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Introduction
Nitrate is a common substance in the 
environment as a part of the nitrogen cycle. 
Using fertilizers containing nitrogen and 
wastewater effluent through agricultural 
and urban activities has altered this 
cycle.[1] It can be found in soil, surface, 
and underground waters, as well biomass, 
and is considered one of the most common 
pollutants in food products.[2] Nitrate 
can accumulate in vegetables and fruits, 
so herbal foods are the main sources of 
nitrate (80–95%).[3] The main part of the 
daily intake of foods is related to vegetables 
consumption. Among them, leafy vegetables 
such as lettuce and spinach have the highest 
nitrate concentration, whereas carrot and 
potato have lower levels.[4,5] It is believed 
that the maximum nitrate level of lettuce, 
especially Lactuca sativa, which is one of 
the most consumed vegetables in the world, 
is about 2500–3500 mg kg‑1 for summer 
harvest.[3,6]
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Abstract
Background: Nitrate is a compound with adverse effects on human health that can exist also in 
vegetables. This study aimed to determine the intake of total nitrate/nitrite from lettuce and carrot as 
high and low nitrate content, respectively. Moreover, the effect of chlorhexidine mouthwash on the 
elimination of the nitrite level in saliva and urine was surveyed. Methods: This study was designed 
as a crossover based on the randomized selection method. Thirty‑nine participants were divided into 
two groups; the lettuce and carrot juice consumers (control group). The case group was consumed 
these two vegetables, while they used antibacterial mouthwash. The background of nitrate/nitrite of 
the participants was determined before exposure. The intake of total nitrate and nitrite via lettuce 
and carrot juice consumption was investigated. The Griess colorimetric reaction was used for nitrate 
and nitrite determination in samples. Results: Total nitrate concentrations in case and control groups 
were detected 0.79 and 0.78 mM in saliva and 1.78 and 1.38 mM in urine after lettuce consumption, 
respectively. However, it was determined 1.55 and 2.43 mM in saliva and 2.92 and 3.04 mM in 
urine after carrot ingestion. Salivary nitrite concentration 0.53 mM was decreased to 0.45 mM 
after antibacterial mouthwash application (P‑value <0.05). Conclusions: This study indicated that 
the intake of total nitrate/nitrite via leafy vegetables was higher than rooty ones. The chlorhexidine 
mouthwash is an appropriate recommendation to reduce the nitrite concentration in the human body 
for preventing the probable side effects of nitrate metabolites such as N‑nitrosamines forming.
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It is observed that nitrate is concentrated 
and secreted into the oral cavity via salivary 
glands and converted to nitrite (NO2

‑) 
by oral bacteria after nitrate load diet 
consumption. Furthermore, it is reduced to 
nitric oxide (NO) in the acidic condition 
of the stomach and converted to nitrate 
and nitrite in the body. In addition, a 
nitrate diet can form N‑nitrosamines in the 
stomach that can promote N‑nitrosamines 
carcinogenic effects.[7] It is reported that 
nitrogenous compounds as a form of 
NO are beneficial for human health. So, 
they can prevent cardiovascular diseases 
such as hypertension and atherosclerosis, 
insulin resistance, and metabolic 
syndrome.[8,9] However, nitrate can be 
lead to methemoglobinemia in infants 
under 6 months,[10] and risk of type 2 
diabetes in greater age groups.[11] Besides, 
there is a possible association between 
chronic exposure to nitrate, nitrite, and 
N‑nitrosamines with some types of 
cancers.[12] Usually, the incidence of nitrate 
related diseases is high in low‑income 
countries.[12] In 2010, the international 
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agency for research on cancer (IARC) had classified nitrate 
in group 2A, since nitrate and nitrite ingestion in foods has 
probably carcinogenic effects on humans.[13]

