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ABSTRACT 

This study highlights the use of plant-derived natural surfactants in formulating pharmaceutical emul-

sions, addressing concerns with traditional synthetic surfactants. Emulsions are vital for enhancing 

drug bioavailability, but their formulation often involves environmentally concerning agents. Natural 

surfactants from plant extracts emerge as eco-friendly alternatives. The review explores diverse plant-

derived surfactants, emphasizing their unique structures and surface-active properties. Extraction 

methods, purification techniques, and their compatibility with pharmaceutical ingredients are evalu-

ated, showcasing their efficacy in stabilizing emulsions. Physicochemical aspects of emulsion stabil-

ity, including interactions between natural surfactants, co-surfactants, and hydrophobic drugs, are 

discussed. Case studies demonstrate successful formulations across various pharmaceutical emulsion 

systems, highlighting their potential in controlled drug delivery. Safety is crucial, especially in phar-

maceuticals. The abstract reviews toxicity, irritation, and allergies tied to plant-derived surfactants, 

confirming their suitability. In conclusion, integrating natural surfactants from plant extracts in phar-

maceutical emulsions offers a biocompatible and sustainable approach to enhancing drug delivery. 

This research emphasizes the need for further studies to optimize formulations, assess long-term sta-

bility, and validate their clinical potential. 
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1. Introduction  

Natural surfactants derived from plant extracts are gaining traction in the pharmaceutical industry due 

to their unique advantages over synthetic alternatives [1]. These plant-based surfactants are 

biocompatible, indicating they exhibit low toxicity and are less likely to cause adverse reactions in 

pharmaceutical formulations. This is especially crucial in drug delivery systems where patient safety 

is paramount [2]. In addition to their safety profile, natural surfactants are environmentally friendly 

[3]. Their production processes typically involve fewer harsh chemicals, thus reducing the 

environmental footprint [4]. This aligns with the growing emphasis on sustainable practices within 

the pharmaceutical sector. Moreover, these surfactants, due to their natural origin, often present lower 

risks of skin irritation, allergic reactions, or toxicity, making them ideal for products intended for 

topical or oral use [5]. Understanding the molecular structures and properties of these surfactants is 

essential for their effective application. They display amphiphilic behaviour, possessing both 

hydrophobic and hydrophilic components, which is vital for stabilizing emulsions [6]. These 

surfactants can form micelles in solution, a property that enhances the solubility and bioavailability 

of lipophilic drug compounds [7]. 

To harness the benefits of plant-derived surfactants in pharmaceutical emulsions, efficient extraction 

and purification processes are necessary. Various methods, such as solvent extraction and foam 

fractionation, can be employed [8]. Post-extraction, purification techniques like ultrafiltration and 

chromatography refine these surfactants for their intended pharmaceutical use [9]. It's also crucial to 

ensure the compatibility of natural surfactants with hydrophobic drug compounds and other 

surfactants to achieve stable and effective emulsions [10]. Natural surfactants are adaptable, adjusting 

their hydrophilic-lipophilic balance (HLB) to meet different formulation needs [11]. They have been 

successfully used in various pharmaceutical emulsion systems, enhancing stability and solubility.  

For instance, they've been incorporated into lipid-based drug delivery systems and emulsions for oral, 

topical, and even injectable drug delivery, showcasing their versatility, stability, and low toxicity [ 

12]. 

Outside of pharmaceuticals, these surfactants are also utilized in the nutraceutical and cosmeceutical 

sectors, aligning with consumer preferences for safe and sustainable ingredients [13]. However, 

irrespective of the application, ensuring the safety and biocompatibility of these surfactants remains 
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a top priority [14]. Comprehensive toxicity assessments, skin and eye irritation tests, and allergenicity 

studies are conducted to ensure their safety in various products [15]. 

Natural surfactants derived from plant extracts offer a promising alternative to synthetic surfactants 

for pharmaceutical emulsion formulation. They have advantages such as biocompatibility, eco-

friendliness, and unique surface-active properties that make them suitable for drug delivery systems 

[16]. However, to use natural surfactants effectively, their molecular structures, compatibility with 

pharmaceutical ingredients, and safety profiles need to be well understood. Various case studies have 

shown their efficacy in controlled drug delivery across different pharmaceutical emulsion systems 

[17]. Future research and optimization are required to fully exploit the potential of these natural 

surfactants, leading to safer and more sustainable pharmaceutical formulations. 

