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August 18,2007

Mr. Robert Pooler

Agricultural Marketing Specialist,
National Crganic Program,
USDA/AMS/TMP/NOP,

1400 Independence Ave., SW,
Room 4008-So., Ag Stop 0268,
Washington, DC 20250.

Docket number AMS-TM-07-0062

Dear Mr. Robert Pooler,

t am writing to against the interim final rule and recommend the inclusion of Kombu seaweed {Laminaria japonica,
Laminaria japonica var. ochotensis, Laminaria angustata, and Laminaria angustata var. longissima) to the section of
Non-organic agricultural substances allowed in or on processed products labeled as “organic”, 205.608. | would like
to request your review on Kombu seaweed as we have similar situation with Wakame seaweed (Undaria pinnatifida),
which was added to 205.606 of the National List.

Please find our petition for the addition of Kombu seaweed (Laminaria japonica, Laminaria japonica var. ochotensis,
Laminaria angustata, and Laminaria angustata var. longissima) to be added to the section of Non-organic agricultural
substances ailowed in or on processed products labeled as “organic”, 205.606.

CBI copy and CBI deleted copy are enclosed, respectively. | claim the CBI treatments, as | do not want to
disclose our contracted suppliers for competitive reasons. In the case the request for CBI treatment of
enclosed petition is being denied, please kindly contact me by e-mail before accepting this petition.

Thank you very much for your attention.

Sincerely,

(Rt Pl

Asuka Shiono
Mitoku Co.,Ltd.



CBI-Deewed
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Subject: Request on Kombu seaweed (Laminaria japonica, Laminaria japonica var. ochotensis,

Laminaria angustata, and Laminaria anqustata var. longissima) for addition to the National list
under, 205.606

ltemA
Kombu seaweed (Laminaria japonica, Laminaria japonica var. ochotensis, Laminaria angustata,
and Laminaria angustata var. longissima) to be added to the section of Non-organic agricultural

substances allowed in or on processed products labeled as “organic”, 205.606.

ItemB
1. The substance’s chemical or material common name.
Kombu seaweed (Laminaria japonica, Laminaria Japonica var. achotensis, Laminaria arfgystata,

] B —m

and Laminaria angustata var. longissima)
2. The manufacture’s or producer’s name, address, and telephone number ST

CBI Deleted - ’

3. Alist of the types of products for which the substance will be used and a description
of the substance’s function in the product.

Currently, Kombu is used as an ingredient to make stock for Instant Miso Scup and Yuzu Ponzu.

These products used to be labeled as “Organic” before 9 June 2007. Since Kombu is integral to

the preparation of most Japanese traditional foods as stock, we intend to use the ingredient for

our new organic Japanese cuisines in the future.

4. Alist of the crop, livestock or handling activities for which the substance will be used.
If used for handling(including processing), the substance’s mode of action must be
described.

As mentioned above, Kombu is used to make stock for Japanese traditional foods.

5. The source of the substance and a detailed description of its manufacturing or
processing procedures from the basic component to the final product.

Kombu is harvested from the ocean. After the crop is harvested, it is usually being sun-dried by

the sea. In general, the preparation of stock for Japanese traditional food, dried Kombu is being

boiled in water for certain amount of time, and the broth is used for many Japanese traditional



foods.

Our Instant Miso Soup manufacture purchases Kombu extracts for their product.
Production Process of Kombu extracts:
Kombu as ingredient — Extracting by hot water — Condensing- Sterilize by heating — Filtering —

Inspection - Filling and Weighing — Packaging - Final Product

Yuzu shoyu manufacture purchases dried kombu and makes the Kombu extract(stock) on their
own by simpiy bailing the dried Kombu.

6. A summary of any available previous reviews by State or private certification
programs or other organizations of the petitioned substance.

Kelp is already included in the National list under 205.606 for use only as thickener and dietary

supplement.

Also, Kombu itself is listed on materials list 2007 being published by Global Organic Alliance as

use only as thickener and dietary supplement. http://www.goa-online.org/standards. html.

7. Information regarding EPA, FDA, and State regulatory authority registrations,
including registration numbers.

To the best of petitioner's knowledge, no such information is available.

8. The Chemical Abstract Service(CAS) number or other product numbers of the
substance and labels of products that contains the petitioned substance.

To the best of petitioner’s knowledge, no CAS number or relevant information is available.

The labels of Organic Instant Miso Soups are attached (Attachment 1). Although we do not
currently use these labels for NOP certified product after 9 July 2007

For Yuzu Ponzu, no retail label is available, since it is only shipped as bulk from the manufacture.

9. The substance’s physical properties and chemical mode of action including:
a) Chemical interactions with other substances, especially substances used in
organic production;

Itis 100% natural ingredient. No chemical substance is added to the ingredient.



10.

1.

b} Toxicity and environmental persistence;
The crop is a traditional Japanese food and being included in Japanese diet for centuries.

To the best of petitioner's knowledge, it is environmentally persistent.

c) Environmental impacts from its use and /for manufacture;
To the best of petitioner’s knowledge, no significant environmental impacts from use and/or
manufacture of Kombu .

d) Effects on human health;
Please refer to the Attachment 2.
Reference: SEAWEEDS KAISO by Japan Seaweed Association.

e} Effects on soil organisms, crops, or livestock

To the best of petitioner’s knowledge, it is not used on soil arganisms, crops or livestock.

Safety information about the substance including a Material Safety Data Sheet(MSDS)
and a substance report from the National Institute of Environmental Health Studies.

To the best of petitioner's knowledge, no such information is available.

Research information about the substance, which includes comprehensive substance
research reviews and research bibliographies, including reviews and bibliographies
which present contrasting positions to those presented by the petitioner in
supporting the substance’s inclusion on or removal from the National List. This
information item should include research concerning why the substance should be
permitted in the production or handling of an organic product, including the
availability of organic alternatives.

General information of Laminaria spp. is described in Wikipedia at

http:/fen. wikipedia. org/wiki/Laminaria

Please refer to the Attachment 3.
Reference: SEAWEEDS KAISO by Japan Seaweed Association.

As the result of search on the word “Laminaria’ at USDA's website, no relevant information
which present contrasting positions to those presented by the petitioner in supporting the
substance’s inclusion on or removal from the National list was found. The search result is
attached as Attachment 4.



12. Petition Justification statement

® A comparative description on why the non- organic form of the substance is
necessary for use in organic handling.

Kombu is integral to the preparation of most Japanese traditional foods as stock. Kombu, which

is abundant in glutamic acid makes a good stock and provides nice flavor to the food. Attached

table1 shows high glutamic acid content of Kombu species.

Mitoku has been exporting Japanese traditional foods including organic certified products (Or the
equivalent for the years before organic policies are established) since 1969. We would like to
continue exporting arganic certified Japanese traditional foods including the ones contain Kombu
and increase our varieties of products in the future. Kombu stock is essential to high quality

Japanese cuisines.

In the modern times, many food industries, even many households, use monosodium glutamate
to replace stock made from natural ingredients such as Kombu. As a company, which wish to
offer organic, natural and traditional Japanese foods to the market, we feel it is hecessary for one
of the most important ingredient in Japanese traditional food, Kombu, to be permitted to use in
“Organic” labeled product.

Several types of fish are also common to use as stock in Japan.

In this point of view, Kombu stock is beneficial to the people, who are on certain types of diet and
do not eat fish or meat. Kombu, which is rich in glutamic acid provides flavors for vegetarian
dishes. Most importantly, Kombu contains important nutrients to vegetarians'diet. Kombu is a
good source of a wide range of essential vitamins and minerals, including calcium, iron, iodine,
and vitamins A, B1, B2, C, B6, B12, and niacin.

As the attachment 2 shows, many health benefits by eating Kombu has been reported.

® Current and historical industry information/ research/evidence that explains how or
why the substance cannot be obtained organically in the appropriate form,
appropriate quality, and appropriate quantity to fulfill an essential function in a
system of organic handling.

For the past few years, we have been contacting several Kombu suppliers to obtain organic

certified Kombu to use for our organic certified products. Up to now, we have not been able to

source organic certified Kombu.  (Affidavit for non-availability of organic Kombu from Kombu



supplier is attached as Attachment5) . As the result of Internet search by petitioner, there was
organic certified Laminaria digitata from the Atiantic available in powdered form.

However, our contracted instant miso soup manufacturer claims that it is necessary to use the
species of Kombu they currently use in order to keep the same flavor and quality of their
products.  Also, the manufacture was not able to find organic certified Kombu on their search.
Comment from instant miso soup manufacture is attached as Attachment 6. The manufacture
reported that they use Kombu called Kushiro (place in Hokkaido Prefecture, Japan) Kombu and
Hidaka (place in Hokkaido Prefecture, Japan) Kombu. Petitioner researched the distribution of
Kombu species and found that Kushiro Kombu is the species of Laminaria angustata and

Laminaria angustata var. longissima, and Hidaka Kombu is the species of Laminaria angustata.

Species of Laminaria japonica, Laminaria Jjaponica var. ochotensis, Laminaria angustata, and
Laminaria angustata var. longissima are known to be used for making stock.

As the data for glutamic acid contents in the table 1 shows, glutamic acid contents vary according
to the species and harvested region. Even among Kombu species, which are growing in
Japanese seawater, there are species being known as not preferable to make stock. Each
species of Kombu has different characteristics such as flavors, softness, etc. Manufactures are

choosing species of Kombu, which is desirable as stock in their organic processed products.

Yuzu Ponzu manufacture claims that the use of Kombu is necessary for their Yuzu Ponzu
product as the product is characterized by Kombu stock. They also were not able to find
organic certified Kombu. Comment from the manufacture is attached as Attachment 7.

Petitioner intends to use organic Kombu if we could source organic certified Kombu of species
Laminaria japonica, Laminaria japonica var. ochotensis, Laminaria angustata, and Laminaria
angustata var. longissima are available. Petitioner and manufactures will keep searching for
organic certified Laminaria japonica, Laminaria japonica var. ochotensis, Laminaria angustata,
and Laminaria angustata var. fongissima as we have been for the past few years. Meanwhile,
we request that non-organic Kombu limited to the species of Laminaria Japonica, Laminaria
japonica var. ochotensis, Laminaria angustata, and Laminaria angustata var. fongissima to be
allowed to use for "Organic” labeled products. Alternatively, petitioner request to allow the use
of Kelp as a stock in addition to Kelp used as a thickener and dietary supplement for “Organic”
labeled products.

Industry information on substance non-availability of organic sources regarding



commercial availability.

The information is included in the above section.



Table.1

Gulutamic Acid contents of different species and growing district of Kombu

Japanese Common Name

Scientific Name

Growing District

Gulutamic Acid content

Osatsube in Hokkaido 2470mg
Nishitoi in Hokkaido 1,740mg
MA KOMBU Larminaria japonica Ishizaki in Hokkaido 2.370mg
Oma in Aomori 2,400mg
Omoe in lwate 1,560mg

MITSUISHI KOMBU Laminaria anguststa Chikafue 970mg
Esan 1,910mg
Hamanaka in Hokkaido 1,590mg
o . Akkeshi in Hokkaido 2,790mg
NAGA KOMBU Laminaria angustata var. longissima Ochiishi in Hokkaido 7.010mg
Habamai near Hokkaido 1,830mg
RISHIRIKE] ENAGAONI KOMBU Rausu in Hokkaido 4,690mg
RISHIRI KOMBU Laminaria japonica var. ochoternsis Funadomari in Hokkaido 1.840mg

References:

Reference for Gultamic acid contents data:Nihon Konbu Kyokai
Reference for Scientific Name: COLORED ILLUSTRATIONS OF THE SEAWEEDS OF JAPAN
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CHAPTER 3 Dietary Fibers

(1) General

Modern diets today, especially in the U.S. are high i refined and processed foods
and are often Jacking in the necessary dietary fiber. The healing and therapeutic
qualities of a diet high in both seluble and insoluble fiber are manifold. Dietary fiber
is necessary for clearing the digestive system. Constipation elevates blood pressure
s0 algal dietary fiber can help to lower blood pressure. Algal dietary fiber, in addition
to assisting in clearing the digestive system, also protects the surface membrane of
the stomach and intestine from potential carcinogens and abserbs various substances
such as sodium ions and cholesterol, ultimately to be eliminated. Recent research on
experimental animals shows that certain alga? acidic polysaccharides do prevent the
proliferation of implanted cancer cells, possibly by enhancing the immune system (1
~3).

