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Abstract
Purpose of Review Curing—the treatment of meat products with nitrite and nitrate—is controversially discussed by consumers,
as increased consumption of cured foods might negatively influence human health.
Recent Findings However, omitting of curing chemicals might reduce microbiological safety, thereby increasing the risk to
consumer health. Also, besides the addition of nitrate/nitrite, meat products are additionally preserved within the hurdle principle
by other methods such as chilling, ripening, or heating.
Summary The present article focuses on the addition of plants/plant extracts or plasma-treated water as nitrate sources and the
direct treatment of meat products with plasma for nitrate generation. With regard to color and microbial safety of cured meat
products, which are relevant to the consumers, promising results were also obtained with the alternative curing methods.
Nonetheless, it is doubtful to what extent these methods are viable alternatives, as the curing chemicals themselves and not their
origin are problematic for consumer health.

Keywords Plant-derivednitrites .Nitrogenspecies inplasma .Nitrite-freecuring .Meatproducts .Bacterial inactivation .Sensory
characteristics

Introduction

For many centuries, salt has been used to preserve meat. In the
meantime, potassium nitrate, contained in salt, has been prov-
en to play an important role in the preservative effect of curing
[1–3]. Potassium and sodium nitrite (E249 - KNO2, E250 -
NaNO2) and potassium and sodium nitrate (E251 - KNO3,
E252 - NaNO3) are approved food additives in the European
Union (EU), and their use in meat products is generally limit-
ed to 150 mg/kg [4]. Whereas nitrite (NO2ˉ) is a frequently

used food additive, nitrate (NO3ˉ) is mainly applied for long-
term reservoirs in slow-cured products [5].

In general, using nitrites as well as nitrates as food
additives offers many advantages. After adding nitrite to
the mildly acidic meat matrix (pH 5.5), it is reduced to
nitric oxide (NO) [6]. NO is gaseous and interacts with
the heme subunit of myoglobin [2] forming the
“nitrosomyoglobin” complex responsible for the typical
reddish-pink color of cured meat [2, 6–8]. To induce this
effect, more than 20 ppm are needed. As the residual
nitrite in meat functions as a reservoir, more than 50–
60 ppm should be added to the meat to ensure a stable
color during prolonged storage [3]. At the end of the cur-
ing process, 5–15% of nitrite is bound to the heme pro-
teins myoglobin and hemoglobin, 20–30% to non-heme
proteins, and 1-5 % to lipids, whereas 1–5% escape from
the product in a gaseous form [2]. Additionally, nitrite is
oxidized to nitrate by microorganisms or remains as a
residual nitrate in raw meat [1, 6].

Applying nitrite increases the (microbial) safety of the meat
products, as the salt specifically inhibits the growth of
Clostridium (Cl.) botulinum [9, 10] and Cl. perfringens [11,
12]. This inhibiting effect is more effective at low pH values
[9, 13], as beside the general effect of the pH value HNO2 and
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NO are formed [14]. As a rule, the multiple hurdle approach is
recommended for ensuring food quality (Fig. 1). In this ap-
proach, different preservation methods such as salting, drying,
or heating might be used in combination to improve the over-
all food safety, especially with regard to certain risks, and
additionally reduce possible negative effects of a single meth-
od on the food quality. For example, sterilization might be a
goodmethod to reduce the risk of bacterial contamination, but
the method might also have a negative impact on the sensory
results or the food composition (i.e., thermo-sensitive sub-
stances like vitamins).

Furthermore, nitrite can diminish lipid oxidation [2, 6],
as the NO catches free iron preventing the initiation of
oxidation steps [7, 10]. Nitrite is also involved in the
development of the typical taste and aroma of cured meat
products, partly due to its inhibiting effect on lipid oxida-
tion and development of rancidity. Beyond that, it con-
tributes to the characteristic texture of cured meat [2, 15].
Gassera et al. [16] summarize the antioxidative and anti-
bacterial effects of NO3ˉ and NO2ˉ along with the influ-
ence of color and taste in meat products. In addition, the
authors briefly outline toxicokinetic data of nitrite and
nitrate, as besides the advantages of nitrate and nitrite,
there are some concerns regarding the use of these sub-
strates as food additives. In 2017, the European Food
Safety Authority (EFSA) re-evaluated and confirmed the
acceptable daily intake (ADI) concentrations for nitrate
and nitrite and ADI levels of 3.7 mg/kg body weight for
nitrate and 0.06 and 0.07 mg/kg body weight for nitrite as
recommended by the EU Scientific Committee for Food
(SCF) and the Joint FAO/WHO Expert Committee on
Food Additives (JECFA) [17, 18].

