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Abstract  

The use of carbon and nitrogen in nutrient media is essential for growth and helps identify 

highly productive media for Centella asiatica (L.).  It is used in traditional medicine for the 

treatment of various ailments. It contains various secondary metabolites which can be enhanced 

by the use of elicitors. Present study deals with the quantitative analysis of ethanolic extract of 

stem and leaf of this plant. An efficient and reproducible protocol was developed for micro 

propagation and enhances secondary metabolite production using explants of Centella asiatica. 

The combination of BAP, along with different concentration of sugars, nitrogen source and 

elicitors were used for this purpose. In between sucrose and fructose, sucrose containing media 

gives the better result than fructose. Among the nitrogen sources used ammonium nitrate shows 

best growth and malt extract shows best growth among the three different elicitors. Asiaticoside 

is one of the important phytocompounds that helps in the treatment of jaundice, missiles, 

hepatitis, small pox and rheumatism. Due to the importance of asiaticoside there is a need to 

micro propagate this plant so that maximum yield of asiaticoside can be achieved. Quantitative 

analysis of asiaticoside was performed using standard protocol by reverse phase high 

performance liquid chromatography. Fatty acids are of great significance when it comes to food 

nutrition evaluation, pharmacology and disease diagnosing. Saturated fatty acids helps to reduce 

cardiovascular risks and improving liver, lungs and brain health. Unsaturated (mono and 

polyunsaturated) fatty acids are used for declining heart disease and inflammation and 

increasing the immunity. Due to this medicinal importance, the analyses of fatty acids from five 

different accession of Centella asiatica were observed.   
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Introduction  

 
Plants are gifted with various important and active phyto compounds such as vitamins, 

terpenoids, phenolic acids, lignins, tannins, flavonoids, alkaloids, amines, and other metabolites 

which are well to do in antioxidant activity (Zheng and Wang, 2001; Cai et al., 2003). Centella 

asiatica (L.) is a, creeping, perennial herbs, rooting at nodes and belongs to the family Apiaceaes. 

As because the plant inhabits in various region in India, it is popular with its regional names 

such as Thankuni in Bengali, Gotukola in Sinhali, Manimunni in Assam, Valleri in Decan, 

Mandookaparni in Hindi, Indian pennywort in English (Jamil et al., 2007), etc. The plant is found 

in abundance on moist, swampy, sandy or clay soils, often in large clumps, forming a dense green 

carpet.  

The medicinal value of this plant was revealed in Charaka Chikitsa (Bhavna et al., 2011) and 

main active essential elements of C. asiatica (L.) are asiatic acid, madecasic acid, asiaticoside, 

madecassoside, brahmoside, brahmic acid, brahminoside, thankiniside, isothankunisode, 

centelloside, madasiatic acid, alkaloids, flavanoids, etc. ( Glasby 1991, Bonfill et al., 2006, Zhang 

et al., 2008, Diallo et al., 1991, Inamdar et al.,1996, Jiang et al., 2005, Nhiem et al., 2011, Weng et 

al., 2012, Krishnamurthy et al., 2009, Subban et al., 2008, Veenrendra et al., 2002) which are 

known to take care of skin problems, to heal wounds, for stimulating the nerves and brain cells, 

antileprotic, antifilarial, antibacterial, adaptogenic, antifeedant, anti-stress, anti-ulcer, anti-

oxidative stress, anti-radiation properties, anti-heavy metal poisoning, antiviral properties, etc. 

(Singh et al., 2010, Warrier et al., 1994, Soumyanath et al., 2005, Rao et al., 2006, Binns et al., 

2002, Dhanasekaran et al., 2009, Sarma et al., 1996, Sarma et al., 1995, Gupta and Flora 2006, 

Flora and Gupta 2007, Hussin et al., 2007, Shinomol et al., 2010, Heong et al., 2011, Hamid et. al., 

2002, Veenrendra et al., 2002, Sharma and Sharma 2002, 2005, Joy and Nair 2009, Boiteau et al., 

1949, Saxena and Flora, 2006). 

It is also reported that asiaticoside, one of the important compound of C. asiatica shows anti-

tumor activity by apoptosis of tumor cells and is also used in the healing of leprosy or skin 

disorder by collagen I synthesis in human (Bonte et al., 1994). Due to it’s medicinally important 

properties, this plant as well as its extract is in huge demand and such demand cannot be 

fulfilled by natural means. Thus in the search for alternatives to production of desirable 

medicinal compounds from plants, biotechnological approaches, specifically, plant tissue 

cultures, are found to have more prospective as enhancement to traditional production of 

bioactive plant metabolites (Ravishankar and Ramchandra Rao, 2002; Vanisree et al., 2004; 

Sharma et al., 2011).  

