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ABSTRACT:

Background: Medicinal plants are important sources of therapeutic agents and continue
to contribute to traditional medicine and modern drug discovery. Colocasia esculenta and
Alocasia macrorrhizos, two indigenous members of the family Araceae, were investigated
for their phytochemical composition and biological activities.

Objectives: To evaluate the phytochemical constituents and assess the antimicrobial,
antioxidant, and cytotoxic activities of successive extracts of C. esculenta and A.
macrorrhizos.

Materials and Methods: Successive extracts were prepared using solvents of increasing
polarity and subjected to qualitative phytochemical screening. Antimicrobial activity was
evaluated against Staphylococcus anreus and Escherichia coli, antioxidant activity was assessed

using the DPPH assay, and cytotoxicity was evaluated against B16-F10 melanoma cells.

Results: Both plants contained alkaloids, flavonoids, terpenoids, saponins, phenolics,
steroids, and glycosides, with variations according to solvent polarity. Petroleum ether
extracts showed the highest antimicrobial activity, with inhibition zones up to 14 mm.
DPPH assay showed ICg values of 8.71 pg/mL for C. esculenta and 10.91 pg/mL for A.
macrorrhizos. Cytotoxicity studies showed dose-dependent activity, with petroleum ether

extracts exhibiting ICgq values of 0.7342 pL/mL and 0.5957 uL./mL, respectively.

Conclusion: The findings demonstrate that C. esculenta and A. macrorrhizos, particularly
their non-polar fractions, possess promising antioxidant, antimicrobial, and cytotoxic
activities. These results support their traditional medicinal importance and warrant further
phytochemical and pharmacological investigations.

1. INTRODUCTION

Medicinal plants play a vital global role as sources of therapeutic compounds, contributing significantly to traditional healing
systems and modern drug development. With growing concerns over drug resistance, chronic diseases, and side effects of
synthetic medicines, plant-based remedies offer safer, more accessible, and sustainable alternatives. Their rich phytochemical
diversity continues to inspire the discovery of new antioxidant, antimicrobial, and anticancer agents worldwide. Plants have

been used for therapeutic purposes since ancient times, with roots in China, India, and Egypt (Chopda & Mahajan, 2009).
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Traditional remedies include dried plant parts, water, honey, tablets, tinctures, or lotions. Approximately 80% of individuals in
developing countries depend on traditional medicines for their primary healthcare, as estimated by the World Health
Organization (WHO) (Akerele, 1993). Traditional medicine utilizing medicinal plants is of significant interest to 33,000 million
individuals in developing countries, prompting scientific research into the biologically active compounds in these remedies for
treating infectious diseases (Perumal Samy & Ignacimuthu, 2000). Native plants from India have been essential for food,
medicine, and religious practices since ancient times. They are practical, nutritious, and environmentally sustainable, fostering
healthier living conditions without harming soil or human health (Sazada et al., 2009). Native plants are essential natural
resources, requiring minimal water and fertilizer. India hosts 15,000 plant species, representing 6% of global diversity, but
climate change and human activities currently threaten these species through exploitation (Mhaiskar et al., 2020). Herbs offer
therapeutic benefits for liver, central nervous system, digestive, metabolism, and cardiovascular issues due to their medicinal
properties and various biological functions (Arulmozhi et al., 2007). Thorough biological assessment of plant products is
essential for developing new plant-based medications, emphasizing the bioactive components in traditional medicinal herbs
(Bommakanti et al., 2023). The plants contain various active substances that may offer medicinal benefits, including antioxidant
and antimicrobial properties (Sharma et al., 2021). The study focuses on leveraging indigenous plants for innovative treatments
of various illnesses through pharmacological examination, aiming to integrate traditional medicinal plant use with evidence-
based medicine, despite the limited use of many due to their chemical characteristics and biological activity (Padmaja et al.,
2009). According to the WHO 2011 (Quality Control Methods for Medicinal Plant Materials World Health Organization
Geneva, n.d.) phytochemicals are crucial in pharmacognostic studies for determining drug therapeutic potential, safety, and
quality control. Plants generate bioactive phytomolecules crucial for ecological interactions and adaptation, which also have
significant pharmacological effects on humans. Numerous contemporary drugs and therapies are derived from these
compounds (Atanasov et al., 2021). Phytochemicals are biologically active, non-nutritive compounds in plants that enhance
their color, flavor, and disease resistance (Kerr, 1974). These compounds are crucial for plant defence and offer important

health benefits for human consumption.

