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Abstract

The dependence of FA profiles in barley and malt on variety and geographical origin was determined using an opti-
mized method. FA profiles from 6 Czech varieties, each from 5 localities, during two crop years were studied. Extrac-
tion of lipids and FA with hexane by fluidized bed extraction and hydrolysis of lipids prior to derivatization of FA was
used. The statistical processing of FA profiles led to a differentiation of samples; the importance of distinguishing
parameters decreases in the order of crop year > geographical origin > variety. Nevertheless, the differentiation of
tested varieties using FA profiles coresponds to a varietal pedigree. A statistical difference in terms of the total lipid
content was found between two varieties (Malz and Sunshine) and two tested localities. The profile of FA in barley
grains is influenced by the land type and climate conditions. Due to a high level of barley varieties crossbreeding,
the chemical profiling of FA is not a reliable tool for a varietal determination, however, it reflects the variety origin.
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1 Introduction

Barley (Hordeum vulgare) is used as feed, for a preparation
of various cereal food products, for ethanol production,
and especially for malt and the following beer production.
Grains of various barley varieties differ in the amount of
many chemical compounds, which affects the nutrient
composition, technological parameters and sensory prop-
erties of the final product. Therefore, an appropriate vari-
ety of barley has to be used for the production of a specific
product. The varietal specificity can be determined by var-
ious methods (Analytica EBC, 2012; Garcia-Villalba et al.,
2006; Rehulka et al., 2006; La$tovitkova et al., 2012).
Further, some studies were published that use
a chemical profile of fatty acids (FA) for differentiation of
barley varieties. FA are important metabolic products of
living organisms including bacteria, yeasts, fungi, insects,
fish, mammals and also plants (Brondz et al., 2002). The
FA profiles processed by a multivariate statistical anal-

ysis, namely, the principal component analysis (PCA),
the partial least squares discriminant analysis and the
soft-independent modelling of class analogy, are used in
chemotaxonomic studies. This approach is very success-
ful and effective for the classification of microbial strains
(Brondz et al., 2002), yeasts (Bronds et al., 1990), marine
organisms such as microalgae (Sahu et al., 2013) or fungi
(Aliferis et al., 2013). Moreover, up-to-date studies of the
chemometric classification of different plant species are
also available; for example, FA were used as chemotaxo-
nomic markers for Tree Peony (Zhang et al.,, 2017), Para-
caryum (Dogru-Koca et al., 2016), Velella velella (Linnae-
us) and Physalia physalis (Linnaeus) (Lopes et al.,, 2016).

Armanino et al. studied the differences between un-
saturated FA with 18-carbon atoms (C18), sterol fraction
and the other components in order to differentiate be-
tween Triticum durum from T aestivum, used for “pasta”
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and bread making, respectively. They used the classifica-
tion methods of linear discriminant analysis and quadrat-
ic discriminant analysis for the purpose of differentiating
wheat species, origins, varieties and crops. They found
that the only marker able to distinguish between the two
species is oleate, with a prediction rate of 100%. Inside the
species T durum, a prediction rate of 83.9% was obtained
when discriminating between the different origins. The
prediction rate of 82.2% was obtained when discriminat-
ing among varieties and a prediction rate of 94.3% for dis-
tinguishing between crop years (Armanino et al., 2002).

Liu studied a FA distribution across a grain seed,
namely barley, oat, rice, sorghum, and wheat, each with
two genotypes. After pearling of the seeds, they surveyed
a lipid content and the FA composition. Compared to bar-
ley and wheat, rice, oat and sorghum had a higher relative
percentage of C18:1 (31.60 to 36.64% compared to 12.15
to 15.61%) and a lower content of C18:2 (35.69 to 45.44%
compared to 50.79 to 61.50%). For all 10 grains, from the
seed surface to inner core, C16:0 and C18:0 increased,
C18:1 and C18:3 decreased, and C18:2 changed slightly,
providing a new reason for improved oxidative stability
for pearled kernels. The differences in changing intensi-
ty of FA composition among grain species correspond to
those in oil distribution in the seed, while a varietal dif-
ference in distribution patterns and the FA composition of
lipids within the species were insignificant (Liu, 2011).

