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ANTIBACTERIAL AND FOOD PRESERVATION PROPERTIES OF  ESSENTIAL OILS: A REVIEW

ABSTRACT

Food commodity preservation is an age-old technique used to keep food fresher longer and stop it from deteriorating. Bacteria and fungi (yeast and mold) are the most common microbes that cause food spoiling.  Several technologies, such as drying, chilling, and fermentation, have been used for generations to preserve food. Examples of  modern technologies include pasteurization, canning, irradiation, high pressure processing, and the use of chemical food preservatives. Food manufacturers are also becoming more and more interested in new techniques including freeze drying, ohmic heating, and pulsed electric field (PEF). Food preservation aims to reduce rotting and avoid food-borne illness while preserving nutritional content, texture, and flavor. Heat-associated food preservation causes nutritional and sensory alterations, but non-thermal approaches are more expensive and less effective. Chemical preservation is permitted by worldwide food regulatory authorities within certain safety limits. However, as consumer health concerns grow, they are looking for food that has natural food preservatives. Many natural substances are known to be useful in the long-term preservation of food and to have antibacterial and anti-oxidative activities. Since prehistoric times, essential oils, which are naturally derived compounds, have been employed for a wide range of applications.  Since the last decade, scientists have been investigating the use of these oils in food preservation. Herbs and spices are the most common sources of it and they can be extracted by distillation using a liquid or volatile solvent. Unlike synthetic chemical substances, these oils are safe to use, simple to extract, and do not create bad health effects. We will look at the major functional groups of essential oils, their antibacterial capabilities, mechanism, and application in food preservation, health issues, and legal aspects.
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1. INTRODUCTION

Food preservation is an age-old science that involves preserving food for a longer length of time. Food is maintained in a variety of ways (Reddy et al., 2017). Curing, canning, pickling, sugaring, boiling, refrigeration, freezing, and fermentation have all been used to preserve food in the past moreover, processing and transportation of dairy, meat and aquatic products are major cause of food-borne illness (Guan et al., 2023; Wang et al., 2024; Feng et al., 2025). Pasteurization, freeze drying, vacuum and modified environment packaging, irradiation, chemicals, ohmic heating, bio-preservatives etc. are the modern food preservation procedures. Heat-associated food preservation, on the other hand, causes nutritional and sensory alterations, whereas non-thermal treatments are more expensive and less effective. According to reports, synthetic chemicals can change the nutritional qualities of food and cause a number of health issues both immediately after intake and over time (Carocho et al., 2014, Hąc-Wydro et al., 2017, Nath et al., 2014, Sharma, 2015). Chemical food preservation is permitted by global food regulatory authorities with safety limits, although it is connected with numerous health problems. However, people are looking for foods with the fewest possible chemical additives as they become more conscious of the probable health risks associated with the use of chemicals in food as well as environmental friendly (Pinto et al., 2023). In industrialized societies, the use of raw foods with minimal synthetic food additives and ecologically friendly products is growing in popularity (Sacchetti et al., 2005). Even with the most recent improvements in food production techniques and hygiene, one of the main public health concerns remains food safety.  Every year, food-borne illnesses affect about 600 million people such as  vomiting, fever,  abdominal pain, headache as well as diarrhea (Rossi et al., 2023; Gao et al., 2024; Subedi et al., 2025)  WHO estimates that 5,25,000 children die each year from diarrheal illnesses brought on by contaminated food and water along with unhygeinic conditions. Additionally, it is predicted that every year there are millions of cases of food-borne illness (WHO, 2025).

New techniques for creating safe foods with a natural or green picture are therefore possible. Herbs are commonly employed as key dietary ingredients, either as whole plants or in extract form. Herbs show broad-spectrum activity against both Gram-negative and positive bacteria along with as bactericidal characteristics (Friedman et al., 2002; Baydar et al., 2004). The essential oils (EOs) that are distilled from herbs are thought to be a possible source of antioxidant and antibacterial chemicals that can be employed as natural preservatives. In 2023, world-wide EOs market size was valued at USD 23.74 billion  and anticipated to flourish at  a compound annual growth rate (CAGR) of 7.6% from 2024 to 2030 (Market Analyses Report, 2025). The oldest use of EOs was for the preservation of mummies (Valiakos et al., 2015; Dhifi et al., 2016; Cimino et al., 2021). Consumers and manufacturers have become more attracted for EOs  as food preservation is due to a growing aversion to synthetic preservatives (Chouhan et al., 2017). The GRAS (Generally Recognised as Safe) designation of herbal EOs makes them safe for human ingestion. It has long been established that EOs produced from aromatic and therapeutic plants contain biological activity, including antibacterial and antioxidant properties (Celikel and Kavas, 2008).  The biological activity of EOs is determined by their chemical composition, which is controlled by the genotype of the plant and greatly impacted by environmental and agronomic conditions as well as the plant's place of origin. EOs derived from various plants have antibacterial activity because of their alcoholic compounds, phenols, oxygenated terpenoids, and other chemical constituents (Reddy et al., 2017). The most prevalent functional groups in EOs are hydrocarbons, alcohols, ketones, ethers, esters, aldehydes, and carboxylic acids. The terpenoid families (C10 and C15) include the majority of the EO components. Essential terpenoids, principally monoterpenes (C10) and sesquiterpenes (C15), are commonly found in essential oils obtained from plants. Diterpenes (C20) and a variety of low molecular-weight aliphatic hydrocarbons, acids, alcohol, aldehydes, phenolic compounds, acyclic esters, or lactones may also be found on occasion (Rota et al., 2004). The major ingredients of several EOs are phenolic ropanoids and other phenolic derivatives. The principal bioactive chemicals identified in EOs are depicted in Table.1. In the current scenario Escherichia coli (E. Coli), Staphylococcus aureus (S. aureus)  Salmonella Typhi (S. typhi), Campylobacter jejuni  and  Citrobacter koseri (C. koseri) are the major health hazardous food borne pathogens (Sahoo et al., 2022; Rodríguez-Melcón et al., 2024; Venugopal et al., 2024) . EOs has several bio-active compounds which can help to eliminate these bacterial species (Puvaˇca et al., 2021). 

Because EOs are produced from medicinal plants using steam distillation or hydrodistillation, they differ in chemical composition, functional components, and biological properties (Singh et al., 2015; Reddy et al., 2017). Plant EOs are extracted by steam or supercritical distillation, pressing, or extraction with liquid or volatile solvents. The EO output ranges from 1.8-2.5%. The active component concentration in EOs ranges from μg/kg to g/kg. Many EOs constituets have positional, geometric, spatial, and optical isomerism. The chemical makeup of EOs is complicated and distinctive, as is the biochemical mechanism of action on infections or spoilage organisms. It is specific for each important molecule, although a synergistic or antagonistic action between the active components of the natural mixture could occur. EOs exhibit antibacterial effect against a wide range of microorganisms, both Gram positive and negative. The antibacterial action of EOs varies depending on the type of bacteria and the EO. Gram-positive bacteria are more vulnerable to antimicrobial chemicals such as essential oils than gram-negative bacteria, which may be due to gram-positive microorganisms' lack of an outer membrane. Plant EOs and extracts' antioxidant activity leads to a variety of applications in agriculture and medicine, including food preservation, medicines, alternative medicine, and natural cures, plant growth, pest and pathogens control ( Ventura-Aguilar et al., 2024). 

Previously, numerous review articles have been published related to mitigation of Listeria monocytogenes in meat and poultry using EOs (Yousefi et al., 2020), antibacterial properties of EOs (Chouhan et al., 2017),  food applications, antimicrobial and antioxidant characteristics in food safety (Bhavaniramya et al., 2019; Tariq et al., 2019; Puvača et al., 2021; Meenu et al., 2023; Yang et al., 2025; Alimzhanova et al., 2025; Ivanova et al., 2025; Chen et ai., 2025) and antifungal activity of EOs against Malassezia pathogenic species (Donato et al., 2020). Thus, the present paper focused to review various studies published to date related to the impact of EOs from roots, stem or bark, leaf, and fruit of different plants, along with their chemical compositions, minimum inhibitory concentration (MIC) and minimum bactericidal concentrations (MBC) and mechanism of action to express their potential to be used as a natural antibacterial against Salmonella and Listeria spp. Thus, the current review paper will provide the up-to-date knowledge regarding the primary functional groups, bioactive chemical mechanisms, antibacterial, antifungal, antioxidative activity of EO from various plant sources against all pathogens along with their use in food preservation. 

Table.1 Major bioactive compounds found in the EOs

	EOs
	Compounds

	Clove (Syzygium aromaticum) 
	Eugenol, β-caryophyllene, eugeyl acetate,

	Rosemary (Rosmarinus officinalis L.) 
	1,8-Cineol, camphor, α-pinene

	Lemongrass (Cymbopogon spp.) 
	Citral, neral, and geraniol

	Black Pepper (Piper nigrum L.) 
	p-cymene, α-terpinene-4-ol, and piperin

	African Cardamom (Aframomum danielli) 
	α-Pinene, β-Pinene, 1,8-Cineole

	Jasmine (Jasminum sambac L., Oleaceae)
	Linalool

	Cardamom (Elettaria cardamomum Maton) 
	phenolics, 1,8-cineole, limonene, linalool, terpinolene, and myrcene

	Ajwain (Trachyspermum ammi L.) 
	(thymol, γ-terpinene, para-cymene, α- and β-pinene, α-thujen, myrcene, 1,8-cineole, and carvacro

	Bergamot (Citrus bergamia) 
	Limonene, linalyl acetate, linalool, γ-terpinene

	Eucalyptus (Eucalyptus citriodora Hook., Myrtaceae) 
	α-Pinene, o-Cymene, Limonene, E-Citral

	Curry Plant (Helichrysum sp.) 
	1,8-cineole, borneol, β-pinene, β-pinene

	Cinnamon (Cinnamomum zeylanicum) 
	Linalool, eugenol, menthol, cinnamaldehyde, thymol, and carvarcrol

	Lime (Citrus aurantifolia) 
	Limolene, γ-terpinene, terpinolene

	Turmeric (Curcuma longa) 
	α-Pinene, β-Pinene, ar-Turmerone, p-cymene

	Sandalwood (Santalum album) 
	α- and β-santalol

	Lavender (Lavandula angustifolia) 
	1,8-cineole, Camphor, Borneol, Linalool

	Bitter Gourd (Momordica charantia) 
	1,8-Cineole, β-Bisabolol, α-Pinene

	Sweet Orange (Citrus sinensis) 
	Limonene, α-pinene, linalool

	Neem (Azadirachta indica) 
	Azadirachtin, gedunin, nimbidin, nimbin,

Nimbolide

	Ginger (Zingiber officinale Rosc.) 
	Limonene, β-elemene, zingiberol, linalool

	Garlic (Allium sativum Linn.) 
	Diallylsulphide, Methyl allyl disulphide, 

	Basil (Ocimum basilicum L.) 
	Linalool, estragole, eugenol

	Cumin (Cuminum cyminum L.) 
	Cumin alcohol, 2-caren-10-al, cuminal, γ-terpinen, limonene 

