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SUMMARY
Clostridium botulinum spores 
were evaluated for outgrowth 
and toxin production with 
added blood fractions or 
modified atmospheres. Dried 
bovine blood fractions (0-5%) 
were added to cured beef (156 
ppm N02/550 ppm ascorbate) , 
inoculated with 300 Type A&B 
spores/g, heated to 80°C for 
20 min, then stored in vacuo 
for up to 10 wk at 27°C.
ATCC 7949 (Type B, 
proteolytic) spores were 
inoculated into Hungate tubes 
containing broth (pH 5-7,
[NaCl] 0-3%), purged with 0-6% 
02, and stored at 20°C for 60
d. Iron levels from blood 
fractions were inversely 
related to toxin lag time. 
Thus, blood fractions with 
significant levels of iron 
reduced the antibotulinal 
efficacy of NaN02. Lower pH, 
higher salt, and 02 levels 
inhibited growth and toxin, 
and increased germination 
times. Therefore, 
combinations of low oxygen 
tension, moderate pH and salt 
levels inhibited Clostridium 
botulinum outgrowth and toxin 
development.

INTRODUCTION
Control of Clostridium at1.botulinum in pasteurize<̂ * 
refrigerated meat produc 
maintained by preventing 
germination and outgrowth<̂  
rather than by destroying 
thermally resistant spot^r 
(Hauschild, 1989). inhi 
of this anaerobic ^
neurotoxigenic pathogen 
achieved classically
limiting initial spore i°^r 
and creating unsuitably €
conditions. These incluclpjiz
aerobiosis, brine >10 *
4.6, a H < 0.96, microbi** 
competition, and chemic 
preservatives such as 5 
nitrate. Recent market 
demands for fresh, e
refrigerated, convenien 
produbts have been met 
industry with the i n t é 
of foods which are Pa . n 
under low oxygen tensiy^i0 
having received a comb1'
of mild bacteriostatic ,
treatments (Miller, l9 
Yet the potential for 
Clostridium botulinujB 
germination, outgrowths 
toxigenesis has been uir 
insufficiently studied 
these conditions.
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Furthermore, incorp°ra^ji ̂
iron-rich additives/ su
blood, to meat product , f 
inhibit the antibotul1^  g 
played by sodium nit*1 
(Tompkin et al. 1978) 
so-called "classic" 
generation" refrigera ^
foods. Therefore, the,y r  < 
objectives of this stu 
to determine the 1) et0f\ ̂  
added blood fractious t
antibotulinal efficacy a v
sodium nitrite in a c
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and 2) interactive
^ Ä § t y ? ^ g e n ' p H ' and salt^^it^p^äiuin botulinum 
Q*ig6n 1?n / outgrowth, and ^ esis, and
% i4l-S AND METHODS
5! > es. „
Cl'StW - J For blood fraction

a m ixture of
(J* 52a~^ feotulinum Type A
& .  l e g  « p S T ^ e  B

Psea' ATcc 7949) strains 
V6̂ cts of Studies on
C  conduc? S g e n -tensionrtPro ^ted using the 

B strain^*F?ypë
197^ êdi,ia: Botulinum

*ith?"JBAM> (Huhtanen, 
ivQ ̂ s®cl ^°U*" thioglycollate 

^tcen?r broth studies. 
Platin a9ar was included

iw ^ Medium. 

lVsiS; al Design and

t,

l
'
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A c t i o n experiment
VL,
t^cL^iec^v!5 Were formulated h« n ? W ’.bovine blood
V ^ o b i ^ i u d i n g :
N u l?°d oe??1 ' plasma (P L > < 
S t i blo°d <RB> ' andS f  loh wa (WB) • Each blood K  leJ \  substituted for 
* N >  i f ® 1» varying 
Hhii.the f n<d a maximum of 
•̂5| 50l3ai °5inulations.
S  ^ C1 itives includedV 50 u ' 156 Mg/g NaN0
S  h ? ^ 9sIJNJAscorbate. 

