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Recent pure-culture experiments carried out on the influence
"L nitrate on micro-organisms associated with the spoilage of
YOrk and of bacon, namely Pseudomonas/Enterobacter and
<iCrococcus/Lactobacillus respectively have confirmed the absence

any inhibitory effect of 0.1% sodium nitrate at pH values of

0 to 7.0 and temperatures of 59C. %o BOOC., and even in the
D?esence of up to LOO p.p.m. sodium nitrite. Indeed, 0.1%
Nitrate stimulated the orowth of micrococci in the semi-anaerobic
COnditions in the depths of the culture medium, presumably by
aﬁﬁint as an electron donor .n place of atmospheric oxygen (Riadle,
‘lbbert o Spencer, 1969).

of

5 The production of bacon without the use of nitrate hgs been
lder investigation in many laboratories for some time and several
“Ypes of such bacon are now in commercial production. The
i?oduction of "Viltshire" bacon without the use of nitrate pr:asents
Ather more complex problems but these are now bein~ solved.
OSVGStia’fations into the spoilage of "¥iltshire"” baqop prodgced
tﬂ a limited scale and under closely coptyolled conditions w1th9ut
Imi use of nitrate_have_shown that neither wben storgg as bagfs
dig when stored S}lced_ln‘Vacuum.packs, at 61th§r ?1 ML T 6L
5 such bacon differ in its spoila~we characteristics from bacon
*'0duced by the use of traditional Wiltshire brines (Evans,
“lbbert & Spencer, 1971).
oy It has been sur-ested that the incorvoration of nitrate in

’ed meats may tend to inhibit clostridia by poising the food
Qana fufficiently "oxidi;ed” level (biwh Eh) that the clostridia
}deou Srow, or alternatlyely @hat nitrate may be converted to
meOxylamine which will inactivate catalase in meat so that
ﬁ???;en neroxide is formed. This hydrogen peroxide w}ll then
d;nglt clostridia (Jensen, 1954). There is however, little

€ct evidence to support these suggestions.

Con 1y wogld thus seem bixhly dacely phat nitrate, in.Lne.

rjj‘I‘Centr%t10118 in wnlch.lt is present in‘cured megﬁs, 1§.w1thout

to i;t eifegt.on bacteria and thus does not contribute directly
he stability or safety of the product.

Ants. .
Uinicrobial effect of nitrite

u@t Fpllowipg the discovery at the beginning of this century

mo ¢ the typical red colour of cured meat was a result of the

ny,oonce of nitrite, it was not long before it was proposed that
Pite could replace nitrate in the curing of meats

Oye (Lewig< Vose & Lowery, j925;‘lerr, ”aysp, Scbroeder &

ni3ors 1926). An understanding of the antimicrobial effect of

W P{te in cured meats was to come very much later, althoush it

yutrforeshadgweqiby the observation of Grindley (1929) that

Muaate was inhibitory at low pH values and the deduction that

S Wwas due to the presence of nitrous acid,

lnn.. bewis & Moran (1928) rerorted that Cl., putrefaciens was not

&lelted by 0.05% sodium nitrite but was by 0.2%, Tanner &

%)QS (Tanner & &Zvans, 1934; HKvans & Tanner, 1934) in general

erPP?ed, finding no inhibition of a number of species of

Cq Ztrldia, including Cl. botulinum, in various media, until

Lp Sentrations of nitrite of around 0.5% were used, even in the

}mweehce of up to 3.5% sodium chloride., Yesair & Cameron (1942),
Ver, claimed to have demonstrated some inhibitory effect
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dgainst Cl., botulinum in media containing mixtures of curinc
Salts including 50 to 156 p.p.m. nitrite, over and above that
75 ; &
S

basis of the sodium chloride present. In
ubsequent work it should be pointed out that the
ations were conducted in media or meat either of
ound 7, or where the pH was not reported, or

t micht be suvpposed to he around 7, and not 1les

'he first real indication of the inhibitory effect of
Nitrite was given by Tarr in the early 1940's (Tarr, 1941a;
1941b; 1942) when he showed that the inhibitory effect against
Sever 31 species of bacteria was dependent upon the pH of the
medlum and increased markedly at pH values below 6.0. Kven S0,
Cl. botulinum was able to srow in 200 p.p.m. nitrite at pH 5.6.
Tarp did not exvlain the mechanism of inhibition and the first
Sugrestion that it misht be due to the undissociated nitrous
acid was by Jensen (1945). Castellani & Niven (1955) demon-
Strated with Staph. aureus that the pH of the test medium
1Hmlaewc“a the inhibitory concentration of nitrite in a manner
Conformins to the view that the active substance was undis-
SOCl"zt ed nitrous acid and this was subsequently confirmed by

