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Abstract  
Berries from the Rosaceae family plants are known for their high content in antioxidant 

compounds, in particular anthocyanins, which proved human health benefits.  
Blackberry, red raspberry, sweet cherry and wild cherry were processed in jams by a traditional 

method, without addition of pectin. The influence of jam processing and storage at 18oC for 5 months 
on the content of total phenolics (TP) and total anthocyanins (TA) was investigated here.  

Fresh red raspberries showed the highest content of TP, while blackberries showed the highest 
content of TA. Jam processing diminished the level of the investigated compounds of all fruits – by 66-
84% of TA, followed by 61-78% of TP. During jam storage, TP showed better retention compared to 
TA. Red raspberry jam retained the highest amounts of TP during storage, while wild cherry jam 
showed better retention of TA during storage compared to the other investigated fruits. 

Despite the decrease of the level of such antioxidant compounds in jams, this type of processing might 
be considered a good preservation method as it retained such compounds during 5 months of storage. 
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1. Introduction
From the Rosaceae family, blackberry (Rubus fruticosus L.), red raspberry (Rubus idaeus 

L.) and sweet cherry (Prunus avium L.), wild-grown or cultivated, are very popular fruits 
widely consumed worldwide, in particular in fresh form. Fresh fruits are excellent sources in 
particular of non-essential nutrients (phytochemicals) such as phenolic compounds, which 
play a protective role against oxidative damages (1). Among phytochemicals, anthocyanins – 
water-soluble vacuolar pigments, display a wide range of biological activities mainly based 
on their strong free radical quenching abilities (2, 3, 4, 5).  

As small berries are seasonal fruits, appropriate preservation technologies are required in 
order to fully benefit of their health-promoting properties through high retention of phenolics 
and anthocyanins, which are the main antioxidant compounds. Derived products of such fruits 
include jams, marmelades, jellies, juices, wines. Thermal processing’s and freezing are 
traditional methods used to diminish biochemical, chemical and microbiological deterioration 
of the products, which may differently affect their phytochemical composition as shown by 
our previous works (6, 7). Literature reports studies which describe significant or non-
significant changes in water-soluble bioactive compounds, in particular anthocyanins, through 
jam processing under various conditions of jam preparation, addition of food preservatives, 
storage period, pH, temperature, etc. (8, 9, 10). 
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Anthocyanins stability is influenced by various factors, such as light, pH, presence of 
oxidants, sugars, enzymes (11). Determination of degradation kinetics of anthocyanins in 
processed and stored products is important to quantify the changes that may occur in 
anthocyanin-containing food products. 

The objectives of the present study were: (i) to investigate the content of total 
anthocyanins (TA) and antioxidant activity by total phenolics (TP) assay in blackberries, red 
raspberries, sweet and wild cherries; (ii) to investigate the influence of jam processing by 
traditional method without addition of food preservatives on the content of TP and TA; and 
(iii) to study the changes on such bioactives content in selected fruit jams during storage for 5 
months at 18oC, and degradation kinetics. To our knowledge, no such studies have been 
reported on selected berries grown in Romania, and on low-sugar jam made without pectin or 
other ingredients addition. 

 
2. Materials and methods 

1.1. Plant material and reagents. Fresh blackberry fruits were purchased from local 
market, while other fruits grown in Romania were harvested at processing maturity: garden-
grown red raspberries (Sibiu, Romania), orchard-grown sweet cherries (Vâlcea, Romania) and 
wild-grown cherries (Vâlcea, Romania).  

Chemical reagents of analytical grade without further purification were used. 
1.2. Preparation of fruit jams. Fruits were processed in jams such as to obtain a final 

product that contains 67% fruit and 33% sugar. No addition of pectin or other ingredients was 
made. Fruits were brought to boil for 30 minutes. The jam was hot-packed in sterilized glass 
jars, sealed and kept in darkness (no light exposure) at 18oC for 5 months. 

1.3. Determination of moisture content. The moisture content of the investigated 
samples (fresh fruits and jams) was determined at 105oC using the moisture analyzer (MAC 
210/NP Radwag, Poland) and expressed as percentage by mass (g 100g-1). 

All determinations were performed in duplicate, and mean and standard deviation values 
were calculated. 

