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The utilisation of natural products from marine resources for the production of
nutraceuticals and functional foods is now common. For example, formula milk products
enriched in docosahexaenoic acid by adding purified fish oils are available in Japan and
other countries. There are now more than 200 food products which contain added fish oil.
Topics on other natural compounds from marine resources will be introduced. These include
milt proteins which can be isolated from fish gonad and decrease the growth rate and heat
resistance of certain spoilage bacteria and therefore used in food preservation as an
antibacterial agent. Transglutaminase and & -polylysine improve the elastic properties of
heat-induced gel (kamaboko) produced from low grade surimi. Many advanced scientific
studies on isolation and utilisation of bioactive natural products for pharmaceutical
applications, including anti-microbial anti-mould, anti-virus and anti-tumour compounds, have
been carried out. Certain bioactive compounds have already been applied to pharmaceutical
uses. Eicosapentaenoic acid ethyl ester encapsel products with over 92% of purity are used
for pharmaceutical for arteriosclerosis and for hyperlipidemia. Chitosan sheets are used as an
artificial protector against skin damage such as cut and burns in surgical operations. This

chapter summarises the use of marine nutraceuticals and functional foods in Japan
1. TRADITIONAL JAPANESE SEAFOQOD

There have been certain marine food products that are considered to be rather specialties
of Japan from ancient time. That is canned products, dried products, including boiled-dried
products, salted-dried products, dried fish sticks, frozen-dried products, seasoned-dried fish as
well as smoked fish and shellfish, Japanese style fish meat pastes, fish sausage, fish oils and

meals. Among these products, using traditional processes from ancient resume has produced
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fermented fish products.

Fermentation means the phenomenon that organic components in raw materials are
hydrolysed by microorganisms. Alcoholic beverages, dairy products and seasonings are well
known agricultural fermented products. Fermented marine products include salted preserves
"shiokara", liquid fish sauce, matured sushi "nare-zushi” as well as pickled products "su-zuke”.

Each fermented marine food is produced by hydrolysing the materials with the autolysis
and the action of microorganisms, suppressing the decomposition in the presence of sodium
chloride. Consequently, the fermented marine products have umami taste due to formation of

glutamic acid and inosinic acid as well as characteristic flavor.

1) Fermented seafood

There are many varieties of foods prepared by the fermentation of fish meat, roe, milt or

visceral mass as well as shellfish. These may be summarized as follows:

a) Fermented squid meat "ika-shiokara” : Squid (Ommastrephes sloani pacificus) mantle
meat and the visceral mass (liver) are fermented together, spoilage being prevented by
the addition of salt (about 15~20%).

b) Fermented bonito visceral mass "shu-to" : The pyloric appendage of bonito (Katsuwonus
Pelamis) is fermented with sufficient salt to prevent spoilage.

¢) Fermented sea-urchin "uni-no-shiokara": The roe or milt of the sea-urchin are fermented
with salt to prevent spoilage. When the fermented sea-urchin is drained and kneaded,
the commodity is called "neri-uni” (kneaded sea-urchin).

d) Fermented "ayu" : There are several kinds in the products, including "uruka" (fermented
meat of "ayu"), "ko-uruka" (fermented roe), "shiro-uruka" (fermented milt), "niga-uruka"
(fermented visceral mass excluding roe and milt), "kirikomi-uruka" (fermented mixture of
muscle meat and visceral mass).

¢) Fermented visceral mass of the sea-cucumber

f) Fermented roe of crabs

g) Fermented visceral mass of abalone

h) Fermented Calanus blumchrus "ami-shiokara" There are also many other products made

by fermenting mollusc meat (shellfish meat), roe or visceral mass of other fishes.