(2) Dietary fibers of seaweeds

Dietary fibers which are high in the absorption of water are found aplenty in edible
marine plants such as konbu, wakame. These seaweeds contain a sulfated
polysaccharide known as fucoldan., In addition, brown algae such as konu and
wakame contain alginates, a polyuronic acid which is also a water-soluble dietary
fiber. These types of acidic dietary fibers are generally not present in terrestrial
vegetables. Terrestrial plants generally contain a uronic acid such as pectin and plant
gurns which are different from that of alginates. Cellulose and hemicellulose or
similar polysaccharides occur in both land and sea plants but these are nentral
polysacchnides. Seaweeds comtain more of the acidic polysacchrides which are
soluble in water or dilute alkali.

When seaweeds such as konbu. and wakame are soaked in water for a while, a
viscous substance like mucin (mucopolysacchanide of saliva) comes out. This viscous
dietary fiber of brown seaweeds consists mainly of alginate and fucoidan along with a
small amount of protein. The protein serves to bind these soluble fibers. Konbu and
wakarme contain these acidic fibers from 25 to 35% on a dry weight basis. It is this
all important dietary fiber in its muscilage form that assists with elimination and coats
the digestive {ract to protect the walls from inflamation, hence is used for the
treatment of ulcers in Japan and protects the digestive tract by envelping
carcnogens. The alginates and fucoidans of the brown seaweed correspond to the
pectins in terrestrial plants. An apple; which is a rich source of pectin, however,
containg roughly 12% insoluble fiber.

24

Dietary fiber in nori is composed mainly of porphyran, a sulfated galactan, in rough
amount of 30% of dry weight. The substance is not found in land plants. It is similar
in biological funcution to the alginates and fucoidan of the brown seaweeds. Other
edible red algae have characteristic sulfated polysaccharides, mainly of galactan.
Several forms of carrageenans, in varying amounts are found in Chondrus crispus
(Irish moss, carageen moss, “tochaka” in Japanese) and Euchewma muricaium. E.
amgkusaensts, kivnsal and in the Philippines: E. cottonit and E. spinosum and
Kappaphycus striatum, “ookinnsal” in Japan.

The red algae Gelidium (cow hair, stone flower or ‘tengusa” in Japanese) and
Gracilaria (Sea noodle, thin dragon beard plant or “ogonor?” in Japanese) contains
similar water soluble sulfated galactans calied agar, so are zn excellent source of
dietary fiber. Agar differs from carrageensn mainly in chemical structure but both are
classified as galactzns. Agar contains less sulfate, and when dissclved can form a gel.
It serves as gelatin for vegetarians. Agar is used a mild purgative in Japan.

Some green algae, e.g. Ulva and Enteromorpha have been known to contain other
kinds of sulfated heteropolysaccharides {mostly belonging to complex rhamnan
sulfate) than the mentioned zbove. Most of them are a kind of heparineid and work
as dietary fiber when they are uptaken as food (2, 3).
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CHAPTER 4 Antihypertensive Substances of Seaweeds

{1} Relationship between hypertension and saltuptake

Hypertension, simply stated, is when the blood pressure is elevated, especially, at
the lower reading or diastolic pressure. Normally this reading would be 140/90 mg
Hg. There are various reasons why the blood pressure may be elevated but cbesity
and high levels of sodium {salt) may aggravate this condition. Epidemiologic statistics
and research experiments show that a large intake of salt can result in hypertension
which can lead to arteriosclerosis and eventually to a stroke or cardiac infarction. In
the United States, the Food and Nutrition board recommends an amount lower than
6 grams of salt per day. In Japan the amount is higher, bemg 10 grams per day.
Since ancient mes, it has been known m Japan that a diet of marine plants had the
effect or lowering blood pressure. In recent laboratory experiments results show
that incorporating marine algae to the diet of rats effectively lowers blood pressure
(1~2).

(2) Blood pressure caused by rennin; inhibitive factors against angiotensin
converting enzyme

Among other things, blood pressure is regulated by the balance between sodium
and potassium jon levels in the blood. With an increase in sodium ions, the auton-
ormic nerves gives orders for vasoconstriction. With the lowering of sodium ions and
increasing potassium lons, blood pressure is lowered (Fig. 36).

Most of edible seaweeds and paticurarly polysaccharides isolated from them have
been known to show high dietary fiber activities such as somewhat noticeable hy-
potensive material when they are ingested as food. Here, one of the results from
our relating experiments, using rats as expenmental auimal. A part of them is shown
in Figs. (37~38).

In hypertension, it has often been observed that the balance in the resbsorption of
sodium and calcium in the kidneys becomes abnormal and there is an increased reab-
sorpton of sodium in the blood stream. This results in a high calcium, low sodium
level in the urine. Supplemental calcium might be required. Konbu has a relatively
high caicium content (1% of its dry weight). Much of this is in a combined state with
alginic add but a large amount of this is released in the small mtestine because of 2
slightly alkaline state in the blood stream. A portion will be taken into the blood
stream and some will be lost as it recombines and is eliminated with the soluble
fiber. .

Research studies also show that 2 magnesium deficlency creates vasoconstriction
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and increases blood pressure. Konbu and wakame are excellent sources for hoth
calcium and magnesium.

All marine algae contain a substance called “fucosterol” but comparatively
spezking, brown algae contain the largest amounts, Fucosterol belongs to the same
sterol group as cholesterol and sitosterol but it exhibits “antilipemic and hypotensive
activity. In other words, its presence helps to reduce fats in the blood stream and
lowers blood pressure. Fucostero! is found only in marine plants while sitosterol is
abundant in iand plants such as spinach and soy beans. Sitosterol functions in a
similar way to fucosterol. General hypertension is caused by the changes in the
sodium/potassium ratio which brings about an increase in the concentration of
angiotensin II, a physiologically active peptide, which is produced by a protease
called angiotensinconverting enzyme (ACE). Angiotensinogen, through the acton of
reqin (a protezse), forms angiotensin I which then becomes ACE. ACE has a potent
vasoconstrictive and hypertensive activity. Fucosterol inhibits the activity of ACE to
change the balance in the sodium/potassium ratio (3).

Another substance, laminin, 2 non-proteinous amino acid derivative is found in
marine brown zlgae, primarily in the Laminariacea (konby family). Laminin has a
weak transitory effect in depressing blood pressure. Laminaria angusta (mitsnishi
konbu in Japanese) has the highest content of laminin in the brown algae group (4).

(3) Hypotensive new oligopeptides from protein of Porphyre and
Undaria

Most recently, several oligopepti- mf
des which are fractionated from the
different kinds of proteolytic digests w m
from Porphyrg vezoensis protein were rm.
tested for their hypotensive capacity m
on experimental rats and a number of w 150
vohmteers. (5, 6). Of the various g
kinds of oligopeptides, five kinds of I
ores rtevealed the activity and a " s o1 2 3 4 s
pentapeptide, Alz-Lys-Tyr-Ser-Tyr Time after administration {h)
(AKYSY) (P5-1 fraction) had the high- Fig. 39 Etfecet of oral administration of the
est activity. The authors suggested P. yezoensis peptides (SP-I fraction)
that the resuit obtained may due to be on the bicod pressure of SHRs. Vertical
caused by the possible inhibition of an bars represent the mean=®SD, N=5, Sig-
. - . niflcant differences from blood pressure
anglotensin l-converting enzyme by 0% p o 05 wp .01, P < 0,001
the oligopeptides. This suggestion has 0. systolic blocd pressure; O, mean
been supported by another paralle] - . blood pressure; &, diastolic blood press-
experiment using a purified prepara- ure. {7)
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tion of this enzyme (7). The inhibitory patterns by the pentapeptide are shown in
Fig. 37. Several tetra-peptides having a similar function to the mentioned above
were most recently prepared from a proteorytic digest of a protein fraction extracted
from the fronds of wakame (Undaria pinnatifida) by ion-exchange chromatography
and gel-filtration. The individual peptides showed more or less mhivitory activity
against angictensin I-converting enzyme (ECE)(8). The inhibitory patterns of these
peptides are shown in Fig. 39—40. .
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Fig. 40 Antihypertensive effect in spontaneousiy hypertensive rats of single oral doses
of the four tetrapeptides {A-D) with angiotensin |-converting enzyme inhibitory activ-
ity isclated from wakame. Each point represents the mean change in systolic blood
pressure in five rats: [ control (0.9% saline) ; & captopril {oral 10 mg/kg) ; @ each
tetrapeptide {oral 50 mg/kg) . Different from control at *P < 0.05, **P < 0.01, and
P <0.001. (8}

29



CHAPTER 5 Cholesterol and Seaweed Diet

{1) General

Cholesterol is a contmon word in today’s vernacular and most pecple are aware of
what their cholesterol levels are. Also known are the facts that when cholesterol
levels are high, this can lead to serious heart problems, heart attacks, bypasses, etc.
Perhaps less understood is factual information on the role it plays in physiological
functions. Cholestero! is an important substance, particulatly in the cell membrane in
all living orgnisms. It is a complex chemical present in all animal fats, espedially in
bile, the brain, blood, adrenal glands and nerve-fiber sheaths. It is involved in the
synthesis of certain hormones and of the bile acid which is essential to the digestion
and absorption of lipids. Studies indicate that an excessive amount of cholesterol can
clog arteries and lead to cardiovasular diseases. While too little cholesterol can also
lead to serous health problems, in FOOD FOR LIFE. Dr. Neal Barmard writes that
on a fruit and vegetable diet, there is enough cholesterol to take care of our needs.
Cholesterol attaches itself to lipoproteins. Low density lipoproteins (LDL) carries
cholesterol that can build up plaque in the arteries and high-density Epoproteins
(HDL) carries cholesterol to the level where the body can get rid of it.

Cholesterol is taken in as food in our diets and is also biosynthesized in the liver.
Concentrations of cholesterol between the liver and plasma are interchangable. It,
however, must fluctuate within a certain range. Arteriosclerosis, along with cancer,
is a leading cause of death in Japan. This statistic can no doubt apply also to the
United States, as with many other countries.

Research evidence i Japan show that there is a distinct link between the lowering
of bloog cholesterol level and the preventon and reduction of plaque buildup i the
arteries and the ingestion of certsin seaweeds. Research evidence show that most of
the edibe seaweeds, for example, acnori (Enteromorpha), konbu (Laminaria),
wakame ([/ndariz), and nori (Porphyra) elevated the HDL levels and depressed LDL
levels in the blood for the test animals. In particular, a diet containing algal
polysaccharides which have a high functbn of dietary fiber showed this remarkable
tendency (2). These marine algae have long been used a part of Japanese diet.

