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1 Introduction 

Essential oil draws great attention in research for its chemical compounds and antimicrobial activities. It is 

usually, located in different parts of the plant such as roots, stems, leaves, flowers, fruits, and even in seeds 

depending on the plant species. Essential oil has a primary composition of various volatile compound 

including hydrocarbons, alcohols, esters and aldehydes [1]. 

Relatively, about 3000 essential oils are known, of which 300 are commercially important, being added to 

food, cosmetics, perfumes, pharmaceuticals, sanitizers and agricultural products. In those products, they 

act as flavoring, fragrances, fragrance fixatives, antioxidant, antimicrobial, antiparasitic, virucidal, 

A B S T R A CT  

This study presents a thorough review on different innovative 

extraction techniques of different plant essential oil derived from 

its peel, leaves, seeds and shrubs. The review also entails the 

different pre-treatment processes that affects the quality and 

recovery of the plant essential oil. Also, discussed the recently 

developed green extraction method such as Microwave Assisted 

Hydrodistillation (MAHD), Solvent Free Microwave Extraction 

(SFME), Ultrasound Assisted Extraction (UAE), Supercritical 

Fluid Extraction (SFE) and Ohmic Heated Assisted 

Hydrodistillation (OHAD). The impact of these extraction process 

on the important chemical composition of essential oil is further 

analyzed in this review. The important parameters in extraction is 

also studied such as the water to material ratio, extraction 

temperature, power input and extraction time. Based on the 

different articles reviewed, it signifies that the innovative extraction 

method improves the quality and quantity of the essential oil yield. 

It also improved the number of component that can be extracted 

in the plant essential oil and its biological activities such as 

antioxidant and antimicrobial activities. Thus this review aims to 

emphasize the potential of the newly developed essential oil 

extraction techniques that would help to boon the pharmaceuticals, 

food and agriculture industry. 
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insecticide, and adjuvant in pharmaceutical and oral compositions marketed in their raw or processed form 

[2]. 

There are lot of existing technologies and techniques that has been investigated for the intensification and 

improvement of essential oil extraction from citrus however, it constitutes of intensive yet uneconomical 

process. Extraction method is one of prime factors that determine the quality of essential oil. Inappropriate 

extraction procedure can lead to the damage or alter action of chemical signature of essential oil. This results 

in the loss in bioactivity and natural characteristics. For severe case, discoloration, off-odor/flavor as well 

as physical change such as the increased viscosity can occur. Those changes in extracted essential oil must 

be avoided [3]. 

Many natural products are thermally unstable and can easily be damaged during thermal extraction. The 

method of extraction used depends on the kind of compounds present in the oil and the location of the 

oils within the vegetative structure of the plant species [4]. Therefore, this review investigates the recent 

developments in the different extraction process of plant essential oil and analyzed the effect of these 

methods to the chemical composition and quality of the essential oil. 

2 Pre-Treatments On Fresh Material Before Extraction 

Pretreatment is a significant process that offers great advantage in the improvement of the yield, bioactive 

compound extraction with effects in the antioxidant and antimicrobial activities, reduction in the thermal 

degradation of compounds, and reduction in time to extract the products. 

2.1 Drying 

Drying pretreatment was used in the study of Kamal [5] to determine its effect to the yield and composition 

of citrus essential oil after it was isolated from fresh, ambient and oven dried peels of the sample. The result 

shows that the maximum amount of the oil was obtained from oven dried sample with average percentage 

of 1.07% while minimum from fresh sample with only 0.2%. While for the chemical composition of 

essential oil including its major component such as limonene it was observed that the result is varied 

significantly with respect to the drying pretreatments employed. Similarly, Asekun et al. [6] also determine 

the effect of drying on the yield and composition of extracted essential oil in Helichrysum odoratissimum. The 

result shows that the oils isolated from fresh, air-dried, sun-dried and oven-dried aerial parts of the plant 

yielded 0.28, 0.46, 0.33 and 0.36%, respectively. The study also emphasize that drying has a significant 

impact on the chemical alterations in the major component of the plant essential oil. 

