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Introduction 

As an island nation, Japan 
has historically been de-
fined by the oceans which 

surround it. Among other things, 
the ocean is a very important 
source of marine products which 
for centuries have nourished the 
Japanese people. Harvested from 

tention as health foods due to the 
many beneficial ingredients they 
contain in addition to being low 
in calories.
Nutrition gained from our dai-
ly meals builds our bodies and 
maintain a healthy physique. Ma-
rine algae in particular are good 
for this, as it is known to be a rich 
source of nutrients, especially 
minerals (Mišurcová, 2011) and 
fiber.  Minerals are the important 
nutritional elements necessary 
for homeostasis, enzyme reac-
tion, and tissue formation in our 
body. Some examples include the 
ferritine, which improves hypo-
ferric anemia; iodine, which reg-
ulates the production of growth 
hormones; and both calcium and 
magnesium, which stimulates 
bone formation. Seaweed also 
contains rich and varied types of 
fibers, such as agarose, alignate, 
fucose, fucoidan, carrageenan, 
porpyran, and rhamnan. These 
specific nutrients and associated 
beneficial effects vary by the tax-
onomic group of algae however 
(Kim, 2011). 
It has been reported that some 
water-soluble fibers lower cho-
lesterol levels while others lower 
triglyceride levels in the serum 
of rats. Algal polysaccharides on 
the other hand have also been re-
ported to show anti-tumor activ-
ity (Noda, 1989), and preventive 
activity of ateroscrelosis (Amano, 
2005). However, marine algae 
supplies not only minerals and 
dietary fibers, but also produce 
other natural substances which 
have been shown to be effective 
at preventing lifestyle-related dis-
eases. Research has revealed that 
seaweed possesses the ability to 
prevent such conditions as obesi-
ty, diabetes, inflammatory diseas-
es, and osteoporosis, with each of 
these phenomena being described 
below. In this report, some recent 
progress in academic research 
about the health effects of marine 
algae will be introduced.

the oceans around the coun-
try are many kinds of seaweed, 
which have been used as flavor-
ing materials, food additives and 
foodstuffs in Japanese meals. Sea-
weed-eating in particular is one of 
the unique food traditions of the 
country, which sports a variety 
of seaweeds along its long coast-
line. Beyond their traditional 
nutritional uses, seaweeds have 
recently gathered worldwide at-
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Sargassum fusiforme, “Hijiki” in Japanese
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1. Anti-obesity effects
Obesity is an abnormal condition 
involving the accumulation of ex-
cessive triglyceride (TG) in adi-
pose tissue. Recent studies show 
adipocytes in obesity patient re-
lease many cytokines to promote 
inflammation and to deteriorate 
metabolism of nutrient elements 
in the body. Furthermore, the 
metabolic syndrome leads to the 
development of atherosclerot-
ic diseases, the mortality from 
which is very high, when the 
symptoms worsen (Matsuzawa, 
2006). Therefore, it is important 
to prevent or slow the onset of 
obesity. In the market of func-
tional foods to prevent obesity, 
there are mainly two groups of 
products. The first group sup-
presses the absorption of TG as 
an energy source in food, in the 
small intestine. The second group 
suppresses the accumulation of 
TG or accelerates the consump-
tion of TG in the adipocyte. The 
ingredients possesing such effects 
have been found in many type of 
seaweeds described as below.

Cyanobacteria Leptolyngbya sp.
Marine cyanobacteria are known 
as important creators of various 
bioactive compounds with phar-
macological and toxicological 
activities (Nagarajan, 2012). The 
marine γ-pyrones yoshinone A 
(Fig.1-1), as a major active com-

pound was found in the extract of 
marine cyanobacteria Leptolyng-
bya sp. (Fig.1-2), which was col-
lected from Ishigaki and Okinawa 
islands, Japan (Inuzuka, 2014). 
Yoshinone A showed inhibito-

