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ISOLATION, PURIFICATION AND CHARACTERIZATION OF 

VARIOUS- CHEMICAL CONSTifUTENTS FROM LEAVES AND 

STEMS OF Cymbopogon pendulus (Nees ex Steudel) W. 

·Watson. 

SECTION- A: ISOLATION AND IDENTIFICATION OF CHEMICAL 

C-OMPONENTS OF ESSENTIAL OIL IN FRESH LEAVES OF ·C. 
. . 

pendulus (Nees ex Steudel) W. Watson FOLLOWING -GAS 

LIQUID CHROMATOGRAPHY. 

JI 
SECTION- B: ISOLATION, PUJVICATION AND IDENTIFICATION 

OF CHEMICAL CONSTITUENTS OTHER THAN VOLATILE 

TERPENOIDS IN DRY LEAVES OF C. pendulus (Nees ex 

Steudel). W. Watson. FOLLOWING CONVENTIONAL 

PHYTOCHEMICAL METHODS. 

SECTION - C : ISOLATION AND IDENTIFICATION OF 

ANTHOCYANIN IN RED STEM OF C.pendulus {Nees ex Steudel) 

W. Watson. 
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INTRODUCTION 

The leaves of Cymbopogon pendu/us (Nees ex Steudel) W. Watson 

growing wildly in the plains of Darjeeling district, is rich in essential oil. Essential. 

oils; are the object of internationally important commercial transactions. Their 

value is most of the time evaluated on the basis of their organoleptic properties 

particularly their odour. Though final evaluation is being done by the serious 

draw back in its ability to have quantitative assesment. ·This limitation has 

therefore, made it obligatory to have other analytical methods by which, a 

reproducible qualitative and quantitative results can be obtained. 

The lemon grass oil is generally extracted by "hydrodistillation method" of 

Von-rochenberg described by Guenther (1949). But gas liqui~d chromatography 

. (GLC) i's undoubtedly the most important technique for study of ess~ntial oils . 
. ~ 

since it yields in one operation both qualitative analyses (H¢rborne, 1973). 

Application of- GLC was done earlier by a number of investigators for 

identification of chemical components in essential oil extracted from leaves of 

.c. winterianus (Rajendudu and Ram Das, 1983), C. citratus (Manzoor-1-Khuda 

et al, 1984; Ekundayo, 1986_), C. nard us Var. Confertiflorus (Verma et al, 1987), · - . 

C. distance (Steud) Wats (Mathela et al, 1988), C. martiniiVar Sofia (Mathela 

et al, 1988), C. jwarancusa (Verma et al, 1987), C. f/exuosus and C. khasianus 

(Verma et al, 1987). 

Though most of the chemical information of Cymbopogon is mainly. 

concerned with terpeniod constituents of essential oil, much less information is 

available in connection with chemical constituents, other than essential oils. 

But1his type of investigation is very necessary, in connection with understanding 

of chemical make up of a plant and which is helpful for chemical identification 

of plant from pharmacognosy point of veiw. 
e.. 

C. pendulus (Ne~s ex. Steudel) W. Watson is considered as an endangered 

species in North Bengal. No work has so far been done on isolation and 

characterisation of chemical constit~ents other than essential oil excepting the 

report on essential oil content as worked out by Verma et al, (1987) taking C.· 



,,, 
'\ \' 

' \' '' '' " 

\
,, 

Fig. 7. A part of Leaf of Cymbopogon pendulus (Nees ex Steudel) W. 
Wats.on. 

Fig. 8. Inflorescence of Cymbopogon pendu/us (Nees ex Steudel) W. 
Watson. 
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Fig. 9. GLC trace of the separation of the mixture of terpenoid constituents 
of the essential oil in the leaves of Cymbopogon pendulus (Nees ex 
Steudel) W. Watson · 
Key : 1. Unidentified No.1, 2. Terpine, 3. Unidentified No. 2, 4. {l-citral. 
5.4(-citral, 6. Unidentified No.3. 



pendulus in the region out side Darjeeling district. This part of work involves the 

. following three sections to discuss about material_s and methods involved and 

results. 

SECTION -A : ISOLATION AND IDENTIFICATION OF CHEMICAL COMPONENTS 

OF ESSENTIAL OIL IN FRESH LEAVES OF C. pendu/us (Nees ex Steudel) W. 

Watson FOLLOWING GAS LIQUID CHROMATOGRAPHY. 

MATERIALS'AND METHODS : 

Materials : Fresh leave of C. pendu/us(Nees ex Steudel} W. Watson collected 

in the month of October 1996 from plants grown in the experimental plot in 

NBU campus. 

Description of the Plant : Habit : Perennial aromatic grass with a number of 

tillers; Stem : Cylindrical~ solid, red in colour with nodes and long internodes; 

Inflorescence : Spikes, panicled: -~tficulate;Spikelet : Sessile, hermaphrodite, 

sp_ikelets ofthe lowest pair differing ff·om those above in s~x and form; Glumes 

. : 4 types (I-IV}. Type I. papery, 2-Keeled, awnless, II. Thinner, concave·, keeled, 

shortly awned, Ill. hyaline, IV. hyaline, awned, often reduced to the. dialated 

base of the awn; rnaea : Small; Lodicules : 2, cuneate; Stamens: 3; Style : 

Short; Stigmas: Laterally exerted; Fruit: Seed-like grain, surrounded by papery 

glumes representing husks at maturity, (Fig. 1, 7, 8 & 54). 

Methods : Extraction of oil 

The lemon grass oil from fresh leaves of C. pendulus (Nees ex Stedel) W. 
. ~ 

Watson was extracted following the method of Guenther (1949} with the help of 

distillation stills. The still consists of boiler, condensing system and receiver. 

