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Abstract

:

Lavender is among the medicinal and aromatic plants with high economic value in the food, pharmaceutical, cosmetic and aromatherapeutic industries, and in its composition has numerous compounds, such as tannins, anthocyanins, minerals, saponins, flavonoids, polyphenols, essential oil and others. The qualitative and quantitative characteristics of lavender are best highlighted by extraction techniques such as hydrodistillation, steam distillation and supercritical CO2 extraction. In the water distillation extraction method, the plants are soaked in water until boiling and steam is released, carrying the essential oils with it, which are then separated via cooling. Steam distillation is one of the most common methods used to extract essential oils from medicinal and aromatic plants. Unlike hydrodistillation, where the water is stored directly in a tank, in this method, the steam is transported into the tank from the outside and the oils are released from the plant components when the steam penetrates the structures that contain it. Essential oils contain essential compounds that have antioxidant, antimicrobial, anti-fungal, etc., properties. All the component parts of lavender contain essential oils, which are distributed as follows: in leaves at about 0.4%, in stems at about 0.2%, and in inflorescences at about 2–4.5%.
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1. Introduction


Lavender, Lavandula L. (Lamiaceae), is a perennial plant with irregular, branched stems, growing to a height of 20–60 cm, with lance-shaped, linear or sessile leaves and flowers that are found at the tops of stems [1]. The roots of the plant are woody with branches at their tops. The branches at the bottom of the plant are tall and ramified, bearing multiple shoots. The flowers have a spiral shape, and the blue-violet corolla has the shape of two lips with a length of approximately 1 cm [2].



The lavender genus includes a large number of species. According to Saadatin et al., there are 28 species of lavender [3]; according to Aprotoasoaie et al., there are 39 species [4]; according to Vijulie et al., there are 40 species [5]; and according to Girai et al. there are 47 species [6], of which the most recognized are: Lavandula angustifolia, Lavandula dentata, Lavandula stoechas, Lavandula grosso, Lavandula abrial, among others [4]. Lavender essential oils obtained through various processes and methods of extraction have in their composition more than 100 constituents [3], of which the most important compounds are linalool, linalyl acetate, 1,8-cineole, camphor, limonene, and lavandulol [4].



Lavender flowers play an important role because they contain 2–4.5% essential oils [1,2,7] but also compounds, such as flavones, anthocyanidins, phenolcarboxylic acids, zinc, calcium, magnesium, manganese, etc. [8]. In a dry state, lavender flowers have a complex utility in the cosmetic industry (for personal care products, perfumes), but they can also be used as pest and insect repellents [1].



The optimal environment for the proper development of lavender must have a pH of between 6–8, the soil should preferably be sandy clay and water should be present in medium quantities, because lavender is not a water-loving plant but rather resists drought; in addition, fertilizer supplements or compost is needed [9], with light being another essential factor that plant dependents on [10].



Lavender cultivation period can start in the spring and end in the fall, but according to various studies, it seems that the favourite season for increasing productivity for the following year is fall [11].



Lavender harvesting differs depending on the plant variety—it can have an early, medium or late flowering period. As a rule, small crops can be harvested when the flowers are 75–80% open. While for the extended crops, which are harvested within 10–15 days, the picking process can be initiated when the plants are 50–60% open and ends when they reach a threshold of 95–100% flowering [12].



In order to obtain the highest concentrations of active compounds from lavender, it is necessary to use extraction methods that damage the components of the plant very little, so that the risk of losing essential constituents during the entire process is also reduced and the final products can be used in agriculture, the cosmetic industry and the food industry.



The active compounds of plants can be obtained via several extraction methods, but in this paper, in Figure 1, the most advantageous methods for the extraction of active compounds from lavender will be presented, namely extraction with supercritical fluid CO2, steam distillation and hydrodistillation. Supercritical fluid extraction uses CO2 in a supercritical state so that it can later be used as a solvent in the process of extracting molecules from the plant, and at the end of the process, the resulting substances remain without residues because the CO2 evaporates [13,14,15]. Steam distillation has an easy working principle: this method uses steam to volatilize the important molecules of the plant [15,16]. Hydrodistillation consists of boiling water to create steam, which passes through the raw materials resulting in a mixture that is separated and results in essential oils and floral water [15].



The active compounds of plants are involved in the process of the growth and development of plant matter or in the process of self-defence against harmful agents and can be used to remove nitrogenous waste [17].



Phenolic compounds, nitrogen compounds, vitamins, terpenes and other compounds constitute the active compounds that exist in plants and perform different pharmacological activities, such as terpenoids, which have antibacterial, anti-inflammatory, antiviral properties; alkaloids, which have anaesthetic properties; phenols, which neutralize anaesthetic properties; and flavonoids, which have anti-tumour and anti-atherosclerotic properties. In addition to all these antioxidant activities, the active compounds are also used as additives in food or in the perfume industry, in cosmetics, etc. [18].



Lavender floral water has multiple benefits for the body: it is a good skin regenerator, it quickly heals wounds, sunburns, acne, skin irritations [19], it is used in aromatherapy to reduce stress and depressive states and it is also a good sleep-inducer [20].



