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We have been actively involved in the isofation and charac-

of ends plant idants that are believed
to inhibit lipid peroxidation and offer protection zzainst
damage to functions. Antioxidants have

been isolated from conventional food sources, such as tea
(green and black), sesame and wild rice, and also from other
plant sources, such as rice hulls, and crude plant drugs. Data
on new types of water-soluble and lipid-soluble plant anti-
oxidants are provided, and the biological activity and func-
tionality of these antioxidants are discussed.

It is well known that humans, as they grow older,
become less active, have an increased probability of
illness, andgenerallyexpenencealossofopnmum
function of all

The contribution of
plant food antioxidants
to human health

Hirotomo Ochi and Shunro Kawakishi

metabolism and free-radical formation in
systems
Oxygen, a vital component for the survival of the
lmmnspemes mptﬁentmmeannosphemasambk

Yy
processes have engendemd the susvival of indivi of
all living species until the time that they are able to
repruduce and pass on their genetic codes to their off-
spring. At sexual maturity, an age-dependent process
sets in, progressing gradually, and leading eventually to
the death of an individual, if death has not occurred
from another means before then'.
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triplet biradical (°0,), in the ground state. Once inside
the human body, it can be zunsformed, by a four-
electron reduction process, to water, producing a super-
oxideﬁcnl(o ), @ hydroxy! radical ((OH) and hydro-

(Hz ,) as the reactive intermediates (Fig. 1).
Smglet oxygen (‘01) is formed from the excited state of
various sensitizers such as chlomphyll acridine and
other pigments. Among d:e major cellular and extra-
cellular lipids, DNA
andRNAformlhepnmaryurgetsforﬂmerenuve
oxygen species. However, oxidation of the unsaturated
fatty acid components of cell membranes is the oxidat-
ive event that occurs most irequently inside the human
body?

©1995, Elsevier Science Ltd 0924 -2244195/302.50
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Fig.1
Scheme to illustrate the formation of reactive oxygen species
{shown in bold type) from the stable triplet oxygen, °0,.

Lipid oxidation has both positive and negative effects.
At low levels, the peroxidation products of lipids are
responsible for the desirable aroma of fried foods?, and
some of the ch istic flavor properties of cooked
meats of different species*, roasted nuts®, and so on. On
the other hand, lipid peroxidation not only poses prob-
lems in the development of rancidity in processed
foodsS, but also causes serious damage to the human
body’." The excess production of reactive oxygen
species, particularly hydmxyl radicals, can easily in-
itiate lipid oxidation in the cell resulting in
the of lipid p Many hers have
shown that |lpld pemxﬁes and reactive oxygen species

over 30% of the cases. Improper diet among subjects,
especially in industrialized nations, is another major
factor in 35% of cancer and degenerative diseases as-
sociated with agmg On the comrary mﬂammmon due
to chronic infe i in d

nations, has been cited as lhe cause in over 30% of the
cases, whereas occupational hazards (2%) and environ-
mental factors (1%) are the other minor causes'!, Thus,
if all the external factors could be controlled and kept
within reasonable limits, cancer and degenerative dis-
eases associated with aging could be adequately regu-
lated by the intake of a healthy diet.

In 1945, the average life span of Japanese people was
50 years for men and 53 years for women. Recently
published figures indicate that women in Japan can
expect to live for 81.4 years and men for 75.6 years'2.
Many factors such as imp in public sanitati
the introduction of new antibiotics, and awareness of
eating habits and health through proper education have
been suggested to be responsible for the increase in the
average life span in Japan. However, of these factors, a
combination of the best of Western food and of tra-
ditional fap food is the focus of
for improving the health of old people in Japan.

