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ABSTRACT

Herbal teas and plant-based medicines have been widely used worldwide for their therapeutic
and healing qualities. Rosella (Hibiscus sabdariffa L.) has various benefits in preventing
digestive problems, liver disease, fever, and others. Ginger (Zingiber officinale Rosc.) or known
as jahe in Indonesia is believed to benefit numerous clinical conditions linked to oxidative stress,
including pancreatitis, hypertension, diabetic kidney disease, Alzheimer’s disease, and tumor
development. They have been utilized in traditional medical practice to treat conditions such
as fever, nausea, and headaches. In this study, we aimed to determine the antioxidant activities
of rosella flower tea, ginger tea, and a combination of both, namely RoJa (Rosella-Jahe) tea.
Antioxidant activities were analyzed by the 2,2-diphenyl-1-picrylhydrazyl (DPPH), hydrogen
peroxide (H,0,), 2-2'-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) scavenging
activities, and Ferric Reducing Antioxidant Power (FRAP) assay, as well as by measuring the
amount of total phenolic and flavonoid content. Rosella tea had the greatest activity in the DPPH
assay, with an IC, value of 0.412 mg/ml. Ginger tea had the greatest activity for the ABTS,
FRAP, and H,0, tests, with IC values of 12.595 mg/ml, 0.494 mg/ml, and 1.323 mg/ml,
respectively. Ginger tea also had the highest amount of total phenolic (3.61 pg GAE/g sample)
and flavonoid content (11.81 ug QE/g). In conclusion, ginger tea showed the highest antioxidant
activities, as well as total phenolic and flavonoid content, compared to rosella and RoJa tea.
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INTRODUCTION sweet-bitter taste. The calyx of H. sabdariffa has become
the focus of many studies since it was identified to contain
several active compounds consisting of polyphenol acids,

delphinidin-3-O-sambubioside, flavonoids, cyanidin-

The term “herbal tea” refers to infusions or decoctions
made with herbs (other than Camellia sinensis L.) (Fu et

al., 2018). Tisanes are infused beverages from different
plants, such as herbs, flowers, or berries (Shannon et
al., 2017). Herbal teas differ from those commonly
consumed teas from C. sinensis (Ravikumar, 2014). In
general, herbal teas help increase stamina, aid healing,
induce relaxation, treat stomach or digestive problems,
help to provide cleansing properties to the body, also
boost the immune system (Ravikumar, 2014; Winston,
2019). Herbal formulations can also be custom-made
according to the functions needed.

Rosella (Hibiscus sabdariffa L.) is indigenous to Sri
Lanka and has been cultivated for centuries. Rosella
wood produces edible dark red calyx with a pleasant

3-O-sambubioside, and anthocyanins delphinidin-3-
O-glucoside (Hapsari & Setyaningsih, 2021). Rosella
calyx infusion is used in conventional medicine as a
diuretic and treats gastrointestinal issues, liver disease,
fever, hypercholesterolemia, and high blood pressure
(Riaz & Chopra, 2018). Extracts from this plant also
have therapeutic, including antihypertensive, antiseptic,
and astringent. Rosella extract also helps to reduce the
diuretic effects of fever, cancer, abscesses, coughs,
dysuria, and scurvy (Thakuria et al., 2018). It also
has other activities including antiaging, antioxidants
(Widowati et al., 2017), and antidiabetic particularly to
a-glucosidase and a-amylase inhibition activities.
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Ginger (Zingiber officinale Rosc.) is a medicinal herb
consumed for centuries to treat numerous diseases.
Ginger is not only one of the species widely used to
improve the flavor and taste of food worldwide, but
also carries a wide variety of bioactive contents with
biological and pharmacological benefits. Many clinical
disorders linked to oxidative stress have been claimed
to be treated by consuming ginger, regarding its benefit
in diabetes-related kidney and pancreas problems,
hypertension, tumor development, and alzheimer. It has
also been used to treat various conditions in conventional
medicine including nausea, headaches, fever, colds,
rheumatic diseases, arthritis, and muscle pain. Ginger
also has androgenic qualities, anti-glycation potential,
anti-cancer, anti-inflammatory, hepatoprotective, and
renoprotective effects (Saanin et al., 2020; Tohma et al.,
2017), antioxidant activities including 2,2-Diphenyl-
1-picrylhydrazyl (DPPH), hydrogen peroxide (H,O,),
2-2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) scavenging activities, and Ferric Reducing
Antioxidant Power (FRAP) assay (Widowati, et al.,
2022a).

