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     The present study is focused on a rare, endemic, aromatic and medicinal plant 

Eryngium foetidum L, belonging to the family Apiaceae. E. foetidum (Culantro) 

is a biennial herb which is used extensively as a culinary and medicinal plant I n 

most tropical regions. It is of immense importance as spice plant cultivated in 

India, China, Vietnam, Australia and South East Asian countries. 

Initiation of In vitro cultures of Eryngium foetidum 

 Various explants viz. leaf, stem disc, nodal and intermodal segments, scape 

(peduncle) and inflorescence were collected freshly and surface sterilized using 

detergent, 70% alcohol and 0.1% mercuric chloride solution in a multistep 

procedure. Murashige and Skoog (MS) media was prepared by adding all the 

macro and micro nutrients, amino acids, vitamins and 30g of sucrose. The pH of 

the media was adjusted to 5.8 and gelled by adding 8 g I-1 of agar. The media was 

sterilized by autoclaving at a pressure 1.06kg cm-2  for 20 min. 

The explants were cultured onto basal MS medium and MS medium 

supplemented with various concentrations and concentrations of growth 

regulators and adjuvants. Culture tubes (25mmx200mm) and culture bottles 

(53mmx125mm; 2mm thick) were used as culture vessels. Culture tubes were 

closed with polypropylene autoclavable caps while polypropylene autoclavable 

lids were for culture bottles. An external wrapping with a cling film was done to 

prevent any contamination. The cultures were incubated at 23±20C with 16/8 h 

photoperiod under white florescent tubes at a photosynthetic photon flux of 

25µmol m-2  s -1. 

Auxins namely 2, 4-dichlorophenoxy acetic acid (2,4-D) and α-naphthalene 

acetic acid  (NAA)  were  used  at  varying  concentrations  ranging  from 0.1-

4mg 1-1 for callus initiation. They were combined with a similar concentrations 

of kinetins viz. 6-benzyl amino purine (BAP) and kinetin (Kn). Adjuvants like 

coconut milk (10-15%) and Polyvinyl pyrrolidone (PVP) were used to boost the 

response. 

 



Development of valid micropropagation protocol through direct and 

indirect organogenesis.  

 

Somatic embryogenesis: 

MS medium was supplemented with various hormonal combinations like BAP 

(2.0mg/L) alone, BAP (2,0-3.0mg/L), 2, 4-D (1.0mg.L), and /or Kn 

(0.501.0mg.l) with the adjuvants PG (0.5-2.0mg/l) and CM (5-10 

%). Numerous somatic embryos were induced near the cut ends of leaf segments 

after 3-4 weeks in culture. The optimum concentrations for somatic embryo 

formation was recorded on medium supplemented with BAP (3mg/l)+Kn 

(1mg/l)+PG(2,g/l)+Kn(0.5,g/l) with 2,4-D (1.0mg/l) containing medium with the 

addition of adjuvants Phloroglucin (0.5mg/l) and CM (10%). The somatic 

embryos obtained on BAP and Kn containing medium were allowed to 

proliferate further on Basal medium. These somatic embryos were individually 

separated and transferred onto fresh basal medium. 

Direct organogenesis:  

The nodal and scape explants inoculated on the MS medium supplemented with 

various hormonal combinations like BAP (1.5mgl-1) and BAP and NAA (both 

at 2mg l-1) showed development of the multiple shoots at their ends. And average 

of 4-6 multiple shoots were observed at the ends of each explants within a week 

of culturing. Some of these shoots also produced inflorescence followed by 

flower formation after 15 days of culturing. 

Hardening, acclimatization and maintenance of the in vitro raised plants in 

the Departmental garden 

The in vitro raised plants developed by above methods were transferred into ½ 

strength Basal MS medium for a week and then hardened using Soilrite mix Peat; 

Perlite: Vermiculite (1:1:1 v/v) under controlled conditions in the hardening 

chamber. The hardened and acclimatized plants were transferred to the soil with 

90% survival frequency.  



Media and culture conditions for reducing vitrifications in culture 

The Murashige and Skoog medium (Murashige and Skoog, 1962) was prepared 

and supplemented with –benzyl amino purine (BAP) and Kinetin in various 

concentrations (0.5mgl-1 – 2.0mgl-1). The media was fortified with coconut water 

(10%), Phloroglucinol (2-10 mgl-1) and casein hydrolysate (5-15 mgl-1) as a 

remedial measure to eliminate vitrifications in the culture. The pH of the medium 

was adjusted to 5.8 before adding the gelling agent agar at a concentrations of 8-

12 gl-1. Sterilization of the media was carried out at 1.06 kg cm-2 pressure for 

20 min. 

The explants cultured onto the above MS medium containing various plant 

growth regulators and adjuvants. The culture tubes (53mmx125mm; 2mm thick) 

and the culture bottles (25mmx200mm) used for culturing were closed with 

polypropylene autoclavable screw capped lids to maintain the proper relative 

humidity. All cultures were incubate at 23±20 with 16/8 h photoperiod at a 

photosynthetic photon flux of 25µmol m-2   s.-1 

Histology 

The process of histological sectioning proceeds through many stages viz. fixing 

of tissues in Formalin: acetic acid: water (5:5:90) (FAA), tissue processing, 

staining, embedding and sectioning. 

The calli and the vitrified structures obtained by in vitro culturing of E foetidum 

were fixed in FAA for 24h and then stored in 70% ethanol till further processes 

were taken up. The tissues were processed through a range of alcohol and xylene 

treatments for specific periods in order to eliminate water from the tissues and 

then infiltrated with paraffin wax (58-600C). 

The infiltration of wax was carried out by cold and hot methods and tissues were 

finally embedded into wax blocks by casting into paper boats. The blocks after 

cooling were floated on water, dried, labelled and stored till they are further 

sectioned using a microtome. 



Callus initiation and establishment of suspension cultures 

The cell suspension culture was established using the friable callus obtained on 

solid MS media derived from leaf explants under in vitro conditions. 

The young leaf, (8-10 old, size 0.5-1cm) was surface sterilized and cultured on 

Murashige and Skoog solid basal medium with 2mg l-1 NAA and incubated at 24 

degree C under 16h photoperiod for 4 weeks. The friable callus initiated after 3 

weeks of culture was sub cultured onto fresh medium for 2 weeks. The 

suspension culture was established by transferring 2g of the sub cultured callus 

into 250 ml Erlenmeyer flasks containing 50 ml of basal MS liquid medium 

supplemented with 2mg l-1 NAA. The cultures were agitated at 120 rpm and 

incubated at 24±20C under 16h photoperiod for 10 days. The growth of the cells 

was assessed by harvesting the cells on alternate days (in triplicates) through 

Whatman filter paper under vacuum and recording their fresh and dry weight was 

obtained. The dry weight was obtained by drying the cell mass in an oven at 500 

C till constant weight was obtained. 

