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Abstract Lunasin is a plant peptide that has health benefits
such as cancer-preventing, antioxidant, anti-inflammatory,
and cholesterol-lowering effects. However, there is actually
no information on the influence of cropping on the lunasin
content of cereals. Therefore, we studied lunasin in 22 spring
barley genotypes grown both organically and conventionally
during two seasons. We found that lunasin content of barley
grain averaged 44.8 ng/g, ranging from 5.0 to 189.0 pg/g.
Organic farming increased average lunasin content by 47—
92 %. Ten out of 22 genotypes produced significantly more
lunasin under organic farming in both years. Our findings
evidence positive effects of organic farming on lunasin con-
tent in barley.

Keywords Lunasin - Organic agriculture - Conventional
agriculture - Spring barley - Genotype x environment
interaction - Heritability

1 Introduction

Lunasin is a novel peptide originally identified in soybean
(Galvez and de Lumen 1999) and meanwhile also found in
cereals, barley (Jeong et al. 2002, 2010a), wheat (Jeong et al.
2007a), rye (Jeong et al. 2009), triticale (Nakurte et al. 2012),
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and oat (Nakurte et al. 2013), as well as non-cereals, e.g.,
amaranth (Silva-Sanchez et al. 2008) and Solanum nigrum
(Jeong et al. 2007b). The presence of the lunasin peptide has
been reported in many soybean varieties, with concentrations
ranging from 4.4 to 70.5 mg/g of protein or 0.5 to 8.1 mg/g of
seed (de Mgjia et al. 2004; de Lumen 2005). In cereals, the
lunasin content ranged from 13.6 to 21.5 pg/g in barley (Jeong
et al. 2002), 211-249 ng/g in wheat (Jeong et al. 2007a), 50—
150 ng/g (Jeong et al. 2009) and 732—-1510 pg/g in rye, 429—
6,458 ng/g in triticale (Nakurte et al. 2012), and 64-197 ug/g
in oat (Nakurte et al. 2013).

Recent scientific evidence indicates that lunasin has anti-
oxidant, anti-inflammatory, and cholesterol-lowering effects
(Hernandez-Ledesma et al. 2009, 2013) and has influence on
central nervous system (CNS) (Dzirkale et al. 2013). Studies
in animals have shown that lunasin can be administered orally
and can enter target tissues (de Lumen 2005; Jeong et al.
2009). Findings obtained on the bioavailability, bioactivity,
and thermostability of lunasin support the inclusion of
lunasin-containing products in the human diet (Park et al.
2005; Jeong et al. 2010a). Synthetic lunasin and that isolated
from soybean were first investigated as a factor that might
prevent cancer cells from dividing and multiplying. Anti-
carcinogenic activity of the lunasin has been demonstrated
both in in vitro and in vivo assays (Hernandez-Ledesma et al.
2013). Lunasin is also a valuable peptide for the cardiovascu-
lar system. It has been reported to lower serum low density
lipoprotein (LDL) cholesterol levels by selectively disrupting
a necessary step in the production of a key enzyme, 3-
hydroxy-3-methyl-glutaryl-CoA reductase, and by upregulat-
ing the expression of the LDL-receptor gene (Hernandez-
Ledesma et al. 2009). Recent data show that internalization
of lunasin into macrophages is amplified in inflammatory
conditions and is primarily mediated by endocytic mecha-
nisms that involve integrin signaling, clathrin-coated struc-
tures, and macropinosomes. Lunasin may be responsible for
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attenuation of cardiovascular diseases risk factors by
interacting with pathways involved in endocytosis and inflam-
mation (Cam et al. 2013). We (Nakurte et al. 2013) and other
authors (Jeong et al. 2010b; Hernandez-Ledesma et al. 2013)
have shown that lunasin isolated from plants exerts antioxi-
dant effects similarly to the synthetic lunasin. Effects of the
synthetic lunasin on CNS were described as markedly
expressed neuroleptic/cataleptic action in male C57B1/6 mice
(Dzirkale et al. 2013). The authors suggest that the action of
lunasin at least partially is provided via dopaminergic D1
receptor pathways.

