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Abstract: The contents of soluble free phenolics (SP), PVPP-bound tannins 
(PVPP-P), flavonoids (TF) and proanthocyanidins (PA), as well as the DPPH- 
-radical scavenging capability, of the whole grain of 17 different Triticum spp. 
accessions were analyzed. The contents of SP ranged from 976 to 2927 μg CE 
g-1, of PVPP-P from 335 to 1412 μg CE g-1 and of TF from 0.16 to 1.12 µg RE 
g-1 of dry whole grain. The presence of PA in the whole grains was not 
established. The values for DPPH-radical scavenging activity were rather mod-
erate, under 40 % of neutralized radicals. A positive correlation between 
DPPH-activity and analyzed phenolics was recorded in twelve of the seventeen 
genotypes (r from 0.73 to 0.99). trans-Cinnamic acid was the major compound 
among acids and quercetin among flavonoids found in the wheat varieties. The 
data obtained should enable the selection of the accessions rich in biologically 
active compounds that could further be processed into functional food with 
possible health benefits associated with higher antioxidant properties. 
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INTRODUCTION 
Wheat (Triticum aestivum L.) is an important agricultural crop and a primary 

food ingredient worldwide. Its products are essential components of the human 
diet, mainly because of the energy they provide, due to their high carbohydrate 
contents. Wheat and wheat-based food ingredients rich in natural antioxidants 
can serve as a basis for the development of functional foods. Growing evidence 
indicates that the intake of whole wheat foods may be associated with many 
health benefits, which are attributed to bioactive factors, such as non-digestible 
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carbohydrates and phytochemicals with antioxidant properties.1 Many phenolic 
classes found in plant tissues (in addition to tocopherols) are potential antioxi-
dants: flavonoids, tannins, proanthocyanidins, anthocyanins and lignin precursors 
may all act as scavenging compounds for reactive oxygen species (ROS).2 Phe-
nolic acids, as well as their associated antioxidant activity, have been widely 
studied in recent years.3 Along with flavonoids, phenolic acids represent the most 
common form of phenolic compounds found in whole grains. They are among 
the major and most complex groups of phytochemicals with a number of types 
that exist as soluble free compounds, soluble conjugates that are esterified to 
sugars and other low molecular mass compounds, and insoluble bound forms.4 
However, the crucial obstacle to the use of these compounds is their bioavail-
ability, which is determined by their bioaccessibility. Mateo Anson et al.5 rep-
orted that only the free and conjugated forms phenolic acids in breads are bio-
accessible, due to their solubility.  

The aim of this study was to examine the content of phenolics, the anti-
oxidant activity and the composition free phenolic acids of the whole grain of 
Triticum spp. accessions growing in Serbia. The data obtained should enable the 
selection of the genotypes rich in biologically active compounds that could be 
further processed as functional food. 

EXPERIMENTAL 
Materials 

Thirteen samples of the whole grain of wild relatives of winter wheat from the gene-bank 
collection of the Institute of Field and Vegetable Crops, Novi Sad were analyzed and com-
pared to four commercially grown winter wheat cultivars, i.e., Pobeda, Simonida, NS 40S 
(Triticum aestivum) and Nirvana (T. spelta). The study was realized at the experimental field 
of the Institute of Field and Vegetable Crops, Novi Sad, Serbia (45°33′N, 19°85′E, 82 m 
altitude). The location is characterized by semi-arid conditions with dry, hot springs and 
summers, neutral autumns and moderately cold winters. The soil type was Chernozem Cher-
nic.6 The seeds were sown in a randomized complete block design with three replicates. Each 
plot consisted of 6 rows, 15 cm apart and 2.2 m long (the harvested area was 2 m2). Seedling 
density was 350 seeds m-2. All the genotypes were sown in the middle of October (optimum 
sowing date) and plants reached maturity in late June 2010. Weeds were controlled by hand. 
The grains of all seventeen genotypes were collected at the full maturity stage for the in vitro 
experiments. The collected plant material was dried in a shaded and well-ventilated place and 
kept refrigerated (–20 °C) in dark all-glass containers until extracted.  
Extraction of soluble free phenolic compounds 

