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ABSTRACT 

Physicochemical and mechanical properties of wheat grains can have a great impact on 

the quality of the final products (bread). Therefore, correct selection of wheat cultivar for 

specific applications seems to be crucial. In this study, the differences in the 

physicochemical and mechanical properties (under compression and impact loadings) of 

ten Iranian wheat cultivars (Azar2, Alamut, Bam, Bahar, Chamran, Shiraz, Falat, Keras 

Adl, Marvdasht, and Nicknejad) were studied. Moreover, the relationship between these 

properties was investigated. The results indicated that the type of cultivar had significant 

influences on physicochemical and mechanical properties. The results of regression 

analysis between physicochemical and mechanical properties showed a significant 

correlation between protein content and particle size index (r2= 0.6). Moreover, the 

protein content could be significantly correlated with the parameters obtained from 

mechanical tests (r2> 0.50). Among the mechanical parameters obtained from 

compression and impact loading, the apparent elastic modulus and the specific breakage 

energy established maximum correlation (r2= 0.77 and 0.78, respectively) with the protein 

content. Similarly, significant correlations were found between particle size index and 

mechanical parameters (r2>0.60). Hence, the wheat protein content and particle size 

index, which have great impacts on quality of the final product, can be estimated by a few 

simple mechanical tests on the wheat kernels.  
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INTRODUCTION 

Wheat is the leading cereal crop in the 

world, consumed as food and feed in many 

different ways throughout the globe. Wheat 

is one of the most important sources of 

calorie and protein in human nutrition. It 

also provides essential vitamins and 

minerals such as vitamins B and E, 

magnesium, and phosphorous as well as 

fiber (Ranhotra, 1994). Wheat is mainly 

milled to flour before being used as a food 

component. However, whole-wheat grains 

or grits may also be used to make foods. 

Bread, pasta, noodles, biscuits, and cakes are 

the most common foods made basically 

from wheat flour. Breakfast cereals, curries, 

soups, and porridge are examples of the 

foods in which whole-wheat grains or grits 

may be used as an ingredient (Eliasson and 

Larson, 1993; Hoseney, 1994). In many 

parts of the world, the main application of 

wheat is to make bread as the major staple 

food. The need for production of economic 

and nutritive foods in developing countries 

such as Iran has made wheat and other 

cereals an important source of raw material 

in food industry. 

In order to produce high quality products 

from wheat, an important step is to select the 

appropriate wheat variety in accordance with 

the characteristics of the final product. 

Therefore, it is necessary to determine the 

quality of the wheat in advance. Wheat 
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quality criteria are mainly based on the 

physicochemical properties such as grain 

weight, grain hardness, and protein content 

(Sissons et al., 2006). Grain hardness is used 

as a grading factor to determine the type of 

wheat (Morris, 2002). It is a key determinant 

for classification of wheat and end product 

quality (Campbell et al., 1999). Grain 

hardness is important for the flour industry 

because it has significant impacts on milling, 

baking and qualities of wheat (Bettge et al., 

1995). One of the most important methods 

of grain hardness measurement is particle 

size index (PSI), which has a great impact 

on the quality of final product (especially 

bread). The soft wheat kernels fracture more 

easily, release many integral starch granules 

and produce finer textured flours with less 

starch damage, whereas, the hard wheat 

kernels produce coarser textured flours in 

which fracture planes produce broken starch 

granules (Morris and Rose, 1996). Since 

broken starch granules absorb more water, 

hard wheats are better suited for yeast-

leavened bread, while soft wheats are 

preferred for cookies, cakes, and pastries 

(Farooq et al., 2001).  

Protein content is the best single test that 

can be applied to determine the quality of 

flour, because it has a direct correlation with 

baking quality (Stone and Savin, 1999; 

Matz, 1996).Wheat having high protein 

content tends to be hard, have strong gluten 

and produce good quality bread. Wheat of 

low protein content tends to be soft, have 

weak gluten and produce small loaves of 

inferior crumb structure (Bushuk, 1998; 

Tipples et al., 1994), but produce better 

quality cookies. Majzoobi et al. (2011) 

investigated chemical properties of 14 

Iranian wheat cultivars. Their results showed 

that the protein content varied significantly 

(7.83-14.98%) in different cultivars. In a 

similar study, Anjum and Walker (2000) 

reported protein contents in six most 

prevalent Pakistani wheat cultivars that 

ranged from 11.99 to 13.80%. Qarooni et al. 

(1993) confirmed that the most suitable 

value of wheat protein content for bread 

preparation should be 11-13%. Moreover, 

they concluded that there is a positive and 

significant correlation between protein 

content and quality parameters of bread.  

Conducted studies by different researchers 

confirm that the grain hardness (PSI) of 

wheat is correlated significantly with protein 

content, moisture content, and kernels size 

(Pasha et al., 2009; Abo-Shatala and Abdel 

Gewad, 2000; Yamazaki and Donelson, 

1983). The protein content and the PSI 

relationship exhibits that PSI increases with 

increasing protein content in some cultivars, 

while in some other cultivars it is the 

opposite (Symes, 1965). Moisture content 

plays an important role in measuring the 

wheat kernel texture (Pomeranz and 

Williams, 1990) and has a very strong effect 

on grinding time, particularly for soft wheats 

(Williams and Sobering, 1988). All methods 

used for measuring wheat kernel texture 

have been reported to be affected by kernel 

moisture content (Newton et al., 1927). 

Moisture content (6-18%) showed highly 

positive correlation with PSI for soft wheat 

cultivars (Obuchowski and Bushuk, 1980; 

Yamazaki and Donelson, 1983). The 

correlation between kernel size and the PSI 

has shown varying results. PSI and kernel 

weight are strongly correlated for hard 

cultivars while negatively correlated for soft 

cultivars (Williams and Sobering, 1984).  

