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ABSTRACT

Tea is one of the most ancient and popular therapeutic beverages consumed by people all over the world. It is made from
the leaves and buds of the plant “Camellia sinensis”. Tea is cultivated in more than thirty countries around the world

as a plantation crop. In the present study, thirty tea samples of 20 black and 10 green tea manufactured in Sri Lanka
were screened for antioxidant activities. Black tea samples were obtained from the three main geographical regions low
(Dust (I), BOPE BOPIL, OPI, Pekoe), mid (Dust (1), Dust, BOPF Local, BOPI, BOP, OPI, Pekoe) and up (Dust, BOPE
BOP, FBOP, FBOPI, OPA, OPI, Pckoe) country of Sri Lanka. Green tea samples are manufactured by two different
processing methods; panning (Ceylon GT Chunmee (I), Ceylon GT Chunmee (II), Ceylon GT Fanning’s, Ceylon GT
Gun Powder (GP) (Extra Spl), Hyson, OPA green tea Ceylon GT Special Hyson) and steaming (Ceylon Sencha OPA,
Ceylon Tencha, Cut Twist Curl (CTC) green tea) were used in the investigation. Total phenolic content (TPC), total
flavonoid content (TFC), and antioxidant activities using ABTS, FRAP, DPPH and, ORAC assays were determined for
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cach tea infusion. According to the results, phenolic content was higher in green tea than that of black tea and flavonoid
content was lower in green tea than in black tea. Results of all antioxidants assays showed higher values for green tea
than black tea. Neither the geographic area from which the samples of black tea came nor the method of preparation
of green tea showed any significant differences in the activities. The results of the study have shown that Sri Lankan

tea has compounds with antioxidant activities. Therefore, Sri Lankan tea can be used as a therapeutic beverage and a
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possibility to use the tea for producing antioxidant drugs through extraction and isolation processes.

KEYWORDS: Black tea, green tea, upcountry, mid-country, low country, antioxidant activity

INTRODUCTION

The tea plant, Camellia sinensis (L.) is indigenous to China and
parts of India. Tea is grown worldwide, including in China, India,
Sri Lanka, Kenya and Indonesia (Dharmadasa et al., 2018). Tea
leaves provide different types of beverages, which are the most
popular non-alcoholic, soft, healthy drinks across the world
(Schmidt et al., 2005; Kamunya et al., 2010; Falla et al., 2021)
and therefore rank as an important world food product (De-
Heer, 2011). Tea is generally consumed for its attractive aroma

and taste as well as the unique place it holds in the culture of
many socictics (De-Heer, 2011).

Black tea, green tea, Oolong and white tea are all harvested
from the same species but are processed differently to attain
different levels of oxidation. Black tea is fully fermented, green
and white tea is essentially unfermented and Oolong tea is
partially fermented (Bancirova, 2010; Mahmood et al., 2010;
Namita et al., 2012; Rohadiet al., 2019; Falla et al., 2021; Truong
& Jeong, 2021; Wong et al., 2022). Of the total teas produced

changes were made.
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worldwide are 78%, 20%, 2% are black, green and, Oolong tea
respectively (Chan et al., 2007; Omar et al., 2016; Balaban et
al., 2022). Black tea is preferred by the consumers in India,
Sri Lanka, Pakistan, the US, Russia, and the UK, green tea is
preferred in Japan and China while Oolong tea is preferred by
the people in China (Singh & Anita, 2012; Lange, 2022; Wong
etal., 2022).

Tea s cultivated in different districts in Sri Lanka, with variations
in productivity due to both regional and seasonal differences.
The varying landscapes of the tea-growing regions facilitate the
production of the high, medium, and low-grown black teas; all
of which have distinct differences in flavor (Kelegama, 2010).
Sri Lanka has produced a lot of different grades of black teas
(e.g., whole-leaf grades- OPI, OPA, OP, broken leaf grades- F'B,
BOP, BOPI, fanning’s- PE, BOPE and Dust grades - Dust, Dust
(1)) and many grades of green teas (e.g., pan-fried- Gun Powder,
Hyson, OPA, Sp. Hyson and steamed- Ceylon Sen. OPA, Ceylon
Tencha, CTC). Sri Lanka exports approximately 95% of its
production (Prematunga, 2009) and has been able to maintain
20 Jargest exporter of tea worldwide with approximately 1.33

billion U.S. Dollars’ worth of tea in 2020 (Ridder, 2022).

C. sinensis contains more than 200 chemicals which consist
of 36% polyphenolic compounds, 20% carbohydrates, 10%
proteins, 6% lignin, 0.05% ash, 4% amino acids, 2% lipids,
1.0% organic acids, 0.05% chlorophyll as well as carotenoids
and volatile substances less than 0.1% of dry substance mass
(Bancirova, 2010; Ponmurugan et al., 2019; Zhang et al.,
2019; Chen et al., 2022). The phytochemical screening of tea
revealed the presence of alkaloids, saponins, tannins, catechin,
and polyphenols. Among all tea types, green teas contain
the highest amount of monomeric polyphenols, the most
frequent are catechins. The most important catechins are
epigallocatechin gallate (EGCG), epigallocatechin (EGC),
epicatechin gallate (ECG), and epicatechin (EC) (Luczaj &
Skrzydlewska, 2005; Ponmurugan et al., 2019). Due to the
oxidation of phenolic compounds during the fermentation
process, black tea contains multimeric polyphenols (Luczaj
& Skrzydlewska, 2005; Ponmurugan et al., 2019) thearubigins
and theaflavins (Lee et al., 2002; Ponmurugan et al., 2019).
Black tea comprises 2-6% of theaflavins and more than 20%
of thearubigens, whereas green tea has 30-42% of catechins
(Lin et al., 2003; Chan et al., 2007; Lee et al., 2019). There are
some factors influencing the chemical content of tea such as
the tea category, geographical location and growing conditions
(soil, climate, agricultural practices, fertilizers), the type of tea
(e.g., blended, decaffeinated, instant) and the preparation of
the infusion (e.g., the amount of the product used, duration of
steeping, the temperature of the water) (Hakim et al., 2000; Wu
& Wei, 2002; Ratnasooriya et al., 2016; Ntezimana et al., 2021).

Tea is simply considered a tasteful drink for most of the
world. Moreover, the scientific community has recently re-
discovered the therapeutic potential of this beverage (McKay
& Blumberg, 2002; Luczaj & Skrzydlewska, 2005; Ntezimana
et al.,2021). Human studies suggested that tea may contribute
to the reduction in the risk of cardiovascular discase and
some forms of cancer, as well as the promotion of oral health
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(Namita et al., 2012; Yang & Hong, 2013; Lange, 2022). Harmful
effects of free radicals and oxidative stress can be reduced by
regular consumption of foods and beverages which exhibit
antioxidant activity (Yashin et al., 2011). Tea polyphenols
are natural powerful antioxidants (Taniazawa et al., 1984;
Farhoosh et al., 2007; Truong & Jeong, 2021) and are considered
to be responsible for the anticarcinogenic and antimutagenic
properties of tea (Shahidi et al., 1992; Tijburg et al., 1997,
Wiseman et al., 1997; Truong & Jeong, 2021). However, the
antioxidant activity of green tea is higher than that of black
tea according to some previous investigations (Yokozawa et al.,
1998; Leung et al., 2001; Lee et al., 2002; Atoui et al., 2005;
Truong & Jeong, 2021). However, Leunget al. (2001) argued that
theaflavins in black tea and catechins in green tea are equally
effective antioxidants.

Although Sri Lanka is still regarded as a producer of superior-
quality tea it is gradually losing its footing in the global tea
industry. Intense competition from rivals has adversely affected
the nation’s competitive position. Meanwhile, the country’s
continued focus on producing orthodox tea as opposed to value-
added tea could further erode its market share in the global
market because of the inability to fulfil the global consumers
rapidly changing preferences. Under these circumstances,
the production of value-added tea may be a good solution to
compete in the world market. The antioxidant capacity of tea
can be used as value-added quality of tea as consumer preference
Is gaining interest in the health properties of food products.
Only a few pieces of have been carried out on the antioxidant
properties (Abeywickrama et al., 2011; Aluthgamaa et al,,
2020) of Sri Lankan teas. Also, due to no previous evidence on
comparative analysis of black and green tea manufactured in
Sri Lanka one of an aim of the current rescarch was to compare
Sri Lankan black and green tea for antioxidant activities. The
effect of geographical areas on total phenolic content, the total
flavonoid content and the antioxidant activity of black tea was
also estimated.

