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ABSTRACT
Objective: Staphylococcus aureus, a severe public health hazard, causes foodborne diseases from the consumption of contaminated
food. Various antimicrobials and disinfectants are used throughout the food chain to reduce microbial contamination or eliminate
microorganisms on food contact surfaces. However, little is known about the susceptibility of disinfectants to food pathogens,
including S. aureus, which can develop resistance to antimicrobials and cause severe diseases.
Materials and Methods: The antimicrobial activity of triclosan, cetyltrimethylammonium bromide (CTAB), acetic acid, citric
acid, and lactic acid against 50 S. aureus isolates, including multidrug-resistant (MDR) isolates originating from ground beef,
chicken, and fish, was investigated using the broth microdilution method.
Results: The minimal inhibitory concentrations (MICs) of triclosan, CTAB, acetic acid, citric acid, and lactic acid against the
isolates were 0.125-16 μg/mL, 0.25-32 μg/mL, 102.5-26250 μg/mL, 187.5-12000 μg/mL, and 703-22500 μg/mL, respectively.
Almost all MDR isolates showed resistance to triclosan. There was a statistically significant difference in MICs between triclosan
and organic acids, as well as between CTAB and organic acids (p < 0.05). However, a statistically significant difference was not
observed in triclosan and CTAB, as well as in acetic acid and lactic acid (p > 0.05). Pearson correlation coefficient revealed a
strong relationship between triclosan and multidrug resistance. Based on the multiple linear regression analysis, triclosan had a
positive effect on multidrug resistance (p < 0.05).
Conclusion: This research gives helpful information on the susceptibility of disinfectants to S. aureus, particularly to resistant S.
aureus isolates from meats, which may help to recommend proper disinfectant use in food production.

Keywords: Staphylococcus aureus, Triclosan, Cetyltrimethylammonium bromide, Organic acids, Minimum inhibitory concen-
tration.

INTRODUCTION

Staphylococcus aureus is a significant pathogen that causes
a wide range of illnesses including skin and soft tissue in-
fections, foodborne poisoning, pneumonia, bacteremia, endo-
carditis, osteomyelitis, meningitis, enterocolitis, urinary tract
infections, toxic shock syndrome.1,2 Consumption of contami-
nated food, such as meat and meat products, with this pathogen
is the major source of S. aureus foodborne illnesses and poses
a serious threat to human health. The presence of foodborne
pathogens including S. aureus in processed foods or on food
processing equipment because of contact by humans or cross-
contamination could indicate poor handling or sanitation.2,3 It
is important to avoid cross-contamination of food and possible
foodborne disease. It is recommended to clean surfaces; either
the organisms must be removed, or they must be inactivated in

situ using a disinfection method. Disinfectants and sanitizers
are considered more efficient since they make more effective
contact with surface-attached microorganisms.4

Disinfectants, sanitizing agents, and cleaning chemical
agents are widely utilized in the food industry to inhibit the
growth or kill microorganisms involved in food spoilage and
foodborne diseases on food contact surfaces and reduce them
to safe levels in food manufacturing facilities.3,5 Sanitizers and
disinfectants such as triclosan, quaternary ammonium com-
pounds, chlorohexidine, benzalkonium chloride, chlorine and
chlorine-based derivatives, hydrogen peroxide, acid anionic
agents, peracetic acid, and weak organic acids play essential
roles in the food and health care industries.3,5-7 These sanitiz-
ing agents are extensively used in the food industry for disin-
fecting and cleaning floors, walls, drains, and fields associated
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with livestock and crop production, including farm buildings,
equipment, and vehicles, as well as on animals, such as in foot-
baths or udder cleansing.5,6 The antimicrobial effectiveness of
these chemicals and the amount of residue left on surfaces after
application can vary. Several factors that influence antimicro-
bial efficiency include exposure time, temperature, chemical
formulation, concentration, pH, microbiological load and type,
microbial adhesion to the surface, and application.3,5

