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Özet 

Artan insan nüfusunun ileride yiyecek kıtlığına neden olacağı düşünülmektedir. Bu nedenle en çok tüketilen ürün olan buğdayın 

önemi de artacaktır. Günümüzde modern buğdaylar soframızda daha çok yer almasına rağmen atasal buğdayların önemi giderek 

artmaktadır. Bu buğdayların besin değerinin yüksek olması organik besin ile beslenen insanların daha çok dikkatini çekmektedir. 

Atasal buğdaylardan biri olan Triticum monococcum ssp, monococcum (einkorn, cv IZA) da bunlar arasında yerini yavaşça 

almaktadır. Besin içeriliğinde B ve E vitamini diğer buğdaylara oranla daha fazla olması ve antioksidan özellik taşıması nedeniyle 

önemli tüketim ürünleri arasında yer almaktadır. Antioksidan aktivitesi nedeniyle einkorn, kardiyovasküler hastalıklar, tip 2 diyabet, 

bazı kanser türleri ve yaşa bağlı hastalık riskini azaltmaktadır. Glüten içeriğinin az olması halk arasında ekmek yapımına uygun 

olmadığı düşüncesini geliştirmiş olsa da yapılan çalışmalarda bunun doğru olmadığı ortaya çıkarmıştır. Hatta ekşi maya ile yapılan 

IZA ekmek ürünleri tadının güzel olması nedeniyle tüketiciler tarafından çok beğenilmiştir. Böcek ilacı kullanılmadan yetişebilen, 

tuz ve kuraklığa karşı dayanıklı olan bu bitki çiftçiler tarafından da beğeni almaktadır. Ancak günümüzde Triticum monococcum 

ssp. monococcum tüketimi sadece yerel halk tarafından tanınmaktadır. Bu nedenle yerel tanımından çok küresel tanımına önem 

verilmesi gerekmektedir. Bu çalışmada IZA buğdayının yerel Seben ilinde başlayan macerası ve halka tanıtımına yer verilmektedir. 

Dahası, IZA buğdayının içeriği hakkında bilgi verilmekte olup dayanıklılığı hakkında çalışmalar da bulunmaktadır. Son olarak 

ekmek dışında yapılan ürünlerin duyusal analiz anketine yer verilmiştir. Ankete elli kişi katılmıştır. Köy Çorbası, Köy Ekmeği, 

Kısır, Bulgur Plavı, Dört Peynirli Kremalı Makarna, Pesto Soslu Makarna, Domates Soslu Makarna, Trileçe yapılıp ankete tabi 

tutulmuştur. Yemekler tüketiciler tarafından tekstür, koku, çiğnenebilirlik, lezzet ve genel değerlendirme adı altında 

değerlendirilmiştir. Çalışmada çok kötü (1) ile mükemmel (7) arasında değişen bir ölçek uygulanmıştır. Bu çalışma için etik kurul 

raporuna ihtiyaç duyulmamıştır. Panel performansı, duyusal profil verilerinin varyans analizi (ANOVA) ile değerlendirilmiştir. 

Varyansların homojenliği testi, verilerimizin ANOVA için uygun olduğunu göstermiştir (Sig >0,05). En çok trileçe beğenilirken en 

az bulgur pliavının beğenildiği görülmüştür. 

Anahtar Kelimeler: Atasal Buğday, Sağlık, IZA, Siyez, Yerel Çeşit, Duyusal Analiz, Gastronomik Ürün 

Abstract 

The growing human population is thought to cause food shortages in the years to come. Therefore, the importance of wheat, the 

most consumed product, will also increase. Although modern wheat is more common on our table today, the importance of ancient 

wheat has been increasing. The high nutritional value of these kinds of wheat has attracted the attention of people who are eating 

organic food. Triticum monococcum ssp, monococcum (einkorn, cv IZA), one of the ancient kinds of wheat, is slowly taking its 

place among them. It is recognized as one of the most important consumption crops because it contains more vitamin B and vitamin 

E in its nutritional content than other wheats and has antioxidant properties. Due to its antioxidant activity, einkorn reduces the risk 

of cardiovascular diseases, type 2 diabetes, some types of cancer and age-related diseases. Although its low gluten content has led 

people to think that it is not suitable for bread making, studies have shown that this is not true. In fact, IZA bread products made 

with sourdough have been highly appreciated by consumers due to their good taste. This crop, which can be grown without the use 

of pesticides and is resistant to salt and drought, is also appreciated by farmers. However, today Triticum monococcum ssp. 

monococcum consumption is only known by local people. Therefore, it is necessary to give more importance to its global status 

rather than its local status. In this study, the adventure of IZA wheat, which started in the province of Seben, and its introduction to 

the public is presented. Furthermore, it provides information about the content of IZA wheat and there are also studies on its 

durability. Finally, a survey regarding the sensory analysis of products other than bread has been included. Fifty people participated 
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in the survey. Village Soup, Village Bread, Kısır, Bulgur Pilaf, Pasta with Four Cheese Cream, Pasta with Pesto Sauce, Pasta with 

Tomato Sauce, Trileçe were made and surveyed. The dishes were assessed by the consumers under the categories of texture, smell, 

chewiness, flavor and overall evaluation. A scale ranging from very poor (1) to excellent (7) was applied in the study. Ethics 

committee report was not needed for this study. Panel performance and sensory profile data were evaluated by analysis of variance 

(ANOVA). Variances homogeneity test showed that our data were suitable for ANOVA (Sig > 0.05). It was observed that trileçe 

was favored the most and bulgur pilaf the least. 

Anahtar Kelimeler: Ancient Grain, Health, IZA, Einkorn, Landrace, Sensory Analysis, Gastronomic Product 

Introduction 

Although agriculture started in a small region around Southeastern Turkey, western Iran, and Levant around 

9,500-8,500 BC, it quickly spread in the area in all directions. Wheat (Triticum ssp), barley, and lentil, which 

were the first crops cultivated between 9,000 and 3,500 BC, are still consumed in the world and provide 90% 

of daily calories. As the first domesticated plant, wheat has become the most important ring in human food 

since the domestication of the goat in 9,000 BC. It was a plant grown only in the Middle East 10,000 years 

ago, but then it spread all over the world in a couple of thousand years. Wheat was not grown in those days in 

North America but now is grown on thousand square kilometers. This surely demonstrates the adaptive ability 

of wheat to grow on larger acreages (Harari, 2015). 

Einkorn, the first-primary cereal crop that originated in and spread around Turkey, has been cultivated in 

Morocco, Germany, Switzerland, Spain, Italy, and some other Balkan countries. Around 10,000 BC, diploid 

(AA) einkorn (Triticum monococcum ssp. monococcum) was cultivated in earlier agricultural villages 

(Stallknecht et al., 1996). The decrease in the cultivation of einkorn after the Bronze Age was due to barley, 

emmer (Triticum dicoccon), and spelt (Triticum aestivum subsp.  spelta) cultivation. Tetraploid emmer 

(AABB) was a major cultivated wheat species in the Neolithic and Bronze Ages. The decline in einkorn 

cultivation has been because of higher yields of emmer and spelt, and their easier harvest (Hammed and 

Simsek, 2014; Marino et al., 2009). 

Organic foods have recently received an accelerated interest from the larger human community. There is no 

need to use fertilizers and pesticides to grow hulled kinds of wheat such as einkorn. Moreover, einkorn is 

considered to be genetically unaltered by man (Hammed and Simsek, 2014). Therefore, these naturally grown 

wheat species have attracted the attention of organic food consumers. 

