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The food additive nitrite (E249, E250) is commonly used in meat curing as a food preservation Received 1 September 2015
method. Because of potential negative health effects of nitrite, its use is strictly regulated. In an Accepted 14 November
earlier study we have shown that the calculated intake of nitrite in children can exceed the 2015

acceptable daily intake (ADI) when conversion from dietary nitrate to nitrite is included. This KEYWORDS

study examined time-dependent changes in nitrite levels in four Swedish meat products fre- Exposure assessment; cured
quently eaten by children: pork/beef sausage, liver paté and two types of chicken sausage, and meat; nitrite; analysis; risk—
how the production process, storage and also boiling (e.g., simmering in salted water) and frying benefit; validation

affect the initial added nitrite level. The results showed a steep decrease in nitrite level between

the point of addition to the product and the first sampling of the product 24 h later. After this

time, residual nitrite levels continued to decrease, but much more slowly, until the recommended

use-by date. Interestingly, this continuing decrease in nitrite was much smaller in the chicken

products than in the pork/beef products. In a pilot study on pork/beef sausage, we found no

effects of boiling on residual nitrite levels, but frying decreased nitrite levels by 50%. In scenarios

of time-dependent depletion of nitrite using the data obtained for sausages to represent all cured

meat products and including conversion from dietary nitrate, calculated nitrite intake in 4-year-

old children generally exceeded the ADI. Moreover, the actual intake of nitrite from cured meat is

dependent on the type of meat source, with a higher residual nitrite levels in chicken products

compared with pork/beef products. This may result in increased nitrite exposure among con-

sumers shifting their consumption pattern of processed meats from red to white meat products.

Introduction maximum amount of 60 mg kg™, instead of 150 mg kg ™'
according to EU legislation. The Danish authorities state
that the necessary preservative effect and microbiologi-
cal safety can be achieved at the lower maximum
levels of nitrite in the Danish regulations, while at the
same time reducing the risk of nitrosamine formation
(EU Commission Decision 2010/561/EU  2010;
Herrmann 2014).

A well-known health effect of nitrite in humans is
methaemoglobinaemia, which is the binding of nitrite
transformation products to haemoglobin with resulting
impairment of oxygen transport capacity. However, the
acceptable daily intake (ADI) of nitrite is not based on
nitrosamines or methaemoglobinaemia. The ADI for
nitrite is 0.07 mg kg~' body weight (b.w.) and is based
on adverse effects on the lung and cardiovascular system
in rodents (Joint FAO/WHO Expert Committee on Food
Authorities 2003). According to the Scientific Committee

Nitrite (E249, E250) and nitrate (E251, E252) are
approved food additives in the European Union (EU
Regulation No. 1129/2011/EC 2011) and are widely
used in meat preservation. The amount of nitrite per-
mitted for use as a food additive in cured meat is
currently 150 mg kg™' (expressed as NaNO,), except
for somewhat higher levels in some traditional cured
products. Nitrite has long been a widely used curing
agent for meat products owing to its favourable proper-
ties, but during the 1970s the debate on the formation of
carcinogenic nitrosamines resulted in strong pressure to
decrease the use of nitrite for curing in order to reduce
the risk of nitrosamine formation and thereby the
potential health risks (Sindelar & Milkowski 2012).
However, opinion differs within the EU regarding the
need to use nitrite in meat processing. Thus, Denmark
still  maintains national legislation specifying a
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for Food (SCF) (1997), this ADI is applicable to all
sources of dietary exposure. There are high levels of
nitrate/nitrite also in other foodstuffs than meat products
(Larsson et al. 2011; Iammarino et al. 2013). However,
based on the possible formation of carcinogenic nitroso
compounds, the SCF recommends that the levels of
nitrite added to food be lowered to the minimum
required to achieve the necessary preservative effect and
ensure microbiological safety.

