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Abstract

This study aims to demonstrate the efficiency of antibacterial activity of plantaricin [IA-1A5 in meatball when stored at room temperature.
Theresults revealed addition of plantaricin [IA-1A5 to meatball reduced population of contaminant pathogenic bacteria of Staphylococcus
aureus and Escherichia coli. Furthermore, the application of 0.3% plantaricin [IA-1A5 extends the shelf life of the meatball to up to
20 h at room temperature based on its microbiology quality, as stated by the Indonesian National Standard for meatball products. The
ability of plantaricin [IA-1A5 in retarding the growth of these pathogenic bacteria is comparable to that of 0.3% nitrite, which has been
widely used. In addition, A,,and pH values of meatball in the absence (or in the presence) of nitrite or plantaricin did not significantly vary.
This implies that reducing the population of pathogenic bacteria was indeed affected by nitrite or plantaricin IIA-1A5. Overall, this result
demonstrated that the use of plantaricin IIA-1A5 as a nitrite replacer is promising.
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INTRODUCTION

Foodborne diseases badly impact public health in both
developed and developing countries. Each year, these types
of diseases affect about 6-8 million peoplein the United States
alone, with more than 9,000 death cases reported. In
Indonesia, foodborne diseases are also considered a major
public health problem and there are cases reported every year
in almost all districts throughout the country. Supraptini
(2002) reported that, on average, 2,800 people suffered from
foodborne diseases, 24 of which died every year. To the best
of our knowledge, there is no report that exists on economy
loss due to these cases in Indonesia. However, this is thought
to have a serious impact economically.

Foodborne diseases are considered side effects of the
attempts to fulfill human nutrition requirements from
foodstuffs. Meat and its processed products are undoubtedly
considered nutritious foodstuffs that are good sources of
protein (Malav et a/, 2015). However, pathogenic
microorganism contaminations might occur during the
production, processing, distribution or preparation of these
foodstuffs. Some well-known pathogenic bacteria meat
and its products included Salmonella, Escherichia colj
Campylobacter and Staphylococcus aureus. Supraptini
(2002) clearly mentioned that these bacteria are considered
common sources for foodborne illnesses in Indonesia.

Meatball, known as bakso in Indonesia, is considerably
the most popular meat product in the country. It is mainly
served by street vendors and is stored and prepared at room
temperature, hence contamination risk is very likely.
Indonesian National Standards (SNI) for meatball product
defines meatball as ball-shaped food products made by at
least 50% meat, with or without allowable additional
ingredients (Badan Standarisasi Nasional, 1995). In Indonesia,
the main materials used for meatball productioninclude meat,
tapioca flour and garlic. In addition to these main materials,
some additional ingredients are added for flavoring and
preservation purposes.

Nitrites, formaldehyde and sodium borate (borax) are
additional ingredients used in meatball production with the
aim of increasing the shelf life of meatball. While, Indonesian
authorities strictly prohibit formaldehyde and borax, the
allowable concentration of nitrites in food is up to 200 ppm in
the country. In other countries, the allowable concentration is
between 20-200 ppm. Nitrites have been introduced as
preservative agents for food centuries ago (Cassens, 1995).
This substance has been initially used as a curing ingredient
for fixing the characteristic of color and for creating a unique
flavor profile that is distinguishable from products not
containing nitrite. However, the European Food Safety
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Authority (EFSA Panel on Food Additives and Nutrient Sources
added to Food, 2010) stated that nitrites as curing agents are
also classified as preservative agents, i.e, compounds
inhibiting microorganisms. This is based on the ability of
nitrites to inhibit Clostridium botulinum in model systems
and challenge studies. Furthermore, the application of nitrite
in meat and its products has been shown to inhibit
pathogenic bacteria, including Listeria monocytogenes,
Escherichia coli O157:H7, Staphylococcus aureus, Bacillus
cereus and Salmonella (Milkowski eta/, 2010; Tompkin, 2005).
This ability promotes nitrite to be widely used as a
preservative agent to prolong the shelf-life of meat and its
products (Sindelar and Milkowski, 2011).