Although several publications indicate that the lunasin
content in crops depends on the genotype (Wang et al. 2008;
Nakurte et al. 2012, 2013), very limited information is avail-
able with regard to the influence of the growing environment
on the content of lunasin in crops. The effect of temperature
and soil moisture on lunasin in soybean was reported (Wang
et al. 2008), but no data on cereals are available to date.

Since the end of the last century, the market for organic
products has grown. Organic farming is continuously becom-
ing a widespread form of agriculture, and organic products are
increasingly being requested by consumers. Additionally,
people have shown a growing interest in food containing
phytochemicals, commonly known as functional food. Con-
ventional, organic, and integrated agricultural practices may
induce differences in the plant phytochemical content; higher
amounts of phytochemicals are usually produced in stressful
growing conditions and farmers are challenged to achieve
both crop yield and benefit for health (Garcia-Mier et al.
2013). Many studies consistently report a lack of significant
differences between organically and conventionally grown
food in terms of safety and nutritional value, suggesting that
crops and livestock products produced in both farming sys-
tems are comparable with regard to their nutrient content
(Smith-Spangler et al. 2012). Nevertheless, the results obtain-
ed are contradictory: some authors report no significant dif-
ferences, yet many studies have shown different amounts of
nutritionally important and health-promoting compounds in
crops grown under organic and conventional management
(Woese et al. 1997; Worthington 2001; Bour and Prescott
2002; Magkos et al. 2003).

Interest in research on the content of biologically active
substances in organic farming has increased dramatically
(Huber et al. 2011). For instance, Benbrook (2005) estimated
that the content of biologically active compounds is, on aver-
age, 30 % higher in organically grown plants in comparison to
those grown conventionally. In most studies, the content of
vitamin C was found to be significantly higher in an organic
farming system (Worthington 2001). However, the carotenoid
content in potato was found not to be influenced by organic
and conventional farming systems (Murniece et al. 2012),
whereas the level of carotenoids in other vegetables and fruits
was higher when they were grown organically (Huber et al.
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2011). The majority of studies have reported a higher content
of phenolic compounds in organically grown fruits, vegeta-
bles (Huber et al. 2011), and potatoes (Lombardo et al. 2012);
organically generated products contain higher amounts of
flavonoids, which are important antioxidants (Koh et al.
2008; Carbonaro and Mattera 2001).

To our best knowledge, no data about differences in the
lunasin content of organic and conventional crops were pub-
lished so far.

Therefore, the aim of this study was to compare the content
of lunasin peptide in the grain of organically and convention-
ally grown spring barley genotypes and to estimate the effect
of the genotype and environment.

2 Material and methods
2.1 Barley genotypes and experimental conditions

A total of 22 spring barley varieties and breeding lines differ-
ing in their plant morphological characteristics, origin, and
year of registration (Table 1) were grown in field trials under
organic and conventional management in Priekuli (lat. 57°19’
N, long. 25°20'E). Eight of the genotypes were selected for
organic farming. The experiment was conducted during 2010
and 2011 in 6.5 m? plots with three replications and a ran-
domized complete block design.

The trials were arranged on sod-podzolic loamy sand; the
soil properties are summarized in Table 2. In the conventional
field, the precrop was potato. Mineral fertilizer before sowing
at 8083 kg/ha N, 4548 kg/ha P,0s, and 75-84 kg/ha K,0;
the herbicide Secator (100 g/L amidosulfuron and 25 g/L
iodosulfuran) at 0.15 L/ha; and insecticide Karate Zeon
5 m.s. (50 g/L lambda-cyhalothrin) at 0.15 L/ha were applied.
In the organic field, the precrop was pea for green manure
grown as main season crop. Weed control was performed by
harrowing at the beginning of the tillering stage.

