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During the past decade, an increased concern has been 
generated with regard to nitrite consumption by humans. The 
use of nitrite in meat curing has been challenged extensively. 
As was reported by Cassens et al. (1979) the concerns over 
the use of nitrite in cured meats include the possible produc- 
tion of nitrosamines; the presence of nitrite itself; and the un- 
known. It is not the purpose of this paper to dwell on the 
subject of nitrosamines or the health implications of nitrite 
consumption by humans. The subject of nitrosamines and 
their relationship to cured meat products has been extensively 
reviewed by several researchers (Sebranek and Cassens, 
1973; Gray, 1976; Crosby and Sawyer, 1976; Gray and Ran- 
dall, 1979). It should be mentioned, however, that nitrosa- 
mine levels in fried bacon have been decreasing through bet- 
ter process control and research during the past decade. Also, 
a study implicating nitrite as a direct carcinogen to laboratory 
animals (Newberne, 1979) has been extensively reviewed by 
independent scientists who concluded that the evidence i s  in- 
sufficient to suggest that sodium nitrite per se causes cancer to 
rats (FDA, 1980). 

The controversy over the use of nitrite in meat curing has 
led to an extensive search for alternatives for replacement of 
nitrite in the production of cured meat products. Two ap- 
proaches have been used in the search for alternatives. The 
first involves the search for a substance or combination of 
substances that can perform all the chemical and antimicro- 
bial properties of nitrite. Considering the variety and complex- 
ity of the nitrite functions in meats and the uniqueness of the 
compound in performing these functions, this route of search 
has had little noticeable success. Another more plausible ap- 
proach to the problem of replacing nitrite in meats has been 
the route of identifying compounds or other means that would 
allow for a reduction of nitrite usage in meat products with a 
consequent reduction of nitrite consumption by humans. This 
task has been hindered by the need to find alternatives that 
will maintain the identity, quality, economic and practical 
feasiblity, and safety of the products. 
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Sorbic acid and potassium sorbate constitute two antimi- 
crobial agents that in recent years have been widely tested as 
partial replacers of nitrite in cured meats. The purpose of this 
summary is to review available literature related to nitrite- 
sorbate interactions in cured meats, and their relationship to 
hydrogen ion concentration (pH) in the substrate. 

Nitrite 

Sodium nitrite and common salt (sodium chloride) consti- 
tute the main ingredients of meat curing mixtures or brines 
(pickles). The use of salt in meat preservation covers the entire 
span of recorded history. Nitrate (salt-peter) impurities of salts 
of ancient times resulted in the development of red patches 
on meats preserved with such salts (Binkerd and Kolari, 1975; 
Sofos et al., 1979a). This empirical observation led to the de- 
liberate addition of nitrate to preserved meat in order to rnain- 
tain a regular uniform color. Research during the last century 
demonstrated that nitrate added to meats was reduced to ni- 
trite by bacteria and it was concluded that nitrite was respon- 
sible for the fixation of the cured meat color through its reac- 
tion with the heme proteins hemoglobin and myoglobin. 
Through additional research, the Bureau of Animal Industry of 
the United States Department of Agriculture (USDA) permit- 
ted the official use of nitrate in meat curing on May 1, 1908. 
Additional research preformed during the early years of this 
century resulted in the USDA permitting the direct addition of 
nitrite to meat products as a curing agent in Federally in- 
spected plants on October 19, 1925 (USDA, 1925; Kerr et al., 
1926: Binkerd and Kolari, 1975; Sofos et al., 1979a). 

The uniqueness of nitrite as a meat curing agent has been 
established through experience and scientific research over 
the past 50 years. As mentioned above, the original function 
of nitrite in meat curing was fixation of the cured meat color. 
The action of nitrite on cured meat color has been reported 
by several researchers (Draudt and Deatherage, 1956; Fox, 
1966; Bard and Townsend, 1971) and the subject was re- 
cently reviewed by Dryden and Birdsall (1980). The important 
function of nitrite on cured meat flavor has been recently 
summarized by Gray et al. (1981). The same authors (Gray et 
al., 1981) also reviewed the third important function of nitrite, 
its antioxidant properties and the ability to prevent develop- 
ment of warmed-over flavor in cured meats. Extensive re- 
search has established the preservative functions of nitrite and 
especially its antibotulinal actiitity (Tarr, 1942; Yesair and 
Cameron, 1942; Roberts and Ingram, 1966; Pivnick et al., 
1969; Duncan, 1970; Ingram, 1974; 1976; Christiansen et 
al., 1973; 1974; Hustad et al., 1973; Tompkin, 1978). The 
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subject was recently reviewed by Sofos et al. (1979a) and 
Sofos and Busta (1 980). 

Acidity (pH) 

Similar to nitrite, pH or product acidity is involved in a 
variety of aspects important to the manufacture of processed 
meats. Hydrogen ion concentration influences the technolog- 
ical, antimicrobial, and flavoring properties of fresh and proc- 
essed meats. Changes in the pH of processed meat products 
affect protein extraction and water holding capacity (WHC). 
This in turn influences product binding, texture, color, and 
microbial spoilage. An increase in pH above 5.0-5.5 results in 
an increased retention of water by the meat due to changes in 
the electrical charges of the muscle proteins as the pH is in- 
creased above the isoelectric point. The dominance of nega- 
tive charges at higher pH  values results in increased electro- 
static repulsion which increases protein solubility and water 
retention. As the pH of the meat decreases towards the 
isoelectric point of the proteins, their solubility decreases (Saf- 
fle and Galbreath, 1964; Trautman, 1966; Hamm, 1970; 
Ranken, 1976). The effects of pH on nitrite and the color of 
processed meats wil l  be examined in following parts of the 
text. 

Acidity i s  a very influential factor on the growth of micro- 
organisms. Most bacteria, including the toxigenic Clostridium 
botulinum organisms grow best in the pH range between 5.0 
and 7.0. A pH value of 4.6 is considered as the dividing line 
between "low-acid" and "acid" foods. Foods with a pH 
value above 4.6 are considered "low-acid," while foods with 
a pH below 4.6 are "acid" (Odlaug and Pflug, 1978). This 
separation between "low-acid" and "acid" foods was based 
on  extensive reports in the literature indicating that the spores 
of the neurotoxin-producing organism C. botulinum are un- 
able to proliferate at pH values below 4.7. This value has 
been established as the lower limit for growth, but variations 
have been reported due to type and strain of organisms, and 
growth medium or substrate (Dozier, 1924; lngram and 
Robinson, 1951; Towsend et al., 1954; Lechowich, 1968; 
Huhtanen et al., 1976; Ito et al., 1976; Odlaug and Pflug, 
1978; Sofos and Busta, 1980). There are records, however, 
indicating botulism outbreaks from "acid" foods, especially 
home processed foods, with average pH values below 4.6 
(Odlaug and Pflug, 1978). Clostridium botulinum in an 
"acid" food can be a hazard due to processing miscalcula- 
:ions or failures; post process contamination; favorable com- 
position of the food; and favorable storage. Acid consuming 
microorganisms such as Aspergillus and Barillus species can 
grow in an acid food and create a gradient with a pH above 
4.6 which can allow botulinal growth if the contamination is 
present (Odlaug and Pflug, 1978). Foods with a p H  below 4.6 
and free of contamination are considered botulism safe. A re- 
cent report, however, (Raatjes and Smelt, 1979) suggested 
that the general assumption that C. botulinum does not grow 
below pH 4.6 may be incorrect. The authors reported that 
growth and toxin production took place in homogeneous, 
protein rich substrates ( 3 4  or more soy or milk protein) at pH  
values as low as 4.2. These findings have yet to be confirmed 
by other researchers and in real food systems. 

Acidity i s  a major factor in the preservation of certain meat 

products either through direct acid addition (acidified prod- 
ucts) or through development of acid by specific bacteria 
(fermented products). In these products, pH also plays a major 
flavoring role. The average pH of cured meats is in the range 
between 5.5 and 6.6 (CAST, 1978; Lechowich et al., 1978). 
In these products, acidity is influential mainly through its in- 
teraction with nitrite and other factors (to be mentioned later) 
involved in the manufacture of these products. 

Sorbate 

The antimicrobial properties of sorbic acid were first dis- 
covered in the late 1930's and early 1940's when it was first 
patented as a fungistatic agent for foods and food packaging 
materials (Gooding, 1945). The chemical and antimicrobial 
properties of the compound were extensively examined dur- 
ing the 1940's and 1950's and its use in a variety of food 
products were initiated (Sofos et al., 1979a; Sofos and Busta, 
1981; Luck, 1976). 

Sorbic or 2,4-hexadienoic acid is a straight chain, a#- 
unsaturated (CH3-CH=CH-CH=CH-COOH) aliphatic 
compound. It has a low solubility in water (0.168 at 25°C) 
and its carboxyl group reacts readily to form salts and esters. 
The increased water solubility (over 509) makes its potassium 
salt very important in food applications. The acid is more sol- 
uble in oil and fat than the potassium salt and its solubility 
increases with pH and temperature (Sofos and Busta, 1981). 
The solubility ratio (partition) of sorbic acid in oil to water i s  
3.0 and it i s  increased with increased levels of glucose, su- 
crose, and NaCl in the system (Gooding et al., 1955). In foods 
of high fat content, a large portion of sorbic acid is in the fat 
phase, while the amount found in the aqueous phase, where 
it can act as an antimicrobial agent, is minimal (Oka, 1964). 

