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Abstract
Aim. Today, there are a lot of dietary supplements with lingonberry at the pharmaceutical market of Ukraine; therefore, the analy-
sis and quality control of these products are relevant. In this connection, the aim of the research was to study the qualitative 
composition and determine the quantitative content of phenolic compounds in dietary supplements with lingonberry.
Materials and methods. Such dietary supplements as “Extract of lingonberry” (MEDAGROPROM), “Lingonberry” (Danikafarm), 
“Lingonberry nano” (LSS SYSTEM) were chosen for the study. The qualitative analysis was performed by thin layer chromato- 
graphy (TLC), spectrophotometry was used for the quantitative determination.
Results and discussion. Hydroquinone derivatives, flavonoids and hydroxycinnamic acids were found in the dietary supple-
ments analyzed. The total content of phenolic compounds was 8.70, 0.26, 0.30 %, flavonoids – 6.37, 0.15, 0.12 %, hydroxycin-
namic acids – 0.94, 0.06, 0.13 %, and hydroquinone derivatives – 1.01, 0.04, 0.03 % in such dietary supplements as “Extract of 
lingonberry” (MEDAGROPROM), “Lingonberry” (Danikafarm), “Lingonberry nano” (LSS SYSTEM), respectively. 
Conclusions. The qualitative and quantitative analysis of the dietary supplements with lingonberry analyzed has been performed. 
“Extract of lingonberry” (MEDAGROPROM) dietary supplement meets the requirements of the State of Pharmacopoeia of 
Ukraine 2.0, whereas “Lingonberry” (Danikafarm) and “Lingonberry nano” (LSS SYSTEM) do not. Based on the results of the 
study it can be concluded that the problem of compliance of dietary supplements is relevant today and requires the introduction 
of regulatory documentation for the detection and determination of biologically active substances in dietary supplements.
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Дослідження якісного складу та кількісного вмісту фенольних сполук у дієтичних добавках 
з брусницею
Анотація
Мета. Сьогодні на фармацевтичному ринку України існує велика кількість дієтичних добавок з брусницею, тому аналіз 
і контроль якості цих продуктів є актуальними. У зв’язку з цим метою роботи було вивчення якісного складу та визна-
чення кількісного вмісту фенольних сполук у дієтичних добавках з брусницею.
Матеріали та методи. Для дослідження було обрано дієтичні добавки «Екстракт брусниці» (МЕДАГРОПРОМ), «Брусниця» 
(Danikafarm), «Брусниця нано» (LSS SYSTEM). Якісний аналіз проводили методом тонкошарової хроматографії (ТШХ), 
для кількісного визначення використовували спектрофотометрію.
Результати та їх обговорення. У досліджуваних дієтичних добавках було виявлено похідні гідрохінону, флавоноїдів 
та гідроксикоричних кислот. Сумарний вміст фенольних сполук становив 8,70, 0,26, 0,30 %, флавоноїдів 6,37, 0,15, 0,12 %, 
гідроксикоричних кислот 0,94, 0,06, 0,13 % і похідних гідрохінону 1,01, 0,04, 0,03 % для дієтичних добавок «Екстракт 
брусниці» (МЕДАГРОПРОМ), «Брусниця» (Danikafarm), «Брусниця нано» (LSS SYSTEM) відповідно.
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Висновки. Проведений якісний і кількісний аналіз фенольних сполук трьох дієтичних добавок з брусницею дозво-
лив з’ясувати, що дієтична добавка «Екстракт брусниці» (МЕДАГРОПРОМ) відповідає вимогам Державної фармакопеї 
України 2.0, тоді як «Брусниця» (Danikafarm) і «Брусниця нано» (LSS SYSTEM) не відповідають. Результати досліджен-
ня дозволяють констатувати, що проблема відповідності біологічно активних добавок є актуальною, тому необхідним 
постає введення нормативної документації на виявлення та визначення біологічно активних речовин у дієтичних 
добавках.
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■ Introduction

Lingonberry (Vaccinum vitis idaea) is small 
shrubs belonging to the genus Vaccinium, of Erica- 
ceae family. Its berries mature from July to Sep-
tember, while the ripeness time is highly affected 
by the site conditions, precisely altitude, and 
the habitat type. Usually, higher altitudes gene- 
rate later plant ripening when compared with 
lower elevations [1].