Triclosan, 2,4,4’-trichloro-2’-hydroxydiphenyl ether, is a
synthetic bisphenol antibacterial agent present in various hy-
giene products, including soaps and mouthwashes. It has ac-
tivity against both Gram-positive and Gram-negative bacteria.8
Triclosan is commonly used in community environments for
personal hygiene purposes and to avoid cross-contamination
with bacteria in domestic environments and during food pro-
cessing, as well as in industrial environments.9,10 It is used as
a material preservative in kitchen equipment, including cut-
ting boards, plastic utensils, storage containers, and counters
which contact with foodstuffs.11 The triclosan residue detec-
tion in various foodstuffs has previously been reported in
China and Spain.12,13 Furthermore, triclosan has been suc-
cessfully used in hospital environments to control methicillin-
resistant Staphylococcus aureus (MRSA) infections and reduce
nosocomial outbreaks of antimicrobial-resistant bacteria.8-10,14

As in clinical settings, disinfectants and preservatives could
give selective pressure for the development and isolation
of antimicrobial-resistant bacteria.5,15 Several studies have
been published showing the emergence of triclosan resis-
tance in S.aureus.8,15,16 In addition, triclosan resistance has
been studied in Escherichia coli17, Pseudomonas aeruginosa18,
vancomycin-resistant Enterococcus faecium19, and Salmonella
strains.20

Quaternary ammonium compounds (QACs) are a broad class
of chemicals that include central nitrogen, which is bound to
four (quaternary) organic groups. The interaction of positively
charged quaternary nitrogen with the polar head groups of
phospholipids mediates QAC antibacterial activity. This ac-
tivity restricts the uptake of nutrients into the microbial cell
and waste discharge.9,21 QACs are widely used as disinfec-
tants for the control of bacterial growth in clinical and food
production environments because they have antimicrobial ef-
fects on a wide variety of microorganisms but have no effect
on the spore phase.3,21 Gram-positive bacteria are more sen-
sitive to QACs at lower concentrations than Gram-negative
bacteria.3,21,22 Cetyltrimethylammonium bromide (CTAB) is a
quaternary ammonium compound and cationic detergent that
acts as an antibacterial agent by inducing superoxide stress in
bacteria.23,24

Organic acids are natural compounds present in a variety of
fruits and fermented products that have antimicrobial activity
against microorganisms.3,6,25 They can inhibit microorganism
growth by decreasing the pH, altering the proton gradient across

the membrane, acidifying the cytoplasm, and impeding chem-
ical transport across the cell membrane.3,7 Organic acids are
considered “generally recognized as safe” additives in many
foods for people by the U.S. Food and Drug Administration.3
The major organic acids are acetic, citric, and lactic acids, which
can be used in the sanitization process due to their efficacy and
cost.6,7,25-27 Previous studies have demonstrated differences in
the antibacterial activity of organic acids such as acetic, lactic,
and citric acids against foodborne pathogens.25-29

Several chemical sanitizers and disinfectants, including
triclosan8,15,30, CTAB18,20, and organic acids like acetic, citric,
and lactic acid7,25-27, have been investigated for their efficacy
against pathogens in previous studies. These compounds have
commonly been used as disinfectants, sanitizers, antiseptics,
and surface decontaminants in food and meat processing in-
dustries, animal farms, poultry, household cleaning products,
hospitals, and other health care settings, and as preservatives
in food industries, cosmetics, pharmaceuticals, textiles, and
laundry detergents.10,21,25 Many studies have demonstrated the
effects of sanitizers and disinfectants on the growth inhibi-
tion of pathogens in food.7,28,31,32 However, few studies have
been conducted to evaluate the effectiveness of disinfectants on
multidrug-resistant pathogens from food, which constitute a po-
tential threat to human health.25,27 Therefore, this study aimed
to investigate the susceptibility of S. aureus isolates, including
multidrug-resistant isolates from meat products to some of the
most widely used disinfectants, such as triclosan, CTAB, acetic
acid, lactic acid, and citric acid.

