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ABSTRACT 
 
Calluna vulgaris (L.) Hull (heather) is used in folk medicine for treating urinary 
tract disturbances and against the common cold and rheumatoid arthritis. The 
aim of this study was to evaluate the level of 5-caffeoylquinic (5-CQA), the most 
individual chlorogenic acid with the wide spectrum of pharmacological 
properties. Water and ethanol-water mixture were used for extraction from wild 
and greenhouse cultivated heather flowers. The extracts from each plant were 
also evaluated for the determination of total phenolic content using Folin-
Ciocalteu assay and DPPH radical-scavenging activity. The 5-CQA content was 
higher using water-ethanol mixture in comparison to water infusion and 
increased in the order: wild heather < garden-violet < garden-white. Elevated 
temperature promotes only the water extraction yields. The extracts of C. 
vulgaris with high antioxidant properties may be considered as a good source of 
5-CQA to be explored in pharmaceuticals, foodstuffs, feed additives and 
cosmetics. 
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INTRODUCTION 
 
Chlorogenic acids (CGAs) include a group of the esters of 
caffeic, ferulic or  p-coumaric acids with quinic acid found 
in almost every existing plant. The most abundant 
chlorogenic acid in nature is 5-caffeoylquinic acid (5-CQA). 
The primary source of CGs in the human diet is green and 
processed coffee beans. Robusta coffee beans typically 
contain higher levels of CGAs than Arabica beans (Yashib 
et al., 2013; Jeszka-Skowron et al., 2016). Green coffee 
extract is used for production of encapsulated food 
supplements and some beverages (Budryn et al., 2016). 
CGAs are also a major soluble polyphenols found in 
various fruits such as pears, apples, plums, cherries as well 
as vegetables such as potatoes, tomato and eggplants 
(Awad et al., 2000; Niggeweg et al., 2004; Cui et al., 2005; 
Zheng and Clifford, 2008; Upadhyay and Rao, 2013). 
Chlorogenic acids are found as a significant component in 
certain commonly used Chinese medicinal plants (Wang et 
al., 2008; Marques and Farah, 2009; Carnonara et al., 2012; 
Liang and Kitts, 2016). 

Chlorogenic acids attracted significant attention due to 
their wide spectrum of pharmacological properties 
including anti-oxidant properties, anti-bacteria, anti-
cancer effects and anti-diabetic activity, cardiovascular 
protection as well as reducing blood sugar (Maalik et al., 
2016; Liang and Kitts, 2016). Novel CGAs studies focused 
on their analgesic effect by promoting voltage-gated 
potassium channels activation and effect on iso-
propterenol-induced DNA damage in vascular smooth 
muscle cells (Wang et al., 2016). 

In recent years, there is growing interest in evaluating 
the availability of natural plant extracts (with a pleasant 
smell and taste) as an alternative to the use of synthetic 
anti-oxidants such as butylated hydroxyanisole (BHA) and 
butylated hydroxytoluene (BHT) by the food, 
pharmaceutical and cosmetic industries. Calluna vulgaris 
(L.) Hull (heather), a member of the Ericaceae family, can 
be found in most parts of Europe and Northern America. 
The plant material is a part of the traditional folk medicine 
for treating urinary tract disturbances and inflammatory 
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related disorders (Monschein et al. 2010) as well as 
against the common cold and rheumatoid arthritis 
(Hooper and Cassidy, 2006). Pharmacological studies 

showed also anti-septic, anti-oxidant and MAO-A 
inhibitory   effects (Saaby et al., 2009;  Deliorman-Orhan et  
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al., 2009; Ghareeb et al., 2012). 

The objective of this study was to evaluate the level of 5-
caffeoylquinic, the most individual CGA in the extracts of 
wild and greenhouse cultivated heather flowers. Water 
and ethanol-water mixtures were used for extraction. The 
extracts from each plant were also evaluated for the 
determination of total phenolic content and DPPH radical-
scavenging activity. A review of the literature revealed 
very little data on anti-oxidant properties of different 
extracts of C. vulgaris flowers (Deliorman-Orhan et al., 
2009). 
 
