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Introduction

In Wiltshire curing brines there are present large number of bacteria.
Ingram (1958) has obtained counts of 10b/hl. using phase contrast equipment
and viable counts of 07/3¢. have been obtained by the same worker., These
bacteria are mostly fastidious halophiles, whose function is largely
unknown « However other groups of bacteria play a part in bacon curing,
and the Micrococcaceae is one of the meost important of these. Garrard

and Lochhead (193 found micrococci predominating in pre-curing
o b ) IS &

contamination, and considered them able to withstand the curing process.

Jepsen (1947) studied the bacterial flora of pork, and from all stages of

slaughter floor treatment, isolated 95 strains of Micrococcus, Sarcina

and Staphylococcus out of a total of 306 isolates. Kitchell (1958)

singled this group out for special study, and found affinities between the
micrococci of raw meat and those of the cured product, bacon. Ingram,
Kitchell and Ingram (4958) found large numbers of Gram positive cocci,
seemingly micrococci, in Wiltshire curing brines. Jespersen and Riemann
(1958) also found large numbers of cocci in curing brines, and also on the
sides after curing. Pohja (1960), Pohja and Gyllenberg (1962), have
studied micrococci extensively, especially in relation to fermented meat
products, and Baird-Parker (ﬁ962, 1965) has evolved a new system ef
classification for micrococci and staphylococci from bacon, human and

pig skin. Micrococeci and staphylococci, particularly S. aureus, are

importent when found on manufactured procucts such as sausages, prepared

meat products and particularly in vacuum packaged bacon (iady and Ingram,

1962; Thatcher, Robinson and Erdman, 1962). They are also concerned
in the spoilage of this product (Cavett, 1962; Kitchell, 1962; Tonge,

Baird-Parker and Cavett, 1964). In view of the importance of this group




of bacteria in bacon curing in relation to bacon spoilag
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hygiene; to their suspected role in nitrate reduction in the curing
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brines and the cured meat; nt in fermented meat

products, and public health significance on manufactured products, it
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was felt that further study we and some work carried out in

this connection will now be

o

Source, isolation and selection of strains.

A1 the strains used, of which there were 464, were obtained from
the same factory, which used only the Wiltshire curing method. In
Northern Ireland, the sides of meat, after injection with a high salt
content brine (an almost saturated solution) are immersed in curing brines
of 25—27% salt content for 4-5 days at 4-506, then removed, drained and

allowed to mature for a similar period at the same One
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group of 47 strains, all coagulase negative, was from sides of meat which

had come from the chilling room and were being butchered before immersion

o
in the curing brine. A further group of 57 strains also coagulase

negative was isolated from Wiltshire curing brin

124

s, and a third group of

60 strains, 3 of which were coagulas
maturing bacon. These strains were
nutrient agar with 4% of salt, at 25
aerobic, Gram positive cocecie. Strai

tested for the presence of catalase

of glucose added (Felton, Evans and N

strains. All were catalase positive on this medium.

al

Claggification of the isolates.

The strains were classi

Cowan (195 ) and Baird-Parker (41963). Detai
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———

-Parker (1963).

Source of Noe of 3 g 33
isolates isolates -

Fresh sides L7 0 28 17 0
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Neither classification was fo

satisfactory. That of

Shaw et.al. (1951) because of the uncritical nature of some of the tests

(o]
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used to distinguish the sub-groups, and the manner in which sub-groups 2

and 3, into which most of the isolates fell, overlaps in many

characteristics. Baird-Pa:
unsatisfactory because of the difficulty in distinguishing fermentative

\ . T RS T
(Staphylococcgg) strains from oxidative (lL

- . o

e strains, however, does indicate that the

o

these classifications with ti
micrococcal flora on the sides going into cure is quite different from
that in the brines, and the flora on the bacon sides appears to receive

a contribution from both sources. The question now arises: what

contribution do these bacteria make to the curing process? Some

experiments in this connection will now be discussed.
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1+ Tests of ability to grow at O and 4 C.

If bacteria are to be active in the curing cycle, the ability to
grow at the temperature of the curing and maturing cellars (4-57C ‘) is

£
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of an
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xperiment to see if
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obviously important. Table 2 gives details

no

the strains had this ability. Tables 2 and 3 are from work already

published, (Patterson, 1963), where experimental details are given.

