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PREFACE 
 
 
 
We often hear that Japanese food is good for health. But how popular is 
Japanese food, Washoku, with people from foreign countries? Why are the 
local foods of few countries popular with travelers all around the world? A 
survey by Hotel.com ranked people’s favorite cuisines: the most popular 
country is Italy, the second is France and, the third is Japan, then China is 
next, followed by Spain, the USA, Mexico, Thailand, and India at tenth 
place. Surprising that Japanese food beat Chinese food. This might be due 
to its increasing popularity across the world. According to another survey, 
Japanese food is the most preferable (report from the Japan External Trade 
Organization 2013). The inclination towards Japanese food seems to be 
because it is good for health and longevity without compromising on 
delicious taste.  

Japanese women and men have had the longest longevity in the world since 
1990 (report from the World Health Organization 2015). It is thought that 
the reason for the longevity is their dietary habits and lifestyle, including 
medical care, the high quality of hygiene, and a rather mild climate all year 
round. However, although many Japanese cooking books exist, books about 
Japanese foods from the scientific aspects of the health and longevity were 
rarely published. Once I was asked to write about the scientific evidence of 
Japanese traditional fermented food as a source of health and longevity in a 
review paper for a scientific journal (Murooka and Yamashita 2008). 
Although I am not completely satisfied now, this paper is the most read and 
cited among many of my original papers and reviews concerned with 
bioscience and biotechnology.  

When I spent my younger days in foreign countries, I could do without 
Japanese food for a couple of years. But now that I am getting old I long for 
Japanese food. I particularly prefer simple foods like Udon (noodles made 
of wheat flour), Soba (noodles made from buckwheat), and Ochazuke 
(steamed rice with hot tea poured on it), as these foods are non-fatty and 
non-heavy. Since I am not a foodie, I cannot introduce you to the charms of 
Japanese cuisine.  
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Therefore, in this book, I will explain the background of the Japanese food 
boom from a scientist’s point of view. Also, for people who are not familiar 
with Japanese foods or Japanese culture, I will introduce typical dishes and 
traditional lifestyles; this will be based on my previous book, written both 
in Japanese (Murooka 2013) and English (Murooka and Saeki 2015). 
Furthermore, I will shed some light upon biochemistry, life sciences, 
molecular biology, and genetics, in simple terms for those who are not 
familiar with these topics. 
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CHAPTER ONE 

LACTIC ACID BACTERIA USED IN TRADITIONAL 
JAPANESE FERMENTED FOODS 

 
 
 
I will begin with an explanation of lactic acid bacteria used in Japan. 
However, you may find it a little strange because dairy foods are associated 
with central Asian and Western countries. However, lactic acid bacteria 
have a deep relationship with the production of traditional Japanese 
fermented foods. I will discuss this deep relation later in this chapter, but 
before that, I would like to explain probiotics, which you may find 
somewhat confusing. The subject is concerned with, for example, the 
relationship between yogurt and the scientific basis of longevity. 

1.1 Probiotics are microorganisms that benefit health 

Once I heard that people who live longer are mostly from the Caspian Sea 
area, Bulgaria, Kyrgyz-Kazakhstan, and the Humza district of Pakistan. The 
epidemiological investigations suggested that this might be related to their 
daily consumption of fermented dairy products. According to the World 
Health Organization, “Epidemiology is the study of the distribution and 
determinants of health-related states or events (including disease), and the 
application of this study to control the diseases and other health problems. 
Various methods can be used to carry out epidemiological investigations: 
surveillance and descriptive studies can be used to study distribution; 
analytical studies are used to study determinants” (https://www.who.int/ 
topics/epidemiology/en/). 

More than a hundred years ago, Dr. Ilya Ilyich Mechnikov (Tauber 2003), 
a Russian biologist, zoologist, proto-zoologist, and the director of the 
Pasteur Institute at Paris, proposed a theory that yogurt-consuming people 
lived longer lives because microbes in the daily product can replace the 
putrefactive microbes with useful microbes in their intestines. These 
microorganisms that benefit our health are now called “probiotics” (Hill et 
al. 2014). 

https://www.who.int/topics/epidemiology/en/
https://www.who.int/topics/epidemiology/en/
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Pastoral farmers have been producing dairy products such as yogurt, butter, 
and cheese for a long time. These dairy products are made by microbial 
fermentation as follows: milk sugar (lactose) and fats of milk are converted 
into acidic materials like lactic acid, sugars like glucose, amino acids, and 
vitamins, etc. The representative of these microorganisms is called lactic 
acid bacteria. Lactic acid bacteria belong to “Gram-positive bacteria” in the 
taxonomy of biology. 

