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Present Status of Fermented Milk Products in Japan
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I. Introduction

Although advances in the medical sciences in the last
50 years have significantly increased the human life span,
an unfortunate fact is that many of us are now living long
enough to experience chronic disorders such as coronary
heart disease, hypertension, osteoporosis, diabetes and
cancer. In recent years there has been renewed interest in
health promotion and disease prevention by incorporating
probiotic bacteria into foods to counteract harmful
bacteria in the intestinal tract. Therefore, there are now a
wide variety of commercial products containing pro-
spective probiotics that claim health-promoting effects,
such reductions in large bowel carcinogens and mutagens,
antitumor properties, cholesterol-lowering effects, increa-
sed lactose digestion, relief from constipation, stimulation
of immunocomponent cells and enhancement of pha-
gocytosis.

Traditional probiotic dairy strains of lactic acid
bacteria (LAB) and Bifidobacteria which have been
designated as GRAS (Generally Recognized As Safe)
bacteria have a long history of safe use and most strains
are considered comestible microorganisms with no
pathogenic potential'q). Accordingly, there is consi-
derable interest in extending the range of foods con-
taining probiotic organisms from dairy foods to infant
formulas, baby foods, and pharmaceuticals. In addition,
the ingestion of probiotics, prebiotics, and symbiotic as
well as combinations of pro- and prebiotics has recently
aroused renewed interest as enhancing the beneficial
relationship between the host and intestinal microflora in
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both healthy and diseased individuals.

Non-communicable chronic diseases such as cancer,
cerebral hemorrhage, coronary heart disease, and diabetes
mellitus has recently been recognized as adult diseases in
Japan as well as other countries, and are considered to be
inevitably associated with aging. These diseases occur as
a result of individual life styles. The Japanese Govern-
ment, Ministry of Health, Labor and Welfare has
proposed substituting the term "adult diseases" with
"lifestyle-related diseases”. It has emphasized the impor-
tance of prevention rather than treatment, since the
well-known increase in the elderly population in Japan is
predicted to result in a variety of socioeconomic pro-
blems.

In this short review on the "Present status of fermented
milk products in Japan", I will report a strategy for the
development of fermented milk products in Japan from
the standpoint of view of research in Japan on LAB and
Bifidobacteria. They could play an important role in
preserving human health by controlling intestinal micro-
flora capable of producing toxic effects on the host, and
have also now come to be recognized as important in the
field of prenventive medicine.

I. Role of LAB and Bifidobacteria
in Maintaining Health

Fig. 1 shows the role of LAB and Bifidobacteria in
maintaining human health. As we know that human
gastrointestinal tract contains a very large and diverse
population of microogarnisms. The microflora increases
in size and complexity along the length of the
gastrointestine, from the stomach which contain only

scanty flora to the colon which harbors approximately
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Fig. 1. Role of intestinal flora in maintaining human
health.

10" bacteria/gram comprising of at least 500 species.
The variation of microflora is controlled by some factors
such as prebiotics, diet, stress and drug. In other way we
can say that these factors have a very important role in
controlling the balance between beneficial microflora and
putrefactive/harmful microflora. In case, the harmful or
putrefactive microflora, it will cause the incidence of
some diseases. Meanwhile if the beneficial flora out-
numbers the harmful ones, the body will remain in
healthy condition.

. Beneficial Effects of Intestinal
Flora

The beneficial effects of intestinal flora usually called
"beneficial flora" including LAB and Bifidobacteria such as:
- Inhibit the harmful bacteria and other microfiora by
production of antimicrobial components like organics
acids especially lactic acid and acetic acids, hydrogen
peroxide and bacteriocin in the gastrointestinal tract™®,

- Scavenging function. LAB and Bifidobacteria have the
ability to scavenge the oxygen radicals because they
can produce an enzyme called "superoxide dismu-
tase"”,

- Stimulate the immune response. So far there is no
definite mechanisms explaining how LAB and Bifi-
dobacteriag improve the immune effects, however, some
researchers presumed that LAB and Bifidobacteria
increase the immune system® ™%,

» Improve the digestion and absorption of food by
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producing various kind of enzymes to help digest food,
and by lowering the pH of gastrointestinal tract and
speeding up the transport of gastric contents into the
intestinal tract'",

- Synthesis of vitamins. Some species of LAB have been
shown to increase vitamin B complex in fermented
foods and others could synthesize vitamin K in the

colon'.

