
Introduction
Salmonella Typhimurium and Listeria monocytogenes, 
which have high prevalence and high mortality rates, are 
the main food-borne pathogens (1). Direct contact of 
food with contaminated food surfaces during preparation 
or packaging is a common route of food contamination. 
Conventional methods of cleaning food preparation 
surfaces are not always sufficient to remove food-borne 
pathogens, and it is, therefore, useful to use new methods 
that can be incorporated into food processing facilities (2).

Sodium dodecyl sulphate (SDS) is a highly effective 

anionic surfactant that has previously been used to disrupt 
membranes and denature proteins in bacteria (3). The US 
Food and Drug Administration has approved SDS as a 
generally recognized a safe multi-purpose food additive 
(4). The scientific community has considered the use of 
SDS as a disinfectant in food, equipment, and food contact 
surfaces (5,6).

Several researchers have studied the combination of 
SDS with other substances to improve their lethality. 
For example, the effect of a combination of 0.5% SDS 
and 5% lactic acid on the control of L. monocytogenes in 
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Abstract
Background: Salmonella Typhimurium and Listeria monocytogenes are among the most important 
foodborne pathogens, and new methods to remove them from surfaces are useful. The aim of this study 
was to investigate the bactericidal effect of a combination of sodium dodecyl sulfate (SDS) and some food 
matrix-related factors such as temperature, salinity, acidity, and exposure time on L. monocytogenes and 
S. Typhimurium in suspension and on different food industry related surfaces.
Methods: The bacterial strains were treated with different concentrations of SDS, citric acid, lactic acid, 
and NaCl at different temperatures at various times. At least one concentration was selected that caused 
one or less log reduction in the viability of each bacterium, and the combination treatments were examined 
in this regard. The best combination was then selected, and its bactericidal effect on the bacteria tested 
was evaluated on ceramic, stainless steel, and plastic surfaces.
Results: The results showed that the sensitivity of the bacteria studied to different disinfectants was 
different. L. monocytogenes was highly sensitive to SDS, while S. Typhimurium was relatively resistant 
to SDS. Both bacteria were more sensitive to lactic acid than to citric acid, and the bactericidal effects of 
the disinfectants were enhanced in the combined treatments at 45ºC compared to 35ºC treatments. The 
addition of NaCl to the SDS solution resulted in a strong reduction in the bactericidal effect of SDS. The 
selected disinfectant removed bacterial biofilms from stainless steel surfaces in a shorter time than ceramic 
and plastic surfaces.
Conclusion: The preparation of combined solutions using SDS and an organic acid at an appropriate 
concentration and temperature could be useful for removing or reducing bacterial biofilms. Therefore, the 
combination of SDS and the lactic acid at 45°C can effectively remove pathogenic bacteria from various 
surfaces.
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vacuum-packed frankfurter sausages was studied for 90 
days, and it was concluded that this combination could 
be an alternative way to control L. spp. in processed meat 
products (7). The effect of levulinic acid (LVA) and SDS 
solution on the control of S. Typhimurium and Escherichia 
coli O157 in lettuce and chicken skin was investigated in 
another study. The researchers reported that the combined 
solution is a good way to remove enteric pathogenic 
bacteria from fresh vegetables such as lettuce and chicken 
carcasses (8). Another study tested 3% LVA and 2% SDS 
solution as a foam to remove Salmonella spp. from cage 
walls and poultry carcasses and demonstrated a 4-log 
reduction in bacterial counts (9). The effects of different 
percentages of SDS, alone or in combination with other 
substances, on various foods such as ground beef (10), 
chicken breasts (11), raspberries (12), and eggshells (13) 
have been studied as well.

Although the synergistic effects of SDS with other 
materials have been documented, there is insufficient 
information on the effects of different environmental 
factors on the bactericidal effects of SDS. Therefore, this 
study aimed to investigate the synergistic effects of a 
combination of SDS and some food matrix-related factors 
such as temperature, salinity, acidity, and exposure time 
on L. monocytogenes and S. Typhimurium bacteria in a 
common brine solution and on various food industry-
related surfaces.