Several groups have worked out that carbon and nitrogen source are essential for the growth of 

the plant and they also have important role in metabolic pathways (Panathula et al., 2014) to 
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enhance the formation of auxiliary buds and branching of adventitious roots (Saad et al., 2012). 

Plant cells in vitro, shows physiological and morphological responses to microbial, physical or 

chemical factors which are known as ‘elicitors’. Elicitation is a process of induced or enhanced 

synthesis of secondary metabolites by the plants to ensure their survival. Treatment with 

elicitors is reported to enhance secondary metabolites in C. asiatica (Kim et al., 2004; Mangas et 

al., 2006; Prasad et al., 2013). Keeping these in mind following studies was done. 

1) Tissue culture of Centella asiatica 

Therefore, in the present investigation, focus has been done to in vitro micropropagation of       

the five different accession of Centella asiatica to find out the best culture conditions. 

I. To find out the potential carbon source MS media containing different carbon sources 

(sucrose and fructose), supplemented with 6 Benzyl amino purine (BAP) were used 

separately. 

II. To observe the most probable nitrogen sources MS media containing four different 

nitrogen sources (ammonium nitrate, potassium nitrate, sodium nitrate and calcium 

nitrate), supplemented with 6 BAP were tested individually. 

III. To detect the effect of elicitors, MS media supplemented with three different elecitors 

[Malt extract (ME), jasmonic acid (JA) and salicylic acid (SA)] and BAP were used 

independently. 

2) Estimation of asiaticoside 

In the next phase of study was to estimate the asiaticoside on the best grown accession 

supplemented with elicitors using reverse phase high performance liquid chromatography 

(RPHPLC). 

3) FAME analysis 

Another attempt has been made to investigate the fatty acid methyl ester (FAME) profile of five 

different accession of Centella asiatica under normal environmental conditions. 

The purpose of this investigation is to find out potential culture conditions as well as potential 

accession which can provide the high yield of plant material as well as active compounds. 

Quantitative analysis of asiaticoside was carried out using standard protocol of reverse phase 

high performance liquid chromatography with the plant’s accession which provided best results 

with malt extract. FAME analysis was done with GC-MS for five different accessions to access the 

potential fatty acid containing accession of Centella asiatica. 
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Review of literature 

Morphology 
 
Centella asiatica (L.) is a slightly fragrant, perennial, creeper herb, rooting at nodes. It can attains 

height up to 15cm. Centella asiatica do well extensively in shaded, swampy, damp and wet places 

such as paddy fields, river banks forming a dense growth. The leaves are human brain shaped 1-

3 from each node of stems. Flowers are in cluster, each umbel consisting of 3-4 white to purple 

or pink flowers. Flowering period of the plant is April-June. Fruits are approx 2 inches long, 

globular in shape and strongly thickened pericarp. (Singh et al., 2010) 

 

Geographical area 

 

Centella asiatica found throughout tropical and sub tropical regions of India, Srilanka, parts of 

China, Northern Australia, Western South Sea Islands, Madagascar, South Africa, South East USA, 

Mexico, Venezuela, Columbia and Eastern South America up to an altitude of 600m. (Gupta et al., 

2007)  

 

Chemical composition: 

Centella asiatica contain various types of compounds: 

Triterpene acids: Asiatic, madacassic, terminolic, centic, centellic, centoic acid, indocentoic acid, 

isobramhic, betulic, brahmic and madasiatic acids are there in Centella as triterpene acid. (Gupta 

et al., 2006) 

Volatile and fatty oil: The plants contain various types of volatile and fatty oils. Glycosides of 

palmitic, stearic, oleic and linolenic acids are present in fatty oils. The plant also contains 

alkaloids, glycosides, flavonoids and various other compound.(Jamil et al., 2007) 

Properties  

Role as Antioxidant: 

The plants are of great attention in food industry as it contains essential oils and various extract, 

which have the potential as natural additives in packaged food product. It can replace the 

chemical additives which have been used as antioxidant. The component of Centella asiatica has 

high potential in antioxidant activity (Hamid et al., 2002). Hashim et al. stated that antioxidant 

activity in Centella is roughly same as in vitamin C and in grape seed extract. Antioxidant activity 

of the plants were investigated and it was found that the plant extract were carry out scavenging 

the DPPH free radical and dropping ferric ions (Weng et al., 2012).  
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It was also found that the leaves of Centella shows high antioxidant activity using three different 

pathways, free radical scavenging activity, inhibition of peroxidation of linoleic acid and radical 

scavenging DPPH (Gupta et al., 2006) 

According to Zainol, et al, among the different parts of C. asiatica, leaves showed highest 

antioxidant activity which also contains highest phenolic contents, when compare to other plant 

parts. This result suggests that phenolic compounds are the major contributors to the 

antioxidative activities of C. asiatica. On the other hand, Abdul- Hamid, et al., 2002 reported that 

ethanol extract of root of C. asiatica exhibited the highest activity though it was not significantly 

different from the leaves. The antioxidative activity of different parts of may be due to the 

reduction of hydroperoxides, inactivation of free radicals, chelation of metal ions or 

combinations thereof.  

