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Abstract: This study examined the free radical scavenging potential of crude water, ethanol and isopropanol extracts of
leaves of Camellia sinensis (Fam: Theaceae) or black tea leaves in vitro. Pharmacological history of this plant inspired us
to evaluate the possible antioxidant activity. Free radical scavenging activity was evaluated in vitro with the
spectrophotometric method based on the reduction of the stable 1,1-diphenyl-2-picryl-hydrazyl (DPPH) free radical. The
tested extracts showed variable antioxidant activities. The highest antioxidant activity was achieved in water (48.32%)
followed by ethanol (37.80%) and isopropanol (32.96%) extracts. The extracts were investigated regarding their total
flavonoid content (TFC) by A1C1; reagent. The aqueous extracts of black tea leaves (TFC = 53.16 + 1.95 pg/mg) and
ethanol extracts (TFC = 46.97 + 4.43 pug/mg) had the highest content of flavonoid whereas isopropanol extracts had
minor (TFC = 10.81 + 1.98 ug/mg) content. Furthermore, the total phenolic content of the three extracts of black tea
leaves showed large variations. The water extracts of black tea leaves contained the highest total phenol content (156.00
+ 0.62 mg GAE/g extract), followed by ethanol extracts (123.33 £ 2.32 mg GAE/g extract) and isopropanol extracts
(82.37 £ 1.12 mg GAE/g extract). This study suggests that leaves of black tea are the possible sources of natural radical
scavengers. Thus black tea leaves could be used as natural antioxidants in the beverage, food and pharmaceutical

industries that need further wide range in vivo studies.
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INTRODUCTION

The large generation of free radicals, particularly
reactive oxygen species and their high activity plays an
important role in the progression of a great number of
pathological disturbances like inflammation,
atherosclerosis, stroke, heart disease, diabetes mellitus,
multiple sclerosis, cancer, Parkinson’s disease,
Alzheimer’s disease, etc [1-4]. Therefore, the great
interest has been recently focused on the natural foods,
medicinal plants and phytocostituents due to their well-
known abilities to scavenge free radicals (i.e.
antioxidant power) [5,6]. Reactive oxygen species
(ROS), such as hydrogen peroxide (H,0,) and
hypochlorous acid (HOCI), and free radicals, such as
the hydroxyl radical (-OH) and superoxide anion (O, ),
are produced as normal products of cellular metabolism.
Rapid production of free radicals can lead to oxidative
damage to biomolecules and may cause disorders such
as cancer, diabetes, inflammatory disease, asthma,
cardiovascular diseases, neurodegenerative diseases,
and premature aging [7]. Many medicinal plants contain
large amounts of antioxidants, such as polyphenols,
vitamin C, vitamin E, selenium, B-carotene, lycopene,
lutein, and other carotenoids, which play important
roles in adsorbing and neutralizing free radicals,
quenching singlet and triplet oxygen, or decomposing
peroxides. Moreover, plant secondary metabolites such
as flavonoids and terpenoids play an important role in
defense against free radicals [8]. Therefore, consumers

should increase their intake of foods rich in antioxidant
compounds that lower the risk of chronic health
problems associated with the above diseases [9]. Data
from various studies indicate that medicinal plants
contain a wide variety of natural antioxidants, such as
phenolics, flavonoids, and tannins, which possess more
potent antioxidant activity than common dietary plants.
Compounds responsible for such antioxidant activity
can be isolated and used for prevention and treatment of
free radical-related disorders [10]. Therefore, recent
attention has increased to find naturally occurring
antioxidants for use in food or medicine to replace
synthetic antioxidants, which are being restricted due to
their carcinogenicity.

Tea is produced from leaves and non-developed buds
of a tea shrub having two botanical varieties: Camellia
sinensis (Family: Theaceae) and Camellia assamica.
Bangladesh is a tea (black tea) producer in the world
followed by India (black tea), Japan (green tea) and
China (different sorts of tea). Tea is the most consumed
beverage in the world besides water. Based on the
manufacturing process, there are three major types of
tea: black (fully aerated or fermented); green (unaerated
or unfermented) and oolong (partially aerated or semi
fermented) [11-13]. Medicinal properties of tea were
known to mankind since antiquity. Several studies have
shown that tea, especially the black and green types, is
very beneficial for human and animals from many
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aspects. Tea has been used as a daily beverage and
crude medicine throughout the world for thousands of
year. Tea possesses antipyretic and diuretic effects, etc.
The pharmacological effects of tea are reviewed,
including antioxidative activity [14] and antimutagenic
[15-17] and anticancer effects [18]. Concerning the
antioxidative and anticarcinogenic effects of tea,
researchers reported that green tea antioxidant (GTA)
had antioxidative activity toward hydrogen peroxide
and superoxide and that GTA prevented oxygen radical
and hydrogen peroxide induced cytotoxicity and
inhibition of intercellular communication in cell culture
[19].

