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ABSTRACT  
 
The beverage tea plant is mainly cultivated for its prolific vegetative growth. Tea 
plant produced large amounts of oil (30-32%) moreover; its seeds act as 
functional product with various applications. This oil is one of the important 
vegetable oils because of the high unsaturated fatty acids, especially essential 
linoleic acid and low content of saturated fat. The oil of tea seed also lower blood 
pressure and cholesterol level, and has functional effects against several 
degenerative pathologies, including cardiovascular diseases and cancers. Tea seed 
oil is a high quality cooking oil, like olive oil; it has an excellent storage quality due 
to a high content of polyphenols as antioxidant agents. Tea seed oil also is a good 
raw material for producing cocoa butter equivalent and margarine. Several studies 
have been developed on tea seed oil extraction, compositions, technical properties, 
and its application in food products which will be reviewed in this article. 
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INTRODUCTION 
 
In some countries where Camellia tea seed oil is abundantly 
available, it has been accepted as edible oil (Fazel et al., 
2008; Sahari et al., 2004). Tea seed oil also has acceptable 
organoleptic characteristics, which make it useful as a salad 
oil without any undesirable taste and flavor (Fazel et al., 
2009). Tea seed oil is a natural, non-chemical-fertilizer, 
non-pesticide, and healthy edible oil and called "the eastern 
olive oil". Besides its similarly with the composition of 
aliphatic acid and structure of triolein, it has some special 
bioactive compounds, which do not exist in olive oil, such as 
tea poly-phenol, tea glycoside, and tea saponin (Shan and 
Ting-Yu, 2005). 

Fatty acid (FA) composition of oil is very important from 
both nutritional and medical viewpoints. The major FA of 
this oil were oleic (C18:1), linoleic (C18:2), palmitic 
(C16:0), and stearic (C18:0) acids (He et al., 2011). The 
linoleic acid is an essential component of human diet 
(Chunhua et al., 1986). Tea seed oil was also traditionally 

applied as a medicine for stomach ache and burning 
injuries in China. Lee et al. (2007) indicated that saponin in 
tea seed could lower the serum levels of cholesterol, 
triglycerides, and low density-lipoprotein in rats (Lee and 
Yen, 2006; Lee et al., 2007). Tea seed oil is reputed to lower 
blood pressure and cholesterol level, to have a high content 
of antioxidants (polyphenols, carotenoids and vitamin E), 
and to be a rich source of emollients for skin care, and to 
minimize signs of aging (Fazel et al., 2008; Fattahi-far et al., 
2006). The formation of intercellular reactive oxygen 
species (ROS), inhibit low density lipoprotein (LDL) 
oxidation, and protect lymphocytes against H2O2-induced 
genetic injury could be reduced by the methanol extracts of 
tea seed oil (METSO) (Lee et al., 2007). 

Tea oil is a good raw material for industrial use and is 
used in manufacturing of soap, margarine, hair oil, 
lubricants, and paint, and also in the synthesis of other 
high-molecular weight compounds and rustproof oil (Rajaei  
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et al., 2005). Some farmers in China and Japan plant 
Camellia japonica, Camellia sasanqua, and Camellia oleifera 
primarily for their edible oils (Sahari et al., 2004). Like 
other genera of Camellia (from Theaceae family), the tea 
plant (C. sinensis) produces large oily seeds (Fazel et al., 
2008;  Sahari et al.,  2004).  The  kernels,    which   make   up  
about 70% of the tea seed weight, are rich in oil (Chunhua 
et al., 1986). Tea seed oil is a high quality cooking oil, like 
olive oil, and can be stored well at room temperature (Fazel 
et al., 2009; Rajaei et al., 2005; Rajaei et al., 2008; 
Zarringhalami et al., 2010). Also, it has been reported that 
the oil in tea seed amounted to 30–32% (the value was 20% 
when the kernel and seed ratio is considered), remained 
liquid yellow oil even at refrigeration temperature, and has 
a high organoleptic acceptability (Fazel et al., 2008; Sahari 
et al., 2004).  
 
 
Extraction of tea seed oil 
 
To obtain the tea seed oil, tea seeds were roasted at 120°C 
for 20 min and then pressed by twin screw extruder (Lee 
and Yen, 2006; Lee et al., 2007).  

In research, technical conditions of mix-solvents 
extracting of C. oleifera Abel seed oil were investigated by 
single factor and orthogonal experiments. The optimal 
extraction technology conditions for tea seed oil were as 
follows: the extracting time 16 min, the ratio of water to 
material 0.9:1, the ratio of methyl alcohol to material 5:1, 
the ratio of ligarine to material 5:1, and the extraction 
temperature 40°C (Yang-Lin et al., 2007; Aijun et al., 2009). 
Tea seed oil was extracted by the solvent method 
(petroleum ether: b.p. range of 40-60°C and n-hexane; 
petroleum benzene: b.p. range of 50-70°C) after drying (in 
an oven at 103°C) and grounding (milled through, mesh 40) 
by stirring the mixture for 4 h with a magnetic stirrer and 
then oil was clarified by pasing (centrifugation at 2500 g 
and were then filtered) through fine cheesecloth (Fattahi-
far et al., 2006; Fazel et al., 2008; Zarringhalami et al., 
2010).  

In the study of ultrasound-assisted solvent extraction 
(UE), under the conditions of temperature 40°C, ratio of 
liquid volume to solid mass of 6∶1,extraction time 30 min, 
and ultrasound power 300 W, the C. oleifera Abel seed oil 
yield reached 45.23%. Obviously the advantages of 
ultrasound-aided extraction in reducing extraction 
temperature, decreasing solvent quantity, saving time, and 
improving oil yield were verified (Aijun et al., 2009). In the 
extraction of C. sinensis seed, oil yield for ultrasound-
assisted solvent extraction (UE) was 21.0% (Rajaei et al., 
2008). 

