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Abstract
Background and Objective: Bacteriocin, a peptide produced by Lactic Acid Bacteria (LAB) widely used as a natural and safe preservative
in food products. This study aimed to determine the optimal incubation conditions and medium contents to increase the growth and
antimicrobial activity of Pediococcus pentosaceus strain 2397 against Staphylococcus aureus. Materials and Methods: Pediococcus

pentosaceus strain 2397 was used to study the antimicrobial activity against S. aureus FNCC-15. The cell-free supernatant and bacteriocin's
antimicrobial activity from strain 2397 was carried out by the well diffusion method. Results: The results showed that the incubation time,
the pH of the growth medium, the concentration of starter, the addition of various nitrogen and carbon sources affected the growth and
antimicrobial activity of Pediococcus pentosaceus strain 2397. Optimal conditions for growth and increased antimicrobial activity of strain
2397 against S. aureus were obtained at 24 hrs incubation time, starter concentration 5.0%, medium pH 6, addition of N sources and C
sources. Conclusion: Incubation conditions and medium composition determined the growth and antimicrobial activity of P. pentosaceus
strain 2397 against S. aureus.
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others, can produce bacteriocins such as Pediococcus
pentosaceus strain 2397. This LAB was isolated from a
traditional fermented milk product called dadiah and it
was identified initially as Streptococcus faecalis subsp.
liquefaciens R-55 using API CH 5017, can inhibit the growth of
Listeria monocytogenes18. The present study aimed to assess
P. pentosaceus strain 2397 against S. aureus growth and
antimicrobial activity.

INTRODUCTION

Staphylococcus aureus is a commensal and opportunistic
pathogen that can cause a broad spectrum of infections, from
superficial skin infections to severe and potentially fatal,
invasive diseases in humans and animal1. S. aureus can grow
in a wide temperature range, from 7-48.5EC with an optimum
temperature of 30-37EC, pH in the range of 4.2-9.3 with an
optimum pH of 7-7.5 and concentrations of NaCl up to 15%.
These bacteria can also survive in dry and stressful
environments, such as the human nose and on the skin and
inanimate surfaces such as clothing and surfaces2. These
characteristics support the growth and contamination of S
aureus in many food products3.
Some S. aureus strains can produce staphylococcal
enterotoxins (SEs) and SEs are the causative agents of
staphylococcal food poisonings4. This SEs is one of those
compounds causing Staphylococcal Food Poisoning (SFP) by
S. aureus5. The SEs are grouped in a family of nine main
serologic heat-stable enterotoxin types: SEA, SEB, SEC, SED,
SEE, SEG, SEH, SEI and SEJ6. It was estimated that about
20-30% of the human population are carriers for S. aureus7,
which coexist with human micro biota and cause abscesses
and infections of the skin, respiratory system and
Staphylococcal food-borne disease8,9. Heating can kill
vegetative cells of S. aureus but cannot deactivate SE in food
products, thus, SE is still able to cause SFP10. Therefore, the
growth of S. aureus in food must be prevented, for example,
through the use of preservatives. Synthetic chemical
preservatives have long been used in the preservation of
various food products 11 . However, these chemical
preservatives are not always safe for human consumption,
especially if their excessive use can cause minor and severe
health problems such as allergies to cancer12. Therefore, it is
necessary to find safe and natural preservatives for human
consumption, such as bacteriocins.
Bacteriocins are
antimicrobial compounds that are synthesized ribosomally by
many members of the Lactic Acid Bacteria (LAB). Bacteriocin
is a polypeptide compound produced by LAB, which has
various Molecular Weight(MB). Bacteriocins were divided into
four groups, namely Group I lantibiotics and group II small
hydrophobic heat-resistant peptides, which had MB <13 kDa,
Group III large heat-labile proteins have MB> 30 kDa and
Group IV bacteriocins complexes which show protein complex
molecules with lipids or carbohydrates13. These bacteriocins
have high stability, low toxicity and a narrow to a broad
spectrum of activity, making them suitable for clinical
applications and safe, natural food preservatives14-16. Some of
the LAB genera, such as lactobacilli, lactococci, pediococci and

MATERIALS AND METHODS
Study area: The present study was experimentally conducted
to evaluate the growth and antimicrobial activity of

Pediococcus pentosaceus strain 2397 against Staphylococcus
aureus FNCC 15. The study was carried out at the Agricultural
Product Analysis Laboratory, Faculty of Agriculture, Universitas
Riau, Pekanbaru, Indonesia, from June-October, 2020.
Media and chemicals: The media used for the activation of

