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Summary: the methodology of bilberry shoots of cinal herbal raw material identi cation by the method of thin layer 
chromatography was developed. It was proposed to perform the identi cation by the means of the appearance of 
chromatographic pro le of the raw material methanol withdrawal comparison with the standard zones of rutin position, 
chlorogenic acid, hyperoside and quercitrin. The formic acid – water – ethyl acetate (6: 9: 90) mixture was proposed as 
the aimed mobile phase.
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Introduction. Bilberry shoots have hypoglycemic 
properties and are used for easy forms of diabetes as 
in the form of plant raw materials and as part of various 
charges, such as Arfazetyn and others [1-4]. Hypogly-
caemic activity of bilberry fruit extract, rich in phenolic 
compounds, was shown on the model of streptozotocin 
diabetes in mice [5]. A number of other types of activity, 
such as antiradical, antineoplastic and anti-in ammatory 
are well studied concerning bilberry fruit and its extracts 
[5-7]. Hypoglycaemic properties of fruit are associated 
with phenolic compounds content, including anthocy-
anins [5, 8].

Shoots of bilberries are considered as herbal sub-
stance that contains tannins, although their presence 
is not associated with mild hypoglycaemic effect. It is 
known that the leaves of bilberry contain tannins, hy-
droxycinnamic acids,  avonoids, triterpene acids and 
vitamins. The highest content of phenolcarboxylic acids 
and  avonoids is observed for shoots harvested in sum-
mer, while the content of catechins and tannins is higher 
for raw materials harvested in autumn [9]. Qualitative 
and quantitative composition of  avonoids and hydroxy-
cinnamic acids of bilberry shoots was investigated in nu-
merous works [8, 10-13].

Standardization of bilberry shoots as herbal sub-
stances is still going to be important because it is still 
little studied and in the State Pharmacopoeia of Ukraine 
there is no corresponding monograph. Manufacturers 
of bilberry shoots of cinal herbal raw material perform 
their identi cation by means of a quality reaction on tan-
nins with ammonium iron (III) sulphate, which is a non-
speci c method. Moreover, taking into consideration the 
literature data and a various biological activity hydroxy-
cinnamic acids and  avonoids it is necessary to study 
their composition for raw materials growing within the 
territory of Ukraine.

The objective of our work was investigation of 
bilberry shoots phenolic compounds with the help of 

chromatographic methods, development of methodology 
of their identi cation, selection of identi cation markers.

Investigation methods. The qualitative composition 
of four bilberry shoots samples that were harvested in 
summer in the following regions: 1 – Transcarpathia, 2 
– Ternopil, 3 – Volyn, 4 – Ivano-Frankivsk, and  ve sam-
ples of "Shoots of bilberries" therapeutic agent, produced 
in PLC "Liktravy", Zhytomyr city was investigated.

The qualitative composition of phenolic compounds 
was studied by the methods of thin layer and high per-
formance liquid chromatography. Chromatographic 
plates Silica gel 60 F

254 
(“Merсk”, Germany), chromato-

graphic chamber "CAMAG", an instrument for spotting 
Linomat 5 (“CAMAG”, Switzerland), lamp for observing 
chromatograms in ultraviolet light "CAMAG" were used 
for investigations by TLC method. Agilent 1200 liquid 
chromatograph with diode array detector ("Agilent", the 
USA) was used for HPLC investigations.

Standard samples of caffeic and chlorogenic acids (Flu-
ka), rutin, hyperoside, quercitrin, isoquercitrin, quercetin, 
kaempferol, luteolin, naringenin, isorhamnetin, myricetin 
and apigenin (Sigma, Fluka) were used for identi cation of 
phenolic compounds. Exact dispensing (3 mg of acids or 
aglycones and 5 mg of  avonoids glycosides) of standard 
samples were dissolved in 10 ml of methanol.

The tested solutions for TLC and HPLC investigations 
of glycoside forms of  avonoids were being prepared by 
boiling of 1 g of the powdered raw material with 25 ml of 
methanol under re ux on a water-bath for 1 hour.

