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Abstract 

Lipophilic constituents (triterpenoids, fatty acids, fatty alcohols, and sterols) 
from the berries of the three major Sambucus nigra L. cultivars grown in Portugal 
(‘Sabugueira’, ‘Sabugueiro’, and ‘Bastardeira’) were characterized by gas 
chromatography-mass spectrometry. Triterpenoids were the most abundant 
constituents, accounting for up to 92% of the lipophilic extract in all studied 
cultivars. Our preliminary results indicated that ursolic and oleanolic acid were the 
major triterpenoids identified, accounting for 1403 to 2080 mg/kg dry weight for the 
cultivars ‘Sabugueiro’ and ‘Sabugueira’, respectively. All cultivars under study 
presented a similar lipophilic profile, however significant differences (p<0.05) on the 
overall constituents content were noticed. This information is likely to be useful for 
the growers and processing industries interested in the formulation of foods and/or 
nutraceuticals, and can help increase the value and efficacy of elderberry-based 
natural products.  
 
INTRODUCTION 

European elder (Sambucus nigra L.) berries are used worldwide as a food source, 
food additive, in nutraceuticals, and in folk medicine. Relevant potential human health 
benefits of these berries include antiviral (Zakay-Rones et al., 2004), anti-inflammatory 
(Barak et al., 2001), and antioxidant activities (Abuja et al., 1998) among others. 
Although several bioactive compounds may contribute to the mentioned health benefits, 
most studies dealing with elderberries have focused on the phenolic compounds from 
hydrophilic extracts (Roschek et al., 2009; Youdim et al., 2000). Other families of 
secondary metabolites, namely those present in the lipophilic fraction, have been poorly 
studied. Furthermore, it is known that a specific biological activity of a plant extract 
might be due to synergistic, cumulative, or antagonist effects of several components 
(Rodriguez et al., 1992). Such complex interactions make it difficult to fully understand 
reported beneficial effects of nutraceuticals or plant extracts used in folk medicine. It is 
therefore important to better characterize plant extracts in order to adequately support 
health claims and provide additional information needed for new applications. A better 
knowledge of the biochemical composition of these extracts is likely to have a positive 
impact on the production and use of this plant material. 

To the best of our knowledge, no studies dealing with the chemical 
characterization of the lipophilic fraction of elderberries (S. nigra) are available. 
Furthermore, it is important to characterize berries from bushes grown in specific 
geographical regions, since any given genotype grown in a variety of environments may 
show significant differences in the chemical composition of its berries. Such differences 
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can have an impact on the nutraceutical properties of elderberry-based products 
(Christensen et al., 2008; Kaack et al., 2008).  

In northern Portugal (Varosa Valley), elderberry plants benefit from excellent 
edaphoclimatic conditions for their development (Seabra, 2010) which have stimulated its 
cultivation, especially during the last decade (Braga et al., 2002). However, research on 
the chemical characterization of the berries, and more specifically the lipophilic fraction, 
is lacking. In this perspective, the present work aims at providing an insight into the 
chemical composition of the lipophilic fraction of berries from the three main Portuguese 
cultivars produced in the Varosa Valley. Particular attention was given to the oleanane 
and ursane pentacyclic triterpenoids families as they are the most abundant components 
of the lipophilic extracts. 
 
MATERIALS AND METHODS 
 
Materials and Reagents 

Ursolic (98% purity) and oleanolic acid (98% purity) were purchased from Aktin 
Chemicals (Chengdu, China); β-sitosterol (99% purity) was purchased from Fluka 
Chemie (Madrid, Spain). Palmitic acid (99% purity), dichloromethane (99% purity), 
pyridine (99% purity), N,O-bis(trimethylsilyl)trifluoroacetamide (99% purity), 
trimethylchlorosilane (99% purity), and tetracosane (99% purity) were supplied by Sigma 
Chemical Co (Madrid, Spain). 
 
Fruit Samples 

In 2012, berries from S. nigra cultivars ‘Sabugueiro’ (SO), ‘Sabugueira’ (SA), and 
‘Bastardeira’ (B) were supplied by the Adega Cooperativa do Vale Varosa, RégieFrutas 
(41.043233°N, 7.728820°W) from an experimental field on 12-year-old plants. This field 
was selected in order to harvest the three cultivars within the same location and minimize 
the effect of different edaphoclimatic parameters on extracts composition. Field 
management and interventions in this experimental field included soil pH adjustment to 
ca. 6.0 using 1500 kg/ha Tudidol (dolomite: 10% MgO and 43% CaO, Lusical, Alcanede, 
Portugal), addition of 1000 kg/ha of organic fertilizer Biorgano (Bricoagro21, Monção, 
Portugal), winter fertilization with 300 kg/ha of single superphosphate, Ca(H2PO4)2 (18% 
Ca), and foliar application of aqueous sodium tetraborate decahydrate at 100 ml/hl, using 
2 L/ha. A Confidor Classic insecticide from group 4A (Bayer CropScience, Carnaxide, 
Portugal) at concentration of 50 ml/hl of water, using 0.5 L/ha, was also applied. 

