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Abstract: Chicory (Cichorium intybus L.) is an important medicinal plant used traditionally to cure various
diseases. The whole plant contains various medicinally important compounds and the concentrations of the
compounds vary in different tissues. In the present study, a comparison was made between the field grown and
in vitro plantlets for the production of inulin and esculin. Highest amount of inulin was detected from the in
vitro regenerated root followed by the callus, whereas esculin content was high in the in vitro root followed
by in vitro leaves.
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INTRODUCTION antiulcerogenic, anti-inflammatory, appetizer, digestive,

Chicory (Cichorium intybus L.), a member of pharmacological investigation reveals anticancer
Asteraceae,  is  an  erect,  glandular,  biennial   herb  with properties [6]. Inulin is a reserve carbohydrate, present
a tuberous  taproot  and  rosette  of  30-70 leaves. The higher amount  in the root  of  chicory which is reported
stem  grows  up  to  90   cm   height;   the   lower  leaves to be useful for fat and sugar replacement, organoleptic
are  larger,  pinnately  lobed  and  covered   with  hairs. properties, texture improvement [7], improvement of
The  upper  leaves  on  the elongated stem are smaller mineral absorption, immunomodulator properties and
than  the  lower leaves and the bases of leaves clasping preventive effect against colon cancer [8]. Esculin is a
the stem which gives rosette appearance. During the first coumarin, finds importance for its skin protective
year the plant shows only the vegetative growth. It properties, vitamin P activity and the  hydrolysis of
produces flowers and completes its life cycle in the esculin  is  an  important marker in the microbial medium
second year [1, 2]. for the detection of several bacteria [9]. Previously,

Chicory has been cultivated for its dried roots, which esculin  production  was  analyzed from the in vitro and
were used as a substitute or adulterant in coffee powder in vivo regenerated plants of chicory [10] but there was
[3]. In recent years, this plant has also been cultivated for no  comparative  work  reported  on the production of
medicinal and culinary purposes. Chicory is a hardy both inulin and esculin from tissue culture and field
biennial plant that grows in almost any soil. The seeds are regenerated plants.
sown in May or June in drills about 1 inch deep, about 12
inches apart in the rows. The fresh root is bitter with a MATERIALS AND METHODS
milky juice. To obtain large roots, the soil must be rich,
light and well manured for cultivation [4]. Regeneration of  plants  in  field: The seeds of chicory

The whole plant is medicinally used traditionally to cv. Lucknow local were sowed in the pots filled with loam,
cure various ailments. The root, leaf and seeds contain a garden soil and farmyard manure at 1:2:1 ratio. The pots
number of medicinally important compounds such as were irrigated for two days once and kept under shade.
inulin,  sesquiterpene  lactones, coumarins, flavonoids Three month old plants were used for the estimation of
and vitamins. The plant is used as antihepatotoxic, inulin and esculin contents.

stomachic, depurative and diuretic [5]. Recent
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Establishment of callus culture: The leaf explants of the absorbance was read at 490 nm in a spectrophotometer.
field grown plants were used for the establishment of Inulin (obtained from Himedia, India) was prepared in the
callus and in vitro culture. Young leaf explants were same way of above said samples and used at different
surface sterilized with 70% ethanol for 1 min followed by quantity to findout the concentration of inulin in the
0.1% mercuric chloride for 3 min. The explants were rinsed samples.
in sterile distilled water for 4-5 times and cut into small
pieces. For callus induction the leaf explants were cultured Estimation of esculin: Estimation of esculin was carried
on MS medium prepared by using MS nutrient salts and out by using HPLC as per the method of Tamma and
vitamins, 3% sucrose and 0.8% agar with 2.0 mg l  NAA. Miller [13] with some modifications. Dried 1 g of each1

The medium pH was adjusted to 5.7 before adding the sample was extracted with 50 ml ethanol and the extract
agar. Agar was melted and the medium was dispensed in was dried. The dried sample was dissolved in few drops
test  tubes  and  autoclaved at 15 lb for 15 min. For every of ethanol. Twenty (20) µl of the sample was injected to
20 days the  callus  was  segmented  into approximately HPLC by using methanol as mobile phase. The detection
100 mg pieces and transferred to freshly prepared medium was made at 254 nm. By using peak height and area of the
with same nutrient and hormone concentration. The standard (Esculin from Himedia, India), the amount of
cultures were maintained at 25°C temperature, 3000 lux esculin was calculated in each sample.
light intensity and 16/8 h light/dark condition.

Establishment of in vitro regeneration protocol: The experiments consisting triplicates were observed
procedure explained earlier [11] was followed for
regeneration of plants from leaf explants. The surface
sterilized leaf explants were cultured on MS medium
supplemented with 1.5 mg l  IBA with 0.5 mg l  BAP.1 1

After 30  days  of  culture,  the  shoots  were transferred
to MS medium fortified with 1.5 mg l  IAA for rooting.1

The regenerated plants were transferred to plastic cups
containing autoclaved loam, garden soil and farmyard
manure (1:2:1) and kept in the culture room for further
growth. The plants were irrigated by using half strength
MS nutrient salts solution. The hardened plantlets were
transferred to green house for further growth under
controlled environmental conditions.