MATERIALS AND METHODS

Tea Samples

Twenty black tea samples of (Dust, Dust (I), Broken Orange
Pekoe Fanning’s (BOPF), Broken Orange Pekoe (BOP), Broken
Orange Pekoe I (BOPI), Flowery Broken Orange Pekoe (FBOP),
Flowery Broken Orange Pekoe I (FBOPI), Orange Pekoe A
(OPA), Orange Pekoe I (OPI) and Pekoe) belonging to different
geographical areas; up-St. Coombs estate, Thalawakelle; above
1,200 m, mid- St Joachim estate, Ratnapura; 600- 1200 m and
low, Deniyaya tea estate; between sea level and 600 m obtained
from Tea Research Institute, Thalawakelle, Sri Lanka. Ten green
tea samples (Ceylon GT Chunmee (1), Ceylon GT Chunmee
(II), Ceylon GT Fanning’s, Ceylon GT Gun Powder (GP)
(Extra Spl), Hyson, OPA green tea Ceylon GT Special Hyson,
Ceylon Sencha OPA, Ceylon Tencha, Cut Twist Curl (CTC)
green tea) were obtained from Melfort Green Teas (Pvt) Ltd,
Peliyagoda, Sri Lanka.
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Preparation of Tea Infusion

Tea infusions were prepared by adding 100 ml of boiled water
to 2 g of dry tea sample and cooled to room temperature. The
dry matter content of tea infusions was determined using
the oven method, dried at 110 = 5°C temperatures for constant
mass (Faichney & White, 1983). Triplicates of infusion were
prepared for cach sample. Then, 2 ml of filtered tea infusion was
centrifuged at 11000 rpm for 5 mins. The supernatants were
stored at -40 °C until their use in the assays. Tea infusions were
diluted for each assay separately by diluting the tea samples
with relevant solutions (TPC- distilled water, TFC- methanol,
FRAP- acetate buffer, ABTS- ABT'S buffer, ORAC- ORAC buffer
and DPPH- methanol). For TPC, TFC, FRAP, ABTS* and
the ORAC assays only one concentration was prepared while
for the DPPI assay five concentrations were prepared to
determine the IC50 values.

Determination of Total Polyphenolic Content (TPC) and
Total Flavonoid Content (TFC)

The Folin-Ciocalteu method described by Blainski et al. (2013)
was used to estimate the total polyphenolic content in the tea
infusions. Total flavonoid content was determined according to
the aluminium chloride method previously described by Wong

et al. (2006) and Mundhe et al. (2011).
Determination of Antioxidant Activities

Ferric Reducing Antioxidant Power was determined using
the previously described FRAP method Maizura et al. (2011)
with some modifications. In our study, the final volume of
the reaction mixture used was 200 ul instead of 1000 ul in the
previous study. For the ABTS* assay, the procedure followed the
method of Thaiponga, (2006), with some modifications. In our
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study, the final volume of the reaction mixture used was 200
ul instead of 1000 pl in the previous study. The ORAC assay
was based on the procedure described by Kodama et al. (2010).
A fluorescence microplate reader was used for this assay. ORAC
assay is a kinetic assay. Decay curves (fluorescence intensity vs.
time) were recorded and the area between the two decay curves
(with or without antioxidants) was calculated. The antioxidant
capacity was determined by the DPPH (2,2-diphenyl-1-
picrylhydrazyl) the radical-scavenging method according to
Liang and Kitts (2014). The results of all antioxidant assays
were expressed as mg Trolox Equivalents (mg TE)/g of tea
sample on a wet basis.

Statistical Analysis

Determination of antioxidant activity was done using three
replicates and the results were expressed as mean + standard
deviation (SD). Statistical analysis was performed using the SPSS
software and Minitab version 16 software. The differences between
means of each category of black tea, black and green tea were
analyzed separately by ANOVA test and then Duncan’s multiple
range tests (p < 0.05) toidentify the best samples of each category.

RESULTS

Total phenolic content, total flavonoid content and in vitro
antioxidant activities measured by the FRAP, ABTS, ORAC
and DPPH assays of black tea and green tea are interpreted in
Tables 1 and 2 respectively.

Total Polyphenolic Content (TPC)

From the used black tea samples the highest, the lowest total phenolic
content (TPC) was found in mid-country BOPF (246.34 mg GALE/g
tea sample) and mid-country Pekoe (40.54 mg GAL/g tea sample) tea

Table 1: TPC, TFC and in vitro antioxidant activities of black tea infusions

Geographical Leaf grade Sample TPC (mg GAE/g TFC (mg QE/lg FRAP (mgTE/g ABTS+ (mgTE/g ORAC (mgTE/g DPPH (mgTE/g
area sample) sample) sample) sample) sample) sample)

Low country  Dust Dust () 139.08 + 1.92° 2.60 = 0.11° 149.17 = 1.63" 162.07 + 3.64% 68.99 + 3.55° 163.93 +3.99

(LB) Fanning’s BOPF 98.39 = 5.22% 1.62 + 0.03" 203.96 = 17.27* 112.60 = 17.60° 35.91 + 4.39" 71.17 £ 1.56°

Broken leaf BOPI 69.23 += 0.36"  1.65 = 0.01" 153.00 = 21.71° 122.34 = 7.434 59.12 + 2.45% 20.18 = 0.12

Whole leaf  OPI 57.97 + 0.84  3.03 = 0.06%* 55.57 + 4.58¢ 88.31 + 5.69¢ 22.46 = 1.02i 38.77 = 0.53¢

Pekoe 58.33 = 3.070  1.33 = 0.03" 142.83 = 3.27° 168.69 = 3.52*  61.90 + 3.71%"  90.47 + 1.63¢

Mid country  Dust Dust (I) 77.87 £ 2.43¢ 2.59 += 0.03f 60.21 + 1.16¢ 87.66 = 4.41° 66.75 + 1.95f 38.34 = 1.35¢

(MB) Dust 75.86 = 1.499 2.03 £ 0.02¢ 92.71 + 19.73°¢ 141.81 + 4.17° 40.19 + 3.71" 39.48 + 1.02°¢

Fanning’s BOPF 246.34 + 4,65° 3.44 + 0.12¢ 99.45 + 6.04¢ 109.27 + 6.95¢ 40.29 + 4.33" 99.02 £ 6.17°¢

Broken leaf BOPI 98.58 + 0.60% 1.56 *+ 0.03" 32.92 + 3.10f 128.04 + 7.36° 46.87 + 5.46% 38.46 = 0.32°¢

BOP 78.28 £ 0.519 2.85 + 0.04* 56.25 + 5.84¢ 79.09 + 2.75¢ 60.97 + 3.73% 39.49 + 0.24¢

Whole leaf  OPI 121.42 + 3.42¢ 1.44 = 0.02" 65.91 + 6.38¢ 59.81 + 8.29%" 37.95 + 0.24" 65.40 + 1.99f

Pekoe 40.54 = 1.14« 0.65 = 0.15  36.72 + 1.04 87.14 £ 4.41¢ 52.75 + 3.30%" 27.49 = 0.61"

Up country Dust Dust 93.22 + 1.14"  3.08 + 0.03% 56.72 + 1.84¢ 68.84 + 2.26" 24.65 = 4.25' 31.62 = 1.00"

(uB) Fanning’s BOPF 73.68 + 0.299" 3.25 + 0.02% 61.35 + 1.72¢ 109.49 + 3.58¢ 37.52 = 1.46" 137.70 + 2.38°

Broken leaf BOP 95.86 = 0.59¢ 5.08 + 0.47¢ 30.58 * 4.21° 52.46 + 2.87" 445.88 + 14.85° 27.90 + 0.65"

FBOP 93.97 = 2.00¢ 4.96 + 0.04¢ 21.15 + 5.38f 51.04 + 3.58" 324.55 + 29.22¢ 23.84 + 0.517

