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1. Introduction
Hazelnut (Corylus avellana L.) is a member of the Betulaceae 
family and it is one of the most consumed tree nuts worldwide. 
Hazelnut trees are largely distributed in Turkey, Italy, Spain, 
Portugal, France, and in some parts of the USA (Ozkutlu 
et al., 2011). Turkey is the leading hazelnut producer in 
the world and alone constitutes about 63% (675.000 tons 
in 2017) of world production (FAOSTAT, 2019). Hazelnut 
plays an important role in human diets due to its rich fat, 
protein, carbohydrate, vitamin, mineral, dietary fiber, and 
phenolic compound contents (Cosmulescu et al., 2013).

Lipids are the major constituent (60%) of hazelnut 
kernels; thus, hazelnut kernels are used in various industries. 
It has also been reported that hazelnut kernels are rich in 
copper and manganese; thus, they are commonly used in 
the daily diets of adults (Cosmulescu et al., 2013). Alasalvar 
et al. (2009) stated that a daily amount of 42.5 g of hazelnut 
provided 44.4%–83.6% of the recommended copper and 
40.1%–44.8% of the recommended manganese intake for 

adults. In addition, Ciemniewska-Żytkiewicz et al. (2015) 
stated that hazelnuts were a good source of fiber and 
phenolics, which are considered significant quality criteria. 
Hazelnut fruits are different in terms of morphological 
characteristics and nutrient composition, and they exhibit 
quite broad variation among the genotypes (Ferreira et al., 
2010; Rovira et al., 2005).

In recent years, researchers have largely focused on 
physical properties of agricultural products to investigate 
the relationship between the physical and chemical 
parameters (Ercişli et al., 2011; 2012; Sayıncı et al., 2015a; 
2015b; Bahrami et al., 2017; Demir et al., 2018; 2019). 
For agricultural products, appearance, shape, and size 
are important parameters for engineered systems. Such 
parameters also greatly influence consumer preferences. 
Physical properties of agricultural commodities are largely 
used in various processes and operations such as storage, 
classification, drying, packaging, sizing, and transportation 
of these products.
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Color is a significant parameter in designing 
mechanical equipment to be used in the sorting and 
grading processes of agricultural products (Mohsenin, 
1984; Pathare et al., 2013; Mahawar et al., 2017). In 
addition, shell thickness, kernel size, and kernel color 
are indicated as significant quality properties of the nuts 
(Warmund, 2008). Color is one of the main criteria for 
the appearance of the product and it represents a basic 
attribute for the selection of storage, marketing, utilization, 
and the entire market production chain (Antonucci et al., 
2012). Kaleoğlu et al. (2004) reported that the white kernel 
color is important because the seed coat of the hazelnut 
after toasting adds a bitter taste, which causes a decrease in 
the overall preference for the product; thus, kernels should 
be produced by removing the testa to provide a uniform 
white color.

 Shape and dimensional characteristics are commonly 
used to assess quality properties and to correlate them with 
other chemical quality parameters (Sadrnia et al., 2007; 
Sun et al., 2012; Sayinci et al., 2012; Bayrakdar et al., 2015; 
Demir et al., 2018; Alibabic et al., 2018; Gunduz and Ozbay, 
2018). Shape and size are the primary designators of the 
variety and the primary indicators of quantity and quality 
(Brewer et al., 2007; Fıratlıgil-Durmuş et al., 2010; Costa 
et al., 2011; Milošević and Milošević, 2017; Sorkheh et al., 
2018). On the other hand, color, flavor, and texture are also 
significant quality characteristics of fruits and vegetables; 
thus, they constitute the major factors related to sensory 
perception and consumer preference for foodstuffs (Oey 
et al., 2008; Titova et al., 2015). 

The aim of the present work was to determine some 
physicomechanical, color, and biochemical properties, as 
well as shape/dimension-based characteristics, of local 
and standard hazelnut cultivars of Turkey, and classify 
them using principal component analyses depending 
on their studied parameters. As a novelty, an image-
based processing approach, which is a popular technique 
for the determination of some shape and dimensional 
characteristic parameters of food samples, was used to 
calculate the related physical parameters (mass, volume, 
surface area, length, width, sphericity, etc.) instead of 
conventional measurement procedures. 

2. Materials and methods
2.1. Materials
In the current study, 6 standard (Çakıldak, Kalınkara, Kara 
fındık, Foşa, Tombul, and Palaz) and 3 local (Devedişi, 
Dağ fındığı, and Hanımeli) hazelnut cultivars commonly 
consumed in Turkey were used as the experimental 
material. Hazelnut samples were collected from the 
orchards in Giresun Province (Turkey) during the regular 
harvest times. Images of the collected hazelnut cultivars 
are presented in Figure 1.

2.2. Proximate composition
Dry matter, ash, protein, and crude oil content of the hazelnut 
samples were determined according to the methodologies in 
AOAC (2000). 
2.3. Fatty acid composition
Fatty acid methyl esters (FAME) of hazelnut oils were 
prepared using a 1-step extraction–transesterification process 
(Sukhija and Palmquist, 1988). The FAME composition for 
a 0.6-μL sample at a split ratio of 1:50 was generated using 
a gas chromatography device (Schimadzu, GC 2010 Plus, 
Kyoto, Japan) equipped with a flame ionization detector 
(Schimadzu, Kyoto, Japan), a 100-m fused silica capillary 
column (i.d. 0.25 mm), and H2 as the carrier gas. The FAMEs 
were separated using a temperature gradient program 
(Chilliard et al., 2013), and the peaks were identified based 
on comparison of retention times with authentic standards 
(Supelco #37, Supelco Inc., Bellefonte, PA, USA; L8404 and 
O5632, Sigma-Aldrich, St. Louis, MO, USA).
2.4. Microelement composition
To prepare the samples for the microelement analysis, 0.5 
g of milled hazelnut sample was weighed and 10 mL of 
nitric + perchloric acid mixture was incorporated into the 
sample; the samples were then subjected to wet ashing until 
1 mL of sample remained. Following the ashing procedure, 
the samples were diluted with distilled water and analyzed in 
an ICP-OES spectrometer (Perkin-Elmer, Optima 4300 DV, 
ICP/OES, Shelton, CT, USA). Fe, Mn, Zn, and Cu content of 
the samples were determined (Mertens, 2005).

