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Tea (Camellia sinensis) contains high level of antioxidant elements and is a well-known beverage consumedworldwide.The purpose
of this study is to compare different concentrations of green tea, black tea, oolong tea 861, oolong tea 732, and jasmine green tea.
These five types of tea extracts were known to have antioxidative properties, reducing power, and metal ion chelating activity. The
current study compared these five extracts in terms of their inhibiting effects on humanmalignant melanoma: A2058 and A375. To
determine the cell viability between normal cell andmalignant melanoma cells, anMTT assay was applied to evaluate the cytotoxic
potential on humanmelanoma cells, with all tea extracts showing decreased cell viability with increasing tea extract concentrations.
Cytotoxicity on HaCat (normal skin cells) showed no effect on the cell viabilities at lower concentrations of the tea extracts. These
results suggest the antioxidative effect of five tea extracts that protect against oxidation and melanoma production, with green tea
and jasmine green tea showing the lowest cell viability when tested against malignant melanoma cells.

1. Introduction

Antioxidative compounds derived from natural plant species
may help keep human skin at a physiologically healthy state
by decreasing oxidative stress [1]. By reducing oxidative
stress from reactive oxygen species (ROS), antioxidative
compounds can prevent ROS-induced skin damage [2]. Oxi-
dation produces free radicals thatmay lead to chain reactions,
which can potentially lead to cell damage. To detect the
free radical scavenging ability of antioxidants, 1,1-diphenyl-2-
picrylhydrazyl (DPPH) is commonly used [3]. Different types
of tea extracts were produced to investigate their respective
antioxidant activity. Chelating capacity involves a central
metal ion attached to a large molecule, which is a ligand, and
forms a ring structure. The ferric reducing potential assay

is another way to analyze antioxidative properties, which
involves the quantification of the reducing ability of antiox-
idants in reaction with a 2,4,5-tripyridyl-S-triazine Fe(III)
(TPTZ) complex that forms a ferrous Fe(II)-TPTZ complex
with a dark blue color [4]. A2058 is a highly invasive cell line
from a 43-year-old male patient with malignant melanoma.
A375 is cell line from a 54-year-old female patient with
malignant melanoma. HaCaT cells are immortalized human
keratinocytes, which are used for the study of epidermal
homeostasis [5].

Melanoma typically starts from melanocytes, which are
the cells that produce melanin. Melanoma often origi-
nates from melanocytes within moles on the skin during
early stages. However, when treatments are ineffective and
melanoma cells spread rapidly, metastatic melanoma occurs.
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The ultraviolet (UV) rays are one of the known causes of
melanoma [6]. Our skin has the ability to protect us from
exterior factors, controls body temperature, and stores water
and fat. However, skin cancer happens during extended expo-
sure of sunlight, leading to cancerous benign or malignant
tumors, which is now a major cause of death among patients
[7].

Tea is a well-known beverage across the world. Tea
polyphenols, which are antioxidative, includes epigallo-
catechin (EGC), epicatechin (EC), epigallocatechin gallate
(EGCG), and epicatechin gallate (ECG). EGCG is the most
abundant catechin within a tea leaf, which accounts for 30%
of the total polyphenol in dried leaves of green tea, from
subjected to steaming or pan frying to inactivate endogenous
polyphenol oxidase (PPO) [8]. Green tea normally has higher
antioxidant potential than oolong tea or black tea, due to its
high EGCG and EGC content. Black tea also has antioxidant
properties, with the ability to scavenge free radical, inhibit
lipid peroxidation, and chelate metal ions [9]. Gallic acid
is one of the key components of black tea, with the ability
to counter cancer cells through its cytotoxic activity [10].
Oolong tea, a semifermented 84 tea, contains high amount
of tea polyphenols and strongest antioxidant activity [11].
Jasmine tea is a variation of green tea, with an extra step of
jasmine flower scent transfer process, as compared to typical
green tea. Jasmine tea can reduce the esophageal tumor
burden, but epidemiological studies are lacking [12].

