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ABSTRACT

The demand for natural and sustainable food preservation has increased significantly in recent year. This
growing demand can potentially be addressed through the use of plant derived biosurfactanat
.Biosurfactanat derived from medicinal plant. Biosurfactants derived from medicinal plants possess
amphiphilic properties, exhibit antimicrobial activity, and are biodegradable, making them a potential
alternative to synthetic preservatives. Butea monosperma, commonly known as Flame of the Forest or
Palash, contains several bioactive compounds such as flavonoids, glycosides, and saponins. These
compounds have potential applications in food preservation through edible coatings, antimicrobial
packaging, and emulsification systems. Recent studies have demonstrated the effectiveness of Butea
monosperma extracts in inhibiting food-borne pathogens and improving the shelf life of fresh produce.
Additionally, the incorporation of plant extracts into edible films and coatings has shown promising
results in reducing oxidation and microbial growth. However, challenges such as extraction efficiency,
standardization, toxicity assessment, and large-scale commercialization remain significant barriers. This
review discusses the sources, extraction, functional properties, and recent advances in the application of
Butea monosperma-derived biosurfactants in food preservation, along with their opportunities and
challenges.
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INTRODUCTION

Biosurfactants are naturally occurring surface-active compounds synthesized by microorganisms, plants,
and other biological systems. They have the ability to lower surface and interfacial tension between
different phases such as liquids, solids, and gases. This property is due to their amphiphilic nature, as
they contain both hydrophilic (water-attracting) and hydrophobic (water-repelling) components. Because
of this structure, biosurfactants are highly effective in processes like emulsification, foaming,
detergency, and dispersion. In recent years, biosurfactants have attracted significant attention owing to
their eco-friendly characteristics, including biodegradability[11], minimal toxicity, and compatibility
with the environment. Additionally, they perform efficiently under extreme conditions, making them a
promising alternative to conventional synthetic surfactants[1,16].Synthetic surfactants commonly used
in food processing and preservation can raise concerns because they may persist in the environment and
pose potential health risks due to their toxicity. As a result, there is increasing interest in finding safer
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and more sustainable alternatives. Biosurfactants obtained from natural biological sources are emerging
as effective substitutes, as they are environmentally friendly and often possess antimicrobial and
antioxidant properties that help improve food stability and extend shelf life[12]. Different parts of Butea
monosperma, such as its flowers, bark, leaves, and seeds, are rich in bioactive compounds like
flavonoids, saponins, tannins, and glycosides. These constituents are known for their antimicrobial,
antioxidant, and anti-inflammatory activities. [6,23]. Biosurfactants derived from plants are especially
appealing since plant materials are abundant, renewable, and readily accessible. Moreover, they often
contain bioactive substances that offer extra functional advantages, including antimicrobial and
antioxidant properties[5]. Butea monosperma is one of the medicinal plants that has gained significant
attention because of its rich phytochemical content and diverse traditional uses. Popularly called the
“Flame of the Forest,” it belongs to the Fabaceae family and is commonly found in tropical and
subtropical regions of South Asia. In traditional medicine, its stem bark is used to treat conditions such
as snake bites, ulcers, indigestion, diarrhoea, and dysentery. Beyond its medicinal value, the plant also
has practical and commercial uses; for instance, its leaves are widely utilized for making bowls, plates,
cups, and beedi wrappers[22]. Various parts of the plant, such as the flowers, leaves, seeds, and bark,
are rich in bioactive compounds including flavonoids, tannins, saponins, glycosides, and phenolic
substances. These compounds are known to possess a range of beneficial activities, including
antimicrobial, antioxidant, anti-inflammatory, and liver-protective (hepatoprotective) effects[6,7]. Butea
monosperma, a medicinal tree from the Fabaceae family, is commonly found throughout South Asia and
has been used in traditional healing practices for a long time. It is rich in various phytochemicals such as
flavonoids, tannins, glycosides, and saponins, which are responsible for its antimicrobial and antioxidant
activities. Owing to these properties, the plant is considered a promising natural source of biosurfactants
for applications in food preservation and packaging[9]. Plant-derived biosurfactants are naturally
occurring molecules with both hydrophilic and hydrophobic regions, allowing them to lower surface
tension and create stable emulsions. Saponins are one of the most extensively researched types of plant
biosurfactants. They consist of a water-attracting glycoside portion and a water-repelling triterpene or
steroid backbone, a structure that makes them highly effective as natural surfactants[8].