vat shocked3 (includin<?¿Vg^^cUuln ked spores/g) 
?***" ,ealed in low

¡ S t  K S £  «ere then i7°- V 4 g!d under -----

v.&te,* Petm- ««-Led in low 
?ile “ 1® end

w ! ^ C J ~  2 0
v., "=q f — -■*- vacuum

% U sAt W eeL i ' ^ ° +.Weeks atS w6fe Kly mtervals analy2ed and

quantified for anaerobic 
growth by plating dilutions 
onto BAM plates; nitrite 
levels were determined using 
the AOAC procedure; iron 
levels of meat samples were 
determined by atomic 
absorption spectroscopy 
according to AOAC procedures ; 
pH measurements were made on 
liquid homogenates of samples 
after being heated (to 
inactivate toxin) then cooled 
to room temperature; mouse 
bioassays were used to 
determine the presence of 
botulinum toxin. Statistical 
analyses and curve fittings 
were performed using RS/1, an 
integrated technical analysis 
program.
2. Modified atmosphere 
experiment
BAM broth was adjusted to pH 
values and salt levels of 5-7 
and 0-3%, respectively. Five 
mL portions of the adjusted 
broths were added to 20 mL 
Hungate tubes. After 
sterilization and anaerobic 
equilibration, 500 spores/mL 
were added. Then, tubes were 
equilibrated with individual 
gas mixtures containing 
either 100% nitrogen or 0.6%- 
2.4% oxygen with the balance 
being nitrogen. These 
environments were maintained 
by purging anaerobic jars 
containing the tubes with 
mixtures of the experimental 
gas mixtures. Oxygen levels 
were determined with a 
Systech 2550 Oxygen Analyzer. 
Tubes were incubated at 20°C 
for 90 days or until 
germination occurred. 
Germination was monitored by 
visual observation and 
turbidity measurements using 
spectrophotometric measure­
ments at 610 nm. After 90
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days viable spores in two 
remaining tubes were 
determined by plating 
dilutions on to BAM agar. 
Aliquots from these tubes and 
all tubes showing growth were 
assayed for toxin using an 
ELISA technique.
RESULTS AND DISCUSSION
1. Blood Fraction Experiment
Significant correlations 
(p<0.01) were observed 
between
added blood fraction levels 
for HB, WB, and RB and 
measured iron in the sausage 
formulations. Plasma lowered 
by dilution endogenous iron 
levels in the beef (Table 1). 
Five percent added hemoglobin 
increased iron levels by ten­
fold above the hemoglobin- 
free control. Red blood 
cells and whole blood 
increased iron levels less 
markedly. In all cases, 
except plasma, there were 
proportional increases 
between ingoing blood 
fraction levels and detected 
iron levels in the sausages. 
Iron levels in beef varied 
between 13-28 mcg/g.
Residual nitrite levels at 
day 0 varied between 0-40 
ppm, and quickly fell to 
below 10 ppm, usually within 
2 weeks. Similar results 
were observed by Kim et al.
(1987). There was no 
apparent correlation between 
iron levels in the sausages 
and nitrite levels, nor were 
there trends among blood 
fractions. The combination 
of ascorbate, reductants in 
the beef, and the spores most 
likely accounted for the 
rapid nitrite depletion.

0]
pH values of the sausa9e 
ranged from 5.5 to 7.9. 
There was no clear ^
correlation between pH ® p, 
lag time to toxin detec 
While bacterial growth 
generally increased over^^t 
to a maximum density of 
Log10=8, the rate of ihcr 
was not correlated with 
either the iron level/ .n 
residual nitrite, or t°* 
presence. The direct 
also indicated contamih 
which was minimal.
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Figure 1 shows the , Qy$ " 
relationship between 
iron levels and the ti*1 
until detection of toki 
(lag) in cured s a u s a g j  
There was a high correl j
(R2=0.88) between these ^  
factors, with toxin la^ to , 
being inversely related 
iron levels. An expone t̂ 
decay curve gave the he 
predictive fit. Sodiu® xfi 
nitrite protected the ? 
against Clostridium 1
toxigenesis for the n 
wk incubation period wn . 
plasma (all levels) ot ^  
blood cells (0 and 
added. There was at 1® c 
wks of protection at 
samples which did not 
added blood fractions- 
Control samples, with0 W 
nitrite were always t°
2 weeks at 27 °C. A ,
samples where neutral]- & ¡5» 
with antitoxin Types A 
only type A toxin was 
produced in these samP

 ̂ 0Antibotulinal effects t 
sodium nitrite may he ,jj$ ̂  
its intracellular blTïnef$e$ 
and inactivation of e 
yielding sulfur-iron 
(Woods and Wood, l982^df'yii Iron-containing comp® 
such as hemoglobin, f
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[|ch , which are
fractions, may 

S e e n ? 031™  nitrite S <  lular- ly, thus
ciQ 2^ from entering^ tl^ t r i dlal oell- They

Sfĉ Ce* . ̂ berefore, cannot 
kn cts antibotulinal V  CTompkin et al.,
2, ^

atmosphere
V^Wth

toxin production
^ ls b S f  a t “ ygen^ Ween 0-2%. One
, 2 S i  ?*Ygen was the 
«>ln"t}eVel «here Cecteçj °*}and toxin were^  Led f  1V* L U X in  w e re

f,lg 2)- The single 
at ?s-Was 1 tube which 

» i n i ' '  but «as
O-is. ^  oxygeu levelsyPirtr* U-is, —  jry^* J-WVV'J- growth occurred
py ,^ays) when

V ^ s  ( 0 °

r̂>!e^C

(7) and salt 
Were maintained.

^  ̂ ish6rt °lear trend of 
of:growth in the 

^dfaSed ^educed pH andr ° C se3 ¡a r uced pH^ i.̂cti0 alt. Toxin
im-QWas Inore sensitiv 

°̂amen+-Jr̂ c^ions of these 
^Qtyth ^actors than

Jl
■*iw are *
S g ^ i t g  paUcity of data 
S  ?  t o L ? e sPecific

y s ce  f ° r  g r ° wthS ] ï % u m  Uducti°n in 
yi^s^î^SililijTum* The
S > Ä b i s  studyo*Vo;*at sPores will°xygena ^ Sp° aNbi ■Y erio n levels
$NstLanc* m n ^ tered inN $ hç* e  J°d ified
^ VSh+.anb tnv^aged foods, is °thted by £;|;genesis can 1 
l ? 0V  envi^0 manipulate 

■ Suci;ronirienta i S- Uch as pH or salt

CONCLUSIONS
1. Blood fractions 
containing iron, such as 
whole blood, hemoglobin, and 
red blood cells, reduced the 
antibotulinal efficacy of 
sodium nitrite.
2. Plasma can safely replace 
up to 5% of the beef without 
increasing the risk for 
botulinal growth and toxin 
production.
3. Spores of Clostridium 
botulinum strain Cll (type 
B) outgrow at oxygen levels 
below 2% unless other 
barriers are imposed, such as 
acidification or added NaCl.
4. There are additive or 
synergistic effects among 
oxygen tension, pH, and salt 
levels which can be used to 
prevent growth and 
toxigenesis of Clostridium 
botulinum.
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Figure 2. E ffects o f in teractions among 
%oxygen, pH, and salt on germ ination 
of C. botulinum  type B in BAM broth.
a) Days to germ ination
b ) #tubes which g re w /# to ta l tubes
c )  # tox igen ic /# tubes
d) No growth, no toxin
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