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Abstract

The Lactoperoxidase system (LPS) consists of the lactoperoxidase enzyme, thiocyanate, and hydrogen
peroxide and has a broad antimicrobial activity. There are experimental and practical evidences
demonstrating that the use of this method is innocuous. However, CODEX guidelines have identified
the need of having greater information about the risk of exacerbation of pathogen bacteria present in
milk because of the inhibition of the natural flora present in raw milk. The objective of the present
study consisted on evaluating the effect of the LPs activation on the exacerbation of certain potential
human pathogens: Salmonella typhimurium., Staphylococcus awureus, Escherichia coli 0157:H and
Listeria monocytogenes in cow raw milk activated with the Lactoperoxidase system. The experiment
was carried out at the National Center for Animal and Plant Health and the Food Nutrition and Hygiene
Institute in Cuba. This study was carried out for each pathogen in both laboratories, in parallel, with the
same milk samples and under the same conditions and analytical diagram. Analyses were made using
the techniques established for the enumeration of these pathogens. As carriers of the LPs active
principles, a product named STABILAK was used, bringing an equivalent quantity of 9 mg/L of
sodium thiocyanate and 34 mg/L of sodium percarbonate. Test times per each replica in milk treated
with the product and control milk were 0, 4, 8 and 12 hours respectively. The LPs effects observed at
12 hours, according to the Staphylococcus aureus and Salmonella typhimurium determination, did
not show significant differences in the counting in activated milk with respect to the control. Listeria
monocytogenes and Escherichia coli O 157:H7 showed a significant reduction (P<0.05). In all the
cases, the control sample showed a higher growth than the activated milk. The general behavior
indicates that there was no exacerbation of the pathogens studied. That is why; there is not any
microbiological risk for the consumer, associated to the use of this preservation method.
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Introduction

The Lactoperoxidase system (LPS) consists of the lactoperoxidase enzyme (LP), thiocyanate (SCN-),
and hydrogen peroxide (H20,) and has a broad antimicrobial activity (23, 33, 39). The LP-catalyzed
oxidation of SCN- by H,0, generates hypothiocyanite anion (OSCN") which is in equilibrium with
hypothiocyanous acid, PKa 5.3 (1,40). The hypothiocyanous acid plus OSCN- can oxidize essential
sulfhydryl groups (-SH) in metabolic enzymes, thereby inhibiting bacterial growth (6,42). Structural
damage or changes in bacterial membranes with subsequent leakage or impaired uptake of nutrients, or
both, have also been reported (7, 39).

The Lactoperoxidase System for raw milk preservation is currently the only approved method, apart
from refrigeration in Codex. It was adopted by the Codex Alimentarius as a guideline in 1991 (9)
following an evaluation by JECFA. The Lactoperoxidase System (LP-system) operates by the
reactivation of the lactoperoxidase enzyme, which is naturally present in raw milk, by the addition of
thiocyanate and a source of peroxide. In milk, the LPs can be bacteriostatic or bactericidal against a
diversity of milkborne spoilage and pathogenic bacteria (10, 28, 43, 44, 45). However, Codex
Alimentarius (8) has identified the need of having greater information about the risk of exacerbation of
pathogen bacteria present in milk because of the inhibition of the natural flora present in raw milk.



Consequently, the present study was undertaken to study the effect of the LPs activation on the
exacerbation of several potential human pathogens: Salmonella spp., Staphylococcus aureus
Escherichia coli 0157:H7 and Listeria monocytogenes in cow milk activated with the
Lactoperoxidase System.

