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Efficacy of Two Acidic Sanitizers for Microbial
Reduction on Metal Cans and Low-Density
Polyethylene Film Surfaces
J. LEE, M.J. GUPTA, J. LOPES, AND M.A. PASCALL

ABSTRACT: This study investigated 2 sanitizer formulations and compared them with hydrogen peroxide (H2O2).
Formulation number 1 contained citric acid and sodium dodecylbenzene sulfonate (SDBS). Formulation num-
ber 2 contained SDBS, citric, lactic, phosphoric acids, and benzoic acid. Low concentration levels of the sanitizers
(1.0% for formulation 1 and 0.5% for formulation 2) were compared with 35% H2O2 for their efficacies on Escherichia
coli, Listeria innocua, and Saccharomyces cerevisiae inoculated onto low-density polyethylene (LDPE) films and
metal cans at room temperature (23 ± 1 ◦C) and 40 ◦C. The results showed that both formulations 1 and 2 required
>120 s to sanitize both materials from microbial populations at room temperature, while <15 s was needed for the
H2O2. Except for formulation 1 on the E. coli inoculated LDPE film surface, the sanitizers completely eliminated
the bacterial populations on both materials in 60 s at 40 ◦C. In general, the formulations were more effective for
reduction of the microbial numbers on the can material when compared with the LDPE film. The E. coli showed
greater tolerance for the sanitizers when exposed to the process conditions in this study. All sanitizers completely
eliminated the test organisms in ≤36 s at 40 ◦C when tested on a commercial Benco Aseptic packaging machine.
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Introduction

To ensure the sanitization of food contact surfaces or packag-
ing materials during food processing operations, many types

of chemical agents are used. These include surface-active com-
pounds in combination with inorganic alkaline, acidic, and/or oxi-
dizing agents. In food processing, irrespective of the type of chemical
agents used to ensure sanitization of the package and its closure, it is
important that only minimal residual amounts of any chemical san-
itizer remain in the sealed container that goes into retail trade (Flo-
res 1993). This precaution is necessary to ensure that a consumer’s
health is not jeopardized by overexposure to the container’s sanitizer
(Abreu and Faria 2004). In the case of the prooxidant hydrogen per-
oxide (H2O2) for example, the U.S. Food and Drug Administration
(FDA) regulations state that the maximum H2O2 residual level in a
container must not exceed 0.5 ppm. At the same time, the regula-
tions also set a minimum concentration limit of 35% H2O2 that must
be used as a sterilization agent in aseptic packaging (Title 21 of the
Code of Federal Regulations, part 178, section 1005). A safe and ef-
fective sanitization process should ensure an acceptable reduction
in microbial levels without the presence of residual toxic sanitiz-
ers. This need to eliminate the potential of toxic sanitizer residue
remaining in processed food containers has led to a search for addi-
tional safe nontoxic food grade sanitizers with potent microbiocidal
properties.

This study investigated 2 nonchlorinated, nonoxidizing san-
itizers for use in packaging processes. These 2 sanitizers (for-
mulations nr 1 and 2) are made with GRAS (Generally Recog-
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nized as Safe) ingredients (FDA 2005). These sanitizers also have
a surface-active component, sodium dodecylbenzene sulfonate,
which helps to release tightly bound water-insoluble contamination
from the surface (Neupane and Park 1999). The acidifying system of
these formulations contains either citric acid alone (formulation
1) or citric acid in combination with lactic and phosphoric acids
(formulation 2). Citric and phosphoric acids act both as acidifying
and sequestering agents. These sequestering components bind in-
soluble metal ion complexes and make them water soluble. With
this dual action, the sanitizers help to remove surface contami-
nants. Besides cleaning, these sanitizers kill both antibiotic sensi-
tive and resistant bacteria by rapidly disrupting the cell membrane
(Lopes 1998). Recent research has shown that they are lethal to
both Gram-positive and Gram-negative foodborne bacteria such as
Aeromonas hydrophila, Escherichia coli O157:H7, Listeria monocyto-
genes, Pseudomonas aeruginosa, Salmonella typhimurium, Shigella
sonnei, Vibrio cholerae, and Yersinia enterocolitica (Lopes 2006).

