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I n  r e c e n t  y e a r s  t h e r e  has been an i n c r e a s e  i n  th e  s a l e  o f  vacuum 
packed " ready  t o  e a t "  meats  and i n  N or the rn  I r e l a n d  th e  most im p o r tan t  
in  t h i s  c a t e g o r y  i s  s l i c e d  cooked ham. The predominant  b a c t e r i a l  group 
i n  vacuum packed cooked meats  has been shown to  be l a c t o b a c i l l i  (A l len  
& F o s t e r ,  I960 ;  Alm E r i c h s e n  & Molin,  1961; R e u te r ,  1969; Kempton & 
B o b ie r ,  1970; Mol, H e i t b r i n k ,  M öl le r  & van T i n t e r e n ,  1971).  In a d d i t i o n  
to  l a c t o b a c i l l i ,  Shank & Lundquist  (1963) found s t r e p t o c o c c i  i n  t h e  f l o r a .  
K i l l e r  ( i 9 6 0 )  i s o l a t e d  n o n -h e a t  r e s i s t a n t  m i c r o b a c t e r i a  and Brooks & 
Henr ickson  (1956) m ic ro co cc i  a n d /o r  coryneforms as t h e  most im p o r tan t  
o rgan ism s .

In t h e  p r e s e n t  pape r  an i n v e s t i g a t i o n  was i n i t i a t e d  to  i d e n t i f y  th e  
s p o i l a g e  m i c r o f l o r a  o f  vacuum packed s l i c e d  cooked ham as a f f e c t e d  by th e  
s t o r a g e  c o n d i t i o n s .

MATERIALS AND METHODS

Packs o f  ham. In each exper imen t ,  a number o f  packs o f  s l i c e d  cooked ham 
were t a k e n  im m edia te ly  a f t e r  packing on t h e  p r o d u c t i o n  l i n e .  These were 
h e ld  a t  5° f o r  24 h rs  and th e n  d iv i d e d  i n t o  3 groups and s t o r e d  a t  22° 
f o r  4 days ,  10° f o r  7 days and 5° f o r  11 days .  Four such exper im en t s  were 
completed and a l l  t h e  m a t e r i a l  was o b t a i n e d  from one f a c t o r y .

B a c t e r i o l o g i c a l  and chem ica l  a n a l y s e s . At t h e  end o f  each s t o r a g e  
t r e a t m e n t  d u p l i c a t e  packs were t a k en  f o r  a n a l y s i s .  With a s e p t i c  p r e c a u t i o n s  
t h e  t o t a l  c o n t e n t s  o f  each pack were minced and th o ro u g h ly  mixed by hand i n  
a p o ly th e n e  bag .  For b a c t e r i o l o g i c a l  a n a l y s i s , 5 5 o f  mince were shaken by 
hand w i th  45 ml s t e r i l e  d i l u e n t .  The t e c h n iq u e s  f o r  enum era t ion  and 
i d e n t i f i c a t i o n  o f  th e  f l o r a  a r e  g ive n  e a r l i e r  (G ardner ,  1968) ,  excep t  t h a t  
a l l  media and t h e  d i l u e n t  were supplemented  t o  c o n t a i n  a f i n a l  l e v e l  o f  4%
( v / v )  NaCl. I d e n t i f i c a t i o n  c h a r a c t e r i s t i c s  o f  V ib r io  spp .  and t h e  methods 
used  f o r  d e t e r m i n a t i o n  o f  pH, NaCl and NaN02 a r e  g iv e n  e l sew h ere  (G ardner ,  1971)-

D e te c t i o n  o f  b a c t e r i o c l n s . One loop  o f  a b r o t h  c u l t u r e  o f  t h e  p roduce r  
s t r a i n  ( v i b r i o )  was s t r e a k e d  in  a l i n e  a c r o s s  a p l a t e  o f  t h e  t o t a l  count  
medium. A f t e r  i n c u b a t i o n  f o r  24 h r  a t  22° t h e  c e l l s  were removed and th e  
P l a t e  exposed  t o  c h lo ro fo rm  vapour f o r  30 min.  The p l a t e s  were t h e n  h e l d  a t  
4 4 0  po r  2 _ 3  h r _ t o  remove t h e  ch loroform  and c r o s s  - t r e a k e a  w i th  APT b r o t h  
(Evans & Niven ;  c u l t u r e s  o f  l a c t i c  a c i d  b a c t e r i a  ( i n d i c a t o r  s t r a i n s )  grown 
f o r  24 h r  a t  3 0 ° .  The p l a t e s  were i n c u b a t e d  f o r  5 days a t  30°.  Only zones 
9 r e a t e r  th a n  5 mm d e n o t in g  i n h i b i t i o n  o f  growth o f  t h e  i n d i c a t o r  s t r a i n  were 
r egarded  as " s e n s i t i v e " .  Four V ib r io  s t r a i n s  were t e s t e d  a g a i n s t  a t o t a l  o f  
34 s t r a i n s  o f  l a c t i c  a c i d  b a c t e r i a  i n c l u d i n g  bo th  meat and d a i r y  c u l t u r e s .

