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Salmonella spp. have an increasing importance in food-related disease outbreaks, and 

combined with increasing antibiotic resistance among Salmonella serotypes, this makes the 

bacterium  a leading food safety problem.  

 

In recent years there has been increasing interest in examining the effect of biocides on 

pathogens and it has been hypothesized that incautious use of disinfectants can select for 

biocide resistant or tolerant strains and contribute to development of antibiotic resistance.  

 

In support of this assumption, descriptions of bacteria developing resistance or tolerance 

towards biocides and in some cases cross-resistance to antibiotics has been reported. Recently 

in-use concentrations of disinfectants has been demonstrated to select for multidrug resistant 

mutants of S. Typhimurium. 

 

Aim: To determine (a) the prevalence of biocide tolerant or resistant strains of Salmonella 

isolated from pig slaughter houses, (b) the possible relation to antibiotic resistance and (c) the  

ability of Salmonella Typhimurium to adapt to disinfectants. 
 

Introduction 

 

 

No evidence of biocide resistance or tolerance in Salmonella spp. isolates from Danish 

slaughterhouses were demonstrated. Possible changes in antibiotic resistance as result of 

exposure to disinfectants remain to be examined.  

 

It was not possible to adapt two Salmonella Typhimurium strains to the disinfectants Desinfect 

Maxi and Incimaxx DES, supporting the lack of biocide tolerant strains isolated at the 

slaughterhouses. 

 

In general, the same PFGE-profile was demonstrated in 5 isolates obtained from the same 

sample, suggesting presence of only one Salmonella  strain in most samples (data not shown). 

However, it is still  possible that more strains have been present, but in low numbers, so that they 

have not been found by the method used in this study. 

Discussion and perspectives 

Salmonella from slaughterhouses 

Sampling 
 

Swabs were taken from six Danish swine slaughterhouses before and after cleaning and 

disinfection with biocides. Swabs were examined for the presence of Salmonella spp. 

  

Sampling was performed once a week for 3 - 4 consecutive weeks. Samples were from the 

whipping machine, a drain near the evisceration area and a drain in the boning facility. 

 

All Salmonella isolates were examined using Pulsed Field Gel Electrophoresis (PFGE) with the 

restriction enzyme XbaI. PGFE profiles were analyzed using GelCompar II v. 4.6 (Applied 

Maths). One strain from each pulsotype was serotyped according to the White-Kauffmann-Le 

Minor scheme using slide agglutination. 

Biocide susceptibility 

Methods 
 

All Salmonella isolates were examined for 

decreased susceptibility towards three 

different biocides: Desinfect Maxi, a 

quaternary ammonium compound, 

Incimaxx DES, an oxidizing agent and 

triclosan, a phenolic compound. 

 

Examinations were done using a two-fold 

micro-dilution method.  

 

Minimum Inhibitory Concentrations 

(MICs) were determined as the lowest 

concentration without visible growth. 

 

Results 
 

For the disinfectant Desinfect maxi and 

the antibacterial compound triclosan the 

distribution of MIC values did not differ 

significantly between isolates obtained 

before and after cleaning and disinfection. 

The highest MIC value obtained was 125 

times lower than in-use concentrations for 

both.  

 

For Incimaxx DES,  MIC values were 

significantly higher among isolates 

obtained after disinfection (p=0.00018), 

but still 7 times lower than in-use 

concentrations. 

 

Method 
 

Disinfectants used: Desinfect Maxi and Incimaxx DES 

 

The strains Salmonella Typhimurium 4/74 and S. Typhimurium DTU3 (isolated from fresh pork) 

were used in these studies. 

 

Subculture was done daily on gradient-plates with a start concentration of ½ MIC. After 2 days 

with growth to the highest concentration, the concentration was doubled. Experiment was ended 

after 5 days with no improvement in growth. 

MIC values were determined as described previously. 

 

Results 
 

It was not possible to adapt Salmonella Typhimurium to the disinfectants Desinfect Maxi and 

Incimaxx DES under the conditions of this experiment. 

Adaptation to disinfectants 

Biocide Max MIC In-use concentration 

Desinfect 

Maxi 

0.008 % 1-5 % 

Incimaxx 

DES 

0.13 % 1-2 % 

Triclosan 8 mg/l 0.3 % / >1000 

mg/l  

Results 
 

In total 465 swabs were 

obtained, 232 before cleaning 

and 233 after cleaning. 

Salmonella spp. was isolated 

from 11 % of all samples (17 

% of samples before cleaning 

and 5 % of samples after 

cleaning). 

 

PFGE analysis divided the 

Salmonella isolates into 27 

different PFGE types, and 

subsequent serotyping 

divided them into 9 different 

serotypes. 

With the exception of the 

serotype Yoruba, all 

serotypes are common in 

Denmark. 

 

Slaughterhouse Serotypes PFGE profile 

1 Brandenburg 

Derby 

Heidelberg 

Typhimurium 

Yoruba 

C 

P 

K 

H, J 

B 

2 Brandenburg 

Derby 

Heidelberg 

Infantis 

Typhimurium 

Yoruba 

D, 

Q, U, V 

K 

T 

F, I, J 

B 

3 4,5,12:i:- 

Sandiego 

G 

X 

4 Derby 

Typhimurium 

R, S, Z 

L, M, N  

5 Derby 

Typhimurium 

S, U, Y, AB 

E, O 

6 Derby 

Livingstone 

Typhimurium 

U, W, Z 

A 

F 


