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ABSTRACT. Mechanica damage of seeds
due to harvest, handling and other processis
an important factor that affects the quality
and quaintly of seeds. The objective of this
research was to determine the effects of
moisture content and the impact energy on
the breakage susceptibility of vetch seeds.
The experiments were conducted at
moisture contents of 7.57 to 25% (wet basis)
and at the impact energies of 0.1, 0.2 and
0.3 J, using an impact damage assessment
device. The results showed that impact
energy, moisture content, and the interaction
effects of these two variables significantly
influenced the percentage breakage in vetch
seeds (p<0.01). Increasing the impact
energy from 0.1 to 0.3 J caused a significant
increase in the mean vaues of seeds
breakage from 41.69 to 78.67%. It was
found that the relation between vetch seeds
moisture content and seeds breakage was
non-linear, and the extent of damaged seeds
decreased significantlyas a polynomial
(from 92.47 to 33.56%) with increasing
moisture (from 7.57 to 17.5%) and reached
a minimum at moisture level of about
17.5%. Further increase in seed moisture,

however, caused an increase in the amount
of seeds breakage. Mathematical
relationships composed of seed moisture
content and impact energy, were devel oped
for accurately description the percentage
breakage of vetch seeds under impact
loading. It was found that the models have
provided satisfactory results over the whole
set of values for the dependent variable.

Keywords: vetch seed, breakage
susceptibility, moisture content, impact
energy.

INTRODUCTION

Common vetch (Vicia sativa L.)
is one of the most common fodder
plants in Iran grown mainly for hay,
green forage, silage and grain. The
crude protein content of common
vetch is 12-24% in hay and over 20%
ingrain (Yalgin & Ozarslan, 2004).

The breakage resistance to the
impact of seeds among other
mechanical and physical properties
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plays a very important role in the
design of harvesting and other
processing machines (Baryeh, 2002).
The value of this basic information is
necessary, because during operations,
in these sets of equipment, seeds are
subjected to impact loads, which may
cause mechanical damage. Damaged
seed have a lower price in the market
and is vulnerable to attack by insects
and mold. On the order hand, to
design equipment and facilities for the
shelling of vetch seeds, it is necessary
to determine  their  breakage
susceptibility as a function of
moisture content.

Breakage susceptibility of seeds
depends on a number factors, such as
energy of impact, seed structural
features, seed variety, seed moisture
content, stage of ripeness, fertilization
level and incorrect settings of the
particular working subassemblies of
the machines (Shahbazi, 2011;
Shahbazi et al., 2011a). Among these
factors, the seed moisture content and
impact energy are important factors
influencing the seed breakage. Some
rescarchers found a significant
influence of the impact energy and
moisture content upon the seed
breakage and found that the breakage
increases significantly as the energy
of the impact increases and as the
moisture content decreases (Khazaei
et al., 2008; Khazaei, 2009; Shahbazi
et al, 2011a, b). Breakage
susceptibility of seeds has been the
subject of much research due to the
loss in product quality incurred during
harvesting, handling and processing.
Researchers have used different

impact damage assessment devices to
conduct impact tests on seeds.
Because of the complex nature
of breakage susceptibility of seeds,
accurate designing, controlling and

adjusting of threshers, harvesters,
conveyors, and other processing

systems is difficult. This necessitates
the accurate design and the use of an
automatic system for controlling and
adjusting of harvesters and other

processing  systems. Automatic
controlling of seeds processing

systems needs to have practical data
for those involved in equipments,
which are used in harvesting, handling
and other processing systems for
seeds and a more powerful prediction
model to be able to estimate the
effects of severa independent
variables on several dependent ones.

During the last decade, various
forms of multiple linear regression
models have been widely considered
to estimate the mechanical damage to
seeds, based on the machine and crop
parameters (Sosnowski & Kuzniar,
1999; Baryeh, 2002; Szwed &
Lukaszuk, 2007; Khazaei, 2009;
Shahbazi et al., 2001a, b; Shahbazi,
2011).