Figure 1. Images of the studied hazelnut cultivars.
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2.5. Color properties
Color properties of the samples were determined using 
a chroma meter (CR-400; Konica Minolta, Japan). The 
measurements were performed both over the outer surface 
and on the inside of the shells. The values of CIE-L*, a*, 
and b* were recorded for all samples; these parameters 
were also used to calculate color index (CI), hue angle (h*), 
and chroma (C*) values for the studied samples (McGuire, 
1992; Demir, 2018).
2.6. Image acquisition and processing
The mass of each hazelnut sample was measured using 
a precise balance (±0.001 g). In order to reveal the size 
and shape of the hazelnut images, an acquisition system 
described in the study of Kara et al. (2013) was used. This 
system consists of a digital SLR camera (Nikon D300, 
Tokyo, Japan) and illumination equipment. The images 
of the hazelnut cultivars were recorded in a dark room to 
acquire an image without a shadow on the background. 
The samples were carefully placed on a white fiberglass 
surface with 2 orientations (horizontal and vertical). Putty 
was used to hold the samples in a stable position in the 2 
orientations on the fiberglass. The camera was vertically 
positioned at a constant height of approximately 50 cm. 
For each of the hazelnut cultivars, 75 samples from the 
collected hazelnut cultivars were randomly selected for the 
image processing analysis. 

The unit conversion ratio of the images was determined 
with the aid of a ruler on the fiberglass plate as 38.7 pixels/
mm. The captured images were transferred to a computer 
and saved as image files with the *.tiff extension for 
descriptive analysis. SigmaScan® Pro 5.0 software was used 
in order to process the hazelnut images. The length (L, 
mm), width (W, mm), thickness (T, mm), projected area 
(PA, mm2), equivalent diameter (mm), perimeter (mm), 
shape factor (mm), aspect ratio, and roundness at both the 
horizontal and vertical orientation of each hazelnut were 
determined using image processing operations.

The equations used for calculation of the volume 
(mm3), shape index (SI), roundness (R), geometric mean 
diameter (Dg, mm), surface area (S, mm2), and sphericity 
(φ, %) are given in Table 1 (Sayinci et al., 2015a; Demir et 
al., 2018). 
2.7. Hardness properties

Hardness values of the samples were measured by a 
texture analyzer (TA.XT Plus, Stable Micro System Ltd., 
Surrey, UK) using a 100 kg load cell and a cylindrical probe 
(36 mm P/36). Measurement conditions were as follows: 
pre-test speed = 2.0 mm/s; test speed = 2.0 mm/s; post-test 
speed = 10 mm/s; distance = 2.5 mm. All measurements 
were replicated 5 times.
2.8. Statistical analysis and cultivar classification
Principal component analysis technique was used to 
classify the samples according to the same analyzed 
parameters. PCA was performed using XLSTAT Software 
(XLSTAT, Addinsoft, New York, NY, USA). Correlations 
among the biochemical and physicomechanical data were 
determined using Pearson correlations with XLSTAT 
Software. Statistical analyses of the samples were carried 
out using SAS statistical software (SAS, 2000). One-factor 
variance analysis was applied to the assessed parameters, 
and the differences among the means were tested with 
Tukey’s multiple comparison test at 95% significance level.

3. Results and discussion
In this study, 6 standard and 3 local hazelnut cultivars were 
evaluated in terms of biochemical composition, physical 
(shape, size, and mechanical), and color properties. Table 
2 shows the proximate composition of hazelnut cultivars. 
As expected, crude oil was the greatest compound for 
all samples. Crude oil contents varied between 57.25% 
and 63.25%; the highest oil content was determined for 
Kalınkara, while the lowest value was in the Dağ fındığı 
cultivar. Alasalvar et al. (2010) reported that the crude 

Table 1. Equations used to calculate the size and shape properties of the hazelnut cultivars.

Variables Equations* Literature

Shape index (SI) SI = (2×L) / (W + T) Ozkan and Koyuncu, 2005

Volume (V, mm3) V = (p / 6) × D3
g Aydın, 2003

Surface area (S, mm2) S = p D2
g Sayinci et al., 2015a

Sphericity (φ) j = (Dg / L) × 100 Mohsenin, 1986

Geometric mean diameter (Dg, mm) Dg = (L × W × T)(1/3) Mohsenin, 1986

Roundness (R) R = Ap / Ac Mohsenin, 1980

*L: Length (mm); W: Width (mm); T: Thickness (mm); Dg: Geometric mean diameter (mm); Ap: 
Projected area (mm2) Ac: The biggest circular area (mm2).
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oil contents of 18 hazelnut cultivars were in the range of 
57.85%–68.31%; the values determined in this study are 
quite similar to those earlier ones. In contrast to crude oil 
contents, the highest protein content was observed in the 
Dağ fındığı cultivar (P < 0.05). Similar variations were not 
observed in ash contents. Koksal et al. (2006) investigated 
the chemical composition of 17 different hazelnut cultivars 
and reported the crude oil contents as between 56.07% and 
68.52%, with the highest value in the Kalınkara cultivar, 
as in the current study.  Additionally, the lowest protein 
content (11.7%) was reported by the same researchers for 

