and is typically used in the baking industry as a binder for pie 
fillings, icing and glazing (EFSA, 2016; Fleurence, 2016). In Asia, agar- 
based food products are much popular in Japanese cuisines. It is used as 
replacement to gelatin in making a traditional sweet red bean paste 
called ‘yōkan’, a jelly dessert called ‘mitsumame’ and agar noodles known 
as ‘tokoroten’ (Nishinari & Fang, 2017). For alginate, the sodium form 
known by the code name E401 is currently used as a gelling agent in 
syrups, fruit juices, jams, in fillings for apple pies, pet foods, and frozen 
desserts (Nordgård & Draget, 2021; Williams & Phillips, 2021). Sodium 
alginate is highly desirable due to the highly viscous nature and good 
moisture retaining capacity it possesses (Nordgård & Draget, 2021; 
Wang et al., 2023). In addition to alginates from brown seaweeds, 
mannitol, is a rather simple sugar alcohol that has recently found use
fulness in the food sector (Sultana et al., 2023). The possibilities for 
incorporating seaweed constituents into conventional food products 
seem endless and as such extensive studies are ongoing to allow their 
maximum (Padam & Chye, 2020). In protein-based food systems, car
rageenans and alginates are widely resorted to as natural thickeners 
owing to their favorable protein interaction properties (Williams & 
Phillips, 2021). Although, hydrocolloids are often used in formulations 
at concentrations below 1%, they tend to significantly influence stabil
ity, texture and flow properties of food products (Williams & Phillips, 
2021). In a way to promote the inclusion of seaweed sourced hydro
colloids in African diets, local food industries in liaison with seaweed 
farmers can establish suitable cost-effective extraction techniques to 
supplement the conventional thickening agents used for chocolates bars, 
drinks, porridges and other similar food products. By this, the over- 
dependence on starch products which are prevalent in Sub-Saharan 
Africa shall be reduced (Ekpa et al., 2019) Prospects for the African 
food market will over time increase and fully embrace their use as 
natural stabilizers, thickeners and texture enhancers.

3.2.3. Seaweed as food colorants
Seaweeds contain pigments that naturally differ based on the 

seaweed type. These pigments are responsible for the colored appear
ances of seaweeds and are usually attached to other structural units to 
form complexes (Aryee et al., 2018; Kumar et al., 2008). Some of these 
formed complexes based on their purification indexes have been suc
cessfully incorporated into food systems as food colors, shown in Fig. 1
(Fleurence, 2016; Saluri et al., 2020). A typical example is phycobili
proteins which is attached to proteins to form pigment-protein com
plexes (Aryee et al., 2018; Saluri et al., 2020). These phycobiliproteins 
complexes are water-soluble protein-complexes that are made up of 
phycoerythrin, phycocyanin and allophycocyanin, which are typically 
found in red seaweeds (Manivasagan et al., 2018; Pangestuti & Kim, 
2015; Saluri et al., 2020). In parts of Asia, R-phycoerythrin is extracted 
from Porphyra for use as food colorants (Fleurence, 2016). Regulations 
for their full incorporation into food products, however, are not entirely 
recognized globally. Carotenoids are another common types of pigment 
complexes contained in certain seaweeds (Pangestuti & Siahaan, 2018). 
These are mostly yellow, green and orange colored pigments that are 
also synthesized in plants, certain bacteria, fungi and microalgae in the 
form of either pure hydrocarbons (carotenes) or oxygenated alcoholic 
derivatives like xanthophylls, lutein and zeaxanthin (Aryee et al., 2018; 
Manivasagan et al., 2018). An example of this class of pigment com
plexes is fucoxanthin, a xanthophyll, which functions as a strong anti
oxidant agent and is thus very useful for nutraceutical purposes (Aryee 
et al., 2018; Rajauria, Foley, & Abu-Ghannam, 2017). β-carotene also 
known to be a precursor of vitamin A is similarly useful in the nutra
ceutical sector (Aryee et al., 2018; Shannon & Abu-Ghannam, 2019). 
Consuming β-carotene-rich food product, supplements pro-vitamin A 
and supports the human immune system (Déléris, Nazih, & Bard, 2016; 
Manivasagan et al., 2018). Many reports in recent times, have docu
mented interesting health related benefits of seaweed-sourced pigments 
in general (Manivasagan et al., 2018; Pangestuti & Siahaan, 2018; 
Rajauria et al., 2017). These reports confer a high-end potential of 
seaweed pigments in the food and nutraceutical sectors as well their 
possibilities to serve as natural food colors in-lieu of the widely available 
synthetic colors and dyes.