The grain yield was assessed by combine harvest of the
whole plots after cleaning with 1.5 mm sieve and
recalculating to a 14 % moisture content; the test weight,
content of crude protein, and (1—3) and (1 —4) 3-D-glu-
cans (beta-glucans) in the dry matter were determined using
a Infratec 1241 Near-Infrared Transmittance grain analyzer
(Foss, Hogends, Sweden).

The meteorological conditions were, in general, favorable
for barley development in both years. The mean air tempera-
ture during the barley vegetation period surpassed the long-
term average (14.1 °C) by 2.6 and 2.4 °C in 2010 and 2011,
respectively, resulting in a comparatively early maturity. In
2010, the amount of rainfall was 143 % of the long-term
average (221.7 mm), which promoted lodging in the conven-
tional field, whereas the precipitation was close to the average
(93 %) in 2011.
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Table 1 Barley genotypes in-

cluded in the study Variety, Country  Pedigree Yearof first  Specific
breeding line  of origin release information
Abava LV* Mari/Elsa/Domen 1978
Annabell DE 90014-DH/Krona 1999
Anni EE Lola/Lisa 1991
BZ12-83 LV Primus/Idumeja Selected under OF®
BZ14-12 LV Anni/Dziugiai Selected under OF
BZ14-99 LV Anni/Dziugiai Selected under OF
Dziugiai LT 1947
Idumeja Lv Imula/Ida 2000 Early maturity
Inari FI JO-1263/Triumph 1994
Irbe LV Filippa/CDC McGwire//Kristaps 2011 Hulless barley
PR-3605 LV Rja/Prestige/3/L-2233//Linus/
Annabell
PR-4121 LV Tunika/L-3118
PR-4181 LV Hydrogen/H-155
PR-4407 LV Roxane/Danuta//Idumeja
PR-4812 LV Rubiola/L-3118 Selected under OF
PR-4814 LV Danuta/L-3008//Rubiola Selected under OF
PR-4825 LV Abava/Annabell
PR-5145 LV Peggy/L-3118//Rubiola Selected under OF
Primus SE 1901 Tall plants, late maturity
Rasa LV Frankengold/KM-R-54/72 1996
Rubiola LV Ruja/Run8/458 2011 Recommended for OF
“1S0 3166-1-alpha-2 code Vienna AT 2007 Registered for OF

® Organic farming

In 2010, in the conventional field, an unusually high infec-
tion level of Barley Yellow Dwarf Virus was observed (aver-
age score of 5.7, range of 2.3-8.3; scale from 0=0 % to 9=
100 % infection level).

2.2 Materials and reagents

Acetonitrile, methanol and hexane, both gradient grade,
formic acid (>99 %), trifluoroacetic acid (=99 %), and prote-
ase cocktail were supplied by Sigma-Aldrich. The water used
in this work was purified using a Milli-Q water purification
system from Millipore. The standard for synthetic lunasin was
purchased from CASLO Laboratory ApS (c/o Scion Denmark
Technical University, Lyngby, Denmark), and working

Table 2 Soil agrochemical properties at the study site

Soil characteristics 2010 2011
Organic Conventional Organic Conventional
pH KCL 5.7 5.5 5.4 54
Humus content, % 2.8 2.6 2.1 3.0
K0, mg/kg 144 132 98 165
P,0s, mg/kg 111 100 116 187

solutions were prepared before the sample analyses. Standard
addition method was used to solve the matrix effect problem
by diluting the stock solution with sample solution of known
concentration of the lunasin. The stock solution of the stan-
dard at a concentration of 40 pg/mL was prepared by dissolv-
ing the peptide in water and storing at 4 °C.