the Kalınkara cultivar (Koksal et al., 2006), similar to the 
present study’s results. The fatty acid composition of the 
hazelnut cultivars is tabulated in Table 3. Oleic acid was 
the major fatty acid for all cultivars; the highest oleic acid 
values, 85.11% and 85.08%, were observed in Devedişi 
and Çakıldak, respectively. Linoleic acid was the second 
most abundant fatty acid for the samples, with the highest 
value (12.17%) in the Dağ fındığı cultivar. It was observed 
that palmitic acid was the third most abundant fatty acid; 
Kalınkara was the cultivar having the highest palmitic 
acid level. On the other hand, the Kara fındık cultivar 

Table 2. Proximate composition of the hazelnut cultivars.

Cultivars Dry matter (%) Ash (%) Crude protein (%) Crude oil (%)

Devedişi 97.40 ± 0.30 abc 2.70 ± 0.50 a 17.85 ± 0.66 c 60.80 ± 0.40 c

Çakıldak 97.21 ± 0.20 bc 2.22 ± 0.02 bcd 19.52 ± 0.36 b 60.80 ± 0.40 c

Kalınkara 98.25 ± 0.14 a 1.89 ± 0.09 d 13.63 ± 0.32 e 63.25 ± 0.25 a

Dağ fındığı 96.90 ± 0.20 dc 2.59 ± 0.01 ab 22.53 ± 1.65 a 57.25 ± 0.05 e

Kara Fındık 97.11 ± 0.30 bcd 2.19 ± 0.20 bcd 17.35 ± 0.18 c 61.85 ± 0.25 b

Foşa 97.21 ± 0.00 bc 2.19 ± 0.01 bcd 19.29 ± 0.31 b 59.50 ± 0.00 d

Tombul 97.95 ± 1.24 ab 2.48 ± 0.28 ab 19.92 ± 0.25 b 60.55 ± 0.15 c

Hanımeli 96.91 ± 0.79 dc 1.98 ± 0.19 cd 17.43 ± 0.49 c 61.95 ± 0.65 b

Palaz 96.16 ± 0.04 d 2.34 ± 0.06 abc 15.31 ± 1.15 d 61.75 ± 0.35 b

F values 4.08** 4.55** 35.78* 78.66**

Different superscript letters in each column show the significant differences (P < 0.05).
*: significant at P < 0.05.
**: significant at P < 0.01.

Table 3. Fatty acid composition (%) of the hazelnut cultivars.

Cultivars Stearic
acid

Oleic
acid

Linoleic
acid

Gama linoleic
acid

Arachidic
acid

Eicosanoic
acid

Palmitic
acid

Palmitoleic
acid

Devedişi 2.68 ± 0.00 d 85.11 ± 0.01 a 6.58 ± 0.00 f 0.14 ± 0.00 bc 0.17 ± 0.00 b 0.12 ± 0.01 c 5.02 ± 0.00 fg 0.16 ± 0.00 cd

Çakıldak 3.02 ± 0.01 c 85.08 ± 0.02 a 6.16 ± 0.01 g 0.16 ± 0.00 a 0.15 ± 0.00 cd 0.22 ± 0.01 a 5.07 ± 0.07 f 0.12 ± 0.01 e

Kalınkara 2.65 ± 0.00 e 83.55 ± 0.01 b 6.07 ± 0.01 h 0.15 ± 0.01 abc 0.13 ± 0.01 e 0.10 ± 0.01 d 7.06 ± 0.02 a 0.28 ± 0.00 a

Dağ fındığı 1.76 ± 0.01 g 80.36 ± 0.01 h 12.17 ± 0.02 a 0.13 ± 0.02 c 0.18 ± 0.01 a 0.19 ± 0.01 b 5.04 ± 0.04 fg 0.14 ± 0.01 de

Kara Fındık 6.33 ± 0.00 a 81.07 ± 0.01 g 6.04 ± 0.01 h 0.16 ± 0.02 ab 0.15 ± 0.00 c 0.22 ± 0.01 a 5.86 ± 0.02 c 0.15 ± 0.01 cd

Foşa 2.60 ± 0.01 f 83.02 ± 0.00 c 7.64 ± 0.00 e 0.14 ± 0.00 abc 0.13 ± 0.00 de 0.22 ± 0.00 a 6.02 ± 0.02 b 0.20 ± 0.00 b

Tombul 2.60 ± 0.00 f 82.97 ± 0.01 d 8.02 ± 0.02 d 0.13 ± 0.00 c 0.14 ± 0.00 cd 0.22 ± 0.01 a 5.72 ± 0.00 d 0.16 ± 0.00 c

Hanımeli 2.66 ± 0.02 e 81.73 ± 0.04 f 10.06 ± 0.06 b 0.14 ± 0.00 bc 0.15 ± 0.00 c 0.09 ± 0.01 d 5.01 ± 0.01 g 0.15 ± 0.01 cd

Palaz 3.21 ± 0.00 b 81.96 ± 0.02 e 8.82 ± 0.01 c 0.14 ± 0.00 bc 0.15 ± 0.00 c 0.18 ± 0.00 b 5.36 ± 0.03 e 0.16 ± 0.01 cd

