Malaysian Applied Biology (2023) 52(2): 97-107
https://doi.org/10.55230/mabjournal.v52i2.2614

Research Article

FTIR Spectroscopic Study of Inhibition of Chloroxylenol-Based
Disinfectant Against Salmonella enterica serovar Thyphimurium
Biofilm

Nur Anisah Johari', Mohd Shafiq Aazmi' and Mohd Fakharul Zaman Raja Yahya'#

1. Faculty of Applied Sciences, Universiti Teknologi MARA Shah Alam, 40450 Shah Alam, Malaysia
Molecular Microbial Pathogenicity Research Group, Pharmaceutical and Life Sciences Community of Research, Universiti
Teknologi MARA
Corresponding author: fakharulzaman@uitm.edu.my

ABSTRACT

The present work was performed to determine the impacts of commercial disinfectants against biomass, viability,
and biochemical composition of Salmonella enterica serovar Thyphimurium ATCC14028 biofilm. Salmonella
Thyphimurium biofilm grown in microplates was exposed to commercial disinfectants namely sodium hypochlorite,
benzalkonium chloride, chloroxylenol, and sodium dodecyl-benzene sulfonate-based disinfectants. Biofilm biomass,
biofilm viability, and biochemical composition of the biofilm were determined using crystal violet assay, resazurin
assay and Fourier transform infrared (FTIR) spectroscopy respectively. Results demonstrated that, among four
commercial disinfectants, chloroxylenol-based disinfectant showed the highest inhibition against S. Thyphimurium
biofilm. It remarkably hindered biofilm biomass and biofilm viability at all tested concentrations (0.78%-25%).
Half-maximal biofilm inhibitory concentration (BIC,)) of chloroxylenol-based disinfectant (5.06%) was found to be
the lowest among the tested disinfectants. Meanwhile, S. Thyphimurium biofilm treated with chloroxylenol-based
disinfectant exhibited changes in FTIR spectral peaks associated with lipid (1460 cm™), protein (630 cm™, 702
cm™, 1550 cm™ & 1650 cm™), and nucleic acid (1080 cm™ & 1229 cm™). The findings of the present study suggest
that the inhibition of chloroxylenol-based disinfectant against S. Thyphimurium biofilm is mediated by structural
changes of biofilm.
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last few decades, many works have been carried out to control food
poisoning and other microbial infections caused by Salmonella.

Most bacteria can form biofilms including Salmonella.
Salmonella biofilms can adhere to surfaces such as stainless steel,
polyester, plastic, and aluminum (Alves et al., 2015; Merino et al.,
2019; Othman & Yahya 2019; Tassinari et al., 2019). Biofilms are a
group of microbial cells that are adhered to a living or inert surface
and encased themselves in a self-produced extracellular polymeric
matrix (Mahat et al., 2012; Yaacob et al., 2021). Biofilm formation
starts with bacterial attachment, followed by microcolony formation,
biofilm maturity, and finally biofilm dispersion (Johari et al., 2020;
Jean-Pierre et al., 2023). Biofilms are present everywhere such as in
restrooms, hotels, the food industry, labs, and hospitals (Garrett et
al., 2008). They contribute to resistance to drugs, chemicals, physical
stress, and the host immune system. Potential biofilm control
measures include the use of antibiotics, antifungals, and natural
products (Zawawi et al., 2020; Yaacob et al., 2021; Kamaruzzaman
et al., 2022a).
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Since microbial infection caused by Salmonella has become a serious problem for public health,
researchers have been trying to find a way to eradicate biofilm or at least control the growth of biofilm. Due
to that, the use of disinfectants in cleaning procedures has become more crucial. Disinfectants are chemical
germicides formulated to eliminate pathogenic bacteria on the surface. Unlike antibiotics, disinfectants have
a broad spectrum of action against bacteria (Meyer & Cookson, 2010). The effects of disinfectants against
bacterial biofilms have previously been investigated (Fouladynezhad et al., 2013; Kart et al., 2014; Lineback et
al., 2018; Capita et al., 2019). The microorganisms’ ability to survive is somehow related to the formation and
existence of biofilm on the surfaces (Bressler et al., 2009). Cells that are surrounded by the biofilm matrix
showed phenotypic differences from planktonic cells that may contribute resistance to disinfectants (Eguale
etal., 2014).