Materials and Methods
Bacteria
Salmonella Typhimurium (ATCC35987) and L. 
monocytogenes (ATCC 7644) were obtained from the 
culture collection of the Department of Food Hygiene, 
Faculty of Veterinary Medicine, Shahid Chamran 
University of Ahvaz. All colonies were identified using 
biochemical tests and polymerase chain reaction (PCR) 
technique for confirmation.

Preparation of Bacterial Suspensions
To reach the maximum population of the studied bacteria 
for inoculation, a colony from a fresh agar plate culture 
was inoculated into 5 mL tryptic soy broth and incubated 
at 37°C for 20 hours. The cultivation was repeated twice, 
and then 100 μL aliquots of the bacterial suspensions were 
removed for viable counting.

Primary Treatments of Bacteria With Individual 
Parameters
To determine the sensitivity of each strain, an aliquot 
of the suspension of each bacterium was pipetted into 
different concentrations of SDS, citric acid, lactic acid, 
and NaCl solutions (Table 1) so that to obtain 1 × 106 
CFU/mL of the bacterium and then treated for 0, 10, 20, 
30, 40, and 60 minutes at different temperatures. Before 
and after each treatment, 10 μL volumes were taken for 
viable counts. Based on the sensitivity of each strain to the 
primary treatments, which produce approximately one 

log or less reduction in viability, several concentrations 
were chosen for combination treatments.

Combined Treatment of Bacterial Suspension With 
Single, Two, and Three Parameters
Based on the selected concentrations from the previous 
step, the bacterial strains were treated in combination 
(Table 2) and the results were recorded. The best 
combination was then selected, and its bactericidal effect 
against the tested bacteria was evaluated on ceramic, 
stainless steel, and plastic surfaces. 

Preparation of Stainless Steel, Ceramic, and Plastic 
Coupons
Small coupons (5 × 5 cm) of stainless steel (grade 304), 
anti-acid ceramic, and plastic cutting board (high-density 
polyethylene), which are normally used in the food 
industry, kitchens, and canteens, were employed to treat 
the surfaces. They were washed with distilled water and 
70% alcohol solution, and then sterilized (14) as well. 
Next, one of the coupons was sampled with a swab and 
checked for sterility (15).

Treatment of Coupons by the Best Combination Solutions
According to Salo et al (16), six coupons were placed in a 
sterile Class III safety cabinet. One milliliter of bacterial 
suspension was placed at the center of each coupon and 
spread in the range of one centimeter. All coupons were 
maintained for 45 minutes to form biofilms. 

To evaluate the effect of the disinfectant solution with a 
sterile hand sprayer containing normal saline as a control 
or solution (SDS 0.5% + lactic acid 0.02%) at 45°C for S. 
Typhimurium and (SDS 0.009 + lactic acid + 0.03%) and 
at 35°C for L. monocytogenes, two puffs (approximately 
1 mL) were sprayed on each coupon. After 0, 10, 20, 
30, 40, and 60 minutes, the smear site was completely 
sampled with three sterile swabs, and the samples were 
transferred to a test tube containing 10 mL of normal 
saline. The test tube was mixed well, and serial dilutions 
were prepared for each sample. An aliquot (100 μL) of 
each dilution was spread on trypticase soy agar, and the 
plates were incubated at 35°C for 24 hours. The number 
of colonies grown was counted and calculated based on 
CFU/mL. All experiments were separately performed for 
S. Typhimurium and L. monocytogenes on steel, ceramic, 

Table 1. Concentration and Temperatures Used in Individual Treatments

Treatment Concentration

SDS (%)
Different concentrations were used depending on the 
test conditions (from 0.009 to 3)

Citric acid (%)
Different concentrations were used depending on the 
test conditions (from 0.05 to 0.2)

Lactic acid (%)
Different concentrations were used depending on the 
test conditions (from 0.03 to 0.2)

NaCl (%) 0 1 2 3 4

Temperature (°C) 4 25 35 45 55

Note. SDS: Sodium dodecyl sulfate.
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and plastic surfaces in triplicate to ensure the accuracy of 
the results and statistical analysis.