Plants produce polyphenolic compounds as secondary
metabolites, giving them antioxidant properties (Tohma
et al., 2017). Antioxidants are substances that can
mitigate the harmful effects of free radicals, which form
naturally during oxidative metabolism. Various scientific
studies suggest that antioxidants can help prevent chronic
illnesses, such as cancer and coronary heart disease. The
process parameters used in preparing herbal teas can
affect their antioxidant capacity. Preparation steps such
as drying at high temperatures and extended drying
times can reduce the antioxidant activity of the dried
material. Our research aimed to improve the taste and
visual appeal of tea by blending dried rosella flowers and
ginger, resulting in a beverage known as RoJa tea. As a
result, red-colored tea is expected to be obtained with a
fresher but slightly sour, spicy, and hot flavor. Our study
focuses on analyzing the antioxidant properties of rosella
flower tea, ginger tea, and RoJa tea. To achieve this,
we conducted research to evaluate the total flavonoid
and phenolic contents, and the antioxidant activities of
these teas using various methods such as DPPH, H,O,,
ABTS, and FRAP assay. In addition, we used RoJa tea,
a combination of rosella and ginger, as well as ginger tea
and rosella flower tea, as anti-scavenging agents.

MATERIALS AND METHODS

Materials

The rosella flowers (H. sabdariffa) were obtained from
Kediri, East Java, Indonesia, and the rhizomes of ginger
(jahe) (Z. officinale) were obtained from Pasar Sederhana,
Bandung, West Java, Indonesia. The materials used in
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this study were DMSO (Merck; 1.090.010.500), DPPH
(Sigma Aldrich; D9123), H,O, (Merck; 7722-84-1),
Folin-Ciocalteu reagent (Merck; 1.090.010.500), sodium
carbonate (Merck A897992745), gallic acid (Sigma
Aldrich; 398225), AICI3 (Merck; 449598), quercetin
(Sigma Aldrich; Q4951) 1,10-phenanthroline (Sigma
Aldrich; 131377), ABTS™" (Sigma Aldrich; A1888),
ferrous ammonium sulfate (Sigma Aldrich; 7783859),
2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ) (Sigma Aldrich;
T1253).

Preparation of Herbal Tea

Both materials were washed and dried in a food
dehydrator (50°C, 36 hours) to reduce the water content.
Three herbal tea formulations were used in this study:
ginger (jahe) tea, rosella tea, and a combination of ginger
and rosella called RoJa tea. To make single ginger and
rosella tea, each 2 g of dry ginger or rosella was brewed
with 200 ml of boiled water for 5 minutes. Then, 2 g
rosella and 2 g dried ginger were combined and brewed
with 200 ml of boiled water to make the RoJa tea, it was
equivalent to 10 mg/ml. The mixture was then left to
stand for 5 minutes for further assay (Widowati et al.,
2022a; 2023).
Antioxidant Herbal Tea
Formulations

In this study, the herbal teas were tested for their
antioxidant properties using various assays such as
DPPH, H,O,, ABTS, and FRAP. Additionally, the total
phenolic and flavonoid content of the teas were measured
at concentrations of 100%, 75%, 50%, 25%, and 12.5%.

Activity Assay in

Scavenging Activity Assay by DPPH

The DPPH scavenging approach was performed based
on previous studies (Widowati et al., 2022a; 2022b;
2022¢; 2023). First, samples were made in five final
concentrations (20, 15, 10, 5, and 2.5%) and 50 ul of
each sample were added with DPPH (0.077 mmol; 200
ul) (Sigma Aldrich, D9132) into the sample well. For
the blank well, double distilled water (ddH,O) (250 pl)
and DPPH (0.077 mmol; 250 pl) were added into the
control well. For the incubation, the plate was kept in the
dark at room temperature for 30 minutes, after which the
absorbance was measured using a microplate reader at
517 nm (Multiskan™ GO Microplate Spectrophotometer,
Thermo Scientific, USA). The Inhibitory concentration
50 (IC,)) was then determined, and the calculation of
DPPH scavenging was done using the formula below

