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ABSTRACT

This research was conducted to evaluate the combined antioxidant potential of Mentha piperita leaves, Foeniculum vulgare seeds,
and Elettaria cardamomum cloves. The study was designed to determine whether the mixture of these herbs would enhance or
reduce their antioxidative effectiveness. Antioxidants are known to protect cells from oxidative stress caused by free radicals, which
can damage cellular components. In this study, extracts of mint (Mentha), fennel (Foeniculum), and cardamom (Cardamomum)
were prepared individually, and a combined extract was also made by boiling all three herbs together in the particular ratios as used
in kehwa. These extracts were tested using standard antioxidant assays, including DPPH, ABTS, FRAP, and Phosphomolybdenum
free radical scavenging methods, to measure their antioxidant capacities. It was found that the combined extract showed greater
antioxidant activity than the individual extracts of mint leaves and fennel seeds but was less effective than cardamom alone. To
further understand this result, FTIR (Fourier Transform Infrared Spectroscopy) analysis was carried out to identify chemical
compounds present in the extracts. It was observed that certain compounds found in cardamom were missing in the combined
extract. Additionally, phytochemical analysis was performed, and it suggested that alkaloids present in cardamom cloves may have
degraded or lost their activity when combined with mint leaves and fennel seeds. Based on these findings, it was concluded that
cardamom should not be mixed with mint and fennel if the goal is to maximize antioxidant potential, as its effectiveness may be
reduced in combination.
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INTRODUCTION

The rise of photosynthetic organisms like blue-green algae and plants led to oxygen buildup in the atmosphere and oceans, shifting
Earth’s environment from reducing to oxidizing [1]. This transformation posed a challenge for early life to develop antioxidant defenses
but also offered the opportunity to harness oxygen for energy and biosynthesis [2]. These changes drove evolutionary diversification
and the emergence of aerobic life[3].Aging and many diseases are linked to reactive oxygen species (ROS) and free radicals, which are
unstable molecules that can damage cells, proteins, and DNA. This oxidative stress disrupts normal cellular functions, contributing to
conditions like cancer, and neurodegenerative disorders. Over time, the accumulation of this damage accelerates aging and disease
progression [4, 5]. There is also large data showing that oxidative stress is linked to complex systemic pathologies such as endometriosis,
where dysregulated neurotrophins cause damage to multiple organs, further highlighting the widespread effects of free radicals that
extend beyond the classical systems of focus [6].

Understanding how free radicals function is essential for developing effective nutritional strategies to combat the harmful effects of
space radiation. The body naturally generates free radicals—such as superoxide, nitric oxide, and hydroxyl radicals—as well as other
reactive species like hydrogen peroxide, peroxynitrite, and hypochlorous acid, mainly through aerobic metabolism[7, 8]. Free radicals
are extremely reactive chemicals that can cause considerable damage to biological components, including proteins, lipids, and DNA.
Free radicals cause structural alterations in proteins, which results in the creation of carbonyl compounds [9]. These carbonyl compounds
are well known for being accurate indicators of oxidative stress and protein oxidation in the body [10]. Recent observations indicated
that oxidative imbalance, including that created by trace mineral deficiencies such as zinc, can also modify gut microbiota activity and
antioxidant enzyme pathways, highlighting the metabolic dependencies that underlie the process of oxidative damage management [11].
Medical disorders include ischemia (limited blood flow) and brain damage have been closely linked to free radical activity. The abrupt
return of blood flow during ischemic episodes may trigger a surge in the generation of free radicals, which can cause additional tissue
damage [12]. This phenomenon is referred to as reperfusion injury[13]. Excessive oxidative stress in the brain has been connected to
neurodegenerative conditions including Parkinson's and Alzheimer's[13].

Oxidation of proteins can disrupt cellular processes and play a role in the emergence of a number of illnesses [14]. Mentha piperita,
Foeniculum vulgare, and Elettaria cardamomum are medicinal herbs widely recognized for their potent antioxidant properties and have
been traditionally used in various cultures, especially in Asia. A notable example is a herbal infusion known as “Kehwa,” which combines
these three herbs to address gastrointestinal issues and promote overall wellness [15]. The phytochemical analysis of traditional
medicines such as Caralluma tuberculata revealed that natural extracts elicit a variety of bioactive constituents including antioxidant and
antibacterial properties [16].