FBOPI 102.07 = 3.38Y 0.47 = 0.04% 53.00 * 3.54% 61.56 + 2.45%" 407.58 + 18.62° 31.22 + 3.87"

Whole leaf OPA 65.06 + 1.79' 4.14 = 0.01° 33.25 + 8.20f 61.68 + 2.02"  464.04 + 15.66% 22.76 = 0.31

OPI 102.70 + 1.55¢ 5.15 + 0.29  19.32 + 2.94 84.66 = 7.06°  486.33 = 23.90*° 42.28 + 1.07¢

Pekoe 124.14 = 0.84° 0.93 += 0.18  55.92 + 2.04¢ 53.18 + 1.43" 357.11 + 13.01¢ 30.80 * 0.60"

Values are mean (n=3) = standard deviation. Values with the same superscript letter within each column are not significant different (P<0.05). Bold
letters are for tea samples with the highest and the lowest values in each column.
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Table 2: TPC, TFC and in vitro antioxidant activities of green tea infusions

Processed Sample TPC mg GAE/g TFC (mg QE/g FRAP (mg TE/g ABTS+ (mg TE/lg ORAC (mgTE/g DPPH (mg TE/gy
method sample sample) sample) sample) sample) sample)
Pan fired  Ceylon GT Chunmee (I) 73.91 = 1.36° 0.69 + 0.01¢ 79.38 + 6.06%  186.35 + 2.25¢ 51.37 = 13.16* 38.82 + 0.87¢
(PG) Ceylon GT Chunmee (I1) 84.02 = 3.250  0.57 + 0.02¢ 46.88 = 6.75" 282.15 = 5.29* 40.39 = 10.77% 41.97 + 0.25¢
Ceylon GT Fanning's 134.54 = 11.75° 0.83 = 0.01° 309.89 + 3.38* 208.44 + 4.59° 59.40 + 16.41°¢ 188.23 + 4.08°
Ceylon GT Gun Powder 119.31 = 2.27¢ 0.98 = 0.03° 138.92 + 4.05° 176.89 + 13.46Y 58.71 + 7.30°¢ 109.09 + 9.93°
Hyson 87.93 = 0.61° 0.31 = 0.01°® 82.33 + 10.53% 206.44 = 3.30° 27.77 = 6.28°  66.76 + 0.73¢
OPA green tea 95.86 = 2.10°  2.68 = 0.04*° 120.99 + 5.87° 264.00 + 6.89%  64.67 + 2.57" 42.62 = 0.07¢
Ceylon GT Special Hyson 74.67 = 1.09° 0.43 + 0.01"  63.44 + 1.75¢ 247.23 = 11.37° 55,59 + 6.55°¢ 100.95 + 1.41°¢
Steam Ceylon Sencha OPA 137.89 + 3.41¢ 0.41 + 0.00" 85.08 = 9.72¢ 169.39 = 7.41% 76.20 + 13.35® 40.23 + 0.42°
-Processed Ceylon Tencha 193.60 + 4.35* 0.53 = 0.01° 140.26 = 10.11° 153.18 + 1.44¢ 72.34 + 2.17%*  65.43 + 0.46°
(SG) Cut Twist Curl (CTC) 151.38 = 5.95° 0.54 + 0.01¢ 111.09 + 8.32° 266.25 + 16.53* 88.81 + 4.00° 28.73 = 0.29°

Values are mean (n=3) = standard deviation. Values with the same superscript letter within each column are not significant different (p>0.05). Bold
letters are for tea samples with the highest and the lowest values in each column.

samples respectively. The TPC of the mid-country BOPF tea sample
was superior to all other samples. According to the results tested
all green tea samples had high polyphenol content (> 64.74 mg
GAE/g sample). The highest and the lowest TPC were observed
in the Ceylon Tencha (189.64 mg GAE/g sample) and Ceylon GT
Chunmee (I) 64.74 (mg GAE/g sample).

Total Flavonoid Content

The total flavonoid content of tested all black tea samples was
comparatively low values (< 6 mg OF/g sample). The highest
and the lowest TFC were observed in upcountry OPI (5.15 mg
OF/g sample) and FBOPI (0.47 mg QF/g sample) samples.
Almost all the green tea samples had very low flavonoid content
relative to the black tea. The highest and the lowest TFC were
found in OPA (2.68 mg QL/g sample) and Hyson (0.31 mg
OF/g sample) samples respectively. TFC of the OPA green tea

sample was significantly higher than all other green tea samples.

In vitro Antioxidant Assays

Ferric reducing antioxidant power (FRAP) assay

Antioxidant activities measured by the FRAP assay of black tea
samples were distributed in a large range. Highest and the lowest
values were the 203.96 mg TE/g sample (low country BOPF)
and 19.32 mg TE/g sample (up country OPI). The highest
and the lowest antioxidant activities of green tea measured
by the FRAP assay are 309.89 mg TE/g sample (Ceylon GT
Fanning’s) and 46.88 mg TE/g sample (Ceylon GT Chunmee
(1)) respectively. The FRAP value obtained by the Ceylon GT
Fanning was significantly higher than all other samples. The
high antioxidant activity measured by the FRAP assay was found
in green tea samples followed by black tea.

ABTS + Radical Scavenging Assay

Tested Sri Lankan black tea samples have good antioxidant
activities according to the results. The highest and lowest
activity was shown by the low country Pekoe (168.69 mg TE/g
tea sample) and the upcountry FBOP (51.04 mg TE/g tea
sample) samples. The highest and the lowest antioxidant activity
of green tea was measured by the ABT'S assay given by the Ceylon
GT Chunmee (II) (282.15 mg TE/g tea sample) and Ceylon

4

Tencha samples (153.18 mg TL/g tea sample). Tested all the
green tea samples had a high content of antioxidants, according
to the ABTS assay. Antioxidant activity measured by the ABTS
assay of green tea was high, relative to the black tea.

ORAC Assay

According to the results up country OPI, OPA, BOP, FBOPI,
Pekoe and FBOP samples had extremely higher ORAC values
than all other tested black tea samples. However, the lowest
ORAC value was found in the low country OPl sample (22.46 mg
TE/g tea sample). Antioxidant activities of green tea samples
measured by the ORAC assay were distributed within the low
range. The highest and the lowest values were shown by the
CTC (88.81 mg Tl/g tea sample) and Hyson (27.77 mg TE/g tea
sample) samples respectively. Antioxidant activities of black tea
measured by the ORAC assay were the highest, followed by green
tea. However, samples with high antioxidant activity of black tea
belonged to the upcountry. All other black tea samples had lower
antioxidant activity than upcountry black tea. Green tea samples
had ORAC values between about 25-100 mg TE/g tea sample.

DPPH Assay

The highest and the lowest values for the antioxidant activity of
black tea were obtained by the low country Dust(I) (163.93 mg
TE/g sample) and low country BOPI (20.18 mg TE/g sample)
samples respectively. Antioxidant activities of low country Dust
(I), up country BOPE mid-country BOPF low country Pekoe, low
country BOPF and mid-country OPI were distributed in a broad
range while all other tested black tea samples were in a narrow
range. The highest and the lowest antioxidant activities of green
tea were found in the Ceylon GT Fanning’s (188.23 mg TE/g
sample) and CTC green tea (28.73 mg TE/g sample) samples.
There was a relatively broad distribution of data of green tea
samples. Antioxidant activity measured by the DPPH assay had
not much difference among different tea categories.