During the last 35 years sorbic acid has been extensively 
examined and it has found a variety of applications in food 
systems throughout the world (Luck, 1976; Sofos and Busta, 
1981). Products preserved by either sorbic acid or its salts, 
especially potassium sorbate, (collectively known as sorbates) 
include dairy products; bakery items; fruits and vegetables 
and their products; miscellaneous food items such as salad 
dressings, margarine, mayonnaise; as well as animal feed; 
cosmetics; and pharmaceuticals. As a GRAS substance the 
use of sorbate in this country may be requested in any food 
which allows preservatives. The compound can be applied 
either directly into the product, or through dipping in or 
spraying with a sorbate solution, through dusting of the prod- 
uct or through application to the packaging material of the 
food to be preserved. 

The antimicrobial activity of sorbate is most pronounced 
against yeasts and molds, while its action against bacteria i s  
not as comprehensive (Sofos et al., 1979a; Sofos and Busta, 
1981 1. As an antifungal agent sorbate has found its first offi- 
cial approval for use in a meat product in the US. This use 
involves the dipping of the casings of stuffed dry sausages in a 
2.5% potassium sorbate solution in order to prevent mold 
growth on the surface of the product during the drying period. 

Through extensive research sorbate has been pronounced 
as relatively non-toxic. The compound has been reported to 
be metabolized by the organism similar to other fatty acids 
and is more efficient as an antimicrobial and less toxic than 
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benzoate (Deuel et al., 1954a; 1954b; Gooding et al., 1955; 
Smith and Rollin, 1954). Sorbate has an LD5 of 10 g k g  body 
weight compared to a value of 5 gkg  body weight for sodium 
chloride. The World Health Organization (WHO) has stipu- 
lated for sorbate the highest acceptable daily intake (ADI) 
among food preservatives (25rngkg body weight). 

Even though sorbate had been extensively tested as a pre- 
servative in a wide variety of products and against a wide 
range of microorganisms, it was not until 1974 that serious 
testing of sorbate as an antibotulinal agent was initiated in 
meats. Two reasons might have contributed to this delay in 
testing sorbate against clostridia. A major reason i s  the 
uniqueness of nitrite and the good botulism safety record of 
commercially produced cured meats in this country. Obvi- 
ously, there was no apparent or immediate need for nitrite 
alternatives until the nitrosamine problem developed. Another 
significant reason might have been the existence of reports 
published during the early stages of sorbate testing indicating 
that sorbic acid either had no effect or it had a stimulatory 
effect on the growth of clostridia and lactobacilli under cer- 
tain conditions in laboratory media (Emard and Vaughn, 
1952; York and Vaughn, 1954; 1955; Hansen and Appleman, 
1955). These reports also recommended the use of sorbic acid 
as a selective agent in laboratory media for lactic acid bac- 
teria and clostridia. 

Considering the permitted use of potassium sorbate as a 
mold inhibitor for dry sausages and the reports suggesting that 
sorbic acid was promoting the growth of clostridia, Tompkin 
et al. (1974) tested the activity of potassium sorbate against 
several pathogenic bacteria during temperature (27'0 abuse 
of an uncured, cooked sausage product. The results demon- 
strated that sorbate retarded growth of Salmonella and 
Staphylococcus aureus and delayed growth and toxin produc- 
tion by C. botulinum. Publication of these results, and the 
controversy over the use of nitrite in meat curing resulted in 
extensive testing of sorbate as an antibotulinal agent in meat 
products. 

Studies published during the last three years have demon- 
strated the efficacy of sorbate in delaying botulinal growth 
and toxin production in various meat products especially 
when combined with low (40-80 ppm) nitrite levels. This re- 
duction of nitrite has resulted in significant decreases in ni- 
trosamine formation during frying of bacon. Products exam- 
ined include bacon, frankfurters, poultry products, and soy 
proteins. The studies have ranged in size and intensity from 
small-scale, model system experiments to large commercial 
size and conditions testing, and have been conducted by sev- 
eral researchers in various parts of the country. The studies 
have also shown that sorbate delays product spoilage and 
growth of other pathogens (lvey and Robach, 1978; lvey et 
al., 1978: Pierson, 1978; Pierson and Robach, 1979; Pierson 
et al., 1979a; 197913; Price and Stevenson, 1979; Robach et 
al., 1980a; Paquette et al., 1980; Sofos et al., 1979a; 197913; 
1979c; 1979d; 1980a; 1980b; 1 9 8 0 ~ ;  USDA, 1979). 

One of the concerns when changing a product formulation 
i s  the effects of the new ingredients on product identity, in- 
cluding flavor and sensory qualities. Several of the reports 
dealing with sorbate use in meat products have indicated that 
product flavor and color remain basically unchanged when 
sorbate is used at levels below 0.26%. A recent report has 

indicated that some individuals serving on descriptive attrib- 
ute evaluation and texture profile panels complained of 
allergic-type symptoms when evaluating experimental bacon 
(Berry and Blumer, 1981). It is not clear whether these 
symptoms were due to introduction of sorbate in certain 
treatments or to some other factor. In addition another report 
indicated that the authors were able to induce similar allergic 
responses to panelists tasting commercial bacon containing 
no added sorbate (Robach and Adam, 1980). The information 
available is limited and inconclusive, and researchers tasting 
bacon from other experimental lots have not officially com- 
plained of any adverse symptoms. The extensive use of sor- 
bate in other foods should be considered and the subject may 
need some further evaluation. The purpose of this report, 
however, i s  to deal with nitrite-sorbate-pH interactions. Since 
the above aspect has not been connected with pH, nitrite, or 
conclusively sorbate, it wi l l  not be considered in any detail in 
this paper. 

Interactions 

Commercially produced cured meat products in the U.S. 
have shown an exemplary botulism safety record. This excel- 
lent record has been attributed to the interaction of a range of 
factors involved in the formulation, manufacture, handling, 
and distribution of the products. These factors include nitrite 
concentration; product pH; salt concentration; heat treat- 
ment; low incidence of botulinal spores in raw meats; refrig- 
erated storage temperature; water activity (aw); oxidation- 
reduction potential (Eh); product composition; natural micro- 
bial (competitive) contamination; and sanitary processing, 
handling and packaging of the products (Silliker et al., 1958; 
Silliker, 1959; Riemann, 1963; Roberts and Ingram, 1966; 
1973; Pivnick et al., 1969; 1970; Duncan, 1970; Roberts, 
1975; Ingram, 1974; 1976; Lechowich et al., 1978; Sofos et 
al., 1979a; Sofos and Busta, 1980). 

Undoubtedly, nitrite constitutes a major factor in the above 
system where it works synergistically with the others and 
plays a major role as an insurance agent in delaying botulinal 
growth in the event that some other factor (i.e.. refrigeration) 
fails or the system i s  disturbed in some way. Even though it 
may be possible to vary one or more of the above factors with 
minor changes in product identity and maintenance of prod- 
uct safety, there is no research available to make this task 
possible (Pivnick et al., 1969; Riemann, 1973; Sofos and 
Busta. 1980). Reduction of nitrite and incorporation of sorbate 
in cured meats constitutes a disturbance of the system and 
needs extensive examination. Since product pH constitutes 
one factor interacting with a variety of others (nitrite, heat 
treatment, salt, sorbate, etc.) it is appropriate to examine 
available knowledge on its interactions with the main curing 
ingredient (nitrite) and the proposed new additive (sorbate). 

Ni t r i te-pH Interactions in Meat Products 
Nitrite is a reactive chemical with oxidizing and reducing 

properties (Cassens et al., 1979; Benedict, 1980). The nitrite 
ion ( N O ? )  forms nitrous acid (HNO?) which has a pKa of 3.36 
(Cassens et al., 1979). Nitrous acid is formed as the pH of the 
environment is decreasing and constitutes an intermediate 
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form resulting in various reactive species. These reactions 
were recently reviewed by Cassens et al. (1 979) and Benedict 
(1 980). The reactions of nitrite in meat systems are important 
because they influence product color; microbial inhibition: 
nitrosamine formation; and nitrite depletion. 

Nitrite depletes continuously in cured meat products. This 
nitrite depletion i s  influenced by factors such as pH (men- 
tioned above); processing temperature and time; product 
composition; type of product; salt and nitrate concentrations; 
microbial contamination; and storage temperature (Cassens et 
al., 1979; Sofos et al., 1979a). All the reactions involved in 
nitrite depletion are pH dependent (Nordin, 1969; Mirna, 
1970; Fox and Nicholas, 1974; Cassens et al., 1979). Nitrite 
reacts with heme proteins (myoglobin, hemoglobin), non- 
heme proteins, lipid, and carbohydrate. It can also be de- 
pleted by the formation of nitrate, and nitrogen gasses 
(Casssens et al., 1979). 

