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Abstract: Various cultivars of different cereal and pseudocereal species (9 
wheat, 8 barley, 1 rye, 3 oat, 2 triticale, 3 spelt, 12 corn, 3 amaranth and 9 
buckwheat cultivar samples) were milled into flour, extracted using n-hexane, 
derivatized with trimethylsulfonium hydroxide solution, and subjected to GC– 
–MS analysis. Fatty acid methyl esters and non-saponifiable compounds 
(phytosterols, α-tocopherol and squalene) were identified by comparing mass 
spectra with the Wiley MS library. A binary system was applied in further data 
processing: the presence or the absence of a particular lipid component in each 
sample was coded with either (1) or (0). Major lipid components that were pre-
sent in all analyzed flour samples were removed from further data analysis, 
leaving only those that represent a good pattern to differentiate the flour 
samples according to corresponding cereal/pseudocereal species. Pattern recog-
nition tools (cluster analysis and principal component analysis) were applied to 
visualize groupings and separations among the samples. The presented 
approach enables the rapid differentiation of flour samples made from various 
cereal/pseudocereal species according to their botanical origin and gluten con-
tent, thereby, successfully avoiding exact quantitative determinations. 

Keywords: differentiation; binary GC–MS data; pattern recognition tool; cereal 
and pseudocereal flour; lipid profile; gluten content. 

INTRODUCTION 
Cereal grains and the flour made from them present a very important staple 

food in human daily nutrition, especially in the forms of various bakery products, 
such as bread, cakes, biscuits and many other.1 Pseudocereals are increasingly 
becoming a part of this concept, due to their excellent nutritive properties and the 
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health benefits they provide.2,3 Unfortunately, economically motivated frau-
dulent actions and food adulterations have been common in food manufacture 
since ancient times.4 These facts are prioritizing various authenticity testing pro-
cedures as valuable methods in consumer protection against fraudulent prac-
tices.5 Furthermore, economic aspects and authentication of cereal products is 
very important in consumer health protection, since consumption of products 
containing undeclared constituents may cause intoxication or problems, such as 
allergy in sensitized individuals or gluten intolerance.6 There is a clear trend in 
the international market towards labeling the products with information about 
their composition and quality, which brings about the need to develop and stan-
dardize analytical procedures in order to confirm the information given by the 
label and to uncover adulteration.7 Many analytical approaches are being applied, 
with chromatographic techniques coupled to mass spectrometric detection being 
of great importance because of their outstanding separation ability and unsur-
passed molecular identification capability.8,9 Other analytical techniques that are 
being used for food authenticity and quality testing include various spectroscopic 
techniques (UV, NIR, MIR, visible, Raman, fluorescence, NMR and ICP-OES), 
isotopic analysis, electronic nose, PCR and real-time PCR, enzyme-linked immu-
nosorbent assay and thermal analysis. Among all of these, chromatographic tech-
niques definitely represent one of the most important ones used in food authen-
tication and adulteration.1,5,10,11 The main disadvantage of spectroscopic tech-
niques is their inability to adequately address the individual contributions of mix-
ture components, which often coincide in broad, overlapped and unresolved 
spectral bands.12 Therefore, other analytical techniques, such as GC–MS, have to 
be used or combined in order to reveal the fundamental causes of the separ-
ation/classification.1,14  

Khakimov et al. reported that gas chromatography coupled to mass spectro-
metry (GC–MS) is the most accurate and the best established hyphenated ana-
lytical technique used in metabolomics, thus covering a never expected wealth of 
applications, from daily routine quality control to confirmatory analysis with 
legal impact.15–18 Many authors have proposed various methods utilizing a GC– 
–MS technique combined with advanced data analysis for the verification of geo-
graphic origin, the discrimination of different species and cultivars, and the det-
ection of adulterants in various foods,19–35 Table S-I of the Supplementary mat-
erial to this paper. 

