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ABSTRACT 
A qualitative analysis of hydrosoluble flour extract of different types of small grains (bread wheat, barley and triticale) was per-

formed by using gas chromatography with mass spectrometry. Flour samples were first hexane-defatted, and then extraction by 96% 
alcohol was performed. Derivatization reagent was TMSI (trimethylsilylimidazole), by which derivatization of carbohydrates into 
trimethylsilylethers was performed. The results obtained have shown that the components of all samples are the same. The most in-
tensive peak in the hydrosoluble extract originates from saccharose disaccharides. 
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REZIME 
Primenom gasne hromatografije sa masenom spektrometrijom urađena je kvalitativna analiza hidrosolubilnog ekstrakta različitih 

vrsta strnih žita (hlebna pšenica, ječam i tritikale).  Dobijeni rezultati pokazuju da je sastav komponenata isti za sve uzorke Reagens 
za transesterifikaciju je bio TMSI (trimetilsililimidazol) čime je izvršena derivatizacija šećera u trimetilsililetre. Najintenzivniji pik u 
hidrosolubilnom ekstraktu potiče od disaharida saharoze. 

Ključne reči: strna žita, gasna hromatografija sa masenom spektrometrijom, hidrosolubilni sastojci. 
 
INTRODUCTION 
In the last decade small grains of high quality have been do-

minant on the world's market. Improved potential for yield and 
quality in the breeding-production-processing triangle created 
preconditions for even more successful marketing of our seed, 
both on local and foreign markets. Special importance is given to 
the improvement of yield and quality potential of alternative 
small grains due to their constant demand and shortage on the 
world's market. Additionally, an important fact is that prices of 
alternative small grains are in comparison to the bread wheat 
higher by up to 25%. Lack of reliable information on price pol-
icy for alternative small grains on the world's market prevents 
foreseeing the importance of research in alternative small grains, 
but they still remain types with a high potential in various fields 
(animal husbandry, healthy food, ecology, macrobiotics, etc.). 
Improvement of small grains has a great potential primarily in 
increasing quality of raw materials, improvement of processing 
equipment and quality of final products, which would signifi-
cantly affect the commercial sector (new products, new process-
ing methods, expanding the range of small grain products, etc.). 

Since carbohydrates, as the most common group of com-
pounds found in nature, are the main elements of foods of plant 
origin, as well as of industrially processed products thereof, and 
since they constitute series of compounds among which sugars, 
sugar derivatives and sugar polymers are the most important 
ones, it was necessary to determine their content of the sample. 
The content of carbohydrates in bread wheat flours is commonly 
within the following limits: starch 64-74%, soluble sugars 2-4%, 
cellulose 0.1-2% and pentosans 1-5% (Olson and Frey, 1987; 
Pomeranz, 1988a; Pomeranz, 1988b; Đaković, 1997). Starch is 
insoluble in cold water. Soluble sugars include monosaccharides, 
disaccharides, oligosaccharides and polysaccharides, more or 
less soluble in water, and playing certain roles in the process of 

bread making. Flour monosaccharides can be pentoses, in which 
case they contain five carbon atoms in the molecule (xylose, 
arabinose) or on the other hand hexoses, with six carbon atoms 
(glucose, fructose). Disaccharides (maltose, saccharose, lactose) 
are formed by two molecules of monosaccharides. If one mole-
cule comprises three (raffinose) or more molecules of monosac-
charides (up to 12), then such compounds are called oligosaccha-
rides (glucofructosanes, levosine).  

Sugars also play a role in the process of bread baking since 
they caramelize at higher temperatures, turn the bread crust to 
brown color and affect its properties, appearance and flavor.  

Flour polysaccharides are macromolecular compounds con-
taining a large number of interconnected molecules of monosac-
charides. Besides starch, flour contains celluloses, hemicellu-
loses, pentosanes and other polysaccharides. Pentosanes are 
comprised of a basic molecule chain formed by xsilosis (pento-
sis), to which chain series of arabinoses (hexoses) are laterally 
attached. Pentosanes can be partly insoluble in water, and partly 
contain soluble components, unlike hemicelluloses, which repre-
sents a water insoluble fraction of non-starch polysaccharides.  

