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Summary

Th e infl uence of processing wild elderberry into concentrated juice on 
polyphenols (total phenols, fl avonoids, non-fl avonoids, anthocyanins, fl avan-
3-ols, hydrolysed tannins) stability, activity of polyphenol oxidase (PPO) and 
peroxidase (POD), and changes of physico-chemical parameters (total and 
soluble dry matter, total acidity, pH, sugars) were investigated. Th e amounts of 
total phenols, fl avonoids, non-fl avonoids, falvan-3-ols and hydrolysed tannins 
were analyzed using Folin-Ciocalteu colorimetric method, while the total 
anthocyanins were determined by bisulphite bleaching method. Total phenols 
ranged from 25.87 mg/g DM to 38.87 mg/g DM. Total anthocyanins were 
the most abundant polyphenols in all investigated samples (raw elderberries, 
elderberries aft er blanching, elderberry juice aft er disintegration and pressing, 
concentrated elderberry juice) and their concentration ranged from 13.12 mg/g 
DM to 25.67 mg/g DM. Other polyphenols determined in high concentration were 
hydrolysed tannins, followed by fl avan-3-ols, fl avonoids and nonfavonoids. Aft er 
blanching, the concentration of all polyphenols did not decrease signifi cantly. 
Aft er disintegration of elderberries the concentration of all polyphenols increased, 
probably due to inactivation of PPO and POD and better isolation of polyphenols 
from homogenized purée. During processing of elderberry juice into concentrated 
juice most polyphenols were stable. Total acidity and pH value were not changed 
during processing, whereas the amounts of total and reducing sugar increased 
aft er pressing and additionally aft er concentration. Th e obtained results suggest 
that raw elderberries as well as elderberry concentrated juice are high potential 
source of polyphenols especially anthocyanins.
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Introduction 
Black or common elder (Sambucus nigra L.), also called 

elderberry, is a widespread species, that grows on sunlight-
exposed locations in most parts of Europe, Asia, North Africa 
and the USA. It is a deciduous shrub reaching up to 6 m in 
height, developing small, white hermaphrodite fl owers in 
large corymbs, and fl owering in early summer (Christensen 
et al., 2007). Th e mild-fl avoured fruits ripen in mild to late 
summer.  Fruit of the elderberry are very dark purple, nearly 
black. Elderberry is a fruit crop of high quality fruit whose 
diverse cultivars are already grown in plantations in sever-
al developed European countries. Th e berries are best not 
eaten row as they are mildly poisonous. Th e mild toxicity is 
destroyed by cooking. Chemical compounds from berries 
have gained interest as functional compounds in food color-
ants and as potent agents against oxidative stress (Stintzing 
et al., 2002), which reduce oxidative damage to the human 
body (Dawidowicz et al., 2006). Th e industrial processing of 
elderberries mainly takes place in Northern Europe where 
the berries are mostly processed into juice and juice concen-
trate. Th is production is based on the use of cultivars with 
a high content of soluble solids and anthocyanins and a de-
licious favour (Kaack, 1989; Kaack, 1996). Besides juice and 
concentrates, elderberry fruits may be used for the industrial 
production of jam, jelly, desserts, wine, cakes, candies and 
colouring of mixed juices (Jensen et al., 2001). Recently, el-
derberries have received increased attention due to their high 
contents of anthocyanins, that are widely used as colour in-
gredients in various beverages, and that may also provide nu-
tritional benefi ts. Anthocyanins, as well as other fl avonoids, 
exhibit antioxidant, anti-carcinogenic, immune-stimulating, 
antibacterial, anti-allergic and antiviral properties; therefore, 
their consumption may contribute to prevention of several 
degenerative diseases such as cardiovascular disease, cancer, 
infl ammatory disease and diabetes (Dawidowicz et al., 2006). 
Anthocyanins found in elderberries are all cyanidin glycosides, 
comprising the 3-sambubioside, 3-glucoside, 3-sambubioside-
5-glucoside and 3,5-diglucoside. Amounts vary between 200 
and 1000 mg/100 g fresh weight (FW) (Bronnum-Hansen et 
al., 1985). Of these pigments, cyanidin 3-sambubioside has 
been reported as the most stable during processing (Drdak 
& Daucik, 1990). Elderberry juice also contains many pri-
mary metabolites including various sugars and organic acids. 
Among secondary metabolites, elderberry juice is predomi-
nantly characterised by high amounts of the anthocyanins 
(Lee & Finn, 2007; Kaack & Austed, 1998). 