	Mint (Mentha spicata L.) 
	Menthol, menthone, menthyl acetate, Limonene


2. CHEMISTRY OF EOs
Only the cytoplasm of specific plant cell discharges-secretory hairs or trichomes, epidermal cells, inside secretory cells, and secretory pockets-found in at least one organ of the plant contain basic oils. These oils are unpredictable blends that can comprise of more than 300 different combinations. Basic oils are provided through several distinct structures, the number and qualities of which are very important (Sell, 2006). Many other types of compounds, including  alcohols, ethers or oxides, aldehydes, ketones, esters, amines, amides, phenols, heterocycles, and, most significantly, terpenes, contain these unstable combinations. Fruity ((E)-nerolidol), botanical (Linalool), citrus (Limonene), home grown (-selinene), and other sweet-smelling notes are available from alcohols, aldehydes, and ketones. They are usually encountered in the fume state because of their high fume pressure at room temperature and air pressure (Pophof et al., 2005). Modzelewska et al. (2005) functionalized alcohols (geraniol, bisabolol), ketones (menthone, p-vetivone), esters (tepinyl acetic acid derivation, cedryl acetic acid derivation), and phenols (thymol). Non-terpenic mixtures are also produced by the phenylpropanoids cinnamaldehyde and safrole in EOs.
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Fig..1 Structure of some terpenes present in essential oil
Phenylpropanoids and terpenoids have separate key metabolic antecedents and are produced via various biosynthetic pathways. The shikimate pathway is used to metabolize phenylpropanoids, while the mevalonate and mevalonate-autonomous (deoxy-xylulose phosphate) pathways are used to metabolize terpenoids. Several researchers have examined the biosynthesis processes of terpenoids-phenyl-propanoids (TPPs), including the chemicals and protein systems involved, as well as data on the characteristics encoding for these molecules (Dewick, 2002). The structure of EOs varies greatly, both subjectively and quantitatively. This variation is caused by a variety of elements that fall into two categories: intrinsic variables related to the plant and the earth (soil type and atmosphere, for example). Extrinsic components are those associated with the extraction procedure and nature Fundamental oil yield and structure are influenced by a wide range of factors. These two variables are inextricably linked and cannot be separated. These criteria include the plant's occasional varieties, plant organ and state of development, geographic origin, and hereditary features (Anwar et al., 2009). Volatiles from aromatic plants are extracted using a variety of techniques. The most widely used equipment is the circulatory refining apparatus, which was demonstrated by Cocking and Middleton in 1935 and is listed in the European Pharmacopoeia as well as a few other pharmacopoeias. This apparatus has a graduated cylinder for volumetric assurance of the oil, a vertical condenser, and a warmed round-base cup into which the chopped plant material and water are poured.  The primary oil is isolated from the water stage for additional testing at the conclusion of the refining process. 

3. EXTRACTION OF EOs

It can be possible by two methods and different methods along with their basic principles are given in Table 2.  SHAPE  \* MERGEFORMAT 



Flow chart 1: Extraction Process of EOs

Table 2 Extraction methods of essential oils
	Type of method
	Basic Process
	Reference

	Hydrodistillation (HD)
	Plant material is retained in a water bath in this process, and the combination is heated to boiling point (at atmospheric pressure). Volatile molecules and water (EOs) are separated based on difference in density. Distillation time :3-6 h.
	Burt (2004)

	Solvent extraction method
	Plant material containing Eos is treated in a solvent such as hexane and then evaporated to recover the EOs.
	Jadhav et al. (2009)

	Enfleurage
	The traditional method for obtaining oil from flowers. In this method, a fat layer is formed over flower petals to absorb EO.. Alcohol is used to extract EOl from fat, which is then evaporated. This process is used to create perfume and  aromatherapy. The amount of extract used in this process varies depending on the flower.
	Smith et al. (2001)

	Cold pressing


	Heat is not used in this process.  The process uses a machine to extract EOs from room-temperature citrus. One technique is to remove the oil by puncturing the fruit's oil glands, followed by a mild water spray. EO is released when the oleaginous cavities on the peel are compressed by two horizontal ribbed rollers or a slow-moving Archimedian screw coupled to an abrasive shell. The most effective method for extracting acid oils such as lemon and orange.

Limitations: Short shelf life (Use oil within six month from manufacturing) 
	Silva et al (2004)

	Non-conventional methods (Novel Extraction Methods)

	Supercritical fluid extraction
	For SCF extraction carbon dioxide (CO2) is best solvent.  

Properties of CO2 should be

The critical temperature of CO2 should be 31 °C, and its critical pressure should be 73 bar. It should be a cheap, highly pure, recyclable, nonflammable gas that can be extracted from the extract by simply depressurizing below the critical point.

Benefits of methods:  environmental‐friendly

and ‘green’ technologies, Fast and efficient 
	Koubaa et al. (2015)

	Ultrasound‐Assisted Extraction (UAE)
	EOs are extracted by generating ultrasonic waves (frequency 20 kHz) from natural sources, which induce cavitation bubbles in the solution and generate enough energy to shatter the structures enclosing the oil and release it). Furthermore, UAE can act as an emulsifier, dispersing lipophilic compounds in water and simplifying EO separation and purification. 
	Sereshti et al., 201); Rosello-Soto et al., 2015

	Ohmic‐Assisted Hydrodistillation
	It is a sophisticated technology that allows for faster extraction kinetics at a cheaper cost. When compared to conventional extraction, the extraction time can be cut in half.  
	Gavahian et al. (2012)

	Pulsed Electrical Field‐Assisted Extraction (PEF-AE)
	PEF method mainly functions by using short but strong electric pulses and penetrate the cell membrane to create tiny holes. This makes the cell walls weaker as well as changes their primary structure, called electroporation. The yield of EO’s by PEF-AE can be boosted by 13-33% 
	Roohinejad et al. (2014)

	Microwave‐Assisted Extraction (MV-AE)
	The principle has a direct impact on the polar molecules that make up the extracting solvent or matrix. MW equipment emits electromagnetic radiation from 0.3 to 300 GHz frequencies.
	Barba et al. (2016)

	Vacuum Microwave- Hydrodistillation (VMW-HD)
	The technique is carried out in two phases: (1) MW is used to heat the plant material (if employed in a dry state, the matrix is humidified)  (2) The apparatus generates a vacuum (0.1-0.2 bar), allowing azeotropic distillation of the water and EOs combination. Operating temperatures should be less than 100°C, and power (0.2-1 kW/kg on the based of raw material) is recommended. 
	Poux et al. (2015)


	Microwave- Hydrodiffusion and Gravity (MW-HG)
	This method uses MW heating and regular gravity to extract EOs at normal air pressure.

Zill‐E‐Huma (2010) reported that initially the test sample of plant material was placed in the MW apparatus in the absence of additional water. Then hydro-diffusion occurs which means EOs are released in the water by the action of internal heating moreover, allows the extract of EOs and water mixture to spread out beyond the cells and  recovered by gravitation force. Further, it was separated into EOs on top along with aromatic water on the bottom by using a 'Florentine flask'. This unique, time as well as energy consuming method doesn’t need any kind og distillation and/or evaporation.
	Zill‐E‐Huma (2010)

	Solvent‐Free Microwave Extraction (SFMWE)
	EOs are extracted from plant matrices using this method without water or any other solvent. Since SFMWE is not a modified MW-AE that uses organic solvents or a modified HD that uses a significant amount of water, it is often referred to as MW-assisted dry distillation (MW-ADD).
	Filly et al. (2014)

	Gas Chromatography-Mass Spectroscopy (GC-MS)
	GC coupled with MS was used for the identification of bioactive compouds of tea, rosemary, lavander and eucyliptus EO and their antibacterial activities were analyzed using agar well diffusion method (AWDM) with the incubation of 12 h for 37C in nuteient agar by using special designed Mueller-Hinton plates. They were found effective against E. coli, S. aureus, S. typhi and Citrobacter koseri.
	Puvaˇca  et al. (2021)


4. ANTIMICROBIAL ACTIVITY OF EOS

Recently, researching and creating new antimicrobial compounds from diverse sources to fight microbial obstruction has gained popularity. Consequently, screenings for antimicrobial migration and related assessment methods have received more attention. A few bioassays, for example, well dissemination, plate dispersion, and juices or agar weakening, are well-known and often used techniques (Balouiri et al., 2016). The least convergence of antimicrobial operator that totally restrains development of the living being in miniaturized scale weakening wells or cylinders as identified by the independent eye is called least inhibitory fixation (MIC) (Clinical and Laboratory Standards Institute, 2009). These weakening techniques are the best for ensuring MIC esteem because they allow for the evaluation of the centralization of the tried antimicrobial specialist in the (agar weakening) or stock medium (full scale weakening or smaller scale weakening) (Table 3). The assurance of MBC, which is defined as the focus killing 99.9% or more of the underlying inoculums, is the most commonly used measure of bactericidal activity. (Canillac and Mourey, 2001).  Antimicrobial activity of Callistemon comboynensis essential oil was observed against gram-positive (B. subtilis and S. aureus), gramnegative (Proteus vulgaris and P. aeruginosa), and a pathogenic fungus Candida albicans (Tongnuanchan P.and Benjakul S., 2014)
Table 3 Certain EOs MIC against certain microorganisms 

	The plant that yields EO 
	Micro-Organisms and MIC Values
	References

	Cymbopogan citratus
	S. typhi (2.5 µL/mL), E. coli (0.6 µL/mL), S. aureus (0.6 µL/mL)
	Nikoli´c, et al. (2014)

	Satureja montana
	Streptococcus pyogenes (116.67-15.28 µg/mL), Pseudomonas aeruginosa (23.33 -5.77µg/mL), Streptococcus mutans (60.00-0.00 µg/mL), Streptococcus salivarius (53.33-5.77 µg/mL), Streptococcus sanguis (23.33-7.64 µg/mL), Enterecoccus faecalis (53.33-5.77 µg/mL), Lactobacillus acidophilus (125.00-8.66 µg/mL)
	Nikoli´c, et al. (2014)

	Origanum vulgarae
	S. aureus (800–900 ppm), E. coli (1600–1800 ppm)
	Martuccia, et al. (2015)

	Lavandula officinalis
	S. aureus (1000–1200 ppm), E. coli (2000 ppm) 
	Martuccia, et al. (2015)

	Cinnamomum zeylanicum
	Klebsiella pneumoniae (K. pneumoniae) (2 mg/mL), Acinetobacter (8 mg/mL), Protreus vulgaris (8 mg/mL), S. aureus (0.5 mg/mL), Staphylococcus epidermidis (S. epidermidis)  (1 mg/mL), Enterococcus faecalis (4 mg/mL) 
	Aumeeruddy-Elalfi et al. (2015)



	Psiadia arguta
	Acinetobacter (16 mg/mL), S. aureus (0.5 mg/mL), Enterococcus faecalis (8 mg/mL),  S. epidermidis (0.25 mg/mL)
	Aumeeruddy-Elalfi et al. (2015)



