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Qualitative and quantitative analysis of phenolic 
constituents in elderberry juices*
Qualitative und quantitative Analyse von phenolischen Verbindungen in 
Holundersäften**
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Introduction

The protective effect of fruit and vegetables on can-
cer has been emphasized and different groups [1-3] 
overviewed the relation between cancer and the con-
sumption of diets rich in fruit and vegetables. Today 
fruit juices are consumed frequently and can also 
contribute to provide the consumers with different 
phenolic compounds. To discuss the effect of those 
naturally occuring compounds on health quantitative 
data is necessary. Different phenolic compounds like 
chlorogenic acid and caffeic acid [4], rutin, isoquer-
citrin, p-coumaric acid, caffeic acid, chlorogenic acid, 
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chlorogenic acid, isoquercitrin, rutin, avicularin, quercetin 
and kaempferol were identified, comparing the UV-spectra 
(220 to 450 nm) of the eluted compounds and the relative 
retention times with those of standard solutions.  Proto-
catechuic acid, chlorogenic acid, rutin and avicularin were 
quantified at 260 nm in hundred elderberry concentrates 
produced in three European countries. Statistical evaluation 
(cluster analysis) of the contents of these characteristic com-
pounds allowed distinction of the given sample pool into ten 
clusters which correlate with the origin of the samples.
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Zusammenfassung 

Phenolsäuren und Flavonoide kommen in verschiedenen 
Pflanzen vor und zeigen eine beträchtliche antioxidative 
Aktivität. Außerdem ordnet man ihnen eine Schutzwirkung 
gegen chronische Krankheiten zu. Um phenolische Verbin- 
dungen in Holundersäften zu analysieren, wurde eine HPLC 
Methode in Kombination mit einem UV Detektor entwick-
elt. Nach Reinigung der Extrakte an SPE Säulchen wurden 
die vorliegenden Verbindungen durch Gradientenelution 
(Methanol, Tetrahydrofuran und Natriumdihydrogenphos-
phatlösung) an einer RP-18 Säule getrennt und bei 260, 280, 
320 und 350 nm mehr als sechzig Verbindungen detektiert. 
Durch Vergleich der UV-Spektren (220-450 nm) und der 
relativen Retentionszeiten der eluierten Verbindungen mit 
jenen von Standardlösungen wurden Protocatechusäure,  
ß-D-1-O-Caffeoylglucose, Kaffeesäure, Chlorogensäure, 
Isoquercitrin, Rutin, Avicularin, Quercetin und Kaempferol 
identifiziert. Protocatechusäure, Chlorogensäure, Rutin und 
Avicularin wurden bei 260 nm in hundert Holunderkonzen-
traten aus drei Europäischen Ländern bestimmt. Eine statis-
tische Auswertung (Clusteranalyse) der Gehalte dieser cha-
rakteristischen Verbindungen ermöglichte eine Einteilung 
der vorliegenden Proben in zehn Cluster, welche mit dem 
Ursprung der Proben korrelieren. 
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quercitin, kaempferol, isorhamnetin-3-glucoside and 
isorhamnetin-3-rutinoside have been identified in 
blossoms and leaves of Sambucus nigra [5-9]. Stroh 
et al. [10] found the 1-O-ß-D-glucose esters of caffeic 
acid and ferulic acid in blossoms and later Reschke 
et al. [11] detected, in addition to these compounds, 
the 1-O-ß-D-p-coumaryl glucose ester in elderberries. 
Recently, quercetin-hexoside, kaempferol-hexoside, 
quercetin-3-glucoside, quercetin-3-rutinoside, kaemp-
ferol-3-rutinoside, quercetin, neochlorogenic acid and 
chlorogenic acid were determined quantitatively [12] 
in elderberry concentrates. Frequently, cyanidine gly-
cosides [12-18] have been investigated with respect 
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to their content and antioxidant capacity. Analytical 
methods applied to assay these substances are thin 
layer chromatography (TLC) [11, 18, 19], high perfor- 
mance liquid chromatography (HPLC) [8, 9, 11, 12, 16, 
18] coupled with different detection modes, microcel-
lar electrokinetic capillary chromatography [9, 21] and 
isotachophoresis [22, 23]. 
In the present work, hundred elderberry juice concen-
trates of different European origin were analyzed with 
respect to their content of the scarcely investigated 
non cyanidine phenolic compounds, since cyanidin 
glycosides in elderberries haven been investigated ex-
haustively. The HPLC elution profile was optimized to 
reach a maximum of distinguishable components, the 
concentration of some components were determined 
and used as a data base for multivariate statistical 
evaluation (cluster analysis). 

