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ABSTRACT 

C asiatiCil cultivated using five types of composts namely (1) compost A; (2) 

compost B; (3) compost C; (4) commercial Biomart ; (5) control were extracted and 

asiaticoside content in the crude extract was analyzed. The highest crude extract 

yield was control with percentage yield of 42.80%. The identification and 

quantification analysis of asiaticoside was carried out using RP-HPLC. The RP-HPLC 

analysiS of standard asiaticoside showed the retention time ranged from 9.798 min to 

9.806 min. The asiaticoside content in the sample ranged from 3.57 mg/g to 10.55 

mg/g, in which the samples cultivated using commercial biosmart had the highest 

content while the sample cultivated using compost A had the lowest content This 

method can be used to investigate the asiaticoside content in various sample of C 

asiatiCil. The asiaticoside content has significant moderate correlation with the type 

of compost used (r= 0.692, p<O.05). This has led to a better way for C asiatiCil 

cultivation to enrich the asiaticoside content for pharmaceutical uses. 
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KESAN PENGARUH FORMULASI KOMPOS TERHADAP KANDUNGAN 

ASIATlKOSIDA DALAM TUMBUHAN PEGAGA 

ABSTRAK 

C asiatica atau pegaga dikultur dengan menggunakan empat jenis kompos yang 

berlainan iaitu (l) kompos A; (2) kompos B, (3) kompos C; (4) Baja komersial 

biosmart; dan Kawalan. Semua sampel dikaji atas kandungan asiatikosida dalam 

bentuk ekstrak masing-masing. Peratusan ekstrak sampel yang tertinggi adalah 

42.80%. Pengenalpasti dan pegiraan kandungan asiatikosida telah dikaji dengan 

mengunakan peralatan RP-HPLC. Julat masa retensi asiaticosida adalah dari 9.798 

min hingga 9.806 min. Julat kandungan asiatikosida dalam sam pel adalah dari 3.57 

mg/g hingga 10.55 mg/g, pegaga yang dikultur dengan menggunakan baja komersial 

biosmart menunjukan kandungan aSiatikosida yang tertinggi dan pegaga yang 

dikultur dengan kompos A menunjukkan kandungan yang terendah. Langkah ini 

adalah sesuai dalam menentukan kandungan asiatikosida dalam pelbagai sam pel 

pegaga. Terdapat kesinambungan jitu kolerasi seclerhana antara kandungan 

asiatikosida pada sa m pel dan kompos yang telah digunakan pada aras 

kesinambungan jitu (r=0.692, p<0.05). Melalui kajian ini, langkah untuk 

mengulturkan pegaga yang mempunyai kandungan asiatikosida yang tinggi untuk 

kegunaan ubat-ubatan diperkenalkan. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of the study 

Centella asiatica (syn Hydrocotyle asiatica) is known as pegaga locally which is 

weakly scented herb from the family Mackinlayaceae (Verma et al., 1999). It can be 

found in Australia, India, Pacific Islands, New Guinea, North Iran, Malaysia, Indonesia, 

Thailand and other Asia countries. C asiatica (L.) urban is a well known traditional 

herbal medicine already used in Asia countries for hundred years. It has been used in 

traditional medicine for the treatment of leprosy, varicose veins, ulcers, lupus, certain 

eaemas, and mental retardation since prehistoric times (Sharma et al., 1985; Kartnig 

et aI., 1988). Along with the use of C asiatica in medicine, the plant is also finding 

acceptance as vegetables, drinks, soap and cosmetics. In Malaysia, although this 

herb is commonly eaten fresh as a vegetable (salad), especially among the Malay 

communities, it is also said to have beneficial effects in improving memory and in 

treating mental fatigue, anxiety, and eaema (Goh et aI., 1995). 

C asiatica contains many constituents mainly such as asiatic acid, succinic 

acid, madecassic acid, terminolic acid, vanillic acid, asiaticoside, asiaticoside-B, 

asiaticodiglycoside (Matsuda et al., 2001; Sahu et al., 1989). The main triterpenes in 

C asiatica are asiaticoside and madecoside (Randriamampionona et aI., 2007). 