The vegetable remains of the lavender plant after the extraction process can be used to obtain organic fertilizers or, together with the lavender straws, which remain after removing the dried flowers, can be used as fuel [12].



Before being subjected to the extraction methods to obtain the essential oils, lavender, either fresh or dry, goes through a crushing process and then one of the extraction methods is applied, namely hydrodistillation, steam distillation or supercritical fluid extraction, resulting in oil, floral water and plant residues. Each resulting product category can be used for several purposes, as can be seen in Figure 1.



Lavender is native to the Mediterranean area [21] and is cultivated in many countries around the world, and among the largest producers of lavender oil are the following countries: Bulgaria, France, Spain, Great Britain, China, Portugal, Australia, Ukraine, Italy and New Zealand [6,22]. According to Vijulie et al., currently, the countries that cultivate the largest amount of lavender at a European level are France and Bulgaria [5]. In 2017, the lavender production obtained by Bulgaria and France represented two thirds of the total global production (Figure 2) [6].



According to Figure 2, in 2017, the largest share of lavender oil was produced by Bulgaria (52%), followed by a decrease in the volume of production of lavender essential oil in other countries, among which China comprised about 12%.



Bulgaria and France are the countries that have always been two of the largest lavender-growing countries, and subsequently obtain essential oils from this production, as can be seen in Figure 3.



The production of lavender essential oils fluctuated in Bulgaria between 2011 and 2018, so by 2016, we can see a remarkable increase in production in Figure 3 (from 45 tonnes in 2011 to 280 tonnes), followed by a relatively significant decrease by 2017 [6]. Meanwhile, in France, from 2012 to 2014, the volume of production of lavender essential oils rose by around 55 tonnes, doubling production only in 2016 (109 tonnes), and subsequently dropping to 38 tonnes in 2018 [23].



The aim of sustainable development is to have a positive or at least a neutral impact on society and the environment. Being a crop that does not rely on pesticides and fertilizers, lavender is a plant that can support environmental sustainability. Traditionally, chemical herbicides or pesticides have been used to control the growth of fungi or pests, such as insects, but this method is thought to be becoming less desirable, as many of the pests and fungi have become resistant to the chemicals used but also because consumers prefer untreated or “natural” pesticide-treated food. According to research, lavender could provide a suitable alternative to chemical-based insecticides. Lavender contains biochemical substances that aid in its self-defense against illnesses and pests, in addition to the essential oils that can be extracted from the plant, and this could have substantial beneficial effects on the environment [24,25].



This paper presents a review of the physical characteristics of lavender, the chemical composition of the plant (tannins, anthocyanins, saponins, flavonoids, polyphenols, triterpenes, sugars, phytosterols, phenolic acids, glycolic acid, coumaric acid, ursolic acid, valeric acid, coumarin and herniarin) and the extraction methods of the active compounds that facilitate obtaining the greatest possible amount of essential compounds from the plant matter.




2. Methods of Extraction of Volatile Oils from Lavender


Lavender essential oil can be obtained through hydrodistillation methods, through steam distillation [7] or through supercritical CO2 extraction [26].



	
Hydrodistillation uses lower temperatures to reduce the risk of chemical breakdown of the plant matter undergoing the process and is used for plants that are more sensitive and require temperatures of a maximum of 100 °C in order not to damage their active compounds. Compared to other methods, this method of extracting active compounds from plants has the advantage of eliminating toxic residues from the final products because the solvent used during the process is water. Another advantage is represented by the low costs in terms of the construction of the equipment required for the extraction process. The disadvantages of using this method would be the energy and heat costs and the resulting CO2 emissions [15].






Figure 4 represents the scheme of the hydrodistillation method, which consists of the following steps: the plant container is located above the steam source, through which either steam or boiling water passes without mixing with the plant matter. Then, the vaporized essential oils and steam pass through the condenser, resulting in a compound of essential oil and floral water that passes through a separator and, finally, the essential oil and floral water are obtained separately.



	b.

	
Steam distillation is recommended for the extraction of active compounds from leaves and flowers; it consists of decomposing the cellular structures of the plant matter, opening the cavities that have volatile compounds and giving them access to volatilise for the condensation phase but also for the final part of the process, namely collection [15]. The process is as follows: during the steam distillation process, water vapour under pressure shakes the plant structures to release the oil contained in them, then the mixture of the two components (water vapour + oil) passes through the cooling system and condenses, after which the distilled compound is passed through a decanter, thus obtaining two phases after decantation: the essential oil and the floral water used in the cosmetic industry. Additionally, the vegetable residues left after distillation can still be used, because traces of oil and non-volatile compounds can be found on them [27].







The disadvantages of using this method are as follows: an extraction period between 1 and 5 h, increased energy costs and the thermal degradation of sensitive compounds. The advantages of the method are as follows: the low cost of the equipment and the final results not containing solvents; thus, the obtained compounds do not need to undergo other processes [15].