1.4.  Extraction and assay of total phenolic.  The total phenolics content in fresh fruits 
and jams was determined according to the Folin-Ciocalteu spectrophotometric method (V.L. 
SINGLETON & al. [12]). Briefly, the fruit and jam extract in 70 % (V/V) ethanol (1 mL) was 
mixed with distilled deionized water and Folin-Ciocalteu reagent (1 mL) and incubated for 5 
min. at room temperature. Then 7 % (m/V) Na2CO3 solution was added. After incubation at 
room temperature for 90 min., the absorbance at 745 nm was measured. The Specord 200Plus 
UV-Vis spectrophotometer (ANALYTIK JENA) was used. Gallic acid was used as standard 
for the calibration curve. The mean of three readings was used and the total phenolics content 
was expressed in milligram of gallic acid equivalents/100g dry mass (mg GAE 100g-1 DM). 

All determinations were performed in duplicate, and mean and standard deviation values 
were calculated. 

1.5. Extraction and assay of total anthocyanins. Total anthocyanins were extracted 
from fresh fruits and jams using 70 % (V/V) ethanol, at 4oC, for 2 h. The extract was 
centrifuged at 8000 rpm for 10 minutes at 4 o C. The refrigerated centrifuge (Hettich 
Universal 320R, Germany) was used. The content of total anthocyanins in the obtained crude 
extracts was determined spectrophotometrically by the pH differential method (R.E. 
WROLSTAD & al. [13]). Measurements were made in duplicate. The content of total 
anthocyanins was expressed in milligram of cyanidin-3-O-glucoside (Cyn-3-O-G) 
equivalents/100g dry mass (mg 100g-1 DM).  
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 All determinations were performed in duplicate, and mean and standard deviation 
values were calculated. 

1.6. Degradation studies. The anthocyanins degradation kinetic during jam 
storage was studied and expressed by the equations: 

1.7.  
 

(1)  (2) 
 

 
where  [TA] = the content of total anthocyanins at time t; 

[TA0] = the initial content of total anthocyanins; 
k = reaction rate constant (days-1); 
t = reaction time (days); 
t1/2 = half-life (days). 

 
3. Results and discussion 

Fruits of the plants from Rosaceae family are important sources of natural antioxidants, 
in particular polyphenols. As these are seasonal fruits, they are consumed also as derived 
products, in particular as jams which are very popular on the Romanian market. 

Fresh fruits of blackberry, red raspberry, sweet and wild cherry have been processed in 
jams (33% sugar, no added pectin or other ingredients), and changes in total phenolics (TP) 
and total anthocyanins (TA) content have been investigated during jam making and jam 
storage for 5 months.  

The content of moisture, TP and TA in fresh samples is presented in Table 1. In order to 
obtain homogenous results appropriate for comparison studies, values of TP and TA were 
expressed on a dry mass basis. High content in TP was found in red raspberry, blackberry and 
wild cherry fruits, while high amounts of TA were found in blackberry and wild cherry fruits. 

 
Table 1. Physical-chemical characteristics of fresh fruits. 

Sample Moisture* 
(%) 

TP* 
(mg GAE 100g-1 DM) 

TA* 
(mg 100g-1 DM) 

Blackberry  77.22±0.79 1223.50±20.83 820.38±17.37 
Red raspberry  81.93±0.63 1296.66±25.21 169.54±6.50 
Sweet cherry  81.05±0.40 573.85±8.74 153.64±4.82 
Wild cherry  59.36±0.75 1125.42±18.97 664.73±13.28 

*Results are expressed as mean ± standard deviation of two analytical duplicates. 
 
3.1. Changes in total phenolics during jam processing and storage 
Regarding the changes in TP content in jams compared to their fresh counterparts, results 

showed a decrease by over 60% for all investigated samples, in particular for red raspberry 
(78.5%). 

No significant changes in TP content were observed during jam storage, except sweet 
cherry jam which showed a decrease by approximately 21%, as indicated in Fig. 1. Good 
retention of TP was registered for red raspberry jam. 

The results regarding the influence of jam processing on TP of various fruits reported in 
literature are quite controversial. Rababah reported a significant reduction (88%) in TP 
content in high-sugar jam made from cherry (local cultivar) (T.M. RABABAH & al. [8]), 
while other authors reported no significant changes of TP content in jams (48% sugar and 2% 
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pectin) of red raspberry cultivar Prelude, but values were expressed on fresh mass basis and 
no moisture content was specified (D.-O. KIM & al. [10]). 

 
 

 
 
 
 
 

Figure 1. Changes in TP content during jam storage for 5 
months at 18oC (values represent means with their 

standard deviation barrs). 
 