Due to the potential health effects of nitrite, it is of the
utmost importance to determine total exposure from all
food sources. Even if meat products are the single most
important nitrite-containing food for the average consu-
mer, nitrite formation in the body from dietary nitrate
(vegetables and water) has also to be considered. It has
been estimated that about 25% of ingested nitrate is
secreted in human saliva, of which about 20% is reduced
to nitrite, i.e., about 5% of the overall dose of nitrate, clearly
establishing saliva as a major site of nitrite production in
the body (Walker 1990). Using this as the basis for calcula-
tion, a Swedish study on nitrate/nitrite intake in children,
based on a dietary survey from 2003, showed that about
70% of nitrite exposure originated from estimated in vivo
transformation of dietary nitrate to nitrite (Larsson et al.
2011). Another potential nitrite source is endogenous pro-
duction in the body, but this source was not included in
our calculation of nitrite exposure. Thus, lower nitrite
exposure may be beneficial for human health, but lower
nitrite content in cured meat could also increase the health
risks arising from microbial contamination.

Different independent meta-analyses of epidemiologi-
cal studies demonstrate a significantly increased risk of
development of colorectal cancer associated with higher
consumption of red meat, especially processed red meat
(World Cancer Research Fund [WCRF] 2007). There is
evidence from the literature that haem-Fe is involved in
this epidemiological association and that it may play a
central role in colon carcinogenesis associated with red
meat intake (Bastide et al. 2015, Hammerling et al.
Forthcoming). Poultry, which contains lower amounts of
haem-Fe than pork and beef, has not been associated with
an increase in colorectal cancer. Nitrite per se is not carci-
nogenic, but under conditions that result in endogenous
nitrosation, the possibility that nitrite is involved in the
carcinogenic process cannot be excluded (Habermeyer
et al. 2015). Inorganic nitrite, through intestinal conversion
of precursor compounds to N-nitrosation compounds, has
been proposed as one of several potential causative agents
in food-borne risks of contracting colorectal cancer.

Several previous studies have reported that the level
of added nitrite in processed meat products decreases
over time from the moment of addition to the point of
consumption (Hill et al. 1973; Pérez-Rodriguez et al.
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1996). This will influence dietary exposure assessments
and highlights the importance of reliable analytical
measurements of these products at the consumer
level. Therefore, the aim of this study was to monitor
the nitrite levels in some processed meat products
frequently consumed by Swedish children, namely red
(pork/beef) and white (chicken) meat-based sausages
and liver paté. The specific objective was to determine
how nitrite levels change time-dependently from the
time point of addition at production stage to the use-by
date. In addition, scenario calculations were made on
nitrite intake among children using the residual nitrite
levels determined in processed meat and estimated
conversion of nitrate to nitrite from other foodstuffs.
The estimated intakes obtained were compared with
the ADI values established for nitrite.

Materials and methods
Sampling and sample preparation

Four Swedish cured meat products were used in this study.
The formulations fell within the following specifications:
pork/beef sausage (pork and beef meat 61%, fat 19%,
protein 12%, E250, E300, carbohydrates 11%), chicken
lunch sausages (poultry meat 54%, fat 14%, E250), chicken
grill sausages (poultry meat 59%, fat 14%, E250) and liver
paté (pork liver 31%, pork meat 16%, fat 23%, protein 12%,
carbohydrate 9%, E471, salt 2.3%, E250, E330, E300).
These products are frequently consumed in Sweden, espe-
cially by children (Enghardt Barbieri et al. 2003).

