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ABSTRACT. Storage stability of anthocyanins in ethanolic extract from dried 
sour cherry (Prunus cerasus L.) fruits was studied. Total anthocyanins content 
was determined using the pH differential method. Results indicate that the 
storage degradation of anthocyanins followed first-order reaction kinetics. 
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INTRODUCTION 
 Anthocyanins are a group of naturally occuring phenolic compound, 
which have an important role in the color quality of many flowers, fruits, 
vegetables and related products derived from them. Thus, measurement of 
anthocyanin content and investigation of their degradation is very useful for 
the food industry. 
 The anthocyanins are glycosides of anthocyanidines. Up to now, 
more than 540 anthocyanins and 23 anthocyanidins were reported [1] of which 
only six are the most common in vascular plants (Figure 1). 
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Figure 1. The six more commun anthocyanidins structure 
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 The most commonly found in nature are the glycoside derivatives of 
the three non-methylated anthocyanidins: cyanidin, delphinidin and pelargonidin.  
 The isolation and determination of anthocyanin content have been 
investigated by many authors [2-5]. The anthocyanin content of sour cherries 
varies largely with genotipe. The most abundant anthocyanins found in the fruits 
of Prunus cerasus are the glucoside forms of cyanidin (Cy) and peonidin (Pn) [6]: 
Cy-3-glucoside, Cy-3-glucosylrutinoside, Cy-3-sophoroside, Cy-3-rutinoside, 
Cy-3-xylosylrutinoside, Pn-3-glucoside, Pn-3-rutinoside, Cy-3-gentobioside. 
 Anthocyanins, like other polyphenolic compounds found in fruits, are 
known for their antioxidant activity. This plays a vital role in the prevention of 
cancer, diabetes, cardiovascular and neuronal illnesses [7]. There are several 
studies focused on the effect of anthocyanins in cancer treatments [8] and 
also on their antiinflammatory and plateled inhibitory effects [9]. Anthocyanins 
content in fruits and vegetables is also reported as responsible for their 
antimicrobial properties [10]. 
 Anthocyanins are very unstable and susceptible to degradation [11]. 
Their stability is affected by storage and processing conditions, including pH, 
temperature, light, solvent, oxygen. 
 Substantial quantitative and qualitative information can be obtained 
from the spectral characteristics of anthocyanins. Anthocyanin pigments 
undergo reversible structure transformation as a function of pH, which can 
be measured using optical spectroscopy. The colored flavilium cation form 
predominates at pH = 1, while, at pH = 4.5 the colorless hemiketal form is 
the most stable (Scheme 1). 
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Scheme 1. Structural forms of anthocyanins at different pH values 

 
 The pH differential method is a rapid and easy procedure to determine 
the total anthocyanins content from various sources [12]. The method is based 
on the reaction depicted in Scheme 1 and permits an accurate measurement 
even in the presence of other interfering compounds. 
 The aim of this study was to determine the degradation kinetic parameters 
of sour cherry fruits anthocyanins in ethanolic extract during storage at room 
temperature (25oC). 
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RESULTS AND DISCUSSION 
 The experiments were carried out on refrigerated sour cherry fruits 
(commercially available) which were allow to stay at room temperature until 
complete drying occurred. 
 Total anthocyanin content was determined using the pH-differential 
method [12], using two buffer systems: potassium chloride buffer (0.025 M, 
pH = 1.0) and sodium acetate buffer (0.04 M; pH = 4.5). The extract was mixed 
with the corresponding buffer and the absorbance of the samples was measured 
at 525 nm (λVIS max; see Figure 1) and 700 nm (for haze correction). 
 
 

 
Figure 1. UV-VIS spectra of anthocyanins in buffer solutions at pH = 1 and pH = 4.5 

 
 
 The following equation was used to calculate the total anthocyanins 
as cyanidin-3-glucoside equivalents [12]: 

l
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⋅⋅⋅

=
ε
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     (1) 

where: 
 TA = total anthocyanins content (mg/l) 
 A = absorbance, calculated as; 
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A = (ApH 1.0 – ApH 4.5) 525 nm – (ApH 1.0 – ApH 4.5) 700 nm  (2) 
M = molecular weight  
F = dilution factor 
l = pathlenght (cm) 
ε = molar extinction coefficient  
1000 = conversion factor from gram to miligram 
All measurements were done in triplicate (n = 3). 
The anthocyanin content during storage at 250C was plotted as a 

function of time (Figure 2). The linear dependence of ln [A] = f(t) demonstrates 
that the degradation process of monomeric anthocyanins follows first order 
reaction kinetics, results which are in agreement with those from the previous 
studies, reporting a first order reaction model for the degradation of these 
flavonoidic compounds from various sources [13,14].  

