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Introduction

The content of nitrates and nitrites in agricultural products has 
been assessed as an indicator of the quality of the products and has 
important health influences 1. Changes in patterns of agricultural prac-
tice, food processing and industrialization have impacted accumulation 
of nitrates/nitrites in the environment. Intensive farming practice has 
resulted in an increasing use of nitrogen-based fertilizers, particularly 
with corn, vegetables, other row crops and forages 2. The toxicity due to 
nitrate ingestion is relatively low. On the other hand, 5% to 20% nitrates 
taken from different sources including water and several foodstuffs are 
endogenously converted to nitrites, which have higher toxicity and are 
thought to be responsible of several adverse health effects. Nitrite content 
of agricultural products has been in concern of public, toxicologists, pub-
lic health providers and governmental regulators for decades 1, 3, 4. 

There are two toxicological outcomes regarding nitrite exposure: 
Nitrite exposure causes methemoglobinemia. It is a fact that exposure 
to high levels of nitrate and nitrite ions cause changes in hemoglobin 
(Hb) molecule, which is the most important oxygen-binding molecule in 
vertebrates. Hb Consists of four globular subunits where each subunit is 
composed of Hb protein, which is tightly associated with a non-protein 
heme group. The heme iron is in reduced form (ferrous iron, Fe2+) in the 
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structure of Hb and it can be oxidized to ferric iron (Fe3+) by several oxi-

dizing agents including nitrites and nitrates. Immoderate levels of nitrites 

and nitrates causes acquired methemoglobinemia, a fatal condition, in 

which hemoglobin’s one or more iron atom is oxidized 5,6. Methemoglobin 

is unable to bind or carry oxygen 7. Therefore, high methemoglobin con-

centrations can cause severe tissue hypoxia 8. Infants, pregnant women, 

nursing mothers, and elderly people are the most susceptible to the con-

tamination 9, 10. The Joint FAO/WHO Expert Committee on Food Addi-

tives (JECFA) and Scientific Committee on Food (SCF) have proposed an 

acceptable daily intake (ADI) for nitrite of 0-0.07 mg kg-1 (body weight, 

b.w.) per day while EPA has set a reference dose (RfD) of 0.10 mg nitrite 

nitrogen per kg b.w. per day (equivalent to 0.33 mg nitrite ion kg-1 b.w. 

per day). The no observed effect level (NOEL) of sodium nitrite was estab-

lished as 10 mg NaNO2 kg-1 b.w. (equivalent to 6.7 NO2
- per kg b.w.) and 

the NOEL of potassium nitrite was established as 10 mg KNO2 kg-1 b.w. 

(equivalent to 5.4 NO2
- per kg b.w.) 11,12.

On the other hand, nitrosamines and other N-nitroso compounds 

(NOCs) are formed endogenously from nitrites and nitrates in stomach 

where the presence of hydrochloric acid favors nitrosation reactions 13,14. 

Though the acute toxicity of NOCs varies in wide limits and no correla-

tion has been shown between acute toxicity and carcinogenicity, many 

NOCs and nitrosamines have been shown to be potent carcinogens in 

chronic exposure 13. Nitrates or nitrites (ingested, under conditions that 

result in endogenous nitrosation) are Group 2A carcinogens (probably 

carcinogenic to humans). International Agency for Research on Cancer 

(IARC) has classified four NOCs as probable, and another fifteen NOCs as 

possible carcinogenic in humans 15. As there is a genotoxic mechanism 

of action, no safe level has been determined for NOCs. There is thought 

to be an association between gastric cancer (GC) and the endogenous 

formation of mutagenic NOCs, from secondary amines and nitrites by the 

catalyzation of thiocyanate, which is found in human saliva and stomach. 

