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ABSTRACT

Background. One of the requirements for proper nutrition and maintenance of good health is to supply the 
body, through diet, with an appropriately increased quantity of bioactive compounds. With this in mind, 
modern milling and baking industries keep introducing new types of products. The use of such additives as 
wholegrain flours and bran in baked products provided the basis for research in this paper.
Materials and methods. The aim of the study was to conduct a qualitative and quantitative evaluation of 
marketable wheat, barley and oat grain, used as raw materials to produce dehulled kernels, ground grain, 
wholemeal flour and wheat flour type 550 (all-purpose or plain flour), as well as wheat bran. Additionally, 
analyses were performed to determine the chemical composition and contents of nutrients, selected bioactive 
compounds and antioxidant activity. 
Results. The studied raw materials in commercial cereal differ in their chemical composition. Dehulling of 
wheat, barley and oat grains significantly contributed to the reduction of minerals, protein and total dietary 
fiber (TDF) contents, except for the amount of protein in dehulled wheat and oat grains. Oat bran, in contrast 
to other oat products, was characterized by the highest contents of minerals, protein, TDF, and the smallest 
amounts of saccharides and total starch. The lowest content of minerals was recorded in wheat flour type 
550. Thermal processes affect the concentration of tocochromanols in the grain, with tocotrienols being more 
resistant to hydrothermal treatment than tocopherols. Grain dehulling also significantly decreased the total 
amount of tocochromanols in relation to the original grains. 
Conclusion. Wheat products differ in the contents of their individual components. They are characterized 
by high contents of tocochromanols, phenolic compounds and water-extractable arabinoxylans, with the ex-
ception of white refined wheat flour, which is mainly a source of saccharides. In the case of barley and oat 
products, the analysis showed no differences between these product groups. It was also shown that dehull-
ing of barley and oat grain causes statistically significant differences in the contents of nutrients and natural 
antioxidants.
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INTRODUCTION

According to recommendations by the Pyramid of 
Healthy Nutrition and Physical Activity (Gil et al., 
2014), grains and grain-based products are most fre-
quently recommended and consumed immediately 
after fruit and vegetables. They not only enrich food 
with indispensable, energy providing nutrients, but 
also with vitamins, minerals, fiber and native antioxi-
dants, as well as other health promoting substances 
(Ragaee et al., 2012). The bioactive compounds found 
in grains comprise a wide range of hydrophilic and li-
pophilic natural antioxidants. In Europe, in countries 
such as Germany, Poland and the Baltic countries, the 
everyday diet is based on grains and consumption of 
cereal products is particularly high (Lachman et al., 
2012; Landberg et al., 2014). Bioactive compounds 
contained in grains were already studied in the 1970’s 
and 1980’s, but to date their role has not been fully 
defined (Lachman et al., 2012; Masisi et al., 2016; 
Ragaee et al., 2012). Wheat, rye, oats and barley are 
the most popular grains of bread and non-bread qual-
ity. Wheat and rye flours are used for baking, while 
those made from oats and barley mainly for making 
grits and breakfast cereals (Gawęcki and Obuchowski, 
2016). Attempts are being made to introduce barley 
and oat wholegrain flours as well as bran into baked 
products because of the valuable bioactive compounds 
contained within them. Increasingly often, dieticians 
and doctors are advocating intake of nutrients abun-
dant in cereal products present in our diet. Their versa-
tile health promoting influence on the human organism 
cannot be underrated. The most important aspect is re-
lated to the contribution of nutrients to the prevention 
of cardiovascular diseases, nervous system diseases, 
cancer and type-2 diabetes. The antioxidant action of 
lipophilic and hydrophilic substances is of crucial im-
portance here. These compounds participate in the free 
radical deactivation reactions occurring during meta-
bolic processes, contributing to the maintenance of 
the natural balance between physiological oxidation, 
which is the basis of all life and antioxidant processes 
(Belobrajdic and Bird, 2013a; Frank et al., 2012).

Tocochromanols and phenolic acids are considered 
particularly important bioactive compounds found in 
grains (Heleno et al., 2015; Ndolo and Beta, 2014; Pii-
ronen et al., 1986; Rice-Evans et al., 1997; Zieliński 

et al., 2007). The last twenty years of the 20th century 
marked the beginning of research which has continued 
to this date and regarding the properties of these sub-
stances and their impact not only on grains, but also on 
consumed cereal products and thus their influence on 
consumers’ health (Gani et al., 2012). They are small 
molecule compounds found mainly in free form; they 
enter into no physical or chemical interactions with 
biological matrix macromolecules (Schneider, 2005; 
Žilić et al., 2011). Tocochromanols present in grains 
are the most valuable as far as their in vivo and in vitro 
activity is concerned (Masisi et al., 2016). In general, 
they are defined as vitamin E-active compounds and 
the broad spectrum of their activity in living organ-
isms has been constantly supplemented with new data 
(Frank et al., 2012). Numerous studies have proved 
that small quantities of tocotrienols in vivo display 
more favourable biological properties than tocophe-
rols (Idehen et al., 2017).

The activity of phenolic acids depends upon their 
structure and the number of hydroxyl groups in their 
molecules, as well as the degree of their esterification. 
Therefore, throughout the botanical kingdom they are 
found mainly in bound form as esters and glycosides 
(Heleno et al., 2015; Idehen et al., 2017; Masisi et al., 
2016). Some phenolic acids, such as caffeic, chloro-
genic or ferulic, display an ability to block cancero-
genic compounds generated during metabolic changes 
of cancerogenic substances such as e.g. 4-nitroquin-
oline-1-oxides (Lamer-Zarawska and Oszmiański, 
1998). They inhibit the activity of enzymes belonging 
to the group of oxidases, while they are also capable 
of inhibiting cancer development. In addition, they 
display different pharmacologic effects upon the hu-
man organisms thanks to their antibacterial, antiseptic, 
haemostatic and cholagogic properties.

The human body is equipped with a system for 
preventing free radical action thanks to the presence 
of endogenous substances with antioxidant properties. 
However, this system gets weaker with age (Lobo et 
al., 2010). For this reason, one of the requirements for 
proper nutrition and maintenance of good health is to 
supply the body, through diet, with an appropriately 
increased quantity of bioactive compounds. With this 
in mind, modern milling and baking industries keep 
introducing new types of products (Kawka et al., 
2014; Kawka and Achremowicz, 2014). The use of 
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such additives as wholegrain flours and bran in baked 
products provided the basis for research in this paper. 
The aim was to investigate the chemical composition 
as well as the contents of lipophilic and hydrophilic 
antioxidants in selected grains and products obtained 
after their technological processing, including the an-
tioxidant activity resulting from their presence.

MATERIALS AND METHODS

Materials
The materials for analyses consisted of commercial 
raw materials such as hulled and dehulled wheat grain 
denoted as A1 and A2, analogous samples of barley: 
B1 and B2, oats: C1 and C2, along with their processed 
products. Through mechanical processing of dehulled 
grain (A2, B2, C2) the following wheat products were 
obtained: ground grain A3, wholemeal flour A4, wheat 
flour type 550 A5, as well as barley products: ground 
grain B3, wholemeal flour B, and oat products: broken 
grain C3, wholemeal flour C4 and oat bran C5. The 
raw materials were sampled at random directly at the 
production line of Zakłady Przetwórstwa Zbożowo- 
-Młynarskiego Sp. z o.o. in Kruszwica in three repli-
cations and next combined by mixing to produce bulk 
samples. From such a prepared bulk sample, smaller 
batches of approx. 5 kg were weighed, which in turn 
constituted the initial material for specific assays. The 
samples were stored in containers at t = ±5°C. 

Quality characteristics of wheat, barley  
and oat grain 
The moisture content was determined by the oven dry 
method at a temperature of 130°C according to ICC 
no. 110/1 (1976). The bulk density of grain was de-
termined according to PN-EN ISO 7971-3 (2019). In 
turn, the 1000 kernel weight was determined accord-
ing to PN EN ISO 520 (2011). The contents of impuri-
ties, including hazardous contaminants, were assayed 
following ICC no. 103/1 (1972). The Hagberg falling 
number was recorded using a type 1400 Falling Num-
ber apparatus according to ICC no. 107/1 (1995).

Determination of mineral (ash) content
The ash content was determined in three simultaneous 
replications according to ICC no. 104/1 (1990).

Determination of crude protein content
The crude protein content was determined in three si-
multaneous replications according to Kjeldahl using 
a Kjeltec System 1026 apparatus by Foss-Tecator fol-
lowing ICC no. 105/2 (1994). When converting nitro-
gen content to protein, a conversion factor of 5.7 was 
applied in the case of wheat, while 6.25 was applied 
for barley and oat. 

