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HISTORICAL INFORMATION 

21 

N-nitroso compounds have been known since they were first syn
thesized in Germany in the mid-nineteenth century. They have been 
extensively used in organic synthesis, analytical chemistry and 1 
research for over a century. However, in 1954, Barnes and Magee 
found that dimethylnitrosamine (DMN) produced liver toxicity in 
two men in the UK. Similarly, an outbreak of acute liver toxicity 
in sheep in Norway wa~ traced to the formation of DMN in fish meal 
preserved by nitrite. These events prompted the early synthetic 
investigations of the N-nitroso compounds, particularly by groups 
headed by Magee in the UK and US, and Druckrey in Germany. Their 
work, and that of others, rapidly showed that the N-nitroso com
pounds, as a group, had enormous potential for carcinogenesis. 
This, in turn, has led to the current deep scientific interest in 
the analysis, formation, and occurrence of carcinogenic N-nitroso 
compounds in our food supply, polluted atmosphere, drinking water, 
beverages, cigarette smoke, cosmetics, industrial waste3a~d5by
products, and more recently to their formation in vivo. ' ' It 
is the intention of this paper to survey severay-aspects of these 
studies and address the use of ascorbic acid and alpha-tocopherol 
as blocking agents to prevent the formation of these potential 
human carcinogens. 

N-NITROSO COMPOUNDS 

Carcinogenic Properties 

N-nitroso compounds are a unique class in terms of carcino-
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genesis. Of the 120 compounds of the class tested, over 80% are 
carcinogenic. The individual compounds tend to be organ specific, 
that is, they will produce tumors of a specific target organ in a 
particular species regardless of the route of administration. 
Active compounds are carcinogenic in every species tested. Since 
metabolism and activation of N-nitrosamines is similar with both 
animal and human liver slices, it is highly probable that carcino
genesis effects in animals are indicative for man as well. 

The N-nitroso compounds show a wide range of carcinogenic 
dose/response activity. However, many are active at very low doses. 
Dimethylnitrosamine, diethylnitrosamine or nitrosomorpholine induce 
significant tumors at dietary intakes of 6 ~pm, and some effects 
have been observed even at 2 ppm in rats. ' 

N-nitroso compounds include two major subdivisions: nitro
samines and nitrosamides. Nitrosamines are generally very stable 
compounds, particularly in alkali, being destroyed only by pro
longed exposure to agents such as strong acid or strong ultraviolet 
light. This stability has permitted highly specific analytical 
methods to be developed such as the Thermal Energy Analyzer that 
can detect, reliably, specific nitro~amines in foods down to levels 
of about 1 part per billion (ppb). Nitrosamines are also a highly 
soluble and permeable class of compounds. Being uncharged, they 
can readily diffuse into different physical phases and across the 
cell walls and membranes that exist in foods. Nitrosamines are 
not direct-acting carcinogens, but seem to require metabolic acti
vation by oxidative reactions resulting in an alkylating diazo 
compound9 Metabolic activation reactions have been described by 
Druckrey as follows (Figure 1): If sufficient substituent alter
ations of the cellular DNA nucleic acids occur, from this and 
other sources (i.e. radiation, other alkylating, etc.), a "carcino
genic event" may ensue. 

Nitrosamides, on the other hand, are not overly stable. They 
decompose in both acid and alkali. This has hampered the develop
ment of reliable analytical methods for detection in foods. How
ever, in contrast to nitrosamines, they generally have been found 
not to require metabolic activation. As a consequence, they are 
contact carcinogens on direct application to a tissue, as well as 
exhibiting organ specific behavior when transported by body fluids 
to an organ with specific proclivity or sensitivity to that com
pound. 

N-nitroso compounds that are carcinogenic usually are found 
to be mutagenic by Ames tests. In fact, the Ames test has been 
employed often to evaluate the mutagenic potential of different 
nitrite-trea£0d and control foods for various high-risk cancer 
populations. In this test, nitrosamines generally require 
enzymatic activation, while the nitrosamides are directly mutagenic. 
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Fig. 1. Mechanism of activation of a nitrosamine to an a1kylating 
agent. The hydroxyalkyl group is eliminated as an 
aldehyde on ketone leaving an unstable primary nitrosamine, 
which tautomerizes to a diazonium hydroxide. The 
diazonium alkylates nucleophilic sites (Nuc) in DNA and 
RNA. 