The mechanical properties of grain are 

important in the grinding and milling 

processes, and for designing machines for 

these tasks (Kang et al., 1995; Saiedirad et 

al., 2008; Yucel et al., 2009). These 

properties are also important in order to 

design machines for harvesting, cleaning, 

separating, and processing. The effect of a 

wheat grain’s mechanical properties on 

grinding energy is greater than that of its 

other physical properties (Dziki, 2008). 

Rupture force, energy absorbed, and 

hardness are important mechanical 

properties of a wheat grain. Rupture force 

(N) is the minimum force needed to rupture 

the individual grain. Energy absorbed (J) is 

the energy required during the loading to 

rupture the individual grain (Sirisomboon et 

al., 2007). Hardness (Nmm
-2

) is the 
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resistance of the individual grain to 

deformation under applied forces (Kang et 

al., 1995; Dobraszczyk et al., 2002; 

Turnbull and Rahman, 2002). Hardness is 

also defined as the ratio of the rupture force 

to the deformation at the rupture point of the 

grain (Sirisomboon et al., 2007). Several 

studies have been conducted that consider 

the moisture-dependent physical and 

mechanical properties of wheat, such as 

those by Delwiche (1993), Kang et al. 

(1995), Dobraszczyk et al. (2002), Dursun 

and Guner (2003), Tabatabaeefar (2003), 

Karimi et al. (2009), Kalkan (2009), Kalkan 

and Kara (2011), and Babic et al. (2011). 

However, Tabatabaeefar (2003) and Karimi 

et al. (2009) did not investigate the 

mechanical properties of wheat grains. 

Delwiche (1993) measured the hardness of 

individual wheat kernels using near-infrared 

transmittance. Kang et al. (1995) analyzed 

the mechanical properties of wheat such as 

yield stress, yield strain, modulus of 

deformability, and energy to yield point. 

Dobraszczyk et al. (2002) studied the 

fracture properties of endosperm machined 

from individual wheat kernels from several 

wheat varieties. The mechanical behavior of 

different wheat varieties was determined by 

Dursun and Güner (2003) using compression 

loading between two parallel plates. They 

reported that the rupture force decreased and 

the rupture energy increased as the wheat 

moisture content increased. Kalkan (2009) 

reported that the rupture force of wheat 

grains decreased as the moisture content 

increased, whereas, the deformation at 

rupture point, energy absorbed, and grain 

hardness did not show any regular variation. 

Babic et al. (2011) analyzed the physical 

and stress strain properties of 3 wheat 

varieties. 

Despite the numerous previous studies on 

the mechanical properties and 

physicochemical characteristics of wheat 

grains, there is no published study on the 

relationships between the mechanical 

properties and the physicochemical 

characteristics. Therefore, the objectives of 

this study were: 

(1) To determine the mechanical 

properties under static and dynamic loadings 

of single kernels of wheat and the 

physicochemical characteristics of wheat 

grains and,  

(2) To describe the relationships between 

the mechanical parameters and the 

physicochemical characteristics of wheat 

grains.  

MATERIALS AND METHODS 

Wheat Samples 

Ten samples of the most widely cultivated 

Iranian wheat were selected as study materials, 

namely, Azar2, Alamut, Bam, Bahar, 

Chamran, Shiraz, Falat, Keras Adl, Marvdasht, 

and Nicknejad. The wheat samples came from 

Seed Research Institute located in Agricultural 

College, Shiraz University, Shiraz, Iran. The 

grains were cleaned and sieved to remove 

broken, shrunken, and damaged kernels. Since 

the mechanical properties of wheat are 

affected by moisture content (Dziki, 2008), the 

moisture content of the wheat varieties was 

adjusted to approximately 11.5±0.5% (wb) 

based on the AACC method No. 55-30. 

Samples were placed inside separate 

perforated boxes, kept in a large plastic bag, 

and refrigerated at 4°C for 3 days to allow 

moisture to distribute uniformly throughout 

the samples. All tests were conducted at room 

temperature (24
°
C). 

Physicochemical Measurements  

The axial dimensions, namely length (L), 

width (W), and thickness (T) of 30 randomly 

selected grains for each variety were measured 

based on the guidelines of Jain and Bal (1997) 

using digital calipers to an accuracy of 0.01 

mm. The thousand kernels weight was 

calculated by the method of Farooq et al. 

(2001). A 100 g sample of each wheat cultivar 

was taken and thousand kernels weight were 

recorded by counting clean, sound, and 

unbroken kernels. The kernel weight was 
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Figure 1. Lay out of tester for grain resistance to impact. 

 

calculated as grams per thousand kernels. To 

calculate PSI, a 50 g sample of wheat grain 

from each variety was ground by a laboratory 

hammer mill at its finest setting (AACC 2000, 

N0. 55-30). Then 10 g of meal was weighed, 

separated and transferred to a Tyler No. 70 

sieve and sifted by a percussion shaker for ten 

minutes. To increase the shaking performance, 

each time 10 g of whole kernels was added to 

the meal. Then, all the fine materials collected 

in the pan, along with any fines adhering to the 

bottom of the sieve, were weighed to the 

nearest 0.01 g (W). The PSI was then 

calculated using Equation (1). 

PSI(%)=  
W 

×100 
Sample weight 

(1) 

 The chemical compositions, including 

crude protein, fiber, fat, and ash contents 

were estimated at each wheat variety as the 

respective procedures described in AACC 

method No. 46-10, 32-10, 30-10 and 08-01, 

respectively (AACC, 2000). 