Plant material (1 g of whole grain per sample) was ground to a fine powder in a mill and 
extracted for 20 min under sonication in an ultrasonic bath at ambient temperature (1 g:50 
mL). Soluble free phenolics, tannins and proanthocyanidins were determined in 70 % aqueous 
acetone extracts, and the total flavonoids in MeOH:H2O:CH3COOH (volume ratio of 
140:50:10) extracts. The DPPH-radical scavenging activity was assayed in absolute EtOH 
grain extracts. The extracts were rapidly vacuum-filtered through a sintered glass funnel and 
kept refrigerated until assayed. 
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Determination of soluble free phenolics, PVPP-bound tannins, flavonoids and 
proanthocyanidins content 

Acetone-soluble phenolics, soluble free phenolics (SP) were determined by the Folin– 
–Ciocalteu procedure.7 Aliquots (0.1 mL) of aqueous acetone extracts were transferred into 
test tubes and their volumes were made up to 0.5 mL with distilled water. After addition of 
Folin–Ciocalteu reagent (0.25 mL) and 20 % aqueous sodium carbonate solution (1.25 mL), 
the tubes were vortexed and after 40 min, the absorbance of the resulting blue-colored mixture 
was recorded at 725 nm against a blank containing only extraction solvent (0.1 mL). The 
amount of SP was calculated as the catechin equivalent from the calibration curve of catechin 
standard solutions (covering the concentration range between 0.1 and 1.0 mg mL-1) and 
expressed as µg catechin equivalents per g dry whole grain (µg CE g-1 d.w.g.).  

The content of poly(vinylpyrrolidone)-bound phenolics (PVPP-P) was determined by the 
Folin–Ciocalteu procedure as above, after removal of tannins by adsorption on an insoluble 
matrix (PVPP). Insoluble, cross-linked PVPP (Sigma, Germany; 0.1 g) was weighed into test 
tubes and the aqueous acetone extracts (1 mL) added. After 15 min at 4 °C, the tubes were 
vortexed and centrifuged for 10 min at 4350g. Aliquots of supernatant (0.1 mL) were 
transferred into test tubes and non-absorbed phenolics determined as described. The calculated 
values were subtracted from the SP contents and the PVPP-P content is expressed as µg CE g-1 
d.w.g, For the determination of total flavonoids (TF), the extracts (2.5 mL) were transferred 
into 50 mL volumetric flasks and their volumes made up with water. To each 10 mL of anal-
ysis solution, water (2 mL) and AlCl3 reagent (0.13 g crystalline aluminum chloride and 0.40 
g crystalline sodium acetate dissolved in 100 mL of extraction solvent, 5 mL) were added and 
the absorbances were recorded at 430 nm against a blank (10 mL of analyzed solution plus 5 
mL of water). The amount of flavonoids was calculated as the rutin equivalent (RE) from the 
calibration curve of rutin standard solutions and are expressed as µg RE g-1 d.w.g.8  

Proanthocyanidins (PA) were determined by a butanol–HCl assay.7 In brief, aliquots of 
prepared extracts (0.5 mL) were transferred into test tubes. After addition of butanol–HCl 
reagent (volume ratio of 95:5; 3 mL) and 2 % ferric reagent (2 % ferric ammonium sulfate in 
2 M HCl, 0.1 mL), the test tubes were vortexed and placed in a boiling water-bath for 60 min. 
After cooling, the absorbances were recorded at 550 nm against a blank containing solvent 
(0.5 mL) instead of the extract. Proanthocyanidins are expressed as µg leucoanthocyanidin per 
g d.w.g., assuming that the specific absorbance of leucoanthocyanidin was at 460 nm. 
Antioxidant activity (DPPH-test) 

