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Abstract: Pre-harvest sprouting is the premature germination of cereal seeds so that the embryo starts growing while still on

the head in the field. Grain germination before the harvest is a serious problem in many wheat-growing areas of the world. The grain and 

flour quality parameters impacted by pre-harvest sprouting are strongly related with climatic variables and soil water condition. This 

process especially occurs when wet conditions delay harvest. Spouted seed is usually inadequate for flour productions. Products made of 

sprouted flour are generally unacceptable to producers and consumers. Moreover, it is also often inadequate as feed because 

microbiological contamination. However, it seems that such kind of waste grain can be utilized for energetic purposes. The aim of the 

present work was to study the grinding process of sprouted wheat. The heat of combustion of sprouted grain and sound grains was also 

determined. Three-day germinated kernels of three wheat varieties were used for investigation. After germination the wheat kernels were 

dried at 40°C by using an air dryer to obtain the same moisture as that of the grain before sprouting (14.0% w.b.). The sound  kernels were 

used as a control sample. The sprouted and the sound samples of grain were ground by using the knife mill MG-200. The results showed that 

the sprouting of wheat had a significant influence on the grinding process, both on the particle size distribution and grinding energy 

requirements. The sprouting caused a decrease in the average particle size and value of specific grinding energy in all cultivars. The values 

of specific grinding energy ranged average from 21.6 kJ·kg-1 to 23.6 for kJ·kg-1 fore sprouted and sound kernels, respectively. The heat of 
combustion of sprouted grain was only slightly lower value of this parameter obtained for sound grain and ranged from 15.9 to 16.5 MJ/kg. 
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1. Introduction

Wheat grain is a major global commodity. The Food and 

Agriculture Organization of United Nations (FAO) reported that the 

world wheat production in 2014 reached 729.5 million tons (FAO, 

2015). In food applications, wheat is mostly ground into flour and 

used, among others, for bread, pasta and biscuits. Pre-harvest 

sprouting (PHS) is defined as the premature germination of wheat 

kernels in the spike under unfavorable environmental conditions 

(Groos et al 2002).  PHS phenomenon is a well-known and world-

wide problem, occurring once or twice every 10 years in some of 

the major wheat-producing areas throughout the world. In some wet 

regions PHS might occur, at least locally, every year (Meredith & 

Pomeranz, 1985;Wahl & O’Rourke, 1994). The direct annual losses 

caused by PHS were estimated to reach up to 1 billion dollars a year 

(Wahl & O’Rourke, 1994).  

The biochemical changes occurred during sprouting of wheat 

results in the production of several hydrolytic enzymes in the 

kernel, which decreases the technological quality of wheat and 

causes problems during processing of the flour into cereal-based 

products and less suitable for products for human consumption 

(Olaerts & Courtin, 2018). These changes adversely affect the 

baking quality of wheat (Lorenz and Valvano, 1981).  On the other 

hand sprouting conditions (warm and humid) and nutritious media 

promote the growth of pathogenic microorganisms (Waje et al., 

2009). In recent years producing energy from biomass has 

increased, owing to depleting fossil energy supplies and climate 

change caused by carbon emissions. In the field of biomass-based 

bioenergy, mechanical size reduction plays a crucial part in 

supplying feedstock to bioenergy production (Sokhansanj et al., 

2006; Hess et al., 2009). Report by SWD (Commission Staff 

Working Document, 2014) pointed out that the biomass is the 

biggest source of renewable energy in the EU and is expected to 

make a significant contribution to the 20% EU renewable energy 

target by 2020. In addition size reduction is an important energy 

intensive unit operation essential for bioenergy conversion process 

and densification to reduce transportation costs. Biomass size 

reduction process changes the particle size and shape, increases 

bulk density, improves flow-properties, increases porosity, and 

generates new surface area (Drzymala, 1993). The aim of the work 

was to study the grinding characteristic and heat of combustion of 

sprouted wheat in terms of using such a raw material for energetic 

purposes.   

2. Materials and methods

The investigations were carried out on three wheat verities: 

Bamberka, Mulan and Ostroga. The initial moisture of grain was 

determined and the process of grain germination was performed in 

condoled conditions using climatic chamber (ICH 256 Memmert) 

according to described procedure (Gawlik-Dziki, et al., 2016). After 

three day of germination grain was dried at 40°C up to the moisture 

content 14% (w.b.). The samples (50 g) were milled used knife mill 

MG-200. The changes in the power consumption of the electric 

current during the grinding process were recorded using laboratory 

equipment including a grinding machine, transducer of power and a 

special data acquisition card connected to a PC computer and 

operated with special computer software. The detailed description 

of the laboratory mill has been provided by (Dziki et al 1997). The 

specific grinding energy (Er) was determined as the ratio of the 

grinding energy to the mass of the material taken for grinding. The 

sieving analysis was used to determine the particle size distribution 

of the pulverized material, by using a laboratory screen (Thyr 2, 

SASKIA, Germany), and separated into fractions using sieves of 

sizes, 0.800, 0.700, 0.600, 0.500, 0.400, 0.300, 0.200 and 0.100 

mm. On the basis of the particle size distribution, the average

particle size (dp) was calculated (Velu et al. 2006). The grinding

ability index (Ef) was calculated as a ratio of the grinding energy to

the surface area of the pulverized material. The surface area of the

pulverized material and average particle size was evaluated
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according to the procedure described by Jha and Sharma (2010). 