Tal The abilities of staphylococci and micrococed
from a bacon fe ctor" to_grow at low temperatures.
Source of No. of strains Percentage of strains growing at

strains tested r - Whmaes nnereno

)

Fresh sides L7 26 79
Curing bri 57 82 e

Becon gldes 60 68 85

Obviously many of the strains could grow slowly (incubation times of 3-L
weeks were given) at these temperatures, but whether they would be active

in, e.ge nitrate reduction, lipolysis, proteoclysis etc. is another matter.

2. Nitrate reduction at high salt concentration.

If the strains were active in nitrate reduction in the curing brine,
they would have to withstand high salt concentrations. The ability to

grow and reduce nitrate in various circumstences is given in Teble 3.




Table 3., Growth and nitrate reduction in nitrate peptone water,
and the influence of salt concentration on these
abilities in nitrate-nutrient broth.

Source No. of Percentages of strains giving specified reactions
of strains in
strains tested Reaction _, N\
Nitrate NOz-nutrient broth with NaCl at (%)
peptone i
wa.ter e g3,
B3R A8 0 2 28 -N
Fresh 47 Growth. 100 96 79 6B 62 2 0 0

sides Nitrate

reduction. 66 = e Not tested =—m—=e——-
Curing 57 Growthe 100 100 4100 400 96 79 5 0
brines Nitrate

reductions. 3l SIS Rl T iR 1> e 1Y 0 0
Bacon 60 Growth, 100 o8 90 82 82 63
sides Nitrate

reduction, 83 B2 - I3 ‘65 ok &% 0 0

It can be seen that nitrate reduction fell off more quickly than growth

) O a)

with rising salt concentration until at 2450, very few of the strains from

)

(

fresh sides, and only about half of those from the other sources were
actively reducing. It is doubtful if these strains would be active in
high salt curing brines, and at the temperature of the curing cellar,
although with low salt brines they possibly would be active. Turther work
has shown (Patterson, 1963) that, even if the strains were not active at
high salt concentration, many have the ability to remain viable at these
concentrations, at 2—503. Details of an experiment on survival of a few

of the igolates from fresh sides are given in Table 4.




Table L. Survival of certa
ent _broth

I‘iut' U Uil 4
immersion brine®

dnd tdad Colony counts per ;l.x* after 30 mine. in
colony A
Strain count " r , - Deltz-Iiltered Y
No. ©per ml. 0% NaCl 8h NaCl  30% NaCl brine
1 50.0 60,0 49,0 5045 48,0
2 405 72.5 3643 28.8 52.0
" . 3 4743 9.0 6745 L5 42.0
L 98.6 130.0 100.3 142.5 100.0
5 157.5 97«5 92.5 21745 250.0
6 24..8 7.0 6.3 6.8 Te3
i, 5845 2.5 5.0 <245 50
8 69.8 5§85 573 40.0 36,8
9 ‘]3005 54-5 k/5-0 92.5 ',':7.0

s e 6
p“ 1«7, NaCl 2;.7%. K AL

#
#

From these results it appears that there is an initial kill off with

certain strains, but none with otherse.

3« Tolerance to nitrate and nitrite.

If these bacteria are to be active in curing brines they must also

‘. be able to withstand concentrations of nitrate of the order of 1-2%,

)

and of nitrite at least 41000 ppm., as well as high salt concentration.
, Tarr (1944a,b) has shown that bacterial spoilage of fish flesh
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delayed by the incorporation of nitrite salts, but that bacterial

C

inhibition was only obtained with low concentrations of nitrite at pH

values below 7.0 Sodium nitrite in 0,020 concentration at pH 5.7 or
6.0 markedly inhibited species of Achromobacter, Flavobacterium,
Pseudomonas, Micrococcus, Escherichia and :-erobacter. At pi 7 or above,

c
nitrite did not inhibit growth significantly, but between pH 5.7 and
6¢5 growth of all but two cultures (both licrococcus spp.) was inhibited

more or less severely or completely. He felt that this effect

o

inhibitory rather than bactericidal. Jensen (1954) recorded that a




tenth molar NaNOs solution at:

PH 5 = 2.5k undissociated HONO

1" 6 - k».25/ ] 1]

"7 = 100256 o o isee the undissociated HONO
increased by a factor of 410 with each unit of pH decrease. Eddy and

Ingram (1956) working with a Bacillus sp. from camed bacon found that the
addition of 4% potassium nitrate to the medium markedly increased tolerance
to nitrite at pH 5.5, and that this organism w2s much less tolerant to
nitrite under anaerobic conditions. Other workers such as Henry, Goret
and Joubert (1954), Eddy (41958) felt that the redox potential of the
medium was important, possibl
sengitivity.

