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ARTICLE INFO ABSTRACT

Keywords: Two thirds of the tea growing area of North East India is covered by Tocklai vegetative (TV) cultivars. The
caffeine present study investigates the principal catechins [(—)-epigallocatechin gallate (EGCG), (—)-epicatechin gallate
catechins

(ECG), (—)-epigallocatechin (EGC), (—)-epicatechin (EC), and (+)-catechin (+C)], total catechin (TC) and
caffeine content in thirty-one TV cultivars (TV1-TV31) and four popular cultivars, viz. Betjan, Kharijan, S.3A/3,
and T.3E/3 in three harvesting seasons i.e., pre-monsoon, monsoon and autumn, along with their genetic di-
versity. The monsoon harvested crop showed the highest average content of TC, EGCG, ECG, and caffeine. The
TC levels varied from 129 + 0.03 to 214 + 4.72, 151 + 4.21 to 238 + 8.41, and 121 + 4.45 to 181 + 5.82 mg g
in pre-monsoon, monsoon and autumn, respectively. The most predominant catechin EGCG varied from 52.2 +
1.07 to 111 + 1.24, 70.4 + 1.03 to 141 + 1.35, and 58.4 + 2.47 to 108 + 2.15 mg g'lin pre-monsoon, monsoon
and autumn, respectively. Caffeine content varied from 27.1 + 0.32 to 48.7 + 0.50, 35.3 + 1.56 to 55.0 + 1.34
and 27.6 + 1.11 to 40.7 + 0.42 mg g'1 in pre-monsoon, monsoon and autumn, respectively. TC contents in
cultivars TV23, TV17 and TV15; and EGCG contents in TV10, TV11, and TV9 were significantly higher (p < 0.05)
than for other cultivars. Environmental factors, viz. day length, sunlight, temperature across seasons might have
induced seasonal variation in phenolic composition.
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phenolic acids constitute up to 30% of dry weight (Massounga Bora
et al., 2018). The flavan-3-ols (also known as catechins) are the major

1. Introduction

Tea (Camellia sinensis L.), the second most consumed beverage in the
world, is a rich source of polyphenolic compounds. Tea is processed
from the tender shoots of the Camellia sinensis (L.) family Theaceae, a
perennial crop that grows in a warm and humid climate with sufficient
rainfall in acidic soil (Carloni et al., 2013; Karak et al., 2014). Poly-
phenols in tea comprising flavonoids, flavan-3-ols, flavandiols, and

phenolics in tea leaves which constitute 70-80% of total content (Zheng
et al., 2018). The major catechins include (—)-epigallocatechin gallate
(EGCG), (—)-epicatechin gallate (ECG), (—)-epigallocatechin (EGC),
(—)-epicatechin (EC), and (+)-catechin (C) (Jin et al., 2014; Sabha-
pondit et al., 2012).

Tea has gained popularity among the consumers due to its taste,

Abbreviations: ACH, Assam China hybrid; AH, Assam hybrid; ANOVA, Analysis of variance; C, Catechin; CH, China hybrid; CI, Catechin index; DHC, Dihydroxy
catechin; EC, (-), Epicatechin; ECG, (-), Epicatechin gallate; EGC, (-), Epigallocatechin; EGCG, (-), Epigallocatechin gallate; GaC, Galloylated catechin; GNR, Gal-
loylated to non-galloylated catechin ratio; LOD, Limit of detection; LOQ, Limit of quantification; NGaC, Non-galloylated catechin; SE, Standard error; TC, Total
catechin; TE, Tea Estate; TF, Theaflavin; THC, Trihydroxy catechin; TR, Thearubigin; TTRI, Tocklai Tea Research Institute; TV, Tocklai vegetative; UPASI, United
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flavour, aroma and health beneficial effects. Tea consumption can be
directly related to a reduced risk of developing life-threatening diseases
such as cardiovascular diseases, type 2 diabetes, cancer, obesity,
inflammation (Jiang et al., 2019; Karak and Bhagat, 2010; Liu et al.,
2020; Massounga Bora et al., 2018; Rho et al., 2019) and increased
neuroprotective activities (Rho et al., 2019). The numerous health
benefits of tea have been attributed to the potent antioxidant activity of
the flavonoids present in it. In a recent study, Bora et al. (2019) reported
that catechins form complexes with aluminium (Al) present in tea leaf,
thus reducing the risk of Al toxicity.

Tocklai Tea Research Institute (TTRI), Assam, India has released
more than 150 cultivars for plantation in the plains of North East (NE)
India (Sabhapondit et al., 2012). These varieties are occupying over 70%
of the total tea growing areas of NE India plains. Genetic diversity and
the environment of the tea growing region play a key role in dictating
the regional variation of quality (Sabhapondit et al., 2012). Large scale
cultivation of clonal tea in search of high yield and better quality may
pose a threat to genetic diversity (Magoma et al., 2000). This necessi-
tates the conservation of germplasm for the sustainability of the tea
industry. Biochemical characterisation with emphasis on metabolite
profile and assessment of genetic diversity is extremely important for
sustainable development of the tea industry as its sensible application
can lead to successful breeding and manufacturing of quality products
with desired attributes (Punyasiri et al., 2017). Biochemical diversity of
the germplasm can be ascertained by biochemical characterization
(Kottawa-Arachchi et al., 2019).

The catechin content can be used as a scale to ascertain the quality
potential of tea (Kottawa-Arachchi et al., 2014; Sabhapondit et al.,
2012). An insight into the catechin profile of different cultivars may
prove handy in having information on plant diversity as well as under-
standing their role as a precursor of quality as the catechin profile
significantly influences the formation of theaflavins (TFs) and thear-
ubigins (TRs), the two important characteristic quality attributes of
black tea (Sabhapondit et al., 2012). The distinct sensory characteristics
such as taste and colour of black tea can be attributed to TF and TR
content. Seasonal, genetic and agronomic factors affect the phenolic
composition of the tea shoots in the field (Hilton and Palmer-Jones,
1973; Tan et al., 2017; Zheng et al., 2018). Gulati et al. (2009) studied
the catechin profile of representative cultivars of Indian tea germplasm
including some Tocklai cultivars. Sabhapondit et al. (2012) reported the
variation as well as relative expression of catechin profile of extreme
varieties of Assam, China and Cambod cultivars grown in NE India. In
their study, only selected 13 Tocklai vegetative (TV) cultivars were
considered among 31 TV cultivars. Furthermore, the caffeine content of
the cultivars was not reported in their study. There is little even no in-
formation is available on all the Tocklai cultivars coupled with highly
popular commercial genotypes for biochemical characterization. Jaya-
sekera et al. (2014) reported that total polyphenols, as well as related
constituent compounds in Sri Lankan tea, are significantly affected by
climatic variability. However, there is very little information available
on that aspect in the Indian scenario. Furthermore, to our knowledge,
the effect of seasonal variability towards biochemical properties of all
the vegetative propagated cultivars of Tocklai is very limited. Therefore,
the present investigation aimed to study the catechin and caffeine con-
tent of all 31 TV cultivars (TV1 to TV31) and four popular cultivars
(Betjan, Kharijan, S.3A/3, and T.3E/3) of NE India to understand their
seasonal and genetic variation in these biochemical properties.

2. Materials and methods
2.1. Chemicals

Gallic acid monohydrate (>98.0%), caffeine (anhydrous, 99%),
(—)-epigallocatechin-3-gallate (>95%), (—)-epicatechin-3-gallate

(>95%, HPLC), (—)-epigallocatechin (>95%, HPLC), (—)-epicatechin
(>90%, HPLC), and (+)-catechin (>95%, HPLC) were procured from

Journal of Food Composition and Analysis 96 (2021) 103684

Sigma-Aldrich, India. Acetic acid (HPLC grade), acetonitrile (HPLC
grade), ethylenediaminetetraacetic acid disodium salt, L-ascorbic acid
and all other chemicals were obtained from Merck KGaA, Darmstadt,
Germany.

2.2. Tea samples

The tender leaf samples were collected from Borbheta Experimental
Tea Estate (T.E.) of TTRI, Assam, India (longitude: 94°11°54”E, latitude:
26°43’14"N, elevation: 96.5 meters above mean sea level, average
precipitation: 2036 mm, Supplementary material Fig. S1). The origin
and year of release of different cultivars are depicted in Table S1 (Sup-
plementary material). All the cultivars were grown under identical
environmental conditions and nutrient management of growing soil.
The plants of all the cultivars under study were chosen in the age range
from 30 to 35 years. The tender two leaves and the terminal bud were
hand-plucked in three seasons, viz. pre-monsoon (April and May),
monsoon (July and August) and autumn (October and November) of
2017 from a total of 35 cultivars, viz. TV1-TV31, Betjan, Kharijan, S.3A/
3 and T.3E/3, which include 16 Assam, 14 Cambod, 2 Assam China
hybrid (ACH), 2 Assam hybrid (AH) and 1 China hybrid (CH) varieties.
The sampling was performed using the procedure mentioned in Fang
et al. (2017). A sample from each cultivar in every season consisted of
three biological replicates and technical measurements were performed
in triplicate for each replicate sample. The fresh samples were subjected
to enzyme deactivation by steaming for 90 s and then dried in a hot air
oven at 60 + 2 °C. The samples were ground followed by sieving through
a 30-mesh sieve and then used for further analysis. The dry matter
contents of the samples were determined after drying at 105 + 2 °C for
six hours and were used for quantification of chemical compounds of
interest.

2.3. Preparation of the calibration standard

Caffeine standard was used for the determination of individual cat-
echins and caffeine. A caffeine standard stock solution of 1000 pg mL?
was prepared. This stock solution was diluted to obtain standard solu-
tions in the concentration range 5-25 pg mL L. These standard solutions
were injected in the UPLC (Dionex, Ultimate 3000). A calibration curve
was constructed using the peak areas against the respective concentra-
tions. The regression equation of the calibration curve was: y = 0.307x-
0.927, with R? = 0.999. Slope (S) and standard deviation (8) of the
response were determined for the calibration curve. Limit of detection
(LOD) and limit of quantification (LOQ) were calculated as 3.3 and 10
times of 8/S, respectively as described by Fernando and Soysa (2016).
The LOD, LOQ, and recovery for caffeine were 0.50 pg mL?, 1.52 pg
mL?, and 98.73%, respectively.

