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Resumo 

Vários produtos dermocosméticos têm uma capacidade antisséptica limitada e inexata. 

Neste contexto, foram apresentadas no mercado novas gamas de produtos que incluem óleos 

essenciais, mas cujo resultado não é eficaz.  

O desenvolvimento de novas formulações de dermocosméticos, com melhores 

propriedades antissépticas e, de preferência, incorporando componentes de base natural, 

como os óleos essenciais, torna-se imperativo. Assim, neste trabalho, foram produzidas e 

caracterizadas emulsões à base de óleos essenciais constituídos por componentes com ação 

antimicrobiana verificada, como o timol, através da incorporação de surfactantes de base 

natural e estabilização com biopolímeros. Estes sistemas de emulsão foram avaliados quanto à 

sua capacidade antimicrobiana, através da determinação da sua concentração mínima inibitória 

(CMI), com vista à sua aplicação no desenvolvimento de produtos inovadores na área da 

cosmética. 

Produtos com capacidade antisséptica sempre tiveram um papel preponderante na 

nossa sociedade, dada a capacidade de controlo da proliferação de microrganismos presentes 

na pele, reduzindo o risco de desenvolvimento de infeções.  

Foram realizados estudos essenciais para a produção de emulsões estáveis, como a 

determinação da concentração micelar crítica (CMC) de diversos surfactantes de base natural 

em estudo, como o lauril glicosídeo, decil glicosídeo, glicosídeo de coco, cocamidopropril 

betaína, tween 20 e tween 80. 

Depois foram produzidas emulsões com sistemas modelo, como o óleo vegetal e óleo 

de côco, tendo como objetivo a determinação dos seus índices de emulsificação (IE), de forma 

a se selecionar os surfactantes com maior capacidade de emulsificação e estabilização destes 

óleos. De forma a se obter emulsões mais estáveis ao longo do tempo, tendo em vista a 

aplicação futura que se pretende para estes sistemas, foi também avaliada a influência da 

presença de biopolímeros, goma xantana (GX) e carboximetil celulose 700.000 (CMC 

700.000), nestas emulsões.  

A atividade antimicrobiana de seis óleos essenciais (tomilho, orégãos, eucalipto, menta, 

limão e árvore de chá) foi avaliada em quatro estirpes bacterianas, E. coli ATCC 8739, P. 

aeruginosa DM, S. aureus ATCC 6538, E. faecalis ATCC 29212, através da determinação da CMI, 

utilizando o método de microdiluição em placa. 



xiv 

Numa última fase, após a seleção dos óleos de tomilho, orégãos e menta, como os que 

possuem maior capacidade antibacteriana, foram produzidas emulsões contendo estes óleos 

individualmente e na forma de mistura, de modo a avaliar o efeito sinergístico entre os 

mesmos, pela determinação das suas CMI´s, utilizando, também, o método de microdiluição 

em placa. 

Com o presente estudo foi possível a produção e estudo de emulsões de base natural 

com óleos essenciais, muito promissoras para aplicação no desenvolvimento de produtos de 

dermocosmética inovadores e com propriedades diferenciadas. 

 

Palavras-Chave: óleos essenciais, emulsões, produtos cosméticos, propriedades 

antimicrobianas. 
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Abstract 

Several dermo cosmetic products have a limited and inaccurate antiseptic ability. In this 

context, have been presented at the market new product ranges that include essential oils, 

but whose result it is not effective.  

The development of new dermocosmetic formulations, with better antiseptic 

properties and, preferably, incorporating natural-based components, such as essential oils, 

becomes imperative. Thus, in this work, we produced and characterized emulsions based on 

essential oils constituted by components with verified antimicrobial action, such as thymol, 

through the incorporation of natural-based surfactants and stabilization with biopolymers. 

These emulsion systems were evaluated for their antimicrobial capacity, by determining their 

minimum inhibitory concentration (MIC), with a view to their application in the development 

of innovative cosmetic products. 

Products with antiseptic capacity have always played an important role in our society, 

given their ability to control the proliferation of microorganisms present on the skin, reducing 

the risk of developing infections.  

Essential studies were conducted for the production of stable emulsions, such as 

determining the critical micellar concentration (CMC) of several natural-based surfactants 

under study, such as lauryl glycoside, decyl glycoside, coconut glycoside, cocamidopropril 

betaine, tween 20 and tween 80. 

Then emulsions were produced with model systems, such as vegetable oil and coconut 

oil, aiming to determine their emulsification indexes (IE), to select the surfactants with the 

highest emulsification and stabilization capacity for these oils. In order to obtain more stable 

emulsions over time, considering the future application intended for these systems, the 

influence of the presence of biopolymers, xanthan gum (GX) and carboxymethyl cellulose 

700,000 (CMC 700,000), on these emulsions was also evaluated.  

The antimicrobial activity of six essential oils (thyme, oregano, eucalyptus, mint, lemon 

and tea tree) was evaluated on four bacterial strains, E. coli ATCC 8739, P. aeruginosa DM, S. 

aureus ATCC 6538, E. faecalis ATCC 29212, by determining MIC using the microdilution 

assay. 

In a last phase, after the selection of thyme, oregano and mint oils as having the highest 

antibacterial capacity, emulsions containing these oils individually and as a mixture were 
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produced in order to evaluate the synergistic effect between them, by determining their MICs, 

also using the microplate dilution method. 

With this study it was possible to produce and study natural-based emulsions with 

essential oils, very promising for application in the development of innovative dermocosmetic 

products with differentiated properties. 

 

Keywords: essential oils, emulsions, cosmetic products, antimicrobial properties. 
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1 Introduction 

1.1 Cosmetic Industry and the benefits of natural compounds in 

cosmetic products 

As established by the EU regulations, a cosmetic is classified as “any substance or 

mixture intended to be placed in contact with the external parts of the human body (epidermis, 

hair system, nails, lips and external genital organs) or with the teeth and the mucous 

membranes of the oral cavity with a view exclusively or mainly to cleaning them, perfuming 

them, changing their appearance, protecting them, keeping them in good condition or 

correcting body odours” (Regulation (EC) n.º 1223/2009 of the European Parliament and of 

the Council on Cosmetic Products, 2009).  

The cosmetic industry provides a wide range of important and daily care products, 

including hair care, personal care, cleaner, perfume, and makeup. Cosmetic products are 

always being improved and innovated. For this, cosmeceuticals products, items with one or 

more bioactive components designed to enhance health and beauty, have grown in popularity 

(Pitman, S., 2014). 

The CAGR (Compound annual growth rate) for the worldwide cosmetics industry is 

predicted to be 4.3 percent from 2016 to 2022, and it is expected to achieve $429.8 billion 

this year (Market, V.F., 2016). There is a list composed of synthetic compounds used in the 

production of cosmetics, of this list, less than twenty percent of the twelve thousand chemical 

ingredients were found to be safe (Karr, S. et al., 2013). As a result, serious issues have been 

expressed in recent years about the rising use of cosmetic products, drugs, and several other 

personal care items such as antiseptics, repellents, and nutraceuticals. These concerns are 

related with the environmental effects of cosmetic items, i.e., their biocompatibility, 

bioaccumulation, and toxicity potential in waterways (Gao, P. et al., 2018). 

Approximately 25,000 different components can be used to produce cosmetics, and 

the majority of them fall under the broad category of "lipids," which includes waxes, oils, and 

fats. Still, it seems that getting these substances from natural sources, like plants and animals, 

rather than manufactured versions is preferable (Kulkarni, C.V., 2016). 

Several chemical compounds or cosmetic additives, including synthetic musks (Liu, N. 

et al., 2014), ultraviolet filters (Ramos, S. et al., 2016) and microplastics (Conley, K. et al., 2019), 

are not really and successfully removed by wastewater treatment facilities. Additionally, as a 

result of employing sludges as fertilizers, these concentrate in sewers throughout wastewater 

treatment and make their way into the aquatic environment (Díaz-Cruz, M.S. et al., 2009). 
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Cosmetics, as opposed to drugs, provide the most serious environmental dangers since they 

are used continuously over the course of a person's life. Due to their intended usage on 

exterior surfaces and lack of metabolic conversion, they are introduced in the environment in 

considerable amounts while being washed and taking a shower (Ternes, T.A. et al., 2004). 

Due to these concerns, the investigation and development of new cosmetic products, 

using natural and safe components it is extremely important to overcome the main problems 

reported. 

In the present work, the stability and behavior of essential oils will be evaluated, 

through the formation and study of emulsions for a future application in the production of 

new cosmetics. Once essential oils are natural compounds and has excellent recognized 

properties, like antimicrobial activity, this study can contribute to the substitution of 

compounds with undesirable effects in products of different industries such as cosmetics, food, 

or pharmaceutical. 

1.2 Surfactants in cosmetic industry  

Surfactants or surface-active agents are amphipathic or amphiphilic compounds that 

are composed of a polar (hydrophilic head) and a non-polar moiety (hydrophobic tail) (Lourith, 

N. and Kanlayavattanakul, M., 2009, Schramm, L.L. et al., 2003, Seweryn, A., 2018) and can be 

described as molecules capable of self-associate to create different molecular structures, called 

aggregates (Desai, J.D. and Banat, I.M., 1997, Schramm, L.L. et al., 2003). The hydrophilic 

component is attracted to polar solvents such as water and it includes electrolytically 

dissociable (basic and acidic) groups and nonionic groups (Hydroxide, sugar, and thiol). 

Typically, the acidic groups are sulphonic (R−S(=O)2−OH), sulphate (SO4
2- ), phosphate (PO4

3-

), and carboxylic (R-COOH) groups. The basic groups are usually primary (R−NH2), secondary 

(R2NH), and tertiary amine (R3N), and primary, secondary, and tertiary pyridine groups. The 

hydrophobic tail exhibits affinity for non-polar solvents,  and it is made up of hydrocarbon or 

alkyl chains with 8-22 carbons (Sakamoto, K. et al., 2017), which can be dissociated into fatty 

acids and derivatives, ramified or non-ramified (Falbe, J., 2012, Seweryn, A., 2018).  

One of main properties of surfactants is to decrease the interfacial tension of liquid-

liquid systems, such as oil/water (O/W) or water/oil (W/O), and the surface tension of 

aqueous solutions, such as air/water solutions (De, S. et al., 2015). The interfacial tension is 

the force that draws molecules together at the interface between two fluids (Cong, Y. et al., 

2020, Meybodi, M.K. et al., 2015). The presence of surfactants in aqueous medium leads to a 

decrease in surface tension, since its molecules take some of the position of water molecules 
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present in water´s surface. Thus, surfactant molecules and water molecules are attracted to 

one another with less force than water molecules are attracted to each other, which results 

in a decreasing of the contraction force that causes surface tension (Hu, D. et al., 2016, 

Mohapatra, S. et al., 2014). In O/W systems, the surfactant molecules will act at the O/W 

interface, replacing part of water and oil molecules, this event is known as surfactant 

adsorption. So, the surfactant molecules reorganize themselves in the interface in such a way, 

that, in on side of the interface, the hydrophilic portion is in contact with the water, and, on 

the other side of the interface, the hydrophobic portion is in contact with the oil. This results 

in a more stronger interaction among oil and water interface than the previous contact before 

adding the surfactant (Azodi, M. and Nazar, A.R.S., 2013, Xu, J. et al., 2013). 

Nowadays, surfactants are used for more than simply cleaning, they also act as effective 

emulsifiers, dispersing, foaming and defoaming agents due to their surface activating property 

(Desai, J.D. and Banat, I.M., 1997, Sakamoto, K. et al., 2017). In the cosmetic industry, 

surfactants are essential compounds since it promotes the mixing of two immiscible liquids, 

such as oil and water, allowing a product to permeate skin and hair, and keep a product stable 

for long periods of time (Sakamoto, K. et al., 2017). 

1.2.1 Classification of surfactants 

The surfactants are categorized based on their hydrophilic portion. They can be classed 

into two groups: ionic and non-ionic. The ionic group can even be subclassified into anionic, 

cationic and zwitterionic (or amphoteric) (Carson, C.F. et al., 2002, Dave, N. and Joshi, T., 

2017), and it can be shown in Figure 1. 
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Figure 1: Surfactant classification based on the hydrophilic head. Non-ionic surfactant (1), Cationic 

surfactant (2), Anionic surfactant (3) and Zwitterionic surfactant (4). 

 

1.2.1.1 Anionic surfactants 

In this type of surfactants, the hydrophilic portion dissociates into anions in aqueous 

medium. Typically, the hydrophilic portions are: sulfonate (-SO3
- ), sulfate (-OSO3

- ), 

carboxylate (-COO-), sulfobetaine (-N(CH3)2C3H6SO3
-) and carboxybetaine (-NR2CH2COO-) 

(Sakamoto, K. et al., 2017). The hydrophobic tail is composed for alkyl chains with a length of 

C12-C18 of saturated/unsaturated aliphatic groups.  They are the most commonly used class of 

surfactants due to its great cleaning capabilities in shampoos, dishwashing solutions and 

detergents. This type of emulsifiers is nontoxic (Dave, N. and Joshi, T., 2017).  

1.2.1.2 Cationic surfactants 

In this case the hydrophilic portion dissociates into cations in aqueous solutions. They 

function well as emulsifiers. Due to its effective and powerful antibacterial properties, this type 

of surfactants is used as topical antiseptics, hand and bathroom sanitizers. Besides these 

applications, the cationic surfactants are even used as textile conditioners due to attraction of 

cationic surfactants by negative charges, they can bond to each other and give the fabric a 

plush and cozy feel (Dave, N. and Joshi, T., 2017). One of the examples of cationic groups is 

quaternary ammonium (-R4N
+) (Sakamoto, K. et al., 2017). 

1.2.1.3 Zwitterionic surfactants 

Zwitterionic or amphoteric surfactants present a hydrophilic portion made up of 

cationic and anionic groups. The anions are often, carboxylate, sulphate and sulphonate and 

the cations are, usually, ammonium. This type of surfactants is lesser found than anionic, 
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cationic and non-ionic surfactants. Due to their extreme mildness, effectiveness in treating 

skin conditions, and powerful foaming capabilities, zwitterionic surfactants are ideal for usage 

in personal care (shampoos and other cosmetics) and home cleaning items (dishwashing 

detergents) (Dave, N. and Joshi, T., 2017).  

