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Abstract. Camellia is one of the four main oil-bearing trees along with olive, palm, and coconut in the world. Known as
‘‘Eastern Olive Oil,’’ camellia oil shares similar chemical composition with olive oil, with high amounts of oleic acid and
linoleic acid and low saturated fats. Camellia was first exploited for edible oil in China more than 1000 years ago. Today, its
oil serves as the main cooking oil in China’s southern provinces. Introduction of camellia oil into theWestern countries was
delayed until the recognition of its many health benefits. Although popularity for the oil has yet to grow outside of China,
interest has emerged in commercial production of camellia oil in other countries in recent years. Unlike seed-oil plants that
are grown on arable land, oil camellias normally grow onmountain slopes. This allows the new crop to take full usage of the
marginal lands. To facilitate promoting this valuable crop as an alternative oil source and selecting promising cultivars for
targeted habitats, this paper reviews the resources of oil camellias developed in China, use of by-products from oil-refining
process, as well as the progress of developing camellias for oil production in China and other nations.

The genus Camellia comprises a group of
about 100 species native to a number of areas
throughout China, southeast Asia, and Japan
(Min and Bartholomew, 2007; Ming, 2000).
They are evergreen flowering trees or shrubs
with broad, shiny, dark green leaves, and
have primarily a subtropical and warm-
temperate distribution. Among them, Camel-
lia sinensis and Camellia japonica are the
best internationally known and cultivated
species, for tea production and ornamental
value, respectively. These two species made
their way to the Western world in the 18th
century after being cultivated and treasured
in the Orient for thousands of years (Cothran,
2004). Currently, there are more than 22,000
camellia varieties or cultivars cataloged in
the International Camellia Society (http://
www.camellia-international.org/). In the
United States, there are more than 2300
cultivars registered with the American Camel-
lia Society (https://www.americancamellias.
com/). Spain produces about 2.5 million
camellia plants annually, mostly C. japonica,
which are exported throughout Europe as
ornamentals (Salinero et al., 2012). Because
of its popularity, many countries and regions,
including China, Japan, Korea, Vietnam,
Belgium, Haiti, Rwanda, the United States,
Albania, France, New Zealand, Poland, Aus-
tralia, Spain, the Marshall Islands, and the
island of Jersey, have issued postage stamps
honoring the importance of the camellia

(Marshall Islands Press Release, 2013; Rolfe,
1992; http://www.stampnews.com/stamps/
stamps_2013/stamp_1357919298_398033.
html; http://www.wnsstamps.post/en/stamps/
AU007.03).

In contrast to its worldwide contributions
as an ornamental plant and as a tea producer,
camellia oil is less known to the world despite
it has long been important in China, as well as
in Japan, however, to a lesser extent. Camel-
lia is one of the four main oil-bearing trees
along with olive, palm, and coconut in the
world (Robards et al., 2009). Oil from ca-
mellia seeds is also known as ‘‘Eastern Olive
Oil,’’ because it shares similar chemical
composition with olive oil, with high
amounts of oleic acid and linoleic acid, and
low saturated fats. Camellia was first
exploited for edible oil in China more than
1000 years ago (Shanan and Ying, 1982).
Today, camellia oil serves as the main cook-
ing oil in China’s southern provinces (Fig. 1),
especially in Hunan Province (Ruter, 2002),
and more than 90% of global camellia oil
production is from China (Zhao et al., 2015).

Depending on the species, cultivar, and
environmental conditions, oil content in

seeds of traditional camellia varieties can
range between 24% and 50% with an average
of �30% (Huang et al., 2013). Some of the
new Camellia oleifera cultivars can reach
53% oil per dry seed (Yang et al., 2016).
Camellia oil has a relatively high smoke point
when compared with commercial oils such as
olive oil, at a range of 210–252 �C (Allen,
2015; Miao et al., 2013; Zheng et al., 2011),
which makes it suitable for deep frying, stir
frying, and as a salad dressing. The nutri-
tional value of camellia oil is well docu-
mented. The unsaturated fatty acid content in
camellia oil complies completely with the
international nutritional standards of ‘‘omega
meals,’’ and can reach as much as 90%
(�80% oleic acid, �10% linoleic acid, and
linolenic acid) (Mondal, 2013), which may
be the highest amount so far reported in
edible oil (Feas et al., 2013). Its monounsat-
urated fatty acid and vitamin E contents are
greater than that of olive oil. In addition,
camellia oil contains other functional com-
ponents such as saponins, polyphenol, and
squalene. Its beneficial effects have been re-
cently reviewed and summarized in Li et al.
(2011), which include antitumor, reducing

