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Abstract 

Germination improves nutritional quality of cereals due to synthesis of various phytochemicals. The aim of the current research was to 

evaluate influence of the applied germination conditions on the changes in total phenolic compounds (TPC) and antioxidant activity of 

triticale, hull-less barley, hull-less oat, wheat, and rye grains. Triticale (cv. Inarta), hull-less barley (cv. Irbe), hull-less oat (cv. Lizete), 

rye (cv. Kaupo), and wheat (cv. Ellvis) grains were cleaned, washed and steeped in water at the ratio of 1:2 (grains to water) for 24 h 

at 222 C. After steeping, grain germination was performed for 12, 24, 36 and 48 h in the dark at 17 C, 25 C, 35 C and the total 

phenolic content and antioxidant activity have been analysed by DPPH and ABTS assays. During germination, TPC in all analysed 

cereal types increased, but dynamics was cereal type dependent and it is not possible to give general tendency or the best parameters 

applicable for cereals in general. Most significant changes were observed in the analysed grains during germination at 25 °C and 35 °C, 

with the highest increase in hull-less barley. The current study indicates that germination is effective tool for improvement of different 

grain nutritional value, suggesting their potential use in new product development.  
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Introduction 

Cereals are a very important part of human diet 

worldwide. Consumers prefer cereal-based products 

with improved functionality, and it can be reached by 

modifying technological processes (Henry et al., 2015). 

Selection of valuable, untraditional raw materials and 

technological processes resulting in increased 

nutritional quality are important factors in new product 

development. Triticale (Triticosecale Wittmack) is a 

promising substitute to wheat (Triticum spp.) in 

functional processed flour products such as bread, pasta 

etc. Triticale contains higher amounts of protein, ash and 

non-starch content of lipids, starch, lignin and bioactive 

compounds as polyphenols (Fraś et al., 2016). 

Applications of barley (Hordeum vulgare L.) in 

industrial processing has been widely evaluated, 

especially for possible use in food and feed due to its 

nutritional value. Hull-less barley has technological 

benefits due to the lack of hull, but also it differs in 

chemical composition resulting in higher content of 

insoluble and soluble fractions of dietary fibre and  

other bioactive compounds (Blandino et al., 2015; 

Kruma et al., 2016a). Oats (Avena sativa L.) also are 

divided in two groups – hulled and hull-less. The main 

application of hull-less oats in the world are for feed 

purposes. However, nutritional value of hull-less oats 

are characterised by higher content of proteins, lipids, 

fibres (Sterna et al., 2016) and similar content of 

phenolic compounds (Kruma et al., 2016a) compared to 

hulled samples. Rye grains are source of starch, dietary 

fibre and protein in the diet. Additionally, Pihlava et al. 

(2018) indicated that whole rye grain is a valuable 

source of diverse groups of phenolic compounds. Wheat 

is considered as a good source of energy and 

irreplaceable nutrients. However white flour has a low 

antioxidant capacity (Dziki et al., 2014). 

Antioxidant activity of cereals is provided by phenolic 

compounds, as a major group of radical scavengers. 

These molecules are secondary metabolites of plants, 

which possess antioxidant activity and reduce damages 

caused by free radicals for human DNA, RNA etc. 

Recent investigations are focused on evaluating 

commonly consumed foods including cereals for their 

antioxidant properties. Several techniques are developed 

to reduce losses of phenolic compounds in foods and 

technologies are developed to increase their level (Wu 

et al., 2013). Germination process could increase their 

content resulting in food with improved nutritional value 

(Cevallos-Casals, Cisneros-Zevallos, 2010).  

Germination is a competitive and economical approach 

to increase the nutritive quality and amount of bioactive 

compounds in cereal grains (Singh et al., 2015). 

Steeping is the first step in germination process with the 

aim to accelerate water penetration, which transforms 

the inactive tissue into living tissue, and grains 

metabolism is activated. Germination activates 

endogenous cereal enzymes, when proteins and 

carbohydrates are hydrolysed into smaller molecules as 

mono-, disaccharides, dextrin’s, peptides, free amino 

acids, and additionally new bioactive compounds are 

synthetized (Wu et al., 2013). At the initial germination 

stages phenolics may serve as radical scavengers or 

antioxidants, while later they could become part of the 

structure for new growing plant and lose some of their 

antioxidant efficiency (Cevallos-Casals, Cisneros-

Zevallos, 2010).  