1.2.1.4 Non-ionic surfactants 

In non-ionic surfactants, the hydrophilic head do not dissociate in ions in water 

solutions, as is the case with phenol (C6H6O), alcohol (CH3OH), glycerol ( C3H8O3), sorbitol 

(C6H14O6), ether (R–O–R′), ester (R–COO–R′) and amide (CO-NH) groups (Dave, N. and 

Joshi, T., 2017, Sakamoto, K. et al., 2017). Owing to lack of a charge, these surfactants resist 

to water action. Among the several applications of these emulsifiers, stands out dishwashing 

detergents, home cleansers, laundry detergents, as good fat removers, and drug delivery 

(Dave, N. and Joshi, T., 2017). 

1.2.2 Critical micelle concentration (CMC) 

At a given concentration, the surfactant molecules organize, rearrange themselves and 

associate with each other creating an aggregate form designated as micelle, typically a spherical 

micelle (self-assembled molecules cluster) (Bhosle, M.R. et al., 2020, Massarweh, O. and 

Abushaikha, A.S., 2020, Naseri, N. et al., 2018, Sakamoto, K. et al., 2017), such is shown in 

Figure 2.  

 

Figure 2: Surfactants molecules rearrange into micelles. 

 

The concentration above which surfactants create micelles is known as the critical 

micelle concentration (CMC) (Massarweh, O. and Abushaikha, A.S., 2020, Sakamoto, K. et al., 

2017). Beyond the micellization, above CMC, the surfactant molecules can rearrange 

themselves into vesicles and bilayers (De, S. et al., 2015). Due to this feature, surfactants 

improve the availability and solubility of non-polar compounds (Whang, L.-M. et al., 2008). 

Usually, surfactant effectiveness is measured using the CMC parameter. Therefore, for more 
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efficient surfactants, the CMC value is lower because a lower amount of surfactant is required 

to reduce surface tension (Desai, J.D. and Banat, I.M., 1997), as is shown in Figure 3. A 

surfactant's CMC is influenced by its molecular structure (such as the length of its hydrophobic 

portion) (Glennie, A.R. et al., 2006), the salinity and ionic constitution of the solution 

(Bratovcic, A. and Nazdrajic, S., 2020), pressure conditions, temperature, pH, and other 

variables (Harutyunyan, L.R. and Harutyunyan, R.S., 2019). In addition to surface tension, when 

the CMC is reached other physical and chemical parameters drastically change such as 

electrical and thermal conductivity, and viscosity (Sabahi, N. et al., 2017). 

 

Figure 3: Schematic representation of the decrease in surface tension with increasing surfactant 

concentration and consequent CMC determination. (Adapted from (Ueno, M. et al., 2016)) 

   

1.2.3 Critical packing parameter (CPP) 

At the level of aggregates that can be formed, besides micelles there are others, 

depending on a factor, known as molecular packing parameter (PC) or critical packing 

parameter (CPP), and it can be calculated through the formula in Equation 1. 

𝐶𝑃𝑃 =
𝑣0

𝑙0𝑎
                                         Equation 1 
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In the equation v0 is the volume of the surfactant hydrophobic portion, l0 is the length 

of the surfactant hydrophobic portion, a is the surface area of the hydrophilic portion at the 

surface of the aggregate (Nagarajan, R., 2002). 

The CPP  factor defines the connection among a surfactant molecule´s shape and the 

types of aggregation that can occur in water medium (Massarweh, O. and Abushaikha, A.S., 

2020). Therefore, based on the value of CPP, it is possible to hypothesize the form and 

geometrical structure of molecular aggregates based on the molecular structure of surfactants. 

If 0 < CPP ≤ 1/3, merely spherical micelles are present in solution. When 1/3 < CPP ≤ 1/2, 

hexagonal or rod-shaped aggregations are most common. Whereas, 1/2 < CPP ≤ 1, an 

equilibrium among the head group and tail lengths result in planner aggregates with a bilayer 

shape that resembles a sheet (vesicles) (Holmberg, K. et al., 2002). The CPP > 1 form inverted 

micelles or inverted hexagonal phases (HII) (Stuart, M.C. and Boekema, E.J., 2007). The Figure 

4 illustrates the influence of the CPP parameter on the morphology of the aggregates that are 

formed. 

 

Figure 4: Aggregates structures that are formed based on CPP parameter. (adapted from (Stuart, 

M.C. and Boekema, E.J., 2007)) 

 

1.2.4 Krafft temperature, Krafft point and Cloud point 

The Krafft temperature (TK), commonly referred as the critical micelle temperature, is 

a significant factor associated with the CMC (Islam, N. et al., 2015, Roy, J.C. et al., 2014). The 

TK is the temperature at which the surfactant solubility significantly increases, and a continuous 

temperature rise until reaches the CMC and hence leading to a micelle formation (Malik, N.A. 

and Ali, A., 2016). Under the Krafft temperature, the formation of surfactant micelles is not 
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possible (Dicharry, C. et al., 2016, Dölle, S. et al., 2012), and surfactant tended to be insoluble 

(Moon, T.L. et al., 2001, Srivastava, A. et al., 2019). Other important parameter is Krafft point 

that indicate the temperature at which the solubility of surfactants matches their CMC, since 

at this point de hydrophobic chains starts to melt and that helps the dissolution of surfactant 

molecules into micelles and monomers (Dave, N. and Joshi, T., 2017). 

 However, there is types of surfactants that do not have Krafft point, as non-ionic 

surfactants. When temperature rises, the non-ionic surfactants solubility drops, and they start 

to lose their surface-active features above a temperature shift known as the cloud point. This 

happens when a phase of inflated surfactant micelles splits above the cloud point (Schramm, 

L.L. et al., 2003). The transition is detectable due to a sharp rise in dispersion turbidity. Thus, 

the cloud point is used as a gauge of the solubility of this type of surfactants, since a surfactant 

with higher value of this parameter also has a greater hydrophilic feature (Sakamoto, K. et al., 

2017). 

1.3 Emulsification 

Emulsification is the process by which a liquid is dispersed into another, resulting in 

droplets (dispersed phase) suspended in another liquid (the continuous phase) and, 

consequently, the blending of two immiscible liquids (De, S. et al., 2015, Jaiswal, M. et al., 2015, 

Travis, P.M., 1926), originating an emulsion. Emulsions are usually unstable so to help in this 

process it is necessary an additional component called emulsifier or surfactant, which allows 

the emulsification through surrounding the droplets and forming a thin layer. Usually, the 

droplets size is between 0.1 and 100 µm (Jaiswal, M. et al., 2015). 

1.3.1 Types of emulsions  

There are two types of emulsions: O/W and W/O emulsions. O/W emulsions have oil 

globules that are spread in the continuous phase, water. W/O emulsions consist of a 

continuous oily phase in which water is scattered as droplets (Barkat, A.K. et al., 2011, Travis, 

P.M., 1926). The Figure 5 shows the two types of emulsion in question. 
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Figure 5: Types of emulsions. 

 

1.3.2 Hydrophilic-lipophilic balance (HLB) 

An extremely helpful approach for categorizing surfactants according to how well they 

dissolve in water is the hydrophilic-lipophilic balance (HLB). This numeric value parameter 

indicates the relative surfactant affinity for water and oil. Therefore, surfactants with HLB 

values of three to six, i.e., low HLB, are applied to W/O emulsions since the lower the HLB 

number, the more lipophilic the surfactant is, so they stabilize W/O emulsions. While 

surfactants with HLB values, i.e. high HLB, of seven to twenty are applied to O/W emulsions, 

since the higher the HLB number, the more hydrophilic the surfactant is, hence stabilizing 

O/W emulsions (Barkat, A.K. et al., 2011, Mohamed, A.I.A. et al., 2017, Schramm, L.L. et al., 

2003). This parameter is based on a concept known as Bancroft's rule, which define that the 

continuous phase is that in which a surfactant dissolve more easily. Accordingly, surfactants 

that are soluble in oil, often produce water-in-oil emulsions whereas surfactants that are 

soluble in water typically produce oil-in-water emulsions (Mohamed, A.I.A. et al., 2017). 

1.3.3 Types of instabilities that occur in emulsions  

Emulsions are thermodynamic systems with a high associated instability because of the 

strong interfacial tension among the two phases (Becher, P., 1983). In an emulsion four types 

of instabilities can occur, such as: coalescence, flocculation, creaming and Ostwald ripening, 

which can be seen in Figure 6. 
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Figure 6: The four types of emulsions instabilities. 

 

1.3.3.1 Coalescence 

Coalescence is the kind of emulsion instability that happens when interfacial layer is 

disrupted and as the result, the droplets combine to produce bigger globules (Shao, P. et al., 

2020). Emulsion stabilization against coalescence can be reached by adding high molecular 

weight or high boiling point compounds (Herbert, A. et al., 1996).  

1.3.3.2 Flocculation 

Flocculation is the formation of a big aggregation through the combination of tiny 

emulsion particles. This is a reversible instability e and it precede coalescence. Flocculation 

can be caused by an overabundance of surfactant in the continuous phase. That happens due 

to a depletion mechanism which is described as a system with large amounts of micelle-forming 

surfactants, the droplets begin to approach one another at a distance nearer than emulsifier 

micelles diameter and because of the decrease of entropy, micelles separate from the 

interparticle region. Because of this process, the osmotic pressure in the space among the 

globules decreases, creating an attraction force between them. As a result, particle flocculation 

takes place (Barkat, A.K. et al., 2011).  

1.3.3.3 Creaming 

Creaming occurs when the disperse phase splits out and creates a layer on the surface 

of the continuous phase (Shao, P. et al., 2020). It is noteworthy that the dispersed phase in 

creaming stays in droplet form such that shake might redisperse it. By increasing the 

continuous phase's viscosity, creaming can be reduced. Typically, in O/W emulsions, the 

creaming layer forms on top of the continuous phase, since the dispersed droplets are less 

dense than the other phase. Whereas in W/O emulsions the creaming layer forms below the 

continuous phase since the dispersed droplets are denser than the other phase (Barkat, A.K. 

et al., 2011).  
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1.3.3.4 Ostwald ripening 

Ostwald ripening is the expansion of one disperse particle at the detriment of another 

that is smaller due to the different chemical potential of the content of the two globules (Shao, 

P. et al., 2020, Taylor, P., 1995).  

1.4 Polymers in cosmetic industry  

Polymers are made up of several repeated units designated monomers, often organized 

in the shape of a chain. Through the chemical reaction of monomers, polymers are created. 

When the right conditions are met, monomers can interact with molecules of the same kind 

or a different type to form polymer chains. Natural polymers were created because of this 

process in nature, whereas synthetic polymers were produced in laboratory (Namazi, H., 

2017). Having said that, according to the source from which these compounds are obtained 

they can be categorized as natural, from biological material such as plants or animals, semi-

synthetic, polymers from natural sources that have undergone chemical modification, or 

synthetic polymers, from artificial source, i.e., produced by mankind. Specifically in cosmetic 

products they are present as basic ingredients since they are fundamental in the creation of 

high-performance goods. Due to the variety in terms of polymers structure, they promote a 

diversity of roles such as thickening and emulsifying agents, conditioners, and foaming 

stabilizers and destabilizers (Dias-Ferreira, J. et al., 2020, Gawade, R.P. et al., 2020). 

In fact, these macromolecules are included in a variety of formulations used in the 

beauty industry, including fragrance, cosmetics, and nail care. For example, they are used in 

hair formulations, such as shampoos, conditioners, tip repair, hair color, hydrating treatments, 

and fixing solutions, and in skin care items including hydrating lotions, sunscreen, body oils and 

liquid soaps (Dias-Ferreira, J. et al., 2020). All these goods have unique uses and applications, 

as well as various compositional, production, and physical and chemical properties that require 

a wide range of polymers (Alves, T. et al., 2020). 

Besides the applicability of these components in cosmetics, they also could be part of 

physic sector, mechanical and chemical engineering, textile sector and pharmaceutical area. 

Thus, it is possible to employ both natural and synthetic polymers as composites, coverings, 

synthetic rubber, ceramic products, caulking, textile fibers, plastic. In fact, the science field, 

such as, biochemistry, biophysics, biomedicine and molecular biology are the main areas which 

polymers and polymeric chemistry have a key role in their innovative development (Namazi, 

H., 2017).  
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In cosmetics, the most often applied polymers are carboxymethyl cellulose (CMC), 

guar gum (GG), modified starch, xanthan gum (XG) (Alves, T. et al., 2020). Considering their 

applications in cosmetics, xanthan gum and carboxymethyl cellulose were chosen as polymers 

for this work. 

1.4.1 Xanthan gum (XG) 

Xanthan gum is a natural anionic extracellular polysaccharide with high molecular 

weight. This polymer is the result of fermentation process carried out by a Gram-negative 

bacterium designated Xanthomonas campestris (Bhattacharya, S.S. et al., 2013, Chaturvedi, S. et 

al., 2021). Since each monomeric unit of this polymer contains several functional groups, such 

as ester, hydroxyl, and carboxyl, which are uniformly distributed in polymeric chain, XG is 

totally soluble for both hot and cold water. This confers stability under several conditions such 

as temperature, acidity, and enzymes action, allowing the XG to maintain solution viscosity 

constant at low concentrations and throughout a broad variety of temperatures and pH values 

(He, J. et al., 2017, Nor Hayati, I. et al., 2016).   

Beside these features, XG does not present toxicity associated and it is considered by 

US Food and Drug Administration (FDA) safe to use in food items without any quantitative 

restriction (Bhattacharya, S.S. et al., 2013). So, for that, it has been extensively used in O/W 

emulsions, as polymeric stabilizers, food preservatives and rheology modifiers in cosmetic, 

food and pharmaceutical sectors, respectively (Nor Hayati, I. et al., 2016, Xue, J. and Ngadi, 

M., 2009, Zhang, X. et al., 2013). The Figure 7 represent the chemical structure of XG. 

 

 

Figure 7: Chemical structure of XG. 
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1.4.2 Carboxymethyl cellulose (CMC) 

  Carboxymethyl cellulose is a semi-synthetic, anionic, linear, and water-soluble 

polysaccharide derivate of cellulose (Rahman, M.S. et al., 2021). The synthesis of CMC was 

once reliant on wood-based plants since celluloses were mostly extracted from, not only 

wood, but another plant precursors which inherently had a high proportion of cellulose fibers 

(Fengel, D., 1969, Revol, J.F. and Goring, D., 1981, Scott, D.S. et al., 1988). The main structural 

changes among cellulose and CMC are a few carboxymethyl units (-CH2COOH) in the CMC 

architecture that take the place of few of the hydroxyl groups that are found in the natural 

cellulose backbone (Rahman, M.S. et al., 2021).  

