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ABSTRACT Pegagan (Centella asiatica) is a medicinal plant which is very useful because it is believed to have a special 
quality of healing power. Researches show that pegagan contains such compounds as saponin, asiaticoside, made-

casoside and asiatic acid. The objectives of this study were(1) to obtain proper doses of phosphorus and concentration of methyl jasmonate 
and (2)to find out the interaction dose of phosphorus and methyl jasmonate concentration for pegagan optimum growth for and production.
This study used a Separate Plot Design with two factors consisting of a fertilization treatment of P2O5 with four levels i.e.F0 = 0 kg P2O5/
ha, F1 = 18 kg P2O5 /ha, F2 = 36 kg P2O5/ha, F3 = 54 kg P2O5 /ha. The application of methyl jasmonate consisted of two levels i.e. J0 = 0 
μM and J1 = 100 μM, with a harvest time of 84 HST, repeated 3 times to determine the effects of the treatments on the growth components.
The results showed that the treatments of methyl jasmonate and phosphorus fertilization did not increase the number of primary tendrils 
and secondary tendrils. Neither phosphorus fertilization alone nor the interaction of methyl jasmonate hormone and phosphorus fertilization 
affect the number of primary tendrils and secondary tendrils

Background	
Pegagan plant is very useful because it contains several 
saponin compounds, including asiaticoside (Matsuda, et 
al., 2001). Accelerating a wound healing process and be-
ing useful in the treatments of leprosy and tuberculosis 
are among the benefits of bioactive compounds of asiatico-
side (Mangas, et al., 2006; Mangas. et al.,2008; Mangas. et 
al., 2009). Pagagan has a cooling property, purifies blood, 
improves blood circulation, flows out urine (diuretics), re-
lieves fever (antipiretics), stops bleeding (haemostatics), im-
proves memory nerves, and contains of antibacteria, tonic, 
antispasm, anti-inflammatory properties, hipotensis, insec-
ticides, hypo-allergenic substances and stimulants. Saponin 
can also inhibit the production of excessive scar tissue (in-
hibit keloids occurrence) (Mangas, et al., 2008).

Mostly, pegagan is still harvested from the wild. To de-
velop pegagan on a large scale, cultivation efforts should 
be carried out. High-quality pegagan products require 
plant material with high productivity as well as quality 
(Ghulamahdi et al., 2007. Ghulamahdi et al., 2010. Nover-
ita, 2006.Nurliana, et al., 2008).The demand for pegagan 
(Centella asiatica) reached 100 tons per year. For example, 
PT. Sidomuncul alone required 2-3 tons / month. The lo-
cal manufacturers needed about 25 tons per year and in 
the mean time the  supplies only reached 4 tons per year 
(Study Center for biomedicine of IPB. 2005; Editorial of 
Herba. 2003). Most people generally do not recognize me-
dicinal plants and their benefits. However, the people in 
other eastern countries are very concerned about conserv-
ing  medicinal plants. The Japanese pay a special attention 
to the sustainability of medicinal and aromatic plants and 
they strive for a sustainable harvest of the plants. China 
is the biggest exporter of medicinal and aromatic plants 
(Asian Scientist. 2012).

In agribusiness, pegagan as a commodity has a promis-
ing prospect. This is caused by the presence of a positive 
indication for the business opportunity in biomedicine; 
consequently,the demand for pegagan will increase every 
year for drug production at home and abroad (Study Cent-
er for Biomedicine of IPB. 2005; Ghulamahdi, et al., 2007; 
Editorial of Herba, 2003; Editorial of Agromedia, 2008).

Elicitor is the term used in chemicals from various sources, 
biotic or abiotic, as well as physical factors, which can trig-
ger a response in a living organism resulting from the accu-
mulation of secondary metabolites. Methyl jasmonate (MJ) 
is one of the elicitors which is widely used and modulates 

many physiological occurances in higher plants. Methyl jas-
monate and its derivatives have been proposed as a precu-
sor compound in the elicitation process toward the accu-
mulation of secondary metabolites (Lambert et al.. 2011).

