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Abstract
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The antioxidant activity of 26 Bulgarian fruits was measured by the Oxygen Radical Absorbance Capacity (ORAC) meth-
od. The total polyphenol content of the samples was investigated as well. Results varied considerably among the analyzed 
samples. Based on fresh weight, fruits of the elderberry (Sambucus nigra) showed the highest antioxidant capacity (205.4 ± 
15.2 μmol TE.g-1), followed by brier (Rosa canina) (201.1 ± 14.6 μmol TE.g-1), chokeberry (Aronia melanocarpa) (160.8 ± 4.8 
μmol TE.g-1) and hawthorn (Crataegus mollis) (153.6 ± 9.1 μmol TE.g-1). There was a good linear correlation between ORAC 
antioxidant capacity and polyphenol content, indicating that polyphenols are the major contributors to the antioxidant activity 
of the investigated fruits.
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Introduction

A growing amount of evidence indicates the role of 
reactive oxygen species (ROS) such as peroxyl radicals 
(ROO.), hydroxyl radical (НО.), superoxide anion (О2

-.) 
and singlet oxygen (1О2) in the pathophysiology of ag-
ing and different degenerative diseases such as cancer, 
cardiovascular diseases, Alzheimer’s disease and Par-
kinson’s disease (Davies, 2000; Fenkel and Holbrook, 
2000). Living cells possess a protective system of anti-
oxidants, which prevents the formation and enables in-
activation of ROS and reactive nitrogen species (RNS). 
To increase the antioxidant status of the body, external 
intake of antioxidants is necessary. The majority of an-

tioxidants taken with the diet are of plant origin. The 
richest sources of antioxidants are fruits, vegetables, 
herbs, and grains. The compounds that are the most 
significant for the antioxidant properties of these raw 
materials are polyphenols, vitamins A, C, and E, caro-
tenoids etc. The formulation of preventive and healthy 
nutrition requires information about the content of bio-
logically active substances in raw materials and evalua-
tion of their biological activity. In the last decade, there 
is an increased interest in the determination of antioxi-
dant activity of foods. Plant materials contain various 
biologically active substances with different antioxidant 
capacities, and for the consumers it is difficult to esti-
mate the intake of antioxidant units taken with the diet. 
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Therefore, it is necessary to characterize the antioxidant 
capacities of different plant materials. 

Despite the vast interest in determination of antioxi-
dant activity of natural products, in the literature there 
are only few papers reporting scarce data for the anti-
oxidant capacities of Bulgarian plant materials. There 
is limited information about the antioxidant activity of 
Bulgarian herbs (Ivanova et al. 2005; Kiselova et al., 
2006; Kratchanova et al., 2010; Nikolova et al., 2011) 
and vegetables (Ciz et al., 2010). To our knowledge 
there are not papers reporting the antioxidant activity 
of Bulgarian fruits. Fresh fruits are a good source of 
antioxidants and their use in human nutrition is of fun-
damental importance. To encourage fruit consumption 
among the population it is important to recognize which 
fruits have the highest antioxidant activity and to pro-
mote their regular consumption. Therefore, the main 
objective of the current work was to evaluate the ORAC 
antioxidant activity and total polyphenol content of 26 
fruits of Bulgarian origin and to explore their relations. 
The current survey is a part of a long-term investiga-
tion, which aims to develop a database with antioxidant 
capacities of mushrooms, fruits, vegetables, grains and 
herbs cultivated in Bulgaria.

Materials and Methods

Chemicals and apparatus
2,2’-azobis[2-methyl-propionamidine] dihydro-

chloride, 6-Hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox), fluorescein disodium salt and 
gallic acid were obtained from Sigma-Aldrich (Stein-
heim, Germany). Folin-Ciocalteu’s phenol reagent was 
purchased from Merck (Darmstadt, Germany). All oth-
er solvents used were of analytical grade. 

Fruit samples
Fruits were sampled at the time of peak production 

from retail outlets in the local supermarkets. After de-
livery they were frozen and kept at T = -18ºC in plas-
tic bags. The following fruits, all of Bulgarian origin 
were investigated: apple (Мalus domestica) – gold-
en delicious var., apricot (Armeniaca vulgaris), black 
currant (Ribes nigrum), blackberry (Rubus caesius), 
blackthorn (Prunus spinosa), blueberry (Vaccinium 

myrtillus), brier (Rosa canina), cherry (Cerasus avium), 
chokeberry (Aronia melanocarpa), cornel cherry (Cor-
nus mas), cranberry (Vaccinium oxycoccos), elderber-
ry (Sambucus nigra), fig (Ficus carica L.), hawthorn 
(Crataegus mollis), honeydew melon (Cucumis melo). 
peach (Persica vulgaris), plum (Prunus domestica), 
pomegranate (Punica granatum), pumpkin (Cucurbita 
pepo),  raspberry (Rubus idaeus), red grapes (Vitis vin-
ifera), sour cherry (Cerasus vulgaris), strawberry (Fra-
garia ananassia),watermelon (Citrullus lanatus), white 
grapes (Vitis vinifera). 

