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Abstract

In Japan over the past two decades, a number of food substances’ potential for disease risk reduction rather than
simply for health maintenance have been studied for their body-modulating functions. Some of these substances
have already been applied to the industrialization of functional foods in terms of ‘foods for specified health use”
(FOSHU). More than 300 items of FOSHU were available as of August 2002—these include foods to improve
gastrointestinal conditions, foods to enhance mineral absorption, and foods for people with a high blood glucose
or cholesterol levels or hypertension. These FOSHU products are becoming popular in Japan and now form a
market of several billion dollars.

Research and development of new types of functional foods are also progressing. One example is progress in
the studies of antioxidative food factors, Since the age-telated diseases, such as cancer, could be correlated with
oxidative stresses, antioxidative food factors may be beneficial for prevention of those diseases. Another exam-
ple is progress in the studies on immunomodulatory food factors. Immunomodulatory food is strongly required
because the number of patients with allergies is rapidly increasing in Japan. Antioxidative and immunomodula-
tory food substances have been discovered in various agricultural products. The importance of evaluating

absorption/modification of the food factors in the intestine is also being recognized.
Thus, the studies of functional foods in Japan are still progressing from a wide variety of viewpoints. The dis-
covery of functional substances from agricultural products will enhance the production of more FOSHU with

novel functions,

Introduction

THERE is an ancient Chinese saying that ‘medicine and
food are isogenic’. In the early 1980s, Japanese food
scientists started to prove this saying from the scientific
viewpoint under a large national project which started
in 1984 and which has produced a large number of
experimental results over the last two decades (Arai
1996; Arai et al. 2001). These experiments demon-
strated that various food substances had modulatory
effects on the body’s systems. The concept of ‘func-
tional food” was thus established, which encompassed
‘science-based food for disease prevention’. In 1991,
the Ministry of Health and Welfare of Japan established
4 policy of officially approving selected functional
foods in terms of ‘foods for specified health use’
(FOSHU). More than 300 items of FOSHU were avail-
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able in Japan as of August 2002. These include foods to
improve gastrointestinal conditions and foods helpful
for people who are concemed about their blood
glucose, cholesterol or triglyceride levels, or people
with mild hypertension. Althcugh more than 60% of
the FOSHU products are foods which promote an
increase in beneficial bacteria in the intestinal microf-
lora and help to maintain a healthy intestinal environ-
ment, the number of foods with other physiological
functions is rapidly increasing. In addition to the
research and development of the functional foods
mentioned above, new research trends are apparent in
functional food science in Japan.

Analysis of antioxidative food
factors

SINCE the start of the Designer Foods Program in the
United States of America 10 years ago (Caragay 1992),
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a number of ‘phytochemicals’, or chemical components
of plant foods with cancer-preventive functions, have
been discovered. Japanese food scientists have also
searched for phytochemicals with anti-cancer activity.
Ohigashi and coworkers, using an assay system with
Epstein-Barr virus, examined various plant foods for
anti-tumor promotion activity. Interestingly, they found
that plants from tropical countries had stronger inhibi-
tory activity against Epstein-Barr virus activation than
plants from Japan, indicating that tropical vegetables
have higher anti-tumor promotion activity. About two-
thirds of the edible plants obtained in Indonesia had
high activity, whereas only one-quarter of those from
Japan were active (Murakami et al. 1999).

Researchers have found that many of these prom-
ising substances possess antioxidative activity. Since
age-related diseases such as atherosclerosis and
diabetes, as well as cancer, are supposed to be corre-
lated with oxidative siress, these antioxidative food
factors may be beneficial for prevention of, not only
cancer, but also many other age-related diseases. From
this viewpoint, screening for new types of antioxidative
food factors has been performed by many research
groups. Osawa and his group have recently developed
many types of antibodies which specifically recognize
oxidatively damaged deoxyribonucleic acid (DNA)
bases, such as §-OH-deoxyguanosine and lipid peroxi-
dation products (Toyokuni et al. 1997). By monitoring
these oxidatively damaged products as biomarkers,
they have found many different types of dietary antiox-
idants that could be beneficial for prevention of age-
related diseases. Attempts to find good biomarkers for
the screening of new food factors are also in progress.

The detailed mechanisms for the action of food
factors on the modulation of physiological conditions
are still not well understood. New techniques have been
introduced to reveal these mechanisms. The DNA
microarray technique is one example. Changes in the
expression of genes by such food factors as anti-carci-
nogenic carotencids have been reported (Narisawa et
al. 1999). Effects of dietary polyphenols on cellular
functions have also been analyzed at the molecular
level, with, for example, regulation of transcription
factors by these compounds, being observed.