 
MATERIALS AND METHODS 
 
Plant material 
 
The aerial parts of wild C. vulgaris were collected in central 
Poland (the Mazovia region) from 12-years old pine wood 
(N 52° 41’, E 21° 29’). The voucher specimen was 
authenticated by Dr. Catherina Fyalkowska from Forest 
Ecology Department of Forest Research Institute, Poland. 
This sample was labelled as wild. Sample of the cultivated 
garden C. vulgaris plant was obtained from the specialist 
garden store (PNOS Warszawa, Poland). Two popular 
garden cultivars of C. vulgaris were examined –with violet 
flowers (labelled as G-violet) and with white flowers 
(labelled as G-white). The collected plant material was air 
dried at ambient temperature (~20°C) and stored in paper 
bags until it was time to perform the analysis. 
 
 
Extraction 
 
Dry plant material (700 mg) was mixed with 25 ml of 
appropriate solvent for a number of independent time 
points at room or elevated temperature. Then, the extracts 
were filtered through Whatman No.1 filter paper. For a 
given sample, three independent extractions were carried 
out. 
 
 
Quantification of 5-caffeoylquinic acid 
 
The amount of 5-CQA was determined by Shimadzu LC 
system coupled to 3200 QTRAP mass spectrometer 
(Applied Biosystem/MDS SCIEX). An MS system was 
equipped with an ESI source operated in negative-ion 
mode. Nitrogen was used as the collision induced 
dissociation (CID) gas. The precursor ions for chlorogenic 
were monitored at m/z 353.0. That precursor ion was 
subject to CID and the daughter ions with m/z 191.0 were 
monitored. Kinetex TM C18 column (100 × 2.1 mm and 2.6 
μm) from Phenomenex was used with formic acid (2 

mmol/L and pH 2.8) as eluent A and acetonitrile as eluent 
B. The mobile phase was delivered at 0.2 ml/min in linear 
gradient mode: 0 to 5 min. 20% B, 10 to 15 min 25% B, 20 
to 25 min 30% B, 30 to 31 min 90% B, 32 min 20% B. 
Quantification was done from the calibration curve 
obtained in the selected reaction mode. The limit of 
detection under the used conditions was 1 μg/L. Data are 
presented as means ± standard deviation. 
 
 
Determination of total phenolics 
 
The total content of phenolics (TP) was evaluated using 
Folin-Ciocalteu (FC) assay. 0.1 ml of sample was mixed 
with 0.1 ml of FC reagent and 0.9 ml of water. After 5 min, 
1 ml of 7% (w/v) Na2CO3 and 0.4 ml of water were added. 
The mixture was incubated for 30 min. The absorbance 
was measured at 765 nm against the reagent blank. The 
results were expressed as mg of gallic acid per gram of dry 
sample. Each analysis was done in three repetitions. 
 
 
DPPH radical-scavenging activity 
 
The stable DPPH radical was used for determination of 
free radical-scavenging activity of the extracts. Diluted 
sample extract (0.1 ml) was added to 2.4 ml DPPH solution 
(3 × 10-5 M) in methanol. After 30 min, the absorbance was 
measured at 539 nm. Solution of butylated hydroxytoluene 
(BHT) in the concentration range up to 10 μM was used for 
the calibration curve and the results were expressed in 
mM of BHT per gram of dry matter. Analyses were run in 
three replicates. 
 
 
RESULTS AND DISCUSSION 
 
Ethanol or methanol as well as their mixtures with water 
are commonly used for the extraction of polyphenolic 
compounds from plant materials as these solvents 
presumably rupture cell membranes and enhance the 
extraction of endocellular materials (Ajila et al., 2011; 
Acosta-Estrada et al., 2014). The presence of water is 
helpful to enhance swelling of plant material, which is 
favourable to increase the contact surface area between 
the plant matrix and the solvent, resulting in increase of 
the extraction yield. Several studies suggested that the 
content of phenolics decreased with increasing 
concentration of alcohol above 60% (v/v) (Marques and 
Farah, 2009; Waszkowiak and Giszczyńska-Świgło, 2014). 

The main group of CGAs found in nature are the 
caffeoylquinic acids which differ with respect to the 
isomerization of quinic acid. In the preliminary studies, it 
was found that the extracts of heather flowers (regardless 



of the used solvent) contained only the traces of 3-CQA and 
4-CQA isomers and 5-CQA was the major CGA. Thus, in our 
study, the content of 5-caffeoylquinic acid in the extracts of 

C. vulgaris vs. extraction time was determined. Three 
different samples of heather were extracted with an 
aqueous solution of 60% ethanol and compared with those  
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Figure 1. Kinetic extraction chlorogenic acid from wild heather flowers using water and water-ethanol (40/60, v/v) mixture. 