While investigating  avonoids glycosides the TLC 
chromatography was performed in two solvent systems: 
1 – formic acid – water – ethyl acetate (6:9:90); 2 – for-
mic acid – glacial acetic acid – water – ethyl acetate 
(7.5: 7.5: 17: 67.5). 5 ml for standards and 15 ml for the 
tested solutions were applied as 7,5 mm band. Solvent 
front passed over a path of 15 cm from the start. 

The tested solutions for the same content of aglycone 
investigations were prepared by the following algorithm: 
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1. 1 g of the powdered raw material with 1 ml of 5 g/l 
methenamine solution, 40 ml of acetone and 4 ml of hy-
drochloric acid R1 have been boiled for 2 hours on a 
boiling water bath with re ux condenser; 2) the cooled 
mixture was  ltered; 3) the  ltrate was transferred into a 
porcelain cup and a solution was evaporated up to 10 ml; 
4) the resulting solution was transferred in a separating 
funnel using 20 ml of water; 5) the aglycone extraction 
was performed twice during 15 minutes using 15 ml of 
ethyl acetate each time; 6) the ethyl acetate extractions 
were transferred into a separating funnel and washed 
with 50 ml of water during 5 min each time; 7) the  l-
tering of the resulting ethyl acetate extraction was per-
formed through a paper  lter with 5 g of sodium sulphate 
anhydrous into a porcelain cup; 8) the obtained organic 
extraction was carefully evaporated until dryness on a 
water bath at a temperature not higher than 50° C; 9) 
the dry residue was washed with 10 ml of methanol into 
a volumetric  ask.

While investigating  avonoids aglicones by TLC 
methods such mobile phases were used: 1 – chloro-
form – acetic acid (5:2); 2 – benzol – methanol (8:2); 3 
– chloroform – methanol – methyl-ethyl ketone – acetyl 
acetone (70:10:5:1). 5 ml for standards and 15 ml for the 
tested solutions were applied with 7,5 mm band. Solvent 
front passed over a path of 15 cm from the start.

The plate was being heated to 100 ºC for 3 min. Then 
chromatograms observation was performed in ultraviolet 
light with a wave-length of 365 nm after their sequential 
processing with 10 g/l solution of diphenylboric acid ami-
noethyl ester and 50 g/l solution of macrogol in methanol.

Conditions of HPLC analysis were the same for the 
tested solutions of glycosides and  avonoids aglycones:

Test solution. 5 ml of samples stock solution (test solu-
tion for TLC) made up to 100 ml with the mobile phase A.

Reference solution. 5 ml of standards stock solution 
(reference solution for TLC) made up to 100 ml with the 
mobile phase A.

Column: 
– XTerra C 18 (Waters), stationary phase: octadecyls-

ilyl silica gel for chromatography (5 mm);
– size: l = 250 mm, Ж 4,6 mm.
Mobile phase:
– mobile phase A: 0.6 g of sodium dihydrogen phos-

phate monohydrate dissolve in 1000 ml of water for 
chromatography, adjusted pH with phosphoric acid to 
2.5 (potentiometrically).

– mobile phase B: acetonitrile.
Flow rate. 1.0 ml / min with the gradient:

Time, min Mobile phase А   

(% V/V )

Mobile phase В 

(%V/V)
0-5  90  10

5-27  90®80  10®20

27-28  80®50  20®50

28-30  50  50

30-40  50®90  50®10

40-55  90  10

Detection: spectrophotometer at the wavelength of 
330 nm, 370 nm. 

Injection. 50 mL.
Results and discussion. The results of glycoside 

 avonoids forms and phenolcarboxylic acids identi ca-
tion in two solvent systems are shown in table 1. The fol-
lowing conclusions can be done analyzing the obtained 
data: bilberry shoots contain chlorogenic acid mostly 
from phenolcarboxylic acids, the caffeic acid appears on 
the chromatograms as a zone with weak  uorescence 
intensity.

