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ABSTRACT 
 
Crop plants grown in the vegetation season are exposed e.g. to biotic stress factors. 
Then defensive mechanisms are activated, as a result of which antioxidant 
compounds are produced. The compounds that inhibit free radical reactions 
include phenolic acids and flavonoids. Concentrations of antioxidative compounds 
found in cereals depend, first of all, on the species, variety, environmental 
conditions and the action of pathogens. As a result, the present research was 
undertaken to determine the quantitative differences between particular cereal 
species and their formulations in the profile of selected phenolic acids. The test 
material consisted of 211 grain samples from five cereal species, that is, barley, 
oats, wheat, triticale and rye cultivated in 2017 and 2018 in Poland. On the basis 
of the conducted research, it was found that cereal grains grown in Poland are a 
rich source of bioactive compounds. The concentration of phenolic acids depends 
primarily on the species and environmental factors. Based on the obtained 
chemical results and the statistical analysis carried out on their basis, it was 
found that the content of phenolic acids is a factor differentiating the individual 
cereals both at the interspecific level and between the utility forms. 
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INTRODUCTION 
 
Crop plants grown in the vegetation season are exposed 
e.g. to biotic stress factors. Among these, a significant role 
is played by the presence of pathogenic microorganisms. 
During pathogen infestation, it can be observed a 
disturbance of homeostasis in plant organisms, levels of 
oxidants in cells increase, which leads to the dominance of 
free radical reactions exhibiting oxidative activity, that is, 
oxidative stress. This results in the damage to cell 
organelles, DNA molecules and disturbances in the 
functioning of metabolic pathways (Packer et al., 2008; 
Stolarzewicz et al., 2013). In response to oxidative stress, 
plant cells have developed an antioxidant defence 
mechanism, which comprises two systems: enzymatic and 
non-enzymatic (Stuper-Szablewska et al., 2017). The 
enzymatic mechanism is based on the action of antioxidative 
enzymes such as superperoxide dismutase, glutathione 
peroxidase and catalase. In turn, the non-enzymatic system 

includes low molecular weight antioxidants, e.g. 
polyphenols (phenolic acids, flavonoids), carotenoids, 
ascorbic acid, α-tocopherol and glutathione (Gumul et 
al.,2005; Stuper-Szablewska et al., 2017). 

Among low molecular weight bioactive compounds 
exhibiting both antioxidative and antimicrobial action, it 
has been distinguished compounds that are inhibitors of 
free radical reactions, that is, phenolic acids and flavonoids 
(Adom et al., 2005). In terms of the basic carbon skeleton 
structure, phenolic acids are derivatives of benzoic acid 
(gallic, p-hydroxybenzoic, protocatechuic, syringic acids) or 
cinnamic acid (chlorogenic, ferulic, caffeic, p-coumaric, 
synapic acids) found in the free form or bound form as 
esters and glycosides (Gani et al., 2012; Przybylska et al., 
2017; Stuper-Szablewska et al., 2014). In kernels of all 
cereal species, ferulic acid is the dominant phenolic acid 
(Boz, 2015; Stuper-Szablewska et al., 2017).  
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Table 1: Quantitative presentation of analysed samples of 5 cereal species. 
 

Species Form 
Number of samples 

2017 2018 

 

Barley 

Malting 2 6 

Fodder 8 9 

    

 

Oat 

Naked 6 6 

Hulled 5 4 

    

 

Wheat 

Spring 21 44 

Winter 5 26 

    

 

Triticale 

Spring 8 12 

Winter 12 25 

    

 

Rye 

Spring 2 2 

Winter 5 3 

Total 137 74 

 
 
Concentrations of antioxidative compounds found in 

cereals depend, first of all, on the species, variety, 
environmental conditions and the action of pathogens. In 
the temperate climate zone, the dominant mycoflora of 
cereals is composed of microscopic fungi: Alternaria spp., 
Aspergillus spp., Fusarium spp. and Penicillium spp. In grain 
of cereals grown in Poland, the most commonly recorded 
fungal pathogens include Aspergillus fumigatus, Aspergillus 
flavus, Aspergillus ochraceus, Penicillium notatum and 
Penicillium expansum (Wiśniewska et al., 2014). These fungi 
produce secondary metabolites referred to as mycotoxins. 

