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Fig.1. Ultrasound waves exertion on walnut samples
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Fig.2. Longitudinal loading of walnut
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Table 1- Evaluation of walnut kernel extraction quality

b e )
Kernel extraction Grade
A 100
Two half kernel
o o)l 4393 g jhe dbai S
. 80

One half kernel and two pieces of quarter kernel
Flo 2B, oS53 5 5ha p oSy A, a dhcd S 60
One half kernel, a piece of quarter kernel and two pieces of one-eighth of kernel
Fo RS 4S5 g 5 i dhans S, 50
One half kernel and four pieces of one-eighth of kernel
e ol 4S5 ke 40
Four pieces of quarter kernel
RSy 4590 g pyle Sy 4SS

. j . . 30
Three pieces of quarter kernel and two pieces of one-eighth kernel
Two pieces of quarter kernel and four pieces of one-eighth kernel
7 pieces and more

Walnut which not broken and has minor crack
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Table 2- Independent variables and their levels
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Independent variables Mathematical symbol Factor level
-1 0 +1
-1 . .
(MM.S7) S oy X1 05 15 25
Loading speed
0 - 3
(C) pal,dled X 20 35 50
Ultrasound bath temperature
(Min) 5.01,3 olej X3 5 15 25

Ultrasound time duration
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Table 3- Analysis of variance (ANOVA) for the walnut kernel extraction quality and rupture force
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Ol gt alie (63150 Sum of squares
Source df (N) Cansls (5930 S W jRo CudS
Rupture force  Kernel extraction quality
Miﬁel 18 6562.98** 57211.65**
X1 1 800.51** 5290**
Xo 1 101.04* 360*
X3 1 2582.51** 250*
Xq 1 944.13** 45125*
X5 1 385.02** 3645*
X1 X7 1 31.88™ 78.13™
X1X3 1 12.44™ 28.13™
X1X4 1 142.07* 1210**
X1Xs5 1 11" 160™
XoX3 1 1.91™ 28.13™
XoX4 1 1.18™ 0™
XoXs 1 8.3™ 160™
X3Xs 1 88.32* o™
X3Xs5 1 4.43"™ 0™
XaXs5 1 66.24"™ 405*
X2 1 659.82** 327*
X,2 1 10.06™ 27.3*
X’ 1 32.97™ 75.46*
F;:;’a*jzl 61 21.68 3543.35
Lﬁlﬁoﬁt 1 21.73™ 2043.35"
E“:;r 20 2158 1500
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Fig.3. Compare of experimental data with the quadratic model data for kernel extraction quality (Eg. 2)
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Fig.4. Compare of experimental data with the quadratic model data for rupture force (Eq.3)
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Table 4- Walnut kernel extraction quality and rupture force result in control, weted samples and ultrasonic optimal

point
aigad S i
Sample Kernel extraction quality Rupture force
aals 50%5 159%7.62
Control
ool 60%43.8 137%7.35
Weted
(st b)) ©p0],2 1000 62°:4.18

Ultrasonic (optimal point)
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In each column values assigned with different letters are significantly different (p= 0.05).
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Introduction

One of the most important and sensitive steps after walnut harvesting is the separation of the kernel from its

shell. Walnut rupture force is an appropriate criterion for design with high performance and better quality, which
can be used as the basis for designing and adjusting the various parts of machines that are in contact with walnut.
The lower rupture force caused the less energy requirement to separate the walnut kernel from the shell. The use
of ultrasound in ambient fluids is well known to cause turbulence and biological cell rupture. These effects arise
principally from the phenomenon known as cavitation which can scour surfaces and damage cellular material.
Therefore the object of this study is to find the effect of ultrasound factors on the amount of walnut rupture force
and quality of kernel extraction.

Materials and Methods

Walnut paper variety was selected from a Qazvin province orchard for this study. To determine the initial
moisture content of the nuts, the samples were dried in an oven at 105°C for 24 h. Initial moisture content was
found 5.5 (%w.b). The ultrasounds bath system (D-78224 Singen/htw, Elma, Germany) was used with a nominal
frequency of 50 kHz and power of 1000 W. In this research, based on the pretest results and previous studies
(Cao et al., 2010; Entezari et al., 2004) walnut samples were treated with three ultrasound time duration (5, 10
and 15 min) and three ultrasound bath temperature (20, 35, and 50°C). Moisture content of the walnuts after
ultrasound treatment was 8.8 (%w.b). After the walnut samples were treated by ultrasonic factors, a material
testing machine (H50 K-S, Hounsfield, England) was used to determine the rupture force of the walnuts. The
walnut was placed between two plates, and loaded at three loading speeds (0.5, 1.5, and 2.5 mm s) and pressed
until the walnut ruptured. Rupture force was applied along with X and Y axes. The X-axis was in the
longitudinal axis through the hilum to the tip (Iength) and the Y-axis was in the latitudinal axis (width) at right
angles to the X-axis. Kernel extraction quality was classified into grades according to size and number of broken
pieces of the kernel. Central composite design (CCD) of resound surface method was used to optimize the effect
of ultrasonic factors on walnut kernel extraction.

Results and Discussion

The results indicated that the loading speed, ultrasound time duration, loading direction, and moisture content
had a highly significant effect (P<0.01) and ultrasound bath temperature (P<0.05) on the rupture force and kernel
extracting quality. Regarding the sum of squares of ANOVA results, the ultrasound time duration factor had the
most effect on the rupture force and the loading direction factor had the most effect on kernel extraction quality.
By increasing bath temperature and ultrasound time duration, walnut rupture force was decreased. The minimum
walnut rupture force was obtained in 25 min ultrasound time duration, 50°C bath temperature, 1.5 mm s™ loading
speed, and width loading direction for wet walnut. By increasing bath temperature, walnut kernel losses were
increased. The best kernel extraction quality was obtained in 2.5 mm s loading speed, 25 min ultrasound
duration, 20°C bath temperature, and longitudinal loading direction. The proposed optimal point was obtained at
64.4 N rupture force, and two half of the kernel at 1.3 mm s™ loading speed, 25 min ultrasound duration, 50°C
bath temperature, and longitudinal loading direction for wet walnut.

Conclusions

The walnut ultrasound treated samples had minimum rupture force and the best quality kernel extraction. It
was observed that by increasing the loading speed and ultrasound time duration, the percentage of whole kernels
and the quality degree of broken kernels increased.
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