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Abstract

The current COVID-19 predicament necessitates a greater emphasis on developing immunity. Herbal teas are
abundant in antioxidants which are important for strengthening the immune system. Hot water decoction of
Hibiscus rosa sinensis flowers (red tea), Clitoria ternatea flowers (blue tea) and commercially available black
tea were evaluated by comparing for in vitro antioxidant and anti-inflammatory properties. Anthocyanin pigment
in red, blue, and black tea demonstrated Rf values of 0.52, 0.86 and 0.78 respectively. Blue and black teas
exhibited dominance of polyphenols, flavonoids, tannins, glycosides, terpenoids, saponins as compared to red tea.
The highest total phenolic (12.25 * 0.245 mg GAE/gm extract?) and flavonoid (15.84 + 0.268mg QE/gm
extract?) content were observed with black and blue tea respectively. Blue tea, and black tea extracts exhibited
FRPA values of 1.81 + 0.413 mg and 1.93 + 0.178 mg AAE per gram extract™ respectively. Black tea exhibits the
highest antioxidant capacity in reducing molybdate ions (1.94 + 0.354 mg AAE per gram extract™) followed by
blue tea (1.56 + 0.199 mg AAE per gram extract™). Blue tea extract at a very low concentration showed highest
percentage hemolytic inhibition (57.14 + 0.567%). According to the study, blue tea is a rich source of
antioxidants with significant anti-inflammatory properties. The research may offer a valuable supplementary
strategyfor its therapeutic applications.
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Analise comparativa das atividades antioxidantes e anti-inflamatorias dos chés
vermelho, azul e preto para beneficios a saude

Resumo

A situacdo atual do COVID-19 exige uma maior énfase no desenvolvimento da imunidade. Os chés de ervas sdo
abundantes em antioxidantes, importantes para fortalecer o sistema imunoldgico. A decocgdo de agua quente de
flores de Hibiscus rosa sinensis (cha vermelho), flores de Clitoria ternatea (chd azul) e cha preto
comercialmente disponivel, foi avaliada comparando as propriedades antioxidantes e anti-inflamatérias in vitro.
O pigmento antocianina no cha vermelho, azul e preto, demonstrou valores de Rf de 0,52, 0,86 e 0,78,
respectivamente. Os chas azul e preto, exibiram predominancia de polifendis, flavonoides, taninos, glicosideos,
terpenoides e saponinas em comparacdo com o cha vermelho. Os maiores teores de fendlicos totais (12,25 +
0,245 mg EAG/gm extrato™) e flavonoides (15,84 + 0,268 mg QE/gm extrato™*) foram observados nos chas preto
e azul, respectivamente. Os extratos de cha azul e cha preto exibiram valores de FRPA de 1,81 + 0,413 mg e 1,93
+ 0,178 mg de AAE por grama de extrato™, respectivamente. O cha preto apresenta a maior capacidade
antioxidante na reducéo de fons molibdato (1,94 + 0,354 mg AAE por grama de extrato™), seguido pelo cha azul
(1,56 + 0,199 mg AAE por grama de extrato™). O extrato de cha azul em concentracdo muito baixa, apresentou a
maior porcentagem de inibicdo hemolitica (57,14 + 0,567%). De acordo com o estudo, o cha azul é uma rica
fonte de antioxidantes com propriedades anti-inflamatorias significativas. A pesquisa pode oferecer uma valiosa
estratégia complementar para suas aplicacdes terapéuticas.

Palavras-chave: anti-inflamatério, antioxidante, Clitoria ternatea, Hibiscus rosa sinensis.
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1. Introduction

Tea, particularly black tea, is a popular beverage all around the world. Camellia sinensis leaves are used to make
black tea. Catechins are major polyphenols (Quan et al., 2007) present in black tea which forms complex
theaflavins which offers characteristic taste and color to black tea (Jain, 1999). Theaflavins inhibits xanthine
oxidation and nitric oxidase action responsible for production of free radicals (Fatima et al., 2013). It contains
L-theanine which raises GABA (gamma-aminobutyric acid) levels, promoting relaxation and releasing alpha
waves in the brain, which improves relaxation, focus, and creativity (Nobre et al., 2008). It also contains caffeine
(methyl xanthine), a psychostimulant that boosts alertness but is detrimental to one's health if consumed in
eXCess.

