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There are a great number of Citrus varieties widely distributed in the world. It
is said that the Citrus genus originated near Assam in India about 30 or 40 million
years ago (Iwamasa, 1976). The Citrus fruits that spread to the West migrated to
the Middle East and the Mediterranean, crossed the Atlantic Ocean, and finally
reached America via the West Indies. Others, spreading to the East, migrated to
Thailand, Malaysia, China and other Southeast Asian countries. Nowadays, most
citrus fruits are grown extensively in the temperate and tropical zones of the
northern and southern hemispheres.

Citrus can be propagated and new varieties can be produced by asexual
nuclear or chance seedlings, by crossing, and by mutation. In addition to these
natural forms of propagation, many new artificially crossed cultivars have been
created by Citrus breeders. The classification of this expanding family is complex
and is becoming confused. The best-known taxonomies of genus Citrus are those
of Swingle (1943) and Tanaka (1969a,b). These two taxonomies differ greatly in
the number of species admitted: Swingle identified 16 species, Tanaka 159.
Although the basic concept underlying the two taxonomies is different, assign-
ment is almost the same.
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The four major fruit types commercially produced worldwide are citrus fruit,
bananas, apples and grapes, followed by pears, peaches, and plums. Citrus fruit
finally replaced grapes as the world’s most-produced fruit in 1991. The recent
production volume of major fruits is shown in Figure 1.1. The production of citrus
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Figure 1.1. Worldwide production of major fruits.
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Figure 1.2. Major citrus fruits production in 2007.
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fruit accounts for more than 65% of fruits produced. The total world production
of citrus fruit in 2008 was about 79.6 million tons; major citrus-producing coun-
tries are shown in Figure 1.2. The greatest producer is China, followed by Brazil,
the United States, the EU, Mexico, and Turkey. Citrus essential oils have also long
been the most popular source of perfume and fragrance essences. There are four
reasons why citrus fruit is the most popular fruit in the world: (1) good sour and
sweet tastes; (2) pleasant, refreshing aroma; (3) good source of vitamin C; and
(4) extensive growing areas worldwide. There are two categories of citrus fruit in
terms of food chemistry: sweet citrus fruit, with a sugar/acid ratio of approxi-
mately 10, and sour citrus fruit, with a ratio of less than 1. Sweet citrus fruit such
as orange, grapefruit, Satsuma mandarin, and pummelo are popular varieties.
Sour citrus fruit, on the other hand, such as lemon, lime, bergamot, and yuzu, are
less produced, but they are popular in culinary materials such as fruit juice
vinegar, and their essential oils are also frequently used in flavoring, cosmetics,
and perfume.

The aim of flavor or aroma research is to determine a fruit’s composition,
aroma characteristics, functionality, and industrial or commercial value. The
concept of flavor research is outlined in Figure 1.3. First, essential oil is extracted
from raw material such as citrus fruits. Then, aroma samples are analyzed using
modern instruments, organoleptic procedures, and/or mechanical sensors. The
resulting information can give a detailed understanding of the fruit and can be
used in further studies of aroma or flavor.

The Citrus genus is said to have more than 10,000 varieties and to be pro-
duced more than any other kind of fruit in the world. Citrus essential oils account
for the largest proportion of commercial natural flavors and fragrances. Essential
oils from citrus peel are natural flavoring materials of commercial importance.
They have been used in beverages, confectioneries, pharmaceuticals, cosmetics,
and perfumes. The quality, freshness, and uniqueness of citrus oils are major
factors contributing to their value and application. Citrus fruits, with their unique
and attractive individual aromas, are popularly accepted worldwide, and citrus
essential oils are a large and important aroma resource. Quantitative data con-
cerning the volatile components of a number of citrus essential oils (Shaw, 1979;
Sawamura, 2000) and their wide commercial use are presented in this book.

The twenty-first century has been referred to as “the era of fragrance.” We
live in an atmosphere greatly enriched by aromas and fragrances. Everyday items
such as fresh and cooked foods, perfumes, cosmetic and toiletry goods, medicines,
and insecticides contain natural or artificial fragrances. Aroma commonly gives
us a strong impact in trace amounts. The characteristic odor of an individual
substance is composed of roughly a thousand compounds. It is almost impossible
to blend every compound of an odor in the exact proportion required to recon-
struct the original. It has been determined, however, that there are usually one
or two or a few key compounds that can accurately simulate the original odor.
One goal of flavor research is to elucidate key aroma compounds by means of a
combination of instrumental and organoleptic analyses. Many flavor researchers
have tried to find the key aroma compounds of various kinds of citrus. Gas
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Figure 1.3. Flowchart of flavor research.

chromatography—-olfactomery (GC-O) is a superior method for such studies
(Acree, 1993).