1.2 Taxonomy is essential to understand microorganisms 

Biologists have been classifying living organisms into several groups 
according to their forms or physiological characteristics. However, recently 
it became clear through the technique of genetic analysis that the 
classification of living organisms is closely related to their evolution process. 
For instance, there are different categories of bacteria, such as thermophilic 
bacteria, which live near chimneys of submarine volcanoes; halophilic 
bacteria, which live in high salt containing deserts; extreme sulfate or iron 
loving bacteria and many more. The other type of single-cell organisms 
includes organisms that generate methane or hydrogen or live by using them 
as an energy source, are classified into the “Archaea” domain. These 
archaea appeared on the earth just after the origin of life. They are born 
under peculiar circumstances: when the temperature is over 100°C or when 
the salt concentration is over 20%. When we look at the evolution of all 
living organisms, we trace the origin of these archaea. 

Bacteria also identified as Gram-positive or Gram-negative bacteria. For 
example, Natto bacterium and cholera bacterium are classified into “Gram-
positive bacteria,” and Escherichia or Salmonella species are classified into 
“Gram-negative bacteria.” What does Gram-positive or -negative bacteria 
mean? Dr. Hans Gram (1884), a Danish bacteriologist, developed a method 
of staining bacteria, which played a major role in classifying them. The 
Gram stain, whether positive or negative, depends on the chemical 
compositions or structures of the bacterial cell wall or cell membrane.  

The cell walls or the cell membranes are significant for the living organisms 
in terms of deciding the level of protection from the environment or 
receiving nourishment. The difference in the surface of bacterial cells 
defines various phenomena, for example, whether antibiotics will be 
effective or not, on the activation of antibodies, or an immune reaction to an 
allergy when we get infected with bacteria. For instance, penicillin (β-
lactam group antibiotics) attacks and kills various pathogenic bacteria by 
preventing the synthesis of the cell wall (Blumberg 1974). This is why 
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taxonomy is essential to understand living organisms. The difference 
between Gram-positive and Gram-negative bacteria does not necessarily 
lead to the bacteria being useful or not to human beings. I will explain about 
the immune reaction of lactic acid bacteria later.  

1.3 Primitive experiments at making yogurt 

Some time ago, I heard that yogurt might have its origins in Turkey. 
However, milk becomes sour after a while if we leave it at room temperature, 
and so, it would be better for us to think that people engaged in cattle 
breeding in old times discovered the method of lactic acid fermentation 
naturally. The reason why milk becomes sour is that lactic acid bacteria 
make lactic acid. We call this “lactic acid fermentation.” Other similar 
organic acid fermentations are called “acetic acid, succinic acid, and citric 
acid fermentations.” Acetic acid fermentation is explained in detail later in 
Chapter Five. 

As a matter of fact, I spent three weeks trekking in Shimshal Pamir of 
Karakoram in the northern part of Pakistan near the border between China 
and Pakistan. After we continued to walk up along a narrow path made on 
the mountain cliff surface, a highland plateau came into our sight at the 
altitude of 4,000 m (13,120 ft.) to 5,000 m (16,400 ft.) above sea level (Fig. 
1-1 upper). Pamir’s high land is known as the roof of the earth. A local 
person told me that Pamir means fertile grasslands. Xuanzang (玄奘) (AD 
602–664), a famous Chinese Buddhist monk, crossed this region, the Pamir, 
at the beginning of the Tang (唐) Dynasty of China. He crossed over Pedal 
Pass of the Tian Shan (天山) Mountains into Lake Issyk-Kul of Kyrgyzstan 
and reached India by way of Afghanistan. On his way back to China, he 
crossed the WA Khan Corridor of Afghanistan and came back to 
Tashkurgan of Xinjiang (新疆 ) in the Uyghur Autonomous Region. 
Therefore, Shimshal Pamir, which I visited, is at the eastern side of the 
Pamir over which Xuanzang crossed. The Wakhi tribe, whose ancestors 
moved there 400–500 years ago from Kyrgyz-Kazakhstan, sent yaks, goats, 
and sheep out to pasture in those grasslands in summer.  