2. Natural Surfactants from Plant Extracts 

Surfactants, or surface-active agents, are amphiphilic molecules with a dual affinity for both 

hydrophilic (water-attracting) and hydrophobic (water-repelling) components. These remarkable 

compounds play a pivotal role in various industries, ranging from pharmaceuticals to cosmetics and 

food processing. While synthetic surfactants have dominated these applications for decades, there is 

a growing interest in exploring natural alternatives derived from plant extracts. This shift towards 

natural surfactants is driven by their unique structures and surface-active properties, which not only 

enhance their biocompatibility but also align with the growing demand for sustainable and eco-

friendly solutions. 

2.1. Unique Structures of Natural Surfactants 

One of the distinguishing features of natural surfactants from plant extracts is their diverse and intri-

cate molecular structures. These structures are often complex, with a combination of hydrophilic and 

hydrophobic moieties that can vary widely among different plant-derived surfactants. This structural 

diversity is a result of the vast array of compounds produced by plants for various ecological func-

tions, including protection, communication, and defense against environmental stressors [18]. 

2.2. Phospholipids 

Phospholipids are a prominent class of natural surfactants found abundantly in plant cell membranes. 

These molecules possess a hydrophilic phosphate head group and two hydrophobic fatty acid tails. 

This unique structure allows phospholipids to spontaneously form lipid bilayers, a fundamental 
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component of cell membranes [19]. The surface-active properties of phospholipids play a crucial role 

in cellular processes and have significant implications for pharmaceutical and cosmetic applications.  

2.3. Saponins 

Saponins are glycosidic compounds found in various plant species, including legumes and oats. They 

consist of a hydrophobic aglycone (the sapogenin) and one or more hydrophilic sugar moieties [20]. 

Saponins exhibit surfactant behavior due to their amphiphilic nature, capable of reducing surface 

tension and forming stable foams and emulsions. In traditional medicine and agriculture, saponin-

rich plant extracts have been used as natural surfactants with diverse applications [21]. 

2.4. Tannins 

Tannins are a class of polyphenolic compounds found in plants, particularly in fruits, leaves, and 

bark. These molecules possess a unique combination of hydrophilic and hydrophobic regions, making 

them effective natural surfactants [22]. Tannins are known for their ability to form complexes with 

proteins, an essential property in industries. Moreover, their surfactant properties have potential 

applications in areas such as emulsification and wastewater treatment [23]. 

3. Surface-Active Properties of Natural Surfactants 

Natural surfactants from plant extracts exhibit a diverse range of surface-active properties, making 

them valuable in various industrial and scientific applications. These properties are a direct conse-

quence of their unique structures and are often tailored to the plants' ecological roles. 

3.1. Emulsification and Dispersion 

One of the primary functions of surfactants is to stabilize emulsions, which are colloidal systems of 

immiscible liquids [24]. Natural surfactants, with their amphiphilic structures, excel in this regard. 

They can lower the interfacial tension between oil and water, allowing for the formation of stable 

emulsions. This property is particularly valuable in the food industry for creating products like salad 

dressings, mayonnaise, and cream liqueurs. 

3.2. Foaming and Detergency 

Many natural surfactants from plant extracts are proficient at generating and stabilizing foams [25]. 

Foams find applications in industries such as food processing (e.g., whipped cream), cosmetics (e.g., 

shampoos), and firefighting (e.g., foam extinguishers). Additionally, the detergent properties of 
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certain plant-derived surfactants make them suitable for cleaning applications, further expanding their 

utility [26]. 

3.3. Biological Compatibility 

Natural surfactants are often favored in pharmaceutical and cosmetic formulations due to their bio-

compatibility and reduced likelihood of causing skin irritation or allergies [5]. Phospholipids, for 

example, are integral to cell membranes and are well-tolerated by the human body. This biocompat-

ibility extends their use in drug delivery systems and skincare products [23]. 

3.4. Environmental Friendliness 

The shift towards natural surfactants aligns with the growing demand for sustainable and eco-friendly 

solutions [3]. Many synthetic surfactants have adverse environmental impacts, whereas plant-derived 

surfactants are often biodegradable and less harmful to ecosystems. This eco-friendliness makes them 

suitable for applications in agriculture, where minimizing environmental impact is crucial [27]. 

