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ABSTRACT 

Marine resources have been attracting the attention of researchers as they provide healthy foods and may provide 

new drugs. Of more than a hundred Ulva (Enteromorpha) species found in the world, three (known as LPP complex) have 

been identified in Japan, where they are used as food: Ulva linza, Ulva clathrata (procera) and Ulva prolifera. This review 

paper reports on main compounds found in those green river algae (Aonori in Japanese) and highlights their potential 

prophylactic and therapeutic health effects. Scientific papers and reports on Ulva marine algae, their bioactive compounds 

and properties were collected using major scientific databases. Ulva species contain mainly ulvans (sulfated 

polysaccharides), phenolic compounds and flavonoids whose amount depends on species and the locations. In addition, 

terpenes and carotenoids have also been found in extracts from Ulva prolifera. A number of experimental studies have 

shown that extracts and ulvans from Ulva species have antioxidant, anti-inflammatory, anticoagulant, anticancer, antiviral 

effects. In particular, Ulva proliferaMüller, also known as ‘Shimanto-nori’ in Japan, exerts LDL-cholesterol lowering 

activity and increases adiponectin production. These health effects suggest that, apart from their nutritional value, Ulva bio 

materials may serve as source of natural prophylactic and therapeutic agents for cardiovascular and metabolic disorders. 

Further research is needed to confirm their beneficial health effects in humans. 
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INTRODUCTION  

Recently, marine resources have been attracting attention in regard to the search for healthy foods and bioactive 

natural materials that may serve in the development of new drugs1-3. Considering the rapidly growing human population on 

the planet earth and the increasing demand of foods, marine environment could play an important role in solving problems 

related to shortage of nutritional resources. 

Nowadays, marine algae have been marketed worldwide as constituents of dietary supplements due to their 

antimutagenic, anticoagulant, and antitumor properties as well as their high content of dietary fiber4,5. In Japan, marine 

algae (known as ‘nori’) have been extensively used as food since emperor Daigo’s era in the first millennium (897-930)6, 7. 

Currently, tons of alga-based food products are manufactured and even exported annually, and Japan is known as one of the 

countries where the dietary intake of algal products is common. The first report on river Ulva species growing in Japan 

came from Nakura (1921)6, based on alga collected in Aichi prefecture. Some decades later, Shimada and colleagues6 

conducted the first study that provided the genetic differences between Ulva species found in Japan. Of the 130 or more 
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Ulva species found in the world, currently three species, known as the LPP complex, have already been identified in Japan: 

Ulva linza, Ulva clathrata (varprocera) and Ulva prolifera. U. prolifera can be found in rivers located in Shizuoka, 

Okayama, Tokushima, Ehime and Kochi prefecture, although the distribution of U. Linza and U. clathrata (var procera)in 

the country is not yet well-known6. According to the work of Hayden and colleagues, Enteromorpha and Ulva represent the 

same genera and both terms are used8. 

Ulva proliferaMüller, ‘Shimanto-nori’ in Japanese, is an edible green alga that grows from the estuary to 7 km 

upstream6 (Aosanori) and elsewhere (Aonori) in the Shimanto-river, Kochi prefecture (Figure 1). 

 

Figure 1: Ulva (Enteromorpha) Prolifera, Shimanto-Nori, Being Harvested in Shimanto-River (A) and Dried (B) for 
its Commercialization in Kochi Prefecture, Japan (With the Courtesy of M. Kadota & U. Makoto) 

It is said that water from the Shimanto River is one of the cleanest in Japan; thus, food resources from this river 

are regarded as of great value. Ulva prolifera Müller can also be found in some northern European countries such as 

Denmark9. However, the first report on Ulva species from Japan came from Nakurain the year 1921, based on alga 

collected in the prefecture of Aichi. Ulva clathratahas been previously considered as synonymous to U. linza10, and the first 

scientific report to provide genetic differences between Ulva species that grow in river in Japan came from the work of 

Shimada and colleagues6. 

CHEMICAL COMPOUNDS  

Seaweeds in general, and in particular green river algae, contain a number of bioactive compounds that are 

currently subject to research due to their potential therapeutic use. Ulva species contain sulfated polysaccharides, ulvans, 

which resemble glycosaminoglycans and are soluble polysaccharides from the cell walls of these green algae; they are 

composed of repeating disaccharides with sulfated rhamnose and uronic acid4. Apart from ulvans, U. prolifera, U. linza and 

U. clathrata also contain other chemical compounds such as proteins, vitamins, minerals and polyphenols, including 

flavonoids11-14. In addition, terpenes and carotenoids have also been found in extracts of Ulva prolifera15, 16; however, 

though those chemical compounds may also be present in U. linza and U. clathrata. A number of bioactive compounds that 

are responsible of Ulva’s health effects have been detected in algal biomaterials; however, their precise amounts in each of 

the above mentioned alga species are to be determined. That is one of the objectives of our ongoing research. 

