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Abstract
Background and Objective: Cichorium  intybus  Linn. (C. intybus  L.) has been known in traditional medicine since ancient times,
therefore, the present study aimed to investigate the phytochemical composition, antioxidant activity and antimicrobial potentiality of
aqueous and methanol extracts of aerial parts of C. intybus  L. Materials and Methods: Total phenolic, flavonoids, alkaloids, tannins and
saponins were assessed as the Mean±SD of three readings in the extracts of the aerial parts of C.  intybus  L. The extracts were examined
for their antioxidant and antimicrobial activities. Results: The methanol extract was found to possess a comparatively higher values of
total phenolic, flavonoids, alkaloids and tannins than aqueous extract except saponins which seem higher in aqueous than methanol
extract. The methanol extract exhibited a relatively high antioxidant activity as it showed comparatively low values of IC50 for 2,2-Diphenyl-
1-picrylhydrazyl (DPPH) inhibition than ascorbic acid (standard) and the aqueous extract. Both extracts were screened for their
antimicrobial activity against 11 pathogenic microbial strains and showed significant inhibition zones. The methanol extract showed
broader antimicrobial spectrum than the aqueous extract. Conclusion: The results of this study indicated that the aerial parts extracts of
C. intybus L. have good phytochemical composition, good antioxidant activity and antimicrobial potentiality.
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 INTRODUCTION

Genus Cichorium comprises 6 species that are widely
distributed in Africa, Asia, Europe, Australia and America1-4.
Cichorium intybus Linn, family Asteraceae (compositae), is
commonly  known as chicory.  It is an erect herbaceous annual
herb, around 4-110 cm in height with a strong fleshy taproot,
solitary erect stem and large basal leaves roseate, ovate to
lanceolate, attenuate into a petiole-like basal portion1,4. The
plant was  used  traditionally for the treatment of diarrhea,
fever, jaundice, gallstones, prostate, pulmonary disease,
cough,  cancer,  liver complaints and mild digestive
disorders4,5.

Cichorium intybus is characterized by presence of variety
of compounds like sesquiterpene lactones, derivatives of
caffeic acid, inulin, proteins, hydroxycoumarins, phenolic,
flavonoids, alkaloids, terpenes, essential and volatile oils,
coumarins and  vitamins6-10,  that  possess  many
pharmacological  effects  including   hepatoprotective, 
gastroprotective,    cardiac,        anti-oxidant,   anti-cancer, anti-
diabetic,      anti-microbial,          anti-protozoal       and anti-
inflammatory activity4,6-13.

The non-nutritive plant phytochemicals, like phenolic,
flavonoids, alkaloids, tannins and vitamins play a crucial role
in many functions in human body as these compounds
possess antioxidant properties and protect macromolecules
like lipids, proteins and nucleic acids against oxidative
damage. The reaction of the free radicals with these
macromolecules cause apoptosis, that leads to many
neurological, cardiovascular and some physiological
disorders3,6,14.

Some studies deals with C. intybus as Nandagopal and
Kumari7 and Basa’ar et al.15 screen qualitatively some
phytochemical compounds in C. intybus root and determine
its antimicrobial activities. Regarding C. intybus seeds,
Mehmood et al.16 investigate the antioxidant and
antimicrobial activities as well as the qualitative survey for
some secondary  metabolites.  Shad et al.6 study the
antioxidant activities and  some  metabolites in the plant root,
stem leaves and seed whereas, Abbas et al.3 and Kaur et al.17

studied the antioxidant and some phytochemical constitutes
in C. intybus leaves.

Therefore, the present study was designed to
demonstrate the phytochemical constituents, antimicrobial
and antioxidant activities of the aqueous and methanol
extracts of the dried aerial parts of C. intybus.

MATERIALS AND METHODS

Plant  materials: The aerial parts of Cichorium intybus
obtained from fields of Misan governorate, Iraq were air dried
in shade for 5 days (till complete dryness) during September,
2017. 

Instruments and chemicals: Most of the chemicals used were
laboratory-grade compounds purchased from Merck. DPPH
was obtained from Sigma Chemical. All other reagents used
were of analytical grade.

