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INTRODUCTION

The essential oil international market 
moves a considerable economic portion. Statistics 
from the United Nations Commodity Trade Statistics 
Database revealed that, in 2014, importing essential 
oils generated between $3,43 and $3,91 billions in 
exporting. France and United States are the leading 

countries in imports and exports. Brazil is currently 
the world’s fourth larger exporter of essential oils, 
mainly the citric, such as orange, lemon and lime 
(BIZZO & REZENDE, 2009; COMTRADE, 2014). 

In light of the high economic value of 
essential oils, food, pharmaceutical and fragrance 
industries have shown interest in this market. 
Furthermore, their beneficial properties, such as 
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ABSTRACT: Essential oils are substances originated from plants in general. These compounds are well known to have a high biological 
activity, specially the antioxidant and antimicrobial. Several extraction techniques are employed to obtain these substances. However, the 
majority of these techniques require a long extraction time. In this sense, innovative and alternative extraction techniques, such as ultrasound, 
have recently been the target of studies. In view of the small amount of publications using ultrasonic pretreatment, this review aimed to 
congregate current relevant information on ultrasound-assisted extraction of essential oils. In this sense, theoretical aspects, such as the 
main factors that influence the performance of this technique as well as the advantages and disadvantages of the use of ultrasound as an 
environmental friendly alternative technique to improve the extraction of essential oil in comparison to traditional methods, are shown. 
Considering the available studies in the literature on essential oil extraction using ultrasonic pretreatment, low frequencies ranged from 20 to 
50kWz and times ranged from 20 to 40min were used. The use of ultrasonic pretreatment represents a time reduction to near 70% in relation 
to the conventional hydrodistillation. Also, these conditions enabled a growth in the extraction of bioactive compounds and consequently 
improving the antioxidant and antimicrobial activities of essential oils.
Key words: essential oil, food, extraction, ultrasound, green chemistry.

RESUMO: Óleos essenciais são substâncias originadas de plantas em geral. Estes compostos são bem conhecidos por apresentarem elevada 
atividade biológica, especialmente atividade antioxidante e antimicrobiana. A fim de obter estas substâncias, são utilizadas várias técnicas de 
extração. A maioria destas técnicas é caracterizada por requererem um elevado tempo de processo. Neste sentido, a aplicação do ultrassom 
como uma técnica alternativa tem sido alvo de estudos, ganhando destaque nos últimos anos. Tendo em vista a pequena quantidade de 
publicações utilizando ultrassom previamente a extração, este trabalho visa reunir as atuais informações relevantes sobre a extração de óleo 
essencial empregando ultrassom como pré-tratamento. Além disso, aspectos teóricos como os principais fatores que influenciam o desempenho 
deste método e as vantagens e desvantagens do uso do ultrassom como uma alternativa para melhorar a extração de óleos essenciais de 
forma mais ambientalmente amigável em comparação com os métodos tradicionais são mostrados. Considerando os estudos disponíveis na 
literatura sobre a extração de óleos essenciais utilizando ultrassom como pré-tratamento, os melhores resultados obtidos empregam baixas 
frequências, que variam de 20 a 50kWz e tempos de extração entre 20 a 40min. A utilização de ultrassom como pré-tratamento possibilita uma 
redução de tempo de cerca de 70% em relação à hidrodestilação convencional. Além disso, estas condições permitem um aumento na extração 
de compostos bioativos e consequentemente melhoram a atividade antioxidante e antimicrobiana dos óleos essenciais obtidos.
Key words: óleo essencial, alimento, extração, ultrassom, química verde.
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the antimicrobial, antioxidant, anti-inflammatory, 
anticancer and antimutagenic activities as well 
as the strong and nice flavor of these compounds, 
have addressed the industries attention (BAKKALI 
et al., 2008; MIGUEL, 2010; GUIMARÃES et al., 
2010; SHAABAN et al., 2012). The use of natural 
products that present these properties in foods have 
recently gained prominence, mainly because of their 
essence as a natural product, reflecting in health 
benefits for humans in opposition to the synthetic. In 
this sense, the extraction of these natural compounds 
from fruits, vegetables and plants has been the 
target of several studies that aimed to develop new 
methodologies to extract substances rich in, mainly, 
antioxidant and antimicrobial activities with suitable 
yields (FARHAT et al., 2011). 