Despite its advantages as an antimicrobial agent, a high
frequency of nitrite consumption might badly impact
human health. The lethal dose of nitrite for mice and dogs was
250 and 330 mg kg™ b.wt.”", respectively. For humans, for
safety and health reasons, the amount of daily nitrite
consumption is limited to 0.4 mg kg~ b.wt. Arief et a/. (2012)
reported that nitrite consumption of 150 ppm for a longer
period yielded a carcinogenic effect. Therefore, attempts to
develop better Generally Recognized as Safe (GRAS)
preservative agents for meat and its products are unavoidable.

Bacteriocin produced by lactic acid bacteria (LAB) has
been known to display antimicrobial properties against some
Gram-positive and-negative bacteria (Sapatnekar et a/, 2010).
Itis essentially a ribosomal peptide which is regulated directly
by some genes in genomes of LAB (Galvez et a/, 2007). The
use of bacteriocin in food preservation has been shown to
reduce the contamination of pathogenic bacteria and prolong
shelf-life of products (Hata et a/, 2010; Savadogo et a/, 2006).
In terms of safety, bacteriocin is considerably safe, since it is
degradable by proteolytic enzymes in the digestive tract
(Cleveland et al, 2001; Arief et al, 2015).

Plantaricin is a bacteriocin member specifically produced
by Lactobacillus plantarum and mainly inhibited Gram
negative pathogenic bacteria (Gong et a/, 2010; Abo-Amer,
2007). Plantaricin are generally smallin size, thermostable and
chemically cationic or hydrophobic (Holo et a/, 2001).
Lactobacillus plantarum also included as probiotic that has
functional properties such as probiotic for culture starter of
fermented sausage (Afiyah et a/, 2015).

Plantaricin IIA-1A5 has been previously isolated from
Indonesian BAL of L. plantarum 1IA-1A5 (Arief, 2011, 2015).
This plantaricin has been shown to inhibit the growth of
E. colj; Salmonella and S. aureus, making plantaricin IlA-1A5
a promising preservative agent to replace the use of nitrite.
The application of plantaricin IlA-1A5 in food system, however,
remains limited. The study on meatball stored at low
temperatures clearly demonstrated the ability of this
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plantaricin to retard the growth of pathogenic bacteria
(Arief et al, 2012). However, broadening the application of
plantaricin IA-TA5 is crucial.

Despite the effect of plantaricin IlIA-1A5 on meatball
having been investigated (Arief et a/, 2012) its effect on
meatball stored at room temperature remains unknown.
Indeed, Indonesian meatball are mainly served at room
temperature, which is more risky against pathogenic bacteria
contamination.

In this study, highlighted the effect of the introduction of
plantaricin IIA-1A5 on meatball upon storage for up to 20 h at
room temperature. Itis found that plantaricin IlA-1A5 displays
comparable ability to reduce the contamination of Salmonella,
E. coli and 5. aureus in meatball during storage periods to
that of 0.3% nitrite. Overall, plantaricin IlA-1A5 is a promising
preservative agent for meat products replacing the use of
nitrite.

MATERIALS AND METHODS

Production and purification of plantaricin I1IA-1A5:
According to Arief et al (2015), the production of plantaricin
lIA-1A5 from L. plantarum 11A-2C12 culture was performed.
Secreted plantaricin [IA-1A5 was then purified from the
medium by ammonium sulfate precipitation and cation
exchange chromatography (Arief et a/, 2013).

Meatball preparation: Meatball were prepared based on
Arief et al (2012) using beef, tapioca flour, ice blocks, salt,
mixed spices and preservatives (bacteriocin and nitrite).
Briefly, 400 g of beef was ground in the presence of 5% (w/w)
saltand 15% (w/w) ice (the total percentage was based on the
weight of beef). Twenty percent (w/w) of tapioca flour was
then added into the mixture, along with spices (2% (w/w)
garlic and 2% (w/w) pepper). Bacteriocin was introduced by
the addition of 0.3% (v/v) plantaricin IIA-1A5 in the first
grinding, together with salt mixture. As positive control,
0.3% (w/w) nitrite was added in the second grinding. They
were then formed into meatball in 60°C boiled water. The
meatball samples were packed aerobically in a polyethylene
bag, stored at room temperature and taken for physical and
microbiological analysis every 5 h (0, 5, 10, 15 and 20 h).