Samples from SA, SO, and B cultivars were harvested on August, 23rd between 9 
and 12 am. For each cultivar, five average size bunches were collected from the same 
shrub and mixed together in order to reduce intra-plant variability. In order to have an 
indication of fruit maturation state, total soluble solids content (TSSC) expressed as °Brix 
was measured. Samples were immediately transported under refrigeration (ca. 2-4°C) to 
the laboratory and then stored at -20°C until analysis. Prior to analysis, elderberries were 
freeze-dried using VirTis BenchTop K (SP Industries, NY, USA). 
 
Extraction of the Lipophilic Compounds 

The lipophilic fraction of the freeze-dried elderberries (approximately 2.5 g) was 
Soxhlet extracted with ca. 80 ml of dichloromethane for 8 h (Domingues et al., 2011). 
The solvent was evaporated to dryness, the extracts weighed and the results expressed in 
percent of dry weight (% dw). Dichloromethane was used since it is a fairly specific 
solvent for lipophilic extraction for analytical purposes (Domingues et al., 2011). An 
exploratory alkaline hydrolysis was also performed to improve the in-depth analysis of 
this fraction, but no significant additional data was observed (data not shown); direct 
analysis of the dichloromethane extract was therefore carried out. 
 
Gas Chromatography-Mass Spectrometry Analysis 

Before GC-MS analysis, about 20 mg of each extract was converted into 
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trimethylsilyl (TMS) derivatives according to a previously optimized methodology 
(Domingues et al., 2011). GC-MS analyses were performed using a Trace Gas 
Chromatograph 2000 Series equipped with a Thermo Scientific DSQ II mass 
spectrometer using helium as carrier gas (35 cm/s) equipped with a DB-1 J&W capillary 
column (30 m×0.32 mm i.d., 0.25 µm film thickness). The chromatographic conditions 
were as follows: initial temperature of 80°C for 5 min; temperature rate of 4°C/min up to 
260°C, and 2°C/min until the final temperature of 285°C; then maintained at 285°C for 10 
min; injector temperature of 250°C; transfer-line temperature of 290°C; split ratio: 1:50. 
The MS was operated in the electron impact mode with electron impact energy of 70 eV 
and data collected at a rate of 1 scan/s over a range of m/z 33-700. The ion source was 
maintained at 250°C. 

Compounds were identified as TMS derivatives by comparing their mass spectra 
with the GC-MS spectral library (Wiley-NIST Mass Spectral Library, 1999) and also by 
injection of standards (β-sitosterol, ursolic, oleanolic and palmitic acid). For quantitative 
analysis, GC-MS was calibrated with the same standards relative to tetracosane, used as 
internal standard. The respective response factors needed to obtain correct quantification 
of the peak areas were calculated based on three standards concentrations as an average of 
three GC-MS runs of each concentration. Two independent aliquots of each extract were 
derivatized and submitted to GC-MS analysis. Each aliquot was injected in duplicate. The 
presented results are the average of the concordant values obtained for each sample (n=4). 
 
Water Content and Total Soluble Solids (°Brix) 

The water content of the elderberries was determined based on the Association of 
Analytical Communities protocol (Cunniff, 1998) with slight modifications. Briefly, 
samples were placed in a drying oven at 105 ± 1°C until constant weight (approximately 8 
h). 

For determination of TSSC the elderberries were crushed and the juice suspension 
was centrifuged at 3000 rpm for 5 min at room temperature to obtain a clarified juice. The 
juice was then filtered through 0.45 µm pore size membrane filters. Total soluble solids 
content was determined based on the corresponding °Brix using an A. KRÜSS Optronic 
(Hamburg, Germany) refractometer. 
 
Statistical Analysis 

Statistical analysis was performed with one-way analysis of variance (ANOVA). 
The effect of cultivar on the content of the different chemical families identified was 
analyzed, being considered statistically significant when p<0.05. 
 
RESULTS AND DISCUSSION 

TSSC-based maturation trend of the cultivars SO, SA, and B is shown in Figure 1. 
For the studied harvest season, maturity was achieved simultaneously for the three 
cultivars around August 23rd. It was therefore assumed that all analyzed berries were at 
the same maturation state (p>0.05). At maturity, the TSSC was 12.2 ± 0.3, 12.3 ± 0.6, and 
13.0 ± 1.0 °Brix for cultivar SO, SA, and B, respectively. These values are within the 
range of ca. 11 to 15 °Brix commonly reported for ripe elderberries (Lee and Finn, 2007). 
Since the berries were harvested in the same field, grown using the same phytochemical 
treatments and agricultural practices, it is assumed that the observed variance of the 
lipophilic composition is mainly cultivar-dependent, however these results are 
preliminary. 

