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ABSTRACT  

Introduction: Yogurt is mixed with spinach in some countries. Spinach can be a probable dietary source of Nitrate and 

Nitrite, and further N-nitrosamine.  

 

Methods: The present study aimed to investigate the effect of inoculation of Lactobacillus acidophilus on the level of 

nitrite and nitrate in “yogurt containing spinach” (YS) during refrigeration in for 21 days. 4 types of yogurts including 

yogurt (Y), probiotic yogurt (PY), YS, and probiotic YS (PYS) were produced and kept at 4 °C for 21 days. Their nitrite and 

nitrate levels were measured by HPLC on days 1, 7, 14, and 21.  

 

Results: There was no significant difference between the mean concentrations of nitrate and nitrite of Y and PY and 

between YS and PYS. Although the effect of refrigeration at 4 °C for 21 days was not significant on the nitrate amount of 

Y and PY, it was close to a significant level in YS and PYS. It also caused a significant increase in the nitrite content of all 
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containing spinach: PYS; nitric oxide: NO; acceptable daily 

intake: ADI; High Performance Liquid Chromatography: 

HPLC; potassium nitrate: KNO3 

 

Competing Interests: The authors declare that there is no 

conflict of interest. 

 

Author Contributions: SMM: conceptualization, 

methodology and funding acquisition. MK, RBB & MHY: 

validation and writing-review and editing. MK: formal 

analysis, investigation, data curation and writing-original 

draft preparation.  

 

Acknowledgements: The authors would like to thank 

Shiraz University of Medical Sciences for financial support 

and and Center for Development of Clinical Research of 

Nemazee Hospital and Dr. Nasrin Shokrpour for editorial 

assistance and also Ms Rousta for performing the 

statistical analysis.  

 

Funding: This research was extracted from the MS thesis 

written by Mitra Keshavarz which was funded by Shiraz 

University of Medical Sciences (Project No. 6849-92). 

 

REFERENCES 

1. World Health Organization, Guidelines for drinking-water 

quality, third edition, incorporating first and second addenda 

2008.http://www.who.int/water_sanitation_health/dwq/g

dwq3rev/en 

2. Machha A and Schechter AN, Dietary nitrite and nitrate: a 

review of potential mechanisms of cardiovascular benefits. 

Eur J Nutr 2011; 50(5): 293–303.  

https://doi.org/10.1007/s00394-011-0192-5 

3. Katan MB, Nitrate in foods: harmful or healthy?. Am J Clin 

Nutr 2009; 90(1): 11-12. 

https://doi.org/10.3945/ajcn.2009.28014 

4. Yan PM, Xue WT, Tan SS, Zhang H and Chang XH, Effect of 

inoculating lactic acid bacteria starter cultures on the nitrite 

concentration of fermenting Chinese paocai. Food Control 

2008; 19(1): 50-55.  

https://doi.org/10.1016/j.foodcont.2007.02.008 

5. Sobhan Ardakani S, Shayesteh K, Afyouni M and Mahbobi 

Soufiani N, Nitrate Concentration in Some Plants in Isfahan.  

J Environ Stud 2005; 31(37): 69-76. 

https://www.sid.ir/en/journal/ViewPaper.aspx?id=38073 

6. Qiu W, Wang Z, Huang C, Chen B and Yang R, Nitrate 

accumulation in leafy vegetables and its relationship with 

water. J Soil Sci Plant Nutr. 2014; 14(4): 761-168. 

https://doi.org/10.4067/S0718-95162014005000061 

7. Najafi N and Parsazadeh M, Effect of Nitrogen Form and pH 

of Nutrient Solution on the Shoot Concentration of 

Phosphorus, Nitrate, and Nitrogen of Spinach in Hydroponic 

Culture. ejgcst 2010; 1(1): 41-56. 