Since these 2 formulations have not been extensively tested for
their sanitizing efficacy on packaging materials, this research seeks
to investigate their potential use by comparing them with hydrogen
peroxide and distilled deionized water (negative control) as sani-
tizing agents for low-density polyethylene (LDPE) and metal can
materials. These sanitizers will be tested for their potential use in
applications where the food processing operation will not sterilize
the container. Examples of operations that will sterilize the packag-
ing together with the product include retorting and aseptic process-
ing. Examples of processing operations that require the container
to be sanitized prior to filling include the packaging of foods such
as carbonated beverages, peanuts, and other tree nuts in cans; and
fruit juices, purees, jellies, and other nonretorted acidified foods in
plastic containers.

The public health significance of both E. coli O157:H7 and L.
monocytogenes is well known (Jackson and others 1998; AWWA
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Committee Report 1999; Edberg and others 2000; WHO 2002). If
these organisms are present on a food contact surface they can cross-
contaminate a packaged product and cause illness if the product is
consumed. For this study, E. coli K-12 and L. innocua Seeliger were
used as surrogates for pathogenic strains of E. coli 0157:H7 (Gram-
negative bacteria) and L. monocytogenes (Gram-positive bacteria),
respectively. In addition, a strain of S. cerevisiae yeast was selected
for this study to investigate the broad-spectrum efficacy of the test
sanitizers. Yeasts have been known as an important spoilage con-
taminant due to their ability to survive in low pH conditions (Deak
and Beuchat 1993).

The objectives of this research were to (1) determine the optimum
treatment time and temperature that the 2 formulations required to
sanitize LDPE films and metal cans inoculated with E. coli, L. in-
nocua bacteria, and S. cerevisiae; (2) compare the sanitizing action
of the formulations, H2O2, and distilled deionized water (negative
control) on LDPE and metal can materials; and (3) compare the
ability of the formulations to sanitize a laminated lid-stock LDPE
material (inoculated with Gram-positive and Gram-negative bacte-
ria and yeast) under commercial conditions.

Materials and Methods

Sanitizers
Formulation 1 (PRO-SAN) and formulation 2 (PRO-SAN LC) were

obtained from Microcide Inc. (Detroit, Mich., U.S.A.). Formulation 1
was supplied as a powdered concentrate, which needed reconstitu-
tion before use. Formulation 2 is a liquid concentrate and needed
to be diluted before use. The H2O2 (35%) was obtained from FMC
Corp. (Philadelphia, Pa., U.S.A.).

Preparation of stock cultures
E. coli K-12 (ATCC 29181), L. innocua Seeliger (ATCC 33090), and

S. cerevisiae (OSU 211) were used throughout the study. The stock
cultures were obtained from the ATCC (Baltimore, Md., U.S.A.), and
stored at −86 ◦C in Luria-Bertani (LB) media for E. coli, brain–heart
infusion (BHI) for L. innocua, and Sabouraud dextrose broth (SDB)
for S. cerevisiae with 40% glycerol as a cryoprotectant. When re-
quired for use, a loopful of each frozen culture was revived in 10 mL
of tryptic soy broth (TSA) for bacteria and SDB for S. cerevisiae, and
incubated for 24 h at 37 ◦C for bacteria and at 30 ◦C for S. cerevisiae.
Each of these cultures was then inoculated (0.1%, v/v) into 25 mL of
TSA for bacteria and SDB for S. cerevisiae in culture bottles. The bac-
teria were incubated at 37 ◦C for 24 h. S. cerevisiae was incubator at
30 ◦C for 36 h. The final cell concentrations in the broth were 9 to 10
log CFU/mL for bacteria and 8 to 9 log CFU/mL for yeast. The cells
were then harvested by centrifugation (Sovall� RC5C Plus, New-
town, Conn., U.S.A.) at 10000 g for 10 min at 4 ◦C. The supernatant
was decanted, and the pellets resuspended in 25 mL of sterile phos-
phate buffer solution (PBS, pH 7.2) to obtain viable cell populations
of approximately 8 to 10 log CFU/mL.