In vitro studies conducted to date have shown a 
significant effect of the presence phenolic acids in plant 
cells on the course of pathogenesis and the production of 
mycotoxins. Therefore, the present study was conducted to 
determine the quantitative differences between individual 
cereal species and their cultivars in terms of the profile of 
selected bioactive compounds. 

 
 
MATERIALS AND METHODS 
 
Material for analyses consisted of 211 grain samples of five 
cereal species, that is, barley, oat, wheat, triticale and rye 
(Table 1) grown in the years 2017 and 2018 in Poland on 
experimental plots of Poznańska Hodowla Roślin in Tulce, 
the Plant Breeding and Acclimation Institute in Radzików 
and the University of Warmia and Mazury in Olsztyn. The 
mass of one sample was 1 kg grain. 

 
 
Determination of phenolic acids 
 
Samples for analyses were 0.20 g in weight. They were 

placed in sealed 17 ml culture test tubes, where first 
alkaline and then acid hydrolysis were run. To perform 
alkaline hydrolysis, 1 ml distilled water and 4 ml 2 M 
aqueous sodium hydroxide were added to test tubes. 
Tightly sealed test tubes were heated in a water bath at 
95C for 30 min. After cooling (approx. 20 min), the test 
tubes was neutralised with 2 ml 6 M aqueous hydrochloric 
acid solution (pH = 2). Next the samples were cooled in 
water with ice. Phenolic acids were extracted from the 
inorganic phase using diethyl ether (2 × 2 ml). Thereafter, 
acid hydrolysis was run. For this purpose, the aqueous 
phase was supplemented with 3 ml 6 M aqueous 
hydrochloric acid solution. Tightly sealed test tubes were 
heated in a water bath at 95C for 30 min. After being 
cooled in water with ice, the samples were extracted with 
diethyl ether (2 × 2 ml). Produced ether extracts were 
continuously transferred to 8 ml vials, after which they were 
evaporated to dryness in a stream of nitrogen. Prior to 
analyses, samples  were dissolved in 1 ml methanol. 
Analyses  were performed using an  Aquity  H class UPLC 
system equipped with a Waters Acquity PDA detector 
(Waters, USA). Chromatographic separation was 
performed on a Acquity UPLC® BEH C18 column (100 mm 
× 2.1 mm, particle size 1.7 μm) (Waters, Ireland). The 
elution was carried out in gradient using the following 
mobile phase composition: A: acetonitrile with 0.1% formic 
acid, B: 1% aqueous formic acid mixture (pH = 2). 
Concentrations of phenolic acids were determined using an 
internal standard at the wavelength λ = 280 nm. 
Compounds were identified based on a comparison of 
retention times of the analysed peaks with the retention 
time of the standard and by adding a specific amount of the 
standard to the analysed samples and a repeated analysis. 

The detection level was 1 μg g -1. Retention times of assayed  
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Table 2: Mean air temperatures and mean precipitation totals in Poland in the years 2017-2018 in the 
period from flowering to harvest. 

 

Month/Year 

Mean temperature [°C] in the 
period from flowering to harvest 

Precipitation totals [mm] in the period 
from flowering to harvest 

2018 2017 2018 2017 

V 16.2 13.1 31.8 32.4 

VI 18.6 16.4 25.2 75.2 

VII 19.9 17.3 72.0 88.8 

VIII 21.0 17.8 40.0 62.8 

IX 16.6 13.6 36.2 104.4 

 
 
acids are as follows: gallic acid 8.85 min, vanillic acid 9.71 
min, protocatechuic acid 12.23 min, vanillin acid 14.19 
min, 4-hydroxybenzoic acid 19.46 min, chlorogenic acid  
21.56  min,  caffeic  acid 26.19  min,  syringic acid 28.05  
min,  p-coumaric acid 40.20 min, ferulic acid 46.20 min, 
synapic acid 48.00 min and t-cinnamic acid 52.40 min, 
respectively. Recovery rates for the analysed phenolic 
acids were as follows: gallic acid 92 ± 4%, vanillic 79 ± 8%, 
protocatechuic acid 90 ± 4%, vanillic acid 88 ± 5%, 4-
hydroxybenzoic acid 96 ± 3%, chlorogenic acid 92 ± 2%, 
caffeic acid 86 ± 6%, syringic acid 94 ± 3%, p-coumaric acid 
89 ± 3%, ferulic acid 91 ± 4%, synapic acid 94 ± 5% and t-
cinnamic acid 97 ± 2%. 
 