About~ .5 L. of water was poured into the still and about 1 kg-offreshly collected 

leaves was added. The opejning of the still was closed and heated for 1 hr. The 

grass was digested in water and a mixture of water vapour and essential oil 

vapour were allowed to escape in condensing system. The vapour was 

condensed and the distillate was collected in) ide the receiver into two separate 
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layers. As the oil was lighter than water it remained at the top while the water 

escaped _through the outlet of bent tube. The oil was skimm~d off and stored in 

bottle at -1 0°C for GLC analysis. 

·Gas chromatographic analysis of the oil 

s 
The esential oil was analysed in a Gas chromatograph (Pack and Model 

~ . 

419). The co_l¢umn used was SE-30 (metal coloumn), the temperature of which 

. was 140°C (Isothermal condition). The flame ionisation detecterwas heated to 

220°C. The carrier gas was nitrogen with a flow rate 2.2 K cm2• The peaks 
' p 

were identified after matching the re,tention time with standard samples obtained 

from DRAGOCO, West Germany. 

RESULTS-: 
. -

Duriitg analysis of the oil, 6 peaks were recorded in the GLC graph of 

' which 3 major components were' idehtified as Terpine, a-citral and B-citral but 

the other 3 peaks could not be identif!ed. 

A GLC graph showing the different terpenoid constituents of essential :oil .. 

extracted-has been shown iri Fi_g. 9.: Constituents with their relative perceptage ··:· ;_ · 

in the gas chromatogram are given in the table - 3. · 

Table- 3 

Relative percentage of terpeniod constituents of the essential oil in the 

leaves of C~ pendulus (Nees ex Steudel) W. Watson .. 

Peak No. Constituents Relative percentage 

1. unidentified, No.1 1.97 

2. Terpine 9.76 

3. unidentified, No. 2 2.06 

4. B -citral 24.87 

5. a -citra I 58.05 

6. unidentified, No. 3 3.29 



CHART -1 

Flowsheet showing separation of various fractions during isolation and characterisation of 
chemical constituents other than essential oil in the leaves of C. pendu/us (Nees ex Steudel) W. · 
Watson. 

Powdered dry leaves 

Residual meal 

Soxhleted with methanol. 

Powdered leaves exhausted 

Ether soluble fraction 
(C) 
Extracted with 
10% NaHC0

3 
solution 

Ether fraction 
Extracted with 
3% acetic acid 

!'oxhleted with petroleum ether (60-80°C) 

Petroleum etherfraction (A)· 

Methanolic fraction (B) 

concentrated to 
small volume 
and extracted 
with ether 

I 
Ether insoluble Methanolic 
fraction (D) 

Alkaline aqueous phase 
Neutralised with 
10% HCI and 
extracted with 
eth~r. 

Ether fraction 
·Extracted with 
5% NaOH 
solution 

Acetic acid 
soluble part 

Ether soluble phenolic 
acid sub-fraction (a) 

Aqueo_us part 
(rejected) 

Ether soluble 
neutral sub 
fraction (d) 

Ether soluble acid 
sub-fraction (c) 

Neutralised with ammonia 
and extracted with ether. 

Ether soluble basic 
sub-fraction (b) 

Alkaline aqueous phase 
Neutralised with 1 0% HCI 
and extracted with ether 

Aqueous part 
(rejected) 

Aqueous part 
(rejected) 



SECTION - 8 : ISOLATION, PURFICATION AND IDENTIFICATION OF CHEMICAL 

CONSTITUENTS OTHER THAN VOLATILE TERPENOIDS IN DRY LEAVES OF . . 

C.pendu/us (Nees ex. Steudel) W. Watson FOLLOWING CONVENTIONAL 

PHYTOCHEMICAL METHODS. 

MATERIALS AND METHODS : 
().-

Materials : The l~ves of C. pendu/us (Nees ex Steudel) W. Watson were 

collected from the plants grown for tlie purpose at the experimental plot of the 

Centre for Life Sciences, Department of Botany, North Bengal University .. Leaves 

were sundried and crushed into powder required for extraction. 

Methods : The phytochemical analysis (Chart-1) of leavesof C. pendu/us (Nees 

ex Steudel) W. Watson involved four steps. 

I. Extraction 

II. Separation of different fractions. 

Ill. Isolation and purification 

IV. Characterisation oftheisolated chemical constituents.· 

I. Extraction : Air dried powdered leaves (1 kg) were extracted in a 5-L 
e. 

Soxhlet first with petroleum ether (B.P. 60°-80°C) and th~n with methanol 

separately for 72 hours. The extracts. obtained were termed as fraction (A) and 

fraction (B) on the basis of the solvent like petroleum ether and methanol 

respectively. 
. L 

The petroeum ether fraction (A) was directly purified by column 
J.. 

chromatography. 

II. But the alcoholic fraction (8) was concentrated to a small volume under 

reduced pressure and a large volume of solvent ether was added to the 

concentrated and more or less evaporated mass. The ether soluble part was 

sep.arated. Extraction with ether was performed until the solvent became 
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colourless. The ether soluble part (C) was again separated into four fractions, 

namely.: 

(a) Phenolic acid sub fraction 

(b) Basic subtraction 

(c) Acid subtraction 

(d) Neutral subtraction. 

Ether insoluble alcoholic part (D) was examined for glycoalkaloid, flavonoid 

-and related compounds. 

{C) · Ether soluble part : 

(a) Phenolic acid subtraction : The ether solu~le_ alcoholic part was treated 

. with aqueous 1 0% NaHC03 (w/v) and shaken in a 500 mi. separating funnel. At 

each time 50ml. bicarbonate solution was added, so that- the total volume of 

bicarbonate·solution became 150ml. The aqueous layer was acidified in cold 

with dil. HCI and phenolic acids were re-extracted with ether which after standing 

- _for a day with anhydrous sodium sulphate wer~ evaporated to dryness. The_ 

residue was dissolved in chloroform for chromatography . 