2.3 Instrumentation

The chromatographic analysis was performed using a modular
high-performance liquid chromatography (HPLC) system,
Waters 2690 Alliance, consisting of quaternary pump,
autosampler, and column thermostat, coupled to an
electrospray ionization tandem mass spectrometer (Waters
Micromass Quattro Micro™™ API (Atmospheric Pressure Ion-
ization)). The HPLC separations were achieved using a
reverse-phase Phenomenex Synergi Hydro-RP 4 pm, (150x
2.0 mm inner diameter) analytical column (30 °C), with a
mobile phase composed of 0.1 % formic acid in water (A) and
0.1 % formic acid in acetonitrile (B) in gradient mode at a flow
rate 300 pL/min. The separation of the peptide was accom-
plished using a linear gradient of 20 to 60 % B over 8.0 min,
60 % B was maintained for 3.0 min, followed by 60-20 % for
another 1.0 min, and 20 % B was maintained for 8.0 min to
reach the initial conditions. The injection volume was 50 pL.
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The quadrupole protonated molecular ion, with m/z 1258 for
lunasin, was detected by single-ion recording. The mass spec-
tra were measured using a Micromass Quatro Micro triple-
quadrupole spectrometer equipped with an electrospray ioni-
zation source. The analyses were performed in the positive ion
mode. The source temperature was 120 °C, and the
desolvation temperature was 250 °C. Nitrogen was used as
the nebulizing gas (600 L/h). The electrospray capillary was
set at 3.0 kV. The mass spectrometry analyses were performed
at a cone voltage of 60 V. The data analyses were performed
using MasLynx version 4.1 software (Waters Corporation).

2.4 Measurement of lunasin content

Reverse-phase chromatography coupled to an electrospray
ionization source was used to separate and ionize lunasin.
The grain samples were pooled over the three field replica-
tions in equal amounts and ground using a Falling number
Laboratory mill 3100 (Perten Instruments) with a 0.6-mm
sieve. To isolate lunasin, we used an assay similar to that of
Jeong et al. (2007a) and Nakurte et al. (2012).

In brief, 5 g of flour was extracted with 50 mL of 0.1 M
phosphate-buffered saline buffer, pH 7.4, supplemented with
fresh protease inhibitor cocktail (Sigma, St. Louis, USA) at a
concentration of 1 % v/v by stirring on a magnetic stirrer for
48 h at 4 °C. The extract was centrifuged at 15,000 rpm for
30 min at 4 °C, and the supernatants were collected. The
mixture was transferred to a new tube and twice extracted
with 20 mL of hexane and cleared by centrifugation
(15,000 rpm for 5 min). The upper layer was discarded, and
the lower layer was purified by solid-phase extraction (SPE)
using Strata X 3 mL, 60 mg (Phenomenex) cartridges. The
SPE columns were pretreated with 3.0 mL of methanol,
followed by 3.0 mL of water and sample. The column was
washed with 3.0 mL of 0.1 % formic acid in water, and 0.1 %
trifluoroacetic acid in 50 % acetonitrile (3.0 mL) was used to
elute the analytes from the extraction column. The eluate was
dissolved 1:1 (v/v) with mobile phase A and injected in the
liquid chromatography-mass spectrometry/mass spectrometry
system. Measurement for each sample was performed in three
technical replications.

2.5 Data analysis

Analysis of variance (ANOVA) was carried out using
GENSTAT 14.0 (2011); data of the three technical replications
were submitted, and model GENOTYPE (G)+MANAGE-
MENT SYSTEM (M)+YEAR (Y)+GXxY+GxM+Y xM+
GxYxM was applied. Partitioning of sum of squares was
calculated from the ANOVA for each factor and their interac-
tion as percentage from the total.

To estimate stability of lunasin concentration, ecovalence
(W;) was computed using Microsoft Excel software as
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described by Becker and Léon (1988) and expressed in per-
centage of the total interaction sum of squares.

Pearson phenotypic correlation coefficients were calculat-
ed using Microsoft Excel between the values of lunasin in
both management systems and between lunasin and the plant
traits assumed to influence lunasin, i.e., grain yield, thousand
grain weight, grain test weight, beta-glucans, and crude pro-
tein content for each environment; correlation between lunasin
and Barley Yellow Dwarf Virus infection score under conven-
tional management in 2010 was calculated.