 

 

 

Elicitation of secondary metabolites in suspension cultures of Eryngium 

foetidum 

After 6 days of the culture in log phase, the elicitor methyl jasmonate was added 

at various concentrations of 50, 100, 150 and 200µM. the cultures were further 

agitated at 120 rpm and incubated at 24±20C under 16h photoperiod for 10 days. 

The growth of cells was assessed by harvesting the cells on alternate days (in 

triplicates) through Whatman filter paper under vacuum and recording their fresh 

and dry weight. The final harvest of the cells was carried out on 21st day by 

Whatman filter paper method and the fresh and the dry weights recorded. 



About 0.1g of the dried cell mass was subjected to solvent extraction with 

petroleum ether for 72h with frequent agitation. The cells were filtered through 

filter paper, the filtrate was evaporated on a rotary evaporator to 1/5 the original 

volume. The extract was subjected to GC-MS analysis to identify the components 

elicited in the suspension culture. 

Results 

Initiation of callus was observed on leaf explants cultured on MS media fortified 

with 2mg l-1 of NAA and 2mg l-1 of BAP. Multiple shoots were observed on 

nodal, intermodal and scape explants cultured on MS media containing 1.5mg l-

1 NAA and 1.5mg l-1 BAP and also in media rich in cytokinins. 

The somatic embryos developed into 6-7 cm long plantlets possessing 10-12 

leaves with extensive taproot system within 8 weeks. Nearly 30 to 40 embryos 

could be induced into a plantlet for a single explants of approx.10mm size. 

The multiple shoots obtained organogenetically developed good rooting in the 

same media and required no subculturing. These well developed plants were 

ready to be transferred to field conditions after about 40 days. 

Vitrifications in E.foetidum in vitro cultures could be reduced by fortifying the 

culture medium with coconut water, casein hydrolysate, Phloroglucinol at 

requisite concentrations. An increase in the matric potential of the culture 

medium and maintenance of relative humidity in the culture vessel also 

contributed towards a decline in the percentage of vitrification. 

Extraction of secondary metabolites in suspension cultures of E. foetidum 

The suspension cultures were successfully established after 10 days of cultures. 

A considerable increase in cell mass (dry and fresh weight) was recorded. The 

GC-MC analysis of petroleum ether extract of dried cell mas indicated the 

presence of various essential oil components line 2,4,5-trimethyl benzaldehyde, 

decanal, dodecanal, 2E-dodecenal and verbenol. 

 



 

 Collection of populations of E. foetidum from various geographical 

locations of India and quantitative determination of secondary compounds 

Plant collection: 

The populations of E. foetidum were collected from Hassan, Karnataka, 

Andaman Islands and West Bengal, Darjeeling during august-September 2012. 

The climatic conditions of all the locations were recorded for purpose of 

interpretation of the present experimental findings (Table 1). The plants were 

identified and a voucher specimen of each population was deposited at the 

Regional Research Institute, Bangalore.  

Preparation of plant extract: 

About 20g of dried plant material was extracted with 200 ml of methanol with 

occasional agitation at RT for 24h. The extract was filtered, centrifuges at 8000g 

for 10 min, supernatant collected, rotary evaporated at 250 C and stored in air 

tight bottles at 40C till further use.  

Determination of total phenolic, total tannin and total flavonoid content: 

The total phenolic and total tannin content was estimated by F-C method as 

according to Singleton VL and Rossi JA (1965) N and Tamilselvi et al., (2012) 

with 1mg/ml of pyrogallol and gallic acid as a standard.  The unknown extract 

values are expressed as mg/g of pyrogallol and gallic acid equivalents. The total 

flavonoid content was determined by Aluminium chloride colorimetric method 

(Chang.C et al.,). Quercitin (1mg/ml) was used as a standard and the values are 

expressed as mg/g of Quercitin equivalents. 

Extraction and estimations of total Vitamin C content: 

Vitamin C was extracted with 4% oxalic acid solution and estimated by using 2, 

4-dinitrophenyl hydrazine reagent with A540 nm (S Sadashivam and Manickam, 



s1997). Standard ascorbic acid 5mg/ml was used to derive a calibration curve 

and the results are expressed as mg/g of ascorbic acid equivalents. 

 

Statistical analysis 

The variation is secondary metabolite content was statistically analysed by 

applying ANOVA followed by Tukey HSD test and results are expressed as 

mean ± S.E (n=10) with p=0.5 as a limit of significance. 

 

Results: The total phenolic content in the dried plant extract was significant high 

in Darjeeling population followed by Andaman and least in Karnataka 

population. Likewise the total flavonoid and tannin content was elevated in 

Andaman, followed by Darjeeling and lowered in Karnataka. Finally, the total 

vitamin C content was notably high n Karnataka population followed by 

Andaman and least in Darjeeling. In comparison with other secondary 

metabolites, Vitamin-C content was found to be quantitatively high in all the 

populations studied. 

 

 

 

 

 

 

 

 

 

 

 



 

TABLE 1: Somatic embryo from leaf explants and its subsequent rooting 

 

MS with hormones and adjuvants MS Basal medium 

 

 

 

 

Hormones 

(mg/l) 

Adjuvants Percent-

age of 

embroys 

formed 

Percent-

age of 

rooting 

No.of 

roots/shoot 

(±SD) 

Average 

length of 

root 

(mm±SD) 

 

 

 

PG 

(mg/l) 

C 

M 

 

(%) 

 

BAP (2.0) 
0.5 

 

5 

 

41 

 

75 

 

4.0±0.7 

 

8.7±1.0 

 

 

AP(2.0)+ 
Kn (0.5) 

2.0 5 44 80 2.9±0.7 10.6±1.2 

 

BAP(3.0)+
Kn(1.0) 

2.0 10 52 100 4.2±0.2 12.0±1.3 

BAP(3.0)+
Kn(0.5)+2,
4-D (1.0) 

0.5 10 32 95 4.2±0.4 8.6±1.8 

 

*Each treatment with 2 replicates of 5 each. Data recorded after 4 weeks in 
culture 
  

 

 

 



 

TABLE 2: Somatic embryo development from inflorescence explant and 

its subsequent rooting 

 

B5 with hormones and adjuvants B5 Basal medium 

 

 

Hormones 

(mg/l) 

Adjuvants Percentage 

of 

embryos 

formed 

Percentage 

of rooting  

No. of 

roots 

per 

shoot 

(±SD) 

Average 

length of 

root 

(mm±SD) 

PG 

(mg/l) 

C 

M 

(%) 

BAP(2.0) 2.0 5 15 50 3.0±0.2 8.2±0.8 

BAP(2.0)+ 

NAA (2.0) 

5.0 5 22 70 2.9±1.2 9.5±1.2 

BAP(2.0)+ 

NAA (5.0) 

10.0 - 25 95 4.2±0.7 12.0±1.7 

 
 
*Each treatment with 2 replicates of 5 each. Data recorded after 4 weeks in 
culture 
 

 

 

 

 

 

 

 



 

TABLE 3: Effect of BAP and kinetin on shoot length, shoot number, root 

formation and inflorescence formation on multiple shoots produced from nodal 

and scape explants of E.foetidum (after 4 weeks) 

Source of 

explants 

Sl. 

