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Although cereal grains such as rice, 
corn, rye, oats, and barley are consumed 
as foods in Turkey, wheat is the most com-
monly consumed cereal grain. Therefore, 
this article focuses primarily on wheat, 
discussing the history, agricultural pro-
duction, traditional cereal products, con-
sumption trends, R&D activities, process-
ing, trade of cereal products (e.g., flour, 
pasta, bulgur, breads, and cookies), and 
future prospects for academic and indus-
trial research activities in Turkey.

History and Origin of Wheat
Wheat has played a crucial role in 

people’s lives in Turkey and nearby coun-
tries for centuries. Cultivation of wheat is 
believed to have originated in the Fertile 
Crescent, which covers parts of Turkey, 
Iran, Iraq, and Syria. Recent archaeologi-
cal studies show that the homeland of 
wheat is Göbeklitepe, which is a prehis-
toric site in southeastern Turkey (40). 
Cultivation of wheat later spread to the 
territories south of modern-day Russia 
(Afghanistan, Turkmenistan, Uzbekistan, 
Kazakhstan, and Azerbaijan), parts of 
Ethiopia, eastern North Africa (Egypt 
and Sudan), and regions bordering the 
northern shores of the Mediterranean. In 
the Fertile Crescent, agriculture was 
based mainly on cereal grain crops, 
which allowed the development of a 
dense human population. Success in ag-
ricultural production and the ability to 
store grains meant a growing population 
of nonfarming specialists could be fed, 
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which catalyzed cultural development in 
this region (22,27).

The ancestors of modern wheat may 
still be found in abundance growing wild 
along roadsides in Turkey, Iran, and north-
ern Iraq and Syria. Turkey is located in a 
privileged area of the world with regard to 
plant genetic resources and diversity. It 
generally is agreed that two of the main 
centers of diversity and origin, the Near 
East and Mediterranean, overlap in Tur-
key (22,23,26,27).

Wheat Landraces, Wild Relatives, and 
Turkish Seed Gene Bank

The Turkish Seed Gene Bank (TSGB) 
was established in 2010 as a department 
of the Central Research Institute for Field 
Crops under the Ministry of Food, Agri-
culture and Livestock. The main aim of 
this department is conservation, collec-
tion, and molecular and morphological 
characterization of plant genetic resources, 
especially the genetic diversity of crop 
plants, their wild relatives, and plants 
present in and unique to Turkey. In addi-
tion to more than 16,000 Triticum aesti-
vum and 2,600 T. durum accessions, the 
TSGB includes a large selection of wheat 
landraces. There are ≈2,600 landrace acces-
sions, including T. diccocoides, T. dicoccum, 
T. monococcum, T. turgidum, T. polanicum, 
T. urartu, and other Triticum species, as 
well as 132 Aegilops accessions in the TSGB 
(K. Özbek, TSGB, personal communica-
tion, 2015).

In Turkey, diploid (cultivated einkorn), 
tetraploid (cultivated emmer and durum 
wheats), and bread wheat landraces are 
still grown on remote marginal eco- 
geographic farmlands by farmers using 
traditional methods. Einkorn is a name 
given to diploid species with 14 chromo-
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somes (2n = 2× = 14) in the genus Triti-
cum (39). Cultivated emmer wheat is an 
allotetraploid species with 28 chromo-
somes (2n = 4× = 28). It is a primitive and 
non–free-threshing type of wheat (28).

Wheat landraces are composed of tra-
ditional crop varieties developed by farm-
ers through years of natural and human 
selection and are adapted to local envi-
ronmental conditions and management 
practices (21). Landraces are cultivated in 
traditional wheat-growing areas in the 
Middle East, Asia, Africa, and Eastern 
Europe. Because emmer and einkorn 
varieties are genetic relatives of domesti-
cated varieties, their valuable gene pool 
may easily be used in breeding programs 
to improve the nutritional quality of wheat 
(42). Wild relatives of wheat and wheat 
landraces may hold the key to increasing 
the genetic diversity of grain quality and 
other important characteristics available 
to wheat breeders (7,16).

