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 The extracts obtained from sweet basil (Ocimum basilicum L.) by hydrodistillation and 
supercritical fluid extraction (SFE) were qualitative and quantitative analyzed by GC-MS 
and GC-FID. Essential oil (EO) content of basil sample, determined by an official method, 
was 0.565% (V/w). The yields of basil obtained by SFE were from 0.719 to 1.483% (w/w), 
depending on the supercritical fluid (carbon dioxide) density (from 0.378 to 0.929 g mL-1). 
The dominant compounds detected in all investigated samples (EO obtained by hydrodistil-
lation and different SFE extracts) were: linalool, as the major compound of basil EO (con-
tent from 10.14 to 49.79%, w/w), eugenol (from 3.74 to 9.78%) and δ-cardinene (from 3.94 
to 8.07%). The quantitative results of GC-MS from peak areas and by GC-FID using exter-
nal standard method involving main standards, were compared and discussed. 
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               composition 
 
 

INTRODUCTION 
 
 Ocimum basilicum L. (sweet basil) is a plant belonging to the Lamiaceae family, and 
the most cultivated variety in the world (especially in Mediterranean countries). The basil 
leaves can be used fresh or dried, as a spice, to enhance the flavor of foods. Essential oil 
(EO) extracted from fresh leaves and flowers can be used as aroma additives in food, 
pharmaceuticals, and cosmetics (1). There are several types of basil oil traded commer-
cially. Extracted from different varieties of sweet basil, these are known as European 
(French or sweet basil), Egyptian, Reunion (Comoro), Bulgarian and Java basil oils (2). 
The plants of this species generally present a fresh, minty and sweet flavor, with linalool, 
methylchavicol and various sesquiterpenes being responsible for this (3). Many investiga-
tors have studied the chemical composition of the basil EO, and it has been found to be 
very variable, with linalool, methylchavicol, eugenol and/or methyl cinnamate as the 
main constituents (3-6). There are various classifications that include the extensive range 
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of subspecies of this herb. One of them is based on the content of linalool and methylcha-
vicol (estragole), which are the two major components of O. basilicum L. EO (7), yield-
ing four chemotypes: chemotype A and chemotype B, with linalool and methylchavicol 
as the main component of the EO, respectively; chemotype AB, the principal constituent 
of which is linalool, but with a relatively high content of methylchavicol; and chemotype 
BA, which contains methylchavicol as the main constituent, followed by linalool. The 
basil EO content, as well as EO composition varies depending on the environment and 
the O. basilicum chemotype. For example, samples from Fiji have EO content only 0.2% 
(dominant compounds: linalool 22.3%, methyl eugenol 24.7% and (E)-methyl cinnamate 
23.6%), samples from Cuba have a much higher EO content of 1.9-2.5% (dominant 
compounds: methyl chavicol 66.8%, 1,8-cineol 5.4% and linalool 5.0%), and saples from 
Burkina Faso have content of EO of 0.7-1.8% (dominant compounds: 1,8-cineol 60.2%, 
α-terpineol 6.5% and β-pinene 5.7%) (8).  
 Supercritical fluid extraction (SFE) is regarded as a promising alternative technique to 
steam distillation (or hydrodistillation) and solvent extraction for the extraction of flavor 
and fragrance compounds from natural materials. Carbon dioxide is the most commonly 
used supercritical fluid in food and pharmaceutical industry. It is non-toxic, non-explosi-
ve and easy removable from the product, and possesses relatively low critical temperature 
and pressure (Tc = 31.1oC, pc = 73.8 bar). The solvent properties of carbon dioxide can be 
described as a function of fluid density (9). Selection of the extraction pressure and 
temperature range is an important factor affecting the final composition of the extract and 
process yield, since the solubility of every component in the supercritical fluid will pri-
marily depend on these parameters (10). 
 In this study two chromatographic methods (GC-MS and GC-FID) were used and 
compared for the qualitative and quantitative determination of basil extract compounds, 
i.e. chemical composition of basil EO (obtained by hydrodistillation) and different basil 
extracts (obtained by SFE using carbon dioxide). 
 
