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     Abstract 

In this study, we evaluated the content and composition of the essential oils of two varieties of 

Ocimum basilicum L. grown in Yemen; var. basilicum and var. purpurascens. The quantitative 

variations in the relative amounts of the main components of essential oils of both varieties were 

determined using infrared spectroscopy (IR) and gas chromatography/mass spectrometry 

(GC/MS) in order to identify their chemotypes. Out of all components detected, twenty-three 

components in the purple variety and thirty-one components in the green variety were identified. 

Linalool (44.37%; 46.24%), estragole (20.05%; 13.26%), trans-methyl cinnamate (15.05%; 

0.45%), 1,8-cineole (9.28%; 3.28%) and epi- -cadinol (1.38%; 3.10%) were identified as the 

main and common components of both purple and green varieties oils. Unusually high oil 

content was recorded in both studied varieties with slight variations between them. The 

morphological features of these varieties were described and presented to give them a definite 

scientific taxonomy.  

Keywords: Phytochemistry; Ocimum basilicum; Essential oil composition; GC/MS;  

FT-IR; and Chemotaxonomy. 

Introduction 
Collectively, basil as a common English name refers to the genus Ocimum L., 

Lamiaceae family. Locally, in Yemen, as well as in the Arab and Islamic World, basil is 

called "Reyhan". Although several basil species are found in many regions, the most 

commercially available basil in the World market belongs to Ocimum basilicum species 

and it is morphologically classified into seven types.[1] Sweet basil (Ocimum basilicum) 

is an annual plant grown to a size of 20-150 cm long with white-purple flowers. It 

produces prolifically large green leaves measuring about 4.8 cm in length throughout 

the summer.[2-4] It includes Lemon Basil, Italian or Curly Basil, and Lettuce-leaf Basil 

cultivars; the names of these cultivars reflect their morphological variance. However, 
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basil (Ocimum basilicum L.), an annual, 20–60 cm long, white-purple flowering plant 

belonging to the plant family Lamiaceae, subfamily Nepetoideae, is originally native to 

India and other regions of Asia,[5] including south of Arabia Peninsula. Basil has long 

been acclaimed for its diversity. Basil diversity is due to its morphology, appearance, 

flavors, fragrances, edibility and natural pigments.[2]  

The taxonomy of basil from different geographical locations is complicated by 

the presence of many varieties and cultivars of it without significant differences in 

morphology.[6,3,7] Due to this diversity and variation among species, varieties and 

cultivars of basil plant cannot be effectively distinguished and evaluated economically 

and biologically on the basis of their regions and morphological characteristics. For this 

reason, we believe that the economic and biological assessment of basil plants is 

directly linked to their chemical constituents.  

However, the most important extracts of aromatic plants are their essential oils 

and the economical importance of these plants is due to their basic natural 

characteristics as essential oils producers. Literature on Ocimum basilicum L. has also 

documented that the economic interest of this plant extract is for their horticultural uses 

and their uses in folk medicine as a sedative and digestive stimulant, as well as to 

eliminate toxins, to treat colds, coughs and for the treatment of insomnia and 

constipation.[8] The major use of the volatile oils of Ocimum basilicum L. species is in 

cosmetics and food industries. Basil is also used in making flavors and perfumes.[9] 

Therefore, the determination of essential oil content and composition of basil varieties 

is very important and can serve as a useful classification tool (chemotaxonomy) of the 

various basil plants from different countries around the world. In this regard, a system 

of standardized descriptors[2,10] and a system for the classification of essential oil 

chemotypes[11, 12] have been proposed as an easy method to identify different samples 

of basil. Regarding these factors and systems, basil cultivars and varieties from 

different countries around the world were classified, based on the relative amounts of 

the main components of their essential oils, into four main chemotypes: (i) methyl 

chavicol-rich, (ii) linalool-rich, (iii) methyleugenol-rich, and (iv) methyl cinnamate-rich, 

whereby each type may include several subtypes.[11-13] According to these 

classification systems, many basil essential oil chemotypes were identified in several 

countries all over the world.[14-22] Numerous subtypes from different geographical 

localities were also reported.[4, 23- 25] 

On the other hand, there is still no information regarding O. basilicum varieties 

grown in the old Sana'a city and Beni-Hushesh (Sana'a outskirts) in Yemen. The 

present work aimed at evaluating the content and composition of essential oils 

extracted from these varieties and to determine quantitatively the variation among their 

main components. Moreover, since the investigated basil varieties are not listed in the 

flora of Sana'a and Sana'a outskirts, Yemen,[26] a taxonomic revision based on their 

morphological features and chemotaxonomic study based on their essential oil 
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composition is also necessary to be documented here, in order to provide information 

for research needs as well as to identify their chemotypes according to the 

classification system proposed by Lawrence[11] and Grayer et al.,[12] and to give them 

definite taxonomy with comparison to those of well studied basil cultivars from other 

countries.  

