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Resumen 

 

El presente trabajo evaluó el uso de asistencia enzimática para extraer aceites esenciales de menta mediante procesos de 

hidrodestilación y se evaluaron las propiedades antifúngicas y antibacterianas del aceite obtenido frente a patógenos transmitidos 

por alimentos. Se realizó un análisis exploratorio utilizando un modelo de Hunter & Hunter, evaluando el efecto del tiempo (90, 

180 min), pH (4.5, 5), contenido de enzima (15, 30 mg), temperatura (40, 50 °C) y agitación (100, 150 rpm). Se encontró que el 

uso de asistencia enzimática contribuyó a un aumento de 70,4 % en los rendimientos de extracción con el mejor de los tratamientos 

(90 min, pH 4,5, 40 °C, 30 mg y 150 rpm). Asi mismo, el aceite esencial de menta obtenido por extracción con asistencia 

enzimática inhibió el crecimiento de Fusarium sp. en ensayos de microplaca, presentando además una notable actividad 

antimicrobiana frente a cepas de S. aureus, E. coli y S. enterica serovar Enteritidis, generando halos de inhibición de 19,45 ± 1,33, 

17,12 ± 0,75 y 14,54 ± 1,17 mm, respectivamente, en ensayos de difusión en disco. De esta forma, se encontró que la asistencia 

enzimática contribuye a aumentar los rendimientos de extracción del aceite esencial de menta a través de procesos de 

hidrodestilación sin comprometer sus propiedades antifúngicas y antimicrobianas. 

 

Palabras clave: Antimicrobiano, enzimas, aceite esencial de menta, patógenos, hidrodestilación. 

Abstract 

 

The present work evaluated the use of enzymatic assistance to extract mint essential oils through hydro-distillation processes 

and the antifungal and antibacterial properties of the obtained oil against food-borne pathogens. An exploratory analysis was 

performed using a Hunter & Hunter model, evaluating the effect of time (90, 180 min), pH (4.5, 5), enzyme content (15, 30 mg), 

temperature (40, 50 °C), and agitation (100, 150 rpm). It was found that the use of enzymatic assistance contributed to a 70.4 % 

increase in extraction yields with the best of the treatments (90 min, pH 4.5, 40 °C, 30 mg y 150 rpm). Likewise, the mint 

essential oil obtained by extraction with enzymatic assistance inhibited the growth of Fusarium sp. in tests of microplate, also 

presenting a remarkable antimicrobial activity against strains of S. aureus, E. coli, and S. enterica serovar Enteritidis, generating 

inhibition halos of 19.45 ± 1.33, 17.12 ± 0.75, and 14.54 ± 1.17 mm, respectively, in tests of disk diffusion assay. In this way, it 

was found that enzymatic assistance contributes to increased extraction yields of mint essential oil through hydro-distillation 

processes without compromising its antifungal and antimicrobial properties. 

 

Keywords: Antimicrobial, Enzyme-assisted extraction, Mint essential oil, Food-borne pathogens, hydro-distillation. 
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INTRODUCTION 

Essential oils (EOs) are volatile substances of an oily 

nature present in all vegetables (Dutra et al., 2019). They are 

a product of the secondary metabolism of plants (Memarzadeh 

et al., 2020). They are composed of a mixture of aldehydes, 

hydrocarbons, terpenes, and phenols (Plant et al., 2019). EOs 

are found in different organs of the plants such as stems, 

leaves, seeds, flowers, and fruits; they can also be found in 

secretory cells, channels, epidermal cells, and glandular 

trichomes (Vásquez et al., 2001; Alzamora et al., 2014; Rezaei 

et al., 2021). 

EOs have been part of traditional medicine and perfumery 

for many years (Das et al., 2021). They are currently used as 

preservatives and elemental substances by various industries, 

from food to pharmaceuticals, in the production of multiple 

products such as perfumes, cosmetics, flavorings, food, etc. 

(Castañeda et al., 2007; Popović-Djordjević et al., 2019). 

They have multiple effects, such as anti-parasitic, anti-

virulent, insecticidal, fungicidal, and bactericidal (Radivojac 

et al., 2020). They are considered a safe, biodegradable, and 

natural alternative for controlling postharvest pathogens 

(Hasheminejad et al., 2019). Nowadays, EOs are considered 

GRAS (Generally Recognized as Safe) substances and are 

included in different food investigations in border areas (Das 

et al., 2021). 

