
Use of Lactobacilli to 

Introduction 

Historically, starter culture bacteria were involved in the 
preservation of foods. However, as man's technology in- 
creased, new methods were developed for preserving foods. 
This decreased the needs for the use of starter culture bacteria 
for this purpose, thus, starter culture bacteria have been 
selected for the ability to produce desirable characteristics in 
the foods being cultured. However, interest has been renewed 
in the ability of the starter culture bacteria to exert antagonis- 
tic action toward the growth of undesirable microorganisms 
in foods. Along with this renewed interest, studies to identify 
the mechanisms whereby the antagonisms are marifested in 
various foods have been undertaken. The bacteria involved in 
these studies have been the lactic streptococci, Leuconostoc 
species, and Lactobacillus species. It was originally thought 
that only the acids produced by these starter culture bacteria 
were responsible for preserving the foods. While the acid 
produced is important, other factors are involved including 
the types of acid (volatile fatty acids such as acetic acid are 
more inhibitory than lactic acid) antibiotics type compounds, 
hydrogen peroxide and other unidentified metabolites. In 
most situations the inhibitory action of starter culture bacteria 
i s  probably due to the effect of several factors working in 
combination. 

Antagonisms Produced by Lactobacilli During Growth 

There are quite a number of reports in the literature show- 
ing that various species of lactobacilli exert antagonistic ac- 
tion toward undesirable microorganisms in cultured foods. 
Many of  these have been reviewed by Hurst (1 979). Most of 
these studies have involved antagonisms that are exerted dur- 
ing the growth of the starter culture bacteria in the food being 
cultured or in associative cultures. Such antagonisms have 
been shown to occur in the manufacture of certain fermented 
sausages (Daly et al, 1973, Goepfert and Chung, 1970, Nis- 
kanen and Nurmi, 1976, Smith et al, 1975). As an example, 
Daly et al (1973) demonstrated the inhibitory action of Lac- 
tobacillus plantarum towards Staphylococcus aureus in the 
manufacture of a fermented sausage. They inoculated ground 
beef containing the curing mixture with S. aureus. The inocu- 
lated ground beef was then divided into several portions, one 
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being retained as a control and others being additionally in- 
oculated with L.  plantarum and/or Pediococcus cerevisiae. 
The samples were then incubated at either 21, 30, or 37°C. 
They were sampled periodically to enumerate numbers of 
coagulase positive staphylococci. In the sample relying on the 
normal flora of meat for the fermentation process (the control 
sample) the 5. aureus grew quite readily. The growth was 
considerably slower in the sample which was inoculated with 
L .  plantarurn. 

We have shown in our laboratories that lactic acid bacteria 
can exert inhibitory action toward undesirable organisms 
when grown in associative test tube cultures. As an example 
of an experiment to demonstrate this inhibitory action, four 
tubes of the broth were inoculated with 1,000 C. perfringens 
cells per ml, then three of the tubes were additionally inocu- 
lated with the indicated starter culture bacteria. The samples 
were incubated for 5 hrs at 37°C after which the numbers of 
C. perfringens were enumerated using a selective medium. 
The percentages of inhibition were based on the differences 
between counts for the control and for each of the samples 
additionally inoculated with the starter culture bacteria. All 
three of the starter culture bacteria: 1. acidophilus, L. bul- 
garicus, and k'. cerevisiae inhibited the growth o f  C. per- 
fringens. The percentages of inhibition were 99.5, 99.5 and 
97.4 respectively. Other studies have shown that members of 
the family Streptococceae and Lactobacillaceae wil l inhibit 
bacteria isolated from meat (Dubois et al 1979). 

