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Chicory (Cichorium intybus L.) is a key source of valuable primary and secondary metabolites
(inulin, vitamins, essential oil). The spectrum of medicinal action of chicory includes
antimicrobial, antiinflammatory, choleretic, diuretic, sedative, and appetite stimulating
activities. Plant tissue and cell culture allow the production of high yields of plants, biomass,
and valuable metabolites throughout the year. In our research, we produced aseptic plants
from two Russian breeding (Yaroslavsky and Petrovsky), performed their primary
phytochemical screening, and established the quantitative content of particular elements and
substance groups using IR spectroscopy. It has been found that a high yield of viable aseptic
plants of the Yaroslavsky cultivar can be achieved by seed treatment with 8% sodium
hypochlorite for 10 minutes or 37% hydrogen peroxide for 5 minutes. For the
Petrovsky cultivar, it is advisable to germinate nonsterile seeds and then introduce them into
the culture by washing the seedlings in a slightly pink solution of potassium permanganate,
followed by sterilization with 8% sodium hypochlorite for 5 minutes and washing with plants
the antibiotic solution (0.8% gentamicin) for 15 minutes. All studied classes of compounds
(tannins and phenols, flavonoids, saponins, alkaloids, glycosides, reducing sugars, and
proteins) are present in aseptic plants of C. intybus; however, differences appear depending
on the extractants (water and ethanol). IR spectroscopy has shown a higher content of
moisture, fiber, and starch in seeds and a higher content of macronutrients, fat, ash, and
proteins in aseptic plants.
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Introduction
Chicory is considered one of the oldest known plants. Its first references were found in the works of
ancient scientists, like Theophrastus and Pedanius Dioscorides. The healing properties of chicory
are well known and have been used as a medicinal plant in Europe, Asia, Africa, India, Indonesia
and America. Since the 18th century, chicory has become one of the most common coffee
substitutes. Today, chicory grows in the temperate and subtropical zones of both hemispheres and
has ten species. Cichorium intybus L. is mainly cultivated in Russia. It is an upright biennial herb, a
representative of the Asteraceae family (Varotto et al. 2000).

Chicory is a good honey plant that produces a large amount of nectar and pollen. Chicory roots are
valuable food products, especially for people with diabetes, due to the presence of easily digestible
substances. It is also widely used in the preparation of sweets and cakes and in the production of
coffee and tea drinks, providing a specific taste, aromaб and color (Juśkiewicz et al. 2006).

The whole plant is used for medicinal purposes. Roots contain bitter substances, cichorin, water-
soluble inulin, choline, proteins, fats, pectin, vitamins C, B1 and E, fat, gum, essential oil, resins,
tannins, mineral salts, and a large number of trace elements. Cichorin is also found in chicory
flowers. Lactucin and lactucoperin, as well as inulin, ascorbic, and chicoric acids, were found in the
latex of the stems and leaves. The seeds contain inulin and protocatechuic aldehyde (Innocenti et
al. 2005; Heimler et al. 2009).

Chicory preparations have antimicrobial, anti-inflammatory, choleretic, diuretic, sedative,
astringent and appetite stimulating effects. They have a regulatory effect on human metabolism,
somewhat improve cardiac activity, and reduce sweating (Egwaikhide et al. 2009; Kagkli et al.
2016; Ning et al. 2017). Several studies have examined the antibacterial properties of chicory.
Therefore, the introduction of chicory, inulin, fructose, and shredded chicory into the nutrient
medium positively affects the accumulation of biomass of Bifidobacterium bifidum and contributes
to its increase (Roberfroid et al. 1998; Azimi et al. 2013). Different groups of scientists have
conducted studies on the inhibitory effect of chicory on various strains of microorganisms. For
example, the inhibitory effect of chicory herb against the Candida albicans strain was discovered as
a research result (Khodaii et al. 2020).

