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Abstract Monoterpenes, linalool and thymol have been widely used in not only the treatments of

several diseases but also food flavouring, dental, perfumery, and toilet products. Plants of the sev-

eral Lamiaceae family are good sources of linalool and thymol. A rapid, simple, and precise high-

performance thin layer chromatography (HPTLC) method was developed for the concurrent esti-

mation of linalool and thymol, and this method was orchestrated using the essential oils extracted

from two Lamiaceae plants leaves i.e. O. basilicum and T. vulgaris. Two standards were separated

using pre-coated thin-layer chromatography glass plates. The developed HPTLC method was val-

idated by following ICH guidelines (linearity; limit of detection, LOD; limit of quantitation; speci-

ficity; accuracy; precision; and robustness). The calibration curves of both the compounds were

linear (100–700 ng/spot), with a correlation coefficient (r2) of >999. The developed HPTLC method

was effectively applied to the concurrent detection and quantification of linalool and thymol in

commercial essential oils.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

High-performance thin-layer chromatography (HPTLC) is the
simplest, precise, rapid, robust, and efficient method used to

detect and quantitatively analyse secondary metabolites. In
this method, separation can be improved through the repetitive
development of thin-layer chromatography (TLC) plates by
using different mobile phases for better resolution. Hence this

method is accepted worldwide and remains one step ahead
when correlate with other chromatography methods
(Attimarad et al., 2011).
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Fig. 1 Chemical structure of linalool (A) and thymol (B).
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Linalool (3,7-dimethyl-1,6-octadien-3-ol) is a dietary
monoterpene alcohol having anti-inflammatory, analgesic,
anxiolytic, anticancerous, antioxidative, antiseptic, antidepres-

sive and neuroprotective, antispasmodic, antimicrobial, anti-
fungal, expectorant, antihelminthic, diaphoretic, expectorant,
anti-hyperlipidemic properties; it can be used as a sedative, a

tonic, an immune stimulant, and a carminative and to treat
gastrointestinal and respiratory disorders, rheumatism, men-
strual disorders, wounds, and eczema (Joshi, 2014; Pereira

et al., 2018). Moreover, linalool is an active component used
in the management of smell loss, food flavourings, various
mouthwash and toothpastes, deodorants, soaps and perfumes,
and pharmaceutical products (Sacchetti et al., 2004). There are

several chemotypes (differences based on the composition of
essential oil) species in genus Ocimum (Family- Lamiaceae).
Ocimum basilicum a common chemotype of genus Ocimum is

a good source of linalool. In addition to O. basilicum, other
Ocimum species, O. sanctum (Khan et al., 2010), O. carno-
sum (Ricarte et al., 2020), and O. Gratissimum (Martins

et al., 1999) are also reported to as good sources of linalool.
The other genus of family Lamiaceae such as Lavandula
(Robu et al., 2011), Aeollanthus spp., Thymus spp. are also

reported to as sources of linalool (Karpiński, 2020). Apart
from Lamiaceae the other plants such as genus Cinnamomum
spp. of Lauraceae family (Cheng et al., 2012; Liang et al.,
2019), and genus Coriandrum of Apiaceae family (Caputo

et al., 2016) are reported as good sources of linalool.
Thymol (2-isopropyl-5-methylpheno) is a dietary monoter-

pene phenol that possesses antimicrobial, larvicidal, acaricidal,

antileishmanial, antiepileptogenic, antioxidant, anti-
inflammatory, radioprotective and analgesic properties and
exhibits anti-hemolytic activity; it prevents menstrual cramps,

facilitates the process of wound healing, and acts as antimuta-
genic and anticonvulsant (Mancini et al., 2015). Furthermore,
it relaxes smooth muscles, alleviates respiratory difficulties,

averts menstrual cramps, and is used an active component in
topical ointments, food flavourings, various toothpastes,
mouthwash, shampoos, deodorants, and soaps (Sancheti
et al., 2014). Due to its powerful antibacterial properties, thy-

mol is commonly used in dentistry to treat oral infections
(Meeran et al., 2017). Thymus vulgaris, is a common chemo-
type present in genus Thymus is a good source of thymol

(Khan et al., 2017). In addition to T. vulgaris, other Lamiaceae
plants, such as Thymus serpyllum, Monarda fistulosa, and Ori-
ganum species contain thymol as a major composition (Verma

et al., 2011; Khan et al., 2019). The other plants such as Carum
copticum and Trachyspermum ammi (Family-Apiaceae), Lippia
multiflora (Family-Verbenaceae), Centipeda minima (Family-
Asteraceae), and Nigella sativa seeds (Family-

Ranunculaceae), are also reported as good sources of thymol
(Salehi et al., 2018; Gruľová et al., 2020).

