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Summary: Cultivars of small grain species: wheat (Triticum aestivum), rye (Secale cereale) and triticale (Triticosecale) wete
selected because of their specific biochemical composition of carbohydrates for gas chromatographic analysis. Samples
were grounded to flour and extracted with 96% ethanol solution. Extracted mono- and disaccharides were first
derivatized into corresponding trimethylsilyl-oximes (TMSO) and analyzed on a GC/EI-gMS device. Four eluting
peaks at specific retention times (18.57 min, 18.80 min, 20.85 min, and 21.39 min), were identified as trimethylsilyl-
oximes of turanose, melibiose and two peaks of sucrose using Wiley 275 and NIST 14 mass spectra libraries, and were
further selected as discrimination factors. Their presence/absence in certain small grain cultivar was labeled with 1/0
thus creating binary numerical matrices, introduced into multivariate analysis. Exploratory data analysis techniques
were applied, thus providing a successful background for wheat, rye and triticale species differentiation, regardless of
the specific cultivar they belong to, avoiding quantitative determinations of defined discrimination markers. Higher
similarities between wheat and triticale cultivars, in comparison with rye species, may be due to the fact that most of
the triticale genome structure originates from wheat species.
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Introduction

Cereals have been used as food grains and
represent the most important source of dietary
carbohydrates, proteins, and fiber for humans for
millennia (Pelillo et al. 2010). Several epidemiological
studies indicated that diets rich in whole-grain derived
products are associated with decreased incidence of
chronic diseases, such as diabetes, cardiovascular
disease and cancer. Whole grains contain various
phytochemicals in addition to the basic and essential
nutrients (proteins, carbohydrates, dietary fiber) and the
health benefits have been largely ascribed to the
presence of nutraceutics with potential biological and
antioxidant activity, such as tocols (tocopherols and
tocotrienols), plant sterols, lignans, phenolic acids and
folates (Dinelli et al. 2009, Dinelli et al. 2011, Nystrom
et al. 2007, Ragaee et al. 2000).

It is well known that wheat (Triticum aestivum L.) is
one of the most important crops in the world and an
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important component of the human diet. Its flour is
used to make various food products, such as pan bread,
noodles, and cakes. (Dinelli et al. 2009, Gao et al. 2010).

Rye (Secale cereale 1.) is a widely grown cereal in
northern, central and eastern Europe. Its main use is in
bread and other products aimed for human
consumption or animal feed. Among commonly grown
cereals, whole grain rye has the highest dietary fiber
content, and is therefore considered to be a healthy
cereal (Rakha et al. 2010).

Triticale (Triticosecale W) is a specific kind of small
grain created by genetically combining wheat and rye
(Doxastakis et al. 2002). Triticale is intended to combine
wheat high genetic potential for good grain quality with
the disease resistance and environmental tolerance of
rye (Rakha et al. 2011). The data indicate that while the
nutritional quality of triticale is considered superior to
wheat, the higher ash content, lower milling yields of
flour, and infetior loaf volume and texture divert
triticale from use in commercial baking. The potential
use of triticale flour in bread-making could be more
promising if it was used in blends with bread wheat
flour (Doxastakis et al. 2002).

Interfaced GC-MS combined with a sophisticated
data system presents a powerful analytical tool of high
specificity and sensitivity, essential in many areas of
chemical and biochemical analysis in food chemistry
(Gerhardt 1990). It is a popular, suitable and fruitful
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method in generating metabolite fingerprints due to its
high separation power, reproducible retention times,
and selective mass detection (Castro-Puyana et al. 2013,
Venter et al. 2016). When it comes to gas
chromatographic determinations of carbohydrates in
complex mixtures, such as plant flour extracts,
trimethylsilyl-oxime derivatives of simple sugars proved
to be very suitable for this kind of analysis, presenting
good GC properties and providing relatively simple
chromatograms. These derivatives should provide
maximum two peaks (syz- and anti-form) per each
reducing sugar, and one peak per each non-reducing
sugar, because they do not form oximes (Bradbury
1990, Ruiz-Mutate et al. 2011). Today, chemometrics
present a powerful tool and a contemporary method
usually applied for statistical processing of obtained
chromatographic data (Cuadros-Rodriguez et al. 2016).

