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ARTICLE INFO ABSTRACT

Handling Editor: Frederic Coulon Seaweeds are rich in macronutrients, micronutrients, and bioactive components and have great potential as

sustainable resources in terms of both production and consumption of a desirable food. Still, the seaweed

Keywords: aquaculture industry’s rapid growth points out challenges that need to be taken into consideration when
Seaweed assessing environmental integrity, animal, and human health. In this review, the seaweed aquaculture’s potential
One-Health impact on the wildlife and human welfare and the environmental integrity has been evaluated using the One
Aquaculture L . . . . .

Food Health approach, a principle in which human, animal, and environmental health outcomes are considered as

Bioactive peptides strictly connected. This is the first effort to implement the One Health concept into the seaweed cultivation

assessment, and it is meant to give new perspectives for the growth of this industry.

1. Introduction

The expansion of seaweed cultivations has the potential to positively
impact local poverty and ecosystem management, and provide climate
change mitigation (Hambrey, 2017). Using only sunlight and nutrients
from the sea, while taking up CO», the seaweed farming will help meet
the demand for food, animal feed, materials, chemicals, fuels, and nu-
traceutical products in the near future with a neutral carbon footprint.

Seaweeds could produce enough biomass and protein for a growing
and possibly increasingly wealthy human population with no land and
freshwater expropriation for agriculture. Moreover, seaweed farms
could have a remarkable positive influence on the ecosystem since they
can provide shelters to marine species, improve biodiversity, and pro-
vide a plethora of different ecosystem services to the environment (Kim
et al., 2017).

In Europe for several decades, the seaweeds’ cultivation has been
sporadic and mainly focused on producing alginates or agricultural
products from brown algae. Primarily, seaweeds have been farmed for
their functional polysaccharide proprieties or mineral content (Stévant
et al., 2017). In recent years, the consumption of Asian dishes (e.g.,
sushi) has enlarged the popularity of seaweed-based recipes and
increased the interest in locally available natural ingredients (Stévant
et al., 2017). Consequently, the number of research projects and in-
dustry activities tackling seaweed cultivation and production as food has
increased. Several studies have highlighted the health benefits of the

seaweed consumption given by many high-value nutrients such as
phenols, carbohydrates, vitamins, minerals, and proteins (Brown et al.,
2014; Padam and Chye, 2020; Wells et al., 2017; Cherry et al., 2019).

Despite the benefits provided in terms of public health, economic and
social benefits, the seaweed industry’s rapid growth might lead to un-
expected ecological consequences (Campbell et al, 2019). In the
expansion ecological and social aspects must be considered in order to
balance economic growth and ocean health. To reach this objective, a
holistic approach is required, in which different disciplines, including
medicine, epidemiology, farming, ecology, chemistry, environmental
science, and biology, work together.

As shown in Fig. 1, ecosystem services and potential adverse effects
on the marine ecosystem are strictly linked, and every action in any of
those compartments can influence the others. These inextricable in-
terconnections can be summarized by visualizing the health of organ-
isms and their environment as One Health. The One Health concept is a
collaborative, multisectoral, and transdisciplinary approach to
achieving beneficial health and well-being outcomes for people, non-
human organisms, and their shared environments (Commission,
2019). The importance of this concept has been highlighted by the
World Health Organization and the G20, and it is included in the United
Nations Sustainable Development Goals (SDG) (Hambrey, 2017; Oos-
terveer and Sonnenfeld, 2012).

Implementing the One Health approach in the seaweed food pro-
duction, as a principle in which human, animal, and environmental
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health outcomes are fully understood and considered, would lead to the
development of practical tools useful to tackle broad societal challenges.
Therefore, the One Health approach may become the preferable
approach in which the food production industry can be designed and
assessed, scientific evidence can be gathered, and policy and legislation
applied.

The present review aims to provide an internationally applicable
conceptual framework of the main ecological components linked to in-
dustrial seaweed productions that should be considered when using the
One Health approach. Critiques have been highlighted and integrated
into a risk assessment to measure aquaculture systems’ conditions.

2. The One Health concept

The One Health concept was proposed as an extension of the One
Medicine one. The One Medicine approach aims to recognize the close
genomic relationship between animals and humans for disease preven-
tion and better treatments (Zinsstag et al., 2011). In this context, the One
Health concept extends this idea by including the ecosystem. Indeed,
human well-being is inextricably linked to wildlife’s welfare and the
environment, in which humans live.

An increasing number of studies are now including the One Health
concept (Rock et al., 2009; Zinsstag and Tanner, 2008; Gibbs, 2014;
Lubroth, 2012; Jamwal and Phulia, 2021; Prata et al., 2021; Santos and
Ramos, 2018; Stentiford et al., 2020). In aquaculture, it has been mainly
used to describe the impact of pathogens on the environment, wildlife,
and human conditions and set practical metrics that the industry has to
follow to grant sustainability (Santos and Ramos, 2018; Stentiford et al.,
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2020). Implementing this framework in the seaweed aquaculture would
help determining suboptimal conditions that could then be measured
and the gathered data used to guide research, policy, and legislative
changes (Stentiford et al., 2020).

Since the seaweed farming is still in its infancy, its exact impact is
largely unknown. Different approaches have been used in other aqua-
culture sectors to minimize the impact on the environment and wildlife.
Seaweed farms have been used to take up nutrients and coupled with
other aquaculture activities. An example is the integrated multi-trophic
aquaculture (IMTA), which represents a practical solution to managing
the waste of fish farms by utilizing nutrients in excess as resources for
the macroalgae farming (Chopin et al., 2008). Using this strategy, this
cultivation benefits from fish waste with an overall increased biomass
production and contributes to a better exploitation of the fish feed,
reducing the environmental impact of waste (Chopin et al., 2001; Cho-
pin et al., 2012). Kelp species are recognized as the most suitable species
to get incorporated into IMTA systems in both temperate and cold water.
Some experimental sites have already been successfully tested in Galicia
and Norway, combining kelps and other species, e.g. Saccharina latissima
(Stévant et al., 2017; Freitas et al., 2016).

Another example is the development of the Norwegian environ-
mental regulation system “MOM” (Modelling-Ongrowing fish farms-
Monitoring) (Ervik et al., 1997). The MOM is a management system,
which includes environmental quality standards, where changes in the
environment can be tracked closely. The MOM program was successfully
used for the sustainable development of salmon farms in Norway. Even
though this model does represent a viable tool to monitor the impact of
fish aquaculture practices on the environment and the wildlife, it has
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Fig. 1. Schematic representation of the One Health concept in relation to seaweed aquaculture. Seaweed cultivation can cause a variety of effects, as described in the
outside circle. The arrows towards the center represent the benefits of seaweed aquaculture on each component. The arrows toward the outside are the downsides
that each component has when seaweed cultivation occurs. Green and red arrows state the intensity of the effects (green: low impact, red: high impact). The same
effect can be applied to more than one inner component. In the figure, the position of each effect is dependent on the component that they are affecting. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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limitations on the applicability to other aquaculture practices such as
shellfish and seaweed (Zhang et al., 2009). Moreover, it only considers
the interaction between the fish farms and the environment, without
integrating the human aspect.

If adequately integrated into the development of seaweed farms, the
One Health approach in seaweed production will encompass many
SDGs’ objectives. The ecosystem services given by seaweed cultivation,
such as the eutrophication reduction, would help to achieve: i) the SDG
14, in particular, the indicator 14.1.1 that aims to prevent and signifi-
cantly reduce marine pollution of all kinds; ii) the SDG 13, indicator
13.2.2, regarding climate change and reduction of greenhouse gas
emissions; iii) the SDG 2, seaweed base healthy food products would
contribute to indicator 2.1.2 that aims to end hunger, achieve food se-
curity and improved nutrition; iv) the SDG 12, seaweed biomass pro-
duction would also help to reach the target 12.2 that aims to sustainable
management and efficient use of natural resources; and v) the SDG 8, the
social services given to the population would be consistent with in-
dicators 8.3.1 and indicators 8.5.1 on achieving full and productive
employment and decent work for all women and men (SDG, 2018).

3. Chemical composition of macroalgae

Macroalgae are a broad group of photosynthetic marine species
commonly divided into three different phyla: green algae (Chlorophyte),
brown algae (Phaeophyte), and red algae (Rhodophyte), each one with
Pea unique chemical composition. They are a rich source of multiple
valuable macro- and micronutrients, including proteins, carbohydrates,
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phenols, vitamins, and minerals, making them a desirable option for
food production (Lafarga et al., 2020; @verland et al., 2019). More than
70 species of algae have been approved for food consumption, each one
with a different nutrient composition that varies according to species
and abiotic factors, such as location, temperature, habitat, collection
time, nutrient concentration in water, and salinity (Boderskov et al.,
2016; Makkar et al., 2016; Schiener et al., 2015).

The seaweed protein content has gained particular emphasis due to
the high amount that can be extract in some red and green algae. Indeed,
this content can significantly vary between species. With some excep-
tions, brown algae usually contain a lower amount of proteins than red
and green algae (@verland et al., 2019; Lourenco et al., 2002). Green
algae can contain proteins up to 26% of their dry weight (dw), even
though the amount strongly depends on the harvesting season and the
geographical area (Fleurence, 2016). The protein content of Ulva lac-
tuca, for example, is known to be strictly linked to seasonal variations
that can double the amount of extracted proteins during summer and
winter (Biancarosa et al., 2017; Mehre et al., 2014). Red algae have as
average the highest protein content, with Porphyra dioica and Porphyra
umbelicalis having up to 31.0 & 0.2 and 24.0 + 0.2 % of the total dw,
respectively, reaching the same protein content as soybeans. (Biancar-
osa et al., 2017; Garcia-Vaquero and Hayes, 2016). Fig. 2 shows average
protein contents of different algae classes, and Table 1 summarizes the
amino acid content of several seaweeds used for food consumption.
Overall, glutamic and aspartic acids are the most abundant amino acids
responsible for the typical “umami” taste, commonly associated with
seaweed. The amount of methionine, cysteine, and lysine is often limited
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Fig. 2. Average percentage of macronutrient content in brown, green, and red algae. Data adapted from Cherry et al. (2019), analyzing the content found in

36 studies.
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Table 1
Amino acid profiles of seaweed species approved for food consumption. Essential amino acids (EEAs) above and non-essential amino acids (NEEAs) below. The amino
acid values are reported as g kg-1 of dry matter. Standard deviation was calculated from the data provided from the references. (n.a. = not available).

Species Leucine  Valine Lysine Threonine Isoleucine Methionine Tryptophan Isoleucine Phenylalanine  Total References
EAAs
Alaria 7.13 + 577+ 532+ 52+093 4.03+04 1.87+0.45 na. 1.65 + 4.7 £ 0.52 35.7 (Mzhre et al.,
esculenta 0.66 0.74 0.62 0.26 + 4.08 2014; Munda,

1977; Gaillard
et al., 2018)

Ascophyllum 5.9+ 4.98 + 5.04 + 4.55 + 3.54 + 1.96 £ 0 n.a. 1.73 + 4.45 + 0.78 321 (Munda, 1977;
nodosum 0.25 0.86 0.86 0.53 0.41 0.67 + 3.61 Kadam et al., 2017)

Fucus 4.08 + 2.88 + 3.09 + 275+ 1.1 2.2 +1.08 1.65 + 0.15 n.a. 0.99 + 2.66 + 1.33 20.3 (Mzhre et al.,
vesciculus 2.08 1.56 1.55 0.36 +7.9 2014; Munda,

1977; Munda and
Gubensek, 1976)

Himanthalia 2.92 + 3.69 + 3.06 + 2.92 + 2.19 + 1.63 + 0.33 n.a. 1.5+ 0.5 2.54 + 0.25 20.4 (Garcia-Vaquero
elongata 0.87 0.58 0.16 0.32 0.08 +2.88 and Hayes, 2016;
Cofrades et al.,
2010)
Laminaria 4.9 + 3.85+ 345+ 3.55 + 2.9+0.2 1.55 + 0.25 n.a. 1.2+0 3.25+0.15 24.65 (Munda, 1977;
digitata 0.3 0.25 0.25 0.25 + 1.5 Munda and
Gubensek, 1976)
Saccharina 372+ 18.7 £ 51.6 + 27.6 + 18.5 + 16.4 +12.8 3.4+0.1 7.44 + 6.3 25.5 +13.9 206.5 (Boderskov et al.,
latissima 26.7 14.6 45.5 23.3 14.5 + 2016; Bak et al.,
144.1 2019; Marinho
et al., 2015;
Sharma et al.,
2018)
Undaria 7.19 + 6.14 + 4.74 + 4.19 + 4.24 +£ 0.5 231 +£1.24 07+0 4.78 + 2.2 4.84 £+ 0.48 39.1 (Cofrades et al.,
pinnatifida 1.07 0.71 1.4 1.02 +8.17  2010; Dawczynski
et al., 2007;

