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ABSTRACT

The antibacterial effect of the lactoperoxidase/thiocyanate/
hydrogen peroxide system (lactoperoxidase system) was tested
against strains of Campylobacter jejuni and Campylobacter coli
isolated from poultry. The effect was studied at different pH-values
and temperatures in UHT-milk (control); UHT-milk containing
lactoperoxidase, sodiumthiocyanate and hydrogen peroxide (lactoperoxidase system); UHT-milk containing lactoperoxidase, sodiumthiocyanate, hydrogen peroxide and sodiumpyrosulfite
(inactivated lactoperoxidase system). The lactoperoxidase system
had a strong bactericidal effect against C. jejuni and C. coli. The
bactericidal effect was more rapid at 37°C compared to 20°C. The
effect of lactoperoxidase system decreased with decreasing pHvalues. The fastest reduction in viable numbers was obtained at pH
6.6 and 37°C.

and/or killing of the organism. Hypothiocyanite can be formed
in situ in mixtures of lactoperoxidase and thiocyanate through
the addition of hydrogen peroxide or a suitable source thereof.
As mentioned previously, poultry meat is a potential risk
in the spreading of the disease. The poultry carcass is often
contaminated with Campylobacter, during the slaughter, by
fecal material. In a future perspective, it could be possible to
utilize the antibacterial effect of the lactoperoxidase system to
eliminate or reduce this contamination during the slaughter
process. In this study we have investigated the sensitivity of
strains of Campylobacter isolated from poultry to the lactoperoxidase system. Various times of exposure, pH, and temperatures have been tested in order to find out the optimal
conditions relevant to the slaughtering process.
MATERIALS AND METHODS

Campylobacter jejuni is today recognized as a cause of
acute enteritis in man (3,13). A major source of infection is
poultry meat (6,12), but the consumption of raw milk has also
been linked to several outbreaks of the disease (7,11,15).
Although C. jejuni can readily be isolated from the bovine
intestinal tract, the bacteria have not frequently been isolated
from raw milk. Methodology may be the most important
reason for the infrequent isolation from milk. However, several investigators have suggested that the natural antimicrobial factors present in bovine milk could also be involved
(4,5). Beumer and coworkers (I) were later able to show that
the lactoperoxidase/thiocyanate/hydrogen peroxide system
present in bovine milk also has a bactericidal effect against
strains of C. jejuni. They concluded that this could be one
factor explaining the relatively low occurrence of C. jejuni in
milk.
The antibacterial activity/mechanism of the lactoperoxidase system is today well-documented (8). The antibacterial
effect is mediated by a short-lived oxidation product of
thiocyanate, hypothiocyanite (OSCN), which inhibits enzymes vital for the metabolism thereby causing an inhibition
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Bacteria
Seven different strains of C. jejuni (DS1; 9/9; 2514:2832; 5229;
5276; 2491) and two strains of C. coli (H708; DS3) were tested.
Strains DS1 and DS3 were stockcultures, while the other strains were
freshly isolated from poultry. The strains were kept at -80°C in beef
broth containing 10% (v/v) horse serum and 17% (v/v) glycerol.
Culture media
The strains were grown on nutrient agar CM3 (Oxoid Ltd,
Basingstoke, Hants, England) supplemented with 7% (v/v) bovine
blood, 0.025% (w/v) FeS0 4 , 0.025% (w/v) Na 2 S 2 0,, 0.025 (w/v)
sodium pyruvate, and 0.1% (w/v) glucose. The plates were incubated microaerobically (8-10% CO,; 5-7% O,) for 16 h at 43°C.
Isolated colonies were then transferred to nutrient broth (Nutrient
broth No. 2, Oxoid Ltd, Basingstoke, Hants, England) containing
5% (v/v) defibrinated horse blood and incubated for 16 h at 43°C.

Exposure to the lactoperoxidaseithiocyanatelhydrogen peroxide
system
The antibacterial effect was tested in 10 ml of UHT-milk (3%
fat; Aria dairies, Alingsas. Sweden) fortified with 0.1 % yeast extract
(Oxoid Ltd, Basingstoke. Hants, England). The pH was adjusted
with 10% v/v lactic acid (heat sterilized, 121°C, 15 min). The
lactoperoxidase system was included through the addition of 10 ug/
ml of filter sterilized (0.2 um) lactoperoxidase (SigmaChemical Co,
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MO, USA), 0.25mM filter sterilized sodium thiocyanate, and 0.25
mM hydrogen peroxide. To inactivate the lactoperoxidase system,
ImM filter sterilized Na,S,0 5 was added to the media.
The test tubes were preincubated 10 min at the test temperature
before being inoculated with 0.1 ml bacterial suspension giving
about 106 cfu/ml. Samples were taken out at 0, 0.5, 2, and 20 h after
inoculation. Between 2 and 20 h the test tubes were incubated
microaerobically. Serial dilutions were made in sterile saline containing 0.1% (w/v) peptone. 10 ul of the dilutions were spread onto
predried blood agar plates. In order to get a detection limit of 10 cfu/
ml, also 0.1 ml was spread onto one separate plate. The plates were
incubated microaerobically at 43"C for 16 to 24 h.