Fig. 1. Examples of edible camellia oil.
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blood lipid, protecting liver and heart,
antisepsis, anti-inflammation, coronary heart
disease prevention, delaying atheroscle-
rosis, antioxidation, and immune function
regulation. Thus, camellia oil has also long
been used in the production of traditional
Chinese medicines, cosmetics, soaps, and
hair oil.

With growing recognition of its nutri-
tional value, there is a growing demand for
camellia oil. The cultivation acreage in
China is expected to reach 6.5 million
hectares with an annual camellia oil pro-
duction of 2.5 million tons by 2020 (China
Forestry Bureau, 2009). Interest has also
emerged in the commercial production of
camellia oil in Western nations, such as
the United States and Australia (Robards
et al., 2009; Ruter, 2002, 2011). The Food
and Agriculture Organization of the
United Nations has recommended camel-
lia oil as a high-quality, healthy vegetable
oil (Ahmed and Wang, 2015). This paper
reviews the resources of oil camellias
developed in China, by-products from
oil-refining process, as well as the prog-
ress of developing camellia for oil pro-
duction in China and other countries.

Major Oil Camellia Species and
Resources in China

Seeds of all camellia species contain
oil (Robards et al., 2009). However, oil
content and quality may vary with species.
In China, the species being cultivated for
oil production include C. oleifera Abel, C.
meiocarpa Hu, C vietnamensis Huang, C.
chekiangoleosa Hu, C. yuhsienensis Hu,
C. semiserrata Chi, C. reticulata Lindl, C.
polyodonta How ex Hu, C. gigantocarpa
Hu, C. octopetala Hu, C. semiserrata var.
albiflora Hu et Huang, C. phellocapsa
Chang et Lee, C. pitardii Coh Stuart, C.
crassissima Chang et Shi, C. nanyongensis
Hu, C. subintegra Huang, C. rhytidocarpa
Chang et Liang,C.weiningensisY.K. Li,C.
chrysanthaHuTuyama,C. brevitubaChang
et Zeng,C. lutcaChang,C. taishunensisHu,
and C. osmantha.

Camellia oleifera is the earliest species
exploited for edible oil and accounts for
98% of the cultivated area in China,
followed by C. meiocarpa (Yao et al.,
2005). Camellia osmantha is a new prom-
ising species recently discovered by our
group at Guangxi Academy of Forestry,
China (Ma et al., 2016). Our preliminary
studies (Wang et al., 2014) suggest that C.
osmantha trees grow fast and can tolerate
drought, flooding, and high temperatures.
Their flowers and fruits are abundant, with
an average of 2.65-kg fresh fruit per
square meter tree crown of a 5-year-old
seedling. The average oil content in kernel
is 46.3%. This would produce 1590 kg of
oil per hectare, doubling the standard oil
productivity rate for C. oleifera elite culti-
vars (750 kg·ha–1). We started to evaluate
this new species in 2011 and have planted
�67 ha in Guangxi Zhuang Autonomous T
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Region. Most oil camellias begin bearing fruit
in 3 to 6 years after planting and fruit pro-
duction can last 50–60 years. Characteristics
of major oil camellia species are listed in
Table 1. Figure 2 shows the fruits of seven oil
camellia species.

In China, intense and concerted activities
to promote camellias for oil production
started in 1960s and the total cultivation once
reached over 4 million hectares (Fang, 1994).
The research was halted in around 1990 due
to lack of funding but has been resumed since
2000. Several decades’ efforts have gener-
ated many resources. For instance, more than
200 superior clones and pedigrees and more
than 100 superior clones and landraces have
been collected by the Academy of Forestry of
Hunan Province and Jianxi Province, respec-
tively; 30 cutting and three seed orchards
have been established nationwide, totaling an
acreage of 294 ha with a capacity of pro-
viding 75 million superior scions and 136
million seedlings annually (China Forestry
Bureau, 2009). Extensive trials and varietal
selections in various provinces have also
resulted in 55 elite C. oleifera varieties that
have been certified by the China Forestry
Bureau, and another 120 certified at the
provincial level (China Forestry Bureau,
2009). The characteristics and suitable plant-
ing areas of the 55 state certified C. oleifera
varieties are outlined in Table 2.