Figure 5 is the diagram of the steam distillation method, which consists of the following phases: the steam generator transports the steam through a pipe to the plant container and through which it passes without mixing with the plant matter. Then, the vaporised essential oils and steam pass through the condenser, resulting in a compound of essential oil and floral water that passes through a separator, and the essential oil and floral water are finally obtained separately.



	c.

	
The supercritical CO2 extraction method is advantageous because it allows the adjustment of the temperature and pressure to optimize the solvation process and the selectivity properties. Regarding the separation of molecules from the raw material, this process is faster because CO2 evaporates easily, as long as it is adapted to the environmental conditions [15,28]. CO2 has low toxicity; low oxidation; achieves easy decomposition of products, unlike other traditional methods; and has the ability to penetrate easily and quickly through the cellular matrix of plants [29].







Essential oils obtained via the supercritical fluid extraction method contain more oxygenated compounds, while oils obtained via steam distillation contain more terpene hydrocarbons [27,30,31].



In Figure 6, the extraction system consists of a reservoir with an immersion tube feeding the CO2 pump, which can operate up to 60 MPa. Between the reservoir and the pump, there is a cooling heat exchanger to liquefy and cool the supercritical fluid before it enters the pump. There is also a heat exchanger fitted with a high-pressure valve to test the condition of the CO2 before it passes further into the extractor (the CO2 needs to be hot before it moves into the extractor). The installation also contains an automatic back-pressure regulator (ABPR), a pressure sensor and a mixture collection vessel. The final product (the extract) is collected at the end after having passed through the extraction phase, then through the separation phase [32].




3. Chemical Composition of Lavender Plants


The chemical composition of lavender plants, in addition to oil (the main compound), includes tannins, anthocyanins, saponins, flavonoids, polyphenols, triterpenes, sugars, minerals, phytosterols, phenolic acids, glycolic acid, coumaric acid, ursolic acid, valeric acid, coumarin and herniarin [7,12,33].



3.1. Tannins


Tanins are water-soluble substances, which are widely distributed in products of plant origin [34], have antioxidant properties and are able to bind to basic compounds, proteins, pigments, metal ions, etc. [35].



3.1.1. Characterization of Tannins


According to research by Hagerman and colleagues, tannins are 15–30 times more productive in the process of scavenging peroxyl radicals compared to simple phenolics or Trolox [36]. The properties of tannins are diverse, depending on the age, the tissues of the plant, and the place or time when the plant is collected. Plants produce tannins in unfavourable climatic conditions, constituting an essential element in the growth and reproduction of plant crops because they have the ability to offer protection against diseases and pests, such as herbivorous animals [37]. There are two fundamental categories of tannins: proanthocyanidins or condensed tannins and hydrolysable tannins [38]. For hydrolysable tannins, it should be noted that they have a basic structural unit consisting of a polyol, which is most often D-glucose, together with its hydroxyl groups esterified by gallic acid or by hexahydroxydiphenyl. Additionally, hydrolysable tannins represent combinations of simple phenols and esterified sugars (mostly glucose), which undergo acid, enzymatic or alkaline hydrolysis processes [37]. Condensed tannins, in most cases, are found as bioactive compounds in medicinal plants. First of all, this category of tannin is made up of flavanol units (flavan-3-ols, flavan 3,4-diols) and forms the most important group, representing more than 95% of the commercial production of tannins and exceeding the amount of 350,000 tons/year [37,39]. In terms of structure, condensed tannins are complex, resist the hydrolysis reaction, are soluble in aqueous organic solvents, have a wide structural variety and have phenolic-hydroxyl groups in sufficient quantity to allow crosslinking with proteins [37].




3.1.2. Utilisation and Action of Tannins


In the following industries tannins are utilised as follows:




	▪

	
In the pharmaceutical and medicinal industry: in the form of treatments for various respiratory, gastrointestinal, urinary, inflammatory or skin problems, such as acne, irritations, allergies, etc. [40]. The natural antioxidant property of tannins helps prevent cardiovascular and neurodegenerative diseases. At the same time, they protect the immune system against bacteria, viruses and parasites [41].




	▪

	
In the cosmetics industry: in antibacterial and antiseptic body creams and solutions [41].




	▪

	
In agriculture: in biopesticides and bioinsecticides for the removal of pests attacking various plant crops [41].




	▪

	
In the food industry: in dietary supplements or in various food ingredients [38].




	▪

	
For animals: in feed and in treatments against parasites that can cause digestive diseases or infections in certain organs [40].











3.2. Anthocyanins


Anthocyanins are natural, water-soluble dyes [42], particularly present in flowers, fruits and tubers of plants [43] and they have essential antioxidant activity in disease prevention [42].



3.2.1. Characterization of Anthocyanins


Anthocyanins are red when they are in acidic conditions, blue when they are in alkaline condition [43] and purple when they are at a neutral pH [44]. The structure of anthocyanins is ionic, and it is for this reason that their colour is dependent on pH [45]. Lavender contains purple anthocyanins (which is why its flowers are coloured in this shade) that can be used both in the food industry and in the pharmaceutical industry, because they have anti-diabetic, anti-inflammatory, anti-microbial, anticancer properties, among others [43].



