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The lipid components and soluble sugars in flour samples of different cultivars of bar-
ley (Hordeum vulgare), involving winter malting barley, winter forage barley, spring
barley, and hulless barley, were identified). Fatty acids were extracted from flour samp-
les with n-hexane, and derivatized into volatile methyl esters, using TMSH (trimethylsul-
fonium hydroxide) in methanol. Soluble sugars were extracted from defatted and dried
samples of barley flour with 96% ethanol, and further derivatized into the corresponding
trimethylsilyl (TMS) oximes, using hydroxylamine hydrochloride solution and BSTFA
(N, O-bis-(trimethylsilyl)-trifluoroacetamide). The hexane and alcoholic extracts of barley
cultivars were analyzed by GC-MS system. Lipid and sugar compositions were very
similar in all barley cultivars. Therefore, multivariate analysis was applied to numerical
values of automatically integrated areas of the identified fatty acid methyl esters and
TMS oximes of soluble sugars. The application of hierarchical cluster analysis showed a
great similarity between the investigated flour samples of barley cultivars, according to
their fatty acid content (0.96). Also, significant, but somewhat less similarity was obser-
ved regarding the content of soluble sugars (0.70). These preliminary results indicate the
possibility of distinguishing flour made of barley, regardless of the variety, from flours
made of other cereal species, just by the analysis of the contents of fatty acids and soluble
sugars.

KEY WORDS: barley cultivars, lipid composition, soluble sugar composition, GC-MS,
cluster analysis

INTRODUCTION

Research involving non-wheat flours has been stimulated tremendously by world food
problems resulting primarily from expanding populations. Developing countries are much
too dependent on costly imported grain; insufficient food and inadequate nutrition are
widespread problems. Non-wheat flours have the potential of being economically benefi-
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cial to both developing and industrial countries and of making large nutritional contribu-
tions, particularly in developing countries (1). Small grains of high quality have been do-
minant on the world market in the last decade. Special importance is given to the impro-
vement of yield and quality potential of alternative small grains due to their constant de-
mand and shortage on the world market. Improvement of small grains processing has
great potential primarily in increasing quality of raw materials, improvement of proces-
sing equipment and quality of final products, which would significantly affect the com-
mercial sector (new products, new processing methods, expanding the range of small gra-
in products etc.) (2). Barley (Hordeum vulgare) is used almost entirely as feed and as a
grain for brewing and for ethanol production (1). Fortification of bread with barley
significantly improves the nutritional quality of bread due to increased levels of dietary
fiber and B-glucans, and qualifies the product (in some countries) to carry a health claim,
relating the presence of B-glucans with reducing the risk of cardiovascular diseases, heart
diseases, constipation (3) and type II diabetes (4).

Barley is a rich source of tocols, including tocopherols and tocotrienols, which are
known to reduce serum LDL cholesterol through their antioxidant action (5). Soong et al.
(2014) investigated total phenolic content, which is found to be positively correlated with
total antioxidative capacity in muffins made of different cereal species. They proved that
muffins made with barley flour had the highest phenolic content compared to corn, oat,
wheat and rise (6). Wholegrain barley foods also appear to be associated with increased
satiety and weight loss.

There is great potential to utilize barley in a large number of cereal-based food pro-
ducts as a substitute partially or wholly for currently used cereal grains such as wheat
(Triticum aestivum), oat (Avena sativa), rice (Oryza sativa), and maize (Zea mays).

Barley is arguably the most widely adapted cereal grain species with production at
higher latitudes and altitudes and farther into deserts than any other cereal crop. It is in
extreme climates that barley remains a principal food source today, e.g., Himalayan na-
tions, Ethiopia, and Morocco.

The aim of this study consists of two different parts: (i) the application of gas chroma-
tography-mass spectrometry system (GC-MS) to determine lipid and soluble sugar com-
position in hexane and ethanol extracts of various barley cultivars; and (ii) the application
of multivariate data analysis to investigate the similarity of analyzed cultivars and the
possibility to determine the authenticity of barley flour based upon mutual similarities
among the samples, considering the importance of barley flour addition in non-wheat and
mixed flour bakery products. These results could be integrated in the procedures for flour
quality assurance.