Deutsche Gesellschaft für Fettwissenschaft (DGF) 
standard method B-I: during the milling process, 20 ml of 
light petroleum benzene (50–70°C) was used, and a further 
50 ml was used to transfer  the  ground  sample  into  a 
filter  cup.  The  extraction  was  then  carried  out  for  4 h in  

 
 
 
Twisselmann extraction apparatus. After extraction, the 
solvent was evaporated and the extract was dried at 103°C 
to remove residual solvent, cooled for 30 min in a 
desiccator, and then weighed. This procedure was repeated 
until a constant extract weight was obtained (Rajaei et al., 
2005). 

Tea seed oil extracted with the supercritical CO2, 
microwave, and ultrasonic methods had similar chemical 
composition except for squeezing. However, in the 
constituents extracted by squeezing, vitamin E and 
squalene were not found (Hong-yan et al., 2005). The 
amount of FFA extract was affected by pressure and this 
effect was more significant than that of temperature, but 
the water and volatile material extracting amount was 
more affected by temperature (Haiyan et al., 2001). 
Addition of 15% modifier (ethanol) increased the 
extraction yield from Supercritical fluid extraction (SFE) to 
the same level as Soxhlet; higher than the sonication and 
DGF standard methods, although the oil darkened. This 
influence of the modifier on the oil can be explained by the 
fact that the modifier increases extraction of some polar 
compounds (such as polyphenols). The temperature did not 
significantly influence the yield of oil, although higher 
temperatures appear to be unfavorable to the extraction of 
UFAs (Figure 1) (Rajaei et al., 2005).  

Supercritical fluid extraction was carried out in the 
Suprex MPS/225 system (Pittsburgh, PA, USA). Exactly 2.0 g 
of powdered seed (mesh 40) was mixed with an 
appropriate quantity of glass beads and placed in the 
extraction vessel (10 ml). The samples were covered with 
filter paper at the top and bottom of the extractor. A 
Durflow manual variable restrictor (Suprex) was used in 
the SFE system to collect the extracted oils. The extracted 
oils were collected in 3-4 ml of hexane. The restrictor was 
heated at 40°C to prevent freezing. The supercritical carbon 
dioxide flow rate through the Durflow restrictor was 
approximately 1.0 ± 0.1 ml.min-1 (compressed) (Rajaei et 
al., 2005; Rajaei et al., 2008). Supercritical CO2 (SC-CO2) is a 
good solvent for extraction of non-polar and moderately 
polar compounds. It is therefore an excellent choice for 
extracting fats and oil without co-extracting other 
interfering polar and non-fat components. In this way, it is 
possible to extract triglycerides without co-extraction of 
phospholipids that are generally present in oil-seeds 
(Rajaei et al., 2008). The phospholipids solubility in SC-CO2 
had the same regulation as oil-tea camellia seed oil (OCSO) 
solubility; but the former had the solubility value much 
lower than the latter (Haiyan et al., 2001). However, to 
extract polar compounds such as phospholipids, some types 
of modifier or co-solvent must be added to the SF CO2. 
Although there are many potential modifiers, the most 
commonly used modifier is ethanol. Modified SF CO2 can 
extract polar antioxidative compounds from tea seed. 
Considering oil extraction yield and antioxidant activity, SE 
and SFE were the preferred methods (Rajaei et al., 2008). 
The  color  of  supercritical  CO2  extracted  OCSO  was  quite  
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Figure. 1 a–d. Effects of dynamic extraction time (a), percentage of modifier (ethanol) (b), pressure (c) and 
temperature (d) on the yield (%) when extracting the oil using the SFE method (Rajaei et al., 2005). 

 
 

Table 1. C. sinensis compositions obtained by SFE and other extraction methods (Rajaei et al., 2005). 
 

Method Run UFA (%)     SFA (%)    Yield (%) 

  C18:2 C18:1 C20:1 Total  C16:0 C18:0 Total   

SFE 1 21.7 49.4 0.0 71.7  20.6 2.4 23.0  7.1 

 2 21.0 48.6 0.4 70  19.5 2.3 21.8  13.5 

 3 19.0 45.1 0.7 64.8  15.8 2.3 18.1  28.6 

 4 17.6 41.3 0.2 59.1  17.2 2.0 17.4  31.6 

 5 17.8 42.0 0.2 60  17.9 1.9 19.8  19.6 

 6 17.5 40.4 0.2 58.1  17.7 1.9 19.6  24.5 

 7 17.8 42.8 0.0 60.6  19.7 2.2 21.9  30.0 

 8 18.4 43.6 0.2 62.2  18.3 2.1 20.4  31.4 

 9 17.9 42.5 0.1 60.5  18.1 1.9 20.0  23.7 

DGF - 20.4 49.5 0.2 70.1  21.5 2.2 23.7  23.3 

Sonication - 18.9 46.3 0.2 65.4  18.1 2.2 20.3  21.0 

Soxhlet - 14.6 36.9 - 51.5  19.3 1.5 20.8  30.3 
 

SFE: Supercritical fluid extraction; DGF: Deutsche Gesellschaft für Fettwissenschaft; SFA: Saturated fatty acid; Unsaturated fatty acid  
 
 
light. The quality of SC-CO2 extracted OCSO, without any 
disposal, fit grade II in GB11765-89. The SC-CO2 extracted 
OCSO had no oil-tea saponin (Haiyan et al., 2001). It is 
suggested that extraction with SC-CO2 is a very good 
method, by which the oil obtained is up to the first degree 
of national standard (Hong-yan et al., 2005). The yield of C. 
sinensis seed oil extraction for supercritical fluid extraction 
(SFE) was 31.6% (Rajaei et al., 2008). In Table 1, the fatty 
acid contents and yields of oils extracted by different 
methods - SFE, Soxhlet, sonication and DGF standard 
method B-I 5, are provided. The differences between the 
oils extracted with solvent and pure SF CO2 (or modified 

CO2) with regard to the SFAs and UFAs compositions were 
minor. The yield of C. sinensis seed oil obtained using SFE 
was similar to or higher than the other methods (Soxhlet 
extraction, sonication, and DGF standard method B-I5). 
Extraction yields for Soxhlet, sonication and DGF standard 
method were 30.3, 21.0 and 23.3%, respectively (Rajaei et 
al., 2005). 
 