Asiaticoside, a trisaccharide triterpene has been identified as the most active 

compound in the pegaga associated with healing effect of wounds and duodenal 

ulcers and possesses immunomodulatory properties (Plohmann et aI., 1994). 
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Asiaticoside is also used as antimicrobial agent (WHO, 1998) and antioxidant 

(Shukla et aI., 1999) and accounts for plant defenses, herbivores diseases and 

environmental pressures. As a result, bioactive natural products such as asiaticoside 

are investigated in a greater sense of urgency due to enormously importance as 

specialty chemicals which can be used as biological or pharmacological ingredients 

and nutraceuticals for the production of drugs (Henkel et aI., 1999). This is due to 

rapid expanding human population and its subsequent demand for healthy lifestyle. 

Typically, asiaticoside in pegaga is present in low concentration. Compost and 

inorganic fertilizers are usually used to grow organic pegaga in order to boost the 

synthesis of bioactive constituent's concentration for commercial purposes. Compost 

is black soil Originated from organic material that is being decomposed through 

aerobic decompoSition. Compost is a mean for improving soils which contain high 

amount of phosphorus (P) and nitrogen (N) content. Compost can affect pegaga 

triterpenes emission since Nand P, which are supplied via compost amendment 

(Larcheveque et al., 2009) and compost induce changes in soil chemical composition. 

Pegaga are collected all year long, considerable differences of the triterpenoid 

contents in pegaga are observed according to geographic regions, phenotype and 

genotype (Randriamamplonona et aI., 2007; Jacinda et aI., 2008). This will also helps 

local population to determine the best cultivating and harvesting conditions. In order 

to finding a better measure to cultivate C aSiatica, a fast and accurate analytical 

procedure is required for estimating the asiaticoside content of C asiatica. In this 

study, the effect of compost on asiaticoside will be studied by quantifying the amount 

of asiaticoside presents in organic pegaga samples using a rapid and simple 

reversed -phase high performance liquid chromatographic method which has been 

developed (Verma et aI., 1999). The relationship between compost and asiaticoside 

will be evaluated from correlation between asiaticoside concentration and different 

type of compost used to cultivate organic pegaga. 
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1.2 Research Objectives 

The objectives of this project are: 

a. to identify and quantify asiaticoside in C asiatica extracts. 

b. to correlate the asiaticoside content with different types of compost used in 

cultivation of the organic pegaga. 

1.3 Scope of study 

This study mainly focuses on the extraction and determination of asiaticoside 

quantitatively in various samples of C asiatica planted using five types of composts 

namely (1) compost A; (2) compost B; (3) compost C; (4) commercial Biomart and (5) 

Control. The identification and quantification analysis of asiaticoside was carried out 

using Reversed-Phase High Performance Uquid Chromatography (Verma et aI., 1999). 
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CHAPTER 2 

LITERATlJRE REVIEW 

2.1 Centella asiatica 

Centel/a asiatica is a small herbaceous annual plant of the family Mackin/ayaceae, 

native to Australia, Pacific Islands, India, New Guinea, Northern Iran, China, Malaysia, 

Indonesia, Thailand and other Asia countries. The common names of this plant 

includes Gotu Kola, Asiatic Pennywort, Antanan, Pegaga, Kula Kud and Brahmi. Other 

names of C asiatica include 'Luci Gong Gen' or 'Tung Chain' in China, 'Vallarai' for 

tamil nadu in India and 'Oaun Kaki Kuda' in Indonesia (Perry, 1980; Goh et a/., 1995). 

It is used as a medicinal herb in Ayurvedic medicine and traditional Chinese medicine 

(Rastogi et al., 1960). The leaves of C asiatica are shown in Rgure 2.1. 

Figure 2.1 Leaves of C asiatica. 
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2.1.2 Taxonomy 

C asiatica is a living organism which belongs to kingdom of plantae. Its' botanical 

synonyms is Hydrocoty/e asiatica L. The classification of C asiatica is shown at table 

2.1. 