Herbal tea comes into play as a healthy alternative. These are used as therapeutic vehicles in traditional medicine
and are a popular global beverage choice by the fact that they are rich in phytochemicals like flavonoids,
polyphenols, alkaloids, coumarins (Chandrasekara; Shahidi, 2018) etc. Red tea (made from Hibiscus rosa
sinensis flowers) and blue tea (made from Clitoria ternatea flowers) have been shown to be extremely healthful
owing to their antioxidant qualities. Antioxidants are free radical scavengers that reduce oxidative stress (Madani
et al., 2010) which is linked to inflammatory disorders such as ageing, cancer, diabetes (Forman; Zhang, 2021)
etc.

Both types of tea include antioxidants, phenols, and flavonoids in particular, which are responsible for their
health benefits. The plant species Hibiscus rosa sinensis, widely referred to as China rose, belongs to the Phylum
Spermatophyte. In the tropics, Hibiscus rosa sinensis (Malvaceae family) is frequently planted as a beautiful
plant. Hibiscus rosa sinensis is known as Chinese Hibiscus in English. It is a 1.5-2.4 m tall, evergreen, woody,
glabrous shrub (Faten et al., 2012). It contains flavonoids like rutin, quercetin, kaemferol, myricetin and
anthocyanins like cyanidin-3-sabubioside and dephinidin-3-sabubioside (Kumari et al., 2021). It is high in
antioxidants, anti-inflammatory, anti-aging, induces weight loss, skin and hair benefits, liver detoxification and
has many other health advantages (Khristi; Patel, 2016).

Clitoria ternatea, commonly known as Butterfly pea plant, is a member of the Magnoliophyta division. Butterfly
pea flowers are gigantic, stunning purple blooms that extend 1" to 3" in length (Chakraborthy et al., 2018).
Anthocyanin, kaempferol (anti-cancer), p-coumaric acid (anti-inflammatory), and delphinidin-3, 5-glycoside are
major phytochemicals in these flowerswhich can boost immunity (Jeyaraj et al. 2021). It comprises a plethora of
antioxidants, is anti-inflammatory, improves cognitive and brain functions, decreases anxiety, fights
sleeplessness, and improves mood (Kosai et al., 2015). Red tea and blue tea are healthier than black tea since
they contain no caffeine and have no calories.

Although there have been numerous studies on flowers and their alcoholic extracts, none have been undertaken
directly on aqueous flower infusion (tea) to our knowledge. Aqueous extracts are used because they are pure,
concentrated and edible. The objective here is to perform comparative studies on phytochemical and antioxidant
properties in black, red and blue tea by identifying, evaluating, quantifying phytochemicals, determining
antioxidant potential, and assessing in vitro anti-inflammatory activity of the teas.

2. Materials and Methods
2.1 Preparation of tea extract

3.5 grams of flowers and black tea that were used to make hot water infusion (Figure 1) were washed initially
then dried and weighed. After that, they were simmered in 30 mL of water for 5 minutes, or until the water's
colour changed. They were sieve-filtered before being used in various tests.

"
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Figure 1. Red, blue, and black tea extracts. Source: Authors, 2022.
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2.2 Thin layer chromatography (TLC) for caffeine identification

TLC was used for detection and visualization of caffeine in tea extracts. Silica gel G was utilized as an absorbent
in stationary phase. In a 20 mL d/w, 12 grams of silica gel G was introduced for slurry preparation and allowed
to set for 15 min. After that, it was poured evenly over the glass slide and allowed to dry for 15-30 min. After
that, the TLC plate was heat activated for 10 min in the oven at 110 °C. On the line of origin, 6-7 drops of extract
were loaded. Ethyl acetate, methanol, and acetic acid in an 8:1:1 ratio was used to make the mobile phase (Rani
et al., 2013). The plate was placed in a developing chamber that had been pre-saturated with mobile phase.
Following development, the plate was placed in a beaker containing iodine crystals. The presence of caffeine in
the extract was established by the appearance of brown spots under iodine vapour. Rf values of caffeine was
calculated using the following formula:

Rf = Distance travelled by the solute/Distance travelled by the solvent

2.3 Paper chromatography for pigments

Anthocyanin identification and visualisation in the extracts were done using paper chromatography. As the
stationary phase, Whatman filter paper number 1 was used. The mobile phase consisted of a 15:1 mixture of
chloroform and methanol (Forgacs; Cserhati, 2002). The extracts were loaded on the origin line, and the paper
was placed in a pre-saturated developing chamber containing the mobile phase. The paper was left to develop
until the solvent had travelled 3/4 of its length. After the paper had dried, the anthocyanin pigment was
visualised under visible light and the Rf value of the pigment was calculated using the following formula:

Rf = Distance travelled by solute/Distance travelled by solvent

2.4 Qualitative phytochemical screening

The different qualitative chemical tests were performed to detect various phytochemicals present in tea extracts
(Harbone, 1973; Raman, 2006). The tests were performed as follows (Tablel):

2.4.1 Test for flavonoids

Alkaline reagent test: 2 mL of different extracts was mixed with 2 mL of 10% sodium hydroxide solution. An
intense yellow colour was formed which turned colourless after addition of few drops of dilute acid indicated the
presence of flavonoids.

2.4.2 Test for phenols

Ferric chloride test: 1-2 mL of different extract was treated with 1 mL of 5% ferric chloride solution. Appearance
of blue black colour indicates the presence of phenolic compounds.

2.4.3 Test for terpenoids

Salkowski Test: 2 mL of each of the extract was treated with 1 mL of chloroform. Concentrated H,SO. was
carefully added along the side of the test tube to form a layer. A reddish-brown colouration at the interface
indicates the presence of terpenoids.

2.4.4 Test for glycosides

Keller-Kellani test: 5 mL of different extracts was treated with 2 mL glacial acetic acid and 1 ml of 5% ferric
chloride. After gentle heating transfer it to a test tube containing 2 mL of conc. H.SO.. Appearance of
reddish-brown colour at junction of two liquid and bluish green colour of acetic acid layer indicates the presence
of glycosides.

2.4.5 Test for tannins

Braymer’s test: 1 mL of different extracts were treated with 2 mL of 5% ferric chloride solution. Appearance of
blue-black colour indicates the presence of tannins.
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2.4.6 Test for steroids

Salkowski test: 1 mL of different extracts was treated with 1 mL of chloroform and concentrated sulphuric acid
was added along the side of the test tube and shaken well. Chloroform layer appears red and acid layer showed
greenish yellow colour.

2.4.7 Test for saponins

Foam Test: 2 mL of extract was diluted with 5 mL distilled water in a test tube, and it was shaken vigorously.
Formation of stable foam was taken as an indication for the presence of saponin.

2.4.8 Test for anthocyanins

Few drops of tea extract were treated with 2-3 drops of 10% NaOH (m/v) solution. Anthocyanins gives green
coloration in alkaline medium and then concentrated HCI was added until the color turns red.

Confirmatory test for anthocyanin

H>SO, test: 1 mL of concentrated H,SO4 was added to 2 mL of extract. Orange coloration at interface confirms
presence of anthocyanin in the extract.

NaOH test: 2 drops of 1IN NaOH (m/v) solution was added to 2 mL of extract. Appearance of blue color confirms
presence of anthocyanin in the extract.

Table 1. Qualitative analysis of phytochemicals.

S.No Metabolite Test Experiment Observation
. Alkaline reagent Test ~ 2-3 mL extract + 2 mL 40% NaOH Deep yellow colour
1. Flavonoids
appears
2. Terpenoids Salkowsky’s Test 2 mL extract + 1 mL chloroform + Reddish-brown
few drops of conc, H2SO4 colouration appears at the
interface
3. Glycosides Kellarkialliani Test 5 mL extract + 2 mL glacial acetic Reddish- brown and
acid + 1 mL 5% FeCl; + heat greenish- blue ring
carefully then cool +transfer it to a appears at the junctions
TT containing 2 mL conc. H2SO4
4. Saponins Foam Test 2 mL extract + 5 mL D/W + shake Stable foam
TT
5. Tannins Braymer’s Test 1 mL extract + 2 mL of 10% FeCl; Dark blue colour appears
6. Phenols Ferric chloride Test ~ 1-2 mL extract + 1 mL of 5 % FeCl;  Deep blue colour appears
7. Steroids Salkowsky’s Test 1 mL extract + 1 mL chloroform +1  Chloroform layer appears
mL conc. H,SO;4 along the sides of red and acid layer shows
test tube greenish yellow colour.
8. Anthocyanin NaOH Test 2 mL extract+ few drops of 10% Appearance of blue green
NaOH colour.

Source; Authors, 2022.