Mechanical Testing 

Impact Test 

A tester for grain resistance to impact, 

developed at the ‘‘Agriculture Machinery 

Laboratory” of mechanics of agricultural 

machinery school, University of Shiraz, was 

used to determinate breakage energy of 

wheat kernel (Figure 1). A single grain was 

vertically placed in the kernel holder unit so 

that half of the kernel length was out of the 

holder. The pendulum was elevated to 

contact the hammer with the magnetic 

holder. The magnetic holder kept the 

pendulum at specific height h1 (Figure 2). 

When the tester was adjusted in the start 

mood, the pendulum was released due to 

elimination of the magnetic property of the 

magnetic holder. After contact with the 

center of the kernel, the released pendulum 

broke the kernel, and climbed up to h2. The 

rotary encoder measured the corresponding 

angle (β) with height h2, and displayed it on 

the screen. The breakage energy (mJ) could 

be calculated by the following equation: 

(cos cos )
b g

E mgr β α= −    (2) 

Where, α is the angle between pendulum 

and vertical line at the start of motion (see 

Figure 2), β is maximum angle between 

pendulum and vertical line after kernel 

breakage, m is mass of pendulum (0.193 kg), 

rg is center of gravity length (133.156 mm), 

and g is acceleration due to gravity (m s
-2

). 

The specific breakage energy and dynamic 

toughness were calculated using the 

following equations (Zhang et al., 2005): 
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Figure 2. Schematic diagram of motion of pendulum including some parameters specified about 

dimensions of pendulum: (L) Length of pendulum; (c.g) Center of gravity; (rg) Length of center of gravity; 

(h1) Distance of c.g from the horizontal line at initial position of pendulum; (h2) Maximum distance of c.g 

from the horizontal line after breakage of sample; (α) The angel between pendulum at initial position and 

vertical line, and (β) The maximum angle between pendulum and vertical line after breakage of sample.       

 

.
b

s b

E
E

A
=      (3) 

b
d

E
T

V
=     (4) 

In the above equations, Es.b is specific 

breakage energy (mJ mm
-2

), A is breakage 

area of kernel (mm
2
), Td is dynamic 

toughness (mJ mm
-3

) and V is volume of 

kernel (mm
3
). Equations (5) and (6) were 

used to calculate the breakage area (A) and 

volume of kernel (V), based on elliptical 

volume of kernel, respectively as follows 

(Zhang et al., 2005).  

4

WT
A

π
=     (5) 

21
( )

4 6
V L W T

π  
= +  

  
   (6) 

Where, L, W and T are the length, width 

and thickness of the wheat kernel in mm, 

respectively. 

This experiment was conducted for each 

variety such that, in total, 300 tests (10 

varieties by 30 replications) were conducted. 

Compression Test  

In this experiment, single wheat grains 

were placed between two parallel plates of 

the lower and upper heads of a compression-

testing machine (Instron, Model: Santam 

STM-20) with an accuracy of 0.01% of load 

cell capacity (20 KN). The upper head 

compressed the kernel with constant loading 

rate of 7 mm min
-1

 till rapture was occurred. 

For each test, force-deformation values were 

measured by Instron, recorded in the 

computer. Figure 3-a shows a typical force-

deformation curve in this study. The force-

deformation curve was used to extract 

mechanical properties of kernels. The 

mechanical properties consisted of 

maximum force at rapture point, apparent 

elastic modulus and static toughness. The 

apparent elastic modulus, Eapp (N mm
-2

) was 

obtained from stress-strain curve. The slope 

of the fitted line through the stress-strain 

data points at linear limit was considered as 

apparent elastic modulus (Figure 3-b): 
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(a) 

 
(b) 

Figure 3. A typical force-deformation curve of wheat grain: (a) Fitted line and the approximate 

triangular shaped area for calculating static toughness, and (b) Fitted line through the stress-strain data 

point for calculating the apparent elastic modulus.   

 

F
o

rc
e 

(N
) 

 

Deformation (mm) Strain (mm mm-1) 

S
tr

es
s 

(N
 m

m
-2

) 

max
app

E
σ

ε
=     (7) 

Where, σmax is the maximum axial stress at 

rapture point on the fitted line (N mm
-2

) and 

ε is the strain at rapture point (mm mm
-1

). 

 Besides, the static toughness, Ts (mJ mm
-

3
) was calculated from dividing the area 

under the force-deformation curve by kernel 

volume as follows: 

under curve
s

A
T

V
=    (8) 

The area under the force-deformation 

curve (mJ) was considered as a triangular 

shaped area and estimated with a good 

approximation from the following equation:  

max

1

2
xunder curveA F=   (9) 

 
Where, Fmax and x are the maximum force 

(N) and deformation (mm) at the rapture 

point, respectively. 

This experiment was conducted for each 

variety such that, in total, 300 tests (10 

varieties by 30 replications) were conducted. 

Statistical Analysis 

All experiments were conducted in a 

randomized complete design with 10 

treatments (variety) and 30 replications for 

mechanical and physical properties, and 3 

replications for chemical properties. The 

data were analyzed using the ANOVA 

procedure of SPSS followed by the 

comparison of means using the Duncan 

multiple range test (P< 0.05). The 

relationships between physicochemical 

characteristics and mechanical properties 

were calculated using stepwise regression 

analysis. 

