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ABSTRACT

Green tea has gained popularity among consumers in recent years due to its several
health benefits. It exhibits antioxidant properties, antidiabetic effects, and helpful to
reduce cholesterol, stress, and anxiety. This study aims to identify the phytochemicals
and assess the antioxidant and antidiabetic capacity of methanol extracts of green tea
common in Nepal. The total phenolic and flavonoid contents were evaluated by Folin-
Ciocalteu and aluminum chloride colorimetric methods. The antioxidant capacity was
assessed using the 2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging
technique, while the starch-iodine method was employed to measure the a-amylase
inhibition capability. Phytochemical screening showed the abundance of alkaloids,
flavonoids, polyphenols, and carbohydrates in the tea. The total phenolic and flavonoid
contents were 54.20 £ 1.41mg GAE/g and 91.0.50 mg QE/g respectively. The tea extract
was found to show significant antioxidant and a-amylase inhibition capacities with half-
maximal concentration (ICso) values of 53.79 + 3.93 and 66.47 + 1.94 ug/mL
respectively. The outcomes of this study ratify the advantages of green tea in the
management of various health issues associated to free radicals and hyperglycemia.
KEYWORDS: a —-Amylase, antioxidant, DPPH, green tea, starch-iodine method

INTRODUCTION

The practice of drinking tea is considered stimulating and health promoting from
ancient times. Tea, a worldwide consumed and refreshing brew, is made by steeping hot
water in extracts from the leaves, leaf nodes, and internodes of the tea plant, Camellia
sinensis L. of the family Theaceae (KC et al., 2020). It is obvious that all teas originate
from the leaves of the young tender plant. The variations in the manufacturing process,
particularly the degree of fermentation that involves complex alterations in chemical
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compositions, different brands of teas are designed. Green tea is manufactured with no
fermentation, oolong tea is semi-fermented, and fully fermented and post-fermented teas
are known as black tea and puerh tea, respectively (Kong et al., 2014).

A diverse range of teas are practiced by a broad spectrum of consumers
worldwide. Several studies have revealed the order of antioxidant capacity of different
teas as green tea>oolong tea >black tea (Nkubana & He, 2008). Biological activities of
teas are influenced by different factors like brewing, temperature, addition of lemon,
milk, ginger, honey, sugar, etc. However, evidence-based studies have offered
contradictory results, highlighting the necessity for additional comprehensive research in
this area (Bartoszek et al., 2018). Numerous bioactive compounds including alkaloids,
carbohydrates, amino acids, proteins, etc. are abundant in tea. The stimulating as well as
therapeutic properties of teas are due to the presence of a wide spectrum of biologically
active compounds particularly polyphenols and catechins. Caffeine, theophylline, and
theobromine are the well-known alkaloids, and (-) epicatechin gallate (ECG), (-)-
epicatechin (EC), (-) epigallocatechin (EGC), and (-)-epigallocatechin gallate are the
major catechins abundant in tea plants (Namita et al., 2012).

The contemporary literature provides a plenty of scientific evidence to support
the health benefits of tea. Consumption of teas, particularly green and black teas, has
been revealed beneficial to cardiovascular and metabolic disorders (Liu et al., 2024). The
polyphenolic compounds in the teas are reported to exhibit antiaging, antidiabetic and
several therapeutic benefits. The evidence of cancer-preventing effects of green tea has
been established from the data of cell culture and other study reports on animal and
human subjects (Khan & Mukhtar, 2013). The scientific community is increasingly
attentive on exploring the effectiveness of tea and its extracts in managing diabetes, and
cardiovascular complaints. A study has reported that tea can potentially lower blood
sugar levels and safeguard pancreatic B-cells in diabetic mouse models, suggesting a
potential risk reduction for type 2 diabetes (Fu et al., 2017). There are several meta-
analysis, cohort, and case-control studies of green teas on the risk of type 2 diabetics.
They have reported the precautionary and defensive properties of teas against diabetics
on human subjects from the Unites States, China, Japan, and Vietnam (Meng et al.,
2019).