Nitrite can react with amines present in raw meat and the
human gastrointestinal tract resulting in the formation of

nitrosamines [2, 17, 18]. The latter is influenced by the pH
value, the presence of secondary amines, and the temperature.
Temperatures around 130°C (e.g., during heating processes)
allow for nitrosamine formation [6, 14]. There are indications
suggesting that consumption of cured meat products over lon-
ger periods leads to an increased risk of cancer development
[14, 17, 18]. In this context, higher incidence rates of colorec-
tal and gastric cancer were related to increased dietary NO3ˉ/
NO2ˉ intake via meat or milk products [18].

Besides the nitrosamine formation, nitrite and nitrate might
oxidize heme Fe2+ within the hemoglobin to Fe3+ forming
methemoglobin, which no longer binds oxygen. Therefore,
methemoglobinemia might be life-threatening due to the de-
velopment of hypoxia. An excessive intake of NO3ˉ/NO2ˉ is
especially dangerous for children, as they exhibited lower
methemoglobin reductase activities in comparison to adults
[18]. The consequence might be the “baby blue syndrome”,
especially in children under the age of 6 months [19].

Several aspects influence residual nitrite levels in cured meat
products [20]. Basically, 50–70% of the ingoing NO2ˉ is re-
trievable in meat products directly after processing. Food addi-
tives such as ascorbate that support the formation of NO reduce
these residual levels [5]. Complementary, thermal processing
can reduce the nitrite content by up to 80 % [2], whereas a 4-
week storage period can do so by up to 45% [21]. Different
publications indicate that the concentrations of NO3ˉ/NO2ˉ,
originating from plants and/or produced by cold plasma, de-
crease faster during the processing and storage of meat products
[21–27]. To confirm this, further research is required.

In a large-scale study with more than 800 participants,
Rava et al. [28] could not find any relation between the con-
sumption of cured meat products and NO2ˉ/NO3ˉ levels in
blood plasma. In contrast to this, consumption of leafy vege-
tables led to increased levels of nitrite in blood plasma. In

Fig. 1 Demonstration of the hurdle principle. The combination of different parameters, e.g., salt (NaCl) content, nitrite content, pH value, and
temperature, is used to ensure product quality and prolong shelf-life
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recent years, the fundamental role of NO2ˉ/NO in the body
and several positive health benefits and novel therapies have
been associated with sodium nitrite, especially NO [7, 29]. For
an overview of the metabolic pathways of NO2ˉ and NO3ˉ,
associated benefits and risks, the results of previous animal
studies, and the link to the development of cancer, the review
article by Habermeyer et al. [30] should be referred to. In
several review articles, the effects of dietary nitrate and nitrite
as well as efforts to reduce NO2ˉ/NO3ˉ levels are summarized
[8, 31, 32].

Although synthetically produced NO2ˉ/NO3ˉ molecules
and those originating from vegetables are essentially chemi-
cally identical [33], doubts about using synthetical NO2ˉ/NO3ˉ
exist. This leads to a growing demand in meat production for
alternative curing methods based on vegetable (extracts) with
high nitrate contents [5].

In this article, we summarize the state of the art in research
of alternatives to NO3ˉ and NO2ˉ as food additives in meat
products. Therefore, the most recent findings in this field will
be presented in three parts: firstly, curing methods with plant-
based nitrite and nitrate, secondly, curing with nitrite and ni-
trate generated by cold atmospheric plasma, and lastly, curing
without applying any of these food additives.

Natural Curing—a Healthier Alternative?

To satisfy the growing interest of consumers concerning natural-
ly cured meat products [5], curing is performed with ingredients
such as parsley, celery, cabbage, spinach, beetroot, lettuce, or
radish, each as an extract or powder [2, 11, 24–27, 34–39].
Due to the wide field of plant-based nitrite sources, this review
focuses on vegetables as the source of nitrate and nitrite.