2ddy & Ingram (1956) with a Bacillus species and more recently

2 Perigo, #¥hitinz & Bashford (1967) with Clostridium sporogenes.
fhe egrlier observations of IHenry, Joubert & Goret (1954) that
Eh§ ontimum pH for antimicrobial activity of nitrite is ar ound
2+0-5,8 is in agreement with this view for at lower pH values
Nitrite tends to be fairly rapidly lost, possibly by reaction
¥ith amino ~roupu (the van Slyke reahulon) Shank, Silliker &

larper (1962) confirmed that the antimicrobial effect ot ribe
171”‘I’eaces with fallin- pH to a maximum effect at pH values of
«5-5,5, They also showed that nitric oxide was relatively
1neif~p+1vo against micro-orgsanisms.

The observations that nitrite is more effective when :
gi Orbate is added to the medium (Henry, Joubert & 1or$t, 1?54)
1* when zlucose is autoclaved in the medium (Castellani ‘& iliven,
5)) both of which procedures misht be expected to lower the

€dox potential, and also under anaerovic conditions (£ddy &
tlfPam, 1956), indicate that another factor may be involved in
¢ antimicrobial efiect of nitrite.

Fure culture exverimsnts on the influence of nitrite on
ro-organisms associated with the spoilace of pork and of
8Con showed there to be a mark®d antimicrobial effect of
étp“tﬁ on Pseudomonas, Enterobacter and lMicrococcus, when the

dium was at pH 6 or below. The strain of Lactobacillus
viamlnmo was, however, found to be little affected by nitrite,
..on at concentrations of up to 400 p.p.m. at pH 5.0 (Riddle,
“1bbept o Spencer, 1969).

lnl,\

Nitrite and food poisoning clostridia: The demonstration by

l ‘ _;‘ & 3 . 0 -

gir (TO0 16, 1902) that CL. potulinum was not inhibited dy

(1 U p.m, nitrite at DH 5.6 was confirmed by Steinke & Foster
(1gé1\ workinc with liver sausa~e at pH 6.1-6.5. Abrahamsson

.5 “enort@a that the crowth of Cl, botulinum type E at pH

and and 30°C, was partially inhibited by 170 p.p.m. of nitrite
was co mnletely inhibited by 340 p.p.m., while uchmidt &

(1964) reported that at a pH of 7.0 and at 8°C., 200 p.p.m.

(19P1te did not inhibit Cl. botulinum type H, Pivnick et al.

o7 reported that in vacuum-packed tongue at ZOOC., 450 p.p.m.
1te was insufficient to inhibit the growth of Cl, botulinum
( 96 A and B in the presence of around 4% salt, Gouch & Alford

5) reported that 500 p.p.m. nitrite were necessary to prevent

-
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.about 150 p.p.m., at pH 6.0 about 50 p.p.m,

“ I -

the crowth of 81, welchii, Periso et al. (1967) give data
relatine: pH value to the concentration of nitrite necessary
to prevent the srowth of C1. soorogenses, for example the RBD50

value (concentration of nitrite most likely to inhibit 50%
of the inocula) at pH 7.0 was about 300 pevem., at pH 6.5

Thus nitrite is a potent antimicrobial substance - to
which lactobacilli, however, may be resistant - and is likely
to play an important role in the stability of uncooked cured
meats and in the stability and safety of cooked cured meats.
So far as the stability and safety of cooked cured meats are
concerned, however, it can not be fully responsible for it is
present in too low concentrations to inhibit the growth of
clostridia at the pH values usual in such meat. Some other
factor or factors are involved, probably in conjunction with
nitrite for it is common experience that when nitrite is
omitted from such vroducts, the mechanism of stability at
least fails,

The influence of heat on the antimicrobial effect of nitrite:

in tuves wh&ch were held for 20 minutes at an internal temper-

;gd 3¢5 sodium chloride (calculated on the water phase of the
~cat), 78 DePoMm. nitrite was effective against natural contami-