2.4. Estimation of catechin and caffeine contents

Catechin and caffeine contents were estimated using International
Standard Organization method (ISO 14502-2:2005). Briefly, 0.2 g of
ground tea leaf sample was extracted by 5 mL 70% methanol at 70 °C in
a water bath for 10 min and this process was repeated once. Then, the
volume of supernatant was made up to 10 mL using 70% methanol. One
mL supernatant was diluted to 5 mL with a stabilizing agent. The sta-
bilizing agent was prepared by using ascorbic acid (500 pg mL™1), EDTA
(500 pg mL’l), and acetonitrile (25% v/v) in water. Then the diluted
extract was filtered through 0.45 pm syringe filters before quantitative
estimation using UPLC (Dionex, Ultimate 3000) with Luna 5 p phenyl-
hexyl Phenomenex column (4.5 mm x 250 mm; Torrance, CA, USA) and
UV-Vis detector set at 278 nm. The column temperature was set at 25 +
0.5 °C. Mobile phase A consisted of 2% (v/v) acetic acid, 9% (v/v)
acetonitrile and ultrapure water. Mobile phase B consisted of 80% (v/v)
acetonitrile and ultrapure water. The flow rate was 1 mL min’l. The
gradient elution was set as 100% mobile phase A for 10 min, then a
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Fig. 1. UPLC chromatogram for cultivar TV1 in monsoon season.

linear gradient to 68% mobile phase A, 32% mobile phase B over 15 min
and held at this composition for 10 min. Catechin and caffeine peaks
were identified by using the standards. The estimation of individual
catechins and caffeine were done by using relative response factors of
catechins with respect to caffeine as described in ISO 14502-2:2005.

2.5. Statistical analysis

Analysis of variance (ANOVA) was performed by using SPSS software
version 17.00 (SPSS Inc., Chicago, IL). Tukey’s multiple comparison test
was used to get the differences between means and the differences were
considered significant at p < 0.05 and p < 0.01. For each sample, all data
were reported as the mean + standard error (SE) with three replications.
Heatmaps of Pearson correlation matrices among the different catechins
were generated using the R software package to study the association
among them. As visualization is generally easier to understand than
reading tabular data, heatmaps are typically used to visualize correla-
tion matrices. Moreover, Pearson’s correlations between biochemical
parameters for each season have also been computed to check for any
significant differences among them.

3. Results and discussion
3.1. Catechin content

The young tea leaves are a rich source of monomeric flavan-3-ols
(also called catechins). The principal catechins, viz. EGCG, ECG, EGC,
EC, and + C were estimated. The sum of the content of these individual
catechins was presented as total catechin (TC). A representative UPLC
chromatogram of cultivar TV1 in monsoon season is presented in Fig. 1.

In pre-monsoon, the EGCG levels ranged from 52.2 + 1.07 mg g’ in
TV1 to 111 £+ 1.24 mg g'1 in TV10, which expressed a 2.12 fold differ-
ence (Table 1). In monsoon, TV11 showed the highest (141 +1.35mg g
1y and TV17 showed the lowest level (70.4 + 1.03 mg g'l) of EGCG
(Table 3). A 1.83 fold difference was observed between the highest- and
lowest-ranked cultivars. In autumn, the EGCG level was in the range
between 58.4 + 2.47 mg g in TV24 and 108 + 2.15 mg g’ in TV10,
which expressed a 1.85 fold variation (Table 5). EGCG showed a sig-
nificant positive correlation (p < 0.01) with TC (Tables 2, 4 and 6).
EGCG contributed 46.0-49.27% to TC content throughout the harvesting
seasons. The present study found a significant influence of seasonal
variation on catechin concentrations for all cultivars in conformity with
previous studies (Dai et al., 2015; Fang et al., 2017; Wakamatsu et al.,
2019). The catechin composition of central and southern African tea

cultivars are dominated by EGCG at around 50% level (Wright et al.,
2000). In a study of seasonal effect on Chinese green tea, EGCG was
reported to contribute ~60% to total catechin (Xu et al.,, 2012). In
Kenyan tea cultivars (Owuor and Obanda, 2007), EGCG contributes
about 25% to total flavan-3-ol, which is much lower than Tocklai cul-
tivars. The EGCG levels of Sri Lankan tea germplasm (Punyasiri et al.,
2017) were reported in the range between 41.45 and 120.86 mg g™l
Obanda et al. (1997) reported Kenyan tea germplasm with EGCG levels
from 60.46 to 118.45 mg g*. These reports from Sri Lanka and Kenya are
consistent with the present findings. However, later on, a Kenyan study
reported lower levels of EGCG in the range between 20.12 and 32.65 mg
g'1 (Owuor and Obanda, 2007). Wei et al. (2011) reported low EGCG
levels in Chinese tea cultivars (41.5-59.6 mg g™b).

ECG content in pre-monsoon varied from 17.2 + 0.29 mg g™* in TV30
t052.6 + 1.35mg g1 in TV19, expressing a 3.06 fold variation (Table 1).
In monsoon, TV16 possessed the highest ECG content (60.2 + 0.69 mg g
1y whereas TV30 possessed the lowest content (16.8 + 1.00 mg g'l)
(Table 3). A 3.58 fold difference was observed between the highest and
lowest-ranked cultivars. In autumn, ECG content varied from 14.2 +
0.69 mg g ! in TV30 to 49.0 & 1.07 mg g™ in TV19, which represented a
3.45 fold variation (Table 5). There were significant positive correla-
tions (p < 0.01) between the levels of ECG and that of EC, and TC
irrespective of the season (Tables 2, 4 and 6). The ECG levels in the green
leaves from different cultivars of Sri Lankan tea (Punyasiri et al., 2017)
and Kenyan tea (Obanda et al., 1997) were in the range between 14.36
and 47.42 mg g and between 18.31 and 49.15 mg g™, respectively
supporting the variation in ECG content with varietal types which
confirm with our results. Owuor and Obanda (2007) reported lower ECG
levels in Kenyan tea cultivars in the range between 21.68 and 29.86 mg
g! with a mean of 25.24 mg g\, Wei et al. (2011) presented a much
lower range (14.7-21.6 mg g'!) of ECG levels in Chinese tea cultivars.