 

4. Applications of Natural Surfactants  

The distinctive structures and surface-active attributes of natural surfactants have unlocked many 

possibilities for their utilization. These options extend across various industries and scientific 

domains, underscoring the adaptability and promise of surfactants derived from plants. In the 

pharmaceutical realm, natural surfactants assume a crucial role, especially in the formulation of drug 

delivery systems. [7]. Phospholipids, such as phosphatidylcholine, are used to formulate liposomal 

drug carriers that enhance the solubility and bioavailability of poorly water-soluble drugs [28]. This 

article explores the multifaceted applications of these natural surfactants in pharmaceuticals and their 

pivotal role in improving drug solubility, bioavailability, and formulation stability. 

4.1. Natural Surfactants as Solubility Enhancers 

One of the fundamental challenges in pharmaceutical development is the formulation of drugs with 

poor water solubility. Many drug compounds, especially those of hydrophobic nature, exhibit low 

solubility in the aqueous environment of the human body. This limited solubility often leads to inad-

equate drug absorption, reduced bioavailability, and ineffective therapeutic outcomes. 

Natural surfactants, owing to their amphiphilic nature, have the ability to enhance the solubility of 

hydrophobic drug compounds [29]. Their unique molecular structures allow them to interact with 
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both water and lipid phases, effectively dispersing hydrophobic drugs in aqueous solutions. This 

property is particularly valuable in formulating oral dosage forms, where improved drug solubility 

translates into better absorption and therapeutic efficacy [28, 29, 30, 32, 36]. 

4.2. Emulsification and Lipid-Based Drug Delivery 

Natural surfactants are essential components in the development of lipid-based drug delivery systems. 

These systems, such as liposomes, micelles, and nanoemulsions, utilize the self-assembling properties 

of surfactants to encapsulate and deliver drugs [12]. Advanced drug delivery, using liposomes, 

micelles, and nanoemulsions, relies on surfactant self-assembly for efficient drug encapsulation and 

targeted release. Liposomes self-assemble phospholipids into vesicles, forming a bilayer structure for 

hydrophobic and hydrophilic drugs. Micelles, created by surfactant molecules, organize into 

nanoscale structures, improving solubility for poorly water-soluble drugs. Nanoemulsions involve 

surfactant-stabilized oil droplets in water, offering a versatile platform for drug encapsulation. These 

systems enhance drug solubility and provide precise control over release kinetics, optimizing 

therapeutic outcomes [31].   

In this context, natural surfactants play a pivotal role in stabilizing lipid-based formulations and pre-

venting drug precipitation [12, 31]. 

4.3. Biocompatibility and Reduced Toxicity 

Pharmaceutical formulations must prioritize patient safety and minimize the risk of adverse effects. 

Natural surfactants derived from plant extracts are generally well-tolerated by the human body, lead-

ing to reduced toxicity and fewer side effects compared to synthetic counterparts [32]. This biocom-

patibility is especially crucial in the development of parenteral drug delivery systems, where any 

potential toxicity can have severe consequences. 

4.3.1. Improved Bioavailability 

Enhancing drug bioavailability is a key objective in pharmaceutical research, as it directly impacts 

the therapeutic effectiveness of a drug. Natural surfactants contribute to improved bioavailability 

through several mechanisms: 

4.3.1. 1. Micellar Solubilization 

Natural surfactants have the capacity to form micelles in aqueous solutions, where their hydrophobic 

tails sequester hydrophobic drug molecules. This solubilization process significantly increases the 
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apparent solubility of poorly water-soluble drugs [33]. As a result, the drugs can be absorbed more 

efficiently in the gastrointestinal tract, leading to enhanced bioavailability. 

4.3.1.2. Emulsification 

Lipid-based drug delivery systems formulated with natural surfactants can increase drug bioavaila-

bility by promoting lymphatic transport [12]. This is particularly relevant for drugs that undergo ex-

tensive first-pass metabolism in the liver, as it bypasses this route and improves systemic drug expo-

sure. 

4.3.1.3. Enhanced Permeability 

Some natural surfactants, such as phospholipids, can interact with cell membranes and promote drug 

permeability [34]. This mechanism is crucial for drugs targeting intracellular compartments or cross-

ing physiological barriers like the blood-brain barrier [34,35]. 