3.2.4. Seaweed as animal feed and supplement
Seaweeds and by-product extracts are also commonly used in sup

plementing feeds for poultry, abalone, cattle, pigs, and aquaculture 
(Carrillo et al., 2009; Marín et al., 2009; O’Doherty, Dillon, Figat, 
Callan, & Sweeney, 2010; Roque et al., 2021). Across Europe, there is a 
long-standing history of feeding ruminants with seaweeds (Fleurence, 
2016). In this system of animal farming, cattle, and sheep graze freely on 
fresh seaweeds at the foreshores or feed on dried seaweeds (Fleurence, 
2016; Roque et al., 2021). Pellets and fodder made from kelp species are 
very common for ruminants and in mixed-up meals for pigs (Fleurence, 
2016). From current consumption trends across Africa, a sizable portion 
of collected seaweeds used to feed farm animals (Oyesiku & Egunyomi, 
2014). However, there still remain huge tonnes of beach-cast seaweeds 
which could be preserved for this purpose and shall subsequently help 
remediate the existing problems of overgrazing and carbon footprints 
(Addico & deGraft-Johnson, 2016; Roque et al., 2021). The use of sea
weeds like Asparagopsis and Sargassum spp. in animal silage for steer 
cows reportedly reduces the enteric methane they produce (Roque et al., 
2021). Addition of Undaria pinnatifida also enhances cattle growth, im
proves their immunity, quality of meat and milk, fatty acid profiles of 
meat and reduces cholesterol concentration (Hwang et al., 2014). In 
poultry birds, the addition of seaweed extracts rich in carotenoids 
notably enhances the appearance of eggs (Carrillo et al., 2009; Fleur
ence, 2016; Xie et al., 2023). In fish farming, inclusion of seaweed-based 
products supports a healthy growth trend of farmed Atlantic salmons, 
African catfish, tilapia, Argyrosomus japonicas (dusky rob) (Arori et al., 
2019; Bolton, Robertson-Andersson, Shuuluka, & Kandjengo, 2009; 
Rothman et al., 2020). Species like Ulva spp., and kelps are commonly 
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used as food for abalones mostly in South Africa (Bolton et al., 2009; 
Rothman et al., 2020). An additional application in aquaculture, is the 
consideration for use in high rate algal ponds (HRAPS) (Fleurence, 
2016). These systems operate by using seaweeds as food for aquaculture 
animals, like abalones and mollusks, while simultaneously contributing 
to the blue economy. This system can be useful in farming high- 
economic value aquaculture species in the future and some endemic 
species or blooms can be considered for these purposes.

3.3. Nutraceutical benefits of consuming seaweeds

The rich bioactive components of seaweeds make them highly 
beneficial in the nutraceutical sector (Cofrades et al., 2013; Padam & 
Chye, 2020; Shannon & Abu-Ghannam, 2019). Their bioactive proper
ties vary from species to species with some examples shown in Fig. 2. 
Seaweeds are currently proposed to be an alternative nutritional inter
vention in the alleviation of metabolic syndrome (MetS) or multiple risk 
factor syndrome (Cherry et al., 2019; Padam & Chye, 2020). Due to the 
appreciable amounts of dietary fiber, fatty acids, and other metabolites 
in seaweeds, extensive studies are ongoing on their efficacy against 
MetS, which are mostly dietary-related disorders and are prevalent 
worldwide (Murray et al., 2018; Padam & Chye, 2020). In parts of Asia, 
seaweed as a functional food for alleviating dietary disorders is already 
well-practiced whereas in Europe, they are best referred to as thera
peutic agents, owing to their metabolic composition (Garcia-Perez et al., 
2023; Padam & Chye, 2020). Seaweeds for such purposes, are either 
consumed directly or processed to isolate their metabolites for further 
applications (Murray et al., 2018; Peng et al., 2018).

