Rice vinegar

- A Japanese traditional fermented seasoning -

Introduction

The oldest fermented food product created by man is an
alcoholic beverage, and the oldest fermented seasoning is
“vinegar.” The raw materials of vinegar are mainly
cereals and fruits. There are different kinds of traditional
vinegar made from agricultural products compatible to the
respective environments and climates of different places in
the world, and they add variation to the respective food
cultures. There are various kinds of cereal vinegar,
including rice vinegar in East Asia including Japan, barley
vinegar in Korea, and malt vinegar in England, and there
are also varieties of cereal vinegar made from millet,
barnyard millet, corn and the like. As for fruit vinegar, in
addition to wine vinegar and apple vinegar found mostly in
Europe and the United States, there is coconut vinegar in
Southeast Asian countries. Though a great variety of
vinegar for food is produced at present in Japan, the
traditional vinegar in Japan is “rice vinegar.”

The history of rice vinegar in Japan

Humankind has long known that harvested cereals and
fruits change into alcohols due to fermentation when they
are stored for a long time and that they become acidic with
a longer period of storage. They have regularly used
vinegar thus produced as a basic seasoning that makes
their dietary life richer.

The first recorded appearance of vinegar for food occurred
in Babylonia in ca. 5000 B.C. The ancient record indicates
that vinegar of fine quality was made from the pressed
juice of date fruits. In the 5th century the brewing
technology of vinegar was introduced into Japan at present
day Osaka, where it was transmitted from China together
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"sushi (nigiri-zushi)" a typical japanese food

with a brewing method for sake. Vinegar came to be
produced in various parts of Japan in the 17th century.
Through out Japanese history, vinegar was used not only
as a basic seasoning but also combined with other
seasonings to contribute to the development of a wide-
ranging Japanese sense of taste. “Sushi” is a typical
Japanese food that uses vinegar, and the word is derived
from “sushi” which means acidic. It is thought that
present day Sushi originated from acidic fish dishes
formerly called sushi. The present form of sushi (nigiri-
zushi) became popular in Edo (present-day Tokyo) in the
17th century. A reason for its popularity was that new
technology was developed to produce lees vinegar from
residual sake lees (solid matter) after brewing sake, and
this lees vinegar greatly enhanced the taste of nigiri-zushi.
In the early 19th century the production of rice vinegar
significantly increased because of the greater availability of
rice as a raw material and the introduction into Japan of
the scientific principles of acetic acid fermentation, by
which vinegar is made from sake, from Europe and the
United States. In present-day Japan, vinegar for food use
has expanded its repertory, covering cereal vinegar, fruit
vinegar and brewed vinegar in response to the
diversification of consumer needs. Recently, various healthy
properties of “vinegar” have been revealed, and thus
vinegar is now seen as not only a seasoning but also as a
food for realizing a healthy dietary life.

Production of rice vinegar

The first step in rice vinegar production is the preparation
of saccharified rice starch by steaming rice with water and
adding amylase found in rice koji at a constant
temperature. In recent years, saccharification treatments
using various enzyme agents have been conducted to
simplify the complex manufacturing process of making rice
koji. Alcohol fermentation is then performed by inoculating
yeast (Saccharomyces cerevisiae) in a sugar solution obtained
by mild filtration of the saccharified rice product. After
fermentation, acetic acid fermentation is conducted by
mixing seed vinegar prepared by culturing acetic acid
bacteria (Acetobacter pasteurianus. etc.).

Major acetic acid fermentation* methods include the surface
fermentation method and the deep fermentation method.
The surface fermentation method, also called the static
culture method, is a traditional Japanese process in which
acetic acid bacteria are propagated on the liquid surface of
an alcohol fermented solution in a box-type fermentor of 1 m
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a scene of rice vinegar manufacture at old days
(shown a process flow from top to bottom)