Nepal is a landlocked country with numerous hilly districts, including Jhapa,
Ilam, Panchthar, Dhankuta, and Bhojpur, where tea is a major cash crop. Jhapa, in
particular, is well-known in the global market for producing high-quality tea having
subtle and pleasant flavor. This loftier quality is supposed to be concomitant with the
distinctive climate, elevation, soil, and processing expertise of the region. However,
there is presently inadequate researches regarding the chemical profiling of leaves and
tea types from various clones of the plant in the country (Dhakal, 2023). This study aims
at the evaluation of antioxidant and antidiabetic potential by one of commonly used
green teas in Nepal. The methanol extract of the tea is evaluated for antioxidant activity
by 2, 2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging, and o-amylase
inhibitory activity by the iodine-starch method. The study highlights the biological
usefulness of the Sencha green tea of Nepal in terms of antidiabetic and antioxidant
competency.

MATERIALS AND METHODS
Preparation of Sample

Exactly 100 g of dry sample of green tea (Sencha tea) was bought from the local
market of Kathmandu and ground into fine powder by using mortar and pestle. The
powder was dipped into 300 mL of 80% methanol and was intermittently shaken for the
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extraction. The process was repeated for three lots of solvents. The mixture was filtered
and the filtrate was concentrated by using a rotatory evaporator to get semi-solid residue
and stored in a refrigerator at 4°C. The extraction yield was calculated by using the
formula:

% Yield = :
hlie Mass of dry plant material (g)

Mass of semisolid extract (g)

X100

Phytochemical Screening

The phytochemical examination of methanolic extract of green tea was carried
out following the procedure of (Igbal et al., 2015; Shaikh & Patil, 2020; Tiwari et al.,
2020). The test was performed for the detection of alkaloids, flavonoids, carbohydrates,
reducing sugars, tannins, polyphenols, saponins, cardiac glycosides, steroids, and
terpenoids.

Test for Alkaloids

The presence of alkaloids was detected by the Mayer’s test and Dragendroff’s
test.

Mayer’s Test. 1 mL of the extract was diluted with HCI and drops of Mayer’s
reagent were added. The formation of a white precipitate showed the presence of
alkaloids.

Dragendroff’s Test. Drops of Dragendroff’s reagent were added to 2 mL of the
extract solution. The formation of reddish-brown precipitate confirmed the presence of
alkaloids.

Test for Saponins

About 1 g of the extract was boiled with 5 mL of distilled water in test a tube
and filtered. The formation of foam on shaking the filtrate suggests the presence of
saponins.

Test for Carbohydrates

The presence of carbohydrate was observed by Molisch Test. 2 drops of a-
naphthol were added to 2 mL of extract solution, shaken well, and 1 mL of Con.H»SO4
was poured from the side of the test tube. The formation of a violet ring takes place.

Test for Reducing Sugars

The test for the presence of reducing sugars in methanol extract of the green tea
was carried out by the following test methods.

Benedict’s Test. 0.5 mL Benedict’s reagent was boiled with 1 mL of the extract.
The appearance of light orange or red precipitate by the reducing sugars.

Fehling’s Test. 1 mL of Fehling’s solution (Fehling A + Fehling B) was boiled
with 1 mL of the extract. The formation of red precipitate shows the presence of
reducing sugars in the extract.

Test for Flavonoids

The presence of flavonoids in the extract was detected by alkali test, lead acetate
test, and Shinoda’s test.

Alkali Test. A few drops of conc. NaOH were added to 1 mL of the extract. An
intense yellow color that dissolves with HCI shows the presence of flavonoids.
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Lead Acetate Test. A few drops of 10% lead acetate solution were added to 1
mL of the plant extract. A yellow precipitate indicates the presence of flavonoids.