The total cultivation acreage of oil camel-
lia species in China reached 3.83 million ha
in 2013, with an oil output of �0.4 million
tons. The camellia oil production is expected
to reach 0.63 million tons in 2017. The
revenue generated by this industry has in-
creased from 11 billion Yuan (�U.S.$1.7
billion) in 2008 to 39 billion Yuan (�U.S.

$6.1 billion) in 2013 (Jiao, 2013). The culti-
vation is distributed in 12 provinces, one
autonomous region, and one direct-controlled
municipality that are located in the Yangtze
River and Pearl River basins of south central
and southern China (Fig. 3). Jiangxi, Hunan,
and Guangxi are the main growing areas,
accounting for 76.2% of the total cultivation
acreage in China. Because of the large
population in China, the current production
capacity can only provide �0.5 kg camellia
oil per capita per year. To meet the increasing
demand, the Chinese government authorities
have given high priority to developments of
woody oil-bearing plants, with oil camellias
included. A 10-year strategic plan was in-
troduced in late 2009. The goals are to
expand cultivation acreage to 6.5 million ha
and generate 2.5 million tons of camellia oil
by 2020 (China Forestry Bureau, 2009).
Currently, the average oil productivity is only
87 kg·ha–1 per year. This number is expected
to increase to 375 or 600 depending on the
types of plantations. It is noteworthy that
camellias are grown in hills and mountains in
China, which belong to forest lands (Fig. 4).
Thus, growing camellias for oil production is
not competing for arable lands. Instead, it can
help decrease soil erosion in hilly regions,
improve air quality, and generate income for
local farmers.

Utilization of By-products in China

Camellia nut shells. The current camellia
oil processing industry generates nearly 8
million tons of camellia nut shells annually.
Accounting for more than 60% weight of the
whole fruit (Qiu et al., 2009), Camellia nut
shells contain 13.87–20.95% cellulose, 34.21–

49.34% hemicellulose, 30.07–36.23% lignin,
2.00–4.75% ash, and 2.36–7.76% organic
extracts, depending on the species (Zhang
et al., 2015). Zhang et al. (2008a) identified
46 compounds in the camellia nut shells with
a Py-GC/MS method, including saponins,
polyphenols, and flavonoids. In particular,
C. oleifera nut shells contained >317 mg·g–1

polysaccharide, >35 mg·g–1 flavonoids, >292
mg·g–1 saponin, >252 mg·g–1 polyphenol,
272.99 mg·g–1 condensed tannin, and
135.36 mg·g–1 hydrolysis tannin content in
its extract (Li et al., 2013). Currently, camel-
lia nut shells are generally burned as fuels. To
better use this resource, there is an increasing
interest in extracting pigments, tannin, and
polyphenols from this material. Some studies
have demonstrated the potential of camellia
nut shells as animal feed, cultivation sub-
strate (such as for growing mushrooms), and
absorbent (activated carbon) (e.g., Sun et al.,
2010; Ying et al., 2015). Recently, Zhang
et al. (2015) have provided a thorough review
on this aspect and proposed a novel applica-
tion strategy to covert camellia nut shells into
high value biomasses. It is important to de-
velop systems with industrial scale to effi-
ciently use the resource, considering that
more and more camellia nut shells will be
generated in the near future with the rapid
development of camellia oil industry. Im-
proper disposal of the materials can impose
a serious environmental pollution problem.
Dry camellia nut shells are currently sold at
a price of 249 Yuan (�$35) per ton on the
Chinese market.

