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      Introduction
     

    

    
     Seaweed is often misunderstood and seen as a form of pollution, when it is only a symptom of it. In fact, seaweed offers an endless source of innovation and concrete solutions that could help us address some of the major challenges facing our generation.
    

    
     Our society has spurned seaweed, undoubtedly the world’s greatest untapped resource, but the climate emergency and global population growth are now pushing us to reconsider this overlooked treasure.
    

    
     If we learn how to grow it sustainably, seaweed could feed people, replace plastic, decarbonize the economy, cool the atmosphere, clean up the oceans, rebuild marine ecosystems and reduce social injustice by providing jobs and income to coastal populations where fishing resources are disappearing.
    

    
     An essential pillar of life on earth, seaweed reproduces quickly and can grow dozens of metres in a few days without needing food, fresh water or pesticides.
    

    
     It’s time to dive into this green, brown and red ocean filled with unexplored resources. If we want to rebuild ecosystems instead of destroying them, seaweed is an excellent place to start.
    

    
     Our ancestors, algae…
    

    
     The first form of life on this planet was algae. Born out of a process of photosynthesis that has existed for 3.5 billion years, single-celled blue bacteria evolved in symbiosis with other cells to produce microalgae. Essential to life on earth, they are our most distant ancestors. Made up of single cells, these microalgae evolved and became more complex, forming multicellular organisms. And so, over a billion years ago, macroalgae appeared.
    

    
     These plants have fed humans for tens of thousands of years and contributed to making us 
     
      Homo sapiens.
     They are a fundamental element of our existence on earth. More than half of the oxygen present in the atmosphere comes from the oceans, and therefore from algae. Without them, there would be no shells or marine fauna. The ocean would be little more than a desert, incapable of absorbing carbon or producing oxygen.
    

    
     There are about 12,000 species of macroalgae in the oceans. Green and red, these life forms have adapted over the course of their evolution and have taken very diverse paths. The only things they have in common are the way they grow (photosynthesis) and the ecosystem in which they evolve (water).
    

    
     Around a billion years ago, some primitive red algae transformed to create the brown algae family, which includes the kelp often found washed up on beaches.
    

    
     As for green algae, some of them were spewed out onto the coastlines 500 million years ago and have transformed into all the terrestrial vegetation we know today. Oaks, strawberry plants, roses and baobabs are all descended from green algae.
    

    
     Even today, green algae are still genetically closer to tomato plants or fir trees than they are to red algae. Red algae and green algae share no common ancestors in the plant world. They are more genetically different from one another than a mushroom and a bear!
    

    
     For centuries, we have neglected these marine plants, both from a food point of view as well as an industrial or environmental one. European culture certainly does not value seaweed very highly. Virgil stated in the 
     
      Aeneid
     : 
     
      ‘Nihil vilior alga!
     ’ (‘There is nothing more worthless than seaweed!’), while Aristotle placed them last in the ‘great chain of being’. One ancient proverb even declares that ‘the sea hates seaweed so much that she throws it back onto the beach’. In all the territories they invaded, Europeans erased the traditions related to these plants. The Native American peoples, the Māori and the Australian Aborigines all ate seaweed before they were colonized. Only Japan has managed to maintain its appetite for these foods. Maybe it can be seen as an aesthetic and ecological prejudice: initially considered an unsightly waste on beaches, the proliferation of seaweed has also recently been described as green and red ‘invasions’.
    

    
     Yet, anyone who dives into one of the giant underwater forests that can still be found off the coast of Chile, California or Australia will be amazed by the splendour of these plants. Their gigantic lianas sway in the water, reaching up to dozens of metres in height, criss-crossed by rainbow-coloured fish and beams of light, in majestic silence.
    

    
     What is seaweed?
    

    
     A seaweed, or alga,  has no differentiated cells: unlike a plant, it does not have roots, flowers or sap. It consists of a holdfast, a stipe and fronds (or blades). The holdfast allows it to cling to a substrate but, unlike roots, does not absorb any nutrients. The stipe is the equivalent of a plant’s stem and allows the frond to move up towards the light. The frond is the part that is visible in the water and often the part that is eaten. It plays a role equivalent to that of a leaf. Seaweed may lose its fronds and regrow others.
    

    
     Contrary to its name, it isn’t actually a weed, although some green seaweeds are the ancestors of land-based weeds and grasses. In Asia and increasingly around the world, seaweed is referred to as ‘sea vegetables’ or ‘sea greens’, descriptions which better reflect its nature, flavours and benefits.
    