Comparative Analysis of the Results of FRAP, ABTS,
ORAC and DPPH Assays

The results obtained from different antioxidant assays were
compared for different tea categories separately. According to

Food Biol e 2022 ¢ Vol11



Figure 1, out of twenty black tea samples, nine samples had
given high antioxidant activity for ABTS assay. Upcountry FBOP,
OPA, FBOPI, Pckoe and BOP grades had given high values for
the ORAC assay and antioxidant activities measured by other
assays were not given higher activities compared to the ORAC
assay. Eight samples had given the lowest value for the ORAC
assay. Antioxidant activity measured by the ORAC assay of five
green tea samples had lower values than the values obtained
by other assays. Tested eight green tea samples had the highest
values for ABTS assay. Seven tea samples out of ten had the
second-highest antioxidant activity for FRAP assay. The results
of the DPPH and ORAC were relatively lower than other assays

(Figure 2).
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Figure 1: Comparison of the antioxidant activities of black tea samples
measured by the FRAP, ABTS, DPPH and ORAC assays
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Figure 2: Comparison of the antioxidant activities of green tea samples
measured by the FRAP, ABTS, DPPH and ORAC assays
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Correlations between TPC, TFC Results with FRAP,
ABTS, ORAC and DPPH Assays Results

The TPC and TFC assays and antioxidant assays of green tea
had a high correlation which was significant at the 0.05 level
and 0.01 levels. The TPC with FRAP and TFC with FRAP and
ABTS of green tea were significantly correlated at 0.05 levels
with 0.457, 0.459 and 0.524 correlation coefficients. The TPC
with ABTS and DPPH and TFC with DPPH of green tea were
significantly correlated at a 0.01 significance level. The ORAC
assay was not given good correlations with both TPC and TFC
assays. Although black tea used for this study had higher TPC
than green tea, black tea was not shown good correlations
between TPC and TFC with antioxidant activities (Table 3).

Effect of different Geographical Areas on Total
Phenolics Content, Total Flavonoid Content and In vitro
Antioxidant Activity of Black Tea

a. TPC
TPC of same grade tea obtained from different geographical
areas had wide variations of TPC. BOPF and OPI grades
had the highest TPC for mid-country samples. Pekoe, BOP
and Dust grades had higher TPC for up-country samples
than for mid-country samples. Pekoe and Dust (1) grades,
low country samples had higher TPC than mid-country.

b. TFC
TFC of OPI, Pekoe, BOP and Dust grade tea had higher
TFC for up-country samples than mid-country samples.
BOPI and Dust grades lower and mid-country samples had
relatively similar TFC among different areas.

c. FRAP
BOPE Pekoe, BOPI and Dust (I) grades, low country samples
had the highest antioxidant activities measured by the
FRAP assay. BOPE, OPI, BOP and Dust grade, mid-country
samples had higher antioxidant activities than up-country
samples. Up-country samples of BOPE OPI, BOP and Dust
grades had the lowest antioxidant activity.

d. ABTS
Pekoe, BOP and Dust grade tea had the lowest antioxidant
activity for up-country samples. BOPE OPI, Pckoe and
Dust (I) grades had the highest antioxidant activity for low
country samples.

e. DPPH assays
OPI, BOP and Dust grades had higher antioxidant activity
measured by the DPPH assay for mid-country samples than

Table 3: Pearson’s correlation coefficient among the total
phenolic content, the total flavonoid content and the antioxidant
capacities of Sri Lankan black and green tea.

Tea categories TPC x FRAP TPC x ABTS TPC x DPPH TPCx ORAC

Black tea 0.145 0.012 0.386 0.003
Green tea 0.457* 0.581** 0.778** 0.012
Black tea -0.390 -0.288 -0.022 0.433
Green tea 0.459* 0.524* 0.712** -0.116

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
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up-country samples. BOPE, OPI and BOPI samples had
high antioxidant activity for mid-country samples than low
country samples.
f. ORAC assay

According to the ORAC assay, OPI, Pekoe and BOP grades
had higher antioxidant activity than mid and low-country
samples. Low country samples were the second, according
to the ORAC values of low country Pekoe, BOPI and Dust
(I) grades.

DISCUSSIONS

Tea is the most popular beverage and it contains large amounts
of polyphenols (Gramza-Michalowska & Regula, 2007; Falla
et al., 2021). Polyphenols in fresh tea leaves, manufactured
black and green tea is considered compounds with high
antioxidant activity. The fresh tea leaves contain four major
catechins as colourless water-soluble compounds; epicatechin
(EC), epicatechingallate (ECG), epigallocatechin (EGC) and
epigallocatechin gallate (EGCG) (Karori et al., 2007; Truong
& Jeong, 2021). A limited numbers of studies have shown the
antioxidant properties of black and green tea in Sri Lanka.
Although the number of black tea grades manufactured in
different geographical regions of the country, an adequate
comparison of antioxidant activity among these has not been
carricd out (Abewickrama et al., 2005; Abeywickrama et al.,
2011; Aluthgamaa et al., 2020). Therefore, in this study, twenty
black tea samples were obtained from main three geographical
regions of Sri Lanka and ten green tea samples were used for the
determination of total phenolic content, total flavonoid content
and antioxidant activities. A main phenolic compound present
in green tea is catechin while theaflavins and thearubigens are
the main components of black tea (Luczaj & Skrzydlewska,
2005; Ponmurugan et al., 2019). These phenolic compounds
arc very important constituents of plants. Their radical
scavenging ability is due to hydroxyl groups (Miller et al., 1996,
Yanab et al., 2020).

According to a previous investigation, the TPC in black tea
samples from different countries ranged between 80.5 to
134.9 mg GAE/g dry tea sample and the greatest activity were
found in Ceylon black tea (Yashin et al., 2011). However, the
used tea grade of the Ceylon black tea was not mentioned.
According to the present study range of the TPC was from
40.54 (mid-country Pekoe) to 246.34 mg GAE/g tea sample
(mid-country BOPYF). Green tea TPC were in the range from
65.8 to 106.2 mg GAE/g dry tea sample according to Yashin
et al. (2011). Green teas manufactured in Sri Lanka had TPC
in the range from 73.91 (Chunmee II) to 193.60 (Ceylon
Tencha) mg GAE/g dry tea sample. Therefore, compared with
the results of Yashin et al. (2011) Sri Lankan black and green
tea TPC content were higher than the tea from other sources.
Furthermore, Sri Lankan tea grades had high TPC and it was in
agreement with the Yashin et al. (2011) findings. Flavonoids are
biologically active polyphenolic compounds and the prominent
flavonoids in the tea are the flavan-3-ols catechin, epicatechin,
epicatechin gallate, epigallocatechin, epigallocatechin gallate,
their fermentation products, derived tannins-theaflavins and
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thearubigins (Obanda et al., 2004; Bancirova, 2010; Carloni
et al., 2013; Yanab et al., 2020). High flavonoid content was
observed in this study in black tea than green tea.

Most of the previous studies have found that green tea had
higher antioxidant activity than black tea (von Gadow et al.,
1997; Richelle et al., 2001; Roginsky et al., 2003; Yashin et al.,
2011; Carloni et al., 2013). However, some studies show that
black teas are better than green teas (Hoff & Singleton, 1977;
Khokhar & Magnusdottir, 2002; Carloni et al., 2013), although
some others report the absence of any significant differences
(Lin et al., 1996; Hodgson et al., 1999; Carloni et al., 2013).
The numerous variables that affect tea components according
to cultivar type, growth conditions (scason, climate, soil),
horticultural practices (mechanical- or hand-plucking, age of
leaves) and the different technologies of the tea production
(CTC and orthodox manufacturing of black tea, panning
and steaming of green tea) may account for these conflicting
investigations (Kan, 1980; Wong et al., 2022).

According to the results of the antioxidant assays of the present
study most green tea samples had high antioxidant activities
than black tea according to the FRAP, ABTS and DPPH
assays. This finding is in agreement with the previous findings
(von Gadow et al., 1997; Richelle et al., 2001; Roginsky et al.,
2003; Gramza-Michalowska & Regula, 2007; Bancirova, 2010;
Yashin et al., 2011; Carloni et al., 2013; Izzreen & Fadzelly,
2013; Rahman et al,, 2021). However, some samples had
high antioxidant activity for black tea samples than green tea
samples, same as in the case of some previous studies (Hoff &
Singleton, 1977; Khokhar & Magnusdottir, 2002; Carloni et al.,
2013). According to Leung et al. (2001), theaflavins in black
tea is effective as catechins in green tea. However, according
to Pearson’s correlations, tea samples were given significant
correlations for only green tea samples. Green tea TPC and TFC
results were well correlated with the FRAP, ABTS and DPPH
assays result in this study.

