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The present study aim to evaluate the chemical constituents and biological activities of the commercially available green tea
sample. High performance liquid chromatography equipped with UV detector was used to quantify the caffeine content in the
tea extract.  The caffeine content in the green tea sample range from 7.18 to 22.90 mg/g DW. Whereas, total phenolic, total
flavonoids content varied from 9.19 to 11.41 mg GAE/g DW, 7.03 to 9.25 mg/g DW, respectively. Further, analyzed green tea
extract revealed the range of in vitro antioxidant activities measured by DPPH with IC50 values from 53.46 to 64.54 µg/ml.
Furthermore, evaluated tea extract were found to be potent alpha amylase inhibitors.
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Introduction
Tea is one of the most widely consumed beverage in the

world1 and is popular in Asian countries2. Hundreds of differ-
ent brands of tea are now produced and distributed world-
wide. Mostly tea is produced in Southeast Asia and Central
Africa.  Depending on the level of oxidation, teas are catego-
rized into three types: green tea (unfermented), oolong tea
(partially fermented) and black tea (fermented)3. Among them,
green tea is one of the most popular and widely consumed
dietary supplements in the world4. Numerous studies have
recorded the beneficial effects of tea, which include antioxi-
dant5, anti-carcinoma6, anti-inflammation7, and antimicrobial
properties8. Furthermore, tea are regarded as chemopreven-
tive agent for toxic chemicals and carcinogens9.

The chemical composition of green tea varies with ge-
netic strain, climatic conditions, soil properties, plucking sea-
son, position of the leaf, processing and storage10–12. Mostly
green tea contains the different secondary metabolites such
as polyphenols, alkaloids (caffeine, theophylline and theo-
bromine) as well as amino acids and several micro and ma-
cronutrients.

Among several secondary metabolites present in green
tea, phenolic compounds are most interesting and bioactive
molecules13. The major phenolic compounds in tea are

flavan-3-ols (i.e. catechins) which include: (+)-catechin (C),
(–)-epicatechin (EC), (–)-epigallocatechin (EGC), (–)-
epigallocatechin gallate (EGCG), (–)-gallocatechins (GC),
(–)-epicatechin gallate (ECG), and (–)-gallocatechin gallate
(GCG)14. It has been considered that 12–15% catechin con-
tent considered as a good quality of tea. Catechin, are the
major metabolites contributing to the flavor and astringent
characteristics of tea. The composition of catechin varies with
the process of fermentation, leaf type also with the harvest-
ing season as well.

Furthermore, global diabetes cases are increasing each
year and are one of the major health problems in the devel-
oping countries as well. The basic characteristics of diabe-
tes is hyperglycemia i.e. uncontrolled high glucose level. The
animal model study in diabetic mice revealed that green tea
extract increases the insulin sensitivity and lower the blood
glucose level15. It is evident that tea polyphenols involve in
lowering the absorption of glucose in body by inhibiting the
carbohydrate hydrolyzing enzymes such as pancreatic al-
pha amylase. Such a inhibition of alpha amylase by green
tea extract delay the carbohydrate digestion, resulting in the
reduction of glucose adsorption rate as well. Hence, the
present study aims to quantify the major chemical
constituent’s and their biochemical properties as well as to
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investigate the alpha amylase inhibition tendencies of the
commercially available green tea.

Experimental
Collection of  green tea sample and extraction:
The commercially available ready to drink green tea and

black tea were purchased from the market. Each tea samples
(20 g) was extracted successively using 200 ml of hot water.
Filtration of individual extracts was done through Whatman
No. 1 filter paper and Vacuum Evaporator (Hanil P201502902-
1) used to evaporate the liquid solvents from the extract to
acquire dehydrated extracts. Subsequently next to drying,
crude extracts were weighed. Stock vials were used to store
and kept in refrigerator (0–4ºC) for further use.

Determination of total phenol content:
Total phenolic content estimation was carried out using

Folin Ciocalteu’s methods following the standard proto-
col16,17. Aliquots of 1 ml sample (10, 20, 40, 60, 80, 100 g/
ml) was placed into separate test tubes and followed by the
addition of 0.5 ml of Folin Ciocalteu’s reagent, 4.5 ml of dis-
tilled water and mixed well. Further, after 5 min, 4 ml of 7%
sodium carbonate was added and blue color mixture was
shaken well and incubated at 40ºC in water bath and absor-
bance were recorded at 760 nm. The experiments were per-
formed in triplicates. The blank was made using reagent blank
with solvent. Standard gallic acid was used for the quantifi-
cation of total phenolic content. The results were expressed
as mg gallic acid equivalent/g dry weight of sample (mg GAE/
g DW).

