www.foodsciencejournal.com
ISSN: 2455-4898

International Journal of Food Science and Nutrition

Received: 24-04-2025, Accepted: 25-05-2025, Published: 09-06-2025
Volume 10, Issue 3, 2025, Page No. 50-54

Looking forward to dietary nitrate and nitrite as preventive nutrition for special diseases

Shuging Wang*?*, Enxiu Chen?, Weijiang Fan?, Yinglong Zhang?, Weiwei Jiang®
! Department of Food Industry, Shandong Institute of Commerce and Technology, P. R, China
2 Department of Food Engineering, National Engineering Research Center for Agricultural, P. R, China

Abstract

Excessive ingestion of nitrate and nitrite may pose a risk of methemoglobinemia in infants and gastrointestinal cancer in
adults. These have driven regulatory action on dietary nitrate and nitrite. Current regulatory limits for dietary nitrate and nitrite
are based on negative health effects without considering positive potential health benefits. The limits given by The World
Health Organization's regulations limits on nitrate intake have been exceeded by a single food intake and recommended dietary
pattern, have not caused any significant risk. This article reviews the foundation of current regulatory establishment and the
problems faced by current regulatory and provides suggestions for current regulatory limits changes. It is very meaningful to
develop scientific and reasonable guidelines for dietary ingestion of nitrate and nitrite as preventive nutrition for special

diseases, thereby beneficial to public health.
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Introduction

The nitrate ingested by humans from plant foods can get
into the food chain. Nitrate in vegetables is a main source of
human diet, groundwater and surface water are secondary
sources. The nitrate intake of vegetables depends on the
types of vegetables being eaten, the nitrate concentration in
vegetables, the intake of vegetables, and the nitrate level in
the water supply [, Leaf vegetables have the highest nitrate
content, while seeds or tubers have lower nitrate content [,
Nitrite is mainly converted into endogenous nitrate through
salivary circulation process 4. The proportion of nitrate
and nitrite consumed by humans from processed meat, dairy
products, and poultry products is very small. Overall, nitrate
in the diet mainly comes from dietary intake, while nitrite
mainly comes from in vivo production.

The World Health Organization's regulations on nitrate
ingestion have been exceeded by the intake of single foods
and special dietary patterns for example soybean milk and
spinach, and the Dietary Approaches to Stop Hypertension
diet (DASH diet). Uncoordinated regulatory restrictions on
dietary intake of nitrate and nitrite in meat products and
vegetables may raise public concerns about the dietary
recommendations from regulatory authorities. It is necessary
to reassess the potential health effects of dietary nitrate and
nitrite. The works can strengthen guidance on dietary nitrate
and nitrite, thereby benefiting public health.

Current regulatory

Nitrate in potable water is a key factor limiting
environmental eutrophication pollution. The nitrate and
nitrite in contaminated potable water sources have a certain
impact on human health. According to epidemiological and
medical research, excessive intake of nitrate and nitrite may
pose health risks, such as methemoglobinemia (MetHb),
cancer, etc. The establishment of the current regulatory
limits are based on the potential negative effects of nitrate
and nitrite on health without considering potential health
benefits (Figure 1 [ 19 Following the recommendations of
the World Health Organization, the allowable content of
nitrate in potable water in European Union is 50 mg/L and
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44 mg/L in the United States [*Y, The US Environmental
Protection Agency sets human nitrate intake to 10 ppm and
nitrite to 1 ppm 12, The acceptable daily intake (ADI) of
nitrate established by United Food and Agriculture
Organization/World Health Organization is 3.7 mg/kg body
weight and 0.06 mg/kg body weight for nitrite [3],
Considering the potential health benefits of nitrate and
nitrite in the diet, it is necessary to renew the current
regulatory.
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Figure 1 Overview diagram of current regulatory limits for
dietary nitrate and nitrite. Current regulatory limits are
based on negative health effects without considering
positive potential health benefits. Current regulatory limits
for dietary nitrate and nitrite should consider the potential
beneficial physiological effects of dietary nitrate and
nitrite.NOs: nitrate; NOz: nitrite; NO: nitric oxide;
Methemoglobinemia: MetHb.