EXPERIMENTAL
Sample preparation
All analyzed barley samples were obtained from the Small Grains Department at the

Institute of Field and Vegetable Crops "NS Seme", Novi Sad, Serbia: three cultivars of
winter malting barley (Novosadski 525 - B1, NS Pinon - B2, NS Zitos - B3), three culti-
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vars of winter forage barley (Atlas - B4, Somborac - B5, Rudnik - B6), one spring barley
cultivar (NS Marko - B7), and one hulless barley cultivar (Golijat - B8). All barley samp-
les were grown in the same year and at the same location, thus enabling a comparison in-
dependent from the differences in the environmental conditions.

About 10 g of each barley cultivar were ground using a laboratory mill (Falling num-
ber 3100, Sweden). An amount of 0.5 g of barley flour sample was poured in a 12 mL
cuvette for centrifugation. The cuvette was afterwards filled with 5 mL of n-hexane and
stirred on Vortex for 2 min, after which the mixture was centrifuged at 2000 rpm for 5
min. A volume of 3.00 mL of clear supernatant of each sample was separated into a 10
mL glass beaker and dried under nitrogen flow. The residue was first dissolved in 400 puL
of methylene chloride, and then 100 pL of 0.2 M trimethylsulfonium hydroxide in
methanol (TMSH, Macherey—Nagel) was added, to achieve the derivatization into vola-
tile methyl-esters (7).

After removing the hexane fractions, the barley flour samples remained defatted.
Samples of defatted flour were dried in the air. 5 mL of 96% ethanol (Merck) was added
to each dried sample. The mixture was vortexed for 2 min and centrifuged at 2000 rpm
for 5 min. A volume of 2.00 mL of clear supernatant was separated and 50 UL of 10% so-
dium hydroxide in ethanol and 50 uL of 10% hydroxilamine hydrochloride solution were
then added, through which oximes of sugars were obtained in ethanol solution. The mix-
ture was dried under nitrogen flow. The residue was first dissolved in 400 UL of methy-
lene chloride and 50 UL of BSTFA (N,O-bis-(trimethylsilyl)-trifluoroacetamide, Mache-
rey-Nagel) was added, by oximes were derivatized into trimethylsilyl-oximes (TMSO)
(8). By creating TMSO, two peaks corresponding to the syn (E) and anti (Z) forms per re-
ducing sugar are obtained and a single peak for any non-reducing carbohydrate which
does not form oximes. These derivatives are applicable to both aldoses and ketoses, and
have been widely used for the determination of carbohydrate complex mixtures, such as
flour of cereals, as they present good GC properties and provide simple chromatograms
).

All samples were prepared and analyzed in triplicates.
GC-MS analysis

The GC-MS analyses were performed on an Agilent Technologies 7890 gas chroma-
tograph coupled to 5975 mass spectrometer (Agilent Technologies, Palo Alto, CA, USA),
operating in EI mode at 70 eV. A DB-5 MS column (30m % 0.25mm x 25um) was used.
The same experimental conditions were used to determine both lipid and simple sugar
profiles. The temperature program was: 50-130°C at 30°C/min and 130-300°C at 10°C/
min. The injector temperature was 250°C. The flow rate of the carrier gas (helium) was
0.8 mL/min. A split ratio of 1:50 was used for the injection of 1 UL of sample solutions.

Data processing

The analysis of the obtained chromatograms was performed using the MSD Produc-
tivity ChemStation program. WILEY 275 library was used for the mass spectra analysis.
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PAST program was used for statistical data processing (10). Hierarchical cluster ana-
lysis of integrated surface areas of derivatized lipid and simple sugar compounds were
performed. Data points were clustered using paired group algorithm and correlation
similarity measure.

RESULTS AND DISCUSSION

Figure 1 shows the overlaid chromatograms of 8 samples of barley flour extracts: (A)
overlaid chromatograms of lipid components; (B) overlaid chromatograms of soluble
sugar components.
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Figure 1. Overlaid chromatograms of 8 samples of barley flour:
(A) lipid components; (B) soluble sugar components
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The Wiley 275 mass spectra library was used for the identification of detected compo-
nents in both hexane and ethanol extracts. The components of each barley flour extract
were identified according to the characteristic fragmentations for each group of com-
pounds — lipid and soluble sugar compounds.

