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Highlights 

 

x Essential oils have great potential as natural antimicrobial agents in food 

packaging. 

x Micro and nanoencapsulation techniques improve the biological activities of 

essential oils. 

x Essential oils nanoparticles applied to food packaging comprise a new class of 

effective antimicrobial nanocomposites. 

 



 

Abstract 

In recent years, natural antimicrobial compounds have attracted a great deal of attention 

from the food industry. Innovations in food packaging have also been focused on the 

incorporation of these active additives in polymer matrices with the purpose of 

extending foods shelf life. Essential oils (EOs) from aromatic plants are potent 

antimicrobial agents and many EOs are known to be powerful agents against E. coli, L. 

monocytogenes and other pathological bacteria. However, their volatility, their low 

solubility in water, and susceptibility for oxidation limits their use. Micro and 

nanoencapsulation of EOs is one of the options to reduce these effects and to improve 

their biological activities. In this review, the relevance of the encapsulation of EOs as 

antimicrobial agents and their incorporation into food packaging are discussed. 

Application of active antimicrobial packaging, based on encapsulated EOs, to foods is 

also addressed to evaluate their influence in food shelf life. 

 

Introduction 

Several studies have been focused on new packaging technologies due to the 

increasing population and the limited natural resources [1]. Active packaging, with the 

aim of releasing antimicrobials agents to foods is getting much attention due to their 

role in increasing foods shelf–life, minimizing or even eliminating the presence of food 

borne microorganisms [2–4]. 

Essential oils are volatiles compounds from aromatic plants with several 

biological properties, including antimicrobial activity. There is great interest in the use 

of EOs because they are natural products and have been considered as GRAS 

(Generally Recognized as Safe) food additives by the Food and Drug Administration 



[5]. Nanotechnologies have emerged to support advances in preservation of foods [6]. 

For instance, the use of biodegradable materials is many times conditioned due to the 

lack of barrier (to oxygen, light or water vapor) or the poorer mechanical properties of 

these materials when compared with conventional materials. The reinforcement of 

biodegradable materials with nanofillers allows improving their properties and extends 

their range of applications [7]. Nanoparticles of nisin, silver and zinc oxide have been 

successfully used to obtain antimicrobial nanopackaging [8–11]. Food industry is 

evaluating the best approaches to include essential oils, as natural antimicrobials, in 

polymeric materials in order to have their advantages and to limit their drawbacks. 

Encapsulation is one of these techniques, consisting in a process where small particles 

are enclosed by a coating in order to form a capsule [12–14].  

This review focuses on EOs as potent antimicrobials against different bacteria 

and on their encapsulation with the purpose of their incorporation in active food 

packaging, The advantages and drawbacks of this technique are discussed and the 

incorporation into different polymeric matrices is reviewed. Moreover, the application 

of these packaging to foods is also addressed to evaluate their effectiveness. in terms of 

food shelf life extension. 

 

Antimicrobial food packaging  

New ways to protect foods against internal and external factors and to prolong 

foods shelf-life have encouraged the food industry to develop new packaging concepts 

[15]. In line with technology advances, active and intelligent packaging has emerged. 

Active packaging interacts with the product, absorbing or releasing compounds from/to 

the food or food headspace [16,17]. This allows extending food products shelf-life, 

maintaining or improving the properties of the packaged food. Intelligent packaging is 



designed to monitor certain conditions of the environment at which the food is exposed 

[16,17]. In addition to the extended protection of foodstuffs, these packages can be 

made from biodegradable and environmental-friendly materials. 

Among active packaging, active antimicrobial packages incorporated with 

essential oils are being developed and evaluated. These packages are formed by a 

polymer matrix that contains the additives that will protect foods against food pathogens 

[18]. These new active packaging materials can be applied to food as coatings or films 

[1].  

With the increase of world population and consumer and industrial concerns 

regarding the limited resources and environment protection, the use of materials from 

renewable resources and/or biodegradable have gained a special attention. For instance, 

carbohydrates, proteins and lipids are being used as polymeric matrices to develop food 

packages in detriment to synthetic materials [1]. 

The packaging materials can be designed in order to incorporate certain 

components with the aim of being released during food transportation and storage. 

Thus, the substances responsible for the active function of packaging might be directly 

incorporated into the packaging material, and may interact directly with the food surface 

[19]. 

Nowadays, especially due to consumers’ demands, there is a tendency to search 

for natural additives. Besides, synthetic additives have been associated with negative 

side effects to human health [20]. 

In line with this, in the last few years, alternative sources of antimicrobials were 

investigated, being extracts and EOs derived from plants, such cinnamon (Cinnamomum 

zeylanicum Blume), rosemary (Rosmarinus officinalis L.), sweet fennel (Foeniculum 



vulgare var. dulce (Mill.) Batt. & Trab) and oregano (Origanum vulgare L.), great 

candidates and have been successfully incorporated in polymeric matrices [18,21]. 

