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Abstract
Blackcurrant juices prepared with or without enzyme treatment at industrial scale were stored at room temperature or + 4 °C 
for 1 year, and their sensory profiles, chemical composition and rheological properties were investigated. The juice without 
enzyme treatment had less intense colour and it was perceived and measured as more viscose than the juice produced with 
enzyme assistance. Content of monomeric anthocyanins decreased significantly during storage in both juice types under 
both storing conditions. However, changes in colour intensity were observed only in the non-enzymatic juices. In the dis-
crimination tests based on the appearance, the stored samples were detected as significantly different. Storage resulted in 
significant changes in contents of hydroxycinnamic acids and flavonols, but this did not have an impact on the bitterness 
or astringency of the juices. Moreover, sugar and acid contents were mainly unchanged during storage. Storage resulted in 
a decrease in dynamic viscosity and greater differences in viscoelastic properties for the juice with enzymatic assistance. 
This study provides important information about the stability of juices typically stored at room temperature for a long time.
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Introduction

Berries and fruits are typically processed to juices, jams, 
jellies, purées, concentrates, alcoholic drinks or eaten whole. 
Juice processing includes various steps, such as thawing, 
crushing, heating, enzymatic maceration, pressing and clari-
fication. Enzyme treatment is typically used to break down 
polymeric structures, such as pectins, cellulose and hemi-
cellulose in the berry pulp and skins to reduce increase the 
juice yield and reduce its viscosity. Various health-related 
bioactive phenolic compounds, such as anthocyanins and 
flavonols, are concentrated in the skin fractions of the ber-
ries [1]. Use of enzymes in juice processing results in higher 

yields of these compounds [2–6]. At the same time, the 
enzyme-aided juice processing significantly alters the sen-
sory quality of the juice by, for example, increasing astrin-
gency and bitterness [7, 8] or the aroma of the juices [9].

Blackcurrants (Ribes nigrum) are commonly cultivated 
in Europe and are the second most cultivated berry in Fin-
land. Various factors affect the composition and contents of 
phenolic compounds in the berry, such as cultivar, growth 
location and conditions, and ripeness of the berries [10–14]. 
Different current cultivars may also have significantly dif-
ferent sensory profiles [7, 15, 16]. Additionally, the content 
of the compounds in the end-products depends on various 
postharvest processing factors, such as parameters used 
in the aforementioned enzyme-aided processing. Process-
ing typically involves the application of high temperatures, 
e.g., pasteurisation, to deactivate spoiling micro-organisms 
and endogenous enzymes, which in turn result in losses of 
various phenolic compounds, particularly of anthocyanins 
[17–21]. High temperatures may also significantly affect the 
sensory quality of the juices [8, 22]. Anthocyanin content 
typically decreases significantly during storage of the juices 
whereas other phenolic compound classes are not equally 
susceptible to changes [20, 23–27]. Degradation of anthocy-
anins during storage may be accompanied by an increase in 
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polymeric colours and co-pigmentation [17, 18, 27]. Despite 
multiple studies focusing on the changes in the chemical 
quality, few studies have focused on the stability or changes 
in sensory qualities of blackcurrant juices during storage 
[8, 20, 28].

The juices in this study were produced in industrial facili-
ties with and without the use of pectinolytic enzymes [29]. 
The former juice type resembled typical commercial black-
currant product whereas the latter consisted mainly of the 
berry pulp without seeds and skins. In our previous study, 
the perceived aroma attributes of the blackcurrant juices and 
the contents of volatile compounds changed significantly 
during 1 year [28]. The aim of this study was to investi-
gate the stability of blackcurrant juices during storage for 
1 year in refrigerator and at room temperature by study-
ing the changes in sensory quality (taste, astringency and 
appearance). Generic descriptive analysis was used in the 
sensory test and main focus were in the start and end-points 
(i.e., 0 and 12 months) of the storage and in the storing tem-
peratures. We have previously reported with similar juices 
made in a laboratory scale that storage has significant effects 
on the colour of juices, but it had little impact on the taste 
attributes [20]. However, in this study the used manufactur-
ing processes were more relevant to juice industry and there-
fore more subtle in comparison to the small scale laboratory 
processes. Special focus was on the visual changes in the 
juices due to the well-acknowledged decrease of anthocya-
nins during storage using discrimination tests in addition 
to the descriptive analysis. In addition to the colour com-
pounds, various instrumental quality factors were investi-
gated based on the results of the sensory tests. The contents 
of various known sensory-active non-volatile compounds, 
such as sugars, fruit acids and phenolic compounds, which 
were also investigated in our earlier studies in stored juices 
[20, 25], were investigated using GC-FID, HPLC-DAD and 
HPLC-ESI-MS methods. Finally, the potential changes in 
the rheological properties of the stored blackcurrant juices 
were also studied.