2.5 Total phenolic content (TPC)

The total phenolic content of the tea extracts was measured using the Folin-Ciocalteau reagent (Singleton et al.,
1999). Phenols reduce phosphomolybdate and tungstate to molybdenum blue, which yields the colour blue. As a
standard analyte, gallic acid is used. Gallic acid (Img/mL) with volume of 25, 50, 100, 150, and 200 uL were
used to make a series of standard solutions. In test tubes, 20 pL of extracts were taken independently. Using d/w,
the volume of all the test tubes was increased to 1 mL. 5 mL Folin-Ciocalteau reagent and 4 mL 1M Na;COs3
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solution were added to them and thoroughly mixed. They were incubated at room temperature for 15 min before
having their absorbance measured at 760 nm on a colorimeter. Triplicate readings were taken. The concentration
of phenolics in extracts was estimated using a standard graph of gallic acid. The amount of total phenoilcs in
each gram of extract was measured in mg of GAE (Gallic acid equivalents)/gm extract?® using y = mx + ¢
equation.

2.6 Total flavonoid content (TFC)

The Aluminium chloride assay was used to determine the total flavonoid content of tea extracts (Chang et al.,
2002). The appearance of yellow color is caused by the formation of a complex between the AI** ion and the
carbonyl and hydroxyl groups of flavonoids. Quercetin is employed as standard compound. To generate a series
of standard solutions, quercetin (1mg/mL) was taken in varying concentrations of 0.1, 0.2, 0.3, 0.4, and 0.5 pL.
Separately, 20 uL of tea extracts were collected. All the test tubes' volumes were increased to 1 mL. 0.1 mL of
10% Aluminum chloride, 0.1 mL potassium acetate, and 2.2 mL of d/w were added to them. They were then
incubated at room temperature for 30 min. A colorimeter was used to measure their absorbance at 415 nm. The
readings were done in triplicate. To determine the amounts of flavonoids in aqueous extracts of teas, a standard
graph of quercetin was created. Each gram of extract has its total flavonoids quantified in mg of QE (quercetin
equivalents)/gm extract using y = mx + ¢ equation.

2.7 Ferric reducing potential assay (FRAP)

Antioxidants reduces ferric ions to ferrous ions, which then react with ferricyanide ions to generate the
ferro-ferricyanide complex, which gives the colour as prussian blue (Ahmed et al., 2014). The standard
antioxidant used is ascorbic acid (1mg/mL). Varying concentrations of ascorbic acid (25, 50, 75, 100, and 125
ML) were used to make a series of standard solutions. Separately, 20 uL of extracts were taken. 1.5 mL of 0.2M
sodium phosphate buffer (pH 6.6) and 1 mL of 1% potassium ferricyanide were added to each test tube and
incubated in a waterbath at 50 °C for 20 min. Following the incubation, 1 mL of 10% TCA and 0.1 mL of 0.1%
FeCl; were added and incubated for another 10 min at room temperature. A colorimeter was used to measure
absorbance at 700 nm. All assays were run in triplicates. The maximum antioxidant potential (ferric reducing
capacity) in the extracts was calculated using a standard graph of ascorbic acid and evaluated in mg AAE
(ascorbic acid equivalent) per gram of extract* using y = mx + ¢ equation.

2.8 Total antioxidant capacity (Phosphomolybdate assay)

Antioxidants reduces the molybdenum ion from Mo (VI) to Mo (V), resulting in the formation of the
phosphomolybdate complex, which is bluish-green in color. The assay was done according to (Battistelli et al.,
2005) with minor modifications. Ascorbic acid (Img/mL) is used as a reference analyte. A series of standard
solutions with increasing doses (25, 50, 75, 100, and 125 pL) were prepared, and 20 pL of extracts were taken
individually. To them 1.2 mL of d/w and 2.2 mL of phosphomolybdate reagent were added. The mouths of all
test tubes were foiled to avoid evaporation and incubated in a waterbath at 95 °C for 15 min. Their absorbance
was measured at 765 nm after they had cooled down. A set of 3 readings were taken. The highest antioxidant
capacity of extracts was evaluated in terms of mg AAE (ascorbic acid equivalent) per grams of extract™ using a
standard graph.

2.9 In vitro anti-inflammatory activity assessment by (RBC) membrane stabilization

The study was performed according to (Sakat et al., 2010; Shinde et al., 1999) with slight modifications. RBCs
have been used here in anti-inflammatory investigation because they imitate lysosomes. Tea extract's
anti-inflammatory action is linked by its ability to inhibit haemolysis. The more haemolysis occurs, the more
RBCs are broken down and Haemoglobin (Hb) is released into the solution. The greater the amount of Hb
released, the higher the solution's absorbance. If the absorbance of the extract is less than the absorbance of the
control, the extract is shown to have an anti-inflammatory effect.