In the pH range (5.5-6.6) prevailing in meat products, only 
a small fraction of nitrite is present as nitrous acid, which has, 
therefore, been considered as a leak through which nitrite i s  
depleted (Olsman and Krol, 1972). At pH values of 6.0 or 
above nitrite depletion has followed first order kinetics, while 
at lower pH values the order was between first and second. 
Product pH may also be important from the standpoint of al- 
tering the rate of nitrite reaction with some meat components 
or making some sitels) more available for reaction (Cassens et 
al., 1976). 

The color fixative properties of nitrite also increase with 
decreasing product pH  and this constitutes the basis for prod- 
uct formulation with acidulants to accelerate curing (Fox, 
1974; Sebranek, 1979). It has been reported by Fox et al. 
(1967) that a pH  decrease as small as 0.2 unit wi l l  double the 
rate of color formation through nitrite-myoglobin reaction. 
Lower pH values also favor nitrosamine formation from nitrite 
and amines (Mirvish, 1977). 

Grindley (1929) was the first to report that nitrite is more 
effective against microorganisms under acidic conditions. The 
author suggested that this phenomenon could be associated 
with formation of nitrous acid. Grindley’s work was con- 
firmed by Tarr (1941a; 1941b; 1942), Castellani and Niven 
(19.551, and Silliker et al. (1958). Roberts and lngram (1966), 
Castellani and Niven (1955), and Perigo and Roberts (1968) 
reported a ten-fold increase in nitrite activity against bacteria 
with a pH decrease of one unit, from 7.0 to 6.0. It was re- 
ported by Gould (1 964) that the toxic effect of nitrite against 
Bacillus spores was 3-5 times greater at pH 6.0 than at pH 
7.0. 

The interaction of nitrite and pH against growth of clos- 
tridia has been reported by several workers including Castel- 
lani and Niven (1955), Perigo et al. (1967), Perigo and 
Roberts (1968), Roberts and lngram (1973; 19761, and 
Roberts (1  974; 1975). Roberts and lngram (1 973) showed the 
triple inhibitory interaction among nitrite, pH, and sodium 
chloride against C. botulinum types A, €3. E ,  and F. The results 
with bacon packs showed that clostridia multiplied in only 
about 5% of the packs at pH below 6.0 and in about 40% at 
pH values above 6.2. These data were used by Roberts (1  974) 
in developing a measure of the antimicrobial properties of 
cured meat systems and for development of a model to pre- 
dict the growth or inhibition of C. botulinum in such systems. 

In general, the nitrite inhibition of clostridia has been re- 
ported as strongly pH-dependent. The involvement of nitrous 
acid as the reactive species has been reported by Castellani 
and Niven (1955) and Shank et al. (1962). The work of 
Roberts and lngram (1 966) with Clostridium sporogenes and 
laboratory media demonstrated with both spores and vegeta- 
tive inocula that when the pH of the medium decreased from 
7.5 to 6.5 the concentration of nitrite needed for inhibition 
decreased considerably. 

The pH-dependent inhibition reported by Perigo et al. 
(1967) was not recorded when a medium containing nitrite 
was heated at temperatures above 90°C before inoculation. 
Heating, however, produced a significant increase in micro- 
bial inhibition with very low nitrite concentrations. It was 
speculated that heating produced some compound(s) more 
inhibitory than nitrite itself. This i s  the so-called Perigo-Factor 
or Inhibitor and it was reported by Perigo et al. (1967) as 
being only slightly pH dependent. Creation of such high in- 
hibitory activity upon heating nitrite in a certain laboratory 
medium was confirmed by Perigo and Roberts (1968) with 30 
clostridial species and strains and by Roberts and Garcia 
(1973) with certain Bacillus species, and Streptococcus du- 
rans, but not wi th Streptococcus faecum, Streptococcus 
faecalis, Streptococcus iaecalis var. Zyrnogenes and S a l -  
monella typhirnurium. However, it is doubtful whether such a 
potent inhibitor can be formed and is stable in meat products, 
especially of the pasteurized type (65-80°C) which constitute 
the majority of cured meat products in this country. Studies 
on the subject have given contradictory results and no firm 
conclusions have been reached (Johnston et a l . ,  1969; 
Ashworth and Spencer, 1972; Chang et al., 1974; Ashworth 
et al., 1973; 1974; Chang and Akhtar, 1974; van Roon, 1974; 
Grever, 1974; Ingram, 1974; 1976). 

Considering the number of factors involved and the varia- 
tions generated in a complex system like cured meats, it i s  
difficult to determine exact nitrite-pH relationships that will 
be effective against microorganisms and also result in prod- 
ucts of acceptable technological properties and qualities. The 
high buffering capacity of meat and the variations in raw 
product composition and microbial contamination are addi- 
tional factors that wi l l  influence product pH and quality dur- 
ing storage. It i s  also important to consider the fact that in 
certain products (fermented, acidified) it i s  desirable to have a 
low product pH which not only influences color fixation and 
antimicrobial activity, but it also favors development of the 
characteristic flavor of these products. In all other cured meat 
products, however, development of a balanced pH is neces- 
sary. The pH of these products should be low enough for ni- 
trite to react and result in development of acceptable color 
and effective antibotulinal activity. At the same time, extreme 
acidity should be avoided in order to maintain product bind- 
ing and WHC. Apparently, present commercial practices have 
achieved such balance, as shown by the unique botulism 
safety record and quality of these products. 

Sorbate-pH lnteractions in Nitrite-free Meat Products 

It i s  well established that the antimicrobial activity of 
short-chain lipophilic acid preservatives, i s  dependent on the 
pH of the substrate. This activity i s  linked with the undis- 
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sociated form and not the acid anion (Hoffman et al., 1939; 
Rahn and Conn, 1944; Bell et al., 1959). The evidence 
suggests that for these preservatives to be effective, they must 
be transported through the cell membranes which requires 
the undissociated form (Nomoto et al., 1955; Bell et al., 
1959). 

Similar to other preservatives of the same nature, sorbate is 
more effective as an antimicrobial agent as the pH of the 
medium approaches its dissociation constant (pKa) which is 
4.75 (Sofos and Busta, 1981 1. As shown in Table 1, at this pH 
value (4.75) 50% of the acid is in the effective undissociated 
form. Several researchers have shown that sorbate i s  more ef- 
fective at lower pH values (Nornoto et al., 1955; Bell et al., 
1959) and the maximum pH for sorbate activity has been set 
at 6.5, which is higher than that for benzoate and propionate 
(Sofos and Busta, 1981 1. 

Table 1. Effect of pH on the dissociation of sorbic 
acida 

PH Undissociated Acid ,%) 

7.00 0.6 
6.00 6.0 
3.80 7.0 
5.00 37.0 
4.75 (pka) 50.0 
4.40 70.0 
4.00 86.0 
3.70 93.0 
3.00 98.0 

JFrom Sofos and Busta (1 981 1. 

The ineffectiveness of sorbate against clostridia in early 
work with laboratory media (Emard and Vaughn, 1952; York 
and Vaughn, 1954; 1955) can be attributed for the most part 
to the high pH values of the media and the low solubility of 
sorbic acid in aqueous systems. The recent work with meat 
systems has shown that sorbate levels of 0.20% or more are 
necessary for antimicrobial properties to develop. Concentra- 
tions of more than 0.20% (>2,000 ppm) sorbic acid appear 
high compared to nitrite being effective at concentrations in 
the range of 100-200 ppm. These higher sorbate concentra- 
tions can be explained by the fact, mentioned above, that 
only the undissociated acid i s  the effective form. Since the pH 
of meat products i s  in the range of 5.5-6.6 (CAST, 1978; 
Lechowich et al., 1978) only part of the added sorbate is un- 
dissociated and can be inhibitory. Without considering sor- 
bate solubility and partition between fat and water phase in a 
meat system, from the values given in Table 1, the undis- 
sociated sorbic acid amounts of Table 2 can be calculated. In 
a product of pH  5.8 containing 0 .20% added sorbate, only 
140 ppm of the compound is undissociated, and, therefore, 
effective as an antimicrobial agent. 

There is limited work testing the antibotulinal activity of 
sorbate (without added nitrite) in meat systems of different pH 
values. It has been shown by Sofos et al. (1 980a) and Tanaka 
et al. (1977) in pH adjusted chicken frankfurters and pork 

Table 2. Calculated amounts (ppm) of undissociated 
sorbic acid in products of different pH values and with 

varying amounts of added sorbic acid 

Added Sorbic Acid (%I 
Product pH 0.10 0.15 0.20 

6.00 60 90 120 
5.80 70 105 140 
5 .OO 3 70 555 740 

Table 3. Antibotulinal activity of sorbate in nitrite-free 
meat systems of different pH values 

Sorbate 
Product i%)  

Adjusted 
lnitial 
PH 

Chicken 0. 
frankfurters 0.20a 

0.20a 

Pork 0. 
macerate 0.26b 

0. 
0.26b 

5.93 
6.16 
5.76 

6.00 
6.00 
5.50 
5.50 

Time at 27°C 
for First Toxin 

Detection 

4 days 
4 days 
8 days 
1 week 
1 week 
1 week 
8 weeks 

"Sorbic acld. Sofos et al (1  980al. 
hpotassium sorbate. Tanaka et al. (1977)  

macerate systems, respectively, (Table 3) that in the absence 
of nitrite, sorbate was effective only when the pH of the prod- 
ucts was below 6.0. Recent work, however, with chicken and 
turkey emulsions of unadjusted pH values has shown sorbate 
to be slightly effective at pH values slightly above 6.0 (Huhta- 
nen and Feinberg, 1980). Similar to nitrite, sorbate interacts 
with a variety of other factors (salt, sugar, heat processing, 
etc.) involved in the manufacture of cured meats and other 
foods (Sofos and Busta, 1981). Such interactions could ex- 
plain the above differences in results. 