In our previous studies, it was determined that each
cereal and pseudocereal species, regardless of the
cultivar, has unique, genetically determined simple,
soluble sugar composition. Therefore, it was possible to
use the system of gas chromatography and mass
spectrometry to differentiate flour samples made of
various cereal and pseudocereal species. Unfortunately,
the proposed method was not sensitive enough to be
able to differentiate species of samples botanically
belonging to small grains, due to their high biological
similarities, and therefore high similarities in their
soluble sugar content (Acanski & Vuji¢ 2014, Pastor et
al. 2010).

The aim of this research was to develop a rapid
approach, utilizing a sophisticated analytical equipment,
such as GC/EI-gMS, coupled to contemporary
multivariate statistical data processing tools, which will
establish chemical differences between botanically and
genetically highly related small grain species: wheat, rye
and triticale, and thus enable their authentication.

Material and Method

Sampling

Tested samples of wheat — Triticum aestivum
(Rapsodija — W1, Evropa 90 — W2), rye — Secale cereale
(NS Savo - R) and triticale - Triticosecale (NS Karnak -
T1, NS Trifun - T2) cultivars were purchased from the
Small Grains Department of the Institute of Field and
Vegetable Crops "NS Seme", Novi Sad, Setbia.
Approximately 10 g of each cereal sample was ground
using a laboratory mill (Falling Number 3100) and
homogenized.

Extraction and Derivatization

The amount of 0.5 g of obtained cereal flour was
poured in a 12 mL cuvette, 5 mL of n-hexane was
added, stirred on Vortex for 2 min, and centrifuged at
2000 rpm for 5 min. Obtained hexane fractions were
rejected. The procedure was repeated three times, and
the flour samples remained defatted. Samples of

defatted flour were dried in the air. The volume of 5
mL of 96% ethanol solution (Merck) was added to each
dried flour sample in order to perform extraction of
simple sugars. The mixtute was stirred on Vortex for 2
min and centrifuged at 2000 rpm for 5 min. Total of 2
mL of clear supernatant was separated. The volumes of
50 mL of 10% sodium hydroxide solution in ethanol
and 50 mL of 10% hydroxylamine hydrochloride
solution were then added, through which sugar oximes
were obtained in ethanol solution. The mixture was
dried under nitrogen flow. The residue was first
dissolved in 400 mL of methylene chloride and 50 mL
of BSTFA (N,O-bis-(trimethylsilyl)-trifluoroacetamide,
Macherey—Nagel) was added, by which derivatization of
oximes into  trimethylsilyl-oximes (TMSO) was
petformed. (http://www.mn-net.com/DesktopModules/
TabID/10223/defauld.aspx)

Abnalysis procedure

The GC/EI-qMS analysis was performed on
Agilent Technologies 7890 instrument coupled to MSD
5975 equipment (Agilent Technologies, Palo Alto, CA,
USA) operating in EI mode at 70 eV. The DB-5 MS
column (30 m; 0.25 mm; 25 mm) was used. The
temperature program was as follows: 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 mL of sample solutions.

Data processing

Chromatograms  obtained after GC/EI-gMS
analysis were processed using the MSD Productivity
ChemStation program (Agilent, Palo Alto, CA, USA)
and Wiley 275 and NIST14 mass spectra library.
Multivariate analysis of such complex matrices was
performed using PAST program (Hammer et al. 2001).
In order to find hidden structures among tested cereal
samples, three different exploratory techniques were
applied: hierarchical cluster analysis (HCA), principal
component analysis (PCA), and principal coordinate
analysis (PCO) (Ares 2014, Abdi & Williams 2010,
Derndorfer & Baierl 2014, Grane and Jach 2014, Lee &
Yang 2009, Varmuza & Filzmoser 2008).

Results and Discussion

Total ion current (TIC) chromatograms presented
in an ovetrlaid form obtained after GC/EI-gMS analysis
of wheat, rye and triticale ethanol extracts, are shown in
Figure 1A.