2.10 Preparation of red blood cells (RBCs) suspension
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Fresh whole human blood was collected from pathology and transferred to the heparinised centrifuge tubes. The
tubes were centrifuged at 3000 rpm for 10 min and were washed three times with equal volume of normal saline.
The volume of blood was measured and re constituted as 10% (v/v) suspension with normal saline.

2.11 Heat induced hemolysis

The standard anti-inflammatory drug taken here is Aspirin (15 mg/mL). To prepare the control, 20 puL phosphate
buffer saline (PBS) and 3.2 mL of 10mM (PBS) were added to 100 pL of 10% RBC suspension. 100 uL of RBC
suspension and 3.2 mL PBS were added to 2 pL extract in a test sample tube. In a standard tube, 20 pL of drug
was added to 100 uL of RBC suspension and 3 mL of PBS. For 10 min, all the tubes were incubated at 37 °C.
After that, they were heated for 20 min at 54 °C to rupture the RBC membrane and allowed extracts to fuse with
it. The tubes were centrifuged for 5 min at 2500 rpm. The supernatant absorbance was then measured at 540 nm.
The extract's hemolytic inhibition percentage was calculated using the following formula:

Absorbance of control — Absorbance of extract/Absorbance of control*100
By Sakat et al. (2010) and Shind et al. (1999).

2.12 Statistical analyses

All the experiments were carried out in triplicate and the results were given as the mean + standard deviation
(SD). The data were analyzed for statistical significance using Student’s t-test and differences were considered
significant at p < 0.05.

3. Results
3.1 Preparation of tea extract

The tea extract yielded following colors (Table 2).

Table 2. Colour of tea extracts.

Extract Color
Red Tea Reddish-pink
Blue Tea Purple-blue
Black Tea Brown

Source: Authors, 2022.

3.2 Thin layer chromatography

The extracts were subjected to TLC to detect caffeine. Pigments in red and blue tea could be seen as they were
coloured. However, for caffeine, 12 (lodine) vapours were employed to visualize it, which resulted in brown spot
exclusively in black tea (Figure 2), indicating that it contains caffeine. Rf value of caffeine in black tea was
found to be 0.77. =
T

8

Figure 2. Caffeine in black tea under 12 vapour. Source: Authors, 2022.
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3.3 Paper chromatography for pigments

Anthocyanin pigment was detected and visualised through paper chromatography in red, blue, and black tea
extracts (Figure 3). The Rf values were determined, and the highest Rf value was obtained in blue tea extract
(0.86). The Rf values are presented in the Table 3 given below.

A B C
Figure 3. Paper chromatography profile for anthocyanin in (A) red, (B) blue and (C) black tea. Source: Authors,

2022.

Table 3. Rf values of anthocyanins in tea extracts.

Extract Distance travelled (cm) Rf value
Red Tea 2 0.52
Blue Tea 3.3 0.86
Black Tea 3 0.78
Solvent 3.8 -

Note: (-) Not determined. Source: Authors, 2022.

3.4 Phytochemical screening

The presence of phytochemicals that contributes to the teas' antioxidant properties is determined through
qualitative analysis. Flavonoids, phenols, tannins, saponins, terpenoids, steroids, glycosides, and anthocyanins
were found abundantly in blue and black tea extract in tests (Figures 4, 5 and 6). Only flavonoids, phenols,
tannins, saponins, and anthocyanins were detected in red tea extract (Table 4). As a conclusion, as compared to
black and red tea extracts, blue tea extract contains an abundance of phytochemicals.

i

A B

Figure 4. (A) Flavonoids and (B) polypheols respectively in (a) black, (b) red and (c) blue tea. Source: Authors,
2022.

82



Brazilian Journal of Science, 2(4), 76-89, 2023. ISSN: 2764-3417

Figure 5. Coloured reactions for phytochemicals (A - Terpenoids, B - Glycosides, C - Saponins) (a) blue, (b) red
and (c) black tea. Source: Authors, 2022.

Figure 6. Anthocyanin indicated by green color with NaOH (A) and red colour with HCI (B) in (a), blue (b) red
and (c) black tea. Source: Authors, 2022.

Table 4. Phytochemical analysis of tea extracts.

