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by the factory personnel as the positions where bacterial °

slime production can be first noted.

Methods and materials

Bacon sides. Bacon sides were obtained from 3

factories

L

S omnd 7Y
y 41 ANA 4)e

he sides were matured in a stack for 9

and 8 days in factories X and Y respectively. Those from

c e

factory Z had been suspended from a rail for 7 days in the
maturation cellar.

Samples. samples of 10 sq.cm. from three areas were taken
from each side, using a metal template and sterile instru-
ments. The areas sampled were: (i) the skin from the
outside of the hind leg (singed rind), (ii) the skin from
the fold underneath the foreleg (usinged rind) and (iii)
the cut surface of the gracilis muscle (meat).

Enumeration of bacteria. Samples for analysis were

transported to the laboratory in bottles containing sterilé
sand. To each was added 10 uzl of sterile 0,1 % (W/v) pepto~
ne water uand the bottles were shaken vigorously on a mecha”
nical shaker for 3 min. Serial dilutions were prepared in
the same diluent. Aliquots of 0,1 ml were spread on the
surface of plates by the technique of Davis & Bell (1959).
The meiium used for samples from factory X was the basal
medium of Gardner (1966) with the addition of 4 % (W/v)
NaCl; other samples were platedout on the zame medium,

in which the level of glycerol was reduced to 0,5 % (W/v) o/
to which 1 % (#/v) glukose was added. Colonies were enume-

. s oo g )
rated after 4 days incubation at 22°C,

Clasgification of isolates. After counting, each plate was

jivided into eight sectors and all the colonies on a numbef
of sectors were picked off to give, where possible, ca.

30 isolates/sample. Purified cultures were classified by
the methods shown in Table l. Yeasts were identified solely

Y -

R, il
3 L

ined preparations.
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more frequently isolated from sides from factories Y and
Z. In this site the flora was found to be more diverse in
the sides of factory Y.

Micrococcus spp. also predominated on the muscle samples,
but to a lesser extent. Acinetobacter spp. were isolated
from most sides, and other organisms such as Vibrio sppe.,

coryneform bacteria and lactic acid bacteria were more
frequently found.

Discussion

The average levels of contamination of the three sites
examined in the present study ranged {rom ca. 104-10 /8qe
cm. Using an excision wethod of sampling, Gibbons (1940)
reported mean counts on the pleural membrane of sides on
receipt from the factory of 104'2-104'5/sq.cm. After 10 -
12 days',stora;e at l,lOC these mean counts had rised to
105°18—106'?4/SQ.CL. Gibboas found large variations in
counts of particular sites at any one time, e.g. the
difference between the maximum and minimum loads on sideé
as received from the factory were log 3,0 (i.e. 1000x)
per sq.cm., whereas after 10 - 12 days at 1,100 this had
increased to ca. log 5,0 (100,000x) per sq.cm.

These variations may result from differences in the florés
.. fferent types of Growth of the same organism, or variab¥
lity in the method of detection (Gibbons, 1940). Garrard
Lochhead (1239) found that sides which were highly conta-
minated before going into cure remained contaminated afte’
maturation. Therefore variation in levels of contaminatio®
brought about by slaughter and butchery operations would
be reflected in the bacon. Different practices at each
factory would contribute to this. In most maturation
cellars temperature is controlledl, but variations betwee?
factories do exist. The relative humidity can vary withif

and bLetween different fuctories. The results from factory

4 3 % I
suggest that the overall level of contamination of bac?
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Sldes is hisher. This is not due to g difference in the
Tethnd > ¢ > s 3

“€thod of maturation, as some of our unpublished data has

al 1 . M - . ¥ .

Shown that stetistically there 1s nc significant difference

b . - - .
8tween the rates of growth of bacteria on bacon sides

"@tured in a stack or in a hanging position over a period
Of ~ . = o - A o $ e .

* [ days at 4°C. In addition, the types of bacteria
“SO0latei! from sides from factory Y were more diverse than

+
“€ two other factories examined.

0fte Jespersen & Riemann (1958) demonstrated that the
“8cterial load on the rind greater than that from the

Q = e - ’ % (
fat of a bacon side. After 7 days maturation at 5°¢

Ount on nutrient agar containing 4 % HaCl were ca.
0°

, 7" = 5
/s8qe.cn. for the rind and ca. 10" /sq.cm. for the meat.

or

immediately out of cure

ot

lond of 10 0“/sq.cm., which increased

iuring a week of maturation at 40.

rae hisher than counts from
ti..es.
.
M ; ; : G :
Unts on the Lacon sides in the study, although
Vars: - 1.4 3 3 ioed
Tlable, are ol the same order as reported by dther

ontaaination of the meat site

an either the singed or unsinged rind,

’ observations of Tofte Jespersen &
fl&wfh Ingram (1960). Of all the sites this
jzuli robabl the least opportunity for outside
OMtanmingti The rind had on average the highest
TRirelg nation. This is probably due to the fact
that

most of the organisms on the skin of the pig are

‘rki“"hrn1L X

Py s

s

g ow well e micrococci are the predomi-
LAJ Oneter on hire bacon (Garrard &
\J:Lreau, T lMoran & Pace, 1940; Ingram,
792, 1960). The as shown this to be valid
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for both the rind and meat surfaces of a bacon side.
However, there does appear to be an increase on the meat
site of a proportion of Gram-negative organisms, such
as hcinetobacter spp. and Vibrio spp.