There are relatively few in vitro studies of C. intybus related to cultivars of Russian selection.
Similar studies around the world have mainly investigated the effect of phytohormones and growth
regulators on morphophysiological processes in the culture of chicory tissues and cells. For
example, in 2006, a group of scientists from India studied the effect of growth regulators on the
induction of the C. intybus callus (Velayutham et al., 2006). For plant regeneration, explants
(cotyledons, leaves, hypocotyls, and roots) were cultivated in nutrient medium with different
concentrations of phytohormones or growth regulators in various combinations. Indol-3-acetic acid
(IAA), indol-3-butyric acid (IBA), α-naphthaleneacetic acid (NAA) and 2,4-dichlorphenoxyacetic acid
(2,4-D) were used to induce callus formation and the callusogenesis efficiency increased in the
following order: NAA→IBA→IAA→2,4-D. Research fellows have also obtained similar results
(Wagner and Gailing, 1996). After two weeks of culture in Murashige-Skoog (MS) medium with the
addition of 0.5...10 mg/l IAA, IBA, NAA and 2,4-D + 2 mg/l 6-benzylaminopurine (BAP), callus
formation was observed in all types of explants. In terms of callus formation, the following
dependence was found among explants: leaf > cotyledons > hypocotyl > root (Park and Lim 1999;
Rehman et al. 2003; Velayutham et al. 2006).

The best results (in terms of evaluating the effectiveness of callusogenesis) were achieved by
adding 7.5 mg/l NAA + 2 mg/l BAP for leaf and cotyledon explants and 7.5 mg/l IBA + 2 mg/l BAP
for hypocotyl and root explants in MS medium. Further subculturing of callus cells in optimal
nutrient media increased the potential for shoot regeneration (Velayutham et al. 2006).
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The value of representatives of the Cichorium L. genus determines the scientific interest in the
genus demonstrated by the pharmaceutical and food industries. Introducing chicory into in vitro
culture will allow for year-round plant cultivation, resulting in a higher biomass yield. Modern
biotechnology methods will provide the opportunity to synthesize valuable sugars and secondary
chicory metabolites on an industrial scale.

Materials and methods
  Plant material 

We used C. intybus seeds from Yaroslavsky and Petrovsky cultivars, harvested in 2017 and 2019,
respectively, and kindly provided by the Rostov Experimental Station for Chicory.

  Production of aseptic plants 

The seeds of C. intybus from the Yaroslavsky and Petrovsky cultivars were sterilized using various
sterilizing agents to obtain aseptic plant material. We started our research with the Yaroslavsky
cultivar and continued with the Petrovsky cultivar. This explains the choice of sterilizing agent and
sterilization mode. The seeds of the Yaroslavsky cultivar were sterilized using the following agents:
5% sodium hypochlorite, 8% sodium hypochlorite, 0.1% mercury (II) chloride, 70% ethanol,
followed by treatment with 8% sodium hypochlorite, 10% hydrogen peroxide and 37% hydrogen
peroxide. Before being introduced into in vitro culture, the seeds of the Petrovsky cultivar were
treated with the following sterilizing agents: 5% sodium hypochlorite, 8% sodium hypochlorite,
0.1% mercury (II) chloride, slightly pink solution of potassium permanganate followed by treatment
with 8% sodium hypochlorite and 70% ethanol followed by treatment with 8% sodium hypochlorite.
The seeds were sterilized for 5, 10, and 15 minutes with 5% and 8% sodium hypochlorite solutions.
The exposure time was 2, 5 and 7 minutes for sterilizing the plant material with 0.1% mercury (II)
chloride. In one of the variants, seeds were sterilized for 30 seconds in 70% ethanol before using
8% sodium hypochlorite (the exposure of seed sterilization in sodium hypochlorite remained the
same – 5, 10 and 15 minutes).

For the Yaroslavsky cultivar, additional sterilization was performed in 10% and 37% hydrogen
peroxide. Exposures were 2.5 and 7.5 minutes. For the Petrovsky cultivar, additional seed
sterilization was performed in a slightly pink solution of potassium permanganate on a rotary
shaker at 100 rpm for 20 minutes. The seeds were sterilized with 8% sodium hypochlorite for 5, 10,
and 15 minutes. After disinfection, the seeds were thoroughly washed twice in distilled water.
Under sterile conditions, the seeds were seeded in 24-well plastic plates (four replicates for each
sterilization mode; 12 seeds per one replicate) in a hormone-free MS medium containing sucrose at
a concentration of 3%. To control germination, the seeds germinated under nonsterile conditions on
wet filter paper. The control seeds were watered daily with a small amount of distilled water. The
seeds were left in a light room (16 hours of daylight and a constant temperature of 21°C) for ten
days and germination data was recorded every two days.