Materials and Methods 

Plant Material 

Samples Collection 

The two varieties of Ocimum basilicum L. (var. basilicum & var. purpurascens) 

were collected in December 2014, March/April 2015 and August/September 2015 from 

Beni-Hushesh (Sana'a outskirts) and the old Sana'a city, respectively (Sana'a-Yemen), 

and kindly identified by Dr. H. M. Ibrahim (Department of Biology, Faculty of Science, 

Sana'a University). Voucher specimen has been deposited under the number Bot. 

720GKh and 721PKh in the herbarium of the Department of Biology, Faculty of 

Science, Sana'a University, Sana'a, Yemen.  

Morphological Characterization 

Morphological characteristics were determined by examining the fresh materials 

collected in different seasons. The taxonomic description of the plant varieties were 

carried out by Dr. H.M Ibrahim (Department of Biology, Sana'a University) by 

comparison with reference of herbarium specimens kept in Sana'a University, Faculty 

of Science Herbarium. Plant identification and description were clarified by the staff 

members of Plant Taxonomy Unit, Biology Department, Faculty of Science, Sana'a 

University, Yemen, and by utilizing the available taxonomical and floristic 

literature.[26,27] 

Plant Preparation for Extraction 

Fresh herb of basil plant parts (green and purple varieties) were cut into small 

pieces and left to be dried on laboratory benches at room temperature (23-27 ºC) in 

shade and dry environment for fourteen days until they were crisp. The dried basil 

plant materials were ground into fine powder using a mortar and pestle.  

Essential Oils Extraction  
The obtained fine powder of the dried basil plant (554.38 g of green variety and 

410.23 g of purple variety) were subjected separately to hydro distillation for three 

hours using a modified Clevenger apparatus according to European Pharmacopoeia. 

The extracted essential oils of both plant varieties were dried over anhydrous sodium 

sulphate and then filtered off through Whatman filter paper number one. The produced 

oils of both varieties were kept away from light in dark color sealed glass vials and 

maintained in refrigerator at 4 ºC for further analysis. 
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Essential Oils Analysis 

Infrared (FTIR) Spectral Analysis 

The infrared spectra (FTIR) were recorded on a Shimadzu FTIR-410 

Spectrometer in the range 500 to 4000 cm–1. The spectra were obtained using the 

sodium chloride (NaCl) plate technique. Sodium chloride (AR grade) was dried under 

vacuum at 100 ºC for 48 hours.  

Gas Chromatography-Mass Spectrometry (GC/MS) Analysis 

GC/MS electron impact ionization (EI) analysis of the studied essential oils was 

carried out on a Varian Shimadzu gas chromatograph equipped with DB-5 wax cross–

linked fused silica capillary column (30 m long × 0.25 mm internal diameter) coated 

to remain at 40 ºC for three minutes before ramping up to 250 ºC at 6 ºC/min for the 

purple variety and 3 ºC/min. The oven temperature was then held constant at 250 ºC 

for 10 minutes. Injections were performed at an injector temperature of 200 ºC and an 

ion source temperature of 250 ºC. The v

used as a carrier gas at a flow rate of 0.5 and 1 mL/min, respectively. The mass 

spectra were taken at 70 eV with a scan interval of one second and a scan range of 

40-650 m/z. The retention indices (RIs) were calculated using a homologous series of 

n-alkanes (C5-C30).[28] The mass spectra were recorded on a GC-MSQP 1000EX 

machine (Schimadzu) at the National Research Center (Dokki, Cairo, Egypt).  

