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Abstract

Physicochemical properties, fatty acid composition, antioxidant compounds and oxidative
stability of oil-tea seed oil (Camellia oleifera Abel.) and green-tea seed oil (Camellia sinensis
O. Ktze.) were investigated. The refractive index, saponification value, iodine value, acid
value, peroxide value, unsaponifiables were determined to assess the quality of the oils. The
major fatty acids of green-tea seed oil and oil-tea seed oil were oleic acid, linoleic acid and
palmitic acid. Green-tea seed oil was typical oleic-linoleic-oil with 52.13% oleic acid and
24.32% linoleic acid level, whereas oil-tea seed oil was typical oleic-oil with very high oleic
acid level (73.67%). The amount of total phenols, a-tocopherol and B-carotene of green-tea
seed oil were 8.68 mg/kg, 160.33 mg/kg, 3.20 mg/kg, respectively, whereas they were 17.90
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mg/kg, 85.66 mg/kg, 1.18 mg/kg in oil-tea seed oil, respectively. Green-tea seed oil contained
high amounts of a-tocopherol which was nearly twice that of oil-tea seed oil. The initial
induction period (IP) values of green-tea seed oil and oil-tea seed oil were 6.55h and 6.08h at
110 °C by OSI method, respectively, which shows the oxidative stability of two kinds of tea
seed oils were preferable. Therefore, oil-tea seed oil could be a good dietary supplement with
high level of monounsaturated fatty acids and similar fatty acid composition of olive oil.
Green-tea seed oil was a new oil resource which is rich in a-tocopherol in China.

Keywords: Oil-tea seed oil, Green-tea seed oil, Fatty acid composition, Antioxidant
compounds, Oxidative stability

1. Introduction

Oil-tea seed oil and green-tea oil are extracted from the seeds of Theaceae family plants
which can produce large quantity of oily seeds (Ravichandran & Dhandapani, 1992). Oil-tea
seeds have been utilized in China for more than 1000 years (Ruter, 2002). Oil-tea trees
produce seeds which contain high percentage of oil, but cannot produce tea. Oil-tea seed oil
is a special woody lipid and widely used as edible oil in some areas for centuries in China and
is one of the main cooking oils in southern central provinces of China, especially Hunan.
China is the largest producer of oil-tea seed in the world (Mondal et al., 2004). Today, some
Asian countries, such as Korea, Iran, India, Vietnam, Japan efc., also use tea seed oil as
important cooking oil. But the area and population of using oil-tea seed oil as edible oil is
quite small compared to other vegetable oils in the world. Oil-tea seed oil has high industrial
value. Besides edible oil product, it is used to produce soap, margarine, hair oil and other
cosmetics (Ruter, 2002)

China has thousands of years’ history of planting green-tea trees (Camellia sinensis O. Ktze)
which are cultivated mainly for tea production and green-tea seed oil is the by-product.
Annual yield of green-tea seed is about 450 million kg in China (Fan, 1993). Oil content of a
whole green-tea seed is in range of 20%-25%. But most tea farmers just focus on the tea
production and ignore its seed oil production. Sometimes green-tea seeds are mixed with
oil-tea seeds, but most of the tea seeds have been collected and are rotted on tea garden.
Green-tea seed oil is healthy for human as edible oil (Chen et al., 2003). Considering the
large yield annually in China, green-tea seeds are worth to collect to produce oil.

Nevertheless, there is little knowledge of their antioxidant compounds and oxidative stability.
As far as we know, there is no research to analyze and compare antioxidant compounds and
oxidative stability of these two kinds of oils. These parameters are important to evaluate the
quality and utility of the oils.

2. Materials and Methods

2.1 Materials and Chemicals

The sample of oil-tea seeds and green-tea seeds were obtained from a country farm (Yueyang,
Hunan, China). The tea seeds were sealed in plastic bags, and stored at 4 °C until used.
Reagents used for HPLC was purchased from Merck (Darmstadt, Germany). Other reagents
used in this study were of analytical grade and purchased from the China National Medicines

Co. Ltd. (Shanghai, China). Fatty acid standards were purchased from Nu-Chekprep (USA).
Standards used for vitamin E, B-carotene and 2 N Folin-Ciocalteau Reagent were purchased
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from Sigma Chemical Co. (St. Louis, MO, USA). All treatments and analyses were
performed in at least duplicate.