Table 2.1 Oassification of Centella asiatica (Singh et aI., 1968) 

Classification 

Kingdom: Plantae 

Order · Apiales · 
Family . Mackinlayaceae . 
Genus · Centella · 
Species · C asiatica · 
Local names: Pegaga 

Botanical synonyms Hydrocoty/e asiatica L 

2.1.3 Botanical desaiption 

Pegaga stems are slender, creeping stolons, green to reddish green in color, 

interconnecting one plant to another. It has long-stalked, green, reniform leaves with 

rounded apices which smooth texture with palmately netted veins. The leaves are 

borne on pericladial petiols, around 20 cm. The rootstock consists of rhizomes, 

growing vertically down. They are creamish in colour and covered with root hairs 

(Singh et aI., 1968). 

Pegaga flowers are pinkish to red in colour, born in small, rounded bunches 

(umbels) near the surface of the soil. Each flower is partly enclosed in two green 

bracts. The hermaphrodite flowers are small in size (less than 3 mm), with 5 or 6 

corolla lobes per flower. Each flower bears five stamens and two styles. The fruits are 

densely reticulate, distinguishing pegaga from species of Hydrocotyle which have 

smooth, ribbed or warty fruits. The pegaga matures in three months and the whole 

plants, including the roots, is harvested manually (Daniel, 2005). 
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2.1.4 Habitat of Pegaga 

Pegaga usually grows along ditches and in low wet areas. It is aquatic which is 

especially sensitive to pollutants in water. C asiatica prefers a moist to wet soil in 

sun or partial shade. It also grows on walls in the wild and tolerates dried conditions. 

The species is not hardy in the colder areas of the country; it tolerates temperatures 

down to between -5 DC and -10 DC. It grows and spreads very well outdoors during 

summer in most part of country and is very easy to increase by division. C asiatica 

can therefore be grown as a summer crop with division being taken during the 

growing season and overwintered in a green house (Daniel, 2005). 

2.1.5 Distribution of Pegaga 

Cente/la asiatica is found throughout tropical and subtropical regions of India up to 

an altitude of 600 m. The plant is reported to occur also at higher altitudes of 1550m 

in Sikkim and 1200 m in Mount Abu. It grows widely in regions of East India, China, 

Japan and Australia, Sri Lanka, South Africa (Rastogi et a/., 1960). 

2.1.6 Medicinal Applications 

C asiatica has been used as medicine since prehistoric time (Kartnig et al., 1988). It 

is used to treat dermal disorder, venous insufficiency and microangiopathy. It has 

been reported that C asiatica can increase collagen synthesis in vitro and 

extracellular matrix accumulation in vivo, which can enhance tensile strength in 

wound tissue and can facilitate the wound healing process (Zhao et al., 2002; Zaino! 

et al., 2003; Cheng et al., 2004; Babu et a/., 1995). 

Pegaga based products can found in the form of powder, infusions, soluble 

and extract of fresh and dried plant, in both conventional and homeopathic 

preparation. It is also prepared in the form of ointments and creams (Brinkhaus et al., 

2000). Madecassol (asiaticoside) in tablet, ointment and powdered form was used as 

anti-inflammatory (Chen et a/., 1999) and autoimmune (Guseva et a/., 1998). In 

terms of cosmetic application, it is used to promote skin regeneration and stimulate 
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biosynthesis of collagen through the formation of lipids and proteins. Pegaga extract 

is reported to be effective on scar treatment (Faridah, 1998; Brinkhaus et aI., 2000). 

2.2 Bioactive Constituents in Pegaga 

The chemical constituents of pegaga are classified into main groups including 

essential oil, flavone derivatives, triterpenic steroids, triterpenic acids and triterpenic 

acid sugar ester or saponin (Brainkhaus et al., 2000). Pegaga also contains various 

important constituents for clinical and pharmaceutical uses (Bonte et.al., 1994). 