Results  

Morphological Characterization 
Morphological description of the investigated basil varieties showed that both 

basil plant varieties, grown in old Sana'a city and Sana'a outskirts (Beni-Hushesh), are 

strongly scented erect annual herb with much branched pubescent green or dark 

purple stems up to c. 80 cm; leaves petiolate, petiole up to c. 2.3 cm long, leaf blade 

up to c. 6 x 29 cm, membranous, ovate, fimbriate along the margin especially in young 

leaves, young leaves entire, older leaves dentate, acute at apix and cuneate unequal 

at base, glabrescent with glands dotted on the adaxial and abaxial surface is brighter; 

racemes moderately dense up to c. 10 cm long rhachis green or dark purple slightly 

pubescent, bracts green or dark purple petiolated, ovate, entire, acute cuneate 

unequal at base; flowers small pedicelaet arranged in verticillasters, verticillasters up 

to 6 flowered pedicels pubescent up to 0.6 cm long, calyx pubescent up to 0.7 cm long, 

upper lobe orbiculate, much longer than the very short campanulate tube, lower lobes 

setaceous at tips, corolla white or tinge more or less with purple, stamens slightly 

excreted.  
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Essential Oils Content 
The investigated basil (Ocimum basilicum L.) varieties were found to have a 

high content of essential oil. Out of 554.38 g of the green variety and 410.23 g of the 

purple variety of the dried basil plant material, ~ 27.4 mL and ~ 16.6 mL light yellow 

oils were yielded, respectively, specifically 4.9% and 4.7% v/w based on the dry weight 

of both investigated samples.  

Essential Oils Analysis 

Infrared (FTIR) Spectral Analysis 

The FTIR spectra of both essential oils were recorded in the region (500-4000 

cm-1). The IR spectrum of essential oil of the purple variety of basil plant exhibited 

bands at 3683-3583 (medium & slightly broad), 3053-2865 (strong & sharp), 1712 

(medium & sharp), 1631 & 1610 (strong, weak & sharp), 1511-1440 (strong to weak & 

sharp), 1375-1331 (two bands, medium to weak & sharp), 1225 & 1054- 1014 (sharp & 

strong) and 840-727 cm-1 (quite broad & sharp).  

In the IR spectrum of the essential oil of the green variety, many absorption 

bands were observed at 3584-3266 (medium & slightly broad), 3082-2843 (strong & 

sharp), 1725 (weak & sharp), 1638-1610 (weak & sharp), 1511 & 1433 (strong to weak 

& sharp), 1375-1321 (two bands, medium to weak & sharp), 1245 & 1053 (sharp & 

strong) and 838-744 cm-1 (quite broad & sharp).  

Gas Chromatography/Mass Spectrometry (GC/MS) Analysis 

The extracted essential oils of the two Ocimum basilicum L. varieties, (purple 

and green varieties) were investigated using GC/MS. The GC chromatograms of the 

purple and green varieties essential oils (Figure 1 and Figure 2, respectively) 
showed twenty six peaks with retention time between 5.13 and 21.05 minutes and 

thirty six peaks with retention time between 16.17 and 37.29 minutes, respectively. In 

total, twenty three volatile components representing 99.75% of the total composition of 

the purple variety essential oil were identified as shown in Table 1. Similarly, as shown 

in Table 2, thirty one volatile components representing 97.43% of the total composition 

of the green variety essential oil were also identified.  
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 Figure (1): GC/MS Analysis of essential oil of the purple variety of basil plant grown in old 

Sana'a city, Yemen. 

Table (1): Chemical components of the essential oil of the purple variety of basil plant 
grown in  old Sana’a city. 

Components a PN b (%) c RIc 
d RIl e 

Unknown 1 0.08 ---- ---- 
-Pinene 2 0.10 936 939 

Eucalyptol (1,8-Cineol) 3 9.28 1030 1033 
cis-Sabinene hydrate 4 0.07 1070 1068 
Linalool 5 44.37 1097 1098 

-Fenchol 6 0.07 1108 1112 
Isothujol 7 0.11 1129 1133 
Terpinen-4-ol 8 0.36 1174 1177 
Estragole (Methyl 
chavicol) 9 20.05 1196 1195 

Fenchyl acetate 10 0.12 1230 1234 
Unknown 11 0.07 1236 ---- 
Geraniol 12 1.20 1258 1255 
Bornyl acetate 13 1.30 1282 1285 

