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INTRODUCTION

In the last four years, herbal teabags have

ABSTRACT
Background: The potential for diversifying herbal beverages by combining mangosteen
peel, red ginger, lemongrass, cherry leaves, orange leaves, and bay leaves into ready-to-
drink herbal tea is substantial. Nonetheless, additional examination of the
phytochemical composition post-drying is required.
Objectives: This study seeks to ascertain the phytochemical composition, including total
phenols, flavonoids, and antioxidants, influenced by differences in the drying
temperature of herbal tea bags.
Methods: The study employed an experimental design with differing drying
temperatures: M1 (45°C), M2 (55°C), M3 (65°C), M4 (75°C), M5 (85°C). Data were
gathered through observations by 100 panelists and subsequently analyzed using
parametric statistics in SPSS, with a significance level of 5%. The phytochemical test was
conducted at the Industrial Research and Standardization Center at Jagir Wonokromo
Street No. 360, Tenggilis Mejoyo, Surabaya.
Results: The drying treatment of herbal tea bags M1 at 45°C exhibited the highest
antioxidant activity, measuring 216.02 pg/mL, with an ICso value of 46.17 ppm, a
moisture content of 7.20%, a yield of 13.15%, a total phenolic content of 134.2
mgGAE/g, and a total flavonoid content of 81.33 mgQE/g. It is characterized by a yellow
hue, a distinct herbal aroma, and a blend of ginger and lemongrass spices, ultimately
meeting the preferred acceptance criteria.
Conclusions: The drying temperature influences the phytochemical composition and the
preferences of panelists for herbal tea bags, including mangosteen peel, red ginger,
lemongrass, cherry leaves, lime leaves, and bay leaves.

bioactive constituents, including antioxidants,
polyphenols, and flavonoids, which may positively

emerged as a significant area of investigation in health
and nutrition because of their potential characteristics?.
Herbal teabags have gained popularity due to the
transition towards a healthier lifestyle and their
contribution to sustaining a robust immune system post-
pandemic2. Numerous varieties of herbal teabags have
been identified35; however, additional research is
necessary to examine the compound constituents, as
drying is crucial to producing herbal teabags.
Incorporating diverse indigenous materials, including
mangosteen peel, red ginger, lemongrass, kersen leaves,
orange leaves, and bay leaves, as primary components in
herbal tea production is anticipated to enhance
antioxidant activity. This aligns with prior studies,
indicating that local beverages derived from sea grapes
(Caulerpa racemosa) are anticipated to possess
significant antioxidant capacity and may serve as an
alternative therapeutic drink for those with obesity®.
Mangosteen peels are recognized for their

influence bodily health’. Mangosteen peels comprise
numerous bioactive components, including xanthones,
flavonoids, and tannins, which may confer health
advantages. Kersen leaves are a tropical plant frequently
seen in Indonesia. The prevalence of kersen plants is
significant, although their utilization remains infrequents®.
Prior studies indicated that kersen leaves are considered
a potential remedy for several ailments, including
diabetes, gout, jaundice, cancer prevention, and the
maintenance of liver and kidney function8. Lemongrass,
orange leaves, and salam are agricultural commodities
rich in antioxidants and bioactive components, precisely
phenolic compounds and flavonoids, which can
neutralize and diminish free radicals, inhibiting cellular
oxidation and reducing cellular damage®.

Nonetheless, inadequate drying may diminish the
nutritional value, especially antioxidants. Antioxidants
combat free radicals in the body and help repair cellular
damage and many health issues!®. The research centres
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on the antioxidant content in herbal teabags derived
from diverse spice combinations due to their potential to
enhance endurance and avert different degenerative
disorders!®. Polyphenols are naturally occurring chemical
substances present in mangosteen skinl2, Research
findings indicate these chemicals possess anti-
inflammatory, anticancer, and antidiabetic effects!3.
Examining polyphenols in herbal teabags may offer a
more comprehensive understanding of the potential
health benefits of these beverages. Flavonoids, a subclass
of polyphenols, are present in mangosteen peel and
confer beneficial benefits on human health4. Examining
flavonoids in herbal teabags may yield insights into the
potential of these beverages to enhance cardiovascular
function and sustain hormonal equilibrium in the body
via the mechanism of active compounds that engage with
the endocrine system, which governs production within
the body?>. This study corroborates prior studies about
the correlation between awareness of herbal beverage
items and lower abdomen pain or tenderness throughout
the menstrual cycle?®.