Recent publications indicate that there is much evi-
dcnce that plant play an imp role in

are involved in the devel ofa vanety of di
including cancer, and also m:celuate aging. Several sec-
ondary prod of llpld idk iall y malon-

i and 4 d, are th re-
active; they have been shown te react with biological
components such as proteins, amino acids and DNA®,
Malondialdehyde, which has been shown to be formed
both ically and icall has been

in aging, is and carci
The metabollc processes that mvolve complcx oxi-

t in vitro as agents for antioxidative
defense. Antioxidant compounds have already been
found in plant ials such as oil
cereal crops, vegetables, fruits, leaves and leaf wax,
barks and roots, spices, herbs and crude plant drugs. The
isolation and identification of several plant antioxidants
from leaf wax, rice and sesame seeds have been under-
taken by us. With this concept of food and health in
mind, this article will emphasize the contribution of
p]nm food antioxidants to human health, in general. The

dati are

trace and so on. Most
llvmg organisms possess extremely efficient defense
and protective systems in those cells that are essential
for defending the organism agamst oxidative stress
induced by reactive oxygen specles However, the capa-
bility of such
with age, resullmg in dlsiurbanccs in the normal redox
equilibrium that is established in healthy sy Such
disturbances lead to the malfnncuonmg of the vital or-
gans, the gradual loss of i lmmumly to diseases that tend
to be contracted wnh agmg, and cvemually death. The
d in and amund hv-

ing cells, wh:ch gulate the various

logical activity and functionality of some of the com-
ponents wil! also be discussed.

Green tea consumption and implications on
human health

The custom of drinking green tea in Japan originated
from China in ~800 AD. Gmn tea llas be:n valued from
ancient times as a p 1 and
vital for the mamtenance of health. In recent years,
research on green tea has progressed to such an ex-
tent that this belief has almost been proved to be

true. Epidemiological studies have shown that the death
rate from cancer is surpnsmgly low in the Shizuoka

seenasap 1 class of demr-
minants of longevuy“' Thus, in , order to replenish the

P of Japan, a major gteen-lea-pmducmg re-
gmn" Animal studies, using mice, have also proved

age-induced loss in the capability of endogenous anti-
oxidant defense mechanisms, there is a need to identify
new phytechemicals that could be made readily avail-
able by the regular intake of conventional foods.

Impact of Efe style on human health
Smoking is one of the major causes proposed for
cancer around the globe, and has been implicated in

ficial effects of p of green tea,
mamly catechin, in both inhibiting the initiation of can-
cer and suppressing the growth of tumor cells®,

Green tea also has beneficial effects on the regulation
of blood cholesterol levels. A rapid increase in the
levels of low-density lipoprotein (LDL) was observed
in the blood plasma of rats fed with a fat-rich diet,
whereas rats fed the same diet supplemented with 1%
catechin, the main antioxidant in green tea, showed
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remarkably reduced levels of LDL ch H
lhem:hmsupplememdxdmhavemyxmpactmthe
levels of high-density lipoprotein (HDL), an essential
cholesteml component'>, Green tea catechin is also
d to late blood
lower blood sugar levels. Extracts of green tea or green
tea catechin, when fed to diabetic mice at a dose of 1%,
reduced blood sugar levels by 20-35%. Tolbutamide,
thetic blaod. l d‘“s K d blm
sugar levels by only 15%, when administered orally'.
The membranes of red blood cells are known to con-
tain high levels of polyunsaturated lipids, and are there-
fore very susceptible to oxidation. We have evaluated
the antioxidative activity of tea polyphcnols by a simple
and ient in vitro anti
uses rabbit erythrocyte (red blood cell) membranc
‘ghosts’, ['l'hcmbbltemhmcytemﬂnbnnegbostsys-
tem was prepared by firs
blood with isotonic buﬂ'er solution several times and
then subjecting it to centrifugation. The resulting cells
were lysed in phosphate buffer (10mm) and then ultra-
centrifuged.] ghosts
human and rabbit red blood cell membranes showed
almost the same extent of lipid peroxidation, induced
by t-butylhydroperoxide'’. Thus, the evaluation of the
in vitro antioxidative activity of the tea polyphenols was
carried out using the rabbit erythrocyte membrare ghost
system. Of the four tea caxcclnns evaluawd (Fig. 2),
gallate

()—epmatechmgal]aleand -epigall

dauon,andwerea]xofoundtobemommvethmdle
herol and propyl gallate?.