Çankırı, Çorum, Sinop, Kayseri, Kayseri, Kastamonu, Bolu, Bilecik and to some extent Kütahya provinces 

have been historical einkorn cultivation areas in Türkiye. The locals have called the einkorn by different local 

names; the people of Bolu, Bilecik and Kütahya call it "IZA", while in the other cities it is called "Siyez". IZA, 

which is grown in Seben, a district of Bolu, has regained popularity across Turkey (Figure 1). 

 

 

Figure 1. IZA (Triticum monococcum ssp. monococcum) 
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Conceptual Framework 

This study includes the mineral and chemical contents of IZA wheat which are beneficial for human health. 

It also contains information about the resistance of IZA wheat to environmental stress. People think that it is 

not possible to make bread with IZA due to the low gluten content of it. This study has eliminated these 

prejudices by showing how to make bread, cookies, and several dishes. At the end of this article, there is a 

sensory analysis survey that includes the opinions of people about the foods that were prepared with IZA. 

IZA and Seben (Bolu) 

It is known that IZA wheat yields less crops than bread and durum wheat. Moreover, having limited IZA 

plantation area prevents its wider recognition throughout Turkey. However, IZA has been well known by the 

local people, especially in Seben (Bolu). IZA, which is mostly grown in Seben (Bolu) today, has generally 

been consumed as bulgur and animal food for years. IZA was often sold by farmers to their acquaintances 

(Yaman, 2018). Due to its regional popularity and health values, it has been cultivated in relatively large areas. 

Since IZA is considered to be a symbol that is about to disappear in the region, a geographical indication (GIS) 

protocol was signed between Bolu Abant İzzet Baysal University (BAIBU) and Bolu Municipality on February 

2, 2018 (Göder, 2018). Seben and Bolu Municipalities distributed IZA seeds to encourage the farmers in Seben, 

Gerede, Göynük, and Mudurnu to cultivate IZA. 

Bolu Municipality signed a contract with the farmers who live in Seben, Mudurnu, and Göynük provinces and 

increased the cultivation area of IZA between the years of 2017-2021. Bolu municipality wanted to encourage 

the farmers to grow wheat. Therefore; IZA seeds were distributed to the farmers and the municipality gave a 

guarantee to re-buy the harvest an acceptable guaranteed price – twice as much as the first-class durum wheat 

top price.  This was an important factor for the farmers to plant. The peeling of IZA is a very difficult process 

for farmers. For this reason, IZA wheat is purchased in hulls by the municipality and separated from the hulls 

before making bulgur. 

As a result of these efforts, producers expanded their cultivation areas due to the increasing prices of IZA 

products and seeds. As the increase in the selling price increases the income of farmers, it is projected that 

cultivation may expand to a wider area in the following years and production may increase accordingly (Table 

1). However, there was a decline in IZA cultivation in 2022. There were several different reasons for the 

decline in wheat cultivation in 2022. One of these reasons was the increase in oil prices due to Covid-19.  

Table 1.  The increase in IZA cultivation areas between 2017-2019  
Years Planted Field (m2) Amount of Seeds  

which are Sown (kg) 

Harvest (kg) Seed Price 

(₺) 

2017-2018 73000 1095 14550 2.00 

2018-2019 610000 9286 110378 3.00 

2019-2020 847000 12705 198981 3.60 

2020-2021 1668000 29020 118088 3.60 

2021-2022 711000 14220 nt 8.00 

*₺: Turkish Lira 

* nht: not harvested yet 

Kaşıkçı, 2020 

The health benefits of IZA 

Thiamine (B1), riboflavin (B2), niacin (B3), pantothenic acid (B5), pyridoxine (B6), biotin (B7), and folates 

(B9) of B vitamins are found in wheat (Pehlivan Karakas et al., 2021). These vitamins are important, as they 

take a part in carbohydrate (thiamine), fat (riboflavin and pyridoxine), and protein metabolism (K. R. Davis et 

al., 1981; K. R. Davis et al., 1984; Johnson and Mattern, 1987; Pomeranz, 1988, 1992). There are significant 

differences in B vitamin concentrations due to variety, soil type, growing location, and year (Pomeranz, 1988). 

Einkorn has B1, B2, B3, B5, B6, B7, and B9 vitamins, thiamin, riboflavin, and pyridoxine in higher 

concentrations than emmer, spelt, and common wheat (Abdel-Aal et al., 1995; Hammed and Simsek, 2014). 

These vitamins are very vital for human health. Thiamine, for example, is very essential to maintain the blood 

level and takes place in energy production. The deficiency of thiamine leads to Beriberi disease (Martel and 

Franklin, 2019). Riboflavin is, as well, important for reducing the risk of cardiovascular disease, anemia, nerve 
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degeneration, and skin lesion (Thakur et al., 2016). Moreover, pyridoxine takes place in carbohydrate, amino 

acid, and lipid metabolisms. Besides these, fetal brain development depends on pyridoxine as well (Brown and 

Beier, 2018). That is why; selecting wheat species or cultivars with a higher concentration of water-soluble B 

complex vitamins, may lead to a healthier life. 

The radical scavenging in antioxidants decreases the damage and mutagenesis in cells. They also, reduce the 

risk of cardiovascular diseases, type 2 diabetes, some types of cancer, and age-related diseases (Serpen et al., 

2008). Antioxidants such as phenolic acids, carotenoids, tocols, flavonoids, anthocyanins, lignans, and 

phytosterols exist in wheat (Hidalgo and Brandolini, 2014; Pehlivan Karakas et al., 2022; Ward et al., 2008). 

Different parts of the kernel such as bran, endosperm, and germ contain different antioxidant capacities, 

whereas bran has the highest antioxidant properties among those (Liyana-Pathirana and Shahidi, 2007). Some 

factors such as genetics, processing techniques, and cropping environment affect the concentration of phenolic 

contents. Moreover, different species of wheat show distinct antioxidant and total polyphenol content (TPC) 

capacities (Yilmaz et al., 2015). According to Yilmaz et al. (2015), T. monococcum ssp. monococcum has 

higher antioxidant activity and TPC than T. turgidum ssp. durum, T. aestivum sssp. spelta, and T. aestivum ssp. 

aestivum. The research showed that ancient wheat contained higher radical scavenging values than modern 

wheat was supported by Şahin (2016). Besides, he concluded that the phenolic content of IZA was significantly 

higher than bread and durum wheat. Especially bound phenolic content was three times higher than the free 

phenolic content in all wheat species. Bound phenolic acid is important for the reduction of colon cancer and 

gastrointestinal diseases because the bound form of phenolic acids is the time when they reach the colon after 

passing through the upper gastrointestinal tract. They are digested with the help of colonic microflora and 

therefore reduce the risk of colon cancer and gastrointestinal diseases (Liu, 2007). Compared to modern wheat 

varieties (durum and bread wheat), IZA has been found to have a higher value in terms of phenolic molecules, 

total flavonoid content, and antioxidant potential (Pehlivan Karakas et al., 2022). 

Another antioxidant compound found in einkorn is tocol, which is a lipid-soluble antioxidant. Tocols are 

divided into two groups; tocopherols, a saturated phytyl group, and tocotrienols, a tri-unsaturated phytyl group. 

Tocotrienol and tocopherols have four derivatives which are α-tocopherol, α-tocotrienol, β-tocopherol, β -

tocotrienol, γ-tocopherol, γ-tocotrienol, δ-tocopherol, and δ–tocotrienol (Hidalgo et al., 2006). Free radicals 

are reduced with the help of tocols and in this way they protect the photosynthetic pathways in plants. 