Oral treatment of crude methanol extract of C. asiatica on mice having lymphoma is applied and 

it was observed that there is significant increase in the superoxide dismutase (SOD), catalase 

and glutathione peroxidase (GSHPx) which are responsible for antioxidant activity.  

The role of asiaticoside in wound healing as antioxident was studied. It was reported that 

asiaticoside driven from Centella asiatica enhance the antioxidant level from the initial stage of 

healing It was also observed that the plant also contain antioxidant activity of carotenoid and 

ascorbate peroxidase. The level of antioxidant activity enhance as the concentration of Cenlella 

extract increased 1000 to 5000ppm. Two new flavonoids (castilliferol 1 and 2) were isolated 

from the whole plant of Centella asiatica. They exhibit antioxidant activity with DPPH radical 

solution (Subban et al., 2008).    

Antibacterial activity: 

Medicinal plants are popularly used in natural medicines because of their very low side effects 

and economic. Centella asiatica is very important as it perform antibacterial activity in 

opposition to a broad range of bacteria (Jagtap et al. 2005)  

Micropropagation and enhance asiaticoside production in Centella asiatica. 

Growth and triterpenoid production based on macronutrients were studied. Centella asiatica 

plant cells grown macronutrients, 5.05mM ammonium, 15.0 mM nitrate and 2.6 mM phosphate 

gives optimum cell dry weight (16g/L). But the production of triterpenoids was lower than the 

4mg/g of cell dry weight (Omar et al., 2005). 

Effect of growth regulators on Centella asiatica plant culture was studied. B5 media 

supplemented with 0.01mg/L 2,4-D reduce the growth and asiaticoside production in Centella. 

Growth medium supplemented with TDZ (cytokine) showed highest growth and asiaticoside 

production than other (BA, Zeatin and Kinetin) cytokines (Kim et al., 2004). 
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Effect of elicitors on asiaticoside production in Centella asiatica was studied. For this perpose 

Yeast extract, Methyl jasmonate (0.01mM), Cdcl2, CuCl2 were used. Among them MJ (0.1mM) 

shows highest asiaticoside production (116.8 mg/L). Cdcl2 and CuCl2 showed negative result on 

asiaticoside production (Kim et al., 2004). 

Methyl jasmonate (100µM) supplemented media can enhance the growth and secondary 

metabolite production in variety of plant species. Results showed that the plants, C. asiatica and 

G. glauca enhance the triterpenoid content exogenous methyl jasmonate treated plant species 

(Mangas et al., 2006). 

Several important high value compounds such as asiaticoside and madacassoside are shown 

produced from hairy root culture of Centella asiatica (L.) Urban. Co cultivation of the plant 

(transformed with Agrobacterium) with A. rhizogenes were done for seven days to obtain 

abundant hairy roots. The resulting transformed plants were treated with Methyl jasmonate for 

three weeks and the results showed high amount (7.12mg/g dry wt.) of asiaticoside production 

(Kim et al., 2007).  

MS media supplemented with 2.5 mg/L kinetin showed shoot growth index 6.06 and highest 

asiaticoside production (3.8 mg/g dry wt.) in Centella asiatica (L.) on the 35th day. Shoot growth 

and asiaticoside production was influenced by the concentration of ammonium, nitrate and 

cupper present in the medium were observed. Total nitrogen upto 60 mM showed highest 

(8.7mg/g) level of asiaticoside accumulation. It was also observed that sucrose concentration 

(5%) significantly (7.2 mg/g of dry wt.) raise the asiaticoside production (Prasad et al., 2011). 

A recent study investigated the elimental contents and fatty acids in four different medicinal plants 

(Kaiempferia rotunda; Cuscuta reflexa; Centella asiatica; Asparagus racemosus). Results showed that 

the plants contains considerable amounts of Na, K, Mg, Nn, Fe, Cu, Cr, Cd elements find out by 

Atomic Absorption Spectroscopy (AAS) and essential fatty acids such as heneicosanoic acid, 

pentadecanoic acid, hexadecanoic acid, heptadecanoic acid and octadecanoic acid verified by GC- 

MS. 
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Materials and Methodology 

1) In vitro micro propagation of Centella asiatica 

Collection of plant material 

Cultures of five different accessions i.e. 281374, 383913, 342109, 347492, 331514 of C. asiatica 

were collected from NBPGR New Delhi, India.  

