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Abstract
RADOVANOVIC, R. S. and V. KATIC, 2009. Influence of lactic acid bacteria isolates on Staphylococcus
aureus growth in skimmed milk. Bulg. J. Agric. Sci., 15: 196-203
A total of 52 lactic acid bacteria (LAB) isolates was isolateded from acidcoagulating cheese samples one day
old. The samples made from raw cows milk were collected from the houshold of an individual producer in
Belgrade surroundings.
The isolates were identified as Lactococcus spp.(43.39%) and Lactobacillus spp. (54.71%) and were selected for additional identification. Out of 23 Lactococcus spp. isolates, by monitoring 24 different morphological
and physiological characteristics, 18 (78.26%) isolates were identified as Lactococcus lactis subsp. cremoris, 2
(8.69%) isolates as Lactococcus lactis subsp.lactis, 2 (8.69%) isolates as Lactococcus plantarum and 1 (4.35)
isolate as Lactococcus lactis subsp. rafinolactis. Out of 29 Lactobcillus spp. isolates from acidcoagulating
cheese were observed for 19 different morphological and physiological properties; 9 (31.03%) isolates were
identified as Lactobacillus plantarum, 4 (13.79%) isolates as Lactobacillus brevis, 3 (10.34%) isolates as
Lactobacillus buchneri, 3 (10.34%) Lactobacillus salivarius subsp. salivarius, 3 (10.34%) isolates as Lactobacillus acidophilus, 2 (6.89%) isolates as Lactobacillus paracasei subsp. tolerans, 2 (6.89%) isolates as
Lactobacillus leichmanii, 1 (3.45%) isolate as Lactobacillus delbrueckii subsp. delbrueckii and 1 (3.45%)
isolate Lactobacillus delbrueckii subsp. bulgaricus. An inhibitory effect of LAB on Staphylococcus aureus
growth was observed in skimmed milk. The resulting inhibition can be ascribed to the lowering of pH.
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Introduction
Lactic acid bacteria (LAB) are Gram-positive,
usually non-motile, acid tolerant microorganisms. They
have complex nutritional requirements and a fermentative metabolism. Phylogenetically the lactic acid bacteria belong to the clostridial branch of the Gram-positive bacteria. They are catalase negative, nonspore* E-mail: mimica@vet.bg.ac.rs

forming, cocci, cocobacilli or rods that have less than
55 mol% G+C content in their DNA (Stiles and
Holzapfel, 1997). Lactic acid bacteria are of importance in cheese making and ripening. These microorganisms can be devided into two main groups: the
first group is one that can be added to cheese milk as
a starter culture after being carefully selected by a
starter manufacturer or a cheese making company,
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and the second group represent nonstarter lactic acid
bacteria (Peterson and Marshall, 1990; El Soda et
al., 2000; Beresford et al., 2001; Somers et al., 2001).
Both fermented dairy products and cheese play an
important role in nutrition of people in Serbia. One of
various cheese types produced in Serbia is white
cheese (acidcoagulating and sweetcoagulating).This
cheese can be consumed fresh or pickled. Fresh
cheeses that are offered at Belgrade markets are usually one to seven days old. They are made of raw, or
cooked cows milk by adding the rennet (or without
rennet). Their producers do not add the starter culture into the milk, so the main microflora of cheeses
are nonstarter lactic acid bacteria. Lactic acid bacteria occur in milk and are present in number which is
capable to overgrow other microorganisms, so that is
the basis of the traditional cheese manufacturing
(Dimitrijevic-Brankovic et al., 2000). The literature
provides evidence that green plant material is a natural source of lactococci (Salama et al., 1995).
The objective of this study was to isolate and identify lactic acid bacteria from this artisan, starter free
cheese; i.e. to provide autochtonous strains as a positive dairy microflora, suitable to test their antagonistic activity against Staphylococcus aureus and that
can be used to improve the hygienic quality of other
raw milk cheeses .

Materials and Methods
Cheese samples: The cheese used in this study
was made of raw cows milk consisting of a mixture of
evening and morning milk. The samples were collected
from the houshold of an individual producer in Belgrade
surroundings (Sremcica). The cheese was collected
one day after the curd had been formed. Coagulation
was induced by adding of commercial rennet. Cheese
portions (20g) were aseptically sampled and diluted
in 180 ml sterile 2% sodiumcitrate solution. Aliquots
of 1ml were taken, decimaly dilluted in physiological
sterile saline, and plated on specific media required
for the different microbiological species to be examined.
Isolation of LAB: M-17 agar (Merck) was used