    
     Perhaps one day, when we have grasped how crucial it is to protect these gigantic ecosystems, we will call them ‘sea forests’. Preserving them is just as necessary to life on earth as saving the forests of the Amazon or elsewhere.
    

    
     In this book, we will be focusing on macroalgae – their advantages, benefits and uses for our food, our health and our planet, and how they can be cultivated without damaging ecosystems.
    

    
     We will not deal with microalgae (such as 
     
      Chlorella
     ), singlecelled organisms that function very differently,  and will also leave out the misnamed ‘blue algae’ such as spirulina, which were so-called until science recently discovered that they are actually not algae, but cyanobacteria.
    

    
     The benefits of seaweed
    

    
     Seaweed has learned to survive all over our planet. From opaline glaciers to sun-scorched lagoons, from salt-saturated seas to the fresh water of our rivers, it adapts to all environments, in all geographical locations.
    

    
     The way it grows is exceptional. It needs only sunlight, salt water and nutrients from the ocean, does not take up space on land and grows more rapidly than tropical forests. It therefore absorbs much more carbon per acre than any terrestrial vegetation.
    

    
     All of the world’s sea forests cover an area equal to the entire landmass of the Amazon rainforest, but are at least twice as productive in terms of biomass.
    

    
     Some types of seaweed have developed molecules with unique – and still largely unknown – properties that enable them to withstand extreme conditions. They live in symbiosis with an environment that is extraordinarily complex.
    

    
     Others have learned to communicate with each other. Sometimes even outside their own species. If one of them is being eaten by a sea snail, it knows how to attract the sea snail’s predators, such as crabs or fish, to defend itself.
    

    
     Some, like plants, reproduce by cuttings. Others release female and male gametes, sometimes called spermatozoa, into the water.
    

    
     Whether it’s for our food, medicine, agriculture, livestock, cosmetics, textiles or substitutes for petrochemical industries, in all these areas, seaweed offers us sustainable and nonpolluting solutions. Not to mention the species that could reverse the trend of global warming.
    

    
     What can we do with seaweed?
    

    
     Practically everything!
    

    
     What do we currently know how to do with seaweed?
    

    
     Practically nothing!
    

    
     Is a seaweed revolution coming?
    

    
     Phycology (or the science of algae) is practised by only a few scientists with limited budgets. These sea vegetables are teeming with qualities but remain relatively unknown.
    

    
     How many do we know how to grow? A few handfuls at most. In most parts of the world, seaweed is gathered in the wild, opportunistically, and sometimes destructively.
    

    
     12,000 years ago in the Middle East, what historians have called the first ‘green revolution’ took place. 
     
      Homo sapiens
     ceased to be hunter-gatherers: we became farmers cultivating plants to feed our animals and our families. Since then, our civilizations have been built based on the domestication of the earth’s resources. Theoretically, the cultivable ocean area is estimated to be 48 million square kilometres worldwide, taking into account solely nutrients and temperature.  We only cultivate 2,000. We are depleting our soil by cultivating 250,000 times more space on land than in our oceans, even though 70% of our planet is covered by the sea.
    

    
     Meanwhile, at sea, we are still Stone Age hunter-gatherers.
    

    
     But change is happening. In recent years, many local and international, private and public initiatives, NGOs and coalitions have become aware of the fragility and invaluable wealth of the oceans and seaweed. Furthermore, seaweed farming, which was non-existent at the start of the last century, spread to the Asian coasts to such an extent that, in 1960, half of the 2.2 million tonnes produced were cultivated. Today, 98% of the 35 million tonnes sold worldwide come from this cultivation,  which employs millions of people and helps feed almost two billion.
    

    
     According to the FAO (the Food and Agriculture Organization of the United Nations), ‘in 2019, the 34.7 million tonnes of world seaweed cultivation production for various food and non-food uses generated USD 14.7 billion first-sale value’,  and the seaweed market continues to grow at a rapid rate. Currently, over 97% of global production comes from Asia. The rest of the world has not begun to cultivate these marine plants which, as mentioned, need only salt water and sunlight to grow.
    

    
     Spreading the cultivation of seaweed throughout the world while taking care not to cause imbalance to ecosystems and recognizing the value of their compounds would offer us infinite potential for innovation and vastly increase the limits of our resources. A systemic approach that links the seas with our land-based societies could allow us to create truly regenerative agriculture.
    

