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Aintroduction.

The importance of the lipolytic activities of micrococci in dry
sausages and curing brines has been examined by Pohj
(1964) and Nurmi and Niinivaara (41964) and these workers have also
surveyed the literature dealing with this subject. Kitchell (1962)

reviewed the literature dealing with micrococci and coagulase negative

served "the

staphylococci in cured m
factors governing the development of "rancidity" in fat are complex.
All that can be said of the role of micrococci is that a number of
those isolated from meat products possess enzymes capa
about relevant reactions." Although there does not appear to be

much known about the lipolytic activities of this group of bacteria on
bacon, several workers have indicated that they have some importance
in the spoilage of this food. Jones (41949) has pointed out that
when conditions are suitable, e.ges a long period of maturation, or a
rise in temperature or humidity, sliminess can develop on bacon sides,

largely due to micrococci, though Proteus, Bacillus, and other species

may play a part. Slime formation may have a beneficial effect on

flavour formation, but if allowed to develop too far, can result in

~

taint of the meat. Ingram (1952) in an investigation of bacon

gammons found a flora, mainly micrococci, which had an optimum

el

» 50N o s : -
temperature of 25°C, could tolerate high concentrations of salt and

m

reduce nitrate. The type of spoilage was a gradually developing

cheesiness and rancidity. More recent work has shown that micrococci
play a large part in the spoilage of vacuum packed bacon. Of nearly
600 isolations made from sliced Wiltshire bacon by Kitchell (49%2),

o

41% were micrococci or coagulase negative staphylococcie After
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vacuum packaging and storage at 57, 20”7 and until sy

YJ

3 oiled, the
proportions of these types were found to be between 23 and 43, the
highest temperature of storage having the highest proportion. The
remainder of the flora was comprised mainly of lactic acid bacteria.

a)

Cavett (1964f also

e

Tonge, Baird-Parker and found that micrococci

played a large part in the spoilage of vacuum packed bacon of both
high and low salt concentration (in this case the bacon was cured
with fresh brines). Protecly:is, lipolysis and reduction of nitrate
and nitrite were attributed cozgulase negative staphylococcis
Micrococci were not so active in proteolysis or lipolysis and tended
rather to dslay spoilage by catalase negative bacteria.

It was decided, in the light of these findings, to have a closer

look at the lipolytic activities of a group of micrococci and

staphylococei isolated from bacon sides cured by the Wiltshire method.

Source of the strains.

Sixty strains were isolated from bacon sides in the maturing
cellar, 50 from sides 5 days out of cure, and 10 from bacon which had

been 10 days in the maturing cellar, Primery isolation was on

nutrient agar (40 strains) or on nutrient agar with 4% (w/v) of added
salt (20 strains), the plates being incubated for 4 days at 25°C.

<o C

Three of the isolates were coagulase positive. Two additional
strains were used in some of the work, vizs N.C.T.C. 72%

\

(Stulnylococcus saprophyticus), and N.C.T.Ce

Classification of the isolate

(7]
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were those of Shaw, Stitt and

The classification schemes used
Cowan (4951) and Baird-Parker (4963). One strain proved impossible

to classify with certainty. Details are given in Table 1.




-3 =

Table 1. Classification of the isolates.

No. of
isolates

Strains falling into Shaw

sub

-groups

Z
<

1

o

L

g

.

59 3 21, 32 Nil Nil

Strains falling into Luird—P‘“P r sub-groups

\

Staphylococcus 2L CTOCOCoUS
D o 0 O ¢ S R R S TR W S
59 Ve - < 1 Ni1 & £ 7% P apu O % W)

Media and methods.

The following base medium waes used throughout the s tudy :-

Peptone (Oxoid L37 10
Yeast extract (Oxoid) 3
NaCl 5
Agar (Oxoid No.3) 12
Diste water 4 litre

For experiments where the medium wes used at or near neutrality
the pH was adjusted to 7.0 and the medium autoclaved for 15 min. at
1b, 10 g+ of the selected fat was added to 90 ml. of a 2% Cm/v)
Ne. citrate solution, the mixture heated to ca. 60°C and emulsified

- -]

twice or more through a Pentacreme Home Cream Maker 2003, and

sterilized by steaming for 30 mi on each of 3 successive dayse
10 ml, of this emulsion were added to each 100 ml. of melted base
medium just before the plates were poured. Poured plctes were dried
evernight at 3700, and streaked with 3 strains on cach plate, from
cultures grown, generally overnight, in nutrient broth at BOGG.

