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Abstract

Citrus plants play an important role as a health-protector. They are containing various phytochemical that reduce or prevent risk for vari-
ous diseases such as cancer, heart disease and aging effects. Citrus are good sources of naturally occurring antioxidants like vitamin C,
vitamin E, carotenes, phenolic acids, phytate and phytoestrogens that have been recognized potentially to reduce various disease risks.
Some compounds, have strong antioxidant activity, while others, such as the mono-phenols are weak antioxidants. Antioxidant com-
pounds scavenge free radicals and thus inhibit the oxidative mechanisms that lead to degenerative diseases. The free radicals may oxidize
nucleic acids, proteins, lipids or DNA and can initiate degenerative disease. There are a number of studies suggesting that the antioxi-
dants are the main factors for reducing the incidence of chronic diseases including heart disease and some cancers.
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1. Introduction

The medicinal value of plants appears in all early records of hu-
man activity. The modern uses of medicinal plants or herbs, their
extracts, and their semi synthetic products to treat various minor
or major ailments today. It is not surprising that the taxonomic
family to which citrus belongs, the Rutaceae, which includes ap-
proximately 160 genera and 1,700 species, has been used in herbal
medicine. Herbs are usually defined as garden plants used second-
arily in cooking for flavoring, seasoning, and garnishes for food.
Herbs and herbal products have also been used medicinally for
curative, preventive, remedial, and therapeutic purposes, as foods
and as dietary supplements. The distinctions between herbal use
and medicinal use overlap and have become blurred and therefore
have to be interpreted within context (Clarke and Thaman. 1993;
Kala. 2005; Continuing Survey of Food Intakes by Individuals
(CSFII), 1989-1991; Ferguson. 2002).

Citrus species are small to medium-size shrubs or trees that are
cultivated throughout the tropics and subtropics regions of India
and southern China to northern Australia and New Caledonia. The
cultivation of oranges and pummelo dates back to 2400 BC in
China. Some species can still be found in a wild state, but most
species are today known only in cultivation. Citrus has been dis-
tributed widely and cultivated worldwide for fruit and juice. All
species are aboriginal, early European, or modern introductions
throughout Oceania. Most species have been given names in many
native languages of the Pacific, attesting to how citrus has been
embraced by native cultures. Citrus is adaptable to many subtropi-
cal and tropical environments and soils and has traditionally been
cultivated in home gardens together with other important species
such as coconut, breadfruit, papaya, and numerous others. Citrus
is primarily valued for the fruit, which is either eaten alone (sweet
orange, tangerine, grapefruit, etc.) as fresh fruit, processed into

juice, or added to dishes and beverages (lemon, lime, etc.). All
species have traditional medicinal value (Hume. 1938; Jackson
and Davies. 1999; Tucker et al., 1994). Citrus has many other uses
including animal fodder and craft and fuel woods (Manner et al.,
2006). Size varies with species and variety. Generally, annual
pruning is used to maintain tree size and shape, while stimulating
fruit production. Another method of maintaining a small size is to
plant varieties that are grafted to dwarfing rootstocks, or, if space
is very limited, by growing the trees in large containers (Wheaton
et al., 1999).

2. Botanical description

Genus Citrus L. Family Rutaceae (rue family) Subfamily
Aurantoideae

2.1. Subgenera: the genus citrus is further subdivided
into subgenera:

Citrus and Papeda, with the difference being the presence of acrid
oil droplets in the pulp vesicles of Papeda. Most species belong to
the subgenus Citrus, with C. hystrix and C. macroptera belonging
to Papeda (Stone 1985). Citrus are shrubs to medium-size trees up
to about 6 m (20 ft) in height, although some species can reach 15
m (50 ft). Rootstocks can greatly affect the height of grafted trees.
Trees have thin, smooth, and gray-brown to greenish bark. Most
species are single-trunked with very hard wood. The fruit is a
hesperidium, a fleshy, indehiscent berry that ranges widely in size,
color, shape, and juice quality. Citrus fruit range in size from 4 cm
(2.6 in) for lime to over 25 cm (10 in) in diameter for pummelo.
Fruits are globose to ovoid in shape (Thaman and Whistler. 1996;
Thaman et al., 2000; Tucker et al., 1994; Tucker et al., 1994; U.S.
Department of Agriculture, Agricultural Research Service. 1993).
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2.2. Some common species, native origin, and uses in
ancient time and rural areas

Citrus aurantifolia (lime), C.aurantium(sour orange), C. grandis
(pummelo), C. hystrix (Kaffir lime), C. limon (lemon), C.
macroptera (wild orange), C. medica (citron), C. mitis
(calamondin), C. sinensis (sweet orange), C. paradisi (grapefruit),
C. reticulata (mandarin).