The drying procedure significantly influences
herbal tea products' quality and nutritional composition.
Numerous studies have examined the impact of drying
temperature; nevertheless, the emphasis on nutrient
differentiation, notably polyphenols, flavonoids, and
antioxidants, remains little explored. A more profound
comprehension of the precise nutritional composition
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could furnish a scientific foundation for producers to
enhance the formulation of functional products817.18, The
significance of drying temperature in manufacturing
herbal tea bags warrants investigation since it influences
the concentration of bioactive chemicals in the tea.
Understanding the levels of antioxidant activity,
polyphenols, flavonoids, and water content in herbal tea
bags post-drying is anticipated to facilitate the
identification of ideal production conditions for these
teas. These findings enhance product competitiveness
and provide consumers with a healthier beverage
alternative. This research has significant implications for
developing herbal teabags as functional beverages.

METHODS

The herbal tea bags comprised a blend of
components, including mangosteen peel, red ginger,
lemongrass, kersen leaves, orange leaves, and bay leaves.
The ingredients were sourced from the plantation region
of Wonorejo Village, Nglegok District, Blitar Regency. The
materials utilized in the bioactivity analysis comprise
Na,CO; (sodium carbonate) (Merck), DPPH (Himedia),
100% PA methanol (Merck), gallic acid (Merck), AlCls
(aluminium chloride), Folin-Ciocalteu reagent (Merck),
and quercetin (Sigma). The instrument utilized in this
study comprise a food dehydrator, square pan, digital
scale, measuring cup, glass funnel, dry blender, and
portable burner.

(a) (b) (c)
(a) Food Dehydrator (b) Square Baking Pan (c) Scale

(d)

(d) Measuring Cup

(e) (f) (8)
(e) Dry Blender (f) Funnel (g) Gas Stove

Figure 1. Herbal Tea Making Tools

Material:

(a) (b) (c)

(a) Mangosteen Peel (b) Red Ginger

(c) Lemongrass

(d)
(d) M.calabura Leaf

(e) Citrus Leaf

(f) Bay Leaf

Figure 2. Herbal Tea Making Materials
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(a) Material Drying

(b) Size Decreasing

(c) Material Filtering

(d) Material Weighing (e) Packaging

Figure 3. Herbal Tea Making Process

This study's observations were confined to
variations in drying temperature?®, ash content analysis
via the Muffle Furnace method!®, water content
assessment according to the specified standard (SNI 01-
3836-2000), antioxidant activity measurement using the
DPPH method?, total phenol?® quantification, total
flavonoid evaluation employing  the UV-Vis
spectrophotometric method with reagents and
aluminium chloride, quercetin as a standard?!, and
sensory characteristics encompassing aroma, colour,
taste, and overall acceptance??. The ingredients for the
herbal tea comprised mangosteen peel, red ginger,
lemongrass, kersen leaves, orange leaves, and bay leaves,
all meticulously dried following a careful washing
process. Fifty grams of each ingredient were measured
prior to reducing the size to approximately 0.2 cm. The
drying procedure was conducted utilizing a food
dehydrator at the following temperatures: M1 (45°C), M2
(55°C), M3 (65°C), M4 (75°C), M5 (85°C) for 2 hours.
Initially, the drying parameters were satisfied at a specific
temperature, followed by a blender-crushing procedure.
Following pulverization, sifting is conducted with a 30-
mesh sieve. The filtered outcome will be placed into tea
bags. However, the quantity must not surpass 5 g of
herbal tea powder.