Essential oils are mainly extracted from 
medicinal and aromatic plants and fruit parts, such 
as shell and pulp. They are considered a complex 
mixture of volatile substances. The most valuable 
compounds are the oxygenated terpenes, since they are 
highly odoriferous, present more antioxidant activity 
and stability in comparison to other compounds. As 
a result, a better quality of essential oil is achieved. 
Considering that oil quality is related to its chemical 
composition, the choice of a suitable extraction method 
is extremely important. The method employed should 
not influence negatively the composition, avoiding the 
decomposition of the interest compounds in order to 
maintain the quality of the final product (BAKKALI et 
al., 2008; DJOUAHRI et al., 2013). 

Use of green technologies that allow the 
development of methodology bases to prevent negative 
influences in compositions is an investigation topic 
in several research areas. Ultrasound is a promising 
alternative to avoid the use of solvents and reduce the 
time consumption in essential oil extractions. In this 
sense, considering the small amount of publications 
on ultrasonic pretreatment prior to hydrodistillation, 
this review intended to bring available information 
together to cover this lack in the literature. 

DEVELOPMENT

Essential oils
Volatile oils or essential oils are lipophilic, 

liquid, normally less dense than water and are highly 
odoriferous substances. The essential oil designation 
refers to its hydrophobic characteristics and to its 
similarity to oils in terms of viscosity. The term 
essential consists of the native essence and specific 
fragrance of the plant from which the oil is extracted 
(RAUT & KARUPPAYIL, 2014). 

Antioxidant compounds presented in 
some essential oils, such as terpenic and phenolic, 
prevent or delay oxidation processes or even 
interrupt or delay reactions between peroxyl 
and hydroxyl radicals (MASTELIC et al., 2008; 
MIGUEL, 2010; AMORATI et al., 2013). Moreover, 
essential oils present a great antimicrobial activity, 
which is attributed to these compounds and their 
hydrophobic characteristic. This characteristic 
enables the partition of the compounds in the plasma 
membranes and mitochondria causing a cell disorder 
and leading to an increase in the permeability and to 
a loss of cellular constituents, being more efficient 
against gram positive bacteria than gram negative 
bacteria (BURT, 2004; OKOH et al., 2010; VIUDA-
MARTOS et al., 2011; JAYASENA, 2013). The 
presence of these substances are generally related 
to responses to stress conditions and to the defense 
mechanisms of plants (KOROCH et al., 2007; 
BAKKALI et al., 2008).

The complexity of the chemical 
composition of essential oil refers to their activity, 
mainly to their major constituents. According to 
some authors, the antioxidant and antimicrobial 
potential is related to obtainment of extracts with high 
phenolic compounds and low presence of unsaturated 
terpenes. Thymol, carvacrol, eugenol, α-terpinene 
and γ-terpinene are the constituents that present more 
antioxidant activity (MASTEIC et al., 2008). The 
existent literature reported an antimicrobial activity 
that presents, in the majority of compounds, groups 
of aldehydes, phenols and alcohols. Conversely, the 
minority of compounds are methyl esters and terpenes 
hydrocarbons, such as camphene, α-terpinene, 
carvacrol, camphor and caryophyllene oxide 
(KALEMBA & KANICKA, 2003; HYLDGAARD 
et al., 2012). Essential oils are poorly stable in high 
temperatures. In this sense, during the extraction of 
these substances by conventional methods, normally 
using high temperatures, yield losses and degradation 
reactions are observed, decreasing the product quality 
(TRANCHIDA et al., 2006). 

Antioxidant and antimicrobial activities 
have made essential oil the target of several 
investigations, which aim to replace the use of 
conservatives or even potentiate the antimicrobial 
activity of substances, such as sodium chloride, 
sodium nitrite, nitrate and nisin (BURT, 2004). 
Furthermore, the use of these natural compounds 
with preservative techniques, such as soft thermic 
treatment, high pressure hydrostatic and anaerobic 
packaging, have been the focuses of several studies 
(BURT, 2004).
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Conventional extraction methods
Conventional methods employed to 

essential oil extraction show many limitations, such 
as a great consumption of reagents, high-energy costs 
and mainly high temperature conditions for a long 
time reflecting in degradation of active compounds 
and consequently loss of quality. As a result, there 
is an expanding demand for alternative methods 
that enable the extraction of essential oil with 
increased quality in a faster, more efficient, and more 
economical way, causing less environmental impact.