Lime Root, bark, stem- twigs, leaves, fruit, used in diarrhea, dys-
entery, colds, stomach ache, insomnia, ringworm, ulcer, fever,
sore throat, wounds, eye disease, bitter tonic, sore throat, rheuma-
tism. South China, Indochina early European introduction to Pa-
cific islands, Malaysia, Europe, Pacific islands, Malesia aboriginal
introduction to Fiji, western Polynesia, and Tonga; early European
introduction to other Pacific islands, SE Asia early European in-
troduction to Pacific islands, Melanesia Polynesian introduction
Vanuatu, New Caledonia, and Polynesia, India early European
introduction to Pacific islands, China to many Pacific islands,
West Indies recent introduction to many Pacific islands (Thaman
and Whistler. 1996; Thaman et al., 2000; USDA Agricultural Re-
search Service. 2004; Walter and Sam. 2002; Waterman and
Grundon. 1983).

2.3. Associated plant species

In general, the flora of the native habitats of citrus consists of
tropical to subtropical species in humid to subhumid environ-
ments. Most citrus species are associated with the Indomalayan
flora. One exception is wild orange, which is also native to Mela-
nesia and is therefore associated with the Melanesian floristic
region. The fruit is said to achieve its highest flesh quality in sub-
tropical humid climates or the drier regions (Mediterranean cli-
mates) with irrigation. Limes seem to be the citrus best adapted to
atoll environments (Walheim. 1996; Cull and Pax. 1995). Kaffir
lime is also well suited to atolls and is one of the most important
sources for disease-free rootstocks for atolls.

2.4. Look-a-like species

All citrus species have dark green, waxy leaves with a characteris-
tic citrus odor, and sweet-smelling flowers. Most species are easy
to differentiate by their fruit. Kaffir lime and wild orange are often
mistaken for each other. According to Walter and Sam (Walter
and Sam. 2002), Stone (Stone. 1985) distinguished the two from
each other on the basis of the fruit and thepetiole shape. Wild
orange fruit has a smooth skin, and the petiole wings are entire.
Kaffir lime fruit has bumpy skin, and the petiole wings are
crenulate (toothed). The leaves of sour orange have a petiole that
is much larger than that of sweet orange.

2.5. Ethno botany research

The interest in herbal use of plants, the new discipline of
ethnobotany has emerged. Ethnobotany can be generally defined
as the study of how people of a particular culture and region make
use of indigenous or native plants. The theory was that citrus and
related plants that appeared in many cultural groups were more
likely to have biological activity and related uses than plants. In
other words demonstrate that a number of citrus species were used
for similar purposes in different locations and by different cultural
groups. The observational reports as well as published biochemi-
cal, medical, and pharmacological research to establish and sug-
gest that specific citrus species do, in fact, have specific medicinal
uses (Paul and Cox. 1995). The seven following disease categories
had a statistically significant number of areas for reported uses:
diseases of the blood and blood-forming organs; diseases of the
musculoskeletal system and connective tissue; diseases of the
respiratory system; diseases of the endocrine systems; nutritional,
metabolic diseases and immunity disorders; infectious and parasit-
ic diseases; injury and poisoning; symptoms, signs, and ill-defined
conditions. In Samoa, a leaf infusion made from sweet orange is

used against mouth sores in infants (Reuther et al., 1967; Reuther
et al., 1968; Reuther et al., 1973). Citron leaves are used together
with other plant parts infusions for treating stomach and skin ail-
ments. Sweet orange bark infusion is used to treat postpartum
sickness, serious flu, and internal injuries. In Tonga, an infusion of
sweet orange leaves, usually together with leaves of other plants
(Glochidion ramiflorum, Diospyros major), is used as to treat
“relapse sickness,” mostly affecting postpartum women. In Tahiti,
citrus leaves are used for internal ailments and fractures. In Fiji,
the scraped root of pummelo is used to treat hemorrhoids (Whis-
tler. 1996).