3.3.1. Nutraceutical potential of whole seaweeds
Some edible seaweeds are commonly consumed as part of daily diet 

to reduce the occurrence of metabolic diseases such as hyperlipidemia, 
hypercholesterol and hyperglycemia (Cherry et al., 2019; Yokoyama, 
Sasaki, & Sato, 2019). Undaria pinnatifida (wakame), is a typical 
example which when consumed, decreases the level of blood glucose 
and insulin within 30 min of ingestion (Yoshinaga & Mitamura, 2019). 
This property indicates the potential of such species in regulating post
prandial homeostasis (Yokoyama et al., 2019; Yoshinaga & Mitamura, 
2019). Some brown seaweeds as well, are shown of playing a role in 
controlling obesity, postprandial spikes, concentration of serum tri
glyceride, enhancing lipoprotein cholesterol when added to supplement 
diets of type-2 diabetic patients (Cassidy et al., 2018; Shannon & Abu- 
Ghannam, 2019; Yoshinaga & Mitamura, 2019). The overall efficacy 
of seaweeds in regulating these mechanisms are suggested to be as a 
result of a synergism between their contained phlorotannins, poly
phenols, polysaccharides, fucoxanthin and dietary fiber (Jiménez-Escrig 
et al., 2011; Murray et al., 2018; Shannon & Abu-Ghannam, 2019). 
Current reports on the potency of seaweed in remedying food-related 
disorders seem promising and it is highly recommended for stake
holders of the food sector to actively collaborate and promote the 
paradigm shift for the nutraceutical application.

3.3.2. Nutraceutical potential of bioactive compounds from seaweed
The bioactive compounds in seaweeds, although vary from species to 

species, present relatively useful dietary intervention pathways (Padam 
& Chye, 2020). Epidemiological studies on seaweed extracts, either in 
aqueous or precipitated forms have positive influences on human health 
(Murray et al., 2018; Peng et al., 2018). Fucoxanthin, a xanthophyll that 
is typically contained in brown seaweeds is known to possess anti- 
obesity effects (Padam & Chye, 2020; Rajauria et al., 2017; Shannon 
& Abu-Ghannam, 2019). A recent study that examined the role of 
fucoxanthin on consumer health, revealed a significant reduction in 

Fig. 2. Functional properties and potential nutraceutical application of seaweeds.
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body mass index (BMI), body weight, abdominal fats, and basal meta
bolic rates occurred upon treatment with 1 mg or 3 mg of fucoxanthin 
capsules per day for four weeks (Hitoe & Shimoda, 2017). The 
improvement in consumer health in such applications by seaweed ex
tracts is usually attributed to a combined effect of sulfated poly
saccharides and polyphenolic compounds which are mostly co-extracted 
together (Déléris et al., 2016). In type-2 diabetic patients, dispensing 
alginate from certain kelp species provides nutritive sugars in a dose 
dependent manner for hypoglycemia and hyperinsulinemia cases (El 
Khoury, Goff, Berengut, Kubant, & Anderson, 2014). Related activities 
from other seaweed polysaccharides are reported on the inhibition of 
digestive enzymes, α-amylase and α-glycosidase (Cian, Drago, Sanchez 
de Medina, & Martínez-Augustin, 2015; Darko, Humayun, et al., 2024). 
These extracted metabolites based on in-vitro studies are able to reduce 
oxidative cell damage and regulate excessive release of nitric oxide (NO) 
(Humayun et al., 2024; Premarathna et al., 2024; Humayun et al., 
2023). The regulation of excess amounts of NO production subsequently 
contributes to reducing inflammatory-related diseases like cancer, dia
betes and bowel disease (Humayun et al., 2024; Humayun et al., 2023; 
Tabarsa, You, Dabaghian, & Surayot, 2018). Moreover, these metabo
lites from seaweeds are highly potent in scavenging free radicals that are 
very harmful to human cells (Darko, Premarathna, et al., 2024; 
Humayun et al., 2024; Manivasagan et al., 2018; Shannon & Abu- 
Ghannam, 2016; Shannon & Abu-Ghannam, 2019). They also are good 
for use as either prebiotics or carriers of probiotic bacteria for enhancing 
gastrointestinal digestion (Alvarez, Bambace, Quintana, Gomez- 
Zavaglia, & del Rosario Moreira, 2021). Both soluble and insoluble fi
bers are currently under investigation for a more holistic approach to 
managing microbial imbalance in the human gut (Cian et al., 2015; 
Jiménez-Escrig et al., 2011). In complex food systems, the desirable 
synergistic nature of alginates and carrageenans, when mixed with 
proteins, allows their use as lipid oxidation agents in typical protein- 
based products like meat and seafood products (Fleurence, 2016; 
Nordgård & Draget, 2021; Padam & Chye, 2020). Though several sci
entific researchers have proven the possibilities and potential of bioac
tive compounds from seaweed as functional food ingredients, additional 
studies are required to address concerns on precise mechanisms, syn
ergism, and dosages required to manage outlined dietary conditions to 
promote a healthy consumer lifestyle.

