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 Plant parts contain diverse distribution of secondary compounds which plays a 
predominant role in promoting health and well-being along with vital roles in environmental 
and agricultural applications. In the present study, crude ethanol extracts prepared from 
Mangifera indica L., Piper betle L. and Lawsonia inermis L., leaves were subjected towards 
purification by column chromatography using hexane, chloroform, ethyl acetate and methanol 
in 4:3:2:1 ratio as column mobile phase. The obtained purified fractions were further resolved 
in thin layer chromatographic plates with hexane and ethyl acetate in 7.2:2.8 ratio as mobile 
phase. Best fraction from each of the three samples showing better separation was characterized 
by means of gas chromatographic – mass spectrometric analysis for determining the existence 
of valuable as well as pharmacologically active components. Totally 15 bioactive compounds 
were identified in each of these purified fractions wherein, 3 compounds were observed to be 
similar in the fractions of all three samples and includes Meso-2,3-Bis-T-Butoxysuccinonitrile; 
Methyl 3-Methyl-5-Oxy-2-Phenoxyhexanedithioate and 2,3,4,4-Tretrapropyl-1-(Trimethylsilyl)-
1-(Trimethylsilyloxy)-1,3-Diaza-2,4-Diborabutane. Further investigation on these compounds 
could pave way towards development of drugs of therapeutic and industrial importance. 
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 Plants synthesize multifarious secondary 
compounds which are known to display 
potential roles in food industry, as therapeutics, 
in fragrances, cosmetics, environmental and 
medical applications.1 Based on their chemical 
nature, these phytocompounds are grouped 
into terpenes involving terpenoid compounds, 
polyphenolic compounds such as phenols, 
flavanoids, coumarins, lignins and tannins, sulphur 

containing compounds such as glucosinolates 
and nitrogen containing compounds such as 
alkaloids, cyanogenic glucosides and so.2-5 These 
compounds exert numerous pharmacological 
functions like antioxidant, anti-inflammatory, 
antimicrobial, anticancer, antidiabetic activity 
also, are utilized for treating hypertension, 
cardiovascular problems, arthritis, against several 
ailments thereby emphasizing the usage and 
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effectiveness of different herbs in traditional 
medicine.6-8 Plant derived phytocomponents serve 
as a great source of drugs and since their nature 
is of much complexity there arises a necessity to 
isolate and purify these individual compounds 
to further analyze and assess their structural 
as well as functional properties.9 Thin layer 
chromatography and column chromatography are 
among such commonly used techniques which 
aid in the separation of active constituents from a 
crude mixture of plant extracts. It can be achieved 
through an optimal solvent system comprising 
either a single solvent or a mix of different 
solvents in varying ratios. Efficient migration of 
these compounds is also dependent on its nature, 
polarity and interaction with the stationary phase 
used. It can be visualized under light source 
or by spraying with chemical reagents.10 Gas 
chromatographic and mass spectrometric analysis 
is among the major and rapidly exploited technique 
which helps in identifying and quantifying the 
phytochemicals present in the plant extracts as 
well as in the purified fractions such as esters, 
alkaloids, fatty acids, volatile oils etc.11-14 Thus, 
numerous pharmacologically active compounds 
can be isolated from a single plant sample that 
could contribute towards an in depth understanding 
about the type of constituents present as well as 
their utility and beneficial importance towards 
multitudinous applications. 
 In this study, ethanol crude extracts from 
Mangifera indica L., Piper betle L. and Lawsonia 
inermis L., leaves were purified by column 
chromatography using an optimized solvent system 
containing hexane, chloroform, ethyl acetate and 
methanol in a specific ratio as the mobile phase 
and the fractions thus obtained were resolved in 
TLC and suitable fractions from all three samples 
were analyzed by gas chromatographic and mass 
spectrometric technique for determining the 
bioactive compounds present in these fractions.  

