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ABSTRACT

Theefficiency of acommercial peracetic acid sanitizer on destruction of Saphyl ococcusaureusand Escherichia
coli was evaluated using two distinct methods. The first method is the AOAC suspension test and the second
isamethod proposed by one of the authors in which the microbial cells are settled on a stainless steel surface
and then treated with the sanitizer. The results showed that when in suspension S. aureus was more resistant to
the sanitizer than E. coli. When S aureus was settled on the stainless steel surface, the contact time between
the sanitizer and the microorganismsto attain a 6.5 log reduction in the number of viable cellswas three times

greater than when the cells were in suspension.
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INTRODUCTION

Contaminating microorganismsin food industries may have
severa origins, including raw materials, workers, equipment and
containers. If these microorganisms are not destroyed during
processing, they can grow during production, distribution or
commercialization of the food, reducing the quality. If the
contamination is not completely eliminated from the food
processing plant, future productions may be affected. Remova
of the contaminant microbiotafrom food contact surfaces can be
achieved using efficient sanitizers. Therefore, the efficiency of
sanitizers a use conditions must be well determined. Different
methodsareavail ablefor thiseva uation including the suspension
method of AOAC (1). However, this method does not take into
account the fact that the activity of a sanitizer depends on the
physical situation of the microbial cells. When the
microorganisms are settled on or adhered to the equipment
surface, they can be protected by theirregularities of the surface,
hampering the action of the sanitizer.

Peracetic acid (PAA) presents many advantages when
compared to sodium hypochloride, the most common sanitizer
in Brazil. One important advantage is that it does not produce

toxic residues when decomposed and therefore does not affect
either the final product or the waste treatment process. PAA can
be utilized over awide temperature spectrum (0 to 40°C) (6), in
clean in place (CIP) processes and in carbon dioxide saturated
environments (3). PAA can aso be used with hard water. In
addition, protein residues do not affect its efficiency. Until now,
no microbial resistance to PAA was reported. It is efficient over
awide spectrum of pH, from3.0t0 7.5 (2, 7, 3). Asthis sanitizer
isrelatively new, itisnot known whether the efficiency to destroy
microorganisms settled on surfaces is similar to sodium
hypochlorite.

It is important to observe that true biofilms, including the
typesstudied in aguatic systems, medical devicesand biofauling,
may take several days, weeksor even monthsto devel op. Surfaces
that get in contact with food rarely are left without some type of
cleaning and sanitizing treatment for more than 24 hours. Thus,
according to Zottola(9), biofilmsformed during food processing
are not true or classical biofilms.

The objective of the present study wasto evaluatethe activity
of PAA over planktonic cells present on a stainless steel surface.
These are free-living cells and not attached to the surface. A
short exposure time of the surface to cultures of Saphylococcus
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aureus and Escherichia coli was used to achieve this
contamination. A commercial sanitizer, based on PAA, was used
to evaluate the efficiency of removal of these contaminants from
adtainless steel device specialy designed for this study.

MATERIALS AND METHODS

Escherichia coli and Saphylococcus aureus isolated from
“Minas Frescd” cheese by Jurkiewicz (4) were used in thiswork.
Suspensions of each bacterium were prepared in sterile sdine
peptone solution (NaCl 8.5 g/L, peptone 10.0 g/L), using fresh
cultures grown on Plate Count Agar medium (PCA) at 36°C for
24 hours. The suspensions presented 40% transmittance at 610
nm, which corresponded to 107 - 108 CFU/mL.

One milliliter of the suspension was transferred to test tubes
containing 8 mL peracetic acid solution (40 or 60 mg/L). These
sanitizer solutionswere prepared with acommercia formulation
of peracetic acid sanitizer containing 15% peracetic acid and
30% hydrogen peroxide (Diversey-Lever). The tubes were
maintained at 25°C in a thermogtatic water bath. At every one
minute, one tube was removed from the bath and 1.0 mL of a
100 g/L sodium thiosulphate (N&,S,0;) solution was added to
neutralize the peracetic acid. The number of CFU/mL in each
tube was determined by pour-plating the suspension on PCA
medium and incubating at 36°C for 48 hours. The experiments
were repeated three times. Results correspond to average counts
for each contact time between the sanitizer and the
microorganisms.

Fig. 1 shows the stainless steel device designed to study
the action of the sanitizer onmicrobial cells settled on asurface
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Figure 1. Stainless steel device used in the evaluation of
peracetic acid efficiency.

Action of peraceticacid on E. coli and S. aureus

(5). The finishing of the cavities was the same required by
the food industries. Six mL of the suspension of S. aureus,
containing 108 CFU/mL was aseptically added to each cavity
of the device. The device was covered with alarge Petri dish
and incubated at 36°C for 30 minutes. The suspensions were
then carefully removed from the cavities and the sanitizer
solution was added to one of them. The contact time between
the surface and the microorganisms was 2, 4, 6, 8, 10, 12, 14,
16, 22, 24, 30 and 35 minutes. At the end of each contact
time, the sanitizer solution was removed from the cavity and
immediately filled with a 100 g/L solution of Na,S,0,. After
5 minutes, this solution was removed and the number of viable
microorganisms settled on the surface of each cavity was
determined by the swab method (8). The difference between
the counts in the two cavities represents the efficiency of the
sanitizer. Each contact time was tested three times. Results
correspond to the average of the counts.