It seems that there is not much
published work relating to breakage
susceptibility of vetch seed to energy
of impact and seed moisture content
and modeling the  breakage
susceptibility of seeds is limited.
Hence, this study was conducted to:
1) investigate breakage susceptibility
of vetch seed and determine the
effects of impact energy and seed
moisture content on the percentage
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breakage of seeds, 2) develop
empirical models that explain the
relationship between percentage of
breakage and the experimental
variables for vetch seeds and evaluate
the predictive performance of the
models.

MATERIALS AND METHODS

Samples of common vetch seeds at
optimum maturity were harvested by hand
in Lorestan Province, Iran, and cleaned in
an air screen cleaner. The initial moisture
content was 7.57% (wet basis),
determined with ASAE S352.2 for edible
beans (ASAE Standards, 1988). Higher
moisture content samples were prepared
by adding calculated amounts of distilled
water, then sealing in polyethylene bags,
and storing at 5°C for 15 days. Samples
were warmed to room temperature before
each test and moisture content was
verified. Sample mass was recorded with
a digital electronic balance having an
accuracy of 0.001 g.

The laboratory apparatus used to
impact seeds, operated in away similar to
the impacting energy instruments used by
Kim et al. (2002), Oluwole et al. (2007),
Shahbazi et al. (2012) and Shahbazi
(2014). A schematic diagram of the
impact test apparatus is shown in Fig. 1.
An auminum drop bar (800 mm length;
25 mm external diameter; 0.21 kg) was
inserted into a steel tube (750 mm length;
27 mm interna diameter; 29 mm external
diameter). The steel tube had 4 mm
diameter holes drilled at 5 cm intervals
from 5 to 60 cm. The drop height of the
aluminum bar was manually controlled by
a pin inserted in the hole in the middle of
a steel tube. The steel tube was clamped
to a laboratory stand. The aluminum bar
dropped, hitting the seed when the pin
was manually removed at the given drop

height. The impact energy on seed
depends on the mass and drop height of
the aluminum bar. In this experiment the
impact energies on seeds were 0.1, 0.2
and 0.3J.

Aluminum bar

Stand——— — | f—— steeltube

Seed ~__ | H

Base plate
s

1:_;7 wz'/l
—— —
Figure 1 - Schematic diagram of the

impact test apparatus

In this study, the effects of impact
energy (at: 0.1, 0.2 and 0.3 J) and seed
moisture content (at: 7.57, 10, 12.5, 15,
17.5, 20 and 25% wet basis) were studied
on percentage breakage of vetch seeds.
The range of seeds moisture is from 7.57
to 25% as this includes the normal range
of moisture levels during harvesting and
postharvest processing for seeds (Khazaei,
2009). The impact energy was ranged
from 0.1, 0.2 and 0.3 J, including those
happening in harvesters, separator,
conveyors, storing system, and other
processing systems (Shahbazi et al.,
2014). The factorial experiment was
conducted as a randomized design with
three replicates. For each impact test, 100
seeds were selected randomly from each
sample and impacted by using the impact
device. After each test, damaged seeds
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include the broken, cracked, and bruised
seeds were accurately identified and
sorted by visua inspection. A handheld

Weight of damaged seeds

magnifying glass was used to augment the
visual inspection. The percentage of seed
breakage was calculated as.

Seed Breakage (SB) =

Experimental data were anayzed
using analysis of variance (ANOVA) and
the means were separated at the 5%
probability level applying Duncan's
multiple range tests in SPSS 17 software.
The nonlinear regression program of SAS
(SAS, 2001) was used to find and fit the
best genera models to the data and
develop empirical models, that explain the
relationship between percentage of seed
damage and the experimental variables.