Materials and methods

Juice samples

Two blackcurrant juices were produced at an industrial scale 
as previously described [29]. Berries (3000 kg) of blackcur-
rant cultivar ‘Mortti’ were harvested in 2011 from the plan-
tation of Saarioinen Oy (Huittinen, Finland). The berries 
were cleaned at Toripiha Oy (Vesanto, Finland) by removing 
leaves, stems and other impurities and frozen immediately. 
The frozen berries were processed in 500–1250 kg batches 
with the industrial-scale facilities at Saarioinen Oy. The 
process scheme consisted of thawing with steam, crushing, 

heating (approximately 38–49 °C), enzyme addition (using 
an in-house pectinase product), incubation (approximately 
2 h at 40–50 °C), hydraulic pressing, clarification and filtra-
tion. The first juice was produced by following the process 
protocol without enzymatic treatment, clarification or filtra-
tion (NEnz samples). The second juice was extracted by fol-
lowing the conventional juice processing procedure includ-
ing all the aforementioned steps (Enz). The products were 
pasteurised and bottled in 375-mL glass bottles in Marjaja-
loste Meritalo Oy (Salo, Finland). Pasteurisation was carried 
out with Gebhardt model EHA27E machinery (Gebhardt 
Anlagentechnik GmbH & Co. KG, Kenzingen—Bombach, 
Germany) resulting in juices of 87–89 °C. After pasteurisa-
tion, the bottled juices were stored in the dark at + 4 °C (12F 
samples) or at ambient room temperature (approx. 21 °C) 
for 12 months (12RT). Samples for sensory evaluation and 
chemical analyses were stored in a freezer (− 20 °C) until 
analysed.

Sensory evaluation

Descriptive analysis

The sensory evaluation using generic descriptive analysis 
and the sensory characteristics of the juice samples were 
based on our previous studies [7, 20, 29]. The panel (n = 11) 
was trained to evaluate appearance, flavour, taste and mouth-
feel attributes (Table 1) of the juice samples using a scale 
0–10 (0 = no attribute, 10 = very intense). Six thawed juice 
samples were presented all at the same time in a fixed order 
in two separate sets to emphasise the potential differences 
within the juice type derived from storing. The three Enz-
juices (pasteurised, 12F and 12RT) were presented first in 
a randomised order followed by the three corresponding 
NEnz-juices in a randomised order. The samples were pre-
sented as 10 mL portions in transparent 50 mL beakers with 
glass lids, and they were evaluated in triplicate sessions. 
The data were collected using Compusense-five software 
(Compusense Inc., Guelph, Canada).

Discrimination test

Tetrad test [30] was used to detect differences in the appear-
ance of the stored blackcurrant juices. Juice samples 
from both processes (Enz- and NEnz-juices), both stor-
age conditions (+ 4 °C, RT) and all the time-points i.e., 
0, 3 and 12 months were included in the test. Voluntary 
untrained panelists (n = 23) evaluated the samples during 
three sessions, and they were given 12 (two storage condi-
tions × three time-points × two replicates) or eight (two juice 
processes × two storage conditions × two replicates) sets of 
four samples during each session. The samples and sample 
sets were presented in a randomised order. The samples were 
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given in 10 mL transparent glass tubes with plastic corks 
on a white tube rack. The samples were coded with three-
digit random numbers. During each session, the panelists 
were asked to divide the four samples into two pairs based 
on their similarities and differences in appearance [31] and 
mark the pairs on a paper showing the sample codes. The 
panelists were encouraged to lift the samples in the set of 
four samples from the rack and evaluate their appearance by 
gently turning them around and placing them against white 
A4 sized paper.

Instrumental analyses

Sugars, acids and phenolic compounds

Sugars and non-phenolic fruit acids in juices were analysed 
with gas chromatography as trimethylsilyl (TMS) deriva-
tives using a method previously applied in our laboratory 
[32]. The analytes were identified by co-injection of refer-
ence compounds and quantified (g/100 mL) using internal 
standards [32].

The phenolic compounds (monomeric anthocyanins, 
hydoxycinnamic acid derivatives and flavonols) were ana-
lysed with HPLC-DAD and HPLC-ESI-MS [25]. Phenolic 
compounds in the juices were identified based on chromato-
graphic retention times, reference compounds, UV spectra, 
mass spectral characteristics, and the literature references. 
Quantification of phenolic compounds (µg/100 mL) was car-
ried out using external standards and calibration curves of 
authentic reference compounds [25].