In Turkey, emmer, which is highly 
adaptable to poor soils, is still cultivated 
by farmers who live in marginal areas in 
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the Kastamonu and Sinop Provinces, in 
the Black Sea region, at 1,000–2,000 m 
above sea level. It is still consumed in Tur-
key in the form of bulgur. The reasons for 
the rediscovery of emmer include a grow-
ing interest in its nutritional content and 
increasing attention to local traditions 
and ancient foods by consumers. Emmer 
contains high levels of healthy phyto-
chemicals such as lutein and ferulic acid 
and has high antioxidant capacities (42). 
Furthermore, there is a growing interest 
in conservation of agrobiodiversity and 
diversification of cropping systems, and 
emmer is very suitable for organic pro-
duction (16).

Traditional Turkish Cereal-Based 
Foods and Beverages

Given their central role in the Turkish 
diet, a wide range of cereal-based prod-
ucts have been developed throughout the 
history of the region and are still con-
sumed today. The major traditional Turk-
ish cereal-based foods and beverages in-
clude bulgur, firik, tarhana, and boza. 
There are also various types of traditional 
flat and yeast-leavened breads, especially 
in rural regions (25).

Bulgur. To produce bulgur, wheat grains 
are cleaned, cooked, dried, tempered, and 
the outer layers are removed, followed by 
grinding, polishing, and classification 
sorting. The preferred raw material is 
durum wheat, but bread wheats may also 
be used. Bulgur is widely consumed in 
Turkey and the Middle East. The first 
historical information on bulgur was 
found in the Catalhoyuk archaeological 
site (in Anatolia), which dates back 7,000 
to 8,000 years. Bulgur is an important 
source of dietary fiber (≈18%), and it has 
high vitamin B and mineral contents 
compared with many other cereal prod-
ucts (4,24). In traditional processing, 
bulgur is sun-dried in the open air; in 
commercial processing it is dried with hot 
air. Because the traditional open-air sun-
drying process may cause quality degra-
dation and infestation of the product, it is 
being replaced in industrial production 
by more effective, less damaging drying 
methods.
Firik. Firik (also referred to as frikeh or 

frekeh), an ancient cereal product similar 
to bulgur, is consumed in Anatolia, the 
Middle East, and North Africa (14,33,54). 
It is used mainly as a substitute for rice 
and bulgur in pilav (pilaf). To produce fir-
ik, green wheat plants are cut (2–4 weeks 
postanthesis), bundled, and roasted 
(scorched) over open flames to burn off 

the awns and leafy material. The sun-dried 
spikes are then threshed, and the kernels 
are separated and cracked (14). Firik gen-
erally is made in the home for domestic 
consumption or commercially produced 
by small-scale manufacturers. Firik pilav 
is a traditional dish consisting of firik, meat, 
tomatoes, salt, and fat or butter cooked 
together (30).
Tarhana. Tarhana is a traditional fer-

mented cereal food consumed in Turkey. 
It is manufactured by mixing wheat flour, 
yogurt, baker’s yeast, vegetables, and spices, 
which is followed by fermentation, drying, 
and grinding. Legumes and other cereal 
flours also may be used in tarhana pro-
duction (15,29). It is produced both com-
mercially and domestically. For the prep-
aration of tarhana soup, tarhana powder 
is mixed with cold water and cooked for 
≈20 min with occasional stirring. It is 
consumed as a thick, creamy, highly fla-
vored soup (13).

Flat Breads. Flat breads are a simple 
form of bread made from flattened dough. 
They may be leavened or unleavened and 
are a very important staple food in eastern 
Turkey. Flat breads are classified into two 
groups: single and double layered. The 
single-layered group is divided into two 
subgroups: leavened by yeast fermenta-
tion (e.g., lavash, tandir, pide) and un-
leavened (e.g., yufka). Double-layered flat 
breads (e.g., gobit) are leavened with bak-
er’s yeast or sourdough and baked at a very 
high oven temperature, which seals steam 
inside the bread and causes it to puff up 
during baking (34). In Turkey, most flat 
breads are made at home and are widely 
consumed in rural areas, but they are be-
coming more popular in cities as well 
(12). Bazlama, lavash, pide, and yufka are 
common examples of Turkish flat breads.

