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 European hazelnut (Corylus avellana L.) is one of the most widely used nuts because of its 

nutritional and health-beneficial properties. This study was carried out to determine some 

biochemical kernel constituents including fatty acid composition and protein content in 25 different 

hazelnut cultivars collected from three regions in the north of Iran. The total saturated fatty acid 

content and the total unsaturated fatty acid content were significantly different. Also, the amounts 

of both main saturated and unsaturated fatty acids were found to be significantly different. Oleic 

and linoleic acids were the main unsaturated fatty acids existing in the studied cultivars. The 

highest (78.02%) and the lowest (72.89%) content of oleic acid were determined in the cultivars 

‘Vartashenʼ and ‘Atrakʼ, respectively. Also ‘Ganjehʼ contained the highest (10.91 %) and 

‘Bootkhanekiʼ contained the lowest (9.48%) levels of linoleic acid, respectively. The major 

saturated fatty acids were palmitic acid (ranging from 5.73% in ‘Alipourʼ to 6.87 % in ‘Atababaʼ) 

and stearic acid (ranging from 2.14% in ‘Atrakʼ to 3.62 % in ‘Nemsaʼ). In addition, protein content 

ranged from 14.75% (Kolaparak) to 17.74% (Gerde-Eshkevar). The results obtained from the 

studied cultivars can be important for establishing new orchards and also in breeding programs. 

Introduction 

The European hazelnut (Corylus avellana L.) is 

one of the most important tree nut crops mostly grown 

in temperate climate zones with relatively high 

humidity and a high rainfall rate (Kole, 2011). Iran is 

the eighth main hazelnut producer in the world 

(FAOSTAT, 2019).  

About 400 kinds of hazelnut cultivars have been 

selected from the wild, from which about 20 are 

grown commercially worldwide (Mehlenbacher, 

1991; Vahdati et al., 2023). Hazelnuts are mostly 

grown on their own roots while some clonal 

rootstocks have been introduced and used recently 

(Vahdati et al., 2011).  

Almost 90% of the hazelnut crop is used as 

kernels in the food industry, and the rest is sold in-

shell for fresh consumption (Valentini et al., 2006). 

Nut fruits are cholesterol-free and rich in important 

nutrients, including vegetable protein, fiber, and 

unsaturated fatty acids (Brufau et al., 2006; Sarikhani 

et al., 2021; Ghezel et al., 2022). The lipid 

characteristics are crucial factors in determining the 

nut quality and shelf life that can be imperative in 
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taste, the nutritional quality of the fresh and 

processed kernel, and human health Chatrabnous et 

al., 2018; Pakrah et al., 2021).  

The nutritional properties of hazelnuts and their 

health benefits regarding the richness of high-value 

fatty acids have been highlighted (Richardson, 1997; 

Salas-Salvadò & Megias, 2005). Hazelnut has a main 

role in human nutrition and health because of its 

particular fat content (about 60%), predominantly 

oleic acid, protein, carbohydrate, vitamins, and 

minerals (Alasalvar et al., 2003, 2006, 2010; 

Bacchetta et al., 2013; Ciarmiello et al., 2014). In 

hazelnut kernels similar to many other nut trees, oleic 

and linoleic acids are essential components (more 

than 90% of the fatty acid composition) besides small 

amounts of palmitic and stearic acids (Alasalvar et 

al., 2006; Xu et al., 2007; Ghezel et al., 2022). In 

addition, because of the particular fatty acid profile 

and biochemical and nutritional properties of 

hazelnuts, its oil is considered beneficial for food 

processing and industrial purposes (Xu & Hanna, 

2010). There is a growing interest in evaluating the 

role of hazelnuts in human nutrition and health as a 

promising source of oleochemicals (Alasalvar et al., 

2006).  

The total lipid content and fatty acid composition 

contribute to hazelnut nutritional quality (Botta et al., 

1994) and nut shelf life (Bonvehí & Coll, 1993). 

Studying the characteristics of nut and kernel can 

help understand the relationship between traits of 

hazelnut cultivars and the environmental factors 

affecting this nut tree's growth. Therefore, hazelnut 

cultivars should be studied to analyze these 

parameters. Such information can greatly help 

postharvest processes and the food industry (Köksal 

et al., 2006; Turan, 2018). Cristofori et al. (2008) 

studied some nut and kernel characteristics and 

chemical composition in 24 hazelnut cultivars grown 

in Italy for three consecutive years and found 

significant differences.  