In a study carried out by Gómez-Estaca et al. (2010) a gelatine-chitosan film 

incorporated with clove EO was applied to fish during chilled storage and the growth of 

microorganisms was reduced, allowing to extend the fish shelf-life [22].  

 

Essential oils 

Essential oils (EOs) are aromatic substances produced naturally as secondary 

metabolites by a specific plant species. EOs are mainly composed by terpenoids, 

phenolic and aromatic compounds and their composition can vary, depending on the 

edaphoclimatic characteristics of the plant, part of the plant (flower, seed, leaves, fruits, 

stems and others) used for the extraction and the extraction method. These are the 

factors that determine the biological function of the EOs. Since ancient times, EOs are 

used for aromatic and flavouring purposes and also in traditional medicines such as 

Ayurveda (Indian medicine), Jamoo (Indonesian medicine) and Zhong Yo (Chinese 

medicine) [23–25]. 

In the literature, the antimicrobial activity of different EOs have been reported For 

instance, in the research study developed by Santos et al. (2016), cellulose acetate films 

incorporated with mixtures of oregano, cinnamon and sweet fennel EOs, showed high 

antimicrobial activity against Penicillium spp and Staphylococcus aureus. The film 

incorporated only with oregano EO showed the highest antimicrobial activity against S. 

aureus and the film incorporated with a mixture (1:1) of oregano and cinnamon EOs 

showed the highest antimicrobial activity against Penicillium spp [18]. Rather et al. 

(2012) proved the antimicrobial activity of common walnut (Juglans regia L.) EO 

against Escherichia coli, Salmonela typhi, Klebsiella pneumoniae, Proteus vulgaris, 



Pseudomonas aeruginosa and Shigella dyssenteriae [26]. Ribeiro-Santos et al. (2017) 

showed that Cinnamomum cassia EO has a great antimicrobial activity against E. coli, 

S. aureus and Penicillium spp as well as, the Cinnamomum zeylanicum EO against 

Penicillium spp [27]. In the review carried out by Raut and Karuppayil (2014), the 

authors recognized antimicrobial activities of several EOs, such as clove (Syzygium 

aromaticum L.), basil (Ocimum basilicum L.), oregano (Origanum vulgare L.), 

cinnamon (Cinnamomum zeylanicum Blume), rosemary (Rosmarinus officinalis L.) 

ginger (Zingiber officinale Rosc.) and lemongrass (Cymbopogon citratus (DC.) Stapf.), 

against several microorganisms, such as E. coli, S. aureus, S. aureus (MRSA), Shigella 

dyssenteriae, Aeromonas hydrophila, Alcaligenes faecalis, Baillus subtilis, 

Enterococcus faecalis, Alternaria alternate, Aspergillus parasiticus and Candida 

albicans [25], contributing to the increase of food safety and to extend shelf life.  

In Table 1 the effect of different EOs against several microorganisms is compiled and in 

Table 2 the application of EOs, as antimicrobials, to food packaging is summarized. 

 

Nanoencapsulation  

Encapsulation is a technique in which droplets or particles of an active 

substances (core material) are polymeric coated by extremely small capsules (wall 

material) [28]. Generally, encapsulation can be classified according to their size: 

Microencapsulation particles are range in a size between 1 and 1000 µm and can be 

formed by natural or synthetic materials. However, nanomaterials are range in a size 

between 1 and 100 nm and are currently being used in various areas such as the food 

industry. The polymer or nanocapsule acts as a protective film, isolating the inner core 

containing the active agent and avoiding the effect of the inadequate exposure [29].  



An important point in the production of a nanoencapsulated product is the choice 

of the wall material, generally it is a polymer selected depending on the 

physicochemical properties of the active agent and the intended application. A wide 

variety of natural and synthetic polymeric matrixes have been used such as: 

polyethylene, carbohydrates (starch, cellulose and chitosan), proteins (casein, albumin 

and gelatin), lipids (fatty acids, wax, and paraffin) and gum (alginate, carrageenan, and 

arabic gum) [28]. 

The spray drying technique process is one of the unit operations most frequently 

used during the nanoencapsulation process [30]. This technique involves the formation 

of an emulsion, containing an essential oil and wall material. Then, the emulsion is 

transformed into a large number of small droplets that fall into the spray chamber 

concurrently with circulating hot air. The water evaporates, instantly, when in contact 

with the hot air, and these droplets become solid particles [31]. 

 

Encapsulation of essential oils 

New technologies, as nanoencapsulation of bioactive compounds with 

antimicrobial activity, can be applied in order to protect the EOs during the 

incorporation process in the polymeric matrix.  

A successful incorporation of the EOs into processed foods or food packaging is 

however limited. Due to the fact that EOs are volatile compounds, present low solubility 

and are high susceptible to oxidation. Therefore, encapsulation techniques can increase 

their stability to oxidation, light-induced reactions, moisture and high temperatures and 

therefore, protect their antimicrobial activity, which is imperative [30,32].  