Kim et al.. (2005) showed that the development level of 
mRNA CabAS (C. asiatica -amyrin synthase) in leaves 
reached its peak at the age of 2-3 weeks and decreased af-
ter 4 weeks. However, the asiaticoside content of the leaves 
increase from time to time.

According to a health food manufacturer Herba Penawar 
Al-Wahida (HPA), which produces Health-B, the pegagan 
they use is quite old, but not too old, and harvested at the 
age of 2 months and 15 days to get a high content of active 
ingredients (Herba Penawar Al Wahida, 2011).

Problems
High demand for simplisia collected from wild plants will 
cause the plants to become rare or even endangered. Due 
to its benefits and for a reason of standardized quality, sim-
plisia cultivation is absolutely required.

The asiaticoside content and the production of pegagan 
through the application of phosphorus and methyl jas-
monate should be further studied to obtain maximum      
results.

Research methods
This study used Separate Plot Design with two factors 
consisting of a fertilization treatment of P2O5 with 4 levels 
i.e.F0 = 0 kg P2O5/ha, F1 = 18 kg P2O5 /ha, F2 = 36 kg P2O5/
ha, and F3 = 54 kg P2O5 /ha.  The treatment of applying me-
thyl jasmonate consisted of was cunducted two levels: J0 
= 0 μM and J1 = 100 μM, with a harvest time of 84 HST, 
repeated 3 times to determine the effects of the treatment 
on the growth components. The data were analyzed us-
ing variance analysis (F test) at alevel of 5%. If there was a 
significant effect, the study would be continued with Dun-
can’s multiple range test and a relation pattern of regres-
sion equation.

Research Implementation
The research was implemented by conducting land 
preparation,calcification, plant preparation, planting, fer-
tilizing, nursing, methyl jasmonate application, and har-
vesting. The harvest was conducted all at once when the 
plants had reached 12 WAP by dismantling all parts of the 
plants.



IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 323 

Volume : 5 | Issue : 9 | September 2016 • ISSN No 2277 - 8179 | IF : 3.508 | IC Value : 69.48Original Research Paper

Observation
The observation began from week 1 to week 12 by taking 
2 sample plants from each plot. The morphological char-
acters observed included the number of primary tendrils 
and secondary tendrils. 
 
Results
1. Number of Primary Tendrils
The observation data on the number of primary tendrils at 
age 3-12 WAP showed that the treatments of Methyl Jas-
monate (J) and phosphorus fertilization (F) and the two 
interactions (JxF) had no significant effects on the average 
number of secondary tendrils. The treatments of Methyl 
Jasmonate (J) and phosphorus fertilization (F) are shown in 
Tables 1 and 2.

Table 1.The Average Number of Primary Tendrils Age 
3-12 WAP on the Treatments of Methyl Jasmonate and 
Phosphorus Fertilization
Treat-
ment 

Number of primary tendrils at age (WAP)
3 4 5 6 7 8 9 10 11 12

J0=     
0 µM 1.92 2.92 4.33 4.58 7.25 7.83 9.92 11.75 13.42 15.00

J1 = 
100 
µM

1.71 3.25 5.17 5.08 8.17 8.58 11.25 13.33 12.83 14.00

Aver-
age 1.81 3.08 4.75 4.83 7.71 8.21 10.58 12.54 13.13 14.50

F0 =   0 
kg/ha 1.92 3.00 5.33 6.17 8.83 9.17 12.67 15.50 17.33 18.33

F1 = 18 
kg/ha 2.00 3.00 4.67 4.17 9.00 7.83 9.67 14.17 12.33 14.00

F2 = 36 
kg/ha 1.75 3.17 4.83 4.17 6.33 7.00 10.17 10.83 11.83 13.33

F3 = 54 
kg/ha 1.58 3.17 4.17 4.83 6.67 8.83 9.83 9.67 11.00 12.33

Aver-
age 1.81 3.08 4.75 4.83 7.71 8.21 10.58 12.54 13.13 14.50

Table 1.The treatments of Methyl Jasmonate and Phospho-
rus fertilization were not significantly different statistically 
asthe growth chart of the number of primary tendrilsis 
shown in Figure 1

 

Figure 1. Growth Graph of Primary Tendrils Age 3-12 WAP 
on the Treatments of Methyl Jasmonate and Phosphorus Fer-
tilization

