
 

 

Introduction 

Plants possess a diverse range of applications, serving as providers of adornment, oxygen, 

sustenance, drinks, attire, scents, and building resources, and can also be utilized for fragrance 

production. Plants have the ability to produce a wide range of substances known as "secondary 

metabolites" (Khursheed et al., 2022). These secondary metabolites play a crucial role in the 

interactions between plants and their environment, including interactions with competitors, 

predators, diseases, and pollinators (Jha & Mohamed, 2022). Examples of these secondary 

metabolites include essential oils, phenolics, alkaloids, and terpenes. They have garnered 

significant attention due to their potential therapeutic applications and various bioactive effects 

(Sharma et al., 2022). Lemon oil, derived from the peel of citrus fruits, is one such example 
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  Abstract 
Lemon oil, derived from the peels of citrus fruits, has garnered significant attention due to its antibacterial 

qualities and potential applications in skincare products. This review paper examines the antibacterial 

characteristics of limonene, citral, alpha-terpinene, beta-pinene, gamma-terpinene, and geranial, all of 

which are constituents of lemon oil. These components have demonstrated antimicrobial action against a 

diverse range of bacteria and fungi. The antibacterial qualities of lemon oil are believed to stem from its 

ability to impede cellular functions, damage the cell membranes of germs, and hinder the enzymatic processes 

of microbes. Furthermore, lemon oil has demonstrated potential anti-comedogenic effects, primarily by 

regulating sebum production and reducing pore size. The antibacterial and anti-comedogenic characteristics 

of lemon oil mostly stem from its constituents, namely limonene and citral. Lemon oil is commonly used to 

commercial skincare products due to its potential advantages in promoting clear and healthy skin. The 

antibacterial and anti-comedogenic qualities of lemon oil make it a valuable ingredient in skincare products. 

However, further research is needed to understand the mechanisms and effectiveness of lemon oil. Gaining 

insight into the potential of lemon oil can facilitate the creation of innovative, organic, and efficient skincare 

solutions. 
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that contains numerous secondary metabolites. These secondary metabolites are responsible 

for the antibacterial and anti-comedogenic properties of lemon oil (Heidarian et al., 2022).  

Skincare is an essential component in the process of preserving bright and healthy skin. In 

the search for effective skincare solutions, substantial research has been conducted on a variety 

of components that contain antibacterial and anticomedogenic properties (Mohanapriya et al., 

2019). These properties are crucial for inhibiting microbial infections and halting the 

development of comedones like blackheads and whiteheads, which are common skin 

imperfections (Nasri et al., 2015). Because of its potential antibacterial and anti-comedogenic 

properties, lemon oil, which is extracted from the peels of citrus fruits, has recently acquired 

popularity as a candidate for use in cosmetics and personal care products. The medicinal 

qualities of lemon oil are due to the fact that it contains a high concentration of bioactive 

compounds such as limonene, citral, and a variety of terpenes (Ben Hsouna et al., 2023). 

Keeping a balanced microbiota on the skin relies heavily on the antibacterial properties of 

skincare products. The microbiome of the skin is rich and varied, hosting both useful and 

harmful species. Acne and other skin diseases are just two of the many skin problems that can 

result from an unbalanced microbial ecosystem (Ito & Amagai, 2023). Antimicrobial agents, 

such as those found in lemon oil, can help to control the growth of pathogenic bacteria, fungi, 

and viruses on the skin's surface (Reichling et al., 2009). Comedones, on the other hand, result 

from the accumulation of dead skin cells, excess sebum, and other debris within the hair 

follicles. The presence of comedones can lead to the development of acne and other skin 

blemishes (Ravisankar et al., 2015). Anti-comedogenic agents, like lemon oil, can help prevent 

the formation of these obstructions and maintain clear and healthy pores (S.-S. Kim et al., 

2008). The specific constituents of lemon oil, such as limonene and citral, have been studied 

for their potential antimicrobial and anti-inflammatory effects (J. Kim et al., 1995). These 

compounds may help to inhibit the growth of bacteria, fungi, and viruses, while also reducing 

inflammation and promoting skin health (Vikram et al., 2012). 