The nanoencapsulation of EOs can also improve their biological properties, by 

increasing their bioavailability due to increase surface to volume ratio by reducing 



particle size into nano-range [33]. In fact, due to the interest of this subject, several 

research studies can be found in the literature regarding the encapsulation of several 

EOs (Table 3).  

Beyki et al. [12] showed an enhanced antimicrobial activity of Mentha piperita 

EO encapsulated in chitosan-cinnamic acid nanogels. 

Components present in the EOs responsible for their antimicrobial activity have 

also been encapsulated. Some studies were performed with eugenol, carvacrol, 

limonene, cinnamaldehyde and thymol [34,35]. 

When applied into to food packaging, Wen et al. [13] demonstrated that 

polyvinyl alcohol/cinnamon essential oil/β-cyclodextrin (PVA/CEO/β-CD) 

antimicrobial nanofibrous film can effectively prolong the shelf-life of strawberry, 

indicating its potential for the application in active food packaging. 

Biddeci et al. [14] prepared a functional bionanocomposite film by filling a 

pectin matrix with modified halloysite nanotubes (HNT) containing peppermint EO. 

This biofilm exhibited antibacterial activity against Escherichia coli and Staphylococcus 

aureus. 

 

Conclusion 

Essential oils have proven to have antimicrobial activity that can be used to 

increase foods shelf life. EOs can be used either in food or food packaging, however, 

their low solubility in water, volatilization and susceptibility to oxidation limits their 

use. Encapsulation technique is helpful in improving the stability of EOs and 

consequently their efficiency. The use of natural antimicrobial agents, such as essential 

oils applied with new nanotechnologies techniques, allows the successful development 

of new antimicrobial packages for food preservation. These new techniques are gaining 



global interest across the food industry and research community. However more studies 

and regulations are required to assure the safety of nanofoods and nanofood packaging. 

 

Acknowledgments 

This work was supported by the research project “Development of an edible film 

based on whey protein with antioxidant and antimicrobial activity using essential oils” 

(2012DAN807) funded by the National Institute of Health Dr Ricardo Jorge, I.P. 

(Lisbon, Portugal). 



References 

1.  Krochta J: Proteins as Raw Materials for Films and Coatings: Definitions, 

Current Status, and Opportunities. Protein-Based Film. Coatings 2002, 

doi:10.1201/9781420031980.ch1. 

2.  Janjarasskul T, Tananuwong K, Kongpensook V, Tantratian S, Kokpol S: Shelf 

life extension of sponge cake by active packaging as an alternative to direct 

addition of chemical preservatives. LWT - Food Sci. Technol. 2016, 72:166–

174. 

3.  López de Dicastillo C, Bustos F, Guarda A, Galotto MJ: Cross-linked methyl 

cellulose films with murta fruit extract for antioxidant and antimicrobial 

active food packaging. Food Hydrocoll. 2016, 60:335–344. 

4.  Rizzolo A, Bianchi G, Povolo M, Migliori CA, Contarini G, Pelizzola V, 

Cattaneo TMP: Volatile compound composition and antioxidant activity of 

cooked ham slices packed in propolis-based active packaging. Food Packag. 

Shelf Life 2016, 8:41–49. 

5.  (FDA). Code Fed. Regul. (CFR). Title 21 Food Drugs. Chapter I – Food Drug 

Adm. Dep. Heal. Hum. Serv. Subchapter B – Food Hum. Consum. (Continued), 

Part 182 – Subst. Gen. Recognized as Safe (GRAS 2016, [no volume]. 

6.  He X, Hwang HM: Nanotechnology in food science: Functionality, 

applicability, and safety assessment. J. Food Drug Anal. 2016, 24:671–681. 

7.  Othman SH: Bio-nanocomposite Materials for Food Packaging Applications: 

Types of Biopolymer and Nano-sized Filler. Agric. Agric. Sci. Procedia 2014, 

2:296–303. 

8.  Khan I, Oh DH: Integration of nisin into nanoparticles for application in 

foods. Innov. Food Sci. Emerg. Technol. 2015, doi:10.1016/j.ifset.2015.12.013. 



9.  Espitia PJP, De Fátima Ferreira Soares N, Teófilo RF, Dos Reis Coimbra JS, 

Vitor DM, Batista RA, Ferreira SO, De Andrade NJ, Medeiros EAA: Physical-

mechanical and antimicrobial properties of nanocomposite films with 

pediocin and ZnO nanoparticles. Carbohydr. Polym. 2013, 94:199–208. 

10.  Makwana S, Choudhary R, Kohli P: Advances in Antimicrobial Food 

Packaging with Nanotechnology and Natural Antimicrobials. Int. J. Food Sci. 

Nutr. Eng. 2015, 5:169–175. 

11.  Carbone M, Donia DT, Sabbatella G, Antiochia R: Silver nanoparticles in 

polymeric matrices for fresh food packaging. J. King Saud Univ. - Sci. 2016, 

28:273–279. 