Table 2. Interaction of the Treatments of Methyl Jas-
monate and Phosphorous Fertilization to the Number of 
Primary Tendrils of Pegagan Age 3-12 WAP
Treat-
ment

Number of primary tendrils at age (WAP)
3 4 5 6 7 8 9 10 11 12

J0F0 2.00 1.33 3.33 5.33 5.67 7.33 9.67 12.33 14.33 15.33

J0F1 2.33 3.67 4.67 4.33 10.00 7.00 9.67 14.00 15.00 15.67

J0F2 2.17 3.67 4.67 4.33 6.33 7.67 10.67 11.00 13.00 15.33

J0F3 1.17 3.00 4.67 4.33 7.00 9.33 9.67 9.67 11.33 13.67

Average 1.92 2.92 4.33 4.58 7.25 7.83 9.92 11.75 13.42 15.00

J1F0 1.83 4.67 7.33 7.00 12.00 11.00 15.67 18.67 20.33 21.33

J1F1 1.67 2.33 4.67 4.00 8.00 8.67 9.67 14.33 9.67 12.33

J1F2 1.33 2.67 5.00 4.00 6.33 6.33 9.67 10.67 10.67 11.33

J1F3 2.00 3.33 3.67 5.33 6.33 8.33 10.00 9.67 10.67 11.00

Average 1.71 3.25 5.17 5.08 8.17 8.58 11.25 13.33 12.83 14.00

2. Number of Secondary Tendrils

The observation data on the number of secondary tendrilsat age 
5-12 WAP show that the treatments of Methyl Jasmonate (J) and 
phosphorus fertilization (F) and the two interactions(JxF) had no 
significant effects on the number of secondary tendrils. The treat-
ments ofMethyl Jasmonate (J) and phosphorus fertilization (F) 
are shown in Tables 3 and 4.

Table 3. The Average Number of Secondary Tendrils Age 
5-12 WAP on the Treatments ofMethyl Jasmonate and 
Phosphorus Fertilization
Treatment Number of secondary tendrils at age (WAP)
  5 6 7 8 9 10 11 12
J0=     0 
µM 0.75 1.00 6.92 8.50 14.67 19.33 24.00 28.17

J1 = 100 µM 1.17 1.25 5.92 8.92 19.67 22.42 27.25 35.00

Average 0.96 1.13 6.42 8.71 17.17 20.88 25.63 31.58

F0 =   0 kg/
ha 1.33 0.33 6.50 8.83 18.00 27.00 37.33 47.17

F1 = 18 kg/
ha 0.50 1.17 4.50 5.00 13.17 14.17 22.67 29.00

F2 = 36 kg/
ha 0.67 1.50 4.00 8.33 17.67 21.33 24.33 27.83

F3 = 54 kg/
ha 1.33 1.50 10.67 12.67 19.83 21.00 18.17 22.33

Average 0.96 1.13 6.42 8.71 17.17 20.88 25.63 31.58

	 Growth graphs of the number of secondary tendrils in Figure 
2 below.

Figure 2. Growth graphs of the number of secondary ten-
drils at age 5-12 WAP on the Treatments of Methyl Jas-
monate and Phosphorus Fertilization
 
Table 4. Interaction of Methyl Jasmonate and Phospho-
rusFertilizationTreatments to the Number of Secondary 
TendrilsofPegaganat Age 3-12 WAP
Treat-
ment

Number of secondary tendrils at age (WAP)
5 6 7 8 9 10 11 12
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J0F0 0.33 0.00 4.67 8.67 15.00 21.33 30.00 39.00

J0F1 0.67 0.00 5.67 4.67 10.33 19.00 23.67 31.00

J0F2 0.67 2.00 5.00 8.33 17.33 20.33 24.00 27.33

J0F3 1.33 2.00 12.33 12.33 16.00 16.67 18.33 15.33

Average 0.75 1.00 6.92 8.50 14.67 19.33 24.00 28.17

J1F0 2.33 0.67 8.33 9.00 21.00 32.67 44.67 55.33

J1F1 0.33 2.33 3.33 5.33 16.00 9.33 21.67 27.00

J1F2 0.67 1.00 3.00 8.33 18.00 22.33 24.67 28.33

J1F3 1.33 1.00 9.00 13.00 23.67 25.33 18.00 29.33

Average 1.17 1.25 5.92 8.92 19.67 22.42 27.25 35.00

 
General Discussion
Effects of the Methyl Jasmonate Hormone Treatment on-
Pegagan Growth

Results of the analysis of variance for age 1-12 WAP 
showed that the treatment of Jasmonate Methyl hormone 
to the parameters of the number of primary and secondary 
tendrils was not significantly different.