2) Cured fermented seafood
Various kinds of cured fermented seafood are marketed as follows

a) Cured fermented in boiled rice "I-sushi"
The products of fermented-"sushi" are the old style Japanese-"sushi" of today (nigiri-
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sushi'). The product is prepared from "ayu" (Plocogrossus altivelis), "funa" (prussian carp; Carracius
auratus), "tai" (sea bream; Pagrosomus major), sand fish (Aretoscopus japonicus), “"bora"
mullet; (Viugil cephalus), salmon, etc. The procedure is different according to the place of
production and kind of fish meat employed. Generally speaking, fish bodies from which
visceral mass has been removed are cured with 20~30% of their weight of salt. In
particular the ventral cavity is filled with salt. The cured fish bodies are stored under a
stone weight for one to two months. After the cured fish is re-salted, the bodies are drained.
Boiled rice and koji are sprinkled the bottom of a barrel, and then the desalted fish bodies
are placed the layers of boiled rice and "koji"; the ventral cavity is also filled with boiled
rice and "koji". The amount of boiled rice added is about 50% of the fish material, and that
of "koji" is a half that of the boiled rice. The filled barrel is pressed with a weight. The
fermentation will be completed after 10 days. It has the best taste after two months of

fermentation.

b) Cured fermented in "Koji" which is prepared by inoculating Aspergillus oryzae on
steamed rice and grow it "Koji-zuke"

Cured products in "koji" are prepared from various kinds of fish, mollusca and their roe.
For example, "ayu", sea-bream, mackerel, anglerfish, herring, octopus, squid, mackerel roe,
etc. The common method for the preparation of the cured products in "koji" is as follows.
Fish or roe is first cured with salt. After removal of the liberated liquid "koji" is added to
the salted fish or roe and the material is fermented for some period. Protease in "koji"

ferments the meat or protein during the storage giving good flavor and taste.

c¢) Cured-fermented in rice-bran "Nuka-zuke"

Fish meal or roe is employed after salt-curing or drying. The amount of salt added is
sufficient to preserve the fish meat or roe and rice bran itself from spoilage. It is about 30~
35% by weight of the salt-cured or dried fish meat or roe. The amount of rice bran is 30~
70% the weight of the fish meat. During the fermentation of fish meat or roe and rice bran,

the mixture must be thrown away.

d) Fermented in “kasu" which is "sake"-lees “kasu-zuke"

After fish meat or roe have been salted they are cured in "sake" - lees, or sweet "sake"-
lees. The flavor and taste of the lees are transferred to the fish meat or roe and their taste
becomes delicious. On the other hand, the fish meat or roe and autolyzed somewhat,

becoming soft. "Ayu", salmon, cod or abalone meat are employed as raw materials.
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e) Vinegar-pickled "Suzuke"

Vinegar-pickled products are prepared at home. In Japan octopus and squid are soaked in
vinegar or pickled as commercial products. The products include sardine, herring, or mackerel
meat in vinegar, Alaska pollack meat in vinegar, as well as octopus or squid meat in

vinegar.

3) Fermented fish sauce

This product is prepared by continuing the fermentation of the fermented fish meat for
longer than one year. "Shottsuru" which is prepared from sand fish, Arctoscopus japonicus
"hata-hata" is the most famous product. Products from squid visceral mass, sardine, anchovy

or other mollusca meat are also prepared, though the amounts of production are small.
2. MODERN SEAFOOD INDUSTRIES

According to the up-to-date annual report on Japanese fisheries (MAFF, 2000), Japanese
fishery products output in 1998 amounted to 6.7 million metric tons valued at 2.0 trillion
yen, and has gradually decreased for the last decade. Annual imported fishery products in
that year amounted to 5.2 million metric tons. A Japanese self-supplying rate for fishery
products excepting animal feed and fertilizer was about 57% in 1998, 23 point down from
1988.

Under these severe conditions surrounding the fisheries of Japan, maximum recovery from
marine resources is very important because recent under-utilized marine resources in Japanese
coastal area are not so rich. In this chapter, some topics on value-added utilization of

marine resources carried out in Japan will be introduced.