Rheology

The rheological properties of the juices were studied by 
Anton-Paar MCR 102 rheometer (Anton Paar GmbH, 
Graz, Austria) both in the rotational and oscillatory mode 
to determine the flow properties and thixotropic behaviour 
of the Enz- and NEnz-juices. The structural homogeneity 
and recovery after shear were measured in the oscillatory 
mode with a three interval test method (from low shear to 
high shear and back) at room temperature by keeping angu-
lar frequency (ω) constant at 10 rad/s, but by stepping the 
amplitude from low (strain 5%) to high (strain 100%) and 
back (strain 5%). The stepping up from 5 to 100% was con-
ducted in 60 s, the strain was kept at 100% for 150 s and 
stepping down from 100 to 5% was conducted in 60 s. The 
juices were also studied for flow properties and thixotropy in 
the rotational mode by measuring the dynamic viscosity at 
different shear rates, stepping first from 2.1/s to 50.1/s, keep-
ing it constant at 50.1/s for 50 s and back to 2.1/s. Analyses 
were carried out in triplicate.

Statistical analyses

Differences between the samples were defined by analyses 
of variance (ANOVA) together with a suitable post-hoc test 
(LSD, Tukey’s or Tamhane’s). One-way ANOVA was used 
for comparing chemical variables within both juice press-
ing methods. Three-way ANOVA (sample, panelist, ses-
sion, and their interactions) was used for the results from 
the descriptive analysis juice samples as fixed factors and 
sessions and panelists as random factors. Student’s t test was 

Table 1  Sensory attributes, descriptors, their references and intensities (scale 0–10) used in the descriptive analysis

a Reference samples were presented as 10 mL portions in 50 mL transparent glass beakers and in the order shown in the table

Attributes Descriptors Reference  samplesa Intensity

Appearance
 Colour intensity Colour intensity when observed through the beaker Colour of the skin of a thawed berry 

(cultivar’Mortti’ from 2011)
9

 Viscosity Fluidity, viscosity of the sample when gently shaken Commercial black currant concentrate (Perinteinen 
mustaherukkamehu, Eckes-Granini, Turku, 
Finland)

2

Taste/flavour
 Total intensity of flavour Intensity of all flavours and tastes combined – –
 Sourness Sour taste 0.07% citric acid solution 4
 Sweetness Sweet taste 2.0% sucrose solution 6
 Bitterness Bitter taste 0.07% caffeine solution 6
 Astringency Mouth-drying, puckering and roughing sensation 0.2% aluminium sulphate solution 8
 Black currant flavour Blackcurrant and berry-like flavour in mouth 20% commercial black currant concentrate (Per-

inteinen mustaherukkamehu, Eckes-Granini, 
Turku, Finland)

3

 Aftertaste Flavour intensity after swallowing/spitting out the 
sample

– –
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used to analyse differences in chemical or sensory variables 
between the two juice types. The criterion for statistical 
significance in all tests was p < 0.05. ANOVA models and 
t-tests were performed using SPSS version 22 (SPSS Inc. H, 
Chicago, IL). Results of the discrimination test (tetrad test) 
were based on binomial distributions [33]. In the generic 
descriptive analysis, the panel sensitivity, reproducibility 
and agreement was first analysed with PanelCheck 1.4.2 
(Nofima, Tromsø, Norway) following the suggested work-
flow described by Næs, Brockhoff, and Tomić [34].

Results and discussion

Changes in sensory quality during storage

The samples for the descriptive analysis were selected based 
on the results of our previous study with laboratory made 
juices [20] in which we found relatively small changes in 
the sensory quality of juices stored for 1 year. Therefore, 
only the starting and end-point samples were taken for the 
sensory evaluations in this study. Additionally, the samples 
were presented in two separate sets (Enz- or NEnz-juices) to 
emphasise differences within the sets due to storage.

The three-way ANOVA showed significant sample main 
effects in colour intensity, viscosity, total intensity of flavour 
and in the berry flavour (Table 2). The three taste attributes 
were the most well-understood attributes by the panel due to 
very low and no significant sample × panelist interactions. 
This together with no significant sample main effects dem-
onstrated that there were no differences among samples in 
the taste attributes. In the panel performance assessed with 
Panelcheck (data not shown), none of the panelists showed 
consistently poor performance. The exclusion of one or two 
of the most extreme assessors (with worst repeatability, 

sensitivity or agreement) had little effect on the differences 
between the samples. The most notable disagreements were 
with the berry flavour and total intensity of flavour whereas 
the panel was in high agreement with visual assessment of 
viscosity and colour intensity.