Tocopherols save the other tissues as well by preserving polyunsaturated fatty acids from oxidation (Goffman 

and Böhme, 2001; Yamauchi and Matsushita, 1979). Since tocols cannot be synthesized by animals, they take 

these antioxidant compounds through nutrients (Hidalgo et al., 2006). Despite having the highest vitamin E 

activity of α-tocopherol, other tocopherols and tocotrienols have the same or better antioxidant activity. For 

example, the physiological activity of tocotrienols is better than tocopherol and reduces the risk of cancer and 

cardiovascular diseases (Theriault et al., 1999). β -tocotrienols have been found to be the main tocol in wheat, 

which indicate how valuable wheat consumption is for health (Abdel-Aal and Rabalski, 2008; Brandolini et 

al., 2015; Hidalgo et al., 2006). Şahin (2016) found that IZA has got low α-tocopherol concentration (3.61 μg 

g-1) than other wheat species such as T. aestivum ssp. aestivum (3.68 μg g-1) and T. turgidum ssp. durum Desf. 

(4,06 μg g-1). Similar results were found by Hidalgo et al. (2006), the average value of α-tocopherol of einkorn 

was lower than the total value of α-tocopherol of all eight T turgidum and seven T. aestivum cultivars. On the 

other hand, β- tocotrienol was higher in einkorn than other species (Table 2). Like Hidalgo et al. (2006) and 

Abdel-Aal and Rabalski (2008) found that β-tocotrionol was higher in all groups of wheat, and concluded that 

einkorn has a higher concentration of β-tocotrienols than T. turgidum spp. durum, T. aestivumsubsp. spelta and 

T. aestivum spp. aestivum. So, if Şahin (2016) had looked at the other tocol groups such as β-tocotrienol, he 

would probably have had the same result as Hidalgo et al. (2006),  Abdel-Aal and Rabalski (2008), and 

probably found β-tocotrienols and total tocol concentration of IZA has more concentration than pasta and bread 

wheat. 

Carotenoids which are highly effective as singlet oxygen scavengers have been detected in wheat, as well 

(Türkcan and Ökmen, 2012). They are lipid-soluble antioxidants and produced by photosynthetic organisms 

such as cyanobacteria, photosynthetic bacteria including Alphaproteobacteria, algae, high plants, as well as 

some non-photosynthetic bacteria, yeasts, and fungi (Türkcan and Ökmen, 2012). Carotenoids give yellow and 

orange color to plant parts such as flowers and fruits. As tocols, carotenoids cannot be synthesized by animals 

and animals take these compounds from nutrients (Türkcan and Ökmen, 2012). Some types of carotenoids, for 

example, β-carotene and α-carotene, have provitamin A activity. Carotenoids prevent the risk of some eye-

related diseases, cardiovascular diseases, and certain types of cancer (Namitha and Negi, 2010). Among hulled 

and modern wheat species, carotenoid content has been the highest in einkorn (Giambanelli et al., 2013). 
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Moreover, with the comparison of modern wheat, einkorn has twice the higher carotenoid content (Giambanelli 

et al., 2013; Grausgruber et al., 2010). Because of the positive effect of carotenoids on health and the high 

concentration of einkorn, the consumption of einkorn is very important. 
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Table 2. Carotene and tocol derivatives in wheat species. 

   

µg g-1 dry matter  

  

Wheat species Lutein α-carotenea β-carotenea  Total 

caroten 

ɑ-T ɑ-T3 β-T β-T3 Total 

tocols 

T. monococcum ssp.  monococcum 7.69 0.53 0.19 8.41 12.18 12.77 4.79 48.22 77.96 

T. turgidum ssp. durum 3.15 n d 0.04 3.19 10.00 4.86 3.92 31.72 50.5 

T. turgidum ssp. dicoccum 1.90 n d n d 1.90 2.21 4.71 5.05 45.83 57.8 

T. aestivum ssp. aestivum 1.79 0.06 0.10 1.95 14.10 5.36 7.92 34.09 61.47 

T. aestivum ssp. spelta 2.58 0.31 0.09 2.98 15.20 5.83 10.11 37.21 68.35 

 N d: Not determined.  

 T3: tocotrienol, T: tocopherol 

Hidalgo et al., 2006
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Cereals contribute to minerals as Italian people take 18% of Zn, 30% of Fe, 35% of Cu and 27% of Mg from 

wheat in their daily intake (Lombardi-Boccia et al., 2003). Cereals are the primary source of nutrients in 

developing countries, moreover, they, provide some micro and macro elements via wheat in their diet. The 

concentration of these micro and macro elements in cereals is low and only when consumed with other 

nutrients, it meets the daily intake enough (Cakmak, 2002).  

Micronutrient deficiency is a hidden hunger, and two billion people suffer from this type of disease (Food and 

Agriculture Organization of the United Nations (FAO), 2023). While 40% of the world population suffers 

from a deficiency of Fe, 33% of the population shows a deficiency of Zn. Whereas the deficiency of Fe can 

cause anemia, the deficiency of Zn can decrease growth, fertility, reproduction, and the immune system (Berg 

et al., 2002; Gibson, 2006). Due to the low concentration of Zn in soil, the concentration level of Zn is also 

low in wheat in Turkey as well as in some countries (Cakmak et al., 1999). It is thought that the hidden hunger 

can be possibly eliminated by improving high mineral varieties and increasing the production of plants that 

contain high mineral concentrations. One of the modern wheat varieties of T. aestivum L. has been consumed 

by a large population in the World. Although it is consumed in large amounts, T. aestivum L has a low 

concentration of minerals. Wild varieties are explored, however, to have more potential. These results are 

supported by Yaman (2018) who studied IZA, an einkorn landrace. IZA has got higher concentration of Zn 

and Fe than durum (T. durum; Kunduru-1149,) and bread wheat (T. aestivum; Bezostaja-1), (Yaman, 2018). 

The roles of gluten and wheat in our diet have been questioned. The public is suspicious about if gluten and 

therefore wheat is bad for health. There are two sides to the discussion with two opposite thoughts (Kucek et 

al., 2015). While gluten-free diet promoters claim that gluten is poison, the commodity groups claim that it is 

not bad at all (W. Davis, 2011; National Association of Wheat Growers, 2022). Although the causes have not 

been fully identified, celiac disease has increased 2-4 times in the last 70 years. (Lohi et al., 2007). This 

increase may have been related to wheat breeding activities in the last 70 years. These wheat varieties can 

cause more reactive activity (W. Davis, 2011). Each genotype produces different and unique types of gluten 

since wheat protein-coding regions are polymorphic (Metakovsky et al., 1991; Nakamura et al., 2005; Payne, 

1987; Salentijn et al., 2013). After digesting a certain wheat variety, a "reactive profile" can be formed showing 

the amount and potential of reactive isotopes. The reactivity profile is unique for every patient since they give 

a distinct defense against gluten (Kucek et al., 2015). Because of that, scientists experiment on the reactivity 

of different wheat species. There is a belief that immunoreactivity differs in distinct wheat genomes. A brief 

summary of the genomes of wheat species is important to understand more about gluten expression. Common 

wheat is haploid and has three genomes (2n = 6x = 42, AABBDD); on the other hand, ancient wheat of einkorn 

is diploid and had one genome (2n = 2x = 14, AA). T. turgidum L. subsp. dicoccum Schrank, moreover, is 

tetraploid with A and B genomes (2n=4x=28, BBAA). There are variations in immune reactivity to the 

different species of wheat. D genome of the wheat expresses several immunogenic α- gliadin (Molberg et al., 

2005; Spaenij-Dekking et al., 2005; van Herpen et al., 2006). Despite the absence of the D genome in emmer, 

einkorn, and durum, low reactivity has been seen, as well. Moreover, there is the fewest α- gliadin encoded 

from the B genome in wheat (van Herpen et al., 2006). This knowledge is supported by einkorn which 

expresses fewer celiac epitopes since it only has an A genome. In Pizzuti et al. (2006) experiment, the reduction 

of enterocytes depends on bread wheat gliadins; on the other hand, there is no effect on enterocytes when 

patients are exposed to einkorn. There are also, no differences in IFN-γ concentration between control and 

celiac patients after they were exposed to einkorn gliadin (Pizzuti et al., 2006). However, T-cell immunogenic 

einkorn α- and γ -gliadin epitopes are still expressed (Molberg et al., 2005; van Herpen et al., 2006). Emmer 

and durum, in other words, show less immunoreactivity than bread wheat since they have only A and B 

genomes, therefore they are more reactive than einkorn (Kucek et al., 2015). 