Concerning the marketplace, CMC has been manufactured at the commercial level, 

since the twenties. Particularly because of this polymer´s biodegradability and lack of 

associated toxicity, CMC is being used in wide range of sectors, such as cosmetic, culinary and 

pharmaceutical goods, to increase the viscosity of solutions, to stabilize emulsions, and as a 

way to enhance texture (Fengel, D., 1969). The Figure 8 represent the chemical structure of 

CMC.  

 

Figure 8: Chemical structure of CMC. 

 

2   Introduction of essential oils and their application in cosmetic industry   

Essential oils (EOs) also called as volatile oils are concentrated hydrophobic liquids, 

which contain compounds responsible for their distinctive scents. (Burt, S., 2004) They are 

the product of the secondary metabolism of the plants (Fraenkel, G.S., 1959), so they are 

reaped from plant materials such as flowers, buds, leaves, bark, roots, seeds, fruits, and wood 

(Burt, S., 2004). 
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Typically, the EOs consists of a complex set of volatile compounds which can be classed 

regarding their chemical structure as terpenes, terpenoids (or oxygenated terpenes) and 

phenols (Hyldgaard, M. et al., 2012, Rao, J. et al., 2019), which will be discussed below. 

Nevertheless, the composition of these oils varies according to certain parameters, 

such as harvest time, geographical origin, and extraction procedure. (Demuner, A.J. et al., 2011, 

Nannapaneni, R. et al., 2009, Paibon, W. et al., 2011) Even the fact that they are extracted from 

different parts of the same plant influences their composition (Delaquis, P.J. et al., 2002).  

The EOs exhibit over 60 individual components, the major components of which 

constitute about 85% of the overall EOs, whereas minor constituents are usually found in trace 

amounts (Senatore, F., 1996). 

The essential oils throughout history have had several applications including in the food 

industry, cosmetics, and even health care, mainly in aromatherapy. EOs were often employed 

in the cosmetic business in the past because of their well-known scent qualities. Yet, additional 

intriguing qualities of several essential oils have been investigated, proven, and used in 

cosmetics (Lubbe, A. and Verpoorte, R., 2011, Nohynek, G.J. et al., 2010). Numerous studies 

demonstrated that due to their antibacterial properties against a variety of bacterial strains, 

EOs may be employed as preservation ingredients in cosmetics  (Bakkali, F. et al., 2008, 

Nakatsu, T. et al., 2000). Since at considerably low concentrations, EOs inhibit the growth of 

harmful pathogens in cosmetics (Yorgancioglu, A. and Bayramoglu, E.E., 2013). Due to natural 

origin of EOs, they can take place of synthetic compounds, that endanger the health of the 

human being, and contribute with their antimicrobial and preservative characteristics for the 

cosmetic products (Adwan, G. et al., 2012, Claffey, N., 2003, Yorgancioglu, A. and Bayramoglu, 

E.E., 2013).  

In plants, essential oils also play a fundamental role in protecting against predators, in 

communication among plants, and even in attracting insects for pollination (Hanif, M.A. et al., 

2019). Besides this, the organic compounds of low molecular weight that make up the EOs 

have an antimicrobial activity widely well described and recognized (Hyldgaard, M. et al., 2012). 

The verified antimicrobial activity of EOs is directly correlated to their major constituents and 

their synergistic action with minor components. 

Among the components with high antimicrobial activity, phenols and oxygenated 

terpenoids stand out. Whereas terpenes and the other components, including ketones, such 

as β-myrcene, α-thujone, and geranyl acetate, exhibit lower antimicrobial activity when 

compared to phenols and terpenoids (Bassolé, I.H. and Juliani, H.R., 2012). 
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2.1 Chemical composition of essential oils  

The chemical compounds present in essential oils are mainly hydrocarbons, thus 

presenting carbon and hydrogen as structural blocks. In essential oils, isoprene (C5H8)  is the 

most common fundamental hydrocarbon unit (Hanif, M.A. et al., 2019).   

 

Figure 9: Chemical structure of isoprene unit. 

 

The chemical composition of the constituents of EOs is quite important since its 

antimicrobial action is directly related to the way in which their components act (Bakkali, F. et 

al., 2008, Burt, S., 2004). Considering this, three groups of compounds can be highlighted: 

terpenes, terpenoids and phenols. 

2.1.1 Terpenes 

The most common elements of essential oils are terpenes which are produced in the 

cytoplasm of a wide range plant cells (Hyldgaard, M. et al., 2012). Terpenes are made up of 

several isoprene units joined together in a cyclic or non-cyclic chains (Sikkema, J. et al., 1995). 

Terpenes are classified as monoterpenes, diterpenes or sesquiterpenes based on the number 

of isoprene units in the molecule. Monoterpenes have the chemical formula C10H16 and are 

comprised of two isoprene units. This type of terpenes is found mostly in citrus, rosemary, 

sage, and lemongrass oils and include limonene, myrcene, α-pinene, and β-pinene. 

Sesquiterpenes have the chemical formula C15H24 and are made up of three isoprene units, 

such as β-caryophyllene (Rao, J. et al., 2019). Monoterpenes (C10) and sesquiterpenes (C15), 

which combine two and three isoprene units, respectively, are the two most common 

terpenes found in EOs (Bakkali, F. et al., 2008). 



16 

 

 

 

 

 

  

Figure 10: Chemical structure of limonene, myrcene and β-caryophyllene, respectively. 

 

2.1.2 Terpenoids 

Terpenoids, commonly referred as isoprenoids, are a broad and diversified family of 

naturally occurring isoprene-derived chemicals present in essential oils. In contrast to 

terpenes, isoprene units in terpenoids are joined and changed in several ways, including the 

addition or deletion of methyl groups and the introduction of oxygen atoms to the isoprene 

unit (Bakkali, F. et al., 2008). Based on the number of isoprene units present, terpenoids can 

be classed as monoterpenoids, sesquiterpenoids, or diterpenoids. Another way of categorizing 

terpenoids is by the number of cyclic structures they have (Rao, J. et al., 2019). Examples of 

some terpenoids are: 1,8-cineole, linalool and terpinen-4-ol.  

 

   

 

 

 

 

Figure 11: Chemical structure of 1,8-cineole, linalool and terpinene-4-ol, respectively. 

 

2.1.3 Phenols  

Phenols, commonly referred as terpenoid phenols, are a class of chemical components 

which include an aromatic ring with a hydroxyl group. Thymol, carvacrol and eugenol are 

examples of terpenoid phenols that are present in cinnamon, oregano, clove, and thyme EOs 
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(Rao, J. et al., 2019). In the phenolic compounds, the presence and the position of the hydroxyl 

group in the benzene ring seems to have influence in their action, mainly in antimicrobial action 

(Hyldgaard, M. et al., 2012). 

 

 

 

 

 

Figure 12: Chemical structure of thymol, carvacrol and eugenol, respectively. 

 

2.2 Essential oils in study  

2.2.1 Thymus Essential Oil  

Thyme is a fragrant and therapeutic herb that it has gained more commercial appeal. It 

is part of the Lamiaceae or Labiatae family, and it typical species are T. serpyllum (wild thyme) 

and T. vulgaris (ordinary thyme) (Badi, H.N. et al., 2004, Nabavi, S.M. et al., 2015). Regarding to 

thyme essential oil (TEO) chemical composition, it comprises two phenolic terpenoids, thymol 

(37-55%) and carvacrol (0.5-5.5%), and monoterpenes such as, γ-terpinene (30.90%) (Borugă, 

O. et al., 2014), p‐cymene (9.1–22.2%), linalool (2.2–4.8%), 1,8‐cineole (0.2–14.2%) and α‐

pinene (0.9–6.6%) (Amiri, H., 2012, Burt, S., 2004, Nickavar, B. et al., 2005). Thyme is in the 

top ten most popular oils in the world due to its several applications, for example, it acts as a 

natural preservative, as a powerful antioxidant and antimicrobial (Ben-Jabeur, M. et al., 2015, 

Rasooli, I. et al., 2006), and adds flavor and smell to a broad range of foods and beverages and 

items of personal care, such as soaps, perfumes, oral solutions, and cosmetics (Cosentino, S. 

et al., 1999, Schulz, H. et al., 2003). Besides these applications, the TEO also exhibits 

antimicrobial activity, which is attributed to its main compounds, the phenolic 

monoterpenoids, thymol and carvacrol (Montes-Belmont, R. and Carvajal, M., 1998).  

2.2.2 Oregano Essential Oil 

Oregano is an herb that is part of the Lamiaceae family, which includes as primary 

representative species Oregano vulgare (Hercules, S., 2017). Oregano essential oil´s (OEO) 

main compounds are the phenolic isomers thymol and carvacrol, and, at a lower percentage, 

p-cymene and γ-terpinene, two of their precursors monoterpenes (Kokkini, S. et al., 1997). 

After researching several Greek oregano species, gathered from various geographic locations, 
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suggest that despite the variation in the concentrations of the primary compounds within 

different species, their combined levels can account for up to 90% of the overall oil 

composition (Kokkini, S. et al., 1997). Since ancient times, oregano has been used as a common 

spice and as essential oil is known for having antimicrobial and antispasmodic properties 

(Nostro, A. et al., 2004). In culinary and alcoholic beverage preparations, oregano are 

frequently employed as aromatics (Aligiannis, N. et al., 2001). Due to its high thymol and 

carvacrol content, oregano essential oil has the strongest antioxidant capacity and has notable 

benefits in inhibiting fat oxidation (McKay, D.L. and Blumberg, J.B., 2006). Though, owing to 

its potent fragrance, which adversely affects the food's organoleptic features, the use of such 

essential oil as a food preservative is somewhat restricted (Lambert, R. et al., 2001). In addition 

to these applications, several highly bioactive chemicals with acaricidal, insecticidal (Cetin, H. 

et al., 2009), and perhaps antibacterial properties have been found in oregano essential oils, 

against bacteria that cause food poisoning and food spoilage (Mith, H. et al., 2014, Nabavi, S.M. 

et al., 2015). This antimicrobial potential of OEO is related with the phenolic monoterpenoids 

compounds, thymol and carvacrol (Baratta, M.T. et al., 1998, Force, M. et al., 2000, Manohar, 

V. et al., 2001, Marino, M. et al., 2001, Mockute, D. et al., 2003, Stiles, J.C. et al., 1995).  

2.2.3 Eucalypt Essential Oil 

Eucalyptus is a plant that belongs to Myrtaceae family (Tyagi, A.K. and Malik, A., 2011). 

Regarding to Eucalyptus essential oil (EEO) composition, this includes monoterpenes, such as, 

p-cymene, α-pinene, β-pinene and D-limonene, monoterpenoids (oxygenated monoterpenes), 

as is the case 1,8-cineole (eucalyptol), linalool and sesquiterpenoids (oxygenated 

sesquiterpenes) (Broker, M. and Kleinig, D., 2006, Dhakad, A.K. et al., 2018). Among these 

compounds, 1,8-cineole stands out as the main compound, with a range of percentages 44-84 

% (Limam, H. et al., 2020). EEOs are gaining popularity in a wide range of industries, including 

the alternative medicine, pharmaceutical, cosmetic, perfume, and culinary industries 

(Goldbeck, J.C. et al., 2014).The antimicrobial action associated to EEO is due to certain 

compounds such as, 1,8-cineole, α-pinene, β-pinene and limonene (Raju, G. and Maridas, M., 

2011). Instead of the concentration of a unique compound, antimicrobial activity of this oils 

was shown to be related to the synergistic interactions of major and minor constituents 

(Posadzki, P. et al., 2012).  

2.2.4 Mint Essential Oil 

Mint, the genus Mentha, is an herb that belongs to Lamiaceae family. The mint essential 

oils (MEOs) are mainly made up of aromatic monoterpenoids, with menthol (20-60%) and 

mentone (5-35%) standing out as the major components, and followed by, depending on 
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species, isomenthone, limonene, β-caryophyllene and β-pinene (Kalemba, D. and Synowiec, A., 

2019, Stringaro, A. et al., 2018). The two most significant mint species in terms of production 

and trade are peppermint (M. x piperita), and corn mint (M. canadensis, M. arvensis or Japanese 

mint) (Singh, P. and Pandey, A.K., 2018, Wongpornchai, S. et al., 2006). Corn mint is used for 

oils production (Naeem, M. et al., 2017), peppermint is used too for essential oils mainly due 

to its major compounds, menthol and menthone (Mimica-Dukić, N. et al., 2003). The 

terpenoids and the aromatic compounds, due to their many benefits, have been applied to 

several domains, in food, such as flavouring agents, pharmaceuticals, in medicine preparations, 

cosmetics and perfumery industry (Mahendran, G. and Rahman, L.U., 2020, Singh, P. and 

Pandey, A.K., 2018). In addition to these applications, this oil, as well as the previous sections, 

also has antimicrobial activity, which is owed to the presence of bioactive molecules, such as 

menthol and menthone, however, a higher content of menthol has been revealed to be more 

efficient and active than menthone (Anwar, F. et al., 2019, Kalemba, D. and Synowiec, A., 2019). 

2.2.5 Lemon Essential Oil 

Citrus limon, also referred as lemon, is a tree from Rutaceae family (Klimek-

Szczykutowicz, M. et al., 2020). The barks of citrus fruits are de primary source of citrus EOs 

(Mahato, N. et al., 2019). The lemon essential oil (LEO) presents as major components, 

monoterpenoids, particularly, D-limonene (Abad-García, B. et al., 2012). Of these, the 

quantity-dominant compounds are, usually, limonene (69.9%), β-pinene (11.2%), γ-terpinene 

(8.21%), E-citral (geranial, 2.9%), neral (Z-citral, 1.5%) and linalool (1.41%) (González-Molina, 

E. et al., 2010, Kaskoos, R.A., 2019, Russo, M. et al., 2015).  Due to its rich chemical 

constitution, this oil is present in some sectors, such as cosmetic and food industries (Abad-

García, B. et al., 2012, García-Salas, P. et al., 2013, Russo, M. et al., 2015). Concerning 

antimicrobial activity of this EO, although limonene be the major compound in LEO, there is 

no correlation between the antibacterial action of these oil and the amount of limonene, so it 

is likely that a synergistic effect among major and minor components are responsible for the 

antimicrobial effect of this oil (Ambrosio, C.M.S. et al., 2019, Djabou, N. et al., 2013, Raspo, 

M.A. et al., 2020).  