Th erefore the aim of these study was to determine the 
stability of polyphenols (total - phenols (TPC), fl avonoids 
(TF), non-fl avonoids (TNF), anthocyanins (TA), fl avan-3-ols 
(FT-ols), hydrolysed tannins (THT)), activity of polyphenol 
oxidase (PPO) and peroxidase (POD), and changes of phys-
ico-chemical parameters (total and soluble dry matter, total 
acidity, pH, sugars) during production of wild elderberry 
concentrated juice. 

Material and methods 
Samples  
Selection of berries from the spontaneous wild elderberry 

population was conducted near Gospić in Lika region (Croatia) 
at the end of August 2006 in full maturity stage. Immediately 
aft er harvesting stalks were removed manually and berries 
were packed in polyethylene bags, frozen and stored at -18 °C 
until analysis. Prior to juice processing, the berries were gently 
defrosted. In the laboratory raw berries were mashed to a pulp 
using house blender (Mixy, Zepter International) and part of 
fresh mass was removed and analysed. Rest of the samples 
were taken aft er each operation process during production 
of concentrate juice (aft er blanching, pressing and concen-
tration). Raw berries were blanched using water vapour (10 
min/70 °C) and disintegrated in house blender (Mixy, Zepter 
International). Th e mash was collected in a cotton cloth and 
pressed by increasing the pressure over a period of 10 min-
utes until no further juice could be obtained. Pressed juice 
was concentrated by vacuum rota vapour (Büchy) with bath 
temperature of 40 °C until concentrated juice of 32 °Brix was 
obtained. All samples were analysed for their total and solu-
ble dry matter, content of carbohydrates (sugars), total acids, 
pH value, polyphenols and enzymes activity. 

Methods 
Soluble and total dry matter, pH value, total acidity, and 

total and reducing sugars were determined according to 
Regulation (1983). Soluble dry matter was measured using a 
refractometer (Leica 7531 L refractometer) to determine ºBrix. 
Determination of total dry matter was conducted with etalonic 
method by drying at 105 °C until constant mass. Th e pH value 
of each sample was determined with a pH  meter (Iskra MA 
5735). Total acidity was determined by titrating each sample 
with standardized 0.1 M NaOH to pH 8.1 using a pH meter. 
Determination of directly reducing sugars by Luff  so lution 
was based on the principal that in determined conditions 
reducing sugars (natural invert) converted CuSO4 from the 
Luff  solution into Cu2O. Unspent amount of cupric ion was 
re-titrated with tyosulphate solution. Quantity of sugars was 
read from the tables; from diff erence of consumption for blind 
trail and sample. Unreduced disaccharide (sucrose) fi rst had 
to be in verted (hydrolyzed) on reducing monosaccharide by 
acid, and then it was determined by Luff  solution. Diff erence 
between obtained total invert and natural invert gave quan-
tity of reducing sugar developed by sucrose inversion. All 
measurements were conducted in duplicates.

Enzymes activity. Activity of polyphenol oxidase (PPO) 
and peroxidase (POD) were determined using the method 
described by Gonzales et al. (2000) with some modifi ca tion. 
Raw berries, blanched berries, pressed and concentrated juice 
were analyzed for POD and PPO activities. Stable and highly 
active POD and PPO extracts were obtained using insoluble 
polyvinylpolypyrrolidone (PVPP) and Triton X-100 in 0.2 M 
sodium phosphate, pH 6.5 buff er. 