 

EXPERIMENTAL 
 

Plant material and chemicals 
 
 Sweet basil (Ocimum basilicum L.) was cultivated by the Department for Organic 
Production and Biodiversity, Bački Petrovac, Institute of Field and Vegetable Crops, Ser-
bia (year 2011). The collected plant material (basil leaves and flowers) were dried and 
stored at room temperature. The moisture of material (after drying at 105oC, 2 h) was 
11.44% (w/w). The sample was ground and sieved using sieve sets produced by Erweka, 
Germany (mean particle size 0.657 mm). 
 Commercial carbon dioxide (Messer, Novi Sad, Serbia) was used for SFE. All other 
chemicals were of analytical reagent grade. 
 

Hydrodistillation 
 
 The EO content was determined using the Ph. Jug. IV procedure (11). 
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Supercritical carbon dioxide extraction 
 
 The extraction process was carried out on a laboratory-scale high pressure extraction 
plant (HPEP, NOVA, Swiss, Effretikon, Switzerland), described previously (12). The 
main plant parts and properties, by manufacturer specification, were: the diaphragm type 
compressor (with pressure range up to 1000 bar), extractor (internal volume 200 mL, 
maximum operating pressure of 700 bar), separator (internal volume 200 mL, maximum 
operating pressure of 250 bar), pressure control valve, temperature regulation system, and 
regulation valves. Maximum carbon dioxide mass flow rate is 5.7 kg h -1. 
 The sample of basil (50.0 g) was placed in the extractor vessel. The flow rate of car-
bon dioxide was 3.225 g min-1, the pressure 100 and 300 bar, and of the temperature 40 
and 50oC (values higher than carbon dioxide Tc, but relatively low, to avoid thermal de-
composition). The separator conditions were 15 bar and 23oC. The extraction was carried 
out and the extraction yield was measured after 4 hours of the process. After each extrac-
tion, the obtained extract was placed in a glass bottle, sealed and stored at 4oC to prevent 
any possible degradation. 
 

GC-MS and GC-FID 
 
 The GC-MS experiments were carried out on a GC/MS Agilent Technologies Series 
6890N/5975B (Santa Clara, California, USA), and an HP-5 MS capillary column (30.0 m 
x 0.25 mm I.D., film thickness 0.25 μm) was used. The working conditions were: the he-
lium flow rate: 2 ml min-1, temperature: injector 250oC; detector 300oC; initial 60oC with 
a linear increase of 4oC min-1 to 150oC, detector: 35-550 D, total analysis time: 58.06 
min. The injected volume of investigated sample solution in methylene chloride (about 1 
mg mL-1) was 5 μL, using split-ratio 1:30. The compounds were identified using the 
NIST 05 and Wiley 7n mass data base. The results of compound content were expressed 
as relative (area) percent (%).  
 For the quantitative determination (to measure contents of basil EO compounds) use 
was made of a flame ionization detector (FID). The standard compounds ((+)-limonene, 
eucalyptol, linalool, α-terpineol, methylchavicol and geraniol) were purchased from Carl 
Roth GmbH (Germany). The GC conditions were the same as for GC-MS. Each standard 
was dissolved in methylene chloride, and then, different concentrations (from 1 to 500 μg 
mL-1) were obtained as standard solutions. After the GC-FID analyzes, six equations (for 
six standard compounds), which describe the dependence of the compound concentration 
on the peak area, were obtained (min. value of correlation coefficient was 0.99). The final 
result was expressed as compound content (C) in % (w/w). 
 In this work, triplicate tests were done for each sample, and the results are presented 
as mean value. 
 

