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SUMMARY 
An objective of this study was to evaluate and compare the behaviour of three domestic sunflower fruits (Bačvanin, NS H111 and 

Šumadinac hybrids) during compressive loading considering the seed moisture content. The fruits of NS H111 and Šumadinac, dem-
onstrated low values of bio yield force ranging from 29.3 N to 45.2 N when fruits had low moisture content (between 3.7 and 5.9% 
w.b.). Opposite results occurred for Bačvanin hybrid (60.6 N) within the same fruit moisture content. For all hybrids, the machine 
head displacement (deformation) increased as the seed moisture content increased. This conclusion is especially valid for NS H111 
hybrid. The linear model shows a decreasing trend of bio yield modulus of elasticity for three tested hybrids as the moisture content 
of seeds increased. 

Key words: sunflower, physical properties, compressive loading, horizontal fruit orientation. 

REZIME 
Cilj ovih istraživanja je da se upoznaju i međusobno uporede osobine plodova suncokreta tri hibrida domaće selekcije (Bačvanin, 

NS H111 i Šumadinac) prilikom pritisnog opterećenja, a u zavisnosti od vlažnosti semena. Plodovi (cela zrna) NS H11 i Šumadinac 
hibrida su demonstrirali niske vrednosti proporcionalne sile u opsegu od 29,3 N do 45,2 N i to pri niskim vrednostima vlažnosti zrna 
(između 3,4 i 5,9 % izraženo u odnosu na vlažnu osnovu). Potpuno suprotni rezultati merenja su ostvareni pri pritisnom opterećenju 
hibrida Bačvanin (sila od 60,6 N) pri sličnoj vrednosti vlažnosti zrna. Vrednosti deformacije ploda suncokreta (dužina kretanja glave 
instrumenta nakon kontakta sa uzorkom) se povišavaju kako se vlažnost zrna povišava. Ova konstatacija se naročito odnosi na hibrid 
NS H111. Ustanovljeni su linearni modeli za sve hibride koji opisuju zavisnost sekantnog modula elastičnosti i sadržaja vlage plodo-
va suncokreta. 

Ključne reči: suncokret, fizičke osobine, pritisno opterećenje, horizontalna orijentacija ploda. 
 

INTRODUCTION 
The sunflower is the most important oil crop in the Republic 

of Serbia. According to data from the Statistical Office of the 
Republic of Serbia (www.webrzs.staserb.sr.gov.rs), over the last 
decade, cultivable sunflower land comprised approximately 
170.000 hectares, with the gross production of 380 000 tonnes of 
grain per year. Approximately 92% of this production occurred 
in Vojvodina Province. Sunflower farming has a long tradition 
in the Balkan Peninsula. Sunflower fruit is the raw material used 
for sunflower oil production for human consumption, and its de-
fatted meal, as a feed for livestock, has advantages over other 
oilseed farm crops.  

By botanical definition, the sunflower is a fruit or seed con-
sisting of two main parts. The hull or pericarp is a visible outer 
component that protects the inner kernel. Information about sun-
flower seed and kernel physical and mechanical properties are 
necessary for seeding, harvesting, handling, drying, storage and 
further processing. The behaviour of the sunflower fruit during 
compressive loading is one of its textual properties. The process-
ing of sunflower for food and feed requires various types of me-
chanical treatment that depend on external forces, for instance 
the compression loading behaviour affects milling process or 
hullability, therefore is necessary data for every new hybrid. The 
intensity of the external force necessary to crush the fruit de-
pends on the composition of the kernel and the arrangement of 
its structural elements. The study of the behaviour of the non-
homogeneous organic structure of sunflower kernels on com-
pression loading offers a basis for general conclusions regarding 
how this type of change might be achieved. Furthermore, be-
cause compression behaviour is important in sunflower process-

ing, studies that measure such behaviour over a wide spectrum 
of kernel moisture content are desirable.  

The compression loading test shows the response of biomate-
rials to an applied external force that deforms the body and in-
duces a change in dimension, shape or volume. This test pro-
vides important information about elastic or plastic behaviour. 
The stress-strain uniaxial compression test shows the response of 
biomaterials to an applied external force. This test provides im-
portant information about elastic or plastic behaviour. The 
stress-strain curve is a graphical measure of the mechanical 
properties of a biomaterial. The stress-strain biomaterial behav-
iour should be differentiated from hardness, which defines the 
resistance of metal to deformation, usually by indentation. This 
term may also refer to resistance to stiffness or temper, or resis-
tance to scratching, abrasion, or cutting.  