The main biologically active substances of lin-
gonberry leaves and berries are phenolic com-
pounds (arbutin, hydroquinone, gallo- and ellago- 
tannins), flavonols (luteolin, kempferol and quer- 
cetin), hydroxycinnamic acids (chlorogenic, cumaric 
and ferulic acids), coumarins, organic acids [2 – 4]. 
The chemical composition of leaves and berries 
are approximately the same, but berries contain 
higher amount of phenolic compounds and or-
ganic acids; moreover, unlike leaves, berries ac-
cumulate anthocyanidin derivatives [5].

Owing to the presence of various phenolic com-
pounds, lingonberry leaves and berries possess 
the antibacterial [6], anti-inflammatory [7], and 
antioxidant activities [8]. Extracts of lingonberry 
leaves have shown to possess multiple beneficial 
properties e.g., diuretic, analgesic and urinary 
antiseptic ones. They also display the anti-cough, 
phlegm removing, anti-inflammatory, neuropro-
tective, and antioxidant activity [9 – 11].

Nowadays at the pharmaceutical market of  
Ukraine one can find a number of dietary supple-
ments for treating urological diseases. One of reasons 
is that 10 % of the Ukrainian population has signs  
of chronic diseases of the genitourinary system.  
Another reason is a high consumer interest in pur-
chasing dietary supplements. According to the Law  

of Ukraine [12] dietary supplements are not subjected 
to the qualitative and quantitative analysis, as a re-
sult, the quality of these products are casted doubt.

Thus, the aim of study was to determine the quali- 
tative composition and the quantitative content 
of phenolic compounds in dietary supplements 
with lingonberry.

■ Materials and methods

Rutin, arbutin, hydroquinone and chlorogenic 
acid were of analytical grade and purchased in 
Sigma-Aldrich.

Three dietary supplements with lingonberry 
of different Ukrainian manufactures were chosen 
for the analysis.

“Extract of lingonberry” contains the extract 
of lingonberry fruits according to the information 
on the label; the dosage form is drops (30 mL), 
the manufacturer is “MEDAGROPROM”, Dnipro.

“Lingonberry” contains leaves and shoots of lin-
gonberry according to the information on the label; 
the dosage form is tablets (100 pcs), the manu-
facturer is “Danikafarm”, Kharkiv.

“Lingonberry nano” contains leaves and fruits 
of lingonberry, intercellular and intracellular li- 
quid of lingonberry leaves and fruits according 
to the information on the label; the dosage form 
is tablets (100 pcs), the manufacturer is “LSS 
SYSTEM”, Kharkiv.

All solvents and reagents were of analyti-
cal grade. “Sorbfil-PTSH-AF-A-UV” plates were 
used for the TLC analysis.

The quantitative analysis of biologically ac-
tive compounds was performed on an UV-1000 
UV-spectrophotometer (China) with a matched 
1 cm quarts cell.
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Preparation of standard solutions for 
the TLC analysis

0.010 g (accurate weight) of each arbutin, rutin, 
chlorogenic acid and hydroquinone was transfer- 
red into four 50 mL measuring flasks, dissolved 
in 96 % ethanol and diluted to the volume with 
the same solvent.

Preparation of the standard solution of 
rutin for the spectrophotometric assay

0.050 g (accurate weight) of rutin was trans-
ferred into a 100.0 mL measuring flask, dissol- 
ved in 96 % ethanol and diluted to the volume 
with the same solvent. 1.0 mL of the solution 
prepared was taken, transferred into a 25.0 mL 
measuring flask and diluted to the volume with 
96 % ethanol.

Preparation of the standard solution of 
arbutin for the spectrophotometric assay

0.015 g (accurate weight) of arburin was trans-
ferred into a 100.0 mL measuring flask, dissol- 
ved in distilled water and diluted to the volume 
with the same solvent.