1) To study the effect of carbon source, nitrogen source and elicitors on shoot multiplication 

Murashige and Skoog (MS) media was used (Murashige et al., 1962). pH was adjusted to 5.8 

using 1 N HCl or 1 N NaOH solution. 0.8 % plant agar was used to solidify the media. Sterilization 

of the media was done by autoclaving for 20 min at 121°C and 15 lb pressure. 

I.  For the experiment on carbon sources MS media was supplemented with 1.5 mg/L 6- 

Benzyl amino purine along with different carbon sources [sucrose (3%) and fructose 

(3%)] were prepared separately. 

II. To find out the most effective nitrogen source on shoot multiplication  and elicitors on 

shoot multiplication MS media supplemented with 1.5 mg/L 6- Benzyl amino purine 

along with different nitrogen sources [NH4NO3 (1650mg/L), KNO3 (800mg/L), NaNO3 

(1650mg/L), Ca(NO3)2(825mg/L)] were get ready individually. 

III. To detect the effect of elicitors, MS media supplemented with three different elecitors 

[Malt extract (1mg/L), Salicylic acid (1mg/L), Jasmonic acid (1mg/L)]and 1.5 mg/L BAP 

were used independently. 

 After the solidification of media, sterile explants from each accession were inoculated in culture 

tubes (25x150 mm) separately. The cultures were incubated at 26 ± 2°C under 16 h photoperiod 

and light intensity of 3000 lux for four weeks. Each and every experiment was done in 

triplicates. Visual data was recorded after 4th week of inoculation in terms of number of shoots 

and length of shoots for in vitro growth measurement. 

Data analysis: Observations were recorded and are presented as means ± standard deviation of 
3 biological replicates to estimate the variability between the accessions. 
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2) Estimation of asiaticoside 
 
For the analysis of asiaticoside reverse phase high performance liquid chromatography (RP-
HPLC) with UV detection at 220 nm were used. 
 

Equipment of HPLC: HPLC system including: a pump, an injection port, column compartment, 

and UV- VIS detector. Fused core C18 HPLC column, Sonicator, Polytetrafluoroethylene (PTFE) 

syringe filter, 0.22 micrometer. 

Standard preparation 

Weigh 1 mg of asiaticoside standard dissolve in 10 ml of methanol. 

Preparation of sample for estimation of asiaticoside using HPLC  

 Weight 75mg of air dried powdered leaf sample into the glass tube. 

 Add 20 ml of methanol and sonicate the flask for 10 min. 

 Occasional shaking is done. 

 After cooling filter the sample with 0.45 micrometer filter paper. 

 Final volume makes up to 30 ml with methanol and mix well. 

 Filter a portion of solution through a 0.2 micrometer polytetrafluoroethylene (PTFE) 

syringe filter and inject into HPLC. 

Chromatographic conditions 

Column   C18. 

Mobile Phase  Water : Methanol (30:70) 

Flow rate  1ml/min 

Inj Volume  15 microliter 

Column Temp. 260C 

Detection  UV at 220nm. 
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Procedure for HPLC 

Analysis was carried out by HPLC system. First of all standard solution of asiaticoside was 

injected, after that basal sample solution without any elicitor treatment and lastly the treated 

samples with malt extract elicitor were injected which were prepared in triplets. Each sample 

required 10 minutes to run.  

  

3) FAME analysis 

 Preparation of sample for fatty acid analysis using GC-MS 

 Leaves of Centella asiatica were transferred to a screw-cap (teflon coated) glass tube. 

 Added 1ml of 2% methanolic HCl to chopped leaves. 

 The sample was then incubated at 90oC for an hour. 

 After that 1 ml of 0.9% Nacl was added followed by 2 ml of hexane and centrifuged at 

2000 rpm for 2 minutes. 

 The upper (hexane) layer of the sample was transferred into a fresh glass tube and dried 

under nitrogen flow. 

 Dried sample was then diluted with 100 micro liter of hexane. 

 1 micro liter of samples was then injected into the GC-MS for analysis 

 

Methodology used in GC-MS analysis 

Analysis was carried out by GC-MS electron impact ionization method. A gas chromatograph 

coupled mass spectrometer. The carrier gas consisted of helium. The column temperature was 

maintained 50 to 2500C. It requires 35 min to run each sample. 
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Results and Discussion:  

1) In vitro micro propagation of Centella asiatica 

Effect of carbon source, nitrogen sources and elicitors on shoot regeneration was observed in 

five accessions of Centella asiatica. Observation was recorded as mean value of triplicate 

samples after four weeks of inoculation (Table-1, 2 & 3). 