The extraction of essential oil from 
plants involved two physical phenomenon: first, the 
diffusion of essential oil by the cell wall; and second, 
the dissolution in a medium. The structure glands are 
very thin being easily destroyed by heat or mechanical 
action. Conventionally, the methods employed to 
volatile compounds are hydrodistillation, vapor 
distillation, vacuum distillation, solvent extraction, 
cold pressing and supercritical carbon dioxide 
extraction. The method mainly indicated to essential 
oil extraction in the Brazilian Pharmacopoeia is the 
hydrodistillation that consists in boiling the biomass 
using water (BRAZIL, 2010). In this method, the 
biomass is immersed into the water and the generated 
vapor penetrates the vegetal material, opening the 
pores and releasing oils from the glands. Mixture of 
water and oil are vaporized, cooled in a condenser 
and separated by density or by a hygroscopic 
substance, such as the anhydrous sodium sulfate. 
(VINATORU et al., 1997). When it comes to essential 
oil extraction, the use of high temperature conditions 
can compromise their quality, promoting losses of 
compounds by thermic and hydrolytic degradations 
(POURMORTAZAVI et al., 2007).

Alternative extraction methods
Conventional methods have been applied 

in the last decades; however, these methods present 
some disadvantages, as previously mentioned. As 
a result, a significant increase in investigations 
on alternative methods to extract efficiently these 
compounds without high temperature conditions 
was recently perceived. Development of extraction 
methods that offer a reduction in time and costs 
are very interesting to industries. Ultrasound 
assisted extraction, pressurized liquid extraction, 
supercritical fluid extraction and microwave assisted 
extraction have drawn researchers’ attention and 
prompted them to develop methods relatively more 
advantageous than the conventional (CHEMAT, 
2013). The method using ultrasound has been studied 
by several researchers in order to increase the quality 

of essential oil and decrease the extraction time 
and the costs (ROMDHANE & GOURDON, 2002; 
PÉREZ-SERRADILHA et al., 2007; CRAVOTTO et 
al., 2008; PORTO & DECORTI, 2009; WANG et al., 
2010; DJOUAHRI et al., 2013; FILLY et al., 2014). 

Extraction mechanisms involved using ultrasound 
and applications for essential oil

Sonochemistry means the use of ultrasound 
(acoustic energy) to obtain a chemical reaction and the 
use of mechanical waves with a frequency rate over 
than 16kHz. The mechanical waves need a propagation 
medium where consecutive cycles of compression 
and rarefaction are present. The ultrasound waves 
are generated from transducer magnetostrictive or 
piezoelectric, which are submitted to electric field and 
some electroelastomechanical deformations, resulting 
in a conversion from electric to mechanical energy. In 
this sense, the use of ultrasound in low frequency is 
employed to extract some compounds mainly through 
molecular agitation, heating, micro-jets formation and 
cavitation phenomenon (KRUG, 2010).

Cavitation is the main chemical factor 
that occurs when ultrasound with low frequency 
is used. It involves the formation, increase in 
size and implosive rupture of bubbles in liquid 
(Figure 1). This phenomenon results from the 
compression and rarefaction of bubbles, promoting 
their far apart organization. During these cycles, 
a progressive increase of cavities up to a critical 
size occur and a collapse happens. This implosion 
generate hot spots, high pressure (around 100atm) 
and average temperatures of 5000°C by some 
seconds (MASON, 1990; MASON, 2002). 

Some variables, such as frequency and 
intensity of ultrasound, viscosity, superficial tension, 
vapor pressure of the liquid, kind of gases or external 
pressure, can affect the formation of cavitation 
bubbles. The frequency is related to the capacity of 
the bubble cavitation, thus when high frequencies 
are employed, the cavitation phenomenon is 
observed since the cycles of compression and 
rarefaction occur very fast, as in medical ultrasounds. 
Other important factor is the ultrasound intensity. 
Increasing the intensity, efficiency decreases as a 
result of larger and more stable bubbles formation 
without cavitation (MASON, 1990; MASON, 2002). 
In addition, high viscosity and superficial tension 
impairing the formation of cavitation bubbles and 
using liquids with high vapor pressure and elevated 
temperatures can affect negatively the collapse 
intensity. Temperature of the medium is also an 
important point. High temperatures promote the 
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Figure 1 - A) Cavitation bubbles formation. B) Cavitation effect observed in the ultrasound. Adapted 
from VAN WIJNGAARDEN, 2016. C) System of pretreatment using ultrasound bath. 
D) Hydrodistillation before pretreatment. 1 – ultrasound bath, 2 - water with sample, 3 - 
distillation system, 4 - heating .



Ultrasound pretreatment as an alternative to improve essential oils extraction.

Ciência Rural, v.47, n.9, 2017.

5

suppression of the sonochemistry effect, impairing 
the ultrasound streaming as a consequence of the 
great amount of bubbles. When external pressure is 
elevated, the ultrasound efficiency decreases because 
of the difficulty during the expansion cycle. However, 
bubble collapse is more intense (KRUG, 2010). 