RESULTS AND DISCUSSION

Fig. 2 shows the efficiency of peractic acid on E. coli and S
aureuswhenin suspension. When E. coli wastreated with peracetic
acid solution at 60 mg/L at 25°C, areduction of 8.0log cycleswas
attained in 3.1 minutes of contact. When the concentration of the
peracetic acid solution was reduced to 40 mg/L, 4.0 minutes were
necessary to attain the same destruction level. S aureuswasmore
resistant than E. coli. For this microorganism and a peracetic acid
solution at 40 mg/L, only 6.2 log cycle reduction was achieved in
10minutesof contact. Fig. 2 aso showsthat thedestructionkinetics
can be represented by first order equations, which are shown in
Table 1. This Table also shows the time necessary to attain one
log cycle reduction (D values).
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Figure 2. Action of peracetic acid on E. coli and S aureusin
suspension at 25°C.
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Table 1. Linear regressions that represent the destruction kinetics of E. coli and S aureus in suspension and exposed to

peracetic acid (PAA).

. PAA concentration . . . . ) . .
Bacteria (mg/L) Linear regression Determinent coefficient (r*) D (min)  Equation
E. coli 60.0 Log (CFU/ml) = 8.1 -2.58x0 0.985 0.39 (A)
E. coli 40.0 Log (CFU/ml) =8.0 -2.01x6 0.959 0.50 B)

S. aureus 40.0 Log (CFU/ml)=8.3 —5.41.10'x0 0.921 1.85 (©)

0 = Contact time between the sanitizer and the microorganisms.

Table 2. Linear regressions that represent the decimal reduction (DR) of S aureusin suspension and settled on a stainless steel

surface, using 40 mg/L peracetic acid solution
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showed that within a confidence level of 95% and for the 2-25
minutes contact time, the efficiency of the sanitizer was constant,
causing areduction of 4.31og cycles.

Fig. 3 and Table 2 show that, when the bacterial cells were

Conditions Contact time interval (min) Linear regression Determinent coefficient (r?)  Equation
Suspension 2to 10 DR = 1.45 + 4.55x10" x0 0.955 (D)
Surface 2to 25 DR = 4.34 + 3.70x10"°x0 0.012 (E)
Surface 25to0 35 DR = -5.63 +3.90x10"' x0 0.900 (F)

91 of peracetic acid was constant in the first 30 minutes of contact,

%D . but increased afterwards.

S 81 \ Table 2 showsthelinear regressionsfor both conditions(cells
o . in suspension and settled on a surface) when S. aureus was

%D 77 Equation (D) Equation (F)  treated with a 40 mg/L peracetic acid solution.

= 6—- Equation (D) and equation (F), in Table 2, represent the
2 relation between the time and the decimal reduction in 95.5%

% 5] and 90.0%, respectively. For equation (E), the Satistical analysis
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Figure 3. Action of peracetic acid (40 mg/L) on S. aureusin
suspension (A) and settled on the stainless steel surface at
25°C + 1°C (@).

N, =initia number of viablecdls; N =fina number of viablecdls.

Fig. 3 showstheresultsobtained when S aureusin suspension
and settled on a stainless stedl surface was treated with 240 mg/L
peracetic acid solution.

When the microorganisms were in suspension, the peracetic
acid efficiency was quite different from that observed when the
microorganisms were settled on the stainless steel surface. In
this last condition, the destruction kinetics may be represented
by two different equations, one corresponding to 2-25 minutes
of contact and the second to 25-35 minutes of contact. Kunigk
(5) observed smilar results for Gordona sp., a microorganism
isolated in abrewery. Thisauthor (5) reported that the efficiency

settled on the stainless stedl surface, the specific destruction rate
constant (3.90 x 10 h1) for 25-35 minutes contact time was
similar to the constant obtained for cells in suspension (4.55 x
10" h?), a 95% confidence level. In a previous study, working
with Gordona sp., Kunigk (5) came to a similar conclusion.
Theresultsobtained for cdllssettled onthe stainlesssted device
shownin Fig.1areaconsegquenceof mechanica barriersthat hinder
the action of the sanitizer. Among these barriers, the surface
irregularities play themost important role, followed by theexternd
layer of PAA-destroyed cdls. All these barriers are absent when
the microorganisms are in suspension. Consequently, the
destruction rate when the cdlls are in suspension is higher in this
condition than when the microorganisms are settled on a surface.
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RESUMO

Acao do &cido peracético na destruicdo de
Staphylococcus aureus e Escherichia coli em suspensdo
ou sedimentados sobre uma superficie de aco inoxidavel

A eficiéncia de um sanificante comercia a base de &cido
peracético nadestruicéo de Staphylococcusaureuse Escherichia
coli foi avaliadaapregando-se dois métodosdistintos. O primeiro
corresponde a0 método da suspensdo da AOAC e 0 segundo a0
método desenvolvido por um dosautores, no qud aeficiénciade
sanificantes é avaliada em culturas microbianas aplicadas auma
superficie de ago inoxidavel com 0 mesmo grau de acabamento
das superficies encontradas nas industrias de alimentos. Os
resultados indicaram que S. aureus foi mais resistente ao
sanificante que E. coli, quando em suspensdo. Quando S aureus
encontrava-se sedimentando sobre uma superficie de ago
inoxidavel, o tempo de contato entre sanificante e microrganismos
parareduzir a populacdo 6,5 cicloslogaritmosfoi 3 vezes maior
do que quando esses microrganismos estavam em suspensao.

Palavras-chave: &cido peracético, Staphylococcus aureus,
Escherichia coli, superficie de aco inoxidavel, sanificantes
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