Relatively, Wang et al. [6], presented the effect of the drying temperature on the yield and composition of 

black cardamom. The samples were dried at 20 ºC, 40 ºC, 55 ºC, 70 ºC, 85 ºC and 100 ºC. The result shows 

that the samples dried under 55 ºC presented highest concentration in oil, with an average of 3.71%. 

Meanwhile, the difference between oil yield of relatively high and low drying temperature groups was 

significant. Drying temperatures of 25 ºC, 40 ºC, 55 ºC and 70 ºC accumulated more oil, whereas relatively 

high drying temperature (85 ºC and 100 ºC) resulted in lower oil yield. These results were proved and 

describe in the study of Guenther et al. [7], that the leaves tend to emit more isoprene and terpenes as 

temperature increase, while the emission rate begins to decrease above 40 ºC. 

Consequently, the drying has significant effect in the essential oil compositions and proportion of various 

components, as when the temperature increased, the monoterpene content decreased and vice versa for 

sesquiterpenes [8]. Drying above 40 ºC leads to the damage of leaf trichomes where the essential oils are 

stored contributing to volatilization of oil constituents. 

2.2 Ultrasound Pretreatment 

The utilization of advanced technology like ultrasound as pretreatment provides many beneficial advantages 

in the improvement in the yield of essential oil, bioactive compounds extraction with effects in the 

antioxidant and antimicrobial activities, reduction in thermal degradation of compounds, reduction in time 
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to extract the products, making the extraction cheaper and environment friendly. However, this method 

demands higher initial investment and technicality [9]. 

Yu et al. [10], compared the ultrasound pre-treatment and microwave power pre-treatment on the traditional 

hydrodistillation extraction of essential oil and the results shows that the ultrasound pretreatment decreased 

the extraction time and increased the yield but did not noticeably affect the chemical composition of the 

essential oil. The highest essential oil was obtained when the ultrasonic power and extraction duration was 

210W, and 30 minutes respectively. 

Moreover, ultrasound has been considered as “green” extraction technology for the destruction of cell wall 

structure and the release of intracellular components, based on the several mechanisms including 

fragmentation, erosion, cavitation and detexturation [11]. Furthermore, ultrasound pre-treatment can 

accelerate the mass transmission of target analytes from the inside of materials to the outside of the solvent 

thereby improving the separation efficiency. The extraction of essential oil was tested in different ultrasonic 

power from 80W to 200W. The result shows that from 80W to 160W the extraction yield significantly 

increases while above 200W the extraction yield is drastically decreases. The ultrasound power can cause 

notably forceful impact on drastic cell disruption that leads to high extraction yield. 

2.3 Microwave Pretreatment 

Microwave pretreatment was used and described by the study of Navarrete et al. [12], to improve the yield 

of essential oil. Microwave extraction methods are based on the capability of the radiation to disrupt the oil 

containing glands to accelerate the extraction process. The fundamental mechanism of microwave 

extraction is the interaction of the electromagnetic field with the polysaccharide molecules and moisture 

present in the trichome walls which causes disruption. Therefore, the essential is rapidly draw outward from 

the trichome and will be evaporate by the surrounding steam. 

Radzi & Kasim [13], describes the effect of microwave pretreatment on gaharu essential oil using hydro-

distillation method. Results show that the pretreated gaharu with 3 min exposure to microwave produced 

a higher oil yield which was 0.0877 wt.% compared to the non-pretreated sample which only produced 

0.0286 wt.%. The increase in the extracted oil yield was due to the modification of the cellular walls which 

resulted in greater porosity. The electromagnetic wave produced by microwave at high frequency can cause 

penetration to the plant and reach the inside of the materials and rupture the cell wall, thus causing damage 

to accelerate and simplify the cell wall and bring the oil out of the material. Rupture of cells is essential 

before the extraction of the desired compound of plant tissue. Pretreatment of material by blanching and 

microwave treatment can influence product quality. Thus, a higher quality of essential oil can be obtained 

with lower time and fuel consumption by performing microwave pretreatment. 