Shinoda’s Test. A small piece of Mg ribbon was put in 5 mL alcoholic solution
of the extract and shaken with 1 mL of HCI. A pink to crimson color indicates
flavonoids.

Test for Polyphenols

The presence of polyphenolic compounds in the methanol green tea extract was
identified by ferric chloride test and lead acetate test.

Ferric Chloride Test. 2/3 drops of 10% FeCls solution were added to the
aqueous extract and shaken. The formation of blue or dark green color or precipitate
shows the presence of phenolic compounds in the extract.

Lead Acetate Test. 2 mL of lead acetate solution was added to the aqueous
solution of the extract. The formation of white precipitate takes place.

Test for Tannins

About 0.5 g of the extract was boiled with 3 mL of distilled water and filtered.
The appearance of brownish green to black color on addition of few drops of FeCl;
solution to the filtrate indicates the presence of tannins.

Test for Terpenoids

Salkowski’s test was carried out to detect the presence of terpene compounds in
the extract. 1 mL of the extract was shaken with 2 mL chloroform and 2 mL of Conc.
H,SO4 and heated the test tube in water bath. A reddish-brown color indicates the
terpenoids in the extract.

Test for Cardiac Glycosides

Keller-Kellani test method was performed to detect the presence of cardiac
glycosides in the extract. About 1 mL of glacial acetic acid, and 1mL of 5 % FeCls were
added into 3 mL of the extract solution and conc. H.SO. were introduced along the side
of the test tube. The appearance of reddish brown or violet ring at the junction indicates
cardiac glycosides.

Test for Steroids

Liberman Burchard test was performed to identify the presence of steroids in the
green tea extract. About 2 mL of the extract was taken in a test tube and 1mL of acetic
anhydride and 2 mL of conc. H.SO. were added and mixed well. The formation of dark
blue/green color indicated the presence of phytosterols in the extract.

Quantification of Total Phenolic and Flavonoid Contents

The total phenolic content (TPC) in the green tea extract was estimated by Folin-
Ciocalteu method (Khanal et al., 2022a; Pawar & Dasgupta, 2018). Briefly, gallic acid
solutions of 10, 20, 40, 60, 80, and 100 ug/mL were prepared from a stock solution (1
mg/mL) by dilution. Aliquots of 20 uL of the gallic acid solutions and the tea extract (5
mg/mL) were mixed with 100 xL of FCR solution (1:10 diluted with distilled water) and
80 uL of 1N Na,COs; solution. The mixture was put in the dark at lab temperature for 30
minutes and the absorbance was measured at 765 nm by a microplate reader (Bio Tek
Multimode reader, UK). Distilled water with FCR and Na,COs solutions in the same
volumes were used as blank and the experiments were performed in triplicates. The TPC
was calculated from the standard curve and expressed as mg GAE/g.
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The total flavonoid content (TFC) in the green tea extract was calculated by
using the aluminum chloride colorimetric method (Khanal, 2023; Makhubu et al., 2019).
A standard curve was constructed by taking absorbance of quercetin at the
concentrations 10-100 xL in methanol. For the green tea extract 20 uL of extract (5
mg/mL) was mixed with 110 xL of distilled water, 5 uL of 1M potassium acetate, 5 uL
of 10% AICIs;, and 60 xL of ethyl alcohol in the wells of microplate in triplicate. The
mixture was slightly shaken and incubated in the dark for 30 minutes and the absorbance
was measured at 415 nm against blank that contained all the components except the
sample. The TFC in the extract was calculated from the calibration curve by regression
analysis and presented as mg QE/g of the dry extract.