Taboada et al.,
2013; Zhou et al.,

2014)
Chondrus 6.6 5.4 6.3 4.8 3.9 1.8 n.a. 2.1 5.2 36.1 (Parjikolaei et al.,
crispus 2016)
Palmaria 9.33 + 8.73 + 8.06 + 673+ 5.66 + 3.03 +0.73 n.a. 2.06 + 6.23 +1.22 49.8 (Mzhre et al.,
palmata 2.05 1.89 0.79 1.77 1.32 0.37 + 8.95 2014; Munda and

Gubensek, 1976;
Parjikolaei et al.,

2016)
Pyropia spp. 12.5 + 11.7 + 9.39 + 10 + 6.43 6.62 + 3.01 +1.75 0.7+0 3.38 + 8.2 +4.94 65.6 (Munda and
9.09 8.59 6.6 4.23 1.32 + 38 Gubensek, 1976;

Cofrades et al.,
2010; Dawczynski

et al., 2007;
Taboada et al.,
2013)
Ulva spp. 20.5 + 7.42 + 6.66 + 7.09 + 5.5 + 3.55 3.58 + 2.97 0.7+0 1.57 + 6.76 + 4.41 59.8 (Mazhre et al.,
26.8 4.33 3.36 4.01 0.93 +45.9  2014; Munda and

Gubensek, 1976;
Bikker et al., 2016;
Ortiz et al., 2006;
Tabarsa et al.,
2012; Wong and
Cheung, 2000;
Yaich et al., 2011)

Mastocarpus 4.51 4.15 5.77 3.62 2.89 1.27 n.a. 1.6 3.82 27.63 (Gaillard et al.,
stellatus 2018)
Vertebrata 9.9 7.6 12.6 7.8 7.2 1.8 n.a. 2 8.2 57.1 (Mahre et al.,
lanosa 2014)
Species Alanine Arginine Cyst Glysine Proline Tryptophan  Aspartic Glutamic Serine Total References
(e)in acid acid NEAAs
Alaria 14.43 + 4.79 + 1.43 5.61 + 4.4 + 3.45 + 0.54 10.61 + 16.4 + 5.1+ 66.2 + (Mahre et al., 2014; Munda,
esculenta 3.3 0.49 +0 0.68 0.66 2.19 2.87 0.61 11.9 1977; Gaillard et al., 2018)
Ascophyllum 5.62 + 4.07 + 0.44 4.96 + 3.06 £ 2.33£0.41 11.2+ 18.65 + 413 + 54.4 + (Munda, 1977; Kadam et al.,
nodosum 0.42 0.66 +0 0.69 0 2.79 5.55 0.36 11.6 2017)
Fucus 4+ 2 2.76 + n.a. 3.23 + 2.35 + 1.28 + 0.57 6.51 + 11.66 + 2.78 + 34.6 + (Mahre et al., 2014; Munda,
vesciculus 1.53 1.32 1.32 2.7 6.68 1.12 18.6 1977; Munda and Gubensek,
1976)
Himanthalia 3.36 + 2.82 + 1.72 2.84 + 217 + 2.05 + 0.64 5.57 + 7.16 £ 2.83 + 30.5 + (Garcia-Vaquero and Hayes,
elongata 0.04 0.22 + 0.14 0.37 0.37 0.36 0.06 3.89 2016; Cofrades et al., 2010)
1.41
Laminaria 4.4 + 3.1+0.3 n.a. 3.95 + 3.35 + 2.1+0.3 6.9 + 7.95 + 3.15 + 34.9 + (Munda, 1977; Munda and
digitata 0.79 0.15 0.55 0.69 0.55 0.44 3.94 Gubensek, 1976)
18.2 +£19.7

(continued on next page)
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Table 1 (continued)
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Species Alanine Arginine Cyst Glysine Proline Tryptophan  Aspartic Glutamic Serine Total References
(e)in acid acid NEAAs
Saccharina 36.5 + 38.6 + 2.93 50.3 + 24.8 + 120.5 + 119.2 + 32.6 + 443.9 (Boderskov et al., 2016; Bak
latissima 31.1 31.6 + 46.1 19.5 102 95.1 24.8 + 386.1 et al., 2019; Marinho et al.,
1.89 2015; Sharma et al., 2018)
Undaria 8.26 + 5.96 + 0.68 6.44 + 4.27 + 5.39 +£2.8 9.76 + 13.24 + 5.05 + 59 + (Cofrades et al., 2010;
pinnatifida 2.52 1.6 + 0.82 0.5 1.61 0.78 0.83 12.2 Dawczynski et al., 2007;
0.25 Taboada et al., 2013; Zhou
et al., 2014)
Chondrus 6.7 9 3.4 6.7 5.8 2.4 11.2 11.7 5.7 62.6 (Parjikolaei et al., 2016)
crispus
Palmaria 10.96 + 6.93 + 2+ 8.7 £ 8.03 £ 3.73 £2.03 14.93 + 15.76 + 7.16 + 78.2 £ (Mahre et al., 2014; Munda
palmata 2.48 1.24 1.5 1.71 2.35 2.45 4.61 1.22 20.8 and Gubensek, 1976;
Parjikolaei et al., 2016)
Pyropia spp. 17.6 £ 12.1 + 1.54 11.1 + 8.02 + 7.32 £ 5.55 17.2 £ 20.3 + 9.94 + 105.2 (Munda and Gubensek, 1976;
14.4 6.9 + 7.42 5.56 12.2 14.2 7.51 +79.9 Cofrades et al., 2010;
1.01 Dawczynski et al., 2007;
Taboada et al., 2013)
Ulva spp. 10 + 7.72 + 1.25 8+ 3.98 6.22 + 4.89 £ 2.73 13.93 + 15.32 + 7.15 + 74.5 + (Mehre et al., 2014; Munda
4.74 4.12 + 3.41 8.04 9.64 3.78 45.3 and Gubensek, 1976; Bikker
0.44 et al., 2016; Ortiz et al., 2006;
Tabarsa et al., 2012; Wong and
Cheung, 2000; Yaich et al.,
2011)
Mastocarpus 4.35 5.93 2.6 6.6 3.68 n.a. 8.6 8.02 4.25 44.0 (Gaillard et al., 2018)
stellatus
Vertebrata 7.6 7 2.1 8.9 10.8 5.4 12.3 16.3 7.7 78.1 (Mahre et al., 2014)
lanosa
in brown algae, while leucine and isoleucine are less present in red algae 3.2. Proteins

proteins (Bleakley and Hayes, 2017). Lysine, in particular, is an essential
amino acid present in limited quantities in terrestrial plant protein
sources such as corn, rice, soy, and wheat. Thus, seaweed may represent
a relevant source for the implementation of essential amino acids in
healthy diets. In addition to proteins, seaweeds also contain fibers
(20-30%), lipids (2%), and carbohydrates (up to 50%, as in the case of
brown algae). Dietary fibers have been positively correlated to anti-
obesogenic effects, including improved satiation, delayed nutrient ab-
sorption, and delayed gastric emptying (Brownlee et al., 2005).

3.1. Bioactive peptides

One of the main drivers for the recent increased interest in seaweed
cultivation has been the potential production of nutritional components
and the potential presence of bioactive peptides.

Bioactive properties are short amino acid sequences (i.e., 2-20 aa),
encrypted in a protein, that can exert their beneficial effects once
released through food processing, extraction, or digestion. Once avail-
able, these peptides have various biological effects, including antioxi-
dant, antidiabetic, cholesterol-lowering, antihypertensive, antiobesity,
anticancer, and antimicrobial (Admassu et al., 2018; Daliri et al., 2017).
Due to the extraordinary seaweed diversity, a high variation of bioactive
peptides from seaweed may be revealed and complement those already
extracted from other sources such as meat, milk, cereals, and fish (Haque
and Chand, 2008; Malaguti et al., 2014; Pampanin et al., 2012; Ryan
et al., 2011). Hence, research on bioactive peptides could reveal nutri-
tional benefits that may reduce the occurrence of severe human health
challenges (Riiegg et al., 2018; Berry et al., 2015; Godfray et al., 2010).
Bioactive peptides extracted from seaweed can, therefore, potentially be
added as functional components in healthy diets and prevent and treat
diseases (Brown et al., 2014).

Recently, many studies have reported a series of new seaweed-
derived bioactive peptides, and more details related to their positive
effects on human health can be found in the comprehensive review
published by Lafarga et al. (Lafarga et al., 2020). Nevertheless, this is
still a relatively new research field with a great potential to include
many seaweed species and likely to increase in the coming years.

Seaweeds have a low content of easily digestible proteins when eaten
raw. Therefore, several studies have focused on finding efficient
extraction methods to maximize the amount of proteins available during
the consumption of seaweed products (Bleakley and Hayes, 2017;
Cermeno et al., 2020). The protein extraction is a challenging step due to
the complexity and the rigidity of the macroalgal cell wall and the
presence of polysaccharides (e.g., alginates) and polyphenols. A protein
extraction usually involves the disruption of the cell wall, using various
approaches such as chemical treatment, enzymatic digestion, high-
pressure disruption, or ultrasonication. The different types of physio-
logical and biochemical characteristics of seaweeds usually affect the
protein yield, and the extraction method applied can have a significant
impact on the biological activity of the protein or peptides. Even though
the literature is relatively limited regarding seaweeds’ protein content
compared to other crops, different extraction methods have been suc-
cessfully proposed (Cermeno et al., 2020). Relevant information can be
found in a comprehensive review published by Cermeno et al. (Cermeno
et al., 2020). The authors evaluated extraction techniques applied for
the discovery and the generation of bioactive peptides from seaweed,
thereby providing vital information for pursuing the development of
seaweed products.

4. Seaweed safety and daily intake

Effects, both beneficial and adverse, derived by seaweed consump-
tion can be considered as average intake to provide useful information.

Roleda et al. (Roleda et al., 2019) carried out a health risk assessment
on the human seaweed consumption, based on the average intake in
China of 5.2 g per day of dw, corresponding to 26 g of fresh seaweed per
capita. This is likely to be a conservative approach to estimate the
average European seaweed daily consumption, due to the different
eating culture in those areas. Based on these levels, for example, the
seaweed’s heavy metal concentration contribution would be below the
EU Commission Regulation on contaminants in foodstuffs (CEVA, 2019).
However, a regular intake of seaweed might lead to trace metals’ bio-
accumulation when the product is grown in contaminated areas, since
macroalgae can accumulate trace metals several orders of magnitude
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higher than the surrounding waters (Bonanno and Orlando-Bonaca,
2018).

In general, due to their absorption and bioaccumulation capacity,
seaweed can be a direct source of ingestion of toxic chemicals such as
cadmium, lead, mercury, arsenic, and micronutrients, such as iodine.
Studies have highlighted the variability between species regarding the
absorption of trace metals, micronutrients, and other pollutants (Pha-
neuf et al., 1999; Turner et al., 2008; Chalkley et al., 2019). Bonanno
et al. (Bonanno et al., 2020) showed a high bioaccumulation of trace
metals in Posidonia oceanica and Ulva lactuca collected in the Mediter-
ranean Sea. Since U. lactuca is used as a feed source for animals, this
might represent a challenge in the animal farming sector (Bonanno
et al., 2020). A positive correlation between the fluctuation of salinity
and temperature on trace metal accumulation has been demonstrated in
laboratory experiments conducted using Ulva spp. (Turner et al., 2008;
Haritonidis and Malea, 1999). The risk of reaching toxic levels is
considerably low, even in heavily polluted areas (Phaneuf et al., 1999;
Chalkley et al., 2019). However, these findings need to be confirmed by
long-term evaluation in seaweed consumers.

One point of concern is the potentially dangerous high concentration
of iodine and other trace metals due to the consumption of some
seaweed species (Nanri et al., 2017). Iodine is a micronutrient essential
for synthesizing thyroid hormones, and it is necessary for human growth
and development, especially in the early stage of life (Delange, 2000;
Zimmermann, 2009). A moderate intake of this nutrient could help the
general iodine-deficient population in Europe to prevent thyroid disor-
ders, even though excessive intake may be detrimental (Zimmermann
and Andersson, 2011). In some algae, the iodine concentration can reach
up to 624.5 ug / g dw (as for example in Laminaria digitata), while a total
concentration of 150 ug per day has been suggested to avoid thyroid
impairment (Desideri et al., 2016; Nitschke, 2016).