Extraction and measurement of total lipids
The total lipid content in seeds is typically measured 
by Soxhlet extraction. Gravimetric determination of 
total lipid contents consisted of multiple continuous 
sample extraction with n-hexane (for 4 hours). Extrac-
tion was performed using an automatic Soxhlet Büchi 
Extraction System B-811 (Büchi Labortechnik AG, 
Flawil, Switzerland). 

Determination of total dietary fiber (TDF)  
and its soluble (SDF) and insoluble fractions (IDF)
The contents of SDF and IDF were determined gravi-
metrically in three simultaneous replications accord-
ing to Asp et al. (1983) using a Fibertec System E 
apparatus by FOSS. The TDF content was calculated 
by adding up SDF and IDF contents. In turn, the total 
carbohydrate content in the samples was calculated 
from the difference in total dry matter content and the 
total contents of ash, protein, lipids and total dietary 
fiber (TDF).

Determination of total starch (TS)
The total starch content was determined using a To-
tal Starch Assay Kit by Megazyme according to the 
modified method (AACC method 76-13.01, n.d.). 
The TS content was assayed in 4 simultaneous rep-
lications and recorded, converted to glucose found in 
the starch chain and expressed in percentage of sample 
dry matter.

Determination of total β-glucans (β-GLU)
The total β-GLU content was determined using 
a Mixed Linkage β-Glucan Assay Kit by Megazyme 
(Henry, 1985; ICC no. 166, 1998). The total β-GLU 
content was assayed in 4 simultaneous replications, 
converted to glucose found in the β-GLU chain and 
expressed in percentage of sample dry matter.
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Determination of total arabinoxylans (AX), 
water-extractable arabinoxylans (WE-AX)  
and water unextractable arabinoxylans (WU-AX)
The contents of total AX and WE-AX were deter-
mined by colorimetry according to Hashimoto et al. 
(1987). The contents of total AX and WE-AX were 
assayed in 3 simultaneous replications, converted to 
xylose in the AX chain and expressed in percentage 
sample dry matter. In turn, the WU-AX content was 
calculated from the difference between total AX and 
WE-AX contents.

Tocochromanol contents
In order to determine the tocopherol content, the grain 
samples (2 g) were saponified using 60% KOH (2 ml), 
ethanol (20 ml) and pyrogallol (0.5 g). Saponification 
was run at the ethanol boiling point temperature for 
30 min. After saponification, the unsaponifiable sub-
stances were extracted using 50 ml n-hexane/ethyl 
acetate (90:10 v/v). Tocopherols and tocotrienols 
were qualitatively and quantitatively identified using 
liquid chromatography HPLC (Waters 600 Asc. Mil-
ford, MA, USA). A LiChrosorb Si60 column (250 × 
4.6 mm; 5 μm) and a LiChrospher Si60 precolumn 
were used (Merck, Germany). The mobile phase con-
sisted of n-hexane and 1,4-dioxane (97:4 v/v) at a flow 
rate of 1.0 ml/min. The fluorometric detector (Waters 
474 Asc. Milford, MA, USA) worked at excitation 
(λ = 295 nm) and emission (λ = 330 nm) for tocochro-
manols and PC-8 (Ryynänen et al., 2004). 

Methanol extracts of phenolic compounds 
All samples were defatted using an automatic Soxhlet 
Büchi Extraction System B-811 (Büchi Labortechnik 
AG, Flawil, Switzerland). Extraction with n-hexane 
was run for two hours. To obtain this, each sample 
was extracted three times with 80% methanol. The 
samples were mixed with the solvent (1:10), shaken 
for 30 min, filtered through anhydrous sodium sulfate 
and vacuum-evaporated. The residue was dissolved 
in 80% methanol.

Total phenolic contents
The content of total phenolic compounds in the meth-
anol extracts was determined by the Folin-Ciocalteu 
method (Siger et al., 2018). An aliquot (0.025 ml) of 
the methanolic extract was placed in a volumetric flask 

(10 ml). Water (5 ml) and the Folin-Ciocalteu reagent 
(0.5 ml) were added. After 3 min, saturated sodium 
carbonate (1 ml) was added. The flask was filled with 
water up to 10 ml. After 1 hour, the solution absorb-
ance was measured at λmax 725 nm against a reagent 
blank using a UV-Vis spectrophotometer SP 8001 
(Metertech Inc., Taipei, Taiwan). The total phenolic 
content was determined after preparation of a standard 
curve and on that basis the total phenolic compounds 
were measured as caffeic acid equivalents (CAE).

Contents of phenolic compounds determined  
by HPLC
The methanol extracts were subjected to acidic and ba-
sic hydrolyses. In the case of basic hydrolysis, 2.5 ml 
of the extract were mixed with 3 ml of 4M NaOH. The 
samples were then flushed with nitrogen and stirred 
for 4 hours at 4°C. After that time, the pH of the solu-
tion was adjusted to 2 using 1M HCl. The whole vol-
ume was transferred to a 10 ml volumetric flask. In the 
case of acidic hydrolysis, 2.5 ml of the extract were 
mixed with 3 ml of 1.1M HCl. The mixture was heated 
at 90°C for 20 min. After cooling and neutralization, 
the mixture was transferred quantitatively to a 10 ml 
volumetric flask. Before injection, all samples were 
filtered through a 0.45 mm syringe filter. Phenolic 
compounds were identified and quantified using RP-
HPLC (Waters, Milford, MA) on an XBridgeTM C18 
column (4.6 × 100 mm, 3.5 μm; Waters, Milford, MA) 
according to our previous method (Rokosik et al., 
2019; Siger et al., 2012). Quantitative determination 
of phenolic compounds was carried out by comparing 
retention times and diode array spectral characteris-
tics with the corresponding standards obtained from 
Sigma-Aldrich.

Determination of Total Radical-Trapping 
Antioxidant Parameter (TRAP)
The antioxidant activity of grains and selected grain 
products was determined using the Total Radical- 
-Trapping Antioxidant Potential method. The source 
of peroxyl radicals was 2,2’-azobis(2-amidinopro-
pane) dihydrochloride (AAPH) and a 2,7-dichlorodi-
hydrofluorescein diacetate (DCFH-DA) fluorescence 
probe was the oxidizable substrate for free radicals. 
2,7-Dichlorodihydrofluorescein (DCFH) was obtained 
as a result of DCFH-DA basic hydrolysis. Briefly, 
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1.22 mg of the fluorescence probe were dissolved in 
1.5 ml of dimethyl sulfoxide (DMSO) and 0.5 mL of 
NaOH (0.25M) was added. The mixture was incubated 
for 30 min at room temperature (22ºC) and the pH was 
adjusted to 7.4. The obtained solution was diluted in 
0.1M phosphate buffer (pH 7.4) to a final concentration 
of 100 mM. The antioxidant activity of the samples was 
measured by determining the time necessary for oxida-
tion of the DCFH probe to highly fluorescent dichlor-
ofluorescein (DCF) by free radicals generated from 
AAPH in the presence of extracts obtained from grains 
and grain products. Fluorescence was measured at 
37ºC in a cuvette containing 2.2 ml of 0.1M phosphate 
buffer (pH 7.4), DCFH (4.25 mM), AAPH (8.5 mM) 
and 235 ml of the extract. The excitation and emis-
sion wavelengths were 480 nm and 520 nm, respec-
tively. The TRAP value was expressed as micromoles 
of Trolox equivalents per kg d.m. (Siger et al., 2012). 

Statistical analysis
The results are presented as means ±standard devia-
tion from three replicates of each experiment. The dif-
ferences between the mean values were determined 
by the analysis of variance (ANOVA). The post-hoc 
analysis was performed using Tukey’s test. The rela-
tionship between the analyzed variables was assessed 
by Pearson’s correlation coefficient. Its significance 
was evaluated by Student’s t-test. The intra-sample 
quantity variation of the samples was assayed using 
the Principal Component Analysis (PCA). The results 
in all the tests were considered significant at p < 0.05. 

The statistical analysis was performed using Statistica 
10.0 software (StatSoft, Inc., Tulsa, OK).