The stress is an external force (F) upon a cross section area 
(Ao) of the specimen. An important aspect is not the quantity of 
force, but rather that it is applied to a cross section area (Moh-
senin, 1980). This is the reason the specimen is a regular shape 
such as a cylinder or cube. The stress is identified as compres-
sive, tensile or shearing according to the straining action and it is 
referred to using the Greek letter σ. The unit of stress is (N m-2) 
and its equation (Đorđević V, 1999) is: 

 

σ = F/Ao (1) 
 
Compressed biomaterial changes in length (L). The ratio be-

tween displacement (δ) and initial specimen length (Lo) is strain 
(ε). The unit of strain is nondimensional (-) and the equation is: 

 

ε = δ/Lo = (L-Lo)/Lo (2) 
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where displacement is δ = (L-Lo). The strain is an internal 
reaction of the biomaterial particles induced by the external 
force. The stress-strain diagram is a graphical presentation of the 
values simultaneously recorded for stress and strain. The graph 
indicates biomaterial properties associated with elastic and ine-
lastic behaviour. The typical shape of this curve is presented in 
Fig. 1. Point P in the figure is known as the proportional limit, 
point Y is the bio yield value of force and U is the ultimate 
strength point force - the maximum values of compressive load. 

 

 
Fig. 1. Stress-strain curve 

 

Stress and strain are linearly correlated; therefore, the slope 
of the straight line section is termed the modulus of elasticity, E, 
or Young’s modulus: 

 

E = σ/ε  or σ = E ε  (3) 
 

The unit of Young’s modulus is (N m-2). The equation [3] is 
the well-known Hooke’s law. The point E in Fig. 1 represents 
the maximum stress that can be applied without resulting in 
permanent deformation when the specimen is unloaded, whereas 
point Y is the elastic limit or bio yield point force. After the 
yield point, the resistance of the material to stress decreases; 
therefore, after the peak of the curve, the “yield of displacement” 
is observed.  

Previous studies have described the behaviour of sunflower 
fruits during compressive loading was reported by Gupta R.K. 
and Das S.K. (2000), and the results emphasised the differences 
of seed orientation (horizontal and vertical) at different seed and 
kernel moisture contents and the corresponding effects on rap-
ture force, deformation and energy absorbed. The authors con-
cluded that compressive rapture force for unhulled seeds and 
kernels decreases as the moisture content increases, and higher 
force values were observed for seeds in the vertical orientation. 
Khodabakhian et al. (2011) conducted similar research with 
three sunflower hybrids. The physical properties of sunflower 
fruits were reported by Jafari et al. (2011), Santalla and 
Mascheroni (2003), Voca S. et al (2008), Isik E. and Izli (2007) 
and Khodabakhshian et al, 2010, Kaleemullah S. and Gunasekar 
J, 2002, Gupta R. K. and Das S. K, 1997.,In addition to sun-
flower seeds, studies have reported results for the physical prop-
erties of other farm crops (Unal et al., 2008; Babic Lj. et al, 
2011b; Babic Lj. and Babic M, 2001; Karababa, E., 2006; Taser 
, F. O., Altuntas, E. & Ozgoz, E, 2005; Kaleemullah, S. & Gun-
asekar, J. J, 2002; Saiedirad, M. N., Tabatabaeefar, A., Mir-
salehi, M., Badii, F., & Varnamkhasti, M. G, 2008; Dursun, E & 
Dursun, I, 2005; Davis R. M. and El-Okene A. M, 2009; 
Coskum, M. B., Jalcin, I. & Ozarslan, C., 2006; Oraki H., 
Alahdadi I. and Parhizkar., 2011). 

The objectives of this study were to provide new information 
describing the compression loading behaviour of three domestic 
sunflower hybrids at different moisture contents. The results of 
the study were statistically processed using Statistica 
(www.statsoft.com) version 9.0; and Microsoft Office Excel. 

MATERIAL AND METHOD 

Seed samples 
Three sunflower hybrids from the 2010 harvest season (Bač-

vanin, NS H111 and Šumadinac) were tested. The samples were 
obtained from experimental fields of the Institute of Field and 
Vegetable Crops, Novi Sad. Approximately 5 kg of each hybrid 
seed were collected, placed in plastic bags and delivered to the 
Faculty of Agriculture. The seeds were manually cleaned to re-
move all foreign matter. Each sample was divided into four 
groups that were adjusted to different moisture contents for test-
ing compression loading. The seeds were kept in sealed plastic 
bags and stored in a refrigerator at 4°C. Before each compres-
sion test, the sample was removed from the refrigerator and al-
lowed to equilibrate to room temperature. The samples moisture 
content were determined according to Regulations about agricul-
tural crops quality (1987), this physical property was expressed 
as Mc (%) on wet basis.   