Materials and Methods

sample collection, authentication and extraction
 Mangifera indica L., Piper betle L. 
and Lawsonia inermis L. leaf samples was 
procured from places in and around Chennai 
and authenticated by Prof Jayaraman, Director 

at Plant Anatomy Research Centre, Chennai 
with authentication numbers PARC/2021/4406, 
PARC/2021/4405 and PARC/2021/4407. Dried and 
powdered plant leaf samples were extracted using 
ethanol in the ratio of 1:10 (10 grams of powdered 
samples in 100 mL of ethanol) and has been 
reported in our previous paper.15,16  Crude ethanol 
extracts obtained from all three plant leaf samples 
were subjected to TLC profiling and column 
chromatography for isolation and purification of 
bioactive constituents.  
TLC profiling of crude ethanol extracts
 Ethanol crude extracts from Mangifera 
indica L., Piper betle L. and Lawsonia inermis 
L. were profiled by Thin Layer Chromatography 
with varying mobile phase of differing ratios 
and has already been performed and published 
in our earlier study.16 Among the studied solvent 
systems, hexane, chloroform, ethyl acetate 
and methanol in 4:3:2:1 ratio showed efficient 
separation and migration of compounds. The 
bands were visualized under visible and UV light 
and derivatized in iodine chamber. Based on TLC 
profiling studies, the optimized solvent system 
[hexane, chloroform, ethyl acetate and methanol 
in 4:3:2:1] was chosen as mobile phase for column 
chromatographic purification.  
Column chromatographic purification of 
ethanol crude extracts
 Crude ethanol extracts from Mangifera 
indica L., Piper betle L. and Lawsonia inermis L. 
was loaded onto the glass column with stationary 
phase comprising silica gel of 100 – 200 mesh 
and mobile phase comprising hexane, chloroform, 
ethyl acetate and methanol in 4:3:2:1 ratio. The 
column purified fractions collected from all three 
plant samples were individually run in TLC plate 
with hexane and ethyl acetate (7.2 : 2.8) as mobile 
phase. Similar fractions were pooled together and 
labelled as Mangifera indica L. fraction, Piper 
betle L. fraction and Lawsonia inermis L. fraction. 
Bands were derivatized under UV light, iodine 
chamber, anisaldehyde sulphuric acid reagent and 
methanolic sulphuric acid reagent.17 Rf (Retention 
factor) value of the spots or bands were calculated 
using the formula18: 

Rf = (Distance travelled by the Solute)/(Distance 
travelled by the Solvent)
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table 1. Rf values of the purified fractions

S. No fractions Rf values [for all derivatizations]

1. Lawsonia inermis L. fraction 0.4, 0.54, 0.68, 0.74, 0.82, 0.94
2. Mangifera indica L. fraction 0.54, 0.68, 0.82, 0.97
3. Piper betle L. fraction 0.48, 0.68, 0.80, 0.94

Fig. 1. Column purified fractions from Mangifera indica L., Piper betle L. and Lawsonia inermis L

Fig. 2. Derivatized fractions under a) UV Light b) Iodine chamber c) Anisaldehyde Sulphuric acid reagent and d) 
Methanolic Sulphuric acid reagent

Gas chromatography – mass spectrometric 
analysis
 About 1-2 mL of the column purified 
fractions from Mangifera indica L., Piper betle L. 
and Lawsonia inermis L. were determined by Gas 
chromatographic and mass spectrometric analysis 
using Shimadzu QP2020 instrument with SH-
RXi-5Sil MS column and helium as the flow gas 
with operating conditions of 50°C column oven 
temperature, 250°C injection temperature, 68.1 kPa 
pressure, 16.2 mL per min and 1.20 mL per min 
as total and column flow, 39.7 cm per sec as linear 
velocity, purge flow of 3.0 mL per min, 200°C and 

250°C as ion source and interface temperature. 
Temperature of 50°C for  0 mins and 280°C for 
2 mins as oven temperature program. Component 
spectrums were matched with database containing 
spectrums of well-known compounds stored in the 
GC-MS NIST and WILEY library 
Data analysis and Presentation
 Rf  values of the derivatized bands or 
spots in TLC were analyzed by calculating the 
distance travelled by the solute (purified fraction) 
and solvent (hexane and ethyl acetate in ratio of 
7.2: 2.8). The obtained Rf value was observed to be 
similar for all derivatizations. GC-MS identification 
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table 2. GC-MS report for compounds from Mangifera indica L.