When the nutritional quality of ancestral wheat has been re-evaluated, einkorn has shown some dietary 

advantages compared to polyploid wheat species. Einkorn is rich in protein and some trace elements such as 

Zn and Fe (Table 3). It is also rich in lipids (mostly unsaturated fatty acids) and fructans. Higher concentrations 

of carotenoids, tocols, phytosterols, alkylresorcinols, and conjugated polyphenols give antioxidant abilities to 

einkorn. On the other hand, it has low β - amylase and lipoxygenase activities. When we see that they reduce 

antioxidant activity, their low activity of them is beneficial for health (Hidalgo and Brandolini, 2014). Proteins, 

carbohydrates, lipids, and minerals are mostly seen in wheat grains (Table 3).  
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Table 3. Nutritional contents of IZA, spelt and common wheat. 

Contents 

  

IZA Spelt Common 

Wheat 

Digestible carbohydrate (%) 57.23 65.90 73.00 

  

Starch (%) 56.24 63.84 62.40 

  

Protein (%) 18.20 17.90 14.82 

Lipid (%) 3.50 2.39 2.80 

  

Ash (%) 2.30 2.10 1.83 

Phosphorus (g kg−1) 5.20 4.70 4.18 

  

Sulfur (g kg−1) 1.93 1.80 1.40 

Magnesium (g kg−1) 1.63 1.50 1.44 

  

Iron (mg kg−1) 76.30 50.00 37.50 

Zinc (mg kg−1) 53.75 47.00 35.00 

  

Manganese (mg kg−1) 31.07 27.00 26.00 

  

Abdel-Aal et al., 1995; Brandolini et al., 2008; K. R. Davis et al., 1981; Hidalgo et al., 2009; Suchowilska et al., 2009; 

Suchowilska et al., 2012; Yaman, 2018 

The resistance of IZA 

In agriculture, drought, salinity, high temperature, toxic substances, and oxidative stresses are serious yield-

decreasing factors and detrimental to the environment (Wang et al., 2003). In other words, biotic and abiotic 

stresses such as diseases, insects, drought, high temperatures, and colds limit the production of economically 

important crops, including wheat (Aslan et al., 2017). 

One of the negative infect on crops is drought stress. In developing countries, 37% of common wheat is 

cultivated in semi-arid places and the production of this wheat hinges on rainfall (Aslan et al., 2017; Baloch et 

al., 2017). Nevertheless, unfavorable soil or harsh climatic conditions are, fortunately, not obstacles to the 

growing of hulled wheats (Arzani, 2011). Ancient kinds of wheat such as einkorn, emmer, and spelt are 

resistant to cold, salinity, drought, and biotic stress; that’s why, it will be appropriate to use them in breeding 

programs (Arzani and Ashraf, 2017). Sustainable wheat production is possible with the selection of drought-

stress-adapted wheat genotypes in many countries (Cattivelli et al., 2008). It was reported by Aslan et al. (2017) 

that IZA has a better performance against drought than bread wheat. 

In addition to drought, cold also has a negative impact on crops. Crop yields around the world have been 

decreasing to varying degrees due to the cold. Fortunately, plants adapt themselves to cold stress through some 

response mechanisms such as changing their morphological, physiological, and biochemical structures to 

protect themselves (Bohnert et al., 1995; Gill et al., 2003). Although the most appropriate temperature for 

wheat seed germination is between 12-25°C, temperatures between 4°C and 37°C are also considered 

sufficient. In wheat, growth stages such as early growth and germination have been shown to be highly 

sensitive to cold stress (Khodabandeh, 2003). Although plants are sensitive to cold, there are genetic varieties 

with better tolerance (Zencirci et al., 2019). When bread wheat and IZA wheat were compared, IZA proved to 

be more tolerant at the germination stage (Aslan et al., 2016). 

The events to inform the public about IZA  

Primitive einkorn wheat has survived and been rehabilitated in some Western European regions. It has aroused 

great interest thanks to its healthy and organic characteristics, making it highly preferred in markets 
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(Giambanelli et al., 2013). Although IZA currently needs to be introduced to more people, it has become very 

popular in Bolu due to its health benefits. 

Farmers and consumers have continued to be encouraged through panels, field days, festivals, symposiums, 

and conferences.  At the 1st and 2nd IZA Wheat Festival and Field Days, it was stated that it would be more 

prominent in popular culture in the future as it is a beneficial species in terms of health, such as reducing the 

risk of lung, stomach, and breast cancer. For this reason, farmers were encouraged to cultivate it (Anadolu 

Agency, 2018). As a result, farmers have been cultivating IZA in larger areas. In 2019, the cultivation was 

about five times higher compared to 2018 (Küçük, 2019). 

In 2018, Bolu Abant İzzet Baysal University organized the Symposium of Wheat Landraces in Turkey. In this 

symposium, the farmers who attended the presentations of faculty members were informed about IZA. Farmers 

learned that IZA has a lower yield than other wheat species, but is resistant to harsh climatic conditions and 

insect infestation. Increasing numbers of organic consumers and the desire to eat nutritious products grown 

without pesticides have been encouraging farmers to plant IZA. In addition to the use of IZA wheat as bulgur 

and animal feed, farmers and consumers have learned how to make baked products with IZA (Özdemir Yaman, 

2018). Here at this symposium, recipes and ingredient details of bakery products made with IZA wheat were 

presented. (Figure 2). These products served at the symposium were highly appreciated by the tasters (Özdemir 

Yaman, 2018). In this way, the dream of seeing IZA products on market shelves has come one step closer. 

 

Figure 2. A) Artizan Bread, B) Cookies, C) Tiny Pogacas, D) Muffins, E) Tiny Pogacas 

In spite of these promotional activities that have been taking place at the events, people still have very little 

information about how to use IZA in cooking. IZA has a low concentration of gluten that’s why it is hard to 

give dough texture, thus, it is hard to make bread with it. Nevertheless, it is thought that the consumption of 

IZA may increase with the inclusion of cooking techniques in recipe books. Besides, the sour bread types 

written in the article of Keskin et al. (2022) eliminated this judgment. Whole Grain IZA, Three Grain IZA, 

Carrot Purple IZA, Village Bread, German Bread, Walnut Bread, Yellow Gelin, and Focaccia with Olives of 

bread types were developed. These breads took place in the sensory analysis test and were highly appreciated 

by the participants (Keskin et al., 2022). 
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Materials and methods 

The harvested wheat was milled by the municipality of Bolu. IZA wheat flour and grains were used to create 

products such as pasta, dessert, bread and local dishes. Village soup, village bread, kısır, bulgur pilaf, pasta 

with four cheese cream, pasta with pesto sauce, pasta with tomato sauce, trilece were made with IZA. The 

materials that were used have been presented in Table 4. Ethics committee report was not needed in this study. 