Antagonisms Produced by Lactobacilli 
in Refrigerated Foods 

While the antagonisms described in the previous experi- 
ments were manifested in food or in growth media incubated 
at temperatures favoring the growth of both groups of or- 
ganisms involved, studies have also shown that such micro- 
bial antagonisms can and do occur in refrigerated foods. Price 
and Lee (1970) showed that lactobacilli growing in refriger- 
ated oysters inhibited the growth of Pseudomonas species and 
the inhibition was paralleled by the production of hydrogen 
peroxide. The addition of catalase to the oysters prevented the 
inhibition. Prior to that Dahiya and Speck (1968) demon- 
strated the lactobacilli growing in milk inhibited the growth of 
S .  aureus and that the inhibition was at least in part due to 
hydrogen peroxide produced by the lactobacilli. They ob- 
served that spent broth medium recovered after the growth of 
1. lactis was inhibitory to S. aureus. The spent medium from a 
Trypticase Soy broth culture of L. lactis was adjusted to pH 7 
and filter sterilized. The filtrate was added to fresh broth in 
various amounts. The samples were then inoculated with S. 
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aureus and the growth was followed turbidimetrically at 35°C. 
As the amount of filtrate increased, less growth of the 5. au- 
reus was obtained. This inhibit ion was prevented when 
catalase or pyruvate was added to the samples. Therefore, it 
appeared that the hydrogen peroxide in the filtrate was re- 
sponsible for the inhibition. Additional experiments revealed 
that the hydrogen peroxide would accumulate in nongrowing 
cultures of the lactobacilli. For these experiments the cells of 
lactobacilli were suspended in a 0.2 molar phosphate buffer 
at pH  7 containing 0.25% glucose and stored at various tem- 
peratures. The amount of hydrogen peroxide was then deter- 
mined enzymatically after six days of storage. More hydrogen 
peroxide was detected in the samples which had been stored 
at the lower temperatures. The temperatures and amounts of 
hydrogen peroxide (pghnl) were as follows: 5"C, 9.65; 21"C, 
8.70; 26"C, 3.60; 32"C, 1.95; 35"C, 0.73; 37"C, 0.45. It is 
particularly important to notice that the highest level o f  hy- 
drogen peroxide was observed in the sample which had been 
stored at 5"C, thus, indicating that the lactobacilli could ac- 
cumulate hydrogen peroxide during refrigeration. It should be 
further pointed out that this Lactobacillus species wil l  not 
grow at refrigeration temperature. 

Since lactobacilli wi l l  produce sufficient hydrogen peroxide 
to inhibit 5. aureus and since they wil l  accumulate hydrogen 
peroxide under refrigeration, it seemed reasonable that they 
might be useful in inhibiting the growth of spoilage organisms 
in nonfermented refrigerated foods. Since the lactobacilli in 
question wil l  not grow at temperatures as low as 10°C there 
presumably would be no acid produced and therefore less 
chance of altering the foods via the production of acids. Pre- 
liminary studies were conducted in milk since it is an easier 
medium to work with than meat (Gilliland and Speck, 1975). 
In order to have control over the type of spoilage organisms 
with which we were dealing we used autoclaved milk inocu- 
lated with a psychrotrophic culture which had been isolated 
from raw milk. After inoculating the milk it was divided into 
three portions, one for the control, to a second portion was 
added 1 x IOa cells of L .  bulgaricus per ml  and to the other, 1 
x 10' cells per ml of the same strain of L .  bulgaricus. The L. 
bulgaricus cells for these experiments had been grown in 
broth, removed by centrifugation and resuspended in a small 
amount of milk. This resulted in a concentrated culture so that 
a very small amount was added to the milk to achieve the 
populations indicated. The samples were incubated statically 
at 5°C. The number of psychrotrophic bacteria in the milk 
were enumerated after seven days of storage by plating the 
samples on plate count agar and incubating the plates 5 days 
at 21°C. This enabled us to selectively enumerate the psy- 
chrotrophic bacteria since the L. bulgaricus would not grow 
on this agar medium at 21°C. The countsh l  were as follows: 
control sample, 6.5 x 1 04; sample containing higher number 
of lactobacilli, 2.0 x 10'; sample containing lower number of 
lactobacilli, 8.2 x 10'. The number of psychrotrophic bac- 
teria in the control sample represented an increase of greater 
than 100 fold during the storage period. The psychrotrophic 
bacteria did not increase in numbers in either of the samples 
containing the L .  bu\garicus cells. In fact, the number of psy- 
chrotrophic bacteria in  the sample containing the higher 
number of L .  bulgaricus decreased. This sort of decrease was 
also observed in other experiments and occurred very rapidly 