RESULTS AND DISCUSSION 

Physicochemical Properties  

The physicochemical properties of ten 

wheat cultivars are shown in Table 1. The 

results for various varieties showed that the 

physical properties varied significantly. The 

kernel length for various cultivars varied 

from 6.49 mm (for Falat) to 7.75 mm (for 

Keras Adl). The kernel width was in the 

range of 2.92 mm (Keras Adl) to 3.22 mm 

(Bam). The kernel thickness of the cultivars 

studied were significantly different and in 

the range of 2.57 mm for Shiraz to 2.92 mm 

for Chamran. The length-width ratio of 

samples among different wheat cultivars 

ranged from 1.95 (Chamran) to 2.67 (Keras 

Adle). The thousand kernel weight showed 

significant variation among different wheat 

cultivars; Chamran and Nicknejad had the 

highest (38.91 g) and lowest (27.98 g) 
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 values of 1,000 kernel weight, 

respectively. The significant differences 

observed in physical properties among 

wheat varieties may be due to the 

differences in the genetic make-up of the 

varieties. However, these differences may be 

partly attributed to different growing and 

environmental conditions that prevailed 

during growing periods.  

PSI (as an indicator of wheat hardness) 

values ranged from 12.17% in Keras Adle to 

26.63% in Bam (Table 1). Lower values of 

the PSI for wheat kernels indicate that the 

wheat kernels are harder. The findings of the 

present study depicted that two wheat 

varieties fall in the category of semi-hard, 

three varieties are semi-soft, three varieties 

fall in the category of hard, one variety is 

soft, and only one variety falls in the class of 

very hard wheat as according to the hardness 

scale given in AACC (2000). Anjum et al. 

(2005) evaluated six Pakistani wheat 

varieties and observed that they fell into the 

category of semi- hard group. Butt et al. 

(2001) found PSI of 30 Pakistani wheat 

varieties ranging from 17.32 to 24.41%. As 

mentioned earlier, the wheat hardness has a 

significant impact on the end product 

quality. The soft wheat kernels fracture more 

easily, release many integral starch granules, 

and produce finer textured flours with less 

starch damage. On the other hand, hard 

wheats produce coarser textured flours in 

which fracture planes produce broken starch 

granules. Because broken starch granules 

absorb more water, hard wheats are better 

suited for yeast-leavened bread, while soft 

wheats are preferred for cookies, cakes, and 

pastries (Morris and Rose, 1996). Therefore, 

in this study, the harder varieties such as 

Keras Adl, Shiraz, and Bahar are 

recommended for preparation of flat bread, 

while the softer wheat such as Bam, 

Chamran, and Marvdasht are preferred for 

cookies, and cakes. 

The protein content varied significantly 

among the cultivars studied: Keras Adl had 

the highest protein content (12.01%), while 

Bam had the lowest (10.63%). Wheat having 

high protein content tends to be hard, have 
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Figure 4. Correlation between particle size index (PSI) and protein for ten wheat cultivar; (■) Keras Adl, (♦) 

Falat, (▲) Bahar, (●) Shiraz, (□) Azar 2, (◊) Nicknejad, (∆) Marvdasht, (+) Alamut, (○) Chamran, (×) Bam. 

 

strong gluten, and produce good quality 

bread. Wheat of low protein content tends to 

be soft, have weak gluten, and produce small 

loaves of inferior crumb structure (Tipples et 

al., 1994), but produce better quality 

cookies. To produce bread with better 

quality from Iranian wheat cultivars, the 

protein content should be 11-13% (Samiee, 

2004). The fiber content of the samples 

varied from 1.85% (for Bahar) to 3.26% (for 

Alamut). The fat content of the samples was 

in the range of 1.97% (Bahar) to 3.15% 

(Shiraz). The ash content of the samples 

were significantly different and in the range 

of 0.87% for Shiraz to 1.25% for Nicknejad. 

In this regard, Majzoobi et al. (2011) 

reported the range of protein, fat, and ash 

compositions of different Iranian wheat 

cultivars as 10.74-14.98, 1.48-2.95 and 0.54-

2.96%, respectively, which agree with the 

present study. The correlation analysis 

results of physicochemical properties 

showed that there was a significant and 

negative correlation (r
2
= 0.59) between the 

PSI and the protein content. No significant 

correlation was found between the other 

parameters. The variation of protein content 

with the PSI is shown in Figure 4, which 

depicts that the protein content increases 

with the decrease of PSI value. In other 

words, wheat having low PSI value tend to 

be hard and have higher protein content. 

Mechanical Properties 

The mean values of mechanical 

parameters for ten Iranian wheat cultivars 

under compression and impact loadings are 

presented in Table 2. The results indicated 

that the mechanical properties were 

significantly different among various 

cultivars. The maximum force at rapture, 

apparent elastic modulus, and toughness of 

different varieties were in the range of 

48.51-88.96 N, 173.5 -267.73 N mm
-2

, and 

0.155 -0.297 mJ mm
-3

. The maximum and 

minimum values of these parameters 

belonged to Keras Adl and Bahar varieties. 

The results investigated in the present study 

are in line with earlier work conducted by 

Rasekh et al. (2007) who reported the range 

of the maximum force at rapture and static 

toughness in different wheat varieties as 

31.8-66.29 N and 0.15-0.41 mJ mm
-3

, 

respectively. Wide range of these parameters 

in this study may be due to genetic and 

environmental effects.  

Similar results were obtained for the 

mechanical parameters under impact 

loading. The breakage energy varied from 

36.33 to 50.19 mJ. The specific breakage 

energy was in range of 4.75 to 8.38 mJ mm
-

2
. The dynamic toughness in different 

cultivars varied from 1.08 to 1.61 mJ mm
-3

. 