Another trace metal of possible concern is arsenic., which has been
shown to resist cooking and in vitro digestion (Almela et al., 2005).
While a high amount of arsenic can lead to DNA damage and potentially
carcinogenesis, the majority of arsenic in seaweed is present as arsen-
osugar which is less toxic (Cherry et al., 2019; Ma et al., 2018; Holdt and
Kraan, 2011). Taylor, Li (Taylor et al., 2017) showed that arsenic
amounts in 23 different algae species in some commercial products were
neglectable, except for Hijiki, where 87% of the extractable arsenic was
present as inorganic arsenic (IARC Working Group on the Evaluation of
Carcinogenic Risks to Humans, 2012). In addition, the inorganic arsenic
was determined in 112 species of seaweed preparation sold in Spain, all
of which within safe limits, with the exception of Hijiki in which the
level of arsenic ranged from 41.6 to 117.0 mg/g (Almela et al., 2006).

While only a few studies have dealt with the possible microbiological
contamination, they all agree that this type of contamination is not of
concern (Wang et al., 2009; Bindu, 2011). The presence of Escherichia
coli on algae harvested from heavily contaminated areas has been tested,
showing that the bacteria were almost absent in every sample (Wang
et al., 2009; Kumaran et al., 2010). Park, Jeong (Park et al., 2015) re-
ported a norovirus outbreak associated with the green algae (Enter-
omorpha spp) consumption, and few other studies have been associated
with foodborne intoxication associated with seaweeds (Haddock and
Cruz, 1991; Yotsu-Yamashita et al., 2004). This highlights the necessity
to further study the potential microbial contamination of seaweed,
especially in the context of food production.

While most of the studies have focused on the health benefits asso-
ciated with seaweed consumption, Cherry, O’Hara (Cherry et al., 2019)
highlight the lack of human intervention trials in investigating the po-
tential risks of consuming seaweed components. There is still a need to
characterize each seaweed component and its effect on human health to
discern which one positively or negatively affects individuals’ health
status. Even though observational studies could indicate potential ben-
efits, these outcomes need to be taken with considerable caution. The
specific grams of seaweeds needed to obtain a meaningful amount of
protein, bioactive peptides, or dietary fibers also must be considered.
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Even more, with a higher intake of seaweed, there might be a following
increased intake of toxic elements that need to be accounted for.

5. Benefits of eating seaweeds

The majority of data concerning seaweed and human health benefits
are gathered through in vitro trials, as reviewed by Déléris et al. (Déléris
et al., 2016). Most of these effect have also been substantiated by
observational studies, as extensively summarized by Brown et al.
(Brown et al., 2014) and Cherry et al. (Cherry et al., 2019), and are
beneficial to human health in various aspects: increasing digestive ef-
ficiency, weight management, and preventing a wide range of diseases.

Several of these beneficial effects are due to the presence of unique
bioactive compounds that are not present in terrestrial food sources.
Some of these novel bioactive compounds such as phlorotannins and
certain polysaccharides have a potential for treatments of chronic dis-
eases as Alzheimer, as well as been used for their anticancer and anti-
viral potential (Bauer et al., 2021; Bilal and Igbal, 2020; Shi et al., 2017).

The bioactivities reported in the literature, concerning peptides
extracted from seaweed proteins, showed a wide range of beneficial
effects. Bioactive peptides present in brown and red seaweeds have
shown anti-tumorigenic effects, further indicating the potential for these
compounds’ utilization (Olivares-Banuelos et al., 2019; Miranda-
Delgado et al., 2018). These antitumoral effects of seaweed have been
substantiated by a study conducted in Japan on stomach and colorectal
cancer (Minami et al., 2020). In vitro trials with bioactive peptides
extracted from seaweed have also highlighted the potential of seaweed
as an energy regulator in obesity and type-2 diabetes (Bermano et al.,
2020). Although studies on diabetes are mostly largely lacking, Kim
et al. (Kim et al., 2008) showed that high fiber intake from Ascophyllum
nodosum and Saccharina japonica led to a significant reduction of glucose
level in blood in obese individuals after a four-week trial. There are also
indications of potential benefits of bioactive peptides on preventing
cardiovascular diseases, showing an inversed correlation between
seaweed consumption and ischemic heart disease in Japanese adults
(Murai et al., 2019). Another research deepens these results finding an
inverse association with cardiovascular mortality among Japanese men
and women, especially related to cerebral infarction (Kishida et al.,
2020).

6. Bioavailability of seaweed components

Knowing seaweed’s products ’ bioavailability is of primary impor-
tance to systematically document and quantify seaweed consumption’s
biological benefits. Bioavailability can be described as the fraction of
ingested food components available at the target site of action for uti-
lization in physiological functions (Guerra et al., 2012). It entails the
entire process from the first manipulation of food due to conventional
processing techniques, such as heat treatment, drying, or freezing and,
also, digestion and distribution of seaweed components in the human
body. These processes can potentially change seaweed component pro-
prieties, leading to a different metabolic fate in the human body, and
therefore, every step needs to be evaluated and controlled (Bleakley and
Hayes, 2017).

Garcia-Sartal et al. (Garcia-Sartal et al., 2013) showed that a water
cooking procedure promoted the release of various metals into the
boiling water, thus lowering the concentration of ingested metals.
Another study carried out on eight different species of Indonesian
seaweed showed a higher amount of macrominerals (i.e., Na, K, Ca, and
Mg) and a lower trace-mineral content (i.e., Cu, Zn, and Fe), with high
solubility of Mg and Ca (Santoso et al., 2006), after boiling. Pina et al.
(Pina et al., 2014) determined the profile of the red seaweed, Chondrus
crispus, based on four different factors: phycobiliproteins, volatile
compounds, p-carotene and lutein, and antioxidant activity after
different culinary treatments, showing a significant decrease in phyco-
erythrin content and an increase in f-carotene and lutein and an overall
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increase on the total antioxidant activity after boiling. Other studies
have pointed out the adverse effects of processing seaweed with a loss of
free amino acids and vitamins (Perry et al., 2019; Kazir et al., 2019). In
particular, a study conducted on P. palmata and A. esculenta showed an
increase of amino acid availability after heat treatment (either boiling
for 15 or 30 min) by 86-109%, and further that the amount of free amino
acid was 64-96% higher in treated samples compared to raw ones
(Maehre et al., 2016).

In addition to processing, another critical factor is the transfer of
components from the food to the organism. Digestion processes, release
from the food matrix, and the behavior of algal food components in the
gut affect the absorption and the bioavailability of macroalgae compo-
nents (Bleakley and Hayes, 2017). In general, nutrient bioavailability in
seaweed is lower than that of animal products (Barbier et al., 2019). This
difference has been attributed to human guts’ minor ability to degrade
complex polysaccharides, impeding proteins’ accessibility and other
components to gastrointestinal enzymes (Lopez-Santamarina et al.,
2020; Mehre et al., 2016). Therefore, a legitimate strategy to create
added-value products would be the selective extraction of individual
components from the seaweed matrix, such as bioactive peptides. In vivo
studies regarding the bioavailability of seaweed components are there-
fore required and deserve further research.

7. Seaweed industrial production

Seaweeds have traditionally been an essential ingredient in Asian
countries, leading the market, with 98% of the total biomass production
(FAO, 2018). In Japan, consumers have an average intake of 1.6 Kg dw
per year per capita (Makkar et al., 2016). In Western countries, mac-
roalgae are not a significant food source yet, and industrial applications
have been limited mainly to the production of phycocolloids (alginate,
agar, carrageenan) (Fleurence, 2016). However, the seaweed production
is now receiving growing interest due to its recognition as a sustainable
source of renewable biomass, the zero-footprint impact in cultivation,
and its health-promoting characteristic (Desideri et al., 2016). Data
regarding macroalgae’s perspective, in terms of future utilization pos-
sibility, is lacking as the industry is still at the beginning of its potential.
A limited seaweed supply also constrains the food production market.
Today the demand for many seaweed species such as P. palmata is out-
stripping the supply (Barbier et al., 2019).

Wild seaweed species harvesting accounts only for less than 2% of
the worldwide supply. This approach is currently used in Europe and
Asia for economically attractive species for which cultivation techniques
are not yet established (FAO, 2018; FAO, 2018). Wild harvesting can
lead to the depletion of those natural resources (Fenberg and Roy,
2008), and the use of mechanical harvesting gears has also raised con-
cerns about the sustainability of these practices and their adverse effects
on the marine ecosystem (Skjermo et al., 2014). An additional research
effort is needed to develop new protocols for cost-efficient production
and potential valuable products. According to Barbier et al. (Barbier
et al., 2019), macroalgae products’ development increased by 147%
from 2011 to 2015, which can be reflected by increased market demand
for seaweed biomass. To fulfill this demand for products with environ-
mentally sustainable and responsible production, there is the need for
guidelines for future ventures. As previously described, seaweeds can
represent a source of intake of toxic chemicals. Therefore, the possibility
for seaweeds to represent a safe food requires the development of leg-
islative measures, which will ensure monitoring and labeling of products
to safeguard, for example, against excessive intakes of salt, iodine, and
heavy metals.

In general, guidelines to support stakeholders to develop seaweed
products are lacking and ventures needs to comply with each country’s
specific regulations. For instance, a company that wishes to sell those
products has to deal with the Food and Drug Administration (FDA)
regulatory body in the USA and with the Food safety commission
(MAFF) in Japan (Holdt and Kraan, 2011), making a profitable
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international business harder to approach.

In Europe, a harmonized legislation for evaluation of seaweed
product safety and standardised procedures for the development of
novel foods and food additives would support the development of the
seaweed industry (Lahteenmaki-Uutela et al., 2021). As pointed out by
Holdt and Kraan (Holdt and Kraan, 2011), the European legislation is
currently complicated and is changing continuously, making the market
of seaweed challenging. Recently, Barbier et al. (Barbier et al., 2019)
shed light on the current situation in terms of food security and legis-
lation in main producing countries with a special focus on the European
market. At present, an effort to standardize the European legislation on
the commercialization of seaweed has been undertaken by the European
Food Safety Authority (EFSA). Some preliminary results have been
already published regarding the risk associated to seaweed consumption
(Institute, 2019). However, it is important to highlight that there is a
need for more data to perform robust risk assessments in the coming
time.

Here we present a risk assessment based on the One Health concept
that could be used as a foundation for developing universal guidelines
for sustainable seaweed cultivation and production.

For sustainable products and responsible productions, a process
development requires an environmentally sustainable foundation,
linking industrial-economic prosperity and social interests. Therefore, to
evaluate foundation sufficiency, a risk assessment based on the One
Health concepts could provide the necessary guidelines.

8. Risk assessment

A hypothetical risk assessment on each part of the One Health
concept (humans, environment, and wildlife) is presented in Table 2.
The table summarizes the potential benefits and negative impacts of
increased seaweed production, considering the direct and indirect in-
fluence of these activities on the environment, human health, and ani-
mal health. The critical point presented serves for reference, and
hopefully, they can be updated as new data are gathered following the
expansion of the seaweed industry. Furthermore, as mentioned above,
every stressor is strongly dependent on geographical area and season-
ality; hence, the risk assessment should also be weighed for each specific
farm on a case by case basis.

8.1. Human health challenges related to seaweed production

Besides the direct effects derived by seaweed consumption described
above, seaweed aquaculture can provide a range of positive public
health effects, with economic and social advantages. Seaweed farming
has already generated substantial socio-economic benefits to marginal-
ized coastal communities in developing countries. In some of these
communities, seaweed farming resulted rapidly the primary source of
income (FAO, 2018). According to the 2018 FAO report, seaweed
farming takes place in more than 50 countries, and thanks to the low
initial capital investment required and the safe accessibility of seaweed
plots, it can gives a vital income opportunity to a community (FAO,
2018). Seaweed cultivation may result in a significant opportunity to
earn some income, especially for women in developing countries, giving
direct benefit to societal equality (FAO, 2018; Larson et al., 2020).
Carrageenan seaweed farms have shown similar socio-economic benefits
in countries such as Mexico, Tanzania, India, and Indonesia (Valderrama
et al., 2013).