for isolation of Lactococcus spp.
MRS agar (Torlak) was used for isolation of Lactobacillus spp. The incubation for Lactococcus spp.
was aerobically at 30°C for 24-48h, and for Lactobacillus spp. at 37°C for 48-72h. Characteristic colonies for lactococci that were Gram-positive cocci in
chains, catalase negative, were inoculated into sterile
skimmed milk and incubated at 30°C for 24h.
Chracteristic colonies for lactobacilli that were Grampositive rods in chains were inoculated into MRS broth
incubated at 37°C for 48h. The isolated strains were
kept in the freege at 4°C for futher studies; lactococci
in sterile skimed milk and lactobacilli in MRS broth.
Identification of LAB was performed according to the criteria of Bergey´s manual of determinitive
bacteriology (Holt et al., 1994) and using the methods and criteria of Sharpe (Sharpe,1979), determining the macromorphological, phenotypic and biochemical characteristics.
Isolation of Staphylococcus aureus: BairdParker agar (Torlak) was used for isolation of Staphylococcus aureus.
pH in sterile reconstituted skimmed milk inoculated with S. aureus (S) and the screened strains of
LAB were measured (pH-metar MA 5735-Iskra)
after incubation at 30°C for 2, 4, 6, 8, 24 h.
Influence of LAB on Staphylococcus aureus
in sterile skimmed milk was observed in mono
and mix cultures. Staphylococcus aureus (S), isolated from acidcoagulating cheese, was chosen for
examination in mono and mix cultures. LAB were seTable 1
Results of identification of Lactococcus
spp. isolates
Isolate
Lactococcus lactis
subsp.cremoris
Lactococcus lactis subsp.lactis
Lactococcus plantarum
Lactococcus raffinolactis
Total

n

%

18

78.26

2
2
1
23

8.69
8.69
4.35
100
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lected on the basis of the pH decrease in the sterile
reconstituted skimmed milk and their biochemical characteristics. The remaining strains were further identified and characterized by api 50 CH (Bio Merieux)
The size of the experimental inoculum was determined on the basis of their occurrence in the milk. In
mono culture inoculum of 1ml overnight Staphylococcus aureus (S) broth culture (10–6) was inoculated in
9ml sterile skimmed milk. The total number of Staphylococcus aureus (S) was determined after 2, 4,
6, 8 and 24h of incubation at 37°C and plating of
0.1ml on the BP agar surface from the decimal dilutions. The behaviour of LAB in monoculture was observed after inoculation of 1ml overnight broth culture(10–6) in 9 ml sterile skimmed milk. The total number of LAB was determined after 2, 4, 6, 8 and 24 h
of incubation at 30°C and inoculation decimal dilution into M-17 agar and MRS agar and incubation.
The study of the behaviour of Staphylococcus
aureus (S), Lactococcus lactis subsp. lactis (30)
spp. and Lactobacillus plantarum (39) in mix culture was carried out by inoculation of 1ml overnight
t
t
=
G=
log b − log B 3.3 log b
B
log 2
broth culture of all three microorganisms (1:1:1) in 9
ml sterile skimmed milk. The incubation was provided
for 2, 4, 6, 8 and 24 h at 30°C, and the total count of
Staphylococcus aureus (S) was determined on BP
agar, Lactococcus spp. on M-17 agar and Lactobacillus spp. on MRS agar.
Generation time was determined for Staphylococcus aureus (S), Lactococcuslactis subsp. lactis
(30) and Lactobacillus plantarum (39) in mono and
mix cultures in sterile skimmed milk after 4, 6 and 8 h
incubation at 30°C. The generation time was defined
as a time needed for one cell to divide into two daughter cells and was counted by the following equation:
Where: G-one generation time; B-initial number
of bacteria; b-number of bacteria at the end of given
time; t- given time period.

( )

Results
A total of 52 lactic acid bacteria (LAB) isolates
was isolated from samples of acidcoagulating cheese
made from raw milk, one day old. Of the isolates 23
(43.39%) belonged to Lactococcus species and 29
(54.71%) isolates to Lactobacillus species.
Among 23 lactococci isolates (Table 1) through
the examination of of 24 differrent morphological and
physiological characteristics, the predominant species
was Lactococcus lactis subsp. cremoris (78.26%),
then Lactococcus lactis subsp. lactis (8.69%),
Lactococcus plantarum (8.69%) and Lactococcus
raffinolactis (4.35%). Out of 29 Lactobacillus spp.
isolates through the examination of 19 different morphological and physiological characteristics 9
(31.03%) isolates were identified as Lactobacillus
plantarum, 4 (13.79%) isolates as Lactobacillus
brevis, 3 (10.34%) isolates as Lactobacillus
buchneri, 3 (10.34%) Lactobacillus salivarius
Table 2
Results of identification of Lactobacillus
spp. isolates
Isolate

n

%

Lactobacillus plantarum
Lactobacillus brevis
Lactobacillus salivarius
subsp.salivarius
Lactobacillus buchneri
Lactobacillus acidophilus
Lactobacillus paracasei
subsp.tolerans
Lactobacillus leichmanii
Lactobacillus casei
Lactobacillus delbrueckii subsp.
delbrueckii
Lactobacillus delbrueckii
subsp.bulgaricus
Total