The variations of EGC content of the cultivars with the season are
presented in Tables 1, 3 and 5. In pre-monsoon, EGC content in TV6
(68.5 + 4.22 mg g') was comparatively higher than other cultivars
whereas, TV7 (15.9 + 1.63 mg g"l) exhibited the lowest value. In this
study, a 4.31 fold difference was observed between the highest and
lowest-ranked cultivars. Significant positive correlations (p < 0.01)
were observed between the levels of EGC and that of EC, EGCG, and TC
for the pre-monsoon season (Table 2). In monsoon, EGC content ranged
from 21.1 + 0.35 mg gl in TV31 to 57.4 + 0.54 mg g! in T.3E/3, which
represented a 2.72 fold variation (Table 3). In autumn, EGC varied from
19.94+0.47mgglinTV19to51.2 +1.23 mg ¢! in T.3E/3, expressing a
2.56 fold variation (Table 5). Significant positive correlations (p < 0.01)
were observed for EGC levels with that of EC and TC (Tables 4 and 6).
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Table 1
Catechin profile and caffeine content of cultivars in pre-monsoon.
Parameters™
Cultivar
EGC +C EC EGCG ECG GaC NGaC DHC THC al TC GNR CAF
V1 20.6 + 10.4 + 10.8 + 52.2 + 35.4 + 87.5 + 41.9 + 46.2 + 72.8 + 0.63 + 129 + 2.09 + 31.6 +
0.41% 7 0.70° 0.70° 1.07° 1.48% 2,557 1.69° 2.17° 1.47° 0.02? 4.23° 0.02% 0.18°
V2 53.1 + 4.90 + 185 + 94.3 + 26.4 + 121 + 76.5 + 44,9 + 147 + 0.30 + 197 + 1.58 + 41.2 +
0.85° 0.46° 1.50° 4.33° 1.51° 5.83° 2.14° 2.75° 5.17° 0.01° 7.80° 0.04° 1.32°
V3 50.8 + 7.90 + 10.1 + 104 + 27.9 + 133+ 68.8 + 38.0 + 155 + 0.24 + 201 + 1.93 + 37.2 +
2.71° 0.44¢ 0.39° 4,93¢ 2.15° 6.49° 2.68¢ 2.31° 3.40° 0.01¢ 5.42¢ 0.16¢ 0.94
V4 62.3 + 6.60 + 14.2 + 104 + 26.6 + 131 + 83.1 + 40.8 + 167 + 0.24 + 214 + 1.58 + 35.2 +
0.55¢ 0.36° 0.09¢ 4.37° 0.68° 5.04 0.36¢ 0.68° 3.88¢ 0.01¢ 4724 0.07° 0.35°
TV5 67.2 + 7.70 + 12.8 + 90.9 + 22.8 + 114 + 87.7 + 35.6 + 158 + 0.22 + 201 + 1.30 + 35.7 +
1.37%4 0.22¢ 1.19¢ 3.20° 1.51¢ 4,574 2.43¢ 2.70¢ 3.88¢ 0.01¢ 6.99° 0.07¢ 1.17¢
TV6 68.5 + 11.3 + 12,6 + 85.4 + 22.2 + 108 + 92.4 + 34.8 + 154 + 0.23 + 200 + 1.16 + 44.9 +
4,224 0.81° 0.764 5.14° 0.93¢ 6.06° 4.46° 1.39¢ 0.92¢ 0.01¢ 1.61° 0.12¢ 0.09¢
V7 15.9 + 4.40 + 10.5 + 64.7 + 36.8 + 101 + 30.8 + 47.3 + 80.6 + 0.59 + 132 + 3.29 + 37.8 +
1.63¢ 0.18° 0.60° 2.574 1.63% 1.02f 1.18f 2.17¢ 4.11° 0.06° 2.09° 0.10° 0.52¢
TV8 39.9 + 2.90 + 9.00 + 87.2 + 22,5 + 110 + 51.7 + 315 + 127 + 0.25 + 162 + 212+ 38.4 +
0.19° 0.504 0.32° 3.10° 0.19¢ 2.98° 0.58¢ 0.49° 3.23f 0.01¢ 2.60° 0.08? 0.24¢
V9 45.4 + 2.40 + 15.0 + 104 + 31.8 + 136 + 62.5 + 46.8 + 149 + 0.31 + 199 + 218 + 45.3 +
0.938 0.29¢ 0.09¢ 4.82° 0.15¢ 4.71° 1.02" 0.09° 5.70° 0.01° 5.72¢ 0.048 1.514
TV10 38.8 + 2.70 + 9.50 + 111 + 39.0 + 150 + 50.9 + 48.4 + 150 + 0.32 + 201 + 2.94 + 41.2 +
0.35° 0.33¢ 0.23° 1.24° 0.61¢ 1.198 0.238 0.39° 1.29° 0.01° 1.26° 0.02/ 0.23"
V11 473+ 2.30 + 14.8 + 98.1 + 32.2 + 130 + 64.3 + 47.0 + 145 + 0.32 + 195 + 2.03 + 35.0 +
0.43¢ 0.264 0.74¢ 4.27¢ 0.23¢ 4.50° 1.15" 0.92¢ 4.71° 0.01° 5.65° 0.03% 0.21¢
V12 51.9 + 3.00 + 11.6 + 106 + 35.4 + 142 + 66.4 + 47.0 + 158 + 0.30 + 208 + 213 + 44.3 +
2.02° 0.26¢ 0.71° 0.90° 1.817 0.97" 1.18" 1.17¢ 1.15¢ 0.01° 2.128 0.03* 0.63¢
V13 46.2 + 7.40 + 11.3 + 98.3 + 26.5 + 125 + 64.9 + 37.9 + 144 + 0.26 + 190 + 1.92 + 40.3 +
1.918 0.38° 1.112 1.26° 0.70° 0.58° 2.79" 0.99° 2.64° 0.01f 3.21° 0.08° 0.78°
V14 185 + 12.8 + 13.6 + 71.4 + 37.7 + 110 + 44,9 + 51.4 + 89.9 + 0.57 + 154 + 243 + 37.7 +
0.32" 0.39° 0.29¢ 0.74f 0.98° 1.21° 0.47° 0.948 0.93" 0.018 1.01! 0.05% 0.61¢
V15 53.3 + 2.70 + 21.2 + 92.6 + 39.9 + 133 + 77.2 + 61.1 + 146 + 0.42 + 210 + 1.72 + 48.7 +
1.79° 0.354 1.59° 2.08° 3.93¢ 3.23¢ 3.40° 4.99" 0.87° 0.03" 5.06% 0.08' 0.50°
TV16 25.4 + 6.70 + 125 + 78.1 + 52.2 + 130 + 44.6 + 64.6 + 104 + 0.63 + 175 + 2.92 + 43.7 +
0.48! 0.23° 1.40° 2.658 2.54° 0.67¢ 0.92° 3.93" 3.11 0.06° 1.26’ 0.06/ 1.544
V17 50.4 + 6.30 + 35.0 + 65.5 + 46.1 + 112 + 91.8 + 81.1 + 116 + 0.70 + 203 + 1.22 &+ 435 +
0.72° 0.34¢ 0.41° 0.90¢ 1.718 2.40° 1.44° 1.341 1.04 0.01! 1.87¢ 0.04™ 0.43¢
TV18 27.3 + 2.50 + 7.90 + 88.2 + 25.7 + 114 + 37.7 + 33.6 + 116 + 0.29 + 152 + 3.02 + 42,5 +
0.87' 0.20¢ 0.41° 2.53° 0.82° 3.32¢ 1.47¢ 1.17f 3.38 0.01° 474 0.04" 1.40¢
TV19 21.0 + 3.20 + 16.2 + 104 + 52.6 + 157 + 40.4 + 68.8 + 125 + 0.55 + 197 + 3.87 + 42.2 +
0.12) 0.264 0.98f 1.08° 1.35f 2.37! 1.23 1.85" 1.19 0.01 2.96° 0.12° 0.35¢
TV20 36.7 + 2.30 + 10.7 + 111 + 32.3 + 143 + 49.7 + 42,9 + 147 + 0.29 + 193 + 2.88 + 43.0 +
0.61f 0.234 0.39° 0.98° 0.324 0.99" 1.218 0.09? 0.97° 0.01° 1.07° 0.08’ 0.524
V21 44.2 + 2.70 + 7.00 + 79.2 + 21.1 + 100 + 53.9 + 28.2 + 123 + 0.23 + 154 + 1.86 + 33.6 +
0.648 0.12¢ 0.67° 1.678 0.35° 1.79f 0.15% 0.59 1.29f 0.01¢ 1.85 0.03° 0.44¢
V22 433 + 2.20 + 17.3 + 85.2 + 38.9 + 124 + 62.8 + 56.1 + 129 + 0.44 + 187 + 1.98 + 34.1 +
1.008 0.18¢ 1.10° 1.70° 0.15° 1.74° 221" 1.16% 2.66 0.01" 3.93F 0.04% 0.90°
V23 52.4 + 6.30 + 25.3 + 71.4 + 37.8 + 109 + 83.9 + 63.2 + 124 + 0.51 + 193 + 1.30 + 32.4 +
0.35° 0.35° 0.688 0.44° 0.38° 0.74° 1.044 0.54" 0.12f 0.01¥ 0.33° 0.034 0.26°
V24 32,5 + 7.10 + 14.2 + 61.9 + 32,5 + 94.4 + 53.8 + 46.6 + 94.4 + 0.49 + 148 + 1.76 + 38.0. +
0.93 0.38° 1.01¢ 2.55¢ 1.95¢ 4.36 1.538 2.47¢ 3.10% 0.01% 5.23! 0.07' 0.50°
TV25 38.1 + 3.70 + 12,5 + 104 + 36.5 + 140 + 54.3 + 49.0 + 142 + 0.34 + 195 + 2.59 + 35.0 +
1.71f 0.38¢ 0.43¢ 3.28° 1.01° 3.45" 2.548 1.24° 2.59° 0.01° 3.04° 0.17° 0.59¢
TV26 35.6 + 2.20 + 10.6 + 94.5 + 19.5 + 114 + 48.3 + 30.1 + 130 + 0.23 + 162 + 2.36 + 34.0 +
0.93f 0.12¢ 0.99° 2.17° 0.57¢ 2.70° 1.858 1.56’ 2.89f 0.01¢ 4.36F 0.06% 0.57¢
V27 23.3 + 7.40 + 8.50 + 82.7 + 32.0 + 115 + 39.2 + 40.5 + 106 + 0.38 + 154 + 2.93 + 41.0 +
0.38% 0.33° 0.32° 1.47° 0.40¢ 1.51° 0.50' 0.67° 1.84! 0.01! 1.58! 0.05' 0.38¢
TV28 27.1 + 7.90 + 9.20 + 82.0 + 34.8 + 117 + 44.2 + 44.0 + 109 + 0.40 + 161 + 2.64 + 35.0 +
0.23! 0.49¢ 0.53° 2.43° 0.86¢ 1.69° 0.84° 1.36% 2,51 0.02! 2.19° 0.05" 0.24¢
V29 28.8 + 2.20 + 13.4 + 105 + 38.3 + 143 + 44.4 + 51.7 + 134 + 0.39 + 188 + 3.23 + 38.0 +
1.13 0.09¢ 0.52¢ 1.05° 0.75° 0.38" 1.59° 1.02¢ 1.70f 0.01! 1.44% 0.12f 0.32¢
TV30 23.9 + 10.9 + 9.40 + 67.2 + 17.2 + 84.4 + 44.2 + 26.6 + 91.0 + 0.29 + 129 + 1.91 + 27.1 +
2.14% 0.98° 0.12° 3.30¢ 0.29" 3.15 3.15° 0.413 1.20 0.01° 0.03° 0.21¢ 0.32°
TV31 19.0 + 3.70 + 9.20 + 93.7 + 44.3 + 138 + 31.9 + 53.6 + 113 + 0.48 + 170 + 433 + 33.6 +
0.17° 0.09¢ 0.39° 0.96° 0.628 1110 0.40f 0.96° 0.87 0.01¥ 1.04™ 0.07P 0.26°
Betjan 48.1 + 2.90 + 12.7 + 100 + 28.2 + 128 + 63.7 + 40.9 + 148 + 0.28 + 192 + 2.01 + 46.5 +
0.418 0.12¢ 0.28° 0.46° 0.21° 0.63¢ 0.09" 0.47° 0.70° 0.01° 0.71° 0.01° 0.58°
Kharijan ~ 40.6 + 3.30 + 11.7 + 102 + 36.5 + 138 + 55.6 + 48.2 + 142 + 0.34 + 194 + 2.48 + 42.6 +
1.42f 0.23¢ 0.52¢ 0.70¢ 0.39° 1.09" 1.708 0.57¢ 0.87° 0.01° 1.04° 0.09% 0.68¢
S.3/A3 48.3 + 6.90 + 135 + 71.7 + 27.4 + 99.1 + 68.6 + 40.8 + 120 + 0.34 + 168 + 1.44 + 31.2 +
0.388 0.21° 0.47¢ 0.50f 0.59° 0.26 0.43¢ 1.06% 0.89f 0.01° 0.67™ 0.019 0.94¢
T.3/E3 61.8 + 2.60 + 23.3 + 76.8 + 29.7 + 107 + 87.7 + 53.0 + 139 + 0.38 + 194 + 1.21 + 36.4 +
1.32! 0.26¢ 0.428 1.558 0.51° 1.98° 1.954 0.90° 2.69' 0.01! 3.84° 0.01™ 0.27¢

" EGC, (—)-epigallocatechin; +C, (+)-catechin; EC, (—)-epicatechin; EGCG, (—)-epigallocatechingallate; ECG, (—)-epicatechingallate; GaC, galloylated catechins
(EGCG + ECG); NGaC, non-galloylated catechins (EC + EGC); DHC, dihydroxy catechins (EC + ECG); THC, trihydroxy catechins (EGC + EGCG); CI, catechin index
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(DHC/THG); TG, total catechin; GNR, galloylated to non-galloylated catechin ratio (GaC/NGaC); CAF, caffeine. All units, except those for CI and GNR, are in mg g’ (dry

weight basis). Values are ‘mean + SE’ of independent triplicate measurements.

# Same symbol within a column denotes not significant whereas different symbol denotes significant difference.

Table 2
Heatmap of the correlation matrix between catechins and caffeine content in tea
leaves harvested in pre-monsoon.
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CAF, caffeine; EGC, (—)-epigallocatechin; C, (+)-catechin; EC, (—)-epicatechin;
EGCG, (-)-epigallocatechingallate; ECG, (—)-epicatechingallate; TC, total
catechin; DHC, dihydroxylated catechins; THC, trihydroxylated catechins; GaC,
galloylated catechins; NGaC, non-galloylated catechins; GNR, galloylated to
non-galloylated catechin ratio.
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EGC contents (8.19-54.45 mg g) of Sri Lankan germplasm (Punyasiri
et al., 2017) are consistent with the current study. Kenyan cultivars had
higher EGC level (23.92-82.48 mg g1) as reported by Obanda et al.
(1997). However, a recent study on Chinese (Wei et al., 2011) and
Kenyan (Owuor and Obanda, 2007) tea cultivars reported much lower
levels of EGC in the range between 13.3 and 20.4 mg g and between
4.26 and 36.14 mg g™, respectively.

