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Abstract 

Essential oils are secondary metabolites that are produced by plants for the purpose of 

protection from pests, predators, attraction of pollinators and seed dispersal. The oil is 

produced in different parts of the plants and contains various chemical compounds that 

give plants a characteristic odour and flavor. These compounds vary between different 

plant species and also within plants of the same species. The yield and the efficacy of 

essential oils also vary between and within species. The variations in the essential oil 

compounds, the yield and the efficacy is influenced by both exogenous and 

endogenous factors. Endogenous factors such as plant age, plant density, plant 

genotype, part of the plant where the oil is extracted brings about variability in yield, 

chemical composition and the efficacy of essential oils. Similarly, exogenous factors 

such as light intensity and temperature, water availability, altitude and latitude, soil 

type and composition, preparation of the plant material before the essential oil 

extraction, method of extraction of the essential oil and the storage conditions after 

extraction also have a great influence on the chemical composition, yield and efficacy 

of essential oils. The factors then need to be moderated in order to ensure that the 

essential oil produced is of the quality required. Once extraction is done, proper 

storage conditions to avoid oxidation is necessary as the essential oils await to be used. 

They should be stored in dark cool conditions in tightly closed dark glass containers 

to ensure long term quality. Knowledge on the growth requirements of the individual 

plants that produce oils is necessary so as to produce quality oil. 
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1. Introduction 

Essential oils are secondary metabolites that are produced by plants for protection from pests, predators, attraction of pollinators 

and seed dispersal [1]. The oils are made up of a mixture of compounds that give a characteristic flavor and odour to the plants. 

They are located in different parts of the plant such as buds, leaves, stems, bark, flowers, roots, fruits and seeds depending on 

plant species [2]. Almost every part of a plant can produce essential oil which can be extracted from the plant part and put to 

various uses [3]. The essential oils are accumulated in the cells, secretory cavities, canals, or glandular hairs of the plant parts [4]. 

They are soluble in organic solvents with generally lower density than water such as toluene, ethanol, benzene, acetone and 

methanol [5]. 

Essential oils constituents are lipophilic, transparent and highly volatile secondary plant metabolites, reaching a mass below a 

molecular weight of 300 and can be physically separated from other plant components [5]. The aroma and flavor of plants are 

influenced by the type and amount of compounds present in the essential oils [6, 7]. For example, Oxygenated monoterpenes are 

the major contributor to the taste and aroma of essential oils [8]. Other chemical compounds bring about variation in colour of 

essential oils from plants species [3]. 
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Essential oils have portrayed various biological properties 

such as insecticidal, antibacterial, antioxidant, anti-

inflamamtory, larvicidal and allelopathic due to the many 

different chemical compound present in them [9, 10]. 

The chemical composition of essential oils differs not only in 

the number and the type of molecules but also in their 

chemical structures. For example, most essential oils contain 

natural monoterpenes and sequiterpenes with a variety of 

functional groups that contribute to antibacterial and 

antifungal properties [11]. These differences may be as a result 

of different method of extraction, climate, soil composition 

of the environment where the plant is growing, plant organ 

where the essential oil was extracted, age of the plant and 

vegetative cycle stage [12]. Similary, Sohani et al. [13] reported 

that essential oils of similar plant species have differences in 

chemical composition depending on the geographical region 

where the plant is growing. For example, Raina et al. [14] 

reported that the essential oil from ginger varied in chemical 

composition depending on the geographical location where 

the ginger plant was growing. According to Franz [15], the 

chemical variation of essential oils is also determined by 

genetic variability of individual plants, the different parts of 

the plant such as roots, leaves, stems, or flowers, different 

stages of the growth of the plant and the environmental 

factors. These factors also influence the quality, the yield and 

the effectiveness of essential oils. 

Essential oil extraction is done using various methods such as 

low temperature distillation, hydro-distillation, steam 

distillation and extraction with organic solvents. The method 

of extraction can influence the chemical composition and 

yield of essential oil. Inappropriate extraction procedures can 

result to damage or change of the chemical nature of the 

essential oils [3]. Bioactive compounds present in essential 

oils have been used locally as biopesticides but they are not 

adequately used by commercial industries because there are 

factors that influence the availability of these compounds in 

the essential oils. On the other hand, plants that produce 

essential oils have been widely used in herbal medicine 

without the knowledge on the quality or chemical 

composition though with lesser side effects [16]. 