2.2.6 Tea Three Essential Oil 

  The tea three belongs to Melaleuca genus from the Myrtaceae family, and the brand 

name used to sell the essential oil obtained from this genus is Tea three oil (TTO). Besides 

this name, this EO is also called Australian tea three oil or Cajupat oil, since the plants that 

produce it are indigenous to that area (Yasin, M. et al., 2021). The most outstanding species at 

the level of TTO commercialization are M. alternifolia, M. cajuputi, M. bracteata and M. 
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quinquenervia (Hnawia, E. et al., 2012, Padalia, R.C. et al., 2015, Zhang, J. et al., 2021). This type 

of oil offers multiple benefits in the health and cosmetics sectors since it is a powerful 

bactericide, fungicide, and antiseptic. It is also highly safe and effective (Budhiraja, S.S. et al., 

1999). The volatile oils of melaleuca species include a wide range of aromatic constituents 

(Trilles, B.L. et al., 2006), which includes monoterpenoids such as terpinene-4-ol, p-cymene, 

α-pinene and α-terpinene (Yasin, M. et al., 2021). Terpinene-4-ol (40%), γ-terpinene (23%) and 

α-terpinene (10%) make up the majority of this oil (Brophy, J.J. et al., 1989, Santos, R.C.V. et 

al., 2014). In addition to the compounds already mentioned, TTO also has limonene in its 

constitution (Brophy, J.J. et al., 1989). Regarding antimicrobial activity of TTO, this is associated 

to the major compound terpinene-4-ol which is the main antibacterial compound present in 

this oil (Carson, C.F. et al., 2006, Santos, R.C.V. et al., 2014). The antimicrobial characteristics 

of this oil are related to the impairment of respiration and the leakage of bacterial cell 

membrane components (Yasin, M. et al., 2021).  

2.3 Antimicrobial properties of Essential oils against Gram-positive and 

Gram-negative bacteria  

The antibacterial action of EOs is unlikely to be due to a single mechanism; multiple 

locations in a cell are likely to be targeted (Carson, C.F. and Riley, T.V., 1995). It is not easy 

to anticipate an organism sensitivity to a given EO, since it differs from strain to strain (Burt, 

S., 2004). Nevertheless, Gram-negative bacteria are known to be, typically, more resistant 

than Gram-positive bacteria (Trombetta, D. et al., 2005). This happens as a result of the 

presence Gram-negative bacteria's outer membrane which are constitute by 

lipopolysaccharides (LPS). The outer membrane functions as a barrier against macromolecules 

and hydrophobic substances. This increases Gram-negative bacteria's resistance to the 

predominantly hydrophobic antibacterial constituents of EOs (Nikaido, H., 2003).  

The Gram-positive bacteria are surrounded by a strong peptidoglycan wall that is 

insufficiently dense to resist tiny antibacterial compounds, hence permitting access to the cell 

membrane (Hyldgaard, M. et al., 2012, Zinoviadou, K.G. et al., 2009). In addition, the lipophilic 

ends of lipoteichoic acid found in Gram-positive bacteria's cell membranes may facilitate the 

entry of hydrophobic EO compounds (Cox, S. et al., 2000). This hydrophobic nature enables 

EOs to disrupt the lipids of bacterial cell membranes in Gram-positive bacteria and, to a lesser 

degree, in Gram-negative bacteria (Knobloch, K. et al., 1986, Sikkema, J. et al., 1994) and 

enabling cellular material and ions to escape (Carson, C.F. et al., 2002, Helander, I.M. et al., 

1998). It may not always imply apoptosis since certain cell permeability is tolerated, but severe 

leakage or loss of critical elements might result in death (Denyer, S., 1991).  
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2.3.1 Mechanism of action of essential oils 

Multiple mechanisms of action (MOAs) have been hypothesized for essential oils' 

antimicrobial effect, which would include modifying the fatty acid profile of the cell membrane, 

harming the cytoplasmic membrane, and decreasing the protonmotive force (PMF) (Figure 

13) (Di Pasqua, R. et al., 2007, Oussalah, M. et al., 2006). Several studies have linked the MOAs 

of essential oils to their capacity to permeate bacterial cell outer membranes and cytoplasmic 

membranes, hence destroying the cellular structures, making vulnerable to the essential oils 

in the vicinity (Burt, S., 2004, Calo, J.R. et al., 2015, Hyldgaard, M. et al., 2012, Swamy, M.K. et 

al., 2016). Whenever bacteria are exposed to several essential oils, the antimicrobial MOAs 

of essential oils may include diverse activities at the cell outer membrane and inside the 

cytoplasm (Rao, J. et al., 2019). The outer membrane is nevertheless able to retain its fluidity, 

under some conditions, due to self-defense mechanisms, which include modifying the degree 

of fatty acids saturation, the carbon chain size, the ramification position, the cis/trans 

isomerization, and the conversion of unsaturated fatty acids (UFAs) into cyclopropanes in the 

cellular membrane (Di Pasqua, R. et al., 2006, Siroli, L. et al., 2015). 

 

Figure 13: Mechanisms of action of essential oils in the bacterial cells. 

 

The Antimicrobial action of terpenes has been related to their ability/skill to suppress 

respiration and other energy-dependent mechanisms at the level of the cell membrane (Griffin, 

S.G. et al., 1999). Nevertheless, when employed as a single component, terpenes' antibacterial 

action is ineffective (Hyldgaard, M. et al., 2012). 
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Regarding terpenoids, the MOA is largely attributable to a change in the fatty acid 

content of bacteria cellular membrane, leading to changes in the membrane permeability and 

leaking of intracellular components (Trombetta, D. et al., 2005).    

Many compounds of EOs, especially phenols, seem to have specific MOAs, working as 

a proton exchanger. Thus, decreasing the pH gradient throughout the cell membranes, 

particularly when their penetration is facilitated by other components. Eventually, the collapse 

of PMF and the depletion of adenosine triphosphate (ATP) culminate in apoptosis (Ultee, A. 

et al., 2002). Subsequently, there is iron loss and intracellular content leakage (Helander, I.M. 

et al., 1998, Rhayour, K. et al., 2003). Phenols, similarly to terpenoids, are known for causing 

structural and functional harm to bacteria’ cytoplasmic membranes (Lambert, R. et al., 2001, 

Oussalah, M. et al., 2006). Enzymes inhibition, including ATPase, histidine decarboxylase, 

amylase, and protease, is promoted by the hydroxyl group present in these compounds 

struture. Due to perturbed cellular respiration, the inhibition of ATPase may be crucial for 

cell death (Swamy, M.K. et al., 2016). 

2.3.1.1 Terpenes 

Large-scale experiments using limonene, α-pinene, β-pinene, and α-terpinene, which 

exhibit minimal or nonexistent antibacterial activity, suggest that terpenes do not have 

substantial antimicrobial activity (Dorman, H.J. and Deans, S.G., 2000). Another important 

monoterpene is p-cymene, one of the main elements present in some EOs, such as thyme, at 

high concentrations, has no antibacterial action when used alone (Bagamboula, C.F. et al., 

2004), since in its structure the benzene ring does not have a hydroxyl group attached  

(Bagamboula, C.F. et al., 2004, Carson, C.F. and Riley, T.V., 1995), but it has the ability to 

improve/enhance/increase the effect of some components, such as carvacrol (Ultee, A. et al., 

2002). p-cymene has a strong affinity for membranes and induces swelling, and this helps the 

entry of carvacrol into the cell, but it does not impact membrane permeability. It does lower 

the enthalpy and melting point of the membranes (Cristani, M. et al., 2007). Although p-cymene 

has a minimal impact on cell protein production, its action on membrane potential can 

influence cell motility (Burt, S.A. et al., 2007). 

 

2.3.1.2 Terpenoids 

Terpenoids are a large class of antimicrobial compounds that are effective against a 

wide range of microorganisms (Dorman, H.J. and Deans, S.G., 2000). Among the existing 

terpenoids, the following stand out for their antimicrobial capacity: 1,8-cineole, linalool, 

camphor, geranyl acetate, neryl acetate, geraniol, nerol, terpinen-4-ol, and cinnamaldehyde 
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(Rao, J. et al., 2019). The functional groups contained in terpenoids are connected to their 

antibacterial activities (Tahlan, V., 2014). It has been discovered that the presence of 

delocalized electrons and a hydroxyl group are required for antibacterial activity in phenolic 

terpenoids (Hyldgaard, M. [et al.], 2012).  

Terpenoids and terpenes seem to have phospholipid bilayer as their central target due 

to their lipophilic characteristics. Inhibition of electron transport, protein translocation, and 

enzyme-dependent processes, such as phosphorylation, are therefore the main repercussions 

(Dorman, H.J. and Deans, S.G., 2000, Laciar, A. et al., 2009). As a result of Gram-negative 

bacteria's outer membrane, which is made up of hydrophilic lipopolysaccharides, this creates 

a barrier that allows them to tolerate hydrophobic antimicrobial agents more effectively. 

Therefore, Gram-positive bacteria, which lack this barrier, would be more vulnerable to EOs 

containing terpenoids (Dung, N.T. et al., 2008, Ennajar, M. et al., 2009, Laciar, A. et al., 2009, 

Mkaddem, M. et al., 2009). 

2.3.1.3 Phenols 

As it has been revealed in several studies, EOs with significant amounts of phenols 

show high antimicrobial activity (Bassolé, I.H. and Juliani, H.R., 2012, Cosentino, S. et al., 1999, 

Dorman, H.J. and Deans, S.G., 2000, Rota, M.C. et al., 2008).This antimicrobial activity of 

phenols seems to be related to their hydroxyl group, which is amplified by the benzene ring.  

Crucial to the antimicrobial action of EOs is the existence of a free hydroxyl group in phenols, 

as is the case with carvacrol, as well as an electron delocalization system (Ben Arfa, A. et al., 

2006, Ultee, A. et al., 2002). The lack of a free hydroxyl group to interchange their proton 

limits their ability to change the stability of bacteria´s cell membrane (Rao, J. et al., 2019). 

Furthermore another factor that seems to contribute to the antimicrobial efficacy of these 

compounds is the relative position of the hydroxyl group in the phenolic ring (Rao, J. et al., 

2019).  

Carvacrol and thymol, phenolic terpenoids, can disaggregate the Gram-negative cells’ 

outer membrane, thereby releasing lipopolysaccharides and boosting the cytoplasmic 

membrane's permeability to ATP. Carvacrol is thought to enhance membrane permeability by 

pushing the fatty acid chains in the phospholipids apart, forming channels across the membrane 

(Ultee, A., 2000). 
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3 Goals 

3.1 General goal 

As several products in the dermocosmetic area have limited antiseptic properties, new 

product ranges have appeared that take advantage of essential oils, but the results are still not 

effective. Thus, the need arises for new products that are more effective at the antiseptic level 

and at the same time of natural origin, safeguarding the environment.  

Therefore, the general goal of this work was the production and stabilization of essential oils 

based emulsions, through natural components and the determination of its antibacterial 

capacity on Gram-positive and Gram-negative bacteria, a future application in the cosmetic 

area. 
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4 Materials and Methods  

4.1 Essential oils in this study 

In this study the antimicrobial activity of six essential oils, Thymus (Thymus hyemalis), 

Oregano (Origanum vulgare), Eucalyptus (Eucalyptus globulus), Mint (Mentha arvensis or Mentha 

canadensis), Lemon (Citrus lemon Peel oil), and Thea Tree (Melaleuca alternifolia), purchased 

in Gran Velada, was assessed.  

4.2 Surfactants under study 

Based on the most commonly used surfactants in the cosmetic field, the following 

surfactants were chosen for this work: tween 20 and tween 80 (Maccelli, A. et al., 2020), 

purchased in PanReac AppliChem, and, lauryl, decyl and coco glucosides (Fiume, M.M. et al., 

2013), and coco betaine (cocamidopropyl betaine) (Burnett, C.L. et al., 2012), purchased in 

Gran Velada. In Figure 14 is represented the chemical structure of each surfactant selected. 

 

Figure 14: Chemical structure of surfactants used in this study. 

 

4.3 Preparation of surfactant solutions 

For each surfactant under study, five solutions were prepared with percent mass (% 

m/m) of 0.1%, 1%, 2.5%, 5%, and 10%.  

Upon preparation of surfactant solutions, each of these was homogenized at 1500 

rotations per minute (rpm) on the stir plate, until complete dissolution of the surfactants was 

achieved.  
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The lauryl glucoside was the only surfactant for which a 10% solution was not prepared, 

because this surfactant does not dissolve well at 10%, so the maximum concentration prepared 

was 5%. 

4.4 Determination of surface tension 

The determination of the surface tensions of the samples was performed in a force 

tensiometer of the Attension brand, model Sigma 700/701, using a Wilhelmy plate. As 

experimental conditions, a penetration height of 10 mm of the Wilhelmy plate in the sample 

was defined, and the tests were performed at a temperature of 25ºC. All tests were performed 

in triplicate. The means and standard deviations for each test are presented. 

4.5 Preparation of polymers solutions  

 As mentioned above, the polymers chosen for this work were xanthan gum and 

carboxymethyl cellulose 700.000 (CMC 700.000). These polymers solutions were prepared 

with concentrations of 3% and 5% for CMC 700.000 and XG, respectively, and then these 

were added in the preparation of the final emulsions.  

4.6 Preparation of emulsions using three different agitation methods 

The influence of the stirring method on the formation of emulsions was evaluated. The 

emulsions were prepared at room temperature, for 5 minutes and at a maximum speed of 

1500 rpm, with different stirring methods: vortex, magnetic and mechanical stirring. Thus, the 

variables temperature time and maximum speed were kept constant, with a view to making 

the future large-scale production process as simple and inexpensive as possible.  

To evaluate which surfactant is best among those described to obtain more stable 

emulsified layers, emulsions were produced using coconut oil and sunflower oil. Since coconut 

oil solidifies at lower temperatures it has a very similar hue to the emulsion and thus the 

emulsified layers were easily confused with the solidified oil, which led to erroneous results. 

With sunflower oil this difficulty is overcome as it remains liquid over a wide temperature 

range and thus colorless, allowing the emulsified layer to be visible after the emulsion 

production process, leading to reliable results.  

Each emulsion, with each type of surfactant, was produced in triplicate and the length 

of the emulsified layer was measured at 0 hours and after 24 hours and 48 hours, then the 

average of the length of the emulsified layer was calculated and the emulsification index, a 

parameter described below, was determined.  
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The final emulsions were produced using EOs and EOs mixes. The total concentration 

of the essential oils is 50% of the emulsion. In mixtures of two EOs this proportion becomes 

25% of each and in mixes of three EOs 16.7% of each. 

