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Abstract
The purpose of the research is to work out a routine method for the quantitative determination of the total amount of hydroxycinnamic 
acids in chicory herb growing in Ukraine. The presence of chlorogenic and caffeic acids was experimentally proven by comparing the 
TLC profiles of solutions of the chicory extract and standard substances of hydroxycinnamic acids. According to the chromatogram, 
the chemical composition of the ethanol extracts was qualitatively constant and did not depend on the series of plants collected in 
different places (7 regions of Ukraine) and in different years (2017 and 2018). The water-alcohol solutions of 8 chicory herb samples 
had the absorption maximum at the wavelength range from 326 to 330 nm, which was typical for phenolic acids. Chlorogenic 
acid was chosen as a marker substance for the quantitative determination by direct spectrophotometry. The value of the specific 
absorbance (556.21(λ=327 nm)) of chlorogenic acid in the concentration of 10.08 µg/ml in ethanol 50% was determined. The total 
amount of hydroxycinnamic acids was found to be 1.87% for the sample of 2017, for the samples of 2018 in the range of 4.00–6.61%. 
The method proposed is acceptable for standardization of the medicinal plant raw material.
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Introduction

Since the 18th century chicory has been appreciated as a 
medicinal plant in many civilizations for centuries (Kan-
deler and Ullrich 2009). The medicinal use of chicory was 
documented in pharmacognosy texts and handbooks da-
ting from 1938 (EMA 2013). Cichorium intybus L. (chico-
ry) has its origins in Europe, Central Russia, Western Asia, 
and it is also found in Egypt and North America (Bais and 

Ravishankar 2001). Nowadays, chicory is widely cultiva-
ted in a number of temperate regions around the world 
(Barcaccia et al. 2016) for numerous food and feed appli-
cations: “industrial”, “witloof ”, “leaf ” and “forage” (Cada-
len et al. 2010). Different parts of chicory or preparations 
of this plant are used to treat various symptoms and de-
seases (Street et al. 2013). Chicory has been traditionally 
applied to treat fever, diarrhea, jaundice and gallstones 
(Abbas et al. 2015; Pinela et al. 2017). It has been reported 
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that chicory possesses the antioxidant (Denev et al. 2014), 
antihepatotoxic (Ahmed et al. 2008), antidiabetic (Gha-
marian et al. 2012) activity. In Ukraine, chicory has been 
used in folk medicine for treating diabetes, diseases of the 
liver, biliary tract, kidneys (Yezerska et al. 2014).

Despite this and the long tradition of its use, the medi-
cinal plant raw material of chicory has not been standar-
dized. Chicory has not been described in the European 
Pharmacopoeia or in any official Pharmacopoeias of the 
European Union member states (EMA 2013). Chicory 
herb and roots are only included in the Chinese Pharma-
copoeia (ChPh 2005). The State Pharmacopoeia of Ukrai-
ne is a full member of the European Pharmacopoeia and 
has bilateral agreements with the Pharmacopoeia of the 
United States and the British Pharmacopoeia. For today, 
the State Pharmacopoeia of Ukraine contains 172 names 
of the medicinal plant raw material and herbal medicines 
(SPhU 2014). Based on the national experience in phar-
maceutical science the State Pharmacopoeia of Ukraine 
updates and significantly expands the list of monographs 
of the medicinal plant raw material. The use of chicory 
herb as a medicinal plant raw material in medicine requi-
res appropriate approaches to quantify the active com-
ponents. Therefore, it is relevant to select the necessary 
quality marker for chicory herb and the routine method, 
which makes it easy, environmentally friendly, inexpensi-
ve, practical, and reliable to assess the quality of the medi-
cinal plant raw material as a potentially pharmacopoeial.

The chemical composition of chicory has been well stu-
died. More than 100 individual compounds were isolated 
and identified (Street et al. 2013), for this purpose the me-
thods of HPLC, LC / MS, MS / MS were used (Street et al. 
2013; Bahri et al. 2012). Isolation and the quantitative de-
termination of all components using HPLC give perfectly 
reliable results and are indispensable for the qualitative 
and quantitative study of the multicomponent chemical 
composition of the plant. On the other hand, when ap-
plying any of these methods, one has to deal with more 
than 10 separate standards for phenolic components. In 
addition, hazardous and toxic chemicals and solvents that 
adversely affect the safety of the environment and directly 
the work of pharmaceutical companies must be used in 
HPLC methods (Chornyi et al. 2019). The above proves 
the inefficiency of applying these methods for routine mo-
nitoring of the medicinal plant raw material.

