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ABSTRACT

The current study focuses on the comprehensive evaluation of the phytochemical and physicochemical
properties of Bauhinia racemosa (B. racemosa) leaves, a plant widely used in traditional medicine
across Asia. Fresh leaves were collected, authenticated, air-dried, and powdered before undergoing
Soxhlet extraction with solvents such as acetone, water, chloroform, dichloromethane, ethanol, ethyl
acetate, and petroleum ether. Physicochemical parameters — including ash values, extractive values,
moisture content, and potential of hydrogen (pH) — were measured to ensure quality and stability.
Qualitative phytochemical screening revealed the presence of bioactive compounds, including
carbohydrates, proteins, glycosides, steroids, flavonoids, tannins, and phenolic compounds, known for
their antioxidant, anti-inflammatory, and antimicrobial properties. Notably, the identification of
flavonoids and phenolic compounds underscores the plant’s potential for managing oxidative stress and
related health conditions. We establish a foundational profile of B. racemosa leaves, contributing to
their standardization and supporting their medicinal value for potential applications in herbal medicine

and pharmaceutical development.
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1. Introduction

Plants have been central to human healthcare for
centuries, serving as the foundation of traditional medicine
and a valuable resource for modern drug development [1,2].
The World Health Organization (WHO) estimates that
nearly 80% of the global population relies on plant-based
medicines for primary healthcare, highlighting their
enduring relevance [3]. Advances in phytochemical
research have identified numerous bioactive compounds
from plants that are integral to nutraceuticals, cosmetics,
and pharmaceuticals [4,5]. These natural compounds are
often favored for their minimal toxicity, compatibility with
human biochemistry, and fewer side effects compared to
synthetic drugs [6-8].

Among  medicinal  plants, Bauhinia  racemosa
(B. racemosa), commonly known as the "Bidi leaf tree,"
stands out for its rich phytochemical composition and
extensive use in traditional medicine. This small deciduous
tree is native to India, Sri Lanka, China, and other parts of
Asia. Its leaves are utilized in South India for making beedis
(traditional Indian cigarettes), while its bark and leaves are
employed in treating headaches, fever, skin diseases, and
dysentery [9,10]. The plant is also renowned for its anti-

inflammatory, antimicrobial, and antioxidant properties,
making it a valuable component of Ayurvedic and
traditional medicine systems [9,11].

Phytochemical screening is essential for
understanding the therapeutic potential of medicinal
plants. Compounds such as flavonoids, tannins, alkaloids,
and phenolic compounds are often the key contributors to
the biological activities of plants [6,12]. Profiling these
compounds aids in identifying therapeutic applications,
ensuring the quality and consistency of herbal
formulations, and potentially discovering new drug
candidates [13,14]. This is particularly important in
regions with limited access to modern medicine, where
medicinal plants serve as primary healthcare resources
[15,16].

Despite the documented medicinal properties of
B. racemosa, comprehensive profiling of its phytochemical
composition across different solvents is limited.
Addressing this gap is critical for standardizing herbal
formulations and ensuring consistent therapeutic
efficacy. The current study systematically analyzes the
bioactive compounds in the leaves of B. racemosa,
offering insights to support the development of novel
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therapeutic applications and enhance the utility of
traditional remedies, particularly in regions where such
plants are a primary healthcare resource.

2. Materials and Methods
2.1. Plant Material

Fresh leaves of B. racemosa were collected during
August and September from the Dharashiv (Osmanabad)
district, Maharashtra, India. The plant material was
authenticated by Dr. A. S. Linge, Head of the Department
of Botany at Venkatesh Mahajan Senior College, Dharashiv,
which is affiliated with Dr. Babasaheb Ambedkar
Marathwada University, Chhatrapati Sambhaji Nagar,
Maharashtra. Voucher specimens were deposited with
herbarium no. 128(B) 2022-23.

2.2. Preparation of Powder and Extracts

The collected leaves were washed thoroughly with
reverse osmosis-purified water to remove surface
impurities. After washing, the leaves were dried in a house
loft for 21 days to prevent photodegradation. Once dried,
they were ground into a powder using an electric grinder
(Philips HL7756/01 750 Watt Mixer Grinder).

