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ARTICLE INFO ABSTRACT

Euryale ferox, sometimes called makhana or fox nut, is a native Asian plant that is
mostly found in China, Japan, and India. It has long been a part of Ayurvedic and
Traditional Chinese medicine formulations for a variety of ailments. The intention
of this study is to assess Euryale ferox's phytochemical composition and
antibacterial properties. Numerous bioactive substances, including flavonoids,
alkaloids, saponins, tannins, and phenolic compounds, were found, according to
phytochemical study. The efficacy of Euryale ferox extracts against a variety of
microbiological strains was also assessed by antimicrobial assays. Euryale ferox may
be worth investigating further in the pharmaceutical and nutraceutical industries,
as the results indicate that it has strong antibacterial action. Euryale ferox possesses
a broad spectrum of biological activity in terms of pharmacology, such as
immunomodulatory, antioxidant, hepatoprotective, neuroprotective,
cardioprotective, and anticancer properties. Its wide range of phytochemicals,
including phenolics, polysaccharides, flavonoids, alkaloids, and fatty acids, have
been linked to these actions. The capacity of Euryale ferox to scavenge free radicals
and suppress lipid peroxidation has been associated with its antioxidant qualities,
which help to mitigate illnesses associated with oxidative stress. Its promise for the
treatment of inflammatory disorders stems from the modulation of many
inflammatory mediators and pathways, which has been shown to have anti-
inflammatory effects.

Keywords: Euryale ferox, phytochemicals, antimicrobial activity, bioactive
compounds, traditional medicine.

INTRODUCTION

Euryale ferox, often called gorgon nut, makhana, or fox nut, is a member of the Nymphaeaceae family. Native
to Asia, this perennial aquatic plant is mostly found in the still water of lakes and ponds in nations like China,
Japan, and India. The medicinal characteristics of various components of Euryale ferox, including seeds,
leaves, and roots, have been employed in conventional medical systems, such as Traditional Chinese Medicine
(TCM) and Ayurveda. It had long been used as an aphrodisiac and to heal ailmentsl'! like inflammation,
diarrhea, and renal problems. Because of the rich phytochemical makeup of medicinal plants, there has been
an increasing interest in investigating their pharmacological potential in recent years. Numerous bioactive
substances, including flavonoids, alkaloids, saponins, tannins, and phenolic compounds, are known to be
present in Euryale ferox and contribute to its therapeutic qualities.

Furthermore, a number of investigations have documented the antibacterial properties of several plant extracts
against pathogenic microbes, underscoring their potential as organic antimicrobial agents. Euryale ferox, a
member of the Nymphaeaceae family, is an aquatic plant widely distributed[2! in various regions of Asia,
including India, China, and Southeast Asia (Jain et al., 2012). The seeds of this plant, commonly known as
prickly water lily seeds or fox nuts, have been widely used in conventional medicine for treating various
ailments, such as diabetes, fever, and bacterial infections (Rastogi & Mehrotra, 1990). Recent scientific studies
have revealed the presence of various bioactive compounds in Euryale ferox seeds, including flavonoids,
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alkaloids, and phenolic compounds (Borah et al., 2019). Antimicrobial resistance is a growing global concern,
and there is an recent need to explore new and effective antimicrobial agents from natural sources (WHO,
2020). Plants have been a rich source of antimicrobial compounds, and their extracts have been extensively
studied for their potential therapeutic applications (Cowan, 1999). This study goals to investigate the
antimicrobial activity of Euryale ferox seed extracts by determining the zone of inhibition and minimum
inhibitory concentration (MIC) against a panel of pathogenic microorganisms, including bacteria.l3!

Figure No-1 shows the Biotope and genuine characteristics of Euryale ferox.

Phytochemical study: The process of phytochemical screening entails a set of chemical tests designed to
identify the various phytoconstituents found in plant extracts. These tests are based on standard procedures

Tannins: When distilled water, a few drops of ferric chloride (FeCl3) solution, and aqueous extract are
combined, the presence of tannins is indicated by the formation of a green precipitate.[3!
Saponins: A test tube containing an aqueous extract and distilled water is shaken forcefully; the presence of
stable foam signifies the presence of saponins.