Aroma is one of the functional properties of food because aroma compounds
stimulate us physically and physiologically (this is referred to as organoleptic
effects). A great number of aroma compounds have been identified in a variety
of foods to date. Such studies have been a major theme in flavor research. Aroma
compounds have a number of properties other than odor production, including
antibiotic, deodorant, and blood vessel stimulation. Aromatherapeutic effect also
falls into this category. Antioxidants have been investigated most intensively as
constituents preventing diseases associated with oxidative damage, and decreas-
ing lipid oxidation during the processing and storage of seafood (Pisano, 1986).
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Synthetic antioxidants such as butylated hydroxytoluene (BHT), butylated
hydroxyanisole (BHA), and propyl gallate (PG) are used as food additives
to inhibit the actions of toxic and carcinogenic substances (Chang et al., 1977).
Natural antioxidants from natural foods such as herbs (Boyd et al., 1993;
Pizzocaro et al., 1994), vegetables (Tsushida et al., 1994; Vinson et al., 1998), fruits
(Nogata et al., 1996), oilseeds (Medina et al., 1999), spices (Shahidi et al., 1994),
green tea (Amarowicz and Shahidi, 1996), and cereals (Hendelman et al., 1999)
have been studied, and some of them, such as ascorbate and tocopherols, are
currently used in a variety of food products. In recent reports much attention
has been given to citrus components, since they present various pharmaceutical
activities including anticarcinogenicity, antimutagenicity, antioxidative activity,
antiaging, and radical-scavenging (Nogata et al., 1996; Rapisarda et al., 1999;
Choi et al., 2000; Sawamura et al., 1999, 2005). Grapefruit oil and lemon extracts
have been suggested as effective natural antioxidative compounds (Tokoro,
1997). It has been recently discovered that some foods or foodstuffs serve to
inhibit the formation of carcinogens. Essential oils containing terpenoids are well
known to have some physiological and pharmaceutical effects, and it is known
that citrus essential oils have antimicrobiological (Griffin et al., 1999) and
chemopreventive properties (Crowell, 1997; Gould, 1997; Kawaii et al., 1999). The
major component of citrus essential oils is terpenes, whose basic structure is
isoprenoid (CsHg). The most typical terpenes are limonene, citrus-like odor; -
terpinene, waxy; terpinolene, green; o-pinene and B-pinene, pine-like. These
compounds have been reported to inhibit the growth of cancer cells. One car-
cinogen, nitrosodimethylamine, which is formed with dimethylamine and nitrite
in an acidic condition, has been noted in this regard. Dimethylamine and nitrite
are commonly present in meats and vegetables, respectively. It was suggested that
some foods or foodstuffs might contain cancer-inhibitory and -preventive com-
pounds as well as cancer-inducing substances (Sawamura et al., 1999, 2005).
Aromatherapy, a medical treatment intended to stimulate or calm the mind,
is an applied therapy using the functional properties of essential oils. A variety
of vegetable essential oils have been widely used in aromatherapy. Essential oils
are extracted from the flowers, leaves, stems, roots, and fruits of various plants
and purified for commercial use. Aromatherapy originated in Europe in the
eighteenth century and has grown popular in many countries recently, but the
most famous essential oil products are still produced in Europe. There are cur-
rently seven kinds of commercial citrus essential oils used in aromatherapy:
orange, mandarin, lemon, lime, bergamot, grapefruit, and neroli. Yuzu (Citrus
junos Sieb. ex Tanaka), a typical Japanese sour citrus fruit, has attracted the inter-
est of aroma therapists over the past ten years. Recently, the effect of yuzu
essential oil on the autonomic nervous system has been studied (Sawamura et
al., 2009). It is expected that yuzu essential oil will soon be adopted for use in
aromatherapy. One obstacle to such application for aromatherapy is that the
composition of essential oils changes readily. It has been pointed out that the
composition of yuzu (Njoroge et al., 1996) and lemon essential oils (Sawamura
et al., 2004) can change considerably under different storage conditions. It is
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important to carefully consider quality change in commercial essential oil prod-
ucts intended for therapeutic use. This book presents a few attractive studies of
functional citrus properties, including aromatherapy.

Recently, food safety or reliability has been a prominent concern, along with
food quality. All Japanese foods and products, for example, are controlled under
standards such as the European Union regulations regarding food safety and
traceability, Japanese Agricultural Standard (JAS), and other regulations govern-
ing responsibility to consumers and manufacturers in the United States, Canada,
Australia, and England. However, there are few methods for discriminating as to
the quality and characteristics of crops from various producing districts. One of
the most reliable methods is isotope analysis of food constituents by mass spec-
trometry. In nature, the isotopes of each element are distributed in a fixed ratio.
Plants on the earth first convert solar energy into biochemical energy; the food
chain begins with plants. Higher plants fix CO, by the Calvin-Benson cycle to
biosynthesize various organic compounds for their constituents. It is known that
the enzyme ribulose-1,5-diphosphate carboxylase differentiates a small mass dif-
ference between “CO, and *CO,, when it fixes CO, in the atmosphere (O’Leary,
1981). This function is referred to as the isofope effect. It is thought that the
isotope effect could occur in every enzyme involved in biosynthetic and meta-
bolic pathways. Thus, we can see that this effect should also be applicable to the
essential oils comprising terpene compounds. Every species, variety, or strain of
a plant has some substantially distinct characteristics. Even among the same
cultivars, different growing conditions such as annual atmosphere and moisture,
or soil and fertilizers, can bring about small but appreciable differences in com-
position. Several researchers (Faber et al., 1995; Faulharber et al., 1997; Sawamura
et al., 2001; Thao et al., 2007) have tried to distinguish these isotope differences
of biological constituents. Some sections of this book discuss methods of verifying
the genuineness of food.

Finally, fundamental and academic information about citrus essential oils
have contributed to commercial development. In the references section on this
chapter, several experts present the reader with attractive topics regarding the
wide utilization of citrus essential oils.
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