Preparation of the solution of berlin blue
10.0 g of iron(III) chloride and 0.5 g of potassi-

um hexacyanoferrate were dissolved in 100.0 mL  
of distilled water.

TLC analysis assay
The powder of 7 crushed tablets of each die-

tary supplement was completely dissolved in 96 % 
ethanol, filtered into a 50.0 mL measuring flask and 
diluted to the volume with the same solvent. 5.0 mL 
of “Extract of lingonberry” (MEDAGROPROM) 
was taken, placed into a 25.0 mL measuring flask 
and diluted to the volume with 96 % ethanol. 
To identify arbutin, the developing system consis- 
ting of ethyl acetate/methanol/water (100 : 13.5 : 10) 
was used; for flavonoids and hydroxycinnamic 
acids the developing system was ethyl acetate/ 
glacial acetic acid/formic acid/water (100 : 11 : 11 : 26). 
The samples were spotted using a 10 μL micro-
pipette with 30 μL of the test solutions of the die-
tary supplements and 10 μL of the standards so-
lutions. The sample plates were air dried, then 
placed in chromatographic chambers, which were 
pre-saturated with the developing systems and 
chromatographed in ascending order. When the front 
of the solvent passed about 8 cm, the plates were 
removed from the chambers and dried in air for 
30 min. Arbutin and hydroquinone were detected 
in UV light at wavelengths of 254 and 325 nm.  
For the final determination of catechins, the dried 
plates were treated with Berlin blue solution, 
flavonoids and hydroxycinnamic acids were de-
tected by 10 % solution of NaOH in 96 % ethanol.

Assay for the total content of phenolic 
compounds

The total amount of phenolic compounds was 
determined by the Folin-Ciocalteu method [13]. 
3.2 g (accurate weight) of “Lingonberry” (Danika-
farm) and “Lingonberry nano” (LSS SYSTEM) was 
dissolved in 96 % ethanol and filtered in a 50.0 mL 
measuring flask. 5.0 mL of “Extract of lingonberry” 
(MEDAGROPROM) was dissolved in a 25.0 mL 
measuring flask and diluted to the volume with 
96 % ethanol. An aliquot of the solutions prepa- 
red was mixed with 1.0 mL of 1 M Folin-Ciocal-
teu reagent, the mixture was diluted to the volu- 
me of 25.0 mL with 20 % Na2CO3 solution. The op-
tical density of the solutions was measured at 760 nm 
in 30 min after preparation. The calibration curve 
was plotted using gallic acid, the calibration equa-
tion was y = 0.1055x + 0.1745 (r2 = 0.9951). The to- 
tal amount of phenolic compounds in “Lingon-
berry” (Danikafarm) and “Lingonberry nano” 
(LSS SYSTEM) dietary supplements in 1 tablet 
was calculated by the following equation and ex-
pressed with reference to gallic acid:

X( )% =
Cx •Kdil •maver tab•100 •100

ms • (100 – )W
,

where Сx – is the concentration of gallic acid ac-
cording to the calibration curve, С×10–6, g mL-1; 
ms – is the sample weight, g; 
maver tab – is the average mass of a tablet, g; 
Kdil – is the coefficient of dilution; 
W – is the percentage of moisture, %.

The total content of phenolic compounds in 
“Extract of lingonberry” (MEDAGROPROM) die-
tary supplement in the total volume of drops was 
calculated by the equation and expressed with 
reference to gallic acid:

X( )% =
Cx •Kdil •Vdrops •100

Val

,

where Сx – is the concentration of gallic acid ac-
cording to the calibration curve; С×10-6, g mL-1; 
Val – is the volume of an aliquot, mL;
Vdrops – is the total volume of drops, mL;
Kdil – is the coefficient of dilution.