 
 
prepared as infusion using just water. Figure 1 shows the 
obtained results. The concentration of 5-CQA increased 
rapidly initially before reaching an equilibrium 
concentration at about 15 min for water and 20 min for 
water-ethanol mixture. As it was expected, its content was 
higher using water-ethanol mixture in comparison to 
water infusion because phenolic compounds are better 
soluble in alcohols than in water. The efficiency of 5-CQA 
extraction by these two solvent became bigger at longer 
time. The effect of extraction time on the content of total 
phenolic compounds (evaluated by Folin-Ciocalteu assay) 
from that sample shows similar trend, but the equilibrium 
concentration was reached at about 10 min (Figure 2). 

The recovery of phenolic compounds from plant 
materials is also influenced by the extraction temperature 
(Ajila et al., 2011; Acosta-Estrada et al., 2014). An increase 
in the extraction temperature can promote higher analyte 
solubility by increasing both solubility and mass transfer 
rate. In addition, the viscosity and the surface tension of 
the solvents are decreased at higher temperature, which 
helps the solvents to reach the sample matrices. However, 
many phenolic compounds could be easily oxidized and 
degraded. Dawidowicz and Typek (2010) found that 

several compounds (derivatives or the products of 
reaction with water) could be formed from CGAs during 
the heating of its water solution. The degradation during 
the incubation of this compound at 37°C and pH 5.0 to 9.0 
was time and pH dependent, namely, the rate constant was 
higher at higher pH (Narita and Inouye, 2013). Therefore, 
it is of critical importance to select efficient extraction 
procedure/method and maintain the stability of phenolic 
compounds.  

In our study, the content of 5-CQA as well as total 
phenolics in the extracts of wild and greenhouse cultivated 
heather flowers and room (20°C) and elevated 
temperature (55°C) were investigated. Table 1 shows the 
obtained results. Due to better solubility of 5-CQA in 
ethanol, the extraction efficiency using hydroalcoholic 
solvent is higher in comparison to water alone. Elevated 
temperature promotes the extraction yields only for water 
infusions. The content of 5-caffeoylquinic acid in the 
studied extracts increases in the order: wild heather < 
garden-violet < garden-white. Similar order was obtained 
in FC assay, but the increase in extraction temperature led 
to more significant increase in the content of total phenolic 
compounds, especially for garden plants (Table 1).  



For plant derived products based on wild-grown plants, 
environmental and climatic parameters have higher 
impact on the composition and quantity of secondary 

metabolites than in those derived from cultivation, where 
at least some of these factors can be controlled. The 
observed  differences   between   wild and garden cultivars  
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Figure 2. Content of total phenolics extracted from wild heather flowers using water and water-ethanol (40/60, v/v) mixture. 

 
 

Table  1.  Comparison  of  content  of  chlorogenic  acid  and  total  phenolic  compounds  in different 

extracts of wild and garden heather flowers in relation to extraction temperature. 

 

Sample Temperature (°C) 
Water 

 

Water-ethanol 

CGA (mg/g) TP (mg GA/g) CGA (mg/g) TP (mg GA/g) 

Wild 
20 1.04 ± 0.031a 53.4 ± 1.22a 1.52 ± 0.029a 92.7 ± 3.45a 

55 1.14 ± 0.043b 59.1 ± 1.45b 1.19 ± 0.037b 94.0 ± 2.21a 

  

G-violet 
20 0.96 ± 0.074b 59.4 ± 1.65b 1.30 ± 0.028c 89.1 ± 1.72b 

55 1.12 ± 0.049b 74.3 ± 1.40c 1.29 ± 0.043d 113.9 ± 2.25c 

   

G-white 
20 0.60 ± o.033c 41.2 ±0.58d 1.00 ± 0.021c 57.6 ± 1.07d 

55 0.75 ± 0.021d 7.6 ± 1.07b 0.97 ± 0.020e 81.0 ± 1.90e 

 
 
may be caused by the composition of soil, its salinity or 
presence of some metal ions (Monschein et al., 2010). 
Amounts of phenolic acids in the leaves of Glycin 
tomentella Hayata (famous medicinal herb in Asia)) from 
varied soil cultivations were in the order: loam > sand > 
red loamy sand (Lin et al., 2010). 

