
INTRODUCTION
Clove oil is a natural source of monoterpenoid eugenol (90%), 
primarily extracted from Syzygium aromaticum. It is a clear 
or pale-yellow volatile oil with a spicy odor. Eugenol is highly 
susceptible to oxidation and other chemical processes.1 Eugenol 
is known for its fragrant qualities and considerable antioxidant, 
antibacterial, anti-inf lammatory, and anticancer actions 
against several types of bacteria, parasites, and fungi.2 The 
antimicrobial (antibacterial, antifungal and anti-trichomonal) 
properties of eugenol are because of the presence of free 
hydroxyl group, which can induce morphological changes in 
microbial cells along with disruption of the cell membrane.3 
Eucalyptol or 1,8-cineole, is the primary monoterpene 
found in eucalyptus oil (70–80%) derived from Eucalyptus 
globulus. It is a clear, transparent, colorless liquid with a spicy 
aroma.4 Eucalyptol has several therapeutic properties such 
as antibacterial, antioxidant, antifungal, hepato-protective 

effects, anticancer and anti-inflammatory.5 The antimicrobial 
activity of eucalyptol was due to its interference in the 
signaling pathways of microbes that cause apoptosis and 
nuclear condensation of microbial cells.6 R-limonene is a 
naturally occurring monoterpene obtained from citrus oil 
(95%), extracted from citrus plants of the family Rutaceae. It 
is a clear, transparent, volatile, oily liquid with a lemon-like 
odor. R-limonene converts into its epoxides after oxidation.7,8 It 
has numerous medicinal properties, such as anti-carcinogenic, 
antimicrobial (against bacteria and fungi), neuroprotective, 
antioxidant, and anti-diabetic actions.9 Fenton-mediated 
hydroxyl radical production in bacterial cells leads to DNA 
oxidation and ultimately changes the permeability of the 
bacterial cell membrane. ROS accumulation in fungal cells 
takes place after exposure to R-limonene, which ultimately 
leads to cell disruption.10,11
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These three monoterpenes have been identified individually 
or in various combinations in different disorders because 
of their broad therapeutic effects. These biomarkers can be 
present in plant-derived raw materials, natural products, 
and pharmaceutical complex mixtures and they can also 
be used in the preparation of pharmaceutical formulations. 
A rapid, accurate, and consistent approach is needed to 
measure and quantify these biomarkers simultaneously. 
Eugenol, eucalyptol, and R-limonene (Figure 1) have been 
simultaneously estimated through GC chromatography.12 
HPTLC technique has been used to measure and confirm the 
secondary metabolites of plants since the beginning because it 
is very selective, efficient, accurate, precise, and reliable.13 In 
the present study, to overcome the simultaneous quantification 
problem faced with these three monoterpenes, we developed a 
robust and reproducible HPTLC method for the simultaneous 
estimation of these three biomarkers along with its validation. 
After preparing various mobile phase combinations, the 
optimal separation was achieved by repeatedly developing 
TLC plates and validating the results using the HPTLC 
method. The proposed approach was validated using ICH 
recommendations.14

MATERIALS AND METHODS

Chemicals
Pure extracts of eugenol (99% pure), eucalyptol (99% pure) and 
R-limonene (99.2% pure) were procured from Sigma-Aldrich 
(St. Louis, USA). Anisaldehyde-H2SO4 reagent was prepared 
by adding 0.5 mL of anisaldehyde (Central Drug House, New 
Delhi) in 10 mL of GAA or glacial acetic acid (Molychem, 
Mumbai), followed by the addition of 85 mL of methyl alcohol 
or methanol (Molychem, Mumbai) and 5 mL of conc. sulphuric 
acid (Merck, India). The other solvents that were used in this 
method were of HPLC grade and all the chemicals used were 
of pharmaceutical grade.
Method of Sample and Standard Solution’s Preparation 
A volume of 0.5 mL each of eugenol (purity 99%), eucalyptol 
(purity 99%), and R-limonene (purity 99%) were conveyed into 
three individual volumetric flasks previously containing 5 mL 
of methanol. By adding methanol, the volume was made up to 
10 mL to get 500 µL/mL solutions as primary stock solution. 
Then, 50 µL of eugenol, 100 µL of eucalyptol, and 200 µL 
of R-limonene were taken from the primary stock solution 
and put into a 5 mL graduated volumetric flask. Sonicate the 
mixture for 5-10 minutes to obtain a physical mixture that can 
be utilized for HPTLC analysis. To make standard solutions 
for each essential oil, 0.1 mL of eucalyptol (99% pure), eugenol 
(99% pure), and R-limonene (99% pure) were taken into three 
individual 10 mL volumetric flasks that each had 5 mL of 