The aim of the current research was to evaluate 

influence of the applied germination conditions on the 

changes in total phenolic compounds (TPC) and 

antioxidant activity of triticale, hull-less barley, hull-less 

oat, wheat, and rye grains. 
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Materials and Methods 

Plant material 

Triticale cv. Inarta, hull-less barley cv Irbe, hull-less oat 

cv. Stendes Emilija, rye cv. Kaupo, and wheat cv. Elvis 

grains were cultivated conventionally at the Institute of 

Agricultural Resources and Economics in 2015. The 

germination experiments were carried out at the 

laboratories of the Faculty of Food Technology at Latvia 

University Life Sciences and Technologies. 

Grain germination  

Cereals included in experiment were cleaned, washed 

and steeped in water at the ratio of 1:2 (grains to water) 

for 24±1 h at 22±2 °C. After steeping, water was drained 

and grains were allowed to germinate for 12, 24, 36 and 

48 hours in the dark at controlled temperature (17, 25 

and 35±2 °C with relative humidity (RH) 95±2%. The 

climatic chamber ICH110 (Memmert, Germany) was 

used for germination process. 

Extraction and determination of total phenolic 

compounds and antioxidant activity 

Extraction procedure was applied as described by 

Kruma et al. (2016b). The total phenolic content (TPC) 

of the germinated cereal extracts was analysed in 

accordance with Folin-Ciocalteu spectrophotometric 

methodology (Singleton et al., 1999). Stable 2,2-

diphenyl-1-picrylhydraziyl (DPPH) radical and 2,2′-

azino-bis (3-ethylbenz-thiazoline-6-sulfonic) acid 

(ABTS+) radical cation assay was used to evaluate 

antioxidant activity. All analytical methods outlined in 

details by Kruma et al. (2016b). 

Statistical analysis 

The obtained data were analysed by analysis of variance 

(ANOVA); significance was defined at p<0.05. 

Relationship between TPC and antioxidant activity such 

as DPPH- and ABTS+ scavenging activity was estimated 

by a linear correlation analysis. The averages of 

triplicate extractions are reported. 

Results and Discussion 

Total phenolic compounds (TPC) 

Comparing TPC between tested grains, hull-less barley 

showed the highest content and it is in agreement with 

the previous study (Kruma et al., 2016a). Also other 

authors emphasize benefits of barley, showing their 

antioxidant, antiradical, and antiproliferative effects. 

Incorporation of barley into the daily diet provide health 

benefits (Madhujith et al., 2007). During steeping 

process, TPC increased significantly (Fig. 2) and the 

highest increase was observed in hull-less barley sample 

(63%).  

The results indicate that physical modifications and 

enzymatic activity during steeping process increase 

phenolic content. Cereals contain both free and bound 

phenolic compounds and they are soluble-extractable 

polyphenols and insoluble-non-extractable (Arranz, 

Saura Calixto, 2010; Koletta et al., 2014). In the current 

experiment, extractable phenolic compounds were 

determined and increase could be explained by the 

increase in the fraction of soluble phenolic compounds 

due to hydrolysis of lignin and hemicelluloses bound 

forms from cell walls (Thammapat et al., 2015). 

Steeping was performed at 22 °C temperature, but in 

further experiments higher temperatures for hull less 

cereals and triticale were tested, because for rice the 

highest TPC has achieved by steeping at 50 °C 

(Thammapat et al., 2015).  