The most important activity of chicory is the antioxi-
dant one (Shalini et al. 2014), which is due to such sub-
stances as hydroxycinnamic acids and flavonoids. Ac-
cording to the published data, chicory herb contains the 
following derivatives of hydroxycinnamic acids in large 
quantities: chlorogenic, neochlorogenic, isochlorogenic, 
3-feruloylquinic, 3-n-coumaroylquinic, chicoric, caffeic 
acids (Yezerska et al. 2014). Therefore, it was decided to 
standardize the medicinal plant material of chicory by the 
content of hydroxycinnamic acids. As it can be seen from 
previously obtained data (Sharma and Dietz 2009; Thi-
rugnanasampandan and Jayakumar 2011), it is impossible 
to attribute the activity to only one separate component. 

Thus, the quantitative assessment of a group of active 
compounds having the same or similar chemical structu-
re correlates better with the biological activity and is more 
informative than the quantitative assessment of individu-
al components. In addition, the approach to determining 
the total amount of active substances is widely used in the 
pharmacopoeial analysis (EDQM 2013; SPhU 2014). We 
believe that the spectrophotometric method is appropri-
ate and especially useful for the quantitative standardiza-
tion of chicory herb as the medicinal plant raw material.

The aim of this work is to develop a routine spectrop-
hotometric method for the quantitative standardization of 
chicory herb as the medicinal plant raw material growing 
in Ukraine. The previous qualitative phytochemical analy-
sis is intended to identify the presence and the composition 
of hydroxycinnamic acids and choose phenolic acid as the 
standard by which the total amount of hydroxycinnamic 
acids will be expressed. To determine the amount of hy-
droxycinnamic acids in the medicinal plant selected it is 
necessary to develop a procedure using spectrophotometry.

Materials and methods
Plant material

Eight samples of chicory herb (Cichorium intybus L.) were 
used as the research objects, some of them were purchased 
at the pharmacy, and the rest were collected during the flo-
wering period from May to September in different regions 
of Ukraine. The data about the series and the place of har-
vesting and / or manufacturer for the preparation of test 
solutions are presented in Table 3. The plant species col-
lected was identified and authenticated by professor, Doc-
tor of Pharmacy Gontova T.M. from the Department of 
Botany, National University of Pharmacy, Ukraine. Aerial 
parts of the plant were cut into moderately small pieces 
and dried in shadow at room temperature. The dried herb 
were kept in a dry place for further phytochemical studies.

Chemicals

Authentic standards of chlorogenic acid (3-O-caffeoyl-
quinic acid) (CA, ≥ 97,5 %), caffeic acid (3,4-dihydroxy-
cinnamic acid) (> 99%), ferulic acid (4-hydroxy-3-me-
thoxycinnamic acid) (99%) were purchased from Acros 
Organics BVBA (Janssen Pharmaceuticalaan 3a 2440 
Geel, Belgium). Authentic standards of hyperoside (quer-
cetin 3-d-galactoside) (98,23%), 2-aminoethyl diphenyl-
borinate (97%), macrogol 400 were purchased from Sig-
ma-Aldrich (Saint Louis, MO, USA). Other reagents and 
solvents used were of analytical grade.

Thin-layer chromatography analysis

Phenolic acid was defined by unified pharmacopoeal 
TLC-methods for identification of phenolic acids (EDQM 
2013). The thin-layer chromatographic analysis of pheno-
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lic acids was performed on a precoated silica gel 60 F254 
TLC plate (Merck, Germany).

Test solution. To 0.5 g of the powdered herb (355) 
(2.9.12) (EDQM 2013) add 10 ml of methanol. Heat on 
a water-bath at 60 °C for 5 min. Allow to cool to room 
temperature and filter.