4.4. Stability of Pharmaceutical Formulations 

The stability of pharmaceutical formulations is paramount to ensure that drugs retain their potency 

and efficacy throughout their shelf life. Natural surfactants contribute significantly to the stability of 

various drug formulations: 

4.4.1. Prevention of Drug Aggregation 

Natural surfactants are effective in preventing drug aggregation and precipitation, which can occur 

due to poor drug solubility [10]. By maintaining drug dispersion in the formulation, they ensure that 

the drug remains in a usable form until administration [ 67]. 

4.4.2. Emulsion Stability 

In emulsion-based formulations, such as oral suspensions or parenteral emulsions, natural surfactants 

play a crucial role in stabilizing the oil-in-water or water-in-oil systems. They reduce interfacial ten-

sion and prevent phase separation, ensuring uniform drug distribution and consistent dosing [36]. 

4.4. 3. Long-Term Storage 

The inherent stability of natural surfactants renders them well-suited for the prolonged storage of 

pharmaceutical products [37]. This quality proves especially beneficial for biopharmaceuticals and 

vaccines, where an extended shelf lives is imperative. 

 

4.5. Biodegradability and Environmental Considerations 
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With increasing awareness of environmental sustainability, pharmaceutical companies are seeking 

formulations with minimal environmental impact. Natural surfactants, often derived from renewable 

plant sources, align with these sustainability goals [38]. They are biodegradable and less likely to 

accumulate in the environment, reducing the ecological footprint of pharmaceutical formulations. As 

the pharmaceutical industry continues to prioritize patient safety, therapeutic effectiveness, and envi-

ronmental responsibility, the versatile applications of natural surfactants are poised to play a pivotal 

role in shaping the future of pharmaceutical formulations [4,17,21,27,32]. 

 

5. Natural Surfactants from Plant Extracts: Extraction, Purification, and Pharmaceutical Com-

patibility 

The quest for sustainable and biocompatible alternatives in the pharmaceutical industry has 

spurred interest in natural surfactants derived from plant extracts. These surfactants, sourced 

from a diverse range of plant materials including roots, leaves, fruits, and seeds, offer a promis-

ing avenue to address the limitations associated with synthetic surfactants. [21, 22,32,39].  

5.1. Extraction Methods for Natural Surfactants 

The extraction of natural surfactants from plant materials is a critical step in harnessing their 

surface-active properties for pharmaceutical applications. Various extraction techniques are em-

ployed to isolate these surfactants efficiently: 

5.1.1. Solvent Extraction 

Solvent extraction involves the use of organic solvents, such as ethanol or hexane, to dissolve 

surfactants from plant materials. This method is particularly useful for extracting lipophilic sur-

factants found in plant oils [39]. 

5.1.2. Aqueous Extraction 

Aqueous extraction methods use water-based solutions to extract surfactants [40]. These meth-

ods are ideal for hydrophilic surfactants present in plant tissues. 

5.1.3. Supercritical Fluid Extraction 

Supercritical fluid extraction utilizes supercritical carbon dioxide as a solvent to extract surfac-

tants from plant materials. This method offers the advantage of avoiding the use of toxic organic 

solvents and has gained attention for its green extraction approach [41]. 

5.1.4. Microwave-Assisted Extraction 
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Microwave-assisted extraction uses microwave energy to enhance the extraction efficiency of 

surfactants from plant materials, it reduces extraction time and energy consumption [42]. 

5.1.5. Ultrasound-Assisted Extraction 

Ultrasound-assisted extraction employs high-frequency sound waves to disrupt plant cell walls 

and facilitate the release of surfactants into the solvent. This method is known for its ability to 

enhance extraction yields [43]. 

5.2. Purification Techniques for Natural Surfactants 

After extraction, natural surfactants often require purification to isolate the desired compounds 

and remove impurities. Purification techniques play a crucial role in ensuring the suitability of 

these surfactants for pharmaceutical applications: 

5.2.1. Chromatography 

Various chromatographic techniques, such as column chromatography or high-performance liq-

uid chromatography (HPLC), are employed to separate and purify natural surfactants. These 

methods offer high precision in isolating specific compounds [44]. 

5.2.2. Filtration 

Filtration methods, including ultrafiltration or microfiltration, are used to remove larger impuri-

ties and particulate matter from surfactant solutions. They are particularly effective for clarifying 

plant extracts [45]. 