Chemicals that were previously investigated from pegaga are brahmic acid, 

brahminoside, brahmoside, centellic acid, centelloside, hydrocotyline, 3-

glucosylkaempferol, 3-glucosyl-quercetin, indocentelloside, isobrahmic acid, 

isothankunic acid, isothankuniside, madasiatic acid, madecassol, meso-inositol, 

oxyasiaticoside, thankunic acid, vallerine; alkaloid, fatty acids, flavonols, polyphenols, 

saponins, sterols, sugars, tannins, terpenoids, triterpenes (Goh et aI., 1995). Asiatic 

acid, asiaticoside, madecossoside and madecassic acid are the biologically active 

constituents in pegaga (Indu Bala & Ng, 1999). 

Table 2.2 Bioactive constituents structure of C asiatica 

Compounds Structure 

Brahmic acid 

HO" ", 

H 

OH 
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Brahminoside 

Asiatic acid 

3-glucosylkaempferol OH 

HO 

OH 0 
HO 

OH 
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Isothankunic acid 

Isothankuniside 

OH R= COO-glc(l-6)glc(l-4)rha 

Madasiatic acid 

OH 
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Meso-inositol OH 

OH 

Madasiatic acid 

2.2.1 Triterpene Glycosides 

Compost is used to stimulate the synthesis of bioactive constituents such as 

triterpenes glycosides in pegaga. Pegaga contains of Asiaticoside, Medacosside, 

Asiatic acid and Madecassic acid. The bioactive constituent of therapeutic interest in 

pegaga is pentacyclic triterpenoid group known as asiaticoside (De Lucia et at., 1997) 

or saponin containing triterpene acids. The most important three sugar esters are 

asiatic acid, madecassic acid and the three type of asiaticosides, asiaticoside, 

asiaticoside A and asiaticoside B (Singh & Rastogi et at., 1969; Brinkhaus et at., 

2000). Pegaga contains not less than 2% triterpene ester glycosides, asiaticoside and 

madecassoside (Kartnig et at., 1988). Asiaticoside and asiatic acid were also reported 

to be found naturally in Scheff/era octophyl/a (Sung et aI., 1992). 
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2.2.2 Chemical structure of Triterpene Glycosides 

Glycosides are compounds containing a carbohydrate and non-carbohydrate residue 

in the same molecule. The chemical structure of each tritrepene glycoside is shown in 

Figure 2.2. An acetal linkage at carbon atom 1 to a non-carbohydrate residue or 

aglycone attaches the carbohydrate residue. In terms of chemical structure, the 

aglycone was classified into several group including saponin, flavonol, phenol, 

tannins and lactone group. 

Saponin glycosides are divided into 2 types according to chemical structure of 

aglycone. The acid saponins possess triterpenoid structures as shown in figure 2.3. 

Madecassic acid and asiatic acid are classified under miscellaneous triterpenoids, 

whereas asiaticoside fall in a group of triglycoside (Jeffery et a/., 1999). 

Rl 

Saponins R1 R2 R3 R4 RS 

Asiatic acid -H -H -CH3 -CH3 H 

Asiaticoside -H -(3-0-glc( 6-1 )-(3- -CH3 -CH3 H 

O-glc-( 4-1)-L-

rha 

Madecassic acid -OH -H -CH3 -CH3 H 

Madecassoside -OH -(3-o-glc( 6-1 )-13- -CH3 -CH3 H 

O-glc-( 4-1)-L-

rha 

Figure 2.2 Chemical structure as detail of Triterpenes glycosides (Brinkhaus et al., 

2000). 
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Saponin 

~ 

~ • 
Glycone Aglycone 

1 
.... Sugar Sapogenin 

I 

• I 

Neutral Acid 
Saponins saponins 

~ Steroid -Triterpenoid 

Figure 2.3 The group of saponin glycosides (Duke,1992). 