Diet exceeding WHO ADI Levels

The role of diet in preventing and controlling the incidence
rate of non-communicable diseases and premature death has
been fully confirmed through a large number of population-
based epidemiological studies 1. Research has shown that
consuming some foods with high levels of nitrite and
nitrate, especially leafy vegetables, can easily achieve
beneficial effects. The Dietary Approaches to Stop
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Hypertension (DASH) diet was developed by the National
Institutes of Health in the United States to reduce
hypertension without taking medication. Extensive research
has proven that a DASH diet may reduce blood pressure,
lower cholesterol, and increase insulin sensitivity ™. Lord
and Bryan have shown that people who follow the DASH
diet have exceeded ADI by more than 500% [1¢ 11, Human
breast milk is the most suitable nutrient for infants and
cannot be completely replaced by other foods such as infant
formula. As is well known, breast milk has significant
nutritional and immune benefits for infants 18 %1, However,
breast milk and colostrum contain high content of nitrite and
nitrate 2> 231, The nitrate content in 100 mL of colostrum
consumed by infants is still equivalent to 42% of the World
Health Organization's ADI 241,

It is worth noting that the intake of nitrate in a single food
may approach or exceed the World Health Organization's
ADI limit, for example breast milk, spinach, or dried
vegetable supplements 5 %1 |n addition, when adults
consume certain vegetables and fruits, their saliva nitrate
concentration can reach three times the regulatory limit for
drinking water 71, The intake of nitrite and nitrate in some
foods or healthy eating is higher than the World Health
Organization's ADI limits, which has raised doubts about
current recommended limits. Although nitrate levels in the
diet exceed ADI, studies have shown significant health
benefits and do not pose any significant risks. The fact
indicates that the current regulatory limits are no longer
suitable as guidance for dietary nitrate and nitrite.

Negative Potential Health Risks

Epidemiological and clinical studies have shown that the
intake of nitrate and nitrite is associated with an increased
risk of gastrointestinal cancer, thyroid dysfunction and
thyroid cancer (%, chronic obstructive pulmonary disease in
women and other diseases [® 8. The intake and consumption
of nitrate and nitrite in pickled and processed meats are
associated with the risk of gastrointestinal cancer [’ 9. A
recent meta-analysis questioned this conclusion. The
existing epidemiological evidence is insufficient to support
a clear and accurate positive correlation between
independent consumption of processed meat and the risk of
colorectal cancer Bl Nitrates added to meat must be
converted into nitrites to function. Sodium nitrite is used as
a coloring agent, flavoring agent, and antibacterial agent in
pickling and processing meats. The use of nitrates and
nitrites in meat products is restricted by regulations from the
US Food and Drug Administration (FDA) and the US
Department of Agriculture (USDA). When using nitrite in
bacon, it is necessary to simultaneously use sodium
erythorbate or sodium ascorbate (vitamin C), which is an
antioxidant that can inhibit the nitrification of secondary
amines by nitrite 281, Since the mid-1970s, the use of these
antioxidants has reduced nitrate and nitrite levels in
processed meat, resulting in a reduction of approximately
80% in residual nitrite levels in American cured meat
products 29,

Concerns about the risk of cancer associated with nitrite and
nitrate are always accompanied by concerns about
preformed N-nitrosamines or N-nitrosamines formed in the
stomach due to the consumption of foods rich in nitrite and
nitrate %, The reason for this concern is that some low
molecular weight amines can react with nitrite to produce
carcinogenic N-nitroso derivatives Fl. Nitrosamines were a
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class of compounds first described in chemical literature
over 100 years ago, but they did not receive widespread
attention until 1956. In 1956, two British scientists, John
Barnes and Peter Magee, reported that dimethyl nitrosamine
could produce liver tumors in rats 1, Magee and Barnes'
milestone discovery prompted scientists around the world to
study the carcinogenic properties of other nitrosamines.
About 90% of these compounds have been found to be
carcinogenic in various experimental animals after testing
approximately 300 of them. Most nitrosamines are
mutagens, while some are transplacental carcinogens. Most
of them are organ specific. The reason why nitrosamines
occur is because their chemical precursors - amines and
nitrifying agents - are widely present, and the chemical
reaction formed by nitrosamines is reasonable.