 
Determination of compositions of tea seed oil 
 
The average value of the iodine value (IV) in C. sinensis seed  
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Table 2. FA profiles of C. sinensis seed oil (Fazel et al., 
2008). 
 

FA Tea seed oil 

C16:0 16.50 

C18:0 3.33 

C18:1 65.97 

C18:2 22.17 

C18:3 0.30 

C20:0 0.53 

ω-3* 0.30 

PUFA 22.47 
  

*(C18:3 n-3 + C20:5 n-3 + C22:6 n-3). 

 
 
oil was 85-91 (Hanus method: 1 mL of Na2S2O3 N/10 = 
0.01269 I2) and the  average  value  of  saponification value 
(SV)  in  tea  seed  oil  was  194.9 ±1 mg KOH/g (Sahari et 
al., 2004). Totox value, 72-74; saponification value, 188-195 
mg KOH/g (Chunhua et al., 1986; Weiming et al., 1992). The 
characteristics of tea seed oil were distinctly similar to that 
of C. oleifera Abel oil and olive oil.  

The FA profile of tea seed oil is presented in Table 2. 
Fatty acid composition of C. sinensis seed oil consisted of 
21.5% palmitic acid, 2.9% stearic acid (Rajaei et al., 2008), 
56% oleic acid, 22% linoleic acid and 0.3% linolenic acid 
(Sahari et al., 2004). The major fatty acid (50% of the total oil) 
in the C. sinensis seed oil was oleic acid (Rajaei et al., 2005). 
Therefore, with regard to oleic acid, C. sinensis seed oil can 
be ranked between sunflower and olive oil (Sahari et al., 
2004). The proportions of UFAs and SFAs in the extracted 
oils were 58.1–71.7% and 17.4–23.7%, respectively (Rajaei 
et al., 2005). This oil had little tendency to dry because of 
the low C18:2 and C18:3 contents, which cause 
polymerization (Sahari et al., 2004). In previous studies, in 
C. oleifera Abel oil, the average content of MUFA, PUFA and 
SFA were 51.06%, 27.86% and 20.67% and the major 
component were oleic, linoleic, palmitic and stearic acids, 
respectively (Hua et al., 2008). Also, UFAs content is 
75.89%, in which the content of predominate oleic acid and 
linoleic acid is 73.83% (Weiming et al., 1992).  

The oil extracted with two solvents (n-hexane and 
benzene) were treated with methanol or ethanol to extract 
a non-lipid fraction. Five grams of the oil was mixed with 5 
ml methanol or ethanol. The mixture was placed in a 
freezer (-25°C, 1 h) to promote separation of the alcoholic 
and lipid fractions (Fazel et al., 2009). Tea seed oil (100 g) 
was extracted at room temperature with methanol, ethanol, 
acetone, ethyl acetic, and acetonitrile (200 mL) for 1 h in a 
shaking incubator. The extracts were filtered and the residue 
was re-extracted (3 times) under the same conditions (Lee 
and Yen, 2006). Isolation of active compounds from 
methanol extract of tea seed oil was performed with a 
Hitachi liquid chromatograph (Hitachi, Ltd., Tokyo, Japan) 
consisting of a model L-6200 pump, a Rheodyne model 7125 
syringe-loading sample  injector,  a model  D-2000  integrator,  

 
 
 
and  a  diode array  detector  (Hitachi, L-7455  model)  set 
at  280  nm. A  250 × 4 mm i.d.,  5 μm,  LiChrospher   RP-18 
(Merck Co., Ltd., Darmstadt, Germany) was used for 
analysis and at a flow rate of 0.8 mL/min. The elution 
solvents were (A) H2O and (B) MeOH. The solvent gradient 
elution program used was: 75% A for 20 min; then 
decreasing to 50% A in 40 min; decreasing to 10% A in 60 
min; decreasing to 0% A in 65 min, and for 20 min, followed 
by 5 min isocratic wash at 75% A. A monitoring UV detector 
(L-4200) was set at 280 nm. Two major peaks were 
obtained by this separation condition. The same elution 
solvents were employed for collection of both peaks in the 
methanol extract using a preparative 250 × 20 mm, i.d., 5 
μm, Mightysil RP-18 column (Kanto Chemical Co., Tokyo, 
Japan) and a flow rate of 4 ml/min. Peaks containing the 
major compounds were collected and concentrated in a 
rotary evaporator and crystallized. Both compounds were 
identified by means of spectrometry (Lee and Yen, 2006). In 
previous studies, two peaks separated from the methanol 
extract of C. oleifera Abel seed oil by HPLC had the most 
significant antioxidant activity. These two peaks were 
further identified as sesamin and a novel compound: 2,5-
bis-benzo[1,3]dioxol-5-yl-tetrahydro furo[3,4d][1,3]dioxine 
(named compound B) by UV absorption and characterized 
by MS, IR, 1H NMR, and 13C NMR techniques. According to 
the chemical structure, the new compound B isolated from 
tea seed oil is a lignan (Lee and Yen, 2006; Yahaya et al., 
2011).  

HPLC (high performance liquid chromatography) 
analysis was performed at 25°C with Waters 600E high 
performance liquid chromatography (Waters, Millford, MA, 
USA) equipped with μBondapak C-18 10 μm (250 × 4.6 mm, 
5 μm, Waters, Millford, USA) fitted with μBondapak C-18 
cartridge guard column (Waters, Millford, MA, USA) for β-
carotene. For determination of β-carotene, the mobile 
phase was methanol: tetrahydrofuran (THF) (90: 10, v/v) 
and the elution were performed at a flow rate of 1 ml/min. 
Detection was accomplished with a UV detector and the 
chromatogram was recorded at 450 nm. The injection 
volume was 20 μl. Peaks were identified by comparing their 
retention times with authentic standards. A typical HPLC 
profile of β-carotene in the tea seed oil is presented in 
Figure 2. β-carotene was quantified using external 
calibration standard method. The average content of the β-
carotene in C. sinensis seed oil was 251.3 ± 2.5 mg/kg (Fazel 
et al., 2008). 

