
Chapter - III 

QUANTITATIVE VARIATION OF ESSENTIAL OIL AND ITS 

TERPENOID CONSTITUENTS ISOLATED FROM 

DIFFERENT PLANT PARTS OF C. pendu/us (Nees ex 

steudel) W. Watson IMMEDIATELY AFTER THEIR 

HARVEST~ FROM.LEAVES SUBJECTED TO DRYING AT 

DIFFERENT TEMPERATURE AND ALSO FROM 

ESSENTIAL OIL UNDER STORAGE CONDITION. 



INTRODUCTION 

The lemon grass oil is well known for its citral content. Both oil and citral 

are employed in the manufacture of soaps, cosmetics, perfumes and medicines. 

Citral is generally available in two forms a and ~-citra I. Both of them are used 

commercially. a -citral is being utilised as a flavouring agent while p-citral is 

imporant in connection with the manufacture of vitamin A and E (Guenther 

1948, 1950; Jagadish Chandra 1975 a & b; Robbins, 1983). 

Increasing demand in India and the threat to export have led to more 

vigorous screening for selection at' cultivars of better productivity of oil and its 

quality. 

With this background investigation has been carried out to understand 

the chemical nature of essential oil from qualitative and quantitative point of 

view in the leaves of C. pendu/us (Nees ex. St~udel). W. Watson growing widely 

in the plains of Darjeeling district, West Bengal. 

That the leaves of the plant yield high percentage of citral including its· 

- isomers, like a· and P-citral has already been represented else where in the 

thesis. Besides citral, terpine and some minor volatile terpenoids have also 

been detected in the leaves of the plant. 

In order to understand the nature of accumulation of oil and its constituents, 

chemical investigation on different plant parts is very much needed for their 
' 

purposeful utilisation on commercial-scale. 

During commercial utilisation of the plant it is felt necessary to store raw 

· material of commercial interest for a considerable period of time. But from 

economy point of view it is very difficult to store huge collection of leafs 

immediately after their harvest. As an alternative isolated essential oil may be 

stored in a small space. 

Thus it is necessary to evaluate the quality of oil during its storage. This 

observation will be of much help in understanding the chemical changes in oil 
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during storage so that purposeful utilisation of the plant in phytochemical industry 

in our country could be possible. 

MATERIALS AND METHODS: 

Materials :Various plant parts i.e., entire leaves, their,separated parts like, 

leaf blade, leaf sheath, flowering top, stem and root were collected from the 

plant C. pendulus (Nees ex Steudel) W. Watson growing in the experimental 

garden of North Bengal University. Besides, essential oil extracted after their· 

harvest was also taken into consideration. 

Methods: 

Collection of Different Plant Parts : 

Different plant parts such as leaves, roots, stems and flowering tops were 

collected in the month of October separately. Roots after their collection, were 

washed with water thoroughly to remove soil particles and then dried at room 

temperature-(29.± 1° C). Young and mature leaves were--sorted out. Each of 

the type of leaves at different developing-stages were separated into leaf-blade 
. . . 

· · and leaf-sheath. Leaf blades having length 25-47 em and breadth 0.6-0.9 em 

were considered as young and those having length 90 - 11 0 em and breadth 

1.2 - 1.5 em were considered as mature ones. Similarly leaf sheaths having 

length 3.5-5.0 em and breadth 0.5-0.9 em were present in young leaves while 

the mature leaf sheath had length 14 - 17 em and breadth 1.4 - 1. 7 em. All the 

plant parts were chopped into pieces. 

High temperature treatment for drying of leaves : 

Freshly harvested green leaves were mixed thoroughly and were placed 

in a hot air oven at 60° C. A lot of dried leaves were taken out at every 24 hours. 

Drying of leaves at .room temperature : 

For this purpose, green leaves were also mixed thoroughly and were kept 

at room temperature (29 ± 1° C). A lot of leaves at room temperature were kept 

aside at every 24 hou_rs, 
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Extraction of essential oil from different plant parts as well as from 

temperature treated l~aves and quantitative estimation of oil : 

Extraction and quantitative estimation of oil were performed following 

hydrodistillation method proposed by Guenther (1949, 1972) 

The distillation appa.ratus consisted of an extractor, distillation pipe fitted 

with condenser and a collector made of glass provided with a glass tap. The 

apparatus was warmed with the help of temperature controlled heater. 

Each of the sample ( 1 00 gms) were mixed throughly and was put in the 

extractor, 2 litres of water _was added. The extractor was heated for 2 hours. 

