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Abstract—Sweet cherries (Prunus avium L.) contain various 

phenolic compounds which contribute to total antioxidant activity. 
Total polyphenols, tannins, flavonoids and anthocyanins, and 
antioxidant capacity in a fruits of a number of selected sweet cherry 
genotypes were investigated. Total polyphenols content ranged from 
4.12 to 8.34 mg gallic acid equivantents/g dry fruit weight and total 
tannins content ranged from 0.19 to 1.95 mg gallic acid equivalent/g 
dry fruit weight. Total flavonoids were within the range 0.42-1.56 mg 
of rutin equivalents/g dry fruit weight and total anthocyanins content 
were between 0.35 and 0.69 mg cyanidin 3-glucoside equivalent/ g 
dry fruit weight. Although sweet cherry fruits are a significant source 
of different phenolic compounds, antioxidant activity of sweet 
cherries is not related only with the total polyphenolics, flavonoids or 
anthocyanins.  
 

Keywords—antioxidant activity, polyphenols, Prunus avium L., 
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I. INTRODUCTION 

WEET cherries for fresh consumption are one of the most 
popular spring-summer fruits across the temperate regions 
of Europe. In numerous fruit production areas sweet 

cherries are also the first fresh fruits of the season [1, 2, 3, 4]. 
Fruit weight, skin colour and sweetness influence consumer 
acceptance of sweet cherry cultivars [5, 6, 7]. Increasing recent 
interest in nutraceuticals and functional foods has led plant 
breeders to initiate selection of crops with higher than normal 
phenolic antioxidant contents. Because of the health benefits 
attributed to various fruits, numerous studies have been 
conducted in recent years to evaluate their properties in terms 
of quality and bioactivity [8, 9]. Fruits are considered a natural 
source of antioxidants, including polyphenols and 
anthocyanins, compounds that can reduce the risk of 
degenerative diseases caused by oxidative stress, such as 
cancer, cardiovascular disease and stroke [10, 11, 12, 13]. Red 
fruits, including sweet cherries, are rich in these types of 
compounds. Sweet cherries have been reported to contain 
various phenolics and anthocyanins which contribute to total  
antioxidant activity [6, 9, 14]. Cherries are also thought to 
alleviate the pain associated with arthritis and gout [15]. 
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Antioxidant activity and phenolic composition were genotype 
dependent and influenced by climatic condition [16]. 

The objectives of our work were to quantify chemical 
attributes (the content of different phenolic compounds and 
antioxidant activity) of 17 sweet cherry cultivars of different 
ripening time, and to find correlations between them. 

II. MATERIAL AND METHODS 

A. Plant material 

Fruits of sweet cherry cultivars were collected in 2010 from 
the productive orchard “Sloga” Kać in vicinity of Novi Sad, 
Serbia. Fruits of 17 red-coloured cultivars (Sándor, Katalin, 
Kavics, Rita, Margit, Peter, Linda, Aida, Alex, Carmen, 
Sunburst, Summit, New Star, Burlat (Bigarreau Burlat), 
Germerdorf 3, Hedelfinger and Majeva rana), were included in 
this study. Cherry fruits were picked at commercial maturity 
on the basis of fruit colour: Rita 8 days before Burlat; Sándor 
and Majeva rana 5 days before Burlat; Peter and Summit 10 
days after Burlat; New Star and Margit 15 days after Burlat; 
Carmen 17 days after Burlat; Aida 18 days after Burlat; 
Sunburst 19 days after Burlat; Germerdorf 3, Hedelfinger and 
Kavics 20 days after Burlat; Linda and Katalin 27 days after 
Burlat and Alex 34 days after Burlat. Approximately 1 kg per 
cultivar of ripe sweet cherry fruits were harvested from trees. 
The fruits were selected according to uniformity of size, shape 
and colour and then transported to the laboratory for analysis. 
Fruits were air-dried at 45˚C in an oven the constant weight. 
The edible parts of dried samples were ground to a fine 
powder with a mortar and pestle and used for biochemical 
analysis. All chemicals used were analytical degree.  