methyl alcohol in them. The final volume was marked up to 
10 mL by adding methanol.
Mobile Phase Selection
A unique mobile phase combination of hexane, toluene, and 
ethyl acetate in the ratio (6:3:1, v/v/v) was chosen following 
multiple attempts with various solvent systems. This 
combination was then utilized for the simultaneous separation 
of standards and sample mixtures. To our best knowledge, this 
specific mobile phase combination is being employed for the 
first time to concurrently estimate these phytoconstituents.
Instrumentation and Chromatographic Conditions
HPTLC technique was performed by using TLC aluminum 
(E-Merck, Germany) plates (previously coated by silica-gel 
60F254; thickness of 0.20 mm; width× length-20×10 cm). A 
Linomat V (semiautomatic TLC sampler, Camag, Switzerland) 
was used to make separate spots on the plates for the standard 
solution (which was a pure extract of eugenol, eucalyptol, and 
R-limonene) and the sample solution, which was a physical 
mixture of essential oils. After being positioned 8 mm from 
the bottom, the application rate was 150 nL per second on the 
plate. The band-width was 8 mm, and the interval in between 
two consecutive bands was 21.20 mL. The spotted TLC plates 
were kept and further developed (linear ascending) in a glass 
chamber (twin-trough, 20×10 cm, Camag, Switzerland). The 
chamber was previously saturated with eluent phase in a 
volume of 20mL (hexane: toluene: ethyl acetate, 6:3:1, v/v/v) 
for 15 minutes at the temperature of 25 ± 4˚C and a relative 
humidity of 60 ± 4%. The HPTLC chromatogram was recorded 
up to 70 mm for the sample application. A continuous air 
current was supplied with a hair dryer in standard mode and the 
plates were dried. The slit-dimension of plates was 4.0 × 0.30 
mm and the scanning speed was 20 mm/s for quantification 
of plates.15,16

Derivatization and Quantitative Evaluation
The derivatization of plates was done by immersing them in 
anisaldehyde-H2SO4 reagent for 1 to 2 seconds, followed by 
heating at 100 to 105˚C for 10 minutes on a hot plate. Within 10 
min of derivatization, plates were further scanned by using a 
scanner (densitometric, WinCATS, Camag, Absorption mode) 
equipped with deuterium and a white light source (D2 and W) 
at 450 nm to quantify eugenol, eucalyptol, and R-limonene. 
The spots and their corresponding peaks were observed at 
their Rf values.
Calibration Curve by HPTLC Densitometric Method
The calibration process involved applying different 
concentrations of standard solutions of eugenol, eucalyptol, 
and R-limonene on HPTLC plates using a semiautomatic TLC 
sampler. The bandwidth measured 8 mm, with a spacing of 
21.2 mm between each pair of bands in a six-point spotting. 
A six-point calibration curve was constructed for eugenol, 
eucalyptol, and R-limonene within the linear range of 1-15 
nanogram/spot, 100-600 nanogram/spot, and 50 to 300 
nanogram/spot, respectively, at 450 nm. The area of peak and 
sample concentration statistics were analyzed using the least 

Figure 1: Structure of eugenol (A), eucalyptol (B), and R-limonene (C)
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square regression method. The calibration curves were plotted 
as peak area against the amount per spot. Throughout the 
analysis, all of the experimental parameters were kept constant.
Validation of Developed Method 

Linearity and specificity
Linearity was assessed using six concentration levels: 1 to 
15 µL for the eugenol standard and 1 to 6 µL for both the 
eucalyptol and R-limonene standards. Linear least squares 
regression analysis was used to assess linearity and to plot the 
calibration curve using the corresponding peak area versus 
concentration. By comparing Rf values with the standards and 
spectral analysis, the specificity of this suggested approach 
was calculated. The peaks were evaluated for their different 
positions, such as the start point of the peak, peak height, and 
end point of the peak per spot.17