The factors influencing the chemical variability and efficacy 

of essential oils can be grouped into exogenous and 

endogenous factors. The endogenous factors are factors 

related to the anatomical and physiological characteristics of 

the plants such as variation in chemical composition in 

different parts of the plant and the developmental stages. On 

the other hand, exogenous factors are factors related to the 

environment such as light, rainfall and soil. These factors 

influence the chemical composition, yield and effectiveness 

of the essential oils. 

 

2. Factors influencing chemical variability and efficacy of 

essential oils 

2.1. Endogenous Factors 

These are factors related to the plant such as part of the plant 

where the essential oils are produced and accumulated, the 

age of the plant at the time of oil extraction and the genetic 

characteristics that regulate the essential oil secretion in 

plants. 

 
2.1.1. Age of the plant and the tissues generating the 

essential oil 

The synthesis of essential oil from the plants varies as the  

plant and the tissue ages. Same plant organs but at different 

growth stages produce essential oils with different chemical 

compounds [17]. Several studies have reported the influence 

of plant age on the chemical composition of essential oils and 

their efficacy in pest and disease control. In respect to this, 

the reports of Hudaib et al. [18] showed that the essential oil 

obtained from a two-year-old Thymus vulgaris contained 

more thymol (51.15) than the one obtained from a five-year-

old plant (19.38) in the same vegetative cycle. Similarly, 

chemical variability of essential oils obtained from four-year-

old and eleven-year-old Eucalyptus camaldulensis was also 

reported [19].  

In peppermint leaves the level of monoterpenes content 

rapidly increased between twelve and twenty days of age 

after which it leveled off as the leaves got fully grown [20]. It 

was also reported that essential oil of Thymus pulegoides 

contained phenol content when the plant was harvested at the 

beginning of the flowering stage [21]. Linalool compound in 

Artemesia pallens essential oil decreased significantly from 

the beginning of the flowering stage to the end of it [22]. 

However, according to Tiwari et al. [23] the quantity of 

Targetes minuta essential oil increased as the plant aged. The 

oil extracted from the Targetes minuta at flower initiation, 

full flowering, late flowering and seed setting stages 

increased as the plant aged and the chemical composition that 

dominated were monoterpenes and their content increased as 

the plant aged. This could be due to the plant structures 

synthesizing the compounds increasing in size and thus 

increasing their activity. According to Croteau and Martinkus 
[24], the monoterpenes content in peppermint essential oil 

increased as the leaf aged. However, the findings of 

Gholamreza et al. [25] contradicted the previous reports by 

reporting that the proportions of monoterpenes in peppermint 

essential oil decreased as the plant aged. The evaluation of 

the components of the Tagetes minuta essential oil at 

different growth stages revealed a variation in various 

chemical compounds at different growth stages [26]. For 

example, dihydrotageton was high (54.3%) at vegetative 

stage but decreased to 21.9% at budding stage but increased 

again (30.3%) at full flower stage and slightly decreased to 

29% at seed stage. The opposite happened to tagetenone 

compound which was low (0.9%)at vegetative stage, then 

increased to 9.9% at budding stage, decreased to 7.0% at full 

flower stage and once again declined to 5.3% at seed stage.  

Some findings partially corroborates earlier reports from 

other studies and at the same time contradicts other reported 

findings. It has been reported that the quantity of some 

compounds of essential oils increase while others decrease as 

the plant age. According to Gholamreza et al. [25] the 

proportions of limonene, methofuran and pulegone 

compounds in peppermint oil decreased while menthol, 

cineole and neomenthol constituents increased as the plant 

aged. Such fluctuations in chemical composition of the 

essential oils due to variation in age influences the efficacy 

of the essential oil. It was also reported that essential oil 

extracted from a ten months old ginger rhizome lacked 

zingiberene while older ones produced oil with zingiberene 
[27]. These findings verify that the chemical composition and 

yield of essential oil is dependent on the different stages of 

growth as the plant ages and this may be as a result of 

modifications of secondary metabolism as the growth of the 

plant progresses. The variation in chemical composition as 

the plant ages influences the efficacy of the essential oils. 
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2.1.2. Part of the Plant Producing and Storing the Oil 

