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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 NO,/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%
O0,, 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 NaNO,. Lower pH,
higher salt, and O, 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.
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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




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.
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pH values of the sausagé®
ranged from 5.5 to 7.9-
There was no clear
correlation between pH 2
lag time to toxin deteC
While bacterial growth .
generally increased Overbwf
to a maximum density of eﬁe
Log,,~8, the rate of ?ncr
was not correlated with
either the iron level, in
residual nitrite, or toxaaﬁ
presence. The direct.Pliwr
also indicated contamin?
which was minimal.
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Figure 1 shows the ]
relationship between 1
iron levels and the tiFé
until detection of toxi”
(lag) in cured sausages'tioIl
There was a high corr®€ iwo
(R°=0.88) between thesé js
factors, with toxin 129 .,
being inversely relaté tﬂl
iron levels. An exponegt
decay curve gave the b€

$ 5 - . v
predictive fit. SOdlugrmwc
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against Clostridium pott~o )
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blood cells (0 and 0.5 o
added. There was at 187. 4
wks of protection at
samples which did not
added blood fractions:
Control samples, withouiovY
nitrite were always to¥

2 weeks at 27°C. A f?Wed
samples where neutr311Z&97
with antitoxin TypesS

only type A toxin was 15"
produced in these samP

ngoing
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Antibotulinal effects jue ¥

sodium nitrite may b€ :ng
its intracellular blndaﬁyg
and inactivation of ennzﬂw
yielding sulfur-iron
(Woods and Wood, 1982)ﬁd9'w
Iron-containing compourfitl
such as hemoglobin,
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Figure 2. Effects of interactions among
Z%oxygen, pH, and salt on germination
of C. botulinum type B in BAM broth

a) Days to germination

b)#tubes which grew/#total tubes
c)ftoxigenic/#tubes

d) No growth, no toxin
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