The effect of season on EC contents of the cultivars are tabulated in
Tables 1, 3 and 5. In pre-monsoon, the EC content varied from 7.00 +
0.67 mg gl in TV21 to 35.0 4+ 0.41 mg g! in TV17 expressing a 5.0 fold
variation. In monsoon, the variation was between 7.70 + 1.02 mg g'l in
TV10 and 37.2 + 0.35 mg g in TV17. A 4.83 fold difference was
observed between the highest and lowest content. In autumn, the EC
level varied from 6.20 & 0.55 mg g”* in TV21 to 25.2 + 0.85 mg g in
TV17. The highest and lowest level expressed a 4.06 fold difference.
Significant positive correlations (p < 0.01) between the levels of EC and
that of EGC, ECG, and TC were observed irrespective of the season
(Tables 2, 4 and 6). EC levels in the tea cultivars from Kenya (Obanda
et al., 1997) and Sri Lanka (Punyasiri et al., 2017) were reported in the
range between 10.51 and 17.21 mg g and between 6.08 and 25.50 mg
g, respectively, which are similar to the findings of the present study.
However, Wei et al. (2011) reported much lower EC levels (4.0-7.3 mg
g'1) in Chinese cultivars. In another study of Kenyan tea, EC levels were
reported in a diverse range between 2.60 and 31.93 mg ¢! (Owuor and
Obanda, 2007).

The +C content in pre-monsoon ranged from 2.20 + 0.18 mg g in
TV22 to 12.8 + 0.39 mg g™ in TV14, which represented a variation of
5.82 fold (Table 1). In monsoon, TV30 had the highest +C content (15.2
4+ 0.99 mg g'!) and TV9 had the lowest content (3.20 + 0.21 mg g'}). A
4.75 fold difference was observed between the two extremes (Table 3).
In autumn, the highest +C content (12.3 = 1.47 mg g'}) was in TV6 and
the lowest content was in TV30 (1.40 + 0.21 mg g"l) which was 8.78 fold
lower compared to TV6 (Table 5). Fang et al. (2017) reported a higher
level of +C in tea cultivars from China in the warm season of Fujian. The

+Clevels in Chinese (Wei et al., 2011) and Kenyan (Obanda et al., 1997)
tea cultivars were reported in the range between 3.4 and 22.7 mg g,
and between 0.01 and 13.70 mg g}, respectively. These results are in
good agreement with the present study. In another study, Owuor and
Obanda (2007) found +C levels in the range between 1.63 and 8.97 mg
gl relating flavan-3-ol compositions with black tea quality. Yamamoto
et al. (1997) reported higher content of EC and +C in green leaves
during summer than that of autumn season which is consistent with our
results.

The variations of TC content of the cultivars with the season are
presented in Tables 1, 3 and 5. In pre-monsoon, TC content varied from
129 + 0.03 in TV30 to 214 + 4.72 mg g in TV4 with a variation of 1.67
fold. TC content in monsoon varied from 151 + 4.21 mg g in TV30 to
238 + 8.41 mg g'! in TV23 which had 1.57 fold higher level compared to
TV30. In autumn, TC content varied from 121 + 4.45 mg g™* in TV30 to
181 + 5.82 mg g in TV10 which expressed a 1.49 fold difference.
Significant positive correlations (p < 0.01) were observed between TC
and EGC, EC, EGCG, ECG content throughout the harvesting period
irrespective of the season (Tables 2, 4 and 6). Xu et al. (2012) observed
significant differences in all catechin contents in green tea prepared
from spring and summer harvest except for EGC. Compared to our re-
sults Wei et al. (2011) reported much lower levels of TC in the range
from 92.1 to 119.2 mg g! in Chinese tea cultivars from different growing
locations. In a very recent study, TC level was reported in the range
between 72.6 and 200.4 mg g in tea samples from Southern Jiangsu
region, China (Wen et al., 2020). The tea cultivars released by United
Planters’ Association of Southern India (UPASI) had TC content (aver-
aged over the seasons) in the range from 138.3 to 203.9 mg g (Sar-
avanan et al., 2005). Jin et al. (2014) reported that the total catechin
content in 403 Chinese tea cultivars varied from 56.6 to 231.9 mg g’ in
which 98.3% cultivars were in the range between 120.1 and 231.9 mg
g