20~

The plates were incubated for 6 deys at 30°C, though examined after
O
2 or 3 days, or for 21 days at 4 C. Other experimental details

are outlined in the relevant sections.




Experimental.

1+ Hydrolysis of various fats.

The following fats were incorporated into the base medium at the

1% level:- butter, lard, tributyrin, triolein, palm kernel oil.
The hydrolysis of tributyrin was determined by measuring the diameter
of the clear zone,

- - ' 4

if any, around & single colony (Nurmi and
Niinivaara, 1 96L.) :

- = no change around the colon
(+) = slight clearing around

+ = distinet clearing

++ = marked cleari

L} V«'.
the co 1_/‘1] -
around the colony, 6-9 mm in diameter.

around the colony, 10 mm or urutg,r in

ametere.
Attack on the other fats was noted by th
which the plate was flooded with a saturated soluti  CuS

5 mine., and then any blue

- no change around the colonye.
(+) = ight colouration around the colony
+ =

cuqtlnot colouration around the Cflzr;'

Wic
++ = marked colouration around the colony, extending several

3 . 1 2w
mm. into the mediume

The results of this first

experiment are given in Table 2.

Table 2. Hydrolvsis of various
lable 2. Hydroly LO1

No. of

No., of strains giving the specified reactions wher
strains Extent of these substrates were added to the base medium
tested attack A

Y g o R
Tributyrin ard B I

Butter Triolein P 21m Kernel

60 No growth

2 0 0 0 0
- 4 48 39 36
(+) 37 9 11 8 20
- 15 1 0 11 3
+4 2 1 1 2

1
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From these results it can be seen that 57 (95%) of the isolates
ave some hydrolysis of tributyrin, whereas the other fats were
J J >
attacked by far fewer strains, viz. 8%, butter 20%,

strains. These results

A : 7 % % % bl
triolein 35k and palm kernel by 40

11

do not agree very well with those of Nurmi and [iinivaara (4196L4) who
> J \

found 32 out of 91 strains of Micrococcus (35%) attacked pork fat at

H 7 and 74 out of 108 (66/:) attecked tributyrin at this vH. f'or
| /%) L j¢

< as - - -7\ o

Se aureus comparable figures were 6 out of 8 strains (75%) for pork
De aureus P 70)

fat, and 414 out of 11 (100%) for tributyrin. These workers felt

that the hydrolysis of tributyrin was a useful indication of the

. - rre . ~Z1 ) 1 -
attack on pork fat. Pohja and Niinivas (1964) however, also

pointed out that strains which cause lipolysis of tributyrin do not

always cause lipolysis of animal fats, and it is therefore necessary

to examine the lipolytic capacity of the isolates again, using animal
fat in the medium. In this case they found that of 76 micrococci
attacking tributyrin, 27 also attacked lard.

From the 60 strains thus tested, 19 were selected as being
active in tributyrin hydrolysis. Fifteen gave at least a + reaction;
and 4 at least (+). To these was added N.C.T.C. 7291, and also the
three coagulase positive isolates and N.C.T.C 447, a1l at least +.
This gave a total of 24 strains, 20 of which were coagulase negative,
and 4 coagulase positive, The cleas

given in Table 3,

Table 3. Classification of strains used in experiments

on fat :.

No, of Strains falling into Shaw sub~-groups

strains —— *igh, NN~ R )
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2. Effect of adding varying lec
- / i

to the medium at pH 6 and 7
as substrate,

The various levels of salt were added to the base medium which was
then resterilized at 10 1b,.
tributyrin, The medium at

buffer (as in Mackie and

plates showed a variation

No, of strains Levels of salt aaded to base medium,
tested at pH 7
7\
T W T i R - =
= 1 < ) o 2 i)
20, coagulase - O 0 0 , 1 o) o)
ST () o 5 o
negative. \+) & '/ L 3 o} 9 11
Q Q E- O . A )
+ s ., 12 - 11 10 7
g 9 6 L 2 2 1 2
L, coagulase (+) 0 C 2 0 5
s C %é‘_ Ao C \ U \J v/ v \ & 1
positive. + 2 2 2 2 0 1
s 2 2 2 2 2 2 2

-
<
F..J
0
O

¥

n

base medium,

r
IG\

20, coagulase -
P {
negative. ‘\+)

WN O
b
N

d
N W

F

4, coagulase \ +> 0 0 1 | 2 2
positive. + 2 2 2 2 0 0
++ 2 2 1 1 2 2
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From these results it is

tributyrin at fairly high levels of added salt, at pH 6 as well as at

pH 7o

I mR /
3, Hydrolysis of TBA,

S v - A e e e D Ay R N B b Tl
which is approximately maturation room temperature. These bacteria
grow rather slowly at this temperature, if at all, so that a long

= . i s ey TS0 T 11l .
incubation time (21 days) was required to give readable results,

These are recorded in Table 5.