 

RESULTS 
 

In this study, analyses were conducted on grain samples of 
five cereal species grown in Poland in 2017 and 2018. In 
all the 211 grain samples, contents of 10 phenolic acids 
were analysed. The chemical analyses made it possible to 
determine the differences in the contents of analysed 
bioactive compounds in grain depending on cereal species. 

Based on the recorded results, the highest mean total 
concentrations of phenolic acids were found in naked oat 

grain (in 2018: 1633 mg kg -1, in 2017: 1250 mg kg -1) and 

winter rye (in 2018: 11344 mg kg -1, in 2017: 1399 mg kg -

1). In turn, the lowest mean contents of phenolic acids were 

recorded in grain of spring triticale (in 2018: 614 mg kg -1, 

in 2017: 532 mg kg -1) and winter wheat (in 2018: 669 mg 

kg -1, in 2017: 622 mg kg -1). Contents of phenolic 
compounds in grain were determined e.g. by weather 
conditions during the vegetation season and the presence 
of pathogens. Analysed samples of cereal grain were not 
infested by microscopic fungi, which was found based on 
the infestation rate. In view of the above, the weather may 
have been the factor affecting the level of bioactive 
compounds in grain.  

Observations presented above concerning phenolic acids 
concentrations were thus compared with the weather 
conditions prevalent in the vegetation period (Table 2). It 
was found that concentrations of phenolic acids were 

dependent on weather conditions found particularly 
during cereal flowering. In 2018, weather conditions to a 
greater extent acted as a stressor, which was manifested in 
a higher mean concentration of analysed acids in grain 
samples. The decreased precipitation total in 2018 had no 
effect on the increase in the contents of phenolic acids in 
grain of spring and winter wheat, or in winter triticale and 
spring rye. In turn, greater precipitation levels in 2017 
caused a significant increase in the concentrations of 
phenolic acids in grain. 

Variation in contents of phenolic compounds also results 
from differences between individual cereal species. Barley 
was the first of the five analysed cereals. Based on the data 
presented in Table 3 concerning grain of malting barley 
grown in 2018, greater concentrations of all phenolic 
acids were recorded as compared with those in 2017. 
Ferulic acid was an exception in this respect. A similar trend 
was observed in the case of fodder barley. 

Oat was the next investigated cereal. Statistical analysis of 
data concerning grain of naked oat grown in  2018  showed  
a  significantly  greater  content  of  phenolic  acids,  that is,  
gallic,  2,5-hydroxybenzoic,  4-hydroxybenzoic, syringic, 
chlorogenic, protocatechuic and ferulic acids as compared 
with 2017. In turn, grain of naked oat grown later contained 
higher concentrations of acids, that is, caffeic, p-coumaric 
and synapic acids as compared with yields coming from the 
previous year. In grain samples of hulled oat cultivated in 
2018 higher acid concentrations were found, that is, gallic, 
caffeic, syringic, chlorogenic, protocatechuic and ferulic 
acids. In turn, in the case of grain coming from 2017 
greater contents were recorded for the following phenolic 
acids: 2,5-hydroxybenzoic, 4-hydroxybenzoic, p-coumaric 
and synapic acids (Table 3). 

Tested samples included also wheat grain. Analyses of 
data regarding grain of spring and winter wheat (Table 4) 
showed higher concentrations of three phenolic acids, that 
is, gallic, caffeic and chlorogenic acids in samples coming 
from 2018. In the case of grain from spring and winter 
wheat grown in 2017 significantly higher concentrations 
were recorded for 2,5-hydroxybenzoic, 4-hydroxybenzoic, 
p-coumaric and synapic acids as compared with the 
previous year. 

Triticale was the next cereal species analysed in terms of 
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Table 3: Concentrations of phenolic acids in grain of fodder and malting barley and in grain of hulled and naked oat grown in the years 2017 and 2018. 
 