MATERIALS AND METHODS

Bacterial Isolates

Fifty S. aureus isolates from meat were used in this
study. They comprised 20 fish samples: 11 from seawater
fish (Sparus aurata), 8 from freshwater fish (Oncorhynchus
mykiss), 1 from seawater fish (Dicentrarchus labrax), 17 from
ground beef (cow’s meat), 13 from chicken meat (breast and
leg parts) isolates. All meat samples, including fish samples
from local fish markets and supermarkets, ground beef sam-
ples from butcher shops, and chicken meat samples from su-
permarkets and butchers, were collected. The isolates had al-
ready been identified using biochemical tests and a PCR for the
species-specific fragment (Sa442) and thermonuclease gene
(nucA).1,33,34

Disinfectants

The disinfectants tested were triclosan, CTAB, acetic acid,
citric acid, and lactic acid. Triclosan, CTAB, and citric acid
were purchased from Sigma-Aldrich (MO, USA). Acetic acid
and lactic acid were obtained from Merck (Darmstadt, Ger-
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many). Stock solutions of triclosan and CTAB were prepared
in dimethyl sulfoxide (DMSO) (Applichem, Darmstadt, Ger-
many). As in the previous studies 24,30, the level of DMSO
in the final working solutions was below 5%. Organic acids
were prepared in Mueller-Hinton broth (Merck, Germany).
Disinfectants were tested at the following concentrations: tri-
closan (0.125-64 μg/mL), CTAB (0.25-128 μg/mL), acetic acid
(51.45-26250 μg/mL), citric acid (93.75-48000 μg/mL), and
lactic acid (43.9-22500 μg/mL). All stock solutions were steril-
ized before use by syringe filtration through 0.22 μm membrane
filters (Sartorius AG, Goettingen, Germany).

Determination of Minimum Inhibitory Concentration
(MIC) of Disinfectants

The susceptibility of disinfectants was tested using the broth
microdilution method, as defined by the Clinical and Labora-
tory Standards Institute (CLSI).35,36 Before the experiment, all
S. aureus isolates used in this study were activated in Tryptic
Soy Broth (TSB) (Merck, Darmstadt, Germany), incubated at
37 ºC for 24 h, streaked on Tryptic Soy Agar (TSA) (Merck,
Germany) plates, and incubated overnight at 37 ºC. Several
colonies from the TSA plates were taken and suspended in
Mueller Hinton broth (Merck) to adjust the bacterial turbidity
to 0.5 McFarland standard (approximately 108 Colony-Forming
Units (CFU)/mL). The isolates were diluted to the final con-
centration of 1 x 106 CFU/mL and added to each well of a
96-microtiter plate (Lp Italiana, U-bottom). The MIC value of
Staphylococcus aureus ATCC 29213 as a quality control strain
according to the CLSI against gentamicin was used in all ex-
periments. The microtiter plates were incubated at 37 ºC for
16-20 h. The optical density was measured at 600 nm using a
microplate reader (Thermo Electron Corporation, Vantaa, Fin-
land). MIC experiments were carried out in triplicates. The MIC
for each isolate was determined as the lowest concentration that
inhibited growth.35 The MIC was recorded as the lowest con-
centration of disinfectant at which no visible bacterial growth
was considered.37 The MIC50 and MIC90 results showed that
the MIC values inhibited 50% and 90% of the isolates, respec-
tively. The previously published susceptible/resistant criterion
was used to determine triclosan resistance.38 S. aureus was
classified as susceptible at MICs of < 0.5 μg/mL, intermediate
at MICs of 0.5 to 2 μg/mL, and resistant at MICs of > 2 μg/mL.

Statistical Analysis

The MIC values of the disinfectants against the S. aureus
isolates were evaluated using one-way analysis of variance
(ANOVA) with Tukey’s multiple comparison test. Pearson’s
correlation test was used to evaluate the correlations between
disinfectant susceptibility and multidrug resistance. Multiple
linear regression was performed using multidrug resistance as

the dependent variable and triclosan, CTAB, acetic acid, citric
acid, and lactic acid as the independent variables. All anal-
yses were conducted using SigmaPlot 12.3 (Systat Software
Inc., USA). The results with a p-value of less than 0.05 were
regarded as statistically significant.