    
     Together, we could enter a new era, the result of a change as pivotal as the advent of agriculture in the Neolithic period.
    

    
     An almost epoch-defining revolution…
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      Durvillaea antarctica
      (‘New Zealand bull kelp’) – a brown seaweed that measures between ten and fifteen metres and has the consistency of leather, it is found mainly in Chile where its stipes (stems) are used to make a traditional dish called 
     
      cochayuyo
     . It is sold in tightly tied bundles at every market throughout the country.  This seaweed is also found in the rest of the South Pacific and was used by the Māori to make bags. It has a very strong holdfast. Given its environment, it must withstand forces equivalent to 1,100 kph winds on land. Like all brown algae, it reproduces sexually, and the algae produces spermatozoa and female gametes which use pheromones to attract them. It is named after the early nineteenth-century explorer Jules Dumont d’Urville, France’s answer to England’s Captain Cook.
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      FOOD: SEAWEED FOR FEEDING HUMANS
     

    

    
     
      [image: The image depicts a stylized, symmetrical infinity symbol. The design is elegant and flowing, with smooth, curved lines that form a continuous loop.]
     

    

    
     Monte Verde, Chile: America via the Seaweed Highway (14,000 Years Ago)
    

    
     How did a small dam and a cave filled with seaweed at the foot of the Andes change our understanding of the settlement of the Americas?
    

    
     When, in 1973 in Monte Verde, 500 kilometres south of Santiago and 30 kilometres inland, a farming family called the Barrías diverted the course of a small stream to help their oxen cross, they could not imagine the historical implications of this harmless act.
    

    
     A year later, the erosion caused by this dam unearthed large bones belonging to mastodons.
    

    
     In 1976, an archaeological expedition led by an American, Tom Dillehay, was sent there to carry out excavations. This is when the scientific community established that 
     
      Homo sapiens
     settled in America about 13,000 years ago via the ‘Clovis Road’, named after the city in New Mexico where remains of this ‘first American civilization’ were initially found.
    

    
     So we knew for sure that the first Americans came from Asia around this period: they had crossed the lands that connected Siberia to Alaska in the area now called the Bering Strait. This region had just been freed from the ice and was not yet under water. The pioneers progressed to Central and South America over the following millennia. Numerous traces are still visible, bearing witness to their journey over hundreds of successive generations. America was the final continent to be conquered by 
     
      Sapiens
     , the first hominid to evolve
    

    
     What Tom Dillehay found in Monte Verde was a waterlogged bog that covered the floor of a perfectly preserved cave containing many remains. The high acidity of the soils and the peatbog had prevented bacterial degradation, and the organic residues were intact. About thirty people would have lived in this cave. A fairly imprecise initial dating put them at over 13,000 years old, which appeared to be a historical aberration. The team returned reports that were not published: no one agreed to validate them on the pretext that the models were erroneous, or the data was incorrect. The scientific community could not believe the theory of such an early settlement in America, at such a southern latitude. It simply could not be possible!
    

    
     Years later, carbon-dating cleared up the mystery. The human remains were between 14,000 and 18,000 years old. This camp was therefore inhabited by human beings long before 
     
      Sapiens
     arrived in America. This discovery was incomprehensible.
    

    
     The old debate resurfaced between what the science says should be true and what is actually the case.
    

    
     For scientists, there could be no other possible passage than the Bering Strait, but no previous human trace has ever been found on the tens of thousands of kilometres between there and Monte Verde. Plus, 14,000 years before our era, much of this land was frozen and unsuitable for the survival of a group of hunter-gatherers. The separation of the American continent from the rest of the world took place millions of years before the appearance of 
     
      Homo erectus
     , and no human boat could have crossed the immense Pacific Ocean before our modern era. This whole hypothesis about such an early settlement was completely inconsistent. Unless aliens had come down from outer space and landed right there in Monte
    

    
     But the expedition finally discovered conclusive evidence at the base of the cave: the dried remains of twenty-two different types of seaweed. Meticulously prepared, cut into small pieces, some of it chewed, it was obviously used for both food and medicine. Here, several hours on foot from the coast, the vegetation around the cave was lush and there was obviously no shortage of meat around. So why go to so much trouble to go and find seaweed?
    