Formation 

Basically three things are needed to form a N-nitroso compound: 
an amine or amide substrate, a nitrosating agent, and the proper 
chemical environment. 

Substrate. (Primary, secondary, or tertiary amino group or 
a secondary amide) This is illustrated in Figure 2. 

Nitrosating Agent. Nitrite salts, such as sodium nitrite, 
added to meat for color and flavor development as well as control 
of Clostridium botulinum, are direct sources of nitrosating agents. 

Nitrate salts present or added in food processing, when 
coupled with microbiological activity, readily reduce nitrate to 
nitrite. 

Fermentation processes generally, such as pickling or brewing, 
permit microbial conversion of a variety of nitrogen sources, 
including ammonia, amino acids, etc. to nitrite. 

Nitrogen oxides (NO), whether derived from "smoking" pro
cesses, atmospheric pollGtion, direct flame combustion for heating 
or drying systems, represent a significant source of highly reac
tive nitrosating agents. The gaseous forms, N2o and NO , are 
particularly rapid and vigorous in their chemicat attack2of sub-
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Fig. 2. Formation of nitroso compounds from different substrates. 

strates, even when in alkaline aqueous solution and extremely 
rapid when the gases react with substrates in lipid phase. 

Transnitrosation also may occur when a nitro or nitroso group 
in one substance comes into chemical contact under suitable condi
tions with a substrate that can form a stable nitrosamine. Origi
nally found to be an important source in cosmetics (from Bronopol 
used as a preservative), this source is getting more attention in 
mixed and complex chemical systems such as foods. 

Chemical Environment. Essentially all amines and amides must 
be considered capable of forming an N-nitroso compound, to a lesser 
or greater11e!2ee. Excellent reviews of this subject have been 
published. ' Generally, the susceptibility of any particular 
compound toward the formation of a nitros'? derivative reflects the 
mutual optimization of two parameters. The first is the presence 
of a potential nitrosating agent and its ultimate activation. The 
second parameter is the chemical state in which the amine or amide 
compound exists in a particular formulation. An amine, for example, 
that exists in its protonated form would be much less susceptible 
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to attack by a nitrosating agent than its free-base counterpart. 

Primary amines can react with a nitrosating agent leading to 
the f~~mation of a nitrosamine by the following reaction mecha
nism: 

+ -+ ""- H _+ RNH2 + N02H ~R-N-N=O+H20 ~ R-N=N-OH......:::...,) R-N=N + H2o (1) 

H 

(2) 

The initial attack of a nitrosating agent on a primary amine leads 
to the formation of an alkyl diazonium ion. For the most part, the 
inherent instability of this diazonium ion will normally lead to 
the formation of the corresponding alcohols and alkenes. These 
compounds are the classical and further deamination products. 
Under the proper conditions as demonstrated by Equation 2, however, 
this diazonium ion can react further with another mole of primary 
amine to form a secondary amine. This secondary amine can be sub
sequently nitrosated to form a nitrosamine. While the nitrosamine 
product is not favored for the reaction of a nitrosating agent on 
a primary amine, the presence of certain catalysts like thiocyanate, 
formaldehyde, or other aldehydes can lead to at leas£2some minor 
conversion of a primary amine to a nitroso compound. 

Tertiary amines can be converted to secondary nitrosamines, 
but the reaction occurs to a significant extent only at elevated 
temperatures in a weakly acidic medium. The rate of reaction is 
dependent on the pKa of the amine. At 25°C and pH 3.4, nitrosation 
of tertiary amines is about 10,000 times slower than that of re
lated secondary amines. The following mechanism has been proposed 
f~r nitr~sative de~lky±2tl~n1gf tertiary amines and subsequent 
n1trosam1ne format1on. ' ' 

R2N-CH2R1 + N2o 3~ R2~-\H-R1 
NO H 

For simple, basic amines (pKa > 5), the rate of nitrosation in 
water is maximum at pH 3.0-3.4, which is near the pKa of nitrous 
acid, HN02 . For a given amine, the nitrosation rate decreases as 
the pH increases above 3.4 because the concentration of nitrous 
acid decreases. When the pH decreases below 3.0, the rate again 
decreases because the concentration of unprotonated amine decreases. 
At a given pH, the' rate of nitrosation increases as the basicity of 
the amine decreases because of the higher relative concentration of 
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unprotonated amine present. 