Since the antimicrobial activity of sorbate i s  highly pH de- 
pendent, it i s  appropriate to examine available information on 
changes in initial pH  values with inclusion of sorbate in meat 
products. Addi t ion of potassium sorbate to nitrite-free 
frankfurters and bacon resulted in no major changes in initial 
(after cooking) product pH  (Table 4). Addition of sorbic acid 
to chicken or turkey emulsions, however, resulted in a de- 
crease in initial product pH (Table 5). It is, therefore, con- 
cluded that addition of potassium sorbate i s  not expected to 
change product pH, while addition of sorbic acid (0.20%) 
wil l  probably result in a pH decrease of 0.2-0.4 unit. 

Product pH may change during storage. The direction and 
extent of such changes depend on several factors including 
product composition; type of microbial contamination; stor- 
age temperature; etc. These changes are important in deter- 
mining whether preservatives such as nitrite or sorbate wil l  be 
effective antibotulinal agents if the product is abused at some 
point during storage. With present day formulations, pH of 
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Table 4. Changes in initial pH values with inclusion of 
potassium sorbate in nitrite-free meat products 

Product 

Frankfurters 
AI I-Beef 
Beef-Pork 

Bacon 
Bacon 
Bacon 
Bacon 

~~~ 

Potassium Sorbate (%) Reference 
0 0 26 

5.80 5.57 Tanaka et al. (1 978) 
6.08 6.1 7 Kahle (1 980) 
5.94 5.97 Kahle (1 980) 
6.13 6.37 Pierson (1978) 
6.20 6.25 lvey et a1 11978) 
6.38 6.1 7 Pierson et al. (1979a) 
6.30 6.40 Sofos et al. (1  980b) 

Table 5. Changes in initial pH values with inclusion of 
potassium sorbate or sorbic acid in nitrite-free meat 

products 

Potassium Sorbate ( C r , )  Sorbic Acid (%J 
Product 0 0.26 0 0.20 

Chicken 6.60 6.70 6.60 6.20 

Turkey 6.40 6.40 6.40 6.20 
frankfurters 

frankfurters 

Adapted from Huhtanen and Feinberg (1980). 

cured meat products, i s  expected to decrease with storage to 
an extent depending on storage temperature, contamination 
wi th lactics, and presence or absence of added sugars 
(Tanaka et al., 1980). It is appropriate to examine available 
data on  pH changes with storage of nitrite-free, sorbate- 
containing meat products (Table 6). Storage of frankfurters at 
5°C for three weeks resulted in a slight increase or a decrease 
in product pH depending on product composition. Storage at 
27°C resulted in significant decreases in frankfurter pH. These 
changes were similar for products formulated with or without 
potassium sorbate. With bacon, there was also a decrease in 
pH after three weeks at 27°C but to a smaller extent than that 
for frankfurters. These results, however, demonstrate that in 

Table 6. Changes in pH values with storage of 
nitrite-free, sorbate-containing meat products 

Three Weeks at ?Ci Potassium initial 
Product Sorbate ( % c )  pH 5 27 

All-Beef 0 6.08 6.25 4.37 
frankfurters 0.26 6.1 7 6.36 4.87 

Beef- Pork 0 5.94 4.87 4.16 
frankfurters 0.26 5.97 5.04 4.1 5 

Bacon 0 6.30 - 5.85 
0.26 6.40 - 5.98 

Adapted from Kahle (1980) and Soios et al. (1980bl. 

nitrite-free meat products inclusion of potassium sorbate or 
sorbic acid in the formulation results either in no change or a 
slight decrease in product pH. When the products are tem- 
perature abused, product pH decreases to values below 6.0 
which favor the antibotulinal activity of sorbate. 

Nitrite-Sorbate-pH lnteractions in Meat Products 

In all studies involving testing of nitrite-sorbate combina- 
tions as antibotulinal agents without pH manipulation the re- 
su l ts  have shown good inhibitory activity for the system. 
Results of two large bacon studies involving product manufac- 
tured in five different plants (USDA, 1979; Sofos et al., 
1980b) have indicated that under commercial conditions 
nitrite-sorbate combinations are effective inhibitors of botuli- 
nal growth and toxin production. These results would indicate 
that pH  values of commercial bacon and other products are at 
levels favoring the antimicrobial properties of nitrite and sor- 
bate. Therefore, sorbate-low nitrite (40-80 ppm) combinations 
have been recommended as alternatives to present nitrite 
levels in bacon manufacture. It was mentioned earlier that in 
nitrite-free, sorbate-treated meat products of adjusted initial 
pH values, development of antimicrobial activity required pH 
values near or below 6.0 (Table 3). In the more realistic situa- 
tion of products formulated with both nitrite and sorbate, re- 
sults with chicken emulsions have shown that development of 
antibotulinal activity occurs at pH values below 6.3 and that 
its extent increases with decreasing pH values (Table 7). A 

Table 7. Antibotulinal activity of nitrite-sorbate 
combinations in chicken emulsions 

of different pH values 

Adjusted Time at 27°C 
Nitrite Sorbate lnitial for First Toxin 
(PPm PH Detection (daysJ 

0 
40 

156 
40 
40 
40 
40 

156 

0 
0 
0 
0.20 
0.20 
0.20 
0.20 
0.20 

5.93 
5.93 
5.94 
6.33 
6.20 
5.70 
5.58 
5.69 

4 
4 
6 
4 
8 

17 
24 
52 

Adapted from Soioi et al. (1980a). 

summary of available data on pH values of nitrite-sorbate 
containing products appear on Tables 8, 9, and 10. Addition 
of potassium sorbate to nitrite-containing products (bacon, 
frankfurters) has resulted in no major changes in the initial pH 
of the products (Table 8, 9, and 10). Storage of comminuted 
products at 5°C resulted in slight pH increases or decreases 
depending on product composition. Storage of the same 
products at 27°C resulted in significant decreases in product 
pH. These changes were similar for control, nitrite, and 
nitrite-sorbate products (Table 9). Storage of bacon with or 
without sorbate at 10°C resulted in slight decreases in pH. In 
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Table 8. Changes in intial pH values of bacon 
formulated with sodium nitrite 

and potassium sorbate 

Nitrite Sorbate in it ia 1 
Reference cppm) 1%) P H  

0 
40 

120 
40 

0 
40 

120 
40 

0 
40 

120 
40 

0 
120 
40 
80 

0 
0 
0 
0.26 
0 
0 
0 
0.26 
0 
0 
0 
0.26 
0 
0 
0.26 
0.26 

6.1 3 Pierson ( 1  978) 
6.20 
6.1 6 
6.29 

6.20 lvey et al. (1978) 
6.15 
6.10 
6.25 

6.38 Pierson et al. (1979a) 
6.29 
6.22 
6.16 

6.30 Sofos et al. (1980b) 
6.60 
6.60 
6.40 

Table 9. Changes in pH values with storage 
of comminuted meat products 

formulated with sodium nitrite and sorbate 

Three weeks at ( T i  Nitrite Sorbate Initial 
Product ippm) (%I pH 5 27 

All-Beef 0 
frankfurters 50 

156 
50 

Beef- Pork 0 
frankfurters 50 

156 
50 

Comminuted 0 

40 
pork 120 

0 6.06 6.25 
0 6.12 6.33 
0 6.18 6.32 
0.26a 6.18 6.34 
0 5.94 4.87 
0 6.04 5.21 
0 6.03 4.79 
0.26a 5.99 5.48 

0 5.85 5 . 2 s  
0 5.88 5 . 2 9 ~  
0.20'3 5.66 5.31C 

4.37 
4.72 
4.79 

4.1 6 
4.1 0 
4.28 
4.40 

5.21d 
5.15d 

4.83 

- 

JPotassium Sorbate 
hSorbic Acid 
'One week at  2PC 
<'Two necks at 27°C 
Adapted from Kahle (1980) and Robach 11979) 

one case, storage at 27°C resulted in pH increases, while in 
another instance the pH of the products decreased (Table 10). 

It i s  obvious, from the results reviewed above and the con- 
clusions of recent studies on sorbate in cured meat products, 
that pH values of products containing nitrite and sorbate are 
in a range where the compounds are able to demonstrate 
their antimicrobial properties. 

Table 10. Changes in pH values with storage of bacon 
formulated with sodium nitrite and potassium sorbate 

Nitrite Sorbate bVeeks at IVeeks at 
(PPm 1%) 10°C p H  27°C pH 

0 0 0 6.27 0 
2 6.04 1 
5 5.89 2 

120 0 0 6.23 0 
2 6.05 1 
5 5.90 2 

40 0.26 0 6.28 0 
2 6.25 1 
5 6.1 5 2 

0 - - 0 0 
I 

3 
6 
0 
1 
3 
6 
0 
1 
3 
6 
0 
1 
3 
6 

80 0.26 - - 

- - 

- - 

- - 

Adapted from Pierson and Robach (1979) and Sofos et al. (1980b). 

6.27 
6.27 

6.23 
6.23 
6.69 

6.28 
6.26 
6.58 
6.30 

5.85 
5.79 
6.60 
5.97 
5.83 
4.95 

6.60 
6.32 
5.95 
5.08 
6.40 
6.27 
5.99 
5.15 

6.78 

5.85 

N itrite-Sorbate Reactions 

The mechanism through which nitrite exerts its antibotuli- 
nal activity has yet to be elucidated. Scientists are in agree- 
ment that the compound acts on the botulinal spore after it 
has germinated, and during its outgrowth, but before release 
of toxin (Sofos et al., 1979a; Sofos and Busta, 1980). There 
are also some reports indicating that under certain conditions 