NOCs were found to cause induction of GC in several animal studies and 

there is thought to be a possible relationship between esophageal can-

cers (EC) and nitrite and nitrosamine intake 16, 17. Moreover some NOCs 

induce oxidative stress and lipid peroxidation and are thought to be he-

patocarcinogenic 13. In a review by Jakszyn and Gonzalez (2006), the 
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researchers  studied on all the published cohort and case-control studies 
from 1985-2005, and analyzed the relationship between nitrosamine and 
nitrite intake and the most important related food intake and cancer risk. 
The paper covered 11 cohorts and 50 case-control studies. A high propor-
tion of case-control studies found a positive association with meat intake 
for both tumors (11 of 16 studies on GC and 11 of 18 studies on EC). A 
relatively large number of case-control studies showed quite consistent 
results supporting a positive association between processed meat intake 
and GC and EC risk (10 of 14 studies on GC and 8 of 9 studies on EC). 
Almost all the case-control studies found a positive and significant as-
sociation between preserved fish, vegetable and smoked food intake and 
GC though the evidence regarding EC was more limited 14. 

The nitrite content of agricultural products has been in concern of 
scientists and public for decades and the toxicological outcomes of ni-
trate/nitrite exposure have been studied widely in both human and ani-
mal studies. The present study was aimed to assess nitrite levels in maize 
samples collected from different regions of Turkey and to evaluate the 
possible toxicological outcomes.

Materials and Methods

Sample Collection

A total of 51 maize samples were randomly collected from Black Sea 
(n=15), Mediterranean (n=16), Marmara (n=12), and Central Anatolia 
(n=8) regions in a minimum weight of 20 g in the period of 2004-2005. 
The maize samples were crumbled by a teflon blender and maize flours 
were put in nylon bags with shackles to prevent contamination with air 
and therefore the effect of humidity on nitrate/nitrite content of the sam-
ples was deterred. All samples were stored at –20 °C until the analysis.

Chemicals

All chemicals used in this study were analytical grade (Sigma Co., St. 
Louis, MO, USA and Merck Co., Darmstadt, Germany). Ultra-high pure 
distilled water was used in the analytical work. 
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Standards

Stock nitrite solution was prepared by dissolving 50 mg sodium ni-
trite per dl of ammonium hydrochloride buffer (prepared from HCl and 

ammonia; pH=9.7). A working solution containing 50 mg mL-1 sodium ni-
trite was prepared daily by proper volume of stock solution. Standard so-

lutions containing 0.025, 0.05, 1, 1.5, 2, 5, and 10 mg mL-1 sodium nitrite 
were obtained with dilution. 

Extraction Procedure

For each sample, 10 g of ground maize was used for the nitrite analy-
sis. 40 ml hot water was added on the sample and blended for 5 min in 
a blender. The mixture was heated to 75ºC for the prevention of ascorbic 
acid interference. The solution was transferred to a volumetric glass and 
50 ml hot water and 12 ml sodium hydroxide (2% w/v in water) was add-
ed and blended again for another 10 mins. 10 ml of zinc hydroxide (7.2% 
w/v in water) was added and the mixture was shaked for 5 min. The next 
step was to add 5 ml sodium hydroxide and the mixture was blended for 
5 min. Distilled water (83 ml) was added and mixed for 5 min. The last 
volume was 200 ml. The mixture was filtered using filter paper (Whatman 
No. 1) until the filtrate was completely clear. 

Determination of Nitrite

The Griess method was employed with slight modifications. The prin-
ciple of the method was based on the reaction between nitrites and sulfa-
nilic acid (1% w/v in 30% acetic acid) and Marshall’s reagent to produce 
a colored complex 18. The absorbance can be measured at 550 nm. 

In order to detect the nitrite level in the samples, the clear 1 ml fil-
trate was used. Ammonium hydrochloride buffer (0.9 ml) and 0.5 ml of 
60% acetic acid were added on the filtrate tubes. 0.5 ml of sulfanilic acid 
and 0.5 ml of Marshall’s reagent (N- (1-naphtyl) ethylene diamine hydro-
chloride; 0.1% w/v in 60% acetic acid) was added, and then diluted to 5 
ml by water and the mixture was vortexed for 30 sec. The mixture was 
incubated in the dark for 25 min. The same procedure was applied to 
sodium nitrite standard solutions and the absorbance was determined at 
550 nm by using a spectrophotometer (Shimadzu 160 UV, Japan).
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The concentration-absorbance intensity relationships were assessed 

by linear regression. The detection limit of the method was 0.025 mg mL-1. 
Recovery studies were performed on blank samples of maize spiked with 

level of 0.5 and 1 mg mL-1 nitrite. Within-day precision and between-day 
precision were also determined. The average recovery value was deter-
mined to be 95.33 ± 0.8%; within-day precision was 3.8% coefficient of 
variance and between-day precision was 95.59%. The nitrite content of 
the sample was presented as mg of nitrite per kg of the sample.

