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Abstract 

Catechins (flavan-3-ols) are polyphenolic plant secondary metabolites that have been strongly 
associated with a wide variety of beneficial health effects in vitro, in vivo and clinically. This study 
reports findings on the content of catechins in tea seed oil (TSO) extracted by Soxhlet extraction 
from seeds of different clones of Kenyan tea. Extraction of catechins from the crude oils was achie- 
ved by sequential liquid-liquid extraction (LLE) using methanol and quantified by reverse phase 
High Performance Liquid Chromatography (RP-HPLC). Results obtained revealed that all the crude 
test oils contained catechins, with oils extracted from clones TRFK K-Purple and GW-Ejulu having 
the highest total catechin content of 9.8 ± 0.25 and 9.0 ± 0.83 (×10−3% flavonoids) respectively. 
Statistically significant differences (p < 0.05) were evident in the total catechin contents of crude 
oils extracted from tea seeds with those extracted from corn, sunflower and soybean seeds. More-
over, clonal variations were evident, as the total catechin contents of oils extracted from clones 
TRFK K-Purple and GW-Ejulu were statistically different (p < 0.05) from those extracted from clones 
TRFK 301/3, TRFK 301/4, TRFK 301/5, TRFK 306, TRFK 91/1 and TRFCA SFS 150. Thus, the cur-
rent findings strongly suggest that oils from seeds of Kenyan tea cultivars can be a potential source 
of potent natural antioxidants. 
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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 [2] green [3], oolong and black tea [4] [5]. However, the tea plant also produces 
seeds from which high quality tea seed oil (TSO) can be pressed or extracted using suitable solvent(s) or solvent 
systems [6]-[8] with tea seed cake and husks as by-products. The physico-chemical properties of the above by- 
products have also been investigated and reported [9]-[11]. Further, various studies have reported a wide range 
of findings on extracts of flowers and stem barks of the tea plant, though to a less extent [12]-[14]. 

Tea is widely consumed worldwide [15] [16] owing to its medicinal [17], refreshing and mild stimulant ef-
fects [18]. Several health benefits have been ascribed to regular tea consumption with many research reports 
linking such benefits to tea phenolic compounds, mainly catechins [15] [16]. Such health benefits include the 
reduction of serum cholesterol levels, the lowering of the risks of cancers and cardiovascular diseases [19]-[22] 
[22], the ability to protect body cells from oxidative stress owing to its potent antioxidant activity [19] [23] [24] 
amelioration of inflammation [25], controlling of diabetes [26]-[30], antifungal properties [31] antimicrobial, 
and antibacterial activities [24] [32]-[34], among many more. 

Seeds of different plants usually contain various antioxidants. Indeed, it has recently been reported that the 
naturally occurring active compounds in tea seeds are different from those in other kinds of oil seeds as is the 
case of saponin [35]. Catechins are amongst a group of polyphenols that have been reported to be present in 
TSO in different proportions [36]. It has been reported that the extraction of polyphenols from plant oils has 
been achieved in the pastusing different solvents employing various techniques which include liquid-liquid ex-
traction [37]. Quantitation of the polyphenolic content of such oils has been achieved using various methodsa-
mong them volumetric titrations and colorimetric measurements. Polyphenol levels in TSO have been reported 
before [38] as well as the antioxidant activity and bioactive compounds studies of TSO [6] [8] [39]. Moreover, 
[36] documents the presence of antioxidants in TSO and concludes that catechins can be amongst the com-
pounds responsible for the antioxidant activity of TSO. [39] reports that sesamin and 2,5-bis-benzo [1] [3] dio-
xol-5-yl-tetrahydro-furo [3,4-d][1,3]-dioxine have been isolated in TSO extracted from Camellia oleifera Abel, and 
attributes the oils’ antioxidant activity to the presence of these two compounds. 

Kenya has continued to be a producer of processed tea at the primary level with very little product differentia-
tion and value addition, over 95% of which is sold in bulk in the export market. Owing to global overproduction 
of tea, the profitability of the Kenyan tea enterprise has declined in the recent past. Thus, the need to diversify 
tea products in a bid to reshape the future of this key industry cannot be understated. Indeed, the need for re-
searchers 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. With this in mind, 
the current research seeks to quantify the total catechin content in TSO extracted from seeds of selected Kenyan 
tea clones, and it is expected that its findings will immensely contribute to the development of diversified prod-
ucts from the tea plant, hence enhancing sustainability of the local tea industry.  

