


was less rapid. There was little change in nitrate concentrations

during cooking and storage.

The level of nitrite added to the meat influenced growth and

toxin production by C. botulinum. Also, the concentration of

nitrite needed to effect complete inhibition was dependent on the
inoculum level. The rate of toxin production was decreased, and
the number of toxic cans was reduced by increased nitrite. At a
spore level of 90/g they confirmed toxin production up to 150 pﬂ/q
of nitrite, but none at 200 pg/g and higher. At a spore level of
5,000 per g, toxin was confirmed up to 400 pg/g of nitrite. How-
ever, only 8 of 280 samples with nitrite levels of 200 pg/g or
greater were botulinogenic with the high spore inoculum. Nitrate
was shown to have a statistically significant inhibitory effect;
however, the effect may have been through increased production

of nitrite. Nevertheless, the authors concluded the effect of

nitrate was not sufficient to be of practical value.

No toxin was produced in canned ham samples stored at 7°C.
However, they found that the omission of nitrite led to what was
termed nontoxic spoilage. The cans were swollen and the product
Was sour and had a green discoloration. This spoilage occurred

within one month, but was inhibited by use of nitrite.

Samples of ham analyzed with various levels of nitrite and
nitrate were negative for 14 volatile nitrosamines with a con-

firmable sensitivity of 10 ng/g.




Wieners

The next study was conducted on wieners, a product selected
to represent those products which are finely comminuted
(Bard, 1973). This study appears in detail in the July issue

of Applied Microbiology (Hustad, et al., 1973).

Commercial conditions were approximated as closely as
possible for formulation and processing of the wieners. Six
levels of nitrite (0, 50, 100, 150, 200, and 300 ng/g), four
levels of nitrate (0, 50, 150, and 450 pg/g) and two inoculum
levels (0 and 620 cC. botulinum spores/g) were used. Incubation
periods up to 56 days were used and portions of each batch were
stored at either 7°C, 27°C, or 21 days at 7°C followed by 27°C
for 56 days. The product was formulated with 42.5% pork (50%
lean) 31.41% beef (95% lean), 17.13% ice, 3.2% water, 2.51% salt,
1.80% dried corn syrup, 1.02% dextrose, 0.39% spice; and 0.04%
sodium ascorbate (ascorbate). Spores,were added during the second
minute of chopping followed by nitrite and nitrates. After pro-
cessing and vacuum packaging, samples of each lot were alloted to
different storage conditions. Samples were analyzed for
botulinal toxin, and nitrite and nitrate periodically during the

incubation periods.

During processing the authors noted an avérage 67% reduction
in added nitrite. There was a further depletion of nitrite during
storage, but the rate was dependent on temperature, as was ob-

served in the ham study at 27°C, the reduction occurred within
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the first few days, while at 7°C, concentrations decreased only
after 3 weeks of storage. Nitrate also decreased during storage,
particularly at 27°C. Small quantities of nitrite and nitrate

were present in samples where none was added.

The authors (Hustad, et al., 1973) found that added nitrite
suppressed botulinal toxin formation. Toxin was present in 79 of
220 nitrite-free samples. Two samples containing 50 pg/g of
nitrite were toxic after 56 days storage at 27°C while no samples
became toxic at higher nitrite levels. They indicated that
wieners were not a good medium for toxin production by
C. botulinum. Nitrate had little effect on toxin production as
a large number of toxic samples were detected where nitrate, but

not nitrite, had been added.

The authors reported nitrite affected flavor and that
wieners containing nitrite had a significantly higher flavor

score than did those not containing nitrite.

Also, samples containing varying levels of nitrite and |
hitrate were analyzed for nitrosamines. None were detected at
a4 confirmable sensitivity of 10 ng/g in uncooked, water cooked,

Or pan-fried wieners.

Bacon
Preliminary reports were given recently on studies conducted
On bacon (Herring, 1973; Greenberg, 1973). 1In the United States,

bacon is that product prepared from pork belliecs. It is
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processed at low temperatures (56 - 60°C) and must be further

cooked prior to consumption. The study was designed to determine
the effect of nitrite from three distinct aspects; product manu-
facture and physico-chemical characteristics, nitrosamine forma-

tion during cooking, and inhibition of growth of C. botulinum.

Bacon was produced with six levels of nitrite (0, 15, 30, 60,
120, and 170 pg/g) and two packaging types, non-vacuum and vacuum.
Nitrate was not incorporated into the study because few pro-
cessors use it in their curing pickles and use a very short
curing time. Bacon was injecto-pumped to retain 10%, a curing
pickle containing 13.4% sodium chloride, 2.9% sucrose, 2.5%
sodium tripolyphosphate, 0.23% sodium isoascorbate, and varying
levels of nitrite. The bellies were processed within five hr.
at 54 - 60°C for about 1l hr and to an internal temperature of

53 - 54°C. After chilling to -4°C, the bacon was molded, sliced,

and packaged.