Mentha piperita (commonly known as peppermint) is well-known for its refreshing flavor and therapeutic qualities. It contains bioactive
compounds such as menthol, flavonoids, and rosmarinic acid, which contribute to its strong antioxidant capacity [17]. These constituents
help enhance the body's defense mechanisms by neutralizing harmful free radicals, thereby protecting cells from oxidative stress and
associated damage [18].Foeniculum vulgare, or fennel, is another valuable herb that has been used both in culinary and medicinal
practices. Rich in phenolic compounds like anethole and flavonoids, fennel exhibits significant anti-inflammatory and antioxidant effects
[19]. Its ability to scavenge free radicals contributes to reduced cellular inflammation and supports digestive health, making it a common
ingredient in herbal remedies for bloating and indigestion [20, 21]. Recent developments in personalized medicine have demonstrated
the role of biochemical profiling using salivary diagnostics and the importance of phytochemical compounds in safe-based therapeutics.
These observations help clinical translation of classical herbal antioxidants [22].

Elettaria cardamomum, known as green cardamom, is an aromatic spice that also functions as a medicinal herb [23]. It contains essential
oils such as 1,8-cineole and terpinene, along with polyphenols that exhibit antioxidant, antimicrobial, and anti-inflammatory propertie
[24, 25]. Cardamom is often used to alleviate symptoms of nausea, improve metabolic function, and enhance oral and digestive health
[26]. Moreover, the rising popularity of natural immunity and wellness, especially after COVID-19, has drawn more attention to herbal
remedies, indicating an evolution in community health behavior and a necessity to develop and conduct more phytochemical validation
work [27].

To evaluate the antioxidant potential of these herbs, several in vitro assays are employed. These include the Phosphomolybdenum assay,
which measures the total antioxidant capacity by quantifying the reduction of molybdenum (VI) to molybdenum (V) and DPPH assay
which measures antioxidant activity by quantifying the ability of a compound to scavenge or reduce the stable free radical DPP [27, 29].
The ABTS assay, is also subjected which assesses the ability of antioxidants to scavenge ABTSe+ radicals; and the FRAP (Ferric
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Reducing Antioxidant Power) assay, which estimates the reducing potential of antioxidants by converting ferric (Fe**) to ferrous (Fe?")
ions [28, 30, 31]. These methods provide a quantitative basis to compare and validate the antioxidant activity of herbal extracts [28]. In
summary, the combination of Mentha piperita, Foeniculum vulgare, and Elettaria cardamomum in traditional beverages like kehwa is
rooted in their individual and synergistic antioxidant properties.

MATERIAL AND METHODS

Extract formation

Two grams of dried powder from each individual herb were accurately measured and taken separately. Each sample was added to 500
milliliters of distilled water in a clean beaker and subjected to boiling for a sufficient period to ensure thorough extraction of active
constituents. Following the boiling process, the mixtures were allowed to cool slightly and then filtered carefully using appropriate filter
paper to remove solid residues. The filtrates were further boiled to reduce their volume significantly, concentrating the extracts. The
concentrated solutions were then transferred into clean, labeled Petri dishes and left to air dry at room temperature until solid residues
were obtained. For the preparation of the combined extract, dried powders of Cardamom, Mint, and Fennel seeds were mixed thoroughly
in a ratio of 2:1:0.5 by weight. This mixture underwent the same extraction process: boiling in 500 milliliters of distilled water, filtration,
and volume reduction by boiling, and air drying in Petri dishes to yield the final solid extracts.

Control Formation

A 2000 mM stock solution of ascorbic acid was prepared by dissolving 3.52 g of ascorbic acid in 10 mL of distilled water. This solution
served as the control standard in all subsequent assays [32]. From the stock, a series of ten two-fold serial dilutions were prepared by
the half-dilution method, where each subsequent dilution was obtained by mixing equal volumes of the preceding solution with distilled
water, thereby halving the concentration at each step. As a result we had a series of 2000mM, 1000mM, 500mM, 250mM and so on
solutions of ascorbic acid [33]. These dilutions were used to evaluate the concentration-dependent effects of ascorbic acid and to serve
as a reference for comparing the antioxidant or bioactive potential of the herbal extracts under study. All dilutions were freshly prepared
before being used in antioxidation assay.