1) Fish oils with omega—3 polyunsaturated fatty acids (3—PUFA)

Fish oils are produced from the whole body or guts of various fish species. Their main
component is triacylglycerol which is rich in PUFA such as eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA). Epidemiological research of Dyerberg et al. (1975) on compa-
rison between the Inuit inhabitants in Greenland and the inhabitants in Denmark itself
revealed that; 1) in both cases 40% of the total calorie intake came from fat-based
high-calorie foods, and 2) death originating in coronary heart diseases (CHD) was lower
among the Inuit people living in Greenland. Based on more detailed comparative studies on
food consumption and the lipid compositions of the serum, they found that; 1) differences in
dietary PUFA were accurately reflected in the fatty acid compositions of plasma lipids, and

2) the occurrence of CHD was not solely genetic but affected by EPA consumed from fish
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and fur seals, the diets of the Intuits. At that time, however, relationship between the
frequency of CHD and EPA intake remained still unknown. After highly purified EPA
became available, the researches have accumulated a large volume of data on physiological
functions of EPA.

Much of EPA consumed from diet is -oxidised in liver cells and synthesised in vivo, but
some EPA is incorporated into cell membrane by the action of phospholipase Az. Since the
melting point of EPA is low at -54.4°C, the EPA incorporated in glycerophospholipids of
biomembrane in this way causes physical properties of the membrane, including biomembrane
fluidity. Indeed, dietary ingestion of sardine oils, which are rich in EPA (Otsuji et al., 1984)
or EPA (Makrides et al, 1993), increases the fluidity of human erythrocyte membrane. A

wide range of physiological functions of eicosanoids is summarised in Table 1.

Table 1. Physiological actions of eicosanoids (Hwang, 1992)
Eicosanoids Effect
PGE, Inhibits platelet aggregation
PGE Vasodilation, increases cAMP levels, decreases gastric acid secretion, suppresses
? immune response, luteotropic action
PGl Reluxes smooth muscle, vasodilation, inhibits platelet aggregation, raises CAMP levels
TXA:z Contracts smooth muscle, causes platelet aggregation, bronchoconstruction
PGD:; Inhibits platelet aggregation, raises CAMP levels, causes peripheral vasodilation
LTB Neutrophil and eosinophil chemotaxis, leakage in microcirculation, raises cAMP
* levels, causes neutrophil aggregation
Contracts smooth muscle, constricts peripheral airways, leakage in microcirculation,
LTC4+LTD;
decrease camp levels
12-HETE- . o s .
Neutrophil chemotaxix, stimulates glucose-indiced insulin secretion
12-HPETE
15-HETE Inhibits 5- and 12-lioxygenase
Lipoxin A Superoxide anion generation, chemotaxis, activates protein cell activity

Dietary supplement of fish oil or EPA over a period of time has the effect of reducing blood
triglycerides in healthy subjects, hyperlipidemia sufferers, laboratory animals, and hyperlipidemia
model animals alike. The detailed mechanism of this physiological action of EPA remains
obscure. When the lipoprotein composition of plasma and their constituent lipid classes were
compared after dietary ingestion of fish oils to hypertriglyceridemia subjects for a few weeks, a
marked reduction of very low density lipoprotein (VLDL) that bear the role of transporting
triacylglycerols. This was caused by a decrease in triacylglycerols (Inagaki and Harris 1990).

Dietary ingestion of EPA has the recognised action of inhibiting platelet aggregation. Decrease
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in the platelet membrane arachidonic acid (AA) with substitution by EPA leads to the decrease
in production of thromboxane A, (TXA;) which is effective in promoting platelet aggregation.
At the same time, cycloxygenase produces TXA; which is not effective to antiplatelet action from
EPA incorporated into membrane phospholipids. In addition to this, changes in membrane
physical properties due to the incorporation of EPA causes affinity of phospholipase A located
in the surface of membrane and the separation of AA is suppressed (Akahane et al., 1995; Surette
et al., 1995). If the membrane supply of AA decrease with an increase in the ingestion amount
of EPA, production of prostaglandin I> (PGI:), which is produced from AA and has the effect
of expanding arteries, also decreases (Mann et al., 1994). In this way, EPA is important as a
factor in anti-arteriosclerosis action.