Defatted camellia seed residue. After
camellia seeds are crushed for oil extraction,
the residue is usually compressed into a cake
shape (Fig. 5) for easy transportation. In

Fig. 2. Fruits of seven oil camellia species. The numbers on the ruler represent centimeters (cm).
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2009, 0.68 million tons of defatted camellia
cakes were produced in China (China For-
estry Bureau, 2009). The current price in
China is 1800 Yuan (�$281) per ton. The
residue usually contains 14.30% water,
6.89% fat, 12.12% proteins, 20.00% fibers,
12.80% saponins, 27.60% polysaccharides,
and 6.26% ash (Zhuang, 2008). The cakes
may be ground to powders or pellets and
are commonly used to formulate pesticides,

feeds, and fertilizers. The defatted cakes can
provide effective control of many pests, in-
cluding rice blast, sheath and culm blight of
rice, wheat rust, rice hopper, cutworms,
earthworms, cotton aphids, scale insects,
longhorned beetles, golden apple snails, and
leeches (Martín et al., 2008; Potter et al.,
2010; Shanan and Ying, 1982). In aquacul-
ture, the residue can be used to eliminate
predatory fish in prawn ponds.

It is worthy to point out that the remaining
oil in camellia cakes can be extracted with
solvents: 50-kg residue can produce 2.5–3 kg
oil. The residue then can be extracted with
water or solvents for saponins, which have
strong antimicrobial activities (Robards
et al., 2009). After these two rounds of
extraction, the remaining residue still can be
used as animal feeds and fertilizers. Accord-
ing to Zhong et al. (2001) and Robards et al.
(2009), there is little nutritional loss after
ethanol extraction of saponins from camellia-
defatted cakes. Microbes, such as Aspergillus
niger, Mucor mucedo, Candida utilis, Pleu-
rotus ostreatus, and Auricularia polytricha,
can grow and ferment camellia-defatted
cakes after removal of saponins with a net
protein increase of 66.7% to 99.7% and a
balanced amino acid composition.

As a multipurpose plant, camellias are
a valuable cash crop. Compared with oil
processing, infrastructure for fully using its
by-products is currently not well developed,
although relevant studies are on the rise. It is
important to improve this area because it has
potential impacts on sustainability and eco-
nomic return for oil camellia plantations.

Cultivation of Oil Camellias in Other
Oriental Countries

In southeast Asian countries where ca-
mellia seeds are abundantly available, such
as Japan, Korea, India, Sri Lanka, Indonesia,
and Vietnam, camellia oil has been accepted
as an edible oil (Sahari et al., 2004), however,
to a much lesser extent when compared with
China. In Vietnam, the common species in-
clude C. oleifera, C. sansanqua, C. forrestii,
and C. vietnamensis, occurring from 16�50#
to 23�21# north latitude and 103�13# to
107�21# east longitude. Large-scale planting
started in 1960s. A report by Nguyen et al.
(2006) revealed about 6000 ha of plantations.
However, oil productivity is low in Vietnam,
which is under 500 kg·ha–1 per year (Hoang
et al., 2014). In contrast, oil productivity of
intensive oil camellia plantations in China is
found to have been as high as 1000 kg·ha–1

per year (Hoang et al., 2014). Hoang et al.
(2014) pointed out that, while oil camellia
plantation has an enormous potential for
poverty reduction in Vietnam, small-scaled
planted areas and instability of oil market are
two biggest issues in developing oil camellias
in this country. Management measurements,
such as replacement with a new canopy by
grafting with improved cultivars, thinning,
and fertilization, can improve seed produc-
tivity and oil ratio and quality (Hoang et al.,
2014). In Japan, C. japonica is one of the
leading sources for camellia oil production
(Jung et al., 2007).

In countries where tea production (C.
sinensis) is abundant, such as India, Iran,
and Turkey, there are extensive research
programs to assess the commercial feasibility
and characteristics of tea seed oil as a by-
product from tea plantations. According to
FAOSTAT, the world tea harvested area
totaled 3,521,221 ha in 2013 (FAO database,
accessed 6 Oct. 2016). With an average of
3.5 tons of tea seed per hectare collected
annually (Demirbas, 2009), there would be
12.3 million tons of seeds. In considering
that the oil content of C. sinensis seed is
20% (Ravichandran and Dhandapani, 1992;
Singh, 1998), these tea seeds would generate
2.46 million tons of oil.

Development of Oil Camellias As an
Edible Oil Seed Crop for the United States

Because of its evidenced effectiveness in
warding off heart attack and stroke (Estruch
et al., 2013), there is a rising demand of olive
oil in markets outside of the Mediterranean
region. Global production of olive oil has
more than doubled from about 1.5 million
metric tons in 1990 to an average of 2.92

Fig. 3. Distribution of cultivation of oil camellias in China.