FRAP measures the ability of compounds to act as electron
donor (Chan et al., 2007). Antioxidant activity measured by the
FRAP assay had the highest results for the green tea followed
by black tea samples. Therefore, green tea may contain a high
number of compounds which can donor electrons. ABTS assay
is a decolorization assay and it is applicable for quantifying both
hydrophilic and lipophilic antioxidants (Alam et al., 2013).
However, according to the present study, used all the tea types
had good antioxidant activity measured by the ABTS assay.
However, green tea had the best activity followed by black tea
and it was in agreement with the findings of Miller et al. (1996),
Chan et al. (2007) and Yashin et al. (2011).

The DPPH assay is considered to be valid, rapid and easy (not
involve with many steps and reagents) and inexpensive in
comparison to other methods. It is a free radical scavenging
colorimetric method for antioxidant property evaluation
(Kodamacet al., 2010; Alam et al., 2013). According to the DPPH
assay, green tea had the highest activity followed by black tea.
ORAC method is a physiologically significant assay (Kodama
et al., 2010) which determines the peroxyl radical scavenging
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capacities. According to the results of the ORAC assay, some
black tea samples had higher antioxidant activities than green
tea. Reasons for this may be the mechanism of the ORAC
assay detected compounds of black tea than the compounds in
green tea. Tea samples of China had high antioxidant activity
measured by ORAC for green tea than black and oolong tea,
according to a previous study (Zhao et al., 2014).

Comparative Analysis of the Results of FRAP, ABTS,
ORAC and DPPH Assays

The unit of measurement used to quantify the antioxidant
activity of tea samples was the same in FRAP, ABTS, ORAC
and DPPH assays in the present research (g TE/g tea sample).
But, obtained antioxidant activity for the same sample using
different assays was not given the same values. The main reason
for this may be due to the different mechanisms involved in
each assay. According to the antioxidant activity of fourteen
black tea samples out of tested twenty samples measured by
DPPH assay had the lowest values compared to other assays.
Almost always results of the FRAP assay were in between other
assays. According to the results of the study, different in vitro
antioxidant assays had different results for each sample. As
an example, Fanning’s green tea had antioxidant activities
measured by FRAP, ABTS, DPPH and ORAC assays as 309.89 =
3.38,208.44 = 4.59,188.23 £ 4.08 and 59.40 = 16.41 mg TE/g
tea sample respectively. Previous investigations also find that
the different assays were given different antioxidant activities
for the same sample (Kodama et al., 2010; Zhao et al., 2014;
Bartoszek et al., 2018).

The ORAC assay is a hydrogen donating assay while ABTS,
FRAP and DPPH assays are clectron transfer assays. Also, cach
different assays use different radicals such as peroxyl radical,
DPPH stable free radical, ABTS+ stable radical and Fe3+-
TPTZ ion complex in ORAC, DPPH, ABTS and FRAP assay
respectively. Due to these different antioxidant compounds
measured by cach assay may be different. Tea is reported to
contain a lot of different antioxidant compounds (Yashin et
al., 2011). These different compounds may quantify using
different assay methods. Therefore, the results of the different
assays may differ from one another. Therefore, the antioxidant
activity of a compound should not be concluded based on a
single antioxidant assay. Due to the differences among each
assay, it is difficult to compare fully one antioxidant test method
to another (Alam et al., 2013).

Determination of Black Tea Grades’ Effect on Total
Phenolic Content, Total Flavonoid Content and
Antioxidant Activity

Overall, grade wise the order of activity of black tea for TPC
assay was low country- Dust (I) > BOPF > BOPI > Pckoe >
OPL mid country- BOPF> OPI > BOPI > BOP > Dust (I)
> Dust > Pekoe; up country- Pekoe > OPI > FBOPI > BOP
> FBOP > Dust > BOPF > OPA. Grade wise the order of
activity of black tea for TFC assay was low country- OPI > Dust
(I) > BOPI > BOPF > Pekoe; mid country- BOPF> BOP >
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Dust (I) > Dust > BOPI > OPI > Pekoe; up country- BOP>
OPI > FBOP > OPA > BOPF > Dust >Pekoe > FBOPL
Grade wise the order of activity of black tea for FRAP assay
was low country- BOPF> BOPI > Dust (I) > Pckoe > OPI;
mid country- BOPF> Dust > OPI > Dust (I) > BOP> Pckoe
> BOPI; up country- BOPF> Dust >Pckoe > FBOPI >
OPA > BOP > FBOP> OPL For the ABTS assay it was low
country- Pekoe > Dust (I) > BOPI > BOPF >OPI >; mid
country - Dust > BOPI >BOPF> Dust (I) > Pekoe > BOP
> OPL; up country- BOPI" > OPI > Dust > OPA > FBOPI
>Pckoe > BOP > FFBOP. For the ORAC assay grade wise the
order of activity of black tea was, low country- Dust (I) > Pckoe
> BOPI >BOPF> OPI; mid country- Dust (I) > BOP> Pckoe
> BOPI > BOPF> Dust > OPI; up country- OPI> OPA>
BOP > FBOPI >Pekoe > FBOP > BOPF> Dust. For the
DPPII assay it was low country- Dust (I) > Pckoe > BOPF
>OPI > BOPI; mid country - BOPF> OPI > BOP > Dust >
BOPI > Dust (I) > Pekoe; up country- BOPF > OPI > Dust
> FBOPI >Pckoe > BOP > FBOP > OPA. According to the
above ranking, BOPF and Dust (I) tea grades were shown better
activities than other grades in few assays. This may be due to
the very small particle size of the Dust (I) grade may extract
large amount of antioxidant compounds to the hot water. BOPF
grade is a broken fannings grade, therefore it had relatively
low partical size than the whole leaf grades and broken Pekoe
grades. Although it had large particle size for OPI grade it also
had higher activities may be due to the high-quality tea grade
which produced mainly using immature tea leaves. Because
previous investigation has found that immature tea leaves had
highest antioxidant activity comparison with the mature leaves

(Chan et al., 2007; Izzreen & Fadzelly, 2013).

However, different assays had given different values so-called
best tea grades due to the different mechanisms involved. For
examples; TPC- mid-country Dust (I), BOPF and upcountry
Pekoe, TFC-low country Dust (I) and OPI, mid-country BOPI,
BOP and Dust (I), FRAP- Low country BOPE BOPI, Dust (1)

and Pekoe etc.

Investigation of the Relationship of the Geographical
Area of Black Tea on Total Phenolic Content, Total
Flavonoid Content and Antioxidant Activity of Tea.

Black tea samples were obtained for this study from up, mid
and low countries of Sri Lanka to find out whether the different
geographical areas affect on antioxidant activity of tea. Other
than growing conditions, grades of manufactured tea are also
related with the qualities of higher-grade black tea. Therefore, to
compare the geographical areas of black tea same grades should
have been used. At the time of this research, only available
grades from different grades of black tea were used. Therefore,
only three grades were available from three geographical areas of
Sri Lanka (BOPE OPI and Pekoe) and four grades were available
from only two geographical areas (Dust (I), Dust, BOPI and
BOP). Three tea grades were available only in up country of Sri
Lanka (OPA, FBOPI, FBOP). According to the different assays
best tea samples had in different geographical areas in different
assays. Agro-climatic elevation wise rank order of potency for
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BOPF grade was mid-country > up country > low country
for TFC and ORAC assays, mid-country > low country > up
country for TPC assay, low country > mid-country > up country
for FRAP assay, low country > up country = mid-country for
ABTS assay and up country > mid-country > low country for
ORAC assay. For OPI grade it was mid-country > up country
> low country for TPC and ORAC assay. For the TFC assay it
was up country > low country > mid-country, for FRAP assay
mid-country > low country > up country, for ABTS assay low
country > up country > mid-country and ORAC assay up
country > mid-country > low country. For Pekoe grade it was,
up country > low country > mid-country for TPC and ORAC
assays. For TFC, FRAP and DPPII assays it was low country
> up country > mid-country while for ABTS assay it was low
country > mid-country > up country. Agro-climatic elevation
wise rank order of potency for Dust (I) grade was low country
> mid-country for all six bioassays while ranking concerning
agro-climatic elevations for Dust grade was up country > mid-
country for TPC and TFC assays and mid-country > up country
for FRAP, ABTS, ORAC and DPPH assays. For BOPI grade it was
mid-country > low country for TPC, ABTS and DPPH assays
while for TFC, FRAP and ORAC assays it was, low country >
mid-country. Agro-climatic elevation-wise rank order of potency
for BOP grade was up country > mid-country for TPC, TFC
and ORAC assays while mid-country > up country for FRAP,
ABTS and DPPH assays.