Tablo 4. Ingredients of Village soup, IZA kısır, IZA pilaf, Pasta with pesto sauce, Pasta with tomato sauce, Pasta with 

four cheese cream, IZA village bread, Trilece. 
Village Soup Kısır Bulgur Pilaf Pasta with Pesto Sauce 

1 kg of IZA bulgur 3 kg IZA fine bulgur 2.5 kg Iza bulgur 50 g IZA spaghetti pasta 

1 kg of flour 500 g tomato paste 5 capsicum peppers 20 g pesto sauce 

500 g noodles 500 g capia pepper 10 green peppers 1 zucchini 

1 kg boiled beef ribeye 3 bunches of spring onions 1.5 kg of onions 1 carrot 

750 g tomato paste 250 g California pepper 300 g garlic 1 clove of garlic 

500 g butter 2 bunches of parsley 400 g butter 100 ml cream 

500 ml Sunflower oil Juice of 8 lemons 300 g Sunflower oil 1 sprig of fresh basil 

Boiling water  250 ml pomegranate syrup 15 canned tomatoes 1 capsicum pepper 

Salt, pepper, cayenne 

pepper, mint 

Salt, pepper, cayenne 

pepper 

Salt, pepper, cayenne 

pepper, mint 

3 pcs Bolu yellow 

mushrooms 

 500 ml olive oil 4 liters of broth  

Pasta with Tomato 

Sauce 

Pasta with Four Cheese 

Cream 

IZA Village Bread Trilece 

Ingredients for the cake: 

50 g Iza spaghetti pasta 50 gr IZA sedani rigati  200 g sourdough 6 eggs 

2 tomatoes 10 g cheddar cheese 20 g fresh yeast 260 g Iza flour 

1 clove of garlic 10 g Tulum Cheese 150 g salt 160 g sugar 

1 sprig of fresh basil 10 g cheddar cheese 1 kg of boiled potatoes 45 g semolina 

20 g olive oil 10 g curd cheese 8 kg of Iza flour 15 g baking powder 

10 g butter 100 ml cream Warm water 10 g vanilla 

Salt, pepper, ground basil Ground basil, salt, pepper  5 g carbonate 

   5 g of salt 

   230 ml of water 

   Ingredients for the milk 

sauce: 

   1350 g milk 

   700 g cream 

   150 g sugar 

   Caramel sauce 

Results  

Sensory analysis tests are important in terms of potential food products. With sensory analysis tests, products 

which are eliminated because of out of favor can save the money in the future. 

In this study; village soup, IZA kısır, IZA pilaf, pasta with pesto sauce, pasta with tomato sauce, pasta with 

four cheese cream, IZA village bread, and trilece were presented to the public and a sensory analysis was 

conducted (Figure 3). Ethics committee report was not needed for this study. A total of 50 semi-trained 

panelists participated in the survey and they were asked to rate the products from 1 to 7. Nine of the participants 

were female and forty-one were male. The average age of the participants was 41.96 ± 12.25 years. A statistical 

analysis was performed using SPSS 18.0 Software (SPSS Inc., Chicago, USA). The panel performance was 

evaluated using analysis of variance (ANOVA) of sensory profile data. The homogeneity of variances test 

showed that our data were appropriate for ANOVA (Sig > 0.05). Duncan pairwise mean comparison was used 

to determine the differences between the products. As a consequence of the Duncan test, it was seen that trilece 

was liked the most and bulgur pilaf was liked the least. Six groups were formed according to the average 

scoring. The first group consisted of tirlece, the second group consisted of village soup, the third group 

consisted of IZA village bread and pasta with four cheese cream, the fourth group consisted of pasta with pesto 

sauce, the fifth group consisted of pasta with kısır and tomato sauce and the sixth group consisted of bulgur 

pilaf. The averages for texture, smell, chewiness, flavor and overall evaluation were calculated (Table 5). In 

general, the panelists agreed that the IZA product should be well promoted. 

There are very few studies on sensory analysis of food production with einkorn. Corbellini et al. (1999) made 

various cakes and bakery products with einkorn before demonstrating that they could make pastry products 
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with it. Gazza et al. (2022) made pasta with IZA and submitted it to sensory analysis. The pastas that they 

made were evaluated as quality products, but they could not achieve good results in terms of hardness and 

stickiness (Gazza et al., 2022). In other studies, bread was made from twenty-five different einkorn wheat 

flours and the ideal gluten value was only found in one-third of them (Borghi et al., 1996; Brandolini and 

Hidalgo,2011). 

 

 

Figure 3. Village Soup, Village Bread, Kısır, Bulgur Pilaf, Pasta with Four Cheese Cream, Pasta with Pesto Sauce, 

Pasta with Tomato Sauce, Trilece 

Table 5. The Average values of products. GE: General Evaluation 

 Village Soup Kısır Bulgur Plaf Four Chees 

cream pasta 

Pasta with 

Pesto Sauce 

Pasta with 

Tomato Sauce 

Trilice Village 

Bread 

Texture 4,48 ± 0,84 5,26 ± 1,78 5,50 ± 1,53 6,18 ± 1,06 6,06 ± 1,22 5,78 ± 1,31 6,76 ± 0,59 6,02 ± 1,04 

Odor 6,46 ± 0,89 5,74 ± 1,44 5,64 ± 1,51 6,22 ± 1,02 6,18 ± 1,02 5,78 ± 1,40 6,74 ± 0,63 6,36 ± 0,90 

Chewiness 6,52 ± 0,89 5,50 ± 1,76 5,60 ± 1,50 6,32 ± 0,91 6,32 ± 0,91 5,84 ± 1,28 6,66 ± 0,82 6,16 ± 0,93 

Flavor 6,62 ± 0,70 5,70 ± 1,58 5,54 ± 1,53 6,32 ± 0,91 6,14 ± 1,23 5,78 ± 1,27 6,80 ± 0,45 6,48 ± 0,79 

General 

Evaluation 

6,66 ± 0,69 5,84 ± 1,45 5,56 ± 1,53 6,34 ± 0,90 6,12 ± 1,24 5,78 ± 1,28 6,82 ± 0,44 6,64 ± 073 

         

Discussion and Conclusion 

The discovery of the benefits of IZA has restored its former reputation. IZA is rich in some types of B vitamins 

such as thiamine (B1), riboflavin (B2) and pyridoxine (B6) (Abdel-Aal et al., 1995; Hammed and Simsek, 

2014). In addition to these B vitamins, einkorn also contains antioxidant compounds (Hidalgo and Brandolini, 

2014; Ward et al., 2008). These antioxidants are bound phenolic acids, tocols, and carotenoids. Although IZA 

is not rich in minerals, Fe and Zn elements are found to be higher than other elements (Yaman, 2018).  

