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Sour cherry puree was prepared with addition of sucrose or trehalose (5% and 10%). After stabilization of the 
mixture (puree with sugars), extracts were prepared and contents of phenolics and anthocyanin, polymeric colour 
percentage, and antioxidant activity were determined. Extracts were stored for 65 days at 4 °C. Control sample was 
extract of sour cherry puree without sugars. After extraction, extracts with 10% of sucrose or trehalose had higher 
phenolic content than the control sample. Anthocyanin content was higher in extracts with trehalose addition. During 
storage of extracts, samples with trehalose had higher retention of phenolic and anthocyanins than other samples. 
Addition of sucrose and trehalose as well as their amounts affected the stabilities of phenolics, anthocyanins, and 
antioxidant activity in sour cherry extracts.
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Very often, extraction of the valuable compounds is conducted for their preservation and 
further utilisation in products. It is well known that phenolics, secondary metabolites, play a 
very important part in the quality of foods either through impact on the sensory characteristics 
or nutrition value of the product. Phenolics are known for benefi cial effects on the human 
health. Their positive effect is ascribed to their antioxidant potential due to their possibility 
of acting as chain breakers or radical scavengers, which depends on their chemical structure 
(CHUNG et al., 1998; RICE-EVANS, 2001; CHEYNIER, 2005; EL GHARRAS, 2009). Phenols, as fruit 
constituents, are also important for their effect on colour, taste, and nutritional properties of 
fruit and their products (CHEYNIER, 2005). Anthocyanins are a group of pigments of 
characteristic fl avonoid structure with colour ranging from red to violet, depending on the 
source plant. They play critical role in the evaluation of the colour quality of many fruit and 
their products, but, unfortunately, they are very unstable during processing and under storage 
conditions (STINTZING & CARLE, 2004). Due to their very attractive colour, they can be used 
as colorants instead of synthetic ones, and at the same time, they have antioxidant properties. 
As phenolics are important constituents of foods, it is important to preserve them also in 
extracts that could be used as additives to processed foods, processed beverages, herbal 
products, dietary supplements, and functional foods. In this study, infl uence of sugars on the 
stability of the phenolics and anthocyanins in the sour cherry extracts during storage was 
examined. Sucrose is a disaccharide that is commonly used in food industry. Trehalose is also 
a disaccharide that is getting more attention in food industry every day. Trehalose and sucrose 
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are isomers with the same chemical formula but different structures resulting in different 
behaviour (BRANCA et al., 1999; PATIST & ZOERB, 2005). Next to positive infl uence on the fruit 
product quality, trehalose also has some health benefi ts (NETA et al., 2000; PATRA et al., 2009; 
VAN CAN et al., 2012).

Extraction of phenolics is usually performed by treatment of raw material with the 
solvent. In this study, since it has already been proven that during processing under different 
conditions sugars can affect phenolics and anthocyanins (LEWIS et al., 1995; RIZZOLO et al., 
2003; DUANGMAL et al., 2008; KOPJAR et al., 2008, 2011, 2012; LONČARIĆ et al., 2016; NOWICKA 
& WOJDYŁO, 2016), extracts were prepared from sour cherry puree mixed with different 
amounts (5 and 10%) of sugars, sucrose or trehalose. In this way, extraction of phenolics 
from prepared mixtures was evaluated in comparison to sample without sugar addition. 
Obtained extracts were used for determination of contents of phenolics and anthocyanins, 
polymeric colour, and antioxidant activity. Extracts were stored in order to evaluate the 
stability of phenolics and anthocyanins and the effect of sugars on it during storage.

1. Materials and methods

1.1. Preparation of sour cherry extracts

Sour cherry (Prunus cerasus L.) was bought at local market and stored at –20 °C before 
preparation of puree. The fruit was washed, the pits were removed, and it was blended (Braun 
Multiquick Professional 600 Watt Turbo) to obtain puree. Sour cherry puree was mixed and 
well homogenized with 5% or 10% of sugar (sucrose or trehalose). Mixtures of puree and 
sugars were left for fi ve days at room temperature in closed container in the dark to stabilize, 
and then the extraction was conducted. Ten grams of mixture of sour cherry puree and sugars 
was mixed with 50 ml of acidifi ed methanol (concentrated HCl:methanol – 0.5:100). The 
mixture was left for 1 h at room temperature. After extraction, the mixture was fi ltered and 
the extracts were recovered. Extracts were stored in glass jars in the dark at 4 °C for 65 days.