For this investigation, the total potential antioxidant activity of the investigated whole 
grain extracts was assessed based on their scavenging of 1,1-diphenyl-2-picrylhydrazyl 
(DPPH) free radicals.9 One mL of the absolute EtOH solution of the sample (1:10, w/v) was 
mixed with an ethanolic 0.5 mmol DPPH solution (0.5 mL) and 0.1 mol acetate buffer (pH 
5.5, 1 mL). After standing for 30 min, the absorbance of the mixture was measured at 517 nm 
against a blank containing absolute EtOH (0.5 mL) instead of a sample aliquot. The DPPH-
radical scavenging activity is expressed as % of the control.  
Separation and identification of phenolic acids and flavonoids 

All solvents used were of chromatographic grade and were obtained from J. T. Baker 
(Deventer, Netherlands). The analytical standards used in the research were gallic acid (99.9 
%), chlorogenic acid (95.0 %), trans-cinnamic acid (99.0 %), o-coumaric acid (97.0 %), 
p-coumaric acid (98.0 %), caffeic acid (98.0 %), ferulic acid (99.0 %), (+)-catechin hydrate 
(96.0 %), quercetin (98.0 %) and kaempferol (97.0 %), all manufactured by Sigma–Aldrich. 
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Acetic acid was of “pure for analysis” grade from Carl Roth. The basic standard solutions 
were prepared by dissolving an analytical standard in methanol while the working solution, 
i.e., a mixture of the studied phenolic compounds, was obtained by mixing and diluting the 
basic standards with mobile phase resulting in a final mass concentration of 10 μg ml-1. The 
composite mixtures of all phenol acids at appropriate concentrations were used to spike 
samples in recovery experiments. The extraction of phenolic compounds was performed from 
0.5 g of the sample with the addition of 10 mL of EtOH at a constant 60 °C temperature.10,11 
The chromatographic separation for phenolic compounds was achieved using an Agilent 1100 
(Agilent Technologies, USA) HPLC system with a binary pump and diode array detector 
(DAD). The phenolic acids were separated on a ZORBAX SB-Aq column (5 μm particle size: 
4.6 × 250 mm, Agilent) and the other phenolic compounds on a ZORBAX SB-C18 column (5 
μm particle size: 3.0 mm×250 mm, Agilent). The extracts were filtered through 0.45-µm 
syringe filters and directly injected through a 20 µL fixed loop onto the column. Two methods 
were used for the separation of the phenolic compounds. 

The analysis of phenolic acids was performed in the negative ionization mode. An Agil-
ent 1200 system (Agilent Technologies, USA) with a binary pump was used. This was equip-
ped with a reversed-phase C18 analytical column of 150 mm×4.6 mm and 1.8 μm particle size 
(Agilent Zorbax Eclipse XDBC18). The mobile phases were 0.1 % formic acid in methanol 
(solvent A) and 0.1 % formic acid in Milli-Q water (solvent B). The gradient was 0 min (80 % 
B), 10 min (50 % B), 20 min (5 % B), 24 min (0 % B), and 25 min (80 % B), at a flow rate 0.6 
mL min-1. An Agilent 6410 Triple-Quad LC/MS and Agilent MassHunter data acquisition 
system was applied for the mass spectrometric analysis. Qualitative Analysis and Quantitative 
Analysis software were used for method development and data acquisition. The linearity and 
precision values for all the tested phenolic compounds are presented in Table I. 

TABLE I. Phenolic compounds analyzed by LC–MS/MS and some of their MS and analytical 
performance characteristics; Rt – retention time, Frag – fragmentor, CE – collision energy, 
LOQ – limits of quantification, R2 – linearity, RSD – relative standard deviation 

Phenolic compound Rt 
min Precursor→product ion Frag

V 
CE
V 

LOQ
µg mL-1 R2 RSD 

% 
Gallic acid 1.65 169→125 110 10 0.1 0.9969 11.13 
Chlorogenic acid 4.01 353→190 100 10 0.1 0.9945 8.65 
trans-Cinamic acid 13.27 147→147 100 10 0.1 0.9816 10.79 
o-Coumaric acid 7.25 163→117 

