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Abstract

Pathogenic bacteria in food industries may have sever-
al origins, including raw materials, workers, equipment
and containers. If these bacteria are not destroyed
during processing, they can grow during production,
thus reducing the quality and safety of food. Hydrogen
peroxide possesses many advantages comparing to
other disinfectants. One of them is that it does not
produce toxic residues. The aim of this study was to
evaluate the efficiency of a hydrogen peroxide based
disinfectant against Escherichia coli and Staphylococcus
aureus, to reveal the nature of the inactivation kinetics
and to determine the decimal reduction time (D-value)
for mentioned bacteria.

Quantitative suspension test method was designed
for the evaluation of bactericidal activity of mentioned
disinfecting agent. The requirement of this standard is
aminimum 5 log10 reduction within 5 min.The contact
times were 0, 1, 2, 3, 4, 5 minutes. The D-value exper-
iments were done by inoculating 8 mL of disinfecting
solution with 1T mL of a bacterial suspension. At regular
intervals (every 1min.), 1 mL aliquots of this mixture
were transferred to 8 mL of growth media containing
a neutralizing agent, and incubated at 37 °C. Modeling
of survival curves was carried out by using the first or-

der log-linear regression model log[[Nt/No)|= -t/D. The
D-value was determined from the negative reciprocal
of the slopes of the regression lines, using the linear
portions of the survivor curves (log' CFU/mL versus
time of exposure to the disinfectant solution).

After 5 min. of contact time hydrogen peroxide pos-
sessed better inhibition activity (more than 6 log™ re-
duction) against S. aureus comparing with inhibition

activity against E. coli (more than 5 log' reduction) (P <
0.05). Linear death kinetics was observed during 5 min.
contact frame. D-values for 2% solution of hydrogen
peroxide based disinfectant at 20 °C were E. coli (D =
0.89 min.) and S. aureus (D = 0.81 min.).

The results of this study have shown that log-linear
inactivation models could be applied to suspension
test for modeling of efficiency of disinfecting agents
during particular contact time frame.
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1. Introduction

Food borne pathogens cause millions of ilinesses and
thousands of deaths every year worldwide [9]. The fecal
coliforms, e.g., Escherichia coli, are used as an indicator
of the sanitary conditions. The presence of the marker
groups such as coliforms and E. coli in the processed
products demonstrates possible process related to
the contamination and indicates poor manufacturing
practices and inadequate factory hygiene standards.

Staphylococcus aureus is a major human pathogen ca-
pable of causing a wide range of infections. The intox-
ication cases caused by methicillin-resistant S. aureus
remains a problem and of particular concern [2].

For proper control of food borne pathogenic bacte-
ria in food processing facilities one of the important
tasks is to study the effect of the extrinsic parameters
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of the processing and storage (temperature, freezing,
irradiation, cleaning & disinfection dehydration, pack-
aging, humidity) on survival and growth of bacteria.
Sanitation is an important practice for reducing the
occurrence of foodborne outbreaks [3].

Hydrogen peroxide is widely used as a sanitizer, par-
ticularly in applications where its decomposition into
non-toxic by-products is important. The bactericidal
efficacy of hydrogen peroxide has been demonstrated
in both water and food systems [6], with Gram negative
organisms having the most susceptibility (Davidson
and Branen, [4]). Their main advantages are broad-spec-
trum activity, which includes efficacy against bacterial
endospores, their lack of environmental toxicity follow-
ing their complete degradation, and the fact that, with
imaginative formulation, their surface corrosiveness
and smell (for peracetic acid-based products) have been
greatly reduced [7].

The aim of this study was to (i) evaluate the efficien-
cy of a hydrogen peroxide based disinfectant (Bioxil)
against Escherichia coli and Staphylococcus aureus and
(ii) to determine the decimal reduction times (D-value)
for mentioned bacteria. Action of the preparation
Bioxil is based on activation of hydrogen peroxide by
a composite synergistic composition [5].

2. Materials and Methods
2.1 Microorganisms and bacterial working cultures

Staphylococcus aureus (DSM 799) and Escherichia coli
(DSM 301) strains were obtained from Leibniz-Institute
DSMZ culture collection and were stored under -20
°C before future use. Subcultures on Tryptic Soy Agar
(TSA) and Nutrient agar plates were prepared from
the stock cultures and incubated for 18 - 24 h at 37 °C.
Bacterial test suspensions were adjusted approximate-
ly to 10°cfu/mL and 107- 108 cfu/mL for E.coli and S. au-
reus respectively. Determination of viable concentra-
tions bacteria in suspension were performed in accor-
dance with bacterial growth curve analyzing method.