This study aimed to determine some biochemical 

traits of the kernel in 25 hazelnut cultivars grown in 

Iran, including the types and amounts of total and 

main saturated and unsaturated fatty acids in three 

consecutive years. 

Materials and Methods  

This study was carried out in three years (2020, 

2021, and 2022) in three parts of Guilan Province, 

Iran namely Astara (38° 25ʹN), Roodsar (36° 51ʹN), 

and Amlash (37° 52ʹN). 25 selected hazelnut cultivars 

and genotypes were as follows: ‘Ronde du Piemonteʼ, 

‘Barcelonaʼ, ‘Segorbeʼ, ‘Atrakʼ, ‘Ganjehʼ, 

‘Morfineskiʼ, ‘Sochiʼ, ‘Nemsaʼ, ‘Footboramiʼ, 

‘Foshaʼ, ‘Bolibaʼ, ‘Docomineskiʼ, ‘Dorerchehʼ, 

‘Vartashenʼ, ‘Atababaʼ, ‘Kobanʼ, ‘Pionerʼ, ‘Kestienʼ, 

‘Kalibʼ, ‘Proonesʼ, ‘Bootkhanekiʼ, ‘Nakhonieʼ, 

‘Kolaparakʼ, ‘Alipourʼ, and ‘Gerde-Eshkevarʼ. The 

experiments were conducted in the central laboratory 

at the University of Mohaghegh Ardabili, Ardabil, 

Iran. 

Hazelnuts were cracked before chemical analysis, 

and then the kernels were chopped. Kernel fat content 

was determined through the Soxhlet extraction 

method using hexane as the solvent (AOAC, 1990).  

The dried powdery sample (2.5 g) was used, and the 

oil was extracted in a SOX606 Automatic Soxhlet 

Extractor (SOX606 Automatic Soxhlet Extractor-

China) for 2 hours with the heating source at 135°C. 

The oil content was calculated as follows: 

              
             

                
      

The kernel's protein quantity was measured by the 

micro Kjeldahl method (MQ3868B/E-UK). Protein 

content was calculated as a total N × 6.25 (James, 

1995). 

Analysis of kernel oil was carried out through gas 

chromatography (GC) (Agilent 7820 A-USA) to 

determine the fatty acid composition. The method 

described by Ficarra et al. (2010) was applied to 

prepare the methyl esters of fatty acids.  

All analyses were performed in triplicate for each 

cultivar. The data were analyzed by analysis of 

https://www.frontiersin.org/articles/10.3389/fpls.2021.690966/full#B3
https://www.frontiersin.org/articles/10.3389/fpls.2021.690966/full#B1
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variance (ANOVA) using the GLM procedure of 

SAS software version 9.1 for Windows (SAS 

Institute, 2001). The Duncan comparison test was 

used to distinguish differences among the cultivars. 

Results 

Fatty acid content 

The total content of unsaturated and saturated 

fatty acids significantly differed among the studied 

cultivars (P ≤ 0.05). In all cultivars, the amounts of 

unsaturated fatty acids, mostly oleic and linoleic, 

were significantly higher than the saturated fatty 

acids, mostly palmitic and stearic acids (Tables 1 and 

2). Among the studied hazelnut cultivars, the highest 

unsaturated fatty acid belonged to ‘Vartashenʼ (88.09 

%) and ‘Dorerchehʼ (88.03 %), and the lowest 

amounts of them were determined in ‘Kestienʼ (83.72 

%) and ‘Atrakʼ (83.74 %) (Table 1). 

The highest oleic acid (78.02 %) was recorded in 

the cultivar ‘Vartashen which was not significantly 

different from the cultivars ‘Dorerchehʼ, ‘Kalibʼ, 

‘Nemsaʼ, ‘Proonesʼ, ‘Gerde-Eshkevarʼ, ‘Ronde du 

Piemonteʼ, ‘Sochiʼ, ‘Ganjehʼ, ‘Segorbeʼ, 

‘Morfineskiʼ, and ‘Barcelonaʼ (Table 1). The lowest 

oleic acid content (72.89 %) was observed in the 

cultivar ‘Atrakʼ, which was not significantly different 

from the cultivars, ‘Kestienʼ, ‘Pionerʼ, ‘Alipourʼ, 

‘Footboramiʼ, ‘Kobanʼ, ‘Docomineskiʼ, and ‘Foshaʼ 

(P ≤ 0.05) (Table 1).  