nitrite can stimulate spore germination (Duncan and Foster, 
1968; Chyr et al.. 1977: Pierson et al., 1981). 

Similar to nitrite, the exact mechanism of action by sorbate 
i s  not known (Sofos and Busta, 1981 ). Recent work, however, 
has demonstrated that the compound by itself, or in the pres- 
ence of nitrite in meat systems, inhibits germination of botuli- 
nal spores (Sofos et al., 197913; 1 9 7 9 ~ ;  1980a). Work with 
laboratory media and other microorganisms has shown that 
sorbate inhibits spore germination and i s  pH  dependent 
(Gould, 1964; Pierson et al., 1981 ). 

The extent of delay of toxin production by low nitrite- 
sorbate combinations appears to be larger than the sum of the 
individual effects caused by nitrite (40-80 ppm) and sorbate 
tested singly. It i s  obvious that nitrite and sorbate act synergis- 
tically in delaying botulinal growth and toxin production in 
meat products. In explaining this synergistic action. it was 
postulated (Sofos et al., 1979b; 1979d; 198Oc) that an inhibi- 
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tion of spore germination by sorbate could result in nitrite 
being adequate in retarding growth and toxin production by 
fewer germinating spores. Another possible explanation may 
be that nitrite and sorbate react and form some compound(s) 
more inhibitory than either one of the parent substances 
tested individually. 

Evidence of reaction of nitrite with fat and fatty acids exists 
in the literature. Frouin et al.  (1975) reported that nitrite 
reacted with unsaturated fatty acids under conditions similar 
to meat curing. Work by Goutefongea et al. (1977) with fat, 
fatty acids, and glycerides indicated reaction of nitrite with 
the above components. More recent work has also indicated 
(Kurechi and Kikgawa, 1979; Benedict, 1980) that nitrite re- 
acts with unsaturated fatty acids in model systems. It was re- 
ported, however, that the reaction requires highly acidic con- 
ditions (gastric) and the products were unidentified. The reac- 
tion rate increased with decreasing pH below 5.0 and the 
lipid system was found inhibitory against nitrosamine forma- 
tion. 

Since sorbic is a double unsaturated fatty acid, it would 
appear appropriate to examine existing evidence on whether 
it reacts with nitrite; conditions required for such reactions; 
the relationship of such reactions to pH, and their importance 
in relation to cured meat systems. 

It was reported by Kada (1974) that a strong DNA-  
damaging activity on bacteria was developed when a mixture 
of sorbic acid and sodium nitrite was heated in a water bath. 
Upon heating the aqueous mixture became positive in a sen- 
sitivity test named recombination assay (“rec-assay”) of Bacil- 
lus subtilis (Kada et al., 1972). Positive results indicate genera- 
tion of DNA-damaging compounds(s). In 1975, Hayatsu et al. 
expanded the above work. Their studies involved addition of 
sodium nitrite (6.9 g; 0.1 Mole) into an ice-chilled, stirred 
suspension of sorbic acid (1.12 g; 0.01 Mole) in an acidic 
medium consisting of 12 ml concentrated HCI; 20 ml acetic 
acid; and 20 ml water. Sodium nitrite was added stepwise 
during a one-hour period and resulted in development of an 
orange solution. This product mixture showed significant 
mutagenic activity in an Escherichia col i  assay indicating 
DNA-damaging potential. 

Work to isolate and identify the product(s) of the above 
reaction was undertaken by Namiki and Kada (1975). The au- 
thors added a solution of sodium nitrite (0.5 M) in distilled 
water to a partially suspended solution of sorbic acid (0.5 M) 
in distilled water at  room temperature. The mixture was 
heated in a water bath at 90°C for one hour. Through several 
extraction steps and other chemical treatments, the authors 
(Namiki and Kada, 1975) collected a dark red oily product 
which was determined to be ethylnitrolic acid or ENA 
(CHK(=NOH)N02) by thin layer chromatography. The com- 
pound (ENA) was tested and found (data not presented) to 
have “a marked potency” in the “rec-assay” of 6 .  subtilis. 
This means that it damages bacterial DNA and therefore it has 
mutagenic properties. The authors (Namiki and Kada, 1975) 
also found ENA to be a strong antibacterial agent against E .  
coli. Inhibitory levels for ENA ranged between 25-50 ppm, 
while sodium nitrite and sorbic acid were inhibitory at con- 
centrations of 1,500-3,000 and 2,000-4,000 ppm, respec- 
tively. 

During the 2nd International Symposium on Nitrite in Meat 

Products, Mirna and Coretti ( 1  977) reported on the above 
findings and presented results showing ENA being inhibitory 
at a level of 10 ppm against Micrococcus sp., E.  liquefaciens, 
E. coli, and Staphylococcus aureus. It was included in the 
conclusions of the Symposium (Tinbergen and Krol, 1977) 
that ”attention should be directed especially to nitrolic 
acids.” It appears that five years later only the Japanese group 
of researchers (with minor exceptions) have been working on 
the subject. 

Ni t ro l ic  acids are easily formed by reaction of 
1-nitroalkanes with nitrous acid (Meyer, 1875; Schmid et al., 
1951). The aliphatic nitrolic acids of low molecular weight 
are pale-yellowish, crystalline substances, and form red alkali 
salts which are less stable than the free acids. Ethylnitrolic 
acid is volatile by steam distillation and is rather stable in 
weak acid media, while its degradation i s  catalyzed by hy- 
drogen ions and results in acetic acid and water (Marchka 
and Mirna, 1951). Namiki and Kada (1975) reported a 
marked dependence of the reaction as well as the yields of 
the active groups on the pH of the reaction. Maximum ENA 
yield occured at pH 4.2 with maximum inhibitory activity at 
pH  3.5, and ENA was suggested as possibly only one of the 
products of the sodium nitrite-sorbic acid mixture. 

Continuing their efforts, Japanese researchers (Kito et al., 
1978) isolated a new active product from a reaction mixture 
of 11,200 ppm sorbic acid and 55,200 ppm sodium nitrite. 
The compound isolated was 1,4-dinitro-2-methyl pyrrole 
(DNMP) and it was proposed that it is derived from sorbic 
acid by nitration or nitrosation followed by decarboxylation. 
In 1978, Khoudokormoff published a short notice (without 
data) indicating that mixtures of 100-400 ppm sodium nitrite 
and 1,000 ppm sorbic acid were positive in the 6. subtilis 
”rec-assay” at p H  values below 6.0 i n  an unbuffered 
medium. The authors found negative results at pH values of 
6.0 or above and the mixtures were negative in the E. coli 
mutagenicity system and the Ames Salmonella assay, regard- 
less of pH value. 

In new reports from japan, Namiki et al. (1979) examined 
the effects of various reaction conditions on the development 
of mutagenic and growth inhibitory activities. The mixtures of 
sorbic acid and sodium nitrite showed increased inhibitory 
activity against E. coli as the pH decreased below 5.0. At pH 
values above 6.0 there was no appreciable antimicrobial ac- 
tivity present. The 5. subtilis “rec-assay” for mutagenic activ- 
ity showed a maximum at a pH value of 3.5 and a sorbic 
acidsodium nitrite molar ratio of 1.8. It was also reported 
that prior addition of several aminoacids, ascorbic acid, and 
some vegetable juice fractionates appeared to hinder the for- 
mation of mutagenic products. 

The possible sorbic acid-sodium nitrite reaction products 
were also examined by Osawa et al. (1979). Concentrations 
of 1,120 ppm sorbic acid and 5,320 ppm sodium nitrite were 
dissolved in one liter of distilled water and heated at 60°C for 
30 min., while the pH of the mixture was kept at 3.5 by au- 
tomatic addition of 1 N sulfuric acid. The mixture yielded 
ENA; 1,4-dinitro-2-methyl pyrrole, designated as ”Y” (due to 
its yellow color); and a new substance designated as ”F.” 
Substance “F” was a new furoxan derivative. The authors 
(Osawa et al., 1979) also isolated the precursors of compound 
“F“ (syn-and anti-conformers). 
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The conditions of the sorbic acid-sodium nitrite reaction 
have been examined in detail by Narniki et al. (1980). The 
main variables examined were pH; relative molar ratio of 
sorbic acid to sodium nitrite; and time-temperature relation- 
ships. The results, according to the authors, would provide a 
basis for estimation of the possibility for the occurence of 
