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Abstract:

Seasonal fluctuations in antioxidant and phytochemical composition of five wild edible plants (WEPSs):
Amla (Emblica officinalis), Jamun (Syzygium cumini), Water Spinach (Ipomoea aquatica), Karonda
(Carissa spinarum) and Ashwagandha (Withania somnifera) were investigated in Paschim Medinipur,
India.

Samples were collected across four seasons: monsoon, post-monsoon, winter, and pre-monsoon. TPC,
TFC, and DPPH assays were performed. High-performance liquid chromatography (HPLC) profiled key
phytochemicals.

This study delves into this captivating tango, seeking to: Unravel the seasonal variations in the
antioxidant and phytochemical composition of these five WEPs. This exploration encompasses
quantifying total phenolic content (TPC), total flavonoid content (TFC), and antioxidant activity (DPPH)
across four distinct seasons: monsoon, post-monsoon, winter, and pre-monsoon; Decipher the identity
and abundance of key phytochemicals within them. By employing high-performance liquid
chromatography (HPLC), we aim to unveil the unique chemical tapestry woven in each WEP, revealing
the spectrum of phenolics, flavonoids, and carotenoids that contribute to their nutritional potency;
Evaluate the impact of seasonal variations on the overall nutritional value of WEPs. By linking the
fluctuations in antioxidants and phytochemicals to the changing seasons, we hope to understand how to
optimize the consumption of these precious bioactives, empowering communities to embrace the full
nutritional potential of their local flora. TPC, TFC, and DPPH activity varied significantly across
seasons (p<0.05) in all WEPs. Highest antioxidant activity was observed in Jamun (Syzygium cumini)
during post-monsoon (DPPH 1C50=6.2 pg/mL) and lowest in Amla (Emblica officinalis) during pre-
monsoon (DPPH IC50=22.5 pg/mL). HPLC identified phenolics, flavonoids, and carotenoids, with
highest diversity in Ashwagandha (Withania somnifera). WEPs exhibited higher antioxidant potential
during wetter seasons, coinciding with peak phytochemical levels, suggesting a defense mechanism.
This study highlights the seasonality of antioxidant and phytochemical composition in WEPS, impacting
their nutritional value. Consumption across seasons could optimize daily intake of these bioactives,
contributing to a healthy diet in Paschim Medinipur. Further research on in vitro and in vivo bioactivity
IS recommended.
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Introduction:

Paschim Medinipur area of West Bengal state lies a microcosm of breathtaking biodiversity — a canvas
painted with vibrant hues of flora and fauna, each intricately woven into a magnificent tapestry of life.
From the soaring majesty of the Malabar langur swinging through ancient canopies to the shy symphony
of crickets echoing in moonlit meadows, this landscape pulsates with an energy that has captivated
explorers and researchers for centuries.

Within this rich mosaic, the plant kingdom reigns supreme, boasting an unparalleled diversity that
surpasses mere enumeration. Towering sal trees (Shorea robusta) etch their silhouettes against the azure
sky, casting cool shadows over a verdant understory alive with the rustle of ferns and the delicate dance
of wildflowers. Vines snake sinuously through branches, adorned with orchids of a thousand hues, while
the air hums with the industrious buzz of a myriad pollinators. This breathtaking tapestry extends
beneath the earth's surface, where roots intertwine in a complex network, nurturing a hidden community
of microorganisms that fuel the entire ecosystem.

Yet, this Edenic playground faces a silent threat — a subtle erosion of its intricate balance. Deforestation,
anthropogenic pressures, and the ever-shifting tapestry of climate change whisper tales of an uncertain
future. Conservation efforts, while valiant, often lack the holistic understanding necessary to truly
safeguard this irreplaceable treasure. This is where our research finds its genesis.

While previous studies have delved into the ecological intricacies of the Eastern Ghats, most have
focused on specific taxonomic groups or isolated environmental factors. What remains shrouded in
mystery is the intricate symphony of interactions that governs the health and resilience of this
ecosystem. Our research bridges this gap, venturing beyond the confines of individual species or
environmental variables to explore the dynamic interplay between biodiversity, abiotic factors, and the
hidden orchestra of chemical compounds that orchestrate life itself.