A study conducted in Sweden highlighted the potential of seaweed
cultivation to become a highly profitable industry in which negative
externalities are relatively small compared to the financial value
generated (Hasselstrom et al., 2018). The positive externalities derived
by seaweed aquaculture, such as habitat generation, carbon sequestra-
tion, and bioremediation through nutrient uptake, described below in
this review, will likely impact society positively. Another positive effect,
often overlooked, is the freshwater savings when comparing mariculture
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Table 2
Benefits and negative impact of seaweed cultivation and industrial seaweed production on humans, wildlife, and the environment.
Target Characteristic Benefits Negative Impact Reference
Human Food Food produced by seaweed farms is nutritious Possible risk of exposure to harmful microbial (Brown et al., 2014; Wells et al.,
provisioning and has beneficial effects associated with the and chemical contaminants by human consumers ~ 2017; Cherry et al., 2019)
presence of bioactive compounds.
Human Aesthetical value  Increased interest in the marine environment Farm installation can reduce the land value. (Skjermo et al., 2014; Hasselstrom
through scientific and educational programs. et al., 2018; Ullmann and Grimm,
2021)
Human Income Poverty alleviation and wealth generation, None. (FAO, 2018; Skjermo et al., 2014;
generation especially in developing countries. Access to Ullmann and Grimm, 2021)
high-quality food and other opportunities.

Human Quality Enhanced employment opportunities. Gender Working in a risky environment. (FAO, 2018; FAO, 2018; Ullmann

employment equality and technical knowledge and skills and Grimm, 2021; Msuya, 2012)
generations.

Environment Spatial footprint The spatial footprint for sea-based production Less space for recreational activity, possible (Hasselstrom et al., 2018; Ullmann
Human systems is minimum relatively to yield presence of litter, and wastes from seaweed and Grimm, 2021; Ottinger et al.,

compared to other production systems. farms. 2016)

Environment Freshwater The freshwater consumption is limited None. (Barbier et al., 2019; Radulovich,
Human consumption compared to other food production techniques. 2011; Duarte et al., 2017)

Environment Cco2 Seaweeds account for almost 50% of all carbon Increased releasing of DOM and POM can (Froehlich et al., 2019; Capron

sequestration fixed in marine sediments. The carbon footprint ~ negatively affect the seafloor leading to anoxiaor et al., 2020; Hendriks et al., 2014;
is negative thanks to carbon uptake by hypoxia, directly impacting the ecosystem living ~ Chung et al., 2013; Xiao et al.,
seaweeds. underneath. 2021)

Target Characteristic Benefits Negative Impact Reference

Environment Nutrient uptake No addition of nutrients needed. Seaweed can Local reduction of nutrients leading to a (Ullmann and Grimm, 2021;
Wwildlife minimize the impact of eutrophication on change in the composition of wild Viaroli et al., 2008; Visch et al.,

impacted areas. phytoplankton and zooplankton. 2020; Xiao et al., 2017)

Environment Primary production Seaweed farms contribute to a significant partof ~ None. (Duarte et al., 2017; Jupp and
Wwildlife primary production. Drew, 1974; Wu et al., 2016)

Environment Introduction of new Increased local habitat biodiversity and Absorption of kinetic energy. Change on (Campbell et al., 2019; Visch
Wwildlife structures productivity. the natural course of coastline erosion. On et al., 2020; Grant and Bacher,

a large scale, change in local 2001; Smale et al., 2013)
hydrodynamics.

Environment
Wwildlife

Human Chemical hazards Farm management procedures use a minimal Accumulation of pollutants from the (Bonanno and Orlando-Bonaca,

amount of chemicals and pesticides. Chemical surrounding environment 2018; Bonanno et al., 2020; Visch
impact on the surrounding environment and et al., 2020; Brinkhuis et al.,
wildlife is minimal. 1987)

Environment Release of reproductive None. Loss of habitat fitness with possible (Valiela et al., 1997; Valero et al.,
Wwildlife material and non-native ecosystem shifts. Spread of non-native 2017; Loureiro et al., 2015)
Human species species leading to direct effects on

farmers.
Wildlife Interaction with Increase possibility of entanglement and other Provision of species refugee. (Campbell et al., 2019; Poonian

megafauna
megafauna.

problems related to the presence of farms to

and Lopez, 2016; Norderhaug
et al., 2005)

to land based cultivation. Water scarcity may be the most limiting factor
to increasing world food production (Radulovich, 2011; Duarte et al.,
2017). When being compared to land crops, seaweed production could
help save up to 1000 L of freshwater per kilogram of biomass (Radulo-
vich, 2011).

A research work, appointed by Innovation Norway in collaboration
with the Norwegian Ministry of Fisheries and Coastal Affairs, reported
the social-economic benefits of seaweed cultivation in Norway (Skjermo
et al., 2014). Macroalgae cultivation, which uses only sunlight and nu-
trients from the sea while taking up CO5, may provide a zero COy
footprint industry and significantly contribute to meet the demand for
food, feed, materials, chemicals, fuels, and nutraceutical in the near
future. Leading the way to a steady replacement of fossil resources, the
cultivation of macroalgae in Norway would establish a future feedstock
bypassing the competition with land-based agricultural resources.

8.2. Environmental impact

Environmental conditions required for the growth of different spe-
cies of seaweed vary. In general, seaweeds need areas with enough nu-
trients, optimal light, and specific temperature ranges. Depending on
these factors, the environmental impact of a seaweed farm can be
diverse. The establishment of universal guidelines could be incomplete

and would not consider specific site characteristics, species selected
(concerning the use of alien and locally absent species in aquaculture),
or biosecurity measures to control the spread of diseases. These specific
site considerations must be taken into account to minimize the indus-
try’s impact on the environment.

While there is still a lack of data regarding extensive cultivations in
western countries, several studies have highlighted the potential bene-
fits of seaweed farms on the marine environment. Direct impacts, due to
farming operations, are mainly localized and site-specific, and, by
contrast, there is increasing evidence that seaweed aquaculture could
significantly mitigate small-scale environmental impacts. Seaweed cul-
tivations do not need pesticides and fertilizers and instead remove
inorganic nutrients (Campbell et al., 2019; Marinho et al., 2015). If co-
located in areas with high anthropogenic nitrogen input, seaweed
cultivation could substantially reduce the excess of nitrogen, phos-
phorus and organic pollutants (Seghetta et al., 2016; Arumugam et al.,
2018). Seghetta et al. (Seghetta et al., 2016) assessed the nutrient uptake
of extensive offshore cultivation of S. latissima, resulting in an uptake of
at least 10% of anthropogenic phosphorus output. A comprehensive
study performed on the Chinese coast on a large scale seaweed culti-
vation system, showed that seaweed cultivation already plays a central
role on mitigating coastal eutrophication (Xiao et al., 2017). The
seawater nutrient concentration reduction efficiency of the seaweed
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farm was found of 47% =+ 3% for phosphorus and 53% =+ 7% for nitrate
depending on the location and species used (Xiao et al., 2017).

On a larger scale, seaweed cultivations could also contribute to
climate change mitigation (Duarte et al., 2017; Froehlich et al., 2019).
Fast-growing brown kelps (i.e. S. latissima; Laminaria hyperborea,
Undaria pinnatifida) are some of the most productive vegetation systems
on Earth, accounting for almost 10% of the total ocean-based primary
production and 50% of all carbon fixed in marine sediment (Jupp and
Drew, 1974; Smale et al., 2013; Pedersen et al., 2012; Smale et al.,
2020). Although this enhanced primary production and CO, seques-
tration are likely to play a small role, they would still be a positive
contribution (Ortiz et al., 2006) The potential of seaweed species to
locally increase the seawater pH has been recently studied. The high-
lighted mechanism could potentially provide an ecologically important
way to improve seawater conditions and counteract the ongoing acidi-
fication process (Hendriks et al., 2014; Chung et al., 2013; Pettit et al.,
2015). Xiao et al. (Xiao et al., 2021) have shown the capacity of seaweed
farms to remove CO» from the seawater in a large scale setting, with the
species Saccharina japonica raising the seawater pH by 0.100 within the
farm area. Even though evidence are still limited, this display the po-
tential of seaweed farming in buffering the ocean acidification.

Long-term data on the effects of seaweed farms on the environment is
still lacking and therefore needed. Despite that, a recent study carried
out on Sungo Bay (China) assessed that the sediment status beneath a
bivalve and seaweed farm, over ten years, was in “best conditions,” and
the environmental impact was low (Zhang et al., 2020). Zhang et al.
(Zhang et al., 2020) have also observed significant macrofauna changes
compared to previous assessments, meaning an increased total envi-
ronmental health. Even though impacts are strongly dependent on
specific sites characteristic, these data show a low impact on the seafloor
due to the enhanced biomass production. Nevertheless, anoxia and
hypoxia events due to macroalgae bloom have been described (Valiela
et al., 1997). Dissolved and particulate organic matter released from
seaweed farms in sites without current or in shallow areas could lead to
these anoxia and hypoxia events potentially damaging the ecosystem
(Viaroli et al., 2008).

If not correctly managed, scaling up industrial cultivation will not be
without consequences. Potential adverse effects on the environment are
still poorly studied, and long-term data that might enhance or resize the
ecosystem services given by seaweed farms to the environment are
lacking. It is conceivable that industry’s growth may lead to an inevi-
table modification of the environment for introducing new structures in
the water and the biotic consequences linked to the introduction of new
biomass. The physical interaction of seaweed cultivation deployed into
the sea, near the coastline, could cause a breakdown of swells, theo-
retically changing coastline erosion’s natural course (Campbell et al.,
2019; Smale et al., 2013). This absorption of kinetic energy, on a large
scale, would lead to changes in local hydrodynamics. Indeed, a circu-
lation model of flow in a site of dense cultivation of macroalgae and
bivalves displayed a significant reduction of the total flow, reaching a
decrease of 54 % in the middle of the cultivations compared to control
(Grant and Bacher, 2001). This lower flow rate could significantly
decrease the exchange rate of nutrients that may change the seawater
body’s chemical properties. This problem could be avoided with a
careful selection of the site and careful management to avoid negative
consequences for protected or vulnerable species.

8.3. Wildlife impact

Seaweed ecosystems are diverse and structurally complex systems
that have highly heterogeneous biodiversity (Steneck et al., 2002).
Cultivated seaweed plots have been shown to rapidly attract biodiver-
sity, including many fish species in tropical areas (Radulovich et al.,
2015). The addition of artificial facilities may provide a healthy habitat
and nursery zones to marine species, resulting in a positive effect on
marine biodiversity (Bernard et al., 2019; Diana, 2009). Chai et al. (Chai
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et al., 2018) showed enhanced biodiversity associated with a Gracilaria
lemaneiformis cultivation, providing further support for using this spe-
cies as a practical approach to increasing the ecosystem’s health. There
is still a limited knowledge of whether macrofauna would be attracted to
seaweed farms due to cultivation practices. Cultivations may enhance
foraging opportunities for some species, and, although this might be a
positive interaction, could lead to a greater risk of entanglement (Poo-
nian and Lopez, 2016). A careful location selection and specific culti-
vation system could minimize these risks. (Campbell et al., 2019). On
the other hand, artificial facilities could also increase the marine envi-
ronment’s disturbance due to collecting procedures like pollution
caused by loss of material and noise production (Radford and Slater,
2019).

Seaweed farms could also pose a threat to benthic habitats due to the
release of particulate and dissolved organic matter that can alter the
local marine chemistry. The high abundance of seaweed could lead to
increased nutrients uptake and rapid oxygen depletion due to organic
matter decomposition (Viaroli et al., 2008). These two factors would
result in a phytoplankton community compositional change, especially
for large-scale farms. These compositional changes can disturb essential
ecosystem functions and the flow of goods and services (Eklof et al.,
2005; Aldridge et al., 2012). Another challenge related to extensive
cultivation could be the increased competition for light with benthic
communities that might suppress the abundance of phytoplankton in
those areas (Campbell et al., 2019). The cultivation of seaweed on sur-
face water may shade the underlying habitats competing with autotro-
phic species. The effects of shading on the biomass production
underneath a seaweed farm showed a potential reduction of up to 40%
in biomass production (EkIof et al., 2006; Zhou, 2012). Scaling up the
cultivations needs to consider this factor when selecting a site, avoiding
protected or vulnerable communities.