No

. 

Supplements No.of 

shoots/ex

plant 

Shoot 

length 

(in 

mm) 

No.of 

inflorescence 

No.of 

roots/ 

Explant 

 

 

 

Nodal 

explants 

1. BAP (2mgl-1) 3.1±100

5 

 

3.65±

0.668 

 

2.2±1.135 

 

7±1.054

0 

 

2. BAP (1mgl-

1+Kn(1mgl-1) 

3±1.054

0 

4.15±

0.747 

 

2.6±0.843 

 

7.1±1.10

0 

 

3. BAP (2mg-1) 

Kn (1mgl-1) 

3.3±1.15

95 

3.5±1.

080 

2±0.666 7±0.942 

4. BAP (3mgl-1) 

Kn (1mgl-1) 

3.7±1.15

9 

3.8±0.

918 

2.4±1.074 7.3±1.15

95 

 

 

 

Scape 

explants 

1. BAP (2mgl-1)    7.5±1.26

9 

2. BAP (1mgl-1) 

Kn (1mgl-1) 

   6.9±1.52

3 

3. BAP(1mgl-1) 

Kn (1mgl-1) 

   7.1±0.99

4 

4. BAP (3mgl-1) 

Kn(1mgl-1) 

   7.5±1.26

9 

 

*Data are presented as mean± SD based on 20 explants 

 



 

 

TABLE: 4 Climatic conditions of the various geographical locations from 

where E. foetidum populations were collected.  

Climatic factors Hassan 

(Karnataka) 

Andaman 

Islands 

Darjeeling (West 

Bengal) 

Temperature (0 C) 24-27 (max); 12-

14 (min) 

29-31 (max); 19-

21(min) 

11-19 (max); 6-

7(min) 

 Precipitation (mm/yr) 2900-3100 3176-4200 2000-3200 

Humidity (%) 80-90 79.4-85 80-95 

 

 

 

TABLE: 5 Variation in mean ± S.E values of total phenolics, flavonoid, 

tannins and vit-C content in populations of Andaman, Darjeeling and 

Karnataka (P=0.05% level of significance, Tukey HSD). 

Ecotypes Total Phenolics 
mg 

Pyrogallol/g 

Flavonoid mg 

QE/g 

Tannins mg 

GAE/g 

Vitamin C 

mg/g 

Andaman 24.953±0.33466 34.358±0.19004 45.026±0.2295 86.314±0.2160 

Darjeeling 41.61±0.29059 15.765±0.18223 42.333±0.18223 69.066±0.2700 

Karnataka 18.099±0.2319 12.957±0.22044 12.957±0.2121 129.09±0.2460 

 

 

 

 

 

 



 

Studies on various potential secondary metabolites –essential oil and 

saponin: Extraction, purification and analysis for various bioactivities  

 

Phytochemical Investigation: The qualitative phytochemical investigations in 

E. foetidum were carried out using standard procedures like Mayer’s test for 

alkaloids, Liberman –Burchard test for terpenoids, Salkowski test for 

terpenoids, Keller-Kilani test for glycosides, froth test for saponins, Keller 

Killian’s test for cardiac glucosides, Shinoda’s  test  for  flavonoids  and  Ferric  

chloride  test  for  tannins  and  phenol  as detailed  by  Sofowara,  1993  and  

Trease  GC,  1989.  The alkaloids,  phenols  and saponins were determined by 

methods detailed by Harbone, 1973 and Obadoni and Ochuko, 2001. 

Flavonoids were estimated by the method of Bohm and Kocipal (1974). Tannin 

determination  was  done  according  to  Van-Burden  and  Robinson (1981). 

 
Extraction, TLC and FTIR analysis of leaf essential oil and 

saponin 
 
 

Leaf essential oil: The essential oil was obtained through hydrodistillation of 

dry herbage of E. foetidum using a Clavenger’s apparatus; the details of the 

extraction procedure have been explained in the previous chapter. The leaf 

essential oil was spotted on a 0.25 mm Silica gel 60 F254 (Merck) precoated 

aluminium plates and developed using petroleum ether: ethyl acetate (8:2). The 

spots were detected by exposing the plate to Iodine vapors. The essential oil 

was mixed with naphthalene (at a ratio of 1/100), and the mixture was 

subjected to a pressure of 5x106 Pa in evacuated die to produce a naphthalene 

pellet for use in FTIR studies. Each pellet was of 13mm diameter and 1mm 

thickness and was applied with the same pressure. The FTIR spectra were 

recorded on a FTIR 460 plus Jasco. The naphthalene pellets prepared as above 

were scanned at room temperature (26 ±20C) at 4000-400cm-1 spectral range. 

About 100 interferograms were averaged with a spectral resolution of ±4 cm-1 

for each spectrum to improve the signal to noise ratio. The background spectra 



which were collected under identical conditions were subtracted from sample 

spectra. Each sample was scanned with six different pellets all under identical 

conditions. 

Saponin: About 20g of dried leaves of E. foetidum were coarsely powdered 

and dispersed in 200 ml of 20% ethanol. The suspension was heated on a 

water bath at 55°C for 4 h with continuous stirring. After filtration, the residue 

was extracted with another 200 ml of 20% ethanol. The combined ethanol 

extracts were evaporated to 40 ml on a water bath at 90°C. The concentrate was 

transferred into a 250 ml separatory funnel, 20 ml of diethyl ether added and 

shaken vigorously. The aqueous layer was recovered while the ether layer was 

discarded. The extraction process was repeated, and 60 ml of n-butanol was 

added. The combined n-butanol extracts for each sample were washed with 10 

ml of 5% aqueous sodium chloride. The combined extracts were heated on a 

water bath (90°C). After evaporation, the samples were dried in an oven (at 

105°C) to a constant weight. The saponin content was calculated as a 

percentage of dried plant sample (Obadani and Ochuko, 2001). The saponin thus 

obtained was loaded on a silica gel column (mesh size 60-120) and eluted with 

chloroform followed by chloroform: methanol with increasing polarity. The 

fractions were collected at regular intervals and subjected to TLC on 0.25 

mm Silica gel 60 F254(Merck) precoated aluminium plates. The 

chloroform:methanol:water (7:2:1) was used as developing solvent system and 

detection was carried out using Vanillin reagent(15g vanillin in 250 ml 

ethanol+2.5 ml  con.  Sulfuric  acid)  or  p-anisaldehyde  reagent(0.5ml  p-

anisaldehyde  in  50  ml glacial acetic acid+1 ml con. Sulfuric acid). Fractions 

with similar Rf values were pooled, concentrated and used for bioactivity. The 

saponin sample was subjected to FTIR studies and the contents noted, the details 

of analysis are explained above.  

