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Abstract:There is a great interest in the production of biologically active substances from plant
origin in today's world. Since chicory roots serve as the major source of valuable secondary
metabolites, the aim of this study was to develop an efficient protocol for the in vitro root
culture of chicory. Medium supplemented with 0.5mg/l NAA and 1mg/l IBA was found to
respond maximum with 91% (leaf), 76% (hypocotyl) and 94% (root) for root induction. The
maximum biomass accumulation obtained from leaf, hypocotyl and root derived adventitious
culture (4.098g, 3.163g and 4.500g respectively) was obtained on the medium contained
0.5mg/l NAA and 0.8mg/l IBA. While a significant increase in rooting response percentage was
recorded for leaf (17%), hypocotyl (15%) and root (8%) cultured on half-strength MS medium
compared to that cultured on full-strength MS medium, there was no significant differences
recorded for the accumulation of root biomass. There was stimulatory effect of total dark
condition on root induction and production in all types of explants. A maximum amount of
fresh root biomass (9fold) was produced 6 weeks after culture. Moreover, further analysis
showed that inulin obtained from our protocol is closely similar to that obtained from open field
cultivation in terms of quality and quantity. This simple reproducible in vitro root culture
system can be used for the production of adventitious roots and for the subsequent production
of useful natural compounds from chicory, thereby providing an efficient alternative method to
the field cultivation of intact plants.

Key words: Cichorium endivia subsp, pumelum, root culture system, root induction and
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Introduction

Chicory (Cichorium endivia subsp, pumelum L.) is a medicinally important plant that belongs to the
family Asteraceae. Although all parts of the plant are pharmacologically useful, roots are the principle material
used in the traditional medicine. The tuberous root of this plant contains number of medicinally important
compounds such as inulin, sesquiterpene lactones, coumarins, flavonoids and vitamins®. It is used as
antihepatotoxic, antiulcerogenic, antiinflammatory, anticancer, antitumor, appetizer, digestive, stomachic,
depurative and diuretic®®. Inulin, a polymer of fructose, is reported to be useful for fat and sugar replacement,
organoleptic properties, texture improvement®, improvement of mineral absorption, immunomodulator
properties and preventive effect against colon cancer’. Due to these properties, food and pharmaceutical
industries have found many applications for inulin in the production of functional foods, nutritional composites
and medicines®. Inulin is present in significant quantities in several fruits and vegetables, such as jerusalem
artichoke, salsify, asparagus, onion, garlic, dahlia and chicory7'8'9, but the main source for commercial scale of
inulin production is root chicory "2,
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The in vitro production of medicinal substances can be possible through plant tissue culture under
precisely controlled physical and chemical conditions™. Unlike conventional methods of vegetative
propagation, plant tissue culture systems allow higher multiplication rate and permit the production of
pathogen-free material. However, most of the earlier studies were limited to develop an efficient in vitro
regeneration system. Chicory can be multiplied in vitro by somatic embryogenesis**, by direct organogenesis
from the shoot apices™ and by the regeneration of adventitious shoots'. On the other hand, development of fast
growing root culture system offers unique opportunities for providing root drugs in the laboratory, without
having to depend on field cultivation. Moreover, root cultures provide an efficient mean for maximum biomass
production of bioactive natural products’’. They are considered as a promising approach because of their
genetic stability, rapid growth rate, easy preparation and maintenance and the capability to be cloned to produce
a large supply of experimental tissue'®. In the field of plant biotechnology, hairy root cultures, induced by Ri
plasmid insertion, has been also reported as ideal production system for natural products to achieve industrial-
scale production®. However, compared with hairy root cultures, normal root culture system is safer and easier
for management®.

Despite these varied useful medicinal uses of the root of chicory, there is lack of information in the
literature of chicory on root culture system. In view of the increasing demand of Egyptian chicory for use as
herbal medicine and considering the fact that roots are the principle material for herbal preparation which
involve destructive harvesting, the aim of this research was to develop a protocol to establish the in vitro root
cultures of chicory and later on to investigate the production of inulin from the in vitro chicory. In the present
study, important factors affecting root induction and root growth from leaf, hypocotyl and root explants of
Egyptian chicory were evaluated. In addition, inulin, an important medicinal compound presents in higher
amount in the root of chicory, quantity and quality was investigated.