	Piper betle
	K. pneumoniae (4 mg/mL), Acinetobacter (8 mg/mL),  Enterecoccus faecalis (4 mg/mL), Proteus vulgaris (4 mg/mL), S. epidermidis (0.5 mg/mL),  S. aureus (0.5 mg/mL)
	Aumeeruddy-Elalfi et al. (2015)



	Pimenta dioica
	Acinetobacter (8 mg/mL), S. aureus (1 mg/mL), Enterecoccus faecalis (2.5 mg/mL), K. pneumoniae (4 mg/mL), S. epidermidis (1 mg/mL)
	Aumeeruddy-Elalfi et al. (2015)



	Psiadia terebinthina
	 K. pneumoniae  (4 mg/mL), Acinetobacter (16 mg/mL), Enterecoccus faecalis (8 mg/mL), S. epidermidis (0.25 mg/mL), S. aureus (0.5 mg/mL),  Proteus vulgaris (8 mg/mL), 
	Aumeeruddy-Elalfi et al. (2015)



	Thymus vulgaris, Ocimum basilicum, Origanum majorana,
Rosmarinus officinalis, 

Mentha piperita, Pimpinella anisum
	Clostridium perfringens (5.0 mg/mL, 10 mg/mL, 1.25 mg/mL,)
	Radaelli et al. (2016)



	Epilobium parviflorum,

Salvia desoleana,

Salvia sclarea,

Allium sativum
	S. aureus, Enterecoccus faecalis (10–40 µg/mL), E. coli, Staphylococcus aureus (2 or >2 mg/mL), Escherichia coli (15–1500 µg/mL), Pseudomonas aeruginosa, S. epidermidis (1.5–2 mg/mL),
	Bajera et al. (2017)



	Zingiber officinale Rosc. 
	Ginger EO was reported to possess excellent antibacterial activity against two food-borne microorganisms: S. aureus and E. coli. This study reported that the antibacterial mechanism of the EO seems to be associated with damage to the bacterial cell membrane, leakage of macromolecular substances such as bacterial proteins and nucleic acids, and decline of bacterial metabolic activity.


	Wang et al.( 2020)

	Origanum vulgare L.
	The carvacrol-rich EOs had a potent inhibitory effect against S. aureus. The average DIZ value was 29.1 (±0.6) mm, and the MIC and MBC of EOs against S. aureus were 0.125 and 0.25 mg/mL, respectively
	Hao et al. (2021)

	
	Antimicrobial and bactericidal activity, with MIC ranging between 128 μg/ mL and 256 μg/mL and MBC between 256 μg/mL and 512 μg/mL, on the tested K. pneumoniae.
	Silva et al. (2023)

	Salvia officinalis L. 
	Antibacterial activity of EOs extracted from Rosmarinus officinalis, Salvia officinalis, and Thymus satureioides, individually and in combination with conventional antibiotics against S. typhi – MIC values ranging from 2 to 85 μg/mL
	Rafya et al. (2022)

	Echinophora tenuifolia L.

subsp. sibthorpiana
	Antimicrobial and antifungal activity against Fusarium oxysporum, Rhizoctonia solani, and Alternaria alternata.
	Sanli and Ok (2023)


Nikolíc et al. (2014) found the antimicrobial, cytotoxic  and substance creation effect of EOs from Lamiaceae species including Lavandula angustifolia,  Mentha piperita, Salvia lavandulifolia, Mentha pulegium and Satureja montana. Pseudomonas aeruginosa, Lactobacillus acidophilus, Enterecoccus faeacalis, Streptococcus Species such as S. sanguis, S. mutans, S. salivarius and S. pyogenes in combination with 58 clinical oral Candida spp. samples along with three standard strains were selected for the study. They demonstrated that Satureja montana EO had highest antibacterial activity against all tested microorganisms.
Another study examined the antibacterial activity of the EO extracted from matured dried oregano (Origanum vulgare) as well as lavender (Lavandula officinalis) leaves and blossoms. Oregano EO (OEO) showed the lowest MIC (1600–1800 ppm) against E. coli while it was 2000 ppm in case of lavender EO (LEO). In constrat, OEO had a MIC of 800–900 ppm against S. aureus whereas; LEO had 1000–1200 ppm. The higher value of phenolic compounds in these EOs was ascribed to their inhibitory actions (Martuccia et al., 2015).

The antibacterial qualities of basic oils were evaluated by Aumeeruddy-Elalfi et al. (2015) against eighteen microorganisms mainly bacterial and parasite detaches, that were isolated from seven exceptional and two endemic Mauritius country restorative plants. With the exception of Salvia officinalis, where the demonstrated activities were equivalent to the action of anti-infection agents, critical antibacterial exercises were recorded with low negligible inhibitory fixation utilising the small scale juices weakening measure. 

With a MIC of 3–4 mg, the antibacterial activity of Eucalyptus globules has been shown to have a detrimental effect on the pathogenic strains of Pseudomonas aerugenosa, S. aureus, Bacillus subtilis, E. coli and Listeria innocua. The MBC estimation of bactericidal impact changed somewhere in the range of 3.6 and 9.0 mg, which showed that all the tried microbes were delicate to the fundamental oil of Eucalyptus globulus natural products . The MBC was 3.6 to 9.0 mg, indicating that all tested microbes were susceptible to this EO (Said et al., 2016).

In like manner,  Verma et al. (2016) found that the secondary EOs (SEOs) of Mentha citrata demonstrated antibacterial movement against all eight tried bacterial strains of Gram-positive microorganisms such as S. epidermidis (MTCC 435), S. aureus (MTCC 96), Streptococcus mutans (MTCC 890), just as Gram-negative microbes, in particular, K. pneumoniae (MTCC 109), Pseudomonas aerugenosa (MTCC 741), E. coli (MTCC 723), E. coli (DH5) and S. typhi (MTCC 98), with a MIC estimation of 50–1000 µg/mL, while primary EOs (PEOs) were dynamic against seven strains with a MIC estimation of 250–1000 µg/mL. Besides, an ongoing report Radaelli et al. (2016) surveyed antimicrobial action of six ordinarily utilized Brazilian toppings, viz., basil, peppermint, marjoram, rosemary, thyme and anise against Clostridium perfringens strain. Thyme EO had an MIC of 1.25 mg, while marjoram and basil EO had 5.0 mg. Peppermint, rosemary, and anise showed MICs of 10 mg/mL. 

The growing bacterial resistance to antibiotics, linked with a deficiency of new antimicrobial drugs, has necessitated the evolution of secondary plan of action to combat infections driven by drug-resistant bacteria (Bajera et al. 2017). Prospective systems suggested include the development of anti-infection agent choices and the discovering or improving adjuvants (substances that enhance the effect of other drugs) (Bush et al. 2011). Increased or restored antimicrobial viability against multimedicate safe bacteria has been the subject of numerous attempts. The introduction of EOs to anti-toxins might cause a drop in the antimicrobial MIC, with aminoglycosides, for example, amikacin, having the greatest influence (Sousa et al., 2006). Geraniol play significant role in regulating drug resistance in various Gram-negative bacterial species including Pseudomonas aeruginos, Enterobacter aerogenes and E. coli by targeting on efflux syphons. This mechanism can restore drug susceptibility in strains that over-express these efflux pumps. This modulation of drug resistance by EOs is progressively evident for drugs like chloramphenicol, β-lactams, and fluoroquinolones (Lorenzi et al., 2009). S. aureus causes food borne illness, skin irritation etc.  Versatile components of EOs  such as Alpinia pahangensis, Origanum vulgare, Origanum dictamnus, Mentha piperita, Lavandula hybrida, Zataria multiflora, and Hofmeisteria schaffneri have been tested against S. aureus, and observed potential inhibitory action (Pérez-Vásquez et al., 2011). Furthermore, the combination of EOs with an antimicrobial agent often produces a synergistic effect against multidrug-resistant S. aureus, generally leading to a substantial decrease in the MIC  (D'Arrigo et al., 2010).

5.1 TEST FOR ANTIBACTERIAL ACTIVITY OF EO  IN FOOD SYSTEM

However, it doesn't seem like a standardized test has been created to assess the antibacterial activity of possible preservatives against microbes connected to food EOs were tested using a modified version of the CLSI (Clinical and Laboratory Standards Institute) method for determining antimicrobial susceptibility. Two preliminary techniques, disc volatilization (vapour phase activity) and agar disc diffusion, to identify the EOs that were most effective against test organisms.

5.2 Agar Disc Diffusion Method

The agar dissemination strategy is the broadest method of antimicrobial movement appraisal. 

After inoculum retention by agar,

Sterile channel plates were impregnated

Petri dishes were fixed with a sterile research center

The dishes were kept  at ambient temperature (30 min)

to permit the dispersion of oil, and afterward were brooded at 370C for 24h.

After the hatching time frame, the mean distance across of restraint radiance where test microorganism didn't develop


Each plate and assessed for vulnerability or obstruction.
Flow chart 2: Agar Disc Diffusion Method
5.3 DISC VOLATILIZATION METHOD 
 This technique assesses the impact of vapors from essential oils on identical bacterial strains, similar to the disc diffusion method. It is employed to assess the efficacy of essential oils that are meant to be utilized as air preservatives. The process involves inoculating a solidified medium with 100 μl of bacterial inoculums. Subsequently, 10 μl of each essential oil stock solution are applied to sterile blank filter discs with a diameter of 6 mm. These discs are then placed in the middle of a Petri dish's lid, which has a tiny layer of medium on it beforehand to stop the EOs from sticking to the plastic.  After placing the sterile blank filter discs with EOs onto the Petri dishes, to stop the oils from evaporating, sterile laboratory parafilm was used to seal the dishes and incubated at 37°C for 24 hours. In order to prepare the blanks, filter discs were treated with 10 μl of DMSO solution. Using the technique outlined by Nedorostova et al. (2009), the diameter (in mm) of the zone of inhibition of microbe growth surrounding the discs was used to assess the effectiveness of essential oils.
5.4  MICROORGANISMS

Pseudomonas aeruginosa (Schroeter) ATCC13388, Salmonella choleraesuis (Smith) CCT4296, Rhodococcusequi (Magnussom) CCT0541, Micrococcus luteus (Schroeter) CCT2692, S. aureus (Rosenbach) CCT2740, E. coli CCT0547, Bacillus subtilis (Ehrenberg) Cohn CCT2576, Enterococcus faecium ATCC10541 (Orla Jensen) Schleifer and Kilpper-Balz (registered at ATCC as Streptococcus faecium), Enterococcus faecium (Orla Jensen) CCT5079, and the yeast C. albicans (Robin) Berkhout ATCC 10231 were all subjected to antimicrobial activity tests.

5.5 CULTURE MEDIA

Bacteria were tested on C. albicans on Sabouraud Dextrose Agar (Merck, g/L): peptone, 10.0; glucose, 40.0; agar-agar, 15.0; and Nutrient Agar (Merck, g/L): peptone from meat, 5.0; meat extract, 3.0 and agar-agar, 12.0.

5.6 INOCULA

The inocula for the assays were made from scraped cell mass that had been diluted in a 0.85% NaCl solution. After that, the inocula was calibrated to McFarland scale 0.5 and confirmed by spectrophotometry at 580 nm. Cell suspensions were finally diluted to 104 cfu/mL in order to employ them in the activity testing.