3.4. Challenges and biosafety legislation on seaweed utilization in Africa

3.4.1. Sustainable seaweed production and processing challenges in Africa
The ability of coastal regions along the shorelines of Africa to sus

tainably produce high profile seaweeds for use across the continent and 
globe requires strict regulations from farm sites through till the pro
cessing factories. Considering the increasing global interest in the 
seaweed sector and the rich biodiversity of Africa, the upscaling of 
Africa’s seaweed industry would support the global food security and 
diversification goal (Msuya et al., 2022). Current challenges that limit 
the realization of this objective are outlined and discussed in subsequent 
subsections. Respective recommendations to contribute towards 
addressing these unresolved limitations are also presented.

3.4.2. Cultivation and production challenges
In the period of 2009–2018, only Tanzania was enlisted as part of the 

top 10 producers out of the 49 countries that dominate the global 
seaweed sector (FAO, 2020). Records on annual yields of harvested 
seaweeds show a continuous decline in harvested volumes for most 
African countries (Msuya, 2020). From the top producers on the conti
nent, only ~0.41% was reported in 2019 (Cai, 2021; FAO & WHO, 
2022). This percentage was recorded based on a total of 144,909 t of 
both wild and farmed seaweeds from Tanzania, Morocco, South Africa 
and Madagascar (FAO & WHO, 2022). Factors that limit maximized 
outputs in this sector have been identified by the experts to be mostly 
techno-economic and biosecurity-based (Msuya et al., 2022). For most 

regions, persistent infections by the ice-ice syndrome and high volumes 
of epiphytes have impacted production yields. These pests and diseases 
mostly hinder the growth of commercially useful seaweed species like 
Kappaphycus (Largo, Msuya, & Menezes, 2020). In an attempt to solve 
these outbreaks, Tanzania, government, and private stakeholders orga
nize regular training sessions to equip them with the needed combating 
techniques for the prevention of the spread of pests and diseases (Largo 
et al., 2020). However, the lack of proper checks on both local and 
imported seedlings hinders the complete eradication of this problem 
(Largo et al., 2020; Msuya et al., 2022). In other countries like 
Madagascar, the outbreak of epiphytes is almost impossible to control 
and the farmers in these areas, therefore tend to cultivate different 
species or venture into other businesses (Msuya & Hurtado, 2017). The 
workforce in seaweed aquaculture in these regions are notably women 
who are actively engaged in harvesting, sorting, and drying seaweeds 
(Msuya & Hurtado, 2017). Incentives by stakeholders to support the 
livelihood of local workers are unfortunately either inadequate or 
completely absent. One identified challenges that surmounts the topic of 
species survival, selection of strains, pest and disease control is the 
absence of rigid biosecurity policies to coordinate these activities of the 
seaweed farming sector (Msuya et al., 2022). In some regions however, 
unfavorable climate conditions unfortunately contribute to the chal
lenges associated with selecting the right season for seeding and 
consequently impact their growth or survival. For these reasons, the 
farming of certain species is halted during the hot dry seasons, until 
seasons when temperatures are favorable. All these are important factors 
that are worthy of deliberation for the provision of effective solutions or 
alternatives. In remedying these challenges, it is worth initiating an 
effective management and coordination system that paramount the ease 
in the livelihood of farmers, technological developments, cost-effective 
cultivation techniques, value addition, and marketing programs, 
appropriate gatekeeping systems, and enforcement of biosecurity pol
icies, massive progress will be attained across in the seaweed industry 
across Africa.