Secondary amines such as diethanolamine will react with a 
nitrosating agent according to the following reaction: 

or 

R2NH + 1r2o~~ R2NNO + HN02 

2HONO '""-" 2H + + 2NO; 

The formation of nitrosamines from secondary amines as de
scribed above is usually the most rapid of all the mechanisms 
discussed so far. In fact, it should be observed that primary 
amines must be alkylated and tertiary amines dealkylated prior to 
formation of the ultimate nitroso compound through the nitrosation 
of the correspondingly generated secondary amine. Hence, the 
reaction described above is common to all the mechanisms. 

Quaternary amines and amine oxides also appeal6to react slowly 
with nitrite in acidic media to form nitrosamines. Compounds 
like these are very similar to tertiary amines in their reactivity 
toward nitrosating agents. They also require a dealkylation step 
prior to further reaction to form a nitroso derivative. 

The chemistry and analysis of nitrosamide formation and occur
rence have not been studied as thoroughly as nitrosamines, mainly 
because suitable analytical methods have not been developed. Many 
ureas occur naturally and some readily produce nitrosoureas. N
alkyl ureas and carbamates are rapidly nitrosated at pH 1-~· 7T~8 
nitrosating agent is believed to be the nitrous acid ion. 1 •1 ' 
The reaction rate increases about ten times for each 1 pH-unit 
drop from 3 to 1 and does not show a pH maximum as has been found 
for the formation of nitrosamines. Yields of nitrosamides also 
can be rapidly obtained through the reaction1§f the parent compound 
with N2o1 or N2o4 gases in organic solvents. Conceivably, the 
reactivity of these compounds in a lipophilic environment could 
play an important role in N-nitroso compound formation. 

It is apparent, then, that the formation of nitrosamines and 
nitrosamides from the corresponding parent amine or amide compounds 
can be demonstrated for all classes of these compounds. Generally, 
however, it is still the secondary amine or amide that is the most 
facile reactant. The other classes require either a preliminary 
alkylation or dealkylation reaction. 
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In aqueous solution, pH is quite important. Lowering the pH 
increases the activity of nitrosation by generating more of the 
free nitrous acid, which in turn yields the active nitrosating 
agent, nitrous anhydride, N2o3 . This reaction reaches a peak at 
pH 3.14, the pKa of nitrous acid. Substrate amines, on the other 
hand, are most readily nitrosated in the nonionized, or nonpro
tonated free base state, which increases as the pH is raised. 
Under acidic conditions, the ionized base, or non-reactive form, 
increases depending on the pKa of the base. The weaker the base 
(lower pKa), the more readily it nitrosates, while strong bases 
are far more sluggish. Higher temperatures, besides increasing 
the reaction kinetics, also increase the formation of N2o3 from 
nitrous acid (acidified nitrites) resulting in more rapld nitro
sation. 

Catalysts may play a large role in nitrosation. Thiocyanate 
(from cigarette smoke, etc.), certain phenols (gallic_aci~, ~ 
cresol, 4-methyl catechol, etc.), halides (in order I >BR >Cl) 
all can exhibit catalytic effects on nitrosamine formation. 
Anions operate by allowing the formation of more reactive nitro
sating agents like nitrosyl chloride or nitrosyl iodide whereas 
ortho or para unsubstituted phenols can become C-nitrosated. 
The corresponding tautomeric oxime from C-nitroso phenols can 
reduce the reaction to first order in nitrite which results in 
catalysis. Substances capable of forming micelles, particularly 
in ~cid 2aolution, have also been found to exert catalytic 
actlon. 