Pediococcus pentosaceus strain 2397 and S. aureus FNCC 15
cultures and the antimicrobial test were MRS Broth (MRSB),
Nutrient Broth (NB) and Nutrient Agar (NA). The chemicals
used include ammonium sulfate, phosphate buffers and other
chemicals. All the media and chemicals were purchased from
Merck and Sigma Aldrich (Singapore).
Pediococcus pentosaceus strain 2397 and pathogenic
bacteria: Pediococcus pentosaceus strain 2397 was isolated
from dadiah from Bukittinggi, West Sumatra, Indonesia18.
The gram-positive
pathogenic bacterium used was
Staphylococcus aureus FNCC 15 was obtained from the
Laboratory of Microbiology, Center for Food and Nutrition
Studies, Universitas Gadjah Mada, Yogyakarta, Indonesia.
Activation of the LAB culture and Staphylococcus aureus
FNCC 15: The activation of Pediococcus pentosaceus strain
2397 and S. aureus cultures were carried out19. Each LAB
culture was taken as much as 0.1 mL and put into a test tube
containing 5 mL MRSB, then shaken evenly and incubated
aerobically for 18 hrs at 37EC. The S. aureus was activated by
inoculating 0.1 mL of the bacterial suspension into 5 mL NB,
shaken evenly and incubated aerobically for 18 hrs at 37EC.

In vitro antimicrobial activity of LAB: The cultures of
Pediococcus pentosaceus strain 2397 were grown in MRSB
and incubated aerobically for 24 hrs at 37EC. The indicator
bacterium, S. aureus, was grown in NB for 24 hrs at 37EC. The
indicator bacterium of 100 µL was inoculated and then
9
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flattened with a hockey stick until it was dry. Then a well was
built by using a sterile blue tip and was coated with sterile
agar. As much as 100 µL of free-cell supernatants or
bacteriocins were poured into a well then incubated at 37EC
for 24 hrs. The diameter of a clear zone formed was
measured20.

whole broth was centrifuged at 10,000 rpm for 15 min to get
the supernatant. The supernatant separated from the cells was
then added with 70% ammonium sulfate and put in the
refrigerator (4EC) for 12 hrs to precipitate the protein. This
mixture was centrifuged at 10,000 rpm at 4EC for 30 min to
obtain crude bacteriocin24.

Effect of different incubation times on the growth and

RESULTS AND DISCUSSION

antimicrobial activity: To study the effect of the incubation
The growth and inhibition zone of cell-free supernatant
of P. pentosaceus strain 2397 against Staphylococcus aureus
is shown in Fig. 1.
The growth of strain 2397 increased with incubation time

time, the tested organisms were grown in MRS broth medium
at various incubation times (12, 24, 36, 48 and 72 hrs), then
incubated at 37EC21. After incubation, the bacterial growth
and the antimicrobial activity of P. pentosaceus strain 2397
against S. aureus were analyzed20.

from 12-48 hrs, which was indicated by an increase in the
medium's absorption. This fact is because the medium's

Effect of pH on the growth and antimicrobial activity: The

nutrient content was still widely available for energy sources

effect of initial medium pH on growth and production of
bacteriocin of selected isolates was tested. The MRS broth
medium was prepared in 250 mL Erlenmeyer flasks at different
pH as following 4, 5, 6, 7, 8 and 10 with 6 M HCl or 6 M NaOH
and then autoclaved. Each flask was inoculated with
inoculums of selected strains and incubated at 37EC for
24 hrs22. After incubation, the bacterial growth and the
antimicrobial activity of P. pentosaceus strain 2397 against
S. aureus were analyzed20.

and cell division of strain 2397. The increase in the number of
cells in the medium causes an increase in the medium's
absorption value. However, the growth of strain 2397
decreased when incubated for 72 hrs. This fact is probably
because the amount of nutrients in the medium has
decreased. Primary metabolites have also been formed, such
as lactic acid, which accumulated in medium and inhibited the
growth of strain 2397. The L. casei subsp. casei R-68, LAB,
which was also isolated from dadiah, grew well on skim milk
medium with optimal growth achieved at 15 hrs after

