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Abstract 
Trichomes on the leaves, stem and flowers of Ocimum basilicum and O. sanctum were studied. The 
seeds of the plant materials were collected from Nigeria and Pakistan, and planted at the Laboratory of 
the Department of Biological Sciences, COMSATS Institute of Information Technology (CIIT), 
Islamabad, Pakistan. Three trichomes types are present in the two species, namely multicellular-non 
glandular, peltate glandular and capitate glandular trichomes, and this formed the basis for essential 
oil extraction from these parts using Soxhlet extraction methods. Oils extracted were screened for the 
presence of alkaloids, terpenoids, phenol, tannins, saponins and flavonoids. There is a correlation 
between the density of the glandular trichomes within and between the three parts of the two plants.  
The density of the glandular trichomes is higher in the plant parts that produce higher essential oil. 
Percentage oil yield is higher in the leaves of O. sanctum (19.85%) and O. basilicum (13.58%), 
followed by the flowers and stem in the two plants. In line with the percentage oil yields, the density 
of the glandular trichomes also followed a similar pattern; with higher density in the leaves (86.6mm2 
and 21.50mm2) for Ocimum sanctum and O. basilicum respectively, followed by the flowers and 
stem. Comparing the two species, O. sanctum has a higher oil yield and higher density of glandular 
trichomes in all its parts than O. basilicum.  
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INTRODUCTION 
Plants are natural gifts of nature whose useful potentials in many folds have not been fully 
exploited. There are sundry efforts to exploit these potentials in all possible ways. Trichomes 
are essential for plant development and are found in many species. Factors such as 
environmental conditions, hormones, transcription factors, and non-coding RNA influence 
trichome growth and development (Wang et al., 2021) and the production of essential oils 
and other secondary metabolites. These compounds are not only vital for plant defense but 
also have widespread uses in medicine, food, cosmetics, and agriculture (Ramos Da silva et 
al., 2021; Tissier 2012).  
 
The Lamiaceae family, in particular, has been widely utilized since ancient times due to its 
rich content of secondary metabolites, particularly essential oils (Ramos Da silva et al., 2021). 
These oils, characterized by their diverse chemical compositions, are primarily produced 
and stored in glandular trichomes, often referred to as "natural biofactories" (Mahmoud et 
al., 2021). Glandular trichomes are found in approximately one-third of all plant species 
(Fahn, 1988) and serve critical ecological functions, such as protecting against biotic and 
abiotic stressors (Glas et al., 2012), attracting pollinators (Zhou et al., 2021), and deterring 
herbivores (Gostin & Popescu, 2023). 
 
Within the Lamiaceae family, glandular trichomes are primarily categorized into two types: 
peltate and capitate (Naidoo et al., 2021; Muravnik, 2020). Peltate trichomes consist of a basal 
cell, a foot cell, and a secretory head composed of multiple glandular cells arranged in a 
single layer. These trichomes store essential oils within a subcuticular space, enabling their 
controlled release (Haratym & Weryszko-Chmielewska, 2017). Capitate trichomes, on the 
other hand, exhibit greater structural diversity, featuring a basal cell, one or more stalk cells 
of varying length, and a glandular head composed of one to four (or occasionally more) 
secretory cells (Maleci & Giuliani, 2006). Both glandular and non-glandular trichomes 
contribute significantly to the taxonomic classification of Lamiaceae species (Giuliani et al., 
2024; Siadati et al., 2020; Tozin et al., 2016). 
 
The essential oils produced by glandular trichomes have long been used in industries such 
as perfumery, cosmetics, pharmaceuticals, and food flavoring. Terpenoids, or isoprenoids, 
are the primary constituents of these oils and are valued for their aromatic properties and 
biological activities (Tissier, 2012). Despite their economic importance, the regulatory 
mechanisms governing terpenoid biosynthesis remain poorly understood, presenting a 
promising area for future research. Recent advances in molecular biology and genetic 
engineering have enabled scientists to study the genes and proteins responsible for trichome 
metabolism, paving the way for optimized essential oil production through classical 
breeding and targeted genetic modification (Glas, 2012). 
 