Linoleic acid, ranking the second main 

unsaturated fatty acid in the selected cultivars, was 

the highest in the cultivars ‘Ganjehʼ (10.91 %) and 

‘Barcelonaʼ (10.89 %). They did not show significant 

difference with the cultivars ‘Atrakʼ, ‘Pionerʼ, 

‘Proonesʼ, ‘Nakhoniʼ, ‘Ronde du Piemonteʼ, ‘Foshaʼ, 

‘Morfineskiʼ, ‘Segorbeʼ, ‘Docomineskiʼ and ‘Sochiʼ. 

And the lowest content of this fatty acid (9.48 %) 

was found in the cultivar ‘Bootkhanekiʼ which was 

statistically similar to the cultivars ‘Alipourʼ and 

‘Kalibʼ (Table 1).  

Table 1. Content of two main unsaturated fatty acids in kernel of 25 hazelnut cultivars. 

Linoleic Acid (%) Oleic Acid (%) UNSFA* (%) Cultivar 

10.47
ag

 76.54
ae

 87.01
ae

 Ronde du Piemonte 

10.89
a
 76.43

af
 87.32

 ad
 Barcelona 

10.42
ah

 76.22
af

 86.65
af

 Segorbe 

10.84
ab

 72.89
j
 83.74

h
 Atrak 

10.91
a
 76.48

ae
 87.39

ac
 Ganjeh 

10.44
ah

 76.19
af

 86.64
af

 Morfineski 

10.69
ac

 76.52
ae

 87.21
ad

 Sochi 

10.2
ch

 77.53
ac

 87.74
ab

 Nemsa 

10.36
bh

 74.51
fj
 84.88

fh
 Footborami 

10.45
ag

 74.85
ej
 85.31

ch
 Fosha 

10.21
ch

 76.02
bg

 86.23
ag

 Boliba 

10.42
ah

 74.66
ej
 85.09

dh
 Docomineski 

10.13
dh

 77.89
ab

 88.03
a
 Dorercheh 

10.07
eh

 78.02
a
 88.09

a
 Vartashen 

10.22
ch

 75.18
di

 85.4
ch

 Atababa 

10
eh

 74.61
ej
 84.62

fh
 Koban 

10.62
ad

 73.82
hj

 84.45
fh

 Pioner 

10.37
bh

 73.35
ij
 83.72

h
 Kestien 

9.97
gi

 77.85
ab

 87.82
ab

 Kalib 

10.55
ae

 77.29
ac

 87.85
ab

 Proones 

9.48
i
 74.9

ei
 84.39

gh
 Bootkhaneki 

10.48
af

 74.99
di

 85.48
ch

 Nakhonie 

10.3
ch

 75.71
ch

 85.64
bg

 Kolaparak 

9.93
hi

 74.08
gj

 84.15
gh

 Alipour 

10.07
eh

 76.88
ad

 87.19
ad

 Gerde-Eshkevar 

                                 *UNSFA: Unsaturated Fatty Acid 
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On the other hand, palmitic and stearic acids were 

determined as the dominant saturated fatty acids in the 

studied cultivars (Table 2). In this research, the 

cultivars ‘Atababaʼ (6.87 %) and ‘Alipourʼ (5.73 %)  

contained the highest and lowest palmitic acid, 

respectively (Table 2). In addition, the stearic acid 

content in the evaluated cultivars ranged from 3.62 % 

(Nemsa) to 2.14 % (Atrak) (Table 2).  

Table 2. Content of saturated fatty acids in kernel of 25 hazelnut cultivars. 