Inoculation of PE films and metal can materials
Low-density polyethylene (LDPE) films (10-µm thick) obtained

from Central Ohio Bag & Burlap Inc. (Columbus, Ohio, U.S.A.) and
tin-plated metal can materials supplied by Ball Corp. (Columbus,
Ohio, U.S.A.), were cut into 4 × 4 cm squares. The LDPE films were
sterilized with 10% bleach and 70% ethanol solutions. They were
then rinsed with sterile deionized distilled water and stored in sterile
Petri dishes. The metal can materials were autoclaved at 121 ◦C for
15 min and stored in sterile Petri dishes.

To estimate the initial microbial counts on the test materials,
the LDPE films and can materials were inoculated with 0.1 mL of

cell suspensions. Each inoculum was spread evenly using a ster-
ile pipette tip then allowed to dry overnight under ambient con-
ditions. Hygiene swabs were used to collect organisms on the sur-
faces. These swabs were used to transfer any microorganisms to test
tubes containing 2 mL of peptone water (0.1%). After suspending
in the tubes, the cells were serially diluted and plated into appro-
priate agars containing 0.01% triphenyltetrazolium chloride (TTC)
(Becton, Dickinson and Co., Sparks, Md., U.S.A.) as a redox indica-
tor. These were then incubated at 37 ◦C for 24 to 36 h for bacteria
and at 30 ◦C for S. cerevisiae. The colonies were then enumerated
using a Darkfield Quebec colony counter (Buffalo, N.Y., U.S.A.). In
order to enumerate microorganisms that remained attached after
swabbing the surfaces, the test materials (in Petri dishes) were over-
laid with appropriate agars. The microbial counts from the swabs
and the overlaid materials after overnight drying were combined to
give the initial microbial count on the LDPE and can materials prior
to the treatment (Table 1).

Sanitizing treatments
The sanitizers and control treatments included in this study were

(1) autoclaved distilled deionized water (control); (2) a 35% concen-
tration of H2O2 at room temperature (23 ± 1 ◦C) and at 40 ◦C; (3) a 1%
concentration of formulation 1 at room temperature and at 40 ◦C;
and (4) 0.5% concentrations of formulation 2 at room temperature
and at 40 ◦C. The treatment method included dipping the inoculated
materials into the control or sanitizing solutions for 15, 30, 60, 120,
300, and 600 s then enumerating the surviving organisms. All treat-
ments were done in triplicate. After the treatments, the LDPE films
and metal can materials were placed in separate Petri dishes and
immediately overlaid with appropriate agars containing neutraliz-
ers (0.07% lechthin, 0.5% Tween 80, and 0.1% sodium thiosulfate)
and 0.01% TTC. For the LDPE films and can materials treated with
the deionized water (because of the high cell count), the hygiene
swabs were used to transfer the organisms in a manner similar to
what was described earlier for the initial counts. Survivors in all sam-
ples were enumerated after incubation at 37 ◦C (bacteria) and 30 ◦C
(S. cerevisiae) for 24 to 36 h.

Comparison of the sanitizers under
a commercial environment

To compare the sanitization efficacy of formulations 1 and 2
to that of H2O2 in a commercial environment, a Benco Aseptic
form/fill/seal packaging machine (Piacenza, Italy) was used. This
machine was fitted with a polystyrene/aluminum foil/polyethylene
(PS/AL/PE) laminated lid-stock lid material as shown in Figure 1.
The PE material of this laminate was the food contact layer. During
a normal production run, this laminate is fed through the aseptic
machine at a speed of 94.2 cm/min. The sterilization tank of this
machine is normally filled with 35% H2O2 at 40 ◦C and a heater fit-
ted to the machine dries any excess H2O2 that is on the material
after it travels through the tank. After running the machine for a
short period of time, a 1000-cm length of this material was sterilized
using 70% alcohol and 10% bleach solutions. To ensure its steril-
ity, samples of this material were placed in sterile Petri dishes, and