Determination of total flavonoid content:
Total flavonoids content was determined using aluminum

chloride colorimetric assay following the standard proto-
col18,19. Quercetin was used as a standard for calculation to
TFC. The 1 ml  of sample aliquots solution (100, 200, 400,
600, 800, 1000 g/ml) was added into separate test tubes,
followed by the addition of 0.3 ml of 5% sodium nitrite solu-
tion, 4 ml of distilled water. After, 5 min 0.3 ml of 10% alumi-
num chloride was added and 2 ml of 1 M sodium hydroxide
was added into the resultant solution and final volume is
adjusted to 10 mL with distilled water. In this way prepared
solution were mixed well until the yellowish color was devel-
oped. The absorbance was then measured at 510 nm spec-
trophotometer using UV-Visible instrument. Distilled water

was used to perform blank and quercetin was used as a stan-
dard. The experiment was carried out in triplicates. The total
flavonoids content was expressed as mg of quercetin equiva-
lents/g of dry mass (mg QUE/g DW).

Free radical scavenging activity determination:
Free radical scavenging activity were measured using

DPPH (2,2-diphenyl 1-picryl hydrazyl) as following the stan-
dard protocol20,21. Different concentrations of extracts (0.3
mL) were mixed with freshly prepared methanol solution of
DPPH radicals (0.004% (w/v), 2.7 mL). In this way prepared
solution was vigorous shaken and stored in dark for about
60 min (until stable absorption values were obtained). The
range of reduction of the DPPH radical was measured by
determining the absorption at 517 nm. For reference stan-
dard ascorbic acid was used and DPPH solution was used
as the control.

Alpha amylase activity:
The alpha amylase inhibition assay was carried out us-

ing standard protocol22,23. The reaction mixture were pre-
pared by mixing 0.2 M potassium phosphate buffer solution
(pH 6.9), 1 % (w/v) starch solution in phosphate buffer saline
(pH 7) and different concentrations of extract (200–1000 g/
ml) were added followed by the enzymatic digestion with 100
L amylase (13 U/ml) solution. In this way prepared reaction
mixture were incubated for 10 min at 37ºC to proceed the
hydrolysis reaction. Starch solution 2 ml was added and in-
cubated at 37ºC for another 10 min and 310 L of the reac-
tion mixture of each sample was poured to another test tube
followed by addition of stop solution (HCl 0.1 N, 2 ml). Fur-
ther iodine solution (5 mM I2 and 5 mM KI, 500 L) was
added to the reaction mixtures and absorbance was recorded
at 620 nm. As a control same reaction without extract were
used. The results were expressed as mean±SD of triplicate
experiments.

HPLC analysis:
The crude extracts were analyzed using a Shimadzu

Prominence-i LC2030 equipped with an UV detector at 254
nm and C18 column (dimension 4.6×150 mm). The mobile
phase were filtered using membrane filtration technique (PALL
66548 0.45 m). The flow rate was 1 mL min–1 and the in-
jection volume was 5 L. For the determination of the caf-
feine isocratic condition were used with 1:1 ratio of methanol
and water system.
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Statistical analysis:
The experiment was designed in a completely random-

ized design (CRD) with three replicates and data so gener-
ated for different attributes was analyzed using Origin. The
significance was determined via one-way ANOVA using
SPSS.

Results and discussion
Tea extracts have been reported to have diverse

phytonutrients. Major phytonutrients are phenolic and fla-
vonoid. These results revealed that the green tea sample
have the potential health benefits. Furthermore, different
varieties of commercially available green tea were available
in the market. The quality of the green tea depends on the
harvesting time, fermentation condition as well as the quality
of tea leaves. In this present study as a measure of the qual-
ity of the leaves, its total phenolic content, flavonoids con-

flavonoids in green tea sample signify the potential health
benefits.

Furthermore, antioxidant tendencies of the commercial
green tea extract were analyzed using DPPH radical scav-
enging activity as described in material and methods. The
percentage inhibition of radical was found to increase with
the increase in concentration of extract. The IC50 value (con-
centration required for 50% inhibition) of five green tea sample
range from 46.94 to 63.29 g/ml. Whereas, black tea sample
has IC50 value of 64.54 g/ml (Table 1). Our results revealed
that green tea is relatively higher antioxidant activities than
black tea (Fig. 1).

Furthermore, chemical components and its potential bio-
activities depend on the harvesting time and the tea leaves
as well as the storage condition.