Weight of total seeds

x 100 (1)

RESULTS AND DISCUSSION

Table 1 shows the ANOVA
(mean square) for the percentage of
breakage of vetch seeds as affected by
moisture content and impact energy.
The breakage susceptibility of vetch
seeds is affected by the moisture
content, impact energy and interaction
effects of two variables a 1%
probability level (p<0.01). Impact
energy had a larger influence
(F=270.2) than moisture content
(F=154.94) within the range studied.

Table 1 - ANOVA (Mean square error) for the percentage breakage of vetch seeds as
affected by moisture content and impact energy.

Source of variation DF Mean square F
Moisture content (MC) 6 4101.588 151.945**
Impact energy (IE) 2 7293.769 270.200**
MCXxIE 12 222.501 8.243**
Error 42 26.994

" significant at % level

Effect of moisture content

The moisture content had a
significant effect on the percent
breakage of vetch seeds. The results
of Duncan’s multiple range tests for
comparing the mean values of the
percentage breakage of vetch seeds at
the different moisture contents is
presented in Fig. 2. As follows from
the relation presented in this figure,
the percentage breakage of vetch
seeds decreases when the moisture

content increases. These results show
that the moisture content of the seeds
has significant effects on their elastic
properties. With increasing moisture
content of seeds their elasticity and
firmness will increase which causesto
greater absorption of impact energy
during impact loading so increases the
resistance to impact damage. On the
other hand, a the lower moisture
contents, the seeds are more brittle,
thus, more prone to physical damage
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caused by impact. Similar decreasing
trends for percentage breakage of
seeds by increasing the moisture
content were reported by Szwed &
Lukaszuk (2007) for rapeseed and
wheat, Khazaei et al. (2008) for wheat
seed, Khazaei (2009) for white kindey
bean, and Shahbazi (2011) for
chickpea seed. The mean values of
seeds damage decreased significantly
by a factor of 2.75 (from 92.47 to
33.57%) with increase in the moisture
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content from 7.57 to 17.5%. However,
by a higher increase in the moisture
from 17.5 to 25% caused an increase
in the amount of seeds breakage from
33.57 to 55.95%. The average values
for the percentage breakage were
found to be 9247, 77.40, 61.74,
47.83, 33.56, 39.84 and 55.95% for
moisture contents of 7.57, 10, 12.5,
15, 175, 20 and 25% (w.b.),
respectively (Fig. 2).

y=0.4331x2- 16.483x 1 196.01

R* = 0.96069

D
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Figure 2 - Effects of moisture content on percentage breakage of vetch seeds

The relation of the percent
breakage of vetch seeds rate,
presented in the Fig. 2, is non-linear,
and the appearance of minimum
values of breakage rate at a certain
moisture content range is a feature
characteristic for the tested seeds. The
shape of the graph in the figure show
that the changes in seed breakage rate
plots quadratic function for vetch
seeds. Many researchers have aso
reported the similar results for the
other crops (Tang et al., 1991; Parde
et al., 2002; Szwed & Lukaszuk, 2007;

Khazaei et al., 2008; Khazaei, 2009).
The extent of breakage of impacted
seeds decreased with increasing
moisture and reached a minimum at
moisture level of about 17.5%.
Further increase in seed moisture,
however, caused an increase in the
amount of seeds breakage. According
to numerous studies, there is a certain
optimum level of moisture content for
each variety, at which, under the
effect of impact forces, there is
minimum of damage (breakage) to the
seeds (Szwed & Lukaszuk, 2007).
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Therefore, in the case of vetch seeds,
the optimum level of moisture is
about 17.5%. The following best-fit
regression equation was obtained for
the relationship between vetch seed
breakage (SB, %) and moisture
content (MC, %):

SB=196.01-16.48 MC+0.43 MC?
R?=0.9669

&)

The above equation applies to
moisture content between 7.57 and
25%. All the indexes are significant at
the level of 99.95%.