The term “alternative curing” refers to the process that spe-
cific microorganisms reduce nitrate within these plant sources
to nitrite. Nitrate-reducing bacteria which are used are coagu-
lase negative cocci such as Staphylococcus (S.) carnosus or
S. xylosus [25, 38, 40–42]. The extent of nitrate reduction is
achieved by certain temperature/time combinations [24, 34,
40]). Generally, converted nitrite content increases during
the incubation of the bacteria up to 24 h, followed by a de-
crease during longer incubation periods, especially in combi-
nation with high salt concentrations [34••]. Three different
methods are used to reduce nitrate to nitrite within the plant
source: the culture system, the prebrine system, and the
preconverted system. In the culture system, nitrite is produced
by the bacteria within the product after mixing the plant
(extract) and the other ingredients. In the prebrine system,
the plant source is mixed with the bacteria and incubated un-
der specific conditions. Thereafter, this mixture is added to the
meat product. In contrast, in a preconverted system, the incu-
bation of bacteria and plant (extract) is performed, as previ-
ously described, but the resulting solution is adjusted to a

certain nitrite concentration and sold to meat product compa-
nies (Fig. 2). This method is most often used, as the nitrite
content is adjusted before mixing with the other ingredients of
the meat product [3].

In 2016, Pietrasik et al. [35] evaluated the effects of celery
powder (CE) on the quality of cooked ham. Celery might be a
good ingredient for meat products, as it has a mild flavor profile
and a very limited impact on color due to its low pigment content
[5]. CE hams had higher pH values mainly due to the high pH
values of the celery powder. Besides similar color and thiobarbi-
turic acid reactive substances (TBARS) results, the water-
holding capacity and residual nitrite content of the CE products
were higher in comparison to the hams treated with sodium
nitrite (SN). CE-hams showed a more pronounced springiness,
were less chewy and cohesive, and had a softer texture. At nitrite
concentrations comparable to conventional curing, celery re-
duces the growth ofCl. perfringens, in particular, in combination
with ascorbates [33].

After a 30-day ripening period, the production of salamis
with rosemary extract and celery extracts results in similar
sensory qualities compared to salami produced with compa-
rable SN concentrations [36•]. However, shorter ripening pe-
riods reduce the ratings for odor and flavor due to the smell
and taste of the ingredients of the extracts used [36•].

Adding parsley extract powder (PE) to mortadella-type
sausages resulted in lower pH values and residual nitrite con-
tents and higher b* values probably due to PE pigments
[24••]. By increasing the PE content up to 120 ppm nitrate,
color development and stability were improved, and the
growth of Listeria (L.) monocytogenes inhibited [24••].

The use of fermented beetroot (BR) as nitrate source for
Frankfurter sausages leads to lower pH as well as lightness
(L*) and yellowness (b*) values [37•]. After refrigeration for 4
weeks of refrigerated storage, TBARS levels and total viable
counts of the BR sausages were lower. However, overall accept-
ability of the sausages decreased with higher BR levels [37•].

In another study, Hwang et al. [25] analyzed raw and cooked
pork sausages cured with preconverted nitrites from celery,
beetroot, spinach (SP), and lettuce (LC). Sausages produced
using alternative curing methods showed lower pH, redness
(a*), and residual nitrite levels but higher b* values. Residual
nitrite levels were highest in the SN sausages, followed by the
products produced with SP, LC, and CE, respectively.
Interestingly, cooked SP samples achieved the highest a*
values, whereas TBARS concentrations were lowest for the
SP and LC sausages [25].

If sliced pork loin is mixed with fermented spinach
extracts and incubated with S. carnosus for 3 to 48 h
[38•], with increasing incubation duration, a higher
amount of nitrate is reduced to nitrite. These products
had higher residual nitrite concentrations, L*a*b* results
pH values (raw and cooked), and TBARS concentrations
compared to the products cured with SN. A 24 h
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Fig. 2 Comparison of different curing methods: Curing with the addition
of nitrite (red box), with plant-based nitrite (green box), with plasma-
based nitrite (blue box), and without the addition of nitrite or nitrate

(yellow box). Advantages of each method are highlighted with a green
border, while disadvantages are highlighted with a dark red border
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incubation period gave the best results, as longer incuba-
tion leads to impaired sensory quality [38•].

If ground pork is mixed with 30 ppm nitrate from spinach,
radish (RD), and Chinese cabbage powder (CCP), all these
products had higher pH and TBARS levels and lower residual
nitrite contents. In contrast, adding RD resulted in similar a*
and b* values compared to SN samples, and lower L* and a*
and higher b* values were found, if CCP and SP were used.
The authors conclude that RD is the most promising substitute
due to its similarity in color, pigment, and curing efficiency
when compared to SN-treated products [27•].