5.7 BIOAUTOGRAPHY ASSAYS

The antibacterial activity of EOs against C. albicans was assessed using the bioautography method on thin layer chromatography (TLC) plates before the MIC test was performed. Using hexane:acetate (85:15, v/v) as an eluent, the EOs  were applied to duplicate TLC plates after being diluted in ethyl acetate. Anisaldehyde was used to create one plate, while microbiological tests were performed on the other. The positive control was chloramphenicol. At about 42ºC, the bacterial inocula suspensions were made and inoculated using a pour-plate in the appropriate medium (1:100). A 0.5 mL aliquot of 1 mg/mL trifenil tetrazolium chloride  (TTC) solution was used as a growth indicator. After that, the media were moved to the Petri dishes that had previously held the TLC plates. For twenty-four hours, the cultures were incubated at 37ºC. Only the MIC test was used to assess the EOs  ability to combat C. albicans.

5.8 MIC TESTS

MIC is the minimum oil concentration that prevented visible microbial growth, can be determined by a standard method (Eloff's) using 96-well plates in which serial dilutions of the oils were prepared with the concentrations of 2 to 0.03 mg/mL, and included antibiotics like chloramphenicol or merck as controls. After adding the microbial inoculum to all wells (bacteria for 24 hours at 37ºC, yeast for 48 hours at 30ºC), the plates were incubated. Then 20 μL of 0.5% TTC dye solution was added to check the antimicrobial activity, indicated by the dye remaining unstained.

5.9 DETERMINATION OF ANTIBACTERIAL ACTIVITY OF THYME, MYRTLE, LAUREL, SAGE and ORANGE EOs

Researchers find out that how well EOs could stop pathogens like E. coli, S. aureus, L. monocytogenes, and C. albicans from growing using agar diffusion method. In this method, small paper discs were soaked in  pure EOs and placing them on special plates of inoculated Baird Parker Agar (Oxoid CM 275), VRBA (Oxoid CM 107), Palcam Listeria Selective agar (Base) (Merck 1.11755), PDA (Oxoid CM 139), that were already covered with the pathogens. After some time, clear area around each disc was measured, where the germs couldn't grow, known as zone of inhibition. The size of this zone provided the details of  sensitivity of the microorganisms towards the EOs such as,  less than 8 mm diameter meant "not sensitive," 9–14 mm was "sensitive," 15–19 mm was "very sensitive," and anything larger than 20 mm meant "extremely sensitive"  (Ponce et al., 2003; Moreira et al., 2005).

5.10 MICRODILUTION TEST

MICs and MBCs were determiined by using a 96-well microtitre plates. A centralization of 1.0x105 cfu/mL was achieved by balancing the bacterial suspension with clean saline. To achieve the required fixations (0.02-15.0 g/mL), the mixtures were broken down in juices LB medium (100 L) with bacterial inoculum (1.0x104 cfu per well). The small scale plates were brooded for a period of 24 h at 28 0C temperature. They first figured out the MIC visible even under a microscope. To find the MBC they took small samples from the MIC tests and put them into fresh growing plates. After 72 hours, the minimum concentration that still showed no visible growth was considered the MBC. The optical thickness of each very much was estimated at a wavelength of 655 nm by Microplate chief 4.0 (Bio-Rad Laboratories) and contrasted and a clear and the positive control. Streptomycin was utilized as a positive control utilizing indistinguishable fixations from in the plate dispersion test. Two repeats were accomplished for oil and every part.

6.1 EXPERIENCES IN FOOD PRESERVATION WITH EOs

Diverse academics have spent the last decade exploring the effect of EO in food preservation in diverse food systems. During the period of 2010 to 2019, the number of research studies on EO along with its diverse applications in food safety was approximately 13000, while it was 4500 between 2000 to 2009. This study revealed an increase in academics' interest in alternate methods of food preservation using EOs during the last decade. EOs have been utilized in several ways to conserve food. The inclusion of EO has been tested to boost up in storage period of various fruit juice with dairy beverages, fish, meat and other similar items. Table 4 discusses the research done on various food products.

Table 4 Application of EO as a preservative in various foods

	Major components
	Application
	References

	β-pinene
	Antibacterial activities in vitro or in other food models
	Burt (2004)

	
	Antioxidant activities
	Wang et al. (2008)

	1,8-cineole
	Strong antimicrobial actions against S. aureus, Bacillus cereus, Micrococcus luteus, Enterococcus faecalis.

Aroma attributes of fresh herbs and spices
	Ayala-zavala et al. (2009)

	
	Antibacterial properties
	Burt (2004)

	
	Antioxidant activities
	Wang et al. (2008)

	α-pinene
	Antioxidant activity
	Dai et al. (2013)

	
	Antimicrobial agent against Sarcina spp.
	Holley and Patel (2005)

	
	Antibacterial activities
	Burt (2004)

	Thymol
	Antimicrobial properties against Aspergillus niger, B. cereus, Aspergillus flavus, Clostridium botulinum, S. aureus, L. monocytogenes, E. faecalis, E. coli,  S. aureus, Salmonella sp.
	Ayala-zavala et al. (2009); Pinto et al. (2023)

	Carvacrol
	Antibacterial against fluidization of membrane lipids, membrane destabilization, membrane disruption

of the bacterial cells, inhibition of ATPase activity
	Langeveld et al. (2014)

	
	Anti-inflammatory to prevent Asthma
	Ghorani et al. (2021)

	Eugenol
	Antimicrobial
	Goni et al (2016)

	Cefixime+Carvacrol
	Prevent E. coli infections
	Asadi et al. (2023)

	Camphene
	Antifungal: S. sclerotiorum, 
Phytophthora


 nicotianae,  F. oxysporum, S. epivorum, F. dianthi, and F. proliferatum
	Pitarokili et al. (2008) 

	Limonene
	Antibacterial: S. enteriditis, S. thypi, E. coli, Sigellasonei
	Bozin et al. (2007); Pinto et al.(2023) 

	(E)-Caryophyllene
	Antimicrobial as well as antioxidant activities 
	Mimika-Dukic et al. (2004)

	β-caryophyllene
	Alzheimer’s disease
	Machado et al. (2018)

	Hydrazide derivative of menthol
	Antimicrobial properties against the 

peri-implantitis triggering bacteria which is responsible for teeth decay i.e. , E. coli and S. aureus.
	Manogaran et al. (2022)

	Cinnamonaldehyde
	Antibacterial
	Pinto et al. (2023) 


Ait-Ouazzou et al. (2011) reported the antimicrobial functions of certain components found in EOs. They mainly examined water-repelling constituents, including three hydrocarbon monoterpenes (α-pinene, β-pinene, and þ-cymene) and eight oxygenated monoterpenes (such as thymol, carvacrol, borneol, linalool, terpineol-4-ol, 1,8-cineole, α-409 terpinyl acetate, and camphor). The researchers also explored whether these components would show synergistic effects when combined with mild heat or PEF treatments. Outcomes of the study indicated that phenols and alcohols were the most effective at stopping microbial growth, while hydrocarbons were less effective and thus considered less promising. The effect of oregano extract (OE) along with its EO or OEO as antioxidants in milk based products enhanced with ω-3 fatty acids was investigated by Boroski et al. (2012).  Linseed oil was added to the beverages at the rate of 2% and observed for storage studies. It was discovered that OE was more effective than OEO at preventing the production of hexanal, propanal, and conjugated diene after ten days of storage in either light or heat.  Moreover, reduction of oxygen occurred by hotness or light oxidation was found to be reduced in case of OE. The addition of OE and OEO did not affect dairy beverage physical stability during storage. Siddiqua et al. (2015) demonstrated the antioxidant functions of  cinnamaldehyde  as well as clove oil as natural preservatives in  in model food systems and watermelon juice. They found that both oils were effective against several pathogens such as Bacillus cereus, Yersinia enterocolitica, S. aureus, and E. coli. Sadeghi (2016) conducted a study by adding Ferulago angulata EO  (FAEO) in  fresh soybean oil and compared its effects to tertiary-butyl- hydro-quinone (TBHQ) treated sample along with control to impove its shelf-life. The finding of the indicated that FAEO is a natural and powerful antioxidant. Regubalan and Ananthanarayan (2018) added musturd EO (MEO) in  fermented breakfast food of Indian origin ‘Idli’to check minimal inhibitory activity (MIA) against lactic acid bacteria (LAB) as well as Candida versatilis yeast strain. The findings of the study demonstrated that MEO diminished   LAB strains at 80 ppm concentration whereas 40 ppm in case of Candida versatilis. They also reported that addition of MEO improved textural properties such as volume loss, whey separation and acidity. The researchers also reported to enhanced the storage period of idli by  5 and 30 days at atmospheric as well as refrigerated temperature, with 0.1% MEO. Nazari et al. (2019) created a novel delivery system of garlic EO (GEO) by enclosing it in nano  sized packages, known as nanophytosomes. They add GEO-containing nanophytosomes  in  yogurt sample and observed non-significant difference in flavor, proved it natural food preservative. Orange juice is popular beverage because of its great nutritional content and sensory qualities. The antibacterial properties of Thymbra capitata EO (TCEO) were studied by Charfi et al. (2019) in relation to three harmful bacteria, including E. coli, Listeria monocytogenes, and S. aureus,  on one month  storage period at 20 and 5°C. By hydro-distilling the plant's aerial portion, the EOs were produced. It was concluded that Listeria monocytogenes and E. coli in orange juice can be combated by Moroccan TCEO. Lin et al. (2019) prepared antibacterial packaging to keep the surfaces of food free from any contaminating microorganisms with Chrysanthemum EO (CHEO) incorporated into small thread of chitosan  through electrospinning. CHEO damaged the cell membrane permeability  of L. monocytogenes and prevented their growth. The results of the study concluded that the  CHEO-infused packaging could be effective for enhancing the shelf-life of food.  Addition of  Pimpinella saxifraga EO (PSEO) (1-3%) into cheese, which was coated by using sodium alginate emulsifier, reported to enhance the freshness of samples during cold storage. It was also observed that  addition of 3% PSEO into cheese prevented weight loss, keep stable  pH and color profile along with provided more protection against both microbial  as well as oxidative damage,  without any negative change in its flavor (Ksouda et al. 2019). The consequence of poly-lactic-acid (PLA) film comprised with nano-chitosan (NCH) as well as Polylophium involucratum EO (PIEO) on the chemical, microbiological, and sensory characteristics of chicken fillets over a 10-day period of refrigeration was examined by Javaherzadeh et al. (2019). When comparing the wrapped samples to the control, the final microbial population decreased by roughly 1-3 log CFU/g (P<0.05). Furthermore, PLA sheets with 1.5% PIEO extended the chicken fillet's shelf life in the refrigerator by over ten days without causing any negative sensory effects.  In other study (Liu et al., 2020) reported  that a special coating made from small droplets, containing star anise EO, polylysine, and nisin, largely enhanced Yao meat. This coating stayed stable for a period of 45 days with the addition of 1.5% soy protein isolate (SPI) along with  smallest particle size (97.1 ± 0.8 nm) and effectively killed germs, extending the meat's freshness from 8 to 16 days while keeping its good flavor. Another study (De Sá Silva et al., 2019) found that Melaleuca alternifolia EO (MAEO) also  killed pathogens rapidly specially Listeria monocytogenes in ground beef after 1 hr treatment. Using the disc diffusion method, Yumnan et al. (2023) investigate the antimicrobial activity of pomelo (Citrus grandis L. Osbeck) peels and EO specific freshwater fish species (Rohu, Bahu, and silver carp) as well as against spoilage organisms (Yersinia pestis, Bacillus cereus, E. coli, S. aureus, Mycobacterium smegmatis, Listeria monocytogenes, Pseudomonas aeruginosa, and C. albicans). Hydro-distillation was used to extract EO from pomelo peel and found 2.66% yield with good antimicrobial functions. Thus extracted oil showed highest antioxidant activity, 65% DPPH free radicals scavenging activity along with d-limonene being its main component (90-89%). It prevented the growth of spoilage microorganisms on Rohu, Bahu, and Silver carp fish fillets, extending their life span by 6–9 days.