All cured samples were prepared by three Swedish
manufacturers following their standard recipe and
commercial method of manufacturing (grinding, mix-
ing, curing, stuffing and thermal processing). The
amount of sodium nitrite added to pork/beef sausage
(grill type), lunch chicken sausages, grill chicken sau-
sages and liver paté (106, 118, 112 and 119 mg kg’l,
respectively, expressed as NaNO,) was below the max-
imum permitted (150 mg kg™") by EU regulations (EU
Directive 2006/52/EC 2006). Samples were dispatched
from the producers to the National Food Agency
(NFA) laboratory within 24 h of production and stored
in a refrigerator at 2-3°C until analysis. Thereafter the
products were analysed for various lengths of time
(Figure 1) from processing to the use-by date of each
product, and even after that date. The initial nitrite
levels at the time of food production were determined
by using data of the actual quantities added during
formulation of the products, whereas nitrite levels
were determined by chemical analyses at all other
time points. On each analysis occasion, two packs of
pork/beef sausages (10 sausages, 500 g), chicken lunch
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Figure 1. (colour online) Measured changes in nitrite content (mg
NaNO, kg™") in samples of pork/beef sausage, chicken sausages
and liver paté from production date to use-by date. Day 0 is the
day on which a calculated initial amount of nitrite was added by
the manufacturer. The beginning of the storage period is desig-
nated as day 1. The storage temperature was 2-3°C.

sausage (10 sausages, 600 g), chicken grill sausage (10
sausages, 400 g) and liver paté (500 g) were homoge-
nised separately in a blender.

Cooking procedures

Two additional experiments were conducted in a pilot
study to determine the effect of boiling (simmering in
salted water to serving temperature) and frying on
residual nitrite levels in the sausage products. Five
pork/beef grill sausages were heated in water for
10 min at 75 £ 1°C. After simmering, all samples
were blotted to remove excess water, homogenised
and analysed. Six pork/beef grill sausages from another
pack were fried in maize oil. After frying, the samples
were allowed to cool, drained on absorbent paper,
homogenised and analysed for nitrite. As control sam-
ples, two packages of pork/beef sausage were homoge-
nised separately and analysed for nitrite. The tap water
used in the boiling study was cooled and the nitrite
content before and after cooking was also determined.

Chemical analysis

In order to determine the effect of depletion of nitrite on
exposure estimates, all samples were analysed for nitrite
using a spectrophotometric method based on the sensi-
tive and widely used diazotisation-coupling Griess reac-
tion (NMKL 2013). In this, nitrite is determined by
diazotising with sulphanilamide and coupling with
N-(1-naphthyl)-ethylenediamine di-hydrochloride to
form a highly coloured azo dye that is measured at
540 nm. It has been demonstrated in our laboratory at
NFA that the use of the Griess reaction provides more
reliable results in determination of low concentrations of

nitrate and nitrite ions in meat products than the avail-
able HPLC techniques (European Committee for
Standardization 2005). Thus, several analyses in parallel
of meat products showed that the HPLC-UV method was
not able to detect or measure lower concentrations of
residual nitrate/nitrite than the spectrophotometric
method (Merino 2009).

Duplicate analyses were carried out to estimate the
within- and between-sample precision of the results.
The combined relative uncertainty for meat products,
calculated as the sum of intermediate precision and the
uncertainty of recovery within the validation study, was
2.6%. The study followed the recommended internal
quality control procedure, including successful partici-
pation in proficiency testing.

Intake calculations

The intake scenario in this paper is based on NFA’s
earlier Swedish national dietary survey on children,
performed in 2003 (Enghardt Barbieri et al. 2003;
Larsson et al. 2011). As our aim was to study the
most sensitive consumer group we used data on 4-
year-old children. Data from that survey (n = 590;
mean weight = 18.2 kg), and specifically their indivi-
dual intake of nitrite-containing processed meat, were
used. However, we replaced actual consumption of all
types of processed meat with either pork/beef sausage
consumption, or chicken sausage consumption, in both
cases using the levels measured in the present study.
Moreover, different factors (0%, 5% and 20%) for
endogenous conversion of nitrate to nitrite (from vege-
tables, fruit and drinking water) were also added to the
children’s total nitrite intakes, which were given as
median and 95th percentile values.