Bazlama is a single-layered, flat, circu-
lar, leavened bread with a creamy yellow 
color. It is generally 1–2 cm thick and 20–
25 cm in diameter. It is made with wheat 
flour, water, salt, and sourdough or yeast. 
After 1–2 hr of fermentation, 150–250 g 
pieces of dough are divided, rounded, 
sheeted to the desired thickness, and 
baked on a preheated metal plate (called 
a “sac” or “sadj” in Turkish). During bak-
ing, the dough pieces are turned over to 
be baked on both sides (2,44).

Lavash is a single-layered, flat, oval-
shaped, leavened bread (12). Wheat flour, 
salt, water, and yeast are mixed into a 
dough and fermented for 1–3 hr. The fer-
mented dough is divided into 100–250 g 
pieces, rounded, and fermented further 
for at least 15 min, after which it is sheeted 

into a layer that is 40–60 cm long, 20– 
30 cm wide, and 3–5 mm thick. The 
sheeted dough is placed on the hot walls 
of a special tandoor oven (called a “tan-
dir” in Turkish) and baked on the oven 
wall or the oven hearth for 20–40 sec (43, 
44). This soft, pliable flat bread is perfect 
for wrap sandwiches (called “dürüm” in 
Turkish) and roll-ups (for shish kebab). 
Lavash has a short shelf life, drying quick-
ly and becoming hard and brittle.

Pide is a flat bread made from leavened 
dough and has a soft consistency. It may 
be either circular or oval and is generally 
1.5–2 cm thick. Circular pide has a diam-
eter of 20–30 cm. In pide production, 
wheat flour, salt, water, and yeast are mixed 
for 15–20 min. The dough is fermented 
for 40–50 min and then divided, rounded, 
and fermented for an additional 30– 
40 min. It is flattened manually, deco-
rated with sesame seeds and black cumin, 
and baked at 300°C for 18 min (43).

Yufka is a thin, round, unleavened flat 
bread with a diameter of 50–80 cm. It 
should be flexible enough to be rolled 
easily (3). In the production of yufka, 
flour is kneaded with water and salt. The 
dough is divided into 60–100 g pieces, 
rounded, rested for at least 15 min, and 
flattened into a circular sheet using a roll-
ing pin. Sheets of yufka dough are baked 
on a preheated metal plate for a short pe-
riod of time (40–60 sec). During baking, 
the bread is turned over to produce a 
creamy color with brown spots on both 
sides (44). The moisture content of yufka 
can be decreased to <5% to obtain dry 
yufka, which can have a shelf life of up to 
6 months. Before consumption, dry yufka 
is wetted and rested for a few minutes to 
provide flexibility and enabling it to be 
rolled.

Boza. Boza is a traditional Turkish fer-
mented beverage made with various ce-
real flours, yeast, and lactic acid bacteria. 
It is a thick, pale yellow liquid with a 
characteristic acidic–alcoholic odor and 
slightly sour or fairly sweet taste (1). Boza 
contains very little alcohol and CO2 due 
to the fermentation that provides its char-
acteristic flavor (17). Its pleasant flavor 
and high nutritional content has made 
boza a very popular beverage in Turkey 
(8). Boza is a rich source of probiotic lac-
tic acid bacteria and can be marketed as a 
functional food product.

Boza production involves preparation 
of the raw material followed by boiling, 
cooling, addition of sugar, and fermenta-
tion with yeast and lactic acid bacteria. 
The raw ground material is placed in a 
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cooking pan and water (1:6) and boiled to 
obtain a homogenous paste (1,17). The 
paste is allowed to cool overnight and 
then filtered (17) to obtain “raw boza,” 
which is diluted with water. Boza should 
contain a minimum of 15% sugar (19). 
Finally, the mixture is left in a cool place 
to mature overnight (1,6,17).

Clearly, a number of nutritious func-
tional foods that are high in fiber, low in 
fat, and low in phytic acid can be derived 
from traditional Turkish cereal-based 
food and beverage products. Intensive 
research efforts are needed in this area to 
exploit their potential to contribute to a 
health-promoting diet.