Mouthwashes such as chlorhexidine had been used for 
preventing the reduction of nitrate to nitrite by the oral 
bacteria in the exogenous nitrate‑nitrite–NO pathway.[1,14] 
The oral bacteria are involved in the regulating of systemic 
nitrite levels can changes in human fluids nitrite when the 
oral microflora is disturbed by the use of some drugs such 
as antibiotics.[15,16] In addition, some studies have shown 
that chlorhexidine mouthwash prevents the conversion of 
nitrate to nitrite in saliva and plasma.[15,16]

Based on a study in Iran, lettuce and carrot are one of the 
high and low nitrate load vegetables, respectively.[11] In 
2018, also a study showed that lettuce posed critical human 
health risks in Isfahan populations, Iran.[17] So, based on 
the risk/benefit of nitrate, the present study was designed 
to determine the intake of total nitrate and nitrite from 
lettuce and carrot as instances of leafy and rooty vegetables 
that consume by people as salad and juice, respectively, 
in a semi‑arid region, Isfahan, the center of Iran for the 
first time. The effects of chlorhexidine mouthwash on the 
reduction of nitrite level in human saliva and urine after 
consumption of these vegetables to decrease the likely side 
effects of nitrate were also considered.

Methods
Study’s participants

Thirty‑nine healthy people participated in the study. All 
participants were screened for enrollment. They had not 
used any medicine and antibiotics, were non‑smokers with 
no current use of mouthwash, and did not have a history 
of any illness such as diabetes, cancer, or cardiovascular 
disease.

Experimental protocol

This study had a crossover design based on a randomized 
selection. Based on some studies,[11,18] one day (24 hours) 
prior to each test, volunteers were asked to avoid high 
nitrate diets (including spinach, onion, meat, fast food, and 
so on), and also mouthwash. Participants were tested in the 
morning, and initially, their samples including 1 ml saliva 
and 3 ml urine were collected.[16] Following the baseline 
sample collection, 20 participants were asked to eat 
300 grams of lettuce (Lactuca sativa), and 19 others drank 
600 mL carrot juice. Eight volunteers after consumption of 
each lettuce or carrot juice were given the chlorhexidine 
mouthwash to gargle according to manufacturer’s 
instructions (10 ml gargled twice for 1 min after eating). 
Then, 1 hour and 4 hours after intake, their saliva and urine 
samples were collected, respectively.[19] The samples were 
kept at ‑80°C until measurements (maximum 3 weeks).

The studied vegetables were provided from an agricultural 
field in Isfahan in autumn 2017. Recently, due to drought 

conditions, farmers have been interested in using local 
wastewater treatment plant effluents instead of water in 
agricultural fields for irrigation of food crops in Isfahan.[20] 
The cultivation of vegetables on soil contaminated with 
wastewater sludge may lead to the accumulation of nitrate 
in edible plant parts.[21]

Nitrate and nitrite analysis

Saliva and urine samples were diluted 1:1 and 1:10, 
respectively, and were centrifuged at 5000 rpm for 
20 min within 60 s after sampling. Total nitrate and nitrite 
concentrations were measured in samples using the Griess 
colorimetric reaction.[22] In this method, saliva (40 µl), and 
urine (80 µl) samples were transferred to a 96‑well ELISA plate 
after diluting (Cayman Chemical Co., Ann Arbor, MI, USA), 
and then determined.

Statistical analysis

All statistical analyses were performed using SPSS 
22.0 (SPSS, Chicago, IL) software. The results of total 
nitrate and nitrite values are reported as means ± SEM. 
Multiple linear regression analysis was used to establish 
the relation of total nitrate and nitrite with characteristics 
of participants. Student’s paired t‑test was used to compare 
salivary and urinary nitrate and nitrite concentration 
between before and after exposure. The independent 
sample t‑test was performed to evaluate the difference of 
total nitrate, and nitrite mean concentration in the case and 
control groups, and for lettuce and carrot consumptions. 
Difference between groups was considered significant at 
P value ≤0.05.

