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Abstract 

Due to antifungal properties, the application of essential oils in bread has attracted commercial interest due to its 

highly perishable. Their limited shelf life is due to their high water activity and is dependent on good manufacturing 

practices and proper storage and distribution methods. The main spoilage microorganisms in bread are molds. 

Therefore, the present study aimed to provide an integrative review of scientific literature related to recent studies on 

the application of essential oils to limit or prevent the development of spoilage fungi in breadmaking. The approach 

includes the use of essential oils as an additive in the formulation of bread through addition in the dough, as surface 

protection or in active packaging. Essential oils are composed of bioactive substances with antifungal properties that 

are suitable for the preservation of bread. High volatility, high costs, and strong odors are characteristics that restrict 

their applicability. Therefore, it is important to evaluate the dosage, forms of application, different mechanisms of 

antimicrobial action, and the effects of their individual or combined use with other preservation technologies. In this 

way, essential oils there may be inhibitory to spoilage microorganisms while maintaining adequate technological and 

sensorial characteristics in breadmaking. 

Keywords: Active packaging; Clean label; Molds; Natural antimicrobials; Plant-based metabolites; Preservation 

technologies. 

 

Resumo 

Devido às propriedades antifúngicas, a aplicação de óleos essenciais em pães tem despertado interesse comercial 

devido à alta perecibilidade. A vida útil limitada dos produtos de panificação é devido à alta atividade de água e 

depende de boas práticas de fabricação e métodos adequados de armazenamento e distribuição. Os principais micro-

organismos de deterioração no pão são os bolores. Portanto, o presente estudo teve como objetivo fornecer uma 

revisão integrativa da literatura científica relacionada aos estudos recentes sobre a aplicação de óleos essenciais para 

limitar ou prevenir o desenvolvimento de fungos deteriorantes na panificação. A abordagem inclui o uso de óleos 

essenciais como aditivo na formulação de pães por meio de adição na massa, como proteção de superfície ou em 

embalagens ativas. Os óleos essenciais são compostos por substâncias bioativas com propriedades antifúngicas 

adequadas para a conservação do pão. A alta volatilidade, os custos elevados e os odores fortes são características que 

restringem sua aplicabilidade. Portanto, é importante avaliar a dosagem, formas de aplicação, diferentes mecanismos 

de ação antimicrobiana e os efeitos de seu uso individual ou combinado com outras tecnologias de preservação. Desta 

forma, os óleos essenciais podem ser inibidores de micro-organismos deteriorantes mantendo características 

tecnológicas e sensoriais adequadas na panificação. 

Palavras-chave: Antimicrobianos naturais; Bolores; Embalagem ativa; Metabolitos de origem vegetal; Rótulo limpo; 

Tecnologias de preservação. 
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Resumen 

Debido a sus propiedades antifúngicas, la aplicación de aceites esenciales en pan ha atraído interés comercial debido a 

su alta perecedera. Su vida útil limitada se debe a su alta actividad de agua y depende de buenas prácticas de 

fabricación y métodos adecuados de almacenamiento y distribución. Los principales microorganismos que deterioran 

el pan son los mohos. Por lo tanto, el presente estudio tuvo como objetivo proporcionar una revisión integradora de la 

literatura científica relacionada con estudios recientes sobre la aplicación de aceites esenciales para limitar o prevenir 

el desarrollo de hongos en la panificación. El enfoque incluye el uso de aceites esenciales como aditivo en la 

formulación del pan a través de la adición en la masa, como protección superficial o en envases activos. Los aceites 

esenciales están compuestos por sustancias bioactivas con propiedades antifúngicas adecuadas para la conservación 

del pan. La alta volatilidad, los altos costos y los olores fuertes son características que restringen su aplicabilidad. Por 

lo tanto, es importante evaluar las dosis, formas de aplicación, diferentes mecanismos de acción antimicrobiana y los 

efectos de su uso individual o combinado con otras tecnologías de conservación. De esta manera, los aceites 

esenciales allí pueden inhibir los microorganismos de deterioro mientras mantienen características tecnológicas y 

sensoriales adecuadas en la panificación. 

Palabras clave: Antimicrobianos naturales; Embalajes activos; Etiqueta limpia; Metabolitos de origen vegetal; 

Mohos; Tecnologías de conservación. 

 

1. Introduction  

Bakery products with high moisture content, mainly bread but also cakes, are extremely susceptible to microbial 

spoilage due to high water activity (Rahman et al., 2021; Neves et al., 2020). Among the different types of bread, whole wheat 

bread stands out because of its high perishability due to the presence of bran, which is composed of the external morphological 

structure of wheat grain, called pericarp. Bran is the most microbiologically contaminated fraction in whole-wheat flours as a 

result of their direct contact with the external environment during harvesting, transportation, processing, and storage (Santos et 

al., 2016; Neves et al., 2020). 