F values 46369.10* 21772.60* 21342.70* 3.23** 13.95* 85.36* 1393.41* 58.68*

Different superscript letters in each column show the significant differences (P < 0.05).
*: significant at P < 0.05.
**: significant at P < 0.01.
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was quite different from the others in terms of stearic acid 
value. Koyuncu et al. (2005) investigated the fatty acid 
composition of Tombul, Palaz, and Kalınkara cultivars 
and reported oleic acid contents of 78.52%–79.30%; the 
values in the present study were greater than those earlier 
ones. In contrast, linoleic acid values of Tombul, Palaz, 
and Kalınkara cultivars (11.70%–13.06%) reported by 
Koyuncu et al. (2005) were greater than those of the present 
work (6.07%–8.82%) for the same cultivars. The remaining 
fatty acids (everything except for oleic, linoleic, palmitic, 
and stearic acids) constituted less than 1% of the total fatty 
acids. Alasalvar et al. (2010) indicated the ratio of oleic 
acid to linoleic acid to be an important quality indicator; 
higher values indicate better oxidative stability. According 
to Table 3, the highest ratio of oleic acid to linoleic acid 
was observed in Çakıldak, Kalınkara, and Karafındık 
cultivars. The authors have expressed that different factors 
such as cultivar, geographic origin, growing conditions, 
harvest maturity and time, fertilization, soil type, climate, 
latitude, and storage conditions could affect the fatty acid 
composition of hazelnuts (Parcerisa et al., 1995; 1999; 
Savage et al., 1997; Alasalvar et al., 2010). 

In Table 4, microelement composition of the hazelnut 
cultivars is given. Significant differences were observed for 
Fe, Zn, Cu, and Mn contents of the cultivars (P < 0.05). 
The highest Zn and Mn contents were determined in the 
Foşa cultivar, and the highest Cu and Fe contents were 
determined in the Tombul sample. Simsek and Aykut 
(2007) investigated the microelement composition of 
hazelnut cultivars and reported Cu, Fe, and Zn contents 
to be in the range of 16.23–32.23 mg/kg, 31.60–51.60 
mg/kg, and 22.03–44.03 mg/kg, respectively. Present 
values generally comply with those earlier ones. However, 

Ozdemir and Akinci (2004) reported higher Mn and Cu 
contents than the present values. 

Significant differences were observed in color 
parameters of the hazelnut cultivars (P < 0.05, Table 5). For 
external color parameters, Kalınkara and Palaz cultivars 
had the highest L* (brightness) values among the samples. 
The greatest average a* value was observed in Dağ fındığı, 
and the lowest value was recorded for Hanımeli samples. 
The b* values (yellowness) ranged between 13.15 and 
26.95; the highest value was determined for the Hanımeli 
cultivar. 

There were significant differences in physicomechanical 
properties of the hazelnut cultivars (P < 0.01). The highest 
average mass values were observed in Karafındık and Dağ 
fındığı samples, while the lowest values were observed in 
Hanımeli and Çakıldak samples (Table 6). Güner et al. 
(2003) reported that the mass of Çakıldak nut (1.34 g) 
was lower than that reported in this study (1.65 g). The 
greatest surface area and projected area (both horizontal 
and vertical orientations) were determined for Karafındık 
and Dağ fındığı cultivars. In the present study, surface area 
values were determined to be 914.45–1369.13 mm2, W\
while Ozdemir and Akinci (2004) reported these values 
as 8.34–10.32 cm2 for different hazelnut cultivars. Tombul 
(2612.2 mm3) and Çakıldak (2666.9 mm3) cultivars had 
the lowest volume values. In contrast, the volume value 
(1.92 cm3) of the Tombul cultivar reported by Aydin 
(2003) was lower than the present study’s values. The 
highest average length and width values were measured 
for the Devedişi and Kara fındık cultivars. The greatest 
average thickness, geometric mean diameter, equivalent 
diameter, and perimeter (both horizontal and vertical 
orientations) were observed in Kara fındık and Dağ 

Table 4. Microelement composition (mg/kg) of the hazelnut cultivars.

Cultivars Zn Cu Mn Fe

Devedişi 28.12 ± 0.40c 15.59 ± 0.12d 5.22 ± 0.10f 14.62 ± 0.26h

Çakıldak 15.70 ± 0.21f 16.73 ± 0.15b 9.11 ± 0.11c 44.28 ± 0.65b

Kalınkara 5.69 ± 0.21g 8.56 ± 0.08fg 3.41 ± 0.03g 15.50 ± 0.35g

Dağ fındığı 18.30 ± 0.57e 16.69 ± 0.15b 5.34 ± 0.10f 34.27 ± 0.75d

Kara Fındık 5.87 ± 0.24g 8.68 ± 0.08f 7.22 ± 0.10d 7.26 ± 0.35ı

Foşa 34.42 ± 2.27a 16.31 ± 0.17c 15.59 ± 0.25a 24.19 ± 0.14f

Tombul 31.35 ± 1.09b 20.18 ± 0.11a 11.46 ± 0.30b 60.20 ± 0.26a

Hanımeli 14.72 ± 0.17f 9.23 ± 0.10e 2.82 ± 0.05h 43.40 ± 0.50c

Palaz 19.99 ± 0.11d 8.37 ± 0.06g 6.30 ± 0.21e 29.11 ± 0.58e

F values 407.89* 4109.98* 1795.10* 3877.24*

Different superscript letters in each column show the significant differences (P < 0.05).
*: significant at P < 0.05.
**: significant at P < 0.01.
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Table 5. Color properties of the hazelnut cultivars.

