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Abstract 
We conducted the identification, separation and quantitative determination of phenolic compounds of 
European cranberry bush fruits using high performance liquid chromatography (HPLC). The compounds 
were separated on a Supelco Discovery C18 column. As a mobile phase we used solvent A which is 95% 
of the mobile phase mixture – 0.005 N orthophosphoric acid and 5 % of the solvent B – acetonitrile (for 
determination of phenolic compounds); solvent A which is 0.1% trifluoroacetic acid and 5% acetonitrile 
and water pH = 2.08 and 0.1% solvent B - trifluoroacetic acid and acetonitrile (for determination of 
tannins); solvent A - 0,005 N orthophosphoric acid and solvent B - acetonitrile (for determination of 
flavonoids). 
The highest content of epigallocatechin (0.56%), gallocatechin (0.20%) and epicatechin (0.17%), also 
chlorogenic acid (1.77%) was detected in Viburnum opulus L. fruits. 
 
Keywords: Viburnum opulus L., fruits, HPLC, gallic acid, gallocatechin, epigallocatechin, catechin, 
epicatechin, epicatechin gallate, ellagic acid, hyperoside, coumarin, rutin, quercetin 3-D-glucoside, 
chlorogenic, caffeic, rosmarinic, ferulic and p-coumaric acids, umbelliferone 
 
1. Introduction 
Today, many scientists explore ethnoplants. In Ukraine the most glorious ethnoplant is 
European cranberry bush (Viburnum opulus L.).  
Viburnum opulus L. (kalyna) is one of the national symbols of Ukraine. Its berries symbolize 
blood and the undying trace of family roots. Kalyna is often depicted on the Ukrainian 
embroidery: towels and shirts [1]. 
Viburnum opulus L. (common name guelder-rose) is a species of flowering plant in 
the family Caprifoliaceae native to Europe, northern Africa and central Asia [1].  
European Cranberrybush is very beautiful plant with showy creamy-white inflorescences in 
spring, red berries throughout autumn, and bold texture with raisin-like fruits in winter [2, 3]. 
V. opulus is a deciduous shrub growing to 2–5 m tall. The leaves are opposite, three-lobed, 5–
12.5 cm long and broad with a rounded base and coarsely serrated margins. The leaf buds are 
green, with valvate bud scales [1, 3]. 
The hermaphrodite flowers are white, produced in corymbs 4–11 cm in diameter at the top of 
the stems; each corymb comprises a ring of outer sterile flowers 1.5–2 cm in diameter with 
conspicuous petals, surrounding a center of small (5 mm), fertile flowers; the flowers are 
produced in early summer, and pollinated by insects [1].  
The fruit is a globose bright red drupe 7-10 mm diameter, containing a single seed with 
astringent taste. Green globular immature fruits of summer mature to pendulous clusters of 
bright cherry-red fruits in late August, persistent and attractive throughout autumn, then 
shriveling and fading in winter, and remaining into the following spring [1, 2, 4]. 
During the winter months it is also possible to harvest the fruits because of their resistance to 
cold weather. Although there is a decrease in the content of bioactive substances, the amounts 
of dry matter and sugars increase [4]. 
Viburnum opulus is not pharmacopoeial plant.  
This plant has healing properties, so it is widely used in folk medicine. European cranberry 
bush fruits attracted our attention by its composition of biologically active substances (BAS) 
which may be unique in treatment of facial problems [3]. 
Our aim is the identification, separation and quantitative determination of phenolic compounds 
in Viburnum opulus L. fruits, which we want to use for creation of new cosmetics. 
 
2. Material and methods: Viburnum opulus L. fruits were used. 
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The study was conducted on the liquid chromatograph Agilent 
1200 3 D LC System Technologies (USA) with diode array 
detector G1315S; column: Supelco Discovery C18 HPLC 
Column (250 × 4,6 mm); silica gel, modified with okta decile 
groups, was used as an adsorbent, grains 5 μm in diameter; 
column thermostat temperature – 25 °C. The sample was 
injected by autosampler G1329A, sample volume – from 5 to 
20 μL. 
Mobile phase preparation. For the determination of phenolic 
compounds 95% of the mobile phase mixture – 0,005 N 
orthophosphoric acid as solvent A and 5% acetonitrile as 
solvent B were used; for the determination of tannins 0,1% 
trifluoroacetic acid, 5% acetonitrile and water pH = 2.08 as 
solvent A and 0,1% trifluoroacetic acid and acetonitrile as 
solvent B were used; to determine flavonoids - - 0,005 N 

orthophosphoric acid as solvent A and acetonitrile as solvent 
B. 
Chromatographic parameters are presented in Table 1. 
Sample processing. 1.00 g (accurate weight of European 
cranberry bush crushed fruits) was placed into a 50 ml round-
bottom flask, 25 ml of 60% methanol solution (to determine 
hydroxycinnamic acids, coumarins and flavonoids) and 25 ml 
of bidistilled water (to determine tannins) were added; 
extracting was conducted on a boiling water heater under 
reflux condenser while stirring for 30 minutes. The extract 
was cooled, filtered, quantitatively transferred into 50 or 100 
ml measuring flask and volume of the solution was made up 
to the mark by 60% methanol or bidistilled water. The 
obtained solution was filtered through a membrane filter with 
a pore size of 0.45 µm [5 - 7].