V. Harmful Effect of Intestinal Flora

The intestinal flora which is usually known as
"harmful or putrefactive flora” is able to synthesize and
produce harmful substances during the growth in the
gastrointestinal tract'>™'?. The compounds produced are
pdtrefactive products such as NHs, H,S, phenols, amines,
carcinogens as well as toxins, and they are in good
association with the incidence of various diseases like
diarrhea, constipation, cancer, hepatic coma, autoimmune
disease, hypertension and opportunistic infection.

The putrefactive compounds and other metabolic
products formed in the presence of various fecal enzymes
of intestinal flora were shown in Fig. 2. These enzymes
have an important role in the incidence of diseases. For
example, N-nitroreductase and azoreductase could pro-
duce nitrosocompounds and N-hydroxy compounds from
amines; B -glucuronidase involves in the formation glu-
curonic acid deconjugates and A ~glucuronidase involves
in the formation of glucuronic acid deconjgates.
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Fig. 2. The putrefactive compounds and other metabolic
products formed in the presence of various fecal

enzymes.
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All these formed compounds show intense car-
cinogenity and cause cancer in the intestinal tract and in
the kidney.

V. Health Effect of Fermented Milk

Health effects of fermented milks are now recognized:

- The nutritious effects of fermented milk components

are due to their various nutritional and physiological
values such as amino acids and lactose that can
promote the production of lactic or acetic acid; and
lactic acid that can stimulate gastric secretion and
speed up the transport of gastric contents into the
intestinal tract as well as lower its pH to inhibit the
growth of harmful bacteria, thus preventing con-
stipation'>'.,

- Physiological effects of viable LAB and Bifidobacteria.

-(i) The improvement of bowel movements by is ability
to produce abundant lactic and acetic acid and to
lower the pH of the gastrointestinal tract, thus
speeding up the transport of gastric contents into the
intestinal tract'”.

(ii) The prevention of lactose intolerance. Most Asian
and African populations suffer from lactose into-
lerance due to a deficiency of enzyme J-galac-
tosidase, resulting in an inability to digest lactose.
That undigested lactose is then degraded by
intestinal flora, leading to osmotic diarrhea and
other symptoms. The consumption of fermented
milk containing living LAB and Bifidobacteria
could alleviate these symptoms by converting
lactose to glucose and galactose via the A1,4-
galactosidase produced by lactic acid bacteria'®.

- Physiological effects of fermented milk and cells of

LAB and Bifidobacteria.

(i) Antimutagenicity. We have extensively investigated

the antimutagenicity of fermented milk against va-

92 We have found that casein,

rious mutagens
polysaccharides, and LAB cells were responsible for
the antimutagenic activity towards some mutagenic
compounds. Other researchers have identified pep-

tides and proteolytic compounds as the components

responsible for the antimutagenicity of fermented
milk® ",

(if) Antitumor activity. Some researchers suggested that
the antitumor action of fermented milk may be
attributed to the polysaccharides and slimy sub-
stances produced by LAB and Bifidobacteria. Others
have proposed that such an action is attributable to
LAB and Bifidobacteria stimulating the immune
system. Still others have proposed mechanisms that
reduce the activity of these fecal bacterial enzymes
involved in procarcinogen activation, and that also
reduce the excretion of mutagens in feces and
urine™,

(iif) Activation of the immune system. The colonization
of probiotic LAB and Bifidobacteria occurs na-
turally. Their adherence to the epithelial cells of the
intestine serves to facilitate the activation of the
immune system. Most studies found that LAB and
Bifidobacteria could improve the immune system
by the activation of macrophages. Once activated,
macrophages could then stimulate the B cells to
secrete antibodies and T cells. LAB and Bifi-
dobacteria are also able to modulate the production
of cytokines and produce natural killer (NK) cells
against cytotoxicity. Other studies reported an
immuno-activating activity of LAB by the mo-
dulation of interleukins 1, 2 and 6, tumor necrosis
factor (TNF) alpha, and interferons (IFNS) alpha,
beta and gamma. All of those immunomodulatory
effects of probiotic LAB originate from the
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Fig. 3. Health effects of fermented milk.
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ability of lactic bacteria to colonize and adhere to
the epithelial cells of the intestine™ .

(iv) Cholesterol-lowering action. Many reports have
been published on the hypocholesterolemic effects
of fermented milk* ™.

(v) Antipathogenic bacteria. The colonization of pro-
biotic LAB and Bifidobacteria in the intestine

enables it to compete with harmful bacteria” ~*".

