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 Food safety is a critical issue related to the growth of 
microorganisms that cause food spoilage and quality 
degradation. This study aims to examine the potential of 
essential oils as natural antimicrobial agents in active 
packaging systems for food preservation. The method used 
was a literature review, analyzing various relevant scientific 
publications from the past five years. The results of the 
study indicate that essential oils contain bioactive 
compounds such as phenols, aldehydes, and terpenoids 
capable of inhibiting microbial growth through mechanisms 
involving cell membrane damage and metabolic disruption. 
However, the direct use of essential oils remains limited due 
to their high volatility and impact on the sensory properties 
of the product. Therefore, the integration of essential oils 
into active packaging offers an effective solution as it 
enables the controlled release of active compounds. This 
technology not only enhances stability and antimicrobial 
efficacy but also supports the development of safer and 
more environmentally friendly food preservation methods.  
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1. Introduction 

Food safety is a global issue that continues to be a concern as the need for 

food products that are safe, quality, and have a long shelf life increases. The growth 

of microorganisms such as bacteria, mold, and yeast is one of the main factors 

causing food spoilage, which not only degrades quality but also has the potential to 

harm consumer health. Therefore, various preservation methods have been 

developed to inhibit microbial activity and extend the shelf life of food products 

(Puebla-Duarte et al., 2023). 

Nevertheless, the use of synthetic preservatives in the food industry is 

beginning to receive serious attention due to its potential negative impact on human 

health and the environment. Along with increasing consumer awareness of natural 

and safe products, there has been a shift in preference towards the use of natural 

preservatives. This trend is driving the exploration of bioactive compounds from 

natural sources, one of which is essential oils that are known to have antimicrobial 

and antioxidant activity (Bhavaniramya et al., 2019; Angane et al., 2022). 

Essential oils are a complex mixture of volatile compounds extracted from 

different parts of plants, such as leaves, flowers, stems, and roots. The main 

compounds in essential oils, such as phenols, terpenoids, and aldehydes, are known 

to have the ability to inhibit the growth of pathogenic microorganisms. The 

mechanism of action of essential oils generally involves damage to microbial cell 

membranes, impaired permeability, as well as leakage of intracellular components 

that lead to cell death (Rao et al., 2019; Ji et al., 2023). 
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Despite having great potential as a natural antimicrobial agent, the direct 

application of essential oils in food products still faces various obstacles. The high 

volatility of the properties as well as the strong aroma can affect the sensory 

characteristics of the food product, thus limiting its use in certain concentrations. In 

addition, the interaction between essential oil components and the food matrix may 

also reduce their antimicrobial effectiveness (Maurya et al., 2021). 

To overcome these limitations, an innovative approach through active 

packaging technology has been developed. Active packaging not only serves as a 

physical protector, but is also able to interact with the environment inside the 

packaging to slow down food spoilage. The integration of essential oils into 

packaging materials is one of the promising strategies in increasing the effectiveness 

of preservation without interfering with the sensory quality of the product (Vilela et 

al., 2019; Jiang et al., 2023). 

The use of essential oils in active packaging systems allows for the gradual 

release of antimicrobial compounds, thus providing more stable protection against 

the growth of microorganisms. In addition, this technology also has the potential to 

increase the efficiency of the use of essential oils and extend the shelf life of food 

products more optimally (Ju et al., 2019). 

Based on these developments, research on the use of essential oils in active 

packaging systems is important to continue to be developed. Therefore, this study 

aims to examine the potential of essential oils as antimicrobial agents in active 

packaging and evaluate their effectiveness in improving the quality and shelf life of 

food products.  
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2. Literature Review 

The use of essential oils as an antimicrobial agent in food has been the focus 

of various studies in recent years. Essential oils are known to have a broad spectrum 

of antimicrobial activity against both Gram-positive and Gram-negative bacteria, as 

well as other decaying microorganisms. This activity is greatly influenced by the 

chemical composition of essential oils, specifically the content of phenolic 

compounds such as thymol, carvacrol, and eugenol which play a role in damaging 

microbial cell structure (Valdivieso-Ugarte et al., 2019). 

Some studies show that essential oils are not only effective as antimicrobial 

agents, but also have antioxidant properties that can help slow down the oxidation 

process in food products. This makes essential oils a potential candidate in a more 

natural and sustainable food preservation system. In addition, the use of essential 

oils is also in line with the growing trend of clean labels in the modern food industry 

(Ju, 2023). 