1.2. Evaluation of phenolic compounds

The total phenolic content in the samples were determined by Folin–Ciocalteu method 
(SINGLETON & ROSSI, 1965). Results are expressed as g of gallic acid equivalents per l litre of 
sample (g GAE/l).

1.3. Evaluation of monomeric anthocyanin content and polymeric colour

The monomeric anthocyanin pigment content of extracts and polymeric colour were 
determined by the pH-differential method (GIUSTI & WROLSTAD, 2001). Results are expressed 
as mg of cyanidin-3-glucoside equivalents per l litre of sample (mg CGE/l).

1.4. Evaluation of antioxidant activity

ABTS assay was conducted according to the method by ARNAO and co-workers (2001) and 
DPPH assay according to BRAND-WILLIAMS and co-workers (1995). Results of antioxidant 
activity were expressed as nmol of Trolox equivalents per ml of sample (nmol TE/ml).
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1.5. Statistical analysis

Phenolic and anthocyanin contents, polymeric colour, and antioxidant activity were evaluated 
by the analysis of variance and Fisher’s least signifi cant difference test with signifi cance 
defi ned at P<0.05. All statistical analyses were carried out using the software program 
STATISTICA 8.0 (StatSoft, Tulsa). Each evaluation was conducted in triplicates, and results 
were expressed as means ± standard deviation.

2. Results and discussion

Studies were conducted on the infl uence of sugars on phenolics and anthocyanins retention in 
different fruit products prepared by different methods under different conditions. In many 
cases (DUANGMAL et al., 2008; KOPJAR et al., 2008, 2011, 2012; LONČARIĆ et al., 2016) it was 
proven that trehalose had stabilizing effect on those compounds, thus in this study, the studied 
extracts were prepared from sour cherry puree and sour cherry puree with addition of sugars. 
In this way, we wanted to investigate infl uence of sugars (sucrose and trehalose) and their 
amount (5 and 10%) on the stability of phenolics and anthocyanins and antioxidant activity 
during storage of the extracts. As a control sample, extract of sour cherry without addition of 
sugars was prepared. Results of the evaluation of phenolics and anthocyanins contents and 
polymeric colour of sour cherry extracts during storage are presented in Table 1. In comparison 
to the control sample, addition of 5% of sugars had no effect on the phenolics content, while 
with addition of 10% sugars, higher phenolic compounds content was determined. During 
storage of the extracts, the content of phenolic compounds decreased. Addition of sucrose, 5 
or 10%, did not have positive effect on the phenolic compounds content. Retention of phenolics 
in the control sample and extracts with sucrose were both around 78%. Extracts with trehalose 
had higher phenolic compounds content than other samples and higher retention of phenolics 
was achieved, 83 and 85% for extracts with 5 and 10% of trehalose, respectively.

Table 1. Phenolic compounds, anthocyanins, and polymeric colour in sour cherry extracts with addition of sugars 
during storage

Samples Phenolic content
(g GAE/l)

Anthocyanin content
(mg CGE/l)

Polymeric colour
(%)