12.  Beyki M, Zhaveh S, Khalili ST, Rahmani-Cherati T, Abollahi A, Bayat M, 

Tabatabaei M, Mohsenifar A: Encapsulation of Mentha piperita essential oils 

in chitosan-cinnamic acid nanogel with enhanced antimicrobial activity 

against Aspergillus flavus. Ind. Crops Prod. 2014, 54:310–319. 

*13.  Wen P, Zhu D-H, Wu H, Zong M-H, Jing Y-R, Han S-Y: Encapsulation of 

cinnamon essential oil in electrospun nanofibrous film for active food 

packaging . Food Control 2016, 59:366–376. 

Description: An electrospun polyvinyl alcohol/cinnamon essential oil/β-cyclodextrin 

(PVA/CEO/β-CD) antimicrobial nanofibrous film with average diameter 240 ± 

40 nm was successfully fabricated under the optimal conditions. The nanofilm 

presented strong antimicrobial activity against E. coli and S. aureus and could 

effectively prolong the shelf-life of strawberry. 

*14.  Biddeci G, Cavallaro G, Di Blasi F, Lazzara G, Massaro M, Milioto S, Parisi F, 

Riela S, Spinelli G: Halloysite nanotubes loaded with peppermint essential oil 

as filler for functional biopolymer film. Carbohydr. Polym. 2016, 152:548–



557. 

15.  Richard C, Derek M, Mark K: Food Packaging Technology. 2003, [no volume]. 

16.  European Commission: Regulation (EC) No. 450/2009. Off. J. Eur. Union, v. L 

135, n. 450, p. 3–11, 2009. [date unknown], [no volume]. 

17.  European Commission: Commission Regulation (EU) no 10/2011. Off. J. Eur. 

Union, v. L 12, 2011. [date unknown], [no volume]. 

18.  Santos DC, Ribeiro-Santos R, Ventura LAF, Melo NR, Costa BS, Rojas EEG, 

Salgado NL: Antimicrobial activity studies and characterization of cellulose 

acetate films containing essential oilS. Ital. J. Food Sci. 2016, 28:248–257. 

19.  Andrade-Molina TP de C, Shirai MA, Victória Eiras Grossmann M, Yamashita 

F: Active biodegradable packaging for fresh pasta [Internet]. LWT - Food 

Sci. Technol. 2013, 54:25–29. 

20.  Cacho JI, Campillo N, Viñas P, Hernández-Córdoba M: Determination of 

synthetic phenolic antioxidants in edible oils using microvial insert large 

volume injection gas-chromatography. Food Chem. 2016, 200:249–54. 

21.  Ribeiro-Santos R, Carvalho-Costa D, Cavaleiro C, Costa HS, Albuquerque TG, 

Castilho MC, Ramos F, Melo NR, Sanches-Silva A: A novel insight on an 

ancient aromatic plant: The rosemary (Rosmarinus officinalis L.) [Internet]. 

Trends Food Sci. Technol. 2015, 45:355–368. 

22.  Gómez-Estaca J, López de Lacey A, López-Caballero ME, Gómez-Guillén MC, 

Montero P: Biodegradable gelatin–chitosan films incorporated with essential 

oils as antimicrobial agents for fish preservation [Internet]. Food Microbiol. 

2010, 27:889–896. 

23.  Nakatsu T, Lupo AT, Chinn JW, Kang RKL: Biological activity of essential oils 

and their constituents. 2000, 21:571–631. 



24.  Dai J, Mumper RJ: Plant Phenolics: Extraction, Analysis and Their 

Antioxidant and Anticancer Properties [Internet]. Molecules 2010, 15:7313–

7352. 

25.  Raut JS, Karuppayil SM: A status review on the medicinal properties of 

essential oils [Internet]. Ind. Crops Prod. 2014, 62:250–264. 

26.  Rather MA, Dar BA, Dar MY, Wani BA, Shah WA, Bhat BA, Ganai BA, Bhat 

KA, Anand R, Qurishi MA: Chemical composition, antioxidant and 

antibacterial activities of the leaf essential oil of Juglans regia L. and its 

constituents [Internet]. Phytomedicine 2012, 19:1185–1190. 

*27.  Ribeiro-Santos R, Andrade M, de Melo NR, dos Santos FR, Neves I de A, de 

Carvalho MG, Sanches-Silva A: Biological activities and major components 

determination in essential oils intended for a biodegradable food packaging . 

Ind. Crops Prod. 2017, 97:201–210. 

