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Update on the use of nitrites as food additives – Health aspects 

Assignment 

In June 2017 EFSA published a new scientific opinion on nitrites as food additives (EFSA, 2017). The 

Danish Veterinary and Food Administration subsequently asked the DTU National Food Institute (DTU 

food) to evaluate new relevant information in regard to the Institute’s former risk assessments. This 

assessment was delivered on the 13th september 2017 (DTU DOC nr.17/05741). In February 2020 The 

Danish Veterinary and Food Administration asked the DTU food to re-evaluate this assessment given 

updated exposure data and new scientific findings.  

Conclusion 

The primary concern of the Institute is related to the formation of carcinogenic and genotoxic N-

nitrosamines in cured meat products. Increasing the permitted amount of added nitrites to the levels 

established in the Commission Regulation (EU) No 1333/2008, will increase the risk of formation of N-

nitrosamines in these products and thus increase the hazard to human health. The Institute recognises 

that several factors in addition to the amount of added nitrite, are important for the formation of the N-

nitrosamines in cured meat products.  

There is growing epidemiological evidence in support of processed meat being positively associated 

with colorectal cancer and studies indicating a positive association between processed meat and 

gastric cancer. More specifically some epidemiological studies are indicating positive associations 

between the intake of dietary nitrite and gastric cancer, the combination of nitrite plus nitrate from 

processed meat and colorectal cancer or subtypes as well as preformed NDMA (N-
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nitrosodimethylamine) and colorectal cancer. Though the Institute recognises that the aetiology of 

these findings remains unresolved, the results have heightened the Institutes longstanding concerns 

about the use of nitrite as a food additive in meat. 

Results from the most recent intake estimation for the Danish population, show that the nitrite intake 

from processed meat is well below the ADI. On average Danish processed meat contain lower nitrite 

levels than what is found in other EU member states. EFSA has in 2017 conducted an estimation of 

the total dietary intake of nitrite for the Danish population showing that for a sizable part of the 

population the total intake exceeds the ADI, notably most pronounced among infants, toddlers and 

older children. For these age groups even the mean intake is exceeding the ADI and the 95th percentile 

have an intake at around double the ADI. Though the major part of dietary nitrite originates from other 

sources than food additives, food additives still represent a sizable contribution to the total intake for 

some consumers. This represents an argument for upholding a restrictive use of nitrite as food 

additive.   

DTU National Food Institute agree with IARC’s conclusion that “Ingested nitrate or nitrite under 

conditions that result in endogenous nitrosation is probably carcinogenic to humans”. The institute find 

that the available data indicate that the endogenous formation of NDMA represent a low concern for 

the Danish population. However, in regard to the risk assessment of the endogenously formed N-

nitroso compounds as a whole, there is too much uncertainty to offer any firm conclusions about the 

magnitude of the risk. 

Based on the above mentioned concerns the National Food Institute recommends that the amount of 

nitrite used as preservative should be kept to the minimum required to achieve the necessary 

preservative effect to ensure microbiological safety. The present national regulation allow for the 

production of processed meat with the desired microbiological safety.  

Other mitigating measures that might be explored are mandatory use of erythorbic acid/erythorbate in 

nitrite cured meat products, potentially at higher levels than what the current legislation allows for. 

Another approach to minimizing the hazard could be by direct measurement of N-nitrosamine levels in 

combination with EU maximum limits for the carcinogenic N-nitrosamines in cured meat. 

Background 

In 2007 the Institute in its function as advisor to the Danish Veterinary and Food Administration, 

concluded in its risk assessment, that the maximum amount of nitrite in meat products, according to EU 

Directive 2006/52/EC, does constitute a hazard to the human health (DTU, 2007). Secondly the 

directive allowed for regulation on the residual amount of nitrite in a range of traditionally produced 

meat products, thus further increasing the potential hazard to human health. The EU Directive 

2006/52/EC has since been replaced by Annex II in Commission Regulation (EU) No 1333/2008 as 

amended by Commission Regulation (EU) No 1129/2011. However, the EU maximum levels for nitrites 

in food have not changed.  
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Toxicity – Nitrite per se 

The current ADI for the nitrite ion of 70 µg/kg bodyweight per day was established by JECFA (2003) 

and supported by EFSA (2008, 2010, 2017). The Institute is supportive of this ADI, though one issue 

warrant some concern. EFSA (2017) identified a NOAEL of 3.0 mg sodium nitrite/kg bodyweight and of 

3.0 mg potassium nitrite/kg bodyweight for developmental toxicity in two FDA rat studies. These are the 

lowest NOAEL or BMDL identified by EFSA in the re-evaluation, and could be a potential endpoint for 

deriving an acute reference dose (ARfD) (and ADI) that potentially might lie below the present ADI.

