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EFFECT OF HARVESTING TIME ON THE PRODUCTION
AND CHEMICAL COMPOSITION OF TULSI LEAVES
ESSENTIAL OIL

Abdel-Hamid', M.F.; S. E}-Hady'; M.E. [brahim® and Faten Ibrahim’
ABSTRACT

Tulsi plant (Holy basil) is a promising medicinal and aromatic plant. Tulsi seeds
(Ocimum sanctum L., Lamiaceae) imported from USA have been successfully
adapted, propagated and cultivated under Egyptian climatic conditions. The present
study was carried out to follow up the changes in the content and chemical composi-
tion of hydro-distilled tulsi leaf essential oil throughout the different physiological
stages of plant life (vegetative, flowering and seed formation stages). Oil samples
were analyzed using GC and GC-MS chromatographic technique. Data clearly re-
veal that physiological stages have influenced markedly the concentrations of the re-
sultant oil together with its chemical compesition {qualitatively and quantitatively).
However one can conclude that flowering stage is the most profitable time of har-
vesting tulsi leaves for the following reasons. First of all, it exhibited the highest oil
concentration (0.5%) and the highest numbers of terpenes (52 terpenic compounds)
compared with vegetative stage (0.19% and 25 terpenes), and seed formation stage
(0.2% and 20 terpenes). Secondly, the highest relative concentrations of eugenol, es-
tragol and 1,8-cineol were attained during flowering stage and in turn increasing its
biological activity.

Key words: Tulsi leaves (Ocimum sanctum L.), Essential oil, Vegetative stage,
Flowering stage, Seed formation stage, GC, GC-MS, Eugenol, £-
Bisabolene, Estragol, 1,8-Cineal.

INTRODUCTION possess anti-bacterial, anti-fungal, anti-

viral, insecticidal and mosquito repellent

Essential oil of tulsi has been used as  properties. However, most of the medici-

a potent anti malarial drug. It raises the  nal, aromatic and biological activity of
human body immunity by increasing the  this oil is attributed to the existence of the
anti body productions. It is reputed to  main four terpenes in relatively high pro-
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portion: eugenol, estragol, 1,8-cineol and
S-bisabolene. Eugenol demonstrates anti-
oxidant and anti-inflammatory activity
(Kelm er al 2060). It showed potent
anthelminic activity (Asha er al 2001).
Essential oils with high levels of eugenol
exhibited the highest antioxidant and ant-
microbial activity. Thus they appear most
promising for food preservation (Juliani
et al 2004). The biological activity of
estragol has been studied (Albuquerque
ef al 1995) on skeletal muscles (Coelho-
de-Soza ef al 1997), on intestinal smooth
muscles. The biological activity of 1,3-
cineo! has been proved (Saito et al 2004,
a, b} as antioxidant (Satich er al 2003) as
it may play important role in the anti-
dussive effects of tea tree and rosemary
(Savelev et al 2003) as fungicidal
{Azuma er al 2003) as invitro antibacte-
rial potent. S-bisabolene and other ses-
quiterpenes including o-humulene, §-
caryophyllene and S-caryophyllane oxide
show promise as anti carcinogenic agents
(Zheng et al 1992). Also Denyer et al
(1994) isolated sesquiterpenes of anti-
rhinoviral from ginger. The present study
was carried out to reveal the changes in
the content of tulsi leaf essential oil
throughout the different developmental
stages, Also, the changes in terpenic con-
stituents were taken into consideration.
However this may throw some light on
the most profitable time of harvesting
tulsi leaves having the highest content of
essential oil with good quality.

MATERIAL AND METHODS
I- Experimental
I-1- Plant material: The plant of Tulsi

(Ocimum sanctun L) was grown in Ex-
perimental Farm of Cultivation and Pro-

duction of Medicinal and Aromatic Plants
Department of the National Research
Center during two successive seasons,
2001 and 2002. The first season was for
plantation while the second season was
for analysis. The plants were propagated
from seeds of Ocimum sanctum L., origi-
nated from U. S. A (provided by, J.L.
Hudson seedsman, P.O. Box 1058, Red
wood city, California 94064, U. S. A).
The seeds were sown in nursery on 15®
of March in the two seasons. Two months
later after sowing, the seedlings were
transplanted in 8 ¢m pots. The seedlings
were planted in the field on 15" of April
in hills 25 cm apart on rows 60 cm in-
between. The leaves of tulsi were col-
lected at three different times, at vegeta-
tive stage (May), at full flowering stage
(June) and at seed formation stage (Sep-
tember). Voucher specimens have been
deposited in the herbarium of Cultivation
and Production of Medicinal and Aro-
matic Plants Department. The plants were
kindly identified in Orman Botanical
Garden.