The packaging process for herbal tea bags
involved weighing each ingredient—mangosteen peel,
red ginger, lemongrass, kersen leaves, orange leaves, and
bay leaves—each reduced to 0.5 g, resulting in a total
weight of 3 g per teabag, measuring 5 x 3 cm. After being
enclosed in teabags, they were steeped in 100 ml of 90°C
water for roughly 5 minutes, employing a circular motion,
before being extracted to yield herbal tea. The research
employed a Randomized Group Design (RAK) 23 with a
trial treatment with variations in drying temperatures:

M1 (45°C), M2 (55°C), M3 (65°C), M4 (75°C), and M5
(85°C). Each treatment was replicated three times,
resulting in 15 experimental samples. The observational
results were evaluated utilizing the variance test and
subsequent assessments on significant variables through
Duncan's Multiple Range Test (DMRT) test24,

RESULTS AND DISCUSSIONS

Table 1 presents the average water content and
yield values for herbal teabags. The average findings of
the examination of total phenols, total flavonoids, and
antioxidant content of herbal teabags, derived from the
combination of ingredients including mangosteen peel,
red ginger, lemongrass, kersen leaves, orange leaves, and
bay leaves, are presented in Table 2. The research
findings greatly impacted herbal teabags' water content
following drying temperature alterations. The moisture
content of the herbs varied from 5.09% to 7.20%. The
lowest mean water content was in sample M5 (85°C) at
5.09%, while treatment M1 (45°C) recorded the most
excellent mean water content at 7.52%. This problem
arises from the evaporation process caused by elevated
drying temperatures in herbal tea bags. This observation
aligns with the results of research?®, which indicates that
the evaporation rate is influenced by the moisture
content and temperature conditions of the dried
material's environment. Other research indicates that tea
bags' ideal moisture content is below 8%2°. The data
demonstrate that the water content in herbal tea bags
does not surpass the maximum limit established by SNI
for the dry-packaged tea category. The water content
influences the freshness and longevity of teabag products
in the material; thus, an elevated water level in dry tea
can lead to a decline in quality and increased
susceptibility to harm?7,

Table 1. Mean values of water content and yield in herbal tea bags based on variations in drying temperature

Temperature Variation (°C) Water Content (%bb) Yield (%bb)
M1 (45°C) 7.52+0.242 13.15+0.58?
M2 (55°C) 7.16+0.132 11.14+0.49
M3 (65°C) 6.2740.32b 10.89+0.88¢
M4 (75°C) 5.82+0.19¢ 10.07+0.684
M5 (85°C) 5.09+0.134 9.76+0.35d

a,b, ¢, d = jdentical letter notations within the same row suggest that there are no substantial differences among the groups
(p-value>0.05)
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The data analysis results demonstrate that
temperature variations during the drying process
substantially influence the yield of herbal tea bags. Table
1 presents the yield of herbal tea bags, ranging from
9.76% to 13.15%. Sample M5 (85°C) exhibits the lowest
average yield at 9.76%, whilst sample M1 (45°C)
demonstrates the highest average yield of 13.15%. This
condition posits that an increased drying temperature
will lead to diminished yields. Previous studies indicated
that the yield?” strength of a material decreases as the
heating temperature increases. Furthermore, this finding

122

aligns with the assertion28, which posits that throughout
the drying process, a temperature differential between
the internal and external environment compels the
expulsion of water content to equilibrate the
temperature, hence influencing yield shrinkage. The
findings of?> indicate that reduced water content in dry
material affects the decrease in the mass of water within
the material. The moisture content in dry materials
influences the material's weight; thus, decreasing this
content will diminish the mass, subsequently affecting
the product yield?°,

Table 2. Mean values of total phenols, total flavonoids, and antioxidant activity of herbal teabags based on variation of drying

temperature
Temperature Variation . .
0 Total Phenol (MgGAE/g) Total Flavonoids (MgQE/g) Antioxidant (ug/mL)
M1 (45°C) 134.240.07° 81.33+0.082 216.02+0.112
M2 (55°C) 128.1+0.030 75.08+0.09° 214.11+0.63b
M3 (65°C) 120.5+0.04¢ 68.28+0.07¢ 213.1242.08
M4 (75°C) 106.2+0.08¢ 64.98+0.044 201.04+0.24¢
M5 (85°C) 105.1+0.11¢ 60.15+0.05¢ 159.88+1.25¢

a b ¢ d = jdentical letter notations within the same row suggest that there are no substantial differences among the groups