2.4 Enzymolisis Pretreatment 

Enzymolosis pretreatment followed by microwave method was used to extract essential oil from 

Cinnamomum burmannii leaves. The result shows that compared with the extraction yield of traditional 

hydrodistillation, higher essential oil yields were acquired using enzymolosis pre-treatment in a shorter 

extraction time. This was because the enzymolosis pretreatment and microwave assisted extraction gives 

same directions of heating energy and mass transfer behaviors, which all diffuse from the inner to the 

outside of the plant cells and hence the essential oil releases more quickly from its cells to the collector. As 

for traditional hydodistillation, the heat energy diffuses from water to the plant materials while the mass 

transfer occurs from the inner of plant materials to the outside. Enzymolosis pretreatment – (MAE) 

possessed the significant higher essential oil yield than traditional MAE and HD probably owing to that the 

destruction of plant materials cellular structures in EP-MAE from the synergistic effects of both enzyme 

hydrolysis and microwave irradiation [14]. 

Mishra et al. [15], describes that the use of enzymatic pretreatment in extraction of essential oil from 

mandarin peel increased the yield by 15%. The peels were pretreated by varying concentrations from 0.1% 

to 0.3%. The increase in recovery was determined due to rupture of oil and sacs/glands by enzymatic action 
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resulting excess release of essential oil from oil sacs. Relatively Chávez-González et al. [16], also justified 

that enzymatic hydrolysis improved the recovery of essential in different varieties of citrus fruits. 

Additionally, enzymatic pretreatment allowed the release of a significant amount of sugar (22g/L) that could 

be used in fermentation processes. 

2.5 Physical Size Alteration 

Extraction can be enhanced by reducing the sample's physical size either by cutting or grinding. It can 

elevate the efficiency of extraction and reduce energy and time for distillation. As the particle size decreased, 

the final yield would increase irrespective of the extraction methods. This is due to an increase of area at 

the surface as leaves are cut into small pieces. With increasing surface area, the resistance of mass transfer 

decreases which leads to excellent transfer of heat. This phenomenon can slow down transporting oil from 

cells when using the solvent extraction process. Therefore, to achieve an excellent yield of essential oils, 

particle size reduction is crucial. This can be done by reducing the diameter of the sample [17]. 

3 Innovative Essential Oil Extraction Techniques 

There are lot of existing technologies and techniques that has been investigated for the intensification and 

improvement of essential oil extraction however, there are some compounds require low temperature 

extraction while some can only be extracted on higher temperature. The method of extraction determines 

the quality of essential oil. Inappropriate extraction procedures can lead to damage or change of the 

chemical nature of the essential oil. Many natural products are thermally unstable and can easily be damaged 

during thermal extraction. The method of extraction used depends on the kind of compounds present in 

the oil and the location of the oils within the vegetative structure of the plant species [4]. 

3.1 Microwave Assisted Hydrodistillation Technique (MAHD) 

Microwave assisted hydrodistillation method is one of the recent and most innovative method of extracting 

plant essential oil. The extraction was achieved by utilizing two mechanism of heat transfer, ion conduction 

and dipole rotation. Microwave energy heats the polar molecules inside plant cells and causes enormous 

pressure in the plant cell walls. This pressure breaks the cell wall to release broken cell component into the 

solvent and thus improve the extraction yield [18]. Therefore this method provides beneficial advantages 

including more efficient heat flow, reduce extraction time, lower solvent utilization, higher quality of 

extracted products and more environment-friendly method [19]. Figure 1, illustrates  the sample schematic 

diagram of the microwave assisted hydrodistallation process which primarily consists of the following  

Figure 1: Diagram of Microwave Assisted Hydrodistillation (MAHD) apparatus 
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components; microwave oven, water reflux tubing and the condenser. It is a 2450 MHz multimode 

microwave with a maximum delivered power of 900W. 

Jeyaratnam et al. [20], compared the yield and quality of extracted essential of Cinnamomum cassia bark using 

hydrodistillation and microwave assisted hydrodistillation technique. The results displayed using Gas 

Chromatography – Mas Spectroscopy (GC-MS) that MAHD produced nine percent oxygenated 

compounds than HD. The longer extraction duration using HD results to decomposition and degradation 

of some active compounds. Additionally, the method is more energy saving and environment friendly by 

reducing the carbon emission by 59% compared to HD. 