2.2.3 Asiaticoside 

Asiaticoside is an ester glycoside of trisaccharide triterpene. Asiatic acid is the most 

active compound in pegaga. Molecular formulae of asiaticoside is c..aH760 19 and it 

melting point is in the range of 230°C to 233 °e. The chemical structure is shown in 

Figure 2.4. 

12 UMS 
UNIVERSITI MALAYSIA SABAH 



REFERENCES 

Ahmad, Z., Yamamoto, S. & Honna, T. 2008. Leachability and phytoavailability of 
nitrogen, phosphorus and potassium from different bio-composts under 
chloride and sulfate dominated irrigation water. Joumal of Environmental 
Quality37: 1288-1293. 

Babu, T. D., Kuttan, G. & Padikkala, J. 1995. Cycotoxic and anti-tumor properties of 
certain taxa of Umbelliferae with special reference to Centella asiatica (L.) 
Urban. Ethnopharmacology. 48(11): 53-57. 

Bauer, A. W., Kirby, W. M. M., Serris, J. C. & Turck, M. 1966. Antibiotic susceptibility 
testing by a standardized single disc method. American Journal of Clinical 
Pathology 45: 493-496. 

Bonte, F., Dumas, M., Chaudagne, C. & Meybeck, A. 1994. Influence of Asiatic acid, 
Madecassic Acid and Asiatcoside on Human Collagen I Synthesis. Planta 
Medica. 60: 133-135. 

Brinkhaus, B., Undner, M., Schuppan, D. & Hahn, E.G. 2000. Chemical, 
pharmacological and clinical profile of the East Asian medical plant Centella 
asiatica. Phytomedicine. 7(5): 427-448. 

Chen, Y. J., Dai, Y. S., Chen, B. F., Chang, A., Chen, H. C., Un, Y. C., Chang, K. H., 
Lai, Y. lo, Chung, C. H. & Lai, Y. J. 1999. The effect of tetrandrine and 
extracts of Centella asiatica on acute radiation dermatitis In rats. Biological 
Pharmarcy Bulletin. 22 (7): 703-706. 

Cheng, C. L, Guo, J. S, Luk, J. & Koo, M. W. L 2004. The healing effects of Centella 
extract and asiaticoside on acetic acid Induced gastric ulcers in rats. Ufe 
Science 74: 2237. 

Daniel, M. 2005. Medicinal plants: chemistry and properties. Science Publishers: 225. 

Duke, J. A. 1992. Handbook of phytochemical constituents of GRAS herbs and 
economic plants. Boca Raton, FL: eRC Press. 

Dimayuga, R. E. & Garda, S. K. 1991. Antimicrobial screening of medicinal plants 
from Baja Califomia Sur. Mexico. JoumalofEthnopharmacology31: 181-192. 

41 'UMS 
UNIVERSITI MALAYSIA SABAH 



Faridah, A. F. 1998. The commercialization of Local Medicinal Herb in Skin Care and 
Toiletries Products. In: Nair M.N.B. and Nathan G. Eds. Medidnal Plants: 
CURE for 21st Century Biodiversity, Conservation and Utilization of Medicinal 
Selangor: 130-132. 

Gasser, J. K. R. 1985. Composting of Agncultural and Other Wastes. Elsevier. London. 

Glick, B. R. 1995. The enhancement of plant growth by free-living bacteria. Canadian 
JoumalofMicrobiology41: 109-117. 

Goh, S. H, Chuah, Mok, J. S. L & Soepadmo, E. 1995. Malaysian medidnal plants for 
treatment of Cardiovascular diseases. Kuala Lumpur: Academe Art and 
Printing Sdn Bhd. 

Gunther, B. & Wagner, H. 1996. Quantitative determination of triterpenes in 
extracts and phytopreparations of Centella asiatica (L.) Urban. Phytomedicine 
3: 59-65. 

Guseva, N. G., Starvoitova, M. N. & Mach, E. S. 1998. Madeccassol treatment of 
systematic and localized scleroderma. Ter Arkh. 70(5): 58-61. 