    
     This discovery gave rise to an entirely new theory about human settlement in America: the Kelp Highway. Humans from Monte Verde would have simply followed the seaweed along the coast.
    

    
     Gradually, the discovery of other equally ancient human traces along the coast, notably in present-day Oregon, confirmed this thesis. 
     
      Homo sapiens
     settled in America well over 13,000 years ago. They travelled along the Pacific coast in small boats and over several generations. They followed this route because it was rich in resources that were necessary and familiar to them, notably the forests of giant kelp, known as 
     
      Macrocystis
     
    

    
     
      Macrocystis
     can grow up to 60 metres in height and provide an ecosystem rich in shellfish, crustaceans, fish and other algae: all organisms that could easily have fed our distant ancestors.
    

    
     Long before the gold rush, the American West had experienced a ‘seaweed rush’!
    

    
     This Kelp Highway danced along the Californian coast and then picked up again on the Peruvian and Chilean coasts. It allowed humans to progress south without going inland. Between the two continents, in the Central American region, they used the mangroves and the numerous red seaweeds found in these warm seas.
    

    
     Why is there no trace of this descent along the coast? The reason is simple. The melting of the glaciers 12,000 years ago caused the water to rise by more than 100 metres, erasing almost all traces of these very first Americans who had no interest in venturing further into hostile lands. The remains of these seafaring pioneers have mostly been swallowed up by the ocean today.
    

    
     But the presence of these twenty-two different types of seaweed in the Monte Verde cave, including 
     
      Porphyra
     
     
      nori
     ), which is used to wrap our sushi, as well 
     
      Durvillaea
     , a traditional dish in Chile even today, demonstrates a great knowledge of marine plant resources. The efforts made to transport this food from the coast to the cave show its value at the time and suggest a complex trading
    

    
     These facts also supported another – perhaps even more important – theory about who we are. It would be impossible for 
     
      Sapiens
     to have developed such a disproportionately large brain compared to our body mass by evolving solely in the savannah. The genetic development of a neural network as sophisticated as ours requires specific micronutrients such as iodine and, above all, plenty of polyunsaturated omega-3 (EPA and DHA), which is found in large quantities in seaweed and fatty fish but not on land. 
     It is therefore highly likely that when humans arrived in America they ate seaweed as well as the surrounding fish and crustaceans, as they had always done, or almost always…
    

    
     It has now been established that, for several tens of thousands of years, the Heiltsuk, and other peoples of British Columbia in Canada, or Alaska, have celebrated the new year in the spring when the herring spawn on the seaweed. Thousands of eggs (up to 20,000 per female herring) are laid on the large kelp, which they cling to. These are collected and eaten, providing a considerable and vital quantity of proteins while respecting the balance of the ecosystems. The SOK (spawn on kelp) harvest is an institution, and in 1996 the Supreme Court of Canada confirmed the practice of this harvest as an essential and sustainable activity in these regions. The number of dishes is a clear testimony to these traditions originating from this first human migration.
    

    
     Today, the consumption of seaweed as a food or medicine is still very common among the indigenous populations along this ancient ‘Kelp Highway’ from northern British Columbia in Canada to southern Punta Arenas in Chile.
    

    
     So, whatever the pioneers of archaeology (mostly men…) may have thought, the resources necessary for the vertiginous development of our species did not come solely from men’s mammoth-hunting prowess while women stayed in the caves with the kids! It is very likely that men, women and children collected these fragile little seaweeds and shells along the coast for food, and, in the process, they developed their brains in a spectacular way.
    

    
     Monte Verde is currently the oldest site testifying to the intensive use of ‘sea vegetables’ by humans for food and medicine.
    

    
     This cave tells us more about our own history than about the history of seaweed.
    

    
     Our evolution on earth has been linked to seaweed for much longer than we thought possible.
    

    
     
      [image: The image depicts a stylized, symmetrical infinity symbol. The design is elegant and flowing, with smooth, curved lines that form a continuous loop.]
     

    

    
     A food challenge
    

    
     The history of our food is undoubtedly the most incredibly rich cultural and social story of our species. Fire, flint, cooking, agriculture, breeding, bartering, storage, chilling, transport, markets, transformation, cultures, culinary traditions, industry, meals and social connections all represent significant discoveries and evolutions in our history. The order of priority for 
     
      Homo sapiens
     has always been to feed our families, our clans, our tribes, and then our country. In today’s globalized world, our challenge is to feed the planet. With healthy food.
    