If cooked sausages were treated with cabbage, white radish,
young radish (YRD), spinach, and lettuce and stored for 28 days,
no effect on the TBARS results compared to the SN sausages
could be obtained [34••]. Adding YRD led to a* values close to
the results of the SN-control sausages, Therefore, YRD seems to
be superior compared to the other plants, especially as a preser-
vative against L. monocytogenes [34••].

In a recent study, Choi et al. [26] usedwhite kimchi powder
(a traditional fermented Korean food made from cabbage and
radish, KP) as well as celery powder, both in combination
with acerola juice powder, to produce cooked ground pork
products. Besides lower pH values (CE < KP < SN), higher
b* values were found for all powders. The residual nitrite
levels increase with higher ingoing content of plant extracts
but were still lower than those within the SN samples. It is
interesting to note that higher amounts of acerola juice de-
crease the residual nitrite concentrations due to the accelerated
conversion of nitrite to nitric oxide [26].

Although the different studies indicate that NO3ˉ and/or
NO2ˉ from plant sources might be an alternative to using puri-
fied sodium/potassium nitrite/nitrate in meat products, there are
several (regulatory) concerns whether these ingredients are via-
ble alternatives. These doubts cannot be dispelled by the regu-
lation that products with plant (extracts) labeled with “naturally
cured,” “alternatively cured,” or “organic” may only be sold
without the addition of purified nitrate and/or nitrite. However,
in the USA, these substances were evaluated by the Food Safety
and Inspection Services (FIS) and are permitted for the produc-
tion of organic food. In member states of the EU and the
European Free TradeAssociation (EFTA) states, the use of plant
products as sources of nitrate has been prohibited until now, as
these are classified as food additives when used to influence the
color or the growth of microorganisms in accordance with
Regulation (EC) No. 1333/2008 [4]. None of the plants or prod-
ucts thereof have been approved as food additives.

Curing with Nitrate/Nitrite from Atmospheric
Plasma

The use of (cold) atmospheric plasma (plasma) as a recog-
nized method for food decontamination purposes, packaging

materials, or medical products has been intensively investigat-
ed during the last years [43, 44]. Plasma is generated by elec-
tric tension and represents the so-called fourth state of matter
[44]. It consists of several reactive oxygen and nitrogen spe-
cies like nitric oxide, nitrogen dioxide (NO2), hydroxyl radi-
cals (OHˉ), superoxide (O2ˉ), ozone (O3), peroxynitrite
(ONOOˉ), as well as hydrogen peroxide (H2O2) [43, 45, 46].

As nitrite and nitrate are also formed during plasma gener-
ation, some studies investigated whether plasma or plasma-
treated water (PTW) might be an interesting alternative for the
curing of meat products (Fig. 2) [21, 22, 47–56].

For example, Jung et al. [50] observed significantly lower
redness values in PTW meat batters due to lower nitrite con-
centrations in PTW batters (46 ppm) compared to sodium
nitrite-treated products (70 ppm). Nevertheless, curing with
PTW can result in the development of typical curing color
[50]. Jung et al. [21] also compared the quality of convention-
al emulsion-type sausages, cured with SN as well as with
PTW. As the amount of added nitrite in meat products in
South Korea is restricted to 70 mg/kg, similar nitrite concen-
trations (70 mg/kg) were achieved for both groups. The PTW
sausages showed higher values of lightness as well as lower
values of yellowness and redness than SN products. It is in-
teresting to note that the residual nitrite levels in PTW prod-
ucts were lower than in the SN products. The authors sug-
gested that this effect is due to a more rapid reduction in
NO2ˉ to NO or a shorter reaction time with the reducing agent
“ascorbic acid” in PTW products. As residual nitrite levels
usually declined during storage time, this might be risky in
terms of microbial stability. However, despite the differing
residual nitrite levels, the total aerobic bacteria counts of
SN- and PTW-cured sausages were comparable, like the sen-
sory and TBARS results (indicator of lipid oxidation).
Therefore, Jung et al. claimed PTW to be a potential nitrite
source for curing of meat products [21].