Cultivars
External shell Internal shell Internal

L* a* b* Hue C* CI L* a* b* L* a* b*

Devedişi 44.72 ± 
3.92b

16.38 ± 
0.79ab

26.95 ± 
2.0a

58.60 ± 
2.73b

31.57 ± 
1.60a

13.98 ± 
3.53e

41.73 ± 
1.88bc

16.11 ± 
0.64a

21.19 ± 
1.43ab

79.29 ± 
2.14ab

0.38 ± 
0.30d

24.00 ± 
4.55ab

Çakıldak 42.14 ± 
1.87cd

16.27 ± 
2.34ab

22.60 ± 
3.70b

54.15 ± 
2.47c

27.87 ± 
4.23b

17.27 ± 
2.22cd

39.10 ± 
1.05bc

15.21 ± 
0.90ab

16.57 ± 
2.29cd

81.97 ± 
1.58a

0.21 ± 
0.31d

21.32 ± 
0.84b

Kalınkara 47.43 ± 
2.36a

9.81 ± 
1.92e

16.02 ± 
1.76f

58.75 ± 
3.13ab

18.82 ± 
2.41f

12.92 ± 
2.09e

43.66 ± 
1.27ab

17.29 ± 
0.99a

21.90 ± 
0.75a

74.80 ± 
1.92b

2.46 ± 
0.81b

27.54 ± 
2.65a

Dağ fındığı 44.55 ± 
2.49b

16.65 ± 
1.35 a

23.12 ± 
2.31b

54.13 ± 
3.07c

28.53 ± 
2.21b

16.41 ± 
2.50d

46.95 ± 
2.48a

14.32 ± 
0.95ab

21.98 ± 
0.34a

80.83 ± 
0.17a

-0.02 ± 
0.10d

23.13 ± 
0.38ab

Kara Fındık 42.40 ± 
2.63c

13.07 ± 
2.11c

16.75 ± 
1.88ef

52.20 ± 
3.71d

21.29 ± 
2.52e

18.58 ± 
3.16bc

41.43 ± 
2.10bc

11.88 ± 
0.70b

18.64 ± 
1.26ab

74.50 ± 
3.21b

1.54b ± 
0.28c

24.98 ± 
1.78ab

Foşa 40.82 ± 
2.10de

16.22 ± 
1.28ab

20.74 ± 
2.57c

51.81 ± 
2.39d

26.35 ± 
2.65c

19.43 ± 
2.52ab

41.87 ± 
1.60bc

14.08 ± 
0.14ab

18.30 ± 
1.98ab

78.44 ± 
1.15ab

1.50 ± 
0.11c

23.56 ± 
0.34ab

Tombul 40.16 ± 
1.40e

15.62 ± 
1.54b

19.12 ± 
2.12d

50.70 ± 
1.65d

24.70 ± 
2.52d

20.45 ± 
1.81a

37.93 ± 
1.58c

15.31 ± 
0.77ab

15.43 ± 
0.71cd

80.24 ± 
1.27a

0.51 ± 
0.09d

22.72 ± 
0.44ab

Hanımeli 42.03 ± 
2.68cd

7.61 ± 
1.75f

13.15 ± 
1.45g

60.23 ± 
4.54a

15.24 ± 
1.93g

13.90 ± 
3.34e

32.34 ± 
0.76d

11.81 ± 
2.69b

12.14 ± 
2.97d

68.96 ± 
0.65c

3.59 ± 
0.12a

26.04 ± 
1.06ab

Palaz 46.83 ± 
3.17a

11.32 ± 
2.65d

17.57 ± 
2.33e

57.58 ± 
3.86b

20.94 ± 
3.26e

13.80 ± 
2.69e

38.12 ± 
1.51c

16.13 ± 
1.47a

16.77 ± 
0.48bc

77.66 ± 
1.04ab

0.41 ± 
0.12d

22.76 ± 
0.94ab

F values 72.44* 252.94* 249.52 90.95* 282.70* 78.89* 18.50* 6.97* 12.54** 17.35** 39.74* 2.87*

Different superscript letters in each column show the significant differences (P < 0.05).
*: significant at P < 0.05.
**: significant at P < 0.01.

Table 6. Gravitational, mechanical, and area values of the hazelnut cultivars.

Cultivars Mass
(M, g)

Volume
(V, mm3)

Hardness
(N)

Projected area
at horiz. orient.
(PAh, mm2)

Projected area
at vert. orient.
(PAv, mm2)

Surface area
(SA, mm2)

Devedişi 2.15 ± 0.22bc 3691.75 ± 496.56c 519.56 ± 52.24a 260.12 ± 21.56c 243.77 ± 22.88c 1152.93 ± 102.38c

Çakıldak 1.65 ± 0.31e 2666.99 ± 453.64g 191.24 ± 32.70e 227.10 ± 28.83de 196.24 ± 23.70e 927.07 ± 105.54g

Kalınkara 2.25 ± 0.46b 3293.91 ± 572.17de 286.39 ± 29.09cd 281.21 ± 34.49b 227.30 ± 29.43d 1066.97 ± 124.87de

Dağ fındığı 2.90 ± 0.34a 4192.17 ± 527.67b 458.70 ± 66.49b 319.26 ± 25.92a 281.13 ± 24.52b 1255.08 ± 106.22b

Kara Fındık 3.02 ± 0.37a 4774.93 ± 571.61a 308.65 ± 26.12c 329.21 ± 27.24a 314.67 ± 29.56a 1369.13 ± 109.45a

Foşa 2.11 ± 0.33bc 3331.32 ± 469.45d 246.51 ± 17.04de 263.17 ± 22.78c 224.77 ± 24.11d 1076.36 ± 100.89d

Tombul 1.84 ± 0.25d 2612.23 ± 441.09g 203.06 ± 46.08e 214.38 ± 23.77e 192.40 ± 24.15e 914.45 ± 102.35g