Description: Essential oils from Ocimum basilicum (basil), Cinnamomun cassia 

(cinnamon), Cinnamomun zeylanicum (cinnamon) and Rosmarinus 

officinalis(rosemary) were analyzed by Gas Chromatography coupled with Flame 

Ionization Detector and with Mass Spectroscopy and by Ultra High Performance 

Liquid Chromatography with a Diode Array Detector to evaluate the major 

components responsible for their biological activities. The antimicrobial activity 

was evaluated against Escherichia coli, Staphylococcus aureus and Penicillium 

spp. The main compound of C. cassia essential oil, cinnamaldehyde, showed 

antimicrobial effectiveness. In general, C. zeylanicum essential oil and its major 

compound, eugenol, presented the highest antioxidant activity. Cinnamon 

essential oils exhibited the highest biological activity directly related to its major 

compounds, eugenol and cinnamaldehyde. Essential oils showed to have high 



antioxidant and antimicrobial activity and therefore, they have great potential as 

natural additives of food packaging. 

28.  Silva PT Da, Fries LLM, Menezes CR De, Holkem AT, Schwan CL, Wigmann 

ÉF, Bastos JDO, Silva CDB Da: Microencapsulation: concepts, mechanisms, 

methods and some applications in food technology. Ciência Rural 2014, 

44:1304–1311. 

29.  Suave J, C Dall’agnol E, T Pezzin  a P, K Silva D a, M Meier M, Soldi V: 

Microencapsulação: Inovação em diferentes áreas. Rev. Saúde e Ambient. 

2006, 7:12–20. 

30.  Botrel DA, Fernandes RV de B, Borges SV: Chapter 12 – Microencapsulation 

of Essential Oils Using Spray Drying Technology. In Microencapsulation and 

Microspheres for Food Applications. . 2015:235–251. 

31.  Laohasongkram K, Mahamaktudsanee T, Chaiwanichsiri S: Microencapsulation 

of Macadamia oil by spray drying. Procedia Food Sci. 2011, 1:1660–1665. 

*32.  Shamaei S, Seiiedlou SS, Aghbashlo M, Tsotsas E, Kharaghani A: 

Microencapsulation of walnut oil by spray drying: Effects of wall material 

and drying conditions on physicochemical properties of microcapsules. Innov 

Food Sci & Emerg Technol. 2017, 39:101-112 

Description: Walnut oil was microencapsulated by spray drying using various wall 

materials. skim milk powder + Tween 80 combination was the best 

microencapsulating wall material. Scanning electron microscopy (SEM) 

observations showed almost no cracks or fissures on the surface of microcapsules 

produced using SMP and Tween 80 combination at the optimal drying condition. 

33.  Faridi Esfanjani A, Jafari SM: Biopolymer nano-particles and natural nano-

carriers for nano-encapsulation of phenolic compounds [Internet]. Colloids 



Surfaces B Biointerfaces 2016, 146:532–543. 

**34. Donsì F, Annunziata M, Sessa M, Ferrari G: Nanoencapsulation of essential oils 

to enhance their antimicrobial activity in foods. LWT - Food Sci. Technol. 

2011, 44:1908–1914. 

Description: This work focuses on the encapsulation of essential oils into nanometric 

delivery systems for incorporation into fruit juices, in order to enhance their 

antimicrobial activity while minimizing the impact on the quality attributes of the 

final product. The effect of the delivery systems on the antimicrobial activity of 

terpenes was investigated by determining the minimum inhibitory concentration 

(MIC) and minimum bactericidal concentration (MBC) for three different classes 

of microorganisms (Lactobacillus delbrueckii, Saccharomyces cerevisiae, 

Escherichia coli). The application of the most efficient antimicrobial 

nanocapsules was tested in pear and orange juices inoculated with L. delbrueckii. 

Due to the higher antimicrobial activity of the nanoencapsulated compounds, 

lower antimicrobial concentrations are required for a bactericidal action under 

accelerated aging at 32 °C, with a minimal alteration of the organoleptic 

properties of the juice. 

35.  Pedro A S, Santo IE, Silva C V, Detoni C, Albuquerque E: The use of 

nanotechnology as an approach for essential oil-based formulations with 

antimicrobial activity. Curr. Res. Technol. Educ. Top. Appl. Microbiol. Microb. 

Biotechnol. 2013, [no volume]. 

36.  Brahmi F, Abdenour A, Bruno M, Silvia P, Alessandra P, Danilo F, Drifa Y-G, 

Fahmi EM, Khodir M, Mohamed C: Chemical composition and in vitro 

antimicrobial, insecticidal and antioxidant activities of the essential oils of 

Mentha pulegium L. and Mentha rotundifolia (L.) Huds growing in Algeria. Ind. 



Crops Prod. 2016, doi:10.1016/j.indcrop.2016.03.002. 

37.  Imelouane B, Amhamdi H, Wathelet JP, Ankit M, Khedid K, El Bachiri  a.: 

Chemical composition and antimicrobial activity of essential oil of thyme 

(Thymus vulgaris) from Eastern Morocco. Int. J. Agric. Biol. 2009, 11:205–208. 

38.  Riahi L, Elferchichi M, Ghazghazi H, Jebali J, Ziadi S, Aouadhi C, Chograni H, 

Zaouali Y, Zoghlami N, Mliki A: Phytochemistry, antioxidant and antimicrobial 

activities of the essential oils of Mentha rotundifolia L. in Tunisia. Ind. Crops 

Prod. 2013, 49:883–889. 