As expected, the maximum and minimum of 

these parameters corresponded to Keras Adl 
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Table 2. Mechanical characteristics of ten Iranian wheat cultivars.
a 

 Parameters obtained from compression test   Parameters obtained from Impact test 

Cultivars Maximum 

force (N) 

Apparent 

elastic modulus 

(N mm-2) 

Static toughness 

(mJ mm-3) 

Breakage 

energy (mJ) 

Specific 

breakage energy  

(mJ mm-2) 

Dynamic 

toughness 

(mJ mm-3) 

Alamut 62.17±4.40cd 188.70±11.56b 0.184±0.06cd 37.13±2.65cd 5.98±2.65cde 1.28±0.34def 
Azar2 60.96±5.60cd 215.77±10.98ab 0.193±0.09cd 36.52±2.54cd 5.52±0.84de 1.13±0.29f 
Bahar 48.51±3.34bcd 173.50±10.54ab 0.155±0.05ab 36.33±2.45b 4.75±0.87bcd 1.08±0.31f 
Bam 57.93±3.80d 190.67±9.87b 0.164±0.05d 41.18±3.15d 5.82±0.93f 1.22±0.24g 
Chamran 65.96±4.50cd 216.97±12.24ab 0.198±0.05bcd 41.67±4.67cd 5.42±0.95e 1.18±0.36ef 
Falat 73.32±4.45bc 230.73±11.30ab 0.289±0.06a 47.91±4.22b 6.85±0.91b 1.58±0.33b 
Keras Adl 88.96±4.25a 267.73±10.78a 0.297±0.08a 50.19±3.78a 8.38±0.92a 1.61±0.30a 
Marvdasht 71.44±5.20bc 224.27±9.96b 0.250±0.09abc 42.86±3.95bc 6.51±0.88bc 1.46±0.29bc 
Nicknejad 69.73±4.45bcd 222.97±10.65b 0.231±0.09abcd 38.37±2.98c 6.25±0.79bcd 1.39±0.36cd 
Shiraz 79.78±5.24ab 238.77±11.35ab 0.201±0.06bcd 36.83±2.56cd 5.97±0.86cde 1.35±0.27cde 

a Mean±SD; different letters within each column show significant difference at P< 0.05.                                                                            

 

Table 3. Correlation values calculated between physicochemical properties and mechanical parameters. 

 Length  Width Thickness Length 

/Width 

1000 

kernel 

weight  

PSI a Protein  Fiber Fat Ash 

Maximum  

force 

0.01NSb 0.14NS 0.20NS 0.11NS 0.18NS 0.62 

** 
0.70** 0.18 NS 0.18 NS 0.09 NS 

Apparent 

elastic 

modulus 

0.04NS 0.09NS 0.09NS 0.11NS 0.11NS 0.70** 0.77** 0.00 NS 0.12 NS 0.09 NS 

Static 

 toughness 

0.00NS 0.20NS 0.00NS 0.00NS 0.15NS 0.60** 0.54* 0.05 NS 0.00 NS 0.00 NS 

Breakage  

energy 

0.03NS 0.12NS 0.00NS 0.05NS 0.01NS 0.60** 0.57** 0.00 NS 0.00 NS 0.00 NS 

Specific 

breakage 

energy 

0.15NS 0.27NS 0.15NS 0.32NS 0.13NS 0.62** 0.78** 0.05 NS 0.00 NS 0.01 NS 

Dynamic 

toughness 

0.01NS 0.26NS 0.08NS 0.11NS 0.26NS 0.64** 0.70** 0.02 NS 0.01 NS 0.00 NS 

a Particle Size Index, b  NS: Not Significant.   **: Significant at P< 0.01. 

 

 

and Bahar varieties. The results reported by 

Afkari et al. (2006) support our findings 

who found the breakage energy in different 

wheat varieties in the range of 33-72 mJ as 

the impact test was applied with a different 

method. As mentioned before, the 

mechanical properties are correlated with 

some wheat quality specifications, therefore, 

the results of this section can be useful for 

determining the quality of the wheat in 

advance, as discussed in the following 

sections.  

Relationship between Physicochemical 

and Mechanical Parameters 

Values of the simple coefficient of 

determination (r
2
), for the relationship 

between the physicochemical and 

mechanical properties of wheat grain are 

summarized in Table 3. The coefficient of 

determination is the ratio of explained 

variation to total variation. For example, the 

r
2
 value of 0.7 means that 70% of the total 
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(a) 

 

(b) 

Figure 5 Relationships between protein and apparent elastic modulus (a) and specific breakage energy 

(b) of different wheat cultivars; (■) Keras Adl, (♦) Falat, (▲) Bahar, (●) Shiraz, (□) Azar 2, (◊) Nicknejad, 

(∆) Marvdasht, (+) Alamut, (○) Chamran, (×) Bam. 

Specefic breakage energy (mJ mm-2) Apparent elastic modulus (N mm-2) 

P
ro

te
in

 (
%

) 

P
ro
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%

) 

variation in the dependent variable can be 

explained by the linear relationship between 

the independent variable and the dependent 

variable. The other 30% of the total 

variation in the dependent variable remains 

unexplained. The protein content was 

significantly correlated with the mechanical 

parameters under compression test such as 

maximum force (r
2
= 0.70), apparent elastic 

modulus (r
2
= 0.77), and static toughness (r

2
= 

0.54). Besides, linear and significant 

relationships were found between protein 

content and mechanical parameters extracted 

from impact test such as breakage energy 

(r
2
= 0.57), specific breakage energy (r

2
= 

0.78), and dynamic toughness (r
2
= 0.70). 