In addition to the significance of wheat as a grain, the consumption of wheatgrass has recently increased in 

importance. Due to its antioxidant content, wheatgrass is consumed as a beverage by producers by blending 

the grass or adding water to the powdered grass. However, bread wheat (Triticum aestivum) is preferred for 

wheatgrass consumption. The increasing popularity of wheatgrass has accelerated the studies of scientists on 

the content of wheatgrass. IZA wheatgrass has been found to have strong antioxidant activity (2.98 μg/mL) 

compared to other wheatgrasses (emmer, durum and bread wheatgrass). Moreover, overall flavonoid values of 

IZA (179.50 mg/g dw) are found to be higher than emmer (141.58 mg/g dw). It has also been concluded that 

IZA wheatgrass is rich in p-coumaric (1.360 μg/g dw) and trans-ferulic (0.490 μg/g dw) acids among other 

wheat species (Pehlivan Karakas et al., 2022). Vitamin B species and tocol species showing vitamin E activity 

were also examined in different wheatgrasses. As a result, the highest levels of vitamin B1, vitamin B2 and 

vitamin B5 were found in IZA wheatgrass. In vitamin E activity, α-tocopherol and α-tocotrienol content was 

higher in IZA wheatgrass than in other wheat species (Pehlivan Karakaş et al., 2021). For all these reasons, 

people should consume IZA wheat both as a grain and as a grass for its health benefits. 

IZA is very easy-to-grow for farmers. It is resistant to both drought and cold stresses (Aslan et al., 2017; Aslan 

et al., 2016). Bolu municipality helps farmers to overcome some problems such as the peeling of hulls of IZA. 
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Also, encourage farmers to increase planting area. Faculty members of BAIBU made great contributions, as 

well. Although IZA has low gluten, BAIBU Nutrition and Dietetics Department and local bakers are trying to 

do their best to make bread or pastries. In addition, pupils and faculty members of the Faculty of Arts and 

Sciences are working in the laboratory. With the tissue culture experiments, drought and cold resistance of 

IZA are approved (Aslan et al., 2017; Aslan et al., 2016). The planting of IZA wheat in a small district like 

Seben has provided a disadvantage for its promotion. For this reason, taking place in symposiums and food 

festivals has increased its popularity. However, this is not enough. For this reason, it is requested to open to 

the global. Apart from the use of IZA wheat in making bulgur, bakery products were also presented in 

symposiums (Özdemir Yaman, 2018). Concerning einkorn product making, only a few studies have been 

performed. Gazza et al. (2022) made pasta from einkorn wheat and submitted it to the sensory analysis test. 

As a result, einkorn wheat under the name of Hammurabi was evaluated as good quality. In this study, two 

einkorn varieties and one durum variety were used. Einkorn varieties showed low values in terms of firmness 

and stickiness (Gazza et al., 2022). It has been revealed that einkorn, which has a low gluten value, is not ideal 

for making bread. However, studies denied this. For example, twenty-five types of einkorn were used in a 

study, and one-third of them showed ideal gluten value for making bread (Borghi et al., 1996; Brandolini and 

Hidalgo, 2011). In addition, einkorn wheat is successful in making cakes, bakery products, and unleavened 

bread (Corbellini et al., 1999). The popularity of IZA has grown through symposiums, panel discussions, 

important meetings, and festivals. Most importantly, the farmers and the public have been informed about the 

health benefits of IZA. It is believed that it will become a product that everyone can consume, not only those 

who are well-off. 

References 

Abdel-Aal, E. S. M., Hucl, P., & Sosulski, F. W. (1995). Compositional and nutritional characteristics of spring 

einkorn and spelt wheats. Cereal Chemistry (USA), 72(6), 621-624.  

Abdel-Aal, E. S. M., & Rabalski, I. (2008). Bioactive compounds and their antioxidant capacity in selected 

primitive and modern wheat species. The Open Agriculture Journal, 2(1), 7-14.  

Anadolu Ajansı (Producer). (2018, 28 June 2022). 1. Iza Buğdayı Şenlikleri Ve Tarla Günleri.  

Arzani, A. (2011). Emmer (Triticum turgidum ssp. dicoccum) Flour and Bread. In V. R. Preedy & R. R. Watson 

(Eds.), Flour and Breads and their Fortification in Health and Disease Prevention (Second Edition) 

(pp. 69-78): Elsevier. 

Arzani, A., & Ashraf, B. (2017). Cultivated ancient wheats (Triticum spp.): A potential source of health-

beneficial food products. Comprehensive Reviews in Food Science and Food Safety, 16(1), 1-12.  

Aslan, D., Aktaş, H., Ordu, B., & Zencirci, N. (2017). Evaluation of bread and einkorn wheat under in vitro 

drought stress. The Journal of Animal and Plant Science, 27(6), 1974-1983.  

Aslan, D., B., O., & Zencirci, N. (2016). Einkorn wheat (Triticum monococcum ssp. monococcum) tolerates 

cold stress better than bread wheat (Triticum aestivum L.) during germination. Tarla Bitkileri Merkez 

Araştırma Enstitüsü Dergisi, 25(2), 182-192.  

Baloch, F. S., Alsaleh, A., Shahid, M. Q., Çiftçi, V., de Miera, L. E. S., Aasim, M., . . . Hatipoğlu, R. (2017). 

A whole genome DArTseq and SNP analysis for genetic diversity assessment in durum wheat from 

central fertile crescent. Plos One, 12(1), e0167821.  

Berg, J. M., Tymoczko, J. L., & Stryer, L. (2002). Hemoglobin transports oxygen efficiently by binding oxygen 

cooperatively. Biochemistry, C5.  

Bohnert, H. J., Nelson, D. E., & Jensen, R. G. (1995). Adaptations to environmental stresses. The Plant Cell, 

7(7), 1099.  

Borghi, B., Castagna, R., Corbellini, M., Heun, M., & Salamini, F. (1996). Breadmaking quality of einkorn 

wheat (Triticum monococcum ssp. monococcum). Cereal Chemistry (USA), 73(2), 208-214.  

Brandolini, A., & Hidalgo, A. (2011). Einkorn (Triticum monococcum) flour and bread. In Flour and breads 

and their fortification in health and disease prevention (pp. 79-88): Elsevier. 

Brandolini, A., Hidalgo, A., Gabriele, S., & Heun, M. (2015). Chemical composition of wild and feral diploid 

wheats and their bearing on domesticated wheats. Journal of Cereal Science, 63, 122-127.  



Keskin vd., / Journal of Gastronomy, Hospitality and Travel, 6(1) – 2023 

440 
 

Brandolini, A., Hidalgo, A., & Moscaritolo, S. (2008). Chemical composition and pasting properties of einkorn 

(Triticum monococcum L. subsp. monococcum) whole meal flour. Journal of Cereal Science, 47(3), 

599-609.  

Brown, M. J., & Beier, K. (2018). Vitamin B6 Deficiency (Pyridoxine). In StatPearls [Internet]. StatPearls 

Publishing, accessed 15 May 2020.  

Cakmak, I. (2002). Plant nutrition research: Priorities to meet human needs for food in sustainable ways. Plant 

and Soil, 247(1), 3-24.  

Cakmak, I., Kalayci, M., Ekiz, H., Braun, H. J., Kilinc, Y., & Yilmaz, A. (1999). Zinc deficiency as a practical 

problem in plant and human nutrition in Turkey: a NATO-science for stability project. Field Crops 

Research,, 60(1-2), 175-188.  

Cattivelli, L., Rizza, F., Badeck, F. W., Mazzucotelli, E., Mastrangelo, A. M., Francia, E., . . . Stanca, A. M. 

(2008). Drought tolerance improvement in crop plants: an integrated view from breeding to genomics. 

Field Crops Research, 105(1-2), 1-14.  

Corbellini, M., Empilli, S., Vaccino, P., Brandolini, A., Borghi, B., Heun, M., & Salamini, F. (1999). Einkorn 

characterization for bread and cookie production in relation to protein subunit composition. Cereal 

Chemistry, 76(5), 727-733.  

