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ABSTRACT 

The rapid rise of antimicrobial resistance (AMR) among 

bacterial and fungal pathogens presents a major global health 

challenge, necessitating the exploration of alternative 

therapeutic agents. Herbal oils, rich in bioactive compounds 

such as terpenes, phenols, and aldehydes, have gained attention 

for their broad-spectrum antimicrobial activities and potential 

synergistic effects with conventional antibiotics and 

antifungals. This review highlights in-vitro studies on the 

antibacterial and antifungal properties of essential oils, 

emphasizing their mechanisms of action, efficacy against drug-

resistant strains, and ability to inhibit biofilm formation. Key 

findings indicate that oils like tea tree, thyme, clove, oregano, 

and cinnamon demonstrate significant inhibitory activity 

against pathogens such as Staphylococcus aureus, Escherichia 

coli, Pseudomonas aeruginosa, and Candida albicans. Factors 

influencing efficacy, including concentration, chemical 

composition variability, and storage conditions, are discussed  alongside safety, toxicity, and 

standardization challenges. The review underscores the potential of herbal oils as natural 

antimicrobial agents while emphasizing the need for standardized methodologies, toxicity 

profiling, and clinical validation to enable their safe therapeutic application. 
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2. INTRODUCTION 

2.1 Background on Microbial Infections and Antimicrobial Resistance 

Microbial infections, particularly those caused by bacteria and fungi, continue to represent a 

significant public health concern globally. These infections can range from localized skin 

conditions to severe systemic diseases such as pneumonia, bloodstream infections, and 

invasive mycoses. The advent of antibiotics and antifungal agents in the 20th century marked 

a turning point in infection control. However, the widespread misuse, overprescription, and 

agricultural application of these drugs have accelerated the emergence of antimicrobial 

resistance (AMR).
[1] 

 

2.2 Importance of Alternative Therapies 

In light of the growing limitations of synthetic antibiotics and antifungals, the search for 

novel, effective, and safer alternatives has gained momentum. Natural products, particularly 

those derived from plants, are being extensively explored for their pharmacological potential. 

Among these, herbal essential oils have emerged as promising candidates due to their broad-

spectrum antimicrobial activity, low toxicity, and low risk of inducing resistance. 

 

2.3 Role of Herbal Oils in Traditional and Modern Medicine   

Herbal oils especially essential oils extracted from aromatic plant have been used for 

centuries in traditional medicine systems such as Ayurveda, Traditional Chinese Medicine, 

and Greco-Arab medicine. These oils often contain a complex mix of bioactive compounds 

including terpenes, phenolics, aldehydes, ketones, and alcohols, which are believed to 

contribute to their antimicrobial properties. In modern contexts, herbal oils are being studied 

for their ability to inhibit or kill bacteria and fungi through mechanisms such as disrupting 

cell membranes, interfering with enzyme activity, and inhibiting biofilm formation.
[2]

 The 

combination of cinnamon oil, camphor oil, and coconut oil in a formulation can potentially 

enhance their individual antifungal activities. Cinnamon oil contains cinnamaldehyde and 

eugenol, which have demonstrated antifungal properties against various fungal species. 

Camphor oil possesses antifungal properties, particularly against dermatophytes. Coconut oil 

contains lauric acid, known for its strong antifungal activity against Candida albicans. By 

combining these oils, their synergistic effects may lead to a more potent antifungal 

formulation.
[3]

 

3 Overview of Herbal Oils  

3.1 Definition and Types of Herbal Oils  
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Herbal oils are plant-derived oils that contain a wide array of bioactive compounds known for 

their therapeutic properties, including antimicrobial, antioxidant, anti-inflammatory, and 

analgesic effects. These oils are generally categorized into three main types:
[4]

 

1. Essential Oils: Volatile, aromatic oils extracted primarily from flowers, leaves, bark, or 

roots. They are complex mixtures of terpenes, phenolics, aldehydes, ketones, and 

alcohols. Essential oils are highly concentrated and commonly used in aromatherapy, 

topical applications, and antimicrobial formulations. 