Cholesterol is, on the other hand, a vitally very important substance in living
organisms. For example, it is a complex compound and occupies roughly 40 % of
ordinary cell membrane lipids of mammalian erythrocytes. In addition, most of
steroid hormones including sexhormones as wel} as bile acids are biosynthesized
from choresterol. The formers are highly necessarily for keeping various
bioreactions in the tissues and organs of the body, and the latter has a role to assist
the digestion and absorption of lipids at small intestine. Cholesterol is ingested with

30

vessel caterabepatic circulation Liver cell

HDL

deposited fat

% composition
lipoprotzin 50,33
cholesteral 20,45
Tipid 30,22 i by

,+ cell membrare
4 ;

p- endogensons |}

various steraid
cholesterol= =¥
i

hommozes

deposited chelesterot
in vessel wall
- g™

H
" Fbile acid etc,

free chelesterol

LbL

chyromicron

AE stomach

Fig. 41 Diagram of different types of cholesterol intissues and liver and their circulation
in bedy.

other food we eat ordinarily. As shown in Fig. 41, choresterol absorbed is usually
combined with sofmie lipoprotein to make chyromicron, a large size lipoprotein and
transported via lymph vesssels into blood vessels. From which some of LDL {light
density lipoprotein} are finaily absorbed into liver through LDL-specific receptor. It
must be added here that relatively large amounts of seaweed powder or
polysaccharides obtained from them were mixed with the diet.

Besides this kind of cholesterol in exogenous origin, part of cholesterol is
Eowgﬁwmﬁmm in liver and they are always mutually interchanged between blood and
liver. The cholesterol concentration in blood, therefore, is changed usually within
gome extents. This is due to the fact that it must be kept physiclogically suitable
concentrations which are statistically agreed for normal health. In fact, too lttle
cholesterol concentrations may cause serious physiological damage such as apoplexy
white too much ones can cause lesions in the bicod vessels resulting in
arteriosclerosis or atherosclerosis and other ischemic heart diseases.

It seems reasonable that the biosynthesis of cholestercl may be inhibited by
fucosterol which is an isomer of cholesterol and moreover it corresponds to
sitosterol in terrestrial higher plants. Fucosterol occurs in relatively large amounts in
brown seaweeds such as konbu and wakame. Since sitosterol has been known to use
as an hypocholesterolemic drug, it may be assumed that it has the same fiction as

sitosterol.
It is well known that thyroid hormones such as thyroxine and related compounds
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are existent in the brown seaweeds, particurarly in Laminariz. These compounds
appear to show antilipemic activity in some resach experiments (1). In addition,
there is a reported that a brown alga called “fir needle” (Analipus japonicus) which
has been usually taken as food in Japan, being called mafsume in Japanese has the
similar activity(l).

{2} Recent animal experiments on hypercholesterolemic activity of sea-
weeds,

In a most recent investigation of us, the possible effects of seaweeds were carried
out on rats by putting on & high cholesterol diet (2-4). The experimentsl rats were
separated in two groups:

Growp A was placed on a standard diet mized with seawseds meal from 26
species, in which 1 specles of green algae, 21 species of brown aigae and 4 species
of red algae are inciuded, and with cholestero! of 1.5% level. Group B was placed on
the standard diet mixed with the same cholesterol level, but without the addition of
the seaweed meel. Both Group rats were placed on this diet for 20 days. Except for
the seaweed meal, all other treatment conditions remained the same. At the end of
20 days, the total weight gain for each rat was measured, then food was withheld for
the next 12 to 14 hours. Then blood from the heart was measured for free
cholesterol in the blood, HDL (high density Lpoprotein), LDL (low density
lipoprotein) and TG {triglyceride: a representative neutral fat). The resulis seemed
very notable and are summerarized as follows(2}.

(DCharges in body weight for Group A on an algal diet were plus/minus around 10%
for more that 20 species and the rest 6 species increased or decreased to extremely
large extent.

@ Total cholesterol levels in blood were irregularly changed from around plus 200%
to around minus 60% by majority of seaweed diet, but changes fluctuated within
around plus/minus 10%.

@In contrast, HDL levels in blood were elevated by addition of almost half number
of seaweed species. The highest value attained 64% of the control, althcugh the
levels elevated by remaining ancther almost half of seaweeds showed only 20% or
below the control value.

@ Changes in peutral fat trigivcerdes levels in blood showed trend o elevate with
around 2/3 species of seaweed attaining more than 36% of the control at the highest
level white minor changes of plus/minus occurred with the rest of seaweeds.

®LDL levels in blood were lowered by around z half seawseds while those were
elevated by nearly the same number of species, but the rates of depression were far
higher than those of elevation in general, the highest value of the forming at 57%
lower level than the control while that of the latter being at 27% of higher level than
the control.
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@ Atherogenic indices crisis frequency for atherosclerosis which were caleulated
from an equation {TC-LDL)HDL were decreased with more than half of seaweeds.
The lowest value of reducing index attains around more than 60% lower than that of
the control while there were about 1/3 numbers of elevated indices in which
extremely exaggerated one was present.

@As a whole, it was discovered that more than a haif of the 26 species of seaweeds
tested tend to repress elevation of blood cholesterol levels, which had been caused
by forced hypercholesterolemia of rats. Aonori, konbu, wakame and nori which have
been in use as food for a long period in fapan showed more less the repressive
activity. In particular, the experiment showed that these seaweeds elevate HDL
level while depressing LDL level in blood thereby decreasing the probebility for
atherosclerosis.

3) Recent animal experiments on hypercholestetleremic activity of
seaweed polysaccharides

From above mentioned results from @ to @, it was posturated that, water-
soluble polysaccharides having the high function of dietary fibers in these seaweeds
may reveal the antihyperlipidemic activity on experimenta! rats. Thus, we attempted
similar experiments to the seaweed meal using purified polysaccharides extracted
from zpproprately selected seaweeds: Sulfated glucuronoxylorhamnan from
Monostroma witidum (green alga), sodium alginate from Analipus jupowicus (brown
alga}, porphyran from FPorphyra yezoensis (red alga), funoran from Glotopetis fenax
(red alga), and agar from commercial products of Wakoh Chem. Md. Ltd. (2).

In this experiment, entirely similar procedures to those with seaweed meal were
employed both for rearing rat and analytical methods, and the results obtained are
shown in Fig. 42.

In this Figure, the effects of diet on the changes of serum lpid levels are
expressed as percentages on the values from control experiment where only the diet
without polysaccharides are used. The results obtained revealed almost similar
tendency to active seaweed meal experiment, athough the each lipid content
fluctuates to a considerable extent according to the polysaccaride spieces, whose
chemical structure are considerably different.

Upon reugh inspectation of the results, i may be obviously pointed out that
changes of lipid levels may be separated into two groups. The one group which
includes total cholesterol (TC), free cholesterol (FC), low density-lipoprotein (LDL)
arid triglyceride (TG) all of which show a tendency to decreases and particurarily
higher with LDL. In another group, high-density-fipoprotein (HDL) shows
remarkable increases although they fructuate widely according tc the species of
scaweed polysaccharide added to diet. Concequently, atherogenetic index (Al for
each polysaccharide changes downwards throughout the breeding period.
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Fig. 42 Hyperchoresterol effest of algal polysaccharide-containing dist on
serum lipid level of rat for 20 day-raising. (2)
A control, B ; surfated glucuronoxylorhamnan, G : fucoidan, B : Na-alginate,
E: porphyran, F : funoran, G : agar,
FC: free cholesterol, TG total cholesterol, LDL : light density cholesterol,
HDL : high density cholesteral, Al : atheroscrelosis index

Furthermore, it was found that the capacity to decrezse Al values of mdividual
seaweed polysaccharides is roughly as follows:

Porpyran = control < {glightly) funoran < agar < sulfated glucuronoxylorhamnan
< fucoidan.

Thus, as & whole, it may be concluded that the six kinds of seaweed polysaccharides
have a capacity to lower more or less the LDL level of experimental animal while
more or less elevate the HDL level.

d) Why are seaweeds and their polysaccharides useful for lowering
cholesteroi level in hypercholesterolemia blood.

(D Circulation of lipoproten between various tissues and organs (Fig. 41)

There are two pathways in the cholesterol crculgtion. One pathway is that the
cholesterol synthesized in liver {endogenous one) is released into blood stream and
is used mainly as a food into small intestine (exogenous one) is first absorbed into
stream and then if is subjected to the same fate as the one synthesized in liver.

The cholesterol in blood is primarily incorporated into lipoprotein, although some
of it remains in a free state or esterified with fatty acids. There are mainly four
forms of cholesters! depending on the partner with which cholesterol is combined.
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The first form is a member of chylomicron which is the largest complex lipid particle
containing almost exclusively neuvtral fat (TG) beside phospholipids and cholesteroi of
free and ester forms. The second is one of the components of very low density
lipoprotein LDL whick has a large size next to chylomicron and contains neutral fat
and phospholipid as the major ingredient. The third is one of the ingredients of low
density lipoprotein LDL which has a2 medium size and consists of mainly protein and
phospholipids as the major component. The last type is one of the components of
high density lipoprotein (HDL) which is very smal in size but is of high density
because protein is the major ingredient and it has the highest amount of phospholipid
ameong the four types of lipoproteins.

When exogenous chelesterol in food is ingested and reaches the small intestine, it
is liberated from food and icorporated mto chylomicron as fats and lipids and will be
absorbed through the villi of the intestinal mucous membrane. Then the cholesterol
is conveyed by blood stream to the liver. Most of the cholesterol is present in the
form of LDL but small part is in free or esterified form.

Free and esterized form of cholesterol in bloocd of rats used in the experiment
mentioned above occupy roughly 12% and 45% of the total cholesterol in blood.
These forms of cholesterol will eventually to be incorporated into any blood
lipoprotein mostly into LDL. Cholesterol of LDL is largest amount among blood
lipoproteins makes up more than 40% of the total. As HDL is present in very small
amounts in the blood, therefore, the cholesterol bound to it is also small in amount,

@ Role of LDL and HDL.

Role of LDL and HDL in the circulation of cholesterol is comprehensive and
depends upon the quantities found in the bloodstream. The main role of LDL is to
transport cholestercl to the necessary sites for the cells. Cholesterol transported to
any wound in the arteries, will form an atheroma, a fatty deposit of mucoprotein,
phospholipid, fibrin and a protein of LDL. This deposit on the walls of the artery
form an atheroma in the endotheial cells and always cause atherosclerosis. When this
oceurs in a coronary artery it causes an infarction.

An excessive amount of LDL in blood stream can be decreased in a healthy liver.
The liver has receptor proteins for LDL on their surface and LDL in blood stream
enters the liver after it is absorbed in this receptor, a relationship like “key and
lock” as shown in (Fig. 41) Usually, excess LDL is degraded in the Lver cells and
the exogenous cholesterol is metabolized in the same way as endogenous cholesterol
which had been biosynthesized here in liver. Mostly, the cholesterol is converted in
liver mainly to bile acid, but it also serves the biosynthesis of various steroid
hormones as raw material. An example is that sex hormones are synthesized in
gonad and corticosteroids such as aldestrone is made in adrenal cortex and so on.

HDL has densities of 1.003 to 1.21 and these are 1.057 to 1.2138 times these of
LDL respectively. That is why they zre called HDL because HDL is higher in
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protein comtent instead of lower in cholesterol content. HDL alsc wanders about
with blood stream and its main function is to pick up cholesterol sedimented on the
vessel wall in contrast to that of LDL. In general, therefore, BDL is understood as
“good lipoprotein” while LDL as “bad one”. HDL delivers chelesterol to the liver te
be finally metabolyzed.

@ Role of seaweeds and dietary fibers,

When seaweeds that are in high dietary fbers are ingested in the intestine, the
dietary fibers themselves gradually form a colloidal state in a random network of the
polysaccharide molecules. Part of cholesterols whether they are exogenous or
endogenous get wrapped up in this network and move through the diogstive tract,
finally to be eliminatled. Thus, cholesterol to be absorbed may become lesser.
However, it is difficult to explein why the levels of HDL tended to elevate while that
of LDL was lowered m the anmal experiment mentioned above(Fig. 42)
Nevertheless, it should be noted that in other experiments similar to the above
mentioned one, researchers have reported some decrease in the cholesterol level in
liver. Changes in the cholestero! level in the liver was not examined in the
experiment mentioned above.