RESULTS AND DISCUSSION

When assessing the quality of cereal grain as a ver-
satile raw material, both physicochemical character-
istics and health-promoting properties are taken into 
account, determining in this way its various applica-
tions for dietetic, medicinal and processing purposes. 
Knowledge of the physical properties of cereal grains 
is important when evaluating their technological, 
eating or feed quality. The quality characteristics of 
commercial wheat (W), barley (B) and oat (O) grains 
are shown in Table 1. Hulled grains of the three cere-
als, i.e. wheat – W1, barley – B1 and oat – O1, were 
characterized by low moisture content and high pu-
rity, as evidenced by the minimal amounts of total im-
purities (Table 1). Moreover, the grains were shown 
to be clean, ripe, and free from damage (e.g. broken/
cracked/burned kernels) or foreign material. In addi-
tion, the grains were well-filled, healthy and met the 
quality requirements of grain for human consumption. 
W1 was characterized by good uniformity (73.8%). 
In the case of nonwheat cereals such as B1 and O1, 
the mean value of this parameter was markedly dif-
ferent, being higher for B1 (93.5%) than O1 (45.8%). 
Regarding physical parameters such as test weight 
(TW) and 1000 kernel weight (TKW), significant dif-
ferences were found between W1, B1 and O1 sam-
ples. Test weight (TW) is a measure of bulk density 

Table 1. Quality parameters of commercial hulled grain samples – wheat, barley and oat

Moisture
%

Total impurities
%

Uniformity
%

Test weight – TW
kg·hl–1

1000 kernel 
weight – TKW 

g

Falling
number

s

Wheat (W)

12.7 ±0.1b 2.2 ±0.1b 73.8 ±0.9b 78.7 ±0.6c 41.3 ±0.4b 313 ±6.4b

Barley (B)

12.4 ±0.1b 0.4 ±0.1a 93.5 ±0.2c 70.0 ±0.1b 53.0 ±1.2c 249 ±2.8a

Oat (O)

11.1 ±0.1a 3.1 ±0.2c 45.8 ±9.0a 56.2 ±0.3a 37.5 ±2.1a 382 ±3.5c

Values (means ±SD, n = 3) bearing different superscripts are statistically significantly different (P < 0.05). 
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or the quantity of grain required to fill a specific vol-
ume. TW is part of the official Polish Standards for 
grain and a common test employed by food proces-
sors. It is also known as volumetric weight and is one 
of the simplest traditional criteria used to determine 
grain quality and measure grain bulk density. TW of 
W1, B1 and O1 grains in this study ranged from 56.2 
to 78.7 kg·hl–1. The mean values were statistically 
significantly different (Table 2), being higher in W1 
(78.7 kg·hl–1) than in B1 (70.0 kg·hl–1) and O1 (56.2 
kg·hl–1). These results confirm data reported by other 
authors (Boros et al., 2015; Gąsiorowski and Abdalla, 
2004; Grzesiuk, 1988; Jankowski, 1988). 

Grzesiuk (1988) reported that for wheat, barley and 
oat grains their bulk density (TW) values, expressed 

in kg·m–3, are in the range of 730–850, 580–700 and 
400–550, respectively. Studies on the quality assess-
ment of different cereal varieties from Polish harvests 
in 2008–2012 showed that the average bulk density 
expressed as grain test weight of wheat, barley and oat 
was 79.1, 56.9 and 63.2 kg·hl–1, respectively (Boros 
et al., 2015). In turn, thousand kernel weight (TKW), 
as a basic parameter of grain cereal quality, informs 
us about the filling degree of the kernel with chemi-
cal components and its morphological structure, while 
it also determines the quantitative chemical composi-
tion of milling products (Boros et al., 2015; Grzesiuk, 
1988). The highest TKW values were recorded for 
B1, while they were lowest in O1 (Table 1). Accord-
ing to this criterion the analyzed grain samples can be 

Table 2. Chemical composition of wheat, barley, oat grains and their products, % d.m.

Sample Minerals Protein* Lipids Total dietary 
fiber – TDF Saccharides** Total 

starch – TS

Wheat (W)

Hulled (W1) 1.55 ±0.02e 13.2 ±0.01e 1.85 ±0.08c 12.4 ±0.70c,d,e 71.0 67.6 ±0.23d,e

Dehulled (W2) 1.39 ±0.01d 13.6 ±0.05f 2.08 ±0.05d 9.6 ±0.40b 73.3 71.2 ±0.96f,g

Middlings (W3) 1.53 ±0.02e 13.2 ±0.03e 2.32 ±0.02e 11.5 ±0.09c 71.5 71.8 ±0.24f,g

Whole flour (W4) 1.87 ±0.01f,g 13.2 ±0.02e 2.43 ±0.02e 13.7 ±0.60e,f 67.8 68.3 ±0.62e

Flour type 550 (W5) 0.63 ±0.01a 11.7 ±0.09a,b 1.65 ±0.01b 3.7 ±0.20a 82.4 80.8 ±0.39i

Barley (B)

Hulled (B1) 2.18 ±0.01h 12.9 ±0.10d 2.93 ±0.04f 17.2 ±0.30g 64.8 62.3 ±0.43b

Dehulled (B2) 1.08 ±0.01b 11.7 ±0.08a,b 1.90 ±0.02c 12.0 ±0.90c,d 73.3 76.5 ±0.27h

Middlings (B3) 1.13 ±0.01b 11.6 ±0.09a 2.04 ±0.04d 14.4 ±0.40f 70.8 70.6 ±0.49f

Whole flour (B4) 1.22 ±0.01c 12.2 ±0.07c 1.44 ±0.03a 13.5 ±0.50e,f 71.7 72.1 0.30g

Oat (O)

Hulled (O1) 2.21 ±0.01h 11.9 ±0.08b 5.38 ±0.07g 30.6 ±0.20h 49.9 47.1 ±0.64a

Dehulled (O2) 1.89 ±0.00g 14.6 ±0.10g 7.40 ±0.05i 13.1 ±0.20d,e,f 63.0 65.4 ±0.44c

Middlings (O3) 1.82 ±0.05f 13.8 ±0.03f 7.37 ±0.04i 11.5 ±0.10c 65.5 66.5 ±0.22c,d

Whole flour (O4) 1.82 ±0.01f 14.7 ±0.09g 6.82 ±0.06h 10.1 ±0.50b 66.6 66.8 ±0.24d

Bran (O5) 2.23 ±0.02h 15.9 ±0.08h 7.40 ±0.05i 13.3 ±0.60d,e,f 61.2 62.1 ±0.29b

Values (means ±SD, n = 3) bearing different superscripts are statistically significantly different (P < 0.05).
*Wheat – N × 5.7, barley, oat – N × 6.25.

**Calculated values.
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presented in the following order: barley B1 (53.0 g) > 
wheat W1 (41.3 g) > oat O1 (37.5 g). Our results are 
different than those previously presented by Boros et 
al. (2015) for varieties of different cereal species reg-
istered on the Polish National List. Those authors re-
ported that the average TKW values for wheat, barley 
and oat varieties from Polish harvests in 2008–2012 
were 45.7, 45.9 and 31.4 kg·hl–1, respectively. TKW 
and TW are useful indexes for potential milling yield. 
The differences observed in both parameters between 
cereal varieties may be caused, among other things, 
by differences in the genetic makeup of these varie-
ties and their growing conditions, as well as weather 
conditions, cultivation methods and harvest time, etc. 
(Mutwali et al., 2016). However, it should be empha-
sized that in this study the mass of commercial grains 
for the three cereal types was a mixture of different 
varieties grown in Poland. In samples W1, B1 and 
O1, the falling number values were within the range 
of 249–382 s, whereas the highest value was observed 
for sample O1 (382 s) at a conversely lower α-amylase 
activity (Table 1). The results of the above assess-
ment for selected quality parameters in unprocessed 
commercial grains of wheat, barley and oat indicate 
their good technological quality and suitability for 
processing. 

Cereal grains for food production are subjected to 
mechanical treatment to prepare them for human con-
sumption. For example, the elimination of the husk in 
the case of barley and oat grains significantly affects 
differences in the content of chemical components 
between hulled and dehulled grains of both cereals. 
Identification of the chemical composition of the grain 
after removal of the husk is very important for its fur-
ther use in food processing. Mechanical processing of 
grain includes various unit operations, such as surface 
cleaning, dehulling and milling. As a result of these 
operations, anatomical parts of the kernel, e.g. the 
germ, the fruit and seed coats, are mechanically re-
moved, which, as a consequence, reduces or increases 
the contents of nutrients and non-nutrients, affects the 
concentrations of bioactive components and modifies 
the bioavailability of these ingredients in the grain 
(Holtekjølen et al., 2011; Krejpcio et al., 2015; Liuk-
konen et al., 2003; Zieliński et al., 2012). 