Anthocyanins are the glycosides of anthocyanidins and have the role of attracting pollinating insects to spread the seeds and pollen of plants more easily [46].



The role of anthocyanins in plants is to protect them from strong light, UV radiation and adverse climatic conditions, such as drought, high salinity, too low or too high temperatures, parasites and insects [47].




3.2.2. Utilization and Action of Anthocyanins


Anthocyanins reveal multiple beneficial actions on the body and act as antioxidants due to the presence in their structure of the keto group with a conjugated double bond, which exerts anti-diabetic, antitumor [45], anti-inflammatory, neuroprotective, cardiovascular disease prevention and antiobesity [48] effects.



Anthocyanins are used as dyes in both pharmaceutical and food products [45].





3.3. Saponins


Saponins are widespread in plants and are diversified in terms of structure and functionality, being constituted by a hydrophobic aglycone linked to oligosaccharide fragments, thus acquiring emulsifying and foaming characteristics. The amount of saponins produced by plants depends on biotic and abiotic factors [49].



3.3.1. Characterization of Saponins


Saponins are part of the category of secondary metabolites found in plant matter and have many varied and beneficial biological effects. Saponins are classified according to aglycones into two categories: steroid glycosides and triterpenoids and have different structures depending on the number of sugar units arranged in different positions [50]. Steroid glycosides are also divided into furostanol-type steroid glycosides and spirostanol-type steroid glycosides. Triterpenoids are also classified into several groups: oleanane saponins, ursolic acid saponins and dammarane saponins [51,52].



Depending on the sugar chains contained in their structure, saponins can be monodesmosidic—with a single sugar chain attached to C3 (C3 is the 3rd position where the sugar chain of monodesmosidic saponin is attached to the aglycone); bidesmosidic—with two sugar chains attached to C3 and C26 (C26 is the 26th position where the sugar chain of bidesmosidic saponins is attached to the aglycone); or tridesmosidic—with three sugar chains [51,53,54].



Saponins in a solid state that do not present a regular crystalline structure have a number of carbon atoms ranging between 27 and 30 in the non-saccharide part [55].



An overview of saponins is presented in Figure 7. The diagram illustrates the division of saponins into two main classes (glycon and aglycone), each including a variety of additional types of compounds.




3.3.2. Utilization and Action of Saponins


Research shows that the stereoisomers of saponins have beneficial effects on the human body, such as antioxidant, anti-inflammatory, antibacterial, neuroprotective, anti-tumour, anti-diabetic, etc. [50].



Saponins have applicability in the pharmaceutical, food, cosmetic and agronomic industries. They are used in cosmetics and detergents due to their foaming property and antidermatophytic activity—some saponins are used in animal vaccines or as feed additives to control the odour of animal faeces [49], and in the food industry, some saponins are used as natural sweeteners [56].



Currently, saponins are not exploited enough for us to know all their beneficial effects or all the areas where they could be applied, because there is not sufficient information regarding the mechanisms of distribution, adsorption, excretion and toxicity in human and animal cells [49].





3.4. Flavonoids


Flavonoids are made up of C6-C3-C6 Rings (C6 represents the two benzene rings in the basic skeleton of the flavonoid structure and C3 is the heterocyclic ring through which the two benzene rings in the basic skeleton of the flavonoid structure are linked), more precisely rings a and b linked by rings with three-carbon atoms and are found most often in glycosylated or esterified form [57,58,59]. They are found mainly in the edible parts of plant matter and are responsible for the fragrance of flowers and the taste of fruits [60].



3.4.1. Characterisation of Flavonoids


Flavonoids are common in the plants and represent the coloured pigments in plant flower petals [34]. These compounds provide plants with resistance to stress caused by external factors [59].



They constitute the largest group of natural phenolic compounds whose structures are based on a 15-carbon phenyl benzopyran skeleton [61].



Flavonoids are synthesized through the phenylpropanoid pathway, and their activities depend on their structures. Additionally, their chemical nature depends on the degree of hydroxylation, polymerization and other substitutions and conjugations [62].



Depending on the carbon of the C ring to which B ring is attached but also on the degree of oxidation and unsaturation of the ring, flavonoids are classified as in Figure 4 [63].



Figure 8 shows that flavonoids are divided into three categories: in the case of isoflavones, the B ring is attached to the third position of the C ring; in the case of neoflavonoids, the B ring is attached to the fourth position; and in the case of flavones, flavonols, flavanones, flavanonols, flavanols, anthocyanins and chalcones, the B ring is attached to the second position of the ring [63].




3.4.2. The Action of Flavonoids


Flavonoids have antimicrobial effects on plant pests, have UV protection effects against reactive oxygen species and have anti-repellent effects regarding insects, animals, etc., but they can also be considered visual attractors for pollinating insects [64,65]. Plant flavonoids have favourable impacts on human health due to the presence of the hydroxyl group, with the majority having antioxidant effects, which include slowing the aging process by protecting the body from free radical oxidation [66]. Flavonoids also have antibacterial, anticancer, antiedematogenic, anti-inflammatory, antiviral, antifungal, antinociceptive and antihistamine properties [66,67]. Flavonoids can be used as biopesticides against certain weed species or in sunscreen creams [68].





