
181
J. Elem. s. 181–189 DOI: 10.5601/jelem.2012.17.2.02

dr Anna Cio³ek, Department of Chemistry, University of Life Sciences in Lublin, 20-950
Lublin, Akademicka 15, e-mail: anna.ciolek@up.lublin.pl

CONTENT OF SELECTED NUTRIENTS
IN WHEAT, BARLEY AND OAT GRAIN

FROM ORGANIC AND CONVENTIONAL
FARMING

Anna Cio³ek1, Ewa Makarska1, Marian Weso³owski2,
Rafa³ Cierpia³a2

1Department of Chemistry
2Department of  Herbology and  Plant Cultivation Techniques

University of Life Sciences in Lublin

Abstract

The success of organic farming results from the need to produce top-quality food and,
additionally, to protect the natural environment by applying eco-friendly agricultural prac-
tices and abandoning synthetic fertilizers and chemical pesticides. The aim of this study
was to assess the impact of organic and conventional production systems on the content
of minerals and fatty acids in grain of oat, wheat and hulled and naked barley.

Wheat grain from organic farming was characterized by a higher content of Mn and
by significantly higher content of Fe, Zn, Ca and Mg when compared to grain originating
from conventional farming. The increased availability of potassium in soil, caused by the
applied potassium salt fertilization, was reflected in a higher content of this macronutrient
in grain of all cereals from conventional cultivation. The tillage system was found not to
exert the same effect on the content of Ca and Mg in all the cereals examined. Lower
content of iron and zinc was determined in organic grains of barley and oat. Grain from
the conventional cropping system (except naked barley) proved to be richer in lipids. Cru-
de oil of organic cereals was richer in the most valuable polyunsaturated fatty acids than
that of the conventionally-grown crops The study demonstrated a stronger dependency be-
tween the level of the elements examined and cereal species than between the level of ele-
ments and cultivation system.

Key words: organic farming, conventional farming, mineral elements, fatty acids, cereal.
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ZAWARTOŒÆ WYBRANYCH SK£ADNIKÓW OD¯YWCZYCH W ZIARNIE PSZENICY,
JÊCZMIENIA I OWSA Z UPRAWY EKOLOGICZNEJ I KONWENCJONALNEJ

Abstrakt

Popularnoœæ rolnictwa ekologicznego wynika z poszukiwania ¿ywnoœci o najwy¿ej ja-
koœci oraz z potrzeby ochrony œrodowiska naturalnego, przez stosowanie zabiegów agro-
technicznych przyjaznych ekosystemowi. Celem pracy by³a ocena wp³ywu ekologicznego
i konwencjonalnego systemu uprawy na zawartoœæ sk³adników mineralnych i kwasów t³usz-
czowych w ziarnie owsa, pszenicy oraz jêczmienia oplewionego i nagiego.

Ziarniaki pszenicy z uprawy ekologicznej zawiera³y wiêcej Mn oraz istotnie wiêcej Fe,
Zn, Ca i Mg w porównaniu z pochodz¹cymi z uprawy konwencjonalnej. Zwiêkszona do-
stêpnoœæ potasu w glebie, spowodowana zastosowanym nawo¿eniem w postaci soli potaso-
wej, odzwierciedla siê wy¿sz¹ zawartoœci¹ tego makrosk³adnika w ziarniakach wszystkich
zbó¿ z uprawy konwencjonalnej. Nie stwierdzono jednokierunkowego wp³ywu systemu
uprawy na zawartoœæ Ca i Mg w przypadku wszystkich badanych zbó¿, natomiast ni¿sz¹
zawartoœæ ¿elaza i cynku stwierdzono w ziarniakach jêczmienia i owsa z upraw ekologicz-
nych. Ziarniaki z uprawy konwencjonalnej by³y zasobniejsze w t³uszcz (wyj¹tek stanowi³
jêczmieñ nagi). T³uszcz zbó¿ ekologicznych by³ bogatszy w wiêkszoœæ cennych kwasów
wielonienasyconych w porównaniu ze zbo¿ami konwencjonalnymi. Obserwowano silniejsz¹
zale¿noœæ zawartoœci badanych sk³adników od gatunku zbo¿a ni¿ od systemu uprawy.

S³owa kluczowe: uprawa ekologiczna, uprawa konwencjonalna, sk³adniki mineralne, kwasy
t³uszczowe, zbo¿e.