The chemical composition of commercial wheat, 
barley and oat grains along with their products is 

presented in Table 2. W1 grain, unlike B1 and O1 
grains (Table 2), contained more protein (13.2%), sac-
charides (71.0%) and total starch (TS; 67.6%), and 
less minerals (1.55%), lipids (1.85%) and total dietary 
fiber (TDF; 12.38%). In the non-wheat B1 and O1 
samples, the protein content was 12.9 and 11.9% re-
spectively, while the content of minerals (2.2%) was 
identical. The contents of lipids and TDF were mark-
edly lower in B1 (2.93 and 17.23%) compared to O1 
(5.38 and 30.61%), whereas in the O1 sample the low-
est amounts of saccharides and TS (49.9 and 47.1%) 
were found (Table 2). It was observed that the content 
of minerals, lipids and TDF in B1 and O1 was 1.4, 2.3 
(1.6–2.9) and 1.9 (1.4–2.5) times greater than in W1. 
Dehulling of the W1, B1 and O1 grains significantly 
contributed to the reduction of minerals, protein and 
TDF contents in the W2, B2 and O2 samples, except 
for the amount of protein in W2 and O2 (Table 2). 
While in W1 the content of minerals and TDF was 
higher than in W2 (by 10% and 23%, respectively), 
W2 contained greater amounts of lipids, saccharides 
and TS. Wheat products W3, W4 and W5, obtained 
during the processing of W2 grain, showed signifi-
cant differences in their levels of nutrients (Table 2). 
Among the studied samples W3, W4 and W5, the 
greatest amounts of minerals, protein, lipids and TDF 
were recorded in W4 (1.87, 13.2, 2.43 and 13.7%), 
while they were lowest in W5 (0.63, 11.7, 1.65 and 
3.7%, respectively). Furthermore, W4, in contrast to 
W3 and W5, was characterized by limited levels of 
saccharides and TS. W5, as an all-purpose wheat flour, 
in comparison with W3 and W4, had the lowest con-
tents of minerals, proteins, lipids and TDF at the high-
est amounts of saccharides and TS. It should be noted 
that if the flour is refined, it contains more starch and 
less nutrients (proteins, lipids, minerals), dietary fiber, 
B vitamins and other antioxidants. Therefore, the so-
called “white” bread flours (wheat and rye) are less 
valuable from the point of view of human nutrition 
(Fardet, 2010; Gąsiorowski and Abdalla, 2004; Khan, 
2009; Zieliński et al., 2012). 

The hulled B1 and O1 grains, in comparison 
with W1, contained greater amounts of minerals, li-
pids and TDF, at lower levels of saccharides and TS. 
However, in O1 there were higher contents of lipids 
(by 45%) and TDF (by 44%) compared to those in B1 
at lower levels of protein (by 8%), saccharides and TS 
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(by 14%). The B1 grain was characterized by greater 
contents of minerals, protein, lipids, TDF and lower 
levels of saccharides and TS than grain B2 (Table 2). 
The B3 and B4 barley products obtained during the 
processing of B2 grain, differed in their amounts of 
chemical components, with slightly higher contents 
of minerals and protein, and lower lipid levels were 
recorded in sample B4. Samples B3 and B4 contained 
more TDF, lower amounts of saccharides and TS 
in comparison with B2 (Table 2). The O1 grain had 
greater contents of minerals and TDF at lower levels 
of protein, lipids, saccharides and TS compared to 
the O2 grain (Table 2). Oat products, i.e. O3 and O4, 
obtained during the processing of O2 grain, showed 
greater variation in their amounts of chemical com-
ponents in comparison to barley products B3 and B4. 
In the O3 sample, when compared to the O4 sample, 
the content of minerals was similar, while the amount 
of protein was lower (by 6%) as the levels of lipids, 
TDF and saccharides increased by 7, 12 and 2%, re-
spectively. The O5 oat bran, in contrast to O2, O3 
and O4, was characterized by the highest content of 
minerals (2.2%), protein (16%) and TDF (13%) at the 
smallest amounts of saccharides (61%) and TS (62%). 
Grain dehulling in the three cereals W1, B1 and O1 
significantly differentiated the contents of chemical 
components in samples W2, B2, O2. This treatment 
reduced the amounts of minerals in W2, B2 and O2 
(by 9.2, 50.5 and 14.5%), while in the case of proteins 
this only occurred in B2 (by 9.3%); moreover, it re-
sulted in a decreased TDF content (by 19.4, 30.2 and 
57.2%, respectively). In contrast, contents of saccha-
rides, TS and lipids increased, but only in the W2 and 
O2 samples. The lowest levels of saccharides and TS 
were recorded in the O2 sample, while the lowest lipid 
contents were found in samples W2 and B2. Dehulled 
O2 grain, in comparison to W2 and B2, at a compara-
ble amount of protein contained a 3.5-fold higher level 
of lipids, but lower amounts of saccharides and starch. 
It should be noted that nutrients are distributed rela-
tively uniformly in the oat kernel (Table 2), thus there 
are no major differences in the chemical composition 
between the raw material (O2 grain) and oat products 
(O3, O4). The studied commercial cereal raw materi-
als are characterized by a different chemical composi-
tion. Thus, the type of cereal grains and the adopted 
processing method both have a significant impact  

on nutrient contents in cereal products (Baik and Ull-
rich, 2008; Butt et al., 2008; Doehlert and Moore, 
1997; Newman and Newman, 2008).

The contents of total dietary fiber (TDF) as well 
as its insoluble (IDF) and soluble (SDF) fractions in 
wheat, barley, oat grains and their products are pre-
sented in Tables 2 and 3. In the W1, B1 and O1 grains, 
the TDF content was 12.4, 17.2 and 30.6%, respec-
tively (Table 2). Among the TDF components, the 
lowest levels of both the insoluble (IDF) and soluble 
(SDF) fractions were recorded for the W1 sample 
(11.1 and 1.3 g/100 g d.m.), while they were highest 
in the O1 sample (27.5 and 3.1 g/100 g d.m.; Table 3). 
Samples B1 and O1 were the richest sources of SDF, 
being a valuable ingredient from a nutritional point 
of view. The percentage content of SDF in TDF was 
higher in B1 (15) than O1 (12). In samples W1, B1 and 
O1 the content of β-glucans (β-GLU; Table 3) ranged 
from 0.8 to 4.5 g/100 g d.m., whereas it was higher in 
B1 (4.5 g/100 g d.m.) and O1 (3.1 g/100 g d.m.). The 
lowest total arabinoxylans (total AX) and their water- 
-unextractable contents (WU-AX) were found in the 
W1 sample (6.7 and 5.4 g/100 g d.m.), whereas they 
were highest in O1 (11.3 and 10.9 g/100 g d.m., re-
spectively). The level of water-extractable arabinoxy-
lans (WE-AX) ranged from 0.4 to 1.3 g/100 g d.m., 
with the latter value detected in the W1 sample. 

Wheat is relatively poor in soluble fiber, which is 
mainly found in the form of water-extractable arabi-
noxylans (Boros et al., 2015). It has been demonstrat-
ed that in whole wheat grain the SDF (Fardet, 2010): 
IDF ratio is 1:5, at large amounts of IDF (up to 11 
g/100 g). It needs to be emphasized here that in the 
case of wheat bran and wheat germ it is 1:10 and 1:3, 
respectively. Therefore, wholegrain wheat is the fac-
tor responsible to the greatest extent for the functional 
effects of dietary fiber, which regulates fat and carbo-
hydrate metabolism in the human body (Boros et al., 
2015). Dehulling of W1, B1 and O1 grain significantly 
reduced the contents of dietary fiber and its compo-
nents in dehulled W2, B2 and O2 kernels (Tables 2, 3). 
The TDF content in the W2, B2 and O2 samples 
(9.6, 12.0 and 13.1%) was reduced by 22.5, 30.2 and 
57.2%, respectively, when compared to W1, B1 and 
O1. The tested dehulled W2, B2 and O2 samples were 
significantly different in terms of their contents of IDF 
and SDF, β-GLU and total AX, including WU-AX 
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(Table 3). The W2 grain contained 8.4 g/100 g d.m. 
IDF, whereas in B2 and O2 the IDF values were 6.7 and 
10.3 g/100 g d.m., respectively. The SDF content was 
the lowest in W2 (1.2 g/100 g d.m.), while it was over 
2- to 4-fold greater in O2 (2.8 g/100 g d.m.) and B2 
(5.3 g/100 g d.m.). Similarly, the β-GLU content was 
relatively low in the W2 sample (0.7 g/100 g d.m.), 
whereas it was several times higher in B2 (5.3 g/100 
g d.m.) and O2 (4.6 g/100 g d.m.). In the W2, B2 and 
O2 samples the total AX content was 5.8, 3.6 and 3.1 
g/100 g d.m., respectively (Table 3). The results of 
these analyses indicate that dehulled W2, B2 and O2 
grains contain significantly less WE-AX than WU- 
-AX. The WE-AX content ranged from 0.3 (B2) to 

1.4 g/100 g d.m. (W2), while for WU-AX it was from 
2.8 g/100 g d.m. (O2) up to 4.4 g/100 g d.m. (W2). 
The dehulled B2 and O2 grains, in contrast to the W2 
grain, contained greater amounts of SDF and β-GLU, 
i.e. nutrients valuable from a nutritional point of view, 
at lower levels of total AX, WE-AX and WU-AX.