Soxhlet extraction was conducted using 100 grams of
the powdered leaf material. The material was placed in a
thimble and loaded into a Soxhlet extractor purchased
from Dolphin Pharmacy Instruments Pvt Ltd, Mumbai,
Maharashtra, India. A 500 mL round-bottom flask
containing 300 mL of laboratory-grade solvent (acetone,
water, chloroform, dichloromethane, ethanol, ethyl
acetate, or petroleum ether) sourced from Research Lab
Fine Chem Industries, Mumbai, Maharashtra, India, was
attached to the Soxhlet apparatus, along with a condenser.

The setup was positioned on a heating mantle, and the
solvent was heated to its boiling point. The evaporated
solvent passed through the Soxhlet extractor to the
condenser, where it was cooled and condensed back into
liquid form. The condensed solvent dripped into the
chamber containing the plant sample in the thimble. When
the solvent level reached the siphon, it was siphoned back
into the round-bottom flask, recycling the solvent-extract
mixture. This process was repeated continuously for
24 hours for each solvent [17].

After extraction, the solvent-extract mixture was
cooled to ambient temperature. The solvent was
evaporated under reduced pressure using a Superfit Rotary
Vacuum Evaporator (PBU 6D) supplied by Superfit
Continental Private Limited, Mumbai, Maharashtra, India.
The concentrated extracts were stored in airtight
containers at 4°C for further analysis. The extraction
process was repeated three times for each solvent to
ensure reliability and reproducibility [17].
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2.3. Physicochemical Analysis

The powdered leaf material underwent various
physicochemical analyses, including determination of ash
content, extractive values in different solvents, moisture
content, and the potential of hydrogen (pH)
measurement. These analyses followed the methodologies
described by Khandelwal and Kokate [18,19].

2.4. Qualitative Phytochemical Screening

The different extracts (acetone, water, chloroform,
dichloromethane, ethanol, ethyl acetate, and petroleum
ether) were screened for the presence of secondary
metabolites, such as carbohydrates, proteins, fixed oils,
glycosides, flavonoids, tannins, and phenolic compounds.
Screening was performed using methodologies outlined by
Khandelwal and Kokate [18,19].

3. Results

3.1. Physicochemical Properties

Key physicochemical parameters, including ash
content, extractive values, and moisture content of the
B. racemosa leaves, are summarized in Table 1.

Table 1. Physicochemical Properties of B. racemosa
Leaf Powder

Parameter Result Unit
Ash value

Total Ash 5.5 % (W/w)
Acid-Insoluble Ash 3.5 % (W/W)
Water-Soluble Ash 2.5 % (W/w)
Sulfate Ash 3 % (W/w)

Extractive values

Water 0.64 % (W/w)
Ethanol 0.36 % (W/w)
Acetone 0.40 % (W/w)
Ethyl acetate 0.32 % (W/w)
Dichloromethane 0.44 % (W/w)
Chloroform 0.28 % (W/w)
Petroleum ether 0.36 % (W/w)

Moisture content

Loss on drying at 110°C 6.65 %
pH

pH of 1.00% w/v aqueous solution 6 -
pH of 10.00% w/v aqueous solution 7 -

3.1. Qualitative Phytochemical Screening

Phytochemical screening of various solvent extracts of
B. racemosa leaves identified a range of bioactive
compounds, as shown in Table 2.
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Table 2. Phytochemical Screening of B. racemosa Leaf Extracts in Various Solvents

Test/
Phytochemicals WE AE CE DE EE EAE PEE
Reagent

Carbohydrates Molisch’s + - + + + + -
Gums and mucilage Alcoholic precipitation + - - - - - -
Proteins Millon’s + + - + + - _
Amino acids Ninhydrin + + - + + - -
//Fixed oils/fats Spon - - - . . - -
Volatile oils Stain - - - - - - -
Steroids Salkowski reaction + + - + + + -
Glycosides Legal’s + + + + + + -
Saponins Foam - - - - - - R
Phytosterols Liebermann’s - + - + + + +
Flavonoids Sulphuric acid and lead acetate - - - + + - +
tP:::itr)]lsic compounds and 5% Ferric chloride and lead acetate * * ) * * } }
Alkaloids Dragendorff’s - - + + - + -

Catalase + - - - + - _
Enzymes

(Hydrogen peroxide)
Acidic compounds Sodium bicarbonate - - - - - - -
Organic acids Calcium chloride - - - - + - -
Vitamins + - - - + - _

Water + sodium bicarbonate + ferrous

sulphate + sulphuric acid

AE, acetone extract; CE, chloroform extract; DE, dichloromethane extract; EAE, ethyl acetate extract; EE, ethanol extract; PEE, petroleum

extract; WE, water extract.