upon the addition of high numbers of lactobacilli. Apparently 
a sufficient amount of the antagonistic agent was produced 
rapidly enough so that part of the psychrotrophic bacteria 
were killed in the sample initially. Analyses of the sample be- 
fore and after storage, indicated that there was slight de- 
creases in pH, however, the decreases were not sufficient to 
account for the amount of inhibition that was observed in the 
samples containing L .  bulgaricus. 

To confirm whether or not the antagonistic action was due 
to hydrogen peroxide, additional experiments were done in a 
similar manner except that catalase was added to one sample 
and inactive catalase was added to another. The samples 
were stored at 5°C with continuous agitation. The numbers of 
psychrotrophic bacteria were again enumerated by plating the 
samples on plate count agar and incubating 5 days at 21°C. 
The psychrotrophic bacteria in this experiment grew more 
rapidly than in the previous experiment, presumably due to 
the fact that the milk in  this experiment was continuously agi- 
tated. However, the sample containing the lactobacilli and 
inactive catalase exhibited inhibition of the psychrotrophic 
bacteria comparable to that in the previous experiment. The 
inhibition was almost entirely eliminated in the sample con- 
taining the active catalase. These results indicate that hydro- 
gen peroxide was largely responsible for the antagonism. 

Similar effects of L. bu\garicus have been produced in sea- 
foods (Gilliland and Speck, 1975). The addition of cells of L .  
bulgaricus to freshly picked crab meat, which is a very 
perishable item, resulted in inhibition of the growth in the 
psychrotrophic bacteria. Again there was a very small change 
in p H  of the samples during storage indicating that acid was 
not responsible for the antagonism. 

Preliminary experiments using ground beef purchased from 
local supermarkets revealed that some inhibition of psychro- 
trophic bacteria could be obtained by adding cells of L .  bul- 
garicus to the meat (Gilliland and Speck, 1975). For these 
experiments, the L. bulgaricus cells were grown in broth, har- 
vested by centrifugation and resuspended in cold 1% sterile 
peptone water. The ground beef was thoroughly mixed to uni- 
formly distribute the microflora and then divided into two 
portions. Ten ml  of the concentrated suspense of L .  bulgaricus 
was added to 100 g and 10 m l  of sterile 1 %  peptone water 
was added to the other 100 g portion. Each sample was 
mixed thoroughly and portions stored in sterile containers at 
5°C. The primary spoilage organisms in meat are Gram nega- 
tive bacteria, thus, in these experiments the numbers of Gram 
negative bacteria were enumerated by plating the samples on 
CVT agar before and after storage. Results from one of these 
preliminary experiments is shown in Table 1. The initial 
numbers of Gram negative bacteria in the ground beef ob- 
tained from the supermarkets were in the range of 6 to 30 
million per gram. In order to exert an antagonistic action to- 
ward these bacteria a very high number of lactobacilli had to 
be added. Even though the initial count was quite high, the 
Gram negative bacteria grew rapidly in the control sample, 
increasing 10 fold during the first two days. The number did 
not increase during the first two days in the sample containing 
the added lactobacilli. After six days of storage the control 
count had increased approximately 1,000 fold. The count in 
the sample containing the added lactobacilli had increased 
approximately 40 fold, thus, there was considerable inhibition 
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Table 1 .  Effect of L.  bulgaricus on Growth of 
Psychrotrophic Bacteria in Ground Beefa at 5°C 

(Gilliland and Speck, 1975) 