Table 1 --- Viable count (log10 CFU/material) of microbial
strains after air drying at 23 ◦C overnight

L. innocua E. coli S. cerevisiae

Metal Metal Metal
Drying can LDPE can LDPE can LDPE

Before 7.2 ± 0.2 7.1 ± 0.3 7.1 ± 0.2 7.0 ± 0.4 5.7 ± 0.3 6.0 ± 0.4
After 4.1 ± 0.3 4.6 ± 0.2 5.0 ± 0.2 5.0 ± 0.1 3.0 ± 0.2 3.1 ± 0.1

M336 JOURNAL OF FOOD SCIENCE—Vol. 72, Nr. 8, 2007



M:
Fo

od
Mi

cr
ob

iol
og

y&
Sa

fet
y

Sanitizer for packaging materials . . .

overlaid with agar containing neutralizers and 0.01% TTC indica-
tor, then incubated for 24 to 36 h at 37 ◦C for bacteria and for 36
h at 30 ◦C for S. cerevisiae. The absence of any microbial colonies
ensured the sterility of the material. In preparing this (PS/AL/PE)
laminated roll-stock lid material for testing, 4 groups of nine 6 × 6
cm sections were sterilized with 70% alcohol and 10% bleach solu-
tions. On each section, a permanent marker was used to make 4 × 4
cm area. After being allowed to dry for overnight, materials with the
inoculated organisms were aseptically taped onto a portion of the
1000-cm sterilized sections of the lid-stock materials. The lid-stock
was then allowed to run on the Benco machine and be immersed in
the 35% H2O2 bath at 40 ◦C in the normal manner as is done dur-
ing commercial filling and sealing of aseptically packaged products.
The resident time (36 s) of the material in the H2O2 bath was noted
and this same time was used to expose the other group of materi-
als. However, in this case, the H2O2 in the tank of the machine was
drained out and any residual peroxide neutralized with catalase en-
zyme. The tank was then washed, rinsed with tap and then distilled
water. It was then dried and replaced with 1% formulation 1 and the
test repeated with 0.5% formulation 2. For all samples, the heater
on the machine was used to dry the material just as is done dur-
ing a normal product run. Once removed from the Benco machine,
the materials exposed to the sanitizers were immediately tested for
microbial survival using the same technique as described earlier.

Statistical analysis
The data were statistically analyzed by equal-variance t-test us-

ing a Microsoft Excel data analysis program (Ontario, Canada). The
level of significance was set for P < 0.05. The statistical analyses were
performed to determine the effect of formulation 1 compared with
formulation 2, the formulations compared with the H2O2, formu-
lations at room temperature compared with formulations at 40 ◦C
and the impact of the packaging material type on the survival of the
organisms.

Results and Discussion

Survival of inoculated organisms on test surfaces
before treatment

The loss of E. coli (approximately 2.0 log) on the surface of the
materials during the overnight drying step indicated that the desic-
cation stability of E. coli was higher than that of the L. innocua and
S. cerevisiae (2.5 to 3.0 log reductions) (Table 1). This tendency of
E. coli to survive in harsh environmental conditions such as desic-
cation or nutrient limitation has been known as an important sur-

Figure 1 --- An illustration of the Benco Aseptic packaging
machine used in this study.

vival characteristic of these microorganisms (Costerton and others
1981; Östling and others 1993; Lomander and others 2004). Other
researchers also reported that the ability of E. coli strains to survive
in these conditions is a result of the osmotic induction of intracellu-
lar trehalose synthesis within these organisms (Welsh and Herbert
1999; Garcia De Castro and others 2000). Unlike the methods used
in general biofilm studies, the microbial cells in our study were har-
vested and suspended in PBS solution prior to being used to con-
taminate the LDPE and can surfaces. These organisms were thus
not provided with a nutrient rich substrate. Therefore, it was diffi-
cult to compare our results directly with previous biofilm studies in
which microorganisms were grown on surfaces in the presence of
nutrients.

