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Herbage and phytochemicals yield of mandukaparni (Centella asiatica) as
influenced by time of harvest
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ABSTRACT

Indian pennywort or mandukaparni [Centella asiatica (L.) Urban] containing four triterpenes; asiaticoside,
madecassoside, asiatic acid and madecassic acid as principal bioactive phytochemicals, is an important medicinal
crop and valued as brain tonic worldwide. An experiment was conducted during 2012—-14 at Anand, Guijarat, to in-
vestigate the effects of harvest time of main crop of mandukaparni as well as ratoon on herbage yield, and
triterpenes content and yield. Significantly higher leaf area was found at the first harvesting of main crop at 6
months (21.9 cm?/leaf) and ratoon harvesting at 4 months (22.1 cm?/leaf), whereas leaves/node were found mark-
edly higher at 4 months of first harvest (MFH) (11.3) and 2 months of ratoon harvest (MRH) (11). The first harvest-
ing of the main crop at 5 months and ratoon harvesting at 4 months recorded markedly higher dry herbage yield
(1,404 kg/ha), being higher by 54.8% over 4 MFH and 2 MRH. The highest triterpenes content were recorded at
the first as well as ratoon harvesting at 4 months (2%) and increased by 42.8% over 4 MFH and 2 MRH. The
triterpenes yield was markedly higher at the first harvesting of main crop at 5 months and ratoon harvesting at 4
months (26.7 kg/ha), which was 107% higher over 4 MFH and 2 MRH. Thus, mandukaparni should be harvested
first at 5 months after planting and ratoon at 4 months interval for the production of maximum herbage and

phytochemicals on unit area basis under commercial cultivation.

Key words : Harvest time, Herbage yield, Mandukaparni, Phytochemicals, Triterpenes yield

Indian pennywort or mandukaparni [Centella asiatica
(L.) Urban], is among the top 10 drugs in the category of
anti-ageing and central nervous system (CNS) used world-
wide (Bhavna and Jyoti, 2011). It is a rich source of
pentacyclic triterpenes like asiaticoside, centelloside,
brahmoside, brahminoside, thankuniside, sceffoleoside,
centellose and madecassoside, and asiatic, brahmic,
centellic and madecassic acids (James and Dubery, 2009).
It is a popular rasayana drug and is used as medhya
rasayanain the CNS disorders like epilepsy, schizophrenia
and cognitive dysfunction. It is also used as wound-heal-
ing agent and as constituent in brain tonics for devel op-
mentally disabled people (Shrestha and Dhillion, 2003;
Zainol et al., 2003; Mamedov, 2005).

It is necessary to understand the biosynthesis and me-
tabolism of secondary metabolites in medicinal and aro-
matic plants to increase their production for medicinal,
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aromatic and culinary uses (Marchese et al., 2009). The
biosynthesis of secondary metabolites although controlled
genetically, is affected strongly by environmental influ-
ences (Yazdani et al., 2002; Malik et al., 2011) and biotic
and abiotic stresses (Smetanska, 2008). Agricultural prac-
tices have critical effect on quantitative and qualitative
characteristics of the medicinal and aromatic plants, which
finally result in plant growth, yield and quality determina
tion. Content of bioactive compoundsin C. asiatica varies
with location, climate and agronomic practices (Jamil et
al., 2007; Randriamampionona et al., 2007). Harvesting of
medicinal plants at optimum phenological stage for re-
quired medicinal quality and efficacy, is very crucial
which vary from one speciesto other. The concentration of
biologically and medicinally active secondary metabolites
varies with the time of plant growth and development
stage of the plant which determine the choice of the opti-
mal harvesting time. Harvesting at optimum stage ensure
the best possible quality of raw material and products
(Kumar and Kumar, 2013; Mansoori, 2014). Kumar
(2000) observed higher alkaloid content in the roots of
ashwagandha at fruiting stage followed by flowering
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stage. Plant growth and development is also affected
strongly by environmental conditions. The production of
secondary metabolite trigger under stress due to adverse
environment (Thompson et al., 2003; Cristina et al.,
2008). Thus, stage of harvesting in any medicinal crop is
most important for harvesting of maximum herbage yield
as well as phytochemicals production which ultimately
leads to good quality raw material for industries. The sci-
entific information on right stage of harvest of
mandukaparni was not available so far. Hence, present
investigation was undertaken to study the effect of harvest-
ing time on herbage yield and principal bioactive com-
pounds (asiaticoside, madecassoside, asiatic acid and
madecassic acid, etc.), and to find out the optimum harvest
time to produce better quality raw material on unit area
basis of mandukaparni.