Lipids, when present, can act simultaneously as a ready 
solvent for the unprotonated free base substrate and the nitrous 
anhydride N2o3 , resulting in an extremely rapid nitrosation 
reaction. Removal of the water phase of a food, such as occurs 
during the frying of bacon is a typical example. Residual 
nitrite, present in the aqueous phase at the time of frying is 
activated and driven into the fat layers where nitrosation 
occurs. 

BLOCKING NITROSAMINE FORMATION 

The fJrmation of N-nitroso compounds can be reduced, mlnl
mized, or even completely prevented by the presence of blocking 
agents when nitrosation potential exists. Blocking agents are 
essentially substances capable of rapidly reducing the nitrosating 
agent to the non-nitrosating nitric oxide (NO). They act as 
competitive substrates for the nitrosating molecular species 
in the specific system versus the nitrosation reaction. Thus, 
both the absolute and relative concentrations of nitrosating 
agent, blocking agent and amine substrate for nitrosation will 
determine the degree of "blocking" that will occur. 
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Aqueous Systems 

Ascorbic acid (vitamin C) has been shown to be an excellent 
blocking agent against nitrosation in aqueous systems, particularly 
in weakly acidic conditions. The ascorbic acid competes for the 
nitrosating agent, forming dehydroascorbic acid and the non-nitro
sating NO as indicated in Figure 3. 

This blocking effect of ascorbic acid has been demons21ated 
in a large variety of systems by many investigators. Kamm has 
shown complete protection from liver toxicity in rats by the use 
of ascorbic acid fed with sod~~m nitrite and the readily nitrosat
able aminopyrine. Greenblatt has reported similar protection 
against cancer induction in mice by the use of ascorbic acid in 
animals fed aminopyrine with sodium nitrite. 

Other water-soluble blocking agents include sulfite, bisul
fite, and cysteine. Phenolic compounds, such as gallic acid, 
tannic acid, etc., also may function as blocking agents, bu2 3o~~en 
also catalyze nitrosation by facilitating transnitrosation. ' 
Therefore, phenolic compounds, with certain rare exceptions, are 
not considered reliable blocking agents. 

Lipid Systems 

Alpha-tocopherol (unesterified vitamin E) is an excellent 
lipophilic blocking agent against nitrosation reactions. Although 
it is a phenolic substance, it does not catalyze nitrosation since 
the aromatic ring is completely substituted. It reacts very 
effectively in the lipid phase of food, particularly in emulsified 
lipid droplets or micelles, to block the25x25emely rapid nitrosa-
tion reactions occurring in lipid phase. ' The competing 
reactions, analogous to ascorbic acid in aqueous phase, are 
shown in Figure 4. · 

Blocking agents are not synonymous with antioxidants. For 
example, butylated hydroxyanisole (BRA) and butylated hydroxytol
uene (BHT) have little or no activity as nitrosation blocki2~ 
agents although they are excellent food lipid antioxidants. The 
reason for this is believed to be the fact that these two compounds 
act as free radical scavengers in their role as lipid antioxidants 
whereas the elimination of a nitrosating agent required it be 
reduced to nitric oxide or lower. Tocopherol appears to be able 
to function as an antioxidant through both mechanisms. Model 
system studies have shown that in the process of reducing a nitro
sating agent, tocopherol is converted to tocoquinone (Figure 4). 