39.  Hussain AI, Anwar F, Hussain Sherazi ST, Przybylski R: Chemical composition, 

antioxidant and antimicrobial activities of basil (Ocimum basilicum) essential 

oils depends on seasonal variations. Food Chem. 2008, 108:986–995. 

40.  Prabuseenivasan S, Jayakumar M, Ignacimuthu S: In vitro antibacterial activity 

of some plant essential oils. BMC Complement. Altern. Med. 2006, 6:39. 

41.  Chang S-T, Chen P-F, Chang S-C: Antibacterial activity of leafessential oils and 

their constituents from Cinnamomum osmophloeum. J. Ethnopharmacol. 2001, 

77:123–127. 

42.  Luís Â, Duarte A, Gominho J, Domingues F, Duarte AP: Chemical composition, 

antioxidant, antibacterial and anti-quorum sensing activities of Eucalyptus 

globulus and Eucalyptus radiata essential oils. Ind. Crops Prod. 2016, 79:274–

282. 

43 Oussalah M, Caillet S, Salmiéri S, Saucier L, Lacroix M: Antimicrobial and 

antioxidant effects of milk protein-based film containing essential oils for the 

preservation of whole beef muscle. J Agric Food Chem. 2004, 52:5598–5605.  

  44 Oussalah M, Caillet S, Salmiéri S, Saucier L, Lacroix M: Antimicrobial effects of 

alginate-based films containing essential oils on Listeria monocytogenes and 



Salmonella Typhimurium present in bologna and ham. J Food Protect. 2007, 70: 

901–908.  

45 Suppakul P, Sonneveld K, Bigger SW, Miltz J: Efficacy of polyethylene-based 

antimicrobial films containing principal constituents of basil. LWT - Food Sci 

Technol. 2008, 41: 779–788.  

46 Zinoviadou KG, Koutsoumanis KP, Biliaderis CG: Physico-chemical properties 

of whey protein isolate films containing oregano oil and their antimicrobial 

action against spoilage flora of fresh beef. Meat Sci. 2009, 82: 338–345.  

47 Botre DA, Soares NFF, Espitia PJP, Sousa S, Renhe IRT: Avaliação de filme 

incorporado com óleo essencial de orégano para conservação de pizza pronta. 

Revista Ceres, 2010, 57: 283–291.  

  48 Emiroğlu ZK, Yemiş GP, Coşkun BK, Candoğan K: Antimicrobial activity of 

soy edible films incorporated with thyme and oregano essential oils on fresh 

ground beef patties. Meat Sci. 2010, 86: 283–288.  

   49 Vu KD, Hollingsworth RG, Leroux E, Salmieri S, Lacroix M: Development of 

edible bioactive coating based on modified chitosan for increasing the shelf life 

of strawberries. Food Res Int. 2011, 44: 198–203. 

  50 Melo AAM, Geraldine RM, Silveira MFA, Lopes MC, Silva C, Fernandes TH, 

Oliveira AN: Microbiological quality and other characteristics of refrigerated 

chicken meat in contact with cellulose acetate-based film incorporated with 

rosemary essential oil. Braz J Microbiol 2012, 43:1419–1427.  

51 Souza AC, Goto GEO, Mainardi JA, Coelho ACV, Tadini CC: Cassava starch 

composite films incorporated with cinnamon essential oil: Antimicrobial activity, 

microstructure, mechanical and barrier properties. LWT - Food Sci Technol, 

2013, 54: 346–352. 



52.  Van Vuuren SF, Suliman S, Viljoen  a M: The antimicrobial activity of four 

commercial essential oils in combination with conventional antimicrobials. Lett. 

Appl. Microbiol. 2009, 48:440–6. 

53.  Abreu FOMS, Oliveira EF, Paula HCB, De Paula RCM: Chitosan/cashew gum 

nanogels for essential oil encapsulation. Carbohydr. Polym. 2012, 89:1277–1282. 

54.  Rodea-González DA, Cruz-Olivares J, Román-Guerrero A, Rodríguez-Huezo 

ME, Vernon-Carter EJ, Pérez-Alonso C: Spray-dried encapsulation of chia 

essential oil (Salvia hispanica L.) in whey protein concentrate-polysaccharide 

matrices. J. Food Eng. 2012, 111:102–109. 

55.  Hosseini  Zandi, M. Rezaei, M. SF: Two-step method for encapsulation of 

oregano essential oil in chitosan nanoparticles: Preparation, characterization and 

in vitro release study. Carbohydr. Polym. 2013, 95:50–56. 

56.  Khalili ST, Mohsenifar A, Beyki M, Zhaveh S, Rahmani-Cherati T, Abdollahi A, 

Bayat M, Tabatabaei M: Encapsulation of Thyme essential oils in chitosan-

benzoic acid nanogel with enhanced antimicrobial activity against Aspergillus 

flavus. LWT - Food Sci. Technol. 2015, 60:502–508. 