9
4

31.03
13.79

3

10.34

3
3

10.34
10.34

2

6.89

2
1

6.89
3.45

1

3.45

1

3.45

29

100
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Fig. 1. Changes in population of S. aureus (S),
Lactococcus lactis subsp. lactis (30)
and Lactobacillus plantarum (39) in
monoculture in sterile skimmed
milk at 30°C

in monoculture with the initial inoculum of 1.56 log
CFU/ml multiplied during the time. After 4 h it decreased for 1.4 logarithmic value from the initial number. The tendency of an increase in the Lactobacillus
plantarum (39) population continued and after 6 h
the bacterium was present in the number of 4.13 log
CFU/ml. After 8 h of incubation the number of lactobacilli decreased for 3.34 logarithmic value from the
initial inoculum. After 24 h the number of Lactobacillus plantarum (39) increased to 7.39 log CFU/ml
The results cocerning the influence of LAB on S.
aureus (S) after the inoculation of the mix culture in
skimmed milk are shown in Figure 2. It is obvious
that S. aureus (S) with the same inoculum of 1.47 log
CFU/ml multiplied more slowly in the mix culture than
in the monoculture. After 4h the population of S.
aureus (S) decreased for 0.75 logarithmic value from
the initial number. During the time the number of S.
aureus (S) slightly decreased, after 6 h for 2.25 and
after 8 h for 2.79 logarithmic value from the initial inoculum. After 24h the number of S. aureus (S) was
5.92 log CFU/ml.
The initial inoculum for Lactococcus lactis subsp.
lactis (30) in the mix culture was 2.35 log CFU/ml
and during the time it increased. After 2 h the number
slightly increased to 2.82 log CFU/ml. After 4, 6 and
8 h the population of Lactococcus lactis subsp. lactis
(30) increased for aproximately for 1 logarithmic value.
After 24 h it reached 8.70 log CFU/ml.

log (cfu/ml)

log (cfu/ml)

subsp. salivarius, 3 (10.34%) isolates as Lactobacillus acidophilus, 2 (6.89%) isolates as Lactobacillus paracasei subsp. tolerans, 2 (6.89%) isolates
as Lactobacillus leichmanii, 1 (3.45%) isolate as
Lactobacillus delbrueckii subsp. delbrueckii and 1
(3.45%) isolate Lactobacillus delbrueckii subsp.
bulgaricus (Table 2).
The results of the study of behaviour of S. aureus
(S), Lactococcus lactis subsp. lactis (30) and Lactobacillus plantarum (39) populations in mono culture are shown in Figure 1. The populations of S.
aureus (S), Lactococcus lactis subsp. lactis (30)
and Lactobacillus plantarum (39) in mono culture
inoculated in skimmed milk multiplied during the time.
The initial inoculum for S. aureus (S) was 1.47 log
CFU/ml and after 4 h the number increased for 1 logarithmic value. After 6 h the number of S. aureus (S)
was 3.50 log CFU/ml and after 8 h it increased 3.37
times from the initial inoculum. After 24 h incubation
at 30°C the population of S. aureus (S) was present
in 7.93 CFU/ml. The initial inoculum for Lactococcus
lactis subsp. lactis (30) was 2.46 CFU/ml and in 2 h
slightly increased. After 4 h the number of Lactococcus
lactis subsp. lactis (30) decreased for 1.1 logarithmic value from the initial inoculum. After 6 and 8h the
number of lactococci increased for aproximately 1
logarithmic value. After 24 h of incubation the number
reached 8.54 log CFU/ml.
The population of Lactobacillus plantarum (39)
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Fig. 2. Changes in population of S. aureus (S),
Lactococcus lactis subsp. lactis (30)
and Lactobacillus plantarum (39) in mix
culture in sterile skimmed
milk at 30°C
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Fig. 3. Changes in pH values of sterile skimmed milk inoculated with mono and mix cultures
of S. aureus (S), Lactococcus lactis subsp. lactis (30) and Lactobacillus plantarum (39)