Plant essential oils can be extracted from either the roots, 

stems, flowers, leaves or seeds. Different plant species store 

their essential oils in different parts. For example, plants of 

Lamiaceae family store their essential oils in the aerial parts 

while Citrus family store their oils in fruit peels and leaves 
[28]. The plant parts store oils with different chemical 

composition depending on the part of the plant. For example, 

the essential oil extracted from the flowers of Salvia 

officinalis had the highest quantity of β- pinene while the oil 

extracted from the leaves of the same plant had more α and β 

thujones [29]. There were also significant differences noted in 

the quantities of the essential oils produced from the different 

parts of the plant. The differences in chemical composition 

brings about variability in the essential oil efficacy [29]. 

Reports of Cheng et al. [30] showed significant differences in 

the chemical composition of essential oils obtained from four 

different tissues. Similarly, essential oils obtained from the 

leaves and flowers of Lavandula stoechas showed significant 

chemical variability especially with myrtenyl acetate and 1,8-

cineole [31]. Some of the chemicals present in the essential oils 

are more effective on certain pest and pathogens and less 

effective on others. Analysis of Lantana camara essential oil 

extracted from the leaves and flowers revealed that the oil 

from the leaves had 36 compound that were not in the 

essential oil from the flowers with cis-3-hexen-l-ol 

compound taking the lead. This compound is said to have 

high efficacy against diseases caused by Fusarium. On the 

other hand, the oil from the flowers had 29 compounds that 

were only present in it but were absent in the oil from the 

leaves with caryophyllene oxide taking the lead [32]. The 

essential oil from the leaves recorded a higher number of the 

chemical compounds with the oxygenated sesquiterpenes 

dominating than the oil from the flowers. The amount of 

linalool and phytol was significantly higher in oil from the 

leaves than the oil from the flowers [32]. 

Monoterpenes and sesquiterpenes are known to contribute to 

the antifungal and antibacterial properties of essential oils 

and so their presence makes the essential oil more effective 
[11]. In addition, Tagetes minuta leaf essential oil compounds 

differed significantly with those in the oil extracted from the 

seeds. In the leaf essential oil dihydrotagetone took the lead 

(54.2%) while the oil from the seed was dominated by (Z)-β-

ocimene [33]. According to the report of Zhao et al. [34] the 

roots of Kadsura coccinea essential oil had more compounds 

(47) as compared to the leaves (46) and the stem (44). 

However, the essential oil from the roots showed a higher 

antioxidant activity followed by the oil from the stem and the 

least antioxidant activity was from the leaf oil [34]. The 

antimicrobial properties of the root essential oil was higher 

compared to leaf and stem essential oils due to high level of 

oxygenated monoterpenes in the root essential oil which is 

said to have high antibacterial activity. Essential oil from 

leaves of Siparuna muricata had more chemical compounds 

than the oil from the fruits of the same plant. Hydrocarbon 

monoterpenes were significantly higher in the essential oil 

from the leaves than the oil from the fruits [35]. 

 

2.1.3. Variation in genotypes within plant species 

The chemical variability in essential oils of similar plant 

species may be genetically influenced as evidenced in some 

plant species. Three different Salvia fruticosa populations 

were studied using Random Amplified Polymorphic DNA 

(RAPD) markers and essential oil profiles in order to 

determine their genetic variability [31]. The significant 

variation in the composition of essential oils allowed three 

clusters to be distinguished from the canonical discriminate 

analysis, corresponding to the three selected populations 

from diverse geographical locations. The results of genetic 

characterization and hierarchical cluster analysis revealed an 

extensive level of polymorphism confirming that there is also 

genetic variability within each population [31]. 

Similar results of the research conducted by Echeverrigaray 

et al. [36] on six cultivars of Thymus vulgaris using RAPD 

technique grouped the plants into two chemical and genetic 

groups. Analysis of essential oils of Ocimum gratissimum 

using RAPD showed a high correlation between genetic 

results and the essential oil constituents [37]. According to the 

results some groups of oils contained eugenol, others geraniol 

and others had thymol compounds indicating variability in 

their chemical composition. Similarly, a rapid analysis of 

Artemisia annua essential oil using RAPD showed a high 

degree of genetic variability in chemical composition [38]. 