L.  bulgaricus 

at 5°C Control (2.7 X 10qlb 
Days H W D  

0 
2 
6 

~ ~ 

1.3 x 107c 1.0 x 107 
1.4 x lo8 1.0 x 1 0 7  
1.6 x 1 O ' O  4.6 X l o 8  

"Ground beef purchased from supermarket, 
hColony iorming units of starter culture bacteria added per gram of meat. 
CColony forming units on CVT agar 

of the growth of these spoilage bacteria in ground beef. In 
additional experiments we prepared ground beef in the labo- 
ratory in order to obtain a product having a lower initial 
count. We included in these experiments 1. bulgaricus, L.  lac- 
tis, and P. cerevisiae, in order to compare their inhibitory ac- 
tion. The protocol for the experiments were similar to the pre- 
vious ones except that the ground beef was prepared in the 
laboratory and the additional test cultures were included. The 
test cultures were all added at a level of 5 x lo8  per g in 
order to compare their inhibitory ability. Results from such an 
experiment are shown in Table 2. For this experiment the 
Gram negative counts are shown before and after three days 
of storage. All three of the test cultures exerted inhibitory ac- 
tion toward the growth of the Gram negative bacteria. The L. 
bulgaricus and 1. lactis appeared to be more inhibitory than 
the P. cerevisiae. However, the Pediococcus culture did exert 
a considerable amount of inhibitory action, in that the count 
for the sample containing the added fediococcus was ' / i o  that 
of the control sample after three days of storage. 

Related experiments on the effect of lactobacilli on the 
growth of psychrotrophic bacteria have indicated variations 
among strains of lactobacilli with respect to the amount of 
antagonisms produced (Martin and Gill i land, 1980). An 
example of this variation is shown in Table 3. In these exper- 
iments involving milk inoculated with a psychrotrophic bac- 
teria, five different strains of L. bulgaricus were compared for 
their inhibitory capabilities. Equal numbers of all five strains 
were added to separate portions of the milk inoculated with 
the psychrotrophic bacteria. The percentages of inhibition 

(based on differences between the counts in the control sam- 
ple and the samples containing added lactobacilli) after 6 
days of storage at 5.5"C ranged from 26 to 82%. In general 
the cultures which produced the highest level of inhibition 
also produced the highest level of hydrogen peroxide indicat- 
ing that the amount of inhibition produced by the different 
strains was related to the amount of peroxide they were capa- 
ble of producing. Variations in the amount of hydrogen 
peroxide produced by various starter culture bacteria have 
been reported by others (Cilli land and Speck, 1975, Prerni 
and Bottazzi, 1972). 1. lactir appears to be the most active of 
the lactobacilli with respect to hydrogen peroxide formation 
during refrigerated storage. A comparison of the peroxide 
production by two strains of L .  bulgaricus, one strain of 1. 
lactis, and one of f. cerevisiae is shown in Table 4 (Gilliland 
and Speck, 1975). For these experiments the cells of the indi- 
cated bacteria were harvested from broth cultures by centrifu- 
gation and resuspended in either 50 m l  of autoclaved 10% 
non fat milk solids or 50 ml of the broth containing 0.256 
beef extract and 0.1 % glucose. The samples were then incu- 
bated 22 hrs at 5°C on a rotary shaker. The amount of hydro- 
gen peroxide in the samples was determined using a method 
which measured the amount of color formed by the reaction 
of hydrogen peroxide, peroxidase and o-dianisidine. Thus, the 
higher the opt ical  indensity value the more hydrogen 
peroxide was present. In most cases more peroxide was de- 
tected in the broth than in the milk. L .  /actis produced more 
hydrogen peroxide than any of the other cultures tested. It is 
interesting to note that the fediococcus culture did not pro- 
duce detectable amounts of peroxide in this experiment. 
Thus, antagonisms exerted in the ground beef by the P. cere- 
visiae was probably due to something other than the hydro- 
gen peroxide. Based on other reports in the literature we 
could expect the amount of peroxide produced by individual 
strains of each species listed here to vary considerably, and 
certainly this would appear to be important in the amount of 
antagonisms that they might exert on psychrotrophic bacteria 
in refrigerated meat. 

