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ABSTRACT

Aims: This study aims at characterization of purified active ingredient isolated from
commonly available botanical plant, Ocimum sanctum L. and to assess its potential for
deployment in integrated disease management strategy of a staple food crop rice (Oryzae
sativa L.) and rice based crop groundnut (Arachis hypogea) as an environment friendly
approach for management of serious diseases of these two crops in lieu of synthetic
chemicals.
Study Design: Spectrophotometric and chromatographic methods were used.  Bioassay
experiments were designed as per Complete Randomized Design (CRD) and statistical
analysis was done using Cropstat 7.2 developed by International Rice Research Institute
(IRRI).
Place and Duration of Study: Laboratory of Natural Plant Products, Crop Protection
Division, Central Rice Research Institute, Cuttack-753006 (Indian Council of Agricultural
Research), Odisha, India.
Methodology: Partial purification of active principle was conducted through Column
Chromatography in polarity gradient solvent systems followed by single spot isolation of
active compound and mass collection through Thin Layer Chromatography (TLC).For
characterization, Spectroscopic techniques viz., UV-Vis, FT-IR, 1H-NMR, 13C-NMR, DEPT,
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Mass and elemental analysis were conducted. For screening of different partially purified
fractions of column against Pyricularia grisea, Conidial Germination Test method was
preferred. To assess the fungitoxic activity of active principle against mycelial growth of
five phytopathogenic fungi viz., P. grisea, Helminthosporium oryzae, Rhizoctonia solani,
Curvularia lunata and Aspergillus niger, Poisoned Food Technique was used.
Results: FT-IR data of active compound was in conformity with FT-IR of eugenol available
in literature, 1H-NMR revealed presence of 12 protons, 13C-NMR showed the presence of
10 C atoms, DEPT along with 13C-NMR corresponds to the presence of substitution at 1, 2
and 4 positions of benzene ring. Mass spectrum reveals the presence of base peak at 164
that corresponds with the molecular weight of eugenol. Elemental analysis showed that
percentages of C, H and O in the isolated compound were in conformity with calculated
values of those in eugenol. The compound was found to exhibit broad spectrum
fungitoxicity against five fungal pathogens tested.
Conclusion: The isolated and purified compound from O. sanctum (Krishna i.e. Black)
was characterized as Eugenol. It may be further used as an eco-friendly organic fungicide
but only after developing suitable formulation and its evaluation under in-vivo conditions.

Keywords: Ocimum sanctum; spectroscopy; chromatography; eco-friendly; eugenol,
fungitoxic; phytopathogenic fungi.

1. INTRODUCTION

Ocimum sanctum L. (Krishna i.e.) belonging to family Lamiaceae, possess various medicinal
properties ranging from antimicrobial, antidiabetic, hepato-protective, anti-inflammatory,
anticarcinogenic, neuroprotective, cardioprotective, mosquito repellent etc. [1]. Earlier
phytochemical work has resulted in the isolation of monoterpenes, oxygenated
monoterpenes, sesquiterpenes and phenylpropenes [2]. Besides, possessing  antibacterial,
insecticidal and nematicidal properties [3, 4, 5], in previous studies O. sanctum extracts have
been found to be fungitoxic against  phytopathogenic fungi Pyricularia grisea Sacc.,
Rhizoctonia solani Kühn and Aspergillus niger Van Tieghem  [6, 7] . It was thought pertinent
to isolate the bioactive principle from the essential oil and test its spectrum of fungitoxic
properties against certain important fungal pathogens of rice viz. P. grisea,
Helminthosporium oryzae Breda de Haan, R. solani, Curvularia lunata (Wakker) Boedijin
inciting destructive diseases viz.,  Blast, Brown-spot , Sheath blight and Grain discoloration
in storage respectively and on a rice based crop groundnut viz. A.niger causing Collar-rot
disease, with the aim to develop an eco-friendly alternative to the synthetic chemicals to
avoid  undesirable impact on environment and potential health risks [8].