The ultrasound effect depends on changes 
in the medium, in other words, when cavitation 
bubbles implode in a solid surface, a distortion of 
the pressure zone occurs and jets up to 400km h-1 are 
generated. This high speed enables the removal and 
rupture of cell membranes or increase their porosity, 
facilitating the mass transfer from the cell interior 
(TOMA et al., 2001; VINATORU, 2001). Taking 
into account the ultrasound phenomenon and the 
low mechanical resistance of glands cell membranes 
that contain essential oils, it is possible to extract 
essential oil efficiently in a low time consumption, 
since the micro jets formed during cavitation bubbles 
generated the surface peeling, erosion and cells 
breakdown (CHEMAT, et al., 2017). According 

to previous studies, the cavitation phenomenon is 
observed when ultrasound is used in low frequencies, 
in which the main factor is the cavitation bubbles. 
Currently, the employment of ultrasonic pretreatment 
prior to hydrodistillation has been analyzed in several 
studies. Methodology consists in the pretreatment of 
the biomass with water for a further extraction step, 
as shown in figure 1 (TOMA et al., 2001). Several 
studies have investigated the ultrasonic pretreatment 
prior to hydrodistillation step aiming to improve the 
essential oil quality and decrease the time and energy 
consumption. These data are presented in table 1.

Aiming to improve the essential oil quality 
and verify different extraction methods, some studies 
evaluated the time of ultrasonic pretreatment prior to 
hydrodistillation. According to these investigations 
(Table 1), an increase in the yield was obtained 
and the effects on the chemical composition were 
dependent on the evaluated conditions. In general, 
the use of ultrasound as pretreatment in essential oil 
extraction decrease by three times (mean average) 

 

Table 1 - Applications of ultrasound (US) as pretreatment after hydrodistillation (HD) of essential oil extraction. 
 

Matrix Experimental conditions Main results Reference 

Thymus vulgaris L. (leaves) 

US bath, 240 W, 40 kHz, 30 °C, 10, 
20, 60 and 120 min, 1:20 

(sample:water), HD by 3 h. 
Determination by GC-FID e GC-MS. 

Yield increase of 9% with US by 20 
min, density increase with long time, 
reduction of p-cimene, carvacrol and 

thymol and increase in γ 

KOWALSKI, 2009 

Carum carvi L. (seeds) 
US probe, 25 kHz, 30 min, 1:10 

(sample:water), HD by 3 h. 
Determination by GC-MS. 

Increase of oxygenated compounds, 
reduction in 70% of time and 

increase in the ration of 
carvon/limonene 

ASSAMI, 2012 

Lavandula intermedia 
(flowers) 

US probe, 20 kHz, 30 min, 1:20 
(sample:water), HD by 30 min. 

Determination by GC-FID e GC-MS. 

Reduction of 2.5 times the 
extraction time and increase the 

concentration of major compounds 
PÉRINO-ISSARTIER, 2013 

Elettaria cardamomum L. 
Maton (seeds) 

US probe, 50 kHz, 20 °C, 30 min, 
20 °C, 1:12.5 (sample:water). 

Determination by GC-MS 

Yield increase in low time and 
increase in the ratio of 

monoterpenes 
oxygenated/hydrocarbon 

MORSY, 2015 

Mentha piperita L. (leaves) 
Origanum majorana L. 
(leaves) 
Chamomilla recutita L. 
(flowers) 

US bath, 240 W, 40 kHz, 30 °C, 30 
min, 1:20 (sample:water), HD by 3 

h. Determination by GC-MS. 

Yield increase of 12%, 
time reduction in 3 times, and 

essential oils without significantly 
changes. 

KOWALSKI, 2015 

Daucus carota (seeds) 
US bath, 40 kHz, 20 °C, 20 min, 
1:10 (sample:water), HD by 3 h. 

Determination by GC-MS. 

Reduction time in 3 times and 
increase in the ration of oxygenated 

sesquiterpenes/ monoterpenes 
SMIGIELSK, 2015 

Prangos ferulacea Lindl. 
Satureja macrosiphonia 
Bornm. 

US bath, 160 W, 35 kHz, 30 °C, 15 
min, 1:20 (sample:water), HD by 3 

h. Determination by GC-MD. 

Time reduction in 2 times, increase 
of major compounds extraction and 

increase in the antibacterial and 
antioxidant activity 

DAMYEIH, 2016 

Lavandula (flowers) 
US probe, 700 W, 20 kHz, HD by 3 

h, 1:12 (sample:water). 
Determination by GC-MS. 