Statistical Analysis 

All of the results were expressed as mean ± standard error of mean 
(SEM). The differences among the groups were evaluated with Kruskal-
Wallis analysis of variance. p values <0.05 were considered as statisti-
cally significant. 

Results

Fifty-one samples of maize collected from different regions were ana-
lyzed for nitrite levels by spectrophotometric method. The mean concen-
tration of nitrite in all of the samples was determined to be 39.09 ± 4.34 
mg kg-1. 20% of the samples were found to contain nitrite under the 
detection limit of method. The mean levels of nitrite of maize samples in 
Black Sea (n=15), Mediterranean (n=16), Marmara (n=12) and Central 
Anatolia (n=8) were 46.67 ± 10.63, 36.89 ± 6.38, 36.27 ± 7.82 and 33.8 ± 
9.48 mg kg-1, respectively (Figure 1). The differences between the groups 
were not found to be statistically significant possible due to high stan-
dard deviation. The minimum and maximum levels along with median 
levels of nitrite in the samples were also shown in Table 1. 

Discussion

Being acquainted with the origin and quality of agricultural products, 
as well as the quality of locally produced food, is getting more important 
for the consumers and health care providers. There are many factors in-
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fluencing the nitrate and nitrite content of agricultural products. These 
factors may be listed as the kind of the product; time of harvesting (ni-
trite content may differ through seasons and years); ammonium contain-
ing fertilizer use; irradiation; temperature and humidity; type of growing 
(in open air or under protective conditions); length of the growth period; 

Figure 1
Nitrite levels in the maize samples from different regions of Turkey

TABLE I

Nitrite levels of maize samples from different regions of Turkey

Region
Number of Sample Nitrite Level (mgkg-1)

Non-
detectable

Detectable Minimum Maximum Mean ± SEM Median

Black Sea 3 12 3.85 119.90 46.67 ± 10.63 36.63

Mediterranean 3 13 7.57 75.83 36.89 ± 6.38 36.69

Marmara 3 9 9.80 81.97 36.27 ± 7.82 30.99

Central 
Anatolia

1 7 7.33 88.03 33.80 ± 9.48 34.84

Overall 10 41 3.85 119.90 39.09 ± 4.34 34.71
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pedologic properties of soil (nitrogen content of soil) and contamination 
after harvesting 1,19-23.

In human diet, vegetables are considered to be one of the major 

sources of dietary exposure to nitrates and nitrites 22. Thompson et al. 

(2007) performed a study on 200 foodstuff and 1021 water samples from 

561 different supplies. They found that green vegetables had the highest 

nitrite content as expected. Watercress had the highest nitrate content 

(mean 1640 mg kg-1), whereas celery samples had the second place (mean 

1610 mg kg-1). They also worked on other vegetables including potatoes, 

carrots and pumpkins. Potatoes had 48-240 mg kg-1, with a mean nitrate 

content 129 mg kg-1 and carrots had <5-290 mg kg-1, with a mean nitrate 

content as 58.3 mg kg-1 24. Mozolewski and Smoczynski (2004) reported a 

study on nitrate and nitrite levels in different potato tubers. They found 

that nitrite levels of Ibis potato tubers were the highest among groups 

(4.3 mg NO2 kg-1). Culinary processing also reduced the nitrite levels. It 

was indicated that potato peeling and thermal processing raised the hy-

gienic quality of potato meals 25. 

Another study performed by Chung et al.(2003) on the nitrate and 

nitrite content of vegetables grown in Korea showed that winter and sum-

mer nitrite content of vegetables show differences. Among the vegetables 

analyzed Allium tuberosum had the highest content (5.3 mg kg-1) in winter 

while Chinese cabbage had the highest nitrite content in winter (14.3 mg 

kg-1) 22. 