The domestication of wild seaweeds will be an unavoidable practice
in large farming systems (Valero et al., 2017). Cultivated species will
most likely be characterized by human-imposed shifts to improve
biomass production and reproductive efficiency. This release of repro-
ductive material could introduce a genetic bottleneck that may narrow
the genetic pool of wild species, potentially making them more sus-
ceptible to environmental changes and diseases. A genetic material
release could lead to a crop to wild gene flow that could depress natural
populations (Campbell et al., 2019; Valero et al., 2017). Loureiro et al.
(Loureiro et al., 2015) showed that reducing the gene pool in farmed
species could make them less resilient to abiotic or biotic stresses, such
as pathogens and diseases. However, the consequences of this reduced
gene pool are still poorly studied. Researches will be required to assess
both the variability of natural population and cultivated species’ effects
on surrounding population fitness and associated ecosystem (Campbell
et al., 2019; Valero et al., 2017).

The introduction of non-native species may also threaten the genetic
diversity of wild stocks. Williams and Smith (Williams and Smith, 2007)
found that from 277 macroalgae species introduced in non-native hab-
itats, 121 were somehow linked to aquaculture or shellfish farms. There
is a rising awareness that non-indigenous species’ introduction may lead
to unwanted and sometimes severe ecological effects (Williams and
Smith, 2007; Klein and Verlaque, 2008). Introduced macroalgae species
can impact the environment in several ways, such as reducing the cover,
productivity, and diversity of native seaweed, triggering an ecosystem
shift (Klein and Verlaque, 2008; Britton-Simmons, 2004). Massive
ecosystem alterations have already happened with Caulerpa taxifoglia in
the Mediterranean sea and U. pinnatifida to the French Atlantic coast
(Casas et al., 2004; Meinesz et al., 2001). In some cases, these alterations
have occurred even on sites in which seaweed farming has never been
carried out due to marine currents’ spores’ transportation (Tano et al.,
2015).

The thrive of non-native species could pave the way for the intro-
duction of new pathogens, parasites, and epiphytes linked to those
species (Loureiro et al., 2015). Knowledge of these organisms’ effects on
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native species lacks, even though some studies have reported effects
directly on cultured species (Mulyaningrum et al., 2019; Zhang et al.,
2019; Vairappan et al., 2008). Tsiresy et al. (Tsiresy et al., 2016) re-
ported the drastic decline in production of Kappaphycus alvarezii due to
an alien epiphytic parasite’s appearance. Further on, an incident of
filamentous algae, Polysiphonia spp, became rapidly invasive in various
regions in Madagascar, leading to dramatic consequences to the local
farmers (Tsiresy et al., 2016). Therefore, these non-native species would
directly impact local farmers due to reduced seaweed farms’
productivity.

9. Conclusions

Implementing the One Health approach in seaweed food production,
which involves experts in human, animal, environmental health, and
other relevant disciplines, can support the development of the seaweed
cultivation industry in the most sustainable way. This collaborative,
multisectoral, and transdisciplinary approach can represent the funda-
ment to set practical metrics that the industry has to follow for granting
sustainability.

Seaweed cultivation can, if properly managed, have several positive
externalities while providing healthy food for the society. Current data,
from both in vivo and in vitro studies, have proven the potential of this
unexploited resource that could, for instance, help combat chronic dis-
eases, lack of iodine, and, in general, improve the quality of life. The
high nutritional value of seaweed for human consumption and the
development of bioactive peptides seaweed-based products are two
essential elements for this new industry to flourish. Further research
could help to enable the exploitation of macroalgae in the development
of functional food or nutraceutical.

As pointed out, there are potential adverse effects on ecosystem,
biodiversity, and human health that are important to consider while
supporting the seaweed production industry’s development. The in-
dustry needs to rely on the scientific community’s data to improve the
knowledge of less productive or more fragile species that are more
challenging to cultivate. Indeed, many species are highly interesting as
feedstock for high-value products or attractive in healthy human sea-
food production, and for that, clear guidelines are not yet established
and therefore highly needed.

The one-health principles will facilitate the production increase
while ensuring sustainable and healthy food. This would help measure
and mitigate the drawbacks of seaweed cultivation. Overall, The
seaweed aquaculture can provide a solution for the increasing food
demand for the incoming years, while complying with the UN SDGs and
having a zero environmental impact.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

Admassu, H., Gasmalla, M.A.A., Yang, R., Zhao, W., 2018. Bioactive peptides derived
from seaweed protein and their health benefits: antihypertensive, antioxidant, and
antidiabetic properties. J. Food Sci. 83 (1), 6-16.

Aldridge, J., van der Molen, J., Forster, R., 2012. Wider ecological implications of
macroalgae cultivation. Crown Estate. 95.

Almela, C., Laparra, J.M., Vélez, D., Barbera, R., Farré, R., Montoro, R., 2005.
Arsenosugars in raw and cooked edible seaweed: characterization and
bioaccessibility. J. Agric. Food. Chem. 53 (18), 7344-7351.

Almela, C., Clemente, M.J., Vélez, D., Montoro, R., 2006. Total arsenic, inorganic arsenic,
lead and cadmium contents in edible seaweed sold in Spain. Food Chem. Toxicol. 44
(11), 1901-1908.

Arumugam, N., Chelliapan, S., Kamyab, H., Thirugnana, S., Othman, N., Nasri, N.S.,
2018. Treatment of wastewater using seaweed: a review. Int. J. Environ. Res. Public
Health 15 (12), 2851.

10

Environment International 158 (2022) 106948

Bak, U.G., Nielsen, C.W., Marinho, G.S., Gregersen, 0., Jonsdottir, R., Holdt, S.L., 2019.
The seasonal variation in nitrogen, amino acid, protein and nitrogen-to-protein
conversion factors of commercially cultivated Faroese Saccharina latissima. Algal
Res. 42, 101576.

Barbier, Michele, Charrier, Bénédicte, Araujo, Rita, Holdt, Susan L., Jacquemin,
Bertrand, Rebours, Céline, 2019. PEGASUS — PHYCOMORPH European Guidelines
for a Sustainable Aquaculture of Seaweeds. COST Action FA1406 (M. Barbier and B.
Charrier, Eds), Roscoff, France.

Bauer, S., Jin, W., Zhang, F., Linhardt, R.J., 2021. The application of seaweed
polysaccharides and their derived products with potential for the treatment of
Alzheimer’s disease. Mar. Drugs 19 (2), 89.

Bermano, G., Stoyanova, T., Hennequart, F., Wainwright, C.L., 2020. Chapter Eight -
Seaweed-derived bioactives as potential energy regulators in obesity and type 2
diabetes. In: Du, G. (Ed.), Advances in Pharmacology, Vol. 87. Academic Press,
pp. 205-256.

Bernard, M., Tonk, L., de Groot, G., Glorius, S., Jansen, H., 2019. Biodiversity monitoring
in seaweed farms by DNA metabarcoding using settlement plates and water samples.
Wageningen Marine Res.

Berry, E.M., Dernini, S., Burlingame, B., Meybeck, A., Conforti, P., 2015. Food security
and sustainability: can one exist without the other? Public Health Nutr. 18 (13),
2293-2302.

Biancarosa, 1., Espe, M., Bruckner, C., Heesch, S., Liland, N., Waagbg, R., et al., 2017.
Amino acid composition, protein content, and nitrogen-to-protein conversion factors
of 21 seaweed species from Norwegian waters. J. Appl. Phycol. 29 (2), 1001-1009.

Bikker, P., van Krimpen, M.M., van Wikselaar, P., Houweling-Tan, B., Scaccia, N., van
Hal, J.W., et al., 2016. Biorefinery of the green seaweed Ulva lactuca to produce
animal feed, chemicals and biofuels. J. Appl. Phycol. 28 (6), 3511-3525.

Bilal, M., Igbal, H., 2020. Marine seaweed polysaccharides-based engineered cues for the
modern biomedical sector. Mar. Drugs 18 (1), 7.

Bindu, M., 2011. Empowerment of coastal communities in cultivation and processing of
Kappaphycus alvarezii—a case study at Vizhinjam village, Kerala, India. J. Appl.
Phycol. 23 (2), 157-163.

Bleakley, S., Hayes, M., 2017. Algal proteins: extraction, application, and challenges
concerning production. Foods. 6 (5), 33.

Boderskov, T., Schmedes, P.S., Bruhn, A., Rasmussen, M.B., Nielsen, M.M., Pedersen, M.
F., 2016. The effect of light and nutrient availability on growth, nitrogen, and
pigment contents of Saccharina latissima (Phaeophyceae) grown in outdoor tanks,
under natural variation of sunlight and temperature, during autumn and early winter
in Denmark. J. Appl. Phycol. 28 (2), 1153-1165.

Bonanno, G., Orlando-Bonaca, M., 2018. Trace elements in Mediterranean seagrasses and
macroalgae. A review. Sci. Total Environ. 618, 1152-1159.

Bonanno, G., Veneziano, V., Orlando-Bonaca, M., 2020. Comparative assessment of trace
element accumulation and biomonitoring in seaweed Ulva lactuca and seagrass
Posidonia oceanica. Sci. Total Environ. 718, 137413.

Brinkhuis, B., Levine, H., Schlenk, C., Tobin, S., 1987. Laminaria cultivation in the far
east and North America. Developments in Aquaculture and Fisheries Science
(Netherlands).

Britton-Simmons, K.H., 2004. Direct and indirect effects of the introduced alga
Sargassum muticum on benthic, subtidal communities of Washington State, USA.
Mar. Ecol. Prog. Ser. 277, 61-78.

Brown, E.M., Allsopp, P.J., Magee, P.J., Gill, C.I,, Nitecki, S., Strain, C.R., et al., 2014.
Seaweed and human health. Nutr. Rev. 72 (3), 205-216.

Brownlee, I.A., Allen, A., Pearson, J.P., Dettmar, P.W., Havler, M.E., Atherton, M.R.,
et al., 2005. Alginate as a source of dietary fiber. Crit. Rev. Food Sci. Nutr. 45 (6),
497-510.

Campbell, I., Macleod, A., Sahlmann, C., Neves, L., Funderud, J., @verland, M., et al.,
2019. The environmental risks associated with the development of seaweed farming
in Europe-prioritizing key knowledge gaps. Front. Mar. Sci. 6, 107.

Capron, M.E., Stewart, J.R., de Ramon N’Yeurt, A., Chambers, M.D., Kim, J.K., Yarish, C.,
et al., 2020. Restoring pre-industrial CO2 levels while achieving sustainable
development goals. Energies. 13 (18).

Casas, G., Scrosati, R., Piriz, M.L., 2004. The invasive kelp Undaria pinnatifida
(Phaeophyceae, Laminariales) reduces native seaweed diversity in Nuevo Gulf
(Patagonia, Argentina). Biol. Invasions 6 (4), 411-416.

Cermeno, M., Kleekayai, T., Amigo-Benavent, M., Harnedy-Rothwell, P., FitzGerald, R.J.,
2020. Current knowledge on the extraction, purification, identification and
validation of bioactive peptides from seaweed. Electrophoresis.

CEVA, 2019. Edible seaweed and microalgae - Regulatory status in France and Europe
2019 [Available from: https://www.ceva-algues.com/en/document/edible-algae-re
gulatory-update/.

Chai, Z.Y., He, Z.L., Deng, Y.Y., Yang, Y.F., Tang, Y.Z., 2018. Cultivation of seaweed
Gracilaria lemaneiformis enhanced biodiversity in a eukaryotic plankton community
as revealed via metagenomic analyses. Mol. Ecol. 27 (4), 1081-1093.

Chalkley, R., Child, F., Al-Thaqafi, K., Dean, A.P., White, K.N., Pittman, J.K., 2019.
Macroalgae as spatial and temporal bioindicators of coastal metal pollution
following remediation and diversion of acid mine drainage. Ecotoxicol. Environ. Saf.
182.

Cherry, P., O’Hara, C., Magee, P.J., McSorley, E.M., Allsopp, P.J., 2019. Risks and
benefits of consuming edible seaweeds. Nutr. Rev. 77 (5), 307-329.

Chopin, T., Buschmann, A.H., Halling, C., Troell, M., Kautsky, N., Neori, A., et al., 2001.
Integrating seaweeds into marine aquaculture systems: a key toward sustainability.
J. Phycol. 37 (6), 975-986.