The Sokołowski’s grinding index (Ks) was calculated on the basis 

of the size reduction theory described by Sokołowski (1996). 

Details of the procedure used in determining these indices can be 

found in Dziki (2011).  

The heat of combustion of sound and sprouted wheat was 

conducted using the calorimeter pursuant (KL-10) to the applicable 

standard PN-EN ISO 9831:2005 according the methods described 

by Żabiński et al. (2012). 

All tests were performed in four replicates. The results were 

statistically analyzed in the Statistica 10. One-way analysis of 

variance (ANOVA) was made with significance level. The 

homogenous groups were determined by Tukey’s test. 

 

3.Results and discussion 

 
The sieve analysis of ground material showed that amount of 

coarse particles (above 0.8 mm) for sound whet varieties were 

always higher than for sprouted wheat. On the other hand, the 

reverse relation was found taking into account the mass fraction of 

fine particles. Ground sprouted grain was characterized by higher 

amount of small particles, especially below 0.2 mm (Table 1). The 

particle size of materials determines its specific surface area and 

influences its combustion rate (Wenjie et al., 2018).  

 
Table. 1. Particle size distribution (%) of the ground wheat samples. 

 

 

Fig 1. presents the results of average particle size of ground 

wheat. The lowest value of this parameter was always found for 

sprouted wheat and was on average  0.73 mm. Whereas the highest 

values of this parameter were found for all sound wheat varieties 

(average 0.76 mm). 

 
          Fig 1.  Average  particle size (dp) of ground wheat. 

 

The specific grinding energy is one of the most frequently 

determined parameters characterizing the grinding process. The 

results showed that sprouting caused a decrease in specific grinding 

energy. These tendency was found for all tested wheat varieties. 

The average value of specific grinding energy ranged from 26.18 

kJkg-1 for sprouted wheat to 297 kJkg-1 for sound wheat. This 

difference can by caused due to that biochemical changes during 

grain germination and weakness of grain structure. 

Fig 2.  Specific grinding energy (Er) of  sound and sprouted wheat . 

 

The results of grinding ability index of the sound wheat  and 

sprouted wheat were shown in Fig. 3. The obtained data clearly 

revealed, that the grinding ability index was significantly higher for 

sound wheat and lower values of this index were always obtained 

for sprouted wheat. The values of this index ranged from 3.91 to 

5.06 m²kJ
 
-1.  Fig. 4. shows the results of Sokołowski’s grinding 

index. The values of this parameters changed ranged from  

48.43 kJkg-1mm0.5 to 60.09 kJkg-1mm0.5.  The lowest values of this 

index were always obtained for sprouted wheat.  

The grinding ability index and Solołowski`s grinding index are 

the very important indices for the evaluation the grinding energy 

requirements because this indices take into account the size of 

particles after grinding (Hassoon and Dziki 2017). 

Fig 3.  Grinding ability index (Ef) of sound and sprouted wheat. 

 

Fig 4. Sokołowski`s grinding index(Ks) for sound and sprouted grain.  

The data in Fig. 5 revealed that there is no significant influence 

on heat of combustion of sprouted grain and sound grains. The same 

tendency was found for all wheat varieties. The values of this 

parameter were ranged from 15.9 to 16.5 MJ/kg. Similar values the 

    > 0.8 0.8-0.6 0.6-0.4 0.4-0.2 0.2-0.1 < 0.1 

 

Bamberka 64.32±2.86 6.21±0.34 7.26±0.61 9.13±0.33 11.22±0.63 1.86±0.13 

Sound Mulan  62.61±3.1 8.2±0.66 7.16±0.37 9.43±0.58 11.63±0.47 0.97±0.05 

 

Ostroga 65.12±2.05 8.53±0.49 7.84±0.28 7.95±0.19 9.52±0.35 1.04±0.05 

 

Bamberka 62.3±4.66 6.16±0.38 7.35±0.55 9.5±0.39 12.75±0.54 1.94±0.09 

Sprouted Mulan  59.11±2.51 8.54±0.46 7.83±0.39 10.22±0.57 12.93±0.60 1.37±0.08 

  Ostroga 62.4±2.73 8.71±0.52 7.92±0.45 8.21±0.62 11.12±0.26 1.64±0.11 

 *The values designated by the different letters in the lines of the table are statistically significantly differ (p < 0.05)
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heat of combustion for wheat grain were found by others authors 

(Żabiński et al., 2012). 

 

        Fig 5.  Heat of combustion  of sound and sprouted wheat. 

 

4. Conclusion  

The study showed that sprouted grain required less energy for 

size reduction in comparison with sound grain. Moreover sprouting 

caused a decrease in the average particle size, especially the mass 

fraction of coarse particles decreased and the mast fraction of fine 

particles increased. The heat of combustion of sprouted grain had a 

similar value that heat of combustion of sound grain. In summary, 

sprouted grain can by useful material for energetic purposes.  
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