Hasheminejad et al. (2019) and Chu et al. (2020) reported that incorporation of thymol and carvacrol based nano in  yogurt drinks and labneh  reduced spoilage and maintained good  quality. Similarly, eugenol disrupts the fungal cell walls as well as its mitochondrial activity which increases the antifungal fuctions of this EO and in preserve pomegranate arils, refrigerated meat products etc.. Cinnamaldehyde, is known for its  antimicrobial nanocomposite films strnthening capacity and  preventing contamination in strawberries like perishables goods  (Naserzadeh et al., 2019: Wei et al., 2021: Jose et al., 2024).

Alimzhanova et al. (2025) demonstrated that lavender and cinnamon EO, quenched all pathogens in-vitro, while disease incidence was decreased to 92%  when copper together with plant bioactive components were used  (Alimzhanova et al., 2025). Chen et al. (2025) investigated that finger citron EO (FCEO) and its bio-active componet D-limonene can effectively control the alcoholic liver by preventing the hepatic injury. Yang et al. (2025) observed that EOs can effectively prevent the biofilms for the safety and preservation of food products.

6.2  ORGANOLEPTIC ASPECTS

EOs have different scents, refractive indices, optical characteristics, and rotational qualities. They are made from the stem, leaves, bark, flowers, and other components of herbs or plants. Up to 200 different components can make up an  EOs flavor and perfume; if even one of them is lost, the aroma and/or properties may alter. (Noudogbessi et al., 2012). While EOs are insoluble in water, they are soluble in ether, alcohol, and almost all organic solvents. Their main components include alcohols, ketones, aldehydes, ethers, esters, hydrocarbons, and oxides.

Many essential oils derived from herbs and spices are commonly used as food additives, with their primary role being to give pleasant flavours and fragrances to various foods, beverages, and confectionery goods. The most important factors to take into account while sensory analyzing EOs are color, taste, scent, and visual quality (Mariod, 2016).  Certain essential oils, such those from oranges, can alter the flavor and scent of most foods in very small amounts. (Espina et al., 2014). Customers may find  EOs unpleasant due to their strong aroma, potential interactions with specific food ingredients, and generally higher cost compared to synthetic additives. As a result, essential oil usage in meals may be limited (Kahraman et al., 2015; Moon and Rhee, 2016). During processing, certain EOs can be added to food to decrease oxidation products and slow down the pace of oxidation without affecting the food's color or texture. The impact of EOs supplementation on sensory attributes is displayed in Table 5.

Table .5 Effect of essential oils on sensory of food products

	Essential oil
	Treatment
	Sensorial effect
	References

	Ginger
	Stewed pork treated with GO and chitosan
	Acceptable flavor
	Cao et al. (2013), Leong et al. (2010)

	
	Garlic powder is applied on the loin and lean belly.
	Reduced off-flavor compounds
	Park et al. (2008)

	Curry Leaf and Clove bud 
	Burfi treated with microwave 
	Acceptable flavour
	Badola et al. (2017)

	Pasture Plant Essential Oil
	Cheese
	Conc.<0.1 µL/L - no significant effect,

Conc.>1.0 µL/L- “mint/chlorophyll” and “thyme/oregano”
	Tornambé et al. (2008)

	oregano essential oil
	Cooked chicken meat
	Found oregano flavour at high concentration
	Al-Hijazeen et al. (2017)

	Betel vine (Piper betle L.)
	Cup cake
	Acceptable Flavour
	Roy and Guha (2014)

	Essential oils of fennel, coriander, clove, parsley seeds, black pepper, white pepper, garlic, mustard, and ginger
	Essential oils added in idli batter at different concentration 
	At 500 ppm, the EOs of parsley seeds, fennel, coriander, and clove were unacceptable.

Up to 1200 ppm of essential oils of mustard, white pepper, black pepper, and garlic were tolerated.

Up to 1000 ppm, ginger essential oil was acceptable.
	Regubalan and Ananthanarayan, (2018)

	Cinnamon
	Encapsulated in Maltrodextrin and Propylene glycol 
	Biscuits flavoured with cinnamon-maltrodextrin showed higher sensory scores
	Fadel et al. (2019)


6.3. LEGAL ASPECTS OF USE OF EOs IN FOOD
It is widely assumed that EO’s are harmless because they are derived from plants and herbs. However, numerous studies have shown that some essential oils include hazardous chemicals that can cause inflammation and allergies in the body. As a result, it is necessary to raise awareness and regularise the usage of EOs as food additives or preservatives. Because of the various food regulatory authorities' worries, the use of EOs has been regulated by various regulations all over the world. They have created a regulatory requirement before employing EOs in food processing and preservation.

To give scientific understanding on the use of EOs, WHO released a book on selected medicinal plants. CODEX general standards for fruit Juices and nectars (Codex Standard 247-2005) has provided numerous methods of EOs analysis. EOs are defined and analysed in this document using the AOAC 968.20 code. Risk management, labeling, hygiene and other elements of EOs  are also covered in reports. Under the ISO technical committee 54, an international organisation such as ISO has established standards for numerous EOs. ISO has given the definition of EOs as follows: ''An EO is a product made by distillation with either water or steam, mechanical processing of citrus rinds, or dry distillation of natural materials''. The EOs are naturally detached from water during distillation. The standards encompass a wide range of characteristics for EOs, such as packaging and labelling, sampling, and numerous analytical methods.  Food and Drug Administration of the United States of America (USFDA) has approved many EOs as flavouring agents. Linalool, eugenol, thymol, cinnamaldehyde, carvone, vanillin, ginger, carvacrol, citral, tea tree, lavender, fennel, bay laurel, and limonene have all been approved by the FDA. Some essential oil flavouring agents, such as clove, oregano, thyme, nutmeg, basil, mustard, and cinnamon, have also been registered and categorised as generally recognised as safe (GRAS) by the FDA.  In Europe, EU commission as well as regulatory authorities consider the EOs as ‘biologically active substances’. The commission has established a security threshold for specific ingredients used in food and drink (Baser and Buchbauer, 2010). 

7. Future Prospects

Because of their intrinsic properties, essential oils are recognised to be effective antioxidant and antibacterial agents. These are mostly used into packaging materials for various food goods such as cheese, beef, and fish.  The use of EOs in fruit preservation instead of waxing is a possible application that should be researched on a variety of items. To utilize as a food additive, further dose levels for safe limit consumption must be defined. The allergenicity of EOs is a source of worry that must be addressed before used as a preservative in the food processing sector.  Some EOs such as laurel, lavender, jasmine, rosewood, and eucalyptus, have been linked to allergic reactions. Furthermore, despite the potency of EOs, before thinking about using them in food, more research should be done to determine their safety and any potential negative effects. However, use of EOs in different types of food products with novel technologies is the vast area of research. On other side, the reasons for the allergenicity must be find with their removal method so that everyone can use these EOs and they can be added in all compatible food products hence, the growth of agriculture sector will boost, which is the biggest source of improving economy of any country.

7. CONCLUSION

EOs are utilised in many food recipes and have been used for hundreds of years for a variety of purposes in many regions of the world. They are extracted from plants and herbs using various processes. Because of widespread concern about synthetic additives and preservatives, scientists are working to develop natural alternatives to extend the shelf life of foods. EOs are superior source of antioxidant, antifungal, antibacterial, and antipathogenic chemicals, and numerous studies have demonstrated their efficiency in food preservation and improving shelf life without altering sensory characteristics. EOs are generally recognised as safe, and numerous nations have granted various essential oils legal status for usage as a food additive. The use of essential oils in various aspects of food processing and preservation has to be investigated further. 

DISCLAIMER (ARTIFICIAL INTELLIGENCE)
Author(s) hereby declare that NO generative AI technologiessuch as Large Language Models (ChatGPT, COPILOT, etc) and text-to-image generators have been used during writing or editing of this manuscript. 