Note: ‘+’ denotes presence, and ‘-’ denotes absence. All solvents used for extraction were of analytical grade, with a purity exceeding 95%.

4. Discussion

The comprehensive analysis presented in this study
highlights the therapeutic potential of B. racemosa leaf
extracts. The detection of flavonoids, tannins, phenolic
compound, and glycosides aligns with prior research and
supports the plant’s medicinal applications [20-22]. Among
the bioactive compounds identified, flavonoids and phenolic
compounds stand out due to their potent antioxidant
properties, which are crucial for mitigating oxidative stress
associated with aging and chronic diseases [23].

The physicochemical properties of the leaf powder,
including total ash (5.5%), acid-insoluble ash (3.5%), water-
soluble ash (2.5%), and moisture content (6.65%) are within
the acceptable limits for medicinal plant materials,
indicating good quality and stability [19,24]. These findings
are consistent with standards outlined by the WHO for the
quality control of herbal materials [25]. The moisture
content was 6.65%, which is relatively low and suggests
good stability and shelf life for the dried leaves [13,26].
Additionally, the pH values (6 for a 1% solution and 7 for
a 10% solution) demonstrate the plant's compatibility with
therapeutic formulations, enhancing its safety and efficacy
profile [18].

The identified phytochemicals, particularly glycosides,
flavonoids, and steroids, have well-documented
pharmacological activities. Glycosides are known for their
cardioprotective and anti-inflammatory properties, while
steroids exhibit anti-inflammatory and antimicrobial
effects [3,27,28]. Flavonoids and phenolic compounds,
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in addition to their antioxidant roles, have shown
potential as anti-cancer agents by modulating oxidative
stress pathways and inducing apoptosis in tumor cells
[29]. These bioactive compounds collectively underscore
the potential of B. racemosa as a source of therapeutic
agents for conditions such as inflammation, infections,
and oxidative stress-related disorders [30].

A notable observation in this study is the influence of
solvent polarity on the extraction efficiency of
phytochemicals. Ethanol and water extracts exhibited
a broader spectrum of bioactive compounds, consistent
with earlier findings [12] that polar solvents effectively
extract flavonoids, phenolics, and other polar
phytochemicals, including flavonoids and phenolics,
which are crucial for antioxidant activity [31]. This
highlights the importance of selecting appropriate
solvents for optimizing the yield of specific bioactive
compounds, which is critical for standardizing herbal
formulations [32].

Despite these promising findings, the study has
certain limitations. While qualitative phytochemical
screening provides valuable insights, quantitative
estimation of key bioactive compound would offer a more
comprehensive understanding of their therapeutic
potential. For instance, antioxidant activity assays
(e.g., 2,2-diphenyl-1-picrylhydrazyl [DPPH] and
3-ethylbenzothiazoline-6-sulphonic acid [ABTS] assays)
and in vitro anti-inflammatory studies could confirm the
bioactivity of the extracts [33]. Furthermore, isolating
and characterizing the active compounds, along with



assessing their mechanisms of action, would strengthen the
evidence for their medicinal applications.

Future research should focus on isolating and
characterizing the active compounds, determining their
mechanisms of action, and assessing their efficacy in
in vivo models. Additionally, exploring the synergistic
effects of these phytochemicals may reveal enhanced
therapeutic potential, as seen in other plant-based
formulations [34]. The integration of omics technologies,
such as metabolomics and proteomics, could further
elucidate the phytochemical pathways and bioactivity
profiles of B. racemosa, paving the way for its application
in drug discovery [35].

5. Conclusions

This study provides a preliminary yet comprehensive
phytochemical and physicochemical profile of B. racemosa
leaves, highlighting their rich content of bioactive
compounds such as flavonoids, phenolic compounds,
glycosides, and tannins. The physicochemical properties
confirm the high quality and stability of the leaf powder,
supporting its use in pharmacological applications.

Our findings validate existing literature while offering
new insights into the phytochemical diversity of
B. racemosa across different solvent extractions. Such
profiling is crucial for the standardization and quality
control of herbal materials, ensuring the purity and
efficacy of their therapeutic formulations.

Overall, this study lays the groundwork for future
research aimed at unlocking the full therapeutic potential
of B. racemosa. By integrating traditional knowledge with
modern scientific approaches, the medicinal applications
of this plant can be expanded, contributing to
advancements in phytotherapy and drug discovery.
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