Fats and oils are usually analyzed using a gas chromatography instrument 
coupled with flame ionization detector (GC–FID) or a mass spectrometer (GC– 
–MS) after they have been extracted and derivatized. However, GC–FID always 
suffers from the presence of co-elution of naturally occurring matrix-interfering 
compounds and may be insufficiently sensitive. GC–MS, while being able to 
determine the presence of co-eluting compounds, cannot always accurately quan-
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tify the amounts.27 Applying the proposed binary system in chemometric data 
processing, the need for accurate quantification of the identified lipid compounds, 
as well as the utilization of analytical standards, was successfully avoided. In this 
manner, the complete analysis procedure was significantly simplified and short-
ened. Furthermore, the influences of various possible peak integration modes, 
which depend on the GC–MS instrumentation and available software, on the dif-
ferentiation results could be completely neglected using this method. 

Oil content and lipid distribution (fatty acids and non-saponifiable com-
pounds) within seeds have been precisely analyzed in many cereal and pseudo-
cereal species and their products, with the application of methods utilizing chro-
matographic techniques, in particular GC and HPLC, combined with various 
detection systems,36–52 Table S-II of the Supplementary material.  

Multivariate data analysis is often coupled with data-rich instrumental 
methods. With respect to food fraud, unsupervised multivariate chemometrics 
approaches may be used as a powerful data-reduction tool used qualitatively for 
grouping or classifying unknown samples with similar characteristics.53,54 
Although systems based on GC–MS combined with various multivariate clas-
sification and pattern recognition methods have been extensively used to measure 
lipids and chemical composition in general (e.g., protein, moisture, oil) of differ-
ent cereal and pseudocereal species, to the best of the authors’ knowledge, no 
studies have been conducted reflecting the use of this method for varietal dis-
crimination and traceability of cereals and pseudocereals.  

Considering all these aspects, the aim of this study was to develop an integ-
rated approach utilizing chemometric analysis of GC–MS data in a binary form 
for the discrimination of experimental flour samples according to their corres-
ponding botanical origin. The flour samples were produced from various culti-
vars of different cereals (order Poales) and pseudoceral (order Caryophyllales) 
species, i.e., wheat (Triticum aestivum L.), barley (Hordeum vulgare L.), rye 
(Secale cereale L.), oat (Avena sativa L.), triticale (Triticosecale Wittm.), corn 
(Zea mays L.), spelt (Triticum spelta L.), amaranth (Amaranthus L.) and buck-
wheat (Fagopyrum esculentum Moench.). In order to avoid time-consuming 
determinations of the concentrations of the lipid compounds, a rapid, semi-quan-
titative approach was developed by creating binary matrices of the obtained GC– 
–MS data. Pattern recognition techniques, i.e., principal component analysis 
(PCA) and cluster analysis (CA), were applied to the experimental GC–MS 
binary data (used as descriptors) to characterize and differentiate the observed 
samples according to their corresponding botanical origin. 

EXPERIMENTAL 
Sampling 

Samples of all cereal and pseudocereal species analyzed in this study were obtained from 
the cultivated, living collection of the Institute of Field and Vegetable Crops “NS Seme”, 
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Novi Sad, Republic of Serbia, Table I. All species were grown in the same year and on the 
same experimental field, thus enabling the comparison to be independent of differences in 
environmental conditions.  

TABLE I. Various cultivars of cereal and pseudocereal species analyzed in this study 
Species Cultivars 
Corn, Zea mays L. Unknown cultivars (C1–C12) 
Wheat, Triticum aestivum L. Renesansa (W1), Rapsodija (W2), Evropa 90 (W3), Pesma 

(W4), Milijana (W5), Nataša (W6), Venera (W7), Durumko 
(W8), NS Dur (W9) 

Barley, Hordeum vulgare L. Novosadski 525 (B1), NS Pinon (B2), NS Zitos (B3), Atlas 
(B4), Somborac (B5), Rudnik (B6), NS Marko (B7), Golijat 

(B8) 
Oat, Avena sativa L. Dunav (O1), Jadar (O2), Sedef (O3) 
Triticale, Triticosecale Wittm. NS Karnak (T1), NS Trifun (T2) 
Rye, Secale cereale L. NS Savo (R) 
Spelt, Triticum spelta L. Austrija (S1), Eko-10 (S2), Nirvana (S3) 
Amaranth, Amaranthus L. 2A (A1), 16A (A2), 31A (A3) 
Buckwheat, Fagopyrum 
esculentum Moench. 