ry activity against the cultivated 
murine (3T3-L1 cells) at the con-
centration higher than 100 µg/mL 
without cytotoxicity. The marine 
γ-pyrone are expected to be can-
didates for novel lead compounds 
for the treatment of obesity and 
related diseases (Kahn, 2006). 
Studies on useful tools that regu-
late adipocytes will contribute to 
the prevention and treatment of 
these diseases.
The reducing effects of yoshinone 
A on accumulated TG in the ma-
ture 3T3-L1 adipocyte were in-
vestigated. In Figure 1-3, typical 

images of acipocyte stained TG 
with oil red O were shown. These 
results revealed that the yoshi-
none A type γ-pyrones showed 
TG reduction activities in mature 
3T3-L1 adipocyte.
The anti-obesity effects of yoshi-
none A related compound, 

kalkipyrone, in vivo 
were examined by feed-
ing mice a high-fat diet 
for six weeks. Male ddY 
mice (5 weeks old) were 
fed a normal diet (ND), 
a high-fat diet (HFD), 
and HFD with oral in-
gestion of kalkipyrone 
at a dosage of 5 mg/kg/
day (HFD+KAL) dur-
ing the experiment. 
The body weights of 
mice in the ND and 
HFD groups showed 

significant differences, with the 
values of 39.5±0.2 and 43.4±0.7 
g, respectively. The HFD+KAL 
group (40.6±2.8 g) exhibited pro-
nounced suppressed body weight 
gain, but no significant differenc-
es, due to the limited sample size 
for the experiment. Meanwhile, 
the weight of adipose tissue was 
significantly suppressed (p<0.05) 
with the kalkipyrone treatment: 
0.93±0.23 g in the HFD+KAL 
group vs 1.62±0.15 g in the HFD 
group. These results suggest that 
oral ingestion of the γ-pyrone is 
effective for suppressing adipose 

tissue weight 
gain in mice. 
Based on 
these prelim-
inary results, 
it was sug-
gested that 
the yoshi-
none A type 
γ-pyrone ex-
presses an 

anti-obesi-
ty effect in 
vivo with 
oral admin-

istration, and the enhancement 
of lactate production will be a 
key phenomenon in the reduc-
tion of accumulated TG in adi-
pocytes (Koyama, 2016). Lactate 
is major end product of glucose 
metabolism by the glycolytic sys-
tem in cytosol, but, as usual, the 

Figure 1-1 Structure of yoshinone A

Figure 1-2 Marine cyanobacteria Leptolyngbya sp. is collected 
from the shallow water in Ishigaki Is., Okinawa, Japan.

Figure 1-3 The accumulation of triglyceride (red colored part) in cultured 3T3-
L1 cells without (control: left panel) with yoshinone A (100 nM: right panel). 
Triglyceride in adipocytes were stained with oil red O.
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citric acid cycle in the mitochon-
dria suppresses lactate produc-
tion through the consumption of 
glucose metabolites to produce 
energy. Detailed mechanisms of 
anti-obesity activity of the marine 
γ-pyrone will be elucidated by 
continued research in mice. 

Undaria pinnatifida
Fucoxanthin (Fig. 1-4), a char-
acteristic carotenoid of brown 
algae, has a unique structure that 
includes an unusual allenic bond 
and 5,6-monoepoxide. Undaria 
pinnatifida, “Wakame” in Japa-
nese, an edible seaweed, is rich in 
fucoxanthin. The fucoxanthin has 
an antiobesity effect by modify-

ing uncoupling protein 1 (UCP1) 
expression in white adipose tis-
sue (WAT) in KKAy mice, an an-
imal model of type 2 diabetes 
with obesity. When fucoxanthin 
is orally administered to mice, it 
is metabolized to fucoxanthinol 
(Sugawara, 2002). Fucoxanthin 
and its metabolite have been 
shown to reduce the expression 
of peroxisome proliferator-acti-
vated receptor (PPAR) γ in 3T3-
L1 preadipocytes, which in turn 
inhibits differentiation to mature 
adipocytes (Maeda, 2006), sug-
gesting that fucoxanthin inhibits 
adipocyte maturation and stim-
ulates UCP1 expression in WAT. 
In addition, fucoxanthin-rich 
wakame lipids (WLs) have been 
shown antiobesity and antidiabet-
ic effects on HFD-induced obesity 
in mice (Maeda, 2009). The in-
creased expression of monocyte 
chemoattractant protein-1 (MCP-

1) mRNA in HF mice was nor-
malized by ingestion of WL with 
a HFD. Moreover, the HF-WL 
diet may ameliorate alterations 
in lipid metabolism and insulin 
resistance induced by a HFD by 
promoting.