. (b) Basic subtraction: After removal of the bicarbonate. layer, the ether part 

was once washed with water and then extracted with 3% acetic acid (v/v) adding 

50ml. at each time so that total volume of acid became 1 OOml. The acid fraction 

was washed with ether and neutralised with ammonia in cold to free the basic 

compound which was re-extracted with ether. Ail these were performed in a 

separating funnel. The ether soluble fraction obtained from neutralised solution 

was dehydrated with anhydrous sodium sulphate and evaporated under reduced 

pressure to dryness. The residue was dissolved in a small volume of chloroform 

and fractioned with column chromatography. 

(c) Acid subtraction: (50x2) mi. of 5% aqueous NaOH (w/v) was treated with 

the remaining ether part immediately after separation of basic part. The aqueous 

layer was extracted with ether which after dehydration with anhydrous sodium 
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sulphate, evaporated to dryness under reduced pressure and the residue was 

~aken in a small volume· of chloroform and chroma~ographed. 

(d) Neutral subtraction :The ether part left after separation of phenolic acid 

(a), basic (b) and acid subfructions (c) was treated as neutral subtraction. That 

. ether part· after dehydrating with anhydrous sodium sulphate was evaported 

under reduced pressure and the residue was taken in a minimum volume of 

chloroform and chromatographed. 

(D) Ether insoluble niethanolic fraction : 

The alcoholic fraction left after extraction with ether was concentrated to 

small volume under reduced pressure and treated with water to obtain any 

precipitate. The solid precipitate after filtration and dehydration was tested for 

chemical compound after fractional crystallisation. 

Ill. Isolation and purification·: 

Different fractions of ether solubl.e alcoholic part as well as ether· insoluble 

· part were further purified by column chromatography or by fractional 

crystallisation in order to isolate pure chemical compounds. 

Two different adsorbents like silica gel G and Alumina were used for this 

. purpose. 

The procedure for column chromatography was as follows : 

Each fraction was concentrated to a small volume separately under 

reduced pressure. Each of the concentrated mass was taken in minimum volume 

of chloroform and was adsorbed over silica gel G or alumina packed in a glass 

column at room temperature and eluted with solvents startings from non polar 

solvent to polar one and their mixtures (v/v). The sequence was as follows : 

1. Petroleum ether 

2. Petroleum ether : Benzene (3: 1) 

3. Petroleum ether: Benzene (1 :1) 
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4. Petroleum ether: Benzene (1 :3) 

5. Benzen·e 

6. Benzene : chloro~orm (3: 1) 

7. Benzene: chloroform (1 :1) 

8. Benzene: chloroform (1 :3) 

9. Chloroform 

10. Chloroform : Methanol (3: 1) 

11. Chloroform : Meth_anol ( 1:1) 

12. Chloroform : Methanol (1 :3) 

13. Methanol 

IV.· Characterisation of chemical compounds: 

The identity of different isolate~ chemical compounds were confirmed by 

either physical or chemical data obtained from 

1. Melting point determination (m.p.) 

2. Mixed melting point determination (m.m.p.) 

3. Thin layer chromatography (TLC) 

4. Paper chromatography (PC) 

5. Ultraviolet spectrum (UV) 

6. Infrared spectrum (IR) 

Different reagents used for chemical tests : 

(1) 1% FeCI
3

: 1gm of FeCI
3 

dissolved in 100ml of water 

(2) Aniline hydrogen phthalate : 1.6 ·gms of 0-Phthalic acid was dissolved 
. . 

in 49ml. n-BuOH and mixed with 0.92 ml of aniline. In the mixed solution, 49 mi. 

Et
2
0 and 2ml. water were added. 

1.571 



(3). Lieberman- Burchard test: The chloroform solution (1 ml) of the salll(ple 

was treated with acetic anhydride (1 ml) and then conc.sulphuric acid (1 ml) was 

added. 
. 

(4) Phosphoric acid reagent: 1 volume 0-phosphoric acid diluted with 1 

volume of water. 

(5) Phosphomolybdic acid : 1.5 gm phosphomolybdic acid in100ml 

methanol. 

RESULTS: 

FRACTION - A : 

The petroleum ether (B.P. 60°-80°C) extract of the air dried powdered 

leaves of Cymbopogon pendulus .(Nees ex Steudei)"W. Watson was taken in 

minimum volume of chloroform and column chromatographed over alumina. 

The crystals obtained after eluting the column with different solvents are 

presented in the following table - 4. 

Table -4 

The residue obtained from fraction (A) of leaves of C. pendu/us (Nees ex 

· Steudel) W. Watson after eluting with different solvents. 

Eluent 

Petroleum ether 

(60°-80°C) 

--do-

Petroleum ether : 

Benzene 

3: 1 

1 : 1 

1 : 3 

Benzene 

Sub-fraction numbers 

1-5 

6-10 

11-15 

16-20 

21-25 

26-30 

Residue on evaporation 

Oils 

Crystals 

Trace oils 

Crystals 

Trace oils 

Oils 

Contd ... 
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--do-- 31-35 nil 

--do-- 36-40 nil 

Benzene : Chloroform 

3: 1 41-45 nil 

1 : 1 46-50 nil 

1 : 3 51-55 nil 

Chloroform 56-60 nil 

--do-- 61-65 Crystals 

--do-- 66-70 Crystals 

--do-- 71-75 Crystals 

--do-- 76-80 nil 

Chloroform : Methanol 

3: 1 81-85 nil 

1 : 1 86-90 nil 

1 : 3 91-95 nil 

Methanol 96-100 nil 

--do-- 101-105 nil 

--do-- 106-110 nil 

· Sub-fraction : 6-1 o 
0.... 