Peak Retention  Compounds 
 time

1 13.868 2,3,4,4-Tretrapropyl-1-(Trimethylsilyl)-1-(Trimethylsilyloxy)-1,3-Diaza-2,4-Diborabutane
2 17.476 1,3-Diphenyl-1-((Trimethylsilyl)oxy)-1(Z)-Heptene
3 20.712 Tri-O-Trimethylsilyl, N-Pentafluoropropionyl derivative of Terbutaline
4 25.959 Methyl 6 - Hydroxycaproate
5 32.901 Meso-2,3-Bis-T-Butoxysuccinonitrile
6 34.764 1,2-Benzenedicarboxylic acid, Dioctyl ester
7 37.371 1,4-Benzenedicarboxylic acid, bis(2-ethylhexyl) ester
8 38.621 Methyl 3-Methyl-5-Oxy-2-Phenoxyhexanedithioate
9 38.72 Ethyl Cis-4-Methyl-3-((E)-2-Phenylethenyl) Cyclohepta-1,5-Diene- 1-Carboxylate
10 38.782 6-Bromo-5-Oxo-3-Methylhexan-1,3-Diol
11 38.9 2-Fluoro-5-trifluoromethylbenzoic acid, propyl ester
12 38.925 2-Fluoro-5-trifluoromethylbenzoic acid, undecyl ester
13 38.955 2-Fluoro-5-trifluoromethylbenzoic acid, pentyl ester
14 39.017 6-Bromo-5-Oxo-3-Methylhexan-1,3-Diol
15 39.065 Carbonic acid, 2 – Bromo-3,3- Diphenyl -2-Propenyl ethyl ester

table 3. GC-MS report for compounds from Piper betle L.

Peak Retention  Compounds
 time

1 13.866 2,3,4,4-Tretrapropyl-1-(Trimethylsilyl)-1-(Trimethylsilyloxy)-1,3-Diaza-2,4-Diborabutane
2 32.89 Meso-2,3-Bis-T-Butoxysuccinonitrile
3 34.761 1,2-Benzenedicarboxylic acid, Dioctyl ester
4 36.137 2,5-Dimethyl-1,3,5-Dithiazine
5 37.373 1,3-Butadien-1-ol, acetate
6 39.164 Methyl 3-Methyl-5-Oxy-2-Phenoxyhexanedithioate
7 39.23 Benzofuro [3,2-B] Pyridine-1(2H)-Carboxylic acid, 3-Cyano-4-Methyl-, Ethyl ester
8 39.389 Ethyl (1R*, 2S*, 11R*) - (+-) -3,10-Dioxo-2,11-Epoxycyclodecane-1-carboxylate
9 39.46 5-Azido1-Phenyl-3-Methyl-4- [2-Azido-2- (Ethoxy carbonyl) Ethenyl] Pyrazole
10 39.505 Ethanediamide, N, N’-Bis [2-[[(3,5-Dimethoxyphenyl) Amino] Oxo acetyl] Phenyl]-
11 39.605 Butanedioic acid, 2-Ethyl-2-(Phenylthio)-, 1-Ethyl ester
12 39.63 2-(3-Oxo-2-Pent-2-Enyl-Cyclopentyl)-Acetamide
13 40.105 Methyl 3-Methyl-5-Oxy-2-Phenoxyhexanedithioate
14 40.17 N-(T-Butyl)-2-Benzoylbenzamide
15 40.205 Arenarol

of bioactive constituents in the purified fractions 
were carried out by comparing their spectrums with 
known compounds in NIST and WILEY library. 
The analytical data corresponding to the same are 
given in figures 1-2 and Tables 1-4.  

results

 About 1-2 grams of crude ethanol extracts 
from Mangifera indica L., Piper betle L. and 

Lawsonia inermis L., leaves were individually 
loaded on to the glass column with stationary 
phase containing 100-200 mesh size of silica gel 
and the compounds were eluted using mobile 
phase comprising hexane, chloroform, ethyl acetate 
and methanol in 4:3:2:1 ratio for purification 
of bioactive constituents by means of column 
chromatography. Totally, 25 purified fractions were 
obtained from Mangifera indica L., 28 purified 
fractions from Piper betle L. and 31 purified 
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table 4. GC-MS report for compounds from Lawsonia inermis L.