Fig. 5. Defatted camellia cakes, a by-product from
camellia oil refining process. The photo was
provided by Zhe-Peng Jiang from Guangxi
Forestry Research Institute, China.

Fig. 4. Oil camellias grown on hilly lands in China.
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million tons in the last 7 years (International
Olive Council). In the United States, con-
sumption of olive oil has tripled over the past
20 years (Xiong et al., 2014). According to
the data recently released from the U.S.
Department of Agriculture (USDA)-Foreign
Agricultural Services, the 2016 U.S. distri-
bution of olive oil is 0.32 million tons (http://
www.fas.usda.gov/psdonline/psdDownload.
aspx). Although this number remains a tiny
share in U.S. consumption of all vegetable
oils, which was more than 13.7 million tons
in 2015, the U.S. production of olive oil has
remained low. Being the largest import des-
tination for olive oil (excluding intra-EU
trade) (Xiong et al., 2014), the U.S. olive
industry only supplied 5000 tons of olive oil
in 2015, about 1.5% of olive oil marketed
in the United States, although olive oil has
been produced in the United States for more
than 150 years (http://www.fas.usda.gov/
psdonline/psdDownload.aspx). Because ca-
mellia oil shares similar properties and
beneficial effects with olive oil, Ruter and
colleagues (Zhang et al., 2008b) have sug-
gested that oil camellias can be a new edible
oil seed crop for the United States and help
lessen the dependence of olive oil import.

Introduction of oil camellias into the
United States. Camellia oleifera, the domi-
nant oil species in China, was first used as
a parent of hardy ornamental camellia hy-
brids in the United States in the late 1970s
(Lee, 1998). Since then, the U.S. National
Arboretum has released a range of such
cultivars (Ackerman, 2007). The most com-
mon ones include ‘Frost Princess’, ‘Polar
Ice’, ‘Snow Flurry’, ‘Winter’s Beauty’,
‘Winter Charm’, ‘Winter Interlude’, ‘Winter
Rose’, ‘Winter Star’, and ‘Winter Waterlily’
(Ackerman, 2002; Ackerman and Egolf,
1991, 1992; Ackerman and Williams, 1981;
Dirr, 1998). These selections extended the
range of camellia into areas with colder
winters. However, these cultivars are grown
and used only as ornamental landscape
plants. Currently, there is no documentation
that oil camellias are being commercially
grown for edible purposes in the United
States.

In 1999, Ruter (2002) started a research
program to evaluate C. oleifera as a commer-
cial oil seed crop for the southeast. The
author located four seed sources in the United
States and studied nursery production of C.
oleifera under different light levels. It was
found that container-grown plants of C.
oleifera could be produced without physio-
logically damaged by high light conditions in
full sun during the summer in south Georgia,
although optimal growth occurred under 30%
light exclusion. It was also found that strat-
ification improved rate and uniformity of
seed germination, with cold stratification for
45 to 60 d being ideal for the species (Ruter,
2005). In 2001, the same author acquired
seeds from 18 elite selections of camellias
grown in China for oil production, including
C. oleifera, C. semiserrata, and C. yuhsie-
nensis. These seedlings, as well as the ones
from the original four seed sources located in

the United States, were planted at the Coastal
Plain Station in Tifton and at a farm in
Wrightsville, GA, during 2003 and 2005.
About 1200 seedlings from five different
species were planted from 2.8-L containers
using a field spacing of 1.8 m within the row
and 3.7 m between rows. Results from 4 years
of harvest in Tifton and two in Wrightsville,
which produced >3.0 kg fresh weight of fruit
per plant annually, indicated that selections
were possible (Ruter, 2011). When evaluated
and selected for traits such as oil production
and quality, disease and insect resistance,
flowering and fruiting dates, ease of harvest,
and growth characteristics, these seedlings
will provide invaluable materials for more
field trials and breeding programs. Other
propagation and management practice have
also been explored in the United States for oil
camellias. For instance, Ruter (2011) re-
ported an average of cutting rooting rate of
93% and compared effects of fertilizers and
lime.