The two juice types had significantly different sensory 
profiles (Table 2). NEnz-juices had more intense blackcur-
rant flavour and higher viscosity, whereas the Enz-juices had 
the higher total intensity of flavour. These differences are in 
accordance with our previous studies [7, 8, 29]. Bitterness 
and especially astringency have been previously shown to 
be higher in enzyme-aided juices compared with the juice 
pressed without enzymatic treatment [7, 8, 29]. However, 
in this study, the panel was instructed to focus on the juice 
types (with/without enzymes) in the separate sets of three 
samples (0 months, 12 months in RT and 12 months + 4 °C). 
Differences between juice types were not statistically 
significant.

The storage influenced only some of the sensory attrib-
utes in addition to the previously reported changes in odour 
quality [28]. The changes observed during the storage of 
different time periods or under different conditions were 
notably smaller in comparison to the differences between the 
juice types. The taste properties and astringency remained 
the same during the 1-year storage under both storage condi-
tions. Significant changes were observed in appearance and 
flavour characteristics. The typical blackcurrant berry fla-
vour of the pasteurised NEnz-juice was significantly lowered 
by storage at RT, but well reserved during storage at + 4 °C 
(Table 2). Similarly, the orthonasally perceived berry odour 
of these juices also decreased in our earlier study [28]. At 
the same time, the total intensity of flavour in the Enz-
juices decreased in 12RT-juices and remained the same for 
12F-juices. Thus cooled storage is needed in both juice types 
to maintain the initial flavour (and odour) characteristics.

Table 2  Sensory attributes and 
their intensities (scale 0–10) in 
the juice  samplesa

a Samples before and after 12-month storage; F samples stored at + 4 °C, RT samples stored at room tem-
perature. Means and standard deviations of three replicates. Significant differences between samples within 
treatments in each variable based on three-way ANOVA with Tukey’s HSD test (p < 0.05) are marked with 
a, b. Differences between processes, if found, are shown with asterisks: “Asterisk” indicates the higher 
value in non-enzymatic process and **higher in enzymatic process (based on Student’s t test, p < 0.05)

Attributes Enzymatic assistance No enzymatic assistance

Enz_0 Enz_12F Enz_12RT NEnz_0 NEnz_12F NEnz_12RT

Colour intensity 8.1 ± 0.8 8.2 ± 0.7 8.0 ± 0.8 7.8 ± 1.0b 7.5 ± 1.2b** 6.3 ± 1.3a**
Viscosity 2.0 ± 0.8 1.9 ± 0.9 1.9 ± 0.5 7.1 ± 1.1b* 7.0 ± 1.2b* 6.6 ± 1.1a*
Sourness 6.6 ± 1.4 6.5 ± 1.6 6.3 ± 1.3 6.0 ± 1.1 6.2 ± 1.5 6.1 ± 1.6
Bitterness 6.2 ± 1.6 6.3 ± 1.5 6.0 ± 1.5 5.6 ± 1.4 5.5 ± 1.8 5.7 ± 1.2
Sweetness 2.5 ± 1.7 2.8 ± 1.8 2.8 ± 1.8 2.9 ± 1.6 3.0 ± 1.7 3.2 ± 1.8
Astringency 4.0 ± 2.1 3.7 ± 1.9 3.8 ± 2.1 3.3 ± 1.8 3.2 ± 1.8 3.4 ± 2.1
Total flavour intensity 6.4 ± 1.9b 6.2 ± 1.6ab 5.9 ± 1.8a 4.1 ± 2.0** 3.9 ± 2.0** 4.0 ± 2.2 **
Berry flavour 4.1 ± 1.9 4.0 ± 1.9 4.0 ± 1.7 5.2 ± 2.0b* 5.3 ± 1.9ab* 4.9 ± 1.8a

Aftertaste 5.4 ± 1.7b 5.2 ± 1.6ab 4.8 ± 1.6a 4.5 ± 1.2** 4.8 ± 1.5 4.6 ± 1.8
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The colour intensity of the NEnz-juice rich in berry pulp 
changed during storage (Tables 2, 3). This juice contained 
initially less anthocyanins (Table 4) and had significantly 
lower colour intensity after storage at RT. Interestingly, the 
storage had also an effect on the visually observed sample 

viscosity at 12RT-juice but not in 12F-juice. To further 
examine the potential differences during storage, sets of 
discrimination tests based on appearance were conducted 
using the tetrad test (Table 3). More correct judgements by 
the panel in comparison the minimum level (at probability 

Table 3  Discrimination test 
(tetrad  testa) for the stored black 
currant juice samples based on 
appearance

a Panelists formed two groups of two samples based on their similarities and differences (Rousseau and 
Ennis 2013). Panel of 23 participants, two replicates, statistical calculations based on Lawless and Hey-
mann (2010)

Storage condition Timepoints (months) Enzymatic assistance No enzymatic assistance