Meanwhile, there are many plant species (e.g., tobacco and tomato in Solanaceae 
and Gossypium and Salvia in Lamiaceae) in the wild which are currently neglected for years, 
despite their potential to produce valuable compounds (Zhigila et al., 2015).  Majority of 
these plants are rich in many natural products such as aromatic oil. Research works into 
discovery of more plants that are in the wild which are potential producers of these oils in 
abundance will definitely be advantageous economically. Many products can also be 
produced subsequently from such discoveries. Many of these so-called "useless" plants 
possess chemical potentials that could contribute significantly to industrialization.  
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In this study, the aim of the study is to identify various types of glandular trichomes and 
their exudates from various plant species that can be potential sources of production for 
many industries. If this is achieved, certainly many industries will spring up and 
subsequently the rate of unemployment will drop especially in Nigeria. Wild plant species 
with potential industrial-useful glandular trichomes will be identified for tapping in 
industrial production of different types of products. Thus, there is today an increasing 
interest in understanding the chemistry of glandular trichome exudates and taking 
advantage of their potential uses in many plants as possible. 
 
The aim of this research work is to determine the quantity of essential oil contents in 
Ocimum basilicum and O. sanctum in relation to the density of the glandular trichomes and to 
isolate and characterize the oils’ chemical composition. 
 
MATERIALS AND METHODS 
Cultivation and Sample Collection- Seeds of O. basilicum and O. sanctum were collected 
from Nigeria and Pakistan (Table 1) and planted in clay pots at the Laboratory of the 
Department of Biological Sciences, COMSATS Institute of Information Technology (CIIT), 
Islamabad, Pakistan. Leaves, stems and flowers were harvested and used for the anatomical 
studies and extraction of oils. Specimens for oil extractions were collected between 11 am 
and 2 pm for the best yield of the oils (Turner et al., 1980). 
 
Table 1: Species names and place of collection of the samples used for the study 

Species  Family  Common name Local names Place of 
collection 

Ocimum 
basilicum L. 

Lamiaceae 
(Labiatae) 

Basil, Common basil, 
Holy basil, Sweet basil, 
Basilie, Clove basil, 
Garden basil, Roman 
basil,  

Efirin (Yoruba); Tulsi, Kashmalay, 
Niazbo, Barbra, Babrai (Pakistani); 
Basilic, Basilic commun, Herbe royale 
(Frence); Basilikum, basilinkraut, 
konigskraut (German); Basilico 
(Italian)  

Ilorin, Nigeria; 
Hattar, and 
Haripur, KPK, 
Pakistan   

Ocimum 
sanctum L. 

Lamiaceae 
(Labiatae) 

Sweet basil, holy 
basil, tulasi, tulsi, thulasi, 
tulsli, tulasi, Madura-tala  

Sri tulsi [green-leaved holy basil], 
Krishna tulsi [purple-leaved holy 
basil] (India) 

Hattar, Haripur, 
KPK, Pakistan  

 
For clarity of the morphological parts, i.e. leaf, stem and flower were observed for the 
presence of the trichomes using a stereomicroscope (model IM-SZ-500 IREMCO GmbH, 
Schwarzenbek/Germany). Observations were recorded with photographs using a digital 
camera. 
 
Anatomical studies 
Anatomical specimens (leaves, stem, and flowers) were fixed in 10% formal acetic acid 
(FAA). The leaf epidermises were removed using hand sectioning method. The specimens 
were then stained with safranin O and counter-stained with iodine. Excess stain was 
removed with distilled water or wiped off with tissue paper. Each specimen was mounted in 
glycerol or DPX and observed under a compound microscope (Nikon model YS100, Nikon 
Corporation, Japan) using 35 fields of view at x10 objectives as quadrats. Observations were 
recorded with tables and photographs using a digital Olympus camera (Olympus Stylus VR-
370, Olympus Europa Holding GmbH/Olympus Imaging America Inc./Olympus Imaging 
Corp., Tokyo). The trichome occurrence, distribution and type were counted and noted 
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(Dilcher 1974). The trichome density was determined as the number of stomata per square 
millimeter. 
The mean trichome size or area was determined using this formula: 
l x b x k 
Where l= length, b= breadth and k= Franco’s constant = 0.79 (Franco 1939). 
 