We chose two sterilization modes for the introduction of non-sterile seedlings into aseptic cultures.
Using the first, the seedlings were sterilized under aseptic conditions for 7.5 minutes with 8%
sodium hypochlorite and washed twice in distilled water. Exposure was selected based on seed
germination data. Using the second, the seedlings were sterilized under aseptic conditions for 5
minutes with 8% sodium hypochlorite, washed twice in distilled water and then placed in an
antibiotic solution (0.8% gentamicin) for 15 minutes. On the basis of the results of the first variant,
we decided to reduce the exposure to sodium hypochlorite solution. In both cases, the seedlings
were preliminarily washed in a slightly pink solution of potassium permanganate for 20 minutes.
After sterilization, non-sterile seedlings were placed one at a time in a glass culture tube on MS
medium (ten seedlings for each variant).
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The efficiency of the sterilization mode was subject to the highest yield of viable healthy explants
and the proportion of plants susceptible to bacterial and fungal infection.

  Primary phytochemical screening of aseptic plants 

Ethanol and water extracts were obtained from dry and fresh plants to determine secondary
metabolites in C. intybus plants. The plant material was ground in a ceramic plate to a grueling
state and diluted with alcohol or distilled water in a 1: 2.5 (w / v) ratio to prepare the extracts. After
that, the slurry was stirred and left for infusion for 24 hours at room temperature. The extract was
then filtered through two layers of filter paper and centrifuged at 14,000 g for 15 minutes. The
resulting supernatant was used for further analysis of the content of the main groups of primary
and secondary metabolites using standard methods: tannins and phenolic compounds, flavonoids,
saponins, alkaloids, reducing sugars, proteins, and glycosides (Kumar et al. 2009; Baghel and Ray
2017; Choudhury et al. 2017).

  IR spectroscopy 

Infrared (IR) spectroscopy is based on the absorption of infrared electromagnetic radiation by
molecules of the studied substance in which the vibrational and rotational states are activated. IR
spectroscopy is a fundamental method to study the chemical structure of various compounds (Al-
Tameme et al. 2015).

In this work, infrared spectroscopic analysis was performed on a SpectraStar XT infrared analyzer
using the scientific and technical base of the Department of Chemistry of the Russian State
Agrarian University – Moscow Timiryazev Agricultural Academy. During the analysis of C. intybus
seeds and dried aseptic plants of the Petrovsky cultivar, the following parameters were determined:
water, fat, ash, cellulose, starch, protein, as well as calcium and phosphorus. The dry plants were
thoroughly ground on a ceramic plate to a dusty state. The seeds and shredded plants were placed
in special cuvettes which were subsequently placed on the analyzer. The results of the analysis
were obtained in graphical and digital formats in the UScan program; additional data processing
was required.

Result
  Production of aseptic plants 

Obtaining C. intybus plant material free from external contamination required studying the effect of
the sterilization mode on the germination efficiency and the further growth of C. intybus
germinants. In seed experiments, the germination and susceptibility to bacterial and fungal
contamination were estimated. The reported values were compared with the data for the
germination of the control seeds on filter paper under nonsterile conditions (Tables 1 and 2).

The numerical data in Table 1 illustrate a significant decrease in seed germination at α = 0.05,
compared to control germination, after treatment with the following sterilizing agents: (1) 0.1%
mercury chloride (II) for 5 and 7 minutes; (2) 70% ethanol followed by treatment with 8% sodium
hypochlorite in the three exposures; and (3) 37% hydrogen peroxide for 2.5 and 7.5 minutes. Thus,
the above sterilization modes are not recommended for obtaining aseptic plants, regardless of the
contamination data.