Acid 
Malting barley Fodder barley Naked oat Hulled oat 

2018 2017 2018 2017 2018 2017 2018 2017 

Gallic 
11.7 - 26.2 8.1 - 14.4 8.7 - 29.7 3.5 - 18.4 18.0 - 79.7 11.4 – 17.0 19.5 - 31.2 12.2 - 27.7 

18.1 a ± 4.6 11.2 a ± 3.15 19.1 a ± 5.21 13.6 a ± 5.59 28.7 b ± 18.01 14.6 a ± 11.41 25.1 a ± 19.52 19.5 a ± 2.11 

         

2,5- 

Hydroxybenzoic 

51.7 - 74.1 36.5 - 44.8 48.1 - 76.6 41.1 - 47.1 5.3 - 105.7 3.3 - 36.6 9.5 - 19.6 6.2 - 49.6 

58.8 b ± 8.34 40.7 a ± 4.17 56.1 a ± 9.46 44.9 a ± 2.08 32.1 a ± 5.32 21.8 a ± 3.32 13.1 a ± 9.52 38.5 b ± 3.32 

         

4-Hydroxybenzoic 
8.8 - 22.8 5.5 - 12.8 5.8 - 26.3 0.7 - 16.3 10.5 - 23.5 5.9 - 19.5 3.7 - 25.8 7.4 - 73.5 

15.2 a ± 4.46 9.1 a ± 3.67 16.5 a ± 5.07 11.4 a ± 5.93 14.1 a ± 10.52 14.3 a ± 5.92 11.7 a ± 3.72 16.3 a ± 3.01 

         

Caffeic 
11.4 - 25.9 7.8 - 14.2 8.4 - 29.4 3.2 - 18.2 7.1 - 29.6 18.9 - 39.9 27.4 - 44.5 12.9 - 40.2 

17.8 a ± 4.59 11.0 a ± 3.2 18.9 a ± 5.2 13.4 a ± 5.62 18.3 a ± 7.11 31.6 b ± 18.93 37.9 b ± 27.40 10.3 a ± 7.52 

         

Syringic 
58.6 - 90.2 44 - 57.3 53.9 - 84.7 49.5 - 56.1 6.3 - 42.6 7.2 - 24.5 8.8 - 21.2 7.3 - 46.5 

71.5 b ± 11 50.6 a ± 6.65 64.4 a ± 9.36 52.8 a ± 2.33 16.6 a ± 6.31 12.2 a ± 7.02 13.6 a ± 8.81 6.3 a ± 5.51 

         

p-Coumaric 
27.6 - 45.2 22.7 - 23.2 25.0 - 48.3 18.9 - 29.6 11.5 - 49.9 14.1 - 28.4 15.6 - 28.1 11.2 - 107.1 

34.3 a ± 5.79 22.9 a ± 0.24 33.8 a ± 6.53 26.1 a ± 3.8 19.6 a ± 11.53 21.3 a ± 14.11 22.3 a ± 15.62 44.7 b ± 6.32 

         

Chlorogenic 
8.5 - 22.3 5.1 - 12.6 5.4 - 25.9 0.4 - 16.1 21.2 - 98.5 10.9 - 75.3 10.0 - 15.2 8.2 - 33.4 

14.8 a ± 4.45 8.9 a ± 3.74 16.1 a ± 5.05 11.1 a ± 5.97 50.8 a ± 21.22 45.5 a ± 10.91 12.1 a ± 10.02 10.1 a ± 4.62 

         

Protocatechuic 
30.2 - 48.3 24.6 - 25.1 27.6 - 51.3 21.4 - 31.4 3.7 - 74.9 1.8 - 11.7 13.5 - 47.2 12.4 - 25.4 

36.9 a ± 6.03 24.8 a ± 0.23 36.2 a ± 6.81 28.1 a ± 3.53 18.0 b ± 3.71 6.2 a ± 1.82 30.2 b ± 13.52 7.6 a ± 7.7 

         

Synapic 
3.5 - 23.5 2.4 - 4.5 4.1 - 26.1 1.3 - 5.8 5.5 - 131.2 15.3 - 144.3 7.9 - 12.8 12.4 - 351.9 

11.6 b ± 7.09 3.5 a ± 1.06 10.0 a ± 7.71 4.1 a ± 1.78 52.2 a ± 5.52 84.8 b ± 15.31 10.9 a ± 7.92 13.0 a ± 7.61 