Results of Nan et al. [39] revealed existence of three 

chemotypes of Primula ovalifolia based on genetic 

variations. 

Plants such as Thymus vulgaris have seven different 

chemotypes depending on the chemical compound that is 

dominant in the essential oil. These dominant compounds 

were either thymol, α-terpineol, carvacrol, eucalyptol, 

linalool, sabinene hydrate or geraniol [40]. These dominant 

compounds influence the efficacy of the essential oils. 

According to Yaqub et al. [41], ten populations of Stachys 

lavandulifolia were investigated for their essential oil 

composition and it was revealed that some contained 

pulegone and α-zingiberene as the major essential oil 

constituents while another group had germacrene D and 

limonene as the main essential oil compounds. This may be 

attributed to the genetic factors. 

 

2.1.4. Plant Density 

Some studies have revealed that plant density influenced the 

content and composition of essential oils. It has been reported 

that low plant density resulted to high content of essential oil. 

This is because low plant density will reduce competition for 

resources like light, water and nutrients enabling the plants to 

be able to synthesis of various compounds within them. For 

example, in sweet basil low plant density yielded more 

essential oil than high plant density [42]. Similarly, thyme and 

parsley essential oils were found to decrease as the plant 

density increased [43]. However, these finds contradicts the 

reports of other researchers like Callan et al. [44] who reported 

that the plant density had no effects on the essential oils of 

parsley. Hyssop plant also showed no response to plant 

density [45]. 

 

2.2. The Exogenous Factors 

These are environmental factors that influence plant growth, 

essential oil composition, yield and the essential oil efficacy. 

These factors include light, rainfall (precipitation), 

geographical location (altitude and latitude), the soil (pH and 

soil components). 

 

2.2.1. Light intensity and temperature 

Research has pointed out that light is responsible for variation 

in chemical compounds of essential oils of similar plant 

species growing in environments with different light 
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intensity. This is because light intensity influences plant 

metabolic activities that results to synthesis of the chemical 

compounds. For example, it was noted that high light 

intensity was responsible for increased concentrations of 

phenyl propanes and monoterpenes in Ocimum basilicum and 

Satureja douglasii [46, 47]. These components increase the 

efficacy of essential oils. Temperature also influenced the 

synthesis of essential oil both positively and negatively in 

different plants. Temperature influences enzyme controlled 

reactions that results to the synthesis of various chemical 

compounds. It was reported that Feoniculum vulgare 

essential oil yield correlated negatively with high temperature 
[48] but positively correlated in Eucalyptus essential oil yield 
[49]. Moreover, findings have also reported the influence of 

temperature on the Ocimum basilicum with the highest 

essential oil yield when temperatures were low [50]. 

 

2.2.2. Water availability 

Water availability influences chemical composition of 

essential oils by influencing the secondary metabolism since 

biosynthetic reactions occur in an aqueous medium. In 

relation to this, research has shown that increase in water 

availability increased monoterpenes production in essential 

oils [51, 52]. However, these results did not agree with those of 

Boira and Blanquer [53] who reported that moneterpenes 

increased in Thymus piperella essential oil when the water 

availability was low. Nowak et al. [54] also reported increase 

in concentration of moneterpenes during drought periods. 

Monoterpenes exhibit potential antimicrobial activity and 

strongly inhibit microbial pathogens. The more the 

monoterpenes in an essential oil the more effective it is in 

controlling microbial pathogens. 

It has also been reported that water deficit resulted to increase 

in essential oil compounds such as α- and β- thujone, 1,8-

cineol and camphor [55]. However, a decrease in p-cymene 

compound in Thymus vulgaris essential oil under water 

deficit was noted [56]. Studies carried on essential oil extracted 

from Origanum vulgare [57] and Satureja Hortensis [58] 

showed that the essential oil constituents and yield was 

influenced by water. Results revealed that the quantity and 

chemical content of essential oil increased with decrease in 

water availability. Under water stress conditions more 

essential oil was produced [59]. Similar results were reported 

by El-Zaeddi et al. [43] who reported increase in the quantity 

of essential oil from the leaves of curley-leafed and plain-

leafed parsley under drought conditions. Several other 

researchers have also reported similar results stating that 

essential oil increase with decrease in water availability [45, 58, 

60]. 

