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PREFACE 

Agriculture has kept its current status as the most critical and strategic 

sector since the creation of humanity and has always taken its place at the top 

of the strategic sector hierarchy. The reasons that make agriculture so critical; 

The main reasons are the geometrical increase in the world population, the 

rapid decrease in the world's agricultural areas, and the negative effects of the 

deteriorated environment on agriculture. For these reasons, some problems are 

expected in the coming years in terms of adequate and balanced nutrition, 

which is the basic vital requirement of the world population. These 

developments show that the agricultural sector will continue to increase its 

importance in the world. 

In recent years, pandemics, droughts, climate change and wars have 

paved the way for discussion of countries' self-sufficiency. In order for a 

country to be self-sufficient, it depends on the development of the agricultural 

sector of that country. For the reasons mentioned above, it reminded us to use 

our natural resources much more effectively in order to strengthen our self-

sufficiency. Today, the existence and size of agricultural lands alone is not 

enough to make maximum use of agricultural production. It is necessary to 

determine the products that can grow in the best way in these areas and to 

produce and evaluate these products with the best technology. 

Peanut (Arachis hypogaea L.), which is produced in many countries of 

the world, has found wide use in human nutrition, animal husbandry and other 

branches of industry. Peanut, one of the leguminous plants, has attracted the 

attention of the world thanks to its rich nutrient content and low cost, and has 

formed an important part of the crop rotation systems in many regions and 

climatic conditions. 

The aim of this study is to bring together the results of the studies of 

researchers working on peanuts, which is a product of increasing importance 

in the world, to develop solutions to problems related to peanuts, to shed light 

on the studies to be done on peanuts, to ensure that students benefit from the 

trainings given, to increase the interest in peanuts, to inform and enlighten all 

segments. Therefore, I would like to express my deepest gratitude to all the 

authors who contributed to the preparation of this book. 

                                                          Sincerely Yours  

       Associate Prof. Dr. Enver KENDAL 
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1. INTRODUCTION 

Peanut, a legume herb, belongs to the Leguminosae family, the genus 

Arachis, and is a legume called Arachis hypogaea (Settaluri et al., 2012). It is 

thought that peanut spread from Central America to other parts of the 4uali 

(Settaluri et al., 2012). 

Peanuts are an important source of flavonoids, fats and proteins 4uality 

mostly grown in the Mexico, Central America and South America (Stalker, 

1997, FAO 2019).  

Peanuts are used in many fields, including peanut butter, roasted 

peanuts, confectionery and peanut oil extraction (Zhao et al., 2012). Peanuts 

are seen as a valuable product, while peanut skins are considered a low value 

by-product (Sarnoski et al., 2012). The increase in peanut production, along 

with the increase in peanut by-products, has encouraged studies 4uality use of 

these products rich in bioactive compounds (Do Valle Calomeni et al., 2017).  

Peanut skin, which is a part of peanut, is traditionally consumed in 

many parts of the 4uali without any side effects and is accepted as a GRAS 

product. 230-300 grams of 1 kg peanuts are peanut skins. Peanut skin is pink-

red in color and has an astringent taste. It is known that peanut skin contains 

approximately 47.3% fiber. Peanut skin is rich in phenolics and potential 

health-promoting compounds (Collins and Post, 1981; Yu et al., 2005; Yu et 

al., 2010; Zhao et al., 2012). In this study, antimicrobial activities of peanut 

skin were investigated. 

 

2. ANTIMICROBIAL PROPERTIES  

Peanuts and by-products are well known sources of phenolic 

compounds (Alasalvar et al., 2015). Polyphenols have many basic roles in 

plant physiology; They are secondary metabolites produced by higher plants, 

potentially beneficial to human health, including antioxidant, anti-allergic, 

anti-inflammatory, anticancer, antihypertensive and antimicrobial agents 

(Daglia, 2012).  

In order to prevent the growth of spoiling and pathogenic 

microorganisms, compounds such as sodium benzoate, nitrite, sodium meta 

bisulfate are added to foods and/or heat treatment is applied to foods (Aoki et 

al., 2010). With the increasing demand for natural and healthy foods, 

researchers have turned to researching new food additives. Peanut by-products 

are remarkable for their antioxidant and antimicrobial properties (Do Valle 

Calomeni et al., 2017).  

There are limited in vitro studies on the antimicrobial properties of 

peanut skins. It is reported that phenolic compounds in peanut skin prevent 



the growth of pathogenic and spoilage microorganisms by multiple 

mechanisms (Lorenzo et al., 2018).  

Peanut skin is known to be a rich source of oligomeric and polymeric 

procyanidins (Dudek et al., 2017). Peanut skin extract has been reported to 

contain high levels of A-type procyanidins (Levy et al., 2017). It has been 

stated that the use of probiotic bacteria and A-type proanthocyanidins together 

provides Escherichia coli inhibition by showing a synergistic effect, so that 

phenolic compounds can be used in functional food production (Polewski et 

al., 2016). 

Makau et al. (2018), in their study in which they examined the antiviral 

activity of peanut skin, it was stated that extracts with higher polyphenol 

content exhibit higher antiviral activity, so that the active ingredients may be 

polyphenols. Peanut skin activity has been observed against both type A and 

type B viruses. It has been observed that the use of peanut skin extract together 

with anti-influenza drugs, increases the antiviral activity synergistically. It has 

been suggested that peanut skin extract could potentially be used in the 

development of new therapeutic alternatives in the management of influenza. 

Bodoira et al., (2017), in their study using water and ethanol as 

extraction solvents, reported that the maximum concentration of total 

phenolics in peanut skin was obtained by using 60.5% ethanol as co-solvent 

at 220 °C extraction temperature and 7 g/min solvent flow. In that study, 

catechin, epicatechin, procyanidin and proanthocyanidin dimers were 

obtained.  

Yu et al. (2010), in a study investigating the antimicrobial properties of 

peanut skins in cooked and raw ground meat; They determined that 0.4% or 

more peanut skin extract completely inhibited Bacillus subtilis, Salmonella 

Typhimurium, Staphylococcus aureus, Streptococcus faecalis and 

Escherichia coli.  

In another study investigating the effect of peanut skin extract on meat 

products, it was reported that although there was not a very strong decrease in 

meat products, inhibition of Bacillus subtilis, Salmonella Typhimurium, 

Staphylococcus aureus, Streptococcus faecalis and Escherichia coli was 

observed in the microplate assay (Yu et al., 2010).  

Antibacterial effect of phenolic extracts obtained from peanut skins and 

dry blanched peanuts on gram positive (Bacillus cereus, Staphylococcus 

aureus, Listeria monocytogenes, Geobacillus stearothermophilus) and gram 

negative bacteria (Pseudomonas aeruginosa, Pseudomonas 

fluorescens, Salmonella Enteritidis, Salmonella Typhimurium, Escherichia 

coli ) in the study examined; Gram-negative and gram-positive strains 

presented phenolic acid-rich extracts. It was determined that it showed the 



lowest minimum inhibitory capacity (MIC) and thus high antibacterial 

activity. Among them, the strongest inhibitory activity was observed against 

G. Stearothermophilus; Listeria monocytogenes was determined as the gram-

positive bacteria with the highest resistance. (De Camargo et al., 2017). 

Do Valle Calomeni et al. (2017), in the study they aimed to obtain a 

dried extract from peanut skin by using spray drying technology and apply it 

as a natural antioxidant and antimicrobial in foods; It was determined that the 

extract showed bacteriostatic activity against Listeria monocytogenes and 

both bactericidal and bacteriostatic activity against Staphylococcus aureus. 

Martin et al. (2012), in the study conducted by; Listeria monocytogenes 

and S.aureus inhibition zone, MIC, and MBC values of methanol and ethanol 

extracts of peanut skins were investigated. The zone of inhibition for S. Aureus 

was 18 mm of methanol extract, 20 mm of extract; MIC value of both 

methanol and ethanol extract was found as 0.78 and MBC value as 1.56. Zone 

of inhibition for Listeria monocytogenes was 12.33 mm of methanol extract, 

14 mm of ethanol extract; MIC and MBC values of both methanol and ethanol 

extract were found as 3.13. 

Peng et al. (2015), determined that 0.5% peanut skin extract inhibited 

Listeria monocytogenes, Lactobacillus casei, and Lactobacillus rhamnosus. It 

has been suggested that bioactive components such as phenolic acids and 

flavonoids found in peanut skins may inhibit the colonization of pathogens by 

reducing the levels of flagellin and adhesin. 

Sarnoski et al. (2012), studied Saccharomyces cerevisiae, 

Zygosaccharomyces bailii, and Zygosaccharomyces bisporus in apple juice to 

which they added proanthocyanidins obtained from peanut skins. In the 

research; They observed that for 3 yeast species, peanut skin extract prolonged 

lag phase growth at 1 mg/ml and inhibited yeast growth for 120 hours at 10 

mg/ml. It was observed that fractions consisting mostly of A-type 

proanthocyanidin dimers, trimers and tetramers had the highest percentage of 

inhibition against the tested yeasts. However, considering the amount of 

concentrations that can inhibit yeast growth, it is thought to be high for use in 

the food and beverage industry.  

 

3. CONCLUSION 

It is reported that phenolic compounds in peanut skin regulate multiple 

mechanisms and prevent the development of pathogenic and spoilage 

microorganisms. Research has shown that peanut skin has 6uality6r activity 

against yeasts, viruses, Gram-negative and Gram-positive bacteria. However, 

more in vitro and in vivo studies are needed to better understand the 

antimicrobial potential of peanut skins. 
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1. INTRODUCTION 

Peanut (Arachis hypogaea L.) is a one-year-old plant from the legumes 

family and contains a high content of oil in its seeds. Peanut seeds, depending 

on the varieties, contain 50-55% oil and 18-26% protein (Islibe et al., 2008; 

Hassan & Ahmed, 2012). Peanut oil; due to its high content (80%) of 

unsaturated fatty acids (oleic and linoleic), it has superior properties than 

many vegetable oils in terms of healthy nutrition. The ratio of unsaturated fatty 

acids in peanut oil to saturated fatty acids (P/S) has been calculated as 4.6 

(Arioglu, 2014). Tocopherol, which has abundant in peanut oil, is an 

antioxidant substance and prevents the oil from spoiling by oxidation and is 

preferred by oil manufacturers due to this feature (Onat, 2018). Peanut oil can 

be used as a liquid in food as well as margarine due to its superior properties. 

In addition, due to the peanut oil’s durability feature; it is preferably used in 

the preparation of biscuits, cakes, candies and canned fish. Low 11ualityy 

peanut oils are also used as raw materials in the production of different 

products in the industry (Arioglu, 2014). Peanut seeds are the fourth most 

produced oilseed plant in the world after soy, rapeseed and cottonseed because 

of the high rate (50-55%) of oil it contains, and it has a very important place 

in the production of vegetable oilseed and crude oil. According to the values 

of 2018, world vegetable oil seed production is 554 million tons and 7.9% 

(43.9 million tons) of this is peanuts. In the same period, world vegetable 

crude oil production is 187 million tons, and 3% (5.6 million tons) of this is 

peanut oil (FAO, 2019). According to the values of 2019, 2.9 million tons of 

oilseeds are produced in our country, and 5.7% (164,200 tons) of this is 

peanuts.  

Variety selection is one of the most effective factors on yield to be 

obtained from the unit area in peanut farming. Cultural methods, especially 

environmental factors, are effective on the growth and development of the 

peanut plant, and pod formation and maturity (Cox, 1979; Ketring et al., 

1982). The effect of these mentioned factors varies according to the cultivars 

in different market types. Therefore, in peanut farming; selection of varieties 

according to planting times and regions is of great importance. Peanut 

varieties are divided into four types: Virginia (large pod-large seed), Runner 

(small pod-small seed), Spanish (small pod-small seed) and Valencia (small 

pod-medium seed), according to market types (according to pod and seed 

size), it is gathered under the main type (market type) (Arioglu, 2014). 

Growing times of the varieties included in this type differ according to the 

regions where they are grown and their planting times. In general, the varieties 

in the Virginia and Runner type mature late, while the varieties in the Spanish 

and Valencia type mature early. In addition, there are some differences in the 

usage areas of the varieties that fall into these types. In the world; Virginia 

type varieties with large pod and seeds feature are mostly used in roasted and 



salted snack peanuts, Runner and Spanish varieties with smaller pod and seed 

properties are used in vegetable oil industry and peanut butter production and 

Valencia type varieties are mostly used in boiled peanut production (Knauft 

et al., 1987). 

In countries, where peanut farming is widely used today, varieties of 

different market types are preferred, taking into account the wishes of the 

industrialist. In the USA, the varieties that belong to the Runner type is 

preferred, while the varieties that belong to the Virginia type in the USA are 

preferred. In the USA, where modern peanut farming has made great progress, 

75% of the produced peanuts are in Runner, 20% are in Virginia, 4% are in 

Spanish and 1% are in the Valencia type (Liao & Holbrook, 2007). In peanut 

farming in our country, varieties that are in the Virginia type, with large seeds 

and late maturing are used. However, it will be possible to produce varieties 

that are included in different market types in the future by diversifying their 

usage purposes. For this reason, determining the yield potentials and growing 

techniques of peanut varieties in different market types is of great importance 

for the future of peanut farming.  

Peanuts, especially pod yield and some agricultural and quality 

characteristics; varies according to cultivated variety and environmental 

factors (especially high temperature) that are effective during growing. Cox 

(1979), Ketring et al. (1982) and Calıskan et al. (2008) stated that 

environmental factors are effective in the growth and development of peanut 

plants and yield and some agricultural characteristics. They stated that 

especially in the generative period, if the air temperature rises above 35oC, 

ginefor and pod formation, internal yield and pod yield are affected 

negatively. Bakal & Arioglu, (2019); clarified this situation with a planting 

time study. Quality characteristics of peanuts, such as quality, yield and 

agricultural characteristics, vary greatly depending on the characteristics of 

the variety and growing conditions, especially environmental factors (Isleib et 

al., 2008). For this reason, in peanut farming, planting and harvesting times, 

especially the selection of varieties, are of great importance. The reactions of 

the varieties in different market types to these conditions are different. 

The purpose of this study; to compare the yield potential, important 

agronomic and quality characteristics of some peanut varieties that are in 

different market types and have different growth characteristics, as the main 

product under the conditions of the Mediterranean region. 

 

 



2. MATERIALS AND METHODS 

2.1. Experimental Site and Materials 

The study was carried out in 2017, 2018 and 2019 at the experimental 

area of Cukurova University in Adana, Turkey. Adana, Turkey situated to the 

south and has a Mediterranean climate. The station is located between 36o59l 

N, and 35o181 E at an altitude of 23 m above sea level. In this research, 

cultivars Halisbey, Georgia Green, Florispan and Georgia Red were used as 

material belonging to Virginia, Runner, Spanish and Valencia market types, 

respectively. The peanut varieties used as a plant material in these researches 

and their some characteristics were given in Table 1. 

  

Table 1: Some characters of Virginia, Runner, Spanish and Valencia genotypes 

Characters 
Virginia 

(Halisbey) 
Runner 

(G. Green) 
Spanish 

(Florispan) 
Valencia 

(G. Red) 

Origin Turkey USA Turkey USA 

Growing type Semi-spreading Spreading Erect  Erect 

Growing period (days) 150 130 120 110 
Pod size Large Small  Very small Medium to long 

Seed size Medium to large Small  Small  Small to medium 

Seed per pod 2 2 2 3-4 
Testa color Pink  Dark pink Cream  Red  

 

The soil in the experimental site is classified as clay loam texture. The 

soil tests in both years indicated a pH of 7.7 with high concentrations of K2O 

and low concentrations of P2O5. In addition, the organic matter and nitrogen 

content of the soil was very low. The lime content was 21.8 % in the upper 

layers of the soil.  