         

Ferulic 
616.8 - 1050.3 707.3 - 943.4 580.2 - 1079.3 545.6 - 1204.0 970.9 - 2150.8 835.6 - 1187.9 755.4 - 1144.6 960.2 - 1724.7 

798.1 a ± 167.58 825.3 b ± 118.06 903.2 a ± 135.61 978.9 b ± 225.08 1382.8 b ± 970.91 958.5 a ± 835.62 930.0 b ± 755.42 586.5 a ± 45.62 

 

 
its contents of bioactive compounds (Table 4). In 
2018, grain of spring triticale was found to contain 
hydroxybenzoic, caffeic, p-coumaric, 
protocatechuic synapic and ferulic acids compared 

with grain, synapic and ferulic acids compared with 
grain from 2018, significantly higher 
concentrations were recorded for gallic, 2,5-
hydroxybenzoic, caffeic, syringic and 

protocatechuic acids as compared with samples of 
harvested in 2017. In this respect differences were 
observed in the profile of phenolic acids in grain 
of winter triticale. In winter triticale grain coming
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Table 4: Concentrations of phenolic acids in grain of both forms of wheat, triticale and rye grown in the years 2017 and 2018. 
 

Acid 
Spring wheat Winter wheat Spring triticale 

2018 2017 2018 2017 2018 2017 

Gallic 
24.3 - 35.7 10.9 - 26.1 17.5 - 35.5 4.9 - 27.5 8.7 - 11.3 9.4 - 11.5 

28.4 a ± 2.85 20.1 a ± 2.96 25.9 a ± 5.28 20.3 a ± 7.99 10.4 a ± 0.78 10.7 a ± 0.61 

       

2,5-Hydroxybenzoic 
21.2 - 46.7 16.3 - 49.2 0.7 - 53.5 16.5 - 49.6 3.3 - 4.3 6.6 - 8.1 

34.6 a ± 5.88 37.1 a ± 10.82 34.6 a ± 11.38 38.8 a ± 11.66 3.8 a ± 0.31 7.5 a ± 0.46 

       

4-Hydroxybenzoic 
11.2 - 20.3 9.3 - 20.7 0.3 - 29.6 21.7 - 27.4 12.8 - 16.5 10.9 - 13.4 

14.6 a ± 2.48 16.7 a ± 3.59 17.5 a ± 6.96 24.6 a ± 1.93 14.5 a ± 1.12 12.4 a ± 0.71 

       

Caffeic 
17.3 - 45.5 3.4 - 40.2 2.8 - 45.3 4.5 - 13.2 6.5 - 8.4 2.9 - 4.2 

36.1 b ± 5.51 14.2 a ± 12.42 27.1 b ± 14.05 9.5 a ± 2.92 7.4 a ± 0.57 3.6 a ± 0.35 

       

Syringic 
5.9 - 11.4 4.7 - 15.9 4.4 - 101.2 9.4 - 15.3 19.7 - 24.6 19.3 - 23.6 

8.6 a ± 1.38 8.1 a ± 3.72 14.9 a ± 18.02 12.7 a ± 2.01 21.6 a ± 1.68 22.7 a ± 1.29 

       

p-Coumaric 
24.9 - 42.1 13.9 - 57.1 5.4 - 60.3 18.5 - 56.2 39.3 - 50.8 34.7 - 42.4 

32.1 a ± 4.88 45.2 a ± 10.72 34.4 a ± 14.77 44.1 a ± 13.34 44.5 a ± 3.49 39.7 a ± 2.42 

       

Chlorogenic 
16.4 - 36.1 3.5 - 26.8 2.9 - 43.9 3.4 - 13.5 2.5 - 3.3 2.9 - 4.6 

28.4 b ± 3.83 10.8 a ± 7.35 23.7 b ± 11.69 9.7 a ± 3.43 2.9 a ± 0.22 3.6 a ± 0.35 

       

Protocatechuic 
4.3 - 12.3 4.4 - 11.7 3.8 - 71.7 13.4 - 25.4 3.2 - 4.2 1.9 - 3.1 

7.3 a ± 1.67 8.1 a ± 2.16 13.4 a ± 12.75 17.2 a ± 4.27 3.7 a ± 0.29 2.7 a ± 0.35 

       