In its application, essential oils can be used directly or through a specific 

delivery system. However, direct use often faces constraints such as high volatility, 

rapid degradation, and impact on the sensory characteristics of food products. 

Therefore, various approaches have been developed to improve the stability and 

effectiveness of essential oils, one of which is through encapsulation or integration 

in packaging materials (Syafiq et al., 2020). 

Active packaging is one of the innovations that are widely studied in 

improving the efficiency of the use of essential oils. This technology allows for the 

controlled release of active compounds into the food environment, thus providing 
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a more stable and long-lasting antimicrobial effect. The incorporation of essential 

oils into biodegradable film matrices, such as chitosan or other natural polymers, has 

been shown to increase antimicrobial activity while maintaining the quality of food 

products (Casalini & Giacinti Baschetti, 2023). 

Thus, the results of previous studies show that essential oils have great 

potential as natural preservatives, especially when combined with active packaging 

technology. However, further studies are still needed to optimize the formulation 

and application of this technology so that it can be widely applied in the food 

industry. 

3. Methods 

The research method used in this study is the literature study method, which 

is an approach carried out by collecting, studying, and analyzing various sources of 

scientific literature that are relevant to the research topic. This approach aims to gain 

a comprehensive understanding of the utilization of essential oils as antimicrobial 

agents in active packaging systems for food preservation. 

The research stage begins with the process of identifying topics and 

formulating study focuses related to food safety, the use of natural ingredients, and 

the development of active packaging technology. Furthermore, a literature search 

was conducted using scientific databases such as Google Scholar with relevant 

keywords, including "essential oils antimicrobial", "active packaging food", and 

"natural preservatives". The selected literature was limited to publications within the 

last five-year span to ensure the novelty and relevance of the information used. 
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After the search process, a literature selection was carried out based on 

inclusion and exclusion criteria. Inclusion criteria include scientific journal articles 

that discuss essential oils, antimicrobial activity, and their applications in food 

preservation and active packaging. Meanwhile, literature that has no direct relevance 

to the research topic or is not available in the form of a full scientific article is 

excluded from the analysis process. The selected literature is then studied in depth 

to identify key concepts, research findings, and research gaps that still exist. 

The next stage is the process of data analysis and synthesis, where information 

from various sources is compiled and compared to find patterns, relationships, and 

differences between studies. The analysis was carried out descriptively by grouping 

information based on themes, such as the mechanism of action of essential oils, 

antimicrobial effectiveness, and application in active packaging. The results of this 

analysis are then used to develop a systematic framework of thought and support 

the research objectives. 

The entire process is carried out systematically and structured to ensure the 

validity and reliability of the data used. By using the literature study method, this 

study is expected to provide a comprehensive overview of the latest developments 

and the potential use of essential oils in active packaging-based food preservation 

systems. 

4. Results and Discussion 

Based on the results of the literature review that has been carried out, it is 

known that essential oils have great potential as a natural antimicrobial agent in the 
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food preservation system. This potential is mainly supported by the presence of 

bioactive compounds such as phenols, aldehydes, and terpenoids that are able to 

inhibit the growth of various types of pathogenic microorganisms. The antimicrobial 

activity of essential oils is reported to be effective against both Gram-positive and 

Gram-negative bacteria, although the level of effectiveness can vary depending on 

the type of active compounds it contains (Valdivieso-Ugarte et al., 2019). 

The mechanism of action of essential oils in inhibiting the growth of 

microorganisms is generally related to their ability to damage the structure of cell 

membranes. The active compounds in essential oils can increase the permeability of 

microbial cell membranes, thereby causing leakage of intracellular components such 

as ions, proteins, and nucleic acids. This damage results in disruption of cell 

metabolism and ultimately leads to the death of microorganisms (Rao et al., 2019; Ji 

et al., 2023). In addition, some compounds in essential oils are also known to inhibit 

the activity of important enzymes in microbial cells, thereby amplifying their 

antimicrobial effects. 

Despite having strong antimicrobial activity, the direct use of essential oils in 

food products faces various obstacles. One of the main obstacles is its high volatility 

properties, which cause the active compound to volatilize easily and lose its 

effectiveness in a short period of time. In addition, the distinctive aroma that 

essential oils have can affect the organoleptic properties of food products, so they 

are not always acceptable to consumers (Maurya et al., 2021). Another factor that 

affects the effectiveness of essential oils is the interaction with components in the 

food matrix, such as proteins and fats, which can reduce antimicrobial activity. 
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To overcome these limitations, active packaging technology has been 

developed as an innovative solution in food preservation. Active packaging allows 

the integration of antimicrobial compounds into packaging materials, so that it can 

provide more effective and sustainable protection of food products. This technology 

works by gradually releasing active compounds into the environment inside the 

packaging, thus inhibiting the growth of microorganisms during the storage period 

(Puebla-Duarte et al., 2023). 