-Isosafrole 14 1.01 1335 1336 
Unknown 15 0.10 1346 ---- 
Eugenol 16 1.05 1358 1356 
trans-Methyl cinnamate 17 15.05 1378 1379 
trans-Caryophyllene 18 0.14 1419 1418 
trans –Bergamotene 19 1.50 1436 1436 
Germacrene-D 20 1.13 1482 1480 
Bicyclogermacrene 21 0.21 1493 1494 
cis- -Bisabolene 22 0.28 1518 1515 
-Cadinene 23 0.82 1524 1524 

Spathulenol 24 0.06 1574 1576 
Epi-1-Gupenol 25 0.09 1624 1527 
tau-Cadinol (epi- -
Cadinol) 26 1.38 1641 1640 

TIC f Twenty three peaks representing 99.75% of the total 
composition 

UC g Three peaks representing 0.25% of the total 
composition 

a Components are listed in order of their elution from a DB5 column. b Peak numbers. c 
Composition percentage. d Calculated retention index. e Literature retention index.[28] f Total 
identified components. g Unknown components. 
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Figure (2): GC/MS Analysis of the essential oil of the green variety of basil plant grown in Beni-

Hushesh (Sana'a outskirts), Yemen. 

Table (2): Chemical components of essential oil of green variety of basil plant grown in 
Beni- Hushesh (Sana’a Outskirts), Yemen 

Components a PN b (%) c RIc 
d RIl e 

m-Menth-4,8-diene 1 0.29 989 985 
Eucalyptol (1,8-Cineol) 2 3.28 1031 1033 
Unknown 3 0.67 1069 ---- 
trans-Linalool oxide 4 0.73 1089 1088 
Linalool 5 46.24 1100 1098 
Camphor 6 0.26 1141 1143 

-Terpineol (p-Menth-1-en-8-ol) 7 0.51 1185 1189 
Unknown 8 0.52 1190 ---- 
cis-Piperitol 9 1.52 1195 1193 
Estragole (Methyl chavicol) 10 13.26 1198 1195 
Unknown 11 0.23 1208 ---- 
Endo- -Fenchyl acetate 12 0.37 1223 1220 
Unknown 13 0.69 1232 ---- 
Geraniol 14 1.81 1257 1255 
Bornyl acetate 15 1.47 1289 1285 
Unknown 16 0.26 1298 ---- 
(E, E)-2,4-Decadienal 17 1.22 1313 1314 
Terpin-4-ol acetate 18 0.60 1338 1340 
Eugenol 19 2.66 1354 1356 

-Ylangene 20 0.66 1374 1372 
trans-Methyl cinnamate 21 0.45 1380 1379 

-Elemene 22 1.00 1394 1391 
trans-Caryophyllene 23 0.47 1420 1418 
trans-Bergamotene 24 1.39 1433 1436 
Aromadendrene 25 0.54 1441 1439 
Germacrene-D 26 1.92 1479 1480 
Viridiflorene 27 1.03 1492 1493 
Bicyclogermacrene 28 0.71 1495 1493 

-Bulnesene 29 0.97 1504 1505 
-Cadinene 30 2.11 1512 1513 

Myristcin 31 4.96 1519 1520 
-Germacrene-D alcohol 32 2.75 1576 1574 

Spathulenol 33 0.29 1577 1576 
epi-1-Cubenol (Cadin-4-en-1-ol) 34 0.56 1625 1627 
tau-Cadinol (epi- -Cadinol) 35 3.10 1642 1640 

-Cadinol (Cadin-4-en-10-ol) 36 0.30 1650 1653 
TIC f 31 peaks,representing 97.43% of the total composition 
UC g Five peaks, representing 02.37% of the total composition 
a Components are listed in order of their elution from a DB5 column. b Peak numbers. c 
Composition percentage. d Calculated retention index. e Literature retention index.[28] f Total 
identified components. g Unknown components. 
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Discussion 

Morphological Characterization 

Morphological characterization confirms that both green and purple varieties 

belong to the Lettuce leaf basil cultivar of O. basilicum L. (sweet basil) and the 

variations in morphological features between them give an indication that the red or 

purple variety is O. basilicum L var. purpurascens whereas the white or green variety is 

O. basilicum L var. Basilicum, [25, 29] as illustrated in brief in the following: 

+ Green, slightly pubescent rhachis; green bracts; pedicels up to c.0.3 cm long; flowers 
white, calyx up to c. 0.6 cm long ... var. basilicum. 