Biofilm formation is a dynamic event in bacteria. Understanding how disinfectants can control biofilm
growth is a fundamental step to creating effective control measures. Fourier transforms infrared (FTIR) spectroscopy
is a vibrational spectroscopic technique for detecting molecular changes in a membrane by identifying functional
groups in the membrane as well as molecular bonds between chemical compounds. FTIR spectroscopy techniques
have become widely studied by researchers to determine its application in biological study especially in foodborne
pathogens (Neu & Lawrence., 2010; Duygu et al., 2012; Mohamed et al., 2017). There have been few studies
being carried out using FTIR spectroscopy related to Salmonella species (Amamcharla et al., 2010; Preisner
et al., 2010; Campos et al., 2018). With FTIR spectroscopy, cellular macromolecules including protein, lipids,
carbohydrates, and nucleic acid can be identified through a spectrum produced from specific infrared radiation
(IR) absorption in the range between 4000 and 600 cm™. Information regarding carbohydrates, proteins, and
nucleic acid in the FTIR spectra provides insights into biofilm structure (Ariafar et al., 2019). To date, the efficacy of
commercially available disinfectants against S. Thyphimurium biofilm and FTIR spectral changes remain not well
studied. Therefore, the present work was performed to determine the impacts of selected commercial disinfectants
namely sodium hypochlorite, benzalkonium chloride, chloroxylenol, and sodium dodecyl-benzene sulfonate-based
disinfectants against S. Thyphimurium biofilm.

MATERIALS AND METHODS
Chemicals

The following chemicals were used herein: The lists of chemicals used in this study were nutrient broth
(Difco Laboratories, USA), ethanol (Merck, Germany), phosphate buffer saline (PBS) (Sigma, USA), sodium
chloride (NaCl) (Sigma, USA), crystal violet stains (Sigma, USA), resazurin (Sigma, USA), dimethyl sulfoxide
(DMSO) (Merck, Germany), sodium hydroxide (NaOH) (Sigma, USA), ethylenediaminetetraacetic acid (EDTA)
(Sigma, USA), sodium dodecyl sulfate (SDS) (Sigma, USA), phenylmethylsulfonyl fluoride (PMSF) (Sigma, USA).

Microorganism

Salmonella enterica serovar Thyphimurium ATCC14028 obtained from Microbiology Laboratory, Faculty
of Applied Sciences, UiTM Shah Alam was grown at 37 °C in nutrient broth. Culture purity was regularly confirmed
by Gram staining and biochemical test. The bacterial inoculum was adjusted to an optical density (OD) of 0.7 at
600 nm before crystal violet and resazurin assays.

Disinfectants
Commercial disinfectants used in this study are shown in Table 1. They were tested in the range
between 0.78% (v/v) and 25% (v/v).

Table 1. Active ingredients contained in commercial disinfectants

Type of disinfectants Active ingredient
Disinfectant A Chloroxylenol
Disinfectant B Sodium dodecyl benzene sulfonate
Disinfectant C Benzalkonium chloride
Disinfectant D Sodium hypochlorite

Crystal violet assay

The effect of S. Thyphimurium biofilm biomass following exposure to commercial disinfectants was
evaluated in a 96-wells microplate (Kamaruzzaman et al., 2022b). Overnight inoculum (150 pL) and test
solution (50 yL) were added to the microplate wells. An equal volume of fresh broth and intellectual property
(IP)- protected antibiofilm cocktail were also added as negative and positive controls, respectively. The
microplates were incubated overnight at 37 °C for 24 h. After discarding the medium, the biofilm fractions were
rinsed with distilled water twice, heat-fixed at 60 °C for 30 min, stained with 0.5% (w/v) Crystal violet for five
min, de-stained with sterile distilled water thrice and let to dry at room temperature, solubilized with 200 pL
of 95% (v/v) ethanol for 10 min and measured at 600 nm using ThermoFisher Scientific microplate reader.
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Resazurin assay

