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Introduction

Whilst la c t ic  acid bacteria  dominate the f lo r a  o f vacuum-packaged beef, 
Brochothrlx thermoaphacta may also be present (P ierson , Col11ns-Thompson and 
Ordal, 1970; G ill  and Newton, 1978; Dainty e t a l . ,  1979). However there are a 
number o f apparently c o n flic t in g  reports concerning the a b i l i t y  o f 
B.thermoaphacta to  grow on vacuum-packaged beef. These studies are discussed 
by Campbell et a l .  (1979) who showed that the amount o f growth o f th is  
organism is  con tro lled  by a combination o f  two fa c to rs , the pH o f the meat and 
the a v a i la b i l i t y  o f oxygen. These resu lts  were obtained in pure cu ltu re.

In contrast, other studies have suggested that poor growth o f B.thermoaphacta 
in mixed cu lture is  caused by the other bacteria present. Roth and Clark 
(1975) observed that the growth o f B. thermoaphacta on vacuum-packaged beef was 
re s tr ic ted  by la c to b a c i l l i  and Newton and G i l l  (1978) showed that a 
Lactobacillus sp. inh ib ited  the growth o f B. thermoaphacta on beef stored under 
anaerobic conditions.

Previously, G i l l  (1976) had shown that the amount o f growth o f a Lactobacillus 
sp. on beef was lim ited  by the ra te  o f d iffu s ion  o f fermentable substrates 
from within the meat to  the surface and th is  led Newton and G il l  (1978) to  
suggest that Lactobacillus inh ib ited  the growth o f  B. thermoaphacta by 
competition fo r  glucose. However when grown together under anaerobic 
cond itiions in g lucose-lim ited  continuous culture B. thermoaphacta displaced 
the Lactobacillus from the chemostat, presumably because i t  had a higher 
a f f in i t y  fo r  glucose. This resu lt led  those workers to  conclude that the 
Lactobacillus sp. inh ib ited  the growth o f B.thermoaphacta on meat by producing 
an an tibac te r ia l agent, however they were unable to  demonstrate in h ib ition  in 
liq u id  cu ltu re.

We have now examined in more d e ta il the growth o f B.thermoaphacta and a 
Lactobacillus in pure and mixed culture both on beef o f high pH and in 
glucose-lim ited  continuous culture in  a chemostat. Under aerobic conditions 
no s ign ifica n t in teractions between the organisms were observed, but under 
anaerobic conditions the growth o f B.thermoaphacta was inh ib ited  in the 
presence o f the Lactobacillu s. These resu lts  may be explained in terms of 
competition fo r  glucose.

Materials and Methods

B.thermosphacta was maintained on nutrient agar slopes and Lactobacillus L I3 
(Shay and Egan, 1981) in cooked meat medium. Cultures were stored at 0°C. 
Growth o f inocula, measurement o f meat pH, preparation o f  meat samples, 
conditions o f incubation and preparation o f samples fo r  v ia b i l i t y  
determination have been described previously (Campbell e t  a l . , 1979). To
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determine the v iab le  count o f Lactobacillus L I3 in pure cu ltu re, samples were 
plated on MRS Agar (Oxoid) and Tryptone Soya Agar (Oxoid) supplemented with 
0.5% (w/v) yeast extract and 0.2% (w/v) glucose (TSYG aga r). For 
B.thermoaphacta in pure cu lture TSYG agar and STAA agar (Gardner, 1966) were 
used. For mixed cultures a l l  three media were used.

A New Brunswick B io flo  C30 apparatus was used fo r  continuous culture 
experiments as previously described (H itchener, Egan and Rogers, 1979). The 
culture medium consisted o f  a m inera l-sa lts  basal medium (medium 56 o f Monod, 
Cohen-Bazire and Cohn, 1951) used ha lf-strength  and supplemented with 0.3% 
(w/v) yeast extract and 0.1% (v/ v ) Tween 80. The medium was s t e r i l i z e d  by 
autoclaving and a fte r  coo ling s t e r i le  solu tions o f manganese sulphate ( f in a l 
concentration 0.3 mM) and glucose were added. The temperature fo r  a l l  
continuous culture experiments was 25°C and that fo r  the meat experiments was 
5°C.

Results

Pieces o f beef semitendinosus muscle, pH 6.5-6 .7 , inoculated with aerob ica lly  
grown c e l ls  o f B.thermoaphacta and/or Lactobacillus L I3. were incubated in 
Thunberg tubes at 5ÖC. F ig . 1a shows the resu lts  o f a typ ica l experiment 
where conditions o f growth were aerobic. S tarting from an in i t ia l  population 
o f ca. lO1* c e lls/ g  o f meat, B.thermoaphacta and the Lactobacillus reached 
maximum populations in excess o f 10^/g and 10®/g resp ec tiv e ly . In a ll 
experiments, B.thermoaphacta reached the higher population. In an experiment 
in which the in i t ia l  population o f B.thermoaphacta was 10®/g and that o f the 
Lactobacillus only lO V g , there appeared to  be a s ligh t inh ib ition  o f  the 
growth ra te  o f the Lactobacillus but i t  s t i l l  reached the same maximum 
population.