Kim et al. [49] compared PTW and SN emulsion-type sau-
sages with 70mg/kg nitrite using the Ames test, the results of
which showed no differences between the samples. In addi-
tional toxicity tests where these sausages were fed to mice and
where TNF-α levels, the intestinal length and the number of
Peyer’s patches were analyzed, neither indications of an in-
flammatory response nor differences between the feeding
groups could be found. This indicates that PTW can be con-
sidered as a less risky and therefore suitable nitrite source for
curing of meat products [49].

In a recent study, Yong et al. [47] investigated PTW and SN
ham, curedwith 70mg/kgNO2ˉ, after 0, 1, and 2weeks of frozen
storage. The study showed that the PTW samples had higher a*
values at all times and that, similar to the results of emulsion-type
sausages, residual nitrite content was lower in PTW than in SN
ham. No differences arose for the total aerobic bacteria count and
lipid oxidation results. When using the Ames test, no genotoxic
effect of the PTW could be obtained [47].
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Jung et al. [50] who directly applied atmospheric pressure
plasma (APP) on meat batters increased the nitrite content up
to 66 mg/kg meat product. The authors showed a significant
increase in the temperature (0.2 up to 20°C) and the a* values
and a significant decrease of the pH and b* values during
30 min of plasma application. Although no antimicrobial ef-
fects or improvement of lipid oxidation were detected, the
color results in another study indicated that direct plasma treat-
ment of meat products might be an interesting curing alterna-
tive [52].

Similar to the results of the latter study, Lee et al. [51••]
examined the suitability of APP for curing of canned ground
ham. Although 1 h was necessary to generate about 60 mg/kg
NO2ˉ, APP treatment was stopped after 30 min, as 42 mg/kg
NO2ˉ were produced and the intended temperature of 13°C
has already been reached. The characteristics of APP ham
were similar to the SN products. Additionally, no differences
in the texture parameters were found, whereas better ratings
for overall acceptability and taste in sensory testings were
obtained for APP-cured ham [51••].

The suitability of APP to be used in the production of pork
jerky in comparison to sodium nitrite was evaluated by Yong
et al. [22••]. For this purpose, pork muscles were marinated in
nitrite-free-brine and treated with APP for 0, 20, 40, and 60 min,
respectively. A similar nitrite content for SN and APP samples
was achieved after 40 min of APP treatment. Again, the residual
nitrite levels in APP samples were lower. Higher treatment du-
ration increased the L* and a* and decreased the b* results. If the
pork jerky was inoculated with S. aureus and Bacillus cereus,
APP treatment for 40 and 60 min decreased the microbial results
compared to the SN-treated groups. The findings of this study are
of relevance, as it indicates that APP treatment can improve
antimicrobial stability of treated products mainly due to the other
constituents within the plasma [22••].

APP can cause a green discoloration of the treated meat.
Yong et al. [52] related these changes to the structure of the
porphyrin ring within the myoglobin and to the formation of
green-colored nitrimyoglobin, as the use of reducing agents
counteract the formation of this nitrimyoglobin.

Infusion of atmospheric non-thermal plasma (ANP) to ground
ham resulted in similar color and lipid oxidation results compared
to SN products [53••]. The authors stated that an ANP infusion
system can be readily implemented in the meat industry, as it is
quite compatible to existing machines used in production.
Furthermore, due to the longer inflow path of the plasma, possi-
ble effects on the temperature are reduced [53••].

In 2019, Luo et al. [54•] published results of a study where
dried pork loin was produced with PTW-curing brines. These
brines were generated at three different voltages (50, 60, 70
kV) within 1, 2, 3, 4, 5, and 6 min of treatment. After 15 days
of ripening, significantly decreasing pH values over time and
decreasing nitrite contents up until 3-min treatment were ob-
tained. The latter was explained by the higher transformation

of NO2ˉ to NO in low pH media. Besides this, a* values rose
with increasing voltage. Residual nitrite contents were higher
and TBARS results lower in PTW-treated pork loins than SN
products. The authors recommended 70-kV treatment in the
companies for production of curing meat products [54•]. In a
further publication from this research group, Luo et al. [55]
demonstrated a strong influence of cold plasma treatment on
myofibrillar proteins in dry-cured bacon.