3.4.3. Preservation and storage challenges
In seaweeds, their high moisture usually facilitates oxidation, enzy

matic and microbial activities especially when preserved poorly and 
consequently reduces their shelf life (Cascais et al., 2021). However, the 
particular preservation technique also influences their final nutritional 
value (Badmus, Taggart, & Boyd, 2019; Cascais et al., 2021). Although 
several methods such as blanching, freezing, drying and ensilage have 
been adapted globally to control this challenge, the scale of production 
and available structures across Africa, mostly allow the use of open air- 
drying or direct sun drying (FAO & WHO, 2022). Drying is well known 
to be an inexpensive technique but due to the uncontrollable nature of 
drying conditions, nutritional profile and physical quality of seaweeds 
are usually compromised (Badmus et al., 2019; Cascais et al., 2021). 
Other available options such as blanching and fermentation are 
currently practiced in the West but not very common in Africa (Cascais 
et al., 2021). In solving challenges related to biomass spoilage and 
decay, it is recommended to consider other cost-effective methods that 
would preserve the nutritional quality of seaweeds for extended period.

3.4.4. Safety levels of accumulated heavy metals
Seaweeds although several species are confirmed edible, these ma

rine biomasses generally have a good affinity for heavy metals (Besada, 
Andrade, Schultze, & González, 2009; Fleurence, 2016; Holdt & Kraan, 
2011). They can bioaccumulate arsenic, cadmium, copper, lead, mer
cury, tin, and zinc from their environment contamination (Cherry et al., 
2019; Véliz et al., 2023). The level of adoption usually depends on the 
level of contamination of their habitat and also the bioaccumulation 
capacity of the seaweed (Bekah et al., 2023; Besada et al., 2009; Cherry 
et al., 2019). This increases the risk of high levels of heavy metal in 
perennial seaweeds, that grow or are indirectly exposed to heavy metals 
(Cherry et al., 2019). Seaweeds harvested from areas close to 
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indiscriminate industrial and domestic discharge sites are much more 
susceptible to higher bioaccumulation (Addico & deGraft-Johnson, 
2016; Besada et al., 2009). In some regions along the coasts of West 
Africa, this indiscriminate disposal influences higher concentrations of 
heavy metals in species of Sargassum collected along coasts of Ghana 
(Addico & deGraft-Johnson, 2016). Consuming seaweeds that are highly 
contaminated with such heavy metals poses severe health risks to 
humans (Desideri et al., 2016; Gupta & Abu-Ghannam, 2011). For 
several edible species, however, the bioaccumulation of these harmful 
metals is usually reported to be below acceptable toxic levels (Besada 
et al., 2009; Véliz et al., 2023). A prior study to show the accumulation 
trend of heavy metals revealed that, consuming ~3.3–12.5 g per day of 
Laminaria spp. corresponded to ~40 to 150% of daily cadmium toler
ance (Desideri et al., 2016; Zhao, Shang, Ning, & Zhai, 2012). In sea
weeds depending on their life stage, and water temperature, they are 
able to metabolize inorganic arsenic to arsenosugars (Zhao et al., 2012). 
In selected red, brown and green seaweeds, about 4.1–111.0 μg/g of 
arsenic were revealed to be arsenosugars with less than 1.0 μg/g inor
ganic arsenic (Cherry et al., 2019; Taylor & Jackson, 2016). The safety 
issue of heavy metal accumulation is a global issue that require estab
lished guidelines for proper monitoring of water conditions, and safety 
levels. Some countries have established standards or systems as safety 
regulations to determine tolerable levels (Holdt & Kraan, 2011; Lozano 
Muñoz & Díaz, 2020). At present, no document is reported on inter
nalized or local regulations on the tolerable heavy metal levels across 
Africa.