Correct answers p value Correct answers p value

Room temperature 0 vs. 3 24/46 0.005 43/46 < 0.001
0 vs. 12 43/46 < 0.001 45/46 < 0.001
3 vs. 12 38/46 < 0.001 43/46 < 0.001

Fridge, + 4 °C 0 vs. 3 20/46 0.096 41/46 < 0.001
0 vs. 12 22/46 0.027 37/46 < 0.001
3 vs. 12 22/46 0.027 22/46 0.027

Room temperature 
vs. Fridge, + 4 °C

3 vs. 3 29/46 < 0.001 30/46 < 0.001
12 vs. 12 40/46 < 0.001 45/46 < 0.001

Table 4  Contents of anthocyanins, flavonols and hydroxycinnamic acids (µg/100 g) in juices stored for 12 months

Means and standard deviations of two replicates. Significant differences within treatments in each variable was based on oneway ANOVA and 
Tukey’s test (p < 0.05) and marked with a–d in + 4 °C storage and h–k in room temperature storage. Detailed compounds shown in Supplemen-
tary Material Table

Compound classes Pasteurised + 4 °C storage Room temperature storage

3 months 6 months 12 months 3 months 6 months 12 months

With enzymatic assistance
 Anthocyanins 229,000 ± 800a/h 230,000 ± 360a 209,000 ± 99b 200,000 ± 250c 145,000 ± 42i 88,800 ± 590j 36,500 ± 490k

 Anthocyanin degrada-
tion products

361 ± 67b/i 538 ± 44ab 760 ± 47a 460 ± 120b 546 ± 44i 676 ± 11i 1030 ± 150h

 Sum of flavonol com-
pounds

11,600 ± 26i 12,000 ± 450 11,900 ± 650 11,300 ± 270 12,600 ± 370h 11,500 ± 57i 12,100 ± 41h

 Flavonol glycosides 10,700 ± 40i 11,200 ± 460 11,000 ± 560 10,500 ± 240 11,700 ± 350h 10,600 ± 55i 10,900 ± 6.3h

 Free flavonol aglycons 830 ± 15j 848 ± 14 861 ± 97 857 ± 27 938 ± 16i 916 ± 1.8i 1100 ± 34h

 Sum of HCA com-
pounds

10,100 ± 140 10,200 ± 110 10,300 ± 410 9390 ± 150 9780 ± 150 9750 ± 190 10,300 ± 560

 HCA derivatives 8770 ± 110ab 8848 ± 86ab 8910 ± 320a 8120 ± 120b 8360 ± 180 8170 ± 110 8290 ± 460
 Free HCAs 1290 ± 33j 1320 ± 17 1330 ± 84 1270 ± 23 1420 ± 29ij 1580 ± 82i 1980 ± 94h

Without enzymatic assistance
 Anthocyanins 152,000 ± 12,000a/h 112,000 ± 670b 134,000 ± 190ab 117,000 ± 400b 60,800 ± 640i 61,200 ± 67i 29,100 ± 870j

 Anthocyanin degrada-
tion products

481 ± 68i 368 ± 22 427 ± 1.9 477 ± 29 735 ± 6.8hi 610 ± 120i 1010 ± 40h

 Sum of flavonol com-
pounds

8900 ± 1700 7610 ± 110 7410 ± 11 7920 ± 150 7790 ± 170 8000 ± 300 6400 ± 93

 Flavonol glycosides 7600 ± 1700 6410 ± 78 6380 ± 28 6590 ± 150 6530 ± 140 6830 ± 280 5220 ± 35
 Free flavonol agly-

cones
1290 ± 55a 1200 ± 28a 1040 ± 17b 1330 ± 1.8a 1270 ± 25 1170 ± 27 1180 ± 58

 Sum of HCA com-
pounds

8600 ± 1700 7180 ± 9.4 7900 ± 390 8430 ± 210 7610 ± 180 7660 ± 510 6800 ± 92

 HCA derivatives 8100 ± 1700 6720 ± 15 7310 ± 310 7700 ± 190 6800 ± 150 6710 ± 480 5390 ± 43
 Free HCAs 527 ± 19b/j 465 ± 5.6b 584 ± 83ab 731 ± 27a 809 ± 32i 945 ± 35i 1410 ± 50h
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level 5% in the discrimination tests [33]) was required to 
establish statistical significance. Significant differences were 
observed by the panel (n = 23 × 2) in most of the test sets. 
The stored Enz-juices were also perceived to be significantly 
different. This was despite the no significant differences in 
the descriptive profile (Table 2). Even in the comparisons 
of the 12F-juices, enough correct judgements were made by 
the panel. However, more significant differences (i.e., differ-
ences observed more often by the panel) were detected in the 
12RT-juices. The differences detected by the panel, and thus 
forming the correct of two pairs in the tetrad tests, were most 
likely due to both colour and viscosity changes as the pan-
elists were allowed to lift and turn around the sample tubes.