On the applications fmnt, we have compared the anti-

oxidant properties of green tea collected from different

100 4
and can help to
g
g
! % 50
d: assay system that §
k-
2
1 rabbit | =
prepared from both
0 -
1 2 3 4 5 6 7
against lipid peroxi- Fig.2

idative activity of green tea polyphenols (final

: 100 ),

compared with a control sample and a-tocopherol, and determined by the rabbit

ﬂvﬂwocytesfmtsym m, Comrol (2), a-tocopherol; (3), (+}-catechin;
4), (-)-epi ; 5), (415 ; (6), (-+epigallocatechin;

tea-producing regions in Japan. Samples were d
axvariousﬁmesduringthem-pmducmgsemn,such
as during early, nnd- and late spring and carly summer.

of the tea les was carried out
under controlled conditions, so as to give the extract
the optimum aroma, taste and color characteristics. The
extracts were tested for their antioxidant activities, as

d ined by the supp of the oxidation of de-
induced by radicals and also of the
automdauonofhnolencacx¢Thesnpmmdemdmland
radical of the tea ex-

uaclswerealsodenemnnedbyﬂnuseofelecmspm
resonance (ESR) speclmmetry Although differences in
the anti ies of the
extracts could not be detected between stmples col-
lected from different regions of prod

7), {-)-epicatechin gallate; and (8), (-}-epigallocatechin gallate.
(Data taken from Ref. 2.)

h istics have been carefully studied at the Japan
Institute for the Control of Aging, the problems re-
solved, and an instant type of ‘antioxidant green tea’ has
been developed (marketed by Nikken Foods, Fukuroi
City, Jaym) Thmmduﬂ,wmhbugmdmomdm
and ies, has been
avmhblesmcemzbegammgof 1993.

antioxidants in black tea
Black tea is richer than green tea in theaflavins
(Fig. 3).whxchmd|m«sofcmbmsfomedbyenzy~

differences had a pronounced effect on their activities.
Tea leaves collected between iate spring and early
summer were found to be extremely effective in scav-
enging superoxide radicals (Table 1). The autoxidation
of linoleic acid and the oxidation of deoxyribose in-
duced by hydroxyl radicals were also found to be sup-
ptessed more effecuvely by extracts from leaves pro-
cured in late spring. However, the extracts obtail

matic during the fe of black tea. In
the rabbit erythrocyte ghost system, theaflavin (TFI)
was shown to have stronger antioxidative activities than
a-tocopherol; however, in a rat liver microsomal sys-
tem, it was found to be less potent than a-tocopherol.
[The rat liver microsomal system was prepared using
fresh liver removed from sacrificed Wistar rats. The
vetwasﬁxsthomogenmdmomughly,andthenﬂ\e

from these ples had a strong taste, and
also lacked the desirable fresh green tea aroma. These

Trends in Food Science & Technology March 1995 [Vol. 61

were prepared using a differential centrifu-

gation method.] Theaflavins were also shown to inhibit
the cleavage of calf thymus DNA induced by HO,
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d. In ad-

t&t.wmwmmm amvnymthembbﬁerythmcyteghostsystem Basedona
of green barvested at diffrent times of | detailed i activity
the year® we concluded that the galhc acu! molety is probably
for the ic activi-
. ties of theaflavins'®. The ptolecuve roles of other water-
Samgle SOSA value (SOSA units/) soluble antioxidants on ity and DNA d
Early spri 14500020000 acnvuy mduced by reactive oxyieen specles M lipid per-
Mid-spring 170 00045000 dition, anempts are bemg made to develop anti-oxidant-
Laesping IS0 0002000 blck e n combinaion with et rairtexteocs,
Ealy 230000430000 ac] in combination wi extracts.
(Vitamin C controf) (170 000£5000) Antioxidative components found in rice seeds
Rice (Oryza sativa) is the principal cereal food in
oN. Ramaatam etal, ""wbl'sbﬁ o Asia, and the staple food for nearly half of the world’s
3500 SOSA units activity of 1 mgof pure population. We have recently undertaken a comparative
superoxide dtsmulaseenzyme of the