The effectiveness of a chemical sanitization process can be ver-
ified by its ability to produce a 5-log microbial load reduction
(ANSI/NSF 2001). Except for the E. coli contaminated materials,
many samples in this study did not retain a 5-log CFU microbial
number on their surfaces after the overnight drying step. This oc-
curred because of the difficulty in maintaining large microbial num-
bers on the samples after drying, when the cells were not associated
with organic matters or moisture. However, the reduction in the mi-
crobial numbers was still enough for investigation of the efficacy
of the sanitizers on the survival of the microorganisms (Table 1).
This is so because empty packages are not normally contaminated
with moist organic materials. It is reasonable to assume that the ini-
tial microbial numbers used in this study represented a real-world
scenario.

Effect of the sanitizers at room temperature
The samples treated with autoclaved distilled water had remnants

of the initial microbial populations (<1.3 log reduction) even at the
longest exposure time (600 s) (Table 2). For this same time, the sam-
ples treated with either of the 2 formulations and 35% H2O2 had no
viable microorganisms.

In general, the results showed an absence of microbial cells on
both metal can and LDPE film surfaces when exposed to 35% H2O2

for <15 s. More than 15 s were needed for this same resultant mi-
crobial reduction when exposed to formulations 1 (1%) and 2 (0.5%)
(Table 2). Hydrogen peroxide has been known to have more po-
tency in eliminating microorganisms because of its powerful oxidant
property (Brul and Coote 1999). Although the results of the sanitiz-
ing time for formulations 1 and 2 were not comparable to that of
35% H2O2, it should be noted that the formulations are no-rinse
sanitizers. The use of 1% concentration of formulation 1 (pH 2.4)
complies with the FDA regulations for the permissible concentra-
tion of a no-rinse sanitizer on food contact surfaces (Title 21 of the
Code of Federal Regulations, part 178, sections 1010 (b)(21) and 1010
(c)(16)). For formulation 2, a concentration less than 1% was used
(0.5%, pH 2.8) in this study because we believed its efficacy would
be higher than that of formulation 1. This is so because formulation
2 had the addition of lactic acid, phosphoric acid, and benzoic acid
when compared with formulation 1. In most cases, less time was
required to eliminate the microorganisms exposed to formulation 2
(Table 2 and 3). This indicated that the efficacy of the sanitizers can
be enhanced when various acidic agents are combined.

E. coli showed a greater tolerance to formulations 1 and 2 than
L. innocua for all treatment times (Table 2). In addition, the metal
can surface was more easily sanitized than that of the LDPE film. For
the metal can surface, even though survival numbers were higher
for E. coli, both organisms (E. coli and L. innocua) were totally elim-
inated when exposed to formulation 1 for <300 s and <120 s for
formulation 2. On the LDPE film surface, an exposure of <300 s
for formulation 1 and <120 s for formulation 2 were required for
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elimination of L. innocua. For the E. coli on the LDPE film, how-
ever, >600 s were needed for exposure to formulation 1 and <300
s were needed for formulation 2. These findings are supported by
previous studies on the behavior of similar microorganisms on the
surface of various materials. Sinde and Carballo (2000) reported that
bacterial adherence is greater for hydrophobic materials such as
plastic and rubber than on hydrophilic materials such as glass and
stainless steel. Other researchers have demonstrated that foodborne

Table 2 --- Viable counts (log10 CFU) of microbial strains in material surfaces after treatment at room temperature.