Treatment of Yaroslavsky seeds with 5% sodium hypochlorite (in three exposures), 8% sodium
hypochlorite (for 5 and 15 minutes), 0.1% mercury (II) chloride (for 2 minutes) and 37% hydrogen
peroxide (for 5 minutes) led to an insignificant decrease in the germination rate compared to the
control. Sterilization of seeds with 8% sodium hypochlorite for 10 minutes resulted in an
insignificant increase in the germination rate. Therefore, these modes of sterilization can be
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considered optimal under the condition of low seedling contamination.

 Sterilizing agent  Exposure, min.  Germination efficiency,
%

 Common difference, %  LSD05

 Control (non-sterile
seed germination)

 -  60.00  -  -

 5% sodium
hypochlorite

 5  43.33  -16.66

 10  53.33  -6.66
 15  33.33  -26.66

 8% sodium
hypochlorite

 5  50.00  -10.00

 10  73.33  13.33  29.88
 15  36.67  -23.33

 0.1% mercury (II)
chloride

 2  50.00  -10.00

 5  3.33*  -56.66
 7  26.67*  -33.33

 70% ethanol + 8%
sodium hypochlorite

 5  10.00*  -50.00  42.26

 10  10.00*  -50.00  33.41
 15  15.00*  -45.00

 10% hydrogen
peroxide

 2.5  23.33*  -36.67  29.88

 5  10.00*  -50.00  33.41
 7.5  15.00*  -45.00

 37% hydrogen
peroxide

 2.5  30.00*  -30.00

 5  46.66  -13.33  29.88
 7.5  10.00*  -50.00

Table 1. Germination efficiency of the C. intybus seeds of the Yaroslavsky cultivar in different sterilization modes  

Note*: here and another significant difference from control at α = 0.05.

Table 2 presents the numerical data for seed contamination after applying different sterilization
modes. We estimate the yield of aseptic plants when an insignificant decrease or increase in
germination was observed. When seeds were treated with 8 % sodium hypochlorite for 10 minutes
(in this variant, an insignificant increase in germination was observed), the same level of seedling
infection was observed as in the control variant. Sterilization with 8% sodium hypochlorite for 5
and 15 minutes led to an insignificant increase and decrease in infection, respectively (in both
cases, an insignificant decrease in germination was observed). Treatment with 5% sodium
hypochlorite resulted in an insignificant increase (5 and 15 minutes of treatment) and a significant
increase (10 minutes of treatment) in seed contamination (an insignificant decrease in germination
in all three exposures). Sterilization of seeds with 0.1 % mercury (II) chloride for 2 minutes (an
insignificant decrease in germination) also led to a significant increase in seed infection compared
to the control. After treatment with 37% hydrogen peroxide for 5 minutes, aseptic seedlings were
obtained (an insignificant decrease in germination).

 Sterilizing agent  Exposure, min.  Contamination, %  Common difference, %  LSD05
 Control (non-sterile
seed germination)

 -  23.33  -  -

 5% sodium
hypochlorite

 5  40.00  +16.67

 10  53.33*  +30.00
 15  26.67  +3.33
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 8% sodium
hypochlorite

 5  46.67  +23.33

 10  23.33  0.00
 15  13.33  -10.00

 0.1% mercury (II)
chloride

 2  53.33*  +30.00

 5  43.33  +20.00  24.06
 7  13.33  -10.00

 70% ethanol + 8%
sodium hypochlorite

 5  46.67  +23.33

 10  36.67  +13.33
 15  20.00  -3.33

 10% hydrogen
peroxide

 2.5  26.67  +3.33

 5  33.33  +10.00
 7.5  30.00  +6.67

 37% hydrogen
peroxide

 2.5  6.67  -16.67  26.90

 5  0.00  -23.33  0.00
 7.5  0.00  -23.33

Table 2. Contamination of the C. intybus seeds of the Yaroslavsky cultivar in various sterilization modes  

A similar analysis was performed for the C. intybus seeds of the Petrovsky cultivar (Tables 3 and 4).

Based on the results presented in Table 3, it can be seen that all sterilization modes considered at α
= 0.05 led to a significant decrease in germination compared to the control.

