





e \ 2 < It . . / 4 - 4
<>~7°Cj et de haute humidité relative (>90%). Les résultats des
[ 4 ’ ‘ J
etudes indiquent ainsi que des nombres totaux élevés de bactéries
zrands nombres de Vibrio sont attribuables le plus so 1

1 o

avec d ZTranc
> s L . 2 i A o St e
defauts de fabrication apres la salaison, tandis que de grands

D11

o 32 . :
: , S : P % <
nomores totaux avec peu de Vibrio sont occasionnés par des défauts

avant la salaison.




alt requiring Vibrio have been isolated from bacons (Smith, 19583

: 4
Gibbons & Rose, 1950; Gardner & Patton, 1969; Gardner,

J
o
s

3
\-
-~
ct
cT

their significance as a species capable of producing spoilage

characteristics has been less widely recognised (Smith, 1938; Gardner,
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traditional Wiltshire style curing of bacon as sides, Micrococcacé?®

1ave for many years been regarded as the most important bacterial family
associated with bacon spoilage. However, we have recently noted that the
proportion of Gram negative bacteria in the microflora of bacons, which

nave spoiled in aerobic conditions, has been significantly higher. In oW

experience Vibrio is the most frequent type isolated. The reason(s) for

this change in the microbiology of bacon spoilage are not fully unders 008
but it may be because of the milder (less NaCl) cures now being used 1eadﬁé
to a product with lower salt levels., We do find that in high salt bacon$

(>87 NaCl in fresh weight) micrococci are the predominant species in spoﬂ?

he objective of the work presented in this paper was to assess the

nce of Vibrio in the microflora of bacon sides produced under norﬂl—‘"'1

occurre

factory conditions and also examine pork sides and curing brines, to

establish their ecological importance in bacon production.,

MATERTALS AND METHODS

Bacon sides. Bacon sides were examined at 15 factories in N. Ireland.

ies were tested twice, 8 were tested 3 times, 2 were tested 4 timé
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| was tested 7 times, and 1 was tested 9 times, thus giving a total of 54
factory visits. In all cases bacon sides were sampled during maturation
(i.e. after removal from the brine, during the draining period). In some
factories sides are matured on pallets and in others the maturation take$
place in stacks, No distinction has been made between these pracedures.

Sampling. At each factory visit 20 bacon sides were examined., FEach side

2 swabs, 3 from the rind and 2

was sampled using cotton swabs, Five 10 cm
from the inside surface (pleura), were bulked to give a 50 cm2 composite

sample for the side (Gardner & Kitchell, 1973).

Enumeration of microorganisms. Organisms were removed from the swabs by

mechanical shaking (3 win at 1000 oscillations/min) in 50 ml diluent
(Gardner & Kitchell, 1973) and plated out by the loop-tile technique

- 1074 -




L

09

(Kitcnell, Ingram & Hudson, 1973) on to a total count medium with 4f
NaCl (Gardner, 1968) and CVKA, a selective medium for Vibrio (Gardner,
1973a). Colonies were enumerated after plates of both media had been
incubated at 22°C for 3 days. The lower limit of enumeration was

n3 & : X
10°/em® in respect of both total and Vibrio counts.

Brines. Cover brine samples from 16 factories were taken for 10
consecutive weeks and plated out by the "drop and spread" technique on
CVKA (Gardner, 19753). To assess survival, 8 of these samples were stored

at 4° in the laboratory and tested at intervals during a period of 14 days.

RESULTS AND DISCUSSION

Relationship between total count and count of Vibrio on bacon sides

In all, 1066 bacon sides were examined., Of these 399 (37.4%) were
found to have Vibrio in the flora (i.e. >1O3/cm2). The relationship
between the total and Vibrio counts is given in Fig.1. In a few sides the
Vibrio count exceeded the total, but the majority examined had over 10%

Vibrio in the flora and only 15 (3.5%) sides had <1% Vibrio in the flora.
An analysis of the 667 sides, where Vibrio were not found (i.e.

z '8
<105/cm“) is given in Table 1.

Table 1, Distribution of total viable counts on 667 bacon sides, where

Vibrio were not isolated.

Total viable
counts (x103/cm?) <1 1-50 51-100 101-200 201-400 401-800 801-1600

No. of sides 52 569 23 11 9 2 1
% of total T8 058 3.4 1.6 1.3 0.3 0.1

For convenience the counts have been classified into 7 groups. It
g
can be seen that 93.2% of the sides had less than 50,000 organisms/cm”

and only 3.3%% of sides had a count greater than 1OO,OOO/cm2.

[
The general conclusion which may be drawn is that Vibrio are more

frequently found on bacon sides which have relatively high counts and,

where found, can constitute relatively large proportions of the flora.