2.2 Preparation of Tea Seed Oils

Tea seeds were finely ground. The oil were extracted by Soxhlet method with petroleum
ether (bp range 30-60 °C) for 6 h (Sahari et al., 2004). The ratio of tea seed powder to solvent
used was 1:8. The oils were then recovered by evaporating off the solvent using a rotary
evaporator and residual solvent was removed by flushing with 99.9% nitrogen. All oil
samples were stored in dark brown glass bottles at 4 °C until analyzed.

2.3 Determination of Physico-chemical Properties of Tea Seed Oils

Official methods (AOAC, 1997) were used for the determination of the reflective index
(method Cc 7-25), acid value (method Cd 3d-63), peroxide value (method Cd 8b-90), iodine
value (method Cd 1-25), saponification value (method Cd 3-25) and unsaponifiables (method
Ca 6a-40) of oils.

2.4 Determination of Fatty Acid Composition

For the preparation of fatty acid methyl esters (FAME), the AOAC method was modified
according to Lee et al. (1998). 100Mg oil sample was accurately weighed into a
stoppered-glass centrifuge vial. 5.0 M1 of hexane was added into the vial, followed by 0.1 ml
of 2 N methanolic KOH. The vial was shaken well for 30 s and then centrifuged, the upper
layer was removed as FAME sample and stored at -20 °C until used.

Fatty acid profile was analyzed by a gas chromatograph (GC 7890F, TECHCOMP Co.,
Shanghai, China) equipped with a flame ionisation detector (FID) (Wang et al., 2006).
FAMEs were performed with GC on a Agilent DB-23 capillary column (60 mx0.25 mm
IDx%0.25 pm film). The column temperature was programmed at 160 °C for 5 min, then
increased to 230 °C at 2 °C/min with a final isothermal period of 10 min. Nitrogen was used
as carrier gas with constant flow at 1 ml/min. The injector temperature was set at 250 °C,
with a split ratio of 1:30. Flame ionization detector temperature was 280 °C.

2.5 Determination of Phenols

Total water-soluble phenols of two kinds of tea seed oils were extracted according to a
previous method (Zhong et al., 2007). Total phenol samples were analyzed by
Folin-Ciocalteau Method (Singleton et al., 1999). 1 Ml sample was added to a volumetric
flask (10 ml) and then added 0.5ml Folin-Ciocalteu reagent. The solution was shaken and left
to stand for 5 min prior to addition of 2 ml saturated (ca.15%) sodium carbonate solution and
diluted to volume with water. After 1 h, absorbance at 760 nm against a reagent blank was
measured using a UV-2102 spectrophotometer (Unico, Shanghai, China). Calibration was
performed using gallic acid and a calibration curve was obtained (y =0.0155x + 0.0013; R* =
0.991).

2.6 Determination of a-tocopherol and p-carotene

The sample of tea seed oil was prepared according to procedure reported by Gimeno et al.
(2000). oa-Tocopherol and p-carotene were determined by high-performance liquid
chromatography (1100 series, Agilent Technologies, USA )with a UV detector. The chromato-
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graphic system consisted of a Zorbax Eclipse XDB-C18 column. a-Tocopherol was
performed with a mobile phase of MeOH-H,O (98:2). B-Carotene was performed with a
mobile phase of AcCN-CH,Cl,-MeOH (7:2:1) (Kim et al., 1990).

2.7 Determination of Oxidative Stability

The oxidative stability of each sample was determined as the induction period (IP, hours)
recorded by a Oxidative Stability Instrument OSI-24 (Omnion, USA), using 5 g of oil sample
heated at 110 °C with an air flow of 20 L/h.

3. Results and Discussion

3.1 Crude Oil Yields of Green-tea Seed and Oil-Tea Seed

The oil yield of oil-tea seed kernel was 41.43% (Table 1), which agrees with the report data

(40-50%) by Runter (2002). The difference of oil yields were due to the origin of seeds,
growth condition and extraction method.