(p-value>0.05)

The fluctuation in temperature differential during
drying considerably influences the overall phenol
concentration in herbal tea bags. Table 2 indicates that
the concentration of phenolic compounds produced
ranges from 105.1 mg GAE/g to 134.2 mg GAE/g. The
minimum mean phenol value was seen in M5 (85° C) at
105.1 mgGAE/g, whilst the maximum mean phenol value
was recorded in treatment M1 (45° C) at 134.2 mgGAE/g.
The results indicated that the drying temperature
intensity affected the concentration of phenolic
compounds. The increased drying temperature is
inversely related to the concentration of phenolic
compounds generated. A lower drying temperature will
also elevate the phenol content. The phenol primarily
derives from the herbal tea components of mangosteen
peel, kersen, and bay leaves. Prior studies demonstrated
that the total phenolic content of mangosteen skin was
6.56 mg GAE per 100 g. Phenols are primary antioxidants
containing limonene, menthone, cineole, menthol, and
pulegone 39, Phenols correlate with antioxidant activity;
precisely, a rise in phenol levels corresponds to an
enhancement in antioxidant activity31. This assertion is
corroborated by prior research, which indicates that
phytochemical constituents exhibiting antioxidant action
possess a characteristic susceptibility to elevated
temperatures. According to the notion, the phenolic
chemicals in herbal teabags will diminish. Researchers
have preemptively addressed the issue by creating herbal
teabags that incorporate diverse component variants,
aiming to reduce phenol concentration.

Temperature fluctuations throughout the drying
process affect the overall flavonoid concentration in
herbal teabags. Table 2 illustrates that the total flavonoid
content in herbal teabags, following various drying
temperature treatments, varied from 81.33 mgQE/g to
60.15 mgQE/g. The minimum mean total flavonoids were
recorded in sample M5 (85° C) at 60.15 mgQE/g, whilst
the maximum mean total flavonoids were found in

sample M1 (45° C) at 5.15 mgQE/g. Like phenolic
substances, elevated heating temperatures can also
degrade flavonoid compounds, diminishing their content,
particularly kaempferol and morin. Flavonoid chemicals
constitute a category of antioxidants affected by various
intrinsic factors. The total flavonoid content increases in
direct proportion to the low drying temperature during
the production of herbal tea bags. Kersen leaves, a
flavonoid-rich component in herbal teabags, contribute
10.025 mgQE/g of flavonoids. The material comprises
many chemical compounds, including tannins, saponins,
flavonoids, and polyphenols, which are present in
significant quantities; nevertheless, their content will
diminish when exposed to intense heat32. The flavonoid
content in mangosteen peel is 7.12 mgQE/g. The
compounds methoxide, isorhoifolin, eugenol, and thymol
are potent antioxidants®. This finding is corroborated by
research?63 results 26.33, which indicate that drying
temperature  significantly affects the flavonoid
concentration in sungkai leaf-based herbal tea,
necessitating additional herbal components to mitigate
the reduction in flavonoid content.

