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ABSTRACT
Ulva, a genus of green macroalgae commonly known as sea lettuce, has long been recognized for 
its nutritional benefits for food and feed. As the demand for sustainable food and feed sources 
continues to grow, so does the interest in alternative, plant-based protein sources. With its 
abundance along coastal waters and high protein content, Ulva spp. have emerged as promising 
candidates. While the use of Ulva in food and feed has its challenges, the utilization of Ulva in other 
industries, including in biomaterials, biostimulants, and biorefineries, has been growing. This review 
aims to provide a comprehensive overview of the current status, challenges and opportunities 
associated with using Ulva in food, feed, and beyond. Drawing on the expertise of leading 
researchers and industry professionals, it explores the latest knowledge on Ulva’s nutritional value, 
processing methods, and potential benefits for human nutrition, aquaculture feeds, terrestrial feeds, 
biomaterials, biostimulants and biorefineries. In addition, it examines the economic feasibility of 
incorporating Ulva into aquafeed. Through its comprehensive and insightful analysis, including a 
critical review of the challenges and future research needs, this review will be a valuable resource 
for anyone interested in sustainable aquaculture and Ulva’s role in food, feed, biomaterials, 
biostimulants and beyond.
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1.� Introduction

The world population is expected to reach 9.8 billion by 
2050 (Population Reference Bureau, 2023). Accordingly, the 
agricultural food gap will increase due to climate 
change-induced constraints on natural resources, i.e., fresh-
water and farmland. Consequently, ensuring food security 
has become a global imperative. The oceans will play an 
increasingly important role in feeding the growing popula-
tion with increasing demand for food and natural resources. 
Nevertheless, wild stocks cannot meet the increasing demand 
for fish or other biomass sources, including macroalgae. 
Therefore, seaweed cultivation may be essential for contrib-
uting to food security by provisioning food or feed ingredi-
ents (Araújo et� al. 2022; Forster and Radulovich 2015; 
Radulovich et� al. 2015).

Marine macroalgae, commonly known as seaweed, are 
considered the “promising plant of the millennium” 
(Dhargalkar and Neelam 2005) because of several advantages 
over land plants, such as no need for arable land, freshwater, 
fertilizer or pesticides to grow them, and the biomass can be 
utilized as food, feed, materials, gelling substances, and bio-
fuels (e.g., Chapman and Chapman 1980). Furthermore, 
macroalgae grow more rapidly and occupy space more effi-
ciently than terrestrial plants (Creed et� al. 2019). In optimal 
conditions, macroalgae can produce higher dry biomass per 
unit area per year than fast-growing terrestrial crops such as 
sugar cane (Gao et� al. 1994). Furthermore, macroalgae cul-
tivation may help reduce greenhouse gas emissions in the 
food system by replacing food, feed, and materials with 
higher carbon footprints (Troell et� al. 2022).

Seaweed production and processing can support the blue 
circular economy by contributing to the key drivers of the 
circular bio-based economy in the EU (Lange et� al. 2021), 
namely bio-based products for health and new functional-
ities, primary production, land-use change, sustainable agri-
culture, biorefineries, and biomass supply for new biorefinery 
technologies. Further, many recent publications have pro-
moted seaweed cultivation to meet many of the United 
Nations’ global sustainable development goals (UNSDGs), 
including reducing hunger, improving good health and 
well-being, providing affordable and clean energy, and miti-
gating climate change (Duarte, Bruhn, and Krause-Jensen 
2022). Despite these potential contributions to the circular 
economy, seaweed production in Europe is lagging (Araújo 
et� al. 2021), and many risks and benefits must be assessed 
before upscaling macroalgal productions into sustainable 
seaweed aquaculture. These include (i) food safety consider-
ations in integrated multi-trophic aquaculture (IMTA)/waste 
streams, (ii) genetic interactions of wild crops with culti-
vated crops, (iii) impacts of seaweed aquaculture on the sur-
rounding ecosystems, (iv) diseases and epiphytes, (v) area 
utilization from a marine spatial planning perspective, (vi) 
threats associated with climate change, (vii) using a precau-
tionary approach during carbon accounting and blue carbon 
financing, (viii) technological advancement for upscaling, 
and (ix) overcoming legal and economic constraints (Bermejo 
et� al. 2022; Chopin, 2021; Cottier-Cook et� al. 2016; 
Hasselström et� al. 2022; Loureiro, Gachon, and Rebours 