@ Lowering cholestercl level in blood and liver by loss of bile acid.

As indicated in Fig. 41, bile acid which is essential for lipid absorption is
hiosynthesized from cholesterol in the Hver. It is excreted into intestine via bile duct
after temporary storage in gall bladder. It is usually combined with some amino acids
such as glycerine and taurine and enhances the detergent activity of the bile acids.
The conjugated compounds serve in the fat and lipid digestion by forming a droplet
called chyromicron which is mostly compesed of neufral lipids stabilzed by a small
amount of lypoprotein. Thus a large part of bile acid formed from cholesterol in the
tiver is secteted into the small intestine, but a large part of its reabsorbed into the
blocd stream to be returned to the liver by the route of “enterohepatic circulation”.
Therefore, almost of the bile acids which originated in the liver is reabsorbed in liver
via portal vein. However, some remains in the intestine and it is this portion of the
bile acids which must be supplemented from the cholesterol in the liver. By this
enterohepatic circulation of bile acid, biosynthesis of bile acid in liver is controlled in
gencral. When foods from seaweeds or ther polysaccharides are present in the
intestine, the net work of these colioidal dietary fibers such as alginates combine not
only with part of the cholesterol from food origin but also with the bile acid excreted
from the liver, and their absorption is disturbed at last in part. To supplement the
amcunt of bile acid lost in intestine by absorption to dietary fibers, the lLiver must
synthesize an additional amount, thereby sacrificing some of cholesterol present in
liver. The total cholesterol in liver is then to be decreased by such events as the
additional synthesis of bile acid. The capacity of adsorption may be effected by minor
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difference of colloidal property due to the indivisually characteristic molecular
structures.

The above speculation may fill in part the explanation for depression of cholesterol
level in the liver by a seaweed diet in some cases. But, the cholesterol level in liver
is not always lowered by experiment with seaweed diet. The main reason for the
uncertzainty is that there have been many reports which state that seaweed meal and
their polysaccarides depress the serum cholesterol level, but not with liver, In the
liver, there are some reports in which the level being depressed, while some being
elevated and some appearing ineffective. The reason for these experimental results
has not been theoretically cleared at present.

(® Fucosterol depresses cholesterol level in blood (3).

In a research experiment using chickens, Group A were fed a standard diet mixed
with 1% cholesterol. Group B were fed the same diet with an added 1% fucostercl
{a substance found in seaweeds). After 21 days on these diets, the cholesterol
concentration in plasmas collected from the twe groups were determined. It was
found that cholesterc] level of B group was 56.8% lower than that of Group A. The
result may be explained from an assumption that fucosterol inhibits some stage of
hiosynthesis of cholesterol which started from acetyl CoA.

Fucosterol is relatively plentiful in the brown seaweeds inchuding wakame and
konbu.

(@ Antilipemnic activity in organic iodide compounds from kenbus.

Inorganic iodides in seaweeds were mostly in a form of sodium and potassium
salts, but various forms of organic ipdide compounds are also present. for example,
thyroxine, a thyroid hormone and the compounds related to it are found relatively in
a large amount i brown seaweeds such as kombu and horsetail (hondawara in
Japanesg). There is a work in which quantitative determination of organic iodide
compounds was made for several marine algae, in which seaweeds being edible but
not eaten in common are included (1). )

For example, their contents of two kinds of brown m._mmm were selected and shown
in Tahle 2.

Table 2 Contents of organic iodione compounds in fwo kinds of Japanese brown algas
{mg %, dry weight basis) (1]

. Lomiaria sp.

Organic iodione compound {one mwmﬂ.mm:%w Mwaa:_: ﬁowmmmm””%mﬁ”ﬂnww tangle)
monoiodidotyrosine 1.55 10.61
diiodotyrosine 2.33 4.04
triipdotyrosine 0.91 1.51
thyroxine 1.3 1.9
iodine-bound protein 0.67 5.56
iodine-bound unidetified 2.8 8.72
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One group of rats were fed with standard diet containing 1% cholesterol and the
other two groups of rats were fed the same diet with addition of .01 thyroxine or 2
mg of dilodotyrosine per rat per day. The 3 goups of rats were raised for 6 weeks
under the same condition and the cholesterol level in blood of each rat was
measured. The result was obtained is that the levels were dropped nearly 17% and
28% of the control group. If may be noted here, the drop by addition of organic
iodide compounds to diet seems o be due to some different reason from the drop by
acidic polysaccharides diet. The repressive activity may be related to the possible
controlling effect on some stage of biosynthetc pathway of cholesterol in either way
being directly or indirectly.

(@ Effect of chlorophylls and partizlly degraded products.

We are often aware of the data for examination of the possible antilipemic activity
of chlorophylle which occur ubiguitously in photosyntheic plants including marine
alge. Most experiments have been carried out using diet containing 1% chelesterol
plus/minus 20-30 mg chlorophyll or pheophytin and pheobarphide commonly formed
in the digestive tracts of rats. The latter two compounds are each chlorophyli
degradation product. Phecphytin having lost its magnesium ntead of two hydrogen
atoms and pheophorbide being lost magnesium and phyto! in its molecule. As the
result of experiment, pheophyitin and pheophorbide show antilipernic activity in a
range of depression between 20% to 30% of the control (1).
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CHAPTER ¢ Anticoagulents

{1} Blood coagnlation

When we get a cut or wound and bleeding occurs, the blood has afrotective
mechanism by which the blood clots and the bleeding stops, unless gf course, the
wound 15 5o deep that a vessel has been cut. The bleeding stops beghuse in a series
of enzymatic reactions (by a series of proteases called thrombig’ or fibrinogenase)
foliowing the blood coagulation. I there is a lesion in the vgfsel and the clot or
thrombosis is formed in the vessel, the results can be very gérious, especially if the
clot is in the cerevral or coronary arteries. Close to gventy steps in enzymatic
reactions by thrombin and its cofactors take place in hood coagulation. In essence,
what happens is that an enzyme, thrombin, catalges the formation of a water
insoluble network of fibrin from the scluble fibogen found in the blood streem.
Fibrin enmeshes the erythrocytes, leucocytes pfid platelets to form a bloed clot.

On the other hand, there is an enzyme called plasmin which degrades blood clots
and improves blood stream as has been pefore. Plasmin is a kind of serin protease
and found in the tissues of the vesse! walls and i urine. Plasmin is produced from a
precursor called the plasminogen actifating enzyme (PAE). Plasminogen is a type of
protease. Any protease belongs to/ group of protein digesting enzymes

{2} Fucosterol

Fucosterol, a substange which occurs naturally in marine algae, paticcularly in
brown algae, has recepfly been found to activate PAE and accelerate the formation
of plasmin (4). It been noted that fucosteral also plays a role in preventing
hypercholesterclergfa (Chapter 5) in addtion to repress hypertension (Chapter 4). In
this Chapter, ong more such an activity of it is reported as it may work to prevent
blood clot formétion in the vessels by daily intake of it. This fuction of plasminogen
activating fugbsterol has been deduced fom the following experiment. Endotherial
walls from bovine (cattle) carotid artery were cittured in the three kinds of media;
culture & contzined only the standard medium, culture B contained the standard
mediuny’ plus fucostercl, culture C contained the standard medium plus sitosterol (a
stero¥ similar to fucosterol in function, but is found only in some land plants). When
the/PAE which formed in the proliferating cells in the culture mediums were
Wecked, the PAE activity of the cells grown on fucosterol medium was nearly 7.5
fimes higher than that of the comtrol cells. In contrast, the medium contamning
sitosterol showed a 2.4 times activity of the control. Thus, in these experiments,
fucosterol proved to be 3 times higher in the preduction of PAE than sitosterol. (1)
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CHAPTER 7 Thrombosis

Thrombus is the state in which blood coagulation occurs within the blood vessels.
The main mechanism for blood coagulation has been discussed in the preceeding
chapter. When thrombosis occurs in the brain or caronary artery, serious ilnesses
such as cerebral and cardiac infarctions are the resuit.

(1) Preventive property of PUFA (n-3) for thrombosis

Recent investigatione show that thrombosis can be prevented by polyunsaturated
fatty acids belonging to the n-3 groups besides sulfated polysaccharides (1-3). The so
calied essential fatty acids belong to the n-6 group. This classification is made
according to the number of carbor: atoms of fatty acid enumerated from the terminal
methyl group, when the first double bond {(an unsaturated bond) occurs at the
number three carbon atom from the end methyl group of an unsaturated fatty acid, it
belongs to the n-3 group and when it occurs at the number six atom, this fatty acid
belongs to the n-6 group. For example e -linolenic (C-18), total number of carbon
atoms being 18, eicosapentaenoic (EPA) or icosa (IPA) (C-20) and docoszhexaenoic
(DHA) (C-22) acids ete. belong to the n-3 group while  -linolenic (C-18) and
arachidoric acids etc. belong to the n-6 group (Fig. 43).

A large umber of investigations show that most prostaglanding (local hormones)
are derived from eo-finolenic {n-3 group), arackidonic (-6 group) and eico-
sapentaenoic (n-3 group) acids, and various prostaglandins, PGH; and PGE,, for
example, are formed from the arachidonic acid and from EPA respectively. PGH,
exhibits its physiclogical functions, for example by induction for platelet aggregation
and vasocontraction, etc. While PGE; display an almost opposite function for PGH;,
the inhibition of platelet aggregation and vasodilation, etc. In this respect n-3 type
fatty acids have recently been considered to be essential fatty acids for the human
body along with the n-6 type ones.

The highly unsaturated fatty acids of the n-3 group are known to be in fish ofl such
as sardines, saury and mackerel, but for a long time their nufritional and
physiological functions in the human body has remained obscure. Recently they have
been thrust in the limelight because of the discovery that these oils heip in
preventing arteriosclercsis in adults, Meanwhile, scientists involved in the research
of the nutritonal value of seaweeds have discovered that these plants also contain
fatty acids of the highly unsaturated n-3 group, particularly EPA, although the
amount is small in comparison to fish.