The integration of essential oils into active packaging systems has shown 

promising results in various studies. The use of essential oils in biodegradable films, 

such as chitosan and polysaccharides, is able to increase antimicrobial activity while 

maintaining the quality of food products. In addition, the use of biopolymer-based 

packaging materials also provides additional advantages in the form of 

environmentally friendly properties and can be decomposed naturally (Casalini & 

Giacinti Baschetti, 2023; Jiang et al., 2023). 

Encapsulation technology is also one of the widely used approaches to 

improve the stability of essential oils in packaging systems. With this technique, the 

active compounds in essential oils can be protected from environmental influences 

such as temperature and light, as well as allow for more controlled release. 

Encapsulation has been proven to be able to increase the antimicrobial effectiveness 

of essential oils and extend the shelf life of food products (Syafiq et al., 2020). 

In addition, the effectiveness of essential oils in active packaging is also 

influenced by several factors, such as the type of essential oil, the concentration used, 

and the type of packaging matrix. The right combination of essential oils and 
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packaging materials is essential to achieve optimal results. Some studies have shown 

that the combination of essential oils with certain polymers can produce synergistic 

effects that significantly increase antimicrobial activity (Ju et al., 2019). 

On the other hand, the challenges in the development of essential oil-based 

active packaging still need to be considered. One of the main challenges is 

maintaining a balance between the effectiveness of antimicrobials and the sensory 

quality of food products. The use of too high concentrations of essential oils can 

lead to unwanted changes in taste and aroma. Therefore, formulation optimization 

is needed to ensure that essential oils can provide antimicrobial effects without 

compromising product quality (Ju, 2023). 

In addition, environmental factors such as temperature, pH, and water activity 

can also affect the performance of essential oils in packaging systems. Unsuitable 

environmental conditions can accelerate the degradation of active compounds or 

inhibit the diffusion of essential oils into the packaging environment. This shows 

that the application of essential oils in active packaging needs to be adjusted to the 

characteristics of the food product to be preserved (Vilela et al., 2019). 

Recent research developments also show that the use of essential oils in active 

packaging has great potential in supporting the concept of sustainability. The use of 

natural and biodegradable materials can reduce dependence on synthetic materials 

that have the potential to pollute the environment. In addition, this technology is 

also in line with the trend of the food industry which leads to the use of safer and 

more environmentally friendly ingredients (Angane et al., 2022). 
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Based on the results of the study, it is shown that essential oils have excellent 

prospects as antimicrobial agents in active packaging systems. The combination of 

natural antimicrobial properties and modern packaging technology provides an 

effective solution in improving the quality and shelf life of food products. However, 

further research is needed to optimize the application of this technology, especially 

in terms of stability, effectiveness, and consumer acceptance of the products 

produced (Bhavaniramya et al., 2019). Thus, the integration of essential oils in active 

packaging not only offers innovative solutions in food preservation, but also opens 

up opportunities for the development of more sustainable food technologies in the 

future. 

5. Conclusion 

Based on the results of the study conducted, it can be concluded that essential 

oils have tremendous potential as natural antimicrobial agents in food preservation. 

The bioactive compounds they contain are capable of inhibiting the growth of 

various microorganisms that cause food spoilage through complex mechanisms, 

such as cell membrane damage and disruption of microbial metabolism. This makes 

essential oils a promising alternative to synthetic preservatives. 

However, the direct use of essential oils still faces various limitations, 

particularly regarding their high volatility and their impact on the sensory 

characteristics of food products. Therefore, the application of active packaging 

technology serves as an effective solution to optimize the use of essential oils. 

Through this system, active compounds can be released in a controlled manner, 
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thereby enhancing their stability and effectiveness in inhibiting microbial growth. 

Overall, the integration of essential oils into active packaging not only improves the 

quality and shelf life of food products but also supports the development of safer 

and more environmentally friendly food technologies. Further research is still 

needed to optimize the formulation and application of this technology so that it can 

be widely adopted in the food industry. 
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