Among the mechanical parameters obtained 

from compression test, the apparent elastic 

modulus established maximum correlation 

(r
2
= 0.77) with protein content, whereas for 

impact test, the maximum correlation (r
2
= 

0.78) was obtained for the specific breakage 

energy. The variation of the protein content 

with apparent elastic modulus and the 

specific breakage energy are shown in 

Figure 5 (a and b), respectively. In the 

figure, it is found that increase in the protein 

content leads to increases in both of the 

parameters. The reason may be high 

resistance of grains to failure as a result of 

high protein content (Symes, 1965). Other 

results showed that the PSI was significantly 

correlated with the mechanical parameters 

obtained from compression test such as 

maximum force (r
2
= 0.62), apparent elastic 

modulus (r
2
= 0.70), and static toughness (r

2
= 

0.60). Besides, significant correlation was 

observed between PSI and parameters 

obtained from impact test including 

breakage energy, specific breakage energy, 

and dynamic toughness. The coefficients of 

determination (r
2
) for the parameters were 

equal to 0.60, 0.62, and 0.64, respectively. 

The results of the present study are in 

agreement with the study conducted by 

Afkari et al. (2004) who reported r
2
= 0.77 

between apparent elastic modulus and PSI. 

No significant correlation was found 

between other physicochemical properties 

and mechanical parameters. 

CONCLUSIONS 

The physicochemical and mechanical 

properties for ten Iranian wheat cultivars 

were measured at moisture content of 

11.5±0.5% (wb). The results indicate that 

the type of variety has significant influences 

on the physicochemical and mechanical 

properties. These properties can have a great 

impact on the quality of the final products. 

Therefore, correct selection of the wheat 

cultivar for specific applications seems to be 

crucial. For example, wheats having low 

protein content (in this study, Bam and 

Alamut) can be regarded as having weak 

flours. Therefore, it may be concluded that 
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for better application of wheat, the 

physicochemical properties of wheat should 

be considered as a quality criterion. A 

relatively strong correlation was found 

between the protein content and particle size 

index (r
2
= 60). Moreover, the protein 

content could be significantly correlated 

with the parameters obtained from 

mechanical tests (r
2
> 0.50). Among the 

mechanical parameters obtained from 

compression and impact loading, the 

apparent elastic modulus and the specific 

breakage energy established maximum 

correlation (r
2
= 0.77 and 0.78, respectively) 

with the protein content. Similarly, 

significant correlations were found between 

particle size index and parameters extracted 

from mechanical tests (r
2
> 0.60). Hence, the 

wheat protein content and particle size 

index, which are effective on quality of final 

product, can be estimated by several simple 

mechanical tests on wheat kernels. 

ACKNOWLEDGEMENTS 

The authors wish to thank Research 

Council of Shiraz University, Shiraz, Iran, 

for providing necessary funds and research 

facilities required for this investigation. 

REFERENCES 

1. AACC. 2000. Approved Methods of the 

American Association of Cereal Chemists. 

AACC Inc., Minnesota. 

2. Abo-Shatala, A. and Abdel Gewad, M. 

2000. Study of Effect of Plant Density and 

Nitrogen Fertilization on Wheat Yield. Arab 

J. Agric. Sci., 11: 120-135. 

3. Afkari, A.H., Minaei, S. and Khoshtaghaza, 

M. H. 2006. Investigation of Wheat Grain 

Behavior under Impact Loading Test. 

Iranian J. Food. Sci. Technol., 2: 49-57. (In 

Persian). 

4. Afkari Sayyah, A. H. and Minaei, S. 2004. 

Behavior of Wheat Kernels under Quasi-

Static Loading and its Relation to Grain 

Hardness. J. Agric. Sci. Technol., 6: 12-19. 

5. Anjum F. M., Ahmad, I., Butt, M. S., Sheikh 

M. A. and Pasha, I. 2005. Amino Acid 

Composition of Spring Wheats and Losses 

of Lysine during Chapatti Baking. J. Food 

Compos. Anal., 18: 523-532. 

6. Anjum, F. M. and Walker, C. E. 2000. 

Grain, Flour and Bread Making Properties of 

Eight  Pakistani Hard White Spring 

Wheat Cultivars Grown at Three Different 

Locations for Two Years. Int. J. Food. Sci. 

Technol., 35: 407-416. 

7. Babic, L., Babic, M., Turan, J., Matic-Kekic, 

S., Radojcin, M., Mehandzic- Stanisic, S., 

Pavkov, I. and Zoranovic, M. 2011. Physical 

and Stress Strain Properties of Wheat 

(Triticum aestivum) Kernel. J. Sci. Food. 

Agric., 91: 1236-1243. 

8. Bettge, A., Morris, C.F. and Greenblatt, G. 

A. 1995. Assessing Genotypic Softness in 

Single Wheat Kernels Using Starch Granule 

Associated Friabilin as a Biochemical 

Marker. Euphytica, 86: 65-72. 

9. Bushuk, W. 1998. Interactions in Wheat 

Doughs. In: “The Keys to Cereal Quality”, 

(Eds.): Hamer, R. J. and Hoseney, R. C.. 

AACC Inc., Minnesota, PP. 1-16.  

10. Butt, M. S., Anjum, F. M., Dick, J. V. Z and 

Mumtaz, S. 2001. Development of 

Predictive Models of Endues Quality of 

Spring Wheats through Canonical Analysis. 

Int. J. Food. Sci. Technol., 36: 433–440. 

11. Campbell, K., Bergman, C., Gualberto, D., 

Anderson, J., Giroux, M., Hareland,G., 

Fulcher, R., Sorrells, M. and Finney, P. L. 

1999. Quantitative Trait Loci Associated 

with Kernel Traits in a Soft and Hard Wheat 

Cross. Crop. Sci., 39: 1184-1195.  