DTU National Food Institute does not have access to the study and therefore the study quality cannot 

be properly assessed. However, the study is clearly old, the effect (skeletal retardation) is not seen in 

studies of other animals and no dose response was identified (effect only in highest dose), making the 

study less than ideal for setting an ARfD. Never the less, the study does identify a toxicological 

endpoint of potential relevance for the risk assessment of nitrite, if the effect can be substantiated in an 

up to date developmental toxicity rat study.   

Results from an intake estimation for 2011-2013, 2014-2016 and the most recent intake estimation 

from 2017-2019 of nitrite from processed meat by the Danish population has been presented in table 1 

(DTU note: "Nitriteksponering fra forarbejdet kød - 2017-2019", 1st of April). The intake per kg

bodyweight (bw) has been calculated on an individual basis. It was estimated that there was no 

significant change in the Danish populations consumption of various processed meat products from 

2011-2013 to 2014-2016. The most recent market data suggest there might be a general small 

decrease in the meat intake among Danish consumer. There is no new consumption data from 2017-

2019 available, though some intake modifications has been made due to updated market information 

data as well as inclusion of small number of additional respondents in the 2017-2019 estimation. 

Differences in the populations nitrite exposure thus primarily reflects changes in the measured amounts 

of residual nitrite in the various processed meat products.  

Table 1. Intake of nitrite in µg nitrite ion/kg bw/day from processed meat products for the 

Danish population 

2011 – 2013 

Age Number Mean P50 P90 P95 P97,5 P99 

4 – 5 128 8.7 6.3 19.2 23.0 27.1 34.4 

6 – 14 604 5.4 4.1 11.0 14.1 17.5 21.8 

15 – 75 3042 2.5 1.8 5.3 7.3 9.3 11.7 

All 3774 3.2 2.1 7.1 9.7 12.8 18.1 

2014 - 2016 

Age Number Mean P50 P90 P95 P97,5 P99 

4 – 5 128 11.5 9.4 26.2 31.3 34.3 40,2 

6 – 14 605 7.6 6.0 15.3 19.0 23.8 28,8 

15 – 75 3042 4.3 3.2 9.4 11.6 14.8 19.9 

All 3775 5.1 3.7 10.9 14.3 18.7 24.3 
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2017 - 2019 

Age Number Mean P50 P90 P95 P97,5 P99 

4 – 5 129 14,1 9,9 32,9 40,3 46,0 61,0 

6 – 14 607 7,2 4,9 15,5 20,9 27,7 37,8 

15 – 75 3053 3,4 2,4 7,5 9,8 12,5 16,2 

All 3774 4,4 2,8 9,5 13,3 19,0 27,2 

Average bodyweight for the three age groups: 20.4 kg, 39.3 kg and 78.0 kg. 

The data in table 1 show that the intake of nitrite from processed meat among Danish consumers lies 

below the ADI. The data also show that the nitrite intake varies by a factor of 2.5-3 between the 

average consumer and consumers in 95th percentile, though the actual variation in nitrite intake is likely 

to be somewhat larger due to brand preferences among the consumers. Data also show that young 

children have the highest intake per kg bw, due to their higher consumption of processed meat per kg 

bw.  

In comparison, EFSA in their latest opinion (2017) calculated that the mean nitrite intake from food 

additives across dietary surveys ranged from ˂10 to 20 µg nitrite ion/kg bw/day for 3-9 years old 

children and 10-17 year old adolescents and from 10 to 20 µg nitrite ion/kg bw/day for 18-64 years old 

adults (non-brand-loyal scenario). Comparable results for the 95th percentile were 10 to 80 µg nitrite 

ion/kg bw/day for children, 10 to 70 µg nitrite ion/kg bw/day for adolescents and 10 to 50 µg nitrite 

ion/kg bw/day for adults. In comparison with the National Food Institutes estimation of the Danish 

populations intake of nitrite from food additives (table 1), the data indicates that the Danish population 

in general are among the European populations with a relatively low exposure to nitrite from food 

additives though children are closer to European intake levels. EFSA also carried out an ad hoc 

analysis of nitrite in Danish meat products, showing that average nitrite levels were markedly lower 

compared to the nitrite levels in other member states. Around 50% lower for heat-treated and non-heat-

treated processed meat and around 30% lower for traditional cured products.  

