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ABSTRACT 
This paper deals with the chemical coposition and content of fatty acid in flax and spelt flour. Ratio of essential fatty acids ω-6/ω-

3 is also analysed in spelt pasta and pasta with flax flour 10 or 20 %. Gas chromatography with mass spectrometry is used for 
carrying out a quantitative analysis of flour and pasta liposoluble extracts. Compared to spelt, flax flour i characterized with higher 
content of  linoleic acid (ω-3) and lower content of linolenic acid (ω-6)  of 57 % and 16 %, respectively, along with supeiour  ω-6/ω-
3 ratio that is 1:4.  Flax flour in the share of 10 % and 20 % in spelt is positvely contributing to the esential fatty acids daily intake 
recommeded by nutritions and the improvement of ω-6/ω-3 ratio. 
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REZIME 
Laneno seme se vekovima koristi u ishrani ljudi zbog svoje nutritivne i zdravstvene vrednosti. Laneno brašno se primenjuje u 

proizvodnji pekaskih i testeničarskih proizvoda koje imaju osobine funkcionalne hrane pri čemu treba voditi računa da prehrambeni 
proizvod zadrži  tehnološki i senzorni kvalitet uprkos dodatom lanenom brašnu. Dinamičan način življena ima za tendenciju da se 
pojednostavi i vremenski skrati način pripremanja zdravog i nutritivno vrednog obroka. Dobra osobina testenine je što se može 
čuvati dugo vreme bez pogoršanja ukusa, mirisa i upotrebne vrednosti i ne stari kao hleb. U ovom radu ispitani su osnovni hemijski 
sastav i sadržaj masnih kiselina u lanenom brašnu i brašnu od spelte. Analizairan je odnos esencijalnih masnih kiselina ω-6/ω-3 u 
testenini od spelte i testenini sa lanom koja je dobijena dodavanjem 0%, 10% i 20% lanenog brašna kao zamena za brašno od spelte. 
Gasna hromatografija sa masenom spektormetrijom je korišćena za kvantitativno određivanje liposolubilnog ekstrakta uzoraka 
lanenog i speltinog brašna kao  i testenine sa 0%, 10% i 20% lana. Laneno brašno karakteriše veći sadržaj linolne (57 g/100 g) a 
manji linoleinske kiseline (16 g/100 g)  i u odonsu na brašno od spelte i dobar odnos ω-6/ω-3 kiselina koji iznosi 1:4. Dodatak 10% i 
20% lanenog brašna u testeninu od spelte doprinosi poboljšanju odnosa ω-6/ω-3 (6,7:1 i 1:1.2) esencijalnih masnih kiselina u 
testenini i zadovaljavanju dnevnih potreba u ω-3 masnim kiselinama. Konzumiranjem 100 g testenine sa dodatkom 20% brašna 
lanenog semena unosi se 5,9 g ω-3 masnih kiselina, što zadovoljava dnevne potrebe u pogledu unosa esencijalnih masnih kiselina 
preporučenih od strane ISSFAL. 

Ključne reči: lan, spekta, masne kiseline odnos ω-3/ω-6, testenina. 
 

INTRODUCTION 
Flaxseed (Linum usitatissimum) is used in human nutrition 

for centuries due to its nutritional and health values. Flaxseed 
flour is used in the production of bakery and pasta products that 
have properties of functional foods. However, it should be taken 
into account that food products need to retain the technological 
and sensory quality despite the added flaxseed flour (Bojat et al., 
2000; Payne 2000; Druch and Mannino 2009; Villeneuve 2013). 
Flaxseed contains important substances in its composition such 
as vitamins A, B and E, magnesium, calcium, zinc, selenium, 
phosphorus, and it is also an excellent source of fibres and one 
of the best sources of ω-3 fatty acid and lignan (phytoestogens 
with antioxidant effects). Furthermore, due to its composition, 
flaxseed has special health benefits for female population such 
as reduction in the risk of occurrence of breast cancer (Lowcock 
et al., 2013) and menopausal symptoms (Thompson 2003) 
various cardiovascular and gastrointestinal diseases, diabetes and 
osteoporosis (Villeneuve 2013,  Rubilar et al., 2010). ω-3 are 
essential fatty acids that must be present in the food and ingested 
as the body can not synthesize them. These fats are vital for 
human body especially for the normal growth, development and 
normal functioning of the organism in general. Moreover, they 
play an important role in the prevention of cardiovascular 
diseases and reducing blood pressure. There is now a lot of data 

emphasizing the health benefits of consuming ω-3 fatty acids 
that some countries have established recommended intakes 
expressed as ratio of ω-6/ω-3 fatty acids (e.g./ Canada 4:1–10:1). 
In comparison to wheat grain (Triticum vulgare), spelt (Triticum 
spelt) has better physical and mechanical properties. Pasta is 
considered a healthy food option containing relatively low levels 
of fat and sodium, high level of carbohydrate and good protein 
content. Furthermore, the enhancement of paste could be 
achieved by adding functional ingredients (Filipović et al., 2012; 
Košutić et al. 2015). 

