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1. INTRODUCTION 

 
Fracture behavior is one of the most 

important characteristics of grains seeds and it 
determines how they are milled. 

Milling is essentially a physical process, 
which involves the fracture and the separation 
of bran from endosperm, it seems logical to 
characterise the fracture mode of the wheat 
endosperm in terms of an analytical method 
[12]. 

Previous researchers ([2], [5]) have studied 
the compression and the hardness of wheat 
endosperm. They have found that hard and soft 
wheat endosperms have very different 
mechanical properties which can be attributed 
to the physico-chemical composition and 
morphology of the individual components [6]. 

Other reserchers have tryied to find a way to 
predict the milling behavior of grain seeds 
using different types of methods. For exemple, 
in the paper [7] it was used the single-kernel 
characterization system (SKCS). The single-
kernel characterization system SKCS 4100 was 
developed for the objective determination of 
admixtures of hard and soft wheat. 

The SKCS 4100 system provides rapid 
measurements of wheat physical properties that 
are important to the miller. In addition, these 
measurements, or the raw data from which they 

are derived, have been shown to be applicable 
to the direct prediction of processing quality. 

Justification for extrapolation of the 
rheological properties of individual grains to 
those of corresponding bulk samples was 
provided by experiments which confirmed that 
wheat grains mill independently, i.e., without 
interaction [1]. 

In order to predict the milling behavior of 
grain seeds, some studies have been made in 
order to determin the way in wich the type of 
drying process affects the milling behavior of 
the grains [9]. 

In the food and animals industry, before 
grains milling are used different types of drying 
techniques including microwave drying method 
[8]. 

Microwave drying is especially 
advantageous if the subsequent step is grinding. 
It results in less consumption of grinding 
energy ([10], [11]). 

The objective of the present work is to carry 
out a bibliographic studie that will get together 
a number of factors that affect the milling 
bahavior of grain seeds. 

 
2. METHODS  
 
There are many reserchers that had  

investigated the effect of some factors on the 
fracture mode of the grains seeds.  
a. Wang [12] tryied to develop methods of 
measuring the fracture toughness of hard and 
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soft wheat endosperm in order to investigate the 
fracture mode of wheat endosperm during 
milling. For this he used the loading-unloading 
bending test. 
 He used a graphical method (fig. 1) to 
estimate crack length of the fracture. He 
applied this method to determine specific 
breakage energy from the loading–unloading 
force–displacement curves for the hard and soft 
wheat endosperm. By using this method, 
specific breakage energy, Γ, and the irreversible 
energy,  can be separated from fracture 
toughness, R.   

 
 
Fig. 1. A force–displacement (P–u) curve for linear non-
elastic material during loading–unloading stable crack 
growth. A0A and AB are loading traces and BB0 is an 
unloading  trace. From A to B, there is a crack extension. 
Γ and  represent elastic energy and irreversible 
energy, respectively  is the irreversible displacement 
and  is the microincrease in irreversible 
displacement. 
 

Prior to measuring the fracture toughness, it 
was necessary to know the crack length during 
the loading–unloading bending test. There were 
two methods used for estimating the crack 
length: 
 
(1) The crack lengths were measured using an 
optical microscope, together with transmitted 
light from the side or from the back of the 
specimen. As shown in figure 2, the crack 
extensions  were measured by 
using optical microscopy in situ, then the crack 
length was obtained from: 
 

 

(2) Also the crack length can be estimated from 
the compliance, which is calculated from force–
displacement (P–u) curves of the loading–
unloading bending test for the endosperm: 
 

 
 
where: C is compliance, u is displacement in 
mm,  is the irreversible displacement in mm 
and P is the force loaded on the crack. The 
force P can be gained from a force–time curve 
of the corresponding three-point bending test of 
the hard and soft wheat endosperm pieces. 

 
Fig. 2. A typical  loading–unloading force–displacement 
curve recorded from the three-point bending test of a 
wheat endosperm piece and , , , correspond to 
loading–unloading cycles 1, 2, 3 and 4.   
 