Epadel® (Mochida Pharmaceuticals, Co., Tokyo, Japan), which contains more than 92% EPA
ethyl ester, received approval for commercial production as a pharmaceutical for arteriosclerosis
in 1990 and for hyperlipidemia in 1994. It is produced from sardine oils in which the original
level of EPA is 15~16%. Sardine oils are generally ethyl-esterified and purified by an
ultra-vacuum rectification system consisting of four fractionating towers lined in series (Fig. 1).
After this distillation process, the level of EPA ethyl ester increases to about 82%. The partially
purified EPA ethyl ester is then treated by a urea-adduction process and silica gel treatment to
increase the level of EPA ethyl ester to more than 92% (Hata and Makuta, 1990; Hata et al.,
1992a, b). It is then encapsulated in a gelatin capsule, and « -tocopherol is added to increase its
stability against autoxidation. The final product is stable for 6 months at 50° C or 3 years at
room temperature, and its acid value remains about 0.1 mg KOH/g lipid after 3 years under

nitrogen atmosphere (Hata, 1993).

Fatty acid ethyl esters from sardine oils

Rectification

}

C,, fraction (82% purity)

}

Urea adduction

!

Polyunsaturated C20 fraction

}

Silica gel refining (92% purity)

}

EPA ethyl ester
Fig. 1. Purification of EPA ethyl ester.
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The partially hydrogenated fish oils have a higher viscosity and are used as a raw material for
the production of margarine, shortening and detergents. Uauy et al. (1992) found that the retinal
functions are more or less complete in infants after 57 weeks of conception (4 months after birth)
and revealed that the component ratio of PUFA with 20 and 22 carbon numbers in
phosphatidylethanolamine in erythrocyte phospholipids was significantly high in the infant group
fed with formula milk containing fish oil (Fig. 2). When the retinal potential of infants was
measured in the 36th week after conception (8 ~13 weeks after the start of test feeding), electrical
activity in the retina was found to be in proportion to the w3 fatty acid content (Uauy ef al.,
1992). Thus, while the effect of DHA on retinal functions has been under some scrutiny in recent
years, this shows that DHA is essential to the development of retinal functions, particularly in
premature infants (Gibson et al., 1994; Harris et al., 1998). Thus, formula milk products enriched
with DHA by the addition of purified fish or algal oils are now commercially available in Japan
and the USA. The number of other fish oil-added food products has now reached more than 200,
including pudding, candy, juice, and others. Their market value is expected to be more than 25
billion yen.

Fish oils rich in DHA (50~65%) with enzymatic modification and chemical esterification of
acyl groups are commercially available. However, DHA is quite susceptible to autoxidation under
ambient conditions because it has six ethylenic double bonds. Therefore, stabilisation of DHA
against oxidation is necessary for commercial application in food products. Encapsulated
micro-powders (20~30 mm in diameter) containing 50% or 30% DHA-rich oil were developed

to prevent off-flavour development due to the oxidation of DHA during processing. They are
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Fig. 2. Relationship between erythrocyte phospholipids DHA and visual acuity of infants.
O, infants exclusively fed breast milk; ®, infants predominantly fed infant formula.(Adapted from
Makrides et al., 1993).

- 41 -



produced as follows: Cornstarch is treated with a starch-degrading enzyme to provide elasticity
(Monma et al., 1990). A DHA-rich oil is encapsulated in the enzyme-treated starch, followed by
coating with an alcohol-soluble protein obtained from corn. The oxygen permeability of the
protein coat is almost 0 mL/m?/24 hr/atm., so the DHA covered with the protein becomes stable

against autoxidation (Suzuki, 1995).

