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ABSTRACT

Biodegradable herbal chips incorporating propolis extract represent a novel and sustainable approach in pharmaceutical drug delivery
systems. Propolis, a natural resinous substance produced by honeybees, is rich in flavonoids, phenolic acids, and terpenoids, which
exhibit significant antimicrobial, antioxidant, and anti-inflammatory activities. The integration of propolis into biodegradable polymers
such as chitosan, gelatin, and starch enhances the physicochemical and biological properties of the formulation. These herbal chips are
typically prepared using solvent casting techniques and demonstrate desirable characteristics such as improved mechanical strength,
flexibility, and controlled drug release behavior. The system provides dual functionality by acting as both a carrier and an active
therapeutic agent, making it highly suitable for applications in wound healing, oral drug delivery, and active food packaging.
Additionally, their biodegradable nature offers an eco-friendly alternative to conventional synthetic materials, supporting chemistry and
sustainability. Recent advancements involving nano-incorporation of propolis further enhance stability, bioavailability, and therapeutic
efficacy. Overall, biodegradable herbal chips from propolis extract present a promising, safe, and environmentally friendly platform
with significant potential in pharmaceutical and biomedical applications.
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INTRODUCTION

Propolis, a naturally occurring resinous material that honeybees (Apis mellifera) gather from plant exudates, is well known for a
variety of pharmacological properties (1). Its antibacterial, antioxidant, anti-inflammatory, and wound-healing qualities are caused by
a complex variety of bioactive substances, including flavonoids, phenolic acids, esters, and terpenoids (2,3). Propolis has drawn a lot of
interest in pharmaceutical and biomedical research as a potential natural medicine because of these therapeutic advantages (4). The
creation of natural polymer-based biodegradable drug delivery systems has garnered increasing attention in recent years. Because of
their biocompatibility, non-toxicity, and environmental friendliness, biodegradable polymers such chitosan, starch, gelatin, and alginate
are frequently utilized (5,6).Among them, chitosan is especially significant due to its superior film-forming capacity, inherent
antibacterial activity, and biodegradability, which make it ideal for applications involving controlled drug administration (7,8). One
intriguing method for creating multifunctional drug delivery systems is the integration of herbal extracts into biodegradable polymer
matrices. Propolis-loaded biodegradable chips or films are a novel strategy that combines the benefits of polymer-based delivery systems
with the therapeutic effectiveness of natural products (9). Usually, solvent casting methods are used to create these chips, in which the
polymer matrix is combined with plasticizers and propolis extract to create thin, flexible films (10). Compared to traditional dosage
forms , biodegradable herbal chips have a number of advantages. They promote patient compliance, increase drug stability, and offer
regulated and sustained release of active ingredients (11). Furthermore, propolis and polymers like chitosan have synergistic
antibacterial action, which makes these systems very helpful for infection management and wound healing (12). Propolis's antioxidant
qualities aid in tissue repair and provide defense against oxidative damage (13). The creation of biodegradable substitutes has also been
prompted by environmental concerns related to synthetic polymers. While biodegradable polymeric systems naturally break down
without leaving behind hazardous residues, conventional plastic-based materials greatly contribute to environmental pollution (14).
Sustainable development and green chemistry are further supported by the use of natural products like propolis (15). By using nano-
encapsulation techniques to increase the bioavailability and stability of propolis, recent developments in nanotechnology have expanded
the potential of these systems (16). These developments broaden the use of biodegradable herbal chips in tissue engineering, improved
drug delivery, and biological domains. Therefore, biodegradable herbal chips made from propolis extract provide great potential for
future pharmaceutical applications by combining natural therapies with contemporary drug delivery technology in a promising and
environmentally responsible way (17).