3.5. Some applicable seaweed preservation methods

3.5.1. Drying
The high moisture content of fresh seaweeds usually facilitates their 

rapid deterioration when not properly preserved and stored (Badmus 
et al., 2019; Kadam, Álvarez, Tiwari, & O’Donnell, 2015; Krook et al., 
2024). Drying is the easily resorted preservation technique, however, 
this method also presents a series of challenges that require optimized 
conditions to be overcome (Badmus et al., 2019; Fudholi, Sopian, Oth
man, & Ruslan, 2014; Milledge & Harvey, 2016). In optimizing this 
technique, several modifications have sprouted up over the years. The 
most common drying methods are solar-drying, oven-drying, and freeze- 
drying (Badmus et al., 2019; Kadam et al., 2015). Across Africa, open-air 
drying is the most practiced whereas in other parts of the globe, due to 
limited hours of sunlight, some farm sites have adapted more towards 
oven-drying. Oven-drying often demands elevated temperatures for 
extended durations, which likely interferes with the heat-labile com
ponents of seaweeds (Kadam et al., 2015). In Mauritius, the government 
in collaboration with higher research institutes commenced a pilot scale 
training and construction of solar dryers (Nazurally et al., 2022). 
However, no recent updates on the effectiveness of these solar dryers 
have yet been reported. In the western countries, freeze-drying, despite 
an expensive system, is shown to be very effective in removing moisture 
from seaweeds while still preserving the chemical composition of sea
weeds (Badmus et al., 2019; Hamid, Wakayama, Soga, & Tomita, 2018). 
Studies on freeze-dried Laminaria spp., Saccharina japonica and Undaria 
pinnatifida, showed a preserved profile of seaweed metabolites 
compared to oven-drying at 40 and 80 ◦C (Badmus et al., 2019; Hamid 
et al., 2018). The use of convection dryers at higher temperatures 
similarly reduces the polyphenolic and flavonoid components in sea
weeds (Badmus et al., 2019; Gupta & Abu-Ghannam, 2011). Other non- 
thermal drying systems like infrared and microwave drying are 
currently under consideration in some Western countries (Badmus et al., 
2019; FAO & WHO, 2022). The intensive energy and labor costs of these 
techniques limit their upscaling especially for large-scale commercial 
purposes (FAO & WHO, 2022). Overall, the main identified limitation of 
drying seaweed is the residual moisture that normally remains after 
drying. This affects the stability of constituents, possibly as a result of 
oxidation or microbial activities. In brown seaweeds, for example, the 

typical residual moisture content is about 5.7–16.2% (Cascais et al., 
2021). To overcome this, it is recommended to dry biomass till about 
85–90% dryness (Badmus et al., 2019). By far, no single drying method 
is mentioned to be consistently superior. Different methods remove 
seaweed moisture better for certain seaweeds than others (Badmus et al., 
2019). The implication of this realization is to carefully consider the 
end-use of seaweeds and select the most suitable drying method 
accordingly.

3.5.2. Ensilage and fermentation
Ensiling is another preservation method that is gradually gaining 

popularity in the preservation of seaweed (Cabrita, Maia, Sousa-Pinto, & 
Fonseca, 2017; Nøkling-Eide et al., 2023). This method also referred to 
as fermentation commonly involves the introduction of microbial cul
ture or inoculants like Lactobacillus plantarumor (LAB) to forage seaweed 
biomass under anaerobic conditions (Cabrita et al., 2017). This tech
nique has been tested with and without bacteria inoculant and is 
currently well renown particularly across Europe for the preservation of 
mostly kelps at extended storage periods (Cabrita et al., 2017; Campbell 
et al., 2020). Ensiled seaweeds after the intended periods, are used as 
biomass for polysaccharide extraction and as feed for ruminants. The 
key limiting factor of this method is the overall heterogeneity of sea
weeds which intensely influences activities of the microbial culture 
(Campbell et al., 2020). However, there is the possibility that different 
species might be better preserved in the presence of certain culture than 
others (Cabrita et al., 2017). This present limitation, however, presents a 
pathway for tailoring specific microbes or enzymes for specific systems 
soon.