In addition to exposure from meat, the population is also exposed to nitrite from other sources (natural 

presence and contamination). Across the dietary surveys, mean nitrite levels did not exceed the ADI for 

adults and adolescents. Children (3-9 years old) in some surveys exceeded the ADI and so did 

toddlers in all surveys (12 – 35 month). For the 95th percentile, the ADI was clearly exceeded by 

toddlers and children across surveys in addition to adolescents, adults and elderly exceeding ADI in 

some surveys. Excluding infants, EFSA estimate that contribution from food additives to the total mean 

exposure to nitrites across the various age groups, range from a few percent to in excess of thirty 

percent (3.2–36.0%). In their summary data EFSA (2017) reported the total estimated nitrite intake for 

the Danish population (table 2).  

Table 2.: Estimated total nitrite exposure in µg nitrite ion/kg bw/day (EFSA, 2017) 

Infants Toddlers Children Adolescents Adults Elderly/old 

Age (years) < 1 1 – <3 3 – 9 10 – 17 18 – 64 ≥ 65 

Average 81 99 82 48 38 35 

95 percentile 145 156 141 80 60 56 
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It should be noted that the intake estimates for the Danish population as shown in table 2 is somewhat 

overestimated. EFSA used European nitrite levels for their calculations, and thus did not correct for the 

lower nitrite levels in meat products on the Danish market. Therefore, roughly estimated, the total 

exposure levels are likely around 10% lower. Thus the mean total nitrite levels for the Danish 

population, did not exceed the ADI of 70 µg/kg bodyweight per day, for infants, children, adults and 

adolescents while a small exceedance can be seen for toddlers. For the 95th percentile, the ADI was 

clearly exceeded by infants, toddlers and children, while adolescents, adults and elderly had exposure 

levels at the ADI or below.   

Another source of nitrite exposure is endogenous conversion of nitrate in saliva. It is estimated by 

IARC (2010) that around 5% of the total nitrate exposure is reduced into nitrite (IARC, 2010), though it 

can vary due to differences in the bacterial metabolism in the mouth (EFSA, 2017). As estimated by 

Leth et al. (2008) nitrite exposure from this source could potentially exceed the ADI for nitrite. van den 

Brand et al. (2020) estimated that around 70% of the combined dietary exposure of nitrite, originated 

from nitrite in the diet, while the remaining part stemmed from endogenous conversion of dietary 

nitrate. Though on an individual level the distribution between dietary nitrite and nitrite from dietary 

nitrate, will be highly variable. It should also be mentioned that the human organism have an 

scavenging mechanism inactivating some of the nitrite formed in the saliva, since nitrite can react with 

the proline rich proteins in the oral cavity (SCF, 1997). It is difficult to accurately equate the effect of 

nitrite from endogenous conversion to the effect of nitrite ingested directly from the diet, but dietary 

nitrate does add a significant additional contribution to the total dietary nitrite exposure. Some studies 

have also reported intake of nitrate to be associated with beneficial effects (Kapil et al., 2014), but it is 

outside the scope of this assessment to conduct a risk-benefit assessment of the populations nitrate 

intake.  

In summary, significant consumer groups in Denmark have a total dietary intake of nitrite that exceeds 

the ADI thus leaving no room for increased nitrite exposure, if this exceedance should be kept as low 

as possible. 

Added nitrites compared to residual nitrites 

Many studies have demonstrated that the added nitrite concentration reduces rapidly as a 

consequence of a reaction with components in the meat products. In most cases, the reduction is to 

less than 50% of the added amount within the first days after the production, and may be reduced to 

less than 10%, or even less than 5%, of the original concentration within some weeks of storage. This 

has been clearly shown, e.g. in a Danish full-scale production study using the manufacturer's normal 

procedures for 10 different types of cured meat products (72 different products), selected as 

representatives from the Danish range of cured meat products (Gry et al., 1983). After storage, most of 

the products contained less than 10% of the added amount of nitrite (in the range of 2-8 mg residual 

nitrite per kg), but some products still contained up to 50% of the added amount of nitrite (20-60 mg 

residual nitrite per kg) (Gry et al., 1983). More recent studies by Sun et al. (2009) found residual nitrite 

levels between 8 and 25% of initial added nitrite for ham with lowest residual concentrations in 
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fermented and cooked ham with sodium ascorbate addition (Sun et al., 2009). It follows from the above 

and other studies that it is hardly possible to set up a "calculation model" for the reduction from added 

nitrite amount to residual amount since the residual amount depends on many variables such as the 

product types, production methods, storage times and temperatures, ingredients, etc. 

