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Explanation Symbol Unit
The radius of equivalent curvature
L;..|as &Luﬁ R1 m
Polar radius
Syl gles R, m
Equatorial radius
StST b S HZ kg??
The acoustic stiffness
DA GuilS B oyl f Hz
The first resonance frequency
oge P> M kg
Fruit mass
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1- Fast fourier transform
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Fig.1. General view of the curvature meter
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Table 1- Different impact levels applied on the apricot
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Impact levels Average Average
g 0.029 1.4 20 22
Level 1
¥ g 0.073 3.5 35 24
Level 2
Vg 0.18 32 55 17
Level 3
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a: Standard deviation as percent of the average
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Fig.2. A: Universal testing machine; B: A schematic of the sample under loading
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Table 2- Analysis of variance (mean square) for effects of color (C), temperature (T) and impact energy (E) on the
characteristics of color, acoustic stiffness, elastic modulus, percent Brix, penetration force, penetration work, and

penetration deformation apricot fruit
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Sources mean-square

é-’u" @y ‘;, . .
? r 5 dwaduiv . " A .
Oyt 3! b*g a* o “JS“ ~oyd i . S S IS it
Source of ~ D¢8I¢e Color SiwgS | sl oS o S ol Sghs
. of .l i Modulus b Penetration  Penetration .
variations freedom characteristic A coustic P Brix force work Penetration
a* and b* stiffness o Percentage deformation
elasticity
C 1 2725.9" 1.8 0.1 23.7 0.2 29.4 8.6
T 1 1556.7" 3472 0.07 1.7 1.02 151.5 141"
E 2 96.6" 45" 0.1 37.5" 2.8 3.2 3.1
CxE 2 36.5" 1.2 0.16™ 13.8 9.8 39.8 51"
T C 1 57.9" 1.03 0.09 24.7" 8.1" 212.05 3.5
ExT 2 53.7" 8.4" 0.05 3.6 0.12 53.4 5.6
TxCxE 2 8.3 14.9" 0.1 4.6 4.5 75 1.7
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** *: Significant at 1%, 5% of probability levels, respectively.
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Table 3- The mean and standard deviation of the dependent variables for apricot fruit
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Brix percentage
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Penetration force
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“re) J2 deformation
Before impact v I8
#° - 17.4+6.6 - 16.9+4.2
Penetration work
CeuSd 30 - 3.6+1.2 - 3.9+1.4
Breaking force
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Brix percentage
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Introduction: Some forces and impacts that occur during transporting and handling can reduce the apricot
quality. Bruise damage is a major cause of fruit quality loss. Bruises occur under dynamic and static loading
when stress induced in the fruit exceeds the failure stress of the fruit tissue. Needless to say that physical and
mechanical properties of fruits in the design and optimization of systems related to production, processing and
packaging of the products are important. Harvesting, transport, packaging and transportation of fruits and
vegetables, result in their bruising which can cause loss of marketability of the fruit by consumers. The term of
‘absorbed energy’ could be used to express the quantity of damage done on the fruit and the high the absorbed
energy, the higher the damage on the fruit. The object of this research was due to the importance of apricot fruit
and lack of information about the mechanical behavior.

Materials and Methods: In this study, apricot fruit variety “Ziaolmolki” was examined to determine some
physical and mechanical properties. In order avoid any damage, the fruits were carefully harvested from trees
and gathered in plastic boxes in a row, to prevent damage to the apricots. For determination of mechanical
properties and levels of impact energy used test axial machine and pendulum device, respectively. Dependent
variables (acoustics stiffness, radius of curvature, color characteristic a* and b*, Brix percentage, penetration
force, penetration work and penetration deformation) and independent variables (impact energy in three levels,
temperature and color in 2 levels each) were selected and analyzed by block designs with factorial structure. In
the experimental design, the fruits were stored in two temperature levels, 3°C and 25°C. Two areas of any fruit

(red and yellow areas) were subjected to 3 impact energy levels. For each of the 8 levels, 8 fruit samples were

selected. Overall, 96 fruits {8 (number of fruit per level) x 3 (impact energy level) x 2 (both red and yellow) x 2
(at 25°C and 3°C)} was selected. In this study, using a factorial experiment in a completely randomized design,

the effect of different factors (impact energy in 3 levels, temperature in 2 levels 3°C and 25°C and color in 2
levels red and yellow) on acoustic stiffness, radius of curvature, color characteristic a’ and b’, precent Brix,
penetration force, penetration work and penetration deformation in apricot under the quasi-static forces were
studied. In order to conduct this experiment, the universal testing machine of biological materials was used. After

the determination of mechanical properties of the products, the SAS statistical program (1.9) was applied to
analyze and normalize the resulted data.

Factorial test also was used to determine the effects of independent variables on the dependent variables.
Data analyses were performed using Statistical Package for the Social Sciences (SAS version 19.0).The variance
analysis of the data was conducted in the form of multivariate factorial (2x2x3) design. The data were collected
by three controlling factors: two temperature levels (3 and 20°C), two types of colour (Yellow and Red fruits)
and three levels of impact energy. The Duncan’s multiple range tests was used to compare the means. The values
of reducible sugars were measured by the fruit juice standard - test methods No. 2685 (Institute of Standards and
Industrial Research of Iran). The apricots TSS (total soluble solids) for each temperature level by Refractomete
(Model: 3820 (PAL-2), Resolution: + 0.1% Brix) were obtained.

Results and Discussion: Respectively, the main and interaction effects of these variables were examined.
The results of analysis of variance showed that,, the radius of curvature, color characteristic, acoustics stiffness,
elastic modulus, percent Brix, penetration force and penetration deformation on main and interaction effects
were significant at 5% and 1% probability level. According to the analysis of variance table between dependent
and independent parameters, a significant effect was observed. Increasing impact energy, the penetration force
and penetration deformation at 3°C was higher than at 25°C (Fig.3, 4, 7 and 8). Increasing impact energy, the red
zone showed more penetration deformation and penetration force than the yellow zone (Fig.5 and 6). In a
constant level of energy the higher the temperature of fruit tissue, the more energy is absorbed, due to this fact
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that lower temperatures can increase stiffness of the fruit, and leads to transport of absorbed energy to inside the
tissue and increase the fruit bruising and final results in less needed penetration force for fruit transformation.
Apricot acoustic stiffness in the temperature of 3°C was higher than in the temperature 25°C (Table 3). Fruit
stiffness and tissue viscosity increases with increasing temperature. With increasing tissue stiffness, the less
impact energy is absorbed and less bruising in fruit tissue is created. Because of more tissue stiffness, in order to
create penetration in fruit tissue the more transformation is needed.

Conclusions: The red zone showed a higher bruise susceptibility of ripe apricots. According to the analysis
of variance table between dependent and independent parameters, a significant effect was observed. Increasing
impact energy, the penetration force and penetration deformation at 3°C was higher than at 25°C. Increasing
impact energy, the red zone showed more penetration deformation and penetration force than the yellow zone.
Apricot acoustic stiffness in the temperature of 3 °C was higher than in the temperature 25°C.
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