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Abstract: The objective of this study wwas to determine the mechanical properties such as poisson’s ratio and modulus of elasticity
of two onion warieties. The compression test wvas applied on Banko and Yalowva 12 onions by using the load-displacement
measurement device at laboratory conditions. From the measured wertical forces and deformation, rupturing force, stress and
energy, poisson’s ratio and modulus of elasticity of onions wwere determined. Results showed that the modulus of the elasticity of
both cnion wvarieties wwere the most affected from the storage period. Cracking energy increased wiith storage time. Due to firmness,
onion gets wweaker with the storage time, this double increases the cracking energy of the onion. Modulus of elasticity wwas decreased
drastically from .54 to 1.35 MPa for Yalowva 12 and similar drop wwas seen for Banko warieties, which wwas from B.14 1o 1.49 MPa.
The peoisson ratio was found betwvween 015 and 0.44 for both onion varieties.
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Introduction

The onion iz the wegetable most widely consumed all year round
in Turkey. A large number of commercially greswen onions warieties
are awailable in Turkey. Their shape, dimensions, colour and
storability are different from each other (Kaynag et al., 1881). The
onion production and exports increase gradually in last ten years
(Table 1.

Table 1: Cultivated area, production, vield and export status of onion in

Turkey (Anonymous, 1997)

Area Production Yield Exports
¥ears {000 hal ['000 tones) (tha ") {000 vones)
1585 845 1270 15.03 131.3
1587 73.0 1300 17.80 1327
15988 75.0 1345 17.93 164.0
1597 106.0 2100 20.00 114 .64

Since they lack natural disease inhibitors, they have a short shelf
life unless extreme care is taken to preserve them at every stage
of production. It is suggested that understanding the physical and
mechanical properties of conions would contribute handling the
onion and increasing the shelf life.

The major problem encountered in onion trade is loss during
storage due to rotting, sprouting and wweeight loss. Mean mass,
surface area, volume, density and also crushing load and puncture
force of "Grane-Grono™ type swest ohiohs were examined by
Maws gt &l (1228

There are many studies on fruit and wegetables’ poisson’s ratio
and elasticity modulus [Armold and Roberts, 1883, Kang st al,
1886). Knowledge of elastic modulus allewves comparison of relative
strengths of various materials to be made.

Timbers st &/, [128E] has been used to estimate modulus of
elasticity for 1-in oylindrical cores of potate tuber, loaded with
rigid dies of wvarious diameters. Potato’s poisson ratio (U] wwas
found 0482 and elasticity modulus (E) wwas found betwween 3.31
to 3.75 MPa. Similar results weere obtained by Finney (1983).
Fridey er & [1288) were cbtained force deformation curves for
peaches and pears. Modulus of elasticity weere calculated as 1.03
and 5.3 MPa for peaches and pears, respectively. The poisson’s
ratio wwas betvween 0.2 and 0.5, Viscoelastic materials” poisson
ratie are betwween 0.35 and 0.5,

Materials and Methods

Twwo onion warieties were used in this research, Banko and Yalowa
12, which produced most for exporting purposes in Bursa region.
Before laboratory tests, onions wwere numbered, weighed and
wolumes and dimensions were measured for physical properties.
Onicns were loaded either axially or lateral until cracking (Fig. 1],
Leading weas made with a circular plate having a diameter of 15 om
with a constant speed of 25 mm min~' driven by a 1.1 k¥ electric

motor connected to a gear drive. Applied load was measured by
HBM-C3 model load cell with & kM capacity and at the same time
the dowanwards displacerment (axial deflection] wwas measured with
HBEM -1 00 model L\VDT. Both instruments wwere connected to the
computer with an AD card to record each test output.

The applied load and the axial displacement vwere measured and
recorded by the computer. Then the cracking stress, energy and
modulus of elasticity wwere calculated as folloves:

0 = Cracking stress (kPa)
F = Cracking force (kM)
A = Cross section area (m?)

By Trapezoidal rule (Burden and Faires, 1883)

U= Zt%} IF(x) + F tx,]]

U = Cracking energy [(Nm)
%, = First displacement (m)

¥y = Second displacement [m)
a

E= — . 3
=

E = Modulus of elasticity (kPa)
= Strain

]
|

Fig. 1: Onions wvvere loaded axially and lateral .
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Fig. 2: Measurements taken for poisson’s ratio calculation.

Axial and lateral poisson’s ratios wwere calculated by loading the
onions axial and lateral. For each step of leading the lateral and
axial deflections of the onion wwere measured (Fig. 21 The
experiment was carried out until reaching the cracking limit of axial
load. The fomnulation for calculation of the poisson’s ratio is given
in equation 4.

v o= (DD, ) DL [Sitkei, 19881 4.

v = Poisson ratio

D, = Original diameter of onion (m)

D =Diameter of onion after deflection (m]

Gh= ID- 0,12

L.= Original length of onion (m)

L = Length of onion after deflection (m)

OL=1ilg- L)

In experiments, results wwere ewvaluated using M3TAT Statistical
Program.

Results and Discussion

The typical behavicr of Yalowa 12 and Bankeo onions during loading
wwas given in Fig. 3. The general behavior of onion against axial
loading is linear as the load increases. But rarely the trend weas
found on both onion warieties wwas exponential or logarithmic
(Fig. 4.

Table 2: Mechanical properties of both onions at different storage periods.

