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ABSTRACT

Nisin has been extensively used as a safe food preservative; therefore, the occurrence
of nisin resistance in various bacteria including nisin-exposed Listeria monocytogenes has
increased in recent years. This problem could be overcome by using nisin in combination with
other antimicrobial agents resulting in synergistic effects. Citric acid is a safe food additive
granted GRAS status by the Food and Drug Administration, USA. In the present
investigation, the antibacterial activity of nisin and citric acid alone or in combinations against
L. monocytogenes 10403S was determined, and their potential as food preservative in food
model systems was evaluated. The nisin and citric acid showed minimum inhibitory
concentration (MIC) at 250 and 4,000 pg/ml, respectively. Checkerboard microdilution
method using both compounds showed synergistic effect at concentration of 62.5ug/ml and
1,000 pg/ml, respectively, with the fractional inhibitory concentration index (FICI) value of
0.5. The potent anti-listeria effect of nisin in combination with citric acid on the growth of L.
monocytogenes in pork ham (food model) was observed during six days of storage at 4°C.
This might be exploited to inhibit foodborne bacteria and minimize the nisin-resistant problem
of L. monocytogenes in the food industry.
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1. Introduction

Foodborne infections are still the by the consumption of contaminated foods
major public health concerns worldwide. especially ready-to-eat (RTE) foods such as
Listeria (L.) monocytogenes is an poultry, beef, dairy products, and vegetables
opportunistic intracellular ~ foodborne [1].
pathogen associated with listeriosis caused
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Recently, L. monocytogenes has been
described as one of the top five pathogens
contributing to domestically acquired
foodborne illnesses resulting in death [2].
Interestingly, consumption of contaminated
food appears to be the main route of
transmission of listeriosis and has been
estimated as the source of L. monocytogenes
up to 99% of the cases [3]. The interest and

use of food preservatives, particularly
natural food preservatives, to control
Listeria contamination in foods has

dramatically increased in recent years.

Nisin, a bacteriocin produced by lactic
acid bacterium (LAB), Lactococcus lactis
subspecies lactis, has been approved by
World Health Organization as a food
biopreservative [4]. It is one of most
effective and widely use antimicrobial
agents in food industry as a safe and natural
food preservative. It has been reported to
exhibit antimicrobial activity against a
broad range of bacteria including strains of
L. monocytogenes. Due to the extensive use,
the occurrence of nisin resistance in various
bacteria has increased in recent years [5].
The major mechanisms involved in nisin
resistance of L. monocytogenes included the
modifications of membrane phospholipid
composition. The nisin-resistant strains of L.
monocytogenes represented the decrease of
anionic phospholipid which is important for
the interaction of nisin with bacterial cell
membranes. This resulted in a decreased net
negative charge and disruption of nisin
binding [5].

The risk of emergence of nisin-
resistance  among  nisin-exposed L.
monocytogenes could be minimized by the
use of nisin in lower concentrations [6],
notably with combination with other food
preservatives which have synergistic effect.
Low-molecular-weight organic acids such
as citric, acetic, lactic and malic have a long
history of being used as food preservatives.
Their antimicrobial action is based on their
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ability to reduce the pH and on other
mechanisms such as inhibition of enzymes
[7]. Based on equal molar concentration,
citric acid showed the highest effectiveness
against L. monocytogenes when compared
to that of malic, lactic, acetic and HCI [8].
Citric acid is a general purpose food
additive and has been granted Generally
Recognized as Safe (GRAS) status by the
Food and Drug Administration, USA. The
combination of nisin and citric acid might
be used to reduce the number of L.
monocytogenes in RTE foods. The objective
of the present study was to determine and
compare antibacterial activity of nisin, citric
acid and their combination against L.
monocytogenes both in vitro and in food
model.