Results

The decrease in nitrite levels as a function of time after
addition of NaNO, to the meat products studied is
shown in Figure 1. Already at 24 h after the addition
of nitrite to lunch chicken sausage, grill chicken sau-
sage, pork/beef sausage and liver paté, the nitrite levels
had decreased to approximately 55%, 45%, 35% and
15% of the initial level, respectively. However, the
decline in added nitrite was less pronounced in chicken
sausage than in pork/beef sausage and liver paté, so
that at the use-by date the nitrite levels were still
approximately 40% in chicken lunch sausage and 15%
in chicken grill sausage (Figure 1). A noteworthy fea-
ture was that the accepted storage period (until use-by
date is reached) was almost twice as long for chicken
sausage (48 days) as for pork/beef sausage (28 days). In



fact, on applying the accepted period for chicken sau-
sage, there was almost no nitrite left in the pork/beef
sausage after 48 days.

The results of the pilot study showed that boiling
did not alter the residual nitrite level at all (data not
shown). However, frying decreased the mean nitrite
level from 11 to 5.6 mg kg™, ie., to approximately
50% of the initial level. This decrease did not appear
to be related to the weight loss of the fried samples.
Hence, it could be attributable to formation of
unknown nitrogen-containing compounds, an issue
that would require further research. The residual nitrite
level in the assays was 11 mg kg ' or less.
Consequently, even though frying significantly affected
the level of residual nitrite, it had a minor influence on
the estimated total dietary intake of nitrite.

Intake scenarios on the calculated nitrite intake in 4-
year-old Swedish children were also formulated (Table 2),
combining basal consumption data from an earlier intake
study (Enghardt Barbieri et al. 2003; Larsson et al. 2011)
with the nitrite levels determined in pork/beef and
chicken sausages in the present study (Table 1) to repre-
sent the levels in all processed meats registered in the
survey. The intake calculations used median and 95th

Table 1. Basal data used in the scenario calculations (see
Table 2). The nitrite levels are taken from data points repre-
senting samples analysed or extrapolated from adjacent data
points.

Type of As NaNO, As NO,~
product Timeline (mg kg™ (mg kg™
Pork/beef At commercial 120 80
sausage  formulation
At half the accepted 30 20
storage time
At use-by date 22 15
Chicken At commercial 115 77
sausage formulation
At half the accepted 63 42
storage time
At use-by date 52 35

Table 2. Intake scenarios for nitrite ion in 4-year-old Swedish
children based on a Swedish consumption survey (Enghardt
Barbieri et al. 2003).

At half the
Factor (%) converting At commercial accepted storage At use-
dietary nitrate to nitrite  formulation time by date
Pork/beef sausage (median/95th percentile)
0 0.15/0.46 0.04/0.12 0.03/0.08
5 0.19/0.51 0.08/0.17 0.07/0.14
20 0.31/0.69 0.19/0.39 0.18/0.37
Chicken sausage (median/95th percentile)
0 0.14/0.44 0.08/0.24 0.06/0.20
5 0.18/0.49 0.12/0.29 0.11/0.25
20 0.31/0.67 0.24/0.48 0.23/0.44

Note: In the scenarios, reported consumption of all processed meat products
was assigned the nitrite levels found in pork/beef or chicken sausages in this
study. ltalic entries indicate the intake exceeding the ADI for nitrite
(0.07 mg kg’1 b.w.) (see the Materials and methods for further information).
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Figure 2. (colour online) Total nitrite exposure in children in the
youngest consumer group (4 years), including intake from cured
meat products and 5% conversion of nitrate in other foodstuffs to
nitrite.

percentile values and, depending on the nitrate-nitrite
conversion factor applied, this resulted in different expo-
sure levels. Also, these estimated intake data clearly
showed the influence of storage time on actual exposure
levels. With this method of calculation, it is obvious that
not many alternatives resulted in nitrite intake below the
ADI of 0.07 mg kg " b.w. (Table 2). Note that in Figure 1
nitrite levels are given as NaNO, (mg kg™ product) but in
the scenarios for intake calculations (mg kg™ b.w. day™)
the nitrite ion was used.