The aim of the present study was to evaluate and
compare 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging activity and the phenolic and flavonoid
content of black tea. In addition, the study sought to
determine the relationship between the DPPH radical
scavenging activity and total phenolic content of
different solvent extracts of this plant that might be
promising sources of natural antioxidants and functional
foods.

Thus, the aim of this study was to determine the
antioxidant activity of black tea in vitro.

MATERIALS AND METHODS
Collection of black tea leaves

The aerial parts of wild-growing Camellia sinensis
were collected at their fully mature form, from different
tea gardens of Moulovibazar, Sylhet, north east part of
Bangladesh at an altitude of 220 m. The parts of plant
were identified by Bangladesh Council of Science and
Industrial Research (BCSIR), Chittagong, Bangladesh.
Samples were pure without any aromatic or additive
materials. Various extracts of leaves were prepared in
different solvents, then these were tested for
antibacterial activity against ten pathogenic bacteria,
and finally evaluated the thrombolytic potential.

Preparation of plant extracts

Fresh plant leaves were washed under running tap
water and ethanol (30-40%). The leaves were cut into
pieces and ground into fine powder with an electric
grinder. The powder was stored in air tight bottle [20].
Aqueous extract was prepared by mixing 20.0gm of dry
powder of plant leaves with 200 ml. of sterile distilled
water in a round bottom flask (no.72) with occasional
shaking. Before placing, the flask was washed properly
and then dried. The extract was then filtered through a
muslin cloth for coarse residue and finally filtered
through Whatman No.1 filter paper with 150pm
diameter and stored in an airtight container at 4°C until
use [21]. Ethanolic extract was prepared by mixing
50.0gm of dry powder of plant leaves with 200 ml. of
99% ethanol (Merck, Germany) and kept at room
temperature for 7 days in a round bottom flask with
occasional shaking. After a seven days period, the
extract was filtered through a muslin cloth for coarse

residue and finally filtration was done through
Whatman No.1 filter paper and stored in airtight bottle
at 4°C until use [22]. In the same way the Isopropanolic
extract was prepared by mixing 50.0gm of dry powder
of plant leaves with 200 ml. of 98% isopropanol
(Merck, Germany) and kept at room temperature for 7
days in a round bottom flask with occasional shaking.
After a seven days period, the extract was filtered
through a muslin cloth for coarse residue and finally
filtration was done through Whatman No.1 filter paper
and stored in airtight bottle at 4°C until use [23].

Chemicals

All of the chemicals used in this work were
purchased from Merck (Germany), with the exception
of DPPH, Flavonoid standards, gallic acid, BHA
(tertbutyl-4-hydroxy-anisol), and a-tocopherol, those
were purchased from Sigma-Aldrich (St. Louis, MO,
USA). The chemicals were analytical grade.

Free radical scavenging activity

The free radical scavenging activity of the extracts
was estimated according to the procedure described by
researchers [24, 25]. Briefly, a 0.3mM solution of
DPPH radical solution in ethanol 90% was prepared and
then 1 ml of this solution was mixed with 2.5 ml of
different concentrations of each extract (sample). The
mixture was shaken and left for 30 min at room
temperature in the dark, and after 30 min incubation the
absorbance  was  then  measured with a
spectrophotometer at 517 nm. The antioxidant activity
was calculated as the percentage of the radical
scavenging activity (RSA) by the following equation:

RSA% = [Acontrol — (Asample — Ablank)] / Acontrol x
100

Ethanol 90% (1 ml) plus each sample solution (2.5
ml) was used as a blank. DPPH solution (1 ml) plus
ethanol 90% (2.5 ml) was used as a negative control.
Rutin solution (at the concentrations of 100, 50, 25, 10,
5, 2.5pg ml-1) was used as a positive control. The ICs
value for each sample, defined as the concentration of
the test sample leading to 50% reduction of the initial
DPPH concentration, was calculated from the non linear
regression curve of Log concentration of the test extract
(ng ml-1) against the mean percentage of the radical
scavenging activity.