Preparation of Serial Dilutions of Herbal Extracts

To assess the bioactivity of herbal extracts, a series of ten serial dilutions were prepared for each extract. Initially, 10 g of the herbal
extract was accurately weighed and dissolved in 5 mL of distilled water to obtain the stock solution with a concentration of 2 g/mL
(2000 mg/mL). This solution was designated as the first dilution. Subsequent dilutions were prepared using a 2-fold serial dilution
method, in which equal volumes (1:1 ratio) of the preceding dilution and distilled water were mixed to reduce the concentration by half
at each step [34]. As a result, the second dilution had a concentration of 1 g/mL, the third was 0.5 g/mL, the fourth was 0.25 g/mL, and
so on, continuing until the tenth dilution. All dilutions were freshly prepared prior to being used in antioxidant assays. As a result 4
dilution sets each having 10 dilutions of cardamom, fennel seeds, mint and combined extract were formed.

DPPH Assay

In this experiment, 0.02 g of DPPH (2,2-diphenyl-1-picrylhydrazyl) was dissolved in 30 mL of ethanol to prepare a 50 mM solution.
Taking into account DPPH's sensitivity to light, to prevent photo degradation, the DPPH solution was stored in an aluminum foil-
wrapped beaker and all the procedure was carried out under low-light conditions. Five sets of dilutions were prepared already. Each
dilution, was in dark glass vials to minimize light exposure, received 0.1 mL of the prepared DPPH solution [35]. The mixtures in each
set were subjected to the DPPH assay independently to assess the antioxidant activity of the extracts, as DPPH decolonization indicates
free radical scavenging potential. The change in color of the DPPH solution in each dilution was measured using a Stalwart STX 900
Xenon Lamp UV-Visible spectrophotometer set at a wavelength of 520 nm, at 10, 25, 40 and 55 minutes interval [36].

ABTS Assay

Both a 2.45 mM potassium persulfate solution and a 7 mM ABTS solution were made in ethanol. After mixing the two solutions in equal
parts, they were left to incubate for 12 to 16 hours at room temperature. Following incubation, the solution was diluted until a reading
of 0.7+2 was read with a spectrophotometer at 734nm [37]. ABTS solution was added to each dilution, and measurements were made.
Every set of dilutions was measured at 734 nm with a UV-visible spectrophotometer at intervals of 10, 25, 40, and 55 minutes [38].
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FRAP Assay

40ml of distilled water was combined with 0.4g of ferricyanide to form 1% potassium ferricyanide solution. A 10% solution of
trichloroacetic acid was prepared by agitating 3.6g of the acid in 36ml of distilled water. 20 milliliters of distilled water were used to
dissolve 0.02 grams of ferric chloride, yielding a 0.1% FeCls solution. Two milliliters of each dilution were taken, and 2.5 milliliters of
1% potassium ferricyanide were then added. 50°C was the temperature at which the combination was incubated for 20 minutes. After
allowing the combined dilutions to reach room temperature, they were centrifuged for 30 minutes at 3000 rpm. From each combination
of dilution, 2.5 ml of supernatant was placed into vials.
Then, 2.5 milliliters of distilled water and 1 milliliter of a FeCl3 0.1% solution were added to each vial [39]. Every set of dilutions had
its UV-visible spectrophotometer readings collected at 593 nm at intervals of 10, 25, 40, and 55 minutes.

Phosphomolybdenum Antioxidation Potential Assay

0.048g and 0.275g of each component were dissolved in 60ml of distilled water to create a 0.48mM solution of ammonium molybdate
and a 28mM solution of sodium phosphate, respectively [40]. The reagent having equal parts of sodium phosphate, ammonium
molybdate, and diluted H2SO4 was added to each dilution one by one of all the dilution sets. Each set of dilutions was incubated for
1.5 hours at 95°C. Readings from the UV-visible spectrophotometer were taken at 695 nm at 10, 25, 40, and 55-minute intervals [39,
41].