Metal can LDPE film

Formulation Formulation Formulation Formulation
Organisms Time (s) Water nr 1a nr 2b 35% H2O2 Water nr 1 nr 2 35% H2O2

L. innocua 0 4.1c ± 0.1d 4.2 ± 0.2 3.8 ± 0.3 4.3 ± 0.2 4.6 ± 0.3 4.8 ± 0.2 4.3 ± 0.1 4.5 ± 0.2
15 3.9 ± 0.1 2.2 ± 0.2 1.2 ± 0.1 NDe 3.7 ± 0.3 2.5 ± 0.1 1.9 ± 0.3 ND
30 3.9 ± 0.1 2.0 ± 0.4 0.3 ± 0.2 ND 3.6 ± 0.1 2.5 ± 0.2 1.1 ± 0.5 ND
60 3.8 ± 0.2 1.6 ± 0.3 ND ND 3.6 ± 0.2 2.2 ± 0.2 ND ND

120 3.8 ± 0.0 0.6 ± 0.5 ND ND 3.6 ± 0.1 0.5 ± 0.1 ND ND
300 3.6 ± 0.1 ND ND ND 3.5 ± 0.1 ND ND ND
600 3.6 ± 0.2 ND ND ND 3.5 ± 0.1 ND ND ND

E. coli 0 5.0 ± 0.1 5.0 ± 0.2 5.0 ± 0.1 5.1 ± 0.2 5.0 ± 0.1 5.0 ± 0.1 5.0 ± 0.1 5.0 ± 0.2
15 3.9 ± 0.2 2.7 ± 0.3 2.9 ± 0.1 ND 4.1 ± 0.3 3.2 ± 0.2 3.1 ± 0.1 ND
30 4.0 ± 0.1 2.4 ± 0.1 2.4 ± 0.2 ND 4.0 ± 0.2 2.8 ± 0.1 2.4 ± 0.4 ND
60 3.9 ± 0.1 2.2 ± 0.1 1.4 ± 0.2 ND 3.9 ± 0.1 2.4 ± 0.3 2.5 ± 0.2 ND

120 3.9 ± 0.2 1.1 ± 0.2 ND ND 3.9 ± 0.2 2.1 ± 0.6 1.7 ± 0.2 ND
300 3.8 ± 0.1 ND ND ND 4.0 ± 0.3 1.5 ± 0.4 ND ND
600 3.9 ± 0.0 ND ND ND 3.9 ± 0.2 1.4 ± 0.5 ND ND

S. cerevisiae 0 3.1 ± 0.1 3.1 ± 0.1 3.0 ± 0.2 3.1 ± 0.2 3.1 ± 0.1 3.1 ± 0.2 3.2 ± 0.2 3.1 ± 0.2
15 2.0 ± 0.0 1.3 ± 0.2 1.6 ± 0.2 ND 2.6 ± 0.1 1.7 ± 0.0 2.4 ± 0.3 ND
30 1.9 ± 0.1 1.0 ± 0.5 1.5 ± 0.0 ND 2.6 ± 0.0 1.7 ± 0.0 2.5 ± 0.2 ND
60 1.9 ± 0.1 0.7 ± 0.1 1.2 ± 0.2 ND 2.5 ± 0.1 1.6 ± 0.1 2.1 ± 0.1 ND

120 1.9 ± 0.1 0.3 ± 0.2 0.7 ± 0.1 ND 1.8 ± 0.2 1.2 ± 0.2 1.8 ± 0.2 ND
300 1.8 ± 0.1 ND ND ND 1.9 ± 0.1 ND ND ND
600 1.9 ± 0.2 ND ND ND 1.8 ± 0.1 ND ND ND

a1% concentration.
b0.5% concentration.
cMean value.
dStandard deviation.
eNo colony was detected on plates from sample replicates.

Table 3 --- Viable counts (log10 CFU) of microbial strains in material surfaces after treatment at 40 ◦C.

