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Abstract

Some physical such aslength, width, thickness, mass, geometric mean diameter, sphericity and surface area and mechanical properties
such as deformarion at cracking, cracking force, energy absorbed and hardness of nuts and kernels were decermined at three orientations
first time for two walnut cultivars, namely ‘Maras-18" and ‘Yalova-1” widely grown in Turkey. For nuts, the average length (45.48 mm),
mass (12.70 g), geometric mean diameter (36.83 mm) and surface area (42.66 cm?) were the highest in cv. ‘Yalova-1" while width (34.18
mm), thickness (33.74 mm), shell thickness (1.48 mm) and sphericity (87.41%) were the highest in cv. ‘Maras-18’ For all the loading
orientations, the values of deformation at cracking, cracking force, energy absorbed and hardness of cv. ‘Maras-18’ were higher than those

of cv. “Yalova-1. The effect of loading orientation to kernel extraction quality was found insignificant for both walnut cultivars.
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Introduction

Turkey is one of the most important countries in the
world in terms of walnut production. The country produc-
es annually 171.000 tons walnut and ranking 3" place af-
ter China (829.000 tons) and USA (396.000 tons) (FAO,
2008). Anatolia is also germplasm center of walnut and
walnut trees exceptionally are abundant almost all regions
in Turkey. Walnut trees are cultivated in Turkey mainly for
its nutritious nuts which used as a food, in the chocolate
industry, for baked foods, and in the pharmaceutical and
cosmetic industry. The trees are also valuable as timber
(Baytop, 1984; Ercisli, 2004). Continuous seed propaga-
tion for thousands of years in Turkey has given rise to a
great number of seedling walnut trees, which represent
valuable walnut gene resources. The number of native trees
is estimated to be over 5 million and they possess large ge-
netic variability in yield, nut and kernel characteristics, late
bud breaking, late flowering, winter hardiness, tolerance to
disease etc. (Ercisli, 2004; Sen and Tekintas, 1992). More
recently importance of propagation by grafting and bud-
ding is being realized among growers and as a result the
orchards established by standard cultivars are becoming
increasingly widespread. These standard walnut orchards
are generally planted with cultivars mostly selected in Tur-
key (Barut, 1997). Two of the most common cultivars are
“Yalova-1" and ‘Maras-18’ “Yalova-1" has protandry, how-
ever ‘Maras-18 has protogyny flower biology characteris-
tics (Anonymous, 2009).

Previously some studies were conducted to determine
physical and mechanical properties of several nuts such
as cashew (Balasubramanian, 2001; Oloso and Clarke,
1993), neem (Visvanathan ez 4/, 1996), macadamia (Bra-

gaet al., 1999), almond (Altuntas ez al., 2010; Arslan and
Vursavus, 2008; Aydin, 2002; Pliestic ez 4., 2008;), pista-
chio (Galedar ez al., 2009; Kashaninejad ez 4., 2006) and
walnut (Altuntas and Ozkan, 2008; Caglarirmak, 2003;
Kocturk and Gurhan, 2007; Koyuncu ez al., 2004).

However in the literature there was no study compar-
ing physical and mechanical properties of two walnut cul-
tivars, ‘Yalova-1" and ‘Maras-18;, in Turkey. Therefore the
aim of this study to determine some important physical
and mechanical properties of these cultivars and then es-
tablish convenient reference tables for walnut mechaniza-
tion and processing.

These properties are major dimensions, geometric
mean diameter, mass, sphericity, and surface area of both
nuts and kernels; cracking force, deformation at cracking,
energy absorbed, and hardness of nuts at three orientations
and shell thickness, and kernel extraction quality.

Materials and methods

In this research, two common walnut cultivars, ‘Yalo-
va-1” and ‘Marag-18" were used in the experiments. The
cultivars were supplied from local producers in Diizce
(‘Yalova-1’) and Kahramanmaras (‘Maras-18’). All tests
were carried out at the Biological Material Laboratory in
Agricultural Machinery Department of Ataturk Univer-
sity, Erzurum, Turkey.

The moisture content of shells and kernels were deter-
mined by the standard oven drying method at 105°C for
24 h (Koyuncu ez al., 2004).

Moisture content values of cvs. ‘Marag-18" and “Yalo-
va-1" were found to be 8.58% and 13.51% for shell and
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3.26% and 5.58% for kernel, respectively. Kernel extrac-
tion quality was determined by classifying into grades de-
fined in Tab. 1 according to Koyuncu ez al. (2004). The
test was repeated twenty times.

