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Abstract. Triticale is hybrid crop developed by crossing wheat (Triticum) and rye (Secale) and 
in last years it become more popular for food applications, including flake production. Different 
approaches are developed to improve flakes technology by applying different cooking, rolling, 
toasting parameters resulting in high quality products. All these technologies influence also 
nutrition quality of product due to the different stability of these compounds during mechanical 
and thermal treatment. The aim of current experiment was to investigate the influence of 
technological parameters on chemical composition of triticale flakes. In current experiment 
triticale grains and triticale flakes obtained by different technologies was tested. For evaluation 
of the influence of technological parameters, different flaking and rolling parameters were tested. 
For all samples were determined composition of basic nutrients (fats, proteins, fibres, sugars, 
ash), minerals (Ca, Mg, K, Zn, P), vitamins, total phenolics and antioxidant activity. Triticale has 
high nutritional quality, containing significant amounts of protein, fibres, vitamins and minerals. 
Technological processes significantly influence cereals composition, but it depends on 
parameters tested. Control sample showed lower results and hierarchical cluster analyses showed 
that samples 1/3/1, 2/1/2/1, 2/1/3/1, 2/1/4/1 are similar in composition of bioactive compounds. 
Results showed that for selection of the best method for flaking physical and/or sensory properties 
should be taken in account. 
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INTRODUCTION 
 

The health benefits of cereal products and consumer's acceptance should be 
prioritised (Fardet, 2014). Cereal consumption is significant factor influencing healthful 
lifestyle that helps to maintain healthful body mass index (Barton et al., 2005). Different 
trends become popular in last years to improve the nutrient composition of cereals, often 
in response to public health concerns and consumer demands, for example decrease of 
sugar and sodium, increase level of fiber level, use of whole grain, fruit powders 
(Oliveira et al., 2018), legumes etc. (Thomas et al., 2013). Part of consumers prefer use 
of traditional flakes for not only making of porridge but also consuming with milk or 
yogurt. Cereal flakes traditionaly are produced by steaming to certain moisture content 
followed by flaking, but for consumption without hot water treatment harder structure 
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MATERIALS AND METHODS 
 
Triticale flakes samples preparation 
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RESULTS AND DISCUSSION 
 

 
  

 
 
Table 1. Content of carbohydrtaes, starch, sugars, fibers in triticale grains and flakes 

Samples 
Carbohydrates,  
g 100 g-1 

Starch, 
g 100 g-1 

Sugars, 
g 100 g-1 

Fibres, 
g 100 g-1 

Protein, 
g 100 g-1 

Triticale 
grains 

     

Control 
Flakes 

     

1/3/1      
1/4/1      
2/1/2/1      
2/1/3/1      
2/1/4/1      
* 
within the column for the each sample group separately are not significantly different (P < 0.05). 
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Table 2. Content of fats in triticale grains and flakes 

Samples Fat, 
g 100 g-1 

Fatty acid, 
saturated, 
g 100 g-1 

Fatty acid, 
monounsaturated, 
g 100 g-1 

Fatty acid, 
polyunsaturated, 
g 100 g-1 

Triticale 
grains 

    

Control 
Flakes 

    

1/3/1     
1/4/1 0.04a    
2/1/2/1     
2/1/3/1     
2/1/4/1     
* 
within the column for the each sample group separately are not significantly different (P < 0.05). 
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Table 3.  Content of vitamins in triticale grains and flakes 

Samples Vitamin B1, 
mg 100 g-1 

Vitamin B2, 
mg 100 g-1 

Vitamin B6, 
mg 100 g-1 

Niacin, 
mg 100 g-1 

Triticale 
grains 

    

Control 
flakes 

    

1/3/1     
1/4/1     
2/1/2/1     
2/1/3/1     
2/1/4/1     
* 
within the column for the each sample group separately are not significantly different (P < 0.05). 
 