Experimental

Instrumentation
Qualitative and quantitative analysis were performed 
with two HPLC systems (Waters, Milford, MA, USA) 
consisting of: 
a) Waters 510 and 501 HPLC pumps, Waters inter-

face modul, Waters WISP 712 autosampler; a  
50 µL sample loop, a Lichrospher 100 RP 18 column,  
5 µm, 250 x 4 mm (Merck, Darmstadt, Germany) 
and a UV-detector (Waters 490 E WL). This system 
was combined with a controlling and data process-
ing unit (Waters Baseline 810). 

b) Waters 510 and 590 HPLC pumps, Waters 990  
automated gradient controller, Waters WISP 712 
autosampler; a 50 µL sample loop, a Lichrospher 
100 RP 18 column, 5 µm, 250 x 4 mm (Merck, Darm-
stadt, Germany) and a photodiode array detector 
(Waters 990) with computer and software.

Chemicals and solutions
α-Resorcylic acid, protocatechuic acid, quercetin, 
kaempferol and rutin were purchased from Roth 
(Karlsruhe, Germany), chlorogenic acid, kaempferol,  
isoquercitrin, avicularin were from Extrasynthese 
(Genay, France) and genistein was from Indofine 
Chemical Company Inc. (Somerville, NJ, USA). Cya-
nidin-3-sambubioside-5-glucoside, cyanidin-3,5-
diglucoside, cyanidin-3-glucoside and cyanidin-3-
sambubioside were provided by Höhere Bundeslehr- 
anstalt und Bundesamt für Wein und Obstbau, Klos-
terneuburg. Ferulic acid, p-coumaric acid and caffeic 
acid used as starting materials for synthesis of the 
glucose esters were purchased from Fluka (Buchs, 
Switzerland).
1-O-ß-D-caffeoyl-, 1-O-ß-D-feruloyl- and 1-O-ß-D-p-
coumaroyl glucose esters were synthesized, the ano-
meric mixtures obtained by these methods were sepa-

rated by means of preparative HPLC, charactarized by 
their NMR-spectra, and used as reference substances 
for identification [24-26].
Sodium dihydrogenphosphate p.A., o-phosphoric 
acid p.A. and hydrochloric acid (37 %) p.A. were deliv-
ered from Merck (Darmstadt, Germany).
HPLC solvents (methanol, acetonitrile, tetrahydro-
furane) were gradient grade and bought from Riedel 
de Haen (Seelze, Germany). Water was purified us-
ing an Easy pure LF device (Barnstead International, 
Nürnberg, Germany). 
Buffer solution: 30 mL of a 50 mM sodium dihydro-
genphosphate solution were diluted with deionized 
water to 3000 mL and the pH was adjusted to 1.8 with 
diluted phosphoric acid (phosphoric acid/deionized 
water 1:5, v:v). 
Stock solution I for qualitative analysis contained  
2.5 mg protocatechuic acid, 12.4 mg α-resorcylic acid, 
2.7 mg caffeic acid, 17.4 mg chlorogenic acid, 2.4 mg 
cyanidin-3-sambubioside-5-glucoside, 2.6 mg cya-
nidin-3,5-diglucoside, 2.8 mg cyanidin-3-glucoside,  
2.1 mg cyanidin-3-sambubioside, 5.8 mg quercitrin, 
12.7 mg rutin, 1.6 mg avicularin, 4.8 mg genistein,  
5.0 mg quercetin and 5.4 mg kaempferol in 50 mL 
methanol/water (6:4, v: v). The flask was stored under 
exclusion of light at + 4  oC. This solution was diluted 
with methanol/water (6:4, v:v) to the appropriate con-
centrations.
Stock solution II for identification of cinnamic glucose 
esters was prepared by dissolving 14.8 mg 1-O-ß-D-
caffeoyl-, 14.9 mg 1-O-ß-D-feruloyl- and 12.5 mg 1-O-
ß-D-p-coumaroyl glucose esters  in 100 mL methanol/
water (6:4, v:v).
Stock solution III for calibration and standard addition 
contained 12.5 mg protocatechuic acid, 62 mg α-re-
sorcylic acid, 87 mg chlorogenic acid, 63.5 mg rutin, 
8 mg avicularin, 24 mg genistein and 13.5 mg caffeic 
acid in 50 mL methanol/water (6:4, v: v). It was stored 
at + 4 oC under exclusion of light.
Internal standard solution consisted of 62 mg α-re-
sorcylic acid and 24 mg genistein dissolved in 50 mL 
methanol/water (6:4, v: v) stored as described above.