Microbial analysis of meatball (Total of microbe,
Staphylococcus aureus, Salmonella and Escherichia coli):
The experiment was performed based on the study by
Arief et al (2012) and AOAC (2005). Briefly, 5 g of meatball
were suspended in 45 mL of 0.85% (w/v) autoclaved NaCl. The
medium used for microbial analysis was prepared by pouring
plate count agar (PCA, Merck), bird parker afar (BPA, Merck),
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Xyolose Lyxin Dexoxycolate Agar (XLDA) and eosin methylene
blue agar (EMBA, Merck) for the Total Plate Count (TPC),
S. aureus, Salmonella and £ coli respectively. Regarding TPC,
the sample was diluted up to 107> dilution, in which 1073 to
107> dilutions were plated in PCA. As for S. aureus, Salmonella
and £ coli test, 107" to 1073 dilutions were plated in plates
with a specific medium for each bacterium. All plates were
then incubated at 37°C for 24 h.

Antibacterial activity of plantaricin Il1A-1A5: The experiment
was performed based on the research by Hata eza/ (2010) and
Arief et al (2012) by using the agar well diffusion method.
Briefly, 106 CFU mL~" stock of £ coli (as a model pathogenic
bacteria) was spread on to Muller Hinton Agar (MHA/Difco)
media. Fifty microliters of plantaricin IIA-1A5 was poured into
6 mm-diameters well on agar. The plate was then incubated
at37°Cfor24 h.The area of inhibition was calculated from the
diameters of the inhibition zones. These experiments were
carried out in triplicate.

Physical properties analysis

pH and water activity: The experiment was conducted based
on the research of AOAC (2005) and Arief et a/ (2012) with
slight modifications. Ten percent (w/v) of meatball suspension
was formulated in distilled water. The pH meter (Hanna
Instrument) was used to the measure pH value of meatball
suspension. As for water activity (A,), LabSwift A, meter
(Novasina, UK) was used for measurements.

Experimental design and statistical analysis: All data were
statistically analyzed by analysis of variance (Anova) with
Duncan as a post hoc test (Steel et al, 1996). For this purpose,
a completely randomized design was used in the experiment.

RESULTS AND DISCUSSION

Antibacterial activity of plantaricin 1IA-1A5: Table 1
demonstrates remarkable antibacterial activity of plantaricin
IA-TA5 towards £ coli and Staphylococcus aureus. The
diameter of inhibition zone for £ coliand S. aureus in the
presence of plantaricin IIA-1TA5 was about 10 cm. Pan et a/.
(2009) reported that antibacterial activity is considered when
the diameter is greater than 6 mm. Therefore, despite the

Table 1: Antibacterial activity of plantaricin llA-1A5

Tested bacteria Treatments Inhibition zone diameter

Staphylococcus aureus Control 0.00%0.00°
Plantaricin [IA-1A5 10.39+1.80°

Escherichia coli Control 0.00%0.00°
Plantaricin IIA-1A5 10.25+1.882

abDifferent letters following values indicate statistical significance
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antibacterial activity towards both pathogenic bacteria
showing no difference (p>0.05), the data might imply
plantaricin [IA-1A5 most likely exhibited antibacterial activity
with a wide spectrum for both Gram negative and positive
bacteria. Previously was also reported that plantaricin I1A-1A5
displayed inhibition effect towards Sa/monella thypimurium
ATCC 14028 (Arief et al, 2012). Awide spectrum of plantaricin
has also been shown by plantaricin MG from L. plantarum
KLDS1.0391 (Gong et al, 2010). Therefore, it is probably a
common feature for plantaricin to exhibit wide spectrum,
cross-Gram, antibacterial activity.