The broad-sense heritability was estimated from the vari-
ance components using the following formula:

K= 100Vg/(Vg + Vem/m~+ Ve, [y +Vgm/my + Ve/rmy)

where ¥, is the genotypic variance, Vg, is the variance of
genotype X management system interaction, V', is the vari-
ance of genotypexyear interaction, Vg, is the variance of
genotype * management system x year interaction, V, is the
error variance, 7 is the number of replications, m is the number

of management systems, and y is the number of years;

Ve = (MSg=MSgu—MSg~MSguy) /rmy
ng = (Msgm_Mng,V) / ry

Ve = (MSgy—Mngy) / rm

Vemy = (MSguy=MS,) /

V.= MS,

where MS is the respective mean square from the ANOVA.

3 Results and discussion
3.1 Range of lunasin content and effect of genotype

The content of lunasin in the individual barley grain samples
ranged from 5.0 to 189.0 pg/g (Table 3).

The effect of the genotype on the lunasin content was
significant (Table 4). The mean lunasin content in both man-
agement systems and in both years significantly surpassed the
average value of the respective environment for four geno-
types, ‘Dziugiai,” ‘Idumeja,” ‘Rubiola,” and PR-4121, where-
as it was below the average for nine genotypes. A low lunasin
content of 10 pg/g and less in all environments was registered
for varieties ‘Rasa’ and ‘Inari.” Jeong et al. (2009) showed that
lunasin was present in 15 out of 21 cultivars of rye analyzed.
Such varying amounts of lunasin in different rye genotypes
grown in identical conditions confirm that genotype is a
primary determinant of the composition of plant secondary
metabolites.
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Table 3 Lunasin content (micro-

grams per gram) in barley grain Genotype 2010 2011 W% W% O Wi% C

during 2010-2011 in organic (O)

and conventional (C) manage- 0 C O c

ment systems and ecovalence

(W:%) over all environments and Abava 342a-— 27.1b 314a— 20.5b— 0.80 1.22 1.58

over organic and conventional Annabell 84.1a+ 18.7b— 79.8 a+ 229b- 3.25 1.60 1.00

management systems Anni 17.3 - 19.1 - 19.5b— 923a+ 1057 029 3.52
BZ12-83 99— 10.0 — 113 - 14.6 — 1.21 0.39 0.40
BZ14-12 74b— 173 a- 13.5b - 54.6 a+ 5.05 0.01 1.75
BZ14-99 13.6 — 9.1 — 237 a— 124b— 0.50 0.12 0.34
Dziugiai 108.6 a + 823b+ 954 b+ 168.0a+ 9.66 5.11 22.12
Idumeja 61.3b+ 80.7 a+ 72.6 + 73.1 + 2.41 0.24 12.58
Inari 50— 8.0 - 51— 5.0 — 1.39 0.60 0.24
Irbe 24.7 — 19.1 - 19.1b - 303a- 1.37 2.00 1.19

The mean values of the respective PR-3605 12.0 - 10.0 — 133 - 92— 0.93 0.40 0.34

genotype marked with a different  pr.4121 1513a+  I31.6b+  1560b+  189.0a+  3.58 0.06 42.05

letier (3, b) are significantly dif- — pp 4101 gg9a+  117b- 8062+  162b- 307 028 0.50

ferent between the management

systems (p <0.05) within the re- PR-4407 99.8a+ 182b- 139.0a+ 15.6b— 14.12 13.06 0.84

spective year; the mean values PR-4812 239a— 35b- 16.7a— 6.6b— 0.38 249 0.12

Slgmﬁcanﬂly ab‘;“;lor below th?p PR4814  309a- 14.41b - 36.0a- 10.7b - 0.28 0.05 0.56

average value of all genotypes 3 3

<0.05) in the respective column PR-4825 47.0a 12.8b 545a 20.8 b 0.31 0.00 0.62

are marked with “+” and “—,”re- PR-5145 86.3a+ 134b— 166.0 a + 19.4b— 20.56 66.55 0.63

Spectiv§ly; LSD0.05:.6~22 when Primus 10.1 - 13.0 - 18.0 — 13.9 - 1.06 0.01 0.53

comparing means with the same g ) 5.0 - 7.0 - 8.0 10.0 - 125 020 0.24

level of year and management .