The average monthly air temperature during the research period 

(March-October) was varied between 15.2- 29.9oC in 2017, 16.8 and 29.7oC 



in 2018, whereas it was 13.8 and 29.6oC in 2019. The average air temperature 

was the higher during the research period in both years than long term average 

temperature. The total rainfall was 243.6 mm, 189.0 and 221.6 mm during the 

growing period in 2017, 2018 and 2019, respectively. The average relative 

humidity was ranged from 61.2% to 70.2% in 2018 and 57.6% to 68.8% in 

2019. The differences between the years and long term for the climate data 

were not found very significant (Table 2). 

 

Table 2. The climate conditions during the 2017-2018-2019 growing period and long 

term (LT) average (1929-2019) 

Months 

Average Temperature  

(°C) 

Precipitation 

(mm) 

Relative Humidity 

(%) 

2017 2018 2019 L.T. 2017 2018 2019 L.T. 2017 2018 2019 L.T. 

March 15.2 16.8 13.8 13.4 65.2 38.2 93.0 65.1 62.8 71.6 69.0 65.2 

April 18.5 20.1 17.0 17.5 63.2 33.0 61.4 51.1 60.7 61.2 67.0 60.1 

May 21.8 24.4 24.1 21.7 44.4 25.6 2.6 47.1 68.8 62.8 57.6 63.2 

June 26.2 26.4 27.1 25.6 19.4 27.0 13.8 20.5 69.1 70.2 68.7 70.2 

July 30.4 29.1 28.4 28.2 0.0 0.0 28.0 6.2 64.4 69.8 68.8 67.5 

August 29.9 29.7 29.6 28.7 0.0 0.0 0.0 5.5 67.5 68.8 68.0 68.5 

September 27.8 27.9 27.3 26.1 11.2 1.2 0.0 17.6 66.1 63.6 62.1 65.4 

October 22.2 22.9 24.2 21.6 40.2 64.0 22.8 42.4 54.1 58.6 61.6 60.3 

 

3. METHOD 

The seeds of different market types of peanuts genotypes were sown on 

5 April 2017, 7 April 2018 and 6 April 2019 in sown with a 0.7 m spacing 

between rows and 0.15 m spacing between plants in a row. The seeds were 

sown by hand in four-row plots that were 5 m long (2.8 x 5.0 m =14.0 m2). 

The experiment utilized a randomized complete block design with three 

replications for every years. The pre-sowing herbicide was applied to the soil 

and the plots were kept weed-free by hand weeding during the growing period. 

Before sowing the peanuts the plots were fertilized with 300 kg N, P2O5, K2O 

ha-1 and an additional nitrogen dose of 200 kg ha-1 was side-dressed at the 

pegging stage. The plots received cultivar practices common for the area in 

which the experiments were conducted. All plots were irrigated with sprinkler 

irrigation approximately every 2 weeks, starting from the flowering stage. 

During the growing period, recommended pesticides and fungicides were 

applied at proper time intervals to control insects and diseases. The different 

market types of peanuts genotypes were harvested at the same time after they 

all reached harvest maturity. Two central rows in each plot were hand 

harvested 150 days after sowing seeds to determine yield and yield 

components. Pods were air-dried to reach a moisture content of 12% and agro 

morphology (number and weight of pods per plant, hundred pod and seed 



weight, shelling percentage, harvest maturity index property and pod yields 

per hectare were calculated from the samples obtained. Kernel yield per 

hectare was calculated as the ratio of shelling percentage x pod yield per 

hectare (Kurt et al., 2017). The harvested seeds were oven-dried at 40°C for 4 

h in a ventilated oven until reaching a moisture content of about 5%, and were 

then ground with a Warring blender. Five grams of peanut seeds were 

extracted with petroleum ether for 6 h in a Soxhlet system, according to The 

American Oil Chemists Society (AOCS) method (AOCS, 1993). Protein 

content of groundnut seeds was determined using a micro-Kjeldahl digest 

procedure. Fatty acid profile was measured as fatty acid methyl esters using 

gas chromatograph (AOCS, 1990). Fatty acid composition by Gas 

Chromatography Analysis. Fatty acid methyl esters were prepared from seeds 

by alkaline trans methylation, and fatty acid composition was determined 

using an Agilent 7890 AGC equipped with a flame ionization detector and an 

auto sampler. Sample preparation, gas chromatography operation, and data 

collection followed the standard methods used by our lab routinely. Iodine 

values (IV) = [(% oleic acid x 0.8601) + (% linoleic acid x 1.7321)] and Oleic 

acid/Linoleic acid (O/L) ratio = [% oleic acid (18:1)/linoleic acid (18:2)] of 

the peanut oils were calculated using the equation given by Chowdhury et al. 

(2015). 

The data were statistically and correlation analyzed by using JMP 8.1.0 

package program with repeat years on randomized complete block design. The 

Least Significant Differences (LSD) test was used to compare the treatments 

at 0.01 level. 

  

4. RESULTS  

This study was carried out to determine the important agronomic and 

quality characteristics of peanut varieties with different market types. 

According to a three-year average, the data were statistically analyzed using 

repeated years randomized complete block design by using variety and year 

factors. The variance analysis of the findings obtained from the study was 

shown in Table 3. It can be seen in Table 3, variety and year factors were 

statistically significant for all the agronomic and quality traits. Interaction 

variety × years were also found to be statistically significant for all features 

except pod number, 100 seed weight, oil content, protein content, palmitic 

acid, stearic acid and oleic acid (Table 3). 

 

 

 

 



Table 3. Variance analysis of agronomic and quality traits 

 Mean Square 

Variety Year  Variety x Year CV 

DF 3 3 9  

Agronomic Traits  

Pod Number (no. plant-1) 1693.37** 24.368** 3.334 4.25 

Pod Weight (g plant-1) 2478.15** 29.553** 13.809** 1.17 

100 Pod Weight (g) 109911** 399.640** 46.240** 2.00 

100 Seed Weight (g) 11527.9** 20.438** 2.818 1.47 

Shelling Percentage (%) 351.412** 2.084** 4.847** 0.88 

Harvest Maturity Index (%) 14.25** 2.089** 3.180** 0.92 

Pod Yield (kg ha-1) 214382** 6219.91** 1501.76** 3.20 

Kernel Yield (kg ha-1) 85791** 3725.23** 569.43** 2.52 

Quality Traits  

Oil Content (%) 63.435** 0.362** 0.146 0.63 

Protein Content (%) 14.708** 0.351** 0.224 1.84 

Palmitic Acid (C16:0) (%) 12.310** 0.365** 0.089 3.26 

Stearic Acid (C18:0) (%) 2.048**  0.069** 0.001 3.32 

Oleic Acid (C18:1) (%) 343.652** 6.717** 0.318 1.19 

Linoleic Acid (C18:2) (%) 215.064** 2.350** 0.308** 0.82 

O/L Ration (%) 1.450** 0.022** 0.002** 1.70 

Iodine Value  89.927** 0.190** 0.677** 0.31 

**Significant differences are shown at P < 0.01, DF: Degree of Freedom, CV: 

Coefficient of Variation 

 

4.1. Agronomic Traits 

There was a statistically significant difference in pod number per plant 

(PN) among the different market type of peanut, variety, years and interaction 

in three years-average. As it can be seen Table 4, three-year average PN of 

different market type of peanut varieties were 52.4 pod number plant-1 in 

Runner type, 38.0 pod number plant-1 in Spanish type, 27.4 pod number plant-

1 in Virginia type and 21.0 pod number plant-1 in Valencia type. Runner market 

type peanut varieties produce more pod than other market type of peanut 

varieties. It was determined to be at least Valencia type. There was a 

statistically significant difference in pod weight per plant (PW) among the 

different market type of peanut, variety, years and interaction in three years-

average. As it can be seen pod weight per plant (PW) in Table 4, three-year 

average PW of different market type peanut varieties were Virginia type 88.8 

g plant-1, Runner type 69.9 g plant-1, Spanish type 49.4 g plant-1 and Valencia 

type 61.3 g plant-1. The PW values of different market type of peanuts were 

higher in Virginia type than other market type of peanut varieties. 

The PN and PW values are important parameters affecting pod yield In 

peanut growing. As can be seen in the correlation analysis, it has been proved 



to have a considerable effect on pod yield values. This situation has been 

proven by previous studies (Zongo et al., 2017; Arioglu et al., 2018). In this 

study, The PN values were obtained higher in Runner type than other market 

type of peanut varieties. Since the Runner market type peanut developed 

spreading and produce more branches, it formed more pod than other market 

type of peanut varieties (Balota & Phipps, 2013; Kurt et al., 2016; Arioglu et 

al., 2018; Asık et al., 2018). On the other hand, The PW of different market 

type of peanuts was higher in Virginia type than other market type of peanut 

varieties. This is due to the fact that Virginia type peanuts have larger pod and 

higher seed weight than other market type of peanut varieties (Bakal & 

Arioglu, 2019). Similar results were found by some researchers (Canavar & 

Kaynak, 2008; Rahmianna et al., 2009; Kaba et al., 2014; Sarkees, 2015; 

Gulluoglu et al., 2016; Gulluoglu et al., 2017; Kumar et al., 2017; Arioglu et 

al., 2018).  

 

Table 4. Agronomic characteristics of different market type peanut varieties in three-

year average values 

Agronomic Traits 
Market Type  

Virginia Runner Spanish Valencia LSD 

Pod Number (no. plant-1) 27.4 c  52.4 a 38.0 b 21.0 d 2.53 

Pod Weight (g plant-1) 88.8 a 69.9 b 49.4 d 61.3 c 1.98 

100 Pod Weight (g) 354.6 a 132.6 c 135.2 c 281.8 b 7.77 

100 Seed Weight (g) 135.9 a 64.6 c 57.0 d 94.3 b 2.21 

Shelling Percentage (%) 64.09 d 78.54 a 72.35 b 67.66 c 1.07 

Harvest Maturity Index (%) 55.75 c 56.78 b 56.50 b 58.70 a 0.90 

Pod Yield (kg ha-1) 7522 a 5903 b 3852 d 5049 c 305.9 

Kernel Yield (kg ha-1) 4819 a 4636 b 2786 d 3417 c 169.0 

 

There was a statistically significant difference in 100 pod weight 

(HPW) and 100 seed weight (HSW) values among the different market type 

of peanut, variety, years and interaction in three years-average. As it can be 

seen Table 4, three-year average the HPW values of different market type of 

peanut varieties were Virginia type 354.6 g, Runner type 132.6 g, Spanish type 

135.2 g and Valencia type 281.8 g. Depending on HPW, seed weights varied 

similarly. In this research, the results indicated that the highest HSW value 

was Virginia type (135.9 g) followed by Valencia type (94.3 g), Runner type 

(64.6 g) and Spanish type (57.0 g) (Table 4). The highest HPW and HSW 

values were determined to be from Virginia type peanuts than other market 

types. 

The HPW and HSW vary depending on the market types of peanuts. In 

general, cultivars belonging to Virginia type tend to have larger and heavier 

seeds and pods; those belonging to Runner and Spanish types have smaller 



and lighter seeds and pods (Rao & Murty, 1994). In this study, it was 

determined that HPW and HSW values were higher Virginia type peanuts than 

other market types. These results were agreement with the findings of (Sharma 

et al., 2013; Wang et al., 2013; Sarkees et al., 2014; Gulluoglu et al., 2017; 

Arioglu et al., 2018; Asık et al., 2018). 

The shelling percentage (SP) values of different market type peanuts 

were determined to be statistically significant in terms of variety, year and 

interaction in three-year average (Table 3). According to the three-year 

average, the highest SP (78.54%) was obtained from Runner type while the 

lowest SP (64.09%) was from Virginia type of peanut (Table 4). The highest 

SP values were determined to be from Runner type peanuts than other market 

types. 

The SP values in Runner and Spanish type peanuts were determined to 

be greater than 70%. Since the pods of Runner and Spanish type peanuts were 

small and those market types were early, their SP values were higher 

compared to other market types. Arioglu (2014) reported that it affects SP in 

peanut varieties, vegetation period, maturity index and growing conditions. 

On the other hands, SP of peanut are influenced by several groups of factors 

including environmental factors, genetic factors and interaction of these 

factors (Isleib et al., 2008). In many studies, reported that Runner type of 

peanuts have higher SP than other market type of peanuts. These results were 

agreement with the findings of Halder & Panda (2014), Gulluoglu et al. 

(2017), Kumar et al. (2017), Zapata et al. (2017), Zuza et al. (2017), Arıoglu 

et al. (2018), Asık et al. (2018).  

There was statistically significant differences in harvest maturity index 

(HMI) values between different market types of peanuts (Table 3). According 

to the three-year average values, the HMI in the peanut varieties varied 

between 55.75-58.70%. As can be seen from Table 4, the highest HMI was 

found in Valencia type (58.70%) and the lowest was in Virginia type 

(55.75%). As can be seen from these values, HMI values were found higher 

in early market types of peanuts.  

The HMI of peanuts is determined according to the “Shell out” method. 

The HMI is a value that determines what percentage of the pods formed in a 

plant at harvest time reaches harvest maturity. Low or high of this value 

affects pod yield and quality. Therefore, when the harvest time approaches, it 

should be checked whether the crop grown in the field reaches harvest 

maturity considering the growing period (Bakal & Arıoglu, 2020). Arıoglu et 

al. (2018), in a study they conducted in the Cukurova region, reported that the 

HWI values in different market types varied between 55.0-68.2%, and this 

value was higher in early varieties (G.Red in Valencia market type peanut 

variety). The findings obtained in this study in terms of HMI values is 



supported by the findings of Tuncer (1985), Arslan (2005), Gulluoglu et al. 

(2016), Gulluoglu et al. (2017), Arıoglu et al. (2018). 

There was a statistically significant difference in pod yield (PY) values 

among the different market type of peanut, variety, years and interaction in 

three years-average (Table 3). The PY values of peanut varieties varied 

between 3852-7522 kg ha-1. The PY values were Virginia (7522 kg ha-1), 

Runner (5903 kg ha-1), Valencia (5049 kg ha-1) and Spanish (3852 kg ha-1) 

market type of peanut varieties, respectively. The differences between the 

different market types of peanut varieties for the kernel yield (KY) were 

statistically significant (Table 3). The KY values were Virginia (4819 kg ha-

1), Runner (4636 kg ha-1), Valencia (3417 kg ha-1) and Spanish (2786 kg ha-1) 

market type of peanut varieties, respectively. The KY was obtained in the 

highest Virginia type and the lowest in Spanish type. Although the SP of 

varieties in the Runner and Spanish types were high, the KY was low due to 

the low PY (Table 4).  

The PY obtained in peanuts were higher, since the pods and seeds in 

the Virginia market types was larger. Although the PN value was also 

effective on yield, the PW was more effective than the PN. Peanut PY is 

calculated by multiplying the plant number per unit area x pod weight per 

plant. In this research, the pod weight per plant of peanut varieties was higher 

in Virginia type than in other market types of peanuts (Table 4). Indeed, in 

this study, this situation emerged clearly. The aim of peanut farming is to 

obtain high pod yields and quality products. In order to achieve this, it is 

necessary to select the varieties with high yield potential and to make the 

necessary applications on time and in accordance with the technique during 

the growing period. In addition, environmental factors should be appropriate 

throughout the growing period. Otherwise, it is not possible to reach the 

expected high yield level and product quality. Cox (1979), Caliskan et al. 

(2008) and Arioglu et al. (2018) indicated that crop management practices 

such as cultivar selection, time of sowing and growing period of varieties may 

influence the growth, yield and seed quality of peanut. The PY values of the 

varieties according to the growing conditions are due to their different genetic 

factors and being affected by environmental factors differently. The findings 

obtained in this study was supported by the findings obtained from some 

studies (Arioglu & Isler, 1990b; Asubio et al., 2008; Canavar & Kaynak, 2008; 

Abouziena et al., 2009; Sarkees, 2015; Sogut et al., 2016). Peanut KY value 

is calculated by multiplying the PY x SP. For this reason, it Is not enough to 

only have high PY in order to have high KY. SP values should also be high. 