Due to the incalculable health benefits and wide distribu-

tion of the aforementioned monoterpenes in medicinal plants,
development of a technique for the rapid detection of the
chemotypes of plants present in raw materials, foods, cosmet-

ics, and pharmaceutical products has received substantial con-
sideration. Several studies on method development for the
detection of several monoterpene markers used in previous

studies (Haque et al., 2012; Stan et al., 2014; Yusufoglu
et al., 2019). However, to the best of our knowledge, a method
for the simultaneous detection and quantification of linalool
and thymol (Fig. 1) by using HPTLC has not been developed
so far. Thus, this study developed a validate HPTLC method
for simultaneously quantifying linalool and thymol and con-

ducted using the essential oils of O. basilicum and T. vulgaris
leaves.

2. Materials and methods

2.1. Chemicals and instrument

Standard thymol (purity > 98.5%) and linalool (pu-
rity > 97%) were procured from Sigma-Aldrich (USA). All
other reagents utilised for extraction and method development

were of analytical grade. Pre-coated, glass-baked TLC plates
obtained from E. Merck (silica gel-60F254; thickness:
0.2 mm; area: 20 � 10 cm) were used for separating standard

linalool and thymol. A TLC sampler-linomat V (Camag-
Automatic), an automatic development chamber (ADC2,
Camag), an ultraviolet (UV) cabinet-4 (Camag), a TLC-

derivatization chamber (Camag), a TLC-plate heater (Camag),
and a TLC-scanner 4 (Camag) were the main apparatus used.

2.2. Plant materials

The leaves of O. basilicum (sweet basil) and T. vulgaris
(thyme), Family-Lamiaceae were obtained from the market
of Al-Kharj, Saudi Arabia. The voucher specimens O. basili-

cum (PSAU-10-CPH-2019) and Thymus vulgaris (PSAU-13-
CPH-2019) were identified using the identification key pro-
vided by the Flora of Saudi Arabia and deposited at the

Department of Pharmacognosy, the College of Pharmacy,
Prince Sattam Bin Abdul-Aziz University, Al-Kharj, Saudi
Arabia. The raw materials obtained from the markets were

powdered using a grinder, passed through a sieve (0.5 mm),
and the obtained powder was used for the extraction of essen-
tial oils.

2.3. Preparation of essential oils

Both the raw materials (�200 g) were separately hydro distilled
for 4 h by using a Clevenger type apparatus (For oil lighter

than water, 10 mL, Borosil�, India) and purified and stored
for further HPTLC analysis and quantification by following
an earlier method (Foudah et al., 2019).



Novel HPTLC-densitometric method for concurrent quantification 3
2.4. Preparation of the sample and standard solution

Each essential oil (100 mg) was transferred in a 10-mL volu-
metric flask containing 5 mL of methanol (HPLC grade), son-
icated for 5 min, and then the volume was made up to 10 mL

with methanol to obtain a 10 mg/mL solution. Standard 1 mg/
mL solutions of linalool and thymol were prepared separately
in methanol. These solutions were filtered (0.22-lm filter syr-
inge) and used for HPTLC analysis.

2.5. Mobile phase selection

Numerous solvent systems containing toluene, hexane, chloro-

form, ethyl acetate, benzene, and methanol in single and differ-
ent combinations were analysed for selecting the mobile phase.
Finally, a suitable mobile phase containing toluene, ethyl acet-

ate, and glacial acetic acid in the ratio of 8:2:0.3 (v/v/v) was
selected to simultaneously separat standard and sample
solutions.