    
     This challenge is huge… Every day, there are nearly 250,000 more mouths to feed. There will be almost 10 billion of us by 2050.
    

    
     Where can we find these resources?
    

    
     The equation is even more complex as the inhabitants of developing countries with rapid population growth aspire to consume more meat, the production of which uses more resources than for plant-based diets. Researchers have established that in the next fifty years, to feed the entire population, we will have to produce as much food on the planet as we have produced during the past 10,000 years. 
    

    
     Today, more than 800 million people suffer from undernutrition and nearly half of the world’s population is seriously nutrient-deficient. On the other hand, the abuse of processed, excessively fatty and sugary foods has become a major public health concern. In 2019, the EAT-Lancet Commission brought together thirty-seven of the world’s top scientists and nutritionists from sixteen different countries to compile a global report on nutrition and its connection to our health and that of the planet. One of the conclusions of the report was that, to stay within the limits of possible global production, our diets needed to change radically. The report also stated that reducing our consumption of sugar and red meat by 50% could save around 10 million lives a year. Finally, it stated that an imbalanced diet (causing malnutrition, obesity, diabetes, etc.) currently poses ‘a greater risk to morbidity and mortality than does unsafe sex, and alcohol, drug, and tobacco use combined’. 
    

    
     At the same time, our planet no longer has much accessible and unused arable land. Urban sprawl continues to encroach on arable land. Cereal crop yields have not increased for decades and are even declining due to soil exhaustion and global warming. We are also the first generation to realize that our largely land-based food system is now one of the largest emitters of greenhouse gases. Our food system is one of the main contributors to droughts, soil depletion, loss of biodiversity, species extinction and pollution.
    

    
     Even the most optimistic projections indicate that to feed the world in 2050 we will need 140% more water. We will also need to increase grain production by 50% and somehow add 14% more forest than we have today. In the process, we will emit around 80% more greenhouse gases, a far cry from our stated ambitions. A very complex balance will therefore need to be found, and there will be no margin for error. To overcome these constraints, we have very few solutions on land.
    

    
     But the oceans are a solution! They cover 70% of the planet and contribute only 2% of our calorie intake.  We only cultivate a third of our planet and dump our waste into the sea. As the primary link in the ocean food chain, seaweed could feed the planet if we cultivated it. At present, it is only North Asia that actually cultivates and consumes seaweed. Of the small amounts of seaweed produced outside Asia, 99% is still wild-harvested. Westerners have remained gatherers at sea.
    

    
     In Asia, 99% of seaweed is cultivated. This cultivation began in the early twentieth century, but has only really developed over the past thirty years. 97.3% of the world’s seaweed production comes from cultivation, and over 70% is for the food sector. Much of it is exported to Europe, where it is incorporated, without us being aware of it, into many food products. We eat seaweed extracts every day and in large quantities.
    

    
     Why is only Asia cultivating such a nutritious and abundant resource?
    

    
     This question remains unanswered. Seaweed production on the Asian continent has increased from 4 million tonnes in 1990 to almost 35 million tonnes today. Over this period, these new sea vegetables therefore represent one of the highest growth rates in the world in food production.
    

    
     Willem Brandenburg, an algae specialist from Wageningen University & Research in the Netherlands, calculated in 2015 that, by cultivating just 2% of the oceans, the protein requirements of the whole planet could be met without any additional intake of plant or animal protein.
    

    
     Of course, we are not talking about eating seaweed and nothing else, but it’s a matter of incorporating it more into our diets.
    

    
     In Japan, seaweed accounts for 10% of daily nutritional intake, and this figure is the result of centuries of culinary traditions. The current growth of the seaweed market would be sufficient to reach a production level that could meet this global demand by 2050. But this will require a change in eating habits and the cultivation of seaweed outside Asia.
    

    
     If the food production potential of the oceans seems immense, it will be even greater when sea vegetables are integrated into a truly regenerative aquaculture system, including fish and shellfish farming. Considering that 70% of the world’s population lives within 100 kilometres of the sea, this food then also becomes local.
    

    
     The benefits of seaweed in our diet
    

    
     All seaweeds are edible. Unlike terrestrial plants, there are no macroalgae that are toxic to humans, although not all of them have an appetizing flavour or texture.
    

    
     The ones we see washed up on beaches are often unfit for human consumption because, detached from their substrate, they may already be in the decomposition stage.
    