Hanımeli 1.18 ± 0.26f 2925.68 ± 475.65f 230.97 ± 40.50e 220.90 ± 24.84e 190.30 ± 21.96e 986.25 ± 108.86f

Palaz 1.99 ± 0.31cd 3054.36 ± 471.52ef 204.48 ± 36.43e 234.56 ± 26.73d 227.45 ± 23.60d 1015.44 ± 103.81ef

F values 228.45* 154.65* 295.40* 188.25* 210.63* 149.05*

Different superscript letters in each column show the significant differences (P < 0.05).
*: significant at P < 0.05.
**: significant at P < 0.01.
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fındığı cultivars. The lowest geometric mean diameters 
were measured for Çakıldak and Tombul samples (Table 
7). These physical properties are important for hazelnut 
cracking and separation machines; they are used to adjust 
the dimensions between cylinders in breaker systems 
(Demir et al., 2018). Furthermore, these properties could 
prove convenient for hazelnut drying and processing 
(Milošević and Milošević, 2017).

Roundness value close to unity indicates an almost 
circular fruit shape. While Karafındık and Dağ fındığı 
samples had the closest shape to circular in horizontal 
orientation, the Palaz cultivar was found to be almost 
circular in vertical orientation (Table 8). Palaz and 
Karafındık had the closest shape to a sphere, with sphericity 
values of 96.43% and 96.14%, respectively. Hosseinpour 
et al. (2013) reported that nut sphericity values varied 

Table 7. Dimensional properties of the hazelnut cultivars.

Cultivars Length
(L, mm)

Width
(W, mm)

Thickness
(T, mm)

Geometric
mean diam.
(Dg, mm)

Perimeter at
horiz. orient.
(Ph, mm)

Perimeter at
vert. orient.
(Pv, mm)

Equivalent 
diameter at
horiz. orient 
(mm)

Equivalent 
diameter at vert. 
orient. (mm)

Devedişi 23.26 ± 1.17a 23.84 ± 1.15a 12.66 ± 0.77f 19.14 ± 0.84c 63.48 ± 2.76bc 62.99 ± 2.83b 18.18 ± 0.75c 17.60 ± 0.82c

Çakıldak 18.84 ± 1.20e 18.60 ± 1.10f 14.43 ± 1.16e 17.15 ± 0.98g 57.19 ± 3.59de 53.75 ± 3.09e 16.97 ± 1.08de 15.78 ± 0.95e

Kalınkara 20.19 ± 1.23d 19.43 ± 1.22e 15.90 ± 1.31c 18.4 ± 1.09de 63.67 ± 4.00b 58.14 ± 3.74c 18.89 ± 1.17b 16.98 ± 1.11d

Dağ fındığı 21.68 ± 0.92bc 21.35 ± 1.03c 17.24 ± 1.20b 19.97 ± 0.85b 68.20 ± 2.74a 64.57 ± 2.69b 20.14 ± 0.83a 18.90 ± 0.83b

Kara Fındık 21.87 ± 0.97b 22.59 ± 1.06b 18.41 ± 1.23a 20.86 ± 0.84a 69.00 ± 2.95a 68.16 ± 3.26a 20.46 ± 0.84a 19.99 ± 0.94a

Foşa 20.38 ± 0.98d 20.12 ± 1.24d 15.44 ± 0.99cd 18.49 ± 0.87d 62.01 ± 2.64c 58.34 ± 3.17c 18.29 ± 0.78c 16.89 ± 0.90d

Tombul 18.10 ± 1.12f 18.28 ± 1.11f 14.97 ± 1.11de 17.04 ± 0.95g 55.92 ± 3.02e 54.19 ± 2.97de 16.50 ± 0.92f 15.62 ± 0.97e

Hanımeli 21.28 ± 1.25c 17.69 ± 1.00c 12.31 ± 0.95f 17.69 ± 1.00f 58.07 ± 3.17d 55.58 ± 3.09d 16.74 ± 0.96ef 15.54 ± 0.92e

Palaz 18.70 ± 1.24e 17.96 ± 0.91f 16.90 ± 0.89b 17.96 ± 0.91ef 58.38 ± 3.40d 57.67 ± 2.97c 17.25 ± 0.98d 17.00 ± 0.88d

F values 172.29* 227.51* 265.34* 141.89* 168.57* 190.16* 180.88* 199.26*

Different superscript letters in each column show the significant differences (P < 0.05).
*: significant at P < 0.05.
**: significant at P < 0.01.

Table 8. Sphericity, shape, and aspect ratio values of the hazelnut cultivars.

Cultivars Sphericity
(S, %)

Shape index
(SI)

Shape 
description

Shape factor
at horiz.
orient. (SFv)

Shape factor
at vert.
orient (SFv)

Roundness
at horiz. 
orient.  (Rh)

Roundness
at vert.
orient. (Rv)

Aspect ratio
at horiz.
orient. (ARh)

Aspect ratio
at vert. orient.
(ARv)

Devedişi 82.35 ± 1.95e 1.27 ± 0.03a Oval 0.81 ± 0.01e 0.77 ± 0.02d 0.61 ± 0.03e 0.55 ± 0.03d 0.98 ± 0.01de 1.89 ± 0.11a

Çakıldak 91.13 ± 2.87cd 1.14 ± 0.05bc Spherical 0.87 ± 0.01a 0.85 ± 0.01ab 0.81 ± 0.06cd 0.72 ± 0.06c 1.01 ± 0.03b 1.29 ± 0.09c