():
DPPH scavenging activity (%) = (A-B)/A x 100 ... (1)

A: The absorbance of control
B: The absorbance of sample

E-ISSN 2477-0612



174 Pharm Sci Res, Vol 10 No 3, 2023

H,O, Scavenging Activity Assay

The H,0, scavenging method was adapted from the
previous studies performed by Widowati et al. (2022a;
2022b; 2022c; 2023). A total of 60 pul various samples
(40, 30, 20, 10, 5%), H,O, 3 ul; 5 mM) (Merck
1.08597.1000), ferrous ammonium sulfate (12 pl; 1 mM)
(Sigma Aldrich; 7783859), and 1,10-phenanthroline (75
pl; I mM) (Merck 200-629-2) were added into the sample
well. On the other hand, ddH,O (150 pl) was added for
the blank well, while ferrous ammonium sulfate (12 pl;
1 mM), ddH,0 (63 ul), and 1,10-phenanthroline (75
ul) were added to the control well. The 96-well plate
was incubated for 10 minutes at room temperature in
the dark. A microplate reader was used to measure the
absorbance at 510 nm wavelength, and the calculation
of H,0, scavenging activity was performed using the
following formula (2):

H,0, scavenging activity (%) = (A-B)/A x 100 ... (2)

A: The absorbance of sample
B: The absorbance of control

ABTS Scavenging Activity Assay

ABTS-scavenging method was referring to previous
studies (Widowati et al., 2022a; 2022b; 2022c; 2023).
ABTS (198 pl) (Sigma Aldrich; A1888) were added
after 2 pl various concentrations of samples (1, 0.5, 0.25,
0.125, and 0.0625%). The well of control received ABTS
reagents (200 pl) and the blank well received ddH,O
(200 pl). The microplate was incubated at 37°C for 10
minutes. In order to measure the absorbance at 745 nm
wavelength, a microplate reader was used. The formula
below was used to calculate the scavenging activity of
ABTS (3):

ABTS scavenging activity (%) = (A-B)/A x 100 ... (3)

A: The control’s absorbance
B: The sample’s absorbance

FRAP Assay

FRAP assay method was conducted based on previous
studies (Widowati et al., 2022a; 2022b; 2022c;
2023). First, acetate buffer (300 mM; 10 ml), ferric
chloride hexahydrate (20 mM; 1 ml) (Sigma Aldrich,
1039430250), 2,4,6-Tris-(2-pyridyl-5-triazine) (TPTZ)
(10 mM) (Sigma Aldrich, T1253) were combined. Then,
7.5ul various concentrations of the sample (5, 3.75,
2.5, 1.25, 0.63 %) were combined with FRAP reagent
(142.5 pl) in a well plate and incubated for 30 minutes
(37°C). In order to measure the absorbance at 760 nm
wavelength, a microplate reader was used.

The following equation is used to calculate the percentage
of scavenging activities (4):
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FRAP activity (%) = (A)/B x 100 ... (4)

A: The control’s absorbance
B: The sample’s absorbance

Total Phenolic Content

The total phenolic content was measured using the
colorimetric method previously used in similar studies
(Widowati et al., 2022a; 2022b; 2022¢; 2023). Briefly,
the sample well received the mixture of 15 pl sample,
Na, CO, (60 pl; 7.5%) (Merck A897992745), and Folin-
Ciocalteu reagent (75 pul; 10%) (Merck; 1.090.010.500).
The blank solution consists of 135 pl distilled water and
15 pl of samples. The samples were incubated at 50°C
for 10 minutes, then the absorbance was measured at 760
nm using a microplate reader. The total phenolic content
was calculated using the linear standard equation of GA
(gallic acid) in 6 concentration levels (500, 250, 125,
62.5,31.25, 15.63 pg/ml) (Sigma Aldrich; 398225). The
Gallic Acid Equivalent (GAE) in pg GAE/g sample is
utilized to measure the total phenol content of herbal tea.