Analysis of moisture content: The callus of 10 test tubes
(30  days  grown),  leaf  and  root  from  both in vivo and
in vitro regenerated plants (3 months grown) were
collected, washed with distilled water and air dried. The
weight of each sample was noted as fresh weight. The
samples were dried in the hot air  oven for 24 h at 40°C
and  the weight was recorded as dry weight. The fresh
and dry weights were used for the calculation of moisture
content.

Estimation  of inulin: The method of Gibson et al. [12]
was used with some modifications for the extraction and
analysis of inulin from chicory root. 100 mg dried material
(in vivo leaf and root, callus, in vitro leaf and root) was
extracted separately in 10 ml of warm water. To 1 ml of
sample, equal volume of conc. HCl and 0.1 ml resorcinol
were added and made to 10 ml with distilled water. The
mixture was warmed on a water bath for 10 min and the

Statistical analysis: Results of three independent

periodically and the mean values of the experiments was
derived as result. The results presented here is the mean
values of three experiments.

RESULTS AND DISCUSSION

The  plants  were  developed  within  45 days under
in vitro from leaf explants and further maintained in the
green house for another 45 days and irrigated with
nutrient salt solution (½ strength MS medium salts) to
maintain the maximum growth of the plants. The fresh
weight and dry weight of the in vitro regenerated plant
was high than in vivo regenerated plant and callus. The
fresh weight of the callus (30 days grown) was 13 g and
the dry weight was recorded as 4.5 g. The moisture
content of the callus was very high than the in vitro and
in vivo leaf and root materials. The fresh weight and dry
weight of the in vivo leaf and root was low than the in
vitro leaf and root. The moisture content of in vitro root
was high than the in vivo root (Fig. 1 and 2).

Fig. 1: Fresh weight and dry weight of different samples
of chicory cv. 
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Fig. 2: Moisture content of different samples of chicory alkaloids were not detected in the callus of Corydalis
cv. ambigua [14]. Zayeda et al. [15] reported that the total

Fig. 3: Amount of inulin content in different tissues of the callus than the root tissue even the synthesis of these
chicory cv. compounds was detected in the callus [17]. Contrary to

Fig. 4: Amount of esculin content in different tissues of the hairy roots with different growth regulators [22] and
chicory cv. from leaf derived plants [10]. The inulin production was

The amount of inulin present in various plant parts time and water regime in the field [23]. However, so far
and the in the callus was calculated (Fig. 3). The maximum attempts have not been made to analyze the production
inulin content was estimated from in vitro root as 105.83 capacity of both the metabolites in the plants under the
mg g  dry weight (d. wt.) followed by the callus as 79.17 same treatment conditions which will be a feasible1

mg g  d. wt. In the in vivo root the inulin content was approach for enhancing the compound to utilize for1

75.83  mg g  d.  wt. In the leaf of both in vivo and in industrial scale up. In 30 days old non-transformed roots1

vitro plants, inulin content was less than the roots and 0.72 mg of esculin was reported in 100 g fresh weight
callus. The in vitro plant parts accumulated more inulin roots and in the Agrobacterium rhizogenes induced hairy
than the same tissue of the in vivo plant (Fig. 3). roots the esculin amount was reported as 13.93 mg/100 g

The amount of esculin was high in both in vitro root fresh weight and the increased amount of esculin was
and leaf materials followed by the in vivo root. In the because  of  increased  lateral  branching  in the hairy
callus esculin content was very less as 0.331 mg g  d. wt. roots [9]. Similarly in our study we observed increased1

but  this  amount  was  high  than  the  in vivo leaf. In the production of esculin in the in vitro regenerated plant
in vitro root maximum amount of esculin was recorded as root where we observed bunch of roots with more lateral

4.814 mg g  d. wt. The next increased amount of esculin1

was observed in the in vitro leaf as 3.448 mg g  d. wt. In1

both the in vivo samples the esculin content was less
than the same plant parts collected from in vitro source
(Fig. 4). In most of the studies conducted in vitro, the
production of secondary metabolites was low in the callus
than the differentiated tissues [14, 15]. Similar to our
studies, the alkaloids corybulbine produced in the intact
tubers and somatic embryos and in the leaves the
alkaloids corydaline and cavidine were present but these

alkaloid yield was less in the undifferentiated callus and
the production of alkaloids was high in the differentiated
shoots, roots and leaves in Datura innoxia. In the
present study we observed that the esculin production
was high in the in vitro regenerated plants than the callus
and in vivo grown plants. The production of hypericin in
Hypericum perforatum L. was less in the callus and the
amount of hypericin was high in the in vitro regenerated
plants which was similar to the naturally grown plants
[16]. The content of berberine and jatrorrhizine was low in

the results, hypericin production was high in the cell
suspension cultures grown under dark than the leaves of
one month old plant culture in Hypericum perforatum [18]
and the production of azadirachtin was high in the callus
cultures than the differentiated tissues of Azadirachta
indica [19]. The production of antihypertensive alkaloid
production was equal in the callus and leaf tissue of
Catharanthus roseus [20].

Earlier, esculin was produced from hairy root culture
[9], growing the hairy roots in bioreactors [21], by treating

estimated in terms of photosynthetic capacity, harvest
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branching. Robins [24] also reported that altered 12. Gibson, G.R., C.L. Willis and J. Van Loo, 1994. Intl.
production of compounds is possible under in vitro as a Sugar J., 96: 1150-1156.
short-term response to an altered environment. 13. Tamma, R.V. and G.C. Miller, 1985. J.
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