Pastor et al. identified lipid components and soluble
sugars in flour samples of 8 different cultivars of barley,
involving winter malting barley, winter forage barley,
spring barley, and hulless barley. Consequently, they ap-
plied the multivariate analysis to the numerical values of
peak areas of the identified FA methyl esters and derivat-
ized sugars. The application of hierarchical cluster analy-
sis proved a high degree of correlation similarity among
the investigated flour samples of the barley cultivars, ac-
cording to their FA and soluble sugar content. They con-
cluded that there is a possibility of distinguishing flours
made from barley, though not reaching to particular bar-
ley varieties, just by the analysis of the contents of FA and
soluble sugars (Pastor et al., 2015).

On the contrary, Gangopadhyay et al. found some cor-
relation between the barley varieties and chemical profil-
ing. They determined and compared three types of lipo-
philic phytochemicals, FA, phytosterols and tocols, in five
whole grain Irish barley varieties. The PCA revealed inter-
esting correlations between these phytochemicals. An ev-
ident relationship between the unsaturated FA and some
tocol homologues was observed. Sterols like 3-sitosterol
and (3-sitostanol were negatively correlated with each oth-
er. The PCA also indicated possible genotypic relationships
among the barley varieties (Gangopadhyay et al., 2017).
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Bravi et al. investigated not only varietal similarities
in the FA profiles, but mainly the influence of the barley
variety and the malting process on the lipid content of
finished malt. They used five barley samples grown in
Italy, representing 4 spring varieties and 1 winter varie-
ty; PCA was used to establish the relationships between
the different samples. The different barley varieties pre-
sented different FA contents and different FA patterns.
The authors did not find any varietal specificity in the
FA profile, but the correlation between the lipid content
of barley and the quality of the resulting malt confirmed
a negative influence of lipids (Bravi et al., 2012).

Due to discrepancies and incompleteness of published
results, we decided to re-evaluate and unify the relation-
ship between the FA profiles and the barley varieties, and
the geographical origin. In addition, the studies mentioned
above are in most cases based on a low number of sam-
ples which could be insufficient for a relevant statistical
evaluation. We therefore studied 6 Czech varieties (Bojos,
Francin, Kangoo, Laudis 550, Malz, Sunshine), each from
5 localities during two crop years (2014 and 2015). More-
over, we improved the method of the FA determination,
so we were able to determine not only free FA but also FA
bound in lipids. Finally, the results were processed by the
PCA and the analysis of variance (ANOVA).

2 MATERIALS AND METHODS

2.1 Chemicals

Standard of FA Supelco 37 component FAME mix and
internal standard of tridecanoic acid (99%) were pur-
chased from Sigma Aldrich (Czech Republic). For concen-
tration and retention time see Table 1.

Other chemicals were hexane (99%, Merck, Germa-
ny), ethanol (analytical grade, Lachner, Czech Repub-
lic), methanol (99.9% Merck, Germany), boron trifluo-
ride-methanol solution 10% in methanol (w/w, Sigma
Aldrich, Czech Republic), potassium hydroxide (Lach-
ner, p.a.,, Czech Republic) and sodium hydrogensulphate
(Lachner, p.a., Czech Republic). Ultrapure water was pre-
pared by MilliQ (Millipore, USA).