1 of rice seeds

m the presence ofhorse heart cywchtomcc Henee.
are expected to be effecti
cellular DNA against oxidative damage. Oﬁhe theaﬂavms
tested, theaflavin digallate (TF3), which has two gallic
acid moieti hibited the Lo

from the subspecies japonica and mdlca dunng long-term

storage. We have observed that the indica tice seeds, on
average, retained their ability to germinate when stored at
30°C, even after one year, whereas cultivars of the japonica
subspecies showed a gradual decline in their germination

P ial after storage for six months at 30°C', We hy-
pothesized that the differences in the

@

(b)

(d)

OH

’C OH
o
‘OH

OH

storage stability of japonica and indica
rice seeds could have been due to the
differences in the effectiveness of the
defense systems in the rice hull, which
until now was believed to offer only
physical protection to the rice grain.
Model experiments were undertaken
to induce accelerated aging by initiat-
ing lipid peroxidation at 30°C, using
hydroxyl radicals generated during
the +y-irradiation of the seeds. As
shown in Table 2, the seeds showed
wide differences in their germination
potential and thiobarbituric acid (TBA)
values depending on whether or not
their hulls were intact during irradia-
tion®. It was concluded that the hull
fraction of long-life (indica) rice seeds
must contain some unique antioxida-
tive constituents?'. Similar results were
cobtained when accelerated aging was
induced in rice seeds stored with and
without intact hulls at a temperature
of 60°C2,

A large-scale extraction, isolation
and purification process was used to
identify the active components as
flavonoid substances. One of the ac-
tive components, when tested by the
it vitro thiccyanate method, was found to
be as active as «-tocopherol, and was

OH
OH
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(c), theaflavin digallate (TF3); and (d), theaflavin monogallate B (TF28) (bold type indicates the gallic

of black tea polyphenols: (a), theaflavi

identified as isovitexin, a C-glycosyl-

Fig.3 ﬂavonmd" A study to determine the

(TF1); (b), theaflavi

flate A (TF2A); by which these hull

antioxidants offer protection is cur-

acid moieties).  rently being undertaken®. Also, food

Trends in Food Science & Technology March



,bm ?frifenl:\&li oxidants | Table 2. Effect of v-irradiation on the germs ial and thiobarbituric acid (TBA) values of

are g exp in- (Ory fva) seeds, imadiated ﬂnulbu‘dh“ bl

dustry, attempts are being made to use e fact

rice hull antioxidants in the formu- Germination (%) TBA value (OD,

1ation of body lotions and creams used at Radiation dose (kGy): at Radiation dose

mainly for the protection of the skin

against the adverse effects of aging. Cultivars ° ] 5 [} ® 5
Recently, we have also isolated and Subsp. i

identified antioxidative pigments from . indica

black rice. Black rice :;dslmem Katalastara 10041000 5428 0@ 01@DH 0NEIY 012013

ability to maintain their viability even CentwryPatna 100 (99) 52Q26) 0() 0101 012013 013015

afrlong e torag, TG WG | 1, i

"’m;e‘bﬂl‘y hﬂg;:‘:'he“* regular Wh:: Koshibikari  100(100) 42022) 0@ 0101 043014 014018

Kusabue 99 (99) 3520 0 .1(0.% .14 (0.1 .15 (0.1

I..a:gc-seedssmle lsolanon andm speccaulon ) 20) o 0101 014016 015017

of the anti gments led 0 | iyye e, refer rice seeds imadiated without intact ulls

thexdenuﬁmnmofcymm&o-ﬂ-b- > Data taken from Ref. 20

glucopyranoside®, which was found 0D, Optical density at 535 nm

to possess strong oxidative activity fad

when tested using the in vitro thio-

cyanate method. Cyanidine-3-0-8-D-g idewas scores than control patties. Also, the processed product

also isolated and identified as lhe antioxidative pigment
in black and red beans®; thus, studies of the relationship
between the variety and levels of these antioxid:

made with wild rice possessed lower cholesterol levels,
andalow'l’BARSvalue(kvelofthnobubnmcmd—

pigments in cereal crops and beans are now in progress.