I-2- Essential oil: The essential oil of the
leaves collected from the different devel-
opmental stages was extracted by hydro
distillation for 3 hr (according to Egyp-
tian Pharmacopia, 1984). The extracted
volatile oil was dehydrated over anhy-
drous sodium sulfate and stored in dark
brown vials in refrigerator for analysis.

[i- Analysis

I1-1- Gas chromatography: FID Hewlett-
Packard (HP 5890) using DP5 (methyl-
silicone containing 5% phenyl groups)
column 30 m x 0.25 mm id. was used.
Temperature program: 2 min at 60°C, 60-
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100°C  (2°C/min) and  100-250°C
(5°C/min). Helium was used as carrier
gas at flow rate of 1.0 mi/min.

II-2- Gas Chromatography Mass Spec-
trometry: Hewlett-Packard (HP 5989 A)
GC-MS system equipped with library
software Wiley 138 and NBS75. Capil-
lary GC conditions as mentioned above
on DP5 column. Injection volume: 1.0pl
at 1:50 split. Significant mass spectrome-
ter (EI-MS 70eV) was used with scan
mass range of 40-350u.

f1-3- Hdentification of components: The
chemical constituents of tulsi leaves vola-
tile oil were identified based on the data-
base of mass spectra from the MS library.
The obtained data were confirmed by
injecting the authentic samples of differ-
ent components in EI-MS under the same
conditions and in comparison also with
data obtained from literatures.

RESULTS AND DISCUSSION

Because of the importance of the
chemical composition and the preduction
of the Tulsi {Ocimum sanctum L) leaves
essential oil, the important question is:

What is the most convenient stage for
harvesting tulsi leaves, having the
highest content and good quality of
hydro-distilled essential oil (the aim of
this study)?

In replying to this important question
and give-satisfied answer, we harvested
tulsi leaves at the three main different
physiological stages of development at
his life:

1- Vegetative stage (May)

2- Full flowering stage {June)

3- Seed formation stage (September)

Distilled leaf essential oils samples
were subjected to GC and GC-MS. How-
ever, this study may reveal the following
aspects:

I- Recommendation for the most con-
venient harvest time based on the
highest essential ot! content with high
quality expressed as chemical compo-
sition.

2- Following up the differences in the
chemical composition quantitatively
and qualitatively of the extracted oils
in relation to their stages of develop-
ment.

3- Tracing the trend of the main terpenic
constituents throughout the different
stages.

Discussions of the obtained resuits in
comparison with those in the previous
literature could achieved the summarized
following aspects:

1- Data ciearly indicate that the
maximum oil percentage was obtained in
case of leaves harvested at flowering
stage (0.5%) rather than at vegetative
phase (0.2%) and seed formation phase
(0.19%). However this may led one to
recommend harvesting leaves at flower-
ing stage from the commercial point of
view {(economically) i.e. maximum yield
of the extracted essential oil. Anywise our
findings are in good agreement with those
obtained by several authors who reported
that there is high degree of variation in
herbage oil yield and composition de-
pending upon ontogenetical stages of
plant at the time of harvest (Gupta, 1996)
dealing with Ocimum spp. including
Ocimum sanctum. In this connection, it
has been reported that basil essential oil
content increased with plant develop-
ment. The full flowering stage offered the
most profitable time of harvest.
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2- Following up the qualitative and
quantitative differences in the chemical
composition of the resultant oils in rela-
tion to stages of development, the data
listed in Table (!) reveal the following
aspects:

2-A- GC and GC-MS analysis reveal
high degree of variation in the composi-
tion of tulsi leaf essential oil throughout
the different developmental stages (the
observation period extended for 150
days). Only 25 components were identi-
fied at vegetative stage, which increased
dramatically to 52 compounds at flower-
ing stage. Then tend to decrease and
reached the least number i.e. 20 terpenic
compounds at seed formation stage.

2-B- All terpenic fractions responded
greatly due to the developmental stages,
but at different extents. However, the
highest number of terpenic compounds
were observed at flowering stage com-
pared with the other developmental
stages, e.g. 9 monoterpene hydrocarbons
were traced at flowering stage compared
with 6 and 5 at vegetative and seed for-
mation stages, respectively. Oxygen con-
taining monoterpenes showed high re-
spondency, as 18, 7 and 8 components
were identified throughout flowering,
vegetative and seed formation stages,
respectively. Also sesquiterpene hydro-
carbons exhibited the highest number i.e.
13 components at flowering stage com-
pared with 6 and 9 components at seed
formation and vegetative stages, respec-
tively. The most pronounced impact was
noticed in case of oxygen containing ses-
quiterpenes, as at vegetative stage, only
one component (d-germancrene-4-ol) was
detected, then the formation and accumu-
lation of new compounds was enhanced
and reached to five components at flow-
ering stage, then finally they disappeared

completely at seed formation stage (130
days observation period).