The variation of catechin content in tea germplasm from different
growing regions of the world may be attributed to the difference in the
agro-climatic environment (Fang et al., 2017; Wang et al., 2012; Wen
etal., 2020; Zheng et al., 2018). Factors like temperature, light intensity,
and precipitation significantly influence the catechin level in green tea
leaves leading to ambiguity over the most productive harvesting season
(Han et al., 2017; Wakamatsu et al., 2019; Wei et al., 2011). Harvesting
season significantly affects secondary metabolite (catechins) contents
closely related to green leaf quality of tea (Tan et al., 2017; Zeng et al.,
2020). Dai et al. (2015) reported that dimeric catechins showed sharp
seasonal fluctuations, with a significant increase in summer. The shoots
harvested in monsoon had the highest EGCG and ECG contents. This
could be due to comparatively higher temperature in monsoon (Sup-
plementary material Fig. S1) and the same metabolic pathway for their
biosynthesis as suggested by Bhatia and Ullah (1968) and Singh et al.
(1999). Yao et al. (2005) reported a significant positive correlation (p <
0.05) between the EGCG level and the temperature of the harvesting
season. Increasing sunlight exposure and temperature results in a higher
accumulation of catechins in tea leaves (Wen et al., 2020). EGCG and
ECG content decreased with decreasing sunlight intensity in autumn.
Contrary to our findings, Fang et al. (2017) reported no seasonal vari-
ation in EGCG level and the way of response might not be the same for
all the cultivars grown in the same environment owing to their genetic
variation which influences the biosynthesis of these secondary metab-
olites. Jayasekera et al. (2014) reported inconsistent variation in
phenolic compounds with the season for high grown unfermented tea in
Sri Lanka and the effect of season varied with plantation. Wakamatsu
et al. (2019) concluded that EGCG and ECG were less abundant in
autumn compared to those in monsoon and pre-monsoon. In another
report from Japan, EGCG and ECG content of green tea in summer was
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Table 3
Catechin profile and caffeine content of cultivars in monsoon.
Parameters™
Cultivar
EGC +C EC EGCG ECG GaC NGaC DHC THC al TC GNR CAF
V1 24.9 + 8.90 + 14.7 + 80.8 + 47.5 + 128 + 48.5 + 62.2 + 105 + 0.59 + 177 + 2.64 + 46.8 +
0.38%" 0.88° 0.96° 2.69° 0.67° 3.30° 0.30° 1.63° 2.75° 0.01° 3.38° 0.07° 1.08%
V2 46.4 + 6.00 + 11.4 + 113 + 33.0 + 146 + 63.8 + 445 + 160 + 0.28 + 211 + 2.30 + 49.1 +
0.63° 0.34° 0.30° 4.86° 1.19° 6.00° 1.08" 1.44° 5.46" 0.01° 7.07° 0.06° 0.42°
V3 41.8 + 9.50 + 9.10 + 118 + 32.7 + 150 + 60.4 + 41.8 + 160 + 0.26 + 211 + 2.50 + 39.6 +
1.33¢ 0.66° 0.30° 2.56¢ 2.37° 476" 1.71¢ 2.12° 3.32° 0.01° 5.45° 0.09¢ 1.76"
V4 45.9 + 8.30 + 12,6 + 107 + 36.0 + 143 + 66.8 + 48.7 + 153 + 0.32 + 210 + 215 + 41.0 +
0.52° 0.30° 0.35° 3.33¢ 0.78¢ 4,01° 0.33¢ 1.13¢ 3.39¢ 0.01¢ 4.33° 0.05¢ 0.47¢
TV5 54.9 + 9.20 + 13.0 + 105 + 32.1 + 137 + 77.1 + 45.1 + 161 + 0.28 + 215 + 1.79 + 44.4 +
0.49¢ 0.33° 0.44° 4,619 0.50° 5.10° 1.25° 0.67° 4.71° 0.01° 5.47° 0.07¢ 0.80¢
TV6 44.6 + 12.7 + 115 + 111 + 41.1 + 152 + 68.8 + 52.6 + 156 + 0.34 + 221 + 223+ 44.2 +
2.63° 0.64° 0.26° 5.45° 2.30¢ 7.32° 2.77¢ 2534 4.56° 0.02¢ 5.14 0.20° 0.69¢
V7 29.5 + 6.80 + 10.4 + 83.0 + 30.5 + 113 + 46.7 + 40.9 + 113 + 0.36 + 160 + 243 + 42.3 +
1.72¢ 0.21° 0.93¢ 1.44% 0.52° 1.824 2.72° 0.59° 1.464 0.01¢ 2.07¢ 0.16 1.68%¢
TV8 40.8 + 450 + 8.40 + 114 + 34.8 + 149 + 53.7 + 43.2 + 156 + 0.28 + 203 + 2.79 + 38.4 +
2.62¢ 0.32¢ 0.47¢ 5.78" 1.60° 4.88° 2.69° 1.50° 3.20¢ 0.01° 2.21° 0.228 1.05°
V9 452 + 3.20 + 12.0 + 120 + 331+ 153 + 60.4 + 45.1 + 166 + 0.27 + 214 + 2.54 + 55.0 +
0.81° 0.21° 0.15° 5.32¢ 0.43° 5.13° 0.78¢ 0.41° 4.61° 0.02° 4.51° 0.11¢ 1.34°
TV10 33.7 + 3.70 + 7.70 + 129 + 35.2 + 163 + 45.0 + 42,9 + 162 + 0.27 + 209 + 3.64 + 39.7 +
1.45° 0.39° 1.024 5.15¢ 2.29° 5.06° 1.988 2.77° 5.88" 0.02 6.86" 0.08" 0.70°
V11 38.6 + 3.20 + 11.4 + 141 + 37.4 + 178 + 53.3 + 48.8 + 180 + 0.27 + 236 + 335+ 38.4 +
1.23¢ 0.15° 0.54° 1.358 0.67¢ 2.02f 1.86f 1.06¢ 2.50° 0.01° 3.69° 0.09" 0.83°
V12 50.8 + 3.40 + 11.4 + 113 + 42.8 + 155 + 65.5 + 54.2 + 164 + 0.33 + 221 + 237 + 51.6 +
3.918 0.34° 0.15° 0.75° 3.21¢ 3.87° 4.39¢ 3.34¢ 4.64° 0.01¢ 8.21¢ 0.11° 1.24°
V13 43.9 + 8.50 + 10.6 + 118 + 28.5 + 147 + 63.0 + 39.1 + 162 + 0.24 + 210 + 233+ 45.0 +
0.80° 0.38° 0.55¢ 1.47¢ 1.37¢ 2.37° 1.16" 1.91° 2.11° 0.01¢ 3.41° 0.02° 0.44¢
V14 26.1 + 7.40 + 9.30 + 82.5 + 46.1 + 129 + 42.8 + 55.4 + 109 + 0.51 + 171 + 3.00 + 48.4 +
0.47° 0.48° 0.78¢ 2.26° 2.24° 4.25° 0.66" 2.76¢ 1.81f 0.02¢ 4.888 0.06" 0.99°
V15 40.9 + 470 + 21.2 + 99.9 + 53.4 + 153 + 66.8 + 74.6 + 141 + 0.53 + 220 + 2.29 + 47.9 +
3.24¢ 0.384 2.52¢ 3.75" 2.40° 2.50° 5.64¢ 4.83° 0.75% 0.04° 4.31¢ 0.21° 0.84°
TV16 21.7 + 8.90 + 14.5 + 81.4 + 60.2 + 142 + 45.1 + 74.7 + 103 + 0.73 + 187 + 3.14 + 44.4 +
1.39" 1.48° 0.97° 1.32° 0.698 1.53" 1.948 0.39° 2.46° 0.02f 3.44" 0.10" 0.83¢
V17 55.6 + 8.20 + 37.2 + 70.4 + 52.3 + 123 + 101 + 89.6 + 126 + 0.71 + 224 + 1.21 + 47.2 +
1.874 0.41° 0.35° 1.03 0.52f 1.018 1.58 0.378 1.91" 0.01° 2.04¢ 0.02! 0.41°
TV18 33.2 + 5.60 + 10.0 + 101 + 29.6 + 130 + 48.8 + 39.7 + 134 + 0.30 + 179 + 2.67 + 46.8 +
2.65" 0.24° 1.38° 1.94" 1.20° 2.34° 3.89° 1.80° 459! 0.01¢ 5.98° 0.19¢ 1.47%
TV19 23.2 + 5.30 + 12.9 + 122 + 48.7 + 170 + 41.4 + 61.6 + 145 + 0.43 + 212 + 411 + 46.6 +
0.72° 0.38° 0.46° 1.32¢ 1.48° 251" 1.45" 1.93° 1.9 0.018 3.87° 0.09 1.56%
TV20 45.4 + 3.60 + 10.8 + 120 + 32.3 + 152 + 59.8 + 431 + 165 + 0.26 + 212 + 2.54 + 46.5 +
0.74" 0.22¢ 0.36¢ 2.77¢ 0.92" 2.40° 1.10° 1.25° 2.11° 0.01° 1.58° 0.08¢ 0.847
V21 50.5 + 7.40 + 10.7 + 84.5 + 21.8 + 106 + 68.6 + 32,5 + 135 + 0.24 + 175 + 1.55 + 37.9 +
0.96% 0.55° 0.87¢ 2.33° 1.02" 3.35! 1.374 0.44" 3.00! 0.01° 3.8484 0.05° 0.95°
V22 422+ 3.40 + 17.2 + 103 + 447 + 148 + 62.8 + 61.9 + 146 + 0.43 + 211 + 2.36 + 44.8 +
3.10° 0.24° 0.958 2.40" 0.46' 2.70° 3.76° 1.20° 5.39) 0.018 6.46° 0.10° 1.404
V23 50.6 + 8.70 + 25.3 + 103 + 49.6 + 153 + 84.6 + 74.9 + 154 + 0.49 + 238 + 1.81 + 43.7 +
1.398 0.23° 0.70" 3.82" 2.60° 6.31° 211 3.22f 5.21¢ 0.01" 8.41f 0.03¢ 1.11¢
V24 29.0 + 8.10 + 14.3 + 71.2 + 43.6 + 115 + 51.4 + 57.9 + 100 + 0.58 + 166 + 223+ 39.9 +
2.21¢ 0.51° 0.98! 3.69' 0.52! 4.18¢ 3.59¢ 1.374 5.90 0.02? 7.73! 0.07° 1.21°
TV25 41.2 + 6.70 + 10.8 + 116 + 33.6 + 150 + 58.7 + 44.4 + 158 + 0.28 + 208 + 2.55 + 35.7 +
0.93¢ 0.46° 1.15¢ 3.97° 1.23° 4.96" 2.01¢ 2.27° 4.84¢ 0.01° 6.78" 0.04° 1.26
TV26 44.6 + 3.30 + 11.6 + 98.2 + 33.7 + 132+ 59.5 + 45.3 + 143 + 0.32 + 191 + 222+ 39.6 +
0.44° 0.28° 0.71° 1.19" 1.70° 2.73° 0.91¢ 1.01° 1.27 0.01¢ 210 0.07° 0.62°
V27 26.3 + 9.30 + 9.80 + 89.0 + 33.3 + 122 + 45.4 + 43.2 + 115 + 0.38 + 168 + 2.70 + 41.3 +
0.74° 0.23° 1.01¢ 4.65 0.87° 3.788 0.848 1.63° 4514 0.03! 3.07' 0.13° 0.80°
TV28 27.2 + 9.70 + 12.6 + 88.5 + 35.3 + 123 + 49.4 + 47.9 + 116 + 0.41 + 173 + 251 + 42.9 +
0.44° 0.26° 1.77° 2.53 0.57° 2.798 2.10° 2.34° 2.35¢ 0.02) 4.20° 0.10° 1.734
TV29 32.0 + 4.40 + 12.8 + 105 + 47.8 + 153 + 49.2 + 60.6 + 138 + 0.44 + 203 + 312+ 41.2 +
0.38° 0.344 0.74° 4.83" 0.92° 5.73° 1.03? 1.65° 5.03! 0.018 6.76° 0.05" 0.35°
TV30 25.4 + 15.2 + 15.6 + 78.0 + 16.8 + 94.8 + 56.2 + 32,5 + 103 + 0.31 + 151 + 1.69 + 35.3 +
0.75° 0.99° 251! 2.29° 1.00° 1.42f 2.98° 2.83" 2.81% 0.03¢ 4.21% 0.07¢ 1.56
TV31 21.1 + 7.10 + 10.8 + 115 + 39.2 + 154 + 39.0 + 50.0 + 137 + 0.37 + 193 + 3.95 + 41.3 +
0.35" 0.64° 0.47¢ 1.56° 2,258 3.408 0.32¢ 2.444 171! 0.02! 3.71 0.06" 0.51¢
Betjan 48.9 + 6.30 + 13.0 + 101 + 40.7 + 142 + 68.1 + 53.7 + 150 + 0.36 + 210 + 2.08 + 42.3 +
0.458 0.35° 0.47° 2.47" 1.30% 3.74° 0.70¢ 1.754 2.91° 0.01! 4.36" 0.04° 0.844
Kharijan  54.8 + 6.70 + 14.2 + 105 + 32.7 + 137 + 75.6 + 46.8 + 160 + 0.29 + 213 + 1.82 + 46.8 +
0.58¢ 0.43° 0.29' 2.87" 0.67° 2.65 1.16' 0.67° 3.08" 0.01° 3.70° 0.02¢ 1.73%
S.3/A3 57.1 + 10.0 + 20.8 + 84.3 + 30.1 + 114 + 87.9 + 50.8 + 141 + 0.36 + 202 + 1.30 + 37.6 +
0.47' 0.51° 0.24¢ 0.34% 0.41° 0.53° 0.38™ 0.33¢ 0.23 0.01! 0.91° 0.01¢ 0.71°
T.3/E3 57.4 + 5.00 + 22.6 + 95.5 + 27.3 + 123 + 85.0 + 49.9 + 153 + 0.33 + 208 + 1.44 + 42.3 +
0.54! 0.18° 0.35° 1.91% 0.53¢ 1.588 0.78 0.244 1.46° 0.01¢ 1.32° 0.03° 0.26¢

" EGC, (—)-epigallocatechin; +C, (+)-catechin; EC, (—)-epicatechin; EGCG, (—)-epigallocatechingallate; ECG, (—)-epicatechingallate; GaC, galloylated catechins
(EGCG + ECG); NGaC, non-galloylated catechins (EC + EGC); DHC, dihydroxy catechins (EC + ECG); THC, trihydroxy catechins (EGC + EGCG); CI, catechin index
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(DHC/THQ); TG, total catechin; GNR, galloylated to non-galloylated catechin ratio (GaC/NGaC); CAF, caffeine. All units, except those for CI and GNR, are in mg g’ (dry

weight basis). Values are ‘mean + SE’ of independent triplicate measurements.

# Same symbol within a column denotes not significant whereas different symbol denotes significant difference.

Table 4
Heatmap of the correlation matrix between catechins and caffeine content in tea
leaves harvested in monsoon.
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CAF, caffeine ;EGC, (—)-epigallocatechin; C, (+)-catechin; EC, (—)-epicatechin;
EGCG, (-)-epigallocatechingallate; ECG, (—)-epicatechingallate; TC, total
catechin; DHC, dihydroxylated catechins; THC, trihydroxylated catechins; GaC,
galloylated catechins; NGaC, non-galloylated catechins; GNR, galloylated to
non-galloylated catechin ratio.

much higher (122.0 and 41.0 mg g}, respectively) than that in spring
(88.0 and 28.0 mg g™}, respectively) (Chu and Juneja, 1997). This sea-
sonal variation could be due to the active synthesis of these catechins in
the plant tissues which gets retarded with a decrease in temperature
(Bockuchava and Skobeleva, 1969). This increased level of catechins
with increasing daylight and temperature can be associated with sig-
nificant enhancement of expression of key genes involved in phenyl-
propanoid metabolism leading to the accumulation of phenylpropanoids
(catechins) in response to light in tea callus (Wang et al., 2012). EGC did
not follow the same seasonal pattern as those of EGCG and ECG. It
showed the highest level in pre-monsoon for most of the cultivars and
then slowly decreased with an increase in temperature and day length in
the warmer months. This finding conforms with the earlier study of
Bockuchava and Skobeleva (1969) where the authors reported that the
winter period favours higher level of EGC formation. In contrast, Fang
et al. (2017) observed that EGC levels in cultivars from China increased
with increase in temperature of the growing region. They reported
significantly higher levels of EGC in 12 of the 21 cultivars studied. Fang
et al. (2017) also demonstrated that EGC could be used as a marker for
seasonal classification of harvests with 61% accuracy. In Australia and
central Africa, EGC levels in the tea shoots harvested during the cold
season were higher than that harvested in warmer seasons (Hilton and
Palmer-Jones, 1973; Yao et al., 2005). Yao et al. (2005) further
demonstrated that due to higher biosynthetic activity during the growth
of shoots, EGCG level was three times the ECG level which corresponds
to the present findings. One more possibility, supporting the results of
this investigation, is that esterification of EC and EGC with gallate may
lead to the formation of ECG and EGCG, respectively (Harbowy and
Balentine, 1997). The increased TC content in warmer months may be
justified by the active synthesis of EGCG and ECG in tea shoots. As a
significant quantity is used up in EGCG biosynthesis, the EGC level is
decreased in summer months (Yao et al., 2005). The result of the present
study and the studies of Yao et al. (2005) suggest no possibility of peak
levels of these flavanols at the same harvesting period as the

biosynthesis of EGC responds to temperature in the opposite way as
those of EGCG and ECG. Therefore, black tea quality could be deter-
mined predominantly by catechin gallates rather than catechins in tea
shoots as the catechin gallates quantitatively dominate the catechins in
tea shoots (Yao et al., 2005).