Phytochemical Analysis

The investigation of phytochemicals involved the identification of several substances. Using the Salkowski test, which revealed a
reddish-brown layer at the contact, terpenoids were detected [42]. The ferric chloride test revealed the presence of tannins, giving rise
to a greenish-black color [43]. By producing a magenta color, the Zinc-HCI reduction test showed the presence of flavonoids [44].
Benedict's test was used to identify reducing sugars, which produced a brick-red precipitate. By adding H2SO4 to the chloroform-extract
mixture and causing it to turn red, steroids were found [45]. Using Wagner's technique, alkaloids were identified as a brown precipitate
[46]. Ultimately, Fehling's technique was used to identify glucosides, and following heating, color changes were seen [47].

RESULTS

For each assay a graphical representation was created with % inhibition, calculated as %inhibition = (At/Ac - 1) x 100, on the Y-axis
and the logio of the concentration of dilution on the X-axis for each [48]. At each time interval, a graph was plotted, from which the ICso
value was determined. This procedure was repeated across ten different dilutions for each extract, and the corresponding ICso values
were obtained for each assay.

ICso for DPPH Assay

The ICso values of ascorbic acid, used as the control, show its strong antioxidant capacity. These values gradually decrease over time,
from 0.011006 g/ml at 10 minutes to 0.010417 g/ml at 55 minutes, reflecting consistent and efficient free radical scavenging activity.
Ascorbic acid serves as a reliable standard for comparing the antioxidant strength of the plant extracts tested in the DPPH assay (Table

1).

Among the herbal extracts, Elettaria cardamomum (Cardamom) showed the highest antioxidant activity, with the lowest ICso values
across all time intervals. Foeniculum vulgare (Fennel) displayed moderate activity, while Mentha piperita (Mint) had the weakest
antioxidant potential, as indicated by its highest ICso values. The combined extract of Cardamom, Mint, and Fennel demonstrated
intermediate activity, showing a beneficial but not superior effect compared to Cardamom alone. All extracts exhibited a gradual decrease
in ICso values with time, indicating that their ability to neutralize free radicals improved as the reaction progressed (Table 2).
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Table 1: Table 1 shows how the effectiveness of ascorbic acid (vitamin C) in neutralizing free radicals changes slightly over time,
based on DPPH assay results. The ICso values represent the concentration required to reduce the DPPH free radical activity by
half—a common measure of antioxidant strength

IC 50 0f Control for DPPH (Ascorbic Acid)

Concentration 10 Min 25 Min 40 Min 55 Min
mM 62.515 60.123 59.964 59.127
g/ml 0.011006 0.010589 0.010558 0.010417

Table 2: ICso values of four herbal extracts in the DPPH assay at different time intervals, indicating their antioxidant activity.
Mentha piperita (peppermint leaves), Foeniculum vulgare (fennel seeds), Elettaria cardamomum (cardamom cloves), and a
combination of all three—measured at four time intervals using the all samples DPPH assay.

IC 50 of 4 extracts for DPPH assay

(g/ml)

Extracts 10 Min 25 Min 40 Min 55 Min

Mentha Piperita 0.604 0.581 0.573 0.543

(leaves)

Foeniculum vulgare 0.289 0.265 0.247 0.219

(seeds)

Elettaria cardamomum 0.177 0.157 0.137 0.111

(cloves)

Combination of former 3 0.342 0.327 0.312 0.301
ICso for ABTS Assay

The ICso values of ascorbic acid in the ABTS assay decrease steadily over time, ranging from 3.10 x 10~° g/mL at 10 minutes to 2.32 x
107° g/mL at 55 minutes. This gradual decline reflects the high and time-dependent antioxidant potential of ascorbic acid, making it a
reliable positive control for evaluating the free radical scavenging activity of plant extracts. The lower the ICso value, the stronger the
antioxidant activity, and ascorbic acid demonstrates consistent efficiency throughout the tested time intervals (Table 3).

Among the tested extracts, Elettaria cardamomum (Cardamom) showed the strongest antioxidant activity in the ABTS assay, with
exceptionally low ICso values at all time points, decreasing from 0.000423 g/ml to 0.000243 g/ml. The combined extract of Cardamom,
Mint, and Fennel also displayed significant antioxidant capacity, though slightly less than Cardamom alone. Foeniculum vulgare
(Fennel) exhibited moderate activity, but an unexpected rise in ICso to 0.568 g/ml at 55 minutes suggests a possible anomaly or
experimental variation. Mentha piperita (Mint) had the weakest activity among the samples, with relatively high ICso values throughout.
Overall, all extracts showed a general trend of decreasing ICso values over time, indicating enhanced radical scavenging with prolonged
exposure (Table 4).
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Table 3: This table shows the decreasing ICso values of ascorbic acid over time, indicating its increasing antioxidant activity in
the ABTS radical scavenging assay.