Davis, K. R., Cain, R. F., Peters, L. J., LeTourneau, D., & McGinnis, J. (1981). Evaluation of the nutrient 

composition of wheat. II. Proximate analysis, thiamine, riboflavin, niacin and pyridoxine. Cereal 

Chemistry, 58, 116–20.  

Davis, K. R., Peters, L. J., & Le Tourneau, D. (1984). Variability of the vitamin content in wheat. Cereal 

Foods World, 29(6), 364-370.  

Davis, W. (2011). Wheat: The Unhealthy Whole Grain Book Excerpt: Wheat Belly. Life Extension Magazine.  

Food and Agriculture Organization of the United Nations (FAO). (2023). FAOSTAT. Retrieved from 

https://www.fao.org/faostat/en/#home 

Gazza, L., Galassi, E., Nocente, F., Natale, C., & Taddei, F. (2022). Cooking Quality and Chemical and 

Technological Characteristics of Wholegrain Einkorn Pasta Obtained from Micronized Flour. Foods, 

11(18), 2905.  

Giambanelli, E., Ferioli, F., Koçaoglu, B., Jorjadze, M., Alexieva, I., Darbinyan, N., & D'Antuono, L. F. 

(2013). A comparative study of bioactive compounds in primitive wheat populations from Italy, Turkey, 

Georgia, Bulgaria and Armenia. Journal of the Science of Food and Agriculture, 93(14), 3490-3501.  

Gibson, R. S. (2006). Zinc: the missing link in combating micronutrient malnutrition in developing countries. 

Proceedings of Nutrition Society, 65(1), 51–60.  

Gill, P. K., Sharma, A. D., Singh, P., & Bhullar, S. S. (2003). Changes in germination, growth and soluble 

sugar contents of Sorghum bicolor (L.) Moench seeds under various abiotic stresses. Plant Growth 

Regulation, 40(2), 157-162.  

Göder, Z. (2018). Binlerce yıllık Iza Buğdayı'nın coğrafi işareti alınacak. https://www.aa.com.tr/tr/kultur-

sanat/binlerce-yillik-iza-bugdayinin-cografi-isareti-alinacak/1063243 (accessed 14 February 2018).  

Goffman, F. D., & Böhme, T. (2001). Relationship between fatty acid profile and vitamin E content in maize 

hybrids (Zea mays L.). Journal of Agricultural and Food Chemistry, 49(10), 4990-4994.  

Grausgruber, H., Preinerstorfer, B., Geleta, N., Leopold, L., Eticha, F., Kandler, W., & Siebenhandl-Ehn, S. 

(2010). Hulled wheats in organic agriculture – Agronomic and nutritional considerations. . Proceedings 

of 8th International Wheat Conference, 41–42p.  

Hammed, A. M., & Simsek, S. (2014). Hulled wheats: a review of nutritional properties and processing 

methods. Cereal Chemistry, 91(2), 97-104.  

Harari, Y. L. (2015). Sapiens: a brief history of humankind: C.I. New York, NY, USA: HarperCollins. 

Hidalgo, A., & Brandolini, A. (2014). Nutritional properties of einkorn wheat. Journal of Science of Food and 

Agriculture, 94, 601-612.  

https://www.fao.org/faostat/en/#home
https://www.aa.com.tr/tr/kultur-sanat/binlerce-yillik-iza-bugdayinin-cografi-isareti-alinacak/1063243
https://www.aa.com.tr/tr/kultur-sanat/binlerce-yillik-iza-bugdayinin-cografi-isareti-alinacak/1063243


Keskin vd., / Journal of Gastronomy, Hospitality and Travel, 6(1) – 2023 

441 
 

Hidalgo, A., Brandolini, A., Pompei, C., & Piscozzi, R. (2006). Carotenoids and tocols of einkorn wheat 

(Triticum monococcum ssp. monococcum L.). Journal of Cereal Science, 44(2), 182-193.  

Hidalgo, A., Brandolini, A., & Ratti, S. (2009). Influence of genetic and environmental factors on selected 

nutritional traits of Triticum monococcum. Journal of Agricultural and Food Chemistry, 57(14), 6342-

6348.  

Johnson, V. A., & Mattern, P. J. (1987). In R. A. Olson, Frey, K.J. (Ed.), Wheat, Rye, and Triticale. Nutritional 

Quality of Cereal Grains: Genetic and Agronomic Improvement (Vol. 28, pp. 133-182). 

Kaşıkçı, İ. Ö. (2020). Increase in IZA acreage during 2017 – 2019. (Unpublished Data).  

Keskin, Ç. N., Yaman, Z. Ö., Zencirci, N., & Dırbalı, B. (2022). The Production of Bread Types Peculiar to 

Turkish and World Cuisine with Local IZA Wheat (Triticum monococcum ssp. monococcum) and 

Consumer Opinions on The Quality of Bread. Journal of Gastronomy, Hospitality and Travel, 5(4), 

1705-1717.  

Khodabandeh, N. (2003). In Cereals (Vol. 7, pp. 78-111): Tehran University Press. 

Kucek, L. K., Veenstra, L. D., Amnuaycheewa, P., & Sorrells, M. E. (2015). A grounded guide to gluten: how 

modern genotypes and processing impact wheat sensitivity. Comprehensive Reviews in Food Science 

and Food Safety, 14(3), 285-302.  

Küçük, M. (2019). Bolu'da Iza Buğdayı Şenlikleri ve Tarla Günleri. https://www.dha.com.tr/son-

dakika/boluda-iza-bugdayi-senlikleri-ve-tarla-gunleri-/haber-1682132 (accessed 14 July 2019).  

Liu, R. H. (2007). Whole grain phytochemicals and health. Journal of Cereal Science, 46(3), 207–219.  

Liyana-Pathirana, C., & Shahidi, F. (2007). Antioxidant and free radical scavenging activities of whole wheat 

and milling fractions. Food Chemistry, 101, 1151–1157.  

Lohi, S., Mustalahti, K., Kaukinen, K., Laurila, K., & Collin, P. (2007). Increasing prevalence of coeliac 

disease over time. Alimentary Pharmacology & Therapeutics, 26:1217–25.  

Lombardi-Boccia, G., Aguzzi, A., Cappelloni, M., Di Lullo, G., & Lucarini, M. (2003). Total-diet study: 

dietary intakes of macro elements and trace elements in Italy. British Journal of Nutrition, 90(6), 1117-

1121.  

Marino, S., Tognetti, R., & Alvino, A. (2009). Crop yield and grain quality of emmer populations grown in 

central Italy, as affected by nitrogen fertilization. European Journal of Agronomy, 31(4), 233-240.  

Martel, J. L., & Franklin, D. S. (2019). Vitamin B1 (Thiamine). ncbi.nlm.nih.gov/books/NBK482360/, Last 

Update: January 26, 2019.  

Metakovsky, E. V., Knežević, D., & Javornik, B. (1991). Gliadin allele composition of Yugoslav winter wheat 

cultivars. Euphytica, 54(3), 285-295. Euphytica, 54(3), 285-295.  

Molberg, Ø., Uhlen, A. K., Jensen, T., Flæte, N. S., Fleckenstein, B., Arentz–Hansen, H., . . . Sollid, L. M. 

(2005). Mapping of gluten T-cell epitopes in the bread wheat ancestors: implications for celiac disease. 

Gastroenterology, 128(2), 393-401.  

Nakamura, A., Tanabe, S., Watanabe, J., Makino, T., & Station, A. E. (2005). Primary screening of relatively 

less allergenic wheat carieties. Journal of Nutritional Science and Vitaminology, 51, 204–6.  