In a large survey performed by Susin et al. (2006) in Slovenia dur-

ing 1996-2002, the researchers determined the nitrate content of silage 

maize as 12.2 mg kg-1, The concentrations of nitrite in cereals (8.9 mgkg-1) 

were found to be lower than our samples1. 

Although there are some studies on the levels of nitrite in different 

foods consumed and produced in Turkey such as baby foods, vegetables, 

cured meat and cheese, there were not any studies on the determination 

of nitrite content in cereal and cereal products including maize 26-30. Be-

sides, monitoring studies on nitrite and nitrate contents in cereal prod-

ucts as well as other foods were not carried out routinely by Ministry of 

Agriculture in our country. Turkdogan et al. (2003) determined that herb-

enriched cheese contained 4.14 mg g-1 nitrite, while bread baked by wood 
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fire contained 0.82 mg g-1 nitrite and bread baked by animal manure 
contained 3.02 mg g-1 nitrite in Van, Turkey. They suggested that nitrite 
and nitrate rich diet could significantly affect the development of endemic 
upper gastrointestinal cancers in this city. It is a fact that diet can be the 
major determinant of risk in several diseases including cancer28. Dogan 
et al. (2008) measured nitrite levels ranged in 0.0- 0.261 mg kg-1 in dif-
ferent fruits grown in Van district and reported that nitrite and nitrate 
concentrations of fruits delivered to street market from the other regions 

were higher than that of the fruits grown in this region31.

Maize is one of the most important crops in Turkey especially for 

some regions. In the last five years, maize production has ranged from 

2.1 to 3 million tons and these amounts correspond to almost 10% of to-

tal cereal productions in Turkey 32. The largest maize-producing areas in 

Turkey are in Black Sea and Mediterranean Regions. It has been reported 

that ~45% and 30% of maize growing areas of our country are in Black 

Sea and Mediterranean Regions, respectively 33. However, the produc-

tion in Mediterranean Region is stated to be more than the other regions. 

Therefore, 60% of the samples analyzed were collected from these regions. 

Maize is primarily used for human consumption in Turkey especially in 

Black Sea region and it is a considerable component especially in chil-

dren’s diet. Moreover, it is also one of the major livestock feeds.

The mean nitrite level in all of the maize samples was found to be 

39.09 ± 4.34 mg kg-1 in this study. Although the differences between 

the groups were not significant statistically, the highest concentration 

of nitrite was determined in the maize samples collected from Black Sea 

Region. The high nitrite content of the maize samples from different re-

gions of Turkey may be attributed to several reasons. High ammonium 

containing fertilizer use throughout Turkey may be the first and most 

important reason of this high nitrite levels. Though chemical fertilizers 

are used extensively in modern agriculture, in order to improve yield and 

productivity of agricultural products, nutrient leaching from agricultural 

soil into groundwater resources poses a major environmental and public 

health concern 34. High humidity in the storage of maize samples after 

harvesting may be another reason. Besides, the type of soil, type of water 

used in the watering of maize fields and type of growing may be other 
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factors affecting the total nitrite content of the plant 35, 36. Contamination 

of samples with several nitrogen containing compounds may be another 

important cause of these high levels 8. Furthermore, contamination of 

soil with airborne nitrogenous compounds emitted from industry and au-

tomobiles might have an effect of the total nitrite content of the soil and 

therefore this may be effective in the total nitrite content of the plant 10. 

Although Marmara region is the most industrialized region in Turkey, 

the maize samples from that region have lower levels of nitrite than Black 

Sea and Mediterranean regions. This may emphasize that other than the 

effects of industry and industrial contamination, type of soil and type 

of the fertilizers used have importance in the total nitrite content of the 

maize samples. 

With a simple calculation, if a 70 kg person consumes 100 g of bread 

(3 slices) prepared from maize-flour everyday, he may approximately get 

3.9 mg of nitrite and it is below the ADI given by JECFA, however the 

overall nitrite intake of the organism in one day must also be consid-

ered. Water, vegetables and other cured-meat products may have nitrite 

high levels. Chronic intakes of nitrite in excess of ADI may lead to in-

creased risk of mild to moderate methemoglobinemia, especially for sus-

ceptible populations such as young children and elderly. Furthermore, 

high nitrite intake favors the formation of NOCs in gastrointestinal tract. 