HPLC analysis was performed at 25°C with Waters 600E 
high performance liquid chromatography (Waters, Millford, 
MA, USA) equipped with Separon SGX NH2 C-18 (250 × 4 
mm) fitted with Separon SGX NH2 C-18 5 μm (13 × 4 mm) 
guard column (Tessek, Prague, Republic of Czech) for 
tocopherols. For determination of tocopherols in tea seed 
oil, a mobile phase consisting of n-hexane: tertbutyl methyl 
ether: THF: methanol (79: 20: 1: 0.1, v/v) was used at a flow 
rate of 1ml/min. Injection volume was 20 μl and the eluate 
was  detected  using  a Waters  2475  scanning  fluorescence  
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Figure 2: HPLC profile of β–carotene in tea seed oil (Fazel et al., 2008). 
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Figure 2: HPLC profile of β–carotene in tea seed oil (Fazel et al., 2008). 

 
 

 
 

 

Figure 3: HPLC profile of tocopherol compounds in tea seed oil 1=α-Tocopherol; 3=γ-

Tocopherol; 4=δ-Tocopherol; 5=α-Tocotrienol; 6=β-Tocotrienol; 7=γ-Tocotrienol (Fazel 

et al., 2008). 
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Figure 3: HPLC profile of tocopherol compounds in tea seed oil 1=α-Tocopherol; 3=γ-
Tocopherol; 4=δ-Tocopherol; 5=α-Tocotrienol; 6=β-Tocotrienol; 7=γ-Tocotrienol (Fazel et al., 
2008). 

 
 
detector set at emission and excitation wavelengths of 326 
and  294 nm,  respectively.  Peaks  were identified by 
comparing their retention times and fluorescence spectra 
with authentic standards. A typical HPLC profile of 

tocopherols and the contents of these compounds in the tea 
seed oil are presented in Figure 3 and Table 3. The average 
content of vitamin E in C. sinensis oil was 389.3 ± 3.0 mg/kg. 
Tocopherol and tocotrienol were quantified  using  external  
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Table 3. Contents of vitamin E compounds in 
C.sinensis seed oil (Fazel et al., 2008). 
 

Number Component Content (mg/kg) 

1 α-tocopherol 210 ± 2.3 

2 β-tocopherol ND 

3 γ-tocopherol 23.60± 0.45 

4 δ-tocopherol 11.20± 0.33 

5 α-tocotrienol 119.0± 1.9 

6 β-tocotrienol 2.20± 0.08 

7 γ-tocotrienol 23.30± 0.25 

8 δ-tocotrienol ND 
 

ND = not detected. 

 
 
calibration standard method. The results show that the 
total content of tocopherols and tocotrienols were 376.0 ± 
3.0 and 13.40 ± 0.34 mg/kg, respectively, and in vitamin E, 
α-tocopherol content was higher (210.0 ± 2.3) than the 
others (Fazel et al., 2008).  

HPLC analysis was performed at 25°C with Waters 600E 
high performance liquid chromatograph (Waters, Millford, 
MA, USA) equipped with μBondapak C-18 10 μm, 250  × 4.6 
mm, 5 μm, Waters, Millford, USA) fitted with μBondapak C-
18 cartridge guard column (Waters, Millford, MA, USA) for 
polyphenols. For determination of phenolic compounds, the 
mobile phase consisted of 0.1% orthophosphoric acid in 
water (v/v; eluent A) and 0.1% orthophosphoric acids in 
methanol (v/v; eluent B). The gradient program was as 
follows: 0-5 min, 20% B; 5-7 min, linear gradient from 20 to 
24% B; 7-10 min, 24% B; 10-20 min, linear gradient from 
24 to 40% B; and 20-25 min, linear gradient from 40 to 
50% B. Post-run time was 5 min. Elution was performed at 
a solvent flow rate of 1 ml/min. Detection was 
accomplished with a UV detector and chromatograms were 
recorded at 210 nm. The sample injection volume was 20 
μl. Peaks were identified by comparing their retention 
times and UV spectra with authentic standards. Phenolic 
compounds were identified by comparing their retention 
times with those of corresponding standards. Phenolic 
compounds were quantified using external calibration 
standard method. A representative chromatogram of 
phenolic compounds and the content of these compounds 
in tea seed oil are shown in Figure 4 and Table 4, 
respectively. The average content of the polyphenols in C. 
sinensis oil was 24.81±1.00 mg/kg (the major component 
was EGCG (12.93 ± 0.97 mg/kg) (Fazel et al., 2008).  
 
 

Applications of tea seed oil 
 

Technological conditions was degumming temperature of 
50°C (addition amount of 85% phosphoric acid of 0.2%) 
and time of 30 min. Addition amount of water being 4% of 
oil weight, and the yield rate of degumming oil was 94%. 
The initial quality of C. oleifera Abel seed oil had no obvious  

 
 
 
change in degumming process (Jing, 2008). Phosphoric acid 
degumming could effectively remove the metal (Fe, Cu, Mn, 
and Mg) in the oil (Yundong et al., 2009). 