163→119 
100 
100 

25 
10 

0.1 0.9954 12.29 

p-Coumaric acid 9.05 163→93 
163→119 

100 
100 

10 
10 

0.1 0.9941 15.6 

Caffeic acid 5.15 179→135 100 10 0.1 0.9918 11.62 
Ferulic acid 10.16 193→134 

193→177.5 
100 
100 

10 
10 

0.1 0.9972 12.10 

(+)-Catechin 3.32 289→205 
289→245 

135 
120 

10 
10 

0.1 0.9941 9.94 

Quercetin 11.62 301→151 
301→179 

135 
100 

10 
10 

0.1 0.9944 11.79 

Kaempferol 14.89 285→169 
285→257 

100 
100 

25 
15 

0.1 0.9920 6.79 
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Statistical analyses 
Values of the biochemical parameters are expressed as means ± standard error of 

determinations made in triplicates. The correlations between antioxidant activity and inves-
tigated phenolics contents are expressed as correlation coefficients (r) and tested for signific-
ance by the t-test (P < 0.05). To discover natural groupings of the samples, cluster analysis 
was performed with unweighted pair-group average analysis using the Euclidean distance. All 
statistical analyses were performed using Statistica for Windows version 11.0. 

RESULTS AND DISCUSSION 

The content of SP ranged from 976 to 2927 μg CE g–1 d.w.g. The highest 
levels of all phenolic classes investigated were recorded in the whole grain of 
wild Triticum accessions (genotype No. 17 (Triticum L. var. Vulga I), followed 
by genotype No. 15 (T. dicoccum var. Inerne D), 16 (T. dicoccum Sherik var. lig) 
and 6 (T. macha 1)), while the SP contents in the wheat cultivars (particularly 
genotype No. 3) were significantly lower (Table II). In other samples, the SP 
levels were lower and rather uniform being close to 1300 μg CE g–1 d.w.g., on 
average. 

TABLE II. The content of soluble free (SP) and PVPP-bound (PVPP-P) phenolics, flavonoids 
(TF) and DPPH scavenging activity in wheat cultivars and wild accessions ( X SEM± ) 
Genotype No. Genotype SPa PVPP-Pa TFb DPPHc 
1 Pobeda (T. aestivum) 1368.8±105.0 480.5±140.4 0.16±0.04 31.5±4.0 
2 Simonida (T. aestivum) 1150.4±38.5 334.9±14.5 0.60±0.11 31.4±2.2 
3 NS 40S (T. aestivum) 975.6±38.5 364.0±14.5 0.81±0.04 29.5±4.0 
4 Nirvana (T. spelta) 1397.9±151.3 946.5±162.1 0.28±0.01 31.8±1.5 
5 T. zhuhovky 1427.1±52.5 1033.9±145.6 0.53±0.01 37.2±2.5 
6 T. macha 1 1995.0±267.3 1106.7±317.3 0.47±0.01 39.9±2.3 
7 T. macha 2 1237.8±95.5 800.9±58.2 0.56±0.01 31.6±4.0 
8 T. dicoccoides 1 1296.0±52.5 815.5±95.5 1.12±0.01 29.2±3.4 
9 T. dicoccoides 2 1368.8±124.4 815.5±20.4 0.37±0.01 33.6±5.8 
10 T. turgidum var. 

nigrobarbatum 
1310.6±133.5 655.3±151.3 0.58±0.01 31.9±0.2 

11 T. araraticum 1033.9±138.9 902.8±177.1 0.67±0.01 33.1±0.5 
12 T. durum var. caerulescens 1689.2±58.2 1412.5±177.1 0.79±0.01 31.3±2.5 
13 T. polonicum var. 

levissimum 
1397.9±50.4 1092.1±50.4 0.74±0.01 31.2±1.2 

14 T. dicoccum var. farum Ja 1397.9±90.9 1092.1±115.5 1.00±0.02 33.8±2.4 
15. T. dicoccum var. inerne D 2839.6±87.4 1135.8±87.4 0.67±0.01 32.2±1.3 
16 T. dicoccum Sherik var. lig 2009.6±115.5 640.7±52.5 0.60±0.01 29.0±1.6 
17 Triticum L. var. Vulga I 2927.0±248.4 1310.6±341.2 0.33±0.01 38.5±1.5 
aExpressed as µg catechin g-1 dry whole grain; bexpressed as µg rutin g-1 dry whole grain; cexpressed as % of 
neutralized DPPH free radicals 