Reference solution. Dissolve 2.0 mg of chlorogenic acid 
and 2.0 mg of caffeic acid in 10 ml of methanol.

Mobile phase: Anhydrous formic acid, glacial acetic 
acid, water, ethyl acetate (11:11:27:100 V/V/V/V).

Application: 10 μL as bands of 10 mm.
Drying: in air.
Detection: heat at 100–105 °C for 5 min; spray the 

warm plate with 10 g/L solution of 2-aminoethyl diphe-
nylborinate in methanol followed by 50 g/L solution of 
macrogol 400 in methanol; examine in ultraviolet light at 
365 nm.

Precision of the TLC method

The Rf value was calculated for the areas of chlorogenic acid 
and caffeic acid markers when studying by various analysts 
for three days. The results were expressed as RSD,%.

Apparatus

An UV/Vis a Specord 200 – 220U213 spectrophotome-
ter (Analitik Zena, Germany) and 1-cm quartz cells were 
used for all absorbance measurements.

Preparation of the test solutions

Model solution of chlorogenic acid for UV-spectropho-
tometry: weigh 25 mg of the sample of the standard of 
chlorogenic acid and dissolve in 100.0 ml of ethanol (50 
per cent V/V). Dilute the solution portions of 0.5, 1.0, 1.5, 
2.0, 2.5, 3.0 ml to 50.0 ml with ethanol (50 per cent V/V).

Each solution was measured three times.

Assay of the total amount of hydroxy-
cinnamic acids

To 0.500 g of the powdered herb add 80 ml of ethanol (50 
per cent V/V), and boil the mixture on a water bath under 
a reflux condenser for 30 min. After cooling, filter the ex-
tract, and rinse the filter with 10 ml of ethanol (50 per cent 
V/V). Dilute a combined filtrate and the rinsings to 100.0 
ml in a volumetric flask with ethanol (50 per cent V/V), 
and the resulting solution is used as a stock solution. Pre-
pare the test solution by diluting 2.0 ml of the stock solu-
tion to 50.0 ml with ethanol (50 per cent V/V). Ethanol 
(50 per cent V/V) is used as a compensation solution. The 
absorbance of the test solution is measured immediately 
at 327 ±2 nm.

All analyses were performed in triplicate.
The total amount of hydroxycinnamic acids (X, %) ex-

pressed as chlorogenic acid was calculated according to 
the formula:

X A
A m Wcm

100 0 50 0 100
2 0 1001

1
. .
. ( )%

,

where A – is the absorbance of the test solution at 327 nm;
m – is the mass of the powdered herb to be examined, g;
W – is the loss on drying (%);
A cm1
1%  – is the specific absorption index of chlorogenic 

acid at 327 nm (A cm11%  = 556.21).
Performance characteristics of the analytical procedu-

res for the total amount of hydroxycinnamic acids were 
determined taking into account the valuable prevalidation 
strategy (Grdini’c V. Vukovi’c J. 2004) using model soluti-
ons of the standard substance of chlorogenic acid.

Results and discussion

The presence of hydroxycinnamic acids in ethanolic 
extracts of aerial parts of chicory was identified using 
thin-layer chromatography (TLC). The results are presen-
ted in Figure 1. The chromatogram shows that the qualita-
tive chemical composition of ethanol extracts is constant 
and does not depend on the series of plants collected in 
different places (7 regions of Ukraine) and in different 
years (2017 and 2018). Four intense areas are found on the 
chromatogram. Their color indicates that the substances 
corresponding to them belong to hydroxycinnamic acids. 
In particular, very intense areas with a greenish-blue flu-
orescence appear on the chromatogram of the solutions 
studied; they are at the level of the areas of the standard 
solutions of chrolenic and caffeic acids. The area of a gree-
nish-blue fluorescence at the top of the chromatogram lo-
cated below the area of caffeic acid is observed additional-
ly besides the ones already described. Taking into account 
the results of the earlier studies (Vronska et al. 2016), it 
can be assumed that this is cichoric acid. According to the 
chromatogram, hyperoside, a flavonoid, is also present in 
the composition of the plant, and it is consistent with the 
data (Street et al. 2013).