In both solvent systems three located next to each 
other  avonoids zones with an average intensity of  uo-
rescence are shown at the top of the chromatogram; the 
central of these zones is identi ed as a quercitrin. 

Isoquercitrin appears on chromatograms of all sam-
ples as a zone of very weak  uorescence and hypero-
side – with an average  uorescence. Under a zone of 
chlorogenic acid in the  rst solvent system and over a 
zone of chlorogenic acid in the second solvent system, 
much more hydrophilous,  avonoid glycoside appears 
as the most intensive  uorescence area. Another  avo-
noid with a large intensity of  uorescence appears over 
rutin zone in both solvent systems. Flavonoids agly-
cones were not found in methanol extractions of bilberry 
shoots in the described conditions.

 When choosing a solvent system for determining the 
nature of the studied  avonoids aglycones, their mobility 
in three mobile phases studies were performed. Results 
of the mobility factors and colouring zones of various 
aglycones studied are presented in table 2.

 The third mobile phase was chosen as optimal for 
separation of the chosen aglycones  avonoids since it 
allows us to identify separately kaempferol and isorham-
netin that have almost the same  uorescence colouring 
and close location of zones.

The  avonoids aglycone content studying of nine 
bilberry shoots samples allowed to identify aglycones: 
quercetin as a zone of very intense orange  uorescence 
and kaempferol as a zone of weak yellow-blue  uores-
cence. In the described sample processing conditions 
there are other  uorescent zones on the TLC chromato-
gram. Thus, the main bilberry shoots aglycone of  avo-
noids, which grows within the territory of Ukraine and is 
industrially stored up, is quercetin.

As described for HPLC chromatographic conditions 
nine selected samples of bilberry shoots were investi-
gated. Examples of chromatograms for the tested solu-
tions of some regional and industrial samples are shown 
in Figures 1 and 2. 

The results of TLC about the presence of quercitrin, 
hyperoside, traces of rutin, as well as chlorogenic and 
traces of caffeic acid in signi cant amount in all stud-
ied samples of bilberry shoots were con rmed by HPLC 
analysis. HPLC investigation of bilberry shoots samples 
after hydrolysis con rms the presence of quercetin as a 
dominant aglycone and traces of kaempferol. 
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Table 2. Chromatographic properties of aglycone in different solvent systems 

Fig. 1. HPLC-chromatogram of Ternopil region raw material test solution (l=330 nm).

Fig. 2. HPLC-chromatogram of industrial series of raw materials (sample 7) test solution (l=330 nm).

Aglycone The color zones
Dimension of R

f
 in mobile phase

1 2 3

myricetin orange 0,09 0,14 0,10

quercetin orange 0,20 0,29 0,29

luteolin yellow 0,24 0,31 0,34

apigenin yellow-green 0,38 0,44 0,50

kaempferol yellow-blue 0,39 0,45 0,53

isorhamnetin yellow-blue 0,41 0,44 0,58

naryngenin blue 0,48 0,50 0,56
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The obtained data from investigations of phenolic 
compounds qualitative content of Ukrainian bilberry 
shoots samples indicate a difference from raw material 
samples that were investigated and described earlier 
[12, 13]. The main representative of bilberry shoots  a-
vonoids according to [12] is hyperoside, and according 
to [13] – rutin. In the investigated Ukrainian samples six 
 avonoids glycosides are presented two of which (uni-
denti ed) are with intense  uorescence zones between 
the rutin and chlorogenic acid zones – hyperoside and 
quercitrin, and the other two – (unidenti ed) that are 
placed under and over the quercitrin zone. Conditions 
of TLC-identi cation of bilberry shoots were proposed 
by [10] authors; caffeic acid and quercetin-3-O-b-D-
ksylopyranozyd have been identi ed among 4 de ned 
phenol compounds.

The difference between Ukrainian samples analysis 
results and data of [10-13] authors is obviously caused 
by not only differences in sample preparation and sensi-
tivity of the methods used, but also indicates the quality 
different from bilberry shoots phenolic compounds that 
grow in different conditions.

Therefore, TLC identi cation method of bilberry 
shoots was developed for medicinal plants growing in 
Ukraine.