Results
The demographic characteristics of the study participants 
are shown in Table 1. Participants were age 20‑45 years and 
BMI equal to 17.53‑34.11 Kg/m2. Multiple linear regression 
analysis exhibited that there was not a relevant relationship 
between the salivary and urinary concentrations of total 
nitrate and nitrite with of participants’ characteristics 
(age and BMI) based on P value ≥0.05. Then, in this study, 
we did not consider the effect of these parameters.

Lettuce ingestion

The results of total nitrate and nitrite levels in saliva and 
urine samples before and after 60‑240 min of lettuce 
and carrot consumption for case and control experiments 
(with and without antibacterial mouthwash) are presented 

Table 1: Characteristics of study participants
Parameters Male (16%) Female (83%)

Min Max Mean±SEM Min Max Mean±SEM
Tall (m) 1.74 1.82 1.78±0.02 1.54 1.73 1.62±0.01
Weight (Kg) 75.0 96.0 87.8±4.2 46.0 94.0 57.2±1.8
BMI (Kg/m2) 24.8 31.4 27.7±1.1 17.5 34.1 21.7±0.6
Age (years) 41.0 45.0 43.0±0.9 20.0 40.0 26.3±0.8
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in Figures 1 and 2. Based on Figure 1, the lettuce ingestion 
has increased total nitrate in samples and nitrite in saliva 
for the control group (P‑value <0.05). Figures 1 and 2 
show based on comparison of case and control groups, the 
antibacterial mouthwash had no effect on the reduction 
of total nitrate concentration (P‑value >0.05). Moreover, 
nitrite concentration was nearly minimized immediately 
after antibacterial mouthwash; for example, in saliva 
from 0.53 ± 0.16 to 0.45 ± 0.1 mM in the lettuce 
consumers (P‑value <0.05). Then, due to the use of 
antibacterial mouthwash, nitrate reduction to nitrite did not 
happen.

Carrot juice drinking

Figure 1 shows the carrot consumption increased total 
nitrate for both saliva and urine samples. Furthermore, 
there was no significant difference between total nitrate 
and nitrite concentration in both groups (P‑value >0.05) 
[Figures 1 and 2]. As well, for carrot juice drinking, 
antibacterial mouthwash could not influence nitrite reduction.

Based on the results of this study, both the lettuce and carrot 
consumption increased total nitrate level. Though the lettuce 
ingestion could increase total nitrate and nitrite in saliva 
and urine compared with carrot ingestion (P‑value <0.05).

Discussion
Effect of vegetables consumption

The beneficial health effects of nitrate exposure are 
mitigation of cardiovascular disease and hypotensive. 
Nitrate and nitrite exposure have been a concerning issue 
in terms of the incidence of some diseases. Furthermore, 
it probably leads to adverse effects on the nervous system, 
and carcinogenic effects in the stomach.[9] Several previous 
studies showed that the average daily nitrate and nitrite 
intake was 121 and 1.88 mg, respectively, for the human 
body. Moreover, 85% nitrate and 43% nitrite intake from 
the diet are due to vegetable consumption.[23] The nitrate 
content of vegetables depends on different factors, the main 
factors to increase nitrate amount of vegetables are the use 