B. Extraction and determination of total polyphenols, and 

tannins 

One gram of plant material was extracted with 70% aqueous 
acetone solution (50 mL) by sonication for 20 minutes in an 
ultrasonic bath at ambient temperature. The extracts were 
rapidly vacuum-filtered through a sintered glass funnel and 
kept refrigerated before assay. All extractions were done in 
triplicate. 

Total polyphenols in the acetone extracts were determined 
colorimetrically (Jenway 6505, UK) using Folin-Ciocalteu 
reagent [17]. Gallic acid (GAE) was used as a standard 
(covering the concentration range between 0.1 and 1.0 mg/mL) 
and results were expressed as miligrams of GAE per gram of 
dry plant material (DW).  
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Total tannins content was determined by the Folin-Ciocalteu 
procedure, after removal of tannins by their adsorption on 
insoluble matrix (polyvinylpolypyrrolidone) [18] (Hagermann 
2000). Calculated values were subtracted from total 
polyphenol contents, and total tannin contents were expressed 
as milligrams of GAE per gram of DW.  

C. Extraction and determination of flavonoids 

Total flavonoids were determined after extraction of 1 g of 
dry plant material with 20 mL of extracting solvent methanol-
water-acetic acid (140:50:10 by volume), for 60 minutes, 
according to the procedure of Marckam [19]. The amount of 
flavonoids was calculated as a rutin equivalent from the 
calibration curve of rutin standard solutions and expressed as 
milligrams of rutin per gram of DW. 
 

D. Extraction and determination of anthocyanins 

The quantification of total anthocyanins of dry cherries was 
evaluated by the pH differential method 
spectrophptpmetrically [20]. Anthocyanins were extracted 
after soaking in 20% (vol/vol) ethanol solution at 1:10 ratio 
(wt/wt) at 25˚C for up to 10 days. Samples of extracts were 
filtrated through Whatman (Maidstone, UK) No. 1 filter paper. 
The filtered extracts in 5 mL aliquots were diluted either with 
0.2 M KCl/0.2 M HCl (25:67 vol/vol) buffer to 100 mL and 
adjusted to pH 1.0 or with 1.0 M CH3COONa/1.0 M 
HCl/water (10:6:9 by volume) to 50 mL and adjusted to pH 
4.5. These diluted solutions were used for further 
spectrophotometrical analysis. The content of total 
anthocyanins was expressed as milligrams of cyanidin 3-
glucoside (C3G) equivalents per gram of DW. 

 

E. Measurment of antioxidant activity 

The potential antioxidant activity of the test samples have 
been assessed based on scavenging activity of the 10% 
aqueous acetone sweet cherry extracts of the stable DPPH free 
radicals [21] (Abe 1998). DPPH-radical scavenging activity 
was expressed as % of neutralized free radicals, assuming that 
the sample with the higher percentage has higher scavenging 
capacity. All measurements were done in triplicate. 

 

F. Statistical analysis 

Results were expressed as mean of determinations of 3 
independent samples made in triplicates. Statistical 
significance was tested by analysis of variance followed by 
comparison of means by Duncan’s multiple range test 
(P<0.05) calculated using STATISTICA for Windows version 
9.0 (StatSoft, Tulsa, OK, USA). Stepwise multiple regression 
analyses were used to determine correlation among variables. 

III. RESULTS AND DISCUSSION 

The differences in total polyphenolic contents, total 
anthocyanins, antioxidant activity, and total flavonoid among 
sweet cherry genotypes were statistically significant (Table 1 
and 2). The total polyphenolic contents of sweet cherry 
genotypes were in the range of 4.12-8.34 mg gallic acid per g 