In the nitrite sensitivity tests carried out, sodium nitrite was

incorporated into a basal liquid medium containing 1% of peptone and 1%

C
/

? S S -\ . a
Lab-Lemco, together with a little agar (C.04=-0.085) to aid the detection

of growth in the medium. To obtain different pH values it was necessary

to buffer this medium, using O.1 M phosphate buffer (Mackie and McCartney,
1960). Levels of from 0.01% to 4.0k of sodium nitrite were incorporated

at pH values from 7.2 = 7.5 and the 60 strains from bacon tested, giving

an incubation period of 10 days at 30°C. All strains grew at all levels
of nitrite. However at the 1.0/ nitrite level (which of course is much
higher than that found in curing brines) at pH 5.8, 6.2 and 6.6 no strains
grew at any pH even after 13 days. From the pH 5.8 tubes 15 strains,
from the 6.2 tubes 39 strains, from the 6.6 tubes 15 strains were
sub-inoculated on to nutrient agar, but none showed growth. At this

R

level of nitrite the effect was then

rather than inhibitory.

Other experiments with strains from fresh sides and curing brines

confirmed this increase in toxicity with lowered pH and also increased

toxicity under anaerobic conditions, but fail
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lessening of toxicity due to the addition of 1% potassium nitrite.
It does seem liield , however, that the normal level of nitrate and

nitrite in a Wiltshire curing brine (0.5-15%, 0405-041% respectively,

at pH 6.0—6.5) a large number of thecse bacteria would still be able to




il
grow, For example, 18 strains from brines which grew in 24% selt broth
at pH 7.4 also grew in 24% salt broth at p 641 and 6.35 in the presence

of 0.1% sodium nitrite.

4e Amino-acid metabolism.

(1) Decarboxylation

It was felt that representative strains from the isolates should be
tested for the presence of decarboxyleses. If certain sub-groups
possessed these enzymes and others did not, this might help in
classification. Also some indication would be obtained of the ability
of the isolates to attack amino-acids at low pH values (and possibly
therefore assisting in protein breakdown). To reduce the amount of
work needed to test a number of strains, at different pH values, it was
decided to grow about 10 strains representing each Shaw sub-gropp
harvest and wash the cells and bulk strains of each sub-group together,
and allow these to react with a mixture of certain amino-scids at
different pH levels. The cells were grown in a medium supplemented
with the amino-acids under test, at pH 6.1, viz. lysine, ornithine,
glutamic acid, histidine, arginine, tyrosine, aspartic acid, all in the
DL-form, and with 2% of glucose added. Gale (4 952) stated "Only such
amino-acids are attacked as have at luast one chemically active (polar)
group in the molecule other than the terminal -COCH and the + -NHo
groups. Thus decarboxylases have been described for arginine, ornithine,
histidine, tyrosine, glutamic acid, aspartic eacid and possibly tryptophan,
but for no monamino-monocarboxylic acids". These decarboxylases are
formed only when growth takes place in an acid environment.  Sub-group 4
strains failed to grow in this medium and were grown in a nutrient broth
with 2% glucose; these gave a pi of ca. 6.9 after growth in the mediume
The amino-acids (all DL—) weie made up in 0,05 I concentrations in 20 ml.
0.2 M citrate/phosphate buifer, except tyrosine, which was used as a
saturated solution at room temperature. arginine was not included

because of its special metabolism, at this stage. After mixing, the
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acids were adjusted to pH levels of 2.5, 3.5, 4.5, 5.5 and 6,5. The
determination was carried out on a Warburg respirometer, and the reaction

vessels were prepared as follows:-

Main Compartment Sidearm
1.0 mle cell suspension. 0.8 ml. of amino-acid mixture
Ug2 " pyridoxal-5-phosphate, at required pH (2.5~6.5) or
400 nug/ml. in water, 0.8 ml. of water (endogenous
1.0 " 0.2 M citrate/phosphate buffer control).

at required pH (2.5-6.5).

Cells were available as follows:-

Shaw sub-group No, of stral Dry wte Q@yﬁﬂd)
1 8 15
2 10 (brine isolates) 10
3 10 ( " 1 ) 7
L 5 (3 from brines and bacon, 10
and N.C.T.C. 7523, 7520)
5 2 (1 from fresh sides, and 39

N.C.T.C. 7011)

Readings were taken at 15 min. intervals up to {1 hre, then at 2 and 3 hre,
the temperature in the waterbath being 30°C.