Sample preparation
Approximately 2 g of the edible part of the fruits 

were weighed accurately and homogenized in a labora-
tory blender. Samples were transferred into extraction 
tubes and mixed with 20 ml of the extragent (0.2% for-
mic acid in 80% acetone solution). Extraction was con-
ducted on orbital shaker at room temperature for one 
hour. After that, the samples were centrifuged (6 000 x 
g) and supernatants were removed. The solid residues 
were subjected to the second extraction under the same 
conditions. Both supernatants were combined and fur-
ther used for antioxidant activity and total polyphenol 
determination after a proper dilution.

ORAC assay
The ORAC method measures the antioxidant 

scavenging activity against peroxyl radical induced 
by 2,2’-azobis[2-methyl-propionamidine] dihydro-
chloride dihydrochloride at 37°C. Fluorescein (FL) is 
used as a fluorescent probe (Ou et al., 2001). The loss 
of fluorescence of FL is an indication of the extent of 
damage from its reaction with the peroxyl radical. 
The protective effect of an antioxidant is measured by 
assessing the area under the fluorescence decay curve 
as compared to that of blank in which no antioxidant 
is present. One ORAC unit was assigned to the net 
protection area, provided by solution of Trolox with con-
centration 1 μmol.l-1. Results were expressed as µmol 
Trolox equivalents (TE) per gram fresh weight. Denev 
et al., (2010), describe the detailed experimental proce-
dure used in the current study.

ORAC analyses were carried out on a FLUOstar 
Galaxy plate reader (BMG LABTECH, Offenburg, 
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Germany), excitation wavelength of 485 nm and emis-
sion wavelength of 520 nm were used. 

Total polyphenols analysis
Total polyphenols were determined according to the 

method of Singleton and Rossi, (1965) with Folin-Cio-
calteu’s reagent. Results were expressed as gallic acid 
equivalents (GAE) per 100 g of fresh weight.

Statistics
Statistical analyses and graphs were performed us-

ing Microsoft Excel (Microsoft Corporation). All ex-
periments were repeated six times. The data were ex-
pressed as means ± standard deviation (SD). 

Results and Discussion

Antioxidant activity rank order
There are different methods to evaluate the in vitro 

antioxidant activity of compounds, natural products, 
and biological fluids. These methods rely on generation 
of various radicals acting by different mechanisms. The 
current study employs ORAC method, which provides 
a unique and complete assessment of antioxidant activ-
ity, in which the inhibition time and inhibition degree 
are measured as the oxidation reaction goes to comple-
tion (Ou et al., 2001). The ORAC method has also been 
found to be the most relevant one for biological samples, 
since it assesses the radical scavenging activity of the 
sample against peroxyl radicals, which physiologically 
are the most important ones (Huang et al., 2005; Prior 
et al, 2005). It was found that ORAC method is more 
sensitive than other methods, thus indicating antioxi-
dant properties in samples with very low quantities of 
polyphenols (Ciz et al., 2010). Therefore, we chose this 
assay to investigate the antioxidant activity in the cur-
rent work, which to our knowledge is the most compre-
hensive study on the antioxidant properties of Bulgar-
ian fruits. The total antioxidant activity varied consid-
erably among the investigated fruits (Figure 1). For ex-
ample, on the basis of fresh weight, elderberry showed 
the highest antioxidant capacity (205.38 ± 15.24 μmol 
TE.g-1) followed by brier with (201.14 ± 14.59 μmol 
TE.g-1). Pumpkin, watermelon and honeydew melon 
revealed the lowest ORAC antioxidant activity (4.92 ± 

