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Abstract 

Culture filtrates of Lactobacillus lactis 
and Lactobacillus bulgaricus were observed 
to contain material inhibitory against  
Staphylococcus aureus. The concentration 
of inhibitor increased on storage of the 
lactobacilli at  5 C, and the maximum was 
attained af ter  five days. A carbohydrate 
source was necessary for  the formation of 
this inhibitory activity by resting cell 
suspensions. The inhibitory factor was 
identified as hydrogen peroxide. Storage 
of lactobacilli in dextrose at neutral p H  
and at  5 C resulted in maximum accumu- 
lation of hydrogen peroxide. 

Inhibi tory activity associated with cultures 
of lactobacllli has been shown previously by 
several workers (1, 3, 6, 8, 9, 14, 15, 17). In  
addition to lactic acid, a heat labile com- 
pound(s)  has been eommonly implicated as 
an inhibitory product (10, 16). Wheater  et al. 
(18) observed inhibition of Staphylococcus 
aurcus by a strain of Lactobacillus lavt~s. They 
proposed that inhibition of S. aureus resulted 
from the formation of hydrogen peroxide by 
the L. lactis. However, they were unable to 
show the presence of hydrogen peroxide in the 
lactobacillus growth medium and indicated that 
viable lactobacilli were necessary for  the in- 
hibition of the staphylococcus. During our 
studies we also observed that  inhibition of 
S. aureus by certain strains of L. lactis and 
L. bulgaricus was caused by the formation of 
H~O~ by lactobacilli. However, we were able 
to show the accumulation of H20~ in the lacto- 
bacillus growth medium. 

This observation prompted further work to 
obtain information on the factors influencing 
the hydrogen peroxide formation by the lacto- 
bacilli and to clarify the influence of this com- 
pound on the growth of S. aureus. 

Materials and Methods 

Organ,~ms. Single strains of laetobacflE 
were isolated from yogurt s tarter  cultures ob- 
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tained from commercial supply  houses by 
plating on lactic agar  (2). Al l  isolates were 
transferred in sterile litmus milk and subcul- 
tures were made with 1% inoculum; incubation 
was at  35 C for  approximately 16 hr. F o r  in- 
oculation of lactic broth or trypticase soy 
broth, cultures were transferred in the same 
medium for  at  least three transfers before 
l l s e .  

Strains LA 10-65 and DN-1 were identified as 
L. lactis and strains NYL1 and SYL1 as L. 
bulgaricus, according to the scheme described 
by Sharpe et al. (11). 

Staphylococcus aureus MF31, an enterotoxi- 
genie strain, was transferred daily in t rypt i -  
ease soy broth using 1% inoculum and incuba- 
tion at 35 C for  15 hr. 

Between transfers all cultures were stored in 
the refrigerator.  

Cup plate assay. An agar diffusion method 
was used to determine inhibition of S. aureus 
by lactobacilli. F i f t y  milliliters of sterile 3% 
agar and 50 ml of reconstituted nonfat dry 
milk (20% total solids) were tempered to 
45 C, and mixed. To this mixture 10 ml 
of 20% calcium carbonate solution was added. 
Again the contents were mixed and 10 ml 
aliquots were removed to duplicate plates to 
be used as controls. The remainder of the 
agar-milk mixture was inoculated with 1% of 
the lactobacillus test strain. Volumes of 10 ml 
were placed in duplicate plates. The open end 
of a sterile tube (inside diameter 22 ram) was 
pressed on the solidified milk agar. This was 
first done on the control plates and then re- 
peated on plates containing the lactobacillus. 
A sterile spatula was used to l if t  out and dis- 
card the agar  from the circle. Then to a tube 
containing 10 ml of trypticase soy agar  (tem- 
pered to 45 C), 0.1 ml of 0.4% triphenyltetra- 
zolium chloride and 0.1 ml of actively growing 
S. aureus culture were added. Af te r  mixing, a 
portion of the inoculated agar  was used to fill 
the cup inside the solidified milk agar. The 
plates were then incubated at 35 C for  24 hr  and 
were observed for  inhibition of the staphylococ- 
cus inside the cup. The width of the clear band 
was measured and recorded. 