 

FTIR of methanolic extract: The leaves of E. foetidum were excised, dried 

under shade and powdered coarsely into a powder. About 10g of dried plant 



material was extracted with 100 ml of methanol with occasional agitation at 

room temperature for 24 h. Thereafter it was filtered, centrifuged at 6000g for 

12 min. The supernatant was collected and the solvent evaporated to obtain one 

fifth of the original volume. This methanolic extract was stored in air tight 

bottles at 40C till further use. Alternatively the dried leaves (10g) were coarsely 

powdered, packed in a thimble and subjected to Soxhlet extraction for about 4-

6h. The leaves were initially defatted using petroleum ether (1-2h) and further 

extracted using methanol. This methanolic extract was filtered through a 

Whatman filterpaper no. 1 and further concentrated over a rotary evaporator 

to one fifth the original volume. 

 
The methanolic extract was mixed with naphthalene and the mixture was 

subjected to a pressure of 5x106 Pa in evacuated die to produce a naphthalene 

pellet for use in FTIR studies. Alternatively the dried leaves (10g) were 

coarsely powdered, packed in a thimble and subjected to Soxhlet extraction for 

about 4-6h. The leaves were initially defatted using petroleum ether (1-2h) and 

further extracted using methanol. This methanolic extract was filtered through 

a Whatman filterpaper no. 1 and further concentrated over a rotary evaporator 

to one fifth the original volume. The methanolic extract was mixed with 

naphthalene and the mixture was subjected to a pressure of 5x106 Pa in 

evacuated die to produce a naphthalene pellet for use in FTIR studies.  

 

Proximate analysis: The moisture content was determined by drying 50 leaves 

in an oven at 80°C for 24h and expressed on a percentage basis. Total dietary 

fibre (TDF) was estimated by the non-enzymatic-gravimetric method proposed 

by Li et al, 1994. The quantitative analysis of carbohydrate content was done 

as standard method of Dubois et al, 1956. The nitrogen content was estimated 

by the micro Kjeldahl method (Humphries, 1956) and the crude protein content 

was calculated as N x 6.25 (AOAC, 2005). The total lipid was measured by 

standard Soxhlet protocol of AOAC (1990). The nitrogen free extract (NFE) 

was obtained by difference (Muller and Tobin, 1980). The energy value (kJ) 



was estimated by multiplying the percentages of crude protein, crude lipid and 

NFE by the factors 16.7, 37.7 and 16.7, respectively (Siddhuraju et al., 1996). 

All proximate value determinations were performed in triplicates. Values of 

the parameters have been expressed as the mean ± SD.  

 

Mineral analysis: The mineral elements, comprising sodium, calcium, 

magnesium, iron, zinc and phosphorus were determined according to the 

method of Shahidi et al., (1999) and Nahapetian and Bassiri (1975) with 

some modifications. 2.0 g of dry leaves were weighed and subjected to dry 

ashing in a well-cleaned porcelain crucible at 5500C in a muffle furnace. The 

resultant ash was dissolved in 5.0 ml of nitric acid: hydrochloric acid: water 

(1:2:3) and heated gently on a hot plate until brown fumes disappeared. To the 

remaining material in each crucible, 5.0 ml of de-ionized water was added and 

heated until a colorless solution was obtained. The mineral solution in each 

crucible was transferred into a 100 ml volumetric flask by filtration through 

Whatman No.42 filter paper and the volume was made to the mark with de-

ionized water. This solution was used for elemental analysis by atomic 

absorption spectrophotometer. The concentration of each element in the 

sample was calculated and expressed as mg/100 g of plant sample.  

 

Sensory evaluation: The sensory analysis implied an analytical 9 point-

hedonic test of directional differentiation through classification. This type of 

test is a subjective test. The hedonic scale evaluation measured the pleasure 

level of the product which varied from 9 (very pleasant) to 1 (unpleasant) by 

7 trained panelists (Dello Staffolo et al., 2004; Amerine et al.1965).The 

analysis involved the testing of sensory characteristics of E. foetidum dry leaf 

powder and leaf essential oil for their color, taste, aroma, texture and overall 

acceptability . The results have been expressed as the mean±SD  of  the  scores  

for  all  parameters.  The  data  was  analysed  by  one-way ANOVA to determine 

the significant difference at p<0.05 levels using Tukey’s HSD test. The results 



were graphically represented on radar charts.  

 

Determination of antimicrobial activity: Disc diffusion method was used to 

screen the in vitro antimicrobial potential of the microbes against the methanolic 

extract, leaf essential oil and crude saponin of E. foetidum.  

 

Bacterial cultures: The test organisms selected for screening included 

Escherichia coli (MTCC 40), Klebsiella pneumoniae (MTCC 661), 

Pseudomans aeruginosa (MTCC 424), Staphylococcus aureus (MTCC 96), 

Salmonella typhi (NCIM 5255), Enterococcus faecalis (NCIM 2604), 

Trichophyton rubrum*, Staphylococcus epidermidis*, Candida albicans*, and 

Cryptococccus neoformans*. The standard test organisms were procured from 

IMTECH, Chandigarh and National Collection of Industrial Microorganisms, 

Pune. Those marked with an asterisk were cultural isolates and obtained from a 

local hospital.  

 

Disc diffusion method: A loopful of the bacteria to be tested was inoculated 

into sterilized nutrient broth and incubated at 370C for 24h to obtain a pre 

culture (stock culture).  The  antimicrobial  sensitivity  test  was  done  using  

Kirby-Bauer’s  disc diffusion method (1966) and recommendations of NCCLS 

(2004) on Mueller Hinton media. The stock culture was adjusted to 0.5 

McFarland standard turbidity and used for assay 0.1ml aliquot of this pre 

culture bacteria was spread onto agar medium using sterile swab sticks for 

development of a lawn of bacteria. The sterile discs, 6mm in diameter, dipped 

in methanolic extract (5mg/ml), leaf essential oil (neat) and saponin (5mg/ml) 

were placed onto the cultured Mueller Hinton agar plates equidistant from each 

other. Gentamycin/Ampicillin (1mg/ml) and methanol were used as positive 

and negative  control  respectively  for  bacteria.  Flucanozole  (5mg/ml)  was  

used  as  a positive control for fungi. The plates were incubated at 370C for 

24h for bacteria and 250C for fungi. The plates incubated with T.rubrum were 



incubated for 48-72h. The zones of inhibition were measured for all cultures. 

All the assays were performed in triplicates and the results expressed as mean 

±SD.  