Then a crack length was estimated from the 
following expression: 

 
 

 
and 

 
 
where  and  are crack extensions,  
and  are the compliance corresponding to 

 and , T is the thickness of the test piece 
and da is the crack length.  
 The results of the loading-unloading bending 
test showed that the compressive failure strength 
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of the hard and soft wheat endosperms were 
about 70 and 20MPa, respectively; and 
the Young’s modulus of the hard and soft  heat 
endosperms were 1.870.2 and 0.970.2 GPa, 
respectively, so that it can be seen that the hard 
and soft wheat endosperm were almost 
certainly isotropic. 

As a conclusion of his studies, Wang 
discovered that the fracture mode of wheat 
endosperm, hence, is in good agreement with 
the milling behaviour of wheat varieties. The 
flour prepared from soft wheat displays finer 
particle size, better separation between starch 
and protein as well as less starch damage than 
the flour prepared from hard wheat. 
 b. Edwards [3] explore, for both hard and 
soft wheat, the single-kernel characterization 
system (SKCS) testing protocol for 
unconditioned whole grain to the first stage of 
roller milling, which includes conditioning. He 
tryied to find out if, this two methods are close 
enought as result to the real milling process and 
in this way if it’s suitable for predicting the 
milling behavior of grains seeds using this 
methods. 

 
 
Fig. 3. The SKCS 4100 crushing mechanism. 
 
The SKCS (fig. 3) measures predominantly 

the compressive strength of whole wheat grain 
and produces significant rupturing of central 
endosperm cells. 

In first-break roller milling of wheat, the 
factors affecting breakage of grains can be 
broadly classified into the physicochemical 
properties of the wheat (size distribution, 
moisture content, hardness) and those related to 

the design and operation of the milling 
equipment [1]. With the occurrence of 
compressive stress in the horizontal direction 
and shear stress in the vertical direction, a 
kernel tends to break along a principal tensile 
stress plane because the tensile strength of the 
endosperm is much smaller than its 
compressive strength [4]. 
 He concluded that the fragmentation patterns 
of both hard and soft wheat that result from 
crushing in the SKCS 4100 and in the first 
break stage of roller milling show that SKCS 
analysis of unconditioned wheat (the standard 
practice) is a suitable predictor of the milling 
performance of conditioned wheat. 
 c. Velu [9] in his study carried out, wanted 
to evaluate the the effect of drying (both 
microwave and convective) on the grinding 
characteristics and fracture behavior of maize. 
 For drying in microwave, samples of maize 
at different initial moisture contents weighing 
200 g were dried in the microwave oven at 390 
W level for 3–16 min time periods with 
intermittent mixing.  

In the case of flow drying procedure, A 
sample of 200 g was dried at 65, 75 and 90 °C 
with an air velocity of 0.6 m/s (at conditions of 
room temperature) in a through flow drier. 

After the drying procedure, the samples 
where milled. The grinding of the maize grains 
was carried out in a hammer mill keeping the 
amperage constant for the mill by adjusting the 
feed rate. The microwave-dried samples were 
ground for different timings. 

The conclusions of his study where that the 
microwave dried samples of maize consumed 
less grinding energy during dry milling which 
was indicatedby lower Bond’s work Indices.  

 
 

3. CONCLUSION 
 

1. The fracture mode of wheat endosperm, 
hence, is in good agreement with the milling 
behaviour of wheat varieties.  
2. The fragmentation patterns of both hard and 
soft wheat that result from crushing in the 
SKCS 4100 and in the first break stage of roller 
milling show that SKCS analysis of 
unconditioned wheat (the standard practice) is a 
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suitable predictor of the milling performance of 
conditioned wheat. 
3. The microwave dried samples of maize 
consumed less grinding energy during dry 
milling which was indicatedby lower Bond’s 
work Indices.  
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Investigaţii peivind câţiva factori care afecteazǎ procesul de distrugere a seminţelor de cereale 

 
Rezumat: În această lucrare este prezentat un studiu privind efectul pe care o serie de  factori il au 
asupra procesului de distrugere a seminţelor de cereale. 
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