2.2 Samples

Grain of six spring malting barley varieties Bojos, Francin,
Kangoo, Laudis 550, Malz, Sunshine, grown in the Czech
Republic on the test sites Hrubcice (HE), Staiikov (STV),
Jaromé¥ice nad Rokytnou (JAR), Krasné Udoli (KUD) and
Uhersky Ostroh (UHO) using the same farming tech-
niques in 2014 and 2015, were used for the experiment.
The lipid content and FA analysis were performed in bar-
ley grain and related malt.
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Table 1 Methyl esters of FA in Supelco 37 component FAME mix, concentrations and retention time

Analyte Concentration (ug L?) Retention time (min)

Methyl Butyrate 399.7 <1*

Methyl Hexanoate 399.5 1.05

Methyl Octanoate 399.5 1.26

Methyl Decanoate 399.6 1.71

Methyl Undecanoate 199.9 2.00

Methyl Laurate 399.7 2.33

Methyl Tridecanoate (IS) 197.4 2.68

Methyl Myristate 399.6 3.02
Mpyristoleic Acid Methyl Ester 199.9 3.15
Methyl Pentadecanoate 199.8 3.37
Cis-10-Pentadecanoic Acid Methyl Ester 198.0 3.50
Methyl Palmitate 599.4 3.73

Methyl Palmitoleate 199.9 3.78

Methyl Heptadecanoate 199.2 4,03
Cis-10-Heptadecanoic Acid Methyl Ester 196.9 411
Methyl Stearate 399.6 4.35
Trans-9-Elaidic Methyl Ester 199.4 4.43**
Cis-9-Oleic Acid Methyl Ester 399.7 4.43**
Linolelaidic Acid Methyl Ester 199.7 4.58**
Methyl Linoleate 199.9 4.58**
Gamma-Linolenic Acid Methyl Ester 199.8 4.65
Methyl Linolenate 199.8 4.77

Methyl Arachidate 399.7 498

Methyl cis-11-Eicosanoate 199.9 5.05
Cis-11,14-Eicosadienoic Acid Methyl Ester 199.8 5.26
Cis-8,11,14-Eicosatrienoic Acid ME 199.6 5.37
Methyl Heneicosanoate 199.8 5.40
Cis-11,14,17-Eicosatrienoic Acid ME 199.8 5.50
Methyl Cis-5,8,11,14-Eicosatetraenoate 197.3 5.55
Methyl Behenate 398.9 5.83*
Methyl Cis-5,8,11,14,17-Eicosapentaenoate 199.5 5.83**
Methyl Erucate 199.8 5.96
Cis-13,16-Docosadienoic Acid ME 199.8 6.25
Methyl Tricosanoate 199.8 6.39

Methyl Lignocerate 399.6 7.09
Cis-4,7,10,13,16,19-Docosahexaenoic Acid ME 199.9 7.30
Methyl Nervonate 199.8 7.38

* a methyl butyrate peak coelutes with a solvent peak and was, therefore, not determined

** analytes with the same retention time were determined as the sum of these analytes

2.3 Malting temperature was 14°C. The predrying step was carried
The pilsner malts were prepared in our micromalting out for 12 hours at 55 °C, the kilning step for 4 hours at
plant according to MEBAK methodology (MEBAK, 2011). 80 °C.

Steeping of grain was performed with CO2 exhaustion;

duration of steeping periods was the following: 1st day 2.4 Sample preparation

- 5 hours, 2nd day - 4 hours and 3rd day - 3 hours. Total Firstly, lipids were extracted from the grain as follows.
steeping and germination time was 6 days, germination Five grams of finely ground sample was extracted by
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60 mL of hexane by Fluidized-Bed Extraction (FBE) using
Fexlka extractor (IKA Labortechnik, Germany). The num-
ber of cycles was 6 (approx. 120 min), the temperature
of heating block was 102 °C and the cooling temperature
was 40 °C. The hexane extract was then evaporated in the
rotary evaporator Hei-VAP (Heidolph, Germany) until
only one drop was left, and then it was dried for 2 hours
at 105 °C. The resulting oil drop was weighed and the ab-
solute amount of lipid in grain was obtained.