In addition, the report of Yaqub et al. [41] revealed that the 

chemical composition of Stachys lavandulifolia essential oil 

varied significantly with annual precipitation. More chemical 

compounds were identified from oils extracted when the 

plants were growing under low precipitation. It is believed 

that water stress reduces the leaf area of the plant resulting to 

a higher density of the grandular trichomes that produce 

essential oils on the leaf tissue, thus the quantity of essential 

oil per unit of the leaf tissue increases [24]. However, 

according to Corell et al. [61] lack of water reduced the 

quantity of oil produced in S. officinalis. Similar results were 

also reported in Mexican oregano [62] and parsley [63]. Report 

of Gholamreza et al. [25] showed that drought stress can lower 

the yield and content of essential oils in medicinal plants 

which does not conform to the previous reports. A study 

carried on Artemisia annua revealed that water deficit stress 

lowered the density of grandular trichomes on both surfaces 

of the leaves and resulted to decrease in the quantity of the 

essential oil [64] which is contrary to the previous reports. 

Reports of Clark and Menary [65], revealed that increase in the 

level of irrigation increased the yield of essential oil and other 

dry matter. These reports contradict that of Baghalian et al. 
[66] who reported that water stress had no significant effect on 

German chamomile essential oil content. 

 

2.2.3. Altitude and Latitude 

The altitude of the region where the plant is growing has an 

influence on the quality and efficacy of the essential oil of the 

same plant species growing in different altitude. According 

to the report of Satta et al. [67] the chemical composition of 

Helichrysum italicum essential oil varied significantly with 

the altitude. The chemical composition of essential oil from 

plants growing at an altitude range of 200-900 m above sea 

level varied significantly with those from plants growing at 

an altitude range of 0-100 m above sea level. This was noted 

in monoterpenes content in thymus essential oil [53]. 

According to Neucirio et al. [68] sesquiterpenes were 

significantly higher in oils extracted from Hyptis suaveolens 

growing in low altitudes while monoterpenes were 

significantly higher in essential oils extracted from those 

growing in high altitude. According to Vokou et al. [59] the 

chemical composition and quantity of essential oil increased 

with decrease in altitude. The essential oil quantity of Thymus 

migrus was found to be low in higher attitude of 1900 m 

above sea level [69]. According to Patel et al. [70] Ocimum 

essential oils were different in composition in different 

altitudes. Torras et al. [71] reported that high altitude caused a 

significant decrease in the Tymus vulgaris essential oil. 

According to Di Giacomo and Mincione [72], Citrus bergamia 

grown in different latitudes produced essential oils that were 

varying significantly in their chemical composition. 

Similarly, a study carried out by Neucirio et al. [68] on the 

chemical composition of essential extracted from Hyptis 

suaveolens growing in different latitudes showed that the oil 

from plants growing in low latitudes were richer in 

sesquiterpenes. Sesqiterpenes in essential oils exhibit high 

anti-microbial activity and so the more they are in the 

essential oil the more the efficacy as a bio-pesticide. 

Slavkovska et al. [73] also obtained similar results after 

studying on the Satureja montana essential oil extracted from 

plants growing in different latitudes.  

Reports of Mugao et al. [74] revealed that zingiberene, a 

compound found in ginger essential oil varied significantly 

with the geographical location of ginger plant. For example, 

in India zingiberene amount in essential oil was 46.2%, China 

(38.12), Nigeria (29.0%) Australia (20-28%), Mauritius 

(9.5%), Central African Republic (3.6%) and Srilanka 

(1.5%). These countries are in different altitudes and 

latitudes. It was also reported that the essential oil extracted 

from leaves and flowers of tick berry in Madagascar and 

Cameroon contained curcumene compound [75] while the one 

extracted in Kenya lacked curcumene [74]. Studies on the 

chemical compounds of Tagetes patula essential oil derived 

from different countries (India, Egypt and South Africa) 

revealed different chemical composition [76]. In this study the 

oil from South Africa had the highest (E)-β-ocimene (69.8%) 

while the oil from India had the lowest (35.3%). According 

to Marzieh and Iraji [77] high latitude increased the essential 

yield of Achillea eriophora. 
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2.2.4. Soil Type and Composition 

The soil type, pH and soil constituents influences the yield, 

efficacy and chemical composition of the essential oils 

because the plants depend on the soil for nutrients and the pH 

influences the nutrient absorption from the soil by the plants. 

