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Abstract. The mechanical properties and the resistance of grains are key characteristics that 

enhance grinding behaviour of wheat and maize and are dependent on the moisture content of 

the grains. These properties were defined in the single-kernel compression test, and it seems 

that the qualities expressing the relations resulting during mechanical loads like mechanical 

and rheological properties are significant. The aim of the study reported here is to show the 

influence of moisture content on grinding process of wheat and maize single kernel. To show 

this influence it is necessary to study the physical and mechanical properties of wheat and 

maize single kernel at different moisture content 10%, 12%, 14%, 16%, 18% and 20%. The 

measurement results showed significant relationship between the cereal type, its resistance 

characteristics and the moisture content in the grinding process. 

1. Introduction 

Cereal grains are an important energy source throughout the world. The agricultural revolution some 

10.000 years ago made grains the major food raw material for humans, rice, wheat and maize 

providing about half of the energy of the mankind. Grain-based foods provide the majority of the 

carbohydrate and dietary fibre intakes in many countries. In Europe, the average annual consumption 

of cereal grains is 131 kg per capita, wheat making up the majority of it (108 kg/capita/year), whereas 

in Asia, about half of the annual cereal consumption is rice [28]. Wheat and rice are the most 

important cereals globally with respect to human nutrition, whereas maize is important especially in 

Central and South America, and sorghum and millets in Africa [10][24]. 

Consumption of grain products and particularly those made from wholegrain are associated with 

various health benefits [26]. These benefits can be achieved either by consuming wholegrain products 

or alternatively can be derived from changing the composition of the grain to include more beneficial 

components [23]. 

Cereals such as wheat, barley, oat, rye, and maize are staple foods for the population of Western 

countries, contributing about 50% of dietary fibre intake [30]. 

In the milling industry, it is necessary that the raw materials or intermediate products to be grind to 

accelerate the technological phase, to obtain a product from raw materials or even only for 

commercialization the products [15].  

Grinding is very important in wheat processing and decides on the degree of fineness and particle 

size distribution. These parameters influence on the properties of the final products such as bread, 
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pasta, and other foods made from wheat grains. The wheat flour milling is a gradual reduction process 

[6].   

Milling is applied to achieve the physical disentanglement of individual components while air 

classification or sieving fractionates the millings on the basis of particle density and/or particle size 

into enriched fractions. However, especially when particles differ little in density and/or particle size, 

the final purity that can be achieved towards a specific component is limited [29][31].  

Cereal grain is a granular material and as such exhibits mechanical behaviour different to liquids 

and solids. The mechanical properties of grain settling depend on the properties of the single grain, 

friction between particles, inter-particle contact geometry and load history. Grain as a material of 

biological origin reveals the strong dependence [20] of its stress-strain behaviour on the moisture 

content affecting the properties of the seed coat as well as of the endosperm of single grain [20]. 

 European Standard Eurocode 1 [9] and Polish Standard [4] recommends the determination of 

properties under load conditions similar to operating loads. Some properties are to be determined 

using the shear test (Jenike tester or triaxial compression [20] test) others, using the uniaxial 

compression test. Knowledge of cereals mechanical properties will improve the processes involving 

these materials within the food industry [20]. 

 Studies concerning the relation between the wheat and maize kernels properties and the milling 

properties have been carried out since the beginning of the cereal processing industry. 

 

2. Materials and methods 

Investigations were carried out on one type of wheat Apache s and one type of maize Olt Fao 430, 

bout cereal kernels were collected in the year 2014.  Apache wheat is a superior wheat used in bakery 

industry and has the next mean values of the samples: moisture content 13.1%,  hectoliter mass 70.1 

kg/hl, total ash 1.5%. The maize seeds   have the next mean values of the samples: moisture content 

12.3%, hectoliter mass 82.3 kg/hl, total ash 1.7 %. 

Moisture, hectoliter mass, and ash contents of wheat and maize kernels were determined according 

to approved methods of ASAE [1].  

The wheat and maize kernels were prepared starting from the storage moisture content like 13.1% 

(d.b.) at wheat and 14.2% (d.b.) at maize. From the storage moisture content the cereals kernels were 

brought at   10 %, 12 %, 14 %, 16 %, 18 % and 20% (± 0.2%)  moisture content using a WK 11 600 

climatic chambers. The kernels were put into the climatic chamber and kept their 4 days for wheat 

grains and 5 days for maize kernels for each moisture content. After 4 or 5 days the grain moisture 

content was determined using a standard oven-drying method by drying triplicate samples of wheat at 

130º C for 19 h and for maize at 130º C and 21 h [1] and if required, the conditioning process was 

repeated to ensure that the conditioned samples were at 10%, 12%, 14%, 16%, 18% and 20% moisture 

contents (d. b.). All the physical and mechanical properties of wheat and maize seeds were 

investigated at 10%, 12%, 14%, 16%, 18% and 20% moisture levels (d.b.). The entire test was 

repeated twenty times to determine mean values.   