The extracted lipids were then
derivatized as follows. Firstly, the 2
whole lipid extract was dissolved in
2 mL of hexane and 100 pL of this k3
solution was derivatized. Then, 10
uL of tridecanoic acid (IS - 0.05 g in
25 mL of ethanol) was added to the
sample and the mixture was dried

Extracted lipids (%)

under the flow of nitrogen to dry-
ness. After the addition of 0.5 mol
LT methanolic KOH (0.1 mL), the
sample was heated for 30 min at 85 0.8 o
°C. It was then cooled, 0.1 g of so-

dium hydrogensulphate was add- 0

ed and the sample was thoroughly
mixed. BF,-methanol volume of
0.1 mL was added and the sample
was heated for 60 min at 85 °C. Two
hundred microliters of water was
added and FA methyl esters were extracted by 0.2 mL of
hexane. The hexane so prepared extract was injected on
the GC column.

2.5 GC measurement

The FA methyl esters were determined on the gas chro-
matograph Chrompack CP 9001 with a split/splitless in-
jector, DB-WAX 20 m x 0.18 mm x 0.18 um column, and
a flame-ionization detector. The gas chromatograph was
equipped with a Labio ASG 40 autosampler. The chro-
matographic column was maintained at 120 °C and after
the injection of 1 pL of the sample this temperature was
kept for 0.7 min. Then the column oven was ramped at
a step of 30 °C min to 240 °C, and held isothermally for
7 min. The split injection mode with a splitratio 1:10 was
used. The injector temperature was 250 °C and the detec-
tor temperature was 220 °C. The carrier gas was helium
(5.0) with a column head pressure of 200 kPa. It is rec-
ommended to inject pure hexane between real samples
to avoid false results due to a possible carry-over. Since
some FA peaks co-eluted under these conditions, they
were evaluated as a sum of co-eluting FA (see Table 1).
Quantification of FA concentration was performed using
one-point calibration.

* Petrolether flour
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2.6 Data processing

Statistical analysis, data treatment and graphs were per-
formed using Statistica 12. ANOVA was used to deter-
mine the effect of the barley variety and geographical
origin on FA. FA concentrations with a non-symmetrical
distribution were transformed by the Johnson transfor-
mation to a normal distribution (a = 0.05). PCA was used
to evaluate a possible clustering of samples by the barley
variety and/or by the location.

80 100

Extraction time [min)

140 160 180

© Petrolether grist & Hexane flour & Hexane grist

Figure 1 Dependence of the amount of extracted lipids on the time of the extraction

3 RESULTS AND DISCUSSION

3.1 Extraction process

The extraction on FBE was based on the publication of
Svoboda et al. (Svoboda et al., 2009). However, we ex-
changed petroleum ether for hexane and compared the
efficiency of the two solvents. When hexane and petro-
leum ether were used, the respective temperature of
a heating block during the extraction procedure was
102 °C and 72 °C. Figure 1 shows the amount of lipid
extracted from the sample of barley flour and grist. The
difference between the flour and the grist was found to
be too big and it is better to use a finely milled sample for
the lipid extraction. Further, it was observed that more
extraction cycles (i.e. heating of solvent, boiling time
and cooling of solvent) are needed when usng petrole-
um ether for comparable recovery than when hexane is
used; on the other hand, the cycles with petroleum ether
take less time than with hexane, so the comparison of the
extracted amount of lipids in time led to similar results.
Due to lower evaporation of hexane during the extraction
process and its easier handling, we decided to use hexane
within the experiment.
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3.2 The derivatization process

The sample was derivatized using a 1-hour incubation
at 85 °C with the BF,-methanol solution. Because only
some FA can be released from the lipids when using the
derivatization with the BF,-methanol solution, we test-
ed an addition of 0.1 mol L* methanolic KOH and 30 min
incubation at 85 °C before BF, derivatization. When the
step with the methanolic KOH hydrolysis was used, the
amount of the majority of FA showed no statistically sig-
nificant differences (data not shown) but some concen-
trations of FA increased significantly (see Table 2). The
concentration growth ranged from approximately two-
fold for cis-10-pentadecenoic acid to more than ten-fold
for both cis-11,14-eicosadienoic acid and cis-8,11,14-ei-
cosatrienoic acid.