2. METHODOLOGY

2.1 Plant material and Extraction of Essential Oil

Fresh leaves of O. sanctum weighing 1 Kg were hydro-distilled (1:1w/v) through Clevenger’s
apparatus.  Essential oil (5 ml) was collected and moisture from the oil was separated
utilizing differential freezing point principle as per method given by Tewari et al. [7]. The
remaining moisture was removed by addition of Sodium Sulphate (Na2SO4) and pure
essential oil was decanted in a clean sterilized glass vial.
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2.2 General Experimental Procedures

Column chromatography was performed using glass column (113 cm x 5.7 cm) packed with
hexane saturated silica gel (60-120 mesh size, Merck) up to 81 cm (2/3rd) height from the
bottom.

For repeated purification and mass collection of the active principle, Thin Layer
Chromatography (TLC) was done using Silica gel G (Batch no.QD2Q621185 and Product
No.6173105001730 from Merck). Clean glass chromatographic plates (8x8 cm2) were
utilized as supporting base over which the slurry (silica gel G and double distilled water in
the ratio w/v) was uniformly coated by spreading with the help of applicator to a 2 mm
thickness.

FT-IR was recorded on Perkin Elmer Spectrum RX1. 1H-NMR (CDCl3, 400.1MHz), UV
spectrum was recorded by Cecil CE 7400 Spectrophotometer. 13C-NMR (CDCl3, 100.6MHz)
and DEPT spectra were recorded by FT-NMR Spectrometer, BrukerAvance II. Chemical
shifts (δ) are reported in ppm and coupling constants (J) are reported in Hz. Mass spectrum
of the compound was recorded by Mass Spectrometer, Waters Micromass Q-Tof Micro.
Elemental analysis was carried out on Elementar Vario EL III.

2.3 Isolation of Fungal Pathogens

Pure culture of P. grisea, H. oryzae, R. solani, C. lunata and A. niger were isolated from
susceptible rice cultivar viz. HR-12, Benibhog, Karuna and Utkalprava and groundnut cultivar
AK12-24 respectively. The pathogenicity of the all five phytopathogenic fungi was confirmed
through Koch’s postulate.

2.4 Isolation Process and Purification of Bioactive Compound

Bioactive principle from O. sanctum essential oil was partially purified through Column
Chromatography in polarity gradient based  solvent systems viz. hexane, hexane+ benzene
(50:50), benzene, benzene+ chloroform (50:50), chloroform, chloroform + methanol (50:50)
+ methanol, methanol + acetone (50:50), acetone alone in a dust proof chamber at  25 ±2ºC.
Each of the chromatographed elutes @ 25 ml collected separately in clean conical flask
were bio-assayed against the key pathogen, P. grisea through Conidial Germination Test as
per method described by Nene and Thapliyal [9] to monitor and locate movement of active
principle in these. Hexane fractions were selected for further isolation and purification of
active compound as larger number of elutes in this solvent were found to exhibit highest
fungitoxic activity i.e. complete inhibition of conidial germination.

Amongst different solvent systems tried to make better chromatographic separation of the
mixture of compound present in hexane elute of the column fraction, Benzene was utilized
as developer solvent owing to  better separation of active principle than any other tried.

Hexane elutes exhibiting similar and highest fungitoxic activities were pooled together and
further proceeded for single spot isolation of active compound through Thin Layer
Chromatography. Concentrated solution of active hexane fractions were spotted on activated
silica gel plate that was placed in chamber saturated with a few crystals of iodine. Spots, tan-
brown in colour appeared at Rf= 0.66. Further, spots from similarly developed and dried
other TLC plates at the same Rf (0.66) were scrapped out for the mass collection of active
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compound (Fig. 1). The presence of the active compound in the scrapped out silica gel was
confirmed through bioassay test. The fractions eluting with 100% hexane yielded pure
compound as pale yellow oil (3.01 g).

Fig. 1. TLC plate displaying purified active compound spot

2.5 Data interpretation

2.5.1 UV-Vis data

Solution of active compound in acetone exhibited ʎmax at 268 nm at O.D. 1.1.