Statistical Analysis
The results were analyzed by one-way and two-way 
repeated measures ANOVA and LSD post hoc test 
using SPSS, version 16.0. Differences were considered 
statistically significant (P ≤ 0.05).

Results
Single Treatments 
The results of the repeated measures ANOVA for SDS, 
citric acid, and lactic acid showed that time, concentration, 
and interaction time and concentration have a significant 
effect on the population of S. Typhimurium (P < 0.001). 
Based on the results, S. Typhimurium had a relative 
resistance to the bactericidal effects of SDS. As shown 
in Figure 1A, only 2.5% and 3% of SDS could reduce the 
population of S. Typhimurium by more than 1 log after 30 
minutes. In contrast, 0.2% citric acid produced more than 
a 1-log reduction in the viability of the bacterium after 10 
minutes (Figure 1B), but the same concentration of lactic 
acid immediately reduced the number of S. Typhimurium 

by more than 2 logs (Figure 1C). This result indicates that 
the bactericidal effect of lactic acid is greater than that of 
citric acid. Figure 1D displays that concentrations of 1.5-
4% NaCl did not have a significant effect on reducing the 
number of S. Typhimurium during the time. Based on 
the preliminary results, 0.5% SDS, 0.03% citric acid, and 
0.02% lactic acid were used for the combined treatments 
in the next step, and the results were compared at 25°C 
and 45°C. 

The statistical analysis of data on SDS, citric acid, and 
lactic acid demonstrated that time, concentration, and 
interaction time and concentration exert a significant 
effect on the population of L. monocytogenes (P < 0.001). 
Based on the findings, L. monocytogenes was highly 
sensitive to SDS. According to data in Figure 1E, three logs 
of the viability of the bacterium were reduced immediately 
after exposure to SDS, and after 10 minutes, the population 
of the bacterium reached below the count limit. However, 
concentrations of 0.01% and 0.009% SDS reduced the 
number of the bacterium by approximately 1 log after 60 
minutes. Concentrations of 0.05% and 0.3% SDS resulted 
in less than 1- and 2-log reduction in the viability of the 
bacterium after 60 minutes, respectively. 

Table 2. Parameters Used on Salmonella Typhimurium and Listeria monocytogenes During Single and Combined Treatments

Factors
Range

Time: 0, 10, 20, 30, 40, and 60 minutes

Salmonella Typhimurium

Single-factor treatments

SDS 0.5%, 1%, 2%, 2.5%, & 3%

Citric acid 0.03%, 0.1%, 0.15%, & 0.2% 

Lactic acid 0.02%, 0.07%, 0.1%, & 0.2%

NaCl 1.5%, 2%, 3%, & 4%

Double-factor treatments

SDS + Citric acid
0.5% + 0.03%
2.5% + 0.1%
2.5% + 0.15%

SDS + Lactic acid
0.5% + 0.02%
0.5% + 0.07%

SDS + Temperature 0.5% + 4°C, 25°C, 35°C, 45°C, & 55°C

SDS + NaCl 2.5% + 1.5%, 2%, 3%, & 4%

Three-factor treatments
SDS + Citric acid + Temperature SDS 0.5% + Citric acid 0.03% + Temperature 45°C

SDS + Lactic acid + Temperature SDS 0.5% + Lactic acid 0.02% + Temperature 45°C

Listeria monocytogenes

Single-factor treatments

SDS 0.009%, 0.01%, 0.02%, & 0.03%

Citric acid 0.05%, 0.3%, & 0.5%

Lactic acid 0.03%, 0.1%, & 0.5%

NaCl 1.5%, 2%, 3%, & 4%

Double-factor treatments

SDS + Citric acid
0.01% + 0.3%
0.009% + 0.05%

SDS + Lactic acid
0.01% + 0.1%
0.009% + 0.03%

SDS + Temperature 0.009% + 4°C, 25°C, 35°C, 45°C, & 55°C

SDS + NaCl 0.01% + 1.5%, 2%, 3%, & 4%

Three-factor treatments
SDS + Citric acid + Temperature SDS 0.009% + Citric acid 0.05% + Temperature 35°C