The optimum conditions for caustic refining were as 
follows: temperature at 30°C and the concentrations of 
18°B'e caustic soda and 0.2% extra caustic soda. 
Components of the fatty acid were measured by gas 
chromatography, and it showed that two refining process, 
caustic refining and defatting, affect the fatty acid 
components in tea seed oil. Stearic acid decreased slightly 
in content after caustic refining (Hua et al., 2009). With 
alkali liquor, the acid value of C. oleifera Abel seed oil had 
fallen to 0.146 mg/g from 3.553 mg/g (Lin-jie et al., 2008). 
The optimal conditions for bleaching were as follows: the 
temperature at 100～110°C for 25 min and the dose of 

bleaching clay 2.5～3.0%. The results showed that peroxide 
value decreased in decoloring process of C. oleifera Abel 
seed oil (Hua et al., 2009). The deodorization temperature 
was suitable at 180°C for 1 h. The color and acid value 
changed during deodorization process (Hua et al., 2009). 
Using activated carbon to take off color, the maximal fading 
rate was up to 81.3%. Moreover, decolorizated oil was 
deodorized 70 min at vacuum 500 Pa. With the above 
processing, the astringent and bitter taste of unrefined oil 
can be eliminated without causing other unpleasant taste 
(Lin-jie et al., 2008). Lipid crystallite forming (for 
winterization) requires at least 8 h time with temperature 
maintained within 6～8 ˚C. In winterized oil, palmitic acid 
content got remarkably decreasing (Hua et al., 2009). The 
refined oil color was light yellow and transparent (Lin-jie et 
al., 2008).  

Hydrogenation   of   tea   seed   oil   in   the laboratory was  
carried out in a reactor laboratory having a 2-L capacity. 
Operating conditions were as follows: temperature, 170–
180°C; mixing rate, 300–400 rpm; and Ni catalyst, 0.4% by 
weight of oil (Fattahi-far et al., 2006; Zarringhalami et al., 
2010). 

Chemical interesterification of hydrogenated and 
nonhydrogenated tea seed oil blends in a 30:70 ratio (w/w) 
were done in rotary evaporator (Heidolph, Schwabach, 
Germany) at 60, 90, and 120°C for 30, 60, and 90 min, 
respectively, in the presence of 1% (w/w) sodium 
hydroxide catalyst. Tea seed oil blends included: 60°C for 
30, 60, and 90 min (I–III); 90°C for 30, 60, and 90 min (IV–
VI); 120°C for 30, 60, and 90 min (VII–IX); and the control 
was noninteresterified tea seed oil. Each fat blend was 
placed into a clean, dry, 500-ml round-bottomed flask and 
then heated under vacuum conditions at 95°C for 45 min to 
remove any water. After establishing the temperature 
condition to be used (60, 90, or 120°C), NaOH catalyst was 
added and reaction was followed under vacuum conditions 
with continuous stirring for 30, 60, and 90 min. The 
reaction was then stopped by breaking vacuum, and the 
catalyst was removed (after having transferred the 
interesterified blend to a decanter and washing with 100 ml 
of  hot  distilled  water). Then,  the  oil blend was held at 4°C  
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Figure 4: HPLC profile of phenolic compounds in tea seed oil. 1=Gallocatechin; 

2=Catechin +Epigallocatechin; 3=Epigallocatechin Gallate; 4=Epicatechin; 

5=Gallocatechin Gallate; 6=Epicatechin Gallate; 7=Catechin Gallate (Fazel et al., 2008). 
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Figure 4: HPLC profile of phenolic compounds in tea seed oil. 1=Gallocatechin; 2=Catechin 
+Epigallocatechin; 3=Epigallocatechin Gallate; 4=Epicatechin; 5=Gallocatechin Gallate; 6=Epicatechin 
Gallate; 7=Catechin Gallate (Fazel et al., 2008). 

 
 

Table 4. Contents of phenolic compounds in C. sinensis seed oil (Fazel et al., 
2008). 
 

Number Component Content (mg/kg) 

1 Gallocatechin 1.01 ± 0.07 
2 Catechin + Epigallocatechin 6.32 ±0.21* 
3 Epigallocatechin gallate 12.93 ±0.97 
4 Epicatechin 1.724 ±0.07 
5 Gallocatechin gallate 0.79 ±0.08 
6 Epicatechin gallate 1.76 ±0.06 
7 Catechin gallate 0.28 ±0.03 

 

On the basis epigallocatechin  
 
 
for further experiments (Fattahi-far et al., 2006). Enzymatic 
interesterification (EIS) of the oil blend (hydrogenated tea 
seed oil: SF, 30:70 w/w) was performed in screw-capped 
sealed glass vial with a magnetic stirrer (700 rpm) at 60°C 
for 8 h with enzyme dosage of 10% oil weight. EIS was 
immediately filtered through Whatman No. 4 filter paper to 
remove fine enzyme particles. Based on our findings, there 
was no palmitic acid, oleic acid, stearic acid (POS) and 
palmitic acid, oleic acid, palmitic acid (POP) and negligible 
amount of stearic acid, oleic acid, stearic acid (SOS) (0.14%) 
in the tea seed oil (Zarringhalami et al., 2010). The 
enzymatic interesterification of methyl stearate (1.2 g), 
methyl palmitate (5.24 g), and tea seed oil (2.24 g) 
catalyzed by 1.2 g of  immobilized lipase and carried out in 
an Erlenmeyer flask (50-ml volume) with a magnetic stirrer 
at 35°C for 60 h (Wang et al., 2006).  

Iranian tea seed oil had higher palmitic acid content than 
sunflower oil and is suitable for margarine production, like 
the tea seed oils in southern India, Turkey, and Korea 
(Sahari et al., 2004). In previous studies, blends of 
hydrogenated   and   nonhydrogenated   C.  sinensis  seed  oil 
(Lahijan variety) (30:70, w/w) were chemically 
interesterified at 60, 90, and 120°C for 30, 60, and 90 min in 
the presence of 1% (w/w) NaOH. Physicochemical 
properties of the products were compared with those of the 
noninteresterified mixture. Sample interesterified at 120°C 
for 30 min under optimal conditions had higher differences 
in comparison with the control; therefore, this C. sinensis 
seed oil blend, which had the highest ranking, was used as a 
hard stock in margarine production. The results showed 
that the m.p. and SFC of tea seed oil blend decreased and 
their  iodine  value  (IV)  increased.  In  contrast,  the  results  
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Table 5. FA Profiles of margarines D, E, and control and two previously reported margarines (Fattahi-far et al., 2006). 
 