Precision and accuracy 
The accuracy of this identified approach was analysed by 
using the standard-addition method and further determined 
by the sample’s spiking technique with known additional 
amounts of standard eugenol, eucalyptol, and R-limonene. 
The experiment was performed in triplicate, and then the 
samples were subsequently reanalysed by the HPTLC method. 
Recovery studies were conducted, and the %RSD (relative 
standard deviation) values were calculated17. Instrumental 
precision was assessed by using 9 ng/spot of eugenol, 370 
ng/spot of eucalyptol, and 170 ng/spot of R-limonene, each 
applied six times. The precision of their correlated Rf values 
was determined and evaluated. The precision for this developed 
method was evaluated by three time repetition within the 
same day and over three consecutive days at three different 
concentration levels for eugenol, eucalyptol, and R-limonene.

Robustness
The method robustness was determined by investigating a 
small deliberate change in chromatographic conditions such 
as chromatogram run or distance front ( ± 5 mm), changes 
in time between spotting and chromatography, alteration in 
volume of mobile or eluent phase, and changes in polarity and 
combinations of mobile phase.18

LoD and LoQ
Plotting calibration curves, the limit of quantification, LoQ and 
limit of detection, LoD for eucalyptol, R-limonene, and eugenol 
were assessed that was based on the lower concentration 
detection and quantification. The values were driven using 
the SD value (standard deviation) and the S value (slope of 
calibration).18

RESULTS AND DISCUSSIONS

Fingerprinting and Chromatography of Standards and 
Sample
Chromatographic fingerprinting is a reliable and reproducible 
analytical technique used for the simultaneous quantification 
and identification of phytoconstituents in pharmaceutical 
preparations. A HPTLC method was identified, developed 
and further validated to simultaneously estimate eugenol, 
eucalyptol, and R-limonene in a physical combination intended 
for formulation development. The standards and sample 
mixture were quantified by using TLC aluminum pre-coated 
silica gel 60F254 plates with mobile phase using hexane, toluene, 
ethyl acetate in a ratio (6:3:1,v/v/v). This resulted in precise 
and well-defined symmetrical peaks for eugenol, eucalyptol, 
and R-limonene at Rf values of 0.47 ± 0.03, 0.56 ± 0.03, and 
0.71 ± 0.03, respectively. Figure 2 shows the densitometric 

Figure 2: Densitometric chromatogram of eugenol (standard) (A), eucalyptol (standard) (B), R-limonene (standard) (C), and sample mixture (D) at 
450 nm.
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chromatograms of both the standards and the sample mixture. 
The peaks, bands, and Rf values obtained were compared 
between the sample mixture and the standard references.
Calibration Curve by Densitometric method
The specific volume was measured, i.e., 0.1 mL of eugenol 
(purity 99%) and put into a 10 mL graduated flask. The 
volume was marked up to 10 mL with methanol. One mL of 
the eugenol primary solution was further diluted up to 10 mL 
with methyl alcohol. Subsequently, the standard was spotted 
in various volumes (1, 3, 6, 9, 12, and 15 µL) on a TLC plate. 
Using peak area versus amount per spot, the six-point standard 
graph was plotted in the linear range of 1 to 15 ng/spot (Figure 
3A). To achieve a concentration of 92.25ng/µL, 0.1 mL of 
eucalyptol (purity 99%) was precisely measured, put into a 
10 mL graduated flask, and the volume was marked up to 10 
mL with methyl alcohol. The plates were then spotted with the 
volumes, which were 1 to 6 µL. Using peak areas versus its 
correlated amount; the linear calibration curve was generated 
for the six points in the 100-600 ng/spot range (Figure 3B). 
For the calibration curve of R-limonene, accurately measured 
0.5 mL (purity 99%) of R-limonene was taken into a 10 mL 
graduated flask. The final volume was marked up to 10 mL 
by methyl alcohol to get a concentration of 42.55 ng/µL. TLC 
plates were spotted with different six volumes (1–6 µL). A six-
point calibration curve constructed within the linear range of 
50 to 300 ng/spot by plotting peak area against their relative 
amount (Figure 3C). Figure 4 displays the HPTLC spectra of 
the sample mixture at a wavelength of 450 nm.