Extraction of essential oils  
Specimens (leaves, inflorescences and stems) were collected between 11am and 2pm for the 
best yield of the oils (Turner et al., 1980). Fresh plant specimens were shade-dried for two 
weeks before the extraction of the oils (Plate 1). Dried specimens were separated into leaves, 
stems and inflorescences and weighed using electronic weighing balance (Atlas Precision 
Scale, Log of Portable Weighing Balance, ATL.300G/0.01G, Mettler-Teledo Ltd, Leicester 
UK). Later they were then ground with blender. Oils were extracted from the ground leaf, 
stem and inflorescence using a Soxhlet extractor. 95% ethanol (335 ml of ethanol and 15 ml 
of distilled water = 350 ml solution) was used as solvent in a Soxhlet apparatus, at 
temperature 64oC. The Soxhlet extractor was placed into a flask containing the extraction 
solvent (95% ethanol). The Soxhlet was then equipped with a condenser and heated to 
reflux. The solvent vapour travelled up a distillation arm, and flooded into the chamber 
housing the thimble of solid. The chamber containing the solid material was slowly filled 
with warm solvent. When the Soxhlet chamber was almost full, the chamber was 
automatically emptied by a siphon side arm, with the solvent running back down to the 
distillation flask. After many cycles, the desired compound was concentrated in the 
distillation flask. After extraction, the liquid extractant was poured inside Petri dish and 
covered with perforated foil paper and transferred to the Fume Hood chamber (or Fume 
cupboard or Fume closet) for evaporation of the solvent (ethanol) and capturing and 
removal of other air- borne hazardous substances generated during laboratory experiments 
(e.g. gases, vapours, aerosols and particulates or dust) to obtain pure oil extract. The 
obtained semi solid oil was scraped from the Petri dish using a flat spatula into a falcon 
tube. The oil was weighed using Shimadzu weighing balance (Shimadzu TX323L, Shimadzu 
Corporation, Japan).  

                                  
Plate 1: Shade drying of whole plant of Ocimum basilicum (a), leaves (b), stem (c) and inflorescence (d); whole 
plant of Ocimum sanctum (e), leaves (f), stem (g) and inflorescence (h)  
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Characterisation of oil extracted from the Ocimum species 

Extracts were dissolved individually in dilute hydrochloric acid and filtered. The filtrates 
were used to test for the presence of alkaloids, flavonoids, phenols, terpenoids, saponins and 
tannins. Titration of chemicals was done using an Adjustable-volume pipette or Pro 
electronic pipette (Eppendorf Ag, Hamburg, Germany). 
 
Determination of alkaloids 
Using Mayer’s test where the filtrates were treated with Mayer’s reagent (1.36g mercuric 
chloride, 5.00g potassium iodide and 100ml water). Formation of a yellow cream precipitate 
indicates the presence of alkaloids. 
 
Determination of flavonoids 
Using lead acetate test, extracts were treated with a few drops of lead acetate solution (5% 
lead acetate and 5ml water). Formation of a yellow colour precipitate indicates the presence 
of flavonoids. 
 
Determination of terpenoids 
0.2g of the extract was mixed with 2ml of chloroform and 3ml of concentrated H2SO4 was 
carefully added to form a layer. A reddish-brown colouration of the inner face was an 
indication of the presence of terpenoids 
 
Determination of phenols 
Using the ferric chloride test, extracts were treated with few drops of ferric chloride solution. 
Formation of bluish black colour indicates the presence of phenols. 
 
Determination of saponins  
About 0.2g of the extract was shaken with 5ml of distilled water. Formation of frothing 
(appearance of creamy miss of small bubbles) shows the presence of saponins. 
 
Determination of tannins 
A small quantity of the extract was mixed with 3ml water and heated on a water bath 
(Memmert GmbH+Co.KG, Schwabach FRG, Germany) at 60oC for 25 minutes. The mixture 
was filtered and ferric chloride was added to the filtrate. A dark green colour formation 
indicates the presence of tannins. 
 
Determination of oils and resins 
Extracts were applied on filter paper. Development of translucent appearance on the paper 
indicates the presence of oils and resins. 
 