5.2.3. Distillation 

Distillation techniques can be employed to separate surfactants from solvents used in the extrac-

tion process. This is especially relevant when organic solvents are used in the extraction [46]. 

5.2.4. Precipitation 

Precipitation methods involve adding a suitable precipitant to the surfactant solution to induce 

the formation of surfactant-rich precipitates. These precipitates can then be separated and further 

purified [47]. 

5.3. Compatibility with Pharmaceutical Ingredients 

The successful integration of natural surfactants into pharmaceutical emulsions necessitates an 

understanding of their compatibility with hydrophobic drug compounds and co-surfactants. Sev-

eral factors influence the compatibility of natural surfactants with pharmaceutical ingredients: 

5.3.1. Molecular Structure 
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The molecular structure of natural surfactants plays a pivotal role in their compatibility with 

pharmaceutical ingredients. Surfactants with tail and head groups that can interact favorably with 

drug compounds are more likely to form stable emulsions [48]. 

5.3.2. Hydrophilic-Lipophilic Balance (HLB) 

The HLB value of a surfactant determines its affinity for water or oil phases. Matching the HLB 

of natural surfactants with the specific requirements of the drug compound is crucial for achiev-

ing emulsion stability [49]. 

5.3.3. Drug-Polymer Interactions 

In some cases, natural surfactants may interact with pharmaceutical polymers used in drug for-

mulations [10]. Understanding these interactions is essential for optimizing the emulsion's sta-

bility and drug release profiles. 

5.3.4. Co-Surfactants 

The inclusion of co-surfactants in pharmaceutical emulsions can enhance stability. Natural sur-

factants must be compatible with these co-surfactants to ensure effective emulsion formation and 

long-term storage [50]. 

 

 

 

6. Exploration of Application: Natural Surfactants in Pharmaceuticals 

Natural surfactants derived from plant extracts have gained prominence in pharmaceutical applica-

tions due to their biocompatibility, sustainability, and potential to enhance drug delivery systems. 

Several case studies highlight the successful utilization of these natural surfactants in pharmaceutical 

formulations, addressing issues related to solubility, stability, and bioavailability of drugs. This article 

explores some notable case studies that demonstrate the efficacy of natural surfactants in pharmaceu-

ticals [51, 52, 53, 54,55]. 

6.1. Nanoemulsions for Enhanced Bioavailability 

One of the primary challenges in pharmaceuticals is improving the bioavailability of poorly water-

soluble drugs. Natural surfactants have been instrumental in the development of nanoemulsions to 

address this issue. A study focused on curcumin, a bioactive compound with limited aqueous solubil-

ity. By using plant-derived surfactants, they successfully formulated curcumin-loaded nanoemul-

sions. These nanoemulsions exhibited significantly improved bioavailability compared to 
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conventional formulations [51]. They concluded that natural surfactants not only stabilized the 

nanoemulsion but also enhanced the solubility and absorption of curcumin, highlighting their poten-

tial for improving the therapeutic efficacy of hydrophobic drugs. 

6.2. Herbal Extract Emulsions for Controlled Release 

Herbal extracts are widely used in pharmaceuticals due to their therapeutic properties. However, 

achieving controlled release of bioactive compounds from herbal extracts can be challenging. The 

case study where they formulated herbal extract emulsions using natural surfactants. These emulsions 

allowed for the controlled release of bioactive compounds from herbal extracts, ensuring a sustained 

therapeutic effect. The natural surfactants played a crucial role in stabilizing the emulsion and con-

trolling the release kinetics, making them valuable in herbal-based pharmaceutical formulations [52]. 

6.3. Essential Oil-Based Emulsions for Aromatherapy 

Essential oils have gained recognition for their therapeutic potential in aromatherapy and skin care 

products. However, their hydrophobic nature poses formulation challenges. One study explored the 

use of natural surfactants derived from plant extracts to formulate essential oil-based emulsions. 

These emulsions provided an effective carrier system for essential oils, allowing for their controlled 

release and improved skin penetration. The natural surfactants not only stabilized the emulsions but 

also enhanced the delivery of essential oil actives, demonstrating their utility in pharmaceutical and 

cosmetic applications [53].  