Other species of starter culture bacteria including lactic 
streptococci and Leuconostoc species have also been re- 
ported to exert antagonistic action towards spoilage flora in 
refrigerated meats (Daly et al, 1972, Reddy et al, 1970). 
However, these particular starter culture bacteria wil l  all grow 
slowly at refrigeration temperature and, thus, would be ex- 
pected to produce a considerable amount of acid in the prod- 
uct during refrigerated storage. The same could be said for 

Table 2. Effect of Cells of L. bulgaricus, L. lactis and P. cerevisiae on Growth of 
Psychrotrophic Bacteria in Ground Beep at 5°C (Gilliland and Speck, 1975) 

Days 1. bulgaricusb L. lactisb 
at 5°C Control NCS 1 BYL 1 P. cerevisiaeb 

- 

0 6.7 X 10" 8.3 X l o2  8.5 X lo2 8.4 x l o2  
1.5 x 104 3 1.5  x 105 5 . 3  x io3 4.7 x 103 

=%round beef prepared in laboratory. 
hApproxirnately 5 x 10' cells added per gram 
CColony counts per g on CVT agar. 
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Table 3. Inhibition of Growth of Psychrotroph RM in 
Autoclaved 10% NFMS by Cells of Different Strains of 
Lactobacillus bu/garicusa (Martin and Gilliland, 1980) 

Culture 
Percent 

Inhibitionb 

L .  bulgaricus D1 
L .  bulgaricus D3 
L .  bulgaricus E2 
L .  bulgaricus F1 
L .  bulgaricus F2 

82 
76 
51 
26 
54 

a2.5 x 10’ lactobacilli addediml for each culture: Initial population of psy- 
chrotroph = 1 x 1 O w ;  incubated 6 days at 5.5OC. 
bAverages from 3 trials. 

some other species of lactobacilli which wil l  grow at lower 
temperatures. 

Vacuum packaging of beef in gas impermeable material, 
exerts inhibitory action on many of the more active Gram 
negative spoilage organisms since they are strict aerobic bac- 
teria (Gil l and Newton, 1978, Roth and Clark, 1975). How- 
ever, other spoilage bacteria including Microbacterium ther- 
rnosphacturn wil l  grow quite well anaerobically. The addition 
of homo fermentative I actobac i I I i to vac u um packaged beef 
which had been inoculated with hf. thermospacturn exerted 
inhibitory action on the Microbacterium culture (Roth and 
Clark, 1975).  The inhibition by the lactobacilli was evident 
only in vacuum packaged beef and not in beef which was 
stored aerobically. In both situations the lactobacilli grew in 
the product at refrigeration temperatures. Apparently the an- 
tagonisms required the growth of the lactobacilli, however, 
the mechanism of the antagonism was not determined. The 
species of lactobacillus involved in this study was not iden- 
tified, however, it was most probably not L .  bulgaricus or L .  
lacti3 since i t  grew at refrigeration temperatures. Neither L .  
bulgarrcus or L.  lactis would grow at 5°C. 

Summary and Conclusions 

Certain species of lactobacilli which are incapable of grow- 
ing at refrigeration temperatures have been shown to exert 
antagonistic actions toward the spoilage microorganisms in 
refrigerated meat. Hydrogen peroxide appears to he the major 
inhibitor produced by these lactobacilli. Studies reported thus 
far, indicate that fairly high numbers of lactobacilli are re- 
quired for the inhibition and would, thus, he rather costly. 
Additional research is needed to further understand the pa- 
rameters in controlling the amount of inhibitory action pro- 
duced. This might involve selecting cultures which are most 
active with regard to hydrogen peroxide formation during re- 
frigerated storage and wil l  most likely focus on the species L. 
/actis. It is fair to assume that we might expect to find a con- 
siderable variation among strains of  this organism with regard 
to the production of hydrogen peroxide at refrigeration tem- 
peratures. Another area which might be fruitful would be to 
determine if the culture’s metabolism can be altered by condi- 
tions under which the cells of the lactobacilli are grown in 