2. Materials and Methods
2.1 Reagents and microorganisms

Nisin (N5764, containing 2.5% pure
nisin, activity of 1x10°® 1U/g, according to
the manufacturer’s certificate of analysis)
and citric acid (251275, 99.5% purity) were
obtained from Sigma-Aldrich. Nisin was
resuspended in sterile 0.02 N HCI and citric
acid was resuspended in sterile distilled
water. L. monocytogenes strain 10403S was
maintained at -80°C and grown in Tryptic
Soy Agar supplemented with 0.6% Yeast
Extract (TSAYE). The culture was
incubated at 37°C for 24 h.

2.2 Antibacterial assay in vitro

The minimum inhibitory
concentration (MIC) values of nisin and
citric acid against the L. monocytogenes
10403S were determined by standard broth
micro-dilution assay (CLSI2010). In brief,
the cells were grown in TSBYE at 37°C
until the exponential phase (ODggo ~ 0.5—
0.6). Then, they were centrifuged (10 min at
6,000xg) and resuspended in TSBYE at the
concentration of 10° colony forming
units/ml or CFUs/ml (0.5 McFarland).
Bacteria were distributed in triplicate into
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96 well microplates (50 pl/well), mixed
with two-fold serial dilutions of nisin or
citric acid (50 pl/well) and incubated at
37°C for 24 h. A TSBYE medium
containing 0.02 N HCI or sterile distilled
water was used as a control. The MIC
values were defined as the lowest
concentration  of  antimicrobial  that
prevented the growth as determined by
measuring the absorbance at 600 nm
(Varioskan™ Flash Multimode Reader). All
tests were performed in triplicate.

2.3 Checkerboard synergy testing

Mechanistic interactions of drug
combinations are usually measured by an
established technique known as
checkerboard method [9]. The synergy
between nisin and citric acid was performed
in 96-well microtiter plates. In this study,
the serial two-fold dilutions ranging from
1/256 - 2 times the MIC for nisin and from
1/256 - 2 times for citric acid were tested
(Table 1). The antibacterial effects of each
combination was evaluated in terms of the
fractional inhibitory concentration index
(FICI), which was calculated as the ratio of
the MIC of agents A and B in combination
to the MIC of agent A (or B) alone as
follows:

FICI = FICa + FICg = (CACOMB/ MIC ") +
(Cg®OMB/MICg?"me)

Where MICa2°" and MICg?°™ are the MIC
values of agent A and B, respectively,
acting alone and CA®°™® and Cg®°M® are the
MIC of agents A and B, respectively, when
in combination. The interpretation of the
FICI was as follows: FIC <0.5 were
classified as synergistic; those resulting in
FIC indices of >4 were designated as
antagonistic [10]. All tests were performed
in triplicate.

2.4 Agar diffusion test
The agar diffusion synergy testing
was used to determine the antimicrobial
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activities of nisin and citric acid along or in
combination against L. monocytogenes
10403S. In brief, 50 ul of inoculum of an
approximately 1x10° CFU/ml bacterial
suspension was added in 100 ml of sterile
TSBYE with 1% agar and pour into the
plate. Wells of 8 mm diameter were
punched using sterile cork borer and filled
with nisin and citric acid alone or in
combination. The tests were performed in
triplicate. The antimicrobial activity can be
classified into three levels (Rota): weak
activity (inhibition zone <12 mm); moderate
activity (inhibition zone = 12-20 mm) and
strong activity (inhibition zone > 20 mm).
The assays were measured after incubation
at 37°C for 24 h. 0.02N HCI and sterile
distilled water were used as negative
controls.

2.5 Evaluation of antibacterial efficacy of
nisin in combination with citric acid in
food system

Before each trial, L. monocytogenes
from overnight culture was adjusted to 0.5
McFarland turbidity with normal saline
(0.85% NaCl). Freshly sliced pork hams
were bought from a department store
supplied by a local distributor on the same
day with the experiment. A total of 12 pork
hams, weighing approximately 45 g, were
randomly allocated to three groups: (i)
uninoculated  controls  (control),  (ii)
inoculated with L. monocytogenes at a level
of 2x10® CFU/g (pork ham) by randomly
distributing dropwise to the surface of slices
and spread throughout the surface using
glass rod and allowed to dry, (iii) inoculated
with L. monocytogenes at a level of 2x103
CFU/g (sliced bologna sausage) together
with nisin and citric acid (at synergism
concentration) by randomly distributed
dropwise to the surface of slices and spread
throughout the surface using glass rod and
allowed to dry. After assuring good contact,
the samples were kept in a clean plastic box