In connection to this, a research carried by Barra [28] showed 

that Rosmarinus officinalis essential oil chemical 

composition varied significantly in different pH of the soil in 

the same altitude. Similarly, Pala et al. [51] reported that 

Erygium campestre plants grown in separate soil pH (alkaline 

and acidic) conditions produced essential oils that varied 

significantly in the chemical composition. The population 

grown in acidic soil produced essential oil that had 

significantly higher amount of myrcene and lower amount of 

β-curcumene than the population grown in alkaline soils. 

According to De Feo et al. [78], Thymus spinulosus grown in 

calcareous soil produced essential oil with high 

monoterpenes content while those grown in siliceous soil 

produced essential oil with high sesquiterpenes.  

Similar results were obtained by Robles and Garzino [79], after 

analyzing the chemical composition of essential oils of Cistus 

monspeliensis grown in calcareous soils and in siliceous soil. 

Elsewhere, it was reported that the content of phosphorus in 

the soil influenced the chemical composition of Salvia 

officinalis essential oil [80]. According to Smith and Read [81], 

phosphorus is required by plants since it forms a constituent 

of nucleic acids or biomembranes. Phosphorus is also 

involved in energy metabolism of cells and therefore 

necessary in biosynthesis of primary and secondary 

metabolites such as terpenoids in plants. That means then that 

plants growing is soils with high phosphorus will have more 

terpenoids in their essential oils. Similarly, reports of Dordas 
[82] showed that Origanum vulgare essential oil yield 

increased with increase in calcium concentration in the soil. 

Low levels of calcium depress plant growth and reduce the 

essential oil yield [83].  

Nitrogen, potassium and phosphorus influenced the synthesis 

of essential oil in aromatic plants by influencing the levels of 

enzymes necessary for biosynthesis of terpenoids [84]. Indeed, 

nitrogen plays a big role in synthesis of enzymes and amino 

acids which facilitate the biosynthesis of many compounds 

that are found in essential oils [85]. For example, findings of 

Rioba et al. [86] revealed that nitrogen levels influenced the 

quantity of the monoterpene β-pinene in the Salvia officinalis 

essential oil while increased phosphorus increased the level 

of α-bisabolol compound in Chamomilla recutia essential oil. 

However, fluctuations of linalool and limonene was 

experienced with application of potassium in caraway 

essential oil [87].  

A research on purple basil revealed differences in essential 

oil quantity depending on the type of soil. Basil growing in 

loamy sand soil produced significantly higher amount of 

essential oil than basil growing in sandy-clay loam and clay 

soil types. Increase in the amount of sand in the soil 

composition increased essential oil yield while increase in the 

amount of clay decreased essential oil yield in basil [88]. It was 

also reported that basil grown in clay soil produced essential 

oil with significantly higher chemical compounds (72 

compounds) as compared with sandy-clay soil while those 

grown in loamy sandy soil produced essential oil with the 

lowest number of chemical compounds. Increased amount of 

sand content in the soil resulted to increased number of 

chemical compounds in the basil essential oil. 

The opposite happened when the ratio of clay was increased 

in the soil [88]. In terms of individual groups of compounds 

monoterpenes were significantly high in the essential oils 

from the basil grown in sandy-clay soils while the basil 

grown in loamy-sandy soil recorded the lowest monoterpene 

compounds. Decreased amount of clay ratio in the soil 

increased the number of aromatic compounds and linalool 
[88]. It is believed that plants grown in sandy soil are likely to 

be exposed to more stress factors such as water shortage, and 

low nutrient content and these stressors results to plants 

producing more essential oils [89]. In contrary to these findings 

Ahmed et al. [90] reported that the soil parameters had no 

significant influence on the essential oils of Artemisia 

monosperma. 