3.3 Total lipid content

The total lipid content in barley grain measured using FBE
ranged from 16.4 to 20.0 gkg? (dry matter, data not shown).
It corresponds with the results of Bravi et al. using the Sox-
hlet extraction according to which the total lipid content
ranged from 17.8 to 21.0 g kg?! (dry matter) (Bravi et al,
2012). Due to the similarities of lipid content, it could be
assumed that both extraction techniques are comparable.

Based on the total lipid content, Bravi et al. differen-
tiated samples of both barley and malt into two clusters
with significant differences (Bravi et al., 2012). We were
not able to distinguish our samples so unambiguously.
The only statistical difference was found between the
varieties Malz and Sunshine, where the median of lipids
amount was 19.1 and 16.9 g kg (p = 0.026). Also, a sig-
nificant difference between two localities, HE and UH,
was found, where the total lipid content was 17.2 and
19.3 gkg? (p = 0.005), respectively.

Interestingly enough, Anness found higher concen-
tration of total lipids in barley, namely 34-44 g kg, when
measured as total FA (Anness, 1984). Unlike other authors,
he used for the sample preparation hydrolysis with 6M HCI
at 60 °C for 1 h, with chloroform extraction and GC-FID
analysis. He found that even when using acidic hydrolysis,
FA from phospholipids and glycolipids still remain bond-
ed, and, therefore, the real amount of FA would be higher.

3.4 FA profiling in barley

A summary of fatty acid concentrations across all stud-
ied barley varieties is given in Table 3, which gives the
median, 1st and 3rd quartile and inter quartile range. In
accordance with the studies of Gangopadhyay et al. and
Bravi et al, we also found a relationship between the
barley varieties and the FA profile (Gangopadhyay et al.,
2017; Bravi et al,, 2012). The influence of a crop year and
a growing locality on the FA profile were also observed.
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The importance of these parameters decreases in the
order crop year > geographical origin > variety. Figure 2
demonstrates that the strongest influence is exerted by
the crop year. Based on PCA, the barley samples were di-
vided into two well separated clusters containing sam-
ples from 2014 and 2015.

Subsequently, the lauric, arachidonic, pentadecanoic,
palmitoleic and myristic acids were selected as FA de-
pendent on the variety and the geographical origin using
ANOVA. We find it interesting that we found myristic acid
varietally and locally dependent, 27.3 to 76.7 mg kg?,
while Anness (1984) found myristic acid in only a negli-
gible concentration.

The dependence of the geographical origin, which
has a less tight correlation with the FA profile in compari-
son with the crop year, is shown in Figure 3. Table 4 spec-
ifies the chacteristics of five growing localities where our
samples were produced, including production region,
altitude, temperature, rainfall, and the type of soil. After
processing these data using PCA, we obtained a cluster of
samples from the localities UHO and partially also from
HE, which are separated from the other localities. UHO
and HE localities are characteristic by a similar low alti-
tudes, 196 and 210 m, respectively, and by the highest av-
erage temperature per year, 8.5 and 9.1 °C, respectively. It
should also be mentioned that the UHO and HE localities
are approx. 55 km apart, the other localities being further
away (100 km and more).

Next, the varietal specificity was evaluated. It is worth
noting that malting barley varieties are bred with respect
to the basic parameters of malting quality such as starch
and protein content, beta-glucan content and the activity of
important hydrolytic enzymes controlling cytolytic, saccha-
rolytic and proteolytic modification of the grain. The life-
time of contemporary intensive varieties of barley and oth-
er cereals in the field is relatively short. These varieties get
old rapidly, losing yields and disease resistance. The proven
varieties and other breeding material are used for cross-
breeding new genotypes. It is very likely that in addition to
the basic malting characteristics the current varieties are
similar in other characters. The mutual relationship of the
tested varieties appeared in the results demonstrated in
Figure 4. After PCA, the samples of varieties Kango (Pso-
ta et al, 2008) and Sunshine (Psota, et al, 2012), which
are relatives with Braemer as the common ancestor, were
clustered to neighboring groups (see Figure 5). Similarly,
Francin (Psota et al, 2014) and Laudis 550 (Psota et al.,
2013), which are relatives of Sebastian as the common
ancestor, created also close clusters. The cluster of Bojos
(Psota et al,, 2005), which is the ancestor of Laudis 550,
overlaps with the cluster of Laudis 550. These findings are
in accordance with the known pedigree of tested varieties.
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Table 2 A description of tested geographical origin