4.6.1 Vortex 

 For the preparation of the emulsions 1.5 g of surfactant solution of each concentration 

mentioned above plus 1.5 g of oil (coconut or sunflower) was weighed into an Eppendorf tube. 

Then were placed in the vortex (Multi reax-heidolph) at a speed of 1500 rpm for 5 minutes. 

The Figure 15 represents this procedure. 

Figure 15: Procedure of emulsion preparation using vortex. 

 

4.6.2 Magnetic stirring 

The preparation of the emulsions for this stirring method was started by adding 5 g of 

surfactant solution of each concentration already mentioned, followed by 5 g of oil (coconut 

or sunflower) to 20 mL flasks. Magnetic stirrers were then added to each flask to facilitate the 

homogenization of the two phases, and then each flask was placed on the stirring plate (Velp® 

Scientifica) at a speed of 1500 rpm for 5 minutes. This is shown in Figure 16. 

 

Figure 16: Schematic representation of emulsion production using stirring plate. 
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4.6.3 Mechanical stirring 

 For the preparation of the emulsions, 25 g of surfactant solution of each concentration 

already mentioned, plus 25 g of oil (coconut or sunflower) were added to a beaker. Then the 

two phases were homogenized using a mechanical stirrer (Velp® Scientifica) at a speed of 1500 

rpm for 5 minutes, as can be seen in Figure 17. 

 

Figure 17: Process of emulsion production using mechanical stirring. 

 

4.7 Emulsion production using EOs 

The final, with EOs, emulsions were prepared by adding 0.75 g of a 2.5% coco glucoside 

solution with 0.75 g of a 5% XG solution or a 3% CMC 700.000 solution,  followed by the 

addition of 1.5 g of EO or EOs mixture. The emulsification process was carried out on the stir 

plate at 1500 rpm for 20 minutes. The stirring method, the surfactant solution and the polymer 

solutions chosen to prepare final emulsions, were the ones that allowed the formation of 

bigger and more stable emulsified layers over time. The Figure 18 shows the procedure of 

the final emulsions prodution. 

 

Figure 18: The final emulsion production using the essential oils and magnetic stirring. 
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4.8 Determination of Emulsification Index  

The Emulsification Index (EI) is defined as the ratio among the length of emulsified layer 

(cm) and the entire length of the solution (cm) (Sumiardi, A. et al., 2018). The Figure 19 

shows a schematic representation of the parameters measured for the determination of the 

emulsification index. 

 

Figure 19: Scheme of the measured parameters that are used to determinate the emulsification 

index. 

 

The Equation 2 shows the formula to calculate the EI (%). 

  EI =  
Heigh of the emulsified layer (cm)

Heigh of the entire solution (cm)
 𝑥 100                                             Equation 2   

   

4.9 Bacterial strains 

For this work, two Gram-positive and two Gram-negative bacteria were used in order 

to evaluate the effectiveness of the antimicrobial activity of the compounds under study. The 

bacterial strains from the American Type Culture Collection (ATCC), including Gram-negative 

Escherichia coli ATCC 8739, and Gram-positive Staphylococcus aureus ATCC 6538, and 

Enterococcus faecalis ATCC 29212, were used. Besides these bacterial strains, the Gram-

negative bacterial Pseudomonas aeruginosa DM from the Faculty of Pharmacy collection, was 

also studied. All these strains were preserved at -80ºC in the Microbiology Laboratory of the 

Pharmacy Faculty of the University of Coimbra. 

The choice of this model was based on the use of the EOs and emulsions under study 

in the cosmetic area. This was done by considering the microorganisms that are usually present 

where the cosmetic products act, in order to test the inhibition potential of the antimicrobial 

compounds present in the EOs. Staphylococcus spp. are part of the skin microbiota. Enterococcus 

spp, are found in the mouth. E. coli is not so common on the skin, but like the previous two 

Gram-positive, is used in the present study as model of Gram-negative bacteria that can be 
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encountered on the skin, including the moist parts of the human body. Although P. aeruginosa 

is not commonly present in the natural microbiota of the skin, it was tested because is a 

bacteria that shows often an extended antimicrobial resistance profile, quite different from E. 

coli. So, if P. aeruginosa is inhibited, other Gram-negative bacteria present in the skin flora, with 

weaker resistance profiles, will also be. 

For the assays performed, the bacterial strains were thawed and then cultured into a 

petri dish containing Luria-Bertani (LB) (HiMedia Laboratories) agar (VWR Chemicals). The 

same Petri dishes were then incubated at 37°C for 18 to 24 hours in a Binder FD240 incubator. 

4.10 Antimicrobial activity assessment  

4.10.1 Determination of Minimum inhibitory concentration (MIC)  

The Minimum Inhibitory Concentration (MIC) is set as “the minimum concentration of 

an antimicrobial agent that will inhibit the visible growth of a microorganism after overnight 

incubation” (Andrews, J.M., 2001). The MIC was determined by performing the microdilution 

assay that will be described below.  

4.10.1.1 Microdilution Assay for EOs 

This bacterial susceptibility test was performed in 96-well microtiter plates according 

to CLSI standards (Humphries, R.M. et al., 2018).  

Initially, for the microdilution assay, it was prepared a suspension of each bacterial 

strain under study, containing 5 mL of sterile Milli Q water and well-isolated bacterial colonies. 

The bacterial strains were incubated overnight at 37ºC in LB agar plates. Then the turbidity 

standard for each suspension was achieved comparing to the 0.5 Mc Farland turbidity standard, 

which is equivalent to 5 × 105 colony forming units CFU/ml (Humphries, R.M. et al., 2018). 

During the test, several concentrations of essential oils were assessed, starting with 

the concentration of 1% of each oil until it reached the concentration at which no growth was 

visible.    

The assay was carried out by adding 100 µL of Muller-Hinton (MH) broth (HiMedia 

Laboratories) to each well of the plate. Then sterile Milli Q water, the essential oil under study 

and 2 microliters (1%) of dimethyl sulfoxide (DMSO) were added, in the first well of the row 

of the plate. The microdilution procedure is the same for all oils, with only the volume of 

water and oil added varying depending on the concentration of oil required in the first well. 
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Thereafter, the two-fold dilutions were performed consecutively by taking 100 µL from 

the first well, of a row, to the second well and so on. Finally, 10 µL of bacterial inoculum are 

added to each well. The assay was performed in a Faster BH-EN2005 laminar flow camera. 

The growth controls were as follows: Growth Control 1 with 100 µL of MH broth, 

water volume used in the assay and 10 microliters of bacterial inoculum. The Growth Control 

2 with 100 µL of MH broth, water volume used in the assay, 2 µL of DMSO and 10 microliters 

of bacterial inoculum (suspension). 

The sterility controls were as follows: Control 1: 100 µL of medium only, Control 2: 

100 µL of medium and 2 µL of DMSO, Control 3: 100 µL of medium and Milli Q water, other 

controls: 100 µL of medium, each type of oil and 2 µL of DMSO.  

Finally, the 96-well microtiter plates were covered up and incubated at 37ºC for 18 to 

24 hours. Initially, it was noticed that all wells, even the sterility controls, showed turbidity 

and precipitate, likely due to the action of essential oils with the proteins in the medium, which 

avoid the differentiation of wells that showed growth and those that did not. To understand 

whether the turbidity was due to chemical reaction (with no bacteria) or bacterial growth, a 

loop of each well was stroked on LB agar and incubate at 37ºC overnight.  

After this period the Petri dishes were observed, and the MIC was determined. The 

essential oil concentration that corresponded to bacterial growth inhibition of about 90%, was 

considered the MIC of the essential oil under discussion. For each EO the assay was performed 

in triplicate and reproduce in, at least, two independent assays. 

The Figure 20 shows a schematic overview of the procedure performed to determine 

the MICs of the EOs. 
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Figure 20: Schematic representation of the microdilution assay procedure for determining the MICs 

of EOs. 

 

4.10.1.2  Microdilution assay for Emulsions 

Bacterial suspensions were initially prepared under the conditions previously 

described. After that, 100 µL of MH broth were added to each well of the plate, followed by 

100 µL of emulsion in the first well of each row. Then, after homogenization of the first well, 

two-fold dilutions were performed by taking 100 µL from the first well of a row to the second 

well and so on until the desired concentration was reached. After serial dilution, 100 µL of 

inoculum solution were added to each well. 

Regarding the growth control only 100 µL of MH broth and 100 µL of bacterial 

inoculum solution were added. 

Concerning sterility controls, one of the controls had only 100 µL of MH broth and 

the other controls: 100 µL of MH broth and 100 µL of each emulsion. 

The assay was performed in the laminar flow camera, and after that the 96-well 

microtiter plate was incubated at 37°C for a period of 18 to 24 hours.  The observation of 

the results was performed after inoculation of a loop of each well suspension and incubation 

as previously described (see section Microdilution assay for EOs).  

Finally, after this period the Petri dishes were analyzed, and the MIC was determined. 

The emulsion concentration that corresponded to bacterial growth inhibition of about 90%, 
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was considered the MIC of the emulsion under study. For each emulsion the assay was 

performed in triplicate and reproduce in, at least, two independent assays. 

Considering this, below is the Figure 21 for the microdilution test procedure to 

determine the MICs of the emulsions. 

 

Figure 21: An overview of the microdilution assay procedure for determining the MICs of 

emulsions. 

 

5 Results and Discussion 

5.1 Determination of CMC and the lowest surface tension of surfactants   

The CMC of the six surfactants under study, as well as the lowest surface tension value, 

were determined through tensiometry tests, where the decrease in surface tension (γ) values 

was evaluated with increasing surfactant concentration in water. The Figure 22 shows the 

graphs of the CMC determination, and in Table 1 all these CMC values are presented as well 

as the smallest γ, of the surfactants individually. The CMC was determined in triplicate for all 

surfactants, and this parameter was measured by fitting the straight lines in the two 

concentration regions of the graphs and by the intersection of these straight lines. 
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Figure 22: Graphic representation of the results obtained from the determination of CMC for de 

six surfactants under study. 
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Table 1: CMC values with respective standard deviations and the lowest γ for each surfactant under 

study.  

Surfactant CMC (%) γCMC (mN/m) 

Cocoamidopropyl 

betaine 

0.0054 (±0.0010) 28.29 (±0.05) 

Coco glucoside 0.0335 (±0.0028) 27.21 (±0.07) 

Decyl glucoside 0.1678 (±0.0025) 26.93 (±0.08) 

Lauryl glucoside 0.0081 (±0.0004) 26.53 (±0.21) 

Tween 20 0.0047 (±0.0013) 31.51 (±0.61) 

Tween 80 0.1758(±0.0055) 32.01 (±0.06) 

 

The evaluation and determination of CMC and the lowest values is of utmost 

importance for the application of surfactants in cosmetic products. Surfactants with lower 

CMC values will always be preferred, since a smaller amount of them is needed to obtain 

microstructures, such as micelles, capable of emulsifying hydrophobic molecules, in this case 

oil. 

Analyzing the CMC values determined, it is observed that cocamidopropyl betaine, 

lauryl glucoside, and tween 20 are the surfactants that present the lowest CMC values. In 

parallel, the surfactants that showed the best ability to lower the surface tension of water 

were the glucosides (decyl-, lauryl- and coco glucosides), since the lowest surface tension 

values were obtained with the 3 glucosides under study, although all tested surfactants are 

promising to the formation of emulsions.  

Cocamidopropyl betaine, coco glucoside and lauryl glucoside are constituted by 

hydrophobic chains with a length of 12, 8-14 and 12-14 carbons (C), respectively. In the group 

of surfactants under study, these are the most hydrophobic, with the monomers of these 

surfactants having a higher capacity to adsorb at the water-air interface, filling it completely 

and leading the remaining monomers to self-aggregate, initiating the formation of micelles. 

 Tween 80 consists of C18 chains with an unsaturation between C9-C10 what makes 

this more hydrophobic than tween 20. That is, because it has such a large alkyl chain, when it 

is in contact with water, the monomers will move more quickly to the interface, to reduce 

the interaction of these chains with the water. At the interface, since they have larger chains, 

they will also occupy the surface much faster, leading to micelles starting to form in the water 

at lower concentrations. 
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A lower surface tension value will be important for the specific intended application of 

these surfactants: the formation of emulsions. Since the lower the water surface tension value, 

implemented by the presence of the surfactant, greater the adsorption capacity of the 

surfactant at the water-air interface, easier it is to promote the mixing of two immiscible 

components, (O/W, in this work), and thus to form a more stable emulsion.  

Comparing the different CMC values of tween 20 and tween 80 in the literature, this 

parameter was in the range of 0.06% for tween 20 (Jan, a.K., 2017, Mahmood, M.E. and Al-

Koofee, D.A., 2013), and for tween 80, this value was 0.02% (Jan, a.K., 2017, Mahmood, M.E. 

and Al-Koofee, D.A., 2013). Comparing the CMC values present in literature with those 

obtained in our measurements, it is possible to conclude that CMC of tween 80 was bigger 

(0.1758%) than what was measured for tween 20 (0.0047%). This variation may be due to 

differences in suppliers or possibly the definition of the intersection of the lines that allow 

obtaining the CMC value. Throughout this chapter, the discussion will be based on the CMC 

values of tween 20 and tween 80 present in the literature. 

Regarding the obtained CMC values for each surfactant, as mentioned earlier these 

values are similar to those in the literature for some coco glucoside which is 0.05% (Chen, 

R.K.Z. and Wee, S.C., 2021). However, the CMC values obtained for lauryl,decyl and and for 

cocamidopropyl betaine are lower than the literature values of 0.09% (Gao, Y. et al., 2014), 

0.6 - 0,7% (Lopez, O. et al., 2001, Shinoda, K. et al., 1961) and  0.03% (Basheva, E.S. et al., 

2019), respectively, this may again be due to differences in the surfactant suppliers. 

5.2 Evaluation of the emulsifying capacity of surfactants 

As mentioned above, the magnetic stirring method was chosen for the preparation and 

production of the emulsions, since the vortex and the mechanical stirrer showed a relative 

discrepancy in the EIs at 24 and 48 hours and consequently also high standard deviations. This 

is associated with a lower stability of the emulsion over time, thus demonstrating that these 

two methods were not very effective in emulsions production.   

The emulsions were then produced using sunflower oil to define, based on the EIs, 

which is the best surfactant and its concentration in order to obtain more stable emulsions. 