The viability of S. Thyphimurium biofilm after to exposure commercial disinfectants was also
evaluated in a 96-wells microplate (Kamaruzzaman et al., 2022b). A stock of 0.02% (w/v) resazurin was
prepared and stored at 4 °C in the dark. Overnight inoculum (200 pL) and test solutions (50 pL) were added
to the microplate wells. An equal volume of fresh broth and intellectual property (IP)-the protected antibiofilm
cocktail was also added as negative and positive controls, respectively. The microplates were incubated
overnight at 37°C. After 24 hr incubation at 37 °C, the medium was discarded whilst the biofilm fractions were
rinsed with distilled water twice and heat-fixed at 60 °C for 30 min. The biofilm fractions were suspended
in 170 pL of phosphate-buffered saline and 30 pL of 0.02% (w/v) resazurin was added to the wells. The
microplate was incubated for 24 h at 37 °C and analyzed using microplate ThermoFisher Scientific microplate
reader for measuring absorbance at 570 nm.

Microplate biofilm assay for FTIR spectroscopy

Salmonella Thyphimurium biofilm was grown in a 6-well microplate. Overnight inoculum (4 mL) was added
to the microplate wells. Then, a volume of 1 mL of fresh nutrient medium was added. The microplate was incubated
overnight at 37 °C. After 24 h period at 37 °C incubation, the content of the microplate was discarded while the
microplate wells were rinsed with distilled water twice and the biofilm fraction was scrapped from the wall of the
well after being suspended with 0.9% (w/v) sodium chloride (NaCl), 1mM phenylmethylsulfonyl fluoride (PMSF)
and 1% (w/v) sodium dodecyl sulfate (SDS). The suspension then was transferred into 1.5 mL centrifuge tubes and
vortexed for 3 min. Then, they were centrifuged at 4000 rpm for 15 min at 4 °C to obtain the pellet. The resulting
pellets were dried in the oven at 60 °C for 2 h.

FTIR spectroscopy

The biochemical composition of biofilm was determined using Perkin Elmer Spectrum One FTIR
spectrometer. The dried cell pellets were positioned in direct contact with the diamond crystal, scanned in a range
between 3000 cm™" and 600 cm™ with 4 cm™ spectral resolution, and ratioed against a background spectrum
previously collected from the clean sampling surface. Spectral data analysis, visualization, and processing were
performed by using Perkin EImer Applications Spectrum software.

Statistical analysis

Experimental data generated from Crystal violet and Resazurin assays were expressed as mean
standard deviation with n=3. A significant difference between control and test groups (p<0.05) and strength of
association were determined using an independent T-test and Pearson correlation coefficient test, respectively.
The half-maximum biofilm inhibitory concentration (BIC, ) values for the inhibition study of S. Thyphimurium biofilm
were determined by fitting biofilm biomass data using linear regression.

RESULTS

Inhibitory action of commercial disinfectants against biomass of S. Thyphimurium biofilm
Figure 1 shows the effects of commercial disinfectants on the biomass of S. Thyphimurium. Those

disinfectants effectively inhibited the biomass of S. Thyphimurium biofilm. The chloroxylenol-based disinfectant

was found to show the highest inhibition against S. Thyphimurium biofilm whereby at all test concentrations

(0.78%-25%), it significantly (p<0.05) inhibited the biomass of S. Thyphimurium biofilm.

Inhibitory action of commercial disinfectants against the viability of S. Thyphimurium biofilm

Figure 2 shows the effects of commercial disinfectants on the viability of S. Thyphimurium biofilm.
Those disinfectants also effectually impeded the viability of S. Thyphimurium biofilm. All test concentrations of
sodium hypochlorite and chloroxylenol-based disinfectants (0.78%-25%) significantly inhibited the viability of S.
Thyphimurium biofilm.

Correlation between biomass and viability of S. Thyphimurium biofilm

Figure 3 shows the strength of the association between biomass and viability of biofilm treated with
commercial disinfectants. All the correlations values (sodium hypochlorite - 0.801; sodium dodecyl-benzene
sulfonate - 0.808; benzalkonium chloride - 0.730; and chloroxylenol - 0.857) were found to be significant (p<0.05).

Half maximal biofilm inhibitory concentration (BIC, ) of S. Thyphimurium biofilm

Table 2 displays the BIC,, values of commercial disinfectants. The biofilm inhibition strength followed
the order: chloroxylenol-based disinfectant > sodium hypochlorite-based disinfectant > sodium dodecyl-benzene
sulfonate-based disinfectant > benzalkonium chloride-based disinfectant.