Metal can LDPE film

Formulation Formulation Formulation Formulation
Organisms Time (s) Water nr 1a nr 2b 35% H2O2 Water nr 1 nr 2 35% H2O2

L. innocua 0 4.1c ± 0.1d 4.2 ± 0.2 3.8 ± 0.3 4.3 ± 0.2 4.6 ± 0.3 4.8 ± 0.2 4.3 ± 0.1 4.5 ± 0.2
15 3.4 ± 0.3 0.4 ± 0.5 0.2 ± 0.2 NDe 3.9 ± 0.1 2.3 ± 0.1 1.8 ± 0.5 ND
30 3.3 ± 0.1 ND ND ND 3.6 ± 0.1 1.8 ± 0.3 0.8 ± 0.7 ND
60 3.2 ± 0.1 ND ND ND 3.6 ± 0.2 1.4 ± 0.2 ND ND

120 3.1 ± 0.2 ND ND ND 3.5 ± 0.1 ND ND ND
300 2.9 ± 0.1 ND ND ND 3.5 ± 0.0 ND ND ND
600 2.9 ± 0.2 ND ND ND 3.5 ± 0.1 ND ND ND

E. coli 0 5.0 ± 0.1 5.0 ± 0.2 5.0 ± 0.1 5.1 ± 0.2 5.0 ± 0.1 5.0 ± 0.1 5.0 ± 0.1 5.0 ± 0.2
15 3.9 ± 0.2 1.5 ± 0.4 2.4 ± 0.3 ND 3.9 ± 0.3 2.7 ± 0.1 2.5 ± 0.4 ND
30 4.0 ± 0.1 0.2 ± 0.1 1.1 ± 0.5 ND 4.0 ± 0.1 2.6 ± 0.2 2.4 ± 0.1 ND
60 3.9 ± 0.0 ND 0.2 ± 0.1 ND 3.9 ± 0.1 1.6 ± 0.4 1.5 ± 0.6 ND

120 3.8 ± 0.1 ND ND ND 3.8 ± 0.2 1.4 ± 0.2 ND ND
300 3.8 ± 0.1 ND ND ND 3.8 ± 0.2 0.8 ± 0.7 ND ND
600 3.8 ± 0.1 ND ND ND 3.7 ± 0.1 0.4 ± 0.5 ND ND

S. cerevisiae 0 3.1 ± 0.1 3.1 ± 0.1 3.0 ± 0.2 3.1 ± 0.2 3.1 ± 0.1 3.1 ± 0.2 3.2 ± 0.2 3.1 ± 0.2
15 1.6 ± 0.4 0.2 ± 0.2 0.6 ± 0.3 ND 2.1 ± 0.2 1.0 ± 0.2 0.8 ± 0.3 ND
30 1.2 ± 0.3 0.2 ± 0.1 0.4 ± 0.2 ND 1.6 ± 0.4 0.6 ± 0.2 0.6 ± 0.2 ND
60 1.0 ± 0.2 ND ND ND 1.4 ± 0.5 0.4 ± 0.1 0.4 ± 0.2 ND

120 1.0 ± 0.4 ND ND ND 1.2 ± 0.2 ND ND ND
300 1.1 ± 0.1 ND ND ND 1.1 ± 0.3 ND ND ND
600 1.2 ± 0.5 ND ND ND 1.0 ± 0.5 ND ND ND

a1% concentration.
b0.5% concentration.
cMean value.
dStandard deviation.
eNo colony was detected on plates from sample replicates.

microorganisms can attach to food contact surfaces and become re-
sistant to sanitizing agents (Frank and Koffi 1990; Ronner and Wong
1993). Our study thus suggests that the higher numbers of E. coli
cells attached on the surface of the test materials after drying could
be one of the main reasons why these cells showed higher resistance
to formulations 1 and 2.

A comparison of the number of surviving cells after the saniti-
zation showed that S. cerevisiae was less resistant to the treatment
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when compared to E. coli (Table 2). When S. cerevisiae was compared
with L. innocua, the results showed that a longer sanitizing time
(>120 s) for formulation 2 was required to eliminate the S. cerevisiae
on both material surfaces. The viable counts showed that the sani-
tizer formulations appeared slightly more effective in removing yeast
from the metal can when compared with the LDPE film (Table 2).
Similar results were obtained by Reynolds and Fink (2001), when
they reported that S. cerevisiae cells remained adherent on plastic
even after repeated washings.