system: LSDy 0s=6.14 for other  Rubiola 1693a+  61.8b+ 1781a+  692b+ 1477 0.04 8.42

comparisons; minimum and Vienna 789 a+ 113b- 655a+ 123b— 3.48 5.26 0.43

maximum values of the column Average 523 273 592 40.3

are shown in italics

The range of lunasin content in the barley genotypes ana-
lyzed in this study was larger than that reported by Jeong et al.
(2002), showing that the genetic diversity of barley is consid-
erably wider than previously supposed. The mean lunasin
content value in our experiment was 44.8 pg/g, but the max-
imal value was 189.0 pg/g. In comparison with other cereals,
this value was slightly less than that reported for wheat (Jeong
et al. 2007a; Nakurte et al. 2012) and was similar to that for
rye reported by Jeong et al. (2009) and oat reported by us
(Nakurte et al. 2013) but considerably less than found in rye

Table 4 Partitioning of the sum of squares, mean square, and signifi-
cance of the genotype (G), management system (M), year (Y), and their
interaction affecting the lunasin content in barley grain

G M Y GxM GxY GxMxY
Partitioning of sum of squares, %

68.41 521 1.08 19.36 221 322

Mean square

19917 31826 6615 5636 642 938

p value

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001

and triticale grown under similar conditions in Latvia
(Nakurte et al. 2012).

The broad-sense heritability for the lunasin content
was 70.4 %. Correlations between the lunasin content
in both systems and in both harvest years were signifi-
cant in all cases, p<0.01, except p <0.05 for the corre-
lation between the organic and conventional systems in
2011. The correlation coefficients were the highest be-
tween both years in each management system (0.94 for
organic and 0.90 for conventional) and ranged between
0.44 and 0.69 in the other cases. The possibility of
selecting and breeding soybean with a high lunasin con-
tent due to the noticeable variation of lunasin concentra-
tions was suggested by Herndndez-Ledesma et al. (2009).
The comparatively large effect of the genotype, signifi-
cant correlations between the lunasin content in different
environments, and the high broad-sense heritability esti-
mate also support the possibility of selecting and breed-
ing lunasin-rich barley genotypes.

Although barley is not as rich in lunasin as soybean and
triticale, we suggest that lunasin improvement in barley for
functional food purposes may provide an additional value to
this health-promoting cereal. Barley contains well-balanced
protein, minerals, vitamins, especially vitamin E, and
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insoluble and soluble fiber including beta-glucans, as well as
much greater amounts of phenolic compounds (0.2-0.4 %)
than other cereal grains. Renewed interest in barley for food
uses largely focuses on the effects of beta-glucans which are
found almost exclusively in barley and oats on lowering blood
cholesterol levels and glycemic index (Baik and Ullrich
2008). Noteworthy, lunasin peptide also possesses antioxi-
dant, anti-inflammatory, and cholesterol-lowering properties.
Hulless barley could be of special interest because of generally
higher content of beta-glucans and some other nutritionally
valuable substances than covered barley and no need for de-
hulling and pearling for use in wholegrain foods. Unfortunate-
ly, the lunasin content in hulless variety ‘Irbe’ was significant-
ly below the average.

Although barley was presumably first among the cereals
used as human food, only 2-3 % of barley crop is used for
food nowadays (Ullrich 2011) and can be called the most
underestimated among small grain cereals. In addition to
various food uses in porridges, soups, stews, flatbreads, muf-
fins, pasta, etc., Kinner et al. (2011) have shown that the
baking quality of hulless barley flour can be sufficient to bake
pure hulless barley bread.