 

2. Fixed Oils: Also known as carrier oils, these are non-volatile oils derived from seeds, 

nuts, or fruits (e.g., olive oil, coconut oil, castor oil). Unlike essential oils, they do not 

evaporate and are often used to dilute essential oils for safe topical use.
[5]

 

 

3.2 Commonly Used Plants for Oil Extractin - Several medicinal plants are traditionallly 

used for oil extraction due to their strong antimicrobial and therapeutic properties. Some 

widely used examples include 

 Lavandula angustifolia (Lavender) 

 Thymus vulgaris (Thyme) 

 Ocimum basilicum (Basil) 

 Eucalyptus globulus (Eucalyptus) 

 Zingiber officinale (Ginger) 

 Cinnamomum verum (Cinnamon) 

 Rosmarinus officinalis (Rosemary)
[6]

 

 

4 Applications of Herbal Oils in Antibacterial and Antifungal Therapy 

Based on the in-vitro evidence presented in this review, herbal oils show strong potential for 

application across several fields where microbial control is essential. These include medical, 

pharmaceutical, food preservation, personal care, and agricultural sectors. 

 

4.1 Medical and Pharmaceutical Applications 

 Topical Treatments: Herbal oils like tea tree, thyme, and clove are used in creams and 

gels for skin infections and fungal issues. 

 Antibiotic Synergy: Some oils boost antibiotic effects, helping reduce doses and 

resistance. 

 Antiseptic Use: Incorporated in sanitizers, mouthwashes, and disinfectants for broad 

antimicrobial action. 
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 Biofilm Control: Effective against biofilm-related infections in wounds, implants, and 

catheters.
[7]

 

 

4.2 Food Industry and Preservation Herbal oils like oregano, cinnamon, and lemongrass 

serve as natural food preservatives in packaging to prevent spoilage and extend shelf life. 

They are also use to disinfectant food contact surfaces, offering a natural alternative to 

synthetic chemical. 

 

4.3 Cosmetic and Personal Care Product  

 Natural Antimicrobial Agents: Incorporated into soaps, shampoos, deodorants, and 

mouthwashes to control microbial growth and reduce skin or oral infections. 

 Acne and Skin Care Products: Oils like tea tree and lavender are already widely used in 

acne treatments for their antibacterial effects.  

 

4.4 Agriculture and Veterinary Use 

 Biopesticides and Antifungal Sprays: Used to control plant pathogens, replacing 

chemical fungicides with eco-friendly alternatives. 

 Animal Healthcare: Oils are being explored for treating fungal and bacterial infections 

in livestock and pets, especially where antibiotic use is restricted. 

 

4.5 Industrial and Environmental Applications 

 Natural Disinfectants: For use in hospital surfaces, public spaces, or HVAC systems, 

providing antimicrobial effects without chemical residues. 

 Biodegradable Antimicrobial Coatings: Used in textiles, packaging, or construction 

materials for long-lasting microbial resistance.
[8]

 

 

5 Mechanism of Action of Herbal Oils  

Herbal oils, particularly essential oils, exhibit potent antibacterial and antifungal effects 

through a variety of mechanisms that disrupt microbial structure and function. These actions 

are primarily attributed to their rich composition of bioactive phytochemicals, which act 

either individually or synergistically. 

 

 

 

5.1 Antibacterial Mechanisms 
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The antibacterial effects of herbal oils are generally broad-spectrum, affecting both Gram-

positive and Gram-negative bacteria. Their primary modes of action include: 

 Disruption of Cell Membrane Integrity: Many essential oils contain lipophilic 

components that integrate into bacterial cell membranes, disrupting lipid bilayers. This 

leads to increased permeability, leakage of cellular contents, and ultimately cell death.
[9]

 

 

5.2 Antifungal Mechanisms 

Fungal cells are more complex than bacteria, but herbal oils can still effectively target them 

through several mechanisms 

1 Inhibition of Fungal Enzymes 2Oxidative Stress Induction
[10]

 

 

5.3 Bioactive Components Responsible 

 The antimicrobial activity of herbal oils is largely due to the presence of multiple 

bioactive phytochemicals, including. 