    
     Algae are nutritional bombs loaded with fibre and micronutrients, the contents of which vary from one species to another, and according to the season.
    

    
     They are low in fat and contain a high amount of vitamins A, C and K, as well as iron, iodine, magnesium, phosphorus and zinc.
    

    
     Some of them are the only plants to provide vitamin B12, which is necessary for the proper functioning of our brain. They also contain the valuable long-chain omega-3s (EPA and DHA) which are really important for the cardiovascular system and regulating cholesterol levels. These polyunsaturated fatty acids are rare; they are found only in fish oils and seaweed.
    

    
     Seaweed also has incomparable benefits for functions related to digestion, blood circulation, the creation of muscle mass or the strengthening of bones. As far as protein is concerned, 
     
      Porphyra
     (nori) and 
     
      Palmaria
     (dulse) have a protein content of over 40% as dry weight, the same as soya, on which the protein intake of livestock farms is largely based, although it represents a huge environmental cost and contributes greatly to deforestation. To take another example, just 10 grams of the abundant sea lettuce 
     
      Ulva
     ) is enough to meet our magnesium requirements. In this respect, it is much more natural and efficient than chocolate and contains no fat or sugar. It is also, and above all, rich in iron, calcium, potassium and vitamins A, C and 
    

    
     Several studies conducted in Japan by specialists in phycology have demonstrated the value of all these marine resources in the prevention of certain cancers of the breast, colon or prostate (we will come back to this in the chapter on medicine). It is important to point out that, unlike terrestrial plants, you don’t need to eat a large volume of seaweed to reap its nutritional benefits. It is so nutritionally dense that adding a few grams a day to our plates in the form of dried flakes can ensure some of our daily requirements of essential nutrients.
    

    
     The other nutritional value of seaweed lies in its structural strength, which preserves its contents even when it is dried out. Seaweed is capable of withstanding any aggression. Thanks to experience acquired over billions of years of adaptation, in the ocean, it can withstand extreme exposure to salt, cold, sun at low tide and persistent swells at high tide. Thus, unlike terrestrial plants, there are few nutritional differences between the fresh and dried versions of seaweed.
    

    
     During the Covid-19 lockdown, Japan saw a massive upsurge in seaweed consumption. While the Europeans grabbed packets of pasta in the supermarkets, the Japanese rushed out to buy dried seaweed. It’s not hard to imagine which part of the world has gained the most weight.
    

    
     More generally speaking, this resource is nutritious and available all over the world. It retains its nutrients even when dehydrated, does not deteriorate over time, does not require a cold chain and is easy to transport without plastic packaging. All these characteristics are excellent news both for the populations of emerging countries and for the climate.
    

    
     Drying these resources also has an advantage that has not yet been fully exploited. Indeed, by drying the seaweed, we recover water. Not surprising for an organism that spends its life in salt water! But the good news is that the water obtained from this process is fresh, demineralized water. Some seaweed-processing companies are considering the option of adding value to this by-product of seaweed, because demineralized water costs nothing to produce in this scenario, but can be sold wholesale for a few dozen cents. In Indonesia, a recent pilot project is exploring how to irrigate rice with water from seaweed, thus preventing massive investments into water-cleaning systems. Imagine this kind of co-production in arid regions, as well…
    

    
     Drying seaweed is just one option for preserving it. The potential of fermentation is still largely unexplored, although Danish pioneers are actively working on this subject.
    

    
     Seaweed fermentation is a technique that has been used in China for centuries, and more recently in Japan and Korea, by empirical means, with no reliable estimates of the benefits to date.
    

    
     Current research seems to show that simple lactofermentation can make the worthwhile nutrients in seaweed, especially the proteins, much easier for our bodies to absorb. As with other foods, fermentation breaks down the cells in which the nutrients are locked. It ‘predigests’ them so as to make them available to our digestive system. This type of process also allows for a long shelf life and consumes less energy than drying. In addition, fermentation sometimes removes some of the strong flavours of seaweed and makes it more accessible to newcomers.
    

    
     However, a still unknown number of parameters will influence the nutritional benefits of our sea vegetables. Indeed, the intake of a food is not equivalent to the total benefits of each of its compounds, but actually results from the combination of these compounds (the famous ‘cocktail effect’). This is even more true for seaweed. Identifying the role of each of the relevant molecules and their interactions with other molecules in digestive environments is therefore very complex.
    