Godijeva (H1), Bambi (H2), Darja (H3), Francuska (H4), 
Prekumurska (H5), Češka (H6), Čebelica (H7), Novosadska 

(H8), Spacinska (H9) 

Sample preparation 
About 10 g of each of the 50 cereal and pseudocereal cultivar samples from Table I were 

ground using a laboratory mill (falling number 3100, Sweden) and homogenized to obtain a 
uniform flour sample matrix. Each flour sample (≈ 0.5 g) was accurately weighed and poured 
into a 12 mL cuvette. The cuvette was then filled with 5 mL of n-hexane and vortexed for 2 
min, after which the mixture was centrifuged at 2000 rpm for 5 min. Then 3 mL of clear 
supernatant of each sample was separated into a 10 mL glass beaker and dried under a nitro-
gen flow. The residue was first dissolved in 400 μL of dichloromethane, and then 100 µL of 
0.2 M trimethylsulfonium hydroxide in methanol (TMSH, Macherey–Nagel) was added, thus 
performing a derivatization into volatile methyl esters (Macherey–Nagel).55 
GC–MS parameters 

Analytical procedure was conducted on a GC–MS system, Agilent Technologies 7890 
instrument coupled with MSD 5975 equipment (Agilent Technologies, Palo Alto, CA, USA) 
operating in the electron ionization mode at an energy of 70 eV. A DB-5 MS column (30 m 
length, 0.25 mm i.d., 25 μm film thickness, 5 % phenyl methylpolysiloxane polymer, Agilent 
Technologies) was used. The temperature program was 50–130 °C at 30 °C min-1 and 130– 
–300 °C at 10 °C min-1. The injector temperature was 250 °C. Helium was used as the carrier 
gas at a constant flow rate of 0.8 mL min-1. A split ratio of 1:50 was used for the injection of 1 
μL of the sample solutions.  
Data processing  

The GC–MS data in the form of full-scan chromatograms (Supplementary material) were 
acquired by Agilent MSD Productivity ChemStation software. Compound identifications inv-
olved comparisons of the mass spectra with the Wiley 275 MS database using a probability-
based matching algorithm (a match quality of 95 % minimum was used as a criterion). 

________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/

(CC) 2018 SCS.



 DISCRIMINATION OF CEREALS AND PSEUDOCEREALS  321 

Data analysis 
The binary data were analyzed using the Statistica 10.0 (StatSoft Inc., Tulsa, OK, USA) 

software package. Principal component analysis (PCA) was used to discover the possible rel-
ations among measured parameters (variables), while the cluster analysis (CA) was primarily 
used to identify patterns among individual objects and their groups. In our study, the distance 
between objects was defined by City-block (Manhattan) distance metrics and the complete 
linkage method was employed for amalgamation of clusters. 

RESULTS AND DISCUSSION 

Lipid profile 
Total ion current (TIC) chromatograms of each investigated cereal and 

pseudocereal cultivar were obtained by performing GC–MS analysis under 
above-mentioned conditions. The peaks of the lipid compounds were success-
fully and rapidly identified by comparing their mass spectra with Wiley MS 
library, showing a high match quality of at least 95 %. The GC–MS analysis 
provided reproducible and accurate measurements of the retention time, m/z and 
abundance of lipid compounds along with their fragmentation patterns. The 27 
identified lipid compounds, their corresponding retention times and abbreviations 
used as labels in chemometric analysis are listed in Table II. 