The results obtained when determining precision 
showed that the areas identified on the chromatograms 
were identical with respect to their number, fluorescence 
intensity; they were placed in parallel and clearly. 
The metrological characteristics of determining the 
areas (Rf) of marker substances for chlorogenic acid 
were: Rf  average  =  0.483; RSD = 2.08%; for caffeic acid: 
Rf average = 0.886; RSD = 1.15%.

According to Massoud et al. (2009), in chicory leaves 
caffeic acid was the major phenolic compound presented, 
followed by chlorogenic, p-hydroxybenzoic, p-coumaric 
acids, then protocatechuic, gallic and isovanillic acids in 
descending order. Our results for identification of chloro-
genic and caffeic acids in the samples of the raw material 
studied correlate with the data (Massoud et al. 2009; Ye-
zerska et al. 2013; Vronska et al. 2016). We selected the 
hydroxycinnamic acid group as a marker based on the re-
sults of thin-layer chromatography; it was found that this 
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group was predominant in all plant samples by the inten-
sity of the spots. This was the basis for the development 
of the method for the quantitative determination of the 
total amount of hydroxycinnamic acids calculated with 
reference to a phenolic substance.

The results of the comparative analysis of the methods 
for the quantitative determination of the total amount of 
hydroxycinnamic acids by spectrophotometry in various 
plant objects growing in the territory of the Common-
wealth of Independent States (CIS) are presented in Ta-
ble  1. Table 1 demonstrates that different concentrations 
of ethanol and variations with the number of repetitions of 
extraction are used in the determination. Similarly, the pre-
vious studies reported (Yezerska et al. 2013) that the hig-
hest absorbance value at maximum absorption of hydroxy-
cinnamic acids, and hence their content, was observed for 
an extract obtained in ethanol (50 per cent V/V). The same 
extractant was used for the extraction of hydroxycinnamic 
acids according to the requirements of the European Phar-
macopoeia (EDQM 2013) and the State Pharmacopoeia of 
Ukraine (SPhU 2014) in the analysis of ash leaves, black 
horehound, ribwort plantain, rosemary leaves, etc. In the 

process of the sample preparation ethanol (50 per cent 
V/V) was used as an extractant of hydroxycinnamic acids 
according to the requirements of the Pharmacopoeias.

By applying the selected extractant the aqueous alcohol 
extracts for different samples of chicory herb were obtain-
ed. The electronic absorption spectra of this solution are 
presented in Figure 2. Table 2 demonstrates the results of 
the study of the electronic absorption spectra of the wa-
ter-alcohol extracts obtained at the distinct absorption 
maximum at the wavelength range from 326 to 330 nm, 
which is characteristic of phenolic acids. It should be no-
ted that, according to Robbins (2003), chlorogenic acid is 
characterized by the maximum absorption (Amax) at 327 
nm, caffeic acid – at 325 nm, chicoric acid – at 330 nm. 
This makes it possible to directly measure absorption 
at the maximum, followed by calculation of the content 
using the specific absorption index in order to determine 
the total amount of hydroxycinnamic acids.

The aqueous alcoholic solution of chicory is an unstable 
mixture of substances known and unknown, which to some 
extent can not only absorb optical density, but also interact 
with each other. In principle, it is impossible to verify the 

Figure 1. The TLC chromatogram of hydroxycinnamic acids in ethanolic extracts of different samples of chicory herb originating 
from Ukraine. S1–3: chlorogenic acid, caffeic acid and ferulic acid as references; for plant extracts, see abbreviations in Table 3.

Table 1. The results of the comparative analysis of the sample preparation of methods for the quantitative determination of the total 
amount of hydroxycinnamic acids in plant objects of the CIS by UV spectrophotometry calculated with reference to the specific 
absorbance of chlorogenic acid.