Method Validation
The developed method was further validated for various 
parameters such as linearity, specificity, accuracy, precision 
and robustness. The linearity range for eugenol, eucalyptol, 
and R-limonene was 1 to 15 ng (r2 = 0.9906), 100-600 ng/spot 
(r2 = 0.99625), and 50 to 300 ng/spot (r2 = 0.9873), respectively 
(Table 1). Standard calibration plots were plotted by taking 
peak area against concentration for eugenol, eucalyptol, and 
R-limonene standards separately and for a mixture of samples. 
Eugenol, eucalyptol, and R-limonene had regression equations 
of y = 4716.19 + 2131.34x, 4246.95 + 7.76x, and 3702.23 + 
28.01x, respectively. The eugenol, eucalyptol, and R-limonene 
correlation coefficients were 0.9906, 0.99625, and 0.9873, 
respectively. The slopes were 2131.34x ± 0.054, 7.76x ± 0.0683 
and 28.01x ± 0.076 and the intercepts were 4716.19 ± 21.33, 
4246.95 ± 35.11 and 3702.23 ± 25.78. These values show that 
the proposed method is linear (Table 1).

The percentage recovery or accuracy results for eugenol, 
eucalyptol, and R-limonene are mentioned in Table 2. The 
percentage recovery for these three phytoconstituents ranged 
from 96.71 to 99.24%, demonstrating the accuracy of the 
proposed approach. The instrumental precision and method 

Figure 3: Calibration curve and spectra of eugenol (standard) (A), 
eucalyptol (standard) (B), and R-limonene (standard) (C) at 450 nm

Figure 4: HPTLC spectra of sample mixture at 450 nm

Table 1: HPTLC method’s validation parameters for determination of 
eugenol, eucalyptol, and R-limonene

Validation parameters Eugenol Eucalyptol R-Limonene

Regression equation Y = 4716.19 + 
2131.34X

Y = 4246.95 
+ 7.76X

Y = 3702.23 
+ 28.01X

Correlation coefficient, 
𝑛=3

0.9906 0.99625 0.9873

Linearity range (ng/
spot), 𝑛=3

1-15 100-600 50-300

Rf 0.47 ± 0.03 0.56 ± 0.03 0.71 ± 0.03 

Limit of detection (ng/
spot), 𝑛=3

0.0129 0.82 0.594

Limit of quantification 
(ng/spot), 𝑛=3

0.0391 2.48 1.8

Instrumental precision 
(RSD) 𝑛=3

0.61 0.85 0.87

Specificity Specific Specific Specific
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Table 2: Accuracy results for eugenol, eucalyptol, and R-limonene by proposed method
Additional standard put on to analyte (%) Theoretical content (ng) Conc. Found (ng) ± SD %Recovery %RSD

Eugenol

0 90 87.7 ± 0.89 97.4 1.01

50 100 97.6 ± 1.82 97.6 1.86

100 110 106.8 ± 1.33 97.09 1.24

150 120 117.7 ± 0.96 98.08 0.82

Eucalyptol

0 200 197.60 ± 2.42 98.8 1.22

50 300 293.05 ± 1.92 97.6 0.65

100 400 395.62 ± 1.04 98.9 0.26

150 500 496.22 ± 2.21 99.24 0.45

R-limonene

0 100 97.78 ± 1.06 97.78 1.08

50 150 145.07 ± 2.05 96.71 1.41

100 200 194.23 ± 1.84 97.11 0.94

150 250 246.44 ± 1.53 98.57 0.62

Table 3: Precision results for eugenol, eucalyptol, and R-limonene by proposed HPTLC method

Concentration
(ng/spot)

Intra-day Precision Inter-day Precision

Average concentration  ± SD Standard error %RSD Average concentration  ± SD Standard error %RSD