6.4. Lipid-Based Drug Delivery Systems 

Lipid-based drug delivery systems are widely employed in pharmaceuticals for enhancing the solu-

bility and bioavailability of lipophilic drugs. A case study focused on the development of lipid-based 

formulations using natural surfactants sourced from plant extracts. These formulations effectively 

encapsulated lipophilic drugs, ensuring their solubilization and controlled release. The biocompatible 

nature of natural surfactants made them suitable for lipid-based drug delivery systems, offering a 

sustainable and safe approach to drug formulation [54]. 

6.5. Oral Delivery of Phytochemicals 

Phytochemicals derived from plants have garnered attention for their potential health benefits. How-

ever, their bioavailability through oral administration can be limited. Natural surfactants obtained 

from plant extracts were utilized to enhance the oral delivery of phytochemicals. The surfactants 

improved the solubility and absorption of phytochemicals, leading to increased bioavailability. This 
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approach opens new possibilities for utilizing plant-derived surfactants to unlock the therapeutic po-

tential of phytochemicals in pharmaceutical applications [55]. 

 

7. Toxicity, Irritation, and Allergies in Plant-Derived Surfactants: Assessing Suitability for 

Pharmaceutical Applications 

The increasing demand for sustainable and biocompatible pharmaceutical formulations has driven the 

exploration of plant-derived surfactants as alternatives to synthetic counterparts. While these natural 

surfactants offer numerous advantages, concerns related to toxicity, irritation, and allergies must be 

thoroughly evaluated to confirm their suitability for pharmaceutical applications [68].  

7.1. Biocompatibility and Safety of Plant-Derived Surfactants 

Plant-derived surfactants are inherently biocompatible, making them an attractive choice for pharma-

ceutical applications. They are sourced from renewable plant materials and are often considered eco-

friendly. These surfactants exhibit low toxicity in their native form, as they have evolved within living 

organisms, where they perform essential functions in cell membranes and metabolic processes [69]. 

In a recent study, the biocompatibility of plant-derived surfactants was assessed using in vitro and in 

vivo models. The study focused on surfactants extracted from quillaja saponin, a natural source. The 

results demonstrated minimal cytotoxicity and low irritation potential, confirming the biocompatibil-

ity of these surfactants. Furthermore, animal studies revealed no adverse effects, supporting their 

safety profile for pharmaceutical use [56]. 

7.2. Toxicity Assessment in Plant-Derived Surfactants 

While plant-derived surfactants are generally considered safe, toxicity assessments are essential to 

confirm their suitability for specific pharmaceutical formulations. Researchers have conducted com-

prehensive toxicity studies to evaluate the potential risks associated with these surfactants. A study 

investigated the acute and chronic toxicity of plant-derived surfactants extracted from yucca schidig-

era, a desert plant. The acute toxicity assessment showed no adverse effects in rats, even at high 

doses. In the chronic toxicity study, no observable toxicological effects were reported during a six-

month exposure period [57]. These findings highlight the low toxicity of yucca-derived surfactants, 

supporting their safety for pharmaceutical applications. 

7.3. Irritation Potential of Plant-Derived Surfactants 
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Skin and mucous membrane irritation potential is a crucial consideration when formulating pharma-

ceutical products. Plant-derived surfactants are known for their mildness, but rigorous assessments 

are necessary to ensure their compatibility with human tissues [70]. 

In one study, plant-derived surfactants from aloe vera were evaluated for their potential to cause skin 

irritation. The surfactants were incorporated into topical formulations. The results showed no signif-

icant irritation when applied to human skin, confirming their suitability for dermatological pharma-

ceuticals [58]. 

7.4. Allergenicity Evaluation 

Allergic reactions are a critical concern in pharmaceutical applications, as they can lead to severe 

adverse effects in patients. Assessing the allergenic potential of plant-derived surfactants is essential 

to ensure patient safety [70, 56, 57]. A study focused on allergenicity testing of plant-derived surfac-

tants derived from soybeans. Skin patch tests were conducted on human volunteers to evaluate the 

potential for allergic reactions. The results indicated no allergic responses, suggesting that soybean-

derived surfactants are unlikely to cause allergenic reactions in pharmaceutical formulations [59]. 