3. Medicinal uses of citrus plants and uses of
their products

All species are extremely important for their fruit in numerous
ways. An extract of grapefruit seeds and pulp is used as potent
topical antibacterial and fungicidal agent. Fruit juices of all spe-
cies can be used in beverages. Lemon and sweet orange leaves are
boiled to make tea and sour orange juice has been fermented to
make wine.The herbal and medicinal value of plants appears in all
early records of human activity, from the herbalists to, pharma-
cists, researchers and physicians of all succeeding generation, to
modern use of herbs, their extracts, and synthetic products to treat
minor ailments and diseases today. It is not surprising that the
taxonomic family to which citrus belongs, the Rutaceae, which
includes approximately 160 genera and 1,700 species, has been
used in herbal medicine. Herbs are usually defined as garden
plants used secondarily in cooking for flavoring, seasoning, and
garnishes for food. Herbs and herbal products have also been used
medicinally for curative, preventive, remedial, and therapeutic
purposes, as foods and as dietary supplements. The distinctions
between herbal use and medicinal use overlap and have become
blurred and therefore have to be interpreted within context
(Odugbemi et al., 2007; Verheij and Stone. 1991; Kamble et al.,
2008; Berhow et al., 2000).

Citrus species are important in traditional medicine. In the United
States, citrus is suggested as part of a healthy diet because of its
high vitamin C content and its lycopene and flavonoids, which are
known to reduce prostate and breast cancer risk, reduce viral ef-
fects and inflammation, and improve capillary activity and choles-
terol levels. Recent research has focused on the biological activity
of compounds found in citrus species, including compounds called
flavanoids, carotenoids and limonoids, especially in terms of their
effects on citrus palatability and anti-cancer activity. Citrus flavo-
noids have potential antioxidant (prevents aging), anti-cancer,
antiviral, anti-inflammatory activities, effects on capillarity, and
cholesterol-lowering ability (Stone. 1985). The principal carote-
noids in pink grapefruit are lycopene and beta-carotene. Lyco-
pene-containing fruits and vegetables have been shown to contrib-
ute to a significant reduction in prostate and mammary cancer risk.
Recent studies have further shown that limonoids inhibit the de-
velopment of cancer in laboratory animals and in human breast
cancer cells as well as reducing cholesterol. Researchers have also
suggested that, if ingested, limonoids may not be absorbed in the
large intestine, and therefore could be distributed throughout the
body, with beneficial effects. Since some limonoid compounds,
called liminoid glycosides, are stable at high temperatures, new
products incorporating these compounds could include juices,
cosmetics, gums, breads, and cookies. Since mixed limonoid
glucosides can be isolated in large quantities from citrus molasses,
seeds, and other by-products from citrus processing plants, a sup-
ply of these compounds is readily available. Of possible interest to
grapefruit growers, the concentration of these compounds varies
with cultivar, harvest time, and plant tissue. In citrus species,
limonoids are produced in leaves and transported to fruit and
seeds, with limonoid concentration highest in the earliest stages of
growth of leaves and fruit and highest in seeds during fruit growth
and maturation. In leaves and fruit, total limonoid content increas-
es during growth and maturation and decreases after maturation.
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In contrast, limonoid concentration does not decrease in seeds
after fruit maturity, indicating that seeds act as storage tissues for
these compounds. Interestingly, grapefruit seeds have a higher
limonoid concentration on a weight basis than orange and lemon
seeds. Another interesting note is that concentrations of all three
classes of compounds (flavonones, carotenoids, and limonoids)
vary with the fruit of different grapefruit cultivar and harvest time,
with pink and red cultivars generally having greater concentrations
than white cultivars earlier in the season (Berhow et al., 2000;
Paul. 2000). Most species have value as flavorings, like lime and
lemon are commonly used to marinate raw fish and to flavor food.
Whole limes are also used in pickled. Kaffir lime leaves are used
as a flavoring in cooked sauces. Citrus is one of the important
honey plants in many parts of the world. The pulp and other by-
products from juice production are used as cattle feed. Birds are
known to feed on varieties with seedy fruit. All species have fra-
grant flowers, which are very pleasant in a home garden (Kiranjot
et al., 2007; Kashanipour and Mcgee. 2004).