TABLE II. Lipid components detected in the investigated cereal and pseudocereal cultivars, 
the corresponding abbreviations and retention times (tR)a, b, c, d, e 

tR / min Compound Abbr. C W R T O B S A H 
8.34 Nonanedioic acid, dimethyl ester NDA 1a 1 1 1 1 1 0b 0 0 
10.19 Tetradecanoic acid, methyl ester C14:0 1 1 1 1 1 1 1 1 0 
11.23 Pentadecanoic acid, methyl ester C15:0 1 1 1 1 1 1 0 1 0 
12.04 9-Hexadecenoic acid, methyl ester C16:1 1 1 1 1 1 1 0 0 0 
12.25 Hexadecanoic acid, methyl estere C16:0 1 1 1 1 1 1 1 1 1 
13.19 Heptadecanoic acid, methyl ester C17:0 1 1 1 1 1 1 1 1 0 
13.92 9,12-Octadecadienoic acid (Z, Z), 

methyl ester 
C18:2 1 1 1 1 1 1 1 1 1 

13.96 9-Octadecenoic acid (Z)-, methyl ester C18:1 1 1 1 1 1 1 1 1 1 
14.12 Octadecanoic acid, methyl ester C18:0 1 1 1 1 1 1 1 1 1 
14.86 10-Nonadecenoic acid, methyl ester C19:1 0/1c 0 0 0 0 0 0 0 0 
15.04 Nonadecanoic acid, methyl ester C19:0 1 0 0 0 0 0 0 1 0 
15.67 11-Eicosenoic acid, methyl ester C20:1 1 1 1 1 1 1 0 0 1 
15.87 Eicosanoic acid, methyl ester C20:0 1 0/1 0 0 0 0 0 1 1 
16.69 Heneicosanoic acid, methyl ester C21:0 1/0d 0 0 0 0 0/1 1 0 0 
16.90 Ricinoleic (12-hydroxy-9- 

-octadecenoic) acid, methyl ester 
RA 0 1/0 1 1 1 1/0 0 0 0 

17.23 9,10-Dihydroxyoctadecanoic acid, 
methyl ester 

DHSA 0 0 0 0 1 1/0 0 0 0 

17.48 Docosanoic acid, methyl ester C22:0 1 1 1 1 1 1 1 1 1 
18.28 Tricosanoic acid, methyl ester C23:0 0 0/1 0 0 0 0 0 1 0 
19.17 Tetracosanoic acid, methyl ester C24:0 1 1 1 1 1 1 1 1 1 
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TABLE II. Continued 
tR / min Compound Abbr. C W R T O B S A H 
20.01 Campesterol CA 1/0 0 0 0 0 0 0 0 0 
20.21 Pentacosanoic acid, methyl ester C25:0 1 0 0 0 0 0 0 1 0 
20.27 Squalene SQ 1/0 0 0 0 0 0 0/1 1 0 
20.88 Stigmasterol ST 0/1 0 0 0 0 0 0 0 0 
21.14 γ-Sitosterol γSI 0 0 0 0 0 0 0 1 0 
21.22 α-Tocopherol αT 0 1 0 0 0 0 0 0 0 
21.32 Ethylcholestanol ECH 0 0 0 0 0 0 0 1 0 
21.45 Hexacosanoic acid, methyl ester C26:0 1 1 1 1/0 1 1/0 1/0 1 0 
a”1” a lipid component detected in every cultivar of a particular cereal/pseudocereal species; b“0” a 
lipid component not detected in any cultivar of a particular cereal/pseudocereal species; c“0/1” a 
lipid component detected in less than 50 % of the cultivar samples of a particular cereal/pseudo-
cereal species; d”1/0” a lipid component detected in more than 50 % of the cultivar samples of a 
particular cereal/pseudocereal species; elipid components eliminated from further chemometric ana-
lysis are written in bold 

The lipid fraction is constituted mainly of saturated and unsaturated fatty 
acids in the range C9–C26 and non-saponifiable compounds. These include free 
phytosterols (unsaturated: campesterol, stigmasterol, γ-sitosterol, and saturated: 
ethylcholestanol), α-tocopherol, and squalene. The peaks of some liposoluble 
compounds, such as the peaks of hydrocarbons (n-alkanes, n-alkenes and aro-
matics), were also detected on the obtained TIC chromatograms, but they were 
excluded in further data processing. 