2. Materials and Methods 
2.1. Reference Compounds and Reagents 
Authentic catechin standards viz., (+)-catechin (C), (-)-epicatechin (EC), epigallocatechin (EGC), (-)-epicate- 
chingallate (ECG) and (-)-epigallocatechingallate (EGCG) were purchased from Sigma Aldrich, Germany. Also, 
the following chemicals were used; n-hexane (≥99.5%), methanol (≥99.5%), ethylenediaminetetraacetic acid 
(EDTA ≥ 99.1%), acetonitrile (HPLC grade), ascorbic acid (≥99.0%) and nitrogen gas (99.9%). Double distilled 
water was used in all dilutions throughout the study. 

2.2. Tea Seeds and Control Samples 
Mature and healthy tea seeds from eight randomly selected clones of tea viz., TRFK 301/3, TRFK 301/4, TRFK 
301/5, GW-Ejulu, K-Purple, TRFK 306, TRFK 91/1 and TRFCA SFS 150, were harvested in triplicates from 
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mature, healthy tea plants (Figure 1(a) and Figure 1(b)) from Timbilil Estate seed barie of the Tea Research In-
stitute (TRI), Kericho, Kenya. Each replicate for each clone studied was obtained from a different tea plant. 
Further, maize germ, sunflower seeds and soybean seeds, were obtained in triplicates from Bidco Oil Refineries 
Ltd., Elianto Division, Nakuru, Kenya for use as controls. 

2.3. Soxhlet Extraction of TSO 
Sun-dried tea seeds were manually de-husked and the husks carefully separated from the kernels (Figure 2(a) 
and Figure 2(b)). The desired tea seed kernels were finely milled using an electric kitchen blender (Philips 
HL7510/00, Netherlands), for size reduction and sample homogenization. The powdered samples were then 
oven-dried at 80˚C ± 2˚C for 12 hours and kept in well dessicated dessicators until use. Solvent extraction was 
carried out using a simple laboratory set up of a standard soxhlet apparatus employing n-hexane as the solvent  

 

    
(a)                                            (b) 

Figure 1. (a) A fully grown tea plant at the seed barie of the Tea Research Institute (TRI), Kericho, 
Kenya; (b) A branch of the tea plant with mature tea seeds.                                   

 

    
(a)                                      (b) 

   
(c)                                      (d) 

Figure 2. (a) Mature sun-dried tea seeds; (b) De-husked tea seeds; (c) A portion of the series of soxhlet 
apparatus used in the extraction of the crude oils; (d) Crude oils in well labeled airtight sample bottles.     
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(Figure 2(c)). The sample to solvent ratio employed was 1:20 and the extraction was done for 8 hours. 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 ± 2˚C for an hour to evaporate any residual 
solvent after which it was transferred into well labeled sample bottles (Figure 2(d)). A stream of nitrogen gas 
was blown into the head space of the sample bottles containing the crude TSO extracts, tightly closed and kept 
refrigerated at −15˚C ± 0.5˚C awaiting analysis. This was repeated for all the replicates of all the tea seed and 
control samples. 

2.4. Extraction of Catechins 
Extraction of catechins from the crude oils extracted as described in the preceding section was achieved by dis-
solving 2.0 ± 0.001 g of oil in 2.0 mL of n-hexane in 10 mL graduated extraction tubes. The mixture was tho-
roughly mixed using a vortex mixer (VM-1000, Digisystem Laboratory Instruments Inc., Taiwan) for one minute 
followed by liquid-liquid extraction (LLE) using 4.0 mL of 80:20 v/v methanol: water mixture in order to assay 
the polar fraction. The final mixture was vortexed for 10 seconds followed by centrifugation for 10 minutes at 
3500 revolutions per minute (rpm), using a digital high speed universal centrifuge (HSCEN-204, M.R.C Ltd., 
Israel) fitted with a rotor (RA-1512S, M.R.C Ltd., Israel). The supernatant (methanolic extract) was decanted 
into a clean graduated tube and the same sample was subjected to a second and third extractions only with the 
addition of 4.0 mL of the 80:20 v/v methanol:water mixture; each time, the supernatant was collected in the 
same graduated tube for each replicate of each sample. The methanolic extracts were stored refrigerated at 
−15˚C ± 0.5˚C until the time of analysis. 