2015; Rosa et�al. 2020, 2019; Stévant, Rebours, and Chapman 
2017; Troell et� al. 2022). Although algal cultivation technol-
ogy has improved in the last decade, there is still a need to 
optimize production for energy efficiency, product quality, 
consumer safety, and biomass utilization (Stévant, Rebours, 
and Chapman 2017). Green algae in the genera Ulva, due to 
the characteristics described below, show high potential for 
becoming ideal model organisms for innovative mariculture.

In the last 30 years, Ulva spp. have been extensively ana-
lyzed for their value as food, feed, food ingredients (e.g., 
protein, carbohydrates, pigments, antioxidants), chemical 
constituents and medicinal properties, and the number of 
scientific publications involving Ulva has increased from 
2130 in 2000 to 6724 in 2023 (Google Scholar). Major 
advancements have been made in cultivation methods, 
molecular identification techniques, and in the fields of aqu-
feed, terrestrial feed, biostimulants, biomaterials, and biore-
finery strategies. From a food and feed perspective, green 
algae in the genus Ulva contain suitable levels of proteins, 
vitamins, trace minerals, and dietary fibers (Toth et� al. 2020; 
Trigo et� al. 2021; Stedt, Trigo, et� al. 2022; Stedt, Toth, et� al. 
2022; Steinhagen, Larsson, et� al. 2022; Steinhagen, Enge, 
et� al. 2021; Steinhagen, Enge, et� al. 2022; Taboada, MillÃ¡n, 
and MÃguez 2009) for human and animal consumption. 
The growing world population, environmental awareness 
and associated increased trends in vegetarianism and vegan-
ism, increasing demand for organic products, and global 
resource shortages are increasing the demand for sustainable 
marine crops and alternative proteins (Ismail et� al. 2020; 
Faber et� al. 2021; Yong et� al. 2022; Duarte, Bruhn, and 
Krause-Jensen 2022). Furthermore, increasing environmental 
degradation and climate change awareness has actively 
encouraged health-promoting programs to link human diet 
and health with environmental sustainability (Patrick and 
Kingsley 2017). Considering that unhealthy diets primarily 
cause non-communicable diseases (NCDs), which are a lead-
ing cause of death (Lauber et� al. 2020), health-promoting 
foods and lifestyles have attracted the world’s attention. 
Indeed, the increase in the consumption of plant (and 
algae)-derived foods is recommended, as they are usually 
healthier and more sustainable (Willett et� al. 2019) protein 
sources. Nevertheless, the much-cited EAT-Lancet 
Commission work discussing the need for identifying alter-
native sustainable food sources in the Anthropocene pays 
little attention to algae, although aquatic habitats (accounting 
for 70% of the Earth) will be critical in identifying novel 
sustainable and health-promoting foods such as seaweed. 
With an amino acid composition comparable to soy or egg 
protein, and including all essential amino acids (except tryp-
tophan), selected strains of Ulva bearing high protein con-
tents can partially substitute less sustainable protein sources 
(Dominguez and Loret 2019), and high contents of essential 
dietary fiber and other bioactive substances render it a ben-
eficial food item providing health and functional advantages 
(Rajapakse and Kim 2011; Holdt and Kraan 2011; Lopes 
et�al. 2019; Moreira et�al. 2022; Qi et�al. 2005). In particular, 
phytochemicals (e.g., carotenoids, phenolics) have 
health-benefiting characteristics and can be used in the cos-
meceutical and pharmaceutical sectors and as functional 
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