 

2.2.5. Seasonal Variations 

The yield and chemical composition of essential oils from the 

same plants may vary from season to season and this is 

influenced by variation in precipitation during the dry and the 

rainy season and temperature changes within seasons. It was 

reported that in Salvia officinallis essential oil, monoterpene 

hydrocarbons significantly increased while the oxygenated 

monoterpenes decreased significantly in winter [91]. This 

brings about variability in efficacy between essential oils 

from plants grown in winter and those grown in summer. The 

essential oil of Salvia libanotica produced during winter time 

was reported to have more camphor, thujones and camphene 

than the oil produced during spring time [92]. It has been 

reported that oxygenated monoterpenes in the essential oils 

destroy cells of micro-organisms, inhibit cell respiration and 

ion transport processes resulting death of the microorganisms 
[93]. That means essential oils with more oxygenated 

monoterpenes have a higher antimicrobial activity. 

Results of the analysis of Tagetes minuta essential oil from 

India revealed that plants harvested in winter (December-

January) had their essential oil having more quantities of 

ocimenes while those that were harvested in autumn 

(October-Novemeber) had their oil dominated by 

dihydrotagetone. However, the plants harvested in summer 

(June) had their oil dominated by tagetone compounds [94]. 

Similarly, Ocimum basilicum essential oil was found to have 

high concentration of oxygenated sesquiterpenes and 

oxygenated monoterpenes (80%) during winter but the 

concentration was a bit lower (74%) during summer [50]. 

These findings are also supported by the report of Ahmed et 

al. [90] who revealed that the yield of essential oil significantly 

varied with seasons. Artemisia monsperma produced more oil 

during the spring season and less during autumn. These 

results also corroborates with those of El-Sherei et al. [95] who 

reported that Solidago canadensis essential oil significantly 

increased in summer as compared to other seasons. Summer 

being the hottest season creates a stressful condition that 

makes plants secrete more oil. It was also reported that the 

antioxidant activity of Artemisia monosperma essential oil 

varied with seasons where samples collected during autumn 

and summer seasons showed significantly higher antioxidant 

activity as compared to winter and spring seasons [90]. 

 
2.2.6. Treatment of the plant material before oil extraction 

Research has revealed that the treatment process that the plant 

material undergo through before oil extraction influences the 

chemical composition, yield and efficacy of the essential oil. 

Some researchers freeze-dry the plant materials before oil 

extraction while others air-dry them. Some also use the fresh 

material directly for oil extraction. According to Kelly and 
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Valtcho [96], essential oil from air-dried basil lacked carene 

while the essential oil from freeze-dried basil had carene 

compound. On the other hand, freeze-drying was seen to 

significantly lower the concentration of both linalool and 

methyl chavicol in basil essential oil [96]. 

A study conducted by Moshafi et al. [97] reported high 

quantities of zingiberene compound in essential oil extracted 

from fresh ginger while the essential oil extracted from dried 

ginger had high citral content. The essential oil from the dried 

ginger was reported to have lower amounts of the chemical 

compounds as compared to those that were present in the 

essential oil extracted from fresh ginger. The variation in the 

chemical composition brings about variation in their efficacy. 

Studies have also revealed that essential oil extracted from 

fresh garlic contains high terpene content [74] while dried 

garlic lacked terpenes in their essential oil [98]. A different 

study revealed that that the chemical compounds of lemon 

verbena essential oil increased with increase in temperature 

and air-flow rate [99]. 

 

2.2.7. The method of oil extraction 

There are various methods of essential oil extraction. These 

include, low temperature distillation for compounds that 

require low temperatures and steam distillation for those that 

require high temperatures [2], Extraction with solvents and 

hydro-distillation [100], microwave assisted distillation, 

expression, supercritical carbon dioxide extraction, 

enfleurage, phytonic process and ultrasonic extraction [101, 

102]. The method of essential oil extraction determines the 

chemical composition hence the quality of essential oils. For 

example, essential oil from rosemary extracted using 

microwave-assisted extraction and Clevenger 

hydrodistillation method showed significance differences in 

chemical concentration α-Pinene concentration was higher 

(42.3) in the essential oil extracted using microwave-assisted 

extraction while the same compound was low (26.20) in the 

essential oil extracted through Clevenger hydrodistillation 

method (103). On the other hand, 1,8 Cineole concentration 

was low (31.73) in microwave assisted extraction but more 

(40.72) in clevenger hydrostillation method (103). 