The foregoing method allowed certain ad- 
vantages in detecting inhibitory strains of the 
lactobacillus: 1) the inhibitory effect of 
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acid produced by the growing culture was 
eliminated by the carbonate; 2) the lacto- 
bacillus could be preincubated to allow ac- 
cumulation of inhibitor before adding the 
staphylococcus. 

To check the effect of pre-incubation of 
lactobacillus on the inhibitory zone size, different 
plates were incubated at 35 C for 2 hr, 4 hr 
and 6 hr. The cups were then prepared and 
filled with trypticase soy agar inoculated with 
the staphylococcus. The plates were incubated 
for 24 hr after which width of the band of 
inhibition was recorded. 

Measurement of  activity of  spe~t medlum. 
Several bottles containing 100 ml of sterilized 
trypticase soy broth were inoculated using 1% 
o£ L. laetis LA 10-65 and incubated at 35 C. 
The cultures were removed at intervals, tem- 
pered and stored at 5 C. For assay 22.5 ml 
from each bottle was adjusted to p i t  7.0 and 
the final volume of each was made to 25 ml. 
Each sample was sterilized by Seitz filtration. 
The cell free culture filtrates (1 ml, 2.5 ml and 
5 ml) were dispensed in sterile tubes. The 
volume of each tube was adjusted to 5 ml with 
sterile water. For  control, 5 ml of water was 
used. Double strength trypticase soy broth was 
inoculated with 0.05% of S. aureus. After 
mixing, 5 ml of this inoculated broth was trans- 
ferred to each tube. The tubes were inverted 
three times and incubated at 35 C for about 
six hours (Control ---- approx. 30% transmit- 
tance). The per cent light transmission of each 
tube was determined at 600 mt~. 

Preparatio~ of  cell suspensions. The lacto- 
bacillus culture was grown in trypticase soy 
broth at 32 C until the medium reached p i t  
5.5. The culture was cooled and centrifuged 
at 5000 g for 20 min. The supernatant was 
discarded and the cells were washed twice with 
0.05 ~ sodium phosphate buffer (pH 7.0). 
Cells were resuspended in phosphate buffer and 
distributed equally in sterile solutions of 0.25% 
dextrose, 0.3% phytone, 1.7% trypticase and 
0.05 ~ phosphate buffer (p i t  7.0). The cell 
suspensions were stored at 5 C. Cell free 
filtrates of the above suspensions were then 
tested for the presence of inhibitory material 
after various periods of storage according to 
the method described for spent medium. 

Measurement of  hydrogen peroxide. ]~ydro- 
gen peroxide accumulated in the cell suspen- 
sions was measured by the method of Oram 
and Reiter (7). 

Results 

I n  the preliminary survey various strains 
of lactobacilli isolated from yogurt starter cul- 

tures were tested by the cup plate assay (Fig. 1) 
for the inhibition of S. aureu~. The data (Table 
1) indicated preincubation of the lactobaeillus 
up to six hours increased inhibition of the sta- 
phylococcus. Strain LA 10-65 was the most 
potent inhibitor producer and was used in 
further studies. 

Similar results were obtained when milk 
agar base was replaced by lactic agar or trypti- 
case soy broth agar in the above experiment 
for the cup plate assay. This feature permitted 
the use of trypticase soy broth for determina- 
tion of the inhibitory factor produced by strain 
LA 10-65. The lactobacillus was then grown in 
trypticase soy broth for various periods of 
time and the spent broth was tested for in- 
hibition of S. aurens. The results (Table 2) 
indicated that incubation of the lactobacillus 
culture for 12 hr produced the maximum in- 
hibition. However, when the experiment was 
repeated using spent broth of a fresh 12 hr 
culture, very little inhibition was observed. 
At  this point it was realized that in the earlier 
experiment the cultures were removed from 
the incubator at different intervals and were 
stored at 5 C until  all samples were tested. 
Subsequently it was observed that storage of 
the lactobacillus culture for five days at 5 C 
resulted in maximum inhibitory activity (Table 
3). 

Further experiments indicated that suspen- 
sion of lactobacillus cells in fresh trypticase 
soy broth or in one of its components pro- 
duced a similar effect on storage at 5 C (Table 
4). The results also indicated that possibly 
the presence of a carbohydrate source was neces- 
sary for formation of this inhibitor, as no 
activity was observed when cells were sus- 
pended in phosphate buffer or in 1% acid 
hydrolyzed casein. 