To determine the average size of the seed, the length (L), width (w) and the thickness (T) of the 

seeds were measured using a digital calliper with an accuracy of 0.01 mm. The diameter and the 

surface area (S) of the wheat and maize seeds were calculated from the three principal dimensions [2]. 

1000 seeds mass was measured by counting a 1000 seeds randomly and weighing on electronic 

balance (0.001 g accuracy, Radwag PS 1000.R2). The mechanical properties of grains have been 

investigated by a number of researchers [24] but the researches have been carried out mainly on wheat 

seeds. There are many methods for the determination of wheat mechanical properties, and these 

methods are very often determined as wheat hardness [11][21][5].  Some authors define hardness as 

the mechanical property of the individual wheat kernel [5][19] or fragments of endosperm [5][14], or 

the resistance to deformation or crushing [5][11], whilst others define hardness as the property of a 

mass of kernels [12][32]. The mechanical properties of individual parts of the kernel (germ, bran layer, 

endosperm) are also different and these properties also strongly depend on the water content 

[4][18][5].  We can find in the literature many methods of measure the wheat hardness and they are 
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different from those used for the evaluation of the hardness of constructional materials such as metals. 

Those methods are correlated one with other and they are used in the milling industry for classify the 

wheat cultivars according to the desirability of their milling and bread making properties [5]. 

Wheat hardness has the greatest influence on the milling process and this parameter should be 

determined before milling. Kernel texture influences power consumption during milling. Hard wheat 

cultivars require more power to grind the kernels than do soft wheat cultivars [8]. The moisture 

content has a different influence on endosperm and bran layer properties. A study showed that, when a 

wheat grain was subjected to uniaxial compression, it behaved as an elastic-plastic-viscous body 

exhibiting creep, stress relaxation and elastic after effects [25][20].  Glenn et al. [13] showed that as 

the moisture content of wheat endosperm increased, the compressive strength, elasticity and energy to 

compressive failure decreased, with hard wheat’s giving greater decreases. The hard wheat endosperm 

is more elastic and compact than soft wheat endosperm [5]. By contrast, the elasticity and plasticity of 

the bran layers increase with increasing moisture content [18]. 

The mechanical properties of wheat and maize kernels have been determinate on individual kernels 

with the Zwick Roell/5kN universal testing machine using a parallel plate loading device.  Stress strain 

curves developed from the force-deformation curves were examined for characterizing the mechanical 

properties of wheat and maize. The mechanical properties of wheat and maize at different moisture 

content investigated in this study were:  yield point YP, energy at yield point, maximum force of 

compression Fmax which is the same value with the rupture force, work W (energy consumptions) at 

the end of the rupture, deformation d, modulus of elasticity E. 

A Zwick Roell universal testing machine (model 5kN) was used to measure the kernel responses to 

compressive loadings by using parallel plates [16]. All of the test kernels were checked for stress 

cracks and before loading, the thickness and length of each kernel was determined with a digital 

calliper. The individual kernels were put in to the middle of the bottom plate with germ side down. In 

mechanical properties test, each kernel, from each moisture, was loaded until rupture occurred and the 

resultant load-deformation behaviour and the work were recorded [17].  A constant test speed of 50 

mm/ min was used in all tests.  Unloading took place with the same deformation speed until to 0 kPa 

of the stress level was reached. Twenty kernels were tested for each experimental condition.  Results 

and discussion 

To highlight the influence of wheat  moisture content on grinding process, it was carried out the 

processing data of experimental research, that were obtained from compressing individual wheat 

kernels with a constant speed of 50 mm/ min, until a constant distance of 0,4 mm between the two 

parallel plates was achieved. 

The model equation is based on the elastic-plastic approach. During loading both reversible 

(elastic) and irreversible (plastic) strains develop in the sample. 

Results of the physical and mechanical properties of wheat are presented in table 1. Values of 

material constants were found dependent on species and on moisture contents of the material. 

For all samples the energy, the force, the yield point and modulus of elasticity decreased with an 

increase of seeds moisture content. The highest value of modulus of elasticity was found at 10% 

moisture content, 16.55 MPa. 

The fact that the modulus of elasticity decreases with the increase of moisture content may be due 

to the fact that at higher moisture content, the grain is less elastic and more viscous in nature. Higher 

moisture also plasticizes and causes a transformation from brittle-elastic (at moisture contents up to 

12%) to an elastic-plastic (moisture content 12-15%) and finally into a viscous-plastic state (moisture 

content ˃15%) [3][26]. Furthermore, an increase in moisture content causes a reduction in the friction 

coefficient of the system thereby causing deformation to increase and module to decrease as the 

pressure is applied. 
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Table 1. Effect of moisture content on physical and mechanical properties of wheat (mean ± std. dev.). 

 

Properties 
Moisture content,  

(%, d.b.) 