3.5. Polyphenols


Polyphenols belong to the category of secondary metabolites, are found in most plants and consist of an aromatic molecule with a benzene ring and one or more hydroxyl groups [69,70].



3.5.1. Characterization of Polyphenols


Polyphenols are derived from the shikimate, phenylpropanoid and pentose phosphate pathways and have a phenol moiety in their constitution [71,72].



The amount of phenols in the constitution of the plant depends on both external and internal factors, or, more precisely, on the temperature of the environment, the season, the nutrients in the soil and diseases caused by pests [69,70].



Depending on the number of phenolic rings and the element that joins these rings together, polyphenols are divided into two classes: flavonoids and non-flavonoids. The vast majority of polyphenols are obtained through the phenylpropanoid pathway of, l-phenylalanine [73]. The number of polyphenols present in plants is over 4000 [74].



A broad classification of polyphenols according to conjugations with monosaccharides and polysaccharides [71,75,76,77,78,79], is given in Table 1:




3.5.2. Utilization and Actions of Polyphenols


Polyphenols act as agents supporting the immune system against cancer cells but also display antifungal, antibacterial and antiviral activities and offer protection against UV rays [80]. They function as antioxidants, that is, they protect the cells in the body from free radicals that could cause cardiovascular, neurological and respiratory diseases [73].





3.6. Valeric Acid


The colorless, straight, saturated-chain alkyl carboxylic acid [81] known as valerian acid has an oily structure [81]. It is mostly utilized in cosmetics and perfumes but can also be employed as a food additive (esters give it a fruity flavor) or in pharmaceutical products. It is dispersed in the plant kingdom either free or as an ester. Both hot water extraction from plants and oxidizing amyl alcohol with chromic acid are procedures for obtaining valerian acid [81].




3.7. Ursolic Acid


Ursolic acid belongs to the class of c30 isoprenoid compounds and is a pentacyclic triterpenoid that has a melting point between 283–285 °C [82].



3.7.1. Characterization of Ursolic Acid


Due to its low solubility in aqueous medium, ursolic acid loses its therapeutic activities [82]. Ursolic acid can enter tissues and impact the activities of several types of enzymes because of its lipophilic nature, which also gives it the potential to interact with phospholipids and weaken tissue integrity [83].




3.7.2. Utilization and Activity of Ursolic Acid


Ursolic acid is a useful compound for anti-inflammatory, antitumor, antiulcer and antidiabetic conditions, and more recently, it has also been shown to have beneficial effects against cancer [84]. It also displays hepatoprotective activity; antimicrobial and antifungal properties; and antiviral, cardiovascular and neuroprotective effects [82].





3.8. Minerals


Minerals are found in the roots, leaves and stems of plant matter [85]. the minerals present in lavender are: magnesium, calcium, iron, copper, zinc, chromium, potassium and sodium [86]. According to the research and results of Renata Prusinowska and others, it can be seen that depending on the lavender species, the amounts of mineral substances contained in it also vary (Table 2) [23].



Potassium has an essential role in the metabolic activities of plants, participating in the activation process of proteins, enzymes and phloem transport [85,87].



Calcium is found in higher doses in the older vegetative organs of the plant (roots, stems, leaves) and in smaller amounts in flowers and fruits, with the main factors corresponding to the total calcium level accumulated in the plant being the various growing conditions of the plant material [85].



Magnesium participates in the ATP-dependent enzymes activation process and belongs to the group of substances that make up chlorophyll [85].



After applying the extraction procedures, the essential oil, the floral water and the plant are the obtained results.




3.9. Lavender Essential Oil


Lavender essential oil can be found in the upper part of the calyx, more precisely in the oil glands located on its surface, in a volume of 2–4.5% [1,2,7], but also in the leaves of the plant or in the dried flowers [7].



3.9.1. Characterization of the Essential Oil


The quantity but also the quality of the essential oil is influenced by the plant’s growing environment, climate, genotype, etc. [7]. The composition of the essential oil contains approximately 300 chemical compounds, but the most important are linalool and linalyl acetate [88].



A world-wide lavender oil production of about 1500 tons has been recorded [89]. Among the countries that produce lavender oil, those that produce large quantities are France and Bulgaria, with France producing about 60 tons of lavender oil annually and Bulgaria producing about 50 tons of lavender oil annually [90,91].



Table 3 lists the main compounds of lavender essential oil obtained in different countries. As can be seen, the largest amounts of ocimene are obtained by Bulgaria, the highest percentage of camphor is obtained by Italy, linalool and linalyl acetate were obtained in the highest amounts by France, the highest percentage of Terpinen-4-ol was recorded in France, and the most lavandulol and lavandulol acetate was obtained in France.



In the case study by Danh et al., 2012, and the case study by G.D. Kiran Babu, the antioxidant and antimicrobial properties and the yields and chemical compositions of lavender essential oils were analysed via the supercritical fluid extraction method, hydrodistillation method and steam distillation method [30,98]. The results obtained in these studies are shown in Table 4.