REFERENCES

Ait-Ouazzou, A,, Cherrat, L,, Espina, L., Lorán, S., Rota, C.& Pagán, R. (2011). The antimicrobial activity of hydrophobic essential oil constituents acting alone or in combined processes of food preservation. Innovative Food Science and Emerging Technologies, 12 (3), 320-329. DOI: 10.1016/j.ifset.2011.04.004.
Al-Hijazeen, M., Mendonca, A., Lee, E. J. & Ahn, D. U. (2017). Effect of oregano oil and tannic acid combinations on the quality and sensory characteristics of cooked chicken meat.  Poultry Science, 97 (2), 676-683. https://doi.org/10.3382/ps/pex285.
 Alimzhanova, M., Meirbekov, N., Syrgabek, Y., López-Serna, R., & Yegemova, S. (2025). Plant-and Microbial-Based Organic Disease Management for Grapevines: A Review. Agriculture, 15 (9), 963.
Anwar, F., Hussain, A. I., Sherazi, S. T. H. & Bhanger, M. I. (2009). Changes in composition and antioxidant and antimicrobial activities of essential oil of fennel (Foeniculum vulgare Mill.) fruit at different stages of maturity. Journal of Herbs, Spices & Medicinal Plants, 15, 1–16. https://doi.org/10.1080/10496470903139488.
Asadi, S., Nayeri-Fasaei, B., Zahraei-Salehi, T., Yahya-Rayat, R., Shams, N. & Sharifi, A. (2023). Antibacterial and anti-biofilm properties of carvacrol alone and in combination with cefixime against Escherichia coli. BMC microbiology, 23 (1), 55. . https://doi.org/10.1186/s12866-023-02797-x.
Aumeeruddy-Elalfi, Z., Gurib-Fakim, A. & Mahomoodally, F. (2015). Antimicrobial antibiotic potentiating activity and phytochemical profile of essential oils from exotic and endemic medicinal plants of Mauritius, Industrial Crops and Products, 71, 197–204. https://doi.org/10.1016/j.indcrop.2015.03.058.
Ayala-Zavala, J. F., González-Aguilar, G. A. & Del-Toro-Sánchez, L. (2009). Enhancing safety and aroma appealing of fresh-cut fruits and vegetables using the antimicrobial and aromatic power of essential oils, Journal of Food Science, 74 (7), 84–91. https://doi.org/10.1111/j.1750-3841.2009.01294.x.
Badola, R., Panjagari, N. R., Singh, R. R. B., Singh, A. K. & Prasad, W. G. (2017). Combined effect of herbal essential oil and in-package microwave thermization treatment on shelf life of burfi. Indian Journal of Dairy Science, 70 (6), 674-682.
Bajera, T., Silha, D., Ventura, K. & Bajerov, P. (2017). Composition and antimicrobial activity of the essential oil, distilled aromatic water and herbal infusion from Epilobiumparviflorum Schreb, Industrial Crops and Products, 100, 95–105. https://doi.org/10.1016/j.indcrop.2017.02.016.
Balouiri, M., Sadiki, M. & Ibnsouda, S. A. (2016). Methods for in vitro evaluating antimicrobial activity: A review. Journal of Pharmaceutical and Biomedical Analysis, 6, 71–79. https://doi.org/10.1016/j.jpha.2015.11.005.
Barba, F. J., Zhu, Z., Koubaa, M., Sant’Ana, A. S. & Orlien, V. (2016). Green alternative methods for the extraction of antioxidant bioactive compounds from winery wastes and by‐products: A review. Trends in Food Science and Technology, 49, 96–109. https://doi.org/10.1016/j.tifs.2016.01.006.
Baser, K. H. C. & Gerhard, B. (2009). Handbook of essential oils: science, technology, and applications. CRC Press.
Baydar, N.G., Özkan, G. and Sağdiç, O., 2004. Total phenolic contents and antibacterial activities of grape (Vitis vinifera L.) extracts. Food control, 15 (5), 335-339.  https://doi.org/10.1016/S0956-7135(03)00083-5.
Bhavaniramya, S., Vishnupriya, S., Al-Aboody, M. S., Vijayakumar, R., &  Baskaran, D. (2019). Role of essential oils in food safety: Antimicrobial and antioxidant applications. Grain And Oil Science And Technology, 2 (2), 49-55.
Boroski,  M., Giroux,  H. J. & Sabik, H., Petit, H. V., Visentainer,  J. V., Matumoto-Pintro, P. T. & Britten, M. (2012). Use of oregano extract and oregano essential oil as antioxidants in functional dairy beverage formulations. LWT-Food Science and Technology, 47 (1),  167-174. https://doi.org/10.1016/j.lwt.2011.12.018. 
Bozin, B., Mimica-Dukic, N., Samojlik, I. & Jovin, E. (2007). Antimicrobial and antioxidant properties of rosemary and sage (Rosmarinus officinalis L. and Salvia officinalis L., Lamiaceae) essential oils. Journal of Agricultural and Food Chemistry, 55 (19), 7879–7885. https://doi.org/10.1021/jf0715323.
Burt, S. (2004). Essential oils: Their antibacterial properties and potential applications in foods ‐ A review. International Journal of Food Microbiology, 94, 223–253. https://doi.org/10.1016/j.ijfoodmicro.2004.03.022.

Bush, K., Courvalin, P., Dantas, G., Davies, J., Eisenstein, B., Huovinen, P. et al. (2011). Tackling antibiotic resistance. Nature Reviews Microbiology, 9, 894–896. https://doi.org/10.1038/nrmicro2693.
Canillac, N. & Mourey, A. (2001). Antibacterial activity of the essential oil of Piceaexcelsa on Listeria, Staphylococcus aureus and coliform bacteria. Food Microbiology, 18, 261–268. https://doi.org/10.1006/fmic.2000.0397.
Cao, Y., Gu, W., Zhang, J., Chu, Y., Ye, X. & Hu, Y. et al. (2013) Effects of chitosan, aqueous extract of ginger, onion and garlic on quality and shelf life of stewed-pork during refrigerated storage. Food Chemistry, 141, 1655–1660. https://doi.org/10.1016/j.foodchem.2013.04.084.
Celikel, N. & Kavas, G. (2008). Antimicrobial properties of some essential oils against some pathogenic microorganisms. Czech Journal of Food Sciences, 26 (3), 174.
Charfi, S., Boujida, N., Abrini, J. & Senhaji, N. S. (2019). Study of chemical composition and antibacterial activity of Moroccan Thymbracapitata essential oil and its possible use in orange juice conservation. Materials Today: Proceedings, 13, 706-712. https://doi.org/10.1016/j.matpr.2019.04.031.
Chen, J., Ou, G., Gu, W., Shi, J., Lyu, R., Wu, X. et al. (2025). Role in Preventing Alcoholic Liver Disease Progression: A Comparative Study of Whole-Component Finger Citron Essential Oil and Its Major Component D-Limonene. Nutrients, 17 (7), 1255.
Chouhan, S., Sharma, K. & Guleria, S. (2017). Antimicrobial Activity of Some Essential Oils—Present Status and Future perspectives. 82 (Medicines 4 (3), 58 doi:10.3390/medicines4030058.
Chu, Y. F., Gao, C. C., Liu, X. Y., Zhang, N., Xu, T. Feng, X. et al (2022). Improvement of storage quality of strawberries by pullulan coatings incorporated with cinnamon essential oil nanoemulsion.  LWT-Food Science and Technology,  122, 109054.
Cimino, C, Maurel, O. M., Musumeci, T., Bonaccorso, A., Drago, F., Souto, E. M. B., Pignatello, R. & Carbone, C. (2021) Essential oils: pharmaceutical applications and encapsulation strategies into lipid-based delivery systems. Pharmaceutics, 13, 327. https://doi.org/10.3390/pharmaceutics13030327.
Clinical and Laboratory Standards Institute, (2009) Methods for Dilution Antimicrobial Susceptibility Test for Bacteria that Grow Aerobically: Approved Standard—8th Edition; CLSI Document M07-A8; Clinical and Laboratory Standards Institute: Wayne, PA, USA.
D’Arrigo, M., Ginestra, G., Mandalari, G.,  Furneri,  P. M. & Bisignano, G. (2010). Synergism and post antibiotic effect of tobramycin and Melaleuca alternifolia (tea tree) oil against Staphylococcus aureus and Escherichia coli. Phytomedicine, 17, 317–322, https://doi.org/10.1016/j.phymed.2009.07.008.
Dai, J., Zhu, L., Yang, L. & Qiu, J. (2013). Chemical composition, antioxidant and antimicrobial activities of essential oil from Wedelia prostrate.EXCLI Journal, 12, 479.
Desam, N. R., Al-Rajab, A. J., Sharma, M., Mylabathula, M. M., Gowkanapalli, R. R. & Albratty, M. (2019). Chemical constituents, in vitro antibacterial and antifungal activity of Mentha× Piperita L.(peppermint) essential oils. Journal of King Saud University-Science, 31 (4), 528-533.
Dewick, P.M., 2002. The biosynthesis of C 5–C 25 terpenoid compounds. Natural Product Reports, 19 (2), 181-222. https://doi.org/10.1039/B002685I.
Dhifi, W., Bellili, S., Jazi, S., Bahloul, N. and Mnif, W., 2016. Essential oils’ chemical characterization and investigation of some biological activities: A critical review. Medicines, 3 (4), 25. https://doi.org/10.3390/medicines3040025.
Donato, R., Sacco, C., Pini, G., & Bilia, A. R. (2020). Antifungal activity of different essential oils against Malassezia pathogenic species. Journal of Ethnopharmacology, 249, 112376.
Espina, L., Condón, S., Pagán, R. & García-Gonzalo, D. (2014). Synergistic effect of orange essential oil or (+)-limonene with heat treatments to inactivate Escherichia coli O157:H7 in orange juice at lower intensities while maintaining hedonic acceptability. Food and Bioprocess Technology, 7, 471–481. https://doi.org/10.1007/s11947-013-1076-x.
Fadel, H. H., Hassan, I. M., Ibraheim, M. T., Abd El Mageed, M. A. & Saad, R., 2019. Effect of using cinnamon oil encapsulated in maltodextrin as exogenous flavouring on flavour quality and stability of biscuits. Journal of Food Science and Technology, 56, 4565-4574.  https://doi:10.1007/s13197-019-03931-2.
Feng, Z., Shao, B., Yang, Q., Diao, Y. &  Ju, J. (2024). The force of Zein self-assembled nanoparticles and the application of functional materials in food preservation. Food Chemistry, 141197.
Filly, A., Fernandez, X., Minuti, M., Visinoni, F., Cravotto, G. & Chemat, F. (2014). Solvent free microwave extraction of essential oil from aromatic herbs: From laboratory to pilot and industrial scale. Food Chemistry, 150, 193–198. https://doi.org/10.1016/j.foodchem.2013.10.139.

Friedman, M., Henika, P.R. & Mandrell, R.E., 2002. Bactericidal activities of plant essential oils and some of their isolated constituents against Campylobacter jejuni, Escherichia coli, Listeria monocytogenes, and Salmonella enterica. Journal of food protection, 65 (10), 1545-1560. https://doi.org/10.4315/0362-028X-65.10.1545.
Gao, Q., Qi, J., Tan, Y. & Ju, J.  (2024). Antifungal mechanism of Angelica sinensis essential oil against Penicillium roqueforti and its application in extending the shelf life of bread. International Journal of Food Microbiology, 408, 110427.
Gavahian, M., Farahnaky, A., Javidnia, K. & Majzoobi, M. (2012). Comparison of ohmic assisted hydrodistillation with traditional hydrodistillation for the extraction of essential oils from Thymus vulgaris L. Innovative Food Science and Emerging Technologies, 14, 85–91. https://doi.org/10.1016/j.ifset.2012.01.002.
Ghorani, V., Alavinezhad, A., Rajabi, O. & Boskabady, M. H. (2021). Carvacrol improves pulmonary function tests, oxidant/antioxidant parameters and cytokine levels in asthmatic patients: A randomized, double-blind, clinical trial. Phytomedicine, 85, 153539.
Goñi, M. G., Roura, S. I., Ponce, A. G. & Moreira, M. R. (2016). Clove (Syzygiumaromaticum) oils. In: Essential Oils in Food Preservation, Flavor and Safety. Academic Press, 349-357. https://doi.org/10.1016/B978-0-12-416641-7.00039-0.
Guan, X., Zhao, D., Yang, Y., Huang, J., Lin, B., Zheng, Y. & Wang, Q. (2023). Characterization and in vitro assessment of probiotic potential of Lactiplantibacillus plantarum BXM2 from fermented honey passion fruit beverage. Food Frontiers, 4 (3), 1372-1381.
Hąc-Wydro, K., Flasiński M. & Romańczuk, K. (2017). Essential oils as food eco-preservatives: Model system studies on the effect of temperature on limonene antibacterial activity. Food Chemistry, 235 (15): 127-135.