Axial dimensions of walnut and kernel as length (L),
width (/) and thickness (7') were measured by using a
digital caliper gauge with a sensitivity of 0.01 mm. Nut
and kernel masses were measured by using a digital balance
with a sensitivity of 0.01 g using twenty nuts and kernels.

Geometric mean diameter (D(), and sphericity (¢)
were calculated by using the following equations (Mohs-
enin, 1986):

D, =(Lwr)3 (1)

D
p=—2 100 (2)
L

where Dg is the geometric mean diameter in mm, @ is
the spherecity in%.

The surface area () of the fruit was calculated from the
relationship given by Baryeh (2001):

S=7rD§ (3)

where § is the surface area in mm?.

The mechanical properties for three compression ori-
entation, length, width and suture (Fig. 1) of the nuts were
determined by a quasi-static loading device (Turgut ez af.,
1998). The device consists of three main units: A load cell
connected to a stationary upper plate, alower plate mount-
ed to adrivingunit and a PC equipped with a data acquisi-
tion system (DAS). A single nut was placed on the lower
plate and the plate moved up with a fixed speed of 0.027
mm s compressing the nut between two parallel plates
until it cracked. The load cell sensed the force applied to
the sample which increased with time and transmitted the
data to the DAS. The test was repeated twenty times.

Deformation of each nut occurred during the load-
ing up to the crack was determined from the fixed load-
ing speed and time (Altuntas and Yildiz, 2007). Cracking
force was directly measured. Energy absorbed during the
loading up to crack was calculated from the area under the
load-deformation curve using the following equation (Al-
tuntas and Yildiz, 2007; Mohsenin, 1986):

E,=1/2(F, D,) (4)

where E is the energy absorbed in mJ; £ is the crack-
ing force (NS; D _is the deformation at cracking in mm.

Hardness (Q) was calculated by dividing the cracking
force by the deformation at cracking (Sirisomboon ez af.,
2007):

Q=Fr/Dr (5)

where Qis the hardness in N mm™ .

Tab. 1. Evaluation of kernel extraction quality

Number of parts of kernel extracted Grade
2 100
3 80
4 60
5 40
6 20
7 10
*Whole body has two main parts.
. — —
width
orientation
Suture
orientation

length
orientation

Fig.1. Representation of the three axes for the walnut compres-
sion test

Results and discussion

Physical properties

The physical properties of nuts and kernels of culti-
vars as length, width, thickness, nut mass, shell thickness,
geometric mean diameter, sphericity and surface area are
given in Tab. 2.

In case of nuts and kernels, it has been found significant
differences (P<0.01) between cultivars on all searched pa-
rameters except width, mass, geometric mean diameter
and surface area for nuts and mass for kernels (Tab. 2).

For nuts, the average length, width, thickness, mass,
shell thickness, geometric mean diameter, sphericity and
surface area were found about 41.57 + 1.74 mm, 34.18 +
1.25 mm, 33.74 + 1.22 mm, 12.44 +1.18 g, 1.48 + 0.13
mm, 36.33 + 1.27 mm, 87.41 + 1.68%, and 41.48 + 2.87
cm® for cv. ‘Marag-18’. The corresponding values were
45.48 + 2.47 mm, 34.06 + 1.25 mm, 32.29 + 1.45 mm,
12.70 £1.84g,1.24 + 0.14 mm, 36.83 + 1.44 mm, 81.08 +
2.41%, and 42.66 + 3.38 cm? for cv. ‘Yalova-1’. The values
of thickness, shell thickness and sphericity of cv. ‘Maras-
18’ were higher than those of cv. “Yalova-1’, except for the
length.
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Tab. 2. Physical properties of cvs. ‘Maras-18’ and “Yalova-1’
Nut

Physical properties ‘Maras-18 “Yalova-I’ p level®
Length, mm 41.57+17411) (38 40-44.72) bol 45.48+2.47 (42.48-51.15) a =
Width, mm 34.18+1.25 (31.29-36.03) a 3406+1.25 (31.53-36.40) B 5
Thickness, mm 33.74+122 (31.36-36.03) a 32.29+1.45 (29.44-35.00) b -
Mass, g 12.44+1.18 (10.07-14.82) a 12.70+1.84 (9.83-16.40) a ns
Shell thickness, mm 1.48+0.13 (1.10-1.86) a 1.24+0.14 (0.83-1.62) b "
Geo. mean diameter, mm 36.33+1.27 (33.79-37.97) a 36.83+1.44 (34.53-39.84) a ns
Sphcricity,% 87.41+1.68 (84.33-90.96) a 81.08+2.41 (77.41-85.32) b >
Surface area, cm? 41.48+2.87 (35.86-45.29) a 42.66+3.38 (37.45-49.86) a ns