Stumno, Gross & Vinton (1945b) used an Fo = 1 process
(isese a heat process equivalent in sterilizing effsct to an
exposure of’ 1 minute at 121.1 C.), an inoculum of spores of
putrefactive anaerobe PA 3679 of 5§ per g, and investigated_the
effects of sodium chloride, nitrate and nitrite. They con-
cluded that a concentration of sodium chloride of 3.5g/100g
meat (apoproximately L.5¢/100g water) markedly inhibited spoilage
and that the addition of nitrate and nitrite had little extra
effect,

Steinke & Foster (1951) worked with liver sausage containing
various amounts of sodium chloride and nitrite, They inoculated
the meat with various levels of Cl, botulinum Sgores, cooked it
at 70%, fop 70 minutes, and incubated it at 3070, They found
that with an inoculum of 5,000 spores per m, 2,57 sodium chloride
Per 100¢ meat (approximately 58/1002 water), and 200 PeD.m,
nitrite added to. the uncooked meat, no toxin developved within
thirty days., :

added various concentrations of curing salts and, in some cases,
Spores of nutrefactive anaerobe PA 3679, The meat was heated

ature of 80°¢, These workers found that a concerntration of

Sodium chloride of 4.60/1000 meat (aporoximately 5.82/1005 water)
Wag sgfficient to prevent spoilage occurring within sixteen weeks
8% 37°C. with a inoculum of 50 spores/g; that 800 DeDeMe nitrite
In the absence of sodium chloride and with an inoculum of 50
Shores/p delayed Spoilage, but that the nitrite content fell to

4 Devem, after sixteen weeks and that snoilage was then occurring;
that 3.6% sodium chloride, with 150 Pep.m, nitrite (83 p,v,nu,
I“‘31?151in:’.ng: after the heat process) prevented Spoilage with a

?ﬂtural level ofspores below 1/9, but failed at an inoculation
evel of 50/g. ;

S8illiker, Greenberg & Shack (1958) used coimercially-
Droguceq cured pork trimmings, naturally contaminated and with
iOW added levels of spores of PA 3679, of known sodium chIoride and
Ohitial nitrite concentrations, and processed to Fo values of
*08-0,13,  They showed that with a heat process of Fo = 0,13,
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RNation but 39 p.p.m. nitrite led to spoilace, hen spore
levels were increased to 2.6/g, an Fo value of 0,1 with a
Concentration of sodium chloride of 3.5% and 78 p.p.m, nitrite
Vas again satisfactory. Post-processing nitrite levels were
5ﬂVen as 10-20 pe.o.m. They also found that 5 sodium chloride
With no nitrite did not prevent spoilage at Fo values of
&ound 0.41. These workers emphasized that the protective
18chanisms broke down when challenged with large numbers of

Q-
2Pores,

; Lacstly there is the unpublished work briefly described by
Rlemann (1963). In one series of exveriments the spoilage of
Comnercial luncheon meat containing less than 3 clostridial
FTOPGS/Q, L~ sodium chloride/100z meat, nitrite concentration
"0t stated, was investigated after various processes. It was
Concluded that a process of Fo = 0.4 was necessary. Riemann
3&30 refers to a more detailed factorial exveriment in which
1€ factors tested were salt, nitrite, nitrate, pH and Fo values,

Sing wvarious inoculation levels of putrefactive anaerobic
SQOreS from spoiled canned luncheon meat. The numbher of spores
Qerinatinc to ~ive vecetative cells after various time intervals
‘48 determined. It was concluded that all the factors excent
Atrate had an effect on the number of snores which were able to

fUltiate ~rowth and that there were certain significant inter-
WQitions, e.”. heat rrocess with sodium chloride and heat wnrocess
1th nitrite. Details of the effective values of the various

8Ctors were not, however, civen,

These investigations are summarized in the Table.