Conventionally, the EOs are extracted through hydro-

distillation, steam distillation, and solvent extraction 

processes (Spadi et al., 2021), mainly based on the reaction 

temperature and the selection of solvents that allow for 

increasing the solubility of plant matrices (Gao and Liu, 

2005). However, these methods have some disadvantages, 

such as the generation of low yields and traces of chemicals 

that are harmful to health (Shrigod et al., 2017). Currently, 

multiple assistive techniques friendly to the environment have 

been developed to improve extraction yields, including 

microwave assistance (Ghazanfari et al., 2020; Xiao et al., 

2021; Yingngam et al., 2021), ultrasound (Liu et al., 2019), 

use of green solvents (Zhao et al., 2019) and enzymatic 

assistance (Zaizhi et al., 2021). Enzyme assists technology 

consists of using hydrolytic enzymes to degrade plant cell 

walls, composed of highly complex polymers such as 

hemicellulose, cellulose, and pectin, improving the release 

rate of intracellular components (Meini et al., 2019). It is a 

high-efficiency technology, has good environmental 

compatibility, and is easy to execute (dos Santos Reis et al., 

2020; Zaizhi et al., 2021). 

Mint (Mentha sp.) is a plant of the Laminaceae family 

widely distributed in regions of moderate temperatures. The 

genus has 19 species and 13 natural hybrids. It has multiple 

nutritional and pharmacological properties and a tremendous 

economic relevance due to the EO (Nazem et al., 2019; Lothe 

et al., 2021). In 2019, the world production of 74,200 tons of 

mint was reported. Morocco is the primary producer with 

66,500 tons, and Mexico is in third place with 610 tons (FAO, 

2021). The mint essential oil (MEO) is mainly composed of 

mentone (20-31%), mentofuran (6.8%), menthyl acetate (3-

10%), and menthol (29-48%), which in addition to having a 

pleasant aroma, it has antiseptic, antispasmodic, and 

fungicidal properties (Mendoza et al., 2009; Singh et al., 

2015). In addition, the MEO also contains some 

pharmacologically active ingredients such as caffeic acid, 

flavonoids, polymerized polyphenols, carotenes, tocopherols, 

betaine, choline, and tannins (Singh et al., 2015). Currently, 

food-borne pathogens represent a severe food health problem, 

generating considerable economic losses (Adley and Ryan, 

2016). According to the surveillance of food-borne disease 

outbreaks during 2016-2019, pathogenic bacteria, such as 

Escherichia coli, Salmonella sp., and Staphylococcus aureus, 

were the most confirmed etiologies of many disease cases in 

the United States (Chuesiang et al., 2021). 

In the present work, an exploratory analysis of the 

extraction of MEO was carried out through hydro-distillation 

processes using enzyme assistance extraction (EAE) 

technology using a pool of Trichoderma harzianum cellulases 

(SIGMA). In addition, the effect of extracted MEO against 

food-borne pathogens and an agriculturally important 

pathogenic fungus was evaluated. As far as the authors are 

aware, there is no history of the application of EAE for the 

extraction of MEO through hydrodistillation processes using 

cellulase enzymes from T. harzianum, with a subsequent 

evaluation of the maintenance of antimicrobial properties. 

MATERIALS AND METHODS 
 

Raw material and conditioning. The mint (Mentha sp.) 

was collected in “Ejido El Coyote” in the municipality of Villa 

Hidalgo; San Luis Potosí (Latitude 22 ° 51  ́34.6 ,́ longitude 

100 ° 35 ́ 59.9 ́ ́). The raw material was identified by its 

morphological characteristics. Later it was cleaned by 

removing foreign particles and ground for experimental 

development. The microorganisms used in the present work 

(Fusarium sp, Escherichia coli, Salmonella enterica serovar 

Enteritidis, and Staphylococcus aureus) were provided by the 
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strain collection of the Food Research Department of the 

Faculty of Chemical Sciences belonging to the Autonomous 

University of Coahuila. 