Effect of starter concentrations on the growth and

incubation time and at 18-21 hrs showed decreased LAB

antimicrobial activity: Different

five concentrations of

viability25. In kefir manufacturing, the best incubation time was

starters (2.5, 5.0, 7.5 and 10.0%) were used for studying the
effect of inoculums concentration on the growth and
antimicrobial activity of strain R-55 against S. aureus21. After
incubation, the bacterial growth and the antimicrobial
activity of P. pentosaceus strain 2397 against S. aureus were
analyzed20.

obtained at 16 hrs26. This difference in optimal growth is due
to different growing mediums. During growth, the LAB in a
medium will produce lactic acid as the main metabolite
product, which causes a decrease in the medium's pH and can
inhibit the growth of LAB itself27. Although the growth of
strain 2397 was almost the same at various incubation times,
Absorbance at 540 nm inhibition
zone (mm)

Effects of medium composition on the growth and
antimicrobial activity: Sources of nutrients to support growth
and antimicrobial activity used are N sources including
peptone, beef extract, yeast extract and ammonium sulfate
and C sources including glucose, fructose, sucrose, lactose and
mannitol. The concentration of the origins of N or C used in
23

this study was 2%, respectively . After incubation at 37EC for
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incubation times against Staphylococcus aureus
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Absorbance

with an inhibition zone of 6.7 mm followed by a pH of 6 of
6.4 mm. Beyond this pH, the cell-free supernatant strain 2497
had very little antimicrobial activity against the growth of
S. aureus. The results of this study are somewhat contradictory
to the results of research by Kaur et al.28. They reported that
P. pentosaceus LB44 could grow and produce bacteriocin
under acidic and alkaline conditions at 37EC.
Figure 3 showed the effect of starter concentration on the
growth of P. pentosaceus strain 2397 on MRS Both medium.
The higher the starter concentration used, the lower the
growth of strain 2397. The highest growth of strain 2397 was
obtained using a starter concentration of 2.5% and the lowest
at 10.0%. This is because the higher the concentration used,
the greater the amount of LAB at the beginning of
fermentation that competes for nutrients in the medium so
that the LAB growth decreases, which is indicated by a
decrease in absorbance. In kefir manufacturing, a starter
concentration of 10.0% produces the best quality kefir in
terms of pH and lactic acid production. The difference in the
best concentration depends on the medium used26. In this
study, the MRS Broth medium was used, while in the
manufacture of kefir, milk was used as the growth medium so
that there was a difference in the best starter concentration for
microbial growth.
The antimicrobial activity of cell-free supernatant from
strain 2397 against S. aureus showed almost the same
inhibition zone. Still, the use of 5.0% starter showed a higher
inhibition zone than other concentrations. The optimal growth
of strain 2397 in a medium will produce metabolite
compounds, especially secondary metabolites such as
bacteriocin, which can inhibit the growth of S. aureus. Several
previous researchers have reported the ability of LAB grown
optimally in a medium to inhibit the growth of S. aureus29,30.
The growth and antimicrobial of cell-free supernatant and
bacteriocin from strain 2397 grown at various nitrogen
sources were presented in Fig. 4. The growth of strain 2397
showed almost the same absorbance values with or without
different nitrogen sources. The absorbance value of the
control (without the addition of N) was 2.564, while the
addition of N sources such as ammonium sulfate, peptone,
beef extract and yeast extract ranged from 2.586-2.723. This
was due to the MRSB medium containing sufficient N growth
of LAB, including strain 2397.
Although the growth showed relatively similar
absorbance values, the addition of four types of N sources
significantly increased the antibacterial activity of strain 2397
against S. aureus. The supernatant inhibition zone increased
from 5.09 mm in the control to 20.34 mm in the beef extract.
Likewise, the bacteriocin inhibition zone increased from
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Fig. 2: Growth and antimicrobial activity of cell-free
supernatant of P. pentosaceus strain 2397 at various
medium pH against Staphylococcus aureus
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Fig. 3: Growth and antimicrobial activity of cell-free
supernatant of P. pentosaceus strain 2397 at various
starter concentrations against Staphylococcus aureus
the antimicrobial activities differed. The highest zone of
inhibition of cell-free supernatant strain 2397 was found at
24 hrs of incubation time, the lowest was found at 72 hrs of
incubation times. This is probably because the medium's
nutrients have been depleted for growth, so that there was
little left to produce antimicrobial compounds, especially
bacteriocin.
The Fig. 2 shows the growth of P. pentosaceus strain 2397
at various initial pH of the medium. This LAB was able to grow
well in the pH range between 6-9 including control, which had
pH 6.3. However, the growth of strain 2397 was not so good at
acidic conditions of pH 3-5 and alkaline conditions of pH 10.
The P. pentosaceus has a lower optimum temperature for
growth (28-32EC) than P. acidilactici (40EC) but the latter
grows at 50EC. The optimum pH for growth is 6.0-6.5. Half
of the species grow at pH 4.2 and most of them (except
P. damnosus) grow at pH 7.0. Pediococcus pentosaceus LB44
could demonstrate similar growth at pH 5.0-8.028.
Although P. pentosaceus strain 2397 could grow well in
a pH range between 6-9, the highest antimicrobials were
obtained in the range, especially in controls with a pH of 6.3
11
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Absorbance at 540 nm inhibition
zone (mm)