Experimental

Plant material and explants preparation

The seeds of (Cichorium endivia subsp, pumelum L.) were obtained from Agricultural Research Center,
Ministry of Agriculture, Egypt. Seeds were immersed in 70% ethanol for 2 to 3 min then, they were rinsed three
times in sterile distilled water. Next, the seeds were sterilized for 30 min in 20% commercial Clorox (5%
NaOCI) containing 0.5% Tween20. After rinsing three times with sterile distilled water, Aseptic seeds were
cultured on MS medium?.. Leaf, hypocotyl and root pieces from three-week-old seedlings were used as explants
for the present study.

In vitro culture conditions and root initiation

Leaf, hypocotyl and root explants from 21 days old seedlings were inoculated on half-strength MS
semi solid medium or full-strength MS semi solid medium supplemented with different combinations and
concentrations of indole-3-acetic acid (IAA), indole-3- butyric acid (IBA) and 0.5mg/l a-Naphthalene acetic
acid (NAA) (Table 1). All media were adjusted to pH 5.8, and 0.7% agar and 3% sucrose were added. The
cultures were incubated at 25+2°C under 16/8 h (light/dark) photoperiod with white fluorescent lights or under
total darkness for four weeks. The responded explants that succeeded to induce root were scored.

Root production

After four weeks, the adventitious roots were cut to a length of 0.5-1.0 cm and rinsed in sterile water to
remove the sticking agar gel. Thereafter, roots (0.5g) were cultured on half-strength MS semi solid medium or
full strength MS semi solid medium supplemented with various combinations and concentrations of IAA, IBA
and 0.5mg/l NAA (Table 2). All media were adjusted to pH 5.8, and 0.7% agar and 3% sucrose were added.
The cultures were incubated at 25+2°C under 16/8 h (light/dark) photoperiod with white fluorescent lights or
under total darkness for three weeks. After three weeks, the roots were subcultred to fresh medium containing
the same combination and concentration of hormones for another three weeks.The root growth in different
auxin regimes was assessed in terms of fresh weight after six weeks of culture.

Inulin extraction

An amount of 1 g of material sample was hot-water extracted (90°C) for 30 min. The volume remaining
after the first extraction was topped up with water and the procedure was repeated. The two filtrate portions
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were mixed together. A Ca (OH)2 solution was added until pH 8, and the mixture was left at room temperature
for 1 h. The precipitated residue was filtered. The filtrate was neutralized with oxalic acid to pH 7, a small
amount of activated charcoal was added, and the mixture was then stirred and filtered. The filtrate was
precipitated with ethanol 95% overnight at 4°C and centrifuged at 5000 rpm for 20 min. The precipitated
amorphous mass was filtered and rinsed twice with absolute 95 % ethanol twice with acetone, once with diethyl
ether and dried at 50°C %,

Determination of inulin by spectrophotometric

Two milliliter of aqueous solution of inulin were mixed with 2 mL of 10 % HCI and heated for 20 min
in a boiling water bath. 0.5 mL of Selivanov’s reagent (0.5 % solution of resorcinol in 20 % HCI) was added
and further heated for 1 min. Absorption was measured at 520 nm using a spectrophotometer UV-visible
2401PC (Shimadzu, Japan) %.

Determination of molecular weight of inulin

The average molecular weight of inulin was determined on an Agilent 1100 HPLC system equipped
with a refractive index detector (RID) and FPI gel particle size (Sum), 3 columns of pore type (100, 104, 105
A°) on series, length 7.5 x 300 mm (1000,5000000) for DMF solvent, 3 um (7.8 x 300 mm), Water Company
Ireland. One column (5000-600000) for water solvent (polyethylene oxide/glycol standard) PL aquagel-OH 7.5
mm and 30um pore type 8um particle size. PL aquagel-OH 7.5 mm, 50 um pore type, 8um particle size, in
series Mw from 100-1250000 g/mol. The sample 0.01 g was dissolved in 2 mL of solvent, and then it filtrated
by siring filter 0.45 then the sample but in GPC device %

Determination of reducing sugars
The reducing sugars were determined according to DNS method # using fructose as standard.
Statistical analysis

Experiments were setup in a randomized completely blocks designs (RCBD), fifteen explants were
used per treatment and each experiment was repeated three times.Means and standard errors (SE) were obtained
from analysis for each treatment. Data were presented either as bar graphs with error bars by the use of
com2p7uter program Microsoft Excel 2010 or as means + SE and were compared with Duncan’s multiple range
test “'.