Primary metabolites in plants are essential for cell formation and maintenance, while secondary metabolites, including volatile

oils, aid specific plant species in environmental interactions and medicinal properties (Eissa et al., 2024). Bioactive substances
like phenolics, flavonoids, terpenoids, and alkaloids are crucial in various fields like pharmacology, medicine, agriculture, and
food business due to their diverse physiological reactions (Rivero-Montejo et al., 2021). Alkaloids are a diverse class of
nitrogenous secondary metabolites found in many medicinal plants. They often have vigorous physiological activity, especially
on the nervous system. (Collins et al., 2021). Plant alkaloids contribute to antimicrobial, analgesic, and anti-inflammatory effects,
and also play a role in pain relief and fever reduction (Rashed et al., 2003). Terpenes, a diverse class of phytochemicals, are
composed of isoprene units and have pharmacological properties like antibacterial, anti-inflammatory, anticancer, analgesic,
antiviral, and neuroprotective actions in medicinal plants (Elshafie et al., 2023). Phenolic compounds, found in plants,
significantly influence color, flavor, and taste. They have anti-inflammatory, antioxidant, and antihepatotoxic properties.
Flavonoids, the largest group of naturally occurring phenols, are involved in nitrogen fixation and flower pigmentation. Over
5000 identified flavonoids are extracted from various plants (Samanta Amalesh, & Das Gouranga, 2011). Plant species contain
high concentrations of saponins, amphipathic glycosides with a single structure and soap-like foaming when shaken in aqueous
solutions (Mollejon & Tibe Chapter, 2019). Herbal medicines and medicinal plants, including their extracts with isolated
chemical substances, show diverse biological activities useful in treating serious illnesses (Palanisamy et al., 2018). The plant
Colocasia esculenta, commonly known as taro, is primarily cultivated for its edible corms and is classified within the Araceae
family (Goncalves et al., 2013). Predominantly found in Southeast Asia, it thrives in tropical and subtropical climates and is
known by various local names such as Arbi and Eddode (Li et al., 2014). Taro is recognized for its significant nutritional value,
surpassing that of rice and other root vegetables, rich in essential nutrients, while its corms are low in fat and protein but contain
fiber, starch, and anthocyanins, which help alleviate stomach discomfort (M Alcantara, 2013), (Lewu et al., 2009). Additionally,
C. esculenta possesses various pharmacological properties and has been utilized in traditional medicine for its chemical and
biological constituents (Pereira et al., 2015).

This study focuses on isolating, characterizing, and evaluating the pharmacological potential of bioactive phytomolecules from
specific indigenous medicinal plants, highlighting the lack of scientific validation for their phytochemical composition and
pharmacological activities despite rich ethnobotanical knowledge
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2. MATERIALS AND METHODS
2.1 Selection and Collection of Plant Material

The harvesting of Colocasia esculenta (Plant A) and Alocasia Macrorrhizos (palnt B) was conducted during their flowering
stages in specific villages (Mendes et al., 2017). The harvested plant material was dried and ground into a powder to ensure
optimal levels of active ingredients (Arnold & Schepers, 2004). The powder, weighing 500 gm, was stored in glass containers
to maintain its quality (Salminen, 2003). Selected solvents for extraction included polar options like water, methanol, and
ethanol, and nonpolar options such as hexane and dichloromethane, with a total solvent system that comprised various

compounds for effective extraction.
2.2 Phytochemical screening of Both Plant A and Plant B extracts