Mechanical properties 
The compressive load behaviour of sunflower fruits is tested 

by applying an external force F (N), upon the specimen. Bioma-
terials under compression change in dimension. The result of 
such an action is strain, an internal reaction of elementary bio-
material particles that is induced by an external force. The stress-
strain diagram is a graphical representation of simultaneous val-
ues of force and head displacement (stress) recorded during test-
ing. Within the biomaterials, such as sunflower fruits, the bio 
yield point force is marked (Mohsenin, 1980, Babić Lj, 2011). 
From an engineering point of view, information about the value 
of the bio yield point force F (N), and head displacement or de-
formation δH (mm), for different hybrids is interesting and rele-
vant. For this reason, tests of sunflower seed compression in this 
study were conducted using whole non-grade fruits. Compres-
sion tests were applied to fruits in the horizontal orientation. Fif-
teen replicate tests were conducted for each hybrid, and four dif-
ferent moisture contents of each hybrid. The testing equipment 
consisted of a loading cell and a computer running the TMS-
PRO Texture measurement system (Food Technology Corpora-
tion); a trigger load from 0.5 to 450 N was used. The constant 
deformation rate was 60 mm/min before contact with the speci-
men and 30 mm/min during compression. The bio yield modulus 
of elasticity, Ey (N/mm), is the ratio of bio yield force F and ma-
chine head displacement or deformation mean value, δH (mm), 
for certain hybrids and moisture contents (Mohsenin, 1980).  

RESULTS AND DISCUSSION 
Different parameters were derived from the slow compres-

sion loading studies of the three tested sunflower hybrids at 
various moisture contents. Fig. 2. presents the typical compres-
sion loading behaviour of three hybrids at a single value of seed 
moisture content obtained during the tests. 

The mechanical behaviour of the sunflower fruit under uni-
axial loading is a function of its moisture content and genotype. 
The presence of a larger amount of water molecules in the hull 
and kernel increases the volume. The water molecules enter the 
polymeric chain and force it to rearrange, which effects on the 
compressive behaviour of the whole fruit. The bio yield point 
force-moisture content curves for all sunflower hybrids are 
shown in Fig. 3. 

The test data of bio yield forces as a function of moisture 
content indicate that hybrid NS H111 displayed a high force 
value (75.4 N) at 29.4% w.b. of seed moisture content.  
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Fig. 2. Force and head displacement (deformation) curves of 
Šumadinac, Bačvanin and NS H111 
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Fig. 3. Bio yield force versus seeds moisture content during the 
compression test  

 

A similar observation was reported by Jafari et al. (2011), 
whose bio yield force had a higher value when the seed moisture 
content increased. The compression curve of NS H111 is ex-
pressed by a linear equation: 

 

F=1.5755 Mc +25.074  R2=0.9184 
 

The peak, which occurs for the NS H111 hybrid curve at the 
higher moisture content of seed, is the result of kernel cotyledon 
separation because of water soaking. The relationship between 
bio yield force and the moisture of seed for the other two hybrids 
is expressed by the following equations:  

 

For Bačvanin: F =-0.4561 Mc + 68.742 R2=0.4143 
 

For Šumadinac: F=27.789 Mc0.101   R2=0.7212 
 

The hybrid Bačvanin attains maximum bio yield forces of 
69.7 N with a moisture content of 12.8%. Further increasing the 
seed moisture content causes a decreasing of bio yield forces. A 
similar trend was observed by Gupta and Das (2000) during the 
sunflower seed compression test with horizontal orientation of 
fruit. The measured bio yield forces for all tested hybrids are 
lower than those recorded by Khodabakhshian et al. (2011). 

Gupta and Das (2000) emphasised that the hull is fragile at 
lower seed moisture contents; therefore, the initiation of its rap-
ture occurs at lower bio yield force values. The results of this 
study confirm previous findings for NS H111 and Šumadinac 
hybrids, while Bačvanin seeds express different behaviour. This 

different behaviour probably results from the histological archi-
tecture of the hull or pericarp (the outer shell of the kernel). The 
two main components of the hull are the sclerenchyma and pa-
renchyma (Hernandez and Belles, 2007), which occupy 20-27% 
d.b. of the entire seed. The scerenchyma consists of lignin (20-
25% d.b.). The pericharp is arranged in several layers that differ 
between the cells structure and mechanical properties. The out-
side of the epidermis is composed of cells that are rectangular in 
shape. The hypodermis has cells with thin walls. Sclerenchyma 
cells are polygonal and insert with parenchyma cells at regular 
spaced intervals in the shape of rays. Such a biochemical con-
struction differs significantly of sunflower genotype, which is 
the only explanation of the different behaviour of Bačvanin dur-
ing compressive loading. 