RESULTS AND DISCUSSION 
 
 The content of EO, determined by the official procedure (11) was 0.565% (V/w). The 
samples of EO were characterized qualitative and quantitative by two chromatographic 
methods, GC-MS and GC-FID (Figure 1 and Table 1). The predominant compounds in 
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EO were linalool (50.09%), indicating that the investigated sample of basil is of chemo-
type A, δ-cadinene (8.11%), and germacrene (5.76%). Other EO compounds, with the 
content higher than 3%, were: γ-cadinene (3.13%), methylchavicol (3.30%), β-selinene 
(3.58%), eugenol (3.76%) and α-bergamotene (4.13%). The results (Table 1), expressed 
as relative (area) percent of compound (GC-MS), are very similar to those obtained by 
“real” quantitation by external standard method (GC-FID), expressed as compound con-
tent in % (w/w). This conclusion could be explained by the nature of the EO compounds 
which are all evaporable, and, at the other hand, by the EO isolation procedure, i.e. 
hydrodistillation (or steam distillation). The composition of EOs of different drugs can be 
very similar. For example, EOs of sweet basil (O. basilicum L.) and coriander (Corian-
drum sativum L.) have the same main compound – linalool (50.09% and 52.4%, respect-
ively) and a lot of other constituents (camphor, geraniol, α-terpineol) (13). Therefore, for 
a quantitative analysis of similar samples (other aromatic plants EOs), GC-MS method 
could be successfully used. In this way, the result of the EOs composition and compo-
unds content can be obtained much easier and faster, using only GC-MS (with no need 
for standards and calibration as in the GC-FID method). 
 

 
 

Figure 1. GC chromatogram of basil EO obtained by hydrodistillation 
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Table 1. Results of GC-MS and GC-FID analyses of basil EO obtained by 
hydrodistillation 

 
EO 

 
Compound 

Area 
percent 

(%) 

C* 
(%, w/w) 

EY** tR*** (min) 

β-Pinene 0.39 0.39 2.20 7.245 
Myrcene 0.29 0.29 1.64 7.876 
(+)-Limonene 0.39 0.41 2.32 9.348 
1,8-Cineole (Eucalyptol) 2.50 2.69 15.20 9.391 
Trans-β-Ocimene 0.19 0.19 1.07 10.180 
Linalool 50.09 49.79 281.31 12.727 
Camphor 0.49 0.48 2.71 14.036 
Terpinene-4-ol 0.33 0.33 1.86 15.483 
α-Terpineol 0.35 0.46 2.60 16.149 
Methylchavicol 3.30 3.38 19.10 16.284 
Geraniol 1.53 1.66 9.38 18.600 
Bornyl acetate 0.55 0.54 3.05 19.393 
Eugenol 3.76 3.74 21.13 22.306 
β-Elemene 1.15 1.14 6.44 23.153 
Trans-Caryophyllene 0.67 0.66 3.73 24.051 
α-Bergamotene 4.13 4.11 23.22 24.584 
α-Humulene 1.03 1.02 5.76 25.217 
β-Cubebene 0.69 0.69 3.90 25.538 
Germacrene 5.76 5.73 32.37 26.147 
Germacrene D 1.52 1.51 8.53 26.633 
β-Selinene 3.58 3.56 20.11 26.933 
γ-Cadinene 3.13 3.12 17.63 27.240 
α-Selinene 0.97 0.96 5.42 28.972 
Spathulenol 0.72 0.72 4.07 29.409 
δ-Cadinene 8.11 8.07 45.60 31.355 
Σ n.i.**** 4.38 4.36 24.62  
Σ 100.00 100.00 564.97  

 * C - compound content 
 ** EY - extraction yield (mg per 100 g of basil) 
 *** tR – retention time (min) 
 **** n.i.- not identified 
 
 After the SFE investigations of basil using carbon dioxide (CO2), the samples of ex-
tracts were obtained (see Experimental) using different combinations of pressure and 
temperature, i.e. solvent density, of supercritical CO2 for basil extraction (Table 2). The 
obtained extraction yields presented in Table 2, can not be explained by the increase of 
the solvent density because the final yield of extract depends also on extraction tempera-
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ture, i.e. a higher temperature means a better solubility of basil compounds, which results 
in a higher extraction yield. It is difficult to explain what is more important for compound 
extraction in the SFE process – solvent density or temperature. The effect of temperature 
on compound solubility at a constant pressure is due to two mechanisms: the increase in 
vapor pressure with temperature resulting in an increased solubility, and the decrease in 
solvent density causing a decrease in solubility. The solubility of the solute may increase, 
become constant or decrease with the temperature rise at a constant pressure, depending 
on whether the solute vapor pressure or the solvent density is predominant (14).  
 