3.5.3. Acid preservation
The use of organic acids like formic, citric, or lactic acids for the 

preservation of seaweed is fast gaining attention in the seaweed sector, 
owing to their proven effectiveness (Campbell et al., 2020; Hrólfsdóttir 
et al., 2024;Krook et al., 2024; Nøkling-Eide et al., 2023). This method 
specifically uses fresh seaweeds that are either milled or cut into sizable 
parts and subjected to the process of acidification under anaerobic 
conditions (Krook et al., 2024; Nøkling-Eide et al., 2023). The process 
conditions (pH 3 or 4) restrict spoilage by microbial activities (Cabrita 
et al., 2017; Nøkling-Eide et al., 2023). The simple molecular structures 
of these naturally occurring organic acids enable their easy mobility into 
seaweed’s cell walls (Theron & Lues, 2007). This method is currently 
well-investigated across Northern Europe on the fast-deteriorating kelp 
species (Krook et al., 2024; Nøkling-Eide et al., 2023). For this, organic 
acids like formic acid (0.1 M) at pH 3.2 are added to milled seaweed 
samples in anaerobic flasks and stored for periods of up to 16 weeks 
(Nøkling-Eide et al., 2023). Different concentrations of lactic acid buff
ered with seawater are also shown to be effective in preserving brown 
seaweed at different degrees of interest (Krook et al., 2024). Acid 
preservation, overall, enhances the bioavailability of contained poly
saccharides (up to 40%) and cellulose over non-treated samples 
(Nøkling-Eide et al., 2023). In some cases, lactic acid particularly in
duces a sour taste in the seaweeds but without compromising their 
texture (Hrólfsdóttir et al., 2024; Krook et al., 2024). Though the min
eral composition of preserved samples, depends on their original con
tent, acidic wash during the process, likely causes partial removal of 
certain salts (Krook et al., 2024; Nøkling-Eide et al., 2023). Despite these 
identified limitations, acidification of seaweeds produces no foul smell 
and is considered to be a cost-effective method for preserving the solid 
matter of species that contain extremely higher moisture content (Krook 
et al., 2024; Nøkling-Eide et al., 2023).

3.6. Biosecurity and legislation on consumption safety

Biosecurity as interpreted by the Food and Agriculture Organization 
(FAO), embodies matters on food safety, zoonosis, management of dis
eases and pests, introduction of living-modified organisms (LMOs) in 
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biotechnology, and management of invasive alien species (FAO, 2007). 
To guarantee consumer safety, certain regulations are established to 
guide the allowed levels of specific undesirable elements in seaweeds 
(Besada et al., 2009; Desideri et al., 2016; Holdt & Kraan, 2011). 
Seaweed regulations however, are not entirely universal and the allowed 
levels vary across regions of the world (Holdt & Kraan, 2011). The 
allowed levels of toxic heavy metals like mercury, arsenic, lead, and tin 
are usually critically low, per Food and Drugs Administration laws. 
Reports from tests on some commercial seaweed products reveal dif
ferences in allowed levels across different countries (Besada et al., 
2009). In Europe, seaweeds commercialized as food before May 15, 
1997, and largely consumed by the populace are accepted on the market 
and not considered novel foods. However, specific regulations in some 
European countries restrict the spectrum of edible seaweeds (Holdt & 
Kraan, 2011). In Africa, existing legislation is largely dependent on in
ternational policy frameworks from standard bodies of World Trade 
Organizations (WTO) and the United Nations (UN) such as the FAO and 
International Plant Protection Convention (IPPC) for plant biosecurity. 
These policies are used as basis for the establishment of regional policy 
frameworks that prioritize standard biosecurity of both terrestrial and 
marine sourced plants (Campbell et al., 2020; IPPC, 2017; IPPC, 2016). 
International Sanitary and Phytosanitary Measures (ISPMs) is one of 
such agreements by the FAO that liaises with relevant international 
bodies to facilitate and implement biosecurity at both national and 
regional levels (IPPC, 2016) Nonetheless, no specific generalized legis
lation is established on the limits of mercury (Hg), cadmium (Cd) and 
mineral arsenic (As) in seaweed, particularly across Africa. In some parts 
of Europe, the limits of heavy metals per dry weight in edible seaweeds 
are indicated as Pb < 5 mg/kg, inorganic As <3 mg/kg, Cd < 0.5 mg/kg 
and Hg < 0.1 mg/kg (Besada et al., 2009). There is no fixed degree of 
bioaccumulation of such heavy metals by seaweeds and these are 
dependent on the pollution levels of cultivation or harvest sites (Bekah 
et al., 2023; Cherry et al., 2019). This requires the need for strict and 
intentional evaluation or examination criteria for different collection 
sites. Additionally, effective region-specific legislations based on expert 
advice and scientific researchers are well necessitated across regions of 
Africa.