3.2. Catechin and genetic diversity

Significant variations in TC content, as well as individual catechins,
were observed among the different varieties of tea cultivars (Table 7).
Furthermore, a significant influence of seasonal variation on catechin
and genetic diversity was observed for all 35 cultivars (Table 8). Con-
forming to the earlier studies TC content can be conveniently used for
discriminative identification of CH variety from the other groups of tea
(Jin et al., 2014; Magoma et al., 2000; Sabhapondit et al., 2012). The
Assam variety had the highest TC content throughout the harvesting
period whereas CH variety had the markedly lowest content. This result
is in agreement with the study of Sabhapondit et al. (2012) on the
catechin profiles of some NE India tea cultivars. In pre-monsoon,
monsoon and autumn, average TC content in shoots were 192 + 4.27,
210 + 3.02 and 161 + 2.86 mg g'l; 173 + 6.02, 194 + 6.41 and 153 +
5.12mgg’; 166 + 26.1, 200 + 16.5 and 162 + 17.6 mg g''; 164 = 10.4,
179 + 7.68 and 155 + 9.98 mg g'}; and 132 + 2.09, 160 + 2.07 and 133
+ 3.80 mg g'1 for Assam, Cambod, ACH, AH, and CH varieties, respec-
tively. The content of EGCG, the most dominant catechin, in the Cambod
variety had the highest contribution to TC at 51.72, 52.62 and 54.18% in
pre-monsoon, monsoon, and autumn, respectively, whereas that of ACH
variety was lowest at 35.35, 37.75, and 42.38% for the respective sea-
sons. ECG is the second largest contributor towards TC after EGCG for
Cambod, ACH, AH, and CH varieties, while it is the third largest (after
EGCG and EGC) for Assam variety. The highest ECG contribution to TC,
among the varieties, was for AH at 27.59% (averaged over the seasons),
whereas the lowest was for Assam variety at 15.07% (averaged over the
seasons). The Assam variety can be characterised by high EGC content as
reported by Sabhapondit et al. (2012). The EGC content in Assam variety
contributed 24.26% (averaged over the seasons) to its TC content.