Pegagan is an annual creeping herbal plant that grows and 
blooms throughout the year. It usually grows in the wild, 
especially in paddy fields, side by side with grass (weeds), 
propagated by stolon separation. Pegagan plants that grow 
in the wild generally produce branches to form new plants 
reaching a length of 10-80 cm (Januwati and Conan, 2005), 
but the change in the cropping pattern, namely from a wild 
cropping pattern to a cultured cropping pattern, including 
the application of  Methyl Jasmonate hormone as much as 
100 μM had apparently suppressed the growth of the veg-
etative organs of pegagan plants and inhibited the plant 
growth as evident from some of the parameters observed.

Methyl Jasmonate hormone is an organic compound that is 
formed from biosynthetic-free linoleic acid by lipoxygenase 
enzyme that functions to inhibit the growth of some parts 
of a certain plant and is very strong to encourage leaf ag-
ing (Salisbury and Ross, 1995). Methyl Jasmonate (MeJa) 
is an elicitor to modulate physiological events in higher 
plants such as defense response, flowering, and aging, so 
that methyl jasmonate is a new class of phytohormone with 
its derivatives, and it is a key signal to the accumulation of 
plant secondary metabolites (Lambert et al., 2011, Kim et 
al., 2004, Mangas et al., 2006 and Bonfill et al., 2011).

Effects of the Phosphorus Fertilization Treatment on 
Growth Pegagan Plant

Phosphorus fertilization should be done to each type 
of the plants. Phosphorus fertilization could be con-
ducted through a number of treatments, namely F0 = 0 
kg / ha as control, F1 = 18 kg / ha, F2 = 36 kg / ha, and 
F3 = 54 kg / ha. Actually, the use of phosphorus ferti-
lizer as a treatment in this study did not significantly 
affect the morphological characters of pegagan plant 
growth.There are many factors affecting the growth 
and development of Centella asiatica such as P content 
in the soil, soil type, local climate and the adaptation 

process from growing in the wild to growing in there 
search area accompanied by disease disruption, mak-
ing the application of P 18 P2O5 kg/ha,  36 P2O5kg/ha, 
54 P2O5kg/ha as treatments have no effect on pegagan 
plants (Januwati and Yusron, 2005). Pegagan plants 
will thrive on suitable soil and environmental condi-
tions because the growth of the plants  cosmopoli-
tan in nature. They grow in the wild in moist places 
under the low intensity of sunlight (shaded) and do 
not grow in the places that are too dry, because they 
have shallow roots (Winarto and Surbakti, 2004). 
Another possibility is the levels of P205 from various 
treatment doses were used only to improve the content 
of pegagan asiaticoside, so that energy-rich phosphate 
compounds served as a medium for the phosphoryla-
tion of energy transfer to produce secondary metabo-
lites (Kim, et al., 2010). P content of the soil affected the 
level of pegagan asiaticoside (Noverita, 2010).

Effects of the Interaction Treatment of Methyl Jasmonate 
Hormone and Phosphorus Fertilization on Pegagan Plant 
Growth

Both the individual treatment (Methyl Jasmonate or Phos-
phorus Fertilization alone) and the combined treatment 
(Methyl Jasmonate and Phosphorus Fertilization) had no 
significant effects on the parameters of growth compo-
nents.

This happened because not all the treatments given to 
pegagan plants could affect the organs of vegetative 
growth significantly. Methyl Jasmonate hormone 100 uM 
had inhibited the development of several other param-
eters and the elicitation effect of methyl jasmonate only 
increased the content of secondary metabolites of pegagan 
triterpene saponin, affecting the expression of saponin bio-
synthetic genes (Kim et al., 2004, Mangas et al., 2006 and 
Bonfill et al., 2011).