 

Lemon Oil: Constituents and Composition 

Citrus species, which are classified under the family Rutaceae, are thought to have 

originated in the tropical regions of Southeast Asia and China. At the present time, they account 

for the majority of the world's total fruit production, with over 123 million tons produced in 

2010 (Inglese & Sortino, 2019). More than one hundred countries, spanning around 40 degrees 

of latitude north to south, are currently engaged in the cultivation of citrus plants. The leading 

citrus-producing countries include China, Brazil, the United States, and regions within the 

Mediterranean Basin. Among the commercially significant citrus species, sweet oranges 

(Citrus sinensis L. Osbeck) and tangerines (Citrus unshiu Marc., Citrus nobilis Lour., Citrus 

deliciosa Ten., Citrus reticulata Blanco, and their hybrids) account for over 80% of production. 

This is followed by lemons (Citrus Limon L. Burm. f.), limes (Citrus aurantifolia Christm. 

Swing.), and grapefruits (Citrus paradisi Macf.) (Palazzolo et al., 2013).  

Citrus fruits are highly valuable in the commercial sector, mainly for their consumption as 

fresh fruit and for producing fruit juice in the food industry. Additionally, the byproducts 

generated during the industrial processing of citrus fruits are important sources of bioactive 

compounds. These compounds have the potential to be utilized in various applications, such as 
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animal feed, processed foods, and healthcare products (González-Molina et al., 2010). For the 

past thousand years, essential oils (EOs) have been extracted from citrus byproducts. The main 

producers of citrus essential oils are Italy, particularly the island of Sicily, the United States of 

America (specifically the state of Florida), and South America (specifically Brazil and 

Argentina) (EM Mustafa, 2015). 

Lemon oil is obtained from the peels of citrus fruits and consists of a diverse combination 

of chemical components that contribute to its therapeutic qualities. The primary elements of 

lemon oil include limonene, citral, alpha-terpinene, beta-pinene, gamma-terpinene, and 

geranial (Vekiari et al., 2002).  

 

Table 1: Constituents of lemon oil and its antimicrobial effects against different bacteria   

Constituent 
Antimicrobial 

Property 
Bacteria Inhibited References 

Limonene 

Exhibits broad-

spectrum 

antimicrobial 

activity. 

Staphylococcus aureus, Escherichia coli, 

Pseudomonas aeruginosa  
(Vikram et al., 2012) 

Citral 

Demonstrates strong 

antimicrobial 

effects. 

Salmonella, Cronobacter sakazakii 
(J. Kim et al., 1995; Shi 

et al., 2017) 

Alpha-

terpinene 

Displays 

antimicrobial 

activity. 

Staphylococcus aureus, Klebsiella 

pneumonia,  
(Adeosun et al., 2022) 

Beta-pinene 

Exhibits 

antimicrobial 

properties. 

Staphylococcus aureus, S. epidermidis, 

Streptococcus pneumonia. 
(Leite et al., 2007) 

Gamma-

terpinene 

Shows antimicrobial 

activity. 

Staphylococcus aureus, Escherichia coli, 

Candida species, Aspergillus species, and 

various other bacteria and fungi. 

(Wongkattiya et al., 

2019) 

Geranial 

Demonstrates 

antimicrobial 

effects. 

Staphylococcus aureus, Escherichia coli, 

Candida species, Salmonella. 
(J. Kim et al., 1995) 

 

Limonene is the main constituent of lemon oil, making up around 70-90% of its 

composition. Numerous studies have shown that limonene has antimicrobial properties. It has 

been proven to effectively combat a wide range of bacteria, including Staphylococcus aureus, 

Escherichia coli, and Pseudomonas aeruginosa (Vikram et al., 2012). Limonene works by 

disrupting the bacterial cell membrane and inhibiting the growth of microorganisms. These 

antimicrobial effects may contribute to the potential of lemon oil in treating microbial 

infections on the skin. 