The aim of this paper is to analyse the chemical composition 
and content of fatty acids in flaxseed and spelt flour and to 
determine the contribution of flaxseed to the ω-6/ω-3 of fatty 
acids ratio in the spelt pasta with the addition of flaxseed in the 
amounts of 10 % and 20 %.  

MATERIAL AND METHOD 
In the experimental work for making pasta the following 

ingredients were used: spelt flour, grown in the year 2014 in 
Serbia at Bačko Gradište and flaxseed from organic production, 
purchased in an organic food store in Novi Sad. 

Basic chemical analyses (protein, starch, cellulose, reducing 
sugar and lipids) of flaxseed and wholemeal spelt flour were 
determined according to the official methods (AOAC. 1990). 
Pasta was made using the device "La Parmigiana D45" MAC 60. 
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During the test, moisture content of raw material was adjusted to 
31.5 %, length of crumbs production was 15 min (Kaluđerski 
and Filipović 1998). Flaxseed flour was added in amounts of     
0 %, 10 % and 20 % to replace the spelt flour. The content of 
fatty acids was analysed using the gas chromatography mass 
spectrometry instrument (Agilent Technologies, Palo Alto, CA, 
USA). Samples were prepared as described by Vujić et al., 2012; 
trimethylsulfonium hydroxide (TMSH) 0.2 M in methanol was 
used as a derivatization reagent; temperature programs were: 50-
130 °C at 30 °C/min and 130-300 °C at 10 °C/min; injector 
temperature was 250 °C; the flow of carrier gas (helium) was 0.8 
mL/min, split ratio of 1:50 was used for the injection of 1 μL of 
dissolved sample. The effect of flaxseed addition was analysed 
by variance analysis (ANOVA) using StatSoft Statistica ver.10 
(2010). 

RESULTS AND DISCUSSION 
The chemical composition of flaxseed and spelt flour 

depends on plant variety, climate regions and growing 
conditions. Data in Table 1 show that flaxseed flour has a 
significantly higher content of crude protein than spelt flour, 
which is consistent with other studies (Pyler and Gorton, 2008). 
The content of starch in spelt flour is slightly lower compared to 
wholemeal wheat flour (Pyler and Gorton, 2008); while the 
content of starch in flaxseed flour is significantly lower than in 
spelt flour, which is on the other hand a characteristic of oilseeds 
(Dimić, 2005). The content of lipids in flaxseed flour is 
significantly higher compared to wholemeal spelt flour. Spelt 
flour lipids consist mainly of triglycerides, phospholipids, 
lipoproteins and glycolipids (Filipović et al., 2012). Apart from 
high lipid content, flaxseed flour is a main source of ω-fatty 
acids i.e. linoleic acid (ALA), which makes 52 % share of the 
total fatty acids (Rubilar et al. 2010). Additionally, flaxseed 
flour is rich in cellulose, while the smallest difference between 
spelt and flaxseed is in total sugar content. 

 
Table 1. Chemical composition of flaxseed and spelt flour 

Chemical composition 
Flour 

Flaxseed Spelt 

Protein content (% d.m.) 23.08±0.21 14.6±0.18 
Starch content (% d.m.) 5.71±0.34 61.48±0.72 

Cellulose content (% d.m.) 11.48±0.13 2.38±0.09 
Reducing sugars content (% d.m.) 1.25±0.08 1.68±0.10 

Lipid contetnt (% d.m.) 47.56±0.47 3.54±0.21 
% d.m- dry matter 
 
Flaxseed flour contains 50 % less saturated fatty acids and 

palmitic acid content is considerably lower in comparison to 
spelt flour. Additionally, flaxseed flour has a superior nutritional 
composition of unsaturated fatty acid. It contains higher level of 
linolenic acid (57 g/100 g) and lower level of linoleic acid       
(16 g/100 g) in respect to spelt flour (Table 2). Flaxseed addition 
improves the ω-6/ω-3 ratio in wheat based products (e.g. in 
flaxseed flour this ratio is 1:4 and in spelt flour it is 20:1) (Table 
2). Modern and dynamic society and inadequate diet caused an 
imbalance in the ω-6/ω-3 ratio in favour of the ω-6 (from 30:1 to 
10:1) (McMabus et al., 2011). According to the 
recommendations of nutritionists (www.eufic.org), this ratio 
should range from 1:1 to 2:1. Therefore, it is necessary to 

improve the intake balance of ω-3 compared to ω-6 fatty acids. 
The recommended ratio can be achieved by adding flaxseed 
flour in the pasta because it is rich in ω-3 fatty acids (Table 3). 
The chromatogram (Figure 1) clearly shows the difference in the 
content of fatty acids in spelt pasta and spelt pasta with added 
flaxseed flour in the amounts of 10 % and 20 %.  