The inhibitory compound that accumulated 
in the culture and in the cell suspensions was 

TABLE 1. Inhibitory activity of lactobacilli against 
~taphylococcus aureus. 

Preincu- Lactobacillus strains 
bation 

of lacto- LA 
bacillus ~ 10-65 DN-1 NYL1 SYL1 

(width of inhibited band in ram) ~ 
(Hr) 

0 0.7 0.5 0.0 0.0 
2 2.5 1.7 1.0 0.5 
4 4.0 2.7 3.5 3.0 
6 4.7 3.2 4.2 4.0 

* Incubation at; 35 C. 
b Inhibition of staphylococcus after 24 hr at 

35 C. 
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TABLE 2. Inhibi tory activity of spent medium 
culture LA 10-65. 

Growth of 
staphylococcus b in : 
Spent medium % 

Age of pH of 
LA 10-65 ~ I~A 10-65 10 25 50 

(Hr )  (% transmit tance)  
0 7.0 35 35 35 
6 6.0 37 58 70 

12 5.5 42 71 98 
24 5.0 35 37 50 
48 5.0 35 38 44 

of 

Culture LA 10-65 grown in tryptiease soy broth 
at  35 C. 

b Staphylococcus incubated for 6 hr at 35 C. 

identified as H~O.o. Catalase,  when  incorpora ted  
in the assay medium, rel ieved inhib i t ion  by  
the cell-free fi l trates (Table  5).  U n d e r  the  con- 
di t ions of the assay, this  s t r a in  of S .  a u r e u s  

was observed to be sensi t ive to the  presence  of 
6 t tg /ml  of H.oO~ (Table  6).  However ,  o ther  
resul ts  p resen ted  in Table 6 indica ted  t ha t  this  
concent ra t ion  was only bacter ios ta t ic .  The bac- 
ter icidal  concent ra t ion  f o r  this  s t r a in  was ob- 
served to be 20 tLg/ml when  tes ted u n d e r  s tat ic  
condi t ions and  22 g g / m l  when  tested u n d e r  
shake condit ions.  The bacter ic idal  concentra-  
t ion for  three  o ther  s t ra ins  of s taphylococci  
tested was 25-35 t~g/ml. 

The da ta  p resen ted  in Table 7 indicate  the  
amount  of H~02 aecunmlated  by  LA 10-65 
cells on s torage  a t  5 C in dextrose + p h o s p h a t e  
buffer ad jus ted  to different  pH .  A t  all p H  
values mos t  of the H.~O~ was fo rmed  wi th in  
24 hr.  However ,  the final concent ra t ion  of 
H,_,O~ on s torage  fo r  15 days was h ighes t  a t  p H  
7.0. W i t h  the decrease or increase in p H  f rom 
neut ra l i ty ,  the concen t ra t ion  of H~O~ also de- 
creased markedly.  These resul ts  indica te  t h a t  
even in an  acid medium the  lactobaci l l i  were 
able to fo rm H.~O~. F u r t h e r m o r e ,  the I=LO.~ 
f o r m a t i o n  was dependen t  on t e m p e r a t u r e  of 
s torage of cell suspensions.  A t  h igher  t empe ra -  
tures,  the concen t ra t ion  was much lower t h a n  
a t  5 C (Table  8).  

TABLE 3. Effect of storage of LA 10-65~ at 5 C 
on inhibitory activity of spent medium. 

Growth of staphylococcus in :  
Storage Spent medium % 

of 
LA 10-65 0 25 50 

(Day) ( %t r ans m i t t ance )  
0 30 39 46 
1 30 40 52 
3 30 49 68 
5 30 60 87 
7 30 60 85 

J. DAIrtY SCIE.~CE WOL. 51, NO..10 

TABLE 4. Effect of storage of LA 10-65 cells at  
5 C in trypticase soy broth and its different 
components on inhibit ion of S t a p h y l o c o c c u s  

aureus .  

Growth of staphylococcus in :  
Cell free filtrates b of 

Stor- cell suspension from 
age 
of Con- Dex- Phy- Trypti- 

cells a trol TSB trose tone case 

(Day) (% transmit tance)  
1 29 52 52 43 46 
3 29 65 60 48 56 
7 39 68 84 94 49 

14 30 73 90 100 41 

Ini t ial  viable population 30 × 107/ml. 
b 25% cell free filtrate added. 