In similar method, [11], [18], compared the MAHD to HD. The results revealed that MAHD produced 

3.85 higher essential oil yield compared to HD. Furthermore, the study shows that the MAHD essential oil 

had higher anti-oxidant activity compared to HD essential oil. It also proves that MAHD is an innovative, 

economical, and environment-friendly approach to efficiently and safely extract essential oil. 

3.2 Solvent Free Microwave Extraction 

Solvent free microwave extraction (SFME) is a combination of microwave heating and dry distillation, 

performed at atmospheric pressure without added any solvent or water. the principle of operation of this 

process is the internal heating of the in situ water within the material distends it and makes the glands and 

oleiferous receptacles burst. The vapor consisting of essential oils from the extraction will pass through a 

condenser outside the microwave cavity. the distillate is collected continuously in the collecting flask [21]. 

The process has been designed as green method for the extraction of essential from plants that extensively 

used in different pharmaceutical, food and agriculture industry [22]. Compared to steam distillation and 

hydrodistillation, the essential oil obtained using SFME in 30 minutes were quantitatively (yield) and 

qualitatively (aromatic profile) similar to 120 minutes obtained using the two conventional methods. The 

method also provides less waste, less solvent and less energy consumed. While there is no significant 

difference on the antioxidant and antimicrobial activities obtained in both methods [23]. 

Figure 2: Schematic Diagram of Improved Solvent Free Microwave Extraction by Adding Microwave 

Absorption Medium 

There are some modifications identified in improving the performance of solvent free microwave 

extraction. Wang et al. applied microwave absorption medium such as carbonyl iron powders (CIP) from 

the dried plants without any pretreatment. The study proved that the CIP has greater absorption capacity 

than water hence, the extraction time improves to less than 30 minutes using a microwave power of 85W. 

While some modification were by using graphite powder and activated carbon powder [24]. Figure 2, shows 
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the modification of the improved solvent free microwave extraction process by providing additional 

mechanical stirrer, powdered CIP and ensuring that the water (H2O) separated from the extracted essential 

oil will not returned to reflux. 

3.3 Ultrasound Assisted Extraction 

Ultrasound extraction considered as one of the most innovative essential oil extraction of plant essential 

oil. It has remarkable advantages in terms of duration of extraction, minimum energy consumption, higher 

extraction yield and more acceptable quality of essential oil. Ultrasound allows selective and intensification 

of essential oil extraction by from plant when used in combination with other techniques. Additionally, 

ultrasound effect improves the efficiency of extraction by increasing the penetration of solvent into the 

plant cells via cavitation and prevents the degradation of plant extract.  

Moreover, it proves that by utilizing ultrasound assisted essential oil extraction minimize the use of solvent 

compared to mechanical and traditional extraction. Richa & Kumar [25], shows that the optimum values 

for extraction were at 40 ºC, 210W and 20mg/L of temperature, ultrasonic power and liquid to solvent 

ratio respectively. This method is a non-thermal extraction process that effectively enhances the surface 

area of the plant through size reduction, hence minimize the processing time and maintain its nutritional 

value. 

Meanwhile, G. Chen et al. [26], used ultrasound assisted extraction in enhancing the extraction of essential 

oil of Cinnamomum cassia bark. Different parameters were considered such as the ultrasound time, ultrasound 

power, extraction time and liquid to solid ratio. The results show that the extraction yield increases on the 

first 10-30 minutes and decreases gradually with further lengthening the extraction time. The further 

increasing of duration of extraction the more oil compounds were degraded into small molecule specie. 

While in the ultrasonic power, less than 300Watts shows significant increase in the oil yield and decreases 

with further increasing the ultrasonic power. This was due to increase in ultrasonic power develops 

superheated localized temperatures and more free radicals generated as more cavitation bubble collapsed 

that leads to the degradation of target compounds, hence resulting to decrease in the oil yield. On the other 

hand, the solvent to liquid ratio is also considered as an important factor in increasing the yield of essential 

oil. A ratio of six (6) increases the yield and decreases as the moisture content rises. The higher solid to 

liquid ratios would lead to decrease of the ultrasound adsorption of the material resulting in the insufficient 

energy that will facilitate cell wall breakage for the release of essential oil compounds.  