When considering the results, there was not the same pattern
for all the grades obtained from different geographical areas. As
an example; according to the FRAP assay BOPE Pekoe, BOPI
and Dust (I) grades had the highest antioxidant activity in low
country samples. OPI, BOP and Dust grades had the highest
antioxidant activity in mid-country samples. According to the
DPPH assay, BOPF grade had the highest activity in up country
sample. It was not possible to determine whether the effects
of the geographical area on antioxidant activity of black tea
due to different tea grades and different mechanisms of the
antioxidant assays.

Determination of Correlations between TPC, TFC
Results with FRAP, ABTS, ORAC and DPPH Assays
Results

The primary natural antioxidants include flavonoids, phenols,
oxiaromatic acids, vitamins C and E, carotenoids and other
compounds (Namita et al., 2012; Lourengo et al., 2019). Results
of antioxidant assays, TPC and TFC assays, it is possible
to investigate whether there is any relationship between
antioxidant activity and the total phenolic content and total
flavonoid content. Positive high correlations for FRAP, ABTS,
DPPH and ORAC assays results are accounts for the phenols
or flavonoids are the reason for high antioxidant activity in
tea samples. According to Pearson’s correlations, tea samples
were given significant correlations for only green tea samples.
Green tea TPC and TFC results were well correlated with
the FRAP, ABTS and DPPH assays results. According to the
previous studies also TPC and TFC were well correlated with
the results of the antioxidant assay (Ramirez-Aristizabal et al.,
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2015). According to a previous study, high correlations had been
observed in antioxidant capacities as well as total phenolic and
flavonoid content of C. sinensis, when using 50% cthanolic
extracts (Izzreen & Fadzelly, 2013).

CONCLUSION

According to the findings of this study, Sri Lankan tea is rich in
phenol and flavonoid compounds. Moderately high antioxidant
activities were also observed for tea samples measured by the
ABTS, FRAP, DPPH and ORAC assays. There were a lot of
variations among different antioxidant assay results measured
by different antioxidant assay methods. There were some
relationships between total phenolic content, total flavonoid
content and antioxidant activity with black tea grade and
geographical area of the sample. However, due to other
variations affecting these activities at the same time, it was
not possible to derive a clear relationship. Of the antioxidant
activities of black and green tea, green tea was the best followed
by black tea. There were high correlations between TPC, TFC
results with FRAP, ABTS and DPPH assay results for the only
green tea sample.

ACKNOWLEDGEMENTS

The authors are grateful for the financial support provided
by the TURIS (the Transforming University of Ruhuna into
International Status) grant, University of Ruhuna, Sri Lanka

(RU/DVC/PRO/139).

REFERENCES

Abewickrama, K. R. W., Amarakoon, A. M. T., & Ratnasooriya, W. D. (2005).
In vitro and in vivo antioxidant activity of high-grown Sri Lankan
black tea (Camellia sinensis L). Sri Lanka Journal of Tea Science,
70(2), 57-68.

Abeywickrama, K., Amarakoon, A., & Ratnasooriya, W. (2011, June). /n vitro
assessment of antioxidant capacity of Sri Lankan black tea (Camellia
sinensis L.), during storage and its relation to phenolic content. Annual
Research Symposium, University of Colombo (pp. 293-297). IEEE.
http://archive.cmb.ac.lk:8080/research/handle/70130/570

Ahmad, I., Roginsky, V., Barsukova, T., Hsu, C. F, & Kilmartin, P A.
(2003). Chain-breaking antioxidant activity and cyclic voltammetry
characterization of polyphenols in a range of green, oolong, and black
teas. Journal of Agricultural and Food Chemistry, 51(19), 5798-5802.
https://doi.org/10.1021/;f030086q

Alam, M. N., Bristi, N., & Rafiquzzaman, M. (2013). Review of in vivo
and in vitro methods evaluation of the antioxidant activity. Saudi
Pharmaceutical Journal, 21(2), 143-152. https://doi.org/10.1016/].
jsps.2012.05.002

Aluthgamaa, A. G. S. R., Bandarab, N. P S. N., Dissanayakeb, P K., &
Dissanayake, R. M. B. B. B. (2020). Evaluation of physicochemical
and organoleptic properties of wild tea (Camellia sinensis) compared
to selected commercially grown tea cultivars in Sri Lanka. Journal of
Agriculture and Value Addition, 3(1), 1-10.

Atoui, A., Mansouri, A., Boskou, G., & Kefalas, P, (2005). Tea and
herbal infusions: Their antioxidant activity and phenolic
profile. Food Chemistry, 89(1), 27-36. https://doi.org/10.1016/j.
foodchem.2004.01.075

Balaban, O. T., Kamiloglu, A., & Kara, H. H. (2022). Changes in some
bioactive and physicochemical properties during the black tea
processing. Journal of Food Science, 87(6), 2474-2483. https://doi.
org/10.1111/1750-3841.16151

Bancirova, M. (2010). Comparison of the antioxidant capacity and
the antimicrobial activity of black and green tea. Food Research

Food Biol e 2022 ¢ Vol11



International, 43(5), 1379-1382. https://doi.org/10.1016/j.
foodres.2010.04.020

Bartoszek, M., Polak, J., & Choragzewski, M. (2018). Comparison of
antioxidant capacities of different types of tea using the spectroscopy
methods and semi-empirical mathematical model. European Food
Research and Technology, 244, 595-601. https://doi.org/10.1007/
s00217-017-2986-z

Blainski, A., Lopes, G., & de Mello, J. C. (2013). Application and Analysis of
the Folin Ciocalteu Method for the Determination of the Total Phenolic
Content from Limonium Brasiliense L. Molecules, 18(6), 6852-6865.
https://doi.org/10.3390%2Fmolecules 18066852

Carloni, P, Tiano, L., Padella, L., Bacchetti, T., Customu, C., Kay, A., &
Damiani, E. (2013). Antioxidant activity of white, green and black tea
obtained from the same tea cultivar. Food Research International,
53(2), 900-908. https://doi.org/10.1016/j.foodres.2012.07.057

Chan, E. W. C., Lim, Y. Y., & Chew, Y. L. (2007). Antioxidant activity
of Camellia sinensis leaves and tea from a lowland plantation
in Malaysia. Food Chemistry, 102(4), 1214-1222. https://doi.
org/10.1016/j.foodchem.2006.07.009

Chen, Q., Zhu, Y., Liu, Y., Liu, Y., Dong, C., Lin, Z., & Teng, J. (2022). Black
tea aroma formation during the fermentation period. Food Chemistry,
374, 131640. https://doi.org/10.1016/j.foodchem.2021.131640

De-Heer, N. (2011). Formulation and sensory evaluation of herb tea from
Moringa oleifera, Hibiscus sabdariffa and Cymbopogon citratus.
Masters Dissertation, Kwame Nkrumah University of Science and
Technology.

Dharmadasa, M., Zubair, L., Nijamdeen, A. & Najimuddin, N. (2018). Review
of tea industry in Sri Lanka for climate analysis. Dilmah Conservation
Center for Climate Change Research & Adaptation, Queensberry,
Sri Lanka. https://www.dilmahconservation.org/pdf/review-of-tea-
industry-in-sl.pdf

Faichney, G. J., & White, G. A. (1983). Methods for the analysis of feeds
eaten by ruminants. Commonwealth Scientific and Industrial
Research Organization, Melbourne, Australia.

Falla, N. M., Demasi, S., Caser, M., & Scariot, V. (2021). Phytochemical
Profile and Antioxidant Properties of Italian Green Tea, a New High-
Quality Niche Product. Horticulturae, 7(5), 91. https://doi.org/10.3390/
horticulturae7050091

Farhoosh, R., Golmovahhed, G., & Khodaparast, M. (2007). Antioxidant
activity of various extracts of old tea leaves and black tea wastes
(Camellia sinensis L.). Food Chemistry, 100(1), 231-236. https://doi.
org/10.1016/j.foodchem.2005.09.046

Gramza-Michalowska, A., & Regula, J. (2007). Use of tea extracts (Camellia
sinensis) in jelly candies as polyphenols sources in the human diet.
Asia Pacific Journal Clinical Nutrition, 16(S1), 43-46.