Results and Discussion
Root induction from different explants

Four factors were exploited; type of explants, level and type of auxin, strength of MS medium and
photoperiod; for efficient induction of roots from leaf, hypocotyl and root explants. At first, the effect of
different auxin regimes was tested. The obtained results in Table (1) showed differences in the rooting response
percentage among different types of explants on the same auxin regime. Also, the same explants on the different
auxin regimes showed different rooting percentages. In the present study, irrespective of the explants type, roots
were produced on all media containing auxins. This result showed that auxins play vital role in the invitro root
formation of chicory explants .In general, the production of adventitious roots in plant is controlled by growth
substances and a key role in this process being played by auxins®. Moreover, various plant species exert
positive effects on adventitious root formation as a result of auxin treatment®. Out of the different
concentrations of 1AA tested, medium supplemented with 0.5 mg/L NAA and 1mg/mL 1AA was found to exert
the maximum response with 82% (leaf), 67% (hypocotyls) and 86% (root) root induction frequency. When the
different concentrations of IBA were tested, medium supplemented with 0.5 mg/L NAA and 1 mg/L IBA was
found to respond maximum with 91% (leaf), 76% (hypocotyl) and 94% (root) for root induction. Thus, it was
observed that IBA was more effective than IAA for the adventitious root induction of chicory explants. Similar
result was reported by® as they indicated the superiority of IBA over IAA in the induction of adventitious roots
in chicory.It is noteworthy that IBA have been reported to enhance root formation by initiating cell division,
primordium structure and in inducing cell de-differentiation to form root apical meristem®. In contrary,*
reported that the chicory shoots rooted better on MS medium supplemented with 1AA rather than IBA. This
behavior might be explained by the diversity of genetic background. The different genotypes had different
sensitivity to the auxin treatment. It is generally known that genotypes remain one of the major factors affecting
root induction and elongation by auxin(s).
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Table 1.Effect of different auxins in half-strength MS semi solid media on root induction of leaf,
hypocotyl and root explants Cichorium endiviasubsp, pumelum L. under total darkness

Rooting response (%)
Auxin(mg/ml) Leaf Hypocoty!l Root
NAA+IAA
0.5+0.0 28 +1.73" 19 + 1.45! 34 +1.869
0.5+0.2 54 + 1539 35+ 1.15 62 +2.00"
0.5+0.4 65 + 2.007 47 +1.76" 70 +2.08°
0.5+0.6 72 +1.15% 57 + 1.15% 77 + 1.53%
0.5+0.8 77 £1.20% 63 + 1.53°¢ 82 + 1.45%
0.5+1.0 82 +1.45™ 67 +£1.00° 86 + 1.33°°
05+1.2 81 + 1.86™ 66 + 1.33% 84 +2.03"¢
NAA+IBA
0.5+0.0 28 +1.73" 19 + 1.45! 34 +1.869
0.5+0.2 59 + 1.76% 40 +1.15" 66 +1.737
0.5+0.4 72 +1.45% 51 + 1.86™ 78 +2.08°°
0.5+0.6 81+ 1.53 60 + 1.20% 87 + 1.45*¢
0.5+0.8 86 + 1.15% 69 + 0.88" 91 +1.53®
05+1.0 91+1.00° 76 + 1.53° 94 +1.67°
05+1.2 89 + 2.08% 75+ 1.15% 92 +1.86%
Data presented as means = SE.Means within a column followed by the same letters are not
significant at P=0.05 according to DMRT.

Figure 1. Root induction from different explants. A: leaf explants, B:hypocotyl explants, C:root explants

In addition to auxin, the ability of a plant to produce adventitious roots depends upon a large number of
factors including the level of nitrates in the culture medium® and the composition of nutrients®. Different basal
media or different strengths of basal medium respond differently to root induction due to differences in their
nutrient composition. Therefore, the influence of the basal MS medium strength on the adventitious root
formation of Cichorium endivia subsp, pumelum L. was examined. Our result clearly indicated that half-
strength MS basal medium was better for the induction of roots from all types of explants(Figurel).A
significant increase in rooting response percentage was recorded for leaf (17%), hypocotyl (15%) and root (8%)
cultured on half-strength MS medium. This result is in accordance with that of ** who pointed out that leaf and
hypoctyl explants of chicory cultured on full-strength MS medium always induced profuse callusing which
subsequently turned brownish and hindered initiation of roots. Among the tested explants, the highest
percentage of rooting response was shown in root explants (94%), followed by leaf explants (91%) while
hypocotyl explants showed the lowest frequency of rooting response 76% (Figure 2). Our results are in
agreement with those reported by * who obtained higher root biomass from root explants rather than those
obtained from leaf explants in Luffa Acutangula. Also,*® reported that adventitious root proliferation and
biomass accumulation obtained from root explants were higher than those derived from leaf explants in
Periploca sepium. In another study, leaf explants of chicory showed rapid induction of roots and higher growth
compared to hypocotyl explants®. ¥ justified that the leaf segments were good starting tissue for root induction
may due to the presence of cells associated with the leaf veins (vascular tissue), which can be readily stimulated
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by adding auxins and phytohormones can easily be manipulated to direct pluripotent cells to a particular cell
fate.
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Figure 2. Effect of basal MS strength on root induction
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Figure 3. Influence of illumination on root induction