Table 4 shows the conditions under which the three extraction methods of lavender essential oils are carried out, namely hydrodistillation, supercritical fluid extraction and steam distillation. Thus, it can be seen that hydrodistillation uses higher temperatures and takes more time than supercritical fluid extraction (100 °C, 300 min), while supercritical fluid extraction uses higher pressure and obtains higher yields (140 bar, 6.68 ± 0.57%) compared to the first method mentioned in Table 4.



According to Table 4, the values of essential oil compounds vary depending on the extraction method used. For example, in the case of linalool, it can be observed that while using the hydrodistillation method, a percentage of 52.59 was obtained, and for the same compound extracted using the supercritical fluid method, a percentage of 45.78 was obtained.



In experimental research by Smigielski et al. and Saad A. Ihsan, 2007, the authors determined the quantity and quality of essential oil from fresh lavender flowers and dried lavender flowers through hydrodistillation. The results showed that 3.8% volatile oil was obtained from dried flowers [105], in which about 65 compounds were identified [88], the most important of which were linalool—27.3% [88]; 33% [105]; linalyl acetate—22.4% [88]; 3.6% [105]; lavandulol acetate—5.7% [88]; α-terpineol—4.6% [88]; 2.5% [105]; oct-1-en-3-yl acetate—3.8% [88]; geranyl acetate—2.6% [88]; camphor—4. 7% [105]; borneol—11% [105], and new compounds were formed, such as pinocarvone—0.1% [88]; isobornyl formate—0.2% [88] and nopinone—0.1% [88], etc., and the experiment with fresh flowers, resulted in volatile oil at 1.35% [105], in which 73 compounds were identified [88], the most important of which were linalool—34.7% [88]; 34.2% [105]; linalyl acetate—19.7% [88]; 3.1% [105]; α-te pineol—5.1% [88]; lavandulol acetate—4.5% [88]; oct-1-en-3-yl acetate—3.6% [88]; geranyl acetate—2.3% [88]; 1,8-cineole—18.9% [105]; camphor—4.6% [105]; and borneol—12.1% [105].




3.9.2. Utilization and Activity of Essential Oil


Lavender essential oil is used to remove bacteria [106], as an insecticide and in cosmetics, perfumery and household chemicals [7].



The most recent and popular use of essential oils is in aromatherapy, due to the analgesic properties of the essential oil. It has been found that it has beneficial effects on sleep, thus reducing sleep disorders and insomnia; has beneficial effects on states of anxiety and depression, both though inhalation and ingestion; and has beneficial effects for menstrual or labour pains, etc. [107].



For a variety of reasons, essential oils are utilized in the cosmetics sector in products such as shampoos, soaps, sunscreen creams, body lotions and perfumes. These products are typically preserved using harmful preservatives, such as parabens, thus there is a growing market desire for products that are as natural as possible or that employ natural preservatives to avoid these disadvantages [107].



In the agricultural industry, lavender oil is used against insects or other pests. Synthetic pesticides cause damage to the environment and after several uses result in pathogens resistance. In order to maintain a healthy environment, it is recommended to use biopesticides obtained from plants. Lavender essential oil acts as an insecticide on potato beetles and bean weevils [107].





3.10. Lavender Floral Water


Lavender floral water (hydrosol) is a by-product from the steam distillation process of lavender flowers and stems. This constituent may be odourless or have a pungent odour [108]. Aromatic lavender floral waters have additional active elements in their composition, which is why they are starting to be used as often as possible in the cosmetic industry as well as in food. Cosmetic hydrolates can be used directly on the skin without diluting, they are used in lotions, creams, soaps, as deodorants or tonics. Lavender floral water has antioxidant and antimicrobial properties [109].




3.11. Plant Residues from Lavander


Plant residues from Lavender are fragments of matter that remain, after the extraction process, from the stems, leaves, flowers of the plant [110,111], having in their composition antioxidant substances that can be used by humans to treat various diseases, and the process of obtaining them is a simple one, being recommended to use the appropriate solvent for the extraction of compounds [112]. After the completion of this process, it is recommended for plant residues to be further processed because both large and small amounts of waste, over time, can pose negative environmental problems due to increased humidity and microbial load [110], or socio-economic issues [111] and, for example, a final processing can be carried out in order to obtain energy [111].



According to the experimental results carried out via steam distillation and supercritical CO2 extraction on lavender plant residues, Slavov et al. concluded that the final products obtained (processed using ethanol 70%) were flavonoids, total phenolic compounds and low doses of α-linolenic acid, caffeic acid, malic acid, linoleic acid, gluconic acid, stearic acid and others [110].





4. Conclusions


Medicinal and aromatic plants are of particular importance globally because they contain an extensive range of active compounds that are used both in the pharmaceutical, cosmetic, food and therapeutic industries. Lavender is part of this category of plants and has been increasingly sought after in recent years. The optimal requirements for the harmonious development of lavender are neither many nor expensive. The plant needs the sun the most, as little humidity as possible and loose and airy soil. The land surface area used to cultivate lavender is constantly increasing, especially in the countries that already produce considerable quantities but also in the other regions that do not produce as much, because there are increasing demands on the market for lavender essential oil, which has multiple uses.