Total Flavonoid Content

A colorimetric method was employed to determine
the flavonoid content using the technique used in
ecarlier studies (Widowati et al., 2022a; 2022b; 2022c;
2023). Briefly, 15 pl quercetin (Sigma Aldrich, Q4951)
solution in 6 concentrations level (100, 50, 25, 12.5,
6.25, 3.13 pg/ml) and herbal tea (RoJa, ginger, rosella
tea in concentration of 10, 5, 2.5 mg/ml) were added
and followed by AICL, (75 pl; 2%) (Merck; 449598)
into well. The absorbance was examined at 415 nm
wavelength using a microplate reader. Total flavonoid
was calculated based on linear regression of quercetin

equivalent (QE) (ug QE/g).

Statistical Analysis

SPSS software (IBM Statistics, 20.0) was utilized to
conduct the statistical analysis, using One-way ANOVA
and Tukey’s HSD post-hoc analysis to reveal significant
variations between the groups (P<0.05).

RESULTS AND DISCUSSION

Antioxidant is a substance that can slow down or prevent
the oxidation of a substrate even when used at a low
concentration (Santos-Sanchez et al., 2019). Because
of its chemical stability, the free radical can receive an
electron and be neutralized, which lessens its ability to
cause harm. To interrupt the damaging chain reaction,
these antioxidants can interact with free radicals in a
safe way (Lobo et al., 2010). Based on this study, the
three herbal teas showed a high antioxidant effect in a
concentration-dependent manner significantly (P<0.05)
(Figure 1-4).
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Figure 1. Effect of various concentrations of roja, rosella, and
ginger tea toward DPPH scavenging activity

*The mean and standard deviation of the data are displayed (n=3)

Significant variations in treatment are manifested as various signs for RoJa Tea
(a,b,c,d,e); different Rosella Tea signs (A,B,C,D,E); different signs for Ginger Tea
(a,B,y,0,€) according to the Tukey HSD post hoc test (p<0.05). The information about
ginger tea was obtained from an earlier study (Widowati et al., 2022a; 2023).
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Figure 2. Effect of various concentrations of roja, rosella, and
ginger tea toward H,O, scavenging activity

*The mean and standard deviation of the data are displayed (n=3).

Significant variations in treatment are manifested as various signs for RoJa Tea (a,b,c,d,e);
different Rosella Tea signs (A,B,C,D); different signs for Ginger Tea (0.,3,y,0,€) according
to the Tukey HSD post hoc test (p<0.05). The information about ginger tea was obtained
from an earlier study (Widowati et al., 2022a; 2023).

Based on all antioxidant assays, the highest antioxidant
activities were rosella tea for DPPH and ginger tea for
ABTS; FRAP; H,O, in 0.01 g/ml sample concentration.
This formula tea had the highest DPPH scavenging
activity with the IC,, value of 0.412 mg/ml; ABTS
scavenging activity with the IC, value was 12.595 mg/
ml); H,0, scavenging activity with the IC,, value was
1.323 mg/ml; FRAP assay with the IC, value was 0.494
mg/ml sample concentration. This outcome aligned
with the earlier study, which demonstrated ginger tea’s
highest level of antioxidant activity in DPPH, H,O,, and
ABTS methods compared to telang flower tea (Clitoria
ternatea L.) (Widowati et al., 2022a). The antioxidant
activity value is primarily due to the high phenol content
in ginger such as paradol, shogaol, and zingerone.

High phenolic content in the sample will affect its
antioxidant activity. Samples with high phenolic content
have great potential as natural antioxidants in reducing
free radicals (Abdul, 2020). Some of these compounds are
phytochemicals that have been studied extensively and
are responsible for their antioxidant, anti-inflammatory,
antiemetic, and gastroprotective activities. Moreover,
it is well recognized that the antioxidant pathways,
induction of apoptosis, free radical activity, and changes
in gene expression, which all contribute to the decrease
of tumor start, development, and progression, are the
leading causes of ginger’s cancer-protective impact
(Tohma et al., 2017). Therefore, the ginger tea sample
has the highest antioxidant activity among other teas.
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Figure 3. Effect of various concentrations of roja, rosella, and
ginger tea toward ABTS scavenging activity

*The mean and standard deviation

the data are displayed (n=3).