Synapic 
5.3 - 19.4 7.6 - 26.3 3.7 - 25.3 18.7 - 23.5 83.6 - 108.2 58.3 - 71.8 

9.2 a ± 3.29 16.1 a ± 4.15 13.7 a ± 6.33 21.4 a ± 1.76 94.9 b ± 7.41 67.1 a ± 4.19 

       

Ferulic 
501.7 - 805.6 279.9 - 812.9 315.1 - 604.4 358.8 - 506.9 361.8 - 467.3 315.2 - 393.3 

595.2b± 69.64 583.9a± 107.41 464.2b± 67.75 424.5a± 51.93 410.9b± 31.55 362.8a± 23.47 

       

Acid Winter triticale Spring rye Winter rye 

 2018 2017 2018 2017 2018 2017 

Gallic 
12.2 - 21.7 7.6 - 17.8 19.5 - 29.6 15.6 - 21.2 22.6 - 36.2 11.1 - 27.7 

18.2 a ± 2.51 14.3 a ± 3.67 24.5 a ± 5.04 18.4 a ± 2.81 28.5 a ± 5.89 20.2 a ± 6.13 

       

2,5- 

Hydroxybenzoic 

3.2 - 17.8 1.4 - 14.4 13.5 - 16.9 8.7 - 16.2 12.9 - 44.8 20.4 - 31.5 

12.8 a ± 4.12 9.8 a ± 5.17 15.2 a ± 1.71 12.5 a ± 3.75 26.3 a ± 13.51 22.8 a ± 4.35 

       

4- 

Hydroxybenzoic 

29.5 - 66.3 37.7 - 73.5 9.5 - 40.3 10.8 - 17.8 32.4 - 38.5 9.7 - 13.7 

49.9 a ± 10.12 49.5a± 15.03 24.9b± 15.38 14.3 a ± 3.52 35.1 b ± 2.53 10.9 a ± 1.42 

       

Caffeic 
0.8 - 16.2 2.3 - 4.7 7.9 - 13.1 11.5 - 17.3 13.6 - 24.5 15.4 - 28.1 

4.8 a ± 4.02 3.6 a ± 0.88 10.5 a ± 2.63 14.4 a ± 2.96 18.5 a ± 4.52 21.2 a ± 4.91 

       

Syringic 
27.4 - 44.1 27.7 - 46.5 17.5 - 29.7 16.8 - 30.1 5.1 - 19.3 2.1 - 16.8 

36.6 a ± 5.62 34.5 a ± 7.81 23.2 a ± 5.76 23.5 a ± 6.65 11.4 a ± 5.89 7.2 a ± 5.19 

       

 

p-Coumaric 

42.4 - 93.9 44.9 - 107.1 1.2 - 43.6 5.8 - 18.3 4.1 - 25.8 2.5 - 6.7 

65.6 a ± 16.09 66.2a± 25.54 22.4b± 21.18 12.1 a ± 6.23 12.4 a ± 9.58 4.4 a ± 1.65 

       

Chlorogenic 
0.5 - 6.9 0.6 - 2.9 6.5 - 14.1 7.2 - 13.5 10.2 - 48.7 14.4 - 33.4 

2.9 a ± 2.31 2.7 a ± 0.83 10.3 a ± 3.81 10.3 a ± 3.15 28.2 a ± 15.83 24.4 a ± 7.01 

       

Protocatechuic 
0.4 - 9.5 0.1 - 2.4 4.7 - 5.7 1.8 - 6.2 2.2 - 44.6 1.9 - 8.4 

3.9 a ± 2.59 1.1 a ± 0.86 5.2 a ± 0.55 4.1 a ± 2.21 27.9 b ± 18.46 4.2 a ± 2.26 
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Table 4: Continued. 