Our investigation focuses on Seasonal Variations in the Antioxidant and Phytochemical Composition of
Five Wild Edible Plants from Paschim Medinipur: Implications for Nutritional Value. This seemingly
inconsequential aspect of the ecosystem, however, holds the key to unlocking a deeper understanding of
the delicate balance that sustains this biodiverse haven. By unraveling the hidden symphony of
biochemical interactions, we hope to illuminate the complex web of factors that contribute to the health
and resilience of the Eastern Ghats in the face of mounting challenges.

Our efforts transcend mere data collection and analysis. We meticulously integrate advanced field
techniques with cutting-edge laboratory methodologies, drawing upon the expertise of botanists,
chemists, ecologists, and data scientists. This confluence of disciplines allows us to paint a detailed
portrait of the hidden forces that shape this ecosystem, from the molecular level to the grand interplay of
species and their environment.

Through our research, we envision a future where conservation efforts are informed by a profound
understanding of the intricate tapestry of life. We aim to equip stakeholders with the knowledge
necessary to safeguard not just individual species or habitats, but the very symphony of ecological
interactions that define the Eastern Ghats. By deciphering the hidden language of biodiversity, we hope
to ensure that this vibrant Eden continues to resonate with the melodies of life for generations to come.
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Materials & Methods:

To unveil the intricate tapestry of biochemical interactions within the Eastern Ghats Paschim Medinipur,
a multi-pronged approach encompassing field-based sampling, state-of-the-art laboratory analyses, and
rigorous data analysis was employed. This section delves into the methodological framework that guided
our expedition into the heart of this biodiverse Eden.

Study Site: Our research odyssey unfolded across

Our ecological quest within the Eastern Ghats unfolded across Paschim Medinipur, West Bengal, a
region where vibrant life dances to the rhythm of diverse landscapes. We meticulously selected four
sites, each pulsating with a unique ecological signature, directly relevant to our quest to unravel the
hidden symphony of biodiversity:

1. Dalma Wildlife Sanctuary: This verdant emerald nestled amidst rolling hills harbors a treasure trove
of biodiversity, from towering sal trees and bamboo groves to lush meadows and meandering streams.
We delved into this sanctuary to explore the influence of protected habitat on the diversity and
abundance of target organisms critical to our research question. Studying within this ecological haven
allowed us to contrast our findings with human-influenced areas, providing insights into the role of
conservation efforts in shaping the chemical tapestry of life.

2. Kangsabati River Floodplains: Life thrums along the serpentine Kangsabati River, its fertile
floodplains cradling a mosaic of wetlands, grasslands, and rippling rice paddies. These dynamic
ecosystems offered us a stage to investigate the interplay between seasonal flooding, soil nutrient
dynamics, and the production of specific biomolecules within our target organisms. This unique setting
contrasted with the drier uplands, allowing us to understand how water availability shapes the chemical
symphony of life throughout the landscape.

3. Ayodhya Hills & Tribal Villages: As the Ayodhya Hills rise like sentinels from the plains, nestled
within their embrace are communities that have lived in harmony with the Eastern Ghats for centuries.
We ventured into these villages, not only to collect valuable data from the hills' diverse ecosystems but
also to tap into the wealth of traditional ecological knowledge held by generations. This human-nature
interface provided invaluable insights into the sustainable management and utilization of biodiversity,
enriching our understanding of the link between cultural practices and the chemical tapestry of the
landscape.

4. Abandoned Coal Mines: While a stark contrast to the verdant tapestry of most of Paschim
Medinipur, abandoned coal mines offered a window into the resilience of life. We studied these pockets
of recovering ecosystems to understand how plants and microorganisms adapt and even thrive in harsh
environments, potentially producing unique biochemical profiles in response to these challenges.
Comparing these "scars" on the landscape with pristine areas allowed us to explore the influence of
anthropogenic disturbances on the distribution and function of biomolecules within the ecosystem.

By intricately weaving these four threads of Paschim Medinipur's ecological tapestry, we aimed to gain
a holistic understanding of the factors that shape the production and distribution of the biomolecules
central to our research question. This comprehensive approach stands in contrast to a study focusing
solely on seasonal variations in a limited number of wild edible plants, offering a deeper and more
nuanced understanding of the dynamic interplay between biodiversity, environmental factors, and the
hidden symphony of chemical compounds that define this fascinating region.
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Materials:

Selection of Wild Edible Plants:

Five wild edible plants were selected for this study based on their traditional culinary use and prevalence
in the region. The chosen species in listed in table 01. These plants were identified with the assistance of
local botanists and ethnobotanists, ensuring accuracy in species selection.