Significant variations in treatment are manifested as various signs for RoJa Tea
(a,b,c,d,e); different Rosella Tea signs (A,B,C,D,E); different signs for Ginger Tea
(o,B,v,8,e) according to the Tukey HSD post hoc test (p<0.05). The information
about ginger tea was obtained from an earlier study (Widowati et al., 2022a; 2023)
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Figure 4. Effect of various concentrations of roja, rosella, and

ginger tea toward FRAP assay

*The mean and standard deviation of the data are displayed (n=3).

Significant variations in treatment are manifested as various signs for RoJa Tea
(a,b,c,d,e); different Rosella Tea signs (A,B,C,D,E); different signs for Ginger Tea
(a.,B,v,0) according to the Tukey HSD post hoc test (p<0.05). The information about
ginger tea was obtained from an earlier study (Widowati et al., 2022a; 2023)

Rosella flower tea showed the lowest antioxidant
activities according to the FRAP assay and scavenging
activities for H,O,, DPPH, and ABTS. The DPPH
scavenging activity’s IC, value of Rosella tea was
0.412 mg/ml; ABTS scavenging activity was 23.882
mg/ml; H O, scavenging activity was 3.099 mg/ml;
FRAP assay was 1.937 mg/ml. Additionally, the total
phenols and flavonoid content in rosella tea were also
the lowest when compared to ginger tea and RolJa tea
formulation. However, the antioxidant activity of rosella
tea remains at a high level. According to Hirunpanich et
al. (2015) and Widowati et al. (2017), rosella contains
flavonoid compounds consisting of flavanol pigments
and anthocyanin compounds (Hirunpanich et al., 2005),
myricetin, B-carotene (Widowati et al., 2017). Flavanols
serve as organic antioxidants and may lower the risk
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of heart or cardiovascular disorders (Alspach, 2007).
Anthocyanins function as antioxidants in the body so
that they can prevent the occurrence of atherosclerosis,
and coronary artery disease. By oxidizing unhealthy
lipids in the body, specifically low-density lipoproteins
(LDL), anthocyanins may prevent the development of
atherogenesis. Then, the endothelial cells that line the
walls of blood vessels are protected by anthocyanins,
preventing damage (Syarief et al., 2020).

The IC, value of RoJa tea for DPPH scavenging activity
was 0.902 mg/ml; ABTS scavenging activity was 23.179
mg/ml; H,O, scavenging activity was 2.558 mg/ml;
FRAP assay was 0.748 mg/ml which is presented in
Tables 1-4.
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Table 1. The IC, values of DPPH scavenging activity of roja, rosella, and ginger tea

Sample Linear Equation R? IC,, (mg/ml)
RolJatea y=4.0767x + 13.237 0.99 0.902
Rosella tea y=3.3391x +36.24 0.99 0.412
Ginger tea y =2.6189x + 29.684 0.99 0.776

The assays were carried out three times. The IC, of each sample and the coefficient of regression (R”) were calculated

based on linear regression.

Table 2. The IC_, values of ABTS scavenging activity of roja, rosella, and ginger tea

Samples Linear Equation R? IC,, (mg/ml)
RoJa tea y=0.1315x + 19.519 0.99 23.179
Rosella tea y=0.1562x + 12.697 0.99 23.882
Ginger tea y =0.2472x + 18.864 0.99 12.595

The assays were carried out three times. The IC, of each sample and the coefficient of regression (R?) were calculated

based on linear regression.

Table 3. The IC_ values of FRAP assay of roja, rosella, and ginger tea

Samples Linear Equation R? IC,, (mg/ml)
RoJa tea y=7.1704x - 3.6624 0.99 0.748
Rosella tea y =2.6096x - 0.4856 0.99 1.937
Ginger tea y=10.576x - 2.1975 0.99 0.494

The assays were carried out three times. The IC, of each sample and the coefficient of regression (R?) were calculated

based on linear regression.

Table 4. The IC values of H,0, scavenging activity of roja, rosella, and ginger tea

Samples Linear Equation R? 1C_, (mg/ml)
RoJa tea y =1.0252x +23.78 0.99 2.558
Rosella tea y=1.1512x + 14.321 0.99 3.099
Ginger tea y =2.3899x + 18.388 0.99 1.323

The assays were carried out three times. The IC_ of each sample and the coefficient of regression (R?) were calculated

based on linear regression.