Concentration with KOH treatment

Concentration without KOH (mg kg)

(mg kg?)
cis-10-pentadecenoic acid 62+17 13.3+1.7
cis-11,14-eicosadienoic acid 0.70+0.14 88+1.8
cis-8,11,14-eicosatrienoic acid 0.10 £ 0.02 23+0.3
arachidonic acid 0.30+0.17 1.0+0.5
—eicosap:r?taséﬁ‘c}iiiitirZenic acid 341+104 789134

Table 3 Summary of fatty acids across all studied barely varieties

Fatty acid Median 1st Quartile 3rd Quartile IQR*
Caproic 0.62 0.17 2.64 247
Caprylic 0.53 0.40 091 0.51
Capric 0.70 0.56 1.13 0.56
Undecanoic 0.12 0.06 0.19 0.12
Lauric 2.03 1.78 2.37 0.59
Myristic 40.26 33.27 53.38 20.11
Myristoleic 0.52 0.29 1.10 0.81
Pentadecanoic 11.01 9.62 12.63 3.00
cis-10-pentadecenoic 1.26 0.33 2.95 2.62
Palmitic 2571.24 2062.05 2935.13 873.08
Palmitoleic 11.44 10.25 13.35 3.10
heptadecanoic 8.01 6.04 9.85 3.81
cis-10-heptadecenoic 3.62 295 4.57 1.62
Stearic 158.97 104.33 213.35 109.02
Oleic+Elaidic 1709.78 1133.55 2200.86 1067.32
Linoleic+linolelaidic 6857.44 5167.44 8432.04 3264.60
gama-linolenic 0.52 0.35 0.71 0.36
alfa-linolenic 580.35 456.23 766.35 310.12
Arachidic 28.59 19.13 41.67 22.54
cis-11-eicosenoic 101.10 63.13 148.41 85.28
cis-11.14-eicosadienoic 8.83 6.21 11.16 4.95
cis-8.11.14-eicosatrienoic 231 1.12 3.10 1.99
Heneicosanoic 0.04 0.02 0.11 0.09
cis-11.14.17-eicosatrienoic 0.41 0.09 0.80 0.71
Arachidonic 0.41 0.20 0.83 0.62
cis-5.8.11.14.17-eicosapentaenoic+behenic 27.41 13.51 39.70 26.19
Eruic 22.80 12.43 32.96 20.53
cis-13.16-docosadienoic 0.76 0.39 1.76 1.37
Tricosanoic 4.91 3.53 6.88 3.35
Lignoceric 16.82 9.97 27.88 1791
cis-4.7.10.13.16.19-docosahexaenoic 11.39 6.83 14.76 7.92
Nervonic 1.37 0.42 3.01 2.59
sum of saturated FA 2946.83 2261.16 3379.35 1118.19
sum of unsaturated FA 9176.96 6735.28 11414.55 4679.26
sum of polyunsaturated FA 6897.91 5204.30 8467.58 3263.28
sum of FA 12219.01 8960.98 14853.18 5892.20

* inter quartile range
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Table 4 Differences of selected FA with or without methanolic KOH treatment

Location name Location code [PI‘Od'UCt'I:) n [Altitude (m)] Temperat:l re st e Code of soil**
region] average (°C) age (mm)
Krasné Udoli KUD 4 647 6.3 602 A
Jaromérice nad Rokytnou JAR 3 425 8.0 481 B
Starikov STV 3 370 8.1 537 C
Uhersky Ostroh UHO 1 196 9.1 521 D
Hrubcice HE 2 210 8.5 578 E
*1- maize production region, 2 - sugar beet production region, 3 - cereal production region, 4 - forage production region
**A - Eutric Cambisol (Loamy sand - light), B - Orthic Luvisol (Clayey-loam - heavy), C - Orthic Luvisol (Loamy soil - medium),
D - Eutric Cambisol (Loamy soil - medium), E - Luvi-haplic Chernozem (Loamy soil - medium).
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To sum up, due to a high level of crossbreeding of barley
varieties, the profile of FA cannot be used as a tool for varie-
ty determination; however, it reflects the variety origin.