Identification of eluting peaks was performed by
comparing obtained fragmentation spectra of unknown
compounds with Wiley 275 mass spectra library. They
included TMS-oximes of corresponding simple soluble
sugars, among which: pentoses and pentitols, eluting
between 8.05 and 11.38 min; hexoses and hexitols,
eluting between 12.10 and 17.61 min; and disaccharides,
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Figure 1. (A) Overlaid TIC chromatograms of wheat (W), rye

20.00 20.50 21.00 21.50

(R) and triticale (T); (B) the magnified part of chromatograms with

peaks chosen as discrimination factors

eluting between 17.84 and 21.39 min. The presence or
absence of a particular simple sugar compound in each
cultivar of wheat, rye and triticale was labeled with “1”
or “0”, by which binary matrices were created.
Components which were detected (“1”) or not detected
(“0”) at the same specific retention times in each sample
analyzed in this study were excluded from further data
processing, considering their insignificance  for
differentiations between tested small grain species. The
remaining simple sugar compounds, which present
markers for cereal species discrimination, were used to
create numerical binary matrices applied to perform
exploratory data analysis in the context of multivariate
analysis. The peaks of those components elute in the
part of the chromatogram marked on Figure 1A, which

was shown zoomed on Figure 1B. Using a mass
spectrometer and probability based matching algorithm
discriminating components at specific retention times:
18.57 min, 18.80 min, 20.85 min, and 21.39 min, were
identified as Turanose, Melibiose and two peaks of
Sucrose, respectively. However, the obtained matching
quality of the detected simple sugars was quite low
using both mass spectra libraries, which calls into
question the actual identity of eluting components. On
the other hand, the performances of mass spectrometry
were able to prove that eluting components at above-
mentioned retention times indeed belonged to some
form of simple sugars, which was completely
satisfactory in order to create binary matrices and apply
proposed statistical data processing tools as the basis

- 75 -



Pastor K. et al. GC/EI-gMS Disaccharide Profiles and Corresponding Genomes of Small Grains

Ratar. Povrt. 2017, 54(2): 73-78

for species differentiation. This allowed developing a semi-
qualitative model, which did not require accurate qualitative
and time-consuming quantitative determinations, using
expensive analytical standards.

By performing hierarchical cluster analysis, a
dendrogram shown in Figure 2 was obtained. A
similarity measure “correlation” and an algorithm
“paired group” were applied. These parameters gave the
maximum value of cophenetic correlation coefficient —
1, which indicates that the obtained dendrogram
represents the data very faithfully. The similarity
measure presented on j-axes of the dendrogram
indicates that strong differences between wheat, triticale

and rye species can be obtained using the proposed
discrimination markers.

By performing principal component analysis, var-
covar PCA diagram shown in Figure 3 was obtained.
The PCA of the presented data explained that the first
two principal components accounted for 100% of the
total variance (75.46 % and 24.54%, respectively) in the
four observed variables.

By performing principal coordinate analysis, also
known as multidimensional scaling, the PCO diagram
presented in Figure 4 was obtained. Correlation
similarity measure and transformation exponent c=2
were applied. The PCO of the presented data explained
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Figure 2. Discrimination factors dendrogram of wheat (W), rye (R) and triticale (T), obtained by performing hierarchical cluster analysis
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Figure 3. Discrimination factors PCA diagram of wheat (W),
rye (R) and triticale (T), obtained by performing principal
component analysis

Figure 4. Discrimination factors PCO diagram of wheat (W),
rye (R) and triticale (T), obtained by performing principal

coordinate analysis
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that the first two principal coordinates accounted for
100% of the total variance (83.67 % and 16.33%,
respectively) in the four observed variables.

It can be observed that wheat, rye and triticale
cultivars show strong differences being located in
separate quadrants of the presented diagrams in Figures
3 and 4. Both PCA and PCO analyses confirm the
possibility of tested species differentiation using the
proposed discrimination markers.