DW basis (Table 1). The highest total polyphenolic content 
was in the Majeva rana sweet cherry cultivar (8.34 mg/g), 
followed by the Hedelfinger (7.11mg/g) and Aida (6.92 mg/g). 
The lowest content of total polyphenolic compounds was 
recorded in the Linda cultivar (4.07 mg/g). Serra et al.  [13] 
detected from 4.40 to 13.09 mg GAE/g DW of sweet cherry 
fruits. Other authors [3, 4, 6, 9, 10, 22, 23, 24] found total 
polyphenol contents in a range from 0.41 up to 4.07 mg 
GAE/g fresh weight in sweet cherry fruits. Phenolic 
compounds serve in plant defense mechanisms, to counteract 
reactive oxygen species, in order to survive and prevent 
molecular damage, and damaging by microorganisms, insects 
and herbivores [25, 26, 27]. The difference in the sweet cherry 
genotypes in terms of total polyphenolics is due to genetic 
variations, as all genotypes were the same age and grown 
under the same ecological conditions. It is well-known that 
phenolic compounds contribute to fruit quality and nutritional 
value in terms of modyifing colour, taste, aroma, and flavour, 
and also in providing benefitial-health effects [28]. Sweet 
cherries have relatively high polyphenol content, they are 
consumed fresh and therefore, can be considered as a 
relatively good source of dietary polyphenols. 

Great variability exist among the examined sweet cherry 
cultivars, regarding their content in total tannins, ranging from 
0.19 mg GAE/g DW for cultivar Gemerdorf 3, and 0.20 mg 
GAE/g DW for cultivar Alex, up to 1.90 mg GAE/g DW for 
cultivar Hedelfinger and 1.95 g GAE/g DW for cultivars 
Katalin and Sunburst (Table 1). Tannins are widely distributed 

in the plant kingdom. The concentration of tannins varies with 
plant genotype, tissue developmental stage, and environmental 
conditions. The biochemical activities of tannins range from 
beneficial antioxidants to damaging prooxidants and toxins. 
Tannins are feeding deterrentes to many invertebrate and 
vertebrate herbivores. Feeding deterance is undoubtly an 
important mechanism by which tannins protect plant from non-
adapted animals. for adapted species, tannins can act as 

TABLE II 
TOTAL FLAVONOIDS, AND ANTHOCYANINS CONTENT OF DIFFERENT SWEET 

CHERRY CULTIVARS 

Cultivar Flavonoidsa  Anthocyaninsb DPPH valuesb 

Hedelfinger 0.75 ± 0.08  0.64 ± 0.04 44.28 ± 1.47 
Germerdorf 3 0.65 ± 0.123  0.49 ± 0.01 26.61 ± 0.59 
Majeva rana 1.50 ± 0.16  0.45 ± 0.02 61.12 ± 0.64 
Burlat 0.73 ± 0.04  0.69 ± 0.05 36.63 ± 0.31 
New Star 0.63 ± 0.16  0.38 ± 0.04 28.14 ± 1.51 
Sunburst 0.72 ± 0.15  0.52 ± 0.05 46.12 ± 1.48 
Summit 1.06 ± 0.20  0.44 ± 0.04 9.32 ± 1.05 
Margit 0.98 ± 0.17  0.58 ± 0.03 17.35 ± 0.62 
Sándor 0.66 ± 0.08  0.47 ± 0.01 3.72 ± 0.36 
Katalin 0.98 ± 0.16  0.63 ± 0.03 35.87 ± 0.62 
Kavics 0.42 ± 0.13  0.35 ± 0.02 21.64 ± 0.33 
Rita 0.51 ± 0.09  0.44 ± 0.02 25.97 ± 0.70 
Peter 0.50 ± 0.12  0.46 ± 0.02 33.28 ± 1.89 
Linda 0.78 ± 0.17  0.43 ± 0.022 21.00 ± 1.58 
Aida 1.54 ± 0.17  0.40 ± 0.01 47.75 ± 1.07 
Alex 4.79 ± 0.14  0.20  ± 0.07 39.43 ± 1.05 
Carmen 5.63 ± 0.05  0.57 ± 0.15 37.38 ± 0.51 

Data are mean ± SE values 
a Expressed as mg of rutin/g of dry plant material. 
b Expressed as mg of cyanidin-3-glucoside/g of dry plant material. 
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stimulants [29]. Tannins markedly affect the flavor and the 
astringency of fruit [1]. 