2.6. HPTLC conditions

HPTLC was performed on glass-backed TLC silica-gel plates
(W � L = 20 cm � 10 cm). Standard (linalool and thymol)

and sample (essential oils of O. basilicum and T. vulgaris) solu-
tions were separately spotted with nitrogen flow on a plate
with a 6-mm-wide band at 8-mm from the bottom by using

the automatic Camag-TLC (Linomat V) applicator. The (lin-
ear ascending) development of TLC plates was performed in
a twin glass Camag chamber (automatic ADC2, Camag).

The chamber was filled with 20 mL of mobile phase for a fixed
time of 5 min, at the temperature and humidity of 25 ± 2 �C
and 60 ± 1%, respectively, for saturation.

2.7. Qualitative analysis

At the time of TLC chamber saturation, the plates spotted
with standards and samples were fixed in an automatic Camag

developing chamber. The chamber was programmed to auto-
Fig. 2 TLC-Chromatoplate of Linalool, Thymol, and essential oils
stop after the saturated mobile phase travelled 85% height of
the total plate. The reagent containing anisaldehyde–sulphuric
acid mixture was used for the derivatization of the developed

HPTLC plates, and then the plates were heated up to 90 �C
by using a Camag plate heater. The dried plate was observed
after 5 min at high-UV (366 nm) and low-UV (254 nm) wave-

lengths under a Camag UV chamber. The accurate detection
of the band colours and retention-factor (Rf) values of linalool
(0.60 ± 0.02) and thymol (0.74 ± 0.03) was confirmed by

comparing the similar band colours (Pink-colour for thymol
and brown-colour for linalool) and Rf values of the samples
(Fig. 2).

2.8. Quantitative analysis

Standard compounds were quantitatively analysed by scan-
ning the plates developed at 610 nm in the absorbance mode

by using Camag-HPTLC scanner (CATS-V 1.4.2) software.
The percentage of linalool and thymol in the essential oils of
O. basilicum and T. vulgaris was calculated using the developed

method.

2.9. Method validation

The method developed for the concurrent detection and quan-
tification of linalool and thymol was validated for linearity,
specificity and sensitivity (limit of detection, LOD, and limit
of quantitation, LOQ), accuracy and precision, and robust-

ness, according to International Conference on Harmonisation
(ICH) guidelines (Alam et al., 2014; Ajay and Saluja, 2017).

2.9.1. Calibration curve and linearity

Different volumes (100, 200, 300, 400, 500, 600, and 700 ng/
spot) of different standard solutions (linalool and thymol)
were spotted using automatic samplers on TLC plates, consid-

ering 6-mm band width and 12-mm distance between tracks.
The calibration curve for the peak area versus concentration
of standard compounds was plotted, and the linear regression

(r2 � 0.999) and linear regression lines of linalool (y = 20.38
O. basilicum and T. vulgaris after derivatized and heated at 90 ◦C.



Fig. 3 . Densitometric-chromatogram of essential oil of linalool and thymol at 610 nm.
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x + 204.14) and thymol (y = 15.471 � + 262.4) were deter-
mined. The outcome of the regression data exhibited good lin-
earity over the concentration range of 100–700 ng/spot.

2.9.2. Specificity and sensitivity

The specificity of the developed method was determined by
assaying the standards and samples. The detection of linalool

and thymol bands was confirmed by comparing the Rf and
spectra of the bands of the samples with those of the stan-
dards. Peak purity was evaluated by relating spectra at differ-

ent positions (start, apex, and end) of the spot.
The LOD (3.3 r/s) and LOQ (10 r/s) were used to validate

the sensitivity of the developed method (Alam et al., 2014),

where r is the standard deviation (SD) of response at low-
concentrations and s is the slope of the calibration curve.

2.9.3. Accuracy and precision

Accuracy was defined as % recovery. The results were
obtained by spiking the preanalysed samples with standard
solutions (linalool and thymol) at four different (0%, 50%,
100%, and 150%) concentrations of the analyte.

Precision was defined as % relative standard deviation
(RSD). Precision was employed to limit the repeatability and
reproducibility of the developed method. Intra-day and

Inter-day precisions were determined by analysing three differ-
ent standard solutions (300, 400, and 500 ng/spot) on the three
different consecutive days and on the same day.