The EIs were determined by measuring the height of the emulsified layer after 24 hours and 

48 hours, to evaluate the emulsifying properties of each surfactant. Moreover, it is important 

to note that each determined EI comes from the average calculation of the assays performed 

in triplicate. 
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The Figure 23 shows the graphs of the EIs obtained for lauryl glucoside, decyl 

glucoside, coco glucoside, cocamidopropyl betaine, tween 20 and tween 80 at 0.1, 1, 2.5, 5 

and 10%. 

 

 

Figure 23: Graphical representation of the calculated EIs (%) at 24 and 48 hours of the emulsion 

produced with lauryl glucoside, decyl glucoside, coco glucoside, cocamidopropyl betaine, tween 20 and 

tween 80 (0.1, 1, 2.5, 5 and 10%) and sunflower oil by magnetic stirring method (1500 rpm). 
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Regarding the results present in the Figure 23, all of them have EI higher than 60% 

and relatively low standard deviations, with certain exceptions. 

Comparing the results obtained for the different surfactants, at the 0.1% concentration, 

as mentioned above, the three glucosides form less unstable emulsions, while cocamidopropyl 

betaine and tweens at this concentration already show higher EIs and lower standard 

deviations, which is indicative of stable emulsions at this concentration. 

It was found that the emulsion produced at this concentration of glucoside surfactants 

were unstable since the emulsified layer did not remain intact over time, which was 

corroborated with the visual analysis of these emulsions, particularly with the decyl and lauryl, 

verifying phase separation already at 24 hours and this separation increased after 48 hours. 

According to table I, lauryl has the lowest CMC values and is the surfactant that 

contributed the most to the decrease in surface tension, which would be expected that at 

0.1% this surfactant would already present a great ability for emulsification. However, despite 

all the conditions being met at this level to obtain stable emulsions, there are other equally 

important factors that seem to influence the stability of the emulsion that is formed, such as 

the constitution of sunflower oil itself, the interactions and number of interactions that are 

established between the oil molecules and the alkyl chain of surfactants, and problems at the 

level of homogenization. 

 Sunflower oil is rich in polyunsaturated lipids, being mainly composed of linoleic acid 

(C18:2) (Santos, A. et al., 2015). Therefore, as the alkyl chain of the constituents of oil is quite 

large, the number of possible interactions between them and the surfactants that can be 

established are also high. Sunflower oil has constituents with large chains, there will be more 

area available for the surfactant chains to adsorb and emulsify the oil.  

Being 0.1% a low concentration of surfactant this may affect the total incorporation of 

the oil droplets by the surfactant molecules because fewer micelles will be formed and thus 

less capacity to compartmentalize the fat molecules inside. This may result, together with a 

possible inefficient homogenization, in oil molecules that are not sufficiently encompassed in 

the surfactant micelles and therefore not fully mixed with the aqueous phase. Thus, the oil 

being in contact with the aqueous phase, will lead to more unstable emulsions because it tends 

to escape from the hydrophilic environment, and being less dense than the aqueous phase, will 

migrate to the surface, contributing to phase separation. 
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 As for the decyl and coco glucosides these are constituted by C8-10 and C12-14 chains, 

respectively and in addition they have CMC values, in the case of decyl greater than 0.1% and 

in the case of coco less than 0.1%. Comparing this information with the results obtained in 

Figure 23, it is possible to conclude again that the length of the alkyl chain is very important 

for the stabilization of the emulsion since coco glucoside despite containing a CMC below 

0.1% as it has a small alkyl chain, similar to lauryl, this leads to unstable emulsions over time, 

once surfactants with small alkyl chains are less hydrophobic. The decyl besides the alkyl chain 

length being even less than the lauryl and coco glucosides, also has a CMC value higher than 

0.1%, so the small alkyl chain combined with a CMC greater than 0.1%, makes this surfactant, 

at this concentration, is in an amount below the necessary to produce micelles and to stabilize 

oil molecules, thus leading to emulsions that are also unstable.  

 Like the results obtained in this work, also in the literature, in assays already 

performed, it was found that surfactant's hydrophobic portion determines the emulsifying 

capacity in general, as do its length and composition. The longer the alkyl chain length, the 

greater the stability of the emulsion created. With bigger alkyl chain length the surfactant 

solubility in the oil phase increase creating a very stable emulsion (Geetha, D. and Tyagi, R., 

2012, Sukkary, M. et al., 2007).  

 Concerning the remaining surfactants, although, similarly to lauryl, cocamidopropyl 

betaine also presents only twelve carbons in the alkyl chain. This surfactant even at a 

concentration of 0.1% presents stable emulsions and with high EIs, which can probably be 

explained not only by the low value of CMC, around 0.005%, also associated with a great 

capacity to reduce surface tension, but also the fact that this is the only surfactant under study 

that is amphoteric or zwitterionic, which influences the interactions between this one and the 

oil due to its polar portion, because the polar groups being more ionic have the ability to 

break the ordered structure of the water molecules around the hydrocarbon chain of the 

surfactant monomers contributing to the free energy of micelle formation (Herrmann, K., 

1966). So despite the alkyl chain being small compared to the length of the oil, and although 

the CMC is not much lower than that of lauryl, probably, for this particular surfactant, being 

amphoteric, this lowest value of CMC, a 0.1% surfactant concentration may be sufficient to 

form micelles that surround the oil droplets and allow an efficient incorporation of these 

droplets into the aqueous phase and consequently result in a more stable emulsion.  

 Finally, Tween 20 and Tween 80 also present stable emulsions with high IEs at all 

concentrations, including 0.1%. Comparing these two surfactants, they have very similar 

surface tensions, but the CMC values are different, with Tween 20 having a CMC value well 
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below that of Tween 80 and the CMC value of the last one being above 0.1%, which would be 

expected that with Tween 20 the emulsion formed would already be stable at 0.1% surfactant, 

but not with Tween 80. However, and although the CMC value is not the expected, evaluating 

the results of the graphics in the Figure 19, these results are in accordance with what is 

advocated in the literature in which the length of the alkyl chain is preponderant in stabilizing 

the emulsions that are formed and consequently in the parameters that depend on this, such 

as the CMC and surface tension. Thus tween 80 being more hydrophobic, C-18, than tween 

20, C-12, presents a lower CMC value than the latter and therefore lower than 0.1% hence 

the values of EIs are higher for tween 80. 

Thus, it is possible to conclude that the size of alkyl chains plays a major role in the 

ability to form and stabilize emulsions, since it affects essential parameters for understanding 

emulsion formation, such as CMC and surface tension values. Surfactants with low CMC values 

and a higher capacity to lower water surface tension will have a higher adsorption capacity at 

interfaces (water-air, water-oil), thus being more capable of forming the essential structures 

for emulsion formation. 

As the goal is to use a surfactant in the lowest possible concentration and at the same 

time ensuring a fulfillment of the commitment of emulsions with high EIs levels but also stable 

over time, coco glucoside ended up being the surfactant chosen at 2.5%, since at this 

concentration, is ensured that there is enough surfactant to produce micelles to surround all 

oil droplets and consequently produce stable emulsions. Despite the minimal differences 

compared to cocamidopropyl betaine, coco glucoside has higher EIs than cocamidopropyl 

betaine and all the other surfactants at the 2.5% concentration, the minimum concentration 

chosen. Besides the EI of coco glucoside at 2.5% being high and equal for 24 and 48 hours, the 

standard deviation has a value of 0, which indicates that coco glucoside at 2.5% produces a 

stable emulsion over time.  

With these emulsification studies, was possible the choice of the best surfactant and 

its concentration to be used in the production of the final emulsions, already containing 

essential oils. 

5.3 Selected polymers for incorporation into the final emulsions 

containing EOs 

Given the experience that the Science 351 has in developing emulsions for various 

areas, including cosmetics, it was decided with the research team to study the GX and CMC 

700,000 because it was known that they were excellent polymers in terms of stabilization and 
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are also the most used for formulations in this area. Therefore, these two polymers were 

incorporated and studied in the final emulsions. 

5.4 Determination and evaluation of EI of final emulsions with EOs 

 The final emulsions with all the ingredients (surfactant, polymers and essential oils) 

were produced and each of them containing 1.5 g of essential oils, 0.75g of 2.5% coco glucoside 

solution and 0.75g of polymer solution, in the case of the 3% CMC 700.000 solution and the 

5% XG solution. 

Three EOs were chosen to produce the final emulsions, based on the lowest MIC: 

oregano (O), thymol (T) and mint (M). In addition to producing emulsions with each of these 

oils, emulsions containing a mixture of two of these oils (T+O or M+O) and the three oils 

(T+M+O) were also produced, and the MIC of each of these emulsions be then determined. 

In Figure 24 are presented the EI obtained for the emulsions produced with coco glucoside 

(2.5%), essential oils of oregano, thymus and mint, and CMC 700.00 and XG as polymers. 

 

Figure 24: Graphical representation of the calculated EIs (%) at 24 and 48 hours of the final emulsion 

produced with essential oils of oregano (O), thyme (T) and mint (M), coco glucoside (2.5%), CMC 

700.000 (3%) and XG (5%), by magnetic stirring method (1500 rpm), for 20 minutes, at 20ºC. 

 

Comparing the two graphs in the Figure 24 regarding the action of the two polymers 

in the stabilization of emulsions, the highest EIs are achieved with CMC 700.000, except for 

the mint emulsion, which shows no emulsified layer. However, it is with xanthan gum that 

there is a greater stability of emulsions compared to CMC 700.000, since with XG the EIs 

determined after 24 and 48 hours remain practically unchanged. 

In Figure 24 it is also possible to see that in some cases, both with XG and CMC 

700.000, the EIs increase from 24 to 48 hours, which may be due to the restructuring of the 
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structures formed between the oil and the surfactants or possibly to the difficulty in defining 

the emulsified layer, leading to some measurement errors. 

Another factor with influence on the EIs obtained are the constituents of the EOs, 

since they can act as co-surfactants allowing better solubilization and consequently better 

stabilization of the emulsions. A study based on clove, thyme and oregano EOs showed that 

clove EO had a superior power to form stable emulsions compared to the other two oils, 

which was due to the abundance and co-surfactant behavior of its major component, eugenol 

(Edris, A. and Malone, C., 2012). Thus, based on this information, it can be supposed that the 

higher EIs values obtained for both polymers can be due to the co-surfactant behavior of the 

phenolic major components and the other components of the EOs and in the case of the 

mixture of the oils may be due to the synergistic effect of the majority components and the 

minor components of the oils, working as co-surfactants and, thus, helping in the emulsification 

process, and contribute to momentary stability of emulsions, which can explain EIs of 80% and 

100%.  

In the results present in Figure 24 it is also possible to see that in the emulsions with 

mint oil, containing the polymer carboxymethyl cellulose, there is no formation of an 

emulsified layer, something that does not happen with the same emulsion but containing XG, 

and since this is a single result, not having been prepared in triplicate, maybe it happened 

because some problem in the homogenization process. 

However, as the preponderant factor in stabilizing emulsions is the length of the alkyl 

chains of surfactants, this stabilization does not seem to be long lasting since essential oils, as 

compared to sunflower oil, have in their constitution, as mentioned in previous sections, 

diterpene phenolic components such as menthol, carvacrol and thymol, all C-10, which do not 

have long alkyl chains. This results in small oil droplets and consequently, a greater difficulty 

for the surfactant to encompass these molecules, thus these oil droplets eventually escape 

resulting in faster phase separation, such can be seen, for certain emulsions, in Figure 25, and 

in Figure 24 by the differences of the EIs values from 24 to 48 hours in emulsions with CMC 

700.000. 
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Figure 25: All the emulsions under study 24 and 48 hours after they were produced and with each of 

the surfactants under evaluation. At the top of the figure are the emulsions containing XG at 24 and 

48 hours after they were produced and at the bottom of the image are the emulsions containing CMC 

and also at 24 and 48 hours after they were produced. 

 

Given the above observation, this is where the importance of the polymer chosen for 

stabilization comes in. As mentioned in the introduction, polymers play a key role in long-term 

emulsion stabilization, however there are polymers with greater stabilization capacity than 

others due to several factors including their structure. This is the case with CMC 700.000 and 

XG. 

XG plays an important role in stabilizing emulsions due to the formation of an adsorbed 

layer on the surface of the oil droplet and a scaffolding structure in the continuous phase 

(Ougiya, H. et al., 1997). XG's ability to stabilize emulsions also results from the capability of 

this polymer to increase viscosity (Fioramonti, S.A. et al., 2015, Taherian, A.R. et al., 2011) and 

due to its double helix structure that results in the formation of a secondary structure, 

network structure (Wang, A. et al., 2017), which very efficiently traps the emulsion droplets 

(Cai, X. et al., 2020), which will decrease the movement of oil droplets and consequently the 

number of collisions, thus preventing phase separation, i.e. coalescence, one of the main 

instabilities of emulsions (Krstonošić, V. et al., 2015). Another author considered that this and 

other biopolymers can prevent flocculation and coalescence by combined mechanisms. XG is 

a thickening agent so it will increase the viscosity of the emulsion and consequently the 

collisions of oil droplets in emulsions are compromised (Bouyer, E. et al., 2012). This 

polysaccharide polymer is then a texture modifier (Owens, C. et al., 2018) and because it has 

long polymeric chains it is easy to dissolve in cold water (Fang, F. et al., 2020). 

48 h 24 h 
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For carboxymethyl cellulose, a water-soluble cellulose derivate, it has been 

demonstrated that it maintains high droplet size homogeneity in O/W emulsions (Hayati, I.N. 

et al., 2009). As for its structure, this polymer has carboxylic groups, especially propionic acid 

(CH2CO=O) which is suspected to influence the formation of uniform and small oil droplets 

(Dickinson, E., 2003, Mann, B. and Malik, R., 1996). Like XG, carboxymethyl cellulose is also a 

thickening agent, thus increasing the viscosity of emulsions (Radi, M. and Amiri, S., 2013). 

Studies comparing the stabilizing capacity of CMC compared to XG showed that with 

the first polymer there was a faster phase separation, which is characterized by a creamy top 

layer and a transparent bottom layer corresponding to the continuous phase, which indicated 

the occurrence of flocculation during storage, leading to phase separation (Xu, X. et al., 2017). 

While emulsions with CMC to which XG was added, there was no phase separation, which 

was attributed to the good dissolution characteristics of XG in water due to its long polymer 

chain and its great thickening capacity that increases the viscosity of the emulsion, which 

prevents the accumulation of oil droplets and consequently phase separation (Hayati, I.N. et 

al., 2016). An earlier study evaluated the stabilizing ability of four polymers, two of them being 

XG and CMC, and concluded that XG has a greater ability to stabilize emulsions than CMC 

(Cao, Y. et al., 1990).   