As can be seen from Table 4; since the Runner market type had a high the SP, 

while the PY difference between Virginia market type and Runner market type 

was 1618 kg ha-1, the KY difference was 183 kg ha-1. Indeed, in this study it 

emerged clear that KY changed depending on PY and SP. Similar findings 



have been reported on peanut by Laurence (1983), Naab et al. (2004), Caliskan 

et al. (2008), Canavar & Kaynak (2008), Abouziena et al. (2009), Gulluoglu 

et al. (2017) and Arioglu et al. (2018).  

 

4.2. Correlation Between Agronomic Traits 

Results of correlation analysis between all agronomic traits in all 

market types of peanut were showed in Table 5.  

The PN showed significant and positive correlation with PW (r = 

0.7157), SP (r = 0.7157) and PY (r = 0.7157) traits. On the other hands, it 

showed significant and negative correlation with HPW (r = -0.7887) and HSW 

(r = -0.6334) and non-significant correlation with HMI and KY. When the PN 

between and HWP and HSP correlation coefficient values were analyzed, it 

had been significant and positive. Because, as the PN increases, the PW 

increases, which affects the total PY positively. Since Runner market type of 

peanuts developed spreading and produce more branches, they form many 

pods. As it can be seen in Table 4, although PN values were the highest Runner 

market type, the seeds and pods were less heaver compared to other market 

types, since the seeds and pods are small. For this reasons, the correlation 

coefficient between PN and HWP and HSP were negative. 

Table 5. Correlation analysis results between peanuts in all agronomic characteristics 

in different market types 

PN: Pod Number (no. plant-1); PW: Pod Weight (g plant-1); HPW: 100 Pod 

Weight (g); HSW: 100 Seed Weight (g); SP: Shelling Percentage (%); HMI: 

Harvesting Maturity Index (%); PY: Pod Yield (kg ha-1); KY: Kernel Yield (kg ha-1), 

**Significant differences are shown at P < 0.01 

 

The PW showed significant and positive correlation with HPW (r = 0. 

6903), HSW (r = 0. 8265), SP (r = 0.7077), PY (r = 0.9848) and KY (r = 

0.9078) traits. No significant correlation was found between the PW value and 

the HMI values. When the PW correlation coefficient values were analyzed, 

it was understood that PY and KY were very much affected by PW. If the 

peanuts are too heavy the pods and seeds, the yield from the unit area will be 

 PN PW HPW HSW SP HMI PY 

PW  0.7157**       

HPW -0.7887** 0.6903**      

HSW -0.6334** 0.8265** 0.9686**     

SP  0.8868** 0.4077 0.8972**  0.8345**    

HMI -0.2565 0.3455 0.0068 -0.1581 0.6217**   

PY  0.7927** 0.9848** 0.6646**  0.8049** 0.8819** 0.3212  

KY  0.2414 0.9078** 0.3767  0.8466** 0.7269** 0.2956 0.9228** 



higher. Since Virginia market type peanuts were larger than other market 

types, the pod and kernel yield values of Virginia type peanuts were higher. 

With this study, this situation was clearly demonstrated.  

The HPW and the HSW showed significant and positive correlation 

with all agronomic trails except with HMI. As it can be seen Table 5, the 

correlation coefficient between HPW and HSP were quite large value (r = 

0.9686). Since the seeds were formed in the pods, the weight of the seeds 

increased as the pod size grows. When the HPW and the HSP correlation 

coefficient values were analyzed, it was understood that SP, PY and KY were 

very much affected by both. As HSP increased, SP increased as the seeds in 

the pods would increase seed weight. HPW also increased due to the increased 

in HSW. Therefore, PY and KY increased by being positively affected by 

these situations.  

The SP showed significant and positive correlation with all agronomic 

traits. As it can be seen Table 5, the correlation between SP and HMI was 

significant and positive (r = 0.6217). The SP was an important quality 

parameter in peanuts. Seed formation of early varieties was faster than late 

varieties in peanuts. Since the seed development in the pod was more in early 

peanut varieties, SP increased. Therefore, the correlation between SP and HMI 

was significant and positive. The correlation between SP and PY (r = 0.8819) 

and KY (r = 0.7269) were significant and positive. Since KY was calculated 

by multiplying PY with SP, KY increased with increasing SP. In addition, as 

SP increases, peanut seed and pod weights increase. PY was positively 

affected by these situations. 

 

4.3. Quality Traits 

As it can be seen Table 6, three-year average oil content (OC) of 

different market type peanut varieties were Runner type 51.28%, Spanish type 

50.54%, Virginia type 49.87% and Valencia type 45.38%. Depending on OC 

values, protein content (PC) values varied similarly. In this research, the 

results indicated that the highest PC value was Valencia type (26.41%) 

followed by Virginia type (25.52%), Spanish type (25.36%) and Runner type 

(23.35%) (Table 5).  

The OC and the PC vary depending on the market types of peanuts, the 

genetic factors and environmental factors (Court et al., 1984; Lu et al., 1997; 

Sattayarak, 1997). In general, cultivars belonging to Runner type tend to have 

higher oil content than other market types of peanuts. Similar results were 

obtained when the data of the OC and PC in this study were analyzed. Many 

researcher reported that the oil content values of peanut varieties in different 

market types showed that they ranged from 42.0-53.8% in the Spanish type, 

45.0-52.6% in the Virginia type, 41.2-53.6% in the Runner type and 43.0-



48.0% in the Valencia type (Savage & Keenan, 1994; Asubio et al., 2008; 

Calıskan et al., 2008; Onemlı, 2012; Wang et al., 2013; Gulluoglu et al., 2017; 

Arioglu et al., 2018). On the other hand, since the PC value and OC value are 

inversely correlated, protein values are generally higher in Valencia types 

(Court et al., 1984; Nagaraj et al., 1991).  

 

Table 6. Quality characteristics of different market type peanut varieties in three-year 

average values 

Quality Traits 
Market Type  

Virginia Runner Spanish Valencia LSD 

Oil Content (%) 49.87 c 51.28 a 50.54 b 45.38 d 0.530 

Protein Content (%) 25.52 b 23.38 c 25.36 b 26.41 a 0.796 

Palmitic Acid (C16:0) (%) 10.04 d 11.25 c 12.68 a 12.22 b 0.171 

Stearic Acid (C18:0) (%) 3.10 b 2.32 c 3.36 a 3.29 a 0.172 

Oleic Acid (C18:1) (%) 51.97 a 47.01 b 37.46 d 42.68 c 0.911 

Linoleic Acid (C18:2) (%) 27.20 d 31.20 c 38.68 a 34.60 b 0.466 

O/L Ration (%) 1.91 a 1.50 b 0.97 d 1.23 c 0.041 

Iodine Value  91.80 d 94.47 c 99.23 a 96.63 b 0.506 

 

The differences between the market types of peanut varieties for the 

fatty acid values were statistically significant in three-year average (Table 3). 

The major saturated (palmitic and stearic acid) and unsaturated (oleic and 

linoleic acid) fatty acids in peanut oil composition values of different market 

type peanut varieties in three years average was given in Table 6. As it can be 

seen Table 6, three-year average palmitic acid percentage was 10.04% in 

Virginia type, 11.25% in Runner types, 12.68% in Spanish type and 12.22% 

in Valencia type, while the percentage of Stearic acid percentage was 3.10% 

in Virginia type, 2.32% in Runner types, 3.36% in Spanish type and 3.29% in 

Valencia type, respectively. It was determined that the total amount of 

saturated fatty acid was higher in Spanish and Valencia market type of peanuts 

than Virginia and Runner market type of peanuts. When the proportions of 

unsaturated fatty acids (oleic and linoleic acid) were examined, three-year 

average oleic acid percentage was 51.97% in Virginia type, 47.01% in Runner 

types, 37.46% in Spanish type and 42.68% in Valencia type, while the 

percentage of linoleic acid percentage was 27.20% in Virginia type, 31.20% 

in Runner types, 38.68% in Spanish type and 34.60% in Valencia type, 

respectively (Table 6). It was determined that the total amount of unsaturated 

fatty acid was higher in Virginia and Runner market type of peanuts than 

Spanish and Valencia market type of peanuts.  

The nutritive value of peanut oil is associated with its fatty acid 

composition, a major determining factor for oil quality. Unsaturated fatty 



acids make up 75-80% of the total fatty acids of peanut oil. For this reason, 

the nutritional value and oil quality of peanut oil is quite high. Various factors 

such as market types of peanuts, environmental factors (Brown et al. 1975; 

Sanders 1982), growing conditions and harvest time (Bakal and Arioglu, 

2019) have been found to affect the fatty acid composition of peanut oil. 

Important factors influencing fatty acid composition are the variety and 

genetics factor (Gecgel et al., 2007). Similar results were obtained in many 

studies on fatty acids composition (Grosso & Guzman, 1995; Hinds, 1995; 

Onemlı, 2011; Chowdhury et al., 2015; Gulluoglu et al., 2017; Arioglu et al., 

2018; Asık et al., 2018; Bakal & Arioglu, 2019).  

As it can be seen in Table 3, the differences between the market types 

of peanut varieties for the O/L ratio and iodine value (IV) were statistically 

significant in three-year average. The O/L ratio and IV in peanut oil 

composition of different market type peanut varieties in three years average 

was given in Table 6. As it can be seen Table 5, three-year average O/L ratio 

was 1.91% in Virginia type, 1.50% in Runner types, 0.97% in Spanish type 

and 1.23% in Valencia type, respectively. The highest O/L ratio value was 

obtained from Virginia market type compared to other market types of peanut. 

As it can be seen IV in Table 6, the highest IV (99.23) was obtained from 

Spanish market type while the lowest IV (91.80) was from Virginia market 

type of peanut.  

The ratio of oleic acid to linoleic acid (O/L ratio) and iodine values (IV) 

determine the nutritional quality, storability and shelf-life of peanut oil and its 

products. A high oleic to linoleic (O/L) acid ratio (>10:1) in peanut results an 

increased self-life (up to 10 times) and improved flavor when compared to a 

normal O/L ratio (1.5/1). In addition, the iodine value was used to determine 

the degree of unsaturated fatty acid and the stability of peanut oil. High O/L 

ratio and low IV value generally indicate good stability and long shelf-life 

(Young & Worthington, 1974; Chaiyadee et al., 2013; Chamberlin et al., 2014; 

Escobedo et al., 2015). These results were in agreement with the findings of 

How and Young (1983), Raheja et al. (1987), Hashim et al. (1993), Hinds 

(1995), Andersen & Gorbet (2002), Chaiyadee et al. (2013), Chamberline et 

al. (2014), Chowdhury et al. (2015), Gulluoglu et al. (2016), Arioglu et al. 

(2018) and Bakal & Arioglu, (2019) were indicated similar results. 

 

4.4. Correlation between Quality Traits 

Results of correlation analysis between all quality traits in all market 

types of peanut were showed in Table 7.  

 



Table 7. Correlation analysis results between peanuts in all quality characteristics in 

different market types 

 OC PC C16:0 C18:0 C18:1 C18:2 O/L 

PC -0.7177**       

C16:0 -0.2778  0.3308      

C18:0 -0.5110**  0.8577**  0.3685     

C18:1  0.1573 -0.3185 -0.9338** -0.4189    

C18:2 -0.1566  0.3165  0.9419**  0.4264 -0.9943**   

O/L  0.1927 -0.2799 -0.9467** -0.3596  0.9881** -0.9917**  

IV -0.1562  0.3103  0.9297**  0.4196 -0.9793**  0.9902** -0.9837** 

OC: Oil Content (%); PC: Protein Content (%); C16:0: Palmitic Acid; C18.0: Stearic 

Acid; C18:1: Oleic Acid; C18:2: Linoleic Acid; O/L: Oleic Acid/Linoleic Acid; IV: 

Iodine Value, **Significant differences are shown at P < 0.01 

 

The OC showed significant and negative correlation with PC (r = -

0.7177) and C18:0 (r = -0.5110) traits. On the other hands, it showed non-

significant correlation with other fatty acids, O/L ration and IV. Peanuts have 

an important place among oilseed plants due to the high rate of oil (45-55%) 

in their seeds (Arioglu, 2014). In addition to its high oil content, it contains 

18-26% protein. While the oil percentage was increased, the protein 

percentage was decreased. Many studies have found that there is a negative 

correlation between OC and PC (Tai and Young, 1974; Sepulveda and 

Pancholy, 1980; Wynne and Gregory, 1981).  

The C16:0 showed significant and positive correlation with C18:2 (r = 

0.9419) and IV (r = 0.9297) traits. But, it showed significant and negative 

correlation with C18:1 (r = -0.9338) and O/L value (r = -0.9297). When C16:0 

correlation coefficient values were analyzed, it, an unsaturated fatty acid, 

caused an increase in C18:1 and IV and a decrease in C18:1 and O/L value. 

As it can be seen Table 7, The C18:1 showed significant and negative 

correlation with C18:2 (r = -0.9943) and IV (r = -0.9793) traits. In peanut oil, 

C18:1 and C18:2 fatty acids turn into one another depending on the 

temperature difference day and night. When night temperatures are low, C18:2 

fatty acid is synthesized and the synthesized C18:2 fatty acid is converted to 

C18:1 fatty acid according to daytime temperatures. Therefore, there was an 

inverse correlation between C18:1 and C18:2. With this study, the accuracy 

of this result has been proved. On the other hands, it showed significant and 

positive correlation with O/L (r = 0.9881) traits. Since O/L and IV values were 

calculated by C18:1 and C18:2 ratio, C18:1 increased with increasing O/L 

value, on the contrary, IV value decreased. The same was actual in the 

relationship of correlation 18.2 with O/L and IV. While C18:2 showed 

significant and negative correlation with O/L ratio, it showed significant and 

positive correlation with IV. 

 



5. CONCLUSION 

As a result of this study, it has been determined that different types of 

market peanuts have important effects on the important agricultural and 

quality characteristics of peanut farming, which has an important place for the 

Mediterranean region. It was determined that the most suitable variety in the 

main crop peanut farming in Cukurova region was Virginia market type of 

peanut variety (Halisbey), which was superior in terms of many agronomic 

and quality characteristics. It was concluded that G.Green variety, which is 

included in the Runner market type, could be grown in the Cukurova region 

because of its high yield potential and on the other hand, the varieties in the 

other market types were weak in terms of yield and quality characteristics of 

peanut. 

It was determined that the total saturated fatty acid was higher in 

Spanish and Valencia market types. On the other hand, the total unsaturated 

fatty acid was higher in Virginia and Runner market types. When the quality 

characteristics were investigate, it was revealed that Virginia market type 

given better results since it was higher in terms of pod yield. It was determined 

that the Runner market type was alternative to the Virginia type, and all the 

traits of Spanish and Valencia market type were far behind than other types. 
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1.INTRODUCTION 

Among the nuts and oilseeds, peanuts are among the well-known 

sources of phenolic compounds (Alasalvar & Bolling, 2015). Peanuts were 

originally grown in South America; It is common in many tropical and 

subtropical regions of the world, especially in Asia, America, and Africa 

(Bertioli et al., 2011). Today, peanuts are consumed in almost all countries, 

thanks to their unique flavor and versatility in processing. According to the 

report of the United States Department of Agriculture, peanut production has 

increased. China leads the way in production, followed by India, Nigeria, and 

the United States, respectively (World Agricultural Production | USDA 

Foreign Agricultural Service, 2022).  

It has also been proven that phenolics and/or polyphenolics, which have 

beneficial effects on health through the prevention of cardiovascular diseases, 

diabetes, and obesity, have anticancer, anti-inflammatory, and antimicrobial 

effects (Lin et al.., 2016; Shahidi & Ambigaipalan, 2015). The increase in 

peanut production has also increased the peanut by-products formed as a result 

of their processing and made research on the use of these products, which are 

rich in bioactive components, encouraged. Especially processes such as drying 

and bleaching applied to peanuts increase the antioxidant and antimicrobial 

activities of the polyphenols in the peanut content (Chukwumah et al., 2009). 