Table 2. SFE conditions and extraction yield 
 

Pressure (bar) 100 100 300 300 
Temperature (oC) 50 40 50 40 
Density (g mL-1) 0.378 0.568 0.881 0.929 
Extraction yield (%, w/w) 0.894 0.719 1.483 1.287 

 
 GC-MS and GC-FID results of obtained CO2 extracts are shown in Table 3. 
 

Table 3. Results of GC-MS and GC-FID analysis of basil extracts obtained by SFE at 
different extraction conditions 

 

 
  *AP - area percent 
  ** C - compound content 
  *** n.i. - not identified 
    a - Coextracted, non-polar and non-evaporable basil compounds (of course, not present in the basil EO 

obtained by the hydrodistillation process) 

Sample (p, T) 100, 50 100, 40 300, 50 300, 40 

Compound 
AP* 
(%) 

C**  
(%, w/w) 

AP  
(%) 

C  
(%, w/w) 

AP  
(%) 

C 
(%, w/w) 

AP  
(%) 

C 
(%, w/w) 

1,8-Cineole (Eucalyptol) 0.48 0.25 0.61 0.23 0.89 0.45 2.00 1.10 
Linalool 21.33 11.79 27.80 16.60 23.55 10.14 26.09 10.72 
Camphor - - 0.39 0.23 0.29 0,12 0.38 0.16 
α-Terpineol 2.00 0.79 1.03 0.60 1.42 0.54 1.50 0.8 
Methylchavicol 1.93 0.62 1.58 0.87 1.19 0.60 1.14 0.66 
Geraniol 1.22 0.65 1.25 0.81 1.10 0.56 0.96 0.44 
Bornyl acetate - - 0.44 0.26 0.40 0.17 0.64 0.26 
Eugenol 17.69 9.78 15.56 9.29 13.72 5.91 16.09 6.61 
β-Elemen 1.38 0.76 0.99 0.59 0.66 0.28 1.16 0.48 
Trans-Caryophyllene 0.81 0.45 0.73 0.44 0.52 0.22 0.61 0.25 
α-Bergamotene 5.24 2.90 4.26 2.54 4.14 1.78 5.57 2.29 
α-Humulene 1.25 0.69 1.11 0.66 1.07 0.46 1.20 0.49 
β-Cubebene 0.98 0.54 0.58 0.35 0.96 0.41 0.86 0.35 
Germacrene 5.29 2.92 5.30 3.16 4.30 1.85 5.63 2.31 
γ-Elemene 0.75 0.41 - - 0.67 0.29 - - 
β-Selinene 3.35 1.85 2.94 1.75 2.14 0.92 3.51 1.44 
γ-Cadinene 4.83 2.67 4.55 2.72 3.36 1.45 4.31 1.77 
α-Selinene 1.88 1.04 0.99 0.59 0.70 0.30 1.29 0.53 
Spathulenol 2.26 1.25 2.12 1.27 1.66 0.72 2.01 0.83 
δ-Cadinene 13.05 7.21 11.64 6.95 9.16 3.94 10.67 4.38 
Σ n.i. 14.27 7.89 16.13 9.64 28.11 12.10 14.38 5.92 
Σ 99.99 54.46 100.00 59.56 100.00 43.21 100.00 41.79 
Other extracted  
compounds (%)a 