Deformation (machine head displacement) of the sunflower 
seeds at bio yield force is plotted in Fig. 4. The values of head 
displacement are a narrow range for all hybrids at lower mois-
ture content because the hull and kernel are both brittle. 
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Fig. 4. Relationship between head displacement at the bio yield 
point and moisture content for three hybrids 

 

The hybrids NS H111 and Šumadinac express an increasing 
trend of deformation as the seed moisture content increases. The 
same observation was previously reported by Gupta and Das 
(2000) and Jafari et al. (2011). The results of this study statisti-
cally confirm the linear relationship among the head displace-
ment, deformation and seeds moisture content. The equations for 
these relationships are: 

 

For NS H111 δH = 0.051 Mc + 0.7327 R2=0.9257 
 

For Šumadinac δH = 0.026 Mc + 0.9248 R2=0.8765 
 

Bavčanin hybrid exhibits a maximum deformation of 2.32 
mm at a seed moisture content of 12.8% w.b. As the seed mois-
ture content of this hybrid increases, the maximum deformation 
values decrease, according to following equation for Bačvanin: 

 
 

δH = 0.0002 Mc3 -0.0175 Mc2+0.3935 Mc -0.3329 R2=1 
 

 

The work of bio yield forces at different seed moisture con-
tent is presented in Fig. 5. The increasing work values occur 
when the seed moisture content increases (similar to increasing 
trends for deformation) for hybrids NS H111 and Šumadinac. 
These results are in agreement with a report by Gupta and Das 
(2000) on absorbed energy of sunflower seed and kernel, for 
moisture content ranging from 4.21 to 10.65% d.b. Bačvanin hy-
brid has a decreasing bio yield work tendency, after a peak, as a 
function of the seed moisture content. The distinct peak in the 
graphs for NS H111 is the result of high values of deformation 
because of seed softening. 
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Fig. 5. The work of bio yield forces for tested hybrids 
 

The equations that express these relationships are: 
 

For Bačvanin δH = 2E-05 Mc3 -0.0175 Mc2+0.3935 Mc –
0.3329  R2=1 

 

For NS H111 δH =0.0054 Mc +0.0019 R2=0.9201 
 

For Šumadinac δH =0.0013 Mc +0.0294 R2=0.7212 
 

Šumadinac and Bačvanin hybrids demonstrate a decreasing 
trend of secant modulus of elasticity as the seed moisture content 
increases. These results statistically confirm the linear relation-
ship between the secant modulus and the seed moisture content 
(Fig. 6). The equations that express these relationships are: 

 

For Šumadinac Ey= -0.375 Mc + 33.936 R2=0.6945 
 

For Bačvanin Ey= -0.4282 Mc + 40.316 R2=0.7732 
 

For NS H111 Ey=-0.536 Mc2 +2.0523 Mc +19.284 R2=0.6512 
 

Bačvanin hybrid demonstrate the bio yield forces of 69.73 N 
(12.8% moisture); and consequently, the values for the bio yield 
work and modulus of elasticity are similar. 
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Fig. 6. The secant modulus of elasticity of three tested sunflower 
hybrids  

 

The hybrid NS H111 has different genetic origins than the 
other hybrids, which results in the different seed behaviour dur-
ing compression loading. This hybrid has a larger scope of de-
formation, from 0.988 mm (5.9% w.b. of seed moisture) to 2.46 
mm (29.4% w.b. moisture content of the seed), which influences 
not only the bio yield work but also the higher values of secant 
modulus of elasticity. The NS H111 hybrid differs significantly 
in the value of secant modulus of elasticity, from the other hy-
brids. It seems that the seeds of NS H111 fill the inner cavity 
much better than the others. The stress during compression is not 
generated in the NS H111 hybrid because the hollow inside of 

the seed is filled with the kernel, which produces some extra re-
sistance to external force. The second important issue that affects 
the differences in compressive behaviour of these three tested 
hybrids is the arrangement of pericarp tissues (Hernandez and 
Belles, 2007), which is characteristic of the genotype. 

CONCLUSION 
In the moisture range from 5% to 33% w.b., the hybrids Šu-

madinac and Bačvanin had a decreasing trend of bio yield forces 
as the seed moisture content increased. The bio yield force for 
the NS H111 hybrid increased as a function of the moisture con-
tent; this hybrid displayed the highest bio yield force of 69.9 N 
at 31.7% w.b. of seed moisture. The relationship between seed 
deformation and moisture content is a linear increasing function 
for NS H111 and Šumadinac, while Bavčanin exhibits a maxi-
mum deformation of 2.32 mm at a moisture seed content of 
12.8% w.b. of fruit moisture content. As the fruit moisture con-
tents increase beyond these values, the magnitude of deforma-
tion decreases. 

For hybrids NS H111 and Šumadinac, the increase of bio 
yield force work values occurs when the seed moisture content 
increases. The Bačvanin hybrid has a decreasing bio yield work 
tendency as a function of the seed moisture content. Šumadinac 
and Bačvanin demonstrate a decreasing trend of secant modulus 
of elasticity as the seed moisture content increases, while NS 
H111 does not follow this trend. 
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