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The antibacterial activity of potassium metabisulphite, potassium benzoate, potassium propionate, and potassium
nitrate were evaluated against 15 species of bacteria using diffusion and microdilution methods. Potassium
metabisulphite showed the greatest activity (MIC varied in the range of 0.78 mg mI™' to 3.12 mg ml™"), then
potassium benzoate (6.25 mg ml™! to 12.5 mg ml™") followed by potassium propionate and potassium nitrate (6.25
mg ml™! to 100 mg ml™!). Effects of potassium benzoate, potassium propionate, and potassium nitrate on the sugar
fermentation, the effect of potassium benzoate on cell membrane permeability and on amylolytic activity of bacteria
were tested. The results indicated inhibition of fermentation, loss of intracellular macromolecules (proteins) from
treated cells, and inhibition of amylolytic activity.
Keywords: preservatives, fermentation, cell membranes, amylolytic activity, food spoilage bacteria

Food contains nutrients, which are necessary for growth and development of beneficial and
food borne microorganisms (Bakoc¢evic, 2011). Preservatives are compounds that prolong or,
under optimum conditions, prevent microbial spoilage of food. They manifest microbiostatic
or microbiocidal effects. The mechanisms of antimicrobial activity of preservatives are
different depending on the chemical used: interaction with deoxyribonucleic acid (DNA),
inhibition of protein synthesis, inhibition of enzymatic activity, cell membrane damage, and
decreasing the intracellular pH.

Most of the preservatives that are used presently are more efficient against yeasts and
moulds than bacteria (NikaiDo & VAARA, 1985). Also, it was confirmed that the mechanism
of activity was more complex in Gram-negative than in Gram-positive bacteria (RusseLL &
GouLp, 1988; BakocEevi¢, 2011). The antimicrobial effects of benzoic and propionic acids in
dissociated and undissociated forms were examined. Undissociated forms of preservatives
presented stronger antimicrobial effects. After passing through cell membrane, the
preservatives dissociated into positive and negative ions exhibiting lower activity (EKLUND,
1985a, b). The inhibitory effect of potassium metabisulphite, sodium benzoate, and potassium
sorbate was examined on different strains of bacteria. Potassium metabisulphite showed the
greatest antimicrobial activity (Oraparo et al., 2014). Preservatives could be used in
combination with other food preservation methods to protect food from food borne
microorganisms (Campos et al., 2011).
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The aims of this paper were in vitro determination of the minimum inhibitory
concentrations of potassium metabisulphite, potassium benzoate, potassium propionate, and
potassium nitrate in relation to selected species of bacteria, and examination of the effects of
preservatives on the bacterial fermentative ability as well as the effect of potassium benzoate
on the cell membrane permeability and on the amylolytic activity of bacteria.

1. Materials and methods

1.1. Determination of antibacterial activity

Antibacterial activity of preservatives was tested against 15 strains of bacteria (probiotic
strains: Lactobacillus plantarum, Bifidobacterium animalis subsp. lactis, and Bacillus subtilis
IP 5832), standard strains (Escherichia coli ATCC 25922, Klebsiella pneumoniae ATCC
70063, and Bacillus subtilis ATCC 6633), and clinical isolates (Staphylococcus sp.,
Escherichia coli, Salmonella enterica, Salmonella typhimurium, Klebsiella pneumoniae,
Proteus mirabilis, Pseudomonas aeruginosa, Bacillus cereus, and Bacillus subtilis). All
clinical isolates were a generous gift from the Institute of Public Health (Kragujevac, Serbia).
Probiotics and ATCC strains were obtained from a collection of the Microbiology Laboratory,
Faculty of Science, University of Kragujevac. Bacterial suspensions were prepared by the
direct colony method (ANDrREWws, 2005). The turbidity of initial bacterial suspension (0.5
McFarland) was adjusted using McFarland densitometer (BioSan, Latvia). Initial bacterial
suspensions contained about 108 colony forming units (CFU) ml'. From the initial suspension
1:100 dilutions were additionally prepared in sterile 0.85% saline solution.

Antibacterial activity was tested by determining the minimum inhibitory concentration
(MIC) using microdilution method (SARKER et al., 2007). The stock concentrations of tested
preservatives (potassium metabisulphite (Acros Organics, USA), potassium benzoate (Alfa
Aesar GmbH & Co., Germany), potassium propionate (Tokyo Chemical Industry Co., Japan),
and potassium nitrate (Alkaloid, Skoplje, Macedonia)) dissolved in liquid nutrient medium
were 200 mg ml. Next, serial twofold dilutions of each compound were made in a
concentration range from 0.04 mg ml™ to 100 mg ml™ in sterile 96-well microtiter plates
containing Mueller—Hinton broth (Torlak, Belgrade, Serbia). The final volume in each well
was 100 pl. After that, 10 pl of each diluted bacterial suspension was added to appropriate
wells. The inoculated plates were incubated at 37 °C for 24 h. The results were evaluated by
observing broth turbidity. MIC was defined as the lowest concentration of tested substance
that inhibited bacterial growth (no broth turbidity). Each test included growth control and
sterility control. All tests were performed in duplicate and MICs were constant.