The genotype influence the extent of total flavonoid 
accumulation in the sweet cherry fruits. The contents of 
flavonoids found in sweet cherries are given in Table 2. The 
genotypes with high flavonoid contents are Majeva rana, Aida, 
and Alex with 1.50, 1.54, and 1,56 mg of rutin equivalents/g 
DW respectively. The cultivar with lowest total flavonoid 
content is Kavics with 0.42 g of rutin equivalents/g DW. 
Flavonoids were found to be an important part of human diet 
and are considered as active principles in many medical plants 
[30]. Flavonoids have been knows to reduce oxidative stress in 
biological systems due to their antioxidant capacities [9]. Most 
flavonoids are found in nature as O- or C-glycosides. The 
glycosylation is important to reduce the reactivity and to 
increase the water solubility of flavonoids, which in turn 
prevents their cytoplasmic damage and guarantees their 
storage in the cell vacuole [31]. The presence of glycosides 
attached to flavonoid aglycons, such as flavonol or 
anthocyanidin, decreases the antioxidant activity of flavonoid. 
The reason for this is the glycoside moiety, which interferes 
with the coplanarity of the flavonoid molecule, decreases the 
ability to delocalise electrons and by that decreases the 
antioxidant activity of flavonoid [32].  

The anthocyanins contents of sweet cherry genotypes were 
in the range of 0.35-0.69 mg C3G equivalents per g DW basis 
(Table 2). The highest anthocyanins content was in the Burlat 
sweet cherry cultivar (0.69 mg C3G/g DW), followed by the 
Hedelfinger (0.64 mg C3G/g DW) and Katalin (0.63 mg 
C3G/g DW). The lowest content of total polyphenolic 

compounds was recorded in the Kvics cultivar (0.35 mg 
C3G/g DW). Anthocyanins, one of the mayor groups of 
flavonoids, are widespread natural phenolic compounds in 
plants. They are mainly distributed among flowers, fruits 
(particularly in berries), and vegetables and are responsible for 
their bright colours [33]. Accumulation of anthocyanins is 
closely connected with ripening stage of the fruits and is 
responsible for the red-purple colour of fruits [22]. Maturation 

of red fruits is followed by the change of the initial green 
colour to red, violet or blackish colour, caused by 
accumulation of anthocyanins and by chlorophyll degradation 
[6]. In cherries, colour is mainly influenced by the 
concentration and distribution of different anthocyanins in the 
skin [2, 34]. Other authors also found that Burlat has a very 
hight anthocyanin concentration and the high antioxidant 
activity [3]. 

The antioxidant activity using DPPH method in sweet 
cherry genotypes are shown in Table 1. A statistical significant 
difference was found among genotypes. The DPPH-values for 
investigated extracts varied in a wide range between 3.72% 
and 61.12% (Table 1). The highest antioxidant activity was 
observed in Majeva rana genotype at 61.12%, followed by 
Aida genotype (47.75%), Sunburst genotype (46.12%), and 
Hedelfinger genotype (44.28%).  

The relationship between antioxidant capacity and different 
phenolic groups varried between cultivars (Table 3). There 
were very weak but statistically significant correlation between 
antioxidant capacity and total polyphenol and total flavonoid 
content (r2=0.39 and r2=0.12, respectively). In this study, no 
statistically significant correlation was observed between 

antioxidant activity and total anthocyanins content (r2=0.01). 
Other authors also found that anthocyanins did not seem to be 
the only important polyphenols to influence the antioxidant 
activity of the fruits, when correlating with DPPH data [16, 
35]. 

IV. CONCLUSION 

As the conclusion, this investigation show large variability 
between sweet cherry cultivars in measured chemical 
attribultes. Antioxidant activity of some cultivars depends on 
phenolics, in others on flavonoids, and also with some other 
compounds. Sweet cherry fruits are a significant source of 
different phenolic compounds, and could be considered a good 
source of natural antioxidants. 