The affinity of PVPP is proportional to the number of phenolic hydroxyl 
groups, since the adsorption of polyphenols by PVPP is through hydrogen bond-
ing between the proton donor from the polyphenol and the carbonyl group from 
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PVPP.12 The content of PVPP-P ranged from 335 to 1413 μg CE g–1 d.w.g. 
(Table II). The lowest amount was recorded in the wheat cultivars (genotypes 
No. 1–3), which also showed low SP contents. The highest PVPP-P content was 
detected in T. durum var. caerulescens. According to Makkar et al.,7 PVPP 
strongly binds with tannins. Contrary to phenolic acids, flavanols (epicatechin 
and catechin) and flavonols (quercetin and kaempferol) have higher affinities 
toward PVPP, especially at lower pH value and in the aglycone form.13 This 
implies that PVPP-bound phenolics in the present research could belong to these 
groups of phenolics (flavanols and flavonols). The presence of PA in the whole 
grain of the specimens examined in this study was not established, which is in 
agreement with the results of Žilić et al.14 for bread and durum wheat.  

Compared to some other cultivated plants, such as maize and soybean,15,16 
the wheat whole grains were poor in flavonoids. The TF content ranged from 
0.16 to 1.12 μg RE g–1 d.w.g. The highest content was recorded in the genotype 
No. 8 (T. dicoccoides 1), followed by the genotype No. 14 (T. dicoccum var. 
farum Ja, Table II). 

The structure of phenolic compounds is the key determinant of their antioxi-
dant activity, since antioxidant activity of phenolic acids and their ester derivates 
depends on the number of hydroxyl groups in the molecule that are affected by 
steric hindrance from their carboxylate group.17 The DPPH-radical scavenging 
activity is a measure of the non-enzymatic antioxidant activity. The DPPH values 
for the investigated extracts varied in the range between 29.0 % (T. dicoccum 
Sherik var. lig) and 39.9 % (T. macha 1). Having a high content of all the inves-
tigated phenolic classes, the whole grain of samples T. macha 1, Triticum L. var. 
Vulga and T. dicoccum var. inerne D expressed the highest DPPH-radical scav-
enging activity among the tested genotypes. Interest in grain phenolics has inc-
reased in recent years because of their activity as antioxidants. As the total phe-
nolic content and antioxidant activity were shown to be highly correlated,18 the 
correlation between the results of the antioxidant activity test and the contents of 
phenolics was tested in this study. Positive correlations between the DPPH values 
and SP contents were established in the genotypes No. 1, 3, 4, 6, 9, 11 and 14 
(r from 0.85 to 0.99) and it was significant in the T. macha 1 genotype (r = 0.99). 
The genotypes No. 1, 3, 4, 6, 11 and 14 exhibited positive correlations between 
the DPPH values and the contents of PVPP-P (r from 0.77 to 0.95), while the 
genotypes No. 3–6, 9, 12 and 17 showed a positive correlation between the 
DPPH values and TF content (r from 0.73 to 0.99). Significant correlations 
between the DPPH values and the PVPP-P and TF contents were recorded only 
in Nirvana (T. spelta, r = 0.99) and NS 40S (T. aestivum, r = 0.99).  

A tendency towards grouping of the genotypes in accordance with phenolic 
contents and antioxidant activity is graphically presented by the dendrogram in 
Fig. 1. The first, phenolics-high group, includes the genotypes with SP contents 
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above 2000 μg CE g–1 d.w.g. (Triticum L. var. vulga I and T. dicoccum var. 
inerne D), which were clearly separated from the other genotypes. The second, 
the intermediate one, includes those with SP content between 1000 and 2000 μg 
CE g–1 d.w.g. Finally, the phenolics-low group includes the genotypes that con-
tain less than 1000 μg CE g–1 d.w.g. of SP (samples No. 2, 3 and 11). The group-
ing based on the SP content was made to contribute to a better classification. 
Despite the difference in the SP contents, it could be clearly distinguished that 
the cultivars (sample Nos. 1–3) were separated from the rest of the investigated 
genotypes and sample No. 11 with a low SP content was connected with the 
intermediate group. 