 

Determination of MIC: The MIC values were determined by broth dilution 

assay (Bhattacharya   et al, 2009). Sterile plant extracts were serially diluted 

(two-fold) to obtain a concentration range of 200mg/ml to 1.625mg/ml. Then, 

0.1 ml of each concentration was added to 9ml of nutrient broth containing 

0.1ml of standardized test organism of bacterial cells. Negative controls were 

equally set up by using solvents and test organisms without extracts. Tubes 

with medium were set as controls to test the sterility of the medium. Test 

tubes were evaluated for the presence or absence of visible turbidity in the 

broth after the incubation period. The lowest concentration (highest dilution) 

of the extract preventing appearance of turbidity (growth) was considered and 

recorded as the MIC. Gentamycin/Ampicillin/Flucanozole was used as a 

positive control.  

 

DPPH radical scavenging assay 
 
 
The ability of the samples (the leaf essential oil, methanolic extract and saponin) 

to scavenge synthetic free radical 1, 1-diphenyl 2-picryldihydrazyl (DPPH) was 

determined  by  the  method  described  by  Bondet  et  al,  1997  and  Hsu  

et  al, 2007.  Different concentrations of the leaf essential oil, methanolic 

extract and saponin (10- 50µg/ml) in DMSO were added to 5 ml of methanolic 

DPPH(0.1mM)  solution. 

 

The mixture was shaken vigorously and incubated in the dark at room 

temperature for 20 minutes and the absorbance read at 517nm against a blank 

(methanol). Ascorbic acid (1mg/ml) was used as the reference standard 

(positive control). The radical scavenging activity of the samples was 

determined from a calibration curve. The tests were run in triplicates and 



averaged. The DPPH radical scavenging activity was calculated as follows: 

 

DPPH Radical-scavenging activity = [(Acontrol − Atest) / Acontrol] × 100 

Where, Acontrol and Atest are the absorbance of the control (methanolic 

DPPH) and the sample (methanolic DPPH + samples) respectively. The 

concentration of the oils at which 50% inhibition (IC50) occurred was 

calculated from a graph representing the inhibition percentage against the oil 

concentration. 

 

Statistical analysis 
 
All of the results obtained were as means ± SD. Analysis of variance (ANOVA) 

was used to determine the significant differences for multiple comparisons 

which was completed using the Tukey Honestly Significant Different (HSD) 

test at α = 0.05. All of these were carried out using MATLAB 7.5.0 (R2007b). 

 
 

 

 

 

Determination of in vitro cytoxicity of plant extracts and leaf 

essential oil 

 

Cell lines and Culture medium: HeLa (Cervix carcinoma), A-549 (Lung 

carcinoma) and  PC-3  (prostrate  carcinoma)  cell  lines  were  procured  

from National Centre for Cell Sciences (NCCS), Pune, India. Stock cells 

were cultured in DMEM supplemented with 10% inactivated Fetal Bovine 

Serum (FBS), penicillin (100 IU/ml), streptomycin (100 g/ml) and 

amphotericin B (5 g/ml) in an humidified atmosphere of 5% CO2 at 37 C 

until confluent. The cells were dissociated with TPVG solution (0.2% 

trypsin, 0.02% EDTA, 0.05% glucose in PBS). The stock cultures were 

grown in 25 cm 2 culture flasks and all experiments were carried out in 96 

microtitre plates (Tarsons India Pvt. Ltd., Kolkata, India).  

 



 

 

Preparation of samples: The samples of E. foetidum viz. methanolic extract, 

leaf essential oil and crude saponin were  dissolved in distilled DMSO and 

volume was made up with DMEM  supplemented with 2% inactivated FBS 

to obtain a stock solution of 1 mg/ml concentration and sterilized by filtration. 

Serial two fold dilutions were prepared from this for carrying out cytotoxic 

studies. 

 
MTT assay: The monolayer cell culture was trypsinized and the cell count was 

adjusted to 1.0 x 105 cells/ml using DMEM containing 10% FBS. To each well 

of the 96 well microtitre plate, 0.1 ml of the diluted cell suspension 

(approximately 10,000 cells) was added. After 24 h, when a partial monolayer 

was formed, the supernatant was flicked off, washed the monolayer once with 

medium and 100 l of different test concentrations of test drugs were added 

on to the partial monolayer in microtitre plates. The plates were then incubated 

at 37o C for 3 days in 5% CO2 atmosphere, and microscopic examination was 

carried out and observations were noted every 24 h interval. After 72 h, the 

drug solutions in the wells were discarded and 50 :l of MTT in PBS was added 

to each well. The plates were gently shaken and incubated for 3 h at 37o C in 

5% CO2 atmosphere. The supernatant was removed and 100 l of propanol 

was added and the plates were gently shaken to solubilize the formed formazan. 

The absorbance was measured using a microplate reader at a wavelength of 540 

nm. The percentage growth inhibition was calculated using the following 

formula and concentration of test drug needed to inhibit cell growth by 50% 

(CTC50) values is generated  from  the  dose-response  curves  for  each  cell  

line  (Francis  and  Rita, 1986).The percentage growth inhibition was 

determined using the formula: 

 
 
% growth inhibition= 100- (mean OD of sample/mean OD of control) 

X 100 

 

All the assays were done in triplicates and expressed as means ± SD. Analysis 



of variance (ANOVA) was used to determine the significant differences for 

multiple comparisons which was completed using the Tukey’s Honestly 

Significant Different (HSD) test at α = 0.05 in SPSS version 20.  

  

 

Results  
 
 

The preliminary phytochemical investigation in E. foetidum showed that the 

leaves were rich in phenolics, terpenoid, flavonoids, saponins, sterols, alkaloids, 

tannins and glycosides (Table 18). This is in accordance with the previous 

reports on the phytochemical constituents of E. foetidum (Okon et al, 2013). 

acid, syringic acid, p-coumaric acid, ferulic acid and sinapic acid) and 

anthroquinones (norlichexanthone, telochistin, secalonic acid D, citreorosein, 

emodin and parietin) in the methanol leaf extract of E. foetidum (Singh et al, 

2012). Sterols like α-cholesterol, brassicasterol, campesterol, stigmasterol, 

clerosterol, β-sitosterol have been isolated from the hexane extract of E. 

foetidum leaves (Garcia et al, 1999). The phytochemical analysis of the 

medicinal plants is crucial for commerce and research as they are indicated for 

their possible role in preventive and curative medicine. 

 

 The characteristic IR absorbances of various organic functional groups have 

been detailed in Table 19 for reference. The yield of leaf essential oil of E. 

foetidum obtained through hydrodistillation of dry leaves using Clavenger’s 

apparatus was 0.21%. The oil was yellow in color and slightly viscous. The oil 

when developed on TLC and exposed to iodine vapors produced 5-6 clear bands 

with Rf values 0.23, 0.34, 0.76, 0.82 and 0.89 respectively from point of 

spotting.From the database, it was possible to correlate that these compounds 

could possibly be decanal, undecanal, dodecanal, 2,4,5-trimethyl benzaldehyde 

and dodecanal(Fig. 18B). The FTIR profile of the leaf essential oil showed 

characteristic infrared absorbance at 3443(OH), 2700-2900(Characteristic 

symmetric and asymmetric C-H stretches, aromatic ring), 1680 (C=C stretch, 



alkenes, acids), 1480(C-C stretches, C-H bends), 1100-1270(aromatic C-H in 

plane bends), specific low intensity vibrations in the fingerprint region 

indicating straight chain aliphatic structures(Fig. 18A). The FTIR profile 

when correlated with the GC-MS data confirms the presence of varied range of 

compounds present in the essential oil. Similar studies have been carried out in 

Cymbopogon citratus using GC-MS and FTIR to identify the major 

components in the essential oil (Madivoli, 2012). 