Estimating the distances of analyzed samples on
presented diagrams it stated that each
exploratory data analysis technique indicated stronger
similarities between wheat and triticale cultivars,
compared to the rye cultivar. This could be brought to a
relationship with corresponding genomes of tested small
grain species. Triticale (X Triticosecale Wittmack) is an
artificial species, a chromosome-doubled inter-generic
hybrid between various wheat species (T7iticum ssp., AA,
AABB and AABBDD) and rye (Secale cereale, RR). Since
the first attempt to produce an artificial hybrid, triticale
has been synthesized in a variety of ploidy levels and
genome constitutions, such as tetraploid (AARR),
hexaploid (AABBRR) and octoploid (AABBDDRR).
Furthermore, secondary triticale lines, which are the
stable hexaploid derivatives obtained by intercrossing an
octoploid triticale and/or hexaploid wheat with a
hexaploid triticale, have been developed for cultivation.
The triticale cultivars analyzed in this study belong to
the hexaploid group, which indicates that its genome
consists of three subgenomes: AA, BB and RR, which
means that significantly higher portion of the genome is
inherited from wheat, in respect of rye. In any case, the
greater similarity among triticale and wheat species stems
from the fact that at least two-thirds of a triticale genome is
derived from wheat, while only one-third originates from
rye (Ma & Gustafson 2008, Rakha et al. 2011).

can be

Conclusions

Trimethylsilyl-oximes of simple, soluble sugars
present in ethanol extracts of tested wheat, rye and
triticale  cultivars gave relatively simple TIC
chromatograms. Mass spectrometry proved to be
completely satisfactory in confirming a carbohydrate
origin of four peaks, eluting at 18.57 min, 18.80 min,
20.85 min, and 21.39 min, as significant markers to
discriminate wheat, rye and triticale species. Detecting
the presence of those peaks presents information that is
sufficient to create binary numerical matrices and
perform exploratory data analysis techniques, such as
hierarchical analysis, principal component
analysis and principal coordinate analysis. Presented

cluster

data processing tools provide a way to differentiate
tested small grain species, indicating higher similarities
of triticale cultivars to wheat cultivars, when compared
to rye. This conclusion is in accordance to the fact that
most of the genome content of tested triticale species
originated from wheat, which brings the metabolic small

molecules content into relationship with the genetic
properties of a certain plant species. The results of this
semi-qualitative approach aimed to be applied in quality
control of flour mixtures in bakery and confectionery
industry.
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Povezanost disaharidnih profila odredenih GC/EI-gMS sistemom sa genomima sorti
psenice, razi i tritikalea

Kristian Pastor - Marijana A¢anski - Dura Vuji¢ - Ankica Kondi¢-Spika

SaZetak: Sorte strnih Zita: psSenice (Triticum aestivum), razi (Secale cereale) 1 tritikalea (Triticosecale), analizirane su
primenom sistema gasne hromatografije sa maseno-spektrometrijskom detekcijom zbog specifiénog biohemijskog
sastava ugljenih hidrata. Uzorci su prvo samleveni u brasno, a potom ekstrahovani 96%-tnim rastvorom etanola.
Ekstrahovani disaharidi su zatim derivatizovani u odgovarajuée trimetilsilil-oksime i analizirani pomoéu GC/EI-qMS
uredaja. Biblioteckim pretrazivanjem Wiley 275 i NIST 14 baza masenih spektara Cetiri eluirajuca pika, sa specifi¢cnim
vremenima retencije (18,57 min, 18,80 min, 20,85 min, i 21,39 min), identifikovana su kao trimetilsilil-oksimi
turanoze, melibioze i saharoze, i odabrana kao diskriminirajuci faktori. Njihovo prisustvo, odnosno, odsustvo u
odredenim sortama strnih Zita oznaceno je sa ,,1%, odnosno, ,,0, kreirajuci pritom binarne numericke matrice, koje
su podvrgnute multivarijantnoj analizi. Primenjene istrazivacke tehnike analize podataka pruzile su dobru osnovu za
diferencijaciju pSenice, razi i tritikalea, bez obzira na specificnu sortu kojoj pripadaju, izbegavajuéi pritom
kvantitativhu analizu definisanih markera diskriminacije. Pretpostavlja se da uocena izrazenija sli¢nost izmedu sorti
psenice i tritikalea, u odnosu na raz, moze biti rezultat ¢injenice da najveci deo strukture genoma sorti tritikalea vodi
poreklo upravo od sorti psenice.

Kljuéne re&i: Triticum aestivum, Secale cereale, Triticosecale, TMSO derivati, GC/EI-qMS, disahatidi, multivatijantna analiza
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