The initial inoculum for Lactobacillus plantarum
(39) in the mix culture was 1.66 log CFU/ml. After 2,
4, 6, 8 h the population decreased for 1 logarithmic
value, After 24 h the incubation number of Lactobacillus plantarum (39) reached 8.44 log CFU/ml.
The results of changes in pH values of skimmed
milk experimentaly inoculated with mono and mix cultures are shown in Figure 3.
S. aureus (S) in a mono culture did not significantly change the pH value of skimmed milk after 2,
4, 6, 8 h of incubation at 30°C. After 24 h incubation
pH was 6.57. A slight decrease in pH value of
skimmed milk inoculated with Lactococcus lactis
subsp. lactis (30) monoculture was from 6.64 to 6.06.
Lactobacillus plantarum (39) in a monoculture did
not significantly change the pH of inoculated skimmed
milk, and after 24h it reached 6.52. A decrease in pH
of skimmed milk was in a mix culture from 6.61 to
5.96 after 24h of experimental inoculation.
The results of determination of generation time for
S. aureus (S), Lactococcus lactis subsp. lactis (30)
and Lactobacillus plantarum (39) in mono and mix
cultures are shown in Table 3.
The longest generation time for S.aureus (S) was
between 6 and 8 h of incubation at 30°C in mix cultures. Generation time for Lactococcus lactis subsp.
lactis (30) in monoculture was longer after 6-8 h of

incubation than between 4-6 h. The longest generation time for Lactococcus lactis subsp. lactis (30) in
mix cultures was between 6-8 h. Generation time for
Lactobacillus plantarum (39) in mono and mix cultures was longer between 6-8 h.

Discussion
The identified species and subspecies of lactic acid
bacteria represent a typical population present in
artisan cheeses. Simmilar results were obtained by
Cogan et al. (1997) and Medina et al. (2001).The
obtained results showed that among lactococci the
predominant species was Lactococcus lactis subsp.
cremoris and this correlates with the results by
Poznanski et al. (2004). Our results differ from the
results obtained by Poullet et al. (1993), Tornadijo et
al. (1995), Arizcun et al. (1997) and Zaratea (1997),
Zamfir et al. (2006), who isolated mostly Lactococcus
lactis subsp. lactis. Salama et al. (1995) isolated
Lactococcus lactis subsp. cremoris from raw milk
and cottage cheese and Dimitrijevic-Brankovic et al.
(2000) from Sjenicki cheese. The finding of one L.
raffinolactis isolate in our results correlates with
Scleifer et al. (1985) opinion.
In 29 Lactobacillus isolates the predominant species was Lactobacillus plantarum, and these results
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Table 3
Generation time for S. aureus (S), Lactococcus lactis subsp. lactis (30)
and Lactobacillus plantarum (39) in mono and mix cultures at 30°C
Species of microorganisms
S. aureus (S)
L. lactis subsp. lactis (30)
Lb. plantarum (39)

Generation time, min
Mono culture
Mix culture
4-6 h
6-8 h
4-6 h
6-8 h
36.81
24.68
24.10
66.79
36.80
39.24
37.51
43.83
30.62
47.03
33.70
53.93

Lopez and Mayo (1997), Dimitrijevic-Brankovic
(2000), Medina et al. (2001), Aquilanti et al. (2006).
During cheese ripening possible pathogens are
normally inhibited by LAB (Nunez et al., 1985). From
one point of view LAB inhibited S. aureus and enterotoxin synthesis (Fang et al., 1996; Pinto et al.,
1996; Gonzales-Fandos, 1997). Whereas, the other
group of authors (Spillmann et al., 1978; Santos and
Genigeorgis, 1981) did not find the inhibitory effect
of LAB on S. aureus. Our results showed that LAB
isolates exibited an inhibitory effect on S. aureus in
experimentally inoculated skimmed milk. The inhibitory effect of LAB depends on lactose consumption
with a consequent lactic acid production and pH reduction that creates a less favourable environment for
pathogen growth (Ogava et al., 2001). Our results
showed that the strongest inhibitory effect was probably due to lowering of pH. The reduction in the content of S. aureus also depend on bacteriocin production (Olasupo et al., 1999; Arques et al., 2005).

Conclusions
The isolated strains of lactic acid bacteria from
acidcoagulating cheese, one day old, made of raw
cows milk, represent typical microbiota for atisan
cheeses. Among lactococcal species predominated
Lactococcus lactis subsp. cremoris (78.26%) and
among lactobacilli Lactobacillus plantarum
(31.03%). The study of the effect of the isolates, chosen according to their acidification properties showed
an inhibitory effect on Staphylococcus aureus in
skimmed milk. The strongest inhibitory effects of

Lactococcus lactis subsp. lactis (30) and Lactobacillus plantarum (39) on Staphylococcus aureus
were in the mix culture after the incubation for 24 h at
30°C. This explains the longest generation time for S.
aureus in the mix culture in skimmed milk between 6
and 8 h of incubation at 30°C. The inhibitory effect of
lactic acid bacteria isolates was probably due to the
lowering of the pH of inoculated skimmed milk.
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