Antioxidant Activity

The antioxidant activity of methanol extract of green tea was evaluated by DPPH
free radical scavenging method (Khanal et al., 2022b; Xiao et al., 2020). Briefly, the
sample solutions of the extract and ascorbic acid of 250, 125, 62.5, 31.25, 15.6, and 7.8
ng/mL were prepared by serial dilution in 50% dimethyl sulphoxide (DMSO). Aliquots
of 100 uL of the extracts and ascorbic acid were mixed with 100 4L DPPH solution in
triplicates. The blank was prepared by putting the DPPH with the solvent. The mixtures
were well-shake and incubated for about 30 minutes in the dark and the absorbance were
recorded at 517 nm. From the data obtained the DPPH radical scavenging capacities of
the extracts and standard were calculated. By using the following formula:

Ab - A4s
% Scavenging capacity = TX 100

Ay = Absorbance of blank, As = Absorbance of sample

From the plot of percentage scavenging capacity against concentrations, the
concentration inhibiting 50% of the radical was calculated by regression analysis.

Antidiabetic activity

The o—amylase inhibition assay was performed by taking acarbose as positive
control with slight modification (Kusano et al., 2011; Sudha et al., 2011). The undigested
starch due to enzyme inhibition was detected at 630 nm (blue, starch-iodine complex) by
using a spectrophotometer. Substrate was prepared by dissolving 500 mg starch in 25 mL
of (0.4 M) NaOH by heating at100°C for 5 minutes. After cooling, pH was adjusted to
7.0 with 2N HCI and the final volume made up to 100 mL with distilled water. Aliquots
of 40 uL of substrate solution were pre-incubated at 37°C for 3 minutes with 20 uL of
acarbose or plant extract at varying concentrations (10, 20, 40, 80,160, and 640 xg/mL),
followed by 20 uL of 3 U/mL a-amylase (20 mM phosphate buffer with 6.7 mM NaCl,
pH 6.9), and incubated at 37°C for 15 minutes. Termination of the reaction was carried
out by adding 80 uL of HCI (0.1 M). Finally, 100 uxL of iodine reagent (2.5 mM) was
added, and the absorbance was read at 630 nm using a 96-well plate reader.
The percentage of inhibition was calculated using the formula:

oo Iniibition = (1- 222740 oo
PRI = U (bsd— Abs3)

Abs1: Absorbance of the incubated mixture containing plant sample, starch and amylase.

Abs2: Absorbance of incubated mixture of sample and starch.

Abs3: Absorbance of the incubated mixture of starch and amylase.

Abs4: Absorbance of incubated solution containing starch only.

The concentration of the standard and the extract that inhibited 50% of the enzyme

activity was calculated by the regression analysis.
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RESULTS AND DISCUSSION
Phytochemical Screening, Estimation of TPC and TFC

Here, we used the cold maceration method for the extraction using 80 %
methanol as the extracting solvent. The extraction was done for three successive steps
with the solvent and the extraction yield was calculated. The yield of the extraction was
20% in this study. The quantity of the extract depends on several factors like extracting
solvent, time, temperature, methods, etc. state of maturity of the plant material, etc.
(Bakar et al., 2020).

Table 1

Results of Phytochemical Screening of Methanol Extract of Green Tea
S. No Phytochemicals Test Results
1 Alkaloids Dragendroff’s test, Mayer’s test +++
2 Flavonoids Alkali test, Shinoda test and +++

lead acetate test

3 Saponins Froth test -

4 Carbohydrates Molisch test +++
5 Reducing sugar Benedict’s test, Fehling’s test ++
6 Polyphenols Lead acetate test, FeClstest +++
7 Tannins FeCls test +
8 Terpenoids Salkowski’s Test -
9 Cardiac glycosides Keller-Kellani test ++
10 Phytosterols Liberman Burchard test +

Note: (+++) = abundant, (++), (+) = trace presence, and (-) = absence

Here, we used the green tea that is prepared without fermentation of the green
twig of the plant and the results of phytochemical screening are presented in Table 1.
The results showed the abundance of alkaloids, flavonoids, polyphenols, and
carbohydrates in prominent levels. On the other hand, reducing sugar, tannins, cardiac
glycosides, and phytosterols were found in trace amounts. The extract did not give the
positive test for the presence of saponins and terpenoids.