The mechanism of antibacterial activity of plantaricin has
been reported to possess a bacteriostatic (Lewus et a/, 1992;
Atrih et a/, 2001) or bactericidal agent (Yeates and Padilla,
2002; Gonzalez et al, 1994; Zhou et al, 2007). It is likely that
plantaricin 1IA-1A5 employs bactericidal activity, since it
disrupts the cell membrane and promotes the release of ions,
proteinaceous and genetic materials (Arief et a/, 2015). The
bacterial activities towards Gram negative and positive are
considerably different. The cell structure of both bacteria
might account for this discrepancy. The cell wall of Gram
positive has a thicker peptidoglycan layer which is dominantly
composed of lipoteichoic acid (LTA). The LTA is the target
recognition of bacteriocin, facilitating the absorption of
bacteriocin in the cell wall of Gram positive bacteria
(Kjus et al, 2002).

Microbial quality of meatball during preservation: Table 1
presents the population of total microbe Total Plate Count
(TPQ), S. aureus, E. coliand Salmonella during storage of up to
20 h. Fresh meatball (0 h) are considerably free from
contamination, asindicated by the absence colonies that grew
in all plates for total microbe (TPC), S. aureus, Salmonella and
E. coliIn terms of microbial quality as regulated by Indonesian
National Standard for Meatball Products (SNI 01-3818-1995)
(Badan Standarisasi Nasional, 1995), the meatball in this state
is considerably safe to be consumed.

Upon storage, the total microbes in meatball without the
addition of 0.3% plantaricin or 0.3% nitrite (control meatball)
are significantly increased up to 4.4 log CFU~" at 20 h of
storage (p<0.05). Bacterial colonies can be observed since
5 h storage at room temperature, which gradually increase
with time. However, this population remains considerably safe
to be consumed based on SNI 01-3818-1995. This standard
states that the maximum population of total microbes is
5.0 log CFU~. In the presence of 0.3% nitrite, a common
antibacterial substance is used in commercial meatball,
population of total microbes in the meatball is significantly
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lower than thatin control meatball. Up to 20 h storage at room
temperature, the population of total microbes in the presence
of 0.3% nitrite was 1.18 CFU g~', which is definitely safe to be
consumed. Interestingly, when plantaricin lIA-TA5 is
introduced in meatball, the population of total microbes
(2.78 CFU g") was also significantly lower than that in
meatball control during storage of 20 h at room temperature.
Despite the population of total microbe with 0.3% plantaricin
[IA-1A5 being considerably higher than that of meatball with
0.3% nitrite, the population is also considerably safe to be
consumed. In terms of safety, this result indicates that both
nitrite and plantaricin [IA-1A5 remarkably retarded the
population of total microbes in meatball, making the final
populations safe to consume.

Despite TPC resulting in a safe microbial population of all
meatball, TPC is a non-selective medium which may include
some pathogenic bacteria that is greatly harmful to humans,
even with a low population. A selective medium was then
used in our experiment to investigate the presence of
pathogenic bacteria in meatball, including £scherichia colj
Salmonella and S. aureus.

Table 2 shows that £ coli starts to be observed in
meatball control with a population of 2.82 CFU g~ after 10 h
of storage at room temperature. Based on SNI, this population
is considerably safe to be consumed, since it is lower the
maximum £. coli population allowed in meatball products
(3.0 CFU g7"). The population increased up to 4.19 CFU g
after 20 h of storage. In the presence of 0.3% plantaricin
[IA-1A5, interestingly, there is no colony of £ coli that grew
at the plate until 20 h of storage at room temperature.
Meanwhile, at 20 h of storage in the meatball with 0.3% nitrite,
E. coli was observed to have a population of 0.33 CFU g7/,
which remains lower than that of the maximum population
allowed for consumption. Despite both nitrite and plantaricin
lIA yielding a lower £ coli population than the maximum
population allowed by the standard, this result indicated that
plantaricin [IA-1A5 inhibits £ coli that is much stronger than
nitrite at the given concentration. The ability of plantaricin
[IA-TA5 to retard the growth of £ coli is in agreement with
Abdelbasset and Djamila (2008) and Arief etal (2012,2013).
Escherichia coli has been known to be a spoilage-causing
bacteria in foodstuffs, including meatball (Ali et a/, 2010).
The consumption of this bacterium in certain limits may
promote diarrhea and other kinds of foodborne diseases.