Marques and Farah (2009) reported the contents of 5-

CQA in 14 dried medicinal plants in 40% methanolic 
extracts in the range of 0.04 mg/g for Ginkgo bilbao to 
15.99    mg/g    for   green  Llex   paraguariensi (mate).  The  

 
aqueous infusions of these plants contained from 0.11 to 
0.65 mg per cup (200 ml) of 5-CQA. In Western herbal 
medicine, the herb especially known for its CGA content is 
artichoke leaves. Negro et al. (2012) found the content of 



5-CQA in the extracts (acetone-ethanol-methanol, 
70/15/15, v/v) of this plant in the range of 0.29 to 0.92 
mg/g of fresh matter depending on the genotype. 

Chlorogenic acids are also important cinnamic acid 
derivatives in fruits. 5-CQA concentrations in peach, apple 
and   grape   juices   were   found  to   be 0.92, 4.21 and 0.75  

Academia Journal of Medicinal Plants; Drozdz.      079 
 
 
 

 
 

Figure 3. Scavenging activity against DPPH radicals for different extracts of Calluna vulgaris. 

 
 
mg/L (Hao et al., 2016). Therefore, the extracts of C. 
vulgaris may be considered a good source of 5-
caffeoylquinic acid to be explored in pharmaceuticals, 
foodstuffs, feed additives and cosmetics. 

Figure 3 shows the anti-radical activity measured for the 
extracts of studied heather plants expressed as BHT 
equivalent in mmole per gram of dry matter. Water-
ethanol mixture was found to be the most effective in 
producing scavenging activity against DPPH radicals. For 
the extracts of wild-grown C. vulgaris plant as well as the 
garden-violet cultivar the highest values were obtained. 
The high amount of 5-CQA and total phenolics in the 
extracts may explain their high anti-oxidant properties. It 
was found that ethanolic extract of heather plant exhibited 
the highest anti-oxidant activity in DPPH assay in 
comparison to the extracts from Ferula hermonis and 
Tribulus terrestris, which are widely distributed in warm 
regions of Europe and Asia (Ghareeb et al., 2014). 
Additionally, C. vulgaris extract was the most potent 
inhibitor of acetylcholinesterase and α-glucosidase. 
 
 
ACKNOWLEDGEMENTS 
 
The authors would like to thank Forest Research Institute 

for financial support given to the project ‘The possibility of 
utilization non-wood forest products (NWFPs) as a source 
of anti-oxidants beneficial for health supplements’, topic  
 
no. 260801. 
 
 
REFERENCES 
 
Acosta-Estrada BA, Gutiérrez-Uribe,JA, Serna-Saldivar SO (2014) Bound 
phenolics in foods, a review. Food Chem. 152:46-55. 
Ajila CM, Brar SK, Verma M, Tyagi RD, Godbout S,   Valéro (2011) 

ExtractionJR and analysis of polyphenols: Recent trends. Crit. Rev. 
Anal. Chem. 31:227-249. 

Awad MA, de Jager A, van Westing LM (2000) Flavonoid and chlorogenic 
acid levels in apple fruit: characterisation of variation. Sci. Hort. 
83:249-256. 

Budryn G, Zaczynska D, Oracz J (2016) Effect of addition of green coffee 
extract and nanoencapsulated chlorogenic acids on aroma of different 
food products. LWT –Food Sci.Technol. 73:197-204. 

Carbonara T, Pascalea R, Argentieria MP, Papadia P, Fanizzi FP, Villanova 
L, Avato P (2012) Phytochemical analysis of a herbal tea from 
Artemisia annua L. J. Pharm. Biomed. Anal. 62:79-86. 

Cui T,  Nakamura K,  Ma L,  Li JZ,  Kayahara H (2005) Analyses of arbutin 
and chlorogenic acid, the major phenolic constituents in oriental pear. 
J. Agric. Food Chem. 53 3882-3887. 

Dawidowicz AL, Typek R (2010) Thermal stability of 5-o-caffeoylquinic 
acid in aqueous solutions at different heating conditions. J. Agric. Food 
Chem. 58:1278-12584. 