 45.54  40.44  56.79  58.21 
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 The results from Table 3 show the great difference between the contents of basil EO 
compounds obtained by the GC-MS method and by the GC-FID method. The percents of 
the compounds detected by GC-FID in the CO2 extracts are from 41.79% (sample obtained 
at 300 bar and 40oC, i.e. solvent density of 0.929 g mL-1) to 59.56% (sample obtained at 
100 bar and 40oC, i.e. solvent density of 0.568 g mL-1). On the basis of our previous SFE 
investigations of different aromatic plants (and other raw materials) carried out during last 
20 years (12, 14-28), the best combination of pressure and temperature for EO separation 
(isolation) is 100 bar and 40oC – the resulting extracts are most similar to “classical” EOs. 
The other extracted compounds – OEC (Table 3, the last row) from the extracts (mass 
percent from 40.44 to 58.21%) are not (and could not be, without some kind of derivation, 
such is esterification) detected by the GC-FID (or GC-MS) method. The highest yield, i.e. 
content of OEC (58.21%) was obtained using supercritical CO2 with highest the investiga-
ted density (0.929 g mL-1), i.e. the highest solvent "solubility power". On the other hand, the 
values obtained by GC-MS, result in a "wrong" picture of basil compounds contained in the 
CO2 extracts (and, probably, all other extracts obtained using different solvents and extracti-
on procedures). It can be concluded that the GC-MS method can be used only for qualitati-
ve and quantitative analyze of "real" EOs obtained by distillation (containing only evapo-
rable compounds).  
 The predominant compounds in the CO2 extracts are linalool (from 10.14 to 16.60%), 
eugenol (from 5.91 to 9.78%) and δ-cadinene (from 3.94 to 7.21%), depending on the SFE 
conditions, whereas the dominant EO compounds of the same basil sample obtained by 
hydrodistillation were linalool (49.79%), δ-cadinene (8.07%) and germacrene (5.73%), see 
Table 1.  
 The obtained results (Table 3) can be discussed the following way: The compound 
which is dominant in all the basil products is linalool, whose content in EO was 50.09% 
(i.e. 49.79%, w/w). The highest content of this compound in CO2 extracts was obtained at 
100 bar and 40oC (16.60%), but the highest extraction yield of linalool was not achieved 
under these extraction conditions. The extraction yield of the basil SFE at 300 bar and 50oC 
was 1.483% (Table 2), and linalool content in the extract is 10.14% (Table 3), i.e. 150.38 
mg of linalool has been extracted from 100 g of plant material. On the other hand, at 100 
bar and 40oC, the extraction yield was 0.719%, linalool content 16.60% and 119.35 mg per 
100 g of basil sample was obtained. This sort of calculation is necessary for all compounds 
of interest (Table 4). 
 

Table 4. Extraction yields of the predominant compounds of the basil CO2 extracts 
 

 
 * - compound content (%, w/w) 
 ** - extraction yield (mg per 100 g of basil) 
 a - the highest compound SFE yield (bold) 

Sample (p, T)        EO 100, 50 100, 40 300, 50 300, 40 
Compound C* EY** C EY* C EY C EY C EY 
Linalool 49.79 281.31 10.79 96.46 16.60 119.35 10.14 150.38a 10.72 137.97 
Methylchavicol 3.38 19.10 0.62 5.54 0.87 6.25 0.60 8.90 0.66 8.49 
Eugenol 3.74 21.13 9.78 87.43 9.29 66.79 5.91 87.64 6.61 85.07 
α-Bergamotene 4.11 23.22 2.90 25.93 2.54 18.26 1.78 26.40 2.29 29.47 
β-Selinene 3.56 20.11 1.85 16.63 1.75 12.58 0.92 13.64 1.44 18.53 
δ-Cadinene 8.07 45.60 7.21 64.46 6.95 49.97 3.94 58.43 4.38 56.37 
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 The compound solubility depends on the solvent density, i.e. on the process pressure 
and temperature. The solvent density of 0.378 g mL-1 (100 bar and 50oC) was the most sui-
table for the extraction of δ-cadinene (the highest compound solubility). The extraction 
yield was 64.46 mg/100 g (Table 4). The combination of pressure of 300 bar and tempera-
ture of 50oC (solvent density 0.881 g mL-1) of CO2 resulted in the highest yields of linalool 
(150.38 mg/100 g), methylchavicol (8.90 mg/100 g) and eugenol (87.64 mg/100 g). The 
best solubility of α-bergamotene and β-selinene was observed at the highest investigated 
density of CO2 (0.929 g mL-1), i.e. at the pressure of 300 bar and temperature of 40oC. On 
the other hand, the obtained extraction yields using SFE were higher for some compounds 
(eugenol, α-bergamotene and δ-cadinene) than that obtained by hydrodistillation (Table 4). 
In the same table, the results of compound content (C; %, w/w) show a similarity (more 
than all other extracts) of the CO2 extract obtained at 100 bar and 40oC (solvent density 
0.568 g mL-1) to basil essential oil obtained by hydrodistillation. 
 