- Purple, slightly pubescent rhachis; dark purple bracts; pedicels up to c. 0.6 cm long; 

flowers white or tinged with purple, calyx up to c. 0.7 cm long ... var. 

Purpurascens. 

In the light of our knowledge and according to Al-Khulaidi,[26] only one variety of 

O. basilicum L. (var. purpurascens) Benth, was found in the flora of Yemen (in Taiz, 

Abyen, Adhale’ and Lahj Governorates). There is no information about the presence of 

O. basilicum L. var. purpurascens in the flora of Sana’a and Sana’a outskirts,[26,27] 
whereas the presence of O. basilicum L var. basilicum in the flora of Yemen has not 

been yet documented. 

Essential Oils Content 
Upon comparison with the same varieties from other countries around the world, 

previous studies on essential oils of Ocimum species showed great variations in the 

essential oil content of O. basilicum cultivars. Previously, the following essential oil 

yields were reported: 0.37%,[30] 0.29% to 0.48%,[15] 0.62%,[31] 0.68% to 0.96%,[3] 0.6% 

to 1.1%,[32] 0.75% to1.89%,[25] 0.65% to 1.90%,[16] 0.5% to 3.5%[33] and from 0.5% to 

4%.[19] Therefore, in the light of previously reported results on the oil content, the 

investigated O. basilicum varieties in this study can be classified as rich oil content 

varieties. 

Essential Oils Analysis 

Infrared (FTIR) Spectral Analysis 

The IR results of essential oil of the purple and the green varieties of the 

investigated basil plant contribute to the identification of the most important functional 

groups in the chemical structures of the main components of both essential oils.  The 

presence of absorption bands at 3683-3583, 3053-2865, 1712, 1631-1610, 1511-1440, 

1375-1331, 1225 and 1054-1014 cm-1 in the IR spectrum of the essential oil of the 

purple variety indicates the presence of the functional groups of OH (phenolic and 

alcoholic), C–H (aromatic and aliphatic), C=O (esters), C=C (aromatic & aliphatic), 

aromatic ring characteristic, isopropyl and C–O (phenol, alcohol, ether and ester) 
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groups, respectively, as structural moiety (part) in the chemical structures of the main 

components of this essential oil. The bending vibrations of the C–H bond of the 

aromatic ring are also inferred from the presence of absorption bands at 840-727 cm-1. 

Similarly, the appearnce of absorption bands at 3584-3266, 3082-2843, 1725, 1638-

1610, 1511-1433, 1375-1321, 1245 and 1053 cm-1 in the IR spectrum of the essential 

oil of the green variet, is attributed to the presence of the functional groups of OH 

(phenolic and alcoholic), C–H (aromatic and aliphatic), C=O (ester), C=C (aromatic & 

aliphatic), aromatic ring characteristic, isopropyl and C–O (of phenol, alcohol ether, 

epooxide and ester) groups, respectively, as part of the chemical structures of the 

main components of the essential oil of the green variety. Here also, the bending 

vibrations at 838-744 cm-1 are attributed to the C–H bond of the aromatic ring. These 

absorption bands are very similar in their structural significance to those observed in 

the IR spectrum of the essential oil of the purple variety. The compatibility between the 

results of the infrared analysis (FT-IR) of both oils and the chemical structure of their 

common components is more accurately described in Table 3. 

Gas Chromatography/Mass Spectrometry (GC/MS) Analysis 

Each component in the essential oils of both varieties was quantified by GC and 

identified by matching its calculated retention index and its mass fragmentation 

patterns against standards as well as against NIST and Wiley9 library spectral data. In 

addition, the results of the analysis were also compared with literature values 

measured on columns with identical polarities.[28] 

Based on phytochemical screening of the purple and green basil varieties oils, 

the identified volatile components of the purple variety oil were classified into five 

chemical groups (Table 1) as follows: (i) monoterpene hydrocarbon, (ii) oxygenated 

monoterpenes, (iii) aromatic compounds (phenylpropanoids), (iv) sesquiterpenes 

hydrocarbons and (v) oxygenated sesquiterpenes, representing 0.1%, 56.88%, 

37.21%, 4.08% and 1.53% of the total composition respectively. On the other hand, 

the identified volatile components of the green variety oil were categorized into six 

chemical groups (Table 2) as follows: (i) monoterpene hydrocarbon, (ii) oxygenated 

monoterpenes, (iii) aldehyde compound, (iv) aromatic compounds (phenylpropanoids), 

(v) sesquiterpenes hydrocarbons and (vi) oxygenated sesquiterpenes, representing 

0.29%, 56.79%, 1.22%, 21.33%, 10.80% and 7.00% of the total composition 

respectively. With regard to this classification, it should be noted that these chemical 

groups can be used as taxonomic markers for the studied varieties in comparison with 

those of well-studied basil cultivars from other countries. 