Using the MSD Productivity ChemStation program the peaks of compounds of inte-
rest were integrated automatically from the chromatograms of both hexane and ethanol
extracts of barley flour samples. The numerical values of integrated surface areas were
subjected to the multivariate analysis using PAST program. A fundamental idea in multi-
variate data analysis is to regard the distance between objects in the variable space as a
measure of the similarity of the objects. Hierarchical cluster analysis is a complementary,
nonlinear, and widely used method for cluster analysis, with the result represented by a
dendrogram (11). Paired group algorithm and correlation similarity measure were applied
in all cases, because it provided the highest values of cophenetic correlation coefficient.

Hexane extracts analysis
Table 1 lists the identified lipid components in hexane extracts.

Table 1. Compounds detected in hexane extracts of analyzed barley samples

Lipid compound Rt

Dodecanoic acid, methyl ester 8.08

Nonanedioic acid, dimethyl ester 8.34
Tetradecanoic acid, methyl ester 10.20
9-Dodecenoic acid, methyl ester, (E)- 10.98
Pentadecanoic acid, methyl ester 11.23
9-Hexadecenoic acid, methyl ester 12.04
Hexadecanoic acid, methyl ester 12.25
Heptadecanoic acid, methyl ester 13.19
9,12-Octadecadienoic acid (Z, Z), methyl ester 13.92
9-Octadecenoic acid (Z)-, methyl ester 13.96
Octadecanoic acid, methyl ester 14.12
11-Eicosenoic acid, methyl ester 15.67
Eicosanoic acid, methyl ester 15.90
Heneicosanoic acid, methyl ester 16.69
Ricinoleic acid methyl ester 16.90
Octadecanoic acid, 9,10-dihydroxy-methyl ester 17.23
13-Docosenoic acid, methyl ester 17.31
Docosanoic acid, methyl ester 17.48
15-Tetracosenoic acid, methyl ester 18.98
Tetracosanoic acid, methyl ester 19.17
Hexacosanoic acid, methyl ester 21.45

*The components written in italic are present in all barley flour samples

69



APTEFF, 46, 1-269 (2015) UDC: 633.16:547.915:664.1:543.544.3
DOI: 10.2298/APT1546065P BIBLID: 1450-7188 (2015) 46, 65-75
Original scientific paper

By looking at the overlaid chromatograms in Figure 1 (A) and Table 1 it can be said
that the chromatograms can be divided into three different parts. First part includes met-
hyl esters of minor fatty acids with less than 16 carbon atoms in the molecule (Rt < 11.23
min). The second part includes methyl esters of the most abundant fatty acids, i.e. satura-
ted and unsaturated fatty acid methyl esters with 16 and 18 carbon atoms in the molecule
(Rt=12.04+14.12 min): hexadecanoic (palmitic), 9,12-octadecadienoic (linoleic), 9-octa-
decenoic (oleic), and octadecanoic (stearic) acid. 9-hexadecenoic (palmitoleic) and hep-
tadecanoic (margaric) acid methyl esters were also detected in the second part, but in
much smaller quantities. The third part of the chromatograms is composed of methyl es-
ters of saturated and unsaturated fatty acids with more than 18 carbon atoms in the mo-
lecule, which also appear in smaller amounts in all barley samples (Rt > 15.25 min).

The dendrogram of 8 barley flour samples constructed based on the lipid components
detected in the hexane extracts is presented in Figure 2.
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Figure 2. Dendrogram of lipid component correlations from Table 1, present in 8
samples of barley flour

The correlation similarity measure among barley samples is very high (r>0.96). The
flour samples of barley hybrids are divided in three groups (B1, B2, B3), (B4, BS), (B7,
B8), but they still represent great similarities between the groups. The properties of bar-
ley flour sample B6 slightly differ compared to the other barley samples, regarding its
lipid composition, but its similarity with the other samples is still very high (r~0.96).

The obtained value of cophenetic correlation coefficient was very high (0.9951),
which means that the dendrogram preserves very faithfully the pairwise distances bet-
ween the original unmodeled data points.
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Analysis of ethanol extracts
Table 2 lists the identified soluble sugars in ethanol extracts of 8 barley flour samples.