After preparation
Extract 3.87±0.09a 509.48±1.37a 23.59±0.44a

Extract+5% sucrose 3.99±0.02a 511.94±1.71a 23.40±0.49a

Extract+10% sucrose 4.12±0.03b 515.79±1.36b 21.72±0.64b

Extract+5% trehalose 3.97±0.03a 521.43±1.28c 21.59±0.32b

Extract+10% trehalose 4.17±0.09b 527.17±1.54d 18.43±0.46c

After storage
Extract 3.02±0.07a 447.50±1.27a 47.21±0.36a

Extract+5% sucrose 3.12±0.07a 425.06±1.01b 51.25±0.31b

Extract+10% sucrose 3.15±0.05a 461.44±1.32c 45.29±0.25c

Extract+5% trehalose 3.33±0.06b 498.52±1.08d 41.98±0.39d

Extract+10% trehalose 3.55±0.06c 504.05±1.11e 40.38±0.25e

Within the same column means followed by different letters are signifi cantly different at P≤0.05 (ANOVA, Fisher’s 
LSD).
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There was no statistical difference between the anthocyanin contents of the extract with 
5% sucrose and control sample, while in the extract with 10% sucrose, signifi cantly higher 
anthocyanin content was determined. Both extracts with trehalose had higher anthocyanin 
contents than the control sample and both extracts with sucrose. During storage of the 
extracts, degradation of anthocyanins occurred. The extract with 5% sucrose had lower 
anthocyanin content, while all other samples had higher anthocyanin contents compared to 
the control. All extracts, except extract with 5% of sucrose (83%), had higher retention of the 
pigment than the control sample (87%). Increasing the sucrose content to 10% resulted in 
retention of anthocyanins up to 89%. Both extracts with trehalose had 95% retention of the 
anthocyanins. Positive effect of some additives (palm sugar, erythritol, steviol glycoside, 
xylitol, and inulin) on phenolics content and antioxidant activity of sour cherry puree and 
trehalose and maltose in freeze-dried sour cherry puree was observed also by other authors 
NOWICKA & WOJDYŁO (2016) and LONČARIĆ and co-workers (2016).

The control sample and the extract with 5% sucrose had the same values of polymeric 
colour. Extracts with 10% trehalose had the lowest polymeric colour. During storage, as 
anthocyanin content decreased, increase of polymeric colour percentage occurred. Extract 
with the lowest anthocyanin content (extract with 5% of sucrose) had the highest polymeric 
colour values, while samples with the highest anthocyanin content (extract with trehalose) 
had the lowest polymeric colour. The large increase in polymeric colour values together with 
corresponding loss of monomeric anthocyanins during storage may be ascribed to 
condensation reactions of the anthocyanins with other phenolics (HAGER et al., 2008).

Mechanism of anthocyanins degradation involves water hydrolysis of the glycosidic 
bond in anthocyanins, which leads to formation of unstable anthocyanidins, followed by 
opening of the pyrilium ring and formation of chalcones, and brown end products (ERLANDSON 
& WROLSTAD, 1972). Additionally, in the presence of oxygen, water can increase the oxidation 
rate of anthocyanins (JACKMAN & SMITH, 1992). It has been found that sugar molecules are 
effective in binding water, and from our results it can be concluded that trehalose is more 
effective in that, since after extraction, higher anthocyanin content was determined in those 
samples. Trehalose has superior effect on “destructuring” the network of water and slowing 
down its dynamics. Steric hindrance developed by disaccharides, which can prevent or slow 
down the nucleophilic attacks of water, was probably more pronounced in samples with 
trehalose than with sucrose, because of the higher structure stability of trehalose against 
hydrolysis (BORDAT et al., 2004). The stability of trehalose or formation of stable complex of 
trehalose and phenolics prior to extraction could be possible explanations of its positive 
infl uence on phenolics during the storage of extracts. Trehalose can form a stable 
intramolecular complex with unsaturated compounds that possess the cis-type olefi nic double 
bond (OKU et al., 2003). Other compounds that have unsaturated bonds similar in shape to the 
cis-type olefi nic double bond, like benzene and p-cresol, can bind with trehalose in aqueous 
solutions but not with other disaccharides (SAKAKURA et al., 2011). This phenomenon that 
could be responsible for the stabilising effect of trehalose on phenolics can be explained by 
the unique nature of trehalose, and it was stated that the aromatic ring attaches to the 
dehydrated, hydrophobic pocket of trehalose, forming the complex (SAKAKURA et al., 2011). 
In addition, extracts with trehalose addition had higher retention of phenolics and anthocyanins 
indicating that stabilising effect of trehalose on those compounds remained also in extracts.