The sub fractions of the eluent were collected and evaported to dryness 
/... 

when an appreciable solid residue was obtained. The solid mass was dissolved 

in chloroform and methanol was added sufficiently to form turbidity in the mixture 

of solutions. It was slightly heated arid kept at room temperature for over night 

when crystals were observed to be deposited. Crystals were separated after 

filtration and recrystallised from choloroform methanol mixture. The compound 

melts at 95°C. It is not positive to Liebermann - Burchard reaction. From IR 

spectrum (Fig. 1 0) it appears to be hydrocarbon due to presence of characteristic 

peaks at 1460 cm-1 (CH
2

) 1380cm-1 (CH3). The characteristic peak at 2850 

cm-1 represents CH, supporting aliphatic nature of compound. All these 

absoprtion peaks are characteristic for alkane nature of compound as supported 
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by Pavia et al (1979). They suggested that in alkane C-H stretch occurs around 

3000 cm-1 and that absorption of CH aliphatic was always to the right of 3000 

cm-1. 

Sub-fraction : 16-20 
tL 

The subtraction of the eluent were collected and evaported to a small 
" volume when an appreciable amount of crystal was deposited. Pure crystals 

we~e obtained from chloroform methanol mixture. This was recrystallised from 

acetone and colourless needles of crystals were found. A small fraction of the 

crystal was dissolved in hot methanol and subjected to TLC on silica gel (Kiselgel 

G E. Merck) and was found to be identical in behaviour with the authentic sample 

of pure - sitosterol (chloroform : Acetone; 99 : 1, v/v, Rf. 0.54; Benzene: 

chloroform 40:60 v/v, Rf. 0.46; Benzene : Ethyl acetate 90:10, v/v, Rf. 0.59). 

The developed chromatogram was _sprayed with 0-phosphoric acid and the 

plate was heated at 120°C for 1 0 minutes. The bluish spots of authentic sample 

of pure sitosterol as well as isolated crystals were intensified when chromatogram 

. was again sprayed with freshly prepared phosphomilybdic acid and heated at 
. . 

120°C for 5 mins. The authentic sample and isolated crystals produced greyish 

brown florescence on the devel~ped chromatograms under UV light and a pale 

rose violet colouration with trace of bluish tinge with Liebermann-Burchard 

reagent was noted. It gave acetate with m. p. 132-133°C characterisation of the 

isolated chemical was finally confirmed with m.p. 138-140° m.m.p (undepressed).· 

TheIR spectrum of this compound has been examined. Its characteristic peaks 

. and their assignments are identical with those of authentic Sitosterol and has 

been represented in Fig. 11. 

·. Sub-fractions : 61-75 

The crystals were collected after evaporating the solvents and recrystalised 

repeatedly from acetone when a small amount of crystal was deposited. A 

small fraction of isolated crystal was dissolved in hot methanol and subjected 

to TLC on silica gel G and was found to be identical in behaviour with the 

authentic sample of pure lanosterol (Chloroform: acetone, 99:1, v/v, Rf. 0.79; 

Benzene: chloroform (40:60, v/v, Rf.63); Benzene: Ethyl acetate (90: 10, v/v, 
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Rf. 0. 71 ). The isolated crystal shows positive test with Liebermann-:-Burchard 

reagent. Characterisation of the isolated. chemical was finally confirmed with 

mp. (140°-141°C), m.m.p. (undepressed). The IR spectrum of the compound 

has been examined. The peak absorption and their assignments are identical 

with the authentic sample of pure lanosterol (Fig. 12). 

FRACTION - 8 : Methanolic extract of dried leaves of C. pendf!lus (Nees ex 

Steudel) W. Watson was treated wit~ solvent ether to produce ~ther soluble (C) 

fraction from which different sub-fractions were examined. These are as follows 

I 

(a) Phenolic acid subtraction : · 

The sodium bicarbonate subtraction after acidification and extraction wtih 

ether was evaporated and solid mass was dissolved in hot methanol. In hot 

condition drops of chloroform were added, crystal started appearing .. It was 

kept overnight in the refrigerator and was filtered. After drying, the melting point 

was determined to be 200-201 °C. This was re-crystallized and the metling point 

was confirmed to be 199-200°C. This is soluble in methanol and. hot water but 

insoluble in coid water and petroleum ether. The isolate~ phenolic acid showed 

similar behaviour on paper chromatography with the authentic caffeic acid 

· (Butanol : acetic acid:water, 4:1 :5, v/v/v, Rf. 0. 78 ; Isopropanol.: Ammonia : 

water, 10 : 1 : 1,· v/v/v, Rf. 0.26). The spot$ was faint brown but became bright 

in colour with ammonia treatment. This spot showed characteristic deep blue 

colour of caffeic acid in presence. of UV. 

This was further confirmed when 1% FeCI3 solution turned green to both 

the·isolated and authentic-caffeic acid. TheIR spectrum showed characteristic 

peaks at 3400,3200, 1635, 1610, 1595, 1520, 1370, 1280 and 1180 cm-1 and 

which were super imposable to those of authentic caffeic acid. (Fig. 13) 

'(b) Basic subtraction and (c) Acid subtractions were examined and no appreiable 

amount of solid mass or crystals were obtained. 

(d) Neutral subtraction : The neutral subtraction obtained after separation of 
r 

phenolic, basic and acid subtractions of ether soluble part, was column 
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chromatographed over alumina. The ether soluble part was evaported to dryness 

and dissolved in chloroform. It was adsorbed over alumina packed in a glass 

column. It wa~ eluted with different solvents starting from non polar type to 

polar one and their mixtures. The residue obtained after elution with different 

solvents are represented in the table-5. 

Table- 5 

The residue obtained from the neutral subtraction of the leaves of C. 

pendulus (Nees ex Steudel) W. Watson after elution with different solvents. 

