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Abstract

Natural ingredients are an important trend in the present day food industry since manufacturers
are demanding natural food dyes originating from concentrates of plant origin. However, if the use of
plant extracts as technological additives is intended, their stability should be evaluated. This paper
presents research on the stability of a 50% ethanolic extract of chokeberry (Aronia melanocarpa) from
the Republic of Moldova. The extract was subjected to various thermal regimes, i.e. -2 °C for 12
hours; 4 °C for 12 hours; 40 °C for 15 minutes, 60 °C for 15 minutes, 80 °C for 15 minutes and
100 °C for 2 minutes, after which the antioxidant activity and the colour parameters (CIELab) were
evaluated. Three sets of extracts were also stored for 2 weeks at -2 °C; 4 °C; and 25-30 °C and afterwards
the parameters mentioned above were measured once again. Furthermore, total content of polyphenols
was determined using the Folin-Ciocalteu method. The antioxidant activity was stable at temperatures
under 0 °C and temperatures as high as 100°C, as well as during storage at -2 °C, 4 °C and 25-30 °C.
High temperatures however decreased the value of luminosity, and increased the redness, the yellowness
and the chroma value which reached a maximum value of 55.66 after the extract was subjected to 100
°C for 2 minutes. Storage at room temperature significantly affected the luminosity of the extract
by increasing its value from 42.36 to 50.22. For most treatments, the colour was stable and was not
significantly modified.
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1 Introduction

Natural ingredients are nowadays one of the
most significant trends in the food industry since
manufacturers are demanding natural food dyes
originating from vegetable or fruit concentrates
(Hansen, 2015). Berry concentrates are interest-
ing not only because of their colour, but also for
their antioxidant activity.
Researchers are coming up with novel approaches
by studying natural berry extracts even in foods
such as sausages and patties (Burrows, 2015).
Many species of berries have been analyzed in the

last years for their colour and antioxidant func-
tions. One such species is the chokeberry (Aro-
nia melanocarpa). Cultivated in North Amer-
ica, Eastern Europe and Russia (Bermudez-Soto,
Tomas-Barberan, & Garcia-Conesa, 2007), the
genus Aronia (Rosaceae) includes two species
of shrubs: Aronia melanocarpa known as black
chokeberry and Aronia arbutifolia known as red
chokeberry, native to eastern North America
and Eastern Canada. Aronia prunifolia (pur-
ple chokeberry) is commonly regarded as a hy-
brid between A. melanocarpa and A. arbutifolia
(Wangensteen et al., 2014).
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Many studies have shown that chokeberry juice
and extract possess antioxidant, anticarcino-
genic, cardioprotective and antidiabetes effects
(Savikin et al., 2014; Bermudez-Soto et al., 2007;
Kim et al., 2013; Kardum et al., 2014). Skoczyn-
ska et al. (2007) found that mildly hypercholes-
terolemic men who drank 250 mL of chokeberry
juice daily for 6 weeks had 12% less total choles-
terol, 7% less LDL cholesterol, and 13% less
triglycerides than baseline values.
However, if berry extracts are intended to be
used in the future as technological additives in
foods, their stability should be evaluated. Food
products are subjected to various technological
treatments, which may involve high tempera-
tures, high pressure, and microwaves, and the
antioxidant properties, as well as the colour, may
change after such treatments. Thus, the pur-
pose of this study is to determine the stability
of the antioxidant activity and colour parame-
ters of an ethanolic extract of black chokeberry
which has undergone different temperature-time
regimes. Moreover, the stability at different stor-
age temperatures has been evaluated.

2 Materials and Methods

The berries of A. melanocarpa were of
Moldovan origin. ABTS (2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) was
obtained from Alfa Aesar. Folin-Ciocalteu
reagent was purchased from Merck.