Several techniques have been studied to reduce the microbiological contamination of wheat grains before the milling 

process. The most used techniques applied chemical agents (calcium oxide, ozone, calcium hydroxide, sodium bicarbonate, 

sulfur dioxide, carbon dioxide and potassium carbonate) and sourdough and emerging technologies (γ irradiation, infrared 

radiation, microwave heating, UV-C radiation, cold plasma, electrolyzed water, pulsed electric field and nanotechnologies 

techniques) (Tatar et al., 2021; Silveira et al., 2019; Pankaj et al., 2018; Neves et al., 2021). The greatest challenge in carrying 

out the decontamination of the wheat grains still refers to the large surface area required for the treatment to be effective, the 

large volumes of grains that need to be decontaminated, the high cost involved and the need to treat effluents generated, in 

some cases. 

The most common way to prevent or control the growth of fungi in food is by using antifungal agents consisting of 

chemical compounds that prevent or delay fungi development. Food-grade weak organic acids based on propionic, sorbic, 

benzoic and acetic acids and their salts, which are generally recognized as safe (GRAS) compounds, are alternative forms of 

preventing the spoilage of bakery products and extending shelf life (Liewen & Marth, 1985). 

One recent trend in the food industry that can be applied to this product is the reduction or elimination of the use of 

chemical preservatives, which are known as clean label products (Santos & Novales, 2012). Natural antimicrobials can 

originate from plants, animals and microorganisms (Gyawali & Ibrahim, 2014; Silva et al., 2020). Among plant sources, the 

main compounds that inhibit or delay microorganism growth are essential oils and their components extracted from spices and 

other aromatic plants (Tanackov & Dimić, 2013; Ju et al., 2020; Reis et al., 2020). However, the antimicrobial compound 

should be chosen based on its chemical and sensory compatibility with the target food, effectiveness against undesirable 

microorganisms, and food safety (Settanni & Corsetti, 2008).  

Essential oils are phytochemicals (Callaway et al., 2011) formed by volatile compounds, that can be found in all plant 

organs, including the buds, flowers, leaves, seeds, branches, stems, culms, fruits, roots or bark (periderm). They are usually 
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stored in secretory cells, cavities, canals, glandular trichomes or epidermal cells. The main characteristic of essential oils is 

their volatility, differing from fixed oils obtained from seeds, which are predominantly composed of non-volatile 

triacylglycerols (Simões & Spitzer, 2007; Bora et al., 2020; Nascimento et al., 2021). 

These metabolites are related to several functions necessary for plant survival and play a vital role in the defense 

against microorganisms (Siqui et al., 2000). Plants that produce essential oils, in general, are known for their antioxidant 

capacity (Barba et al., 2014; Fernandes et al., 2018) and antimicrobial effects (Bakhtiary et al., 2018; Mahmoudzadeh et al., 

2016), as well as their medicinal, and aromatic properties. Additionally, essential oils are reported to function as analgesics, 

sedatives, anti-inflammatory drugs, local anesthetics, and spasmolytics (Bakkali et al., 2008; Nedorostova et al., 2008; Rehman 

et al., 2020; Sil et al., 2020).  

This article analyzes the role of essential oils as inhibitors of fungal species commonly found in bread. In addition, 

several forms of directly applying this type of product are discussed. The main objective is to provide an overview of the 

essential oils application by summarizing the main conclusions of recent studies in the food industry. 

 

2. Methodology 

This literature review was a theoretical study of an integrative nature, method that permits summarizing knowledge 

through a systematic and rigorous process (Mendes et al., 2019), being carried out by tracking scientific articles that focus on 

the use of essential oils as bread preservatives. The scientific databases ScienceDirect (https://www.sciencedirect.com), Scopus 

(http://www.scopus.com), Scielo – Scientific Electronic Library Online (https://www.scielo.org/), PubMed (MEDLINE) 

(http://www.ncbi.nlm.nih.gov/pubmed), and CAPES/MEC Journal Portal (http://www.periodicos.capes.gov.br) were used to 

find articles.  Articles in English and Portuguese, published between 2007 and 2022, were selected. The exclusion of those that 

did not fit the objective of the research or repeated articles was carried out. The selected articles included timeless scientific 

research, provided that they presented specific content on the use of essential oils as antifungals in breadmaking. 

Since the year 2000, only 3 literature reviews were recorded on the application of essential oils in bakery products 

(www.scopus.com). The total number of publications (Figure 1) shows the innovative character of this article, with few 

documents about this topic.  