INTRODUCTION

Both in Poland and in the world, agricultural plant production relies on
crop cultivation for food and feed. Cereals are obviously at the top of the
food pyramid. As important sources of carbohydrates, proteins and mineral
compounds, they are characterized by a species-specific combination of nu-
tritive properties. The absorption and accumulation of nutrients by plants
are affected by numerous factors, e.g. the concentration and form of ions
available in soil as well as pH of soil solution (ZÖRB et al. 2009). More and
more food products are made from wholemeal flour and provide valuable
nutrients, including mineral compounds, which so far have been removed
along with the seed coat. Daily consumption of food products containing
200 g of wholemeal flour may satisfy over 70% of the recommended daily
intake of Cu, Fe, Mg, Zn, Mn, etc. (HUSSAIN et al. 2010)

The growing success of organic farming results from the need to pro-
duce top-quality food and, additionally, to protect the natural environment
by applying ecosystem-friendly agricultural practices and abandoning syn-
thetic fertilizers and chemical pesticides. Investigations conducted globally
have focused mainly on the effect of organic crop tillage on parameters of
soil or crop yield (RÖHLING, ENGEL 2010). Recently, however, researchers have
been paying more attention to assessment of nutrients in organic food prod-
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ucts. The aim of this study has been to assess the impact of organic and
conventional production systems on the content of mineral elements and
fatty acids in grain of oat, wheat and hulled and naked barley.

MATERIAL AND METHODS

The experiment was conducted with grain of cereals cultivated in the
organic and conventional systems. Grain of winter wheat (cultivar Legenda),
spring barley (gymnospermous cv. Rastik and hulled cv. Skarb), and oat (cv.
Borowiak) originated from a plot experiment conducted by the Department
of Herbology and Crop Cultivation Technology at the Experimental Farm
Czes³awice – harvest of 2009. The experiment was established on 2nd com-
plex soil (quality class II), characterized by the humus content of 1.2-1.6%,
high to very high content of potassium, magnesium and phosphorus, and
acid to slightly acid pH.

The experiment included two, five-field cereal rotations:
– organic crop: sugar beet ? hulled/naked spring barley + additional red clover
→ red clover → winter wheat + tansy phacelia/white mustard (stubble inter-
crop) → oat + broad bean and pea (stubble intercrop);

– conventional crop: sugar beet → hulled/naked spring barley + additional red
clover → red clover → winter wheat → oat.

In the organic system, the cereals were cultivated without mineral fer-
tilization. Their needs for nutrients and fertilizers were met by plowing the
intercrops and by increased fertilization with manure, whereas weed control
was assured by stubble intercrops and harrowing.

Fertilizers and pesticides applied to the cereals are specified in Table 1.
The grains were analyzed for the content of mineral elements: Ca, K,

Mg, Cu, Mn, Fe, and Zn with atomic absorption spectrometry (AAS) after
incineration in a muffle furnace. Crude lipids were determined with the
extraction method by Soxhlet (PN-64/A-74039) in a Soxtec System HT 1043
apparatus. Fatty acids were separated with the gas chromatography method
using a UNICAM 610 apparatus with flame-ionization detector (FID).



184

�
��

�
�

�

�
�	


�

�

�	

�
��	�

��
�
�

�

�	

�
�
�

�

�

�
�	

��

�

�
��

��
�



�
�

�



�

��
�	


�
�
�

�




	
�
�

�
��

�

�

�	

������
�
�

�
	
�

�
	
�
�

�
�

�
���

�
�

�
��

�
��

�

�

�	

�
����	�

��

�

�
�

�
�

 
!

�
"

#
$
%
&'

�	
��	�

�
�

��
�



�
�
�

�
��

(




��

�

�
�

$
 
)

�

�

�
�

�
���

����	
$
 
%

�
�

�
�

 
%
�

�
"

*#
$
%
&'

�	
��	�

�
�

��
�



�
�
�

�

�	

�	
�
�
�
�

�
��

�



�
��


�
�
�

$
 
+

�
��	






�

�



�
�
�	


�
�	

$
+
&

�
���

�
�

�



�
�
�	


�
�	

$
 
,

�
�

�
�

 
-

�
"

#
$
%
&'

�	
��	�

�
�

��
�



�
�
�

�
��

(




��

�

�
�

$
 
)

�

�

�
�

�
���

����	
$
 
%

.
,
�
+

�
�

�
�

 
!

�
"

/
�	

��


��

�
�

�

��

���	

#
$
)
%'

0
�	

��
�

�
��

�

�
��

(




��

�

�
�

$
 
 
�

�
�

�
�

 
)

�
"

/
�	

��


��

�
�

�

��

���	

#
$
)
%'

0
�	

��
�

�
��

�

�
��

(




��

�

�
�

$
 
 
�

�
�

�
�

 
!