Stearic acid (%) Palmitic acid (%) SFA*(%) Cultivar 

2.85
hp

 6.16
rx

 10.34
pv

 Ronde du Piemonte 

2.85
gp

 6.61
jq

 10.56
jr
 Barcelona 

2.45
pq

 6.44
kt

 9.84
az

 Segorbe 

2.14
q
 6.43

lt
 9.17

hk
 Atrak 

2.5
oq

 6.3
ov

 9.72
bf

 Ganjeh 

3.17
cj
 6.38

mu
 9.99

az
 Morfineski 

3.56
ad

 6.37
nu

 11.17
ce

 Sochi 

3.62
ab

 6.79
fm

 11.16
ce

 Nemsa 

3.04
fl
 6.57

kr
 9.97

az
 Footborami 

2.68
lp

 6.45
kt

 9.74
af

 Fosha 

2.78
ip

 5.75
xy

 8.94
kl

 Boliba 

3.13
dj

 6.12
sy

 10.14
sy

 Docomineski 

2.98
fm

 6.47
kt

 10.38
nu

 Dorercheh 

2.93
fo

 6.69
io

 10.64
iq

 Vartashen 

2.53
nq

 6.87
dk

 10.15
sy

 Atababa 

2.51
oq

 6.72
ho

 9.93
az

 Koban 

2.51
nq

 6.45
kt

 9.39
fi
 Pioner 

2.75
jp

 6.24
pw

 9.94
az

 Kestien 

3.08
el
 6.63

jp
 10.56

jr
 Kalib 

3.1
el
 6.81

fl
 10.87

ek
 Proones 

3.03
fl
 6.52

ks
 10.26

rx
 Bootkhaneki 

2.53
nq

 6.2
qw

 9.50
eh

 Nakhonie 

2.68
kp

 5.84
wy

 9.36
gj

 Kolaparak 

2.77
ip

 5.73
y
 10.09

az
 Alipour 

2.77
jp

 5.98
uy

 10.31
qw

 Gerde-Eshkevar 

                                  *SFA:  Saturated Fatty Acid 

 

Protein content in kernel 

In this study, ‘Gerde-Eshkevarʼ, as a local 

cultivar, contained the highest amount of protein 

(17.74 %). ‘Kolaparakʼ, as another local cultivar, had 

the lowest protein content (14.75 %) (Table 3). 
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Table 3. Protein content in kernel of 25 hazelnut cultivars. 

Protein (%) Cultivar 

16.94
aw

 Ronde du Piemonte 

17.15
ar

 Barcelona 

15.56
iw

 Segorbe 

15.6
hw

 Atrak 

14.94
tw

 Ganjeh 

16.91
aw

 Morfineski 

17.22
ar

 Sochi 

16.69
aw

 Nemsa 

15.66
hw

 Footborami 

15.18
pw

 Fosha 

14.88
uw

 Boliba 

16.50
aw

 Docomineski 

16.94
aw

 Dorercheh 

16.65
aw

 Vartashen 

15.68
hw

 Atababa 

15.31
nw

 Koban 

14.96
sw

 Pioner 

16.19
cw

 Kestien 

16.67
aw

 Kalib 

16.36
aw

 Proones 

15.13
rw

 Bootkhaneki 

14.85
vw

 Nakhonie 

14.75
w
 Kolaparak 

17.44
ao

 Alipour 

17.74
ah

 Gerde-Eshkevar 

 

Discussion 

The amounts of unsaturated fatty acids were in 

agreement with the results reported by Xu et al. 

(2007), Oliveira et al. (2008), Cristofori et al. (2008), 

Rovira et al. (2014), and Turan (2018). Fatty acid 

content of hazelnut kernel varies based on several 

factors such as cultivar, soil and climatic conditions, 

cultural practices, nut maturity, and harvest time 

(Alasalvar, 2010). According to Cittadini et al. 

(2020), oleic acid predominated largely (78.4-84.4 

%) in hazelnut oil. Köksal et al. (2006) reported that 

oleic acid (74.2-82.8%) was the dominant fatty acid 

in 17 evaluated Turkish hazelnut cultivars. The 

minimum amount of oleic acid in the cultivars 

evaluated by Müller et al. (2020) (65.1 %) was lower 

than the result of the studied cultivars in this study 

(72.89 %). However, the highest content of this 

substance in this research (78.02 %) was lower than 

the amount reported by Müller et al. (2020) (81.7%). 

In addition, this fatty acid was found to be the main 

one (80.6%) in American hazelnut (C. americana 

Marshall) (Lane et al., 2012).  

According to Müller et al. (2020), the content of 

this fatty acid in hazelnut can make up as much as 

70% of all existing fatty acids in the kernel. This fact 

highlights how crucial this substance can be in the 

quality of the final produced kernel. Oleic acid is 

considered the main reported monounsaturated fatty 

acid in human body fat (Tsikas et al., 2011) and plays 

a main role in immune function (Yaqoob, 2002). It 

can also control cardiovascular risk factors and 

decrease total cholesterol and low-density lipoprotein 

cholesterol (Flider, 2022). 
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In terms of linoleic acid, the same results have 

been reported by Cristofori et al. (2008), Baldwin 

(2009), and Rovira et al. (2014). Linoleic acid, like 

other dietary fatty acids, is a considerable biological 

regulator and has main medicinal health-related 

properties (Yang et al., 2015). It is the most existing 

polyunsaturated fatty acid in the human diet and is 

known as an essential fatty acid and has a major role 

in the growth of infants (Marangoni et al., 2020).  