Saccharina japonica (Laminar-
ia japonica)
This brown algae Saccharina ja-
ponica, “Kombu”, is one of the 
most popular foodstuffs in Japa-
nese meals. After being harvested 
from the sea and dried with sun, 
it is made into a kind of preserved 
food. To cook it, it is first soaked 
in waterand then various sea-
sonings are added, making it an 

enjoyable food. The suppressive 
effects of Kombu on postplandial 
elevation of serum TG and glu-
cose have been reported (Shirosa-
ki, 2011), and these effects may 
also affects by processing meth-
ods of the products.

Figure 1-4 Structure of fucoxanthin

Figure 1-5 The effects of Non-shaved kombu (NSK) and Toro-
ro-kombu (TK) on blood triglyceride (TG) level in TG-loaded rats. 
AUC value is the indicator of toral absorbed TG into the blood for 8 
hours The values are the means ± SD (n=3). ***: p<0.005 vs control.

Figure 1-6 Microscopic structure on the shaved surface of Tororo-kombu.



The anti-obesity effects of non-
shaved Kombu (NSK) and Toro-
ro-kombu (TK) have been in-
vestigated in animal models. 
‘Tororo-kombu’ is a Japanese 
traditional food made from edible 
seaweed Laminaria sp. The way 
to make the dish is characterized 
by shaving seaweed very thinly. 
As a result, it was found that both 
of Kombu suppressed serum TG 
level induced by corn oil admin-
istration in rats and suppressed 
body weight gain in obese mice 
induced by a high-fat diet (Miya-
ta, 2009). And these effects of TK 
were more powerful than those 
of NSK. Then, the inhibitory ac-
tivities of TK against lipase were 
greater than those of NSK (Fig. 
1-5). A lipase inhibitor should 
avoid TG absorption and show 
an anti-obesity effect in vivo. The 
thickness of a slice of TK prod-
ucts is around 0.02 mm, which is 
thinner than the typical cell size 
of Kombu (around 0.05 mm) (Fig. 
1-6). The shaving process of TK 
product will be contributing to 
release components from cells. 
Consequently, Tororo-kombu is 
expected to prevent the obesity 
induced by a high-fat diet.

2. Anti-diabetic effects
Diabetes is a lifestyle-related met-
abolic disorder accompanying a 
decrease or depletion of insulin 
secretion. Insulin is hormone 
which is created exclusively to 
suppress elevated blood glucose 
level by promoting glucose up-
take from blood stream into cells 
of the body. Continuing hypergly-
cemia, the common characteris-
tic of diabetes, can lead to various 
complications, including diabetic 
retinopathy, nephropathy, and 
neuropathy. Therefore, diabetes 
not only impairs the quality of 
life, but also poses a threat to life. 
The stabilization of blood glucose 
is important for diabetic patients, 
since this prevents hyperglycemia 
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Figure 2-1 Green algae in tidal zone around Itsuku-
shima Shinto Shrine in Hiroshima Prefecture.
When the tide is low, even citizens, and not just the 
fishermen, collect algae 
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and the complications associated 
with diabetes (Heacock, 2005). 
Medications are useful for pre-
venting or treating diabetes and 
are known to reduce postpran-
dial hyperglycemia primarily by 
inhibiting carbohydrate-digestive 
enzymes and/or delaying glucose 
absorption in the small intestine, 
thereby controlling the blood glu-
cose level. To prevent diabetes 
and for precritical control of the 
blood glucose level, materials that 
show anti-hyperglycemic activity 
have recently been screened and 
developed from natural sources 
including marine algae (Shirosa-
ki, 2012). 