.r’,‘,, 6

20, coagulase No : 5 L 6 5
negatives - 1 1 2 0 2 1

i*) 14 | 4 - 14 14 er

L, coagulase All failed to grows
positive

The addition of salt does
extent, and it is signifi

of the coagulase negative

L4, Hydrolysis of TBA, wi

When curing bacon sides by the

nitrite are used as well as salt, and are to be found in the cured
product. ther the addition of these, at the levels which

could be

added to

son would affect lipoly

! ) 2 s Z =4 Pu "l Y A
Salt O, ¢ R P S (as % h/w<
Potassium o )
Sodium nitrite 4100 parts per millione.
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No, of strains

18, coagulase - 1 1 3 0
e { 20 ol (= 0
negative. \+) Lz C 3 L .
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5e Lipolysis of lard at 6 and 7, after © days C
o
and 24 days at 4 Ca
ibutyrin may be 1 of an
3 Y
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fats 31t be more valuable if

vt was d itions
resembling those I aturin
in this experime: rded in Te
phosphate buffer had g false posi
repeated at pH 1 M citric aci

time only 6 of the coagulase negative

atraine gave
STIrallls pgAVC

2 of the coagulase

slight. It seems likely that some of tt

in Table 7 were false posi

the medium.
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Table 7. ipolysis of pig fat at 6&7,ath & 30C,

No, of strains Bxtent of No
tested lipolysis
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13 strains showed greenish blue colour
under colonye.

L., coagulase No growth
positives -
(+)

+
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6. Ilipase adaption.

To see if the lipase, or lipases, of

these strains were adaptive,
Tom bacon were

the other none,
strains were grown

w/v) in broth

subcultured 3 times into fresh broths over a total psriod of 6 days
before streaking on to plates containing tributyrin or lard at pH 6
and 7, One strain previously negative on TBA gave slight clearing,
and 2 strains previously negative on lard gave slight lipolysis at

P 7, However this aspect of the problem requires further investigation,

7e Attempt to develop & tube method for the detection
of lipase activitye.

In our hands, neither the method of Berry (1933), nor that of

Jones and Richards (1952) gave really clear-cut results, especially

With those strains which only appeared to give slight lipolysis.




The tributyrin results were easily read, but an accurate method for
other fats would be of great value. An attempt was made to develop
a tube method, where the colour developed could be recad on a

spectrophotometer.

grovn in 5 ml. of a nutrient broth wit

days, and then 0.4 mle saturated CuS0,), added, a blue-green colour
-

developed. The cells were spun down and the
plotted against wavelength on a Unicam S 600 spectrophotometer, using
a distilled water blank. A peak transmission was obtained at 505 mu
for tributyrin and at 510 mu fer lard at pH 7 At pH 6 the peak was
at 530 g for both lard and tributyrin. A1l 60 strain- have been

tested by this method, but so far little correlation uus been obtained
between this and the plate method. Various factors would need to be

1%

studied, and possibly indicators other than CuS0), «
.

Discussion and conclusionse

1

Most of the strains studied had
tributyrin, but not many had the ability
this ability was not detected by the
that the use of tributyrin to indicat

be valid. Sierra (41964) has also

of tributyrin alone may have led to
the lipolytic activity of proteolytic

that subtilisin could quite res

Possibly other proteolytic enzymes could
However those strains which attacked lard, also attacked tributyrin.
It seems probable that some of these strains could cause lipolysis

of bacon fat in the if maturation was

Prolonged, or storage conditions suitable. n packaged bacon,
Where storage conditions are quite often not good, lipolysis would

* " W o . . , e )t ;
acon was not consumed quickly, or

o

almost certainly occur if the

nr et &
Properly stored.




[ith regard to classification, of the 41 strains found causing

lipolysis of lard in the first experiment (Table 2), 2 strains were

2
s 4 - o (= o7\ z n
oagulase positive, and 5 of the others (56f) belonged to !

ird-
Parker's Micrococcus sub-group 5. This sub-group is, according to
Baird-Parker (1962, 419%3), the predominant Micrococcus sub-group

found on bacon. Of the 15 coagulase negative strains recorded as

giving lipolysis of lard (Tasble 7), at pH 6, 10 (67%) were also of
this sub-group. It looks as if the characteristic bacon types are

o 4

mainly responsible for this type of spoilage, and only strict

attention to hygiene at all stages seems likely to keep spoilage by

these organisms to the minimum.