The oil yield of green-tea seed kernel was 31.09% (Table 1), which suggested that the total
yield of green-tea seed oil in China could reach 15 million tons annually from 80 million tons
green-tea seed. It is a considerable new vegetable oil resource in China.

Table 1. The physicochemical properties of green-tea seed oil and oil-tea seed oil®

Parameter Green-tea seed oil oil-tea seed oil
Yield (%, w/w) 31.09+0.25 41.43+0.63
Physical state at room temperature Liquid Liquid
Refractive index (20°C) 1.4648 £+ 0.0004 1.4676 £+ 0.0005
Acid value (mg KOH/g) 1.99 + 0.01 1.29+0.12
Peroxide value (meq/kg) 0.84 £0.02 1.91 £0.05
Saponification value (mg KOH/g) 189.75 £ 0.57 180.47 £ 0.56
Iodine value (g 1,/100g) 88.54 + 0.37 81.54 +0.38
Unsaponifiables (%) 0.80 £ 0.01 0.65 £ 0.01

a: Results are given as mean + SD, n=3.

3.2 Physicochemical Properties of Green-tea Seed Oil and Qil-tea Seed Oil

Table 1 shows that green-tea seed oil and oil-tea seed oil were liquid at room temperature.
The refractive index of green-tea seed oil and oil-tea seed oil were 1.4648 and 1.4676,
respectively. The iodine values of green-tea seed oil is 88.54 gl,/100g and oil-tea seed oil is
81.54 gl,/100g, which indicate the level of unsaturation in oils, were similar to iodine value
of olive oil (80.28 gl,/100g) reported by Aksoy et al. (1988). The saponification values of
two kinds of tea seed oils were in range of common vegetable oils such as peanut oil
(187-196 mg KOH/g), rapeseed oil (168-181 mg KOH/g), soybean oil (188-195 mg KOH/g)
(Zhang, 1999). The saponification value of green-tea seed oil in this study shows that it has
high potential for use in the production of liquid soap and shampoos. This result is in
agreement with that described in pumpkin seed oil (185.3 mg KOH/g) (Nyam et al., 2009)
and olive oil (181.40-190.45 mg KOH/g) (Méndez & Falqué, 2007). Peroxide value and acid
value have been frequently used as two of the most important parameters to monitor the
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quality of edible oils. These values will provide the much needed information for further
refining process of crude seed oils. The low acid value and peroxide value suggest that two
kinds of oils are fresh and have high quality (Ojeh, 1981). Unsaponifiables, which contains
bioactive compounds like phytosterols and the fat soluble vitamins, have usually quite low
percentage in vegetable oils. Unsaponifiable content of green-tea seed oil was higher than
that of oil-tea seed oil. This result is in agreement with content of oa-tocopherol and
B-carotene in the two kinds of oils.

3.3 Fatty Acid Composition of Two Kinds of Tea Seed Oils

Fatty acid (FA) compositions are useful for evaluating product quality and authenticity. FA
composition may be influenced not only by species or strain, but also by geography, climate,
degree of ripeness, harvesting and processing conditions (Lee et al., 1998). The FA
compositions of green-tea seed oil and oil-tea seed oil are presented in Table 2. The result
shows that green-tea seed oil investigated in this research contained thirteen fatty acids while
oil-tea seed oil contained nine fatty acids. Both two oils had high amounts of total unsaturated
fatty acids, 78.67% and 87.17%, respectively (consisted mainly of oleic and linoleic acids,
Table 2).