ACKNOWLEDGMENT 

This study was carried out within a project of Ministry of 
Science and Technological Development of the Republic of 
Serbia.  

REFERENCES   

[1] M.J. Bernalte, E. Sabio, M.T. Hernández, and C. Gervasini, “Influence 
of storage delay on quality of ‘Van’ sweet cherry”, Postharvest Biology 
and Technology, vol. 28, pp. 303-312, 2003.  

[2] B. Gonçalves, A.P. Silva, J. Moutinho-Pereira, E. Bacelar, E. Rosa, and 
A.S. Meyer, “Effect of ripeness and postharvest storage on the evolution 

TABLE II 
TOTAL FLAVONOIDS, AND ANTHOCYANINS CONTENT OF DIFFERENT SWEET 

CHERRY CULTIVARS 

Cultivar Flavonoidsa Anthocyaninsb 

Hedelfinger 0.75 ± 0.081 0.64 ± 0.040 
Germerdorf 3 0.65 ± 0.123 0.49 ± 0.008 
Majeva rana 1.50 ± 0.155 0.45 ± 0.021 
Burlat 0.73 ± 0.044 0.69 ± 0.047 
New Star 0.63 ± 0.163 0.38 ± 0.042 
Sunburst 0.72 ± 0.148 0.52 ± 0.053 
Summit 1.06 ± 0.197 0.44 ± 0.038 
Margit 0.98 ± 0.168 0.58 ± 0.030 
Sándor 0.66 ± 0.080 0.47 ± 0.009 
Katalin 0.98 ± 0.161 0.63 ± 0.031 
Kavics 0.42 ± 0.125 0.35 ± 0.019 
Rita 0.51 ± 0.095 0.44 ± 0.016 
Peter 0.50 ± 0.123 0.46 ± 0.019 
Linda 0.78 ± 0.167 0.43 ± 0.024 
Aida 1.54 ± 0.166 0.40 ± 0.013 

Data are mean ± SE values 
a Expressed as mg of rutin/g of dry plant material. 
b Expressed as mg of cyanidin-3-glucoside/g of dry plant material. 
 

TABLE III 
CORRELATION BETWEEN DPPH-ASSAY AND INVESTIGATED PHEOLIC 

COMPOUNDS IN  SWEET CHERRY FRUITS 

DPPH Correlation 
coefficient (r) 

Coefficient of 
determination (r2) 

Total polyphenol content 0.62* 0.39* 

Total anthocyanins content 0.10 0.01 
Total flavonoids content 0.35* 0.12* 

   
* Values marked with asterix are statistically significant (P>0.05) 



International Journal of Biological, Life and Agricultural Sciences

ISSN: 2415-6612

Vol:5, No:11, 2011

743

 

 

of colour and anthocyanins in cherries (Prunus avium L.)”, Food 
Chemistry, vol. 103, pp. 976-984, 2007. 

[3] V. Usenik, J. Fabčič, and F. Štampar, “Sugars, organic acids, phenolic 
composition and antioxidant activity of sweet cherry (Prunus avium 
L.)”, Food Chemistry, vol. 107, pp. 185-192, 2008. 

[4] L. Jakobek, M. Šeruga, S. Voća, Z. Šindrak, and N. Dobričević, 
“Flavonol and phenolic acid composition of sweet cherries (cv. Lapins) 
produced on six different vegetative rootstocks”, Scientia Horticulturae, 
vol. 123, pp. 23-28, 2009. 

[5] C.H. Crisosto, G.M. Crisosto, and P. Metheney, “Consumer acceptance 
of ‘Brooks’ and ‘Bing’ cherries is mainly dependent on fruit SSC and 
visual skin color”, Postharvest Biology and Technology, vol. 28, pp. 
159-167, 2003. 

[6] M. Serrano, F. Guillén, D. Martínez-Romero, S. Castillo, and D. Valero, 
“Chemical constituents and antioxidant activity of sweet cherry at 
different ripening stages”, Journal of Agricultural and Food Chemistry, 
vol. 53, pp. 2741-2745, 2005. 