In China, oil camellia occurs from 18� to
34� north latitude and grows on various soil
types, such as clay, loam, sand, slightly
alkaline, acidic, and well-drained soils,
where mean January temperatures do not
drop below 2 �C (Shanan and Ying, 1982).
Ruter and colleagues (Zhang et al., 2008b)
suggested that, in the United States, this
group of plants should do well on upland
sites, which support traditional tree or row
crops and could be cultivated from USDA
hardiness zones 6 to 9 (although they rarely
set fruit in the southeastern United States
above zone 8b), which covers about half of
the continental United States (Gilman and
Watson, 1993). Because only a few cultivars
of oil camellias have been studied in the
United States, it is necessary to introduce
more elite cultivars and species, especially
the ones recently certified by the China
Forestry Bureau.

There has been tremendous information
on camellia oil quality, processing, pharma-
ceutical, medical, and nutritional uses, and
use of by-products in China. In contrast, only
a few similar studies were conducted in the
United States. Potter et al. (2010) reported
that camellia seed pellets, a saponin-rich by-
product of C. oleifera oil manufacture, were
an effective botanical vermicide that could be
useful for selectively managing earthworm
casts on closely mowed turfgrass. Allen
(2015) conducted physiochemical analyses
of C. oleifera oil before and after thermal
degradation. His data indicated that camellia
oil exhibited a high degree of heat stability
relative to peanut and soybean oils. More
research is needed in the United States.

It is noteworthy that cultivation and
breeding activities of oil camellias in other
Western countries have not been reported.
However, there has been an increasing
interest in camellia oil as evidenced by
increasing studies on its nutritional com-
position, bioactivity, and extraction and
processing techniques conducted by re-
searchers in Western countries, as well as
by their collaboration with Chinese scien-

tists (De Ron et al., 2014; Feas et al., 2013;
Huang et al., 2013; Lee and Di Gioia, 2009;
Rajaei et al., 2005; Robards et al., 2009;
Zhong et al., 2007). The American Camellia
Society is currently planting a new garden
featuring those Camellia species that are
grown for oil (https://www.americancamellias.
com/massee-lane-gardens/visiting-the-gardens/
camellia-garden). Most studies conducted
outside of China focused on seeds from C.
sinensis, C. japonica, and C. sasanquas.
These species are globally cultivated mainly
for tea production or ornamental value, and
their seed oil content is relatively low, with
15% to 25% for C. sinensis (George et al.,
2013), 20.8% for C. japonica (De Ron et al.,
2014), and 30.4% for C. sasanqua (Vela
et al., 2014).

Potential of Camellia Oil As an Alternative
to Vegetable Oil for Use As Raw Oil in

Biodiesel Production

Unlike seed-oil plants that are grown on
arable land, such as rapeseed, peanut, sun-
flower, and soybean, oil camellias can be
planted on infertile mountainsides, thus po-
tentially constitutes another abundant source
of raw oil to meet biodiesel production de-
mand. Although this potential has yet to be
demonstrated, targeted research are on the
rise. Recently, a criterion that is in accor-
dance with standards of China, the United
States, and Germany has been developed for
testing camellia biodiesel (Zheng et al.,
2011). Allen (2015) reported that biodiesel
produced from C. oleifera waste oil was
comparable to soybean. When prepared
through supercritical-methanol transesterifi-
cation, oleic acid (C18:1) and palmitic acid
(16:0) were the two major components of
C. oleifera oil biodiesel, which contained
higher monounsaturated fatty acids and long
carbon-chain fatty acids ranging from C20
to C22 than those found in a commercial
biodiesel produced from waste cooking oil
and with ASTM No. 2D diesel fuel (Lin and
Fan, 2011). The camellia diesel also had
more favorable fuel properties than the com-
mercial biodiesel produced from waste cook-
ing oil, including a higher heat of combustion
and flash point, much lower peroxide and
acid values, lower levels of kinematic vis-
cosity, water content, carbon residue, and
poly-unsaturated fatty acids, with more than
three double bonds (Lin and Fan, 2011).
Demirbas (2009) reported that biodiesel from
C. sinensis itself is not significantly different
from biodiesel produced from vegetable oils
and is one of the cheapest vegetable oil
feedstocks with an average price of U.S.
$514 per ton (Demirbas, 2010a, 2010b). A
study on performance and emissions of
a diesel engine fueled with C. sinensis oil
biodiesel–diesel fuel blends showed that up
to 20% volumetric content of tea seed bio-
diesel could be effectively used in fuel
mixture (Serin andAkar, 2014). Some studies
focused on use of defatted camellia cakes for
biofuel production. As a by-product from
camellia oil refining process, the defatted
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cakes contain significant concentrations of
residual lipids and organic matters (Zhuang,
2008). A study by Chen et al. (2015) showed
that liquefaction in ethanol at 300 �C was
a promising process for producing bio-oil
from defatted camellia cakes.