Monostroma nitidum
Several kinds of algae have been 
used as “Tukudani”, a Japanese 
traditional preserved food stewed 
in soy sauce, or as a dried condi-
ment for food in Japan. The green 
algae Monostroma nitidum (Fig. 
2-1), commonly found in shallow 
waters, is known as one of the 
main ingredients for these foods. 
Inhibitory effects of the green 
algae on postprandial glycemic 
response have been invested in 
experimental models in rats. A 
powder of M. nitidum (0.2 g/kg 
body weight) ingested with carbo-
hydrate solution showed suppres-
sive effects on the postprandial 
elevation of blood glucose levels 
in rats. In further experiments 
using extracts prepared from the 
powder, the water-soluble part 
showed the suppressive activity. 
Then, the similar results were 
given in a human trial using the 
powder of M. nitidum on healthy 
volunteers (Kamimura, 2010).
Therefore, M. nitidum appears 
to be a good candidate to prevent 
diabetes in human and animals. 
The mechanism is not yet clear 
enough but the results strong-
ly indicate that rhamnan sulfate 
contributes to the suppressive ef-
fect of the glucose response.

Pyropia sp. (Porphyra sp.)
In Japan, a special kind of red 
algae “Nori” had long been con-
sumed as a common foodstuff, 
frequently sound in foods as com-
mon as sushi rolls and rice ball. 
Today, almost all Nori algae are 
supplied and cultivated using 
traditional techniques, and bio-
logically major species are Pyro-
pia yezoensis and Pyropia ten-
era. Some species in the genus 
Porphyra were taxonomically 
changed into new genus Pyropia 
in 2011. 
Recently, some have reported 
that Nori shows anti-diabetic ef-
fects in experiments using animal 
models and human volunteers as 
below.
The 75% ethanol extracted frac-
tion of P. yezoensis showed a 
suppressive effect against lipol-
ysis in cultivated adipocyte. The 
effect can be seen as an indicator 
of insulin-like activity. The active 
component was estimated to be 
below 1,000 of molecular weight 
based on an ultrafiltration tech-
nique. The components showed 
suppressive effects on the post-
prandial elevation of blood glu-
cose level in glucose-ingested rat. 
The researchers concluded that 
the Nori alga contains insulin-like 
components, which is acceptable 
even by oral application (Tomoy-
ori, 2009).
The effects of Nori (3 g) on the 
postprandial glycemic response 
to white bread were studied in 
twelve healthy volunteers fe-
males aged 22.08 ± 1.44 years. 
In the glycemic index (GI) of 
white bread + Nori intake group 
decreased to 68% against GI of 
white bread alone group. And in 
vitro experiments showed inhib-
itory effect on starch hydlysis in 
Nori extract. 
Thease results revealed that Nori 
will be applicable as food material 
to control GI of the other foods 
(Goñi, 2000).

3. Anti-inflammatory 
effects
Inflammation is one of the most 
important biological defense re-
action systems our bodies use 
to maintain and regulate home-
ostasis. However, when locally 
excessive inflammation reaction 
occurs, it may become a trigger 
of diseases, causing damage to 
the body’s own tissue. In nor-
mal conditions, the systems are 
controlled, but a degradation of 
health and the attendant disrup-
tion of proper nutrients can ag-
gravate inflammation. Some sea-
weed has a regulatory function 
for the inflammatory response, 
while other seaweed has also 
been found to contain compo-
nents which can prevent or mit-
igate inflammatory diseases, such 
as auto inflammatory disorders, 
pollen allergies, and ulcerative 
colites.

Dictyopteris undulata
During screening research for 
functional foods, zonarol (Fig. 