Oil· and water were separated in two phases in the collector and the upper 

layer of oil was collected, estimated gravimetrically and expressed as 

percentage on fresh weight basis. 

Qualitative and quantitative estimation of various terpenoids in oil by 

· GLC method : 

The method has already been -represented earlier in chapter- II. 

Storage of essential oil and evaluation of quality of oil : 

Following hydrodistillation method oil was collected year wise for the 

duration of 6 years. Oil was stored in a glass stoppered bottle separately for 

each year and kept in laboratory condition. 

Qulitative and quantitative estimation of different terpenoid constituents 

of stored oil were performed follwing GLC method. 
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RESULTS: 

Table- 8 

Percentage yield of essential oil and its chemical components in different 
plant parts of Cymbopogon pendulus (Nees ex steudel) W. Watson 
immediately after their harvest. 

Type of Plant Oil Content Percentage yield of chemical components in essential oil 

Parts "'o Total citral a. Citral p Citral · Terpine Others 

Young leaf blade 0.30 67.83 49.63 18.20 17.60 14.57 

Mature leaf blade 0.58 82.92 58.05 24.87 9.76 7.32 

Young leaf sheath 0.15 63.72 47.52 16.20 19.60 16.68 

Mature leaf sheath 0.40 65.20 45._78 19.42 16.64 18.16 

Flowering Top 0.72 71.28 43.62 27.66 15.49 13.23 

Stem 0.20 60.80 38.43 22.37 23.16 16.04 

Root 0.10 52.28 33.59 18.69 21.81 25.91 

S. E~ 0.04 1.59 0.60 . 0.56 1.69 1.58 

C.D. at5% 0.16 1.04 1.07 1.11 1.07 1.03' 

·c.D.at1% 0.19 1.26 1.36 1.36 1.29 1~26 

Table- 9 

Varia~ion in percentage yield of different terpenoid constituents during 
storage of essential oil isolated from leaves of Cymbopogon pendulus 
(Nees ex. steudel) W. Watson. 

Duration of Year of Total citra! a-Citra I ~-Citra! Terpine Others 

storage (Year) Collection (%) (%) (%) Terpenoid 

6 1991 70.72 48.29 22.43 5.31 23.97 

5 1992 77.40 53.28 24.12 8.05 . 14.55 

4 19~3 79.89 56.23 '23.66 7.00 13.11 

3 1994 81.90 55.34 26.56 7.87 10.23 

2 1995 82.50 57.95 24.55 8.55 8.95 

1 1996 82.92 58.05 24.87 9.76 7.32 

S.E. 1.95 1.48 1.44 1.00 1.41 

C.D. at 5% 1.26 1.09 1.08 0.90 1.07 

C.D.at1% 1.55 1.35 1.33 1.11 1.15 
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DISCUSSION: 

The table- 8 shows that the percentage of oil was observed to be the 
. . 

highest (0. 72%) in flowering top and lowest (0.1 0%) in root. As regards different 

parts of the leaves, leaf blade and leaf sheath of the mature leaf showed. 

increased percentage of oil i.e., 0.58% and 0.40% resp~ctively as compared 

to those of young leaf blade (0.30%) and young leaf sheath (0.15%). Thus at 

both the stages of maturity of leaves, leaf blade always showed much greater 

in amount of oil as compared to that ot leaf sheath. Estimation on percentage 

of oil in different plant parts of C. pendulus (nees ex steudel) W. Watson has 

not been done ~arlier. Reports, which are available are mainly concerned with 
I . 

C. pendulus RRL- 16, W. Watson. Singh et al(1982) estimated oil in Jammu 

Lemon grass or RRL - 16 (C. pendu/us Wafs). He showed maximum of oil 

content (0.74%) in dark brown dry leaves and pale green semidry leaves only. 

On. the other hand stems, spikes and leaves (Green stage) showed only 0.24% 

though green leaves only yielded 0.35% of oil. 

On the other hand, while working with C. pendu/us RRL- 16, Atal and 

Bradu (1976) obtained maximum oil content in the leaves of 1.37% and 1.19% 

in ~he 1st and 2nd year respectively. But" they did not point O~:Jt whether the· 

high percentage of oil was obtained from freshly harvested leaves or dry leaves. 

Oil content in leaves of different species of Cymbopogon other than C. 

pendu/us was also reported. Karira and Beri (1966) observed that one third 
I . 

flowering tops of C. martini contained much more oil than the two third lower 

leafy portion, the farmer having higher oil content. It was also revealed that at 

the flowring stage the quantity of oil Was better than that at late flowring stage. 