Ten grams of each sample were mixed for 10 min with 25 
mL mixture of insoluble polyvinylpolypyrrolidone (PVPP) 
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and Triton X-100 in 0.2 M sodium phosphate, pH 6.5, buff er 
using a vortex mixer. Aft er centrifuging at 5500 rpm for 15 
min, the supernatant was collected and stored in the refrig-
erator until analysis. Prepared supernatant was used for ana-
lyzing POD and PPO activities.

PPO activity assay.  PPO activity was assessed in dupli-
cate using a spectrophotometer (UV-VIS Unicam Helios β) 
and calculated on the basis of the slope from the linear por-
tion of the curve of ΔA420 every 30 sec until absorbance stops 
to grow. Solution (3 mL, 0.07 M) of dissolved pyrocatechol 
in 0.05 M sodium phosphate, pH 6.5, buff er, were added to 
0.075 mL of PPO extract. Recording of the absorbance was 
performed immediately. One unit of PPO activity was defi ned 
as 0.001 × ΔA420 min-1 (mL of extract)-1.

POD assay. POD activity was evaluated in duplicate and 
calculated in the same way as described above. A 0.025 mL of 
enzyme extract was added to 2.7 mL of 0.05 M sodium phos-
phate buff er (pH 6.5), which contained 0.2 mL of guaiacol (c = 
10g/L) and 0.1 mL of hydrogen peroxide (c = 10g/L). Recording 
of the absorbance was performed immediately. Initial rate 
of increase in ΔA 485 was used to measure enzyme activity. 
One unit of PPO activity was defi ned as 0.001 × ΔA420 min-1 
(mL of extract)-1.

Total phenols, fl avonoids and non-fl avonoids content. 
Total phenols content (TPC), fl avonoid content (TF), and non-
fl avo noid content (TNF) were determined using the Folin-
Ciocalteu colorimetric method (absorbance measuring at 765 
nm) described by Amerine and Ough (1980) and Singleton 
and Rossi (1965) with some modifi ca tion. Phenols of the fruits 
were extracted from 10 g samples using 40 mL 80 % (v/v) 
aqueous ethanol. Th e mixture was extracted 20 min in inert 
atmosphere fi ltered and through Whatman fi lter paper using a 
Buchner funnel. Extraction of the residue was repeated using 
the same conditions. Th e fi ltrates were combined and dilut-
ed to 100 mL in volumet ric fl ask with 80 % aqueous ethanol. 
Obtained extract was used for determination of TPC, TF and 
TNF. Th e formaldehyde precipitation was used to determine 
fl avonoids in fruit samples (Kramling and Singleton, 1969). 
Th e content of TPC and TNF was measured as follows: 0.5 mL 
diluted extracts or standard solutions of gallic acid (20-500 
mgL-1) was added to a 50 mL volumetric fl ask containing 30 
mL of dd H20, than 2.5 mL of Folin-Ciocalteu’s reagent was 
added to the mixture and shaken. Aft er 5 min, 7.5 mL of 7 % 
Na2C03 solution was added with mixing and the solu tion was 
immediately diluted to 50 mL with dd H20. Aft er incubation 
at room temperature for two hours the opti cal density of the 
solution was measured at 765 nm. Th e results were expressed 
as mg gallic acid equivalent (GAE)/g of dry matter (DM). Th e 
amount of fl avonoids was calculated as diff erence between 
total phenols and nonfl avonoids and expressed as mg gallic 
acid equivalent (GAE)/g of DM. 

Hydrolysed tannins content (THT). Hydrolysed tannins 
content (THT) from selected samples was determined using 
method described by Amerine and Ough (1980). Method is 
based on the principle of hydrolysed tannins precipitation 