Changes in phenolic compounds, sugars and acids 
during storage

Table 4 shows the sums of the different phenolic compound 
classes, and more detailed compound groups according to 
Mäkilä et al. [20] are shown in the Supplementary table. 
Identifications of the compounds were made based on the 
procedure of Mäkilä et al. [25]. The Enz-juices had higher 
initial contents of all the three compound classes compared 
to the NEnz juices, as expected. The contents of anthocya-
nins decreased in both juice types and both storage tempera-
tures (Table 4). The losses were higher in the 12RT-juices 
(84 or 81% losses for Enz- and NEnz-juices, respectively) 
than in 12F-juices (13 or 26%). At the same time, there were 
notable increases in some of the degradation products of 
the monomeric anthocyanins, such as protocatechuic acid, 
4-hydroxybenzoic acid and phloroglucinaldehyde, in agree-
ment with the previous findings [20, 25]. However, a sig-
nificant increase was mainly detected in the RT samples. 
Despite the notable loss of the monomeric anthocyanins in 

the Enz-juices stored in RT for 12 months, the sensory panel 
did not detect differences in colour between the samples 
(Table 2). These samples remained intensely dark after the 
storage, which may partly explain the lack of observed dif-
ferences. The processes used in the juice industry (including 
the used enzyme product) typically are highly temperature-
controlled aiming to maintain the original colour of the fruit 
or berry. The unchanged colour indicates also to potential 
co-pigmentation reactions in the juice, where the antho-
cyanins may remain in polymeric forms [27]. Pectins and 
the oligosaccharides derived from polysaccharides during 
the juice processing may interact with juice anthocyanins 
depending on the anthocyanin and pectin structures [35], 
which may affect the stability of the colour and further high-
lights the importance of enzyme selection and process con-
trol in the juice manufacturing.

The total content of hydroxycinnamic acids remained 
relatively stable during storage in both juice types (Table 4). 
However, there were significant increases in free hydroxy-
cinnamic acids (caffeic, p-coumaric, and ferulic acids) 
derived from the corresponding derivatives. Similar to 
anthocyanins, the increases of the degradation products were 
higher in the RT-juices than in F-juices. Flavonols were the 
most stable during storage of the three compound classes 
investigated (Table 4). Higher initial levels of free flavonol 
aglycons were detected in the NEnz-juices resulting from the 
juice processing. On the other hand, the notable increases 
during storage in the contents of free flavonol aglycons were 
detected only in the Enz-juices (RT samples, Table 4). Thus, 
the juice matrix may have provided more protection for the 
flavonols in the NEnz-juices during storage.

The initial compositions of non-phenolic organic acids 
and sugars in the two juice types were significantly different 
(Table 5). The total content of acids and sugars remained the 

Table 5  Sugars and fruit acids 
(g/100 mL) in the juice samples 
before and after 12-month 
 storagea

a Samples before and after 12-month storage; F samples stored at + 4 °C. RT samples stored at room tem-
perature. Means and standard deviations of three replicates. Significant differences within treatments, if 
found, in each variable was based oneway ANOVA and LSD post hoc test (p < 0.05) and are marked with 
letters a–c

Enzymatic assistance No enzymatic assistance

Enz_0 Enz_12F Enz_12RT NEnz_0 NEnz_12F NEnz_12RT

Malic acid 0.23 ± 0.0 0.23 ± 0.0 0.23 ± 0.0 0.24 ± 0.0b 0.25 ± 0.0ab 0.26 ± 0.0a

Citric acid 2.02 ± 0.0 2.10 ± 0.0 2.09 ± 0.0 2.07 ± 0.1 2.19 ± 0.3 2.12 ± 0.1
Quinic acid 0.05 ± 0.0a 0.04 ± 0.0b 0.04 ± 0.0ab 0.05 ± 0.0 0.04 ± 0.0 0.04 ± 0.0
Ascorbic acid 0.05 ± 0.0a 0.04 ± 0.0b 0.01 ± 0.0c 0.01 ± 0.0b 0.04 ± 0.0a 0.02 ± 0.0b

Fructose 3.74 ± 0.1b 4.23 ± 0.0a 4.24 ± 0.1a 5.02 ± 0.3 5.11 ± 0.5 5.12 ± 0.6
Glucose 3.48 ± 0.1 3.41 ± 0.0 3.45 ± 0.1 4.80 ± 0.2 4.54 ± 0.4 4.48 ± 0.6
Sucrose 0.10 ± 0.0a 0.08 ± 0.0b 0.01 ± 0.0c 0.01 ± 0.0b 0.06 ± 0.0a 0.01 ± 0.0b