Hao, Y., Li, J., Shi, L. (2021). A carvacrol-rich essential oil extracted from oregano (Origanum vulgare “Hot and Spicy”) exerts potent antibacterial effects against Staphylococcus aureus. Frontiers in Microbiology, 12, 741861. https://doi.org/10.3389/fmicb.2021.741861.
Hasheminejad, N., Khodaiyan, F. & Safari, M. (2019). Improving the antifungal activity of clove essential oil encapsulated by chitosan nanoparticles. Food Chemistry, 275, 113–122.
Holley, R. A. & Patel, D. (2005.) Improvement in shelf-life and safety of perishable foods by plant essential oils and smoke antimicrobials. Food Microbiology, 22, 273–292. https://doi.org/10.1016/j.fm.2004.08.006.
Ivanova, S., Gvozdeva, Y., Staynova, R., Grekova-Kafalova, D., Nalbantova, V., Benbassat, N. et al. (2025). Essential oils–a review of the natural evolution of applications and some future perspectives. Pharmacia, 72, 1-12.
Jadhav, D., Rekha, B. N., Gogate, P. R. & Rathod, V. K. (2009). Extraction of vanillin from vanilla pods: A comparison study of conventional soxhlet and ultrasound assisted extraction. Journal of Food Engineering, 93, 421–426. https://doi.org/10.1016/j.jfoodeng.2009.02.007.

Javaherzadeh, R., Bafroee, A. T. & Kanjari, A. (2019) Preservation effect of Polylophiuminvolucratum essential oil incorporated poly lactic acid/nanochitosan composite film on shelf life and sensory properties of chicken fillets at refrigeration temperature. LWT- Food Science and Technology, 118, 108783. https://doi.org/10.1016/j.lwt.2019.108783.
Jose, A., Mathew, M., Mathew, A. S., Aswani, R., Vimal, J., Premnath, M. et al. (2024). Cinnamon essential oil induced microbial stress metabolome indicates its active food packaging efficiency when incorporated into poly vinyl alcohol, engineered with zinc oxide nanoparticles and nanocellulose. International Journal of Biological Macromolecules, 278, 134115.
Kahraman, T., Issa, G., Bingol, E. B., Kahraman, B. B. & Dumen, E. (2015). Effect of rosemary essential oil and modified-atmosphere packaging (MAP) on meat quality and survival of pathogens in poultry fillets. Brazilian Journal of Microbiology., 46 (2), 591–599. https://doi.org/10.1590/S1517-838246220131201.
Koubaa. M., Barba, F. J., Mhemdi, H., Grimi, N., Koubaa, W. & Vorobiev, E. (2015). Gas Assisted Mechanical Expression (GAME) as a promising technology for oil and phenolic compound recovery from tiger nuts. Innovative Food Science and Emerging Technologies, 32, 172–180. https://doi.org/10.1016/j.ifset.2015.09.019.

Ksouda, G., Sellimi, S., Merlier, F., Falcimaigne-Cordin, A., Thomasset, B., Nasri, M. & Hajji, M. (2019). Composition, antibacterial and antioxidant activities of Pimpinella saxifraga essential oil and application to cheese preservation as coating additive. Food Chemistry, 288, 47-56. https://doi.org/10.1016/j.foodchem.2019.02.103
Langeveld, W. T., Veldhuizen, E. J. & Burt, S. A. (2014). Synergy between essential oil components and antibiotics: a review. Critical Reviews in Microbiology, 40 (1), 76-94.

Leong, J, Morel, P. C., Purchas, R. W., Wilkinson, B. H. (2010.) The production of pork with garlic flavour notes using garlic essential oil. Meat Science, 84, 699–705. https://doi.org/10.1016/j.meatsci.2009.11.006.
Lin, L., Mao, X., Sun, Y.  Rajivgandhi, G. & Cui, H. (2019). Antibacterial properties of nanofibers containing chrysanthemum essential oil and their application as beef packaging. International Journal of Food Microbiology, 292, 21-30, https://doi.org/10.1016/j.ijfoodmicro.2018.12.007. 
Liu, Q., Zhang, M., Bhandari, B.,  Xu, J. & Yang, C. (2020). Effects of nanoemulsion-based active coatings with composite mixture of star anise essential oil, polylysine, and nisin on the quality and shelf life of ready-to-eat Yao meat products. Journal of Food Control, 107, 106771. https://doi.org/10.1016/j.foodcont.2019.106771.
Lorenzi, V., Muselli, A. , Bernardini, A. F., Berti, L., Pagès, J. M., Amaral, L., Bolla, J. M. (2009). Geraniol restores antibiotic activities against multidrug-resistant isolates from gram-negative species. Antimicrobial Agents and Chemotherapy, 53, 2209–2211. https://doi: 10.1128/AAC.00919-08.
Machado, K.D.C., Islam, M.T., Ali, E.S., Rouf, R., Uddin, S.J., Dev, S., Shilpi, J.A., Shill, M.C., Reza, H.M., Das, A.K. and Shaw, S., 2018. A systematic review on the neuroprotective perspectives of beta‐caryophyllene. Phytotherapy Research, 32 (12), pp.2376-2388.  https://doi.org/10.1002/ptr.6199.
Manogaran, Y., Shanmugavelu, S., Jagadeesan, D., Gudugunta, L., Priya, K. P. L., Anand, P. et al. (2022). Response of Mentha Piperita leaves extract and menthol derivative against pathogens that triggers periimplantitis. Growth, 11, 12.
Mariod, A. A. (2016). Effect of essential oils on organoleptic (smell, taste, and texture) properties of food. In: Preedy, V. (ed.). Essential Oils in Food Preservation, Flavor and Safety, London: Elsevier, 131-137. https://doi.org/10.1016/B978-0-12-416641-7.00013-4.
Market Analyses Report (2025). Grand View Research: Global essential oil market size released on November 27, 2024.[ Internet Document: Accessed on June 1st , 2025). 
https://www.grandviewresearch.com/Filters?search=global+essential+oil+market+sizeandsearch_submit.
Martuccia,  J. F., Gendeb, L. B., Neiraa, L. M. & Ruseckaite,  R. A. (2015). Oregano and lavender essential oils as antioxidant and antimicrobial additives of biogenic gelatin films. Industrial Crops and Products, 71, 205–213. https://doi.org/10.1016/j.indcrop.2015.03.079.
Meenu, M., Padhan, B., Patel, M., Patel, R., &  Xu, B. (2023). Antibacterial activity of essential oils from different parts of plants against Salmonella and Listeria spp. Food Chemistry, 404, 134723.
Mimica-Dukic, N., Bozin, B., Sokovic, M. & Simin, N. (2004) Antimicrobial and antioxidant activities of Melissa officinalis L. (Lamiaceae) essential oil. Journal of Agricultural and Food Chemistry, 52, 2485–2489. https://doi.org/10.1021/jf030698a
Modzelewska, A., Sur, S., Kumar, S. K., & Khan, S. R. (2005). Sesquiterpenes: natural products that decrease cancer growth. Current Medicinal Chemistry-Anti-Cancer Agents, 5 (5), 477-499. https://doi.org/10.2174/1568011054866973.
Moon, H. & Rhee, M. S. (2016) Synergism between carvacrolor thymol increases the antimicrobial efficacy of soy sauce with no sensory impact. International Journal of Food Microbiology, 217, 35–41. https://doi.org/10.1016/j.ijfoodmicro.2015.10.009.
Moreira, M. R., Ponce,  A. G., de Valle, C. E .& Roura, S. I. (2005). Inhibitory parameters of essential oils to reduce a foodborne pathogen.  LWT - Food Science and Technology, 38, 565–570. https://doi.org/10.1016/j.lwt.2004.07.012.
Naserzadeh, Y., Mahmoudi, N. & Pakina, E. (2019). Antipathogenic effects of emulsion and nanoemulsion of cinnamon essential oil against Rhizopus rot and grey mold on strawberry fruits. Foods and Raw Materials, 7, 210–216.
Nazari, M., Ghanbarzadeh, B., Kafil, H.S., Zeinali, M. and Hamishehkar, H., 2019. Garlic essential oil nanophytosomes as a natural food preservative: Its application in yogurt as food model. Colloid and Interface Science Communications, 30, 100176.  https://doi.org/10.1016/j.colcom.2019.100176.
Nedorostova, L., Kloucek, P., Kokoska, L., Stolcova, M. &  Pulkrabek, J., 2009. Antimicrobial properties of selected essential oils in vapour phase against foodborne bacteria. Food Control, 20 (2), 157-160.  https://doi.org/10.1016/j.foodcont.2008.03.007.
Nikolić, M., Jovanović, K.K., Marković, T., Marković, D., Gligorijević, N., Radulović, S. and Soković, M., 2014. Chemical composition, antimicrobial, and cytotoxic properties of five Lamiaceae essential oils. Industrial Crops and Products, 61, .225-232. . https://doi.org/10.1016/j.indcrop.2014.07.011.
Noudogbessi, J. P., Yedomonhan, H., Alitonou, G. A., Chalard, P., Figueredo, G. & Adjalian, E. et al. (2012) Physical characteristics and chemical compositions of the essential oils extracted from different parts of Siphonochilusaethiopicus (Schweinf.) B. L. Burtt (Zingiberaceae) harvested in Benin. Journal of Chemical and Pharmaceutical Research,  4 (11), 4845–485.
Park, S. Y., Yoo, S. S., Shim, J. H.& Chin, K. B. (2008). Physicochemical properties, and antioxidant and antimicrobial effects of garlic and onion powder in fresh pork belly and loin during refrigerated storage. Journal of Food Science, 73 (8), C577-C584.  https://doi.org/10.1111/j.1750-3841.2008.00896.x.
Pérez-Vásquez, A., Capella, S., Linares, E., Bye, R., Angeles-López, G. & Mata, R. (2011) Antimicrobial activity and chemical composition of the essential oil of Hofmeisteriaschaffneri. Journal of Pharmacy and Pharmacology, 63, 579–586. https://doi.org/10.1111/j.2042-7158.2010.01243.
Pinto, L., Tapia-Rodríguez, M. R., Baruzzi, F. &  Ayala-Zavala, J. F. (2023). Plant antimicrobials for food quality and safety: Recent views and future challenges. Foods, 12 (12), 2315.
Pitarokili, D., Tzakou, O. &  Loukis, A., 2008. Composition of the essential oil of spontaneous Rosmarinus officinalis from Greece and antifungal activity against phytopathogenic fungi. Journal of Essential Oil Research, 20(5), 457-459.  https://doi.org/10.1080/10412905.2008.9700058.
Ponce, A. G., Fritz, R., del Valle, C. E. & Roura, S. I. (2003.) Antimicrobial activity of essential oils on the native microflora of organic Swiss chard. LWT - Food Science and Technology, 36, 679–684. https://doi.org/10.1016/S0023-6438(03)00088-4.
Pophof, B., Stange, G. & Abrell, L., 2005. Volatile organic compounds as signals in a plant–herbivore system: electrophysiological responses in olfactory sensilla of the moth Cactoblastis cactorum. Chemical Senses, 30 (1), 51-68.  https://doi.org/10.1093/chemse/bji001.

