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Summary

In  the present work the e ffe c t  of various concentrations of 
sodium n i t r i t e  on germination and growth of spores from 
C lostrid ium  botulinum type B in  a meat product was in v e s t i
gated^ I t  was not possib le  to demonstrate any p rese rva tive  
action  o f sodium n i t r i t e  a t concentrations under 200 ppm, 
that i s  the maximum le v e l used in  meat products. In  samples 
contain ing 480 ppm sodium n i t r i t e  and incubated at 37 C 
botulinum to x in  was found i  4 out o f 8 samples.
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E a r ly  in ve stig a t io n s  (Lewis & Moran 1928, Tanner &  Evans 1934) 
ind icated  that f a i r l y  large amounts o f sodium n i t r i t e  had to be 
used in  order to obtain an in h ib ito ry  e ffe c t  on b a c te r ia . Lewis 
& Moran ( 1928) reported that 0 ,2  % sodium n i t r i t e  in h ib ite d  the 
growth of C lostrid ium  p u tre fao icn s , w hile Tanner & Evans (1934) 
recommended the use o f 0 ,5  % to in h ib it  growth. However, these 
in ve stig a t io n s  were preformed without taking in to  account the 
a c id it y  of the growth media used. In  other in ve stig a t io n s  
(C a s te lla n i & Niven j r .  1955* Ingram 1962, Gould 1964, Roberts 

&  Ingram 1966) the e ffe c t  o f pH was demonstrated and g en era lly  
showed that reducing the pH gave an increased in h ib ito ry  action  
of sodium n i t r i t e .  Henry &  a l (1954) stated  that the pH - o p t i
mum fo r the in h ib ito ry  actio n  o f sodium n i t r i t e  was 5 ,6 . D if fe r 
ent food con stituen ts such as ascorb ic acid  (Henry & a l 1954 ) 
and glucose (C a s te lla n i &  N iven' 1955) seem to increase  the in 
h ib ito ry  a c tio n . The in h ib ito ry  action  of sodium n i t r i t e  i s  
a lso  increased under anaerobic conditions (Eddy &  Ingram 1956) .

The i n i t i a l  b a c te r ia l load of a ,-faod product in flu en ces the 
an tim ic ro b ia l e ffe c t  of n i t r i t e  (S i l l i k e r ,  Greenberg & Schack 
1958, Bulman & Ayres 1952). Roberts & Ingram (1966) in v e s t
igated the in h ib ito ry  actio n  of sodium n i t r i t e  on the germi
nation and growth o f spores from C lostrid ium  sporogenes at 
various pH and w ith heat treatm ent. At pH = 7*5 and heating 
a t 80°C fo r 20 m inutes, 1200 ppm sodium n i t r i t e  stopped germi
nation and growth of more than 100 spores, w hile 100 ppm was 
s u f f ic ie n t  i f  the pH was adjusted to 6 ,5  w ith the same heat 
treatm ent. These in ve stig a t io n s  have since  been confirmed by 
Duncan & Foste r (1968 a ,b ,c ) .