such reactions in the course of processing, preservation, cook- 
ing, and ingestion of food containing both additives. The reac- 
tion was under continuous stirring and at controlled tempera- 
ture and pH. Sorbic acid was dissolved in distilled water with 
adjustment to desired pH. A concentrated solution of the re- 
quired amount of sodium nitrite was added to the sorbic acid 
solution. The pH tended to rise during the reaction but it was 
controlled with automatic addition of 1 N sulfuric acid. After 
a predetermined length of time, the solution was cooled; the 
pH adjusted to 7.0; and the biological activity on E. coli and 
the mutagenic activity by the 5. subtilis "rec-assay" and the 
Ames Salmonella assay determined. The results showed that 
maximum mutagenic activity occurred in a pH range of 3.5- 
4.2 (Table 11). At pH values above 6.0 the mixture was inac- 

Table 11. Effect of pH on generation of 
DNA-damaging and growth-inhibitory activities 

by reaction between sorbic acid and sodium nitritea 

Growth 
Reaction Mutogen ic Inhibitory 

PH Activityb ActivityC 

1.5 
3.0 
3.5 
4.2 
5 .O 
6.0 
7.0 

d 

+e 
++ 
++ 
+ 

- +++ 
++ 
++ 
++ 
+ 

220 m M  sorbic acid (2.240 ppm) and 160 mM sodium nitrite ( 1  1,400 ppm! at 
60°C for one hour. 

h ~ .  subtdis "rec-assay." 
CAgainst E. cd/. 
dNo activity. 
"Activity increases w t h  number of "+" symbols. 
Adapted from Namiki et a1 (19601. 

tive both in the "rec-assay" and in growth inhibition. While 
DNA-damaging activity was initiated at pH values above 2.5, 
maximum inhibitory activity occurred at pH 1.5. The authors 
(Namiki et al., 1980) speculated that the pH effects on ac- 
tivities are probably due to the dissociation phenomena of 
sorbic acid and nitrous acid, and the results suggested that 
different products may be responsible for the respective ac- 
tivities. Results demonstrating the effect of molar ratios of sor- 
bic acid and sodium nitrite on generation of DNA-damaging 
activity are summarized in Table 1 2 .  The mutagenic activity 
reached a maximum at 160 rnM ( 1  1,0401 sodium nitrite, or a 
sorbic acid:sodiurn nitrite molar ratio of 1.8. A molar ratio of 
1 : 1  showed some (weak) mutagenic activity. In additional ex- 
periments the authors (Namiki et al., 1980) examined the ef- 
fect of temperature on generation of mutagenic activity (Table 
13). At 60°C the activity reached a maximum after 60 min. 

Table 12. Effect of molar ratio on generation of 
DNA-damaging activity by reaction between sorbic 

acid and sodium nitrite 

Molar Ratio (mM) Mutagenic 
Sorbic Acid Sodium Nitrite Activityb 

20 (2 ,240)e  0.4 (28) - 
20 (2,240) 2.0 (1 38) 
20 (2,240) 20.0 (1 380) +d 
20 (2,240) 80.0 (5520) ++ 
20 (2,240) 160.0 (1  1,040) +++ 

C 

- 

~ 

aReacted at 60°C for 1 hour, pH 3 . 5 .  
hS. Subtilis "rec-assay." 
CNo activity. 
dActivity increases with number of "+" symbols. 
eNumbers in parentheses indicate concentration in ppm 
Adapted from Namiki et al.  11980). 

Table 13. Effect of temperature on generation of 
DNA-damaging activity by reaction between sorbic 

acid and sodium nitritea 

Molar Ratio f m M )  Reaction 
Sodium Temperature 

Sorbic Acid Nitrite i"C) Time 

20 (2240)e 160 (1 1,040) 60 5 min 
30 min 20 (2240) 160 (1 1,040) 60 

20 (2240) 160 (1 1,030) 60 1 hr 
20 (2240) 160 (1  1,040) 60 24 hr 

5 (560) 40 (2760) 4 2 min 
5 (560) 40 (2760) 4 3 hr 
5 (560) 40 (2760) 4 10 hr 
5 (560) 40 (2760) 4 48 hr 
5 (560) 40 (2760) 4 96 hr 

M u tage n ic 
Activityb 

+ +c 
++  
++ 
++ 

d 

+ + 
++ 
++ 

- 

3pH 3.5. 
$3. Subtilis "rec-assay." 
CActivity increases with number of "+" svmbols. 
d N o  activity. 
"Numbers in parentheses indicate concentration in ppm 
Adapted from Namiki et al. (19801. 

and then it slowly decreased. At 4°C the activity increased 
slowly with time; and became nearly constant after two days; 
and it was nearly the same after four days. The authors 
suggested that this indicates the somewhat heat-labile nature 
of the products. 

The authors (Namiki et al., 1980; 1981) also isolated five 
main products from the reaction mixture (Table 14). Product 
ENA (ethylnitrolic acid) was produced at pH values between 
3.5 and 5.0, with a maximum at pH 4.2. Product "Y" (1,4- 
dinitro-2-methyl pyrrole-DMP) was formed at p H  values be- 
tween 3.0 and 3.0, with a maximum at pH 3.5. Products "B" 
and "F" were produced at pH values around 1.5, while at pH 
values above 6.0 the reaction "hardly proceeded." Product 
"Y" was the strongest mutagen in the Anies test and "rec- 
assay." Product ENA was highly active in the "rec-assay," 
weak in one Ames strain, and with no activity in the other 
Anies strain. Both compounds ("Y" and ENA) inhibited mi- 
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crobial growth at concentrations of 5 ppm. Products "F" and 
Pre-F were inactive, while product "B" was inactive in the 
Arnes test and weakly active in the "rec-assay," but it showed 
the strongest antimicrobial activity at 1 ppm. In general, 
mutagenic activity was strongest at pH values between 3.5 
and 4.2 due to product "Y" and partly due to ENA, while 
growth inhibition was highest at lower pH values due to 
product "B." Testing of nitrite and sorbic acid individually 
showed no mutagenic activity. Other workers, however, have 
shown nitrite to be mutagenic in other systems (Hollaender, 
1971 ; McCann et al., 1975). 

These results have led the above groups of workers to con- 
clude that the aliphatic C-nitro and C-nitroso compounds 
formed and found positive in microbial mutagenicity assays 
should be examined carefully with regard to their potential 
carcinogenicity. Furthermore, the general reactivity of sorbic 
acid towards nitrogen oxide species that i s  due to its conju- 
gated C-C double bonds should be examined in relation to 

other food constituents of similar chemical structure that may 
offer the possibility of forming similar classes of compounds 
in food systems. Recently, Osawa et al. (1980) tested whether 
food constituents such as ascorbic acid and cysteine deacti- 
vated the products of the sorbic acid-sodium nitrite reaction. 
Previous work had shown that ascorbic acid reacts with nitrite 
and prevents formation of N-nitrosamines in vitro and in vivo 
(Mirvish et al., 1972; Gray and Randall, 1979). Another report 
has concluded that ascorbic acid inhibits mutations induced 
by N-nitroso compounds such as N-methyl-N-ni t ro-  
soguanidine and dimethylnitrosamine (Cuttenplan, 1977). 
Using the method of Kito et al. (1 978), the authors (Osawa et 
ai., 1980) formed product "Y" and tested its mutagenicity 
with the Ames 5.  typhimurium test. Product "Y" (1 mM) and 
ascorbic acid or cysteine ( 8  mM) were dissolved in buffer so- 
lutions of different pH values (1.5-6.8). The solutions were 
incubated at 3PC for one hour, adjusted to pH 4.2 and tested 
for mutagenicity. The results showed that the mutagenic activ- 

Table 14. Activities of products isolated from the reaction between sorbic acid and 
sodium nitrite 

Mutagenic Activities 

Arnes assay of 
5. typhirnurium Growth Inhibitory 

Reaction "rec-assay" oi Activity 
Product 5.  Subtilis T A  98 TA 7 00 ( E .  coli) 

1). ENA 
C H L N 0 2  

fiOH 
2). DNMP ("Y") 

I 
NO2 

31. "6" 
C~Hh04N2 

4). "F" 
H 
I 

I l l 1  I 
N N  H 

HKC-CC=CCOOH 

r c \ /  
0 0  

5). Pre-F (Syn- and anti-) 

H 

CH LH-C-C-CCOOH 
II I I N H 

I 

NO> 1 
(OH) 

+ + a  - + + (5ppm) 

+++ ++ ++ + (5ppm) 

_- 

"Activity increases with number oi " f "  rymbols. 
'>NO activity. 
Adapted from Namiki et al. (1980; 19811. 
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ity of "Y" was destroyed with ascorbic acid or cysteine at pH 
values above 5.0 (Table 15). Additional experiments indicated 
that the loss of activity was due to a pH dependent degrada- 
tion of product "Y" (Table 16). Chemical studies revealed 
that, as a result of reaction with ascorbic acid or cysteine. 
product "Y" was reduced from the C-nitro to the C-amino 
group. The authors (Osawa et al., 1980) suggested that this in 
vitro study should be repeated to examine whether these 
desmutagenic reactions(s) can take place during processing, 
cooking, and digestion of foods. 

Table 15. Inactivation of mutagenic activity of the 
sorbic acid-sodium nitrite product "Y" 
(1,4-dinitro-2-methyl pyrrole, DNMP) 

by ascorbic acid or cysteine 

Percent Iz.1 u tagen ic Activity b 
Reaction 