Poux, M., Cognet, P. & Gourdon, C. (2015.) Green process engineering: from concepts to industrial applications. Boca Raton, FL: CRC Press.
Puvača, N., Milenković, J., Galonja C. T., Bursić, V., Petrović, A., Tanasković, S.et al. (2021). Antimicrobial activity of selected essential oils against selected pathogenic bacteria: In vitro study. Antibiotics, 10 (5), 546.
Radaelli, M., Silva, B.P.D., Weidlich, L., Hoehne, L., Flach, A., Costa, L.A.M.A.D. and Ethur, E.M., 2016. Antimicrobial activities of six essential oils commonly used as condiments in Brazil against Clostridium perfringens. Brazilian journal of microbiology, 47 (2), .424-430. https://doi.org/10.1016/j.bjm.2015.10.001
Rafya, M., Zehhar, N., Hafidi, A., Benkhalt,i F. (2022). Investigation of the  High-order Effect of Rosmarinus officinalis, Salvia officinalis, and Thymus satureioides essential oils with antibiotics on the membrane integrity of Salmonella typhi. Journal of Essential Oil-Bearing Plants, 25, 939–952. https://doi.org/10.1080/0972060X.2022.2128896.
Regubalan, B. & Ananthanarayan, L. (2018) Shelf life improvement of idli batter by addition of mustard essential oil as bio-preservative. Journal of Food Science and Technology, 55 (9): 3417–3426. doi:10.1007/s13197-018-3247-2.
Rodríguez‐Melcón, C., Alonso‐Calleja, C. & Capita, R. (2024). The one health approach in food safety: Challenges and opportunities. Food Frontiers, 5 (5), 1837-1865.
Roohinejad, S., Everett, D. W., Oey, I. (2014) Effect of pulsed electric field processing on carotenoid extractability of carrot puree. International Journal of Food Science and Technology, 49, 2120–2127. https://doi.org/10.1111/ijfs.12510.
Rosello‐Soto, E., Koubaa, M., Moubarik, A., Lopes, R, P., Saraiva, J. A., Boussetta, N. et al. (2015). Emerging opportunities for the effective valorization of wastes and by‐products generated during olive oil production process: Non‐conventional methods for the recovery of high‐added value compounds. Trends in Food Science and Technology, 45, 296–310. http://dx.doi.org/10.1016/j.tifs2015.07.003.
Rossi, G. A. M., Link, D. T., Bertolini, A. B., Tobias, F. L. & Mioni, M. D. S. R. (2023). A descriptive review of the use of organic acids and peracetic acid as a decontaminating strategy for meat. eFood, 4 (4), .e104. https://doi.org/10.1016/j.jksus.2017.07.013.
Rota, C., Carraminana, J.J., Burillo, J. and Herrera, A., 2004. In vitro antimicrobial activity of essential oils from aromatic plants against selected foodborne pathogens. Journal of Food Protection, 67 (6), 1252-1256.  https://doi.org/10.4315/0362-028x-67.6.1252.

Roy, A. & Guha, P. (2014). Development of a novel cup cake with unique properties of essential oil of betel leaf (Piper betle L.) for sustainable entrepreneurship. Journal of Food Science and Technology, 52 (8), 4885–4894. https://doi.org/10.1007/s13197-014-1540-2.
Sacchetti, G., Maietti, S., Muzzoli, M., Scaglianti, M., Manfredini, S., Radice, M. &  Bruni, R., 2005. Comparative evaluation of 11 essential oils of different origin as functional antioxidants, antiradicals and antimicrobials in foods. Food Chemistry, 91 (4), 621-632. http://doi.org/10.1016/j.foodchem.2004.06.03. 
Sadeghi E, Mahtabani A, Etminan A. & Karami F (2016) Stabilization of soybean oil during accelerated storage by essential oil of ferulagoangulataboiss. Journal of Food Science and Technology 53 (2): 1199-1204. https://doi.org/10.1007/s13197-015-2078.
Sahoo, M., Panigrahi, C, & Aradwad, P. (2022) Management strategies  emphasizing advanced food processing approaches to mitigate food borne zoonotic pathogens in food system. Food Frontiers, 3 (4): 641–665.
Said, Z. B. O. S., Haddadi-Guemghar, H., Boulekbache-Makhlouf, L., Rigou, P., Remini, H.,  Adjaoud, A. et al. (2016).  Essential oils composition, antibacterial and antioxidant activities of hydrodistillated extract of Eucalyptus globulus fruits. Industrial Crops and Products, 89, 167-175.
Sanli, A. & Ok, F. Z. (2023). Chemical composition and antimicrobial activity against phytopathogenic fungi of essential oils obtained from Echinophora tenuifolia subsp. sibthorpiana Grown in wild and cultivated conditions in Turkey. Molecules. 28, 585. https://doi.org/10.3390/ molecules28020585.
Sell, C. S. (2006). The Chemistry of Fragrance. From Perfumer to Consumer, 2nd ed.; The Royal Society of Chemistry: Cambridge, UK,  329.
Sereshti, H., Rohanifar, A., Bakhtiari, S. & Samadi, S. (2012). Bifunctional ultrasound assisted extraction and determination of Elettaria cardamomum Maton essential oil. Journal of Chromatography A, 1238, 46-53. https://doi.org/10.1016/j.chroma.2012.03.061.
Siddiqua. S., Anusha, B. A., Ashwini, L. S. & Negi, P. S. (2015). Antibacterial activity of cinnamaldehyde and clove oil: effect on selected foodborne pathogens in model food systems and watermelon juice. Journal of Food Science and Technology,  52 (9), 5834-5841. https://doi.org/10.1007/s13197-014-1642-x.
Silva MF, Matos P, Lopes F, Silva M, Holanda (2004) Composition of essential oils from three Ocimum species obtained by steam and microwave distillation and supercritical CO2 extraction. ARKIVOC Archive for Organic Chemistry, 6: 66–71. 
Singh S, Das SS, Singh G, Marina P, Carola S, César C (2015) Comparative study of chemistry compositions and antimicrobial potentials of essential oils and oleoresins from dried and fresh Mentha longifolia L. Journal of Coastal Life Medicine, 3 (12): 987–991. https://doi: 10.12980/jclm.3.2015j5-119. 
Smith, D.C., Forland, S., Bachanos, E., Matejka, M. and Barrett, V., 2001. Qualitative analysis of citrus fruit extracts by GC/MS: An undergraduate experiment. The Chemical Educator, 6, 28-31.  https://doi.org/10.1007/s00897000450a
Sousa, E. O., Silva, N. F., Rodrigues, F. F., Campos, A. R., Lima, S. G. & Costa, J. G. M. (2010). Chemical composition and resistance-modifying effect of the essential oil of Lantana camara Linn. Pharmacognosy Magazine, 6 (22), 79.  doi: 10.4103/0973-1296.62890.

Subedi, D., Paudel, M., Poudel, S. & Koirala, N. (2025). Food safety in developing countries: common foodborne and waterborne illnesses, regulations, organizational structure, and challenges of food safety in the context of Nepal. Food Frontiers, 6 (1), 86-123.
Tariq, S., Wani, S., Rasool, W., Shafi, K., Bhat, M. A., Prabhakar, A. et al. (2019). A comprehensive review of the antibacterial, antifungal and antiviral potential of essential oils and their chemical constituents against drug-resistant microbial pathogens. Microbial pathogenesis, 134, 103580.
Tongnuanchan, P. & Benjakul, S. (2014). Essential Oils: Extraction, Bioactivities, and Their Uses for Food Preservation. Journal of Food Science R1231. doi: 10.1111/1750-3841.12492.

Tornambé, G., Cornu, A., Verdier-Metz, I., Pradel, P., Kondjoyan, N. & Figueredo, G. et al.   (2008). Addition of pasture plant essential oil in milk: Influence on chemical and sensory properties of milk and cheese. Journal of Dairy Science, 91 (1), 58-69.  https://doi:10.3168/jds.2007-0154.
Valiakos E, Marselos M, Sakellaridis N, Constantinidis T. & Skaltsa H (2015) Ethnopharmacological approach to the herbal medicines of the “Antidotes” in Nikolaos Myrepsos’ Dynameron. Journal of Ethnopharmacology 163, 68–82. https://doi.org/10.1016/j.jep.2015.01.005.
Venugopal, A., Sionov, R.V., Kroupitski, Y., Steinberg, D. and Shemesh, M. (2025). The V‐shaped structuring regulated via the LuxS‐dependent quorum‐sensing pathway is associated with Lactiplantibacillus plantarum survivability in acidic environments. Food Frontiers, 6 (2), 801-818.
Verma, S. K., Goswami, P., Verma, R. S., Padali, R. C., Chauhan, A., Singh, V. R. et al. (2016) Chemical composition and antimicrobial activity of bergamot-mint (MenthacitrateEhrh.) essential oils isolated from the herbage and aqueous distillate using different methods. Industrial Crops and Products, 91, 152–160. https://doi.org/10.1016/j.indcrop.2016.07.005. 
Wang, J., Feng, Z., Yang, Q., Li, C. &  Ju, J. (2024). The correlation between the succession of microflora and volatile flavor compounds in kefir vegetable juice fermentation. Food Bioscience, 57, 103477.
Wang, W., Wu, N., Zu, Y. G. & Fu, Y. J. (2008.) Antioxidative activity of Rosmarinus officinalis L. essential oil compared to its main components. Food Chemistry, 108, 1019–1022. https://doi.org/10.1016/j.foodchem.2007.11.046.
Wang, X., Shen, Y., Thakur, K., Han, J., Zhang, J. G., Hu,  F. et al. (2020) Anti
bacterial activity and mechanism of Ginger essential oil against Escherichia coli and Staphylococcus aureus. Molecules, 25, 3955. https:// doi.org/10.3390/molecules25173955.
Wei, Z. X., Zhang, J. J., Zhang, H. C., Ning, Z., Zhang, R. Y. & Li, L.J. et al. (2021). Effect of nanoemulsion loading a mixture of clove essential oil and carboxymethyl chitosan-coated ε-polylysine on the preservation of donkey meat during refrigerated storage. Journal of Food Processing and Preservation, 45, e15733. 
WHO (World Helath Organization), 2025. Diarrhoeal disease: key facts. Releases on March 7th , 2024. [Internet document: accessed on June 1st, 2025]. www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease.
Yang, P., Huo, Y., Yang, Q., Zhao, F., Li, C., & Ju, J. (2025). Synergistic anti-biofilm strategy based on essential oils and its application in the food industry. World Journal of Microbiology and Biotechnology, 41 (3), 1-22.
Yousefi, M., Khorshidian, N. & Hosseini, H. (2020). Potential application of essential oils for mitigation of Listeria monocytogenes in meat and poultry products. Frontiers in Nutrition, 7, 577287.
Yumnam, M., Marak, P. R., Gupta, A. K., Rather, M. A., &  Mishra, P. (2023, March). Effect of pomelo peel essential oil on the storage stability of a few selected varieties of freshwater fish. Journal of Agriculture and Food Research, 11, 100472. https://doi.org/10.1016/j.jafr.2022.100472.
Zill‐E‐Huma, H. (2010). Microwave Hydro‐diffusion and Gravity: A Novel Technique for Antioxidants Extraction. University of Avignon, France.

Extraction of EOs








Conventional methods





Non-conventional methods (Novel technologies)





Fig. 2: Number of publications on essential oil








10