M Wongchai et al. | Science & Technology Asia | Vol.23 No.4 October — December 2018

and stored at 4°C. The samples weighing 0.5
g from each group were aseptically taken
after 0, 1, 2, 3, 4, 5, and 6 days of storage.
They were vigorously mixed in 4.5 ml
normal saline for 5 min. The numbers of L.
monocytogenes CFUs from each group were
determined following decimal dilution and
plating the appropriate dilutions on Listeria
Selective Agar (Oxoid, UK) for 48 h at
37°C. Three independent experiments were
performed. A Student's t-test was computed
to determine the statistical significance of
the results. Differences were judged to be
statistically significant when p<0.05.

2.6 Statistical analysis

All  measurements were made in
triplicate and each experiment was
performed on three separate occasions. For
MIC determination and synergy testing, the
results were expressed as mean value of the
three parallel assays. A Student's t-test was
used to evaluate the antibacterial efficacy of
nisin in combination with citric acid in food
system.

3. Results and Discussion
3.1 Determination of alone and in
combination effects

The in vitro activities of citric acid
or nisin alone or in combination against L.
monocytogenes  strain  10403S  was
determined by standard broth micro-dilution
assay. The results showed that citric acid or
nisin alone were able to reduce the bacterial
population and the MIC values of citric acid

calculated MIC of the nisin against various
foodborne L. monocytogenes isolates
including ATCC 19115 strain using
microbroth dilution method was 32-64
ug/ml [11]. For citric acid, the average MIC
value against Six isolates of
L. monocytogenes was 3.8 mM [12], which
were similar to our study.

In the checkerboard assay, the FICI
values were calculated to analyze the
interaction of the combinations [13].
Different combinations of nisin and citric
acid ranging from several dilutions below
the MIC to twice of MIC were tested. As
shown in Table 1, nisin at concentration of
62.5 pg/ml showed synergistic effect with
citric acid at concentration of 1,000 pg/ml
against L. monocytogenes 10403S with the
fractional inhibitory concentration index
(FICI) values of 0.5. Nisin not only
decreased the MIC of citric acid (from 4,000
to 1,000 pg/ml), but also the MIC of nisin
itself was reduced (from 250 to 62.5 ug/ml)
by citric acid. Furthermore, it is worth
noting that all the FICI values were smaller
than 4.0, which indicates that there was no
antagonism between nisin and citric acid.
The synergistic interactions of nisin
combined with citric acid against nine food
isolates and one ATCC 191115 strain were
also observed with FICI values ranging
from 0.19 to 0.375 [11]. In conclusion, a
substantial interaction occurs when using
nisin and citric acid in combination whereas
nisin and citric acid alone showed weak

and nisin against L. monocytogenes 10403S  antibacterial activity against
was 4,000 and 250 ug/ml, respectively. The L. monocytogenes 10403S.

Table 1. Synergistic effects of nisin with citric acid against L. monocytogenes 10403S

MIC (ug/ml)

Nisin 500 250 125 625 31.25 15.63 7.82 3.91 1.95 0.98
Citric acid 15.63 250 500 1000 1000 2000 2000 2000 2000 2000
FICI value 2.004 1.063 0.625 0.5 0.625 0.563 0.531 0.516 0.508 0.504
Interpretation IND IND IND SYN IND IND IND IND IND IND

56




M Wongchai et al. | Science & Technology Asia | Vol.23 No.4 October — December 2018

SYN, synergism; ANT, antagonism; IND, indifference. For the FICI model, synergy was defined as an
FICI of <0.5, antagonism was defined as an FICI of >4.0, and indifference was defined as an FICI of

>0.5-4 (i.e., no interaction)