Since between 50% to more than 90% of the nitrite added to cured meat products is converted to other 

compounds during the manufacturing process of the cured product, it should be noted that the present 

maximum permitted levels for residual nitrite in the Commission Regulation (EU) No 1333/2008 can be 

met with added amounts of nitrites, which largely exceeds the indicative maximum added amounts, and 

the residue levels in the Regulation are thus not able to ensure a proper treatment level. Extremely 

high additions of nitrites may be masked and consequently increased formations of N-nitroso 

compounds may occur. 

Endogenous formation of N-nitroso compounds 

Based on a review of the literature as well as model calculations of potentially generated N-

nitrosodimethylamine (NDMA) from ingested nitrite and its precursor dimethylamine, EFSA (2017) 

concluded that endogenous formation of NDMA represent a low concern but did not state a clear 

opinion in regard to endogenously formed N-nitroso compounds as a whole. Prior to this in 2006, IARC 

concluded that “there is limited evidence in humans for the carcinogenicity of nitrite in food. Nitrite in 

food is associated with an increased incidence of stomach cancer”. And overall they concluded that 

“Ingested nitrate or nitrite under conditions that result in endogenous nitrosation is probably 

carcinogenic to humans (Group 2A)” (IARC, 2010). A conclusion that has attracted criticism for not 

being supported by more recent prospective epidemiological studies (Bryan et al., 2012). DTU was in 

2019 tasked with assessing the cancer risk relating to intake of nitrate from drinking water (DTU 

DOCX. 19/1037578). It was concluded that animal studies along with mechanistic studies firmly 

support IARCs overall conclusion, but it was not possible to estimate the cancer risk from these data. 

Furthermore it was concluded that epidemiological studies show some evidence for a positive 

association between nitrate in drinking water and colorectal cancer.   

A recent meta-analysis of the epidemiological studies by Song et al. (2015) indicated that nitrite 

increased the risk of gastric cancer (Song et al., 2015), a result that was partially (borderline) supported 

in a meta-analysis by Xie et al. (2016), who also found an association to increased risk of glioma and 

thyroid cancer. The most recent meta analysis by Zhang et al. (2019) found that high or moderate 

nitrite intake was associated with higher risk of gastric cancer.  

EFSA (2017) stated in their discussion that “There was some evidence for a positive association 

between: dietary nitrite and gastric cancer or its subtypes gastric cardia adenocarcinoma (GCA) and 

gastric non-cardia adenocarcinoma (GNCA); and the combination of nitrite plus nitrate from processed 

meat and colorectal cancer or subtypes (colon or rectum) cancer”. EFSA found there was insufficient 

evidence for an association between dietary nitrite and increased risk of glioma and thyroid cancer.  
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DTU National Food Institute find that the available data indicate that the endogenous formation of the 

N-nitrosamine, NDMA, represent a low concern for the Danish population. In regard to the risk 

assessment of the endogenously formed N-nitroso compounds as a whole, there is too much 

uncertainty to offer any firm conclusions. However, the reported positive associations between the 

incidence of gastric cancers and the intake of dietary nitrite, is a cause for concern, though 

considerable uncertainty still remain in regard to these results. It should be underlined that the 

causality of these findings is not resolved, and could be due to both endogenous formation of N-nitroso 

compounds as well as formation of preformed N-nitroso compounds. The Institute find that the best 

substantiated explanation for the reported positive associations between dietary nitrite and the 

increased cancer incidence, relate to the generation of preformed N-nitrosamines.  

 

 

Preformed N-nitrosamines 

 

The ADI allocated for nitrite does not take into account its contribution to the formation of preformed N-

nitrosamines in cured products. DTU food find that the rationale for concern presented in the 2007 

risks assessment remains valid and the recent epidemiological findings has only increased this 

concern. The carcinogenic nature of many volatile N-nitrosamines detected in cured meat products are 

well founded (NTP, 2011). In particular N-nitrosodimethylamine (NDMA), N-nitrosodiethylamine 

(NDEA), N-nitrosopiperidine (NPIP), and N-nitrosopyrrolidine (NPYR) are commonly found (Tricker & 

Preussmann, 1991).  