2. Materials and Methods

2.1. Chemicals and Reagents. Ascorbic acid (Vitamin C),
ethylenediaminetetraacetic acid (EDTA), L-3,4-dihydrox-
yphenylalanine (L-DOPA), dimethyl sulfoxide (DMSO), 1,1-
diphenyl-2 picrylhydrazyl (DPPH), ethanol, ferrouschloride
(FeCl2⋅4H2O), ferric chloride (FeCl3), kojic acid, methanol,
potassium ferricyanide (K3Fe(CN)6), 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), 3-tert-
butyl-4-hydroxyanisole (BHA), and L-tyrosine were pur-
chased from Sigma-Aldrich Company (St. Louis, MO,
USA). Dulbecco’s modified Eagle’s medium (DMEM) and
fetal bovine serum (FBS) were obtained from Gibco BRL
(Gaithersburg, MD, USA).

2.2. Tea Extracts Process and Preparation. All five tea extracts
were prepared with similar procedures. Green tea leaves were
subject to panning at 280–300∘C for 5-6min [13]. Jasmine
green tea leaves, black tea leaves, and oolong tea leaves
were naturally dried indoors under ambient temperature
(indoor wilting). Oolong tea leaves were then moved into a
bamboo basket for tossing and turning to bruise the leaves.
The leaves were repetitively rolled and dried by a CTC
(cut, tear, curl) machine. The roasted oolong tea 732 was
subject to an additional step of roasting at 100–120∘C for
4 hours to produce a roasted flavor. Black tea was rolled
by a CTC machine, which serves to bruise and damage the
leaves, followed by oxidation of the tea polyphenols (tea
fermentation) at 40∘C for 2-3 hours. Final drying of all five
tea leaves was at 80–120∘C. All five tea leaves were extracted

with hot water at 85–95∘C, using 5-liter hot water per kg
of tea leaf, to produce a broth of 5% solid content, which
was filtered by using 10-micron PP filter bag. After vacuum
concentration, the concentration was increased to 20% w/v.
Maltodextrin was added to achieve an extract: maltodextrin
ratio of 2 : 1 (20% tea soluble content, 10%maltodextrin w/v).
The tea concentrates were then frozen at −35∘C, followed by
lyophilization for 72 hours (0–50 hours at below 0∘C, 50–72
hours increasing to 45∘C) and pulverization to produce a fine
tea extract powder.

2.3. Assays of Antioxidant Effects

2.3.1. DPPH Radical Scavenging Activity Assay. The DPPH
assay is an antioxidant assay to monitor the free radical
scavenging ability of antioxidants, where a stable free radial
shows a deep violet color [14].DPPH solutionwill change into
bright yellow when it encounters a free radical scavenging
compound.The 1, 5, 10, 50, and 100 (𝜇g/ml) of the tea extract
were added to theDPPH solution.The reaction ofDPPHwith
an antioxidant releases a hydrogen,which leads to a decreased
absorbance value at 517 nm and a bright yellow color, corre-
sponding to a high DPPH scavenging ability. Vitamin C was
used as positive control. The formula to calculate free radical
scavenging activity is as in the following equation:

Scavenging activity (%)

=
(ODcontrol −ODsample)

ODcontrol
× 100%.

(1)

2.3.2. Metal Chelating Activity Assay. The chelating property
of ferrous ion (Fe2+) was tested. Different concentrations
ranges of the tea samples were dissolved in DMSO, with the
addition of 10 𝜇L solution of FeCl2⋅4H2O (2mM). Twenty 𝜇L
of ferrozine was then added and the mixture blended for 10
minutes [15]. Upon reaction, the absorbance at 562 nm was
monitored. EDTA was used as positive control. The formula
to calculate metal chelating activity was similar to (1).