Among the many types of cereals, oat and bar-
ley grains are rich in β-glucans, while rye contains 
an intermediate quantity and wheat has a low level of 
these compounds (Boros et al., 2015; Frølich et al., 
2013). In wheat, unlike barley and oats, mainly wa-
ter-extractable arabinoxylans form the soluble dietary 
fiber fraction, which, similar to β-glucans, forms vis-
cous solutions in an aqueous environment. Literature 

Table 3. The content of dietary fiber and its components in grains of wheat, barley, oats and their products, g/100 g d.m.

Raw materials

Dietary fiber
Percent 
of SDF 
in TDF

β-glucans – 
β-GLU

Arabinoxylans – AX
AX total / 

β-GLU
insoluble 
dietary 

fiber – IDF

soluble 
dietary 

fiber – SDF
AX total

soluble  
in water – 
WE-AX

insoluble 
in water – 
WU-AX

Wheat (W)

Hulled (W1) 11.1 ±0.61h,i 1.3 ±0.09a – 0.8 ±0.02b 6.7 ±0.2e 1.3 ±0.0c,d 5.4 ±0.0h 8.4

Dehulled (W2) 8.4 ±0.27d,e 1.2 ±0.12a – 0.7 ±0.01b 5.8 ±0.2d 1.4 ±0.1d 4.4 ±0.1g 8.3

Middlings (W3) 10.2 ±0.02g,h 1.3 ±0.10a – 0.8 ±0.02b 5.7 ±0.2d 1.3 ±0.1c,d 4.4 ±0.1g 7.1

Whole flour (W4) 11.8 ±0.53i 1.9 ±0.10a,b – 0.8 ±0.02b 7.8 ±0.1g 1.2 ±0.0c 6.6. ±0.0i 9.8

Flour type 550 (W5) 2.5 ±0.09a 1.2 ±0.13a – 0.4 ±0.03a 3.0 ±0.1a 1.2 ±0.0c 1.8 ±0.1a 7.5

Barley (B)

Hulled (B1) 14.6 ±0.24j 2.6 ±0.28b,c 15 4.5 ±0.02e 7.2 ±0.3f 0.5 ±0.0b 6.7 ±0.2i 1.6

Dehulled (B2) 6.7 ±0.24b,c 5.3 ±0.64g 44 5.3 ±0.05f 3.6 ±0.1b 0.4 ±0.0a,b 3.2 ±0.0d,e 0.7

Middlings (B3) 10.1 ±0.45g 4.4 ±0.17f 31 5.1 ±0.02f 3.7 ±0.2b 0.4 ±0.0a,b 3.3 ±0.1e 0.7

Whole flour (B4) 9.4 ±0.29f,g 4.1 ±0.37e,f 30 3.8 ±0.06d 4.4 ±0.0c 0.4 ±0.0a,b 4.0 ±0.0f 1.2

Oat (O)

Hulled (O1) 27.5 ±0.17k 3.1 ±0.14c,d 12 3.1 ±0.01c 11.3 ±0.2h 0.4 ±0.0a,b 10.9 ±0.1j 3.7

Dehulled (O2) 10.3 ±0.02g,h 2.8 ±0.23c,d 21 4.6 ±0.00e 3.1 ±0.1a 0.3 ±0.0a 2.8 ±0.0b,c 0.7

Middlings (O3) 7.6 ±0.06c,d 3.9 ±0.10e,f 34 3.8 ±0.23d 3.1 ±0.1a 0.3 ±0.0a 2.8 ±0.1b,c 0.8

Whole flour (O4) 6.6 ±0.31b 3.5 ±0.14d,e 35 3.8 ±0.03d 3.1 ±0.1a 0.4 ±0.0a,b 2.7 ±0.1b 0.8

Bran (O5) 8.7 ±0.49e,f 4.6 ±0.18f,g 35 5.2 ±0.25f 3.3 ±0.1a,b 0.3 ±0.0a 3.0 ±0.0c,d 0.6

Values (means ±SD, n =3) bearing different superscripts are statistically significantly different (P < 0.05).
The content of AX is given on the anhydrous xylose present in the AX chain.
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on the subject has shown that different cereals and 
their varieties vary in their nutrient contents. This fact 
is related to the influence of genetic factors, climatic 
and soil conditions, cultivation and harvesting tech-
nology, storage conditions, etc. (Boros et al., 2015; 
Grzesiuk, 1988; Idehen et al., 2017; Newman and 
Newman, 2008; van den Broeck et al., 2015). Wheat 
products W3 and W4, obtained from dehulled grain 
W2, contained 11.5 and 13.7% TDF, respectively, in-
cluding 10.2 and 11.8 g/100 g d.m. IDF, as well as 
1.3 and 1.9 g/100 g d.m. SDF (Tables 2, 3). In the W5 
sample, obtained during milling of W2 grain, the TDF, 
IDF and SDF contents were 3.7, 2.5 and 1.2 g/100 g 
d.m., respectively. The β-GLU level was similar in W3 
and W4 (0.8 g/100 g d.m.), while it was lower in W5 
(0.4 g/100 g d.m.). The W3 and W4 samples contained 
greater levels of total AX and WU-AX than the W5 
sample. In contrast, the WE-AX content was similar 
in the tested W3, W4 and W5 samples (Table 3). In 
the barley products, i.e. middling’s B3 and whole flour 
B4, obtained from dehulled grain B2, the TDF con-
tent was in the range of 13.5–14.4 g/100 g d.m., being 
higher in B3 (Table 2). Average levels of the IDF and 
SDF fractions (Table 3) were greater in B3 (10.1 and 
4.4 g/100 g d.m.) than in B4 (9.4 and 4.1 g/100 g d.m., 
respectively). It should be emphasized that the per-
centage content of SDF in TDF in the hulled B1 grain 
amounting to 15% was lower than that in the dehulled 
B2 grain (44%) or the other barley products. In barley 
samples B3 and B4 the SDF fraction constituted 31 
and 30% of the total TDF content, respectively. In B3 
and B4 the β-GLU content was 5.1 and 3.8%, respec-
tively, both values being lower than that in B2 (5.3%). 
The mean levels of total arabinoxylans (AX) and the 
WU-AX fraction were 3.6 and 3.2 g/100 g d.m., re-
spectively, in sample B2, 3.7 and 3.3 g/100 g d.m. in 
sample B3 and 4.4 and 4.0 g/100 g d.m. in B4. In turn, 
identical WE-AX contents (0.4 g/100 g d.m.) were 
found in the tested B2, B3 and B4 samples (Table 3). 
Oat products, i.e. ground grain O3, whole flour O4 and 
bran O5, obtained from dehulled O2 grains, contained 
11.5, 10.1 and 13.3% of TDF, respectively, thus the 
highest level of that fraction was recorded in the O5 
sample (Table 2). Average amounts of the IDF and SDF 
fractions were varied. Their highest contents (Table 3) 
were found in O5 (8.7 and 4.6 g/100 g d.m.), while 
they were lower in O3 (7.6 and 3.9 g/100 g d.m.) and 

O4 (6.6 and 3.5 g/100 g d.m.). The percentage content 
of SDF in TDF in the hulled O1 grain was 10% and it 
was lower than in the dehulled O2 grain (21%) or the 
other oat products (Table 3). In samples O3, O4 and 
O5 the SDF fraction accounted for 34, 35 and 35% of 
the total TDF content, respectively.

The β-GLU content was 3.8 g/100 g d.m. in the O3 
and O4 samples and it was lower than in O2 (4.6 g/100 g 
d.m.). In O3 and O4 the mean levels of total AX, WE- 
-AX and WU-AX were similar to their amounts in the 
O2 grain. In O3 and O4 the mean values of total AX, 
WE-AX and WU-AX were comparable, being identi-
cal to that in the O2 grain. The O5 sample contained 
5.2 g/100 g d.m. β-GLU and 3.3, 0.3 and 3.0 g/100 g 
d.m. of total AX, WE AX and WU-AX, respectively 
(Table 3). Kawka (2004) showed that the ratio of total 
AX to β-GLU contents ranges from 1.4 to 1.7 in grain 
of eight Polish barley cultivars grown in Western Po-
land. In turn, Henry (1985) reported the above ratio 
in wheat, barley and oat grains to be 5.5, 1.3 and 2.3, 
respectively. When examining the chemical composi-
tion of 57 wheat varieties from 3 different agroclimatic 
regions of Poland, Boros et al. (2015) showed that the 
content of nutrients and other bioactive compounds in 
wheat grain is a varietal trait, determined genetically, 
but modified by the environmental conditions under 
which a given cereal was cultivated. Fardet (2010) 
reported that the grain refining process may lead to 
losses of dietary fiber (58%), minerals (Mg – 83%, 
Zn – 79%, Se – 92%), niacin (70%), folate (61%) and 
vitamin E (79%) in cereal products. Thus, the so-called 
white flours, as highly processed products, are charac-
terized by a decreased nutritional value in comparison 
with whole-grain flours (low-processed wholemeal 
flours). Wholegrain cereal products contain a much 
larger range of compounds with a potential antioxi-
dant effect than refined milling products.