ORGANOLEPTIC CHARACTERISTICS
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Organoleptic characteristics like color, flavor, and odor are qualities of food or items in general that are determined by human sensory
perception and, unlike instrumental methods, are subjective to an individual's perception (18). Propolis can be divided into groups
according to its organoleptic characteristics (19), which are mainly determined by the range of plant species gathered and the duration
of collection (20) and which significantly affect its consumer acceptability and palatability.Plant-derived materials' color is determined
by their chemical makeup and structure, but primarily through pigmentation (21,22). Pigments are molecules that exhibit selective
absorb or reflect specific light wavelengths. There are numerous kinds of pigments found in plants, but those in charge of the colors of
plants can be broadly classified into four groups: betalains, carotenoids, flavonoids, and chlorophylls (23).The main pigment groups are
dispersed throughout different sections of plant organs. Carotenoids and flavonoids are dispersed throughout a variety of tissues,
including roots, leaves, flowers, fruits, and seeds. There are chlorophylls in the plastids of the leaf's subepidermal photosynthetic cells,
In contrast, betalains are hydrophilic substances that show They are mostly found inside vacuoles and are soluble in water.(24). Green
is primarily caused by chlorophylls, while yellow, orange, and red are caused by carotenoids. Where as betalains and flavonoids are in
charge of red via blue hues (25,26). Several factors, including pH, soluble sugar, cell shape, and concentration of metal elements Age,
temperature, and content could all have an impact on the plant's color (27). The range of plant species from which the propolis was
extracted determines the hue of propolis. It goes from light yellow (28) to every shade of red (29), brown (30), and black (31). The hue
of Propolis has a major impact on its acceptability.

PHYSICAL CHARACTERISTICS

A measurable aspect of matter is called a physical property. that explains a physical system's condition and value symbolizes the
severity of the condition and actions of the item. Physical characteristics include things like hardness, weight, solubility, and melting
and boiling points (32). For example, propolis is brittle and hard at lower temperatures. (usually below 15 °C), but it gets sticky and
soft at greater temperatures (usually over 30 °C). The actual composition and proportions of beeswax and resin in propolis greatly affect
its properties, even within a particular type of propolis. As a result, various data have been documented in the literature. Melting points,
for example There have been reports of temperatures between 50 and 100 degrees Celsius (33,34). According to reports, propolis's
specific weight is1.112-1.136 g/cm3 (34).

MATERIAL AND METHOD

The main bioactive component used in the study was propolis, which was
obtained from a commercial honeybee source. Biodegradable polymers like
chitosan and hydroxypropyl methylcellulose (HPMC) were chosen because of
their superior film-forming capacity, biocompatibility, and suitability for drug
delivery systems (6,8).To facilitate polymer breakdown and improve
formulation flexibility, excipients including propylene glycol and acetic acid
were added (35).antibacterial effectiveness was compared using common
antibacterial drugs such as chlorhexidine (36).An ethanolic extraction method,
which is well known for its effective recovery of phenolic and flavonoid
chemicals, was used to prepare the propolis extract (1).Using a rotary
evaporator set at 50°C, raw propolis was filtered and concentrated after being
macerated with 80% ethanol for 72 hours at room temperature. This method preserves thermolablle molecules whlle ensuring optimal
extraction of bioactive elements (37).Total phenolic and flavonoid content were determined as part of the propolis extract's
characterization. The FolinCiocalteu method, which quantifies the reducing capacity of phenolic compounds and is expressed in gallic
acid equivalents, was used to assess the total phenolic content (38). Quercetin was used as a standard to measure the total flavonoid
content using the aluminum chloride colorimetric method, which revealed the presence of flavonoid molecules that are responsible for
biological activity (39).The DPPH radical scavenging assay was used to assess the extract's antioxidant activity by measuring its capacity
to neutralize free radicals (40). The ease of use and dependability of this approach in evaluating antioxidant capacity make it popular.
The degree of antioxidant activity is indicated by the percentage of DPPH radical inhibition. High Performance Liquid Chromatography
(HPLC), which enables the identification and measurement of specific polyphenolic chemicals found in propolis, was used for additional
chemical characterisation (16). Standardization and quality control of herbal formulations depend on precise separation and analysis,
which is ensured by the use of a reverse-phase C18 column and UV detection.The main bioactive component used in the study was
propolis, which was obtained from a commercial honeybee source. Biodegradable polymers like chitosan and hydroxypropyl
methylcellulose (HPMC) were chosen because of their superior film-forming capacity, biocompatibility, and suitability for drug delivery
systems (6,8).To facilitate polymer breakdown and improve formulation flexibility, excipients including propylene glycol and acetic
acid were added (35).antibacterial effectiveness was compared using common antibacterial drugs such as chlorhexidine (36).An
ethanolic extraction method, which is well known for its effective recovery of phenolic and flavonoid chemicals, was used to prepare
the propolis extract (1).Using a rotary evaporator set at 50°C, raw propolis was filtered and concentrated after being macerated with
80% ethanol for 72 hours at room temperature. This method preserves thermolabile molecules while ensuring optimal extraction of
bioactive elements (37).Total phenolic and flavonoid content were determined as part of the propolis extract's characterization. The
FolinCiocalteu method, which quantifies the reducing capacity of phenolic compounds and is expressed in gallic acid equivalents, was
used to assess the total phenolic content (38). Quercetin was used as a standard to measure the total flavonoid content using the aluminum
chloride colorimetric method, which revealed the presence of flavonoid molecules that are responsible for biological activity (39).The
DPPH radical scavenging assay was used to assess the extract's antioxidant activity by measuring its capacity to neutralize free radicals
(40). The ease of use and dependability of this approach in evaluating antioxidant capacity make it popular. The degree of antioxidant
activity is indicated by the percentage of DPPH radical inhibition. High Performance Liquid Chromatography (HPLC), which enables
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the identification and measurement of specific polyphenolic chemicals found in propolis, was used for additional chemical
characterisation (16). Standardization and quality control of herbal formulations depend on precise separation and analysis, which is
ensured by the use of a reverse-phase C18 column and UV detection.