Binary system 
The binary system was applied in Table II, to label either the absolute pre-

sence (code “1”) or the absolute absence (code “0”) of a particular lipid com-
ponent, or to label if the cultivars of a given cereal/pseudocereal species in some 
cases contained a certain lipid compound, and in the others not (labels 0/1 and 
1/0). If a certain lipid compound was detected in less than 50 % of the inves-
tigated cultivars of a particular cereal/pseudocereal species, it was labeled with 
0/1, and if it was present in more than 50 % of the cultivars, it was labeled with 
1/0, Table II. Although the mentioned coding system was applied in Table II to 
present the lipid profiles of the collected flour samples, only the coding values 
“1” and “0” were subjected to chemometric analysis. The major lipid compounds 
identified in the flour samples of every cereal and pseudocereal cultivar analyzed 
are in bold and they include the methyl esters of the most abundant fatty acids: 
hexadecanoic (C16:0), 9,12-octadecadienoic (C18:2), 9-octadecenoic (C18:1), 
octadecanoic (C18:0), docosanoic (C22:0) and tetracosanoic (C24:0) acid. Con-
sidering that in binary form they do not represent any differences, having the 
value “1” in every single case, they cannot be taken into account as a pattern for 
flour discrimination. These non-influential compounds were, therefore, excluded 
from further data analysis, leaving only those that have a high impact on the 
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separation between the botanical cultivars of the plant species. Some lipid com-
pounds were found to be specific to a single or two species, mostly corn and 
amaranth. Thus, 10-nonadecenoic acid (C19:1) is detected just in some cultivars 
of the corn flour samples, nonadecanoic acid (C19:0) in all samples of corn and 
amaranth cultivars, 9,10-dihydroxyoctadecanoic acid (DHSA) in all cultivars of 
oat species and some cultivars of barley, tricosanoic acid (C23:0) in all amaranth 
cultivar and some wheat cultivars, campesterol (CA) in some cultivars of corn, 
pentacosanoic acid (C25:0) in all samples of corn and amaranth cultivars, stigma-
sterol (ST) in some cultivars of corn, γ-sitosterol (γSI) in all amaranth cultivars, 
α-tocopherol (βT) in all samples of wheat, and ethylcholestanol (ECH) in all 
samples of amaranth cultivars. 

Therefore, the application of very sophisticated but expensive techniques, 
such as triple quadrupole GC and LC–MS/MS systems, for the selective quan-
tification of the target compounds17 is redundant and unnecessary in this case, 
considering that the presented approach does not require compound quantific-
ation. Instead, it was enough just to determine if these compounds were present 
in the sample (applying the code “1”) or not (applying the code “0”). Therefore, 
it is sufficient to use more accessible and common single quadrupole GC–MS 
instrument while performing the analysis.  

Cluster analyses  
A dendrogram of minor fatty acids and non-saponifiable compounds det-

ected in the n-hexane extracts of different wheat, rye, triticale, oat, barley, corn, 
spelt, amaranth and buckwheat cultivars using complete linkage as an amal-
gamation rule and the City-block (Manhattan) distance as a measure of the prox-
imity between the samples is shown in Fig. 1. 

A dendrogram of classes of various wheat, rye, triticale, oat, barley, corn, 
spelt, amaranth and buckwheat cultivars is shown in Fig. 2. 