0.47, 3.80 ± 0.47 and 2.33 ± 0.12 μmol TE.g-1, respec-
tively). The beneficial properties of elderberry, brier and 
hawthorn are well known to the Bulgarian population as 
they have been widely used in ethnopharmacology and 
traditional medicine since ancient times. Another fruit 
with high antioxidant activity, chokeberry is of North 
American origin and was introduced to Bulgaria about 
40 years ago. Nowadays it is cultivated successfully as 
an industrial crop and deserves attention, because it is 
recognized as an especially beneficial medicinal plant. 
There are many papers attempting to rank the antioxi-
dant properties of different plant materials via different 
methods (Velioglu et al. 1998; Pellegrini et al., 2003), in-
cluding ORAC (Wang et al., 1996; Ou et al, 2002; Wu et 
al., 2004). When comparing the results with other pub-
lished data it is seen that Bulgarian fruits reveal differ-
ent antioxidant properties. Our results 47.2 μmol TE.g-1 
and 98.8 μmol TE.g-1 for strawberries and blueberries 
are 18.5% and 37% higher than the results reported by 
Wu et al. (2004) for the same plant species. On the other 
hand, results reported from the same authors for rasp-
berry are 26% higher than the results in our study. The 
accumulation of biologically active substances in plants 
depends on several genetic and environmental factors 
including cultivar, climate, fertilization, irrigation, sun 
exposure, etc. Ou et al. (2002) reported variable results 
even for samples from one species depending on the va-
riety, place of origin, and harvest time. Therefore, it is of 
a particular interest to evaluate the antioxidant activity 
of local natural products, since they are the most con-
sumed by the Bulgarian population. The current survey 
is a part of a long-term investigation, aiming the de-
velopment of a database with antioxidant capacities of 
Bulgarian raw materials. The development of such da-
tabase will identify the major contributors to the anti-
oxidant potential of our daily diet. In the literature sim-
ilar ORAC databases are already reported for common 
foods in the USA (Wu et al., 2004) and fruits produced 
in south Andes region of South America (Speisky et 
al., 2012). 

In one of the first attempts to quantify dietary an-
tioxidant needs of the body Prior et al. (2007) demon-
strated that consumption of certain berries and fruits 
such as blueberries, mixed grape and kiwifruit was as-
sociated with increased ORAC plasma antioxidant ca-
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pacity in the postprandial state and consumption of an 
energy source of macronutrients containing no antioxi-
dants was associated with a decline in plasma antioxi-
dant capacity. The authors estimated that according to 
the energy intake of the diet, 5000 – 15000 μmol TE 
are necessary to cover human daily antioxidant needs. 
Therefore, comparative studies such as the current are 
interesting not only from research point of view, but 
also for the consumers and nutritionists. The obtained 
results are a good tool for the medical professionals to 
promote the consumption of fruits with high antioxi-
dant activity as a part of a healthy diet. For example, 
the consumption of only 25-75 g elderberries or briers, 
or 30-90 g chokeberries will cover the necessary anti-
oxidant units per day. In contrast, approximately 2170 
– 6500 g of honeydew melons will provide the same 
amount of ORAC units. 

Correlation between polyphenol content and  
ORAC antioxidant activity

As reported by Prior et al. (1998), the major phy-
tochemicals responsible for the antioxidant capacity of 
plant materials are most likely polyphenols, and partic-
ularly flavonoids. Flavonoids are known as secondary 
plant metabolites and their biosynthesis and content are 
influenced by a great number of factors, such as loca-
tion, weather conditions, degree of maturity, variety, 
storage condition, processing etc. (Ayala-Zavala et al., 
2004). Table 1 summarizes the polyphenols content of 
the investigated materials and their dry matter as well. 
The relationships between total polyphenol content and 
ORAC antioxidant capacity are shown on Figure 2. It is 
evident that, with few exceptions, there is a good linear 
correlation between these two entities with regression 
coefficient R2 = 0.899. Such an exception is elderber-
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ry, whose polyphenol content is comparable to that of 
hawthorn, but its antioxidant capacity is higher. Тhis 
discrepancy could be explained with the different poly-
phenol composition of the tested fruits, since individual 
flavonoids differ significantly in their antioxidant ca-
pacities (Ou et al., 2002).

Conclusions

In summary, the ORAC antioxidant activity and 
the total polyphenol content of 26 fruits was measured 
in the most comprehensive study on the antioxidative 
properties of Bulgarian fruits. There is a good lin-
ear correlation between the total polyphenols content 
and the ORAC antioxidant activity of the investigated 
fruits. The results for the antioxidant activity of selected 
Bulgarian fruits are a good tool for the medical profes-
sionals to promote the consumption of fruits with high 
antioxidant activity as a part of a healthy diet. Such kind 
of information will be useful to not only for doctors and 
nutritionists, but to food scientist and technologists for 
the development of fruit functional foods, rich in natu-
ral antioxidants. The results from the current study will 
enrich the national database for antioxidant activity in 
foods and will help the identification of the major con-
tributors to the antioxidant potential of our daily diet.
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