EFSA (2017) estimated the intake of the two of the carcinogenic N-nitrosamines, NDMA and NDEA, 

found in processed meat. It should be cautioned that EFSA had to rely on data from three studies of 

limited size to determine the NDMA and NDEA concentration in processed meat in Europe. Given the 

multitude of processed meat product across Europe, more studies of a grander scale are needed to 

produce truly reliable results. Therefore, comparing the results of these studies is difficult, though it 

should be noted that the lowest concentration of NDMA was reported for Danish meat products.  

EFSA (2017) found that in general the exposure (per kg bw) peaked for toddlers and children while 

elderly people (≥ 65 years old) had the lowest exposure. From a health perspective this is unfortunate 

since critical mutations received at an early age will have ample time to evolve into cancer.  

 

For NDMA, EFSA estimated the margin of exposure MoE to be above 10 000 for mean consumers, but 

below 10 000 for the 95th percentile according to some dietary surveys for all age groups except the 

elderly. EFSA also made a more comprehensive estimation of the MoE based on the sum of NDMA 

and NDEA on the basis of the lower BMDL10 for NDEA. The results showed that according to some 

dietary surveys, the MoE was 10 000 for toddlers, children and adolescents even for consumers having 

a mean exposure. For the 95th percentile the MoE was in the range of 2200 – 12 800, across surveys 

and age groups, excluding infants. Choosing a BMDL10 calculated on the basis of NDEA is a 

conservative approach. On the other hand other carcinogenic N-nitrosamines are not included in the 

calculation of the MoE. Also it should be noted that exposure to N-nitrosamines from food, is not 

restricted to processed meat. In summary, the estimated MoE showed that some European consumers 

have an intake of N-nitrosamines that indicate a concern with respect to neoplastic effects.  
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Toxicological data on several of the non-volatile N-nitrosamines are still lacking (Tricker & 

Preussmann, 1991). The latter group includes the two non-volatile N-nitrosamines, N-

nitrosothiazolidine-4-carboxylic acid (NTCA) and N-nitroso-2-methyl-thiazolidine-4-carboxylic acid 

(NMTCA), which in a recent study by the DTU National Food Institute, were widely detected in different 

nitrite/nitrate preserved meat products at relatively high mean concentrations 270 μg/kg (max. 4030 

μg/kg) and 7.6 μg/kg (max 39 μg/kg), respectively, (Herrmann et al., 2015b). Structural similarities to 

the non-carcinogenic N-Nitrosothiazolidine and N-Nitrosoproline, suggest that NTCA and NMTCA may 

well be non-carcinogenic as well, however genotoxicity testing is required to firmly resolve this issue. 

This is in line with the EFSA (2017) recommendations.  

 

In the recent years several epidemiological studies have reported an association between consumption 

of processed meat and increased cancer incidence. This association received public attention when 

IARC in 2015 classified processed meat as carcinogenic to humans (group 1) on the basis of sufficient 

evidence for colorectal cancer and a positive association between consumption of processed meat and 

stomach cancer (Bouvard et al., 2015; IARC, 2018). Also red meat was classified as probable 

carcinogenic (group 2 A). The support for the IARC conclusions has only been strengthened since 

2015 (Domingo & Nadal, 2017). However, the evidence linking colorectal cancer to processed meat is 

better substantiated than the evidence linking red meat to this type of cancer (IARC, 2018; Mejborn et 

al., 2016). The aetiology for these epidemiological results remains unresolved. For red meat as a whole 

many potentially causal factors has been suggested, however most of these factors seems equally 

relevant for both red meat and processed meat or indeed more relevant for red meat like e.g. 

heterocyclic amines generated during cooking. A recent study examined whether there was differences 

in the cancer risk from processed meat (incl. nitrite/nitrate from processed meat) and red meat across 

anatomical subsites (Etemadi et al., 2018). For red meat (and heme iron) the hazard ratio increased 

going from proximal colon cancer to distal colon cancer and rectal cancer, but the elevated hazard 

ratios for processed meat products and nitrite/nitrate from processed meat products, did not show any 

difference across these anatomical subsites. This indicate that the cancer causing mechanisms in red 

meat and nitrite treated meat is partially distinct. Processed meat is often meat cured with nitrite 

(and/or nitrate), and in their recent risk assessment, EFSA (2017) also found some evidence for a 

positive association between the combination of nitrite plus nitrate from processed meat and colorectal 

cancer (CRC) or subtypes. Crowe et al. (2019) carried out a review of the epidemiological studies 

restricted to the intake of nitrite containing meat, instead of the broader category of processed meat. 