[7] M.J. Serradilla, A. Martín, A. Hernandez, M. López-Corrales, M. 
Lozano, and M. de Guía Córdoba, “Effect of the commercial ripening 
stage and postharvest storage on microbial and aroma changes of 
‘Ambrunés’ sweet cherries”, Journal of Agricultural and Food 
Chemistry, vol. 58, pp. 9157-9163, 2010. 

[8] S. Southon, “Increased fruit and vegetable consumption within the EU: 
potential health benefits”, Food Research International, vol. 33, pp. 
211-217, 2000. 

[9] D.-O. Kim, H.J. Heo, Y.J. Kim, H.S. Yang, and C.Y. Lee, “Sweet and 
sour cherry phenolics and their protective effects on neuronal cells”, 
Journal of Agricultural and Food Chemistry, vol. 53, pp. 9921-9927, 
2005. 

[10] S.-Y. Kang, N.P. Seeram, M.G. Nair, and L.D. Bourquin, “Tart cherry 
anthocyanins inhibit tumor development in ApcMin mice and reduce 
proliferation of human colon cancer cells”, Cancer Letters, vol. 194, pp. 
13-19, 2003. 

[11] J.M. Tall, N.P. Seeram, C. Zhao, M.G. Nair, R.A. Meyer, and S.N. Raja, 
“Tart cherry anthocyanins suppress inflammation-induced pain behavior 
in rat”, Behavioural Brain Research, vol. 153, pp. 181-188, 2004. 

[12] K.M. Yoo, M. Al-Farsi, H. Lee, H. Yoon, and C.Y. Lee, 
“Antiproliferative effects of cherry juice and wine in Chinese hamster 
lung fibroblast cells and their phenolic constituents and antioxidant 
activities”, Food Chemistry, vol. 123, pp. 734-740, 2010. 

[13] A.T. Serra, R.O. Duarte, M.R. Bronze, and C.M.M. Duarte, 
“Identification of bioactive response in traditional cherries from 
Portugal”, Food Chemistry, vol. 125, pp. 318-325, 2011. 

[14] V. Mulabagal, G.A. Lang, D.L. DeWitt, S.S. Dalavoy, and M.G. Nair, 
“Anthocyanin content, lipid peroxidation and cyclooxygenase enzyme 
inhibitory activities of sweet and sour cherries”, Journal of Agricultural 
and Food Chemistry, vol. 57, pp. 1239-1246, 2009. 

[15] W. Marcason, “What is the latest research regarding cherries and the 
treatment of rheumatoid arthritis?”, Journal of the American Dietetic 
Association, vol. 107, pp. 1686, 2007. 

[16] D. Faniadis, P.D. Drogoudi, and M. Vasilakakis, “Effects of cultivar, 
orchard elevation, and storage on fruit quality characters of sweet cherry 
(Prunus avium L.)”, Scientia Horticulturae, vol. 125, pp. 301-304, 
2010. 

[17] G.T. Kroyer, “Red clover extract as antioxidant active and functional 
food ingredient”, Innovative Food Science and Emerging Technologies, 
vol. 5, pp. 101-105, 2004. 

[18] A. Hagermann, I. Harvey-Mueller, and H.P.S. Makkar, “Quantification 
of tannins in tree foliage-a laboratory manual”, Vienna: FAO/IAEA 
Working Document, 2000. 

[19] K.R. Marckam, “Methods in Plant Biochemistry”, London: Academic 
Press, 1989. 

[20] S.C. Shen, K.C. Tseng, F.T. Chao, and S.B. Wu, “Color quality of rose 
liquer”, Journal of Food Quality, vol. 30, pp. 202-217, 2007. 

[21] N. Abe, T. Murata, and A. Hirota, “Novel 1,1-diphenyl-2-
picrylhydrazyl-radical scavengers, bisorbicillin and 
demethyltrichodermol, from a fungus”, Bioscience, Biotechnology, 
Biochemistry, vol. 62, pp. 661-662, 1998. 