Eluent Sub-fraction numbers Residue on evaporaton 

Petroleum ether (60-80°c) 1-5 I oils 
- dq- 6-10 oils 
-do- 11 - 15 oils 
-do- 16-20 nill 
-do- 21-25 nill 

Petroleum ether : 
Benzene 

3: 1 26-30 Crystals (trace) 
-do- 31-35 Crystals 
1 : 1 36-40 Crystals 
-do- 41 -45 CrystC~Is 

1: 3 46-50 Crystals 
-do- 51-55 nil 

Benzene 56-60 nil 
Benzene : chloroform 

3: 1 61-65 nil 
1 : 1 66-70 nil 
·1: 3 71 -75 nil 

Chloroform 76-80 oil (trace) 
-do- 81-85 nil 

chloroform : methanol 
3: 1 86-90 nil 
1 : 1 91-95 nil 
1: 3 96- 100 nil 

Methanol 101 - 105 nil 

-do- 106-110 nil 
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Sub-fraction : 26-50 

The total collection was evaporated to small volume and an appreciable 

amount of crystals were obtained. The solid mass was filtered off and dissolved· 

in chloroform. Crystals were obtained from chloroform-methanol mixture and 

recrystallis.ed from acetone. The melting point was observed to be 138°-140°C 

and positive to Liebermann-Burchard reagent. The compound was confirmed 

to be Sitosterol. The characterisation of the isolated compound was identical . 

with the authentic smaple of sitosterol and which has been represented and 

discussed earlier in connection with column chromatography of petroleum ether 

fractions (A). 

\ 

(D) Ether insoluble alcoholic part : 

The ether insoluble alcoholic part after complete evaporation was treated 

with hot water and concentrated. The water soluble part was kept in the 

refrizerator for seven_days when cream coloured solid was separated out. After 

filtration the residue was washed with chloroform and dissolved in methanol. 

Re-'crystallisation was performed with methanol water mixture. This was cleared_ 

. after warming and keeping in cold wheh pale yellow solid was deposited. The 

pale yellow crystals showed mp 295°C . 

.That the compound is a flavone glucoside was established on the basis 

of its chemical and physical characteristics. Like most of the glucosides it is 

soluble in water and methanol but insoluble in ether, chloroform and petroleum 

e~er. Paper chromatographic behaviour and colour properties in visible and 

U,B'Iight supported its flavone nature. Butanol : acetic acid : water 4 :1 :5, v/v/v 

and 5% aqueous acetic acid showed Rfs. 0.27 and 0.11 respectively. The pale 

. yellow spots under visible light turned dark brown under UV and become yellow 

green under UV in presence of ammonia. Ultraviolet absorption spectra of the 

isolated compound showed max 268 and 333 nm in methanol but in presence 

of sodium acetate they were shifted to 269 and 386nm. The glucoside nature 

of the compound was confirmed after acid hydrolysis (2M HCI) performed after 

heating for 30 min at 1 00°C. The aqueous acid filtrate from the hydrolysed 

product was extracted with ether to remove traces of aglycone. Dissolved ether 

[63] 
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was removed from the acid solution after heating and it was neutralised with 

barium carbonate. After filtration the filtrate was concentrated under reduced 

pressure. The residue was taken in a small quantity of distilled water and spotted 

on chromatographic paper and run in solvent mixture of Butanol : aceitc acid 

and water. 4:1:5, v/v/v/, Rf. 0.16; Butanol: Benzene: Pyridine: water, 5:1:3:3:,. 

v/v/v/v, Rf, 0.24 and phenol saturated with water Rf. 0.34. All these spots became 

brown after spraying Aniline hydrogen pthalate and these characteristics were 

identical with those authentic glucose. 

TheIR-spectrum of the islolated product showed ch~racteristic absorption 

peaksat3550, 1660,1550,1400,1360,1290,1200,1160,1120,1100,1000, 

·900, 800 cm-1 and which were noted to be superimposable with that of authentic 

Apigenin-? glucoside (Fig. 14). 

SECTION- C: ISOLATION AND IDENTIFICATION OF ANTH.OCYANIN IN 

RED STEM OF C. pendulus (Nees ex Steudel) W. Watson. 

MATERIAL AND METHODS: 

Materials .: Red stem of C. pendu/us (Nees ex Steudel) W. Watson growing in 

N.B.U. campus. 

Methods - Separation of anthocyanin bearing tissue from the stem of the 

plant. 

Leaves were separated from freshly collected red stem of the plant and 

stems were cut into pieces. Surface tissue in the cortical region of the stem 

was peeled off and accumulated. 

Extraction of anthocyanin : 

Cut pieces of anthocyanin bearing tissue of the stem were collected in a 

conical flask containing methanol - HCL (1 %). This was repeated for three 
-

times so that pigment from the stem tissue came out. It was filtered and the 

filtrate was concentrated to small volume under reduced pressure at 35-40°C. 
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Paper chromatography of anthocyanin pigment : 

The concentrated methanol - HCI (1 %) extract of anthocyanin pigment 

was spotted on Whatnian No. 3 chromatographic paper and chromatographed 

in (a) Forestal (cone. HCI: Acetic acid: water, 3:30:10, v/v/v) and (b) Butanol: 

acetic acid: water (4:1:5, v/v/v, upper phase) and (c) 1% HCI. 
. ~ 

Hydrolysis of anthocyanin pigment·; 

The pigmented :extract was hydrolysed in water bath-at 100°C with 20% 

HCI for 1 hour. The coloured extract was cooled and washed with ethyl acetate. 