In the experimental set up of ultrasonic assisted extraction of N.A Md Salehan et al. [27], shown in Figure 

3, illustrates that the ultrasonic probe was immersed in the extraction medium and the energy is transmitted 

via the sonotrode directly into the sample. The ultrasound power level was fixed by setting the amplitude 

of the sonotrode and the cumulative average ultrasound dose by adjusting the duty cycle. 

 

Figure 3: Schematic Diagram of Ultrasound Assisted Extraction 

 

file:///D:/AJGR_Articles/Article%203442/http/journals.aijr.org


15 

 

 ISSN: 2456-7108 
 Available online at Journals.aijr.org  

Joco et al., Adv. J. Grad. Res.; Vol. 14, Issue 1, pp: 9-20, January 2024 

3.4 Supercritical Fluid Extraction 

Supercritical Fluid Extraction (SFE) is a “green alternative” for traditional extraction process, it provides 

effective quick extraction that requires low to moderate temperature and preventing the use of harmful 

solvents. The most common solvent use in isolating essential oil from plants is carbon dioxide since it is 

non-explosive, non-toxic, readily available, and easily eliminated from the extracted product [28]. Figure 4 

illustrates the process flow diagram of supercritical fluid extraction which is mainly composed of extraction 

kettle, separation kettle, rectification column, CO2 high-pressure pump, auxiliary pump, refrigeration 

system, CO2 storage tank, heat exchange system, purification system, flow meter, temperature, and pressure 

control (protection) system. This system provides low critical temperature which gives suitable process for 

extraction and purification of heat-sensitive compounds. 

Figure 4: Schematic Diagram of Flow of Supercritical Fluid Extraction 

Relatively, the method was used in the study of Salinas et al. [29], in extracting almond oil and evaluate the 

effect of temperature and pressure on the extraction yield and essential oil composition. The highest yield 

was obtained at 60 ºC and 40 MPa and lowest at 60 ºC and 20MPa this was due to the solubility of essential 

oils increases with the pressure increment due to the increase of solvation power of CO2, allowing higher 

permeability of the solvent into plant matrix.  

Moreover, Sodeifian et al. [30], also investigate the effects of different operating parameters including 

pressure, extraction time, particle size and temperature. The maximum yield was obtained at the optimum 

conditions of 300 bar, 308K, 0.75mm and 130 minutes. A pressure more than 300 bar could increase the 

density, decreasing the distance between the molecules, increasing solvent power and solubility of the 

extract. While the increment on temperature had negative effect in the essential oil yield. The effect of 

reducing density and solubility induced in the increase of vapor pressure; hence, extraction yields decreased 

by the increased in extraction temperature. On the other hand, particle size directly affects the yield of 

essential oil by increasing the surface area for the supercritical fluid across which to contact with the 

samples. Furthermore, higher amount of extraction process at initial extraction time was caused by the 

higher extractible compounds contained in the surface of the plant. 

3.5 Ohmic Heated Assisted Hydrodistillation 

Ohmic assisted hydrodistillation is a promising green techniques in extracting essential oil from plants 

because it does not necessitate the use of organic solvents and requires substantially less energy to operate. 
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The principle of operation of this technique is by providing alternating electric current through plant sample 

for heating where heat is internally generated into the material due to electrical resistance when electric 

current passes through it. It is an innovative process in providing fast and constant heating resulting in less 

thermal decomposition of important composition of the sample [2].  

Sample that undergone in ohmic heated hydrodistillation process shows micro fractures but less cell wall 

degradation. Additionally, it also exhibits less rigid cell wall of the sample compared to steam distillation. 

The secretory cavities scattered throughout the surface of the sample this were the essential oil were stored 

[31]. 

Figure 5: Schematic Diagram of Flow Ohmic Heated Hydrodistillation Process 

In the same principle, [32], [33], design an ohmic heated hydrodistillation for the essential extraction of 

eucalyptus leaves. The study claims that ohmic heating provides more effective penetration of heat into the 

plant material. Result shows that OHHD provides faster extraction time and less energy consumption 

compared to conventional hydrodistillation process. Another advantage of ohmic heating is the rate of 

temperature increase and by directly generating heat inside the plant material compared to traditional 

hydrodistillation that requires temperature gradient to transfer heat to the process liquid shown in Figure 

5. Experimental set-up illustrates the OHAD essential oil extraction device equipped with stainless 

electrodes (coated by titanium) [34]. However, the process requires further economic and upscaling studies 

for the industrial application. 