 
Table 2. Composition of fatty acids in flaxseed flour and 

spelt flour 
 Flour 

Flaxseed Spelt 
Saturated fatty acids (g/100 g) 9.01 19.05 
C 16:0, palmitic acid (g/100 g) 5.02 18.04 
C 18:0, stearic acid (g/100 g) 4.1 1.0 

Monounsaturated fatty acids (g/100 g) 18.06 16.08 
C 1:18 oleic acid (g/100 g) 16.08 15.01 

Polyunsaturated fatty acids (g/100 g) 73.04 65.05 
C 18:2N-6 linoleic acid (ω-6) (g/100 g) 16.1 60.07 

C 18:3N-3 linolenic (ω-3) (g/100 g) 57.01 3.09 
ω6/ω3 ratio 1:4 20:1 

 

 
 

Fig. 1. Chromatogram of liposolubile pasta extract with (1) 0 %, 
(2) 10 % and (3) 20 % of flaxseed flour 

 
The spelt pasta contains 0.16 g/100 g of total fatty acids with 

the shares of linoleic acid (0.096 g/100 g) and linolenic acid 
(0.0048 g/100 g) (Table 3). In the wholemeal spelt pasta ω-6 
fatty acids make a share of 60 % while the ω-3 fatty acids make 
a share of only 3 %, which is consistent with the literature 
(Abdel et al., 1995), and the essential fatty acids ratio of ω-6/ω-3 
is 20:1. The addition of flaxseed flour in spelt pasta in the 
quantities of 10 % and 20 % significantly increases the share of 
ω-3 fatty acids, which results in improved ratio of ω-6/ω-3 
which is 6.7: 1 and 1:1.2, respectively (Table 3). The 
International Society for the Study of Fatty Acids and Lipids 
(ISSFAL) recommends dietary intake of  6.5 g per day of 
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). 
Moreover, a 100 g of pasta with 20 % of flaxseed flour, as a 
daily food intake, provides a human organism with 5.9 g of ω-3 
fatty acids that are necessary for the normal functioning. This is 
in accordance with the nutritionists’ recommendations while the 
ratio 1:1.2 of ω-6/ω-3 represents an ideal ratio of essential fatty 
acids (McMabus et al., 2011; www.eufic.org).  
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Table 3. Fatty acids in pasta with different shares of flaxseed 
flour 

Fatty acids Spelt pasta with flaxseed (%) 
0 10 20 

Fatty acids content 
(g/100 g) 0.16±0.05a 1.2±0.14b 9.5±0.21c 

C 18:22N-6. linoleic 
acid (ω-6) (g/100 g) 0.096±0.010a 0.67±0.09b 4.9±0.20c 

C 18:3N-3 linolenic 
 (ω-3) (g/100 g) 0.0048±0.001a 0.10±0.03b 5.9±0.13c 

ω6/ω3 20:1 6.7:1 1:1.2 
a, b, c Different letters indicate statistical significant difference 

between values at the level of significance of p<0.05 (based on 
post-hoc Fisher LSD test)  

CONCLUSION 
Based on the results of the chemical composition and content 

of fatty acids in flaxseed, spelt flour and spelt pasta with the 
addition of flaxseed flour, it can be concluded: flaxseed flour is 
chemically different from wholemeal spelt flour and as an 
addition it can serve to adjust deficit of protein or cellulose in 
spelt products. Flaxseed flour contains less saturated fatty acids, 
more linolenic (ω-3) and less linoleic acid (ω-6) in comparison 
to spelt flour. Flaxseed flour has a favourable balance of 
essential fatty acids ω-6/ω-3, which is 1:4, while this ratio in 
wholemeal spelt flour is 20:1. The addition of flaxseed flour in 
spelt pasta in the quantities of 10 % or 20 % significantly 
increases the share of ω-3 fatty acids, which results in improved 
ratio of ω-6/ω-3, 6.7:1 and 1:1.2, respectively. Daily intake of 
100 g pasta with 20 % of flaxseed completely satisfies daily 
needs of ω-3 essential fatty acids (5.9 g/100 g) recommended by 
ISSFAL. 
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