Content of palmitic acid has been recorded 5.87 % 

in the cultivars ‘Tombulʼ and ‘Sivriʼ (Köksal et al., 

2006) and about 5% in all studied cultivars by Müller 

et al., (2020). The main saturated fatty acids in the 

Western diet are palmitic and stearic acids found in 

plant and animal food products (Berry, 2009). 

According to Carta et al (2017), main common 

cooking oils contain high saturated fats. For instance, 

palmitic acid was a constituent of palm oil (44 %), 

cocoa butter (26%), and olive oil (8-20%). In addition, 

Fatima et al. (2019) have reported palmitic acid as a 

common fatty acid in the human diet that can cause 

several diseases, such as cardiovascular diseases, 

neurodegenerative diseases, and inflammation. 

Balik (2021) reported the amount of Stearic acid 

between 1.93 % and 11.2 %, with the greatest value in 

the cultivar ‘Incekaraʼ. Stearic acid is a saturated fatty 

acid that in contrast to other long-chain saturated fatty 

acids, does not raise plasma LDL cholesterol (Aro et 

al., 1997). 

Overall, saturated fat is known to be harmful to 

health. Hence their recommended dietary intake is less 

than 10 % of the total daily fat consumption. Although 

stearic acid is a saturated fatty acid, its impact on 

health notably differs from palmitic acid (Crupkin & 

Zambelli, 2008). Compared with palmitic acid, stearic 

acid can lower low-density lipoprotein cholesterol, a 

serious risk factor in coronary heart disease (Rooijen & 

Mensink, 2020).  

Because of the high ratio of unsaturated to saturated 

fatty acids in hazelnut, processed food containing this 

ingredient can be notably enriched (Bonvehi & Coll, 

1993; Ebrahem et al., 1994). 

Protein content ranged from 11.7 % to 20.8 % in 

hazelnut cultivars grown in Turkey (Köksal et al., 

2006). According to Müller et al. (2020), in some 

hazelnut cultivars harvested in Germany, the highest 

crude protein content was in the cultivar Corabel 

(22.1 %) and the cultivar Cosford contained the 

lowest (10.2 %) protein content.  

Protein has a variety of biological functions (e.g., 

kinetic and structural) in the body (Jahanbani et al., 

2018; Hoffman & Falvo, 2004; Vasdev & Stuckless, 

2010). The recommended daily intake of protein is 

0.8 g per kg body weight for an individual (WHO, 

2007). According to the results of this research and 

previous related studies, like other nuts, hazelnut is 

considered an important source of protein in a 

healthy diet (Brufau et al., 2006).  

High animal protein intake can cause serious 

health problems, such as diabetes and cardiovascular 

diseases (Shu et al., 2015; Rosato et al., 2014). 

Accordingly, plant-based protein sources such as nuts 

are encouraged as alternatives to animal products to 

provide dietary protein needs. 

Conclusions 

This paper showed that hazelnuts have a high 

content of unsaturated fatty acids and contain 

comparably small amounts of saturated fatty acids. 

Based on the results obtained in this study, the major 

unsaturated fatty acids were oleic and linoleic, and 

the main saturated fatty acids were palmitic and 

stearic. Hazelnut kernel was found to be a 

considerable source of protein. The results of this 

research can be particularly notable for increasing the 

knowledge about the diversity of hazelnut germplasm 

and its nutritional value. In addition, the recorded 

data can be utilized in the food industry and breeding 

programs. 

Conflict of interests 

The authors declare no conflicts of interest with 

respect to the research, authorship, and publication of 

this paper. 



B. Karimi Parsheh et al                                                                                                     Journal of Nuts 15(4) (2024) 333-341 

 

339 
 

References 

Alasalvar C, Shahidi F, Liyanapathirana CM, 

Ohshima T (2003) Turkish Tombul Hazelnut 

(Corylus avellana L.) Compositional 

Characteristics. Journal of Agricultural and 

Food Chemistry. 51(13), 3790-3796.  

Alasalvar C, Amaral JS, Shahidi F (2006) Functional 

Lipid Characteristics of Turkish Tombul 

Hazelnut (Corylus avellana L.). Journal of 

Agricultural and Food Chemistry. 54(26), 

10177-10183.  

Alasalvar C, Pelvan E, Topal B (2010) Effects of 

Roasting on Oil and Fatty Acid Composition 

of Turkish Hazelnut Varieties (Corylus 

avellana L.).  International Journal of Food 

Sciences and Nutrition. 61(6), 630-642.   