RESULTS

MICs, MIC50, and MIC90 values of disinfectants tested against
the S. aureus isolates from raw meat products are shown in
Table 1. Triclosan MICs ranged between 0.125 and 16 μg/mL.
Twenty-eight percent (28%) of the isolates tested positive for
triclosan resistance (MIC > 2 μg/mL), while 18% were posi-
tive for triclosan intermediate resistance (MIC in the range of
0.5-2 μg/mL). The S. aureus isolates (54%) had susceptible tri-
closan MICs that ranged from 0.125-0.25 μg/mL. The MIC50
and MIC90 values for triclosan were 0.25 and 4 μg/mL, respec-
tively. Among the tested S. aureus isolates, all 13 multidrug-
resistant (MDR) isolates exhibited resistance (11 isolates) or
intermediate resistance (2 isolates) to triclosan (Figure 1). The
Pearson correlation test revealed a significant relationship be-
tween triclosan resistance and multidrug resistance in the S.
aureus isolates (r = 0.752, p < 0.05). There was no signif-
icant relationship between the other disinfectants tested and
multidrug resistance (p > 0.05). According to the multiple lin-
ear regression analysis, only triclosan had a positive effect on
multidrug resistance in a 95% confidence level (R = 0.766).

The MIC levels for the disinfectant CTAB were between 0.25
and 32 μg/mL. MIC values of CTAB for the 18 isolates (36%)
were 1 μg/mL, while 12 isolates (24%) were at 2 μg/mL. The
MIC50 and MIC90 of CTAB were 1 and 8 μg/mL, respectively.
The MIC values of CTAB against MDR isolates ranged from
0.5 to 32 μg/mL (Figure 1). Moreover, CTAB MIC values for
75% of the MDR isolates from chicken meat ranged from 4 to
8 μg/mL (Figure 1).

Table 2 shows the triclosan and CTAB susceptibilities among
the S. aureus isolates from different raw meat products. Resis-
tance to triclosan was detected most frequently in chicken meat
at a rate of 46.1% and in ground beef at a rate of 35.3%. On the
other hand, the highest sensitivity to triclosan was detected in
the isolates from freshwater fish, seawater fish, ground beef, and
chicken meat, with 87.5%, 66.7%, 47.1%, and 30.8%, respec-
tively. Considering the effect of CTAB on the susceptibilities of
the isolates from meat products, one isolate from ground beef
and one from seawater fish showed the highest MIC values at 32
μg/mL and 16 μg/mL, respectively. Among all meat isolates,
41.2% of the ground beef isolates demonstrated activity against
CTAB with a MIC of 1 μg/mL.

The MICs of organic acids, including acetic acid, citric acid,
and lactic acid against S. aureus isolates were determined, and
the results are presented in Table 1 and Figure 2. Organic acids
tested were efficient against the S. aureus meat isolates, with
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Table 1. Distributions of disinfectant MIC values for Staphylococcus aureus isolates from raw meat products.

Disinfectants

Number of the isolates at each MIC (µg/mL) of disinfectant

MIC50 MIC900.125 0.25 0.5 1 2 4 8 16 32 102.5 187.5 703 750 820 1406 1500 1641 2812.5 3000 3281 5625 6000 > 6000

Triclosan 15 12  4 5 8 5 1                0.25 4

CTAB  2 6 18 12 5 5 1 1               1 8

Acetic acid          1    13   23   8   5 1641 3281

Citric acid           1  9   21   13   4 2 1500 6000

Lactic acid            2   29   13   5  1 1406 5625

The concentrations of disinfectants were tested: triclosan (0.125–64 µg/mL), CTAB, cetyltrimethylammonium bromide (0.25–128 µg/mL), acetic acid 51.45–26250 µg/mL), citric acid (93.75–48000
µg/mL), and lactic acid (43.9–22500 µg/mL). Bold numbers indicate triclosan-resistant isolates. S. aureus isolates were classified as susceptible to triclosan at MICs of < 0.5 µg/mL, intermediate at MICs
of 0.5 to 2 µg/mL, and resistant at MICs of > 2 µg/mL.38

Figure 1. MIC values of triclosan and CTAB (cetyltrimethylammonium bromide) against Staphylococcus aureus isolates from meat. Isolate F, freshwater fish; S,
seawater fish; G, ground beef; C, chicken meat. The stars (*) indicate the multidrug-resistant isolates.