Sugar/acid 3.13 ± 0.0b 3.21 ± 0.0a 3.26 ± 0.1a 4.16 ± 0.1a 3.85 ± 0.1b 3.96 ± 0.7ab

Total acids 2.34 ± 0.0 2.41 ± 0.0 2.37 ± 0.0 2.36 ± 0.1 2.53 ± 0.3 2.44 ± 0.1
Total sugars 7.33 ± 0.2b 7.72 ± 0.1a 7.71 ± 0.1a 9.82 ± 0.5 9.71 ± 0.9 9.60 ± 1.2
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same during the 12-month storages in both juice types. Sig-
nificant increase in the fructose content was detected with 
the Enz-juices indicating enzymatic activities not deacti-
vated during the pasteurisation.

Changes in rheological properties during storage

Due to the significant changes in the viscosity of juices 
observed during storage and the differences detected in the 
discrimination tests (Tables 2, 3), the rheological properties 
of the six juices included in the descriptive sensory profile 
were studied. Rheological properties of juices are affected by 
various quality factors, such as the composition and contents 
of monomeric and polymeric carbohydrates in the fruit [36, 
37]. Depectination and clarification of blackcurrant juice 
(or juice from other similar berries) using enzymes result 
in more Newtonian fluid behaviour in comparison to the 
non-Newtonian behaviour of the initial berry puree [37, 38]. 
Previous study with blueberry and raspberry purees showed 
that berry processing affects the rheological properties of the 
products resulting in lowered apparent viscosity in compari-
son to raw untreated puree [39]. At the same time, blackcur-
rant juice produced without enzymatic assistance is signifi-
cantly more viscous in comparison to the other berries, such 
as blueberries or raspberries [40], which highlights the need 
of enzymatic treatments to reduce the viscosity to transport 
juices through pipelines in industrial-scale facilities.

The rotational mode measurements for dynamic viscos-
ity showed expected shear-thinning behaviour for both juice 
types during storage (Fig. 1). The level of dynamic viscos-
ity was clearly higher in the NEnz-juices compared with 
the Enz-juices. Values of the former juice started at a low 
shear rate (2.1/s) from 2000 to 3000 mPas and ended up 
with 224–234 mPas at the shear rate of 50.1/s (Fig. 1a). The 
corresponding values for the Enz-juices were about 100–200 
times lower ranging from 19 to 38 mPas at 2.1/s to approx. 
1 mPas at 50.1/s (Fig. 1b). The obvious, expected reason 
for this is the lower solid content of the latter juices and 
especially, the presence of non-degraded pectins in the non-
enzymatic juices [38, 40]. The dynamic viscosity curves also 
showed hysteresis, and thus thixotropic behaviour, especially 
for the Enz-juices, in spite of their low dynamic viscosity 
levels. The relative difference in dynamic viscosity at a low 
shear rate (2.1/s) was greater (from approx. 3- to eightfold 
greater in the beginning of the measurement than in the end) 
when compared with the relative differences for the NEnz-
juices (twofold greater for the 12F-juice, 1.5-fold greater for 
the others). Hence, the recovery from the shear was better for 
the juices produced without the enzymatic assistance. The 
rheological results verify the clear difference in viscosity 
observed in the descriptive sensory evaluation and in the tet-
rad tests (Tables 2, 3). Both dynamic and complex viscosity 
and elastic modulus are clearly lower for the juices manu-
factured with the enzyme assistance, which depend on the 
clear differences in the solid content and pectin degradation.
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Fig. 1  Dynamic viscosity of the juices without enzymatic assis-
tance (a) and with the enzymatic assistance (b) shown against shear 
rate (showing only rates up to 20/s) and thixotropic behaviour of the 
juices without enzymatic assistance (c) and with the enzymatic assis-
tance (d) expressed as loss factor [tan δ  =  (loss modulus (G″)/stor-

age modulus (G′)] before the storage (circle markers), as stored for 
12 months at + 4 °C (rectangles), and as stored at room temperature 
for 12 months (triangles). The dashed line shows the Tan δ value that 
indicates the gel point (or the value at which a flowing system turns 
into a non-flowing system or vice versa
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Storage had some effects on the dynamic viscosity of 
the juices. The largest hysteresis for the NEnz-juices was 
observed for the 12F-juice. A decrease in the dynamic 
viscosity was observed for the Enz-juice. The dynamic 
viscosity for the juice before the storage was about two-
fold (above 15.1/s) compared with that of the 12RT-
juices, and 20–40% higher than that of the 12F-juice. 
This is in accordance with the observations of decreasing 
viscosity for cloudy juices as a function of storage time 
at + 4 °C, which may depend on the precipitation of pulp 
and degradation of pectin [19]. The results also suggest 
that the effect is accelerated if the juice is stored at room 
temperature.

