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Abstract

Vast intra-specific variations, especially diurnal, geographical and seasonal, have been
reported in the chemical composition of essential oils of Ocimum species. The study
was conducted to assess diurnal variation in the chemical composition of the leaves of
Ocimum sanctum. The leaf samples collected at different times of the day were
analyzed by gas chromatography coupled with flame ionization detector (GC-FID). The
chromatographic fingerprints of different leaf samples were analyzed by chemometric
methods like principal component analysis and hierarchical cluster analysis. No
significant difference was found in the chemical compositions of the leaf samples
collected at different times of the day. The results lead to a conclusion that O. sanctum
does not exhibit diurnal variation in its chemical composition, unlike O. gratissimum.
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Introduction cineole were observed throughout the day time [1].
Similarly, significant diurnal variations were also
observed in the yield and composition of essential
oil in Ocimum basilicum, Ocimum

kilimandscharicum and Ocimum americanum [2].

The genus Ocimum has enormous significance due
to the medicinal and aromatic properties and its
uses as spices. However, vast intra-specific
variations have been reported in various species,

with respect to morphological features and
chemical composition. In a study conducted to
assess the extent of diurnal variation in the
essential oil composition of Ocimum gratissimum,
drastic changes in the contents of eugenol and 1,8-
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Significant differences were found in total content
and composition of essential oils between young
and mature leaves of O. basilicum [3]. Significant
seasonal and geographical variations were
observed in the composition of essential oils
of Ocimum sanctum and O. basilicum, and these
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Fig. 1. Gas chromatographic fingerprint profile of Ocimum sanctum leaf samples (1-6) collected at six different time points
of the day during 8 a.m. to 6 p.m.

variations could form the basis for deciding the
appropriate season and geographical location for
collection of these species [4, 5]. However, diurnal
variation in the composition of essential oil of O.
sanctum has not been studied so far. Considering
the importance of O. sanctum in the Indian
tradition, in which it is considered to be sacred
and having huge therapeutic potential with
activities like anti bacterial, anti carcinogenic, anti
oxidant, neuro-protective, anti stress, cardio
protective etc. [6], such investigation would help in
predicting the appropriate time of collection of
leaves to make the most of its medicinal and
aromatic potential. This paper reports the analysis
of Ocimum sanctum leaves for investigation of
diurnal variation in its chemical composition. In
this paper the results of analyses of the O. sanctum
leaves collected at elapsing daytime, during an
entire day, are reported.

Materials and Methods

The leaves of O. sanctum were collected for the
study from plants growing in Gandhinagar (N
23°12°56.29”; E 72°38°12.99”) Gujarat, India, situated
at ~78.93 m above sea level. The plant was
identified by a taxonomist and a herbarium
specimen was deposited in the Pharmacognosy
department of our institute. The leaf samples were
collected in the month of May for three successive
days from Gandhinagar, Gujarat, where the sun
rises at 05.45 a.m. and sets at 07.00 p.m. during the
month. The samples were collected between 8 a.m.
and 6 p.m. at regular intervals of 2 hrs each. For
extraction of plant material, one gram powder of
dried leaves of O. sanctum was soaked overnight
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with 25 mL chloroform in a 100 mL conical flask.
The extract was filtered through Whatman No. 1
filter paper, refluxed and concentrated on a water
bath at 60°C. The final volume of the concentrated
extract was adjusted to 5 mL. This extract was used
for gas chromatographic analysis. The analysis of
extract was achieved using Perkin Elmer GC Clarus
500 equipped with a fused silica ZB-5capillary
column (30 m x 0.25 mm; 0.25 pm film thickness)
and flame ionization detector. The carrier gas was
nitrogen at 1.0 mL/min flow rate. The initial oven
temperature was 60°C which was raised to 220°C
with 8.0 °C/min ramp rate and was held at that
temperature for 5 min. The injector and detector
temperatures were 250°C and 260°C, respectively.
The injection volume of the sample was 2.0 puL. The
sample was injected using a split ratio of 20:1.
Average chromatographic fingerprint data of three
successive days respective to their time point
collection was subjected to statistical analysis using
Minitab 17 software. Each sample was processed
and analyzed in triplicate and the results were
analyzed by two-way ANOVA to assess the diurnal
variation in the chemical composition of leaves. A
value of p< 0.05 was considered to indicate
statistically significant difference among the
samples. For further discriminating the
investigated samples, principal component analysis
(PCA) [7, 8], was carried out based on the
differences in the samples. PCA was carried out on
the data of areas of common peaks obtained from
the GC fingerprints of different samples. In order to
evaluate the resemblance and differences in the
leaf samples collected at different time points,
hierarchical cluster analysis (HCA) was performed
on the data of areas of common peaks in the GC
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Table 1. Gas chromatographic data of Ocimum sanctum leaf samples collected at different times of the day