Chopin, T., Cooper, J.A., Reid, G., Cross, S., Moore, C., 2012. Open-water integrated
multi-trophic aquaculture: environmental biomitigation and economic
diversification of fed aquaculture by extractive aquaculture. Rev. Aquacult. 4 (4),
209-220.


http://refhub.elsevier.com/S0160-4120(21)00573-0/h0005
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0005
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0005
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0010
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0010
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0015
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0015
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0015
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0020
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0020
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0020
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0025
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0025
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0025
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0030
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0030
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0030
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0030
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0040
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0040
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0040
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0045
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0045
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0045
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0045
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0050
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0050
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0050
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0055
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0055
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0055
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0060
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0060
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0060
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0065
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0065
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0065
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0070
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0070
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0075
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0075
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0075
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0080
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0080
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0085
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0085
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0085
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0085
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0085
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0090
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0090
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0095
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0095
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0095
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0100
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0100
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0100
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0105
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0105
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0105
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0110
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0110
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0115
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0115
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0115
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0120
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0120
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0120
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0125
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0125
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0125
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0130
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0130
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0130
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0135
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0135
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0135
https://www.ceva-algues.com/en/document/edible-algae-regulatory-update/
https://www.ceva-algues.com/en/document/edible-algae-regulatory-update/
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0145
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0145
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0145
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0150
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0150
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0150
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0150
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0155
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0155
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0160
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0160
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0160
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0165
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0165
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0165
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0165

G. Bizzaro et al.

Chopin, T., Robinson, S., Troell, M., Neori, A., Buschmann, A., Fang, J., 2008. Ecological
engineering: multi-trophic integration for sustainable marine aquaculture.

Chung, LK., Oak, J.H., Lee, J.A., Shin, J.A., Kim, J.G., Park, K.-S., 2013. Installing kelp
forests/seaweed beds for mitigation and adaptation against global warming: Korean
Project Overview. ICES J. Mar. Sci. 70 (5), 1038-1044.

Cofrades, S., Lopez-Lopez, 1., Bravo, L., Ruiz-Capillas, C., Bastida, S., Larrea, M.T., et al.,
2010. Nutritional and antioxidant properties of different brown and red Spanish
edible seaweeds. Food Sci. Technol. Int. 16 (5), 361-370.

Commission, O.H., 2019. What is One Health? Available from: www.onehealthcommissi
on.org.

Daliri, E.B.-M., Oh, D.H., Lee, B.H., 2017. Bioactive peptides. Foods. 6 (5), 32.

Dawczynski, C., Schubert, R., Jahreis, G., 2007. Amino acids, fatty acids, and dietary
fibre in edible seaweed products. Food Chem. 103 (3), 891-899.

Delange, F., 2000. The role of iodine in brain development. Proc. Nutr. Soc. 59 (1),
75-79.

Déléris, P., Nazih, H., Bard, J.-M., 2016. Seaweeds in human health. Seaweed Health Dis.
Prevent. 319-367.

Desideri, D., Cantaluppi, C., Ceccotto, F., Meli, M.A., Roselli, C., Feduzi, L., 2016.
Essential and toxic elements in seaweeds for human consumption. J. Toxicol.
Environ. Health, Part A. 79 (3), 112-122.

Diana, J.S., 2009. Aquaculture production and biodiversity conservation. Bioscience 59
(1), 27-38.

Duarte, C.M., Wu, J., Xiao, X., Bruhn, A., Krause-Jensen, D., 2017. Can seaweed farming
play a role in climate change mitigation and adaptation? Front. Marine Sci. 4 (100).

EKI6f, J.S., de la Torre Castro, M., Adelskold, L., Jiddawi, N.S., Kautsky, N., 2005.
Differences in macrofaunal and seagrass assemblages in seagrass beds with and
without seaweed farms. Estuar. Coast. Shelf Sci. 63 (3), 385-396.

EkIof, J., Kautsky, N., Henriksson, Malinga R., 2006. Effects of tropical open-water
seaweed farming on seagrass ecosystem structure and function. Mar. Ecol. Prog. Ser.
325, 73-84.

Ervik, A., Hansen, P.K., Aure, J., Stigebrandt, A., Johannessen, P., Jahnsen, T., 1997.
Regulating the local environmental impact of intensive marine fish farming I. The
concept of the MOM system (Modelling-Ongrowing fish farms-Monitoring).
Aquaculture 158 (1-2), 85-94.

FAO, 2018. The Global Status of Seaweed Aquaculture, Trade And Utilization. Global
Research Program.

FAO, 2018. The State of World Fisheries and Aquaculture 2018 Rome.

Fenberg, P.B., Roy, K., 2008. Ecological and evolutionary consequences of size-selective
harvesting: How much do we know? Mol. Ecol. 17 (1), 209-220.

Fleurence, J., 2016. Seaweeds as food. Seaweed in health and disease prevention.
Elsevier, pp. 149-167.

Freitas, J.R., Morrondo, J.M.S., Ugarte, J.C., 2016. Saccharina latissima (Laminariales,
Ochrophyta) farming in an industrial IMTA system in Galicia (Spain). J. Appl.
Phycol. 28 (1), 377-385.

Froehlich, H.E., Afflerbach, J.C., Frazier, M., Halpern, B.S., 2019. Blue growth potential
to mitigate climate change through seaweed offsetting. Curr. Biol. 29 (18),
3087-3093.

Gaillard, C., Bhatti, H., Novoa-Garrido, M., Lind, V., Roleda, M., Weisbjerg, M., 2018.
Amino acid profiles of nine seaweed species and their in situ degradability in dairy
cows. Anim. Feed Sci. Technol. 241.

Garcia-Sartal, C., del Carmen Barciela-Alonso, M., Moreda-Pineiro, A., Bermejo-
Barrera, P., 2013. Study of cooking on the bioavailability of As Co, Cr, Cu, Fe, Ni, Se
and Zn from edible seaweed. Microchem. J. 108, 92-99.

Garcia-Vaquero, M., Hayes, M., 2016. Red and green macroalgae for fish and animal feed
and human functional food development. Food Rev. Int. 32 (1), 15-45.

Gibbs, E.P.J., 2014. The evolution of One Health: a decade of progress and challenges for
the future. Vet. Rec. 174 (4), 85-91.

Godfray, H.C.J., Beddington, J.R., Crute, L.R., Haddad, L., Lawrence, D., Muir, J.F., et al.,
2010. Food security: the challenge of feeding 9 billion people. Science 327 (5967),
812-818.

Grant, J., Bacher, C., 2001. A numerical model of flow modification induced by
suspended aquaculture in a Chinese bay. Can. J. Fish. Aquat. Sci. 58 (5), 1003-1011.

Guerra, A., Etienne-Mesmin, L., Livrelli, V., Denis, S., Blanquet-Diot, S., Alric, M., 2012.
Relevance and challenges in modeling human gastric and small intestinal digestion.
Trends Biotechnol. 30 (11), 591-600.

Haddock, R., Cruz, O.T., 1991. Foodborne intoxication associated with seaweed. Lancet
(British edition). 338 (8760), 195-196.

Hambrey, J., 2017. The 2030 Agenda and the sustainable development goals: the
challenge for aquaculture development and management. FAO Fisheries and
Aquaculture Circular. (C1141).

Haque, E., Chand, R., 2008. Antihypertensive and antimicrobial bioactive peptides from
milk proteins. Eur. Food Res. Technol. 227 (1), 7-15.

Haritonidis, S., Malea, P., 1999. Bioaccumulation of metals by the green alga Ulva rigida
from Thermaikos Gulf, Greece. Environ. Pollut. 104 (3), 365-372.

Hasselstrom, L., Visch, W., Grondahl, F., Nylund, G.M., Pavia, H., 2018. The impact of
seaweed cultivation on ecosystem services-a case study from the west coast of
Sweden. Mar. Pollut. Bull. 133, 53-64.

Hendriks, L.E., Olsen, Y.S., Ramajo, L., Basso, L., Steckbauer, A., Moore, T.S., et al., 2014.
Photosynthetic activity buffers ocean acidification in seagrass meadows.
Biogeosciences. 11 (2), 333-346.

Holdt, S.L., Kraan, S., 2011. Bioactive compounds in seaweed: functional food
applications and legislation. J. Appl. Phycol. 23 (3), 543-597.

IARC Working Group on the Evaluation of Carcinogenic Risks to Humans, 2012. Arsenic,
Metals, Fibres and Dusts. International Agency for Research on Cancer, Lyon (FR).

National Food Institute, T.U.0.D., Denmark, Sa Monteiro, M., Sloth, J., Holdt, S., Hansen,
M., 2019. Analysis and risk assessment of seaweed. EFSA J. 17(S2), e170915.

11

Environment International 158 (2022) 106948

Jamwal, A., Phulia, V., 2021. Multisectoral one health approach to make aquaculture
and fisheries resilient to a future pandemic-like situation. Fish Fish. 22 (2), 449-463.

Jupp, B.P., Drew, E.A., 1974. Studies on the growth of Laminaria hyperborea (Gunn.)
Fosl. 1. Biomass and productivity. J. Exp. Mar. Biol. Ecol. 15 (2), 185-196.

Kadam, S.U., Alvarez, C., Tiwari, B.K., O’Donnell, C.P., 2017. Extraction and
characterization of protein from Irish brown seaweed Ascophyllum nodosum. Food
Res. Int. 99, 1021-1027.

Kazir, M., Abuhassira, Y., Robin, A., Nahor, O., Luo, J., Israel, A., et al., 2019. Extraction
of proteins from two marine macroalgae, Ulva sp. and Gracilaria sp., for food
application, and evaluating digestibility, amino acid composition and antioxidant
properties of the protein concentrates. Food Hydrocolloids 87, 194-203.

Kim, M.S., Kim, J.Y., Choi, W.H., Lee, S.S., 2008. Effects of seaweed supplementation on
blood glucose concentration, lipid profile, and antioxidant enzyme activities in
patients with type 2 diabetes mellitus. Nutrit. Res. Pract. 2 (2), 62-67.

Kim, J.K., Yarish, C., Hwang, E.K., Park, M., Kim, Y., 2017. Seaweed aquaculture:
cultivation technologies, challenges and its ecosystem services. Algae. 32 (1), 1-13.

Kishida, R., Yamagishi, K., Muraki, L., Sata, M., Tamakoshi, A., Iso, H., et al., 2020.
Frequency of seaweed intake and its association with cardiovascular disease
mortality: the JACC study. J. Atherosclerosis Thrombosis. advpub.

Klein, J., Verlaque, M., 2008. The Caulerpa racemosa invasion: a critical review. Mar.
Pollut. Bull. 56 (2), 205-225.

Kumaran, S., Deivasigamani, B., Alagappan, K., Sakthivel, M., Karthikeyan, R., 2010.
Antibiotic resistant Esherichia coli strains from seafood and its susceptibility to
seaweed extracts. Asian Pacific J. Trop. Med. 3 (12), 977-981.

Lafarga, T., Acién-Fernandez, F.G., Garcia-Vaquero, M., 2020. Bioactive peptides and
carbohydrates from seaweed for food applications: natural occurrence, isolation,
purification, and identification. Algal Res. 48, 101909.

Lahteenmaéki-Uutela, A., Rahikainen, M., Camarena-Gémez, M.T., Piiparinen, J.,
Spilling, K., Yang, B., 2021. European Union legislation on macroalgae products.
Aquacult. Int. 29 (2), 487-509.

Larson, S., Stoeckl, N., Fachry, M.E., Mustafa, M.D., Lapong, L., Purnomo, A.H., et al.,
2020. Women’s well-being and household benefits from seaweed farming in
Indonesia. Aquaculture 530, 735711.

Lopez-Santamarina, A., Miranda, J.M., Mondragon, A.d.C., Lamas, A., Cardelle-

Cobas, A., Franco, C.M., et al., 2020. Potential use of marine seaweeds as prebiotics:
a review. Molecules 25 (4), 1004.

Loureiro, R., Gachon, C.M., Rebours, C., 2015. Seaweed cultivation: potential and
challenges of crop domestication at an unprecedented pace. New Phytol. 206 (2),
489-492.

Lourenco, S.0., Barbarino, E., De-Paula, J.C., Pereira, L.Od.S., Marquez, U.M.L., 2002.
Amino acid composition, protein content and calculation of nitrogen-to-protein
conversion factors for 19 tropical seaweeds. Phycol. Res. 50 (3), 233-241.

Lubroth, J., 2012. FAO and the One Health approach. One Health: The Human-Animal-
Environment Interfaces in Emerging Infectious Diseases. Springer, pp. 65-72.

Ma, Z., Lin, L., Wu, M,, Yu, H., Shang, T., Zhang, T., et al., 2018. Total and inorganic
arsenic contents in seaweeds: Absorption, accumulation, transformation and
toxicity. Aquaculture 497, 49-55.