The dichloromethane extraction yields were 0.74 ± 0.03%, 0.77 ± 0.04%, and 0.95 
± 0.01% (w/dw) for SO, SA, and B cultivars, respectively. The elderberries lipophilic 
extracts composition (fatty acids, fatty alcohols, phytosterols, and triterpenic compounds) 
is shown on Table 1. They are mainly composed of triterpenic compounds such as ursolic 
and oleanolic acids, accounting for 1138.6 to 1751.7 mg/kg and 264.8 to 363.4 mg/kg, 
respectively. β-amyrin (7.1 to 9.0 mg/kg, Fig. 2) and small amounts of unidentified 
triperpenoids (15.1 to 41.4 mg/kg) were also present. All these compounds totaled 1452.5, 
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2102.1, and 2044.1 mg/kg for the cultivars SO, SA, and B, respectively. Differences in 
the triterpenic acids contents were significant (p<0.05) between the three cultivars 
sampled. Differences in total amount of sugars, organic acids, and flavonoids have 
already been reported for elderberry cultivars (Veberic et al., 2009). Such variations in 
chemical composition may have an impact on elderberry-based products, as already 
reported on juices from elderberries of different genotypes, affecting physicochemical 
properties such as turbidity, soluble solids, titratable acidity, and content of phenolic acids 
and flavonoids (Kaack et al., 2008). 

Overall, triterpenoids accounted for 91.1 to 92.0% of the mass of the lyophilized 
extract (Table 1). Within this chemical group, ursolic acid represents between 71.4 and 
76.0% of the total identified lipophilic compounds for SO and SA respectively, followed 
by oleanolic acid which accounts from 14.2 to 16.6% of the total lipophilic compounds 
for SO and SA, respectively. Their content expressed as fresh weight (fw) comprises 
values between 233.4 and 359.1 mg/kg fw for ursolic acid and 54.3 to 74.5 mg/kg fw for 
oleanolic acid. The triterpenoids contents of the studied cultivars are within the ranges 
reported in the literature for other berries, such as cranberry fruit (Vaccinium 
macrocarpon), northern cranberry (V. oxycoccus), lowbush blueberry (V. angustifolium) 
and partridge berry, also known as lingonberry (V. vitis-idaea) where ursolic acid and the 
corresponding hydroxycinnamoyl esters content ranged from 120 to 1090 mg/kg of fruit 
fw (Kondo et al., 2011). Ursolic and oleanolic acids have also been reported in other plant 
organs of S. nigra such as the bark (Lawrie et al., 1964) and leaves (Inoue and Sato, 
1975). 

Triterpenoids, and triterpenic acids in particular, are well known as bioactive 
compounds with a panoply of described biological activities (Bishayee et al., 2011; 
Fontanay et al., 2008; Sultana and Ata, 2008). Within this range of biological activities, 
and in particular those associated with ursolic acid (the major triterpenoid present in the 
studied elderberries), it is important to point out that several biological activities that are 
commonly associated with elderberries are also reported for ursolic acid, either in other 
extracts or as a standard. Such activities include: antiviral (Chiang et al., 2005; Kong et 
al., 2013), anti-tumorigenic and chemopreventive (Novotny et al., 2001), anti-oxidative 
and anti-inflammatory activities (Li et al., 2013). Additionally, it is also important to 
emphasize that the reported biological activities are expressed at relatively moderate 
concentrations. For instance, EC50 of 6.6 mg/L was reported for ursolic acid antiviral 
activity on herpes viruses HSV-1 (Chiang et al., 2005), which corresponds to a 
consumption of ca. 22 g of fresh elderberries (a typical portion is about 50 g). 

Free fatty acids were the second most important family, accounting for 7.0 to 
7.7% of the elderberry extracts, with palmitic acid the most abundant component (104.6 
to 158.1 mg/kg dw). Fatty alcohols and phytosterols represent minor components of the 
extracts under study. Fatty alcohols and fatty acids are in the free form, the even-members 
being predominant. As observed for triterpenoids, significant differences (p<0.05) were 
found among cultivars on the fatty acids content. 