The dendrogram of the GC–MS binary data showed the proper distinction 
between the investigated species (wheat, rye, triticale, oat, barley, corn, spelt, 
amaranth and buckwheat), due to a high variability between their genotypes. Cul-
tivars of particularly small grain species (triticale, oat and barley) do not show a 
complete separation in accordance to the botanical origin and thus, flour samples 
of some barley cultivars (B2, B3) show strong similarities with samples of tri-
ticale cultivars (T1, T2), while flour samples of oat cultivars (O1, O2, O3) pre-
sent strong similarities with some other cultivars of the barley species (B1, B7, 
B8). On the other hand, it is obvious that using this method flour samples of 
every spelt cultivar analyzed (by belonging to the genus Triticum56 it is mostly 
considered as a genotypic subspecies of common wheat) could be completely 
distinguished from flour samples of every wheat cultivar and every small grain 
species, in general. In terms of buckwheat, amaranth, spelt, corn and small grain 
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species (wheat, rye, triticale, oat and barley), the proposed GC–MS method could 
allow visualization of the intrinsic structure of the data set without a priori 
assumption about the origin of the samples. It is also important to note here that 
the samples of gluten-free corn and pseudocereals (amaranth and buckwheat) are 
clearly discriminated from the gluten-containing small grain cereals (wheat, rye, 
triticale, barley and oats).57–59 However, although spelt taxonomically belongs 
to the Triticum genus, and is botanically very similar to wheat, the distinction of 
spelt is very important because of its high quality and price, compared to a com-
mon wheat, since spelt is suitable for organic agriculture, and is commonly pro-
duced in this way.56 

 
Fig. 1. Cluster analysis of the lipid components identified in the n-hexane extracts of the 

analyzed cereal and pseudocereal cultivars. 

PCA analysis 
The PCA of the obtained data explained that the first three principal com-

ponents accounted for 73.11 % of the total variance in the fifteen variables (29.21 
%, 26.35 % and 17.55 %, respectively), Fig. 3. 

Considering the PCA map of the obtained data, the contents of NDA, C14:0, 
C15:0, C16:1, C17:0, C19:0, C25:0 and C26:0 (which contributed 8.2, 10.9, 11.1, 
8.2, 10.9, 8.2, 8.2 and 9.9 % of total variance, respectively, based on the cor-
relations), exhibited negative scores according to the first principal component. A 
positive contribution in the second principal component calculation was observed 
for C19:0 (which contributed 7.4 % to the total variance), C20:0 (11.1 %), C25:0 
(7.4 %) and SQ (6.9 %), while negative scores in the second principal component 
calculation was observed for RA (12.2 %), NDA (7.6 %) and C16:1 (7.6 %). 

The positive contributions in the third principal component calculation were 
observed for C23:0 (14.3 %), ST (7.0 %), γSI (14.9 %) and ECH (14.9 %), while 
negative scores in the third principal component calculation were observed for 
C20:1 (9.9 %) and CA (7.9 %). 
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Fig. 2. Cluster analysis of the analyzed cultivars belonging to the different cereal and 

pseudocereal species. 

The samples of amaranth (A region), corn (C region) and buckwheat flour 
(H region) are grouped together and clearly separated from the flour samples of 
the other analyzed species. These samples present the non-gluten species ana-
lyzed in this study. Samples of flour produced from gluten-containing small grain 
species: wheat, barley, oats, rye and triticale, could be distinguished from the 
other analyzed flour samples, by forming a separate group. However, similar to 
cluster analysis, the principal component analysis was also not able to separate 
them fully based on botanical origin, due to the high biological relations among 
them. Samples of spelt flour (S region) are also grouped together but close to the 
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flour samples produced from the wheat varieties W3 and W4, because wheat 
(Triticum aestivum L.) is the closest botanical relative to spelt (not only Triticum 
spelta L., but also Triticum aestivum subsp. Spelta L.) among all cereal and 
pseudocereal species analyzed in this study. 

 
Fig. 3. PCA of the cultivars of the investigated cereal and pseudocereal species and the 

corresponding lipid components detected, a) projection in the PC2-PC3 plane, b) projection in 
the PC1-PC3 plane, c) 3D scatter plot and d) projection in the PC1-PC2 plane. 