Deliorman-Orhan D, ŞenoS,Kartal M, Orhan I (2009) Assessment of 
antiradical potential of Calluna vulgaris (L.) Hull and its major 

http://pubs.acs.org/author/Cui%2C+Tong
http://pubs.acs.org/author/Nakamura%2C+Kozo
http://pubs.acs.org/author/Ma%2C+Liang
http://pubs.acs.org/author/Li%2C+Jian-Zhong
http://pubs.acs.org/author/Kayahara%2C+Hiroshi


flavonoid. J. Sci. Food Agri. 89:809-814. 
Ghareeb D, ElAhwany AMD, El-mallawany SM, Saif AA (2012) In vitro 

screening for anti-acetylcholiesterse, anti-oxidant, anti-glucosidase, 
anti-inflammatory and anti-bacterial effect of three traditional 

medicinal plants. Biotechnol. Biotechnol. Equip. 28:1155-1164. 
Hao Y, Gao R, Liu D, He G, Tang Y, Guo Z (2016) selective extraction and 

determination of chlorogenic acid in fruit juices using hydrophilic  

Academia Journal of Medicinal Plants; Drozdz.      080 
 
 
 

magnetic imprinted nanoparticles. Food Chem. 200:215-222. 
Hooper L, Cassidy A (2006) A review of the health care potential of 

bioactive compounds. J. Sci. Food Agric. 85:1805-1813. 
Jeszka-Skowron M, Sentkowska A, Pyrzynska K, Paz  De Peńa M (2016)  

Chlorogenic acids, caffeine content and antioxidant properties of green 
coffee extracts: influence of green coffee bean preparation. Eur. Food. 
Res. Technol. 242:1403-1409. 

Liang N, Kitts DD (2016) Role of chlorogenic acids in controlling oxidative 
inflammatory stress conditions. Nutr. 8:16-37. 

Lin JT, Liu SC, Tsay GJ, Yang DJ (2010) Composition of flavonoids and 
phenolic acids in Glycin tomentella Hayata cultivated in various soils. 
Food Chem. 121, 659-665. 

Maalik A, Bukhari SM, Zaidi A, Shah KH, Khan FA (2016). Chlorogenic 
acid: A pharmacologically potent molecule. Acta Pol. Pharm. 733:851-
854. 

Marques V, Farah A (2009) Chlorogenic acids and related compounds in 
medicinal plants and infusions. Food Chem. 113:1370-1376. 

Monschein M, Nira JI, Kunert O, Bucar F (2010) Phytochemistry of 
heather (Calluna vulgaris (L.) Hull and its altitudinal alteration. 
Phytochem. Rev. 9:205-215. 

Narita Y, Inouye K (2013) degradation kinetics of chlorogenic acid at 
various pH values and effects of ascorbic acid and epigallocatechin 
gallate on its stability under alkaline conditions. J. Agric. Food Chem. 
61:966-972. 

Negro D, Montesano V, Grieco S, Crupi P, Sarli G, De Lisi A, Sonnante G 
(2012) Polyphenol compounds in artichoke plant tissues and varieties. 
J. Food Sci. 77:244-252. 

Niggeweg R, Michael AJ, Martin C (2004) Engineering plants with 
increased levels of the antioxidant chlorogenic acid. Nat. Biotechnol. 
22:746-752. 

Saaby L,   Rasmussen   HB, MAO Jäger-A  (2009) A inhibitory activity of 
quercetin from Calluna vulgaris (L.) Hull. J. Ethnopharmacol. 121:178-
181. 

Upadhayay R, Rao LJM (2013) An outlook on chlorogenic acids –
occurrence, chemistry, technology, and biological activities. Crit. Rev. 
Food Sci. Nutr. 53: 968-984. 

Wang J, Li J, Liu J, Xu M, Tong X, Wang J (2016) Chlorogenic acid prevents 
isoproterenol-induced DNA damage in vascular smooth muscle cells. 
Mol. Med. Rep. 14:4063-4068. 

 
 

Wang Z, Clifford MN, Paul SP (2008) Analysis of chlorogenic acids in 
beverages prepared from Chinese health foods and investigation, in 
vitro, of effects on glucose absorption in cultured Caco-2 cells. Food 
Chem. 108:369-373. 

Waszkowiak K, Świgło G (2016) Water solvents Binary affect 
phenolicethanol profile and antioxidant capacity of flaxseed extracts. 
Eur. Food Res.Technol. 242:777-786. 

Yashib A, Yashib Y, Wang JY, Nemzer B (2013) Antioxidant and antiradical 
activity of coffee. Antioxid. 2:230-245. 

Zheng W, Clifford MN (2008) Profiling the chlorogenic acids of sweet 
potato (Ipomoea batatas) from China. Food Chem. 106: 147–152. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Cite this article as: 
 
Drozdz P, Sentkowska A, Pyrzynska K (2016). Calluna Vulgaris (L.) 
Hull as a Source of Chlorogenic Acid. Acad. J. Med. Plant. 4(12): 075-
080. 
 
Submit your manuscript at  
http://www.academiapublishing.org/journals/ajsr     
 