PH Ascorbic Acid Cysteine 

1.5 94 99 
3.5 104 104 
5.0 90 82 
6.8 0 2 

"ne mM product 'Y' with 8 m M  ascorbic acid or cysteine 
'k'ercent of control (no ascorbic acid, no cysteine, 
4dapted from Osawa et al (1980) 

Table 16. Degradation of the sorbic acid-sodium 
nitrite product "Y" (1,4-dinitro-2-methyl pyrrole, 

DNMP) by ascorbic acid or cysteine at various 
pH value9 

DNMP imMl 
Reaction 

PH Ascorbic Acid Cysteine 

1.5 1 .o 1 .o 
3.5 1 .1  0.9 
5.0 0.8 0.7 
6.8 0 0 

Table 17. Effect of ascorbic acid or cysteine on the 
formation of mutagenic products by reaction of sorbic 

acid and sodium nitritea 

Product Yield imM) 
Ascorbic Acid Cysteine 

(m Mi (mM) "Y"b ENAc 

0 
40 
80 
0 
0 
0 
0 
5e 

1 Of 

0 
0 
0 
0 

40 
80 

160 
0 
0 

3.0 
0.2 
N D d  
3.0 
1.5 
0.3 
ND 
ND 
- 

1.80 
0.08 
K D  
1.8 
0.9 
0.6 
N D  

N D  
- 

a20 m M  (2,240 ppm) sorbic acid. 160 mM (11,040 ppm) sodium nitrite, 

'11 ,4-dinitro-Z-methyl pyrrole (DNMPI. 
'Ethylnitrolic acid. 
dNot detected. 
e20 m M  (2,240 ppm) sorbic acid, 20 mM 11,380 ppm) sodium nitrite, 5 mlLl 

'20 mM (2,240 ppm) sorbic acid, 20 mM (1,380 ppni) sodium nitrite, 10 mM 

Adapted from Namiki et al.  (1981) 

60°C. pH 3.5, 30 min. 

(880 ppm) ascorbic acid. 

(1760 ppm) ascorbic acid. 

mat ion of products "Y"  and ENA at different sorbic 
acid:sodium nitrite molar ratios and the stability of these 
products at different pH values and temperatures. When the 
molar ratio (Table 18) of sodium nitrite relative to sorbic acid 
(20 mM) increased from 0.5 to 16, the yield of "Y" after 30 
min. at 60°C and pH 3.5 reached a maximum at an 8-fold 
excess of nitrite and then it decreased. Production of ENA 
increased gradually, with an indication of leveling off. The 
data (Table 18) also suggested that traces of products were 
formed at a sorbic acid:sodium nitrite molar ratio of 1:0.5. 
Ethylnitrolic acid formation at different sorbic acid:sodium 
nitrite molar ratios was also examined by Robach et a l .  
(1980b). The results (Table 19) indicated that ENA is not 
formed when less than 250 ppni sodium nitrite is present or 
when the pH i s  high (6.0) even at higher nitrite concentrations 
(500 ppm). 

.'One mM product ' Y '  with 8 mM ascorbic acid or cysteine 
Adapted from Osaba et dl (1980) 

Table 18. Effect of sorbic acid:sodium nitrite molar 
ratio on the formation of reaction productsa 

Namiki et al.  (1981) tested whether the above compounds 
(ascorbic acid, cysteine) could inhibit the formation of the 
C-nitro mutagenic compounds. The study consisted ot react- 
ing 20 niM sorbic acid with 160 mibl sodium nitrite in a pH 
3.5 solution at 60°C tor 30 niin. in the presence or absence of 
various concentrations of ascorbic acid or cysteine. The re- 
sults showed that a concentration 80 m M  ascorbic acid or 
cysteine eliminated the formation of mutagenic products (Ta- 
ble 17). Under more realistic conditions (20 mM sorbic acid, 
20 mM sodium nitrite) a concentration of 5 or 10 mM ascor- 
bic acid inhibited formation of 1,4-dinitro-2-methyI pyrrole 
(Y )  and ethyl nitrolic acid (ENA), respectively. 

In the same study, Narniki et al. (1981) examined the for- 

Molar Ratio (mhf) Product Yield (mhf) 
Sorbic Acid Sodium Nitrite "Y"b E I\' A C 

20 (2 ,240)d 10 (690) 0.2 0.2 
20 (2,240) 20 (1,380) 0.3 0.4 
20 12,240) 40 (2,760) 1.2 0.8 
20 (2,240) 160 (1 1,040) 3.0 1.8 
20 (2,240) 320 (22,080) 1.8 2 .o 
"pH 3 5, 60°C. 30 niin. 
'~1,4-dinitro-2-methyl pyrrole (DNMPI. 
'Ethylnitrolic acid 
"Numbers in parentheses indicate concentrations in ppm 
Adapted irom Namiki et al. 119811. 
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Table 19. Ethylnitrolic acid formation at different pH 
values and nitrite concentrationsa 

Reaction Sodium h'itrite Ethylnitrolic Acid 
PH (PPmi (PPm) 

3.4 1000 
3.4 500 
3.4 250 
3.4 125 
6.0 500 

38.8 
22.4 

1.7 
0.6 
0 

"2000 ppm sorbic acid. 
Adapted from Rohach et al. (1980bl 

Results of heat and pH stability studies (Namiki et al., 1981) 
are shown in Table 20. The studies were conducted in pH 3.0 
(citrate) and pH 6.0 (phosphate) buffers, and the products 
were analyzed by HPLC. The products appeared labile at 
higher temperatures and lower pH values. Under conditions 
simulating cooking of bacon (1  70°C in corn oil) both products 
("Y", ENA) were reduced 37% after 3 min. The heat stability 
of ENA (Table 21) was also examined by Robach et al. 
(1 980b). These authors reported ENA as more heat-labile than 
what was shown in the Namiki et al. (1981) report. Since 
conditions of testing were not detailed, it i s  difficult to com- 
pare the above findings. 

Robach et al. (1980b) also examined whether mutagenic 
activity can develop in typical bacon curing brines and under 
conditions simulating curing and cooking of bacon, and gas- 
tric fluid. The Ames Salmonella test for mutagenicity gave 
negative results for al l  solutions and ether extracts tested. A 
positive response in one of the ether extracts tested (high 
temperature) was attributed to an active compound found in 
the ether used as solvent (Table 22). 

Possible reactions between sorbic acid and sodium nitrite 
have also been examined from the standpoint of nitrosamine 
formation (Tanaka et al., 1978). The testing medium consisted 
of 0.05 M sodium citrate, 40 m M  sodium nitrite, 20 m M  sor- 
bic or ascorbic acid, and 500 m M  dimethylamine at 37°C. 
The results indicated that sorbic acid inhibited in vitro forma- 
tion of N-nitroso-dimethylamine to an extent similar to that by 
ascorbic acid (Table 23). The authors (Tanaka et al., 1978) 
concluded that the mutagenic activities shown earlier were 
due to the stringent reaction conditions and that inhibition of 
nitrosamine formation appears more realistic. 

As it was reported by Namiki and Kada (1975), the results 
of the studies reviewed above were obtained under special in 
vitro experimental conditions, expecially in acid solution, so 
it does not necessarily mean that the products are actually 
formed in foodstuffs containing sorbic acid and sodium nitrite 
together. The above studies, however, have demonstrated a 
general reactivity of sorbic acid towards nitrogen oxide 
species. This reactivity is due to the conjugated C-C double 
bonds and it deserves further examination, especially in rela- 
tion to other foods that contain components of similar chemi- 
cal structure (Namiki et al., 1981 ) .  

The need for high nitrite concentrations in order for the 
reactions to proceed would indicate that a good possibility for 
such reactions to occur might be present in vegetable prod- 

Table 20. Stability of sorbic acid and sodium nitrite 
reaction products at differenct pH values 

and temperatures 

Residual (%)a 
Temperature Time 

PH PC) ihr.) "Y'b ENAc 

0 3.5 - 

3.5 30 1 
6 

6.0 30 1 
6 

3.5 60 1 
6 

6.0 60 1 
6 

3.5 100 1 
3 
6 

6.0 100 1 
3 
6 

100 
100 
97 

100 
97 
98 
96 

100 
90 
92 
67 
42 

5 
3 
1 

100 
99 
98 
92 
89 

100 
96 
87 
40 
45 
14 

2 
1 
0.5 
0 

alnitial concentration 1 mM. 
hl.4dinitro-2-methyl pyrrole (DNMP). 
CEthylnitrolic acid. 
Adapted from Namiki et al. (1  981 ). 

Table 21. Decomposition of ethylnitrolic acid at 
different temperatures 

Temperature Decomposition 
P O  Time (8) 

24 17 days 24 
43 17.5 hours 100 
55 2 hours 100 
70 11.5 rnin. 100 

100 19 sec. 100 
170 < 1  sec. 100 

Adapted from Rohach et ai. (1980b) 

ucts high in nitrate, which i s  transformed to nitrite in human 
saliva. The acidic gastric conditions might favor the reactions 
with unsaturated fatty acids of similar chemical structure with 
sorbic acid. Any possible correlation between such reactions 
and the much debated issue of increased occurence of cancer 
with increased consumption of polyunsaturated fatty acids in 
the diet is unknown (Anonymous, 1975). The existing evi- 
dence, however, has indicated that food components such as 
ascorbic acid, cysteine, and vegetable juice fractionates in- 
hibit the reactions or degrade their products. This information 
would suggest that realization of such reactions in real food 
systems might be impossible. 

The requirements for the reactions to proceed and the na- 
ture of meat products would indicate that no such reactions 
can take place in real meat products formulated with pro- 
posed nitrite (40-80 ppm) and sorbate (2600 ppm) concentra- 
tions. Work with curing brines under conditions similar to 
