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Introducti on

Vacuum packaging a food influences the growth of conta
minating micro-organisms, inhibiting the growth of some and possibly 
stimulating the growth of others. The overall result is usually to 
extend the shelf life of the food. Because of this influence in 
contaminating micro-organisms, however, concern has been expressed 
as to whether vacuum packaged perishable non-sterile foods in general 
Present a particular health hazard and whether vacuum packed bacon, 
an particular, presents an increased risk of food poisoning from 
¿taphylococcus aureus.

Ingram (i960) and Bardsley and Taylor (i960) first drew 
attention to the possibility of Staphylococcus aureus multiplying in 
yacuum packed bacon stored under warm conditions and Thatcher,
Robinson and Erdman (1962) claimed to have demonstrated the ability 
°f enterotoxigenic strains of Staph, aureus to grow and produce enter- 
°toxm in vacuum packed bacon stored at 37°C. Eddy and Ingram (1962) 
and Cavett (1962) showed the temperature dependence of the ability 
of staphylococci to multiply on vacuum packed bacon. At temperatures 
bel°W 25°c these organisms appear to have difficulty in competing 
Wlth other micro-organisms present, such as lactobacilli, but at 
temperatures above 25°C staphylococci appear to be at an advantage and 
e*tensive multiplication can take place. It has consequently been 
^commended that vacuum packed bacon, particularly when the curing 
Process results in low numbers of bacteria being present, should be
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stored under cool conditions.

Despite the concern expressed on the possibility of vacuum 
Packaging bacon increasing the risk of Staph, aureus food poisoning, 
kittle information has appeared on the incidence of this organism in 
commercial vacuum packed bacon on sale to the public and on its ability 
to multiply in vacuum packed bacon-particularly non-Wiltshire cured 
bacon- under commercial conditions of distribution, storage and sale.
A survey of vacuum packed bacon on sale in part of England afforded 
the opportunity of obtaining such information.

No explanation, other than that of "competition", has 
been advanced for the inability of Staph,aureus to multiply in vacuum 
Packed bacon at temperatures considerably below this organism's 
optimum. The observations that much of the preservative effect on 
bacon of vacuum packaging is due to the inhibitory effect on micro- 
Cocci an(t staphylococci of the high carbon dioxide tension which 
develops (Spencer and Taylor, 1966), and that the antimicrobial effect
O 'P carbon dioxide is magnified at low temperatures, i.e. temperatures 
WeH  below the optimum for the organism in question (Tomkins, 1932, 
^°yne, 1933), provide a more detailed explanation which, if correct, 
w°uld indicate that carbon dioxide packing of bacon, particularly bacon 
bich for some reason does not produce carbon dioxide on storage in 
acuum Packs, would diminish the risks of Staph, aureus food poisoning.

Incidence of Staphylococcus aureus in 
commercial vacuum packed 

bacon

Within 
which t

Samples of vacuum packed bacon were obtained from shops 
a 20 mile radius of Leatherhead, England, within a sampling scheme 
°ok account of brand of bacon (four brands, see Spencer and
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Tayl°r» 1966) a&e of Pack (classified as "old", i.e. less than seven 
days from expiry date, and "fresh" more than seven days from expiry 
date)’ Gondlt:LOn of sale (from refrigerated display cabinets and from 
Pon-refrigerated displays), and season of the year (winter and summer).
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The bacon packs were opened aseptically and 10g of lean 
meat were cut out and macerated in 100 ml Ringer - peptone water 
iluent. One ml of the macerate (i.e. approximately 0.1g of bacon)

enriched in salt meat broth (Oxoid Ltd.) for 24 hours at 37°C which 
*as then plated out on Baired - Parker's (1962) egg-yolk tellurite 
Slyeine pyruvate (ETGPA) agar with incubation at 37°C for 24 hr. Also, 
diop counts were put up from the macerate on ETGPA. Colonies suspected 
°n ETGPA of being Staph, aureus were plated out on blood agar and 
subsequently examined for the presence of coagulase by slide test.