�
"

/
�	

��


��

�
�

�

��

���	

#
$
)
%'

0
�	

��
�

�
��

�

�
��

(




��

�

�
�

$
 
 
�

1
,
�

�
�

�
�

 
 
�

�
"

#
$
 
)'

	�
�


�
��



�	


�

�
��

(




��

�

�
�

$
 
 
�

�
�

�
�

 
2

�
"

#
$
 
)'

	�
�


�
��



�	


�

�
��

(




��

�

�
�

$
 
 
�

�
�

�
�

 
-

�
"

#
$
 
)'

	�
�


�
��



�	


�

�
��

(




��

�

�
�

$
 
 
�

�
��



��
0

0
�
�

�
3

�
 
 
,

4
�

(
�	�

5
�

3
 
&
 

	
�
�
0�

��
6

3
�

 
 
,

4
�

(
�	�

5



�
0���

�
�

�
3

��
�
����

�
�
�

	



�
7

�
+
!
&

	�
��

8

�
0

�
�




0

&
�

�
�
"

7
�

 
 
%



��

.
	��

�

�
0

�
�




0

&
�

�
�
"

7
�

+
!
&

	�
��

8

�
0

�
�




0

&
�

�
�
"

7
�

 
 
%



��

.
	��

�

�
0

�
�




0

&
�

�
�
"



�
0���

��
�

9
:

�
 
%
&



��

�
�

�
�


�

	


�
(

�
7

�
0

,
�




0

&
�

�
�
"

;
�

+
!




�

�
�

8

�
�

�
+<

)
,

�



0

�
"

7
�

 
+
,

�
�
��

�



�

�
0

!<
 

�



0

&
�

�
�
" �

�
�	

�
�

	

0
���

�
�
�

:
�

 
 
)

�
��

�
�


�
�

�
0

,
�




0

&
�

�
�
"



�
0���	�

�

�=

�
+
,
 

�	
��

�
1

7

�
0

+
�<

 
�




0

&
�

�
�
"

7
�

+
,
 

�	
��

�
1

�
0

+
�<

 
�




0

&
�

�
�
"

7
�

+
,
 

�	
��

�
1

�
0

+
�<

 
�




0

&
�

�
�
"


	
�
�
0�

�	
�

>
:

�
+
!
)

�
�

�
�?

�
��

�
�
��

�
(
�	

�
8

�
0

,
�




0

&
�

�
�
"

:
�

 
+
!

�
���

�
�	

�

�
0

�
�




0

&
�

�
�
"

:
�

+
)
%

�

�

��
�

7

�
0

+<
�

�



0

&
�

�
�
"



185

RESULTS AND DISCUSSION

Mineral compounds in plants serve a variety of functions, e.g. they are
structure-forming elements (macronutrients) and participate in the regula-
tion of biochemical processes (micronutrients) (BARCZAK et al. 2006). They
are also essential for the proper growth and development of humans and
animals. Their accumulation in cereal grain is influenced by multiple fac-
tors, including species and soil conditions: organic matter content, pH, and
fertilization applied (WIŒNIOWSKA-KIELIAN, KLIMA 2007). Most of the research
addressing the issue of mineral content in organic grain has focused on
wheat (HUSSAIN et al. 2010, ZÖRB et al. 2009).

In the reported experiment, grain of oat, wheat as well as hulled and
naked barley was analyzed for the content of 3 macronutrients, whose level
was decreasing in the following order: K, Mg, Ca (Table 2). Oat grain proved
to be the poorest in these cations (except for potassium). A higher content
of these macronutrients in oat, than in barley had been determined earlier
by MAKARSKA et al. (2006). In turn, the lowest content of Mg and Ca was
assayed in wheat grain.

The highest content of potassium was found in the grain of hulled bar-
ley (E=6.87 mg kg–1, C=7.03 mg kg–1). A tendency for its considerably high-
er content (significantly higher in the case of wheat) was observed when
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compared to the organic grain, which is presumably caused by potassium
salt fertilization.

The content of magnesium was significantly higher in the grain of oat
and wheat from organic cultivation than in conventionally grown crops. In
turn, the level of this element in both cultivars of barley turned out to be
higher in the grain from conventional crop. Hence, the farming methods
were not confirmed to exert the same effect on all cereals. ZÖRB et al. (2009)
attributed a slightly lower magnesium content in conventional wheat grain
(analogous dependency was also observed in our study) to the better filling
and higher volume of kernels.

Grains of wheat and naked barley from organic crops were significantly
richer in calcium than those from the conventional cultivation system.
A reverse dependence was observed in the case of oat. In hulled barley, the
lower content of that element in organic grain was not statistically signifi-
cant. ZÖRB et al. (2009) did not find any significant differences in the calcium
content between wheat grain from organic and conventional cultivation, al-
though grain from the organic biodynamic system was characterized by its
higher content. Despite a few significant system-based differences, no ten-
dency towards higher or lower levels of mineral elements in any farming
system was suggested by MÄDER et al. (2007).