 

The phytochemical investigation of the aerial parts of E. foetidum revealed the 

presence of a novel pentacyclic triterpenoid glycoside (oleanane type saponin) 

which is believed to be responsible for the biological activity of the herb 

(Anam, 2002).The IUPAC name of the saponin being 3-O-[β-

D-glucopyranosyl-(1→2)-[β-D- fucopyranosyl-(1→3)]-α-L-rhamnopyranosyl- 

Earlier studies have indicated the presence of carotenoids (lutein, zeaxanthin, β-

cryptoxanthin, β-carotene, chlorophyll-a, chlorophyll-b and pheophytin-b), 

phenolics (gallic acid, protocatechuic al was 1.22%. This crude saponin was 

yellowish brown in color and was further purified on a silica gel column and 

identified on a TLC plate developed by chloroform:methanol:water (7:2:1) 

solvent system. Dark brown spots were detected for which Rf values were 

recorded in the range of 0.87-0.91 (Fig. 18D). These Rf values correlated with 

reference Rf values of standard saponin. The FTIR profile of the saponin is 

presented in Fig. 18C. The characteristic infrared absorbance was observed at 

3200(-OH), 2800-2900(-CH stretch in aromatic group and alkanes), 1700 (C=O 

for carbonyl ester group), 1400-1619(C=C, C-H bends) and 1020 (C-O-C 

oligosaccharide linkage to sapogenin). The infra red absorptions for –OH, C-

H,C=C, C=O and C-O-C found in the present saponin FTIR profile correspond 

to that of oleanane triterpenoid saponins which has been previously recorded 

(Kirmizigul et al., 2002; Evangelista et al., 2002; Toshiyuki et al., 2001). 

 
 
The FTIR analysis of the methanolic extract of E. foetidum indicated the 

presence of various components in the Hassan population of E. foetidum (Fig18 



E). The position of the band based on their wavenumber (cm-1) and the 

corresponding compounds based on their functional groups have been detailed 

in table 18. The peaks at 3186, 3313, 3390, 3480 cm-1, 3145 cm-1 indicate the 

presence of hydroxyl (OH) group. Those at 3558 could be derived from phenols 

and alcohols (Meenambal et al, 1→4)-β-D-glucopyranosyl]-olean-12- en-

23,28-diol. The saponin yield obtained through extraction detailed by Obadani 

et al., 2012). The peak at 3855 cm-1 indicates vibration due to O-H stretching 

(Praveena, et al, 2012). The N-H stretching of amines and amides is found at 

3390 and 3396 cm-1 in both extracts indicating the presence of amino acids 

(Komal kumar, et al, 2011). The C-O bond can be detected at 2362 and 2345 

cm-1 (Muruganantham, et al, 2009). The C=C asymmetric stretching in alkynes 

and the presence of silicon compounds were attributed to peaks at 2039 and 

2031 cm-1 .Presence of diketones, aromatic compounds and α, β- unsaturated 

amides could be observed due to peaks at 1637 and 1667 cm-1 in both extracts 

.The strong peaks at 1400 and 1408 cm-1 can be related to nitrosamines. The 

isopropyl groups and C-N stretching of alkyl amines could be detected from 

bands at 1059 and 1013 [Chen, et al, 2001]. The characteristic peaks between 

800-1100 at 878, 835, 900, 1013 and at 2947 cm-1 could be strongly 

corresponded to carbohydrates and their phosphodiester bonds. The presence of 

C-C, C-O deoxyribose and C-O-C bonds were very strong in this region. 

Presence of C=O, C–H, C=C and C–O, C–C and C–O were identified. These 

bonding structures are responsible for the presence of alkyl groups, methyl 

groups, alcohols, ethers, esters, carboxylic acid, anhydrides and deoxy  -ribose.  

The presence  of  α-  glucose  was observed from the absorption peak at 835 

cm-1. The peaks at 670, 500 and leaves also contained other valuable dietary 

supplements like  Magnesium  (93.46mg/100g),  Zinc  (8.24  mg/100g),  

Phosphorus (17.1 mg/100g) and sodium (3.44 mg/100g). A similar observation 

has been carried out by the Central Agricultural Research Institute (CARI), Port 

Blair among the indigenous vegetables of Andaman and Nicobar Islands. E. 

foetidum being one of the plants has been highly recommended for nutritional 



schemes to eradicate malnutrition in India owing to its high calcium and iron 

content. The plant has also been conserved and improved for higher yield and 

increase in the neutraceutical content like iron, calcium and carotenoids (Singh 

et al, 2013). Efforts are to be intensified in creating awareness about the 

beneficial usage of the plant for household fortification in staple foods like 

paratha, chutneys, salads and soups which would further increase the intake  

essential micronutrients like iron, calcium, magnesium and zinc. The sensory 

evaluation of E. foetidum leaf powder and leaf essential oil was carried out to 

investigate their possible usage in flavor and food industries. The The analysis 

was carried out by a team of seven trained panelists using five various 

descriptors namely  color,  texture,  taste,  aroma  and  overall  acceptability.  

The mean±SD of the scores of all descriptors have been represented in the 

table 21 and graphically gathered in radar charts (Fig. 19). In the dry leaf 

powder, all the descriptor scores showed statistically significant difference at 

p<0.05. The most appreciated and maximum scoring sensory parameter was 

overall acceptability (8.50±0.84) followed by aroma (8.71±0.48). The texture 

of the sample scored least. The leaf essential oil however recorded maximum 

scores for aroma followed by overall acceptability (8.85±0.37 and 8.71±0.48 

respectively). The least scorer was the texture. The leaf essential oil was diluted 

1:100 before scoring for aroma and taste to compensate for its high 

concentration and viscosity. Except color and taste, all other sensory parameters 

showed significant difference at p<0.05. Both samples scored high for all 

sensory descriptors thus proving their efficacy for food and flavor industries. 

The sensory evaluation of citrus peel thyme basil and marjoram essential oils  

have been carried out to analyse their utility in food and flavor industries 

(Ahmad et al, 2006, Ramadan et al, 2013). 

 
The radical scavenging abilities of the methanolic extract, leaf essential oil and 

the saponin samples were determined using the DPPH radical scavenging assay. 