Sample C12 C14 C16 C16:1 C18 C18:1(t) C18:1(c) C18:2 C18:2(c) C20 C18:3 C22 

E  - - 14.5 - 9.4 1.8 47.7 - 25.5 - 0.4 - 

D - - 13 - 9.7 1.8 43.8 - 30.7 - 0.35 - 

Control - - 10 - 9.5 2.2 31.1 - 46.3 - 0.36 - 

Soft margarine 1.6 1.2 11 - 8.2 3.5 21.5 - 52.6 - - - 

Palm oil + olive oil (40:60) 0.4 0.5 22.3 0.7 6.4 7.5 53.5 - 6.3 - 0.6 0.1 

 
 

Table 6. TAGS (percent)* of SF and EIS in comparison with CB (Zarringhalami et 
al., 2010). 
 

TAGS (percent) SF EIS CB 

PLP 29.160.02a 3.190.07b 1.660.02c 

OOO 20.710.01a 14.820.04b 0.620.04c 

PLS ND 6.300.42b 2.210.02b 

POP ND 10.730.04b 17.480.02a 

SOO ND 4.810.13b 1.860.01b 

POS ND 17.420.06b 43.180.07a 

SOS 0.140.04c 11.150.07b 29.920.12a 

Others 49.990.15a 31.580.21b 3.090.02c 
 

*
Mean  SD of triplicate analysis. Different letters in the same rows indicate significant 
statistical differences (P < 0.05) by LSD test. TAGS, triacylglycerol species; P, palmitic 
acid; S, stearic acid; O, oleic acid; L, linoleic acid; SF, solid fraction; EIS, 
enzymatically interesterified sample; CB, cocoa butter; ND, not detected.  

 
 
confirm previous reports. Decreases in m.p. and SFC are 
due to a decrease in the proportion of higher m.p. TAG 
(mainly trisaturated TAG) and an increase in 
monounsaturated TAG as a result of interesterification. The 
increase in IV may be due to changes of TAG species having 
intermediate degrees of unsaturation, crystal habit, crystal 
morphology, and fat structure. Samples E and D (80:20 and 
60:40 liquid tea seed oil/sunflower oil ratios, respectively) 
had the lowest significant differences with commercial 
table margarine for physicochemical (m.p., IV, and SFC) and 
organoleptic characteristics, respectively. Margarines D and 
E can be classified as soft margarines. The FA profiles for 
the best margarines from tea seed oil (D and E) and table 
commercial soft and stick margarines as determined by GC 
are presented in Table 5. Margarines E and D are good soft 
products based on FA profile and trans-FA content and the 
trans-FA content of E and D, and commercial margarines 
were 1.8, 1.8, and 2.2%, respectively (Fattahi-far et al., 
2006).  

The results also show that melting behaviour of cocoa 
butter (CB) blending with 10% of C. sinensis seed oil 
interesterified sample (EIS) is approximately similar to CB, 
that is, most melting of both samples occurs over the 
narrow range from 25-30 ˚C. The results of determining 
TAGS of the SF, EIS, and CB are shown in Table 6. After 
enzymatic interesterification, the amounts of POS, POP, and 
SOS have increased to 17.42%, 10.73%, and 11.15%, 
respectively (Zarringhalami et al., 2010, 2012a, 2012b). 

According to the results obtained, hardness of the samples 
decreased as the level of EIS increased in chocolate 
formulation. This may be due to lower SFC of EIS in 
comparison with that of CB. There are no significant 
difference (p > 0.05) between the chocolate hardness 
containing 5 and 10% EIS. These samples also show the 
hardness closer to that of CB, compared with other samples 
(containing 15 and 20% of EIS). Results showed that 
chocolate samples contained 5 and 10% of interesterified 
sample (EIS) had texture closer to that of CB chocolate, 
compared with other samples. The SFC profiles show that 
SFC values in CB are much higher than EIS in all 
temperatures analyzed. The observation showed a very 
strong spacing at 4.59 Å in CB, which indicates formation of 
 crystal. Similarly, very strong and medium short spacing 
were observed at 4.13 and 4.54 Å in EIS, respectively. Based 
on  this  result,  this  sample  contains    crystal  level  much 
higher than  form. Consequently, blending 10% of EIS does 
not prevent  crystal formation in the chocolate product. 
Our data show that in the EI chocolate, the bloom 
development is lower than the CB chocolate. This is likely 
due to the more complex crystalline structure in the EIS 
chocolate. Based on the results taken from bloom 
formation, polymorphic structure and sensory evaluation, 
adding up to 10% of EIS in chocolate formulation, reduces 
bloom formation and improves polymorphic structure and 
sensory qualities of the chocolate samples (Zarringhalami 
et  al.,  2010  and  2011).  In  previous  studies,  cocoa butter  
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equivalent (CBE) was prepared by interesterification of tea 
seed oil, methyl palmitate, and methyl stearate with lipase. 
The results show that the lipase immobilized on 
macroporous resin produced the highest reaction rate, 
specific reaction rate, and immobilization efficiency among 
the eight supports (free lipase, active carbon, 202 pink 
support, zeolite, macroporous resin, forisil, silica gel, 
porous glass bead, and celite). Three major acyls (palmitoyl, 
oleoyl, and stearoyl) in triacylglycerols of the product were 
similar to those of cocoa butter. Triacylglycerols of the 
product contain higher amount of oleoyl compared with 
cocoa butter, which gives the product a lower initial 
melting point. The CBE curve is similar to that of the cocoa 
butter, but the melting range is slightly wider. Oleic acid 
accounts for about 74–87% of the triacylglycerols in tea 
seed oil at the sn-2 position. This means, tea seed oil is an 
ideal material for synthesis of CBE because pancreatic 
lipase prefers to interesterificate at sn-1 and 3 positions, 
acyl groups at sn-2 position remain the same. Therefore, 
when tea seed oil interesterifies with the mixture of methyl 
stearate and palmitate, catalyzed by pancreatic lipase, 
stearoyl–oleoyl–palmitin, stearoyl–oleoyl–stearin, and 
polmitoyl–oleoyl–palmitin are the main products formed, 
and these are the main components of cocoa butter. Acyl 
composition of triacylglycerols of CBE, cocoa butter and tea 
seed oil; the curve of the dilatation of cocoa butter and CBE 
are presented in the research of Wang et al. (2006).  
 