The kinetic parameters were calculated using the following equations: 
 

ln[TA] = ln[TA0] – kt     (3) 

k
t

693.0
2/1 =       (4) 

where: 
 [TA] = total anthocyanin content (mg/l) at time t 

[TA0] = initial total anthocyanin content (mg/l) 
 k = reaction rate constant (h-1) 
 t = reaction time (h) 
 t1/2 = half-life (h) 
 

y = -0.0072x + 6.77
R2 = 0.9928
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Figure 2. Degradation of anthocyanins in sour cherries  

ethanolic extract during storage at 250C 
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The determined value for the kinetic rate constant was 7.2·10-3 h-1 
and the half-life value was t1/2 = 96.25 h. First order reaction kinetics for the 
degradation process of anthocyanins in sour cherry concentrates with a 38 days 
value for t1/2 at 200C was reported [15]. In comparison, the alcoholic extract 
of anthocyanins from sour cherries is significantly less stable (t1/2 = 4 days). 
 

CONCLUSIONS 
 The total anthocyanin content in the ethanolic extract of sour cherries 
was determined (850.97 mg/kg dried fruits, in agreement with literature 
data [6]) and the degradation process of these compounds during storage 
at 250C was investigated. The degradation followed first order reaction model 
and the kinetic parameters values (k and t1/2) were determined. 
 The extract is less stable than the concentrate juices obtained from 
sour cherry fruits. 
 

EXPERIMENTAL SECTION 
The dried sour cherry fruits were crushed in a mortar. 2 g of fruits 

were transferred to an Erlenmeyer flask, 50 ml of 96% ethanol and 0.1 ml 
of concentrated HCl were added and the mixture was stirred for 1 h at room 
temperature and then filtered. The filtrate was quantitatively transferred to a 
100 ml volumetric flask and made up to 100 ml with 96% ethanol. The 
extract was kept away from light in a thermostated water bath, preheated to 
250C, well capped to avoid evaporation. At regular time intervals, samples 
were taken and analysis was conducted immediatly. 

5 ml of ethanolic extract were transferred to a 10 ml volumetric flask 
and made up to 10 ml with corresponding buffer (potassium chloride buffer, 
0.025 M, pH = 1 and sodium acetate buffer, 0.4 M, pH = 4.5) and allowed to 
equilibrate for 15 minutes.  

The absorbance of each solution was then measured at 525 (λVIS max) 
and 700 nm (for haze correction), using a Perkin Elmer Lambda 35 UV-VIS 
double beam spectrophotometer. 

Pigment content was calculated as equivalents of cyanidin-3-
glucoside (MW = 442.9 g/mol, ε = 26900 l/mol/cm) [12]. Visible spectra of 
samples were recorded by scanning the absorbance between 400 and 700 nm. 
Quartz cuvettes of 1 cm pathlength were used, absorbance readings were 
made against distilled water as a blanck. All the measurements were carried 
out at room temperature (~220C). 



BIANCA MOLDOVAN, LUMINIŢA DAVID, ROXANA DONCA, CRISTIAN CHIŞBORA 
 
 

 194 

 
REFERENCES 

 
 

1. J.M. Kong, L.S. Chia, N.K. Goh, T.F. Chia, R. Brouillard, Phytochemistry, 2003, 
64(5), 923 

2. B. Mozetic, P. Trebse, Acta Chimica Slovenica, 2004, 51, 151 
3. A. Chaovanalikit, R.E. Wrolstad, Journal of Food Science, 2004, 29(1), 101 
4. A. Chaovanalikit, R.E. Wrolstad, Journal of Food Science, 2004, 29(1), 107 
5. G. Urbanyi, K. Horti, Acta Alimentaria, 1992, 21, 307 
6. V. Šimunić, S. Kovač, D. Gašo-Sokač, W. Pfannhauser, M. Murkovic, European 

Food Research & Technology, 2005, 220, 575 
7. I. Konczak, W. Zhang, Journal of Biomedicine & Biotechnology, 2004, 5, 239 
8. S.U. Lule, W. Xia, Food Reviews International, 2005, 21(4), 367 
9. T. Maier, A. Schieber, D.R. Kammerer, R. Carle, Food Chemistry, 2009, 112, 551 
10. A.D. Duman, M. Ozgen, K.S. Dayisoylu, N. Erbil, C. Durgac, Molecules, 2009, 

14, 1808 
11. M.M. Giusti, R.E. Wrolstad, Biochemical Engineering Journal, 2003, 14(3), 217 
12. M.M. Giusti, R.E. Wrolstad, „Current Protocols in Food Analytical Chemistry”, 

Wiley, New York, 2001, F.1.2.1-F1.2.13  
13. G.A. Garzon, R.E. Wrolstad, Journal of Food Science, 2002, 67(5), 1288 
14. A. Kirca, M. Özkan, B. Cemeroğlu, Food Chemistry, 2007, 101, 212 
15. B. Cemeroğlu, S. Velioğlu, S Işik, Journal of Food Science, 1994, 59(6), 1216 