The calculated total dietary intake of nitrite among
4-year-old children (Figure 2) was based on our mea-
sured data on nitrite in various cured meat products,
estimated conversion (5%) of nitrate in vegetables and
fruit to nitrite, and previously published food con-
sumption data (Larsson et al. 2011). This clearly
showed that nitrate to nitrite conversion from vegeta-
bles and fruit was the major source of nitrite exposure.
However, a significant amount also originated from
beef/pork sausage (36%). Even if intake from chicken
sausage is currently low, our finding of considerably
higher residual nitrite levels in chicken sausage com-
pared with beef/pork sausage suggests that a switch in
consumption pattern to cured chicken products may
result in a significant increase in total nitrite exposure.

Discussion

Our analysis of commonly consumed processed meat
products on the Swedish market showed that during the
early product life, there was a rapid initial decrease in
nitrite from the point of sodium nitrite addition. The
nitrite decrease continued in later stages of product life,
but at a much slower rate, and at the use-by date the
residual level of nitrite in the products was 5-19% of the
amount initially added, depending on the food product.
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After the manufacturing process, which included a dry
heating step, by their use-by date chicken sausages con-
tained consistently higher nitrite levels (approximately
50% higher) than liver paté and pork/beef sausage (4%
and 20% of added nitrite, respectively). These levels were
based on analysis of processed products that are not
cooked before consumption. Cooking may further
decrease nitrite levels. For example, our pilot study
showed that frying, but not boiling, decreased the nitrite
content in sausages. Whether this was associated with a
change in nitrosamine formation is not known
(Josefsson & Nygren 1981).

In our scenarios, calculated nitrite intake in children
based on the nitrite levels measured in sausage was
within the ADI when based only on processed meat
consumption, but exceeded the ADI when nitrite
formed from dietary nitrate was included (Table 2).

Earlier studies have presented results on the com-
plex chemistry of NO3;/NO,/NO in various meat-based
systems. A review by Skibsted (2011) describes in detail
nitric oxide chemistry in muscle-based foods, including
the chemical reaction behind the colour of cured meat.
Cassens et al. (1979) has shown that nitrite added to
meat homogenates is partly transformed to other nitro-
gen-containing compounds and bound to myoglobin
and other meat constituents, e.g., lipids and proteins.
The formation of nitrate from nitrite may also have to
be considered (Pegg & Honikel 2015). In the present
study, as well as in several earlier studies, it has been
shown that nitrite depletion increases with time in
meat-based systems (Pérez-Rodriguez et al. 1996;
Armenteros et al. 2012). In addition to heating during
the initial processing phase, factors that have been
shown to influence the nitrite levels in meat products
include pH, temperature and ascorbate addition
(Gibson et al. 1984). Honikel (2008) estimated that
the decline in nitrite levels due to heating during man-
ufacturing is about 35% of the added level, and there-
after there is a continuing decrease in nitrite levels
during storage. Special features of poultry meat regard-
ing nitrite levels during storage have also been
described (Kilic et al. 2001, 2002), with a difference
between nitrite levels in poultry and pork/beef meat
possibly due to pH differences between the products.
However, owing to the much higher abundance of
haem in red meat compared with chicken, it is also
possible that nitrite-induced formation of nitrosylhaem
causes greater and faster loss of added nitrite in red
meat products (Hammerling et al. Forthcoming).