There was a 23% decrease in nitrite after pumping and a 60%
reduction after processing. However, there was considerable
nitrate generated where none was added. Up to 50 ng/g sodium
nitrate was present within a few days of processing. Residual
nitrite concentrations were a function of added nitrite, being
higher with higher added nitrite; and nitrate éoncentrations

were also higher with higher added nitrite.

Added nitrite level had an effect on bacterial growth.
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Concentrations of 15 to 60 ng/g had little effect on the lag
phase of growth n vacuum packaged bacon. 120 to 170 pg/g of
nitrite delayed | terial growth for four to five weeks.

Flavor stability and acceptance of bacon were also affected
by added nitrite level. Bacon produced without nitrite had
lower flavor acceptance scores than bacon produced with nitrite.
Off-flavor scores were higher initially and increased at a

faster rate in bacon with 0 and 15 pg/g nitrite. In non-vacuum

o
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o

packaged bacon containing hg/g nitrite, sensory tests
were terminated early due to mold growth, while bacon with

60 ng/g nitrite or higher were sampled throughout the storage
period of 7 weeks and had a lower rate of decline of acceptance
Score. Thirty pg/g nitrite was needed to produce the pink

Coloration in vacuum packaged bacon while in non-vacuum

Packaged bacon 60 ung/g was required.

Added nitrite level and cooking method affected the forma-
tion of nitrosamines. Since uncooked samples contained no
Ditrosopyrrolidine (NP), it had formed during cooking. NP
increased with increasing nitrite levels. Pan fried samples had
the highest (0 - 24 ng/g) oven baked samples intermediate
(0 - 14 ng/qg), and microw.ve cooked samples the least

(0 - 5 ng/qg) NP.

Tests were then conduct t raluate the effectiveness of
AScorbates on preventing or blocking the formation of NP,




(Mirvish, 1972). Three types of processing conditions were used:
Company A used an intermediate ll hr process (as described above),
Company B used a short 4 hr process, and Company C used a 22 hr

process two days after pumping of bellies.

No nitrosamines were detected in the short-processed, fried
bacon, even though no ascorbate was added. 1In the intermediate
processed bacon of Company B, 5 - 10 ng/g NP was found with use
of 170 pg/g of nitrite and 0 ascorbate. Increased concentra-
tions of ascorbate to 500 pg/g appeared to .bleck NP formation in
bacon. In the long processed bacon, 5 - 13 ng/g NP were present
when 0 ascorbate was used, 5 ng/g was present when 500 pg/g
ascorbate was used, and 0 NP was detected with 2000 ng/g

ascorbate.

In another test, storage of bellies for 13 days at 4.5°C
before processing (long process of Company C) increased NP to 18
from 7 ng/g after 1 day at 4.5°C. At the same time, formation

of NP was blocked when 1000 ng/g of ascorbate was used.

The third aspect of the studies on bacon dealt with the
degree to which nitrite retards or prevents growth of C.
botulinum. Nitrite levels were 0, 30, 60, 120, 170, and 340
Pg/g; inoculum levels were 0, 100, and 10,000 spores/g. Also, it
was decided to inoculate the bacon before processing via the
pickle and after slicing. Product was vacuum packaged and

incubated at 7° and 27°C for 12 weeks.
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An inhibitory effect on C. botulinum toxin production was
observed in both lightly and heavily inoculated bacon regardless
of when the product was inoculated. At the low inoculum level
and at 27°C storage, toxin was detected at 0 and 30 ng/g nitrite
within one week, at 60 ug/g in two weeks and at 120 pg/g in four
weeks. No toxin was detected at 170 and 340 Pg/g throughout the

three-month storage period.

In the heavily inoculated product, toxin was observed at all
nitrite levels, but at a decreasing frequency with increased

Nitrite level.

In bacon inoculated after slicing, bacon with 120 ng/g added
Nitrite was considerably more resistant to botulinal toxin
Production than product with lower added nitrite. This in-
dicated that a "Perigo factor" was observed in bacon and which

acted to inhibit growth of C. botulinum. Also, residual nitrite

levels decreased significantly (to less than 6 ug/g) within two weeks

in bacon with up to 170 png/g nitrite when incubated at 27°C.
Therefore, it was the high initial added nitrite concentration
Yather than the residual nitrite that was responsible for the

antj-botulinal effect.

Conclusions

In conclusion, these studies demonstrate that those con-
Centrations of nitrite long used in commercial practice are

®ssential in inhibiting growth of C. botulinum in those products
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studied to date. Clearly, the level of nitrite added at the time
of manufacture rather than residual nitrite concentrations is
necessary for the anti-botulinal effect when processed meat
products are temperature abused. It would appear that the
nitrite not only reacts with spores, but reacts with meat to form
an inhibitor (Perigo factor) of spore germination and/or

outgrowth.

No nitrosamines were detected in chopped ham or wieners even
when they contained 500 and 300 Bg/g added nitrite, respectively.
In fried bacon, however, nitrosopyrrolidine concentrations up to
24 ng/g were detected at conventional (170 ng/g) levels of
nitrite. The nitrosopyrrolidine concentrations were reduced by
use of lower levels of nitrite, microwave cooking, or high

levels (1000 - 2000 ng/g) of ascorbate.
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