The sugar content of flour depends on the physiological con-
dition of the processed wheat grain and the presence of enzymes, 
on the level of grinding, then on the moisture, conditions and 
duration of flour ripening, etc.  

Soluble mono- and di-saccharides that are present in flour 
ferment in the flour (in the presence of yeast cells) and contrib-
ute to the rise of the dough in the first stage of fermentation. In 
further stages of fermentation, sugars are continually produced 
due to the enzyme initiated breaking down of molecules of 
starch and flour oligosaccharides. Enzyme disintegration of 
starch produces disaccharide maltosis and its content in the 
dough for the first 10-15 increases by 10-15 times. Either present 
in the flour, added to the dough or produced in the dough during 
fermentation, sugars are used as substrate which the yeast fer-
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ments and frees into carbon (IV)-oxide and alcohol. Regardless 
of the origin, the presence of sugar in the dough affects the po-
rosity, structure and appearance of breadcrumbs. The exception 
is lactose disaccharide, which the yeast can not ferment. How-
ever, hydrolyzed lactose concentrates, or hydrolyzed pure lac-
tose do contribute to fermentation and improve the bread quality. 

Purpose of this study is to analyze the flour hydrosoluble ex-
tract composed of soluble sugars. The following spices of small 
grains have been analyzed: 7 types of winter wheat (Simonida, 
Dragana, NS-40S, Pobeda, Ljiljana, Zvezdana and Arija), 1 type 
of titricale (Odisej) and 2 types of winter barley NS-565 (two-
row and malting barley) and Nonius (multiple-row, animal feed-
ing barley). Primary wheat (triticum aestivum) seed texture can 
be found in the latest literature. (Hristov and Mladenov 2006; 
Mladenov et al., 2007; Babić at al. 2010). 

MATERIAL AND METHOD 

Moisture Content 
The moisture content of flour was determined by the pre-

scribed procedure (Kaluđerski and Filipović, 1998; Službeni list 
74/88), which is basically a method of traditional analytics, 
and/or gravimetric analysis (Kolarov et al, 1996). Determina-
tions have been conducted in accordance with routine inspec-
tions, implying that the discrepancy between two determinations 
must not exceed 0.15%. 

Sample preparation 
About 10 g of the following grains was ground: Si-

monida, Dragana, NS-40S, Pobeda, Ljiljana, Zvezdana, 
Arija, Odisej, NS-565 and Nonius.  

Each sample was homogenized and further treated in 
the following manner. A 12 mL cuvette for centrifuga-
tion was used for pouring 0.5 g of flour with the preci-
sion of 0.01 g. The cuvette was additionally filled with 5 
mL of n-hexane and stirred on Vortex for 2 minutes, 
after which the mixture was centrifuged at 2000 
rotations/min for five minutes. After this 3 mL 
of clear supernatant was poured into a 10 mL glass and 
left for the analysis of liposoluable extract (Vujić et al., in press). 
The procedure was repeated three times, hexane fractions were 
rejected, so the flour remained defatted.  

Samples of defatted flour were dried in the air. To the dried 
samples we added 5 mL of 96% ethanol (Merck), and stirred on 
Vortex for 2 minutes, after which the mixture was centrifuged at 
2000 rotations/min for five minutes. 2 mL of clear supernatant 
was separated and dried by nitrogen flow. Residue 
was dissolved in 500 μL of pyridine and 50 μL of 
TMSI (trimethylsilylimidazole, Macherey-Nagel) was 
added by which derivatization of carbohydrates into 
trimethylsilylethers  was performed. 

All the testing was conducted on a gas-
chromatography system. 

The GC–MS analyses were performed on Agilent 
Technologies 7890 instrument coupled with MSD 
5975 equipment (Agilent Technologies, Palo Alto, 
CA, USA) operating in EI mode at 70 eV. An DP-5 
MS column (30m; 0.25mm; 25μm) was used. The 
temperature program was: 50-130°C at 30°C/ min and 
130–300°C at 10°C/ min. 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 
μl of the solutions. 

RESULTS AND DISCUSSION 
Results of the analysis of moisture content in the investigated 

flours of different varieties of small grains are presented in Table 
1. 