IC 50 0f Control for ABTS Assay (Ascorbic Acid)

Concentration 10 Min 25 Min 40 Min 55 Min
mM 0.176 0.165 0.147 0.132
g/ml 3.10 x 103 291 x 10 2.59 x 107 232 x10°°

Table 4: This table presents the antioxidant activity of Mentha piperita, Foeniculum vulgare, Elettaria cardamomum, and their
combination, measured as ICso (g/mL) over 10 to 55 minutes.

IC 50 of 4 extracts for ABTS Assay

(g/ml)

Extracts 10 Min 25 Min 40 Min 55 Min

Mentha Piperita 0.468 0.421 0.373 0.333

(leaves)

Foeniculum vulgare 0.0744 0.0721 0.0675 0.568

(seeds)

Elettaria cardamomum 0.000423 0.000312 0.000302 0.000243

(cloves)

Combination of former 3 0.0521 0.0456 0.0421 0.0407
ICso for FRAP Assay

The ICso values of ascorbic acid in the FRAP (Ferric Reducing Antioxidant Power) assay show a clear decreasing trend over time,
starting from 3.22 x 107 g/mL at 10 minutes to 2.08 x 107 g/mL at 55 minutes. This consistent decline highlights the strong and time-
dependent antioxidant capacity of ascorbic acid, making it a reliable positive control in this assay. The lower ICso values indicate higher
efficiency in reducing ferric ions, confirming ascorbic acid’s potent reducing power as a standard antioxidant agent (Table 5).

In comparison, the plant extracts exhibit varying antioxidant activities. Elettaria cardamomum (Cardamom) shows the most consistent
and potent antioxidant potential, with notably low ICso values throughout the time intervals, particularly at 40 minutes (0.0128 g/mL).
Mentha piperita (Mint) displays moderate activity with a slight increase in ICso at later times, suggesting a reduction in antioxidant
effectiveness. Foeniculum vulgare (Fennel) shows more variability, with fluctuating ICso values and the highest at 40 minutes (0.19558
g/mL), indicating weaker performance. The combined extract of all three plants demonstrates intermediate activity, with relatively stable
ICso values across time, suggesting a moderate and consistent antioxidant response (Table 6).
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Table S: This table presents the decreasing ICso values of ascorbic acid over time, indicating its strong and time-dependent
antioxidant activity in reducing ferric ions.

IC 50 0f Control for FRAP Assay (Ascorbic Acid)

Concentration 10 Min 25 Min 40 Min 55 Min
mM 0.0183 0.0157 0.0145 0.0118
g/ml 322 x10°¢ 2.77 x10°¢ 2.55x10°¢ 2.08 x10°¢

Table 6: This table presents the antioxidant activity of Mentha piperita, Foeniculum vulgare, Elettaria cardamomum, and their
combination over time. Elettaria cardamomum showed the strongest activity with the lowest ICso values, while Foeniculum
vulgare showed the weakest. The combination extract and Mentha piperita exhibited moderate activity.

IC 50 of 4 extracts for FRAP Assay

(g/ml)

Extracts 10 Min 25 Min 40 Min 55 Min
Mentha Piperita 0.0231 0.0236 0.0261 0.0415
(leaves)

Foeniculum vulgare 0.16726 0.1113 0.19558 0.1834
(seeds)

Elettaria cardamomum 0.0186 0.0229 0.0128 0.0264
(cloves)

Combination of former 3 0.0494 0.0478 0.0505 0.0505

ICso for Phosphomolybdenum Assay

The ICso values of ascorbic acid in the phosphomolybdenum assay decrease gradually from 1.99 % 10~ g/mL at 10 minutes to 1.87 x
10 g/mL at 55 minutes. This steady reduction indicates strong and consistent antioxidant activity, confirming ascorbic acid as a reliable
positive control in ferric ion reduction. The minimal variation in values across time points reflects its stability and efficient performance
throughout the assay duration (Table 7).