    
     Other factors will be important for the quality of this nutritional intake: type of preparation, storage, processing, variety, geographical region, season and harvesting method. Genetic differences in our gut microbiota will also play a major role. Researchers still have work to do in terms of understanding and assessing how our bodies best assimilate the active compounds in seaweed.
    

    
     Gastronomic innovation
    

    
     Another challenge with seaweed is gastronomy, because on our side of the world we are as bad at growing it as we are at cooking it. But times are changing, and some top chefs are now becoming more interested in seaweed both for its texture and for its innovative flavours. Sea vegetables are uncharted territory for these culinary explorers.
    

    
     Mauro Colagreco, an Italian-Argentine chef at the Mirazur restaurant in Menton (France), which has been awarded three Michelin stars and voted best restaurant in 2019, even claims to use more than twenty different types of seaweed in his cooking. Trained in Japan, he plans to set up a seaweed farm near his restaurant so it can obtain the desired quality of ingredients every day. In Ireland and the US, many chefs are actively working with these new ingredients and incorporating them into their menus.
    

    
     Unavailable commercially in Europe until a few years ago, local seaweed is now available in almost all organic food shops in fresh or dried form. Some large traditional supermarkets are also beginning to stock it on their shelves. Alongside this change, there are a growing number of websites and specialized books  for seaweed-based recipes, from the simplest to the most sophisticated.
    

    
     Seaweed contains multiple flavours and can even offer one that is lesser known to Western palates: umami, also known as the ‘fifth flavour’, in addition to salty, sweet, sour and bitter.
    

    
     Umami means ‘delicious taste’ to the people of Japan, where it was only discovered through seaweed cooking in the twentieth century. An almost primal taste; breast milk is rich in umami. It is mainly due to a high presence of monosodium glutamate, an amino acid that is one of the most active neurotransmitters in our brain. Glutamate is also found in meat, fish and, in high doses, in Parmesan cheese, overcooked tomatoes and certain mushrooms.
    

    
     The umami taste is enhanced by two other substances: inosinate and guanylate. The combination of these three compounds is only found naturally in seaweed, especially in kelp. Umami sends a signal to the brain to indicate the presence of proteins and triggers the secretion of saliva and digestive juices to facilitate their digestion.
    

    
     In the early 2000s, scientists finally discovered the umami taste receptors in the taste buds. Incidentally, in 2010, the airline Lufthansa noted that the demand for tomato juice was surprisingly high on planes and even higher than the demand for beer. The German company sought to understand the reasons for this. Inflight, the pressure, air humidity and other factors modify our reception of smells and tastes. Perception of salty and sweet tastes is reduced by almost 30%; bitter, acidic and spicy tastes remain unchanged; while umami – which tomato juice is rich in – is increased tenfold, in particular by the noise of the plane which alters the functioning of the receptor on our tongue.
    

    
     Seaweed, which is also very rich in umami, has been part of gastronomy in Japan, Korea and China for thousands of years. The finest varieties of seaweed are served to emperors, others are offered to deities in Shinto temples. The frequent presence of seaweed in Korean and Japanese cuisine is often cited as an explanation for the exceptional longevity in both countries. In Japan, this interest in seaweed is probably related to the historical need to feed a large number of people within a small land mass. In addition, Asia has been, and remains, influenced by traditional Chinese medicine, which attributes both preventive and therapeutic functions to food: an inclusive medicine that connects the individual to nature and the universe. It is impossible to understand Asian cuisine without mentioning the essential relationship it establishes between food, health and longevity.
    

    
     The history and geography of seaweed in food
    

    
     In Japan, 6 February is ‘National Seaweed Day’, a national holiday, and celebrating it has become a tradition. Up until the eighteenth century, taxes were paid with seaweed. There are Japanese poems dedicated to it. The five most popular types of seaweed in the Land of the Rising Sun are 
     
      nori, kombu, wakame, hijiki
     and 
     
      mozuku
     
    

    
     
      Nori,
     a red seaweed, is extremely rich in protein, vitamins and minerals. 
     
      Nori
     means ‘seaweed’ in Japanese, but in common parlance it refers to a collection of red algae of the same species. 
     