Table 1 shows the different innovative extraction methods of different plants and its extraction parameters, 

solvent used, and its respective yields. The UAE generates the highest oil yield with 55.44 + 0.53%, 

follorwed by SFE and UBAE, with oil yield of 39.5±.4% and 22.43% respectively.  

Table 1: Extraction of plant essential using the innovative method of extraction. 

Extraction 

Method 

Plant 

Extracted 

Extraction Parameters Solvent Extraction 

Yield 

References 

 

Microwave 

Assisted 

Hydrodistillation 

(MAHD) 

 

Vietnamese 

Basil (Ocimum 

basilicum L.) 

 

Water to material ratio: 3.2:1 

Extraction time: 97 mins. 

Microwave power: 430W 

 

 

H2O 

 

0.6% 

 

[35] 

Microwave 

Assisted 

Lemon (Citrus 

aurantifolia) 

leaves 

Water to material ratio: 3.27mL/g 

Extraction time: 84.47 mins. 

Microwave power: 523.89 W 

H2O 0.76% [36] 
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Hydrodistillation 

(MAHD) 

 

Microwave 

Assisted 

Hydrodistillation 

(MAHD) 

Orange Leaves Water to material ratio: 3.46mL/g 

Extraction time: 100.47 mins. 

Microwave power: 471.58 W 

 

H2O 0.43% [37] 

Microwave 

Assisted 

Hydrodistillation 

(MAHD) 

Lavender Water to material ratio: 17mL/g 

Extraction time: 40 mins. 

Microwave power: 500 W 

 

H2O 3.20% [11] 

Solvent Free 

Microwave 

Extraction 

(SFME) 

Aromatic 

Herbs 

Microwave Power: 150 W 

Extraction Temperature: 100 ºC 

 

 

none 0.54% [22] 

Solvent Free 

Microwave 

Extraction 

(SFME) 

Dried 

patchouli 

leaves 

Microwave power: 450 W 

Ratio of mass of material / volume 

of distiller: 0.06g/mL 

Raw material size: 4.66±1.41cm 

Extraction time: 90 mins 

 

none 4.60% [38] 

Super Critical 

Fluid Extraction 

(SFE) 

Pistacia 

lentiscus 

Particle diameter: 220 µm to 650 

µm 

Pressure: 80 – 220 bar 

Temperature: 40 ºC 

Flowrate: 0.6 – 1.2 kg/h 

 

CO2 0.093% - 

0.285% 

[39] 

Super Critical 

Fluid Extraction 

(SFE) 

Eryngium 

billardieri 

Particle size: 0.75 mm 

Pressure: 300 bar 

Temperature: 308 K 

Extraction duration: 130 min 

 

CO2 0.8522% [30] 

Super Critical 

Fluid Extraction 

(SFE) 

Geoffroea 

decorticans 

Pressure: 40 MPa 

Temperature: 60 ºC 

 

 

CO2 39.5±.4% [29] 

Super Critical 

Fluid Extraction 

(SFE) 

Myrtus 

communis L. 

Particle diameter: 0.315mm 

Pressure: 30 MPa 

Temperature: 313 K 

 

CO2 4.89 wt% [40] 

Ultrasonic 

Assisted 

Extraction 

(UAE) 

C. inophyllum 

seed  

Ultrasonic power: 210 W 

Extraction time: 20 mins 

Temperature: 40 ºC 

Liquid to Solid (L/S) ratio: 20mg/L 

 

H2O 55.44 ± 0.53 

% 

[25] 

Ultrasound Bath-

Assisted 

Extraction 

(UBAE) 

Clove Particle size: <0.5mm 

Temperature: 60 ºC 

Extraction time: 45 mins. 

Plant concentration (weight of 

material/volume of solvent): 5% 

Frequency: 57 kHz 

Ethanol 22.43% [41] 

Ultrasound 

Assisted 

Hydrodistillation 

(UAE) 

Cinnamomum 

cassia bark 

Ultrasound power: 300W 

Extraction time: 60 mins. 