 

Figure 1. Number of publications indexed by Scopus (www.scopus.com) based on search strings related to the use of 

“essential oils as antifungal”, “bakery”, and “bakery” AND “essential oil” in the title, keywords, and abstract of the publication 

 

Source: Authors (2022). 
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3. Spoilage in Bread and Antifungal Mechanism of Action of Essential Oils 

Bread is made through the mixture of ingredients, followed by molding, proofing, and baking in the oven at high 

temperatures (Almada-Érix et al., 2022). The economic losses associated with bread are due to high perishability and 

susceptibility to microbial contamination by several species, mainly fungi. Molds form colonies of filaments that grow and 

reproduce spores. These spores determine the color of the mold visible on the surface of the loaves and can spread by air 

current dispersal, when in an appropriate place, to another food, thus forming another colony. During cooling, slicing, and 

packaging, there may be cross-contamination by air, surfaces, equipment, raw materials, and manipulators. Also, ambient 

temperatures and high water activity during storage make bread more susceptible to fungi, especially molds. Therefore, 

moisture inside the package must be avoided by packing after the complete cooling of the product (Jarvis, 2001). However, 

this prolonged cooling step may be responsible for cross-contamination in bread, being the most common fungi of the genera: 

Rhizopus sp., Aspergillus sp., Penicillium sp., Mucor sp., and Eurotium sp. (Saranraj & Geetha, 2012). One of the most 

common is Rhizopus stolonifer, often referred to as the ‘bread mold’ (Khan et al., 2013). 

Rhizopus sp. is a type of mold, which develops in tropical and subtropical regions, in almost every type of food, fresh, 

moist, or partially dried (Silva, 2008). Morphologically, they present non-septate hyphae, cottony mycelium and produce 

sporangiophores in nodules, where the rhizomes are found. Usually, their sporangia are very large and black, and 

hemispherical columella. The major characteristic of Rhizopus stolonifer is excessive growth at 25 °C, and can be seen in 

bread the sporangium that is white at first, then becoming black with maturation (Pitt & Hocking, 1997).  

Species of the genus Aspergillus typically present septate conidiophores and base shaped as “L” or “T”, commonly 

called foot cell, which is attached to vegetative hyphae. The conidiophore extends from the foot cell and may extend for a few 

millimeters until it reaches the vesicle (Klich, 2002). The members of the genus Aspergillus have a green to black coloration, 

and the Aspergillus niger presents a black cottony appearance, with spore heads often clearly visible. Similarly, Penicillium 

spp. can grow on bread surface and form a greenish layer. As described by Seiler (1992), colonies flat, and slow growth are 

characteristic of this genus. The conidia are spherical, unicellular, hyaline, and may be smooth or rough depending on the 

species (Cardoso, 2007).  

Moreover, hot and humid storage conditions are suitable circumstances for the development of rope, which is a type 

of spoilage caused by bacteria of the genus Bacillus spp. The presence of this microorganism results in a soft, sticky, and 

fibrous dough that is brown in color. In several countries, the development of rope has become uncommon due to the use of 

chemical preservatives (calcium propionate), satisfactory hygiene conditions, and appropriate baking methods (Cauvain, 

2015). 

Fermentative yeasts (Saccharomyces cerevisiae) are added to the formulations in the baking process and play an 

important role in obtaining products with adequate softness and volume. However, undesirable yeasts may develop during 

storage and be found as white dots on the surface of the bread, which are known as chalk mold. These yeasts (Pichia burtonii) 

are easily confused with filamentous fungi due to the morphological similarity of their colonies (Legan & Voysey, 1991). To 

delay the development of fungi in bakery products, chemical preservatives such as calcium propionate and potassium sorbate, 

respectively, are added to the dough and/or applied to the surface of the bread (Saranraj & Geetha, 2012). Weak organic acids, 

including propionic, benzoic, and sorbic acids are also applied to the packaging material in order to extend the shelf life of this 

type of product. Undissociated acids penetrate the fungal membrane and acidify the cytoplasm, leading to cell death 

(Fernandez et al., 2006).  

Essential oils can be used as an alternative natural preservative for bread, limiting or preventing the development of 

harmful fungi and mycotoxin producers in food (Tanackov & Dimić, 2013). The chemical structure of essential oils is 
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composed of basic elements such as carbon, oxygen, and hydrogen and their chemical classification is complex, as they are 

formed by a mixture of several organic molecules, such as hydrocarbons, alcohols, esters, aldehydes, ketones, phenols, among 

others. The most common compounds in volatile oils are monoterpenes (90 %) and sesquiterpenes (Bizzo, Rezende & Hovell, 

2009). For example, carvacrol (30 %) and thymol (27 %) are the major components of the Origanum compactum essential oil, 

linalool (68 %) of the Coriandrum sativum essential oil, α-phellandrene (36 %) and limonene (31 %) of leaf and carvone 

(58 %) and limonene (37 %) of seeds from Anethum graveolens essential oil, menthol (59%) and menthone (19%) of Mentha 

piperita essential oil (Bakkali et al., 2008). Several aromatic plants and their main compounds with antimicrobial activity 

reported in the literature are detailed in Table 1.  