The thixotropic behaviour was also observed with a three-
interval test method conducted in the oscillatory mode and 
the difference was clear between the two juice types. The 
results are summarised in the Fig. 1c, d, where the loss fac-
tor [tan δ = ratio between the loss (G″) and storage (G′) 
modulus] is shown as a function of time. The NEnz-juices 
recovered rather well from the shear, however, the 12F-juice 
differed again by showing flow properties (and shear) at all 
time points. Thus, the loss factor stayed above one all the 
time, which is a typical indication of a flowing material. The 
other NEnz-juices (0 and 12F) recovered also from the shear, 
but the loss tangent values were somewhat below one at low 
shear (both in the beginning and in the end of the measure-
ments) indicating a non-flowing, loose gel-like structure. 
However, the Enz-juices behaved differently and they did not 
recover well from the shear. For Enz_0- and Enz_12F-juices, 
the loss factors were in the beginning (at low shear) below 
one showing a non-flowing structure. However, in the end 
(again at low shear), they stayed above one, i.e., in a flowing 
condition. The loss factor for the 12F-juice stayed below one 
all the time, but the recovery was not particularly good. The 
loss factor was very near one, i.e., still a gel-like structure, 
but near a flowing structure, after the period of constant high 
amplitude (strain = 100%) under high shear, but the juice 
turned again into a more non-flowing structure when the 
shear is lowered. The results suggested structural hetero-
geneity due to the shear, i.e., components of the juices that 
made them non-flowing and gel-like have been re-ordered or 
interactions between the components have been disrupted. 
The juices made with enzymatic assistance typically contain 
some oligomeric species [35]. These oligomers in the Enz-
juices may have formed gel-like structures with weak and 
irreversible (at least not right after the shear) interactions. 
The oscillatory measurements also supported the observa-
tion made in the rotational measurements for dynamic vis-
cosity that the RT-juice has changed more during the storage 
than the 12F-juice. Despite of the aforementioned differ-
ences detected in the rheological analyses for Enz-juices, 
no significant differences were observed in the descriptive 
sensory analysis (Table 2).

The rheological results verify the clear difference in 
viscosity observed in the sensory tests (Tables 2, 3). Both 
dynamic and complex viscosity and elastic modulus were 
clearly lower for the Enz-juices due to the clear differences 
in the solid contents and pectin degradation. However, when 
comparing the Enz-juices to each other, the results showed 
decreasing dynamic viscosity as a function of storage time. 
Additionally, the thixotropic analysis by the oscillatory 
measurements showed worse recovery due to changes in 
the juice structure under the shear. However, no significant 
differences were observed in the viscosity of the sensory 
evaluation (Table 2) most likely due to low viscosity levels 
in all Enz-juices. The difference in the dynamic viscosity or 
changing flow properties due to shear by mixing or shak-
ing was too low to be observed by visual observation. The 
decrease in the viscosity in the sensory test (Table 2) for 
the NEnz-juices stored at RT was not correlated with the 
rheological measurements. The dynamic viscosity was lower 
for the 12RT-juice than for the 12F-juice, but no changes 
were observed when comparing it to the dynamic viscosity 
of NEnz_0-juice. Both juice types (Enz and NEnz) showed 
some gel-like properties at low shear, and the properties 
were clearest for the Enz_12RT-juice. However, this was not 
observed in the descriptive sensory evaluation (Table 2) as 
the higher viscosity due to the higher solid content and non-
degraded pectin dominated the observation of the viscosity.

In conclusion, significant changes were observed dur-
ing storage in both juice types. As expected, the contents of 
anthocyanins decreased significantly in both juices during 
the 12-month storage at both temperatures, but changes in 
colour intensity were only observed in sensory analyses of 
juices without enzymatic assistance. Viscosities of the juices 
were evaluated as different in the descriptive sensory analy-
sis and the juices were observed as significantly different 
in the discrimination tests showing notable changes in the 
juice textural properties during storage. This was confirmed 
in the rheological analyses. On the other hand, no changes 
due to the storage were observed in the taste and astringency 
of the juices. At the same time, significant changes were 
observed in the contents of hydroxycinnamic acids and fla-
vonols, which are often linked to astringent properties and 
to bitter taste. But these changes did not have perceivable 
influence on the sensory qualities of the juices. This study 
provides important information for the juice industry con-
cerning the stability of quality factors of blackcurrant juices 
during storage as well as the impact of processing technolo-
gies and storage conditions. The berry juices are typically 
stored at room temperature for a long time thus storing in 
cooled conditions may be required to maintain the original 
sensory properties.
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