In 1973, research showed that ascorbic acid can inhibit the
formation of nitrosamines [32 33 341 Aptioxidants, o-
Tocopherol (vitamin E) can also inhibit the formation of
nitrosamines %, Ascorbic acid and a- Tocopherols inhibit
the formation of nitrosamines due to their redox properties.
For example, when ascorbic acid is oxidized to
dehydroascorbic acid, nitrite is reduced to NO, which is not
a nitrosation agent. Most vegetables rich in nitrate are also
rich in antioxidants, such as vitamins C and E, which can
prevent  unnecessary  nitrosation  reactions.  These
antioxidants are now commonly added to cured and
processed meats. On the other hand, the absence of such
protective nitrosation inhibitors in drinking water may be a
concern. Controlling the metabolic processes of nitrate and
nitrite, keeping them away from nitrification and reducing
them to NO, can provide a strategy to reduce health risks
while promoting health benefits.

Positive Potential Health Benefits

Many research achievements have created the modern
foundation for the health benefits of dietary nitrate and
nitrite 3% %1 The discovery of the nitric oxide pathway is of
milestone significance. Nitric oxide (NO) is a gas signaling
molecule that is crucial for regulating many physiological
processes, including immune, nervous systems, and
cardiovascular 1% 41, NO is generated in the body through
two main biological pathways. The first discovered is the L-
arginine-NO- synthase pathway, in which nitric oxide
synthase (NOS) catalyzes the reaction of L-arginine with
oxygen to produce NO ™I, The second discovered is the
nitrate-nitrite-NO pathway, which produces NO by reducing
nitrate and nitrite through various reduction mechanisms,
including nitrate and nitrite reductases [“> 461, The half-life of
NO is very short, and it is quickly oxidized to nitrite, which
is then oxidized to nitrate. The unique feature of nitrite and
nitrate is that they can serve as stable cycling storage forms
of NO and can be quickly reduced to restore NO levels in
the body. These two pathways can affect the
production/homeostasis of NO in the human body. L-
arginine pathway is a very complex pathway, and if any
cofactors in the pathway are restricted, NOS will stop
producing NO. In fact, the enzymatic production of NO is
usually very effective. However, in many diseases,
important NOS cofactors are oxidized, uncoupled, or
oxygen limited under hypoxic conditions, making it
impossible to maintain NO production. The nitrate-nitrite-
NO pathway has been proven to be a backup system for
ensuring NO supply when the L-arginine-NO synthase
pathway is dysfunctional 1. Both pathways produce NO
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with the same biological activity. Supplementing nitrate and
nitrite through diet can serve as a protective measure to
make up for insufficient NOS activity. The redundant
system of NO production in tissues is of great significance
for gastrointestinal, cardiovascular, and immune functions,
which are related to providing dietary nitrate and nitrite.
This process is regulated by reducing substrate, oxygen
tension, pH, and nitrite level 48],

The discovery of nitrate - nitrite- NO pathway has greatly
changed our view. The fact indicates that they can be
spontaneously generated in the human body, not just by
synthetic food additives. Before this discovery, most
previous researchers have focused on the potential hazards
of dietary nitrite and nitrate. Surprisingly, the effects of
nitrite and nitrate in human diseases and health have not
been fully recognized. Therefore, the potential beneficial
effects of nitrate and nitrite on health require a new
regulatory.