Fig. 2. UV spectrum of compound isolated from O. sanctum essential oil
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2.5.2. FT-IR data

FT-IR of the isolated active compound  showed ʋ¯ (cm -1) : 3514 (Phenolic OH stretching),
3076 (C-H stretching in aromatic ring), 3003 (C-H stretching in =C-H, olefinic), 2975, 2937,
2842 ( C-H stretching, aliphatic ), 1637 (C=C in allyl group), 1612, 1514, 1464, 1451(sharp,
C=C  in aromatic ring )1432 (sharp, CH2, aliphatic), 1366 (sharp, CH3), 1267, 1234 (C-O-C
str., asymmetric), 1034 (C-O-C stretching symmetric), 794, 746 (C-H outplane bonding), 648
(C=C outplane bonding) .

Fig. 3. FT-IR spectrum of compound isolated from O. sanctum essential oil

2.5.3 1H- NMR data

1H- NMR data  showed δ : 3.33-3.31 (d, 2H, J=16.7 Hz, C-7 H), 3.87 (s, 3H, C-10 H), 5.09 -
5.03 (m, 2H, C-9 H ), 5.49 (s, 1H, Ph-OH ), 6.0-5.89 (m,  1H, J= 8.3 Hz,  C-8 H), 6.69 - 6.67
(m, 1+1 H, C-3 H, C-5 H), 6.85-6.83 (d, 1H, J=10.6 Hz,  C-6 H).

Fig. 4. 1H- NMR spectrum of compound isolated from O. sanctum essential oil
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2.5.4 13C-NMR data

13C-NMR showed δ: 39.9 (C-7), 55.87 (C-10), 143.89 (C-1), 146.43 (C-2), 111.09 (C-3),
131.93 (C-4), 121.18 (C-5), 114.24 (C-6), 115.34 (C-9), 137.8 (C-8)

Fig. 5. 13C-NMR spectrum of compound isolated from O. sanctum essential oil

2.5.5 DEPT data

DEPT spectrum showed one primary, four tertiary carbons and two secondary carbon.

Fig. 6. DEPT-NMR of compound isolated from O. sanctum essential oil
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2.5.6 Mass analysis data

Mass spectrum showed m/z 164 [M.+, 100%], 149 [(M-CH3)+], 137 [(M-CH=CH2)+], 121 [149-
CO]+. Other important peaks were observed at m/z 131, 103, 91 and 77.

Fig. 7. Mass spectrum of the compound isolated from O. sanctum essential oil

2.5.7 Elemental analysis data

Table 1. Percentage of elements in compound isolated from O. sanctum essential oil

Element Percentage
Carbon 73.11  (73.14)*
Hydrogen 7.35  (7.38)*
Oxygen 19.50 (19.48)*

*represents calculated values

2.6 Fungitoxic Activity of Bioactive Compound Isolated from O. sanctum
Essential Oil against Phytopathogenic Fungi of Rice and Rice Based Crop
Groundnut

The isolated active compound was tested for its fungitoxicity against mycelial growth of
phytopathogenic fungi viz. P. grisea, H. oryzae, R. solani, C. lunata of rice and A. niger of
groundnut crops through poisoned food technique as per method described by Nene and
Thapliyal [9]. In this technique, active ingredient (10% concentration in ethanol)  was
combined with molten Oat Meal Agar (in case of P. grisea) / Potato Dextrose Agar media (in
case of rest of the pathogens) separately so as to get the final concentration of 1%, 0.1%,
0.01 and 0.001% . The extract mixed media was poured into the petri plates aseptically and
inoculated after 4 days allowing ethanol to be evaporated from the media meanwhile, as also
in control plate. Actively growing mycelia of the test pathogen was cut with a sterile cork-
borer and inoculated separately in the center of each such petri plates aseptically. All plates
were incubated at 28±2ºC for five to fifteen days depending on the test pathogen inoculated
(five days for R. solani, fifteen days for P. grisea and seven days for H. oryzae, C. lunata and
A. niger). Experiment was repeated thrice keeping three replications each time. The mycelial
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growth (cm) was observed and recorded when it grew to periphery in control petri plates and
was computed through 3.14×r2 method [10]. Whereas, in case of A. niger due to its patches
of growth, grown patches were drawn on transparent polythene sheet on cultured petri
plates and growth was computed through graph paper. No mycelial growth was accorded
numerical value 0.2 cm2, for the purpose of statistical analysis done  throughCropstat 7.2
developed by International Rice Research Institute (IRRI).

