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tion. Citrus fruits are suggested to be a good source of dietary antioxidants. To have a better understand-
ing of the mechanism underlying the antioxidant activity of Citrus fruits, we reviewed a study on the
antioxidant activity of the phytochemicals in Citrus fruits, introduced methods for antioxidant activity
Antioxidant activity evaluation, discussed the factors which influence the antioxidant activity of Citrus fruits, and summarized
Bioactive compounds the underlying mechanism of action. Some suggestions for future study were also presented.
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1. Introduction

Citrus, the genus Citrus L. of the family Rutaceae, is one of the
most important fruit crops in the world. It is widely grown in the
tropical and subtropical areas of the world, and many other areas,
with an annual production of approximately 102 million tons
(Mehl et al., 2014). Citrus fruits are well-accepted by consumers
of all over the world because of their attractive colours, pleasant
flavors and aroma. Along with an increase of production, advances
in storage and processing techniques, and the realization of a year-
round supply, Citrus fruits have now become an important dietary
source of nutrients for Chinese people.

Antioxidant activity denotes the ability of a bioactive com-
pound to maintain cell structure and function by effectively clear-
ing free radicals, inhibiting lipid peroxidation reactions, and
preventing other oxidative damage (Bravo, 1998). It is also a foun-
dation of many other biological functions, such as anti-cancers,
anti-inflammation and anti-aging (Cai, Luo, Sun, & Corke, 2004;
Ke, Pan, Xu, Nie, & Zhou, 2015). More importantly, the prevention
of many chronic diseases, such as cancer, diabetes and cardiovas-
cular disease, has been suggested to be associated with the antiox-
idant activity (Rajendran et al., 2014; Yu et al., 2005). Therefore, a
deep study of natural antioxidants, such as those from fruits and
vegetables, is of great importance to human health.

Citrus fruits are rich sources of useful phytochemicals, such as
vitamins A, C and E, mineral elements, flavonoids, coumarins, limo-
noids, carotenoids, pectins, and other compounds (Zhou, 2012).
These phytochemicals, consumed through fresh fruits or their
derived products, have been suggested to have a wide variety of
biological functions including antioxidant, antiinflammation,
antimutagenicity, anticarcinogenicity and anti-aging to human
health (Ke et al., 2015; Rajendran et al., 2014; Zhang et al., 2015).

To provide a comprehensive view of current studies on the
antioxidant activity of Citrus fruits, the antioxidant components
and their antioxidant activities, evaluation methods, and the inter-
nal and external factors that influence the antioxidant capacity of
Citrus fruits were systematically reviewed. Most importantly, the
mechanisms of antioxidant action of Citrus fruits were summarized
for the first time.

2. The antioxidant components of Citrus fruits and their
antioxidant activities

2.1. Vitamins in Citrus fruits and their antioxidant activities

There are more than 170 antioxidants from Citrus fruits that
have been reported in the current literature, including vitamins,
mineral elements, phenolic compounds, terpenoids and pectin
(Zhou, 2012). Table 1 summarizes their representative types,
chemical structures and antioxidant properties.

Vitamins are organic substances vital for body function and
indispensable to our life. Among the 13 vitamins reported in liter-
ature, six of them are found in Citrus fruits, including vitamin A,
vitamin B1, vitamin B2, vitamin C, vitamin E and vitamin B3
(Zhou, 2012). Of these vitamins, vitamin A, vitamin C and vitamin
E were evaluated for their antioxidant activities (Amitava &
Kimberly, 2014).

Vitamin A is a class of fat-soluble organic compounds, which
includes retinol, retinal, retinoic acid, and several provitamin A
(B-carotene) (Amitava & Kimberly, 2014). Citrus fruits are rich in
carotenes and cryptoxanthin. The content of vitamin A in candied
orange (Citrus sinensis Osbeck) is 0.27 mg/kg, and 2.77 mg/kg in
tangerine (Citrus reticulata Blanco.) (Zhou, 2012). According to
the reports, vitamin A can react with free radicals (especially sin-
glet oxygen ('0,)) and peroxyl radicals to show its antioxidant
property (Table 1).

Vitamin C, r-ascorbic acid or simply ascorbate, is a water-
solubility substance. It is a major vitamin found in Citrus and rich
in the flesh and peel of fruits. The content of vitamin C in the
extraction of satsuma mandarin (Citrus unshiu Marc.), pomelo
(Citrus maxima (Burm Merr.), navel orange (C. sinensis Osbeck),
and tangerine (C. reticulata Blanco.) reached 30-40 mg/100 g,
60 mg/100 g, and 30 mg/100 g, respectively (Ye, 2005). Vitamin C
is a natural free radical scavenger, which can effectively scavenge
a variety species of reactive oxygen species (ROS) and give off semi
dehydroascorbic acid, clearing '0, and reducing sulfur radicals
(Table 1, Amitava & Kimberly, 2014).

Vitamin E, another fat-soluble vitamin, is a group of compounds
that include both tocopherols and tocotrienols. Vitamin E is mainly
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