In addition to the mechanical aspects of properly delivering 
alpha-tocopherol to the system under investigation, be it the fat 
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portion of bacon or the lower gastrointestinal tract of man, etc., 
there are several other facets of "vitamin E" worth review or at 
least reiteration. The active form of alpha-tocopherol is the 
unesterified or "free alcohol" form of the vitamin, which is the 
form that exists in nature in plants, seeds, etc. Most of the 
vitamin E forms of commerce are the esters, particularly the 
acetate ester and, in some cases, the hemisuccinate. These esters 
do not naturally appear in food but were developed as a means of 
stabilizing isolated pure forms of the "natural" d-isomer as well 
as the synthetic dl material from oxidation of the phenol group 
during processing and storage. This is true particularly in 
pharmaceutical dosages such as tablets and capsules. The esters, 
per se, are inactive as N-nitroso blocking agents and, for that 
matter, as an antioxidant as well. Their activity, then, relies 
upon hydrolysis, which on oral ingestion, occurs in the intestinal 
lumen through the action of pancreatic2Sipase and the aid of bile 
salts as part of normal fat digestion. Overall then, in vitro 
applications of tocopherol as a N-nitroso compound inhibitor, for 
example, in bacon, cosmetic formulations, drug products, etc., 
would require the use of the unesterified molecule. The same is 
true for inhibiting nitrosation reactions which could occur in the 
stomach where lipase activity for hydrolysis is lacking. In the 
lower gastrointestinal tract, it is conceivable, although not 
proven, that the esterified forms of vitamin E may be active. Pre
liminary studies indicate that after oral administration of 400 mg 
vitamin E acetate to volunteers, the unabsorbed fraction of the 
dose (-35%) appearing in feces is essentially all unesterified 
vitamin E. 

APPLICATIONS OF BLOCKING AGENTS 

Relationship to Food 

Fresh natural foods appear to contain variable quantities of 
inherent blocking agents. Of course, vitamins C and E represent 
at least a part of this blocking capacity. A few experiments in 
our laboratories, and private comments from others, indicate addi
tional agents could also be present, at least in some animal feeds. 
Presumably, these are reductones, free mercapto groups, etc. 
Natural foods do make use of a basic principle of utilizing 
blocking agents in both lipid and aqueous phases (ascorbic acid 
and tocopherol) to achieve more efficient prevention of N-nitro
sation. 

Sodium nitrite addition to meat for preservation, particularly 
against formation of toxin by growth of Clostridium botulinum, 
has been utilized for thousands of years, originating independently 
in several separate cultures. The nitrite can also react with 
amines in the meat (pyrrolidine, dimethylamine, etc.) to produce 
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carcinogenic nitrosamines. In comminuted meat products, such as 
frankfurters or similar sausages, it has been shown that sodium 
ascorbate can prevent nitrosamine formation. A minimum of two 
moles ascorbate per mole of nitrite is needed. This ascorbate 
ratio will not interfere with the other desirable functions of 
nitrite in meat processing, including color formation (nitroso
myoglobin), antibotulinal control (Perigo effect). In the U.S., 
the trend in such comminuted meat products is to use 120 ppm input 
of sodium nitrite and 550 ppm input of sodium ascorbate. 

Bacon, as produced in the U.S. and prepared for eating by 
frying, reaches temperatures of about 170°C (for at least a few 
minutes). This presents a unique problem since the water content 
is vaporized readily, leaving the residual nitrite in the bacon, 
which can readily generate the lipid soluble N2o3 nitrosating 
agent. The amine substrate, proline or pyrrolldlne, is present 
in the collagen fibers buried deep in the thick adipose layer of 
pork belly used for bacon production. Thus, the nitrosation reac
tion in bacon takes place primarily in the fat phase during t29 
later, high temperature stages of frying as shown by Fiddler. 
A lipophilic nitrosamine blocking agent, suitable and safe for 
foods, was needed to lower the nitrosopyrrolidine content of fried 
bacon. Several agents were tried as shown in Table I. 

Tocopherol addition to bacon does not affect residual nitrite 
levels nor does it interfere with the nitrite control of botulism. 
In fact, it appears to act exclusively during the frying step 
itself to lower nitrosopyrrolidine levels in the edible portion of 
bacon about 2-4 fold, usually well below 5 ppb. It also lowers 
the substantial level of volatilized nitrosamin35 produced during 
bacon frying by about 4 fold (i.e., about 75%). 