by addition of the cinchonine-sulphate. 5 g of sample was 
mixed with dd H20 in a ratio of 1:2. In diluted sample 12.5 
mL buff er pH 7.9 and 6.3 mL cinchonine-sulphate solution 
were added. Mixture was homogenised on magnetic mixer 
for about 20 minutes and centrifuged at 5500 rpm for 20 min. 
Th e obtained supernatant was fi ltrated into 100 mL volu-
metric fl ask. Residue on the fi lter along with fi lter paper was 
rinsed with the 10 mL of 10 % sodium-sulphate solution and 
centrifuged at 5500 rpm for another 20 minutes. Aft er cen-
trifugation, liquid part was connected with supernatant. pH 
of that liquid mixture was adjusted to 3.5 by adding 1 M hy-
drochloric acid and solu tion was immediately diluted to 100 
mL with dd H20.  Residual sediment was dissolved in 25 mL 
of 1M ethanol’s hydrochloric acid solution. Obtained extract 
was used for THT determination. Th e results were expressed 
as mg gallic acid equivalent (GAE)/g of DM.

Flavan-3-ols content. Obtained extract for TPC determi-
nation was used for determination of fl avan-3-ols (FT-ols) 
using the method described by Tanner & Brunner (1979). Th e 
principle of determining the total fl avan-3-ols is based on the 
specifi cs of the fl avan-3-ols to react with vanillin. Absorbance 
was measured at 500 nm. Th e results were expressed as mg 
(+)-catehin equivalent (CAE)/ g of DM.

Total anthocyanins content. Total anthocyanin content 
(TA) in extract from selected samples was determined using 
bisulphite bleach ing method (Riberéau-Gayon & Stonestreet, 
1965). Anthocyanins of the fruits were extracted from 2 g 
fresh samples using 2 mL of 0.1 % HCl (v/v) in 96 % ethanol 
and 40 mL 2 % aqueous HCI (v/v). Th e mixture was centri-
fuged at 5500 rpm for 10 min. Th e obtained supernatant was 
used for determination of TA. Th e content of TA was meas-
ured as follow: 10 mL of extract was pipet into two test tubes, 
then 4 mL of 15 % sodium bisulphite was added to one test 
tube and 4 mL of dd H20 to the other. Aft er 15 min of incu-
bation at room temperature the absorbance of each mixture 
was measured at 520 nm. Results were expressed as mg cya-
nidin-3-glucoside equivalent (Cy-gE)/g of DM.  

All spectrophotometric measurements were performed by 
UV-VIS spectrophotometer UV-Vis Unicam Helios  .

Statistical analysis 
Linear regression and calculation of standard deviations 

were done with Excel (Microsoft  Offi  ce). 

Results and discussion 
Th e aim of the present investigation was to determine 

polyphenols stability, enzyme activity and physico-chem-
ical parameters during production of wild elderberry con-
centrated juice. Measurements were carried out in duplicate 
of all the samples taken during production of concentrate 
juice (raw berries, blanched berries, pressed and concentrate 
juice). Several studies were made on anthocyanins and other 
polyphenols content of elderberry cultivars (Kaack et al., 2007; 
Kaack & Austed, 1998; Bridle & Timberlake, 1996; Lee & Finn, 
2007), however, research papers of changes physicochemical 
composition during elderberry fruit processing are scarce. 
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Results of chemical analyses of raw berries are in accordance 
to the available literature (Mratinić & Fotirić, 1998; Vulić et 
al., 2008; Kaack & Austed, 1998; Kahkonen et al., 1999), so 
the berries from the wild elderberry population are highly 
valuable. Total dry matter content was 21.35 %, total acidity 
content 1.21 %, total sugars content 6.16 %, reducing sugars 
content 6.12 % and pH value 4.15. Comparisons of those data 
with the ones in the literature indicated that total dry matter, 
total acidity and pH value falls within the limits average for 
non-selected elderberry (Mratinić & Konjić, 1998; Porpaczy 
& Laszlo, 1984; Lee & Finn, 2007). On the other hand, total 
sugars content in the raw berries was lover than average for 
non-selected elderberry (Mratinić & Konjić, 1998; Mratinić 
& Fotirić, 1998; Vulić et al., 2008). According to the litera-
ture reducing sugars are the most common in wild fruits, 
and they presented about 90 % of the total amount of sugars 
(Grlić, 1987) what is in accordance with our results. During 
production pH value is fairly uniform and ranges from 4.15 
(raw berries) to 4.23 (blanched berries). Like pH value, total 
acidity is very uniform and varies from 1.20 % (in blanched 
berries) to 1.25 % (in pressed juice). Concentrate juice had 
highest total acidity (2.95 %), probably due to concentrating 
process where part of organic acids stay trapped in concen-
trate. In fresh elderberry, as in most wild fruits, reducing 
sugars are the dominant, while sucrose was represented in a 
small amount. Reducing sugars were also dominant during 
all production steps, while sucrose was detected in the lower 
amounts. Content of total and reducing sugars increased aft er 
pressing and additionally aft er concentration. Due to proc-
ess of concentration total and reducing sugars content was 
the highest in concentrated juice with values of 20.08 % and 
20.05 % (Table 1). 