The alpha amylase inhibition activity was performed as

Table 1. Total polyphenol content (TPC), total flavonoid content (TFC), antioxidant activity and alpha amylase inhibition assays of green tea
extract in different solvent, the results were expressed in terms of gallic acid/g DW and quercetin/g of sample for three independent

measurements (triplicate, n = 3, mean ± SD)
Green tea TPC TFC DPPH antioxidant -Amylase inhibition activity

(mg GAE/g DW) (mg QUE/g DW ) IC50 (g/ml) IC50 (g/ml)
Sample 1 (A) 10.81±0.55 7.66±0.64 63.29 ±0.31 1355.51±3.42
Sample 2 (B) 11.41±0.17 9.17±0.54 63.39±0.26 707.07±2.14
Sample 3 (C) 9.29±0.14 6.06±0.23 57.89±0.16 695.40±2.37
Sample 4 (D) 9.02±0.25 8.85±0.36 46.94±0.04 394.31±2.40
Sample 5 (E) 9.19±0.43 7.03±0.24 53.46±0.06 549.53±3.53
Black tea  (F) 9.65±0.53 9.25±0.63 64.54±0.25 1541.16±7.16

Fig. 1. DPPH radical scavenging activity of green tea extract. Where,
A-E = green tea sample and F = black tea.

tent, antioxidant capacities, alpha amylase inhibitory activi-
ties as well as the amounts of caffeine content in the green
tea sample collected from the markets were evaluated. The
results were compared with the black tea sample. Quantita-
tive determination of total flavonoids and phenolic content
was determined as described in material and methods. The
TPC and TFC of six tea sample were summarized in Table 1.
Results revealed that five selected green tea sample revealed
the range of TPC and TFC 9.02 to 11.41 mg GAE/g DW and
TFC 7.03 to 9.17 mg QUE/g DW, respectively. Whereas, black
tea content 9.65±0.53 mg GAE/g DW and 9.25±0.63 mg
QUE/g DW, respectively. We observed the slight variation in
the TPC and TFC content in black and green tea. Green tea
sample have relatively higher amounts of phenolic and fla-
vonoids content. Such as high abundance of phenolic and
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described in material and methods. Of the six tea crude wa-
ter extract analyzed, Sencha tea was most effective in inhib-
iting the alpha amylase (Fig. 2). The green tea extract re-
vealed the range of inhibitory activities against alpha amy-
lase enzyme. The inhibitory activities of the green tea sample
were concentration dependence. The higher the concentra-
tion higher the inhibitory activities. In our experiments at con-
centration of 1 mg/ ml of the tea extract, 77.71% of inhibition

HPLC method was used to quantify the caffeine content
in tea crude extract. The compounds were identified based
on the retention time and UV profile of the authentic com-
pounds (Fig. 3). Quantification caffeine was performed

Fig. 2. Percentage alpha amylase inhibition activities of green tea ex-
tract. Where, A-E = green tea sample and F = black tea.

was recorded. The enzyme inhibitory capacities of the tea
extract were expressed as IC50 (50% inhibition of alpha
amylase) for all the tea extract. The lowest the IC50 values
higher the inhibitory activities. Our result showed the range
of inhibitory tendencies with IC50 values reange from
394.31±2.40 to 1355.51±3.42 g/ml (Table 1). The smaller
the IC50 value, the higher the inhibition percentage. Such a
variation in the enzyme activities mostly depends on the qual-
ity of the tea leaves in different sample as well as its storage
condition, climatic condition. Our results revealed that black
tea has comparatively poor inhibitory activities against alpha
amylase. The inhibitory activities of green tea is mostly be-
cause of the presence of diverse secondary metabolites such
as catechin (C), epicatechin (EC), epicatechin gallate (ECG),
gallocatechin (GC), epigallocatechin (EGC), and
epigallocatechin gallate (EGCG) and several flavonoids like
luteolin, genistein, daidzen. It is evident that tea catechin are
mostly responsible for the enzyme inhibition. We believe that
the amount of catechin in the different tea sample varies sig-
nificantly, which is justifiable by our total phenolic and fla-
vonoids results as well. Inhibition of alpha amylase should
result in delayed digestion of carbohydrates and glucose
absorption with reduction of postprandial hyperglycemic ex-
cursions.

through the external standard using calibration curve. The
caffeine content of the green tea sample varies from 13.2 to
22.9 mg/g DW, whereas the black tea sample have 7.18 mg/
g DW of caffeine (Fig. 4). Variation in the chemical compo-
nents depends on the maturity of the leaves and harvesting
time.

Fig. 3. HPLC chromatogram of green tea extract. Where, A-E = green
tea, F = black tea and G = authentic caffeine.

Fig. 4. Amount of caffeine in tea sample. Where, A-E = green tea, F =
black tea.

Conclusion
There are different commercially available green tea

sample available in market. However, its quality is often ques-
tionable. The quality of the green tea sample depends on
the storage condition, quality of leaves used and processing
techniques as well. The objective was to evaluate the bio-
logical significance of different green tea sample commer-
cially available in the market. Our results revealed slight varia-
tion in TPC, TFC, antioxidant and alpha amylase inhibitory
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activities. This might be due to quality of leaves used, har-
vesting time, processing technique as well as storage condi-
tion.
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