2.5. Chromatographic Determination of Catechins 
The catechins content in the methanolic extracts of the crude oils were quantitatively estimated by Reverse 
Phase High Performance Liquid Chromatography (RP-HPLC). 1.0 mL of the methanolic extract was accurately 
transferred into a clean and dry graduated sample tube and diluted to 5.0 mL with a stabilizing solution consti- 
tuting of 10% v/v acetonitrile, 500 µg∙mL−1 ethylenediaminetetraacetic acid (EDTA) and 10 mg∙mL−1 ascorbic 
acid in the ratio 2:1:1, diluted five times. The solution was then filtered through a 0.45 µm nylon membrane fil-
ter and transferred into sample vials. The chromatographic set-up comprised of a Shimadzu LC 20 AT HPLC 
system fitted with a SIL 20A auto-sampler, an SPD-20 UV-Visible detector, a class LC10 chromatography work- 
station and a Gemini 5 µm C6 Phenyl 110Å, 250 mm × 4.6 mm i.d (Phenomenex, Torrance, CA, USA) separa-
tion column. 

A binary gradient elution was carried out using two solvent systems, eluents A and B, constituting of acetoni-
trile/acetic acid/double distilled water in the ratios 9:2:89 and 80:2:18 v/v/v respectively. The eluent composition 
for the binary gradient condition started at 100% eluent A for 10 minutes, then over 15 minutes, a linear gradient 
to 68% eluent A, 32% eluent B and held at this composition for 7 minutes. The condition was then reset to 100% 
eluent A and allowed to equilibrate for 10 minutes before the next injection. The flow rate of the eluents, injec-
tion volume, column temperature and λmax were 1.0 µL∙min−1, 20 µL, 35˚C ± 0.5˚C and 278 nm respectively. 
Identification of individual catechins was carried out by comparing the retention times of the sample peaks with 
those of the authentic catechin standards and caffeine analysed under similar conditions. Quantitation of cate-
chins and caffeine were performed using the caffeine calibration curve obtained (Figure 3) in conjunction with 
the consensus individual catechin relative response factors (RRFs) with respect to caffeine on a dry matter basis. 
The total catechin content as percentage by mass was given by the summation of individual catechin contents, 
that is, % ECG + % EGC + % EC + % EGCG + % C. 

2.6. 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 signifi-
cant differences were recorded. Data are tabulated as means of the triplicate determinations ± standard deviation. 

3. Results and Discussion 
The caffeine calibration curve obtained (y = 50617x + 473.6) and used in the quantitation of the individual ca- 



K. O. George et al. 
 

 
1084 

 
Figure 3. Calibration curve of the caffeine reference standard.               

 
techin contents in the methanolic extracts of the crude oils demonstrated adequate linearity, r2 = 0.9999 (Figure 
3). The major catechins that are normally present in the both green and purple leaf coloured tea (Camellia sinen-
sis) plants were also present in all the test oils viz., (-)-epigallocatechin (EGC), (+)-catechin (C), (-)-epicatechin 
(EC), (-)-epigallocatechin gallate (EGCG) and (-)-epicatechin gallate (EGC) [40]-[47]. However, the levels re-
ported in the oils studied were much lower than those reported in tea leaves. Plant polyphenols are mainly found 
in fruit skins and seeds and as such, their levels after analysis may reflect only the measured extractable poly-
phenols content of a fruit which may also contain non-extractable polyphenols [48]. This could be a possible ex-
planation of the low levels of catechins extracted and quantified in this research work. 

The order of elution of the catechins was EGC, +C, EC, EGCG and ECG. Figure 4 is a representative HPLC 
chromatogram of the catechin content in crude oil extracted from seeds ofclone TRFK 91/1, whereas Figure 5 is 
an auto-scaled representation of the HPLC chromatogram in Figure 4 (X-axis auto-scaled to between 5 and 30 
minutes and the Y-axis auto-scaled to the second largest peak) to help visualize the diminished peaks resulting 
from the low levels of catechins extracted from the crude oils. The simple non-gallated catechins, (-)-EGC, 
(+)-C and (-)-EC, were eluted first whereas the gallated catechins, (-)-EGCG and (-)-ECG, were eluted last. This 
is because the non-gallated catechins are polar and bind tightly to the non-polar C6 column and are eluted first 
upon introduction of a highly polar mobile phase A whereas the gallated catechinsare eluted last since they bind 
more tightly to column and are eluted upon increase of the mobile phase B which makes the mobile phase com-
position less polar, explaining the order of elution. 