Samples
Elderberries were harvested in different regions of 
Austria and stored at +4 °C. Within two days 50 g 
batches of these berry samples were squeezed in a 
fruit press and then the juices were stored in 2 mL Ep-
pendorf vials at -78 °C in a deep freezer. 
Hundred frozen elderberry concentrates were de-
livered from the Danish Institute for Agriculture in 
Aarslev (Denmark). They were allowed to thaw at 
room temperature, homogenized and diluted (1:3, v:v)  
with deionized water and stored in 2 mL Eppendorf 
vials at -78 °C in a deep freezer.
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Qualitative and quantitative analysis

Sample preparation
1500 µL of the diluted (1:3, v:v) juice concentrate or 
self produced juice were transferred into a 10 mL cen-
trifugation tube and 60 µL of internal standard solu-
tion were added. After homogenisation the sample 
was centrifuged for 10 min at 5000 rpm in order to 
remove insoluble matrix compounds. 1000 µL of the 
supernatant were transferred on to a preconditioned 
(with methanol and afterwards with water) C-18 Bon-
delut cartridge (500 mg, 1 mL; Varian, Vösendorf, Aus-
tria). After washing out the highly polar components 
with 5 mL deionized water, phenolic compounds were 
eluted with 750 µL of a solution containing conc. hy-
drochloric acid and methanol (1:999, v:v) and the elu-
ate was filled up to 1000 µL with the same solution.

Chromatographic separation and detection
50 µL of extract or standard solution, respectively, 
were injected and the compounds were separated 
(flow rate: 0.8 mL/min) on a LiChrospher 100 RP18 
column using the following gradient profile: 0-32 min:  
3-9 %, 32-55 min: 9 % (isocratic), 55-68 min: 9-12 %, 
68-145 min: 12-65 %, 145-160 min: 65 % methanol/te- 
trahydrofurane (99:1, v:v) in buffer solution (isocratic).

The chromatograms were recorded at 260, 280, 320 
and 350 nm, the spectra of the eluted compounds 
were measured between 220 and 450 nm and com-
pared with those of standard compounds eluted at the 
same capacity factors. Additionally the peak height ra-
tios measured at the wavelengths mentioned above 
were compared with those of standard compounds to 

exclude co-elution of the identified compounds with 
other sample components. Quantitative analysis was 
performed using the above mentioned gradient.

Calibration and limits of detection
Calibration curves of protocatechuic acid (0.5 to  
60 mg/L), chlorogenic acid (3.5 to 417.6 mg/L), rutin 
(2.5 to 304.8 mg/L), avicularin (0.3 to 38.4 mg/L) and 
for the internal standards α-resorcylic acid (2.5 to 
297.6 mg/L) and genistein (1 to 115.2 mg/L) were es-
tablished by diluting 10, 20, 40, 80, 120 and 240 µL of 
stock solution III with methanol to 1000 µL. The limits 
of detection of the analytes (at 260 nm) were evaluat-
ed making use of the corresponding calibration curve 
considering a signal/noise ratio of 3.

Standard addition
In addition to two unspiked samples, four 1500 µL 
aliquots of the diluted or self produced juice were 
transferred into 10 mL centrifugation tubes and 
spiked with 60, 120, 180 or 240 µL of stock solution III,  
respectively. Further treatment was as described 
above.
These solutions were injected into the chroma-
tographic systems and the chromatograms were 
evaluated. The calibration functions were obtained 
by linear regression of the peak areas on standard 
concentrations (Tab. 1) or added amounts. The ratio 
of the slopes of calibration and the standard addition 
curve give the recovery for each compound. Using 
the calibration curves (peak area ratios/concentra-
tion) for quantitative evaluation of samples, the de-
termined values have to be corrected considering 
the recovery.