3.2 Agar diffusion test

The results obtained from agar
diffusion tests helped to visualize the
synergy between nisin and citric acid (Fig.
1). The bigger clear zone indicated higher
activity. The agar diffusion method is
simple, reliable, inexpensive, and currently
used for susceptibility testing of bacteria
and fungi in clinical laboratories. This
method has been widely used to assay the
interaction between antimicrobial agents as
it can provide more visually convincing
results [14]. Nisin or citric acid at 62.5 and
1,000 ug, respectively, showed very weak
antimicrobial activities. In contrast, the
combination of nisin and citric acid showed
moderate activity with a clearer and larger
zone (16 mm diameter), which were much
larger than for a single antibacterial on the
agar plate. This result confirmed the results
of the checkerboard synergy testing.

Fig. 1. Agar diffusion assay for nisin combined
with citric acid against L. monocytogenes
10403S.

3.3 Evaluation of antibacterial efficacy of
nisin in combination with citric acid in
food system

The in situ anti-listeria activity of
nisin in combination with citric acid against
L. monocytogenes 10403S was studied using
pork ham as a model. Figure 2 showed the
viable counts of L. monocytogenes in the
batches inoculated with 2x10° CFU/g L.

S7

monocytogenes with nisin and citric acid
(treated group) at 62.5 and 1,000 pg/ml,
respectively or without (untreated group)
and the control group without nisin and
citric acid and L. monocytogenes. After six
days of storage at 4°C, the viable cells count
of treated group was reduced significantly
(p<0.05) when compared to that of
untreated group. It was observed that the
addition of nisin and citric acid significantly
reduced the viable count (p<0.05) upto four
days. Indeed, the initial L. monocytogenes
population (2x10° CFU/g) increased to a
level of 3.2x10* CFU/g for the untreated
group  (inoculated  with  only L.
monocytogenes). By contrast, the addition
of nisin and citric acid led to an inhibition of
the growth for more than 10* CFU. In
control sample without L. monocytogenes
and nisin and citiric acid, the viable cells
count of L. monocytogenes was not
detected.

Due to the high prevalence of L.
monocytogenes contamination in RTE foods
and spontaneous nisin-resistant variants of
this strain are reported to occur at a
relatively high frequency [15]. The
combination of nisin with non-nisin anti-
listeria compound might be wused to
minimize the resistant problem of nisin [11].
In this study, nisin in combination with
citric acid was able to inhibit the growth of
L. monocytogenes 10403S throughout the
storage period (6 days). L. monocytogenes
populations in untreated group grew quickly
while application of nisin and citric acid
was able to inhibit or slow down the growth
of L. monocytogenes by more than seven
folds. The inactivation of L. monocytogenes
in raw ground pork stored aerobically was
attained mainly with the combination of
nisin and lactic acid [16]. The nisin—sodium
citrate (5%) combination was significantly
effective  against L. monocytogenes
inoculated on fresh-cut tomato stored at
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4 °C for three days [17]. This study showed
the synergistic effect of nisin and citric acid
against L. monocytogenes 10403S in food
model.

40
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Listeria monocytogenes (103 CFU/g)

Day

Fig. 2. Growth of L. monocytogenes in pork ham
storage at 4°C. (M), inoculated only L.
monocytogenes 10403S; (A), inoculated with L.
monocytogenes and nisin with citric acid; (@),
control group without L. monocytogenes and
nisin and citric acid. Values are mean and
standard deviation of three independent
experiments.

4. Conclusion

The use of natural antimicrobials such
as nisin in combination with salts of organic
acids such as citric acid is a promising and
safe food biopreservatives. Nisin and citric
acid at 62.5 and 1,000 pg/ml, respectively,
showed  synergistic  effect  toward
L. monocytogenes 10403S both in vitro and
in food model. This might be exploited to
inhibit foodborne bacteria and minimize the
nisin-resistant problem of L. monocytogenes
in the food industry. Further investigations
would be required to evaluate this synergy
using a wider range number of fresh
products and challenging pathogens.
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