Oil yield 
The percentage oil yield was calculated as: 

% Oil yield =    Weight of oil extracted              ×100         
                 Weight of the plant used 
 
Statistical Analysis of Data - Data generated on the type of trichomes was subjected to 
statistical analysis using SPSS. The data generated from the trichome densities, size, and 
percentage oil yield were analyzed using analysis of variance (ANOVA) to determine the 
significant difference. Duncan's multiple range test was used to separate the means.  
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RESULTS 
The morphological features (including the observations with the stereomicroscope) and 
anatomical evidence have shown that all the plant parts (namely leaf, stem and flower) are 
pubescent i.e. having hairs. Close examinations have shown that these hairs are indeed the 
trichomes. There are evidences of the presence of both trichome types in all parts of the 
plant used for extraction of oils.  
 
Stem – The microscopic observation of the stem showed that both glandular and non-
glandular (i.e. multicellular uniseriate) trichomes are present.  Stems are hairy in the two 
species.   
 
Leaf – Midrib is whitish, veins are light green oppositely arranged. The leaf is pubescent on 
the abaxial surface (hairy is hirsute or coarse in O. sanctum). Trichomes sparsely occur on the 
adaxial surface. 
 
Flower – Floral surfaces are pubescent (i.e. hairy or hirsutely, dense or coarse pubescent in 
O. sanctum) showing the presence of unicellular, uniseriate trichomes especially on the sepal, 
petal and pedicel. Trichomes are whitish with high density on both abaxial and adaxial 
surfaces of the sepals and pedicel than on the petals. The flower is hermaphrodite with male 
and female organs on the same flower. The sepals and petals are not distinguishable in O. 
sanctum, hence are referred to as perianths. The ovary is superior and a four chamber loculi 
with each locule containing one ovule. 
 
Trichome anatomy 
Trichomes (glandular [peltate and glandular] and non glandular [multicellular-uniseriate]) 
are present on the leaf, stem and flowers of the studied species (Plates 2; Table 2). 
Meanwhile, there are variations in the trichomes frequency, density and size between the 
three parts studied, namely leaf, stem and flower within each species and between the two 
species. Epidermal cells and anticlinal cell walls are rectangular, irregular, straight to wavy 
(Table 2). The presence and distribution of the trichomes are based on the three parts of each 
of the two plants as follow:   

 
Plates 2: A-C: Adaxial leaf epidermis surface Ocimum basilicum showing round trichomes and tiny stomata, C-F: 
Abaxial leaf epidermis surface of Ocimum sanctum showing glandular and multicelular trichomes and tiny 
stomata, G-I: Stem epidermis of Ocimum basislicum showing glandular and non-glandular trichomes   
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Leaf epidermis: Two types of trichomes were present on the leaf surfaces, namely 
multicellular, non-glandular and glandular trichomes (i.e. peltate and glandular). The latter 
is often observed along the midrib and the edge of leaves. The non-glandular trichomes are 
multicellular and unbranched. The multicellular, non-glandular trichomes are the most 
commonly occurred types found on the leaves, in O. basilicum (Plate 2). While, non-
glandular and capitate glandular trichomes are abundant along the midribs and sometimes 
along the veins on the leaf surfaces of O. sanctum (Plates 2a-c; Table 2). 
 
Stem epidermis: The microscopic observation of the stem showed that both glandular and 
non-glandular trichomes are present (Plates 2 and 3; Table 2).   
 
Floral epidermis: Glandular and multicellular non-glandular trichomes are present in the 
two species (Plate 3; Table 2), especially on the sepals, petals and pedicels. 
 

 
Plates 3: A-D: Stem epidermis of Ocimum sanctum showing glandular and non-glandualr trichomes, E, F: Flower 
anatomy (sepal) of Ocimum basilicum showing multicellular, non-glandular trichomes, glandular trichomes and 
stomata, G, H: Flower anatomy (sepal) of Ocimum sanctum showing multicellular, non-glandular trichomes, 
glandular trichomes and stomata 
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Table 2: Trichome character of the epidermises of Ocimum basilicum and Ocimum 
sanctum 

Species Trichome 
types 

Trichome 
frequency 
(%) 

Trichome 
density 
(mm2) 

Mean 
glandular 
trichome 
density 
(mm2) 

Trichome 
size (µm) 