Applied force (M)

1000
300 -
500 -
400 A
200 -
0 T T
0 1 2 3
Axial displacement (mm)
Fig. 3: Typical behavior of both onion warieties during loading

until cracking.

The mechanical properties of both onion warieties at different
storage periods vwere given in Table 2. Except cracking stress, the
cracking force, energy and the modulus of elasticity wwere affected
from the storage periods. One month of storage time wwas not
found significant for cracking force and modulus of elasticity of
both onion.

After two months of storage time, cracking force and the
modulus of elasticity of two onion warieties wwere decreased
considerably.  Cracking stress wwas found statistically not
significant at Qpes lewvel. Generally small onions required less
cracking force and energy.

Poisson ratico of both onion weas found between 0185 and 0.44.
Since the onion is the wiscoelastic material, it is normal that the
range of the poisson’s ratio differs from 0.1 5 to 0.44. When look
at the poisson ratio trend at the different loading steps it wwas
chserve that the poisson ratio waries from 014 to 048 (Fig. Bl
The loading method vwas not found significant. Axial or lateral load
application did not affect the mechanical behavior of the onion
warieties [Table 3). This might be due to the onion shape. Onicn
shape wvas found most rounded.

The cracking forces increased with the size of the onion. This
means that Banko varieties require less cracking force than Yalova
12 onions wariety. But the cracking stress did not change the
storage period or the size of the onion. The reason for requiring
less cracking force of Yalowa 12 onion stored for twwo months

Cracking force (KM)

Cracking stress (KPa)

Cracking erergy (MNm)

Modulus of elasticity (MPa) Poisson’s ratio

Storage period Yalowal? Banko Yalowal? Banko Yalowal2 Banko Yalowal? Banko Yalowal? Banko
After Harvest Min, 060 017 1315 851 0.a8 015 356 475 019 017
Max. 136 074 20068 3388 1.80 0.87 334 11.73 042 045
Avg, 1.03 0.48 2130 24158 1.15 0.4 G54 8.14 0.35 C.44
2 Manths hin. 030 0.36 1232 1659 .99 1.00 086 [sR=}1 Mot measured
Max. 0786 079 2442 21686 324 2.22 1.87 2.82
Awg. 059 052 1584 .6 2324 22z 1.68 1.38 1.43
Min. Minimum, MMax. Maximum, Awvg. Average
200 250
& 150 A w 2001
= =< 150 4
i 100 4 0
N 8 100 A
= 4 s
& 50 4
O T T O . r r
© opz 004 006 0 002 0.04 008
Strain .
Strain

A Yalowa 12 onion wvariety

B: Banko onion wariety

Fig. 4: Stress wersus strain graphics of Walowa 12 and Banko onion warieties
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Table 3: Results of statistical analysis of cracking force (F), stress (a] and energy (E} of both onion varieties

Parameters SS df MS F P
Method (Lateral, axial) F 380 1 380 0.6831 0.4126ns
o 59201 1 6920 1.208 0.2771ns
E 32.26 1 32.27 0.0091 0.9243ns
Variety {Banko, Yalova 12) F 267564 1 26754 48.0986 0.000***
o 14353 1 14353 2.9301 0.093ns
E 982563 1 98263 27.768 0.000***
Time {After harvest, 1 Month, 2 Months storage) F 8694 2 4347 7.815 0.0012*%*
o 16932 2 7966 1.6263 0.0207ns
E 161909 2 80954 22.871 0.000***
Method X Variety F 2.01 1 2.01 0.0036 0.9522ns
o 6955 1 69565 1.419 0.2393ns
E 1092 1 1092 0.30856 0.6811ns
Method X Time F 469 2 234 0.4221 0.6581ns
o 443.73 2 221 0.0462 0.9568ns
E 3677 2 1838 0.56195 0.6981ns
Variety X Time F 9095 4547 8.1764 0.009***
o 435.75 2 217 0.0444 0.95656ns
E 8299 2 4149 1.1723 0.3183ns
Method X Variety X Time F 288 144 0.259 0.7728ns
o 16881 2 8440 1.7231 0.1894ns
E 75186 2 37568 1.0617 0.3538ns

ns, non-significant

Paisson ratio

0 05 1 15 2 25 3 35
Loading steps

Fig. b: Variations of poisson’s ratio of both onion varieties at
different loading steps until cracking.

wvas the use of small onions. The modulus of the elasticity of both
onion varieties was most affected from the storage period.
Cracking energy increased with storage time. Due to the firmness,
onion gets weaker with the storage time, this double increases the
cracking energy of the cnion. Modulus of elasticity vwas decreased
drastically from 6.54 to 1.36 MPa for Yalova 12 and similar drop
was seen for Banko varieties which was from 8.14 to 1.49 MPa.
The poisson’s ratio was found between 0.15 and 0.44 for both
onion varieties.

Although modulus of elasticity and cracking force of onion
varieties vvere found not significant betwween right after harvest
and one month storage time, onions gets softer day by day.
Extending storage period generally creates quality problems.
Therefore, if onion bulbs have to stay in store for some period of
time, some precautions should be taken for decreasing the quality
loss.

The average modulus of elasticities of Yalova-12 and Banko were
determined as 6.54 and 8.14 MPa for right after harvest. The
peoisson’s ratio of Yalova-12 and Banko wvere found 0.35 and 0.44
respectively.

** and *** represent significant at 0.01 and 0.001 levels of probability respectively
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