Hakim, I., Harris, R., & Weisgerber, U. (2000). Tea intake and squamous
cell carinoma of the skin: Influence of type tea beverages. Cancer
Epidemiol Biomarkers, 9(7), 727-731.

Hodgson, J. M., Proudfoot, J. M., Croft, K. D., Puddey, I. B., Mori, T. A., &
Beilin, L. J. (1999). Comparison of the effect of black and green tea
/n vitro lipoprotein oxidation in human serum. Journal of the Science
of Food and Agriculture, 79(4), 561-566. https://doi.org/10.1002/
(SICI)1097-0010(19990315)79:4<561:AID-JSFA218>3.0.CO;2-X

Hoff, J. F, & Singleton, K. I. (1977). A method for the determination of tannin
in foods by means of immobilized enzymes. Journal of Food Science,
42(6), 1566-1569. https://doi.org/10.1111/.1365-2621.1977.tb08427 .x

lzzreen, M. N., & Fadzelly, A. B. (2013). Phytochemicals and antioxidant
properties of different parts of Camellia sinensis leave from Sabah
Tea Plantation in Sabah, Malaysia. /nternational Food Research
Journal, 20(1), 307-321.

Kamunya, S., Wachira, F, & Pathak, R. (2010). Genetic parameters and
quantitative trait loci mapping in tea, Camellia sinensis (L.) O Kuntze.
Doctoral Dissertation, Egerton University, Kenya.

Kan, N. (1980). The aroma constituents of various teas. Food /ndustry,
12,19-22.

Karori, S. M., Wachira, F N., Wanyoko, J. K., & Ngure, R. M. (2007).
Antioxidant capacity of different types of tea products. African
Journal of Biotechnology, 6(19), 2287-2296. https://doi.org/10.5897/
AJB2007.000-2358

Kelegama, S.(2010). The case for liberalization of tea imports for increasing
value addition and enhancing tea exports of Sri Lanka. Retrieved from
https://www.ips.lk/wp-content/uploads/2016/12/tealib.pdf

Khokhar, S., & Magnusdottir, S. G. (2002). Total phenol, catechin,
and caffeine contents of teas commonly consumed in the

Food Biol e 2022 ¢ Voln

Thennakoon et al.

United Kingdom. Journal of Agriculture & Food Chemistry, 50(3),
565-570. https://doi.org/10.1021/f010153l

Kodama, D., Goncalvs, A. S., Lajolo, F, & Genovese, M. (2010). Flavonoids,
total phenolics and antioxidant capacity: comparison between
commercial green tea preparations. Food Science and Technology,
30(4), 1077-1082. https://doi.org/10.1590/S0101-20612010000400037

Lange, K. W. (2022). Tea in cardiovascular health and disease: a critical
appraisal of the evidence. Food Science and Human Wellness, 11(3),
445-454. https://doi.org/10.1016/j.fshw.2021.12.034

Lee, K., Lee, H., & Lee, C. (2002). Antioxidant activity of black tea vs. green
tea. The Journal of Nutrition, 132(4), 785. https://doi.org/10.1093/
in/132.4.785

Lee, M., Lambert, J., Prabhu, S., Meng, X., Lu, H., & Maliakal, P (2004).
Delivery of tea polyphenols to the oral cavity by green tea leaves and
black tea extracts. Cancer Epidermial Biomarkers Prevention, 13(1),
132-137. https://doi.org/10.1158/1055-9965.epi-03-0040

Lee, M. K., Kim, H. W,, Lee, S. H., Kim, Y. J., Asamenew, G., Choi, J.,
Lee, J. W, Jung, H. A., Yoo, S. M., &Kim, J. B. (2019). Characterization
of catechins, theaflavins, and flavonols by leaf processing step in
green and black teas (Camellia sinensis) using UPLC-DAD-QToF/MS.
European Food Research and Technology, 245, 997-1010. https://doi.
org/10.1007/s00217-018-3201-6

Leung, L., Su, Y., Chen, R., Zhang, Z., Huang, Y., & Chen, Z. (2001).
Theaflavins in black tea and catechins in green tea are equally
effective antioxidants. The Journal of Nutrition, 137(9), 2248-2251.
https://doi.org/10.1093/jn/131.9.2248

Liang, N., & Kitts, D. D. (2014). Antioxidant Property of Coffee
Components: Assessment of Methods that Define Mechanisms
of Action. Molecules, 19(11), 19180-19208. https://doi.org/10.3390/
molecules191119180

Lin, Y., Tsai, Y., Tsa, J., & Lin, J. (2003). Factors affecting the levels of tea
polyphenols and caffeine in tea leaves. Journal of Agriculture & Food
Chemistry, 51(7), 1864-1873. https://doi.org/10.1021/jf021066b

Lin,Y.L.,Juan, .M., Chen, Y. L., Liang, Y. C., &Lin, J. K. (1996). Composition
of polyphenols in fresh tea leaves and associations of their oxygen-
radical-absorbing capacity with antiproliferative actions in fibroblast
cells. Journal of Agricultural and Food Chemistry, 44(6), 1387-1394.
https://doi.org/10.1021/jf950652k

Lourenco, S. C., Martins, M. M., & Alves, V. D. (2019). Antioxidants of
Natural Plant Origins: From Sources to Food Industry Applications.
Molecules, 24(22), 4132. https://doi.org/10.3390/molecules24224132

Luczaj, W., & Skrzydlewska, E. (2005). Antioxidative properties of black
tea. Preventive Medicine, 40(6), 910-918. https://doi.org/10.1016/j.
ypmed.2004.10.014

Mahmood, T., Akhtar, N., & Ali, K. B. (2010). The morphology, characteristics,
and medicinal properties of Camellia sinensis tea. Journal of
Medlicinal Plants Research, 19(4), 2028-2033. https://doi.org/10.5897/
JMPR10.010

Maizura, M., Aminah, A., & Aida, W. M. (2011). Total phenolic content and
antioxidant activity of kesum (Polygonum minus), ginger (Zingiber
officinale) and turmeric (Curcuma longa) extract. /nternational Food
Research Journal, 18, 529-534.

McKay, D., & Blumberg, J. (2000). The role of tea in human health: an
update. Journal of American Nutrition, 21(1), 1-13. https://doi.org/1
0.1080/07315724.2002.10719187

Miller, N., Castellucio, C., Tijburg, L., & Rice-Evans, C. (1996). The
antioxidant properties of theaflavins and their gallate estersradical
scavengers or metal chelator. FEBS Letters, 392, 40-44. https://doi.
org/10.1016/0014-5793(96)00780-6

Mundhe, K. S., Kale, A. A., Gaikwad, S. A., Deshpande, N. R., &
Kashalkar, R. V. (2011). Evaluation of phenol, flavonoid contents and
antioxidant activity of Polyalthia longifolia. Journal of Chemistry and
Pharmaceutical Research, 3(1), 764-769.

Namita, P, Mukesh, R., & Kumar, J. (2012). Camellia sinensis (Green Tea):
A Review. Global Journal of Pharmacology, 6(2), 52-59.

Ntezimana, B., Li, Y., He, C., Yu, X., Zhou, J., Chen, Y., Yu, Z., & Ni, D. (2021).
Different withering times affect the sensory qualities, chemical
components, and nutritional characteristics of black tea. Foods,
70(11), 2627. https://doi.org/10.3390/foods 10112627

Obanda, M., Owuor, P O., Mangoka, R., & Kavoi, M. M. (2004). Changes
in thearubigin fractions and theaflavin levels due to variations
in processing conditions and their influence on black tea liquor
brightness and total colour. Food Chemistry, 85(2), 163-173. https://
doi.org/10.1016/S0308-8146(02)00183-8



Thennakoon et al.