Total flavonoid content (TFC)

The total flavonoid content in extracts was
determined according to researchers [24]. Briefly, 2.5
ml of each extract solution was mixed with 2.5 ml
AICl; reagent in ethanol 90% and allowed to stand for
40 min for reaction at room temperature. After that, the
absorbance was measured spectrophotometrically at
415 nm. Ethanol 90% (2.5 ml) plus sample solution (2.5
ml) was used as a blank. Rutin was used as a reference
compound. The TFC for each extarct [as pg rutin
equivalents (RE) /mg of extract] was determined on the
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basis of the linear calibration curve of rutin (absorbance
versus rutin concentration).

Total phenolic content (TPC)

The extraction of total phenolics was performed
using the Folin—Ciocalteu assay, following a standard
method with some modifications [26]. In total, 100 ul of
each extract (1 mg/ml) was added to a test tube
containing 50 pl of the phenol reagent (1M). A further
1.85 ml of distilled deionized water was added to the
solution and allowed to stand for 3 min after vortexing.
Then 300 pul Na,CO; (20% in water, v/v) was added
and vortexed, and the final volume (4 ml) was obtained
by adding 1.7 ml of distilled deionized water. A reagent
blank was prepared using distilled deionized water. The
final mixture was vortexed, then incubated for 1 h in the
dark at room temperature. The absorbance was
measured at 725 nm using a UV-VIS
spectrophotometer. A standard curve was prepared
using 0, 65.5, 125, and 250 mg/l gallic acid in methanol
: water (50:50, v/v). Total phenolic values are expressed
in terms of gallic acid equivalents (GAE) in milligrams
per gram plant extract. All determinations were
performed in triplicate.

Statistical analysis

All of the experiments were carried out in triplicate.
Antioxidant activity, total phenolic content, and
flavonoid content are reported as the mean + standard
deviation (SD). Significance differences for multiple
comparisons were determined using oneway analysis of
variance (ANOVA). Duncan’s multiple range tests was
used to assess the significant differences with the SPSS
statistical analysis package (version 15.0; SPSS Inc.,
Chicago, IL, USA). Differences at P < 0.05 were
considered statistically significant.

RESULTS AND DISCUSSION
DPPH assay

Antioxidant tests could be based on the evaluation of
lipid peroxidation or on the measurement of free radical
scavenging potency (hydrogen-donating ability). The
radical scavengers donate hydrogen to free radicals,
leading to non toxic species and therefore to inhibition
of the propagation phase of lipid oxidation. The use of
DPPH radical provides an easy, rapid and convenient
method to evaluate the antioxidants and radical
scavengers [27- 29]. The antioxidant activity of
medicinal plants is mainly related to their bioactive
compounds, such as phenolics, flavonols, and
flavonoids.

In this study, the antioxidant capacity of water,
ethanol and isopropanol extracts of black tea leaves was
systematically evaluated. The DPPH inhibition of
different plant extracts is summarized in Table 1. Water
extracts of leaves of black tea possessed the highest
DPPH scavenging activity (48.32 £ 1.53% inhibition of
the DPPH radical), followed by ethanol and isopropanol
extracts (37.80 = 1.73% and 32.96 = 1.53%,
respectively) of black tea leaves, comparable to the
commercial antioxidant BHA (93.03% inhibition of the
DPPH radical) and o-tocopherol (92.00%). The
antioxidant activity of the leaves of C. sinensis could
be due to the presence of wide variety of bioactive
compounds, such as phenolics, flavonoids, carotenoids,
and tannins in this plant.

Total flavonoid content (TFC)

Flavonoids are well-known antioxidant constituents
of plants and possess a broad spectrum of chemical and
biological activity, including radical scavenging
properties [30]. The total content of flavonoids was
evaluated and expressed as pg rutin equivalents (RE)
/mg of extract. The content of flavonoids varied from
10.81 + 1.98 to 53.16 + 1.95 pg/mg (Table 1). The
highest amount of flavonoids was found in the water
extracts of leaves of black tea (53.16 + 1.95 pg/mg),
followed by ethanol extracts (46.97 + 4.43 pg/mg) and
isopropanol extracts (10.81 + 1.98 pg/mg), indicating
that these phytochemicals are likely to be responsible
for the free radical scavenging activity. Flavonoids are
reportedly responsible for the antioxidant activities of
plants [31] through their scavenging or chelating
activity [32].

