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Abstract
Tea seeds resulting from the cultivation of tea in many parts of the world, often regarded as waste,
have been found to contain oil of exceptional quality that can be harnessed for use as an oleochemical or chemical intermediate. A comparative study was carried out to examine the free fatty
acid profiles of crude oils chemically extracted by Soxhlet extraction from tea seeds collected from
different cultivars of Kenyan tea. All the tea seeds of the studied tea cultivars yielded oil, though to
different extents (p > 0.05) after the 8-hour extraction. The oils were golden yellow in color. The
contents of oleic, linoleic and stearic acids in all the crude test oils have no significant difference
(p > 0.05) from each other. However, statistically significant differences (p < 0.05) in the linolenic
and palmitic acids contents were evident. Based on the current findings, the test tea oils were
predominantly constituted of unsaturated fatty acids, oleic acid being the major unsaturated fatty
acid, other fatty acids being present in different but smaller proportions.
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1. Introduction

The tea plant is mainly cultivated for its prolific vegetative growth [1] from which different types of tea products
have been processed viz., white tea [2] green tea [3], oolong tea, black tea [4] [5] among others. However, the
tea plant also produces seeds from which high quality Tea Seed Oil (TSO), commonly referred to as camellia oil,
can be pressed or extracted using suitable solvent(s) or solvent systems [6]-[9] with tea seed cake and husks as
by-products. It is an edible, pale amber-green or golden vegetable oil and its physico-chemical properties as well
as those of the above by-products have been investigated and [6] [9]-[13]. Further, various studies have reported
wide range findings on extracts of flowers and stem barks of the tea plant, though to a less extent [14]-[17].
Kenya has continued to be a producer of processed tea at the primary level with very little product differentiation and value addition. This has led to constrained growth in profitability of the local tea sub-sector. Thus, the
need for value addition and product diversification of locally produced tea products in a bid to reshape the future
of this key industry cannot be understated. Indeed, the need for researchers and tea industry stakeholders in
Kenya to exploit TSO as an avenue to ease on the current dwindling returns to tea farmers resulting from global
overproduction of black tea is the need of the day. In line with these, recent research findings of collaborative
research by scientists from the Kenya Agricultural and Livestock Research Organization—Tea Research Institute (KALRO-TRI), formerly the Tea Research Foundation of Kenya (TRFK) and Egerton University, a leading
institution of higher learning in agricultural research, focusing on the characterization of TSO extracted from
seeds of different Kenyan tea cultivars and by-products of the same process have been reported [6] [9]-[12].
From a nutritional point of view, TSO is one of the important vegetable oils because of its high contents of
unsaturated fatty acids, especially essential linoleic acid, which is reported to lower blood cholesterol levels. It
also has a little amount of linolenic acid, which is an important factor in rancidity and off-flavor of oils during
storage [18]. However, literature available on TSO of Kenyan origin only shows how oil content, as well as the
other physco-chemical properties varies from one clone to the next but not the free fatty acid composition. Thus,
the intent of the current study was to quantitatively estimate the fatty acid profiles of crude TSO’s extracted
from seeds of selected Kenyan tea clones and it is expected that its findings will immensely contribute to the
development of diversified products from the tea plant.

2. Materials and Methods
2.1. Chemicals
Authenticcommercialfatty acids standards viz., oleic acid (cis-9-Octadecenoic acid), linoleic acid (cis-9,cis-12Octadecadienoic acid), linolenic acid (cis,cis,cis-9,12,15-Octadecatrienoic acid), palmitic acid (Hexadecanoic
acid) and stearic acid (Octadecanoic acid), all of analytical standard grade and purity ≥ 98.5% were purchased
from Sigma Aldrich, Germany via Kobian Kenya Ltd., Nairobi. Also, the following chemicals were used; nhexane (≥99.5%), methanol (≥99.5%), boron tri-fluoride (≥99.5%), sodium hydroxide, heptadecanoic acid, sodium chloride and nitrogen gas (99.9%). Double distilled water was used in all dilutions throughout the study.