3.5 Lipids and FA distribution during the malting process
In general, the decrease of lipids during a malting pro-
cess was observed and ranged from 5 to 24%. No statis-
tical dependence on variety and geographical origin was
found after malting. Bravi et al. reported a loss of total
lipids ranging from 9 to 19% (Bravi et al.,, 2012). The au-
thors also divided varieties of tested barley samples into
two groups based on the total lipid content. This distri-
bution remained the same after malting. The findings are
in contrast to our findings, because after malting we did
not observe any dependences among the studied param-
eters. It should be noted that the compared experiments
were conducted in a different way. We used 60 barley and
related malt samples (6 varieties per 5 localities within
2 years); Bravi et al. analysed 15 barley and related malt
samples (3 batches per 5 varieties, 1 location within
1 year). It could be the reason why we reached a rather
different conclusion.

Finally, a distribution of individual FA during the malt-
ing process was evaluated. Mostly, no significant trend was
found except for palmitic, oleic and alpha-linolenic (ALA)
acids; the trends were compared to available data pub-
lished previously. While the concentration of palmitic and
oleic acids decreased during the malting process in our
study and those of Bravi et al. (2012), Kaukovirta-Norja
et al. (1993) and Anness (1984), the distribution of ALA
in these studies varied. Further, Kaukovirta-Norja et al.
observed no trend of ALA during malting (about 1500-
1600 g kg?') (Kaukovirta-Norja et al,, 1993), while An-
ness found a decrease of ALA from 3120 to 2650 mg kg™
and from 3030 to 2040 mg kg'. However, the relative
content remains the same (Anness, 1984). Bravi also de-
scribed a reduction of ALA, from 1471-1736 mg kg* to
1233-1625 mg kg’. When the relative content of ALA is
considered, about a half of the samples have shown an
increase and a half evinced decrease. By contrast, in our
study we determined a significant increase of ALA con-
centration during malting, namely from 580-791 mg kg
to 853-1124 mg kg. Since we did not find any statisti-
cally important dependence of ALA amount on barley
variety, it could be assumed that the origin of this FA is
influenced by malting conditions. This finding is worth
noting because ALA (18:3n-3) is a polyunsaturated FA
(PUFA) abundant in some vegetable oils; it is an essen-
tial precursor of the longer chain n-3 PUFA (commonly
known as omega-3 fatty acids) and generally essential FA
for mammals (Barcel6-Coblijn et al., 2009). The first study
of importance of ALA in human diet was published in the
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early 1980s (Holman et al., 1982; Holman, 1998). Accord-
ing to our information no detailed study about an origin of
ALA during the malting process has as yet been available.
Unfortunately, we are not able to explain the differences
in ALA behaviour during the malting process found in
these studies because we do not have detailed informa-
tion about the tested grain and malting parameters.

4 CONCLUSIONS

It can be concluded that the FA content in barley grains
is influenced by the land type, altitude and an average
temperature in the growing location. The weak depend-
ence on the barley variety is probably caused by a high
level of crossbreeding. It is interesting that the differ-
ences observed among varieties are caused by minor FA
(namely, lauric, arachidonic, pentadecanoic, palmitoleic
and myristic acids), whereas the most abundant FA are
varietally independent.

Further, the total content of lipids and also FA rath-
er decreases during the malting process. It is probably
caused either by a contribution of lipids during the ger-
mination or by the removal of acrospires.
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