Epidermal cell Anticlinal 
cell wall 
pattern 

Leaf epidermis 
Ocimum 
basilicum 

MNT  100 20.5 21.5 20.5 Rectangular, 
Irregular  

Highly 
wavy; 
straight in 
midrib and 
veins   

PG   100 17.5 8.33 
CG  100 4 9 

Ocimum 
sanctum 

MNT  100 18.5 86.67 35.8 Rectangular, 
Irregular  

Wavy; 
straight in 
midrib and 
veins   

PG 100 74 4.83 
CG  75 12.67 2 

Stem epidermis 
Ocimum 
basilicum 

MNT  100 24.33 10 41 Rectangular 
with thick 
walls, irregular 

Straight 
PG 100 3.67 6.00.00 
CG 70 6.33 3.5 

Ocimum 
sanctum 

MNT  83.33 2.33 28.1 68.2 Rectangular, 
irregular 

Straight  

PG  100 25.83 5 
CG  100 2.5 3 

Flower epidermis 
Ocimum 
basilicum 

MNT  100 20.3 16.8 45.32 Rectangular    
PG  98 10.2 4 
CG 76.4 6 4 

Ocimum 
sanctum 

MNT  10 3 33.17 34.2 Rectangular  Wavy  
PG 90 17.5 4.83 
CG 92.03 15.67 2.3 

Keys: MNT = Multicellular, non-glandular trichomes, UNG = Unicellular, non-glandular trichomes, PG = Peltate 
glandular trichomes, CG = Capitate glandular trichomes  

 
Extraction of oil 
The weight of oils obtained from the two species varies within and between the species; for 
O. basilicum parts (42.64g leaf, 21.27g inflorescence, and 19.36g stem) and the O. sanctum 
parts (40g leaf, 26.46g inflorescence and 22.30g stem). The distinct odours and flavours 
perceived in the plant as a whole are also evidenced in the extracted oils. The qualitative 
features such as alkaloids, flavonoids, terpenoids, phenols, saponins and tannins were 
present and absent in some oils (Table 3). All the compounds are present in the stems of 
both plants.   Terpenoids and alkaloids are absent in the leaves of O. basilicum and O. 
sanctum respectively, while alkaloid are absent in the inflorescence of O. basilicum. 
 
Table 3: Quantitative features of oils in Ocimum basilicum and Ocimum sanctum    

Species  Part used (g) Oil 
extracted 

(g) 

Colour 
and scent 

of oil 

Alkaloid
s 

Flavonoid
s 

Terpenoid
s 

Phenol
s  

Saponins Tannin
s  

Ocimum 
basilicum 

Leaf (42.64) 5.79   + + - + + + 
Stem (19.36) 1.34   + + + + + + 
Inflorescence 

(21.27) 
1.99   - + + + + + 

Ocimum 
sanctum 

Leaf (40) 7.94 Black 
and 

scented   

- + + + + + 

Stem (22.30) 2.54   + + + + + + 
Inflorescence 

(26.46) 
3.75   + + + + + + 

Keys: + = present, - = absent, g = amount of ground plant parts used for oil extraction in gram   
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Percentage oil yield is higher in the leaves followed by the flowers and stem of the two 
Ocimum plants. In line with the percentage oil yields, the density of the glandular trichomes 
also followed a similar pattern i.e. higher glandular trichome density in the leaves followed 
by the flowers and stem. Comparing the two species, O. sanctum has a higher oil yield and 
higher density of glandular trichomes in all its parts than in O. basilicum (Table 4). 

 
Table 4: Correlations between the essential oil yield and trichome density in plant parts 

of Ocimum basilicum and Ocimum sanctum 
 
Species  Plant part 

used 
Dry weight 
(g) 

Oil yield 
(g) 

Percentage 
oil yield (%) 

Trichome 
type 

Trichome 
density (mm2) 

Mean glandular 
trichome density 
(mm2) 

Ocimum 
basilicum 

Leaf  42.64 5.79 13.58 PG 17.5 21.5 
CG 4 
MNT  20.56 

Stem  19.36 1.34 6.92 PG 3.67 10 
CG 6.33 
MNT  24.33 

Inflorescence  21.27 1.99 9.36 PG 10.2 16.2 
CG 6 
MNT  20.3 

Ocimum 
sanctum 

Leaf  40 7.94 19.85 PG 74 86.67 
CG 12.67 
MNT  18.5 

Stem  22.3 2.54 11.39 PG 25.83 28.13 
CG 2.5 
MNT  2.33 

Inflorescence  26.46 3.75 14.17 PG 14.5 33.17 
CG 12.67 
MTN  3 

Keys: MNT = Multicellular, non-glandular trichomes, UNG = Unicellular, non-glandular trichomes, PG = Peltate 
glandular trichomes, CG = Capitate glandular trichomes 