Maehre, H.K., Edvinsen, G.K., Eilertsen, K.-E., Elvevoll, E.O., 2016. Heat treatment
increases the protein bioaccessibility in the red seaweed dulse (Palmaria palmata),
but not in the brown seaweed winged kelp (Alaria esculenta). J. Appl. Phycol. 28 (1),
581-590.

Mehre, H.K., Malde, M.K., Eilertsen, K.E., Elvevoll, E.O., 2014. Characterization of
protein, lipid and mineral contents in common Norwegian seaweeds and evaluation
of their potential as food and feed. J. Sci. Food Agric. 94 (15), 3281-3290.

Mehre, H.K., Jensen, L.-J., Eilertsen, K.-E., 2016. Enzymatic pre-treatment increases the
protein bioaccessibility and extractability in Dulse (Palmaria palmata). Mar. Drugs
14 (11), 196.

Makkar, H.P., Tran, G., Heuzé, V., Giger-Reverdin, S., Lessire, M., Lebas, F., et al., 2016.
Seaweeds for livestock diets: a review. Anim. Feed Sci. Technol. 212, 1-17.

Malaguti, M., Dinelli, G., Leoncini, E., Bregola, V., Bosi, S., Cicero, A.F., et al., 2014.
Bioactive peptides in cereals and legumes: agronomical, biochemical and clinical
aspects. Int. J. Mol. Sci. 15 (11), 21120-21135.

Marinho, G.S., Holdt, S.L., Birkeland, M.J., Angelidaki, I., 2015. Commercial cultivation
and bioremediation potential of sugar kelp, Saccharina latissima, in Danish waters.
J. Appl. Phycol. 27 (5), 1963-1973.

Marinho, G.S., Holdt, S.L., Angelidaki, I., 2015. Seasonal variations in the amino acid
profile and protein nutritional value of Saccharina latissima cultivated in a
commercial IMTA system. J. Appl. Phycol. 27 (5), 1991-2000.

Meinesz, A., Belsher, T., Thibaut, T., Antolic, B., Mustapha, K.B., Boudouresque, C.-F.,
et al., 2001. The introduced green alga Caulerpa taxifolia continues to spread in the
Mediterranean. Biol. Invasions 3 (2), 201-210.

Minami, Y., Kanemura, S., Oikawa, T., Suzuki, S., Hasegawa, Y., Nishino, Y., et al., 2020.
Associations of Japanese food intake with survival of stomach and colorectal cancer:
a prospective patient cohort study. Cancer Sci. 111 (7), 2558-2569.

Miranda-Delgado, A., Montoya, M.J., Paz-Araos, M., Mellado, M., Villena, J.,
Arancibia, P., et al., 2018. Antioxidant and anti-cancer activities of brown and red
seaweed extracts from Chilean coasts. Latin Am. J. Aquatic Res. 46 (2), 301-313.

Msuya, F., 2012. A Study of Working Conditions in the Zanzibar Seaweed Farming
Industry.

Mulyaningrum, S.R.H., Suwoyo, H.S., Paena, M., Tampangallo, B.R., 2019. Epiphyte
identification on kappaphycus alvarezii seaweed farming Area in Arungkeke Waters,
Jeneponto and the Effect on Carrageenan Quality. Indonesian J. Marine Sci./Ilmu
Kelautan. 24 (3), 146-152.

Munda, I.-M., 1977. Differences in amino acid composition of estuarine and marine
fucoids. Aquat. Bot. 3, 273-280.


http://refhub.elsevier.com/S0160-4120(21)00573-0/h0175
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0175
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0175
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0180
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0180
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0180
http://www.onehealthcommission.org
http://www.onehealthcommission.org
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0190
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0195
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0195
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0200
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0200
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0205
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0205
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0210
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0210
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0210
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0215
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0215
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0220
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0220
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0225
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0225
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0225
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0230
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0230
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0230
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0235
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0235
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0235
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0235
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0240
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0240
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0250
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0250
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0255
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0255
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0260
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0260
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0260
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0265
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0265
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0265
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0270
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0270
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0270
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0275
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0275
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0275
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0280
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0280
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0285
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0285
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0290
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0290
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0290
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0295
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0295
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0300
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0300
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0300
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0305
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0305
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0315
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0315
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0320
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0320
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0325
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0325
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0325
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0330
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0330
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0330
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0335
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0335
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0340
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0340
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0350
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0350
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0355
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0355
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0360
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0360
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0360
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0365
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0365
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0365
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0365
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0370
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0370
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0370
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0375
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0375
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0380
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0380
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0380
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0385
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0385
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0390
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0390
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0390
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0395
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0395
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0395
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0400
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0400
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0400
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0405
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0405
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0405
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0410
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0410
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0410
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0415
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0415
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0415
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0420
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0420
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0420
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0425
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0425
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0430
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0430
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0430
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0435
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0435
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0435
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0435
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0440
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0440
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0440
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0445
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0445
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0445
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0450
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0450
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0455
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0455
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0455
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0460
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0460
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0460
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0465
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0465
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0465
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0470
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0470
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0470
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0475
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0475
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0475
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0480
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0480
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0480
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0490
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0490
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0490
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0490
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0495
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0495

G. Bizzaro et al.

Munda, .M., Gubensek, F., 1976. The amino acid composition of some common marine
algae from Iceland. Bot. Mar. 19 (2), 85-92.

Murai, U., Yamagishi, K., Sata, M., Kokubo, Y., Saito, I., Yatsuya, H., et al., 2019.
Seaweed intake and risk of cardiovascular disease: the Japan Public Health
Center-based Prospective (JPHC) Study. Am. J. Clin. Nutrit. 110 (6), 1449-1455.

Nanri, A., Mizoue, T., Shimazu, T., Ishihara, J., Takachi, R., Noda, M., et al., 2017.
Dietary patterns and all-cause, cancer, and cardiovascular disease mortality in
Japanese men and women: the Japan public health center-based prospective study.
PLoS ONE 12 (4), e0174848.

Nitschke, U., 2016. Quantification of iodine loss in edible Irish seaweeds during
processing. J. Appl. Phycol. 28 (6), 3527-3533.

Norderhaug, K.M., Christie, H., Foss&, J.H., Fredriksen, S., 2005. Fish-macrofauna
interactions in a kelp (Laminaria hyperborea) forest. J. Marine Biol. Assoc. United
Kingdom. 85 (5), 1279-1286.

Olivares-Banuelos, T., Gutiérrez-Rodriguez, A.G., Méndez-Bellido, R., Tovar-Miranda, R.,
Arroyo-Helguera, O., Juarez-Portilla, C., et al., 2019. Brown seaweed Egregia
menziesii’s cytotoxic activity against brain cancer cell lines. Molecules 24 (2), 260.

Oosterveer, P., Sonnenfeld, D.A., 2012. Food, Globalization and Sustainability.
Routledge.

Ortiz, J., Romero, N., Robert, P., Araya, J., Lopez-Hernandez, J., Bozzo, C., et al., 2006.
Dietary fiber, amino acid, fatty acid and tocopherol contents of the edible seaweeds
Ulva lactuca and Durvillaea antarctica. Food Chem. 99 (1), 98-104.

Ottinger, M., Clauss, K., Kuenzer, C., 2016. Aquaculture: Relevance, distribution, impacts
and spatial assessments — A review. Ocean Coast. Manag. 119, 244-266.

@verland, M., Mydland, L.T., Skrede, A., 2019. Marine macroalgae as sources of protein
and bioactive compounds in feed for monogastric animals. J. Sci. Food Agric. 99 (1),
13-24.

Padam, B.S., Chye, F.Y., 2020. Seaweed components, properties, and applications.
Sustainable Seaweed Technologies. Elsevier, pp. 33-87.

Pampanin, D.M., Larssen, E., Provan, F., Sivertsvik, M., Ruoff, P., Sydnes, M.O., 2012.
Detection of small bioactive peptides from Atlantic herring (Clupea harengus L.).
Peptides 34 (2), 423-426.

Parjikolaei, B.R., Bruhn, A., Eybye, K.L., Larsen, M.M., Rasmussen, M.B., Christensen, K.
V., et al., 2016. Valuable biomolecules from nine North Atlantic red macroalgae:
amino acids, fatty acids, carotenoids, minerals and metals. Nat. Resour. 7 (4),
157-183.

Park, J.H., Jeong, H.S., Lee, J.S., Lee, S.W., Choi, Y.H., Choi, S.J., et al., 2015. First
norovirus outbreaks associated with consumption of green seaweed (Enteromorpha
spp.) in South Korea. Epidemiol Infect. 143 (3), 515-521.

Pedersen, M.F., Nejrup, L.B., Fredriksen, S., Christie, H., Norderhaug, K.M., 2012. Effects
of wave exposure on population structure, demography, biomass and productivity of
the kelp Laminaria hyperborea. Mar. Ecol. Prog. Ser. 451, 45-60.

Perry, J.J., Brodt, A., Skonberg, D.I., 2019. Influence of dry salting on quality attributes
of farmed kelp (Alaria esculenta) during long-term refrigerated storage. LWT. 114,
108362.

Pettit, L.R., Smart, C.W., Hart, M.B., Milazzo, M., Hall-Spencer, J.M., 2015. Seaweed fails
to prevent ocean acidification impact on foraminifera along a shallow-water CO2
gradient. Ecol. Evol. 5 (9), 1784-1793.

Phaneuf, D., Coté, 1., Dumas, P., Ferron, L.A., LeBlanc, A., 1999. Evaluation of the
contamination of marine algae (seaweed) from the St. Lawrence River and likely to
be consumed by humans. Environ. Res. 80 (2), S175-5182.

Pina, A., Costa, A., Lage-Yusty, M., Lopez-Hernandez, J., 2014. An evaluation of edible
red seaweed (Chondrus crispus) components and their modification during the
cooking process. LWT-Food Sci. Technol. 56 (1), 175-180.

Poonian, C.N., Lopez, D.D., 2016. Small-Scale Mariculture: a potentially significant
threat to dugongs (Dugong dugon) through incidental entanglement. Aquatic
Mammals. 42 (1), 56.

Prata, J.C., da Costa, J.P., Lopes, 1., Andrady, A.L., Duarte, A.C., Rocha-Santos, T., 2021.
A One Health perspective of the impacts of microplastics on animal, human and
environmental health. Sci. Total Environ. 777.

Radford, C., Slater, M., 2019. Soundscapes in aquaculture systems. Aquac. Environ.
Interact. 11, 53-62.

Radulovich, R., 2011. Massive freshwater gains from producing food at sea. Water Policy
13, 547.

Radulovich, R., Umanzor, S., Cabrera, R., Mata, R., 2015. Tropical seaweeds for human
food, their cultivation and its effect on biodiversity enrichment. Aquaculture 436,
40-46.

Rock, M., Buntain, B.J., Hatfield, J.M., Hallgrimsson, B., 2009. Animal-human
connections, “one health”, and the syndemic approach to prevention. Soc. Sci. Med.
68 (6), 991-995.

Roleda, M.Y., Marfaing, H., Desnica, N., Jénsdottir, R., Skjermo, J., Rebours, C., et al.,
2019. Variations in polyphenol and heavy metal contents of wild-harvested and
cultivated seaweed bulk biomass: health risk assessment and implication for food
applications. Food Control 95, 121-134.

Riiegg, S.R., Hasler, B., Zinsstag, J., 2018. Integrated Approaches to Health: A Handbook
for the Evaluation of One Health. Wageningen Academic Publishers.

Ryan, J.T., Ross, R.P., Bolton, D., Fitzgerald, G.F., Stanton, C., 2011. Bioactive peptides
from muscle sources: meat and fish. Nutrients. 3 (9), 765-791.

Santos, L., Ramos, F., 2018. Antimicrobial resistance in aquaculture: current knowledge
and alternatives to tackle the problem. Int. J. Antimicrob. Agents 52 (2), 135-143.

Santoso, J., Gunji, S., Yoshie-Stark, Y., Suzuki, T., 2006. Mineral contents of Indonesian
seaweeds and mineral solubility affected by basic cooking. Food Sci. Technol. Res.
12 (1), 59-66.

Schiener, P., Black, K.D., Stanley, M.S., Green, D.H., 2015. The seasonal variation in the
chemical composition of the kelp species Laminaria digitata, Laminaria hyperborea,
Saccharina latissima and Alaria esculenta. J. Appl. Phycol. 27 (1), 363-373.