Another possibility why the pegagan growth was inhibited 
and could not produce optimally was because the phos-
phorus level required in the plant was around 0.1-0.5% 
(Havlin, 2005). In addition, the change of a cropping pat-
tern, from growing wild to growing in the cultivation area 
had made pegagan plants unable to quickly adapt to the 
new growing environment. Naturally, the growth of new 
branches forms new plants. In fact, pegagan produces new 
branches easily and dieseasily if the environment is not 
suitable. 

CONCLUSION AND RECOMMENDATION
Conclusion
1. Methyl Jasmonate hormone did not increase 
the number of primary and secondary tendrils. 
2. Phosphorus fertilization did not affect the 
number of primary and secondary tendrils. 
3. The interaction of methyl jasmonate and phosphorus fer-
tilization did not affect the number of primary and second-
ary tendrils.

Recommendation
1. The research can be continued with the same treatments 
in a different location and soil type by first adapting the 
pegagan.

It is recommended that the research be conducted on wet 
locations such as rice fields or on shaded locations to find 
out the maximum vegetative growth and the substance 
content with the same treatments.



IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 325 

Volume : 5 | Issue : 9 | September 2016 • ISSN No 2277 - 8179 | IF : 3.508 | IC Value : 69.48Original Research Paper

REFERENCES
1.	 Andria Afrida. 2009. Pengaruh Pemupukan Fosfor Terhadap Pertumbu-

han dan Produksi Tanaman Pegagan (Centella asiatica (L.) Urban) di Da-
taran Tinggi. Institut Pertanian Bogor, Bogor. 

2.	 Asian Scientist.  2012.Japanese-India Exchange to Promote Sustainable 
Trade in Medicinal Plants.By admin - Monday, February 13, 2012.

3.	 Aziz, Z.A, M.R. Davey, J.B.Power, P. Anthony, R.M.Smith and K.C.Lowe. 
2007. Production of Asiatikosida And Madekasosida In Centella asitica In 
Vitro and In Vivo. Plant Sciences Division, School of Biosciences, Univer-
sity of Nottingham,UK. Biologia Plantarum 51(1): 34-42. 

4.	 Balai Penelitian Tanaman Obat dan Aromatik. 2010. Teknologi Penyiapan 
Simplisia Terstandar Tanaman Obat,  Bogor.

5.	 Bonfill, M., Susana Mangas, Elisabeth Moyano, Rosa M. Cusido, Javier 
Palazo´n. 2011. Production of Centellosides and Phytosterols In Cell 
Suspension Cultures of Centella asiatica. Plant Cell Tiss Organ Cult  104: 
61–67.

6.	 CAPA and WHO. 2007.Monograph For Herbal Medicinal Products. 
Central Administration of Pharmaceutical Affairs (CAPA)In collabo-
ration with World Health Organization(WHO).Ministry of Health & 
Population(MOHP), Egypt.

7.	 Ghulamahdi, M., Sandra Arifin Aziz dan Nurliani Bermawie. 2007.
Evaluasi Karakter Morfologi Fisiologi dan Genetik Pegagan Mendukung 
Standarisasi Mutu Pegagan. Lab Balai Besar dan Pengembangan Pasca 
Panen, Lab PSPT IPB, Lab Pusat Studi Biofarmaka IPB Lab Tanah IPB.

8.	 Ghulamahdi, M., Sandra Arifin Aziz, Nurliani Bermawie dan Octivia 
Trisilawati. 2010.Studi Penyiapan Standar Operasional Prosedur Budi-
daya untuk Produksi Bioaktif Mendukung Standarisasi Mutu Pegagan. 
Repository IPB.

9.	 Harborne, J.B. 1987. Metode Fitokimia, Penuntun Cara Modern Mengana-
lisis Tumbuhan. Diterjemahkan oleh Dr. Kosasih Patmawinata dan Dr. 
Iwang Soediro. Penerbit ITB, Bandung.