The ethyl layer was discarded and the remaining aqueous layer was heated at 

80°C for 3 minutes to remove last trace of ethyl acetate. The pigment was then 

extracted into a smal volume of. amyl alcohol which was pipetted off and 

. concentrated to dryness after heating on a watch glass on a boiling water bath 

avoiding overheating othewise pigment would be destroyed. The anthocyanin 

in the residue was dissolved in 2-4 drops of methanolic - HCI and 

chromatograp.hed two dimentionally in (a) Forestal (cone. HCI : acetic acid : 

water, 3:30:10, v/v/v) and (b) Butanol : acetic acid: water (4: 1 :5), upper phase, 

Rfs. were calculated. 

lde~tification of sugar by paper chromatography : 

The· aqueous layer left after the treatment of amyl alcohol to the acid 

hydrolysate, contained sugar. From the aqueous acid hydrolysate, HCI was 

removed by repeated washing with 1 0% solution of di-n-octylmethylamine in 

chloroform following Harborne (1973). The upper aqueous layer was separated 

and concentrated under reduced pressure. It was spotted on Whatman No. 1 

. paper and chromatographed using different solvent mixtures along with marker 

sugars. Solvent mixtures used were, (a) n-butanol: acetic acid: water, 4:1:5, 

v/v/v and (b) phenol saturated with water. The paper was sprayed with aniline 

hydrogen phthalate to identify the spots of sugar. 
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RESULTS: 

Table- 6 

RC. values, colour behaviour of chemical marker and different colour pigments extracted from red stem of C. pendu/us 
- (Nees. ex. Steudel) W. Watson during paper chromotography. 

Test material Rf. values in solvent mixture 
Cone. HCI : Acetic acid : Water Butanol : Acetic acid : 

Extract from red stem 
(isolated anthocyanin) 

Extract, after acid hydrolysis 
of isolated anthocyanin from 
red stem 
(Isolated anthocyanidin) 

Authentic cyanidin 

(3:30:10, v/v/v) Water {4:1 :5, v/v/v) 
(upper phase) 

0.67 0.39 

0.43 0.67 

0.42 0.68 

1% 

0.15 

0.21 

0.20 

colour 
HCI Vsible. uv NH3 NH 3 

colour visible uv 
light 

Magenta Dull violet Bluish Blue 

Magenta Dull violet II " 

II " " 

-l 
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Table -7 

Identification of sugar after hydrolysis of anthocyanin isolated from red stem of C. pendulus (Nees ex Steudel) W. Watson by 
paper chromatography 

Spots on PC. 

Sugar obtained after acid 
hydrolysis of isolated 
anthocyanin 

Au:hentic glucose 

Rf. values in solvent mixtures 

Butanol : Acetic acid : Water 

(4:1:5, v/v/v) upper phase 

0.13 

0.13 

Phenol saturated 

with water 

0.34 

0.35 

Colour shown after spraying Aniline 

hydrogen phthalate 

Brown 

Brown 



DISCUSSION 

Cymbopogon is well known world wide for its essential oil content. India 

is the major producer of this oil. C. pendulus (Nees ex Steudel) W. Watson is 

grwoing wildly in the plains of Darjeeling condition. Up-to-date no work has so 

for been done on chemical investigation of this wild species. Here in this part of 
. ' . 

work an attempt has been made to investigate on isolation and purification of 

constituents in essential oil as well as non essential oil components. After GLC 

. analysis it appears (Fig. 9) that leaf contains citral as the main component 

associated with appreciable amount of terpine and other minor terpenoid 

constituents which.are not in a position to identify their chemical nature. The 

table-3 shows that the leaf smaple harvested in October contains 82.92% of 

citral out of which a.-citral and ~-citral are 58.05% and 24.87% respectively. 

Terpine content has been observed to yield only 9.79% 

The analytical reports of essential oils of some Cymbopogon species from 

· Bangladesh were reported by manzoor-1-Khuda et al (1984). According to them 

C. pendu/us (Nee~ ex Steudel) W. Watson contain 78-79% of citral. Singh et al 

(1-982) reported green leaves to contain 83.36% and dark brown drY leaves 

~contained 80.18% in Jammu lemon grass or RRL-16 (C. pendulus Wats) in 

Aligarh condition. Now-a-days bulk ofthe lemon grass oil is used for the isolation 

of citral, because in recent years, citral has assumed considerable commercial 

significance in the synthesis of vitamin A via f3-ionone production (Guenther, 

· 1950; Virmani et al., 1.977, 1979; Gupta and Jain 1978; Nair, 1982). In connection 

with the searching for aroma chemicals of industrial value from different species 

of Cymbopogon, Atal and Bradu (1976) reported C. pendulus (Nees ex Steudel) 

Watson, the Jammu lemon grass PRL-16 as a new superior source of citral. 

According to them the citra I content. as determined by chemjcal analysis 
z. 

reiT!ained high (88%) in C. pendulus but GLC analysis gave f~gure of 75% 

citra I content in the same species. But all these authors did not find out a. and 

~-citral content separately.· 

With this background C.pendulus (Nees ex steudel) W. Watson yielding 

82.92% of .total citrai in Darjet(~ng condition may be recommended as a potential 
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source of citra! and should be taken into consideration for their commercial 

utilisation in the region. 

In connection with investigation on isolation and characterisation of 

chemical constituents other than essential oil in the leaves of C. pendulus (Nees 

ex Steudel) W. Watson an appreciable amount of solid hydrocarbon (mp.95°C) 

in crystalline form has been isolated from petroleum ether extract. From IR 

spectrum (Fig. 1 0) it appears that compund is mainly made up of CH
3 

and CH
2 

which are identified from the absorption peaks out 1380 cm-1 and 1460cm-1 

characteristic for these functional groups respectively. Hydrocarbons are 

prevalent in most higher plant waxes (Thompson, 1980) and are formed 

enzymatically in the epidermal layer of cell and extruded by an unknown 

mechanism to the tissue surface. At one time- it was thought that the 

hydrocarbons were synthesised by condensation of two long chain fatty acids. 