Compound Calibration curve Correlation coefficient
R

Recovery
(%)

Detection limit
(mg/L)

Protocatechuic acid y = 0.001155.x + 0.000138 0.9999 92.4 ± 1.41 0.25 

Chlorogenic acid y = 0.000247.x + 0.001388 0.9998 96.3 ± 3.57 2.80

Rutin y = 0.000608.x + 0.000194 0.9999 92.6 ± 0.82 0.75

Avicularin y = 0.00081.x - 0.000215 0.9999 97.4 ± 1.67 0.50

Tab. 1: Calibration curves, correlation coefficients, recovery and detection limits of the investigated  
compounds

Cluster analysis
A multivariate statistical method was applied to esti-
mate the similarity of objects. Each object is described 
by properties building the base data set for calculation. 
These properties are used to calculate a so called simi-
larity measure. In this example the similarity measure 
is based on the Euclidean Distance. In the context of 
this work, the objects are the elderberry juices and the 

properties are the measured concentrations of the phe-
nolic compounds. The resulting clusters are defined by 
a similarity threshold which has to be adjusted to give 
an appropriate separation. If the properties are of dif-
ferent magnitudes, the similarities are influenced to the 
advantage of the larger numerical values. Normaliza-
tion of the data is necessary to prohibit this influence. 
Additional information can be found in [27].



412 ERNÄHRUNG/NUTRITION, VOL 30/NR. 10 2006

Results and discussion

Identification of phenolic elderberry consti- 
tuents
Self prepared elderberry juices were investigated in 
preliminary HPLC separation experiments to optimize 
the chromatographic method and to obtain qualitative 
information about their chemical composition (sub-
stance profile). The different polarity of the compounds 
present in these juices required different gradient 
steps for their elution. Addition of 1 % tetrahydrofuran 
significantly improved chromatographic separation 
(peak resolution) allowing the discrimination of more 
than sixty components in the elderberry juice extracts. 
Based on this method the investigation of one hundred 
elderberry samples (nine samples from the United 
Kingdom, 51 samples from Denmark and fourty sam-
ples from Austrian plants) was carried out. Each peak 

in the chromatogram was characterized by its relative 
retention time and its UV-spectrum. Additional infor-
mation was obtained by analyzing samples spiked 
with aliquots of supposed compounds. Comparing the 
spectra and the relative retention times of elderberry 
juice constituents with those of the standard substanc-
es (with exception of the four cyanidine-glycosides) 
the following phenolic compounds were identified: 
protocatechuic acid, 1-O-ß-D-caffeoyl glucose, caffeic 
acid, chlorogenic acid, quercitrin, rutin, and avicularin 
)Fig. 1). Other elderberry constituents that are known 
[10, 11, 12], like 1-O-ß-D-caffeoyl glucose, quercitrin, 
quercetin and kaempferol were only present in traces 
in twenty of the self prepared juices. 
Two juice components, protocatechuic acid and avicu-
larin, were shown to be present in the berries of sam-
bucus nigra for the first time. 1-O-ß-D-feruloyl- and  
1-O-ß-D-p-coumaroyl glucose esters were not identi-
fied in the juice extracts. 

Apart from the two peaks of the four elderberry cya-
nidine–glycosides [tR= 89 min and 97 min]  and three 
unidentified peaks [tR= 15 min, tR= 36 min,  tR= 46 min] 
(Fig. 1), the HPLC profiles of all juice samples investi-
gated are dominated by the peaks of four compounds 
(protocatechuic acid, chlorogenic acid, rutin and avicu-
larin, Fig. 1), which were quantified by their peak ar-
eas. 

Quantitative analysis
The calibration curve of each of the substances was 
established daily by injecting different levels of stan- 
dard solutions [2.5 –300 mg/L), the detection limits 
(S/N=3) were estimated and the recovery was de-
termined by analyzing the standard solution III five 
times. This data is summarized in Table 1. 
Due to the length of the chromatogram, two internal 
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Fig. 1: Chromatogram of a self produced elderberry juice. 1: protocatechuic acid, 2: ß-D-1-O-caffeylglucose,  
3: caffeic acid, 4: chlorogenic acid, 5: rutin, 6: avicularin



ERNÄHRUNG/NUTRITION, VOL 30/NR. 10 2006 413

standards, one at the beginning (α-resorcylic acid) 
and the other in the last part (genistein) of the chro-
matogram were selected. The recoveries determined 
by dividing the slope of the standard addition curve 
through the slope of the calibration curve of each com-
pound resulted in 75.2 ± 4.6 % for protocatechuic acid, 
75.9 ± 5.8 % for chlorogenic acid, 89.6 ± 4.4 % for rutin, 
91.5 ± 6.5 % for avicularin, 88.1 ± 2.7 % for α-resorcylic 
acid, and 96.2 ± 0.6 % for genistein (N=3). The reduced 
recovery in comparison to standard solutions is due 
to the matrix of the juices. The concentration of proto-
catechuic acid varied between 4.7 and 17.9 mg/kg, of 