In the phosphomolybdenum assay, Elettaria cardamomum showed the strongest antioxidant activity, with very low ICso values at each
time point, especially at 40 minutes. Foeniculum vulgare displayed moderate effectiveness, while Mentha piperita had the weakest
activity, with ICso values remaining high throughout. The combination of all three extracts demonstrated improved performance
compared to Mint and Fennel individually, suggesting possible synergistic interactions. ICso values for most extracts remained relatively
stable over time, except for a slight increase in Cardamom at 55 minutes (Table 8).
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Table 7: The table shows a gradual decrease in ICso values over time, indicating increasing antioxidant activity of ascorbic acid.
It serves as a standard for evaluating total antioxidant capacity.

IC 50 of Control for Phosphomolybdenum antioxidant Assay (Ascorbic Acid)

Concentration 10 Min 25 Min 40 Min 55 Min
mM 0.1132 0.1112 0.1099 0.1062
g/ml 1.99 x 10 1.96 x 10 1.94 x 10 1.87 x 10

Table 8: This table presents the antioxidant capacity of Mentha piperita, Foeniculum vulgare, Elettaria cardamomum, and their
combination over time. Elettaria cardamomum showed the strongest activity with the lowest ICso values, while Mentha piperita
exhibited the weakest. The combination and Foeniculum vulgare extracts showed moderate antioxidant effects.

IC 50 of 4 extracts for Phosphomolybdenum antioxidant assay

(g/ml)

Extracts 10 Min 25 Min 40 Min 55 Min
Mentha Piperita 0.7686 0.7534 0.7601 0.7535
(leaves)

Foeniculum vulgare 0.1455 0.1266 0.1371 0.1287
(seeds)

Elettaria cardamomum 0.0046 0.0018 0.0015 0.0312
(cloves)

Combination of former 3 0.0510 0.0496 0.0521 0.0456

FTIR Graph of Mentha piperita leaves extract

The FTIR spectrum of Mentha piperita (Mint) leaves extract reveals the presence of various functional groups, indicating the presence
of bioactive compounds. A broad and strong absorption band around 3945 em™ corresponds to O—H stretching vibrations, typically
found in alcohols and phenolic compounds, which are common in mint due to its antioxidant content [49]. Peaks near 2920-2850 cm™
may indicate C—H stretching from alkanes [50]. A prominent peak at 1630-1580 cm™ is observed, which represents C=C stretching
vibrations from aromatic rings or C=0 stretching of conjugated ketones or flavonoids [51]. This suggests the presence of aromatic
compounds and possibly aldehydes or ketones. The multiple peaks between 1500-1000 cm™ (e.g., at 1398, 1260, 1097, and 1066 cm™)
likely correspond to C—O stretching vibrations, often associated with ethers, esters, or phenolic compounds [52].Smaller peaks around
800-600 cm™ are typically linked to C—H bending out-of-plane, found in aromatic compounds [53] (Fig. 1).
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Figure 1: FTIR spectrum of Mentha piperita (Mint) leaves extract showing prominent peaks for O—H stretching, C=O stretching, and
C-0 bending, indicating the presence of phenolic compounds, flavonoids, and other oxygen-containing functional groups responsible
for its antioxidant properties

FTIR Graph of Foeniculum vulgare seeds extract

The FTIR spectrum of Foeniculum vulgare (Fennel) seeds extract indicates the presence of various functional groups commonly found
in antioxidant and phytochemical compounds. A broad absorption band around 3390.5 cm™ corresponds to O—H stretching vibrations,
suggesting the presence of hydroxyl groups typically found in alcohols and phenolic compounds [54]. The peak at 2924.1 cm™ is
attributed to C—H stretching, indicating the presence of aliphatic hydrocarbons such as fatty acids or essential oils [55]. In the fingerprint
region, the peak at 1559.9 cm™ may be due to C=C stretching vibrations in aromatic rings or N—H bending, which are common in
flavonoids and other bioactive aromatic compounds [56, 57]. The peak at 1380.2 cm™ corresponds to C—H bending, while those around
1103.3 cm™ and 1046.5 cm™ represent C—O stretching vibrations, often found in esters, ethers, or alcohols [52]. Additional peaks
between 880 and 690 cm™ indicate C—H out-of-plane bending, typically associated with substituted aromatic rings [58]. These spectral
features collectively confirm the presence of functional groups that support the antioxidant and medicinal properties attributed to fennel
seed extract (Fig. 2).
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Figure 2: FTIR spectrum of Foeniculum vulgare (Fennel) seeds extract showing characteristic peaks for O-H, C-H, C=0, and C-O
functional groups, indicating the presence of phenolic compounds, alkanes, and aromatic structures associated with antioxidant activity.