Liquid to solid ration (mL/g): 7 

 

H2O 2.47% [26] 

Ohmic Heating 

Hydrodistillation 

(OHHD) 

Eucalyptus 

leaves 

Input power energy: 80V 

Extraction duration: 90 mins. 

 

H2O 2.19% [33] 
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4 Effect of Different Extraction Methods in the Chemical Composition in the Plant Essential 

Oil 

Extraction process is one of the most critical points that will greatly influence the chemical profile of the 

plant essential oil. Inappropriate extraction method may cause destruction of phytochemicals present in 

aromatic oils. The resulting effects can be the loss of pharmacological constituents, stain effect, off-

flavor/odor, and physical change of essential oils. Essential oil are complex mixtures of volatile compounds 

has more than 200 components mainly mixtures of terpenes, and phenylpropanoid derivatives. These 

chemical compositions commonly contain numerous biological activities such as antioxidant, anti-

inflammatory, and antimicrobial which is beneficial in pharmaceutical, food and agriculture industry [42].  

In the comparative analysis made by Salman et al. [43], on the effect of SFME, MAHD and HD extraction 

method in the chemical composition of Mentha piperita L. it was appeared that the qualitative composition 

of each oil were the same. The oil consists of monoterpene and sesquiterpenes. It was found out that SFME 

increase the extraction of sesquiterpenes compounds. It was also appeared that the SFME increase the 

extraction of carvone than HD and MAHD methods. While Djouahri et al. [44], also analyzed the effect of 

extraction method to the chemical profile and biological activities of essential oil. The study shows that the 

oil from MAHD was characterized by higher amount of oxygenated compounds. It also exhibited higher 

antioxidant and anti-inflammatory activities which will be consider as good source of bioactive compounds 

and would be more advantageous in health and food industry. 

Some of the composition of essential oil can be abundant using specific extraction method. Rassem et al. 

[45], states that the extracts prepared using supercritical fluid extraction (SFE) yielded higher antioxidant 

activity than extract prepared by other methods. It also produces higher diffusion coefficient and lower 

viscosity. Many essential oil that cannot be extracted by the traditional distillation can be obtained using 

carbon dioxide extraction. In recent studies [9], [26], uses ultrasound assisted extraction method to enable 

the growth in the extraction of bioactive compounds and improve the antioxidant and antimicrobial 

properties of the essential oil. It also shows that more component of essential oil was extracted compared 

to the traditional extraction method. While for ohmic heating the number of composition of essential oil 

affected in the changes of voltage applied. 

5 Conclusion 

Plant essential oil provides numerous beneficial advantage in food, cosmetics pharmaceutical and 

agriculture industry. Its composition possesses many biological activities that are responsible for products 

fragrance fixatives, flavoring, antimicrobial, insecticide and antioxidant that being marketed in processed or 

raw form. Hence, essential oil extraction method is a crucial process in ensuring to that the important 

chemical composition will not be decomposed during the extraction process. This study analyzes and 

presents different innovative extraction method and technologies, observes its applicability and adaptability 

of the process, economic viability, advantages and its drawbacks especially in enhancing the quality of the 

essential oil. The study discussed the significance of the pretreatment process in improving the yield and its 

bioactive compounds. These pretreatments are drying, microwave, ultrasound, enzymolosis and physical 

alteration. The common advantage of these pretreatments is to disrupt or rupture the plant cell wall where 

the essential oils are stored and draw it outward from the cell trichomes. The innovative extraction 

techniques discussed in this study such as MAHD, SFME, SFE, UAE, and OHHD considered as “green 

chemistry approach”. It drastically reduced operation time in the sample preparation step under conditions 

that offer the same level of essential oil quality and yield. It also reduced energy consumption, allows use 

of alternative solvents and renewable natural products, and ensure a safe and high quality extract product. 

Hence, these studies are beneficial for further improvement in processing of raw materials into fine and 

marketable product economically. Furthermore, processing of peel waste and other by products of plant 

processing industry is a great advantage in addressing the problem in biodegradable wastes that causes soil 

acidity, infertility and pollution. 
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