1.2. Effects of preservatives on sugar fermentation

The effects of preservatives on fermentative ability of bacteria were tested using carbohydrate
test. Five millilitres of Andrade peptone water with Durham tube containing 1% sugar
(glucose, dextrose, or lactose (Torlak, Belgrade, Serbia)) and the tested preservative at MIC
concentration and sub-inhibitory concentration (1/2 MIC), was inoculated with 10 pl of
bacterial suspension corresponding to McFarland standard No. 0.5. After the incubation at 37
°C for 24 h, the results were evaluated by observing colour change of Andrade indicator (acid
production) and the production or absence of gas in Durham tubes. After treatment with MIC
concentrations of preservatives, the growth of bacteria was confirmed by inoculation on agar
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slants. This control confirms that the colour of indicator changed due to bacterial activity
rather than due to reaction with the preservative. The experiment included also bacterial
growth control, sterility control of the nutrient broth, and sterility control of nutrient broth
containing preservatives.

1.3. Effects of preservative on cell membrane permeability

The release of proteins into the supernatant, as a result of cell membrane permeability, after
treatment of bacterial cells with potassium benzoate was investigated. Two probiotic strains,
B. subtilis 1P 5832 and L. plantarum, as well as four isolates of E. coli, S. enterica, P. mirabilis,
and K. pneumoniae were used. Overnight bacterial culture was collected by centrifugation at
5000 r.p.m. for 15 min (Hettich centrifuge, Micro120, Germany) and washed three times
using phosphate buffered saline (PBS, pH 7.4) (Alfa Aesar GmbH & Co. Karlsruhe,
Germany). Bacterial cells were re-suspended in PBS containing potassium benzoate in sub-
inhibitory concentration (1/2 MIC) and incubated at 37 °C for 16—18 h. After incubation, the
samples were centrifuged at 5000 r.p.m. for 10 min. The concentration of protein in the
supernatant was determined using Bradford reagent (AppliChem GmbH., Germany)
(BraDFORD, 1976). The absorbances were monitored with a spectrophotometer at A=595.
Untreated samples (bacteria + PBS) and tested compounds (preservatives + PBS) served as
controls. The antibiotic — polymixin B (Sigma-Aldrich INC., USA) (20 pg ml!) was used as
positive control. The experiment was performed in triplicate and mean values were presented.

1.4. Effects of preservative on amylolytic activity

The potential influence of potassium benzoate on amylolytic activity of starch degrading
bacteria (B. subtilis IP 5832, B. subtilis ATCC 6633, B. subtilis, and B. cereus) was investigated
by spectrophotometric method according to Hasan and co-workers (2013) with modifications.
Sterile mineral broth (10 ml) with 1% starch containing the potassium benzoate at sub-
inhibitory concentration (1/2 MIC) was inoculated with 100 pl of bacterial suspension
(McFarland standard No. 0.5). After incubation at 37 °C for 24 h, the samples were centrifuged
at 5000 r.p.m. for 20 min (Hettich centrifuge, Micro120, Germany). The supernatants were
used as enzyme extract. One millilitre of the obtained extract was mixed with 1 ml of
dissolved starch and incubated at 37 °C for 15 min. After incubation, 0.5 ml of Lugol solution
and 6 ml of distilled water was added. The enzyme activity was measured with a
spectrophotometer at A=540 nm. The experiment was performed in triplicate and mean values
were presented. Potassium benzoate (conc. 3.12 mg ml!) was used as control and bacteria
that is not capable of starch degradation — Escherichia coli) was used like negative control.

1.5. Data analysis

For comparison of treated and untreated samples, used to determine the protein leakage and
amylolytic activity of bacteria, data were analysed by the paired samples #-test, using SPSS
20 package (SPSS Inc., Chicago, IL, USA).

2. Results and discussion

In this paper, tested preservatives demonstrated different in vitro antimicrobial activity on
food borne bacteria (Table 1). Results of antimicrobial activity of potassium propionate are
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presented here for the first time. Potassium metabisulphite demonstrated the highest inhibitory
activity. MIC varied in the range of 0.78 mg ml™' to 3.12 mg ml™'. Potassium nitrate showed
the lowest inhibitory activity.