 

Synapic 
111.6 - 294.7 122.2 - 351.9 42.6 - 114.4 89.3 - 184.5 4.9 - 31.3 22.2 - 89.0 

184.2a±57.56 196.1b±95.44 78.5 a ± 35.9 136.9 b ± 47.6 16.2 a ± 11.09 49.8b±21.97 

       

Ferulic 
722.1 - 997.4 770.3 - 976.1 654.3 - 795.7 705.1- 813.5 905.9 - 1560.2 939.5-1724.7 

864.9a± 69.71 873.2a± 56.78 725.1a± 70.68 759.3 a ±54.6 1140.4a±297.49 1234.9 b± 282.87 

 
 

 
 

Figure 1: Principal component analysis (PCA) and discriminant analysis (DA) of cereal species -phenolic acids 
2018. GAc – gallic; 2,5-HAc – 2,5-hydroxybenzoic;4-HAc - 4-hydroxybenzoic; CAc – caffeic; SirAc – syringic; p-CAc 
- p-coumaric; ChAc – chlorogenic; PAc – protocatechuic; SinAc – synapic; FAc – ferulic; FB- fodder barley; MB- 
malting barley; OO- hulled oat; SO- naked oat; SR- spring rye; ST- spring triticale; SW- spring wheat; WR- winter 
rye; WT- winter triticale; WW- winter wheat. 

 
grain coming from the following year. 

Rye was the last analysed cereal (Table 4). Based on the 
analysis of the phenolic profile in grain of spring and winter 
rye, it was observed that samples coming from 2018 
contained greater concentrations of acids, that is, gallic, 2,5-
hydroxybenzoic, 4-hydroxybenzoic, p-coumaric and 
protocatechuic acids, than samples coming from 2017. 
 
 
Discriminant analysis 
 
The discriminant analyses was used to identify among the 
analysed phenolic acids those whose content characterises 
individual cereal species (Figure 1 and 2). On this basis, it 
was found that 7 out of 10 identified phenolic acids are 
characterised by the highest discriminatory power for the 
entire population of analysed samples. In the case of grain 
of both barley forms, they were protocatechuic and syringic 
acids. Grain of naked and hulled oat was differentiated by 
contents of gallic and syringic acids, whereas in the grain 
of spring triticale and spring rye, it was 4-
hydroxycinnamic acid. Gallic and chlorogenic acids were 
characteristic to grain of spring wheat, while in samples of 
winter rye grain, it was synapic and 4-hydroxybenzoic 

acids. Grain of winter triticale was distinguished by the 
presence of p-coumaric and 4- hydroxybenzoic acids, 
whereas winter wheat grain was distinguished by the 
content of gallic acid. 

Based on the results of chemical analyses and their 
statistical analysis, it was stated that contents of phenolic 
acids are a factor differentiating individual cereals both 
between species and between forms. 
 
 
DISCUSSION 
 
Cereal grain contains phenolic acids and their derivatives. 
Contents of these compounds exhibiting antioxidative 
activity depend to a considerable extent on the species and 
form of the cereal (Zieliński et al., 2012). In the course of 
this study, the highest mean concentration of all phenolic 
acids was recorded in grain of naked oat. Zieliński et al. 
(2012) and Zieliński and Michalska (2007) in their studies 
also found the highest concentration of phenolic 
compounds in oat kernels. Based on this study, 
significantly high concentrations of phenolic acids were 
found in fodder barley grain. Additionally, Zieliński et al. 
(2007) in their studies showed high concentrations of  

Fig. 1. Principal component analysis (PCA) and discriminant analysis (DA) of cereal species - 

phenolic acids– 2018. 
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Figure 2: Principal component analysis (PCA) and discriminant analysis (DA) of cereal species - phenolic acids– 
2017. GAc – gallic; 2,5-HAc – 2,5-hydroxybenzoic;4-HAc - 4-hydroxybenzoic; CAc – caffeic; SirAc – syringic; p-CAc - 
p-coumaric; ChAc – chlorogenic; PAc – protocatechuic; SinAc – synapic; FAc – ferulicFB- fodder barley; MB- malting 
barley; OO- hulled oat; SO- naked oat; SR- spring rye; ST- spring triticale; SW- spring wheat; WR- winter rye; WT- 
winter triticale; WW- winter wheat. 

 
 
phenolics in rye kernels. In turn, the lowest mean content of 
phenolic acids in the present study was recorded in grain of 
spring triticale and winter wheat. 