2-C- Various compounds including
other aldehydes, ketones, esters, acids
and diterpene (phytol) showed the same
trend, as only one component (ethyl pen-
tanoate) existed at vegetative stage com-
pared with 8 compounds appeared at
flowering stage then most of them disap-
peared at seed formation stage, as only 2
compounds were identified.

Depending upon the fore-mentioned
findings, one can conclude that the pre-
vailed physiological conditions at flower-
ing stage of Tulsi plant may favor the
biosynthesis and accumulation of terpenic
compounds, rather than vegetative and
seed formation stages.

Oxygen containing terpenes re-
sponded greatly to plant age, however
these compounds are of high importance
as they are responsible for the important
biological activities of the tulsi leaf es-
sential oil as will mention below for
eugenol 33, estragol 25 and 1,8- cineol
13.

3- Tracing the trend of main compo-
nents throughout the different stages of
tulsi plant age was illustrated in Table
(i). The obtained data reveal the follow-
ing statements:

3-A- At all developmental stages, four
predominant compounds have been iden-
tified. Three of them are oxygen contain-
ing monoterpenes i.e. eugenol 33 (27.57-
31.80%), estragol 25 (6.037-10.88%) and
1,8-cineol 13 (4.30-9.82%). The fourth
component is G-bisabolene 46 (13.25-
16.74%), which is considered as ses-
quiterpene hydrocarbon.

3-B- Flowering stage exhibited the
highest values of oxygen containing
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GC-MS Profile of Distilled Tulsi Leaf Essential Oil at Different Stages of
Plant Life
Peak Compound Vegetative Flowering Seed Formation
No. Stage Stage Stage
1 2-Hexanal - 0.084 -
2 2-Heptanone -- 0.025 0.038
3 Ethyl pentanoate 1.110 3124 2.001
4 n-Nonane -- 0.097 --
3 2-methyl-4-heptanone - 0.064 -
6 Tricyclene - 0.021 -
7 a-Thujene 0.020 0.018 0.259
8 a-Pinene 0.525 0.956 0.671
9 Sabinene 0.221 0.458 0.039
10 B-Pinene 1.858 1.265 -
Il 3-Octanone - 0.015 -
12 Myrcene - 0.020 --
13 1,8-Cineol 4.302 9.821 7.391
14 Trans-f-Ocimene 3.942 4.000 2.574
15  y-Terpinene 0.254 0.968 0.187
16 Cis-p-Menth-2-en-1-o0l 0.775 1.509 1.923
17 Teminolene - 0.183 -
18 Mwi154 CiH ;50 - 1.805 -
19 Trans-p-Menth-2-en-1-ol 1.9145 2.789 1.834
20 Cis-Sabinene-hydrate - 0.272 -
21 Camphor - 0.087 -
22 Trans- Sabinene-Hydrate - 2.003 -
23 Bomeol 0.101 0.099 0.062
24 a-terpineot - 0.165 0.133
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Table 1. Cont.

F;:f Compound Vegteatzteive Flc;»;egring Seed g tc{;rgr'::aticn
25 Estragol 8.259 10.88 6.037
26 Nerol -- 0.022 -

127 Geraniol - 0.013 -
28 Linalyl-acetate 0.060 0.603 -
29 Geranial -- 0.00! -
30 Bomyl- acetate -- 0.003 -
31 Carvacrol - 0.002 --
32 a-Cubebene 0.107 0.004 -
133 Eugenol 27.57 31.80 30.08
34 G-Cubebene - 0.001 -
35 B-Elemene 0.971 1.168 1.470
36 a-Cedreene 0.030 - -
37 a-Bergamotene -- 1.420 -
38 B-Caryophyllene 0.435 0.307 0.564
99 Trans- a-Bergamotene  -- 0.032 -
40 a-Humulene 1.807 2.826 2235
Lil Allo-Aromadendrene 0.050 0.015 -
L42 Acoradiene 0.198 0.111 --
43 y-Muurolene -- 0.099 --
PM D-Germacrene 1.700 0.097 0.931
45 Valencene {.009 tr. 0.229
46 B-Bisabolene 16.74 15.38 13.25
’47 T ~Nerolidol - 0.033 -
48 D-Germacrene-4-ol 0.829 0.575 -
49 Torreyol - 0.004 -
50 B-Eudesmol -- 0.125 --
51 a-Bisabolol -- 0.677 -
52 Phytol -- 0018 -
Total 72.37% 55.86% 71.30%
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OH OCH;
OCH; .
0
Eugenol Estragol 1,8-Cineol B-Bisabolene
31.8
.0
275
16.7 153
13.2
10.8 9.8
8.2 5.0 7.3
43
V]F|s V|F|S V|F|s V|IF|s

V : Vegetative stage

monoterpenes i.e. eugenot 33, estragol 25
and 1,8-cineol 13. On the other hand,
B-bisabolene 46 showed its maximum
consonance with that reported by Gupta,
(1996), dealing with Ocimum sanctum
grown under Indian conditions.