The fluctuation in temperature differential during
the drying process markedly influences the antioxidant
activity in herbal teabags composed of mangosteen peel,
red ginger, lemongrass, kersen leaves, orange leaves, and
bay leaves. The antioxidant activity observed in herbal
teabags, as indicated in Table 2, varied from 159.88
pg/mL to 216.02 pg/mL. The minimum antioxidant
activity was recorded in treatment M5 (85°C) at 159.88
pg/mL, whereas the maximum antioxidant activity was
seen in treatment M1 (45° C) at 216.02 pg/mL. This
study's results demonstrate that varying drying
temperatures during herbal tea production significantly
influence the antioxidant activity outcomes?8. Previous
study 18 indicated that antioxidant substances are
affected by the levels of phenols and flavonoids in several
components, including mangosteen peel and kersen
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leaves. The elevated levels of phenols and flavonoids are
directly linked to increased antioxidant activity. The
mangosteen peel comprises phenolic compounds,
including limonene, cineole, menthone, menthol, and
pulegone, which function as antioxidants and inhibit
oxidation by sequestering free radicals3?. The analysis
results indicated that the antioxidant activity from the
drying procedure at 45°C yielded the maximum
antioxidant content, leading to its selection for ICso
determination. The achieved ICsg value was 46.17 ppm. A
lower ICso value is inversely related to the ability to
neutralize free radicals, indicating better antioxidant
activity. Herbal teabags subjected to a drying procedure
at 45°C are classified as potent antioxidants. According to
the findings34, 1Csp values below 50 ppm are classified as
potent antioxidants, those between 50-100 ppm as
potent antioxidants, values from 100-150 ppm as
moderate antioxidants, and those from 150-200 ppm as
weak antioxidants®.

123

The ranking test was employed to evaluate the
sensory attributes of herbal tea bags utilizing the hedonic
technique. The ranking test encompasses sensory
attributes of colour, taste, and scent, but the preference
test is restricted to aroma qualities and overall
preference3>. The brewing of herbal tea bags pertains to
Indonesian National Standard 3753:2014 about green tea
bags. The brewing process commences by immersing a 3
g tea bag in a container, adding 180 ml of water at 90°C,
allowing it to steep for approximately 5 minutes, and
then agitating it in a circular motion until the extract is
thoroughly combined. The subsequent step involves
extracting the tea from the hot water solution. The final
step is to lower the temperature of the tea solution to
40°C. Table 3 presents the observational results on the
average approval of the colour, scent, and taste
components. Table 4 presents the average results of
preferences regarding the scent component and the
overall evaluation of herbal tea items.

The results indicated a substantial difference in
drying temperature that affected the colour of the
infused herbal tea, as seen by the ranking test outcomes.
Table 3 depicts the average rating, ranging from 1.23
(yellow) to 4.18 (reddish brown). Treatment M5 (85°C)
had the lowest evaluation for tea bag colour, exhibiting a
brown hue with a subtle red tint, comparable to
treatment M4 at a drying temperature of 75°C. The most
excellent mean value was observed in treatment M1
(45°C), characterized by greenish-yellow colour criteria.
The steeped herbal tea at 75°C has a greater colour
density than that brewed at 55°C. The rationale is that
elevated drying temperatures result in the loss of colour

M4 M5

Figure 5. Variations of Herbal Teabag Samples

in dyed herbal tea, leading to a yellowish-red hue in the
brewed beverage. The pigments in the mangosteen skin
have deteriorated, resulting in a lighter skin hue. At
elevated drying temperatures, chlorophyll converts to
pheophytin, producing a darker tea hue. Moreover, the
flavonoid pigments in the peel impart a yellow hue, and
these molecules also alter the flavour to a sweet profile.
Previous studies indicate?> that drying at elevated
temperatures leads to the oxidation of pigments in the
material, resulting in colour degradation. Elevated drying
temperatures may lead to discolouration and a reduction
in material quality.

Table 3. Mean ranking on aroma, color, and taste of herbal teabags based on variation of drying temperature

Temperature Variation (°C) Color Aroma Taste
M1 (45°C) 1.731£0.89¢ 1.66+0.73¢ 2.32+1.32¢
M2 (55°C) 3.26+1.21° 2.4440.65¢ 3.24+1.14b
M3 (65°C) 3.47+0.88 2.98+0.57° 3.26+0.45P
M4 (75°C) 4.13+0.82°2 3.11+0.47° 237+1.42¢
M5 (85°C) 4.25+0.712 3.71+0.632 3.98+0.92

a b ¢ d = jdentical letter notations within the same row suggest that there are no substantial differences among the groups
(p-value>0.05)

Table 4. Mean favorability on aroma and overall acceptability of herbal teabags based on variation of drying temperature