Evaluation of the EAE of MEO. For the development of 

this stage was used an enzymatic pool of “lithic enzymes of 

Trichoderma harzianum” (SIGMA) composed of β-

glucanases, cellulases, proteases, and chitinases, developed by 

Novozyme Corp. The experimental units consisted of 

Erlenmeyer flasks of 500 ml with 30 g of mint and 300 ml of 

citrate buffer 0.1 M following the conditions shown in Table 

1. In addition, a Hunter & Hunter experimental design was 

used to evaluate five variables at two levels using the 

statistical program “STATISTIC 7”. After enzyme treatment, 

the samples were subjected to a process of hydro-distillation 

at boiling temperature for 40 min. 

Table 1. Evaluated conditions of enzyme pretreatment by 

Hunter & Hunter experimental design. 

Treatment Time pH °C 
Enzyme                

(mg) 
Rpm 

MTx1 90 4.5 40 30 150 

MTx 2 180 4.5 40 15 100 

MTx 3 90 5 40 15 150 

MTx 4 180 5 40 30 100 

MTx 5 90 4.5 50 30 100 

MTx 6 180 4.5 50 15 150 

MTx 7 90 5 50 15 100 

MTx 8 180 5 50 30 150 

 

Recovery of essential oil. Subsequently, the extracts were 

treated with ethyl acetate in a 1:2 ratio to separate the organic 

phase. After the organic phases were rotavaporated using 

equipment (BÜCHI RE120) to 20 in Hg and 38 ° C. Finally, 

the quantities of oil recovered for the treatment were evaluated 

and stored in the dark for further tests. 

Evaluation of antifungal activity. The effect of the MEO 

against Fusarium sp. was assessed using a technique in 

microplate reported by Mdee et al., (2009). First, 10 μl of 

potato dextrose broth were mixed in a microplate with 100 μl 

of the MEO obtained whit the treatment MTx1 undiluted and 

10 μl of Fusarium sp. spore’s solution at a concentration of 1 

X 106 spores / mL. Then, the experiment was left in incubation 

at 30 °C for 48 h. A blank treatment was evaluated without 

MEO. Subsequently, samples of 10 μL were taken from the 

mixtures, inoculated in Petri dishes with PDA, and incubated 

for seven days at 30 °C. The growth was assessed every 24 h. 

Evaluation of antibacterial activity. The MEO was 

evaluated using a disk diffusion assay against three bacterial 

strains, E. coli, S. aureus, and S. enterica serovar Enteritidis, 

using the methodology described by Carvalho et al., (2018) 

with some modifications. First, the bacteria were reactivated 

in nutrient broth and incubated at 37 ° C for 24 h. 

Subsequently, Petri dishes with nutrient agar were prepared 

and inoculated with 500 μl of the bacterial cultures using the 

pour-plate technique. Finally, four sterilized filter paper disks 

(7mm) were placed on each plate. Three were impregnated 

with 10 μL MEO produced by MTx1 treatment undiluted and 

one with MEO of industrial origin was used as a control. The 

plates were incubated at 37 °C and the inhibition halos were 

evaluated at 24 h. The results were analyzed by a Tukey 

means test using the InfoStat program. 

RESULTS AND DISCUSSION 
 

Extraction yields by EAE. The MEO yields obtained by the 

EAE technique are presented in Fig. 1. It is observed that the 

MTx1 treatment produced the highest yield, 0.213%, which is 

70.4 % higher than the treatment without EAE. This result is 

associated with the action of cellulase enzymes from the 

enzyme pool on plant material. Endoglucanases, 

exoglucanases, and β-glucosidases work synergistically to 

break the β 1-4 bonds of cellulose that constitute cell walls 

and the oil glands. Finally, the release of intracellular 

components, among which EOs are present (Ovando-Chacón 

and Waliszewski, 2005; Kumar et al., 2019; Shimotori et al., 

2020 Pradhan et al., 2021). 
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Figure 1.  Percentage of MEO extraction yields obtained 

with the treatments evaluated in the exploratory analysis. (C) 

Treatment without enzyme assistance. Standard deviations 

are represented with bars and significant differences with 

letters. 

 

Table 2 shows a comparison of the MEO extraction yields 

obtained in this study with those reported by other authors in 

the literature. It can be appreciated that the yields obtained 

were higher than those reported by de Sousa Barros et al., 

(2015) when working with species of M. longifolia and M. 

arvensis. However, it is also observed that there is a variation 

in the yields reported in the literature when working with 

different species of mint, and even within the same species. 