MATERIALS AND METHODS

The experimental site was located at the ICAR-Direc-
torate of Medicinal and Aromatic Plants Research, Anand,
Gujarat, India (22°35' N, 72°55 E' and 45.1 m above mean
sea-levd). It hasasemi-arid, sub-tropical climate with hot
dry summers and mild winters. The mean annual rainfall
received was 946 mm during 2012-13 and 1,142 mm dur-
ing 2013-14, out of which 95% rainfall was received from
June-September. The minimum temperature was recorded
in January (10°C in 2013 and 12°C in 2014), whereas,
maximum temperatures was in May (40°C in both the
years). Evaporation was a so recorded higher in May. The
minimum relative humidity was in March (25-28%),
whereas maximum humidity was highest in September (up
to 95%). Soil was sandy clay loam (clay 25%, silt 22%
and sand 53%), moderately calcareous, hyperthermic and
Vertic Ustochrepts.

Mandukaparni isaperennial crop and can be harvested
150-200 days after planting. Field experiments were con-
ducted during 2012—14 to find out the right time of first
harvesting of main crop after transplanting and subsequent
harvests at time of ratoon crop for maximum herbage
yield, and triterpenes content and yield. The treatment
consisted of 3 times; 4, 5 and 6 months of first harvesting
(MFH) after planting and 3 times; 2, 3 and 4 months of
ratoon harvest (MRH) after first harvesting. The experi-
ment was laid out in split-plot design with MFH in main-
plots and MRH in sub-plots, and replicated thrice. The
crop was planted during July on the onset of monsoon at
30 cm x 15 cm planting pattern of row-to-row and plant-
to-plant in the plots of 5.0 m x 3.6 m size. Since,
mandukaparni is a partial shade-loving crop, field was
covered with 50% green shade net 2 m above the surface.
Thefirst crop as well as ratoons were harvested as per re-
spective treatments. After completion of the first year
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cyclein June, the crop was uniformly harvested and main-
tained for the second year cycle. The crop was harvested
from the net plot area, washed, sun dried and weighed, and
calculated herbage yield/ha. For leaf area and number of
leaves per node, 5 plants were selected randomly from the
net plot area. Leaf area was measured with LI-COR |eaf
area meter (L1-2100C area meter) and average leaf area
was calculated. The number of leaves was counted and
calculated the average number of leaves/node or plant.

The leaf samples of mandukaparni were collected,
dried, powdered and extracted with 90% methanol in wa
ter (3 x 75 ml, 1.0 hr.) under reflux in athermostatically
controlled water bath maintained at 90°C temperature. The
extracts were combined, filtered, and then evaporated un-
der reduced pressure in rotary evaporator. The residues
were dissolved in HPL C-grade methanol and diluted to fit
into reference standard calibration curve.

A modular HPLC (High Performance Liquid Chroma:
tography) system; L C system consisted of 2 LC-20AD
pumps, SPD-20A UV/VIS detector, DGU-20A 3 degasser,
SIL-20AC HT auto sampler, CTO-10ASvp column oven,
CBM-20 communications bus module and Grace make
Altima column (100 mm x 4.6 mm, 3 pm). The column
temperature was kept at 40°C for better resolution. The
mobile phase composed of acetonitrile (A) and 0.1% for-
mic acid (B) in gradient condition as per procedure de-
scribed by Rafamantanana et al. (2009). The sampleinjec-
tion volume was kept at 20 pL and the UV/VIS detector
was set at 205 nm. The samples were injected and mea-
sured the concentration (mg/litre) of all 4 triterpenes
(asiaticoside, madecassoside, asiatic acid and madecassic
acid) in mandukaparni. These values were converted and
presented in the percentage on dry weight basis of the
sample.