Therefore, it can be suggested that nitrite contamination should be moni-

tored routinely in different agricultural products. Ultimately, surveillance 

should be continuous, widespread, and must be conducted by authori-

ties to prevent the threat to human health.

Summary

Maize is a largely produced cereal grain throughout the world. Tur-

key is a wide-consumer and producer of maize. Maize flour is used for 

making bread and several meals. Nitrite content of agricultural prod-

ucts has been in concern of public, toxicologists, public health providers 

and governmental regulators for decades. Nitrites have been implicated 

with a variety of long-term adverse effects on the human health. Being 

acquainted with the origin and quality of agricultural products, as well 



HACETTEPE UNIVERSITY JOURNAL OF THE FACULTY OF PHARMACY20

as the quality of locally produced food, is getting more important for the 

consumers and health care providers. The present study was aimed to 

evaluate the nitrite content of maize from different regions of Turkey. We 

have collected totally 51 samples from Black Sea (n=15), Mediterranean 

(n=16), Marmara (n=12) and Central Anatolia (n=8) regions. The mean nitrite 

levels of maize in these regions were found to be 46.67 ± 10.63, 36.89± 6.38, 

36.27 ± 7.82 and 33.8 ± 9.48 mg kg-1, respectively. The highest mean concen-

tration of nitrite was determined in the samples from Black Sea Region, but 

the differences were not significant statistically. It must be considered the 

overall intake of the organism in one day from the other sources along with 

cereals. Water, vegetables and other cured-meat products may have nitrite 

high levels. It can be concluded that the nitrite high levels in different cereals, 

vegetables and fruits should be monitored routinely to prevent food-borne 

hazards and for the safety of susceptible populations such as infants, 

young children and elderly. 

Key Words: Maize, nitrite, food toxicity, Turkey

Özet

Türkiye’nin Farklı Bölgelerinden Alınan Mısır Örneklerinin Nitrit 

İçeriğinin Belirlenmesi

Mısır tüm dünyada yaygın olarak üretilen bir tahıldır. Türkiye önemli 

bir mısır üreticisi ve tüketicisi durumundadır. Mısır unu, ekmek ve bir-

çok gıda ürününün yapımında kullanılır. Tarım ürünlerinin nitrit içeriği 

toplumun, toksikologların, sağlık personelinin, yönetsel otoritelerin ilgi-

sini yıllardır çekmektedir. Nitritlerin insan sağlığı üzerinde uzun dönem 

ters etkileri bulunmaktadır. Lokal olarak üretilen gıdaların kalitesi gibi 

tarımsal ürünlerin kaynağı ve kalitesinin bilinmesi, tüketici ve sağlık 

personeli için son derece önemlidir. Bu çalışmada Türkiye’nin farklı 

bölgelerinden alınan mısır örneklerinin nitrit içeriğinin değerlendirilmesi 

amaçlanmıştır. Toplam 51 mısır örneği Karadeniz (n=15), Akdeniz (n=16), 

Marmara (n=12) ve İç Anadolu (n=8) bölgelerinden toplanmıştır. Orta-

lama nitrit değerleri sırasıyla 46.67±10.63, 36.89±6.38, 36.27±7.82 ve 

33.8±9.48 mg kg-1 olarak bulunmuştur. En yüksek ortalama nitrit değeri 
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Karadeniz Bölgesindeki örneklerde tayin edilmiştir, ancak farklar istatis-

tiksel olarak anlamlı bulunmamıştır. Organizmanın tahıllar ile birlikte 

diğer kaynaklardan bir gün içindeki toplam nitrit alımını dikkate almak 

gerekir. Su, sebzeler ve işleme tabi tutulmuş etlerin de nitrit içerikleri 

yüksektir. Sonuç olarak tarımsal ürünlerin nitrit içerikleri gıdalardan 

gelebilecek tehlikelerin önlenmesi ve bebek, çocuk ve yaşlılar gibi hassas 

popülasyonların güvenliğinin sağlanması için rutin olarak izlenmelidir. 