2.1 Preparation of black
chokeberry extracts

Before preparing the extract, the berries were
dried at temperatures up to 65 °C, chopped up
to the state of a powder and sieved. The ex-
tracts were obtained by extraction in 50% (v/v)
ethanol (1g raw material:10 mL solvent) solu-
tion during 30 min of continuous stirring at room
temperature. The extract was submitted to the
following thermal regimes: -2 °C for 12 hours;
4 °C for 12 hours; 40 °C for 15 minutes, 60 °C
for 15 minutes, 80 °C for 15 minutes and 100°C
for 2 minutes. These combinations of time and
temperature are more often chosen by food pro-
cessors to ensure the preservation of foodstuffs.

After the thermal treatments, the antioxidant ac-
tivity and the colour parameters (CIELab) were
measured. Three sets of extracts were kept for
2 weeks at -2 °C; 4 °C and 25-30 °C and af-
terwards the parameters mentioned above were
measured once again. All spectrophotometric
measurements were performed using a Specord
200 Plus (Germany) spectrophotometer.

2.2 Antioxidant activity by
reaction with ABTS+•

(2,2’-azino-bis(3-
ethylbenzothiazoline-6-
sulphonic acid) cation
radical

The antioxidant activity of the extracts was as-
sessed by assay with the cation radical ABTS+•

following the method described by Re et al.
(1999). The results were expressed as mmol
trolox equivalents (TE/L) from a calibration
curve prepared using trolox (0-2000 µmol/L;
R2=0.9974).

2.3 Total polyphenols by
Folin-Ciocalteu

The content of total polyphenols was determined
by reaction with Folin-Ciocalteu reagent follow-
ing the method described by Singleton and Rossi
(1965), with some modifications of used quanti-
ties of samples and reagents. The results for total
polyphenols were calculated from a calibration
curve using gallic acid (0-500 mg/L, R2=0.9988)
and expressed in equivalents of gallic acid (mg
GAE∗L−1).

2.4 Colour parameters (CIELab)

The CIELab parameters were determined using a
Specord 200 Plus (Germany) spectrophotometer
equipped with a D65 light source and an obser-
vation angle of 10°. The calculations were per-
formed using the software WinASPECT PLUS
provided by the same company. The transmit-
tance of all the samples was measured in an op-
tical glass cuvette with a path length of 1 mm.
Distilled water was used as a reference.
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2.5 Statistical analysis

The accuracy was assessed using the methods
of mathematical statistics. The mean values
and the standard deviations were calculated from
3 parallel experiments. ANOVA and post-hoc
Tukey test were used to distinguish between
means and evaluate the results. The level of sig-
nificance was set at 95% and the results were con-
sidered significantly different when p≤0.05. The
calculations were performed using IBM SPSS
Statistics 23.

3 Results and Discussion

3.1 The influence of temperature
on the antioxidant activity
and colour parameters of
chokeberry extract

The total polyphenol content measured in the
ethanolic chokeberry extract was 5553±201 mg
GAE∗L−1, while the measured value of the an-
tioxidant activity was 36.18±1.12 mmol TE∗L−1.
The initial values of colour parameters can be
found in the first lines of Tables 1 and 2.
Other authors have also found high amounts
of polyphenols in fresh berries of Aronia
melanocarpa, e.g. Wangensteen et al. (2014)
found 1079-1921 (depending on the cultivar)
mg/100g fresh product in berries of Aronia
melanocarpa from Norway, of which 275-447
mg/100g fresh product were anthocyanins. The
results obtained by the aforementioned authors
are different from the ones obtained in the
present study, however, the fact that fresh prod-
ucts were assessed by other authors must be
taken into account. Tolic, Jurcevic, Krbavcic,
Markovic, and Vahcic (2015) evaluated differ-
ent products made from chokeberry from Croa-
tia in terms of their polyphenol content and
antioxidant activity. The authors found that
chokeberry products (juices, powders, and teas)
contain high amounts of polyphenols (3002 to
6639 mg∗L−1 and 1494 to 5292 mg/100g of dry
matter) and high antioxidant capacities (2.09 to
40.19 mmol∗L−1 or 58.49 to 191.31 mmol/100 g
of dry matter). Their results are similar to the
ones obtained in this study. The authors suggest