S. No. Phytochemical Red Tea Blue Tea Black Tea
1 Flavonoids + ++ +
2 Phenols + ++ ++
3 Tannins + ++ ++
4 Saponins + ++ +
5 Terpenoids and Steroids - ++ ++
6 Glycosides - ++ ++
7 Anthocyanins ++ ++ +

Note: (-) absent. (+) present. (++) strongly present. Source: Authors, 2022.

3.5 Confirmatory anthocyanin test

Blue and red tea extracts showed highly significant coloration during preliminary tests for anthocyanin, whereas
black tea extracts showed little or no coloration at all. Both blue and red tea exhibited good coloration in
confirmatory tests (Figure 7), confirming that they have more anthocyanin. However, since anthocyanin is
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converted down into other derivatives during processing thus in black tea, the coloration isn't quite as prominent.

Figure 7. Anthocyanin presence as shown by orange (A) (a, b and c), and blue green (B) (a, b, and c) colour in
tea extracts. Source: Authors, 2022.

3.6 Total phenolic content

The total phenolic content (TPC) of red tea, blue tea, and black tea was calculated in terms of mg GAE (Gallic
Acid Equivalent) per gram of extract using gallic acid as standard from calibration graph (Figure 8). They were
2.41 mg, 10.83 mg, and 12.25 mg GAE per gram for red tea, blue tea, and black tea extracts™ respectively (Table
5). Black tea (12.25 mg GAE/ gm extract?) seemed to have the highest phenolic content among the three
extracts.

Standard Graph Of Gallic Acid
1
0 0.8 _e®
2 =
= 0.6 »_/,/-” y = 0.003x + 0.092
S0.4 et R? = 0.999
2 2
<0.2 D
0
0 50 100 150 200 250
Concentration

Figure 8. Standard curve of gallic acid. Source: Authors, 2022.

3.7 Total flavonoid content (TFC)

Total flavonoid contents were extrapolated from the straight line equation of quercetin standard curve (Figure 9).
Red tea, blue tea, and black tea extracts exhibited total flavonoid concentrations of 5.30 mg, 15.84 mg, and 10.57
mg QE per gram extract, respectively (Table 5). The blue tea extract was shown to have the highest flavonoid
concentration (15.84 mg QE per gram extract?).
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Standard Graph Of Quercetin

0.3 v+ 0,000x - 0,001
o 025 R? = 0.992 s
g
P -
-g 0.15 e
B 0.1 -
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Figure 9. Standard curve of quercetin. Source: Authors, 2022.

3.8 Ferric reducing potential assay (FRPA)

This assay measures reducing potency of plant extract against the oxidative effects of reactive oxygen species. It
is based on the reduction of ferric ion via the addition of hydrogen removed from phenolic antioxidant
compound. The higher absorbance indicates higher reducing potency of the sample. Red tea, blue tea, and black
tea extracts exhibited FRPA potential values of 0.56 mg, 1.81 mg, and 1.93 mg AAE per gram extract™,
respectively. Ascorbic acid at the concentration of 1mg/mL was used as the reference antioxidant for comparison.
Compared to red and blue tea extracts, black tea extract (1.93 mg AAE per gram extract™) seemed to have the
highest ferric reducing potential. Experimental results have been recorded in the Table 5 given below.

3.9 Total antioxidant capacity (TAC)

This method evaluates both water soluble and fat soluble antioxidants. Molybdenum ions could be reduced by
antioxidants. The extract's overall antioxidant capability is determined by the greatest potential at which it
reduces molybdenum ions. The total antioxidant capacity is measured in mg AAE (ascorbic acid equivalent) per
gram extract using ascorbic acid as standard (1mg/ml). Black tea exhibits the highest antioxidant capacity in
reducing molybdate ions (1.94 mg AAE per gram extract?), followed by blue tea (1.56 mg AAE per gram
extract?) and red tea (0.44 mg AAE per gram extract') having the lowest. The TAC values of extracts are
recorded in the (Table 5) given below.

Table 5. Quantitative phytochemical and antioxidant assay of tea extracts.

Tea extract TPC TFC FRPA TAC
(mgGAE/gm (mg QE/gm (mgAAE/gm (mgAAE/gm extract™?)
extract?) extract?) extract?)
Red Tea 2.41+0.132 5.30+0.400 0.56+0.372 0.44+0.296
Blue Tea 10.83+£0.329 15.84+0.268 1.81+0.413 1.56+0.199
Black Tea 12.25+0.245 10.57+£0.314 1.93+0.178 1.94+0.354

Note: Values are expressed as meanz SD for three determinations. Source: Authors, 2022.