12. Delwiche, S. R. 1993. Measurement of 

Single-kernel Wheat Hardness Using Near-

infrared Transmittance. T. ASAE, 36: 1431-

1437. 

13. Dobraszczyk, B. J., Whitworth, M. B., 

Vincent, J. F. V and Khan, A. A. 2002. 

Single Kernel Wheat Hardness and Fracture 

Properties in Relation to Density and the 

Modeling of Fracture in Wheat Endosperm. 

J. Cereal Sci., 35: 245-263. 

14. Dursun, E and Guner, M. 2003. Determining 

Mechanical Behavior of Wheat and Barley 

under Compression Loading. Agric. Res. J., 

9: 415-420. 

15. Dziki, D. 2008. The Crushing of Wheat 

Kernels and Its Consequence on the 

Grinding Process. Powder Technol., 185: 

181-186. 

16. Eliasson, A. C. and Larsson, K. 1993. 

Cereals in Bread Making: A Molecular 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
15

.1
7.

3.
14

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ja
st

.m
od

ar
es

.a
c.

ir
 o

n 
20

25
-0

7-
18

 ]
 

                            11 / 13

https://dorl.net/dor/20.1001.1.16807073.2015.17.3.14.9
https://jast.modares.ac.ir/article-23-7425-en.html


  _______________________________________________________________________ Kasraei et al. 

646 

Colloidal Approach. In: “Cereals in Bread-

making”, (Eds): Eliasson, A. C. and Larsson, 

K.. Marcel Dekker, New York, PP. 1-376.

  

17. Farooq, Z., Rehman, S and Bilal, MQ. 2001. 

Suitability of Wheat Varieties/Lines for the 

Production of Leavened Flat Bread. J. Res., 

12: 171-179. 

18. Hoseney, R. C. 1994. Principles of Cereal 

Science and Technology. AACC Inc., Saint 

Paul, Minnesota.  

19. Sissons, M. J., Osborne, B. and Sissons, S. 

2006. Application of Near Infrared 

Reflectance Spectroscopy to a Durum Wheat 

Breeding Programme. J. Near Infrared 

Spec., 14: 17-25. 

20. Jain, R. K. and Bal, S. 1997. Properties of 

Pearl Millet. J. Agric. Eng. Res., 66: 85-91. 

21. Kalkan, F. 2009. Determining Moisture 

Depended Physical Properties of Some 

Wheat Cultivars. Master’s Thesis, Ataturk 

University, Erzurum, Turkey. 

22. Kalkan, F and Kara, M. 2011. Handling, 

Frictional and Technological Properties of 

Wheat as Affected by Moisture Content and 

Cultivar. Powder Technol., 213: 116-122. 

23. Kang, Y. S., Spillman, C. K., Steele, J. L. 

and Chung, D. S. 1995. Mechanical 

Properties of Wheat. T. ASAE, 38: 573-578. 

24. Karimi, M., Kheiralipour, K., Tabatabaeefar, 

A., Khoubakht, G. M., Naderi, M. and 

Heidarbeigi, K. 2009. The Effect of 

Moisture Content on Physical Properties of 

Wheat. Pakistan J. Nutr., 8: 90-95. 

25. Majzoobi, M., Farahnaky, A. and Amiri, S. 

2011. Physicochemical Characteristics of 

Starch Component of Wheat Flours 

Obtained from Fourteen Iranian Wheat 

Cultivars. Int.  J. Food Prop., 14(4): 

685-696.  

26. Matz, S. A. 1996. Chemistry and 

Technology of Cereals as Food and Feed. 

Van Nostrand Reinhold, New York. 

27. Morris, C. F. 2002. Puroindolines: The 

Molecular Genetic Basis of Wheat Grain 

Hardness. Plant Mol. Biol., 48: 633-647. 

28. Morris, C. F. and Rose, S. P. 1996. Cereal 

grain quality. In: “Wheat”, (Eds): Henry, R. 

J. and Kettlewell, P. S.. Chapman and Hall, 

New York, PP. 3-54.  

29. Newton, R., Cook, W. H and Malloch, J. G. 

1927. The Hardness of Wheat Kernel in 

Relation to Protein Content. Sci. Agric. 

(Ottawa), 8: 205-219. 

30. Obuchowski, W. and Bushuk, W. 1980. 

Wheat Hardness: Comparison of Methods of 

Its Evaluation. Cereal Chem., 57: 421-425. 

31. Pasha, I., Anjum, F. M. and Butt, M. S. 

2009. Biochemical Characterization of 

Spring Wheats in Relation to Grain 

Hardness. Int. J. Food Prop., 12: 910-928. 

32. Pomeranz, Y. and Williams, P. C. 1990. 

Wheat Hardness: Its Genetic, Structural, and 

Biochemical Background, Measurement, 

and Significance. In: “Adv. Cereal Sci. 

Technol.”, (Ed.): Pomeranz, Y.. AACC Inc., 

Saint Paul, Minnesota: PP. 471-548.  

33. Qarooni, J., Posner, E. S. and Pontejr, J. G. 

1993. Production of Tanoor Bread with Hard 

White and Other US Wheats. Int. J. Food 

Sci. Technol., 26: 100-106. 

34. Rasekh, M., Firooz Abadi, B., Minaei, S., 

Afkari Sayyah, A. H. and Asghari, A. 2007. 

Comparison of Some of Physical and 

Mechanical Properties of Sound and Sunn 

Pest-damaged Wheat Kernel of Salary 

Variety (for Identification). J. Food Sci. 

Technol., 4(3): 21-30. 