Challenges Faced in the Oil Camellias
Industry

Despite significant progress since 1960s,
further development and growth of the oil
camellias industry in China is facing several
challenges. According to the reports from the
China Forestry Bureau (2009), it costs about
$3200 per hectare in China to establish a new
planation. This investment is relatively high
for local farmers, considering that there is no
harvest for the first 3 years. About 70% of
current plantations have low productivity,
due to factors such as old age, improper
management, and use of nonimproved varie-
ties. Depending on the types of renovation
measurements, including stem/branch thin-
ning, fertilizing, and changing canopy by
grafting, the cost can range from $430 to
$4290 per hectare (China Forestry Bureau,
2009). Also, the fact that oil camellias have
been commonly grown by individual local
farmers on scattered hilly lands in the past
decades makes mechanization difficult and
costly. Currently, planting, fruit/nut picking,
and shell peeling are mostly done manually.
Since China is now experiencing the largest
mass migration of people from the country-
side to the city in history—16.5% of all
citizens according to the 2010 census and
more than 100 million more farmers would
move to urban areas over the next decade,
according to the China Labor Bulletin at
china-labor.org, farm labor shortage is
making the low level of mechanization in
the oil camellias industry a bigger issue
than ever. To make camellia oil as compet-
itive as the better known soybean and
peanut oil in the market, these major chal-
lenges need to be addressed. In addition,
more research is required to improve effi-
ciency associated with crushing of the seeds
and oil extraction.

The key to success in growing oil camel-
lias in different regions of the world is to
identify promising clones with high yield and
oil quality for targeted habitats (Zhang et al.,
2008b). This process will require a good deal
of selections and trials. A good place to start
is with those varieties has selected for similar
climates in China and other Asian countries.
Since labor cost is much higher in the
Western countries, such as the United States,
than in China, a centralized operating system
with high level and efficiency of mechaniza-
tion may be essential for the industry to be
profitable in these countries.

Conclusions

With growing recognition of its nutri-
tional value, there is an increasing demand
for camellia oil. China is currently the major
producer and user, producing �0.4 million

tons of camellia oil in 2013. This number is
expected to reach 0.63 million tons in 2017
and 2.5 million tons by 2020. Because of its
large population, almost all camellia oil pro-
duced in China will continue to be consumed
domestically in the near future. Besides oil,
camellia seeds are rich in polysaccharides,
pigments, tannin, and polyphenols. Both
camellia nut shells and defatted seed residue
can be used in many applications. Thus, oil
camellias have high economic values. In-
troduction of camellia oil into the Western
nations was delayed until the recognition of
its many health benefits. Interest has emerged
in commercial production of camellia oil
in countries such as the United States and
Australia in recent years. However, popular-
ity for the oil has yet to grow.

Camellia oleifera is currently the domi-
nant species cultivated for oil production.
Several decades’ selections and trials have
resulted in 55 elite C. oleifera cultivars that
have been certified by the China Forestry
Bureau and another 120 certified at the pro-
vincial level. These cultivars are a valuable
resource for cultivation. Compared with C.
sinensis and C. japonica, which are widely
cultivated for tea production and ornamental
value, respectively, oil camellias remain to be
introduced to Western countries. Finding
cultivars with high yield and oil quality that
grow reliably in different regions of the world
will require a good deal of selections and
trials. A good place to start is with those
varieties has selected for similar climates in
China and other Asian countries. Not com-
peting for arable land, oil camellias can be
planted on infertile mountainsides, thus have
the potential to take full usage of themarginal
lands in the world.
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