2.3.3. Reducing Power Assay. For assays of the reducing
power ability of the extract, different concentrations ranges
of each tea extract were mixed with 85 𝜇L of 67mM sodium
phosphate buffer (pH 6.8) and 2.5 𝜇L of 20% K3Fe(CN)6 to
investigate the reducing powers of the extracts. The mixture
was kept at 50∘C for 20min and centrifuged for 10min at
3,000𝑔. The supernatant was then mixed with 2% FeCl3 and
the absorbance was measured at a wavelength of 700 nm
with a BHA solution as positive control [7]. High absorbance
values correspond to a high capacity for metal ion reduction.

2.4. Cell Line Cultures. Human melanoma cell lines were
obtained from Bioresource Collection and Research Cen-
ter (Taiwan): A2058 (BCRC number 60039), A375 (BCRC
number 60263), HaCat (human skin keratinocytes) were cul-
tured in Keratinocyte-SFM (Gibco, USA) supplemented with
bovine pituitary extract and human recombinant epidermal
growth factor [16].
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Table 1: Five different concentrations with DPPH scavenging capacity of five tea extracts.

DPPH scavenging capacity (%)
Extracts (𝜇g/ml) 1 5 10 50 100
Maltodextrin ≤5.00 ≤5.00 ≤5.00 ≤5.00 ≤5.00
Green tea extracta 56.12 ± 0.93 86.04 ± 0.12 84.87 ± 6.49 95.07 ± 0.00 94.81 ± 0.57
Black tea extracta 52.83 ± 3.53 85.56 ± 0.15 84.74 ± 2.47 94.75 ± 0.07 94.62 ± 0.21
Oolong tea extract 861a 52.85 ± 2.47 87.35 ± 5.44 91.83 ± 0.28 94.62 ± 0.35 93.51 ± 1.84
Oolong tea extract 732a 46.13 ± 1.01 42.67 ± 3.30 43.02 ± 0.58 74.60 ± 0.28 66.28 ± 0.99
Jasmine green tea extracta 55.43 ± 1.80 90.88 ± 0.06 82.36 ± 6.10 94.49 ± 0.49 94.68 ± 0.00
Vitamin Cb 80.82 ± 0.00
aSample consists of 33%maltodextrin. bVitamin C was used as a positive control on DPPH assay at 100𝜇M.

2.5. MTT Assay. The cell viability was determined with
an MTT assay [17]. Cells were plated at a density of 8 ×
103 cells/well in a 96-well plate and incubated for 24 hours
before the additions of the 1, 10, and 50 (𝜇g/ml) of the tea
extracts, after which anMTT solutionwas added to eachwell.
Culture medium was then discarded and DMSO added to
each well. The absorbance of the formazan salt at 595 nm was
measured, and cell viability was calculated as in the following
equation:

Cell viability (%) =
ODsample

ODcontrol
× 100%. (2)

3. Results

3.1. DPPH Free Radical Scavenging Activity Assay. TheDPPH
assay aims to detect free radical scavenging ability of antiox-
idants. The absorbance at 517 nm was monitored when the
DPPH radical is neutralized, as the solution turns from
blue violet to light yellow in color. Lighter color indicates
better antioxidant ability. Table 1 illustrates the results for
five different tea extracts, with Vitamin C as the positive
control and maltodextrin as the negative control. In general,
the higher the tea extract concentration, the higher the
percentage of DPPH scavenging capacity. However, for all
five tea extracts, 50 𝜇g/ml tends to show higher or equivalent
antioxidant ability than 100 𝜇g/ml. The comparison showed
that green tea had the biggest radical scavenging effect.
Oolong tea extract 861 is significantlymore antioxidative than
oolong tea extract 732, which may be due to their difference
in processing.