Preparation  of  the  extracts:  Five  grams of the air dried
plant material were extracted using 80% methanol upon
shaking for 2 h at 200 rpm and using distilled water at 70EC
upon shaking for 30 min. The extracts were filtered using
Whatman No.1 filter paper and then dried using rotary
evaporator followed by lyophilizer for complete drying. The
crude extracts obtained were dissolved in Dimethyl Sulfoxide
(DMSO) and kept in an air-tight containers stored in a
refrigerator for use.

Phytochemical constituents
Determination of total phenolic compounds: The
determination  of   total   phenolic   compounds  in the
extracts  was  carried  out using Folin Ciocalteu assay
according  to  the  method  described by Wolfe et al.18. The
total phenolic compounds were reported as gram of gallic
acid equivalents/100   gram   of   the    dried    plant  material
(g/100 g).

Determination of total flavonoids content: The total
flavonoids were determined using aluminum chloride
colorimetric assay developed by Zhishen et al.19. The total
flavonoids content were expressed as g/100 g dried plant
(gram catechins equivalent per 100 gram of the dried plant
material).

Total alkaloids: The total alkaloid contents were measured
using 1,10-Phenanthroline method described by Singh et al.20.
The total alkaloids content was expressed as g/100 g dried
plant (gram colchicines equivalent/100 gram dried plant
material).

Total tannins:  Tannin   content   was   determined   by 
vanillin hydrochloride method of Sadasivam and Maickam21.
The total tannins were reported as g/100 g dried plant (gram
of tannic acid equivalent/100 gram of the dried plant
material).
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Total saponins: Saponins content was determined using the
method of Obadoni and Ochuko22. The saponins content were
calculated as g/100 g dried plant (gram saponins/100 gram
dried plant material).

Antioxidant activity
Determination of the radical scavenging activity using
DPPH (2,2-Diphenyl picrylhydrazyl) assay: The antioxidant
activities  of  the  methanol  and aqueous extracts from the air 
dried aerial parts of Cichorium intybus were assessed using
the radical scavenging assay of stable  DPPH. The scavenging
activity of the plant extracts on DPPH radical was estimated
according  to   the   method   described  by Kitts et al.23. One
milliliter  of  suitable  concentration  of  the tested extracts was
added to 1 mL of DPPH (0.135 mM) and kept in dark for 30
min. The absorbance was measured at 517 nm and the
percent of the remaining DPPH of each of the tested
concentrations was estimated and plotted against the
concentrations of the used extracts. The concentration of
antioxidant that is needed to decrease the initial DPPH
concentration by 50% (IC50) was calculated for each extract.
Ascorbic acid was used as a standard agent.

Antimicrobial activity: Antimicrobial activity was tested by
agar disc diffusion method. The agar plates were inoculated
with inoculum containing 106 microbial cells of the different
selected bacterial strains using a streak plate method. Six
millimeter filter paper discs were soaked overnight in the
prepared plant extracts and loaded on the agar. After
incubation at 37EC for 24 h, the antimicrobial efficiencies of
the extracts were assessed on the basis of the inhibition
zone24. Antimicrobial activity was tested against ten
pathogenic bacterial strains namely, Escherichia coli,
Staphylococcus aureus, Staphylococcus epidermidis, Bacillus
subtilis, Pseudomonas aeruginosa,  Klebsiella  pneumoniae, 
Erwinia carotovora, Proteus vulgaris, Enterobacter cloacae and
Streptococcus pyogenes, in addition to one fungal pathogenic
strain: Candida albicans. The bacterial strains were obtained
from the Laboratory of genetic engineering and
biotechnology unit at Faculty of Science, Mansoura University
in Egypt. The results were compared with tobramycin and
streptomycin.

Statistical analysis: The phytochemical constituents (total
phenolic, total flavonoids, total alkaloids, tannins and
saponins) were expressed as the Mean±SD of three readings.

RESULTS

Phytochemical analysis: The data obtained in Table 1
revealed that Cichorium intybus extracts of the aerial parts
possess a variety of different phytochemical compounds. The
investigated compounds (total phenolic, total flavonoids, total
alkaloids and total tannins) were higher in methanol extract of
the plant aerial parts than those found in the water extract of
the plant aerial parts.