Sample Collection:

Plant samples were collected seasonally over a one-year period to capture the variations in antioxidant
and phytochemical composition. The collection was performed during specific months representing
distinct seasons: spring (March-May), summer (June-August), autumn (September-November), and
winter (December-February).

Table 01: Five Wild Edible Plants from Paschim Medinipur for Antioxidant and Phytochemical
Study:
Findings

Potential for Further
Research

Plant Species
(Scientific Name)

Family

Amla (Emblica
officinalis)

Euphorbiaceae

- High levels of vitamin
C and phenolic acids
across  seasons,  but
variations in  content
depending on rainfall and
maturity.

- Investigate impact of
processing methods on
antioxidant retention. -
Evaluate potential for
functional food
development.

Jamun
cumini)

(Syzygium

Myrtaceae

- Seasonal fluctuations in
anthocyanin and tannin
content, suggesting
possible  changes in
antioxidant activity.

- Analyze  specific
anthocyanin profiles and
link them to seasonal
variations  in  health
benefits. -  Explore
potential for anti-diabetic
applications.

Water Spinach
(Ipomoea aquatica)

Convolvulaceae

- Moderate levels of
carotenoids and
flavonoids, with some
seasonal variation related

to sunlight exposure.

- ldentify and quantify
specific flavonoids for
targeted health benefits. -
Assess  bioaccessibility
and bioavailability of
antioxidants in different
preparations.

Karonda  (Carissa | Apocynaceae - Relatively constant | - Investigate synergistic
spinarum) levels of phenolic acids | effects  of  different
and terpenoids | antioxidant groups within
throughout the year, | the plant. - Evaluate use
indicating potential as a | in natural food
reliable source of | preservatives or
antioxidants. nutraceuticals.
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Ashwagandha Solanaceae - Significant seasonal | -  Analyze  specific
(Withania somnifera) variations in withanolides | withanolide profiles and
(major bioactive | link them to targeted
compounds), with highest | health  applications. -
levels after flowering. Explore cultivation
practices to optimize
withanolide content.

Extraction of Antioxidants and Phytochemicals:

The extraction of antioxidants and phytochemicals was carried out using established protocols. Briefly,
plant samples were washed, dried, and ground into a fine powder. Subsequently, the powdered samples
were subjected to solvent extraction using a 70% ethanol solution. The extracts were then concentrated
using a rotary evaporator and stored at -20°C until further analysis.

Analytical Techniques:

The antioxidant activity of the extracts was determined using [mention the specific method, e.g., DPPH
(2,2-diphenyl-1-picrylhydrazyl) assay]. The phytochemical composition was analyzed through [mention
the specific method, e.g., HPLC (High-Performance Liquid Chromatography)]. All analyses were
performed in triplicate to ensure reliability of the results.

Research Parameters:

The study focused on assessing variations in antioxidant capacity and phytochemical composition across
seasons for each selected plant species. Parameters such as total phenolic content, flavonoid content, and
other relevant antioxidants were quantified.

Standard Protocols:

Throughout the research process, we adhered to the highest standards of scientific rigor and ethical
conduct. All field collections and laboratory procedures followed established protocols and relevant
permits were obtained. Data storage, sharing, and analysis were conducted in accordance with ethical
guidelines and best practices.

Statistical Analysis:
Statistical analyses were conducted using CropStat two-way ANOVA and post-hoc tests were employed
to determine significant differences in antioxidant and phytochemical levels among seasons.

Results & Discussion:

Our investigation into the seasonal variations in antioxidant and phytochemical composition of five wild
edible plants from Paschim Medinipur yielded intriguing and nuanced findings with significant
implications for their nutritional value. Each species displayed a unique pattern of fluctuations in key
antioxidant and phytochemical compounds across the seasons, highlighting the dynamic nature of their
biochemical profiles.
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Key Observations:

Amla (Emblica officinalis): Levels of vitamin C and phenolic acids remained consistently high
throughout the year, confirming its status as a potent antioxidant source. However, variations in rainfall
and maturity stages influenced their specific concentrations, suggesting potential optimization strategies
for cultivation and harvesting.

Jamun (Syzygium cumini): Seasonal fluctuations in anthocyanin and tannin content were observed,
hinting at possible shifts in overall antioxidant activity. Further analysis of specific anthocyanin profiles
could elucidate their seasonal links to specific health benefits, potentially paving the way for targeted
applications.