3-1), a marine hydroquinone ses-
quiterpene, was isolated from the 
brown algae Dictyopteris undu-
lata (Fig. 3-2) as an anti-inflam-
matory compound to suppress 
edema in mice. To elucidate the 
in vivo functions of zonarol, the 
pharmacological effects of zonarol 
administration on dextran sulfate 
sodium (DSS)-induced inflamma-
tion in a mouse model of ulcera-
tive colitis (UC) were investigated 
(Yamada, 2014). The UC is rec-
ognized as an incurable disease 

Figure 3-1 Structure of zonarol
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requiring an extended period of 
treatment by the Health, Labor 
and Welfare Ministry in Japan. 
In the model, male ICR mice re-
ceived with 2% DSS in drinking 
water for 14 days. At the same 
time, 5-aminosalicylic acid (5-
ASA) at a dose of 50 mg/kg (posi-
tive control) and zonarol at doses 
of 10 and 20 mg/kg, were given 
orally once a day. DSS-treated an-
imals developed symptoms sim-
ilar to those of human UC, such 

as severe bloody diarrhea, which 
were evaluated by the disease 
activity index (DAI). Treatment 
with 20 mg/kg of zonarol, as well 
as 5-ASA, significantly suppressed 
the DAI score, and also led to an 
impluvement colon length (Fig. 
3-3). Zonarol treatment signifi-
cantly reduced the expression of 
proinflammatory signaling mole-
cules, and prevented the apopto-
sis of intestinal epithelial cells.
The marine hydroquinone iso-
lated from D. undulata against 
experimental UC via the inhibi-
tion of both inflammation and 
apoptosis, very similar to the 
standard-of-care sulfasalazine, a 
well-known prodrug that releases 
5-ASA. The oral administration 
of zonarol might offer a better 
treatment for human IBDs than 
5-ASA, or may be useful as an 
alternative/additive therapeutic 
strategy against UC, without any 
evidence of side effects.

Eisenia arborea
The brown algae Eisenia arborea 
called “Sagarame” in Japanese is 

found in the central regions along 
the Pacific coast of mainland of 
Japan (Fig. 3-4). In morphology, 
it is similar to Eisenia bicycleis, 
called “Arame” in Japanese, 
which is found widely through all 
of Japan. In the screening exper-
iments using cultivated cells, the 
extract of E. arborea prominently 
suppressed histamine release (Su-
giura, 2006). 
In the feeding experiment in im-
munoglobulin E (IgE) sensitive 
allergy model rats, the levels of 
IgE and histamine in serum were 
suppressed in the rats fed a diet 
supplemented with dried E. ar-
borea powder for 42 days. The 6 
of active compounds were identi-
fied as phlorotannins, which are 
polyphenols commonly found in 
brown algae, following purifica-
tion procedure guided by hista-
mine release inhibitory activity 
in vitro. One of them is the new 
phlorotannin, phlorofucofuroeck-
ol-B (Fig. 3-5). The mechanism of 
anti-allergic effects was estimated 
to be an inhibitory effect on his-
tamine release and a regulative 

Figure 3-2 Dictyopteris undulate, in different hours of the day. Left in the daylight; right during the night

Figure 3-3 Effect of zonarol isolated from D. undulata on the colon 
length in DDS-induced ulcerative colitis model mice.
The values are the means ± SE (n=6). *: P<0.05, **: P<0.01, ***: 
P<0.005 vs DSS control.
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turbed under a variety of patho-
logic conditions that affect the 
skeleton, including postmenopau-
sal osteoporosis and rheumatoid 
arthritis, in which there is a local 
and/or systemic alteration in the 
levels of hormones or proinflam-
matory cytokines that are known 
to stimulate or inhibit bone re-
sorption in vitro and in vivo. Os-
teoclasts are multinucleated cells 
that play a crucial role in bone re-
sorption. The imbalance between 
bone resorption and bone forma-
tion results in osteoporosis. Pres-
ently, osteoporosis is treated with 
effective medicine given from the 
hospital. However, nutritional 
factors may be especially impor-
tant in the prevention of osteopo-
rosis. Therefore, substances that 
can suppress osteoclast formation 
are potential candidate materials 
for drug development or function-
al foods. 
There have been reports that 
unique compounds or extracts 
from micro and macro marine al-
gae can suppress osteoclast differ-