Natural antioxidants in oﬂm cefeal cmps
We have also d in i

a of the extent of lipid
oxidation). These observations indicated that wild rice
might contain inherent antioxidants. As an extension of
theuwork.Wuetal investigated the chemical nature of

ive components present in young barley leaves; 2-0-
glucosylisovitexin was identified as a unique antioxi-
dative compound?®, the activity of which was dcm-
mined by the in vitro TBA assay method. Peroxid:

the idant system in wild rice, and attributed the

antioxidant activity of wild rice to phytic acid™®.
Recently, we have begun investigating the antioxidant

components of wild rice. Ethanolic extracts of wild rice

of mcthyl linoleate was induced by the hydroxyl radical,

d in a Fenton ion system (Fig. 4). When
’-O-glueosylxsovuexm was added to this system,
methyl’ U was ically suppressed,
proving that 2’- O—glucosyl:somexm possesses strong
antioxidant activity?’. Also, it has been demonxmmd
that 2-0-gl it against
peroxidation induced by imadiation with UVB*. The

were fracti d by column chromatography, followed
bypunﬁuuononlngh-performnce' hqmdln chmmn
ve "
thep:esenceofodﬂnovelmox:dwsmthsumgea
antioxidant activities than phytic acid, as determined
bytbemwhoTBAassaymﬁ!od.Themmesof
three of the active have been d
Thesetheeacnvecomponentswm345—mmed|-

y i acnd. a lic glycosid mth 345-
potential applications of this antioxidant in value-added tri and ph Y droxy r as
processed foods are being investigated. the agl: ieties, and a fl ig 2ty with

Wild rice (Zizania aquatica) is another cereal crop 3 4,5-mmethoxycmmmate and luteolin as the aglycone
whose applications in the food imiusu'y have shown a ions have also shown

rapid increase; for example, it is being used in the
development of ready—to-eat soups, breakfast eereal
mixes, baking mixes and g

tlwpmenceofothe:bmfacMsmwﬂdnuMmay
have promising applications in the development of an

Unlike regular rice, wild rice belongs to the genus
Zizania, comprising a grass-like family of plants.
Though tradmonally grown by name Indmns in slnllow
lakes and streams in
Wisconsin in the USA, andmsoulhunOnmoand
Manitoba in Canada, wild rice is now cultivated as a
regular crop, chiefly in Minnesota. Its ition
resembles that of oats, low in fat (less than 1%) and
high in protein (12.5-15%).
Theapphcmonofwﬂdnoeasauemndermthe
of meat dv bas been well
Se indicated that beef
patties supplememed with wild rice had higher sensory
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ti-diabetic diet (i.e. a diet rich in functional ingredi-
en(sﬂuthavebeenshown manulmmassly,mlc-
duce the of ad end p
whmhmfounduveryhxghlevelsmbloodsamples
from diabetic patients). At present, we are actively
involved in the application of wild rice in various
processed health-food products in combination with
traditional Japanese flavoring ingredients.
Antioxidative components in spices, herbs and

Herbs and crude drugs prepared from plant materials

are traditionally used in many Asian countries, and their
pharmacological effects have been extensively studied.
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Peroxidation of methyl linoleate, induced by a hydroxyl radical generated in a Fenton reaction system.

However, only a few reports are available on the anti-
oxidative components of herbs and crude drugs. In view
of this, we have screened 32 different types of herbs and
crude drugs obtained from Japanese markets and drug
stores in Taipei, Taiwan. The levels of tocopherol deriva-
tives in these drug extracts have been quannﬁed usmg
HPLC, and it was luded that Osbecki

did not possess any tocopherols. However, all of the
other herbs and crude drugs screened were found to
contain tocopherols as the antioxidative

the rabbit erythrocyte membrane ghost and rat liver micro-
somal systems; sesaminol was found to effectively inhibit
lipid pemxtdanon induced hy t-butylhydroperexide in
the and the ery y ghost t
The p ive role of against oxi
damage has also been reported in studies using cultured
human diploid fibroblasts at various in vitro ages®.
Yamashita et al¥” recently reported that sesaminol
mlublted m vivo oxidative damage mduced by carbon
in d mice. More re-

These results prompted us to isolate and xdenufy the
active principles in the extracts of O. chinensis®.