of synthetic nitrogen fertilizers, livestock manure, biosolids 
in intensive and reuse of wastewater effluent in agricultural 
activities.[1,5,6,24] Ingestion of nitrate‑loaded diet causes 
nitrate absorption and secretion in human body fluids such 
as saliva.[19] Besides, almost 75% of the total exposed 
nitrate was excreted via urine.[25] Then, in the present 
study, intake of total nitrate and nitrite via vegetables 
consumption in the saliva and urine of healthy subjects 
were surveyed. Haftbaradaran et al. reported the health 
risks of nitrate for the consumption of some vegetables 
in Isfahan, Iran. They indicated that the highest risk was 
predicted for lettuce consumption in the study area.[17] 
Thus, the lettuce and carrot were chosen as instances of 
leafy and root vegetables, respectively. The results of the 
present study [Figure 1] indicated that intake to nitrate 
from lettuce and carrot consumption leads to increased 
total nitrate and nitrite levels in both the saliva and urine 
samples, as well there were significant differences between 
the concentration of these compounds before and after 
vegetable consumption (P‑value <0.05). Van Velzen 
et al. reported that the oral bioavailability of nitrate for 
lettuce was 114%.[24] Spiegelhalder et al. reported that the 
increased amount of nitrate and nitrite in saliva was related 
to the amount of ingested nitrate.[26] In addition, Ashworth 
et al. proved that the consumption of the high‑nitrate 
load vegetables meaningfully increased plasma nitrate 
and nitrite concentrations.[27] The effect of dietary nitrate 
load on salivary, plasma, and urinary nitrate metabolism 
in human showed that high nitrate meals cause increased 
nitrate and nitrite levels in urine and saliva ranging from 
53 mg to 223, and 241 to 243 mg for urine and from 
204 to 302 µmol/l and 249 to 483 µmol/l for saliva after 
dietary intake.[25] Figure 1 shows the total nitrate and nitrate 
concentrations after lettuce ingestion are higher than after 
carrot juice drinking (P‑value <0.05). In this regard, one 
study showed that the nitrate and nitrite amounts were high 
after a high load food of nitrate and nitrite; however, after 
24 hours of dietary intake, these parameters reached the 
concentration close to the baseline limit.[19] Bahadoran et al. 
showed that nitrate and nitrite in leafy vegetables such as 

Figure 1: The mean of total nitrate and nitrite concentrations for; (a) lettuce and (b) carrot juice drinking in the biological fluid before and after intake in 
case and control groups

ba
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lettuce (365 mg 100 g‑1) are higher than rooty vegetables 
such as carrot (50.3 mg 100 g‑1).[11]

Effect of antibacterial mouthwash

The nitrate is reduced to its metabolites such as nitrite and 
then N‑nitrosamines that can exert adverse effects on human 
health. In this study, we used an antibacterial mouthwash to 
reduce or prevent the activity of oral bacteria. Some previous 
studies have shown that this type of mouthwash can reduce 
the activity of nitrate‑to‑nitrite‑converting oral bacteria 
by reducing nitrate accumulation in saliva.[16] Woessner 
et al. examined three types of mouthwashes: listerine 
antiseptic, cepacol antibacterial, and chlorhexidine to 
determine their impacts on salivary and plasma nitrate and 
nitrite concentrations. They reported that chlorhexidine 
mouthwash was a suitable option for the nitrate reduction 

in saliva.[15] Furthermore, Mitsui and Harasawa’s study 
showed that the chlorhexidine mouthwash had a favorable 
effect on oral nitrate‑reducing activity while essential 
oil and povidone‑iodine mouthwash had an insignificant 
effect on it.[14] As well, the results of our study showed 
that chlorhexidine mouthwash reduced nitrite concentration 
generated after lettuce consumption, but it could not decrease 
nitrite concentration after drinking carrot juice [Figure 2]. 
Probably, it did not exert a perfect effect on nitrite after carrot 
juice drinking because it was in the solution phase with a 
rapid bioavailability for oral bacteria. These results presented 
a good idea to use an antibacterial mouthwash before food 
consumption that was also reported by Govoni et al.[16] 
The results of this and other studies indicate that the use of 
chlorhexidine mouthwash even at a low concentration, may 
affect oral bacteria and inhibit nitrate reduction to nitrite.[1,14,16]