High DPPH radical  scavenging  potential  confers  superior  antioxidant  

activity  of  the samples. The highest percentage of inhibition of DPPH radicals 



was observed in the methanolic extract and leaf essential oil closely followed 

by the saponin (Table22, Fig.20). The leaf essential oil, saponin and 

methanolic extract recorded an IC50  of 22.14 µg/ml, 23.79 µg/ml and 22.00 

µg/ml as against an IC50 of 19.07µg/ml for the standard ascorbic acid 

indicating high antioxidant property in all the samples tested (Fig.20).  All 

samples showed significantly different (p<0.05) antioxidant activity for the 

assay. The above assays provide strong evidence for the antioxidant potential 

of the plant  and  its  possible usage in  therapeutics  as  a  natural  antioxidant.  

A high phenolic and ascorbic acid content in the plant could be the major 

contributing factor for   the   antioxidant   properties.   Earlier   investigations   

have   also   indicated   the antioxidant potential of E. foetidum (Singh et al, 

2012; Mekhora et al, 2012; Aswathy et al, 2014). Similar findings have also 

been reported in other species of Eryngium viz. E.creticum and E.maritimum 

(Farhan et al, 2012; Meot Duros et al, 2008). 

 

 

The methanolic extract, leaf essential oil and saponin of E. foetidum showed 

varied zones of inhibition against the test organisms by Disc diffusion assay 

(Table 24 and Fig. 21). The zone of inhibitions above 6.8mm were considered 

as positive result in the above assays. The leaf essential oil (neat) and the 

methanolic extract (5mg/ml) recorded antimicrobial activity against 

Escherichia coli, Pseudomans aeruginosa, Staphylococcus aureus, 

Trichophyton rubrum, Candida albicans, and Cryptococccus neoformans.  The 

leaf essential oil exhibited weak activity against Staphylococcus epidermidis. 

All the samples failed to inhibit the growth of Salmonella typhi, Enterococcus 

faecalis, Klebsiella pneumonia. The saponin (5mg/ml) exhibited moderate 

activity for S.aureus and a weak activity for E.coli. All other organisms were 

resistant to the saponin. No activity was evoked for negative control (methanol). 

It was observed that the methanolic extract and leaf essential oil of E. foetidum 

had better effects for inhibiting fungi than bacteria. 



 

The minimum  inhibitory  concentration  (MIC)  was  determined  by  broth 

dilution assay (Table 23, Fig. 22). Only those samples which produced an 

inhibition zone of 9mm and above were taken forward for MIC determination. 

The maximum activity was observed for T.rubrum and C. neoformans with an 

MIC of 0.12mg/ml and 0.25mg/ml respectively in  leaf  essential  oil.  The 

remaining  samples  recorded moderate MIC values. The results of the present 

study clearly indicate the antimicrobial potential of the E. foetidum plant 

extracts and leaf essential oil against the test organisms. The antimicrobial 

potential of the plant could be due to a synergistic effect of the bioactive 

compounds present in the plant. A similar observation was recorded in 

Eryngium species wherein the ethanolic extract of the leaves evoked a moderate 

response for S.aureus, but a significant inhibition was achieved for 

dermatophytic species like T.rubrum, C.albicans, and C.neoformans (Thiem et 

al, 2010). Previous reports for the antibacterial efficacy of the E. foetidum 

leaves against Bacillus subtilis and Staphylococcus aureus has also been 

recorded (Homer et al, 2007; Sood et al, 2014). However further investigations 

are required to identify the specific bioactive compound responsible for the 

antimicrobial properties. The leaf essential oil, methanolic extract and saponin 

demonstrated varying levels of dose dependent cytotoxicities against HeLa, 

A549 and PC3 cell lines in MTT antiproliferative assay. The comparative 

levels of cytotoxicities of the extracts against the various cell lines have been 

represented in Fig. 23. The cytotoxic effects of the leaf essential oil against the 

cell lines were significantly different at p<0.05 levels, the highest CTC50 values 

recorded against PC3 cell lines (42.5 µg/ml) (Table26, Fig24). The saponin 

evoked least response for Hela and PC3 cell lines,     but a moderate 

response was observed against the A549 cell lines at higher dosages (Table 26, 

Fig24). The methanolic extract generated a low cytotoxic response for Hela and 

PC3 cells but a significant inhibitory effect against A549 cell lines (Fig. 24). 

Going by the American National Cancer Institute, the LC50 limit to consider 

for a crude extract promising for further purification to isolate biologically 



active (toxic) compounds should be lower than 30μg/ml (Suffness and Pezzuto, 

1990). It has also been stated that oils and extracts from plants presenting LC50 

values below 1000 μg/ml are known to contain physiologically active 

principles (Meyer et al., 1982). From the above study it could be inferred 

that leaf essential oil and the methanolic extract could be considered for further  

confirmatory studies as anti-cancer drugs against respective cell lines. 

 

 

 

 

 

 

 

 



 

TABLE 6 : Phytochemical screening of methanolic extract of E.foetidum 

 

Phytochemicals Presence/Absence 
Alkaloids + 
Sterols + 
Terpenoids + 
Glycosides - 
Saponins + 
Flavonoids + 
Tannins + 
Phenols + 

 
 
 
TABLE 7: Characteristic IR Absorption Frequencies of  organic 
functional groups 
 

Sl No. Frequencyrange (cm-1) Assignment of functional groups 
01. 3700-3800 OH stretching 
02. 3100-3550 OH bonds 
03. 3390 N-H, stretching of amines and amides 
04. 2362 C-O bond 
05. 2039 C=C symmetric stretching of 
06. 1637 Diketones,  aromaticring, C=O stretching (lipids) 
07. 1408 Nitrosamines, alkanes 
08. 1341 Isopropyl group, amide III band region 
09. 1059 Alkyl amine 

 

10. 
 

1017 Aliphatic amine, vibration of C-Oin alcohol 
hydroxyl group 

11. 800-1300 Phospho diester region 
12. 765 Aromatic compounds, alkyl halides 
13. 600-900 C-H out of plane bending vibrations 
14. 600-700 C-S linkage 
15. 513 Torsion and ring torsion in phenol 
16. 432 Alkyl halides 



 
 

  
 
 
 

  
 

 
Fig. 1: FTIR and TL Canalysis 
 
A&B: FTI Rand TLC of Essential oil ; C&D : FTIR and TLC 
of saponin ; E: FTIR of methanolic extract 
(TMB- trimethyl Benzaldehyde) 
 
 
 
 
 
 



TABLE 8: Proximate, Vitamins and Mineral analyses  in the leaves 
(AOAC, 1990) 

Nutritionalinformation  per 100g 
 

Carbohydrate(g) 55.16±0.96 
Crudeprotein (g) 22.76±0.56 
Crudefat (g) 4.63±0.37 
Total Ash (%) 1.90 
Moisture (%) 87.76 
Crudefibre(%) 28.30 
Energy(Kcal) 344.80±1.4 
VitaminC (mg) 127.00±0.12 
Iron (mg) 373.33±1.78 
Calcium(mg) 303.37±0.74 
Magnesium(mg) 93.46±1.12 
Zinc(mg) 8.24±0.76 
Phosphorus (mg) 17.10±1.23 
Sodium(mg) 3.44±0.33 