In this study, the properties and health effects of polyphenols, which give 

peanuts bioactive properties, were investigated. 

 

2. PEANUT 

2.1. History of Peanuts 

The peanut, named Arachis hypogaea L., is grown on sandy soils and 

is found in grasslands, open forest areas, and temporarily flooded areas 

(Bertioli et al., 2011). Peanuts, whose history dates back to the time of the 

ancient Peruvian Indicates, were a part of religious ceremonies at that time 

and were presented to the sun god. Peanuts are called ynchic by these societies. 

The civil war that started in America in the 1860s brought the modern history 

of peanuts, to begin with. George Washington, who developed more than 300 

products derived from peanuts, has been described as the father of the peanut 

industry (Carver, 1925). In the 1890s, peanut butter was introduced by Doctor 

St. for people with weak teeth to consume as a soft protein source. 

Recommended by Louis. Having patented the peanut flour preparation 

process in 1895, Dr. Peanut flour was used by John Harvey Kellogg to serve 

the soldiers. In the early 1900s, John Mariana applied the oil-roasting process 

of in-shell peanuts, according to the "American Encyclopedia of Food and 

Drink," and the roasted peanuts were packaged in airtight bags. In 1928, 



Rosenfield J started its brand of peanut butter production process by licensing 

its peanut butter to Peter Pan peanut butter manufacturers. In this way, peanut 

butter became commercialized and popular in America, and peanut butter 

began to spread all over the world (Shahidi & Ambigaipalan, 2015).  

 

2.2. Composition of Peanuts 

Peanuts, which are rich in fiber, which is a complex carbohydrate, do 

not contain cholesterol. The crude protein value of peanut seeds is 22-30%, 

and thanks to the high protein content in its structure, it is preferred especially 

for vegetarian and vegan people to fill the protein deficit (Mutegi et al., 2013).  

The presence of 50% oil in the structure of peanut, an oily seed, has 

caused peanuts to be described as an unhealthy food in previous years. 

However, recent studies have made it preferable to consume peanuts, as they 

illuminate the beneficial effects of peanuts on health (Toomer, 2017; Zhao et 

al., 2012).  

The energy and nutrient composition of peanuts is given in Table 1 

(United States Department of Agriculture (USDA), 2018).  

  

Table 1. Energy and nutrient composition of raw peanuts (100 g) (United States 

Department of Agriculture (USDA), 2018)  

Energy and Nutrients Quantity 

Energy (kcal) 567 

Protein (g) 25,8 

Fat (g) 49,24 

Carbs (g) 16,13 

Cholesterol (mg)   - 

Polyunsaturated fatty acid (g) 15,558 

Monounsaturated fatty acid (g) 24,426 

Saturated fatty acid (g) 6,279 

Pulp (g) 8,5 

Folate (µg)   240 

Iron (mg) 4,58 

Selenium ( µg) 7,2 

Phosphorus (mg) 376 

Thiamine (mg) 0,64 

Sodium (mg) 18 

Vitamin B6 (mg) 0,348 

Copper (mg) 1,144 

Magnesium (mg)   168 

Potassium (mg)   705 

Riboflavin (mg) 0,135 

Vitamin E (alpha-tocopherol) 8,33 

Zinc (mg) 3,27 

Calcium (mg) 92 

Niacin (mg) 12,066 



2.3. Phenolic Compounds in Peanut Shell 

Peanuts usually consist of an outer shell containing two kernels. Each 

of these structures is surrounded by a thin, paper-like membrane known as the 

peanut shell. For the production of peanuts, shelled raw peanut kernels are 

obtained by the bleaching process. This process; is carried out by exposing the 

shelled raw peanut kernels to short-term, light dry heat treatment and 

mechanical abrasion. Peanut shells are also rich in bioactive components, 

polyphenols (Zhao et al., 2012).  

Figure 1 shows the chemical structures of the main types of phenolic 

compounds in peanut shell extracts. It has been observed that the composition 

of peanuts changes depending on the extraction methods and solvents applied. 

It has been accepted that the chemical profiles and total phenol content of 

pistachio species, which vary according to the shell color, also differ (Attree 

et al., 2015; Chukwumah et al., 2009; Shem-Tov et al., 2011). 

 

Proanthocyanidins 

Peanut shell phenolics are mostly 

oligomeric proanthocyanidins. 
These refer to dimer and trimer 

polymerizations of flavanol 

(flavan-3ol) subunits (especially 

catechin or epicatechin) linked via 

carbon bonds between flavans. 
The most common 

proanthocyanidins found in 

peanut shells are homo-oligomeric 
catechin or epicatechin. 

 

Flavanoller 

(Epi) Kateşin 

epigallokateşin 

epikateşin 
gallat 

epigallokateşin 

gallat 

 

 

Flavonoids 

The most abundant monomeric 

flavonoids in peanuts; flavanols 
are catechin and epicatechin. They 

present two chiral centers (C2 and 

C3); so there can be four possible 
diastereoisomers. Two of these 

have the trans configuration 

(catechins) and the other two have 

the cis configuration 

(epicatechins). 

          

   

anilik asit Kafeik asit Kumarik asit 
 

Phenolic acids 

They are minor components of 

peanut phenolic extracts. They 

can have a C6 C1 structure 
(hydroxybenzoic acid derivatives) 

or a C6 C3 structure 

(hydroxycinnamic acid 
derivatives). Vanillic, caffeic, and 

pcoumaric acids are common 

phenolic acids found in peanuts. 



 Figure 1. Main types of phenolic compounds in a peanut shell 

 

3.BIOACTIVE PROPERTIES OF PEANUT; 

POLYPHENOLS 

Studies show that peanuts and peanut shells are rich in phenolic acids 

(Francisco & Resurreccion, 2008). In addition, studies indicate that peanuts 

contain high concentrations of polyphenolic antioxidants, especially p-

coumaric acid, and this situation increases the antioxidant capacity of peanuts 

by 22% (Duncan et al., 2006). The antioxidant role of polyphenolic acids in 

roasted peanut shells has become clear as a result of studies   (Lopes et al., 

2011).  

It is stated that flavonoids, which are found in all parts of the peanut 

plant and show bioactive properties, have a protective effect against cancer 

and reduce the risk of cardiovascular diseases through various mechanisms. 

Studies on the beneficial effects of bioactive compounds on health; focus on 

peanuts and peanut butter as the main source of flavonoids, and also says that 

the types of bioactive compounds found in peanuts are the same as the types 

of bioactive compounds found in green tea, black tea, apples, red wine, and 

soybeans (Duggan et al., 2002; Francisco & Resurreccion, 2008).  

Ripe peanut shells contain rich sources of tannins, accounting for more 

than 50% of the dry weight. These tannins are called phenolic compounds 

(Hagerman & Butler, 2002). The rich tannin content in the peanut shell also 

acts as a plant protector by showing antifungal and antimicrobial effects 

(Davis et al., 2010). Polyphenols, which function as antioxidants, are easily 

absorbed from the intestinal wall and prevent cellular damage due to oxidative 

stress radicals (Gonçalves et al., 2017; Viapiana & Wesolowski, 2017).  

The hydroxyl derivative p-coumaric acid, a polyphenolic compound 

found in the peanut shell, was between 8 mg/kg and 66 mg/kg in raw peanuts, 

while this value increased to 69 mg/kg as a result of roasting peanuts (Talcott 

et al., 2005).  

 

 

  

  

trans-Resveratrol trans Piceatannol 

                              

Stilbene Derivatives 

trans-Resveratrol and trans-
piceatannol are the principal 

stilbenes (1,2-diphenylethylene) 

hydroxylated derivatives found in 
peanut shells. Resveratrol 

glucosides, coumaric and tartaric 

acid conjugates may be present as 
minor components. 



4. CONCLUSION 

Peanut, which is among oil seeds and nuts, gains a functional feature 

with the creation of various by-products. Proving the positive effects of 

bioactive compounds in peanuts on health has made them preferable. The high 

content of complex carbohydrates and amino acids in its structure makes 

peanuts attractive in terms of nutritional value. The presence of polyphenols 

rich in bioactive compounds, especially in peanut shells, increases the 

antioxidant capacity and helps in adopting protective approaches against 

diseases such as cardiovascular diseases and cancer. At the same time, it has 

been stated that peanuts can play a role in the prevention of chronic diseases 

such as obesity and diabetes, thanks to their unsaturated fatty acid content
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1. INTRODUCTION 

Peanut research (Arachis hypogaea L.) has an important option in both 

the alternation cycle and second crop cultivation in the world, because, on the 

one hand, it preserves the soil characteristics with crop rotation, on the other 

hand, it allows two crops to be grown in one production season (Barbieri at 

al., 2017). Many different hoe crops are used in rotation or as a secondary crop 

in the world, one of which is peanuts. Recently, peanut maintains its 

importance as the preferred oilseed crop after cereals, sometimes as the main 

crop in rotation and sometimes as a second crop. As in the world, peanut 

cultivation, both as the main product and as a secondary product, has an 

important place in Turkey. 

The total annual peanut production of world is nearly 49.0 million tons 

in around 25.0 million hectares of production area. The top five manufacturers 

of producer countries are respectively; it includes China, India, Nigeria, Sudan 

and the United States of America. On the other hand, Turkey is far behind in 

this ranking with 42.244 hectares production area, 164.186 tons production 

and 3.887 per hectare an average production (Anonymous 1, 2022). 

Turkey has great potential in terms of Peanut cultivation and 90% 

amount of production grown in Mediterranean region mainly in Adana and 

Osmaniye provinces. Hatay, Kahramanmaraş, Antalya and partially Şırnak are 

other provinces where peanuts are grown, respectively (Anonymous 2). Some 

areas of Mardin province are similar to these provinces in terms of climate and 

soil conditions. In this province, corn and cotton plants, which are grain and 

hoe plants, are grown alternately. However, lately, increase in costs of cotton 

cultivation and the lack of workers have completely left its place to corn in 

second crop cultivation. However, alternative products that can alternate in 

the second crop product are being researched, since the corn plant both 

exploits the soil and needs a high amount of water and increases the cost of 

electricity due to the fact that irrigation is done with pressurized systems. 

Since good results were obtained in the second peanut cultivation, which was 

carried out under farmer conditions in 2020 in Mardin.  

Multiple-cropping systems is obtaining a product from one or more 

plants during a growing season. Multiple-cropping systems for peanut have 

potential in the some places where a prolonged growing season exists (Li et 

al., 2022). Full-season of wheat production typically pushes peanut planting 

later than optimum, but a relay-intercrop (RI) system may allow peanut to be 

planted on-time while still harvesting wheat grain.  

Southeastern Anatolia Region has a very long vegetation period for 

plant cultivation due to ecological factors. Due to this feature, two products, 

the main and the second product, can be easily grown during a crop growing 



season. In this region, usually wheat and barley are grown as the main 

products. As the second crop, mostly cotton and corn cultivation are preferred. 

However, recently, due to the increase in cotton production costs, it has almost 

completely left its place to corn cultivation. Since the corn plant weakens the 

soil very much and the water is limited in this region, alternative products to 

corn cultivation are also being researched. For this reason, peanuts are also 

among the searches for a second product in the same growing season after 

wheat or barley cultivation in Mardin. For this purpose, it was studied on the 

determination suitable of peanut varieties for the second product after wheat 

and barley cultivation in Mardin. 

 

2. MATERIAL AND METHOD 

As material, a total of 10 peanut cultivars (Aysehanım, Batem-Cihangir, 

Batem-5025, Çom, Efsane Florispan, Gazipaşa, Halisbey, Masal, NC-7) were 

used in the study in 2021 growing season in Küçükköy village of 

Mardin/Artuklu province. The climatic values of growing season and long 

term average showed in Table 1. 

 

Table 1. The climatic values of growing season and long-term average. 

Months 
Temperature(°C) Precipaticion(mm) Humidity(%) 

2021 Average 2021 Average 2021 Average 

June 26.9 25.6 0 6.6 22.6 32 

July 31.3 29.8 0 3.2 21.2 27.7 

August 31 29.6 0 2.3 22.6 28.7 

September 24.8 25.3 0 4 29 32.9 

October 19.7 18.6 9.5 33.9 31.2 44.1 

Total /Mean  26.7 25.8 9.5 50.0 25.3 33.1 

www.tüik.gov.tr. 

 

As can be seen in Table 1, the precipitation amount in 2021, when the 

experiment was carried out, was lower than the long period. In the average 

temperature, it is seen that the first three months are warmer than the long-

term average, and it is cooler in September and October. When we look at the 

humidity values, it shows that the humidity rate in the growing season is lower 

than in the long years and the experiment was carried out in a dry season. 

The trial was established as a second product. After the wheat was 

harvested, the soil was processed and made ready for planting, then the seed 

bed was prepared and the peanut planted. It was established as 3 replications 

according to the Random Blocks Trial Design, and a total of 10 peanut 

varieties were used in the study. The total trial area is 481 m2, parcel 

http://www.tüik.gov.tr/


dimensions are 3 m x 2.8 m (8.4 m2); Each block consists of 10 plots and each 

plot consists of 4 rows of plants. The spacing between rows was 70 cm and 

the spacing between rows was 20 cm, 60 seeds were placed in each plot, and 

sowing was done by hand in the incisions made with a marker at a depth of 4-

6 cm. In the experiment, the distance between the blocks was arranged as 2 m 

and the distance between the parcels in each block was 1 m, and 3.6 kg/da 

pure nitrogen and 9.2 kg/da pure phosphorus were applied by giving 20 kg of 

DAP (18-46-0) with planting.  

Trial sowing was done on 07.06.2021 and 1 day after planting, 

irrigation was carried out for 6 hours with the sprintler irrigation methods. In 

the experiment, the first emergence was observed 11 days after the planting 

date. The second irrigation was carried out for 6 hours, 3 days after the first 

emergence. The first hoeing was done on 21.07.2021 and irrigation was 

carried out for 6 hours on 10.07.2021. The second hoeing was done on 

17.08.2021 and three days later, irrigation was done again for 6 hours. After 1 

week, 4-hour irrigation was performed again. Harvest was done on 

17.11.2021, the plants were left to dry in the field for 2 days and then threshed 

on 19.11.2021. 

In research, PH (plant height), NMB (number of main branches), NBP 

(number of pod per plant), SR (Shelling rate), GYP (grain yield pod of per 

plant), GYP (grain yield seed of per plant), GW (weight of 100 seeds), GY 

(grain yield of pod), GY (grain yield of seed) were examined. 

The data analyzed respectively for each location and combined by using 

the JMP 5.0. Statistical software package(SAS, 2002) and the differences 

between means were compared using a least significant difference (LSD) test 

at the 0.05 probability level (Steel, 2001).  

 

3. RESULTS AND DISCUSSION 

The combined ANOVA revealed highly significant differences among 

the cultivars for all traits (P < 0.01, P < 0.05), as shown in Table 2.  

 

Table 2. The MS of traits which examined in the study. 

Sources df PH 
 NBP 

(ea/plant) 

NMP 

(ea/plant) 

SR 

(%) 

GYP 

(pod) 

GYP 

(seed)  

GW(g) 

(100 
seed) 

GY 

(pod) 

GY  

(seed) 

Cultivar 9 39.21* 0.19* 81.12** 45.9** 548.6** 149.8** 515.19** 20841.6** 4651.7** 

Rep. 2 13.7 0.03 11.24 0.09 13.23 3.07 8.5 119.3 145.16 

Error 18 13.11 0.06 6.18 2.02 10.34 5.05 12.9 85.3 66.77 

LSD(0.05)  6.21 0.43 4.263 2.441 5.517 3.855 6.164 15.85 14.02 

CV(%)  6.3 5.07 6.82 3.44 3.45 5.79 4.07 2.35 5.05 

**: Value significant at 0.01 probability level, * Value significant at 0.05 probability 

level 



Moreover, Cultivars were found to be highly significant (P < 0.01) for 

NMP, SR, GYP(pod), GYP(seed), GW, GY(pod), GY(seed), while for PC 

PH, NMB were found significant (P < 0.05).  