Citral is another important constituent of lemon oil, responsible for its characteristic lemon 

scent. It exhibits strong antimicrobial properties against both bacteria and fungi. Studies have 

demonstrated the inhibitory effects of citral on various pathogens, including Salmonella and 

Cronobacter sakazakii. Citral has the ability to limit the growth and spread of microbes by 

destroying the cell membrane (Shi et al., 2017). Alpha-terpinene, beta-pinene, and gamma-

terpinene are terpenes found in lemon oil. It has been demonstrated that these terpenes exhibit 
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antibacterial activity against a wide variety of pathogens, including bacteria and fungi. They 

have the potential to inhibit the growth and viability of bacteria, which contributes to the 

antimicrobial properties of lemon oil (Adeosun et al., 2022; Leite et al., 2007). Geranial, also 

known as citral A, is a constituent of lemon oil that has been studied for its antimicrobial 

properties. It demonstrates strong antibacterial activity against Gram-positive as well as Gram-

negative bacteria. Both types of bacteria are susceptible to its effects. Geranial induces cell 

death by compromising the structural integrity of the membranes that surround bacterial cells 

(J. Kim et al., 1995). 

The constituents found in lemon oil have antimicrobial properties that can effectively 

combat the growth of bacteria, fungi, and other microorganisms on the skin's surface. This 

helps prevent microbial infections and maintains a healthy skin microbiome. Lemon oil may 

also have anti-comedogenic effects, although there are limited studies specifically investigating 

this. However, the combination of antimicrobial, anti-inflammatory, and astringent properties 

in lemon oil may contribute to its potential to reduce the formation of comedones. By 

controlling bacterial growth, reducing inflammation, and tightening the skin, lemon oil helps 

prevent the accumulation of debris, excess sebum, and dead skin cells in hair follicles, thus 

minimizing the formation of comedones. 

Lemon oil is widely used in multiple industries, such as skincare, aromatherapy, cleaning 

products, and culinary applications. In skincare, lemon oil is highly regarded for its potential 

therapeutic properties, including its ability to fight against microorganisms, protect against 

oxidative damage, and tighten tissues. These beneficial qualities have made lemon oil a 

commonly utilized ingredient in various skincare products (Sharmeen et al., 2021). 

 

Antimicrobial Effects of Lemon Oil 

Lemon oil exhibit antimicrobial action via a variety of different pathways that are directed 

against bacterial, fungal, and viral pathogens (Swamy et al., 2016). Numerous research have 

shed light on these mechanisms, as well as the effect that lemon oil has on different types of 

bacteria (Adeosun et al., 2022; J. Kim et al., 1995). The antibacterial properties of lemon oil 

can be attributed due to its primary components, which include limonene, citral, and terpenes. 

These compounds can disrupt the cell membranes of microorganisms, leading to cell lysis and 

death. Additionally, they may interfere with microbial enzyme activity, inhibit microbial 

adhesion, and disrupt essential cellular processes (Lu et al., 2019). It has been demonstrated 

that the primary component of lemon oil, limonene, possesses antibacterial properties that are 

effective against a wide variety of microorganisms (Vikram et al., 2012). Lemon oil has a 

number of essential components, one of which is citral, which has potent antibacterial 

capabilities. It has been discovered that it prevent their growth by causing damage to the cell 

membranes of bacteria and fungi and by interfering with the key biological operations of these 

organisms, (Shi et al., 2017). Terpenes present in lemon oil, such as alpha-terpinene, beta-

pinene, and gamma-terpinene, have also shown antimicrobial activity against a range of 

microorganisms. They can inhibit microbial growth by interfering with cellular processes and 

causing membrane damage. These mechanisms collectively contribute to the antimicrobial 

activity of lemon oil and its potential to combat bacterial, fungal, and viral pathogens on the 

skin (Wongkattiya et al., 2019). 
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Lemon oil is widely known for its strong antimicrobial properties, which have been proven 

effective against various bacteria and algae. Several studies have focused on investigating the 

antimicrobial effects of lemon oil and have consistently found that it can inhibit the growth of 

different types of microorganisms. For example, a study by Elgayyar et al. (2001) examined 

the antibacterial activity of lemon oil against both Gram-positive and Gram-negative bacteria. 