Fig. 3 shows the vetch seed
breakage variation with seed moisture
content for various impact energies.
As follows from the figure, for al the
impact energies considered, the
percentage of the seed breakage
decreases with increase in their
moisture content. These results
confirm that as the moisture content
has significant effects on the elastic
properties of materials of plant origin,
it also plays an important role on the
effect of resistance to impact. At
higher  moisture contents, the
elagticity of seeds will increase, which
causes that their firmness increase,
thus, causes greater absorption of
energy during impact and increases
the resistance to damage. On the other
hand, at lower moisture contents, the
seeds are more brittle, thus, more
prone to physica damage caused by
impact (Khazaei et al., 2008; Khazaei,
2009).

As shown in Fig. 3, the rates of
increase in percent damage to seeds
by decreases in their moisture content

10

are not the same for al the levels of
impact energies. The effect of
moisture content on the breakage is
stronger a higher impact energies
than at lower ones. As shown in figure
for al the impact energies considered,
the extent of the seed breakage
decreased with increasing moisture
and reached a minimum at moisture
level of about 17.5%. Further increase
in seed moisture, however, caused an

increase in the amount of seed
breakage, shown that for al the
impact energies considered, the

optimum level of moisture content
there occur minimum of breakage of
vetch seedsis about 17.5%.

Fig. 3 indicates that for al the
impact energies, relations of breakage
rate are non-linear with seed moisture
content. Regression analysis was used
to find and fit the best general models
to the data. Results showed that the
percentage breakage of vetch seeds
was a quadratic function of their
moisture content, at al the impact
energies considered. Szwed &
Lukaszuk (2007) observed similar
behavior for other crops. The
eguations representing the
relationship between the percentage
breakage of vetch seeds and moisture
content at different impact energy and
their coefficients of determination
(R?) are presented in Table 2. As
follows from the relations, the effect
of moisture is stronger for the higher
levels of energy than in the case of the
lower ones (higher values at variable
MC).
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Figure 3 - Vetch seeds breakage variation with seed moisture content for different
impact energies

Table 2 - Equations representing the relationship between the percentage breakage
of vetch seeds (SB) and moisture content (MC) for each impact energy

Impact energy (J) Equation R*
0.1 SB = 208.3 — 19.268 MC + 0.4847 MC* 0.9659
0.2 SB = 203.57 — 17.32 MC + 0.4392 MC” 0.9549
0.3 SB = 182.99 — 13.471 MC + 0.3847 MC” 0.9613

All the indexes are significant at the level of 99.95%. SB= seed breakage (%);

MC= moisture content (%).

Effect of impact energy

The impact energy had high
effect on the percentage breakage of
vetch seeds. The results of Duncan’'s
multiple range tests for comparing the
mean values of vetch seed breakage,
in the moisture content between 7.57
and 25%, at different impact energies
is shown in Fig. 4. It is evident that
seed breakage increased, as a
quadratic function, with increasing
impact energy. For al the levels of
impact energy, the differences
between the mean values of the
breakage percent are significant
(p=0.05). When the impact energy
was increased from 0.1 to 0.3 J, the
mean value of the breakage percent
increased about 36.97% (from 41.69
to 78.68%). The corresponding value

for increasing the impact energy from
0.1t00.2 Jand from 0.2 to 0.3 J, were
about 14.41 and 22.56%, respectively.
Similar results about incrasing the
seeds damage with impact energy
have been reported by other
researchers (Khazaei et al., 2008;
Shahbazi, 2011; Shahbazi et al,
201l1a and b; Shahbazi et al., 2017).
Shahbazi et al. (2012) found that
increasing the impact energy from
0.05t0 0.1 J caused an increase in the
percentage breakage of seeds from
18.68 to 35.21% and from 44.78 to
71.61% for wheat and triticale seeds,
respectively. The vetch seed breakage
(SB, %) was related to operation of
impact energy (IE, J) for the the
avearge values of moisturebetween
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7.57 and 25%, by the following best-
fit regression eguation:

SB=35.436+21.82 IE+407.46 IE?