4. Different part of citrus plants and its uses
(34-38)

4.1. Voletile oils/lubricant

All the citrus plants have volatile oils in their fruits and leaves the
volatile oils are usually hydrocarbons (particularly limonene) to-
gether with terpenes (which vary with each plant and give each its
peculiar aroma). The volatile oil in these plants makes them useful
expectorants, carminatives, diaphoretics and anti-pruritics. The
volatile oils also have varying degrees of anti-microbial activity.
Oils in the peel, leaf, and flower are used in cosmetics and as
medicinals. The flowers of sour orange yield neroli oil, which is
very important in the perfume industry. Solvents extracted from
citrus peels, particularly oranges, are used in general-purpose
cleaners, hand cleaners, furniture polishes, soaps, and pet sham-
poo. Orange oil is also used for fragrance in air fresheners, can-
dles, and aromatherapy (Andrews and Pehrsson. 1993; Carlsen et
al., 2010; Bocco et al., 1998; Bonfield and Kritchevsky. 1996).

4.2. Acids

Citrus fruits contain various organic acids, mainly citric. Citric
acid is an important inter- mediate in body metabolic cycles. It
also increases urinary secretions. Like other weak acids it is as-
tringent. Together with the volatile oils, the acids in citrus juices
exert a refrigerant (cooling) effect because of the varying degrees
of sweating (diaphoresis) that they induce. Ascorbic acid of vita-
min C is another important constituent in citrus fruits. Many stud-
ies have been made on vitamin C as preventive for cold. Although
the value of high doses of vitamin C remains a controversy, it is
recognized that vitamin C has a vital role in regulating tissue res-
piration. A deficiency in vitamin C leads to scurvy, characterized
by swollen and bleeding gums, loosened teeth, weakness, swollen
joints, swelling of the feet and legs and gradual development of
small hemorrhages around the hair and larger bruise-like hemor-
rhages. Bone shafts become prone - to fracture and wounds take
longer to heal. During illness and other ailments involving tissue
injuries, the body’s reserves of vitamin C are used rapidly, which
is why additional vitamin C is prescribed during this period. Some
citrus fruits juice is often given in colds, partly because it is be-
lieved that the vitamin C content in the fruit would be of value.
The citrus fruits contain significant amounts of vitamin C and
generally contain the recommended dietary allowance of vitamin
C in -2 pieces of fruit (Carlsen et al., 2010; Bocco et al., 1998).

4.3. Vitamins and polyphenols
Citrus are good sources of antioxidants like vitamin C, vitamin E,

carotenes, phenolic acids, phytate and phytoestrogens that have
been recognized potentially to reduce various disease risks. Most

of the antioxidant compounds of citrus plants belong to various
chemical classes of compounds with a wide variety of physical
and chemical properties. Some compounds, have strong antioxi-
dant activity, while others, such as the mono-phenols are weak
antioxidants. Antioxidant compounds scavenge free radicals and
thus inhibit the oxidative mechanisms that lead to degenerative
diseases. The free radicals may oxidize nucleic acids, proteins and
lipids can initiate degenerative disease (Carlsen et al., 2010;
Bocco et al., 1998).

4.4. Alkaloids

A number of plants from this family contain powerful alkaloids.
The most familiar one would probably be apdongkahoy, whose
bark is used for diarrhea, stomach pains and as an antidote for
snake-bite. Apdongkahoy contains a number of quinoline-based
alkaloids with powerful physiological action. (One alkaloid,
lunamarine, stimulated uterine contractions in experimental ani-
mals in a concentration of 1:200,000) (Lee and Prosky. 1995;
Waterman and Grundon. 1983).

4.5. Flavonoids

Flavonoids (yellow pigments) such as rutin, quercetin, hesperidin
and naringin are present in citrus fruits. The exact role of
flavanoids remains a controversy but they are said to act like vit-
amins, having an anti-oxidant effect. It has been claimed that cit-
rus fruits are better sources of vitamin C than synthetic prepara-
tions because of the added presence of flavonoids in the fruits. The
flavonoids are said to “protect” vitamin C. At one time, the flavo-
noids were called “vitamin P”. Citrus flavonoids have been report-
ed to have anti-inflammatory, antibacterial and antifungal activity.
There has been renewed interest in flavonoids because of reported
anti-viral activity. Other flavonoids are also being studied for anti-
fertility activity (Lee and Prosky. 1995; Waterman and Grundon.
1983).