The results of this experiment showed that none of the sub-groups
gave a QCOg value (ul. CO2 released/mg. dry Wt./hr.) of more than 3, at
any pH level, On the other hand E, coli (N.C.T.C. 86), prepared in the
same way, at 8.5 mg/ml, dry wt. gave Ao, values of ca. 20, 100, 45, 33,
17 at pH 2.5—6.5, showing that this strain could decarboxylate one or
several of the amino-acids at each pH level. From the results it was
concluded that the strains were showing little decarboxylase activity

with these amino-acids, under these conditions.
(ii) Deamination

Deamination of amino-acids by two strains of Staphylococcus aureus

has been studied by Hills (1940), who found L-arginine quite strongly
attacked, and also small but definite attack on DL-serine, DL-threonine,

DL~-glutamine and "possibly other substrates". Elek (1959) noted that




alanine, glycine, proline, histidine, DL-glutamic acid, L-agpartic acid,
DL~-methionine, L-leucine, L-tyrosine, L-tryptophan, L-cysteine, and

-

asparagine could all be attacked, some weakly, by S. aureus or S. albus.

-

There seems to be little published work however about the ability of
coagulase negative staphylococci or micrococci to deaminate amino-acids.
It was decided to investigate this possibility with the amino-acids used
in the decarboxylation experiment. The method used was that of Pelczar,
Hansen and Konetzka (1958), with standard Conway microdiffusion unitse
Details of the strains examined, which were grown in nutrient broth at

pH 7.2-7.6, are given below:

Shaw Dry weight
sub-group No. of strains Period of insubation mg/ml.
0

1 3 5-6 hr, at 30 C 20-29

2 6 and N.C.T.C.7292 T L e A 10-20

3 7 n " 7617 5_7 5 " " 9—1 6

L*_ 4 " n 7520 5_8 n " n 1 2_1 b

5 3 " n 701 1 ,851 2 5_9 " n 1" 4 0_1 9

Only those strains which gave a Qyu, of 41 or more are given in Table 5.

b
Many strains gave values of less than 1, particularly at pH 8, with

glutamic acid, histidine, ornithine and aspartic acid.

Table 5. Deamination of certein amino-acids.

Strain Shaw %NHB values (pl/mg/hr) at §OOC

o s pH 6 pH 8

SERp iy .
histidine ornithine’ "lysine glutamic histidine ornithine aspar

2Q(Bacon)) 1 1 2 2 2
e -h 1 2 1 2
NCTC 7447) ’ 4
22(Brine)) 2 1
29, - 1¥ 1
10(Brine)) 3 1
$26 1
NCTC 7617) 2 3 2
32(fresh ) n 3 1

side) )
38(Brine) ) 1 2
o 5 3 2 2
NCTC 7011 ) 1




1

With regard to attack on arginine, many of the isolates had this

ability. When tested with the medium of Thornley (1960), 55% of the

isolates from fresh sides, 68k from brines, and 67 from bacon gave an

alkaline or slig! reaction in both open and closed tubes.

The mode of att is not vet clear, but further work has indicated that

ct
&
=
®
)
s

at high pH (oH 9‘) the arginase sys low pH (pH 6) the arginine

dihydrolase system may be active, in certain strains.

Heat resistance.

un
.

In Northern Ireland, a number of the tacon factories as well as

producing sides of Wiltshire-cured bacon also cure and cook hams, both
for the local and export markets. These hams may be pumped and cured
or by the more modern technique of

gbout 73% of their

by the normal Wiltshire metl

arterial pumping. They are injected or pumped to
weight with a solution of: NaCl (about 418%), polyphosphates, nitr

and nitrite, then cured in immersion brine. This procedure varies from

factory to factory, but in any case the final cooking given

a mild "pasteurization" than a full cooking. The centre of the ham
probably does not reach more than (0°C for a short period. The inJjection
brine is freshly made up and if r1v prepared should have less than

J K y Prej

00 organisms present per mle vever., some micrococci probably do find
() F b} 5 . v

their way into the ham, via the injection brine in which they can survive,

from the immersion brine. Ingram (1952) found in bacon gammons

which are very to hams though more heavily injected, large numbers
of micrococci, which he tho ught were largely psychrophilic halophiles
rived mainly from the injection brine. In view of the possible

ganisms which can survive in the

significance in ham spoilage nf these or
injection and immersion brines, it was t ought necessary to study their
heat resistance to see whether they would be likely to survive the

heating process.