SDS + Lactic acid + Temperature SDS 0.009% + Lactic acid 0.03% + Temperature 35°C

Note. SDS: Sodium dodecyl sulfate.
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Based on the preliminary results, 0.5% SDS, 0.03% 
citric acid, and 0.02% lactic acid were then applied for the 
combined treatments, and the results were compared at 
25°C and 45°C. 

The citric acid (0.05%) did not have that much effect 
on the bacterium load reduction, while the concentrations 
of 0.3% and 0.5% citric acid produced 1- and 2-log 
reduction in the viability of the bacterium after 30 minutes 
(Figure 1F). Likewise, the obtained data revealed that the 
bactericidal effect of lactic acid was higher than that of 
citric acid, where the concentration of 0.5% lactic acid 
produced about 6-log reductions in the viability of the 
bacterium after 10 minutes (Figure 1G). In addition, none 
of the tested concentrations of NaCl had a significant 
effect on the population of the bacterium (Figure 1H). 

According to the preliminary results, a concentration of 
0.009% SDS, 0.05% citric acid, and 0.03% lactic acid was 
used for the combined treatments in the next step, and the 
results were compared at 25°C and 35°C during the time.

Combined Treatments
Figure 2A illustrates the results of the treatment of S. 
Typhimurium with SDS alone or in combination with 
lactic acid or citric acid at 25°C and 45°C over time. 
These results showed that the combination of SDS 0.5% 
with lactic acid 0.02% at 45°C has the best killing effect 
on S. Typhimurium. Subsequently, the combination of 
citric acid 0.03% and SDS 0.5% at the same temperature 
had the greatest effect. As depicted in Figure 1D, the use 
of NaCl alone had negligible bactericidal effects. The 

Figure 1. Bactericidal Effect of Different Concentrations of SDS, Citric Acid, Lactic Acid and NaCl on the Reduction of Bacteria: (A-D) S. Typhimurium and (E-H) 
L. monocytogenes. Note. SDS: Sodium dodecyl sulfate

(A)                 (B) 

(C)                (D) 

(E)                  (F) 

(G)             (H) 

Figure 1 – Bactericidal effect of different concentrations of SDS, citric acid, lactic acid and NaCl on the reduction 
of bacteria.  (A-D) S.Typhimurium (E-H) L. monocytogenes  
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addition of NaCl to the SDS solution also resulted in a 
severe reduction in SDS bactericidal activity (data are not 
provided); therefore, NaCl was not used in the subsequent 
combined treatments. 

Figure 2B displays the results of the treatment of L. 
monocytogenes with SDS alone or in combination with 
lactic acid or citric acid at 25°C and 35°C over time. 
The results indicated that the combination of a low 
concentration of SDS (0.009%) with lactic acid 0.03% 
at 35°C had the best killing effect on L. monocytogenes. 
Further, the combination of citric acid 0.05% and SDS 
0.009% at the same temperature had the greatest effect.

Surface Treatments
Finally, a solution containing SDS 0.5% with lactic acid 
0.02% at 45°C was employed to remove S. Typhimurium 
from the plastic, stainless steel, and ceramic surfaces 
(Figure 3A). The statistical analysis of data demonstrated 
that time, surface, and interaction time and surface have 
a significant effect on the population of S. Typhimurium 
(P < 0.001). The disinfectant solution completely 
removed S. Typhimurium from the stainless steel after 
10 minutes on the ceramic. Meanwhile, the solution 
caused approximately 2.5-log reductions in the bacterial 
population on polyethylene during this time. The 

Figure 2. Bactericidal Effects of Combined Treatments on Bacteria. Note. SDS: Sodium dodecyl sulfate
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bacterium was not detected on the polyethylene surface 
after 20 minutes. 