The lipolytic activities of 60 strains of staphvl occi and
i .

micrococci isolated from bacon have been studied, using tributyrin,
lard, butter, triolein and palm kerel as °”1st”‘tes. 95% of the

I

stralnb causea lipolysis of tributyrin, 18t of lard, 20k of butter,
35k of triolein and 40% of palm kernel. 20 cog gulase negative and
4 coagulase positive strains, all of which hydrolysed tributyrin
have been examined in more detail with regard to the effect of pH
and temperature, and of additions of salt, nitrate and nitrite to
the base medium. Hydrolysis of trlb”'"rln occurred with many of
these strains in the presence of 5% salt, 2% potassium nitrate and
100 ppme sodium nitrite, at pi 6 and 7« 7o of the coagulase
negative strains were also active at 50,

Hy C

However, far fewer of the strains were detected as attacking
lard when tested under similar circumstances, and the suitability
of using tributyrin as an indicator of lipolysis is discussed.

Of 15 coagulase negative strains causi ' f lard at pH 6,
77> were Micrococcus sdb—"roup Sa: 3 tic bacon type
appears to be mainly responsible for th¢s type of swoilgge.




Unter Verwendung von Tributyrin, reineschmalz, Butter, Triolein
und Palmkern als Substrate wurden die olytischen Aktivitaten von 60
aus Speck isolierten Staphylokokken- und Mikrokokken-Stamme untersucht.
95% Aer Stamme verursachten Lipolyse ven Tributyrin, 18% von
Schweineschmalz, 20% von Butter, 35/ ven Triclein und LO% von Palmkern,
20 koagulasenegative und 4 koagulasepositive Stamme, welche alle das
Tributyrin hydrolisierten, wurden mit Bezug auf den Einfluss von
pl=Wert und Temperatur und von Zuséatze von Kochsalz, Nitrat und Nitrit
zu dem GCrundnahrboden ausfuhrlicher untersucht. Viele Stamme
hydrolisierten das Tritutyrin bei Anwesenheit von 5% Kochsalz, 2%
Kaliumnitrat und 100 pep.me Natriumnitrit bei e m pH-Wert von 6 und
Te 7% der koagulasenegativen Stamme waren bei 4°C aktiv.

Man konnte aber feststellen, dass viel wenigere, unter gleichen
Umstanden untersuchten Stamme das Schmalz angriffen, und die Verwendung
von Tributyrin als geeigneter Indikator von Lipolyse wird besprochen,
Aus 15 koagulasenegativen Stammen, welche die Lipolyse von Schmalz bei
pH 6 verursachten, gehorten 67% zur Mikrokokkus-Untergruppe 5. Es
scheint also, dass diese fur Speck charakteristische Keimart fur diese
Art Faulnis hauptsachlich verantwortlich ist.

-

On a &tudi€ les activités lipolytiques de 60 souches de
Staphylococcus et Micrococcus isolées dans du bacon, en employant comme
substrats de la tributyrine, la graisse de porc, du beurre, de la
trioléine et l'amande de palmier. 9)& des souches ont caus€ la
lipolyse de la tributyrine, 18% de la graisse de porc, 20% du beurre,
3% de la trioléine, et 4O% de l'amande de palmier. 20 souches
coagulase-négatives et 4 souches coagulase-positives, qui ont toutes
hydrolysé 1la tributyrine, ont été examindes en plus grand détail en ce
qui concerne l'effet du pH et de la température, ainsi que des additions
de sel, nitrate et nitrite au milieu basique. Beaucoup des souches
ont caugé 1'hydrolyse de la tributyrine en pltécrne de 5 sel, %
n%trate de potasse et 100 p.pem. nitrite de soude, & un pH de 6 et 7.
1% des souches coagulase-négatives étaient €galement actives a 4°C.

Cependant, beaucoup moins des souches ont attaqu;’la graisse de
Pore, quand examinées dans de pareilles conditions, et on discute
l'?mploi de la tributyrine comme indicateur approprie de la lipolyse.

© des 15 souches coagulase-négatives, qui ont produit la lipolyse

la graisse de porc & pH 6, appartenaient au sous-groupe Micrococcus 5.
Cette espéce caractéristique du bacon semble Ttre principalement
Tesponsable de ce type de putrefaction.
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