Assay for the total content of flavonoids
3.2 g (accurate weight) of “Lingonberry” (Danika-

farm) and “Lingonberry nano” (LSS SYSTEM) was 
dissolved in 96 % ethanol and filtered in a 50.0 mL 
measuring flask. 5.0 mL of “Extract of lingonberry” 
(MEDAGROPROM) was added to a 25.0 mL mea- 
suring flask and diluted to the volume with 96 % 
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ethanol (Solution A). An aliquot of Solution A was 
mixed with 1.0 mL of 2 % AlCl3 solution in methanol 
and diluted to the volume of 25.0 mL with 5 % 
solution of glacial acetic acid in methanol. The so-
lution prepared was allowed to stand for 30 min, 
and its optical density was measured at 417 nm. 
An aliquot of Solution A diluted to the volume of 
25.0 mL with 5 % solution of glacial acetic in metha-
nol was used as a compensation liquid [14]. The total  
amount of flavonoids in “Lingonberry” (Danika-
farm) and “Lingonberry nano” (LSS SYSTEM) 
dietary supplements in 1 tablet was calculated 
by the equation and expressed with reference to 
rutin:

X( )% =
A

A

•Kdil •maver tab •100 •100

msst •• (100 – )W
,

where A – is the absorbance of the test solution; 
Ast – is the absorbance of the standard solution 
of rutin; 
ms – is the sample weight, g; 
maver tab – is the average mass of a tablet, g; 
Kdil – is the coefficient of dilution; 
W – is the percentage of moisture, %.

The total content of flavonoids in “Extract of 
lingonberry” (MEDAGROPROM) dietary supple-
ment in the total volume of drops was calculated 
by the equation and expressed with reference to 
rutin:

X( )% =
A

A

•Kdil • •100

st•
,

Vdrops

Val

where A – is the absorbance of the test solution;
Ast – is the absorbance of the standard solution 
of rutin; 
Val – is the volume of an aliquot, mL; 
Vdrops – is the total volume of drops, mL; 
Kdil – is the coefficient of dilution.

Assay for the total content of hydrocin-
namic acids

3.2 g (accurate weight) of “Lingonberry” (Danika-
farm) and “Lingonberry nano” (LSS SYSTEM) was 
dissolved in 96 % ethanol, filtrated in a 50.0 mL 
measuring flask and diluted to the volume with 
the same solvent. 5.0 mL of “Extract of lingonberry” 
(MEDAGROPROM) was dissolved in a 25.0 mL 
measuring flask and diluted to the volume with 
96 % ethanol. An aliquot of the solutions prepared 
was mixed with 2.0 mL of 0.5 M HCl, 2.0 mL 
of 10 % NaNO2, 2.0 mL of 10 % Na2MoO4, 2.0 mL 
of 8.5 % NaOH and diluted to the volume of 25.0 mL 
with distilled water. The optical density of the solu-

tions was measured at wavelength of 525 nm in  
30 min after preparation. The compensation liquid 
was a mixture of 1.0 mL of the extract solution, 
2.0 mL of 0.5 M HCl, 2.0 mL of 8.5 % NaOH diluted 
with distilled water to the volume of 25.0 mL [14]. 
The total amount of hydroxycinnamic acids in 
“Lingonberry” (Danikafarm) and “Lingonberry 
nano” (LSS SYSTEM) dietary supplements in 
1 tablet was calculated by the following equation 
and expressed with reference to chlorogenic acid:

X( )% =
A

188

•Kdil •maver tab•100

ms•• (100 – )W
,

where A – is the absorbance of the test solution; 
188 – is the specific adsorption coefficient of chloro-
genic acid; 
ms – is the sample weight, g; 
maver tab – is the average mass of a tablet, g; 
Kdil – is the coefficient of dilution; 
W – is the percentage of moisture, %.

The total content of hydroxycinnamic acids 
in “Extract of lingonberry” (MEDAGROPROM) 
dietary supplement in the total volume of drops 
was calculated by the equation and expressed with 
reference to chlorogenic acid:

X( )% =
A

188

•Kdil •

•
,

Vdrops

Val

where A – is the absorbance of the test solution; 
188 – is the specific adsorption coefficient of chloro-
genic acid; 
Val – is the volume of an aliquot, mL; 
Vdrops – is the total volume of drops, mL; 
Kdil – is the coefficient of dilution.