The results showed that lemon oil was able to effectively suppress the growth of both types of 

bacteria. Similarly, Mancuso et al. (2019) conducted a study to evaluate the antimicrobial 

potential of lemon oil against Candida strains and found significant inhibition of their growth. 

 

Anti-Comedogenic Effects of Lemon Oil 

Regulation of Sebum Production:  

There is a hypothesis that lemon oil may affect the production of sebum, which is a major 

factor in the development of comedones. However, there is a lack of research specifically 

examining the anti-comedogenic effects of lemon oil on sebum management (Abelan et al., 

2022). Sebum is an oily substance produced by the sebaceous glands in the skin. Excessive 

sebum production can contribute to the formation of comedones and acne. Some studies 

suggest that lemon oil may help regulate sebum production, potentially reducing the risk of 

comedone formation. However, it is important to note that the exact mechanisms by which 

lemon oil regulates sebum production are not well-established, and further research is needed 

to fully understand this relationship (Ali et al., 2015). 

 

Pore Size Reduction: 

Lemon oil has the potential to reduce pore size, which can help prevent the formation of 

comedones. Comedones are formed when larger pores become clogged with dead skin cells 

and other particles. Lemon oil may tighten and tone the skin, leading to smaller pores and 

potentially preventing comedone formation. Although there is limited scientific research 

specifically on the pore size reduction effects of lemon oil, its astringent properties suggest that 

it has the potential to tighten the skin and reduce pore size. 

 

Lemon oil in skin care products 

Lemon oil is commonly found in various forms of commercially available skin care 

products, such as cleansers, toners, serums, moisturizers, masks, and exfoliators (Iraqui & Das, 

2022). The concentration of lemon oil used in these products varies depending on their intended 

purpose and formulation. Skincare products that contain lemon oil often emphasize its potential 

benefits for the skin, including its ability to manage sebum production, provide astringent 

effects, and reduce pore size. Additionally, the pleasant scent of lemon oil enhances the sensory 

experience of using cosmetics (Barbulova et al., 2015). However, it is important to consider 

individual skin sensitivity and potential allergic reactions when using skincare products 

containing lemon oil. Like any other ingredient, lemon oil may cause skin irritation or 

sensitization in some individuals (Guzmán & Lucia, 2021).  

Table 2: Skin care products having lemon oils 
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Skincare Product Use of Lemon Oil 

Cleansing Gel 
Lemon oil helps remove impurities, excess oil, and dirt, providing a fresh and clean 

feeling. 

Toning Lotion Lemon oil acts as an astringent, tightening pores and balancing the skin's pH levels. 

Acne Treatment 
Lemon oil's antimicrobial properties help combat acne-causing bacteria, promoting 

clearer skin. 

Brightening Serum 
Lemon oil's skin-brightening properties help improve the appearance of dull and uneven 

skin tone. 

Revitalizing Mask Lemon oil's rejuvenating effects invigorate the skin, leaving it refreshed and revitalized. 

Moisturizing Cream Lemon oil provides hydration and nourishment to the skin, keeping it soft and supple. 

 

Conclusion 

In conclusion, lemon oil is a promising ingredient in skincare products due to the 

significant antibacterial and anti-comedogenic properties that it possesses. The antimicrobial 

properties of lemon oil, supported by studies such as (Elgayyar et al., 2001) and (Mancuso et 

al., 2019), highlight its ability to inhibit the growth of different microorganism such as Candida 

and other bacterial species. According to these findings, lemon oil has the potential to act as an 

antibacterial agent that is both natural and effective. In addition, lemon oil has also possible 

anti-comedogenic properties by regulating the production of sebum and leading to a reduction 

in the size of pores. Although additional research is required to fully understand the 

mechanisms and efficacy of lemon oil, the use of lemon oil in a variety of skincare products 

has the potential to offer benefits for maintaining clear and healthy skin. Incorporating lemon 

oil into skin care products offers the potential for a natural and multifaceted approach to 

improving skin health and preventing microbial diseases. In general, lemon oil's ability to fight 

off microbial infections and prevent the formation of comedones makes it a beneficial 

component in the production of skincare products. 
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