57.  Mohammadi A, Hashemi M, Hosseini SM: Nanoencapsulation of Zataria 

multiflora essential oil preparation and characterization with enhanced antifungal 

activity for controlling Botrytis cinerea, the causal agent of gray mould disease. 

Innov. Food Sci. Emerg. Technol. 2015, 28:73–80. 

58.  Herculano ED, de Paula HCB, de Figueiredo EAT, Dias FGB, Pereira V de A: 

Physicochemical and antimicrobial properties of nanoencapsulated Eucalyptus 

staigeriana essential oil. LWT - Food Sci. Technol. 2015, 61:484–491. 

59.  Feyzioglu GC, Tornuk F: Development of chitosan nanoparticles loaded with 

summer savory (Satureja hortensis L.) essential oil for antimicrobial and 



antioxidant delivery applications. LWT - Food Sci. Technol. 2016, 70:104–110. 

60.  Creemers LB, Dhert W, Milz S, Sakai D, Mochida J, Alini M, Grad S: Accepted 

Manuscript. 2009, doi:10.1016/j.joca.2009.09.009. 

61.  Jamil B, Abbasi R, Abbasi S, Imran M, Khan SU, Ihsan A, Javed S, Bokhari H: 

Encapsulation of cardamom essential oil in chitosan nano-composites: In-vitro 

efficacy on antibiotic-resistant bacterial pathogens and cytotoxicity studies. 

Front. Microbiol. 2016, 7:1–10. 

62.  Nasseri M, Golmohammadzadeh S, Arouiee H, Jaafari MR, Neamati H: 

Antifungal activity of Zataria multiflora essential oil-loaded solid lipid 

nanoparticles in-vitro condition. Iran. J. Basic Med. Sci. 2016, 19:1231–1237. 

 

 



Table 1. Antimicrobial activity of essential oils against fungi and bacteria. 

Essential Oil Antimicrobial Action Ref. 

Mentha rotundifolia (L.) 

Huds 

Aspergillus flavus, Candida albicans, Staphylococcus aureus, 

Bacillus subtilis; Fumigant and contact toxicity properties against 

Rhyzopertha dominica (F.). 

[36] 

Thymus vulgaris L. Pantoa sp. and Escherichia coli. [37] 

Mentha rotundifolia L. 
E. coli, Salmonella typhimurium, S. aureus, Bacillus cereus, 

Aspergillus niger and C. albicans. 

[38] 

Ocimum basilicum L. 

S. aureus, E. coli, B. subtilis, Pasteurell amultocida and pathogenic 

fungi A. niger, Mucor mucedo, Fusarium solani, 

Botryodiplodiatheobromae, Rhizopussolani. 

[39] 

Cinnamomum zeylanicum; 

Citrus aurantium; 

Pelargonium graveolens; 

Rosmarinus officinalis; 

Citrus sinensis; 

Citrus limon;  

Eugenia caryophyllus 

E. coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus 

vulgaris, S. aureus and B. subtilis 
[40] 

Cinnamomum osmophloeum 

E. coli, P. aeruginosa, Enterococcus faecalis, S. aureus, 

Staphylococcus epidermidis, S. aureus, K. pneumoniae, Salmonella 

sp., and Vibrio parahemolyticus. 

[41] 

Eucalyptus radiata 
P. aeruginosa, E. coli, K. pneumoniae, Salmonella Typhimurium 

and Acinetobacter baumannii. 
[42] 
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Table 2. Exam
ples of antim

icrobial food packaging containing essential oils or their m
ain constituents 

Essential oils 
Food packaging 

Food 
R

ef. 

O
regano 

Pim
ento 

M
ilk protein 

W
hole B

eef M
uscle 

[43] 

W
inter savory 
C

innam
on 

O
regano 

A
lginate 

B
ologna and ham

 
[44]   

Linalool or 
 m

ethylchavicol 
Low

-density polyethylene 
(LD

PE) 
C

heddar cheese 
[45]  

O
regano 

w
hey protein isolate (W

PI) 
Fresh beef 

[46]   

O
regano 

C
ellulosic resin 

Pizza 
[47]  

C
love 

G
elatin 

C
hitosan 

Fish 
[22]  

O
regano 

Thym
e 

Soy protein 
Fresh ground beef 

[48]  

Lim
onene constituent EO

 
Lem

ongrass 
O

regano 
Pepperm

int 
R

ed Thym
e 

C
hitosan 

Straw
berries 

[49]  

R
osem

ary 
C

ellulose acetate 
chicken breast cuts 

[50]  
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C
innam

on, 
C

love 
C

assava starch 
B

akery 
[51]  
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 Table 3. Encapsulation of essential oils  

Essential oil 
w

all m
aterial 

Encapsulation 
technique 

M
ain C

onclusion 
R

ef. 