Anahtar kelimeler: Mısır, nitrit, gıda toksisitesi, Türkiye

REFERENCES
1. Susin, J., Kmecl, V., Gregorcic, A.: A survey of nitrate and nitrite content of fruit and 

vegetables grown in Slovenia during 1996-2002, Food Addit Contam., 23, 385 -390 
(2006). 

2. Chow, C.K., Hong, C.B.: Dietary vitamin E and selenium and toxicity of nitrite and 
nitrate, Toxicology, 180, 195 -207 (2002).

3. Thompson, B.M., Nokes, C.J., Cressy, P.J.: Intake and risk assessment of nitrate and 
nitrite from New zealand foods and drinking water, Food Addit Contam. ,  24, 113-121 
(2007).

4. zhong, W., Hu, C., Wang, M.:  Nitrate and nitrite in vegetables from north China: con-
tent and intake., Food Addit Contam. , 19, 1125-1129 (2007).

5. Umbreit, J.:  Methemoglobin--it’s not just blue: a concise review, Am J Hematol., 82, 
134-44 (2007).

6. Gowans, W.J.: Fatal methaemoglobinaemia in a dental nurse. A case of sodium nitrite 
poisoning, Br J Gen Pract., 40, 470-471 (1990).

7. Saito, T., Takeichi, S., Osawa, M., Yukawa, N, Huang, X.L.: A case of fatal methemoglo-
binemia of unknown origin but presumably due to ingestion of nitrate, Int J Legal Med., 
113, 164-167 (2000).

8. Mensinga, T.T., Speijers, G.J.A., Meulenbelt, J.: Health implications of exposure to 
environmental nitrogenous compounds, Toxicol. Rev., 22, 41-51 (2003).

9. Agency for Toxic Substances and Disease Registry Division of Health Education and 
Promotion, ATSDR Case Studies in Environmental Medicine Nitrate/Nitrite Toxicity-
Environmental Alert, Atlanta, GA, Course: SS3054 Monograph, (1991).

10. Manassaram, D.M., Backer, L.C., Moll, D.M.: A review of nitrates in drinking water: 
maternal exposure and adverse reproductive and developmental outcomes, Environ. 
Health  Perspect., 114, 320-327 (2006).

11. JECFA (FAO/WHO Joint Expert Committee on Food Additives). Food Additive Series, 
(2003), 50.

12. Sodium Nitrite. CAS No:7632-00-0. OECD SIDS Initial Assesssment Report For SIAM 
20, Paris, France, (2005).

13. McMullen, S.E., Casanova, J.A., Gross, L.K., Schenck, F.J.: Ion chromatographic de-
termination of nitrate and nitrite in vegetable and fruit baby foods.J AOAC Int., 88, 
1793-1796 (2005).



HACETTEPE UNIVERSITY JOURNAL OF THE FACULTY OF PHARMACY22

14. Jakszyn, P., Gonzalez, C.A. : Nitrosamine and related food intake and gastric and oe-
sophageal cancer risk: a systematic review of the epidemiological evidence, World J 
Gastroenterol., 12, 4296-4303 (2006).

15. IARC Monographs,  IARC, Lyon, France, (1989) Volume 94.

16. International Programme on Chemical Safety- Environmental Health Criteria. Nitrates, 
Nitrites and N-Nitroso Compounds- from INCHEM page; Available at:   http://www.
inchem.org/documents/ehc/ehc/ehc005.html.

17. Yang, C.X., Wang, H.Y., Wang, z.M., Du, H.z., Tao, D.M., Mu, X.Y., Chen, H.G., Lei, 
Y. Matsuo, K., Tajima, K.: Risk factors for esophageal cancer: a case-control study in 
South-western China. Asian Pac J Cancer Prev., 6,  48-53 (2005).

18. Griess, P.: Bemerkungen zu der Abhandlung der HH. Weselksy und Benedikt: Ueber 
einige Azoverbindungen, Ber Dtsch Chem Ges., 12, 426-428 (1879). 