I. Effect of Carbon sources 

Two different carbohydrate sources i.e. sucrose and fructose were tested for their potential on 

shoot regeneration in five different accession of Centella asiatica and it was found that sucrose 

showed better shoot growth than fructose in different accession of Centella asiatica.  

S.No Accession Number Treatment  

No. of shoots 

(M±SE) 

 

Length of 

shoot(cm.) 

(M±SE) 

1 Accession no.281374 

MS+Sucrose+ BAP(1.5mg/ltr) 8±1.15 1±0.06 

MS+Fructose+BAP(1.5mg/ltr) 2±0.57 1.5±0.16 

2 Accession No.383913 

MS+Sucrose+ BAP(1.5mg/ltr) 3±0.57 0.27±0.04 

MS+Fructose+BAP(1.5mg/ltr) 2±0.57 0.75±0.08 

3 Accession No.342109 

MS+Sucrose+ BAP(1.5mg/ltr) 5±1.2 0.52±0.02 

MS+Fructose+BAP(1.5mg/ltr) 2±0.57 0.75±0.10 

4 Accession No. 347492 

MS+Sucrose+ BAP(1.5mg/ltr) 16±3.05 1.66±0.15 

MS+Fructose+BAP(1.5mg/ltr) 5±0.57 0.7±0.05 

5 Accession No. 331514 

MS+Sucrose+ BAP(1.5mg/ltr) 10±1.15 1.5±0.08 

MS+Fructose+BAP(1.5mg/ltr) 3±0.57 1±0.09 

Table-1: Effect of different carbon sources on number and length of regenerated shoots in five different accession of 

Centella asiatica after four weeks of inoculation. Values are expressed as mean ± Standard Error (M ± SE). MS: 

Murashige and Skoog medium; BAP: 6-Benzyl amino purine.  
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Accession No. 347492 

 

Accession no.281374 

 

Accession No. 331514 

 

Accession No.342109 

 

Accession No.383913 

Figure-1: In vitro culture of five different accession of Centella asiatica in MS media containing Sucrose (After four 

weeks of inoculation) 

Maximum number of shoots generation was recorded in MS media supplemented with Sucrose 

(3%). In case of sucrose as carbon source, maximum number of shoots was reported in accession 

number 347492(16) followed by 331514 (10), 281374 (8), 342109 (5) and 383913 (3). 

Maximum average length was reported in accession number 347492 (1.66). 

 

II Effect of nitrogen sources 

A comparative study with four different nitrogen sources i.e. ammonium nitrate, potassium 

nitrate, sodium nitrate and calcium nitrate were tested for their potential on shoot regeneration 

in five different accession of Centella asiatica. Each accessions response in its own way in MS 

media containing different nitrogen sources. Accession no 383919 shows maximum average no 

of shoots in the media containing NaNO3 (9.33) followed by KNO3 (7.66), NH4NO3 (4.67), Ca 

(NO3)2 (0.25) and maximum average length of shoots generation was reported in KNO3 

containing media (1.46) followed by NH4NO3 (1.4), NaNO3 (1.17), Ca (NO3)2 (0.25). Accession no 

281374 also shows highest no of shoot in NaNO3 (8) followed by NH4NO3 (6.33), Ca (NO3)2 

(4.66), KNO3 (3) but average length of shoot was maximum in KNO3 (1.4) containing medium. In 

the accession no 331514 and 347492 maximum average no of shoots generation was reported in 

NH4NO3 containing media 10 and 14.66 respectively. Highest average length of shoots was 

recorded in the media containing NaNO3 (1.94) followed by NH4NO3 (1.16), Ca (NO3)2 (1.04), 

KNO3 (0.93) in the accession no 347492. Whereas accession no 342109 shows a different type of 

result, here KNO3 containing media shows highest no of shoots (7.66) followed by NH4NO3 (5.33) 

NaNO3 (4.66), Ca (NO3)2 (3.33). Among five different accessions 347492 shows the best result in 

presence of MS media supplemented with separate nitrogen sources followed by accession no  
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S.No. Accession no. Nitrogen Source Treatment 
No of shoots           
(M ±SE) 

Length of shoots in c.m  
(M±SE)          