During germination TPC in all analysed cereal types 

increased (Fig. 1–5) but the dynamics were cereal type 

dependent and it is not possible to give general tendency 

or the best germination parameters applicable for all 

cereals. As shown by Cevallos-Casals and Cisneros-

Zevallos, (2010), phenolic compounds posing 

antioxidant activity are synthesised during germination 

which can result in germinated cereals with improved 

nutraceutical properties. Generally, germination at 

17 °C temperature resulted in lower TPC. For triticale, 

no significant differences of TPC between germination 

at 25 °C and 35 °C were observed and the highest 

TPC after 24 h was reached. For hull-less oats the 

highest results were for samples germinated at 35 °C, 

only at the end of the experiment (after 48 hours) no 

differences between 25 °C and 35 °C were observed. For 

hull-less barley the highest TPC was obtained after 

germination at 35 °C for 24 hours. The same content is 

possible to reach also after 36 hours at 25 °C and 35 °C 

temperature. For wheat and rye, the highest results were 

for samples germinated at 25 °C after 48 hours. Similar 

results about significant influence of germination time 

and temperature was obtained by several authors. 

Investigation of kiwicha sprouts indicated that 

germination temperature had more significant effect on 

the increase of phenolic content than time and their 

interaction (Paucar-Menacho et al., 2017), for brown 

rice the highest TPC was found in samples germinated 

at 28 °C for 96 h (Cáceres et al., 2014). In triticale the 

initial TPC was the lowest but during germination, it 

increased 2.5-fold, while for oats the results were even 

higher – a 2.6-fold increase was observed. However, 

hull-less barley which had the highest initial TPC out of 

all tested cereals, the increase during germination was 

the lowest (0.7-fold). Results can be associated with 

different controlling mechanism of enzymatic activity of 

hydrolases and polyphenol oxidases during germination 

(Mamilla, Mishra, 2017). Similar explanation was found 

also for brown rice showing activation of 

phenylpropanoid pathway and also hydrolyses of 

phenolic compounds incorporated into cell walls  

(He et al., 2011). Also, one of the explanations for the 

increase of TPC is a liberation of phenolic acids during 

germination process by enzymes that hydrolyses starch 

(Tian et al., 2010).  

Comparing to raw materials in all germinated samples 

an increase of TPC was detected. Chen et al. (2016) 

investigated canary seeds germination and stated that the 

highest content of total phenolics was in germinated 

seeds followed by raw seeds and soaked seeds. Another 

study also confirmed this conclusion by testing different 

seeds and accumulated phenolics and antioxidant 
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activity was the highest in 7-day sprouts and lowest in 

steeped seeds (Cevallos-Casals, Cisneros- 

Zevallos, 2010).  

In literature a contrary trend with TPC decrease during 

germination has also been reported for purple corn and 

that can be explained by the activation of polyphenol 

oxidases that are involved in degradation of phenolic 

compounds in food matrixes (Paucar-Menacho et al., 

2017). Germination conditions influenced TPC of the 

tested samples differently and it can be explained by 

physiological structure and chemical composition of 

cereals, but even together with temperature effect of 

cultivar was observed resulting in different TPC content 

(Cáceres et al., 2014). Temperature 26 °C and time 63 h 

were identified as the optimal conditions by Response 

Surface Methodology for enhancing the γ-aminobutyric 

acid and TPC content as well as the antioxidant activity 

of purple corn (Paucar-Menacho et al., 2017). 

 

Figure 1. Dynamics of TPC, DPPH, and ABTS during germination process in triticale 

 
Figure 2. Dynamics of TPC, DPPH, and ABTS during germination process in hull-less oats 

 
Figure 3. Dynamics of TPC, DPPH, and ABTS during germination process in hull-less barley 
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Figure 4. Dynamics of TPC, DPPH, and ABTS during germination process in rye 

 
Figure 5. Dynamics of TPC, DPPH, and ABTS during germination process in wheat 

 

Radical scavenging activity 

Assays of DPPH and ABTS+ scavenging activity are 

widely used for evaluation the antioxidant activity of 

plant matrixes. Different antioxidant assays give 

different results due to radicals’ activity (Aguilera et al., 

2015). During steeping process, antioxidant activity 

increased significantly (Figures 1–5). The highest 

increase in ABTS scavenging activity was observed in 

steeped hull-less barley sample – by 77%. Whereas the 

highest increase of DPPH activity was in triticale, 

reaching 97%, although initial TPC and antioxidant 

activity in triticale was the lowest comparing all tested 

grains. Among the tested cereals steeped hull-less barley 

had the highest DPPH scavenging activity.  