Although basil essential oils of the investigated varieties (purple and green) 

resemble closely the Iranian and European types containing high concentrations of 

linalool-estragole[6, 32] and having much in common among their main components and 

among those which are present generally at low concentrations, the purple and the 

green varieties essential oils differ from each other with respect to the relative amounts 
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of linalool (44.37%; 46.24%), estragole (20.05%; 13.26%), trans-methyl cinnamate 

(15.05%; 0.45%), 1,8-cineole (9.28%; 3.28%), geraniol (1.20%; 1.81%), bornyl acetate 

(1.30%; 1.47%), eugenol (1.05%; 2.66%), trans-bergamotene (1.50%; 1.39%), 

germacrene-D (1.13%; 1.92%) and epi- -cadinol (1.38%; 3.10%). Moreover, they are 

different in the number of the other identified components. The uncommon presence of 

-isosafrole (1.01%; 0.00%) and myristcin (0.00%; 4.96%) among the main 

components of the investigated purple and green varieties essential oils, respectively, 

is reported here for the first time and indicates that there are qualitative variations 

between both varieties.  

Table (3): IR results of both oils with the chemical structures of their common 
components. 

Common 
Components Chemical structure 

IR (NaCl), cm-1 of Main Functional Groups 

Purple Variety Oil Green Variety Oil 

Linalool 
HO  

3683-3583 for OH 
(alcoholic), 3053-2865 for 

C–H (sp2 & sp3), 1610 
for C=C and 1054 for C-O 

(Alcoholic). 

3584-3266 for OH 
(alcoholic), 3082-2843 for 
C–H (sp2 & sp3), 1638-

1610 for C=C and 1053 for 
C-O (Alcoholic). 

Estragole 
(Methyl 
chavicol) 

O
 

3053-2865 for C–H (sp2 
& sp3), 1631 & 1610 for 

C=C, 1511-1440 
characteristic for aromatic 
ring, 1225 & 1054-1014 

for C-O (Phenyl alkyl 
Ether). 

3082-2843 for C–H (sp2 & 
sp3), 1638-1610 for C=C, 

1511-1433 characteristic for 
aromatic ring, 1245-1053 

for C-O (Phenyl alkyl 
Ether). 

trans-Methyl 
cinnamate O

O

 

3053-2865 for C–H (sp2 
& sp3), 1631& 1610 for 

C=C, 1511-1440 
characteristic for aromatic 
ring, 1225 & 1054-1014 

for C-O 

3082-2843 for C–H (sp2 & 
sp3), 1638-1610 for C=C, 

1511-1433 characteristic for 
aromatic ring, 1245-1053 

for C-O (ester). 

Eucalyptol 
(1,8-Cineol) 

O

 

3053-2865 for C–H (sp3) 
and 1225 for C-O 

(epoxide). 

3082-2843 for C–H (sp3), 
and 1245for C-O (epoxide). 

Epi- -
Cadinol 

(tau.) 

HO

 

3683-3583 for OH 
(alcoholic), 3053-2865 for 

C–H (sp2 & sp3), 1631 
for C=C, 1054 for C-O 

(alcoholic) and 1375-1331 
for isopropyl group. 

3584-3266 for OH 
(alcoholic), 3082-2843 for 
C–H (sp2 & sp3), 1638-

1610 for C=C, 1053 for C-
O (Alcoholic) and 1375-
1321 for isopropyl group. 

Geraniol 
OH

 

3683-3583 for OH 
(alcoholic), 3053-2865 for 

C–H (sp2 & sp3), 1631 
for C=C and 1054 for C-O 

(alcoholic). 

3584-3266 for OH 
(alcoholic), 3082-2843 for 
C–H (sp2 & sp3), 1638-

1610 for C=C and 1053 for 
C-O (Alcoholic). 