For evaluation of antioxidant activity two methods, ABTS and DPPH, were applied, 
which are often used for antioxidant activity evaluation of fruit products and preparations. 
Results of ABTS method showed much higher antioxidant activity of the extracts after 
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preparation as well as after storage (Table 2). Samples with sugar addition had higher 
antioxidant activity. During storage, antioxidant activity decreased, but the tendency 
remained. Addition of sucrose and trehalose as well as their amount had great effect on 
phenolic compounds, anthocyanins, and antioxidant activity. When applying DPPH method, 
antioxidant activity values of the control sample and the extract with 5% sucrose were the 
same. The extract with trehalose had the highest antioxidant activity. After storage, a decrease 
in antioxidant activity could be observed. The control sample had the lowest antioxidant 
activity. Extracts with 5% sugar had slightly higher antioxidant activity, while extracts with 
10% sugar had the highest values. The highest decrease of antioxidant activity was in extract 
with 5% trehalose, 48%. The lowest decrease was observed in extracts with 10% sugar, 39%. 
Application of ABTS method revealed different tendency. Extracts with sugars had higher 
antioxidant activity than control sample, but there was no difference between the different 
amounts of the same sugar. After storage, there was a difference between the extracts with the 
different amounts of the same sugar. The control sample had the lowest and extracts with 
trehalose had the highest antioxidant activity. The highest decrease of antioxidant activity 
was in extracts with sucrose, 12%, while in extracts with trehalose, there was only 5% 
decrease. The difference between DPPH and ABTS methods comes from the different 
selectivity of used free radicals toward antioxidants depending on their structure. Antioxidant 
activity of phenolic compounds depends on a number of OH-groups and their position. OH-
groups on 3′-, 4′-, 5′- position of B-ring of fl avonoids increase the antioxidant activity of the 
compounds in contrast to the phenolics with one hydroxy group (HEIM et al., 2002). In our 
study, different free radicals were used for the determination of the antioxidant activity, with 
different reactivity with the phenolic compounds depending on their structure (CAMPOS & 
LISSI, 1997). The ABTS˙+ has low selectivity in reactions with H-atom donors, since it is 
reacting with any hydroxylated aromatics independently of their real antioxidant potential. 
However, the DPPH does not react with fl avonoids, which contain no OH-groups on B-ring, 
nor with aromatic acids containing only one OH-group (ROGINSKY & LISSI, 2005).

Table 2. Antioxidant activity (nmol TE/ml) of sour cherry extracts with addition of sugars during storage
Samples DPPH method ABTS method
After preparation
Extract 912.48±3.85a 4195.86±8.01a

Extract+5% sucrose 918.94±8.10a 4464.12±2.76b

Extract+10% sucrose 986.71±8.30b 4463.54±6.88b

Extract+5% trehalose 1014.46±5.40c 4829.01±2.72c

Extract+10% trehalose 1086.79±8.49d 4826.64±1.94c

After storage
Extract 499.45±2.84a 3813.79±4.32a

Extract+5% sucrose 539.71±3.15b 3885.54±4.59b

Extract+10% sucrose 599.43±4.51c 3929.06±5.81c

Extract+5% trehalose 526.33±3.21d 4547.86±2.45d

Extract+10% trehalose 664.48±3.48e 4619.34±3.56e

Within the same column means followed by different letters are signifi cantly different at P≤0.05 (ANOVA, Fisher’s 
LSD).
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3. Conclusions

Nowadays, the fortifi cation of the foods with phenolics is a common way to increase the 
nutritional value and to obtain products with higher antioxidant properties benefi cial for 
human health. Also, phenolics are benefi cial to other quality properties. From our study, it is 
evident that it is necessary to have in mind that interactions between the compounds during 
the preparation and storage of products or formulations, in our case extracts, can occur. Those 
interactions can cause retention of some valuable compounds. The aim of this study was to 
determine the stability of phenolics, anthocyanins, and antioxidant activity of the sour cherry 
extracts and infl uence of sugars on the stability of mentioned compounds. Obtained results 
showed that the retention of phenolics and anthocyanins as well as antioxidant activity was 
the highest in samples prepared with addition of trehalose.
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