In this case, the best treatment increased extraction 

performance by 70.4 % compared to the treatment without 

EAE. Therefore, the difference in extraction yields compared 

to some literature authors is not attributed to a deficiency of 

the methodology in question. It has been reported that the 

content of EOs depends on several factors, among which are 

the plant species, the cultivation conditions (such as the 

nutrients available in the soil, fungal colonization of the 

rhizosphere, periods of light), and harvest (Gupta et al., 2002; 

Tabatabaie and Nazari, 2007). Likewise, it is known that the 

temperature at which plants develop considerably influences 

their content of EO, favoring their production in cold climates 

(Heydarizadeh et al., 2013). The raw material used in this 

work comes from the state of San Luis Potosí, located in the 

central region of Mexico, characterized by its temperate 

climate with an average annual temperature of 21 ° C (INEGI, 

2018) which could influence the low oil content presented by 

the raw material. 

 

Table 2. MEO yields presented by different authors through 

hydro-distillation processes. 

Yield % Species Reference 

0.213 ± 

0.02 
Mentha sp. Present work 

2.29 ± 0.16 M. piperita (Gavahian et al., 2015) 

1.7 

0.26 

0.05 

0.1 

0.54 

M. spicata 

M. aquatica 

M. longifolia 

M. arvensis 

M. 

canadiensis 

(de Sousa Barros et al., 

2015) 

0.64 M. piperita (Singh et al., 2015) 

0.8 

1 

1.25 

M. spicata 

M.longifolia 

M. piperita 

(Heydarizadeh et al., 

2013) 

0.6 M. arvensis (Gupta et al., 2002) 

In the Fig. 2 the Pareto diagram obtained from the 

exploratory analysis of the MEO extraction by EAE is 

presented. It can be appreciated that only the stirring and 

temperature factors had a significant effect on the yields 

obtained. In the case of agitation, it shows a tendency to higher 

levels. It is known that an increase in agitation increases the 

enzyme-substrate interaction, thus favoring its action and 

therefore the structural lysis of the raw material, improving 

the release rate of intracellular components (Quirasco-Brauch 

and López-Mungía, 2006). Regarding the temperature, this 

presents a tendency to lower values which correspond to that 

indicated by the manufacturer of 37 °C. Although the optimal 

cellulase activity varies depending on the producing 

microorganism, some researchers report an optimal 

temperature of 30 °C working with T. reseei cellulases (Silas 

et al., 2017), while other reports determined an optimal 

temperature of 45 ° C working with T. longibrachiatum 

cellulases (Pachauri et al., 2020) and even 60 ° C in work with 

mutant strains of T. reseei (Silva et al., 2020). 

Antifungal activity. Table 3 shows the results of the 

evaluation of the antifungal effect of MEO obtained by EAE 

using the MTx1 treatment, which was performed in triplicate 

with two repetitions. It is appreciated that there was no growth 

of Fusarium sp. throughout the trials in comparison with the 

blank which showed growth at 48 h of incubation. 

 

 

 

0.00

0.05

0.10

0.15

0.20

0.25

MTx1 MTx2 MTx3 MTx4 MTx5 MTx6 MTx7 MTx8 SN enz

Y
ie

ld
 %

Treatment

a

abc ab

bcd

abcd

c
bcd bcd

d

C 



2022 Volumen 14, No 28.  

Revista Científica de la Universidad Autónoma de Coahuila 

 

35 

 

Figure 2. Pareto diagram obtained from the exploratory 

analysis of MEO extraction by EAE 

Table 3. Evaluation of the antifungal activity of MEO 

extracted by EAE using the treatment MTx1 

Repli

ca 

Repetit

ion 

24

h 

48

h 

72

h 

96

h 

120

h 

144

h 

168

h 

1 1 - - - - - - - 

 2 - - - - - - - 

 3 - - - - - - - 

 OF - x      

2 1 - - - - - - - 

 2 - - - - - - - 

 3 - - - - - - - 

 OF - x      

(-) - no growth   x- growth    OF- Oil-free 

These results agree with the research carried out by 

Sharma et al., (2017), who reported the inhibitory effect of M. 

piperita EO against F. oxysporum at a concentration of 500 

ppm. Vilaplana et al., (2018) also reported the fungistatic 

effect of MEO on a strain of F. verticillioides. The MEO has 

multiple components with fungicidal activity, such as 

limonene, menthone, and menthol. The last one is lethal for 

Fusarium spp strains and other fungi like Mucor spp., 

Aspergillus flavus, and Rhizopus (Kamatou et al., 2013). 