 

Table 1. Aromatic plants and/or spices and the main compounds associated with their antifungal activity. 

Spice Scientific name Main compounds 

Cinnamon Cinnamomum spp. Cinnamaldehyde 

Clove Eugenia caryophyllus Linalol 

Clove Syzygium aromaticum Eugenol 

Thyme Thymus vulgaris Thymol 

Laurel Laurus nobilis 1,8-cineol 

Oregano Origanum vulgare Carvacrol e thymol 

Salvia Salvia officinalis Linalyl acetate 

Marjoram Origanum majorana 4-terpineol 

Coriander Coriandrum sativum Camphor 

Garlic Allium sativum Allicin 

Ginger Zingiber oficinale α-zingiberene 

Orange peel Citrus sinensis D-limonene 

Star anise Illicium verum Trans-anethole 

Peppermint Mentha piperita Menthol 

Lemon grass Cymbopogon citratus Citral e mircene 

Rosemary Rosmarinus officinalis α-pinene e camphor 

Basil Ocimum basilicum Linalol 

Source: Authors (2022). 
 

The mode of action and morphological alterations were not completely elucidated and may vary according to the 

fungal species and essential oil components. Furthermore, the antimicrobial activity of essential oils also depends on the 

application scheme and the matrix into which it is put (Rahman et al., 2021). The presence and position of the hydroxyl group 

in the molecule, the presence of the aromatic nucleus, solubility in fats and spatial orientation affect the antifungal activity. 

Moreover, oxygen in monoterpenes and their carbonylated compounds enhance the antifungal activity of the components. 

Phenolic components (carvacrol, thymol, eugenol etc.) exhibit the strongest antifungal and antimycotoxigenic activity, 

followed by alcohols, aldehydes, ketones, ethers and hydrocarbons (Tanackov & Dimić, 2013).  

The main accepted fungal mechanism is regarding the hydrophobicity of essential oils, which leads to an increase in 

the lipid bilayer permeability of the fungal cell membrane, resulting in cell death, or inhibiting the sporulation and germination 

of deteriorating molds. In addition, the proposed antifungal effects of essential oils involve a series of reactions in which the 

integrity of the cell wall and endomembrane system, including the plasma membrane, mitochondria and peroxisomes. In 

addition, essential oils can cause cytoplasm leakage, cell lysis and death (Grande-Tovar et al., 2018; Kumar et al., 2020; 

Sil et al., 2020). 

Proposed complementary mechanisms involve the interference of essential oils in the enzymatic reactions of wall 

synthesis, which affect the morphogenesis and growth of hyphae, providing serious damage to the plasma membrane that 

results from direct injury to the membrane, instead of the metabolic impairment that leads to loss of the secondary membrane. 
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The inhibition of ergosterol synthesis by essential oils is also reported. Ergosterol is essential for maintaining cell integrity 

(viability and function) and normal growth of the molds. In addition, essential oils can cause dysfunction of the mitochondrial 

membrane potential due to changes in the flow of electrons through the electron transport chain, producing an altered level of 

reactive oxygen species that oxidize and damage lipids, proteins and deoxyribonucleic acid (Tian et al., 2012; 

Nazzaro et al., 2017; Grande-Tovar et al., 2018). 

Sharma and Triphati (2006) studied the antifungal effects of essential oil from Citrus sinensis (L.) Osbeck epicarp on 

growth and morphogenesis of Aspergillus niger and concluded that hyphae showed lack of cytoplasm, damage and loss of 

integrity and rigidity of the cell wall. These observations indicate that the mode of antifungal activity of essential oils is a result 

of the attack of oil on the cell wall and retraction of cytoplasm in the hyphae, causing the death of the mycelium. Such 

modifications induced by essential oil may be related to the interference of essential oil components with enzymatic reactions 

of wall synthesis, which affects fungal morphogenesis and growth. Similarly, Zambonelli et al. (1996) reported fungal growth 

inhibition associated with degeneration of fungal hyphae after treatment with Thymus vulgaris essential oil. 