Recent Trends in Consumption 
of Cereal-Based Products in Turkey

The majority of the bread produced in 
Turkey is white hearth bread. However, 
over the last decade, the popularity of 
nonwhite breads, such as bran-supple-
mented and whole wheat breads, has in-
creased rapidly. This is likely due in part 
to the government’s new policy encourag-
ing the consumption of whole wheat breads 
and increasing consumer awareness of the 
health benefits of adopting a high-fiber 
diet. In Turkey, consumption of wheat 
bread and similar bakery products sup-
plemented with other cereal grain flours, 
such as rye, oats, and barley, also has in-
creased.

Recently, a new regulation concerning 
bread has been issued by the Ministry of 
Food, Agriculture and Livestock (No: 
2012/2), and the Turkish Food Codex on 
Bread and Bread Types has been revised 
(37). The aim of these recent revisions is 
to change Turkish people’s attitudes to-
ward consumption of whole wheat and 
bran-supplemented breads. Another ob-
jective of the latest revisions was to de-
crease the salt content of bread by 25%. 
In addition, the minimum ash content of 
bakery flour was increased to 0.65% to 
allow an increase in the bran content of 

bread. It also now mandatory to make 
whole wheat and/or bran-supplemented 
breads available in bakeries and retail 
stores that sell breads. These changes are 
expected to promote consumption of 
whole wheat and bran-supplemented 
breads in Turkey.

A significant percentage of the world’s 
population is struggling with hunger. 
Therefore, prevention of food waste, es-
pecially bread and its basic raw compo-
nent wheat, is becoming increasingly im-
portant. In response, “The Campaign for 
Preventing Bread Waste” was initiated by 
the Turkish Grain Board in 2013 as a so-
cial responsibility project. The main ob-
jectives of this campaign are to increase 
public awareness of bread waste and pre-
vent bread waste during production and 
consumption. In a short time, important 
achievements have been observed as a 
result of these efforts and with the volun-
tary participation of stakeholders. As a 
result of this campaign, 384 million loaves 
of bread were saved in 2013, with a cash 
value of 2.5 billion TL (Turkish lira), and 
consequently, an ≈18% reduction in bread 
waste was achieved (48).

Cereal Science and Technology 
Research in Turkey

Collaboration among Universities, 
Research Institutes, and Industry. The 
Scientific and Technological Research 
Council of Turkey (TÜBİTAK), estab-
lished in 1963, is the leading agency for 
managing, funding, and conducting re-
search in Turkey. The TÜBİTAK not only 
supports innovation and academic and 
industrial R&D studies, but, in line with 
national priorities, also develops scientific 
and technological policies and manages 
R&D institutes conducting research, tech-
nology, and development studies. Fur-
thermore, the TÜBİTAK funds research 
projects carried out in universities and 
other public and private organizations, 
conducts research in strategic areas, and 

develops support programs for the public 
and private sectors. It also publishes sci-
entific journals and books, organizes sci-
entific activities, and supports undergrad-
uate and graduate students through schol-
arships (www.tubitak.gov.tr). Recently, it 
was decided that the TÜBİTAK will give 
top priority to a variety of research fields. 
The thesis projects of M.S. and Ph.D. stu-
dents are financially supported if their 
topics are related to these high-priority 
fields. Cereal science and technology was 
one of the topics included in this top pri-
ority list in 2014. In the past five years, a 
total of 207 food industry projects were 
supported by the TÜBİTAK-TEYDEB pro-
gram; 15% of them were related to cereal 
and confectionary products. In 2014, the 
percentage of cereal and confectionary 
product-related projects increased to 29% 
(N. Saglam, TÜBİTAK, TEYDEB, per-
sonal communication, 2015).

The TÜBİTAK is also responsible for 
several international and national pro-
grams, such as bilateral and multilateral 
programs, EU framework programs, and 
European research programs (e.g., Euro-
pean Cooperation in the field of Scientific 
and Technical Research [COST], European 
Molecular Biology Conference [EMBC]).