 
Fig. 1. Dendrogram of the results of a cluster analysis using the content of phenolics and 

antioxidant activity as variables in the estimated Triticum spp. genotypes. For the genotype 
codes see Table II (L – low, I – intermediate, H – high (eclipse) content of phenolics). 

The free phenolic acids and flavonoid composition of the extracts from the 
wheat whole grain preparations identified by HPLC are given in Table III. The 
major free acids in the extracts of the cultivars and wild accessions were trans- 
-cinnamic and gallic acid (3,4,5-trihydroxybenzoic acid). Żuchowski et al.,19 
reported that ferulic acid (3-methoxy-4-hydroxycinnamic acid) was the predo-
minant phenolic acid in the grain of the wheat varieties they tested. In addition, 
they detected, in low amounts, other phenolic acids, i.e., sinapic acid (4-hydroxy- 
-3,5-dimethoxycinnamic acid), p-coumaric acid (4-hydroxycinnamic acid), vanil-
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lic acid (4-hydroxy-3-methoxybenzoic acid) and p-hydroxybenzoic acid. Cinna-
mic acid derivatives, such as p-coumaric and ferulic acids, are known to be 
important components of cell walls of cereals, where they dominantly occur in 
bound form to polymers of the wall.20–23 Contrary to this, the contents of 
p-hydroxybenzoic and sinapic acids were comparable in the inner and outer aleu-
rone layers, as they are mainly located in the aleurone intracellular compartment, 
and are mostly found in conjugated form.18,22 For the whole grain flour samples, 
the flavonoids catechin and apigenin (red sorghum), apigenin (white sorghum) 
and quercetin occurred in higher quantities compared with the other identified 
flavonoids. Overall, most of the flavonoids identified in whole grain flour were 
not detected in the cell wall preparation. The present results also confirmed pre-
sence of quercetin in one of T. aestivum cultivars (NS 40S), as well as in all the 
investigated T. dicoccum accessions (Table III). If the results from the individual 
and group phenolics are compared, it could be proposed that the antioxidant cap-
acity of the T. dicoccum accessions mostly depended on and correlates with the 
flavonols content, since the contents of phenolic acids were quite low compared 
to those of the other accessions (Tables II and III). 

TABLE III. Contents of free monomeric compounds in the whole grain of the wheat cultivars 
and their wild relatives ( X SEM± , expressed as µg g-1 dry whole grain, nd – not detected) 

Genotype Gallic acid trans-Cin-
namic acid

o-Coumaric 
acid 

p-Coumaric 
acid Quercetin 

Pobeda (T. aestivum) nd 1.27±0.00 nd 0.59±0.01 nd 
Simonida (T. aestivum) 2.05±0.02 1.59±0.00 nd 0.44±0.01 nd 
NS 40S (T. aestivum) 2.23±0.02 0.64±0.00 nd nd 4.0±0.05 

Nirvana (T. spelta) 2.77±0.01 3.5±0.05 nd nd nd 
T. zhuhovky 2.82±0.00 3.82±0.01 1.23±0.00 nd nd 
T. macha 1 3.40±0.05 5.09±0.03 1.49±0.00 nd nd 
T. macha 2 2.57±0.01 2.86±0.01 nd 0.79±0.00 nd 

T. dicoccoides 1 3.52±0.01 6.36±0.01 nd nd nd 
T. dicoccoides 2 2.94±0.01 4.13±0.02 nd nd nd 
T. turgidum var. 
nigrobarbatum 

2.67±0.01 0.32±0.02 nd nd nd 

T. araraticum 3.03±0.04 3.18±0.03 nd nd nd 
T. durum var. caerulescens 2.29±0.06 0.64±0.00 nd 0.91±0.01 nd 

T. polonicum var. 
levissimum 

3.54±0.04 nd nd nd nd 

T. dicoccum var. farum Ja nd 1.59±0.00 nd nd 2.87±0.01 
T. dicoccum var. inerne D 3.07±0.04 4.77±0.01 nd nd 1.44±0.02 
T. dicoccum Sherik var. lig nd nd nd 0.72±0.00 0.70±0.02 