Nitrates and Nitrites as Nutrients

Two national organizations, the International Agency for
Research on Cancer (IARC) and the European Food Safety
Authority (EFSA), have issued recommendations on the
potential health impacts of dietary sources of nitrate and
nitrite. IARC concluded that the carcinogenicity of nitrate
and nitrite derived from drinking water and food is not
strongly supported by epidemiological evidence. They
believe that some factors present in food, such as flavonoids
in vegetables, may be the reason why nitrate in food is not
associated with cancer risk. Overall, IARC concluded that
“ingested nitrate or nitrite under conditions that result in
endogenous nitrosation is probably carcinogenic to humans
(group 2A)” [ EFSA concluded that epidemiological
studies have shown that nitrate intake from diet or drinking
water is not associated with an increased risk of cancer 3.
EFSA believes that it is currently unclear whether high
intake of nitrite may be associated with an increased risk of
cancer. The inconsistent positions of IARC and EFSA on
foods containing nitrate and nitrite may lead to confusion
among consumers. Therefore, regulatory agencies must
develop new dietary guidelines on dietary nitrate and nitrite.
The potential positive health benefits of dietary nitrate and
nitrite have been identified (¢ 39, In addition to describing
the risks and benefits of dietary nitrate and nitrite, according
to their proven physiological functions, these dietary
components can be considered nutrients %, Based on
current research results, we consider that the U.S. Institute
of Medicine’s Dietary Reference Intake (DRI) paradigm
may be a suitable guide for developing regulatory on dietary
nitrates and nitrites. The DRI paradigm encompasses the
concepts of physiological defects, adequacy, and excess.
Like all nutrients, excessive ingestion of nitrate and nitrite
can also increase potential health risks. The Food and
Nutrition Committee of the National Academy of Sciences
has established a set of dietary reference intake (DRI)
paradigms for basic nutrients to clearly define situations
where intake is insufficient, safe, or potentially excessive.
The process of developing nutritional DRI is very complex,
requiring consideration of a series of physiological factors,
including nutritional status and potential toxicity. If nitrate
and nitrite are considered nutrients, researchers, health
professionals, and regulatory agencies need to reach a
consensus to determine low, sufficient, or excessive
physiological concentrations. There is a significant
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difference in the treatment and beneficial dosage of nitrite
and nitrate compared to the potentially toxic and harmful
dosage, which provides sufficient space for developing
nutritional recommendations and dietary guidelines on
dietary nitrate and nitrite.

Nitration Chemistry of Nitrite and Nitrate

The main reason for paying attention to nitrite and nitrate is
the possibility of nitrosation chemical reactions. The risk-
benefit spectrum of nitrate and nitrite may depend on
specific metabolism and the presence of other components
that may be ingested simultaneously. Gradually reducing to
nitrite and NO may be a beneficial factor, while pathways
leading to low molecular weight amine or amide nitration
may be a health risk factor. Understanding and influencing
these pathways will help reduce risks.

Nitrates themselves are usually considered harmless at low
concentrations. On the other hand, nitrite has reactivity,
especially in the acidic environment of the stomach where it
can undergo nitrosylation reactions with proteins, amines,
and amides. The nitrite content in the environment is very
low, and nitrite in the human body is converted by common
symbiotic bacteria in saliva after ingestion of nitrate 552,
Concerns about the risk of cancer associated with nitrite and
nitrate are always accompanied by concerns about pre-
formed N-nitrosamines or N-nitrosamines in the stomach
due to the consumption of foods rich in nitrite and nitrate.
The reason for this concern is that some low molecular
weight amines can react with nitrite to produce carcinogenic
N-nitroso derivatives. Nitrosamines were a class of
compounds first described in chemical literature over 100
years ago, but they did not receive widespread attention
until 1956. About 90% of the approximately 300
compounds tested have been found to be carcinogenic in
various experimental animals. In 1973, some studies
reported that ascorbic acid inhibits the formation of
nitrosamines 52 31, Antioxidants, a- Tocopherol (vitamin E)
can also inhibit the formation of nitrosamines. Most
vegetables rich in nitrate are also rich in antioxidants, such
as vitamins C and E, which can prevent unnecessary
nitrosation reactions. These compounds are now also added
to processed meat products. On the other hand, the absence
of such protective nitrosation inhibitors in drinking water
may lead to the involvement of nitrosation reactions. The
adverse health effects may be caused by the complex
interactions between the intake of nitrite and nitrate,
accompanying nitrification cofactors and precursors, and
specific medical conditions that increase nitrification (such
as chronic inflammation). Controlling these factors is
crucial for determining the safety of nitrite and nitrate.

Conclusion

At present, public awareness of nitrate and nitrite is still
influenced by current recommended ingestion limits. As the
potential positive health benefits of nitrate and nitrite are
gradually recognized, how to balance the basic
physiological functions and potential negative health risks
of dietary nitrate and nitrite will drive changes in current
regulatory limits. It is necessary to hire an independent
expert group from academia, industry, government, and
non-governmental sectors to comprehensively evaluate the
potential health risks and benefits of dietary nitrate and
nitrite. It will help to redefine dietary guidelines and design
optimal preventive nutrition plan for specific diseases.
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Experts from various fields need to gather and develop
nutritional guidelines for nitrite and nitrate, as for other
recognized nutrients. Now, the data and facts of this
initiative are available, and the ground for such studies is
also very fertile. These works will be beneficial to public
health.
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