h ‘
ﬁFngtimicrobial effect of nitrite following g heat itreatment

Snores: Jensen & Hess (1941) sucsoested that those interactions
-eEWeen The heat —rocess and curing salts were a result of an
Sgirease in the heat sensitivjty.of the spores dge to: thescuring
votts, It is now clearly established that this is not so.
*SSaip o Cameron (1942) were unable to detect any incrsase i:
{eat sensitivity of spores of Cl. botulinum type A in the
éiiSépce of curing salts, nor were Jtumbo et al. ﬂ1¢u5a, Bj; :
witllkzer-, Grecnberg & Shack (1958), or Roberts, Gilbert &'quram(1966)
h sodium chloride alone, and with Cl. sporocenes. Additionally,

th

She heat processes used in practice to achieve stability of those
19

€lf-stable canned cured meats, Fo values of about 0.5 (Riemann,
o2 Spencer, 1966), do not succeed even in the presence of
i*lng salts, in eliminating viable clostridial spores from the
B 21, stable, product (Ingram, 1952; Brown, Vinton & Gross, 1960;
tklemann, 1953; Steinkraus & Ayres, 1964). It thus appears likely
}Pat the form this interaction takes is one of the curing salts
é Sventino the germination and/or outgrowth of the surviving
b“ores which have in some way been made sensitive to the effect
196t?e heat tregtment'(?rgwn et al.. 1?60; Riemann, 1963; Spencer,
./ Recept investications have indicated that @h@s form of
N €raction is indeed an important one in the stability and

€ty of canned cooked cured meats.

8ats Roberts &% Ingram (1965) renorted the results of an investi-
mm?OH into the effect of sodium chloride, potassium nitrate and
baé%um nitrite in the medium on the ability of Heated spores of
to +1li and clostridia (excluding Cl, botulinum and Cl, welchii)
wmaeVelon and produce visible gcrowth, This demonstrated unequi-
Bep 11y that these substances interfered with some stage in the
lnation and develorment of surviving heated spores, at




R

Concentrations which would be ineffective with unhested

Shores. From the similarity between the effects of sodium

Chloride and potacsium nitrate, it was considered that their

action mi~ht in some way be osmotic, depending fundamentally on

Water activity. Nitrite, however, clearly onerated on a f
diff'epent basis and its action was very de rendent on pH value

and may nossibly have been due to undissociated nitrous acid.

£ The investigations of Roberts and his colleacues (Roberts

< Ingram, 1965: Roberts gt al., 1966) have been confirmed by
Duncan 2 Foster (1963 ). Additionally, these workers demonstrated
that nheatinc spores in the nresence of nitrite rsduced their
?b%lity to give rise to growth subsequently in the absence of
Ulrite,

Curing Frocesses Shown Experimentally
to be Stable and/or Safe

i
Sodium| Initial
Chloride| Nitrite
Rep Heat |Concen-| Concen- |Spore SR Sy
e Process |tration| tration Level/g Commnents
(% on DeDoMe
Jater on Total
Phase)
\
%u
ﬁgﬁbo et al. |Fo =1 |About 150 5 Spoilage inhibited
s e L5 for up to one year
%:%nke & 65,5°C | About 200 5,000% lo toxin after 30
: er (1954) |/70 min 3-3.5 days at 30°c.
«fﬁzn & 80°%c/ 546 150/83 [Natural pH 5.8 + 0.2,
°8 (1952) |20 ‘min. 1 Failed when
challenced with
‘Hl 50 spores/g
ﬁg%i*er et aliFo=0,08 3.5 78 (10-20) |iTatural Failed when
23 Fo=0.10 3.5 78(10-205 1, added 2,6) | containing only
Ry 58 “DeDells Nitritel
e
ann (1963)Fo=0.4 | L4.02 |0t 3
\\\“‘__; stated

%
() {“ .
Thél‘ botulinum
nitrite Fipures in brackets refer to nost-processing levels.,

Inhibitory effect of nitrite when heated:

nitp-A new chapter in the story of the antimicrobial effect of

fiBal;a was commenced by the investigations of Perigo, Whiting

QOmpSﬂford (1967). These workers used a model system of a

the . €X @acteriological medium in place of meat and investigated

at vab%lltv of nitrite to inhibit the growth .of Cl. sporogenes
arious pH values: :

1. when nitrite was added as a sterile solution to
the heat sterilised medium, and
2. when the nitrite was heated in the medium,

PeP-

“ecéio et al., found that 200 - 4OO p.p.m. of nitrite was

oy, Sary to cause inhibition of Cl. sporogenes at pH values
neutrality in their experimental system when the nitrite