Discussion 

Cer ta in  lactobacil l i  have  been shown to pro-  
duce inh ib i to ry  p roduc t s  aga ins t  o ther  orga-  
nisms normal ly  considered as object ionable  in 
foods. H y d r o g e n  peroxide  f o r m a t i o n  seems 
to be one way in which these bac te r ia  repress  
the  g rowth  of o rganisms  such as S .  a u r e u s .  

Our  studies did not  indicate  the presence of 
any  inh ib i to r  o ther  t han  lactic acid and  H~O~. 
The resul ts  of others  (6, 9) would suggest  
t ha t  different  species of laetobacil l i  may  also 
produce  o ther  types  of inh ib i tors  aga ins t  var i -  
ous undes i rable  microorganisms.  I n  our  s tudy  
it was shown t h a t  even a t  r e f r i ge r a t i on  and  
low p H  tempera tu re ,  lactobacil l i  isolated f rom 
yogur t  p roduced  H~O_~. To wha t  ex ten t  I=I~O.. 
p lays  i ts role d u r i n g  s torage  of f e rmen ted  
foods such as cheese is not  yet  clearly under -  
stood. F r o m  these studies i t  would a p p e a r  to be 
an i m p o r t a n t  f ac to r  in  r ep ress ing  the  growth  of 
cer ta in  undes i rab le  bac te r ia  i f  p r e sen t  in the 
food. 

I t  has  been r epo r t ed  t ha t  some s t ra ins  of 
lact ic  acid bac te r ia  can oxidize cer ta in  sub- 
s tances wi th  a h igh ra t e  of oxygen consump-  
t ion  (4, ] 2 ) .  I-Iowever, the p a t h w a y s  of elec- 
t ron  t r a n s p o r t  in  the course of these  oxidat ions  
are no t  yet  clearly unders tood.  S t r i t t m a t t e r  
(12) observed t ha t  heine-l inked enzymes were 

TABLE 5. Effect of catalase on antistaphylococcus 
activity of LA 10-65 filtrate. 

Fi l t ra te  
LA10-65 Control Catalase a 

( % )  (% transmit tance)  
0 30 22 

10 39 23 
20 53 22 
30 72 22 
40 90 22 

a-Catalase~3,000 units. 
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Fro. 1. Lef t  plate eontai~ing milk-agar base with the inner cup filled with trypticase soy a.gar 
seeded with S. aureus (control).  Right plate seeded with lactobacillus on the outside of the cup and 
the inner cup seeded w~th S. aureus. The band of ~nhibition is clearly visible. 

no t  involved in the h igh  capaci t ies  of var ious  
lactobacil l i  fo r  electron t r a n s p o r t  f r om a va-  
r i e ty  of oxidizable subs t ra tes  to oxygen;  how- 
ever, specific flavin componen t s  were p re sen t  
in h igh concent ra t ion  in each of these orga-  
nisms. Accumula t ion  of H:0~ is charac ter i s t ic  
of f lavo-prote in  r e sp i r a t i on  and  has  been ob- 
served d u r i n g  some oxidat ive act ivi t ies  by  cer- 
ta in  s t ra ins  (5, 12, 13, 19).  A s imi lar  system 
migh t  be respons ib le  fo r  accumula t ion  of I-I~0~ 
by the lactobacil l i  used in this  study. Pre l imi-  

TABLE 6. Effect of hydrogen peroxide on the 
growth of Staphylococcus  aureus. 

Coucen- 
t ra t ion 
of H20_* 

Growth of staphylococcus ~ 

Static Shake 

6 hr 24 hr 5 hr 24 hr 

(~g/ml)  (%t ransmi t t ance )  
0 30 12 29 4 
2 71 12 70 4 
4 94 12 95 4 
5 98 12 100 4 
6 100 12 100 4 

10 100 14 100 5 
16 100 83 100 16 
18 100 85 100 31 
20 100 100 100 70 
22 100 100 100 100 
25 100 100 100 100 

a Incubation at 35 C. 

n a r y  inves t iga t ions  have  shown tha t  the cell- 
f ree  ext racts  of L.  lact is  L A  10-65 conta in  an  
oxidase enzyme system which also inh ib i t s  the 
g rowth  o f  S .  aureus .  F u r t h e r  s tudies to charac-  
ter ize th is  system are  in  progress .  
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