However, direct evidence obtained using higher plants is more in keeping with 

the continued elongation of fatty acids past the usual chain length of 16 or 18 

carbon atoms and small amounts of these long chain fatty .acids are indeed 

found in the same tissues that contain the hydrocarbons (Kolattukudy and 

Walton, 1973) According_ to some authors different enzyme systemJocated in 

the- endoplasmic reticulu-m and using malonyl CoA as $Ubstrate for chain 

· lengthening are involved in hydrocarbon synthesis in plant (Kolattukudy and 

Buckner, 1972) Secondary alcohols and ketones are also involved in wax 

formation in plants (Thompson, 1980). As _the isolated propduct has no 

characteristic peaks of OH and C=O,.the compound is expected to be n-Aikane · 

having structural·formula CH
3 
(CH

2
)

0 
CH

3 
though "n" is yet to be determined. -

According to Trease and Evans (1978) alkanes may be considered as 

chemotaxonomic marker though limited chemotaxonomic studies at the species, 

generic and family levels have been made. 

The petroleum ether extracted has also been observed to yield sitosterol 

and lanosterol these have been confirmed with the superimposable IR spectrum 

of the isolated products with those of authentic sitosterol (Fig. 11) and lanosterof 

(Fig. 12). Besides neutral subtractions (d) from ether soluble alcoholic extract 
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· has also b~en found to contain sitosterol. In this connection if may be mentioned 

that sitosterol was previously known as ~-sitosterol (Harborne, 1973). 

Leaves of C. pendulus (Nees ex Steudel) W. Watson is a store huse of 

various monoterpenoid compounds like citral and terpine as observed during 

GLC analysis of essential oil. It is expected that phytosterol like sitosterol or 
-· 

lanosterol will occur because phytosterols are biosynthetically related to 

monoterpenes (Banthorpe and Charlwood, 1980). The formation of sterols goes 

through the familiar pathway of acetate-mevalonate pathway. It is generally 

accepted that cycloartenol is the first cyclic product in plants from which lanosterol 

isproduced (Benveniste et al 1966; Ehrhardt et al, 1967; Rees et al, 1968; 

Knapp and Nicholas, 1971) and sit'osterol is produced late in the biosynthetic 

pathway proposed by Grunwald (1970). These sterols are basically the 

components of membrane and are important for its stabilisation. The bulk of 

these types of sterols are localized in intercellular organelles (Kemp and Mercer, 

1968; Grunwald, 1970) and the plasmalema (Hartmann et al, 1975). 

Methandlic extract of leaves of C. pendulus (Nees ex Steudel) W. Watson 

has been observed- to yield two_ phenolic compunds. Caffeic- acid, 3'-4' 

dihydroxycinnamic acid (Fig. 13) hsts -been identified to be present in ether_-·.- __ _ 

soluble methanolic extract of phenolic acid suqfraction (a) and Apigenin 7-. 

glucoside a flavonoid (Fig. 14) has been isolated from ether insoluble methanolic 

extract of leaves. ~oth of them have been confirmed after studying 

superimposable IR spectrum of the isolated products with those of authentic 

sample as represented in the Fig. 13 for caffeic acid and Fig. 14 for Apigenin -

7 -glucoside. 

The synthesis of phenolics in plants results from several different pathway 

(Grisebach, 1972). The formation of phenolic rings from acetate (and malonate) 

by cyclization of polyketide chains accounts for a large number of phenols itself 

- and contributes a significant source of carbon for production of other compounds 

notably the flavonoids (Creasy and Zucker, 1974). Spectacular progress has 

been made in advanCing our knowledge of phenolic biosynthesis through 

enzymic investigation (Harborne, 1980). Phenyl alanine ammonia lyase (PAL), 
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the key anzyme of phenolic biosynthesis was first reported by Koukol and Conn 

(1961 ). It catalyzes the deamination of phenylalanine to produce trans-cinnamic 

acid (Harborne, 1980). The introduction of a second hydroxyl group into p-
. . 

coumaric acid (4-hydro)<ycinnamic acid) to give caffeic acid (3-4 hydroxycinnamic 

acid) is catalysed by phenolases (Vaughan et al, 1969; Schill and 

Grisebach, 1973). Enzymology in connection with biosyl)thesis of Apigenin and 

Apigenin - 7 glucoside has been worked out by different authors (Suiter et al, 

1972: Ortmann et al,-1972). According to them chalcone-flavone synthetase is 

involved to condense 3 malonyl GoA and p-coumaroyl GoA to produce either 

chalcone or naringenin (flavanone) which in turn is converted to apigenin by 

the activity of chalcone-flavanone oxidase. Apigenin is activited in presence of 

UDP-glucose flavone 7-0- glucosyl transferase to produce Apigenin-7 glucoside. 

It is now well established that caffeic acid and apigenin-7 glucoside are 

involved controlling growth and development of plant parts like leaves. This is 

dae to the effect of these phenolic compounds on indoleacetic acid oxidase, a 
Q... 

peroxidase type enzyme which is capable of auxin destruction (H!!"borne, 1980). 

It is well established that; in vitro, phenolic compound caffeic acid with catechol 

B-ring have a sparing effect on IAA by inhibitir:-tg oxidase activity and hence· 
. . 

affect the plant groWth. By contrast flavonoid like Apigenin-7-glucoside with 

monohydroxy phenol B-ring, uniformly augment enzyme activity and these have 

a potentially inhibiting effect on growth (Stenlid, 1968, 1976). How_ important 

this is in vivo has never been fully examined and indeed the question whether 

IAA oxidase has a regulating role in auxin activity has not been satisfactorily 

answered. An in vitro effect of phenolics on the path way of auxin biosynthesis 

from authranilic acid and tryptophan has also been demonstrated but again the 

in vivo significance of such interactions has yet to be established (Kefeli and 

Kutacek, 1977). 