Henkel, T., Brunne, R. M., Muller, H. & Reichel F. 1999. Statistical investigation into 
the structural complementarity of natural products and synthetic compounds. 
Angewandte Chemie-Intemational Edition 38: 643-647. 

Hoflich, G., Wiehe, W. & Kuhn, G. 1994. Plant growth stimulation with symbiotic and 
associative rhizosphere microorganisms. Experientia 50: 897-905. 

Hornick, L. J., Sikora, S. B., Sterret, J. J., Murray, J. D., Millner, J. F., Parr, R. L., 
Chaney & Willson, G. B. 1984. Utilization of Sewage Sludge compost as a Soil 
Conditioner and Fertilizer for Plant Growth. Agriculture Information Bulletin No. 
464. 

Indu Bala, J. & Ng, L T. 1999. Herbs: The Green Pharmacy of Malaysia. Kuala 
Lumpur: Vinpress Sdn. Bhd. 21-23. 

Inamdar, P. K., Yeole, R. D., Ghogare, A. B. & De Souza, N. J. 1996. Determination 
of biologically active constituents in Centella asiatica. Joumal of 
ChromatographyA23: 127-130. 

42 UMS 
UNIVERSITI MALAYSIA SABAH 



Jacinda, T. J., Meyer, R. & Dubery, I. A. 2008. Plant Cell. Tissue Organ Culture 94: 1. 

Jayashree, G., Kurup, M., Sudarslal, S. & Jacob, V. B. 2003. Anti-oxidant activity of 
Centella asiatica on lymphoma-bearing mice. Rtoterapia 74: 431-434. 

Jeffery, B., Harbone, F. R. S., Baxter, H., Moss, G. P. & Eds. 1999. Phytochemical 
Dictionary. A Handbook of Bioactive Compounds from Plants. 2nd ed. UK: 
Taylor & Francis Ltd. 802. 

Kartnig, T. 1988. Oinical applications of Centella asiatico (L) Urb., In Herbs, Spices 
and Medical Plants. Recent advances in botany, horticulture, and 
pharmacology3: 145-173. 

Ung, A. P. K., Marziah, M. & Tan, S. E. 2000. Triterpenoids Distribution in Whole 
Plant and Callus Cultures of Centella asiatica Accessions. Proceeding of the 
1 d" National Seminar on Natural Products. Selangor: MARDI. 165-168. 

Meng, Z. & Zeng, Y. 1988. Determination of asiaticoside contained in Sanjinpian. 
Zhongguo Yaoke Da xue Xue bao 19: 205-206. 

Mitscher, L A., Drake, S., Gollopudi, S. R. & Okwute, S. K. 1987. A modem look at 
folkloric use of anti-infective agents. Joumal of Natural Products 50: 1025-
1040. 

Neo, B. J. 2009. Bioactive Characterization of Centella Asiatica. Dissertation of 
Bachelor of Science, Universiti Malaysia Sabah (Unpublished). 

Newall, C. A., Anderson, LA. & Phillipson, l. D. 1996. Herbal Medidnes: A Guide for 
Health-Care Professionals. London: The Pharmaceutical Press. 

Ormeno, 0., Mevy, R. P., Fernandez C. & V. B. 2009. Compost may affect volatile 
and semi-volatile plant emission through nitrogen and chlorophyll 
fluorescence. Chemosphere 77: 94-104. 

Perry, C. M. 1998. Medicinal plants of East and Southeast Asia: attributed properties 
and uses. Mass, USA: MIT Press. 

Plohmann, B., Bader, G., Streich,S., Hilter, K. & Franz, G. 1994. Immunomodulatory 
effects of Triterpenoid saponins. Europe Journal Pharmacy Science 2: 120. 

43 UMS 
UNIVERSITI MALAYSIA SABAH 



Prateek & Agrawal R. K. 2008. High Performance Uquid Chromatography Analysis of 
Asiaticoside in Centella asiatica (L.) Urban. Chiang Mai Journal Science 35 (3): 
521-525. 