3.10 Membrane stabilization

Stabilization of RBCs membrane was studied to establish an additional mechanism for anti-inflammatory action
of tea extracts. Due to resemblance of RBC membrane with lysosomal membrane, this effect may possibily
inhibit the release of lysosomal content of neutrophils responsible for tissue damage at the site of inflammation.
Red tea, blue tea, and black tea are exhibited hemolytic inhibition percentages of 47.61%, 57.14%, and 10.52%,
respectively. With 57.14% hemolytic inhibition, blue tea proved to be the most efficient in anti-inflammatory
action. Aspirin, standard anti-inflammatory drug showed hemolytic inhibition of % 39.45 + 0.432% at 15 mg/mL.
Hemolytic inhibition values are presented in the (Table 6) given below.
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Table 6. Effect of tea extracts on membrane stabilization.

Tea extract Percentage hemolyticinhibition
Red Tea 47.61+0.361%
Blue Tea 57.14 + 0.567%
Black Tea 10.52 + 0.478%
Aspirin 39.45 £ 0.432%

Note: Values are expressed as mean + SD for three determinations. Source: Authors, 2022.

4. Discussion

The outcomes of our investigation showed that tea extracts possess significant antioxidant and anti-haemolytic
activities. Compared to red tea extract, blue and black tea extracts exhibited substantial proportions of phenols
and flavonoids. Black and blue tea extracts revealed higher significant values for ferric reducing potential and
total antioxidant capacity than red tea extract. Conversely, since caffeine is only found in black tea, blue tea is
desirable as it is caffeine-free.

It was established that diluted blue tea extract exhibited greater anti-haemolytic potential over black and red tea
extracts in anti-inflammatory analyses. Phytochemicals such as phenols and flavonoids have been reported in
several studies to contribute to the antioxidant and anti-inflammatory properties of medicinal plants along with
potential health benefits (Geronikaki; Gavalas, 2006; Jing et al., 2015).

The presence of phenols and flavonoids in significant concentrations was detected in red, blue, and black tea that
also contributed to their ferric reducing potential, total antioxidant capacity, and anti-inflammatory properties.
Researchers also reported three major flavanoids from petals of C. ternatea (Kazuma et al., 2003). The
maximum value for TFC was recorded for blue tea extract as 15.84 mg QE per gram extract™™. In previous study
conducted (Vankar; Srivastava, 2008), promising amount of polyphenols and flavonoids were detected in flower
extract of China rose.

Whereas, at 2 L concentration, red and black tea extracts were demonstrated to have fairly significant
anti-inflammatory activity in stabilization studies of RBCs membrane. In comparison to other tea extracts, blue
tea extract displayed the highest haemolysis (57.14 percent) inhibition after 3.4 times dilution. This difference in
anti-inflammatory activity of blue tea could be due to presence of specific type of polyphenols and flavonoids in
it rather than their amounts. The results show a strong correlation between total phenolic, flavonoid content and
anti-inflammatory assay (Talhouk et al., 2007). Thus altogether, having diverse phytochemical variety,
anti-inflammatory and being powerhouse of antioxidant properties the blue tea showcases impressive nutritional
profile, act as wonderful weight loss beverage, refreshing drink, potential detox liquid, immunity booster and
much more. Blue tea also has potential to augment physical and psychological wellbeing and can be considered
as a good medical treatment for respiratory and reproductive health, healthy eyesight, maintaining diabetic
condition, healthy hair growth and in weight loss. In times to come the awareness of Blue tea benefits must be
outspread in order to have a potential and natural alternative to treat or control various medical or health
conditions.

4, Conclusions

Herbal beverages have experienced an upsurge in interest, advancement and uptake owing to their
phytochemical content and potential implications to health and wellness. Due to this, our study provides the first
information on the antioxidant capacity and analysis of red and blue tea and their comparison with black tea. As
an outcome of the study’s findings, blue tea is more relevant in terms of non-caffeinated beverage consumption
due to its potent antioxidant and anti-inflammatory properties.

However, further research is required to isolate and formulate the active component found in blue tea into a drug
along with clinical trials. Such research will be beneficial in establishing their implementations in the
pharmaceutical sector to cure and prevent a multitude of emergent ailments.
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