3.2. Metal Chelating Activity Assay. In an oxidative envi-
ronment, ferrozine forms complexes with Fe2+. When the
chelating materials are present, this complex construction
is dislocated. When Fe2+ and ferrozine reacts together at
562 nm, it reflects a higher chelating ability. Five different
tea extracts had Fe2+ scavenging activities at a concentration
range of 1–100 𝜇g/mL. Oolong tea extract had the highest
value of 30 ± 2.0 at 100 𝜇g/mL. Jasmine green tea showed the
highest chelating capacity of 18±0.03 at 10 𝜇g/mL. Compared
to the others, it has the lowest level of concentration needed
to achieve a higher percentage of chelating capacity.
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Figure 1: Effects of five extracts on cell viability of normal human
cell and malignant melanoma cell according to MTT assay. Per-
centage of cell viability was measured in HaCat cultured with 1𝜇m,
10 𝜇m, and 50 𝜇m.

3.3. Reducing Power Assay. The ferrous ion chelating activity
of tea extracts was investigated and shown in Table 3.
During this assay, the reducing properties of the tea extracts
were determined by monitoring their change in solution
color, which turns from light yellow to blue violet when
Fe(II)-TPTZ complex forms. Darker color represents better
reducing power. Table 3 showed that the reducing power
of black tea extract and oolong tea extract 861 was 2.83 ±
0.51 at 50 𝜇g/mL and 2.93 ± 0.15 at 50 𝜇g/mL, respectively.
According to the results, the reducing power decreased as the
concentration reaches 100 𝜇g/mL.

3.4. MTT Assay. The effect of the tea extracts on cell
development was estimated with the MTT assay, which is
a colorimetric assay for assessing cell viability. This assay is
based on the dehydrogenase from the cell line that changes
from light yellow color of MTT’s tetrazolium into a blue
color of MTT formazan. From Figure 1, it can be seen that,
at a concentration of 1 𝜇m and 10 𝜇m, the HaCat viability
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Figure 2: Effects of five extracts on cell viability of normal human
cell and malignant melanoma cell according to MTT assay. Per-
centage of cell viability was measured in A2058 cultured with 1𝜇m,
10 𝜇m, and 50 𝜇m.
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Figure 3: Effects of five extracts on cell viability of normal human
cell and malignant melanoma cell according to MTT assay. Percent-
age of cell viability wasmeasured in A375 cultured with 1 𝜇m, 10 𝜇m,
and 50 𝜇m.

showed the same pattern among the five tea extracts tested.
As seen in Figure 2, the five tea extracts onA375 cell line show
similar viability pattern as compared to that of the A2058
cell line in Figure 3, as both are malignant melanoma cells.
The black tea extract and the oolong tea extract 732 on A375
show dose-dependent decrease in viability, while the green
tea extract and the jasmine green tea extract show dose-
dependent decrease in A2058 cell viability.

4. Discussion

Tea is a popular traditional beverage and is known for its
physiological functions such anticancer and antioxidative
power. In this study, tea extracts made from the leaves
of Camellia sinensis were analyzed; these were green tea,
black tea, oolong tea, and jasmine green tea. The current
study investigated the antioxidative effect of five different

tea extracts by determining the DPPH scavenging capacity,
chelating activity, and reducing power. The investigation
determined the antioxidative power and included Vitamin
C as the positive control and maltodextrin as the negative
control, to compare with different types of tea at various
concentrations. It was found that high concentrations of tea
extracts had a profound impact on human cell. All five types
of tea extracts showed an increased percentage of DPPH
scavenging capacity and chelating activity. Oolong tea extract
732 was made with an additional high temperature roasting
step, as compared to the oolong tea extract 861. Thermal
processing may degrade catechins, which may be the cause
of the lower DPPH scavenging capacity of oolong tea extract
732.

In this study, all tea extracts at a concentration of
50 𝜇g/mL showed the highest capacity of scavenging DPPH
(Table 1). In fact, tea polyphenols are represented as the main
antioxidants in teas [18]. The five tea extracts were further
analyzed by investigating their chelating activity. Oolong tea
extract 861 had the highest chelating value 30 ± 2.0 at the
highest concentration tested (100 𝜇g/ml) (Table 2). However,
all of the tea extracts showed the highest reducing power at
50 𝜇g/mL (Table 3). This pattern was similar to the DPPH
scavenging capacity as seen in Table 1 [19, 20].