entiation (Koyama, 2011). 
Dianoflagellates Symbiodinium sp.
Dinoflagellates are widely known 
to be a rich source of biological-
ly active and structurally unique 
secondary metabolites (Uemura, 
2006). Some dinoflagellates are 
found as symbiotic zooxanthellae 
in a wide range of marine inver-
tebrates. They can live in limit-
ed environmental conditions in 
the host animal’s body, but some 

effect on lymphocytes balance by 
analysis of effects on cytokines 
and immunoglobulins (Sugiura, 
2008). Therefore, this alga seems 
to be useful as a foodstuff to re-
lieve allergic symptoms such as 
atopic dermatitis, pollenosis, 
asthma and allergic rhinitis. The 
valuable alga has been applied as 
functional food to relieve allergies 
to pollen.

4. Anti-osteoporosis 
effects
Worldwide, 200 million people 
are estimated to be suffering from 
osteoporosis based on the report 
from the World Health Organiza-
tion (Cooper, 1999). Osteoporo-
sis is a disabling disorder that is 
characterized by decreased bone 
strength and density. Bone me-
tabolism is characterized by two 
opposing activities: bone forma-
tion and bone resorption (Martin, 
2002). Bone mass depends on the 
balance between resorption and 
formation within the remodeling 
unit. Bone remodeling is dis-
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Figure 3-4 Brown 
algae Eisenia 
arborea in Mie pre-
fecture in Japan. 

Figure 3-5 Structure of phlorofucofuroeckol B
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dinoflagellates can be cultured 
under artificial conditions with 
a seawater medium. We can find 
its useful metabolites of dinoflag-
ellates in the culture medium or 
together with host animals.
Symbioimine, isolated from the 
cultured dinoflagellate Symbiod-
inium sp., had suppressive effects 
against osteoclast differentiation 
in osteoclast-like cells. The sym-
biotic micro alga Symbiodinium 
sp. derived from the marine acoel 
flatworm (2 mm of body length), 
was cultured in artificial sea wa-
ter. The medium with dinoflagel-
late was extracted with 80% aque-
ous EtOH to collect metabolites 
(Fig 4-1). Symbioimine (Fig. 4-2), 
an amphoteric iminium metab-
olite, has been isolated from the 
extract. Symbioimine has been 
shown to be an anti-resorptive 
and anti-inflammatory drug (Kita, 
2004). Its ability to suppress os-
teoclast differentiation (EC50

 

= 44 µM) was demonstrated in 
RAW264 cells (Fig. 4-3). 
Norzoanthamine, isolated from 
the colonial zoanthid Zoanthas 
sp., has been shown to have an-
ti-osteoporosis activity in ovariec-
tomized mice. The zoanthamine 
alkaloids are a structurally unique 
family of natural products that ex-
hibit anti-osteoporotic, antibiotic, 
anti-inflammatory, and cytotox-
ic biological activities. Although 
they are isolated from soft coral 
of the order zoantharia, symbiot-
ic dinoflagellate may play an im-
portant role in their biosynthesis. 
Norzoanthamine (Fig. 4-4) was 
isolated along with some analogs 
from a Zoanthus species collect-
ed off the Ayamaru coast of the 
Amami Islands in Japan (Fukuza-
wa, 1995). Further investigations 

will be needed to elucidate the 
mechanism of the anti-osteoporo-
sis action of norzoanthamine.

Sargassum sp.
The genus Sargassum include 
several kinds of edible brown al-
gae. With regard to the effects on 
bone metabolism, there are some 
reports using crude extracts of 
brown algae, S. horneri, “Akamo-
ku” in Japanese, and S. fusiforme, 
“Hijiki” in Japanese.
The effect of the water-soluble ex-
tract from marine algae Sargas-
sum horneri on bone metabolism 
has been investigated (Uchiyama, 
2004). The S. horneri extract 
showed the activities on osteo-
clastic bone resorption and oste-
oblastic bone formation in vitro. 
In the animal experiments, the S. 
horneri extract helped to prevent 
bone loss in streptozotocin-in-
duced diabetic rats in vivo. Inter-
estingly, these two active compo-
nents in S. horneri extract were 
thought to regulate bone metabo-
lism to prevent osteoporosis. It is 
expected that the active compo-
nents will be identified in the near 
future. An extract of Sarugassum 
fusiforme (Fig. 4-5) has recently 
been shown to have anti-osteopo-
rosis activity. This edible seaweed 
is washed well in boiled water and 
dried to keep long term for pres-

Figure 4-1 The Marine Acoel Flatworm Amphiscolops sp. collected from Okinawa Is. (left panel) and the Cultivated Dinoflagellate Symbiodinium sp. (right panel).