The level of such cations as iron, manganese, and copper in grain plays
a very significant role. The mean content of micronutrients in grain of the
analyzed cereals is presented in Table 2. The lowest content of Cu and Fe
(analogously to macronutrients) appeared  in wheat. The lowest level of Mn
was found in both cultivars of barley. The lowest content of Zn was found in
grain of conventional wheat and organic naked barley.

In turn, the highest content of copper was determined in grain of hulled
barley (E=3.70 mg kg–1, C=3.67 mg kg–1). Differences in the copper content
between grain from organic and conventional cultivation were statistically
significant only in the case of naked barley cv. Rastik, with a higher content
of copper noted in the conventionally-cultivated crop (E=3.21 mg kg–1,
C=3.58 mg kg–1). The same tendency was observed in wheat grain
(E=2.09 mg kg–1, C=2.55 mg kg–1). Among the analyzed cereals, the highest
content of Mn was determined in oat (E=30.39 mg kg–1, C=28.25 mg kg–1)
and wheat grain (E=29.20 mg kg–1, C=25.64 mg kg–1). More Mn was found
in grain from the organic cultivation system, except naked barley, in which
the Mn content was identical in both organic and conventional grain.

Further analyses demonstrated the highest content of iron in oat grain
(E=44.47 mg kg–1, C= 45.76 mg kg–1), and the highest content of zinc in
hulled and naked barley from conventional cultivation (32.18 and
32.18 mg kg–1, respectively). In the grain of oat and both barley cultivars,
the content of iron and zinc was higher in the crops with mineral fertiliza-
tion and chemical protection. In contrast, statistically significantly higher
content of Fe and Zn was determined in the organic grain of wheat. RYAN et
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al. (2004) attributed a higher content of zinc in organic grain to improved
colonization of the crops by Arbuscular mycorrhizal fungi, which improved
absorption of mineral elements (including Ca and Zn).

The content of crude lipids in grain was higher in conventionally grown
crops, except naked barley (Table 3). The richest source of crude lipids was
oat grain (E=4.36% and C=4.49%), whereas hulled barley from organic culti-
vation contained the smallest amounts of these compounds. The results of
our determinations of the lipid content in grain of oat and barley from the
organic cultivation system are similar to the findings reported by BOBKO et
al. (2009). In contrast, SZUMI£O and RACHOÑ (2006), who analyzed lipids in
naked and hulled oat, found differences due to the level of pesticides ap-
plied, namely stronger pest control meant a lower  content of lipids in na-
ked oat but more lipids in hulled grain.

The ratio of fatty acids in grain lipids of the analyzed cereals is shown
in Table 3. A higher level of saturated fatty acids (SFA) was found in lipids
of cereals from the conventional cropping system, whereas grain from or-
ganic farming was richer in unsaturated fatty acids (UFA). In both cases, it
was only wheat grain that responded differently. A tendency for enhanced
synthesis of monounsaturated fatty acids (MUFA) was observed in the con-
ventional crops except oat. This relationship was evident in the case of crude
lipids of wheat monoens. Cereal grain is an excellent source of essential
polyunsaturated fatty acids, especially linoleic acid. A higher percentage of
these acids was demonstrated in crude lipids of grain from the organic sys-
tem. When comparing the analyzed cereals, the highest content of linoleic
acid (18/2) was determined in lipids of organic wheat grain, whereas the
lowest one – in oat grain from both cropping system. A lower percentage of
polyunsaturated fatty acids in oat grain is compensated for by a very high
content of crude lipids in grains of that cereal and an exceptionally high
level of ecosadienoic acid (22/2), compared to other cereals.  In addition to
linoleic acid, grain oil is rich in both oleic (18/1) and palmitic acids (16/0).
Conventional grain (except for oat) appeared to be richer in this monoenic
acid. However, lipids of organic kernels of wheat and naked barley, and
conventional kernels of oat and hulled barley were richer in saturated pal-
mitic acid.
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CONCLUSIONS

1. Wheat grain from the organic cropping system was characterized by
a higher content of Mn and a significantly higher content of Fe, Zn, Ca and
Mg when compared to grain from conventional cultivation.

2. Lower content of iron and zinc was determined in organic grain
of barley and oat but the cropping system was found not to exert the same
effect on the content of Ca and Mg in any of the examined cereals.

3. Crude oil of organic cereals was richer in the most valuable, polyun-
saturated fatty acids than that of conventionally grown crops

4. The study has demonstrated that the content of the macro- and mi-
cronutrients was more strongly dependent on a cereal species than a culti-
vation system.
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