The data obtained were subjected to statistical analysis
using Microsoft Excel. Analysis of variance was done as
per the procedure outlined by Gomez and Gomez (1984).
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Fig. 1. HPLC chromatogram of reference compounds of Centella
asiatica
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The signicant differences between treatments were com-
pared using standard error of mean (SEmz) and critical
difference (CD) at 5% level of probability (P=0.05).

RESULTS AND DISCUSSION

Growth and herbage vyield

Harvesting of main crop as well as ratoon at different
timesintervals markedly influenced plant growth and yield
(Table 1). The first harvesting of main crop at 6 months
showed significantly higher leaf area, which was 15.8 and
12.8% higher over 4 and 5 months, respectively. The ra-
toon harvesting at 4 months recorded significantly higher
leaf are a being 20.7 and 12.2% higher over 2 and 3
months respectively. The number of leaves/node or plant
was markedly higher at first harvesting of main crop at 4
months and decreased at 5 and 6 months. First harvesting
at 6 months decreased number of leaves by 14% over 4
months. Harvesting of ratoon at 2 months recorded higher
number of leaves and decreased at delayed harvesting at 3
and 4 months. Ratoon harvesting at 4 months decreased

Table 1. Effect of harvesting time on leaf area, leaf number and
herbage yield (mean data of 2 years)

Treatment Leaf area Leaved Dry herbage
(cm?/leaf) node yield (kg/ha)
Time of first harvesting
4 MFH 189 113 992
5 MFH 194 10.5 1106
6 MFH 219 9.9 989
SEm+ 0.10 0.20 15
CD (P=0.05) 0.40 0.60 58
Time of ratoon harvesting
2MRH 18.3 11.0 903
3 MRH 19.7 10.7 999
4 MRH 221 10.0 1186
SEm+ 0.40 0.20 20
CD (P=0.05) 1.40 0.60 61

MFH, Months of first harvest; MRH, months of ratoon harvest
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number of leaves by 10% over 2 months.

The significantly higher dry herbage yield recorded at
first harvesting of main crop at 5 months. First harvesting
at 5 months increased the herbage yield of main crop by
11.4% over 4 months and decreased by 11.8% at 6
months. Ratoon harvesting at 4 months interval revealed
markedly higher dry herbage yield which was increased by
31.3 and 18.7% over 2 and 3 months respectively.

The interaction between time of first harvesting and
ratoon harvesting showed significant response to the dry
herbage yield (Table 2). The first harvesting of main crop
at 5 months and subsequent harvesting of ratoon at 4
months interval recorded highest dry herbage yield, being
higher by 54.8% over 4 MFH and 2 MRH. The next best
time of harvesting wasat 6 MFH and 4 MRH (1,090 kg/
ha) followed by 4 MFH and 4 MRH (1,063 kg/ha).

Table 2. Interaction effects of harvest time of main crop and ratoon
on herbage yield (kg/ha) (mean of 2 years)

Time of ratoon Time of first harvesting

harvest 4 MFH 5MFH 6 MFH
2 MRH 907 908 895
3 MRH 1,008 1,005 983
4MRH 1,063 1,404 1,090
SEm: 34
CD (P=0.05) 106

MFH, Months of first harvest; MRH, months of ratoon harvest

The year-wise variation in dry herbage yield was also
recorded (Fig. 3). The dry herbage yield was compara-
tively higher in the second year than in thefirst year across
all the harvesting stages. In both the years, the first har-
vesting of main crop at 5 months and ratoon harvesting at
4 months resulted in higher herbage yield. The first har-
vesting either early at 4 months or delayed to 6 months and
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Fig. 3. Year-wise variation in herbage yield (mean of number of

harvests at each stage). Error bars represent standard error
of mean
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ratoon harvesting at early stages at 2 and 3 months re-
corded less yield in both the years.