Table 5. Total phenolic and flavonoid content of roja, rosella, and ginger tea

Samples Total Phenolic Total Flavonoid
(ng GAE/g sample) (ng GAE/g sample)

RoJa tea 2.33 5.40

Rosella tea 0.85 4.33

Ginger tea 3.61 11.81

Gallic Acid Equivalence (GAE); Quercetin Equivalence (QE)

The IC,, value revealed that the antioxidant activity
value of RoJa tea is quite good. Based on previous
studies, the IC,; value of <200 ppm or <200 pg/ml is
considered strong antioxidant activity (Sukandar et al.,
2017). According to the findings of this study, RoJa
has high antioxidant activity, specifically in the DPPH,
H,O,, and FRAP assay, which includes high antioxidant

272
activity, and in the ABTS test, which includes moderate

antioxidant activity. However, the value of antioxidant
activity in RoJa is lower than in ginger (Table 1-4). This
can be seen from the IC_ value of ginger, which is smaller
in the ABTS, FRAP, and H,O, tests. Another study also
reported that the combination formulation of pandan and
ginger had lower activity than single ginger (Widowati
et al., 2023). The total phenolic compound data revealed
that ginger herbal tea (3.61 pg GAE/g sample) and
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RoJA tea (2.33 pg GAE/g sample) had the highest total
phenolic content, while the lowest total phenolic content
was found in the rosella tea (0.85 pg GAE/g sample).
The total phenolic content indicates these compounds
are excellent antioxidants or have broad biochemical
activities, including anticarcinogenic, antimutagenic,
and modifying gene expression to cure various oxidative
stress diseases. The composition, placement of hydroxyl
groups, quantity, and substitution characteristics of
phenolic content all affect its antioxidant action on
aromatic rings (Prahastuti et al., 2020). Due to the
polyphenols content, such as shogaols, catechins, and
gingerols, ginger has health potential. Ginger has been
acknowledged as a medicinal herb with pharmacological
activity. Gingerols, contained in ginger rhizomes, have
biological effects that include anti-inflammatory and
antioxidant properties (Saanin et al., 2020). Ginger had
a higher phenolic content than rosella extract, and this
finding was supported by earlier research. In a study
by Oboh et al. (2012), the quantity of phenols in ginger
extract overall was 95.34 mg GAE/g, meanwhile, rosella
extract was 23.85 mg GAE/g.

Based on the analysis of total flavonoid content, it was
found that ginger tea had the highest amount of 11.81
ug QE/g, followed by Roja tea with a moderate content
of 5.40 pg QE/g sample, and rosella tea with the lowest
content of 4.33 ug QE/g sample. Flavonoids play a vital
role as biological reaction modifiers, and they have
various functions such as antihistamines, antimicrobials,
memory enhancers, and mood enhancers (Prahastuti
et al., 2020). Therefore, ginger tea can be an excellent
source of flavonoids for those looking to benefit from
their properties. In contrast, RoJa tea and rosella tea may
have a lesser impact due to their lower flavonoid content.
Table 5 provides a summary of the flavonoid contents
of the different tea formulations. Previous research has
found that rosella extract has a moderate amount of total
flavonoids (++) (Widowati et al., 2017). The total phenol
and flavonoid content in this study is similar to earlier
studies that used JaTe, a blend of telang and ginger
(jahe) tea, as the herbal tea (Widowati et al., 2022a). The
antioxidant activity of JaTe was found to be moderate,
with ginger tea having the highest total phenol content,
followed by JaTe and then telang tea (Widowati et al.,
2022a). Other studies that combined pandan tea and
jahe or ginger tea to create PanJe also supported these
findings, showing moderate antioxidant properties with
jahe tea having the highest total phenol content, followed
by panje and pandan tea (Widowati et al., 2023).

CONCLUSION

From the results of this study, ginger tea has the highest
activity of antioxidant through H,O,, ABTS scavenging
activity, FRAP assay, total phenolic and total flavonoid
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content, while rosella tea has the highest antioxidant
through DPPH assay. In addition, Rosella tea has the
lowest total phenol and flavonoid content, followed by
RolJa tea. This research is expected to provide additional
information related to innovation for mixed herbal
tea products and in the future, they can be produced
commercially.
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