FTIR of Elettaria cardamomum cloves extract

The region near 2920 cm ™ usually corresponds to C—H stretching vibrations of alkanes, suggesting the presence of hydrocarbon chains,
possibly from essential oils [59]. A peak at 1648 cm™* corresponds to C=C stretching in aromatic rings or C=0 stretching in conjugated
systems, indicating the presence of compounds such as flavonoids or aldehydes [60]. Several peaks between 1500 and 1600 cm™ suggest
aromatic ring vibrations, further supporting the presence of polyphenolic compounds. The fingerprint region, especially between 1000
and 1100 cm™, shows strong absorptions attributed to C—O stretching, which can be related to alcohols, ethers, or esters [61] (Fig. 3).
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Figure 3: FTIR spectrum of Elettaria cardamomum (cardamom) clove extract showing characteristic peaks corresponding to
O-H stretching (~3319 cm™), C=C or C=0 stretching (~1648 cm™), aromatic ring vibrations (1500—1600 cm™), and C-O
stretching in the fingerprint region (1000-1100 cm™), indicating the presence of phenols, flavonoids, essential oils, and other
bioactive compounds

FTIR of Combined Extract

A broad absorption peak at 3292 cm™! corresponds to O—H stretching vibrations, commonly associated with alcohols and phenolic
compounds, which are prevalent in all three herbs and are known for antioxidant activity. The small shoulder near 2920 cm™ suggests
C-H stretching of alkanes, likely from essential oils such as menthol (from Mentha), anethole (from Foeniculum), and cineole (from
Elettaria).The peak at 1654 cm ™' may indicate C=C stretching of aromatic rings or C=0 stretching, pointing to the presence of flavonoids
or aldehydes. Peaks around 1608 cm™ and 1437 cm™ further support the presence of aromatic and conjugated structures, which are
common in plant secondary metabolites. The fingerprint region (1500—650 cm™) contains several sharp peaks, including those at 1101
cm™', 1025 cm™, and 669 cm™, attributed to C—O, C—N, and C-H bending vibrations. These suggest the presence of esters, ethers, and
alkaloids [62] (Fig. 4).
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Figure 4: FTIR spectrum of the combined herbal extract containing Mentha piperita (leaves), Foeniculum vulgare (seeds), and Elettaria
cardamomum (cloves), showing characteristic peaks for O—H stretching (~3292 cm™), C-H stretching (~2920 cm™), C=C/C=0
stretching (~1654 cm™), aromatic ring vibrations (~1608—1437 cm™), and C—O/C—N stretching in the fingerprint region (~1101-1025
cm™), indicating the presence of phenolics, flavonoids, essential oils, and other bioactive phytochemicals.

Presence of phytochemicals

The phytochemical screening of the extracts reveals distinct profiles for each herb. Mint extract showed the presence of tannins,
terpenoids, reducing sugars, flavonoids, and glucosides, indicating a broad range of bioactive compounds. Cardamom extract tested
positive for terpenoids, reducing sugars, and alkaloids, while lacking tannins, flavonoids, and glucosides. Fennel seeds extract contained
terpenoids, reducing sugars, and alkaloids but tested negative for other phytochemicals. The combined herb extract displayed the
presence of tannins, terpenoids, reducing sugars, flavonoids, and glucosides, reflecting a synergistic composition. Notably, none of the
extracts showed the presence of steroids, suggesting their absence across all samples (Table 9).
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Table 9: Phytochemical screening of individual and combined herbal extracts indicating the presence (+) or absence (-) of key
bioactive compounds such as tannins, terpenoids, flavonoids, alkaloids, and glucosides across mint, cardamom, fennel seeds, and
their combination.