AOAC (1990) Official Methods of Analysis, 15th ed. 

Association of Official Analytical Chemists, 

Washington, DC, USA. 

Aro A, Jauhiainen M, Partanen R, Salminen I, 

Mutanen M (1997) Stearic Acid, Trans Fatty 

Acids, and Dairy Fat: Effects 0n Serum and 

Lipoprotein Lipids, Apolipoproteins, 

Lipoprotein (A), and Lipid Transfer Proteins 

in Healthy Subjects. The American Journal of 

Clinical Nutrition. 65(5), 1419-26. 

Bacchetta L, Aramini M, Zini A, Di Giammatteo V, 

Spera D, Drogoudi P, Rovira M, Silva AP, 

Solar A, Botta R (2013) Fatty Acids and 

Alpha-Tocopherol Composition in Hazelnut 

(Corylus avellana L.): A Chemometric 

Approach to Emphasize the Quality of 

European Germplasm. Euphytica. 191(1), 57-

73. 

Baldwin B (2009) The Effects of Site and Seasonal 

Conditions on Nut Yield and Kernel Quality 

of Hazelnut Genotypes Grown in Australia. 

Acta Horticulturae 845, 83-88. 

Balik HI (2021) Bioactive Compounds and Fatty Acid 

Composition of New Turkish Hazelnut 

Cultivars. International Journal of Fruit 

Science. 21(1), 106-114. 

 

Berry SEE (2009) Triacylglycerol Structure and 

Interesterification of Palmitic and Stearic 

Acid-Rich Fats: An Overview and 

Implications for Cardiovascular Disease. 

Nutrition Research Reviews. 22, 3-17. 

Bonvehí JS, Coll FV (1993) Oil Content, Stability and 

Fatty Acid Composition of The Main 

Varieties of Catalonian Hazelnuts (Corylus 

avellana L.). Food Chemistry. 48, 237-241. 

Brufau G, Boatella J, Rafecas M (2006) Nuts: Source 

of Energy and Macronutrients. British Journal 

of Nutrition. 96(S2), S24-S28.  

Carta G, Murru E, Banni S, Manca C (2017) Palmitic 

Acid: Physiological Role, Metabolism and 

Nutritional Implications. Frontiers in 

Physiology. 8, 902. 

Chatrabnous N, Yazdani N, Vahdati K (2018) 

Determination of nutritional value and 

oxidative stability of fresh walnut. Journal of 

Nuts. 9(1), 11-20. 

Ciarmiello LF, Mazzeo MF, Minasi P, Peluso A, De 

Luca A, Piccirillo P, Siciliano RA, Carbone V 

(2014) Analysis of Different European 

Hazelnut (Corylus avellana L.) Cultivars: 

Authentication, Phenotypic Features, and 

Phenolic Profiles. Journal of Agricultural and 

Food Chemistry. 62(26), 6236-6246.  

Cittadini MC, Martín D, Gallo S, Fuente G, Bodoira 

R, Martínez M, Damián M (2020) Evaluation 

of Hazelnut and Walnut Oil Chemical Traits 

from Conventional Cultivars and Native 

Genetic Resources in a Non-Traditional Crop 

Environment from Argentina. European Food 

Research and Technology. 246, 833-843. 

Cristofori V, Ferramondo S, Bertazza G, Bignami C 

(2008) Nut and Kernel Traits and Chemical 

Composition of Hazelnut (Corylus avellana 

L.) cultivars. Journal of the Science of Food 

and Agriculture. 6(88), 1091-1098. 

Crupkin M, Zambelli A (2008) Detrimental Impact of 

Trans Fats on Human Health: Stearic Acid-



B. Karimi Parsheh et al                                                                                                     Journal of Nuts 15(4) (2024) 333-341 

 

340 
 

Rich Fats as Possible Substitutes. 

Comprehensive Reviews in Food Science and 

Food Safety. 7, 271-279. 

Ebrahem KS, Richardson DG, Tetley RM, 

Mehlenbacher SA (1994) Oil Content, Fatty 

Acid Composition and Vitamin E 

Concentration of Hazelnut Varieties, 

Compared to Other Types of Nuts and Oil 

Seeds. Acta Horticulturae. 351, 685-692. 