Table 2. The fatty acid composition of two kinds of tea seed oils®

Relative content (%) and ratio

Fatty acids Green-tea seed oil Oil-tea seed oil
C14:0 0.09 +£0.01 0.04 +0.01
C16:0 17.36 £0.32 10.63 £0.26
C16:1-9¢ 0.11 +£0.03 0.14 +0.03
C18:0 3.25+0.29 1.83 £0.15
C18:1-9¢ 52.13+1.35 73.67 £1.54
Cl18:1-11c¢ 1.18 £0.18 1.54+0.13
C18:2-9¢,12¢ 24.32+0.47 11.09 + 0.67
C18:3-6¢,9¢,12¢ 0.02 +0.00 -
C18:3-9¢,12¢,15¢ 0.21+0.04 0.30 £ 0.06
C20:0 0.09 +£0.01 -
C20:1-11cis 0.70+0.16 0.43+0.07
C22:0 0.01 +0.00 -

C24:0 0.07 +£0.02 -

SFA 20.86 + 0.62 12.50 £0.47
UFA 78.67 £1.87 87.17+£2.10
MUFA 54.12 +1.38 75.78 £1.76
PUFA 24.55 +0.50 11.39+0.70
SFA/UFA 0.26 0.14
MUFA/PUFA 2.20 6.65

SFA: total saturated fatty acids; UFA: total unsaturated fatty acids;

MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids

a: Results are given as mean = SD, n=3.
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The dominant fatty acid in green-tea seed oil was oleic acid (52.13%), followed by linoleic
acid (24.32%), palmitic acid (17.36%) and stearic acid (3.25%). This result of green-tea seed
oil is in agreement with those oils reported by Sahari et al. (2004). The high content (78.67%)
of unsaturated fatty acids (UFA) and abundance of oleic and linoleic acids in green-tea seed
oil make it possible to be used as edible cooking oil and salad oil. The high percentage of
oleic acid in the oil makes it desirable in terms of nutrition and high stability of cooking and
frying oil. In addition, linoleic acid level of green-tea seed oil was almost twice than that of
oil-tea seed oil. This result explains green-tea seed oil had higher iodine value than oil-tea
seed oil although it contains obvious higher total UFA (see Table 1). Linoleic acid is an
essential fatty acid and plays an important role in the germination process of the seeds, and is
indispensable for the healthy growth of human skin (Nehdi, 2011). It can be transformed by
the organism into series of long fatty acids chains, which are the precursors of eicosanoids
(Nasri et al., 2005). The total saturated fatty acids (SFA) of green-tea seed oil is 20.86%,
which makes it a strong resistant to oxidative rancidity (Jayadas and Nair, 2006).

Oleic acid was the dominant fatty acid (73.67%) in oil-tea seed oil, followed by linoleic acid
(11.09%), palmitic acid (10.63%) and stearic acid (1.83%). A striking feature of the oil-tea
seed oil was the relatively high level (75.78%) of monounsaturated fatty acids (MUFA).
Oil-tea seed oil can be regarded as high oleic oil because oleic acid was most abundant and
its FA composition shows a extremely similar to olive oil (Lee et al., 1998), which has the
highest oleic acid content in common vegetable oils. But oil-tea seed oil has lower level of
saturated fatty acids than olive oil. Many studies show that olive oil improves coronary health
because it is rich in oleic acid (Lopez- Miranda et al., 2010; Bermudez, 2011). Oleic acid can
be changed by organism into a set of compounds close to prostaglandins which have
important roles at the vessel level and for blood coagulation, so it has fundamental role in
cardiovascular diseases prevention (Nehdi et al., 2010). But olive oil is only produced in
Mediterranean Sea areas, such as Italy, Spain and is too expensive for general use and world
supplies of olive oil were insufficient to meet the demand for healthy oil, thus the oil-tea seed
oil may meet the need of high oleic acid inadequate and be a good substitute for olive oil.

The relative ratios of SFA to UFA of green-tea seed oil and oil-tea seed oil were 0.27 and
0.14, respectively. It is a useful index for distinguishing green-tea seed oil from oil-tea seed
oil (Lee et al., 1998). MUFA/PUFA (the ratio of monounsaturated fatty acids to
polyunsaturated fatty acids) was an important index in edible oil. That of green-tea seed oil
and oil-tea seed oil was 2.20 and 6.65, respectively. Some researchers reported that the ratio
of diet related to lipid metabolism and liver lipid concentration in vivo (Chang & Huang,
1998, 1999).