The data in Table 4 show that the use of 70% ethanol followed by sterilization with 8% sodium
hypochlorite and 5% sodium hypochlorite for 5 minutes led to a significant increase in the level of
seed contamination compared to the control. The following sterilization modes led to an unreliable
decrease in the contamination level: potassium permanganate + 8% sodium hypochlorite (5 and 10
minutes), 0.1 % mercury (II) chloride (7 minutes) and 70% ethanol + 8% sodium hypochlorite (10
minutes). The following sterilization modes led to an insignificant increase in the level of
contamination: 5% sodium hypochlorite (10 and 15 minutes), 8% sodium hypochlorite (5 and 10
minutes), potassium permanganate + 8% sodium hypochlorite (15 minutes), 70% ethanol + 8%
sodium hypochlorite (15 minutes) and 0.1% mercury (II) chloride (2 and 5 minutes).

Sterilizing agent Exposure, min Germination efficiency,
%

Common difference, % LSD05

 Control (non-sterile
seed germination)

 -  56.25  -  -

 5% sodium
hypochlorite

 5  18.50*  -37.75  18.79
 10  16.50*  -39.75  17.15
 15  25.00*  -31.25

 8% sodium
hypochlorite

 5  29.25*  -27.00
 10  16.50*  -39.75

 Potassium
permanganate + 8%
sodium hypochlorite

 5  16.50*  -39.75  18.53
 10  12.50*  -43.75  17.15
 15  16.33*  -39.92

 70% ethanol + 8%
sodium hypochlorite

 5  24.75*  -31.50  18.53
 10  16.50*  -39.75  17.15
 15  22.00*  -34.25

 0.1% mercury (II)
chloride

 2  16.75*  -39.50
 5  11.00*  -45.25  18.53
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 7  10.25*  -46.00  18.79
Table 3. Germination efficiency of the C. intybus seeds of the Petrovsky cultivar under different sterilization modes  
 Sterilizing agent  Exposure, min.  Contamination, %  Common difference, %  LSD05
 Control (non-sterile
seed germination)

 -  33.25  -  -

 5% sodium
hypochlorite

 5  68.75*  +35.50  29.40
 10  56.00  +22.75
 15  51.75  +18.50

 8% sodium
hypochlorite

 5  39.50  +6.25
 10  43.50  +10.25

 Potassium
permanganate + 8%
sodium hypochlorite

 5  16.50  -16.75
 10  8.00  -25.25
 15  62.25  +29.00

 70% ethanol + 8%
sodium hypochlorite

 5  89.50*  +56.25
 10  16.75  -16.50
 15  55.67  +22.42  31.70

 0.1% mercury (II)
chloride

 2  62.50  +29.25  36.00
 5  52.00  +18.75  46.40
 7  0.00  -33.25  0.00

Table 4. Contamination of the C. intybus seeds of the Petrovsky cultivar under various sterilization modes  

  Primary phytochemical screening of aseptic plants 

Qualitative reactions for basic primary and secondary metabolites demonstrate that extracts from
fresh and dry plants contain all classes of compounds studied: tannins, phenols, flavonoids,
saponins, alkaloids, reducing sugars, proteins and glycosides. However, we should mention the
different strengths of the extractants (water and ethanol).

  IR spectroscopy  

C. intybus is a valuable medicinal plant because of its ability to accumulate various biologically
active chemicals. Separation and spectral methods are widely used to identify them, whereas
identification involves the isolation of the target fraction. The identification of С. intybus raw
materials and dried Petrovsky cultivar was performed using IR spectroscopy. The quantitative
content of chemical components, such as calcium, phosphorus, cellulose, proteins, starch, and fat,
was analyzed; the moisture and ash content was also determined in the seeds and plants. The
results of the IR analysis are listed in Table 5.

Sample Content of substances and elements, %
Ca P Water Fat Ash Cellulose Proteins Starch

Seeds 1.08 0.27 12.26 0.95 0.9 46.53 10.92 76.32
Shredded
dried plants

1.38 0.41 9.66 2.75 9.12 28.04 18.47 37.69

Table 5. IR spectroscopy results of C. intybus seeds and shredded dried plants  

Discussion
Compared to the germination efficiency of the seeds and their contamination, the optimal options
are those that provide the maximum yield of aseptic plants with minimum contamination.
Therefore, the treatment of Yaroslavsky seeds with 8% sodium hypochlorite (10 minutes) and a
solution of 37% hydrogen peroxide (5 minutes) can be considered the optimal sterilization
conditions that provide the highest yield of aseptic plants of this cultivar.
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The situation with the Petrovsky cultivar was more complicated. Therefore, data on seed
germination and contamination have shown that none of the selected sterilization modes can be
considered optimal, since the goal of our experiments was to obtain the maximum number of
aseptic plants. In this regard, we decided to introduce non-sterile seedlings into in vitro culture
after sterilization.