Perigo , Whiting & Bashford (1967) demonstrated an increased 
in h ib ito ry  actio n  of sodium n i t r i t e  i f  n i t r i t e  was heated 
together w ith p ro te in  in  a growth medium. Adding sodium 
n i t r i t e  a f te r  heat treatment of the growth medium did not 
give the same in h ib ito ry  actio n  on vegetative  c e l ls  of C lo s
trid ium  sporogenes. Perigo &  Roberts ( 1968) found the same 
re s u lt s  when in v e s t ig a t in g  d if fe re n t  types of C lostrid ium  
botulinum. While 80 - 120 ppm sodium n i t r i t e  had an in h ib i-
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n i t r i t e  was added a f te r  heat treatment of the growth medium, only
7 , 5  - 1 0  ppm was s u f f ic ie n t  to give in h ib it io n  when the n i t r i t e  was 
added before heating to 121°C fo r 20 minutes. Other in ve st ig a to rs  
(Simonsen 1 9 6 8 , Roberts 1971) have demonstrated the same re s u lts  when 
using laborato ry media. However, when inc lud ing  d if fe re n t  amounts 
of meat in  the cu ltu re  substrates the same in h ib ito ry  actio n  a f te r  
heat treatment could not be demonstrated i n t i l  the concentration 
of sodium n i t r i t e  in  the growth substrate  reached 600-800 ppm 
(Roberts 1 9 7 1 ) .  These seems to be some disagreement in  th is  m atter, 
as seve ra l in v e s t ig a to rs  (S i l l i k e r  & a l 1958, Rlemann 1963, Bulman 
& Ayres 1952, Steinke & Foste r 1951* Stumbo & a l 195^, Koelensmid 
&  van Rhee 1 9 6 8 ) have demonstrated an in h ib ito ry  actio n  of sodium 
n i t r i t e  in  meat products using 200 ppm or le s s .

The aim of the present work was to in ve stig a te  the e ffe c t  o f v a r i 
ous concentrations of sodium n i t r i t e  on germination and growth of 
spores from C lostrid ium  botulinum type B in  a meat product.

M ate ria ls  and methods

Spores from C lostrid ium  botulinum type- B s t ra in  Beans were uswd. 
Growth medium fo r spore production was 5 per cent try p tica se  
(BBL) , 0 ,5  % peptone (D ifco ) and 0 ,1  %  sod ium thiog lyco llate 
(Wagenaar & Pack 1956). The pH was adjusted w ith hydroch lo ric 
acid  to 7 ,0 . To 2 1 growth medium, 50 ml inocu la te  from a 12 
hour cu ltu re  of C lostrid ium  botulinum type B s t ra in  Beans in  
Robertson’ s meat broth, was added.

Incubation was performed in  Me In to sh -F ild e s  anaerobic ja r s  fo r 
one week a t 37 °C and the fo llow ing  week at 22°C. The spores were 
harvested in  a cen trifug e  (Sorw all RC 2 B) a t 10.000 rpm fo r 25 
m inutes. The spores were washed 6 times w ith s t e r i le  deionized 
w ater. The spore suspension was d ilu te d  in  30 per cent g lyce ro l 
and spore counts were ca rr ie d  out in  a phase contrast m icro
scope w ith a P e t ro f fH a u s e r  counting chamber. The spores were 
added to the meat substrate  to give 17 and 1700 spores per gram, 
re s p e c t iv e ly . Two per cent sodium ch lo rid e  was added tojanci^the 
meat substrate  which contained about 30 per cent fat^had a pH
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Table 1 shows the concentrations of sodium n i t r i t e  added, and 
n i t r i t e  remaining a f te r  heat treatm ent. The contro l did not con
ta in  sodium n i t r i t e .  Determination of n i t r i t e  was performed 
according to the method described by the A sso c ia tion  o f O f f ic ia l  
A g r ic u ltu r ia l Chemists ( 1 9 6 5 ) •

Table 1. Concentrations of sodium n i t r i t e  added to the meat 
substrate  and n i t r i t e  remaining a f te r  d if fe re n t  
heat treatm ent.

Sodium n i t r i t e  measured-(in ppm)

Amount of sodium n i t r i t e  
added to the meat substrate

Control
( 0 ) 50 60 120 240 480

Amount of sodium n i t r i t e  
a f te r  110°C fo r 10 minutes 0 10 15

t-G
\

-3- 147

Amount of sodium n i t r i t e  
a f t e r  80°C fo r  20 minutes 0 10 19 40 104 160