2.2. Tea Seeds
A completely randomized design with three replicates was adopted for this study. Mature, healthy tea seeds
from eight randomly selected cultivars of tea viz., TRFK 301/3, TRFK 301/4, TRFK 301/5, GW-Ejulu, TRFK
K-Purple, TRFK 306, TRFK 91/1 and TRFCA SFS 150, were harvested in triplicates from mature, healthy tea
plants from Timbilil Estate seed barie of KALRO-TRI, Kericho, Kenya. Each replicate for each cultivar studied
was obtained from a randomly selected tea plant. The tea seeds were dried under ambient conditions to a constant weight and then manually de-husked. The husks were separated manually from the seed kernels. Low quality kernels were also manually separated from the good quality ones. The desired tea seed kernels were then
milled using an electric blender (Philips HL7510/00, Netherlands) for particle size reduction and test sample
homogenization.

2.3. Oil Extraction
Oil extraction was achieved using the solvent extraction method described by [6] [9]. A standard soxhlet apparatus set-up was used employing n-hexane as the solvent of choice and a solid:solvent ratio of 1:20. The extrac-
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tion duration was 8 hours after which the n-hexane extract was concentrated by rotary evaporation at 60˚C ±
0.5˚C using a rotary evaporator (Model R-3000, Buchi, Switzerland) and then placed in an oven at 80˚C ± 0.5˚C
for an hour to evaporate any residual solvent. The crude TSO extracts were allowed to cool to room temperature
in well dessicated dessicators after which they were transferred into well labeled sample bottles. A stream of nitrogen gas was blown into the head space of the sample bottles containing the crude TSO extracts, tightly closed
and stored under refrigeration (−15˚C ± 0.5˚C) awaiting analysis. The color of the crude oil extracts were carefully observed and noted.

2.4. Fatty Acid Analyses
The fatty acid profiles of the crude test oils were determined as Fatty Acid Methyl Esters (FAMEs) by Gas
Chromatography (GC). Approximately 0.5 mg of the test TSO was weighed into a clean and dry 250 mL roundbottomed flask fitted with a reflux condenser. To the test oil, 5.0 mL of 0.5 M methanolic sodium hydroxide was
added and the mixture boiled under reflux for 10 minutes. Via the condenser, 10 mL of boron tri-fluoride was
added and the mixture was refluxed for a further 3 minutes. Subsequently, 5.0 mL of n-hexane was then added
via the condenser to the mixture and boiled under reflux for a further 3 minutes. The heating source was then
removed after which 5.0 mL of saturated sodium chloride solution was added to the mixture. 1.0 mL of the
n-hexane layer was transferred into a clean test tube. Equal weights of the sample and fatty acid standards (0.20
± 0.01 g) were weighed into clean test tubes and were both diluted with same amount of an internal standard
(heptadecanoic acid). Since the same mass of the internal standard is added to both the sample and the standard
solution, the mass of the internal standard does not come into the calculation of the assay.
The chromatographic system used to quantitatively estimate the FAMEs derived from the authentic commercial fatty acids’ standards and crude test TSO’s constituted of a Varian 3300 gas chromatograph equipped with a
Flame Ionization Detector (FID) and fitted with a column (30 m × 0.32 × 0.25 µm i.d.) packed with chromosorb
WAW 60 - 80 mesh (percolated with 15% diethyl glycol succinate) and a Varian integrator (Varian 4290) as the
read out. The column (DB-wax column) was first conditioned by passing nitrogen gas through at 180˚C ± 0.5˚C
for 5 hours. The chromatographic operating conditions used were; the nitrogen and hydrogen flow rates were
both 40.0 mL∙min−1, the air flow rate was 30.0 mL∙min−1, the injection volume was 3.0 µL and the injector,
column and detector temperatures were 240˚C ± 0.5˚C, 180˚C ± 0.5˚C and 260˚C ± 0.5˚C respectively. The fatty
acids were identified based on their retention times compared with those of the FAMEs derived from the authentic commercial fatty acids’ standards. Percentage assay for the compounds were calculated using the relation;

PA of A in sample PA of I.S in sample × weight of standard × % purity of standard
PA of A in standard PA of I.S in standard × weight of sample
where A is the compound being analyzed (analyte), PA is the peak area of the analyte and I.S is the internal
standard.