{2} Content of PUFA (1-3) in several edible seaweeds

The content of fatty acids in the four kinds of marine algae widely used as food In
Japan has been carefully investigated and the results are shown i Table 4. About
3% of Porbhyra {nori) is lipids, of which almost 50% is EPA. Laminaria (konbu)
contains almost the same amount of lipids as non but the unsaturated fatty acids of
the n-3 group is not as large in comparison. However, konbu and wakame contain
oleic acid {C18-1) in larger amounts, almost equal to arachidenic acid than these in
nori. However, the oleic acid (C18) is changed into higher unsaturated fatty acids of
neither n-6 nor n-3 such as arachidonic acid (n-6 group) and EPA (n-3 group) in the
twman body. In addition, both types of fatty acids are unable to change mutually in

Table 4 Kind and content of the individual fatty acids in four kinds of edible sea-
weeds {mg % on dry weight basis)

Fafty acid Porphyra Lammana Undaria pinnatifide  Hizikia
(C-pumber and deuble bond number) Yez0ensis (Wakame} Jusiformis
{Noti) blade  sporophyll (Hiziki)
myristic acid(14.0) g 502 464 79
palmitic acid(16.0) 555 1587 2576 570
Satwated e ank (18.0) 20 - - :
acid others - 19 432 24
Sum 684 2108 3472 673
hexadecamonoenoic acid
74
(16:1) 78 56 59
hexadecadiencic acid :
(16:2)
oleic acid(18:1) 102 342 2040 112
Linoleic acid(18:2) 2) 56 202 728 -
« -linoleic acid(18:3) B 8 - 28 214
: ¥ -Inoleic acid(18:3) 2) 17 - - -
. parinaric acid (18:4) ¥ 14 - 135 73
g.ﬁmﬂﬁmﬂm 4 m_nomﬁﬁoﬁwmwwn acid 109 ) _ )
acid cicosatrienoic acd(20:3) 3 67 - 58 6
eicosadienoic acid (20:2) ® 43 - - -
alachidonic acid & other
eicosatetraencic acid ¥ 73 : 74 888 182
(20:4)
eicosapentaencic acid 4, 1607 mNo 128 344 o2
(20:5) SE
others 30 ‘41 458 - 85
a 213 96 276 1704 188
Sum b 1672 Bl6 128 518 379
Total fatty acid 2884 2080 3590 7820 1486
Ratio of unsat/sat 3.2 x.w 0.7 1.2 1.2
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N-3 Acids (Omega-3: first double boad from the tarminal metyl group is on the 3th carbon atom)

Alpha linalenic acid {C10) DHA: Docosabexaennic acid (Cp)
_ C-C-CC-C-C-COOH C=C-C-C=C-C-CaC-C-C-CO0H
c C
™ CaGL-C=C-C-CeC-C-CHy ™ CmC-C-C=CC-C=C-C-CHy

EPA: Eicosapentacnoic acid or
IPA: Teosapetraennic acid

C=C-CLCL-LL-CO0H

o
™ CmC-CA=GC-CmC-CCH;

N-6 Acids (Omega-5: fir double boad from the terminai metyl group is 0a the fth carbon atem)

Gamma lincienic acid (Cig) Arachidonic acid (Can)
c L C=C-C-C-C-C-CO0H O CCmC-C-C-C-CO0H
c
N O=CC-LmCLCC-C-CH; ™ CC-L-CC£-C-C-C-CHy

ETA: Eicosatriencic acid (Czp) or
[TA: rosamienoic acid {Ca}

- CmCC-L-C-C-C-C-CO0H

c
™ QG C-CHC-C-C-C-C-CH,

Fig. 43 Diagram showing carbon-skelton and double bond position at typical
polyunsaturated fatty acid molecules, relatively abundunt in tatty acids of edible
seaweeds.

our bocy; highly unsaturated fatty acids of both n-3 and n-6 types are interchange-
ahle only within the same type.

Undaria (wakeme) contains various fatty acide similar to that of konbu with the
exception that it has a same quantity of arachidomic acid and a large amount of EPA.
In contrat, the sporophyll part of wakame shows an entirely different pattern of fatty
acid content. Of special note is that the wakame sporophyll {meksbu in Japanese) has
the highest total lipid content of the edible marine algae amounting to as much of the.
dry weight (7 ~8%) while those of most other edible seaweeds are around 3% in
general. Consequently, the fatty acid of n-3 type in the wakame sporophyll attains
almost four times of wakame thallus. On the other hand, the total amount of n-3
PUFA of nori is nearly 7 times that of n-6 PUFA (net amount being m@@noﬁ.smnm.q
1.7mg% of dry thallus) (Tzble 4), (Fig. 43).

The fatty acid pattern for Hizikia (hiliid) resembles konbu, except that it has a
larger content of alpha linolenic acid. As mentioned above, it is commonly known
that fatty acids of the -3 and n-§ groups are metabolically interchangeable in their
individual groups, but fatty acids in the n-3 group never changes to a fatty acid of the
n-6 group and vice versa.

Thus, a fatty acid of the n-3 group, for example, a-linolenic acid (C18-3) is able to
change EPA (C20-5) and ever DHA (C22-6) by the addition of 2 carbon atoms and 2
double bonds (unsaturated) cne by one. In contrast, if we ingested 7 -linolenic acid
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{C18-3) belonging to the n-6 group, it is able to change to arachidonic acid (C20-4)
by. the addition of two carbon atoms and a double bond. In both groups of fatty
acids, reverse changes do ocour i vivo; ie. arachidonic acid (C20-4, n-6 group) to 7
~linclenic acid (C18-3, n-6 group) by the loss of twe carbon atoms and one double
bond while EPA (C20-5, n-3 group) can chenge into «-linolemic acid (C18-3, n-3

group). .

(3) Roles of EPA in preventing arteriosclerosis

Noticeable epidemiological studies were made by the Danish medical scientist,
Dyerberg and his co-workers. They researched the correlation between the lipid
ievels of cholesterol and the neutra! lipids in humen plasma with coronary
atheroschlerosis(4). The studies were carried out on the Danes living in Demark and
the Jnuits who lived in Greenland. The Inwits who lived in Greenland had larger
amounts of EPA in their bloodstream than their counterparts who lived in Denmark.
In addition the levels of cholesterol, neutral fat, beta-lipoprotein, both light density
and very light density, was lower in the Inuits of Greenland than those residing in
Denmeark. The main reason for this may be due the diet, in that Inuits in Greenland
eat more marine animals than terrestrial cne for protein and fat sources. Marine
animals, in turn eat marine plankton which carry an abundant supply of EPA. In
additon, the Inuits of Greenland consume about 1.5 times more protein than most
Danes while their carbohydrate intake is about two third that of the Danes.

It should be mentioned that fatty acids of both the n-3 and -6 groups are needed
to sustain our bodies and the ratic of the amounts is important. An imbalance of
either too much or too hittle of either is detrimental for health and well being. An
expermment was devised in which rats were able to get food when they stepped on a
lever, They were unable to get food in the darkness. (5). By tral and error, the
mice were able to depress a lever, turn on a light and acquire food. The diets of the
two groups differed. In one group the diet consisted of more alpha linolenic acid than
linoleic acid. In the second group, the balance was reversed. A noticeable result was
that the rats on a diet of higher alpha lnolenic acid learned to turn the Light on
sooner than the ones on 2 higher linoleic acid level. This experiment leads to the
conclusion that a diet with more « linolenic acid and less Inoleic acid is necessary
for nourishing the cerebral and retimal nerves of rats, thus decreasing the learning
time.

It is well known that linoleic acid given tc experimental animals depresses
cholesterol levels in blood at both levels of HDL and LDL, but fatty acids of the n-3
groups such as o -finolenic acid depresses the LDL level more as compared with
HDL as mentioned earlier. Most recently, docosahexaenoic acid, DHA (C22-6, n-3)
which occurs plentifully in fish ofl such as that of tuna, yellowtail, mackerel, sardines,
eel and in certain monocellular alga such as Jsachrysis galbang. When the microalga is
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cultured in an appropriate me-
divm, DHA production attains
3.8% of its dry weight. Most
recently, it was found that DHA
ingestion reinforces the cerebral
nerve activity in experimental
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dies on the effectiveness of Fig. 44 Comparison of correct mortarity rates of
dietary EPA (6, 7). patients with ishemic cardiopathy and cerebro-

In the 198%s detaied vascular diseases In fishing (Katsuura Clty) and
1

epidemiological studies were farming {Kashiwa City) villages (1977-1980). {6}

made by Yoshida and his
associates at Chiba University
in Japan on the correlation
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of EPA and [esions found in the
circuratory system such as
hyperlipemia and hypertensicn,
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cultural and fishering villages.
Estimation of bloed pressure,
total blood cholesterol, HDL,
neutral fat, EPA, total fatty acid
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platelet  aggregation, ather-
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In their reelly wide and pre- & . . . . . '
cise investigations, they have o 4 8 12 16 0
made a precise epidemiological Ingestion period (day)
observation m which moterity Fig. 46 Changes in serum lipid levels of patients
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far lower in fishing villages than those in farming villages in Chiba prefecture. The
result seemed {o be due to difference in the dietary life style of both villages. The
resuits are shown in Fig. 44. Basing this fact, the research group has made further
artificial study m which patients (27-42 capita) with hyperlipidemia participated in this
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study of oral taking EPA of a constant amount during 16 weeks, the result being
shown in Fig. 45.

According to the features of the Figure, it can be concluded that the
hyperlipidemia of patients has been mitigated considerably by intake of EPA for
about one month.

Furthermore, it was revealed by the result from an investigation into the death -
rates between 1877 to 1980 that the main cause in heart deseases were ischemic
cardiopathy diseases caused by lack of oxygen due to the retardation of blood flow
by coronary atherosclerosis leading to stenocardia and cardiac infarction, but the rate
in the fishing residents was nearly 30% lower than the farming groups both in males
and females. Similarly, the death rate due to cerebrovascular diseases such as
softening of the brain, thrombus in the cerebrovascular system, cerbro-apoplexy,
etc. was lower in the fishing vilage than in the farming one with male and female
ratios being about 39% & 29% respectively. These studies suggest that a diet higher
in marine plants and animals was more beneficial to cardiovascular health than diets
composed of higher terrestrial and animals. Since we have the analytical data of
individual fatty acid composition and their chemical structure contained in the main
Japanese edible marine algae, we show them already in Table 4.

According to most recent studies, the content of taurine, which is important
during mammarian developement, particularly associztes with retinal dysfunction and
occurs ordinarily in fishes and other marine animals, is found in Porphyre (nori) at
amounts of 1.0 to 1.3% of its dry weight, this content being nearl equal to that of
EPA. Nori, then, is an excellent food source as our daily diet, in considering the fact
that it contains other various nutrients such as dietary fiber in good quality, various
kinds of vitarning (B;z etc) and minerals. It is plausible that the excelent Emperor of
Shin of ancient China thought nori (zicai in Chinease), reportedly, to be “the elixir of
fife” and he had highly esteemed it.

{4) Monthly changes in EPA content in aquacultred L. Japonica.

L. joponica contains various kinds of PUFA acids H&:Q.bm EPA i relatively high
amount, so seascnal variation of individual fatty acids including EPA of this tang were
invstigated (8). The results are shown in Tabie 5. The EPA contents were highest
among n-3 group throughout the year and attained 10% of the total FA in summer
season being 219mg% of dry thalius. (Table 5).
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Table 5 Monthly variation of fatty acid contents in cultivated Laminarla japonica (8)
MONTE 3 4 5 | 6 7 2] g 9 10

CONTENT i

Total lipid mg % | 2,309 | 2,041 1,505 | 2,163 | 2,465 | 2,304 {3,041 | 3,530

Total ity acd ME® |, 010 | 3770 1830 | 1501 | 2,172 | 2,116 | 2468 | 2,689

Relative content % i ]
12:0 - 0.1 0.1 - 0.1 01 - 0.4
14 : 0 18.2 15.6 20.1 10.6 9.6 11.2 10.6 5.9
141 @9 - 1.3 - - - 0.1 - -
14:1 @? 2.3 ; - 1 0.6 0.1 - - -
15: 0 04! 04 0.4 0.5 0.4 0.5 0.4 0.5
16 : 0 23.4 21 20.7 19.1 15.3 201 27.5 27.6
16 : 1 (7 5.3 5 4.8 5.4 4.1 4.2 3.2 5.2
16 : 1 (n-5) - - - 0.4 - - - -
17: 0 - - - - - - 0.3 0.8
17 ¢ 1 (n-8) - - - - - - 0.2
8.0 0.5 0.5 0.4 0.8 0.6 1.3 2.5 3.7
18 : 1 -9 10 11.6 10.7 15.1 14.3 21 26.8 22.7
18 : 1 (n-7) - - 0.1 - - - - -
18 : 1 (n-5) - G.1 - - - 0.1 - 0.2
18 : 2 (n-6) 5.9 & 5.4 2.5 8 9 8.2 6.6
18 : 3 (n-6) 0.7 1.1 1.8 2 3.3 28 1.8 18
18 : 3 (n-3) 6.8 6.8 4.9 4.8 4.3 2.8 1.9 2.8
18 : 4 (n-3) 10.3 13.5 10.3 9.2 9.3 4.1 2.4 3.3
20:0 0.1 ¢l 0.2 0.3 0.2 0.5 0.7 0.6
20 : 1 (a-7) - - 0.1 - - - - -
20 : 2 (0-6) - - - 0.4 0.2 - - -
20 : 3 @9 - - - - - 0.2 - 0.3
20 : 3 @6 0.4 0.3 0.6 0.5 0.6 0.4 - 0.6
20 : 3 (@o-3) - - - 0.1 - - - 0.1
20 : 4 (n-6) 74 7.6 01 8.4 16.1 14 7.6 8.3
20 : 4 (n-3) 04 0.5 0.4 0.7 0.6 ; 0.4 0.5
20:5 -3 6.5 7.4 5.6 7.9 10.1 6.1 4.5 5.7
22 11 (-9 - - 0.1 0.3 - - - -
{thers 1.3 1.1 2.2 3.9 2.8 1.1 1.4 1.9
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CHAPTER 8 Diabetes

(1] Capacity of acidic seaweed polysaccharides to lower blood glucose
level .