 

Table No. 1: 

Compound 

Class 
Examples Antimicrobial Activity 

Terpenes Limonene, Pinene, Myrcene Disrupt membranes, affect ion transport 

Terpenoids Menthol, Thymol, Carvacrol Disrupt cell membranes, inhibit enzymes 

Phenols 
Eugenol (clove), Thymol (thyme), Carvacrol 

(oregano) 
Strong membrane-disrupting effects 

Aldehydes 
Cinnamaldehyde (cinnamon), Citral 

(lemongrass) 

Inhibit enzymatic activity, damage DNA 

 

Alcohols Linalool (lavender), Geraniol (rose) 
Membrane permeability, metabolic 

disruption 

Ketones Camphor, Carvone 
Disrupt metabolism, moderate 

antimicrobial effect 

Esters Linalyl acetate (lavender) Milder antimicrobial properties 

 

The synergistic action of these compounds enhances the overall antimicrobial efficacy of the 

oils and helps reduce the likelihood of resistance development.
[11] 

 

6 AIM OBJECTIVE 

6.1 Aim In-Vitro Evaluation of Herbal Oils for Antibacterial and Antifungal Applications: A 

Review. 

 

6.2 OBJECTIVE 

1) To optimize the formulation parameters to enhance the efficacy of the product.  
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2) To conduct in vitro tests to assess the anti-bacterial activity against a panel of relevant 

bacterial strains.  

3) To conduct in vitro tests to evaluate the anti-fungal activity against clinically significant 

fungal species.  

4) To determine the minimum inhibitory concentration (MIC) for the anti-bacterial and anti-

fungal effects. 

5) To analyze and interpret the results to draw conclusions about the potential therapeutic 

application of the formulated product. 

 

7 In-Vitro Evaluation Techniques   

In-vitro assays are essential for screening and characterizing the antimicrobial activity of 

herbal oils against bacterial and fungal pathogens. 

 

7.1 Common In-Vitro Assay Methods 

A  Agar Well Diffusion Method - The well diffusion method involves adding herbal oils to 

wells in agar plates pre-inoculated with microbes, antimicrobial activity is shown by zones of 

inhibition. it is simple standardized and good for comparison, but less effective for volatile or 

poorly diffusion oils.
[12] 

 

B  Disc Diffusion Method In the disc diffusion method, filter paper discs soaked with herbal 

oils are placed on agar seeded with microbes, and zones of inhibition are measured post-

incubation. 

 

It's standardized and good for comparisons, but less effective for volatile or poorly diffusing 

oils. 

 

C Minimum Inhibitory Concentration (MIC) MIC is the lowest concentration of an herbal 

oil that inhibits visible growth of the microorganism after incubation. 

 Advantages: Quantitative and reproducible; allows precise comparisons. 

 Limitations: Requires emulsification or solubilization of oils for uniform dispersion.
[13]

 

 

7.2 Criteria for Evaluating Efficacy - When assessing the antimicrobial potential of herbal 

oils, the following criteria are typically considered. 
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8 Table No. 2. 

Parameter Description 

Zone of Inhibition 

(ZOI) 

Diameter (in mm) around a well or disc indicating the extent of 

microbial growth inhibition. Larger zones suggest stronger 

activity. 

MIC Value 
Indicates the lowest concentration at which microbial growth is 

inhibited. Lower MIC = higher potency. 

Spectrum of Activity 
Range of microbial strains inhibited or killed by the oil (e.g., 

Gram-positive, Gram-negative, yeasts, molds). 

Reproducibility & 

Standardization 

Consistency of results across replicates and compatibility with 

standard testing guidelines (e.g., CLSI, EUCAST). 
[14]

 

 

 Note on Oil Properties Due to their hydrophobic and volatile nature, herbal oils may 

pose challenges in in-vitro testing. Emulsifiers (e.g., Tween 80) or solvents (e.g., DMSO, 

ethanol) are often used to improve dispersion, though care must be taken to ensure these 

do not affect microbial viability or interfere with the test results. 

 

9 Antibacterial Activity of Herbal Oils 

Herbal essential oils show strong antibacterial activity against both Gram-positive and Gram-

negative. 