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Table 22. Development of mutagenic activity by reaction of potassium sorbate and sodium nitrite in bacon curing 
and in gastric fluid 

Mutagenic Activitya 
Potassium Sodtum Sodium 
Sorbate Nitrtte Ascorbate Time Temperature Ether 

Treatment (PPml (PPmi PH Ihr. I KJ Solution Extract 

Control 
Bacon Cure 1 
Bacon Cure 2 
Bacon Cure 3 
Bacon Cure 4 
Bacon Cure 5 
Brineb 1 
Gastric 1 

25,000 
2,600 
2,600 
2,600 
2,600 
2,600 

26,000 
2,600 

130,000 
40 

4,000 
40 
40 
40 

4 00 
40 

0 
5 50 

55,000 
550 
550 
5 50 

5,500 
550 

<1 .o 3 
7.0 8 
6.5 8 

5.0 8 
6.5 810.1 
7.2 12 
1 .o 3 

6.5 a 

0 
55 
55 

0 
55 

55/100 
25 
37 

<'Ames Salmonella test 
h15ci, salt All other contained 1 5 4  salt and control contained no salt 
'Due to active compound isolated from ether used as solvent 
Adapted from Robach et al (1980h) 

Table 23. Inhibition of dimethylnitrosamine formation by sorbic acida 

Reaction Sodium Nitrite Sorbic Acid Ascorbic Acrd Dtmethylnttrosamine 
PH (mM) (m Mi (m i\4 J Inhtbition i f f )  

3.0 40 0 0 
40 20 0 
40 0 20 

4.0 40 0 0 
40 20 0 
40 0 20 

0 
55 
58 
0 

42 
3 3  

JAll mixtures contained 500 mM dimethylamine, 3PC 
Adapted from Tanaka et al. (1978) 

bacon curing failed to produce mutagenic reaction products. 
The subject remains of interest, since the potent antimicrobial 
activity of some of the products may be more important than 
their potential mutagenicity. In addition, the relevance of mi- 
crobial mutagenicity to human carcinogenicity i s  still debata- 
ble. Continuous work on the subject will clarify the impor- 
tance of such reactions and their relevance to real food 
systems. The findings may also prove beneficial in determin- 
ing the mechanisms of action of antimicrobial agents such as 
nitrite and sorbate. This rnay lead to better ways ot preserving 
our food supply. 

Summary 

Hydrogen ion concentration is a very important variable 
that influences meat product quality, microbial growth, nitrite 
reactivity, and the antimicrobial activity of both nitrite and 
sorbate. As the pH of a system decreases the antimicrobial 
activity of nitrite increases and the concentration of the undis- 
sociated effective antimicrobial form of sorbic acid also in- 
creaies. The triple, nitrite x sorbate x pH, interaction i s  very 
influential to antimicrobial activity in meat products formu- 
lated with the proposed combination of low nitrite (40-80 
ppni) and sorbate. Results ot extensive research in recent 

years have indicated that nitrite-sorbate combinations are 
very effective antibotulinal agents. These findings would 
suggest that meat products formulated under these conditions 
achieve pH values within the range of effectiveness of nitrite 
and sorbate. Addition of potassium sorbate to meat products 
results in no major changes in product pH, while addition of 
sorbic acid may result in  slight pH decreases. The need for 
sorbate levels as high as 2,000 ppm for antimicrobial activity 
may be related to the fact that only the undissociated form of 
the compound is effective as an antimicrobial agent. Consid- 
ering the pKa value for sorbate (4.75) only a fraction (100-200 
ppm) of the added sorbate i s  in the undissociated form at the 
pH values prevailing in meat products (5.5-6.5). 

The nature of the synergistic antibotulinal effect of nitrite- 
sorbate treatments remains unknown. Also unknown are the 
exact mechanisms of action for nitrite and sorbate. In addition 
to the etfects ot sorbate on spore germination and nitrite on 
outgrowth, it rnay be possible that the compounds react and 
form more inhibitory conipocind(si. There is evidence that ni- 
trite reacts with lipid and unsaturated fatty acid5. A concen- 
trated eftort tiy Japanese researchers has demonstrated occur- 
rence ot sorbic acid-sodium nitrite reactions and development 
of highly antimicrobial and/or mutagenic products. Present 
knowledge on the subject eliminates the possibility for occur- 
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rence of such products in meats or other foods containing 
nitrogen oxide species and compounds with conjugated C-C 
double bonds. This conclusion is supported by the following 
findings: 

1. The sorbic acid-sodium nitrite reactions took place under 
stringent, in vitro experimental conditions involving pure 
corn ponen t s. 

2. The nitrite concentrations needed were very high relative 
to sorbic acid and nitrite levels found in meats or other 
foods (maximum at a sorbic acid:sodium nitrite molar ratio 
of 1 :8). 

3. The reaction products were formed and were active only 
at low pH values (3.5-4.2). 

4. Products did not form and were unstable at pH  values in 
the range of cured meats (5.5-6.5). 

5. The reaction reached a maximum at 60°C and the prod- 
ucts were unstable at high temperatures. 

6 .  Ascorbic acid, cysteine, and vegetable juice fractionates: 
a. Inhibited reaction. b. Inactivated preformed products. c. 
Degraded products. 

7. Evidence indicated that sorbic acid may be more irnpor- 
tant as a blocking agent of nitrosamine formation rather 
than participate in formation of mutagens. 

8. No products were formed under conditions simulating 
bacon curing brines and gastric juices. 

Additional experimentation on the subject, however, may 
prove important and helpful in: 

1. Understanding mechanisms of antimicrobial action. 
2. Development of new, safe and effective food preserva- 

tives. 

Discuss ion 

Terrell: Was the original proposal for the use of potassium 

soh:  Yes. 
Terrell: What is the status of that now? 
S o h :  The FDA is now considering it and I think right now 

it is in the Federal Register for comments. 
Cook: I‘m curious, why haven’t we pursued something be- 

sides sorbate such as methyl and propyl parabens and ben- 
zoic acid? From a microbiological standpoint, is it true that 
you get tremendous antimicrobial effects from parabens? 

So ios :  There m a y  be some problems with parahens because 
they are very fat soluble. There i s  some work that shows that 
they are not effective in a meat product because they go into 
the fat. 

S c d n l a n :  Would you comment on what you  think the 
mechanism of nitrosamine inhibition is in relation to sorbate. 
You compared i t  to dscorbate. Ascorbate inhibits nitrosamine 
tormation because it reduces N O ,  back to nitric oxide. 1s any- 
thing known how sorbate can get this nitrosamine inhibition? 

S o i o s :  I didn’t find anything. I think that nitrite and sorbate 
might have reacted and eliminated nitrite from nitrosamine 
for m J t i on. 

Sc,in/,in: Are you in tact inhibiting nitrosamine tormation at 
the expense of forming things like ethylnitrolic acid, etc? 

S o h :  At that pH probably they did form these compoiindb. 

sorbate supported by Monsanto Chemical Company? 

Lee: Do you know if cooking of meat itself i s  mutagenic? 
My question relates to the products formed by interaction be- 
tween nitrite and sorbate. Are they more or less equal in po- 
tency than in their mutagenic effect on salmonella? Are they 
also effective against the same kind of bacteria? 

Sofos: I haven’t seen anything that compares these. Most of 
this work was with a new assay of Bacillus sp. that they have 
developed and i s  called “rec-assay.” Their method worked 
and they did find it effective. I can’t answer how this would 
relate to cooking of fresh meat. I‘m not an expert on 
mutagenic testing and I cannot answer that. 

Ted Cillett: I think Tompkin reported some data that indi- 
cated that the inhibition by nitrite is related to and tied in with 
pH or iron. 1s there any further information in that area? 

Sofos: Tompkin was mostly talking about nitrite and not 
sorbate, and found that iron is important in nitrite effective- 
ness against clostridia. I am not familiar with any work that 
has related a l l  this with sorbate. 

Cook: It was on nitrite because it was based on variations 
in species content. Do you have any postulations on why the 
iron content causes variations in inhibitory activity? 

S o h :  It is well known that C. botulinum requires iron. I f  
nitrite supposedly makes iron unavailable, then it stops 
growth of botulism. If there i s  an excess of iron present, then 
nitrite i s  ineffective. 
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