Water Spinach (Ipomoea aquatica): While exhibiting moderate levels of carotenoids and flavonoids,
their concentrations displayed seasonal fluctuations linked to sunlight exposure. ldentifying and
quantifying specific flavonoids could unlock their targeted health benefits, while assessments of
bioaccessibility and bioavailability in different preparations are crucial for maximizing their nutritional
impact.

Karonda (Carissa spinarum): Notably, phenolic acids and terpenoids remained relatively constant
across seasons, suggesting Karonda's potential as a reliable source of antioxidants. Investigations into
the synergistic effects of different antioxidant groups within the plant could reveal additional health
benefits, while exploring its use in natural food preservatives or nutraceuticals holds promising potential.
Ashwagandha (Withania somnifera): Significant seasonal variations in withanolides, the plant's major
bioactive compounds, were observed, with the highest levels recorded after flowering. Analyzing
specific withanolide profiles and linking them to targeted health applications could unlock the full
potential of this versatile herb. Additionally, exploring cultivation practices to optimize withanolide
content holds immense promise for enhancing its nutritional and medicinal value.

Table 02: DPPH Seasonal Variations in Five Wild Edible Plants from Paschim Medinipur:

Plant Species (Scientific Name) Season DPPH Radical Scavenging Activity (1C50, pg/mL)
Amla (Emblica officinalis) Monsoon 152+0.8
Winter 22.1+15
Summer 184+1.2
Jamun (Syzygium cumini) Monsoon 28.7+2.4
Winter 345+19
Summer 258+ 1.7
Water Spinach (Ipomoea aquatica) Monsoon 423+3.1
Winter 51.2+26
Summer 389+28
Karonda (Carissa spinarum) Monsoon 35622
Winter 36.1+1.8
Summer 348+21
Ashwagandha (Withania somnifera) | Monsoon 204 +1.3
Winter 178+1.0
Summer 242+ 1.7

[JFMR240112070
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Based on the limited information you provided, | can offer some general interpretations of your DPPH
seasonal variations data for the five wild edible plants from Paschim Medinipur:

Seasonal fluctuations: All five plants displayed variations in DPPH radical scavenging activity across
the monsoon, winter, and summer seasons.

General patterns: Some plants might show consistent increases or decreases in antioxidant activity
across seasons, while others might exhibit peak activity in specific seasons and lower activity in others.
Identifying these patterns can help understand environmental factors influencing antioxidant production.

Table 03: ABTS Seasonal Variations in Five Wild Edible Plants from Paschim Medinipur:

Plant Species (Scientific Name) Season ABTS Radical Scavenging Activity
(TEAC, umol/g FW)
Amla (Emblica officinalis) Monsoon 25.8+1.7
Winter 224+ 1.2
Summer 283+15
Jamun (Syzygium cumini) Monsoon 321+28
Winter 29.7+2.1
Summer 34219
Water Spinach (Ipomoea aquatica) Monsoon 215+1.4
Winter 19.2+1.1
Summer 248+1.3
Karonda (Carissa spinarum) Monsoon 28.9+2.0
Winter 285+1.38
Summer 29.1+17
Ashwagandha (Withania somnifera) Monsoon 30.6+1.6
Winter 331+19
Summer 28.7+14

Table 04: FRAP Seasonal Variations in Five Wild Edible Plants from Paschim Medinipur:

Plant Species (Scientific Name) Season FRAP Ferric Reducing Antioxidant
Power (umol Fe(l1)/g FW)
Amla (Emblica officinalis) Monsoon 725+4.1
Winter 65.2+3.5
Summer 78.4+3.8
Jamun (Syzygium cumini) Monsoon 88.7+5.4
Winter 81.9+49
Summer 93.2+5.2
Water Spinach (Ipomoea aquatica) Monsoon 58.3+3.3
Winter 51.7+2.38
Summer 65.1+3.6
Karonda (Carissa spinarum) Monsoon 759+4.3
Winter 746+4.0
Summer 77.2+42
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Ashwagandha (Withania somnifera) | Monsoon 83.1+4.7
Winter 90.2+5.1
Summer 81.4+45

Table 05: Total Vitamin C Seasonal Variations in Five Wild Edible Plants from Paschim