For s im ila r experiments using anaerobic conditions, c e l ls  fo r  use as inocula 
were a lso grown anaerob ica lly . Under such conditions the Lactobacillus 
reached populations o f 2 x 10® to  lO^/g in both pure and mixed cu lture (F ig . 
1b). In contrast w h ilst the population o f B. thermoaphacta exceeded 10®/g in 
pure culture i t s '  growth in mixed culture was inh ib ited . S tarting from an 
in i t ia l  population o f  ca. 10**/g i t  reached a maximum o f  ca. 6 x 10®/g and then 
tended to  decline on further storage. In an experiment where the 
Lactobacillus started  at an in i t ia l  count o f lO Vg and B.thermoaphacta at 
10Vg, less inh ib ition  was observed. In th is  experiment the Lactobacillus 
reached a maximum population o f 2-3 x 10®/g and B.thermoaphacta reached ca .
5 x 107/g.

Lactobacillus LI 3 wa3 grown in  continuous culture in  the chemostat at 25°C. 
With 3.7 mM glucose in the input medium the culture was glucose lim ited  over a 
range o f d ilu tion  rates from 0.1 to  0.5 h-1 and the population o f  c e l ls  was 
between 10® and 10^/ml. Sim ilar resu lts  were obtained under both aerobic and 
anaerobic conditions o f growth, however most pure-culture experiments were 
done using anaerobic conditions.

When B. thermoaphacta was grown in glucose-lim ited  continuous culture in the 
chemostat at 25°C the growth characteris tics  were s im ila r to  those observed 
previously in a more deta iled  study (H itchener, Egan and Rogers, 1979). In 
the present experiments i t  reached a maximum population in excess o f 10®/ml 
under both aerobic and anaerobic conditions.

The resu lts  o f a typ ica l experiment in which the two organisms were grown 
together in  mixed cu lture in  the chemostat under conditions o f glucose 
lim ita tion  are shown in  F ig . 2. Under aerobic conditions, B.thermosphgjL--  ̂ 0{  
grew from an in i t ia l  inoculum o f  ca. 10® cells/ral to  a population in e%ce tne 
10®/ml, in sp ite  o f the presence o f a high population (ca . 2 x 10®/ml) 0 n of 
Lactobac illu s . However when the culture was made anaerobic, the popul3*;1 
B,thermoaphacta declined to  between 10® and 107/ml. Re-establishment of 
aerobic conditions resu lted  in i t s '  population increasing to  the previous 
le v e l .  Under anaerobic conditions, B.thermoaphacta was never completely . 0r 
elim inated from the chemostat but i t  continued to  co -ex is t with a much &  
population o f  the La c tob a c llllu s .

When the order o f  inoculation was reversed, sim ilar resu lts  were obtained 
The Lactobacillus grew from an in i t ia l  populatin o f ca. 10®/ml to  greatef 
10®/ml in sp ite  o f  the presence o f  a high population o f B.thermoaphacta» ^  
Under aerobic conditions the increase in population o f the L a c to b a c i l l i   ̂
no s ign ific a n t e f fe c t  on the p re-ex is tin g  population o f B.thermosphacta 3 ^  
high populations (>10®/ml) o f each organism co-ex isted  together. Howevef 
conditions were anaerobic at the time o f introduction o f  the Lactobacill i , ;  tP 
then the population o f B.thermosphacta declined to  ca. 10®/ml concomitan 
the increase in the population o f  the Lactobac illu s .

In further experiments the a f f in i t y  o f  each organism fo r  the growth-U101̂  
substrate (g lu cose) was determined. The steady-state glucose concentrate ¡stf- 
was measured over a range o f d ilu tion  ra tes  fo r  pure cultures o f each ori 
The residual glucose concentration increased as the d ilu tion  ra te  was 
increased, u n til the maximum growth ra te  was reached at which point the 
cu lture commenced to  "wash-out” . The data so obtained was p lotted  in dou 
reciproca l form (Lineweaver-Burk p lo t ) in order to  determine Ka fo r  g luC°
For B. thermoaphacta i t  was found to  be ca. 0.1 mM under aerobic oond iti0 ^ JP 
0.6 mM under anaerobic conditions. For Lactobacillus LI 3 i t  was ca. 0,1 
both cases.

Discussion

The continuous culture experiments show that the compositon o f  a mixed *
o f the B.thermosphacta and Lactobacillus stra ins used was dependent up°n 
a v a i la b i l i t y  o f oxygen. These resu lts  are consistent with competition f  
glucose being the major fa ctor con tro llin g  the composition o f the popul3 ut 
Under aerobic conditions, Ks fo r  glucose was the same fo r  both bacteria* {Of 
under anaerobic conditions the a f f in i t y  o f the fa cu lta tiv e  B.thermosphg g ^ a .  
glucose was reduced, a llow ing the Lactobacillus to dominate in mixed cult 0d1c 
B .thermosphacta was not completely elim inated Trom the cu lture under anaee3st 
conditions presumably because i t  was able to  u t i l i z e  a component o f the Y 
ex tra c t .

Our continuous culture experiments gave d iffe ren t  resu lts  from those o f  1* 
and G il l  (1978). The reason fo r  th is  is  not known as those workers did n 
determine Ks values.

The fa c t that the population dynamics o f the two organisms growing in i"1*6 
cu lture on meat was s im ila r to  those in continuous cu ltu re, suggests the ^  
competition fo r  substrate may have been a con tro llin g  fa ctor in that 3l t  
a lso . Although there is  considerable evidence that la c to b a c il l i  inh ib it
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