MICs ranging between 102.5-26250 μg/mL for acetic acid, with
MICs ranging between 187.5-12000 μg/mL for citric acid, and
with MICs ranging between 703-22500 μg/mL for lactic acid.
Acetic acid, citric acid, and lactic acid MICs were 1641 μg/mL
for 23 isolates (46%), 1500 μg/mL for 21 isolates (42%), and
1406 μg/mL for 29 isolates (58%), respectively (Table 1). S.
aureus meat isolates had MIC50 values of 1641 μg/mL for
acetic acid, 1500 μg/mL for citric acid, and 1406 μg/mL for
lactic acid (Table 1). The S. aureus meat isolates had MIC90
values of 3281 μg/mL for acetic acid, 5625 μg/mL for lactic
acid, and 6000 μg/mL for citric acid (Table 1). The MIC >
6000 μg/mL comprised one isolate from ground beef with
22500 μg/mL for lactic acid, one isolate from freshwater fish
and one isolate from chicken meat with 12000 μg/mL for citric
acid, and one isolate from chicken meat with 6562.5 μg/mL,
two isolates from ground beef with 13125 μg/mL, and one
isolate from ground beef and one isolate from chicken meat
with 26250 μg/mL for acetic acid.

Furthermore, organic acid MICs of S. aureus isolated from
different meat products are represented in Table 3. In partic-
ular, the MIC value of acetic acid for all (100%) freshwater
fish isolates was 1641 μg/mL. The acetic acid MIC value of
820 μg/mL was found in more than half of the ground beef
isolates (52.9%). In addition, 58.3% of seawater fish isolates
had MICs of 1641 μg/mL for acetic acid and 1500 μg/mL for
citric acid. More than half of the isolates obtained from ground
beef (64.7%), freshwater fish (62.5%), chicken meat (53.8%),
and seawater fish (50%) had an MIC of 1406 μg/mL for lactic
acid.

The S. aureus isolates had lower MICs for the triclosan and
CTAB than for the organic acids among the disinfectants tested.
Based on the MIC data, there was a statistically significant
difference between triclosan, and the organic acids tested (p <
0.05). Similarly, the difference between CTAB and the organic
acids tested was statistically significant (p < 0.05). However, the
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Table 2. Triclosan and CTAB susceptibilities of the isolates based on raw meat products.

18 
 

Table 2. Triclosan and CTAB susceptibilities of the isolates based on raw meat products.  

Origin MIC (µg/mL) No. (%) of the isolates 

Triclosan CTAB 

Freshwater fish (n=8) 0.125 3 (37.5) -a 

0.25 4 (50) 1 (12.5) 

1 - 3 (37.5) 

2 1 (12.5) 2 (25) 

4 - 1 (12.5) 

8 - 1 (12.5) 

Seawater fish (n=12) 0.125 3 (25) - 

0.25 5 (41.7) 1 (8.3) 

1 1 (8.3) 4 (33.3) 

2 1 (8.3) 4 (33.3) 

4 2 (16.7) 2 (16.7) 

8 - - 

16 - 1 (8.3) 

Ground beef (n=17) 0.125 5 (29.4) - 

0.25 3 (17.6) - 

0.5 - 5 (29.4) 

1 2 (11.8) 7 (41.2) 

2 1 (5.9) 3 (17.6) 

4 4 (23.5) 1 (5.9) 

8 2 (11.8) - 

32 - 1 (5.9) 

Chicken meat (n=13) 0.125 4 (30.8) - 

0.5 - 1 (7.7) 

1 1 (7.7) 4 (30.8) 

2 2 (15.4) 3 (23.1) 

4 2 (15.4) 1 (7.7) 

8 3 (23.1) 4 (30.8) 

16 1 (7.7) - 

a Not detected. 

MIC, minimum inhibitory concentration; CTAB, cetyltrimethylammonium bromide. 

 

Table 3. Organic acid MICs of S. aureus isolated from different meat products. 

Origin MIC (µg/mL) 
No. (%) of the isolates 
Acetic acid Citric acid Lactic acid 

Freshwater fish 
(n=8) 

750 -a 3 (37.5) - 
1406 - - 5 (62.5) 

Figure 2. MIC values of three different organic acids against Staphylococcus aureus isolates from meat. Isolate F, freshwater fish; S, seawater fish; G, ground beef;
C, chicken meat. The stars (*) indicate the multidrug-resistant isolates.
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Table 3. Organic acid MICs of Staphylococcus aureus isolated from different meat products.