Triticum L. var. Vulga I 3.39±0.03 1.53±0.01 nd nd nd 

Many studies have been devoted to the evaluation of the total antioxidant 
capacity of foods, its correlation with the phenolic content, and the evaluation of 
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the changes with cultivation and processing factors. However, recent evidence 
has indicated that the effects of antioxidants are less relevant than expected, as 
the antioxidant phenolics are poorly absorbed and extensively metabolized to 
non-antioxidant metabolites. In addition, many of these compounds have a very 
low bioavailability and never reach the tissues where they have to exert their 
antioxidant action in sufficient amounts. According to Adam et al.,23 phenolic 
compounds bound to endosperm arabinoxylans might be more easily released 
with respect to phenolics linked to the pericarp or the outer aleurone layer. More-
over, Zaupa et al.24 explained that hydroxybenzoic acids presented the highest 
bioaccessibility in all wheat fractions, likely because of their predominant free 
form in the undigested fractions. In the previous paper, the authors suggested the 
isolation and use of wheat fractions in the formulation of new cereal-based pro-
ducts could be a strategy for improving the offer of whole grain products. 

According to the results, it seems that capability to accumulate all inves-
tigated classes of phenols varies within the cultivated wheat genotypes, as well as 
within the wild accessions. However, there is a great and significant similarity in 
the phenolic contents between them, which points to the fact that there is a con-
siderable gene pool to be explored for enhancing the quality of wheat whole 
grain in future selection work. The whole grain of phenolics-rich genotypes (cul-
tivars and wild accessions) may become potentially attractive, inexpensive and 
readily available on a large-scale raw material for food with higher antioxidant 
properties. 
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И З В О Д  
САДРЖАЈ ФЕНОЛА И АНТИОКСИДАТИВНА АКТИВНОСТ СЕМЕНА ГАЈЕНИХ И 

ДИВЉИХ ВРСТА RODA Triticum  

ЂОРЂЕ МАЛЕНЧИЋ1, БИЉАНА КИПРОВСКИ2, ВОЈИСЛАВА БУРСИЋ1, ГОРИЦА ВУКОВИЋ3, 

НИКОЛА ХРИСТОВ2 и АНКИЦА КОНДИЋ-ШПИКА2 
1
Пољопривредни факултет, Универзитет у Новом Саду, Трг Доситеја Обрадовића 8, 21000 Нови Сад, 
2
Институт за ратарство и повртарство, Максима Горког 30, 21000 Нови Сад и 

3
Градски Завод за 

јавно здравље Београд, Булевар деспота Стефана 54, 11000 Београд 

У екстрактима семена 17 различитих гајених и дивљих Triticum spp. одређен је 
садржај растворљивих фенола (976–2927 μg катехина g-1 суве масе), PVPP-везујућих 
танина (335–1412 μg катехина g-1 суве масе), флавоноида (0,16 дo 1,12 μg рутина g-1 
суве масе) и проантоцијанидина, као и антиоксидативна способност датог екстракта (% 
неутрализације DPPH радикала). Присуство проантоцијанидина у екстрактима целог 
семена испитиваних врста није потврђено. Антиоксидативна способност ектраката била 
је умерена (до 40 % неутралисаних DPPH радикала), а позитивна корелација између 
датог параметра и анализираних фенолних једињења утврђена је за 12 од 17 генотипова 
(r, 0,73–0,99). Доминантна киселина је била trans-циметна, док је кверцетин био најдо-
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минантнији међу флавоноидима. Добијени резултати представљају значајан допринос 
селекцији генотипова са повећаним садржајем биолошки активних компоненти као 
извора потенцијалне функционалне хране. 