Melanoma, a malignant tumor, begins in a specific type
of skin cell and activates when the abnormal cells affect
part of the body and proliferates uncontrollably [21]. The
cytotoxic potential of the five tea extracts on two different
melanoma cells (A2058 and A375) as well as on HaCat cells
as a noncancerous cell line was also investigated [22] using
the MTT assay. These cell lines were treated with various
concentrations (1, 10, and 50𝜇m) of the tea extracts for
comparison. For HaCat cells, the five tea extracts at 50 𝜇m
had minor effects, and all cellular viabilities exceeded 65%
after a 24-hour treatment. Thus, the tea extracts had no toxic
effects on noncancerous human cells. Both A375 and A2058
are compromised, highly invasive melanoma cell lines [23].
All five tea extracts at 10𝜇m and 50 𝜇m showed cytotoxic
potential on both humanmelanoma cells tested. Nonthermal
processing of teamay affect the bioactivity of the tea products,
so the improvement in food quality may be achieved by
adapting a green physical processing.

5. Conclusion

In summary, the experiments in this study demonstrated that
the antioxidant activity was confirmed through DPPH free
radical activity, chelating activity, and reducing power of the
five tea extracts. Higher concentration of the tea extracts
could potentially become a cancer treatment. The results
suggested all five tea extracts investigated are promising
natural antioxidants and potential antimelanoma agents,
without toxicity against noncancerous human cells.
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Table 2: Five different concentrations with chelating activity of five tea extracts.

Chelating activity (%)
Extracts (𝜇g/ml) 1 5 10 50 100
Maltodextrin ≤5.00 ≤5.00 59 ± 0.01 76 ± 0.01 79 ± 0.00
Green tea extracta ≤10 ≤10 ≤10 ≤10 14 ± 1.0
Black tea extracta ≤10 ≤10 20 ± 0.03 19 ± 0.01 25 ± 3.0
Oolong tea extract 861a ≤10 ≤10 ≤10 19 ± 0.01 30 ± 2.0
Oolong tea extract 732a ≤10 ≤10 ≤10 ≤10 27 ± 1.0
Jasmine green tea extracta ≤10 ≤10 18 ± 0.03 ≤10 ≤10
EDTAb 80.76 ± 0.01
aSample consists of 33%maltodextrin. bEDTA was used as a positive control on metal chelating ability at 100𝜇M.

Table 3: Five different concentrations with reducing power of five tea extracts.

Reducing power (OD 700)
Extracts (𝜇g/ml) 1 5 10 50 100
Maltodextrin ≤5.00 ≤5.00 ≤5.00 ≤5.00 ≤5.00
Green tea extracta 0.35 ± 0.02 0.30 ± 0.02 0.25 ± 0.01 2.38 ± 0.41 2.046 ± 0.17
Black tea extracta 0.26 ± 0.04 0.23 ± 0.02 0.23 ± 0.02 2.83 ± 0.51 2.71 ± 0.24
Oolong tea extract 861a 0.29 ± 0.06 0.25 ± 0.06 0.36 ± 0.02 2.93 ± 0.15 2.44 ± 0.20
Oolong tea extract 732a 0.19 ± 0.00 1.65 ± 0.01 0.23 ± 0.01 2.69 ± 0.45 2.60 ± 0.24
Jasmine green tea extracta 0.28 ± 0.01 0.32 ± 0.03 0.29 ± 0.02 2.73 ± 0.57 2.46 ± 0.05
BHAb 0.56 ± 0.03
aSample consists of 33%maltodextrin. bBHA was used as a positive control on reducing power at 100 𝜇M.
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