Table 4. Peroxide Production by Lactobacilli and 
Pediococci at 5oCa (Gilliland and Speck, 1975) 

H202 

(OD at 400 nmjb 

Organ ism 10% NFMS~ Brothd 
~ ~ ~ 

L .  bulgarrcus NCS1 0.01 7 0.791 
L. bulgarrcus HWD 0.045 0.732 
L lactrs BYLl 0.243 >2.000 
P. cerevrsiae 0.007 0.007 

aWith continuous agitation: 22 hr incubation. 
bThe higher the optical density, the more peroxide 1 5  present. 
=Nonfat milk solids: autoclaved (15 min at 121’C). 
d0.25% beef extract + 0.1 W glucose: autoclaved (1 5 min at 121°C). 

order to enhance the production of hydrogen peroxide during 
refrigerated storage. There may be ways also of enhancing the 
formation of hydrogen peroxide in the meats, depending on 
the storage conditions. On the other hand, ways may be de- 
termined to enhance the effect of the hydrogen peroxide that 
is produced. 

Discussion 

C. E. Allen, Minnesota State University: Since milk and 
meat are both very susceptible to oxidation in producing 
oxidized flavors in meat and giving an off color, I guess I am 
somewhat concerned about what the effect of the hydrogen 
peroxide producing organisms is on this aspect of these two 
foods. Do you have any comments on that, or are they at a 
high enough level to see anything? 

5. E. Cilliland: We have not conducted any real in depth 
studies on this, however, we have not observed whether we 
are getting that amount of oxidation. Another question which 
is similar to this, which has often been asked, is why not just 
add hydrogen peroxide. Well I think the secret here i s  the fact 
that you have through these bacteria system in which you can 
first of  all distribute the peroxide generating mechanism 
throughout the food so that you are dealing from the bottom 
side with a very low level of peroxide, actually. Whereas if 
you added in a larger amount from a free agent bottle, you 
would tend to localize a very heavy concentration and prob- 
ably have some of these adverse effects. It could be that in 
order to produce sufficient peroxide, you might have some 
problems in some products. In the limited amount of work we 
did with meats, we did not observe any discoloration in the 
product during the experiments. Again, we were not making a 
detailed study on that possibility. Obviously there are situa- 
tions in sausage products where i f  the wrong lactobacillis cul- 
tures are used, you do get some green discoloration. But that 
is under a different system again. And whether or not that is 
entirely due to peroxide may be open to question somewhat. 
That’s the question that remains to be answered. 

D. Fung, Kansas State University: Have you studied the 
micrococcus system since they produce a lot of catalase? 

5. E. Cil/i/and: We have not tested micrococcus, of course, 
the Staphylococcus aureus i s  catalase positive as would be 
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the gram negative bacteria in meats. Apparently the secret 
there with regards to inhibiting a catalase positive organism 
by peroxide relies on the location of that catalase within the 
cell and the point of action of the peroxide. In those catalase 
positive organisms I would presume the catalase is localized 
in the cell near the point of production of peroxide by those 
bacteria. Here we are having peroxide coming in  from the 
outside. Incidentally, the starter bacteria that we are dealing 
with are catalase negative. That is why  they wi l l  accummulate 
as hydrogen peroxide. So apparently it is the situation of the 
point of catalase within those cells versus the point of action 
of hydrogen peroxide added externally. 

H. K. Herring, Wilson Foods Corporation: Stan, would you 
comment on whether you had nisin produced under these 
conditions? 

5. E.  Cilliland: Nisin i s  an antibiotic which has been iden- 
tified as being produced by some of the lactus, such as Strep- 
tococcus lactus. Under these conditions, w e  are dealing with 
a different organism for one thing and secondly I don’t know 
of any report that indicated that nisin is produced by non- 
growing cultures. I am certainly not aware of any results indi- 
cating it i s  formed at refrigeration temperatures. So I would 
say, no. Most of our results of the lactobacilli tend to point to 
hydrogen peroxide. 
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