Datta (1969) studied essential oil content in plamarosa at Lucknow, India and 

found that a gradual increase of essential oil content in leaf was noticed up to 

the flowering stage of ttie plant. Girdhari (1935} observed that in C. martini 

Stapf. Var inotia, the oil content of leaves ranged between 1.2% and 1.30% 

on dry weight basis in the month of September and gradually rose to maximum 

of 1.39% by the middle of October when flowering occurred, after which it 

showed slow decline in oil content. Rakshit and Dutta (1947) reported that 
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Fig. 15. Effect of oven drying (60°C) on freshly harvested leaves of 
Cymbopogon pendulus (Nees ex Steudel) W. Watson. 
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Fig. 16. Effect of air drying (29°C) on freshly harvested leaves of 
Cymbopogon pendulus (Nees ex Steudel) W. Watson. 
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yield of oil from the whole plant of the same species before flowering to be 

0. 13% to 0.21% and which increased to 0. 73% to 0. 98% of oil during flowering. 

In the same type of plant, Narain and Dasgupta (1948) observed that leaves 

contained 1.32% of oil and flower heads contained 1. 71% of oil. 

Bordoloi (1982) in Assam estimated essential oil content in the leaves of 

java citronella (C. Winterianus jowitt). The oil content in leaf blade was around 

1.0% on fresh weight basis. The respctive percentages. of oil were 0.38, 0.33, 

0.3.2 and 0.02 in inflorescence, leafsheath, condensed stem and root. According 

to him, the leaf blade excluding leaf sheath was the only portion of which 

·produced maximum oil content. ~tal and Bradu (1982) recorded maximum 

yield of oil in C. nardus RRL- 5 and C. citratus RRL - 9 to became 0.'90% and 

1.48% respectively in the 1st year. 

Fig. 15 shows that high temperature treatment to harvested leves of C. 

pendulus (Nees ex Steudel) W. Watson increased the oil content in the leaves. 

The oi I content in-the leaves attended maximum of 0.80% after 24 hour treatment 

at 60 ± 1° C. The Fig. 15 also shows that oil yield gradually decreased due to 

increase of duration of the same·temperature. On the other hand the Fig. 1_6 

shows that drying of leaves at room temperature helped to yield higher 

percentage of oil after the treatment. Yield of oil gradually increased immediately 

after the treatment and reached maximum of 1.1 % at room temperature (29± 

1° C) during the treatment for 96 hours. 

This observation is very much similar to that of Singh et at (1982) who 

noted 0.74% of oil in dark brown dry leaves and pale green semidry leaves in 

C. pendulus RRL - 16 as compared to green leaves immediately after harvest 

(0.35%). 

The table - 8 shows that mature leaf blade of C. pendu/us (Nees ex. 

Steudel) W. Watson has produced 82.92% of total citra! as compared to the 

minimum value 52.28% in root. Mature leaf sheath has been observed to yield 

65.20% citra!. Young leaf blade, young leaf sheath, flowering top and stem 

show 67.83%, 63.72%, 71.28% and 60.80% respectively. 
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Singh et al (1982) estimated total citral content (83.36%) in green leaves 

of C. pendulus RRL -· 16 immediately after their harvest and the citra I content 

declined to 80.18%. when the leaves became dark brown and pale green after 

drying. They also observed 84.31% of citral in stem, spike and leaves. 

Atal and Bradu (1982) estimated citral content in C. pendulus RRL- 16 

by chemical analysis and also by GLC. They observed that the citral content 

as determined by chemical analysis 'remained high in C. pendulus (88%). But 

after GLC analysis it was observed to become only 75% in the plant. Similarly 

chemical analysis also showed 74% and 81% in C. citratus and C. nardus 

respectively, as compared to 60% i[l C. citrus and 70% in C. nard us after GLC 

analysis. 

Thus it may be stated that citral content of 82.92% in the mature leaf 

. blade of the wild C. pendu/us (Nees ex Steudel) W. Watson growing in Darjeeling 

district and examined after GLC analysis definitely claims ot' its potentiality for 

commerciaLutilisation in this region. 

The table - 8 also shows the percentage yield of a and ~ - citral in the 

leaves separately. In this respect a- citral.has been observed to become 

maximum of 58.05% in mature leaf blade when ~--citra I is only 24.87%. On the 

other hand when~- citral becomes maximum 27.66 in flowering top, the a-

· citral has been estimated to become 43.62%. From the table- 8 it also appears 

.that a - citral content alwaysremain high in all the plant part of C. 'pendulus 

(Nees ex. steudel) W. Watson studied as compared to those of ~ - citral. In 

this connection it may be mentioned that a- citral is commercially utilised as 

flavouring agent and ~- citral is used commercially for the synthesis of vitamin 

A and E. But no information about the individual yield of a and ~ - citral is 

availabe in any other species of Cymbopogon. 