The majority of these studies found that nitrite containing meat was positively associated with 

increased CRC risk. Better designed studies are however still warranted, particular in order to address 

the heterogenic nature of processed meat (Mejborn et al., 2019).  

 

The result from the epidemiological studies has increased the suspicion that N-nitroso compounds 

maybe a significant causative factor for cancer related to the intake of processed meat (Jeyakumar et 

al., 2017; Kim et al., 2013; Larsson & Wolk, 2012; Rohrmann et al., 2013; Santarelli et al., 2008; Sinha 

et al., 2009). This hypothesis has been supported by a number of epidemiological studies that have 

reported positive associations between N-nitrosamines (NDMA) and increased incidence of gastric 

cancer, colorectal cancer and oesophageal cancer, but also conflicting findings (De Stefani et al., 

1998; Jakszyn et al., 2006; Keszei et al., 2013; Knekt et al., 1999; Larsson et al., 2006; Loh et al., 

2011; Zhu et al., 2014). Assessing these studies EFSA (2017) found that there was evidence for a 
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positive association between preformed NDMA and increased risk of colorectal cancer (CRC) or its 

subtypes, but found the evidence insufficient for oesophageal and gastric cancer. While several of 

these studies certainly raise concern, not least in relation to colorectal cancer, it should, however, be 

noted that accurately assessing the long-term intake of NDMA using food-frequency questionnaires is 

very difficult and this significantly add to the uncertainty of these results. Never the less the studies 

raise a renewed concern for preformed N-nitrosamines in processed meat and thus support a 

conservative approach to the use of nitrite as food additive. 

Uncommonly for a food additive, nitrite is a highly reactive compound, so other potentially carcinogenic 

compounds, besides the well-known carcinogenic N-nitrosamines, might be generated by addition of 

nitrite to meat. For example, nitrosylated haem iron has been associated to the development of 

colorectal cancer (Bastide et al., 2016). Other potential carcinogens generated by nitrite addition to 

meat could be novel N-nitrosamines, N-nitrosamides or non-nitroso compounds like the genotoxic 2-

chloro-4-methylthiobutanoic acid (Chen et al., 1996; Lijinsky, 1999), but based on the presently 

available data, this is mostly speculation. In summary, since the aetiology for the epidemiological 

results linking processed meat to cancer remains uncertain, it would be prudent to conduct renewed 

research into possible mechanistic explanations for the epidemiological findings since these studies 

could be most helpful in assessing the safety of nitrite as a food additive. 

Added nitrite and N-nitrosamine formation 

The Scientific Committee for Food (SCF) stated that "there is a clear correlation between nitrite added 

for the curing of meat and the formation of volatile N-nitrosamines" in its Opinion of 1997. In 2010 

(EFSA) affirmed its support for the conclusion expressed by SCF (1997), stating that “exposure to 

preformed nitrosamines in food should be minimized by appropriate technological practices such as 

lowering the levels of nitrate and nitrite added to foods to the minimum required to achieve the 

necessary preservative effect and to ensure microbiological safety”. As pointed out in the Institute’s 

2007 risk assessment, the necessary preservative effect and microbiological safety can be fulfilled by 

the current Danish maximum levels for added amount of nitrites to food. However, in the latest opinion 

by EFSA 

(2017), support for this position was not reaffirmed and instead it was concluded that “it was not 

possible to clearly discern these NOCs produced from the nitrite added at the authorised levels, from 

those produced already in the food matrix where nitrite has not been added”.  