The whole of the O. chinensis plant has long been
used as a traditional medicine in "Taiwan, Japan and
China. The dried leaf, stalk and stew of the plant are
normally extracted in hot water, and adwministered as a
quick remedy to alleviate body pain, fever and cases of
severe influenza. Large-scale purificaticn has resulted in
the isolation and identification of many different types
of antioxidative components. Most of the antioxidative
activity of the extracts of O. chinensis i is believed to be
due to tannin-type in p
(Fig. 5). These isolated tannins contain an ellagic acid
moiety in their structures, and have almost the same anti-
oxidant activity as ellagic acid itself?.,

Sesame seeds and oils have been used traditionally in
Japan, China, Korea and other Asian countries for many
years. Sesame oil, in particular roasted sesame oil, is
widely used in Chinese and Japanese cooking, and has
strong activity. Sesaminol, an active com-
ponent of sesame oil, is unique among antioxid:

cently, in an in vive system, we have found that rats
fed a diet supplemented with sesaminol at a dose of
10mg/100g of body weight suffered less DNA damage
due to oxidative stress induced by carbon tetrachloride
than the control rats. The Ievels of TBARS in blood
plasma and 8-hydroxy-2’-deoxyguanosine (8-OHdG) in
urine were measured. Although the detailed examin-
ation remains incomplete, we have found that sesaminol

inhibits both hpld idation and the ion of
8-OHdG in unne, as dc(enmned by a monoclonal anti-
body th assay (ELISA)

assay melhod“ The assay system, which is very accu-
rate, fast and convenient, was developed by the Japan
Institute for the Control of Aging as one of several assay
procedures to measure the degree of oxidative stress and
in vivo oxidative damage.

Sesame seeds also conunn a Iarge quanmy of water-
soluble lignan gl were
found to act as strong wa!et-mluble annoxldams as well
as being precursors of lipid-soluble antioxidant lignans.

because it has a superior heat stability*. Also, sesammol
has been shown to effectively the degrad:

A diet ising sesame from wlich all lipid-soluble
annoxxdants, including sesaminol and tocopherol, were

of tocopherols in model system; ;Jsmg com ml" The
idant activity of inol was evaluated using
several ir vitro lipid g systems, in i

d by hexane extraction was fed to rats for two
months. This diet, which therefore contained only
water-soluble antioxidants, inhibited both lipid peroxi-
dation in blood plasma and the excretion of 8-OHdG in
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nnm.asdetammedbymenwnoclonalmbodyﬂ.ISA
assay method®. The appli of the

found in sesame and sesame oil for the development of
novel health foods is being actively pursued.

Influence of phenclic components in red wine on
human health

Polyphenol oligomers, namely procyanidines, are
known to be widely distributed in the plant kingdom.
They have been successfully applied in the treatment of
several vascular disorders in humans because of their
positive biochemical effects on blood vessels®. Pro-
cyanidines are also eﬁecnve free-radical scavengers
and inhibitors of such as
oxidase*, as determined by measuring the extent of con-
version of hypoxanthine to uric acid. The vasorelaxing
activity of wine and other grape products including
grape juices and grape skin extracts has been well
documented®?, The effect is believd to be induced by
quercitin and tannic acid, compounds known to be pres-
ent in grape skin.

Phytochemicals, especially those in wine products,
may also play a critical role in reducing mortality from
coronary heart diseases in certain sectors of the French
population. A comparative study initiated by the World
Health Organization has shown marked differences in
momhty and morbldnty from coronary heart disease
French and US
populations®#, Desplte having a similar dietary intake of
saturated fatty acids, and comparable plasma cholesterol
levels, the French subjects were shown to be less sus-
ceptible to coronary heart disease than the US subjects.