In our scenarios of time-dependent depletion of
nitrite, the calculated nitrite intake in children in
most cases exceeded the ADI for nitrite when conver-
sion from dietary nitrate was included and when the

nitrite levels recorded in sausages in the present study
were used to represent all processed meat. However,
actual intake of nitrite via cured meat is highly depen-
dent on time after production start and type of meat.
The current trend of increased consumption of meat
raises concerns, as well as the potential increase in
nitrite exposure among consumers as a consequence
of a shift to white meat cured products. The recom-
mendation made by WCRF (2007) in its report to limit
intake of red meat and avoid processed meat and the
growing Islamic population in Western countries will
probably result in increased sales and consumption of
different white meat-based cured products, bringing
about a change in the consumption pattern of meat
mainly from red meat to chicken and turkey.
Consequently, it is reasonable to assume that there
will be a future increase in nitrite intake among con-
sumers, but it is difficult to estimate the possible health
risk from this higher intake. In addition, it is likely that
most (59%) of the nitrite originates from conversion of
nitrate in other food items, especially vegetables
(Figure 2) (European Food Safety Authority 2013).
Thus, if conversion is considered, this difference in
nitrite content between chicken and pork/beef meat
may have a limited impact on total nitrite exposure.
Increased consumption of vegetables is widely
recommended because of their generally recognised
beneficial health effects. WCRF (2007) rates the evi-
dence as ‘convincing to probable’ that diets high in
vegetables and/or fruits protect against a variety of
cancers, but it is not clear whether this effect is related
to their high nitrate content. Other beneficial effects of
nitrate have been described in experimental and
human intervention studies and in epidemiology
regarding effects on blood pressure, myocardial infarc-
tion and stroke (Habermeyer et al. 2015). Within the
body, nitrate and nitrite may function as an alternative
source of nitric oxide, an important and multifaceted
physiological ~signalling molecule (Weitzberg &
Lundberg 2013). The biological activities of nitric
oxide related to secondary products may include phar-
macological effects, e.g., on blood vessels and blood
pressure and on the induction of oxidative stress/
inflammation. However, it is concluded in the litera-
ture that available evidence of these effects is inade-
quate for comprehensive and reliable assessment of
positive or negative health effects of nitrate/nitrate,
especially long-term effects (Habermeyer et al. 2015).
The conversion of nitrate to nitrite in the body was a
crucial factor in estimation of nitrite exposure in this
study. However, the usual conversion factor of 5% is an
approximate figure and it has been estimated to be as
high as 20% for some individuals, so both values were



included here. As also pointed out by several other
expert groups (Thomson et al. 2007; Leth et al. 2008;
Menard et al. 2008), for consistency the conversion
factor should be better defined to achieve more reliable
nitrite exposure estimates. At the same time, it is
obvious that the scientific basis for establishing the
conversion factor must be improved.

To conclude, the present study examined time-
dependent depletion of nitrite in various cured meat
products and how this affects nitrite intake estimations.
We selected food products on the Swedish market that
are especially popular among children, ie., sausages
based on pork/beef or chicken and liver paté. We
found a strong initial decrease in added nitrite (during
processing), followed by a gradual decline during sub-
sequent storage and cooking, a decrease that was
higher in pork/beef than in chicken products. These
findings, together with a factor for conversion of diet-
ary nitrate, were used in scenarios on estimated nitrite
dietary exposure in children. In these scenarios, the
intake in 4-year-old children exceeded in most cases
ADI for nitrite. The findings could be used in a more
general perspective as an argument for improving
sources of uncertainty affecting dietary exposure
assessments but also for a discussion on the basis and
methods for risk assessment of nitrate and nitrite.

Conclusions

o A rapid decrease in nitrite levels occurred initially
after the addition of nitrite during production of
the actual meat products.

e The depletion of nitrite depended on time and the
type of cured meat product, with higher residual
nitrite levels in cured chicken products than in
cured pork/beef products.

e Nitrite intake from all dietary sources, including
nitrate—nitrite conversion, led to the ADI being
exceeded in all scenarios calculated. This suggests
that an approach to estimating the ADI not
accounting for conversion of dietary nitrate causes
an underestimation of the true nitrite intake.

e The WCRF recommendation on limiting con-
sumption of red/processed meat could result in
increased nitrite exposure among consumers as a
consequence of a shift in consumption pattern
towards white meat cured food products.
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