The relationship between the nitrite concentration and N-nitrosamine formation has been studied in 

various simplified model systems as well as in various meat models and meat products. Among these 

studies it is possible to find studies that support that there is no positive relationship between 

increasing levels of ingoing amount of nitrite and increasing levels of N-nitrosamines but it is also 

possible to find studies that strongly support such a relationship. The former result is probably due to 

lack of precursors or processing conditions not favourable for N-nitrosamine formation. Several other 

factors occurring in meat and meat products may enhance or mitigate the formation of N-nitrosamines 

and thereby further complicate the picture. Various compounds with anti-oxidative effects has been 

found to mitigate the N-nitrosamine formation e.g ascorbic acid/ascorbate (Herrmann et al., 2015b; 

Herrmann et al., 2015a; Ramezani et al., 2020), green tea polyphenols (Wang et al., 2015) and alpa-
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tocopherol (Pourazrang et al., 2002). The Institute recognises that several processing factors in 

addition to the amount of added nitrite, is important for the formation of the N-nitrosamines in cured 

meat products.  

 

DTU National Food Institute find in line with previous scientific opinions that there is a clear scientific 

evidence for a positive correlation between the amount of added/ingoing nitrite and the formation of 

volatile, carcinogenic N-nitrosamines in cured meat products. The scientific basis for this position is 

outlined below. 

 

 

Ingoing nitrite amount 

 

The formation of carcinogenic N-nitrosamines in meat products are associated with chemical reactions 

between nitrifying agents originating from nitrite and N-nitrosamine precursors present or formed in the 

meat product. The N-nitrosamines most commonly analysed are the volatile NDMA and NPYR, 

however non-volatile N-nitrosamines has been detected at high frequency in higher concentrations 

(Herrmann et al., 2014, 2015b; Herrmann et al., 2015a). 

 

Several older studies have demonstrated that reduction of the amount of added/ingoing nitrite may give 

rise to reduction in the formation of N-nitrosamines (Amundson et al., 1982; Gry et al., 1983; 

Pensabene et al., 1979; Robach et al., 1980; Sen et al., 1974). More recent studies demonstrating the 

positive relationship between ingoing amount of nitrite and levels of N-nitrosamines are also available. 

The volatile N-nitrosamine NDEA was e.g. shown to increase with increased ingoing nitrite 

concentration (0, 50, 100, 150, 200, 300 ppm), cooking temperature and time. Highest NDEA 

concentration was found in fermented cooked ham with initial addition of 300 ppm sodium nitrite (4.4 

µg/kg NDEA with and 5.7 µg/kg without sodium ascorbate (500ppm)) (Sun et al., 2009). The highest 

rate in NDEA formation was however seen in heat treated fermented ham between initial addition of 

100 and 150 ppm sodium nitrite (from 0.92 to 2.7 µg/kg). Fermented ham prepared without heating did 

not form NDEA levels above the detection limit (Sun et al., 2009). Also Xu and coworkers found that an 

increase in initial nitrite concentration (50,100,150, 200 ppm) in fermented sausages resulted in 

increased formation of NDEA (0, 0.8, 1.0, 1.5 µg/kg, respectively) (Xu et al., 2012b). The same author 

found a stronger correlation between fermentation time and NDEA formation followed by initial nitrite 

concentration and then fermentation temperature with lowest correlation to starter culture used (Xu et 

al., 2012b).  

 

Formation of N-nitrosamines in dried sausage with initial addition of nitrite (0, 60, 100, 150, 250, 350 

ppm) has also been studied (Herrmann et al., 2015a). The volatile N-nitrosamine NPIP had highest 

concentrations after addition of 350 ppm nitrite (5.7 µg/kg) and even higher after pan frying to a core 

temperature of 100 °C (9.8 µg/kg). The concentration of NPIP increased rapidly after initial addition of 

150 ppm sodium nitrite (approx. 2 µg/kg). Also, cooking of dry fermented sausage resulted in increased 

NPIP formation for sausages added 100 ppm and 150 ppm nitrite (Sallan et al., 2019; Sallan et al., 

2020). Yurchenko & Mölder (2007) reported a direct formation of volatile N-nitrosamines (NDMA, 

NDEA, NPYR, NPIP, NDBA) with increasing nitrite concentration (0, 50, 100, 150, 200 ppm). The 

highest relative increase in NPYR concentrations was found to be from 50 to 100 ppm sodium nitrite 
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(5.2 to 14.9 µg/kg) in fried mutton. The highest NPYR concentration was 32.8 µg/kg in fried mutton with 

200 ppm sodium nitrite. For NDMA the formation increased with highest rate from initial sodium nitrite 

addition of 150 ppm to 200 ppm (2.8 and 4.2 µg/kg) (Yurchenko & Mölder, 2007).  