 

9.1 Antibacterial Effects 

Numerous in-vitro investigations have evaluated the antibacterial properties of essential oils 

using disc diffusion, MIC, and time-kill assays. Some notable findings include.
[15]

 

 

1. Bacillus Substilis 

Table No. 3: 

Sr. No. Sample Used Zone Daimeter in mm 

1 Bacillus Subtilis - 1% 3 

2 Bacillus Subtilis - 2 % 11 

 

 

Fig. No. 1: [1 % Bacillus substillis]           [2 % Bacillus substillis]. 
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9.2 Common Pathogens Tested -The most frequently tested bacteria in in-vitro studies on 

herbal oils include.
[16]

 

 

10 Table No. 4. 

Pathogen Gram Type Relevance 

Staphylococcus aureus Gram-positive Common skin/soft tissue infections; MRSA concern 

Escherichia coli Gram-negative Urinary tract and gastrointestinal infections 

Pseudomonas aeruginosa Gram-negative Opportunistic, highly resistant pathogen 

Bacillus subtilis Gram-positive Model organism, soil and food contaminant 

Klebsiella pneumoniae Gram-negative Respiratory and bloodstream infections 

Salmonella spp. Gram-negative Foodborne illness 

Enterococcus faecalis Gram-positive Nosocomial infections; vancomycin-resistant strains 

 

10.1 Comparative Efficacy with Standard Antibiotics 

Several studies have benchmarked the efficacy of herbal oils against conventional antibiotics 

such as ampicillin, tetracycline, ciprofloxacin, and gentamicin These findings highlight the 

potential of herbal oils as complementary or alternative agents to standard antibiotics, 

particularly where resistance has rendered conventional therapy less effective.
[17]

 

 

10.2 Synergistic Effects with Antibiotics 

One of the most promising areas of research is the synergistic use of essential oils with 

conventional antibiotics, aimed at restoring drug sensitivity or enhancing efficacy.
[18]

 

 

11 Antifungal Activity of Herbal Oils 

The increasing incidence of antifungal resistance notably in Candida and Aspergillus 

species—has prompted the search for alternative antifungal agents. Herbal essential oils have 

demonstrated potent antifungal activity in numerous in-vitro studies and are being actively 

investigated for their potential as natural antifungal therapies. 

 

11.1 Antifungal Effects: A range of essential oils has been tested for their antifungal 

properties using agar diffusion, MIC, and MFC methods. Some important findings 

include 

 Clove Oil(Syzygium aromaticum), Cinnamon oil, Camphor oil : Effective against C. 

albicans, A. niger, and Trichophyton species. Eugenol, its main active component, has 

been shown to cause membrane disruption and oxidative damage.
[19]

 

 Test for Aspergillus Niger 

 

 



www.wjpr.net      │     Vol 15, Issue 5, 2026.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

Jadhav et al.                                                                        World Journal of Pharmaceutical Research 

 

1619 

Table No. 5: 

Sr. No. Sample Used Zone Daimeter in mm 

1 Standard antibiotic (Cyclohexamide) 1.65 

2 Test Sample 2 

 

 Test for Candida albicans 

Table No. 7: 

Sr. No. Sample Used Zone Daimeter in mm 

1 Standard antibiotic (Cyclohexamide) 2.2 

2 Test Sample 1.9 

 

 Test for Aspergillus Niger 

 

Fig. No. 2. 

 

 Test for Candida albicans 

 

Fig. No. 3. 

 

11.2 Common Fungi Test. 

12 Table No. 07. 

Fungal Species Classification Clinical Significance 

Candida albicans Yeast 
Common cause of oral, vaginal, and systemic 

candidiasis 

Candida glabrata, C. 

tropicalis, C. Krusei 
Yeasts Increasingly resistant non-albicans species 

Aspergillus niger Mold Opportunistic pulmonary and sinus infections 

Aspergillus fumigatus Mold Common in invasive aspergillosis 

Trichophyton spp. Dermatophyte 
Causes athlete’s foot, ringworm, and nail 

infections 

Fusarium spp. Mold 
Causes keratitis and systemic infections in 

immunocompromised patients 
[20]

 



www.wjpr.net      │     Vol 15, Issue 5, 2026.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

Jadhav et al.                                                                        World Journal of Pharmaceutical Research 

 

1620 

12.1 Comparative Efficacy with Antifungal Drugs 

 Several studies have compared the efficacy of herbal oils to standard antifungal agents 

such as fluconazole, ketoconazole, and amphotericin B: 

 Ginger and black seed oils also demonstrated better or equivalent efficacy in vitro 

compared to fluconazole against Candida and Aspergillus spp. 