3.4 Antioxidant Compounds: Phenols, a-tocopherol and p-carotene of Two Kinds of Tea Seed
Oils

The levels of antioxidant compounds in vegetable oil products are important for product
stability. The content of antioxidant compounds (total phenols, a-tocopherol and B-carotene)
of the two kinds of tea seed oils were shown in Table 3.
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Table 3. Content of antioxidant compounds in two kinds of tea seed oils (mg/kg)*

Compound Green-tea seed oil Oil-tea seed oil
total phenols 8.68 £0.35 17.90 £0.42
a-tocopherol 160.33 £4.03 85.66 +£2.92
B-carotene 3.20+0.11 1.18 £0.05

a: Results are given as mean + standard deviation, n=5.

Phenols have been shown to play important roles as antioxidants and influence the flavor of
oils. There are few papers about the total water-soluble phenol contents in these two oils.
Total phenol content of oil-tea seed oil (17.90 mg/kg) was higher than the result reported by
Zhong et al. (2007), which reported the phenol content of oil-tea seed oil was 4.1mg/kg for
refined and 11.9 mg/kg for cold-pressed. As compared to in the results of selected oil (Zhong
et al., 2007), total phenol content of green tea seed oil (8.68 mg/kg) was higher than refined
soybean oil (4.2 mg/kg) but lower than cold-pressed Avocado oil (11.6 mg/kg) and
cold-pressed pumpkin seed oil (15.9 mg/kg). Phenol profiles of the two kinds of tea seed oils
should be analyzed deeply.

Tocopherol content in seed oils is extremely important as they are natural lipophilic
antioxidants found in vegetable oils (Mohamed et al., 2007). Vitamin E deficiency causes
defects in the developing nervous system of children and hemolysis in man (Ramadan et al.,
2006). Moreover, tocopherols in vegetable oils are believed to protect polyunsaturated fatty
acids (PUFA) from peroxidation. a-Tocopherol has the most efficient antioxidant activity
among vitamin E homologue in vivo (Kamal-Eldin & Appelqvist, 1996). In some oils,
a-tocopherol is abundant and predominant of tocopherols. Oil-tea seed oil investigated in this
study contained 85.66 mg/kg of a-tocopherol (Table 3). This result shows that a-tocopherol
content of oil-tea seed oil was very close to that of olive oil (85.66 mg/kg and 85.3 mg/kg)
reported before (Gimeno et al., 2000) (Cerchiara et al., 2010). a-Tocopherol content of
green-tea seed oil investigated in this study was 160.33 mg/kg (Table 3), which indicated
green tea seed oil was a more reasonable resource of a-tocopherol than oil-tea seed oil. The
level of a-tocopherol in green tea seed oil was even higher than that of pumpkin seed oil
(151.9 mg/100 g) (Nyam et al., 2009). The result provides useful information for the
industrial application of the two tea seed oils. Levels of a-tocopherol detected in two tea seed
oils may contribute to protect the oil against oxidation.

B-carotene is the most important precursor for vitamin A (De Leenheer et al., 1988). Both
B-carotene and a-tocopherol are involved in the oxidative stability of the oil and have a
protective role against cancer and cardiovascular diseases (Gimeno et al., 2000). B-carotene is
believed to prevention of cancer caused by free radicals (Nonomura, 1987). The
concentration of B-carotene in vegetable oils is at a relatively low level compared to
a-tocopherol. In this investigation, it was found that green tea seed oil contained 3.20 mg/kg
of B-carotene, which was much higher than oil-tea seed oil (1.18 kg/mg). B-Carotene content
of green tea seed oil was also higher than olive oil (1.58-2.84 mg/kg) reported by Gimeno et
al.(2002). This result implies that green tea seed oil may be more stable in storage than oil-tea
seed oil as the former is richer in -carotene.
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3.5 Influence of Storage Time on Oxidative Stability

To get a complete picture of oxidative stability, the induction period (IP, hours) of oils, with
different storage time (initial, 1, 2, 3, 4 weeks after extracted) was measured by OSI
apparatus (Table 4). The results show that IP values decreased in accord with the increase of
storage time.