 
Functional and antioxidant properties of tea seed oil 
 
In research, three groups of SD rats were fed with diets 
containing 11% peanut oil, C. oleifera Abel seed oil, or beef 
tallow, respectively. Tea seed oil feeding induced an 
increase in monounsaturated fatty acids in the biological 
membrane phospholipid, membrane fluidity, and serum 
SOD (5.66±2.00 mg/L), and a decrease in serum and brain 
MDA (5.92 ± 1.15 μmol/L and 2.45 ± 0.44 μmol/g, 
respectively) (Anan et al., 1994). In another study, sesamin 
and 2,5-bis-benzo[1,3] dioxol-5-yl-tetrahydro-furo [3,4-
d][1,3] dioxine isolated from C. oleifera Abel seed oil 
decreased H2O2-mediated formation of reactive oxygen 
species in red blood cells (RBCs), inhibited RBCs hemolysis 
induced  by  AAPH, and increased the lag time of conjugated 
dienes formation in human low-density lipoprotein (Lee 
and Yen, 2006). Moreover, it was showed that a C. oleifera 
Abel seed oil diet significantly lowered the serum levels of 
hepatic enzyme markers (alanine aminotransferase, 
aspartate aminotransferase, and lactate dehydrogenase), 
inhibited fatty degeneration, reduced the content of the 
peroxidation product malondialdehyde, and elevated the 
content of GSH (p < 0.05). Pre-treatment of animals with tea 
seed oil (150 g/kg diet) could increase the activities of 
glutathione peroxidase, glutathione reductase, and 
glutathione S transferase in liver when compared with CCl4-
treated  group  (p < 0.05).  Therefore,  it  was  demonstrated  

 
 
 
that a tea seed oil diet can be proposed to protect the liver 
against CCl4-induced oxidative damage in rats, and the 
hepatoprotective effect might be correlated with its 
antioxidant and free radical scavenger effects (Lee et al., 
2007).  

It was reported that the POV of C. oleifera Abel seed oil 
with 0.10% (w/w) sesamol was 7.94 mmol/kg at 10th day 
compared to that of 32.16 mmol/kg with black control. It 
was as good as that of BHT and better than that of vitamin E 
under the same concentration (0.01%-0.10%, w/w) (Xin-
rong et al., 2008). The POV data showed that both L-
ascorbyl and D-isoascorbyl acetals had definite antioxidant 
effects on C. oleifera Abel seed oil. The antioxidation activity 
of the acetals became better as the carbon chain of the 
acetals became longer. The antioxidation activity of D-
isoascorbyl acetals was higher than that of the 
corresponding L-isoascorbyl acetals. The antioxidation 
activity of all the acetals tested was stronger than that of 
PG, but weaker than that of TBHQ, when their amount was 
respectively added in fresh tea seed oil according to the 
maximum allowed concentration as food additives in China 
(Yan-wen et al., 2008). The oxidative stability of SC-CO2 
extracted OCSO was not good, but was improved by adding 
α-tocopherol into the oil (Haiyan et al., 2001). It was found 
that under long-term storage condition, both the acid value 
and the peroxide value of OCSO samples increased. The 
longer the time lasted, the quicker speed increased, and the 
easier the quality degraded. Under the same storage 
condition, for different purified solvent extraction OCSO, 
the more purified, the more oxidized; for different process 
techniques, solvent extraction was oxidized more easily 
than pressed OCSO. So, the temperature and time had great 
effect on acid and peroxide values of long-term storage 
OCSO sample (Ling-mei et al., 2007).  

The change in PV with time in pure and mixed oils is 
presented in Figures 5–6. The results showed that at 63°C, 
the shelf life of C. sinensis seed oil was higher than that of 
sunflower oil and similar to olive oil (Sahari et al., 2004). 
The intensely yellow oil remained clear and liquid during 
storage even at refrigeration temperatures and after a few 
days of being stored in the refrigerator. It seems that the 
presence of carotenoids in the C. sinensis seed oil caused 
this color and antioxidant activity. According to the results 
obtained in previous studies, the high stability of the C. 
sinensis seed oil was probably due to the low content of 
linolenic and linoleic acids and the presence of polyphenols 
and vitamin E as antioxidants (Sahari et al., 2004; Fazel et 
al., 2008; Rajaei et al., 2008; Fazel et al., 2009). 

The results showed that sunflower oil samples treated 
with different concentration of C. sinensis seed oil, extracted 
by the SE method, generally had better stability compared 
with other methods (Rajaei et al., 2008). C. sinensis seed oil 
was found to have a natural antioxidant effect, and it 
enhanced the shelf life of sunflower oil at a 5% level (Sahari 
et al., 2004). The results showed that the antioxidant effects 
of C. sinensis and sesame seed oils in the crap (Cyprinus caprio)   
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Figure 5. Comparison of the peroxide values of tea seed, sunflower seed, and 
olive oils at 63°C (Sahari et al., 2004). 

 
 

 
 
Figure 6. Comparison of the peroxide values of pure sunflower seed oil and of that mixed 
with 5 and 10% tea seed oil (Sahari et al., 2004).  

 
 
and common kilka (Clupeonella cultiventris caspia) oils 
were not significantly different and tea and sesame seed 
oils at 5 and 10% concentrations can extend the shelf life of 
fish oil. Diminution of oxidation rates in two fish oils 
showed the potential of tea and sesame seed oils as two 
natural antioxidants. They inhibited high concentrations of 
peroxides and hydroperoxides formed in the initial stages 
of lipid oxidation (Fazel et al., 2009). The antioxidant effects 
of tea seed oil in fish oil system showed significant 
differences for palmitic acid value (PV) and tiobarbituric 
acid (TBA) values from the control and preserved well 
during storage (Fazel et al., 2008).  