A
frican W

orm
w

ood, 

Tasm
anian blue gum

, and 

tea-tree 

D
iastearoyl phosphatidylcholine and 

diastearoyl phosphatidylethanolam
ine 

liposom
es 

R
everse phase 

evaporation 

W
ith the exception of A

frican W
orm

w
ood, m

icrobial grow
th w

as inhibited 

at low
er concentrations for the encapsulated form

ulations in com
parison 

w
ith the nonencapsulated oils. 

[52] 

Pepper-rosm
arin 

C
hitosan and cashew

 gum
 nanogel 

Spray dried 
G

um
:chitosan (1:1) presented highest loading (11.8%

) and encapsulation 

efficiency (70%
). N

anoparticles presented slow
 and sustained release 

[53]  

C
hia 

W
hey protein concentrate (W

PC
) w

ith 

m
esquite gum

; 

W
PC

+ gum
 A

rabic 

Spray dried 

Encapsulation efficiency w
as independent of m

icrocapsules particle size. 

The encapsulation efficiency w
as higher w

hen core to w
all m

aterial ratio 

w
as higher.  

[54]  

O
regano 

C
hitosan nanoparticles 

Tw
o-step: oil-in-w

ater 

(o/w
) em

ulsification, 

and ionic gelation 

The in vitro release studies indicated that the content of oregano EO
 in the 

nanoparticles influenced its release rate from
 the chitosan nanoparticles.  

[55]  

Pepper m
int 

C
hitosan-cinnam

ic acid nanogels 
C

rosslinking m
ethods 

Encapsulation considerably im
proved the perform

ance of EO
 against 

Aspergillus flavus. 
[12] 
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 Table 3 (cont.) 

Essential oil 
W

all m
aterial 

Encapsulation 
technique 

M
ain C

onclusion 
R

ef. 

Thym
e 

C
hitosan- benzoic acid nanogel 

C
ross-linking  

m
ethods 

In 
vivo 

analysis 
revealed 

significant 
anti-fungal 

properties 
of 

the 

encapsulated oils at concentrations above 700 m
g/L. N

anogel encapsulation 

w
as found to have significantly increased half-life and the anti-fungal 

properties of thym
e EO

s. 

[56] 

Shirazi thym
e 

C
hitosan 

Ionic gelation 

B
etter perform

ance of the EO
 w

hen encapsulated under both in vitro and in 

vivo conditions in com
parison w

ith nonencapsulated oils against Botrytis 

cinerea w
as found. In vivo experim

ent show
ed that the encapsulated oils at 

1500 
ppm

 
concentration 

significantly 
decreased 

incidence 
of 

B
otrytis-

inoculated straw
berries during 7 days of storage at 4 °C

 and 10 days at 20 °C
.  

[57]  

Lem
on ironbark 

C
ashew

 gum
 

Spray D
ryer 

N
anoencapsulated 

oil 
exhibited 

enhanced 
activity 

against 
Salm

onela 

Enteritidis. A
ugm

enting the proportion of the m
atrix there w

as an increase in 

encapsulation efficiency and a decrease in particle size. 

[58] 

Sum
m

er savory 
C

hitosan nanoparticles 
Ionic gelation 

H
igh in vitro antim

icrobial activity against S. aureus, L. m
onocytogenes and 

E. coli. 
[59]  

W
alnut 

Skim
 m

ilk pow
der (SM

P), 

SM
P+Tw

een 80, and 

SM
P+m

altodextrin 

Spray dried 

Em
ulsion prepared using SM

P and Tw
een 80 com

bination resulted in the 

highest m
icroencapsulation efficiency (91.01%

) at drying air tem
perature of 

180 °C
 and feed atom

ization pressure of 3 bar. 

[32] 
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 Table 3 (cont.) 

Essential oil 
w

all m
aterial 

Encapsulation 
technique 

M
ain C

onclusion 
R

ef. 

O
regano 

N
anoem

ulsions:  deionized w
ater, 

C
rem

ophor R
H

 40, Span 80 lipid phase 

(EO
 + sunflow

er oil) 

Phase inversion 

tem
perature m

ethod 

Incorporation of the nanoem
ulsion in chicken pâté w

as technologically 

feasible, as w
ell as its antibacterial action against E. coli and S. aureus. 

N
anoem

ulsions w
ere influenced by the different concentration of oregano 

EO
. 

[60] 

C
ardam

om
 

chitosan nano-particles 
Ionic gelation 

Encapsulation efficiency w
as m

ore than 90%
. A

ntim
icrobial potential against 

Escherichia coli and Staphylococcus aureus. 
[61]  

Shirazi thym
e 

Solid lipid nanoparticles 

H
igh shear 

hom
ogenization and 

ultra sound 

A
ntifungal 

efficacy 
of 

the 
nanoparticles 

w
as 

significantly 
m

ore 

thannonencapsulated 
oil 

against 
Alternaria 

solani, 
Rhizoctonia 

solani, 

Rhizopus stolonifer, Aspergillus níger, Aspergillus ochraceus, Aspergillus 

flavus. 

[62]  

 