The total phenolic content in C. intybus dried aerial parts
was ranged from 1.01 and 2.04 g/100 g dried plant in water
and methanol extracts, respectively. The total flavonoids
content was 0.26 and 0.54 g/100 g dried plant in the water
and methanol extracts, respectively. Regarding the total
alkaloids content, it was  0.50 and 0.99 g/100 g dried plant in
water and methanol extracts, respectively. Comparing to the
total phenolic, total flavonoids and total alkaloids, the aerial
parts of C. intybus found to possess a relatively high content
of tannins which attained 1.61 and 3.02 g/100 g dried plant in
water and methanol extracts, respectively.

Saponins contents showed opposite trend to the other
estimated metabolites, where it was higher in water extracts
of the plant aerial parts than that found in the methanol
extract. It was ranged 1.14 and 0.65 g/100 g dried plant in the
water and extracts, respectively.

Evaluation of the antioxidant activity
The free radical scavenging activity using DPPH assay: The
concentration of an antioxidant needed to decrease the initial
DPPH concentration by 50% (IC50) is a parameter widely
adopted for measuring the antioxidant activity, where the
lower the IC50, the higher the antioxidant power. Ascorbic acid
was employed as standard compound in this assay. The
illustrated data in Fig. 1 showed that the antioxidant activity
of the  C.  intybus  was  0.01  mg  mLG1  in methanol extract,
0.11 mg mLG1 in water extract and 0.02 mg mLG1 for the
ascorbic acid.

Table 1: Phytochemical content of aqueous and methanol extracts of Cichorium
intybus aerial parts. The mean values indicated±standard deviation

Parameters
(g/100 g dried plant) Water extract Methanol extract
Extraction yield 22.75 17.79
Total phenolics 1.01±0.06 2.04±0.11
Total flavonoids 0.26±0.01 0.54±0.01
Total alkaloids 0.50±0.01 0.99±0.01
Tannins 1.61±0.04 3.02±0.09
Saponins 1.14±0.02 0.65±0.01
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Table 2: Antimicrobial activity of aqueous and methanol extracts of Cichorium intybus aerial parts using disc diffusion assay
Tested extracts Standard antibiotics
---------------------------------------------------------- ---------------------------------------------------------

Microorganism Water Methanol Streptomycin Tobramycin
Staphylococcus aureus 14 9 - 8
Staphylococcus epidermidis 19 8 - -
Bacillus subtilis 7 8 15 -
Pseudomonas aeruginosa - 13 - 12
Escherichia coli - - - 10
Klebsiella pneumoniae - 9 - -
Candida albicans 7 11 13 -
Erwinia carotovora 7 9 18 -
Proteus vulgaris - - - 13
Enterobacter cloacae - 12 - -
Streptococcus pyogenes 17.6 7 - -
Values indicate zone of inhibition in mm and include filter paper disk diameter (6 mm), -: No inhibition

Fig. 1: Antioxidant  activity  of  aqueous and methanol
extracts of Cichorium intybus aerial parts using DPPH
(2,2-Diphenyl picrylhydrazyl) assay

Evaluation of the antimicrobial potential: It is obvious from
the obtained results in Table 2 that the antimicrobial activity
of C. intybus aerial parts of aqueous and methanol extracts
tested against eleven pathogenic microorganisms showed
varied trend. Thus, the methanol extract exhibited broader
antimicrobial  spectrum  than  the  aqueous extract comparing
with  the standard antibiotics gentamicin and tobramycin. The 
  water      extract     showed     stronger     activity   against
Staphylococcus epidermidis (19 mm), Streptococcus pyogenes
(17.6 mm) and Staphylococcus aureus (14 mm) even more
than that of the standard antibiotics.

DISCUSSION

In this study, quantitative analysis for phytochemical
constituents  indicated  that  water  and methanol extracts of
C. intybus aerial parts poses various secondary metabolites as
phenolic, flavonoids, alkaloids, tannins and saponins. Thus, the
highest constituents in the studied extracts were tannins
followed by phenolic compounds. These results were
compatible  with  those  obtained  by  Shad  et al.6, where the

phytochemical analysis of stem, leaves and seed showed the
same trend of study results but the highest constitutes in the
plant root were tannins followed by saponins.