The General Directorate of Agricultural 
Research and Policies (under the Ministry 
of Food, Agriculture and Livestock), Sci-
entific Research Projects Coordination 
Units of Universities, Regional Develop-
ment Agencies (under the Ministry of 
Development), and Industrial Thesis Sup-
porting Program (SAN-TEZ; under the 
Ministry of Science, Industry and Tech-
nology) also provide support to R&D ac-
tivities in Turkey. Cereal science- and 
technology-related research conducted 
by universities, research institutes, and 
industry have received important support 
from these programs.

Institutes Working on Wheat and 
Other Cereals. There are 13 agricultural 
research institutes under the Ministry of 
Food, Agriculture and Livestock that are 
working on wheat and other cereal grains 
in Turkey (www.tarim.gov.tr/TAGEM/
Link/13/Enstituler). One of the most im-
portant institutes is the Central Research 
Institute for Field Crops (CRIFC), which 
was founded in 1926 in Ankara. The fun-
damental objective of the institute is to 
develop new field crop varieties using 
conventional and molecular breeding 
methods and to produce elite seeds of 
these varieties to perform applied and 
basic scientific research. The Winter 
Bread and Durum Wheat Breeding Pro-
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gram was initiated to breed varieties with 
high yields and quality that also are resis-
tant to diseases and biotic stresses encoun-
tered in Central Anatolia (11). The insti-
tute is also a partner in the International 
Winter Wheat Improvement Program, 
which is a cooperative effort between 
Turkey, CIMMYT (International Maize 
and Wheat Improvement Center), and 
ICARDA (International Center for Agri-
cultural Research in the Dry Areas).

As of 2015, 176 bread wheat, 57 durum 
wheat, and 75 barley varieties have been 
registered in Turkey by the Seed Registra-
tion and Certification Center (41). The 
CRIFC has developed 21 bread wheat, 
12 durum wheat, and 15 barley varieties. 
Among these, Eminbey, Kızıltan-91, 
Ç-1252, and Mirzabey-2000 (durum 
wheat); Tosunbey, Bayraktar-2000, and 
Demir-2000 (bread wheat); and Tarm-92, 
Bülbül-89, Çetin-2000, and Aydanhanım 
(barley) are the varieties most commonly 
grown in Turkey (10). All quality analyses 
and evaluation of varieties and breeding 
lines are conducted by the CRIFC Qual-
ity Evaluation Department. The main aim 
of the department is to evaluate and im-
prove the quality of breeding lines and 
new varieties.

Quantitative Data on Cereals and 
Cereal Products

The total area cultivated in Turkey is 
23.8 million ha, which is ≈30% of the total 
land available. Almost half of this culti-
vated area (11.5 million ha) is reserved for 
cereal crops, among which wheat ranks 
first (67.2%), followed by barley, maize, 
rye, rice, oats, and triticale. During the 
last 20 years, the total quantity of wheat 
produced in Turkey has ranged between 
17.20 and 22.05 million tons. The lowest 
wheat production in recent years was 
17.2 million tons in 2007 due to a harsh 

drought. Total wheat production was 
709 and 22 million tons worldwide and 
in Turkey, respectively, for the 2013–2014 
growing season (49).

The Turkish Grain Board (TGB), an 
autonomous state economic enterprise 
founded in 1938, plays a significant role 
in cereal grain-related issues, such as pro-
duction trends, storage, and trade, in Tur-
key. The mandate of the TGB is to prevent 
abnormal decreases or increases in wheat 
prices against producers and consumers, 
respectively, and to protect and regulate 
the wheat industry. It is also responsible 
for importing and exporting wheat when 
necessary, monitoring wheat production 
trends and market movements around the 
world, and performing tasks related to 
other agricultural products as specified by 
the Council of Ministers if required. The 
TGB compiles statistical data by continu-
ously monitoring domestic and interna-
tional markets, and it analyzes the data 
and factors belonging to previous periods 
and takes required actions (47). Cereals 
subject to intervention purchases are 
wheat, barley, rye, triticale, oats, corn, and 
paddy rice. Headquartered in Ankara, the 
TGB was formerly founded under the 
Ministry of Economy, but it was put un-
der the auspices of the Ministry of Trade 
in 1939 and later under the auspices of the 
Ministry of Food, Agriculture and Live-
stock. Since its founding, the TGB has 
constructed warehouses in various types 
and tonnages, considering ports and in-
tensive production areas in every district 
of Turkey. The total storage capacity of 
the TGB warehouses is 4.5 million tons 
(3.2 million tons has ventilation capabili-
ties); 546.700 tons of this capacity is lo-
cated in ports. The TGB provides services 
for the agricultural industry, with facility 
teams and temporary receiving centers 
throughout the country that can increase 