The phytochemical screening of both Plant A and Plant B extracts was conducted using a series of standard qualitative tests to
identify major secondary metabolites such as alkaloids, glycosides, flavonoids, phenolic compounds, saponins, and tannins. For
the detection of alkaloids, Dragendorff’s and Mayer’s reagent tests were used; the formation of reddish-brown and white
precipitates respectively indicated the presence of alkaloids (S. Sasidharan, Y. Chen, D. Saravanan, K.M. Sundram, 2011),
(Harborne, 1998) (Trease & Evans, 2002). Glycosides were tested using Ferric chloride and Keller-Killiani tests, where greenish-
blue and reddish-brown colorations confirmed their presence (Sasidharan et al., 2011; Kokate, 2013). Flavonoids were
confirmed through the Shinoda and Alkaline reagent tests, producing reddish-brown and yellowish-green colors respectively
(Boham & Kocipai, 1994; Trease & Evans, 2002). Phenolic compounds were identified using Ferric chloride and Lead acetate
tests, yielding greenish-blue coloration and white precipitate formation (Kokate, 2013). For saponins, both the Foam test and
Hemolysis test were performed; the stable froth formation and hemolysis of red blood cells indicated positive results (S.
Sasidharan, Y. Chen, D. Saravanan, K.M. Sundram, 2011, Trease & Evans, 2002). Tannins were detected through Ferric chloride
and Gelatin tests, producing blue-green coloration and precipitate formation respectively (Harborne, 1998, ). Additionally,
complementary tests such as Haget’s test for alkaloids, Alkaline reagent test for flavonoids, Lead acetate test for phenolic and
tannin compounds, Foam test for saponins, and Salkowski’s test for terpenoids and steroids were employed (Harborne, 1998).
The qualitative results provided preliminary evidence of the diverse phytochemical composition in both plant extracts,

supporting their potential pharmacological significance.
2.3 Antimicrobial study

The antimicrobial activity of Plant A and Plant B extracts was assessed using the agar well diffusion method against Staphylococcus
anrens (ATCC 25923) and Escherichia coli (ATCC 25922), with erythromycin as the standard drug (Al-Kaf et al., 2019;
Elmosallamy et al., 2021). Mueller—Hinton agar medium was prepared, sterilized at 121°C for 15 minutes, poured into Petri
plates, and allowed to solidify. A stock solution of 1000 pg/mL was prepared by dissolving 10 mg of each plant extract in
DMSO, filtered through a 0.2 um membrane. The bacterial inoculum was evenly spread on the agar surface, wells were bored,
and 100 pL of each sample was added. Plates were incubated at 37°C for 18—24 hours, and zones of inhibition around the wells

were measured to evaluate the antimicrobial potential of the extracts compared to the standard.

Table 1. Sample code for Extract of Plant A and B

Solvent System | Sample code for Extract of Plant A | Sample code for Extract of Plant
Petroleum ether | Extract Al Extract Bl
n- Hexane Extract A2 Extract B2
Diethyl Ether Extract A3 Extract B3
Ethyl acetate Extract A4 Extract B4
Dichloroethane | Extract A5 Extract B5
Ethanol Extract AG Extract B6
Aqueous Extract A7 Extract B7
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2.4 Antioxidant Activity

The antioxidant activity of both Plant A and Plant B extracts was evaluated using the DPPH (2,2-diphenyl-1-picrylhydrazyl)
radical scavenging assay following the method of (Rahman et al., 2012). The required materials included DPPH reagent (Sigma-
Aldrich), methanol (HPLC grade), a UV-Vis spectrophotometer (Shimadzu UV-1800), quartz cuvettes, and a microplate reader.
Ascotbic acid was used as the standard, and foutteen successive extracts of each plant setved as test samples. A 0.025 mg/mL
DPPH solution was prepared by dissolving 2.5 mg of DPPH in 100 mL of methanol. Standard ascorbic acid solutions (0.1-1.0
mM) and test extract solutions (0.1-1.0 mg/mL) were also prepared. In the assay, 1 mL of DPPH solution was mixed with 1
mlL of either the test or standard solution and incubated at room temperature for 30 minutes. The absorbance was measured

at 517 nm using a UV-Vis spectrophotometer. The percentage antioxidant activity was calculated as
Antioxidant activity (%) = [(A control — A sample) / A control] X 100

where a decrease in absorbance indicated free radical scavenging. The ICsq value, representing the concentration required to
inhibit 50% of DPPH radicals, was determined graphically (R, Jyothi, M, 2018).

The ICsq value (concentration required to inhibit 50% of DPPH radicals) was determined graphically or using the formula:

ICs0 = (Log(ECso) - Log (50)) / (Log (100 - Y) - Log(Y)

This method is widely recognized for assessing antioxidant capacity in herbal formulations and plant extracts (Nugroho et al.,
2025).