[22] M.J. Serradilla , M. Lozano, M.J. Bernalte, M.C. Ayuso, M. López-
Corrales, and D. González-Gómez, “Physicochemical and bioactive 
properties evolution during ripening of ‘Ambrunés’ sweet cherry 

cultivar”, LTW-Food Science and Technology, vol. 44, pp. 199-205, 
2011. 

[23] V. Usenik, N. Fajt, M. Mikulic-Petkovsek, A. Slatnar, F. Stampar, and 
R. Verebic, “Sweet cherry pomological and biochemical characteristics 
influenced by rootstock”, Journal of Agricultural and Food Chemistry, 
vol. 58, pp. 4928-4933, 2010. 

[24] A. Chaovanalikit, and R.E. Wrolstad, “Anthocyanin and polyphenolic 
composition of fresh and processed cherries”, Food Chemistry and 
Toxicology, vol. 69, pp. 73-83, 2004. 

[25] G.A. Boeckler, J. Gershenzon, and S.B. Unsicker, “Phenolic glycosides 
of the Salicaceae and their role as anti-herbivore defenses”, 
Phytochemistry, vol. 72, pp. 1497-1509, 2011. 

[26] J. Grassmann, S. Hippeli, and E.F. Elstner, “Plant’s defence and its 
benefits for animals and medicine: role of phenolics and terpenoids in 
avoiding oxygen stress”, Plant Physiology and Biochemistry, vol. 40, 
pp. 471-478, 2002. 

[27] A.G. Báidez, P. Gómez, J.A. Del Río, and A. Ortuño, “Antifungal 
capacity of major phenolic compounds of Olea europaea L. against 
Phytophthora megasperma Drechsler and Cylindrocarpon destructans 
(Zinssm.) Scholten”, Physiological and Molecular Plant Pathology, vol. 
69, pp. 224-229, 2006. 

[28] S.F. Hagen, G.I.A. Borge, G.B. Bengtsson, W. Bilger, A. Berge, K. 
Haffner, and K.A. Solhaug, “Phenolic contents and other health and 
sensory related properties of apple fruit (Malus domestica Borkh., cv. 
Aroma): Effect of postharvest UV-B irradiation”, Postharvest Biology 
and Technology, vol. 45, pp. 1-10, 2007. 

[29] R.V. Barbehenn, and C.P. Constabel, “Tannins in plant-herbivore 
interactions”, Phytochemistry, vol. 72, pp. 1551-1565, 2011. 

[30] G.A. Cooper-Driver, “ Contribution of Jeffrey Harborne and co-workers 
to the study of anthocyanins”, Phytochemistry, vol. 56, pp. 229-236, 
2001. 

[31] F. Cuyckens, and M. Claeys, “Determination of the glycosylation site in 
flavonoid mono-O-glycosydes by collision-induced dissociation of 
electrospray-generated deprotonated and sodiated molecules”, Journal 
of Mass Spectrometry, vol. 40, pp. 364-372, 2005. 

[32] K.E. Heim, A.R. Tagliafero, and D.J. Bobilya, “Flavonoid antioxidants: 
chemistry, metabolism and structure-activity relationship”, Journal of 
Nutritional Biochemistry, vol. 13, pp. 572-584, 2002. 

[33] G. Mazza, and E. Miniati, “Anthocyanins in fruits, vegetables, and 
grains”, Boca Raton: CRC Press, 1993. 

[34] L. Esti., F. Cinquanta, E. Sinesio, E. Moneta, and M. Di Matteo, 
“Physicochemical and sensory fruit characteristics of two sweet cherry 
cultivars after cool storage”, Food Chemistry, vol. 76, pp. 399-405, 
2002. 

[35] S. Piccolella, A. Fiorentino, S. Pacifico, B. D’Abrosca, P. Uzzo, and 
P.Monaco, “Antioxidant properties of sour cherries (Prunus cerasus L.): 
Role of colorless phytochemicals from the methanolic extract or ripe 
fruits”, Journal of Agricultural and Food Chemistry, vol. 56, pp. 1928-
1935, 2008. 
 

 

 
 

 