their operations during peak procurement 
periods (www.tmo.gov.tr).

The TGB also leads licensed warehous-
ing operations in Turkey. The Licensed 
Warehousing Law of Agricultural Prod-
ucts (No: 5300) was enacted in 2005 (36). 
The warehouse receipt system has a num-
ber of advantages for the agricultural sec-
tor, such as introducing agricultural prod-
ucts into the market in accordance with 
quality standards and warehousing prod-
ucts under proper conditions. It also main-
tains product pricing during periods of 
high supply; ensures products against haz-
ards; protects producers from price dis-
crimination, market risks, and the pos-
sibility of receiving loans in return for 
product notes; and keeps records of the 
economy (45,52).

Wheat Flour. There are roughly 700 flour 
mills operating in Turkey, with a total mill-
ing capacity of 27.5 million tons/year (46, 
53). Total flour production in 2012 was 
≈7 million tons and was obtained using 
less than half of the total milling capacity 
(46,51) (Table I). There are also some 
small-scale flour mills in rural areas, and 
some local people bring their wheat to 
these smaller mills for milling. Therefore, 
the actual amount of flour produced in 
Turkey is estimated to be higher than the 
reported amounts (51).

In recent years Turkey has ranked first 
in global wheat flour exports, with a share 
of up to 20% (20). Within the last decade, 
Turkey’s wheat flour exports have increased 
by 181% in quantity (from 786,017 to 
2.209.928 tons) and ≈4.7-fold in cash 
value (from US$197.5 to US$932.6 million) 
(Table II). The main reason for Turkey’s 
leading role in wheat flour exports is its 
close proximity to countries that are ma-
jor wheat flour importers. Turkey exports 
wheat flour to countries across a wide 
geographical range, including the Middle 

www.tmo.gov.tr
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East, North Africa, and Far East. Iraq was 
the largest importer of wheat flour from 
Turkey in 2014, with a share of 47%, fol-
lowed by Syria, the Philippines, Angola, 
Sudan, Israel, Indonesia, Benin, Guinea, 
Ghana, Palestine, Madagascar, and Sierra 
Leone (50). Another reason for Turkey’s 
leading role in wheat flour exports is the 
Inward Processing Regime regulation 
(No: 2006/12) issued by the Ministry of 
Economy, which is related to Turkey’s 
export incentive system (35). This 
regulation has proven to positively effect 
the competitiveness of Turkish export-
ers. The aim of the Inward Processing 
Regime is to enable Turkish exporters 
to supply goods at world market prices 
for production of their export commod-
ities.

Pasta Products. Twenty-four pasta fac-
tories are actively operating in Turkey, with 
a total capacity of 1.25 million tons/year. 
The total capacity of the five largest facto-
ries is 600,000 tons/year. The next largest 
eight factories have capacities ranging 
from 50,000 to 90,000 tons/year each 
(31). Approximately 1.2 million tons of 
pasta was produced in Turkey in 2013 
(M. Bozkurt, Pasta Industrialists Associa-
tion of Turkey, personal communication, 
2015) (Table I).