Fatima S, Hu X, Gong RH, Huang C, Chen M, Wong 

HLX, Bian Z, Kwan HY (2019) Palmitic Acid 

Is an Intracellular Signaling Molecule 

Involved in Disease Development. Cellular 

and Molecular Life Sciences. 76, 2547-2557.  

Ficarra A, Lo Fiego DP, Minelli G, Antonelli A 

(2010) Ultra-Fast Analysis of Subcutaneous 

Pork Fat. Food Chemistry. 121(3), 809-814. 

Flider FJ (2021) High Oleic Oils: Development, 

Properties and Uses. pp. 201-243. 

FAOStat (2019) Food and Agricultural Organization 

of the United Nations. Production, Crops.  

Ghezel M, Ghasemnezhad A, Hemmati K, Sohrabi O 

(2022) Effect of foliar application of plant 

extracts on the growth behavior and quality of 

evening primrose (Oenothera biennis L.). 

International Journal of Horticultural Science 

and Technology. 9(4), 393-404. 

Hoffman Jr, Falvo Mj (2004) Protein-Which Is Best? 

Journal of Sports Science and Medicine. 3(3), 

118-130. 

Jahanbani R, Ghaffari SM, Vahdati K, Salami M, 

Khalesi MR, Sheibani N, Moosavi-Movahedi 

AA (2018) Kinetics study of protein 

hydrolysis and inhibition of angiotensin-

converting enzyme by peptides hydrolysate 

extracted from walnut. International Journal 

of Peptide Research and Therapeutics. 24(1), 

77-85.  

James Gs (1995) Analytical Chemistry of Foods. 

London: Blackie Academic and Professional. 

pp.117-120. 

Kole C (2011) Wild Crop Relatives: Genomic and 

Breeding Resources. pp. 15-48. 

Köksal AI, Artik N, Simsek A, Gunes N (2006) 

Nutrient Composition of Hazelnut (Corylus 

avellana L.) Varieties Cultivated in Turkey. 

Food Chemistry. 99(3), 509-515. 

Lane JW, Hlina P, Hukriede K, Jersett A, Koirala D, 

Stewart A, Waxman MA (2012) Probing 

Wisconsin Highbush Cranberry (V. trilobum), 

Dotted Horsemint (M. punctata), and 

American Hazelnut (C. americana) as 

Potential Biodiesel Feedstocks. Industrial 

Crops and Products. 36(1), 531-535. 

Marangoni F, Agostoni C, Borghi C, Catapano AL, 

Cena H, Ghiselli A, La Vecchia C, Lercker G, 

Manzato E, Pirillo A, Riccardi G, Risé P, 

Visioli F, Poli A (2020) Dietary Linoleic Acid 

and Human Health: Focus on Cardiovascular 

and Cardiometabolic Effects. Atherosclerosis. 

292, 90-98.  

Mehlenbacher SA (1991) Chilling Requirements of 

Hazelnut Cultivars. Scientia Horticulturae. 47, 

271-282. 

Müller AK, Helms U, Rohrer C, Möhler M, Hellwig 

F, Glei M, Schwerdtle T, Lorkowski S, 

Dawczynski C (2020) Nutrient Composition 

of Different Hazelnut Cultivars Grown in 

Germany. Foods. 9(11), 1596. 

Oliveira I, Sousa A, Morais JS, Ferreira ICFR, Bento 

A, Estevinho L, Pereira JA (2008) Chemical 

Composition, and Antioxidant and 

Antimicrobial Activities of Three Hazelnut 

(Corylus avellana L.) Cultivars. Food and 

Chemical Toxicology. 46(5), 1801-1807. 

Pakrah S, Rahemi M, Nabipour A, Zahedzadeh F, 

Kakavand F, Vahdati K (2021) Sensory and 

nutritional attributes of Persian walnut kernel 

influenced by maturity stage, drying method, 

and cultivar. Journal of Food Processing and 

Preservation, e15513. 

Richardson DG (1997) The health benefits of heating 

hazelnuts: Implications for blood lipid 

profile, coronary heart disease and cancer 

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


B. Karimi Parsheh et al                                                                                                     Journal of Nuts 15(4) (2024) 333-341 

 

341 
 

risks. Acta Horticulturae. 445, 295-300. 

Rosato V, Edefonti V, Bravi F, Bosetti C, Bertuccio 

P, Talamini R, Dal Maso L, Montella M, 

Ferraroni M, La Vecchia C, Decarli A (2014) 

Nutrient-Based Dietary Patterns and Prostate 

Cancer Risk: A Case-Control Study from 

Italy. Cancer Causes & Control. 25(4), 525-

532. 