10.	 Herba Penawar Al-Wahida. 2011.  Health-B.  HPA, Malaysia.
11.	 James, Jacinda T. and Ian A. Dubery. 2009.  Pentacyclic Triterpenoids 

from the Medicinal Herb, Centella asiatica (L.) Urban. Review. Mole-
cules14: 3922-3941

12.	 Januwati, M. dan M. Yusron.  2005. Budidaya Tanaman Pegagan. Balai 
penelitian dan Pengembangan Pertanian.  Balai Penelitian Tanaman Obat 
dan Aromatika.

13.	 Kim, O.T., M.Y. Kim, M.H.Hong (2004). Stimulation of Asiaticoside in 
The Whole Plant Cultures ofCentella asiatica (L)Urban by Elicitors. Physi-
ology and Biochemistry 23: 339-344.

14.	 Kim, O.T., M.Y. Kim, Sung-Jin Hwang, Jun-Cheul Ahn and Baik Hwang. 
2005. Cloning and Molecular Analysis of cDNA Encoding Cycloartenol 
Syntase from Centella asiatica (L.) Urban. Biotechnology and Bioprocess 
Engineering 10: 16-22.

15.	 Lambert, E., Ahmad Faizal and Danny Geelen. 2011. Modulation of Trit-
erpene Saponin Production: In Vitro Cultures, Elicitation, and Metabolic 
Engineering. Appl Biochem Biotechnology.

16.	 Jain, Prateek K. and Ram K. Agrawal. 2008. High Performance Liquid 
Chromatographic Analysisof Asiaticoside in Centella asiatica (L.) Urban. 
Chiang Mai J. Sci. 2008; 35(3) : 521-525.

17.	 Makin, H.L. 1977. Biochemistry of Steroids Hormones. Nlack Well Scien-
tific Oxford, London. 

18.	 Mangas,  S., Merce   Bonfill, Lidia Osuna, Elisabeth Moyano, Jaime Tor-
toriello, Rosa M. Cusido, M. Teresa Pin˜ol, Javier Palazo´n. 2006. The 
Efect of Methyl Jasmonate on Triterpene and Sterol Metabolisms of  Cen-
tella asiatica, Ruscus aculeatus And Galphimia glauca Cultured Plants. Phy-
tochemistry 67: 2041-2049. 

19.	 Mangas, S., Elisabeth  Moyano, Lidia  Osuna,  Rosa  M.  Cusido, Mer-
cedes  Bonfill,  Javier  Palazo. 2008. Triterpenoid Saponin Content and 
The Expression Level of Some Related Genes In Calli of Centella asiatica. 
Lett 30:1853-1859. 

20.	 Mangas S., Moyano E., Hernandez-Vazquez L. and Bonfill M. 2009. Cen-
tella asiatica (L) Urban: An Updated ApproachTerpenoids. Editors: Javier 
Palazón and Rosa M. Cusidó 1Laboratorio de Fisiología Vegetal, Facul-
tad de Farmacia, Universidad de Barcelona, 08028 Barcelona, Spain. De-
partament de Ciencies Experimentals.

21.	 Matsuda H., Morikawa T., Ueda H. 2001. Medicinal Foodstuffs. XXVII. 
Saponin Constituents of Gotu Kola (2): Structures of New Ursane- and 
Oleanane-Type Triterpene Oligoglycosides, Centellasaponins B, C, and 

D, From Centella asiatica Cultivated In Sri Lanka. J.Chem Pharm Bull (To-
kyo) 49(10): 1368-1371.  

22.	 Mercè  Bonfill,   Susana  Mangas,   Rosa  M  Cusidó,   Lidia  Osuna,   
M.  Teresa  Piñol   and  Javier  Palazón. 2006.  Identification of Triterpe-
noid Compounds of Centella asiatica By Thin-Layer Chromatography and 
Mass Spectrometry. Biomed. Chromatography 20: 151-153.

23.	 Natalini, Nova K., Edy D., Jauhari Kusumah dan Putri Karina Lailani.  
2009. Analisis Fitokimia dan Penampilan Polapita Protein Tanaman 
Pegagan (Centella asiatica) Hasil Konservasi In Vitro. Bul. Littro 20(1) : 11 
-20.