Several food supplements, chemical compounds, and pharmaceutical
components are abundant in tropical medicinal plants. Similar to our results, the presence
of phenols, flavonoids, and tannins were reported in alcoholic extract of black and green
tea (Samadi & Fard, 2020). A wide spectrum of secondary metabolites including
alkaloids, flavonoids, terpenoids, polyphenols, steroids, terpenoids, etc. abundant in the
plants used in folk medicine exhibit significant antioxidant, antimicrobial, anticancer,
antidiabetic, anti-inflammatory, etc. activities have been used for the development of
novel drugs (Shazhni et al., 2018). Phenolic compounds have significant role in the
management of oxidative stress and de novo metabolic disorders like cancer, diabetics,
Alzheimer’s disease, neurodegenerative diseases, etc. The estimation of these
compounds was performed by one of the most common FCR method taking gallic acid
as standard. The calibration curve of gallic acid was constructed with equation of straight
line (y = 0.015x + 0.0025, R? = 0.9929). Table 2 shows that the methanol extract of the
green tea has the TPC of 54.20 £ 1.41 mg GAE/g. Similarly, the equation of the
quercetin calibration curve (y = 0.018x + 0.0406, R? = 0.983) was used to calculate the
TFC in the green tea extract. The total flavonoid content was found to be 91.83 £+ 0.50
mg QE/g. Our result is in agreement with the results of Indarti et al. (2019) where the
green teas shows the significant amounts of phenolic and flavonoid compounds.

Prithvi Academic Journal, Volume 7, May 2024 [pp. 9-19] l4|Page



Phytochemical Screening, Evaluation of Antioxidant and Antidiabetic Activities of Green Tea

Table 2

Results of TPC TFC, Antioxidant and Antidiabetic Activities of Green Tea
Sample TPC TFC DPPH test a-amylase test

(mg GAE/g)  (mg QE/g) (1Cs0) (ng/mL)
(ng/mL)

Green tea 54.20+1.41 91.83+0.50 53.79 + 3.93 66.47 +1.94
extract
Acarbose - - - 39.12 £ 0.27
Ascorbic acid - - 31.14 +0.82 -

Note: All the values are mean + SD (n=3)

Antioxidant Activity

The DPPH method is one of the popular methods of evaluating antioxidant
capacity of the plant extracts by the scholars. It is fast, easy and gives a clear results on
the basis of hydrogen atom or electron donating capacity of the antioxidant compounds
in the plant (Kaewseejan et al., 2015). The dose-dependent variation of percentage
scavenging capacity of the extracts with corresponding concentrations were compared to
that of ascorbic acid. Figure 1 shows the positive relation of concentration with
scavenging capacity of the green tea and ascorbic acid. The results of the study in Table
2 shows the half maximal concentration (ICso) of green tea as 53.79 + 3.93 ug/mL that is
lower than that of ascorbic acid (31.14 + 0.82 ug/mL). The antioxidant capacity of
ethanol extract and its fractions of Camellia sinensis leaves was evaluated by the DPPH
method.

Figure 1
Plot of DPPH radical scavenging capacity at different concentrations

120.00

Ascorbic acid Green Tea
100.00
80.00
60.00

40.00 ) =

20.00

Dose-dependent scavenging capacity
(%)

0.00
0 20 40 60 80 100 120

Concentration (ug/mL)

The ethyl acetate fraction had the highest activity with ICso values of 3.92 ug/mL
followed by aqueous fraction 7.4 ug/mL and the lowest activity was shown by the extract
9.01 xg/mL (Indarti et al., 2019). The DPPH inhibiting capacity of black and green tea
from Iran was compared with t-butylhydroquinone (TBHQ) by Samadi and Fard (2020)
and reported the higher scavenging capacity of ethanol (89.53%) and water extracts
(81.05%) than that of black tea.