Phlobatannins: When 1% hydrochloric acid (HCI) is added to aqueous extract and heated, a red precipitate
forms, signifying the presence of phlobatannins.

To detect flavonoids, one milliliter of a 10% lead acetate solution was mixed with one milliliter of an aqueous
extract. A positive flavonoid test result was considered to have appeared when a yellow precipitate showed up.

Testing for Phenolic Contents: A colorimetric reagent, like Folin-Ciocalteu reagent, is used in this process. It
combines with phenolic chemicals to create a complex that is blue in color. The colour’s intensity can be
determined spectrophotometrically at a certain wavelength and is proportionate to the phenolic content.

The existence of bioactive chemicals, a phytochemical study of extracts from Euryale ferox was carried out. The
plant extracts were obtained using a variety of extraction techniques, including maceration, ultrasound-
assisted extraction, and Soxhlet extraction.[4] The phytochemical profile of the extracts was then ascertained
by qualitative and quantitative analysis.

The phytochemical screening of the Euryale ferox extracts demonstrate the presence of multiple types of
bioactive chemicals. Significant amounts of flavonoids, which are well-known for their anti-inflammatory and
antioxidant characteristics, were found. Alkaloids were also present in the extracts, exhibiting a variety of
pharmacological actions. Additionally discovered were phenolic, tannin, and saponin compounds—all of which
have antibacterial and anti-inflammatory qualities. A panel of microbiological species, including bacteria and
fungi, were tested using antimicrobial tests to determine how well Euryale ferox extracts worked. To evaluate
the extracts' antibacterial activity, the broth microdilution method and the agar well diffusion method were
used the antimicrobial assay results showed that Euryale ferox extracts had considerable antibacterial activity
against strains of fungi, bacteria, and both Gram-positive and Gram-negative bacteria. Higher quantities of the
extracts showed stronger antibacterial activity, and they also showed dose-dependent inhibition of microbial
growth. Extracts from Euryale ferox have antibacterial activity, indicating their potential use as natural
antimicrobial agents in the food and pharmaceutical industries.!s!

The presence of phytochemical components such flavonoids, alkaloids, saponins, tannins, and phenolic
compounds may be the cause of Euryale ferox extracts' antibacterial action. Through a variety of mechanisms,
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including as rupture of microbial cell membranes, suppression of microbial enzyme activity, and interference
with microbial cell signalling pathways, these substances have been found to exert antimicrobial effects.

The remarkable antibacterial activity of Euryale ferox can be ascribed to its abundant phytochemical makeup.
Its antibacterial effectiveness and therapeutic qualities are attributed to the presence of phytochemical
components like flavonoids, alkaloids, saponins, tannins, and phenolic compounds. To clarify the precise
mechanisms of action and investigate the possible uses of Euryale ferox extracts in the pharmaceutical and
nutraceutical industries, more study is necessary.

Table 1: Phytochemical screening of extracts of £, ferox seed coat

Phytochemical  Methanol  Methanol: water  Ethanol  Ethanol: water  Water  Bthylacetate n-Hexane DCM

Alkslowds . - . - . -
Phonols . - - - - .
FAavonokis . + . . - =
Tannins - . . . - .
Saponing . .
Terpenoids . . . . .
Glycosices . - . . - * - -
Starpics . . . - - +

Phytochemical screening of extracts of E. ferox seed
Material and method: -
1- collection of plant extract-Collect the seeds from the reliable source or local market.

2- extraction of plant - Extract the seeds with the suitable solvent like ethanol, ether and hydroalcoholic
solvent process which will be used for the extraction process.

Soxhlet Extraction techniques were employed to obtain crude extracts from Euryale ferox seeds. Twenty grams
of dry powdered seeds were used in triplicate for Soxhlet methods, along with two hundred millilitres of
ethanol, hydroalcoholic solvent, and petroleum ether (ratio 1—10). The extraction process took six hours, and
the temperatures used were the boiling points of the solvents (ethanol, petroleum ether, and hydroalcoholic
solvent). Following the extraction period, the solvent was removed in a rotatory evaporator under vacuum at
forty degrees Celsius.l9] Each extract was then dried at sixty degrees Celsius for four hours in a vacuum oven
for complete solvent removal. The extracted materials were stored in vials until analysis.