The total catechin contents of the crude tea and control oils were as given in Table 1. Oils extracted from 
clone TRFK K-Purple and GW-Ejulu had the highest total catechin content of 9.8 ± 0.25 and 9.0 ± 0.83 (×10−3% 
flavonoids) respectively. On the other hand, crude oils extracted from the maize germ (corn), sunflower and 
soybean used as controls in the current experiment recorded the lowest total catechin contents of 1.9 ± 0.21, 0.7 
± 0.24 and 1.6 ± 0.66 (×10−3% flavonoids) respectively. Analysis of variance showed statistically significant 
differences (p < 0.05) in the total catechin content of crude oils extracted from tea seeds with those extracted 
from the three controls (Table 1). Clonal variations were also evident, since the total catechin contents of oils 
extracted from clones TRFK K-Purple and GW-Ejulu were statistically different (p < 0.05) from those extracted 
from clones TRFK 301/3, TRFK 301/4, TRFK 301/5, TRFK 306, TRFK 91/1 and TRFCA SFS 150. 

Reference [36] report the concentration of phenolic compounds in TSO to be 24.81 ± 1.0 mg∙kg−1, the major 
component being identified to be (-)-EGCG with a concentration of 12.93 ± 1.0 mg∙kg−1. They further argue that 
although tocopherols and carotenoids can be found in other vegetable oils, phenolic compounds are found only 
in TSO and can as such be concluded that the main antioxidant activities of TSO are due to phenolic and toco- 
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Figure 4. HPLC chromatogram of the catechin content in crude oil extracted from seeds of 
clone TRFK 91/1.                                                                

 

 
Figure 5. The HPLC chromatogram of the catechin content in crude oil extracted from seeds 
of clone TRFK 91/1 (Figure 4) with the X-axis auto-scaled to between 5 and 30 minutes and 
the Y-axis auto-scaled to the second largest peak.                                       
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Table 1. Total catechin content in the crude oils expressed as % flavonoids.   

Tea clone Total catechin content (×10−3) 

TRFK 301/3 #b6.4 ± 0.34 

TRFK 301/4 b4.8 ± 1.09 

TRFK 301/5 b4.9 ± 0.41 

GW-Ejulu a9.0 ± 0.83 

TRFK K-Purple a9.8 ± 0.25 

TRFK 306 b5.9 ± 1.70 

TRFK 91/1 b5.0 ± 1.11 

TRFCA SFS 150 b5.1 ± 0.48 

*Corn c1.9 ± 0.21 

*Sunflower c0.7 ± 0.24 

*Soybean c1.6 ± 0.66 

Overall mean 5.01 

CV (%) 19.1 

LSD 1.6 

*Samples used as controls; CV: coefficient of variation; LSD: Least Significant Difference; 
#Values preceded with the same superscript letter are not statistically different at (p ≤ 0.05). 

 
pherol compounds. However, the current data demonstrates the presence of catechins in the three vegetable oils 
(corn, soybean and sunflower) used as controls. Earlier, the current authors reported that TSO from clone GW- 
Ejulu had the highest total polyphenolic content (0.043 mg∙L−1 gallic acid) as well as antioxidant capacity (20.6% 
2,2-diphenyl-1-picrylhydrazyl, DPPH, radical scavenging activity [6]. The difference in catechins levels from 
this study compared to other TSO’s reported before could be due to clonal variations, differences in geographi-
cal and climatic conditions. The method used in the extraction of the polyphenols from the TSO could also par-
tially contribute to the differences. It has also been shown before that the method employed in the extraction of 
oil from seeds and the type of solvent used to some extent have notable effects on the appearance and quality of 
the extracted oil [49]-[52]. 

Prior to the reports by [6] and [9]-[11], the only other attempt to study the physical and chemical properties of 
TSO and by-products with a view of harnessing the same for potential use as a functional product with various 
technical applications was by [53]. Indeed the current findings expose a gap that can potentially benefit farmers, 
especially those in marginal areas, where tea growing for the purposes of leave production is not economically 
sustainable. 

4. Conclusion 
Findings of this study clearly demonstrate the presence of catechins in all crude oils extracted from the tea seeds 
obtained from eight clones of Kenyan tea. These polyphenolic compounds have been reported to possess potent 
antioxidant activity thought to account for their protective role against a number of diseases. Thus, TSO is a prom-
ising source of natural antioxidants, as well as a potential economic ladder, as the country can earn extra revenue 
from exports of other tea products, in this case oil, other than processed tea leaves. 
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