in depth. After keeping it warm for several days a clean
pellicle of acetic acid bacteria (shown in picture) is formed
on the liquid surface and oxidization begins. After acetic
acid fermentation for about 2 weeks, the mixture is filtered,
and the filtrate is left in place to allow maturing for about
one month. During the storage, unstable macromolecules
agglutinate, and the flavor becomes stable. After
maturation is over, the product is filtered, sterilized and
bottled. As shown in the table, rice vinegar thus produced
has a high sugar and amino acid content, and is rich in
extracted components and flavor. Therefore, it is the most
suitable seasoning for “sushi” and other Japanese dishes.
The deep fermentation method is also called the aeration
and agitation culture method. In this method, vinegar is
efficiently produced through aeration and stirring of
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“shikomi” fluid because acetic acid bacteria are aerobic
bacteria. Though it is not very popular for production of
rice vinegar, it is frequently used for production of alcohol
vinegar and cereal vinegar, in which extracted component
content is low. In this case, the alcohol solution is put into a
large tank made of stainless steel and equipped with
aeration and cooling devices. A nutrition source for
fermentation such as yeast extract is added if necessary,
and acetic acid bacteria cultured in a small device are
inoculated. Then air is blown directly into the tank as fine
bubbles to promote fermentation. Fermentation begins
several days after the transfer to the large tank, and the
degree of acidity reaches 10 to 12% in 2 days or so. As for
alcohol vinegar, this deep fermentation method has made it
possible to produce high concentration vinegar containing
21% acetic acid.

It is also possible to use a semi-continuous fermentation
method, in which half the product that has reached the
targeted acidity and quality is taken off as a finished
product and new material fluid is added to restart
fermentation.

The flavor and health benefits of rice vinegar

The taste and aroma of rice vinegar are created by a
complex intertwining of components related to taste, such
as amino acids, organic acids, sugars and salts, and many
flavor components; among these components, organic acids
are important substances for expressing taste. The most
abundant organic acid is volatile acetic acid, but nonvolatile
organic acids, such as citric acid (the acidic component of
citrus fruits), are generally present at 1 to 20% of the total
amount of acids. The taste of the final product differs
depending on the kinds of organic acids present and the
balance in their amounts.

The most abundant amino acid is glutamic acid, which
softens the acidity of rice vinegar and increases its flavor.
In addition, glycine, lysine, alanine, aspartic acid, valine and
other amino acids are also present. Sugars present include
In addition, glycine, lysine, alanine, aspartic acid, valine and
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a clean pellicle of acetic acid bacteria in a box-type fermentor




an electron micrograph
of acetic acid bacteria

other amino acids are also present. Sugars present include
glucose and fructose, which are energy sources of acetic
acid bacteria, maltose, ribose, mannose and additional
sugars. Sugar alcohols such as glycerine and sorbitol are
also present in small amounts. Aside from acetic acid, the
flavor component most detectable in rice vinegar is ethyl
alcohol, a source of acetic acid. Esters are believed to
contribute greatly to the generation of specific flavors in
different kinds of vinegar; ethyl acetate, isobutyl acetate
and isoamyl acetate are esters common to most vinegar for
food use.

Rice vinegar as a seasoning, in combination with other
seasonings such as miso and soy sauce, produces the
unique taste of Japanese dishes described as “awasezu”.
Vinegar is not only a seasoning but has been known for a
long time to have functional effects on health. The effects
have been proven to be due to the presence of its major
component, acetic acid. These beneficial effects include the
following:

¢ Improvement of appetite

The acidic taste of vinegar acts on the feeding center in
the brain to improve the appetite by stimulating the senses
of taste and smell.

¢ Acceleration of calcium absorption

Vinegar has the effect of drawing out the calcium
contained in foodstuffs and causing it to be absorbed
efficiently into the human body.

e Effect of recovery from fatigue

Vinegar can quickly restore the human body from a state
of energy deficiency to its normal state.

¢ Control of blood pressure

A person with hypertension can bring his blood pressure
close to the normal value by continuous intake of vinegar.

Post-genome era and vinegar for food

Acetic acid, which is the main component of vinegar for
food, is produced by the oxidization of ethanol (generated
by yeast alcohol fermentation) in which acetic acid bacteria
consume oxygen in the air to oxidize ethanol. Recently,
progress in the genomic analysis of microorganisms is

remarkable. The genome of the acetic acid bacteria
(Acetobacter polyoxogenes) used for production of vinegar for
food has been analyzed and the existence of approx. 3,300
genes composing approx. 3.26 Mbp has been sequenced.
Based on the information of gene sequences obtained, the
functions of nearly half of the genes have been revealed.
As the search for unknown genes advances, the findings of
the studies will be utilized for quality control and advances
in the production of vinegar.
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