The levels of several non-volatile N-nitrosamines (NHPRO, NPRO, NTCA, NMTCA) was found to 

increase with increasing ingoing amount of nitrite, indicating that the occurrence of the relevant N-

nitrosamine precursors was not a limiting factor (Herrmann et al., 2015a). Many non-volatile N-

nitrosamines are considered non-carcinogenic or less carcinogenic than the volatile N-nitrosamines. 

However, it has been suggested that N-nitrosated amino acids can undergo thermal decarboxylation 

during cooking to yield the corresponding volatile N-nitrosamine. Decarboxylation of NPRO, NHPRO 

and NSAR would produce NPYR, NHPYR and NDMA, respectively (Tricker & Kubacki, 1992). Thus, 

the content of non-volatile N-nitrosamines in foods may significantly contribute to the carcinogenic 

effects connected with dietary consumption of processed meats. 

The effect of heating has been demonstrated to increase the content of both volatile and non-volatile 

N-nitrosamines in different meat products and model systems dependent on the concentration of initial 
nitrite (De Mey et al., 2017; Sun et al., 2009; Xu et al., 2012a; Yurchenko & Mölder, 2007).

Several studies have demonstrated that the formation of N-nitrosamines is rapid and appear even 

without heating. E.g. raw mutton added nitrite (0, 50, 100, 150, 200 ppm) were found to contain 

increasing levels of NDMA, NDEA, NPYR, NPIP and NDBA and up to 20% of the volatile N-

nitrosamines found in the fried products (Yurchenko & Mölder, 2007). Others have also found 

formation of volatile N-nitrosamines in products with addition of sodium nitrite without heating at various 

concentrations (Sun et al., 2009) and at 150 ppm (Li et al., 2016; Li et al., 2012). The formation of 

NPYR has in particular been shown to depend on heat probably due to the origin of the precursors 

reacting with nitrite (De Mey et al., 2017).  

Studies on the influence of frying temperature showed that the formation of N-nitrosamines increases 

rapidly in the range from 40 to 100 °C and then stayed stable (Yurchenko & Mölder, 2007). As 

illustrated by Herrmann et al. (2015a) sausages produced with different levels of nitrite and fried until a 

center temperature of 100°C also has increased levels of non-volatile N-nitrosamines such as NSAR, 

NTCA and NMTCA. Though when products purchased at the local supermarkets and butcher stores 

were heated to a higher temperature (~250°C), the levels of NTCA and NMTCA decreased (Herrmann 

et al., 2015b). Depending on the product and heat treatment also the levels of NPRO, NPYR, NDEA 

and N-nitrosomethylaniline (NMA) either increased or decreased indicating positive net formation at 

low temperatures and degradation, evaporation or other reactions taking place at higher temperatures 

(De Mey et al., 2017; Herrmann et al., 2015b). 

The formation of N-nitrosamines is dependent on the presence of the relevant precursors. Several 

authors have discussed that the biogenic amines may be a source of such precursors and the 

presence of biogenic amines might have an impact on N-nitrosamine formation (Drabik-Markiewicz et 

al., 2010; Drabik-Markiewicz et al., 2011; Drabik-Markiewicz et al., 2009). The exact mechanisms and 

relevant conditions for the reactions are not fully established. All published data however support the 

general impression that when excess relevant precursors (secondary amines, free amines, nitrosating 

agents, lipid oxidation products, alkaloids and others) are available, a positive correlation between the 
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level of N-nitrosamines formed and added/ingoing nitrite is found. However, meat processing 

conditions and physical parameters (e.g. pH ) are often necessary for the conversion of the precursors 

to the N-nitrosamines. These parameters includes the effect of storage conditions e.g. degradation of 

proteins to amino acids or lipid oxidation resulting in formation of precursors for N-nitrosamines. Even 

studies on N-nitrosation reaction of nitrite and dimethylamine to produce NDMA and its acceleration in 

freeze concentrated solutions compared to aqueous solutions has confirmed that this reaction is 

concentration dependent (Kitada et al., 2017). 

  

Above we have presented results supporting that the ingoing concentration of sodium nitrite is 

important for formation of N-nitrosamines and also the formation of volatile NDMA. We find that the 

likely reason why some studies do not find this positive relationship is because the relevant precursors 

for N-nitrosamine formation in the specific product/model under study are the limiting factor and not the 

ingoing amount of nitrite. 
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