No. Plant Raw material Extraction The number of 
additional repetitions 

of the extraction

The wavelength 
(λ) , nm

A cm1
1% Reference

Extractant Minutes on a 
water bath

1 Inula helenium L. roots and rhizomes ethanol (50a) 45 2 (15 min.) 325 531 (Vronska et al. 2016)
2 Cichorium intybus L. roots ethanol (50a) 30 2 (15 min.) 325 556 (Yezerska et al. 2013)
3 Prunus domestica L. leaves ethanol (20a) 60 1 327 531 (Lenchyk 2016)
4 Polygonum persicaria L. herb ethanol (70a) 30 1 330 507 (Perova et al. 2017)
5 Urtica dioica L. leaves ethanol (70a) 30 1 328 507 (Trineeva et al. 2015)
6 Galinsoga parviflora herb ethanol (70a) 30 0 330 504 (Bubenchikova and Boeva 2013)
7 Cynara scolymus L. inflorescences water 15 2 327 531 (Fedosov et al. 2017)

a per cent V/V.
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additivity of light absorption, i.e. to take into account the 
influence of other components, mixtures with an incom-
pletely known composition (Vlasova IV et. al. 2011). For 
more selective determination of substances in spectrop-
hotometry, Folin-Ciocalteu reagents, metal ions (Al (III)), 
etc., are used. Thus, the European Pharmacopoeia uses 
the photometric method with the HCl-NaNO2-Na2MoO4-
NaOH chromogenic system (EDQM 2013). At the same 
time, according to the data of (Granato D. et al 2016), sodi-
um molybdate can react with mono-, di- and trihydroxyp-
henols. Taking this into account the photometric method is 
not so specific since hydroxyl groups contain most phenolic 
compounds, both hydroxycinnamic acids and flavonoids.

To select a substance for which the content of the to-
tal amount of hydroxycinnamic acids was calculated, the 
absorption spectrum of the solution of the chlorogenic 
acid standard was measured. The absorption spectrum is 
presented in Figure 2, which shows that the highest peak 
is the band at about 327 nm (А=0.559). This band revea-
led the occurrence of a HOMO/LUMO transition with 
π→ π* character (Cornard et al. 2008). The data obtained 
correlate with the research results (Navarra et al. 2017). 
The position of the maximum intensity was highly depen-
dent on the solvent used. In order to take into account 
the possible contribution of hyperoside to the absorption 

spectrum of the chicory analytical solution we measured 
the absorption spectrum of hyperozide in the concentra-
tion of 10.0 µg/ml. The hyperoside solution had absorpti-
on maxima at wavelengths of 256 nm and 370 nm, and 
absorption minima – at wavelengths of 242 nm, 280 nm 
and 320 nm. In the concentration of 10 μg/ml equalled 
to the solution of chlorogenic acid analyzed the optical 
absorption of hyperozide at the analytical wavelength 327 
nm was A = 0.094; it could be considered as a minor ef-
fect. In addition, the intensity of flavonoid spots on the 
chromatogram (Fig. 1) was much lower than the derivati-
ves of hydroxycinnamic acids. Thus, chlorogenic acid was 
chosen as a standard for calculating the total amount of 
hydroxycinnamic acids taking into account its presence in 
chicory herb both according to the literature data and to 
the results of the chromatographic research of industrial 
and growing wild raw samples.

The performance characteristics of the method were 
previously determined taking into account the valuable va-
lidation strategy (Grdini’c V. Vukovi ‘s J. 2004) using model 
solutions of the standard substance of chlorogenic acid.

Limiting values, such as the limiting signal value, li-
mit of detection and limit of quantification, were estima-
ted using the analytical evaluation function. The limit of 
quantification (LOQ) was found to be 0.37 µg/ml, while 
the limit of detection (LOD) was 0.12 µg/ml.

The relationship between optical density and the 
chlorogenic acid content was determined by the least 
squares method. The linear dependence of the method 
was described by the equation y = 0.9750× + 0.0264 and 
the correlation coefficient R² = 0.9998 in the working ran-
ge from 2.52 to 15.12 μg/ml. The standard deviation of the 
angular coefficient of the linear dependence Sb = 0.0037, 
and the standard deviation of the free term of the linear 
dependence Sa = 0.0366 were also determined.

The following precision parameters were studied: the 
standard deviation calculated for the “Found / Introdu-
ced” ratios for model solutions of chlorogenic acid SD = 
0.84%, one-sided confidence interval ΔZ = 1.69%.