Origin MIC (µg/mL) 
No. (%) of the isolates 
Acetic acid Citric acid Lactic acid 

Freshwater fish 
(n=8) 

750 -a 3 (37.5) - 
1406 - - 5 (62.5) 
1500 - 2 (25) - 
1641 8 (100) 1 (12.5) - 
2812.5 - - 3 (37.5) 
3000 - - - 
6000 - 1 (12.5) - 
> 6000  1 (12.5) - 

Seawater fish 
(n=12) 

102.5 1 (8.3) - - 
750  2 (16.7) - 
820 4 (33.3) - - 
1406 - - 6 (50) 
1500 - 7 (58.3) - 
1641 7 (58.3) - - 
2812.5 - - 3 (25) 
3000 - 2 (16.7) - 
5625 - - 3 (25) 
6000 - 1 (8.3) - 

Ground Beef 
(n=17) 

187.5 - 1 (5.9) - 
703 - - 1 (5.9) 
750 - 2 (11.7) - 
820 9 (52.9) - - 
1406 - - 11 (64.7) 
1500 - 8 (47.1) - 
1641 2 (11.8) - - 
2812.5 - - 4 (23.5) 
3000 - 5 (29.4) - 
3281 3 (17.6) - - 
5625 - - 1 (5.9) 
6000 - 1 (5.9) - 
> 6000 3 (17.6) - - 

Chicken meat 
(n=13) 

703 - - 2 (15.4) 
750 - 2 (15.4) - 
1406 - - 7 (53.8) 
1500 - 4 (30.7) - 
1641 6 (46.1) - - 
2812.5 - - 3 (23.1) 
3000 - 5 (38.5) - 
3281 5 (38.5) - - 
5625 - - 1 (7.7) 
6000 - 1 (7.7) - 
> 6000 2 (15.4) 1 (7.7) - 

        a Not detected. 
        MIC, minimum inhibitory concentration. 

difference in MIC values between triclosan and CTAB, as well
as acetic acid and lactic acid, was not considered significant (p
> 0.05).

DISCUSSION

Sanitizers and disinfectants are necessary for ensuring food
safety. They are critical for controlling pathogen spread and are
beneficial to public health.5 Several parameters influence dis-
infectant effectiveness, including concentration, bacterial state,
and the presence of interfering components such as organic
waste.3,6,9 The concentration of disinfectant utilized is the most
essential component in pathogen control, together with other

physical and chemical parameters such as temperature, pH, hu-
midity, and organic load.3,25

Triclosan, as a disinfectant and antiseptic, is widely used in
personal hygiene and disinfection and has good antimicrobial
activity against a broad range of microorganisms, including
antimicrobial-resistant bacteria, since it has a specific bacterial
cellular target.8,15 Many investigations have reported resistance
to triclosan in S. aureus and other bacteria.16-18,24 In the present
study,23 (46%) S. aureus isolates demonstrated intermediate re-
sistance or resistance to triclosan (MIC ≥ 1 μg/mL) (Table 1).
All (13) MDR isolates had MICs to triclosan ranging from 2
to 16 μg/mL among the 50 S. aureus isolates from raw meat
products (Figure 1). All MDR isolates obtained from chicken
meat were resistant to triclosan, with MICs of 8 to 16 μg/mL.

15



European Journal of Biology

Pearson’s test showed a strong correlation (r = 0.752) between
triclosan and multidrug resistance. In contrast to our study, all
S. aureus strains from swine mandibular lymph node tissue and
commercial pork sausage meat were susceptible to triclosan.24

All Pseudomonas aeruginosa veterinary isolates were resistant
to triclosan.18 Similarly, 99% of Campylobacter jejuni strains
recovered from broiler chicken house environments were tri-
closan resistant.30

CTAB, a quaternary ammonium compound, is a widely used
antimicrobial cationic surfactant.3,18,24,30 The MICs for CTAB
ranged between 0.25 and 32 μg/mL among the S. aureus meat
isolates. The MIC50 and MIC90 values for the CTAB were 1
μg/mL and 8 μg/mL, respectively (Table 1). The disinfectant
CTAB MICs in this study were higher than the MICs (range
from 0.25 to 2 μg/mL) for the S. aureus strains isolated from
swine feces reported by Beier et al.24 In contrast to the current
study, the researchers observed higher MIC50 values for CTAB
(4 μg/mL) in C. jejuni strains from the litter of broiler chicken
houses.30 However, in this study, the isolates from chicken meat
with a rate of 38.5% demonstrated high CTAB MIC values (≥
4 μg/mL) (Table 2).