Table- 8 shows that terpine content becomes high (23.16%) in stem of 

C. pendulus (Nees ex. steudel) W. Watson as compared to minimum value 

(9. 76%) in mature leaf blade. Root has also the remarkable content of terpine 

(21.81 %) though the yield of a and~- citral in it show only 33.59% and 18.69% 

respectively. 
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The table- 8 also shows accumulation of 25.91% of unknown terpenoid 

in the root of C. pendulus (Nees ex. steudel) W. Watson and which is observed 

to be maximum as compared to those obtained from other plant parts. Further 

investigation is necessary in connection with proper identification of the terpenoid 

and understanding of the nature of flowering capacity so that, such a high 

accumulation of terpenoid in the root of C. pedulus (Nees ex. steudel) W. Watson 

may be utilised commercially in future. 

Much information is not ·available in connection with the effect of 

temperature on the yield of essential oil in drying leaves, excepting the 

observation of Guenther (1972) whq first pointed out that the volatile oil enclose~ 

in the plant tis~ue was usually in one way or another affected by the drying of 

the plant r,naterial after the harvest. According to him some fresh plants or parts 

with a high water content lose much of their essential oil by air drying; others 

very little. the loss was caused by evaporation, oxidation, resinification and 

other chemical actions. Contrary to expectation, evaporation seemed to play a 

subordinate role to oxidation and resinification. Guenther (1972) also noted 

that actual evapor_ation of the volatile oil through the walls of the plant tissue 

could not take place readily because the oil must first be brought to the surface 

through hydrodiffusion, with water or plant moisture acting as a carrying medium. 

He observed that thin walled plant parts presented no obstacle to the forces of 

diffusion and in most cases evaporation would affect more wahter soluble 

constituents of a Volatile oil rather than the low boiling terpines. 

Thus the decrease of volatile oi I after oven· drying of leaves of C. pendu/us 

(Nees ex. steudel) W. Watson at 60 ± 1° C as shown in the fig. 15 may be due 

to loss of water soluble constituents of volatile oil or may be due to decomposition 

of terpenoids having of low boiling point and needs futher investigation in 

connection with their chemical identification. On the other hand drying of leaves 

of the plant at room temperature (29 ± 1 °C) for considerable period of time as 

shown in the fig. 16 shows loss of water due to wilting of leaves. Besides the. 

loss of water by wilting, the increase of volatile oil after the treatment of room 

temperature for 96 hours may be due to some enzyme activity involved during 

wilting process. Because severe wilting may be associated with the breaking 
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down of cell membrane and liquids are free to penetrate from cell to cell giving 

rise to new volatile compounds by glycoside splitting. This is supported by the 

fact that several types of fruits or leaves are almost odourless at the beginning 

but odour develops only on drying and curing. According to Guenther (1972) 

the odour of grass is very different from that of hay which develops its typical. 

cou.marin not only during the drying process. 

The table- 9 shows that during storage of oil C. pendulus (Nees ex. steudel) 

W. Watson all the contents of terpenoid constituents like total citral, a.- citral 

and terpine have been observed to be decreased, on the other hand unknown 

terpenoids show increase in accum,ulation in stored oil. From the table -9 it also 

appears that in freshly harvested leaves the total citral content of 82.92% 

gradually decreases to 70.72% during five years duration of storage. Similarly 

a. -citral (58.05%) and~ -citra I (24.87%) content of 1st year collection decreased 

· to 48:29% and 22.43% respectively in the oil stored for five years. Terpine 

content also has been observed to be lowered from 9_.76% (1st year) to 5.34% 

during the .same period of storage of oil. The 'table -9 reflects that contents of 

total citral, a. & ~ -citral, terpine and other terpenoids remained more or less the 

same for the duration of two years. Out of these observation it may be mentioned 

tha~ the quality of the oil remains more or less stable upto the storage of oil for 

2-3 years duration. Thus it is expected that, if necessary, the oil of C. pendulus 

(Nees ex Steudel) W. Watson may be stored upto 2-3 years. 