The time of harvesting in mandukaparni markedly in-
fluenced leaf area, leaf number and herbage yield. Leaf
area was the highest when main crop was harvested at 6
months and ratoon at 4 months. Leaf area increased with
crop duration which might be owing to increased cell-di-
vision and cell-expansion that contributed to the final or-
gan size. Besides this, it might be owing to favourable
environmental conditional that temporally coordinate cell
expansion and size. The first harvesting of main crop at 6
months and ratoon at 4 months coincide with the months
of December and April, respectively, when ambient tem-
perature was quite favourable for crop growth and devel-
opment (maximum temperature 30-35°C and minimum
temperature 15°C) and resulted in to increased leaf area.
The maximum |leaves were found at first harvesting of
main crop at 4 months and ratoon at 2 months and there-
after decreased. The decrease in number of leaves at late
harvesting stages might be due to leaf senescence. Senes-
cence might be caused due to either age factor or the eth-
ylene-induced abscission of petioles. Mandukaparni is a
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frequently irrigated crop with partially submerged condi-
tions which favoured the ethylene production and abscis-
sion of leaf petioles thus, decreased the leaves/plant at late
harvests. Mandukaparni showed the higher herbage yield
when main crop was first harvested at 5 months and sub-
sequently ratoon harvesting at 4 months and decreased at
late harvest stages. It might be owing to the optimum lev-
els of number of leaves, and leaf area and favourable en-
vironmental conditions for crop growth and development.
This period of harvest coincides with November and
March, respectively, where plant experienced favourable
temperature and humidity. The plant growth is initially
slow then exponential growth phase followed by a plateau
and subsequently reduction due to leaf senescence. At the
first harvesting of main crop at 5 monthsin November, the
crop might have reached to exponential growth stage with
optimum leaf number and leaf area after the wet season.
After first harvesting, the crop experienced awinter break
and grow slowly due to low temperature during January
followed by favourable spring season and simultaneously
increased availability of reservesfood stored in the winter
season and thus, increased herbage yield of ratoon at 4

Table 3. Effect of harvest time on total triterpenes content and yield (mean of 2 years)

Asaticoside (%) Made Asidtic acid Madecassic Total triterpenes  Total triterpenes
cassoside (%) (%) acid (%) content (%) yield (kg/ha)

Time of first harvesting
4 MFH 0.47 0.99 0.13 0.09 17 16.8
5 MFH 0.45 0.90 0.12 0.08 15 17.6
6 MFH 0.39 0.87 0.12 0.08 15 145

SEmz+ 0.01 0.02 0.01 0.003 0.02 0.08

CD (P=0.05) 0.03 0.07 NS NS 0.07 0.33
Time of ratoon harvesting
2MRH 0.39 0.83 0.09 0.06 14 12.3
3MRH 0.40 0.86 0.14 0.09 15 14.9
4 MRH 0.52 1.06 0.14 0.10 18 21.7

SEmz+ 0.01 0.03 0.01 0.004 0.03 0.32

CD (P=0.05) 0.03 0.08 0.02 0.01 0.10 0.98
MFH, Months of first harvest; MRH, months of ratoon harvest
Table 4. Effect of time of first harvest of ratoon on triterpenes content and yield (mean of 2 years)
Time of ratoon harvest Time of first harvesting

Triterpenes content (%) Triterpenes yield (kg/ha)
4 MFH 5 MFH 6 MFH 4 MFH 5 MFH 6 MFH