Assay for the total content of hydroqui-
none derivatives

3.2 g (accurate weight) of “Lingonberry” (Danika-
farm) and “Lingonberry nano” (LSS SYSTEM) was 
dissolved in 96 % ethanol and filtrated in a 50.0 mL 
measuring flask. 5.0 mL of “Extract of lingonberry” 
(MEDAGROPROM) was dissolved in a 25.0 mL 
measuring flask and diluted to the volume with 
96 % ethanol. 20.00 mL of the aliquot of the solu-
tion obtained was evaporated to dryness on a wa-
ter bath at 80 ºC. The residue was dissolved in 
20.00 mL of water, filtered through a paper fil-
ter, transferred into a separating funnel, than 
mixed with 1 mL of 2 % 4-amino-2,3-dimethyl-
1-phenylpyrazolin-5-one solution, 0.5 mL of 3.3 % 
ammonia solution, 1 mL of 8 % potassium ferri-
cyanide and extracted twice with 20.00 mL of chloro-
form for 10 min. The absorbance was measured 
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at wavelength of 455 nm in 30 min after extraction. 
The compensation liquid was chloroform [14]. 
The total content of hydroquinone derivatives in 
“Lingonberry” (Danikafarm) and “Lingonberry nano”  
(LSS SYSTEM) dietary supplements in 1 tablet 
was calculated by the equation and expressed with  
reference to arbutin:

X( )% =
A

A

•Kdil •maver tab •100 •100

msst •• (100 – )W
,

where A – is the absorbance of the test solution; 
Ast – is the absorbance of the standard solution 
of arbutin; 
ms – is the sample weight, g; 
maver tab – is the average mass of a tablet, g; 
Kdil – is the coefficient of dilution; 
W – is the percentage of moisture, %.

The total content of hydroquinone derivatives 
in “Extract of lingonberry” (MEDAGROPROM) 
dietary supplement in the total volume of drops 
was calculated by the equation and expressed with 
reference to arbutin:

X( )% =
A

A

•Kdil • •100

st•
,

Vdrops

Val

where A – is the absorbance of the test solution; 
Ast – is the absorbance of the standard solution 
of arbutin; 
Val – is the volume of an aliquot, mL; 
Vdrops – is the total volume of drops, mL; 
Kdil – is the coefficient of dilution.

■ Results and discussion

The TLC method was applied for the quali-
tative analysis of dietary supplements. Hydro-
quinone derivatives were detected in the ethyl 
acetate/methanol/water (100 : 13.5 : 10) developing 
system. Substances were detected at wavelengths 

of 254 and 325 nm. The chromatogram showed 
the dominant bands with the value of Rf = 0.40 
(arbutin), Rf = 0.80 (hydroquinone). The chro-
matogram was then sprayed by 10 % solution of 
Berlin blue; blue bands with the same Rf values 
were also detected.

For identification of flavonoids and hydroxy-
cinnamic acids in the dietary supplements ana-
lyzed the ethyl acetate/glacial acetic acid/formic 
acid/water (100 : 11 : 11 : 26) developing system was 
used. The TLC plate was sprayed with 10 % so-
lution of NaOH; as the result, yellow bands with 
values of Rf = 0.35 (rutin), Rf = 0.40 (chlorogenic 
acid) and Rf = 0.55 (hyperoside) appeared.

The total content of phenolic compounds was 
determined by the Folin-Ciocalteu method. As shown 
in Table, the highest amount of phenolic com-
pounds was found in “Extract of lingonberry” 
(MEDAGROPROM) (8.70 %); at the same time, 
only minor amounts of phenolic compounds were 
found in “Lingonberry nano” (LSS SYSTEM) (0.30 %) 
and “Lingonberry” (Danikafarm) (0.26 %).

“Extract of lingonberry” (MEDAGROPROM) was 
much richer in flavonoids (6.37 %) than “Lingon-
berry” (Danikafarm) (0.15 %) and “Lingonberry 
nano” (LSS SYSTEM) (0.12 %).

The highest content of hydroxycinnamic acids 
was found in “Extract of lingonberry” (MEDA- 
GROPROM) (0.94 %), followed by “Lingonberry 
nano” (LSS SYSTEM) (0.13 %) and “Lingonberry” 
(Danikafarm) (0.06 %).