In 2020, Inguglia et al. [56•] published a study on the pro-
duction of beef jerky by using plasma, where they exposed
solutions with 0, 50, 100, and 150 ppm sodium nitrite to air
plasma or nitrogen (N2) plasma treatment before adding these
to the meat. Whereas after air plasma treatment NO2ˉ concen-
trations increased, no effect was found after N2 plasma treat-
ment. Processing the beef jerky with the air plasma-treated
brines resulted in decreasing residual nitrite contents over time
and higher a* values compared to products treated with N2

plasma brines or control brines without plasma treatment.
Additionally, a reduction in inoculated L. innocua (0.5 log10
CFU/g) could be found for plasma-treated samples after 18 h
storage (only 0, 50, and 150 ppm with and without air plasma
treatment were taken into account) [56•].

For further insights into the use of plasma technology in the
meat industry, the review of Lee et al. [57] is suggested. This
publication also recommends further investigations
concerning food safety of plasma-treated products. As far as
we know, nitrite and nitrate produced by plasma technology
have not yet been approved for use in food products in the
European Union with regard to existing food additive and
probably also to novel food regulations.

Production of Meat Products
Without Addition of Nitrite or Nitrate

The production of meat products without the addition of NO3ˉ
and/or NO2ˉ has been common for a long time in many coun-
tries (Fig. 2). These products are sometimes referred to as
“white,” and German examples are “Bavarian or Silesian white
sausages” or “White Lyoner.”Due to the possibly higher health
risk of a production without nitrite, “white products” are pre-
served by other methods such as cooking or are only consumed
after heating. Dry-cured ham is commonly produced by addi-
tion of NO2ˉ or NO3ˉ. However, in countries such as Italy or
Spain, raw ham is sometimes produced without the addition of
nitrite or nitrate [58]. Preservation of these products is achieved
by adding salt and drying of the ham for long periods. During
this processing, the constituent zinc protoporphyrin (ZnPP) is
formed, which is responsible for the red color of these nitrite- or
nitrate-free products in contrast to cured ham where
nitrosomyoglobin mainly influences the color of the ham
[59••]. In ZnPP, the heme iron of the myoglobin is replaced
by zinc, which is influenced by the pH value and
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microorganisms. The precise mechanism of ZnPP formation is
not clear until now [59, 60]. However, independent of these
differing color-related constituents in cured and uncured meat
products, it has to be considered that removing the NO2ˉ or
NO3ˉ might affect the microbiological safety of the uncured
products, especially if contaminations during production or
storage are not effectively reduced by other preservation
methods. Products without nitrite or nitrate show higher growth
of bacteria such as Cl. perfringens, Cl. botulinum, S. aureus,
L. monocytogenes, Salmonella enterica, or E. coli [12, 24, 33,
61–65]. Besides these clear effects of nitrite on the microbial
parameters of the products, other quality parameters should also
be considered. For example, in raw pork ham or cooked pork
sausages without nitrite or nitrate, the instrumental redness (a*)
values and the color and overall acceptability results after sen-
sory analysis are lower, whereas the TBARS concentrations, an
indicator of lipid oxidation processes, are higher compared to
meat products with added nitrite [37, 63, 66–68]. Although the
differing color and sensory parameters can negatively influence
the consumer acceptance of the nitrite- or nitrate-free products,
these parameters are less relevant for food safety. In contrast,
increased TBARS results might be problematic for consumer
health, as lipid oxidation can induce oxidative stress which is
involved in many diseases and as a last consequence may lead
to the development of cancer [69, 70].

Conclusions

Under consideration of certain specific characteristics, especial-
ly color and flavor, curing with plants or plant extracts or with
plasma as well as plasma-treated water are reasonable curing
alternatives used inmeat product manufacturing. However, cur-
ing by using these alternative methods is still problematic, as
official approval of each plant (extract) as food additives or
plasma-generated nitrite and nitrate, for example, as novel food
might be necessary in certain countries. The addition of plant
(extracts) and plasma treatment can result in sufficient amounts
of nitrate and nitrite in the meat products, whereas addition of
plasma-treated water is limited to the manufacturing of certain
meat products such as cooked sausages. In general, the obtained
meat products are similar to conventionally cured products if
similar NO2ˉ or NO3ˉ concentrations are applied. These com-
parable results make the changeover to alternative nitrite
sources for use in meat products less worthwhile, especially
as the nitrite or nitrate from these sources are chemically iden-
tical to curing salt. However, some studies justify the use of
these alternatives by showing reduced residual nitrite contents
of plant (extracts)-cured meat products as well as plasma-cured
ones. This clear benefit regarding human health due to possible
reduced nitrosamine formation stands in contrast to the disad-
vantage of reduced microbial safety, for example, after re-
contamination of the products.
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