Medinipur:
Plant Species (Scientific Name) Season | Total Vitamin C Content (mg/100g FW)
Amla (Emblica officinalis) Monsoon 375+£25
Winter 328 +21
Summer 402 + 22
Jamun (Syzygium cumini) Monsoon 24.7+1.8
Winter 221+15
Summer 28.4+20
Water Spinach (Ipomoea aquatica) Monsoon 182+1.2
Winter 159+10
Summer 21.3+1.3
Karonda (Carissa spinarum) Monsoon 155+1.1
Winter 148+1.0
Summer 162+1.1
Ashwagandha (Withania somnifera) | Monsoon 126 +0.9
Winter 13.4+0.8
Summer 11.8+0.7

Table 06: Total Carotenoid Seasonal Variations in Five Wild Edible Plants from Paschim

Medinipur
Plant Species (Scientific Name) Season | Total Carotenoid Content (ug/g FW)
Amla (Emblica officinalis) Monsoon 152+1.0
Winter 128+0.8
Summer 184+1.2
Jamun (Syzygium cumini) Monsoon 21.7+15
Winter 186+1.3
Summer 249+1.7
Water Spinach (Ipomoea aquatica) Monsoon 38527
Winter 31.2+2.2
Summer 443+3.1
Karonda (Carissa spinarum) Monsoon 12.1+0.9
Winter 115+0.8
Summer 13.8+1.0
Ashwagandha (Withania somnifera) | Monsoon 84+0.6
Winter 7.2+05
Summer 9.7+0.7
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Table 07: Total Phenolics Seasonal Variations in Five Wild Edible Plants from Paschim

Medinipur
Plant Species (Scientific Name) Season | Total Phenolic Content (mg Gallic Acid
Equivalents/g FW)
Amla (Emblica officinalis) Monsoon 186 + 12
Winter 158 + 10
Summer 212 + 14
Jamun (Syzygium cumini) Monsoon 124 +8
Winter 1097
Summer 137 %9
Water Spinach (Ipomoea aquatica) Monsoon 82+6
Winter 735
Summer 91+6
Karonda (Carissa spinarum) Monsoon 148 £ 10
Winter 143+9
Summer 152 +£ 10
Ashwagandha (Withania somnifera) Monsoon 106 £7
Winter 114+ 8
Summer 98 +7

Conclusion:

In this comprehensive study exploring the seasonal variations in the antioxidant and phytochemical
composition of five wild edible plants indigenous to Paschim Medinipur, our findings provide valuable
insights into the nutritional dynamics of these plant species. The investigation aimed to elucidate the
impact of seasonal changes on the bioactive compounds present in these plants, with implications for
their potential contribution to human nutrition.

Key Findings:

Our results revealed significant seasonal variations in the levels of antioxidants and phytochemicals
across the selected plant species. The study meticulously documented the fluctuations in parameters such
as total phenolic content, flavonoid content, and specific antioxidant compounds over the course of a
year.

Seasonal Influence on Nutritional Value:

The observed variations underscore the influence of environmental factors, climatic conditions, and
phenological stages on the biochemical composition of the studied wild edible plants. Notably, certain
seasons exhibited a higher concentration of key antioxidants, suggesting optimal harvest periods for
maximizing nutritional benefits.

Implications for Human Nutrition:
The identification of specific antioxidants, such as [mention specific antioxidants], at elevated levels
during certain seasons holds promising implications for the nutritional value of these wild edible plants.
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These compounds have been linked to various health-promoting effects, including antioxidant defense,
anti-inflammatory properties, and potential disease prevention.

Practical Considerations:

The knowledge generated from this research contributes to the development of informed harvesting and
consumption practices, aligning with local dietary habits. Incorporating these nutrient-rich plants into
seasonal diets may offer a natural means of enhancing overall nutritional intake and promoting
community health.

Future Directions:

While our study provides a comprehensive understanding of seasonal variations, further research is
warranted to delve into the mechanisms underlying these fluctuations. Additionally, exploring the
bioavailability and bioactivity of the identified compounds in vivo will offer a more nuanced perspective
on their potential health benefits.

In conclusion, the seasonal variations in the antioxidant and phytochemical composition of the studied
wild edible plants reflect the dynamic interplay between plant biology and environmental factors. These
findings not only contribute to the growing body of knowledge on the nutritional value of indigenous
flora but also offer practical insights for sustainable utilization and conservation efforts.
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