Eugenol

60 18648.84 ± 68.73 28.05 0.37 18631.05 ± 53.12 21.68 0.28

90 25097.45 ± 52.43 21.40 0.21 25083.22 ± 45.77 18.68 0.18

120 31437.49 ± 55.67 22.72 0.17 31440.09 ± 67.92 27.72 0.22

Eucalyptol

276.8 8766.87 ± 56.43 23.03 0.64 8789.34 ± 60.78 24.80 0.69

369.0 10049.53 ± 63.33 25.84 0.63 10050.22 ± 45.89 18.73 0.46

461.3 10826.95 ± 57.78 23.58 0.53 10820.60 ± 34.04 13.89 0.31

R-limonene

316.12 2651.32 ± 25.78 10.52 0.97 2649.12 ± 22.20 9.06 0.83

421.50 2974.60 ± 23.43 9.56 0.78 2978.78 ± 25.05 10.22 0.84

526.87 3393.50 ± 27.81 11.35 0.82 3391.43 ± 21.43 8.74 0.63

Table 4: Robustness results for eugenol, eucalyptol, and R-limonene by proposed HPTLC method

Solvent composition (hexane: toluene: ethyl acetate)
Concentration (ng/spot) Actual Used Changed Peak area ± SD (n = 3) %RSD Rf

Eugenol

150 6:3:1
6.1:2.9:1 +0.1, -0.1, 0.0 34612.65 ± 85.07 0.25 0.49
6:3:1 0.0 34619.57 ± 94.21 0.27 0.47
5.9:3:1.1 -0.1, 0.0, +0.1 34628.7 ± 73.54 0.21 0.45

Eucalyptol

461.30 6:3:1
6.1:2.9:1 +0.1, -0.1, 0.0 12310.87 ± 67.09 0.55 0.52
6:3:1 0.0 12319.65 ± 70.08 0.57 0.56
5.9:3:1.1 -0.1, 0.0, +0.1 12326.67 ± 73.32 0.59 0.60

R-limonene

210.75 6:3:1
6.1:2.9:1 +0.1, -0.1, 0.0 2540.98 ± 15.89 0.62 0.74
6:3:1 0.0 2535.7 ± 23.65 0.93 0.71
5.9:3:1.1 -0.1, 0.0, +0.1 2530.65 ± 20.09 0.79 0.67
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precision were calculated, and the %RSD (relative standard 
deviation) is shown in Tables 1 and 2, respectively. The LoD 
and LoQ values for eugenol, eucalyptol, and R-limonene 
were found to be 0.0129 and 0.0391 ng/spot, 0.82 and 2.48 
ng/spot, and 0.594 and 1.8 ng/spot, respectively. It shows that 
the proposed identified method is reliable and sensitive. The 
inter-day and intra-day findings are displayed in Table 3. For 
the developed method, the intra-day and inter-day (%RSD) 
were found out in a range of 0.17 to 0.37% and 0.18 to 0.28% 
for eugenol, 0.53-0.64% and 0.31-0.69% for eucalyptol, and 
0.82 to 0.97% and 0.63 to 0.84% for R-limonene, respectively. 
The %RSD value was below 2% that, validating the precision 
and reproducibility of this approach. The %RSD robustness 
range was 0.21-0.27% for eugenol, 0.55 to 0.59% for eucalyptol, 
and 0.62 to 0.93% for R-limonene Table 4. The robustness 
determination shows that this method is reliable and can 
tolerate small changes in experimental settings.

CONCLUSION 
An HPTLC approach has been identified, developed and 
further validated for the simultaneous measurement of eugenol, 
eucalyptol, and R-limonene. The method is accurate, reliable, 
exact, reproducible, sensitive, and rapid. The results obtained 
with this method can further be used for quality assurance 
and rapid estimation and quantification of monoterpenes in 
formulations, complex combinations derived from plants 
containing these monoterpenes, and essential oils. HPTLC 
chromatograms and calibration curves showed the precision 
of the instrument and the procedure, as well as the linearity 
and repeatability of this approach. When estimating these 
phytoconstituents on inter-days, this approach does not exhibit 
any significant influence. HPTLC chromatograms of standards 
and physical mixture showed that eugenol, eucalyptol, 
and R-limonene were separated without any tailing effect. 
Statistical analysis estimated the selectivity and repeatability 
of this method. 
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