that these results place the chokeberries among
the fruits with the highest polyphenol content.
The high content of polyphenols, specifically an-
thocyanins, contribute to the colour and the an-
tioxidant activity of the extract. A compara-
tively low luminosity (L∗) was found, i.e. 42.36.
Red and yellow pigments are the main pigments
which affect the colour quality of the extract.
Similar results for colour parameters were also
reported by Tolic et al. (2015).
The results from Figure 1 show the modification
of the antioxidant activity after thermal treat-
ments at different temperatures. No statistically
significant variation of the antioxidant activity
was observed between the fresh extract and those
subjected to all thermal treatments, thus the
ethanolic extract of Aronia melanocarpa is stable
when submitted to both temperatures under 0°C
and higher temperatures used in food process-
ing. However, there were significant differences
between the thermal treatment carried out at 100
°C for 2 min and those at -2 °C for 12 hours; 40 °C
for 15 min; and 60 °C for 15 min. Several other
studies have also demonstrated that polyphenols
are stable to the action of temperature (Kurzeja,
Stec, Ramos, Pilawa, & Pawlowska-Goral, 2012;
Jeong et al., 2004). However, it has also been
reported that pasteurisation and storage, partic-
ularly when oxygen is available, can affect an-
tioxidant activity in a negative way (Walkowiak-
Tomczak, 2007).
Table 1 summarizes the values obtained for L∗,
a∗, b∗, C∗ and H∗ for the different technologi-
cal treatments. High temperatures displayed a
significant effect on all colour parameters, by de-
creasing the value of luminosity and therefore
making the extract darker. On the other hand,
the redness and yellowness of the extract in-
creased. The chroma value also increased with
the temperature, with the highest value of 55.66
found after the extract underwent treatment at
100°C for 2 minutes.

3.2 The influence of storage
conditions on the antioxidant
activity and colour parameters

Three sets of extracts were also stored for two
weeks and their antioxidant activities and colour
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Figure 1: The influence of temperature-time regime on the antioxidant activity of chokeberry ethanolic
extract (the results are expressed as means ± standard deviations, different letters designate significantly
different results)

Table 1: The change of colour parameters during various thermal treatments (the results are expressed
as means±standard deviations, different letters designate significantly different results)

Temperature-time regime L* a* b* C* H*

Fresh extract, room temperature 42.36±0.13b 41.79±0.07a 24.90±0.04b 48.65±0.09a 1.47±0.01c

-2°C, 12h 44.66±0.03d 42.36±0.03a 22.87±0.06a 48.13±0.06a 1.67±0.01e

4°C, 12-24h 42.33±0.12b 41.81±0.07b,c 24.90±0.05c 48.66±0.08a 1.48±0.01c

40°C, 15 min 43.90±0.04c 42.47±0.36c 22.93±0.07a 48.26±0.35a 1.67±0.01e

60°C, 15 min 44.48±0.39c,d 42.39±0.20c 24.32±0.16b 48.87±0.26a 1.55±0.01d

80°C, 15 min 42.55±0.22b 43.38±0.22d 27.02±0.05c 51.11±0.18b 1.39±0.01b

100°C, 2 min 29.67±0.33a 45.31±0.62e 32.33±0.48e 55.66±0.78c 1.16±0.01a

Table 2: The change of colour parameters at various storage conditions (the results are expressed as
means ± standard deviations, different letters designate significantly different results)

Temperature-time regime L* a* b* C* H*

Fresh extract, room temperature 42.36±0.13a 41.79±0.07a 24.90±0.04a 48.65±0.09a 1.47±0.01c

-2°C, 2 weeks 46.13±0.20b 41.28±0.12b,c 25.00±0.07a 48.26±0.13a 1.44±0.01b

4°C, 2 weeks 42.61±0.43a 41.68±0.22b,c 27.83±0.09b 48.65±0.09a 1.47±0.01c

25-30°C, 2 weeks 50.22±0.06c 38.37±0.12a 36.52±0.20c 52.97±0.23b 0.71±0.01a
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Figure 2: The influence of temperature on the antioxidant activity of chokeberry ethanolic extract during
storage (the results are expressed as means ± standard deviations, different letters designate significantly
different results)