2.5 Cytotoxicity Evaluation Using MTT Assay

The cytotoxic potential of the plant extracts was evaluated using the MTT assay on B16-F10 melanoma cells. The cells were
cultured in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with non-essential amino acids NEAA) and 10% fetal
bovine serum, maintained at 37 °C in a humidified 5% CO5 atmosphere with medium renewal every 2—3 days to ensure healthy
growth (Danciu et al., 2013). For the assay, cells were seeded in 96-well plates at a density of 1 X 10° cells/well and incubated
for 24 hours. After reaching half confluence, the medium was replaced with fresh medium containing nine concentrations of
the test extract, while control wells received only the culture medium. Following another 24-hour incubation, cells were
examined microscopically for morphological changes, after which 10 uL of MTT reagent (5 mg/mL in PBS) was added to each
well and incubated for 4 hours at 37 °C to allow formazan formation. The medium was then teplaced with 100 pL. of DMSO
to dissolve the formazan crystals, and absorbance was recorded at 570 nm using a microplate reader. Cell viability (%) was

calculated as
% Cell Survival = (Absorbance of Test / Absorbance of Control) X 100

and the ICs value, indicating the concentration required to inhibit 50% of cell growth, was determined from the dose—tresponse

curve using logarithmic regression analysis.
3. RESULTS
3.1 Phytochemical Analysis

The preliminary phytochemical screening of Plant A and Plant B revealed notable differences in the distribution of bioactive
compounds across various solvent extracts. In Plant A, alkaloids and saponins were present mainly in the methanol and aqueous
extracts, indicating their high affinity for polar solvents. Flavonoids appeared only in the ethyl acetate extract, while tannins,
phenolics, and glycosides were detected exclusively in the dichloroethane extract, reflecting moderate polarity. Terpenoids and
steroids were widespread across non-polar to polar extracts, suggesting their broad solubility range. In contrast, Plant B
exhibited a richer and more diverse phytochemical profile across multiple solvents. Alkaloids, flavonoids, tannins, saponins,
phenolic compounds, and glycosides were detected in several extracts, particularly diethyl ether, ethyl acetate, methanol, and
water, indicating a broader distribution of both polar and non-polar constituents. Terpenoids and steroids were also present in
multiple extracts, similar to Plant A. Overall, Plant B showed greater phytochemical diversity across solvents, whereas Plant A
displayed more selective distribution of constituents tied to specific polarity ranges.
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3.2 Antimicrobial Activity

The antibacterial activity of extracts from Plant A and Plant B against Staphylococcus anrens and E. coli demonstrated varying
inhibition levels depending on the solvent used. For Staphylococcus aureus, petroleum ether extracts yielded the highest inhibition
(14£0.1 mm) for both plants, nearing the standard (17£0.1 mm), with Plant A performing slightly better in non-polar solvents.
In contrast, Plant B showed superior inhibition in ethyl acetate and dichloroethane extracts. Against E. co/, the highest inhibition
was also observed in petroleum ether extracts (14£0.2mm) but was lower than the standard (1910.3 mm), with Plant B
exhibiting slightly better activity in n-hexane and aqueous solvents. Overall, the findings indicate solvent-dependence in
antimicrobial activity, with both plants showing moderate to strong effects, particularly in petroleum ether and n-hexane

extracts. As shown in figure 1,2 and 3.
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Extract A1& B1 Extract A2& B3 Extract A3& B3 Extract A4 & B4 Extract A5& B5
(Plate-T) (Plate-II) (Plate-III) (Plate-IV) (PlateV)

Extract A6 & B6 Extract A7& B7 Extract A6 & B1 Extract A2 & B2 Extract A3 & B3
(Plate-VI (PlateVII) (Plate-VIII) (PlateVII) (Plate-VIII))

®

Extract A4 & B4 Extract A5 & B3 Extract A6 & B6 Extract A7 & B7
(PlateVII) (Plate-VIII) (PlateVII) (Plate-VIII)

Figure 1: Antimicrobial activity of 01-14 Extract samples against Staphylococcus aureus & E. coil
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Figure 2: Graphical presentation antimicrobial activity of 01-14 Extract samples against (Staphylococcus anreus)
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Figure 3: Graphical presentation antimicrobial activity of 01-14 Extract samples against (E. Co/)