Kernel
Physical properties ‘Maras-18 “Yalova-1’ p level

Length, mm 32.98+1.41 (30.87-36.38) b 35.58+1.91 (31.70-40.00) a =
Widch, mm 28374133 (25.85-30.03) a 27424145 (23.76-29.91) b ;
Thickness, mm 23.45+1.48 (20.65-25.58) b 24.69+1.44 (20.96-27.09) a =
Mass, g 7.38+0.86 (5.67-8.75) a 7.40+121 (4.60-9.37) a ns
Geo. mean diameter, mm 27.98+1.25 (25.60-29.65) b 28.86+1.22 (26.05-30.50) a *
Sphericity.% 84.86+2.01 (80.16-87.48) B 81.21+2.97 (75.81-86.41) b -
Surface area, cm? 24.64+2.16 (20.59-27.62) b 26.19+2.19 (21.32-29.22) a *

1W; meanzstandard deviation; 2 minimum-maximum values; *"letters indicate the statistical difference wichin same rows; : Significant levels at 5% and 1%,

ns: not signifaicant

Considering kernels of both cultivars, the average
length, width, thickness, mass, geometric mean diam-
eter, sphericity and surface area were found about 32.98
+ 1.41mm, 28.37 + 1.33 mm, 23.45 + 1.48 mm, 7.38
+0.86 g, 27.98 £+ 1.25 mm, 84.86 + 2.01% and 24.64 +
2.16 cm? for cv. ‘Marag-18’. These values were 35.58 + 1.91
mm, 27.42 + 1.45 mm, 24.69 + 1.44 mm, 7.40 +1.21 g,
28.86 + 1.22 mm, 81.21 + 2.97% and 26.19 + 2.19 cm? in
cv. ‘Yalova-1) respectively. The values of length, thickness,
geometric mean diameter and surface area of cv. “Yalova-1’
were higher than those of cv. ‘Marag-18, while the value of
width and sphericity were lower. In addition, both culti-
vars had similar values of mass.

Caglarirmak (2003) found the values of shell thick-
ness for some walnut cultivars, ‘Sebin Type-I, ‘Korcegoz,
‘Karabodur’, ‘Tozanli’ and ‘Giivenli’ between 1.09 and

Tab. 3. Mechanical properties of cvs. ‘Marag-18” and “Yalova-1’

1.24 mm. Also the values of shell thickness determined
by Koyuncu ez al. (2004) for cv. Yalova-3’ and ‘Altuntas’
and Ozkan (2008) for cvs. ‘Bilecik’, ‘Kaman), ‘Sebin’ were
1.4 mm and 1.38, 1.67, 0.99 mm, respectively. These find-
ings are close to the results of the present study. Geometric
mean diameter and sphericity values of cvs. ‘Bilecik’, ‘Ka-
man, ‘Sebin’ were found to be 34.11, 38.20, 31.89 mm
and 88.48, 85.58, 87.28% for nut, respectively and 27.18,
26.68,25.42 mm and 82.50,79.51, 87.15% for kernel. The
present geometric mean diameter and sphericity values
were within limits of those studies.

Mechanical properties

The average values of deformation at cracking of wal-
nut cultivars are presented in Tab. 3. Compared to the
loading orientations, the value of highest deformation at

Loadi ientati

Mechanical properties Cultivar Width o2 u}iig:; ation Suture

) ] ‘Maras-18’ 1.521 aAll 1.266 aA 0.740 aB
Deformation at cracking, mm
“Yalova-1’ 1.398 aA 0.850 bB 0.713 aB
Crackine f N ‘Maras-18’ 227.6 aA 184.8 aAB 150.5 aB
racking foree, Yalova-l 184.9 aA 117.3 bB 1318 aB
E bsorbed ] ‘Maras-18’ 185.5 aA 132.9 aAB 64.8 aB
ner rbed, m
crgy absorbe “Yalova-1’ 1322 bA 533 bB 546 B
‘Maras-18’ 1513 aB 144.8 aB 208.1 aA
Hardness, N mm"! . ;