2MRH 14 14 13 12.9 115 125
3MRH 1.6 15 14 16.0 14.6 141
4 MRH 2.0 19 15 21.6 26.7 16.7

SEmz+ 0.06 0.55

CD (P=0.05) 0.18 1.69

MFH, Months of first harvest; MRH, months of ratoon harvest
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months in March. The results showed the better perfor-
mance of the crop in the second year than in the first year
in terms of herbage yield. This might be owing to more
rainfall and relative humidity experienced in the second
year which favoured the growth and yield. Another reason
could be the devel opment of better root system in the sec-
ond year which might have increased the nutrient and
water absorption and supply for crop growth and devel op-
ment. In some of the medicinal plants like, Withenia
somnifera and Dracocephalum moldavica, the best har-
vesting time was reported at 100% flowering stage
(Wankhade et al., 2010; Prshang and Reza, 2014),
whereas in garden thyme 50% blooming stage was found
best harvest time for highest economical yield (Golparvar,
2011). Similarly, harvesting of kalmegh at 135 days after
transplanting resulted in the maximum dry herbage yield
and it decreased until seed maturity (Kumar and Kumar,
2013). The reduction in herbage yield of kalmegh was
mainly dueto lesser dry-matter yield/plant and senescence
of leaves at | ater stages of crop growth (Maheshwari et al.,
2002; Pandey et al., 2003; Singh et al., 2011).

Triterpenes content and yield

The harvesting stage of Mandukaparni at different bio-
logical stages markedly influenced the content and yield of
all 4 triterpenes (asiaticoside, madecassoside, asiatic acid
and madecassic acid) (Table 3). The first harvesting of
main crop at 4 months recorded the highest asiaticoside,
madecassoside and total triterpenes content which further
decreased significantly at 5 and 6 months. However,
asiatic acid and madecassic acid were not affected due to
time of first harvesting. Ratoon harvesting at 4 months
interval recorded significantly higher asiaticoside,
madecassoside, asiatic acid, madecassic acid and total
triterpenes content. The total triterpenes yield was signifi-
cantly higher at first harvesting of main crop at 5 months,
which wasincreased compared to 4.8% over 4 months and
decreased by 17.6% at 6 months harvest. Ratoon harvest-
ing at 4 months recorded significantly higher triterpenes
yield which was increased by 76.4 and 45.6% over 2 and
3 months respectively.

The interaction effects of time of first harvesting as well
as ratoon harvesting showed significant variation in
triterpenes content and yield (Table 4). The first harvest-
ing of main crop at 4 months and subsequent harvesting of
ratoon at 4 months recorded significantly higher
triterpenes content, which was increased by 42.8% over
the first harvesting of main crop at same stage of 4 months
and ratoon harvesting at 2 months. However, triterpenes
yield per unit area was recorded markedly higher at the
first harvesting of main crop at 5 months and ratoon har-
vesting at 4 months. The first harvesting at 5 months and
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ratoon harvesting at 4 months increased triterpenes yield
by 107% over early harvesting of main crop at 4 months
and ratoon harvesting at 2 months.

The concentration of biologically and medicinally ac-
tive ingredients varied with the time of growth and devel-
opment of mandukaparni. Composition of secondary me-
tabolitesis strongly dependent on developmental stage of
the plant (ontogeny), and therefore harvesting time is one
of the most important factor. The present study in
mandukaparni showed the highest triterpenes content at
first harvesting of main crop at 4 months and ratoon har-
vesting at 4 months. It might be owing to better activation
of enzymes and biosynthesis of triterpenes at these stages.
The results are corroborated with the studies in many me-
dicinal plants where certain biological stages proved bet-
ter in terms of secondary metabolites content:
ashwagandha showed the total alkaloids content signifi-
cantly highest at 50% flowering (Wankhade et al., 2010),
Prunella vulgaris recorded highest concentrations of
bioactive compounds at full-flowering stage (Chen et al.,
2012), Boehraavia diffusa at flowering stage (Verma and
Kasera, 2007), and Origanum majorana revealed the
highest levels of volatile terpenes at the budding and full-
flowering stage (Sellami ez al., 2009). The present results
showed the maximum triterpenes content at 4 months
growth cycle and decreased with further delayed harvest
might be due to breakdown of these compounds and de-
creased content at late harvests. Similar results were also
reported in kalmegh for andrographolide content (Pandey
et al., 2003; Bhan er al., 2006). For more practica point of
view, the total triterpenesyield was calculated on unit area
basis and interpreted thoroughly. The results showed
markedly higher triterpenes yield at first harvesting of
main crop at 5 months and ratoon harvesting at 4 month
which might be owing to optimum herbage yield and
triterpenes content at these stages.