2) Effects of marine lipids on the taste

According to Japanese traditional concepts, the best season for consuming sardine and scallop
is generally between July and August, for the Pacific saury is between September and November,
and for the Pacific oyster and yellowtail is between December and February. Generally, fish
accumulate lipids gradually in their tissues with sexual maturation, and their lipid contents reach
maximum just before the spawning season. This season is cited as "shun" in Japanese, and most
consumers in this country know that fish become tasty in this particular season. Addition to this,
many Japanese consumers prefer a part of fish meat with high fat content compared to lean part.
For example, many Japanese consumers believe that fatty tuna meat "Oh-toro" is tasty compared
to lean part "Akami" of the same fish meat, though the pure extracted oils themselves do not
have any taste. In our own sensory perception tests in humans, we obtained results showing that
triacylglycerols extracted from southern bluefin tuna enhanced Umami taste of glutamic acid
and inosinic acid in emulsion. Fig. 3 shows the effect of DHA-rich triacylgycerols in enhancing
"umami" taste. Triacylglycerols enriches in 22:6 ©3 showed a similar function to the tuna
triacylglycerols (Ohshima, 2000; Ushio et al, 2001). Similar function of marine oils in the
enhancing of Umami taste was reported in the case of emulsions with bigeye tuna oils
(Koriyama et al., 2000a, 2000b). On the other hand, emulsions consisting of soybean oils and
lard and the fish extract did not reveal the "Umami" enhancing function. Detailed mechanisms

for the enhancement of "Umami" taste by marine lipids are still obscure. Gilbertson et al. (1997)

p<095

OADHA-rich TG
OSoybean
1

o 10 20 30 40 50 60

Score

Fig. 3. Effect of DHA-rich triacyl-glycerols in enhancing 'umami' taste.
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reported physiological evidence for the gustatory cue for fat in which the patch-clump recordings
of isolated rat taste receptor cells revealed that cis-PUFA, including 18:3 w3 and 20:406
inhibited delayed rectifying K™ channels. When mouse tongue was treated by EPA or DHA, the
bitter taste response of chorda timpani against quinine hydrochloride or denatonium was inhibited
(Nakajima and Ninomiya, 2001). These results from neurophysiological studies suggest that PUFA

can play a role in terms of controlling "Umami" taste of seafood.

3. APPLICATION OF MARINE NUTRACEUTICALS
AND FUNCTIONAL FOODS

1) Chitin and Chitosan

Chitin is one of the prominent components of arthropoda and mollusca tissues. The exoskeleton
of crustaceans is one of the suitable raw materials for production of chitin. Demineralisation is
carried out by washing the exoskeleton with dilute sulphuric acid. Proteins are removed by
washing with concentrated alkaline solution, then rinsing with water. The crude chitin thus
prepared is then treated with concentrated hydrochloric acid, and purified chitin is obtained as the
precipitate (Fig. 4). Chitin is a smooth, flaky powder, and white when pure. It is insoluble in
water and requires certain solvents to obtain chitin solution. Water-soluble chitosan is obtained
by removing acetyl groups from chitin with an alkaline solution (Inui, 1997). Annual production

of chitin and chitosan is about 700 metric tonnes, and its marketability is estimated to be around

CrabiShrimp shells - —
(20-30 dry wt% chitin) Purified Chitin
Grinding D eacetylated by
20-40% NaOH at90-120 C

Removal of proteins hy
1N NaOH at 100 C

it

LPuriﬁed Chito san iflakes) |

Rem oval of min erals by Milling
2N HClat roomtemp.

s

Eu‘iﬁed Chitosan (powder) |

tEx

«#ed with ethan ol and ethyl etheﬂ

D1y

Fig 4. Manufacturing process of chitin and chitosan from crab and shrimp outer shells. (Adapted from
Inui, 1997).
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5 billion yen. About 85% of chitosan produced in Japan is used for wastewater treatment in the
food industry. It removes high-BOD water-soluble proteins through flocculation.