VI. Antimutagenicity of LAB against
Various Carciogens

Using streptomycin-dependent SD 510, we evaluated
the antimutagenicity of LAB against the mutagenicity of
nitrosocompounds and aflatoxin, and the results in shown
in Fig. 42" The antimutagenicity of nitrosodiethy-
lamine was almost completely inhibited by the cells of
LAB isolated from dahih, an Indonesian traditional
fermented milk. Among 3 strains of L. acidophilus, strain
LA-2 showed the highest antimutagencity toward mu-
tagenicity induced by N-nitrosoguanidine. Fig. 4 also
shows the significant reduction mutagenicity of aflatoxin
Bl, Gl by the cells of L. acidophilus LA-2 and L.
rhamnosus LCr 101.

We have also evaluated the effect of feeding human

[ Nitrosodiethylamine

[l N-nitrosoguanidine

Le. lactis ssp.diacetylactis R63

Le, cremoris R48

Leu. paramesenteroides R62

L. acidophilus 1LA103
L, acidophilus LA189

L. acidophilus LA2

0 25 so 75 100

Inhibition (%)

Incubation: at 37°C for 2Zhr

subjects with fermented milk on the fecal mutagenicity
9 In this experiment, 6 male volunteers of 28 years old
in average were selected on the basis of general health,
absence of constipation and higher fecal mutagenicity.
Each subject was given 200 ml of Lactobacillus
acidophilus LA-2 fermented milk per day for 7 days.
Whole fecal samples were collected before and after the
intake of fermented milk and then analyzed by using SD
510 strain. The result showed that the fecal mutagenicity
of the six volunteers was significantly reduced after 7 day
of fermented milk consumption as indicated by reduction
in number of revertant colonies.

VI. Binding Properties of LAB
Bacterial Celis with Mutagens and
Carcinogens

One possible mechanism for the antimutagenic activity
of LAB is by direct binding of mutagens to cell walls of
LAB™* As shown in Fig. 5 mutagens like Trp-P1,
Trp-P2 and Glu-PI;
commonly found and isolated from cooked or heated

the heterocyclic amines are

foods, are completely bound to the cells of Lactococcus
lactis subsp. lactis with rapid reaction™. We compared
the binding activity of viable and dead cells and it is

] Afatoxin B1
[ Aflatoxin B2
Aflatoxin G1

Inhibition (%)~ T
801 >

0

4idopltilus LA2

L. rhamnosus Ler 101
L. bulgaricus LB105
L. acidophilus LA107
1. helveticas 1YI103

Fig. 4. Antimutagenicity of lactic acid bacteria against various carcinogens.
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Fig. 5. Binding properties of Lactococcus lactis subsp.

lactis cells towards various mutagenic compound.

found that binding of Trp-P1 by dead cells were slightly
lower than that of viable cells.

Vi. Serum Cholesterol Lowering
Effect of LAB

Elevated serum cholesterol in humans is generally a
risk factor correlated with development of coronary heart
disease. Most studies showed that fermented milk

Lb. reuteri LR2
Lb. acidophilus LA2

Binding‘v

Lb. gasseri 2415

Lb. casei R52

Lb. reuteri LR2

Lb. acidophilus LA2

Lb. gasseri 2415
Lb. casei R52

Lb. delbrueckii ssp. bulgaricus BSb oo o)

Lb. delbrueckii ssp. bulgaricus BSb- ) |

products have the potential to reduce serum cholesterol
levels and that hypocholesterolemic effect was mainly
attributed to LAB. We have proposed two mechanisms
for hypocholesterolemic action LAB, the first mechanism
is by direct binding of dietary cholesterol with bacterial
cells before in the small intestine before cholesterol can
be absorbed into the body, and the second mechanism is
by deconjugation of bile salts™~*. Deconjugated bile
acids are excreted more rapid and bound easier to the
bacteria and dietary fiber than are conjugated bile acid.
As a consequence, more cholesterol is needed to
synthesize new bile acids, which in turn reduce the total
cholesterol in the body. As it is shown in Fig. 6, various
strains of LAB could bind cholesterol and deconjugate
bile salt, but the cholesterol-binding and bile salt
deconjugating abilities varied among strains.