Namitha, K. K., & Negi, P. S. (2010). Chemistry and biotechnology of carotenoids. Critical Reviews in Food 

Science and Nutrition, 50(8) 728-760.  

National Association of Wheat Growers. (2022). Wheat Info: Nutrition. Retrieved from 

https://wheatworld.org/about-us/nutrition/ 

Özdemir Yaman, Z. (2018). Lokalden Globale: IZA. Paper presented at the Turkey’s Local Wheat Symposium. 

Payne, P. I. (1987). Genetics of wheat storage proteins and the effect of allelic variation on bread-making 

quality. Annual Review of Plant Physiology, 1987:141–53.  

Pehlivan Karakas, F., Keskin, C. N., Agil, F., & Zencirci, N. (2021). Profiles of vitamin B and E in wheat grass 

and grain of einkorn (Triticum monococcum spp. monococcum), emmer (Triticum dicoccum ssp. 

https://www.dha.com.tr/son-dakika/boluda-iza-bugdayi-senlikleri-ve-tarla-gunleri-/haber-1682132
https://www.dha.com.tr/son-dakika/boluda-iza-bugdayi-senlikleri-ve-tarla-gunleri-/haber-1682132
https://wheatworld.org/about-us/nutrition/


Keskin vd., / Journal of Gastronomy, Hospitality and Travel, 6(1) – 2023 

442 
 

dicoccum Schrank.), durum (Triticum durum Desf.), and bread wheat (Triticum aestivum L.) cultivars 

by LC-ESI-MS/MS analysis. Journal of Cereal Science, 98. doi:10.1016/j.jcs.2021.103177 

Pehlivan Karakas, F., Keskin, C. N., Agil, F., & Zencirci, N. (2022). Phenolic composition and antioxidant 

potential in Turkish einkorn, emmer, durum, and bread wheat grain and grass. South African Journal of 

Botany, 149, 407-415. doi:https://doi.org/10.1016/j.sajb.2022.06.022 

Pizzuti, D., Buda, A., D'Odorico, A., D'Incà, R., Chiarelli, S., Curioni, A., & Martines, D. (2006). Lack of 

intestinal mucosal toxicity of Triticum monococcum in celiac disease patients. Scandinavian Journal of 

Gastroenterology, 41(11), 1305-1311.  

Pomeranz, Y. (1988). Chemical Composition of Kernel Structures. In Y. Pomeranz (Ed.), Wheat: Chemistry 

and Technology (Vol. 1, pp. 97-158). 

Pomeranz, Y. (1992). Biochemical, Functional and Nutritive Changes During Storage. In D. B. Sauer (Ed.), 

Storage of Cereal Grains and Their Products (Vol. 4, pp. 55–141): American Association of Cereal 

Chemists. 

Şahin, Y. (2016). Phytochemical Contents and Antioxidant Activities of Some Bread (Triticum aestivum L.), 

Durum (Triticum turgidum subsp. durum Desf.) And Hulled Einkorn (Triticum monococcum subsp. 

monococcum) Wheats. (Master of Science). Bolu Abant İzzet Baysal University, Bolu, Turkey.  

Salentijn, E. M., Esselink, D. G., Goryunova, S. V., van der Meer, I. M., Gilissen, L. J. W. J., & Smulders, M. 

J. M. (2013). Quantitative and qualitative differences in celiac disease epitopes among durum wheat 

varieties identified through deep RNA-amplicon sequencing. BMC Genomics, 14, 905.  

Serpen, A., Gökmen, V., Pellegrini, N., & Fogliano, V. (2008). Direct measurement of the total antioxidant 

capacity of cereal products. Journal of Cereal Science, 48, 816-820.  

Spaenij-Dekking, L., Kooy-Winkelaar, Y., van Veelen, P., Drijfhout, J. W., Jonker, H., van Soest, L., . . . 

Koning, F. (2005). Natural variation in toxicity of wheat: potential for selection of nontoxic varieties 

for celiac disease patients. Gastroenterology, 129, 797–806.  

Stallknecht, G. F., Gilbertson, K. M., & Ranney, J. E. (1996). Alternative wheat cereals as food grains: 

Einkorn, emmer, spelt, kamut, and triticale. In J. Janick (Ed.), Progress in New Crops (pp. 156-170). 

Suchowilska, E., Wiwart, M., Borejszo, Z., Packa, D., Kandler, W., & Krska, R. (2009). Discriminant analysis 

of selected yield components and fatty acid composition of chosen Triticum monococcum, Triticum 

dicoccum and Triticum spelta accessions. Journal of Cereal Science, 49(2), 310-315.  

Suchowilska, E., Wiwart, M., Kandler, W., & Krska, R. (2012). A comparison of macro-and microelement 

concentrations in the whole grain of four Triticum species. Plant, Soil and Environment, 58(3), 141-

147.  

Thakur, K., Tomar, S. K., Singh, A. K., Mandal, S., & Arora, S. (2016). Riboflavin and health: Aareview of 

recent human research. Critical Reviews in Food Science and Nutrition, 57(17), 3650–3660.  

Theriault, A., Chao, J. T., Wang, Q. I., Gapor, A., & Adeli, K. (1999). Tocotrienol: a review of its therapeutic 

potential. Clinical Biochemistry, 32(5), 309-319.  

Türkcan, O., & Ökmen, G. (2012). Mikrobiyal Karotenoidler. Türk Bilimsel Derlemeler Dergisi,, 5(1), 115-

122.  

van Herpen, T. W. J. M., Goryunova, S. V., van der Schoot, J., Mitreva, M., Salentijn, E., Vorst, O., . . . van 

Soest, L. J. M. (2006). Alpha-gliadin genes from the A, B, and D genomes of wheat contain different 

sets of celiac disease epitopes. BMC Genomics, 7, 1.  

Wang, W., Vinocur, B., & Altman, A. (2003). Plant responses to drought, salinity and extreme temperatures: 

towards genetic engineering for stress tolerance. Planta, 218(1), 1-14.  

Ward, J. L., Poutanen, K., Gebruers, K., Piironen, V., Lampi, A. M., Nyström, L., . . . Shewry, P. R. (2008). 

The HEALTHGRAIN cereal diversity screen: concept, results, and prospects. Journal of Agricultre and 

Food Chemistry, 56, 9699-9709.  

https://doi.org/10.1016/j.sajb.2022.06.022


Keskin vd., / Journal of Gastronomy, Hospitality and Travel, 6(1) – 2023 

443 
 

Yaman, H. M. (2018). Determination of Geographic Distribution and Macro - Micro Element Content 

Variation of Einkorn (Triticum monococcum subsp. monococcum) And Emmer (Triticum dicoccum 

schrank.) Wheats in Western Black Sea Region. MSc. Thesis, Bolu İzzet Baysal University, Bolu, Turkey.  

Yamauchi, R., & Matsushita, S. (1979). Light-induced lipid peroxidation in isolated chloroplasts and role of 

α-tocopherol. Agricultural and Biological Chemistry, 43(10), 2157-2161.  

Yilmaz, V. A., Brandolini, A., & Hidalgo, A. (2015). Phenolic acids and antioxidant activity of wild, feral and 

domesticated diploid wheats. Journal of Cereal Science, 64, 168-175.  

Zencirci, N., Ulukan, H., Ordu, B., Aslan, D., Mutlu, H. T., & Örgeç, M. (2019). Salt, cold, and drought stress 

on einkorn and bread wheat during germination. International Journal of Secondary Metabolite, 6(2), 

113-128.  

 

 