Lavender essential oil has bactericidal, antifungal, antiseptic, hypoallergenic, carminative and antioxidant properties, among others. It can also be used in agriculture to combat plant pests or as an herbicide—especially the oil obtained from Lavandula angustifolia, which presents an alternative to synthetic herbicides, as it inhibits the germination of plant species such as Rough cocklebur (Xanthium strumarium L.) and Confused Canary grass (Phalaris brachystachys).



Over time, new techniques for extracting active compounds from plants have been developed, such as hydrodistillation, steam distillation and supercritical CO2 extraction, which are more efficient and provide much better final yields, as well as having lower energy and equipment production costs and a lower negative impact on the environment (by reducing organic solvent requirements).



Essential oils are mainly used in aromatherapy due to linalool and linalyl acetate compounds because they are effective in reducing sleep disorders and psychological disorders, such as depression and anxiety, and also have beneficial effects on cardiovascular diseases. In the cosmetics industry, due to the components of the essential oils, namely linalool, linalyl acetate, geraniol and lavandulyl acetate, they are used in personal care products such as toothpaste and mouthwash (where they reduce oral odour), in creams (where they act to relieve acne and moisturize the skin) and in lotions and hairsprays, etc. (where they are used for their scents).
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Figure 1. Scheme of lavender recovery process. 
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Figure 2. Lavender oil production share by countries worldwide in 2017 (adapted from [6]). 
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Figure 3. Production volumes of lavender oil (in tonnes) obtained by France and Bulgaria between 2011 and 2018 (adapted from [6,23]). 
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Figure 4. Schematic representation of the hydrodistillation method (adapted from [26]). 
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Figure 5. Schematic representation of the steam distillation method (adapted from [26]). 
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Figure 6. Diagram of the supercritical fluid extraction system (adapted from [32]). 
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Figure 7. A general categorization of saponins (adapted from [50]). 
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Figure 8. Classification of flavonoids according to the position of the C carbon attached to the B ring [63]. 
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Table 1. Classes of phenolic compounds found in plants according to the number of carbon atoms.
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	Class of Phenolic Compounds
	General Representation of the

Skeleton of the Phenolic Compound





	Acethophenones, phenylacetic acids
	C6-C2 [78,79]



	Flavonoids, isoflavonoids
	C6-C3-C6 [71,78,79]



	Condensed tannins
	(C6-C3-C6)n [71,79]



	Phenolic acids
	C6-C1 [71,78,79]



	Simple phenols
	C6 [71,78,79]



	Xanthones
	C6-C1-C6 [78,79]



	Coumarins, isocoumarins
	C6-C3 [71,78]



	Hydroxycinnamic acids
	C6-C3 [71,78,79]



	Biflavonoids
	(C6-C3-C6)2 [79]



	Catecholmelanine
	(C6)n [79]



	Lignans, neolignans
	(C6-C3)2 [71,78,79]



	Hydroxybenzoic acids
	C6-C1 [71]



	Anthraquinones
	C6-C2-C6 [78]



	Stilbenes, anthraquinones
	C6-C2-C6 [71,78,79]



	Lignins
	(C6-C3)n [71,78,79]



	Naphthoquinone
	C6-C4 [78,79]
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Table 2. The variation in the amount of minerals, depending on the lavender species (compiled with information [7]).
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Mineral Substance

	
Lavender Species

	
Quantity Obtained

[gxkg−1 Dry Substance]






	
Potassium (k)

	
Lavandula angustifolia Munstead

	
17.7




	
Lavandula angustifolia Lady

	
23.9




	
Calcium (Ca)

	
Lavandula blue River

	
8.10




	
Lavandula angustifolia Munstead

	
13.8




	
Magnesium (Mg)

	
Lavandula angustifolia Lady

	
1.40




	
Lavandula angustifolia Munstead

	
3.60




	
Sodium (Na)

	
Lavandula angustifolia Munstead

	
0.11




	
Lavandula angustifolia Lady

	
0.15
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Table 3. Classification of the main compounds in lavender essential oils (in percentages %) (compiled with data from [7,92,93,94,95,96,97]).
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	No.
	Compound
	Bulgaria

[%]
	Italy

[%]
	France

[%]
	Poland

[%]
	Australia

[%]





	1
	O-cymene
	6.8–7.7 [7]
	-
	0.2–18.1 [7]
	1.9–2.9 [7]
	0.03–0.12 [94,96]



	2
	Cineole
	2.1–3.0 [7]
	0.02–0.2 [7]
	0–3.4 [7]
	0.2–0.5 [7]
	-



	3
	Camphor
	<0.5 [7]
	0.3–0.6 [7]

5.56–11.76 [94,95]
	0–0.5 [7]
	0.2–0.3 [7]
	0.09–7.10 [94,96]