chlorogenic acid between 159 and 740 mg/kg, for rutin 
and avicularin a range between 470 and 1340 mg/kg,  
and 5.9 up to 63.2 mg/kg was found, respectively. 
Applying the cluster analysis to the quantitative re-
sults of hundred European samples ten clusters were 
identified (Fig. 2). The highest concentration of rutin, 
chlorogenic acid and avicularin were found in UK 
samples (cluster 4 and 5). In cluster 5 only UK samples 
were present. Austrian samples were mainly found in 
cluster 6, 9 and 10, and for Danish samples low con-
centrations of rutin and chlorogenic acid (cluster 3, 6 
and 7) were characteristic. 

Number of cluster 
[Number of samples]

Protocatechuic acid 
mg/kg

Chlorogenic acid 
mg/kg

Rutin
mg/kg

Avicularin 
mg/kg

1 [7]   6.1 ± 1.9 230 ± 38 805 ± 80 29.3 ± 5.4

2 [6]   8.0 ± 3.1   178 ± 101   677 ± 343   62.3 ± 13.6

3 [15]   4.7 ± 3.4 429 ± 72   704 ± 122  24.2 ±10.3

4 [9] 10.8 ± 3.3 313 ± 85 1141 ± 239 26.5 ± 8.6

5 [3]   5.9 ± 1.5   740 ± 150 1340 ± 294 63.2 ± 8.5

6 [16]   8.5 ± 2.4 159 ± 58   470 ± 156 15.5 ± 8.8

7 [10]   5.6 ± 1.5 286 ± 49   511 ± 129 14.2 ± 6.7

8 [9] 17.9 ± 2.5 228 ± 71   684 ± 153 18.3 ± 6.0

9 [13]   8.1 ± 2.3 297 ± 48   901 ± 114   5.9 ± 3.0

10 [12] 17.5 ± 2.9 309 ± 40 1056 ± 166   6.8 ± 2.6

Tab. 2: Concentration ranges of protocatechuic acid, chlorogenic acid, rutin and avicularin in different elder-
berry juices and resulting clusters

Fig. 2: Dendrogram of cluster analysis of hundred elderberry samples (juice concentrates) of three different 
origins (Austria, United Kingdom, and Denmark): The contents of quantified substances were used 
as database. The ten clusters (at a similarity threshold of sixty units on the distance axis) are given 
by cluster numbers (1 to 10). Each sample is represented by a dot (correlated to each of the vertical 
sample lines of the dendrogram). The significance of the clusters for each sample group is given by the 
distribution of sample dots over the columns of cluster numbers.
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The presence of protocatechuic acid and p-hydroxy-
benzoic acid in juice samples was shown to be con-
nected with the decomposition of flavonoids in the 
course of acid hydrolysis. The analysis of such hydro-
lysates reveals a significant increase in the ratio of pro-
tocatechuic acid and quercetin and in the ratio of  p-hy-
droxybenzoic acid and kaempferol, respectively, which 
is furthermore associated with a significant decrease 
of the two mentioned flavon-3-ol aglyca. These results 
are correlating with the findings of food technological 
experiments, which show a connection between the 
content of protocatechuic acid and the extent of ther-
mal exposition of elderberry juice samples [28].

Conclusion

This method has made it possible to gain an overview 
over the complete spectrum of UV active compounds 
within the range of polarity limited by the most po-
lar hydroxyl benzoic acids and the flavonol aglycons. 
The UV-profiles (fingerprints) of the juice extracts en-
ables one to recognize deviant substance profiles of 
non elderberry juices. It could also be shown for the 
first time that protocatechuic acid and avicularin are 
present in berries of Sambucus nigra.

Cluster analysis of the analytical data reveals that 
quantification of four characteristic phenolic com-
pounds is a potential tool for assignment of an indi-
vidual sample to a sample group. In our case, a sam-
ple pool of hundred elderberry juice concentrates be-
longing to three groups of samples of different origin 
(Austria, Denmark, United Kingdom) are distributed 
over ten sample clusters (Fig. 2). Austrian samples are 
found to a percentage of 92 % in cluster 10 and 77 % in 
cluster 9. Danish samples are predominating in clus-
ter 3 (87 %) and in cluster 7 (90 %). Cluster 5, show-
ing by far the highest average contents of phenolic 
constituents of all clusters, consists totally of samples 
of British origin. These clusters are significant for a 
certain sample origin.
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