Inappropriate extraction procedures can result to change or 

damage of the chemical nature of the essential oil [3]. Most of 

the natural products are thermally unstable and can be 

damaged easily during thermal extraction and this lowers the 

quality and efficacy of the essential oil [74]. For example, 

when the essential oil is required in large scale steam 

distillation is commonly used because large quantities can be 

extracted but the water used and high temperatures can cause 

chemical modifications [74]. 

The compounds soluble in water are easily lost in water when 

hydro-distillation is used and the volatile compounds get lost 

because of high temperatures under steam distillation [104, 105]. 

Monoterpenes are susceptible to chemical changes under 

steam distillation [106]. On the other hand, essential oil 

extracted through solvent extraction are mostly contaminated 

by the solvent used for extraction and these solvents can 

pollute food and fragrances [104]. In order to avoid chemical 

compounds’ damage, the method of essential oil extraction 

should be dependent on the kind of the chemical compounds 

suspected to be in the oil and the location of the oils within 

the vegetative structure of the plant species [100]. Therefore, 

knowledge about characteristics of various chemical 

compounds of the essential oils is necessary in order to get a  

suitable method of essential oil extraction which does not 

cause damage on them.  

 

2.2.8. Essential oil storage conditions 

The chemical composition and the efficacy of the essential 

oils is also affected by the storage conditions. When the 

essential oil is exposed to air it easily loses its smell thus 

lowering the repellant activity. Exposure to sunlight may 

result to oxidation thus lowering the chemical composition 
[107]. The UV rays from the light brings about breakdown of 

molecules resulting to free radicles that influence the efficacy 

of essential oils. Additionally, when the essential oils are 

exposed to light some substances in the essential oil 

significantly increase while others significantly decrease and 

this affect the microbial activity and the chemical 

composition [108, 109].  

After one-month storage of Homalomena occulta essential 

under direct light, the concentration of Linalool compound 

increased slightly in the first month but decreased in the 

second month of the experimental setup. In contrast, 

Terpenen-4-ol in the same essential continued to decrease 

throughout the experimental period [110]. Linalool exhibits 

strong antibiotic activity and therefore its reduction results in 

low antibiotic activity [111]. Research has also indicated that 

chemical reactions in essential oil increase with increase in 

temperature. Temperature between 4 °C and 45 °C causes 

denaturation of the essential oil content. It was reported that 

there was a great decline in the chemical composition of 

Homalomena occulta essential oil due to degradation as the 

temperature increased [110]. Exposure of essential oil to air in 

the storage containers increases the rate of oxidation under 

the influence of oxygen which distorts the chemical 

composition and thus should be stored in air-tight containers 

to maintain its quality. According to Nguyen, [112] factors 

such as temperature, light and oxygen influence colour 

changes, aroma, viscosity and chemical composition of 

essential oils. 

 

3. Conclusion 

Essential oils even from same plant species vary significantly 

in their yield, chemical composition and their efficacy. These 

variations are influenced by factors within the plant such as 

genotypes, age, plant density, part of the plant from which the 

oil is being extracted from among others. Environmental 

factors such as light intensity and temperature, essential oil 

storage after extraction, soil type and composition, methods 

of essential oil extraction, altitude and latitude also influence 

the yield chemical composition of essential oils. The 

environmental factors influence genetic diversity of plants as 

plants try to adjust to the prevailing conditions for survival 

resulting to variation in yield and chemical composition of 

their essential oils. A balance in these conditions is necessary 

to obtain quality essential oils. Essential oils need proper 

storage conditions to avoid oxidation after extraction as they 

await to be used. They should be stored in dark cool 

conditions in a tightly closed dark glass containers to ensure 

long term quality. Knowledge on the growth requirements of 

the individual plants that produce oils, their chemical 

composition of the plants and methods of extraction is 

necessary so as to produce quality oil. 
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