Food factors with
immunomodulatory functions

THE number of patients with allergies is rapidly
increasing in Japan. According to the recent data in
Japan, more than 40% of the children of 3 years old or
younger have some symptom of allergy, such as asthma
and atopic dermatitis. Autoimmune diseases and infec-
tious diseases are also becoming big problems in an
aged society. Food factors with immunosuppressive and
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immunopotentiating activity have therefore been
analyzed in many dietary sources. Researchers have
found that such food factors as tea catechins, flavonoids,
polysaccharides and nucleotides have immunomodula-
tory activity, although these functions have not yet been
applied to the FOSHU products. Yamazaki and his
group found that oral administration of a perilla extract
suppressed the production of tumor necrosis factor in
mice (Ueda and Yamazaki 1997). The active compounds
n perilla responsible for this immunosuppression would
be useful in functional foods for people with allergies or
other hyper-immune diseases. Suppression of allergic
reactions by lactic bacteria (probiotics) and oligosac-
charides (prebiotics) has also been studied. Shida et al.
{2002) reported that oral administration of lactobacillus
suppressed the production of immunoglobulin E (IgE)
in a food allergy model. Oral administration of nucle-
otide decreased the level of IgE in mouse blood serum,
particularly in the serum of young mice (Nagafuchi et
al. 2000a}. Use of these allergy-suppressive food factors
may decrease the number of infants with allergic reac-
tions in the future. The importance of the mucosal
immunity is now being recognized and mechanisms for
the action of food factors on the intestinal immune
systems have been analyzed in detail (Kaminogawa et
al. 1999).

In addition to the studies on immunomodulatory
food factors, development of hypoallergenic food
products is progressing. Hypoallergenic rice, wheat,
soybean and milk products have been successfully
developed by enzymatic methods (Tanabe and
Watanabe 1999) and are already available in the
market. Production of hypoallergenic foods using a
molecular breeding techniques or genetic manipulation
has also been considered.

Food factors and intestinal functions

THE bioavailability of food factors depends strongly on
their behavior in the intestinal tract. Evaluation of
intestinal absorption and metabolism of food factors is
therefore important. Although mechanisms for the
intestinal absorption/metabolism of such major nutri-
ents as glucose, amino acids, cholesterol and vitamins
have been fully investigated, those of food factors, such
as flavonoids, their glycosides and oligopeptides, in the
intestine are not well understood. Recent studies have
demonstrated that many dietary phytochemicals can be
absorbed to some extent across the intestinal epithe-
lium, probably via the non-specific transcellular or
paracellular pathway. We have found that the rate of
intestinal absorption of food factors could be altered by
various food substances (Shimizu 1999). Since the
intestinal epithelium is a tissue that is always exposed
to high concentrations of food substances, it is possible
that functions of the intestinal epithelial cells are modu-
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lated by food substances. Our studies have suggested
that the tight junctional permeability of the intestinal
epithelium is modulated by various food substances,
thereby affecting the intestinal absorption of certain
types of food factors (Hashimoto et al. 1994, 1997).
Intestinal absorption of major nutrients such as ghucose
could also be affected by food substances (Kobayashi
et al. 2000; Ogawa et al. 2000).

Modification of food factors also occurs in the
intestinal epithelial cells. For example, curcumin, an
antioxidative substance in turmeric, is converted to
tetrahydrocurcumin—which has more potent antioxi-
dative activity than curcumin—during the absorption
process from the intestine. Nagafuchi et al. (2000b)
have recently reported that dietary nucleotides enhance
the production of IL-7 by intestinal epithelial cells,
thereby modulating the growth and differentiation of
intraepithelial T lymphocytes. These findings suggest
that the intestinal epithelium is not a simple gate for
nutrients and food factors but also plays a role as a
‘converter” of food factors. Thus, the intestinal epithe-
lium must play important roles in expressing food func-
tions. The contribution of food factors to human health
cannot be completely understood until the behavior of
food factors in the intestinal epithelium is revealed.

Conclusion

A great number of papers concerning the food func-
tionality are presented every year in the annual
meetings of many Japanese scientific societies relating
nutrition and foed science. The number of such papers
is still increasing year by year. The area they cover is
also expanding. Food factors modulating endocrine,
circulation, gastrointestinal, immune, and nerve
systems have been studied in terms of screening, isola-
tion, identification and application. Studies on the
mechanisms of food functions are also being carried
out at the ceilular and molecular levels. Since a large
amount of information regarding the functional food
substances is now available from these diverse studies,
we are now constructing a database with the support of
the Ministry of Education, Culture, Sports, Science and
Technology. Standardization of evaluation systems for
functional food factors, isolation and identification of
food factors, and epidemiological assessment will be
accomplished in the near future.

References

Arai, 8. 1996. Studies on functional foods in Japan-—state of
the art. Bioscience, Biotechnology, and Biochemistry, 60,
9-15.