Significant variation in leaf area, |eaf number,
triterpenes content and herbage and triterpenes yield were
recorded at different harvests of mandukaparni. The maxi-
mum dry herbage yield recorded when main crop was har-
vested at 5 months after planting and ratoon crop har-
vested at 4 monthsinterval. However, the triterpenes con-
tent were found maximum when main crop harvested at 4
months after planting and ratoon at 4 months. The harvest-
ing of mandukaparni first at 5 months after planting and
ratoon crop at 4 months interval found optimum time to
get maximum triterpenes yield on unit area basis. This
study provided basic information with respect to harvest
time of mandukaparni to produce better-quality raw drugs.
However, significant amount of information about other
aspects of agronomy of mandukaparni is till remained to
be studied.



June 2016]

REFERENCES

Bhan, M K., Dhar, A.K., Khan, S, Lattoo, S.K., Gupta, K.K. and
Choudhary, D.K. 2006. Screening and optimization of
Andrographis paniculata (Burm.f.) Nees for total
andrographolide content, yield and its components. Scientia
Horticulturae 107: 386-391.

Bhavna, D. and Jyoti, K. 2011. Centella asiatica: the elixir of life.
International Journal of Ayurveda and Pharmacy 2(2): 431—
438.

Chen, Y., Zhu, Z., Guo, Q., Zhang, L. and Zhang, X. 2012. Varia-
tion in concentrations of major bioactive compounds in
Prunella vulgaris L. related to plant parts and phenological
stages. Biological Research 45: 171-175.

Cristing, FA., Barroso, J.G, Pedro, L.G and Scheffer, J.J.C. 2008.
Factors affecting secondary metabolite production in plants:
volatile components and essential oils. Flavour and Fra-
grance Journal 23: 213-226.

Golparvar, A.R. 2011. Determination of the best harvesting timesto
obtain maximum dry herbage, essentia oil and thymol yield
in garden Thyme (Thymus vulgaris L.). International Jour-
nal of Life Science and Medical Research 1(1): 1-4.

Gomez, K.A. and Gomez, A.A. 1984. Statistical Procedures for
Agricultural Research. Wiley Inter Science, New York.

James, J.T. and Dubery, |. 2009. Pentacyclic tritepenoids from the
medicinal herb C. asiatica (L.) Urban. Molecules 14: 3,922—
3,941.

Jamil, S.S., Nizami, Q. and Salam, M. 2007. Centella asiatica
(Linn.) urban-areview. Natural Products Radiance 6. 158—
170.

Kumar, K.S. 2000. Investigation of ashwagandha (Withania
somnifera Dund) in relation to its growth and productivity.
M.Sc. (Horticulture) thesis, Tamil Nadu Agricultural Univer-
sity, Coimbatore.

Kumar, S. and Kumar, A. 2013. Spatial and harvesting influence on
growth, yield, quality, and economic potential of Kalmegh
(Andrographis paniculata Wall EX. Nees). Journal of Agri-
culture and Rural Development in the Tropics and Subtrop-
ics 114(1): 69-76.

Maheshwari, SK., Sharma, R.K., Mishra, PK. and Gangrade, SK.
2002. Response of Kalmegh (Andrographis paniculata) to
dates of planting and harvesting in shallow black soil. Jour-
nal of Medicinal and Aromatic Plant Sciences 24(4): 969—
971.

Malik, A.A., Suryapani, S. and Ahmad, J. 2011. Chemicals vs. or-
ganic cultivation of medicinal and aromatic plants: the
choiceis clear. International Journal of Medicinal and Aro-
matic Plants 1(1): 5-13.

Mamedov, N. 2005. Adaptogenic, geriatric, stimulant and antide-
pressant plants of Russian far east. Journal of Molecular
Cell Biology 4: 71-75.

Mansoori, |. 2014. The effect of plant density and harvesting time on
growth and essentia oil of peppermint (Mentha Piperita L.).
Journal of Medical and Bioengineering 3(2): 113-116.