Recorded results confirmed earlier literature reports 
that in the case of all cereals, ferulic acid was the dominant 
phenolic acid, accounting for approximately 90% of total 
contents of all identified phenolic acids (Adom et  al.,  2003;  
McCallum  and  Walker,  1991;  Naczk  and Shahidi,  2006;   

Rybka  et  al.,  1993;  Szajdek  and Borowska, 2004; 
Zieliński et al., 2012). 

Among the 5 analysed cereal species, the total content of 
phenolic acids fell within the range of 1008- 1184 mg/kg. 
Results reported by Maillard et al. (1996) indicated similar 
levels of total phenolics in barley grain. The recorded 
contents of total phenolics amounted to 930-1140 ug/g, 
depending on the barley cultivar. Naczk and Shahidi (2006) 
in their study stated that p-hydroxybenzoic acid is the 
main bound phenolic acid identified in extracts obtained 
from barley grain. 

On the basis of this study, it was observed that ferulic, 
synapic and chlorogenic acids are phenolic acids 
characteristic to oat grain, with similar observations 
reported by Matilla et al (2005). Several studies have shown 
that the next to the most common phenolic acids oat grain 
contained also avenanthramides, which constitute a group 
of cinnamic acid derivatives (p-coumaric, ferulic and 
caffeic) and anthranilic, 5-hydroxyanthranilic and 5-
hydroxy-4-methoxyanthranilic acids (Kawka and 
Achremowicz, 2014; Mattila et al., 2005; Peterson, 2001). 
Harasym et al. (2011), in their studies, showed that among 
phenolic acids found in oat grain, the most significant role, 

next to avenanthramides, is played by vanillin and p-
coumaric acid. Further, Szajdek and Borowska (2004) 
observed that in oat grain, phenolic compounds are 
represented by free phenolic acids, as well as esters and 
glycosides of phenolic acids. The following phenolic acids 
were detected: ferulic, vanillic, trans-p-coumaric, trans-
sinapic and caffeic (Kähkönen et al., 1999; Szajdek and 
Borowska, 2004). Naczk and Shahidi (2006), when 
analysing their results, observed that oat grain is a rich 
source of derivatives of benzoic and cinnamic acids, as 
well as quinones, flavones, flavonols, flavanones and 
anthocyanins. 

When analysing the results of the present study, it was 
found that in wheat grain next to ferulic acid, 2,5-
hydroxybenzoic and p-coumaric acids were dominant. 
Similar observations have been documented by several 
researchers who showed the dominant concentrations of 
ferulic acid in wheat grain, followed by p-coumaric, synapic 
and caffeic acids (Andreasen et al., 1999; Lempereur et al., 
1997; Wang et al., 2014). Also, several studies, in their 
analyses, have recorded high concentrations of ferulic and 
p-coumaric acids, while the contents of caffeic and synapic 
acids were found to be the lowest (Andreasen et al., 1999; 
Lempereur et al. 1997; Rybka et al., 1993; Zieliński and 
Michalska, 2007). Based on the literature on the subject, it 
may be stated that while wheat grain is a rich source of 
phenolic compounds, this is not manifested in the high 
antioxidative activity of wheat grain extracts (Liyana-
Pathirana and Shahidi, 2006a,b; McKeehen et al., 1999; 
Weidner et al., 1999). 

In the  case  of  rye  grain,  ferulic  acid  was found as the 
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dominant  phenolic  acid, while additionally in spring rye 
grain, a significantly high concentration of synapic acid was 
recorded. Several studies also detected high contents of 
vanillic acid, while caffeic and synapic acids in the smallest 
amounts (Andreasen et al., 1999; Graf, 1992; Lempereur 
et al., 1997; Rybka et al., 1993; Zieliński and Michalska, 
2007). 

The phenolic profile was also analysed in triticale grain, 
in which bioactive compounds were detected, although 
there are no reports on that subject. 
 
 
Conclusion 
 
Based on the conducted investigations, it was stated that 
grain of cereals grown in Poland is a rich source of 
phenolic compounds. Concentrations of bioactive 
compounds depend first of all on the species and 
environmental conditions. The results showed that spring 
triticale previously excluded from analyses contained 
approximately 45% more bioactive compounds than spring 
wheat grain, while it was 17% more when compared with 
spring rye grain. These results are a supplementation to 
the current literature on the subject, which indicates the 
presence of flavonoids in cereal grain. 
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