Yield increase of 10 % and increase 
of linalool and 4-terpineol, increase 

of major compounds 
FILLY, 2016 
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the time of extraction. Nevertheless, an increase 
in the rate of bioactive compounds was reported 
as well as changes in the chemical composition 
were present, such as the rate of carvon/limonene, 
providing greater features to apply these extracts 
as natural antioxidants. Increase in the quality of 
the essential oil can be attributed to the low level 
of degradation of thermal compounds (ASSAMI et 
al., 2012; PINGRET et al., 2014; KOWALSKI et al., 
2015). In addition, modifications in the composition 
are related to the ease release of the essential oils 
from secretory glands or to transformations of 
unstable chemical compounds during the ultrasound 
application (TOMA et al., 2001; PORTO et al., 
2009; ASSAMI et al., 2012). 

The possibility of increasing the yield, 
decreasing the time, changing the chemical 
composition, increasing the extraction of 
compounds responsible for antioxidant and 
antimicrobial activities are advantages of the 
ultrasonic pretreatment prior to hydrodistillation 
by Clevenger, making this product very valuable 
to apply in cosmetics, medicines and foods as a 
natural preservative (TOMA et al., 2001; PORTO et 
al., 2009; ASSAMI et al., 2012; PINGRET et al., 
2014; SMIGIELSKI et al., 2014; MORSY et al., 
2015; DAMYEH et al., 2016). Minimal degradation 
of the chemical compounds relates mainly to the 
low submission time of plants to heating-, and to an 
increase in the extraction kinect. This extraction is 
explained by the fast release of essential oils when 
ultrasound is previously used, breaking the cell 
membranes of glands. This phenomenon enables an 
effective extraction in a considerable shorter time 
with a better quality in comparison to conventional 
methods (PINGRET et al., 2014; MORSY, 2015; ).

Routine extractions of essential oils in 
industries are performed specially by conventional 
hydrodistillation and, the pre-treatment by 
ultrasound before hydrodistillationis a very 
innovative method that can be used in daily industrial 
scale. In this sense, an industrial ultrasound bath 
of low frequencies can be employed, reflecting in 
high throughput of essential oils extraction and 
consequently greater economic benefits. However, 
studies should be developed in order to evaluate 
this approach in large scale because of the lack 
of information in the literature, specifically for 
essential oil extraction.

In relation to green aspects, the use of 
ultrasound combined with hydrodistillation allows 
the extraction of essential oil with the same amount of 
biomass and water, but in shortened extraction time 

(until 3 times) without loss of quality or yield of the 
final product. So, the energy consumption is lower, 
reflecting in less pollutants emission, making this 
method greener than conventional methods. (LI et al., 
2013; JACOTET-NAVARRO et al., 2016).

CONCLUSION

The search for beneficial natural products 
to health has grown in recent years. The obtainment 
of antioxidant and antimicrobial substances from 
natural sources has then gained prominence in 
several areas, such as food, cosmetic, technological 
and pharmacological. Considering this scenario, 
essential oil and extraction methods have become a 
focus in studies, since some parameters are important 
to obtain products with suitable quality and yield. 
In this sense, a concern with methods that employ 
a considerable amount of reagents, long time and 
elevated energy consumption has turned alternative 
methodologies that consider environmental impacts 
into an interesting and innovative technology to 
study. Search for alternative methods has considered 
ultrasound a topic of investigation in recent years. 
The use of ultrasound as pretreatment, in general, 
offers some advantages in terms of improvement 
in the yield, bioactive compounds extraction 
with effects in the antioxidant and antimicrobial 
activities, reduction in the thermal degradation 
of compounds, reduction in time to extract the 
products, making the essential oil extraction 
cheaper and environmental friendly. However, the 
method requires an equipment of ultrasound, which 
is not used in the conventional method, demanding 
higher costs and trained professionals. In addition, 
the mechanical effect of ultrasound is obtained 
only in low frequencies (below 50kWh, according 
to previous researches), since higher frequencies 
may not show good results in relation to structural 
rupture, impairing the essential oil release. Selection 
on the best condition to extract essential oil from 
different plants should be based on the efficiency of 
extraction, ease of procedure, security, lower costs 
and time. Considering the previous studies in the 
literature, the use of low frequencies of ultrasound 
ranged from 20 to 50kWz associated with times 
ranged from 20 to 40min results in quality in the 
extract. In this sense, this review showed that the 
extraction of essential oils is a very important issue 
to several areas. It also points out that the use of 
ultrasound as pretreatment is a very innovative 
method that can be used in daily industrial scale, 
replacing conventional methods.
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