Figure no-2 shows the Soxhlet Apparatus
3-filtration-filtered the solvent for the procedure and examination.

4- Anti- bacterial method -

Agar Disc diffusion method is used for anti-bacterial activity of the Euryale ferox on the bacteria strains proteus
mirabilis and E. coli.

Plant Material and Extraction: FRI's botanist verified the authenticity of Euryale ferox seeds, which were
gathered at a nearby Dehradun market. After being [7lcleaned and let to air dry, the seeds were machine-ground
into a fine powder. After that, the seed powder was extracted one step at a time using ether, ethanol, and
hydroalcoholic solvent.
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A rotary evaporator was used to concentrate the extracts, which were then kept for later examination at 4°C.
Assays for Antimicrobial Activity: Disc Diffusion Test for Inhibition Zone: The disc diffusion method was used
to assess the antibacterial activity of the Euryale ferox seed extracts (Bauer et al., 1966). Proteus mirabilis and
Escherichia coli, two Gram-negative bacteria, were among the test microorganisms. Different amounts of the
seed extracts (100, 200, and 300 mg/mL) were soaked onto sterile discs (6 mm in diameter), which were then
placed on agar plates seeded with the corresponding bacteria. The extraction solvent functioned as the negative
control and antibiotic discs as the positive controls. For either 48 hours (fungi) or 24 hours (bacteria), the
plates were incubated at 37°C.

The zone of inhibition (ZOI) was calculated in millimetres (mm) and recorded.

Soxhlet Extraction techniques were employed to obtain crude extracts from Euryale ferox seeds. Twenty grams
of dry powdered seeds were used in triplicate for Soxhlet methods, along with two hundred millilitres of
ethanol, hydroalcoholic solvent, [7Jand petroleum ether (ratio 1—10). The extraction process took six hours, and
the temperatures used were the boiling points of the solvents (ethanol, petroleum ether, and hydroalcoholic
solvent). Following the extraction period, the solvent was removed in a rotatory evaporator under vacuum at
forty degrees Celsius. Each extract was then dried at sixty degrees Celsius for four hours in a vacuum oven for
complete solvent removal. The extracted materials were stored in vials until analysis.

Figure no-3 Shows the zone of inhibition

Bacteria Culture: Every bacterial strain was grown on nutrient agar plates and incubated for 18 to 24 hours
at 37 °C before being subjected to sensitivity testing.l9] Next, for four hours, a single colony was cultivated in
25 millilitres of Nutrient Broth at 37 degrees Celsius. the minimum bacterial culture density needed to pass
the test.

Calculating the Minimum Inhibitory Concentration (MIC): The broth microdilution method, as
outlined by the Clinical and Laboratory Standards Institute (CLSI, 2012), was used to estimate the minimum
inhibitory concentration (MIC) of the Euryale ferox seed extracts. In 96-well microtiter plates with the proper
growth medium, serial two-fold dilutions of the extract were made. The corresponding microorganisms were
added to the wells,9! and they were then incubated for 24 hours at 37°C (bacteria). The minimum extract
concentration (MIC) was identified as the concentration at which the microbe could not grow visiblylol.

MIC procedure — prepare NAM broth then,

¢ Incubate the broth for 24hr

« To achieve a range of concentrations, prepare a series of dilutions of the stock solution (20%,40%,60%,80%).

* Put the plant extract with their percentage

* Analyse it according to the concentration [0]

* the Euryale ferox seed extract's minimum inhibitory concentration (MIC) for investigated microbiological
strain (Dose-1.2mg mic concentration 20%, 1.5mg (40%), 1.8mg (60%), 2mg (80% )11,

Statistical Analysis: The mean + standard deviation was used to express the data, and each experiment was

run in triplicate. One-way analysis of variance (ANOVA) was used for the statistical analysis, and Tukey's post-

hoc test was then run. P-values less than 0.05 were deemed statistically significan. Evaluate the antibacterial

activity of Euryale ferox on the bacterial strains using anti-microbial techniques like the Agar Disc diffusion

method.