The meat substra tes were kept in  75 x  119 mm cans w ith and without 
vacuum. The samples were d iv ided  in to  three groups. One group 
was not given any heat treatm ent, the second group was heated a t 
80 °C fo r 20 minutes w hile  the th ird  group was heated a t 110°C 
fo r 10 m inutes. The samples were then incubated at 4°C, 22°C 
and 37°C and the cans were kept u n t i l  bulging occurred . Cans 
w ithout bulges were in vestig a ted  fo r botulinum to x in  a f te r  75 
days of incubation . In  the t o x ic i t y  te s ts  the d ilu te r it  was 
0 ,2  per cent g e la t in  in  0 ,06  M sodium phosphate b u ffe r pH= 6 ,2 .
The mice were kept fo r  96 hours and observed fo r c h a ra c te r is t ic  symp
toms .

R esu lts

The cans incubated a t 4°C did not bulge or produce to x in . Table 2 
and 5 show the time span in  days before bulging of the cans and/ 
or to x in  production took p lace in  the samples incubated at 22°C

and 57*80, re s p e c t iv e ly .
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Discussion
The maximum level of sodium nitrite allowed in meat products is 
usually 200 ppm. In the present investigation it was not possibl 
to demonstrate any preservative action of sodium nitrtie at the 
concentrations usually used in meat products. Botulinum toxin 
was demonstrated in most samples containing 240 ppm when incu
bated at 22°C and 57°C. In samples containing 480 ppm sodium 
nitrite and incubated at 37°C botulinum toxin was found in 4 out 
of 8 samples. However, incubation at 22°C, gave only one toxic 
can at the 480 ppm level. Formation of botulinum toxin took 
place at a faster rate in the meat substrates given heat treat
ment. This was probably due to heat activation of the spores 
with faster germination and growth as a result.

The results obtained are in close agreement with the results 
published by Simonsen (1968) and Roberts (1971)» but in disa
greement with several other investigations where an inhibitory 
effect of sodium nitrite levels under 2 0 0 ppm was demonstrated. 
Perigo, Whiting & Bashford (1967) found an increased inhibitory 
action of sodium nitrite when heating nitrite together with 
protein in the growth medium. This effect was not demonstrated 
when heating nitrite together with meat proteins.



(1 2 7 ) T J A B E R G  & K V Â L E

Lltterature;

Bulman,C.& J.C.Ayres: Preservative effect of various concen
trations of curing salts in comminuted pork.
Food Tech. 6(1952) 255 - 259*

Castellani ,A. & C. Niven ,jr.: Factors affecting the bacteriostatic 
action of sodium nitrite.
Appl. M icrobiology 3 (1955) 154.

v*y
Duban,C. 1 .DuEan.C .I- &  E .M .F o ste r : Role of Curing Agents in  the p reservation  

of S h e lf-s ta b le  Canned Meat Products.
Appl. Microbiology 16 (2 ) 1968a , 401 - 405-

Du^an, C . I .& E .M .F o ste r : E f fe c t  of Sodium N it r i t e ,  Sodium C lo rid e , 
and Sodium N itra te  on Germination and Outgrowth o f Anae
rob ic Spores.
Appl. M icrobiology 16 (2 ) 1968b, 406 - 411.

D ifean ,C .I.&  E .M .Fo ste r : N itrite - in d u ced  Germination o f P u tre fac
t iv e  Anaerobe 3679 h Spores.
Appl. Microbiology 16 (2 ) 1968c , 412 - 4 l6 .

Eddy,B .P .& M.Ingram: A salt-tolerant, denitrifying Bacillus 
strain which blows canned bacon.'
J .a p p l.B a c t . 19 (1956) 62.

Gould,G .W .: E f fe c t  o f food p re se rva tive s  on the growth of 
b acteriae  from spores.
4th International Symposium on Food Microbiology 
1964, 1-5.

Henry,M ., G o re t,P.& L .Jo u b e rt : Opportun!t  e L 'a d d it io n  des
nitrates alcalins ou des nitrites alcalins ou des deux 
sels simultanément aux de viandes.
Rev.Path . comp. 54 (1954) 1277.