The determination of the total amount of hydroxycin-
namic acids calculated with reference to chlorogenic acid 
at the wavelength of 325, 327, 328, 330 nm was reported; 
it could be substantiated by the different concentration of 
ethanol during extraction as shown in Table 1. To calcu-
late the total amount of hydroxycinnamic acids different 
values 504 (Bubenchikova and Boeva 2013), 507 (Trinee-
va et al. 2015; Trineeva et al. 2015), 531 (Lenchyk 2016; 
Vronska et al. 2016; Fedosov et al. 2017), 556 (Yezerska 
et al. 2013) of the specific absorbance of chlorogenic acid 
were used. Therefore, the specific absorbance value of 
chlorogenic acid was experimentally determined. Absor-
bance measurements (327 nm, ethanol (50 per cent V/V)) 
for 2.52, 5.04, 7.56, 10.08, 12.60, 15.12 µg/ml of chloroge-
nic acid solutions were performed. It was found that the 
absorbance of chlorogenic acid at 327 nm followed Beer’s 
law well (r = 0.9998) in the concentration range of 2.5–
15.0 µg/ml, and it was characterized by the linear equati-
on y = 556.21× + 0.0015. This correlation is presented in 
Fig. 3. The standard deviation (SD) was 0.79%. According 
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Figure 2. The absorption spectrum of ethanol (50 per cent 
V/V) chicory herb extracts for 8 sample of the raw plant mate-
rial. See abbreviations in Table 3. UV/Vis absorption spectra of 
chlorogenic acid chemical standard at 10.08 µg/ml in ethanol (50 
per cent V/V).

Table 2. The maxima of wavelength of electronic absorption 
spectra obtained for different samples of chicory herb originat-
ing from Ukraine.

No of the 
sample

Abbr. Maximum absorptiona at a wavelength of
325 nm 326 nm 327nm 328nm 329 nm 330nm 331nm

1 CI 118 0.4665 0.4688 0.4681 0.4685 0.4685 0.4666 0.4648
2 CI 218 0.5056 0.5085 0.5083 0.5083 0.5087 0.5067 0.5042
3 CI 318 0.7052 0.7080 0.7118 0.7142 0.7153 0.7170 0.7161
4 CI 418 0.7113 0.7173 0.7189 0.7233 0.7234 0.7238 0.7238
5 CI 518 0.5811 0.5838 0.5856 0.5863 0.5866 0.5858 0.5855
6 CI 618 0.4350 0.4361 0.4363 0.4393 0.4386 0.4392 0.4393
7 CI 717 0.4388 0.4401 0.4410 0.4411 0.4414 0.4400 0.4387
8 CI 817 0.2106 0.2111 0.2104 0.2098 0.2085 0.2075 0.2063
9 Ch.ac. 0.5485 0.5527 0.5562 0.5583 0.5591 0.5591 0.5574

a Results expressed as average of three independent assays.
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to the experimental data, the specific value of the chloro-
genic acid absorption was found to be 556.21, and it was 
used in our calculations.

The samples of chicory herb studied were analyzed 
using the method developed. The results are presented in 
Table 3. As can be seen from these results, 7 samples stu-

died contain the total amount of hydroxycinnamic acids 
more than 4.0%. These data correlate with those reported 
by the authors (Yezerska et al. 2013; Navarra et al. 2017).

Conclusion

Phenolic substances have been identified by comparing TLC 
profiles of the ethanol extract of chicory and solutions of 
standard substances of hydroxycinnamic acids. On the chro-
matogram of the solutions studied the intense areas with a 
greenish-blue fluorescence are found at the level of the areas 
of the standard solutions of chlorogenic and caffeic acids.

The spectrophotometric procedure for the quantitative 
determination of the total amount of hydroxycinnamic 
acids calculated with reference to chlorogenic acid has 
been developed. To estimate the possible influence of en-
vironmental factors, the total amount of hydroxycinnamic 
acids in 8 chicory samples from different regions of Ukrai-
ne and different years of collection has been determined. 
The content of hydroxycinnamic acids is 1.87% for the 
chicory sample of 2017, from 4.00% to 6.61% for the sam-
ples of 2018. It can be explained by the loss of active sub-
stances during storage. The method proposed has several 
advantages: it is an easy, fast, “greenest” and inexpensive 
method, available today in most laboratories.
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