To improve rooting response frequency, the effect of illumination was investigated. Our data in Figure
(3) showed that the rooting response under total darkness was more promising than that under light condition
(16h). All types of explants showed better performance under total darkness but the magnitude of the rooting
response activity was varied. In this respect, leaf and root explants had the highest increasing frequency (9%)
while root explants had the lowest increasing frequency (5%). Roots were initiated within one to two weeks in
root and leaf explants and within three weeks in hypocotyl explants under total darkness. Whereas rooting,
under light treatment (16h) was delayed one week in most cases.This fits with the natural system where roots
grow in soil in full darkness underground and far from sun light. The present finding is in consistent with that of
% who produced more and faster adventitious roots in dark condition than light condition.

Root production

The root growth in different auxin regimes was assessed in terms of fresh weight after six weeks of
culture. Differences were observed on the basis of auxin type and concentration and nature of the
explants(Table 2).Among the different concentrations of IAA used, the maximum biomass accumulation
obtained from leaf and hypocotyl derived adventitious culture (3.794 g and 2.866 g, respectively) was recorded
on the medium contained 0.5 mg/L NAA and 1.0 mg/L I1AA while the highest biomass accumulation achieved
from root adventitious culture (4.301 g) was obtained on the medium supplemented with 0.5 mg/L NAA and
0.8 mg/L 1AA. Root biomass accumulation increased from 1.083 g, 0.889 g and 1.243 g (in leaf, hypocotyl and
root adventitious culture respectively) to 4.098 g, 3.163 g and 4.500 g with the increasing of IBA concentration
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from 0.0 mg/L to 0.8 mg/L. On the whole, though IBA was significantly better than IAA for the induction of
roots, it was slightly better than IAA for the production of roots. It was observed also that, the best
concentration of IBA (1.0 mg/L in all types of explants) used to initiate roots was higher than that (0.8 mg/L)
used to produce maximum root biomass. This result might be explained by the widely accepted theory that high
level of auxin promotes the production of adventitious roots, although the auxin inhibits the elongation of root
%, In the present system, the maximum fresh weight of roots was noticed at the sixth week of cultureand then
the growth was slowly declined. Reduced root growth might have been due to the accumulation of endogenous
auxins during each subculture. Most likely, loosing root differentiation ability is one of the most important
defects of maintaining normal root culture for a long period as observed in chicory plant *.

Table 2.Effect of different auxins in half-strength MS semi solid media on root production of in vitro-
derived leaf, hypocotyls and root explants of Cichorium endivia subsp, pumelum L. under total darkness

Fresh weight (g)
Auxin(mg/ml) Leaf Hypocotyl Root
NAA+IAA
0.5+ 0.0 1.083 +0.250° 0.889 +0.122" 1.243 +0.234°
0.5+ 0.2 2.293 +0.193°2 1.607 + 0.200% 0.281°2.437 +
0.5+ 0.4 2.840 £ 0.111°° 1.996 + 0.101°® 3.362 +0.164%°
0.5+ 0.6 3.304+ 0.121%° 2.284 +0.136%¢ 3.860 +0.132®
0.5+ 0.8 3.722 £ 0.102® 2.836 +0.140% 4.301 + 0.098°
0.5+ 1.0 3.794 +0.178® 2.866 + 0.169% 4.224 +0.126°
0.5+1.2 3.432 +0.108*° 2.495 +0.117%¢ 3.696 +0.142®
NAA+IBA
0.5+ 0.0 1.083 +0.250° 0.889 +0.122" 1.243 +0.234°
0.5+ 0.2 2.637 +0.133% 1.542 +0.202° 2.762 + 0.149"
0.5+ 0.4 3.225 + 0.139"¢ 2.193 +0.164"¢ 3.401 +£0.272*¢
0.5+ 0.6 3.626 + 0.129*¢ 2.714 + 0.105® 4.480 +0.115°
0.5+ 0.8 4.098 +0.099° 3.163+0.113° 4,500 + 0.149°
0.5+ 1.0 3.985 + 0.131% 3.102 + 0.096° 4.369 + 0.138°
0.5+1.2 3.594 + 0.108%*¢ 2.826 +0.149® 3.900 + 0.199%
Data presented as means + SE.Means within a column followed by the same letters are not
significant at P=0.05 according to DMRT