3. RESULTS AND DISCUSSION

3.1 Data Interpretation

3.1.1 UV data

UV spectra of the purified active compound isolated from the essential oil of O. sanctum
(Krishna) exhibited maximum absorbance   at 268 nm (OD = 1.1) indicating the presence of
allylic group attached to the benzene ring (Fig. 2).  Moreover the molecule gave low energy
transition compared to alkyl moieties.  In literature, UV spectra of eugenol showed ʎmax at
275 nm at absorbance=1.4 which confirms that the bioactive compound isolated from O.
sanctum leaves essential oil may be eugenol [11].

3.1.2 FT-IR data

The FTIR of the active compound isolated from O. sanctum leaves essential oil showed a
peak at 3514 cm-1 indicating to phenolic OH stretching (Fig. 3).  Presence of unsaturation is
confirmed by the peak at 1637 cm-1 indicating the double bond in the active compound. C-H
and C=C stretching in aromatic ring was showed by peaks at 3076, 1612, 1451, 1464 and
1514 cm -1. Presence of methoxy group was indicated by C-O-C stretching at 1034cm-1. The
spectral data of the isolated compound is in agreement with that of eugenol reported in
literature thus confirming the compound to be eugenol [11].

3.1.3 1H-NMR data

1HNMR studies reveals that the presence of   two protons  at  δ 6.68 may be present at  third
and fifth position whereas  proton at  δ 6.84 may be present  at C-6 position indicating  the
presence of  an aromatic ring in the molecule which is substituted at 3 positions [12].

Any factor responsible for shielding or deshielding of a proton will affect its chemical shift.
One of the factors contributing for the degree of shielding is electron density around the
proton. The higher the electron density around a proton, the higher the shielding and higher
is the field (lower the δ value) at which the proton absorbs. Therefore the methoxy group on
aromatic ring is represented by singlet of three protons at δ 3.87 and singlet proton at δ
5.490 indicates presence of aromatic alcoholic proton (Fig. 4). Corresponding to the doublet
from  δ 3.31 to δ 3.33  with coupling constant of 16.7 Hz  indicates the presence of 2 protons
on seventh carbon, suggesting –CH2 group attached to aromatic ring.  Chemical shift from δ
5.09 to δ 5.03   indicates the presence of 2 proton on ninth carbon andmultiplet at δ 6.0 to δ
5.89 on eighth carbon suggested the presence of exocyclic double bond. All these factors
indicated the possible presence of allylicgroup. The deshielding effect on proton multiplet
from δ 6.0 to δ 5.89 could be due to the influence of aromatic ring on it. Based upon these
results and comparison with the values given in literature this compound was identified as
eugenol [11,13].
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3.1.4 13C-NMR data

The 13C-NMR showed the presence of ten carbon environments [12].  Peaks at 39.9 ppm,
115.34 ppm, 137.8 ppm corresponding to -CH2 carbon, =CH2 carbon and =CH- carbon
respectively further confirms the presence of allylic group (Fig. 5). Peaks at δ: 143.89,
146.43, 111.09, 131.93, 121.18, 114.24 indicated presence of six aromatic cabons, thus
confirming the aromatic ring in the molecule. 13C-NMR spectrum for eugenol molecule had
similar characteristic peak as reported by Rahimi et al. [11].

3.1.5. DEPT data

DEPT showed the presence of one primary, two secondary, four tertiary C atoms. But
spectra of 13C-NMR indicates presence of 10 carbon environment (Fig. 6) .Thus  from 13C-
NMR and DEPT spectra,  presence of three quaternary carbons at δ: 143.89 (C-1), 146.43
(C-2) and 131.93 (C-4) that corresponds substitution at 1, 2  and 4 positions on benzene ring
can be concluded .

The above spectral data is also supported by the data of 13C-NMR and DEPT given in
literature [11,12], hence confirming that the bioactive compound obtained by single spot
isolation through Thin Layer Chromatography is eugenol.