aureus was detected in 0.1g but not in 0.01g of 
bac°n’ 1 *e‘’ at a level of 10-100 organisms per g., in 20 samples of 
ac°n out of 231 examined, approximately 97=. It is statistically sig- 

^ficant (P<0.01) that 13 out of 81 of the isolations occurred in the 
summer season and only 7 out of 150 in the winter. These results are
/ n in Table 1* It sh°uld not be deduced from this, however, that 
^  summer multiplication in the bacon was occurring or was more ex-
mo SlVt than ln Wlnter> for the positive isolations occurred somewhat 
th C fr’qu,jntly in "fresh" than in "old" samples, and in "refrigerated" 

ln non“refrigerated" samples. They were also dispersed more or 
uniformly among the four brands examined.

----iS£iH222£_2£_£a£^2SJdiP*3Ld_e__concentration 
2£_42£_g£21ii1}_of_Staphylococcus_aureus_in_vacuum packe 

bacon.
-^<2£imental

A series of eye muscles of fresh bacon, Wiltshire cured,
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vías inoculated with known numbers of organisms of a mixture of two 
cultures of Staph, aureus and incubated at 21°C in various gaseous 
environments in the apparatus described by Spencer and Taylor (1966).
At intervals samples were examined for the numbers of various 
micro-organisms present.

A further series of eye muscles were sterilised by 
exposure to ethylene oxide vapour, inoculated with a mixture of the 
two strains of Staph .aureus at a mean level of 215 organisms per g 
bacon, and stored at 21°C in various gaseous environments. At inter
vals the numbers of Staph.aureus present were determined, again by 
4rop counts on ETGPA.

Hesuits
The counts of various microorganisms on the non-sterile 

bacon are shown in Tabel 2. It is clear that Staph.aureus showed no 
Particular tendency to multiply in any of the gaseous environments.
Indeed, it tended to die out.

The multiplication of Staph .aureus in the sterile bacon 
in various gaseous environments is shown in the Figure. It is clear 
that although an atmosphere containing 50% carbon dioxide had little 
1i> any inhibitory effect on this organism, 100^ carbon dioxide had 
an inhibitory effect, doubling the period of time necessary for the 
inoculum to reach a level of 10-10 per g. bacon.

¿j-Scussi on
Although commercial vacuum packed bacon not infrequently 

c°ntains Staph.aureus, it appears that this organism is not likely to 
Multiply to dangerous levels under normal conditions of distribution 
aPd sale. The reasons for this inability to multiply extensively

not seem to involve the high carbon dioxide tensions which develop 
3nside,packs of vacuum-packed bacon. However, carbon dioxide tensions 
°4 approaching 1 0 0 do retard the growth of Staph.aureus in bacon where
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the influence of competing microorganisms has been eliminated and thus 
carbon dioxide packing of bacon would seem to provide an additional 
safeguard against Staph« aureus food poisoning should the temperature 
of storage of the packed bacon be too high or the initial microflora 
be too low for competition to be effective.
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S u m m a r y

Staphylococcus aureus was detected at a level of 10 - 100 
organisms per g in 20 samples of retail vacuum packed bacon out of 
2 3 1 examined.

When inoculated into non-sterile bacon which was stored 
at 21°C., this organism did not multiply in various gaseous atmospheres.
When inoculated into sterile bacon, extensive multiplication occurred 
in atmospheres of 100$ nitrogen and 50$ nitrogen/50$ oarbon dicxyde. Growth 
was retarded in an atmosphere of 1 0 0$ carbon dioxide.

Table 1.
Occurrence of Staphylococcus aureus 

in vacuum packed bacon

Season
Number of sample of bacon

Examined \ Positive Negative

Summer

1 1 
1

81 ! 13 \ 68 
! i

Winter
!

150 7 ! 143
! i

Total 231 ! 20 1 211

2x = 7 . 2

p S  0 . 0 1 -7"
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