Table 2. Compounds detected in ethanol extracts of the analyzed barley samples

Simple sugar compound Rt
Xylitol, 1,2,3,4,5-pentakis-O-(trimethylsilyl)- 10.40
Arabinopyranose, tetrakis-O-(trimethylsilyl)- o-D- 11.30
D-Mannitol, 1,2,3,4,5,6-hexakis-O-(trimethylsilyl)- 12.61
D-Glucitol, 1,2,3,4,5,6-hexakis-O-(trimethylsilyl)- 12.69
Xylitol, 1,2,3,4,5-pentakis-O-(trimethylsilyl)- 12.80
D-Glucitol, 1,2,3,4,5,6-hexakis-O-(trimethylsilyl)- 13.25
D-Glucopyranose, 1,2,3,4,6-pentakis-O-(trimethylsilyl)- 16.09
o-D-Glucopyranoside, 1,3,4,6-tetrakis-O-(trimethylsilyl)--D- 17.84
fructofuranosyl 2,3,4, 6-tetrakis-O-(trimethylsilyl)- )
o-D-Glucopyranoside, 1,3,4,6-tetrakis-O-(trimethylsilyl)--D- 18.38
fructofuranosyl 2,3,4, 6-tetrakis-O-(trimethylsilyl)- )
D-Turanose, heptakis(trimethylsilyl)- 18.57
Melibiose, octakis(trimethylsilyl)- 18.80
o-D-Glucopyranoside, 1,3,4,6-tetrakis-O-(trimethylsilyl)--D- 18.92
fructofuranosyl 2,3,4, 6-tetrakis-O-(trimethylsilyl)- )
o-D-Glucopyranoside, 1,3,4,6-tetrakis-O-(trimethylsilyl)-B-D- 20.85
fructofuranosyl 2,3,4,6-tetrakis-O-(trimethylsilyl)- )
o-D-Glucopyranoside, 1,3,4,6-tetrakis-O-(trimethylsilyl)-B-D- 2139

fructofuranosyl 2,3,4,6-tetrakis-O-(trimethylsilyl)-

* The components written in italic are present in all barley flour samples

By observing the overlaid chromatograms in Figure 1 (B) and the detected compo-
nents in Table 2 it can be concluded that soluble sugar components, present in all the bar-
ley flour samples include monosaccharides and sugar alcohols: pentose and pentitol (ara-
binose and xylitol), hexose and hexitols (glucose, glucitol and mannitol), but also some
reducing disaccharides (turanose and melibiose). The most abundant component detected
in the chromatograms of ethanol extracts is definitely a disaccharide, identified as the
non-reducing sugar - sucrose, which represents the highest peaks on the chromatograms,
eluting at 17.84 min, 18.38 min and 21.39 min.

The similarity of the barley flour samples obtained by applying hierarchical cluster
analysis of compounds selected in the chromatograms of the ethanol extracts, by using all
sugar components that are present in the obtained chromatograms (monosaccharides, di-
saccharides and sugar alcohols), is shown in Figure 3. The figure depicts the dendrogram
of the analyzed barley samples obtained according to soluble sugars.
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Figure 3. Dendrogram of simple sugar component correlations from Table 2,
present in 8 samples of barley flour

In this case, based on the soluble sugar content, the branch with the sample B3 is se-
parated from the other samples, which are much more similar among each other. The cor-
relation similarity measure for all the samples was, however, very high, above r>0.995.
According to the soluble sugar content, samples B7 and B8 are grouped together in one
branch because of the highest similarity, while samples B1, B2, B6, B5 and B4 manifest
slight differences and their branches join individually in the order mentioned.

It can be said that the similarity among the barley samples, when comparing their
ethanol extracts, was above 0.70, which is significantly lower compared to the similarity
between the hexane extracts of the same samples, but still represents a relatively high si-
milarity.

The obtained value of cophenetic correlation coefficient was again very high (0.9837).

CONCLUSIONS

All samples of flour produced of different barley cultivars give similar chromatog-
rams of hexane and ethanol extracts, lipid and soluble sugar compositions and, therefore,
high values of similarity measures. With the application of multivariate analyses to inte-
grated surface areas of identified lipid and soluble sugar compounds, the samples of bar-
ley flour of different cultivars can be grouped together into clusters on the dendrograms
based on the mutual similarities of their hexane and ethanol extracts. Studies regarding
various cultivars of other cereal (corn, wheat) and pseudocereal species (amaranth, buck-
wheat), as well, has already proven high similarities of the lipid and simple sugar profiles
of samples with the same botanical origin. In this way, our future research will be direc-