PREPARATION OF HERBAL BIODEGRADABLE CHIPS USING PROPOLIS EXTRACT.

The solvent casting method, which is widely recognized for creating consistent and repeatable polymeric films, is frequently used to
manufacture biodegradable herbal chips containing propolis extract (10). To obtain desired physicochemical and mechanical qualities,
formulation variables including the concentration of biodegradable polymer (e.g., chitosan 2—-3%), plasticizer (e.g., glycerol or
propylene glycol 1-10%), and optional co-polymers (e.g., hydroxypropyl methylcellulose (HPMC)) are optimized (12).To create a
transparent and uniform polymer solution, the necessary amount of chitosan is first dissolved in a 1-2% (v/v) acetic acid solution and
let to stand for a whole day (6). After that, any undissolved particles are filtered out of the solution. To ensure that the bioactive
compounds are distributed uniformly, propolis extract , usually in the range of 1-5% wi/w, is added to the polymeric solution and
vigorously mixed using a vortex mixer or mechanical stirrer (37). By lowering intermolecular pressures within the polymer matrix, a
plasticizer such as glycerol or propylene glycol must be added in order to increase the films' flexibility and decrease their brittleness
(35). To improve consistency and eliminate trapped air bubbles, the final mixture is further homogenized (9). In order to aid in deaeration
and produce smooth, flawless films, the prepared solution is then let to stand for a brief amount of time. The solution is then evenly
distributed to create thin layers by pouring a predetermined volume into sterile glass petri dishes or molds (14).Solid biodegradable
chips are formed by drying the films at a regulated temperature (usually between 25 and 50°C) until the solvent has completely
evaporated (5). For the films to remain uniformly thick and avoid cracking, controlled drying conditions are essential .To guarantee
dose consistency, the films are carefully peeled off and cut into uniform sizes (such as 1 x 1 cm or required dimensions) after drying
(11).To shield them from moisture and environmental deterioration, the produced chips are then coated in aluminum foil and kept in
desiccators (41).

Fig- Propolips Extract

ANTIMICROBIAL ACTIVITY OF PROPOLIS

Propolis has potent antibacterial activity against a wide range of pathogens, such as viruses, fungus, and bacteria. Bioactive substances
like flavonoids and phenolic acids, which disrupt the integrity and function of microbial cells, are primarily responsible for this activity
(1).These substances damage the cell membrane, which causes intracellular components to flow out and inhibits the growth of
microorganisms. Propolis exhibits effectiveness against Gram-negative organisms but is most efficient against Gram-positive bacteria
like Staphylococcus aureus (2).By preventing the formation of biofilms, suppressing protein synthesis, and inhibiting bacterial enzymes,
the mechanism of action lowers microbial resistance. Propolis exhibits antifungal activity in addition to antibacterial activities,
particularly against Candida albicans, via changing membrane permeability and preventing fungal development (9).