	4
	Linalool
	30.1–33.7 [7],

43.3–45.78 [93] a

35.96–36.51 [93] b

21.8–42.1 [92]
	33.3–42.2 [7]

35.96–36.51 [94,95]
	9.3–68.8 [7]
	27.3–34.7 [7]
	23.03–57.48 [94,96]



	5
	Linalyl acetate
	35.2–37.6 [7];

13–44.9 [92];

17.91–21 [93] a

14.42–21.74 [93] b
	37.8–41.2 [7]

14.42–21.74 [94,95]
	1.2–59.4 [7]

27 [94,97]
	19.7–22.4 [7]
	4.01–35.39 [94,96]



	6
	Terpinen-4-ol
	4.5–5.8 [7]
	2.8–3.6 [7]
	0.1–13.5 [7]
	1.1–2.0 [7]
	0.11–8.07 [94,96]



	7
	Lavandulol
	-
	0.05 [94,95]
	0–4.3 [7,94,97]
	0.6–0.8 [7]
	0.05–3.27 [96]



	8
	Lavandulol acetate
	-
	-
	0.3–21.6 [7]
	4.5–5.7 [7]
	-



	9
	β-caryophyllene
	4.6–7.4; [92]
	-
	-
	-
	-



	10
	Limonene + 1,8 cineole
	2.3–6 [92]
	-
	-
	-
	0.18–3.92 [94,96]



	11
	Borneol
	-
	2.71–4.21 [94,95]
	2.90 [94,97]
	-
	0.3–4.04 [92,96]



	12
	Caryophyllene
	-
	-
	0.7 [94,97]
	-
	0.45–2.83 [94,96]







[7]—obtained via steam distillation; [92]—obtained via steam distillation; [93] a—obtained via supercritical CO2 extraction; [93] b—obtained via hydrodistillation; [94,95]—obtained via hydrodistillation, [96]—obtained via steam distillation, [97]—obtained via distillation.
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Table 4. Yields, properties and main components (expressed in %) of lavender essential oils obtained using three extraction methods (compiled with data from [30,91,92,93,94,95,96,98,99,100,101,102,103,104]).
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Extraction Method

	
Hydrodistillation

	
Supercritical CO2 Extraction

	
Steam Distillation

	
References






	
Extraction conditions

	
Time (min)

	
300

	
50

	
57

	
[30,99]




	
Temperature (°C)

	
100

	
45

	
-

	
[30]




	
Pressure (bar)

	
1

	
140

	
-

	
[30]




	

	
Yield (% dry weight)

	
4.57 ± 0.13

	
6.68 ± 0.57

	
-

	
[30]




	
Physical properties

	
Colour

	
Colourless

	
Pale yellow

	
-

	
[30]




	

	
Form at room temperature

	
Liquid

	
Liquid

	
-

	
[30]




	
Compounds (%)

	
Camphene

	
0.19–0.59

	
-

	
0.2–0.6

	
[30,95,96,98,100,101,102,103]




	
1-Octen-3-ol

	
0.2–0.4

	
0.2–0.30

	
-

	
[30,95,96,102,103]




	
Myrcene

	
0.12–0.56

	
-

	
2.03

	
[30,95,96,98,102]




	
1,4-Cineole

	
0.06–0.32

	
-

	
-

	
[30,95,96]




	
Limonene

	
0.24–0.5

	
0.10–0.5

	
0.5–1.10

	
[30,91,92,93,94,98,103]




	
1,8-cineole

	
1.51–10.89

	
1.18

	
1.43–7.29

	
[30,95,96,98,101,102,103,104]




	
Terpinolene

	
0.21–0.39

	
-

	
0.3

	
[30,95,96,102,103,104]




	
Linalool

	
30–52.59

	
42.82–45.78

	
28.1–46.85

	
[30,95,96,98,100,101,102,103,104]




	
Camphor

	
1.6–11.76

	
8.05

	
0.23–10.23

	
[30,95,96,98,100,101,102,103,104]




	
Borneol

	
2.71–7.50

	
6.68

	
4.07–10.21

	
[30,95,96,100,101,102,103,104]




	
Lavandulol

	
0.05–0.8

	
0.52

	
0.47–0.7

	
[30,95,96,98,103]




	
Linalyl acetate

	
9.27–21.74

	
23.40

	
4.04–35.28

	
[30,95,96,98,100,102,103,104]




	
Bornyl acetate

	
1.11

	
0.17

	
0.05–0.24

	
[30,98,100,104]




	
Lavandulyl acetate

	
0.19–10.9

	
1.35

	
0.31–3.7

	
[30,95,98,99,100,102,103,104]




	
Alcohols

	
67.18

	
54.82

	
35.58

	
[30,98]




	
Esters

	
13.54

	
25.52

	
41.29

	
[30,98]




	
Aldehydes

	
0.16

	
-

	
-

	
[30]




	
Ethers

	
1.79

	
1.47

	
-

	
[96]




	
α-Terpineol

	
6.2

	
4.7

	
3.78

	
[98,103]




	
Monoterpene hydrocarbons

	
-

	
-

	
10.05

	
[98]
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