We investigated the effects of milk products fermented
by the probiotic strain Bifidobacterium longum BL1 on
blood lipids in humans. 32 subjects with total serum
cholesterol ranging from 220 to 280 mg/dl were randomly
assigned to two treatments: 1) intake of a low-fat yogurt
drink prepared with ordinary yogurt starters S. thermo-
phikus and L. delbrueckii subsp. bulgaricus (P-group)
and, 2) intake of a low-fat liquid yogurt prepared with
those two ordinary yogurt starters plus B. longum strain

Free cholic acid (mmol/ml)
0 025 050 075 100

- I ]

Fig. 6. Cholesterol binding and deconjugation of bile acid by lactic acid bacterial cells.
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BL1 (B-group). After an intake for 4 wk at 3 X 100
mi/day, a reduction in total serum cholesterol was
observed in approximately half of the B-group subjects,
with a particularly significant decrease among subjects
with moderate hypercholesterolemia. However, serum
lipid concentrations in the P-group subjects remained
almost stable during the experimental periodm.

IX. Antidiabetic Effect

There have been many studies on the effects of LAB
on hypertension, cholesterolemia and cancer. However,
their antidiabetic effects have hardly been investigated.
We have recently studied the antidiabetic effects of
Lactobacillus GG on streptozotecin-induced diabetic rats
*  Neonatally streptozotecin-induced diabetic (n-STZ)
rats were given food containing Lactobacillus GG cells or
a control diet from 9 to 18 wks of age. The GG cells
significantly lowered the blood hemoglobin (HbAIC)
level and improved glucose tolerance in those n-STZ rats

(p<0.05) (Fig. 7).

X . Antibiotics vs probiotics

Prof. Fuller, a British microbiologist, proposed the
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term "probiotics”, which may be defined as deliberately
digested, health-promoting live bacteria that beneficially
affect the microbial intestinal balance of the host.

Antibiotics play an important role in treating various
infections and diseases caused by viruses, bacteria and
other microorganisms. However, we have recently faced
serious problems concering the resistance of certain
bacteria and other pathogens, and the risk to patients
from a change in the balance of intestinal flora, resulting
in diarthea®.

The application of probiotics is the answer to such
problems. Probiotic causes no resistance to certain micro-
organism in the host gastrointestinal tract. In fact, when
administered to the host, they will colonize, grow and
quickly exert their beneficial effects. Probiotics also
improve balance of intestinal flora by increasing the
number of beneficial microflora while reducing the
number of harmful ones.

XI . Development of Functional
Foods in Japan

Recently in Japan, definite concepts have been

established as to the tertiary function of food, ie., the
fortification and modulation of physiological systems, in
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Fig. 7. Increase in levels of blood glucose in rats as revealed by oral glucose tolerance tests before (8-week-old) and after

9-week experimental diet (18-week-old).
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Fig. 8. Foods for Specialized Health Use (FOSHU).

addition to the primary function (nutrition) and the
secondary function (sensory satisfaction) that were
already recognized. The term "functional food" was
created to express these idea. The Ministry of Health,
Labor and Welfare (MHLW) of Japan also took up
functional food from the standpoint of preventive
medicine, and it is a well-known fact that in 1991 it
introduced the concepts of functional food in the form of
for specified health use (FOSHU).

The MHLW adopted legislation conceming FOSHU.
Now more than 400 products have received approval to
be labeled FOSHU foods. More than 30% of such foods
are LAB drinks and fermented milk products. Consumers
are demanding foods that provide specific health benefits.
Food, pharmaceutical, and biotech companies are
spending billions of dollars in research and development
to take advantage of those demands (Fig. 8).

Reflecting these situations in recent years, people’s
interest in the relations between food and health is
increasing further, and food industries are positive toward
the development of functional foods. In this sense, the
role played by milk and milk products is very important.
The production of fermented milk in Japan will tend to
increase overtime. In fact, fermented milk products are
becoming more and more popular in Japan. The
production of fermented milk has currently reached more
than 91 hundred thousand liters.

XII. Synbiotics

Food is no longer considered as merely providing

sufficient nutrients, but also as giving the consumer a
feeling of satisfaction and well being. Diet also controls
and modulates various functions in the body, thus
contributing to maintaining good health and reducing the
risk of some diseases. Probiotics (viable beneficial bac-
teria, mainly LAB) and health-promoting non- digestible
(prebiotics) ingredients are being commercially marketed,
especially in developed countries. Currently, research and
development are focused on both a foods probiotics and
prebiotics properties. Moreover, the synergistic effect of
the combination of probiotics and prebiotics ingredients
in improving as well as maintaining human health has
been given top priority by research workers in the field
of nutrition 70).

A further potential development is the use of
"symbiotics", where probitics and prebiotics are com-
bined, thus the live microorganisms would be used in
conjunction with a specific substrate for growth. Even
though the feasibility of this concept has not yet been
intensively tested and validated so far, but it does offer
increased efficacy and synergetic effect between pro-
biotics and prebiotics.
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