Figure 2: Study flow diagram and the comparison results of case and control groups
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Conclusion
In this study, total intake of nitrogenous compounds: total 
nitrate and nitrite, through lettuce and carrot consumption, 
were investigated via sampling of saliva and urine in 
subjects. The results showed that lettuce consumption 
caused a further increase in total nitrate and nitrite in 
saliva and urine samples compared to carrot juice drinking. 
Moreover, using chlorhexidine antibacterial mouthwash 
was investigated as a strategy to mitigate nitrite absorption. 
According to results of the comparison between the case 
and control groups the studied mouthwash could only 
reduce nitrite generation after consumption of lettuce; 
however, it did not influence total nitrate intake after 
lettuce and carrot juice consumption. Also, it did not affect 
the reduction of nitrite after carrot juice drinking. Thus, 
it is recommended to use antibacterial mouthwashes for 
the inhibition of nitrate to nitrite conversion in human 
fluids. Paying attention to appropriate vegetable cultivation 
methods and their storage also seems essential.

Acknowledgments

This study was approved by the Medical Ethics 
Committee of the Isfahan University of Medical Sciences 
(IR.MUI.REC.1395.2.210). This work was supported by 
the vice chancellery for Research and Technology at the 
Isfahan University of Medical Sciences (Grant No. 295210). 
The authors would like to thank the Environment Research 
Center, Research Institute for Primordial Prevention 
of Non‑communicable Disease, and Department of 
Environmental Health Engineering, School of Health at 
Isfahan University of Medical Sciences.

Financial support and sponsorship

Nil.

Conflicts of interest

There are no conflicts of interest.

Received: 16 Apr 20 Accepted: 21 Jan 21
Published: 14 Dec 21

References
1. Bondonno CP, Liu AH, Croft KD, Considine MJ, Puddey IB, 

Woodman RJ, et al. Antibacterial mouthwash blunts oral nitrate 
reduction and increases blood pressure in treated hypertensive 
men and women. Am J Hypertens 2014;28:572‑5.

2. Hamlin HJ, Edwards TM, McCoy J, Cruze L, Guillette LJ Jr. 
Environmentally relevant concentrations of nitrate increase 
plasma testosterone concentrations in female American 
alligators (Alligator mississippiensis). Gen Comp Endocrinol 
2016;238:55‑60.

3. Pinto E, Almeida AA, Aguiar AA, Ferreira IM. Comparison 
between the mineral profile and nitrate content of microgreens 
and mature lettuces. J Food Compos Anal 2015;37:38‑43.

4. Quijano L, Yusà V, Font G, McAllister C, Torres C, Pardo O. 
Risk assessment and monitoring programme of nitrates through 
vegetables in the Region of Valencia (Spain). Food Chem 
Toxicol 2017;100:42‑9.

5. Chan TY. Vegetable‑borne nitrate and nitrite and the risk of 
methaemoglobinaemia. Toxicol Lett 2011;200:107‑8.

6. Correia M, Barroso Â, Barroso MF, Soares D, Oliveira M, 
Delerue‑Matos C. Contribution of different vegetable types 
to exogenous nitrate and nitrite exposure. Food Chem 
2010;120:960‑6.

7. Kemmner S, Lorenz G, Wobst J, Kessler T, Wen M, 
Günthner R, et al. Dietary nitrate load lowers blood pressure 
and renal resistive index in patients with chronic kidney disease: 
A pilot study. Nitric Oxide 2017;64:7‑15.

8. Omar SA, Webb AJ. Nitrite reduction and cardiovascular 
protection. J Mol Cell Cardiol 2014;73:57‑69.

9. Bryan NS, Loscalzo J. Nitrite and Nitrate in Human Health and 
Disease. Springer; 2011.

10. Fewtrell L. Drinking‑water nitrate, methemoglobinemia, and 
global burden of disease: A discussion. Environ Health Perspect 
2004;112:1371‑4.

11. Bahadoran Z, Mirmiran P, Jeddi S, Azizi F, Ghasemi A, 
Hadaegh F. Nitrate and nitrite content of vegetables, fruits, 
grains, legumes, dairy products, meats and processed meats. 
J Food Compos Anal 2016;51:93‑105.

12. Bryan NS, Alexander DD, Coughlin JR, Milkowski AL, 
Boffetta P. Ingested nitrate and nitrite and stomach cancer risk: 
An updated review. Food Chem Toxicol 2012;50:3646‑65.