In recent years, pasta production has 
been an increasing trend in Turkey, mak-
ing it the second largest exporter of pasta 
in the world (693,101 tons/year) after 
Italy in 2013 (20,50). Within the last 
decade, Turkey’s pasta exports have 
increased by 478% in quantity (from 
125,992 to 727.592 tons) and ≈10-fold in 
cash value (from US$50.3 to US$501.9 
million) (Table II). As in the case of wheat 
flour exports, Turkey’s close proximity to 
countries that are major pasta importers 
and the Inward Processing Regime can be 
cited as the main reasons it has become 
one of the leading exporters of pasta. 
Among the countries to which Turkey 
exports pasta, Angola ranks first, with a 
13% share, followed by Benin, Syria, Iraq, 
Togo, Japan, Djibouti, the United Arab 
Emirates, Cameroon, Congo, Libya, So-
malia, Lebanon, and Niger (50).

Bulgur. Turkey is currently the world’s 
largest producer and exporter of bulgur. 
There are nearly 120 factories operat- 
ing in Turkey, with a total capacity of 
≈700,000 tons/year (53). Approximately 
278,000 tons of bulgur is produced an-
nually in Turkey’s facilities, which utilize 
modern production technologies as well 
as traditional methods (51) (Table I). 
Turkey’s bulgur exports totaled nearly 
212,000 tons in 2014. Iraq, Syria, Leba-
non, Belgium, Germany, Saudi Arabia, 
Jordan, Israel, England, the United States, 
Sweden, the United Arab Emirates, and 
the Netherlands are all major importers of 
bulgur from Turkey (50) (Table II). There 
are some small-scale bulgur manufactur-
ers in rural areas, and local people may 
also produce their own bulgur at home. 
Therefore, the actual amount of bulgur 
produced is estimated to be higher than 
the amounts reported (51).

Cookies and Other Soft Wheat Prod-
ucts. There are roughly 50 cookie facto-
ries actively operating in Turkey, with a 
total production quantity of 620,000 tons 
in 2012 (9,51,53) (Table I). Turkey ranks 
sixth in global cookie exports (20). With-
in the last decade, Turkey’s cookie exports 
have increased by >50% in quantity (from 
117,341 to 186.007 tons) and ≈2.8-fold in 
cash value (from US$133 to US$373 mil-
lion) (Table II). Iraq ranks first in the 
import of cookies from Turkey, with a 
23% share, followed by Yemen, Syria, 
Saudi Arabia, Azerbaijan, Algeria, Roma-
nia, Albania, Palestine, Lebanon, Ger-
many, Angola, Jordan, Libya, and the 
United States (50).

Bread. In Turkey, bread generally is 
consumed within 24 hr of baking. There-
fore, small- and medium-scale local bak-
eries are very common. There are roughly 
23,000 small- and medium-scale local 
bakeries, 2,500 artisan type bakeries, and 
70 industrial bakeries operating in Turkey 
(M. Sanlı, Ankara Municipality Bakery 
Plant, personal communication, 2015). 
Metropolitan Municipality Bakery Plants 
are operating with modern technological 
infrastructures as industrial bakeries in 
Ankara (capacity of 1.5 million loaves/day), 
Istanbul (capacity of 1.8 million loaves/day), 
and most of the other metropolitan cities 
in Turkey (www.ankarahalkekmek.com.tr; 
www.ihe.com.tr).

Bread is the fundamental staple food in 
Turkey. Daily bread consumption shows 
great variation according to the life styles 
and habits of consumers. Bread consump-
tion in families with low socioeconomic 
status in small towns and villages is much 

higher than in families with a higher so-
cioeconomic status in cities. Although 
there is a decreasing trend in bread con-
sumption in general, it is still the most im-
portant energy source for Turkish people. 
In the 1990s daily bread consumption by 
Turkish citizens was ≈400 g/person (5), 
whereas it ranged between 221.6 and 
248.9 g for men and between 150.9 and 
157.4 g for women (19–64 years old) in 
2010. Daily bread consumption rates for 
Turkish people in different age groups are 
presented in Table III (38).

Future Prospects for Cereal-Based 
Research and Industry in Turkey

In Turkey, cereal-based research is con-
ducted by universities, public research 
institutes, and industry (private sector). 
In recent years, a significant increasing 
trend has been observed in the research 
activities of private-sector companies. 
This is probably due to various programs 
managed by a number of ministries to 
support collaborative research between 
the private sector and universities and 
public research institutes. There has been 
an enormous amount of research activity 
related to various aspects of cereals in 
general and wheat specifically in the past. 
Further studies are needed to increase the 
productivity and quality of cereal grains. 
However, the necessary improvements in 
productivity as well as nutritional and 
processing quality will not be forthcom-
ing unless investments in research and 
education focusing on cereals are main-
tained or increased (32).