 
DISCUSSION  
The two species of Ocimum, namely O. basilicum and O. sanctum, are fragrantly scented, 
indicating their potential ability to produce aromatic or essential oils.  Haas et al., (2024) 
reported that the members of the family Lamiaceae are known for possessing of chemical 
compounds called monoterpenes, which give distinctive and pleasant odours and flavours 
to the plant, especially in the leaves of many species. Meanwhile, chemicals such as methyl 
chavicol, eugenol and linalool (Ambrose et al., 2016), geranial (for rose flavour), thymol (for 
thyme flavour), camphor, trans-methyl cinnamate (for cinnamon flavour) and citral (lemon) 
(Yaldiz et al., 2023) are responsible for various flavours in Ocimum species. The two species 
studied in this work were found to be highly flavoured and fragrant in all the three parts 
studied, and it is an indication of presence of essential oils in the plant parts. Additionally, 
the presence of trichomes, especially the glandular types on these parts (sepals and petals), 
is also an indication of essential oils in the two species. Glandular trichomes have been 
implicated as the main factories behind the secretion of essential oils in the plant species of 
the family Lamiaceae (Gostin & Blidar, 2024; Feng et al., 2021; Zhigila et al., 2015; Jia et al., 
2013; Glas 2012; Tissier 2012). 
 
There are a series of works on the anatomy of Ocimum species which are documented 
(Ahmed, 2024; Parida et al., 2020; Abd et al., 2014; Venkateshappa and Sreenath, 2013). 
Earlier the taxonomic value of leaf epidermal characters in some species of the genus 
Ocimum was studied by Ahmed (2024). Parida et al., (2020) examined the leaf epidermal 
features of six Ocimum species, and identified an amphistomatic leaf (i.e. presence of stomata 
on both leaf surfaces) with the occurrence of glandular and non-glandular unicellular 
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trichomes, and stomatal complex types. So also, Gul et al., (2019) classified trichomes in 
Lamiaceae into glandular (GTs) and nonglandular (NGTs) types, each with distinct 
subtypes. GTs include sessile capitate, subsessile capitate, and barrel and sunken types, 
while NGTs are dendritic, stellate, conical, falcate, simple, and 1-6 cells long with varied 
surface ornamentation. NGTs are dominant on both leaf surfaces, with species like Vitex 
negundo and Isodon rugosus distinguished by their twisted NGTs on the abaxial surface. 
Notably, observations of the leaf, stem, and flower epidermises under a stereomicroscope 
revealed a substantial presence of trichomes across the leaves, stems, and inflorescences. 
Based on this evidence, oils were subsequently extracted from the three plant parts. Though 
there is variation in the density of these trichomes which were later correlated to the amount 
of the essential oils extracted from each part of each plant. 
 
Essential oils are complex mixtures of biological active substances used for fragrance and 
traditional medicine since long time. It contains mainly triterpenes and aromatic 
compounds; the chemical composition of the essential oils varies with seasonal, 
geographical and climatic conditions. Recently there are more researches focused on their 
chemical profiles and medicinal properties. Due to their antimicrobial, antifungal, 
insecticidal, larvicidal and antioxidant properties, they are used as alternatives for synthetic 
chemical products to reduce cost and side effects. Phytochemicals like flavonoids, tannins, 
terpenoids and saponins are reported to be present in the leaves and stems of Ocimum 
species (Abd et al., 2014). Shafqatullah et al., (2013) reported the presence of alkaloids, 
flavonoids, terpenoids, saponins and tannins in the genus as confirmed in this study. 
Terpenoids were not detected in the leaves of the O. basilicum. The compound, terpenoids 
(or isoprenoids) are a very large group of chemical constituents of essential oils in plants. 
They are important due to their pleasing and aromatic odour, which makes the essential oils 
important ingredients in pharmaceutical, perfumery, cosmetics and many other industries 
(Biswas and Foster, 2009).  
 