3.1.6 Mass data

Rahimi et al. [11] reported characteristic peaks at m/z: 164 [M.+, 100%], 149 [(M-CH3)+], 137
[(M-CH=CH2)+], 121 [149-CO]+, 131, 103 and 91. Fig.7showed the Mass spectrum of purified
active compound. Molecular ion peak was observed at m/z 164 [M.+],  that was also found to
be the most abundant peak (100%). Other important peaks were observed at m/z:  149, 137,
121 due to removal of CH3, C2H3 (from allylic group) and CO groups respectively. The peaks
at 131, 103, 91 and 77 were also found in the range 30% - 40% abundance. Thus, from
mass spectral data, the molecular weight of the pure active compound was tentatively
confirmed same as Eugenol in literature.

3.1.7 Elemental data

The elemental analysis data is in conformity with the calculated percentages of carbon,
hydrogen and oxygen present in eugenol (Table 1).In point of view of above discussion on
the spectral and elemental analysis of the active compound isolated through column and thin
layer chromatography, it is clearly established that the compound is Eugenol( 4-allyl-2-
methoxyphenol) [Fig. 8].

Fig. 8. Eugenol (4-allyl-2-methoxyphenol) isolated from O. sanctum essential oil
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Table 2. Fungitoxic activity of eugenol isolated from O. sanctum leaves essential oil
against phytopathogenic fungi of rice and rice based crop groundnut

Concentration (%)
Pathogen
P. grisea H. oryzae R. solani C. lunata A. niger
Mycelial growth (cm/cm2)

1 0.5 (0.2) 0.5 (0.2) 0.5 (0.2) 0.5 (0.2) 0.2
0.1 1.6 (2.0) 2.5 (4.9) 2.0 (3.1) 2.5 (4.9) 3.8
0.01 3.8 (11.3) 4.3 (14.5) 4.5 (15.9) 4.2 (13.8) 11.9
0.001 4.5 (15.9) 4.5 (15.9) 4.5 (15.9) 4.5 (15.9) 15.9
Control 4.5 (15.9) 4.5 (15.9) 4.5 (15.9) 4.5 (15.9) 15.9

C.D. at P = 0.05 = 0.4. No mycelial growth was accorded the value 0.5 cm/ 0.2 cm2. Data in
parentheses represents area of mycelial growth in cm2 calculated through 3.14×r2 method [10] except

in case of A. niger where area was calculated as discussed elsewhere in the text.

Phenolic compounds are important for the physiology of plants to contribute to resistance to
microorganisms that can affect [14,15], help to preserve integrity of plants with continuous
exposure to environmental stressors including radiation ultraviolet, relatively high
temperatures and dehydration [16]. These are therefore active in biological systems having
protective effect against different cardiovascular and neurological diseases and other
dysfunctions based on oxidative stresses [17,18].

Antimicrobial activity was reported due to eugenol againstSaccharomyces cerevisiae, and
Proteus mirabilis exhibiting distortion in cell wall and membrane [19, 20]. Eugenol at 1%
concentration exhibited complete mycelial growth inhibition (0.2cm2±0.4) in all five
phytopathogenic fungi (Table 2). Significant reduction of mycelial growth (11.3 cm2±0.4 in P.
grisea, 14.5 cm2±0.4 in H. oryzae, 13.8 cm2±0.4 in C. lunata, 11.9 cm2±0.4 in A. niger) was
exhibited at 0.01% concentration in all the test pathogens except R. solani that exhibited
mycelial growth at par with control (15.9 cm2±0.4). Thus revealing the fungitoxicity of
eugenol against all the five phytopathogenic fungi.

4. CONCLUSION

Active compound was isolated and purified from essential oil of O. sanctum leaves through
column chromatography and Thin Layer Chromatography. Through spectral techniques viz.
FT-IR, UV, 1H-NMR, 13C-NMR, DEPT, Mass and elemental analysis, the compound was
tentatively elucidated as eugenol. Further bioactivity of eugenol was tested against mycelial
growth of five phytopathogenic fungi P. grisea, H. oryzae, R. solani, C. lunata and A. niger
responsible for causing serious diseases  i.e. Blast, Brown-spot, Sheath blight, Grain
discoloration and Collar-rot in rice and groundnut crops respectively. The results indicated
that the eugenol is the key component in O. sanctum essential oil responsible for its
bioactivity against the above stated pathogens.
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