Table 1. Antibacterial activity of tested preservatives (mg ml™")

Species Potassium Potassium Potassium Potassium
metabisulphite benzoate propionate nitrate
MIC
E. coli ATCC 25922 3.12 12.5 12.5 12.5
E. coli 3.12 12.5 12.5 12.5
S. enterica 3.12 12.5 12.5 12.5
S. typhimurium 1.56 6.25 50 100
K. pneumoniae ATCC 70063 1.56 6.25 25 100
K. pneumoniae 1.56 6.25 25 100
P. mirabilis 1.56 6.25 50 100
Staphylococcus sp. 1.56 6.25 50 100
P. aeruginosa 0.78 6.25 6.25 50
B. cereus 0.78 6.25 50 100
B. subtilis 1.56 3.12 25 100
B. subtilis ATCC 6633 1.56 6.25 50 100
B. subtilis TP 5832 1.56 12.5 6.25 6.25
B. animalis subsp. lactis 0.78 6.25 50 100
L. plantarum 1.56 6.25 100 100

MIC: minimum inhibitory concentrations

Oraparo and co-workers (2014) reported that potassium metabisulphite had the highest
antimicrobial activity among tested preservatives. The appropriate combination of nisin (sub-
inhibitory concentration) and potassium metabisulphite (MIC concentration) inhibit the
growth of lactic acid bacteria (Rojo-BEzares et al., 2007). The effect of sodium benzoate,
sodium nitrite, and potassium sorbate at producing antimicrobial packaging material was
investigated by VARTIAINEN and co-workers (2003). Authors have noticed that plaques
containing 15% of sodium nitrite, sodium benzoate, and potassium sorbate inhibited growth
of B. subtilis. This study confirmed the inhibitory activity of benzoate and nitrate salts against
some bacteria causing food spoilage.

2.1. Effects of preservatives on sugar fermentation

The effects of preservatives on bacterial fermentation of glucose, dextrose, and lactose were
evaluated by acid and gas production (Tables 2, 3, and 4). The effect of potassium
metabisulphite is not shown, because the compound discoloured the Andrade indicator.
Potassium benzoate demonstrated the strongest inhibitory effect, while potassium
propionate and potassium nitrate demonstrated fair inhibitory effect on sugar fermentation.
The tested sugars were fermented by E. coli ATCC 25922, E. coli, K. pneumoniae ATCC
70063, and K. pneumoniae. S. enterica, S. typhimurium, P. mirabilis, and Staphylococcus sp.
demonstrated the ability of glucose and dextrose fermentation by gas and acid production.
Lactose was not fermented by the tested bacteria. B. cereus, B. subtilis, B. subtilis ATCC
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6633, B. subtilis 1P 5832, B. animalis subsp. lactis, and L. plantarum fermented glucose and
dextrose with production of acid but no gas. Lactose could only be fermented by B. subtilis
IP5832. At MIC, fermentation of both sugars was interrupted, while incomplete/partial
fermentation without gas production was observed at the sub-inhibitory concentrations.

Table 2. Effect of potassium benzoate on sugar fermentation

Potassium benzoate

MIC 15 MIC Growth control
Glucose Lactose Dextrose Glucose Lactose Dextrose Glucose Lactose Dextrose
E. coli ATCC A— A— A— A— A— A— A+ A+ A+
25922 G- G- G- G- G- G- G+ G+ G+
E coli A— A— A— A— A— A— A+ A+ A+
-eot G- G- G- G- G- G- G+ G+ G+
S enteri A- n.f. A- Aw+ n.f. Aw+ A+ n.f. A+
. enterica G- G- G- G- Gt Gt
s hi X A- n.f. A- Aw+ n.f. Aw+ A+ n.f. A+
. typhimurium G G G- G G+ G+
K. pneumoniae A— A- A- A— A- A— A+ A+ A+
ATCC 70063 G- G- G- G- G- G- G+ G+ G+
X . A— A A A A A A+ A+ A+
Sprewmonac g G- G- G- G- G- G+ G+ G+
P mirabili A— n.f. A— Aw+ n.f. Aw+ A+ n.f. A+
> mirabilis G- G- G- G- G+ G+
Staphylococcus A— A— A— Aw+ Aw+ Aw+ A+ Aw+ A+
sp. G- G- G- G- G- G- G+ G- G+
P . A— n.f. A— Aw+ n.f. Aw+ A+ n.f. A+
> aeruginosa G- G- G- G- G- G-
B A— n.f. A— A— n.f. A— A+ n.f. A+
. cereus G- G- G- G- G- G-
B, subtili A- n.f. A- A— n.f. A— A+ n.f. A+
. subtilis G- G- G- G- G- G-
B. subtilis A- n.f. A- Aw+ n.f. Aw+ A+ n.f. A+
ATCC 6633 G- G- G- G- G- G-
B. subtilis 1P A- n.f. A- Aw+ n.f. Aw+ A+ A+ A+
5832 G- G- G- G- G- G- G-
B. animalis A— n.f. A— Aw+ n.f. Aw+ A+ n.f. A+
subsp.lactis G- G- G- G- G- G-
L plant A— n.f. A— A— n.f. A— A+ n.f. A+
- prantarum G- G- G- G- G- G-