Time of Peak Area(%) at retention time (min.)
collection
14.3 15.0 15.6 16.0 16.6 18.9 19.5 21.3 21.7 22.0 23.7
8 a.m. 5.90 57.15 5.74 0.82 4.71 1.87 0.71 8.89 1.96 3.01 2.52
10 a.m. 5.71 56.96 5.81 0.87 4.82 1.79 0.59 8.64 1.84 2.89 2.4
12 p.m. 5.89 57.01 5.71 0.82 4.83 1.97 0.65 8.92 1.74 2.91 2.51
2 p.m. 5.69 56.94 5.62 0.84 4.69 1.91 0.62 8.88 1.98 2.85 2.89
4 p.m. 5.92 56.61 5.78 0.89 4.75 2.02 0.64 8.73 2.02 2.02 2.71
6 p.m. 5.91 57.00 5.89 0.88 4.81 1.98 0.61 8.69 1.97 2.09 2.67
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fingerprints. HCA is a multivariate analysis Chloroform was used as a solvent for extraction of

technique that can be used to divide samples into
groups.

Result and Discussion

The leaves of O. sanctum were collected for three
successive days in the month of May, since the solar
intensity and temperature are highest and their
diurnal fluctuations are more prominent during
this month as compared to other months of the
year. Hence, it was thought to be the ideal time of
the year to study diurnal variation in O. sanctum.
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leaf samples, since most of the volatile oil
components are soluble in it. A more polar solvent
like methanol would also dissolve volatile oil
components, but many other non-volatile polar
compounds will also get dissolved in it and will
interfere with the GC analysis. All the extraction
and concentration procedures were performed at
temperature not exceeding 60°C to avoid loss of
volatile constituents. A chromatographic method
was developed for GC fingerprint analysis of
extracts of leaf samples. The relative percentage
contents of components of the extracts were
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determined from the relative areas of the peaks
resolved in the gas chromatogram. The GC
fingerprint profile of the chloroform extract of O.
sanctum leaves showed 11 prominent peaks, which
were considered for further statistical analysis of
the fingerprint data. The average retention times
and peak areas of chromatographic fingerprint
analysis of leaf samples collected on three
successive days was used for statistical analysis.
The average of chromatographic data and overlain
chromatograms of all the six samples of a day are
shown in Table 1 and Fig. 1, respectively. Statistical
analysis of GC fingerprint data, performed using
two-way ANOVA, revealed that there was no
significant difference in the composition of the leaf
samples (p>0.05) collected at different time points
of the day. Thus, no apparent diurnal variation was
found in the chemical composition of leaves of O.
sanctum. The fingerprint data obtained from GC
analysis of leaf samples can be easily distinguished
and discriminated using a dimensionality reduction
method such as PCA [9]. PCA of the GC fingerprint
data of different leaf samples was carried out using
correlation type of matrix and all data were
displayed as scores and loadings in a coordinate
system of principal components resulting from data
dimensionality reduction. It was found that the first
four principal components (PC 1-4) accounted for
over 95.7% of the variation, as shown in the scree
plot (Fig. 2-A). The score plot for different leaf
samples revealed no significant differences
amongst the samples, as evident from the close
distribution of the samples in the plot (Fig. 2-B).
Thus, PCA of fingerprint data of O. sanctum leaf
samples does not suggest any diurnal variation in
the chemical composition of the leaves. A
hierarchical agglomerative clustering analysis
(HCA) of six samples of O. sanctum leaves collected
at different time points was performed after
normalizing the data, to visualize the differences
and/or similarities among samples. In HCA analysis
(Fig. 3), the six leaf samples got distributed into two
clusters; cluster-I contained samples 1, 2, 3 and 4
and cluster-II contained samples 5 and 6. However,
the similarity level of these two clusters was almost
99.99%, indicating that all the six samples were
almost similar to each other. The results obtained
after hierarchical cluster analysis are in agreement
with those obtained after principal component
analysis and ANOVA.

Conclusion

Though diurnal variation has been reported in the
chemical composition of the essential oil from O.
gratissimum [1], which is taxonomically very close
to O. sanctum, no significant diurnal variation was
found in the chemical composition of the later
species. The results of the study indicate that the
variation in the time of collection of the leaves of
0. sanctum may not have significant influence on
the composition of its essential oil and hence, on
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its medicinal properties attributable to its essential
oil composition.
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