 These findings suggest that certain herbal oils may offer comparable or even superior 

antifungal activity to standard drugs, especially in resistant strains or biofilm-associated 

infections.
[21]

 

 

12.2 Inhibition of Biofilm Formation 

Fungal biofilms, especially those formed by Candida species on medical devices, are highly 

resistant to antifungal drugs. Several herbal oils have shown promising anti-biofilm activity: 

The ability of essential oils to disrupt fungal biofilms is a critical advantage, as biofilms are a 

major source of chronic and recurrent infections and are often impervious to standard 

antifungal therapy.
[22] 

 

 Phytochemical study for cinnamon 

[36] 
Table No. 8 

Phytochemicals Aqueous Methanol 

Alkaloids Negative Positive 

Flavonoids Positive Positive 

Proteins Negative Positive 

Carbohydrates Positive Positive 

Tannins Positive Positive 

Sterols Negative Positive 

Glycosides Positive Positive 

Phenols Positive Positive 

Saponins Negative Positive 

Terpenoids Negative Positive 

                           

13 Factors Influencing Efficacy 

While numerous in-vitro studies confirm the antimicrobial potential of herbal oils, their 

efficacy is influenced by multiple biological, chemical, and environmental factors. 

Understanding these variables is critical for the standardization, reproducibility, and  practical 

application of herbal oil-based therapies. 
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10.1 Concentration of Oils 

The antimicrobial effectiveness of herbal oils is highly concentration-dependent. Too low a 

concentration may only inhibit microbial growth temporarily (bacteriostatic or fungistatic), 

while higher concentrations may be required for bactericidal or fungicidal activity. 

 

MIC (Minimum Inhibitory Concentration) and MBC/MFC values are commonly used 

benchmarks to assess effective concentrations in vitro.
[23] 

 

10.2 Chemical Composition Variability 

Herbal oils are complex mixtures of volatile and non-volatile compounds, and their chemical 

composition can vary based on 

 Plant species or variety 

 Geographical origin and climate 

 Part of the plant used  (leaf, flower, bark, root) 

 Harvesting time and maturity stage 

 Extraction method Standardizing oils based on their major active constituents (e.g., via 

GC-MS analysis) is essential for reliable efficacy and reproducibility.
[24]

 

 

10.3 Storage Conditions and Stability 

Essential oils are sensitive to light, heat, oxygen, and humidity, which can lead to 

 Oxidation and degradation of active compounds 

 Changes in aroma, color, and viscosity 

 Reduced antimicrobial activity 

 Storage in dark, airtight glass containers at cool temperatures is recommended to maintain 

oil stability. Oils with high levels of unsaturated compounds (e.g., limonene, eugenol) are 

more prone to degradation and require antioxidant additives for stabilization in 

formulations. 

 

10.4 Type of Microorganism 

The structure and physiology of the target microorganism also affect how well it responds to 

herbal oils. 
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[25]
 Table No. 9. 

Microbial Factor Impact on Efficacy 

Cell wall 

composition 
Gram-negative bacteria (e.g., E. coli) have an outer membrane that limits oil penetration. 

Biofilm-forming 

ability 

Biofilms are resistant to antimicrobial agents; oils may be less effective unless used at 

higher concentrations or in combination. 

Spore-forming 

capability 

Fungal spores and bacterial endospores (e.g., Bacillus spp.) are more resistant to oil-

based treatments. 

Resistance 

mechanisms 

Some microbes possess efflux pumps, detoxification enzymes, or altered target sites that 

reduce oil effectiveness. 