4.6. Minerals

The pulp of citrus fruits is fair sources of calcium and phosphorus
while the rinds carry very high levels of these minerals. ‘The high
calcium content and acidity of the rind make it easier for pectin to
form precipitates, which is important in making jellies. Potassium
is another mineral found in high levels in citrus fruits. Its content
is much higher in the rind than in the pulp. Potassium is an im-
portant element needed by the body but it is easily lost in diarrhea
and vomiting. Because of this, it is important to add potassium to
fluid preparations being used to rehydrate patients suffering from
diarrhea or vomiting, the addition of a few pieces of the rind from
citrus fruits in the rehydrating fluid will solve the problem of a
potassium source. Potassium is also responsible for the diuretic
action of citrus fruits (Lee and Prosky. 1995; Waterman and
Grundon. 1983).

4.7. Pectin

The rinds of citrus fruits are rich in pectin. In fact, the commercial
production of pectin draws largely from the discarded rinds of
citrus fruit. Pectin is an effective antidiarrheal. Pectin is a polysac-
charides are polymers made up of many simple carbohydrates
(sugars) linked together into long, continuous molecules. Pectin is
currently valued for use as a gelling and thickening agent, bever-
age stabilizer, and fat substitute. Most commercial pectin is ob-
tained by extraction from citrus peels, but sugar beet pulp is also
rich in pectin. Extraction of pectin from plant material now takes
an hour or more using conventional heating; care must be taken
not to break down its structure which provides thickening proper-
ties-by overheating. They use less energy and yield higher quality
pectin than conventional heat extraction (Fishman and Chau.
2007).
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4.8. Fruit juice

Citrus fruit juices can be given in colds and fever as a refrigerant
and as a source of vitamin C. The fruit juices are also helpful as an
astringent for sore throats. Externally, the same astringent action is
sometimes helpful for skin disorders. The application of the undi-
luted juice for pimples is based on the astringent effect. Fruit juice
can also be used to flavor other drug preparations.

4.9. Rind

The rinds of ripe citrus fruits can be used in decoction for coughs,
colds, indigestion and diarrhea. Gather the rinds and sundry. Store
in whole pieces or cut into thin slices. The decoction can also be
prepared using the rind with ginger - this is particularly helpful for
nausea and vomiting. A few rinds added to rehydration prepara-
tions will provide potassium for diarrhea patients.

4.10. Leaves

A decoction of the leaves is used as a bath to induce sweating in
patients with fever. Leaves of citrus plants are often mixed with
other leaves containing volatile oils (e.g. mangga, sambong). The
decoction is also of some value as a wash for skin sores and itchy
conditions.

4.11. Fiber

The thread-like portion between the pulp and the rind can also be
collected, dried and used in decoction for coughing and for gen-
eral pains. About 3-5 gm of the fiber is used at a time. The dietary
fibers are the remnants of plant residues (polysaccharides and
lignin) which are resistant to hydrolysis by human digestive en-
zymes (Marlett and Vollendorf. 1994; Mongeau and Brassard.
1994).

4.12. Seeds

The seeds are also said to have pain-relieving effects. Place the
seeds in container and add water (small amount). It store overnight
then heat over a weak fire until the materials turn light yellow and
dry in sun light the material and crush before using.

4.13. Wood

Pummelo and sweet orange wood is used in light construction.
Sour orange wood is hard, fine grained, and valued for cabinetry
and turnery (bowls, etc.). In Cuba, sour orange is made into base-
ball bats. Citrus as fuel wood is generally of minor importance.
Pummelo wood is considered as good firewood. Wood of wild
orange was used for axe handles and canes. Lemon wood is used
for tool handles. Wild orange wood is used as the anvil in Samoa.
Wood of Kaffir lime and pummelo has been noted as having im-
portance for craft wood (Carlsen et al., 2010; Bocco et al., 1998;
Bonfield and Kritchevsky. 1996).