Both Plant A and Plant B demonstrated antimicrobial activity against Staphylococcus anreus and E. coli, with inhibition zones
between 7—14 mm. Petroleum ether extracts exhibited the strongest antibacterial effects (14£0.2 mm). Other solvents showed

moderate effects, while aqueous and diethyl ether extracts were weaker. Statistical analysis indicated no significant difference in
mean inhibition zones between the two plants (p = 0.79). Solvent type influenced activity for E. e/, and plant source affected
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results for both. Petroleum ether extracts showed the highest antibacterial potential, emphasizing the need for careful selection

of plant species and solvents in developing antimicrobial agents.
3.3 Antioxidant Activity

The DPPH assay results indicate that both Plant A and Plant B possess antioxidant activity, with varying effectiveness based
on the extraction solvent. Plant A showed the highest potential in petroleum ether ICso = 8.71 pug/mL) and ethyl acetate (ICsq
= 14.19 ng/mlL), indicating strong free radical scavenging. Plant B also demonstrated notable activity in petroleum ether (ICsqo
= 1091 ng/mlL), but generally had weaker antioxidant effects in other solvents. Extracts from diethyl ether and aqueous
solvents had higher ICsq values (> 60 pg/mL), indicating lower efficiency. Overall, petroleum ether extracts wete the most
effective for both plants, with Plant A consistently showing greater scavenging activity across different solvent fractions. As
shown in figure 4.
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Figure 4: Mean and SD of Absorbance, %Inhibition, and ICso for Plant A, Plant B, and Standard

The antioxidant analysis revealed that both Plant A and Plant B show significant free-radical scavenging activity, with petroleum
ether extracts being the most potent. Plant A’s extract (A1) demonstrated the highest antioxidant effect, with an ICsq value of
8.71 pg/mL, while Plant B’s extract (B1) had an ICgq of 10.91 ug/mL. Despite Plant A showing slightly better absorbance and
% inhibition, statistical analysis indicated no significant differences between the two plants (p > 0.05). Petroleum ether was
confirmed as the optimal solvent for extracting antioxidant compounds, surpassing other solvents. Overall, both plants exhibit

valuable antioxidant properties, with Plant A marginally stronger yet statistically comparable to Plant B.
3.4 Cytotoxicity Evaluation Using MTT Assay

The MTT assay demonstrated that both Plant A and Plant B exhibit cytotoxic activity in a dose-dependent manner, with the
level of potency varying significantly according to the extraction solvent used. For Plant A, the petroleum ether extract showed
the strongest cytotoxic effect with the lowest ICso value (0.7342 pl./mlL), indicating high anticancer potential at very low
concentrations. Other solvents such as n-hexane (ICsq = 36.50 ul./mL), dichloroethane (ICso = 33.34 pl./mL), and ethanol
(ICs = 18.66 uL/mL) also exhibited moderate to strong cytotoxicity. In contrast, extracts prepared with ethyl acetate, diethyl
ether, and water showed weak cytotoxicity, reflected in exceptionally high ICsq values. Similatly, for Plant B, the petroleum
ether extract demonstrated the highest cytotoxic potency with the lowest ICsq value (0.5957 pL/mL), followed by n-hexane
(1.169 uI./mL) and diethyl ether (1.608 x 1077 uI./mL), all indicating strong inhibition of cell viability. Ethyl acetate (ICso =
3.942 uL./mL) and dichloroethane (ICso = 36.50 uL./mL) extracts showed moderate activity, whereas ethanol and aqueous

extracts displayed weaker cytotoxic responses with higher ICsq values. As shown in figure 5.

Overall, petroleum ether was identified as the most effective solvent for extracting cytotoxic compounds from both plants,
producing the lowest ICsq values and therefore the strongest anticancer activity. These findings highlight the presence of potent
non-polar bioactive constituents in both Plant A and Plant B, making petroleum ether extracts the most promising candidates

for further anticancer investigations.
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Figure 5: 1Cs score to study the cytotoxicity in Plant A and Plant B among the various solvents