Rafamantanana, Rozet, E., Raoelison, G. E., Cheuk, k., Rastimamanga, Hubert & 
Quentin. 2009. An improved HPLC-UV method for simultaneous quantification 
of triterpenic glycosides and aglycones in leaves of Centella asiatica. Joumalof 
Chromatography B 877: 2396-2402. 

Randriamampionona, B. 0, F. R, Cheuk, C. R, K., Anne, m., J. H, S. R & M. Jahziri. 
2007. Comparative analysis of active constituents in Centella asiatica samples 
from Madagascar. Application for ex situ conservation and clonal propagation. 
Rtoterapia 78: 482-489. 

Rastogi, R.P., Sankar B & Ohar M.L.1960. Chemical Examination of Centella asiatica 
Unn part I. Isolation of chemical consitutents. Joumal Science Industrial 
Resolution 19B: 252. 

Scheuerell & Mahaffe, W. F. 2004. Compost tea as a container medium drench for 
suppressing seedling damping-off caused by P. ultimum. Phytopathology 94 
(11): 1156-1163. 

Sharma, R., Jaiswal , A. N., Kumar, S. ,Chaturvedi, C. & 1iwari, P. V. 1985. Role of 
brahmi in educable mentally retarded children. Joumal Resolution Education 
Indian Medcation No. (1-6): 55-77. 

Shukla, A, Rasik, A. M., Ohawan, B. N. 1999. Asiaticoside-Induced elevation of 
antioxidant levels In healing wounds. Phytotherapy Research 13 (I): 50-54. 

Silva, E. M., Rogez, H., Larondelle, Y. 2007. Optimization of extraction of phenolics 
from Inga edulis leaves usig response surface methodology. Separation and 
Purification Technology55: 381-387. 

Singh, B. & Rastogi, R. P. 1969. A reinvestigation of the triterpenes of Centella 
Asiatica. Phytochemistry 8: 917-921. 

Sylvia, E. W .. 2004. The effect of compost extract on the yield of strawberries and 
severity of Botrytis cinerea. Joumal of Sustainable Agriculture 25 (1). 

Sung T. V., Lavaud, C., Porzel, A., Steglich, W. & Adam, G. 1991. Triterpenoids and 
their glycoside from the bark Schefflera octophylla. Phytochemistry31 (1):22-
231. 

44 UMS 
UNIVERSITI MALAYSIA SABAH 



Tyler, V., Brady, l. & Robbers, J. 1981. Pharmacognosy. 8th Edition, Lea and Febiger, 
Philadelpia. 

Vallini, G., Pera. A, Avio, lo, Valdrighi, M. & Giovannetti, M. 1993. Influence of humic 
acids on laurel growth, associatedrhizospheric microorganisms, and 
mycorrhizal fungi. Biology Fertilizer Soils 16: 1-4. 

Verma, R. K, Shartariya, K. G., Gupta, M. M. & Kumar, S. 1999. Reversed phase high 
performance liquid chromatography of asiaticoside in Centella Asiatica. 
Phytochemistry Analytical 10: 191-193. 

WHO. 2002. Traditional Medicine Strategy 2002-2005. WHO Publications: 1-6. 

Xie, Y., Jiang, Z. H., Zhou, H., (ai, X., Wong, Y. F., Uu, Z. Q., Sian, Z. X., Xu, H. X. & 
Liu, l. 2007. Combinative using HPLC quantitative and qualitative analyses for 
quality consistency assessment of a herbal medicinal preparation. Joumal of 
Pharmaceutical and Biomedical Analysis 43: 204-212. 

Zainol, M. K., Abd Hamid, A., Yusof, S. & Muse, R. 2003. Antioxidative activity and 
total phenolic compounds of leaf, root and petiole of four Centella asiatica 
accessions of (L) Urban. Food ChemiStry. 81 (4): 575-581 

Zhao, Y. X., U, M. L, Feng, W. H., Kang, C. & Fan, L 2002. Chinese Joumal of 
Information on Traditional Chinese Medicine 9 (8): 81. 

45 UMS 
UNIVERSITI MALAYSIA SABAH 