 

14 Review and Literature 

1. Zuccarini et al. (2009) evaluated 52 Candida isolates from clinical samples in Ibadan for 

susceptibility to virgin coconut oil and fluconazole using agar-well diffusion. The study 

highlighted virgin coconut oil's potential as an effective antifungal amid rising resistance 

and limited treatment options.
[26]

 

 

2. Abbas et al. (2017) questioned coconut oil's antimicrobial claims, instead highlighting 

lauric acid's strong activity against Gram-positive bacteria. They suggested its potential in 

treating emerging diseases and called for further research on its mechanisms and 

microbial susceptibility.
[27]

 

 

3. Gupta et al. (2008) found cinnamon oil to be a potent antimicrobial agent, outperforming 

its extract and sodium propionate against common bacteria and fungi. Its effectiveness in 

food preservation highlights its potential as a natural additive and supports further 

research into spice-derived antimicrobials.
[28]

 

 

4. Y. Li et al. (2014) confirmed cinnamon oil's antifungal activity against Rhizopus 

nigricans, though its exact mechanism remains unclear. The study investigated possible 

mechanisms, including its effects on fungal cell morphology.
[29]

 

 

5. Xing et al. (2010) evaluated the in vitro and in vivo antifungal effects of cinnamon oil and 

its main component, cinnamaldehyde, against postharvest pathogens of jujube and 

orange. The study determined minimum inhibitory concentrations for R. nigricans, A. 

flavus, and  expansum, highlighting cinnamon oil's preservative potential.
[30]

 

 

6. Sari et al. (2019) found that 80% virgin coconut oil (VCO) mousse significantly reduced 

S. mutans and C. Albicans biofilms in children with Early Childhood Caries. Its 
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antimicrobial efficacy was comparable to casein phosphopeptide amorphous calcium 

phosphate, highlighting VCO's therapeutic potential.
[31]

 

 

15 Safety, Toxicity, and Standardization Issues 

While herbal oils offer promising antimicrobial properties, their safe use, especially in 

therapeutic or pharmaceutical applications, requires a comprehensive understanding of their 

toxicity profiles, biocompatibility, and the regulatory and standardization challenges 

associated with their formulation. Unlike synthetic drugs, the variability and complexity of 

herbal oils pose unique obstacles to their mainstream adoption. 

 

12.1 Herbal oils, despite being natural, can exhibit cytotoxic effects on human cells   

high concentrations, as seen with oils like tea tree, clove, and cinnamon. Their safety depends 

on proper dilution, as some are biocompatible (e.g., lavender), while others may cause 

irritation or allergic reactions. Toxicity varies by route of exposure ingestion, inhalation, or 

dermal use each carry different risks. Standardization is challenging due to the variable 

composition of herbal oils, affecting consistency and regulatory approval.
[32] 

 

12.2 Herbal oils face major standardization challenges 

due to chemical variability, lack of consistent dosing, and issues with solubility and volatility. 

Quality control concerns like adulteration, contamination, and inconsistent labeling further 

hinder their reliable therapeutic use.
[33]

  

 

12.3 Regulatory Considerations and GRAS Status 

Regulatory frameworks for herbal oils differ globally, with GRAS status not guaranteeing 

safety across all routes or concentrations. In the EU, their classification depends on use, and 

clinical application requires toxicological data, trials, GMP compliance, and stability 

studies.
[34] 

 

13 FUTURE PROSPECT  

Future prospects for herbal oils include targeting microbial virulence and quorum sensing, 

ensuring safety and microbiome selectivity, and enhancing quality through stability assays. 

Advances also lie in transparent data sharing and clinical applications like coatings for 

wounds and devices to address resistant infections.
[35] 
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14 CONCLUSION 

This review highlights the substantial in-vitro evidence supporting the antibacterial and 

antifungal activities of various herbal oils, demonstrating their potential as effective 

alternative or complementary agents in antimicrobial therapy. Herbal oils, rich in bioactive 

compounds such as terpenes, phenols, and aldehydes, exhibit broad-spectrum activity against 

a wide range of pathogens, including drug-resistant strains and biofilm-forming microbes. 

Given the escalating global threat of antimicrobial resistance, herbal oils offer promising 

natural solutions due to their multifaceted mechanisms of action and ability to synergize with 

conventional antibiotics and antifungals. However, significant challenges remain, including 

variability in chemical composition, safety concerns, and lack of clinical validation. In 

summary, while herbal oils present a valuable resource in the fight against microbial 

resistance, further rigorous research including standardized methodologies, comprehensive 

toxicity evaluations, and well-designed clinical trials is essential to fully realize their 

therapeutic potential and integrate them safely into clinical practice. 
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