5. Other uses

The macerated pulp and leaves of wild orange were used as a
shampoo in Guam, Samoa, and Fiji (Walter and Sam. 2002). In
Guam, Stone (Stone. 1985) noted that the pulp was used for wash-
ing clothes and hair. Stone also wrote that Kaffir lime has the
same uses as wild orange and sour orange. In Chuuk, the pounded
roots of a citrus species are mixed with leaves, bark, and fruit of
other plants to make a perfumed precipitate for scenting necklaces,
headbands, hair, and body. Sweet orange and Kaffir lime flowers
are sometimes used in garlands in the Pacific islands. Kaffir lime
has been noted as having potential in toxins/insecticides/fish poi-
sons (Thaman et al., 2000.Tucker et al., 1994). Citrus can be used
as a barrier hedge when trees are planted close together. Many

varieties are spiny, which can enhance the effect of a hedge as a
barrier. However, when hedged it takes time for trees to regrow
full foliage, and if the trees do not receive ample sunlight, the
regrowth occurs primarily in the tops, leaving the trunks exposed.
Citrus supports bees, which produce honey. Birds often build nests
within the canopy, and some will feed on the seeds, fruit, or the
insects that feed on tree foliage. Snakes where present, are com-
monly found within the canopies. Fruit for eating or juicing is the
main product from citrus grown in a landscape. Other products
include leaves for cooking (e.g., Kaffir lime leaves in Thai food)
and cut flowers for fragrant flower arrangements (Kamal and Mo-
han. 2010; Macmillan. 1991).

6. Discussion

In recent times, there is a growing interest in nutrition and preven-
tive health care in the development and evaluation of natural bio-
active and antioxidant active products from plant materials. It is
well known that polyphenol compounds are responsible for the
potential antioxidant activity and radical scavenging capacity of
plant food. Consumption of a diet rich in polyphenol substances
has been linked with a reduced risk for cardiovascular diseases
and certain types of cancer. Dietary natural antioxidants strength-
en the endogenous antioxidant system by reducing oxidative stress
and the risk of toxic diseases. Radical scavenging antioxidants are
particularly important in antioxidant defense to protect cells from
the injurious effects of free radicals. Free radicals are very reactive
chemical species, eventually evoking uncontrolled reactions, re-
sulting in oxidative damage of important biological macromole-
cules. Polyunsaturated fatty acids which are major constituents of
cell membranes are particularly susceptible to free-radical-
mediated oxidation because of their conjugated bond structure.
Consequently, the process of lipid peroxidation can lead to dis-
turbances in membrane structure and function. Furthermore, and
viewed in a global sense, polyphenol compounds as free radical
scavengers can act as anti-inflammatory, antibacterial, anti-
carcinogenic, anti-allergic and immune-stimulating agents. Plants
provide human kind with our most basic resources-food, medicine,
fiber, and many other useful products. For most of human history,
plants and a few fungi were the only medicines. Medicinal plants
are especially likely to contain useful molecules. Some useful
botanical medicines cannot readily be made into drugs. The fruit is
used to treat diabetes, dysentery, cold etc. Lemon essential oil’,
medicated oil, is used to cleanse, refresh, cool and stimulate the
skin. ‘Antidandruff shampoo’ is a multi-herb formulation that
controls dandruff, nourishes and strengthens hair roots and ensures
a healthy scalp and its medicinal applications such as for antifun-
gal activity and weight loss.

7. Conclusion

Common traditionally consumed citrus plants of different origins
were investigated for their content of total polyphenols and evalu-
ated for their potential bio-active antioxidant properties, especially
in reference to their comprehensive nutritional-physiological and
health promoting effects: All the citrus plants showed considerable
amounts of polyphenol substances. Consumption of citrus plants is
helpful in maintaining and promoting health, particularly in con-
sideration of their beneficial impact to public health, and especial-
ly in respect of cardiovascular disease prevention. Furthermore,
herbal tea extracts could be regarded as effective natural antioxi-
dant additives for food products and as functional dietary food
supplements due to their significant content of total polyphenols.
These are bioactive substances and have significant radical scav-
enging capacity. This family includes the many citrus fruits whose
uses are quite similar. Since their chemical constituents and phar-
macology are quite similar, they will be discussed together, ac-
cording to constituents.
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