Kalınkara 91.14 ± 2.34cd 1.14 ± 0.04bc Spherical 0.87 ± 0.02a 0.84 ± 0.02b 0.88 ± 0.06a 0.77 ± 0.07b 1.04 ± 0.04a 1.23 ± 0.10d

Dağ fındığı 92.13 ± 2.18c 1.12 ± 0.04c Spherical 0.86 ± 0.01bc 0.85 ± 0.02b 0.86 ± 0.04a 0.79 ± 0.05b 1.02 ± 0.03b 1.24 ± 0.09d

Kara Fındık 95.43 ± 2.36a 1.07 ± 0.04e Spherical 0.87 ± 0.01ab 0.85 ± 0.02ab 0.88 ± 0.04a 0.79 ± 0.07b 0.97 ± 0.04e 1.23 ± 0.09d

Foşa 90.76 ± 2.47d 1.15 ± 0.04b Spherical 0.86 ± 0.01c 0.83 ± 0.02c 0.81 ± 0.06d 0.71 ± 0.06c 1.01 ± 0.03b 1.31 ± 0.09c

Tombul 94.19 ± 2.39b 1.09 ± 0.04d Spherical 0.86 ± 0.02c 0.82 ± 0.02c 0.83 ± 0.06bc 0.73 ± 0.07c 0.99 ± 0.03cd 1.23 ± 0.09d

Hanımeli 83.18 ± 2.14e 1.27 ± 0.04a Oval 0.82 ± 0.02d 0.77 ± 0.02d 0.62 ± 0.05e 0.54 ± 0.04d 1.01 ± 0.02bc 1.73 ± 0.12b

Palaz 96.14 ± 2.78 a 1.06 ± 0.05e Spherical 0.86 ± 0.01abc 0.86 ± 0.01a 0.85 ± 0.04ab 0.86 ± 0.05a 1.02 ± 0.05b 1.08 ± 0.06e

F values 313.33* 275.61* - 182.21* 246.86* 322.33* 294.14* 37.54* 569.52*

Different superscript letters in each column show the significant differences (P < 0.05).
*: significant at P < 0.05.
**: significant at P < 0.01.
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between 81% and 94% for all hazelnut cultivars, similar 
to the results of present study. The shape of Devedişi and 
Hanımeli cultivars was described as oval because their 
average value of shape index was greater than 1.25.  The 
average values of sphericity and roundness proportionally 
decreased as the average values of shape index increased. 
There was a relative increase tendency for the aspect ratio 
at the vertical orientation in association with the shape 
index averages. However, there was a negative correlation 
between aspect ratio at the horizontal orientation and 
shape index. Çakıldak and Kalınkara had the greatest shape 
factor at the horizontal orientation, and Palaz cultivar 
had the greatest shape factor at the vertical orientation. 
The lowest shape factors (at both horizontal and vertical 
orientations) were observed in Devedişi and Hanımeli 
cultivars. Aspect ratio is defined by the major and minor 
axes of an ellipse. An aspect ratio close to unity indicates 
increasing circularity of the object in 2-dimensional views. 
In the present study, decreased sphericity was observed 
with increased aspect ratio. According to the shape 
description, it can be concluded that most of the hazelnut 
cultivars were spherical.

The present study also focused on some size and shape 
features of hazelnut cultivars, and a detailed comparison 
for the samples in terms of the physicomechanical 
properties was carried out. In general, the highest 
dimensional, gravitational, mechanical, and area values 

were observed in the Dağ fındığı and Karafındık cultivars. 
In terms of the general features, Hanımeli had the lowest 
averages excluding mass, volume, hardness, thickness, 
and projected area in vertical orientation. Ozdemir 
and Akıncı (2004) reported lower dimensional, mass, 
volume, and surface area averages for Palaz, Çakıldak, 
and Kara cultivars compared to values reported in the 
present study; however, projected area values at vertical 
orientation (Palaz, 238.87 mm2; Tombul, 206.84 mm2; 
Çakıldak, 231.01 mm2) were similar to the current values. 
Increasing sphericity was observed with decreasing shape 
index because the relation between both variables was 
significant. The results of some scientific studies conducted 
on walnut and hazelnut cultivars or genotypes by Demir et 
al. (2018), Sayinci et al. (2015a), Ercisli et al. (2012), and 
Ozkan and Koyuncu (2005) supported the findings of the 
current study. The surface area of agricultural products is 
closely related to evaporation from the product surfaces. 
George et al. (2007) reported that drying rate increased 
due to increased surface area of the product. 

Principal component analysis (PCA) results are also 
illustrated in Figure 2. According to this analysis, two PCs 
explained 51.98% of the total variance. Palaz–Foşa and 
Çakıldak–Tombul cultivars displayed similarities in terms 
of characterized properties. Foşa separated from the other 
cultivars in terms of Fe, Mn, Zn, and linoleic acid contents. 
However, the Devedişi cultivar differentiated from the 
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Figure 2. Principal component analysis results among some physicomechanical and biochemical features of the 
hazelnut cultivars.
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others in terms of physical properties such as internal shell 
L* value, internal shell hardness, and mass. Table 9 shows 
the correlation matrix between some studied parameters 
of hazelnut samples. The correlation between internal 
L* value and Cu content was found to be significant (r = 
0.756). Similar correlations were also reported by Nayik 
and Nanda (2015). There were significant correlations 
between internal b* value and palmitoleic acid–eicosenoic 
acid contents. A positive correlation was monitored 
between palmitoleic acid and internal b* values, while a 
negative correlation was determined between eicosenoic 
acid and internal b* values. At the same time, some 
significant correlations were also observed between 
some fatty acids (palmitic acid–palmitoleic acid, palmitic 
acid–arachidic acid, oleic acid–linoleic acid). Significant 
negative correlations between linoleic and oleic acid 
were also reported by Fernández-Martinez et al. (1993), 
Johnson et al. (1999), and Rudolphi et al. (2012). Shell 
color is indicative of hazelnut appearance, defects, and 
external quality. According to chroma values, Devedişi 
is more attractive for consumers in terms of skin color 
intensity.