1 383913 

Ammonium Nitrate 4.67± 0.66 1.4±0.33 

Potassium Nitrate 7.66±2.18 1.46±0.41 

Sodium Nitrate 9.33±2.4 1.17±0.38 

Calcium Nitrate 3±0.57 0.25±0.06 

2 281374 

Ammonium Nitrate 6.33±0.88 1.23±0.26 

Potassium Nitrate 3±0.57 1.35±0.23 

Sodium Nitrate 8±0.1.5 0.76±0.17 

Calcium Nitrate 4.66±0.66 1.01±0.23 

3 331514 

Ammonium Nitrate 10±1.15 1.49±0.27 

Potassium Nitrate 7±0.57 0.9±0.22 

Sodium Nitrate 4±0.57 0.75±0.14 

Calcium Nitrate 5.6±1.2 0.97±0.36 

4 347492 

Ammonium Nitrate 14.66±2.4 1.61±0.59 

Potassium Nitrate 5.66±0.88 0.93±0.29 

Sodium Nitrate 10±1.15 1.94±0.53 

Calcium Nitrate 5.66±1.2 1.04±0.33 

5 342109 

Ammonium Nitrate 5.33±0.88 1.37±0.62 

Potassium Nitrate 7.66±1.2 0.81±0.3 

Sodium Nitrate 4.66±0.66 0.64±0.19 

Calcium Nitrate 3.33±0.88 0.84±0.21 
Table-2: Effect of different nitrogen sources on number and length of regenerated shoots in five different accession 

of Centella asiatica after four weeks of inoculation. Values are expressed as mean ± Standard Error (M ± SE). MS: 

Murashige and Skoog medium; BAP: 6-Benzyl amino purine.  

 

 
Accession No. 347492 

 

Accession No. 331514 

 

Accession no.281374 

 

Accession No.342109 

 

Accession No.383913 

Figure-2: In vitro culture of five different accession of Centella asiatica containing Ammonium Nitrate as Nitrogen 

source. (After four weeks of inoculation) 
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331514, 383913, 281374 and 342109 respectively. It was found that ammonium nitrate 
containing media showed maximum average length of shoot regeneration than other three 
nitrogen sources in different accession of Centella asiatica. 
 
 

III Effect of elicitors 

Among the elicitors used, MS media supplemented with malt extract (1mg/ltr) showed 

maximum number and maximum length of shoots. Maximum effect of malt extract was found on 

accession no. 281374 as maximum number of shoots i.e. 25 were reported in this accession 

followed by 342109 (16), 331514 (15), 347492 (14) and 383913 (10). Maximum average length 

was reported in accession number 347492 (3.07) followed by 281374 (2.35), 342109 (1.69), 

331514 (1.75), 383913 (1.5). 

 

S.No Accession Number Treatment  No. of shoots 

(M±SE) 

 

Length of 

shoot(cm.) 

(M±SE) 

1 Accession no.281374 

MS+ BAP(1.5mg/ltr)+ME(1mg/ltr) 25±1.52 2.35±0.12 

MS+ BAP(1.5mg/ltr)+SA(1mg/ltr) 4±1.15 1±0.08 

MS+ BAP(1.5mg/ltr)+JA(1mg/ltr) 2±1 0.75±0.12 

2 Accession No.383913 

MS+ BAP(1.5mg/ltr)+ME(1mg/ltr) 10±0.57 1.3±0.05 

MS+ BAP(1.5mg/ltr)+SA(1mg/ltr) 1±0.33 1.5±0.12 

MS+ BAP(1.5mg/ltr)+JA(1mg/ltr) 1±0 0.5±0.05 

3 Accession No.342109 

MS+ BAP(1.5mg/ltr)+ME(1mg/ltr) 16±3.46 1.69±0.09 

MS+ BAP(1.5mg/ltr)+SA(1mg/ltr) 1±0 2.5±0.28 

MS+ BAP(1.5mg/ltr)+JA(1mg/ltr) 2±0.57 0.75±0.07 

4 Accession No. 347492 

MS+ BAP(1.5mg/ltr)+ME(1mg/ltr) 14±1.15 3.07±0.12 

MS+ BAP(1.5mg/ltr)+SA(1mg/ltr) 5±1.15 0.9±0.10 

MS+ BAP(1.5mg/ltr)+JA(1mg/ltr) 5±1.52 0.52±0.03 

5 Accession No. 331514 

MS+ BAP(1.5mg/ltr)+ME(1mg/ltr) 15±1.15 1.43±0.07 

MS+ BAP(1.5mg/ltr)+SA(1mg/ltr) 8±2 1.75±0.07 

MS+ BAP(1.5mg/ltr)+JA(1mg/ltr) 12±2.88 1.66±0.07 

Table-3: Effect of different elicitors on number and length of regenerated shoots in five different accession of 

Centella asiatica after four weeks of inoculation. Values are expressed as mean ± Standard Error (M ± SE). MS: 

Murashige and Skoog medium; BAP: 6-Benzyl amino purine.  
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Figure-3: In vitro culture of five different accession of Centella asiatica in malt extract (After four weeks of 

inoculation). 
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Graphical Representation of data. 
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Graph-1: Effect of carbon sources on Number & length of shoots in five different accessions of Centella asiatica(L.) 