Total phenolic content (TPC)

Phenolics are well established to show antioxidant
activity and contribute to human health. In this study,
the total phenolic content was determined using the
Folin—Ciocalteu method, with gallic acid as a standard.
The content of phenolics was evaluated and expressed
in GAE as milligrams per gram of extract (mg GAE/g
extract). The total phenolic content of the three extracts
of black tea leaves showed large variations. The water
extracts of black tea leaves contained the highest total
phenol content (156.00 + 0.62 mg GAE/g extract),
followed by ethanol extracts (123.33 + 2.32 mg GAE/g
extract) and isopropanol extracts (82.37 + 1.12 mg
GAE/g extract). The values of total phenolic content
are shown in the table 1.

Table 1: 1Cs values of DPPH scavenging activity, total flavonoid content (TFC) and total phenolic content (TPC)
of three different solvent extracts of black tea leaves

Samples % inhibition of TFC (png /mg) Total phenols
DPPH (mg GAE/g extract)
Water extracts 48.32 + 1.53 53.16 + 1.95 156.00 + 0.62
Ethanol extracts 37.80£1.73 46.97 £ 4.43 123.33+£2.32
Isopropanol extracts 32.96 + 1.53 10.81 +£1.98 82.37+1.12
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CONCLUSION:

C. sinensis or black tea leaves extracts of different
solvents in this research exhibited different degrees of
antioxidant activity. This study indicates that black tea
is one of the most effective plant in terms of
antioxidant properties and can serve as natural sources
to the free radical scavengers and antioxidant agents.
Black tea leaves can be considered as promising
sources of natural antioxidants and as possible
preventative agents of some common human
healthdisorders. However, the total phenolic and
flavonoid content showed a weak correlation with the
antioxidant activity of the investigated plant. Hence,
detailed studies on the role of individual
phytochemicals involved in the antioxidant activity of
this plant are required for its use as functional food,
beverage and in the pharmaceutical industry.

REFERENCES

1. Mensor LL, Menezes FS, Leitao GG, Reis AS, dos
Santos TC, Coube CS and Leitao SG; Screening of
Brazilian plant extracts for antioxidant activity by
the use of DPPH free radical method. Phytother.
Res., 2001; 15: 127-130.

2. Hou WC, Lin RD, Cheng KT, Hung YT, Cho CH,
Chen CH, Hwang SY and Lee MH; Free radical
scavenging activity of Taiwanese native plants.
Phytomedicine, 2003; 10: 170-175.

3. Orhan I, Aydin A, Colkesen A, Sener B and Isimer
Al; Free radical scavenging activities of some
edible fruit seeds. Pharm. Biol., 2003; 41: 163-165.

4. Ozgen U, Mavi A, Terzi Z, Yildirim A, Coskun M
and Houghton PJ; Antioxidant properties of some
medicinal Lamiaceae species. Pharm. Biol., 2006;
44:107-112.

5. Galvez M, Martin-Cordero C, Houghton PJ and
Ayuso MJ; Antioxidant activity of methanol
extracts obtained from Plantago species. J. Agric.
Food Chem., 2005; 53: 1927-1933.

6. Kukic J, Petrovic S and Niketic M; Antioxidant
activity of four endemic Stachys taxa. Biol.
Pharm.Bul., 2006; 29: 725-729.

7. Young IS, Woodside JV; Antioxidants in health
and disease. J. Clin. Pathol., 2001; 54: 176-186.

8. Govindarajan R, Vijayakumar M and
Pushpangadan P; Antioxidant approach to disease
management and the role of ‘Rasayana’ herbs of
Ayurveda. J. Ethnopharmacol., 2005; 99: 165-178.

9. Kilipstein-Grobusch K, Launer LJ, Geleijnse JM,
Boeing H, Hofman A and Witterman JC; Serum
carotenoids and atherosclerosis: the Rotterdam
study. Atherosclerosis, 2000; 148 (1): 49-56.

10. Middleton EJ, Kandaswami C, Theoharides
TC;The effects of plant flavonoids on mammalian
cells: implications for inflammation heart disease
and cancer. Pharmacol. Rev., 2000; 52: 673-751.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Modder WWD and Amarakoon AMT. Tea and
Health. Tea Research Institute of Sri Lanka,
Talawakelle, 2002: 81-93.

Islam GMR, Igbal M, Quddus KG and Ali MY;
Present status and future needs of tea industry in
Bangladesh. Proc. Pakistan Acad. Sci., 2005; 42(4);
305-315.