(Примљено 21. октобра 2015, ревидирано 23. јануара, прихваћено 29. јануара 2016) 

REFERENCES 
1. M. Vaher, K. Matso, T. Levandi, K. Helmja, M. Kaljurand, Procedia Chem. 2 (2010) 76 
2. Dj. Malenčić, J. Cvejić, J. Miladinović, J. Med. Food 15 (2012) 89 
3. L. Dykes, L. W. Rooney, Cereal Foods World 52 (2007) 105 
4. V. Piironen, A. M. Lampi, P. Ekholm, M. Salmenkallio-Marttila, K. H. Liukkonen, in 

Wheat: Chemistry and Technology, K. Khan, P. R. Shewry, Eds., AACC International, St. 
Paul, MN, 2009, p. 179 

5. N. Mateo Anson, R. Van Den Berg, R. Havenaar, A. Bast, G. R. M. M. Haenen, J. Cereal 
Sci. 49 (2009) 296 

6. FAO, ISRIC, ISSS, World reference base for soil resources, World Soil Resources 
Reports 84, FAO, Rome, 1998 

7. H. P. S. Makkar, Quantification of tannins in tree foliage – a laboratory manual, Kluwer 
Academic Publishers, Dordrecht, 2003, p. 4 

8. K. R. Markham, in Methods in Plant Biochemistry 1, P. M. Dey, J. B. Harborne, Eds., 
Academic Press, London, 1989 

9. K. Washida, N. Abe, Y. Sugiyama, A. Hirota, Biosci. Biotech. Biochem. 71 (2007) 1052 
10. V. Bursić, G. Vuković, B. Dedić, D. Prvulović, Đ. Malenčić, M. Popović, Z. Stojanović, 

T. Zeremski, in Proceedings of the 19th Symposium on Analytical and Environmental 
problems, Szeged, Hungary, 2013, p. 40 

11. I. Generalić, D. Skroza, J. Šurjak, S. Možina, I. Ljubenkov, A. Katalinić, V. Šimat, V. 
Katalinić, Chem. Biodiversity 9 (2012) 441 

12. B. Laborde, V. Moine-Ledoux, T. Richard, C. Saucier, D. Dubourdieu, J. P. Monti, J. 
Agric. Food Chem. 54 (2006), 4383 

13. P. J. Magalhães, J. S. Vieira, L. M. Gonçalves, J. G. Pacheco, L. F. Guido, A. A. Barros, 
J. Chromatogr. A 1217 (2010) 3258  

14. S. Žilić, V. Hadži-Tašković Šukalović, D. Dodig, V. Maksimović, M. Maksimović, Z. 
Basić, J. Cereal Sci. 54 (2011) 417 

15. K. K. Adom, R. H. Liu J. Agric. Food Chem. 50 (2002) 6182 
16. Dj. Malenčić, Z. Maksimović, M. Popović, J. Miladinović, Bioresour. Technol. 99 (2008) 

6688 
17. C. A. Rice-Evans, N. J. Miller, G. Paganga, Free Radic. Biol. Med. 20 (1996) 933 
18. L. Li, P. R. Shewry, J. L. Ward, J. Agric. Food Chem. 56 (2008) 9732  
19. J. Żuchowski, I. Kapusta, B. Szajwaj, K. Jończyk, W. Oleszek, Cereal Res. Commun. 37 

(2009) 189 
20. S. Kamisaka, S. Takeda, K. Takahashi, K. Shibata, Physiol. Plant. 78 (2006) 1  
21. Y. Zhang, L. Wang, Y. Yao, J. Yan, Z. He, J. Cereal Sci. 56 (2012) 629 
22. Y. M. Hemery, N. Mateo Anson, R. Havenaar, G. R. M. M. Haenen, M. W. J. Noort, X. 

Rouau, Food Res. Int. 43 (2010) 1429 
23. A. Adam, V. Crespy, M. A. Levrat-Verny, F. Leenhardt, M. Leuillet, C. Demigné, 

C. Rémésy, J. Nutr. 132 (2002) 1962 
24. M. Zaupa, F. Scazzina, M. Dall'asta, L. Calani, D. Del Rio, M. A. Bianchi, F. Brighenti, 

J. Agric. Food Chem. 62 (2014) 1543. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