The total content of hydroquinone derivatives 
was dominant in “Extract of lingonberry” (MEDA- 
GROPROM) (1.01 %), while “Lingonberry” (Dani- 
kafarm) (0.03 %) and “Lingonberry nano” (LSS 
SYSTEM) (0.04 %) were quite poor in hydroqui-
nones.

All dietary supplements analyzed contain hydro-
quinone derivatives, flavonoids and hydroxycin-
namic acids. However, the content of biological 
active substances is in minor amounts in “Lin-
gonberry” (Danikafarm) and “Lingonberry nano” 

Table. The total content of phenolic compounds, flavonoids, hydroxycinnamic acids and hydroquinone derivatives in the dietary 
supplements in a dosage form

Preparation
Total phenolic 

compounds Total flavonoids Total hydroxycinnamic 
acids

Total hydroquinone 
derivatives

%[a] X[b] % X % X % X
“Lingonberry” (Danikafarm) 0.26 0.78 mg 0.15 0.59 mg 0.06 0.23 mg 0.04 0.16 mg
“Lingonberry nano”  
(LSS SYSTEM) 0.30 1.10 mg 0.12 0.44 mg 0.13 0.48 mg 0.03 0.11 mg

“Extract of lingonberry” 
(MEDAGROPROM) 8.70 87 mg mL-1 6.37 63.7 mg mL-1 0.94 9.4 mg mL-1 1.01 10.1 mg mL-1

Notes: [a] the percentage of the biologically active compounds in 1 tablet (“Lingonberry” and “Lingonberry nano”) and in the total volume of drops 
 (“Extract of lingonberry”); [b] the content of the biologically active compounds in 1 tablet (“Lingonberry” and “Lingonberry nano”) and in the total  
volume of drops (“Extract of lingonberry”)
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(LSS SYSTEM) dietary supplements, and this fact  
casts doubt the quality of these dietary supple-
ments.

According to the section of “Dietary supple-
ments” of the State of Pharmacopoeia of Ukraine 
(2.0) [14] the minimum content of each vitamin 
and/or mineral substance (nutrients) in the recom-
mended daily amount of dietary supplements 
should be at least 15 % of the recommended daily 
intake. The regulation document of daily intake of 
nutrients “Norms of physiological needs of the po- 
pulation of Ukraine in basic nutrients and energy” 
[14] declares that daily intake of flavonoids is 
250 mg. In this regard the recommended daily 
amount of flavonoids taken with a dietary sup-
plement is 37.5 mg. According to the instruc-
tions for use of dietary supplements, 10 drops 
of “Extract of lingonberry” (MEDAGROPROM) 
are taken in 200 mL of water 3 times a day, 2 tab-
lets of “Lingonberry” (Danikafarm) are taken 3 ti- 
mes a day, and 2 tablets of “Lingonberry nano” 
(LSS SYSTEM) are taken 3 times a day. Thus, a dai-
ly amount of flavonoids in “Extract of lingonberry” 
(MEDAGROPROM) is 110.49 mg, in “Lingonberry” 

(Danikafarm) – 3.52 mg, and in “Lingonberry nano”  
(LSS SYSTEM) – 2.61 mg. The results obtained 
show that “Lingonberry” (Danikafarm) and “Lingon-
berry nano” (LSS SYSTEM) dietary supplements 
do not meet the requirements of the State of  
Pharmacopoeia of Ukraine 2.0 in relation to the re- 
commended daily amount of nutrients of dietary 
supplements, therefore, these dietary supplements 
are of poor quality and cannot be recommended 
for application.

■ Conclusions

“Extract of lingonberry” (MEDAGROPROM) 
dietary supplement meets the requirements of the  
State of Pharmacopoeia of Ukraine 2.0, whereas 
“Lingonberry” (Danikafarm) and “Lingonberry  
nano” (LSS SYSTEM) do not comply with the re- 
quirements.Based on the results of the study it 
can be concluded that the problem of compliance 
of dietary supplements is relevant today and re-
quires the introduction of regulatory documen-
tation for the detection and determination of bio- 
logically active substances in dietary supplements.
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