CHARACTERIZATION OF PROPOLIS EXTRACT

Characterization of propolis extract is vital to ascertain its biological activity, chemical makeup, and quality, all of which have a direct
impact on its therapeutic efficacy .The pharmacological activities of propolis are caused by a complex mixture of bioactive chemicals,
including flavonoids, phenolic acids, and aromatic esters (1). The Folin— Ciocalteu method, which gauges the reducing ability of phenolic
compounds, is frequently used to calculate the total phenolic content. Gallic acid equivalents (GAE), which indicate the extract's
antioxidant capacity, are typically used to express the results (2). Similarly, the aluminum chloride colorimetric method is used to
quantify the total flavonoid content; the results are given as quercetin equivalents (QE).Antimicrobial and anti-inflammatory properties
are greatly enhanced by flavonoids. The DPPH radical scavenging assay is commonly used to assess the antioxidant properties of
propolis extract. This technique assesses the extract's capacity to counteract free radicals, which is crucial for lowering oxidative stress
and encouraging tissue repair (16).

PHYSICOCHEMICAL EVALUATION OF DIFFERENT PROPOLIS CHIPS

Physicochemical Assessment of Various Propolis Chips To guarantee the quality, consistency, stability, and efficacy of propolis-
loaded biodegradable chips in drug delivery applications, physicochemical assessment is crucial. These variables have a direct impact
on the formulation's therapeutic efficacy and patient acceptability. To guarantee constant medication distribution and dose accuracy,
the chips' weight and thickness uniformity are assessed. Because variances may result in uneven diffusion of the active ingredients,
uniform thickness is also essential for managing the drug release profile (11). For formulations meant for oral or dental uses, the surface
pH of the chips is a crucial factor. Maintaining compatibility with the physiological environment and preventing irritation to biological
tissues require a pH that is close to neutral (42).To ensure that every chip has the same quantity of propolis extract, content uniformity
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is measured. Spectrophotometric examination is typically performed after the chip has been dissolved in an appropriate solvent.
Reproducibility and consistent therapeutic results are ensured by uniform drug content . To ascertain the formulation's stability in
various environmental circumstances, the moisture content or % moisture loss is assessed. Reduced moisture content extends the shelf
life and guards against microbiological contamination or formulation deterioration (41).

Conclusion

Propolis extract is rich in bioactive constituents such as phenolic compounds and flavonoids, which contribute to its strong antioxidant,
antimicrobial, and anti-inflammatory activities. These properties make propolis a promising natural agent for incorporation into
advanced drug delivery systems. The presence of key polyphenolic compounds such as caffeic acid, quercetin, rutin, and chrysin further
supports its therapeutic potential in promoting tissue healing and preventing infections.

The formulation of propolis extract into biodegradable herbal chips using polymers such as chitosan and HPMC provides an effective
and eco-friendly drug delivery platform. The optimized formulation ensures uniform drug distribution, good mechanical properties, and
controlled release behavior, allowing sustained delivery of propolis at the site of application. These biodegradable chips demonstrate
significant advantages over conventional therapeutic agents, including reduced toxicity, improved biocompatibility, enhanced healing
response, and better patient compliance. In particular, their application in dental and wound healing treatments shows improved
outcomes, such as reduced inflammation and enhanced tissue regeneration, compared to traditional materials.

Summary
The chips are prepared by the solvent-casting method. Chitosan is dissolved in acetic acid, mixed with propolis extract and plasticizers

like glycerol or propylene glycol, poured into molds, dried, and cut into uniform chips. This method produces flexible films with
controlled drug release and uniform drug distribution. strong antimicrobial activity of propolis against bacteria such as Staphylococcus
aureus and fungi such as Candida albicans. These effects are mainly due to flavonoids and phenolic compounds that disrupt microbial
cell membranes and inhibit microbial growth.
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