Yaks are long-haired wild cattle living at high altitudes, like in the 
Himalayan region or by Pamir, and they are quite fierce by nature (Fig. 1-1 
upper). Yak’s milk can be used to make yogurt, butter, and cheese. People 
living by Pamir use a traditional method of producing dairy products, and I 
would like to tell you about their method in a little more detail. First, they 
boil 20 liters of (5.3 gallons) milk, 90% of which is from yaks and 10% from 
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goats, for three hours, and then they cool it and add preserved yogurt. After 
this, it is fermented for 8 hours and kept warm at about 30 °C (86 F). Then 
they pour the liquid into a wooden cylinder called “sogo” and churn it using 
a wooden stick called “padaru” (Fig. 1-1 lower right). There it is mainly 
women’s work to produce butter and cheese. When I tried my hands on it, I 
became groggy soon after churning because the liquid was too thick and 
sticky. The upper floating liquid, 10% of which is milk, becomes butter, and 
the lower remaining liquid is processed into cheese by fermenting it for 8 
hours and boiling it. They dry the cheese on the roof of a stone hut (Fig. 1-
1 lower left). I think this method may be called “fundamental cheese 
production.” 

 

Figure 1-1 Cheesemaking at Shimshal Pamir highland in Karakorum, Pakistan. 

Clockwise from upper left: Yaks (Bos mutus) in the Pamir highlands, cheese making 
using yak milk with a family from the Wakhi tribe at the summer stone cottage (the 
author is in the center of the picture), and drying cheese on the roof of a stone cottage. 
(Photos, taken by the author).  

Nomadic people live in stone huts in summer. During winter, they move to 
lower places, the altitude of which is 3,000 m (9843 ft.) above sea level. I 
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was invited to their stone hut and was served very delicious “chai,” which 
is a tea-based beverage mixed with milk and sugar, and their handmade 
cheese. 

1.4 Lactic acid bacteria used in Japanese fermented foods 
are of plant origin 

Although it appears that lactic acid bacteria have a connection with the 
production of Japanese foods, but the fact is, there is a deep link between 
lactic acid bacteria and traditional fermented products in Japan. The 
deliciousness and flavors of fermented foods, such as Japanese tsuke-mono 
(pickled vegetables), sake (Japanese rice wine), miso (soybean-barley paste) 
and shoyu (soy sauce), are influenced by fermentation, which uses lactic 
acid bacteria together with koji mold and yeasts (Fig. 1-2).  

The lactic acid bacteria contained in Japanese foods are different from those 
in milk products produced by cattle breeding races. In Japan and some Asian 
countries, lactic acid bacteria isolated from plants live on grains or 
vegetables; therefore, they can decompose plant starch or cellulose into 
sugar. They use this for their nutrients and energy. A lactic acid bacterium, 
which has been isolated from dairy products, grows by taking the nutrients 
from the milk and cannot usually have the ability to decompose starch or 
cellulose. Lactic acid bacteria used in traditional plant-derived fermented 
foods, such as sake, shochu (Japanese spirit), rice vinegar including kurosu, 
miso, soy sauce, and tsuke-mono or kimchi in Korea, usually live in brewing 
rooms or instruments used for brewing. Therefore, cultivated lactic acid 
bacteria are not cultured in these traditional fermentations. Naturally 
occurring lactic acid bacteria acquire unique characteristics to adapt to their 
circumstances. Fermented products, such as sake, kurosu, miso, soy sauce, 
tsuke-mono, shochu, and awamori are explained in the following chapters. 

Lactic acid bacteria isolated from a moromi mash of sake were Lactobacillus 
plantarum, Leuconostoc mesenteroides, and Lactobacillus sakei (Katagiri 
et al. 1934). Lactic acid bacteria require nicotinic acid, which is coagulated 
with sake yeast to decrease its respiration. Furthermore, Leuconostoc 
citreum, which ferments at 4°C, was isolated from the rice koji and used for 
brewing sake (Kurose et al. 2004). In moromi mashes of shochu and 
awamori, lactic acid bacteria contribute to the production of vanillin, which 
is a component of vanilla flavor (Furukawa et al. 2014). “Moromi” means 
softening ingredients through enzyme reactions during the fermentation of 
sake and soy sauce. 
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Figure 1-2 Making traditional Japanese foods with lactic acid bacteria. 

Clockwise from upper left: Sake brewing by “kimoto” method with naturally habited 
lactic acid bacteria, Taketsuru-shuzo (竹鶴酒造) Co., Takehara, Hiroshima; making 
black vinegar (Kurosu) in pots, Sakamoto Kurozu (坂本醸造) Inc., Fukuyama, 
Kagoshima; making soy sauce (Shoyu), Kanro-shoyu ( 甘 露 醤 油 ), Yanai, 
Yamaguchi; making miso, Masuyamiso (ますや味噌) Co., Kure, Hiroshima; center 
is a sample of Tsuke-mono taken from the Creative Commons. Lactic acid bacteria 
used in soy sauce, miso, and tsuke-mono are salt-tolerant strains (photos, obtained 
from the respective companies). 