+: Positive; —: negative; w+: weakly positive; A: acid production; G: gas production; n.f.: no fermentation
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Table 3. Effect of potassium nitrate on sugar fermentation

Potassium nitrate

MIC %> MIC Growth control
Glucose Lactose Dextrose Glucose Lactose Dextrose Glucose Lactose Dextrose
E. coli ATCC A- A- A- A- A- A- A+ A+ A+
25922 G- G- G- G- G- G- G+ G+ G+
E coli A- A- A- A+ A- A- A+ A+ A+
G- G- G- G- G- G- G+ G+ G+
S enterica A- n.f. A- A- n.f. A- A+ n.f. A+
G- G- G- G- G+ G+
S. typhimurium A- n.f. A- Aw+ n.f. Aw+ A+ n.f. A+
G- G- G- G- G+ G+
K. pneumoniae A- A— A- Aw+ Aw+ Aw+ A+ A+ A+
ATCC 70063 G- G- G- G- G- G- G+ G+ G+
K. pneumoniae A- A— A- Aw+ Aw+ Aw+ A+ A+ A+
G- G- G- G- G- G- G+ G+ G+
P mirabilis A- n.f. A— Aw+ n.f. Aw+ A+ n.f. A+
G- G- G- G- G+ G+
Staphylococcus ~ Aw+ A— A— Aw+ Aw+ Aw+ A+ Aw+ A+
sp. G- G- G- G- G- G- G+ G- G+
P aeruginosa A- n.f. A— Aw+ n.f. Aw+ A+ n.f. A+
G- G- G- G- G- G-
B cereus A- n.f. A— A— n.f. A— A+ n.f. A+
G- G- G- G- G- G-
B subtilis A- n.f. A- A- n.f. A- A+ n.f. A+
G- G- G- G- G- G-
B. subtilis A- n.f. A- A- n.f. A- A+ n.f. A+
ATCC 6633 G- G- G- G- G- G-
B. subtilis 1P A- n.f. A- Aw+ n.f. Aw+ A+ A+ A+
5832 G- G- G- G- G- G- G-
B. animalis A— n.f. A— Aw+ n.f. Aw+ A+ n.f. A+
subsp. lactis G- G- G- G- G- G-
L. plantarum Aw+ n.f. Aw+ Aw+ n.f. Aw+ A+ n.f. A+
G- G- G- G- G- G-

+: Positive; — negative; w+: weakly positive; A: acid production; G: gas production;
n.f.: no fermentation
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Table 4. Effect of potassium propionate on sugar fermentation

Potassium propionate

MIC %> MIC Growth control
Glucose Lactose Dextrose Glucose Lactose Dextrose Glucose Lactose Dextrose
E. coli ATCC A— A— A— Aw+ Aw+ Aw+ A+ A+ A+
25922 G- G- G- G- G- G- G+ G+ G+
E coli A- A- A- Aw+ Aw+ Aw+ A+ A+ A+
G- G- G- G- G- G- G+ G+ G+
S enterica Aw+ n.f. A+w Aw+ n.f. Aw+ A+ n.f. A+
G- G- G- G- G+ G+
S. typhimurium Aw+ n.f. A+w Aw+ n.f. Aw+ A+ n.f. A+
G- G- G- G- G+ G+
K. pneumoniae A- A— A- Aw+ Aw+ Aw+ A+ A+ A+
ATCC 70063 G- G- G- G- G- G- G+ G+ G+
K. pneumoniae A- A- A— Aw+ Aw+ Aw+ A+ A+ A+
G- G- G- G- G- G- G+ G+ G+
P mirabilis A- n.f. A— Aw+ n.f. Aw+ A+ n.f. A+
G- G- G- G- G+ G+
Staphylococcus A— A— A— Aw+ A+w Aw+ A+ Aw+ A+
sp. G- G- G- G- G- G- G+ G- G+
P aeruginosa A- n.f. A— Aw+ n.f. Aw+ A+ n.f. A+
G- G- G- G- G- G-
B, cereus A— n.f. A— A- n.f. A- A+ n.f. A+
G- G- G- G- G- G-
B. subtilis A— n.f. A— A— n.f. A— A+ n.f. A+
G- G- G- G- G- G-
B. subtilis A— n.f. A— Aw+ n.f. Aw+ A+ n.f. A+
ATCC 6633 G- G- G- G- G- G-
B. subtilis IP A- n.f. A— A- n.f. A— A+ A+ A+
5832 G- G- G- G- G- G- G-
B. animalis A— n.f. A— Aw+ n.f. Aw+ A+ n.f. A+
subsp. lactis G- G- G- G- G- G-
L. plantarum A- n.f. A- Aw+ n.f. Aw+ A+ n.f. A+
G- G- G- G- G- G-