When Petrovsky cultivars were introduced into in vitro culture after washing them in a slightly pink
solution of potassium permanganate for 20 minutes, followed by sterilization in 8% sodium
hypochlorite (7 minutes), 40% of the plants survived the effects of the sterilizing agents and
continued to grow, and contamination was not observed. At the same time, 20% of the plants
successfully tolerated the sterilizing agents and continued growing; contamination was observed.
Thirty percent of the plants died from treatment with a sterilizing agent and contamination. Ten
percent of the plants died from treatment with a sterilizing agent, but no contamination was
observed.

Most seedlings introduced into in vitro culture using the above sterilization modes were susceptible
to bacterial infections. Therefore, we decided to add seedling treatment with an antibiotic solution
for 15 minutes and reduce the exposure time of 8% sodium hypochlorite to 5 minutes. As a result of
this treatment, it was possible to obtain 100% of the viable plants that successfully underwent the
sterilization effect. Seventy percent of these plants were viable and not contaminated, and 30%
were viable but contaminated. Therefore, it is possible to recommend washing the seedlings in a
slightly pink potassium permanganate, followed by sterilization in 8% sodium hypochlorite (5
minutes) and treatment with antibiotic gentamicin (0.8% for 15 minutes) to obtain the largest
number of viable aseptic C. intybus plants of the Petrovsky cultivar.

Earlier, Indian authors also recommended the introduction of chicory into in vitro culture using the
green parts of vegetative plants (Velayutham et al. 2006).

As already noted, differences in the results were revealed during primary phytochemical screening
depending on the extractant. Thus, in aqueous extracts from fresh plants, all classes of substances
were found, except for saponins and glycosides. The ethanol extract positively reacted with
saponins, alkaloids, reducing sugars, and glycosides. The aqueous extracts of dry plants contained
tannins, phenols, flavonoids, reducing sugars, and proteins. An ethanol extract of dried plants
showed the presence of all classes of biologically active substances studied, but without saponins or
reducing sugars.

The data from the IR analysis reflect the general chemical composition of the samples, which differs
in quantitative content. Therefore, a higher content of moisture, cellulose and starch was found in
the seeds of common chicory, which is explained by the presence of endosperm. The dried plants
that are shredded contain more calcium, phosphorus, fat, ash, and protein. Therefore, dried
shredded plants are used in various industrial applications.

The results achieved in qualitative reactions and infrared spectroscopy correspond to the data
indicated in other studies (Nandagopal and Ranjitha Kumari 2007; Abbas et al. 2015).

Conclusion
Seed treatment with 8% sodium hypochlorite for 10 minutes or 37% hydrogen peroxide for 5
minutes is recommended to obtain viable aseptic viable C. intybus plants of the Yaroslavsky
cultivar. The seeds of the Petrovsky cultivar should be germinated non-sterile and then introduced
into the culture by washing the seedlings in a slightly pink solution of potassium permanganate,
followed by sterilization with 8% sodium hypochlorite solution for 5 minutes and washing in an
antibiotic (0.8% gentamicin) for 15 minutes.
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Primary phytochemical screening showed the presence of all the classes of elements (tannins,
phenols, flavonoids, saponins, alkaloids, glycosides, reducing sugars and proteins) in C. intybus of
the Yaroslavsky cultivar. However, the differences depended on the extractant (water and ethanol).

In infrared spectroscopy, the quantitative content of calcium, phosphorus, water, fat, ash, cellulose,
proteins and starch in the seeds and plants of the Petrovsky cultivar was also determined. Here, the
seeds showed a higher content of water, cellulose and starch, while the microplants had a higher
content of macronutrients, fat, ash and proteins.
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