Amarakoon T; Tea for Health. BT Options (Pvt)
Ltd., Colombo, 2004: 1-37.

Satoshi S, Hara Y; Antioxidative activity of tea
catechins. Fragrance J., 1990: 24-30.

Kada TK, Kaneko S, Matsuzaki TM and Hara Y;
Detection and chemical identification of natural
bio-antimutagens: A case of green tea factor.
Mutat. Res., 1985; 150: 127-132.

Jain AK, Shimoi K., Nakamura Y, Kada T, Hara Y
and Tomita I; Crude tea extracts decrease the
mutagenic  activity of  N-methyl-N-nitro-N-
nitrosoguanidinine in vitro and in intragastic tract
of rats. Mutat. Res., 1989, 210: 1-8.

Yen GC and Chen HY; Comparison of
antimutagenic effect of various tea extracts (green,
oolong, pouchong and black tea). J. Food Prot.,
1994; 57: 54-58.

Isao T; Preventive effects of tea on cancer.
Fragrance J., 1990: 54-61.

Ruch RJ, Cheng SJ and Klauning JE; Prevention of
cytotoxicity and inhibition of intercellular
communication by antioxidant catechins isolated
from Chinese green tea. Carcinogenesis, 1989; 10:
1003-1008.

Mohan MCH, Rao SM and Kumari P;
Antimicrobial ~ Activity of Selected Indian
Medicinal Plants. Jr. of Microbiol. Biotech. Env.
Sc, 2009; 11 (2): 355-360.

Nayak A, Nayak RN, G Soumya B, Bhatt K and
Kudalkar M; Evaluation of antibacterial and
anticandidal efficacy of aqueous and alcoholic
extracts of Neem (Azadirachia India) and in vitro
study. IJPAP; 2011; 1: 230-235.

Yildirim A, Mavi A, Oktay M, Kara A.A, Algur
OF, Bilaloglu V; Comparison of antioxidant and
antimicrobial activities of Tilia (Tilia Argentea
Desf Ex DC), Sage (Salvia Triloba L.), and Black
Tea (Camellia Sinensis) Extracts. J Agric Food
Chem., 2000; 48: 5030-503.

Parekh J and Chanda S; In vitro antifungal activity
of methanol extracts of some Indian medicinal
against pathogenic yeasts ant molds. Afr. J. of
Biotech. 2008; 7(23): 4349-4353.

Nickavar B, Kamalinejad M, Haj-Yahya M and
Shafaghi B; Comparison of the free radical
scavenging activity of six Iranian Achillea species.
Pharm. Biol., 2006; 44: 208-212.

Shimada K, Fujikawa K, Yahara K and Nakamura
T; Antioxidative properties of xanthan on the anti-
oxidation of soybean oil in cyclodextrin emulsion.
J. Agric. Food Chem., 1992; 40: 945-948.

53



Monir Hossain et al., Sch. Acad. J. Biosci., 2013; 1(2):50-54

26.

217.

28.

29.

Kim KT, Yoo KM, Lee JW, Eom SH, Hwang IK
and Lee CY; Protective effect of steamed american
ginseng (Panax quinquefolius L.) on V79-4 cells
induced by oxidative stress. J. Ethnopharm., 2007;
111: 443-445.

Kansci G, Dongo E and Genot C; 2,2-Diphenyl-1-
picrylnydrazyl ~ (DPPH)  test  demonstrates
antiradical activity of Dorstenia psilurus and
Dorstenia ciliate plant extracts. Nahrug/Food,
2003; 47: 434-437.

Roginsky V and Lissi EA; Review of methods to
determine chain-breaking antioxidant activity in
food. Food Chem., 2005; 92: 235-254.

Soler-Rivas C, Espin JC and Wichers HJ; An easy
and fast test to compare total free radical

30.

3L

32.

scavenger capacity of foodstuffs.
Analysis, 2000; 11: 1-9.

Miliauskas G, Venskutonis PR, van Beek TA;
Sreening of radical scavenging activity of some
medicinal and aromatic plant extracts. Food Chem.,
2004; 85: 231-237.

Das NP, Pereira TA; Effects of flavonoids on
thermal autooxidation of Palm oil: Structure-
activity relationship. J. Am. Oil Chem. Soc.,1990;
67: 255-258.

Kessler M, Ubeaud G, Jung L; Anti- and pro-
oxidant activity of rutin and quercetin derivatives.
J. Pharm.Pharmacol., 2003; 55: 131-142.

Phytochem.

54