The results revealed that the (radical scavenging activity) 
RSA of sesame seed oil was higher than that of tea seed oil 
(IC50 = 52 and 45 mg, respectively). In addition, among 

ethanolic and methanolic extracts, the radical scavenging 
activity (RSA) of the ethanolic extract  of   sesame  seed  oil 
(IC50 = 65  and  68  ml n-hexane and benzene solvents, 
respectively) and of the ethanolic extract of tea seed oil in 
benzene solvent (IC50 = 73 ml) were the highest. Results 
showed that at the first storage (at 60°C), the RSA of 
sesame seed oil was higher, but after 6 days, the RSA of the 
tea and sesame seed oils were the same. This behavior can 
be explained by different thermal stabilities of the oils 
studied. Thermal stability (toleration after 14 days) of the 
antioxidant compounds in tea seed oil was higher than that 
in sesame seed oil (Fazel et al., 2009). The effect of C. 
sinensis seed oil addition on oil PV reduction indicates the 
potential of tea seed oil as an antioxidant (AO) to inhibit 
lipid peroxidation in its early stages by  reducing  formation  
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of the primary lipid oxidation product (LOP) (Rajaei et al., 
2008). According to the results obtained, C. sinensis seed oil 
exhibited strong antioxidant activity and storage stability 
almost equal (Fazel et al., 2009), and similar with sesame 
seed oil (Rajaei et al., 2008; Fazel et al., 2009).  

Results show that catechins are the most important 
antioxidant in C. sinensis seed oil in comparison with other 
vegetable oils, which contain no catechins in other oils. It 
can be suggested that the main antioxidant activities of tea 
seed oil are dependent on phenolic and tocopherol 
compounds especially EGCG, α-tocopherol, and tocotrienols 
(Fazel et al., 2008). Finally, the results suggest that the C. 
sinensis and sesame seed oils have antioxidant properties 
and could be used as alternative natural antioxidants 
(Rajaei et al., 2008). 

The antioxidant activities of compounds with different 
polarity, fractionated by different solvent, were tested 
toward DPPH. For the non-lipid fraction, DPPH was 
dissolved in ethanol to assay the methanolic and ethanolic 
extracts. Different volumes of methanolic and ethanolic 
extracts were taken in different test vials. The volume was 
adjusted to 1.6 ml by adding ethanol. For the lipid fraction, 
DPPH was dissolved in ethyl acetate to assay the lipid 
fraction and non-fractionated oil. Different amounts of oils 
and lipid fraction were taken in different test vials. The 
volume was adjusted to 1.6 ml by adding ethyl acetate. The 
DPPH (0.3 mM) solution (0.4 ml) was added to these vials, 
shaken vigorously, and allowed to stand at ambient 
temperature for 30 min. The control was prepared as above 
without any extract, using ethanol and ethyl acetate for the 
baseline correction. Changes in the absorbance of the samples 
were measured at 515 nm. The RSA was expressed as the 
inhibition percentage and calculated using the following 
formula: %RSA = (control OD – sample OD/control OD) × 
100, where OD is the optical density (Fazel et al., 2009; Lee 
and Yen, 2006). At the same concentration (200 μg/mL), 
the scavenging effects of different extracts on DDPH radical 
were in the order of methanol (66.50%) > ethyl acetate 
(5.92%) > acetone (4.46%) > acetonitrile (0.40%). 
Methanol extract of C. oleifera Abel seed oil (200 μg/mL) 
has stronger Trolox equivalent antioxidant capacity (TEAC) 
value than other extracts  (it  was  the  equal  to 59 μM  
Trolox).  Among  four solvent extracts, the methanol extract 
exhibited the highest yield and the strongest antioxidant 
activity; a significant difference (p < 0.05) was found in 
antioxidant activity among the four extracts. The results 
indicate that both compounds isolated from tea seed oil 
exhibit remarkable antioxidant activity (Lee and Yen, 
2006).    

As described by Lee and Yen (2006), total antioxidant 
activity of tea seed oil extracts was measured using the 
TEAC assay. By the interaction of ABTS (100 μM), H2O2 (50 
μM), and peroxidase (4.4 unit/ml), ABTS•+ radical cation 
was generated. For evaluation of antioxidant capacity, 0.25 
ml of different solvent extracts (0.2 mg/ml) of tea seed oil 
was mixed with an equal volume of 2,2ˊ-azinobis [3-ethyln- 
benz-thiazoline-6-sulfonic  acid]  (ABTS), H2O2, peroxidase,    

 
 
 
and deionized water. At 734 nm for 10 min, absorbance was 
monitored. To calculate the TEAC value, the decrease in 
absorption at 734 nm after the addition of reactant was 
used. Millimolar concentration of Trolox solution having 
the antioxidant equivalent to a 1000 ppm solution of the 
sample under investigation is expressed as TEAC value. If 
TEAC value of the sample is higher, it means stronger 
antioxidant ability (Lee and Yen, 2006). 
 
 

CONCLUSION  
 
All species of the genus Camellia produce oil-rich seeds as 
by-product. From nutrition point of view, tea seed oil is one 
of the important vegetable oils because of the high contents 
of unsaturated fatty acids, especially essential linoleic acid, 
which reported to lower blood cholesterol level. In general, 
chemical properties, fatty acid composition and triacylgly-
cerol species of this oil determine their best nutritional and 
commercial uses. It also has a little amount of linolenic acid, 
which is an important factor in rancidity and off-flavor of 
oils during storage time. Tea seed oil is also high quality 
cooking oil, like olive oil, and has excellent storage quality 
to have a large amount of carotenoids, polyphenols and 
vitamin E, as natural antioxidants. Tea seed oil possesses 
antioxidant properties which was almost equal with sesame 
seed oil, and could be used an as alternative natural 
antioxidant. Therefore, it could be used directly as a natural 
antioxidant and functional product for increasing food 
stability. Furthermore, tea seed oil can be improved the 
application of oils in industrial conditions, for example 
margarine production, cocoa butter replacer production and 
formulations of chocolate and confectionary. 
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