The plasma membrane and the mitochondria of Aspergillus flavus were the antifungal targets of dill oil (Anethum 

graveolens L.), whose major components are carvone (41.5 %), limonene (32.6 %), and apiol (16.8 %). The primary lesion in 

the plasma membrane was verified through the inhibition of ergosterol synthesis, a major sterol component of the fungal cell 

membrane (Tian et al. 2012). Similarly, Pinto et al. (2013) concluded that the antifungal activity of the essential oil of Thymus 

villosus against Aspergillus spp. is probably due, at least in part, to its ability to cause the rapid metabolic arrest and plasma 

membrane disruption. 

 

4. In Vitro Studies with Essential oils in the Inhibition of Spoilage Fungi of Breadmaking 

Essential oils are used in the food industry, especially as flavorings, although they also have antimicrobial and natural 

antioxidant action, in addition to their use in food conservation. However, essential oils application in food conservation 

requires detailed knowledge about their properties, i.e., the minimum inhibitory concentration (MIC), microorganisms 

involved, mode of action, and the effects of the components of the food matrix on their antimicrobial and antioxidant 

properties (Hyldgaard et al., 2012). 

The evaluation of in vitro antifungal activity of essential oils and active components are mainly carried out by disc-

diffusion techniques and dilution tests. The results of the tests by the agar diffusion test (the most commonly used) are 

expressed by the inhibition zone of fungi surrounding the filter paper or well containing the active component (Bagheri et al., 

2020). Agar or broth plates are inoculated with a solution of fungal spores or fungal mycelium disc at the center of the plate, 

with a certain diameter, and radial growth is recorded as a function of incubation time. Dilution assays are generally used to 

determine the MIC of a given active compound or its mixture (Debonne et al., 2018). Thus, it is possible to verify the 

effectiveness of inhibition and/or delay in fungal development against essential oils. Studies evaluating the in vitro antifungal 

activity of essential oils against spoilage fungi that belong to the genera most commonly found in bread are detailed in Table 2. 
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Table 2. Application of essential oils to inhibit spoilage fungi by microdilution. 

Spice Mold Minimum inhibitory concentration Reference 

Cinnamon 

Aspergillus flavus 

200 µg.mL-1 Mahmoud, 1994 

1.60 µL.mL-1 Xing et al., 2010 

0.01 µL.mL-1 Freire, 2008 

0.20 µL.mL-1 Gasperini, 2014 

Rhizopus nigricans 6.40 µL.mL-1 Xing et al., 2010 

Penicillium expansum 1.60 µL.mL-1 Xing et al., 2010 

Aspergillus parasiticus 0.25 µL.mL-1 Freire, 2008 

Laurel Aspergillus niger 225 µg.mL-1 Santoyo et al., 2006 

Star anise 
Aspergillus flavus 1.0 µL.mL-1 

Freire, 2008 
Aspergillus parasiticus 2.0 µL.mL-1 

Marjoram Aspergillus parasiticus 2.0 µL.mL-1 Freire, 2008 

Lemon grass Aspergillus flavus 200 µg.mL-1 Gasperini, 2014 

Clove Aspergillus flavus 500 µg.mL-1 Gasperini, 2014 

Mexican oregano 
Aspergillus sp. 150 µg.mL-1 

Ruiz et al., 2012 
Penicillium sp. 200 µg.mL-1 

Thyme Aspergillus flavus 500 µg.mL-1 Gasperini, 2014 

Source: Authors (2022). 

 

Cinnamaldehyde is the major compound of cinnamon essential oil (Ju et al., 2018). It exerts antifungal activity against 

several species associated with bread including the genera Aspergillus, Penicillium, and Fusarium (Smid & Gorris, 2007). In a 

concentration of 4500 μg.mL-1, the essential oil of cinnamon completely inhibited A.flavus, A. parasiticus, and A. ochraceus 

growth (Soliman & Badeaa, 2002). While studying the effects of this compound on the growth of A. flavus, Mahmoud (1994) 

established the MIC at 200 μg.mL-1. Xing et al. (2010), in turn, defined the MIC of cinnamon essential oil against Rhizopus 

nigricans, A. flavus, and Penicillium expansum as 640 μg.mL-1, 160 μg.mL-1, and 16 μg.mL-1, respectively. Through these 

results, it is observed that fungi of the genus Penicillium and Aspergillus are more sensitive to cinnamaldehyde, respectively, 

when compared to the genus Rhizopus.  

De Corato et al. (2010) evaluated the antifungal activity of laurel essential oil on Penicillium digitatum and reported 

that the inhibition of mycelial growth after 7 days of incubation was 31, 53, and 71 % for the concentrations of 600, 800, and 

1000 μg.mL-1, respectively. This essential oil was also evaluated by the disc diffusion method against Aspergillus niger and 

presented an average inhibition halo of 19 mm, while the minimum fungicidal concentration (MFC) was 225 μg.mL-1 

(Santoyo et al., 2006).  