Using multivariate analyses, it was vostulated that the
consumption of wine was the only dmuy factor respon-
sible for this di fetred to as the
“French paradox’™, An extended investigation demon-
strated that the non-alcolmhc pomon ofted wmc, par-
of human LDL in vitro*s46, Theassaywasc:medontby

100

Lipid peroxidation (%)
3
1

Fig.5
Antioxidative activities of tannins (final concentration: 25 yum)
isolated from Osbeckia chinensis, compared with a control sample

and a-tocopherol, and d: d by the rabbit eryth ghost system.
(1), Control; ), pherol; (3), eflagic acid; @),

(5), casuariin; (6}, punicacortein A; (7), mml-mummm

(8), 2,3-(51-4.4',5,5',6,6"-hexahyd: and

(9), 4,6-[(5)-4,4',5,5',6,6"hexahydroxydiphenayl]-0-gh ik
(Data taken from Ref. 33.)

pmmenowaud,whchhlsbemshvwnmbaeﬂ'emve

measuring the levels of hexanal and
formed by a Cu®-catalysed oxidation of freshly pre-

pared human LDL.
lnwewufalllbescobmrvauons,ltappcﬂsthntthe
consumption of red wine, in may

in I ing blood chsl 1 levels in rats'’. Despite
theirhlghcnntentofpolymhn‘edfityamds.ixis
well known that scaweeds are stable against oxidation
dumgstmge.kmﬂy.weumwokmmvesnmon

the nature of the defense sys-

have a long-term health benefit. Quite often, healthy
centenarians in Japan when mtennewed about the

ncmpmmmseawwds.ﬁmmofhvwnalglewem
found to contain strong hydroxyl-radical scavengers, as

secrets of their long
modemeamoumsofsake dmetmdmom”apmseme
wine, believing it to be one of the probable reasons for
lheir long life. Work is cun'enlly being can'ied out to

the in
ncewmc Stcps mﬂsobemgmkentomvesnmmher
like soy sauce, and
ferm=iied soybean pmducts such as natto and miso,
which have long been used traditionally in Japan.

Antioxidative defense system in seaweeds

Seaweeds are anotlier foodstuff that has been tra-
ditionally used in the Japanese diet for centuries. The
lipid content of seaweeds is low, and is rich in eicosa-
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by the ESR 'y methad®®. Some of
the extracts also displayed a strong potential for scav-
enging superoxide radicals. Studies are in progress to
identify the key antioxidant components in seaweeds. In
tddmmmmpumbﬁngmademunhmmweed
extracts in the prep Soups,
ing: and salad bothformnulfood
applications and to meet the needs of the Western palate.
Conclusions
Lipidpqnxidnﬁmiavivobs}sbeenindicmdmbedm
primary cause of many of tix cardiovascular diseases
such as atherosclerosis, and also in cancer and aging.
Consumers, especially in the Western world, were

81
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advised in the 1980s to reduce their fat intake and to
increase their intake of food sources that would pmvxde
mommdeﬁberﬂwcmm phasis is on i

7®

Shiraki, M., Hara, Y., Osawa, T., Kumon, H., Nakayama, T. and
Kawakishi, S. (1994) Mutat. Res. 323, 29-34
h N., Osawa, T., Namiki, M. amd Tashiro, T. (1986)

the intake of red meat, and increasing the
intake of fresh vegetables and fruits. Without doubt,
consumers all over the globe are becoming more health
conscious, and are prepared to educate themselves about
nutrition.

Scientists in the fields of aging, cancer, diabetes, car-
diovascular diseases and many of the diseases related to
aging are becoming aware of the value of preventive

'l'erms like 1 foods, desi; foods,

ic foods, Is and the like are already

bemg used by the media. However, the information
that is currently available is not sufficient to address
all of the lved health p There is inl;
a strong need to investigate plant products in a more
systematic way. Effects that have been observed at the
test-tube level need to be interpreted carefully, and docu-
mented with more in vivo evidence. Traditional foods
that have been used for several generations are likely to
be the subjects of in-depth research in the near future.
New types of plant antioxid: and novel biof:
will be developed, and it is very likely that the increased
consumption of plant foods will become the trend of the
next decade.
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