19. Walters C.L.: Reactions of nitrate and nitrite in foods with special reference to the de-
termination of N-nitroso compounds, Food Addit Contam., 9, 441-447 (1992).

20.  Dejonckheere, W., Steurbaut, W., Drieghe, S., Verstraeten, R., Braeckman, H.: Moni-
toring of pesticide residues in fresh vegetables, fruits, and other selected food items in 
Belgium, 1991-1993, J AOAC Int. , 79, 97-110 (1996).

21.  Schuddeboom, L.J.  “A Survey of The Exposure To Nitrate And Nitrite in Foods (Includ-
ing Drinking Water, Health aspects of nitrate and its metabolites (particularly nitrite)”, 
Proceedings of International Workshop, Strasburg, Council of Europe Press, (2005),  
pp.41-74. 

22. Chung, S.Y., Kim, J.S., Hong, M.K., Lee, J.O., Song, I.S.: Survey of nitrate and nitrite 
contents of vegetables grown in Korea, Food Addit. Contam., 20, 621-628  (2003).

23. Sanchez-Echaniz, J., Benito-Fernández, J., Mintegui-Raso, S.: Methemoglobinemia 
and consumption of vegetables in infants, Pediatrics, 107, 1024-1028 (2001).

24. Thompson, B.M., Nokes, C.J., Cressy, PJ.:  Intake and risk assessment of nitrate and 
nitrite from New zealand foods and drinking water, Food Addit Contam., 24, 113-121 
(2007). 

25. Mozolowski,W., Smoczynski, S.: Effect of culinary processes on the content of nitrate 
and nitrite in potato., Pakistan J Nutr. , 3, 357-361 (2004).

26. Erkekoglu, P., Baydar, T.: Evaluation of nitrite contamination in baby foods and infant 
formulas marketed in Turkey. Int. J Food Sci. Nut. 60, 206-209 (2009).

27. Bakırcı, I., Turel, I., Aksoy, A., Coskun, H.: Changes in nitrate and nitrite contents of 
herby cheese with different herb concentrations during ripening, Bull. Pure Applied 
Sci., 17, 1-7 (1998).

28. Turkdogan, M.K., Testereci, H., Akman, N., Kahraman, T., Kara, K., Tuncer, I., Uygan, 
I:.. Dietary nitrate and nitrite levels in an endemic upper gastrointestinal (esophageal 
and gastric) cancer region of Turkey, Turk J Gastroenterol., 14, 50-53 (2003).

29. Aygun, O.: The Nitrate and Nitrite Levels of the Carra (Earthenware Jug) Cheese, Fırat 
Univ J Health Sci., 15, 331-336 (2001).

30. Kilic, B., Cassens, R.G., Borchert, L.L.:  Effect of poultry meat, phosphate, sodium lac-
tate, carregeenan, and konjac on residual nitrite in cured meats, J. Food Sci., 67, 29-31 
(2002).

31. Dogan, A., Kazankaya, A., Balta, M.F., Çelik F.: Nitrate and nitrite levels of some fruit 
species grown in Van, Turkey, Asian J. Chem., 20, 1191-1198 (2008)

32. Turkish Statistical Institute agricultural statistics. http://www.turkstat.gov.tr



DETERMINATION OF NITRITE LEVELS IN MAIzE SAMPLES FROM DIFFERENT REGIONS OF 
TURKEY

23

33. Sahin, S.: Türkiye’de mısır ekim alanlarının dağılışı ve mısır üretimi, G.Ü. Gazi Eğitim 
Fakültesi Der., 21, 173-190 (2001).

34. Nikolaidis, C., Mandalos, P., Vantarakis, A.: Impact of intensive agricultural practices 
on drinking water quality in the Evros region (NE Greece) by GIS analysis, Environ 
Monit Assess., 143, 43-50 (2008). 

35. Vogtmann, H.: From healthy soil to healthy food: an analysis of the quality of food pro-
duced under contrasting agricultural systems, Nutr Health., 6, 21-35 (1988). 

36. Chan, T.Y.: Food-borne nitrates and nitrites as a cause of methemoglobinemia, South-
east Asian J Trop Med Public Health, 27, 189-92 (1996).