In this study, the content of native lipophilic and hy-
drophilic antioxidants was also tested, with data shown 
in Tables 4–6. The samples were analyzed by HPLC to 
identify α-, β- and δ-tocopherols (α-T, β-T, δ-T) found 
in cereal materials. As a result, homologues of α-T, 
β-T (mainly in wheat and barley) and δ-T (only in bar-
ley), as well as α- and β-tocotrienols (α-T3 and β-T3) 
were detected. In the hulled W1, B1 and O1 grains the 
tocopherol content (Table 4), expressed as mg/100 g, 
was higher in sample B1 (1.6) than in W1 (1.3) and 
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O1 (0.6). In the tocopherol group in the W1 grain, 
α-tocopherol (α-T), a homologue with the highest bio-
logical activity, was predominant. The grain samples 
tested in terms of their α-T contents may be ordered as 
follows: wheat W1 (0.9%) > barley B1 (0.7%) > oats 
O1 (0.5%). In the W1 sample tocotrienols constituted 
72% of all tocochromanols, while the amount of β-T3 
accounted for 64% of all tocochromanols. The tocoph-
erol content in B1 was more than 2.5-fold higher than 
in O1. In B1 the content of tocopherols was more than 
2.5 times higher than in O1. In the B1 sample three 
homologues, i.e. α-T, β-T and δ-T, were identified, ac-
counting for 41% of the total tocochromanols. In turn, 
in O1 only α-T and β-T (0.5 and 0.07 mg/100 g) were 
detected, but their values were lower than in B1 (α-T – 
0.7 mg/100 g and β-T – 0.4 mg/100 g). The content of 

tocotrienols (α-T3, β-T3) in B1 exceeded that in O1, 
in which the α-T3 homologue predominated in both 
B1 (1.7 mg/100 g) and O1 (1.4 mg/100 g). When stud-
ying 12 oat genotypes and 30 barley genotypes grown 
in three different locations in the USA, Peterson and 
Qureshi (1993) showed that the content of tocochro-
manols ranged from 19 to 30 mg/kg for oats and from 
42 to 80 mg/kg for barley. The oat samples predomi-
nantly contained α-tocotrienol and α-tocopherol, with 
lesser amounts of β-T, γ-T and δ-T3. Similarly, in bar-
ley α-tocotrienol was the major fraction, followed by 
α-tocopherol. However, barley also contained substan-
tial quantities of β- and γ-tocotrienols (Gangopadhyay 
et al., 2015; Peterson and Qureshi, 1993). It was ob-
served that the investigated W1, B1 and O1 grains are 
characterized by higher contents of tocotrienols than 

Table 4. The content of tocopherol and tocotrienol homologues in grains of wheat, barley, oats and their products, % d.m.

Sample
Tocochromanol content, mg/100 g d.m.

α-T α-T3 β-T β-T3 δ-T total

Wheat (W)

Hulled (W1) 0.93 ±0.01f 0.33 ±0.04a,b 0.39 ±0.06c 2.99 ±0.24f – 4.64

Dehulled (W2) 0.69 ±0.03e 0.31 ±0.09a,b 0.36 ±0.09c 2.72 ±0.15e,f – 4.08

Middlings (W3) 0.69 ±0.14e 0.15 ±0.02a 0.29 ±0.11b,c 2.63 ±0.13e – 3.76

Whole flour (W4) 0.64 ±0.10d,e 0.20 ±0.02a 0.35 ±0.12c 2.98 ±0.18f – 4.17

Flour type 550 (W5) 0.21 ±0.01a 0.05 ±0.01a 0.12 ±0.05a,b 1.97 ±0.17d – 2.35

Barley (B)

Hulled (B1) 0.70 ±0.01e 1.72 ±0.25f 0.36 ±0.10c 0.56 ±0.01b,c 0.55 ±0.24 3.89

Dehulled (B2) 0.19 ±0.06a 0.68 ±0.01b,c 0.28 ±0.01b,c 0.35 ±0.06a,b,c trace 1.50

Middlings (B3) 0.24 ±0.08a,b 0.83 ±0.11c,d 0.36 ±0.01c 0.57 ±0.07c trace 2.00

Whole flour (B4) 0.44 ±0.11b,c,d 1.29 ±0.16e 0.31 ±0.06c 0.55 ±0.02b,c trace 2.59

Oat (O)

Hulled (O1) 0.51 ±0.02d,e 1.39 ±0.23e,f 0.07 ±0.01a 0.25 ±0.06a,b – 2.22

Dehulled (O2) 0.48 ±0.01c,d 1.28 ±0.15e – 0.27 ±0.01a,b,c – 2.03

Middlings (O3) 0.47 ±0.04c,d 1.22 ±0.24d,e – 0.17 ±0.08a – 1.86

Whole flour (O4) 0.45 ±0.06c,d 1.26 ±0.11e – 0.23 ±0.03a,b – 1.94

Bran (O5) 0.28 ±0.08a,b,c 1.35 ±0.16e,f – 0.27 ±0.04a,b,c – 1.90

Values (means ±SD, n = 3) bearing different superscripts are statistically significantly different (P < 0.05).
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tocopherols, which is in agreement with the results re-
ported by other authors (Idehen et al., 2017; Zieliński, 
2008). The total tocochromanol content (Table 4) was 
the highest in W1 (4.6 mg/100 g), considerable in B1 
(3.9 mg/100 g) and the lowest in O1 (2.2 mg/100 g). 
The decreased content of tocochromanols in oat grain 
is probably related to the preliminary hydrothermal 
treatment of unprocessed grain. Due to the high lipid 
contents in oat grains, unprocessed oat is subjected to 
a heat treatment to protect against rancidity develop-
ing in oat grain and its products during storage (van 
den Broeck et al., 2015). It needs to be stressed here 
that oats contain a phytase enzyme with enzymatic 

activity similar to that of wheat phytase. However, 
during heat treatment naturally occurring enzymes, in-
cluding phytase, will be totally inactivated (Frølich et 
al., 1988; Frølich et al., 2013). Therefore, in the course 
of oat grain hydrothermal treatment, the lipolytic en-
zymes are inactivated along with phytases that are 
naturally found in the kernels. Furthermore, thermal 
processes affect the concentration of tocochromanols 
in the grain, with tocotrienols being more resistant 
to hydrothermal treatment than tocopherols (van den 
Broeck et al., 2015; Zieliński, 2008). Zielinski et al. 
(2013) showed that thermal treatment (extrusion) of 
cereal grains results in a significant decrease in to-
copherol and tocotrienol contents, with α-T and α-T3 
being the least resistant. The authors showed that the 
extrusion process increases the ratio of tocotrienols to 
tocopherols (-T3/-T), which is important in the regula-
tion of the metabolism. In turn, Wrigley et al. (2017) 
reported that the -T3/-T ratio is proposed as a crite-
rion for bioactivity of grain as a source of vitamin E. 
Dehulled W2, B2 and O2 grains were characterized 
by a varied content of tocochromanols. Dehulling of 
W2, B2 and O2 grain significantly decreased the total 
tocochromanol content by 13.61 and 8%, respectively, 
in relation to the original grain (Table 4). In dehulled 
W2, B2 and O2 grains the α-T content decreased by 
approximately 25.8, 72.9 and 5.8%, respectively, as 
compared to W1, B1 and O1. The reduction in the 
amount of α-T in sample B1 after dehulling is prob-
ably the result of husk removal, as well as the loss 
of 10–15% of embryos rich in this compound. It is 
worth noting that the barley husk contains consider-
able amounts of tocochromanols, similar to that in rice 
husks, while the oat hull contains trace amounts of the 
α-T and α-T3 homologues (Peterson, 1994).

In the W3, W4 and W5 wheat products obtained 
from processed dehulled grain W2, the total content 
of tocochromanols was 3.8, 4.2 and 2.4 mg/100 g, re-
spectively (Table 4). The W4 sample, in comparison 
to W3, contained more tocotrienols, including β-T3. 
Also, the share of tocotrienols in the total tocochro-
manol content was higher in W4 (76.3%) than W3 
(73.9%), while the tocopherol contents were similar 
in both samples. Sample W5 (the so-called white re-
fined flour), obtained during the multi-stage milling of 
W2 grain, contained 0.33 mg/100 g of tocopherols and 
2.02 mg/100 g of tocotrienols, which constituted 86% 

Table 5. The content of total phenolic compounds in the 
methanol extracts and antioxidant activity of commercial 
cereal raw materials

Sample
Total phenolic 

compounds
mg/100 g d.m.