Rovira M, Tous J, Hermoso JF, Romero A (2014) 

Performance of Eleven Hazelnut Cultivars 

from Different Countries in Tarragona 

(Spain). Acta Horticulturae. 1052, 35-38. 

Salas-Salvadò J, Megias I (2005) Health and Tree 

Nuts: Scientific Evidence of Disease 

Prevention. Acta Horticulturae. 686, 507-513. 

Sarikhani S, Vahdati K, Ligterink W (2021) 

Biochemical properties of superior Persian 

walnut genotypes originated from southwest 

of Iran. International Journal of Horticultural 

Science and Technology. 8(1), 13-24. 

SAS Institute (2001) SAS/STAT User’s Guide. SAS 

Institute Inc., Cary, NC, USA. 

Shu L, Zheng PF, Zhang XY, Si CJ, Yu XL, Gao W, 

Zhang L, Liao D (2015) Association Between 

Dietary Patterns and The Indicators of 

Obesity Among Chinese: A Cross-Sectional 

Study. Nutrients. 7(9), 7995-8009. 

Tsikas D, Zoerner AA, Jordan J (2011) Oxidized and 

Nitrated Oleic Acid in Biological Systems: 

Analysis by Gc-Ms/Ms and Lc-Ms/Ms, and 

Biological Significance. Biochimica et 

Biophysica Acta. 1811(11), 694-705. 

Turan A (2018) Effect of Drying Methods on Nut 

Quality of Hazelnuts (Corylus avellana L.). 

Journal of Food Science and Technology. 

55(11), 4554-4565. 

Vahdati K, Sarikhani S, Arab MM, Leslie CA, 

Dandekar AM, Aletà N, Bielsa B, Gradziel 

TM, Montesinos Á, Rubio-Cabetas MJ, Sideli 

GM, Serdar Ü, Akyüz B, Beccaro GL, Donno 

D, Rovira M, Ferguson L, Akbari M, Sheikhi 

A, Sestras AF, Kafkas S, Paizila A, Roozban 

MR, Kaur A, Panta S, Zhang L, Sestras RE, 

Mehlenbacher S (2021) Advances in 

rootstock breeding of nut trees: objectives and 

strategies. Plants 10 (11), 2234. 

Vahdati K, Sheikhi A, Arab MM, Sarikhani S, Habibi 

A, Ataee H (2023) Cultivars and Genetic 

Improvement. In M Maqbool Mir, M Ur 

Rehman, U Iqbal, Sh Ahmad Mir (Eds.). 

Temperate Nuts (385 pages). Springer.  

Valentini N, Rolle L, Stévign C, Zeppa G (2006) 

Mechanical Behavior of Hazelnuts Used for 

Table Consumption Under Compression 

Loading. Journal of the Science of Food and 

Agriculture. 86(8), 1257-1262. 

Van Rooijen MA, Mensink RP (2020) Palmitic Acid 

Versus Stearic Acid: Effects of 

Interesterification and Intakes on 

Cardiometabolic Risk Markers- A Systematic 

Review. Nutrients. 12(3), 615. 

Vasdev S, Stuckless J (2010) Antihypertensive Effects 

of Dietary Protein and Its Mechanism. 

International Journal of Angiology. 19(1), E7-

E20.   

World Health Organization (WHO) (2007) Dietary 

Reference Intakes for Energy, Carbohydrate, 

Fiber, Fat, Fatty Acids, Cholesterol, Protein 

and Amino Acids (Macronutrients). WHO 

Technical Report Series. 935. 

Xu YX, Hanna MA, Josiah SJ (2007) Hybrid 

Hazelnut Oil Characteristics and its Potential 

Oleochemical Application. Industrial Crops 

and Products. 26(1), 69-76. 

Xu YX, Hanna MA (2010) Composition and 

Oxidative Stabilities of Oils Extracted from 

Hybrid Hazelnuts Grown in Nebraska, USA. 

International Journal of Food Science & 

Technology. 45, 2329-2336.  

Yaqoob P (2002) Monounsaturated Fatty Acids and 

Immune Function. European Journal of 

Clinical Nutrition. 56, 9-13. 

 

 

https://www.sciencedirect.com/journal/biochimica-et-biophysica-acta-bba-molecular-and-cell-biology-of-lipids/vol/1811/issue/11


B. Karimi Parsheh et al                                                                                                     Journal of Nuts 15(4) (2024) 333-341 

 

342 
 

 

 

 