CONCLUSIONS 

The derivatized hexane extracts of 50 flour samples made of various culti-
vars belonging to different cereal and pseudocereal species were subjected to 
GC–MS analysis. The lipid components detected in the flour samples were coded 
using the binary system, to signify the presence (1) or the absence (0) of a par-
ticular component. Applying pattern recognition tools (cluster analysis and prin-
cipal component analysis) to the binary matrices of the GC–MS data, differentiat-
ions and groupings of flour samples according to the corresponding botanical ori-
gin and gluten content were obtained. The study of the experimental flour 
samples evidenced the tremendous effect the botanical origin had on the lipid 
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profile of the analyzed samples. The presence of minor fatty acids and non-sap-
onifiable compounds (phytosterols, α-tocopherol and squalene) could be used as 
botanical authenticity marker to establish the differences between flour samples 
of various cereals and pseudocereals. These results constitute a useful base for 
developing a system for adulteration detection in cereal and pseudocereal flours 
used in the production of various bakery products. The proposed semi-quan-
titative approach excludes the use of analytical standards, which are typically 
used in this kind of analysis, and time-consuming accurate determinations of the 
profiling lipid concentrations. 

SUPPLEMENTARY MATERIAL 
The obtained total ion current chromatograms overlaid by Agilent MSD Productivity 

ChemStation software according to the corresponding cereal and pseudocereal species are 
available electronically at the pages of the journal website: http://www.shd.org.rs/JSCS/, or 
from the corresponding author on request. 
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И З В О Д  
ДИСКРИМИНАЦИЈА РАЗЛИЧИТИХ БОТАНИЧКИХ ВРСТА ЦЕРЕАЛИЈА И 

ПСЕУДОЦЕРЕАЛИЈА МУЛТИВАРИЈАНТНОМ АНАЛИЗОМ БИНАРНОГ СИСТЕМА 
GC–MS ПОДАТАКА 

КРИСТИАН ПАСТОР1, ЛАТО ПЕЗО2, ЂУРА ВУЈИЋ3, ЂОРЂЕ ЈОВАНОВИЋ4 и МАРИЈАНА АЧАНСКИ1 

1Технолошки факултет, Универзитет у Новом Саду, Булевар цара Лазара 1, 21000 Нови Сад, 
2Институт за општу и физичку хемију, Универзитет у Београду, Студентски трг 12–16, 11158 

Београд, 3независни научник, Нови Сад и 4ФИМЕК, Универзитет Привредна академија, Цвећарска 2, 
21000 Нови Сад 

Различите сорте разних ботаничких врста цереалија и псеудоцереалија (пшеница – 
9, јечам – 8, раж – 1, овас – 3, тритикале – 2, спелта – 3, кукуруз – 12, амарантус – 3, 
хељда – 9 узорака различитих сорти), самлевене су у брашно, екстраховане хексаном, 
дериватизоване раствором триметилсулфонијум-хидроксида, и подвргнуте GC–MS ана-
лизи. Метил-естри масних киселина и неосапуњивих материја (фитостероли, α-токофе-
рол и сквален) идентификовани су поређивањем масених спектара са Wiley MS библио-
теком. Бинарни систем је примењен у даљој обради података: присуство или одсуство 
одређене липидне компоненте кодирано је било са (1) или (0) у сваком узорку. Липидне 
компоненте које су биле присутне у свим анализираним узорцима брашна уклоњене су 
из даље анализе, остављајући само оне који представљају добар основ за диференцирање 
узорака брашна према одговарајућим ботаничким врстама цереалија/псеудоцереалија. 
Технике мултиваријантне анализе (кластер анализа и анализа основних компонената) 
примењене су за визуелизацију групација и раздвајања међу анализираним узорцима. 
Приказани приступ омогућава диференцирање узорака брашна пореклом од различитих 
врста цералија и псеудоцереалија према њиховом ботаничком пореклу и садржају глу-
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тена на брз начин, без потребе за тачним квантитативним одређивањем елуирајућих 
липидних компонената. 

(Примљено 26. септембра, ревидирано 17. новембра 2017, прихваћено 8. јануара 2018) 
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