 

 

 

 

Graph-2: Effect of nitrogen sources on Number & length of shoots in five different accessions of Centella asiatica(L.) 
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2) Estimation of asiaticoside by HPLC  

The above mention treatment with carbon source, nitrogen source and elicitors shows different 

growth pattern in different accession. Among the five different accession 347492 shows the best 

growth in MS media containing malt extract (1mg/L) and supplemented with BAP (1.5mg/L). So 

the presence of asiaticoside as well as the relative percentage in malt extract treated in 

comparison to without treated is evaluate by reverse phase high performance liquid 

chromatography (RPHPLC) analysis of the methanolic extract of the leaf sample of Centella 

asiatica accession no 347492.  

 

Figure-4: Chromatogram of standard asiaticoside from Centella asciatica(L.) 

 

 

 

Figure-5: Chromatogram of Centella asciatica leaf extract grown in MS media. 
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Figure-6: Chromatogram of Centella asciatica leaf extract grown in MS media supplemented with Malt Extract. 

Figure-4-6: Chromatogram of (4) standard asiaticoside, (5) extract analysed from plant grown in MS media without 

plant elicitor and (6) extract analysed from plant grown in MS media supplemented with malt extract as plant 

elicitor. Peaks of asiaticoside were found at 5.211, 5.109, 5.109 minutes in standard, without treated plant and 

treated plant respectively 

Calculation from the HPLC chromatogram data 

Concentration of stock asiaticoside = 100µg/ml 

1µl stock sample contain 0.1 µg of asiaticoside. 

5 µl stock sample contain 0.5µg of asiaticoside. 

15 µl stock sample contain 1.5µg of asiaticoside. 

Relative area percentage of standard asiaticoside = 53% 

Relative area percentage of basal plant sample =0.692% 

Relative area percentages of plant samples treated with malt extract are 1.396 %, 1.4%, 4.068%. 

 

Formula: 

       

Concentration of sample = (% area of sample × standard concentration)/ % area of 

standard  
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By applying the above mention formula concentration of asiaticoside in basal and treated plant 

samples were measured. 

Figure 4 shows the chromatogram of standard asiaticoside and the retention time of asiaticoside 

in 5.2 minutes. Based on the two chromatogram (figure 5 and 6) data we can calculate that 

methanolic extract of malt extract treated sample (figure 6) contain 8.66 µg asiaticoside per 

gram of sample.  Without treated sample (figure 5) contain 0.26 µg asiaticoside per gram of leaf 

sample. The above data clearly reveal that due to the treatment of plant with the elicitor Malt 

extract, it enhances the asiaticoside approximately 33 times higher. 

 

 Kim et al., 2004 also reported the enhanced production of asiaticoside by the use of elicitors 

such as methyl jasmonate. They reported 116.8 mg/l production of asiaticoside with the use of 

0.1 mM MJ in B5 liquid media. They further increased the yield of asiaticoside by combining 0.1 

mM methyl jasmonate with 0.025 mg/l TDZ [thidiazuron, 1-phenyl-3-(1,2,3-thidiazol-5-yl) urea] 

and achieved a production of 342.72mg/l. Kim et al., 2007 also reported use of methyl jasmonate 

in the increment of asiaticoside production in hairy root culture of Centella asiatica. Satheesan et 

al. 2012 also reported two-fold increase in the asiaticoside production by root colonization of a 

fungus named Piriformospora indica. Fungal mediated elicitation of asiaticoside was also 

reported by Prasad et al., 2013. Nutrient mediated increment in the asiaticoside production 

along with high yield of biomass was reported by Prasad et al., 2012 wherein they found this 

increment due to reduction in the total nitrogen concentration and copper starvation. 

 

 

 

 

 

 

 

 

 



25 

 

3) Fatty acid analysis by GC-MS 

Table 6 lists the name of fatty acid as well as their relative percentage composition obtained 

from the gas chromatography mass spectrometry (GC-MS) analysis of the n- hexane extracts of 

five different accession of Centella asiatica. The plant sample contains fairly good fatty acid 

content with pentadecanoic acid hexadecanoic acid being present in significant amounts. 