The comparative cytotoxicity evaluation of Plant A and Plant B across different solvent extracts shows that both plants possess
anticancer potential, though the strength of activity varies considerably with solvent polarity. Petroleum ether emerged as the
most potent extract for both plants, yielding the lowest ICsq values (0.73 png/mL for Plant A and 0.59 pg/mL for Plant B), with
a statistically significant difference between them (p = 0.02), indicating higher sensitivity of Plant B to non-polar cytotoxic
constituents. Other solvents—such as n-hexane, diethyl ether, and ethyl acetate—showed noticeable differences in ICsq values
between the two plants; however, these differences were not statistically significant when grouped overall (p = 0.52). ANOVA
further revealed that solvent type had a strong influence on cytotoxic parameters (absorbance and cell survival) for both plants
(p < 0.05), demonstrating that solvent polarity significantly affects extraction of bioactive compounds. Overall, while both
plants exhibit comparable cytotoxicity profiles, petroleum ether extracts consistently show the strongest anticancer activity,
highlighting non-polar phytochemicals as the primary contributors to cytotoxic effects in both Plant A and Plant B.

4. DISCUSSION

The findings of the present study provide strong evidence that Colocasia esculenta (Plant A) and Alocasia macrorrhizos (Plant
B) possess significant pharmacological potential, as reflected in their phytochemical composition and biological activities. The
preliminary phytochemical screening revealed the presence of diverse secondary metabolites, including alkaloids, flavonoids,
terpenoids, steroids, saponins, phenolics, and glycosides, which are known contributors to antioxidant, antimicrobial, and
cytotoxic effects. These variations in phytochemical distribution across solvents also highlight the influence of solvent polarity
on phytochemical extraction efficiency. (S. Sasidharan, Y. Chen, D. Saravanan, K.M. Sundram, 2011) also used various methods
like we used for phytochemical screening of secondary metabolites. Correspondingly, the biological assays antimicrobial,
antioxidant, and cytotoxicity showed that both plants exhibited measurable activity, with petroleum ether consistently yielding
the most potent extracts across all three evaluations. This indicates that key bioactive compounds in both species are
predominantly non-polar in nature. Similar to our study (Mostafa et al., 2018) worked on antimicrobial activity of some plant
extracts against bacterial strains. The antimicrobial properties of plant extracts were tested against Bacillus cereus, Staphylococcus
anrens, Escherichia coli, Psendomonas aeruginosa, and Salmonella typhi using an agar disc diffusion method. Ethanolic extracts from
Punica granatum and Syzygium aromaticum exhibited significant antibacterial activity, particulatly against S. awrens and P.
aernginosa, with minimum inhibitory concentrations ranging from 2.5 to 5.0 mg/ml. These findings suggest that these plant
extracts could serve as effective natural preservatives, mitigating the health risks associated with chemical agents. (Khalid et al.,
2022) worked on antioxidant, antimicrobial, and anticancer activities of Sisymbrium officinale plant extract. The research
assessed its total phenolic and flavonoid contents, as well as its antioxidant, antimicrobial, and anticancer activities. The plant
was sourced from a local market, extracted using 99% ethanol and ultrasonication, and tested against three bacteria: two gram-
positive (Streptococcus and Staphylococcus) and one gram-negative (E. co/7). Results indicated that S. officinale is rich in polyphenols
and flavonoids, exhibiting significant antioxidant activity (DPPH inhibition of 193.7 £ 3.4) and strong antimicrobial effects
(inhibition zones of 10 mm against E. co// and 14 mm against Streptococcns).
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Together, these results align with eatlier reports on the medicinal significance of Araceae family plants and reinforce the potential

of these indigenous species as sources of natural therapeutic agents.
5. CONCLUSION

The current study shows that Colocasia esculenta (Plant A) and Alocasia macrorrhizos (Plant B) have great pharmacological
potential, as evidenced by their unique phytochemical profiles and detectable antioxidant, antibacterial, and cytotoxic properties.
Both plants had broad-spectrum antibacterial activity, with petroleum ether extracts showing the greatest suppression against
Staphylococcus aureus and E. coli. The antioxidant test demonstrated substantial free-radical scavenging activity, notably in the
petroleum ether fractions, with Plant A showing somewhat higher potency but no statistical difference from Plant B.
Cytotoxicity testing revealed that non-polar extracts, particulatly petroleum ether, had the highest anticancer activity, indicating
the presence of significant bioactive components. Overall, our findings support the traditional applications of these indigenous
plants and highlight their potential as natural antioxidant, antibacterial, and anticancer agents. More isolation, characterisation,

and mechanistic research are needed to advance their medicinal utility.
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