Menthol, one of the main components present in mint, has 

been reported to reduce the growth of F. ventricoloides by 

75% at a concentration of 200 ppm in works developed on 

semisolid agar (Kamatou et al., 2013). In addition to their 

chemical composition, the lipid nature of EOs contributes to 

the inhibition of microorganisms. It allows them to penetrate 

the lipid bilayer of fungal membranes, facilitating their 

disruption (Sharma et al., 2017). 

 

Antibacterial activity. Table 4 shows that the inhibition 

halos produced by the EO obtained by EAE presented a wider 

diameter than those produced by the EO obtained industrially 

against the different evaluated microorganisms. It is also 

appreciated that S. aureus is the microorganism most 

susceptible to the inhibitory effects of the EO obtained by 

EAE. The halos obtained in this work were similar to those 

reported by Chrysargyris et al., (2017), who got halos of 9.3 

mm (E. coli) and 18.3 mm (S. aureus), and greater than those 

reported by Singh et al., (2015), who obtained halos of 5.1 ± 

0.4 mm (E. coli) and 17.2 ± 0.9 mm (S. aureus) when working 

with EO of M. piperita and 19.7 ± 0.3 (E. coli) and 14.7 ± 0.4 

( S. aureus) when testing the inhibitory effect of the antibiotic 

gentamicin, all within a 24-hour period. The halos obtained in 

this experiment showed a larger diameter than the previous 

cases, except in the case of E. coli, which showed greater 

sensitivity against gentamicin than to the MEO evaluated in 

this work. 

Table 4. Results of inhibition halos produced by mint 

essential oil against food-borne pathogens 

Assay Halo (mm) 

S aureus 19.45 ± 1.33 a 

S aureus control 11.27 ± 1.03 d 

E coli 17.12 ± 0.75 b 

E coli control 12.13 ± 0.02 cd 

S. enterica serovar Enteritidis 14.54 ± 1.17 bc 

S. enterica serovar Enteritidis control 10.41 ± 0.28 d 

Controls: Tests carried out using industrially obtained 

essential oil 

The MEO is effective against gram-positive and negative 

bacteria, presenting a more significant effect on gram-positive 

bacteria. This is due to the lipopolysaccharides that are present 

in the membranes of gram negatives (Işcan et al., 2002), these 

prevent the passage of hydrophobic molecules due to the 

double lipid layer and the external capsule they possess, which 

makes it difficult to access the cell wall and membrane 

(Scherer et al., 2013; Chrysargyris et al., 2017; Carvalho et 

al., 2018).  

The antimicrobial effect reported in this work may be 

associated with some of the compounds that different authors 

have reported as components of MEO, among which are 

menthol, limonene, and linalool, among other phenolic 

compounds (Singh et al., 2005; Verma et al. al., 2010; Zaidi 

and Dahiya, 2015; Herman et al., 2016; Chouhan et al., 2017). 

It has been associated that these compounds produce the 
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deterioration of some enzymes and structural components 

present in bacterial cells that intervene in the energy 

production for the survival of microorganisms, altering the 

mechanisms of electron transport, the synthesis of nucleic 

acids, assimilation of nutrients, and the plasma membrane 

causing cell lysis (Tassou et al., 2000; Kamatou et al., 2013; 

Kang et al., 2019). 

CONCLUSION 
 

The application of EAE technology in hydro-distillation 

processes to extract MEO increased by 70.4% of the yield 

compared to the extraction by conventional hydro-distillation. 

The EO obtained showed antimicrobial activity against 

important food-borne pathogens and an antifungal effect 

against Fusarium sp. In this way, the present work presents an 

environmentally friendly extraction alternative that allows 

increasing extraction yields of the MEO without the usage of 

solvents harmful to health to increase yields and guarantees 

the preservation of the integrity of its components, allowing 

its use as an alternative for the control of food-borne 

pathogens and pathogenic fungi of agricultural importance. 
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