Yalova-1 133.6 aB 140.5 aB 184.7 aA
Kernel ) i ‘Maras-18’ 99 aA 95 aA 95 aA
ernel extraction quality Yalova T = " = m o "

[1]: Values in the same column with different lower-case letters (a-b) are significantly different at p<0.01. Values in the same column with different upper-case (A-C)

letters are significandly different at p<0.01.
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cracking was determined at width orientation for both of
cultivars. For cv. ‘Marag-18’ the value of deformation at
cracking obtained with width orientation (1.52 mm) had
the highest value, followed by length (1.27 mm) and su-
ture (0.74 mm) orientation. The values of deformation at
cracking of cv. ‘Yalova-1" were 1.40 mm (at width orienta-
tion), 0.85 mm (at length orientation) and 0.71 mm (at
suture orientation).

The values of cracking force of ‘Marag-18"and “Yalova-1°
cultivars are shown in Tab. 3. As can be seen in Tab. 3 the
values of cracking force of cv. ‘Marag-18” were found to be
227.6,184.8,and 150.5 N at width, length and suture ori-
entations, respectively. For cv. “Yalova-1’, the cracking force
values obtained at width, suture, and length orientations
were 184.9, 131.8, and 117.3 N, respectively. As the same
in deformation, the highest cracking force was observed
at the width orientation for both cultivars. The value of
highest cracking force was found at width orientation, fol-
lowed by suture and length orientations by Koyuncu ez
al. (2004) for cv. ‘Yalova-3, ‘Altuntas’ and Ozkan (2008)
for cvs. ‘Bilecik’, ‘Kaman’ and ‘Sebin’. The values of crack-
ing forces obtained for cv. ‘Marag-18’ was higher than cv.
“Yalova-1’ at all orientations. This could be due to the shell
thickness of the cultivars: shell thickness of cv. ‘Marag-18’
was higher than that of cv. “Yalova-1’. Likewise, Koyuncu
et al. (2004) reported that cracking force increased with
increase in shell thickness of walnut. Also, as seen in Tab.
2, the cultivar with thick shell (cv. ‘Marag-18’) showed a
cracking force at width orientation higher than the culti-
var with thin shell (cv. “Yalova-1’). The results by Koyuncu
et al. (2004) and Altuntas and Ozkan (2008) supported
the present research.

The values of energy absorbed were found to be 185.5,
132.9, and 64.8 mJ at width, length and suture orienta-
tions, respectively, for cv. ‘Marag-18” and 132.2, 54.6, and
53.3 m]J at width, suture and length orientations, respec-
tively, for “Yalova-1’ (Tab. 3). For all loading orientations,
the values of energy absorbed obtained for cv. ‘Marag-18°
were higher than those of cv. “Yalova-1" as the same in
cracking force. Koyuncu ez al. (2004) reported that en-
ergy absorbed values were positively correlated with the
shell thickness along width and suture orientations.

The hardness values were found to be 208.1, 151.3,
and 148.8 Nmm™ at suture, width and length orienta-
tions, respectively, for cv. ‘Marag-18” and 184.7, 140.5 and
133.6 Nmm™ at suture, length and width orientations, re-
spectively, for cv. “Yalova-1" (Tab. 3). For all the loading
orientations, the values of hardness of cv. ‘Marag-18" were
higher than those of cv. “Yalova-1°

The grades of kernel extraction of ‘Marag-18’ and
“Yalova-1’ cultivars were 99 and 97 for width orientation,
95 and 97 for length orientation and 95 and 96 for suture
orientation, respectively (Tab. 3). As seen in Tab. 3, the

rades of kernel extraction at width orientation resulted
in the slightly higher than the other two orientations for

cv. ‘Marag-18” while cv. “Yalova-1" had the same grade of
kernel extraction at all orientations.

Conclusions

There were statistical significant differences on all
searched parameters between cultivars except width, mass,
geometric mean diameter, and surface area for nuts and
mass for kernels.

Both cultivars has relatively similar nut (12.44 and
12.70 g) and kernel mass (7.38 and 7.40 g).

Fruit length and sphericity are the most distinct physi-
cal parameter between two cultivars.

The effect of loading orientation to kernel extraction
quality was found insignificant.
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