Marchese, J.A., Ming, L.C., Franceschi, L., Camochena, R.C.,
Gomes, G.D.R., Paladini, M.V., Capelin, D. and Marchese,
C.F. 2009. Medicinal plants used by “Passo da llha” rural
community in the city of Pato Branco, southern Brazil. Anais
da Academia Brasileira de Ciencias 8: 691—700.

EFFECT OF HARVEST TIME ON YIELD OF MANDUKAPARNI 247

Pandey, A K., Patra, A.K. and Shukla, PK. 2003. Influence of har-
vesting time on productivity and quality of Andrographis
paniculata. In: Abstracts of National Convention on Current
Trends in Herbal Drugs and Annual Conference of Indian
Society of Pharmacognosy, 17-18 January, 2003, p. 18.

Prshang, K. and Reza, A. 2014. Effect of harvesting time and iron
application on Moldavian balm. Notulae Scientia Biologicae
6(4): 505-508.

Rafamantanana, M.H., Rozet, E., Raoelison, G.E., Cheuk, K.,
Ratsimamanga, S.U., Hubert, PH. and Quetin-Leclercq, J.
2009. An improved HPLC-UV method for the simultaneous
gauantification of triterpenic glycosides and aglyconesin
leaves of Centella asiatica (L.) Urb (Apiaceae). Journal of
Chromatography B 877: 2,396-2,402.

Randriamampionona, D., Diallo, B., Rakotoniriana, F.,
Rabemanantsoa, C., Cheuk, K., Corbisier, A.M., Mahillon,
J., Ratsimamanga, S.E.I. and Jaziri, M. 2007. Comparative
analysis of active constituents in Centella asiatica samples
from Madagascar: application for ex situ conservation and
clonal propagation. Fitoterapia 78: 482—489.

Sellami, |.H., Maamouri, E., Chahed. T., Wannes, W.A., Kchouk,
M.E. and Marzouk, B. 2009. Effect of growth stage on the
content and composition of the essential oil and phenolic
fraction of sweet marjoram (Origanum majorana L.). Indus-
trial Crops and Products 30: 395-402.

Shrestha, PM. and Dhillion, S.S. 2003. Medicinal plant diversity
and use in the highlands of Dolakhadistrict. Nepalese Jour-
nal of Ethnopharmacology 86: 81-96.

Singh, M., Singh, A., Tripathi, A.S., Verma, R.K., Gupta, M.M.,
Mishra, H.O., Singh, H.P. and Singh, A.K. 2011. Growth
behaviour, biomass and diterpenoid lactones production in
Kamegh (Andrographis paniculata Nees.) strains at differ-
ent population densities. Agricultural Journal 6(3): 115—
118.

Smetanska, |. 2008. Production of secondary metabolites using plant
cell cultures. Advances in Biochemistry and Engineering
Biotechnology 111: 187-228.

Thompson, J.D., Chalchat, J.C., Michet, A., Linhart, Y.B. and
Ehlers, B. 2003. Qualitative and quantitative variation in
monoterpene co-occurrence and composition in the essential
oil of Thymus vulgaris chemotypes. Journal of Chemical
Ecology 29(4): 858-880.

Verma, V. and Kasera, PK. 2007. Variations in secondary metabo-
litesin some arid zone medicinal plantsin relation to season
and plant growth. Indian Journal of Plant Physiology 12:
203-206.

Wankhade, S.G., Gholap, S.V. and Petil, M. 2010. Harvesting period
management for production of quality roots of
Ashwagandha (Withania somnifera. Dunal). Annals of Phar-
maceutical Science 2(10): 71-73.

Yazdani, D.H., Jamshidi and Mojab, F. 2002. Compare of essential
oil yield and menthol existent in peppermint (Mentha
piperita L.) planted in different origin of Iran. Journal of
Medicinal Plants Institution of Jahad Daneshgahi 3: 73—78.

Zainol, M .K., Hamid, A.A. and Yusof, S. 2003. Antioxidant activ-
ity and total phenolic compounds of leaf, root and petiole of
four accessions of Centella asiatica (L.) Urban. Food Chem-
istry 67: 456-466.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