72



APTEFF, 46, 1-269 (2015) UDC: 633.16:547.915:664.1:543.544.3
DOI: 10.2298/APT1546065P BIBLID: 1450-7188 (2015) 46, 65-75
Original scientific paper

ted towards the identification of barley flour during procedures concerning the flour qua-
lity control on the world market, apart from the analyzed samples of barley cultivars.
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JUIMUIHU 1 LIEREPHU ITPO®UJIN PASJIMYUTUX COPTH JEUMA
(Hordeum vulgare)

Kpucmuan A. Hacmop’, Mapujana M. Auancku’, Bypa H. Byjul’,
Anxuya B. Konouh-IlInuxa’, Huxona C. Xpucmog®

! Vuusepsurer y Hoom Cany, Texsonomku pakyirer, Bynesap napa Jasapa 1, 21000 Hosu Caz, Cpbuja
2 MIHCTHTYT 3a paTapcTBO M MOBpTapcTBo, Makcuma Fopkor 30, 21000 Hoeu Can, Cp6uja

Y oBOM pany MISHTU(QHKOBAHE Cy JIMIKIHE KOMIIOHEHTE U pacTBOpJbUBH Liehepu y
y30pIMa OpaliiHa pasiuyuTux coptH jeuma (Hordeum vulgare). Ucnutane cy cienche
copre jeuma: 3 y30pKa COpTE O3MMOI NHUBCKOT jedMa, 3 y30pKa COpPTE€ O3MMOI CTOYHOT
jeuMa, M 1O jefaH y30paK COpPTH japor M rojio3uMmor jeuma. M3 y3zopka OpamrHa jeuma
IIPBO Cy XEKCAHOM EKCTpaxoBaHE MacHE KHCEJIMHE, KOje Cy 3aTHUM JEepPHBaTH30BaHE Y
onrosapajyhe, ucrapspuBe METHII-eCTpe, IPUMEHOM peareHca 3a aepuBaruzanujy TMSH
(TpuMeTnICynhOHNj yM-XUIPOKCU Y MeTaHOY). HakoH Tora, o6e3mamhenn U ocymeHn
y30pIHM jeuMeHOT OpallHa MOABPTHYTH Cy €KCTpaKUUju 96%-THHUM €TaHOJIOM, YUME CY
W3/IBOjEHN PacTBOPJbUBH Iiehepu, Koju cy najbe JepuBaTH3oBaHu y onrosapajyhe TMS-
OKCHME, TIPUMEHOM pacTBOpa XuapokcmiaMmuH-xunpoxiopuga u BSTFA (H, O-6wmc-
(TpuMmeTnicHIIII)-TpUduTyopoaleTaMu,). XeKCaHCKU M aJIKOXOJHU €KCTPAKTH COPTH jed-
Ma aHaJM3MpaHu Cy MPUMEHOM racHe xpomarorpaduje - Mmacene crnekrpomerpuje (GC-
MS). CacraB nunuaHux, Kao U ehepHUX KOMIOHEHaTa je OMO BpJIO CIMYaH KOJ| CBUX
coprtu. Crora je 3a Jjajby 00pajy mojaraka npruMemheHa MyJITHBAapHjaHTHA aHaIM3a HyMe-
PUUYKHX BPEAHOCTH MHTETPUCAHUX MOBPLIMHA WAEHTH()UKOBAHMX METHJI-€CTapa MacHHUX
KHCeNIMHA W TPUMETHJICHINI-OKCUMa pacTBopsbuBuX mmehepa. [IpuMeHa xujepapxujcke
KJIacTep aHajM3e MoKa3yje BeoMa BeJIMKE CIMYHOCTH M3Mel)y McrmTaHux y3opaka Opari-
Ha COPTH jeuMa, 110 caapxkajy MacHuX kucennHa (0.96). Takohe 3Ha4ajHa, aju HEIITO Ma-
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Ba CIMYHOCT YCTAaHOBJbEHA je KOA campikaja pactBopspuBux mehepa (0,70). Opu mpemu-
MHUHAPHHU PE3yJITaTH YKa3yjy Ha MOTYhHOCT pa3iMKoBama jedMeHor OpaiiHa, 6e3 003upa
Ha COpTY, Of OpalllHa IpyruX >KUTApULa aHAIH30M calpikaja MACHUX KHCEJIHHA M pacT-
BOpJBMBHX Iehepa.

Kibyune peun: copre jeuma, JIMIMIHU cacTas, cactaB npoctux inehepa, GC-MS, kinac-
TEep aHaIM3a
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