Another point of hormone control that phenolics might affect the 

biosynthesis of ethylene which controls senescence of leaves and the plant as 

a whole. It is known that p-coumaric acid ester is necessary cofactor for ethylene 

biosynthesis from methionine (Mapson, 1970). It is a cofactor to a peroxidase 

like enzyme on the pathway and it is interesting that caffeic acid can inhibit the 
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enzyme activity. Thus balance of monohydroxy cinnamic acid like p-coumaric 

acid to dihydroxy cinnamic acid like caffeic acid at the site of the synthesis 

could theoretically provide regulation of ethylene synthesis (Harborne, 1980). 

As the growth of any plant or plant parts like leaf is controlled by the 

balance between monohydroxy and dihydroxy phenolic compounds, the 

presence of dihydroxy phenolic compound like caffeic acid and mononydroxy 

phenolic Apigenin-?- glucoside in the same leaf of C. pendulus (Nees ex Steudel) 
. . 

W. Watson may have certain role on the overall growth of the plant on the basis 

of their balanced activity and need further investigation on this aspect. 

The relatively recent discovery that certain phenolics particularly caffeic 

acid esters and flavonoids, occur in plant chloroplasts (Sunders and McClure, 

1976) in small amount raises the question of further possible function in 

relationship to photosynthesis or to the effect of light on plant processes. It is . 

conceivable that phenolic constituents, because of their intense UV absorption 

can provide prote~tion from damaging UV radiation in atmosphere and may be 

valuable in absorbing the radiation which might other wise interfere with the 

more vital process as in the chloroplst (Harborne, 1980). 

' ' 

Further studies are needed to see whether they are in fact of importance. 

in the over all metabolism of these organelles. 

Thus isolation and characterisation of alkane, sitosterol, lanosterol, caffeic 

acid and Apigenin-? glucoside along with the terpenoid constituents like a-,~

citral and terpine in essential oil which are for the first time to report to be present 

in the leaves of C. pendulus (Nees ex Steudel). W. Watson though sitosterol 

and p-hydroxy cinnamic acid were isolated along with other terpenoid 

constituents from C.schaenamthus L. by Dawidar et al, (1990). 

Like several commercially important species of Cymbopogon, the stem of 
t 

C. pendu/us (Nees ex Steude) W. Watson is characteristic due to presence of 
1'1. 

red pigment. In order to isolate and identify the anthocyanin pigment the method 

proposed by Harborne (1972) has been followed and in this respect methanolic

HCI (1 %) has been utilised for its isolation. Acid hydrolysis has been performed 

[72] 



--.......1 • 
~ 

for identification of sugar component of the anthocyanin. The table-6 shows 

that the anthocyanin isolated from the red stem has similar behaviour with that 
. . 

of authentic cyanidin and form the table-7 it appears that chromatographic 

behaviour of the isolated sugar is similar to that of glucose. 

Cyanidin glucoside is being reported for the first time to be present in the 

stem of C. pendu/us (Nees ex Steudel) W. Watson. Though cyanidin glucoside 

has not been detected in any other species of Cymbopogon but itisavailable in· 

other species of Poaceae such as Mq/inia caeru/es (Bendz and Haglund, 1967); 

Seca/e cerea/e (Dedio et al, 1969; Metche, 1967) and Triticum aestivum (Dedio 

et al,1969). 

The present investigation is expected to be of much help in connection 

with chemical identification of the species and during screeing of different strains 
. . 

within the wildly growing species like C. pendulus (Nees ex Steudel) W. Watson 

available in the plains of Darjeeling district, West Bengal. 

SUMMARY 

Phytochemical investigation has been carried out to.understand quality 

and quantity of different constituents in essential oil extracted form the fresh 

leaves of Cymbopogon pendu/us (Nees ex Steudel) W. Watson aboundantly 

growing as a wild plant in Darjeeling distrcit, West Bengal. 

Crude essential oil has been extracted from leaves by hydrodisti.llation 

method. Gas Liquid Chromatography has been applied to understand quality 

. and quantity of different terpenoid constituents in lemongrass oil obtained from 

the plant. Essential oil has been observed to contain a. and P-citral, terpine and 

three other unidentified volatile components. 

Essential oil in the leaves harvested in October from the plant at the 

flowering stage contains 82.92% of total citral, out of which a.-citral and p"'"citral 
~ 

contents are 58.05% and 24.87% repectively. Terpine content has been 
" observed to yield only 7.76%, while the yield of three unknown terpehoids i.e. 
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No.1, 2 and 3 have been estimate to become 1.97%, 2.06% and 3.29% 

respectively. 

During isolation of monterpenoid chemical constituents from dry leaves 

of the plant, solid hydrocarbon, n-Aikane, phytosterol, such as sitosterol and 

lanosterol have been isolated from petroleum ether extr~ct. 

Methanolic extract has been separated into ether soluble and ether 

insoluble methanolic fractions. Ether. soluble fraction, again has been separated 

into phenolic, acidic, basic and neutral subtractions. Caffeic acid and sitosterol 

have been identified in phenolic acid and neutral subtractions respectively. 

Apegenin-7-glucoside has been isolated and identified from ether insoluble 

methanolic part. Besides these, an anthocyanin, cyanidin glucoside has been 

identified after isolation of the pigment dissolved in methanolic HCI (1 %) from 

the red stem of the plant. 

All these natural products have been identified after comparing physical 

and chemical chracteristics, chromatographic behaviour and IR spectrum of 

the isolated products with those of authentic sample collected from different 

laboratories in India and abroad. 

[74] 