Method of bilberry shoots phenolic compounds 
identi cation.

Test solution. Place 1.0 g of the powdered drug in 
a 50 ml  ask and add 25 ml of methanol. Heat under 
a re ux condenser on a water-bath for 1 hour. Allow to 
cool and  lter.

Reference solution. Disolve 3 mg of the chlorogenic 
acid, 5 mg of rutin, 5 mg of hyperoside, 5 mg of quer-
citrin in 10 ml of methanol. 

Plate: TLC silica gel plate.
Mobile phase: formic acid, water, ethyl acetate 

(6:9:90 V/V).
Application: 15 mL, as 7,5 mm bands.
Development: over a path of 15 cm.
Drying: in air.
Detection: heat at 100º C for 3 min; spray the plate 

whilst still hot with a 10 g/l solution of diphenylboric acid 
aminoethyl ester in methanol and then with a 50 g/l solu-
tion of macrogol 400 in methanol; allow to dry in air for 
about 30 min; examine in ultraviolet light at 365 nm.

Results: see below the sequence of zones present in 
the chromatograms obtained with the reference solution 
and the test solution. Furthermore, others faint zones 
may be present in the chromatogram obtained with the 
test solution.

Conclusions.
All bilberry shoots analyzed samples contain the rutin, 

chlorogenic acid, hyperoside, quercitrin, that have been 
identi ed with the help of TLC and HPLC methods.

TLC identi cation method of bilberry shoots was de-

veloped and these compounds were proposed as iden-
ti cation markers.

Caffeic acid and isoquercitrin are contained in the stud-
ied samples of raw materials in small quantities, so they 
aren't recommended as obligatory identi cation markers.

Fig. 3. Type of the TLC chromatogram in the conditions of bilberry shoots identi cation.
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ВИВЧЕННЯ МОЖЛИВОСТІ ІДЕНТИФІКАЦІЇ ПАГОНІВ ЧОРНИЦІ ХРОМАТОГРАФІЧНИМ МЕТОДОМ 
ЗА СКЛАДОМ ФЕНОЛЬНИХ СПОЛУК

Л. В. Вронська, М. Б. Чубка, А. Є. Демид

Тернопільський державний медичний університет імені І. Я. Горбачевського

Резюме: розроблена методика ідентифікації лікарської рослинної сировини пагонів чорниці методом тонкошарової 
хроматографії. Ідентифікацію запропоновано здійснювати шляхом порівняння вигляду хроматографічного профілю 
метанольного вилучення сировини із положенням зон стандартів рутину, кислоти хлорогенової, гіперозиду і 
кверцитрину. Оптимальною рухомою фазою запропонована суміш formic acid – water – ethyl acetate (6:9:90).

Ключові слова: пагони чорниці, ідентифікація, ТШХ, ВЕРХ, кверцитрин, кислота хлорогенова, рутин, гіперозид.

ИЗУЧЕНИЕ ВОЗМОЖНОСТИ ИДЕНТИФИКАЦИИ ПОБЕГОВ ЧЕРНИКИ ХРОМАТОГРАФИЧЕСКИМ 
МЕТОДОМ ПО СОСТАВУ ФЕНОЛЬНЫХ СОЕДИНЕНИЙ

Л. В. Вронска, М. Б. Чубка, А. Е. Демид

Тернопольский государственный медицинский университет имени И.Я. Горбачевского

Резюме: разработана методика идентификации лекарственного растительного сырья побегов черники методом 
тонкослойной хроматографии. Идентификацию предложено осуществлять путем сравнения вида хроматографического 
профиля метанольного извлечения из сырья с положением зон стандартов рутина, кислоты хлорогеновой, гиперозида 
и кверцитрина. Оптимальной подвижной фазой предложена смесь муравьиная кислота – вода – этилацетат (6: 9: 90).

Ключевые слова: побеги черники, идентификация, ТСХ, ВЭЖХ, кверцитрин, кислота хлорогеновая, рутин, 
гиперозид.
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