RESULTS

The r e s u l t s  o f  b o th  chemica l  and m i c r o b i o l o g i c a l  a n a l y s e s  o f  t h e  s t o r e d  
ham a r e  summarized i n  T ab le  1. There  were no s i g n i f i c a n t  d i f f e r e n c e s  between 
t r e a t m e n t s  i n  r e l a t i o n  t o  pH, NaCl and NaNO^. S i m i l a r l y  t h e  mean t o t a l  
v i a b l e  c o u n t s  were o f  t h e  same o r d e r  (6 0 .9 -^ 4 1 .1  x 10D/ g ) .  The main type s  o f  
b a c t e r i a  i s o l a t e d  from t h e  s p o i l a g e  m i c r o f l o r a  were Mi c r o b a c t e r iu m  tnermosphactum 
Vi b r i o  and L eu c o n o s to c . S to r a g e  t r e a t m e n t  d id  no t  marked ly  a f f e c t  the  
q u a l i t a t i v e  a s o e c t  o f  t h e  m i c r o f l o r a ,  excep t  perhaps  t h a t  l e u c o n o s t o c s  were 
much l e s s  im p o r t a n t  a t  5 ° .
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TABLE 1.  Chemical  and m i c r o b i o l o g i c a l  o b s e r v a t i o n s *  o f  s t o r e d  vacuum packed coolced ham.
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However, analyses .of the microflora for the individual packs showed 
that in general when Vibrio was present in the flora, the proportion of 
Leuconostoc was very low or absent. The reverse was also found. When the 
proportion of Vibrio was very low or absent, leuconostocs were predominant. 
The relationship between these two organisms in the flora of all packs 
examined is given in Fig.t.

Fig.1. Relationship between the proportions of Vibrio and
Leuconostoc in the flora of vacuum packed cooked ham 
stored at 22°, 10° and 5°.
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In only 7 packs out of 23 were both organisms isolated together and 
in 6 of these only small proportions (<7%) of Vibrio were found in a flora 
dominated by Leuconostoc and vice versa.

Examination of Vibrio spp. for the production of a bacteriocin(s) 
effective against lactic acid bacteria was carried out and the results are 
summarized in Table 2.

TABLE 2. Sensitivity of some lactic acid bacteria to bacteriocins produced 
by Vi brio spp. isolated from vacuum packed cooked ham.

Indicator strain Number of 
Sensitive

strains
Insensitive

Leuconostoc 2 1

Lactobacillus viridescens 8 0

Lactobacillus casei-plantarum 1 2

Lactobacillus brevis 0 1

Enterococci 0 19

From a collection of isolates from ham, bacon and dairy sources the 
existence of such a bacteriocinogenic property in four Vibrio isolated from 
the vacuum packed ham was demonstrated and sensitive strains were found of 
Leuconostoc, Lactobacillus viridescens and Lactobacillus casei-plantarum types. 
19 isolates of faecal streptococci were insensitive to the vibriocin.

DISCUSSION

Although it has been generally reported that lactic acid bacteria are 
the most important bacteria which grow and cause spoilage of vacuum packed 
cooked cured meats, there have also been a number of exceptions, e.g. Aim et al* 
(l96l) reported that Achrcmobacter predominated in vacuum packed Bologna type 
German sausage, and Kempton & Bobier (1970) found that after 15 weeks storage 
at 5°, 12% of the flora of vacuum packed cooked ham were catalase positive.
For packs of pickle and pimento and Bologna the proportion of catalase positive 
bacteria was 17 and 8% respectively. Mol et al. (1971) found in their storage 
trials a number of atypical spoilage flora, i.e. not predominantly Lactobacilli* 
In these cases Enterobacteriaceae, Microbacterium thermosphactum, faecal 
streptococci, lactic streptococci and Aerococcus were found. In the present 
work M. thermosphactum. Vibrio and leuconostocs were the most important organistf5’ 
and in some earlier unpublished work we have found large proportions of 
Enterobacteriaceae in the flora of vacuum packed cooked ham. These Vibrio spp* 
are similar to those isolated from Wiltshire cured bacon (Gardner & Patton, 19^9» 
Gardner, 1971).

There may be a number of reasons for the discrepancies in the observations 
of the spoilage microflora of vacuum packed cooked cured meats. Firstly, the 
chemical and physical characteristics of the product, i.e. NaCl, NaNO^, NaN02t 
pH, degree of vacuum etc. Different conditions may result in different growth
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rates, thus selectively encouraging some bacterial.species in the product. 
Secondly, the observations may be reflected in the bacteriological 
techniques employed, e.g. some workers used both total count and selective 
media and based their findings on comparison of these. Others, including 
the present work, isolated and identified the spoilage flora from total 
count plates. Even the media used for this differed between workers and so 
could contribute to variation in results. Unfortunately there is no universal 
acceptance of a total count medium. Thirdly, we have observed that one species 
in the flora (vibrio) can inhibit the growth of other organisms, particularly 
leuconostocs, Lactobacillus viridescens and some Lactobacillus casei-plantarum 
species on total count plates. Thus although the organisms may be present 
in the flora of the ham, because of the bacteriocinogenic properties of the 
Vibrio they are not isolated. It is known that some pathogenic Vibrio spp. 
can produce a vibriocin which prevents the growth of other Vibrio spp. 
(Jayawardene &- Farkas-Himsely, 1970) and Enterobacteriaceae (Datta & Prescott, 
1969). An analogous case was noted by Kafel & Ayres (1969), who found that 
enterococci can act antagonistically on species of Clostridium, Bacillus and 
Lactobacillus in canned hams.

Although we have demonstrated antagonistic activity between Vibrio 
^nd Leuconostoc and Lactobacillus on plates, it is not yet known whether the 
same antagonism exists within the vacuum packed cooked ham. The nature of 
'this property and an investigation into a method of estimating "total" viable 
counts is at present in progress.
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