Peak Retention  Compounds 
 time

1 13.873 2,3,4,4-Tretrapropyl-1-(Trimethylsilyl)-1-(Trimethylsilyloxy)-1,3-Diaza-2,4-Diborabutane
2 17.481 1,3-Diphenyl-1-((Trimethylsilyl)oxy)-1(Z)-Heptene
3 20.715 Phosphonous Dibromide, [2,2,2-Trifluoro-1-(Trifluoromethyl)-1-[(Trimethylsilyl)oxy] Ethyl]-
4 25.961 Methyl 6 - Hydroxycaproate
5 29.14 Methyl 6 - Hydroxycaproate
6 32.892 Meso-2,3-Bis-T-Butoxysuccinonitrile
7 34.764 1,2-Benzenedicarboxylic, Dicyclohexyl ester
8 39.165 2-Fluoro-3-trifluoromethylbenzoic acid, 6- Chlorohexyl ester
9 39.23 2-Fluoro-3-trifluoromethylbenzoic acid, octyl ester
10 39.416 Propanoic acid, 2-Methyl-, 5-(2,3-Dihydro-3,3-Dimethyl-2-Oxo-1H-indol-1-yl)-10,11-
dihydro-   5H-Dibenzo [A, D] Cyclohepten-5-yl ester
11 39.664 Methyl 3-Methyl-5-Oxy-2-Phenoxyhexanedithioate
12 39.831 1,3-Dioxane-4, 6-Dione, 5- [(Cyclohexyl methylamino) Methylene] -2,2-Dimethyl-
13 39.915 Benzo [f] [1,7] Naphthyridine – 2- Carboxylic acid, 5,6- Dihydro – 3- Methyl -5 – Oxo -, 
  Ethyl ester
14 40.031 2-Fluoro-5-triflouromethyl benzoic acid, pentyl ester
15 40.22 Ethyl (1R*, 2S*, 11R*) - (+-) -3,10-Dioxo-2,11-Epoxycyclodecane-1-carboxylate

fractions from Lawsonia inermis L.,  The collected 
purified fractions were further run in TLC plate 
with mobile phase containing hexane and ethyl 
acetate in 7.2:2.8 ratio for compound resolution. 
fractions showing similar migration and separation 
of bands with better resolution were combined 
together as a single fraction in all three samples 
(figure 1) and derivatized under UV light, iodine 
chamber, anisaldehyde sulphuric acid reagent 
and methanolic sulphuric acid reagent (figure 2). 
These purified active fractions from all three plant 
leaf samples were determined for the presence of 
phytocompounds by means of gas chromatographic 
and mass spectrometric analytical method. 
formation of colored bands by derivatization 
showcased the existence of innumerable secondary 
components in purified fractions. Rf values of the 
fraction from all three samples are given (Table 1). 
 Column purified fractions were analyzed 
by GC-MS technique to assess the nature of 
phytocompounds present. GC-MS analysis of 
column purified fractions from Mangifera indica 
L., Piper betle L. and Lawsonia inermis L. showed 
the presence of about 15 bioactive compounds 
in each of the sample fractions and are tabulated 
(Table 2 - 4).