Antioxidant  
activity TRAP

mmol Trolox/kg

Wheat (W)

Hulled (W1) 74.39 ±0.37f 2.11 ±0.05e,f,g

Dehulled (W2) 68.98 ±2.26e 1.70 ±0.13c

Middlings (W3) 56.78 ±0.44c,d 1.42 ±0.07b

Whole flour (W4) 56.87 ±0.59c,d 1.86 ±0.02c,d

Flour type 550 (W5) 37.18 ±0.59a 0.74 ±0.11a

Barley (B)

Hulled (B1) 92.82 ±0.64h 4.02 ±0.07k

Dehulled (B2) 58.98 ±0.81d,e 1.99 ±0.01d,e,f

Middlings (B3) 60.88 ±0.43d 2.21 ±0.14f,g

Whole flour (B4) 74.90 ±2.86f 2.16 ±0.05f,g

Oat (O)

Hulled (O1) 82.50 ±1.38g 3.10 ±0.02j

Dehulled (O2) 45.80 ±0.41b 2.28 ±0.02g

Middlings (O3) 53.82 ±0.34c 1.93 ±0.04d,e

Whole flour (O4) 43.08 ±2.42b 2.84 ±0.07i

Bran (O5) 53.06 ±1.06c 2.56 ±0.09h

Values (means ±SD, n = 3) bearing different superscripts are 
statistically significantly different (P < 0.05).
Total phenolic compounds related to gallic acid.
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of the total tocochromanol content (2.35%), with β-T3 
being the main tocotrienol. The level of tocopherols in 
W5 was 3-fold lower than in the W3 and W4 products 
or the W2 grain. In white refined flours the amount of 
bioactive compounds is significantly reduced during 
grain milling. This is due to the total or partial removal 
of the bran and/or germ fractions (Fardet, 2010; Heshe 
et al., 2016). 

Barley products B3 and B4, obtained by processing 
of B2 grain, contained α-T, β-T and trace amounts of 
δ-T, while from the tocotrienol group it was α-T3 and 

β-T3 (Table 4). The total content of tocochromanols 
in B3 and B4 was higher by 25 and 42%, respectively, 
than in B2. Both samples contained greater amounts of 
tocotrienols than tocopherols. Sample B4, unlike B3, 
was characterized by higher contents of tocotrienols, 
mainly α-T3. However, the share of tocotrienols in the 
total pool of tocochromanols was slightly higher in 
B4 (71%) than B3 (70%). In both samples small dif-
ferences were observed in the amount of tocopherols, 
with a greater amount of α-T found in B4.

Table 6. The content of phenolic acids (after acid hydrolysis) in commercial cereal raw materials

Sample
Phenolic acids content, mg/100 g d.m.

protocatechuic p-hydrox-
-benzoesic vanilic p-coumaric ferulic sinapic total

Wheat (W)

Hulled (W1) 0.35 ±0.05d 3.45 ±0.07f 0.44 ±0.07d,e 0.25 ±0.05a,b 6.58 ±0.08h 1.01 ±0.09e 12.08 ±0.08k

Dehulled (W2) 0.14 ±0.06a,b 5.25 ±0.05h 0.23 ±0.05b 0.39 ±0.06b 1.57 ±0.06b,c 0.24 ±0.06a,b 7.82 ±0.06h

Middlings (W3) 0.11 ±0.05a,b 5.08 ±0.06g 0.24 ±0.01b 0.23 ±0.08a,b 2.69 ±0.04f 0.50 ±0.04d 8.85 ±0.05i

Whole flour (W4) 0.53 ±0.08e 6.46 ±0.09i 0.25 ±0.03b,c 0.15 ±0.04a 4.15 ±0.02g 0.23 ±0.02a,b 11.77 ±0.09j

Flour type 550 (W5) 0.07 ±0.04a 1.30 ±0.04d 0.07 ±0.05a 0.18 ±0.02a 1.02 ±0.08a 0.10 ±0.05a 2.74 ±0.04a

Barley (B)

Hulled (B1) 0.31 ±0.04c,d 0.97 ±0.04a,b 0.83 ±0.05g 0.16 ±0.03a 2.53 ±0.05e 0.00 4.79 ±0.07f

Dehulled (B2) 0.35 ±0.05d 0.82 ±0.05a 0.26 ±0.06b,c 0.21 ±0.01a 2.26 ±0.03d 0.00 3.91 ±0.05d

Middlings (B3) 0.23 ±0.08a,b,c,d 0.90 ±0.06a 0.10 ±0.03a 0.14 ±0.07a 2.22 ±0.04d 0.00 3.59 ±0.03c

Whole flour (B4) 0.21 ±0.07a,b,c,d 2.59 ±0.04e 0.45 ±0.02d,e 0.39 ±0.06b 2.51 ±0.01e 0.96 ±0.04e 7.10 ±0.01g

Oat (O)

Hulled (O1) 0.16 ±0.04a,b,c 0.98 ±0.04a,b 0.47 ±0.04d,e 0.12 ±0.06a 1.49 ±0.06b 0.32 ±0.08b,c 3.54 ±0.07b,c

Dehulled (O2) 0.14 ±0.05a,b 0.95 ±0.07a,b 0.49 ±0.02e 0.17 ±0.05a 1.55 ±0.05b,c 0.29 ±0.06b,c 3.58 ±0.09c

Middlings (O3) 0.27 ±0.06b,c,d 1.15 ±0.02c,d 0.05 ±0.02a 0.19 ±0.05a 1.46 ±0.04b 0.26 ±0.04a,b 3.39 ±0.05b

Whole flour (O4) 0.27 ±0.02b,c,d 1.09 ±0.06b,c 0.36 ±0.01c,d 0.10 ±0.08a 1.45 ±0.02b 0.30 ±0.07b,c 3.57 ±0.08b,c

Bran (O5) 0.22 ±0.03a,b,c,d 1.15 ±0.04c,d 0.61 ±0.03f 0.18 ±0.09a 1.66 ±0.06c 0.46 ±0.05c,d 4.27 ±0.07e

Values (means ±SD, n = 3) bearing different superscripts are statistically significantly different (P < 0.05). Values (means ±SD, 
n = 3) related to gallic acid.
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Oat products O3, O4 and O5, obtained during pro-
cessing of O2 grain, contained the α-T homologue 
from the tocopherols group as well as α-T3 and β-T3 
from the tocotrienol group. The total content of toc-
ochromanols in O3, O4 and O5 was comparable, but 
slightly lower than in dehulled grain O2. In O3 and 
O4, tocotrienols accounted for 76.8 and 74.7%, re-
spectively, of the total tocochromanol amount. It was 
noted that the share of tocotrienols in total tocochro-
manols was higher in O5 (85%) than in the other oat 
samples tested. The content of vitamin E in the oat 
grains and the resulting processed products seems to 
be lower than in the other studied commercial raw ma-
terials. The content of selected bioactive components 
varied greatly between the three whole cereal grains 
as well as the obtained products, as presented in Ta-
bles 5 and 6.

The contents of total phenolic compounds in the 
analyzed samples are presented in Table 5. The highest 
level of phenolic compounds in the wheat samples was 
recorded in non-hulled grain (W1 – 74.4 mg/100 g 
d.m.). Some phenolic compounds were lost during 
husk removal (W2 – 70.0 mg/100 g d.m. in dehulled 
grains). Lower levels of those substances were detect-
ed in ground wheat grain (W3 – 56.8 mg/100 g d.m.). 
The content of phenolics in white refined wheat flour 
(W5) was lower than in dehulled grains. Additional-
ly, it was noted that wholemeal flour (W4) contained 
about 50% more phenolic compounds than wheat flour 
type 550 (W5). Hulled barley grain (B1) contained 
92.8 mg/100 g d.m. of phenolic compounds (Table 5). 
As in the case of wheat, a decrease in phenolic con-
tents was observed after husk removal, with similar 
levels of those substances also recorded in ground bar-
ley grain (B3 – 60.9 mg/100 g d.m). Wholemeal barley 
flour (B4) retained a relatively high level of polyphe-
nols (about 80% of those substances present in hulled 
barley grain). Losses of phenolic compounds (about 
45%) as a result of dehulling were also observed in the 
case of oat grains. The concentration of polyphenols 
in ground oat grain (O3) and oat bran (O5) was about 
53 mg/100 g d.m. The lowest content of phenolic com-
pounds (among the tested oat products) was recorded 
in wholemeal oat flour (O4; 43.1 mg/100 g d.m.). 