Tofte Jespersen & Riemann (1958) found that, on a nutries
agar with 4 % NaCl, cocci predominated on the rind side
at most stages during a maturation period of 14 days at
50. However, on the meat side rods became predominant ;
after 7 days at this temperature. Kitchell (1958) using

10 Nar
a 10 % NaCl

medium found 42 % Gram-positive bacteria on
the skin and 63 % Gram-positive bacteria on the muscle of
bacon after 14 days’ maturation. Tofte Jegpersen & Riema®
(1958) obtained higher counts from bacon using a brine
agar (20 % NaCl) on both the rind and meat of bacon after
curing. Rod shaped bacteria predominated in the meat,
whereas both cocci and rods were of the same order on th¢
rind except after 7 days when rods appeared to out numbée’
the cocci. Gibbons (1340) found that the highest counts
of bacon samples were obtoined on media with 3 - 6 % NaCV
Occasionally counts equal to or higher than those on 4 %
NaCl were obtained on 10 ® NaCle. It is difficult to as;ef
these results accurately because of the different media
used and also the isolates were not classified.

Ingram (1960) found that the flora of matured bacon

consisted of micrococeci plus a roughly similar number of
lactobacilli and a smaller proportion of Gram-negative
rods. The latter accounted for 4 - 79 % of the flora of
the l. dorsi samples and O, l - 20 % of the skin samples
of bacon sides after 7 days’ maturation.

Slime on the muscle of refrigerated bacon can contain 50
lactobacilli, 33 % Micrococcus, 10 % Enteroba \cteriaceae

and 7 % M. thermosphactum (Gardner, unpublished data).

The microbiological effect of salt in a food probably
iepends on osmotic withdrawal of water., This will be

reflected in the water activity of the food. A brine




n in bacon exceeding about 5 % will exclude
la

se {lora, Pseudomonas, but permit

the Micrococcus (Injram & Kitchell, 1967).

that the

her value than the

and thus explain jportance

that
of

) demonstrated that the
s resulted in a lowering

were fewer bacteria on

'® muscles of bacon from pigs treated in this manner, but

in tlie loads from the skin. These

that there may be factors other
he numbers and types of microorga-

of NaCl (a,), amount of

bhysical and chemical characteristics

vould have to be measured in order to

40 a better understanding of the microbial ecology

cured bacon.
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Table 2.
The number and types of bacteria

were matured in a stack (factory

Total
no. of
sides
exami-
ned

R s il o B
Count/sq.cin.
X IO

Singed rind
Unsinged rind

Meat

#% The figures in parentheses
was found.

+ Includes ll, thermosphactum an

++ Includes M. thermogphactum,




Table 3.
The number and types of bacteria found on wiltshire cured bacon sides which

were matured in a stack (factory Y)

( B { & Incidence (%) of b
@ Count/sq.cm. 42 {
¢ G 4 2427, 1 !
Site 23K X 10 e 2 e 3 &
& o o 13} i £ 13) o
o g oE 3} o i o @ @
c =] o} ~ o Gy e -~ ~
: > 3} > | P O & o RN -
~ o ~ o o] £ 9 L) oo ol o Q QO
Q @ [ a, © g+ 4 £ pEpl 0
- & 50 3 38 |68 |85 “ |gg (a8
—gg lin. | Max.[llean | & 5 = o < O 0.0 > ..3.0' = O
Singed > 80,5 9,2 1.6 . A 055 4,6
rind A bl D PR VG T8 N el £ S B TR T 0 [ BT | gl L
unsiged c ) - z 64,9 10,4 | 10,4 Sk e &2 8,8
rind LT ki f AR a1 3 CHAR Y G v e T R
Meat 5 0,08| 4,35 1,7 141 |59,8 1,8 | 13:0. | 6,9 |2,7 7 121
(5) 1R A v B ) I

¥x The figures in parentheses are the number of bacon sides on which the organism
was found. '

+ Includes Achromabacter, Alcali-enes and Enterobacteriaceae.

++ Includes Achromabacter, yeasts and M. thermosphactum.

i
0 +++ Includes Achromabacter, yeasts, L, thermosphactum adn Znterobacteriaceae.




Table 4.
The number and types of bacteria Ffound on wiltshire cured bacon sides which

were matured in a hanging position (FPactory 2)

Total noJ Count/sg.c. Tatal Do, Incidence (%) of

of sides | -ﬁ»la_% ———| of izola- i kdineto THisdsle
examined Min{ Max.| i tes exa- ficy™
coccus bacter Iluneous
|

nined

Singed rind | 0 Bl 5 100 | 95,2 (4)ux 4,8 +

|
Unsinged rind ‘ ¢ a1 & 95 (591} Br{(3)

3,7 ++

|
|

Beat ; | i 110 86,0 (5) | ¢ (3)4} 4,1 +++

14 |

¥x The figures in purentheces are the nunber o< dacon sides on which the organism
was found.
+ Includes Aeromonas, yeasts and unclassified Gram positive, catalase positive rods.
==->-onas 5
++ Includes Aeromonas, E
positive rods.

eriaceae and unclassified Gram positive, catalase

Includes yeasts, lactic acid bacteria and unclassified Gram positive, catalase
. : J - ’ Y ’
positive rods.