FTIR spectra of S. Thyphimurium biofilm

Table 3 shows IR assignments of functional groups corresponding to the major biomolecules in S.
Thyphimurium biofilm which are lipid, protein, nucleic acid, and polysaccharide. Meanwhile, Figure 4 shows
the FTIR-ATR spectra of S. Thyphimurium biofilm. Treatment with chloroxylenol-based disinfectants caused
alteration in FTIR spectral peaks associated with lipid (1460 cm™), protein (630 cm™, 702 cm™', 1550 cm™ & 1650
cm™), and nucleic acid (1080 cm™ & 1229 cm™'). The biochemical modifications of S. Thyphimurium biofilm were
also consistent with the inhibitory effects as shown by the crystal violet and resazurin assays.
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Fig. 1. Biomass of S. Thyphimurium ATCC14028 biofilm treated with chloroxylenol-based disinfectant (A), sodium dodecyl-
benzene sulfonate-based disinfectant (B), benzalkonium chloride-based disinfectant (C) and sodium dodecyl- benzene sulfonate-
based disinfectant (D). Positive control: IP-protected antibiofilm cocktail while negative control: bacterial inoculum. Each bar
represents the mean + standard deviation. Asterisks (*) show significant differences (p<0.05) as compared to the negative control

group.
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Fig. 2. Viability of S. Thyphimurium ATCC14028 biofilm treated with chloroxylenol-based disinfectant (A), sodium dodecyl-
benzene sulfonate-based disinfectant (B), benzalkonium chloride-based disinfectant (C) and sodium hypochlorite-based
disinfectant (D). Positive control: IP-protected antibiofilm cocktail while negative control: bacterial inoculum. Each bar represents
the mean * standard deviation. Asterisks (*) show significant differences (p<0.05) as compared to the negative control group.

jms.mabjournal.com 101



Johari et al., 2023 Malaysian Applied Biology

A) B)
35 35
3 3
z2s z 25
T 2 s 2
=
[ y =10.893x+1.5604 ; y=12.682x+1.3353
= 15 R2 = 0.7346 = 1° R?=0.6532
.‘g r=0.857 92 r=0.808
o 1 o 1
0.5 0.5
0 0
0 0.04 0.08 0.12 0.16 0 0.04 0.08 0.12 0.16
Biofilm biomass Biofilm biomass
C) D)
35 3

w
I
n

g 25 g 5
T 2 ®
> _ 15
£ . y =12.506x+1.2049 e L y =6.9626x+1.9268
=z L R?2=0.5323 = R?2=0.6419
=) _ =} o
2 r=0.730 & 1 r=0.801
05 05
0 0
0 0.04 0.08 0.12 0.16 0 0.04 0.08 0.12 0.16
Biofilm biomass Biofilm biomass

Fig. 3. Correlations between biomass and viability of S. Thyphimurium ATCC14028 biofilm in the presence of
commercial disinfectants. A: chloroxylenol-based disinfectant (coefficient correlation value: 0.857); B: sodium
dodecyl-benzene sulfonate-based disinfectant (coefficient correlation value: 0.808); C: benzalkonium chloride-
based disinfectant (coefficient correlation value: 0.730); D: sodium hypochlorite-based disinfectant (coefficient
correlation value: 0.801).
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Table 2. BIC, values obtained for the selected commercial disinfectants

Disinfectants

BIC,  value (%)

Chloroxylenol-based disinfectant 5.06
Sodium dodecyl-benzene sulfonate-based disinfectant 9.58
Benzalkonium chloride-based disinfectant 14.68
Sodium hypochlorite-based disinfectant 5.33

Table 3. IR assignments of functional groups corresponding to the major biomolecules in S. Thyphimurium biofilm

Wavenumber (cm™)

IR assignment

Classification

References

2923
2852
1650
1550
1460
1400
1229
1080
1018
702

630

CH, asymmetric stretching
CH, symmetric stretching
C=0 stretching and N-H bending (Amide I)
N-H bending and C-N stretching (Amide 1)
C-H deformation of >CH,
C=0 symmetric stretching of COO-group
P=0 asymmetric stretching
P=0 symmetric stretching and C-N-C stretching
C-O stretching
N-H bending out of plane (Amide V)
0O=C-N bending (Amide V)