25

Absorbance

Supernanatant

sufficient C sources to support LAB's growth, including strain
2397. Although the absorbance values were almost the same,
the addition of various types of C sources significantly
increased the antimicrobial activity of strain 2397 against
S. aureus. The zone of inhibition of the supernatant increased
from 5.09 mm in the control to 16.50 mm in lactose. Likewise,
the bacteriocin inhibition zone increased from 5.10 mm in the
control to 23.17 mm in lactose. The addition of C source
causes more sugar available that could be used by the strain
2397 as an energy source and to be used to form bacteriocins.
This is supported by the fact that bacteriocins' microbial
activity is much higher than that of cell-free supernatants.
Some researchers reported that bacteriocin isolated from
various fermented foods could suppress S. aureus growth31.
The molecular weight of bacteriocins isolated and purified
from strain 2397 was 14.4 kDa. The bacteriocins produced by
several lactic acid bacteria vary greatly depending on the
genus and species. Some bacteriocins have a molecular
weight of greater, less or almost the same as the molecular
weight of bacteriocins produced by strain 2397. The
bacteriocin's molecular weight from Lactobacillus plantarum
isolated from Chinese pickle was nearly the same as the
bacteriocin molecular weight produced by strain 2397, namely
16.5 kDa32. However, Lactobacillus lactic isolated from the
marine environment produced bacteriocin with a molecular
weight of 94 kDa, much greater than that produced by strain
2397. Most bacteriocins of LAB are peptide compounds with
small molecular weights of less than 10 kDa15. Enterococcus
faecalis KT11 produced bacteriocin with a molecular weight
of 3.5 kDa31. The bacteriocin produced by Pediococcus
pentosaceus zy B isolated from the intestine of Mimachlamys
nobilis had a molecular weight of 2.22 kDa32,33.
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Fig. 4: Growth and antimicrobial activity of cell-free
supernatant and bacteriocin of P. pentosaceus
strain 2397 at various nitrogen sources against
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Fig. 5: Growth and antimicrobial activity of cell-free
supernatant and bacteriocin of P. pentosaceus strain
2397 at various carbon sources against Staphylococcus

CONCLUSION

aureus
It can be concluded that the incubation time, the pH of
the growth medium, the concentration of starter, the
addition of various nitrogen and carbon sources affected the
growth and antimicrobial activity of Pediococcus pentosaceus
strain 2397. Optimal conditions for growth and increased
antimicrobial activity of strain 2397 against S. aureus were
obtained at 24 hrs incubation time, medium pH 6, starter
concentration 5.0%, addition of N sources such as peptone,
beef extract, yeast extract, ammonium sulfate and C sources
such as lactose and sucrose.

5.34 mm in the control to 18.67 mm in the yeast extract. The
increase in the inhibition zone between supernatant and
bacteriocin showed almost the same values for the four N
sources, from 17.34-20.34 mm for supernatant and from
17.92-18.67 mm for bacteriocin. These results indicate that the
main compound in the supernatant that inhibits S. aureus
growth was bacteriocin. This finding is in line with the results
of previous research18.
The growth of strain 2397 with or without various carbon
sources showed almost the same absorbance values (Fig. 5).
The absorbance value of the control (without the addition of
C) was 2.642, while for the addition of C sources such as
glucose, sucrose, lactose, fructose and mannitol ranged from
2.533-2.772. These results indicate that MRSB contains
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beneficial for inhibiting S. aureus FNCC-15. This study will help
the researchers to uncover natural preservation agents from
local lactic acid bacteria. Thus a new theory on optimization of
bacteriocin production may be achieved.
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