2.5. Data Analysis
Data obtained were subjected to analysis of variance (ANOVA) using MSTAT statistical package version 2.10
at p < 0.05. The least significant difference (LSD) test was used in mean separation where statistically significant differences were recorded. Data are tabulated as means of triplicate determinations ± standard deviation
(SD).

3. Results and Discussion
The tea seeds obtained from the cultivars under study were observed to be of different sizes and appearance as
shown and described in Figure 1(a) and Figure 1(b) and Table 1 respectively. Larger seeds were noted in
TRFK 301 series, TRFK 91/1 and TRFK 306, while small-sized seeds noted in TRFCA SFS 150, GW-Ejulu and
TRFK K-Purple clones [Figure 1(a) and Figure 1(b)].
All the tea seeds of the studied tea cultivars yielded oil, though to different extents (p > 0.05) after the 8 hour
solvent extraction an observation noted by [6]. All the oils extracted were in the liquid phase at ambient conditions. The crude test oils were golden yellow in colour. Crude TSO of clone TRFK 91/1 solidified under refri-
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(a)

(b)

Figure 1. (a) and (b) A general representation of the sizes and appearance of the test tea seeds.
Table 1. A descriptive representation of the size and appearance of the tea seeds collected
from the eight Kenyan tea cultivars under studyable type styles.
Clone

Size and appearance

TRFK 301/3

Large with brown seed coat

TRFK 301/4

Large with brown seed coat

TRFK 301/5

Large with brown seed coat

GW-Ejulu

Small with dark brown seed coat

TRFK K-Purple

Smallest with dark brown seed coat

TRFK 306

Large with brown seed coat

TRFK 91/1

Large with brown seed coat

TRFCA SFS 150

Small with brown seed coat

geration after 7 days of storage. Crude TSO from the seeds of cultivar’s TRFCA SFS 150 and TRFK 301/5 also
solidified but to a lesser extent on refrigeration compared to TSO of clone TRFK 91/1. The rest of the oils remained in the liquid phase under the same conditions.
Figure 2 is a representative chromatogram of the fatty acid profile for the test crude oil extracted from clone
TRFK 301/4. The fatty acid profiles of all the crude TSO’s of the studied cultivars were as tabulated (Table 2).
Evidently, there was no significant difference (p > 0.05) in the levels of oleic, linoleic and stearic acids in all the
crude test oils (Table 2). However, significant differences (p < 0.05) in the linolenic, palmitic and the other fatty
acids were observed. For instance, significant differences (p < 0.05) were recorded in the levels linolenic acid in
the crude test oils from seeds of clones TRFK 301/4 and TRFCA SFS 150 with the former having the highest
linolenic acid content (2.8% ± 0.1%). The rest of the crude test oils had no significant difference (p > 0.05) in
their linoleic acid contents. Further, it is evident that there was no significant difference (p > 0.05) in the levels
of palmitic acid in the crude test oils of cultivars’ TRFK 91/1, 301/3 and 301/5 which had 21.7% ± 1.6%, 21.7%
± 0.7% and 22.3% ± 0.4% palmitic acid respectively. On the other hand, clone TRFK 301/4 that had the lowest
palmitic acid content (19.5% ± 1.8%).
Previous studies have reported the tea (Camellia sinensis) plant to produce tea seeds from which TSO can be
harnessed [6] [7] [19] [20] as well as other potentially useful by products, mainly the tea seed cake and husks
[10]-[12]. Further, a number of potential positive health effects for continued use of this oil have been investigated and reported, most notably the anti-oxidant activity [1] [8] [21] [22]. Indeed, prospect of the use of TSO in
the production of biodiesel has been investigated and reported [23].
In a similar study, [7] report TSO to comprise of 25.7% saturated fatty acids and 73.3% unsaturated fatty acids. This data strongly agrees with the current study’s findings where we report crude Kenyan test TSO’s to
comprise an average of 74.2% and 24.5% unsaturated and saturated fatty acids fatty acids respectively. However,
tea (Camellia oleifera) seed oil has been reported to be comprised of between 82% and 84% unsaturated fatty
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Figure 2. A representative GC chromatogram of the fatty acids in crude TSO
extracted from clone TRFK 301/4.
Table 2. Profiles of fatty acids in in percentage the crude TSO’s extracted from the seeds of different cultivars of Kenyan tea
expressed as a mean of the triplicate determinations ± standard deviation.
Cultivar