Table 3. Vibrio counts (x107/ml) in Wiltshire bacon curing brines,

Week No, 1 2 3 4 5 6 7 8 9 10
Factory
No.
1 eRNe 150 2%.0 0.5 0.6 0.2 0.8 «0,1 - P m
Vol L% 64 1.4 To 0.3 2.0 0.8 102 &
2 10 Ba 3 3.9 U1 - %031 051 X0, <01 L0 120,
2.9 2.9 25 0.4 . Se . <0, 0.3 <0, 0.4
A e 9.4 43,0 14.5 15.0 Os4- 11s1 1433 243 Te4
4.0 3.0 19,0 ¥ 22l 2:5 . +8
5 <0 0.1 0.2 0. 0.4 90: 0 72,0 -47:0" 18,87 14,5
<0,1 0.1 0.5 < 0.1 Gi1 2220 - 89.0.:.46.0 19 19535
6 &Py 9.6 .8 0.4 Vot ;i Wl s 102142
2.5 Jel 2 0.2 i 0. 9.4 T3 W06 18,8
7 18,6~ 10.0 24,0 726,0 105.0 20650~ 34,0 oo . 10s0 = 1234

0
2659 13,0°:32,0 93.0 224V 22050 =150 15,2 1B 1555

8 <L T-ox0,1 <Ok~ €051 <05 <01 0.1 «<0.1 <0.1 <0,1
0.1 <0.1 0.2 <«<0,1 <0,1 <01 <0,1 <0.1 <0,1 <0.1

9 9 {378 2.4 2.3 2 1.4 <0,1 &
O,F 55 Lt g WL gy R e e G BT
10 5.1 4.8 50,3 5.4 Te3 Bl 08 1.4 5 o
0.6 1 5.6 9,1 0.6 0% D7 . "
1 <01 01" 20,8 T 0.5 0.8 0.8 L0 €0 10
12 1.0 08 0D 0.5 1.4 =h, 0.3 <0.,1 <0.1 i
RN 0.8 ' 0.8 0.3 1.5 <O, 0.5 0.%5 0,2 ]
13 0,1 . 781 31,0 "24.3 S1.0. ‘28,0:-20-097.0 15,0 -3
14 0.3 0,600 0.9 0.4 <0, %5 B & 401
0.3 0.3 0,8 0.6 0.1 -0t =0 H0,) «0.1
15 0.3 <082 Bl =0 0.2 0% DY g 04 LD
<0.1 o8- 0k 0, 0.1 40 <0 - T0%
16 07 10.9--8.9 4.1 s L8 TN e 0.0 Ak
1.1 8.5 16.5 3,9 : 6.8 3.8 0.5

NT: Not tested. Single or upper figure in each pair refers to the
reconstituted cover brine, and the lower to the
spent brine,
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nated with Vibrio; were retenied and washed with cover brine,

st of this brine was subsequently discarded, a proportion
the bottom of the tanks and in the piping system. These
were later added to the bulk of the factory brine, resulting

rge increase in the Vibrio count.

of Vibrio in cover brine. These species of Vibrio will not

grow in
examined
D value
numbers
average

decrease

(Table 3,

the brine. A number of naturally contaminated brines were
and the survival was found to be linear with time and thus a
could be calculated, D = number of days for 90% reduction in

at 4°C, The results from 8 brines are given in Table 4, On

it can be seen that the numbers of bacon spoiling Vibrio spp.

every week by 90%. This can be seen in the practical situation

Factory 5, weeks 6-10),

Table 4, Survival of naturally occurring Vibrio in Wiltshire curing
brines at 4°C.
Brine D* value Curing salts in brine pH
No. (days) NaCl NaNOz NaNO
(%) (%) (ppm
499 5 27.8 0.24 275 6.2
503 7 el 0.11 485 6.3
523 8 24,8 0. 11 500 6.3
526 g “ip s 0. 11 1080 6.2
D29 6 23.6 0.05 1160 6.2
532 il 27,0 0.10 915 6.2
s b e 8 29.3 0.23 525 6.2
541 6 25.4 0,07 1220 6.1
*D value: number of days at 4°C for a 90% reduction in the numbers of
Vibrio.

Thus the level of Vibrio in any brine sample is the balance between

the numbers which die and those which the brine acquires., Counts of

Vibrio are therefore important in the routine microbiological examination

of bacon
It
carcesas

Lhe cov

mo+

curing brines (Gardner, 19732).

would appear that in Wiltshire bacon production the pork

are contaminated by Vibrio during the tanking process (i.e. from
brine) and subsequently these can grow on the bacon side during

uration and in most instances can form a significant proportion of the
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) - the beginning of 1972 this laboratory has used as part ol
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)Y total counts of 20 bacon sides (Gardner, 19735c). his scheme has

ad re 11abl in asa scxi M +he g + o - vort ol y1191 4 ++ he
proved valuable in assessing the bacteriological quality of the final
product. High total counts of mature bacon can arise from microbial

contamination and growth at all stages of production,

Vibrio are rarely isolated from pork and associated equipment, but
I

can be found in cover brines and on cured sides, as well as equipment used

for their handling.

These Vibrio are unable to grow in bacon curing brines, but can
survive in them for some time, Their presence in cover brines, we have
shown, can arise from direct or indirect contamination of the brine by
cured meats. Subsequently the cover brine can contaminate all pork sides
being immersed, thus completing the recontamination cycle of bacon to brine

to bacon.

These Vibrio spp. require salt for growth, and the inclusion of a
Vibrio count with a total count in the microbiological analysis of bacon
sides can be useful in distinguishing post-curing growth on the product.
As a general rule we find that high total counts on bacon with high Vibrio
counts are associated with poor maturation conditions (i.e. temperature

>7°C and/or relative humidity >90%). In these conditions Vibrio can grow
rapidly on bacon sides and achieve a predominant proportion of the
microflora. On the other hand high total counts on bacon with low Vibrio
counts can usually result from production defects before curing, e.g. poor

slaughterline hygiene, inefficient chilling.
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