Lactic acid bacteria in soy sauce, miso, and tsuke-mono, which are produced 
in the presence of high concentrations of salt, are salt-tolerant and a 
halophilic species. A lactic acid bacterium isolated from soy sauce mash has 
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salt-tolerant characteristics and was initially named Pediococcus sojae 
(Sakaguchi 1958), but it is now called as Tetragenococcus halophilus. 
Recently, the whole genomic sequence of this bacterium was completed, 
and the genes involved in the maintenance of osmotic balance that explain 
its high-salt resistance were found (Nishimura et al. 2017). As a lactic acid 
bacterium from tsuke-mono, Lactobacillus brevis was isolated from a 
traditional pickle made from cress (suguki), which is cultivated in the Kyoto 
area, and the bacterium is commercialized as probiotics (Kishi et al. 1996). 
This strain induces the production of interferon-α and stimulates natural 
killer cells that help to prevent infectious diseases and tumors (Yajima et al. 
2007). 

During miso fermentation, the halophilic bacterium, Tetragenococcus 
halophilus, increases moderately (Onda et al. 2003). “The non-halophilic 
strains showed a complex growth pattern in the miso fermentation process 
and were identified as Enterococcus faecium, Enterococcus durans, 
Enterococcus faecalis, Pediococcus acidilactici, Pediococcus pentosaceus, 
Lactobacillus plantarum, and Weissella confusa. The predominant species 
throughout the fermentation process were T. halophilus, E. faecium, and E. 
durans.” Onda et al. (2003) further found that “among them, only the strains 
of E. faecalis and E. durans produced bacteriocin that had an antibacterial 
effect on Bacillus subtilis. The bacteriocin producers seem to play an 
important role in maintaining normal bacterial flora during miso 
fermentation.”  

1.5 Lactic acid bacteria are effective for allergic episodes 

Microorganisms, which are believed to improve health by maintaining good 
intestinal conditions, are called “probiotics.” Lactic acid bacteria, 
bifidobacteria, propionic acid bacteria, and natto bacteria are known as 
probiotics. Bifidobacteria are found in infants’ intestines and can break 
down mother’s milk, but they get decreased as we become an adult. A 
propionic acid bacterium is used as a starter (an initiator of fermentation) 
for foods, such as Swiss cheese. A species of propionic acid bacteria, 
Propionibacterium spp., is an industrial microorganism since it can produce 
vitamin B12 (Murooka et al. 2005). 

Although lactic acid bacteria usually decompose rice starch, this bacterium 
also decomposes lipids. We found a gene for a starch degrading enzyme 
called amylopullulanase, which was located on one of the 15 plasmids in L. 
plantarum L-137 (Kim et al. 2008).  



Chapter One 

 

8 

 

Figure 1-3 Lactic acid bacteria isolated from Narezushi, traditional fermented food 
from fish and rice.  

Upper left, narezushi, which is made by fermenting fish and steamed rice as a 
preservative food in Japan and Philippines; right, electron microscope photographs 
of Lactobacillus plantarum L-137 isolated from narezushi; lower left, supplements 
with “heat-killed” Lactobacillus plantarum L-137. (Photos provided by Dr. Y. 
Yamamoto, House Wellness Foods Co. Ltd, Itami, Hyogo, Japan.)  

Most probiotics bacteria, which have been studied, are isolated from dairy 
products in Western countries (Fuller 1989; Reid et al. 2003). We have 
isolated several strains of lactic acid bacteria from non-dairy fermented 
foods produced in Asia. The Lactobacillus species are the most common 
bacteria isolated from traditional Asian fermented foods, which are made 
from rice, beans, or vegetables. One such strain, Lactobacillus plantarum 
L-137, was isolated from a kind of narezushi called brong isuda, which is a 
fermented food made from rice and fish (Fig. 1-3 upper left); this is a much-
loved traditional Philippine fermented food (Olympia et al. 1992). We also 
use narezushi as preservative food in Japan.  

L. plantarum L-137 has a strong promotive effect on the immune response. 
Both the live cells and heat-killed strain L-137 (HKL-137) cells at 100℃ 






