Plant height: As can be seen from the table of the average values of 

plant height of the cultivars used in the study, varied between 52.5-62.1 cm 

(Table 3). Among the cultivars, the tallest cultivar with a height of 62.1 cm 

was the Batem-Cihangir, while the shortest cultivar with a height of 52.5 cm 

was observed to be the Masal variety used in the experiment. Plant height 

averages obtained in the study were higher than the averages obtained from 

Elinc and Erman, (2021), Kayantas (2015) results. The reasons why the plant 

heights obtained from this study are higher than the plant heights obtained 

from other studies; It is thought to be caused by reasons such as ecological 

factors, cultivars, planting time, amount of water and soil structure. 

  

Table 3. The means of the traits of cultivars in 2021year 

Cultivars 
Plant height 

(cm) 

Number branch of 

per plant(ea/plant) 

Number of mature 

pods (ea/plant) 

Shelling 

Ratio(%) 

Aysehanım 60.9 ac 4.73 bd 38.9 ab 43.3 bc 

Batem-Cihang. 62.1 a 5.20 a 41.4 ab 40.2 e 

Batem-5025   61.0 ab 4.67 cd 32.4 de 43.7 bc 

Çom 54.7 cd 5.13 ab 40.3 ab 40.4 de 

Efsane 53.1 d 5.07 ac 34.6 cd 41.3 ce 

Florispan 60.1 ac 5.07 ac 42.5 a 33.6 g 

Gazipaşa 56.0 ad 5.13 ab 37.3 bc 47.1 a 

Halisbey 54.9 bd 4.87 ad 27.3 f 37.0 f 

Masal 52.5 d 4.60 d 40.0 ab 42.7 bd 

NC-7 59.7 ac 4.53 d 29.7 ef 44.8 ab 

PH (plant height), NMB (number branches of per plant), NFP (Number of mature 

pods (ea/plant)), SR (kernel rate), 

 

Number of main branches: As can be seen from the table of the average 

values of main branches of the cultivars used in the study, varied between 

4.53-5.20 count (Table 3). Among the cultivars, the number of branches in the 

plant was determined at the highest number with 5.20 at the Batem-Cihangir 

variety, while the least number with 4.53 at the NC-7 variety used in the study. 

Average number of branches per plant were found to be lower than the 

averages obtained by Elinc and Erman (2021), Caliskan et al. (1998) and 

Kayantaş (2015). These differences thought to be caused by reasons such as 

ecological factors, cultivars, planting time(second crop) and soil structure. 

Number of fruits per plant; As can be seen from the table of the average 

values of NFP of the cultivars used in the study, varied between 27.3-42.5 



count(Table 3). Among the cultivars, the number of branches in the plant was 

determined at the highest number with 42.5 at the Florispan variety, while the 

least number with 27.3 at the Halisbey variety used in the study. Average 

number of branches per plant were found to be higher than the averages 

obtained by Tunçtürk et al., (2005), lower than the averages obtained by 

Caliskan et al. (1998) and Kayantaş (2015),  were foun to be similiar averages 

obtained by Elinc and Erman (2021), Cil et al. (2011) and Sogut at al.(2016). 

These differences thought to be caused by reasons such as ecological factors, 

irrigation, cultivars type, planting time(second crop) and soil structure. 

Number of shelling rate; as can be seen from the table of the average 

values of shelling rate of the cultivars used in the study, varied between 

%33.6-47.1 (Table 3). Among the cultivars, the shelling rate was determined 

at the highest number with %47.1 at the Gazipaşa variety, while the least 

shelling rate with %27.3 at the Florispan variety used in the study. Average 

shelling rate were found to be lower than the averages obtained by Boydak at 

al. (2019), Kurt at al. (2016) and Oh at al.(2020). These differences thought to 

be caused by reasons such as ecological factors, irrigation, cultivars type, 

planting time(second crop) and soil structure. 

Grain yield (pod) per plant: as can be seen from the table of the average 

values of grain yield (pod) per plant of the cultivars used in the study, varied 

between  71.7-120.0 (Table 4).  

 

Table 4. The means of the traits of cultivars in 2021year. 

Cultivars 

Grain yield per plant  

(g) 100-seed 

weight (g) 

Grain yield 

kg/ha-1 

pod seed pod seed 

Aysehanım 108.3 b 46.9 b 103.4 a 4534 c 1964 b 

Batem-Cihangir 90.0 de 36.4 de 99.3 ab 3968 d 1595 c 

Batem-5025   93.3 cd 40.6 c 80.7 c 2143 f 937 f 

Çom 89.7 de 36.3 de 85.0 c 3609 e 1452 d 

Efsane 97.5 c 40.0 cd 69.6 d 3901 d 1602 c 

Florispan 71.7 g 25.1 f 96.4 b 3504 e 1255 e 

Gazipaşa 81.0 f 37.9 ce 82.4 c 3577 e 1571 cd 

Halisbey 91.0 de 34.1 e 68.1 d 4033 d 1455 d 

Masal 120.0 a 51.3 a 96.6 b 5079 a 2143 a 

NC-7 87.7 e 39.3 cd 102.5 ab 4906 b 2207 a 

GYP (pod yield per plant), GYP (grain yield per plant), WS (weight of 100 seeds), 

GY (pod), GY (grain yield) 

 

Among the cultivars, the grain yield(pod) per plant was determined at 

the highest number with 120.0 at the Gazipaşa variety, while the least grain 



yield(pod) per plant with 71.7 at the Florispan variety used in the study. 

Average grain yield(pod) per plant were found to be lower than the averages 

obtained by were found to be higher than averages obtained Kurt at al. (2016) 

and Onat at al. (2017). These differences thought to be caused by reasons such 

as ecological factors, irrigation, cultivars type, planting time(second crop) and 

soil structure.  

Grain yield(seed) per plant: as can be seen from the table of the average 

values of grain yield(seed) per plant of the cultivars used in the study, varied 

between 25.1-51.3 g (Table 4). Among the cultivars, the grain yield(seed) per 

plant was determined at the highest number with 51.3 at the Masal variety, 

while the least grain yield(pod) per plant with 25.1 at the Florispan variety 

used in the study. Average grain yield(pod) per plant were found to be similiar 

averages obtained by Arıoğlu at al. (2018). These differences thought to be 

caused by reasons such as ecological factors, irrigation, cultivars type, 

planting time(second crop) and soil structure.  

100 seed weight; as can be seen from the table of the average values of 

seed weight of the cultivars used in the study, varied between 68.1-103.4 g 

(Table 4). Among the cultivars, the seed weight was determined at the highest 

number with 103.4 g at the Ayşehanım variety, while the least number with 

68.1 at the Halisbey variety used in the study. Average seed weight were found 

to be higher than the averages obtained by Oh at al., (2020), lower than the 

averages obtained by Arıoğlu et al. (2018) and Onat at al. (2017),  were found 

to be similiar averages obtained by Elinc and Erman (2021) and Sogut at 

al.(2016). The differences thought to be caused by reasons such as ecological 

factors, irrigation, cultivars type, planting time(second crop) and soil 

structure. 

Grain yield (pod): as can be seen from the table of the average values 

of grain yield (pod) of the cultivars used in the study, varied between 3504-

5079 kg/ha-1 (Table 4). Among the cultivars, the grain yield(pod) was obtained 

from Masal (5079 kg/ha-1) variety, while the least grain yield (pod) per plant 

was obtained from Florispan (3504 kg/ha-1) variety used in the study. Average 

grain yield (pod) were found to be higher than the averages obtained by Kurt 

at al. (2016) Bonfim at al. (2020)  and were found to be lower than the 

averages obtained by Onat at al. (2017), were found to be similiar averages 

obtained by Arıoğlu at al., (2018), Oh et al., (2020).  These differences thought 

to be caused by reasons such as ecological factors, irrigation, cultivars type, 

planting time(second crop) and soil structure. 

Grain yield (seed): as can be seen from the table of the average values 

of grain yield (seed) of the cultivars used in the study, varied between 937-

2207 kg/ha-1 (Table 2). Among the cultivars, the grain yield (seed) was 

obtained from NC-7 (5079 kg/ha-1) variety and there was not any differences 

with Masal variety, while the least grain yield(seed) per plant was obtained 



from Florispan (937 kg/ha-1) variety used in the study. Average grain 

yield(seed) were found to be lower than the averages obtained by Bonfim at 

al. (2020), Onat at al. (2017), were found to be similiar averages obtained by 

Elinc and Erman (2021), Oh et al., (2020)and Sogut at al.(2016). These 

differences thought to be caused by reasons such as ecological factors, 

irrigation, cultivars type, planting time(second crop) and soil structure. 

Genetic adaptation is the most important criterion for the successful 

production of any crop in a particular agroecological region. The results 

indicate that there are important results in terms of adaptation of peanut 

varieties to the plain conditions of Mardin province. It was observed that there 

were statistically significant differences between the cultivars in terms of both 

yield and yield components. The main factor in the formation of these 

differences can be explained by the ecological characteristics of the region, 

the reactions of the varieties used in the study and the effect of the planting 

period (second crop). Previously, by different researchers (Yolbaş, 2018) and 

Elinc and Erman (2021), it was determined that the peanuts grown in the 

region were suitable for the ecology of the region, and it was stated in the 

studies that there were significant differences depending on the applications 

and the adaptation of the cultivars. On the other hand; Elinc and Erman (2021) 

and Ijaz et al. (2021) pointed out that peanut is a species with wide adaptability 

that can be grown in arid and semi-arid ecology with or without irrigation, and 

they reported that significant yield and quality differences occur depending on 

the cultivars and planting dates. Haerani et al. (2020) reported that peanut 

genotypes developed different adaptation potentials against various biotic and 

abiotic stress factors, and accordingly, plant development and crop yield 

showed significant differences. Ramu et al. (2015) found that peanut 

genotypes with Alfalfa zinc finger 1 (Alfin1) gene activity had a higher level 

of tolerance to arid conditions, so they stated that gene activities were the 

determining factor on adaptation to the region. 

 

4. CONCLUSIONS AND RECOMMENDATIONS 

According to the results obtained from peanut grown as a second 

product after wheat in Mardin plain conditions; NC-7 and Masal cultivars 

showed high performance in terms of yield and yield traits, while Florispan 

cultivar performed poorly. Although it is grown as a second crop, more 

satisfactory results have been obtained than the results of many studies carried 

out under different conditions in terms of yield other traits. According to these 

results, it was concluded that it can be easily grow peanuts in Mardin plain 

conditions, NC-7 and Masal varieties can be recommended for cultivation. 

However, it would be beneficial to repeat the study for one more year for 

clearer recommendations. 
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1. INTRODUCTION 

As in all researches, many statistical models and programs are used to 

evaluate the data obtained from agricultural researches (Kendal, 2019). The 

important thing is to ensure that these statistical programs and models can be 

used easily by researchers and that researchers can easily reach the right 

results in a short way. Moreover, it is to discover and find statistical models 

that researchers can easily use and interpret, and to offer these models to the 

service of researchers by researching them (Yan, and Frégeau-Reid, 2018). 

For this reason, the subject of research always maintains its importance and 

up-to-datedness. Research, it is to obtain data within the scope of a scientific 

method in order to make progress on a particular subject, to resolve 

uncertainties and problems, and to analyze these data, to interpret them in a 

comprehensible way and to contribute to the source of the result for later 

researchers. 

Constantly analyzing or interpreting the data obtained from the 

researches with the same methods hinders the development of researches. For 

this reason, especially the development of science leads to the development of 

some new analysis methods (Mahmoud et al., 2020). The use of developed 

new analysis methods in the evaluation and interpretation of research results 

increases the importance of research results. It is a fact that researchers have 

recently applied Bi-plot analysis technique a lot, especially in the evaluation 

of plant breeding and variety compatibility research results (Kuo et al., 2021; 

Oppong-Sekyere et al., 2019). 

Bi-plot has attracted the attention of researchers with many evaluation 

models and is preferred to evaluate many research results (Nigam, 2008; Yan, 

and Frégeau-Reid, 2008) . Among these models, the GT (Genotype x Trait) 

biplot model is used the most. This model is also used as an alternative to the 

GGE (Genotype, Genotype x Environment) biplot to determine the trait 

profiles of genotypes(Yan, 2016). In a GT-biplot model, genotypes are 

analysed bi-directionally according to traits. One of them is designed to 

understand the differences of genotypes from each other according to traits, 

and the second is designed to understand the relations of genotypes with traits. 

In other words, genotypes can be evaluated in terms of a single trait as well as 

visually in terms of all traits. 

In this study, yield and yield components of 10 Peanut (Arachis 

hypogaea L.) varieties, which were researched after wheat as the second 

product in the plains of Mardin province, were investigated by biplot 

technique. The main aim of this study; was to see 1) what kind of relationship 

(positive-negative) there is between genotypes and traits, 2) which traits are 

in the same sector with genotypes and the trait profiles of genotypes, 3) which 

genotypes are stable according to the average data obtained from the traits 



examined, 4) which genotypes are the most ideal according to the ideal center 

created according to the average data of the traits. 

 

2. MATERIAL AND METHOD 

As material, a total of 10 peanut cultivars (Aysehanım, Batem-Cihangir, 

Batem-5025, Çom, Efsane Florispan, Gazipaşa, Halisbey, Masal, NC-7) were 

used in the study in 2021 growing season in Küçükköy village of 

Mardin/Artuklu province. The climatic values of growing season and long 

term average showed in Table 1. 

 

Table 1. The climatic values of growing season and long-term average. 

Months 
Temperature(°C) Precipaticion(mm) Humidity(%) 

2021 Average 2021 Average 2021 Average 

June 26.9 25.6 0 6.6 22.6 32 

July 31.3 29.8 0 3.2 21.2 27.7 

August 31 29.6 0 2.3 22.6 28.7 

September 24.8 25.3 0 4 29 32.9 

October 19.7 18.6 9.5 33.9 31.2 44.1 

Total /Mean  26.7 25.8 9.5 50.0 25.3 33.1 

www.tüik.gov.tr. 

 

As can be seen in Table 1, the precipitation amount in 2021, when the 

experiment was carried out, was lower than the long period. In the average 

temperature, it is seen that the first three months are warmer than the long-

term average, and it is cooler in September and October. When we look at the 

humidity values, it shows that the humidity rate in the growing season is lower 

than in the long years and the experiment was carried out in a dry season. 

The trial was established as a second product. After the wheat was 

harvested, the soil was processed and made ready for planting, then the seed 

bed was prepared and the peanut planted. It was established as 3 replications 

according to the Random Blocks Trial Design, and a total of 10 peanut 

varieties were used in the study. The total trial area is 481 m2, parcel 

dimensions are 3 m x 2.8 m (8.4 m2); Each block consists of 10 plots and each 

plot consists of 4 rows of plants. The spacing between rows was 70 cm and 

the55paceng between rows was 20 cm, 60 seeds were placed in each plot, and 

sowing was done by hand in the incisions made with a marker at a depth of 4-

6 cm. In the experiment, the distance between the blocks was arranged as 2 m 

and the distance between the parcels in each block was 1 m, and 3.6 kg/da 

http://www.tüik.gov.tr/


pure nitrogen and 9.2 kg/da pure phosphorus were applied by giving 20 kg of 

DAP (18-46-0) with planting.  

Trial sowing was done on 07.06.2021 and 1 day after planting, 

irrigation was carried out for 6 hours with the sprintler irrigation methods. In 

the experiment, the first emergence was observed 11 days after the planting 

date. The second irrigation was carried out for 6 hours, 3 days after the first 

emergence. The first hoeing was done on 21.07.2021 and irrigation was 

carried out for 6 hours on 10.07.2021. The second hoeing was done on 

17.08.2021 and three days later, irrigation was done again for 6 hours. After 1 

week, 4-hour irrigation was performed again. Harvest was done on 

17.11.2021, the plants were left to dry in the field for 2 days and then threshed 

on 19.11.2021. 