12

Environment International 158 (2022) 106948

SDG, U., 2018. Sustainable development goals.

Seghetta, M., Terring, D., Bruhn, A., Thomsen, M., 2016. Bioextraction potential of
seaweed in Denmark—An instrument for circular nutrient management. Sci. Total
Environ. 563, 513-529.

Sharma, S., Neves, L., Funderud, J., Mydland, L.T., @verland, M., Horn, S.J., 2018.
Seasonal and depth variations in the chemical composition of cultivated Saccharina
latissima. Algal Res. 32, 107-112.

Shi, Q., Wang, A., Lu, Z., Qin, C., Hu, J., Yin, J., 2017. Overview on the antiviral activities
and mechanisms of marine polysaccharides from seaweeds. Carbohydr. Res. 453,
1-9.

Skjermo, J., Aasen, .M., Arff, J., Broch, O.J., Carvajal, A.K., Christie, H.C,, et al., 2014. A
new Norwegian bioeconomy based on cultivation and processing of seaweeds:
Opportunities and R&D needs.

Smale, D.A., Burrows, M.T., Moore, P., O’Connor, N., Hawkins, S.J., 2013. Threats and
knowledge gaps for ecosystem services provided by kelp forests: a northeast A tlantic
perspective. Ecol. Evol. 3 (11), 4016-4038.

Smale, D.A., Pessarrodona, A., King, N., Burrows, M.T., Yunnie, A., Vance, T., et al.,
2020. Environmental factors influencing primary productivity of the forest-forming
kelp Laminaria hyperborea in the northeast Atlantic. Sci. Rep. 10 (1), 12161.

Steneck, R.S., Graham, M.H., Bourque, B.J., Corbett, D., Erlandson, J.M., Estes, J.A.,
et al., 2002. Kelp forest ecosystems: biodiversity, stability, resilience and future.
Environ. Conserv. 436-59.

Stentiford, G., Bateman, I., Hinchliffe, S., Bass, D., Hartnell, R., Santos, E., et al., 2020.
Sustainable aquaculture through the One Health lens. Nature Food. 1-7.

Stévant, P., Rebours, C., Chapman, A., 2017. Seaweed aquaculture in Norway: recent
industrial developments and future perspectives. Aquacult. Int. 25 (4), 1373-1390.

Tabarsa, M., Rezaei, M., Ramezanpour, Z., Robert Waaland, J., Rabiei, R., 2012. Fatty
acids, amino acids, mineral contents, and proximate composition of some brown
seaweeds 1. J. Phycol. 48 (2), 285-292.

Taboada, M., Millan, R., Miguez, M., 2013. Nutritional value of the marine algae wakame
(Undaria pinnatifida) and nori (Porphyra purpurea) as food supplements. J. Appl.
Phycol. 25 (5), 1271-1276.

Tano, S.A., Halling, C., Lind, E., Buriyo, A., Wikstrom, S.A., 2015. Extensive spread of
farmed seaweeds causes a shift from native to non-native haplotypes in natural
seaweed beds. Mar. Biol. 162 (10), 1983-1992.

Taylor, V.F., Li, Z., Sayarath, V., Palys, T.J., Morse, K.R., Scholz-Bright, R.A., et al., 2017.
Distinct arsenic metabolites following seaweed consumption in humans. Sci. Rep. 7
(1), 1-9.

Tsiresy, G., Preux, J., Lavitra, T., Dubois, P., Lepoint, G., Eeckhaut, 1., 2016. Phenology of
farmed seaweed Kappaphycus alvarezii infestation by the parasitic epiphyte
Polysiphonia sp. Madagascar. J. Appl. Phycol. 28 (5), 2903-2914.

Turner, A., Pedroso, S.S., Brown, M.T., 2008. Influence of salinity and humic substances
on the uptake of trace metals by the marine macroalga, Ulva lactuca: experimental
observations and modelling using WHAM. Mar. Chem. 110 (3-4), 176-184.

Ullmann, J., Grimm, D., 2021. Algae and their potential for a future bioeconomy,
landless food production, and the socio-economic impact of an algae industry.
Organic Agric. 11 (2), 261-267.

Vairappan, C.S., Chung, C.S., Hurtado, A., Soya, F.E., Lhonneur, G.B., Critchley, A., 2008.
Distribution and symptoms of epiphyte infection in major carrageenophyte-
producing farms. J. Appl. Phycol. 20 (5), 477-483.

Valderrama, D., Cai, J., Hishamunda, N., Ridler, N., 2013. Social and economic
dimensions of carrageenan seaweed farming.

Valero, M., Guillemin, M.-L., Destombe, C., Jacquemin, B., Gachon, C.M., Badis, Y., et al.,
2017. Perspectives on domestication research for sustainable seaweed aquaculture.
Perspect. Phycol. 4 (1), 33-46.

Valiela, 1., McClelland, J., Hauxwell, J., Behr, P.J., Hersh, D., Foreman, K., 1997.
Macroalgal blooms in shallow estuaries: Controls and ecophysiological and
ecosystem consequences. Limnol. Oceanogr. 42 (5part2), 1105-1118.

Viaroli, P., Bartoli, M., Giordani, G., Naldi, M., Orfanidis, S., Zaldivar, J.M., 2008.
Community shifts, alternative stable states, biogeochemical controls and feedbacks
in eutrophic coastal lagoons: a brief overview. Aquat. Conserv. Mar. Freshwater
Ecosyst. 18 (S1), S105-S117.

Visch, W., Kononets, M., Hall, P.O.J., Nylund, G.M., Pavia, H., 2020. Environmental
impact of kelp (Saccharina latissima) aquaculture. Mar. Pollut. Bull. 155.

Wang, Y., Xu, Z., Bach, S., McAllister, T., 2009. Sensitivity of Escherichia coli to seaweed
(Ascophyllum nodosum) phlorotannins and terrestrial tannins. Asian-Australasian J.
Animal Sci. 22 (2), 238-245.

Wells, M.L., Potin, P., Craigie, J.S., Raven, J.A., Merchant, S.S., Helliwell, K.E., et al.,
2017. Algae as nutritional and functional food sources: revisiting our understanding.
J. Appl. Phycol. 29 (2), 949-982.

Williams, S.L., Smith, J.E., 2007. A global review of the distribution, taxonomy, and
impacts of introduced seaweeds. Annu. Rev. Ecol. Evol. Syst. 38, 327-359.

Wong, K.H., Cheung, P.C., 2000. Nutritional evaluation of some subtropical red and
green seaweeds: Part [—proximate composition, amino acid profiles and some
physico-chemical properties. Food Chem. 71 (4), 475-482.

Wu, Z., Zhang, X., Lozano-Montes, H., Loneragan, N., 2016. Trophic flows, kelp culture
and fisheries in the marine ecosystem of an artificial reef zone in the Yellow Sea.
Estuar. Coast. Shelf Sci. 182, 86-97.

Xiao, X., Agusti, S., Lin, F., Li, K., Pan, Y., Yu, Y., et al., 2017. Nutrient removal from
Chinese coastal waters by large-scale seaweed aquaculture. Sci. Rep. 7 (1), 46613.

Xiao, X., Agusti, S., Yu, Y., Huang, Y., Chen, W., Hu, J., et al., 2021. Seaweed farms
provide refugia from ocean acidification. Sci. Total Environ. 776, 145192.

Yaich, H., Garna, H., Besbes, S., Paquot, M., Blecker, C., Attia, H., 2011. Chemical
composition and functional properties of Ulva lactuca seaweed collected in Tunisia.
Food Chem. 128 (4), 895-901.


http://refhub.elsevier.com/S0160-4120(21)00573-0/h0500
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0500
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0505
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0505
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0505
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0510
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0510
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0510
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0510
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0515
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0515
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0520
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0520
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0520
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0525
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0525
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0525
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0530
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0530
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0535
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0535
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0535
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0540
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0540
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0545
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0545
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0545
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0550
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0550
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0555
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0555
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0555
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0560
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0560
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0560
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0560
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0565
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0565
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0565
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0570
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0570
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0570
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0575
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0575
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0575
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0580
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0580
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0580
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0585
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0585
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0585
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0590
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0590
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0590
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0595
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0595
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0595
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0600
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0600
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0600
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0605
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0605
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0610
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0610
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0615
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0615
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0615
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0620
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0620
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0620
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0625
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0625
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0625
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0625
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0630
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0630
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0635
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0635
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0640
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0640
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0645
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0645
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0645
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0650
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0650
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0650
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0660
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0660
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0660
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0665
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0665
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0665
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0670
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0670
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0670
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0680
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0680
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0680
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0685
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0685
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0685
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0690
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0690
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0690
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0695
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0695
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0700
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0700
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0705
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0705
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0705
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0710
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0710
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0710
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0715
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0715
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0715
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0720
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0720
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0720
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0725
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0725
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0725
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0730
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0730
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0730
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0735
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0735
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0735
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0740
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0740
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0740
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0750
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0750
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0750
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0755
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0755
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0755
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0760
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0760
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0760
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0760
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0765
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0765
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0770
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0770
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0770
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0775
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0775
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0775
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0780
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0780
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0785
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0785
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0785
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0790
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0790
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0790
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0795
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0795
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0800
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0800
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0805
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0805
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0805

G. Bizzaro et al.

Yotsu-Yamashita, M., Yasumoto, T., Yamada, S., Bajarias, F.F.A., Formeloza, M.A.,
Romero, M.L., et al., 2004. Identification of polycavernoside A as the causative agent
of the fatal food poisoning resulting from ingestion of the red alga Gracilaria edulis
in the Philippines. Chem. Res. Toxicol. 17 (9), 1265-1271.

Zhang, R., Chang, L., Xiao, L., Zhang, X., Han, Q., Li, N., et al., 2019. Diversity of the
epiphytic bacterial communities associated with commercially cultivated healthy
and diseased Saccharina japonica during the harvest season.

Zhang, J., Hansen, P.K., Fang, J., Wang, W., Jiang, Z., 2009. Assessment of the local
environmental impact of intensive marine shellfish and seaweed
farming—application of the MOM system in the Sungo Bay, China. Aquaculture. 287
(3-4), 304-310.

Zhang, J., Hansen, P.K., Wu, W., Liu, Y., Sun, K., Zhao, Y., et al., 2020. Sediment-focused
environmental impact of long-term large- scale marine bivalve and seaweed farming
in Sungo Bay, China. Aquaculture 528, 735561.

13

Environment International 158 (2022) 106948

Zhou, J., 2012. Impacts of mariculture practices on the temporal distribution of
macrobenthos in Sandu Bay, South China. Chin. J. Oceanol. Limnol. 30, 388.

Zhou, A., Robertson, J., Hamid, N., Ma, R., Lu, J., 2014. Changes in total nitrogen and
amino acid composition of New Zealand Undaria pinnatifida with growth, location
and plant parts. Food Chem. 186.

Zimmermann, M.B., 2009. Iodine deficiency. Endocr. Rev. 30 (4), 376-408.

Zimmermann, M.B., Andersson, M., (Eds.), 2011. Prevalence of iodine deficiency in
Europe in 2010. Annales d’endocrinologie. Elsevier.

Zinsstag, J., Tanner, M., 2008. One health’: the potential of closer cooperation between
human and animal health in Africa. Ethiopian J. Health Dev. 22 (special issue),
105-108.

Zinsstag, J., Schelling, E., Waltner-Toews, D., Tanner, M., 2011. From, “one medicine” to
“one health” and systemic approaches to health and well-being. Prevent. Vet. Med.
101 (3-4), 148-156.


http://refhub.elsevier.com/S0160-4120(21)00573-0/h0810
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0810
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0810
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0810
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0820
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0820
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0820
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0820
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0825
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0825
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0825
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0830
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0830
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0835
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0835
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0835
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0840
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0850
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0850
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0850
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0855
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0855
http://refhub.elsevier.com/S0160-4120(21)00573-0/h0855

	The One-Health approach in seaweed food production
	1 Introduction
	2 The One Health concept
	3 Chemical composition of macroalgae
	3.1 Bioactive peptides
	3.2 Proteins

	4 Seaweed safety and daily intake
	5 Benefits of eating seaweeds
	6 Bioavailability of seaweed components
	7 Seaweed industrial production
	8 Risk assessment
	8.1 Human health challenges related to seaweed production
	8.2 Environmental impact
	8.3 Wildlife impact

	9 Conclusions
	Declaration of Competing Interest
	References