(128) T J A B E R G  & K V A l e

Henry, M. . Joub ert. L . &  P . Goret : Mechanisme blochemique de
l 'a c t io n  du n i t r i t e  dans la  conservation des v iandes. 
Conditions physicochimigues favorab les a son action  
b a c te r io s ta t iq u e .
C . r .  S e an c .S o c .B io l. 14S (195^) 819-

Ingram ,M .: The importance o f pH in  the m icrobiology o f meat.
Særtrykk Medlemsblad fo r  Den norske veterinæ rforening 
1962, n r . 8 .

Koelensmid.W .A.A. ,  Blanche & Renée van Rhee: In t r in s ic  fa c to rs
in meat products counteracting botulinogenic conditions. 
Antonie van Leeuwenhoek 3̂  ( 1968) 287. 2 .

Lew is,W .L.&  M o ran ,J .A .: The present sta tu s of our knowledge of 
ham souring .
Amer. Inst.M eat P a ck e rs ,B u ll.N o .4 , Chicago I I I .
O f f ic ia l  Methods o f A n a ly s is  of the A sso cia tion  of 

^  O f f ic ia l  A g r ic u ltu ra l Chem ists. 10th. p.3^7, Washington
D . C. 1965.

P e r ig o ,J-A . , W hiting ,E.&  T .E .B a sh fo rd : Observations on the in h ib i-  
Ttion of vegetative  c e l ls  o f C lostrid ium  sporogenes by 
n i t r i t e  which has been autoclaved in  a laborato ry medium, 
discussed in  the context of su b le th a lly  processed cured 
meats.
J . Food Technology 2 ( 1967) 377 - 397•

P e r ig o ,J .A . &  T .A .R o b e rts : In h ib it io n  o f c lo s t r id ia  by n i t r i t e .  
J.Food Technology 3 (1968) 91 - 9 *̂

, H: Safe heat processing of canned cured meats w ith  regard 
to b a c te r ia l spores.
Pood Technology,Champaign 17 (1963) 39-

R o b e rts ,T .A ■& M.Ingram: The e ffe c t  o f sodium ch lo rid e , potassium 
n it ra te  and sodium n i t r i t e  on the recovery of heated 
b a c te r ia l spores.
J.Food Technology 1 ( 1966) 147 - 163 .



(129)
T J A B E R G  & K V Al e

R o b e rts ,T .A : The in h ib it io n  o f b acte ria  in  canned pasteurized
hams by sodium n i t r i t e .
17th European Meeting of Meat Research Workers, 
B r is t o l ,  1971.

S i l l i k e r , J ,H . , Greenberg,R.A .& Schack,W .R .: E f fe c t  of in d iv id u a l
curing ingred iens on the s h e lf  s t a b i l i t y  of canned 
comminuted meats.
Food Technology, Champaign 12 ( 1958) 551.

Simensen, Bent: The e ffe c t  o f heat treated  n i t r i t e  on b a c te r ia .
S la g te r i-  og ko n se rveslab o ra to rie t, Veterinser- og 
Landbohpyskolen Kpbenhavn 1968.

S te in k e ,P .K .W. &: E .M .F o ste r : Botulinum to x in  formation in  l i v e r  
sausage.
Food Res. 16 (1951) 477-

Stumbo, C . R . , G ross,C .E .& C .A .V in to n : B a c te r io lo g ica l stud ies
re la t in g  to thermal processing of canned meats, I I I .  
In fluence  of meat curing agents upon growth o f a 
p u tre fa c t ive  anaerobic bacterium in  heat processed 
meat.
Food Res. 10 (1945) 295.

Slgnner,F.W .&  F .L .E v a n s : E f fe c t  of meat curing so lu tiftSs on 
anaerobic b ac te ria  I I I  Sodium n it r a te .
Zentralbl. Bakt. Parasitkde (Abt II) 91(1954) 1.
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