+: Positive; — negative; w+: weakly positive; A: acid production; G: gas production;
n.f.: no fermentation

Potassium benzoate was used as a preservative in non-alcoholic beverages (Sum, 2001).
Also, the influence of potassium propionate and potassium nitrate on glucose fermentation
was investigated (BrRyant, 1965; BHASIN & Mobi, 2012).
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2.2. Effects of preservative on cell membrane permeability

The results indicated that after adding the sub-inhibitory concentration of potassium benzoate,
the protein concentration increased compared to the untreated cells (Fig. 1). The maximum
absorbance was observed for E. coli and S. enterica treated cells. For other tested bacteria,
the leakage of proteins was not significantly higher than for control samples (P>0.05). No
changes in the absorbance values of treated and untreated (control) cells of L. plantarum
were observed.

1.2 7

-
(=]
1

595 nm

0.8 o

Absorbance A

E. coli S. enterica P, mirabilis K B. subtilis TP L. plantarum
phetmoniae 5832

Fig. 1. Effects of preservative on cell membrane permeability (protein leakage)
Treated sample: bacteria + potassium benzoate; untreated sample: bacteria + PBS; positive control: antibiotic —
polymixin B (conc. 20 pg ml™); negative control: potassium benzoate (conc. 3.12 mg mi™).
l: Treated sample; [1]: Untreated sample; [ll: Antibiotic; [li]: Control

According to the measured protein concentration, potassium benzoate disturbed the
integrity and function of cell membranes of bacteria. The cytoplasmic membrane normally
acts as a diffusion barrier between the cytoplasm and the extracellular medium (Cox et al.,
2001). When cell membrane become compromised, small ions, such as potassium and
phosphate, tend to leach out first, followed by large molecules, such as DNA, RNA, proteins,
and other materials (DENYER & Huco, 1991). Measurement of specific cell’s constituent
leakage is an indicative signal of membrane sensitivity to specific antimicrobial agent.

2.3. Effects of preservative on amylolytic activity

Bacteria of Bacillus genera are one of the causers of food spoilage (STEccamt et al., 2013), so
in this paper, amylolytic activity inhibition of preservatives was tested. The results indicated
that after adding sub-inhibitory concentrations of potassium benzoate, the amylolytic activity
was significantly reduced, compared to the untreated cells (P<0.05) (Fig. 2).

It is widely accepted that undissociated form of benzoate, propionate, and sorbate acts
as inhibitors of bacterial growth causing the decrease of intracellular pH. But, these
preservatives could be active also in dissociated form, which suggests some other mode of
antimicrobial action (EKLUND, 1985a, b; PipER et al., 2001; Yacanza et al., 2009). The results
of this study indicate that possible mechanisms of activity could be inhibition of metabolic
enzymes or disturbance of cell membrane function, depending on the type of preservative.
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540nm
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Absorbance A

B. subtilis ATCC  B. subtilis B. cereus B. subtilis IP E. coli
6633 5832

Fig. 2. Effects of preservative on amylolytic activity Treated sample: bacteria + potassium benzoate + mineral
broth enriched with 1% starch; untreated sample: bacteria + mineral broth enriched with 1% starch; control —
potassium benzoate (conc. 3.12 mg ml™"); negative control —E. coli.

[l Treated sample; []: Untreated sample; [lil: Control

3. Conclusions

Based on the results in our research, it could be concluded that tested preservatives justified
their use in control of microorganism’s growth. Tested preservatives influenced sugar
fermentation of bacteria. In addition, potassium benzoate increased cell membrane
permeability and inhibited amylolytic activity of bacteria.

This investigation was supported by the Ministry of Education, Science and Technological Development of the
Republic of Serbia (Grant No. 41010).
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