Phytochemicals Mint Extract Cardamom Fennel Seeds Combined Herb
Extract Extract Extract
Tannins + - - +
Terpenoids + + + +
Reducing Sugars + + + +
Flavanoids + - - +
Alkaloids - + + -
Steroids - - - -
Glucosides + - - +
DISCUSSION

The antioxidant potential of Mentha piperita (mint), Elettaria cardamomum (cardamom), and Foeniculum vulgare (fennel seeds) was
studied both individually and in a combined aqueous extract using various assays, including DPPH, ABTS, FRAP, and
Phosphomolybdenum. Mint showed considerable antioxidant capacity due to its high content of polyphenols (19-23%) and flavonoids
(12%), with compounds like eriocitrin, rosmarinic acid, and luteolin playing a significant role. Fennel seeds also exhibited strong
antioxidant potential, with DPPH inhibition activity ranging from 75.26% to 95.69%. Cardamom, however, demonstrated the most
pronounced antioxidant activity on its own, with phenolic content ranging from 0.317 to 1.66 g and flavonoids between 11.33 to 14.63
g per 100 g of sample, contributing to its 85-90% antioxidant capacity. This strong antioxidant potential of cardamom can be linked to
its alkaloid composition, which has also been linked to a strong anti-inflammatory potential in pharmacological investigations [63]

When the three herbal extracts were mixed, a change in antioxidant behavior was observed. The IC-50 values of the combined extract
were higher than those of cardamom alone in all assays. A higher IC-50 value indicates that a greater concentration of antioxidants is
required to neutralize 50% of free radicals, suggesting a reduction in efficiency. This shows a negative mutualistic or anti-synergistic
effect, especially for cardamom. However, the IC-50 values of the combined extract were lower than those of mint and fennel
individually, suggesting a partial synergistic interaction for these two herbs. This supports the idea that mixtures of bioactive compounds
could show non-linear behavior, in which the combined effect is not simply additive, and dominant components in the mixture may be
less effective [64].

FTIR analysis provides insight into the molecular interactions behind this behavior. Cardamom's spectrum displayed distinct peaks,
especially near 3319 cm™ and in the region between 1600 to 1000 cm™, which are typical of phenolic and aromatic compounds. These
peaks were less prominent or absent in the combined extract, implying that several of the active phenolic components in cardamom were
either degraded or not well represented in the mixture. This loss of phenolic content may explain the drop in antioxidant activity when
the herbs were combined. Equivalent impairment of active molecules during multi-input therapeutic strategies has been detailed, with
interferences among other agents compromising the structural stability of important molecules [65].

Phytochemical screening revealed that terpenoids and reducing sugars were present in all extracts. Tannins and flavonoids were detected
in mint and the combined extract but not in cardamom and fennel alone. Alkaloids were found in cardamom and fennel but absent in the
combined sample, while glucosides were found in mint and the mixture. Steroids were not present in any of the extracts. The impairment
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of the biological activity of the combined extract can be caused by the loss of alkaloids, since the structural stability of these molecules
is crucial in maintaining the antioxidant activity [66].

Cardamom shows the highest antioxidant activity among the three herbs when used alone, largely due to its phenolic content. When
combined with mint and fennel, its antioxidant effect is reduced, suggesting a negative interaction. While the mixture enhances the
performance of mint and fennel, it diminishes the effectiveness of cardamom. This outcome highlights that combining herbs can alter
their individual biochemical behavior, sometimes reducing the beneficial effects of stronger components. It is consistent with regulatory
effects in molecular pathways where interactions with secondary agents may reduce the expression or action of primary functional
compounds [67].

CONCLUSION

The four extracts' FTIR examination revealed that while many of the chemicals found in cardamom were absent from the combined
extract, the phenolic compounds found in mint and fennel seeds were present in some amount. Cardamom contains alkaloids, according
to phytochemical testing, yet the combined extract tested negative for them. Strong antioxidants are found in alkaloids. Consequently,
it is plausible that the cardamom extract's alkaloids underwent degradation or transitioned into different forms due to the compounds
derived from the fennel and mint seeds in the combined extract. As a result, one should consume the extracts of these three herbs
separately to receive the greatest benefit in terms of anti-oxidation within the body.
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