2.9.4. Robustness

The robustness of this method was determined to measure its
ability to remain unaffected by small changes in method

parameters (ratio of the mobile phase, distance front, and sat-
uration time) in terms of the peak area and Rf value of linalool
and thymol. The robustness of the method revealed its unifor-

mity during normal applications.
2.10. Estimation of linalool and thymol in essential oils

To quantify the contents of linalool and thymol in essential
oils, the analysis was repeated three times by following method
developed. In the chromatogram of standard compounds, the
bands observed at Rf of 0.60 and 0.74 corresponded to linalool

and thymol, respectively (Fig. 3).
The bands corresponding to standard compounds (linalool

and thymol) along with other compositions were observed in

the chromatogram of the essential oil of O. basilicum (Fig. 4)
and T. vulgaris (Fig. 5).

No interference of spots from other compositions of essen-

tial oils was detected in the chromatogram (Fig. 6)

3. Results and discussion

3.1. Fingerprints and chromatography of standard and essential
oils

The analysis using chromatographic fingerprints is a coherent
and reasonable method for the quality assessment and confir-
mation of species with active chemotypes in traditional medi-

cines. The established fingerprint pattern of essential oil
compositions can be used to determine not only the availability
of the markers of interest but also other components. How-

ever, the HPTLC method presents some limitations, that is,
the low efficacy of TLC plates and the limited developing dis-
tance compared with other chromatographic techniques

(Ahadi et al., 2011). Due to its simplicity, cost-effectiveness,
open system, fingerprint development, and easy handling,
HPTLC remains an effective approach to the quality evalua-
tion and chromatographic fingerprint of medicinal plants

and distinguish the chemotype diversity of species.
HPTLC method was developed and validated for the quan-

tification of linalool and thymol in the O. basilicum and T. vul-



Fig. 4 Densitometric-chromatogram of essential oil of leaf of O. basilicum after derivatization at 610 nm.

Fig. 5 Densitometric-chromatogram of essential oil of leaf of T. vulgaris after derivatization at 610 nm.
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garis essential oils. The linalool and thymol standards were
quantitated using glass-TLC pre-coated silica gel F254 plates

and solvent system toluene, ethyl acetate, and glacial acetic
acid (8:2:0.3). The Rf values of linalool and thymol were
approximately 0.60 and 0.73, respectively. Fig. 2 illustrates

the chromatoplate, and Figs. 3–5 present the chromatographs



Fig. 6 Densitometric-chromatogram of linalool, thymol and essential oils of O. basilicum and T. vulgaris at 610 nm (3D View).
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of linalool, thymol, and the essential oils of O. basilicum and T.
vulgaris, respectively. No interference of spots from other com-
positions of essential oils was observed (Fig. 6).

In our previous study, we reported the quantitative analysis
of linalool, in O. basilicum and Lavandula angustifolia by using
HPTLC (Yusufoglu et al., 2019). In another study, thymol,

cineole, and linalool present in O. basilicum were identified
through TLC fingerprinting (Soran et al., 2009). The densito-
metric quantification of ursolic present in O. basilicum, O.

sanctum (white and purple) leaves, stems, and flowers (Rout
et al., 2012) and that of Apigenin (Parikh and Kothari,
2016) was performed using HPTLC. In addition to O. basili-

cum, other species such as parsley, dill, and celery were studied
for simultaneously quantifying myristicin and linalool (Stan
et al., 2014). Thymol and carvacerol were identified in the
essential oil of T vulgaris L. and Salvia officinalis by using

HPTLC fingerprinting (Jesionek et al., 2017). A densitometry
method of HPTLC was developed to identify and quantify
luteolin in the liquid extract of T. vulgaris (Bazylko and

Strzelecka, 2007).

3.2. Concurrent HPTLC-densitometric quantification of linalool
and thymol

According to our literature survey, no study has reported the
simultaneous quantification of linalool and thymol in the
essential oils of O. basilicum and T. vulgaris by using HPTLC.