In research, PH (plant height), NMB (number of main branches), NBP 

(number of pod per plant), SR (Shelling rate), GYP (grain yield pod of per 

plant), GYP (grain yield seed of per plant), GW (weight of 100 seeds), GY 

(grain yield of pod), GY (grain yield of seed) were examined. 

The data analyzed respectively for each location and combined by using 

the JMP 5.0. Statistical software package(SAS, 2002) and the differences 

between means were compared using a least significant difference (LSD) test 

at the 0.05 probability level (Steel, 2001).  

 

3. RESULTS AND DISCUSSION 

The results were analyzed with graphs in terms of the average 

data(Table 1) of cultivars and traits used in the study and the correlations 

among traits showed in Table 2.  

 

Table 3. The means of the traits of cultivars in 2021year 

Cultivars 
PH 

(cm) 

NMB 

(ea/plant

) 

NBP 

(ea/plant

) 

SR 

(%) 

GY(ea/plant) WG 

(100 seeds) 

GY(kg/ha-1)) 

pod seed pod seed 

Aysehanım 60.9 4.73 38.9 43.3 108.3 46.9 103.4 4534 1964 

Batem-Cihang. 62.1 5.20 41.4 40.2 90.0 36.4 99.3 3968 1595 

Batem-5025   61.0 4.67 32.4 43.7 93.3 40.6 80.7 2143 937 

Çom 54.7 5.13 40.3 40.4 89.7 36.3 85.0 3609 1452 

Efsane 53.1 5.07 34.6 41.3 97.5 40.0 69.6 3901 1602 

Florispan 60.1 5.07 42.5 33.6 71.7 25.1 96.4 3504 1255 

Gazipaşa 56.0 5.13 37.3 47.1 81.0 37.9 82.4 3577 1571 

Halisbey 54.9 4.87 27.3 37.0 91.0 34.1 68.1 4033 1455 

Masal 52.5 4.60 40.0 42.7 120.0 51.3 96.6 5079 2143 

NC-7 59.7 4.53 29.7 44.8 87.7 39.3 102.5 4906 2207 



PH (plant height), NMB (number of main branches), NBP (number of pod per plant), 

SR (Shelling rate), GYP (grain yield pod of per plant), GYP (grain yield seed of per 

plant), GW (weight of 100 seeds), GY (grain yield of pod), GY (grain yield of seed) 

were examined. 

 

In the analysis, the two-dimensional PCA score constituted 63.68% of 

the total variation, while PC2 included 42.45% and PCI 21.24%, respectively. 

With the biplot technique, the relationship between GT (genotype x trait) were 

examined visually by different figures. The GT Bi-plot showed that, 1) what 

kind of relationship (positive-negative) there is between genotypes and traits, 

2) which traits are in the same sector with genotypes and the trait profiles of 

genotypes, 3) which genotypes are stable according to the average data 

obtained from the traits examined, 4) which genotypes are the most ideal 

according to the ideal center created according to the average data of the traits. 

With these graphics, the cultivars used in the study were examined in terms of 

the examined traits. 

 

Table 2. The correlations among traits which examined in the study. 

  PH(cm) 
 NMP 

(ea/plant) 

NBP 

(ea/plant) 

SR 

(%) 

GYP 

(pod) 

GYP 

(seed)  

GW 

(g/100 

seed) 

GY 

(pod 

(kg/ha) 

 NMP(ea/plant) -0.062        
NBP(ea/plant) 0.1216 0.4723             

SR(%) -0.0328 -0.3375 -0.1884           

GYP(pod) -0.3414 -0.5276 0.0174 0.3398*         

GYP(seed)  -0.2569 -0.5726 -0.0308 0.6676 0.9246**       

GW(g/100 seed) 0.5608 -0.2853 0.4989 0.1204 0.1333 0.2029     

GY(pod(kg/ha) -0.2754 -0.326 0.0365 0.1028 0.4788 0.4318 0.4546   

GY (seed/kg/ha) -0.2004 -0.4368 0.0026 0.381 0.53 0.5868 0.5248 0.9518** 

**: Value significant at 0.01 probability level, * Value significant at 0.05 probability 

level, PH (plant height), NMB (number of main branches), NBP (number of pod per 

plant), SR (Shelling rate), GYP (grain yield pod of per plant), GYP (grain yield seed 

of per plant), GW (weight of 100 seeds), GY (grain yield of pod), GY (grain yield of 

seed) were examined. 

 

Sector analysis (Figure 1) shows how genotypes and traits are grouped 

by creating regions over the average data of traits (Fig. 1).  

In Figure 1, each segment of the x curve starting from 0.0 in the positive 

direction and dividing the graph with thick curves towards the center of the 

graph is called a sector and continues as 1, 2, 3… to the right. Masal and NC-

7 cultivars located in first sector(1) and correlated with GYP(pod), 

GYP(seed), GY(pod) and GY(seed); Ayşehanım located in sector 2 and  



correlated with  WG/100 seed); Florispan, Batem-Cihangir and Çom cultivars 

located in sector 3 and correlated with NMB, PH and NPB traits; Gazipaşa, 

Batem-5025, Efsane and Halisbey, located in sector 4 and did not correlated 

with any traits, it means that these four cultivars have poor results in terms of 

traits. The Masal variety located in top of angle sector 1, Ayşehanım in sector 

2, Florispan in sector 3 and Halisbey in sector 4. In particular, it proves that 

the varieties located at the corner of the triangle in each sector are more 

effective than other varieties and have good results in the sector. According to 

these results, the varieties should be preferred which located side of the yield 

and yield traits. On the other hand; it can be say that the cultivars used in the 

study which located in different sectors, it can be said that and these cultivars 

genetically far from each other, and they are genetically closer to each other 

if they are located in the same sector. 

 

 

Figure 1. Sector analysis and grouping of circles based on the averages of traits 

 

In addition, genotypes (Masal, Ayşehanım, Florispan and Halisbey) 

located in the center of the triangle in each sector mean that they are more 

dominant than other genotypes in the sector they are located. Kendal (2015)’ 

sector biplot plot is called polygon and is highly based on original data. In 

addition, Letta et al. (2008)’ reported that the results of the sector analysis can 

be easily recommended. Kizilgeçi et al., (2019) and Chinipardaz et al., (2016) 

reported that if the genotypes and environments are located in different 

sectors, there is a negative relationship if they are located in the same sector, 



a positive relationship if they are located in the same sector, and a mixed 

interaction if all of them are located in the same sector. 

The scatter plot (Figure 2), show the relationships between genotypes 

and traits over the average data of the traits. It is possible to see two-way 

results in this figure. The first is the correlations between traits. In this graph, 

there is a high positive correlation (Gypod and Gyseed), when the angle of 

triangle between the vectors of the traits gets narrower. On the other hand, 

when the angle of triangle value is more than 900 degrees (SI and Gypod), then 

the relationship of these traits are weakens. Also there is a negative 

relationship (SI and NMB), when the angle of triangle value is more than 1000 

degrees. When we observe all the traits on the graph, we can see the 

correlations among traits. Therefore there is high correlations among SI, 

Gypod, Gyseed, GYPpod, GYPseed and between NPB,TH, while negative 

correlations between NMB and GY-Traits(SI, Gypod, Gyseed, GYPpod, 

GYPseed)(Table 2). 

 

 

Figure 2. The figure show genotype-trait and relations between traits 

 

Some researchers had same results like these results and Sanogo et al., 

(2019)’ reported that there is high correlations between pod yield and grain 

yield. The second is the relationship cultivars-traits. The cultivars located near 

of the traits, related with them, as Masal and NC-7 varieties which have good 

result based on value of average traits. On the other hand, Batem-Cihangir 

variety related with PH and NPB traits. Other traits (Masal, Ayşehanım, 



Florispan and Halisbey) did not correlated with any traits, because they were 

located independent area. In selection, the GT biplot technique makes it easy 

for us to visually interpret the relationships. It is possible to say that the longer 

the vectors showing the traits, the higher the special adaptive abilities (ie, in 

terms of specific properties), and the shorter the general adaptive abilities (i.e., 

most of the cultivars in terms of traits). Many researchers have stated in 

different studies that there is a positive relationship between the vectors of two 

features as the angle value (>0--<90o) gets narrower, and a negative 

relationship as the angle value (90o>-<180o) increases (Mohammadi and 

Amri, 2011). 

The Ranking biplot (Figure 3) method shows the stability of the 

cultivars and the most suitable cultivars over the average of all traits. This 

graph is usually explained by two curves (vertical and horizontal, indicated by 

arrows) that are created over the average of all traits. The horizontal curve 

shows the mean of the traits, and the vertical curve with the arrow shows the 

stability of the cultivars in terms of the mean of all traits. In this graph, it is 

seen that Ayşehanım and NC-7 located the center of stable, it mean that these 

two cultivars are most stable based on average of traits, while Masal and 

Cihangir-Batem are favorable cultivars in terms of the average of all traits, 

because these two cultivars proved to be quite far from the stable line. On the 

other hand; Efsane, Batem-5025, Gazipaşa, Florispan, Halisbey cultivars are 

unfavorable, because they are located under mean line of average traits.  

 

 

Figure 3. The figure show stability of cultivars based on mean of traits 



Therefore, Ayşehanim, NC-7 and Masal varieties can be advise to 

Mardin plane conditions for cultivation. The researchers reported that this 

model is a good model to see and select visually stable cultivars in breeding 

studies and constitutes an exemplary model (Mohammadi and Amri, 2011; 

Mohammadi, 2019). 

Comparison biplot (Figure 4) method determines the most suitable 

cultivars by positioning the cultivars according to the ideal center formed over 

the average of all the traits.  

 

 

Figure 4. Evaluation of varieties according to ideal center 

 

This graph generally creates a center (center indicated by the arrow) 

formed over the average of all traits. The horizontal curve shows the cultivars 

below and above the mean according to the mean of the traits. This graph 

shows that Ayşehanım are located at the center of ideal circle and NC-7 and 

Masal varieties located closest point to the ideal center circle and have the best 

results in terms of all traits. Some other genotypes (Batem-Cihangir) located 

above the mean line and therefore have good values in terms of the average of 

all traits, while some genotypes such as Efsane, Batem-5025, Gazipaşa, 

Florispan, Halisbey located below the mean line of traits, thus it means that 

they have bad results in terms of average of traits. 



The Biplot method has shown to be a good method for investigating and 

evaluating both cultivars and traits. In this study, biplot method has exhibited 

that we can visually determine which traits are in the same group, which traits 

are in a positive or negative relationship, which cultivars are associated with 

which traits, which genotypes are stable, which genotypes can be preferred 

and which cultivars do not have good results. Kuo et al., (2021)’ the genotype 

× trait (GT) biplots provide an easy way to visualize the correlation among 

traits and germplasm accessions. This is a good tool to help breeders rapidly 

choose the desired genotypes based on traits. 

 

4. CONCLUSIONS AND RECOMMENDATIONS 

The biplot analyses results indicated that the peanut grown as a second 

product after wheat in Mardin plain conditions; Ayşehanim and NC-7 

cultivars showed high performance in terms of yield and yield traits, also they 

were quite stable among cultivars, while Florispan cultivar performed poorly. 

According to these results, it was concluded that it can be easily grow peanuts 

in Mardin plain conditions, Ayşehanım, NC-7 and Masal varieties can be 

recommended for cultivation. Moreover, the biplot technique has proven to be 

a very useful model for identifying visually stable, ideal and favourable 

varieties.  
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1. INTRODUCTION 

Hazelnut, which is the most widely grown hard-shelled fruit in the 

world after almond, is the name given to the genus Corylus and is included in 

the Betulaceae family of the Fagales order (Yaltırık, 1997; Toprak Mahsulleri 

Ofisi, 2018). All species in the genus Corylus have a monoic-dioic flower 

structure and are pollinated by the wind (Lagerstedt, 1975). The number of 

chromosomes in hazelnuts is 2n=2x=22, but 26 chromosomes have also been 

reported (Özbek, 1978). Morphological features of the plant, pomological 

features of the fruit, and husk features are used as distinguishing features in 

the classification of hazelnut species (Köksal, 2018). 

The word hazelnut is derived from "Pont Exinus", which was the name 

of the Black Sea in Antiquity. The Greeks called the hazelnut “Karüa Pontica”, 

that is, “Black Sea walnut” (Fındık Araştırma Enstitüsü Müdürlüğü, 2014; 

Tez, 2015). In 401 BC, Xenophon mentioned a small walnut grown in the 

region while he was passing through the Eastern Black Sea with the Greek 

army. This fruit was called “Karla Pontica” or “Nut Pontica”, which means 

Pontic walnut (Zaman, 2004). Anatolia, which is the homeland of hazelnut 

and has the best quality hazelnut cultivars in the world, is the first place where 

hazelnut cultivation and trade are carried out in economic terms. It is known 

that hazelnut, which has existed in Anatolia for 5000 years, spread from the 

Black Sea to the Mediterranean, Middle East, and European countries. Of the 

approximately 4 million tons/year of hard-shelled fruit produced 

commercially in the world, 700 thousand tons are hazelnuts, and hazelnut 

production is carried out on an area of approximately 926 thousand hectares 

in the world. Turkey is the most important country with a share of 75-80% of 

world production. Hazelnut is a product that has an important place in the 

Turkish economy and brings the highest foreign exchange among plant 

products (Dölekoğlu, 2002; Alasalvar and Shahidi, 2009). Hazelnut planting 

areas in Turkey are located between latitudes 40-41° and longitudes 37-42°. 

The most suitable areas in terms of environmental conditions within these 

borders are the Black Sea coasts. Hazelnut cultivation is done 60 km inland 

from the Black Sea coast and up to 750 m altitudes (Özbek, 1978). Ordu, 

Giresun, and Trabzon provinces in the Eastern and Western Black Sea 

Regions of Turkey are the main provinces where hazelnut cultivation is 

carried out. Apart from these, hazelnut cultivation is also carried out in 

Kocaeli and Sakarya provinces (Sıray and Akçay, 2010; Duyar, 2015). 
Hazelnut is cultivated on an area of approximately 706,000 hectares, with an 

annual average production of 675,000 tons, by approximately 400,000 

families and constitutes the direct or indirect economic livelihood of 

approximately 8,000,000 people. The gradual development of the hazelnut 

processing industry brings an important employment area (TMMOB Ziraat 

Mühendisleri Odası, 2018). 



Hazelnuts can be planted in deep, fertile, well-drained soils with a pH 

between 6.0 and 7.5 in areas not exceeding 600 meters in height. Loamy-

humus, clayey-sandy, and organic matter-rich soils are suitable soil types for 

its growth. In excessively humid areas, drainage should be done as trees 

cannot tolerate high soil moisture. The development of hazelnut trees is 

insufficient in hard and compacted soils and dry and calcareous soils (Köksal, 

2018). 

Hazelnut is grown in regions where the danger of frost is rare, the 

average winter temperature does not fall below -8°C, and the highest 

temperature in summer is 36-37°C. Hazelnuts are grown in regions with an 

average annual temperature of 13-16°C, 60% relative humidity in June and 

July, and annual rainfall between 750-1500 mm. Low winter temperatures are 

the most important factor limiting commercial hazelnut production in inland 

areas away from the sea. Early leafing cultivars are sensitive to frost damage 

in spring (Karagülmez and Usul, 2004; Gökçe, 2016). Hazelnuts harvested in 

August-September in our country are naturally dried under the sun. After 

drying (withering), the separation or threshing of the shells continues until 

October. While harvesting is done by gathering from the branch and the 

ground with labor, machine support is needed in the threshing (Babadoğan, 

2009). 