Additionally, there were highly significant correlations 
between hardness and internal shell b* values (r = 0.710). 
Similar to the present findings, Konopka et al. (2005) 
stated that correlations between hardness and color of 
wheat endosperm indicated only a tendency for increasing 
endosperm hardness along with increasing b* values. 
While there was a positive correlation between ash content 

and internal L* values, there were negative correlations 
between ash content and internal a* values. 

4. Conclusion
In this study, 9 common hazelnut cultivars of Turkey were 
characterized based on color, physicomechanical, and 
biochemical properties, and relationships between some 
physicomechanical and biochemical parameters were 
assessed by using principal component analysis. As an 
alternative to the conventional measurement techniques, 
the shape and size parameters were determined using 
the image processing procedure; it was observed that the 
images of the hazelnut samples could be used effectively to 
determine the shape and size characteristics. There were 
significant positive and negative correlations between 
the characterized parameters of hazelnut cultivars. Such 
parameters should also be taken into consideration in 
food processing (cleaning, cracking, drying, packaging, 
separating, and transporting) and machine design 
technologies for these hazelnut cultivars. In addition, 
these properties can be utilized to determine the quality 
and abnormality of the hazelnut samples.
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Table 9. Correlation matrix for some physicomechanical properties and biochemical features of the hazelnut cultivars.
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Internal Shell L* 1
Internal Shell a* 0.352 1
Internal Shell b* 0.945 0.487 1
Internal L* 0.518 0.508 0.407 1
Internal a* –0.467 –0.415 –0.380 –0.929 1
Internal b* –0.012 –0.098 0.151 –0.791 0.819 1
Dry Matter 0.224 0.351 0.281 0.063 0.188 0.389 1
Ash 0.328 0.197 0.308 0.670 –0.807 –0.605 –0.180 1
Protein 0.237 –0.317 0.000 0.543 –0.501 –0.624 –0.121 0.586 1
Crude Oil –0.473 0.133 –0.257 –0.593 0.574 0.567 0.241 –0.644 –0.910 1
Palmitic Acid 0.306 0.327 0.344 –0.193 0.366 0.587 0.630 –0.564 –0.560 0.466 1
Palmitoleic Acid 0.314 0.477 0.429 –0.238 0.425 0.692 0.631 –0.494 –0.602 0.430 0.912 1
Stearic Acid –0.083 –0.461 –0.076 –0.289 0.130 0.142 –0.127 –0.223 –0.291 0.419 0.168 –0.136 1
Oleic Acid –0.088 0.564 0.074 0.354 –0.173 –0.179 0.431 0.061 –0.189 0.278 0.044 0.164 –0.213 1
Linoleic Acid 0.006 –0.271 –0.132 –0.052 –0.053 –0.130 –0.472 0.272 0.504 –0.621 –0.475 –0.348 –0.506 –0.670 1
Linolenic Acid –0.132 –0.191 –0.145 –0.068 0.120 –0.052 –0.015 –0.512 –0.284 0.448 0.184 –0.059 0.662 0.272 –0.689 1
Arachidic Acid 0.217 –0.217 0.189 0.225 –0.442 –0.318 –0.471 0.702 0.578 –0.622 –0.780 –0.663 –0.170 –0.325 0.623 –0.436 1
Eicosenoic Acid 0.235 –0.164 –0.023 0.615 –0.593 –0.720 –0.174 0.283 0.540 –0.476 –0.074 –0.387 0.297 –0.139 –0.068 0.303 –0.032 1
Zn –0.060 0.166 –0.121 0.477 –0.394 –0.529 –0.025 0.570 0.462 –0.501 –0.278 –0.173 –0.477 0.274 0.165 –0.486 0.056 0.301 1
Cu 0.211 0.166 0.063 0.756 –0.596 –0.653 0.284 0.620 0.791 –0.687 –0.297 –0.292 –0.468 0.322 0.123 –0.305 0.215 0.481 0.722 1
Mn 0.071 –0.035 –0.121 0.497 –0.325 –0.544 0.082 0.149 0.409 –0.367 0.113 –0.062 0.012 0.176 –0.200 0.148 –0.370 0.781 0.671 0.600 1
Fe –0.482 –0.029 –0.629 0.219 –0.136 –0.477 0.027 0.122 0.465 –0.257 –0.373 –0.397 –0.487 0.025 0.405 –0.270 0.057 0.191 0.374 0.546 0.226 1
Mass 0.826 –0.038 0.752 0.254 –0.359 0.062 0.007 0.296 0.166 –0.333 0.246 0.105 0.402 –0.434 0.001 0.000 0.286 0.353 –0.253 –0.055 0.004 –0.603 1
Volume 0.593 –0.369 0.574 –0.094 –0.070 0.252 –0.149 0.192 0.107 –0.224 0.056 –0.032 0.535 –0.499 0.041 0.053 0.408 0.118 –0.358 –0.265 –0.194 –0.725 0.882 1
Hardness 0.608 0.095 0.710 0.182 –0.280 0.133 0.047 0.602 0.251 –0.407 –0.228 –0.023 –0.138 –0.018 0.178 –0.439 0.675 –0.277 0.053 0.143 –0.350 –0.479 0.540 0.632 1

The correlation values in bold are statistically significant at the level of alpha = 0.05.
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