Material and Methods

There was an initial study about milk microbiological quality (total bacteria and somatic cells count,
and determination of inhibitor substances). In all cases, milk samples were negative to the pathogens
studied. The raw milk, used in two replicas for each microorganism studied, had good quality with an
average of 8600 CFU/mL and 450 000 cel/mL. In all the cases, they were free of microbial growth
inhibitor substances. Later, the foodborne pathogen: Sal/monella typhimurium (ATCC 14028),
Staphylococcus aureus (ATCC 25923), Escherichia coli enterohemorragic (O157:H7)and Listeria
monocytogenes (ATCC 43256) were inoculated. The experiment was carried out at the Microbiology
Laboratories of the National Center for Animal and Plant Health (CENSA) and the Food Nutrition and
Hygiene Institute in Cuba (INHA) (both accredited by the standard NC/ISO 17025: 2000)(35), using
the techniques established for the detection and/or enumeration of the pathogens: Staphylococcus
aureus (1SO 6888-1:1999)(27), Salmonella typhimurium (1SO 6579, 1993)(25), Listeria
monocytogenes (1SO 11290-1 and 2, 1996)(26) and Escherichia coli 0157:H7 (FDA, 2002)(17). The
study carried out for each pathogen in both laboratories (CENSA-INHA), in parallel, with the same
milk samples, under the same environment conditions, microorganism strains and analytical diagram.

Contamination was carried out with inocula of 2,3x10° CFU/mL for Staphylococcus aureus; 2,1x10*
CFUImL for Listeria monocytogenes; 2,1x10° for Salmonella typhimurium and 5x10* for
Escherichia coli 0157:H?7, respectively. In all cases they were obtained by Mac Farland’s scale and
checked by the colony count in Triptycase Soy Agar. Milk preservation temperature for each assay
ranged 25+1°C from 0 to 12 hours. As a carrier of the LPs active principles, a product named
STABILAK was used (38), bringing an equivalent quantity of 9 mg/L of sodium thiocyanate and 34
mg/L of sodium percarbonate. Test times per each replica in milk treated with the product (activated
milk) and control milk were 0, 4, 8 and 12 hours.

Assay with Staphylococcus aureus:

Dilutions were carried out in the diluter recommended (Triptone C broth) up to 10™. And later on, 0.1
mL was plated in the surface of Baird Parker agar (two plates for each dilution) of the dilutions 10
and 10™. The procedure was repeated passed 4, 8 and 12 hours, increasing a dilution up to 10™. In the
case of the control sample, dilution was increased until 10°. The plates inoculated were incubated from
24 to 48 hours at 37£1°C. The presumptive colonies of Staphylococcus aureus were confirmed by
coagulase test according to the standard 1ISO 6888.

Assay with Listeria /rmonocytogenes:

Dilutions were carried out in the diluter recommended (Triptone C broth) up to 10, And later on, 0.1
mL was plated in the surface of Oxford agar (two plates for each dilution) of the dilutions 10? and 107.
The procedure was repeated passed 4, 8 and 12 hours, increasing a dilution up to 10™. The plates
inoculated were incubated from 24 to 48 hours at 37£1°C. The presumptive colonies of Listeria
monocytogenes were confirmed according to the standard 1SO 11290-2.

Assay with Salmonella typhimurium.

Dilutions were carried out in the diluter recommended (Triptone C broth) up to 10, And later on, 0.1
mL was plated in the surface of Green Brilliant agar (two plates for each dilution) of the dilutions 107
and 10, The procedure was repeated passed 4, 8 and 12 hours, increasing a dilution up to 10™. The



plates inoculated were incubated at 24 hours at 37+£1°C. The presumptive colonies of Sal/monella
typhimurium were confirmed according to the standard 1SO 6579.

Assay with Escherichia coli 0157:H7:

Dilutions were carried out in the diluter recommended (Triptone C broth) up to 10, And later on, 0.1
mL was plated in the surface of Mac Conkey Sorbitol agar (two plates for each dilution) of the
dilutions 10% and 10°°. The procedure was repeated passed 4, 8 and 12 hours, increasing a dilution up
to 10™*. The plates inoculated were incubated at 24 hours at 37+1° C. The presumptive colonies of
Escherichia coli 0157:H7were confirmed according to FDA methodology.