Turkish hazelnut varieties are classified into three different groups such 

as round, pointed, and long hazelnuts according to their size and shape 

(Köksal, 2006). Different hazelnut varieties such as Tombul, Palaz, Çakıldak, 

Foşa, Mincane, Sivri, Kalınkara, İncekara, Allahverdi, Acı, Kan, Yassı Badem 

and Yuvarlak Badem are grown in Turkey, where many hazelnut cultivars are 

grown (Özdemir and Akinci, 2004). However, in general, most of the 

production is made with hazelnut varieties such as Tombul, Palaz, Çakıldak, 

Foşa, Mincane, Sivri, Kalınkara, Mincane, and Foşa are planted in Trabzon, 

Tombul and Sivri in Giresun, Tombul, Palaz and Çakıldak in Ordu and 

Samsun, Karafındık, Mincane, Çakıldak and Foşa in Zonguldak, Sakarya and 

Bolu (Şimşek and Kara, 2017). Obtained from these hazelnut cultivars by 

breeding selections for many years, Tombul is the most important hazelnut 

variety in the world. Tombul, which has a very important role in Turkey, is 

mostly planted in Giresun and Ordu (Sıray and Akçay, 2010; Balık, 2015). 

According to the average data of the last 5 years, hazelnut production 

in the world was carried out on approximately 926 thousand hectares. Turkey 

is the leading hazelnut producer and exporter, which provides approximately 

68% of the world’s production (Köksal, 2019). Turkey is followed by Italy 

with 13%, the USA with 4% and Spain with 3%. Other producing countries 

are Azerbaijan, Georgia, Iran, China, Greece, and France (Contini et al., 2011; 

Enescu et al., 2016). In Turkey, 675,000 tons of hazelnuts were produced in 

2017 and 515,000 tons in 2018. While 85% of the hazelnuts produced in 



Turkey are exported, the rest is used for domestic consumption. A large part 

of the country's exports is dependent on certain countries and certain markets. 

These countries are the world's largest chocolate producers and markets, 

which are members of the European Union and located in Western Europe. In 

2016, hazelnut exports were mostly made to Italy (23%) and Germany (22%). 

These countries were followed by France (10%), Canada (5%), and Poland 

(4%). Almost all of the exported products were processed hazelnut or kernel. 

With the export of 250 thousand tons of hazelnuts in the 2015/16 season, a 

foreign exchange inflow of $2,280 billion was provided to Turkey (Duyar, 

2015; Gümrük ve Ticaret Bakanlığı, 2018; TMMOB Ziraat Mühendisleri 

Odası, 2018). 

 

2. CHEMICAL COMPOSITION OF HAZELNUT 

Hazelnut is a nutritious food due to its high content of lipid, protein, 

vitamins, and minerals. The edible inner part of the hazelnut constitutes an 

average of 50% of the fruit. In a study, the chemical composition of hazelnut 

kernels was determined as 2-6.5% moisture, 10-24% protein, 50-73% lipid, 1-

3% cellulose, and 1-3.4% ash (Alasalvar et al., 2003). In another study, it was 

stated that the average composition of hazelnut was 62% lipid, 16% protein, 

11% carbohydrate, and 4% moisture, and these values may vary according to 

the type of hazelnut (Tatar et al., 2013). 

The protein content of hazelnut varies between 10-24% and digestibility 

between 73-83% depending on the cultivar, growing conditions, and 

ecological factors. The protein content of hazelnut is higher than egg and 

cereal and is almost equal to the amount of meat and legume. Protein quality 

is lower than egg and meat products. Hazelnut contains 10-22% 

carbohydrates. The total sugar in dry weight is 2.8-7.9%. Total carbohydrates 

are 90% sucrose, 6% stachyose, 3% raffinose, and 1% glucose, fructose, and 

myoinositol. Sucrose is associated with the flavor of hazelnut and is 

sometimes present in such a high amount that it can be felt by sensory analysis. 

Stachyose and raffinose do not have any effect on hazelnut flavor as they have 

a very low sweetness (Şimşek and Aslantaş, 1999). 

The total amount of lipid in hazelnut varies between 50-73 grams per 

100 grams. As fatty acids, oleic acid has the most, followed by linoleic, 

palmitic, stearic, and linolenic acids, respectively. Oleic acid lowers blood 

cholesterol levels and linoleic acid has an inhibitory effect on the constriction 

of the blood vessel (Garcia et al., 1994). 

The most abundant organic acid in hazelnut is malic acid. Cellulosic 

compounds and pectin are 1-3% (Köksal et al., 2006). Hazelnut is a good 

source of vitamins and minerals. Hazelnut, which is rich in mineral substances 



(Fe, Mg, Cu, Mn, K, P, Zn, and Ca), is a very important nutrient for bone 

development and health. In 100 grams of hazelnut, there is 0.69 mg of vitamin 

B, 31.4 mg of vitamin E, small amounts of vitamins A and C, 5.8 mg of iron, 

160 mg of calcium, 2.2 mg of zinc, 655.3 mg of potassium, 2.1 mg sodium, 

161.2 mg magnesium, 1.3 mg copper and 5.1 mg manganese. Due to these 

properties, hazelnut is food that relieves body and mental fatigue, gives 

energy, and protects cardiovascular health. The average chemical content of 

100 grams of hazelnut is shown in Table 1.  

 

Table 1. The Chemical composition of Hazelnut (100 g)  

Components Average Value 

Water (g) 4.60 

Protein (g) 14.10 

Lipid (g)  63.50 

Carbohydrate (g)  6.00 

Total nitrogen (g)  2.66 

Thiamine (vit. B1) (mg) 0.43 

Riboflavin (vit. B2) (mg) 0.16 

Vitamin B6 (mg)  0.59 

Vitamin E (mg)  24.98 

Energy (kcal)  650.00 

 

According to the analyzes measuring the chemical composition of 

hazelnut cultivars of Turkey, moisture levels were 3.41% (Kan) and 5.25% 

(Cavcava); ash levels were 1.87% (Kalınkara) and 2.72% (Cavcava); lipid 

levels were 56.07% (Cavcava) and 68.52% (Kalınkara); protein levels were 

determined between 11.73% (Kalınkara) and 20.84% (Yuvarlak Badem) 

(Table 2). 

 

 

 

 

 

 

 

 



Table 2. Chemical Composition of Turkish Hazelnut Cultivars (Köksal and Artık, 

2018) 

Cultivars 
Moisture  

(%) 

Ash 

(%) 

Lipid  

(%) 

Protein 

(%) 

Acı 4.09 2.22 63.41 16.63 

Cavcava 5.25 2.72 56.07 20.83 

Çakıldak 4.86 2.60 60.67 19.44 

Foşa 4.46 2.25 59.50 15.75 

İncekara 4.27 2.41 60.75 16.28 

Kalınkara 4.14 1.87 68.52 11.73 

Kan 3.41 2.13 63.05 16.98 

Karafındık 3.49 1.90 67.75 15.58 

Kargalak 4.39 2.37 59.57 15.23 

Kuş 4.41 2.30 61.25 16.80 

Mincane 4.71 2.43 57.95 19.96 

Palaz 4.76 2.61 57.65 18.03 

Sivri 4.78 2.30 63.89 18.73 

Tombul 4.63 2.43 64.60 17.51 

Uzunmusa 4.17 2.34 61.75 16.98 

Yassı Badem 3.56 2.42 63.48 17.86 

Yuvarlak Badem 4.61 2.46 58.35 20.84 

 

Due to its high lipid content, hazelnut is also utilized for oil production. 

Depending on the cultivars, hazelnut lipid contains on average 5% palmitic 

acid, 2% stearic acid, 1% palmitoleic acid, 78% oleic acid, and 14% linoleic 

acid. Just like olive oil, hazelnut oil contains high levels of oleic acid, one of 

the monounsaturated fatty acids. Most of the fatty acids are oleic and linoleic 

acids. Oleic acid lowers the level of cholesterol in the blood, and linoleic acid 

has a preventive effect on narrowing the blood vessel. 

 

 

 

 

 

 

 

 

 

 



Table 3. Lipid and Fatty Acid Composition of Turkish Hazelnut Cultivars (Köksal 

and Artık, 2018) 

 

When the saturated and unsaturated fatty acid levels of Turkish hazelnut 

cultivars are compared, the highest palmitic, palmitoleic, and stearic acid 

levels are found in Cavcava (5.869%), Tombul (0.478%), and Sivri (2.485%), 

respectively. The dominant fatty acids in hazelnut lipids are oleic and linoleic, 

and the richest varieties in terms of these acids are Mincane (82.79%) and 

Yuvarlak Badem (18.73%) but linolenic acid is at the lowest level in these 

cultivars. Kuş and Palaz cultivars are the richest (0.076%) cultivars in terms 

of linolenic acid. The level of unsaturated fatty acids in hazelnut cultivars is 

much higher than the level of saturated fatty acids. In addition, the amounts of 

arginine and leucine essential amino acids and glutamic acid and aspartic acid 

are the highest in Turkish hazelnut cultivars (Köksal and Now, 2018). 

Aromatic components of hazelnut are the quality parameters for 

export. It was determined that raw hazelnut and hazelnut roasted at 135°C 

for 30 minutes contained a total of 20 and 29 aroma compounds, 

respectively. “Nonanal” took first place among the aromatic compounds 

in raw hazelnuts. The most detected aromatic compound in roasted 

hazelnuts was "2(3H)-furanone". Turkish hazelnut varieties Acı and 

Kalınkara are preferred both in the roasted hazelnut processing industry 

and in the world hazelnut trade due to their high level of aromatic 

compounds (Artık et al., 2021). 

 

 

Lipid 

(%) 

Palmitic 

C16:0 

(%) 

Palmitoleic 

C16:1 

(%) 

Stearic

C18:0 

(%) 

Oleic 

C18:1 

(%) 

Linoleic 

C18:2 

(%) 

Linolenic 

C18:3  

(%) 

Saturated 

(%) 

Unsaturated 

(%) 

Acı 63.41 - - - - - - - - 

Cavcava 56.07 5.869 0.215 2.365 78.83 12.65 0.069 8.234 91.76 

Çakıldak 60.67 4.889 0.324 2.148 80.69 11.89 0.059 7.037 92.96 

Foşa 59.50 5.615 0.372 1.695 79.03 13.21 0.074 7.310 92.68 

İncekara 60.75 5.672 0.317 1.761 79.52 12.65 0.073 7.433 92.56 

Kalınkara 68.52 5.714 0.415 2.415 79.49 11.89 0.067 8.129 91.87 

Kan 63.05 5.723 0.315 2.295 81.79 9.82 0.053 8.018 91.98 

Karafındık 67.75 5.624 0.278 2.365 78.85 12.79 0.058 7.989 92.01 

Kargalak 59.57 4.886 0.421 0.863 81.02 12.74 0.067 5.749 94.25 

Kuş 61.25 5.686 - 0.871 79.87 13.49 0.076 6.557 93.44 

Mincane 57.95 5.019 0.376 1.896 82.79 9.89 0.029 6.915 93.08 

Palaz 57.65 4.873 0.340 2.131 77.57 15.01 0.076 7.004 92.99 

Sivri 63.89 4.715 0.415 2.485 79.24 13.15 - 7.200 92.80 

Tombul 64.60 5.165 0.478 1.750 77.77 14.78 0.054 6.915 93.08 

Uzunmusa 61.75 5.700 0.460 1.410 78.80 13.56 0.069 7.110 92.89 

Yassi 

Badem 
63.48 4.874 0.279 1.432 81.13 12.24 0.046 6.306 93.69 

Yuvarlak 

Badem 
58.35 5.660 0.360 0.872 74.23 18.73 - 6.532 93.45 



Plant sterols (phytosterols) are compounds that are structurally similar 

to cholesterol and belong to the group of desmethylsterols steroid alcohols. 

They are found in all living organisms except bacteria. Sterols have a 

cholesterol-lowering effect, and β-sitosterol inhibits intestinal absorption of 

the cholesterol during the digestion of lipids. Phytosterols also have anti-

inflammatory, antibacterial, antifungal, anti-ulcerative, and antitumor 

activities (Yorulmaz et al., 2017).  

The mean sterol content of Turkish hazelnut cultivars was determined 

as 1581.6 ± 265.1 mg/kg. While a low level (1297.7 mg/kg) of total sterol was 

detected in a commercial variety, Tombul, β-sitosterol, which is the main 

sterol of hazelnut lipid, was 82.8-86.7% in all varieties. This component was 

followed by campesterol, ∆-5-avenasterol, sitostanol and stigmasterol 

(Yorulmaz et al., 2009). 

 

3. HEALTH BENEFITS OF HAZELNUT 

Hazelnut is not only a functional food, it is a food that is high in calories 

due to its carbohydrate content, rich in protein, mineral substances, lipids, and 

fatty acids, and sufficient in vitamins B1, B2, B6, and E. It is important for 

human nutrition due to diabetic fibers, phytosterols, and its special 

composition of antioxidant phenolics. Hazelnut, which contains many 

bioactive substances, has beneficial effects on health and has high nutritional 

value (Crews et al., 2005; Kornsteiner et al., 2006; Alasalvar and Bolling, 

2015). Due to these positive properties, it has been the subject of many 

scientific studies. Hard-shelled fruits such as hazelnut, walnut, and almond are 

among the foods recommended for the nutrition of employees, athletes, and 

weak people, as they are high in energy value and rich in vitamins and 

minerals (Ayaz, 2008). The Mediterranean diet is important for human health 

because it contains carbohydrates, especially starch that provides the balance 

between nutrient and energy ratio, proteins of animal and plant origin, the 

dominance of mono-chain unsaturated fatty acids, omega-3 fatty acids, low 

cholesterol intake, antioxidants, vitamins, provitamins, phenolic compounds, 

and dietary fibers. Hazelnut, which is a type of hard-shelled fruit in the 

Mediterranean diet, is the subject of many studies not only regarding the 

effects of its components on human health but also its functional properties. 

Hazelnut ranks first among other hard-shelled fruits in terms of nutritional 

value (Fidanza, 2002). 

Hazelnut is important in a healthy diet. 100 gr hazelnut provides 600-

650 calories of energy (Baysal, 1993; Richardson, 1997). Hazelnut contains 

10-24% protein, and 100 g of hazelnut meets 22% of the daily protein 

requirement (Pala et al. 1996). 2.8-7.9% of the dry matter in hazelnut is total 

sugar (Mashev and Kabatrzhikov 1978, Botta et al., 1994). The total amount 



of lipid in hazelnuts varies between 50-73 gr/100 gr. Hazelnut has a fatty acid 

composition rich in mono and polyunsaturated fatty acids, which are 

important for health (Crews et al., 2005). 

It is reported that the rate of heart disease is low in Mediterranean 

countries due to a MUFA (monounsaturated fatty acid) diet. It is stated that 

the addition of hazelnut which is rich in MUFA has beneficial effects on 

human health (Alphan et al. 1997, Durak et al. 1999, Fraser 2000, Mercanlıgil 

et al. 2007). It is found that hazelnut lipid contains the highest MUFA and 

lowest SFA (saturated fatty acids) among vegetable oils and other nut oils 

(Venkatachalam and Sathe 2006). Hazelnut lipid contains low levels of SFA, 

moderate levels of PUFA (polyunsaturated fatty acids), and high levels of 

MUFA. Consumption of high amounts of SFA increases low-density 

lipoprotein-cholesterol and decreases high-density lipoprotein-cholesterol 

concentrations. Therefore, it causes an increase in the risk of heart diseases 

and cancer types (Mensink, 1993; Willet, 1997). In particular, palmitic acid 

(16:0) is defined as the main component that increases serum cholesterol 

(Groff et al., 1995). 