Another notable function of chitosan is inhibition of spoilage bacterial growth in foods.
Addition of 0.01% chitosan prolonged the reproductive induction period by two days compared
to the control group, while the addition of 0.02% or more inhibited the growth of E. coli
altogether (Table 2)(Uchida, 1988). Added chitosan in liquid media prevented the growth of
spoilage bacteria during incubation at 30°C for 24 hr (Darmadji and lzumimoto, 1994). Its
application for meat preservation is expected in the near future. Chitosan is macromolecular, even
if it reacts with the cell wall of bacteria it would not be expected to pass through the cell
membrane and react with the nucleic acid and proteins inside the cell wall. Consequently the
antibacterial nature of chitosan is closely linked to the molecular weight of chitosan; lower the

molecular weight of chitosan, the greater its antibacterial effect (Uchida, 1988).

Table 2. Effect of chitosan derivatves on the growth of E. coli (Uchida, 1988)

Chitosan derivatives Degree of decomposition Microbial account
(0.004%) (Total reducing sugar produced mg/g) (x 10¥ml)
Control - 140 +
Derivative A 540 44 ++
B 260 29 +
C 40 5 -
D 15 -
Chitosan 4 13 -

Shaken culture at 30°C, 24 hr.
-, No growth; +, Growth; ++, Marked growth.

Chitin and chitosan are processed into a film for medical use as an artificial protector against
skin damages such as cuts and burns (Oshima er al., 1986). Burnt skin tissues wrapped with a
chitosan film regenerated faster and more favourably than those treated without the film.
Artificial skin prepared from crab chitin (Beschitin® -W distributed by Unichika, Co., Ltd. Osaka,
Japan) is commercially available. This processed film of chitin is of 0.08~0.5 mm thick.
However, the availability of this preparation is limited by their high prices (Feofilova et al., 1999).

Rats fed on a diet containing 7% tallow, 1% cholesterol and 5% chitin had reduced levels of
liver triacylglycerols and cholesterol and similar levels of serum and fecal cholesterol compared
to rats fed on the diet without chitin, suggesting that chitin may be effective in controlling lipid
absorption from intestine (Zacour et al., 1992). In hamsters the inclusion of feeding chitin and

chitosan in the diet is associated with a reduced food intake and the cholesterol-lowering effect
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seems mainly related to an increase in the fecal excretion of neutral sterols (Tautwein ef al.,
1997). Ormrod et al. (1998) showed a direct correlation between lowering of serum cholesterol
with chitosan and inhibition of atherogenesis, and suggested that the chitosan could be used to
inhibit the development of atheroscrelosis in individuals with hypercholesterolaemia. Thus, orally
administered chitosan binds fat in the intestine, blocking absorption, and lower blood cholesterol
in animals and humans.

Chitosan has immunomodulatory activity. Phagocytosis of leucocyte in rainbow trout was
significantly activated after injection with 100 mg/kg of chitosan in peritoneum, compared to a
control injected with bovine serum albumin (Sakai et al., 1992).

Other applications of chitosan include improving the physical properties of heat-induced gel of
surimi, kamaboko (Benjakul et al., 2001), use as a matrix for bioreactor, strengthener for pulp
sheet, and moisturiser in cosmetics (Table 3). More information about food application of

chitinous materials can be obtained in Chapter 15.

2) Chondroitin sulphate

Chondroitin sulphate is a typical mucopolysaccharide sulphate. There are three isomers differing
in the position of the sulphuric acid groups. Chondroitin polysulphate, with two sulphuric acid
residues in a molecule, exists in the cartilage of sharks. It is mostly used as a base for cosmetics
such as hand cream.