discussion

 Derivatization helps in enhancing the 
visualization of secondary compounds since, these 
reagents act by interacting with the analyte giving 
off coloured derivatives that enables easier and 
rapid detection of components.19 Derivatization 
of active fractions from Mangifera indica L., 
Piper betle L. and Lawsonia inermis L. under UV 
light, iodine chamber, anisaldehyde sulphuric acid 
reagent and methanolic Sulphuric acid reagent 
has resulted in Rf values of 0.4, 0.54, 0.68, 0.74, 
0.82, 0.94 in L. inermis L., 0.48, 0.68, 0.80, 0.94 
in P. betle L. and  0.54, 0.68, 0.82, 0.97 in M. 
indica L. Certain compounds were found to be 
present in all three samples such as Meso-2,3-Bis-
T-Butoxysuccinonitrile; 2,3,4,4-Tretrapropyl-1- 
(Trimethylsilyl)-1-(Trimethylsilyloxy)-1,3-
Diaza-2,4-Diborabutane and Methyl 3-Methyl-5-
Oxy-2-Phenoxyhexanedithioate.  Susanti et al.,20 
has reported mobile phase comprising  hexane, 
chloroform, ethyl acetate and formic acid in 
20:70:9:1 ratio for TLC separation of hexane 
extracts of Garcinia cowa Roxb bark. Jadhav and 
Ghatage21  has reported the use of hexane : ethyl 
acetate (50:50) as mobile phase for TLC separation 
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of methanolic leaf extracts of Asplenium indicum 
with anisaldehyde and iodine reagent.  Samrot 
AV  et al.,22  has reported TLC bioautography 
studies for acetone, ethanol, petroleum ether 
and chloroform extracts of Mangifera indica 
L. leaves using chloroform and methanol in the 
ratio of 9:1 as mobile phase, derivatized under 
iodine and displayed Rf values of 0.09, 0.16, 0.20, 
0.25, 0.98 for ethanol extract, 0.07, 0.20, 0.27, 
0.98 for acetone extract, 0.05, 0.58, 0.78, 0.99 
for chloroform extract and 0.04, 0.08, 0.14, 0.22, 
0.97 for petroleum ether extract. Valle, Demetrio 
Jr et al.,23 has reported TLC bioautography and 
GC-MS studies on Philippine Piper betle L. leaf 
ethanol extracts using ethyl acetate and hexane 
in the ratio of 7:3 as mobile phase, derivatized 
with vanillin-sulfuric acid, visualized under 
visible light, UV 254 nm and UV 366 nm and 
were found to have displayed Rf values of 0.013, 
0.13, 0.25, 0.40, 0.53, 0.70, 0.76, 0.86 and 0.92 
in all derivatizations. GC-MS analysis of ethanol 
extracts have reported the presence of about 6 
compounds such as Ethyl diazoacetate, Eugenol, 
Heptafluorobutyrate, 3-Fluoro-2-propynenitrite, 
4-(2-Propenyl)phenol and Tris(trifluoromethyl)
phosphine respectively. Kidanemariam T. K et 
al.,24 has reported the identification of bioactive 
constituents in hexane extract and essential oil of 
Lawsonia inermis L. leaves by GC-MS analysis 
and structural elucidation by NMR studies. 
Hexane extracts have been purified by column 
chromatography with hexane and ethyl acetate 
solvent system in the ratio of 7:3 and characterized 
by NMR technique which revealed the presence 
of Bisabolene compound in hexane extract while, 
GC-MS analysis of essential oil has displayed 
the presence of compounds such as hexadecanoic 
acid, eugenol, á-terpineol, phytol and ether phenyl 
vinyl etc.  Ghosh K and Bhattacharya TK25 has 
reported column chromatographic isolation and 
GC-MS analysis of compounds from alcoholic and 
petroleum ether extract of Piper betle L. roots using 
eluate comprising petroleum ether and benzene 
and has led to identification of aristololactam 
A-II characterized to be 4-allyl resorcinol in 
alcohol extract and stigmast-4-en-3,6-dione, 
diketosteroid in petroleum ether extract. Dennis 
Amaechi et al.,26 has reported GC-MS analysis 
of ethanol extracts from Mangifera indica L. 
leaves which revealed the presence of compounds 

such as Eicosyl propyl ether, Dodecanoic acid, 
2-Hexyne, 2-Methyl-E,E-3,13-octadecadien-1-ol, 
9,12-Octadecadienoic acid, methyl ester, (E, E)-, 
Oleic acid, 1,14-Tetradecanediol, 1-(p-Toluidino)-
1-deoxy-.beta.-d-Idopyranose, Morpholine, 
4-methyl-, 4-oxide, Eicosyl propyl ether etc.  
whereas, in this study, ethanol extracts from 
Mangifera indica L., Piper betle L. and Lawsonia 
inermis L. were individually purified by column 
chromatography using a fixed mobile phase 
comprising hexane, chloroform, ethyl acetate and 
methanol in 4:3:2:1 ratio. Collected fractions were 
further run  in hexane, ethyl acetate solvent system 
in 7.2:2.8 ratio and the best fraction showing active 
separation was characterized by GC-MS analysis 
and this led to the identification about 15 bioactive 
constituents from each of the sample fractions. 
Thus, TLC based separation along with purification 
of natural products by column chromatography 
gives us an insight about the nature and distribution 
of phytochemicals thereby rendering a possibility 
of deriving novel compounds with functional 
properties for multifarious approaches.

conclusion

 In this study, crude ethanol extracts from 
Mangifera indica L., Piper betle L. and Lawsonia 
inermis L. leaves were subjected to column 
chromatographic purification and isolation. Suitable 
fractions from all three samples were determined 
for the presence of bioactive constituents by GC-
MS analysis. Purification studies were carried out 
employing a specific mobile phase combination 
of hexane, chloroform, ethyl acetate and methanol 
in 4:3:2:1 ratio. further studies can be carried out 
on exploring and explicating the pharmacological 
and environmental utility of these compounds in 
various sectors. 
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