Thus, considering the above, we can conclude by observing the graphs in Figure 24 

that the XG has a greater stabilizing capacity than the CMC 700.000, so we can see through 

the IEs that the emulsified layer remains almost constant between 24 and 48 hours after the 

production of the emulsion, the same does not happen with the CMC 700.000, with a decrease 

in this layer from 24 to 48 hours. 

In summary, the stability of emulsions is the result of a number of parameters like pH, 

polymer concentration, ionic strength, emulsification process and the nature of the polymer, 

all of which influence the microstructures that form in emulsions and therefore their stability 

(Bouyer, E. et al., 2012, Schubert, H. and Engel, R., 2004). 

5.5 Determination of MIC of essential oils 

Initially, the MIC of thyme, oregano, eucalyptus, mint, lemon and tea tree oils were 

determined individually for the four strains under study, E. coli ATCC 8739, P. aeruginosa DM, 

S. aureus ATCC 6538, E. faecalis ATCC 29212. 

The Table 2 shows the MIC values obtained for each strain and oil in question, which 

resulted from the average of the trials performed in triplicate in at least two independent trials. 
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Table 2: MIC (%) of the thymus, oregano, eucalyptus, mint, lemon and tea tree EOs for E. coli ATCC 

8739, P. aeruginosa DM, S. aureus ATCC 6538, E. faecalis ATCC 29212. 

 

By analyzing the data in Table 2 it can be seen that overall, with certain exceptions, 

Gram-positive bacteria have lower MIC values than those obtained for Gram-negative 

bacteria. Other reports have also found that OEs are more effective generally against Gram-

positive than Gram-negative bacteria (Hammer, K.A. et al., 1999, Prabuseenivasan, S. et al., 

2006, Smith-Palmer, A. et al., 1998), which agrees with these results. However, in this present 

study it was found that in some cases E. faecalis ATCC 29212 and S. aureus ATCC 6538 had 

lower susceptibility than E. coli ATCC 8739.  In one study E. coli was found to be more 

susceptible than other Gram-positive bacteria under study. This was justified by the fact that 

the antimicrobial activity of EOs is due to the specificity of the functional groups of their 

compounds for multiple or single targets. Some components of the oils have the ability to 

damage the outer membrane of Gram-negative bacteria, such as E. coli, which leads to the 

release of intracellular and membrane material, entering the cell and causing detrimental 

effects to the same (Helander, I.M. et al., 1998). 

Regarding the bacteria under study, in Gram-positive bacteria there is a higher 

resistance to antimicrobials for E. faecalis ATCC 29212 while in Gram-positive bacteria P. 

aeruginosa DM stands out with the highest MIC values, not only compared to E. coli ATCC 8739 

but also to the two Gram-positive bacteria. This resistance associated with P. aeruginosa DM 

and Gram-negative bacteria in general is due to the difference in cell wall structure since Gram-

negative bacteria possess an outer membrane that Gram-positive bacteria do not. This 

membrane consists of lipopolysaccharides (Bezić, N. et al., 2003) porins, transmembrane 

proteins, and polar portions (O-polyssacharides), which allow the entry of hydrophilic 

Bacterias 

 

MIC (%) of Essential Oils 

Thymus 

(Thymol 

50% -55%) 

Oregano  

(Thymol  

3% - 5%) 

Eucalyptus Mint Lemon Thea Tree 

E.coli ATCC 

8739 
0.5 0.25 4 1.75 10 1 

P.aeruginosa 

DM 
14 1.25 14 45 16 14 

S.aureus ATCC 

6538 
0.375 0.125 6 0.5 8 2 

E.faecalis ATCC 

29212 
1 0.188 8 3 14 7 
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compounds, hindering the entry of hydrophobic compounds, such as EOs components and 

their consequent effects (Mayaud, L. et al., 2008, Nazzaro, F. et al., 2013). In addition, the 

resistance associated with this type of bacteria can also be synergized to the presence of efflux 

mechanisms, which allow toxic compounds, such as antibacterial compounds, to be removed 

from inside the cell (Pearson, J.P. et al., 1999). 

Comparing the different MIC values for the six oils and the four bacteria in the study, 

TEO, OEO and MEO are the EOs with the lowest MIC values for the bacteria in question, not 

reaching 2% for most of them, except for P. aeruginosa DM with an MIC value of about 14% 

for TEO and 45% for MEO. For the remaining EOs the MIC values are significantly above 2%.  

5.5.1 MIC of TEO 

The MIC values obtained in this study for TEO for E. coli ATCC 8739, P. aeruginosa DM, 

S. aureus ATCC 6538 and E. faecalis ATCC 29212 were 0.5%, 14%, 0.375% and 1%, respectively. 

For other authors, the MIC determined was about 0.25% (Rusenova, N. and Parvanov, P., 

2009) and 0.35% (Mayaud, L. et al., 2008) for E. coli, 2% (Rusenova, N. and Parvanov, P., 2009) 

and >10%  (Mayaud, L. et al., 2008, Sikkema, J. et al., 1994) for P.aeruginosa, 0.29% (Mayaud, L. 

et al., 2008), 0.31% (Donaldson, J.R. et al., 2005) and 0.5% (Rusenova, N. and Parvanov, P., 

2009) for S. aureus, and 1% (Rusenova, N. and Parvanov, P., 2009) 6.3% (Mayaud, L. et al., 2008) 

for E. faecalis. Considering the described information, it is verified that the MICs obtained in 

this work agree and are quite similar with the results of others, however, some of the values 

mentioned above, for example for P. aeruginosa and E. faecalis, are more discrepant. These 

values may be due to several factors such as different cultivation locations of the plants and 

harvesting times, a variety of plant types and species (Imelouane, B. et al., 2009), different 

bacterial strains, different OE suppliers or even different methodologies. 

According to the obtained results, it can be concluded that TEO shows great 

antimicrobial capacity, which is justified by the presence of three very important phenolic 

compounds thymol, carvacrol and eugenol (Cosentino, S. et al., 1999, Naidu, A., 2000, Rota, 

M.C. et al., 2008, Skočibušić, M. et al., 2006). The mechanism associated with thymol, carvacrol 

and eugenol action may due to the proton donor of their hydroxyl group that interact with 

bacteria membranes, providing protons across the membrane, which lead to the waste of the 

energy that come from the proton flux leading to a reduction of intracellular ATP accompanied 

by an increase in the external side, loss of intracellular components, such as potassium ions, 

and structural changes in plasmatic membrane (Di Pasqua, R. et al., 2007, Donsì, F. and Ferrari, 

G., 2016). Besides thymol and carvacrol other components that stand out are γ-terpinene and 

p-cymene, to which the antimicrobial activity of this oil is also attributed. Although p-cymene, 
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the precursor of carvacrol, it does not show antibacterial activity on its own (Dorman, H.J. 

and Deans, S.G., 2000), p-cymene has a synergistic effect when acting together with carvacrol, 

since p-cymene has the ability to swell the bacterial cell membrane, which facilitates the entry 

of carvacrol into the cell (Rota, M.C. et al., 2008). In addition to the contribution of the 

synergistic effect between p-cymene and carvacrol to the antimicrobial activity of the oil, there 

is also such an effect between p-cymene, thymol and γ-terpinene, the three major components 

of this oil (Delgado, B. et al., 2004, Gallucci, M.N. et al., 2009), and even between the majority 

and minority components (Borugă, O. et al., 2014). Among the various mechanisms exerted 

by lipophilic compounds present in OEs is the damage of bacterial membranes, which leads to 

imbalances of inorganic ions and consequently unbalance of pH homeostasis (Cowan, M.M., 

1999).  

5.5.2 MIC of OEO 

For OEO the MIC values were 0.25%, 1.25%, 0.125% and 0.188% for E. coli ATCC 8739, 

P. aeruginosa DM, S. aureus ATCC 6538 and E. faecalis ATCC 29212, respectively. While in the 

literature the values were 0.1% (Man, A. et al., 2019) and 0.24% (Mayaud, L. et al., 2008), for 

E. coli, 2.0% (Rusenova, N. and Parvanov, P., 2009) and 2.19% (Mayaud, L. et al., 2008) for P. 

aeruginosa DM, 0.006% (Rusenova, N. and Parvanov, P., 2009), 0.24% (Mayaud, L. et al., 2008), 

0.42% (Donaldson, J.R. et al., 2005) for S. aureus, and 0.125% (Rusenova, N. and Parvanov, P., 

2009) and 0.8% (Man, A. et al., 2019) for E. faecalis. These results are in conformity with those 

obtained in other studies, with, in certain cases, some differences which may be due to the 

factors indicated in the TEO as well. 

The proven antimicrobial properties for OEO are mainly associated with its major 

components aromatic terpenes such as carvacrol, thymol and p-cymene (Esen, G. et al., 2007, 

Soylu, S. et al., 2007). One of the recognized effects of thymol and carvacrol is the ability to 

disrupt the outer membrane of Gram-negative bacteria through the release of the 

lipopolysaccharide content, which alters the permeability of the cell (Guarda, A. et al., 2011). 

Beside the synergistic effect among p-cymene and carvacrol, previously mentioned, another 

possible effect associated with carvacrol is related to its acidity, i.e. hydrogen-bonding ability, 

which seems to influence the loss of the proton gradient that destabilizes the protonmotive 

force and thus the cytoplasmic membrane, leading to apoptosis (Ben Arfa, A. et al., 2006, Ultee, 

A. et al., 2002). Minority components such as γ-terpinene also seem to influence the 

antimicrobial activity found. Since carvacrol and thymol show a synergistic effect, and since γ-

terpinene and p-cymene are precursors of the first two, it is possible that there is also a 
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synergistic effect between this component and p-cymene (Burt, S.A. and Reinders, R.D., 2003, 

Gilles, M. et al., 2010).  

Despite all the aforementioned contributions of the different components to the 

antimicrobial activity of this oil, another study concluded that the synergistic effect between 

p-cymene and carvacrol, compared to the individual components, seems to be the pivotal 

effect for the greater membrane destabilization and dysregulation of proton exchange (Ultee, 

A. et al., 2002). 

5.5.3 MIC of EEO 

Regarding the MIC values obtained in this assay, they were 4%, 14%, 6%, 8% for E. coli 

ATCC 8739, P. aeruginosa DM, S. aureus ATCC 6538 and E. faecalis ATCC 29212, respectively. In 

other studies, the values obtained were 2.25% (Mayaud, L. et al., 2008) and 8% (Aldoghaim, 

F.S. et al., 2018) for E. coli, 8% (Aldoghaim, F.S. et al., 2018) and >10% (Mayaud, L. et al., 2008) 

for P. aeruginosa, 4 % (Aldoghaim, F.S. et al., 2018) and 7.19% (Mayaud, L. et al., 2008) for S. 

aureus, 2% (Ait‐Ouazzou, A. et al., 2011) and > 8% (Aldoghaim, F.S. et al., 2018) for E. faecalis. 

In certain cases, there is then a starker difference in MIC values, which may be due to the 

factors listed for TEO as well.        

The antimicrobial ability of EEO may be mainly due to the major component 1,8-

cineole, whose strong antimicrobial activity has already been proven for various bacteria 

(Rosato, A. et al., 2007, Sonboli, A. et al., 2006). However, other studies consider that the 

antimicrobial activity of this oil is due to components such as p-cymene, γ -terpinene, and 

limonene. Since essential oils are composed of a mixture of compounds it is difficult to state 

that the antimicrobial activity is due to a specific compound, because the higher concentration 

of a particular compound does not necessarily imply that it is responsible for greater 

antimicrobial activity (Rota, M.C. et al., 2008), and therefore it is to consider the contribution 

of synergistic or antagonistic effect of the constituents of oils for the antimicrobial activity of 

the same (Ait‐Ouazzou, A. et al., 2011). 

By analyzing the results obtained for this oil it is also possible to see a higher 

susceptibility to a Gram-negative bacterium, E. coli ATCC 8739 compared to the Gram-positive 

bacteria in the study E. faecalis ATCC 29212 and S. aureus ATCC 6538. These results were also 

obtained in another study, in which unexpectedly Gram-positive bacteria were less susceptible 

to the effect of EEO than Gram-negative bacteria. According to the authors, this may be due 

to the action of components such as 1,8 cineole (eucalyptol), p-cymene, cis-geraniol and 

terpinolene, which may be involved in the unloading of the lipopolysaccharide membranes of 
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Gram-negative bacteria, changing the conformation of the membrane and increasing its 

permeability (Marino, M. et al., 2001).   

5.5.4 MIC of MEO 

Concerning the MIC values determined in this study, they were 1.75%, 45%, 0.5%, 3% 

for E. coli ATCC 8739, P. aeruginosa DM, S. aureus ATCC 6538 and E. faecalis ATCC 29212, 

respectively. The values documented are 1% (Muntean, D. et al., 2019, Shahbazi, Y., 2015) for 

E. coli, 1% (Rusenova, N. and Parvanov, P., 2009) and 2 % (Muntean, D. et al., 2019) for P. 

aeruginosa, 0,5% (Muntean, D. et al., 2019)  and 0.25% (Rusenova, N. and Parvanov, P., 2009) 

for S. aureus,  and 1% (Rusenova, N. and Parvanov, P., 2009)  for E. faecalis.  

Regarding the antimicrobial effect of this oils, one of the main actions of this oil is the 

destruction of protoplasm by lysis, however preserving the cell wall´s structure. Between all 

the compounds in the oil, menthone and menthol, are the major compounds that seem to 

have a key role in the antimicrobial effect, which is already highly described by several authors 

(Badea, M.L. et al., 2019, Cao, L. et al., 2009, Oke, F. et al., 2009). It has been documented that 

monoterpenes, like menthol, can harm both Gram-negative and Gram-positive bacteria´s 

membranes. In specific, menthol disrupts the lipid portion of the cell membranes, altering how 

permeable the membrane is and allowing the intracellular content to leak out (Russo, A. et al., 

2016). Besides the combination of menthol and other compounds of the oils, such as, limonene 

and menthone with the other compounds of the oil, that are present in low percentages, may 

lead a synergistic effect (Antolak, H., 2018, Lopes-Lutz, D. et al., 2008, Singh, R. et al., 2015). 