Figure 4-2 Structure of symbioimine

Figure 4-3 The effects of symbioimine on forma-
tion of osteoclast like cell (filled columns) and 
cell viability (open columns). The values are the 
means ± SD (n=3). 
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ervation. Methanol extract was 
prepared from the dried materials 
for the series of experiments. This 
extract showed suppressive effect 
against osteoclast differentiation 
and accelerative effect against 
osteoblast formation in the sepa-
rate in vitro experiments. Then, 
it also showed anti-osteoporosis 
activity in ovariectomized mice 
by regulating the balance between 
bone resorption and bone forma-
tion. The ovariectomized treated 
mice quickly lost bone mass and 
strength within a few weeks due 
to insufficient estrogen produc-
tion physiologically (Fig. 4-6). On 
the other hand, oral treatment of 
mice with S. fusiforme at doses 
of 500 mg/kg/day for four weeks 
led to a significantly higher re-
tention of femur weight than in 

the control group. Furthermore, 
these preventive effects were not 
accompanied by an increase in 
uterine weight, which is an in-
dicator of a serious side effect of 
treatment with 17b-estradiol in 
the case of hormonal treatment. 
The methanol extract of S. fusi-
forme has been suggested to regu-
late bone turnover by influencing 
both osteoblasts and osteoclasts. 
These two effects are thought to 
involve other compounds. Since 
these effects were associated with 
the methanol extract, the active 
components are thought to be 
non-polar, low-molecular-weight 
molecules. These marine algal 
extracts of Sargaassum are also 
candidates for functional food or 
traditional medicine for the pre-
vention of bone diseases such as 
postmenopausal osteoporosis.

Conclusion
In Japan, seaweed is one of the 
most common but also most im-
portant foodstuffs in daily meals. 
A tremendous variety can be 
found in the supermarket, such 
as Nori, Kombu, or Wakame. The 
variety of these products depends 
on the both the ingredients and 
the process of preparing them. 
Many seaweed products undergo 
washing, drying, slicing, roasting, 
boiling, salting, and a variety of 

other processes. This allows con-
sumers to enjoy different types 
of seaweed in every type of meal, 
from soups, mixed rice dishes, 
or cooked foods. It can even be 
enjoyed in seasonings, teas, and 
light snacks. The wide variety of 
usage is very important as it al-
lows the Japanese people to not 
only enjoy the taste but also the 
health benefits. Recently, many 
functional foods made with sea-
weeds have been released on the 
market, stressing marine algae’s 
benefits as functional foods and 
helpful medicine. 
Algae remains an abundant marine 
resource, and increasingly it can 
be produced outside of its marine 
environment, for example through 
tank incubation. In the future, 
more and different types of algae 
will increasingly be seen not only 
as edible, but critical for the main-
tenance of good health as well.

* TOKYO UNIVERSITY OF MARINE 
SCIENCE AND TECHNOLOGY

	 Laboratory of Food Chemistry and 
Functional Nutrition,

	 Graduate School of Marine Science 
and Technology

On the next issue the italian version of 
this article will be published.
Sul prossimo fascicolo sarà pubblicata 
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Figure 4-5 Sargassum fusiforme

Figure 4-4 Structure of norzoanthamine

Figure 4-6 Fem-
oral morphology 
in normal (left 
panel) and 
ovariectomized 
(right panel) 
mice. The amount 
of cancellous 
bone is important 
indicator for 
strength of bone 
and the extent of 
the osteoporosis. 
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