R?=0.999 ®)

%0
80 -
70
60 1

50 .

Seed Breakage (SB, %)

30

20

y =407.64x%+ 21.817x+ 35.436

R2=1
B

The above equation applies to
impact energy 0.1 to 0.3 J. All the
indexes are significant at the level of
99.95%.

0.1

0.2 0.25 0.3

Impact Energy (IE, J)

Figure 4 - Effects of impact energy on percentage breakage of seeds

In Fig. 5, the vetch seed breakage
is plotted against the energy of impact
for various seed moisture contents.
The figure shows that, at all the seed
moi sture contents considered, the seed
damage increases as the impact
energy increases. Due to the
significant interaction effect between
impact energy and moisture content,
the rates of increase in damage are not
the same for all levels of moisture
contents. The effect of impact energy
on the damage is more significant at
lower moisture contents than at higher
ones. In Fig. 5, the lowest damage
among the combinations was found to
be 11.42% occurred in the 0. 1J
impact energy with the moisture
content of 17.5%, while the greatest
damage was obtained as 99.33%,

12

occurred in the impact energy of 0.3 J
with the moisture content of 7.57%.
At 757% seed moisture content,
percentage breakage increased from
85.80 to 99.33% with the increase of
the impact energy from 0.1 to 0.3 J.
Corresponding percent  breakages
were from 69.23 to 80.96%, 47.66 to
77.44%, 26.86 to 67.56%, 11.42 to
59.38%, 20.97 to 68.64% and from
29.93 to 77.33% for the same energy
range, at 10, 12.5, 15, 17.5, 20 and
25% moisture contents, respectively.
The seed damage was related to the
energy of impact in the range of 0.1 to
0.3 J by regression analysis. The
results showed that the percentage
breakage of seeds was a quadratic
function of the energy of impact, at all
the moisture contents considered. The
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eguations representing the
relationship between the percentage
seed breakage (SB, %) and impact
energy (IE, J for each moisture

Moisturs content (%)« 7.57 ® 10

100

content and their coefficients of
determination (R?) are presented in
Table 3.
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Figure 5 - Vetch seeds breakage variation with impact energy for different seed
moisture contents

Table 3 - Equations representing the relationship between the percentage breakage
(SB) of vetch seeds and impact energy (IE) at different moisture contents

Moisture content (%) Equation R*
7.56 SB = 79.843 + 56.817 |E + 27.167 IE” 1

10 SB =55.81 + 142.68 IE - 84.5 IE° 1

12.5 SB = 40.153 + 50.4 |IE + 246.33 |IE° 1

15 SB = 1.0167 + 276.7 IE — 183 IE” 1

17.5 SB =4+ 18.95 IE + 552.17 IE” 1

20 SB = 11.853 + 42.15 IE + 490.5 IE” 1

25 SB = 15.377 + 115.05 IE + 304.83 IE” 1

All the indexes are significant at the level of 99.95%.

MC= moisture content (%).

For the optimum level of
moisture content of 17.5%, in Figs. 3
and 5, the percentage breakage of
seeds are 11.42, 29.88 and 59.38% at
impact energies of 0.1, 0.2 and 0.3 J,
respectively, shown that at impact
energies lower than 0.1 J, the seed
breakage is lower than 10%.

13

SB= seed breakage (%),

Based on the above fact, the
limitation of impact energy to 0.1 J
could be considered in the case of
designing or adjusting the threshing
and other mechanisms for handling or
processing the vetch seeds.