Oregano essential oil showed strong inhibitory action against several species of Aspergillus spp. At a concentration of 

40 and 80 μL.mL-1, the essential oil had fungicidal effects on A. flavus, A. fumigatus, and A. niger by a total inhibition of radial 

mycelial growth for 14 days of incubation. In addition, the essential oil was able to inhibit spore germination of these fungi at 

the mentioned concentrations (Carmo et al., 2008).  

Fungal inhibition of Mexican oregano essential oil (Lippia berlandieri) was evaluated at concentrations ranging from 

50 to 200 μg.mL-1. There was a linear reduction in the specific growth rate and maximum growth in the stationary phase of 

fungi of the genus Rhizopus sp. as the concentration of the essential oil increased. Moreover, Ruiz et al. (2012) found that the 

concentrations of 150 and 200 μg.mL-1, respectively, inhibited Aspergillus sp. and Penicillium sp. growth.  

The essential oils of star anise showed inhibitory effects against Aspergillus flavus and Aspergillus parasiticus, as the 

growth and/or mycelial inhibition of fungal cultures was observed. The MIC for the mycelial growth of A. flavus was 

1 μL.mL-1. However, the MIC for A. parasiticus was 2.0 μL.mL-1 (Freire, 2008).  
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 The antifungal activity of basil (Ocinum basilicum L.) oil was evaluated and the inhibition was 93.65 % for Eurotium 

herbariorum (Císarová et al., 2018). Pereira et al. (2006) tested the MIC against Fusarium sp., Aspergillus ochraceus, 

Aspergillus flavus, and Aspergillus niger and found the value of 1500 µg.mL-1. 

 Nguefack et al. (2004) investigated the inhibitory effects of lemongrass essential oil against three food-damaging 

fungi and mycotoxin producers (Fusarium moniliforme, Aspergillus flavus, and Aspergillus fumigatus). The essential oil 

prevented conidia germination and the growth of the three fungi at 800, 1000, and 1200 µg.mL -1, respectively. In this case, 

fungi of the genus Aspergillus showed greater resistance to essential oil. 

The in vitro antifungal activity of thyme essential oil (Thymus zygis) showed promising potential against Aspergillus 

niger and Penicillium paneum fungal strains while using the macro-dilution method with different pH ranges (4.8, 5.0, 5.5, and 

6.0), water activity (0.95 and 0.97), and temperatures (22 and 30 °C). The diameter of the colonies was not significantly 

affected by pH and water activity, however, mycelial growth reduced as the concentration of thyme essential oil increased (0, 

0.2, 0.5, and 1 μL.mL-1) (Debonne et al., 2018). The thyme essential oil showed the MIC of 800, 1000, and 1200 µg.mL-1 for 

Fusarium moniliforme, Aspergillus flavus, and Aspergillus fumigatus, respectively (Nguefack et al., 2004). The essential oil of 

thyme (4500 μg.mL-1) completely inhibited A.flavus, A. parasiticus, and A. ochraceus growth (Soliman & Badeaa, 2002).  

In general, the minimum concentrations necessary to inhibit the fungi vary between 100 and 1500 μg.mL-1, with 

higher concentrations (4500 μg.mL-1) causing complete inhibition (Soliman & Badeaa, 2002). Aspergillus were the most 

studied and have shown to be more resistant to lemongrass, thyme, cinnamon essential oils, when compared to Fusarium and 

Penicillium fungi, respectively (Nguefack et al., 2004; Xing et al., 2010). 

 

5. Essential Oils in Bread Analyzed in Situ 

 Some studies have shown that the addition of essential oils in bread inhibits the growth of spoilage microorganisms 

(Table 3). Rehman et al. (2007) conducted a study to determine the effects of orange peel essential oils on microbial growth 

and sensory characteristics of bread. Treatments included the application in the dough, sprinkling on the surface of the whole 

bread, slices, and packing material. The essential oils significantly affected sensory characteristics such as symmetry, the color 

of the crumbs and crust, flavor, texture, and aroma, in addition to inhibiting or delaying microbial growth. The maximum 

inhibitory effect was achieved by spraying the essential oils on all slices of the bread, which was more effective against fungal 

spoilage. 