24.	 Noverita, S. V. 2006. Pengaruh Pemberian Dosis Kompos dan Konsen-
trasi Pupuk Organik Cair Lengkap Super ACI terhadap Pertumbuhan 
Tanaman Pegagan (Centella asiatica L.). Jurnal Penelitian Bidang Ilmu 
Pertanian 4 (3): 141-150.

25.	 Noverita, S. V. 2006. Pengaruh Pemberian Dosis Kompos dan Konsen-
trasi Pupuk Organik Cair Lengkap Super ACI terhadap Pertumbuhan 
Tanaman Pegagan (Centella asiatica L.). Laporan Penelitian.  68 halaman.

26.	 Noverita, S. V. 2010. Kandungan Metabolit Sekunder pada Tanaman 
Pegagan (Centella asiatica L.).  Akademia 14 (1) : 57-62.

27.	 Noverita, S. V., Luthfi M. Siregar dan J.A. Napitupulu. 2012. Morpholo-
gy of Leaves and Content of Secondary Metabolites Asiaticoside in Some 
Accession of Pegagan (Centella asiatica I. Urban) in North Sumatera. Pro-
ceedings The 2nd Annual International Conference In conjunction with 
The 8th IMT-GT UNINET  Bioscienes Conference, Life Sciences Chapter, 
ISSN : 2089 – 208X (200-205).

28.	 Noverita, S. V. dan Marline Nainggolan. 2012. Kandungan Asiatikosida  
dan Uji Fitokimia Daun Pegagan. Prosiding Seminar Nasional Farmasi 
2012, “Peranan Farmasi dalam Pembanguan Kesehatan” ISBN: 978-602-
8892-72-8.

29.	 Nurliani Bermawie, Susi Purwiyanti dan Mardiana. 2008. Keragaan Sifat 
Morfologi, Hasil dan Mutu Plasmanutfah Pegagan (Centella asiatica (L.) 
Urban.).Balai Penelitian Tanaman Obat dan Aromatik. Bul. Littro. 19 (1): 
1 – 17.

30.	 Parthier, B. 1990. Jasmonates: Hormonal Regulators of Stress Factors In 
Leaf Senescence.  J of Plant Growth Regulation 9: 57-63.

31.	 Pusat Studi Biofarmaka. 2005. Pasar Domestik dan Ekspor Produk Tana-
man Obat. IPB-Bogor.

32.	 Redaksi Agromedia. 2008.  Buku Pintar Tanaman Obat 431 Jenis Tana-
man Penggempur Aneka Penyakit. Pembaca ahli dr. Prapti Utami. Pener-
bit PT Agromedia Pustaka, Jakarta. 332 halaman.

33.	 Redaksi Herba.  2003.  Peluang Pengembangan  Fitofarmaka Indonesia 
Menilik Pasar Global. Majalah Herba Edisi 8 Februari-Maret 2003.

34.	 Salisbury, F.B. and C.W. Ross. 1995. Fisiologi Tumbuhan. Jilid 3. Terje-
mahan dari: Plant Physiology. Penerjemah: D.R. Lukman dan Sumaryo-
no. Penerbit ITB, Bandung.

35.	 Sembiring, Bagem.  2007. Warta Puslitbangbun Vol.13 No. 2, Agustus 
2007.

36.	 Sutardi, 2008. Kajian Waktu Panen dan Pemupukan Fosfor terhadap Per-
tumbuhan dan Produksi Asiatikosida Tanaman Pegagan (Centella Asiatica 
L. Urban) di Dataran Tinggi. Tesis. Sekolah Pascasarjana, Institut Perta-
nian Bogor.

37.	 Vickery, Margaret L. and  Brian  Vickery, 1981, Secondary   Plant  Me-
tabolism, University Park Press, Baltimore.Tim Kimia Organik. 2007. Pe-
nuntun Praktikum Kimia Organik II. Padang : FMIPA UNP. 

38.	 Winarto, WP dan Maria Surbakti. 2004. Khasiat dan Manfaat Pegagan, 
Tanaman Penambah Daya Ingat. Agromedia Pustaka, Jakarta. 64 hala-
man. 

39.	 Zheng, Cheng-jian and Lu-ping QIN. 2007. Chemical Components of 
Centella asiatica and Their Bioactivities. Journal of Chinese Integrative 
Medicine, Vol.5(3): 348-351.