4. Conclusion

In Africa, several economically viable seaweed species have been 
identified along the coastal waters. In addition to the huge volumes of 
wild seaweeds collected annually, the coastlines also offer suitable al
ternatives for farming specific species. Currently, a large portion of 
seaweeds harvested from major producers on the continent are exported 
abroad for processing. Information on local consumption is limited and 
reports are mostly based on the few available documents, online sources, 
and preliminary studies. These reports indicate seaweeds across the 
African continent, are commonly consumed in small proportions as 
iodine sources, as dried snacks, savory spices, and contained hydrocol
loids in sweets, cakes, and jam. Considering the nutritional benefits of 
seaweeds, it is evident that, the rich seaweed biodiversity of Africa, with 
evidence-based studies shall contribute to food diversification across the 
continent. Species of Pyropia, Kappaphycus, Gelidium, Gracilaria, 
Sargassum and Ulva, that thrive well across the different regions of Africa 
could be promoted for the commercialization of seaweed-based food 
products. Inclusion of seaweeds and related products into local deli
cacies on the food markets, aside promoting food diversification, also 
will support the livelihoods of local workers. Some African countries 
have over the years, implemented both international and regional 
standard initiatives as guidelines. Other local public and private stake
holders have equally played their parts in ensuring proper seaweed 
cultivation practices. However, only ~1% of produced seaweeds are 
used internally for local products. Local governments by this, have 
presented recommendations that task full participation of government 
and private stakeholders. In addition, the establishment of well- 

regulated infrastructures by provision of adequate training, technolog
ical developments, research, and processing facilities is recommended 
for up-scaling the seaweed industry to benefit local markets and further 
extend to foreign markets.
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… Jiménez-Colmenero, F. (2009). Composition and antioxidant capacity of low-salt 
meat emulsion model systems containing edible seaweeds. Meat Science, 83(3), 
492–498.
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Škrovánková, S. (2011). Seaweed vitamins as nutraceuticals. Advances in Food and 
Nutrition Research, 64, 357–369.

Solarin, B. B., Bolaji, D. A., Fakayode, O. S., & Akinnigbagbe, R. O. (2014). Impacts of an 
invasive seaweed Sargassum hystrix var. fluitans (Børgesen 1914) on the fisheries and 
other economic implications for the Nigerian coastal waters. IOSR journal of 
agriculture and veterinary. Science, 7(7), 1–6.

Sultana, F., Wahab, M. A., Nahiduzzaman, M., Mohiuddin, M., Iqbal, M. Z., Shakil, A., … 
Asaduzzaman, M. (2023). Seaweed farming for food and nutritional security, climate 
change mitigation and adaptation, and women empowerment: A review. Aquaculture 
and Fisheries, 8(5), 463–480.

Tabarsa, M., You, S., Dabaghian, E. H., & Surayot, U. (2018). Water-soluble 
polysaccharides from Ulva intestinalis: Molecular properties, structural elucidation 
and immunomodulatory activities. Journal of Food and Drug Analysis, 26(2), 
599–608.

Taylor, V. F., & Jackson, B. P. (2016). Concentrations and speciation of arsenic in New 
England seaweed species harvested for food and agriculture. Chemosphere, 163, 
6–13.

Theron, M. M., & Lues, J. F. (2007). Organic acids and meat preservation: A review. Food 
Reviews International, 23(2), 141–158.

Tuvikene, R. (2021). Carrageenans. In Handbook of hydrocolloids (pp. 767–804). 
Woodhead Publishing. 

Tuvikene, R., Truus, K., Kollist, A., Volobujeva, O., Mellikov, E., & Pehk, T. (2009). Gel- 
forming structures and stages of red algal galactans of different sulfation levels. In 
Nineteenth international seaweed symposium: Proceedings of the 19th international 
seaweed symposium, held in Kobe, Japan, 26-31 March, 2007 (pp. 77–85). Netherlands: 
Springer. 
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