2.2 Bactericidal activity

This quantitative suspension test method was de-
signed for the evaluation of bactericidal activity of
hydrogen peroxide based disinfectant used in food
areas. The requirement of this standard is a minimum
reduction by a factor of 10° within 5 min. The efficiency
of the sanitizer were also assessed aftera: 1, 2, 3 and 4
minutes of contact time, to better understand the re-
duction kinetics during 5 minutes period. One milliliter
of sterile distilled water was added to 1 mL of bacterial
test suspension. After 2 minutes, 8 mL of tested sanitiz-
er was added to the mixture and shaken. After above
mentioned time periods, 1 mL of the test mixture was
transferred into a tube containing 8 mL of neutralizer
and 1 mL of sterile distilled water, and mixed. After a
neutralization time of 5 minutes, solutions were seri-
ally diluted and viable counts were performed on TSA
plates. Plates were incubated for 24 h at 37°C, count-
ed, and then re-incubated for a further 24 h to detect
slow-growing colonies.

2.3 Statistical analysis

Student’s t-test were performed with the Excel (Excel,
Microsoft Corporation, Redmond, WA, USA) software. P
values of 0.05 were considered significant. The decimal
reduction time (D-value), the interval of time required
to reduce one decimal logarithm of the initial bacterial
population, at a specified disinfectant concentration
(at constant temperature of 25 °C), was determined
from the negative reciprocal of the slopes of the re-
gression lines, using the linear portions of the survivor
curves (log' CFU/mL versus time of exposure to the
chemical solution, at constant temperature) [8].

3. Results and Discussion

Surviving populations of each bacterium treated with
hydrogen peroxide-based sanitizer (containing 0.5 -
2% H,0,) are shown in Figure 1. Initial population of
the microorganisms was approximately 6 log CFU/mL
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Figure 1. Survivor curves showing the reduction of E. coli and S. aureus exposed to different concentrations of Bioxil
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and 7 log CFU/mL for E. coli and S. aureus, respective-
ly. After 5 min. of contact with 1% and 2% solutions of

mentioned sanitizer the number of E. coli decreased up
to 0.3 log CFU/mL and 0.65 log CFU/mL, respectively.

Figure 2 shows the antibacterial activity of different
concentrations of hydrogen peroxide based sanitizer
against E. coli and S. aureus during 5 min. contact time
period.
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Figure 2. Log" reduction of E. coli and S. aureus after 5
min. contact time with 1% and 2% of hydrogen peroxide
based biocide solutions

2% solution of hydrogen peroxide based sanitizer was
significantly effective (P < 0.05) against S. aureus com-
paring to 1% solution of the same biocide. S. aureus
was significantly (P < 0.05) resistant to 1% solution of
the biocide in comparison with E. coli. There was no
significant difference (P = 0.05) between resistance of
E. coliand S. aureus in case of 2% solution of hydrogen
based biocide.

For a better understanding of a disinfectant’s effect
during 5 minutes contact time with each bacterial
strain the reduction after every minute has been stud-
ied and the decimal reduction times (D-values) have
been calculated for each bacterial strain at constant
temperature (25 °C) using different concentrations of
biocide.

The use of the test microbial suspension is to monitor
the disinfection procedure and its performance is de-
pendent on both the initial test microbial suspension
population (N)) and the D-value [10]. The D-values
were determined from the negative reciprocal of the
slopes of the regression lines, using the linear portions
of the survivor curves (log10 CFU/mL as versus time of

exposure as shown in Figure 3).

In case of 1% and 2% H,O, based biocide solution
(Bioxil) the decimal reduction values of S. aureus were
1.77 and 0.88 minutes respectively. Amer et al., [1] ob-
tained similar results. From tested 3 bacterial species
the most resistant vegetative cell to 2% hydrogen
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peroxide was S. aureus (D = 8.7 min). Thus, the same
concentration of modified hydrogen peroxide solution
possesses better efficiency against S. aureus in compar-
ison with conventional hydrogen peroxide solution.
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Figure 3. Linear portions of the survivor curves showing
the reduction of E.coli and S. aureus exposed to different
concentrations of Bioxil

E. coli possessed more sensitivity against 1% and 2%
solutions of modified hydrogen peroxide based solu-
tion, with 0.67 and 0.47 min D-values respectively. 0.5%
solution of the Bioxil had less efficiency against E. coli
(D = 1.1). Linear death kinetics was observed during 5
minutes contact time of 1% solution of Bioxil with S.
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aureus. High correlation was noticed between differ-
ent concentrations of Bioxil, decimal redaction times
and log reductions (logCFU/mL) of E. coli as shown in
Figure 4.
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Figure 4. Correlation between a) concentration of
Bioxil and log-reduction, b) concentration of Bioxil and
D-value and c) D-value and log-reduction of E. coli

All tested concentrations of hydrogen peroxide based
disinfectant possessed sufficient antibacterial activ-
ity against E. coli 5 min. time period. Low concentra-
tions of the mentioned disinfectant did not pass 5 log

reduction factor in case of S. aureus, however the dec-
imal reduction time was much lower in comparison
with conventional hydrogen peroxide sanitizers.

4, Conclusions

- This study shows that high concentrations of the
studied hydrogen peroxide based disinfectant can be
used as effective sanitizer against E. coli and S. aureus.

- High correlation between D-values and log-reduc-
tion numbers of E. coli determination of determination
of D-values can be used for testing the efficiency of
chemical disinfectants by suspension test method.
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