Organic acids have strong bactericidal effects and can
be applied in the sanitization process of food and food
environments.7,25,27 The susceptibility of three organic acids,
including acetic acid, citric acid, and lactic acid, against
S. aureus, isolates from various types of meat are shown in
Table 1 and Figure 2. The MIC50 results of acetic, lactic, and
citric acids against S. aureus isolates were 1641, 1406, and 1500
μg/mL, respectively (Table 1). The MICs for acetic, lactic, and
citric acids against S. aureus isolates that inhibited 90% of iso-
lates (MIC90) were 3281, 5625, and 6000 μg/mL, respectively
(Table 1).

In overall, the antimicrobial effectiveness of acids follows
the order acetic > lactic > citric under similar conditions3,
consistent with the results of this study. In a study, acetic, lac-
tic, and citric acids all had high MICs (1024 to 4096 μg/mL)
against E. coli O157:H7 strains from cattle carcasses, feces,
hides, and ground beef.17 Acetic acids, also known as vinegar
(5 to 10%), have antibacterial activity at low concentrations
and have been used commonly in food and medicine.3,29 In the
present study, freshwater fish (100%), seawater fish (58.3%),
ground beef (52.9%), and chicken meat (46.1%) had the high-
est percentages of acetic acid with MICs of 1641 μg/mL and
820 μg/mL (Table 3). In et al.28 reported that acetic acid ex-
hibited relatively high antimicrobial activity (the lowest MIC
among organic acids) against all Shigella species, which was
in parallel to our findings. Furthermore, the results showed
that acetic acid had greater germicidal activity against most
pathogens than lactic acid.29 Humayoun et al.25 found that the
MIC50 of the tested multidrug-resistant Salmonella was 1640
μg/mL, which was like our acetic acid results. However, they
found higher MIC50 values for lactic acid (5664 μg/mL) and

citric acid (3156 μg/mL). In a study documented by Hussain et
al.31, citric acid was a more efficient agent than lactic acid at
the tested concentrations in reducing E. coli and Salmonella
growth. Acetic and citric acids were effective in inhibiting
Salmonella typhimurium, E. coli O157:H7, and S. aureus in tab-
bouleh salad.32 The organic acid disinfectants, including lactic
acid and citric acid, exhibited good bactericidal activity against
drug-resistant foodborne pathogens, including Salmonella and
Campylobacter.27 This study did not indicate a relationship be-
tween multi-drug resistance and susceptibility to organic acids
in the S. aureus isolates from raw meat products. In medicine,
Burns et al.26 reported that all organic acids tested had antibac-
terial properties against the uropathogens, Proteus mirabilis, S.
aureus, E. coli, and P. aeruginosa.

CONCLUSION

Sanitizers and disinfectants are widely used to prevent contam-
ination by foodborne pathogens. Different disinfectants have
varying degrees of antibacterial activity against numerous bac-
teria. In this study, susceptibility values of S. aureus origi-
nating from raw meat products to various disinfectants were
determined. Triclosan and CTAB were more effective than or-
ganic acids, including acetic, lactic, and citric acids against the
S. aureus isolates from meats. Resistance to triclosan was de-
tected in 46% of the isolates, but almost all multidrug-resistant
S. aureus isolates were triclosan-resistant. Among the organic
acids tested, acetic acid had the most inhibitory effect on the S.
aureus isolates from raw meats. The difference in MIC values
between triclosan and organic acids, as well as between CTAB
and organic acids, was statistically significant. S. aureus iso-
lates from meat with high MIC values against disinfectants may
pose a risk of growing antimicrobial resistance. The results of
this study might be useful for evaluating the efficacy of disin-
fectants against S. aureus as a food pathogen and determining
the development of resistance to them.
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