Phytosterols accounted for 0.7% for SA cultivar, 0.8% for B, and for SO cultivar 
0.9% of the lipophilic fraction, ranging from 13.6 to 18.0 mg/kg dw (Table 1) depending 
on the cultivar, which corresponds to 2.8 to 3.7 mg/kg fw. Two sterols were identified, 
stigmasterol and β-sitosterol, where the latter represented 68.7% (SO), 77.4% (SA), and 
71.8% (B) of the total phytosterols content. The content of this chemical class for the 
samples under study is well below the range reported by Piironen et al. (2003) for a set of 
fruits and berries: between 60 mg/kg fw for red currant (Ribes rubrum L.) and 279 mg/kg 
fw for lingonberry. 
 
CONCLUSIONS 

The lipophilic fraction of the ‘Sabugueiro’, ‘Sabugueira’, and ‘Bastardeira’, 
produced in the Varosa Valley (Portugal) was preliminarily characterized. All cultivars 
under study presented a similar lipophilic profile, mainly composed of triterpenic acids, 
followed by fatty acids, phytosterols, and fatty alcohols. However, significant differences 
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(p<0.05) were observed in the total amount of the different chemical families. Ursolic 
acid and oleanolic acid represented the major triterpenoids, ranging from 1138.6 (SO) to 
1751.7 (SA) mg/kg dw and from 264.8 (SO) to 363.4 (B) mg/kg dw, respectively. Such 
differences between cultivars might be useful for the selection in terms of the highest 
content of bioactive compounds, where SO and B would be the cultivars with highest 
potential, especially regarding their triterpenic content. 

Since all the identified chemical families are involved in diverse health benefits, 
emphasis was made on the triperpenic compounds as they largely prevail representing up 
to 92.0% of the elderberries lipophilic extracts. The consumption of low to moderate 
amount of fresh berries might therefore be enough to reach EC50 value for a specific 
effect, as previously exemplified for antiviral activity attributed to ursolic acid. 

This preliminary study allowed the identification of several relevant bioactive 
compounds in the elderberries lipophilic extracts indicating that they are a valuable 
source of triterpenic bioactive compounds. More detailed studies tackling variables that 
can modulate plant metabolism, such as geographic location, harvesting, agricultural 
practices, genetics, and phytochemical addition is needed and currently underway. 
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Tables 
 
 
 
 
 
Table 1. Composition (mg/kg dry berry weight) of dichloromethane extracts from three 

elderberry cultivars harvested from Varosa Valley, Portugal, 2012. 
 
Retention 
time 
(min) 

Compound 
Cultivar 

Sabugueiro Sabugueira Bastardeira 

 Fatty acids    
33.63 Palmitic acid 104.6 ± 3.1 158.1 ± 1.9 145.6 ± 1.2 
37.93 Stearic acid 13.1 ± 1.1 4.1 ± 0.1 11.1 ± 1.0 
41.90 Arachidic acid 5.5 ± 0.3 tr 3.3 ± 0.3 
 Sub-total (mg/kg) 123.2a 162.2b 160.0b 
 Sub-total (%)* 7.7 7.0 7.2 
 Fatty alcohols    
31.95 Hexadecanol 5.4 ± 0.2 21.8 ± 0.3 tr 
36.30 Octadecanol tr 1.9 ± 0.0 tr 
 Sub-total (mg/kg) 5.4a 23.7b tr 
 Sub-total (%)* 0.3 1.0 tr 
 Phytosterols    
56.76 Stigmasterol 4.2 ± 0.6 3.6 ± 0.3 5.1 ± 2.5 
57.96 β-Sitosterol 9.4 ± 0.9 12.4 ± 0.8 12.9 ± 2.0 
 Sub-total (mg/kg) 13.6a 16.0a 18.0a 
 Sub-total (%)* 0.9 0.7 0.8 
 Triterpenoids    
58.48 β-Amyrin 7.7 ± 0.7 7.1 ± 0.2 9.0 ± 1.0 
63.00 Oleanolic acid 264.8 ± 11.3 328.3 ± 15.3 363.4 ± 7.0 
64.00 Ursolic acid 1138.6 ± 41.5 1751.7 ± 18.0 1632.2 ± 31.4 
 Unidentified triterpenoids 41.4 15.1 39.5 
 Sub-total (mg/kg) 1452.5a 2102.1c 2044.1b 
 Sub-total (%)* 91.1 91.3 92.0 
 Total content 1594.7a 2304.0c 2222.1b 
*The relative amount (%) for the different identified chemical families represents their relative content 
compared to the total content. 
tr = traces, < LOQ (limit of quantification) of each analyte. 
a, b, c Different letters indicate statistical significant differences, p < 0.05. 
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Fig. 1. Total soluble solids content (TSSC) through maturation of elderberry fruits at 

Varosa Valley, Portugal, 2012. 
 
 
 
 
 

 
 
Fig. 2. Most abundant triterpenoids identified in Portuguese elderberries (Sambucus 

nigra). 