8. Beard JC, Swager TM. An organic chemist’s guide to N-

nitrosamines: their structure, reactivity, and role as 

contaminants. J Org Chem 2021;86:2037-57. 

https://doi.org/10.1021/acs.joc.0c02774 

9. Ma L, Hu L, Feng X, Wang S. Nitrate and Nitrite in Health and 

Disease. Aging Dis. 2018;9:938-45. 

https://doi.org/10.14336/AD.2017.1207 

10. World Health Organization, Nitrate and nitrite in drinking-

water ,Background document for development of  WHO 

Guidelines for Drinking-water Quality 2011. 

http://www.who.int/water_sanitation_health/dwq/chemic

als/nitratenitrite2ndadd.pdf 

11. Sobko T, Marcus C, Govoni M and Kamiya S, Dietary nitrate 

in Japanese traditional foods lowers diastolic blood pressure 

in healthy volunteers. Nitric Oxide 2010; 22(2): 136-140. 

https://doi.org/10.1016/j.niox.2009.10.007 

12. Hord NG, Tang Y and Bryan NS, Food sources of nitrates and 

nitrites: the physiologic context for potential health 

benefits. Am J Clin Nutr. 2009; 90(1): 1-10. 

https://doi.org/10.3945/ajcn.2008.27131 

13. Karwowska M, Kononiuk A. Nitrates/Nitrites in Food—Risk 

for Nitrosative Stress and Benefits. Antioxidants. 2020;9. 

https://doi.org/10.3390/antiox9030241 

14. Keshavarz M, Mazloomi SM and Babajafari S, The effect of 

home cooking method and refrigeration processes on the 

level of nitrate and nitrite In spinach. Health Sci Surveillance 

Sys 2015; 3(3): 88-93. 

15. Ministry of Agriculture, Fisheries and Food, 2004 UK 

monitoring programme for nitrate and nitrite in lettuce and 

spinach 2000–2002.  

16. Wolff IA and Wasserman AE, Nitrates, nitrites and 

nitrosamines. Science 1972; 177: 15-19. 

https://doi.org/10.1126/science.177.4043.15 

17. Huckle A. Annual Report for: Food Standards Agency, Nitrate 

Surveillance Monitoring Programme May 2020 – March 

2021. 2021.  

https://www.food.gov.uk/sites/default/files/media/docum

ent/Nitrate%20Data%20May%202020%20to%20March%20

2021.pdf 

18. Pirsaheb M, Rahimian S and Pasdar Y, Nitrite and Nitrate 

content of fruits and vegetables in Kermanshah (2010).  J 

Kerman Univ Medical Sci 2012; 16(1): 76-83. 

https://www.sid.ir/en/journal/ViewPaper.aspx?id=278888. 

19. European Food Safety Authority. EFSA confirms safe levels 

for nitrites and nitrates added to food. 2017. 

https://www.efsa.europa.eu/en/press/news/170615#:~:te

xt=The%20current%20acceptable%20daily%20intake,mg%2

https://ffhdj.com/index.php/ffhd
http://www.who.int/water_sanitation_health/dwq/gdwq3rev/en
http://www.who.int/water_sanitation_health/dwq/gdwq3rev/en
https://doi.org/10.1007/s00394-011-0192-5
https://doi.org/10.3945/ajcn.2009.28014
https://doi.org/10.1016/j.foodcont.2007.02.008
https://www.sid.ir/en/journal/ViewPaper.aspx?id=38073
https://doi.org/10.4067/S0718-95162014005000061
https://doi.org/10.1021/acs.joc.0c02774
https://doi.org/10.14336/AD.2017.1207
http://www.who.int/water_sanitation_health/dwq/chemicals/nitratenitrite2ndadd.pdf
http://www.who.int/water_sanitation_health/dwq/chemicals/nitratenitrite2ndadd.pdf
https://doi.org/10.1016/j.niox.2009.10.007
https://doi.org/10.3945/ajcn.2008.27131
https://doi.org/10.3390/antiox9030241
https://doi.org/10.1126/science.177.4043.15
https://www.food.gov.uk/sites/default/files/media/document/Nitrate%20Data%20May%202020%20to%20March%202021.pdf
https://www.food.gov.uk/sites/default/files/media/document/Nitrate%20Data%20May%202020%20to%20March%202021.pdf
https://www.food.gov.uk/sites/default/files/media/document/Nitrate%20Data%20May%202020%20to%20March%202021.pdf
https://www.sid.ir/en/journal/ViewPaper.aspx?id=278888
https://www.efsa.europa.eu/en/press/news/170615#:~:text=The%20current%20acceptable%20daily%20intake,mg%2Fkg%20bw%2Fday
https://www.efsa.europa.eu/en/press/news/170615#:~:text=The%20current%20acceptable%20daily%20intake,mg%2Fkg%20bw%2Fday
user
Highlight