In the present research, two different basal media, i.e., full strength MS and half strength MS, were
tested for their efficiency for root production. Intriguingly, half-strength MS medium was found to yield the
maximum response of root biomass in leaf and root adventitious culture (4.098 g and 4.500 g, respectively)
whereas full-strength MS medium appeared to accumulate the highest amount of root biomass in hypocotyl
derived adventitious culture (3.222 g)(Figure 4).Comparatively, there were no significant differences recorded
in all the three cultures used between using full-strength MS and half-strength MS. This result is in
disagreement with that of ** who favored half strength MS medium for the initiation and production of roots of
chicory. This conflict might be illustrated by the physical condition of the culture media used. In some
instances, the response of liquid medium on root production of a particular culture may vary with the response
of semi solid media even though, they both have the same nutritive requirements. It should be noted that most
reports previously have been utilized liquid MS media for the induction and proliferation of roots in various
plant species including chicory. Interestingly, in our experiments, semi solid MS proved to be efficient for the
successful initiation and production of roots. Generally, semi solid media has distinct advantages over liquid
media such as easy operation and less infection by microorganisms. However, this result needs to be verified in
future studies.
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Figure 5 .Influence of illumination on root production

Since plant roots are extremely sensitive to light ** and this sensitivity is important for their optimal
performance “°, further investigation of the impact of photoperiod on root production was accomplished. The
results showed that there was stimulatory effect of complete dark condition on root production in all tested
samples as shown in Figure (5). Under light condition (16h), the average fresh weight of roots decreased from
4.089 g, 3.163 g and 4.500 g in leaf, hypocotyls and root derived adventitious cultures, respectively to 3.538 g,
2.753¢g and 4.025g.In accordance with our finding, rooting response reported to be positively influenced by dark
condition 2 4%,

Inulin analysis

Inulin, as the most important natural bioactive compound in chicory roots used by industry, was
selected for this study. The inulin production was determined in terms of yield, purity, molecular weight and
rescuing sugars. The percentage yield of the row extracts were found to contain 17.2% inulin which was 92% in
purity and 2.5% free fructose (Table 3).In addition, the molecular weight of inulin extract was 8.09x103 g/mol ,
indicating it as a medium chain polysaccharide which greatly determines its functional properties. Previously,
inulin production was analyzed from the in vitro and in vivo regenerated plants of chicory *® but there was no
comparative work reported on the production of inulin from tissue culture and open field cultivation. In the
present study, no significant differences were recorded between inulin obtained from our protocol and that
obtained from open field cultivation. Therefore, our root culture system of chicory could be an alternative
method to produce inulin as well as other bioactive compounds in a shorter time with higher quantities and
without depending on agroclimatic conditions. Some recent extraction methods were applied for inulin
extraction from chicory such as microwave assisted extraction method (MAE) which reported by *. In this
regard, the yield of inulin content was higher (51.2%) compared to conventional extraction methods. However,
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it should be noted that our aim was to compare between the inulin obtained by our protocol and that obtained by
open field cultivation with the same extraction method rather than optimize and improve the extraction
efficiency. The relatively low percentage of inulin content in the present work might also be explained by the
young age of tissue (8 weeks) since it is well known that inulin content depends upon many factors such as
plant source, climate and growing conditions, harvesting date, storage time after harvest and extraction and
post-extraction processes.

Table 3. Inulin content, purity, molecular weight and rescuing sugars

Sample Inulinyield (%) | Inulin purity (%) |Mw (g/moL)| Reducing sugars (%)
Open field cultivation 18.7+0.81 95+3.22 8.12x10° 2.7£0.19
Root culture system 17.240.77 92+3.27 8.09x10° 2.5£0.21
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