Malnutrition and hidden hunger are 
among the most injurious obstacles af-
fecting a large portion of the world’s 
population. Many people in Turkey and 
around the world suffer from hidden 
hunger or micronutrient deficiencies and 
do not get enough of the micronutrients 
that are essential for healthy lives. The 
diets of people with low incomes consist 
of very high amounts of bread and other 
cereal products. The nutritional proper-
ties of wheat are extremely important for 
these people because it is grown exten-
sively as an inexpensive staple food 
source. Breeding programs provide an 
opportunity to improve further the nutri-
tional and processing qualities of wheat 
cultivars that are also agronomically de-
sirable. Unquestionably, the future will 
see many innovations in cereal science 
and technology. The following is a list of 
some research areas that should be given 
top priority in cereal research activities in 
Turkey, as well as globally.

www.ankarahalkekmek.com.tr
www.ihe.com.tr
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•	 Biotechnology is expected to have 
major impact on revenues from ce-
real production, both through in-
creased yield and improved quality. 
Molecular techniques such as mark-
er assisted selection should be more 
commonly used in breeding pro-
grams to screen or select wheat 
breeding lines with higher micro-
nutrient contents and better quality. 
In addition to developing new vari-
eties with high nutritional and pro-
cessing qualities, resistance to biotic 
and abiotic stress should be consid-
ered (e.g., wheat varieties with good 
breadmaking properties at relatively 
high suni bug damage levels might 
be beneficial for production in Tur-
key and surrounding countries).

•	 There is an urgent need for develop-
ment of wheat varieties with im-
proved protein, zinc, and iron con-
tents. Landraces can be good source 
of micronutrients, and they can be 
used in breeding programs to de-
velop new varieties that are rich in 
micronutrients. More emphasis 
should be given to genetic conserva-
tion of crop germplasm, since an-
cient cultivars and landraces and the 
wild relatives of domesticated spe-
cies are being lost as modern variet-
ies are adopted by farmers.

•	 There is also an urgent need to de-
velop cereal-based products (espe-
cially whole grain cereal products) 
with health benefits that can help to 
overcome chronic diseases frequent-
ly encountered in developed coun-
tries (e.g., type 2 diabetes, cardiovas-
cular diseases, and certain types of 
cancers) (18). For a healthy diet, a 
decrease in fat intake and increase in 
dietary fiber consumption are rec-
ommended. To meet this recom-
mendation, it is necessary to develop 
raw materials and processing tech-
nologies to obtain food products 
with preventative and therapeutic 
health effects (e.g., improved colonic 
health, lower plasma cholesterol and 
lipid levels, etc.). Cereal products 
have great potential to fulfill these 
properties because they are high in 
soluble and insoluble fibers and re-
sistant starch and low in fat and have 
a low glycemic index and high anti-
oxidant capacity. Unfortunately, in-
creasing dietary fiber and decreasing 
fat in products generally deteriorates 
the sensory and textural properties 
of foods. Therefore, appearance, tex-

ture, and mouthfeel must also be 
considered.

•	 Further research should be con-
ducted to develop new cereal-based 
products for individuals who have 
cereal-related disorders, such as ce-
liac disease, gluten sensitivity, wheat 
allergies, etc. (e.g., new cereal variet-
ies could be bred for patients suffer-
ing from celiac and other cereal-
related diseases).

•	 Research efforts should be intensi-
fied to increase utilization of mod-
ern technology in cereal processing 
facilities (e.g., computerized grain 
supply and product selection in flour 
mills, fully automated operation in 
factories, and air classification for 
protein control).

•	 Profit margins in the cereal process-
ing industry are quite tight. There-
fore, R&D activities related to de-
creasing manufacturing costs in 
flour mills, pasta and cookie facto-
ries, and bakeries are essential.
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