Chondroitin sulphate dose-dependently inhibited the pancreatic lipase activity in an assay
system using triolein emulsified with phosphatidylcholine. In addition, it inhibited the palmitic
acid uptake into the brush border membrane vesicles of the rat jejunum. Chondroitin sulphate
caused the reduction of body weight and parametrial adipose tissue weight and prevention of fatty

liver and hyperlipidemia in mice fed a high-fat diet (Han et a/.,, 2001).

3) Milt proteins as food preservatives

Milt protein (protamine) is a basic peptide containing over 80% arginine. Protamine changes
the cell morphology of certain bacteria and releases certain soluble constituents from the cells
(Islam et al., 1987). Its unique properties include thermo-stability and the ability to prevent the
growth of Bacillus spores (Table 4). For this reason, protamine is being used as an antibacterial
agent in food processing and preservation (Islam et al, 1986). The preservative effects of
protamine product after added to a wide range of food, including cooked rice, omelet, cooked
vegetables, salad, sweet potato, custard cream, kneaded bean jam, cooked waxy rice flower,
steamed bread and white sauce were investigated (Nozaki 1999). Fig. 5 shows the effect of salmin
(milt protein from salmon) on the shelflife of boiled rice.

Gel by forming & -( 7 -Glu)-Lys cross-links in the gels. The enzyme preparation is not of marine
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origin, but is purified from the culture broth of a variant of Streptoverticillium mobaraence (Sakamoto

et al., 1995).

Table 3. Applications of chitin, chitosan, and their oligomers (Jeon et al., 2000)

Fields

Chitin and chitosan

Oligomers

Food

Antimocrobial agent
Edible film

Preservative agent

Pharmaceuticals

Protective effect on bacterial
infection

Antitumor agent
Immunopotentiating agent
Carrier for drug derivaty system

Protective effect on bacterial
Infection

Antitumor agent
Immunopotentiating agent

Medical

Accelerator for wound healing
Artificial skin
Absorbable sutures

Nutritional

Dietary fiber
Hypocholesterolemic agent

Antihypersensive agent in vitro

Hypocholesterolemic agent
Calcium absorption accelerator

Biotechnological

Carrier for immobilized enzyme
and cell

Porous beads for bioreactor
Resin for chromatography
Membrane material

Agricultural

Seed coating preparation
Activator of plant cell

Activator of plant cell

Others

Coagulant for waatewater
Protein recovery preparation
in food processing

Removal of heavy metal from
Wastewater

Cosmetic materials

Table 4. Effect of milt protein from salmon (salmine) on gtowth of bacteria (Nozaki, 1999)

Concentration (ppm)

Bacteria

0 200 300 400 500 700 1000
B. subtillis + + + - - - -
E. coli + + + + - - -
Sal. typhirium + + + + + + -
Pichia farinosa + + + + - - -
Strept. lactis + + - - - - -
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Rice 1.3kg

Water 19kg Kept & roomtemp for ——
Impact E* 6.5 30 min -—*I Cooking vith arice cooker |

Glycine 35%, salmine 60%,
egg white lysochyme 65%

Bachillus coaglfance spore 45x10

Storage, days

0 24 48 72
CFU/g 10 2.2x10* 4.0x10’ >
Control
pH 6.7 6.7 6.3 **
Impact CFU/g 10 53x10° 2.5x10° 45x10°
E added pH 6.5 6.6 6.4 6.7

Fig. 5. Effect of salmin (milt protein from salmon) on the shelflife of boiled rice. (Adapted from Nozaki,
1999).

4. CONCLUSIONS

The structure of Japanese fisheries has changed for last decade; the productions from the dis-
tance water and offshore fisheries have drastically decreased. On the other hand, the imports of fishery
products in terms of quantity and value have increased. Thus, the conditions of Japanese fisheries
face to hard in these days. The Oceans are, however, rich in marine organisms, including fish,
mammals and microorganisms which all have potentials as the resources for value-added utilization for
not only human consumption but also medical applications (Ohshima, 1996). A cooperative research
and development between industries and researchers will have a chance to open the difficulties around

the Japanese fisheries.
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