The higher scavenging capacity is explained due to the higher proportions of
tannins in alcoholic and aqueous extracts of the green tea. Similarly, various types of
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teas, including green tea, black tea, rosemary tea, lemongrass tea, and others from South
Korea, were assessed to determine their total phenolic content, total flavonoid content, as
well as antioxidant and antibacterial activities. Green tea exhibited the highest
antioxidant activity among all the samples evaluated in the study. The antioxidant
capabilities of the teas demonstrated a positive correlation with total phenolic content
(TPC) and total flavonoid content (TFC), highlighting the potential impact of phenolic
and flavonoid compounds on antioxidant capacity (Oh et al., 2013). The Traditional
Matcha green tea of Japanese origin was found to exhibit higher antioxidant potential
than the Daily Matcha and the activity was corroborated to the presence of flavonoids
and polyphenols. The brewing process that involves the chemical changes of the
bioactive compounds in the tea also affects the antioxidant potential.

Antidiabetic Activity

Intestinal a-glucosidases and pancreatic a-amylases are the two principal
enzymes involved in the digestion of long chain carbohydrates into monomeric glucose
that is easily absorbed in the blood stream. The inhibition of their activities interrupt the
digestion of carbohydrates and increase the concentration of blood sugar leading to
diabetes. Any substance or enzymes that can inhibit the activity of carbohydrates could
be the potential candidate of therapeutic solutions against type 2 diabetes mellitus
(Dedvisitsakul & Watla-iad, 2022). Here, we have evaluated the a-amylase inhibition
capacity of the green tea extracts by iodine-starch method taking acarbose as standard.
The dose-dependent variation of the extracts was compared with that of acarbose is
shown in Figure 2. Both samples exhibited a direct relationship with concentration, and
the curve of the green tea extract lies below the standard curve, suggesting a lower
capability to hinder the enzyme's activity. The concentration corresponding to 50%
inhibition of the enzyme (ICso) shown Table 2 for green tea (66.47 + 1.94 ug/mL)
indicates a noteworthy ability to inhibit a-amylase activity, albeit to a lesser level
compared to acarbose (39.12 + 0.27 pg/mL). Our study reports are in agreement with
several studies reporting the antidiabetic potential of green tea.

Figure 2
Dose-dependent scavenging capacity of o. -amylase inhibition capacity
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In another in vivo study on diabetic rats, the aqueous extract of a green tea
(Puerh tea) significantly increased the glucose uptake by HepG2 cells and inhibited the
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activity of porcine pancreatic amylase (PPA), sucrose and maltase (Du et al., 2012). The
oral gavage feeding of alcoholic extract of green teas of Iranian origin on streptzotocin-
induced diabetic rats at the dose of 200 mg/kg significantly reduced the serum glucose
and hepatic malondialdehyde (MDA) concentration and total antioxidant capacity (TAC)
(Haidari et al., 2013). The antioxidant and antidiabetic activities of two green teas
namely Matcha and Sencha were evaluated together with their reverse phase high
performance liquid chromatography (RP-HPLC) profiling of the polyphenols. They
reported the higher antidiabetic potential of the Matcha tea on a-glucosidase inhibition
assay (Rusak et al., 2021).

CONCLUSIONS

Phytochemical screening showed the presence of alkaloids, flavonoids,
polyphenols, and carbohydrates in prominent levels. The extract found to exhibit
significant antioxidant capability with an ICs value of 53.79 £ 3.93 xg/mL in the DPPH
method, and a-amylase inhibition capacity with an 1Cso value of 66.47 + 1.94 ug/mL.
The findings of this research emphasize the potential benefits of incorporating green tea
into one's diet for relieving oxidative stress and hyperglycemia. Moreover, it underscores
the need for more extensive investigations using different solvents, methodologies, and
in vivo studies. Such comprehensive research could shed light on the utilization of green
tea in developing herbal therapeutics to address health complications associated with free
radicals.
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