 

http://dx.doi.org/10.33448/rsd-v11i6.28547


Research, Society and Development, v. 11, n. 6, e1011628547, 2022 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i6.28547 
 

 

9 

Table 3. Application of GRAS (Generally recognized as safe) essential oils and alcoholic extracts (AE) of aromatic plants in 

breadmaking 

Product Mold Spice Effective concentration Reference 

Bagels 
Penicillium 

expansum 
Oregano  

150 μg.g-1 of emulsion with 

pectin 
Salgado-Nava et al., 2020 

Bread Aspergillus flavus Thyme 31.25 µL.L-1 of air Císarová et al., 2020 

Bread Aspergillus niger Cinnamon 100 μg.mL-1 Sun et al., 2020 

Spanish bread Rhizopus stolonifer 
Cinnamon 200 μg.mL-1 Clemente, Aznar & Nerín, 

2019 Mustard 50 μg.mL-1 

Active bread 

packing 

A. niger, 
Salvia 

Marjoram 
30 µL.mL-1 of gas phase Krisch et al., 2013 P. chrysogenum 

Rhizopus spp 

Bread 

Aspergillus flavus, 

Orange peel 1.0 μL.mL-1 Rehman et al., 2007 Penicillium spp., 

Rhizopus and Mucor 

Salt bread 

Penicillium 

roqueforti 
Thyme 

100 μL.mL-1 Araújo, 2009 Aspergillus 

ochraceus 
Ginger 

Rhizopus tolonifer (AE) 

Sweet bread 

Penicillium 

roqueforti, 
Clove 

100 μL.mL-1 

 

Aspergillus 

ochraceus, 
Cinnamon Araújo, 2009 

Rhizopus stolonifer (AE)   

Hot dog bread 

Penicillium spp. 

Mustard 3.5 mg.mL-1 of gas phase Nielsen & Rios, 2000 Aspergillus flavus  

Endomyces fibuliger 

Source: Authors (2022). 
 

Rosa et al. (2020) studied the application of zein nanocapsules loaded with Origanum vulgare L. and Thymus vulgaris 

as a biopreservative in bread through in situ evaluation. The nanocapsules produced presented high thermal resistance to 

baking processes and extended the shelf life of this product by a period of 21 days with no colonies of molds and yeasts. While 

regular packaging showed visible growth of A. niger after 3 days of incubation, bread slices treated with cinnamaldehyde at 

500 µg/mL exhibited 3–4 days of shelf-life improvement (Sun et al., 2020). Rodriguez, Nerin and Battle (2008) observed a 

strong correlation between the concentration of cinnamaldehyde in bread and the inhibition of fungal growth. After 3 days of 

storage, almost complete inhibition was obtained with 6 % cinnamon essential oil. However, sensory changes were undesirably 

significant. According to the authors, the solution may be the use of combined treatments, for example, essential oil with other 

preservatives, active packaging or modified atmosphere, thus requiring further investigation. 

A combination of cinnamon and mustard essential oils (100:8) was suggested to be used at an industrial scale after the 

antifungal effect against R. stolonifer presented positive results in the acceptability and shelf-life tests. The combined essential 

oils showed mostly additive and synergistic and the application in Spanish bread has proved to be viable (Clemente, Aznar & 

Nerín, 2019). Mustard essential oil alone showed the biggest antifungal effect but acceptability tests were negative. The 

combined use with cinnamon masked the mustard flavor, benefiting the product sensorially. 

Valková et al. (2021) evaluated the mycelial growth inhibition (MGI) of essential oils of rosemary (REO), lavender 

(LEO), and mint (MEO) on molds of the genus Penicillium. In situ analysis on the bread model showed that 125 µL/L of REO 

exhibited the lowest MGI of P. citrinum, and 500 µL/L of MEO caused the highest MGI of P. crustosum. The authors 
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concluded that the analyzed essential oils have promising potential for use as innovative agents in the storage of bakery 

products to extend their shelf-life. 

According to Preedy (2016), despite the proven preservative properties of essential oil, there are still limitations to 

their wider use in the food industry. In this context, several factors have become notable obstacles, including high extraction 

cost, diversity of chemical composition according to environmental conditions, low extraction yield regarding the needs of 

large volumes necessary to meet the demand of the food industry, and the intense sensory properties (flavor and aroma) that 

lead to rejection by consumers.  

To make the use of essential oils viable for industrial application, the amount needed to perform antifungal activity 

should be evaluated, at a low cost and without undesirable sensory changes. Therefore, it may be interesting to use it in 

combination with other essential oils or chemical preservatives, such as weak organic acids. 

 

6. Essential Oils in Active Packaging for Breadmaking  

Active packaging aims to extend the shelf life of the food through the interaction between the product and the 

protective microenvironment created in the packaging stage (Dainelli et al., 2008; Gonçalves et al., 2017; Adel et al., 2019; 

Jiang et al., 2020). According to Long, Joly and Dantigny (2016) and De Azeredo (2013), the use of films and edible coatings 

incorporating essential oils is a promising technique to preserve food quality and increase shelf life. The same authors also 

mentioned that the main applications of films or modified atmosphere packaging containing essential oils for fungal control are 

related to the genera Penicillium sp. and Aspergillus sp., which are commonly found in breadmaking.  