13. International Agency for Research on Cancer. Ingested Nitrate 
and Nitrite, and Cyanobacterial Peptide Toxins. Lyon, France: 
WHO Press; 2010. p. 94.

14. Mitsui T, Harasawa R. The effects of essential oil, 
povidone‑iodine, and chlorhexidine mouthwash on salivary 
nitrate/nitrite and nitrate‑reducing bacteria. J Oral Sci 
2017;59:597‑601.

15. Woessner M, Smoliga JM, Tarzia B, Stabler T, Van Bruggen M, 
Allen JD. A stepwise reduction in plasma and salivary nitrite 
with increasing strengths of mouthwash following a dietary 
nitrate load. Nitric Oxide 2016;54:1‑7.

16. Govoni M, Jansson EÅ, Weitzberg E, Lundberg JO. The increase 
in plasma nitrite after a dietary nitrate load is markedly attenuated 
by an antibacterial mouthwash. Nitric Oxide 2008;19:333‑7.

17. Haftbaradaran S, Khoshgoftarmanesh AH, Malakouti MJ. 
Potential health impacts from different vegetable nitrate intake 
scenarios and providing strategies to manage the risks for Iranian 
population. Environ Sci Pollut Res Int 2018;25:25432‑42.

18. Griesenbeck JS, Steck MD, Huber JC, Sharkey JR, Rene AA, 
Brender JD. Development of estimates of dietary nitrates, 
nitrites, and nitrosamines for use with the Short Willet Food 
Frequency Questionnaire. Nutr J 2009;8:16.

19. Bartholomew B, Hill M. The pharmacology of dietary nitrate and 
the origin of urinary nitrate. Food Chem Toxicol 1984;22:789‑95.

20. Moazeni M, Nikaeen M, Hadi M, Moghim S, Mouhebat L, 
Hatamzadeh M, et al. Estimation of health risks caused by 
exposure to enteroviruses from agricultural application of 
wastewater effluents. Water Res 2017;125:104‑13.

21. Anjana SU, Iqbal M. Nitrate accumulation in plants, factors 
affecting the process, and human health implications. A review. 
Agron Sustain Dev 2007;27:45‑57.

22. Sánchez GA, Miozza VA, Delgado A, Busch L. Total salivary 
nitrates and nitrites in oral health and periodontal disease. Nitric 
Oxide 2014;36:31‑5.

23. Egberts J, Soederhuizen W. Urine samples before dinner 
are preferable when studying changes in endogenous nitrate 
production under uncontrolled dietary conditions. Clin Chim 
Acta 1996;254:141‑8.

24. Van Velzen AG, Sips AJ, Schothorst RC, Lambers AC, 



Moazeni, et al.: Impact of two kinds of vegetables to nitrate and nitrite intake

International Journal of Preventive Medicine 2021, 12: 1686

Meulenbelt J. The oral bioavailability of nitrate from nitrate‑rich 
vegetables in humans. Toxicol Lett 2008;181:177‑81.

25. Pannala AS, Mani AR, Spencer JP, Skinner V, Bruckdorfer KR, 
Moore KP, et al. The effect of dietary nitrate on salivary, plasma, 
and urinary nitrate metabolism in humans. Free Radic Biol Med 
2003;34:576‑84.

26. Spiegelhalder B, Eisenbrand G, Preussmann R. Influence of 

dietary nitrate on nitrite content of human saliva: Possible 
relevance to in vivo formation of N‑nitroso compounds. Food 
Cosmet Toxicol 1976;14:545‑8.

27. Ashworth A, Mitchell K, Blackwell JR, Vanhatalo A, Jones AM. 
High‑nitrate vegetable diet increases plasma nitrate and nitrite 
concentrations and reduces blood pressure in healthy women. 
Public Health Nutr 2015;18:2669‑78.