Arai, S., Osawa, T., Chigashi, H,, Yoshikawa, M., Kami-
nogawa, S., Watanabe, M., Ogawa, T., Okubo, K.,

Watanabe, S., Nishino, H., Shinchara, K., Esashi, T. and
Hirahara, T. 2001. A mainstay of the functional food
science in Japan—history, present status, and future out-
look. Bioscience, Biotechnology, and Biochemistry, 65,
I-13.

Caragay, A.B. 1992, Cancer-preventive foods and ingredi-
ents. Food Technology, 46(4), 65-68.

Hashimoto, K., Kawagishi, H., Nakayama, T, and Shimizu,
M. 1997. Effect of capsianoside, a diterpene glycoside,
on tight junctional permeability. Biochimica et Biophys-
ica Acta, 1323, 281-290.

Hashimoto, K., Matsunaga, N. and Shimizu, M. 1994. Effect
of vegetable extracts on the transepithelial permeability
of the human intestinal Caco-2 cell monolayer, Bio-
science, Biotechnology, and Biochemistry, 58, 1345-
1346.

Kaminogawa, S., Hachimura, 5., Nakajima-Adachi, H. and
Totsuka, M. 1999. Food allergens and mucosal immune
systems with special reference to recognition of food
allergens by gut-associated iymphoid tissues. Allergology
International, 48, 15-23.

Kobayashi, Y., Suzuki, M., Satsu, H., Arai, S., Hara, Y.,
Suzuki, Y., Miyamoto, Y. and Shimizu, M., 2000. Green
tea polyphenols inhibit the sodium-dependent glucose
transporter of intestinal epithelial cells by a competitive
mechanism. Journal of Agricultural and Food Chemistry,
48, 5618-5623.

Murakami, A., Ohigashi, H. and Koshimizu, K. 1999,
Chemoprevention: insights into biological mechanisms
and promising food factors. Food Reviews International,
15, 335-395.

Nagafuchi, S., Hachimura, S., Totsuka, M., Takahashi, T.,
Goto, M., Yajima, T., Kuwata, T., Habu, S. and Kami-
nogawa, S. 2000a. Dietary nucleotides up-regulate
antigen-specific Thl immune responses and suppress
antigen-specific IgE responses in mice. International
Archives of Allergy and Immunology, 122, 33-41.

Nagafuchi, S., Totsuka, M., Hachimura, S., Goio, M., Taka-
hashi, T., Yajima, T., Kuwata, T. and Kaminogawa S.
2000b. Dietary nucleotides increase the production of
TCR 5+ subset of intraepithelial lymphocytes (IEL) and
IL-7 production by intestinal epithelial cells (LEC);
implication for modification of cellular and molecular
cross-talk between IEL and IEC by dietary nucleotides.
Bioscience, Biotechnology, and Biochemistry, 64, 1459
1465.

Narisawa, T., Fukaura, T., Oshima, S., Inakuma, T., Yano, M.
and Nishino, H. 1999. Chemoprevention by the oxygen-
ated carotenoid B-cryptoxanthin of N-methylnitrosourea-
induced colon carcinogenesis in F344 rats. Japanese
Journal of Cancer Research, 91, 1061-1063.

Ogawa, N., Satsu, H., Watanabe, H., Fukaya, M., Tsukamoto,
Y., Miyamoto, Y. and Shimizu, M. 2000. Acetic acid sup-
presses the increase of disaccharidase activity during
culture of Caco-2 intestinal epithelial cells. Journal of
Nutrition, 130, 507-513,

Shida, K., Takahashi, R., Iwadate, E., Takamizawa, K., Yasui,
H., Sato, T., Habu, S., Hachimura, 8. and Kaminogawa,
S. 2002. Lactobacillus casei strain Shirota suppresses
serum immunoglobulin E and immunoglobulin G1

147



Makoto Shimizu — Functional foods and their utilization in Japan

responses and systemic anaphylaxis in a food allergy Quantitative immunohistochemical determination of 8-

model. Clinical and Experimental Allergy, 32, 563-570. hydroxy-2'-deoxyguanosine by a monoclonal antibody
Shimizu, M. 1999, Modulation of intestinal functions by food N45.1: its application to ferric nitrilotriacetate-induced

substances. Nahrung, 43, 154—158. renal carcinogenesis model. Laboratory Investigation, 76,
Tanabe, S. and Watanabe, M. 1999, Production of hypoaller- 365-374.

genic wheat flour. Food Science and Technological — Ueda, H. and Yamazaki M. 1997. Inhibition of tumor necrosis

Research, 5, 317-322. factor-alpha production by orally administering a perilla
Toyokuni, §., Tanaka, T., Hattori, Y., Nishiyama, Y., Yoshida, leaf extract. Bioscience, Biotechnology, and Biochemis-

A., Uchida, K., Hiai, H., Ochi, H. and Osawa, T. 1997. try, 61, 1292-1295.

148