Table 4. Influence of storage times on IP *

. IP (h)
Storage time(week) Green-tea seed oil Oil-tea seed oil
Initial 6.55+0.05 6.08 £0.08
1 6.42 +0.03 5.40+0.05
2 4.85+0.05 5.28+0.03
3 4.67+0.03 4.82+0.03
4 438+0.03 4.63 +£0.06

a: All samples were stored at 4°C in dark glasses; results are given as mean + standard
deviation, n=3.

The initial IP values of green-tea seed oil and oil-tea seed oil are 6.55h and 6.08 h at 110 °C,
respectively. The results indicated the green-tea seed oil has higher oxidative stability than
oil-tea seed oil initially. The unsaturation degree of oil has impact on its oxidative stability.
Oxidative stability decreases when PUFA percentages are high and increases when
percentages of SFA and MUFA are high (Liu & White, 1992). The autoxidation speed of
linoleic acid is 8 times as that of oleic acid reported by Cao and Weng (1995). As shown in
Table 2, green-tea seed oil had higher linoleic acid content than oil-tea seed oil, however its
IP value was still higher than oil-tea seed oil. It is well known that the oxidative stability was
affected by some minor compounds such as phenols and tocopherols (Velasco & Dobarganes,
2002). This result might be due to the level of antioxidant compounds in green-tea seed oil,
such as a-tocopherol nearly twice as that of oil-tea seed oil (Table 3).

After stored for 1 week, IP value of oil-tea seed oil was decreased from 6.08h to 5.40h, while
IP of green-tea seed oil value just decreased from 6.55h to 6.40h (Table 4). Green tea seed oil
was relatively stable during 1 week storage. During first week storage, the antioxidant
compound, a-tocopherol may still play an important role to oil oxidative stability (Velasco &
Dobarganes, 2002). But after 2 weeks storage, IP value of oil-tea seed oil was 5.28h while
green-tea seed oil was just 4.85h (Table 4). When oils stored for 3 and 4 weeks, IP values of
oil-tea seed oil were a little higher than green tea seed oil. The results suggest that stored
more than 2 weeks, oil-tea seed oil were more stable than green-tea seed oil. This trend is
explained by the loss of natural antioxidant (tocopherols). Then, oil-tea seed oil with high
content of MUFA would be more stable than green tea seed oil with high content of PUFA.
Phenol content was not found related to oxidative stability of the oils, the previous research
results in our laboratory demonstrated that tyrosol does not show any antioxidant activity
during autoxidation of oils (Weng et al., 2017). According to the report by Li (2007),
antioxidant activity of phenols is relative to its structure. These results may be ascribed to
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antioxidant activity not only depend on total phenolic content but also type of the phenolic
compounds present (Tovar et al., 2001).

4. Conclusion

The study demonstrated that the fatty acid composition of oil-tea seed oil is similar to olive
oil. The oil contains extremely high oleic acid content with its low SFA level. It suggests that
it is nutritional and may be marketed as a dietary supplement with MUFA. The oil has good
oxidant stability for long storage. Green-tea seeds give a considerable yield of oil and the oil
seems to be a good source of lipid-soluble bioactive compounds. The unique fatty acid profile,
high oleic and linoleic acid content makes the oil nutritionally valuable. High content of
a-tocopherol and B-carotene makes green tea seed oil has high protection against oxidative
stress, relatively long shelf life. The potential for production of oil as a by-product of green
tea seed appears to be excellent. The desirable physicochemical characteristics indicate
potential uses of both oils in food, pharmaceutics, cosmetics, and other nonfood industries.
Oil-tea seed oil is common and good edible oil instead olive oil in China. Considering the
large yield of green-tea seed annually, the production of oil from green-tea seed provides the
use of renewable resource, and at the same time adding value to this agricultural product.

Nowadays, oil-tea seed oil becomes more and more popular in China, because it is regarded
to be good for blood vessels. However, green-tea seed oil is also health oil for human. Some
researchers have reported that green-tea seed oil and oil-tea seed oil can prevent
cardiovascular disease, lower the blood pressure, reduce body weight but also have the
special function of cancer prevention (Zhang & Zhou, 1995; Lee & Yen, 2006; Miura et al.,
2007; Zhang, 2007; Kim et al., 2008). Green-tea seed oil will become important oil if it is
fully investigated and developed.
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