To remove L. monocytogenes from plastic, stainless 
steel, and ceramic surfaces, the best solution (SDS 
0.009% + lactic acid 0.03% at 35°C) was used in the final 
step, and the results are illustrated in Figure 3B. Based on 
the statistical analysis, time, surface, and interaction time 
and surface had a significant effect on the population of 
L. monocytogenes (P < 0.001). The disinfectant solution 
could completely remove L. monocytogenes from stainless 
steel after 10 minutes. However, the solution made 
approximately 2.5- and 3.5-log reductions in the bacterial 
population on the polyethylene and ceramic after 10 
minutes, respectively. The bacterium was not detected on 
any of the three surfaces after 30 minutes. 

Discussion
SDS has been considered a disinfectant for the food 
industry. The combination of SDS and various substances 
such as organic acids for food disinfection has received 
increasing attention in recent years. The antimicrobial 
efficacy of the combination of SDS and organic acids 
remains high even when extensively used in food 
processing environments. The other advantages of using 
SDS in the food industry are its other properties (e.g., its 
easy solubility and foaming capacity) and the extension of 
its potential for surface disinfection and decontamination 
of food-borne pathogens, including when they form 
biofilms (17).

Therefore, the composition of SDS and other 
disinfectants has been studied to increase its bactericidal 
effect. For example, Lu and Wu (11) found that a 
combination of thymol, acetic acid, and SDS was more 
effective than the chlorine solution in reducing Salmonella 
Enterica in chicken fillets while having little effect on pH 
and organoleptic properties. Li and Wu (12) successfully 
used a combination of SDS, acetic acid, and hydrogen 
peroxide to disinfect raspberries. They reported that a 
combination of 0.5 mg/mL acetic acid and SDS solution 
(5000 ppm) or a combination of 200 ppm hydrogen 
peroxide and 5000 ppm SDS was a suitable alternative 
to chlorine solution for the disinfection and removal of 

pathogens such as S. Typhimurium from raspberries.
Instead, some researchers demonstrated that a 

combination of SDS and substances such as the citric 
acid has a slight bactericidal effect. In one study, cherry 
tomatoes were washed with SDS and various additives for 
30 minutes. The combined treatment with SDS and LVA 
represented a synergistic bactericidal effect on the aerobic 
microflora, total coliform bacteria, and E. coli O157:H7. In 
contrast, the combination of SDS and other disinfectants 
such as the citric acid, allyl isothiocyanate, or phytic 
acid did not reveal a synergistic effect on the bacterial 
population (18). In another study, the combination of SDS 
and citric acid or hydrogen peroxide, compared to SDS 
alone, did not generally result in a significant reduction 
in the viability of four foodborne pathogens, including 
L. monocytogenes, S. Typhimurium, S. aureus, and E. coli 
O157:H7 in eggshells (13).

It should be noted that bacteria behave differently when 
exposed to SDS, and L. monocytogenes is more sensitive 
to SDS than E. coli in brine solutions in the food industry 
(19). The efficacy of LVA in combination with SDS to 
inactivate S. Typhimurium, L. monocytogenes, and Shiga 
toxin-producing E. coli in stainless steel biofilms was 
evaluated as well. The combined activity of LVA and SDS 
was bactericidal in biofilms against the cells of these three 
pathogens, and the highest concentrations (3% LVA + 2% 
SDS) caused the greatest log reduction (20).

This study aimed to minimize the likely negative effects 
and to observe and compare the synergistic effects of the 
minimum concentrations of SDS, citric acid, and lactic 
acid at different temperatures and times. The results 
showed that the studied bacteria were differently sensitive 
to different disinfectants, and L. monocytogenes was highly 
sensitive to SDS, while S. Typhimurium was relatively 
resistant. Both bacteria were more sensitive to lactic 
acid than to citric acid, and the bactericidal effects of the 
combined disinfectant treatments were enhanced at 45ºC 
compared to treatments at 35ºC.