The test strains included




concentrations at 2-37C,

L. Shaw sub-group 1 strain(s)
4 6 n " o) "

) ! x "
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These cultures were
were growing strongly

bagsed on that of Brigg;

strain was dropped,

4+ o » - =y ~ 3 4= pu
of 9 test tubes each nut 1t pH cae [e2e
- 4 % TR, VO = £ s P
These were ate in a wat , and three tubes remove ftex
> 3 N S S s P . +} IS g Rt - =4 Oy
30, 60 and 90 mine, rag cooled a then incubated for 7 d at 30™C
to see if anv cells had survived None survived for 90 min. and onl

0 see 11 any cells naa survived. None survived ifor 50 mine and on.ty
N m =L ha e atiratn Al ._
NeCeToaCo 7)‘0.‘4., the type strein ol et.ale,

sh sides and one coagulase

positive strain from bacon survived 30 mi It was now decided to try

a f‘)d.')';:r"jlll'i_’ 1 mc C
M 5 el il il A don . el
of the ] ol D claux anc

tomato extract was and 1% lard added, together with O.5 mle

of a 1% sodium nitrite to each tube. 32 strains were tes

o \E rey . e | 1"‘
same way as wit

was omitted.
these results it was concluded he heat resistance of these

isolates was less than 3

constitute a problem in
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Conclusions
1. The micrococcal flora of bacon is composed of that carr

on the sides, and also receives a contribut ion fr

y that of the curing

brine.
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concentratior
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ly Although many of the isolates showed tolerance to nitrate and
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at high salt concentrations.

6. There was little evidence of decarboxylase

stivity with the

strains and amino-acids tested, and deaminase activity was generally

slight. Arginine was attacked by many of the isol

less
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; : bl se i Selt g e il
16, strains of staphylococcl and micrococci from fresh sides

curing brines and bacon

examined. ynen C

1 o & i = o _ 1 . . . < D, R TR S OT > SR
isolates fell largely into Shaw sub-g ps 2 an

Baird-Parker }

L and He Many of the isolates
were able to survive high salt concentrations, and survival was
Very good at 2~EJC. The isolates were tolerant to nitrate and

nitrite, although nitrite was toxic in high
particularly at low pH. Nitrite production from nitrate fell off
L)

more quickly than growth at high salt concentrations. Although

LIICL'C WAoo

arginine was attacked by many strains, there was little

B7]

decarboxylase or ¢

-

eaminase activity with the other amino-acids
tested. The heat resistance of the strains tested was g

less than 30 min. at 60°C.,




16 souchﬁs de Staphylococcus et Micrococcus isolees dans des

carcasses fraiches, des saumures de salaison et du bacon ont ete

étudieds. Les bacteTies se sont classifides pour la plupart dans les
gsous-groupes 2 et 3 de Shaw et dans les sous-groupes de Micrococcus 4
et 5 de Baird-Parker, Beaucoup des bactéries pouvaient survivre dans
de hautes concentrations de sel, et la survie était spécialement bonne

N o i g L bl e R
a 2-3% C. Ies bacteries etaient tolerantes vis-a-vis du nitrate et du
nitrite, bien qu'une haute xique,

surtout a un pi faible. rate diminuait

rlus rapidement que la croissance 'une haute concentration
E )

de sel. Bien que l'arginine fut attaguee par beaucoup de souches, on
=1 | . . s o - 1 - .
a constate peu d'activite de décarboxylase ou deaminase avec les autres
T

. = . ” . ”~ 2 . " - ’ .
acides amines examines, La thermoresistance des souches etudiees

était généralement moins de 30 minutes a 60 C.

ZTIC AN AQQTTN
LU AN ILIND AO0 UiNr

16l Staphylokokken- und Mikrokommen-Stamme aus frischen
Schweinehalften, Pokellaken und Speck wurden untersucht. Bei der

Klassifikation fielen die isolierten Keime weitgehend in den

Untergruppen 2 und 3 von Shaw und in den Mikrokokken-Untergruppen 4
und 5 von Baird-Parker. Viele Keime konnten bei hohen

Kochsalzkonzentrationen lebensfahig bleiben, und das Uberleben war

besonders gut bei 2-3 C. Die Keime waren nitrat- und nitrit-tolerant,
obgleich das Nitrit in hoher Konzentration, und zwar besonders bei
einem niedrigen pH-Wert, toxisch 1 Bei hohen Salzkonzentrationen

verminderte sich die Bildung von Nitrit aus Nitrat schneller als die
Vermehrung. Obgleich viele Stamme das Arginin angriffen, konnte man
nur wenige Decarboxylase- oder Deaminase -Aktivitat mit den anderen
untersuchten Aminosauren beobachten. Die Hitzefestigkeit der

- - . re - O
untersuchten Stamme betrug allgemein weniger als 30 Minuten bei 60 C,
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