 
Table 1: The chromatographic regime of BAS 

 

Chromatographic regime Phenolic compounds Tannins Flavonoids 
The maximum feed rate of the mobile phase, mL/min 0,7 mL/min 0,1 mL/min 0,1 mL/min 

Operating pressure of eluent, bar or kPa 100-120 bar (10000―12000 kPa) 400 bar (40 kPa) 156 bar 
Run time, min 50 min 40 min 60 min 

Wavelength, nm 320, 330 nm 280, 255 nm 255 nm 
For the separation of substances the following conditions were used, which are presented in Table 2. 

 
Table 2: Conditions of BAS elution gradient mode 

 

Phenolic compounds 
Time, min 0 8 15 30 40 41-42 43-50 

Eluent B, % 5 8 10 20 40 75 5 
Tannins 

Time, min 0 8 10 15 20 25 28 29
Eluent B, % 0 12 12 25 25 75 75 0 

Flavonoids 
Time, min 0 30 33 38 40 41 49 

Eluent B, % 12 25 25 30 40 80 12 
 
To select the optimum analytical detection wavelength the 
UV spectrum of standard samples (manufacturer Sigma-
Aldrich) were studied. Standard samples: quercetin, 
isoquertsetin, rutin, apigenin, luteolin, gallic acid were 
dissolved in methanol P (gradient grade, for HPLC,> 99.9%, 
Sigma-Aldrich). The above mentioned standard solutions 

were prepared in concentration of 50-200 mg/L. Five-level 
calibration of methanol standard solutions of catechins 
(gallocatechin, catechin, epigallocatechin, epicatechin, 
epicatechin gallate) was conducted in automatic injection 
mode with injection volume programming (4, 12 20, 28, 40 
mg/L). 
 
3. Results and Discussion. In the studied object gallic acid, 
major catechins (gallocatechin, epigallocatechin, catechin, 
epicatechin) and complex catechin (epicatechin gallate), 
flavonoids (rutin, hyperoside, quercetin-3-D-glucoside, 
quercetin, luteolin), hydroxycinnamic acids (n-coumaric, 
caffeic, ferulic, rosemarinic) and their derivatives 
(chlorogenic acid) and coumaric acid lactones (umbelliferone) 
were identified and their quantitative content was measured 
(see Fig. 1 - 3).  

 

 
 

Fig 1: The chromatogram of catechins λ = 280 nm: 1 - gallic acid, 2 - gallocatechin 3 - epigallocatechin 4 - catechin, 5 - epicatechin, 6 - 
epicatechin gallate. 
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Fig 2: The chromatogram of flavonoids λ = 255 nm: 1 – hyperoside, 2 - rutin, 3 - quercetin, 4 - luteolin, 5 - quercetin-3-D-glucoside. 
 

 
 

Fig 3: The chromatogram of hydroxycinnamic acids and hydroxycoumarin λ = 320 nm: 1 - chlorogenic acid, 2 - caffeic acid, 3 - rosemarinic 
acid, 4 - ferulic acid, 5 - n-coumaric acid, 6 - umbelliferone.

 
According to the results of analysis Viburnum opulus fruits 
contain mainly major catechins such as epigallocatechin 
(0.56%), gallocatechin (0.20%) and epicatechin (0.17%) and 
chlorogenic acid (1.77%). The quantitative content of 
phenolic compounds in European cranberry bush fruits is 
presented in Table 3. 
Such BAS are useful in cosmetology. Catechins exhibit strong 

antioxidant effect, inhibit the cleavage of collagen and elastin; 
suspend the glycation and inhibit the ageing processes. The 
chlorogenic acid (the alcohol ester of caffeic acid) also exhibit 
strong antioxidant effect, it is natural UV filter. This acid 
binds iron, protects skin cells especially from sun damage, 
inhibit the process of lipid peroxidation, improves skin 
elasticity [8 - 10]. 

 
Table 3: The quantitative content of phenolic compounds in European cranberry bush fruits. 

 

Tannins 
Quanti-tative 

content, % 
Flavonoids 

Quanti-tative 
content, % 

Hydroxycinnamic acids 
and hydroxycoumarin 

Quanti-tative 
content, % 

Gallic acid 0,01 Hyperoside 0,01 Chlorogenic acid 1,77
Gallocatechin 0,20 Rutin 0,03 Rosemarinic acid 0,008 

Epigallocatechin 0,56 Quercetin-3-d-glucoside 0,008 Caffeic acid 0,009 
Catechin 0,06 Quercetin 0,01 Ferulic acid 0,004 

Epicatechin 0,17 Luteolin 0,005 n-coumaric acid 0,003 
Epicatechin gallate 0,09 - - Umbelliferone 0,03 

 
4. Conclusions  
1. Using HPLC analysis tannins, flavonoids and 

hydroxycinnamic acids were identified and their 
quantitative content was measured in Viburnum opulus 
fruits. 

2. According to the results of the research major catechins 
such as epigallocatechin (0.56%), gallocatechin (0.20%) 
and epicatechin (0.17%), also chlorogenic acid (1.77%) 
are prevalent. 

3. These compounds are widely used in cosmetology, that’s 
why their application in cosmetic forms is future-proof. 
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