Hence, we developed the simple, rapid, and precise method for
simultaneous quantification of the two markers linalool and
thymol in the essential oils. The solvent system containing tou-

lene: ethayl acetate: acetic acid (8:2:0.3) led to sharp, accurate,
and well-defined peak resolution. The bands appearing near
the Rf of 0.60 and 0.74 were identified as linalool and thymol
bands by using the chromatogram of standard compounds.
The well-defined spots were achieved when the TLC chamber
was saturated for 20 min at room temperature with the solvent

system; plates were visualised through necked eyes after
derivatization.

An TLC plate photograph was captured after chromatog-

raphy of linalool and thymol standards. The essential oils of
O. basilicum and T. vulgaris and the detection of linalool and
thymol bands in the sample chromatogram were confirmed

by the matching the chromatoplate and chromatogram
obtained for the essential oil samples with that for the standard
reference and by comparing the Rf value and peak of linalool

and thymol of the sample and standards (Figs. 2 and 3).
The developed method of HTLC densitometric was vali-

dated for linearity, specificity and sensitivity, accuracy and pre-
cision, and robustness (Tables 1–4).

The linearity of both the standards was in the range of 100–
700 ng/band (Table 1). The peak area of the seven concentra-
tions (100–700 ng/band) of linalool and thymol was calculated,

and a graph of standard linalool and thymol solutions versus
peak area was plotted separately. For linalool and thymol,
the regression equations were y = 20.38x + 204.14 and

y = 15.471x + 262.4, respectively, correlation coefficients
were 0.999 and 0.9995, respectively, slopes were 20.38 ± 0.0
7320 and 15.471x ± 0.05895, respectively, and intercepts were
204.14 ± 35.66 and 262.4 ± 24.65, respectively, which all con-

formed the linearity of the presented method.
The results of accuracy (% recovery) for linalool and thy-

mol were presented in Table 2. Recovery was within an accept-

able range (96.75%–99.21%), which is nearly 100, indicating
that no intervention occurred in the analysis by other compo-
sitions present in the samples, which evidenced the accuracy of

the developed method. The LOD and LOQ were 5.77 and



Table 1 Results of linear regression data for calibration

curves and limit of detection (LOD) and limit of quantification

(LOD) using peaks area.

Parameters Linalool Thymol

Linearity-range (ng-per-

spot)

100–700 100–700

Regression equation (Y) 20.38x + 204.14 15.471x + 262.4

Correlation coefficient (r) 0.999 0.9995

Slope ± Std. dev. 20.38 ± 0.07320 15.471x ± 0.05895

Intercept ± Std. dev. 204.14 ± 35.66 262.4 ± 24.65

Slope stand. error 0.0287 0.0212

Intercept stand. error 13.44 9.66

95 (%) slope-confidence

interval

7.115–7.618 6.234–6.459

95 (%) intercept

confidence interval

278.1–433.4 184.1–261.6

P value < 0.0001 < 0.0001

LOD (ng/spot) 5.77 5.25

LOQ (ng/spot) 17.5 15.93
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17.5 ng/spot, respectively, for linalool and 5.25 and 15.93 ng/
spot, respectively, for thymol (Table 1), which revealed the

acceptable sensitivity of the developed method.
The results of precision (% relative standard deviation or

% RSD) for linalool and thymol were presented in Table 3.

The precision of the inter-day analysis was in the range of
96.75%–99.21% and 96.75%–99.21% RSD for linalool and
thymol, respectively. The precision of intra-day analysis was

in the range of 96.75%–99.21% and 96.75%–99.21% RSD
for linalool and thymol, respectively. The % RSD value of
both inter-day and intra-day analysis was <2%, which indi-
cated the reproducibility and excellent precision of the pro-

posed method.
The results of robustness (in terms of the range of % RSD)

for linalool and thymol were presented in Table 4. The robust-

ness of this method was reported by slightly changing the pro-
portions of the solvent system. The % RSD range of 0.47%–
0.60% and 0.55%–0.58% for linalool and thymol, respec-

tively, provided the highest robustness for the proposed
HPTLC method.