 
3.2. Changes in total anthocyanins during jam processing and storage 
Regarding the TA content, it was observed that it decreased during jam making by 

approximately 66% for red raspberry and sweet cherry jams. A severe decrease (over 80%) 
was found for blackberry and wild cherry jams when compared to fresh fruits – fruits which 
contain higher amounts of anthocyanins.  

Our results showed that the degradation of such compounds was more severe than of TP, 
which is sustained by the fact that anthocyanins are thermolabile bioactives. 

Other authors reported a reduction of TA content by 45% (expressed on fresh mass basis) 
in jams made of red raspberry cv. Prelude (48% sugar and 2% pectin) (D.-O. KIM & al. [10]), 
and by 67% for high-sugar jam made from cherries (local cv.) (T.M. RABABAH & al. [8]). 

We obtained interesting results regarding changes during jam storage. As presented in 
Fig. 2, the TA content decreased by 36-62% during 5 months storage in relation to the type of 
fruits. Thus, wild cherry jam showed the lowest decrease in TA content (approximately 36%) 
while red raspberry jam showed the highest decrease (approximately 62%) during the studied 
storage period. Sweet cherry and blackberry jams showed a mean TA degradation rate of 
approximately 50% for 170 days. 

 
 

 
 
 
 
 
 

Figure 2. Changes in TA content during jam 
storage for 5 months at 18oC (values represent 

means with their standard deviation barrs). 
 
Da Mota reported similar mean anthocyanins degradation rates (43%) for different 

blackberry jams stored at 20oC for 90 days (R.V. DA MOTA [9]) and de Moura reported a 
52% anthocyanin degradation rate for a low-sugar blackberry jam stored over 90 days at 10oC 
(S.C.S.R. DE MOURA & al. [14]). Rababah reported lower mean degradation rates for high-
sugar cherry jam (T.M. RABABAH & al. [8]). 
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The constant decrease of TA content seems to be very slow after 2-3 months of storage of 
fruit jams, except the blackberry jam.  

The degradation of anthocyanins during storage or thermal treatments is reported to 
follow the first order kinetic (G. DARAVINGAS & al. [15], N. JIMÉNEZ & al. [16]). Thus, 
the values of the reaction rate constant (k) and the half-life (t1/2) of degradation of TA were 
calculated using the following equations: 

 
 
           (1)   (2) 
 

     
where [TA] is the content of total anthocyanins at time t, and [TA0] is the initial content of total anthocyanins in 
jam. Results are summarized in Table 2.  

 
Table 2. Kinetic parameters of anthocyanins degradation 

in fruit jams during storage at 18oC. 
 

Sample of jam k x 10-3 
(day-1)

t1/2 
(days)

Blackberry 7.199 96.2 
Red raspberry 9.333 74.2 
Sweet cherry 6.406 108.1 
Wild cherry 4.408 157.2 

 
The highest storage stability was shown by wild cherry jam, followed by sweet cherry, 

blackberry and red raspberry jam. 
By calculation of the correlation coefficients, a strong positive correlation between TP 

and TA contents during jam storage was registered for sweet cherry (r= 0.9924; p< 0.001), 
which explain the greatest reduction of phenolics during storage mainly due to anthocyanins 
degradation in such fruits. A medium correlation was found for wild cherry (r= 0.7204; 
p<0.05). Our results are in agreement to other reported studies on cherry fruits (M.D. 
GONZÁLEZ-GÓMEZ & al. [17]). 

Despite that certain amounts of anthocyanins are still found in processed products, jam 
manufacturing procedures focusing on optimal conditions required to preserve such bioactive 
compounds and indirectly their health benefits, continue to remain a challenge for food industry. 

 
4. Conclusions 

Blackberry, red raspberry, sweet cherry and wild cherry fruits processed in jams by a 
traditional method showed significant changes of the level of antioxidant compounds, in 
particular of anthocyanins which degraded by 66-84% compared to fresh fruits. 

The degradation of bioactive compounds continues during jam storage but at slower 
rates. During jam storage, better retention was found for TP compared to TA content. Jams 
prepared from fruits rich in specific bioactives (phenolics, anthocyanins) retained better the 
level of such compounds during storage. Thus, red raspberry jam which is rich in phenolics 
retained high amounts of TP during storage for 5 months at 18oC, while wild cherry jam 
which is rich in anthocyanins showed better retention of TA during storage compared to the 
other investigated samples. 

Regardless of the degradation of total phenolics and total anthocyanins, jams made of 
different small berries still remain good sources of compounds with antioxidant potential. 
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Food manufacturers are challenged to find the optimized conditions for jam making without 
affecting too much the level of antioxidant compounds. 
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