A Gram positive pathogenic bacterium, S. aureus has
been observed in meatball control after 5 h of storage at
room temperature (Table 2). The population started from
0.87-3.35 log CFU g~ from 5-20 h of storage time at room
temperature. The SNI 01-3818-1995 suggests that the
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Table 2: Microbial quality of meatball stored at room temperature with addition of plantaricin llA-1A5 and nitrite

Storage time (h)

Treatments 0 5 10 15 20
TPC (log CFU g™) Control 0.00¢ 2.60« 3.14° 3390 4.441°

Ni 0.009 0.009 0.009 0.33f 1.18°

Pln 0.00° 0.00° 2464 2464 2.78¢
Staphylococcus aureus (log CFU g™) Control 0.004 0.87¢ 1.98° 2430 3.352

Ni 0.00¢ 0.00¢ 0.00¢ 0.43¢ 0.33¢

PIn 0.00¢ 0.00¢ 0.00¢ 0.67¢ 1.30¢
Escherichia coli (log CFU g™') Control 0.00 2414 2.82¢ 3.49° 4192

Ni 0.00f 0.00f 0.00f 0.00f 0.33¢

PIn 0.00f 0.00f 0.00f 0.00f 0.00f
Salmonella (log CFU g™) Control Negative Negative Negative Negative Negative

Ni Negative Negative Negative Negative Negative

PIn Negative Negative Negative Negative Negative

Meatball without addition of nitrite or plantaricin [IA-1AS5 is designated as a control, Ni and PIn correspond to meatball with addition of 0.3% nitrite or 0.3% plantaricin
IIA-1A5, respectively. The values are means of at least three independent replications with standard error less than 10%, *9Different letters following values indicate

statistical differences

maximum population of S. aureusin meatballis 2 log CFU g,
which indicates that meatball control is considerably safe in
terms of 5. aureus risk to be consumed after being stored up
to 10 h at room temperature. When meatball control is stored
longer than 10 h at room temperature, the population of
S. aureus exceeds the allowed population for consumption
(more than 2 log CFU g™).

The presence of 0.3% nitrite significantly retarded the
growth of S. aureus compared to meatball control. The
colonies were observed after 15 h of storage at room
temperature with a population of 0.43 log CFU g~ and kept
constant statistically (p>0.05) up to 20 h of storage time.
Interestingly, 0.3% plantaricin [IA-1A5 displayed the ability to
inhibit a population of $. aerus as strong as 0.3% nitrite. The
colonies were first observed after 15 h of storage at room
temperature and the population was statistically kept stable
until 20 h of storage (p>0.05). The population of S. aureus in
meatball with the addition of 0.3% plantaricin or 0.3% nitrite
is lower than the maximum level allowed by the standard
(2log CFU g7). It strongly indicated that until 20 h storage at
room temperature, meatball with nitrite or plantaricin I|A-1A5
are considerably safe to be consumed. Itis worthy to mention
that the ability of plantaricin IIA-1A5 to inhibt S. aureus is
comparable to that of nitrite (at given concentration),
demonstrating promising potential use of plantaricin as a
nitrite replacer.

The prevalence of Salmonella in ground beef is
considerably high (Erol, 1999; Heredia et a/, 2001; Zhao et al,
2001; Siriken, 2004). However, in this study, Salmonella was
not detected (negative) on meatball stored up to 20 h at room
temperature, either in the absences or in the presence of
preservative agents (nitrite or plantaricin). Salmonella in beef
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products usually originates from cross contamination of
external sources (workers, environment, tools, etc,
Siriken et al, 2009). The negative result of Salmonella
observation in this experiment might be caused by the
sanitary property of meatball preparation, which is free from
Salmonella. In addition, boiling treatment during meatball
preparation might also be responsible for the elimination of
Salmonella from the final product.