Dizbetes is a complex disorder in metabolism when a persg is not able to
properly digest sugar, either due to a partial or total lack of insufh or the mability of
insulin to carry out its normal funtion. Insulin is a hormene segfeted by the Islets of
Langerhans in the pancreas. In childhood, iIf there is damaAze to the pancreas by
auteimmunity for exampie and insulin cannot be producegd, the result is an insulin-
dependent diabetes and the individual will need injectiong”of msulin for the rest of his
or her life. The second is a more common form, ere the insulin cannot work
effectively, mostly by genetic factors.

When blood glucose level is elevated in norma¥ body, insulin which is synthesized
in the f - cell of the pancreas and controls glucgse metabolism for various Hssues, is
secreted into blood to accelerate glucose gégradation in certam tissues (e.g. fat
cells) and glycogen formation in other tissugs (e.g. liver and muscle). This results in
the lowering of glucose levels in the blgod. In the blood stream, insulin must be
present hefore the cells can accept giugose. I insulin is not working effectively, the
glucose level in"the blood stream nises. Recent advice for this type of diabetes is to
have a diet low in sugar, fats and/oils and high in complex carbohydrates (heter-
opolysaccharides etc.) and dietary fibers. ’

A protein which exhibits simildr function to insulin was isolated from the red alga,
Gelidium pactficum (obakusa) 1). Gelidium was bolled nm water and the extract
consisting mainly of agar water soluble protein was fractionated on column
chromatopgaphy. On intragenous tests with rabbits, the third protein fraction
showed an activity hike fosulin. The algal protein was slower in action in the
beginning but its effect ly5ted much longer than a dose of insulin.

2] Powder of aqyeous extract of a red alga, Porphyra yezoensis and a
few otheralgal/dietary fibers lowers artificially elevated glucose level
of diabetic rafs )

Foods high if dietary fibers, whether of marine or terrestral origin are effective in
lowering glugose levels in the blood stream. Agar and pectin are both known to
contribute lowering blood sugar and controling insulin levels in the blood
In recent expenments, it has aslo been found that funoran (z sulated
of the red alga, Glotopeltis. {funori’ in Japanese) lowered hlood ghuicose
levely significantly when added to the diet in experiments with mice. In our
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CHAPTER 10 Anti-Tumor, Anti-Cancer, Anti-Virus
and Immunity Activation

Investigations and research concerning the antitumor activites of seaweeds began
in the 1960’s and 70's. As early as the 1940’s and 50’s, investigations were carried
out to study the effects of certain polysacchanides isolated from bacteria, fungi and
higher land plants. Today, consersus is that many of the £- 1-3 glucose polymer
(glucan) and certain complex polysacchanides exhibit an ability to repress the growth
of transplanted tumor cells. However, potency is relatively low and it appears that
the effectiveness is indirect, and is more of a subsidiary agent, such as in preventing
side effects during the course of treatment. However, research continues at
present, with hopes that a cure can be found in sea vegetables (7—10). For example
a sulfated polysaccharide from a red alga Schizymeniz dubyl shows an active antiviral
actibity (9).

{1) Several examples of recent experiments using tumor carrying ani-
mals

Numerous experiments have been carried cut during the past 20 years and the
results are varied. In early studies in Japan, algal meal which was not highly purified
and contained acidic algal polvsaccanides were used for the experiments. However,
since no decisive results were obtained from these kinds of experiments, resear-
chers have examined the purity of the substances used. As a result, a polysaccharide
fraction of faxly high purity was obtained from Sargassum hornert (akamoku: a mem-
ber of the horsetail {angle) which repressed not only the growth of the implanted
solid tumors such as sarcomas, but also tumor cells in a suspended state such as
Ehtlich’s ascites carcinoma, although some toxicity was observed. The explanation
made in those days was that the repression of tumor growth was due to the stimula-
tion of the host immune system by the injection of the algal polysaccharide (2—~6).

Recently a notable experiment was carried out in Japan (1}. For example, the 46
species of marine algae belonging to any of green, brown and red algae were each
made intc a meal (0.12 mm diameter) after washing enough with deionized water and
then dried in air. After several days under raising with ordinary diet, individual
seaweed powder of 1600 mg per kirogram of mouse was given per oral with a tube
once a day for 14 days, then Ehlrich carcinoma (solid form) was inoculated in an
amount of 1~2X 105 cells / 0.2 ml in their back znd then sacrified after continuing
breed for further 14 days under the same condition as before. Thus, it was found
that growth of the inoculated tumour cells is hindered by most of the seawesed
powder feeding in varying degrees from —20% to + 60% of the standard one. This
increase in the growth of tumowr cells is not explainable at present.
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{2) Recent investigation of antitumor aectivity of seaweed poiysacchar-

ides.
Table 6 Antitumor activity of polysaccharides

against Meth-A fibrosarcoma by intraperi-

A seres of mEn_.._.mm. USIig Varous toreal agministration of 40 mg kg™ for
saweed polysaccharides in place of seven days (five days for kappa- and
seaweed meal were made while {ambdacarrageenan) (1)
maintzining the same ccndition as in ] Inhibition No. of
the ding investigati ex Polysaccharide te (%) toxic deaths

preceeding investigations, ex rate
cept for the dose (1). Part of the re-  Green-algal sulfated 26.5 0
suits are shown in Table 6. polysacchareide

Among the 16 kinds of polysac- mmonw_mamams e H.w 0
charide samples, fucoidan group, E..wmmmww Mm m
porphyran and part of carrageenanl  Fuceidan I 53.4" 3
show higher activity against Meth-A A fraction 54.5" 1
fibrosarcoma and those with higher B fraction 51.4° 0
contént of sulfate group seem to oﬁ_nucu mm.m. 0
have higher anitvmor potency. G- Wwﬁﬂnm 781 ¢
fraction which is an alginate fraction R menwm MMM M
exhibits rather a tendency of promo- C fraction 4.7 0
tion. In contrast, a fucoidan fraction  Iota-carrageenan 40.1 ]

Il shows the highest activity close  Kappa-carrageenan 54.0" 5
to 80% mhibitibn. There seemed — Lamda-carragesnan 458" 4
Porphyran 53.4" 0

some relationship between anti-
tumor activity of polysaccharids and
their heparinoid activity so far as their suifate content.

However, most of recent conclusion for these antitumor activities of seaweed
polysaccharides is due to the elevation of immunity of animals having cancer. Recent
data cpncerning this matter, such activities are due to elevation of macrophage
activity in some cases {2 ~4), resulting increase in [ymphocyte-activating factors
such as various interlevking and interferons. Most recently, it has been reported that
reverse transcriptase of vis such as HIV is inhibited by some seaweed
polysaccharids, e.g. by uronic acid-containing sulfated galactan of a red alga
Schizymenia pacifica (5).

A recent paper reports, on the other hand, that fucoxanthin which is main
accessory pigment of photosynthesis of seaweeds belonging tc the Phaeopyceae
shows an inductive effect on zpoptesis of human leskemia cell line HL-60 (8).
However, inhibition by most seaweed polysaccharides is below 60% which is the
proposed threshold for effctiveness in antitumor activity for the transplanted tumers,
some were found to be effective ones. Thus, since a fair number of algal
polysaccharides exhibited antitumor activity neer the threshold values, it is
suggested that including seaweeds in the ordinary diet may prevent the possible

*Significant difference p < 0.05.
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formation or development of tumors.
{3) Antitumor capacity of three lipid famillies of seaweed origin

Three kinds of lipid fractions: Neutral nitro-, glyco- and phospho-lipids were
ohtained from eight kinds of lipids of seaweeds (which included green, brown and red
aigae as listed in Table 8. As shown in this Table, less than half of the twenty four
experiments showed inhibition rates of above 35%. However, in a smeall group of
experiments involving the G and P fractions from Undarie (wakame) and Porphyra
(nori) had values close to or higher than the threshold numbers. This investigation
showed that the two complex lipid fractions, glycolipid and phospholipid exhibited
inhibition while the neutral lipid did not. The one exception was with the neutral lipid
from & member of horse tail tangle (Sargassum ringgoldianun) (Table 7).

Table 7 Antitumor activity of lipids against Meth-A fibrosarcoma by intraperitoneal
administration. Dose in mg kg-1 d-1 for seven days {1)

Sample Lipid fraction

Neutral Glycolipid ] Phospholipid

Dose Inhibifion Dose Inhibifion Dose Inhibition

rate (%) rate (%) rate (%)
Ulva pertusa 40 3.6 40 33.4 3.2 32.2
Eisenia bicyciis 40 27.0* 40 35.9 40 35.4
Ecklonia cave < 26.2 8.8 13.8 £.0F* 40.5
17.1 14.3 33.0

Undaria pinnatifida 40 —59
.. ‘.N.m.\‘

Porphyra yezoensis 4.7 40 6.7%x*  84.0%

* o< 0.05. ** Three toxic death recorded at the dosage.
*#* (One toxic death recorded at the dosage.

Thus it is probable that seaweeds contain substances that can prevent the
formation or development of tumors, however, it does not seem that such
substances attack tumor cells directly because they are all high in molecular weight,
except for the lipids. Hence, the preventative mechanism of the polysaccharides and
lipids might differ. It is reasonable to assume that the immune system of
experimental animals which have been implanted with tumor cells is stimulated by a
minute amount of the absorbed polysaccharide which represses tumor growth.

In contrast, algal lipids are absorbed more easily in the intestine compared to
other kinds of lipids, hence, their antitumor activity may differ from the mechanisms
of polysaccharides which exhibit stimulation of the immune system to some extent.

It was reported most recently that fucoxanthin {an accessory pigment of
photosynthesis) of Undaria pinnatifida (wakame) mhibits the proliferztion of HL-60
cells {a kind of human leukemia cell) and induces their apopiosis (8).
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CHAPTER 11 Antibiotics

(1} Outline

With the ntroduction of the antibiotic penicillin in the 1940’s, a new wedpon was
found to combat diseases czused by toxic microbes and viruses. Over the years,
many new antibiotics have been discovered and produced for use against infectious
diseases particularly by bacteria and molds. A relatively recent discovery is that an
antibiotic is effective for a specific group of the invaders. For example, penicillin and
its derivatives are specifically toxic to “gram positive bacteria” and the kanamycin
group covers a wide spectrum from both gram positive to gram negative bacteria,
Now it appears that some antibiotics show toxicity for some malignant tumors.

While these antibiotics are being used, mutant bacteria appear which are resistant
to the usual antibiotics and a vicious cycle arises. A case in point is that a kind of
Salmenera (gram negative entercbacterium) called MRSA in abbreviaton of
methicillin resistant Staphylococcus has become 2 problem in many hospitals because
of its resistance against the known antibictics in use.

Most seaweeds have various antibiotics which appear to serve as protection from
marine microbes as well as “agalophagous” (seaweed eating) animals. Hundreds of
antibiotics of seéaweed origin have been studied chemically and biclogically. The
antibiotic spectra for each has been determined (1, 2).