Biosurfactants serve important functions in food formulation and act as anti-adhesive agents. Their
capacity to reduce surface and interfacial tension makes them useful in creating and stabilizing
emulsions. They help prevent the clumping of fat globules, enhance texture, stabilize aerated foods,
extend the shelf life of starch-based products, modify the rheological properties of wheat dough, and
improve the consistency and quality of fat-containing products[7].

PLANT PROFILE OF BUTEA MONOSPERMA-
Taxonomical classification [12]

Kingdom: Plantae

Sub-kingdom: Tracheobionta

Super-division: Spermatophyta

Division: Magnoliophyta

Class: Magnoliopsida

Subclass: Rosidae

Order: Fabales

Family: Fabaceae
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Genus: Butea
Species: Monosperma (Lam.) Taub

PHYTOCHEMICAL CONSTITUENTS OF BUTEA MONOSPERMA-

Different parts of Butea monosperma are rich in a variety of biologically active compounds. Key
phytochemicals present in the plant include flavonoids (such as butein, butrin, and isobutrin), saponins,
tannins, phenolic compounds, glycosides, and sterols. These constituents contribute to a range of
pharmacological activities, including antimicrobial, antioxidant, anti-inflammatory, and liver-protective
(hepatoprotective) effects[21]. The amphiphilic nature of saponins, with both water-attracting and water-
repelling parts, allows them to interact with lipid membranes and lower surface tension, making them
effective natural biosurfactants.

METHODS USED FOR BIOACTIVE COMPOUND EXTRACTION, ISOLATION, AND
PURIFICATION

Preparation of Plant Material and Extraction Process

Fresh plant materials such as leaves, flowers, or other parts are first collected and cleaned thoroughly to
remove dust and impurities. After washing, the materials are dried under shade conditions to preserve
their active constituents and prevent degradation caused by direct sunlight. Once completely dried, the
plant material is finely ground into powder. This increases the surface area, allowing better contact with
solvents and improving the efficiency of extraction[20].

Solvent Extraction of Bioactive Compounds

The powdered plant material is then subjected to solvent extraction using polar solvents such as ethanol,
methanol, or aqueous ethanol. These solvents are effective in dissolving saponins and other bioactive
compounds due to their polarity. The extraction is commonly carried out using techniques like Soxhlet
extraction or reflux, where the material is continuously exposed to the solvent for several hours. This
process ensures maximum transfer of phytochemicals into the solvent, resulting in a crude extract
containing a mixture of active constituents[20].

Purification

The extracted compounds can be further purified using various techniques, including n-butanol liquid—
liquid extraction, thin-layer chromatography (TLC), column chromatography, and high-performance
liquid chromatography (HPLC). These methods allow for the isolation of saponin-rich fractions, which
are the key components responsible for the biosurfactant activity[17,4].

FUNCTIONAL PROPERTIES RELEVANT TO FOOD PRESERVATION-

Antimicrobial Activity

Plant extracts containing high levels of bioactive compounds have been found to possess strong
antimicrobial properties against a variety of pathogenic bacteria. For instance, methanol, ethanol, and
water extracts from medicinal plants like Achillea millefolium, Bergenia ciliata, and Aloe vera showed
significant antibacterial effects against Staphylococcus aureus and Escherichia coli, as indicated by
measurable zones of inhibition and minimum inhibitory concentrations in laboratory tests. The
antimicrobial activity of these extracts is linked to their abundant phenolic and flavonoid content,
highlighting their potential as natural antimicrobial agents for both food preservation and medicinal
use[10,24].
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These antimicrobial effects make the extracts ideal candidates for use as natural food preservatives.
Antioxidant Activity

Plant extracts that are rich in flavonoids and phenolic compounds demonstrate strong antioxidant
activity, which helps to slow lipid oxidation and maintain food quality. Studies have shown that these
extracts can significantly reduce lipid oxidation in various food models, highlighting their potential as
effective natural antioxidants for food preservation[3].