Apart from total phenolic compounds, the content 
of phenolic acids was also determined in grains of 
wheat, barley and oat as well as their products (Table 

6). Wheat and its products turned out to be the richest 
sources of phenolic acids (from 12.08 mg/100 g d.m. 
in non hulled grains (W1) to 2.74 mg/100 g d.m. in 
white refined wheat flour (W5) wheat flour type 550). 
The dominant acids in wheat and its products were 
p-hydroxybenzoic (from 5.25 mg/100 g d.m. in W2 
to 1.30 mg/100 g d.m. in W5) and ferulic acids (from 
6.58 mg/100 g d.m. in W1 to 1.02 mg/100 g d.m. in 
W5). Ferulic acid was the main phenolic acid in bar-
ley (from 2.53 mg/100 g d.m. in B1 to 2.22 mg/100 g 
d.m. in B3). Surprisingly, the content of total phenolic 
acids in wholemeal barley flour (B4; 7.10 mg/100 g 
d.m.) was higher than in hulled grains (4.79 mg/100 g 
d.m.). This may be a result of the release of bound 
phenolic acids from the kernel tissue while the grain is 
ground into flour. In whole cereal grains a majority of 
polyphenols are tightly bound to the cell walls within 
the grain matrix. Free phenolic acids are found in the 
outer layer of the pericarp. Bound phenolic acids are 
esterified to the cell walls (Gani et al., 2012). Oat con-
tains the highest levels of free, or unbound, phenolics 
(up to 30% of total phenolics), whereas wheat, barley 
and rye contain only very low levels (as little as 1.6%; 
Belobrajdic and Bird, 2013b). Also, in the case of 
oat, ferulic acid was the dominant phenolic acid (1.49 
mg/100 g d.m. in hulled grains – O1). The total phe-
nolic acid content (Table 6) was higher in oat bran O5 
(4.27 mg/100 g d.m.) in comparison to grains and oth-
er oat products (3.54–3.58 mg/100 g d.m.). As in the 
case of barley, bound phenolic acids may be released 
during technological processes. The relatively high 
content of ferulic acid in whole cereal grains has been 
confirmed by other authors. According to Belobrajdic 
and Bird (2013b), the concentration of this polyphenol 
in wheat, barley and oat is 16–213 mg/100 g, 110–120 
mg/100 g and 2.1–2.4 mg/100 g, respectively.

The Total Radical Trapping Antioxidant Potential 
(TRAP) of the analyzed grains and their products was 
also determined (Table 5). TRAP is a measure of the 
antioxidant capacity of the sample. The TRAP value 
was the highest in the case of barley grains and their 
products (1.99–4.02 mmol Trolox/kg) and the lowest 
for wheat samples (0.74–2.11 mmol Trolox/kg). In 
wheat and barley grains and their products, a positive 
correlation was found between TRAP values and to-
tal phenolic contents. This is consistent with the fact 
that in cereals (especially whole grains) antioxidant 
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ability is mainly related to the contents of phenolic 
compounds (Belobrajdic and Bird, 2013b). However, 
no such correlation was noticed in the case of oat and 
its products (TRAP at 1.93–3.10 mmol Trolox/kg). 
This may be connected with the ability to scavenge 
free radicals by other substances present in grains e.g. 
proteins (Elias et al., 2008).

The results of the Principal Component Analysis 
(PCA) showed that the plane defined by the first two 
principal components explains 73.8% of the informa-
tion in the original data (Fig. 1). Factor 1 is positively 
correlated with the content of saccharides (r = 0.921), 
starch (r = 0.857) and WE-AX (r = 0.788), while it is 
negatively correlated with TRAP (r = –0.823), as well 
as the contents of minerals (r = –0.795), β-glucan 
(r = –0.701) and lipids (r = –0.691). Factor 2 is posi-
tively correlated with SDF (r = 0.618) and β-glucan 
(r = –0.813), while being negatively correlated with 
WU-AX (r = –0.829) and total tocopherols (r =  
– 0.921). This analysis differentiates all the investigat-
ed cereal grains (wheat, barley, oat) and their products. 
It may be observed here that wheat products differ in 
the contents of individual components, since they are 
characterized by high contents of tocochromanols 
and phenolic compounds as well as WE-AX (except 
for refined wheat flour, which is mainly a source of 
saccharides). In the case of barley and oat products, 

the analysis shows no differences between these prod-
uct groups. It was also shown that dehulling of barley 
and oat grain causes statistically significant differenc-
es in the content of nutrients and natural antioxidants 
(Fig. 1). 

CONCLUSION

The assessment of selected quality parameters (total 
impurities, uniformity, test weight, 1000 kernel weight 
and falling number) of unprocessed commercial wheat, 
barley and oat grain indicates their good technological 
quality and processability. Dehulling of wheat, barley 
and oat grain significantly reduced their levels of min-
erals, protein and total dietary fiber (TDF), except for 
the amount of protein in dehulled wheat and oat grain. 
Furthermore, the contents of saccharides, total starch 
and lipids increased, but only in dehulled wheat and 
oat grain. Nutrients are distributed relatively uniform-
ly in the oat kernel, thus there are no major differences 
in the chemical composition between the raw material 
(dehulled oat grain) and oat products (ground grain, 
wholemeal flour). The commercial cereal raw materi-
als studied are characterized by a different chemical 
composition. Thus, the type of cereal grain and the 
method of its processing have a significant impact on 
the nutrient contents in cereal products. Oat bran, in 
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contrast to other oat products, was characterized by 
the highest content of minerals, protein and TDF, at 
the smallest amounts of saccharides and total starch. 
The lowest content of minerals was recorded in wheat 
flour type 550. 

Among the components of the total dietary fiber 
(TDF), the lowest amount of the insoluble (IDF) and 
soluble (SDF) fractions were found in hulled wheat, 
while they were highest in hulled oat. Hulled barley 
and oat were the richest sources of SDF, as a valuable 
ingredient from a nutritional point of view. Dehulling 
of wheat, barley and oat grain significantly reduced 
the contents of dietary fiber and its components in 
dehulled grains. Additionally, dehulled grains con-
tain significantly lower amounts of water-extractable 
arabinoxylans compared to water-unextractable ara-
binoxylans. Dehulled barley and oat grain contain 
more SDF and β-glucans, i.e. nutrients valuable from 
a nutritional point of view, at lower total arabinoxylan 
levels. 

The observed decreased content of tocochromanols 
in oat grain is probably related to the preliminary hy-
drothermal treatment of unprocessed grain. Due to the 
high lipid contents in oat grain, unprocessed oat is sub-
jected to heat treatment to prevent rancidity in grain 
and oat products during storage. Furthermore, thermal 
processes affect the concentration of tocochromanols 
in the grain, with tocotrienols being more resistant to 
hydrothermal treatment than tocopherols. Grain de-
hulling also significantly reduced the total amount of 
tocochromanols in relation to the original grain. 

A decrease in the content of phenolic compounds 
was observed during grain husk removal. Lower lev-
els of these substances were recorded in ground wheat 
grain. The content of phenolics in refined wheat flour 
was lower than in dehulled grain. Additionally, it 
was noted that wholemeal flour contained about 50% 
more phenolic compounds than wheat flour type 550. 
Wholemeal barley flour retained a relatively high level 
of polyphenols (about 80% of those substances pre-
sent in hulled barley grain). The lowest phenolic con-
tent among oat products was recorded in wholemeal 
oat flour. Wheat grain and its products turned out to be 
the richest sources of phenolic acids, mainly p-hydro-
xybenzoic and ferulic acids. The latter was the main 
phenolic acid in barley. Surprisingly the determined 
content of total phenolic acids in wholemeal barley 

flour was higher than in hulled grain. This may be 
due to the release of bound phenolic acids from the 
grain tissue during milling. In whole cereal grain the 
majority of polyphenols are tightly bound to the cell 
walls within the grain matrix. Free phenolic acids are 
found in the outer layer of the pericarp. Bound phe-
nolic acids are esterified to the cell wall. Oat contains 
the highest levels of free, or unbound, phenolics (up 
to 30% of total phenolics), whereas wheat, barley and 
rye contain only very low levels (as little as 1.6%). 
Also, in the case of oat, ferulic acid was the dominant 
phenolic acid. As in the case of barley, bound phenolic 
acids may be released during technological processes. 
The TRAP value (a measure of the antioxidant capac-
ity) was the highest in the case of barley grain and 
products, while it was lowest for the wheat samples. 
In barley and wheat grain, as well as in their products, 
a positive correlation was found between TRAP val-
ues and total phenolic contents. This is consistent with 
the fact that in cereals (especially whole grains) the 
antioxidant ability is mainly associated with phenolic 
compounds. However, in the case of oat and its prod-
ucts no such correlation was observed. This may be 
connected with the ability of other substances present 
in grain, e.g. proteins, to scavenge free radicals. The 
PCA results indicate that wheat products differ in the 
contents of individual components. They are charac-
terized by high contents of tocochromanols, phenolic 
compounds and water-extractable arabinoxylans, with 
the exception of white refined wheat flour, which is 
mainly a source of saccharides. In the case of barley 
and oat products, the analysis showed no differences 
between these product groups. It was also shown that 
dehulling of barley and oat grain causes statistically 
significant differences in the contents of nutrients and 
natural antioxidants. 
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