{2) Brown algae

Brown marine algae contzin relatively large amounts of fannin zs compared with
the green and the red. Algal tannin is called phlorotannin and is different from the
tannin found in terrestrial plants, but the physiological properties are similar. They
all have an antioxidant property. Brown aigae such as Eckionia and Leminaric
contain small amounts of tannin (around 0.3% of dry weight) amd certain molluscs
and abalone eat them. On the other hand, Hizikiz contains much more tannin
(around 2.5% of dry weight), so molluscs leave them untouched.

In brown algae, similar bromophenols of hydroguinon group also occur in addition
to the abundant phlorotannin previously Hmnmozmn, particularly in the genus Difcicta
(edible but rot commonly used as food).

{(3) Green and red algae

It is acrylic acid that occurs widely, relatively speaking, in common seaweeds such
as Ulva (sealettuce), Codium (spongytang), Monostroma, Enteromorpha, Laminaria
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their toxicity and it appears to be relatively low from data obtained mostly from
animal experiments. More precise researches must be carried out concerning the
toxicity of marine algal organic arsenic.
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CHAPTER 13 Vitamins and Related Substances in
Seaweeds

{1) General

Marine algae carry on photosynthesis, therefore it stands to reason they are able
to syntheize all of the vitamins that terrestrial plants produce. Just as in land plants,
there are species differences in which vitamins are produced in greater quantity.
Orne unique difference between land plants and marine plants is that marine algae,
particularly, Porphyra containg) {relatively much wvitamins Bjs. Bis is normally
obtzined from meat, fsh dairy preducts and eggs in diets in the United States.
Vitamin E is also found in relatively abundant quantites in marine algae. The kinds
and quantities of vitamins found in sezweeds, of course, are species specific and also
depend upon the month they are gathered. Seasonal changes will affect the total
amount present in a particular species. Tables 9, 10 and 11 show analytical data for
vitamins found in Japanese seaweeds (1, 2).

Of alt of the sea vegetables, Porphyra (nori) can be called the great repository of
vitamins. It is especially rich in the B-complex family of vitemins: especially choline,
lipoic acid, biotin, Bg and By, Vitamin Bjs is not found in terrestrial plants. Among
the seaweeds, nori also has the highest content of vitamin A. As the table will show,
Chiorella has a higher Vitamin A content but compared to the other seaweeds,
Porphyra has a higher content

(2) Beta-carotene

Beta carotene has the highest efficiency among the carotencids in forming the
provitamin group from which the body synthesizes vitamin A. The carctinoid is
converted enzymatically into retinol (a synonym for Vitamin A after it has been
absorbed from the intestinal epithelial cells . It takes nearly twice the amount of beta
carotene to produce an equivalent amount of retinol.

Recent research shows that Vitamin A (retinol) and the related componds show
high anti-cancer activity. It has been elucidated that retinol and related compounds
such as retinoic acid exhibit high activity for tumor repression or antitumor activity.
It is thought that the reason for this is of such an indirect ones that some
carcinogens such as superoxide anion radical (0p) mostly produced in the
mitocondria is destroyed by beta carotene in the same manner as vitamin C and E,

Ordinery vegetables contain large amounts of £ -carotene, in particular several
common ones as carrot (76.0 mg% on diy weight basis), spinach, Perllz and
Cryptotaemia (32.3, 69.6 and 50.8 mg%, respectively). This vitamin content,
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Table § Vitamin contents of algae on dry basis (1)

Inositol C

Bs  NiA  PaA FA  Biotn Lipale Ty  Choline

By

By

{Provitamin A)

acid
vy

(Ergosterol)

Species of algae

Tig Yig

m 7ig

Ylg vig ¥Yig Yig Ylg mrig

Yl

¥ig

I. U.1100g

mpg100g

m/g

27-41

&l 330

224 420 62.8

118
429
270
£12

22000-47000

2.35
4.11

7.50
10.28
28.05

2.43
8.46
121
1.97

0.90

Ulva pertusa

Chlorophyceae

75-80
10-257

219

el
A7
358
42-80 2200-2500 1600-2190

115
158
131
190-220

119
1.50

0.78
1023 23-37 0325 112-125

tHanostroma nilidwm
Enteromorpha linza

95

2900

149.4

285

5.53
3.5-8.5

2118

Caulerpa racemose

100-320

111-183*

500006

Chlorella ellipsoidea

Phaeophyceae

125

114

7
a7
242

10.1

500
653
485

- 230

187
150
163
160
162
136

521

0.73
0.25
3.70
1.74
3.15

15.20

25,21

6.14
0.84
4.10

0.75

Dictyota dichotoma

7.0
17.1

566G
170

SpathogleSsiem pacificrn:

1005%%

151

18.02

0.50

Dictyopleris protifera

690
1131

27
618

406
49

4.2

3.86
14.17

0.26 099
0.27

Padina arborescens

7.6

6.5
658

360

50

BRES
R

3.06

Myelophycus caespitosus

116
408

Colpomenia sinuosa

330

R

Hydraelathrus clathratus

: 3917
262 379
328

3.3
5.7

3.0
25.4

209

Eclelonia cava

76

0-92

a3

230

237
126
282

218
634

2.67
5.03
5.34

0.28
0.30
0.38

16

450

Hiziitia fusiforme

60

300

Sargassum fulpellum
S. thunbergi

8. nigrifolium
Rhodophyceae

28
4

270 46.5

410

308
249

8.76
0.49

4.46
17.19

197

20.7

159

040 621

10-831

G2
43
449

2820

264 40 200.8

88
782

68.33
20.1¢

1.65 23.08
1.80 17.95
141 1051

44500
138

Porphyra lenera

4845

35.9
218.7

61

1.22
1.30
232
5.85
6.82
1.82
9.73
7.04
12.21
3.97

Gelidiwm amansit

1337
1119

250
530
330
355
495

40
82

97
719
676
540
304

8.1%

24.46

Chondrococeus japonicus

55
163
257
324
(68
111

29.4

6.27

Grateloupia ramosissima

Gloiopeltis tenax

319
636G
1492

37
94

245 14.60

142
1.80

4.60

26.5
212.3

21,50

2.90
1.09

6.92

Hyprea charoides

18

7.81
33.90

300

Gracilaria piges
(7. texborii

230

16

8506
240
1346

8.2

700
625
300

69

20.65

219 1473

0.97

Chondrus ecellatus

253

25.2
1002

90

220
763

24.24

39.02

1.16

Lomenlaria calenata

99

9%

0.53 10.24

Laurencig ohamyrai

*Scenedesmus

**Dictyopleris divaricata

Table 10 Vitamin B, Content in Seaweeds (2) *

Species | Byy content Species | _Bip content
7 /100g ™7 7100g7
Green algae | Brown algae
Enteromorpha linza 3.9 Undaria pinnatifida*™* ©.7(0.1)
Monostroma nitidum .3 0.1
Lettersstedtia japonica 0.8 Higikia fusiformis 1.2
Ulva pertusa 7 0.4 Sargassur enerye (1.0)
0.3 S. ringgoldianum 0.1
Chactomorpha crassa*** 1.7 0.2
' 1.4 S. howneri 0.4
Caulerpa ckamurai 0.1 S. serratifolium 0.2
Codium divaricatum 0.2 S. pilubiferum 0.1
S. thunbergii 0.4
Brown algae
Ectocarps sp. Red algae
Dictyata dichotoma | Betrachospernum moniliformt 0.2
Pading araborescens Gelidium amansii @00t
Ishige okamurai Pierocladia capillacen (1.0}
Acanthopellis japonica*** 4.0
Colpamenia simuosa*** . 0.8
Chondrococcus japonicus 0.9
Meristotheca papulosa*** 0.1
0.2
Ceramium tenervinum 4.0
Scytosiphone lomentarius*** 1.5 C. rubrum 2.0
Eisenia bicyclis 0.3 Martensia elgganse 1.3
Eckionia cava*** i (0.6}
| 0.1

*Arranged in taxonomic order.

**The figures in parentheses show the content on the materials digested with trypsiz.
***Data on this species show the contents of different coflection dates.

T A freshwater alga.

11 After alkali treatment.

Table 11 Vitamin By; Content in Unicellular Algae, Zooplankions and Bottorn Muds (2)
. Bjo content ! . Bi; content
Species 7 1100z Species w 7 /100g
Daphnia pulex 3.8 Chlorella elipsoideo 2.5-3.1
Zooplankton 0.9 Eight sorts of dried * (4.2-8.9)
Mysis sp. 0.9 powder prepared from mean {6.1)
Skeletonema costatum 8.5 Chlorella ‘
4.7 Shinobazu-pond | 2.5-3.8(10)
Microcystis sp. £.9(12.3) Bottom mud Sanshire-pond 0.8(2.2)
Scenedesmus obliguns 0.2 Ichigava-pond ‘ 2.0(3.8)

The figures in parentheses show the contents.on a dry basis.

Notes on samples; Daphniz was cultured in the usual way. Zooplankton and Mysis were collected
at the Misald Marine Biological Station, and the former was mainly composed of Gypridina hilgen-
dorft; end a smell amount of an amphipod. Skeletsnema was pure-cultured with Matsue's soln. (a
modification of Miquel-Alien-Nelson soin.) by the courtesy of Mr. Hirano. Scemedesmus and
Chlorella were pure-cultured in the author’s laboratory. The dried Chiorella powder was preparsd
in Prof. Asai's laboratory in this Faculty. Microcystis was collected at the Shinobazu Pond nearly in
pure state,
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however, is generally low in marine algae particwarily in those with large and thick
blades and thier contents are almost below 10 mg% such as 1.1 mg % and 3.8 mg%
in Laminaria (konbw) and Undaria (wakame), respectively.

It is well known fact that Dunaliells, 2 uniccellular green algae, produce beta
caroten in exfraordinarily high amounts. This algae, therefore, are cultivated in an
industrial scale in several countries such as Israel, the USA and Australia etc. The
pigment is utilized as supplement of vitamin A for us at present.

In addition, beter carotene has antitumor activity as an oxidant like vitamins C and
E. Supercxide znion radicals, called also free redicala, are a potential cause in
accelerating the the aging of cells and can cause cells fo change and form tumors,
therefore, any additional antioxidant we can take in our diet is important for
maintzining optimal health.

(3) Choline

Choline another member of vitamin B-complex family, is found in refative
abundance in Gracilaria and Porphyra. Hts acetylester {acetylcholine} is well known
as a neurotransmitter, in other words, is able to cross the so-called biood-brain
barrier, Of the substances digested from food, the fat-soluble substances, water and
gas are able to pass imto the brain without limitation, while most of the other
substances are controlled. Choline is one of the few substances that is able ta pass
through this barrier and enter directly into the brain cells to produce acetylcholine.
This aids with memory and other neuroactivity.

The RDDA has not been established for choline, but seems at ieast 500-900 mg are
needed for adults. Choline is a necessary ingredient for the for biosynthesis of
cholesterol and heips to eliminate poisons and drugs from the liver. A deficiency of
choline may lead to a fatty liver which could lead to cirrhosis (hardening) of the Lver,
and arteriosclerosis, etc. Thus, including nori in the diet should help protect the
normal function of the nervous sytem.