Oleic

TRFK 91/1

*a

TRFK 301/3

a

TRFK 301/4

a

TRFK 301/5

a

GW-Ejulu

a

TRFK K-Purple

a

TRFK 306

a

TRFCA SFS 150

a

Linoleic

Linolenic

Palmitic

Stearic

Others

57.7 ± 0.8

a

13.6 ± 0.8

ab

a

21.7 ± 1.6

a

3.6 ± 1.1

ab

60.0 ± 1.3

a

12.8 ± 0.9

ab

1.4 ± 0.5

a

21.7 ± 0.7

a

3.0 ± 0.7

ab

60.6 ± 2.6

a

13.7 ± 1.3

a

2.8 ± 0.1

b

19.5 ± 1.8

a

2.7 ± 0.9

b

56.5 ± 3.2

a

15.0 ± 1.8

ab

a

22.3 ± 0.4

a

3.1 ± 0.3

b

57.9 ± 4.9

a

13.3 ± 1.3

ab

ab

a

2.8 ± 0.5

a

58.9 ± 3.8

a

13.6 ± 0.7

ab

ab

a

3.2 ± 0.5

ab

58.6 ± 2.0

a

13.4 ± 1.3

ab

1.7 ± 0.4

ab

a

4.2 ± 0.2

ab

59.3 ± 1.0

a

13.7 ± 0.9

b

1.1 ± 0.2

ab

a

4.1 ± 1.3

b

2.0 ± 0.8

2.3 ± 1.1
2.0 ± 1.1
1.6 ± 1.0

21.4 ± 1.2
21.2 ± 0.7
20.4 ± 0.4
21.0 ± 0.9

1.5 ± 0.8
1.1 ± 0.7

0.9 ± 0.1
0.7 ± 0.2
2.6 ± 1.5
1.5 ± 1.3
1.7 ± 0.3

0.8 ± 0.3

Mean

58.7

13.6

1.9

21.2

3.3

1.3

CV (%)

5.1

8.9

43.4

5.0

24.1

62.6

LSD (p ≥ 0.05)

5.8

2.4

1.6

2.0

1.6

1.6

*

Means within a column preceded with the same letter are not statistically significantly different (p > 0.05).

acid [24], values significantly higher than the findings of the present work. Moreover, it has been previously reported that Camellia oils have a similar fatty acid composition as that of olive oil, high in oleic acid, which
could reach over 80% [25]. Thus, the fatty acid profile of TSO makes it a direct competitor for Canola and olive
oils.
The highlighted differences in the fatty acid composition and consequently profiles in the current study and
published literature can be attributed to a number of factors including geographical and varietal differences.
Further, tea (Camellia sinensis) seed oil extracted by superficial carbon dioxide (SC-CO2) method has 80% un-
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saturated fatty acid and has the strongest scavenging ability on the DPPH radical than the one extracted by
Soxhlet method [8]. This value is also higher than the one obtained from this research work and could be attributed to the difference in the method of extraction of the oil. Other factors that may influence the chemical
composition and hence the quality of TSO have been reported; for instance, [26] report the effect of roasting as a
pre-treatment step between the milling and de-hulling stages, their results suggesting that adequate roasting
treatments can improve the quality of Camellia oil and make it to be oxidatively more stable. Generally, pretreatment operations involved in the extraction of oil from seeds, starting from cleaning, dehusking, drying and
grinding may have great influence on the chemical properties and as such quality.

4. Conclusion
All the crude oils extracted from seeds of the selected tea cultivars contain oil, though to different extents. The
color of the oils was golden yellow. The test tea oils predominantly constituted of unsaturated fatty acids, oleic
acid being the majorone. Other fatty acids were present in different but smaller proportions, that is, high-oleic,
medium-linoleic and low-linolenic acid contents. The fatty acid profiles of the crude test oils studied suggest
that TSO optimally extracted can be a good source of edible oil with suitable nutritional properties.
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