The linalool contents quantified using the developed
HTLC-densitometric method were 12.8% ± 0.15% and

1.6% ± 0.11% w/w in the essential oil of O. basilicum and
T. vulgaris respectively. The thymol contents quantified using
Table 2 Recovery studies of linalool and thymol by proposed HPT

Excess standard added to analyte (%) Theoretical content (ng)

Linalool

0 200

50 300

100 400

150 500

Thymol

0 200

50 300

100 400

150 500
the developed HTLC-densitometric methods were 16.8% ±
0.16% and 2.2% ± 0.02% w/w in the essential oil of T. vul-
garis and O. basilicum respectively.

4. Conclusions

An accurate, simple, precise, specific, and rapid HPTLC-

densitometric method for concurrently detecting and quantita-
tively analysing linalool and thymol present in the essential oils
of O. basilicum and T. vulgaris was established and validated.

The data of this method can be used for the rapid identification
of linalool and thymol chemotypes present within the same
species, genus, and families of plant kingdom and for the qual-

ity control of products containing these compounds.
The developed method resulted in satisfactory peak shape

and showed the favourable resolution of linalool and thymol

compared with other components of essential oils. The recov-
ery of nearly 100% indicated no peak interference among stan-
dard compounds and other components present in the essential
oil. HPTLC images indicated that the samples and standards

were separated without diffusing and tailing.
The results of the linalool sample showed that linalool was

present in higher and lower quantities in the essential oil of O.

basilicum and T. vulgaris, respectively. Similarly, the results of
the thymol sample showed that thymol is present in higher and
lower quantities in the essential oil of T. vulgaris and O. basi-

licum, respectively.
The HPTLC-densitometric method was proposed for the

simultaneous analysis of linalool and thymol present in essen-
tial oils. This method is considerably simple, accurate, sensi-

tive, and precise and can be fit for the rapid and
simultaneous quantification and standardisation of linalool
and thymol present in essential oils, foods, and pharmaceutical

products.
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LC-method (n = 6).

Conc. Found (ng) ± SD % Recovery % RSD

193.50 ± 2.88 96.75 1.49

293.50 ± 2.81 97.83 0.96

396.83 ± 2.32 99.21 0.58

490.17 ± 1.72 98.03 1.12

195.17 ± 1.94 97.58 0.99

293.67 ± 3.14 97.89 1.07

396.67 ± 1.86 99.17 0.47

490.00 ± 5.44 98.00 1.11



Table 3 Precision studies of linalool and thymol by proposed HPTLC-method (n = 6).

Linalool

Intra-day precision Inter-day precision

Conc. (ng per spot) Avg-conc. ± SD Stand- Error % (RSD) Avg-conc. ± SD Stand. Error % (RSD)

300 6337.20 ± 22.90 9.35 0.36 6314.60 ± 29.55 12.06 0.47

400 8227.00 ± 27.58 11.26 0.34 8221.00 ± 42.86 17.50 0.52

500 10556.80 ± 33.74 13.78 0.32 10492.20 ± 38.85 15.86 0.37

Thymol

300 3754.20 ± 31.16 12.72 0.83 3762.20 ± 40.25 16.44 1.07

400 4748.60 ± 42.64 17.41 0.90 4743.60 ± 41.56 16.97 0.88

500 5536.00 ± 23.38 9.55 0.42 5548.00 ± 35.02 14.30 0.63

Table 4 Robustness of linalool and thymol by proposed HPTLC-method.

Linalool

Solvent composition (Toluene: ethyl-acetate)

Conc. (ng per spot) Actual Used changed Peak-area ± (SD)

(n = 3)

% (RSD) Rf

7.9: 2: 1 �0.1, +0.1 8218.50 ± 38.94 0.47 0.58

400 8: 2 8: 2 0.0 8206.83 ± 48.98 0.60 0.57

8.1: 1: 9 +0.1, �0.1 8175.17 ± 38.88 0.48 0.55

Thymol

Solvent composition (Toluene: ethyl-acetate)

7.9: 2: 1 �0.1, +0.1 4752.33 ± 39.12 0.82 0.72

400 8: 2 8: 2 0.0 4750.67 ± 37.27 0.74 0.70

8.1: 1: 9 +0.1, �0.1 4757.33 ± 43.04 0.90 0.68
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