 
[The values represented as mean ± SD (n=3)] 
 
TABLE 9: Sensory evaluation of leaf powder and leaf essential oil on a 
Hedonic Scale 
 

Parameter Leaf powder Leaf powder 

Score Result Score Result 

Color 7.85±0.89e Acceptable 8.14±0.37de Acceptable 

Taste 8.35±0.47ae Pleasant 8.21±0.69df Pleasant* 

Aroma 8.71±0.48ce Pleasant 8.85±0.37a Pleasant* 

Texture 7.00±0.57be Dry 7.71±0.95bd Viscous 

Overall 
acceptability 

8.50±0.84de Acceptable 8.71±0.48ce Acceptable 

  
[Scores are expressed as mean ± SD (n=7).Values significantly different arere 
presented by different super script letters at P > 0.05 as measured by Tukey 
HSD test.] 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A B 
 
 
Fig.2:Scoring ona Hedonic’s scalefor thesensoryevaluation of 

leafpowderand leaf essentialoil. 

A. E. foetidum leafpowder;B.E.foetidum leafessentialoil 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



TABLE 10: DPPH radical scavenging activity of leaf essential oil, saponin 

and methanolic extract with ascorbic acid (standard) 

 

Samples Concentration 
(μg /ml) 

Inhibition 
(%) 

IC50 (μg/ml)* 

 10 14.945  

 20 57.126  

Ascorbic acid 30 95.627 19.07±0.02 

 40 96.572  

 50 97.653  

 10 9.845  

 20 45.812  

Leaf essential oil 30 90.291 22.14±0.04 

 40 94.951  

 50 96.674  

 10 11.162  

 20 29.095  

Saponin 30 91.810 23.79±0.01 

 40 95.154  

 50 95.863  

 10 9.845  

 20 46.826  

Methanolic extract 30 91.000 22.00±0.01 

 40 94.343  

 50 95.560  

 
  
 
Data are expressed as mean ±SD.*Values statistically different P > 0.05as 
measured by Tukey HSD test. 



 
 

  
 
 
 

  
Fig. 3:Radicalsc avenging activity (%inhibition) and IC 50 values of 
methanolic extract, leaf essential oil ands aponin with ascorbic acid as 
stdin DPPH assay. 



 
 

  

  
Fig.4:Antimicrobial activity in the methanolic extract, leaf essential oil 
ands aponin 
1. Trichophytonrubrum ; 2. Cryp to coccusneo for mans; 
3. Staphylococcusaureus4. Escherichiacoli 
C-Positive Control ; a-leaf essential oil(neat);b- methanoli cextract ;c-saponin 
;d- negative control(methanol) 
 
 
 
TABLE 11: MIC values (mg/ml) for leaf essential oil, methanolic extract 

and saponin 

Organism Leaf essential oil Methanolic extract Saponin 

Trichophyton rubrum 0.12 0.25 00 

Cryptococcus neoformans 0.25 0.50 00 

Staphylococcus aureus 0.25 0.50 1.00 

Escherichia coli 1.00 0.50 1.00 

 

 

 
 



TABLE 12: Screening of antimicrobial activity in the leaf essential oil, 

methanolic extract and saponin 
 

Organism       Zoneofinhibition(mm) (mean±SD) 
Leafessential Methanolic Saponin  
oil extract 

Staphylococcus aureus 16.33±1.15 12.66±1.15 11.00±0.00  
 
Staphylococcus epidermidis 7.13±0.11 - -  
 
Salmonella typhi     -    -   - 

Trichophytonrubrum  17.33±0.57 16.66±0.56  - 

Cryptococcus neoformans   11.00±0.00  11.33±0.57   - 

Candida albicans 8.67±0.57 8.00±0.00 - 

Enterococcus faecalis    -    -   - 

Pseudomonas aeruginosa   7.09±0.57  6.80±0.00   - 

Klebsiella pneumoniae    -    -    - 

     
 
 
 

  
Fig. 5: MIC values (mg/ml) for leaf essential oil, methanolic extract and 
saponin. 
[LE-leaf essential oil; ME-Methanolic extract; SP-Saponin] 



 
 
TABLE 13: In vitro cytotoxicity of leaf essential oil , methanolic extract 

and saponin against HeLa, A-549 and PC-3 cell lines 

 
Cellline Concentration                      Cytotoxicity (%) 
 (µg/ml) Leafessential oil Methanolic Saponin 
   extract  
HeLa 1000 74.03±1.2 76.60±1.0 52.77±1.0 
 500 69.28±1.5 70.39±1.0 45.77±1.2 
 250 60.14±4.3 59.22±1.3 40.77±1.8 
 125 35.65±1.4 47.94±1.3 36.38±0.8 
 62.5 26.62±1.1 23.25±2.0 25.75±1.2 
 31.25 12.43±1.2 NA 25.33±1.3 
A-549 1000 80.63±0.5 90.41±2.3 78.63±0.5 
 500 59.09±1.0 75.91±2.1 69.09±1.0 
 250 38.96±1.4 73.22±1.1 48.96±1.1 
 125 31.88±1.2 63.69±1.6 33.88±1.2 
 62.5 21.33±2.2 31.05±2.4 22.33±2.3 
 31.25 NA 20.02±1.3 21.88±1.4 
PC-3 1000 89.77±0.1 76.70±1.2 31.25±0.6 
 500 86.24±1.1 65.23±2.3 21.91±1.0 
 250 86.09±0.8 36.61±1.4 13.91±0.9 
 125 69.00±0.9 18.73±3.4 9.59±1.0 
 62.5 60.11±0.6 9.69±1.00 NA 
 31.25 52.08±1.1 NA NA 

 
Data expressed as mean ± SD



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6:Invitrocytotoxicity ofleafessentialoil,methanolicextractand 
saponin against   HeLa, A-549 and PC-3 celllinesrespectively 
[LE-leafessentialoil;ME-Methanolic extract;SP-Saponin] 
  
TABLE 14 : CTC 50 values of leaf essential oil, methanolic extract ans 

saponin against various cell lines 
 

Sample CTC50 (µg/ml) 
HeLa A-549 PC-3 

Leafessential oil 203.33±1.9a 393.33±1.3b
 42.5±0.08c 

Methanolic extract 340.00±1.4a 103.33±1.9b
 a 

    
Data are expressed as mean ± SD. *Values statistically differat P >0.05 with in 
the row as measured by 
Tukey HSD test. 
 

  
Fig.6:In vitrocytotoxic activity of the leaf essentialoil, saponin and 
methanolicextract against HeL a, A-549 andPC-3celllines in terms of 
CTC50values 
 
[EO- leaf essentialoil ; ME- Methanolic extract ; Saponin - Saponin
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