TC content in green leaf and the ratio of dihydroxy catechin (DHC) to
trihydroxy catechin (THC), termed as catechin index (CI), were used to
express the genetic differentiation in the Kenyan tea germplasm
(Magoma et al., 2000). The authors demonstrated THC (sum of EGC and
EGCQG) level as a useful tool for identification of Chinese variety whereas
DHC (sum of EC and ECG) levels could not give any clarity. In the pre-
sent study, DHC and THC levels could not ascertain any clear picture of
genetic diversity. This may be due to the extensive hybridization prac-
tices which resulted in varieties like ACH, AH, etc. The common practice
of hybridization between different tea taxa leads to difficulty in
assigning a cultivar to a particular varietal taxa (Visser, 1969). In the
current study, CI was comparatively higher for ACH and AH varieties
(0.50-0.67) indicating a high contribution of DHC to TC whereas, CI was
lowest for Assam variety as it had a higher content of EGC than ECG,
thereby, leading to low contribution of DHC to TC content (Table 7).
Hence, low CI can also be seen as a characteristic property of Assam
varieties in addition to high EGC level. Previous studies from South India
(Saravanan et al., 2005) and Kenya (Magoma et al., 2000) observed the
lowest CI (1:4) for Assam variety which conforms to our findings. CI can
be applied as a tool for the identification of high-quality cultivars in tea
breeding programmes (Punyasiri et al., 2017; Wei et al., 2011). The
observed wide ranges of catechin content are the result of the genetically
controlled synthesis of these secondary metabolites in different cultivars
(Fujimura et al., 2011).
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Table 5
Catechin profile and caffeine content of cultivars in autumn
Parameters™
Cultivar
EGC +C EC EGCG ECG GaC NGaC DHC THC al TC GNR CAF
V1 235 + 10.2 + 10.3 + 72.2 + 28.3 + 100 + 44.0 + 38.6 + 95.7 + 0.40 + 144 + 2.29 + 36.8 +
0.57%" 0.55° 0.75% 2.11° 1.74° 3.46° 0.90° 2.49° 2.19° 0.02? 3.90° 0.07° 0.82°
V2 41.7 + 4.40 + 10.1 + 95.3 + 17.8 + 113 + 56.2 + 27.8 + 137 + 0.20 + 169 + 2.03 + 40.7 +
2.35° 0.27° 0.20° 453° 0.82° 5.17° 2.28° 0.82° 2.20° 0.01° 2.90° 0.18° 0.42°
V3 37.2 + 9.20 + 7.80 + 91.4 + 20.1 + 111 + 54.2 + 27.9 + 128 + 0.22 + 165 + 2.06 + 36.3 +
2.02¢ 0.53° 0.44° 2.74° 0.32¢ 2.69° 1.23° 0.74° 4,05° 0.01° 3.60° 0.04° 0.87°
V4 36.6 + 7.30 + 11.2 + 77.3 + 17.9 + 95.2 + 55.1 + 20.1 + 133 + 0.26 + 150 + 1.73 + 35.7 +
2.35¢ 0.90° 1.66° 2.84¢ 2.02° 4.77° 1.16° 3.53° 1.28° 0.03° 5.10° 0.09° 0.61°
TV5 34.0 + 9.90 + 8.80 + 77.7 + 17.1 + 94.9 + 52.8 + 25.9 + 111 + 0.23 + 147 + 1.80 + 35.8 +
2.62¢ 0.89° 0.68" 5.78¢ 0.73° 6.41° 1.23° 1.38° 3.444 0.01° 5.29° 0.16° 1.16*
TV6 39.5 + 12.3 + 10.0 + 80.2 + 20.2 + 100 + 61.8 + 30.2 + 119 + 0.25 + 162 + 1.63 + 38.7 +
2.46° 1.47¢ 0.78% 2.95¢ 0.67¢ 3.58° 2.75¢ 1.38° 2.79¢ 0.01° 5.29° 0.07° 0.99°
V7 20.5 + 5.90 + 7.20 + 71.1 + 28.3 + 99.4 + 33,5 + 35.4 + 91.6 + 0.39 + 133 + 2.96 + 38.2 +
0.62¢ 0.74° 0.37° 3.79° 0.64° 3.55° 0.27¢ 0.68° 4.40° 0.02¢ 3.80¢ 0.08° 0.50°
TV8 32.0 + 2.80 + 6.70 + 91.8 + 18.8 + 110 + 41.6 + 25.5 + 123 + 0.21 + 152 + 2.69 + 34.8 +
3.07¢ 0.154 0.36° 2.76° 0.85° 3.30° 3.20° 1.19° 4.93¢ 0.01° 5.32¢ 0.18° 1.74%
V9 30.6 + 2.40 + 9.10 + 107 + 29.0 + 136 + 42,0 + 38.1 + 137 + 0.28 + 178 + 3.24 + 38.7 +
0.66° 0.26¢ 0.32% 2.78¢ 0.93° 3.55° 1.072 1.25° 3.34° 0.01° 4.56° 0.03¢ 1.95%
TV10 36.6 + 2.40 + 6.80 + 108 + 27.9 + 135 + 45.8 + 34.7 + 144 + 0.24 + 181 + 2.97 + 34.7 +
2.58° 0.234 0.46° 2.15¢ 2,182 3.89° 2.422 2.54° 4,53° 0.02° 5.82¢ 0.11¢ 1.24°
V11 39.3 + 2.00 + 10.8 + 98.3 + 28.5 + 126 + 52.1 + 39.3 + 137 + 0.29 + 178 + 242 + 30.7 +
0.57¢ 0.15¢ 0.99% 5.22° 1.96% 7.18° 1.30° 2.95° 5.33° 0.01° 8.32¢ 0.09° 1.44°
V12 42.4 + 2.70 + 9.00 + 83.9 + 20.9 + 104 + 54.1 + 28.8 + 126 + 0.24 + 158 + 1.95 + 36.0 +
2.71° 0.49¢ 0.46% 2.79¢ 0.99¢ 3.59° 2.85° 1.44° 3.33¢ 0.01° 4.00° 0.13*° 1.09°
V13 35.8 + 6.00 + 13.6 + 80.5 + 20.8 + 101 + 55.4 + 34.4 + 116 + 0.30 + 156 + 1.83 + 38.3 +
0.95¢ 0.49° 0.844 3.63¢ 1.22¢ 4.80° 0.87° 0.38° 4,294 0.01° 4.22¢ 0.11*° 0.70°
V14 24.3 + 10.1 + 10.4 + 62.7 + 38.4 + 101 + 44.8 + 48.8 + 87.0 + 0.56 + 146 + 227 + 317 +
2.00° 0.70° 1.47° 1.96° 1.88¢ 3.68° 2.83° 3.31¢ 2.88f 0.03¢ 5.38° 0.14° 0.64¢
V15 37.6 + 2.80 + 111 + 92.6 + 25.0 + 117 + 51.5 + 36.1 + 130 + 0.28 + 169 + 2.29 + 20.4 +
2.11¢ 0.20¢ 0.84° 4.30° 0.73¢ 4.63° 1.98° 0.83¢ 5.29° 0.01° 5.25° 0.12° 0.99¢
TV16 30.8 + 11.0 + 12.0 + 70.2 + 41.8 + 112 + 53.8 + 53.8 + 101 + 0.53 + 165 + 2.09 + 34.4 +
0.79° 0.87° 0.90° 2.34° 0.77f 3.10° 1.89" 1.64° 2.868 0.01¢ 4.33° 0.07° 2.44¢
V17 42,9 + 6.10 + 25.2 + 65.2 + 40.4 + 105 + 74.2 + 65.5 + 108 + 0.61 + 179 + 1.42 + 38.7 +
2.03° 0.34° 0.85° 3.00° 0.27° 3.15° 1.50° 1.07f 1.86¢ 0.01° 2.14° 0.07° 0.64°
TV18 25.7 + 2.40 + 7.90 + 90.9 + 23.0 + 113 + 35.9 + 30.8 + 116 + 0.26 + 149 + 3.19 + 32.1 +
0.55° 0.244 1.18° 6.03° 2.55¢ 8.29° 1.344 2.96" 5.491 0.02° 7.76° 0.30¢ 1.32¢
TV19 19.9 + 2.40 + 9.50 + 92.7 + 49.0 + 141 + 31.8 + 58.4 + 112+ 0.52 + 173 + 4.45 + 35.5 +
0.47¢ 0.18¢ 1.07° 4,05° 1.078 4,53 1.03¢ 2.098 4.41¢ 0.02¢ 5.55¢ 0.02¢ 0.30°
TV20 34.8 + 1.80 + 9.20 + 83.8 + 25.9 + 109 + 45.8 + 35.1 + 118 + 0.30 + 155 + 2.40 + 33,5 +
1.43¢ 0.15° 0.55° 2.58¢ 0.23¢ 2.78° 2.07° 0.78° 4.00¢ 0.01° 4.83¢ 0.05° 1.822
V21 37.7 + 2.20 + 6.20 + 79.6 + 17.8 + 97.4 + 46.0 + 23.9 + 117 + 0.20 + 143 + 212+ 335+
0.53¢ 0.24¢ 0.55° 2.38° 0.55° 1.99° 1.022 0.07° 2.814 0.01° 2.57° 0.05° 0.72°
V22 33.0 + 1.90 + 15.1 + 93.7 + 32.8 + 126 + 50.0 + 47.8 + 126 + 0.38 + 176 + 253 + 35.0 +
0.98¢ 0.09%¢ 0.94 3.33%¢ 1.82" 4.78° 1.85° 2.764 3.91¢ 0.01° 6.36° 0.06° 2.26°
V23 38.2 + 2.70 + 14.7 + 83.6 + 38.5 + 122 + 55.7 + 53.2 + 121 + 0.44 + 177 + 219 + 36.8 +
1.79¢ 0.334 1.05 4,58° 1.30¢ 5.28° 1.53" 1.96° 3.52¢ 0.01° 5.63° 0.11° 0.61°
V24 32.0 + 7.60 + 11.0 + 58.4 + 21.4 + 79.8 + 50.6 + 32.4 + 90.4 + 0.36 + 130 + 1.58 + 28.1 +
1.08° 0.35°F 0.73% 2.47° 3.73¢ 2.644 1.68° 1.40° 1.82" 0.01° 3.03¢ 0.07° 0.23¢
TV25 28.3 + 2.40 + 8.50 + 89.8 + 29.4 + 119 + 39.2 + 37.9 + 118 + 0.32 + 158 + 3.04 + 27.6 +
0.55° 0.264 1.29° 2.64° 1.10° 2.43° 1.91f 1.42¢ 3.194 0.01%¢ 4.21°¢ 0.104 1.11¢
TV26 33.6 + 1.60 + 8.30 + 88.1 + 20.2 + 108 + 435 + 28.4 + 121 + 0.23 + 151 + 2.49 + 30.2 +
1.31¢ 0.18° 0.90° 3.99° 1.71¢ 5.64° 0.41° 2.61° 3.15¢ 0.02° 5.54° 0.14° 1.05°
V27 23.4 + 6.30 + 7.60 + 69.3 + 22.8 + 92.1 + 37.2 + 30.4 + 92.7 + 0.33 + 129 + 248 + 29.3 +
0.82° 0.37° 1.03° 1.84° 0.95¢ 2.34° 1.65f 1.98>¢ 2.56" 0.02%2 3.96¢ 0.05° 1.11°
TV28 245 + 7.50 + 8.00 + 68.5 + 25.9 + 94.3 + 40.1 + 33.9 + 93.0 + 0.37 + 134 + 2.35 + 315 +
0.62° 0.51f 0.84° 3.88° 0.22¢ 373" 1.53% 0.70° 4.410 0.01¢ 5.04¢ 0.06° 0.32¢
V29 23.6 + 2.20 + 9.10 + 93.0 + 31.2 + 124 + 34.9 + 40.2 + 116 + 0.34 + 159 + 3.58 + 34.3 +
2.06° 0.18¢ 1.19° 3.25%¢ 419" 7.20° 1.10¢ 5.38° 2.274 0.04¢ 6.39° 0.31¢ 2.23°
TV30 21.2 + 1.40 + 11.9 + 72.9 + 14.2 + 87.1 + 34,5 + 26.0 + 94.1 + 0.28 + 121 + 2.54 + 30.4 +
2.212 0.21¢ 0.49% 2.40% 0.69' 2.76° 2.38¢ 1.05° 3.53" 0.01° 4.45° 0.14° 2.32¢
TV31 30.5 + 3.30 + 17.7 + 68.6 + 25.6 + 94.3 + 51.5 + 433 + 99.1 + 0.44 + 145 + 1.84 + 29.6 +
1.31¢ 0.398 0.948 4.37° 1.70° 3.86° 2.31° 2.56° 4.68° 0.04° 4.68° 0.10° 0.90°
Betjan 32.3 & 2.40 + 7.70 + 83.5 + 21.2 + 104 + 42.4 + 28.8 + 115 + 0.25 + 147 + 248 + 32.9 +
2.62° 0.15¢ 0.87° 1.28° 0.23¢ 1.522 2.022 0.97° 3.474 0.01° 3.32¢ 0.09° 0.71°
Kharijan ~ 40.6 + 3.10 + 8.70 + 90.4 + 23.4 + 113 + 52.4 + 32.0 + 131 + 0.24 + 166 + 217 + 37.2 +
0.69° 0.208 1.48° 4,90° 2.62¢ 7.52° 1.08" 4,05° 4.23° 0.02° 8.23° 0.12° 1.76%
S.3/A3 42.4 + 1.50 + 11.6 + 73.1 + 28.0 + 101 + 55.6 + 39.6 + 115 + 0.34 + 156 + 1.82 + 31.2 +
0.27° 0.15° 0.41% 1.012 0.81° 1.63° 0.60° 1.09¢ 0.75¢ 0.01¢ 1.41¢ 0.04° 0.59°
T.3/E3 51.2 + 2.20 + 14.7 + 80.7 + 23.4 + 104 + 68.1 + 38.1 + 131 + 0.29 + 172 + 1.53 + 36.0 +
1.23 0.15¢ 0.49° 0.52¢ 0.41¢ 0.44° 1.858 0.55° 1.65° 0.01° 2.28° 0.03° 0.46°

" EGC, (—)-epigallocatechin; +C, (+)-catechin; EC, (—)-epicatechin; EGCG, (—)-epigallocatechingallate; ECG, (—)-epicatechingallate; GaC, galloylated catechins
(EGCG + ECG); NGaC, non-galloylated catechins (EC + EGC); DHC, dihydroxy catechins (EC + ECG); THC, trihydroxy catechins (EGC + EGCG); CI, catechin index
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(DHC/THQ); TG, total catechin; GNR, galloylated to non-galloylated catechin ratio (GaC/NGaC); CAF, caffeine. All units, except those for CI and GNR, are in mg g’ (dry

weight basis). Values are ‘mean + SE’ of independent triplicate measurements.

# Same symbol within a column denotes not significant whereas different symbol denotes significant difference.

Table 6
Heatmap of the correlation matrix between catechins and caffeine content in tea
leaves harvested in autumn.
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CAF, caffeine ;EGC, (—)-epigallocatechin; C, (+)-catechin; EC, (—)-epicatechin;
EGCG, (-)-epigallocatechingallate; ECG, (—)-epicatechingallate; TC, total
catechin; DHC, dihydroxylated catechins; THC, trihydroxylated catechins; GaC,
galloylated catechins; NGaC, non-galloylated catechins; GNR, galloylated to
non-galloylated catechin ratio.
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3.3. Galloylated catechins and non-galloylated catechins

The principal galloylated catechins (GaCs) are EGCG and ECG,
whereas EGC, (+)C and EC constitute the non-galloylated catechins
(NGaCs). The bioactivity of GaCs is considered to be higher than that of
NGaCs (Wolfram et al., 2006). Xu et al. (2012) projected the catechin
profile as one of the season discriminating parameters. They reported a
higher level of GaCs (78.00 vs 54.88 mg g'l) and NGaCs (12.09 vs 8.57
mg g'1) in summer compared to spring. The level of total GaCs could be
used as a quality indicator of black tea processed from Kenyan tea cul-
tivars (Owuor and Obanda, 2007).

In pre-monsoon, GaCs content varied from 84.4 + 3.15 mg g'l in
TV30 to 157 + 2.37 mg g in TV19 which represented a 1.86 fold
variation (Table 1). TV6 presented the highest NGaCs content with 92.4
+ 4.46 mg g’ and that of TV7 was the lowest with 30.8 + 1.18 mg g},
representing a 3.00 fold difference. The variation in the extent of gal-
loylation, defined by the ratio of GaCs to NGaCs [GNR=(ECG + EGCG)/
(EC + EGCQ)], was observed in the range between 1.16 and 4.33. In
monsoon, GaC contents ranged from 94.8 + 1.42 mg g'1 in TV30 to 178
+2.02 mg g! in TV11, which expressed a 1.88 fold variation (Table 3).
TV17 had the highest content of NGaCs with 101 + 1.58 mg g%, whereas
TV31 had the lowest value with 39.0 4 0.32 mg g™!. The highest content
differed from the lowest with a factor of 2.59. GNR was observed in the
range between 1.21 and 4.11. In autumn, GaC contents varied from 79.8
+2.64mg g in TV24 to 141 + 4.53 mg g™ in TV19, which represented
a 1.78 fold variation (Table 5). NGaCs content ranged from 31.8 + 1.03
mg gl in TV19 to 74.2 + 1.50 mg g in TV17. The two extremes were
differed by a factor of 2.33. GNR values were found in the range between

1.42 and 4.45. Punyasiri et al. (2017) reported GNR values in the range
between 1.17 and 7.79 in Sri Lankan tea cultivars which was much
higher than our results indicating the higher extent of contribution of
GaCs to TC than for Tocklai cultivars.