Heptadecanoic acid, Stearic acid and octadecanoic acid were also obtained in moderate amounts 

in all five accessions. 
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           Figure 7: Chromatogram of Centalla asiatica accession no - 281374. 
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Figure 8: Chromatogram of Centella asiatica. Accession no - 331514. 
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Figure 9: Chromatogram of Centalla asiatica. Accession no - 342109. 
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Figure 10: Chromatogram of Centalla asiatica. Accession no - 347492. 
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Figure 11: Chromatogram of Centella asiatica. Accession no  - 383913. 
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Fatty Acid Relative %age  Content of Fatty acid 

  Accession No. 
281374 

Accession No. 
383913 

Accession No. 
342109 

Accession No. 
347492 

Accession No. 
331514 

Pentadecanoic acid 17.31% 12.734 15.08% 13.65% 12.54% 

Hexadecanoic acid 1.91% 1.62% 1.90% 1.96% 1.58% 

Octadecanoic acid 1.70% 1.67% 1.65% 1.68% 1.15% 

9,12 Octadecadienoic acid 23.957 20.72% 20.96% 18.62% 19.34% 

9,12,15 Octadecatrienoic acid 9.599 7.11% 6.41% 9.98% 4.63% 

Table 4: Percentage of methylated fatty acids of five different accession of centella asiatica. 

The analysis of fatty acid from five different accession of centella asiatica by GC-MS showed that 

Centella asiatica is a rich source of both saturated and unsaturated fatty acids. Chromatogram 

data shows that the plant contain various bioactive constituents including pentadecanoic acid, 

octadecanoic acid, octadecadienoic acid, octadecatrienoic acid, stearic acid in major 

concentration compared to hexadecanoic acid and heptadecanoicacid which are present in very 

less amount in these five different accession if C. asiatica. 

Saturated fatty acids 

The above chromatogram data reveal that the plant contains pentadecanoic acids (C15) [12.54% 

to 17.31%], hexadecanoic acids C16 [1.58% to 1.96%], and octadecanoic acids C18 [1.15% to 

1.70%] of relative percentage areas. 

Unsatutated fatty acids 

The above chromatogram data reveal that the plant contains 9,12 octadecadiinoic acids 

(C18:2)[18.62% to 23.96%] and 9, 12, 15 octadecatrienoic acids (C18:3) [1.15% to 1.70%] of 

relative percentage areas. 

Unsaturated fatty acids, Octadecadienoic acids and Octadecatrienoic are the most important 

essential fatty acids as because our body cannot synthesis these fatty acids. Common name of 

these fatty acids are linoleic acid and linolenic acid respectively which are essential for fatty 

acids. Linoleic acid is important for growth and is very potent prostaglandin biosynthesis 

inhebitors. Palmitic acid (C16) reduces the risk of cardiovascular disease. Stearic acid used in 

baked food items.   

So this plant has very good industrial value. It is also used in cholesterol-lowering diets. These 

potential accessions can be utilized for the high yield of fatty acid production.  Very less work 

has been reported related to the FAME profile of Centella asiatica which provided an 

opportunity to carry out this investigation. Jahan et al., 2015 conducted a study related to 
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elemental as well as fatty acid content of four medicinally important plant i.e. Kaiempferia 

rotunda, Cuscuta reflexa, Centella asiatica and Asparagus racemosus. Within Centella asiatica, 

they found Hexadecanoic acid (9.96%), Heptadecanoic acid (3.28%) and Octadecanoic acid 

(8.34%) but they also reported no presence of 9,12-Octadecadienoic acid. Although in our study 

[18.62% to 23.96%] of 9,12-Octadecadienoic acid has been investigated.  
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CONCLUSION 

 From the above mention studies it can be concluded that different carbon sources, nitrogen 

sources and elicitors act on the metabolic activity of the plant and trigger the shoot 

multiplication along with enhancement of plant’s active compounds. This study concluded that 

the sucrose showed better carbon source than fructose, ammonium nitrate is potential source of 

nitrogen for the proliferation of shoots in Centella asiatica in the capability to rapid 

multiplication of the plant. Malt extract performed on metabolic pathways, showed the highest 

number of shoot proliferation and it facilitated asiaticoside production. The plant reveals diverse 

pattern of growth among the five different accessions.  The most potential accession depend on 

number of shoot proliferation, elicitated with malt extract  in MS media shown the capacity to 

produce 33 times more asiaticoside production in comparison to the basal media grown plants. 

FAME analysis of Centella asiatica revealed that individual accessions have the potential to 

provide high yield of important fatty acids. These culture conditions and potential accessions can 

be used for high yield of biomass as well as asiaticoside and fatty acid production under lab 

conditions which may be beneficial for the fulfillment of their demand. 
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