Based on the report of a previous study, the presence 
of NaCl led to a significant decrease in zeta potential, 
suggesting a reduction in the surface charge of SDS 
micelles (21). Therefore, a mixture of surfactants and NaCl 

Figure 3. Viable Population and Standard Error of (A) S. Typhimurium and (B) L. monocytogenes After Treatment by SDS 0.5% With Lactic Acid 0.02% at 45°C 
for S. Typhimurium and SDS 0.009% + Lactic Acid 0.03% at 35 °C for L. monocytogenes on Different Surfaces. Note. SDS: Sodium dodecyl sulfate(B)(A)
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can be used to reduce the critical micelle concentration 
(CMC). In this study, the combination of SDS and NaCl 
reduced the bactericidal effect of SDS. This observation 
is likely related to the effect of NaCl on SDS, followed by 
electrostatic repulsion forces and CMC to reduce the effect 
of SDS. Interestingly, as the salt concentration increased, 
the bactericidal effect of SDS decreased more strongly. 
Thus, it is better to use deionized or distilled water for 
the preparation of disinfectants containing SDS. Water-
containing ions or salts can reduce the bactericidal effect 
of SDS in the preparation of disinfectants.

The bactericidal effects of the selected disinfectant 
solutions on different surfaces also underwent 
investigation. The concentrations of the components 
of the selected disinfectant solution varied based on the 
sensitivity of each tested bacterium. S. Typhimurium was 
removed immediately after the disinfectant solution was 
sprayed on the stainless steel surface. However, due to 
the extremely low SDS content of the solution used for 
L. monocytogenes, several viable cells were present on the 
stainless steel surface. If a higher concentration of SDS 
is used than for S. Typhimurium and because Listeria is 
highly sensitive to SDS, the bacterium will also be removed 
from the stainless steel surface immediately after spraying 
the disinfectant solution.

To completely remove these two bacteria from ceramic 
and plastic surfaces, we had to wait more than 20 minutes 
after spraying the disinfectant solution. This problem may 
be related to the presence of pores on the uneven surfaces 
of plastic and ceramics. It has also been shown that 
bacterial biofilm formation can vary on different surfaces. 
A previous study investigated the biofilm formation of S. 
enteritidis on different surfaces in the food industry. The 
results revealed that bacterial hydrophobicity and surface 
are important criteria for biofilm formation. The rate 
of bacterial biofilm formation for 2 hours on glass and 
steel surfaces was significantly higher (P < 0.05) than on 
polyethylene surfaces (22).

In this study, most biofilms were formed on stainless 
steel surfaces. In addition, the rate of biofilm formation 
on ceramic surfaces was similar to that on polyethylene 
surfaces, but not significantly different on stainless steel 
surfaces (P < 0.05). Although biofilm formation was higher 
on stainless steel surfaces, it appears that immediately 
after spraying a combined solution containing 0.5% SDS 
and 0.02% lactic acid at 45°C, bacteria such as Salmonella 
and Listeria can be removed from stainless steel surfaces. 
However, to remove these bacteria from surfaces such as 
ceramics and plastics, it is necessary to wait at least 20 
minutes after spraying the disinfectant solution or to use 
higher concentrations.

Conclusion
The preparation of combined solutions with SDS and 
organic acid at the appropriate concentration and 
temperature can be useful in removing or reducing 
bacterial biofilms on surfaces used in the food industry. 

The combination of low concentrations of SDS and the 
lactic acid at 45ºC can effectively remove some pathogenic 
bacteria from a variety of surfaces, especially smooth 
surfaces such as stainless steel, in a short time. The use 
of extremely low concentrations of acid solutions in 
combination with SDS reduces the potential negative effects 
of these substances and has the best effect on controlling 
spoilage or pathogenic bacteria in the environment and on 
food contact surfaces. Therefore, the preparation of such 
compounds is recommended for surface disinfection. A 
combined solution containing at least 0.5% SDS, and 0.02% 
lactic acid at 45ºC is recommended as a new disinfectant 
for the control of asepsis on surfaces in different locations 
according to the results of this study.
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