At close, the overall abovementioned
results clearly indicate that harvesting
tulsi leaves at flowering stage resulted in
the highest essential cil concentration
with high quality due to the highest reia-
tive values of its main terpenic compo-
rents. Also, high numbers of terpenic
components have been noticed, even at
relatively low concentration, rather than
the other two stages. Anywise this may
indicate that cil accumulation and com-
' position may be controlled by the pliysic-
logical conditiers aleng the plant 1ife and

F: Flowering stage.

S : Seed formation stage

content at vegetative (earlier stage), then
it tended to decline up to seed formation
stage. However, our findings are in
the most suitable physiological conditions
have prevailed at flowering stage rather
than vegetative (earlier stage) and seed
formation (later stage). Thus the flower-
ing stage may offer the most profitable
time of harvesting leaves from tulsi plant
grown under Egyptian conditions for pro-
ducing high quantity of essential oil with
high quality.

Tre medicinal and aromatic properties
of tulsi essential oil together with its bio-
logical activity may be ascribed to its
main ierpenic components, eugenol 33, 5-
bisabolene 46, estragot 25 and 1,8-cineol
i3. However, the avaiiable literature
could be summarized as foilows:
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Eugenol, it is well known that it is
used in perfumeries flavoring, essential
oils and medicine. It is used in the pro-
duction of isoeugeno! for the manufacture
of vanillin. It has been used in dental
practice because of its analgesic and anti-
septic properties. Interestingly, eugenol
exhibits irritant action in addition to anal-
gesic effect (Sneddon and Gelw, 1973)
which reminiscent of the effect of capsai-
cin {(Szallasi and Blumberg, 1999). [t
acts as capsaicin dose in sensory neurons

because both of them contain venially

moiety (Tominaga er af 1998). Eugenol
demonstrates food antioxidant and anti-
inflammatory activity, which support
traditional uses of Ocimum sanctum
(Kelm ef al 2000). The essential oil of
Qcimum sanctum and eugenci showed
potent anthelmintic activity (Asha er af
2001). Eugenol inhibited the oxidative
mutagensis by ter-buty-hydroperoxide
{TBH) in Escherichia coli (Ramos et al
2003). Essential oils with the highest lev-
els of eugenol exhibited the highest anti-
oxidant and antimicrobial activity, thus
they appear most promising for food
preservation (Juliani ef af 2004). Thymol
and eugenct werz capable of inducing
bacterial celi iysis as both cell wall and
membrane were significantly damaged
(Rhayour e¢ al 2003). Dip ef al {2004)
referred to the ability of eugenol to re-
duce edema induced by dieffenbachia
picta schott in mice. Varel ef ai {2004)
concluded that plant oils thymol and
eugenol might offer solutions to control-
ling various environmental problems as-
sociated with livestock wastes. Finaily i
is interesting to mention: that eugencl is
not only produced by medical and aro-
matic plants, but it is also synthesize
through genetically engineered Sac-

charomyces cerevisiae (Soher er af
2003).

Estragol, which represents one of the
important constituents of tulsi leaf essen-
tial otl, its biological activity has been
studied by (Albuquerque er al 1995) on
skeletal muscles and by (Coelho-de-Soza
et gl 1997) on intestinal smooth muscle.
in this connection, Bianchi-santamaria
et al (1993) reported that tarragon oif
with an estrago! content of 60% showed
genotoxicity whereas 2 basil oils from A4,
dracunculus L. and Ocimum basilicum L.
with estragol content of 8.1 and 16.5 %
respectively were not genotoxic.

1,8-cineof, its biological potency has
been proved by (Saito et af 2004, a, b) as
antioxidant against the oxidation of
lenoleic acid and by (Satioh et af 2003)
as it may play an important role in the
antitussive effects of tea-tree and rose-
mary, while by (Savelev et af 2003) as
fungicidal, in addition to {Azuma e &f
2003}, as in vitro antibacterial potent.

Concemning f-Bisabolene and other
sesquiterpenes, the presence of fS-
bisabolene in remarkable quantities in
addition to a-humulene (1.807-2.825%)
and S-caryophyllene {0.307-0.564%} is of
great interest since these sesquitérpenes
together with 8- caryophyllene oxide and
a-humulene epoxide show promise as
anti carcinogenic agents (Zheng et af
1952). Also, Denyer ef al (1994} isolated
sesquiterpenes of antirhinoviral from gin-
ger (Zingiber officinale).
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