It should be noted that P. aeruginosa presents an MIC value much higher than 

documented in the literature, which may be due to an antagonistic effect of the different 

components of the oils specifically for this bacterium, since the greater or lesser antibacterial 

capacity of an oil is dependent on the bacterial strains used in each study and the part and 

composition of the plant used for the oil production (Antolak, H., 2018, Lopes-Lutz, D. et al., 

2008, Singh, R. et al., 2015), or even because is a clinical strain. 

5.5.5 MIC of LEO 

As can be seen in Table 2, for LEO the MIC values were 10%, 16%, 8%, 14% for E. coli 

ATCC 8739, P. aeruginosa DM, S. aureus ATCC 6538 and E. faecalis ATCC 29212, respectively. 

For LEO the values were 6.3% for E. coli, > 10 % and 12.5% for P. aeruginosa (Man, A. et al., 

2019), 1.25% (Moosavy, M. et al., 2017) for S. aureus, and 12.5% for E. faecalis (Man, A. et al., 

2019).  
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Although limonene is the majority component of LEO, antimicrobial activity of LEO is 

not due to this component alone, as studies conducted on this component alone have shown 

that it does not show antimicrobial activity when alone (Fancello, F. et al., 2016). Thus, the 

influence of minority components may be predominant for antimicrobial activity. In a study 

conducted with another oil, compounds such as citral and linalool, also present in this oil, 

were shown to be probably important for this effect when used against Gram-positive and 

Gram-negative bacteria (Yi, F. et al., 2018). As with the other oils, the mechanism of action of 

these oils is to alter the structure of plasma membranes, which results in an increase in 

membrane permeability and membrane damage that affects proton flux and hence energy 

production and transmembrane transport (Swamy, M.K. et al., 2016). In addition, the 

expression of virulence factors, the quorum sensing process and biofilm production are also 

affected (Nazzaro, F. et al., 2013).   

5.5.6 MIC of TTO 

And finally, for TTO the MIC values were 1%, 14%, 2% and 7% for E. coli ATCC 8739, 

P. aeruginosa DM, S. aureus ATCC 6538 and E. faecalis ATCC 29212, respectively. The values 

obtained in other study were and 0.62% for E. coli, >10% for P. aeruginosa, 1.05% for S. aureus 

(Mayaud, L. et al., 2008) and 1%  for E. faecalis (Rusenova, N. and Parvanov, P., 2009).   

In this type of oil, the major component is terpinene-4-ol, which is also involved in the 

antibacterial activity of this oil (Carson, C.F. et al., 2006, Santos, R.C.V. et al., 2014). As far as 

the mechanisms of action of this oil are concerned, this are also associated with leakage of the 

compounds present in the membrane and hindering the antimicrobial respiration (Yasin, M. et 

al., 2021). 

Thus, comparing the different oils it is possible to see that TEO, OEO and MEO were 

the ones with the lowest MIC values, which in the first two cases is most likely due to the 

carvacrol and thymol and the synergistic effects between these and other components such as 

p-cymene. The MEO, even without carvacrol and thymol in its composition, presents MIC 

values that are also quite low, which is due to other components in its constitution that seem 

to have antimicrobial capacity, which leads to conclude that this antibacterial activity of the 

oils is not only due to carvacrol and thymol, but also to other components present. 

Still, knowing that thymol has a high antimicrobial capacity, the MIC of an 8% solution 

of this compound was also determined, which can be seen in Table 3. 
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Table 3: MIC (%) of the 8% thymol solution for E. coli ATCC 8739, P. aeruginosa DM, S. aureus ATCC 

6538, E. faecalis ATCC 29212. 

 

 

 

 

 

Comparing the values on Table 3 with those of the oils, which correspond to complex 

mixtures of components, the goal is to conclude if in fact the antimicrobial activity of the oils 

containing this component is due exclusively to it or, as other authors have suggested, if there 

may be other components or synergistic relationships, or other types, such as antagonistic, 

established between this and the other components and also between the remaining 

components (Rao, J. et al., 2019).  

These work values are in agreement with those of another study, in which 0.5% for S. 

aureus and 0.3% for E. coli were obtained (Tippayatum, P. and Chonhenchob, V., 2007). Thus, 

when comparing the MICs of the thymol solution with those of the thymol-containing oils, 

such as thyme, which contains 50-55% thymol, and oregano, which contains between 3% and 

4% thymol, the MICs of these oils are mostly lower than those of the solution containing only 

thymol, which may be due to other components present in the oil that also contribute to their 

antimicrobial activity. Therefore, the antimicrobial activity of the oils containing thymol is not 

only due to this compound, but also to other compounds that interact with thymol and even 

with each other, leading to a synergistic effect that results in a lower MIC in the oils. This 

observation is also supported by other studies in which the essential oils had a higher 

antimicrobial capacity than their majority components in combination, which may also suggest 

that the minority components also contribute to the antimicrobial activity through a synergistic 

relationship of the same (Jiang, Y. et al., 2011, Rota, M.C. et al., 2008, Sarrazin, S.L.F. et al., 

2012).    

5.6 Determination of MIC of emulsions 

 Based on the above information, thyme, oregano and mint oils were chosen for the 

formulation of the final emulsions due to their low MIC values indicating that lower 

concentrations of these oils are required to prevent visible bacterial growth. 

Bacteria MIC (%) 

E.coli ATCC 8739 1 

P.aeruginosa DM 2 

S.aureus ATCC 6538 0.5 

E.faecalis ATCC 29212 0.5 
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In Table 4 and 5 are represented the MIC values obtained for each emulsion and 

bacterial strains in question, which resulted from the average of the trials performed in 

triplicate in at least two independent trials.  

Table 4: MIC (%) of the thymus, oregano and mint emulsions for E. coli ATCC 8739, P. aeruginosa DM, 

S. aureus ATCC 6538, E. faecalis ATCC 29212 with CMC 700.000 polymer. 

ND-Not Detected 

Table 5: MIC (%) of the thymus, oregano and mint emulsions for E. coli ATCC 8739, P. aeruginosa DM, 

S. aureus ATCC 6538, E. faecalis ATCC 29212, with XG polymer. 

ND- Not Detected 

By observing Tables 4 and 5 we can see that all the MIC values are much lower than 

those for the essential oils alone. This can be explained by greater stabilization of the oil drops, 

and consequently of their compounds, increasing their activity (Hussein, A. et al., 2019, Nirmal, 

N.P. et al., 2018). The oil droplets get dimensions that allow a better dispersion of the oil 

drops in the aqueous phase, increasing the contact area between the oil drop itself and the 

bacterial cells (Shinoda, K. and Kunieda, H., 1973, Valizadeh, A. et al., 2018). This contributes 

to a more targeted antimicrobial action of the oil since its components more easily interact 

Bacterias 

 

MIC (%) of Emulsions 
 

Thymus 

+ CMC 

Oregano 

+ CMC 

Mint + 

CMC 

Thymus + 

Oregano 

+ CMC 

Thymus 

+ Mint 

+ CMC 

Oregano + 

Mint + CMC 

Thymus + 

Oregano 

+ Mint + 

CMC 

E. coli ATCC 

8739 
0.049 0.012 0.195 0.006 0.049 0.012 0.008 

P .aeruginosa 

DM 
ND ND ND ND ND ND ND 

S. aureus ATCC 

6538 
0.0976 0.024 0.195 9,54 x 10-5 0.024 0.006 0.0041 

E .faecalis 

ATCC 29212 
0.0976 0.012 0.195 7.6 x 10-4 0.0976 0.024 0.0163 

Bacterias 

 

MIC (%) of Emulsions 
 

Thymus 

+ XG 

Oregano 

+ XG 

Mint 

+XG 

Thymus + 

Oregano + 

XG 

Thymus 

+ Mint 

+ XG 

Oregano + 

Mint + XG 

Thymus + 

Oregano + 

Mint + XG 

E. coli ATCC 

8739 
0.049 0.024 0.049 0.006 0.049 0.012 0.008 

P. aeruginosa 

DM 
ND ND ND ND ND ND ND 

S .aureus ATCC 

6538 
0.049 9,54 x 10-5 0.024 0.012 0.049 0.024 0.0081 

E. faecalis 

ATCC 29212 
0.0015 9,54 x 10-5 0.012   1.9 x10-4 0.012 0.003 0.00125 
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with the bacteria membrane. The main actions associated with emulsions are membrane 

disruptions that lead to the release of intracellular contents such as potassium ions, proteins, 

carbohydrates and DNA (Moghimi, R. et al., 2016a) 

Comparing even the two polymers and knowing that they do not present antimicrobial 

activity, based on the knowledge of Science 351 in working with these polymers, it can be seen 

that the MIC values are quite low for both polymers. However, for XG, although not 

significantly lower, these values are lower than for CMC 700.000, which may be due to the 

emulsions formed being even more stable with XG, which allows no fast phase separation, 

thus maintaining the oil droplets with the desirable dimensions for a beneficial contact area 

between them and the bacterial cell and leading to greater interaction between the 

components of these oils and the cells. This information concerning the polymers is in line 

with the earlier conclusion concerning the increased stability of emulsions with XG. 

Studies that determined MIC values for TEO emulsion, obtained MIC values of about 

0.04% (Moghimi, R. et al., 2016b) and 0.05% (He, Q. et al., 2022) which are very close to the 

0.049%, obtained in this work for E. coli. Also for S. aureus, the MIC of the emulsion of this oil 

was determined, and the value obtained was 0.05% (He, Q. et al., 2022) , which is also close 

to the value obtained in this work of about 0.0976%, for the emulsion with CMC 700.000 and 

0.049% for the emulsion with XG.     

Comparing the values obtained in this work with the study of other authors, it can be 

seen, for example, for the OEO emulsion, for S. aureus and E.coli bacteria that the MIC values 

are about 0.0312% (Enayatifard, R. et al., 2021) so they are quite close to the values obtained 

in this work, about 0.049 % and 0.0976 %. for S. aureus, and 0.012% and 0.024% for E. coli, 

depending on the polymer used, which for the last bacterium is still below what is described 

in the literature, which is very beneficial at the industrial level because less emulsion is needed 

to inhibit this bacterium. In this work, not only for the OEO but also for the other oils and 

blends, in this study too, P. aeruginosa continued to grow normally, and there was no action 

from the emulsion (Enayatifard, R. et al., 2021).  

 In addition to evaluating the antimicrobial activity of the emulsions of each oil 

individually, MIC values were also determined for emulsions containing two of these oils and 

emulsions containing all three oils. This combination of the oils was intended to assess whether 

this mixture would be beneficial in contributing to an increase in the antimicrobial capacity of 

the emulsions containing them. The mixing of several oils or their compounds can result in 

four types of antimicrobial actions: indifferent, antagonistic, additive, or synergistic (Delaquis, 
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P.J. et al., 2002). The antagonistic and synergistic effect of the combination of the different oils 

is dependent on two factors: the type of EO and the bacterial strains under study. The 

synergistic or antagonistic effects arising from the mixture of oils is probably due to the 

interactions established between the various components of the different oils (Rao, J. et al., 

2019).  

 When comparing the MIC values of the emulsions for the oil blend with those for the 

individual oils, the MIC values are mostly lower for the oil blends than for the individual oils, 

suggesting a synergistic effect due to interactions between the components of the different 

oils (Rao, J. et al., 2019). Several studies have evaluated the interaction of the phenolic 

compounds, carvacrol, thymol and eugenol, with other compounds, e.g. monoterpenes, and 

the contribution of their interactions to the antimicrobial activity and they found that there 

was indeed a synergistic effect due to the combination of these phenols with the 

monoterpenes, such as between thymol and p-cymene (Delgado, B. et al., 2004). The structure 

of thymol differs from that of p-cymene due to the existence of a hydroxyl group attached to 

the benzene ring in the former case, leading to an increase in the antimicrobial activity of p-

cymene (Rusenova, N. and Parvanov, P., 2009). 

Thus, it is possible to conclude that emulsions containing oil blends are more beneficial 

due to the interactions that form between the components of the different oils, increasing the 

antimicrobial activity and decreasing the MIC value.     
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6 Conclusion 

Essential oils emerged as natural alternatives to synthetic compounds that are often 

toxic to humans and other living beings, and can be applied to the most diverse areas, such as 

agriculture, in the pharmaceutical sector, food industry and the cosmetics area. The fact that 

essential oils have several fundamental properties allow the formulation of new products with 

antimicrobial activity without the need to resort to synthetic components that have been 

increasingly proven to be toxic. Thus, the need to resort to natural compounds is increasingly 

in vogue, since they are a cheap source and great availability, without causing environmental 

concerns. 

Regarding the present work it can be concluded that: of the surfactants tested, coconut 

glycoside was the one that presented the highest EIs values and a high stability at 24 and 48 

hours after emulsion production, in most of the concentrations tested. As for the polymers, 

XG showed a higher stabilizing capacity of the emulsions after 24 and 48 hours.   

From the oils studied it can be concluded that oregano, thyme and mint are the ones 

with the highest antimicrobial activity, and therefore lower MICs. As regards the emulsions 

with the essential oils alone and the emulsions with the mixture of oils, it was found that the 

latter show lower MICs than the oils individually, which may be due to the synergistic effect 

of the components of the different oils that will contribute to an increase in the antimicrobial 

activity of the emulsions containing the mixed oils. 

When assessing the antimicrobial capacity not only of the oils individually, but also of 

the emulsions, mostly Gram-positive bacteria were more susceptible than Gram-negative 

bacteria, which may be due to the outer membrane of Gram-negatives. And since skin bacteria 

are mostly Gram-positive, these oils have several applications in cosmetics, allowing the 

formulation of products with the most diverse purposes. 

In the future it will also be possible to test and compare the MICs of emulsions with 

essential oils, with and without the addition of thymol, since it has a high antimicrobial activity, 

and to evaluate whether the addition of thymol would be beneficial to further increase the 

antimicrobial capacity of the emulsions. It will also probably be possible to produce emulsions 

with an equal mixture of the surfactants with which better results were obtained, such as coco 

glucoside and cocamidopropryl betaine, in order to assess whether the action of both in the 

same emulsion could further increase the EIs and the stability of the emulsions, compared to 

their action alone, It may also be tested the action of the mixture of the two polymers in 

emulsions, in order to assess their joint action in stabilizing emulsions in the long term, which 
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opens the way to another test that involves the characterization of emulsions, by determining 

the stability, i.e. through stability studies over 48 hours. 

Thus, this study proved the antimicrobial activity of the tested oils and their emulsions, 

which will pave the way for the development of innovative cosmetic products capable of 

inhibiting bacterial activity, without the need to add synthetic compounds, often associated 

with environmental pollution and toxicity.    
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