Fish have been preserved against microbiological contamination 
by treatment with nitrite for thousands of years. Nitrite, whether 
added directly, generated as nitrogen oxides in the smoking of 
fish or produced through microbial action by "salting" with 
selected grades of sodium chloride containing traces of nitrate 
all have the undesirable capacity to form nitrosamines with the 
plentiful amines found in fish. It has been suggested that gastric 
cancer may be associated with dried, salted and/or nitrite pre
served fish products. Experimental treatment of fresh fish with 
nitrite prod~5ed active mutagens (Ames test, without microsomal 
activation). This was comp3rtely prevented by ascorbic acid. 
The suggestion has been made that vitamin C intake on a con
tinuous basis, with all meals, could reduce gastric cancer 
stemming from this type of nitrosation. 

Relationship to In Vivo Formation 

Many in vitro and in vivo studies have demonstrated their 
effectiveness in inhibiting nitrosamine formation and subsequent 
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Table I. Summary of Blocking Agents Used 
in Bacon to Prevent Nitrosamine Formation 

Effect on 
Blocking 
Nitrosamines 

Agent in Bacon Side Effects Ref. 

Ascorbate - Good Diminution of anti- 45 
high levels botulinal control 
(1000-2000 ppm) (>1000 ppm) 

Alpha-tocopherol Good Antioxidant 46 
additional 

Propyl Gallate Fair Off-color 47 

Ascorbyl Palmitate Good Off-flavor 48 
Lowers residual 
nitrite 

Ascorbic Acetals 
C-8 (short chain) Good Off-flavor 49 

Not food approved 

C-14 (long chain) Good Not food approved 

BHA None so 

BHT None so 

Ethoxyquin Good Not food approved 51 
Can form a nitroso 
derivative 

21,22,32 A dd' . l toxicity in a gastric fluid environment. n a 1t1ona 
physiological source of nitrite has been demonstrated 33 as being 
de novo synthesis in t~~ intestine, possibly by heterotropic nitri
fication. Wang ~ al. have found volatile nitrosamines in 
normal human feces at levels which appear to outweigh that which 
could be ingested from exogenous sources based o~5e35imates of 
total environmental exposure to these compounds. ' It is con-
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ceivable that nitrosamines can be synthesized in the intestine 
since the precursors are present. While the conditions for aqueous 
nitrosation reactions are not optimum at pH's encountered in the 
lower gastrointestinal tract, several stu~}e38h~~e shown that the 
rate of these reactions can be catalyzed. ' ' It has been 
suggested that the intestine migh}9be a sit~0for the formation of 
nitrosamines by bacterial action. Sander has demonstrated the 
formation of nitrosamines by bacterial action from precursor amines 
and nitrate at neutral pH, and t~~ formation of N-nitrosodimethyl
amine (NDMA) upon incubation of C-dimeth4taW~ne and sodium nitrite 
with rat fecal contents has been reported. ' This production of 
nitrosating agent capacity is assumed to be s~e source of fecal 
mutagens found in at least some individuals. These fecal muta
gens, which are "apparent" N-nitroso compounds, can be reduced by 
the incorporation of ascorbic acid and/or alpha-tocopherol in the 
diet. 

In careful studies of a few well controlled individuals, 
ascorbic acid (4 g/day) reduced the mutagens quantitatively about 
50%, 4~hile alpha-tocopherol (400 mg/day) reduced the mutagens 70-
90%. Dietary fiber (50 g/day) also reduced the fecal mutagens 
about 50% while increased fat and protein (170 g/day) markedly 
increased fecal mutagen output. Some cancer researchers consider 
this intestinal production of mutagenic material the source of 
nitrosamines found in blood and urine of normal, noninfected indi
viduals. This could, therefore, represent a major source of car
cinogenic substance input to the body. If so, and this is only 
hypothetical so far, the use of ascorbic acid and alpha-tocopherol, 
perhaps with added fiber, in the daily diet may become a useful 
routine for chemoprophylaxis of gastrointestinal cancer. 

SUMMARY 

N-nitroso compounds are a highly dangerous, carcinogenic
risk group. They are readily found in food, beverages, and in 
vivo. Substances in food, particularly ascorbic acid and alpha
tocopherol, can block their formation. The use of these vitamins 
in food processing could be markedly useful in preventing food 
contamination with carcinogenic nitrosamines and/or nitrosamides, 
particularly when nitrite, nitrate, fermentation or smoking 
processes are used. 
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