10 12 14 16 18 20 

Length (mm) 6.81±0.2 6.82±0.3 6.82±0.3 6.91±0.2 6.92±0.2 6.92±0.3 

Width (mm) 2.91±0.2 2.97±0.2 3.0±0.1 3.02±0.2 3.03±0.2 3.03±0.2 

Thickness (mm) 2.98±0.2 3.01±0.3 3.03±0.2 3.04±0.1 3.05±0.2 3.06±0.3 

Mass of 1000 

kernels (g) 

39.19±0.3 39.83±0.3 39.95±0.2 40.12±0.3 42.33±0.2 43.61±0.2 

Surface area (mm
2
) 54.28±5.0 54.47±6.3 55.56±5.4 58.76±4.6 59.34±5.3 59.89±6.5 

Yield point (N) 144.97±10.2 117.0±5.4 113.80±8.4 101.61±9.01 100.29±10.3 99.73±5.7 

Energy at YP (J) 93.49±8.9 71.73±4.8 69.35±9.1 39.36±8.2 11.85±9.7 11.02±5.5 

Rupture force (N) 1041.97±3.4 1030.73±8.5 1028.62±7.7 1024.05±6.9 1015.91±5.8 1011.16±9.1 

Rupture energy 

(J) 

684.15±6.1 657.52±6.3 598.60±7.2 579.75±8.1 673.63±3.7 556.13±8.1 

Deformation 

(mm) 

1.22±0.1 1.30±0.1 1.31±0.2 1.31±0.2 1.32±0.2 1.33±0.1 

Modulus of 

elasticity (MPa) 

16.55±3.7 14.56±4.3 13.93±4.7 13.43±5.4 12.92±6.3 12.87±6.9 

 

Regarding the stress- strain curve evolution it can be notice a failure tests brittle accompanied by an 

audible cracking sound up to 18% moisture content. At hire moisture content the cracks were neither 

audible nor could be obtained from the force-deformation curve [3]. 

Analyzing the force-deformation curves at six different moisture contents of maize kernels it can be 

observed that the relationships of vertical stress and total vertical strain for loading - unloading cycles 

for maize are similar with the wheat results.  

A significant difference is noticed at the elastic –plastic curve behaviour. At the maize, the elastic 

plastic properties are more pronounced due to the high content of starch. The most visible is at the 

lower moisture content. 

Also it can be notice that at maize, in comparison with wheat kernels, the first kernel crack is done 

at higher force. 

In table 2, where is highlighted the effect of moisture content on physical and mechanical 

properties of maize, it can be noticed that like at the wheat individual kernels compression, the yield 

point, the force, the energy and modulus of elasticity decreased with an increase in the content of the 

moisture in the seeds. Only the surface area and the kernel deformation are increasing with the 

increase of moisture content. 
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Table 2. Effect of moisture content on physical and mechanical properties of maize (mean ± std. dev.). 

 

Properties 
Moisture content,  

(%, d.b.) 

10 12 14 16 18 20 

Length (mm) 10.23±0.7 10.23±0.4 10.24±0.3 10.25±0.4 10.26±0.7 10.27±0.4 

Width (mm) 8.38±0.6 8.39±0.7 8.39±0.4 8.41±0.6 8.42±0.7 8.44±0.8 

Thickness (mm) 4.28±0.3 4.31±0.4 4.31±0.1 4.32±0.4 4.33±0.2 4.33±0.3 

Mass of 1000 

kernels (g) 

352.3±4.1 360.1±6.2 364.8±5.2 369.4±3.9 373.7±5.7 379.8±4.9 

  Surface area (mm
2
) 183.46±23.2 184.96±16.3 185.14±23.4 186.20±21.6 187.03±24.3 187.66±22.5 

Yield point (N) 487.82±18.2 420.34±16.3 379.30±17.6 338.20±19.1 228.59±17.4 209.46±18.6 

Energy at YP (J) 260.47±11.2 206.03±13.7 123.63±14.9 104.3±11.7 74.43±12.6 50.89±12.9 

Rupture force (N) 1033.06±23.5 1018.92±20.5 1006.25±21.4  999.81±20.9 976.44±21.8 897.15±22.3 

Rupture energy (J) 1242.96±24.1 1061.48±23.4  999.19±22.9  983.18±23.1 935.38±22.7  915.08±23.5 

Deformation (mm) 1.57±0.1 1.59±0.2 1.61±0.3 1.85±0.2 1.92±0.1 1.97±0.2 

Modulus of 

elasticity (MPa) 

3.58±2.7 3.46±2.1 3.37±1.5 2.9±1.9 2.65±2.3 2.42±1.1 

 

3. Conclusions 

The physical and mechanical properties of wheat and maize seeds determined in the single particle 

uniaxial compression test allow us to describe the moisture content role in the grinding process. 

Wheat and maize grain shape and size affect the mechanical properties of seeds coats during 

compression tests and the milling process. 

At wheat seeds and maize seeds, the yield point, the force, the energy and modulus of elasticity 

decreased with an increase in the content of the moisture in the seeds. Only the surface area and the 

kernel deformation are increasing with the increase of moisture content. 

The fact that the modulus of elasticity decreases with the increase of moisture content may be due 

to the fact that at higher moisture content, the grain is less elastic and more viscous in nature. 
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