Also, Žilić et al. (2011) detected the higher DPPH 

radical scavenging activity in hull-less barley, which is 

in line with our study. DPPH activity during germination 

is time and temperature dependent. For triticale the 

highest increase was observed at 35 °C temperature and 

reached the maximal activity after 48 hours. Whereas for 

wheat, rye and hull-less oats the highest results were 

reached after germination for 48 hours at 25 °C. Both 

time and temperature affected antioxidant activity 

positively but response of temperature was more intense 

(Paucar-Menacho et al., 2017). Whereas antioxidant 

activity results of other experiment showed up to 4-fold 

higher activity after 96 h germination of brown rice, and 

activity was cultivar specific (Cáceres  et al., 2014).  

For scavenging of ABTS cations temperature is 

significant factor. ABTS radical is widely applied for 

antioxidant assays due to its reactivity with different 

classes of antioxidants. But comparing to DPPH, its 

stability is lower and also preparation process is more 

time and chemicals consuming (Mareček et al., 2017). 

In triticale the best results were obtained during 

germination at 25 °C, and by increasing germination 

time, activity also increased. Also, for hull-less oats 

25 °C showed the best results, and the highest activity 

after 36 hours was reached. For hull-less barley the 

highest results after 24 hours were reached and the same 

tendency that was observed for TPC and DPPH 

scavenging activity. Results showed that ABTS 

determination more emphasised the effect of the variety 

on the total antioxidant capacity whereas DPPH 

scavenging activity showed the effect of the harvest year 

(Mareček et al., 2017).  

Differences in antioxidant activity could also be 

explained by the results from experiments about  

β-glucan as antioxidant. Hull-less barley and oat 

cultivars compared to the hulled cultivars contains 

higher level of β-glucans, resulting in better nutritional 

value (Tiwari, Cummins, 2012). Antioxidant activity 

pathway of β-glucans is not well understood and  
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β-glucan extracted from germinated barley showed 

higher antioxidant capacity comparing to ungerminated 

sample (Ronda et al., 2015). Also antioxidant activity 

can be affected by protein content and according to 

Mareček et al. (2017) higher protein content results in 

lower antioxidant activity  

To understand the role of phenolic compounds in the 

radical scavenging activity of cereals, correlation 

analyses were performed. In Table 1 the Pearson`s 

coefficients between the levels of phenolic compounds 

and antioxidant activity in tested cereal types are 

presented.  

Table 1 

The correlations between TPC and radical 

scavenging activity in germinated cereals 

Cereal 
TPC / 

DPPH 

TPC / 

ABTS 

DPPH / 

ABTS 

Triticale 0.77 0.86 0.47 

Hull-less barley 0.21 0.57 0.75 

Hull-less oats 0.93 0.83 0.83 

Wheat 0.81 0.79 0.46 

Rye 0.71 0.13 0.42 

 

Triticale, hull-less oats, wheat and rye showed a highly 

positive correlation between the content of phenolic 

compounds and antioxidant activity. Lower values were 

obtained for hull-less barley. In cereals weak or 

moderate correlation between DPPH scavenging 

activity and TPC are observed because one of the main 

cereal phenolic acid – ferulic acid has weak antioxidant 

properties (Đorđević et al., 2010). It could be also 

explained by the contribution of other compounds to 

antioxidant activity. These compounds could be  

β-glucan, proteins etc. 

Strong correlation between phenolic compounds and 

antioxidant capacity that was found in investigations of 

different cereals (Chen et al., 2016; Deng et al., 2012) 

showing that the phenolic compounds provide 

antioxidant activity of water-soluble fraction.  

Conclusions  

Germination process increased total phenol content and 

antiradical activity of cereal grains, and the most 

significant changes were observed in the analysed grains 

during germination at 25 °C and 35 °C. Hull-less barley 

grains exhibited the highest changes in chemical 

composition among all tested cereals. During 

germination TPC in all analysed cereal types increased, 

but the dynamics were cereal type dependent, therefore, 

it is not possible to give general tendency and the best 

parameters applicable for all cereals. As phenolic 

compounds posing antioxidant activity are synthesised 

during germination, it can result in germinated cereals 

with improved nutraceutical properties, thus, suggesting 

potential use in new product development.  
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