 

8. Physicochemical Aspects of Emulsion Stability in Pharmaceutical Formulations 

Emulsions play a pivotal role in modern pharmaceutical formulations, offering a versatile platform 

for drug delivery. Among the key factors influencing emulsion stability, physicochemical interactions 

between natural surfactants, co-surfactants, and hydrophobic drugs are of paramount importance. 

This article explores recent research and developments in understanding these interactions, shedding 

light on their significance in pharmaceutical emulsion design [60, 61, 62, 63]. 

8.1. Interfacial Tension and Emulsion Stability 

Interfacial tension at the oil-water interface is a critical factor in emulsion stability. It defines the 

ability of surfactants and co-surfactants to lower the interfacial tension, preventing the separation of 

immiscible phases. Natural surfactants, derived from plant extracts, have garnered attention for their 

unique surface-active properties [60]. These properties allow them to effectively reduce interfacial 

tension, contributing to stable emulsions. In a recent study, the interfacial tension-lowering capacity 

of natural surfactants extracted from fenugreek seeds was investigated. The results demonstrated that 

fenugreek-derived surfactants exhibited a remarkable ability to reduce interfacial tension, promoting 

emulsion stability [61]. This finding highlights the potential of plant-derived surfactants in enhancing 

the performance of pharmaceutical emulsions. 
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8.2. Role of Co-Surfactants 

Co-surfactants are often employed in emulsion formulations to synergize with surfactants, further 

improving emulsion stability. These compounds work in conjunction with surfactants to lower inter-

facial tension and enhance the formation of micelles or vesicles, contributing to emulsion stability 

[62]. A study investigated the compatibility of natural surfactants from sunflower lecithin with vari-

ous co-surfactants commonly used in pharmaceutical emulsions. The research demonstrated that sun-

flower lecithin-based surfactants exhibited excellent compatibility with a range of co-surfactants, 

leading to stable emulsions with improved drug solubility [62]. This compatibility is crucial in phar-

maceutical emulsion design, as it allows for the tailored optimization of formulations. 

8.3. Hydrophobic Drug Interactions 

In pharmaceutical emulsions, the solubilization of hydrophobic drugs is a critical objective. Natural 

surfactants, owing to their unique amphiphilic nature, can interact with hydrophobic drug compounds 

to enhance their solubility and bioavailability [62]. These interactions involve the incorporation of 

drug molecules into the hydrophobic regions of micelles or vesicles formed by surfactants and co-

surfactants. Recent research focused on the solubilization of a poorly water-soluble drug using natural 

surfactants extracted from soybeans. The study revealed that soybean-derived surfactants effectively 

solubilized the hydrophobic drug, significantly improving its bioavailability [63]. A study by 

Malikzad in 2018, demonstrated that plant proteins such as zein, gliadin, legumin and lectins possess 

favorable properties such as low toxicity, ready availability, easily modifiable structures with free 

functional groups, and good stability [66]. These findings emphasize the potential of plant-derived 

surfactants in enhancing drug delivery, particularly for hydrophobic compounds. 

8.4. Emulsion Stability and Long-Term Storage 

Maintaining emulsion stability during long-term storage is crucial for pharmaceutical formulations. 

Natural surfactants, owing to their unique properties, contribute to the formation of robust emulsion 

systems that resist phase separation and coalescence [64]. Understanding the physicochemical inter-

actions at play is essential for formulating emulsions with prolonged shelf life. A study by Pol-

ychniatou in 2016, investigated the stability of pharmaceutical emulsions containing natural surfac-

tants extracted from olive oil. The research demonstrated that olive oil-derived surfactants formed 

stable emulsions that maintained their integrity over an extended period. This stability was attributed 

to the strong interfacial interactions between the surfactants and oil droplets [65]. These findings 
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underscore the role of natural surfactants in ensuring the long-term stability of pharmaceutical emul-

sions. 

 

9. Conclusion 

Natural surfactants from plant extracts are emerging as viable alternatives for the preparation of phar-

maceutical emulsions. They exhibit superior properties such as sustainability, biocompatibility, and 

efficacy compared to synthetic surfactants. A range of extraction and purification methods are em-

ployed to isolate these surfactants from various plant sources. The compatibility of these surfactants 

with pharmaceutical ingredients is also assessed to ensure their appropriateness for drug delivery 

systems. Natural surfactants from plant extracts have the capacity to transform the pharmaceutical 

industry by providing safer and greener options. 
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