The maximal lunasin content found by us in triticale
(Nakurte et al. 2012) surpassed that of barley by approxi-
mately 34-fold; therefore, the breeding of this cereal species
as a functional food with an improved lunasin content is a
good prospect. However, the conclusions from the present
study on barley may be useful for future investigations in
cereals; it is possible that the interconnections in triticale
are similar to those in barley. Triticale is a good source of
protein and energy and is used mainly for animal feed and
very little for human consumption (Pefia 2004); a little
breeding effort was made for developing varieties suitable
for food hitherto, but there is a potential and discovery of
high lunasin content is one of the reasons to work in this
direction. Barley is described as one of the most genetically
diverse cereal crops (Baik and Ullrich 2008) with wide
differences in physical and compositional characteristics
and accordingly has different processing properties and
end-use quality. Therefore, it is possible that testing a larger
number of genotypes may result in the identification of
barley with an even higher lunasin content.

No significant correlations between the content of
lunasin and grain quality parameters such as content of
crude protein, beta-glucans, thousand grain weight, and
test weight or the grain yield were observed. We also did
not find significant correlations between lunasin and
beta-glucan content in oat (Nakurte et al. 2013) and
between protein content and lunasin content in triticale,
wheat, and rye (Nakurte at al. 2012). As there was no
negative interconnection found, it allows to bread varie-
ties with improved health benefit combining both high
content of lunasin and beta-glucans.
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3.2 Effect of management system

The mean lunasin content was higher by 25.0 and 18.9 ug/g
(92 and 47 %) in the years 2010 and 2011, respectively, in the
organic farming system when compared to the conventional
system (Fig. 1), and the management system had a significant
effect on the lunasin content (Table 4). Our results are in
agreement with Wang et al. (2008), reporting that the lunasin
concentration in soybean depends mainly on the genotype
and, to some extent, on environmental factors. The effect of
the farming system was significant in our experiment, even
though only 5.2 % of the difference in the lunasin content was
explained by the farming system in contrast to the 68.4 % for
the genotype and 19.4 % for the interaction between both
factors. The mean lunasin content difference between both
management systems in both years exceeded 100 png/g for
variety ‘Rubiola.” ‘Rubiola’ was the most lunasin-rich ge-
notype under organic management in both years, whereas
line PR-4121 was prominent under conventional conditions
and was the second best in the organic system, showing a
maxim lunasin content throughout the experiment in 2011
(189.0 ng/g).

The obtained results support the value of organically grown
food products for the improvement of human health, at least
with regard to lunasin, as the mean lunasin content was
significantly higher in the organic management system. This
result is in agreement with Grinder-Pedersen et al. (2003),
who noted that cereals grown in organic farming systems
contain significantly more antioxidants and other biologically
active substances. The possible reason for this finding can be
the increased natural defense system of plants to the different
stress factors that are encountered to a greater extent in organic
farming, as no agrochemicals are applied and plants have to
compete with weeds, diseases, and insects and to be able to
uptake the nutrients from soil without supplement of easy
accessible mineral fertilizers. An increase in phenolic com-
pounds production by plants with the purpose of increasing
the natural defenses is described by Garcia-Mier et al. (2013).
Additionally, Huber et al. (2011) reviewed several studies
showing higher antioxidative and antimutagenic activities
and better inhibition of cancer cell proliferation of organically
produced foods when compared to conventionally produced
foods. In our experiment, the largest differences between the
systems were because of the nutrient supply and weed man-
agement. Our findings support the hypothesis that organic
cereal foods may contain higher levels of phytonutrients in-
cluding anticancer substances.

3.3 Genotype X management system interaction and stability
The genotype and management system interaction was found

to be significant showing that there are genotypes which
synthesize more lunasin under organic farming and also
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Fig.1 Average lunasin content of 22 barley genotypes grown under organic
and conventional management systems in 2010 and 2011; the difference
between the management systems was significant, LSDg ¢s=1.08

genotypes with higher lunasin under conventional farming.
Ten genotypes had a significantly higher lunasin under the
organic conditions in comparison to the conventional condi-
tions in both years, whereas varieties ‘Idumeja,” ‘Anni,” and
line BZ14-12 with ‘Anni’ in its pedigree exhibited an opposite
tendency; the difference for ‘Idumeja’ and ‘Anni’ was signif-
icant in 1 year only (Table 3). Similarly to our results, con-
trasting responses to organic practices with respect to the
phytochemical content was reported by Picchi et al. (2012)
for two cauliflower genotypes.