3.4. Caffeine

Caffeine, a purine alkaloid, is an important secondary metabolite
present in tea plants (Zhu et al., 2019). This alkaloid is accumulated in
tender leaves and seeds and its level is observed at 20-50 mg g! in tea
leaves (Zhu et al., 2019). Caffeine contributes to the creaming properties
of black tea. Therefore tea with a low caffeine level is considered to be of
inferior quality. The effect of season on the caffeine content of the cul-
tivars is presented in Tables 1, 3 and 5. In pre-monsoon, cultivar TV15
had the highest caffeine content (48.7 & 0.50 mg g}) whereas cultivar
TV30 had the lowest content (27.1 + 0.32 mg g'l). The two extreme
cultivars represented 1.80 fold variation. In monsoon, caffeine content
varied from 35.3 + 1.56 mg ¢! in TV30 to 55.0 + 1.34 mg g™ in TV9,
expressing a variation of 1.56 fold. In autumn, caffeine content varied
from 27.6 + 1.11 mg g” in TV25 to 40.7 + 0.42 mg g’ in TV2,
expressing a variation of 1.47 fold. Xu et al. (2012) observed an increase
of 2.163 mg g in caffeine level in green tea processed from summer
harvest in comparison to spring. The caffeine content of Sri Lankan
(Punyasiri et al., 2017) and Kenyan (Obanda et al., 1997) tea germplasm
were reported in the range between 18.11 and 44.93 mg g and between
27.6 and 49.7 mg g}, respectively, which are in close agreement with
the present study.

4. Conclusions

The study demonstrates the phenolic profile of Tocklai tea cultivars
in a broad sense manifesting significant variations with seasonal effect.
The catechin contents critical to the quality of black tea reached a peak
level in the monsoon season. The contents of TC in cultivars TV23, TV17
and TV15; and that of EGCG in TV10, TV11, and TV9 were significantly
higher than for other cultivars. A database has been generated to allow
selection of tea cultivars with higher catechin content paying adequate
attention to the season. Knowledge of specific differences in the catechin
profile among tea cultivars is important to identify suitable cultivars for
breeding new varieties that thrive better to alleviate climate change
effect and processing of quality tea to meet the changing demands of
consumers. Marked variation in day length, sunlight and temperature
across seasons triggers variation in phenolic composition in tea shoots.
Further study in a controlled environment and over a longer period may
provide mechanistic insight into the effect of the environmental factors
on the biosynthesis of quality precursors in tea shoots.
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Table 7
Variation and distribution of catechins and caffeine content in different varieties harvested in different seasons
Assam Cambod Assam China hybrid Assam hybrid China hybrid
Parameters*  ppe_ Monsoon Autumn Pre- Monsoon Autumn Pre- Monsoon Autumn Pre- Monsoon Autumn Pre- Monsoon Autumn
monsoon monsoon monsoon monsoon monsoon
EGC 51.3 + 46.6 + 38.5 + 32.4 + 347 + 28.5 + 35.5 + 40.2 + 33.2 + 21.9 + 23.9 + 27.5 + 15.8 + 29.5 + 20.5 +
2.33% # 1.75° 1.16° 2.64¢ 2.62¢ 1.49° 10.5¢ 10.8¢ 9.72¢ 3.47 2.20f 3.27¢ 1.638 1.72¢ 0.62f
EGCG 93.9 + 108 + 86.5 + 89.6 + 102 + 82.9 + 58.8 + 75.6 + 68.7 + 74.7 + 81.9 + 66.5 + 64.7 + 82.9 + 71.1 +
2.84° 3.66° 2.32¢ 4.12%¢ 4,274 3.59¢ 4.71¢ 3.70° 3.488 3.33f 0.55° 3.778 2.578 1.44° 3.79
ECG 29.0 + 34.9 + 21.8 + 33.8 + 37.2 + 27.7 + 40.7 + 49.9 + 34.3 + 44.9 + 53.1 + 40.1 + 36.7 + 30.5 + 28.3 +
1.55% 1.82° 0.96° 2.45° 2.414 2.28° 3.79¢ 1.72¢ 6.03" 7.22¢ 7.07° 1.70° 1.63° 0.52° 0.64°
EC 13.3 + 13.1 + 9.69 + 12.8 + 13.3 + 10.5 + 22.9 + 25.9 + 17.7 + 13.0 + 11.9 + 11.1 + 10.5 + 10.4 + 717 +
1.09% 1.13% 0.61° 1.25% 1.08° 0.85° 8.56° 7.95¢ 7.43¢ 0.58° 2.58° 0.82¢ 0.60° 0.93° 0.37
+C 4.85 + 6.82 + 4.58 + 455 + 6.68 + 3.28 + 8.38 + 8.52 + 8.15 + 9.73 + 8.15 + 10.5 + 4.43 + 6.80 + 5.90 +
0.68° 0.68° 0.83° 0.75° 0.89° 0.58° 1.45¢ 0.25¢ 2.02¢ 3.03¢ 0.78¢ 0.43° 0.18° 0.21° 0.74°
TC 192 £ 4.27° 210 + 161 + 173 + 194 + 153 + 166 + 200 + 162 + 164 + 179 + 155 + 132 + 160 +£2.07 133+
3.02° 2.86° 6.02¢ 6.41° 5.12° 26.1¢ 16.5 17.6° 10.4 7.68% 9.98° 2.098 c 3.808
DHC 42.3 + 48.0 + 31.4 + 46.7 + 50.5 + 38.3 + 63.7 + 75.8 + 52.1 + 58.0 + 65.0 + 51.3 + 47.7 + 40.9 + 35.4 +
2.09° 2.28° 1.26° 3.18° 3.02° 2.544 12.3¢ 9.68° 13.4° 6.63° 9.65° 2.52° 2.17° 0.59° 0.684
THC 145 +3.24° 155+ 125 + 122 + 136 + 111 + 94.3 + 115 + 101 + 96.7 + 105 + 94.0 + 80.5 + 112 + 91.6 +
2.65° 2.45° 4.89¢ 5.70¢ 3.98° 15.2f 7.15¢ 6.238 6.80° 2.758 7.03° 411" 1.46° 4.40°f
cI 0.29 + 0.31 + 0.25 + 0.39 + 0.38 + 0.35 + 0.67 + 0.65 + 0.50 + 0.60 + 0.62 + 0.55 + 0.59 + 0.36 + 0.39 +
0.01° 0.02° 0.01° 0.03¢ 0.02° 0.02¢ 0.02¢ 0.044 0.10° 0.034 0.114 0.01° 0.06° 0.01¢ 0.02¢
GaC 122 £3.81° 143 + 108 + 123 + 139 + 110 + 99.5 + 125 + 103 + 119 + 135 + 106 + 101 + 113 + 99.4 +
4.46° 2.83¢ 5.46° 5.43° 5.06° 8.51¢ 1.98° 2.55¢ 10.5° 6.52° 5.474 1.02¢ 1.82¢ 3554
NGaC 69.6 + 66.8 + 52.8 + 49.8 + 54.7 + 42.3 + 66.8 + 74.7 + 59.1 + 44.7 + 43.9 + 49.3 + 30.8 + 46.7 + 335 +
3.33° 2.79° 1.68° 3.55¢ 3.034 1.98° 17.6* 18.5° 15.18 0.15¢ 1.17° 4.52¢ 1.18" 2.72¢ 0.27'
GNR 1.84 + 2.25 + 2.09 + 2.65 + 2.65 + 271 + 1.65 + 1.93 + 1.86 + 2.68 + 3.08 + 218 + 3.30 + 2.45 + 2.96 +
0.12? 0.16° 0.10° 0.22¢ 0.18° 0.20° 0.31° 0.51° 0.43% 0.24° 0.07¢ 0.09¢ 0.114 0.16¢ 0.08%4
CAF 39.5 + 42.8 + 35.1 + 37.4 + 42,9 + 32.3 + 37.5 + 46.9 + 37.7 + 40.7 + 46.3 + 33.1 + 37.7 + 42.2 + 38.1 +
1.25% 1.08° 0.76° 1.344 1.34° 0.90° 5.95¢ 0.20° 0.98¢ 3.00° 1.98f 1.37¢ 0.52¢ 1.68" 0.50¢

*EGC, (—)-epigallocatechin; +C, (+)-catechin; EC, (—)-epicatechin; EGCG, (—)-epigallocatechingallate; ECG, (—)-epicatechingallate; GaC, galloylated catechins (EGCG + ECG); NGaC, non-galloylated catechins (EC +
EGQC); DHC, dihydroxy catechins (EC + ECG); THC, trihydroxy catechins (EGC + EGCG); CI, catechin index (DHC/THC); TC, total catechin; GNR, galloylated to non-galloylated catechin ratio (GaC/NGaC); CAF, caffeine.
All units, except those for CI and GNR, are in mg g'(dry weight basis). Values are ‘mean + SE’ of independent triplicate measurements.

#Same symbol within a row denotes not significant whereas different symbol denotes significant difference.
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Table 8
Pearson’s correlation between catechins and caffeine content during different and seasons
Parameters”
Pearson’s correlation
Caffeine EGC +C EC EGCG ECG TC DHC THC GaC NGaC GNR
Pre-monsoon vs Monsoon 0.573* 0.810* 0.791* 0.848* 0.789* 0.706* 0.839* 0.813* 0.859* —0.196 0.142 —0.752*
Pre-monsoon vs Autumn 0.217** 0.759* 0.741* 0.684* 0.619* 0.800* 0.664* 0.834* 0.734* —0.043 0.015 —0.620*
Monsoon vs Autumn 0.475** 0.759* 0.500%* 0.719* 0.666* 0.643* 0.703* 0.718* 0.779* 0.758* 0.599* 0.677*

#EGC, (—)-epigallocatechin; +C, (+)-catechin; EC, (—)-epicatechin; EGCG, (—)-epigallocatechingallate; ECG, (—)-epicatechingallate; TC, total catechin; DHC, dihy-
droxy catechins (EC + ECG); THC, trihydroxy catechins (EGC + EGCG); GaC, galloylated catechins (EGCG + ECG); NGaC, non-galloylated catechins (EC + EGC); GNR,

galloylated to non-galloylated catechin ratio (GaC/NGacC).
*and ** denote significant at 1% and 5% level of significance respectively.
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