Hazelnut lipid supports health as it contains low saturated fatty acids 

(SFA) and high unsaturated fatty acids. The main fatty acids in hazelnut oil 

are oleic acid (C18:1, ω-9), a monounsaturated fatty acid with a ratio of 66-

83%, followed by polyunsaturated fatty acid and also an essential fatty acid 

linoleic acid (C18:2, ω-6) with 8-25% (Krist et al., 2008). Oleic acid lowers 

the level of cholesterol in the blood, and linoleic acid has a preventive effect 

on narrowing the blood vessel. Another feature of hazelnut lipid is that it 

reduces the absorption of cholesterol in the intestine. It was reported that 

linoleic and linolenic acids in hazelnuts have a reducing effect on blood lipid 

and glyceride levels and hypertension (Garcia et al., 1994; Durak et al., 1999). 

Hazelnut contains the most malic acid and trace amounts of 

galacturonic, succinic, levulinic, citric, acetic, and butyric acids as organic 

acids (Botta et al. 1994). Hazelnut is an important fruit in terms of amino acid 

content. Amino acids in 100 grams of hazelnut are histidine 0.33 g, isoleucine 

0.91g, leucine 1.05g, lysine 0.45g, methionine 0.16g, cystine 0.22g, 

phenylalanine 0.60g, tyrosine 0.55g, threonine 0.47g, tryptophan 0.25g, and 

valine 1.03g, respectively.  (Nuattrucci, 1996). 

Consumption of 100 g of hazelnut meets 33% of vitamin B1, 8% of 

vitamin B2, 35% of vitamin B6, 12% of niacin, and 12% of pantothenic acid 

in recommended daily intake (Richardson, 1997; Alphan et al., 1997). 

Hazelnut lipid is a very rich source of vitamin E, and it is reported that 25-30 

g of hazelnut consumption meets 100% of the daily vitamin E requirement 

(Bada et al., 2004; Alasalvar et al., 2006). Vitamin E, which has antioxidant 

properties, prevents oxidation in the cell membrane. It prevents free oxygen, 

which causes free radical formation in the cell, from non-enzymatically 



oxidizing polyunsaturated fatty acids. The active form of vitamin E in 

hazelnut, α-tocopherol, is also revealed to reduce the risk of many diseases. 

These diseases are chronic diseases such as various heart diseases, type 2 

diabetes, hypertension, and cancer. In addition, the protective effects of α-

tocopherol against Alzheimer's disease were proven (Gunstone and Harwood, 

2007). Antioxidants from foods play an important role in the prevention of 

cancer, and inflammatory and cardiovascular diseases (Kornsteiner et al., 

2006). 

It is determined that 50 g hazelnut consumption per day can provide 

approximately 6% B, 9% Co, 19% Fe, 9% Ni, and 16% Zn intake. Se, Cu, and 

Cr levels in 50 g hazelnut are found to be higher than daily intake. It has been 

determined that these elements are in doses that are not toxic to human health. 

It is reported that hazelnut is an important source of microelement for human 

nutrition and health. Among the mineral substances found in hazelnut, 

selenium is one of the main minerals important for human health. Se amount 

of Tombul cultivar was determined as 60 µg/100 g (Alasalvar et al., 2003). 

Selenium binds with proteins to make selenoproteins, which are important 

antioxidant enzymes. The antioxidant properties of selenoproteins help 

prevent cellular damage by free radicals, which are by-products of oxygen 

metabolism, and the progression of chronic diseases such as cancer and heart 

disease. Other selenoproteins help regulate thyroid function and play a role in 

the proper functioning of the immune system. Selenium deficiency can cause 

heart disease, hypothyroidism, and a weakened immune system. Selenium 

deficiency does not usually cause disease; however, it may cause the body 

more susceptible to other nutritional, biochemical, or infectious diseases (Kim 

et al., 2014). 

Copper, an essential mineral, is one of the important substances found 

in hazelnuts. Copper plays an important role in hematopoiesis (production of 

blood cells), and diets low in copper have adverse effects on lipid, glucose 

tolerance, and blood pressure. Magnesium in hazelnuts plays a role in 

maintaining the calcium-potassium balance. The decrease in magnesium 

levels is associated with dysrhythmias, myocardial infarction, and 

hypertension. It was found that after 7 days of regular hazelnut consumption 

in individuals with and without the habit of consuming hazelnut, serum Na, 

Cl, and Ca values decreased significantly, and the total iron-binding capacity 

increased significantly (Köksal, 2018). 

Various antioxidants such as phenolic and hydroxycinnamic acids 

(gallic acid, caffeic acid, protocatechuic acid, vanillic acid p-coumaric acid, 

ferulic acid, sinapic acid) were detected in hazelnut. It was reported that 

hazelnut contains flavonoids such as catechin, quercetin, myricetin, and 

kaempferol; vitamin E (ὰ-tocopherol), one of the antioxidant vitamins 

(Shahidi et al., 2007; Contini et al., 2008; John and Shahidi, 2010). 



As can be seen in every food product, there are biological, chemical, 

and microbiological risks that limit hazelnut production. Fungal 

contamination and aflatoxins produced by fungi are the leading 

microbiological risks. One of the most important factors that reduce the shelf 

life of hazelnuts is fungi. Aspergillus and Penicillium species are widely seen 

in the natural microflora of hazelnut. A. flavus, A. parasiticus, A. fumigatus, 

A. candidus, A. niger, A. ochraceus, A. tamarii, A. terreus, A. wentii, P. 

brevicompactum, P. verrucosum, P. jensenii, P. griseofulvu and P. rugulosum 

are more prone to producing mycotoxins as a result of secondary metabolism 

activities by developing during and after harvest if appropriate humidity and 

temperature are available (Abdel Hafez and Saber 1993). 

 

4. HAZELNUT IN THE FIELD OF GASTRONOMY   

Hazelnut, which is known as a holy fruit in every field from history 

books to religious books, from legends to folk songs in folk culture, was 

known since 2838 BC and mentioned in mythologies. It is known that the 

nutritional value of wild hazelnut, which was consumed by people in ancient 

times, is high. The hazelnut branch was considered a symbol of peace by the 

ancient Greeks and Turks. The fruit, shell, and leaf of the hazelnut were seen 

as an indispensable source of healing for many diseases, according to the 

medical scholars of ancient times. The Arabs believed that a person with a 

hazelnut branch in his hand could be protected from all evil. Since hazelnuts 

are considered sacred in British and French culture, it has become a tradition 

to have hazelnuts on Christmas tables and to decorate the tables with hazelnut 

branches. The Italians, on the other hand, blessed the hazelnut by giving the 

names of their saints (Köksal, 2018). 

Hazelnut is very important not only in social life and economy but also 

in terms of the fat, protein, vitamin, and mineral composition for human and 

animal nutrition. After harvest, hazelnut is separated from its hard shell by 

various techniques, and hazelnut kernel is used in different fields in the 

industry. Worldwide, 70% of hazelnut are processed for chocolate, 15% for 

cakes and confectionery, 10% for snacks, and 5% for other uses. While 80% 

of hazelnut are used in the chocolate industry (chopped, sliced, ground) in the 

production of biscuits, confectionery, desserts, cakes, and ice cream, hazelnuts 

that are not sold in the domestic market or exported are processed for hazelnut 

oil. Hazelnut is generally consumed as a snack in Turkey (Özdemir et al., 

1998; Akgün et al., 2005). In addition, the pulp remaining after the extraction 

of oil is used as animal feed due to its high protein content (38-45%). While 

hazelnut shell is used as a raw material in various industries (chipboard, 

linoleum flooring, plastic, paint, varnish oil, etc.), hazelnut leaves are recycled 

as natural fertilizers in hazelnut plantations or other agricultural areas (Yavuz, 



2013). While the hazelnut plant is used as a landscape plant in parks and 

gardens, its shell is used as an ornamental and its oil is used as auxiliary raw 

material in food, medicine, cosmetics, health, and other industries (Kırca et 

al., 2018). 

Although Turkey is the largest hazelnut producer in the world, hazelnut 

consumption in Turkey is quite low. The annual average amount of hazelnut 

consumed in Turkey is around 80 thousand tons. In other words, 11-12% of 

the hazelnuts produced today are consumed in the domestic market. The 

annual consumption amount per person is 500-600 grams. Many factors such 

as insufficient purchasing power of the people, limited use of hazelnut, and 

abundance of substitute products such as peanut, almond, and walnut are 

among the reasons for low consumption. 

In addition to being a good antioxidant, there is a high amount of protein 

in the hazelnut pulp remaining after the oil is removed, and hazelnut protein 

is effective in food processes and food product formulations. With properties 

such as oil and water absorption, emulsification, and foaming capacity, 

hazelnut protein is functional in food processes (Tatar et al., 2013). 

Hazelnut may be consumed either unroasted and with its skin or roasted 

and without its skin. It may be added to many food products, especially in 

chocolate production, confectionery, biscuits, and pastry products as flavor 

and aroma ingredients. Hazelnuts that are surplus to needs or that are not 

preferred because they are not suitable in terms of shape and size are processed 

for hazelnut oil (Koyuncu and Kılıç, 2018). If the hazelnut is roasted at the 

appropriate temperature and time, it will be delicious. This process also 

performs tasks such as providing color, taste, smell, and texture to the product, 

increasing the digestibility of proteins, reducing toxins, breaking down 

enzymes, improving microbiological quality, and prolonging the shelf life 

under appropriate storage conditions (Matsui et al., 1998, Pfnuer et al., 1999, 

Langourieux et al., 2000; Özdemir et al., 2001). 

In Turkey, hazelnut is preferred as salted and roasted snacks after they 

are separated from their hard shells, or they are presented to the market in 

different types of products such as roasted hazelnut, sliced hazelnut, chopped 

hazelnut, hazelnut flour, hazelnut puree, or hazelnut paste. These products are 

used in desserts with milk, fruit or vegetable, aşure, cakes, biscuits, pastries, 

ice cream, candies, chocolates, nougat, dragee, and helva production; as a 

sauce in products such as chicken, fish, vegetables, noodles, and pasta; in 

cocktails and canapes; paste which are spread on bread at breakfast; cheese 

pastes, syrup production, bread production by adding wheat and rye flour, and 

yogurt as a flavoring agent (Gökçe, 2016; Marzocchi et al., 2017). 

The relationship between food preferences that form the nutritional 

habits of societies and culinary cultures is based on the production and 



consumption of plant and animal products in the geography where people live. 

The elements that make up the food culture are related to the interaction of 

people with ecology and the diversity of the physical and cultural geography 

they live together. Culinary cultures based on agriculture and animal products 

differ according to geographical regions, rituals, ceremonies, and social 

structure throughout historical development. Hazelnut is planted in 71.3% of 

the agricultural lands due to its suitability for geographical conditions in 

Giresun, one of the mountainous provinces of the Eastern Black Sea Region. 

Hazelnut is both an economic income for the local people and a part of the 

local cuisine. Hazelnut is used not only in bakery products such as cakes, 

desserts, and cookies but also in various dishes and appetizers in Giresun 

cuisine (Ayyıldız & Ceyhun-Sezgin, 2022) investigated that hazelnuts are 

used in desserts such as sütlaç, kadayıf, and fındıklı burma, as well as in 

regional soups, çiğ köfte, meatballs, hamburgers, and even in pasta, special 

salads, and pizza. 

The hazelnuts Tombul fındık, Sivri fındık, and Kalınkara fındık of the 

Giresun region, which is defined by hazelnut cultivation in Turkey, have been 

protected and registered as geographical indications. A geographical 

indication, which expresses the name of a local product, is a sign that indicates 

a product that is identified with the area, region, or country of origin in terms 

of its distinctive quality, reputation, or other characteristics. A geographical 

indication is a system applied to identify unique products produced in a 

particular area or region and to highlight the related product. Turkey is a 

country that stands out with its wide agricultural lands, biological diversity, 

climatic conditions, geopolitical location, cultural and human sources, and 

agricultural product diversity. Many products unique to Turkey are named 

after the geographical regions they originate from. Products mentioned in this 

way are subject to the geographical indication protection process. The 

registration of these geographically indicated products contributes to the 

country economically, politically, and touristically (Artık et al., 2022). 

Giresun Tombul Fındığı in 2001, Giresun Sivri Fındığı in 2019 and Giresun 

Kalınkara Fındığı in 2020 were registered by the Turkish Patent and 

Trademark Office by taking geographical indications. In addition, Giresun 

Tombul Hazelnut, whose application was made to the European Commission 

in 2018, was registered in terms of geographical indication in 2022 with the 

name of origin (Turkish Patent and Trademark Office, 2022).  

   



Within the scope of the “Home of Turkey” campaign, Turkish hazelnuts 

are promoted. The “Home: Turkey” campaign which was launched to raise 

awareness about Turkey's cultural and historical heritage, social and daily life 

aims to create strong, sustainable, sincere, convincing, and comprehensive 

ways of communication with tourists from all over the world. This campaign 

was established by the Ministry of Culture and Tourism of the Republic of 

Turkey in April 2014. This is a brand image campaign that tries to identify 

Turkey with various concepts because it promotes Turkey’s all values under 

several concepts such as “Home of Hospitality” and “Home of Civilization”, 

emphasizes Turkey’s geographical and cultural diversity, and celebrates that 

Turkey has hosted countless identities, cultures, and civilizations throughout 

history. Many items (Home of Troy, House of Santa Claus, House of Turkish 

Coffee, House of Virgin Mary, House of Cappadocia, etc.) that started with 

the phrase “Home of” in the campaign were featured in various visuals and 

videos. In this way, all cultural elements that are thought to represent Turkey 

are gathered under one title (www.tanitma.gov.tr). 

Within the scope of the "Home of Turkey" campaign, the Turkish flag 

and Turkey as the homeland of the hazelnut were emphasized in the "Home 

of Hazelnut" promotional poster. In addition, the promotional poster contains 

information about the health benefits of hazelnut. The slogan “Discover 

Turkey, Home of hazelnut” draws attention to the poster (Ceyhun-Sezgin and 

Çetin, 2019). 

 

 

Home of Hazelnut 

 



In the lower-left part of the poster, information is given about the health 

benefits of hazelnuts. The poster contains the following words: “Back in the 

old days, it was believed that the sweet-tasting fruit of the hazel would make 

one wiser. While that sort of benefit is yet to be discovered, modern science 

shows that hazelnut is an edible miracle for the heart. This fiber-rich food is 

also known to reduce the risk of heart disease, lower cholesterol and boost 

one’s energy. Do your heart a favor and eat a handful of hazelnuts every day. 

Discover Turkey home of hazelnut. Be our guest”. The slogan “Discover 

Turkey, Home of Hazelnut” draws attention (www.tanitma.gov.tr). 

 

5. CONCLUSION 

Anatolia, the homeland of hazelnut, has the best quality hazelnut 

cultivars in the world. Our country, which is economically developed in 

hazelnut cultivation and trade, is the leading producer and exporter providing 

approximately 75% of the world’s hazelnut production. In the Eastern and 

Western Black Sea Regions, Ordu, Giresun, and Trabzon provinces are the 

main provinces where hazelnut cultivation is carried out. Hazelnut, which is 

from the Betulaceae family, is a nutritious food thanks to the lipid, protein, 

vitamin, and mineral substances. Hazelnut, which contains many bioactive 

substances, is beneficial for health and has high nutritional value. Hazelnut is 

among the foods recommended in human nutrition not only because of its high 

energy value but also because of its vitamin and mineral content. After being 

harvested, the hazelnut, which is separated from its hard shell by various 

techniques, is processed to be used in different fields in the industry. Hazelnut, 

which is consumed as chocolate, cake, dessert, confectionery, and snack in the 

world, has also gained an important place in local cuisines. In addition to 

bakery products, it is also used in the production of various dishes and 

appetizers. In local restaurants, it is used in recipes in regional soups, çiğ köfte, 

meatballs, hamburgers, pasta, special salads, and pizzas, as well as desserts 

such as sütlaç, kadayıf, and fındıklı burma. In this study, the gastronomic 

properties of hazelnut were revealed, and its chemical composition and health 

effects were detailed. 

 

 

 

http://www.tanitma.gov.tr/
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