Content of total phenolic compounds in triticale grain was 34.22 mg 100 g-1 
(Table 4) and comparing to literature it is similar  295.02  g-1 (29.5 mg 100 g-1) range 
(Irakli et al., 2012). In samples made by cooking method 2 and also 1/3/1/ significant 
TPC increase were determined. DPPH antioxidant activity in flakes was significantly 
higher compared to grains, and similar trend for ABTS antioxidant activity was 
observed. Exception was sample 2/1/4/1 were significant lower activity was observed. 
For both antioxidant assays higher results for Cooking method 2 was observed. 
Processing of sorghum with dry heat did not affect the total phenolic compounds and 
antioxidant activity, whereas the wet heat decreased total phenolic compounds and 
antioxidant activity (Cardoso et al., 2014). In our experiment wet treatment was used but 
decrease of antioxidant activity for two samples was not observed (1/4/1 and 2/1/3/1). 
 
Table 4. Content of total phenolics and antioxidant activity of triticale grain and flakes 

Samples TPC, mg 100 g-1 DPPH, mM TE 100g-1 ABTS, mM TE 100g-1 
Triticale grains    
Control Flakes    
1/3/1    
1/4/1    
2/1/2/1  0.59d   
2/1/3/1    
2/1/4/1    
* 
within the column for the each sample group separately are not significantly different (P < 0.05). 
 

For antioxidant activity even increase was observed and mainly it could be 
explained by transformation of some bound antioxidants to free form with higher 
activity. Oat-based breakfast cereals, irrespective of brand, variety or cost, are a 
significant source of polyphenols and antioxidant compounds (Ryan et al., 2011) and use 
of triticle could also be perspective source of phenolics. 

The main mineral substances were determined in triticale grain and flakes. The 
highest content of zinc, phosphorus, magnesium and potasiums were in triticale grains, 
whereas iron was in higher concentration in flakes made by cooking method 1 and 
cooking method 2 (Table 5 and 6). It is possible to conclude that tendencies of changes 
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of mineral substances differ and mainly flakes production resulted in decrease in mineral 
phorus remained for steamed preparation. In steamed 

buckwheat retention of minerals ranged from 87% for zinc to 98% to calcium and 100% 
for iron (Mota et al., 2016). 

Calcium was the only one mineral in the highest concentration in control sample, 
but other substances as Fe, K, Mg and P were in lowest concentration in control flakes. 
 
Table 5. Content of calcium, iron, potassium and magnesium in triticale grains and flakes 

Samples Calcium, 
mg 100 g-1 

Iron, 
mg 100 g-1 

Potassium, 
mg 100 g-1 

Magnesium, 
mg 100 g-1 

Triticale grains     
Control flakes  0.08a   
1/3/1     
1/4/1     
2/1/2/1     
2/1/3/1 0.62bc    
2/1/4/1     
* 
within the column for the each sample group separately are not significantly different (P < 0.05). 

 
No significant differences in the content of minerals between cooking methods was 

observed, because loses of minerals were mainly influenced by rolling thickness. The 
major losses occur probably due to the solubilisation of minerals by water during the 
steaming process, with the exception of manganese, iron and calcium (Mota et al., 2016). 
Comparing to literature (Zhu, 2018) content of mineral substances in tested triticale 
grains were higher, except phosphorus level was lower. 
 
Table 6. Content of phosphorus, zinc and total ash in triticale grains and flakes 

Samples Phosphorus, total,  
mg 100 g-1 

Zinc,  
mg 100 g-1 

Ash,  
g 100 g-1 

Triticale grains    
Control flakes 5.93a   
1/3/1    
1/4/1    
2/1/2/1    
2/1/3/1    
2/1/4/1    
* 
within the column for the each sample group separately are not significantly different (P < 0.05). 
 
In current research triticale grains and flakes were classified based on the vitamin, 
mineral, total phenol content and antioxidant properties, using the hierarchical cluster 
analysis (Fig. 1). 
According to agglomeration schedule coefficients samples can be divided in four 
clusters and three of them contains only one sample: 

A  triticale grains;  
B  control flakes; 

C  1/4/1/;  
D  1/3/1, 2/1/2/1, 2/1/3/1, 2/1/4/1. 
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Figure 1. Dendrogram obtained by hierarchical cluster analysis using means of vitamins, 
minerals, total phenolics and antioxidant activity. 
 

Triticale grains, control flakes and sample 1/3/1 did not show similarities with other 
samples, whereas the fourth cluster classify together samples prepared by cooking 
method 2 and also 1/3/1, showing similarities of these samples. 

 
CONCLUSIONS 
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