Little is known about the actual processes which cause the spoilage of 

essential oil. Usually it is attributed to general reactions as oxidation, 

resinification, polymei-isation, hydrolysis of esters and to interaction of functional 

groups. According to Guenther (1972) these processes seems to be activated 

by heat; by the presence of air (oxygen) of moisture and catalysed by expoosure 

to light and in some cases possibly by metals. 

There is not doubt that oils with a high content of terpine are particularly 

prone to spoilase, probably due to oxidation and especially resinification. Being 

unsaturated hydrocarbons the terpines absorb oxygen from the air. 

Lemon grass oil like the oil of C. pendu/us (Nees ex Steudel) W. Watson 
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contains high aldehyde content. According to Guenther (1972) the aldehyde 

content diminishes gradually yet much more showly than if the isolated 

aldehyde like citral were stored as such. He suggested that probably the 

essential oil contains some natural autioxidants, yet unknown, which to a 

certain extent protect the aldehyde while it is contained in the oiL It is probaly 

for this reason the citra I content in the oil of C. pendulus "(Nees ex. steudel) 

W. Watson maintains more or less the same percentge composition of it for 

a storage duration of two years and the marked variation in percentage 

yil~d of unknown terpenoids is probably due to marked chemical changes 

caused by certain chemical processes already mentioned. The storage of 

oil was done keeping oil in glass stoppered bottle in laboratory condition. 

Further investigation is needed taking all the pre.caution already pointed out 

by Guenther (1972) for purposeful utilisation of oil of C. pendu/us (Nees ex. 

steudel) W. Watson. during its storage. 

SUMMARY 

During investigation on quantitative variation of essential. oil and .its 

terpenoid constituents in different parts_ofthe C. pendulus (Nees ex Steudel) 

W. Watsori it has been observed that maximum oil content (0. 72% on fresh 

weight basis) has been estimated in flowerin-g top of the plant as compared 

to mature leaf blade, mature leaf sheath, young leaf blade, young leaf sheath 

showing. 0.58%, 0.40%, 0.30% and 0.15% respectively. Stem and root of 

the plant show only 0.20% and 0.10% of oil respectively .. 

So far as the terpenoid constitue~ts are concerned, maximum content 

·of total citral has been observed in mature leaf blade (82.82%) as against 

mature leaf sheath (65.20%). Root shows the lowerstvalue (52.28%). Young 

leaf blade, young leaf sheath, and stem show total citral content of 67.83%, _ 

63.72% and 60.80% respectively. total citral content becomes moderately 

high (71.28%) in flowering top. 

a -citral content is maximum in mature leaf blade (58.05%) when ~-
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citra I is only 24.87%. Root yields minimum of a- citra I (33.39%) but its ~-citra I 

content (18.69%) has been observed to be slightly higher than 16.20% in young 

leaf sheat~. In flowering top the a and~- citral contents are 43.62% and 27.66% 

respectively. . 

Terpine content becomes high (23.16%) in stem with 16.04% of unidentified 

terpenoids. Root also sh~ws high content of terpine (21.81%) and unidentified 

· terpenoids (25.91 %) as compared to mature leaf blade showing the content of 

terpine(9.75%) and unidentified terpenoid (7.32%) and also to young leaf blade 

containing 17.60% ofterpine and 14.57% of unidentified terpinoid. But young 

leaf sheath contains much greater quantity of terpine (19.60%) than that of 

mature leaf sheath (16.64%). As regards unidentified terpenoids, mature leaf 

she.ath contains greater in amount ( 18.16%) as compared to young leaf sheath 

(16.68%). 

After oven drying of harvested leaves at 60 ± 1 °C., the essential oil content 

incre.ases to reach 0.80% after 24 hours of treatment and the content gradually 

declines when duration of treatment increases. 

On the other hand, drying at r~omtemperature (29 ± 1°C.), the leaves 

yield maximum of 1.10% of oil after 96.hours of treatment. It declines gradualy 

when the hours of treatment increases. 

Total citraf content (82.90%) in freshly harvested leaves in the first year of 

collection decreases to 70.72% during storage of oil for five years. Similarly, 

a -citral (58.05%) and ~ -citral (24.80%) content in the leaves of first year 

collection decreases to 48.29% and 22.43% respectively in the oil stored for 

five years . 

. · Terpine content also has been observed to become lowered from 9.76% 

to 5.34% during the same period of storage of oil. In general it has ben observed 

that when total citral including their isomers and terpine content decreases 

during storage, corresponding increase in content of unidentified terpenoid has 

been observed. It has been shown that oil content and its constituents remain 

more or less stable for two years of storage of oil in laboratory condition. . . 
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