Though there are two types of trichomes that are present in the two Ocimum species 
(glandular and non-glandular), it is the glandular trichomes (which are further of two types 
namely peltate and capitate) that actually produced the oils. The non-glandular trichomes 
are multicellular-uniseriate and non-glandular i.e. not secretory. The secretion of essential 
oils has been linked to the presence of glandular trichomes in plants because they are 
believed to be the chemical manufacturers of the plants (Zahran et al., 2020; Rehman et al., 
2016; Zhigila et al., 2015; Jia et al., 2013; Glas 2012; Tissier, 2012; Bhasin, 2012).  
 
The essential oil occurs in the secondary tissues, glands or trichomes in the leaves and are 
usually responsible for the characteristic pleasant odours and flavours, which thus, 
accounted in large extent for their value and determine their uses. Further to this, the 
characteristic distinct and pleasant odours and flavours are also perceived in the extracted 
oils as well as in the fresh and dried plant samples.   
 
Apart from the fact that the glandular trichomes secreted essential oils, their density or 
abundance has an effect on the amount of essential oil produced. This was reported for 
many plants such as papermint, lima bean, Lavender and tomato (Zahran et al., 2020; 
Hazzoumi et al., 2019; Rehman et al., 2016; Bhasin et al., 2012; Pinto et al., 2007; Behnam et 
al., 2006). Realizing the essence of trichomes in the secretion of the essential oils, Zuzarte et 
al. (2010) developed a protocol for in vitro micropropagation of Lavandula pedunculata. The 
protocol was assessed to be worthy of note because the trichomes and essential oils of 
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micropropagated plantlets are identical to those produced by the field-growing plants. They, 
therefore, suggested the use of micropropagation for large-scale multiplication of essential 
oils-producing plants with the aim of avoiding over exploitation of natural resources.   
 
Extraction of oils from the parts of the two Ocimum species studied was ascribed to the 
presence of trichomes on those parts. The density of trichomes on those parts can be 
correlated to the amount of oil extracted from each part. The trichome density may be 
related to the age of the plant. The types of glandular trichomes and their pattern of 
distribution on the leaf surfaces in the young and older leaves of O. basilicum were 
investigated by Werker et al., (1993), and was discovered that there is a higher density of the 
glandular trichomes on the young meristematic leaves and meristematic regions of the older 
leaves. They also observed that there were no new trichomes on the mature leaves but 
instead the trichome density is on decrease. The outcome of this is that the essential oil 
differs in percentage of some of its components between the young and mature leaf regions. 
Also, density of trichomes and essential oil yield from the shoots of three vegetative stages 
under the control and salt conditions leaves of Origanum majorana L. Scanning electron 
showed trichome density decreased with leaf maturity but increased under salt stress (Olfa 
et al., 2016). Here it was observed that there is a correlation between the essential oil and the 
number of trichomes before the bloom, but the correlation was negative during and after the 
bloom. 
 
In a study where the density of glandular trichomes in the leaves and inflorescence of Lippia 
origanoides was correlated with the essential oil production, it was observed that there are 
higher glandular trichomes on the bracts and sepals followed by petals and leaves, and 
subsequently there was a higher yield of essential oil in the inflorescence than in the leaf 
(Tozin and Marques, 2015).  
 
Bearing all of these in mind, we are suggesting tissue culturing and genetic manipulations of 
genes responsible for trichomes production in O. basilicum and O. sanctum in order to 
increase the number of trichome production, and subsequently increasing essential oil 
secretion of the plants.  
 
In conclusion, the plant part used (leaf, stem and flower) extracted essential oils in the two 
species of Ocimum and three types of trichomes were present. The amount of the oils 
extracted vaired with the plant parts with a higher density of glandular trichomes (i.e. 
peltate and capitate) producing higher amounts of oils., namely multicellular-non glandular 
trichome, peltate glandular trichome and capitate glandular trichome. A correlation between 
the density of the glandular trichomes and essential oil produced within and between the O. 
basilicum and O. sanctum; with a higher percentage oil yield and higher density of glandular 
trichomes in he leaves followed by the flowers and stems. Comparing the two species, O. 
sanctum has a higher oil yields and higher density of glandular trichomes in all its three 
parts (i.e. leaf, stem and flower) than in O. basilicum. 
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