MEDICINAL PROPERTIES OF ULVA SPECIES OF THE LPP COM PLEX 

Algal sulfated polysaccharides such as fucans, sacrans from Aphanothece sacrum and ulvans from Ulva species 
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exert antioxidant, anti-inflammatory, antiviral and immunostimulatory effects14,17-20. Moreover, ulvans from U. prolifera 

reduce a-amylase production, reduce LDL-cholesterol level and increase adiponectin production in experimental studies21, 

22    (Table 1). Through the reduction of alpha-amylase production, a decrease of the amount of food-contained sugar uptake 

by the body may occur, given that some sugars will not be divided into lighter sugar chains (disaccharides).  

Obesity is strongly associated with metabolic and cardiovascular diseases. Previous studies found that low levels 

of adiponectin are associated conditions ischemic heart diseases, atherosclerosis, and peripheral artery disease23-25. Thus, 

adiponectin plays an important role in protecting cardiovascular tissues during stress, inhibiting pro-inflammatory and 

hypertrophic responses as well as the stimulation of endothelial cell thanks to its modulatory effects on signaling molecules 

such as AMP-activated protein kinase23, 26. Moreover, higher adiponectin levels are also associated with lower risk of type-

2 diabetes27, 28. 

On the other hand, the reduction of triglycerides (TG) and LDL-cholesterol intestinal uptake or adsorption by 

ulvans from U. prolifera might justify the increase in HDL-cholesterol levels22, 29. This bioactive activity is to be 

investigated to determine ulvan’s preferential effect on lighter fat, as it provides new biotechnology perspectives in the 

field of nutrition and health. 

Table 1: Bioactive Compounds and Health Effects of Ulva Species of LPP Complex 

Main Bioactive Compounds & 
Medicinal Properties 

LPP Complex (Ulva Species) Ulva Prolifera 
Ulva Linza Ulva Clathrata (Procera) 

Main Bioactive Compounds 
• Ulvans 
• Phenolic compounds 
• Flavonoids 
• Terpenoids 
• Carotenoids 

 
yes          yes          yes 
yes          yes          yes 
yes          yes          yes 
yes          yes          yes 
yes          NI           NI 

Main Medicinal Properties 
• Reduction of alpha-amylase  
• Increase of adiponectin 

production 
• Reduction of LDL-cholesterol 

and increase of HDL-Cholesterol 
• Immunity improvement 
• Antioxidant/anti-inflammatory 
• Anticoagulant activity 
• Anticancer activity 
• Antiviral activity 

 
yes          NI           NI 
yes          NI           NI 
yes          NI           NI 

 
 

yes          NI           NI 
yes          yes          yes 
NI           yes          yes 
NI           yes          NI 
yes          NI           yes 

                      *Footnotes: NI, No Information; LPP, Linza, Prolifera, Procera. 

Considering U. linza, it is reported to have anticancer and anticoagulant properties, whereas U. clathrata procera 

has demonstrated both antiviral and anticoagulant activities in experimental studies11,22,30. 

The Japanese dietary pattern, in general, has been reported to be associated with high serum adiponectin levels31. 

Considering the LDL-cholesterol lowering effect and the up regulation of adiponectin production by Ulvabio materials, 

they possess a potential to reduce cardiovascular and metabolic risks. Thus, dietary intake of specific food that have the 

above bioactive properties in combination with the reduction dietary and lifestyle related cardiovascular and metabolic risk 

factors would contribute to promoting a healthy life. 

Alga-based food products and biomaterials are currently attracting the attention of both researchers and food 
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manufacturers. Findings from a recent work by Geamanu and colleagues32 on a novel alga-based product suggest that algae 

may serve as a good source of dietary supplements, as they promote a well-balanced lipid profile. Marine green           

algae-derived sulfated polysaccharides or ulvans possess a great potential for the development of novel healthy food 

products and preventive and therapeutic agents33-36. Such health benefits will possibly contribute to improving lives, and 

possibly people’s income, in countries where green algal biomaterials are available but their importance is ignored, 

especially in the developing world. For example, the antioxidant, anti-inflammatory, antiviral and anticancer potentials of 

ulvans37-40indicate that they are promising natural sources. Currently, we have launched an ongoing research aimed at 

determining the amounts of active molecules and confirm local LPP algal species’ beneficial health effects in humans. 

Findings will culminate in new transitional researches would possibly put up additional value to marine green algae 

growing in Japan as they might lead to new dietary, pharmacological and biotechnological applications, especially in 

regard to the management of lifestyle and diet related disorders. 
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