Altogether, microbial analysis of meatball in the absence
or presence of nitrite or plantaricin [IA-1A5 demonstrated the
ability of plantaricin [IA-1A5 to retard pathogenic bacteria
(£ coli S. aureus and Salmonella) in a manner that is as
effective as nitrite. Plantaricin IIA-1A5 was able to maintain
microbial quality of meatball until 20 h of storage at room
temperature, in which the population of the pathogenic
bacteria was considerably low, hence, the final product was
safe to be consumed. This result was similar with
Sihombing et al (2015) that proved that plataricin 1IA-1A5
could be used as biopreservative on fresh beef.

Physical properties of meatball: Water content in the food
system is a critical factor for the survival of microorganisms,
especially the amount of free water that can be utilized by
them to ensure growth. This free water is defined as waster
activity (A,). Table 3 shows the A,, of meatball in the absence
or presence of preservative agents (nitrite or plantaricin
[IA-TA5).

Table 3 demonstrates that the addition on 0.3% nitrate or
0.3% plantaricin IIA-1A5 did not seriously affect A, (p>0.05).In
addition, during storage of up to 20 h at room temperature,
there was no serious effect on A,, as indicated by A, values
upon the storage (p>0.05). The same evidence was observed
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Table 3: Physical quality of meatball stored at room temperature with addition
of plantaricin IIA-1A5 and nitrite
Storage time (h)

Treatments 0 5 10 15 20
Water activity

Control 0.90 0.90 0.90 0.90 0.91
Ni 0.90 0.90 0.90 0.90 0.89
PIn 0.90 0.90 0.90 0.89 0.89
pH

Control 6.29 6.29 6.29 6.29 6.29
Ni 6.21 6.21 6.21 6.21 6.20
Pln 6.17 6.17 6.17 6.17 6.17

Meatball without addition of nitrite or plantaricin IIA-1A5 is designated as a
control, Ni and PIn correspond to meatball with addition of 0.3% nitrite or 0.3%
plantaricin 11A-1A5, respectively. The values are means of at least three
independent replications with standard error less than 10%

on pH values, in which pH values of meatball were similar for
control with the addition of 0.3% nitrite or 0.3% plantaricin
[IA-1A5. When the meatball were kept at room temperature
for 20 h, their pH values did not significantly change (p>0.05).

These results are interesting in terms of the ability of
plantaricin [IA-1A5 to retard the aforementioned pathogenic
bacteria. Water activity and pH values have been reported to
play importantrolesin microorganism survival.ln general, low
A,, values would retard the growth of microorganism, since
the amount of water to be used in their metabolism is limited.
Meanwhile, certain pH values might seriously damage the cells
of microorganisms due to the change in membrane
permeability, ion transport and so on. Since A,,and pH values
of the meatball are similar, these two factors might not be
responsible for the inhibition of S. aureus and E. coli in the
meatball in this study. The differences in the population
of 5. aureus and £ coli of meatball in 0.3% nitrite meatball
and 0.3% plantaricin IIA-1A5 meatball are likely due to the
presence of nitrite or plantaricin in the meatball. Meanwhile,
these preservative agents did not play animportantrolein the
inhibition of Salmonella, since this bacterium was not
observed in all meats.

CONCLUSION

This study demonstrated the ability of plantaricin IIA-1A5
from Lactobacillus plantarum lIA-1A5 to reduce population of
total bacteria, S. aureus and £ coli in the meatball. Up to
20 h, the population of these bacteria are lower than
maximum population allowed by Indonesian National
Standard for Meatball Products (SNI 01-3818-1995) for safety
consumption. This ability comparable to of nitrite, an
antibacterial agents widely used by meatballs vendor in
Indonesia. This suggests promising application of plantaricin
[IA-1A5 as a nitrite replacer for meatballs.
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