 

CONCLUSION 
 

 In the sweet basil, the determined EO content was 0.565% V/w, with linalool as the 
predominant compound (50.09%), which indicates that the investigated sample of basil is 
of chemotype A. The extraction yields obtained by SFE, using CO2, were from 0.719 to 
1.483% (w/w), depending on the carbon dioxide density (from 0.378 to 0.929 g mL-1). 
The predominant compounds of the CO2 extracts were linalool (from 10.14 to 16.60%), 
eugenol (from 5.91 to 9.78%) and δ-cadinene (from 3.94 to 7.21%), depending on SFE 
conditions. The GC-MS method can be successfully used only for qualitative and quanti-
tative analyses of "real" EOs, obtained by hydrodistillation (containing only evaporable 
compounds). On the other hand, for all other extracts (including CO2 extracts), obtained 
by different extraction methods and solvents, GC-FID method, using appropriate external 
standards, is right way for a precise quantitative determination. 
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ЕТАРСКО УЉЕ И ЕКСТРАКТИ БОСИЉКA (Ocimum basilicum L.) 
ДОБИЈЕНИ СУПЕРКРИТИЧНОМ ЕКСТРАКЦИЈОМ 

 
Зоран П. Зековић, Снежана Ђ. Филип2, Сенка С. Видовић1, Душан С. Адамовић3, 

Мохамед А. Елгнди1 
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 Екстракти босиљка (Ocimum basilicum L.) добијени различитим екстракционим 
поступцима (хидродестилација и суперкритична екстракција угљен диоксидом) су 
квалитативно и квантитативно анализирани GC-MS и GC-FID методама. Садржај 
етарског уља (ЕУ) босиљкa, одређен официјалном методом, је износио 0,565% 
(V/m). Принос суперкритичне екстракције босиљка је био од 0,719 до 1,483% 
(m/m), у зависности од густине суперкритичног флуида - угљен диоксида (испити-



APTEFF, 46, 1-269 (2015)  UDC: 635.71+547.913]:543.544.3 
DOI: 10.2298/APT1546259Z BIBLID: 1450-7188 (2015) 46, 259-269 

Original scientific paper 

 269

вани опсег густине растварача је био од 0,378 до 0,929 g/mL). Доминантна једиње-
ња која су детектована у свим испитиваним узорцима (ЕУ добијено хидродестила-
цијом и различити суперкритични екстракти) су: линалоол, као главна компонента 
ЕУ босиљка (садржај од 10,14 до 49,79%, m/m), еугенол (од 3,74 до 9,78%) и δ-ка-
динен (од 3,94 до 8,07%). Квантитативни садржај компонената одређен помоћу GC-
MS (релативни проценат, %, одређен преко површине пика) и GC-FID (%, m/m, од-
ређен применом методе спољашњег стандарда) је упоређен и продискутован. 
 
Кључне речи: Ocimum basilicum L., етарско уље, екстракти, гасна хроматографија,  
              састав 
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