Temperature Variation (°C) Aroma Overall Acceptance
M1 (45°C) 5.5610.8?2 5.73+0.68?
M2 (55°C) 4.8610.87° 5.12+0.7°
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Temperature Variation (°C) Aroma Overall Acceptance
M3 (65°C) 5.00+0.81° 5.00+0.77°
M4 (75°C) 4.79+0.90P 4.76+0.68P
M5 (85°C) 4,05+1.16°¢ 4,1140.81¢

a b ¢ d = jdentical letter notations within the same row suggest that there are no substantial differences among the groups

(p-value>0.05)

The panellists' evaluation of the aroma of herbal
teabags revealed that fluctuations in drying temperature
significantly influenced the colour, aroma, flavour, and
overall acceptability of the teabags. According to the
results in Table 3, there is a discernible decline in
panellists' preference for all parameters as the drying
temperature escalates. This results from an increased
evaporation of aromatic and taste components at
elevated drying temperatures. Tea bags desiccated at
85°C received the lowest rating on the scent scale. The
elevated drying temperature diminished the distinctive
aroma of the herbal tea bags during infusion. The
predominant component in mangosteen peel is
xanthone, a molecule characterized by tricyclic aromatic
rings with supplementary phenol, methoxy, and prenyl
groups; drying at elevated temperatures diminishes the
scent of tea leaves. According to another study?3S, volatile
aromatic chemicals are responsible for tea's odour,
although herbal tea's chemical constituents consist of
saccharides that reduce sugars during brewing.
Furthermore, the oxidation of polyphenolic substances
and their derivatives, including tannins, transpires. The
aroma-active volatiles from mangosteen peel possess a
potent fragrance and exhibit significant volatility.
Furthermore, the findings of an additional study
indicated that the aroma of bay leaf can effectively
enhance participants' short-term memory
performance3’. The findings indicated that drying
temperature significantly influenced the aroma of
brewed tea, as determined by the hedonic test (p-
value<0.05). The mean favorability score for the aroma of
herbal tea bags was lowest at 85°C drying due to its
lacklustre scent and greatest at 45°C drying, indicating
that panellists preferred the robust aromatic qualities of
ginger and orange leaves. As the drying temperature
escalated during the treatment, the aroma of
mangosteen, derived from oxidized xanthone chemicals
in the herbal tea bags, intensified, producing a somewhat
unpleasant odour that consumers favoured?.

The findings suggest that the reduction of herbal
aroma in teabags is attributable to a decline in essential
oil content throughout the drying phase. Research %’
indicates that an increased drying process leads to a
decrease in the essential oil content present.
Furthermore, another observation is that excessive
mangosteen peel composition can impart a harsh taste
after consuming herbal tea.

The impact of temperature-controlled drying on
overall preference was substantial. Table 3 illustrates
that the disparity between the mean preference test and
overall liking varied from 2.75 (somewhat hated) to 4.88
(highly liked). A multitude of elements, including hue,
fragrance, and flavour, affect the overall preference for
herbal teabags.

This research possesses significant market
potential for the future. This study's results offer an
overview of easily prepared herbal plant-based beverage
diversification items. Moreover, herbal teabags have
been demonstrated to contain phytochemicals
advantageous to the body. Nonetheless, it is essential to
perform a more thorough shelf life assessment to
guarantee the safety of herbal teabags, as well as market
evaluations to acquire the most current data on suitable
packaging for the items of this study.

Respondents' preferences regarding herbal
teabags are established; however, further
comprehensive research is required to elucidate the
correlation between the phytochemical composition of
herbal teabags and consumer interest to derive insights
and contributions from the developed herbal teabags.

CONCLUSIONS

The alteration of drying temperature during the
production of herbal tea bags influences water content,
yield, total phenolic compounds, total flavonoids,
antioxidant activity, colour, aroma, flavour, and overall
acceptability. This technique demonstrates that a
temperature of 45°C vyields herbal tea bags with
enhanced antioxidant capacity and optimal outcomes.
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