      Porphyra
     , to use its proper name, is a species of seaweed that has been consumed for centuries. There are historical traces of it as early as the eighth century, when it was eaten fresh. It was not until the Edo period (1603–1867) that the Japanese began to make it into dried sheets, to be consumed in a manner similar to how we do so today. It can be found as dried sheets wrapped 
     
      maki
     and other sushi, but also as granules, powder or flakes. It is to Japan what bread is to France.
    

    
     
      Kombu
     is a brown seaweed whose name means ‘happiness’. Naturally very high in umami, it is essential for the preparation of 
     
      dashi
     , the basic broth of Japanese cuisine. It is found in all soups, but is also used as a condiment or in cooking 
     
      en papillote
     
    

    
     
      Wakame
     
     
      Undaria pinnatifida
     ), a brown seaweed, is also used in a great many dishes. In Japanese restaurants, it can be found floating in miso soup or served with sesame in the form of an almost fluorescent green salad (seaweed often changes colour when 
    

    
     The last two seaweeds are less well known for various reasons.
    

    
     
      Hijiki
     or 
     
      hiziki
     
     
      Sargassum fusiforme
     ), a brown seaweed of the Sargassum family, is an ingredient in many traditional dishes in Japan. Low in vitamins, it is fourteen times richer in calcium than milk and contains more iron than most meats. Its omega-3 content is higher than that of any other seaweed. However, its high arsenic content, which is essentially not assimilable by the human body, makes its use rare in European countries, where legislation on the subject is unclear.
    

    
     
      Mozuku
     
     
      Cladosiphon okamuranus
     ) is a brown seaweed formed of long filaments. It develops in symbiosis with other algae. Its name means ‘seaweed stuck to it by growing on it’. It is only found in two areas of the world: Okinawa Island and the Ryukyu Islands in Japan. It can be eaten in soup or as an appetizer, or used 
     
      tsukudani,
     a traditional Japanese cooking method. It provides a unique combination of vitamins and other minerals. Its particular texture and taste make it a very popular food among connoisseurs. It is almost impossible to find outside of Japan.
    

    
     South Korea shares much the same taste for seaweed as its Japanese neighbour. Its inhabitants consume less 
     
      mozuku
     , but only because it does not grow
    

    
     The country now produces four times more seaweed than Japan and appears to have made much more progress in modernizing the sector. Note in passing that the name Kim, the most popular name in Korea, means ‘seaweed’. 
     
      Kimbap
     (‘seaweed and rice’) is the basis of the cuisine in the Land of the Morning Calm. The first written records of this dish date back to 57 BC. Koreans have been eating seaweed for centuries, yet it was only in the early 2000s that the government realized the incredible nutritional potential of seaweed and its health benefits. The ‘Seaweed Day’ programme, which was launched at that time, introduced sea vegetables in various forms into school canteens on a daily basis. South Korea has also specialized in the preparation of seaweed snacks, which it now exports worldwide. 
     
      Nori
     is South Korea’s second-largest aquaculture export after tuna, and the industry provides tens of thousands of jobs. Koreans consume a lot of it but export even more, especially for the preparation of sushi.
    

    
     While Japan remains both very traditional and measured in its production, essentially meeting its domestic demand, South Korea benefits from more favourable growing areas and has ambitious mechanization projects.
    

    
     We also know, thanks to satellite images, that North Korea also cultivates and consumes large quantities of seaweed.
    

    
     China remains the world’s largest producer of seaweed, accounting for more than half of total global production. However, its inhabitants consume a lot less of it than in Japan or Korea.
    

    
     In the Pacific, from the islands of Polynesia to Hawaii, and among the native populations of the Chilean, Australian or New Zealand coasts, seaweed is also part of the culinary traditions.
    

    
     Closer to home, the giant kelps present in northern Europe were essential for human settlement in Iceland and Greenland. No land-based vegetables can grow there, while there is an abundance of high-quality seaweed.
    

    
     A famous Icelandic saga from the thirteenth century tells the story of a father who decides to starve himself after his son dies. His daughter manages to trick him by making him eat a seaweed that she claims is deadly, but actually ends up giving her father back his taste for life.
    

    
     Although seaweed isn’t traditionally eaten in Scandinavia, it is said that the Vikings used to take a lot of dried seaweed on their ships to face their long
    

    
    

    
    

    
    

    
    

    
     
     
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
     
     
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

   
  

 




    Vážení čtenáři, právě jste dočetli ukázku z knihy The Seaweed Revolution.

    Pokud se Vám ukázka líbila, na našem webu si můžete zakoupit celou knihu.
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