Table 2 shows the POD and PPO activity in fresh ber-
ries and in the samples taken during production. Th is study 
demonstrated that blanching time of 10 min and bath tem-
perature of 70 oC was suffi  cient to inactivate PPO and POD. 
Both enzymes were completely inactivated aft er 10 minutes 
of blanching without residual activity.  Th ese results are in 
accordance with literature showing losses of enzyme activity 
at the temperature higher than 45 oC (Fenema, 1985)  

Th e content of total phenolics in the samples was deter-
mined spectrometrically according to the Folin-Ciocalteu 
procedure and calculated as gallic acid equivalents (GAE) in 
milligrams per gram of dry mater. According to Kahkonen 

et al. (1999) concentration of GAE > 20 mg/g DM presents 
remarkably high total phenolics content, that means that the 
raw berries from the wild elderberry population are highly 
rich sources of these compounds. As in raw berries, in all 
investigated samples, total phenolics (TPC) were predom-
inant polyphenols. Th eir amount varied and ranged from 
32.22 mg of GAE/g DM in raw berries to 38.87 mg of GAE/g 
DM in concentrated juice. Aft er blanching, the content of 
total phenolics were reduced by almost 20 % of the content 
in fresh berries. High total phenolics content in concentrated 
juice could be explained by better separation and extraction 
of bounded phenols from plant tissue aft er blanching and 
pressing (Figure 1).

Among the total phenolic compounds the dominant group 
were non-fl avonoids. Signifi cant amounts were observed in 
all samples. Th e lowest concentration of non-fl avonoids were 
detected in blanched berries (18.19 mg GAE/g DM) and the 
highest in concentrated juice (25.78 mg GAE/g). Signifi cant 
diff erences in concentration of non-fl avonoids were present 
between blanched berries and other samples. Non-fl avonoids 
concentration in the blanched berries was approximately 25 
% lower. 

Compared to concentration of other polyphenols, fl avo-
noids were presented in the lowest amounts in all investigated 
samples.  Quantity changes of fl avonoids during processing 
are shown in Figure 1. Obtained results show that fl avonoid 
concentration constantly grew during production of concen-
trated juice from 6.50 (GAE)/g DM in raw berries to 12.06 
(GAE)/g DM in concentrated juice.

Th e amount of hydrolysed tannins (THT) increases consid-
erably from 12.50 mg (GAE)/g of DM in row berries to 19.28 
mg (GAE)/g of DM in concentrated juice. Th ese increasing 
are probably a consequence of performed production step. 

 
 Raw 

berries 
Blanched 

berries  
Pressed 

juice  
Concentra
ted juice 

PPO (activity/g of 
sample) 

0.51 – – – 

POD (activity/g of 
sample) 

0.66 – – – 

Values are means of two replications 

 
Parameters Raw berries Blanched berries  Pressed juice  Concentrated juice 

Total 21.35±0.11 20.48±0.05 15.31±0.09 32.39±0,16 Dry matter (%) 
Soluble 17.00±0.50 15.00±0.00 15.00±0.00 32.00±0,50 

pH 4.15±0.00 4.23±0.00 4.21±0.00 4.20±0.00 
Total acidity (%) 1.21±0.03 1.20±0.12 1.25±0.07 2.95±0.09 