35. Ranhotra, G. S. 1994. Wheat: Contribution 

to World Food Supply and Human Nutrition. 

In: “Wheat Production, Properties and 

Quality”, (Eds.): Bushuk, W. and Rasper, V. 

F.. CRC Press, Boca Raton, PP. 12-25. 

36. Saiedirad, M. H., Tabatabaeefar, A., 

Borghei, A., Mirsalehi, M., Badii, F and 

Varnamkhasti, M. G. 2008. Effects of 

Moisture Content, Seed Size, Loading Rate 

and Seed Orientation on Force and Energy 

Required for Fracturing Cumin Seed 

(Cuminum cyminum Linn.) under Quasi-

static Loading. J. Food Eng., 86: 565-572. 

37. Samiee, M. 2004. The Quality of Iranian 

Wheats. Self Sufficiency and Research 

Center for Milling, Baking and Related 

Industries Publications. Affiliated to the 

Iranian Ministry of Industry, Tehran. 56 PP. 

(in Persian) 

38. Sirisomboon, P., Kitchaiya, P., Pholpho, T. 

and Mahuttanyavanitch, W. 2007. Physical 

and Mechanical Properties of Jatropha 

curcas L. Fruits, Nuts and Kernels. J. Food 

Eng., 97: 201-207. 

39. Stone, P. J. and Savin, R. 1999. Grain 

Quality and Its Physical Determinants. In: 

“Determination Ecology and Physiology of 

Wheat Yield”, (Eds): Satorre, E. H. and 

Slafer, G. A.. Food Products Press, New 

York, PP. 85-120.  

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
15

.1
7.

3.
14

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ja
st

.m
od

ar
es

.a
c.

ir
 o

n 
20

25
-0

7-
18

 ]
 

                            12 / 13

https://dorl.net/dor/20.1001.1.16807073.2015.17.3.14.9
https://jast.modares.ac.ir/article-23-7425-en.html


Physicochemical and Mechanical Properties of Wheat _____________________________  

647 

40. Symes, K. J. 1965. The Inheritance of Grain 

Hardness in Wheat as Measured by the 

Particle-size Index. Australian J. Agric. 

Res., 16: 113-123. 

41. Tabatabaeefar, A. 2003. Moisture-dependent 

Physical Properties of Wheat. Int. 

Agrophys., 17: 207-211. 

42. Tipples, K. H., Kilborn, R. H. and Preston, 

K. R. 1994. Bread-wheat Quality Defined. 

In: “Wheat: Production, Properties and 

Quality”, (Eds.): Bushuk, W. and Rasper, V. 

F.. Chapman and Hall Inc., Marcel Dekkar, 

New York, PP. 25-35. 

43. Turnbull, K. M. and Rahman, S. 2002. 

Endosperm Texture in Wheat. J. Cereal Sci., 

36: 327-337. 

44. Williams, P. C. and Sobering, D. C. 1988. 

Influence of Moisture on Testing Hardness 

in Wheat. Cereal Foods World, 33: 696-704. 

45. Williams, P. C. and Sobering, D. C. 1984. 

Influence of Variables on Wheat Hardness. 

Cereal Foods World, 29: 498. 

46. Yamazaki, W. T. and Donelson, J. R. 1983. 

Kernel Hardness of Some US Wheats. 

Cereal Chem., 60: 344-350. 

47. Yucel, C., Baloch, F. S. and Ozkan, H. 2009. 

Genetic Analysis of Some Physical 

Properties of Bread Wheat Grain. Turk. J. 

Agric., 33: 525-535. 

48. Zhang, Q., Yang, W. and Sun, Z. 2005. 

Mechanical Properties of Sound and 

Fissured Rice Kernels and Their 

Implications for Rice Breakage. J. Food 

Eng., 68: 65-67. 

  ايراني گندم ارقام برخي مكانيكي و فيزيكوشيميايي خصوصيات بين ارتباط

  شفيعي .نژادي و س .كسرايي، ج .م

  چكيده

 از. دارد) نان( نهايي محصول كيفيت روي مهمي تاًثير گندم مكانيكي و شيميايي فيزيكو وصياتخص

 خصوصيات مطالعه اين در. باشد مي حياتي امر يك خاص كاربرد يك براي گندم صحيح انتخاب اينرو،

 بين ارتباط همچنين و گندم رقم 10) فشاري و اي ضربه بارگذاري تحت( مكانيكي و شيميايي فيزيكو

 خصوصيات اين روي داري معني تاًثير رقم كه داد نشان نتايج. گرفت قرار بررسي مورد خصوصيات اين

 و دانه پروتئين محتواي بين خطي رابطه يك وجود دهنده نشان رگرسيوني آناليز از حاصل نتايج. دارد

r) بود ذرات اندازه توزيع شاخص
2
 داري معني طور به اه دانه پروتئين محتواي براين، علاوه .(0.6 =

r) شد همبسته مكانيكي آزمون از حاصل پارامترهاي با
2
 از حاصل پارامترهاي ميان در .(0.5 <

 ظاهري الاستيك مدول به مربوط ترتيب به همبستگي ضريب بيشترين اي، ضربه و فشاري بارگذاري

(r
2
r) بود شكست ويژه انرژي و (0.77 =

2
 بين داري معني يها همبستگي مشابه، طور به .(0.78 =

r) شد حاصل مكانيكي پارامترهاي و ذرات اندازه توزيع شاخص
2
 پروتئين محتواي اينرو از .(0.6 <

 توسط تواند مي دارند نهايي محصول كيفيت روي مهمي تاثًير كه ذرات اندازه توزيع شاخص و ها دانه

 .شود زده تخمين مكانيكي ساده آزمون چند
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