Effect of the sanitizers at 40 ◦C
To determine the effect of higher temperature on the effectiveness

of the sanitizers, the tests were also performed at 40 ◦C. Table 3 sum-
marizes the effect of various sanitizer treatments on the log CFU re-
duction of microorganisms on the LDPE and the can materials at the
higher temperature. In comparison with the result for the room tem-
perature (RT) treatments, except for L. innocua on the metal surface
and S. cerevisiae on both material surfaces, there was no significant
(P > 0.05) decrease in the microbial counts after the samples were
treated with distilled water for all exposure times at 40 ◦C.

The application of high temperature and the use of both formu-
lation treatments, however, markedly reduced the survival numbers
of all microorganisms. Except for the L. innocua treated for<30 s and
E. coli treated for <60 s on the LPDE film surfaces, there were signif-
icant reductions (P <0.05) in the viability of the microbial numbers
found on both the metal can and LDPE film surfaces compared to
that of the treated organisms at RT (Table 3). The absence of micro-
bial cells was observed for exposure at <30 s for L. innocua, <120 s
for E. coli, and <60 s for S. cerevisiae on the metal surface, whereas
more time (>60 s) was needed for exposure of these organisms on
the LDPE surface. When the formulation 1 treatment was used, vi-
able E. coli cells on the LDPE surface were detected in some plates
even after treatment for 600 s.

It is generally known that increasing temperatures increases the
efficacy of most chemical antimicrobial agents such as oxidants,
surfactants, organic acids, and bases. Previous studies have showed
that an increase in the concentration of H2O2 and the temperature
accelerate its microbiocidal effect (Toledo 1975; Juven and Pierson
1996). Hydrogen peroxide (35%) in combination with heat (40 ◦C in
this study) is normally used in the food industry for the sterilization
of containers used for aseptic packaging (Gavin and Wedding 1995).
The absence of survivors on the material surfaces <15 s at both
temperatures in this study (Table 2 and 3) indicates that the strong
sterilization efficacy of H2O2 was due to its high concentration.
In the case of the 1% formulation 1 and 0.5% formulation 2, an
increase in the treatment temperature shortened the exposure time
required to eliminate the test microorganisms.

Sanitizer efficacy under commercial
processing conditions

The results of the survival test on the Benco Aseptic packaging
machine showed that, at 40 ◦C, both the 35% H2O2 and the for-
mulations completely eliminated the microorganisms on the LDPE
film samples in ≤36 s. This result showed that the formulations com-
pared well with H2O2 as a sanitizer for the reduction of the tested
microorganisms on food contact surfaces. Because it took the ma-
terial a minimum time of 36 s to move through the Benco machine,
we could not tell if the material could be sanitized in a shorter time
period. This Benco machine has a pair of squeeze rollers and nor-
mally heats the material in order to dry the H2O2 sterilant from
the lidstock material. These rollers and heat were used to dry the
samples in this study and we believe that this may have helped to
reduce the microbial numbers after exposure to the formulations.

In addition to these, the movement of the material as it was pulled
through the sterilant tank increased the agitation of the formulations
more than what they experienced during the laboratory exposure.
We believe that this increase agitation also helped to reduce the
microbial numbers in the commercial test.

Conclusions

This research demonstrated that dilutions of the food-grade for-
mulation 1 (1%) and formulation 2 (0.5%) eliminated the test

microorganisms. However, they took a longer time to do so when
compared with 35% H2O2 as a sanitizer for metal cans and LPDE
films. At a higher temperature, this time was reduced. The formula-
tions were more effective for the reduction of the bacterial numbers
on the can material as compared with the LDPE film. However, when
the formulations replaced H2O2 as a sanitizer in the commercial
packaging machine, they performed comparably.
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