It suggests that the radius and
speed of the machine parts should be
such that will not alow the impact
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energy of 0.1 Jto be exceeded; higher
energy than 0.1 J will damage seeds.
However, considering the mass of the
seed, m (kg), which absorbs the
impact energy, then the impact
velocity, V (m s%), which cause the
same amount of energy, could be
estimated as:

Ymvi=iE= @)

In this study, the limited impact
energy was found to be IE=0.1J, thus
the velocity of the machine parts, that
subject the seed with the mass of m
(kg) to the required impact energy,
could be determined:

(2] o
m

Based on above results, the best
conditions for harvesting and other
processing for vetch seeds, in which
seeds are subjected to impact loads,
will be at moisture contents of about

175% with impact energy and
velocity limited to about 0.1 J. These
features may be important in the case
of selecting the time of harvesting and
designing or adjusting the threshing
and other mechanisms for handling or
processing the seeds, to limit the
impact energy of machine parts to 0.1
J, from the viewpoint of minimizing
yield losses due to the share of
damaged seeds.

M odeling

An empirical relationship was
developed utilizing the dependence of
the vetch seeds percentage breakage
(SB, %) on parameters, such as seed
moisture content (MC, %), impact
energy (IE, J, and MXIE as
independent variables, with the help
of regression techniques. The
relationship is given as follows:

SB = 2140126 — 19.21 MC — 174.31 |E + 12.77 MCIE + 0.44 MC? + 407.64 IE* R°=0.95 (6)

The regression statistics for the
model indicated that al terms were
significant effects (at the 99.95%
level) on the accuracy of the model.
The p-value of predicting equation

was lower than 0.0001. The
performance  of the  selected
relationship for the prediction

percentage breakage of vetch seeds
due to impact is shown in Fig. 6. This
figure shows the predicted percentage
breakage data versus the same set of
measured data. The scatter plot
showed no tendency for the model to
under- or over-estimate the predicted
percentage of damage data. It is

14

observed that the predictive capability
was good and data points were well
compressed about the ideal of unity-
dope line selected. The linear
adjustment between the observed and
estimated values gives a dope
practically equal to 1 (Y=0.9477X
+1.4723). The resulting correlation
coefficient and the p-value were
0.9477 and <0.0001, respectively, for
the regression between observed and
estimated values (Fig. 6), indicating
that the model provided satisfactory
results over the whole set of values
for the dependent variable.



CRUSHING SUSCEPTIBILITY OF VETCH SEEDS UNDER IMPACT LOADING

110

o0
100 -
© g9g y =0.9381x+ 3.6027 < L g
g R2=0.9177 - *%
oe 80 - /
2 0 - /I/'o .
% 50 - ..CQ. o o9
a [ 1)
T 0 /Q/{:/(
2
2 40
3 o
a 30 - ] [ ]
‘/./o oo
20 | . .
10 : :

50

60 70 80 90 100 110

Measured Data
Figure 6 - Correlation between the experimental SB and the predicted data by the
mathematical model (Eq. 6)

CONCLUSIONS

The data obtained from this
study showed that the significant
differences in  the  breakage
susceptibility of vetch seeds to impact
load were revealed at different levels
of seed moisture content and impact
energy.

Impact energy, moisture content,
and the interaction effects of these
two variables significantly influenced
the percentage breakage of vetch
seeds (p<0.01).

It was found that the percentage
breakage of vetch seeds was a
quadratic function of impact energy.
Increasing the impact energy from 0.1
to 0. 3 J caused an increase in the
mean percent breakage of seeds from
4169 to 78.68%. To minimize
physical damage to seeds, the impact
energy should belimited to 0.1 J.

The mean values of seeds
damage decreased significantly by a

15

factor of 2.75, (from 92.47 to 33.57%)
with increase in the moisture content
from 7.57 to 17.5%. However, by a
higher increase in the moisture from
17.5 to 25% caused an increase in the
amount of seeds breakage from 33.57
to 55.95%. The optimum level of
moisture, where impact damage to
vetch seeds was minimized, was about
17.5%.

Empirical models were
developed to explain the relationship
between percentage of breakage of
vetch seeds and the experimental
variables. It was found that the
models have provided satisfactory
results over the whole set of values
for the dependent variable.
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