Analysis of Phytochemistry To find them, a preliminary phytochemical screening was performed on all 8

extracts. Numerous phytochemicals were found to be present, including steroids, alkaloids, phenols,

flavonoids, tannins, saponins, terpenoids, and glycosides. Plant extract's antibacterial effectiveness against

Proteus mirabilis and E. coli bacteria was demonstrated by the bacteria's resistance to the test microorganisms.

Plant extract's zone of inhibition was measured. According to the findings, an extract from Euryale ferox seeds

exhibited potent antibacterial properties action directed against both microorganisms. Using the disc diffusion

assay, which is primarily used to testl7! the sensitivity of bacterial strains towards antibiotics—a clear zone

surrounding the well indicates the bacterial sensitivity to antibiotics—the antimicrobial impact of the plant
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extract was investigated. The study yielded mean sizes of inhibitory zones. The outcomes demonstrated that
the seed extract effectively inhibited the bacterial strains. The potential attachment of plant extract to the cell
membrane, which disrupts permeability and respiration functions,® could account for the observed
antibacterial action. The plant extract can block respiratory chain enzymes and interfere with membrane
permeability when it interacts with nucleic acids and microbial cytoplasmic components. restricting the growth
of yeasts and bacteria. It's also feasible that the extract can enter the bacteria and interact with its surface as
well as the inside of the membrane. Different studies have shown different levels of susceptibility to extract for
both Gram positive and Gram-negative bacteria. Plant extract was found to be somewhat toxic against E. coli
and to be highly toxic against gram-positive and fungal microorganisms, according to Nagajyothi and Lee. On
the other hand, Antony and colleagues observed that the extract exhibited significantly less microbicidal
efficacy against Gram positive bacteria in comparison to Gram negative bacteria. They ascribed this to the
microorganisms' thick peptidoglycan coating and high lipo polysaccharide content. According to our findings,
the antibacterial activity of the seed extract against both bacteria was almost identical.solution of disinfectant
(such as ethanol)

Result and Discussion: -

1. Percentage Yield :The percentage of extraction in Ethanol 4 .00% , Ether 4.5% and Hydroalcoholic
6.00%.

2. Phytochemical Analysis:

Table 1: Phylochemical screening of extracts of E. fevox szed coat.

Pryiochemical  Methanol Methenol:water Ehanol Bhanolwater Waler Bylacetale nHeane DCM

Aldos + - + + + - ’ .
Pecgs + + + + + + . -
Pawoxds + + + + +

Tarnins + + + + + +

Sepoains - + - +

T + + + + +

Qm + + + + + +
Sernds + + + + + +
Phytochemical analysis of Euryale ferox seeds

Minimum inhibitory concentration table:-
Minimum Inhibitory Coneentrauon (T qble)

"% Inhibition
1.2mg 20% 1.2mg A40%
1.5mg 40% 1.5mg 60%
1.8mg 60% 1.8mg 60%
Proteus mirabilis E.coli

Zone of Inhibition Demonstrate table

Ethanobe Extrmct Tmg/mi
Petioleum Bthw

Covnnl Tmaod 1han 0 m
Rl o A mo taestie o Cmmul 'mwml Lows thanl 3 men
--u-mm.r-u ] Larathe

m
Tmgsmd Lot 1 2 rm
rng i Lo e 1 dmm

(PR P

Discussion: [In this section, you would discuss the findings of the study, compare them with previous
literature, and provide possible explanations for the observed antimicrobial activity. In conclusion, Euryale
ferox exhibits significant potential as a source of natural antimicrobial compounds. While its traditional use in
Asian medicine has long been recognized, the presence of bioactive compounds such as alkaloids, phenols and
flavonoids suggest a plausible mechanism for its antimicrobial activity.
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Extracts derived from the plant have demonstrated inhibitory effects against a range of pathogenic bacteria,
suggesting its potential as a natural antimicrobial agent. Hydroalcoholic solvent (Ethenol+Aqueous) have high
zone of inhibition it demonstrates the optimum anti-microbial effects.
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