Env Vitamin mum

A deficiency of Byy and cobalt causes anemia. Both contribute to the regeneration
of red blood cells. The overall effect is that By promotes the growth and appetite of
children and helps the body maintain a healthy nervous system. It promotes the
normal metabolism of fats, carbohydrates and proteins and is important for the
nervous sytem because it leads to improvement in concentration, memory and

balance.
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(5] Availability of nori for the suppliment of By, in human dietary life

It has been believed so far that vitamin Bi2 is not synthesized in plants includi
algae. Therefore, this vitamin found In marine algae may be originated in the £fa

Vertebrates are inhabiting and most of them may excrete it into ther
Recently it was elucidated that those substances in seaweeds which

not be true Byp only. Being due te this fact in part, some living Aody-tests using
several edible seaweeds for children or infants have been resuitgd in unsuccess as
far as avaiiabllity of vitamin By of seaweeds for human body/concerns (3, 4). In
facts, there have been reported that the corrinoids inciuding B found in certzin
algae such as Sprruling to be mostly analogues {8). Mowever, it has been
demonstrated most recently by Japanese researchers thef cobaramines of Japanese
marine algae such as Porphyra tenera and Enteromoyfha are found to be mostly
mixture of CN-, OE- and Ad-cobaramine forms by jdentification using bioassay and
chemilurninescence procedures (6, 7). In additigh, the cobaramins of Porphyra
yezoensts was found to be readly stored in liver of experimental rats during
feeding period for 40 days when the standard/diet mixed with fine nori powder at a
rate of 13% concentration containing 4.5 /g% of Bz (an sample being tested by
both the bioassay and chemiluminescence’ methods) is given adiibtum (Table 12) (8,
10).
Table 12 Concentration of Byz in
during 40 days (11)

€ liver of rats breeding with Byg-containing feed

Group Day of an Mean Mean Content of
including breeding ody weight  body weight  liver weight By m liver
each 6 heads before breeding on dissection  on dissecton
@ & @ (ng/g-liver)
G-1 197.6+124 18374+ 9.2 75+ 0.6 2213+ 2.12
G-2 14 197.6+ 7.1 2817+ 8% 1.6+ 1.5 17.75+ 3.22
G-3 28 196.0+ 6.7 343.8+17.9 132+ 1.2 16.33+ 4.34
G4 40 195.2+ 6.5 398.3--18.0 152+ 1.1 1461+ 1.91
14 198.0+ 7.2 2B4.5-+16.3 104+ 1.4 125.17+21.65
28 1867+ 7.1 352.3+25.1 13.0+ 1.2 180.63 +36.12

40 1855+ 6.3 398.3418.0 15.4 + 2.3 185.51 +13.98
ontent of By in sera of rats was almost undetectable at another series of similar expeiments.

Fop' this reason, Porphyra yezoensis which is aquacultured in a large scale at
pregent in Japan as a marine food may partly be utilized also as a supplemental
fghdstuff of By, perticularly useful for strict vegitarian. However, since there is a
eport in which cobaramin of Porphyra tenerz is easily converted to analogues during
drying process, it must take notice of this point (9, 10).
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Atrtachment: 3

Fig. 6 Monostroma nitidum

Fig. 7 Caulerpa racemasa

food by being boiled in soy sauce to a concentrated form, and used as a substifute of
the same type of Nori-food.

Sea grepes, Iwazuta (Caulerpa racemosa and C. lentillifera.) (Fig. T)

Known as “Ararucip” in Philippines. It is widely distributes over middle and south
coasts of the Pacific Ocean, Maiay Islands and Philippines etc. It is widely used as
food and it began to cultivate recently in this country (C. racemosa.) and in
Okinawa {C. lentillifera). However, some of Caulerpa produce anesthetic toxins such
as caulerpin and caulerpicin, but they are destroyed on boiling.

Sea lettuce (Ulva sp) (Fig. 8) .
There are many species Of Ulva. Ulya is used in soups, salads or dried, made

into powder and sprinkled on foods. Besides m warm Japanese .coasts, widely
distribute in Malaysia Istands, Poiynesiz, Australia, West coasts of North America

and Indian Ocean etc.

Fig. 8 Ulva pertusa Fig. 9 Codium fragile
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Spongetang, miru or ‘chongak’ in Korean (Codiwm fragile) (Fig. 8)

In Korea, Codium is sun dried and used 2s tea. In the Philippines, it is processed
for soup stock or used as a salad.

Habitat: Japan, Malaysia, Australia, Pacific Coast of No. America, Atlantic Ocean,
Indian Ocean and Bering Sea.

(3} Phaeophyta: Brown algae

'Brown Algae are characterized by having lerge amounts of a brownish carotencid
called fucoxanthin besides alginates and fuccidans. They have chiorophylles a and ¢
but not b. However, they do have some carotencids similar to those of green algae
and terrestrial plants. The dietary importance of fucoxanthin will be discussed
connection with S -carotene. Some brown algae form a very large group, both in
species and size. The giant kelps belong to this group. Bathed in seawater, kelps
{(Laminariales) confain all of the essential minerals our bodies need, along with
varying amounts of the essential vitamins. The significance of these pigments,
alginates, fucoidans and minerals will be discussed in the section on the
pharmaceutical and nutritional properties of marine algae. Brown algae are a very
important source for alginates which are _._mmm in very large guantities in a variety of
nonu.nman_m_ @chcaﬁm

Wong or wm_w Qh%.x.n&a or “sea tangle”) (Fig. 10)

There are about ten species of Laminagrig used as food. Some common ones are
as follows: L. jgpomica (makonbu}, L. angustaia EEmEmE konbu), L. religiosa
(hosome konby) L. saccharing. Some kelp such as
L. japowica are cultivated in Japan, Korea znd on a
much larger scale, in China. In Ching, roughly
35% of this kelp is used for the manufacturing of
alginates. The kelp synthesizes particularly
abundant mucilaginous acid polysaccharides such
as alginates and fucoidans, those of which are
much effective as water-soluble dietary fibers
upon taken the blades as food.

Kelp is sundried on graveled ground near the
beach and made intc commerical products. All of
these dried products are reconstituted in water
before using. Konbu (kelp) is also made into a
powder. Before it is made into powder, it is boiled Fig. 10 hnaman:.w faponica
te remove the excess lodine. Excessive iodine mem_._ (Hokkaido) cuftured,

China {all cultured)
leads to the same condition as too little iodine. It Korea (mostly cultured)
is important to soak konbu, if large quantities are
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consumed becanse of its high iodine content. This probably is a cause for alarm in
the U.S. where konbu will not be eaten to the extent that it is in Japan. If seaweeds
are included in the diet, it is probably not necessary to use iodized salt. The mature
blades of European Laminaria are tough and difficult to eat but the juvenile blades
are soft and can be used as food. Most of them are used as fodder and manure.
Tororo konbu: Dried sheets of konbu are shaved into very thin sheets which are
‘ecry’ In color. Thig product can be found in oriental groceries. It can be eaten as is,

added to soups, etc.

Eﬂgm (Undaria pinnatifida) Qu_m HU

Wakame is widely used as food in Japan, Korea and China especially for soup and
in salads. Some of them are cultivated. Large quantity of wakame are exported from
China and Korea to Japan. Wakame in China and Korea are often cooked iz oil.
Recently, there has been mass production of an instant convenience food calied “cut
wakame”, This product can be added to any prepared soup or salad. Wakame
contans, like konbu, abundant acidic polysaccharides effective as watersoluble

dietary fibers.

Alaria crassifonia (honeyware, wina kelp. Ainu wakame) (Fig. 12)

Alaria wakame has a softer blade and is used in products such as instant soup,
etc. This alga disributes in Bering Sea, and North Pacific coasts of North America

and some are in the coast of Hokkaido.

Bladder wrack or yellow tang {Ascophyllum nodosam) (Fig. 13}

Large size and peremnial alga. Distributes widely in the coasts of the North Pacific
Ocean. An alginophyte, and often utilized as fodder for domestic animals. Fresh algal

Fig. 11 Undaria pinnatitida
(Wakame) Japan. China. Korea
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Fig. 12 Alaria crassifolia (Chigaiso)
Japan, Pacific coast of Noth America

Fig. 14 Hizikia fusiformis, Japan

Fig. 13 Ascophylium nodosurn Sea. Korea. China

body or its aqueous extract are used as manure for fruit or vegetable cultures.
Commonly, a small red alga, Polysiphomia lacemosa is found as an epiphyte. This
bladder wrack contains much phlorotannin.

Hifiki (Hizikia fusiformus) (Fig. 14)

Hijiki is made from boiling the sundried fronds for a few hours, then redried. Raw
hijild has not only a high content of tannic substances but alsc inorganic and organic
arsenic in a high content which makes it rather toxic to humans and must be
precocked. Commercial hijiki has already been properly treated hijiiki also has some
arsenic compounds in it. While ‘some of the arsenic is removed during processing,
(boiling in much amount of water) the amount re-
maining {mainly arsenic of organic form) has been
questioned by Western nutritionists. The
Japanese, however, have been eating hijki for
centuries without dire consequences. Packaged hi-
jiki are all precooked and ready for use in various
recipes.

Bull Whip Kelp (Nereocystis Tuetkeana) (Fig. 15)
Bull whip kelp is found along the North Pacific
Coast of North America. Alter a storm, it can be
found in huge wracks along the beach. As an
edible seaweed, it has great versatility. When =
fresh fronds are immersed in boifing water, they Fig. 15 Nereocystis luetkeana
turn a beautiful green. To remove excess iodine, (Abatt & Hollenberg, 1876)

17



function. Both hormones accelerate the consumption of energy and leads to the loss
of fat and muscle in the body. The hormones zlso accelerate the growth of young
animals. lodine ingestion with food is necessary for biosynthesis of these hormones.
If it is too low in the content, some obstacles such as goitre occurs. But an exessive
intake also causes the abnormal function of the thyroid gland, e.g. resemble to the
goitre.

U.

Ultraviolet rays (UV): Radiation of wave legnths between 400 nm (lower limit of the
visible wave lengths) to around 1 nm is called ultraviclet rays, but the UV ray which
affects biolgical function is around 400 to 290 nm. UV rays are usually divided into
two categories: the A and B ranges. The A range covers 400 nm to 320 nm(causes
sunburn) and the B range covers 320 to 290 nm(causes suntan}. Both A and B UV
are harmful for the human skin. The B range is especially toxic. Damage such as
erythema or sunburn, the degradation of elastic tissue, actinic aging and even
various types of skin cancer is the result of too much exposure. In contrast, changes
in skin color by the ray with in wave length of A area is almost non-harmful for
buman skin.

Urea formation: Approximately 50 g of urea is excrefed in urine per day in the
normal human body. Urea is synthesized in the liver as a result of the detoxicaticn of
ammonia which originates in amino acid metabolism combined with the carbonate ion
dissolved in the blood as z result of carbohydrate metabolism. The metabolic cycle of
urea formation is called the urea-cycle, the Krebs-Henseleit urea-cycle or the
ornithire cycle. This cycle involves several steps in enzymatic reactions.

V.
Villi or Villus: Also called villus apophysis or finger-like projections from the intestinal
mucous membranes and from the mterspaces between the placenta and ovary walls
of vertebrates. The internal side is dense with capillary vessels which makes for
greater absorption of nutrients.

Virus: Biologically smallest organic particle which consists of single DNA or RNA as
genorn. The DNA or the RNA is surrounded by single or some layers of protein,
and has a few members of enzymes. It reproduces like bacteria in living cell but the
former can not reproduce in artificialy prepared organic and inorganic media, this
being different from hacteria. Therefore, and it is potent pathogen for our body.
Virus somelimes causes normal cell to change tamor cell.
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Translated to English by Mitoku(Petitioner)
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To. Mitoku Co., Ltd.

We will report regarding your inquiry as below.

Kombu is a kind of seaweed belongs to Laminariaceae family. Kombu has been used as
food and a stock for food from old times. The stock made with Kombu is one of traditional
ingredient for Japanese cuisines, because it contains abundant glutamic acid, which

produces flavor. Our Yuzu Ponzu product is characterized by the flavor.

To the best knowledge of us and our Kombu supplier, Organic Kombu does not exist.
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