Emulsification Properties

Butea monosperma is a medicinal plant that contains a variety of phytochemicals, including glycosides,
triterpenoids, and saponin-like compounds, which play a role in its surface-active properties.
Phytochemical studies have also identified lipid-based and saponifiable components, such as fatty acids
and other bioactive substances, that contribute to its amphiphilic nature. RAJPUT.Owing to their
amphiphilic nature, they act as “label-friendly” substitutes for synthetic surfactants in food, cosmetic,
and pharmaceutical products, providing strong stability under high temperatures and different pH
conditions, along with enhanced antibacterial activity[2].

RECENT ADVANCES IN FOOD PRESERVATION APPLICATIONS

Edible Films and Coatings

Recent research has shown that Butea monosperma flower extract can be effectively used in creating
edible films and coatings for fresh produce. In a 2025 study, biodegradable films were prepared by
combining Butea monosperma extract with guar gum to coat tomatoes. These films demonstrated
notable antioxidant properties and improved mechanical strength, helping to slow down spoilage and
maintain quality. The findings indicate that using plant-based extracts such as Butea monosperma in
edible coatings offers a natural and efficient approach to prolong the shelf life of fruits and vegetables
while preserving their safety and nutritional value[19].

Natural Antimicrobial Agents

Extracts from Butea monosperma have been studied as natural antimicrobial agents, showing the ability
to inhibit food-borne pathogens and minimize microbial spoilage[24].

Natural Food Colorants with Preservative Effects

Flower extracts of Butea monosperma have been utilized to create natural dyes rich in flavonoids like
butrin and isobutrin, which exhibit antioxidant properties that can be advantageous in food
applications[15].

OPPORTUNITIES IN FOOD PRESERVATION

Biosurfactants derived from Butea monosperma provide multiple benefits:

1. Environmentally friendly and biodegradable

2. Lower toxicity than synthetic surfactants

3. Possess antimicrobial and antioxidant activities

4. Suitable for use in edible coatings and food packaging

5. Align with consumer demand for natural food additives

These features make them a promising option for sustainable and eco-conscious food preservation
methods.
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CHALLENGES AND LIMITATIONS

Although plant-derived biosurfactants show great potential, their large-scale use faces several
challenges:

o Low yields from plant sources

« Variations in phytochemical content caused by environmental conditions

« Higher production costs compared to synthetic surfactants

e Scarcity of studies at an industrial scale

e Requirement for safety evaluations and regulatory approval

Overcoming these issues will require the development of more efficient extraction methods,
optimization of production processes, and comprehensive toxicological assessments.

FUTURE PERSPECTIVES

Future research should focus on improving extraction method such as ultrasound-assisted or
microwave-assisted extraction as well as development of nano-encapsulated biosurfactant systems.
Further research also focus on integration of these compound with biodegradable food packaging
materials as long as Large-scale industrial evaluation and commercialization.These strategies could
significantly enhance the practical application of plant-derived biosurfactants in food systems.

CONCLUSION

Plant-derived biosurfactants from Butea monosperma represent a promising natural alternative to
synthetic food preservatives. Their antimicrobial, antioxidant, and emulsifying properties enable their
application in edible coatings, antimicrobial packaging, and food stabilization systems. Recent advances
in food preservation technologies have demonstrated the potential of Butea monosperma extracts to
enhance shelf life and maintain food quality. However, further research is needed to overcome
challenges related to extraction efficiency, scalability, and regulatory approval before widespread
industrial adoption
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