37 C. pH 6.0
(b)
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The bactericidal effect of the lactoperoxidase system at
different pH-values and temperatures was tested against C.
coli DS3, C. coli H708, C. jejuni 2491, and C. jejuni 2832.
The bactericidal effect of the lactoperoxidase system was
higher at 37°C than at 20°C (Figs. 1 a andb). A similar response
to the temperature is reported for Escherichia coli (2). When
the incubation temperature was increased to 52°C the number
of Campylobacter was drastically reduced even in the absence
of the lactoperoxidase system (Fig. lc), however, the reduction was faster in the presence of the lactoperoxidase system.
The effect of the lactoperoxidase system decreased with
decreasing pH. The highest bactericidal effect was obtained at
pH 6.6 while at pH 6.0 and pH 5.5 the effect was considerably
lower (Figs. 2 and 3). Previous investigations (9) have demonstrated the opposite, i.e. an enhanced effect of the lactoperoxidase system at lower pH-values. This may, according to
Thomas (16), be attributed to the fact that the major oxidation
product with antibacterial effect formed by the lactoperoxidase system, OSCN , exists in an acid/base equilibrium with
HOSCN (pKa = 5.3). Thus, at lower pH-values the equilibrium is towards HOSCN, which more easily penetrates the cell
membranes. The unexpected results on the effect of pH in the
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Figure 1. Survival ("./Campylobacter in (•), UHT-milk; (M), UHTmilk containing lactoperoxidase system i.e. lactoperoxidase, sodium thiocyanate, and hydrogen peroxide; (A),UHT-milk containing inhibited lactoperoxidase system i.e. lactoperoxidase, sodium
thiocyanate, hydrogen peroxide, and soiumpyrosulfite at different
temperatures (a), 20°C; (b), 37°C; (c), 52 °C; and pH 6.0. Mean
values
ofC.co\iH708,C.co\iDS3,C.)e)um249IandC.jejum2832
are shown.
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present study may be attributed to the microaerophilic nature
of Campylobacter (14), giving a very low tolerance towards
short-lived oxidation products other than OSCN , such as
0,SCN and 0 3 SCN (10).
Beumer et al. (J) demonstrated an effect against a C.
jejuni strain of human origin by stimulating the lactoperoxidase system in milk. In the present study, the effect of the
lactoperoxidase system at pH 6.6 and 37°C was tested on C.
jejuni DS1, C. jejuni 9/9. C. jejuni 2514, C. jejuni 2832, C.
jejuni 5229, C. jejuni 5276, C. jejuni 2491, C. coli H708, and
C. coli DS3. During a period of 30 min the number of viable
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Figure 2. Survival of Campylobacter in (•), UHT-milk; (M), UHTmilk containing lactoperoxidase system i.e. lactoperoxidase, sodium thiocyanate, and hydrogen peroxide; (A),UHT-milk containing inhibited lactoperoxidase system i.e. lactoperoxidase, sodium
thiocyanate, hydrogen peroxide, and soiumpyrosulfite at different
pH-values (a), pH 5.5; (b), pH 6.0; (c), pH 6.6; and 20 V. Mean
values
ofC.co\iH708,C.coUDS3,C.}e}um2491,andC.iejum2832
are shown.

cells was, for all tested strains, reduced from the inoculum
level of 106 cfu/ml to a level below the detection limit (10 cfu/
ml) in the presence of the lactoperoxidase system. The addition of 1 mM sodiumpyrosulfite (an inhibitor to the lactoperoxidase system) completely cancelled the bactericidal effect.
Thus the reduction in viable cells could be assigned to the
activity of the lactoperoxidase system.
It may be concluded that the lactoperoxidase system at pH
6.6 and 37°C has an efficacious bactericidal effect against
strains of C. jejuni and C. coli isolated from poultry. The
prospect that the lactoperoxidase system can be utilized to
cancel/reduce contamination of C. jejuni from poultry during
the slaughter process may be possible. How the lactoperoxidase system should be applied in a practical way to the
slaughter line has to be tried out in future experiments. Such
trials are presently being planned and will be reported separately.
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