Table 1. Moisture content in flour (%) of tested samples 
 

Sample I test II test Average value
Nonius 9.19 9.23 9.210 

Simonida 9.94 9.76 9.850 
Zvezdana 9.49 969 9.590 

Arija 10.04 10.01 10.025 
Odisej 9.69 9.58 9.635 

Ljiljana 9.52 10.02 9.770 
Pobeda 9.62 9.57 9.595 
Dragana 9.52 9.54 9.530 

Novodaski 565 8.03 8.00 8.015 
NS-40-S 9.41 9.42 9.415 

 

Moisture content in flour of all ten samples is within the 
range of allowed values. Having determined the moisture con-
tent of the samples, we conducted a chromatographic analysis. 

Fig. 1 shows one chromatogram of a wheat sample Arija 
from 6 to 20.00 minutes. Similar chromatograms are also ob-
tained for other samples.  

 

Fig. 1. Chromatogram of the sample Arija. 
 

 

The recorded chromatograms clearly indicate five peaks, Fig. 
1. In the central section of the chromatogram presented in Fig. 
1., from eleventh to sixteenth minute, we can notice the presence 
of other peaks, of much smaller area. This chromatogram section 
was enlarged and presented in Fig. 2. 

 

 

Fig. 2. Chromatogram from the tenth to the sixteenth minute of 
the sample Arija 

Table 2 shows retention time of components from the chro-
matogram part presented in Figs. 1 and 2. 
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Table 2. Retention time (Rt) of components 

 

Component Rt 
Siloxan 5.27 
Siloxan (isomer) 5.54 
1,2,3,4,5-pentakis-O-(trimethylsilyl)- Xylitol  10.65 
1,3,4,5,6-pentakis-O-(trimethylsilyl)- D-Fructose 11.56 
1,2,3,5-tetrakis-O-(trimethylsilyl)- Arabinofuranose 11.64 
1,2,3,4,6-pentakis-O-(trimethylsilyl)-β-D-
Galactopyranose 11.71 

1,2,3,4,6-pentakis-O-(trimethylsilyl)-α-D-
Mannopyranose   12.49 

Glucose-oxime-hexa-trimethylsilyl 12.86 
1,2,3,4,5,6-hexakis-O-(trimethylsilyl)- D-Mannitol 12.93 
6-deoxy-1,2,3,5-tetrakis-O-(trimethylsilyl)-β-L-
Mannofuranose 13.23 

2,3,4,5,6-pentakis-O-(trimethylsilyl)- D-Glucose  13.32 
Hexadecanoic acidtrimethylsilyl ester 14.07 
9,12-Octadecadienoic acid (Z,Z)-, trimethylsilyl ester 15.59 
Oleic acid, trimethylsilyl ester 15.64 
unidentified 18.065 
Saccharose 18.98 

 
In the chromatogram one of sixteen components is not iden-

tified. A profile of components of analyzed small grains is the 
same in all samples. In addition to various sugars (Table 2), fatty 
acids have also been identified in the samples. The following 
fatty acids have been identified in the form of trimethylsilyl es-
ters: hexadecanoic acid (palmitic acid), 9,12-octadecadienoic 
(linoleic acid) and oleic acid. They originate only from non-polar 
lipids, remaining after flushing by hexane. Retention time of 
these trimethylsilyl ester occur the interval from the fourteenth 
minute to the sixteenth, Fig. 2.  

The most intensive peak in Fig. 1 (peak with retention time 
18.98) is saccharose. Saccharose make up about 85% of the inte-
grated surface of the chromatogram.  

Generally, in all ten types of small grains was identified 
great similarity in the composition of hydrophilic components. 

CONCLUSION 
This paper shows that the qualitative content of hydrosoluble 

extract of different types of small grains is highly similar. Prior 
to determination of sugars, they were subjected to transesterifi-
cation by trimethilsulfonium hydroxide, by which derivatization 
of carbohydrates into trimethylsililetres was performed. In hy-
drosoluble extract in the form of trimethylsililethars sugars solu-
ble in water were identified.  

The most intensive peak was shown by sucrosis disaccha-
ride. In addition to sugars fatty acids have also been identified in 
the extract in the form of trimethylsililestars. They originate 
from non-polar flour lipides, remaining after extraction by hex-
ane.  
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