The incorporation of essential oils affects the continuity of the polymer matrix, leading to changes in the specific 

interactions of polymer-essential oil components. Generally, the film structure is weakened by the addition of essential oils, 

while the water barrier properties are improved and transparency is reduced. Antioxidant and/or antimicrobial properties of 

essential oils can be transferred to the packaging, being the chemical composition and specific interactions with the polymer 

determinant for its effectiveness as an active ingredient (Atares & Chiralt, 2016; Maisanaba et al., 2016; Assadpour & 

Jafari, 2019; Oliveira et al., 2020; Gholamian et al., 2021).  

 Gutierrez et al. (2009) evaluated the effects of microperforated polypropylene films added to cinnamon essential oil 

(Cinnamomum zeylanicum) on the conservation and sensory characteristics of a commercial bakery product (composed of 

sugar, egg yolks, almonds, walnuts, raisins, and other ingredients). The authors reported an increase in the shelf life of 3 to 10 

days with maximum quality and safety, according to their sensory and microbiological evaluation. Furthermore, the authors 

described that the film produced can be easily disseminated with applicability in commercial systems in the short term. 

 Mustard essential oil was applied in a modified atmosphere system of rye and hot dog bread in order to inhibit 

spoilage fungi (Penicillium spp, Aspergillus flavus, and Endomyces fibuliger). The MIC for the active component, which was 

allyl isothiocyanate (AITC), was determined and the values estimated at 1800 to 3500 μg.mL-1 of the gas phase, with more 

satisfactory results for rye bread compared to the hot dog bread. Aspergillus flavus was more resistant, while Penicillium 

roqueforti was more sensitive. However, when the gas phase contained at least 3500 μg.mL-1, AITC was fungicidal for all 

fungi tested. The results indicated that the necessary storage time of rye bread may be achieved by active packaging with 

AITC. Still, active packaging with mustard essential oil for hot dog buns requires the added effect of other preservation factors 

to prevent mold growth (Nielsen & Rios, 2000). 

 Aiming to minimize the environmental impact caused by conventional polymers, Pontes (2013) produced and 

characterized biodegradable films of methylcellulose added from oil/water-type nanoemulsions of clove, oregano, and 

cinnamon essential oil. The application was performed on bread slices for them to be packed into the films and their 
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microbiological, physic-chemical, and sensory quality studied. With the use of 2 % of essential oil, the incorporation of 

nanoemulsions into the films allowed the antimicrobial action on Aspergillus niger and Penicillium spp. in vitro, which was 

effective in reducing the numbers of yeasts and molds in slices of bread for 15 days of storage. The parameters of pH, total 

titratable acidity, and instrumental color of the bread samples were not affected by the incorporation of the nanoemulsions of 

the EOs. However, the sensory use of antimicrobial packaging negatively interfered in the flavor of the bread loaves. 

 Otoni et al. (2014) applied clove and oregano essential oil in free form and nanoparticles and added them to the 

formulation of antimicrobial methylcellulose films. The counts of molds and yeasts in sliced bread packed in these films were 

significantly reduced and the reduction in droplet size improved antimicrobial properties. Due to increased bioavailability, less 

preservative content might be used and still deliver the same antimicrobial efficiency if encapsulated in smaller particles. 

Krisch et al. (2013) used the disk diffusion method with 30 μL of essential oil (steam phase), simulating an active 

packaging for bread. The application of sage and marjoram essential oils in a closed environment showed good antifungal 

activity against spoilage fungi of bread (A. niger, P. chrysogenum, and Rhizopus spp). Changes in colony size and growth rate 

were evaluated as markers to conclude that the growth of all the molds investigated was significantly reduced in the slices of 

bread treated in this system. However, the sensory analysis showed that the effective concentration of essential oils is very 

high, resulting in unacceptable changes in flavor and aroma. These undesirable sensory changes suggest the use of combined 

technologies to mitigate this effect and make the product palatable and safe. 

 

7. Conclusion and Future Perspectives 

Essential oils have a potential for application as natural preservatives in bread making as a way to inhibit the growth 

of spoilage microorganisms, especially molds. Their application on the surface of bread or in the packaging material is more 

viable compared to their application as an additive in the formulation of the product. In addition, the application of essential oil 

in the form of micro or nanoencapsulation or sachets can be promising. The main limiting factor, which presents itself as a 

major disadvantage, is the significant sensory alteration in food.  

To enable the use of essential oils in breadmaking it is suggested that future research evaluate the use combined 

conservation technologies and emerging technologies with natural and chemical substances, in order to reduce the necessary 

proportions and enable the production of these foods on a commercial scale.  
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