Eugenol 

O

OH

 

3683-3583 for OH 
(phenolic), 3053-2865 for 
C–H (sp2 & sp3), 1631& 
1610 for C=C, 1511-1440 
characteristic for aromatic 

ring and 1225 & 1054-
1014 for C-O (phenyl 
alkyl ether & phenol). 

3584-3266 for OH 
(phenolic), 3082-2843 for 
C–H (sp2 & sp3), 1638-

1610 for C=C, 1511-1433 
characteristic for aromatic 

ring and 1245-1053 for C-O 
(phenyl alkyl ether & 

phenol). 

Similar studies on the chemical composition of essential oils of numerous basil 

(O. basilicum) cultivars growing in Serbia,[16] Poland,[20] Czech Republic,[9] Turkey[34] 
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and Italy[35] showed that the majority of the basil cultivars were characterized by high 

linalool contents and belong thus to the linalool chemotype. Linalool as a chemotype of 

the essential oils of basil cultivars was also previously reported in different regions of 

the world.[15,17,36,37] 

In agreement with previously published works, methyl chavicol (estragole) was 

considered to be the most common constituent in essential oils of sweet basil species, 

whether as a chemotype or as a subtype.[3,8,16,18,21,23,25,38] On the other hand, 

chemotaxonomic studies on essential oils of European basil cultivars [6,11,12] and two 

different basil (O. basilicum L.) varieties from Iran[32] have been shown that methyl 

chavicol and linalool are the main components. In other studies, the largest component 

of essential oils of other basil cultivars (which grow in different geographical localities) 

was found to be methyl eugenol,[15,39] whereas the presence of methyl cinnamate 

among the main chemical constituents of basil oil “whether as a chemotype or as a 

subtype” was detected in basil cultivars from Columbia, Sudan, Poland and 

Serbia.[4,16,25,40] 

Based on all these previously published works and according to the chemotype 

classification system proposed by Lawrence[11] and Grayer et al.,[12] which is based on 

the prevalent component (explicitly the major components > 20%), on standardized 

descriptors[10] and on more than 200 analyses of essential oils isolated from O. 

basilicum L.,[13] our results denote that the investigated oil of the purple and the green 

varieties belong to the “linalool/methylchavicol (estragole) subtype” and the “linalool 

chemotype”, respectively. Germacerene, bisabolene, geranial, 1,8-cineol and geraniol, 

were also published as additional chemotypes.[15,16,19,25,40]  

Actually, due to these reported studies, more than four chemotypes were 

detected and for this reason, we recommend expanding the proposed classification 

system to include additional chemotypes besides to what have been proposed 

previously by Lawrence[11] and Grayer et al.[12] Moreover, on the basis of the previous 

published studies[2,41] and according to the results obtained in this work, it is sensible to 

conclude that linalool, estragole, 1,8-cineole and trans-methyl cinnamate are the main 

components responsible for the aroma of the purple variety, whereas linalool, 

estragole, 1,8-cineole and myristcin are the main components responsible for the 

aroma of the green variety. 

Conclusions 
In this work, the content and chemical composition of essential oil of two 

different basil varieties grown in old Sana'a city and Beni-Hushesh (Sana'a outskirts), 

Yemen, were presented in comparison with those of previously well studied basil 

varieties and cultivars from different geographical locations around the world. High oil 

content (4.7%; 4.9% v/w) and the uncommon presence of -isosafrole (1.01%; 0.00%) 

and myristcin (0.00%; 4.96%) among the main components of the investigated O. 
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basilicum var. purpurascens (purple variety) and O. basilicum var. basilicum (green 

variety) essential oils, respectively, were reported here for the first time. Moreover, the 

present work denoted that the studied purple and green varieties belong to the 

“linalool/methylchavicol (estragole) subtype” and “linalool chemotype” respectively. 

Furthermore, this study showed also that the advised varieties belong to two different 

varieties of O. basilicum L., species O. basilicum var. purpurascens and O. basilicum 

var. basilicum. 
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Index 

 
S(1): FTIR Spectrum of the essential oil of the purple variety of basil plant grown in old 

Sana'a city, Yemen. 

 
S(2):  FTIR Spectrum of the essential oil of the green variety of basil plant grown in Beni-

Hushesh (Sana'a outskirts), Yemen. 