The most promising barley genotypes with a high lunasin
content exclusively under organic management were
‘Rubiola,” PR-4407, and PR-5145; however, only ‘Rubiola’
was stable over both years according to the ecovalence, but
PR-5145 was highly unstable. Ecovalence measures the con-
tribution of genotype to genotype X environment interactions;
a genotype with W; close to 0 is considered as stable (Becker
and Léon 1988). ‘Rubiola’ is a recently registered variety with
agronomic traits that are appropriate for growth in organic
farming (Legzdina et al. 2008) (Fig. 2). The mean decrease of
the mean lunasin content under conventional conditions was
62 % for ‘Rubiola’ and more than 80 % for breeding lines PR-
4407 and PR-5145. Breeding line PR-4121 and an old Lith-
uanian variety, ‘Dziugiai,” provided comparatively high
lunasin content in both farming systems. PR-4121 was rela-
tively stable over all environments and over organic environ-
ments, but the most unstable between the years in the conven-
tional system, whereas ‘Dziugiai’ was fairly stable under
organic system but unstable under conventional one. We
presume that the lunasin content was not influenced by the
year of variety release and was not lost during the intensive
breeding work performed because the other old variety
‘Primus’ had a low lunasin content in both systems.

Fig. 2 Above: spring barley variety ‘Rubiola’ registered as appropriate
for organic farming in Latvia. In the grain of ‘Rubiola,” the highest
lunasin content was found in trials under organic management system.
Below: field experiment in organically managed field in 2011 provided
the highest mean lunasin content. Photo by L. Legzdina

3.4 Effect of the year and genotype X year interaction

A higher mean lunasin content was found in 2011 than in
2010 in both management systems; the effect of a particular
harvest year conditions including meteorological, soil, and
other peculiarities on the differences in the lunasin content
was significant and was estimated at 1.08 %. The difference
between the years was notably larger under conventional
conditions than under organic ones; the reduction in 2010 if
compared to 2011 was 32 and 11.8 %, respectively. One of the
possible reasons for this effect could be the unusually high
incidence of Barley Yellow Dwarf Virus infection in the
conventional field in 2010, as there is a possibility that this
virus could hinder lunasin synthesis in the grain. However, no
correlation between the lunasin content and virus infection
score was found in the particular environment. No other
substantial differences in environmental factors such as aver-
age temperatures, amount of precipitation and soil character-
istics between the years were recorded; the vegetation period
of 2011 was fairly drier if compared to 2010. Effect of tem-
perature, soil moisture, and the interactions between these
factors and the genotype were found in soybean by Wang
et al. (2008); significant effects of genotype x environment
interactions were reported in respect to other biologically
active chemicals in cereals, e.g., 5-n alkylresorcinols and free
phenolics in durum wheat (Bellato et al. 2013) and vitamin E
isomers in barley (Ehrenbergerova et al. 2006). Genotype X
year and genotype X management system X year interactions
were also significant and explained 2.21 and 3.22 % of the
differences in lunasin content, respectively. Two genotypes
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with high lunasin content, PR-4121 and ‘Dziugiai,” showed
opposite reaction to the management systems in both years.
To summarize, our findings provide new information on
variation of lunasin in barley grain, proves higher average
lunasin content in organically grown grain, and shows that the
reaction of barley genotypes to organic and conventional man-
agement and to the environmental factors of the year in connec-
tion with the synthesis of lunasin in the grain can be different.

4 Conclusions

The lunasin content in barley grain samples ranged from 5.0 to
189.0 ng/g. The effects of the genotype, crop management
system, year, and the interaction between the factors on the
lunasin content in barley grain were significant with the larg-
est proportion of genotype. The mean lunasin content was
higher under organic management than that in the convention-
al system. The barley genotypes responded differently to the
management system: 10 of the 22 genotypes synthesized
significantly more lunasin under organic management in both
years, whereas one genotype synthesized more lunasin under
conventional management and two genotypes had conversely
results between the years.
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