Table 3: Overall colour difference between the fresh extract and extracts subjected to various thermal
treatments

Time-temperature regime ∆E* between the fresh extract and
extract subjected to respective regime

-2°C, 12h 3.12
4°C, 12-24h 0.04
40°C, 15 min 2.59
60°C, 15 min 2.27
80°C, 15 min 2.66
100°C, 2 min 15.12
-2°C, 2 weeks 3.81
4°C, 2 weeks 2.94
25-30°C, 2 weeks 14.44
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parameters were monitored. Figure 2 shows
the results for the antioxidant activity after two
weeks of storage at -2 °C, 4 °C and 25-30 °C. No
significant differences were found for this param-
eter, which suggests that storage temperatures
can vary from under 0 °C up to room tempera-
ture, for the preservation of the antioxidant ac-
tivity.
The results for colour parameters, measured in
the stored extracts, are presented in Table 2.
The results for the L∗ parameter show that the
most significant effect on the luminosity of the
extract was exerted by storage at -2 °C and 25-
30 °C, whereby increasing its value from 42.36
to 46.13 and 50.22, respectively, and resulting in
a lighter extract. Furthermore, storage at 25-
30°C increased b∗ which can be interpreted as a
more yellow extract, decreased a∗ which is in-
terpreted as less red and decreased the hue an-
gle. The increase of the blue/yellow parameter
can be attributed to the formation of pyroan-
thocyanins (Torchio, Segade, Gerbi, Cagnasso,
& Rolle, 2011). However, all these modifications
produced a higher value for chroma, interpreted
as an enhanced colour quality.
Table 3 presents the overall difference in colour
between the freshly prepared extract and those
exposed to different thermal regimes and stor-
age temperatures. For most treatments, except
the ones involving temperatures of 80 °C and
100 °C, the colour was stable and was not modi-
fied significantly since the reported perceptibility
threshold for CIELab colorimetric differences are
∆E∗=0.8-1 (Gonnet, 2001) and ∆E∗=3 (Mar-
tinez, Melgosa, Perez, Hita, & Negueruela, 2001).
Higher ∆E∗ values were obtained for the extract
exposed to 100°C for 2 min and the one kept
at 25-30°C for two weeks, i.e. 15.12 and 14.44,
respectively. These values suggest there might
be perceptible changes of colour during process-
ing involving temperatures ≥80 °C and storage
at room temperature, in the presence of light.
However, it must be taken into account that the
reported perceptibility threshold is for wines and
a sensory analysis is necessary before reaching a
final conclusion.

4 Conclusions

High amounts of total polyphenols (5553
mgGAE∗L−1) were detected in an ethanolic
chokeberry extract which contributed to its high
antioxidant activity (36.18 mmol TE∗L−1) and
deep red colour. Furthermore, the antioxidant
activity was stable at temperatures under 0°C
and temperatures as high as 100°C, as well as
during storage at -2°C, 4°C and 25-30°C. High
temperatures, however, had a significant effect on
all colour parameters by decreasing the value of
luminosity, increasing the redness, the yellowness
and the chroma value which reached 55.66 after
the extract was subjected to 100°C for 2 minutes.
On the other hand, storage at room temperature
affected the luminosity of the extract by increas-
ing its value from 42.36 to 50.22, and resulting
in a lighter extract. For most treatments the
colour was stable and was not modified which
indicates that chokeberry extract could be used
as a dye in foods which are submitted to ther-
mal treatments. Overall, colour difference val-
ues superior to the perceptibility threshold were
obtained only for the extract which underwent
treatment at 100°C for 2 min and the one kept
at 25-30°C for two weeks, i.e. 15.12 and 14.44,
respectively. Therefore, special care should be
taken when chokeberry ethanolic extract is sub-
mitted to processing involving high temperatures
since it might produce perceptible changes in
colour. Furthermore, storage at room temper-
atures, in presence of light should be avoided for
the same reason.
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