C heat sterilised medium., However, whenothe
nitrite was heated in the medium for 20 min. at 105 - 1157°C,
Only 3 - 5 p.p.m. nitrite was necessary to inhibit orowth and
the inhibitory concentration was largely independent of the
PH of the medium., Perigo et al. postulated that when nitrite
is sufficiently heated in the medium it is involved in a
reaction which results in the production of some unknown
?nhihitory substance (or substances) which differs from
lnorgance nitrite in three important respects:

e
L]

3F
1. its inhibitory activity is only slightly pH
dependent,
2, it elicits a much less variable response from
the test organism,
3, it is a far more important inhibitor than is
inorganic nitrite.

?hey sugz ested that this inhibitory substance may play an
important role in the stability of certain sublethally nrocessed
Cured meats. Perigo & Roberts (1968) subsequently examined the
Activity of nitrite heated in "Perigo" medium against a range

O? clostridia including various types of Cl. botulinum and
Obtained pesults similar to those obtained by rerigo et al. (1957)
Using 1, svorogenes.

Johnston, Pivnick & Samson (1969) considered four possible
Poles for nitrite in the stability of cooked cured meats:

the enhanced destruction of spores by heat,

an increased rate of germination of spores during

the heat process followed by death of the germi-

nated spores from the heat process,

3, the »nrevention of germination of spores that
survived the heat process,

LL, ‘the production of an inhibitory substance from

the reaction of nitrite with some component of

the meat during the heat nrocess.,

N —
e o

oy
;22¥ investigated the latter role using a 50% w/v suspension of
i blend@d wit a.ou}ture medium and heateq Wlth various
thECGHtratlons Of'ﬁltrlte up tq 200 De Do ?hls substrate was
n0~? challenged with Cl. botulinum. The 1ph1bitiqn foun@ was
SUbiPeater thag.that expected from the r651dgal nltr}te‘ln the
in%§t?ate.. Additionally, they found that while the Perigo
. Mibitor in medium was not dialysable, the inhibitory substance
Thameat was dialysable, and sugrested thatthis was nitrite itself.

S¥ concluded that a Perigo inhibitor was probably not nroduced
N iéng~the hea@ treatment of meat whicb gont?ined nitrite.anq
in tﬁ was of }1ttle relevance to explaininz the role of HErite

e stability and safety of canned cured meats. Labbe &

o oan (1970) also exrressed the view that nitrite does not
a ?lnéﬂwith some component of meat during heating to produce
efflnhlqltory-subst?nce, althoush they confirmed the Perigo

€ct in media, using Cl. welchii as the test organism.

The Perigo effect, both in media and in meat, has been

tigated extensively at B.F.M.I.R.,A. for several years.

meaexﬁeyiments to determine whether a Perigo effect occurs in
» minced lean leg pork was added in 25g. amounts to small

S

W;izchapped bottles so as to almost f£ill them. Some bottles

Cong inoculated with a solution of sodium nitrite to give a

1150§ntrat‘on in the meat of 150-600 p.p.m. and heated at

ST for 20 minutes., Other bottles were heated and when
Were inoculated with a filter - sterilised solution of

lum nitrite to give a concentration in the meat of 75-300 p.p.m,

i}lve
I S




After overnight storage at 2103. in the dark, bottles were
lnoculated with a vegetative culture of Cl. sSpnorosenes,
incubated and examined at intervals for growth, Invariably,
lpwer residual concentrations of nitrite inhibited srowth
When the nitrite had been heated in the medium than when the
n?trite was added after the medium had been heated. The
digapram shows the results of a typical experiment.,

o wm
0]

The ED.~values, i.e. the concentration of residual nitrite
scary td-inhibit growth in 50% of the challenged tubes, has
used to assess the effect of nitrite in different systems.,
difference in the ED_. values between the nitrite concen-
added before and after heating was generally of the
30-60 prm, The ED value of heated nitrite was of

of 50-150 ppm res?gual nitrite, for which it was

to add 200-L00 vpm nitrite to the meat before it was
he hich initial concentration of nitrite necessary

an. inhibitory effect suggests that the Perigo
not likely to be of importance in practico Lo sthe
v and safety of canned cured meats and provides an
jon for the failure of other workers, e
1959), to obsesrve a Pesrico effect in me
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