Lipid
Lipid
Protein
Protein
Lipid & Protein
Lipid & Protein
Nucleic acid
Nucleic acid
Polysaccharide
Protein
Protein

Mester et al., (2016)
Mester et al., (2016)
Biswas et al., (2019)
DeQueiroz & Day (2007)
DeQueiroz & Day (2007)
DeQueiroz & Day (2007)
Biswas et al., (2019)
Yahya et al., (2018)
Yahya et al., (2018)
Kalpana & Lee (2013)
Gieroba et al., (2020)
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Fig. 4. FTIR spectra of S. Thyphimurium ATCC14028 biofilm treated with chloroxylenol-based disinfectant. Spectral regions
showing organic molecules in the biofilm, 600 — 3000 cm™. Positive control: bacterial inoculum with IP-protected antibiofiim
cocktail; Negative control: bacterial inoculum with fresh broth.
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DISCUSSION

Chloroxylenol, sodium dodecyl-benzene sulfonate, benzalkonium chloride, and sodium hypochlorite are
disinfectants commonly used for disinfecting surfaces and cleaning medical devices. They generally function
by disrupting the bacterial cell membrane and interfering with cellular metabolism. Herein, chloroxylenol-based
disinfectant effectively hampered S. Thyphimurium biofilm. This result corroborates Bhathal (2018) showing the
efficacy of chloroxylenol against microbial biofilms formed on denture base acrylic resin. The present study also
revealed the inhibitory effect of benzalkonium chloride-based disinfectant against S. Thyphimurium biofilm. This
finding is in agreement with Capita et al. (2019) demonstrating the efficiency of benzalkonium chloride in decreasing
the percentage of surface covered by the biofilms of 10 strains of Salmonella enterica. The efficacy of sodium
dodecyl-benzene sulfonate-based disinfectant against S. Thyphimurium biofilm was observed herein. Little is
known about the effect of sodium dodecyl-benzene on other biofilms. However, other non-ionic surfactants such as
sodium dodecyl sulfate is shown to eliminate Salmonella biofilm cells at the irreversible attachment phase (Wang
et al., 2016). Meanwhile, the present study demonstrated the efficacy of sodium hypochlorite-based disinfectant
against S. Thyphimurium biofilm. This finding supports a previous work showing the inhibitory action of sodium
hypochlorite against ten strains of Salmonella enterica (Capita et al., 2019).

Pathogenic characteristics of microbial biofilm that cause diseases include viability, biomass, and
extracellular matrix. In the present study, the correlation between biomass and viability of S. Thyphimurium
biofilm in the presence of all commercial disinfectants was found to be significant. In 2018, Yahya et al. showed
a significant correlation between the extracellular matrix and biomass of S. Thyphimurium biofilm treated with
antimicrobial dimethyl sulfoxide. The synergistic inhibition of multiple pathogenic characteristics is important for
successful biofilm control (Skogman et al., 2012).

Half-maximal inhibitory concentration (IC,,) is often used to measure the potential of a chemical substance
to retard a specific biochemical function in vitro. The present study suggests chloroxylenol-based disinfectant as
the best antibiofilm agent as it disrupts S. Thyphimurium biofilm significantly (p<0.05) at all test concentrations and
shows the lowest BIC,, value. This suggestion contradicts other work showing that the sodium hypochlorite-based
disinfectant represents the best disinfectant (Abdelaty, 2019). This disparity may be due to different surfaces for
cellular attachment and different assay procedures.

Lipids are an important component of the extracellular matrix and are also found in the plasma membrane
of a bacterial cell. It functions as protection for biofilm that is involved in biofilm growth and adhesion towards
surfaces. In the present study, the peak at 2923 cm', 2852 cm', 1460 cm™"- and 1400 cm' were assigned as lipid
groups in the S. Thyphimurium biofilm spectra. The spectral peaks at 2923 cm' and 2852 cm did not shift but
showed a slight decrease in intensity as the concentrations of chloroxylenol-based disinfectant increased. This
finding corroborates Mester et al. (2016) showing that FTIR peaks at 2923 cm™ and 2852 cm™ were not shifted
following treatment of S. Thyphimurium with nalidixate ionic liquids.