Omar, U. M., Shorbaji, A. M., Arrait, E. M., Al-Agha, T. D., Al-Marzouki, H. F,
Al-Doghaither, H. A., & Al-Ghafari, A. B. (2016). Comparative Study of
the Antioxidant Activity of Two Popular Green Tea Beverages Available
in the Local Market of Saudi Arabia. Natural Science, 8(6), 227-234.
https://doi.org/10.4236/ns.2016.86027

Ponmurugan, P, Kavitha, S., Suganya, M., & Gnanamangai B. M. (2019).
Tea Polyphenols Chemistry for Pharmaceutical Applications.
Tea - Chemistry and Pharmacology. https://doi.org/10.5772/
intechopen.81370

Prematunga, W. (2009). A Blue Ocean Branding Strategy: The Case of
Mlesna. Sri Lankan Journal of Management, 14(3), 64-81.

Rahman, M., Jahan, I. A., Ahmed, S., Ahmed, K. S., Roy, M., Zaman, W.,
& Ahmad, I. (2021). Bioactive compounds and antioxidant activity
of black and green tea available in Bangladesh. /International Food
Research, 5(3), 107 — 111. https://doi.org/10.26656/fr.2017.5(3).491

Ramirez-Aristizabal, L. S., Ortiz, A., & Ospina-Ocampo, L. F (2015).
Evaluation of the antioxidant capacity and characterization of phenolic
compounds obtained from tea (Camellia sinensis) for products of
different brands sold in Colombia. Pharmacology OnLine, 3, 149-159.

Ratnasooriya, W. D., Ratnasooriya, S. G., & Dissanayake, R. (2016). /n
vitro antibacterial activity of Sri Lankan orthodox black tea (Camellia
sinensis L.) belonging to different agro-climatic elevations. Journal
of Coastal Life Medicine, 4(8), 623-627. https://doi.org/10.12980/
jclm.4.2016J6-110

Richelle, M., Tavazzi, |., & Offord, E. (2001). Comparison of the Antioxidant
Activity of Commonly Consumed Polyphenolic Beverages (Coffee,
Cocoa, and Tea) Prepared per Cup Serving. Journal of Agricultural and
Food Chemistry, 49(7), 3438-3442. https://doi.org/10.1021/jf0101410

Ridder, M. (2022). Leading tea exporting countries worldwide in 2020,
Statista. Retrieved from https://www.statista.com/statistics/264189/
main-export-countries-for-tea-worldwide

Rohadi, Lelita, D. I., & Putri, A. S. (2019). Antioxidant Capacity of White
Tea (Camellia sinensis) Extract: Compared to Green, Oolong and
Black Tea. International Conference on Food Science & Technology:
Earth and Environmental Science, 292, 012018. https://doi.
org/10.1088/1755-1315/292/1/012018

Schmidt, M., Schmitz, H., Baumgart, A., Guédon, D., Netsch, M., & Kreuter,
M. (2005). Toxicity of green tea extracts and their constituents in rat
hepatocytes in primary culture. Food and Chemical Toxicology, 43(2),
307-314. https://doi.org/10.1016/).fct.2004.11.001

Shahidi, F, Janitha, P, & Wanasundara, P (1992). Phenolic antioxidants.
Critical Reviews of Food Science & Nutrition, 1(32), 67-103. https://
doi.org/10.1080/10408399209527581

Singh, M., & Anita. (2012). Consumers buying behaviour towards branded
tea. International Journal of Computing and Corporate Research, 2(2).

Taniazawa, H., Toda, S., Sazuka, Y., Taniyama, T., Hayashi, T., & Arichi, S.
(1984). Natural antioxidants. I. Antioxidative components of tea leaf
(Thea sinensis L.). Chemical Pharmaceutical Bulletin, 32(5), 2011-
2014. https://doi.org/10.1248/cpb.32.2011

Thaiponga, K., Boonprakoba, U., Crosbyb, K., Cisneros-Zevallosc, L., &
Byrne, D. H. (2006). Comparison of ABTS, DPPH, FRAP, and ORAC
assays for estimating antioxidant activity from guava fruit extracts.
Journal of Food Composition and Analysis, 19(6-7), 669-675. https://
doi.org/10.1016/j.jfca.2006.01.003

Tijburg, B., Mattern, T., Folts, J., Weisgerber, U., & Katan, M. (1997).
Tea flavonoids and cardiovascular diseases: A review. Critical
Reviews in Food Science and Nutrition, 37(8), 771-785. https://doi.
org/10.1080/10408399709527802

Truong, V. L., & Jeong, W. S. (2021). Cellular Defensive Mechanisms
of Tea Polyphenols: Structure-Activity Relationship. /nternational
Journal of Molecular Science, 22(17), 9109. https://doi.org/10.3390/
ijms22179109

Turkmen, N, Velioglu, Y. S., Sari, F, & Polat, G. (2007). Effect of extractions
on measured total polyphenol contents and antioxidant and
antibacterial activities of black tea. Molecules, 12(3), 484-96. https://
doi.org/10.3390/12030484

von Gadow, A., Joubert, B., & Hansmann, C. F. (1997). Comparison of the
antioxidant activity of rooibos tea (Aspalathus linearis) with green,
oolong, and black teas. Food Chemistry, 60(1), 73-77. https://doi.
org/10.1016/S0308-8146(96)00312-3

Wijayasiri, J., Arunatilake, N., & Kelegama, S. (2018). Sri Lanka Tea
Industry in Transition. 150 Years and Beyond. Institute of Policy
Studies of Sri Lanka. Retrieved from https://www.ips.lk/wp-content/
uploads/2018/04/Sri-Lanka-Tea-Industry-in-Transition-150-Years-and-
Beyond_E_Book.pdf

Wiseman, S., Balentine, D., & Frei, B. (1997). Antioxidants in tea. Critical
Reviews in Food Science and Nutrition, 37(8), 705-718. https://doi.
org/10.1080/10408399709527798

Wong, M., Sirisena, S., & Ken, N. (2022). Phytochemical profile of differently
processed tea: A review. Journal of Food Science, 87(5), 1925-1942.
https://doi.org/10.1111/1750-3841.16137

Wong, C., Li, H., Cheng, K., & Chen, F (2006). A systematic survey of
antioxidant activity of 30 Chinese medicinal plants using the ferric
reducing antioxidant power assay. Food Chemistry, 97(4), 705- 711.
https://doi.org/10.1016/j.foodchem.2005.05.049

Wu, D. C., & Wei, G. (2002). Tea as a functional food for oral health. Nutrition,
5(18), 443-444. https://doi.org/10.1016/s0899-9007(02)00763-3

Yanab, Z., Zhongc, Y., Duanb, Y., Chena, Q., & Fengna, L. F (2020).
Antioxidant mechanism of tea polyphenols and its impact on health
benefits. Animal Nutrition, 6(2), 115-123. https://doi.org/10.1016/.
aninu.2020.01.001

Yang, C. S., & Hong, J. (2013). Prevention of chronic diseases by tea: possible
mechanisms and human relevance. Annual Review of Nutrients, 33,
161-181. https://doi.org/10.1146/annurev-nutr-071811-150717

Yashin, A., Yakov, Y., & Boris, N. (2011). Determination of antioxidant activity
in tea extracts and their total antioxidant content. American Journal
of Biomedical Sciences, 3(4), 322-335. https://doi.org/10.5099/
aj110400322

Yokozawa, T., Dong, E., Nakagawa, T., Kashiwagi, H., Nakagawa, H.,
& Takeuchi, S. (1998). /n vitro and in vivo studies on the radical
scavenging activity of tea. Journal of Agriculture & Food Chemistry,
46(6), 2143-2150. https://doi.org/10.1021/jf970985¢c

Zhang, L, Ho, C. T., Zhou, J., Santos, J. S., Armstrong, L., & Granato, D.
(2019). Chemistry and Biological Activities of Processed Camellia
sinensis Teas: A Comprehensive Review. Comprehensive Reviews
in Food Science and Food Safety, 18(5), 1474-1495. https://doi.
org/10.1111/1541-4337.12479

Zhao, C., Li, C., Liu, S., & Yang, L. (2014). The galloyl catechins contribute
to main Antioxidant capacity of tea made from Camellia sinensis in
China. Scientific World Journal, https://doi.org/10.1155/2014/863984

Zoysa, A. K. N. (2008). Climatic requirements and soil. In: A. K. N. Zoysa
(Eds.), Handbook on tea (15t ed., pp.10-15). Thalawakale: Tea Research
Institute of Sri Lanka.

Food Biol e 2022 ¢ Vol11