There was a CFU/mL count in each assay, according to the technique recommended. These values
were transformed to log;o. Later, data for 12 hours were processed using t de Student test for two
unequal variance samples, so 8 hours was the effective time of the action of the LPs, and 12 hours for
evaluating the possible exacerbation of the bacteria studied.

Results

The LPs effects observed at 12 hours, according to Staphylococcus aureus and Salmonella
typhimurium determination, did not show significant differences in the counting in activated milk
with respect to the control (Figures 1 and 2), but the control sample showed a higher growth than the
activated milk. In the case of Listeria monocytogenes (Figure 3) and Escherichia coli O 157:H7,
(Figure 4), there was a significant reduction (P<0.05). The general behaviour evidenced that after 8
hours, when there was not already effective time of the LPs action, there was not a bacterial increase in
the activated milk with respect to the control.

Discussion
The results obtained for each pathogen microorganism studied are adjusted to the
bacteriostatic/bactericidal effect which has been widely reported in literature (11, 12, 13, 16).

The effect of the LPs obtained in this study against the gram negative bacteria such as Sal/monella
typhimurium and Escherichia coli was not bactericidal as referred in other studies carried out with
liquid culture media, ice cream, raw milk, infantile milk formula and a pH in synthetic medium (16, 20,
34, 36, 41). In this experiment, the variations in sensitivity between strains may be explained by
different cell-wall structures and inhibitory compounds generated by the organisms concerned.
However, the effect obtained against enterohemorrhagic E£. coli is very important, because this
microorganism is associated to alimentary intoxications transmitted by milk and dairy products (31).

For Staphylococcus aureus, some studies carried out in raw milk have demonstrated a bactericidal
activity at 4 hours (3). Others referred a bacteriostatic activity at 6 hours at 30°C and at 72 hours at
37°C with a reduction of 2 log de CFU/mL (30). Other authors pointed out a reduction till 4 log
CFU/mL at 12°C per 8 hours. Besides, it has been pointed out that there is an increase of the thermal
treatment effect in the elimination of these microorganisms (19, 30, 36). On the other hand, the action
of lactoperoxidase against gram + organisms is generally bacteriostatic and not lethal (14, 29, 32). In
our study, the results coincide with the previously referred bacteriostatic effect.

Listeria monocytogenes is one of the most important emerging pathogens reported in alimentary
intoxications (18, 21). In our assay, there were significant differences at 12 hours post activation; there
was a reduction of a log CFU/mL of the activated milk with respect to the control, observing this
behaviour from 4 hours post activation. These results are similar to those referred in other papers,
where there is a bacteriostatic effect in milk reducing 3 log CFU/mL at 24 hours at 30°C (2, 4 ,5). Other



papers pointed out that at refrigeration temperatures, the bacteriostatic effect and the elimination by
thermal treatment are increased (22, 37). On the other hand, a bactericidal effect has been obtained at
4°C, 8°C, 35°C and 37°C at 56 hours (15, 46).

During the past several years, an additional work has been published, especially as related to
synergistic effects with other agents and additional information concerning the action of the
Lactoperoxidase System against both £. coli O157:H7and Listeria monocytogenes (24).

In a general way, though there are some differences among microorganisms, the general behaviour
indicates that there was no exacerbation of the pathogens studied at 12 hours after the activation of the
LPs. That is why; there is not any microbiological risk for the consumer, associated to the use of this
preservation method. If we also add that at this time and in industrial conditions, milk should have been
thermally processed, this reduces even more the possibilities of appearing any pathogen in the final
product, associated to the use of this preservation method.
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Figures

Figure 1. Effect of LP system against
Staphylococcus aureus
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Figure 2. Effect of LP system against
Salmonella typhimurium
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Figure 3. Effect of LP system against
Listeria monocytogenes
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Figure 4. Effect of LP system against
E.coli O:157 H:7
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