Tannins are polymeric water soluble phenols and are
diffuse in herbaceous and woody plants. They have potent
antimicrobial activity in addition to their anti-carcinogenic and
anti-mutagenic activity25. Phenolic compounds play a crucial
role as antioxidants in preventing oxidative cell damage. There
is  a  positive  correlation  between  the total phenolic and the
antioxidant  activity  attributed  to  the hydroxyl groups
present in these compounds due to their hydrogen donating
ability6,26-29.  Phenolic  also  possess  anti-viral,   anti-fungal,
anti-inflammatory  and  anti-mutagenic  activities6,30-32.
According to Sareedenchai and Zidorn33 phenolic composition
varies greatly among the various species of the Cichorieae
tribe. For C. intybus, the main reported phenolic compounds
were hydroxyl cinnamic acid derivatives, tartaric acid
derivatives, flavonols and flavone glycosides, sesquiterpenes
lactones, anthocyanins and dicaffeoyl34-40.

Saponins content of the C. intybus aerial parts were
higher in the water extract than those found in the 80%
methanol extract, in addition saponins were in the highest
order after tannins and phenolic content. Shad et al.6 have the
same trend but in their study using 20% methanol extracts,
the recorded values of saponins in leaves, stem, seed and root
were lower than those obtained in this study. This may be due
to the increase of the  methanol concentration in this study.
On  the other hand, Abbas et al.3 showed opposite trend,
where the flavonoids contents were higher than saponins
content in the alcoholic extracts  C. intybus  leaves. Saponins
are the glycosidic compounds found in most of the plants,
possess a bitter taste and foaming properties, in addition they
have been found to possess antifungal activity and
anticarcinogenic3,41.
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The estimated alkaloids and flavonoids content in the
aerial parts of C. intybus  were  compatible with those
obtained by Shad et al.6. Alkaloids and flavonoids are from
polyphenols which acquired attention due to its wide range of
biological activities such as antimicrobial, anti-inflammatory,
antioxidant, cytotoxicity and anticancer features4-6.
Antioxidant activities of phenolic compounds attributed to the
presence of hydroxyl groups in their structure29.

The obtained results revealed that methanol extract of
the  aerial  parts  showed antioxidant activity higher than that 
of   water   and    ascorbic   acid     (standard   antioxidant).
Shad  et al.6  and  Abbas  et  al.3  showed  similar  trend in the
C. intybus leaves which found to contain good free radical
scavenging capacity due to their higher DPPH radical
inhibition and lower IC50 value. It has been also reported that
from the major groups responsible for the antimicrobial
activity of the plant extracts are phenolic, flavonoids, alkaloids
and  lectins38, which recorded in the plant aerial parts.

Antimicrobial  activity  of  C.   intybus   aerial  parts
showed that the methanol extract exhibited broader
antimicrobial spectrum than the aqueous extract comparing
with the standard  antibiotics  gentamicin  and tobramycin.
Khakzadihe et al.42 found  that  there  is  antibacterial activity
C. intybus L. leaves  and  roots  against  S.  aureus,  B.  subtilis,
E. coli and P. aeruginosa that was in agreement with present
study results except for E. coli.  In addition, Khakzadihe et al.42

studied antimicrobial effect of chicory leaf extract with
different solvents on S. aureus and E. coli and the results
indicated that, different solvents of C. intybus leaves against
S. aureus and E. coli had no significant difference between.
Meanwhile,  in the present study, the extracts of the plant
aerial parts showed  antibacterial  activity  against S. aureus
and  were  in  agreement  with  the  absent of activity against
E. coli.

CONCLUSION

The methanol extract of Cichorium intybus aerial parts
seems to be richer with the detected phytochemicals than
water extract. The presence of the considerable amounts of
phytochemicals which are furious source of antioxidants
justify the traditional medicinal uses of this plant. Thus, a
scientific foundation for the use of this plant in medicine can
be established to improve the healthcare of local users.

SIGNIFICANT STATEMENT

This study confirmed that C. intybus L. aerial parts are rich
with many phytochemicals that showed antioxidant and
antimicrobial potential. The present study contributes to the

effective  pharmaceutical  formulations and it could be used
in improving the human health through its potential role in
the antioxidant defense system against free radical
generation.
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