Total 6.16±0.09 6.96±0.02 8.54±0.07 20.08±0.12 
Reducing 6.12±0.09 6.92±0.01 8.51±0.08 20.05±0.11 

Sugars (%) 

Sucrose 0.04±0.00 0.04±0.0 1 0.03±0.00 0.03±0.01 

Values are means of two replications 

Table 2. Th e results of polyphenol oxidase (PPO) and 
peroxidase (POD) activity

Table 1. Physico-chemical parameters during processing wild elderberry into concentrated juice
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Flavan-3-ols (FT-ols) were determined in smaller amounts 
than TPC, TNF and THT. Th e FT-ols content in all investi-
gated samples constantly grew during all stages of produc-
tion. Concentration of fl avan-3-ols in fresh berries was 10.33 
mg CAE/g of DM while concentrated juice had almost 50 % 
higher FT-ols content (15.13 CAE/g of DM). Th e obtained data 
demonstrate that these compounds are widely distributed in 
all analyzed samples (Figure 1). 

Th e content of total anthocyanins in the fresh berries has 
been the subject of many investigations. A great variation in 
the content of anthocyanins was observed between the elder-
berry cultivars. Bronnum-Hansen et al. (1985) reported that 
elderberry anthocyanins are all cyanidin glycosides (cyanidin 
3-sambubioside, cyanidin 3-glucoside, cyanidin 3-sambu-
bioside-5-glucoside and cyanidin 3,5-diglucoside) and their 
total amounts vary between 200 and 1000 mg/100g fresh 
weight. Kaack and Austed (1998) determined even higher 
concentration of total anthocyanins in some elderberry cul-
tivars (between 664 and 1816 mg/100g fresh weight). Our 
results showed that total anthocyanins content of 13.12 mg 
of Cy-gE/g DM in wild elderberry fruits were in accordance 
with Kaack and Austed report. During production of con-
centrated juice every production step led to increased con-
tent of total anthocyanins, from 20.80 mg of Cy-gE/g DM in 
blanched berries to 25.67 mg of Cy-gE/g DM in concentrated 
juice, probably due to blanching and mashing which leads to 
degradation of cell walls and releasing anthocyanins into the 
juice (Landbo et al., 2006) (Figure 2). 

Th e major degradation factors of the anthocyanins are the 
temperature, the presence of oxygen and light, co-pigmenta-
tion, metal ions, enzymes, the pH value, etc. (Jackman et al. 
1987). During production of concentrated juice anthocyanin 
concentration constantly rise and that shows that whole proc-
ess was performed under optimal conditions. Generally we can 
conclude that anthocyanins were stable during concentration.

Lastly, considering all analyzed chemical parameters of 
elderberry fruit quality, it can be concluded that black elder-
berry fruit falls into the category of biologically high-qual-
ity fruits (Mratinić & Fotirić, 1998; Kaack & Austed, 1998; 

Abuja, 1998), therefore it could be processed into high-qual-
ity concentrated juice. 

Conclusions 
Elderberries were exceptionally rich with the total acids, 

what presents an important parameter for processing. Th e 
amounts of sugar in all investigated samples were very low 
so it is not the focal chemical compound for technological 
processing, and it can easily be added to the fi nal product. 
Th e obtained results suggest that raw elderberries as well as 
elderberry concentrated juice are high potential source of 
polyphenols especially anthocyanins. Total anthocyanins 
were the most abundant polyphenols in all investigated sam-
ples, and they were stable during processing elderberry into 
concentrated juice. 

Besides anthocyanins, other polyphenols were also stable 
during processing of elderberry juice into concentrated juice. 
Generally, all of these results show that the row berries and 
their concentrated juice retain evident content of important 
bioactive compounds and they can be used as easily accessi-
ble source of high value natural components. 

Th e results of these investigations could be useful for the 
further investigation, and could be contribute to better un-
derstanding of infl uence of processing steps on polyphenols 
stability. 
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