Proteinaceous components play a role in surface colonization by biofiim and the formation of three-
dimensional biofilm structures. Herein, the spectral peak at 1650 cm™', 1550 cm-', 1460 cm1, 1400 cm', 702 cm™
and 630 cm™ were assigned as protein groups in S. Thyphimurium biofilm spectra. A minor shifting happened
at 1650 cm™ for Amide | to 1640 cm™ after treatment with sodium chloroxylenol-based disinfectant (0.78%). The
intensity of this spectral peak also substantially decreased at all test concentrations. This is in line with Biswas
et al. (2019) demonstrating that the spectral peak of Acinetobacter baumannii ATCC 19606 at 1650 cm™ was
shifted to 1634.78 cm™' after the treatment with chlorhexidine-based disinfectant. The spectral peak at 1550 cm™!
representing Amide Il was found to shift to a lower frequency upon treatment with chloroxylenol-based disinfectant.
DeQueiroz and Day (2007) showed that the FTIR spectral peak of 1550 cm™ disappeared in P. aeruginosa biofilm
after exposure to a combination of sodium hypochlorite and hydrogen peroxide. The spectral peak at 1460 cm™'
representing C-H deformation of CH, in lipid and protein was found to disappear after treatment with chloroxylenol-
based disinfectants (0.78% - 25%). Also, the spectral peak at 1400 cm™' representing symmetric stretching of C=0
in amino acids and fatty acids was shifted to 1410 cm™ after treatment with chloroxylenol-based disinfectants
(0.78%-25%) respectively. This is in line with DeQueiroz and Day (2007) reporting that FTIR spectral peak at 1460
cm™"disappeared while the spectral peak at 1400 cm™ shifted to 1412 cm™ in P. aeruginosa biofilm after exposure
to a combination of sodium hypochlorite and hydrogen peroxide for 12 days.

Polysaccharides and nucleic acid are important components in extracellular polymeric substances that
result in the initial attachment and biofilm structure of a bacterial cell. In the present study, the spectral peak at 1229
cm, 1080 cm™ and 1018 cm associated with nucleic acid and polysaccharide groups respectively were identified
in S. Thyphimurium biofilm spectra. A spectral peak at 1229 cm' did not show any spectral shift but showed a
decrease in the intensity of the spectral peak at 25% of chloroxylenol-based disinfectant. This finding contradicts
Biswas et al. (2019) reported that there was a shift in the FTIR signature peak from 1229cm™ to 1239cm™ of
Acinetobacter baumannii ATCC 19606 after treatment with chlorhexidine-based disinfectant. This difference is
probably due to the different types of bacteria and the type of disinfectant used. The spectral peaks at 1080 cm~' and
1018 cm™ did not show any spectral shift but showed a decrease in intensity as the concentrations of commercial
disinfectants increased. This result is by Yahya et al. (2018) showing the decrease in FTIR peak intensity at 1080
cm™ and 1018 cm™ following treatment of S. Thyphimurium biofilm with dimethyl sulfoxide (DMSO).

Collectively, all FTIR spectral changes resulting from the treatment with chloroxylenol-based disinfectant
observed herein indicate an altered structure of S. Thyphimurium biofilm (Yahya et al., 2018; Ariafar et al., 2019;
Ojha & Ojha 2022; Kamaruzzaman et al., 2022a). As FTIR spectroscopy provides real-time data and is sensitive
to the structure, any change in the structure of the molecules is reflected in their spectroscopic fingerprint, peak
position, and peak intensity. The present study may provide the first evidence of FTIR spectroscopy-based
identification of the mode of action of chloroxylenol-based disinfectant against S. Thyphimurium biofilm.
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CONCLUSION

The present study demonstrated that all the selected commercial disinfectants effectually inhibited S. Thyphimurium
biofilm. Among all tested commercial disinfectants, chloroxylenol-based disinfectant was found to be the most
effective against S. Thyphimurium biofilm as it showed high inhibition of biomass and viability of S. Thyphimurium
biofilm at all test concentrations and the lowest BIC, value. It also caused changes in the composition of lipids,
proteins, nucleic acids, and polysaccharides in S. Thyphimurium biofilm. The findings of the present study
suggest that the inhibition of chloroxylenol-based disinfectant against S. Thyphimurium biofilm may involve
structural changes of biofilm.
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